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EVALUATION OF THE EFFICACY OF TREATMENT OF 3R° DEGREE BURNS
WITH HLDF6 PEPTIDE AND SILVER NANOPARTICLES IN CARBOPOL 2020 GEL
IN VIVO EXPERIMENT
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Abstract. Introduction. Between 250 and 280 thousand victims of deep thermal burns of the skin are registered annually in
the territory of the Russian Federation; in every 6 cases the victims are underage patients. The lethality rate in case of thermal
traumais 7.2%, but in case of extensive deep burns it reaches 13-14%. Early surgical treatment of patients with severe thermal
burns is an accepted standard and therefore the search for wound healing agents reducing the period of treatment and the risk
of infectious complications is essential. Objective. To evaluate the efficacy of carbopol hydrogel with injected silver nanopar-
ticles and HLDF6 peptide in the treatment of thermal burns of grade 1l skin in vivo. Materials and methods. The structure of
the work is represented by an experimental study. The work was performed on 50 male Wistar rats, with an average weight
of 230-250 g. The animals were divided into 5 groups depending on the applied concentration of HLDF6 peptide in Carbopol
2020 gel. Carbopol ETD 2020 hydrogel samples (0.5%) containing 0,00015% nano-silver and HLDF6 peptide with concentrations
0f 0%, 0,01%, 0,001%, 0,0001% and 0,00001% were used to evaluate efficacy. A planimetric method was used to assess the
dynamics of wound healing. The obtained data were subjected to statistical analysis using the Mann—-Whitney U-parameter.
Results. Application of 0,0001 and 0,00001% doses of the peptide HLDF6 demonstrated activation of the healing processes
on the 14 day of the experiment by 45,8% and 31,7% correspondingly (p<0,01), and also reduced the incidence of purulent
complications by 62,5% (p<0,05). The peptide concentration of 0,01% shows an increase in the duration of treatment, and
0,001%, no significant differences in comparison with the control and experimental groups. Conclusion. The use of low doses of
the HLDF6 peptide (volume concentration in the range of 10-4~10-%) in gel preparations in the treatment of deep thermal burns
of the skin shows high efficacy. Small concentrations of HLDF6 peptide allow significant activation of wound healing processes.

Key words: skin burn; human leukemia differentiation factor-6; silver nanoparticles; combustiology; reparative
regeneration; experimental study; traumatology-orthopedics; skin repair.

OLIEHKA 3®®EKTUBHOCTW NEYEHUA OXOroB Il CTENEHWM NENTUAOM HLDF6
W HAHOYACTULIAMU CEPEBPA B I'EJIE CARBOPOL 2020 B 9KCNEPUMEHTE IN VIVO
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Pestome. BeedeHue. Ha Tepputopun Poccuitckoin Peaepauum exerogHo peructpupyetcst ot 250 go 280 Thicay no-
CTpajaBLUMX C rryBOKUMK TEPMUYECKUMM OKOTaMU KOXM, B KaXA0M LIECTOM Cryyae TpaBMUPOBaHHbIMU ABASKOTCS
HEeCOBEPLUEHHONETHNE NaLMEHTbI. JleTanbHOCTb NpU TEPMUYECKOM NOpaxeHun cocTaBnseT 7,2%, HO npy 0BLUMPHBIX
rny6oknx oxorax MoxeT focturatb 3HaueHus 13-14%. Mpu3HaHHbIM CTaHLAPTOM NeYeHUst ABNSETCS paHHeEe Havarno
XVMPYPriveckoro BMELLATENbCTBA Y MaLMEHTOB C ryOOKMMI TEPMUYECKUMI OKOTaMu, YTO AeflaeT akTyasbHbIM MOMCK
PaHO3aXMBNSIOLMX CPEACTB, NO3BOMSIOLMX COKPATUTb CPOKM CTALMOHAPHOTO NEYEHUS 1 CHU3UTb PUCKW Pa3BUTUS UH-
(DEKLMOHHBIX OCNOXHEHMI. Ljenib — oueHnTb 3dpekTnBHOCTL rnaporenst Kapbonona ¢ BBEAEHHbIMM HaHOYaCTULaMK
cepebpa 1 nentnaa HLDF6 B neyeHnn Tepmmnyeckix oxoros koxu |l crenenm in vivo. Mamepuasnbi u memodsbl. CTpykTypa
paboTbl NpeAcTaBrieHa aKCnepuMeHTanbHbIM UccneoBaHmeM. Pabota BoinoniHeHa Ha 50 camuax kpeic nunmum Wistar,
cpegHeit maccoit 230-250 r. )KnsoTHble Obinn pa3aeneHbl Ha 5 rpynn B 3aBUCUMOCTM OT NPUMEHSIEMON KOHLEHTPALMK
nentuaa HLDF6 B rene Carbopol 2020. [1ns ougHkn 3¢hpekTMBHOCTI NpuMeHsinu obpasubl rugporenst Carbopol ETD
2020 (0,5%), conepxawiue HaHocepebpo 0,00015% v nentug HLDF6 ¢ koHueHTpaumammu 0%, 0,01%, 0,001%, 0,0001% wn
0,00001%. B npouecce paboTbl NpUMEHSNN NIAHUMETPUYECKUIA METOL OLEHKM SUHAMUKMN 3axVBReHus paH. [onyyeHHble
[aHHble nogBepranmn cTaTuCTUYeckoMy aHanuay ¢ npumeHeHnemM U-napametpa MaHHa-YuTHu. Pe3ynbmamel. B xopae
CCreaoBaHNs YCTaHOBIIEHO, YTO NpuMeHeHwe rens ¢ copepxanuem 0,0001 n 0,00001% pos nentuaa HLDF6 gemoH-
CTPUPYET aKTUBM3ALMIO NMPOLIECCOB 3aXnBNeHNUs Ha 14-e cyTku Ha 45,8% u 31,7% cooTtBeTcTBEHHO (p<0,01), @ Takxe
CHWXaeT 4acToTy pa3BUTUS THOMHBIX OCTIOXHEHUI Ha 62,5% (p <0,05). KoHueHTpauwmsa nentuga 0,01% aeMoHcTpupyet
yBenu4yeHue cpokos neyeHns, a 0,001% — oTcyTCTBME AOCTOBEPHBIX PA3NMYNiA OTHOCUTENBHO KOHTPOIBHOM U 3KCnepu-
MeHTanbHbIX rpynn uccnenoBanns. 3akmroyeHue. NprMeHeHne manbix o3 nentuaa HLDF6 (06bemHoi KoHLEeHTpaumen
B npepenax 104-10-°%) B cocTaBe reneBbIx NpenapaTos Npy NeveHnm riyGoKux TEPMUYECKNX 0KOrOB KOXM NoKasbiBaeT
BbICOKYI0 9 hekTUBHOCTL. Manble kKoHueHTpauun nentga HLDFG no3BonstoT CyLLeCTBEHHO aKTMBU3MPOBATbL NPOLECCHI
PaHO32XMBMNEHUS U CHU3WUTb YaCTOTY MHAEKLMOHHBIX OCHIOKHEHNI.

KnioueBble cnoBa: 0Xor KOXM; YeNI0BEYECKNA NENKO3HbIN (hakTop AuddepeHLMpoBKM-6; HaHovacTuLbl cepebpa;
kombBycTnonorus; penapaTuBHas pereHepauys; akcrnepuMeHTanbHoe UcCcneLoBaHue; TpaBMaToNnorus-opToneaus;
BOCCTaHOBMEHME KOXHOT0 NMoKpoBa.

INTRODUCTION

Skin injuries caused by thermal and chemical burns re-
main an important and topical issue of modern medicine, and
in particular of combustiology and traumatology [1, 2]. Be-
tween 250 and 280 thousand victims of deep thermal burns
of the skin are registered annually in the territory of the Rus-
sian Federation; in every 6 cases the victims are underage
patients [14]. The lethality rate in case of thermal trauma is
7.2%, but in case of extensive deep burns it reaches 13-14%
[1]. In the emerging socio-political situation, associated with
an increase in the number and scale of armed conflicts [3],

it is possible to assume an increase in the number of diffe-
rent wound healing agents [21], which are convenient to use
both inside and outside the hospital [7]. Modern tactics of
treatment of patients with burn wounds is a multidisciplinary
task and is carried out taking into account the features of
the pathogenesis of burn and its complications [11, 12,
17]. Thanks to the progress of medical science, pathoge-
netically substantiated methods of antibacterial therapy [9],
immunocorrection [8, 19, 20] and local treatment of wounds
[18] have been introduced. The accepted standard of early
necrectomy of deep thermal skin burns makes it necessary
to search for new means that can activate wound healing
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processes and reduce their overall treatment time [1, 13]. The
most promising new methods of treating superficial and deep
burns are biotechnological [10], including stem cell use [24],
complex tissue-engineered constructs based on biopolymer
matrices [23], populated with allogeneic and autologous cell
cultures [13].

One of the promising ways to improve the effectiveness of
treatment of patients with extensive deep skin burns involves
the use of growth stimulants and regeneration factors [4,
22]. In particular, this refers to epidermal, fibroblast, platelet-
derived, and vascular endothelial growth factors [15, 16]. This
principle is also true for the development of tissue-engineered
constructs [1, 13]. Growth factors and bioactive molecules
are introduced into the polymer matrix and onto its surface
in these constructs [4, 12].

One possible biologically active substance to be used may
be a peptide — human leukemia differentiation factor (HLDF)
[2, 4]. It was isolated from the culture medium of the HL-60
promyelocytic leukemia cell line in 1994 [5, 6]. It was found that
the HLDF factor induces differentiation along the granulocytic
pathway [6]. As a result of this factor, a six-membered peptide
fragment human leukemia differentiation factor-6 (HLDF6) was
discovered. HLDF6 peptide provides the ability of the full-length
factor to differentiate and inhibit cell proliferation, including
HL-60 [4, 5]. HLDF6 is also able to interact with membrane
lipids, enhancing the activity of cytokines, which participate in
the cell proliferation and differentiation [2]. One study showed
that HLDFG also increases the activity of oxidation-reduction
processes and enhances the metabolic activity of macro-
phages [4-6].

For effective delivery and control of the localization of the
HLDF6 peptide on the wound surface, it is proposed to use a
hydrogel of sparsely cross-linked acrylic polymers (carbopols),
in particular, easy-to-disperse (ETD) Carbopol 2020 [2]. They
form stable hydrogels that are thermally and chemically stable.
The work studied the use of a gel with various concentrations
of the target peptide [2]. High efficiency of wound healing
was revealed, which was expressed in the improvement of
planimetric and histological parameters. However, despite
this, a fairly high number of purulent complications in the
wound defect zone was also noted in all the studied groups
[2, 4]. In the study we plan to carry out, the samples used
were additionally modified with antibacterial agents, namely
nanodispersed silver, in order to create antibacterial proper-
ties in them.

AIM

The aim of the study is to evaluate the efficacy of
carbopol hydrogel with injected silver nanoparticles and
HLDF6 peptide in the treatment of third-degree thermal
burns in vivo.

MATERIALS AND METHODS

The structure of the work is represented by a prospective
experimental study. The work was performed on 50 male
Wistar rats, with an average weight of 230-250 g. Laboratory
animals were divided into 5 groups, 10 animals respectively
to study samples in each group.

Carbopol ETD 2020 hydrogel samples (0.5%) containing
0,00015% nano-silver and HLDF6 peptide with concentra-
tions of 0%, 0,01%, 0,001%, 0,0001% and 0,00001% were
obtained by reducing dissolved AgNO, in Carbopol ETD
2020 hydrogel solution containing HLDF6 peptide at a tem-
perature of 70 °C. Glucose was used as a reducing agent.

Description of the manipulations performed

Sevoflurane inhalation anesthesia was used in the
study. The animal was anesthetized by putting it in a special
induction chamber with sevoflurane vaporized at concentra-
tions of 4%. The surgical anesthesia stage developed over
5-10 minutes. After the animal was removed from the in-
duction chamber, anesthesia was maintained by inhalation
of concentration of 3% sevoflurane.

The animal was fixed to the operating table with ligatures
to simulate the defect. Surgical field preparation included:
depilation of the back area and marking a square in this area
measuring 4x4 cm. The area of the intervention zone was
16 cm?. After preparation, the surgical field was treated three
times with an alcohol-based antiseptic solutions. Then, the
temperature of the skin and the metal plate heated through a
resistive heating element were determined using an electro-
thermocouple sensor of the Electroline multimeter (China).
Exposure time was 10 seconds at a skin surface temperature
of 95-97 °C. Next, radical necrectomy to the fascia was
performed under aseptic conditions. An abdominal surgical
scalpel blade was used to make an incision 1.5-2 mm deep.
Then, using surgical tweezers and curved surgical scissors,
the dermis with a small thickness of the subcutaneous fat
was separated from the thoracolumbar fascia adjacent to it.
Large-diameter bleeding vessels were coagulated using a
coagulator. The resulting defect was washed with 0.9% so-
dium chloride solution at room temperature. After that, surgical
sutures that involve the skin and muscle were applied to fix the
wound edges. This was done in order to preserve the lesion
area, as well as to prevent premature closure of the wound
due to primary intension due to the anatomical and physio-
logical features of the structure of the skin and subcutaneous
fat of rats. Suturing was performed using atraumatic suture
material Monocryl 3-0 (Bbraun). A needle holder and surgical
tweezers were used for suturing. Sutures were applied at a
distance of 1 cm from each other.

After suturing, the affected area on the back of the experi-
mental animal was treated with the target agent. 1 ml of gel
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was applied to the wound as standard. Repeated application
of the gel was performed on the 7, 14 and 215t days.

Maintenance and withdrawal of animals
from the experiment

The maintenance of experimental animals was carried
out on the basis of the vivarium of the National Medical Re-
search Center for Pediatric Traumatology and Orthopedics
named after G.I. Turner, and it fully complied with GOST
33215-2014 and GOST 33216-2014.

High demands were placed on the cleanliness of the
conditions of maintenance, caused by the presence of mas-
sive skin injuries. Cleaning, washing and treatment of the
cages of experimental animals with disinfectant solutions
were carried out daily.

The animals were removed from the experiment on
the 28" day after surgery. The withdrawal procedure was
developed in accordance with paragraph 6.11 of GOST
33215-2014 and the Recommendations for euthanasia
of experimental animals of the European Commission. It
was an intravenous injection of 1 ml of lidocaine solution,
carried out under deep anesthesia, which led to sudden
cardiac arrest.

Disposal of laboratory animals and vivarium waste was
carried out within the framework of standard procedures for
disposal of Class B waste.

Evaluating treatment effectiveness

The effectiveness of the proposed treatment methods
and the general appearance of wounds were assessed by
photographing them once every 7 days. Visual examination
of wounds was performed daily. The nature of the exudate,
the presence and type of granulation, the time of scab re-
jection and healing of wound surfaces were recorded. The
wound area was determined using planimetric method of
L.N. Popov. This method involved applying a special film
material to the wound surface, outlining the wound edges
and then calculating the area either by transferring it to
graph paper or using technical means.

In addition, the wound healing index was calculated
using the following formula (Fenchin K.I., 1979):

(5-S,)-100
ST

where S is the wound area at the previous measurement,
mm? S, is the wound area at the current measurement,
mm?; T is the interval between measurements, days.

This index allowed us to quantitatively assess the dy-
namics of the wound healing process based on the plani-
metric evaluation data.

The reliability of the differences in the obtained results
was assessed using nonparametric analysis, namely the

Mann-Whitney U-parameter. On its basis, the value of the
reliability parameter p was determined. This method was
used because of the impossibility of applying a normal dis-
tribution and Student’s t-distribution due to the small number
of groups, caused by requirements of GOST ISO 10993-2014
Part 2 and ethical standards.

Statistical data processing and its visualization were
performed using the MS Excel, OriginR 2016 and Wolfram
Mathematica 11.0 software packages.

RESULTS

During the experimental work, the survival rate of animals
was 100% in all groups studied. The number of purulent
complications during the entire treatment period was 4 cases
in the control group, 1 observation in the group of gel-carrier
with the addition of silver nanoparticles. No significant chan-
ges in body weight in experimental animals were detected
throughout whole period of the experiment.

The results of the planimetric assessment of the wound
surface area are represented in Table 1.

Based on the results obtained, a reliable difference was
established between the groups of target gels (with the pre-
sence of the peptide in the range of 0.001 and 0.0001%) on
the 14" day compared to the control group. In addition, the
study revealed a reliable difference between the groups with
the minimum peptide content (0.0001 and 0.00001%) and the
gel group with 0.01% peptide content on the 14" day (p <0.05).
The best treatment effect from the standpoint of planimetry was
shown by the gel with silver particles and a peptide content of
0.00001%, both in comparison to control group and other gels
(p <0.05).

It should be noted that the moment of increasing the ef-
ficiency of the gel with a decrease in the peptide concentra-
tion was identified. These changes were most pronounced
by day 14, amounting to 84.3% of the wound area reduction

Table 1
Median values and interquartile ranges
for the obtained samples
7lh 1 4lh 21 th 28th
Group Value day | day | day | day
Gel + HLDF6 0,01% |Median,cm?| 11,39 | 6,2 | 3,26 | 1,32
IQR,cm? | 459 | 359 | 2,97 | 2,17
Gel + HLDF6 0,001% | Median, cm?| 9,36 | 3,46 | 1,93 | 1,33
IQR,cm? | 158 | 1,61 | 1,09 | 1,26
Gel + HLDF6 0,0001% |Median,cm?| 9,86 | 3,16 | 1,68 | 0,92
IQR, cm? | 2,57 | 112 | 1,76 | 0,76
Gel + HLDF6 Peptide |Median,cm?| 8,28 | 2,51 | 1,61 | 1,19
0,00001% IQR, cm? | 1,41 | 1,33 | 1,03 | 0,89
Gel (without HLDF6) | Median, cm?| 10,5 | 4,63 | 1,9 | 1,985
IQR, cm? | 3,075 | 3,12 | 1,48 | 1,49
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over 14 days in the group with the gel containing 0.00001%
peptide. In the control group, the wound area decreased by
58.7%, in the group with the gel containing 0.01% peptide —
by 61.3%, and in the group with the gel containing 0.0001%
peptide — by 78.4%, over the same period (p <0.05) (Fig. 1).

There was no significant difference between the two
groups with the lowest peptide content. Both groups showed
a significant improvement in the wound healing dynamics
on the 14" day, both when compared with the control group
without the addition of the peptide and in the group with its
maximum content.

At the same time, it is necessary to note the effect of
increasing the wound surface area on 28" day in the group
with a peptide content of 0.01% This is especially clearly
observed in the graph of the dynamics of the wound healing
indices (Fig. 2).

It is also possible to noted extremely high values of this
indicator for the period between the 7" and 14" days for
the groups with the lowest peptide content in the graph of
the dynamics of the wound healing indices. It should be
emphasized that the group with the highest peptide content
showed the worst wound healing index values among all the
groups studied and had a peak only on the 21%t day. At the
same time, the groups with a lower peptide content demon-
strated this peak on the 14" day of the study.

FINDINGS

1. The use of low doses of the HLDF6 peptide tested
proved to be the most effective for activating healing pro-
cesses on the 14™ day. Gels containing 0.0001 and 0.00001%
of the peptide studied had the most reliable (p <0.05 relative
to the control gel group without the peptide) and pronounced
differences on the 14" day of treatment.

2. Application of a gel with the highest peptide content
(0.01%) led to an increase in the treatment period and a
significant deterioration in the final results of the therapy. This
suggests a high degree of immunogenicity of such concentra-
tions of the peptide tested. The gel containing 0.001% HLDF6
peptide did not show reliable differences relative to either the
control group or other gels with the studied substance.

CONCLUSION

According to the results of the study, it is possible to
state the prospects of using low doses of the HLDF6 pep-
tide (volume concentration in the range of 10~10%) in
gel preparations in the treatment of full-layer wounds. Small
concentrations of HLDF6 peptide allow significant activating
of wound healing processes in the early period and redu-
cing the incidence of infectious complications.
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Abstract. Tissue engineering is an inter-related and a multi-disciplinary field that blend of biology and engineering efforts
that attempt to address clinical problem of skin damage by many reason including burn, trauma etc. Decellularization of
allogeneic tissues witn subsequent combened of the decellularized tissue with autologous cells and/or the processed of
hybrid structures plays a pivotal role in current tissue engineering approaches for temporary or constant closure of skin
defects. The purpose of this study was to compare methods for processing a decellularized dermal matrix and to deter-
mine the optimal protocol for obtaining a decellularized dermal matrix scaffold. As a result of a comparative analysis, it
was determined that all three skin decellularization protocols make it possible to obtain a product with desired properties
by the absence of cellular and nuclear material. However, the use of various detergents for decellularization leads to some
structural features of the resulting material. The significance of differences in the structural characteristics of the obtained
matrices should be evaluated in future studies in terms of stimulation of cell migration and proliferation.

Key words: acellular dermal matrix; decellularization; burn injury; collagen; regenerative medicine.
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Pestome. PasBuBatoLiyecs TEXHOMOTUM TKAHEBOW MHXEHEPUW, HECOMHEHHO, NPEACTABNSIOT MHTEPEC 415 pa3paboTku
MaTepuarna 515 3aKpbITis AeheKTOB KOXHbIX NOKPOBOB. OfHUM 13 NEPCMEKTUBHBIX HaNpaBNeHuii SBNSeTCs AeLento-
nSpU3aLMs annoreHHbIX TKaHei 41151 BpEMEHHOrO 3aKpbITUS AEKTOB KOXHbIX MOKPOBOB, HACILLEHMUS AeLenionspuan-
POBAHHOW TKAHW ayTONOMMYHLIMM KNeTKaMu U/Unn co3aanns rnopuaHbix KOHCTpyKUMA. Lienb faHHoi paboTbl cocTosina
B CPaBHEHWUW METOAMK NOJTyYeHUs AeLennionspusMpoBaHHOMo 4epManbHOro MaTpykca 1 onpeaeneHini onTuMarnbsHoro
npoTokona Ans nocneaytoLlei paspaboTki TKaHEUHXEHEPHON KoxXu. [inst oCcTKeHWs Lenu Gbina npoBefeHa OLeHKa
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TPEX pasnNYHbIX METOAOB NOMYYeHWst aLENoNSAPHbIX AepMaribHbIX MaTPUKCOB MyTeM AeLenntonspusaumm koxu. B pe-
3ynbTaTe CpaBHUTENBHOTO aHanu3a bbino onpeaeneHo, YTo BCe TPU NPOTOKONa AeLennionsapru3aLmy KoXmu No3BonsoT
MONYYMTb NPOAYKT C 3ajaHHbIMU CBOCTBAMM: OTCYTCTBIE KNETOYHOIO 1 iAEpHOro Matepuana. OfHako UCnomnb3oBaHue
ANS [euennionsapusaLnm pasnnyHbIX JETePreHToB NPUBOAUT K HEKOTOPBIM CTPYKTYPHLIM 0COOEHHOCTAIM NONYYEHHOO
MaTepuana. 3HauMMOCTb Pa3nuYmii B CTPYKTYPHBIX XapaKkTepucTiKax nosly4eHHbIX MaTpUKCOB [OMKHA ObiTb OLeHeHa
B AanbHenwWmnx paboTax ¢ TOYKM 3peHIs CTUMYNIALIIA MUTpaLK U NpondepaLmm KeTok.

KntoyeBble cnoBa: auenmonﬂprM ,uepmaanbM MaTPUKC; deLennionapu3aLia; OXXoroBasa TpaBMa; KomnrareH; pereHepatBHasn

MeanunHa.

INTRODUCTION

Currently, the search for new optimal means of surgical
treatment of skin lesions of various genesis is an extremely
urgent task [5, 7]. It is necessary to achieve the maximum
possible combination of therapeutic properties that improve
the patient’s condition and increase the quality of subsequent
life, ease of use in routine clinical practice, facilitating the
widespread implementation of the method. It is also impor-
tant to create the possibility of relatively simple production
of a large volume of medical devices, which will ensure the
economic feasibility of their use in comparison with other
possible options [2]. One of the areas of action to complete
this task may be the development of medical products using
biomedical technologies. A variant of such a multifunctional
product may be a tissue processing product that preserves a
number of properties necessary in the clinic: acellular dermal
matrix (ADM) obtained by detergent-based decellularization.
The application of this object seems to be promising in the
treatment of deep skin lesions, including burns. The main
advantages of this biological material are the composition and
structural organization of the resulting product, correspon-
ding to the patient’'s own dermis. This allows it to be used as
a temporary biological coating that promotes the migration
of the patient's cells and the regeneration of functionally
competent skin, while effectively performing the functions
of a wound dressing. After a full processing cycle, the ADM
obtained from donor skin does not contain immunogenic
factors that are caused by cellular structures and can lead to
rejection of the donor material. At the same time, the native
structure and composition of the extracellular matrix of the
dermis are preserved [3]. This product can be considered
both as an independent medical device and as a stage for
further development of a tissue-engineered skin substitute.
At present, a is a lot of practical experience has been accu-
mulated in skin treatment for the purpose of decellularization.
The wide range of reagent base for these tasks, as well as
methods for assessing the obtained result, has been deter-
mined [4]. In addition, there is no perfect method approved
in clinical recommendations and widely used. At the moment,
the expansion of the range of methods and their technological
development are especially relevant. This is due to the fact

that in modern conditions logistical problems with the avai-
lability of various reagents are possible.

AIM

The aim of the study is to determine the optimal method
of skin decellularization based on a comparative analysis of
acellular dermal matrices obtained by different techniques.

MATERIALS AND METHODS

Skin area from the abdominal region was obtained du-
ring cosmetic surgery (tummy tuck or abdominoplasty) in a
37-year-old female patient and delivered to the Research
Department of Medical and Biological Research of the Re-
search Center of the Military Medical Academy named after
S.M. Kirov of the Ministry of Defense of the Russian Federa-
tion for experimental work. Without breaking sterility, a fatty
layer of subcutaneous tissue was mechanically removed using
a surgical instrument. The resulting skin layer was divided
into 9 equal parts, which were washed abundantly with sterile
distilled water. 3 groups of samples were formed (3 in each
group). The area of each sample was =7.78 cm?. Then the
skin layers were placed in a low temperature refrigerator for
storage at a temperature of -80 °C for a period of one day
(Angelantoni Life Science Platinum 340V, Italy). In all cases,
samples were thawed at room temperature for 4-6 hours.

Decellularization was then performed using three diffe-
rent protocols shown in Table 1.

Each sample was placed in a glass container with 200 ml
of the corresponding detergent solution and subjected to
shaking on an orbital shaker at 200 rpm at 37 °C for de-
cellularization. The solutions were changed according to
the protocols (Table 1). After each stage of detergent use,
samples were thoroughly washed with sterile distilled water
under the same conditions.

In accordance with the protocol No. 1, the samples were first
placed in the Versen solution (Biolot, Russian Federation) after
thawing, where they were kept for 16 hours. The next stage was
to treat the samples with a 0.5% sodium dodecyl sulfate solu-
tion (SDS, LenReaktiv, Russian Federation) for 48 hours. The
solution was changed to a fresh one every 12 hours.
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Table 1
Stages of technologies for processing decellularized dermal matrix using three different methods
Processing
stage Protocol No. 1 Protocol No. 2 Protocol No.3
number
1 Freezing-thawing Freezing-thawing Freezing-thawing
2 Versen solution (16 hours) 3% Tween 20 (16 hours) 1,8 M NaCl (3 hours)
3 Washing with sterile distilled water Washing with sterile distilled water Washing with sterile distilled water
(15 minutes) (15 minutes) (15 minutes)
4 0.5% SDS (24 hours, 2 solution changes). 0.5% SDS 3% Tween 20
Histological examination 0.5% SDS (48 hours, (16 hours)

(24 hours, 2 solution changes)

4 solution changes)

5 Washing solution
Histological examination

Histological examination

Washing solution Washing with sterile distilled water

(15 minutes)

6 - - 0.5% SDS
(48 hours, 4 solution changes)
7 - - Washing solution

Histological examination

Protocol No. 2 repeated method No. 1, except that the
3% Tween 20 solution (PanReac, Spain) was used instead
of the Versen solution.

Protocol No. 3 differed from the previous one only by
adding an additional stage after thawing the skin areas —
a 3-hour treatment with 1.8 M NaCl (LenReaktiv, Russian
Federation).

