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Genetic variation of ERNI
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Corresponding author: Elena Yu. Klyosova (ecless@yandex.ru)

Abstract

Background: The endoribonuclease IRE1 (ERN1) is an important sensor for the endoplasmic retic-
ulum unfolded protein response (UPR), and its activation happens as a result of the accumulation of
unfolded and misfolded proteins in the endoplasmic reticulum (ER). The ERN1 gene may be involved
in ER stress, a feature of type 2 diabetes (T2D). The aim of the study: To investigate the relationship
between common single nucleotide polymorphisms (SNPs) of the ERN1 gene and T2D risk. Materi-
als and methods: The study included 1558 T2D patients (586 males and 972 females) and 1611 (618
males and 993 females) healthy subjects. Two common SNPs, such as rs196914 and rs9911085 lo-
cated in the regulatory region of the ERN1 gene, were genotyped by the MassArray Analyzer-4 sys-
tem. Results: Genotypes T/C-C/C rs196914 showed an association with an increased risk of T2D
(OR=1.18, 95% CI 1.03-1.36, p=0.017). An associative analysis stratified by sex and BMI revealed
that this association occurred in females with a BMI greater than 25 kg/m? (OR = 1.20, 95% CI 1.03-
1.40, p = 0.02). Furthermore, the genotypes rs9911085 T/C-C/C were linked to T2D risk in females
with a BMI greater than 30 kg/m? (OR = 1.44, 95% CI 1.02-1.95, p = 0.034). The haplotype
rs196914C-rs9911085C was found to be associated (p=0.004) with T2D risk in overweight and obese
subjects (i.e. BMI>25 kg/m?). Conclusion: The present study was the first to show the impact of
ERN1 gene polymorphisms on susceptibility to type 2 diabetes; however, the association was female-
and BMI-specific. Further studies are required to confirm the association between ERN1 and T2D
risk.

Keywords: type 2 diabetes mellitus; overweight; obesity; endoplasmic reticulum stress; misfolding;
unfolded protein response; /RE pathway; ERNI
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Introduction. Diabetes mellitus is one
of the global health problems of the 21st cen-
tury [1]. According to the International Diabe-
tes Federation (IDF), diabetes mellitus will af-
fect 537 million persons aged 20-79 years
(prevalence 10.5 %) in 2021, and 783 million
(prevalence 12.2 %) by 2045 [1]. At the same
time, Russia ranks second among all European
countries in terms of diabetes patients, with
90% of patients suffering from type 2 diabetes
(T2D) [1].

Type 2 diabetes is a complex condition
that involves both hereditary and environmen-
tal variables [2]. The pathophysiology of T2D
is linked to pancreatic cell dysfunction and in-
sulin resistance in peripheral tissues, however
the core cause of these illnesses is unknown.
The dysfunction of pancreatic beta-cells in
T2D is primary and is detected at the earliest
stages of the disease, and the progressive loss
of beta-cells due to their apoptosis forms the
basis for the progression of the disease and the
development of complications [3, 4, 5].

It has been established that oxidative
stress (OS), caused by a shift in redox homeo-
stasis towards excessive formation of reactive
oxygen and nitrogen species, plays a signifi-
cant role in the development of dysfunction
and apoptosis of beta-cells in T2D, and due to
their low antioxidant capacity, beta-cells are
extremely sensitive to oxidative damage [6, 7].
Endogenous glutathione deficit, which is path-
ogenetically related with beta cell malfunction
and death, has been established in a number of
studies to be the primary disturbance of redox
homeostasis and OS formation in diabetes [8,
9, 10]. Many studies [11, 12, 13] show that
chronic endoplasmic reticulum stress (ER) is
involved in the creation of -cell dysfunction
and death in T2D, in addition to oxidative
stress.

It is well known that the synthesis and
secretion of insulin in beta-cells is related to
the ability of the ER to package, process, and
move correctly folded insulin protein into the
Golgi apparatus and then to the membrane sur-
face for subsequent secretion [12, 14]. The ac-
cumulation of misfolded protein chains is the

pathophysiological core of ER stress, a general
biological phenomenon of functional overload
of the protein secretion apparatus. When the
maturation of protein molecules is disrupted,
the cell loses its ability to function normally
and faces death. Eukaryotes have evolved a
complicated homeostatic mechanism known as
the unfolded protein response (UPR) to restore
proteostasis. This mechanism is represented by
a triad of proteins — ERN1, PERK, and ATF6,
each of which has a regulatory domain embed-
ded in the ER lumen. Under normal physiolog-
ical conditions, this domain is bound by the
binding immunoglobulin protein (BiP) chaper-
one. The content of free chaperones in the ER
lumen naturally decreases as the load on the
apparatus grows, and BiP is released to per-
form its principal job of protecting protein mat-
uration. ERN1, PERK, and ATF6 are now an-
chored in stress signaling pathways after being
released from their relationship with BiP. As a
result, the ER has a set of sensors that monitor
intraluminal chaperone availability [15]. ERN1
has been identified as one of the key compo-
nents of the UPR and a key regulator of gene
expression. The cytoplasmic C-terminal region
of ERN1 divides into two domains, each con-
taining kinase and endoribonuclease activity. Di-
merization happens after BiP separation, arrang-
ing kinase domains "face to face" [16]. The au-
tophosphorylation in this case changes the struc-
ture of ERN1, opening the nuclease centers of its
dimers and arranging them "back to back™ [17].
As a result, ERN1 inhibits protein translation in
the cytoplasm by selectively degrading a number
of mMRNAs. The degradation of CD59 mRNA in
HelLa cells [18] and mRNA of the microsomal
triglyceride transporter factor MTP in the intesti-
nal epithelium, both of which impede chylomi-
cron production [19], are two examples. There is
also evidence of ERN1-mediated proinsulin
MRNA degradation in chronic hyperglycemia
[20].

Furthermore, from the group of genes re-
sponsible for UPR, only ERNL1 is highly ex-
pressed in the pancreas and is considered a cen-
tral regulator of ER stress signaling, playing a
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crucial role in the regulation of protein and in-
sulin biosynthesis, in particular [21]. In their
investigation, K. Haze and co-authors discov-
ered that inhibiting ERN1 signaling in vitro
lowers insulin production at the translation and
protein folding levels [22]. When ERNL1 is ac-
tivated, it cleaves the mRNA for X-box bind-
ing protein 1 (XBP1), which activates the tran-
scription factor for XBP1. Activated XBP1
starts various transcriptional processes that
boost ER growth and biogenesis and increase
protein entrance into the ER for maturation
and/or cleavage of misfolded proteins after
translocation to the nucleus. XBP1-deficient
animals have poor -cell proliferation, proin-
sulin processing, and insulin production, as
well as ERN1 hyperactivation, according to
Lee et al. [23]. As a result, ERNL1 is essential
for optimum insulin production and ER home-
ostasis. There is no evidence in the literature
that polymorphic variants of the ERN1 gene
are linked to the development of type 2 diabe-
tes, which was the premise for this investiga-
tion.

The aim of the study. To investigate the
relationship between polymorphic variants of
the ERNI gene and the likelihood of acquiring
type 2 diabetes.

Materials and methods. An ethnically
homogeneous sample of 3229 unrelated citi-
zens of Central Russia (mostly natives of the
Kursk region) of Slavic nationality (self-iden-
tification) was used in the study. The KSMU
Regional Ethics Committee authorized the
study protocol (extract from protocol No. 10
dated 12.12.2016). The study included 1558
patients with T2D (586 men and 972 women)
with a mean age of 61.1+6.9 years who were
hospitalized at the endocrinology department
of the Kursk City Clinical Emergency Hospital
from November 2016 to October 2019. The di-
agnosis of T2D was made using WHO criteria
[24, 25]. The control group consisted of 1611
apparently healthy volunteers, 618 men and
993 women with an average age of 60.8+5.7
years, who had previously donated blood to the