After all stages of detergent treatment, the samples were
thoroughly washed with phosphate-buffered saline (Biolot,
Russian Federation). The appearance of the samples was
noted throughout the treatment. Then, upon completion of
decellularization, a histological examination of the central and
marginal areas of each sample carried out. When performing
protocol No. 1, the histological examination was carried out
twice (Table 1). The material was fixed in 10% formalin, dehy-

Fig. 1.

drated and embedded in paraffin blocks. 2-3 um thick sec-
tions were stained with hematoxylin and eosin, according to
Van Gieson (Biovitrum, Russian Federation), as well as with
the nuclear-specific fluorescent dye DAPI (4’,6-diamidino-
2-phenylindole).

The study did not contradict the provisions of the Ethical
principles for medical research involving human subjects of
the World Medical Association of Helsinki. The postopera-
tive material (skin flap) was transferred with the patient’s
approval after signing a written voluntary informed consent.

RESULTS

During protocol No. 1, the separation of the epidermal
layer was detected only at the SDS processing stage and
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Morphological study of acellular dermal matrix in incomplete decellularization of the skin: macroscopic (A) and microscopic

(magnification 100x, hematoxylin and eosin staining) (B) images
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Fig. 2.

:

Acellular dermal matrix obtained according to protocol No. 1. A, C, F — marginal area; B, D, F — central area. Hematoxylin

and eosin staining (A, B), van Gieson’s staining (C, D), DAPI staining (E, F)

was completed at the end of the protocol. The decellula-
rized tissue was quite flexible and pliable, smooth on the
epidermal side, but noticeably fibrous on the reverse side.
In the middle of the protocol (stage 4, Table 1), remnants
of the epidermis were observed, mosaically located over
the entire surface of the material. Histological examination
also showed cellular structures in the central region of the

samples (Fig. 1). No nuclei or other cellular elements were
detected at the end of the protocol (Fig. 2).

Protocol No. 2 differed from Protocol No. 1 in that a softer
detergent, Tween 20, was used for the initial treatment. In this
case, the removal of epidermis from the dermis was slower,
but the result (in terms of removing cellular elements and
the epidermal layer) at the end of the protocol was similar.
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However, there was a significant external difference in the
resulting sample — there is no fiber unweaving on its reverse
side, mechanically it was somewhat denser and more elastic.

The use of a hypertonic NaCl solution in Protocol No. 3
allowed for faster initiation of the process of separating the
epidermal layer from the dermis. This process began al-
most immediately, but was completed closer to the end of
the protocol. Thus, the additional stage did not provide any
advantages, and at the end of the protocol, the result was
similar to that obtained using Protocol No. 2, including in
terms of appearance.

The study of ADM micropreparations obtained by all the
methods researched showed complete removal of cellular
elements. It was confirmed by staining with hematoxylin and
eosin (Fig. 2, A, B) and the nuclear-specific dye DAPI —
only autofluorescence of extracellular matrix proteins was
visualized during microscopy (Fig. 2, E, F). Van Gieson’s
staining of sections made it possible to verify the integrity of
collagen fibers (Fig. 2, C, D).

Morphological differences between the samples ob-
tained by three different methods during microscopy of
histological preparations were not detected. However, the
use of Versen solution led to some fiber unweaving of the
collagen matrix on one side, which may also have a positive
effect on the migration of recipient cells.

DISCUSSION

Based on the obtained data on the quality assessment
of the obtained cell-free material, it can be stated that all
three protocols presented by us are quite effective in obtai-
ning the final product with the required biological charac-
teristics. The obtained ADM retains the structural organiza-
tion necessary for the implementation of the therapeutic
effect in clinical use. At the same time, there is no cellular
component that creates an immunogenic potential that can
cause rejection of the sample when placed on the wound
surface. The physicochemical properties of the product
ensure ease of handling and direct use in the treatment
of skin lesions of various etiologies. At the same time, the
production process is well-established, does not require
complex technological solutions and expensive reagents,
does not impose too high requirements on the qualifica-
tions of personnel. This makes it relatively easy to imple-
ment at the scientific and production base of the Military
Medical Academy named after S.M. Kirov of the Ministry
of Defense of the Russian Federation. The combination of
these facts opens up great prospects for extensive produc-
tion and clinical use of ADM in the treatment of skin defects
of various geneses. Further definition of patient categories
and the state of their wounds for the use of ADM seems
quite logical.

Differences in the skin decellularization protocols had
no significant effect on the final result. Protocol No. 3
took 3.5 hours longer than protocols No. 1 and 2, but no
significant increase in the effect was found. Thus, there
was acceleration of epidermal layer separation, which did
not affect further processing. It can be assumed that to
increase the efficiency of skin treatment with a hypertonic
NaCl solution, a longer exposure with periodic change of
the latter is necessary.

The same amount of reagents, time and labor is needed
to execute protocols 1 No. 1 and 2. However, in the first case,
the material was softer, with some fiber unweaving on one
side. It is probably a consequence of the effect on the colla-
gen matrix of ethylenediaminetetraacetic acid (EDTA), which
is the basis of the Versen solution. A similar effect has been
shown in the decellularization of corneal lenticular tissue with
trypsin-EDTA solution [1]. In the case of skin, this effect may
be useful, because there is no significant destruction of the
extracellular matrix. But the increase in porosity and, accor-
dingly, a decrease in the density of the material will facilitate
the migration of the patient cells into the material [6].

CONCLUSION

1. All three protocols studied allow obtaining an acellular
dermal matrix with the specified properties of absence of
cellular and nuclear material.

2. Protocol No. 1 leads to fiber unweaving of the matrix,
which may be a positive factor for the migration of recipient
cells.

3. Acellular matrix obtained as a result of protocols No. 2
and 3, on the contrary, retained its density, while remaining
elastic.

4. The features of the structural characteristics of the
obtained matrices should be assessed in further studies in
terms of their impact on the success of clinical application.
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AONONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpoB. Bce aBTOPbl BHECU CYLLECTBEHHDIN
BKNapg B pa3paboTKy KOHLeEeNnuuu, npoBeAeHne uccneaoa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0406pUNIN UHANBHYHO
Bepcuto nepep nybnukauyuen.

KoHchnukT mHTepecoB. ABTOpbI AeKnapupytoT OTCyT-
CTBME SIBHbIX M MOTEHUWaNbHbIX KOH(NKTOB WHTEPECOB,
CBS3aHHbIX C NyOrmKaumen HacTOsILLEN CTaTbi.

WUcTouHuK ¢hmHaHcMpoBaHusA. ABTOpbI 3asBNsOT 00
OTCYTCTBMM BHELUHErO (DMHAHCWUPOBAHMS MPU NPOBEAEHNN
nccnenoBaHus.

MHhopMmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYUNN NUCbMEHHOE COrnacue NauneHToB Ha ny6-
NNKALMIO MEANLMHCKIX OaHHbIX.
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Abstract. According to the Territorial Body of the Federal State Statistics Service for the Murmansk Region, the
incidence of osteoarthritis among the adult population is 46.57 per 1000 people. In order to identify the features of
comorbid pathology in patients over 60 years of age with osteoarthritis who have vitamin D deficiency and insufficiency,
100 patients over the age of 60 years (cf. age 69.03 £ 2.34 years). All patients live in Murmansk; 85% of patients were
women and 15% men. Research methods were used: questionnaire, clinical examination, determination of the level
of vitamin D. It was found that in patients with osteoarthritis over the age of 60 years, 1/3 have vitamin D deficiency
and more than 1/2 — vitamin D deficiency. In patients with osteoarthritis with vitamin D deficiency and deficiency,
such comorbid pathologies as arterial hypertension, coronary heart, rheumatoid arthritis. In patients with vitamin D
deficiency, compared with the group with vitamin D deficiency, the following were more often noted: type 2 diabetes
mellitus, cancer, chronic obstructive pulmonary disease, and a history of acute circulatory disorders. Subjects with lower
levels of vitamin D have more often geriatric syndromes such as: hearing impairment, dysphagia, constipation, urinary
incontinence and pathology of the oral cavity. Patients with vitamin D deficiency in comparison with its insufficiency
have a more pronounced radiological stage of the disease and the degree of dysfunction of the joint, which, in turn,
increases the percentage of disability among these patients. Thus, vitamin D deficiency is one of the risk factors for a
number of comorbid pathologies in osteoarthritis. In this connection, it is expedient to include vitamin D in the complex
therapy of osteoarthritis in patients over 60 years of age.

Key words: vitamin D; osteoarthritis; elderly and senile patients; comorbid pathology.
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Pestome. o gaHHbIM TeppuTopuanbHoro opraHa ®egepansHoin cnyx6bl roCyaapcTBEHHONM CTAaTUCTMKM o MypmaH-
ckoit 0bnacTu, 3aboneBaeMoCTb 0CTE0APTPUTOM Cpean B3POCIIOro HaceneHus coctaBnseT 46,57 Ha 1000 YenoBsexk.
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C uenbto BbIIBNEHNUS 0COBEHHOCTEN NONMMOPOMAHOM NATONOMMU 1 HEKOTOPbLIX rEPUaTPUYECKUX CUHAPOMOB Y nawLu-
eHTOB cTapLue 60 neT ¢ 0CTE0aPTPUTOM, UMEKLLMX AeULMT U HeOCTAaTOYHOCTb BUTaMuHa D, 6bino obcneaosaHo
100 nauueHTOB B BO3pacTe ctapuwe 60 net (cpeaHuin Bospact 69,03 £ 2,34 roaa). Bce nauneHTbl npoxusanu B
r. Mypmatcke; 85% nalnWeHTOB COCTaBUIIN XeHLWMHbI U 15% — MYyX4uHbI. Micnonb3oBanucb MeTogbl CCNeao-
BaHUA: aHKeTUpoBaHue, KnuHuyeckoe obcneaoBaHue, onpeaeneHne yposHa Butamnia D. bbino yctaHoBreHo,
47O Yy 1/3 NaLMeHTOB, CTpajaKLLNX 0CTE0apTPUTOM B BO3pacTe cTapwe 60 net, umeetcs geduumnt sutammuHa D u
HeJoCTaToOYHOCTb BuTaMmnHa D — y 6onee nonoBuHbl nccneayembix. Y 60mbHbIX C 0CTE0aPTPUTOM C AeULUTOM
1 HeJOCTATOYHOCTLI BUTaMuHa D Hanbonee YacTo 0TMeYanuchb Takue NonuMopbuaHble NaTonoruu, Kak runepTo-
HWYeckas 60Nne3Hb, CEpAeYHO-COCYANCTas NaToNorus, peBMaTOMAHbLIA apTPUT. Y NaLMEHTOB, UMELLMX AeduyunT
BUTamMuHa D, N0 cpaBHEHWIO C rpynnon ¢ HeLOCTAaTOYHOCTbIO BUTaMMHa D Yalle oTMevanucb: caxapHblil guabet
2-ro TMNa, OHKonormyeckne 3abonesaHus, xpoHuyeckas 06CTpyKTUBHas BONE3Hb Nerknx, 0CTpoe HapyLleHue
kpoBooOpalleHnsi B aHamHe3e. Obcnegyemble C HU3KMMM NOKa3aTensaMu cogepxanus sutammHa D umeroT Gonee
4acTo repuaTpuyeckue CUHAPOMbI, TaKMNE Kak HapyLLeHus cnyxa, aucdarus, 3anopbl, HegepKaHue MoYu U NaToso-
rms poToOBOM NonocTu. MaumneHTsl, CTpagarolme aeduumtom ButammnHa D, B CpaBHEHWN C NauneHTamm, y KOTopbIX
OH BblfT HA HeJOCTaTOYHOM YPOBHe, UMET Bonee NPOrpecCUBHYI0 PEHTIEHONOMMYEeCKyo CTaanio 3abonesanns n
BbIPaXXeHHOCTb HapYLWeEHUIA (YHKLMIA CYCTaBOB, YTO, B CBOKO 04YEPEb, YBENMYMBAET NPOLEHT UHBANUAU3aLNUN cpeam
yKa3aHHbIX nayneHToB. Takum obpasom, aecdmumnt ButammHa D sBnseTca ogHUM 13 hakTopoB prcka LEeNoro psaa
nonmmopBuaHoON NaTonorum Npu octeoapTpuTe. B cBA3N ¢ Bbilleyka3aHHbIM, LenecoobpasHo BKIOYNTL BUTaMuH D
B KOMMNJIEKCHYIO TEpanuio ocTeoapTpuTa.

KniouyeBble cnoBa: ButamuH D; OCTE0apTpPuUT, NaLMUEHTbLI NOXNNOro N CTap4eckoro Bo3pacTa; I'IOJ'II/IMOp6VID,HaF|

natonorus.

INTRODUCTION

Low vitamin D levels are a global problem for peo-
ple of all ages. The current insufficient vitamin D supply
of the Russian population is due to the low level of its
synthesis and insufficient intake with food [1]. Vitamin D
deficiency is characterized by extremely adverse health
consequences [2].

Studies of vitamin D deficiency conducted in recent
years show a high prevalence of deficiency in elderly pa-
tients. Thus, vitamin D deficiency among the elderly popu-
lation in Europe was found in 47% of women and 36% of
men. In Asian countries it was in 80% of the population [3].
In our country, the frequency of vitamin D deficiency among
elderly and senile people is 86.4% [4].

In the elderly, low vitamin D levels increase the risk of
fractures due to increased bone resorption and decreased
bone mineral density [4]. Vitamin D deficiency in the elderly
also affects muscle tissue, physical activity and general ge-
riatric status. Vitamin D supplementation reduces the risk of
falls, improves muscle tone, and also reduces the severity
of cognitive impairment and improves overall health, and
is therefore essential for vitamin D-deficient elderly people
with senile asthenia [9].

In the development of vitamin D deficiency, the climatic
and geographical features of the region of residence play a
major role. Vitamin D deficiency is widespread in northern
latitudes and especially in the Arctic region [6, 7].

Vitamin D deficiency is a leading factor in the develop-
ment of osteoarthritis. It can be one of the etiologic factors
of a number of other chronic non-infectious diseases, auto-
immune and oncologic. The presence of vitamin D deficien-
cy is also associated with a more severe course of various
chronic diseases [8].

Osteoarthritis is the most common joint disease in the
elderly and old age, which is accompanied by disability in
the population [9].

According to the official data of the Territorial Depart-
ment of the Federal State Statistics Service in the Mur-
mansk region, the incidence of osteoarthritis among adults
is 46.57 per 1000 people [11].

Currently, the problems of tactics of management of pa-
tients with concomitant pathology are of great relevance.

The literature contains data on polymorbidity of osteo-
arthritis with diseases of the cardiovascular system (arterial
hypertension) and gastrointestinal tract [13]. At the same
time, there are very few studies that describe the features
of polymorbid pathology in patients depending on vitamin D
deficiency, which is important in the selection of drugs with
a favorable safety profile in osteoarthritis in combination
with polymorbid pathology.

AIM

To identify the features of polymorbid pathology and
some geriatric syndromes in patients over 60 years old
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suffering from osteoarthritis with vitamin D deficiency and
insufficiency.

MATERIALS AND METHODS

The study included 100 patients diagnosed osteoarthri-
tis, who were under outpatient treatment and observed in
outpatient clinics in Murmansk. The patients’ age ranged
from 60 to 80 years (mean age was 69.03+2.34 years), of
which 85% were women and 15% were men.

The study was performed in accordance with the stan-
dards of good clinical practice and the principles of the Dec-
laration of Helsinki. The study protocol was approved by the
Ethical Committee of the Northern State Medical University.
Written informed consent was obtained from all participants
before inclusion in the study. The study was conducted as
the patients applied for it.

All patients had a confirmed diagnosis of osteoarthritis
according to the clinical recommendations of the Associa-
tion of Rheumatologists of Russia (2021).

Questionnaire data (socio-demographic indicators),
clinical examination, determination of vitamin D levels, as-
sessment of the radiologic stage of the disease and the
degree of joint dysfunction were used. During clinical ob-
servation, the presence of chronic non-infectious diseases
such as arterial hypertension (AH) [19], coronary heart
disease (CHD), chronic cardiovascular insufficiency (CVI)
[20], acute cerebral circulatory failure (ACF) — according
to the neurologist's report, type 2 diabetes mellitus (DM)
[21], rheumatoid arthritis (RA) [22], gastric or duodenal ul-
cer (DU) [23], cancer — according to the oncologist’s re-
port, chronic obstructive pulmonary disease (COPD) were
assessed in patients [24].

We also determined the presence of age-associated
conditions: pelvic organ disorders (urination, defecation),
eye and hearing organs, swallowing problems (clinical
recommendations of the Russian Association of Gerontolo-
gists and Geriatricians, 2020). In addition, the results of
radiologic studies of joints (stage of osteoarthritis disease)
and joint dysfunctions were assessed (clinical recommenda-
tions of the Russian Association of Rheumatologists, 2021).

Vitamin D levels were determined using HPLC-MS/
MS (high-performance liquid chromatography with tandem
mass spectrometry) method. The analyzed material was
blood serum. Norms: less than 20 ng/mL — vitamin D defi-
ciency, 20-30 ng/mL — vitamin D insufficiency, more than
30 ng/mL — normal vitamin D level. The study included pa-
tients who had not previously received vitamin D therapy
(Russian Association of Endocrinologists, 2016).

The results were processed using statistical software
SPSS Statistics (version 23.00, license Z125-5301-14).
Data distribution was evaluated using the Kolmogorov—-

Smirnov test. To analyze the results, we used the param-
eters of descriptive statistics, Mann-Whitney U-criterion to
compare the mean values of two independent samples, and
the x? test to evaluate differences in frequency of occur-
rence.

RESULTS

Vitamin D levels in patients with osteoarthritis older than
60 years of age (Figure 1) were found to be below target
values in the majority of 92% (vitamin D deficiency or in-
sufficient levels (20-30 ng/mL)). More than 1/3 of patients
(33.0%) had vitamin D deficiency (< 20 ng/mL), and only 8%
of patients had normal vitamin D levels (>30 ng/mL), which
indicates the urgency of the problem of vitamin D insuffi-
ciency for patients in this group.

It was found that female patients with vitamin D insuf-
ficiency or deficiency accounted for 84.85%, while male pa-
tients accounted for 15.15% of cases.

Due to the fact that in our sample the number of indivi-
duals with normal vitamin D content was insufficient for sta-
tistical analysis, further analysis was performed in groups
with vitamin D deficiency (severe vitamin D insufficiency)
and mild vitamin D insufficiency. Thus, group 1 consisted
of 33 patients (35.86%) with vitamin D deficiency (severe
vitamin D insufficiency), group 2 consisted of 59 patients
(64.14%) with mild vitamin D insufficiency.

Analysis of polymorbid diseases in two groups (patients
with severe vitamin D deficiency (group 1) and mild vita-
min D insufficiency (group 2)) (Fig. 2) showed that patients
with osteoarthritis in both groups 1 and 2 most often had
such concomitant pathologies as hypertension, CHD, RA,
DM, oncological diseases, COPD, ACF in anamnesis.

In group 1, the frequency of concomitant polymorbid pa-
thology in patients was distributed as follows: AH was pre-
sent in all patients, DM was observed in more than 1/2 of
subjects, CHD was present in almost 1/2 patients, and RA
was present in less than 1/2 patients. A history of ACF was
found in almost every second patient, 2/5 had a history of
CVI, and oncologic diseases were present with the same
frequency. COPD was observed in 2/5 of patients, every
fourth patient had ulcer.

In the 2nd group of patients the incidence of chronic
non-infectious diseases was distributed as follows: AH — in
9 out of 10 patients, more than 1/2 of patients had CHD,
also more than 1/2 of patients had RA, every third patient
had CVI and ulcer, every fourth patient had DM, oncological
diseases were present in 1/6 patients, ACF in anamnesis
was found in every tenth patient, COPD was noted less fre-
quently — only in 3% of patients.

Analysis of differences between groups 1 and 2 showed
that DM (x?=17.759, p=0.000), cancer (x*=14.612,
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p=0.000), COPD (x*=36.125, p=0.000), and a history of
ACF (x2=28.072, p=0.000) were more frequent in group
1 compared to group 2. At the same time, RA was signifi-
cantly more frequent in group 2 compared to group 1 at the
trend level (x>=2.001, p=0.101).

We analyzed the occurrence of age-associated condi-
tions in patients with osteoarthritis (Fig. 3), which showed
that hearing disorders, dysphagia, constipation, urinary in-
continence, and oral pathology were significantly more com-
mon in group 1. Visual impairment, urinary incontinence and
hearing impairment were common in 3/5 patients, consti-
pation was common in almost 1/2 patients, dysphagia was
common in 2/5 patients and 1/3 had oral pathology. In the

Fig. 1.  Occurrence of different vitamin D levels in patients with

osteoarthritis over the age of 60 (%)

COPD
Oncol.
PU
RA
DM
ACF
CHF
CHD
AH

m Group 1

m Group 2

Fig.2. The incidence of polymorbid pathology in patients with
osteoarthritis over the age of 60 years with different
levels of vitamin D (%). Group 1 — patients with vitamin D
deficiency (severe vitamin D deficiency); Group 2— patients
with mild vitamin D deficiency. Note: the significance of the
differences between the groups according to criterion 2 at

#4p < 0,001, *p < 0.10

2nd group such disorders as visual disturbances were more
frequently noted, typical for more than 1/2 patients, urinary
incontinence was typical for 2/5 patients, hearing distur-
bances were noted for 1/3 patients, and every fifth patient
had constipation.

Patients in group 1 compared to group 2 were more
likely to have hearing impairment (x>=20.612, p=0.000),
dysphagia (x?=35.526, p=0.000), constipation (x*=16.130,
p=0.000), urinary incontinence (x*>=12.511, p=0.000) and
oral pathology (x*=10.528, p=0.002).

To analyze the radiological stage of osteoarthritis
and joint dysfunction, 2 groups of patients were sampled
(Table 1).

More progressive radiologic stage of the disease was
noted in the 1st group of patients. Comparative analy-
sis showed that 66.7% of patients in group 1 and 50.8%
in group 2 had Il and IV radiologic stage of osteoarthritis
(x2=5.255, p=0.022). Stage Il of the disease was present
in 1/3 of patients in group 1 and 1/2 of subjects in group 2,
i.e. stage Il of the disease was more frequently observed in
group 2 (x?=5.291, p=0.022).

In terms of severity of joint dysfunction, the groups dif-
fered at the trend level in that degree Il was more frequent
in group 1 compared to group 2 (x?=3.125, p=0.078).

Table 2 shows the functional impairment scores of pa-
tients with osteoarthritis over 60 years of age in different
vitamin D content groups.

Patients in group 1 compared to group 2 had higher va-
lues for radiologic stage of disease (p=0.000) and degree of
joint dysfunction (p=0.000).

Dysphagia

Visual impairment
Hearing impairment
Constipation

Urinary incontinence

Oral pathology

l l l l
0 10 20 30 40 50 60 70

H Group1 m Group 2
Fig. 3. The incidence of geriatric disorders in patients with
osteoarthritis with different levels of vitamin D (%). Note:
the significance of the differences between the 1st and the
2nd groups according to the criterion x? at ***p < 0.001,
*p <0.05
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Table 1

Incidence of functional disorders in patients with osteoarthritis over the age of 60 years
in different vitamin D groups (abs. amount, %)

Indicators Severity of violations Group 1, N=33 Group 2, N =59 Reltljaybtlutey é)rfitilrfif(?r:e);ces
Radiological stage of the disease Stage Il 1" 33,3 29 49,2 X2=5,291 (p=0,022)
Stage Il 18 54,5 27 45,7
Stage IV 4 12,2 3 51
Degree of joint dysfunction The 1st degree 3 9,1 8 13,6
The 2st degree 16 48,5 33 55,9
The 3st degree 14 42,4 18 30,5 x2=3,125 (p=0,078)

Note: reliability of differences between groups p=0.022, p=0.078.

DISCUSSION

Analysis of the results showed that 92% of patients with
osteoarthritis over 60 years of age had deficiency or insuf-
ficient levels of vitamin D. It is worth noting that the study
was conducted in the North of Russia in the Murmansk re-
gion. Most likely, the low level of vitamin D in patients is
associated with a small number of sunny days per year in
Murmansk and low average annual temperature, which do
not allow to provide irradiation of sufficient skin surface for
biosynthesis of the optimal amount of vitamin D.

We found that in elderly patients with osteo-arthritis with
vitamin D deficiency and insufficiency such polymorbid pa-
thology as AH, CHD, RA was most often observed. Our data
are similar to the results of a study by other authors [13],
who talk about the high frequency of polymorbidity of os-
teoarthritis and AH, but, unlike these authors, our study did
not reveal a high frequency of gastrointestinal pathology in
osteoarthritis.

At the same time, our results are somewhat different
from those obtained earlier in another study on a sample
of elderly and senile patients [14]. The similarity consists
in the presence of AH in all patients over 60 years of age.
In the previous study, it was found that the most frequent
pathology in elderly patients was gastrointestinal (81.43%),
muscular and skeletal (77.14%) and endocrine (77.14%)
diseases. Probably, the revealed differences can be ex-
plained by the peculiarities of the sample and specificity of
polymorbidity of osteoarthritis. Thus, CHD in osteoarthritis
was noted more often than in the sample of patients without
it (59% vs. 41%), a similar trend was observed in RA (49%
vs. 8%).

According to |.B. Belyaeva et al. [15], a special role in
the development and progression of osteoarthritis is attri-
buted to systemic metabolic disorders, such as obesity and
DM, which can modify the natural course of local inflamma-
tory reactions in the joint [15]. It follows that the presence of

Table 2

Mean values of functional impairment indicators
in patients with osteoarthritis over 60 years of age
in different groups (points)

. The 1st The 2nd | Mann-Whitney
Indicators
group group U-test
Radiologic stage of the 3,03+0,11 | 2,27+0,06 0,000
disease
Degree of joint 2,54+0,08 | 2,01+0,09 0,000
dysfunction

Note: the significance of the differences between the 1st and the 2nd groups is
p=0.000.

DM in patients with osteoarthritis significantly worsens the
course of the disease.

Vitamin D deficiency is a risk factor for a number of
polymorbid diseases. Analysis of our results showed that
in group 1 compared to group 2 such diseases as DM, on-
cologic diseases, COPD, ACF in anamnesis were more fre-
quently observed. The obtained results are generally con-
sistent with the data of other authors. Thus, according to
A.F. Verbovoy et al. [16], vitamin D deficiency is associated
with the risk of cardiovascular diseases, obesity, diabetes,
COPD.

In the elderly, low vitamin D levels are associated with
osteoporosis, falls and fractures, DM, cancer, cerebrovas-
cular disease, sarcopenia [17], and increased risk of cardio-
vascular mortality [18].

Our patients with lower vitamin D levels are more likely
to have such geriatric syndromes as hearing impairment,
dysphagia, constipation, urinary incontinence and oral pa-
thology. The identified features suggest that patients over
60 years of age with osteoarthritis with lower vitamin D le-
vels are more likely to have geriatric syndromes, which is
consistent with the findings of a study by other authors [5].

Patients with vitamin D deficiency in comparison with
its insufficiency in a greater percentage of cases have a
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more severe radiological stage of the disease and more
pronounced impairment of joint function, which, in turn,
increases the percentage of disability among patients with
vitamin D deficiency.

Thus, vitamin D deficiency is one of the risk factors for
a number of polymorbid pathologies in osteoarthritis. Taking
into account the identified features is important in the selec-
tion of highly effective drugs with a favorable safety profile
in osteoarthritis in combination with polymorbid pathology.
There is a need to include vitamin D in the complex therapy
of osteoarthritis in elderly patients.

CONCLUSION

HWS 1 MOArOTOBKY CTaTby, NPOYNN 1 0806PUNN PUHAMNBHYIO
Bepcuio nepeg nybnukaunen.

KoHdhnukT mHTepecoB. ABTOpbI AeKnapupyloT OTCyT-
CTBME SIBHbIX M MOTEHUMaNbHbIX KOH(MNKTOB WHTEPECOB,
CBSA3aHHbIX ¢ NybnmKaunen HacTosILEN CTaTbi.

McTouHuk ¢hmHaHcMpoBaHusA. ABTOpbI 3asBNsOT 06
OTCYTCTBMM BHELUHEr0 (PUHAHCMPOBaHUS MpU MpPOBEAEHUM
nccneaoBaHus.

MHdopmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMNN NUCbMEHHOE COrnacue NauueHToB Ha ny-
Brmkaumio MeANLMHCKNX LaHHbIX.
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Abstract. To date, the prevention of caries in children and adolescents is an urgent medical and social problem of
modern healthcare. The paper evaluates the dynamics of functional resistance of tooth enamel in adolescents living
from birth in St. Petersburg and the possibility of its improvement at home. 38 adolescents aged 15 to 17 years were
under observation for 9 months, who were periodically examined once a quarter to assess the functional resistance
of tooth enamel, which was performed using a TER test. The 1st control group of the study included young men who
carried out their usual 2-fold generally accepted individual oral hygiene per day. The 2" main group of the study included
young men who, after carrying out individual oral care, additionally used a remineralizing ASEPTA gel for teeth. At the
beginning of the clinical study, the indicators of functional resistance of tooth enamel to acid were almost the same in
patients of groups 1 and 2 and were, respectively, 2.47 £0.18 and 2.52 £ 0.17 cont. units. In the boys of group 1, during
the study period, there was a tendency to improve the functional resistance of tooth enamel to 2.40 £ 0.19 units, while in
the boys of group 2, the functional resistance of tooth enamel significantly increased to 1.10 £ 0.20 units, which indicates
the effectiveness of the remineralizing ASEPT gel used by them. The daily use of remineralizing ASEPT gel for teeth
by young men of the 2nd main group at home during a 9-month study made it possible to increase the digital indicators
of tooth enamel resistance by 43.65%, which is an important factor in preventing the development of dental caries.

Key words: adolescents; teeth; enamel; functional resistance of enamel; tooth decay; oral hygiene; fluorides; dental
care products and items; remineralizing agents.
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Pe3tome. B HacTosLLee Bpems BONPOCHI NPOUNakTUKK Kapueca y feTeit v MOAPOCTKOB NPEACTaBNAKT akTyanbHy0 Meau-
ko-couunanbHyto npobremy coBpeMeHHOro 3apaBooxpaHeHns. B paboTe npoBeaeHa oLeHKa AUHaMUKK (hyHKLMOHabHON
Pe3NCTEHTHOCTM 3Mani 3y6oB y NOAPOCTKOB, MPOXMBAKOLWMX C poxaeHus B I. CaHkT-IeTepbypre, M BO3ZMOXHOCTH €€
NOBbILUEHMS B JOMALUHKX ycrnoBusix. MNog HabnogeHnem B TedeHme 9 mecaueB Haxoaunncb 38 NoapOCTKOB B BO3pacTe
oT 15 po 17 net, KoTopble 1 pa3 B kKBapTan OCMaTPUBANKCH Ha NPEAMET OLEHKN (DYHKLIMOHANBHON PE3UCTEHTHOCTM aMa-
nu 3y60B, KoTOpas BbINOMHANACH C NoMoLLbto TAP-Tecta. B 1-10 (KOHTPONBLHYIO) rpynny UCCreA0BaHNS BOLLMN FOHOLLW,
ocyuiecTBnsBLUKE 0ObIYHYH ANS HUX ABYKPaTHYH 0BLLENPUHATYI0 MHAMBUAYANbHY MUTMEHY NOMOCTM pTa B CyTkM. Bo
2-10 (OCHOBHYI0) rpynny nccnefoBaHUs BOLLMM HOHOLM, KOTOPbIE NMOCIE OCYLLEeCTBEHUS UHAMBMAYANbBHOMO yXo4a 3a
MONOCTLI pTa AOMOMHNTENBHO KCNOMNb30Bany refb Ans 3ybos pemuHepanuaytowuin ACEMNTA. B Hayane KnnHn4Yeckoro
“ccnefoBaHMs nokasarenn yHKLMOHANbHOW Pe3nCTEHTHOCTM aMank 3y60oB K KUcnoTe Bbin y nayneHToB 1-i v 2-i
rpynnbl NPaKTUYECKN OQUHAKOBLIMW U COCTABMSANMN, COOTBETCTBEHHO, 2,47 £0,18 1 2,52+ 0,17 ycn. ed. Y toHowen 1-i
rpynnbl 3a Nep1og UccnegoBaHWs oTMeYanach TeHAEHUMS K YyULeHno (YHKLMOHANbHOM PE3UCTEHTHOCTM aMarm
3yboB 00 2,40£0,19 ycn. ed., To BpeMsi KaK Y HOHOLIEN 2-1 rpynbl (hyHKLMOHANbHAsA PE3NCTEHTHOCTL aMani 3y6oB
JocToBepHo nosblwanack Ao 1,10£0,20 yen. eq., YTo cBUAETENLCTBYET 06 3h(PEKTUBHOCTM UCMONB3YEMOTO UMM rens
Ans 3y6os pemuHepanuaytowero ACEMTA. ExeanHeBHOe NpUMEHEHNe B AOMALLHUX YCMOBUSX OHOLAMM 2-11 (OCHOBHOW)
rpynnel rens ans 3ybos pemuHepanusytoero ACEMTA B xoge 9-MecsyHoro nccnefoBaHus no3sonuno obecneymts
NoBbILUEHWE LiM(POBbIX NoKasaTenen pesncTeHTHOCTH amani 3y6oB Ha 43,65%, YTO SBNSETCS BaXHbIM (hakTOPOM
npochunakTvkK paseuTHs kapueca 3y6os.

KntoyeBble cnoBa: NOAPOCTKHU; 3y6bl; aManb, (*)yHKU'VIOHaJ'IbHaFI PE3NCTEHTHOCTb aMalin; Kapunec 3y6a; TMrneHa

nonocTu pTa; hTopuabl; CpeacTBa U NpeaMeTbl yxofa 3a 3y6amu; peMuHepanuaytoLue cpeacTsa.

INTRODUCTION

MATERIALS AND METHODS

Nowadays, conscripts are subjected to high requirements
for their health, including dental health [1]. At the same time,
the state of dental health among young recruits in the Armed
Forces of the Russian Federation leaves much to be desired.
This is due to their significant need for dental treatment due to
dental caries and non-carious lesions, as well as treatment of
periodontal diseases (gingivitis, localized periodontitis), which
is mainly due to the need to maintain adequate oral hygiene
[2, 3]. It is noted in the literature that even future doctors,
i.e. students of dental faculties of medical universities of the
country, are not always conscious of maintaining their dental
health, which especially concerns the adequate use of dental
and oral care items [4, 5]. Fluoride prophylaxis plays an im-
portant role in the prevention of the main dental pathology —
dental caries [6, 7]. At the same time, a high prevalence of
dental caries in children and adults in St. Petersburg is known
[8, 9], which is promoted by insufficient fluoride ion content
in drinking water [10, 11]. Therefore, any measures that can
increase the resistance of teeth to dental caries in adolescents
are an urgent task of practical medicine [12].

AIM

To evaluate the dynamics of functional resistance of
tooth enamel in adolescents of St. Petersburg and the pos-
sibilities of its increase in home conditions.

38 young men aged 15 to 17 years old, living since birth
in St. Petersburg, were under observation for 9 months.
They were examined once a quarter to assess the functional
resistance of tooth enamel, using the enamel resistance test
proposed by V.R. Okushko [13]. Young men were examined in
depth on the first day of their visit to a dentist, and then every
3 months, that is, a total of 4 times for each patient examined.
According to the methodology, in adolescents the enamel
resistance study was conducted on one of the central incisors
of the upper jaw, for which the crown of the tooth was cleaned
from possible plaque, dried, and then 1 % HCI solution was ap-
plied, creating a drop of up to 2 mm in diameter on the surface
of the crown. After 5 s the drop was washed off with distilled
water, the crown of the tooth was dried with a cotton ball and a
drop of 1% solution of methylene blue was applied to the place
of etching, which was immediately removed with a cotton ball
and the acid resistance of enamel was evaluated in points,
i.e. its resistance, by the intensity of coloration formed on the
crown part of the tooth. The result was recorded by comparing
it with the standard 10-point scale of shades of blue color from
0 points (with complete absence of staining of the etched part
of the tooth crown) to 10 points (with the most intense staining
in the etched part of the tooth crown in blue color).

It was decided to increase the functional resistance of tooth
enamel of young men living in St. Petersburg by means of
their home use of ACEPTA remineralizing tooth gel (VERTEX,
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St. Petersburg, Russia). To study the effectiveness of this
remineralizing gel, all young men were divided into 2 groups.
The 1st (control) group of the study consisted of 15 men
who performed the usual twice daily individual oral hygiene,
namely dental care with a manual toothbrush and toothpaste
used by them. The 2nd (main) group of the study included 23
young men who performed individual oral care with the use
of ACEPTA remineralizing dental gel, which, according to the
abstract, contains biomimetic hydroxyapatite that promotes
rapid and effective mineralization of tooth enamel [14, 15].

Using a toothbrush, the young men spread the gel
over the surface of the teeth, allowed it to adhere to the
hard tissues of the teeth for 1-2 minutes, and then spit out
the excess gel without rinsing the mouth. Patients were
warned that individual dental care should have been per-
formed in the morning after breakfast and in the evening
after dinner before going to bed. After application of the
remineralizing gel, they were advised not to eat or drink
for half an hour.

The study fully complied with the ethical standards of the
Committee on Human Experiments of the Helsinki Declara-
tion of 1975, its revised version of 2000, and was approved
by the Ethical Committee of the International Academy of
Sciences of Ecology, Safety of Man and Nature (Protocol
No. 3 of 23.03.2023).

Reliability of differences between the mean values of
independent samples was assessed using the parametric
Student’s criterion for normal distribution and nonparamet-
ric Mann-Whitney criterion for non-normal distribution. The
test for normality of distribution was evaluated using the
Shapiro-Wilk test. Pearson’s ¢2 criterion with the Mantel-
Haenszel likelihood correction was used for statistical com-
parison of fractions to assess the reliability of differences.
In all statistical analysis procedures, the achieved level of
significance (p) was considered, and the critical level of
significance was 0.05.

RESULTS

The study of tooth enamel resistance in young men of the
1st and 2nd groups at the beginning showed that the indexes
of functional resistance of tooth enamel to acid were practically
the same and were 2.47+0.18 and 2.52+0.17 units, respectively
(p 20.05). After 3 months from the beginning of the clinical study
and until the end of the study, a tendency toward a decrease in
the functional resistance of tooth enamel was observed in the
young men of group 1 (Fig. 1). After 9 months from the begin-
ning of the study, the functional resistance of tooth enamel
to acid was 2.40+0.19 (p 20.05) in this group of young men.
Although such a numerical index characterizes high structural
and functional resistance of enamel [13], it should be said that,
despite the regular oral hygiene performed by the patients of

group 1, no positive dynamics of this index was observed, which
may contribute to the development of dental caries in them.

In young men of the 2nd group throughout the clini-
cal study a reliable tendency to increase the functional
resistance of tooth enamel to acid was revealed (Fig. 1).
Thus, after 3, 6 and 9 months of the study in the patients
of the 2nd group the indices of functional resistance of
tooth enamel were equal to 2.09+0.19; 1.76+0.18 and
1.10+0.20 units, respectively (p <0.01). Figure 2 shows
the dynamics of enamel resistance test parameters in
young men from the control and main study groups during
the clinical study.

DISCUSSION

Everyday life of the studied young men living in the city
of St. Petersburg, due to the consumption of potable water
used by them during the usual individual oral care, con-
tributes to a decrease in tooth enamel resistance, which
is shown in the example of patients from the 1st control
group of the study. Lack of positive dynamics of func-
tional enamel resistance may be a predisposing factor in
the development of dental caries in young men, although
the numerical index of the enamel resistance test after
9 months from the beginning of the clinical study showed
the presence of high structural and functional resistance
of enamel in them.

Daily application of ACEPTA remineralizing tooth gel by
the young men of the 2nd group of the study during the clini-
cal trial allowed to provide positive dynamics of the numerical
indexes of tooth enamel resistance, which was significantly
different from the similar ones in the 1st group of young men,
although these indexes, according to the evaluation recom-
mendations of the enamel resistance test [13, 16], also cha-
racterized high structural and functional resistance of enamel.
But at the same time for the young men of the 2nd group of
the study we can reliably speak about the favorable dyna-
mics of the indicators of the test of enamel resistance, which
indicates an increase in the functional resistance of enamel,
which, obviously, will contribute to the prevention of dental
caries development in them.

CONCLUSION

1. In young men living in St. Petersburg, with the ge-
nerally accepted individual measures for oral care, there is
insufficient positive dynamics of functional and functional
resistance of tooth enamel, which may be a predisposing
factor for the development of dental caries.

2. The use of modern domestic ACEPTA reminerali-
zing tooth gel containing biomimetic hydroxyapatite allowed
to increase the functional resistance of tooth enamel by
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Conventional units

The 1st group (controls)

The 2nd group (the main)

= After 6 months
m After 9 months

= Beginning of the study
m After 3 months

Fig. 1.

Indicators of functional resistance of tooth enamel to acid
in examined young men of the control and main study
groups during the clinical trial

Conventional units

Patient E., 16 years old
(the 1st group)

Patient M., 16 years old
(the 2nd group)

= After 6 months
n After 9 months

m Beginning of the study
= After 3 months

Fig.2. Dynamics of indicators of functional resistance of tooth

enamel to acid in two examined young men from the 1st
and the 2nd study groups during the 9-month clinical trial

43.65% during a 9-month clinical study. It is an important
factor in the prevention of dental caries development, so
it can be recommended to adolescents living in St. Peters-
burg to include the use of ACEPTA remineralizing tooth gel
in individual oral care measures.

ADDITIONAL INFORMATION

Author contribution. Thereby, all authors made a substan-
tial contribution to the conception of the study, acquisition, analy-
sis, interpretation of data for the work, drafting and revising the
article, final approval of the version to be published and agree to
be accountable for all aspects of the study.

Competing interests. The authors declare that they have
no competing interests.

Funding source. This study was not supported by any ex-
ternal sources of funding.

Consent for publication. Written consent was obtained
from the patient for publication of relevant medical information
within the manuscript.

NONONHUTENbHAA NH®OPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECIM CYLLUECTBEHHBIN BKIAL,
B pa3paboTKy KOHLENLMK, NPOBEAEHNE MCCIea0BaHUs 1 NOAro-
TOBKY CTaTbit, MPOYNM 1 0aobpunmu rHanbHy0 BEpCuto nepes
nybnukaupen.

KoHdhnmkT uHTepecoB. ABTOPbI AeKNapUpyIOT OTCYTCTBIE
SIBHbIX W1 MOTEHLUMANbHBIX KOHXIMKTOB MHTEPECOB, CBA3AHHBIX C
nybrvkaumei HacTosLLeN CTaTby.

WcTouHmnk dmHaHcpoBaHuA. ABTOpGI 3asBSOT 06 OTCYTCT-
BIW BHELLHErO (hMHaHCMPOBAHIS MW MPOBELEHU UCCIIEA0BAHNSI.

WHdopmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MONYYUNN MUCbMEHHOE corflacue nauyueHToB Ha ny6-
NMKaLMIO MEANLMHCKNX LaHHbIX.
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Abstract. Electromyographic examination makes it possible to determine the lesion of muscle tissue, the prevalence,
severity and nature of the pathological process, therefore, great importance is given to the choice of a high-quality
apparatus used in clinical practice. In order to determine the optimal device for electromyography in clinical practice,
a questionnaire of 50 questions was compiled to determine the most important parameters of the electromyograph. To
confirm the differentiating ability of the questionnaire developed by us, a commission was recruited. In order to confirm
the differentiating ability of the questionnaire, a commission was recruited. The expert commission consisted of: 10 spe-
cialists from among the teaching staff of the Department of Orthopedic Dentistry with a course in clinical dentistry and
10 other specialists this field from among the teaching staff of the department of Normal Physiology. By the method of
expert assessments, the most significant parameters for doctors were selected and their weight was determined. The most
significant parameters were: «informative value» and «accuracy», which gained 0.24 and 0.23 points, respectively. An
expert assessment of popular electromyographs was carried out: adaptive electromyograph “Synapsis” (NMF “Neurotech”
LLC, Russia), electroneuromyograph «Neuro-MVP-8» («Neurosoft», Russia), electroneuromyograph “Neuro-MVP-Mi-
cro” (“Neurosoft”, Russia). The sum of the points of all experts was multiplied by the weight of a certain parameter and
entered into tables. After the calculation, the optimal electromyograph was determined. According to the results of the
expert analysis of the devices, the highest points were scored by the electromyograph “Synapsis” (Neurotech, Russia):
85.85 points. We believe that in order to obtain the most accurate results in the clinic, this electromyograph can be
recommended for medical use as having all important characteristics as being highly reliable.

Key words: electromyography; expert assessment; diagnostics; bioelectric activity of muscles.
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Pestome. GJ'IGKTpOMVIOFpanVI‘-IeCKOG nccrnegoBaHmne nNo3BOSIAET OnpedesinTb ovar nopaxeHns MbILLEYHON TKaHW,
pacnpoCTpaHEeHHOCTb, TAXECTb U XapaKTep NaTosiorM4eckoro npouecca, no3Tomy Bbl60py Ka4yeCTBEHHOrO annapara,
NMPUMEHAEMOro B KMUHUYECKOM NpakTuke, yoenaertcs OonbLioe 3HaveHue. C Lenbio onpeaenenna onTiMmarnbHOro
annaparta anda nposeaeHunA sneKTpommorpachM B KITMHWUYECKOIA NpakTuke ObIn cocTaBneH ONPOCHKK 13 50 BOMpoCOoB
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ANs onpegeneHns Hanbornee BaxHbIX NapaMeTpoB anekTpoMmuorpada. [ng nogrsepxaeHns auddepeHumpyoLen
CNocoBbHOCTM pa3paboTaHHOrO HamMm ONpocHuKa bbina HabpaHa komuccus. B cocTaB 3KCNEPTHOWN KOMUCCUI BOLLIM:
10 cnewuran1cToB 13 Yucna npodeccopcko-npenoaaBaTenbCKoro coctasa kadeapbl OpTONeANYECKOoi CTOMaToNormn
C KYpCOM KnuHuyeckoit ctomatonorum u 10 cneunanucTos 13 yucna npodeccopcko-npenoaaBaTenbCckoro cocTasa
kacheapbl HOpManbHON hnanonorun. MeTogom akcnepTHbIX OLEeHOK Obin 0TOBpaHbl Hanbonee 3HaYMMble ANs Bpayen
napameTpbl 1 onpeaeneH nx Bec. Haubonee BeCOMbIMI NapameTpamu 0kasanucb «MHOPMATUBHOCTbY U «TOYHOCTbY,
Habpas 0,24 1 0,23 6anna cooTBETCTBEHHO. [lanee NpOBOAMAM 3KCMNEPTHYHO OLLEHKY NOMYMSPHbIX 31EKTPOMUOrpacoB:
aganTuBHoro anektpomuorpadga «CuHancucy (000 HM® «HeinpoTtex», Poccus), anekTpoHeipommorpada «Heiipo-
MBI1-8» («Henpocodt», Poccus), anekTpoHerpomuorpada «Henpo-MBI1-Mukpo» («<HeipocodT», Poccus). Cymmy
BannoB Bcex 9KCNEPTOB YMHOXaNN Ha BEC ONpefeNieHHoro napameTpa v 3aHocunin B Tabnnubl. Mocne BblumcneHuns bbin
onpeAeneH onTUManbHbIA, N0 MHEHUIO 3KCNEPTOB, anekTpomuorpad. Mo pesynsTaTam 3KCNEPTHOrO aHanu3a annapa-
TOB HanbonbLuee konuyecTso 6annos Habpan anektTpomuorpady «CuHancucy («Hempotex», Poccus) — 85,85 6anna.
Cuntaem, 4T0 ANS NonyyYeHus Hambomnee TOYHOrO pesynbTaTa B KMMHUKE Mbl MOXEM PEKOMEHAO0BATb UCMOMNb30BaTh
[aHHbIN anekTpomuorpad, Tak kak OH obnagaet He06X0AMMbBIMM AN1S KAYECTBEHHOW AMArHOCTUKM XapaKTepUCTUKaMN.

KntoueBble cnosa: 3neKTp0M|/|orpad)m|; JKCMepTHasa OuUeHkKa; AMarHoCTuKa, 6|/|03ne|<TpV|quKa;| aKTUBHOCTb MbILUL.

ORIGINAL PAPERS

In the clinic, various apparatuses and devices are used
to diagnose diseases, detect various pathological condi-
tions and functional disorders. For example, to diagnose the
functional state of skeletal muscles and peripheral nerve
endings, electromyography data are used to assess the de-
gree of bioelectric activity [2, 5].

Electromyographic study allows to determine the focus
of muscle tissue lesions, prevalence, severity and nature of
the pathological process. The speed, correctness of diag-
nosis and subsequent treatment, and sometimes even the
life of the patient depends on timely diagnosis. And that is
why the choice of diagnostic apparatuses and devices used
in clinical practice is of great importance [7, 8]. We have
analyzed the domestic and foreign sources available to us
and found no studies on the evaluation of devices and ap-
paratuses for electromyography. Both domestic and foreign
authors give a description of electromyography data for as-
sessing the state of muscles, but we did not find informa-
tion on why this or that diagnostic device was chosen and
whether it has all the parameters necessary for a doctor.
According to the above-mentioned, we consider it reaso-
nable to carry out an expert evaluation of electromyographs
used in clinical practice.

AIM

To make a comparative assessment of electromyo-
graphs used in the clinic by the method of expert evalua-
tions.

MATERIALS AND METHODS

In order to determine the optimal device for electromy-
ography in clinical practice, we developed a questionnaire

consisting of 50 questions divided into blocks according to
certain parameters. To confirm the differentiating ability of
the questionnaire developed by us, a commission was re-
cruited. Age of expert specialists is from 45-65 years, the
average age is 51.35 years. Scientific and medical experi-
ence in the specialty is from 20 to 40 years, the average is
35.5 years. All representatives of the commission are spe-
cialists of the highest qualification category and are experts
in the field of diagnostics and work with electromyographs.
All study participants signed consent to participate in the
study, voluntary informed consent and consent to the pro-
cessing of personal data.

Further, the commission gave an expert assessment
of the statements with assignment of a weight coefficient
ranging from 0 to 5 [1, 3, 4, 6]. The following evaluation
criteria were selected: 1 — informativeness; 2 — accuracy;
3 — convenience; 4 — efficiency; 5 — portability; 6 — au-
tonomy; 7 — cost; 8 — interface convenience; 9 — reli-
ability; 10 — maintainability. Then we collected the opinions
of experts by questionnaire survey. Experts assessed the
degree of significance of the parameters by assigning them
a rank number. The factor to which the expert gave the high-
est score was assigned rank 1. Then we performed calcula-
tions using standard formulas for calculating Pearson’s con-
cordance coefficient, summarized the obtained estimates
to determine the consistency of experts and recorded them
into tables [1, 3].

RESULTS AND DISCUSSION

The experts evaluated the statements proposed to them,
and if the expert recognized several factors as equivalent,
they were assigned the same rank number. On the basis
of the questionnaire survey data, we compiled a summary
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ranking matrix, and then we re-formed the associated ranks.
If the sum of the matrix columns was equal to each other
and to the control sum, the matrix was made correctly. The
distribution of factors is presented in Table 1.

Next, we carried out the determination of the consistency
of experts’ opinions. For this purpose, we used the concor-
dance coefficient, since the tables have related ranks (the
same values of ranks in the assessments of one expert):
S=25231.5, n=10, m=20. To estimate the average degree
of consistency of opinions of all experts, we used Pearson’s
concordance coefficient W according to the standard for-
mula. Since ¥? calculated (151.04) 2 to tabular (16.91898),
W=0.84 indicates that this value is not random. Based on
obtaining the sum of ranks, we calculated the weighting
indices of the considered parameters. We transformed the
survey matrix into a matrix of transformed ranks by the for-
mula sij = X, — Xij, where X, = 5. And then on the basis
of the sum of the ranks of experts’ opinions we calculated
the value of the weighting of indicators [1, 3, 6] and recor-
ded it in Table 2.

The opinions of 10 experts from the faculty of the De-
partment of Orthopedic Dentistry with a course of clinical
dentistry and 10 experts from the faculty of the Department
of Normal Physiology were maximally coordinated. And af-

ter calculating the results, the most weighty parameters,
judging by the number of points, were “informativeness” and
‘accuracy” for the experts, gaining 0.24 and 0.23 points,
respectively. According to the experts, these are the para-
meters that an optimal electromyograph should possess.
The least significant (weighty) parameters, with 0 points,
were “interface convenience” and “maintainability”.

Next, the experts evaluated the electromyographs of-
fered to them: the adaptive electromyograph Synapsis
(“Neurotech”, Russia), the electroneuromyograph Neuro-
MVP-8 (“Neurosoft’, Russia), and the electroneuromyo-
graph Neuro-MVP-Micro (“Neurosoft’, Russia). The sum
of scores of all experts was multiplied by the weight of a
certain parameter and entered into tables. Here the ex-
perts’ opinions were divided: specialists of the Department
of Orthopedic Dentistry with a course of clinical dentistry
gave more points to electromyograph “Synapsis” (“Neuro-
tech”, Russia), and their average score on the parameters
amounted to 4.85 points for all parameters, while the ex-
pert specialists of the Department of Normal Physiology
evaluated this electromyograph by 4.5 points. Electroneu-
romyograph “Neuro-MVP-Micro” (“Neurosoft’, Russia) was
given more points by the specialists of the Department of
Normal Physiology, and their average score amounted to

Table 1
Distribution of evaluation criteria by importance for experts depending on the number of points scored
X4 Xy Xy X7 X9 X5 X5 X3 Xs X1
2 = > > 3 z £
Factors 5] kS 2 o £ = g 5] £ 8 ]
= ] [} 3 o g = c == £
o 3 2 S 8 T S e T8 =
E S 5 e g 3 5 g < 5
Sum of ranks 38 415 67 68,5 106,5 128,5 149,5 156 17 173,5
Table 2
Weighting of statements according to experts
X1 Xp X3 Xy X5 Xs X7 Xg Xg X10
g
[
8 2 5 =
2 > > = = =
Factors g g % é (;% E 3 ; ;—‘E é Total
e 5] S K] = S S B2 S s
5| 5| 8| 5| 8|3 2| e §
c Q =
o [
(2]
=)
Sum of experts’ scores 63 61 6 45 15 8 44 1 24 0 267
Weight, A 0,24 0,23 0,02 0,17 0,06 0,03 0,16 0 0,09 0 1
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4.79 points for all parameters, while the expert specialists
of the Department of Orthopedic Dentistry with a course
of clinical dentistry gave this electroneuromyograph only
4.47 points. As for the electroneuromyograph “Neuro-
MVP-8" (“Neurosoft’, Russia), the opinion of most of the
experts was similar, and it scored an average of 3.7 points
for all parameters.

We believe that this distribution of votes of expert spe-
cialists is justified by different approaches to diagnosis.
Informativeness and accuracy are important to dentists,
followed by convenience, cost and maintainability. These
characteristics correspond to the electromyograph “Synap-
sis” (“Neurotech”, Russia), which is popular in the clinic of
dentistry, and provides an opportunity to obtain accurate in-
formation on four channels of signal perception.

It is important for physiologists to have all the necessary
functions in a small-sized device, as well as informative-
ness and accuracy of diagnostics. All these parameters are
presented in the electroneuromyograph Neuro-MVP-Micro
(“Neurosoft’, Russia). This device has a small size, provides
sufficient diagnostic accuracy, transmits the signal through
two channels of perception. It is enough for diagnostics of
the majority of skeletal muscles, for conducting researches
in the clinic, but it is not enough for analyzing the biopoten-
tial of masticatory muscles. Apparently, this is why dentists
put this device on the second place.

Regarding the electroneuromyograph “Neuro-MVP-8”
(“Neurosoft’, Russia), we believe that it was evaluated in a
similar way due to its insufficient accuracy, low informative-
ness and cumbersomeness.