Regional Blood Transfusion Station [26].
Based on written informed consent, all study
participants were given 5 mL of fasting venous
blood into vacuum tubes Vacuette with EDTA
as an anticoagulant. The genomic DNA was
extracted using phenol-chloroform. Two sin-
gle nucleotide polymorphisms in the ERN1
gene, rs196914 (T>C) and rs9911085 (T>C),
were chosen for molecular genetic investiga-
tion because they had a strong regulatory po-
tential and a minor allele frequency of at least
10%. The MassArray Analyzer 4 platform was
used to detect ERN1 gene polymorphisms us-
ing laser desorption/ionization time-of-flight
mass spectrometry (Agena Bioscience). The
SNPStats web program
(https://www.snpstats.net/start.htm) was used
to statistically process the collected data. Co-
dominant, dominant, recessive, over-domi-
nant, and log-additive genetic models were in-
vestigated. The association was considered
significant at P<0.05. KEGG pathways tools
were used to recreate metabolic pathways, and
eQTLGen (www.eqgtlgen.org) was used to in-
vestigate tissue-specific expression of the
ERNL1 gene.

Results and discussion. Hardy-Wein-
berg equilibrium was achieved for ERN1 gen-
otype frequencies. Table 1 presents the results
of the analysis of associations with the risk of
developing type 2 diabetes in the general sam-
ple, as well as separately in men and women.
In the whole sample, T/C-C/C rs196914 geno-
types were associated with an increased risk of
acquiring the disease (OR=1.18, 95% CI 1.03-
1.36, p=0.02, dominant genotypic model). The
rs9911085 ERN1 gene was not linked to the
likelihood of acquiring T2D.

Separate comparison of male and female
patients with T2D with controls showed that
the T/C-C/C rs196914 association of the ERN1
gene was typical only for women (OR=1.22,
95% CI 1.02-1.45, p=0.03, dominant model),
while in in men, an increased risk of the disease
with this genotype was not observed (p>0.05).



OpuequlJle(l}l cmamoi
Original article

Klyosova EYu. Genetic variation of ERNI and susceptibility ... 271

Table 1

Genotype and allele frequencies of the ERN1 gene in T2D patients and controls

Patients with

SNP Genotype/ Healthy Colntrols T2D OR? (95% CI) 0-Value?
allele n (%) 1
n (%)
Entire group
TIT 772 (46.5) 664 (42.3) 1.00 0.02
rs196914 T/C-CIC 888 (53.5) 905 (57.7) 1.18 (1.03-1.36) '
C 31.6 34.1 1.12 (1.01-1.24) 0.004
TIT 1125 (69.7) 1060 (68) 1.00 0.31
rs9911085 T/C-CIC 489 (30.3) 498 (32) 1.08 (0.93-1.26) '
C 16.3 17.3 1.08 (0.95-1.25) 0.24
Males
T 281 (45.5) 251 (42.8) 1.00 0.54
rs196914 T/C-CIC 336 (54.5) 335 (57.2) 1.12 (0.89-1.40) '
C 32.7 34.9 1.09 (0.92-1.29) 0.32
TIT 411 (68.5) 406 (70) 1.00 0.58
rs9911085 T/C-CIC 189 (31.5) 174 (30) 0.93 (0.73-1.19) '
C 17.3 16.7 0.96 (0.77-1.19) 0.69
Females
T 482 (46.8) 413 (42) 1.00
0.03
rs196914 T/C-CIC 547 (53.2) 570 (58) 1.22 (1.02-1.45)
C 31.0 34.0 1.14 (1.00-1.40) 0.047
TIT 705 (70.5) 654 (66.9) 1.00 0.08
rs9911085 T/C-CIC 295 (29.5) 324 (33.1) 1.18 (0.98-1.43) !
C 15.7 17.8 1.17 (0.99-1.38) 0.07

Note: 1 Absolute number and percentage of individuals/chromosomes with a particular genotype/allele. 2 Odds ratio
with 95% confidence intervals (crude analysis) with one degree of freedom. 3 p-Value — significance level.

Following that, a stratified analysis by
sex and BMI was conducted (Table 2): the as-
sociation found in the general group was ob-
served only in women with BMI >25 kg/m?,
which corresponds to overweight and obesity
(OR=1.20, 95% CI 1.03- 1.40, p=0.02, domi-
nant model) and was absent in men (p>0.05).
In addition, an association of the rs9911085
T/C-C/C polymorphism in obese women
(BMI>30 kg/m?) was established: OR=1.44,
95% CI 1.02-1.95, p=0.03, dominant model.

Table 3 shows the results of the distribu-
tion of haplotype frequencies in T2D patients
and healthy people. Haplotype rs196914C-
rs9911085C was associated with an increased
risk of developing T2D both in women in the
general sample and in women with overweight
and obesity (BMI >25 kg/m?): OR=1.36, 95%
Cl 1.10-1.64, p=0.004.

We used the eQTLGen consortium data-
base to examine the mRNA expression profiles
(eQTL) of the studied SNPs, which include
data from a thorough transcriptome investiga-

tion of 30,847 blood samples from healthy vol-
unteers, the majority of whom are of European
origin. The database made it possible to iden-
tify significant cis-eQTLs for each studied
SNP. Thus, the alleles rs196914-C and
rs9911085-C are associated with a significant
decrease in the expression of the ERN1 gene in
whole blood (P=5.10x10"° and P=5.17x10"
138 respectively, FDR<0.0001). The alterna-
tive alleles rs196914-C and rs9911085-C are
related with hypermethylation of the ERN1
gene, and therefore with a decrease in its ex-
pression in childhood and adolescence, accord-
ing to an analysis of the effects of the examined
polymorphisms on gene methylation status
(mQTL). According to experimental evidence
from K.L. Lipson et al., suppressing ERN1 ex-
pression lowers the amount of cellular insulin
[20].

The STRING tool was used to analyze
ERN1 connections with other genes at the level
of protein products, and it revealed functional
partners of ERN1 that constitute an interacting
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network of 10 proteins (Fig. 1): HSPA5 — be-
longs to the heat shock protein family 70, glu-
cose-regulated Bip ER chaperone ; XBP1 — X-
box-binding protein 1; ANF6 — activating tran-
scription factor 6, initiates UPR during ER
stress; TMBIM6 — Bax inhibitor, apoptosis
suppressor; SYVNL1 — E3 ubiquitin protein lig-
ase synoviolin; GNB2L1 — activated C-kinase
1 receptor; BCL2L11 — Bcl-2-like protein 11,
induces apoptosis; MAP3K5 — mitogen-acti-
vated protein kinase kinase 5; TNF-tumor ne-

crosis factor; TRAF2 — TNF receptor-associ-
ated factor 2. Using the analysis of gene ontol-
ogy terms enrichment, it was found that 8 pro-
teins are directly involved in the regulation of
the cellular response to endoplasmic reticulum
stress: HSPA5, ANF6, XBP1l, SYVNI],
BCL2L11, TMBIMS, GNB2L1
(FDR=5.66*10"%); and 7 proteins are respon-
sible for the positive regulation of apoptosis:
ANF6, XBP1, BCL2L11, GNB2L1,
MAP3KS5, TNF, TRAF2 (FDR=4.86*10).

GNB2L1

Note: red color — regulation of the cellular response to ER stress, blue — positive regulation of the apoptotic signaling

pathway.

Fig. 1. Network of protein partners of the ERN1 gene

Glucotoxicity and lipotoxicity impede
ER stress compensation in the established clin-
ical picture of diabetes mellitus [27, 28]. ER
stress plays a key role in the creation of obesity
and insulin resistance in adipose and hepatic
tissue, in addition to a decrease in insulin pro-
duction due to a decrease in the population of
B-cells. Signaling through the unfolded protein
response's ERN1 pathway has both beneficial
and harmful consequences in obesity. Overex-
pression of the ERN1-regulated transcription
factor XBP1 protects cells from metabolic bal-
ance abnormalities caused by obesity [28].
However, ERN1 hyperactivation involves a
second mechanism, the dependent breakdown
and pro-inflammatory signaling of
TRAF2/IJNK. TRAF?2 is a receptor that signals

TNF ligation to turn on apoptosis via MAPK,
JNK and p38 (Fig. 2).