Further, taking into account the weight of the most sig-
nificant parameters for experts and the expression of these
parameters in the devices presented for evaluation, the
optimal apparatus was determined by carrying out calcu-
lations using the method of expert evaluations. 20 expert
specialists answered 50 questions of the questionnaire,
rated three devices in the range from 0 to 5, then the ob-
tained results were multiplied by the weight of the state-
ment and recorded in tables. Then we made calculations
and it turned out that the experts evaluated the electro-
myograph Synapsis (“Neurotech”, Russia) at 85.85 points,
the electroneuromyograph Neuro-MVP-Micro (“Neurosoft”,
Russia) scored, according to the experts, 84.35 points,
and the electroneuromyograph Neuro-MVP-8 (“Neurosoft”,
Russia) scored only 77.2 points.

Such estimates correspond to the actual state of af-
fairs, as the most popular electromyograph in Russia is the
electromyograph “Synapsis” (“Neurotech”, Russia). It is the
most popular because of its diagnostic accuracy, informa-
tiveness, convenience and successful advertising strategy.

To test this hypothesis and exclude unreasonable as-
sumptions, we used the method of expert evaluations, as it

allows us to translate subjective opinion into the language
of numbers and give an objective, accurate assessment of
various statements. In our case, the experts’ opinion coin-
cided with our assumptions about the most optimal device.

CONCLUSION

According to the results of the expert analysis of the
devices, the electromyograph Synapsis (“Neurotech”, Rus-
sia) received the highest scores with 85.85 points and took
the first place among the proposed devices for electromyo-
graphy. We believe that to obtain the most accurate result
in the clinic we can recommend using electromyograph
“Synapsis” (“Neurotech”, Russia), as it has important cha-
racteristics for a doctor, namely, high diagnostic accuracy,
informativeness, efficiency in operation and relatively low
cost.
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Abstract. The development of oil and gas resources of the Far North and equivalent areas of Russia is accompanied
by the construction of strategically important facilities and territorial production complexes, which lead to the migration
of a large number of people from various regions of Russia. Specific climatogeographic and ecological conditions of
the North determine the unique course of all biological processes, affecting all functional systems of the body, inclu-
ding cardiorespiratory. The study of functional capabilities and adaptation mechanisms to environmental conditions
remains an urgent task of human physiology in connection with the active development of natural resources at the
expense of productive forces coming from other regions. The article presents a brief overview of research papers
that reflect the functional features of the cardiorespiratory system of the alien population living in various regions of
the Far North and equivalent areas of Russia. The presented literature data indicate the presence of specific adap-
tation processes of the cardiorespiratory system in representatives of the alien population in the harsh climatic and
geographical conditions of the northern regions, manifested in hyperfunction of external respiration, hemodynamic
reactions, special compensatory changes in the respiratory and circulatory systems. The development of the northern
regions increases the relevance of the development and implementation of measures to assess the endurance of the
respiratory and circulatory systems of representatives of the alien population, as well as the prediction of possible
risks to their health.

Key words: cardiorespiratory system; adaption; alien population; northern region.
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Pe3tome. OcBoeHue HedhTSHbIX U ra3oBbIx pecypcoB KpaitHero Cesepa u NpupaBHEHHbIX K HUM MECTHOCTEN Poccum
COMPOBOXAAETCA CTPOUTENBCTBOM CTpATErMYeCKN BaxHbIX 06 BEKTOB N TEPPUTOPUAbHO-NPON3BOACTBEHHBIX KOMMEK-
COB, KOTOPble NPUBOAAT K MUrpaLum 60NbLIOro KONMYECTBa NIOAEN N3 pa3nnyHbiX pernoHoB Poccun. CneyndmnyHble
KnuMmatoreorpadguyeckne u akonornyeckue ycnoeus Ceeepa onpeaenstoT yHUKanbHoe npotekaHne Bcex buonoru-
YECKMX NPOLLeCCOB, BUSS Ha BCe (DYHKLMOHASIbHbIE CUCTEMBI OpPraH1M3Ma, B TOM YACTIE U KapAnopecnupaTopHyH.
Wceneposanne (hyHKLMOHAMbHBIX BO3MOXHOCTEN M aAanTaLMOHHbIX MEXaHU3MOB K YCMOBUSM OKpYKatoLen cpesbl
0CTaeTCs akTyanbHON 3agavei HU3nonorum YenoBeka B CBA3M C akTUBHBIM OCBOEHWEM MPUPOAHbLIX PECYPCOB 3a
CYET NPON3BOAMTENbBHBIX CUM, MPUE3XatOLLMX U3 APYTUX PEroHOB. B cTaTbe NpeacTaBneH kpaTkuii 063op uccneso-
BaTenbCKNX paboT, B KOTOPbIX OTPaXEHbI (hyHKLMOHAMNbHbIE 0COBEHHOCTM KapANOPECTNPATOPHOM CUCTEMbI NPULLNIOTO
HaceneHus, NPOXMBatOLLEro B pasnnyHbix pernoHax KpaitHero Cesepa u npupaBHEHHbIX K HUM MECTHOCTSX Poccuu.
lMpencTaBneHHble NUTepaTypHble AaHHble CBUAETENbCTBYOT O HANNYWK CNELMEUYHBIX aganTalLoHHbIX NPOLEeccoB
kapaMopecnupaTopHOi CUCTEMbI Y NPEACTABUTENEN NPULLIOTO HACENEHNS B CYPOBLIX KIMMATOreorpatmyeckux yecno-
BMSIX CEBEPHBIX PErMOHOB, NPOSIBNSIOWMXCS B TMNEPPYHKLMM BHELIHETO bIXaHWS, peaKkLmax reMognHamuki, 0cobbix
KOMMNEHCaTOPHbIX M3MEHEHMSIX CUCTEM AblXaHWs 1 KpoBoobpaLLeHns. OCBOEHNE CEBEPHbIX PErMOHOB NOBbILAET akK-
TyanbHOCTb pa3paboTku 1 BHEAPEHUS MEPONPUATUIA MO OLEHKe BbIHOCIMBOCTM CUCTEM AblIXaHWS N KpOBOOBpaLLEHNS

y I'IpeJJ,CTaBI/ITeJ'IeVI MPULLOro Hacernennd, a Takxxe NporHo3MpoBaHN0 BO3IMOXHbIX PUCKOB AA UX 300POBbA.

KnioueBble cnoBa: kapavopecnupaTopHas cucTeMa; afantayyus; NpULLIoe HaceneHune; CeBepHbIN Pervio.

INTRODUCTION

The evolutionary formation of an organism as a biologi-
cal species is directly connected with the external environ-
ment and is determined by the influence of various climatic,
geophysical and geochemical conditions. In the process of
evolution, corresponding natural rhythms were formed in
the activity of the cardiovascular and respiratory systems
of the body [27]. In the process of adaptation to environ-
mental conditions, an organism forms characteristics and
properties that prove to be the most beneficial and thanks
to which the organism acquires the ability to exist normally
in a specific habitat [5].

Adaptation of an organism to new natural and production
conditions necessary for the sustainable existence of the or-
ganism in a specific ecological environment occurs at the
cellular, organ, systemic and organismic levels [7, 61]. The
cardiovascular and respiratory systems together are a mar-
ker of the organism’s adaptation to new environmental con-
ditions, which is reflected in the morphological and functional
changes of these systems [64, 75]. The cardiorespiratory
system (CRS) as the main link in the life activity of the hu-
man body is aimed at continuously supplying it with oxygen
[12]. The CRS is interconnected with external environment,
so the system also is influenced by a complex of negative
environmental factors [13]. The cardiovascular and respira-
tory systems serve as the most important link in the complex
of visceral systems that ensure metabolism and maintain the
constant internal environment of the body [34, 55].

The life activities of the immigrant and indigenous popu-
lation living in regions of the Far North and equivalent lo-

calities are sharply limited due to harsh natural conditions.
A number of researchers have proven the negative impact
of the climatic features of the northern region on health of
residents [41, 52]. Thus, a third of the residents of the sur-
veyed territories describe the northern climate as “very se-
vere” and “rather severe” (no differences in assessments
were found between groups formed on the basis of age and
gender criteria and degree of sedentarism) [41]. Moreover,
immigrant population more often talk about the influence of
certain climatic characteristics (for example, the polar night)
on their physical and mental state [41]. Indigenous people,
unlike the migrant population, have a natural adaptation to
external environmental factors, as a result of which they are
less susceptible to stress and premature pathologies [31].
The immigrant population is influenced by various factors
of the changed habitat, as it finds itself in new social and
cultural, physical and geographical conditions [66]. A study
of technogenic impact on biological systems in the condi-
tions of the Far North demonstrated the disastrous ecologi-
cal state of the landscape in the territory of oil producing
enterprises [37]. Increased physical and mental stress
against the background of existing natural pressure can
provoke high tension in the body’s adaptation systems and
the development of a special condition of the complex od
symptoms [39].

Adaptation of the body of an immigrant population al-
lows it to endure significant changes in the external environ-
ment and actively restructure organism’s physiological func-
tions in accordance with these changes, sometimes even
ahead of them [1]. The immigrant population turned out to
be more vulnerable to associated effects of northern risk
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factors, which contributed to the development of the “polar
tension” syndrome with its inherent initiation of free-radical
oxidation and a decrease in overall antioxidant activity [37].

The health status of the immigrant population is under
the continuous influence of specific risk factors, which leads
to the formation of typical northern pathology. Since nor-
thern conditions require increased energy consumption and
increased oxygen consumption, the cardiovascular and
respiratory systems require a constant increase in oxygen
supply. The appropriate utilization of oxygen is ensured by
the respiratory and hemodynamic systems, which in diffe-
rent combinations lead to a change in the type of functional
relationship between the parameters of the heart and lungs
at certain age periods of a person [23]. For example, the
same level of oxygen consumption can be achieved by dif-
ferent strategies: either increased ventilation or increased
oxygen utilization [55]. To effectively assess the functional
state of the body of the immigrant population, informative
criteria of the cardiorespiratory system are considered in a
complex, since each individual physiological parameter of
respiration and heart is not as reliable and objective as a
complex approach consisting of recording numerous indi-
cators. In this regard, it is necessary to carry out a sys-
temic quantitative analysis of the organism, which are the
part of the general functional system of adaptation of the
organism [27]. In this regard, it is necessary to carry out a
systemic-quantitative analysis of the organism, which are
part of the general functional system of adaptation of the
organism [27].

The adaptation of the immigrants’ body in northern lati-
tudes has specific features. Some migrants adapt quickly,
their organism is rebuilt to the so-called polar metabolic
type, while others have a long adaptation period [30]. The
adaptation of the immigrants’ body in northern latitudes has
specific features. Some migrants adapt quickly, their orga-
nism is rebuilt to the so-called polar metabolic type, while
others have a long adaptation period [30]. With the increase
in number of generations of people living in conditions of
the northern region, optimization of the cardiorespiratory
system indicators is observed with a decrease in the degree
of reactivity in a series from zero to the second generation
in response to the activation of the orthostatic test. This oc-
curs against the background of an increase in the degree
of influence of the autonomic nervous system in a state of
rest and with a greater expression of the decrease in re-
sponse to orthostatic test [2]. With an increase in the time
of residence in the North-East of Russia, there is a gradual
decrease in the level of stress in the work of the cardiore-
spiratory system, a decrease in the incidence of basal meta-
bolic parameters exceeding the normative values [1]. At the
same time, an increase in the specific weight of deviations
in microcirculation indicators is observed in a series from

zero to the third generation (a decrease in the diameter of
arterial and venous sections, an increase in the coefficient
of deformation of capillaries).

The study of the patterns and physiological mechanisms
of adaptation of the aborigines of the North is of great im-
portance for the preservation and development of health not
only of small ethnic groups, but also of immigrants, since
the indigenous population represents the adaptive standard
that is most adequate to its habitat [73]. In order to minimize
the incidence of heart and lung pathologies in the immigrant
population living in the northern region, it is necessary to
pay special attention to the cardiorespiratory system. The
relevance of the topic is related to the need to generalize
and analyze existing approaches to the study of adaptive
capabilities on the health status of the migrant population
under the influence of harsh climatic conditions.

GENERAL PATTERNS OF ADAPTATION IN THE NORTH

The development of new deposits, which have great
political and economic potential, is closely linked with the
study of the adaptation of the organism [70]. In this regard,
the basis of modern medicine should be adaptive physiology
[5]. The indigenous population is adapted to environmental
factors both at the phenotypic and genetic levels. The best
effect of the adaptation process is achieved with greater
similarity of morphological and physiological characteristics
in the indigenous and immigrant populations, and acclimati-
zation in harsh living conditions requires the greatest stress
on the adaptation processes [1]. Expeditions conducted in
various extreme conditions of the Far North have shown
that the body always pays with stress and expenditure of
vital resources for adaptation to new environmental condi-
tions [4]. This is why the leading aspect of the formation
of the current morphological and functional state of human
organs and its reserve capabilities is the type of adapta-
tion of important body systems to climatic, geographical and
seasonal conditions [33].

The difference between the functional characteristics
of immigrants and native population is that even after the
completion of the process of successful acclimatization,
the organism of immigrants will work with maximum use
of resources [72]. In immigrants, many physiological pro-
cesses shift in the direction of characteristics typical for the
natives of a given region [64, 82]. A transitional process of
adaptation is established and characterized by the totality
of the existing capabilities of the organism. The influence
of climatological and territorial conditions of the North on
the body’s state was identified by researchers in the seven-
ties and eighties of the last century. Scientists have proven
that the hereditary capabilities of adaptation processes in
more than 70% of the migrant population in the North can-
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not ensure long-term health maintenance in harsh climatic
conditions [30].

The entire adaptation process can be divided into sta-
ges. The first stage is the stage of anxiety, when the body
rapidly rebuilds itself and the mechanism of adaptation to
new living conditions begins. The second stage (resistance)
is the level of significant resistance of the body’s systems to
the effects of the northern region. By the end of this stage,
the body’s condition stabilizes, functional indicators are nor-
malized, and a completely new state of balanced, stable
equilibrium is realized [5]. Thus, the respiratory and cardiac
organs manage to successfully adapt to the climatic condi-
tions of the northern region thanks to the restructuring of the
most important systems of the body [56].

Exposure to the harsh conditions of the Far North and
similar areas, such as pronounced ultraviolet deficiency
due to low solstice, long and cold winters, and low air tem-
peratures inevitably lead to the process of “light starvation”
at night and “light excess” during the day. The complex of
these mechanisms represents a difficult multi-stage social
and physiological process, which is combined with pro-
nounced stress on the body’s adaptive systems [48]. As a
result of the research, it was clearly demonstrated that at
the first stage of adaptation to harsh environmental condi-
tions, an urgent set of compensatory, protective reactions is
acquired that support the normal functioning of the body’s
systems by straining functional reserves [1, 38].

The immigrant population is characterized by a specific
form of continuous stress on the cardiovascular and respi-
ratory systems, which is caused by the weakening of the
body’s stable resistance to extreme conditions [13]. Com-
mon features of the adaptation process are an increase in
the size of the adrenal cortex and an increase in their secre-
tory activity, a decrease in the lymph nodes, thymus, spleen,
and a reorganization of blood composition indicators, a
change in the ratio of metabolic processes in the body, the
prevalence of decay processes that lead to a decrease in
blood pressure and weight loss [66]. It has been proven that
in the harsh conditions of the North, sympathicotonia is re-
duced in winter and increased in summer [56]. So, at low air
temperatures the tone of the vagus nerve predominates. On
the part of the immune system, there is a weakening of im-
munity and a tendency towards a protracted, chronic course
of diseases in northerners [44]. Ineffective functioning of
the immune system of immigrants of the north often leads
to the spread of acute infectious pathology, which creates
a threat of failure of protective adaptive mechanisms and
determines the tendency for acute inflammation to become
chronic [68].

A survey of the cardiorespiratory system indicators of
the Salekhard population revealed a stress in the functional
characteristics of the lungs and heart of immigrants, which

is characterized by increased functional activity of the ex-
ternal respiration parameters, an increase in systolic and
diastolic blood pressure, minute blood volume, and total
peripheral vascular resistance [67]. Such a characteristic
adaptive change in the functioning of the cardiovascular
and respiratory systems is necessary to ensure the normal
functioning of the body of the immigrant population in the
conditions of the North [31].

When the body adapts to changing factors in the North,
profound shifts in the internal environment of the body oc-
cur (hypoxia, hypercapnia, hypocapnia, acidemia), which,
according to the principle of feedback, activate the physio-
logical processes of regulation and the function of gas ex-
change of the respiratory system. Some northerners expe-
rience an increase in pulmonary ventilation, while others
experience an increase in heart rate, which becomes one
of the leading factors in providing the body with oxygen. It
is necessary to coordinate work to ensure the supply and
consumption of oxygen, which affects the contractility of the
myocardium and the frequency of respiratory movements,
which depend on the body’s reserves [53].

FEATURES OF RESPIRATORY SYSTEM ADAPTATION

A pronounced feature of the adaptation process to
the extreme conditions of the Far North are morphogical,
physiological and functional changes in the respiratory sys-
tem, which are often characterized by dyspnea [61], which
is called polar. As compensation for hyperventilation of im-
migrants’ lungs, metabolic acidosis develops in the condi-
tions of the Middle Ob region [81]. The increase in the mi-
nute volume of respiration, typical for the northern region in
plain conditions, is explained not only by metabolic acidosis,
but also by a decrease in the aeroionisation of air [4]. When
studying the mechanism of dyspnea as a phenomenon that
occurs in depressive and anxious states, 4 clinical variants
of hyperventilation syndrome not accompanied by hypoxia
were identified [30].

CRS is susceptible to somatic, biological and psycho-
logical influences. The functional state of CRS depends on
environmental factors. At the beginning of the adaptation
process to cold, the functional depot accumulates due to
additional opening of the alveoli at the level of the medium
and large bronchi [3]. However, the long-term presence of
immigrants in northern conditions leads to an increase in
the area of gas exchange, which occurs due to morpho-
logical changes: diameter, quantity and volume due to mor-
phological changes, quantity and volume of capillaries that
bulge into the lumen of the alveoli. Against the background
of these processes, the blood pressure in the pulmonary
circulation significantly exceeds the normal values [56].
Changes in the respiratory system of a person living in the
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North for several years correspond to adaptation to hypoxia
[3, 5, 27].

Almost the entire immigrant population experiences dif-
ficulty breathing and shortness of breath at low air tempera-
tures in the uncomfortable conditions of the northern region
[48]. A study conducted in Surgut notes the highest and pro-
gressive incidence of diseases of the respiratory system and
pathologies that make up metabolic syndrome — diabetes
mellitus and obesity [15]. Blood oxygenation is controlled by
important functions of the cardiorespiratory system: inhala-
tion, exhalation, depth of breathing and respiratory rate, as
well as the condition and functional characteristics of red
blood [35]. In residents of the European North, the levels
of red blood cells circulating in the peripheral blood and
hemoglobin are within the physiological norm for the immi-
grant population [3]. The peculiarities of morphological and
physiological data of erythrocytes in the blood test of the
population of the northern territories are associated with an
increased intensification of erythropoiesis [74]. These pro-
cesses are directly dependent on the severity of the climatic
conditions of the regions of the European North and worsen
as one moves north [74]. An increase in the volume of pul-
monary ventilation in northerners at rest and a decrease in
the vital capacity of the lungs (VC) in residents of the North
were also revealed [22, 46, 65]. It has been established that
in population of the Magadan region, living in uncomfortable
conditions for more than 5 years, the value of VC is reduced
by 3% compared to the control parameters of Moscow [42)].
Features of lungs of the Middle Ob region immigrants were
identified, which consisted of a more developed bronchial
system, which ensured more efficient gas exchange [9].

In different seasons of light aperiodicity, depending on
the polar night and polar day, changes in external respira-
tion were revealed according to spirometric examinations of
natives of the Far North, residents of Murmansk [20]. It has
been proven that the indicators and structure of vital capa-
city in girls and boys, the respiratory volume and the nature
of the relationships between the indicators that comprise
them decrease. The magnitude of the respiratory volume is
one of the most demonstrative criteria of the external respi-
ratory system, characterizing its pattern. As a result of the
conducted studies, it was established that during the polar
day, the residents of the Far North have a lower respiratory
volume than during the polar night [69].

The adverse effect of hypoxia on the body is that during
the transition to the cold period of the year, the load on the
respiratory system increases [51]. A decrease in the oxygen
utilization function in immigrants living in the conditions of
the northern region has been established [70].

Chronic hypoxia in the North is the main cause of in-
creased activity of the respiratory system, manifested by tis-
sue hypoxia, the action of a complex of geophysical factors

of high latitudes, which in the future may lead to high inci-
dence of respiratory diseases [25]. During the compensa-
tion phase, reactions that are characteristic of hypoxia are
formed in the body of northerners: the utilization of oxygen
from the inhaled air and the delivery of oxygen by blood
increases, and then the coefficient of oxygen utilization by
tissues increases [14]. The adaptation mechanism in immi-
grants of the Far North is accompanied by a complex of
symptoms that includes chronic hypoxia with correspond-
ing changes in the cardiovascular and respiratory systems,
forced to “fight” for oxygen. In northerners, oxygen satura-
tion in arterial blood does not differ from the corresponding
indicators in mid-latitudes [27], while carbon dioxide tension
in both arterial [36] and venous blood [3] is increased. The
arteriovenous difference in oxygen significantly exceeds the
norms of mid-latitudes [10], which reflects the metabolic re-
structuring of energy processes [8].

It has been found that high hemoglobin level in blood
of immigrants contribute to better oxygen exchange [43].
The ability of the body of northerners to tolerate hypoxia de-
pends on the individual genetic characteristics of their body,
as well as on the time of year and environmental conditions.
The observed low levels of red blood cells and hemoglobin
negatively affect a person’s mental activity [54].

In conditions of the northern region, the greatest impact
on the functional state of the body is exerted by cold and
a specific heliogeomagnetic environment [72]. With conti-
nuous exposure to cold, there is a decrease in respira-
tory heat loss and protection of the respiratory tract from
the effects of cold, leading to morphological and functio-
nal restructuring of the respiratory system and the oxygen
transport system of the blood [56]. In the cold season, heat
emission through the respiratory system is also saved by
reducing ventilation, the minute respiratory volume and re-
spiratory rate are reduced [47].

The extreme impact of the oscillatory dynamics of he-
liogeomagnetic activity on the human body occurs against
the background of meteorological factors or through them
[31]. The activation of cold receptors leads to the activa-
tion and excitation of thermoregulation centers, which in the
future, as a rule, leads to increased intensification of energy
exchange processes in the central nervous system [18].

A number of studies have demonstrated a decrease in
the vital capacity of the immigrant population of the northern
region [46, 65, 76]. It has been shown that with more than
10 years of experience in the north, the vital capacity value
is significantly lower by 8.2%, which indicates a morphologi-
cal restructuring of the lung parenchyma [1].

During spirometry examination of the external respira-
tion parameters in immigrants of the North-East of Russia,
it was revealed that in healthy men, the residual volume of
the lungs (RVL) and the functional residual capacity of the
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lungs (FRC) are most often significantly increased in win-
ter. An increase in functional dead space has been proven
in immigrants of the Magadan Region, which is 90-110 ml
higher than its value in men living in Western Siberia [19].
A close study of the mechanisms of the FRC clearly showed
that the parameters of the FRC depend on the influence of
external environmental factors. There is an increase in FRC
parameters due to the opening of reserve acini involved
in gas exchange and ventilation of the lungs. The identi-
fied adaptive changes in the respiratory system contribute
to the protection of bronchial tree from cold exposure and
damage, as well as the economical expenditure of energy
under cooling conditions [72]. In the conditions of the North,
a change in the vital capacity may be a cause of the forma-
tion of signs of obstructive pulmonary disorders [50]. This is
evidenced by a violation of bronchial patency, identified by
the Tiffeneau index.

In the majority of both the immigrants and indigenous
populations of the northern region, in combination with the
effective adaptive restructuring of the respiratory system,
destruction and atrophy of the mucociliary, elastic and mus-
cular apparatuses of the respiratory tract may be observed,
followed by the formation of a violation of the bronchial
drainage function, an increase in bronchial resistance and
dynamic compression of the small bronchi. These lead to a
decrease in the efficiency of gas exchange and an increase
in the unevenness of alveolar ventilation [46]. The nature of
the morphological and functional changes in the respiratory
system of immigrant population allows us to consider such
changes as a manifestation of compensatory and protective
reactions aimed at reducing heat loss and minimizing the
impact of cold air on the respiratory tract [57].

Most studies show that the incidence of pulmonary pa-
thology in the North is very high and reaches more than
55% of all diseases [64]. The peculiarities of the develop-
ment of pathological processes of the respiratory system
in the North include: hyperventilation of the lungs in com-
bination with obstructive changes in respiratory volumes;
shortness of breath with little physical exertion; hypertrophy
of the right ventricle of the heart; decreased respiratory re-
serves; pulmonary hypertension; dilation of the pulmonary
artery and increased pulmonary pattern [51]. When studying
the functional state of the aerohematic barrier in humans in
the conditions of the Far North, a reliable increase in surfac-
tant was revealed in histologically normal lungs of individu-
als who had lived in the North for more than 5 years [3].
Chronic respiratory diseases in the migrant population living
in the North are characterized by rapid progression and the
manifestation of severe intoxication, unlike similar diseases
in the middle latitudes. Despite adequate drug therapy, the
diseases become protracted and are manifested by long pe-
riods of exacerbation and short remissions [51].

FEATURES OF CARDIOVASCULAR SYSTEM ADAPTATION
IN NORTH CONDITIONS

For population of the North, the most important limiting
factor in the formation of health is adaptation to climatic
conditions. At the initial stage of adaptation in immigrant
population in the North, hypertension often develop [51].
The right heart side is a subject to the greatest stress,
which subsequently manifests itself as adaptive pulmonary
hypertension. As the migrant population adapts and stays
for a long time, living and working in the conditions of the
North, there is a decrease and subsequent depletion of the
adaptation reserves of the left heart side, which in some
migrants leads to an increase in pressure in the vessels of
the systemic circulation [1]. High pressure in the pulmonary
circulation and pronounced changes in pulmonary ventila-
tion are not only interconnected, but also interdependent
[46]. A moderate increase of systolic pressure to 40 mm Hg
in pulmonary artery is aimed at ensuring optimal blood flow
to the lungs and optimizing oxygen transport delivery under
conditions of increased energy exchange [60].

During the adaptation process of the migrant's body to
cold, the sensitivity of tissues to norepinephrine also in-
creases, which indicates the transition of the cardiorespira-
tory system to a more economical regulation path [13]. A
study conducted in Arkhangelsk confirms that local expo-
sure to low temperatures activates the sympathetic nervous
system, causing a reflex increase in the concentration of
norepinephrine, adenosine triphosphate, a decrease in the
intensity of peripheral blood flow, and an increase in heart
rate [74].

In people living in the Middle Ob region, there is a “re-
juvenation” of arterial hypertension [3, 32], which, being a
multifactorial disease, develops as a violation of the pro-
cesses of human adaptation to environmental conditions in
presence of genetically predetermined violations of regula-
tory mechanisms and against the background of emerging
pathophysiological and involutional processes in the body
[21]. Blood pressure in men and women in the European
North is higher than in residents of comfortable climate
zones, and its age-related increase over decades of life is
more significant than in those living in warm climates [13].
The risk of developing hypertension increases threefold in
the working population after 10 years of work in the North.
Hypertension was detected in 13.2% of northerners aged
30-39 years [71]. In Chukotka, a higher incidence of hy-
pertension is observed among the population aged 30 to
60 years. An unfavorable outcome of cardiovascular sys-
tem’s adaptation is vascular dystonia, which represents a
phenomenon of maladaptation.

Reduced humidity in the air of the external environment
in northern conditions leads to stress on the right side of
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heart, accelerates energy and water metabolism, reduces
diuresis by 19% [55], leading to hyperventilation syndrome
[80]. The immigrant population has a larger heart compared
to the indigenous inhabitants, since the cardiovascular sys-
tem of migrants is forced to adapt to harsh environmental
conditions, which required more intensive work in uncom-
fortable conditions. This made it possible to improve blood
circulation and provide the body tissues with oxygen [26].

Heart rate (HR) is one of the main integral characte-
ristics of the cardiovascular system state [29]. At rest, HR
fluctuates in the range from 60 to 90 beats per minute [79].
Conducted studies prove that northerners have higher sys-
tolic and diastolic blood pressure and heart rate than ave-
rage age norms [24].