The carriage of the rs196914-C and
rs9911085-C alleles is associated with a de-
crease in the expression of serine/threonine
protein  kinase/endoribonuclease  (ERNL1),
which is a central regulator of ER stress signal-
ing. Reduced ERN1 expression can result in
signaling reduction of the XBP1 transcription
factor, which causes chaperone activation to
worsen (Fig. 2), lowering insulin production at
the translation and protein folding levels. At
the same time, overweight and obesity are two
factors that impede protein folding [29]: poorly
folded proteins accumulate in the cell due to a
decrease in ERN1 activity, which can lead to
the cell's forced death.
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Table 2
Genotype and allele frequencies of the ERN1 gene in T2D patients and controls
Ge;ﬁ;?;pe’ gc?r?tlltrg?/s Pat'e”rfs((‘)’)’(:)tf‘ T2D | ore@secl | p-value gfﬁfﬁ?ﬁ Pa“e”rfs((‘,’/"o')tf‘ T2D 1 oRr2g59% Cl) | p-value?
SNP n (%)" n (%)
Males Females
BMI < 25 kg/m? norm
T 54 (47) 55 (47) 1.00 100 (51.5) 44 (50.6) 1.00
rs196914 T/C-CIC 61 (53) 62 (53) 1.00 (0.60-1.67) 099 94 (48.5) 43 (49.4) 1.04 (0.63-1.72) 088
C 27.9 31.3 1.17 (0.72-1.90) 0.60 28.6 28.2 0.98 (0.66-1.45) 0.91
TIT 77 (67.5) 86 (74.1) 1.00 135 (70.7) 61 (70.9) 1.00
rs9911085 T/C-CIC 37 (32.5) 30 (25.9) 0.73 (0.41-1.29) 027 56 (29.3) 25 (29.1) 0.99 (0.56-1.73) 07
C 31.3 30.8 0.98 (0.66-1.44) 0.90 15.2 15.7 1.04 (0.63-1.71) 0.88
BMI > 25 kg/m? overweight and obesity
TIT 221 (45.4) 196 (41.8) 1.00 0.26 380 (46.1) 369 (41.2) 1.00 0.04
rs196914 T/C-CIC 266 (54.6) 273 (58.2) 1.16 (0.90-1.49) 444 (53.9) 527 (58.8) 1.22 (1.01-1.48)
C 33.1 35.5 1.11 (0.92-1.35) 0.28 315 345 1.15 (1.00-1.32) 0.06
TIT 323 (68.6) 320 (69) 1.00 0.90 565 (70.8) 593 (66.5) 1.00 0.06
rs9911085 T/C-CIC 148 (31.4) 144 (31) 0.98 (0.74-1.30) 233 (29.2) 299 (33.5) 1.22 (0.99-1.50)
C 175 17.5 1.00 (0.78-1.26) 0.98 15.7 18.0 1.19 (0.99-1.42) 0.07
BMI >30 kg/m? obesity
TIT 23 (48.9) 115 (40.9) 1.00 87 (47.3) 269 (40.3) 1.00
rs196914 T/C-CIC 24 (51.1) 166 (59.1) 1.38 (0.74-2.57) 031 97 (52.7) 398 (59.7) 1.33 (0.96-1.84) 009
C 31.9 36.3 1.21 (0.72-1.92) 0.41 29.6 34.7 1.26 (0.98-1.62) 0.08
T 33 (71.7) 191 (68.7) 1.00 0.68 133 (73.9) 432 (65.2) 1.00 0.02
rs9911085 | T/C-C/C 13 (28.3) 87 (31.3) 1.16 (0.58-2.31) 47 (26.1) 231 (34.8) 1.51 (1.05-2.19)
C 15.2 17.4 1.15 (0.63-2.10) 0.71 13.6 18.6 1.45 (1.04-2.02) 0.03

Note: ! Absolute number and percentage of individuals/chromosomes with a particular genotype/allele. > Odds ratio with 95 confidence intervals (crude analysis) with one degree of
freedom.  p-Value — significance level




HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2022;8(3):268-277

OpuZuHa.’leaﬂ cmamaous ; . o 274
Original article Research Results in Biomedicine. 2022:8(3):268-277
Table 3
Haplotype frequencies of the ERN1 gene in T2D patients and controls
Health Patients Health Patients with
N | rsio6014 | re0011085 | Controls | with T2 OR? (35 CI) p-Value? | Co ot T2D OR'(95C) p-Value?
Males Females
Entire group
1 T T 0.6359 0.6311 1.00 0.6537 0.6326 1.00
2 C T 0.1905 0.2008 1.06 (0.86 — 1.31) 0.59 0.1893 0.1893 1.04 (0.88 — 1.23) 0.62
3 C C 0.1361 0.1448 1.08 (0.85 — 1.37) 0.54 0.1215 0.1505 1.29 (1.07 — 1.57) 0.009
4 T C 0.0375 0.0234 0.61 (0.35-1.07) 0.08 0.0358 0.0277 0.80 (0.53-1.21) 0.30
General p haplotype associations:0.26 General p haplotype associations: 0.045
BMI < 25 kg/m? norm

1 T T 0.6312 0.6650 1.00 0.6891 0.6702 1.00
2 C T 0.1973 0.1966 0.94 (0.58 — 1.53) 0.82 0.1588 0.1720 1.13(0.67 —1.91) 0.64
3 C C 0.1157 0.1111 0.90 (0.48 —1.69) 0.75 0.1273 0.1096 0.89(0.49 -1.62) 0.70
4 T C 0.0558 0.0273 0.45(0.14-1.39) 0.17 0.0249 0.0482 2.05 (0.70 — 6.04) 0.19

General p haplotype associations: 0.71 General p haplotype associations:0.59

BMI > 25 kg/m? overweight and obesity

1 T T 0.6362 0.6225 1.00 0.6460 0.6290 1.00
2 C T 0.1885 0.2019 1.09 (0.86 — 1.39) 0.47 0.1971 0.1909 1.01(0.84 —1.21) 0.94
3 C ¢ 0.1421 0.1531 1.10 (0.85 — 1.43) 0.46 0.1179 0.1545 1.36 (1.10 — 1.68) 0.004
4 T C 0.0332 0.0225 0.68 (0.36 — 1.28) 0.23 0.0391 0.0255 0.67 (0.43-1.05) 0.08

General p haplotype associations: 0.44 General p haplotype associations: 0.01

BMI >30 kg/m? obesity

1 T T 0.6274 0.6192 0.93 (0.53 —1.63) 0.81 0.6860 0.6261 1.00
2 C T 0.2195 0.2050 1.71 (0.78 — 3.76) 0.18 0.1772 0.1883 1.19 (0.87 — 1.64) 0.28
3 C C 0.0996 0.1580 0.29 (0.08 —1.07) 0.06 0.1192 0.1588 1.53 (1.05-2.22) 0.03
4 T C 0.0535 0.0178 0.93 (0.53 - 1.63) 0.81 0.0178 0.0272 1.71 (0.64 — 4.57) 0.29

General p haplotype associations: 0.19

General p haplotype associations: 0.009

Note: ! Odds ratio with 95 confidence intervals (crude analysis) with one degree of freedom. 2 p-Value — significance level.
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Note: purple arrows highlight the ERN1 activation pathway during ER stress.
Fig. 2. Metabolic map of UPR activation under ER stress
(KEGG pathways data https://www.genome.jp/kegg/pathway.html)

Conclusion. Thus, the study was the first
to show a link between the polymorphic loci
rs196914 and rs9911085 in the regulatory area
of the ERN1 gene with an elevated risk of de-
veloping T2D, indicating that the endoribonu-
clease IRE1 gene may play arole in the disease
etiology. The discovered connections are
unique to women and are influenced by body
mass index. The decreased transcriptional ac-
tivity of the ERN1 gene in carriers the of alter-
native alleles rs196914-C and rs9911085-C of
the analyzed polymorphisms can explain the
link between the studied loci and illness. To
confirm connections between polymorphic
variants of the ERN1 gene and the likelihood
of acquiring type 2 diabetes, more research in
various communities around the world is
needed.
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Abstract