The prevalence of high functional values of minute blood
volume, pressure, and heart rate in the conditions of the
Middle Ob region has been confirmed by studies on the car-
diorespiratory system in residents of northern regions [28,
62]. It can be argued that an increase in heart rate in immi-
grant population living in the Northern conditions indicates
intense cardiac activity even at rest [63]. These indicators
increase progressively with increasing duration of residence
in harsh conditions and ultimately lead to a decrease in the
reserve capacity of the cardiovascular system and the chro-
notropic reserve of heart [12].

There is data that allows us to reliably say that heart rate
depends on the type of blood circulation [49]. The lowest
heart rate values are observed with the hypokinetic type of
circulation in all subjects. The highest heart rate values are
observed in eukinetic and hyperkinetic types of circulation.
Along with an increase in heart rate, when adapting the car-
diac system and cardiac activity to muscle loads, the main
role is played by stroke volume (SV), an increase of which
is an important condition for ensuring muscle activity [69].

Changes in blood pressure in immigrant population of
the Middle Ob region are one of the controversial issues.
A tendency towards a decrease in blood pressure is noted
[11]. When studying the parameters of the cardiovascular
system in immigrant population of Surgut, it was noted that
systolic blood pressure (SBP) slightly exceeded the level
of 130 mm Hg in men and was consistently higher than in
women [17]. The functional health of the immigrant popula-
tion is characterized by a more pronounced tension of the
body’s adaptive capabilities compared to the native popula-
tion. A study conducted in the Yamalo-Nenets Autonomous
Okrug clearly showed that the immigrant population is char-
acterized by a significantly smaller number of people with
vagotonia and a high percentage of people with sympathi-
cotonia, which should be attributed to signs of tension of
the adaptive mechanisms [73]. It should be noted that for
the indigenous peoples of the North, the shift in vegetative
regulation towards vagotonia is a genetically fixed adapta-

tion mechanism, which is also confirmed by a number of
studies [49].

Seasonal fluctuations in blood pressure have been
identified in both healthy individuals and individuals suffe-
ring from arterial hypertension, with higher levels in winter
compared to summer. This is associated with an increase
in the level of catecholamines in blood and total peripheral
vascular resistance [12]. Determining the chronotype of
the human body leaves its mark on the daily fluctuations
of the heart rate variability indices. Thus, individuals with
the morning chronotype are characterized by a tendency to
sympathicotonia in the morning, weakening at the end of
the day. Individuals with the evening chronotype are cha-
racterized by the manifestation of signs of sympathetic car-
diointervalogram in the evening [24].

Morphofunctional changes in cardiac activity, which
manifest themselves in the form of neurocirculatory dystonia
in young people and increased blood pressure in older age
groups, were identified in 55% of the examined people living
in the North [13]. Every third of the examined northerners
suffers from hypertension at the age of 20-59 years, with
60% of all cases of arterial hypertension occurring before
the age of 40 years [51].

The fact that hypertension is malignant in the North is
confirmed by the greater severity and high frequency of
hypertensive crises [70]. Residents of the North-West re-
gion of Russia have higher blood pressure and lipid me-
tabolism disorders, which may be associated with unfavo-
rable climatic conditions and lifestyle. Arterial hypertension
was detected in 35.4% of cases among visiting residents
of the Tyumen North [6]. Among working-age residents of
Novy Urengoy, borderline arterial hypertension was de-
tected in 16.2% of those examined, essential hypertension
in 30.5%, and symptomatic hypertension in 4.1% [71]. The
highest incidence of coronary heart disease (CHD) among
residents of this region was observed in the winter months
[12]. A study by Litovchenko et al. (2021) showed that at
the age of 26 years and older, there is a risk of developing
cardiovascular changes in male students working in the oil
industry. Changes in indicators such as the endurance coef-
ficient, the circulatory efficiency coefficient and the Ruffier
test indicate a deviation from the age norm and a disruption
of the cardiovascular system [40].

Heart rate variability (HRV) reflects the ability of the car-
diovascular system (CVS) to adapt. HRV decreases with
increasing age [77, 78]. Deviation from the norm of HRV
indicators is an unfavorable prognostic factor [58]. Against
the background of a general decrease in both time and fre-
quency indices of HRV, the subjects show an increase in
parasympathetic influences with lower indices of differenti-
ated assessment of the condition in those living for no more
than 6 months and a predominance of sympathetic tone
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with a high level of personal anxiety in those living for more
than six months. This is expressed in a hyperadaptive state
of mobilization of energy and metabolic reserves [59]. In 62
healthy young people aged 20 to 30 years, using the Holter
monitoring, episodes of sinus arrhythmia were detected in
90% of subjects, in contrast to healthy older people, and a
night-time decrease in blood pressure in healthy subjects
within 10-20% compared to the daytime level [16].
Analyzing the frequency of detection of variations in the
electrical axis of the heart in the population living in Surgut,
Nifontova O.L. and co-authors concluded that with age, re-
gardless of gender, the frequency of deviations of the car-
diac axis from its normal position increased and the appea-
rance of a fairly large percentage of people of both sexes
with a horizontal position of the heart and a deviation to the
right or left was determined [49]. Thus, the central hemody-
namics, heart rate, and electrocardiogram data served as
the basis for the conclusions about the presence of a ten-
dency for hypertrophic changes in the myocardium with age
in northerners. Most often, hypertrophic changes were de-
termined in the left atrium, less often in the right atrium [49].

CONCLUSION

The territories of the Far North and equivalent areas re-
main the main source of fuel and energy resources for Rus-
sia. The extensive development of northern regions attracts
new human resources. The immigrant population of the
North is forced to adapt to severe climatic and geographical
conditions, and the cardiorespiratory system determines the
adaptive capabilities of the entire organism. Literary data in-
dicate a significant strain on the functional capabilities of the
oxygen-transport system in northerners, which leads to a
decrease in the efficiency of gas exchange and an increase
in the unevenness of alveolar ventilation.

The immigrant population exhibits significant seasonal
variability in the parameters of the cardiorespiratory system,
hemodynamic characteristics and external respiration pa-
rameters undergo changes, and an increase in heart rate,
blood pressure, pulmonary ventilation, minute respiratory
volume, vital capacity of the lungs, and bronchial resistance
are observed.
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Abstract. Over the past years, close attention of the world scientific community has been directed to the main hormone
of the pineal gland — melatonin. In the course of many studies, the protective properties of this hormone were found in
various pathological conditions. Thus, in a chronic inflammatory process, melatonin stimulates the production of anti-in-
flammatory and suppresses the activity of pro-inflammatory cytokines and neuronal NO-synthases and cyclooxygenase-2,
participates in the removal of reactive oxygen species from the cell, and also optimizes mitochondrial function through
mitofusin-2. Melatonin performs its antihypertensive function by regulating the renin-angiotensin system, suppressing
endothelin expression, enhancing the production of nitrosyl radical and endothelial nitric oxide synthase, and also by
interacting with the central nervous system by modulating melatonin activity due to GABAergic signaling in neurons
from the suprachiasmatic nucleus to various parts of the central nervous system, including the ventrolateral part of the
medulla oblongata. In addition, it modulates the SIRT1/mitofusin 2 pathway by reducing the production of reactive oxy-
gen species, deactivates LDL-induced pyroptosis in endothelial cells via the MEG3/miR-223/NLRP3 axis, and inhibits
serum cholesterol absorption and biosynthesis, thereby achieving a lipid-lowering effect. Another significant function of
melatonin is participation in the regulation of glycemia and control of insulinemia. It reduces insulin secretion through the
melatonin 1 receptor by inhibiting the adenylate cyclase — cyclic adenosine monophosphate pathway, and through the
melatonin 2 receptor it inhibits the guanylate cyclase — cyclic guanosine monophosphate pathway. On the other hand,
melatonin can also stimulate insulin secretion by releasing inositol triphosphate through interaction with the melatonin
2 receptor. It should be noted that the antidepressant effect of melatonin is achieved by modulating neuroplastic reactions
in the hippocampus and stimulating neurogenesis, axogenesis, and dendritogenesis. Thus, melatonin is an important
protective factor in polymorbid cardiovascular pathology due to its positive effect on lipid metabolism, obesity and insulin
resistance, correction of arterial hypertension level of glucose, as well as antidepressant action.

Key words: melatonin; polymorbid cardiovascular pathology; lipid metabolism; obesity; insulin resistance; correction
of arterial hypertension, level of glucose; antidepressant effect.
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Pe3stome. B npolueaLume rogsl npUcTansHoe BHUMAHWE MUPOBOTO Hay4HOro coobluectsa Gbino HanpaBneHo Ha OCHOBHOM
FOPMOH LUNLWKOBWUAHOM Xene3bl — MeNaToHuH. B xofe MHOXeCTBa NpOBEAEHHbIX CCNEA0BaHMI Bbinn 0BHapyXeHb!
NPOTEKTUBHbIE CBOWCTBA AA@HHOTO rOpMOHa NpW PasnuyHbIX NaTONOTMYECKUX COCTOSHUAX. Tak, NpU XPOHUYECKOM
BOCMANMTENbHOM NPOLecce MENaToOHWH CTUMYNMPYET NPOAYKLMIO NPOTUBOBOCNANUTENBHbLIX U NOLABNSET akTUBHOCTb
NpoBOCNAnNUTENbHbIX LMTOKUHOB, HelMpoHanbHbIX NO-CUHTa3 M UMKNOOKCUreHasbl-2, y4acTByeT B yaaneHun akTUBHbIX
hopM Kucnopoga U3 KNeTku, a Takke ONTUMUSUPYET MUTOXOHZPUATbHYIO (YHKLMIO NOCPEACTBOM MUTOMDY3NHA-2.
AHTUTMNEPTEH3NBHYIO DYHKLMIO MENATOHUH OCYLLECTBISET 3a CYET PErynaLuM PEHUH-aHMOTEH3UHOBOW CUCTEMBI,
nofaBneHns aKCNpeccu SHOOTENNHA, YCUNEHUs NPOAYKLIMM HUTPO3UI-paamKkana 1 SHA0TeNMansHOM CMHTa3bl okeuga
asoTa W, Kpome 3atoro, 6narogaps B3aMMOAENCTBUIO C LLEHTPanbHON HEPBHOI CUCTEMOI NOCPEACTBOM MOZYNIMPOBaHMS
aKTMBHOCTM MenaToHuHa 3a cyeT FAMK-apruyeckoil nepefayun CUrHanoB B HepOHax 0T CynpaxuasmaTieckoro sapa
K pasnuyYHbIM YacTAM LieHTpanbHON HEPBHOM CUCTEMBI, B TOM YUCIE U K BEHTpONaTepanbHOM YacTy NpOA0NroBaToro
mo3ra. Kpome Toro, oH mogenupyet nyTb SIRT1/MUTOY3NHA-2 NYyTEM CHUXEHUS NPOLYKLIMM aKTUBHBIX (DOPM KUCMO-
pofa, LeakTUBMpYET UHAYLMPOBAHHbIA NMNoNpoTeMHamu Hu3koi nnotHoctu (JIMHM) nuponTo3 B aHAOTENMaNbHbIX
kneTkax Yyepe3 ocb MEG3/miR-223/NLRP3 n uHrnbupyet abcopbunio 1 brocuHTes xonectepuHa B CbiBOPOTKe, bna-
rogaps Yemy 4ocTuraeTcs runonunuaeMudeckuin acekT. Eule ogHoM 3HauMMON PyHKLMER MenaToHUHa SBRSeTCS
yyacTue B perynsuun ypoBHs rrUKEMUN 1 KOHTPOIb UHCYNMHEMUN. OH CHUXaeT CeKpeLMIo MHCYNUHa Yepes pelentop
MenaTtoHuHa-1, MHrMbupys nyTb ageHunaTyMKnasbl — LMKIMYECKOro ageHo3nHMoHodocgata, a Yepes peyentop
MenaToHuHa-2 nodaBnseT NyTb ryaHWIaTLMKNassl — UMKNUYECKOro ryaHo3nHMoHogocdara. B 1o xe Bpems mena-
TOHUH MOXET TaKxXe CTUMYNUPOBaTb CEKPELMI0 MHCYNHA 3a CHET BbICBODOXAEHWS MHO3UTONTpUGOCtaTa — Yepes
B3aMMOJeNCTBIE C peLenTopoM MeNnaToHnHa-2. Henb3s He 0OTMETUTb aHTUAENPECCUBHOE AENCTBIUE MENATOHNHA,
KOTOpOe JOCTUraeTcs NyTemM MOZyNMpPOBaHUS HEMPONIACTUYECKUX peakLWid B runnokamne 1 CTUMYNSALMW HelporeHesa,
akcoreHesa 1 feHaputoreHesa. Takum 06pa3om, MeNaToOHWH SABMSETCA BaXHbIM 3alWUTHBIM (PakTOpoM npu nosu-
MOpPOUAHON CEepAEYHO-COCYANCTOMN NATONOTMM 3@ CHET NONOXKUTENBHOTO BAVSHUS HA NUNWAHLIN 0BOMEH, OXMUPEHWE 1
WHCYNUHOPE3UCTEHTHOCTb, KOPPEKLUW apTepuarbHON rMnepTeH3NK, IMKEMUK, a TaKxXe aHTUAENPECCUBHOTO JeNCTBUS.

KnioueBble crnoBa: MenaToHWH; NonumMopbuaHas cepaeyHo-cocyancTast NaTonorust; MMNUAHbIA 0BMEH; OXXMPEHUE;
NHCYNNHOPE3NCTEHTHOCTb; KOPPEKLUS apTepuaribHON TMNepTEH3NM, TNNKEMIN; aHTUAENPECCUBHOE LE/CTBME.

Over the last decade, the scientific community has paid
special attention to a wide range of biological activity of
melatonin (MT) and its role in intra- and intercellular regula-
tion, intersystem interactions, maintenance of homeostasis
and protection of the organism in interaction with constantly
changing environmental factors [23]. An important feature of
MT is regulating circadian rhythms . It is a high-level func-
tion of the brain that includes physiological, endocrine and
behavioural changes arising in connection with the change
of a daily cycle.

MT, or N-acetyl-5-methoxytryptamine, is a highly con-
served indolamine molecule (Fig. 1) that is found in all
plants, animals [45] and microorganisms [44]. MT is mainly
synthesised in the epiphysis [12, 17], but it can also be pro-
duced in the retina, thymus, spleen, heart, muscle, liver,
stomach, pancreas, intestine, placenta, bone marrow, skin,
hair follicles, cerebral cortex and many other parts of the
body [4, 42, 49].

The substrate for MT synthesis is tryptophan amino
acid, which is converted into serotonin by hydroxylation and
decarboxylation, from which MT is formed with the help of
N-acetyltransferase and hydroxyindole-O-methyltransfe-

rase enzymes (Fig. 2) [23]. Information on light from retinal
ganglion cells passes through the retinohypothalamic tract
to the suprachiasmatic nucleus (SCN), then to the upper
cervical ganglia, and then through the sympathetic nor-
adrenergic nerves reaches the pineal gland and activates
pinealocytes, suppressing the production and secretion
of MT. In this regard, the maximum level of MT in human

CH
/3
O

CH
NH 3

NH

Fig. 1.  Structural formula of melatonin molecule
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Fig. 2.  Classical pathway of melatonin synthesis in humans

epiphysis and blood is observed at midnight, and the mini-
mum — in the daytime [30]. In turn, the daytime plasma MT
fraction is of peripheral origin [11]. MT plays a key role in
regulating seasonal, circadian rhythms, as well as metabo-
lism, immune response, reproductive function and other vi-
tal physiological processes [9].

The development of technology does not always lead
to positive consequences. Thus, the widespread use of
mobile gadgets, personal computers and other computing
equipment in the dark time of day has a negative impact
on the body, causing cartilage destruction due to a de-
crease in MT synthesis. This can further lead to negative
consequences, such as the formation of various types of
oncopathology (breast, prostate, endometrial, ovarian, co-
lon, skin, etc.); as well as cardiovascular diseases; diges-
tive disorders; diabetes mellitus; obesity; depression; sleep
deprivation; cognitive impairment and premature aging [8,
10, 36].

Besides regulating biological rhythms, MT has many
different functions [33]. It is known to affect gastrointesti-
nal (GI) motility through membrane receptors that include
MT receptors (melatonin receptor type 1 (MT 1) and type 2
(MT 2)) and serotonin (5-HT). At physiological levels, MT
acts as a serotonin antagonist in the regulation of intestinal
motility [46]. The immunomodulatory effect of MT is based
on the endocrine response of circulating immunological
cells and progenitor cells in the bone marrow that express
its receptors. Rhythmic synthesis of MT has been found to
be essential for modulating both circadian and seasonal
fluctuations in immune functions, as well as for the efficient

NH,

CepoToHuH
Serotonin

functioning of the immune-pineal axis [25]. MT influences
growth processes and thyroid hormone synthesis [38]. Its
antioxidant function is also important to note [23]. It has
the ability to scavenge free radicals and also induces the
expression of antioxidant enzymes (superoxide dismutase
and glutathione peroxidase) with the formation of indirect
antioxidant effects [3]. Next, we are going to discuss the
role of MT in various somatic pathologies.

MELATONIN AND INFLAMMATION

The main anti-inflammatory action of MT is enhancing the
activity of anti-inflammatory cytokines and suppressing the
production of leptin and pro-inflammatory cytokines such as in-
terleukin-6 (IL-6), monocyte chemotactic protein-1 (MCP-1) and
tumor necrosis factor-a (TNF-a) [16]. In addition, MT suppres-
sion of pro-inflammatory cytokines can lead to multiple anti-
oxidant effects, removal of reactive oxygen species (ROS),
inhibition of neuronal NO synthases and cyclooxygenase-2
(COX-2), and inhibition of Nod-like receptor containing pyrin
domain 3 (NLRP3) inflammasome formation [24]. Nuclear
factor kappa-B (NF-kB) and NLRP3 are inhibited through ac-
tivation of the MT-dependent gene for the NAD-dependent
sirtuin deacetylase-1 (SIRT1) protein (Fig. 3) [18].

Importantly, the anti-inflammatory effect of MT is also
related to its ability to optimize mitochondrial function. It
exerts a beneficial effect on mitochondria via mitofusin-2
(Fig. 4), which modulates the neuronal activity of orexigenic
agouti-related protein (AgRP) and diet-induced obesity, as
well as the intrinsic regulation of the apoptotic cascade [41].
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Fig. 3.
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( Anti-inflammatory cytokines)
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( Mitofusin-2)

Reduction of inflammation activity by melatonin through inhibition of NF-kB, NRF2, TLR4, and SIRT1 signaling pathways,

resulting in suppression of proinflammatory and enhancement of anti-inflammatory cytokines. AFC, reactive oxygen species; IL-6,
interleukin-6; TNF-a, tumor necrosis factor-a; COX-2, cyclooxygenase-2; BMAL1, aromatic hydrocarbon nuclear translocator-like
protein-1; MCP-1, monocyte chemotactic protein-1; mTORC1, mammalian target of rapamycin signaling complex; NF-kB, nuclear
factor kappa-bi; NLRP3, Nod-like receptor containing pyrin domain 3; Nrf2, erythroid 2-dependent nuclear factor; SIRT1, sirtuin
NAD-dependent deacetylase-1 protein; TLR4, toll-like receptor 4

A number of experiments have confirmed anti-inflamma-
tory properties of MT. Thus, the results of a clinical study
conducted at the Second Hospital of Jilin University of
the People’s Republic of China (PRC) demonstrated that
MT prevents inflammation-induced hepatocyte damage in
laboratory mice. It reduces mitochondrial oxidative stress
through activation of the Akt-SIRT3 pathway involved in an-
tioxidant synthesis, and at the same time regulates reactive
oxygen species (ROS) formation [34].

MELATONIN
AND HYPERTENSION

Hypertension (HT) is one of the most common causes of
mortality in the adult population [2]. Persistent hypertension
leads to chronic tension of arterial walls, which in turn is
associated with their stiffness, inflammatory process in the
intima and atherogenesis.

The positive effect of MT in terms of HT has been known
for a long time. Thus, in the study of 1976, conducted by
the Department of Medicines of the county of Herdfordshire
(UK), it was found that pinealectomy in rats led to a pro-
nounced HT. The findings suggest a positive effect of en-
dogenous MT on blood pressure regulation [19].

It was also found that patients with cardiovascular di-
seases associated with HT have decreased serum MT le-
vels [51]. MT may reduce hypertension through regulation
of vasoconstriction and vasodilation and interaction with the
renin-angiotensin system [7]. A study conducted at Suzhou
University Medical College (PRC) demonstrated that endo-
thelial cells cultured under high blood pressure conditions
expressed significantly more vasoactive substances includ-
ing endothelin and angiotensin Il [37]. Co-incubation of MT
with these cells resulted in suppression of endothelin and
angiotensin |l and increased nitrosyl radical production and
endothelial nitric oxide synthase expression [51].
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Fig.4. Schematic representation of the inhibitory effect of

melatonin on the intrinsic, mitochondria-driven apoptotic
cascade and apoptosis pathways induced by mitofusin-
2-mediated changes in the kidney on the background of
obesity

The anti-remodeling effect of MT should be empha-
sized as well. A study conducted at Comenius University
in Bratislava (Slovakia) demonstrated that MT reduced fi-
brosis activity in rats with spontaneous hypertension [40],
hypertension induced by N-w-nitro-L-arginine methyl ester
(L-NAME), and hypertension induced by constant exposure
to light (Fig. 5) [39].

In addition to its effects on the vascular system, MT
may also exert antihypertensive effects through interaction
with the central nervous system (CNS). On the one hand,
MT release is controlled by sympathetic afferentation to the
pineal gland, involving the interaction of light with the reti-
na, suprachiasmatic nucleus, paraventricular nucleus and
stimulation of f1- and a1-adrenoreceptors of the pineal
gland [39]. On the other hand, transmission of signals by
GABA from the suprachiasmatic nucleus to various parts
of the CNS, including the ventrolateral part of the medulla
oblongata, may be modulated by MT activity, providing a
protective mechanism against excessive sympathetic ex-
citation [31].

MELATONIN AND HYPERLIPIDAEMIA

Hyperlipidemia is a consequence of an aberrant pro-
cess of increasing levels of low-density lipoprotein (LDL),
total cholesterol (TC), triglycerides and decreasing levels of
high-density lipoprotein (HDL). According to the University
Hospital of the Canary Islands (Spain), an inverse correla-
tion between serum levels of endogenous MT and LDL was
found in patients with atherosclerosis [13]. In vitro studies
have also demonstrated the beneficial effects of MT in the
metabolic function of hepatocytes through modelling the
SIRT1/mitofusin-2 pathway, by reducing ROS production.
Pretreatment of HepG2 cell line with MT showed improved
lipid consumption and activation of PPARa and carnitine
palmitoyl-CoA transferase 1, which are lipolytic genes es-
sential for metabolism [51].

According to Harbin Medical University (PRC), MT ap-
peared to deactivate LDL-induced pyroptosis in endothelial
cells via the MEG3/miR-223/NLRP3 axis [52]. It should be
added that LDLs trigger inflammation activation and pro-
inflammatory factor secretion, whereas MT significantly
reduces NLRP3-inflammatory production by NLRP3-in-
flammasomes and IL-1 secretion in macrophages [51]. In
another study conducted by the State University of S&o
Paulo (Brazil), healthy laboratory rats were compared with
rats which undergone pineal gland resection. Thus, the ani-
mals had a significant decrease in serum HDL level after
surgery, but normalization of the level of this lipoprotein was
observed when MT was administered [14].

Researchers from the University of Granada (Spain) re-
ported MT positively influenced on overweight and lipid pro-
file in obese and diabetic rats [5]. Prolonged stimulation of
MT synthesis is able to reduce weight gain [47], inhibit the
absorption and biosynthesis and serum levels of OX [21],
and enhance its catabolism [32]. MT reduces cholesterol
by enhancing the mechanisms of endogenous cholesterol
clearance through bilirubin acid synthesis and inhibition
of LDL receptor activity. The hypolipidemic effect of MT is
also determined by an increase in the level of circulating
irisin, which enhances the excretion of total cholesterol by
its clearance into bile [16].

MELATONIN AND DIABETES MELLITUS

The results of a number of foreign studies prove that
circadian rhythm disturbance may contribute to the develop-
ment of both diabetes and cardiovascular diseases [29]. A
correlation between MT secretion and insulin at night has
been described in young patients with metabolic syndrome
[1]. The large-scale Nurses’ Health Study found an asso-
ciation between MT secretion, assessed by urinary 6-sulfa-
toxymelatonin levels, and the subsequent development of
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Fig. 5. Mechanisms of the protective effect of melatonin in hypertension induced by N-w-nitro-L-arginine methyl ester. Chronic

administration of L-NAME provokes the development of arterial hypertension, left ventricular (LV) fibrosis, and as a consequence
of increased hemodynamic load, left ventricular hypertrophy develops. Melatonin reduces free radicals through its antioxidant
action, improves endothelial function and has a central sympatholytic effect. These actions of melatonin lead to normalization of
blood pressure, prevention of further myocardial remodeling in the left ventricle

type 2 diabetes mellitus (DM 2). Individuals with the lowest
levels of MT secretion had a twofold risk of developing DM 2
compared to subjects with normal or high levels of its secre-
tion [26].

In addition, MT regulates blood glucose levels. Several
hypotheses are proposed to explain this process. Thus,
the “Equilibrium Hypothesis” suggests that both increased
and decreased MT signaling can cause carbohydrate dis-
orders [27]. Another hypothesis suggests a functional an-
tagonism between MT secretion and food intake. Low MT
levels during the day potentiate normal glycemic tolerance
after a food load, while high MT levels during overnight
fasting ensure pancreatic beta-cell recovery. Elevated MT
concentrations during meal periods result in pathological
changes in glucose metabolism in both nighttime eaters
and those awake during dark periods [15]. Despite con-
flicting data and hypotheses, it is clear that the pineal
hormone performs fine-tuning of carbohydrate metabolism
through its receptors in the pancreas, liver and adipose
tissue [28].

Experimental studies have revealed that MT receptors
in pancreas are associated with several parallel signaling
pathways affecting insulin secretion. Thus, MT decreases
insulin secretion via the MT 1 receptor by inhibiting the ade-
nylate cyclase-cyclic adenosine monophosphate pathway,
and inhibits the guanylate cyclase-cyclic guanosine mono-
phosphate pathway via the MT 2 receptor. In addition, MT
can also stimulate insulin secretion by releasing inositol tri-
phosphate — through interaction with the MT 2 receptor [28].

It has also been found that patients with DM have a de-
creased number of MT1 and MT2 receptors in beta cells.
According to a study by King's College London, MT stimu-
lates glucagon secretion by alpha cells followed by a para-
crine-mediated indirect increase in insulin levels by B cells.
MT also modulates somatostatin secretion by delta cells in
both healthy individuals and DM 2 patients [35].

MTNR1B is an important diabetic gene encoding the
MT2 receptor protein. A decade ago It was associated with
pancreatic beta-cell dysfunction which gave a huge impe-
tus to research the correlation between pineal hormone
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signaling, receptor polymorphism and impaired carbohy-
drate metabolism. MTNR1B rs10830963 C > G was associ-
ated with elevated fasting glucose levels in a large cohort of
individuals of European origin. Moreover, the presence of a
minor G allele of the same polymorphism was associated
with an increased risk of DM 2 in a meta-analysis of 18,236
cases from a cohort of 64,453 patients. The rs10830963G
allele determines both elevated fasting glucose levels and a
low early insulin response to glucose loading [28].

In addition, several meta-analyses have shown an as-
sociation between the MTNR1B rs10830963 and the deve-
lopment of gestational diabetes mellitus (GDM). Carriers of
GG genotype have a 78% higher risk of developing GDM
compared to SS carriers, regardless of ethnicity [6, 20, 22].

A number of other common polymorphisms of the
MTNR1B gene also modulate fasting glucose levels and
early insulin secretion by beta cells, thereby influencing the
risk of developing DM2 and GDM in different ethnic groups.
Moreover, the same polymorphisms may determine diffe-
rent effects of lifestyle modification and/or drug treatment in
metabolic disorders [28].

Taking into account the expression of MT receptors in
many tissues, studies have revealed the influence of MT
signaling on glucose metabolic processes in peripheral tis-
sues such as liver, skeletal muscle and pancreas. MT is re-
quired for insulin-stimulated activity of phosphatidylinositol-
3-kinase and protein kinase B. MT mediated glycogen syn-
thesis in hepatocyte cells through insulin receptor substrate
1 via Gi protein. Notably, MT promotes SIRT 1 expression
and phosphorylation of signal transducer and activator of
transcription 3 in rat liver to regulate gluconeogenesis. MT
also activates the IRS1-PI3K-PKC{ pathway to promote glu-
cose uptake in skeletal muscle [16].

MELATONIN AND DEPRESSIVE
SPECTRUM DISORDERS

An observational study conducted at Uppsala University
(Sweden) found a negative correlation between evening MT
levels and quantitative measures of depressive symptoms in
young patients seeking psychiatric care. Similarly, patients
with low MT levels demonstrated worsening of symptoms
on the MADRS-S scale in a prospective study [43].

A possible mechanism for the antidepressant action of
MT is its ability to modulate neuroplastic responses in the
hippocampus. A wide range of meta-analyses points to
structural and functional abnormalities of the hippocampus
in depression. In addition, inflammatory processes signifi-
cantly contribute to structural changes in the hippocampus in
depressive disorders [50]. Preclinical data have shown that
the hippocampus is one of the main targets for MT action in
the brain, with MT promoting branching of distal dendrites

in layers II/lll of cortical pyramidal cells [48]. It was also
found that MT stimulates neurogenesis, axogenesis and
dendritogenesis of neurons in the limbic region of the
brain. Disruption of MT expression, which further promotes
meta-inflammation and decreases the cytoprotective and
neuroprotective effects of hippocampal cells, may be one
of the major mechanisms underlying the pathophysiology
of depression [50].

CONCLUSION

Melatonin has a wide range of protective properties in
various pathological processes, it has a positive effect on
lipid metabolism, promotes weight loss in obesity and, as a
consequence, the degree of severity of insulin resistance.
Melatonin normalizes blood pressure and elevated glyce-
mic levels and has antidepressant functions, which are
attributed to their role in regulating circadian rhythms, the
renin-angiotensin system, insulin levels, as well as lipid me-
tabolism and deactivation of chronic inflammation. Although
melatonin is a neurohormone, it plays a pivotal role in
modulating oxidative stress through both direct antioxidant
action and induction by inflammation. Thus, regulation of
circulating melatonin levels may serve as a potential target
for reducing the intensity of oxidative stress leading, among
other things, to meta-inflammation.

So far, there is still no consensus on the possible role
of melatonin as an adjuvant drug for the treatment of meta-
bolic diseases, although it shows great potential in many
aspects. The wide range of positive properties of melatonin
leads us to the conclusion that it is necessary to study the
use of MT exogenous form as an adjunct to the main thera-
py in various diseases, primarily metabolic and anxiety-de-
pressive spectrum disorders. Exogenous melatonin, as well
as endogenous one, reduces the level of pro- inflammatory
cytokines and suppresses the activity of oxidative stress,
which can be used for prevention and adjuvant treatment of
polymorbid pathology. Melatonin is relatively safe and has
few mild side effects such as dizziness, headache, nausea,
morning drowsiness, which makes it an excellent agent for
preventing many pathological conditions.
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AONONHUTENBbHAA NHOOPMALIUA

Bknap aBTOpoB. Bce aBTOpPbl BHECN CYLLECTBEHHDIN
BKNag B pa3paboTKy KOHLenuuW, NpoBeLeHne uccneaoBa-
HWS 1 NOArOTOBKY CTaTby, NPOYNN 1 0800puUIv PrUHaNBHYO
Bepcuio nepeg nydnukaumen.

KoHchnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SIBHbIX W MOTEHUWaNbHbIX KOH(NKTOB WHTEPECOB,
CBSI3aHHbIX C Nybnnkaunen HacTosLLen cTaTbi.

WUcTouHMK ¢hmHaHCMpoBaHUA. ABTOpbI 3asBRSKOT 00
OTCYTCTBWW BHELUHEr0 (hUHAHCUPOBAHWS MPU NPOBELEHWM
nccneaoBaHms.
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ARTERIAL THROMBOSIS IN CASE OF COVID INFECTION
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Abstract. Complex mechanisms of thrombosis are traditionally regarded within the so called Virchov’s pathogenic
thriade consisting of blood vessel injury + hypercoagulation + blood-flow slowing down. On spite of multiple additions
and attempts at sophistications its essence remaits unchanged. However this threenominal scheme which is more or
less applicable for explaining the pathogeny of venous thrombosis can be used in case of arterial ones only to a limited
degree. Of late a different concept is under discussion namely that of arterial thriade consisting of different components:
1. Arterial stenosis and acceleration of bloodflow; 2. Platelets activation and their interaction with Von Willebrand factor
(VWEF); 3. Blood vessel wall injury. This composition of arterial thriade is more successfully explaining thrombosis
mechanisms in case of arterial stenosis especially in case of atherosclerosis. Of late the attention is focused also at
the association between new COVID-infection and increased risk of thrombosis. The new “arterial thriade” concept
in addition to classical “Virchov’s thriade” or even that of “tetrade” will help pathophysiologists to better discriminate
pathogenetical features of arterial thromboses vs the venous ones and for the clinical doctors to improve prophylaxis
and treatment of these separate conditions.

Key words: venous thrombosis; arterial thrombosis; Virchow triad; COVID-19.
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9Ta TpexuneHHas cxema, bornee unu MexHee npumMeHnMas ans obbACHeHUs natoreHesa Tpom6oobpasoBaHNs B BEHAX,
B KITaCCUYECKOM ee BUAE A1 apTepuarnbHbIX TPOMB0O30B UMEET OrpaHUYeHHOe 3HaueHne. B nocneaHee Bpems Havyanu
obcyxaaTb HECKONBKO UHYI0 KOHLENLMIO apTepuanbHOn Tpuagbl, BKIOYAKOLYI0 Apyrie KOMMNOHEHTbI: 1 — cTeHo3
apTepuu U yCKOpeHue KpoBOTOKa, 2 — akTuBaLms TpoMOOLWUTOB 1 NX B3aUMOAencTsre ¢ pakTopoM ¢oH Bunne-
Bpanga (VWF), 3 — noBpexaeHue CoCyancToi CTEHKU. ITa KOMNOHOBKA apTepuansHoi Tpuaabl yeneluHee 06bacHaeT
MexaHu3Mbl TpoMboo6pa3oBaHMsa Npu CTEHO3ax apTepuil, B Nepsyto ovepeab, Npu atepocknepose. C HeAaBHUX nop
TaKxe MoBbICKIOCh BHUMAHWUE K CBA3M MeXAY 3aboneBaemMoCTbio HOBOW KOpOoHaBupycHol nHdekumnern (COVID-19) n
noBblILLeHeM pucka TpomboobpasoBaHus. BBeLeHre NoHATUSA «apTepuansHas Tpuagar B JOMOMHEHWE K «Tpuage
Bupxosa» unu «tetpage» no3sonUT natoduanonoram nyyie pasgennuts naToreHeTnyeckne 0CobeHHoCcTn apTepu-
arnbHbIX M BEHO3HbIX TPOMB030B, a AN KIMHULMCTOB — NPOUNAKTUKY 1 Tepanmio 3TUX COCTOSIHWA B OTAENBHOCTH.

KntoueBble cnoBa: BeHO3HbIN TpOMOO3; apTepuanbHblil TpoMb03; Tpuaga Bupxosa; COVID-19.

The complex mechanisms of thrombosis have been com-
monly considered as part of the so-called classical Virchow triad,
including: 1) vascular injury; 2) hypercoagulability and 3) slowing
of blood flow. Despite repeated additions and improvements of
this concept, its essence remained the same. Besides damage
to the vascular wall, hypercoagulation is still considered to be
one of the main elements of thrombosis. Activation of the coa-
gulation link of hemostasis leads to fibrin filaments formation
on vessel endothelial lining. In addition, platelet aggregates
are more often found on the outer side of the clot and additio-
nally contribute to its growth. Moreover, there are factors that
increase blood clotting, they are congenital and acquired ones.
Congenital factors include deficiencies of antithrombin IlI, pro-
tein C, protein S, as well as mutations of factors V (Leiden) and
prothrombin 20210A. Acquired factors include surgery, trauma,
cancer, medications (hormonal contraceptives), autoimmune
diseases (lupus anticoagulant), prolonged bed rest, and so
on. Processes which are close to neoplasia are also a typical
example of acquired hypercoagulability [16, 26].

The relationship between slower blood flow and throm-
bosis has not yet been definitively elucidated. There are
various hypotheses explaining how this factor may increase
thrombosis. There is evidence that decreased blood flow
velocity favors the accumulation of procoagulant proteins
[4, 8]. Venous hyperemia and hypoxia induce inflammatory
changes in the endothelium, release of reactive oxygen
species and expression of cell adhesion molecules. In ad-
dition, hypoxia induces a complex of changes leading to a
decrease in nitric oxide (NO) synthesis. However, it is worth
noting that activation of thrombosis is largely driven by the
release of tissue factor as a result of gross damage to the
vascular endothelium. However, it is difficult to fully explain
the mechanism of fibrin formation in the absence of endo-
thelial damage. There is evidence that tissue factor expres-
sion is increased upon exposure to bacterial toxins as well
as on the vascular endothelium of malignant tumors [5].
Nevertheless, no tissue factor expression has been found
in microcirculation disorders only [5, 36].

An important factor affecting the hemostasis system is
pregnancy. The balance of hemostasis is shifted towards
physiological hypercoagulation to prevent major blood loss
during delivery [1, 2, 25]. Pregnant women have increased
activity of coagulation factors, decreased levels of protein S.
Moreover, resistance of factor V to protein C is formed [20].
The fibrinolysis system is suppressed due to an increase in
plasminogen activator inhibitor-1 (IAP-1), as well as the ap-
pearance of placental plasminogen activator inhibitor (IAP-2)
[8, 25]. Decrease in the number of platelets is compensated
by their increased activity. Similar effects are observed when
taking outdated drugs of exogenous sex steroids in order
to contracept, to obtain non-contraceptive effects or as
perimenopausal therapy. The concentration of clotting fac-
tors increases, anticoagulants decrease, and acquired (or
congenital) resistance of factor V to protein C occurs [3, 6].

Recently, the attention of researchers to von Willebrand
factor (VWF) has increased [4, 14, 22] (Fig. 1), which en-
hances platelet fixation on fibrin filaments during blood flow
disorders.

Anyway, Virchow’s pathogenetic triad describes the mecha-
nisms of venous clot formation quite well. These clots are
predominantly composed of fibrin and erythrocytes. At the same
time, when describing the pathogenesis of arterial thrombi,

Von Willebrand
factor

FvIIl | | Fvill

| FVIII | |

Collagen
binding
domain

Fig. 1.

Von Willebrand factor enhances platelet fixation on fibrin
filaments
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Virchow’s triad is often not mentioned in its original form, or its
interpretation differs from the original version. Thus, instead of
the term “blood flow slowdown” or “stasis”, the broader concept
of “blood flow disturbance” is more often used [13].

It should be kept in mind that ideas resembling the arterial
triad existed long before its modern description: “For some
time scientists hoped to explain the interesting connection
between kidney disease on the one hand and increased
blood pressure and arteriolosclerosis on the other hand by
the newly discovered properties of adrenaline” [5, 27]. More
than 100 years ago, experts already noted the relationship
between changes in blood flow as a result of vasospasm and
thrombosis and the development of atherosclerosis, which
often leads to the formation of large wall clots [27]. Accor-
dingly, the doctrine of the arterial triad of thrombosis should
not be considered unique and something completely new.

It may seem strange that hypercoagulability is less
significant within arterial clotting: for example, the 20210A
gene mutation does not affect the risk of arterial thrombosis.
However, it is associated with the risk of acute myocardial
infarction and pregnancy complications [9, 14]. In any case,
hypercoagulability, as interpreted by the classical Virchow
triad, has much less influence on arterial clot formation.

In contrast to the two factors mentioned above, blood
flow velocity occupies central role in the pathophysiology
of arterial thrombosis. The effect of blood flow velocity is
assessed by two parameters: shear rate and shear stress.

Shear rate is the rate at which neighboring fluid layers move
in relation to each other. It is directly proportional to the blood
flow velocity and inversely proportional to the vessel diameter.
Accordingly, the higher the blood flow velocity and smaller the
vessel diameter, the greater the value of shear rate [5].

Shear stress is the frictional force generated by the
blood current along the endothelium of the vessel and di-
rected along the blood flow.

In case of arterial vasoconstriction and corresponding
increase in blood flow velocity, platelet hemostasis is acti-
vated, which, in turn, promotes the formation of “white” clot.
VWF normally circulates in the blood in globular form as
huge proteins (more than 20 000 kDa) and has a unique
property to change its geometry when blood flow velocity
increases. The factor spreads from its globular form and be-
comes filamentous, opening up hundreds of additional sites
for binding to platelet receptors and their subsequent activa-
tion and aggregation. At high shear rates, VWF is capable
of so-called self-association — the protein multimers begin
to bind to each other as a result of A2 domain opening [3,
5]. Self-association leads to the formation of grid-like struc-
tures, which is an excellent place for platelet attachment
and further clot growth.

It is worth mentioning that VWF is cut by the enzyme
called ADAMTS-13 in the A2 domain to inhibit excessive

platelet activity. When the enzyme is not active enough, less
VWEF is exposed to it, which, again, leads to an increased risk
of thrombosis. In some cases, a condition called thrombotic
thrombocytopenic purpura (TTP) occurs. TTP is a rare, acute,
and life-threatening condition resulting from thrombocytopenia
consumption in diffuse thrombosis processes in microvessels.
As a consequence of mechanical intravascular hemolysis,
non-immune hemolytic anemia occurs, as well as multi-organ
failure. A key link in the pathogenesis of TTP is congenital or
acquired ADAMTS-13 enzyme deficiency [13, 19, 28].

The conditions of clot formation in arterial vessels do not
have an absolute correspondence to Virchow’s triad in its clas-
sical interpretation. Several different components have been
proposed to describe the pathogenesis of arterial thrombosis:
1) vessel stenosis, 2) endothelial damage, 3) prothrombotic
processes (VWF and platelet activation, decreased ADAMTS-13
activity) [6, 21, 28]. We can say that this concept has a connec-
tion with Virchow’s classical triad in terms of endothelial damage.
The platelet response is undoubtedly one of the elements of
arterial thrombogenesis and is to some extent equivalent to the
presence of hypercoagulability in Virchow’s triad (Fig. 2). In con-
trast to venous thrombosis, the presence of initially high platelet
activity is not necessary for arterial clot formation.

Considering specifically arterial clotting, platelet activation
with increased blood flow velocity in stenosed vessels should
be assumed. Various types of erythrocyte pathology should
also be taken into account. The new coronavirus infection
COVID-19 [30] may cause the possible complications, as well
as preventive vaccination against it [31] (Table 1). There are
pathologic reactions that occur after administration of recom-
binant adenovirus vector [32, 39] and mRNA vaccines [33,
34]. These reactions include thrombocytopenia, thrombosis,
and hemorrhage, and are associated with sex and age, life
history, the vaccine administered, and concomitant use of
other drugs. Thrombi are most often localized in the cerebral
venous system. Women are most commonly affected [37].
The main risk factors are anticoagulant therapy, pregnancy,
brain infections, head trauma, and use of medication con-
traceptives. Therefore, the use of Astrazeneca vaccine has
been temporarily restricted in European countries [38, 39].

Understanding the pathogenesis of arterial and venous
thrombosis has become particularly important in clinical
practice after the COVID-19 pandemic, which, according to
WHO, lasted from January 30, 2020, to May 5, 2023. Ac-
cording to various reports, the incidence of acute thrombo-
sis as a complication of coronavirus infection ranged from
0.39% to 11.1% [7, 18, 24, 35].

The discovery of SARS-CoV-2 virus tropism to vascular
endothelium [11, 12, 20] radically changed the approach to
therapy of this infection. In general, when analyzing the li-
terature data for 2020-2021, the association of the incidence
of thrombosis as a complication of COVID-19 with gender
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Secretion of granule contents

Interaction
of thrombin
with receptors
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Subendothelial matrix

Fig. 2. Schematic of platelet activation. ADP, adenosine diphosphate; TXA2, thromboxane A2; Gai, a subunit of G-protein; Gaq, aq
subunit of G-protein; Ga12/13, a12/13 subunits of G-protein; AC, adenylate cyclase; PI3K, phosphoinositide-3-kinase; PLCB,
phospholipase C ; PLCy, phospholipase C y; PLA2, phospholipase A2; ROCK, Rho-associated protein kinase; IP3, inositol-
3-phosphate; DAG, diacylglycerol; SFK, Src-family kinase; GP (1B, lla, llb V, VI, IX), glycoproteins; VWF, von Willebrand factor;
SGR, small regulatory G-protein; COX1, cytochrome oxidase subunit 1; TXAS, thromboxane A synthase

Table 1
Association of thrombosis with COVID-19 vaccination
Vaccine Num.ber Typg Age Women, % | Venous sinus thrombosis, % | Mortality, %
of patients of vaccine ’ ’ '
Astrazeneca [32] 1 Vector 22-49 18% 82% 55%
Moderna [33] 23 mRNA 21-77 61% 57% 30%
Pfizer [34] 19 mRNA 20-89 63% 58% 5%

and age is revealed. Men over 50 y.o. are significantly more
prone to thrombosis. However, the mortality rate due to
acute thrombosis is many times and sometimes 10 times
higher in women [7, 17, 23, 29, 37].

The correlation between risks of thrombosis and severity
of the disease remains a matter of debate. According to nu-
merous data [18, 25, 29], thrombosis is more likely to develop
in moderate and severe course of infection. However, some
sources report that thrombosis also occurs in the mild course
of COVID-19 [28]. Criteria for assessing severity may vary not
only between countries but also between physicians them-
selves. It is quite possible that thrombosis in the mild course

of infection was an isolated incident and not reliably associated
with the severity of the disease course. In addition, there are
no reliably identified cases of thrombosis in outpatients. This
could be attributed to various factors: death of patients from
other causes, development of acute thrombosis as iatrogenic
complications (which are more likely to occur in inpatient care
rather than outpatient care), and asymptomatic course and
spontaneous resolution of thrombosis during recovery. In
general, the development of coagulopathies at any severity of
coronavirus infection is associated with a significant increase
in D-dimer levels [15, 18, 24]. Meanwhile, studies of plate-
let levels, activated partial thromboplastin time (APTT) and
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prothrombin time (PTT) did not reveal statistically significant
changes, which suggests a different mechanism of COVID-
associated coagulopathies.

There is evidence that SARS-CoV-2 particles are ca-
pable to adhere to erythropoiesis precursor cells [7, 28, 35].
Erythroid cells showed significant expression of arginases
and reactive oxygen species exerting a damaging effect on
the endothelium. The virus is able to penetrate erythrocytes,
leaving S1 spike proteins, CD147 receptors and band 3
transmembrane proteins on their surface. In general, these
changes lead to a decrease in erythrocyte ATP activity,
impaired erythrocyte deformability and consequently tissue
hypoxia, which can lead to hypercoagulability. Shear stress
increases, VWF activity rises, which, as described above,
enhances thrombosis even more. As a result, erythrocyte
adhesion to the endothelium increases, and huge VWF mul-
timers attach, which initiates blood stasis [10, 14].

Analyzing the data on venous and arterial thromboses, it is
possible to distinguish them as complications of the new coro-
navirus infection. Taking into account the above mentioned, it
is possible to put forward the question whether thromboses in
COVID-19 are a new form of pathologic processes that unite
both components of Virchow’s triad and arterial triad. Perhaps
it even makes sense to identify a new pathogenetic chain of
thrombosis in form of a tetrad rather than a triad, including
hypercoagulability, decreased or increased blood flow velocity,
endothelial damage, and platelet activation, which we would
suggest labeling as the “Virchow tetrad” (Fig. 3).

CONCLUSION

Presumably, a new interpretation of the pathophysi-
ologic patterns of thrombosis will allow clinicians to take a
closer look at the tactics of treatment of arterial thrombosis,
including those associated with COVID-19. In any case, the
introduction of the concept of “arterial triad” in addition to
the “Virchow triad” or “tetrad” instead of it will allow patho-
physiologists to separate pathogenetic features of arterial
and venous thrombosis better. As for clinicians, it will help
to prevent and treat these conditions separately.
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AOMONHUTENBHAA UHOOPMALIUA

Bknag aBTOpoB. Bce aBTOPbI BHECTM CYLLECTBEHHBIN
BKNaf B pa3paboTKy KOHLEeNUmM, NpoBeAeHe UCCe0BaHNS

Hypothetical variant of Virchow's
pathogenetic tetrad

TVWF

HYPERCOAGULATION

Protein C and S deficiency
ADAMTS-13 deficiency
P-selectin expression
Factor V and prothrombin
20210A mutations

PLATELET ACTIVATION
ADP
Thrombin
Thromboxane A2
Fibrinogen

CHANGE IN BLOOD FLOW VELOCITY
Increased blood flow velocity — increase in velocity

and shear stress
Velocity decrease — stasis, hypoxia

ENDOTHELIAL DAMAGE
Tissue factor
Coagulation hemostasis

Fig. 3.

Hypothetical variant of the scheme of thrombosis formation within the framework of pathogenetic “tetrad”
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W MOAFOTOBKY CTaTbW, MPOYNM M 0gobpunn uHanbHy
Bepcuto nepen nybnukaumei.

KoHnukt mHTepecoB. ABTOpbI [eKNapupytT OTCyT-

CTBME SIBHbIX W MOTEHUMANbHbLIX KOH(IMKTOB WHTEPECOB,
CBS3aHHbIX C NybriMKaumen HacTosILEN CTaTbi.

WUcTouHuk chmHaHcupoBaHmMA. ABTOpbI 3asBRstOT 06

OTCYTCTBWW BHELIHEro (MHAHCUPOBAHMS NpU NPOBELEHUM
nccrnefoBaHms.
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Abstract. Introduction. Acute limb ischemia (ALI) is defined as an abrupt decrease in arterial perfusion of a limb with a threat
to viability of the limb. Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus 2,
and has been declared as a global pandemic by the World Health Organization. Infection with SARS-CoV-2 has been shown
to have a wide range of clinical presentations from asymptomatic in a large percentage of patients to devastating pulmonary
failure, sepsis, and death. Patients with COVID-19 have deranged blood coagulation parameters and are prone to thrombo-
embolic events. This hypercoagulable state caused by COVID-19 mainly manifests as venous thromboembolism. Peripheral
arterial involvement is less frequent. We present 3 cases of a spontaneous ALl in a COVID-19 patient. Case. A 62-year-old
man with an insignificant past medical history presented with ALI 12 days after an initial diagnosis of COVID-19. He was
on therapeutic doses of low molecular weight heparin when ischemic symptoms developed. A surgical thrombectomy was
unsuccessful. He partially benefited from intravenous unfractionated heparin and iloprost infusions. He was discharged
home on postoperative day 14, and is scheduled to have an amputation of the 1st toe. Conclusions. COVID-19 infection
is associated with an increased incidence of thromboembolic events, including ALI. Even young and otherwise healthy
patients may develop ALI despite the use of prophylactic anticoagulation. Management of ALl in COVID-19 patients might
be harder than expected, due to the hypercoagulable state. Patients may benefit from prolonged post-operative unfractionated
heparin administration.

Key words: acute limb ischemia: coronavirus disease 2019; low molecular weight heparin; severe acute respiratory
syndrome coronavirus-2; thrombectomy; unfractionated heparin.
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Pestome. OCTpyto MWEMNIO KOHEYHOCTEN MOXHO OMPEAENUTL Kak Pe3Koe CHUXEHME apTepuanbHoi nepdysnn ko-
HEYHOCTM C Yrpo30ii ee xmn3HecnocobHocTu. KopoHasupycHas uHgekuns 2019 roga (COVID-19) Bbi3BaHa TaXeNbIM
OCTPbIM PECMMPATOPHbLIM CUHAPOMOM KopoHaBupyca 2. OHa obbsBrieHa BcemupHoil opraHuaalyeil 3apaBooXpaHeHns
rno6anbHomn nangemueir. bbino nokasaHo, Yto Hgekums SARS-CoV-2 MeeT WMpoKniz CNEKTP KIIMHUYECKNX NpOsiB-
neHwi: ot 6eCCMNTOMHOrO TeveHns y 6ONbLLOro NPoLeHTa NaLUEHTOB 40 NEroYHON HeJOCTaTOMHOCTU, cencuca
cmepTu. MayueHTbl ¢ COVID-19 nmetoT HapyLLeHWs nokasaTtenel CBEPTbIBAEMOCTU KPOBU W CKMOHHBI K TPOMG03M-
B0nnYeckUM 0CNOXHEHUAM. OTO COCTOSHUE runepkoarynsuum, BbiasaHHoe COVID-19, B 0CHOBHOM NposIBNSETCS Kak
BeHo3Has Tpomboambonus. MopaxeHune nepudepuyeckux aptepuit BCTpeyaetcs pexe. MNpeacrasnsem Tpu cnyyas
CMOHTaHHOW OCTPON MLLeMUn KoHeyHocTen Yy naumenTa ¢ COVID-19.

KntoueBble cnoBa: ocTpas nwemus KOHeYHoCcTen; KopoHaBupycHas 6onesHb 2019; HU3KOMONEKYNSAPHBIA renapuH;
KOPOHaBMPYC-2 C TAXENbIM OCTPbIM PECMIMPATOPHBIM CUHAPOMOM; TPOMOIKTOMUS; He(hPaKLIMOHUPOBAHHbIN rENapuH.

INTRODUCTION

Acute limb ischemia (ALI) is defined as an abrupt de-
crease in arterial perfusion of a limb with a threat to viability
of the limb [1]. The clinical presentation is considered to be
acute if symptom duration is less than 2 weeks [1]. The most
common causes include embolism from cardiac chambers
mainly associated with atrial fibrillation or acute myocardial
infarction, embolism from arterial aneurysms, thrombosis of
native limb arteries or vascular grafts, iatrogenic thrombo-
embolism during vascular interventions, aortic dissection,
and traumatic vascular injuries [1].

Coronavirus disease 2019 (COVID-19) is caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), and has been declared as a global pandemic by
the World Health Organization [2]. Several reports re-
vealed that patients with COVID-19 have deranged blood
coagulation parameters and are prone to thromboem-
bolic events [2-5]. This hypercoagulable state caused
by COVID-19 is associated with poor overall prognosis,
and mainly manifests as venous thromboembolism (VTE)
[4, 5]. Peripheral arterial involvement is less frequent [2, 5].

Herein we present 3 cases of a spontaneous ALl in a
COVID-19 patient.

CLINICAL CASE 1

A 62-year-old man presented to the emergency room
with complaints of fever, nausea, fatigue and muscle
aches. His past medical history was insignificant. Body
temperature was 36.7 °C, pulse rate 82 beats per minute,
respiratory rate 24 breathes per minute, blood pressure
125/72 mmHg, and oxygen saturation 95%. There were
bilateral diffuse fine crackles on auscultation. Labora-
tory findings were normal except for a D-dimer level of

670 ng/ml (normal range <500 ng/ml) (Table 1). A compu-

ted tomography (CT) scan of the chest revealed bilateral

ground-glass opacities (Fig. 1). A swab test result came

back positive for COVID-19, and the patient was dis-

charged home on favipiravir, hydroxychloroquine and low-
dose subcutaneous enoxaparin.

Table 1

Laboratory findings at initial diagnosis (day 0), hospitalization

(day 5), discharge (day 10), re-hospitalization for acute limb
ischemia (day 12)
Tabnuya 1
PesynbTathl nabopaTopHbIX UCCNEAOBaHMIA NPU
nepsoHavyanbHoM AvarHo3e (0-1 AeHb), rocnMTanusauum
(5-# peHb), Bbinucke (10-1 OeHb), NOBTOPHOI rocnUTanu3auum
npu 0CTPON MIEeMUN KOHeYHocTew (12-11 AeHb)

Parameters Day | Day | Day | Day | Normal
0 5 10 12 range

White blood cell, 103%uL | 12.4 | 16 | 19.6 | 20.5 | 4-11
Neutrophil count, 10%uL | 10.2 | 12.6 | 152 | 16.4 2-7
Lymphocyte count, 10%uL | 1.2 | 1.4 1.6 2.5 1-3
Platelet count, 103/uL | 269 | 306 | 422 | 374 | 100-450
Hemoglobin, g/dL 13.7 14 | 133 | 1 14-18
Prothrombin time, 155|151 | 125 | 126 | 11.5-
seconds 156.5
Partial thromboplastin | 23.1 | 26.2 | 23.2 | 22.8 | 23.5-35
time, seconds
C-reactive protein,mg/dl | 0.78 | 15.4 | 7.34 | 13.38| <0.5
D-dimer, ng/mL 670 | 950 | 590 - <500
Fibrinogen, mg/dL 280 | 315 | 172 - | 200-400
Lactate 109 | 1276 | 1045 | - 0-250
dehydrogenase, IU/L
Creatine kinase, IU/L | 22 | 386 | 103 | 398 | 30-200
Serum creatinine, mg/dL | 1.14 | 1.39 | 1.34 | 3.54 | 0.67-1.17
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Fig. 1. Computed tomography scan of the chest demonstrating bilateral ground-glass opacities

Puc.1. KomnbloTepHas Tomorpadmsi rpyaHON KNeTKU, AeMOHCTPUpYIoLLas ABYCTOPOHHEee NPOCBeYnBaHue

Five days later, he was hospitalized for worsening of re-
spiratory symptoms. He appeared severely tachypneic with
a respiratory rate of 40 breathes per minute, and dyspneic
with an oxygen saturation of 82% on ambient air. D-dimer
level was elevated to 950 ng/ml. Low molecular weight hepa-
rin dosage was increased to therapeutic doses (enoxaparin
8000 IU twice daily). The patient was discharged home 5 days
after his hospitalization with complete resolution of symptoms.

However, 2 days later, he presented to emergency room
with a cold, cyanotic and painful left foot. Left pedal pulses
were absent with minimal sensory loss and normal motor func-
tion. A CT angiography of the lower extremities revealed occlu-
sion of left tibial arteries (Fig. 2). The arterial tree was free of
atherosclerotic plaques, and there were no collateral vessels,
suggesting an acute occlusion. Transthoracic echocardiogra-
phy and thoraco-abdominal aortic imaging were negative for
proximal sources of thromboembolism. 5000 IU unfractionated
heparin (UFH) bolus was administered intravenously. Patient
was transferred to the operating theatre for surgical interven-
tion. Popliteal trifurcation was explored through medial infra-
genicular approach under local anesthesia. Popliteal artery
and all of its branches appeared healthy without any athero-
sclerotic plaques. A longitudinal arteriotomy revealed excellent
antegrade blood flow with absent retrograde flow. An attempt
was made to remove the thrombus using 2 and 3F Fogarty
catheters. However, the thrombus was densely organized and
catheters could not be passed across the occluded segment.

Fig. 2.

Puc. 2.

Computed tomogra-
phy angiography of
the left lower extre-
mity demonstrating
occlusion of left tibial
arteries, 3-dimen-
sional reconstruction

KomnbroTepHas
Tomorpadusa
aHruorpachuu nesom
HUXHEN KOHEYHOCTH,
AEMOHCTPUpYIOLLan
OKKIHO3UHO NEeBON
GonbluedepLioBo
apTepuu, TpexmepHas
PEKOHCTPYKLUSA
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We did not perform thrombolysis due to organized nature of
the thrombus. The arteriotomy was closed with patch plasty.
Patient was transferred toward. Intravenous UFH and iloprost
infusions were started. Heparin dose was adjusted to maintain
an activated clotting time (ACT) of 200-250 seconds. Conti-
nuous iloprost infusion was maintained until discharge. The
ischemic foot improved significantly with systemic anticoagu-
lation, and posterior tibial and dorsalis pedis arterial Doppler
signals became audible on postoperative 2 day. However, 1t
and 2™ toes and medial aspect of the foot became cyanotic
again on postoperative day 5, while the ACT was within the tar-
get range (Fig. 3). Posterior tibial artery pulse was once again
absent. A more than two fold increase of serum creatinine was
observed following the initial CT angiography therefore a repeat
angiography was not performed (Table 1). A duplex ultrasound
of the lower leg performed prior to discharge revealed biphasic
flow pattern in anterior tibial artery, and no flow in peroneal and
posterior tibial arteries. The patient was discharged home with
dry gangrene of the 1st toe on postoperative day 14 on eno-
xaparin 8000 U twice daily and dual anti-platelet therapy with
aspirin and clopidogrel. His condition remains stable 1 month
after discharge, and a digital amputation is scheduled.

CLINICAL CASE 2

Patient G., 79 years old. Admitted with pain at rest in the left
lower limb, with the presence of necrotic ulcer of the 1st finger of
the left foot.

Anamnesis: Considers herself ill from more than a year,
when pain first appeared in the left lower limb, an ulcer
formed in the area of the first finger of the left foot. The patient
received conservative treatment, no effect. Worsening in late
March 2023, increasing pain syndrome, progressing necrosis
of the 1st finger of the left foot.

Date of admission in the hospital: 29.03.2023. The pa-
tient was investigated. CT-angiography reports shows: oc-
clusion of tibial arteries of the left lower limb (Fig. 4).

18.04.2023 — Balloon angioplasty of the tibial arteries
of the left lower limb (Fig.5).

CLINICAL CASE 3

Patient S., 90 years old. Admitted with pain at rest in the right
lower limb, with the presence of black necrosis on the fingers of
the right foot.

Anamnesis: The patient has been ill from the last two
months, when these complaints came in. She approached to
clinic affiliated with her residence, she got treatment by con-
servative therapy. The conservative therapy was without effect.

Date of admission in the hospital: 20.03.2023. The patient
was investigated. CT-angiography report shows: occlusion of
SFA from proximal/3, Pop artery stenosis 75%, the distal/3 part

Fig. 3.  Recurrent ischemia of the left foot

Puc. 3. Peumpgusupyiowas nwemusi neBom Horu

Fig.4. Initial (before operation)  Fig. 5. Control angiography
Puc.4.  WcxopHas KapTuHa after TBA
Puc.5. KonTtponbHas aHruo-
rpacdmsa nocne TIIBA

of Pop artery is occlusive, anterior tibial artery is occlusive, pe-
roneal artery, posterior tibial artery with CTO stenoses up to
90% in right lower limb (Fig. 6).

04.04.2023 — Balloon angioplasty of arteries in right
lower limb (Fig. 7).

DISCUSSION

Present report describes a case of ALl in a patient with
confirmed COVID-19 infection. The patient was otherwise
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Fig.6. Initial (before operation) Fig.7. Control angiography
Puc.6. MWcxoaHas kapTuHa after TBA
Puc.7. KoHtponbHas aHruo-

rpacdus nocne TIIBA

healthy and did not have any conventional risk factors for
ALI. However, his condition was resistant to treatment, and
tended to recur. This finding is in correlation with reports by
others [2, 6-8]. Bellosta and colleagues [6] described 20 pa-
tients (18 men) with COVID-19-associated ALI over a period
of 3 months. Seventeen patients underwent surgical treat-
ment with a successful revascularization in only 12 (70.6%).
Authors argued that this lower-than-expected success rate
was due to a COVID-19-related hypercoagulable state [6].
They also reported that prolonged use of systemic heparin
was associated with better outcomes in this subset of patients
[6]. Perini and colleagues [7] reported 4 patients presenting
with ALI caused by COVID-19. Two of their patients did not
have any comorbidities, were relatively young, and receiving
prophylactic doses of LMWH at presentation. One of them,
a 53-year-old man, died on postoperative day 2 due to a re-
current aortoiliac occlusion. The other patient, a man aged
37 years with upper extremity thrombosis was successfully
managed with UFH administration [7]. Baccellieri and col-
leagues [8] reported a patient who developed COVID-19-as-
sociated ALl while under prophylactic LMWH. The 67-year-
old man with no relevant medical history was successfully
treated with surgical intervention for simultaneous lower and
upper limb ischemia [8].

Thromboembolic events associated with COVID-19
mainly manifest as VTE [5]. This is reasonable since
COVID-19 exposes patients to all 3 components of Vir-
chow’s triad: (1) there is direct viral infection of endo-
thelial cells [9]; (2) patients are frequently hospitalized

and immobilized; (3) blood coagulation parameters are
deranged representing a hypercoagulable state [3, 4].
Bilaloglu and colleagues [5] reported less than 1% inci-
dence of ALl in their analysis of 3334 patients hospitalized
with COVID-19. Of note, although not as frequent as VTE,
incidence of ALl is increased during the COVID-19 pan-
demic [6].

Evidence from early experience suggests that pathoge-
nesis of arterial thrombosis in COVID-19 patients differs
from that of classical arterial thrombosis [10-16]. In-situ
arterial thrombosis mainly occurs due to plaque break-
down or reduced perfusion through an atherosclerotic le-
sion, or stent or graft [14, 17, 18]. However, such as in the
present case and others, COVID-19 patients may exhibit
acute thrombosis of non-atherosclerotic native arteries [2].
Various mechanisms have been proposed to explain this
phenomenon. A dysregulated hyperinflammatory response
is thought to be responsible for arterial and venous throm-
boembolic events seen in patients with COVID-19 [11, 12,
19, 20]. Increased levels of D-dimer, fibrinogen, coagula-
tion factors, acquired antiphospholipid antibodies, and de-
creased levels of protein C, protein S, antithrombin, and
hyperactivation of platelets and neutrophils are observed
[10]. A consumption coagulopathy similar to sepsis-associ-
ated disseminated intravascular coagulopathy (DIC) is seen
in COVID-19 patients. However, thrombotic component is
more predominant than hemorrhagic component when com-
pared with DIC [11, 12, 21]. It has been also speculated that
direct viral infection of endothelial cells through the angio-
tensin-converting enzyme 2 receptor may be the cause of
arterial thrombosis in patients with COVID-19 [9-11]. It is
possible that a combination of these mechanisms, but not
one, is responsible for increased rate of arterial thromboem-
bolic events in COVID-19 patients.

CONCLUSION

COVID-19 infection is associated with an increased
incidence of thromboembolic events, including ALI. Even
young and otherwise healthy patients may develop ALI
despite the use of prophylactic anticoagulation. SARS-
CoV-2 infection is associated with a high thrombotic risk
probably by promoting a systematic inflammatory re-
sponse and a hypercoagulable state. COVID-associated
ALI usually presents in patients with low number of co-
morbidities, and it is associated with a high mortality and
amputation risk. Mortality risk seems to be greater with
conservative treatment compared with any intervention,
although the amputation risk is similar. Management of ALI
in COVID-19 patients might be harder than expected, due
to the hypercoagulable state. Patients may benefit from
prolonged postoperative UFH administration.
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Future studies should focus on identifying optimal me-
dical treatment for these patients as well as potential prog-
nostic factors for mortality and amputation risks.
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AOMONHUTENBbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHECW CYLUECTBEHHbIN
BKNnapg B pa3paboTKy KOHLENuuW, npoBeAeHne uccneaosa-
HWUS M NOAFOTOBKY CTaTbM, NPOYNN M 0Q06PUNK UHAMBHYIO
Bepcuto nepep nybnukaumei.

KoHnukt mHTepecoB. ABTOpPbI EKNapupytT OTCyT-
CTBME SBHbIX W MOTEHUMANbHbIX KOH(IMKTOB WHTEPECOB,
CBS3aHHbIX C NybnnkaLnen HacTosLLen craTb.

WUcTouHuk dmHaHcmpoBaHmusa. ABTOpbI 3asBnsioT 00
OTCYTCTBMM BHELUHEr0 (DMHAHCWUPOBAHUS MpU NPOBEAEHWM
“ccneaoBaHus.

WUHhopmmpoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMAN NUCbMEHHOE COornacKe NauMeHTOB Ha ny-
Brkaumio MeAULIMHCKUX AaHHBbIX.
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NMPABUNA ONA ABTOPOB

Yme. npuka3zom u.o. pekmopa
®rBQY BO CrierfiMy Munadpasa Poccuu om 23.06.16

HACTOALLME NMPABUNA ANnA ABTOPOB
ABNAOTCA U3OATENBCKUM JOrOBOPOM

Ycnosws HacTosLero [lorosopa (aanee «[JoroBopy) ABASKOTCS
nybnunyHon odepToit B COOTBETCTBIM C M. 2 CT. 437 [paxaHcko-
ro kopekca Poccuiickoin ®egepaumu. [anHbin [Jorosop onpege-
NSET B3aMMOOTHOLIEHNS MEXy pedakuuen xypHana «Russian
Biomedical Research» (ganee no tekcty «KypHany), 3aperu-
cTpupoBaHHoro ®efepanbHoii cnyxboil No Haasopy B cdepe
CBSA3W, MHPOPMALIMOHHBIX TEXHONOMMIA N MaCCOBbIX KOMMYHMKaLIIA
(POCKOMHA[LS3OP), ceugetensctao: M Ne @C77-74228 o1 02 Ho-
706ps 2018 r. (paHee M Ne TY78-01869 ot 17 mas 2016 1), ume-
Hyemoit B AanbHenwleM «Pefakumsy n SBASIOWERCs CTPYKTYPHBIM
nogpasgenenmem ®r60Y BO CM6IMTIMY MuHsgpasa Poccum, w
aBTOPOM /UMK aBTOPCKAM KOMNEKTMBOM (MM MHbIM NpaBoobna-
Aatenem), UMeHyeMbIM B AanbHenweM «ABTOPY, MPUHABLLMM My-
BnnyHoe npegnoxeHue (0depTy) o 3akntoyeHnn Jorosopa.

AsTop nepenaeT Pegakuuv Ans n3gaHus aBTOPCKIMiA OpurmHan
WM PYKONUCh. YKa3aHHbIN aBTOPCKIUIA OpUrMHaN LOKEH COOTBET-
CTBOBaTb TpeboBaHNAM, ykasaHHbIM B pasaenax «[peacrasnexne
pykonmucy B XypHany, «Ocopmnenne pykonucuy. Mpu paccmoTpe-
HWUW NOMYYEHHbIX aBTOPCKUX MaTepuarnos KypHan pykoBOACTBY-
eTcst «EanHbIMM TpeBoBaHMSAIMM K PyKOMMCAM, NPEACTaBNSEMbIM B
BuomegnumHckue xypHansi» (Intern. committee of medical journal
editors. Uniform requirements for manuscripts submitted to biomedi-
cal journals // Ann. Intern. Med. 1997; 126: 36-47).

B XypHane nevatatotcs paHee He ony6nukoBaHHbIe paboThl
no npodunto XypHana.

YKypHan He paccmaTpusaeT paboTbl, peaynbTaTbl KOTOPbIX MO
BonbLueit YacTu yxe 6binu onybAMKOBaHbI UK ONUCaHbI B CTa-
TbsIX, NPEACTABMEHHbBIX UMM NPUHATBLIX ANs nybnukauum B apyrve
neyaTHble U 3NEKTPOHHbIE CPEACTBA MACcCOBOW MHGOPMALIUK.
MpencTaBnss cTaThio, aBTOP BCerga AOMKEH CTaBNUTb PeAakLnio
B M3BECTHOCTb 000 BCEX HanpaBneHuMsiX 3TOM CTaTby B NeYathb 1
0 NpeabigyLymx nybavkaymsx, KOTopble MOryT paccmMaTpuBaThCs
kak MHOXECTBeHHble unu aybnupytowme nybnukauum Tom xe
camoil i oveHb 6nnakoit paboTbl. ABTOP LOMKEH YBEAOMUTD
pefakUmMio O TOM, COLEPKUT U CTaTbs Yyxke onybnmKoBaHHble
maTepuarsl, U NPefocTaBUTb CCbINKM Ha NpeablayLLyto, 4TobbI
AaTb pefaKkunn BO3MOXHOCTb MPWHATb PeLUeHue, Kak mocTy-
NUTb B JaHHOW CUTyauun. He npuHAMAOTCS K nevatu cTaTby,
npegcraensiowwme coboit oTaenbHbIE 3Tanbl He3aBepLUEHHbIX
MCCNEA0BaHNIA, @ Takke CTaTby C HapyLueHuem «lpaBun u Hopm
rymaHHoro obpatyeHus ¢ 6uoobbektamm nccneaoBaHuiny.

PasmeLyeHne nybnvkaunil BO3MOXHO TOMbKO Mochne nosyye-
HWS NONOXUTENBHON PELIEH3MNM.

Bce cTaTbu, B TOM 4yucne cTaTbu acnMMpaHTOB U [OKTO-
paHTOB, Ny6nukyTCA GecnnarHo.

MNMogava cTaten B XypHan «Russian Biomedical Research»
OCYLLeCTBNSAETCA N0 afpecy aNeKTPOHHOM NoyThl avas’ @mail.ru
¢ nometkow «ans Russian Biomedical Researchy.

Tpe6GoBaHus k oTNpaBKe cTaTen

lMepen 3anonHeHNeM aHKeTbl aBTOpaM PEKOMEHAYeTCs Noa-
rOTOBWUTb BCe HEOOXOAWUMbIE NS BBOAA AaHHble, a TakkKe Bbl-
Opatb aBTOpa (B Cryyae KonnekTuea aBTopoB craTbk), OTBET-
CTBEHHOIO 3A MEPEMWCKY. Ons ycnewHoro 3anofHeHus
aHKeTbl He06X0AMMO UMETh BCIO YKa3aHHYK MHGOPMaLN0 1 Ha
PYCCKOM, W Ha aHrnuinckom asbikax!!

Bce Ha3BaHWst Ha aHTMUIACKOM SI3bIKe, BKIKOYAs Ha3BaHMs
CTaTby, HAa3BaHWS YYPEXAEHWUNA, X NOAPA3AENEHNIA JOKHbI
npuBOAMUTLCS C 3arnaBHbIx OykB (Hanpumep: Sex Differences
In Aging, Life Span And Spontaneous Tumorigenesis; Bulletin
of Experimental Biology and Medicine; Saint Petersburg State
Pediatric Medical University) u HenpemMeHHO B COOTBETCTBUM C
ouumMansHbIMU HaUMeHoBaHaMM 6e3 caMmoaesTeNbHOCTHU.

AHKeTHble JaHHble Bcex aBTopoB — ®UO (nonHocTb), yue-
Hasi CTeNeHb, 3BaHNe, JOMKHOCTb, MECTO paboThl (kadeapa, oT-
JereHne), Ha3BaHne yYpexaeHns, agpec yyYpexaenus, e-mail,
TenedoH, @O aBTopa, OTBETCTBEHHOrO 3a Nepenucky, U T.4. —
3anoHsTCA B COOTBETCTBYHLUMX MONAX (OPMbI 3asiBKY.

Pestome, kntoyeBble CMOBa U Ha3BaHWe CTaTbu — Takxe 3a-
NOJSTHAOTCSA OHMaMH.

CraTbsl NpefoCTaBNsAETCA B 3MEKTPOHHOW hopme (chamn
MS Word Bepcun He cTapue 2003, T.e. ¢ pacwmpernem doc, 3a-
apXvMBMPOBaHHbIN B hopmar .zip, .rar).

®ann ctatbk HasbiBaeTcs Gamunueit nepBoro aBTopa, Ha-
npumep, Mearos.doc nnm Petrov.doc.

CraTbsl JOMKHA COOTBETCTBOBATL MpaBuiaMm 0opMIEHNs
cTaten K nybnukauum (CM. Huxe).

K kaxpgon ctaTbe npunaraetcs aiin OkcnepTHoro 3a-
knoveHus (33). Ans astopos CIIGITIMY 33 moxeT TOMbKO
noanucbIBaTLCA aBTOPaMm CTaTbi, NevaTb HeobsizaTenbHa. [ns
aBTOPOB ApYrux yupexaenuin — 33 ochopmnsieTcs 0bs3aTenbHO
MOSHOCTbLIO, C MeYaTaMu (Kpyrnas nevatb yUpexgeHus) 1 noa-
NUCSMMN PyKOBOAMTENEN U KOMUCCUI JaHHOTO yupexaeHus. 3a-
NONHEHHBIN, NOAMNWUCAHHBIN U «onevaTaHHbIny 33 NS 0TNpaBKM
OHMaWH npesBapuTENbHO CKaHUpyeTcs unu otorpadupyercs.
Obpasey 33 MOXHO 3anpocuTb No agpecy: screenter@mail.ru

OTnpaBneHHble aHKeTHble AaHHble aBTOPOB, CTaTbsl, O3
noctynatT Ha E-mail aBTOpy-0TnpaBuTento (Ans nogreepxae-
HWS M NpOBepkW OTnpaBku) W Ha E-mail pegakumm screenter@
mail.ru TexHu4eckomy pegaktopy xypHana «Russian Biomedical
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Researchy, ¢ koTopbiM OCyLLECTBNsETCS BCA AanbHenwas pabo-
Ta MO MOATOTOBKE CTaTbk B NevaTb. Bce Bonpockl No oTnpaBke
cTaTen MOXHO aflpecoBaTh Ha 3NEeKTPOHHbIN agpec screcenter@
mail.ru TexHu4yeckomy peaakTopy xypHana «Russian Biomedical
Research» Mapun AnekcanaposHe axoMoBO.

Pykonuchk cyutaetca noctynusLuel B Peaakyuio, ecnu oHa
npeacTaBneHa KOMMNEKTHO 1 0hOpMIIEHa B COOTBETCTBUM C
onucaHHbiMu TpebosaHuamun. MpegBaputenbHoe paccMoTpe-
HUe pyKonucK, He 3akasaHHoW Pefakunen, He aBnseTcs dak-
TOM 3aKNYeHNS Mexay CTOpOHaMW u3aaTtenbckoro [loroopa.

Mpn npeactasneHun pykonucn B XypHan ABTOpbI HeCyT
OTBETCTBEHHOCTb 32 PacKpbITUE CBOMX (PUHAHCOBLIX U APYrux
KOH(MUKTHBIX MHTEPECOB, CNOCOOHbIX OKa3aTb BMUSHWUE Ha UX
paboty. B pykonucm gomkHbl BbITb yNOMSIHYTHI BCE NIULA U Opra-
HW3aLuK, OKasaBLLWe (UHAHCOBYI NOALEPXKY (B BUAE rPAHTOB,
060pyoBaHus, NekapcTB MMM BCEro 3TOr0 BMECTE), a Takke
Apyroe h1HaHCOBOE WU NINYHOE y4acTwe.

B koHUe kaxaon ctatbn 0653aTenbHO yKa3biBaOTCS BKNaj
ABTOPOB B HaMMCaHWe CTaTby, UCTOYHNKN (DHAHCMPOBaHMS (€CTN
MMeroTCs), OTCYTCTBUE KOH(NMKTa MHTEPECOB, HAann4yMe cornacus
Ha nybnvKaLmMio co CTOPOHbI NaLNEHTOB.

MpaBuna oopmneHuns ctaten kK nybnukaymm

CTaTbs NpepocTaBnsAeTcs B 3NEKTPOHHOMN dhopme (ain
MS Word Bepcuu He ctapiwe 2003, T.e. ¢ pacwumpennem doc,
3aapxvBMpOBaHHbIN B chopmar .zip, .rar), wpudt — 14, nHtep-
BaJl — NONYTOPHbINA.

®ann cTatbn HasbiBaetca no damunum nepBoro aeTopa,
Hanpumep, VisaHos.doc nnu Petrov.doc. Hukakux gpyrux cnos B
Ha3BaHUM HE JOMKHO ObITb!

OpWeHTMPOBOYHbIE pa3Mepbl CTaTbi, BKMKYas ykasaTenb
nutepartypbl, Tabnuubl 1 pestome, — 10-12 cTpaHuL, TekcTa Yepes
nonTopa uHTepsana umu 20-25 Teicay 3HakoB ¢ npobenamu. Pexo-
MeHzayeMblit pasmep 063opa — 18-20 CTpaHuL, «MaLLMHOMUCHOTOY
TekcTa unn 35—40 Tbicay 3HakoB ¢ npobenamu. [NpumepHoe Yncno
NNTEpaTYPHbIX CCbINOK ANS 3KCepUMEHTanbHO cTatbn — 20,
Ans 0630poB 1 NpobnemHbIx ctaten — 50.

®daiin cTaTby JOMKEH coaepXaTb

HA PYCCKOM U AHITIMUCKOM SA3bIKAX:

+ 3arnaswe (Title) gomxHo 6bITb kpaTkum (He Bonee 120 3Ha-
KOB), TOYHO OTpaXaroLWMM CoepKaHue cTaTbi.

« CBepgeHus 06 aBTopax (nybnukyrwTcst). [ng kaxporo as-
TOpa YyKasblBaloTCsA: pamunus, WMs M OTYECTBO, MECTO
paboTbl, NOYTOBLIN agpec Mecta pabotsl, e-mail, ORCID.
damunun aBTOPOB PEKOMEHAYETCS TpaHCNMUTEPUPOBATb
TaK e, kak B npefblaywux nyénukaymsx, unm no cucteme
BGN (Board of Geographic Names), cm. cainT http://www.
translit.ru.

«  Pestome (Summary) (1500-2000 3HakoB, unm 200-250 cnos)
noMeLLalT nepes TEKCTOM cTaTbi. Pestome He Tpebyetcs
npu nybnukaumm peLeH3nit, 0T4eTOB 0 KOHEPEHLMsIX, UH-
(hOpMAaLMOHHBIX MUCEM.

ABTOPCKOE pe3toMe K CTaTbe ABISETCS OCHOBHbLIM UCTOYHUKOM
WH(OpMALMN B OTEYECTBEHHBIX 1 3apybexHbIX MHGOpMaLK-

OHHbIX cucTeMax W 6as3ax AaHHbIX, MHAEKCUPYHOLLMX XypHan.
Pestome gocTynHo Ha cante xypHana «Russian Biomedical
Researchy 1 uHgekcupyeTcst CETEBLIMM MOVUCKOBLIMU CUCTEMA-
MW. U3 aHHOTaLUM JOMmKHa ObITb MOHSTHA CYTb MCCREA0BaHNS,
HYXHO N 0BpaLLaTbCs K MOMHOMY TEKCTY CTaTbi Ans nomyye-
HWs Bonee NopOBHON, MHTEPECYIOLLeN ero Hdopmauum. Pe-
3l0Me [I0MKHO 13naraTb TONbKO CYLLECTBEHHbIE (haKTbl paboTh.
PekomeHmyemas CTpykTypa kak aHHOTaLuu, Tak U camon cTa-
o IMRAD (ans opuruHanbHbIX UCCNefoBaHWUiA CTPYKTypa
obsizatensHa): BBegeHue (Introduction), matepuansl u meTo-
abl (Materials and methods), pesynbtathl (Results), o0bcyx-
aeHne (Biscussion), BbiBoabl (Conclusion). Mpeamet, Temy,
Lenb paboTbl HYXHO yKa3biBaTb, ECNW OHU HE SICHBI 13 3arna-
BUS CTaTbW; METOA UMW METOZOMOTMI0 NpoBefeHust paboThl
LienecoobpasHo OMKCkIBaTb, ECAIN OHW OTNINYAIOTCS HOBU3HON
WNN NPEeACTaBMSOT MHTEPEC C TOYKW 3PEHMS AaHHOI paboThl.
06bem TekcTa aBTOPCKOrO pe3toMe Onpeaensercs Coaep-
XaHuem nybnukauun (06bemMom CBeEeHNN, UX HAY4YHOW LieH-
HOCTbIO U/WK NPAKTUYECKUM 3HAYeHWeM) M OormKeH ObiTh B
npeaenax 200-250 cnos (1500-2000 3HakoB).

KntoueBble criosa (Key words) oT 3 go 10 kno4yeBbIX CNOB Unu
CINOBOCOMYETaHUIA, KoTopble ByayT cnocobcTBOBaTL NpaBUbHOMY
NepeKpecTHOMY MHOEKCUPOBAHMIO CTaTby, MOMELLAKTCs nog
pestoMe C NOA3arofIoBKOM «KITtoYeBble CrioBay. cnonbayite Tep-
MMHbI 113 CTICKa MeAULIMHCKWX NpeaMeTHbIX 3arornoskos (Medical
Subject Headings), npueaerHoro B Index Medicus (ecnu B 3ToM
CMMCKe eLle OTCYTCTBYHT nogxogsiine 0003HayYeHns ans He-
[aBHO BBEJEHHbIX TEPMMHOB, NoabepuTe Hambonee Grnskie n3
nmetoLyxcs). KnioyeBble CrioBa pasaenstoTes TOUKON C 3ansTou.
TekcT cTaTbyt MOXET ObITb HanucaH NGO Ha pycckom, 6o
Ha aHrIMIACKOM $I3blKe, TakKe BO3MOXHA Nybnukaums cratbu
C MONHbIM NepeBoAoM. Ha pyccKOM 1 aHrnUACKOM si3blkax He-
00X0AMMO NpeocTaBuTL BCE PUCYHKN 1 TabnuLbl (3arofoBKm
1 BCE HaAMUCKM LOIMKHbI IMETb NepeBoga).

CTpyKTypa OCHOBHOTO TEKCTa CTaTbi: BBEAEHWE, M3MOKEHWE
OCHOBHOTO MaTtepuana, 3akrmtouyeHue, nuteparypa. [Ans opwru-
HanbHbIX MCCENOoBaHUA — BBEAEHWE, METOaMKa, pesynbTarh
uccnenoBaHms, obcyxaeHue pesynstaros, nuteparypa (IMRAD).
B pasgene «meTomuka» 0053aTeNbHO YKa3biBaKTCS CBefe-
HWS 0 cTaTUCTUYecKon 06paboTke aKCMEPUMEHTAMNBHOMO WK
KNMWHMYeckoro matepuana. EguHuubl namepenus fgatotcs B
cootBeTCTBUN ¢ MexayHapogHon cuctemon eamnuy, — CU.
damunnm NHOCTPaHHbIX aBTOPOB, LUTUPYEMbIE B TEKCTE pY-
Konucy, NPUBOASTCS B OPUrMHAMNBHOM TPaHCKpUMLWK.
Tabnuubl ¥ pUCYHKM NPUBOLSTCS HEMOCPEACTBEHHO B Tene
CTaTby, KaablA U3 KOTOPLIX MMEET HOMEp 1 Ha3BaHue ¢ 06s-
3aTenbHbIM CChIIKaMi Ha HUX B TEKCTE CTaTbl — B KOHTEKCTE
NPeasioKeHns (Hanpumep: «...kak NokasaHo Ha pucyHke 1...»)
WNK B KOHLE MPeasioXEeHNst B Kpyrmbix ckobkax (Hanpumep:
«...BbISIBlEHa MOMOXUTENbHAs KOPPensiLMOHHas CBSA3b yMe-
peHHon cteneHun (r=0,41) mexay yposHem TTI maTepn u
HOBOPOXZAEHHOrO (puc. 2)»; npocbba yuuTbIBaTh, YTO B Me-
YaTHOW BEpPCIM KypHana pUCYHKM ByayT BOCNPOU3BOAMTLCS B
YepHo-6enom BapuaHTe.
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INFORMATION

« Cnucok nuTepatypbl 06513aTeNbHO B and)aBuTHOM MOpSsiaKe:
CHavarna BCe OTEYECTBEHHbIE, 3aTEM MHOCTPaHHbIE aBTOPbI C
JONOMHUTENBHBIM TPAHCIUTEPUPOBAHHBLIM CTIMCKOM (METOAMKA
TpaHcnMTEpPaLMM OnucaHa noapobHO HIke).

TekcT cTaTby AOMKEH ObITb NOArOTOBIIEH B CTPOTOM COOTBET-
CTBWM C HACTOSALLMMM NPaBUIAMW U TLATENBHO BbIBEPEH aBTOPOM.
B cnyyae obHapyxeHWsl 3HaUNTENbHOrO KONMYECTBa OMeYaTok,
HeBpexHOCTEN, MyHKTyaLMOHHbIX U opdorpaduyeckux owmnbok,
HepacLMMpPOBaHHbIX COKPALLEHN, OTCYTCTBUS OCHOBHbIX KOM-
MOHEHTOB U APYTUX TEXHUYECKNX AedeKTOB 0OPOpMIeHNs cTaTel
pedakuuMs BO3BpaLLaeT cTaTbio aBTopy Ans aopabotku. Hebonb-
LUne NOTPELLHOCTY pesaKLys MOXET ucnpaBuTb cama 6e3 corna-
COBaHWs ¢ aBTOPOM. Kpome TOro, peaakuus ocTaBnsieT 3a cobon
npaBo OCYLLECTBIEHNS IMTEPATYPHOIO PeAaKTUPOBaHNS CTaTel.

CokpaLueHnui, kpome obleynotpebnsaemblx, cnegyet usbe-
raTb. CoKpalleHns B Ha3BaHWUN CTaTby, Ha3BaHMsAX Tabnuy n pu-
CYHKOB, B BbIBOfaX HegonycTumsl. Ecnv abbpesuatypbl ncnone-
3yK0TCH, TO BCE OHW JOMXKHbI ObITh HEMPEMEHHO pacLuMdpOoBaHb
NOSTHOCTLIO NPW NEPBOM WX YNOMUHAHUM B TeKCTe (Hanpumep:
«Hapsgy ¢ gaHHbiMu 0 POH (pe3nayanbHo-opraHuyeckon He-
pocTaTo4HocTy), obycnosnusatowen passutue NKC (runepkuHe-
TUYECKOro CUHAPOMA), pacluMpeH AnanasoH uccnefoBaHWi no
9HAOreHHON Npupoae AaHHOMO CUHAPOMAY.

Bce untupoBaHus npon3BoAsTCa crneaytowmm obpasom:;

®WO aBTopa, rog u3gaHus u npovas MHAopmMaums He yno-
MUHAIOTCS B TekcTe. BMecTo 3TOro ykasbiBaetcs CChifika Ha
MCTOYHUK NIUTEPATYpbI B BUAE HOMepa B KBagpaTHbIX CkoBkax
(npumep: «Psa nccnenoBatenein oTMeYaeT pasnuyHble HapyLle-
HUS peyeBbIX PYHKLWA Npu anunencum B 4eTCKOM BospacTe [17,
21, 22].»), KOTOPbLIA BKIOYEH B pacCTaBMEHHbIN B andaBnTHOM
nopsiake CrMCOK UCTOYHMKOB B KOHLLE CTaTbM.

Bce ccbinki JOMKHBI MMETb COOTBETCTBYHOLLWA MCTOYHNK
B CMNCKe, @ KaX/blil UCTOYHUK B CMIUCKE — CChINKY B TEKCTe.

B Buae ncknoueHns B Tekcte MoryT npuBogutbest OO koH-
KpeTHbIX aBTOpoB B hopmaTte . O. damunus, rog 1 aaxe Ha3Ba-
HWE WCTOYHWKA, HO MpK 3TOM BCe paBHO 0bs3aTenbHa CCblka
(B KBagpaTHbIX CkoOKax B KOHLE MPEANOXeHNs) Ha UCTOYHMK,
BKJTIOYEHHbI B CMIUCOK TUTEPATYPSI.

(Hanpumep: «B 1892 roay Benukuit OpacT [amMUnbTOHCKNIA
onucan B cBoeM BeccmepTHoM Tpyae «O6 OTKpLITUM TPETbEro
yXa y yenoseka» TpeTbe (HenapHoe) yxo» [34].)

Nuteparypa (References)

YuntbiBas TpeboBaHUS MeXAyHapOAHbLIX CUCTEM LMUTWUPO-
BaHWS, CMCOK NUTEpaTypbl MPUBOAMTCS HE TOMbKO B 0ObIYHOM
BWE, HO TaKXe 1 AONOMNHUTENBHO B TPAHCIIUTEPUPOBAHHOM (CM.
TpaHcnuTepauusi).

B cTaTbe NpuBOASTCSA CCbINKM HA BCE YNOMUHAEMbIE B Tek-
CTE UCTOYHMKN.

damunuu 1 MHULMAnbl aBTOPOB B MPUCTATENHOM CrUCKE
npuBoAATCA B andaBMTHOM NOPSAKE, CHavana pycckoro, 3aTem
naTUHCKOro andasuTa.

B onncaHum ykasbiBatoTCsi BCe aBTopbl nybnmkawuy.

Bubnuorpacuyeckne cCbinkn B TekCTe CTaTbW JAlOTCH B
KBagpaTHbIX CKoOKax.

Ccbinku Ha Heony6nukoBaHHble paboTbl HE JOMYCKAKTCS.

Cnucok nuTepaTypbl KOMNNEKTYeTCs B cneayowemM no-
pspke:

HopmamugHbie akmbi

[MpuKa3bl, HOPMATUBHbIE aKTbl, METOAUYECKWE NUCbMA U NPO-
4ne 3aKOHHbIE aKTbl, NaTEHTbI, NONE3HbIE MOAENN He BHOCATCS B
CAMCOK nuTepaTypsl, 0hOpMAAKTCS B BUAE CHOCOK. CHOCka —
npuMeYaHue, NomeLlaeMoe BHW3Y CTpaHWLbl (MOCTpaHUYHas
CHOCKa). 3HaK CHOCKM CTaBAT Lpor nocne parmeHTa 0CHOB-
HOro TeKCTa, rAe eCTb YyNOMUHaHKe 06 3TUX UCTOYHMKaX. Peko-
MeHLYeTCS CKBO3Has HyMepaLnsi CHOCOK MO TEKCTY.

WHmepHem-pecypc

1. IHTepHeT-pecypc, roe ecTb HasBaHWe WCTOYHMKA, aB-
TOp — BHOCUTCS B CMIMCOK NTepatypbl (B nopsagke andasura) ¢
ykasaHueM Aatbl 06paLeHns (CM. HKe NpumMep ohopmIeHus).

2. Ecnun eCTb TONBKO CChlfika Ha CailT — BHOCUTCS B CMUCOK
nuTepatypbl B KOHUE, C yka3aHueM gaTbl obpalleHus.

LLernos V. Hackonbko Benuka ponb Mukpodbnopbl B 6uono-
TM1 BUAa-Xxo3anHa? XKuBble CUCTEMbI: HayYHbI SNEKTPOHHbIN
XKypHan. [JoctyneH no: http://lwww.biorf.ru/catalog.aspx?cat_
id=396&d_no=3576 (nata obpalienus 02.07.2012).

Kealy M. A, Small R. E., Liamputtong P. Recovery after caesar-
ean birth: a qualitative study of women’s accounts in Victoria, Austra-
lia. BMC Pregnancy and Childbirth. 2010. Available at: http:/www.
biomedcentral. com/1471-2393/10/47/ (Accessed 11.09.2013).

KHuea

ABTOp(bl) Ha3BaHWe KHWMM (3HAK TOYKa) MECTO W3AaHMs
(nBOETOUME) Ha3BaHMe W3paTenbCTBa (3HAK TOYKa C 3ansTom)
rog napaHus. Ecnm B kayecTBe aBTOpa KHUMM BbICTYNaeT peaak-
TOp, TO Nocne pamunuu creayet pea.

AnnamassH 3.K., Hosukos B.H., 3aiHynuHa M.C., Manux-
ka ['K., Pabuesa WU.T., TapacoBa M.A. AkyluepcTBo: y4ebHuk. 6-e
u3a. CMe.; 2007.

MpeobpaxeHckui b.C., TemkuH A.C., Jluxaues A.l. bonesHu
yxa, ropna u Hoca. M.: Meguuuna; 1968.

PapauHckuin B.E., pep. MepuHeonorus: yyebHoe nocobue.
M.: PYIH; 2008.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vocal cord
injection with autogenous fat. 3 rd ed. NY:Mosby; 1998.

Domeika M. Diagnosis of genital chlamydial infection in
humans as well as in cattle. Uppsala; 1994.

[naea u3 kHu2U

ABTOp(bl) Ha3BaHMe rna.bl (3Hak To4ka) B kH.: unu In: ganee
onucaxwe kHur [ABTOp(bl) Ha3BaHWE KHUMKM (3HaK TOYKa) MeCTO
n3paHus (ABOETOYME) Ha3BaHWe U3naTenbCTBa (3Hak Touka ¢ 3a-
nATON) rof u3gaxus] (4BoeToune) CTp. 0T U A0.

Kopobkos I"A. Temn peun. B kH.: CoBpeMeHHble npobrnembi
chuanonoruu n natonorum peyu: cb. Tp. T. 23. M.; 1989: 107-11.

Cmambs u3 XypHana:

ABTOp(bl) Ha3BaHMe CTaTbM (3HaK TOYKA) Ha3BaHWe XypHana
(3HaK TOYKa) rog M3gaHus (3HaKk Touka ¢ 3anaToir) TOM (eCnu ecTb
B Kpyrmbix ckobkax HOMep XypHana) 3aTeM 3Hak (BBOeTouYue)
CTPaHWLbl OT 1 J0.
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Kuptowenkos A.MM., Cosun M., ViBanosa I1.C. MonukucTos-
Hble AnYHUKK. AKywepcTBo v ruHekonorus. 1994; N 1: 11-4.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord
injection with autogenous fat: a long-term magnetic resona.
Laryngoscope. 1996; 106(2,pt I): 174-80.

Simpson J. et al. Association between adverse perinatal
outcomes and serially obtained second and third trimester MS
AFP measurements. Am. J. Obstet. Gynecol. 1995; 173: 1742.

Deb S., Campbell B.K., Pincott-Allen C. et al. Quantifying
effect of combined oral contraceptive pill on functional ova-
rian reserve as measured by serum anti-Millerian hormone
and small antral follicle count using three-dimensional ultra-
sound. Ultrasound. Obstet. Gynecol. 2012; 39 (5): 574-80.

Tesucbl doknados, Mamepuarbi Hay4HbIX KOHbepeHUul

Babuin AN., Nesawos M.M. HoBbiit anroputv HaxoxaeHus
KynbMUHALMK SKCMEPUMEHTANBbHOTO HUCTarma (MuHumeTpus). |l
Cbe3f oTopuHoNapuHr. benapycw: Tes. gokn. MuHck; 1992: 68-70.

Canos W.A., MapuHywkuH [.H. Akywepckas TakTuka npw
BHYTPUYyTPOGHOI rnbenu nnoga. B kH.: MaTepuans! IV Poccwit-
ckoro dopyma «Matb n gutsy. M.; 2000; y. 1: 516-9.

Asmopegpepamei

MetpoB C.M. Bpems peakuun u criyxoBas ajantauus B
HOpME W Npu Nepudepuyeckux nopaxexusx cnyxa. Astoped.
Awnc. ... kaHa. megd. Hayk. Cl16.; 1993.

[poyee

World Health Organization. Prevalence and incidence of
selected sexually transmitted infections, 2005 global estimates.
Geneva: World Health Organization; 2011.

TpaHcnumepayus

Cnmncok nuTepaTypbl NOAAETCS B ABYX BapuaHTax: NepBblit Ha
A3blke OpUrMHana (pycckosi3blyHblE MCTOYHWKM KUPUMIWLEN, aH-
rnos3blyHble NaTuHULel), BTopo — (References) B pomaHckoMm
andasute (819 Scopus U Apyrux MexayHapoaHbix 6a3 gaHHbIX,
MOBTOPSS B HEM BCE UCTOYHUKW NUTEPATYPbI, HE3ABUCMO OT TOrO,
VIMEIOTCS NN CPESIN HUX MHOCTPaHHbIe). ECnv B CriMcKe eCTb CCbINKM
Ha VHOCTPaHHble Ny6nuKkaLm, OHM MONHOCTbIO MOBTOPSIOTCS B CMU-
CKe, TOTOBSILLEMCS B POMAHCKOM andasuTe.

B pomaHckom andasute Ons pyCCKOSA3bIYHBIX UCTOYHWUKOB
Tpebyetca cnegywwas cTpyktypa 6ubnuorpaguyeckon ccbin-
ku: aBTOp(bl) (TPAHCNMTEpPaLMS), [NepeBOd Ha3BaHUS KHUTM UK
CTaTbM Ha aHrNUACKWIA A3bIK], Ha3BaHWe UCTOYHMKA (TpaHCcInTe-
pawys), BbIXOAHbIE AaHHble B LMPPOBOM hopmarte, ykasaHue Ha
A3bIK cTaTbkt B ckobkax (in Russian).

[pumep:

Preobrazhenskiy B.S., Temkin Ya.S., Likhachev A.G. Bolezni
ukha, gorla i nosa [Diseases of the ear, nose and throat]. M.:
Meditsina; 1968. (in Russian).

TexHONOrusi NOAroTOBKU CCbINOK C UCNONb30BaHUEM CHU-
CTeMbl aBTOMaTM4€eCKOI TpaHCNUTEPAL UM U NepeBoJYMKa:

Ha carite http://www.translit.ru moxHo 6ecnnaTHo Bocnosib-
30BaTbCA NPOrpaMMON TpaHCAMTEPaLWK pyccKkoro TeKCTa B na-
TUHWLY. Mporpamma o4eHb NpocTas.

Bxogum B nporpammy Translit.ru. B okowke «BapuaH-
Tbl» Bblbupaem cuctemy TtpaHcnutepauun BGN (Board of
Geographic Names). BctaBnsiem B cneyuanbHoe none Becb

TekcT Gubnuorpaduu Ha pycckoM A3blke U HaxXMaeM KHOMKY
«B TPAHCINT.

KonupyeM TpaHCnMTEPUPOBaHHbIN TEKCT B TOTOBALLMICS
cnucok References. MepeBogum Ha aHIMUACKMIA A3bIK HAa3BaHNe
KHWW, CTaTbW, NOCTAHOBMEHUS W T.A., NEPEHOCUM €ro B roTOBS-
Wuiics cnucok. BHumanue! Heobxonum aBTOpCKMIA KOPPEKTHBIN
nepeBod HasBaHus. ABTOMaTWYeCKuii NepeBof, npegnonara-
IOLLMIA BO3MOXHOE UCKaXeHWe CyTW Ha3BaHWS CTaTby, HeLoMy-
CTUM.

OBbeanHsieM onucaHns B COOTBETCTBUM C MPUHATLIMM Npa-
BUNAMN U pefdakTMpyeM CrMCoK. B KOHLUEe CCbinku B Kpyribix
ckobkax ykasbisaetcs (in Russian). Cebinka roToBa.

MpuMepbl TpaHCAWTEPALMM PYCCKOSA3bIYHBIX WCTOYHWUKOB
nuTepaTypbl AN aHrN0sA3bIYHOTo 6noka cTaThbMm.

KHuza: Avtor (y) Nazvanie knigi (znak tochka) [The title of the
book in english]. mesto izdaniya (dvoetochie) nazvanie izdatel’st-
va (znak tochka s zapyatoy) god izdaniya.

Preobrazhenskiy B. S., Temkin Ya. S., Likhachev A. G.
Bolezni ukha, gorla i nosa [Diseases of the ear, nose and throat].
M.: Meditsina; 1968. (in Russian).

Radzinskiy V. E., ed. Perioneologiya: uchebnoe posobie [Peri-
neology tutorial]. M.: RUDN; 2008. (in Russian).

[masa u3 kHueu: Avtor (y) nazvanie glavy (znak tochka) [The
title of the article in english]. In: Avtor (y) nazvanie knigi (znak
tochka) mesto izdaniya (dvoetochie) nazvanie izdatel'stva (znak
tochka s zapyatoy) god izdaniya]. (dvoetochie) str. ot i do.

Korobkov G. A. Temp rechi [Rate of speech]. V kn.: Sovremen-
nye problemy fiziologii i patologii rechi: sb. tr. T. 23. M.;1989:107-
11. (in Russian).

Cmames u3 xypHana: Avtor (y) nazvanie stat'i [The title of the
article in english] (znak tochka) nazvanie zhurnala (znak tochka)
god izdaniya (znak tochka s zapyatoy) tom (esli est’ v kruglykh
skobkakh nomer zhurnala) zatem znak (dvoetochie) stranitsy ot i do.

Kiryushchenkov A. P., Sovchi M. G., Ivanova P. S. Polikis-
toznye yaichniki [Polycystic ovary]. Akusherstvo i ginekologiya.
1994; N 1: 11-4. (in Russian).

Tesucbi doknados, Mamepuaribi Hay4HbIX KOH(hepeHYuUl

Babiy A. I, Levashov M. M. Novyy algoritm nakhozhdeniya
ku'minatsii eksperimental’nogo nistagma (minimetriya) [New
algorithm of finding of the culmination experimental nystagmus
(minimetriya)]. Ill svezd otorinolaringologov Resp. Belarus': tez.
dokl. Minsk; 1992: 68-70. (in Russian).

Salov I. A., Marinushkin D. N. Akusherskaya taktika pri vnu-
triutrobnoy gibeli ploda [Obstetric tactics in intrauterine fetal
death]. V kn.: Materialy IV Rossiyskogo foruma «Mat’ i ditya». M.;
2000; ch.1:516-9. (in Russian).

Asmopecpepamel

Petrov S. M. Vremya reaktsii i slukhovaya adaptatsiya v norme
i pri perifericheskikh porazheniyakh slukha [Time of reaction and
acoustical adaptation in norm and at peripheral defeats of hea-
ring]. PhD thesis. SPb.; 1993. (in Russian).
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biology?]. Zhivye sistemy: nauchnyy elektronnyy zhurnal.
Available at: http://lwww.biorf.ru/catalog.aspx?cat_id=396&d_
no=3576 (accessed 02.07.2012). (in Russian).

Mpumep cnucka nuTepaTypbl, BKIIOYAKOLWEro TPaHCM-
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NIUTEPATYPA
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papcts. AsToped. auc. ... kaHa. 6uon. Hayk. M.; 2008. JoctyneH
no: http://www.dnatechnology.ru/ files/images/d/0b136b567d25d4b
e1dfa26a8b39ec2b9.pdf (nata obpaiyeHus 18.09.2014).

2. FlynnE., Eyre S., Packham J. Childhood Arthritis Prospective Study
(CAPS), UKRAG Consortium, BSPAR Study Group, Barton A,
Worthington J., Thomson W. Association of the CCR5 gene with
juvenile idiopathic arthritis. Genes Immun. 2010; 11 (7): 584-89.
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yKka3bleamb 6 KoHUe 6ubnuozpaghuyecko2o onucaHusl.

OTBETCTBEHHOCTb 3A MNPABWUNbHOCTb BWUBJINO-
MPA®GUYECKUX OAHHBIX HECET ABTOP.

ABTOPCKOE NMPABO
Pegakums oTbupaet, rotoBuT K nybnukauuu n nybnmkyet

nepefaHHble ABTopamu Matepuarbl. ABTOPCKOE NPaBo Ha KOH-

KPETHYI CTaTblo MPUHAANEXNT aBToOpam cTaTbi. ABTOPCKMI r0-

Hopap 3a nybnukauuu cTaTei B XXypHane He BbiNnaynBaeTcs.

AsTop nepepaet, a Pegakuus npuHuMaeT aBTopckue matepua-

bl Ha CNegyrLmMX YCNOBUsIX:

1) Pepakuun nepepaetcs npaBo Ha OOpPMIIEHWe, U3AaHue,
nepefadvy XypHana ¢ onybnmkoBaHHbIM MaTepuanom ABTo-
pa 4ns uenen pedepupoBaHus ctaten 13 Hero B Pedhepa-
TMBHOM XypHane BUHUTW, PHUL, n 6a3ax gaHHbIx, pacnpo-
cTpaHeHwe XXypHana/aBTopCKMX MaTepuanos B neyYaTHbIX 1
3NEKTPOHHbBIX N3AAHNAX, BKIOYAS pa3MeLLleHne Ha BbibpaH-
HbIX NNBo co3gaHHbIX Pepakumen cantax B ceti VHTepHeT
B Llensx 4ocTyna K nybnukauum B MHTEPaAKTUBHOM PEXUME
ntob0oro 3aMHTepecoBaHHOro uLa 13 moboro MecTa u B nto-
Boe Bpems, a Takxe Ha pacnpocTpaHeHne XypHana c ony-
BrmkoBaHHbIM MaTepuanom ABTopa no NOAMMCKE,;

N
—

TEPPUTOPUS, Ha KOTOPOMN paspeLlaeTcst UCMonb30BaTh aBTop-

ckuit matepuan, — Poccuitckas ®efepaums n cetb VIHTEPHET;

3) cpok pevctaus JoroBopa — 5 net. 1o ucteveHnn ykasa-
HOro cpoka Pepakums octaBnset 3a coboit, a ABTOp noa-
TBEPXKAAeT beccpoyHoe NpaBo Pefakuuu Ha NpOJOMKEHME
pasMeLLeHs aBTOPCKOro MaTepnana B ceTu MHTepHeT;

4) Pepakuus BnpaBe No CBOEMY YCMOTPEHMO Be3 Kakux-nnbo
CcornacoBaHui ¢ ABTOpPOM 3aknoyaTh AOrOBOPLI M cornatle-
HWS C TPETBUMU NLLAMK, HAaNpPaBEHHbIE HA JOMOMHNTENb-
Hble Mepbl N0 3aLMTe aBTOPCKUX U U3LaTENbCKUX NPaB;

5) ABTOp rapaHTMpyeT, YTO MCrnonb3oBaHne Pepakuymen npe-
[OCTaBMEHHOTO UM Mo HacTosiwemy [loroBopy aBTOpPCKOro
MaTepuana He HapyLUMT NpaB TPETbUX NNL;

6) ABTOp OCTaBnseT 3a coboi NpaBo MCMONMb30BaTh NMPEAOCTaB-
NeHHbIN N0 HacToseMy [loroBopy aBTOpCKWiA MaTepuan camo-
CTOSTENbHO, NepejaBaTh NpaBa Ha Hero No A0r0BOPY TPETbUM
nuLam, ECnn 3TO He NPOTUBOPEYNT HacTosLemy [lorosopy;

7) Pepakuusi npegoctaBnseT ABTOPY BO3MOXHOCTb 6€3B03-
Me3[HOro MOJTyYeHUsl CMPaBKN C 3NEKTPOHHLIMM afpecamu
ero oguumansHoi nybnukamm B cet MHTepHerT;

8) npw nepenevaTke CTaTbW UM €€ YACTW CChIfIKa Ha MEPBYIO

nybnukaumio B XKypHane obsizatensHa.

NOPAOOK 3AKNIOYEHWA OOrOBOPA

3aknioyeHnem [loroBopa co CTOpOHbl Pepakuun sBnsetcs
onybnukoBaHWe pykonucu aaHHoro ABTopa B XypHane «Russian
Biomedical Research» v pa3melleHne ero TekcTa B cetit VIHTepHeT.
3akntoyeHnem [loroBopa co CTOPOHbI ABTOPA, T.€. NOMHbIM 1 6es-
OrOBOPOYHbIM NPUHATUEM ABTOPOM yCroBui [loroBopa, BnseTcs
nepefaya ABTOPOM PYKOMUCKM W SKCMEPTHOO 3aKMIOYEHUS.

PELLEH3UPOBAHUE

CrtaTbi, NOCTYNMBLUME B pedakumio, 0693aTeNnbHO peLeH3u-
pytoTcs. Ecnv y peligH3eHTa BO3HUKAKT BOMPOCHI, TO CTaTbsl C
KOMMeHTapusMn peLieH3eHTa Bo3BpallaeTcs ABTopy. [aToi no-
CTYNMEHNs CTaTbi CYMTAETCA faTa NonyveHns Pegakuuen OkoH-
yaTenbHOrO BapuaHTa cTaTbu. Pegakuus ocTaBnsieT 3a coboil
MpaBo BHECEHNS PEAaKTOPCKNX MBMEHEHI B TEKCT, HE 1CKaxalo-
LMX CMbICra CTaTby (MUTepaTypHas u TEXHOMOTMYeckas npaBka).

ABTOPCKWE 3K3EMMNNAPbLI XXYPHATA

Pepnakums obszyetcd Bblgatb ABTOpy 1 ak3emnnsp
KypHana Ha kaxgyl onybrKoBaHHY CTaTbl0 BHE
3aBUCMMOCTM OT YnCna aBTOPOB. ABTOPbLI, NPOXMBALOLLME
B CaHkT-leTepbypre, nomy4yalT aBTOPCKAN 3K3EMMMSP
KypHana HenocpeactBeHHo B Pepakuun. VHoropogHum
ABTOpamM aBTOPCKMA 3k3emnnsp XKypHana BbiCbINaeTcs
Ha afgpec aBTOpa MO 3anpocy OT aBTopa. JK3eMnnspbl
CMeLBbINYCKOB He OTNPaBMSATCS aBTOpaMm.

AQPEC PEOAKLINK

194100, Cankt-lNeTepbypr, JIutoBCKas yn., 2
e-mail: scrcenter@mail.ru. Cant xypHana: http://www.gpmu.org/
science/pediatrics-magazine/Russian_Biomedical_Research.
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