Background: Ischemic stroke (1S) is the leading cause of death and disability worldwide. Chaperone
proteins protect brain cells from the ischemic damage by restoring the structures of damaged proteins.
Chaperone C9orf16 (also known as BBLN) belongs to the class of heat-resistant obscure (HERO)
proteins, characterized by the ability to stabilize various proteins, suppress neurotoxicity and reduce
proteotoxic stress. In this regard, it may play a potentially significant role in the risk of development
and clinical manifestations of IS. The aim of the study: To investigate an association between a
single nucleotide polymorphism rs2900262 in the gene encoding C9orf16 and predisposition to IS.
Materials and methods: A total of 897 patients with IS and 1140 healthy controls were recruited for
the study. Genotyping was done using a probe-based genotyping assay. Multiple logistic regression
analysis was performed to evaluate the associations of the rs2900262 genotypes with the risk of IS
and ischemic events. Dominant, recessive and additive models of associations of genotypes were
analyzed. Adjustment for sex, age, and smoking was done throughout. Benjamini-Hogberg false-
discovery rate was used to correct for multiple comparisons. Results: The rs2900262*T allele was
found to be associated with the increased risk of IS exclusively in females (dominant model:


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-0652-2219
https://orcid.org/0000-0001-7894-8385
https://orcid.org/0000-0001-9766-2104
https://orcid.org/0000-0001-8632-4708
https://orcid.org/0000-0002-2014-5827
https://orcid.org/0000-0001-5163-575X
https://orcid.org/0000-0002-4729-4654
https://orcid.org/0000-0001-5420-3557
https://orcid.org/0000-0002-5811-2537
https://orcid.org/0000-0001-6521-3793
https://orcid.org/0000-0002-1439-6259
https://orcid.org/0000-0003-3333-0623

OpuZLIH[l./le(l}l cmamosA

Original article Kobzeva KA, et al. C90rf16 (BBLN) gene, encoding a member of ... 279

OR=1.74, 95% CI=1.07-2.82, PFPR=0,042; additive model: OR=1.69, 95% CI=1.06-2.71,
PFPR=0,042). Additional analysis showed that the rs2900262*T is associated with the increased risk
of IS in smokers only (dominant model: OR=1.92, 95% CI1=1.09-3.37, PFPR=0.042; additive model:
OR=1.79, 95%CI1=1.04-3.08, PFPR=0.042). Also, we demonstrated that C/T-T/T genotype carriers ex-
hibit an earlier manifestation of IS (59.53+1.12 years) compared to the C/C genotype carriers
(61.63+0.4 years); mean difference=-1.98; 95% Cl=-3.61 — -0.36; PFPR=0.026. Conclusion: This
study is the first in the world to demonstrate the possible contribution of the rs2900262 C90rf16 gene
polymorphism to the risk of ischemic stroke.

Keywords: ischemic stroke; Hero; heat-resistant obscure; chaperones; rs2900262; C9orf16; BBLN

For citation: Kobzeva KA, Shilenok IV, Belykh AE, et al. C9orf16 (BBLN) gene, encoding a mem-
ber of Hero proteins, is a novel marker in ischemic stroke risk. Research Results in Biomedicine.
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Background. Despite the significant ef-
forts made by the world’s medical community
in the field of prevention and treatment of
stroke, this disease remains the second leading
cause of death worldwide, and a leading cause
of adult disability [1], cognitive decline and
dementia [2]. Ischemic stroke (IS) comprises
up to 85% of all cases [3]. The risk of IS is de-
termined by a complex interplay of genetic and
environmental factors partly acting through
modifiable risk factors such as high blood pres-
sure [4, 5].

The previous studies have already re-
vealed genetic markers associated with the de-
velopment of IS [6, 7, 8], as well as related
phenotypes/risk factors, such as hypertension
[9, 10, 11], atherosclerosis [12, 13], and throm-
bosis [14]. However, despite the large number
of studies conducted in the world, the molecu-
lar mechanisms of IS development remain
poorly understood.

One of the most promising fields in this
area is the study of chaperone proteins. A crit-
ical decrease in perfusion in IS leads to hy-
poxic damage to brain tissues [15]. Cascades
of ischemic and reperfusion damage to neurons
and glia include hundreds of individual links
that lead to cell death. It is the critical accumu-
lation of damaged enzymes and structural pro-
teins that causes irreversible changes that lead
to necrosis or programmed cell death [16]. The
main function of chaperones is to restore the
native tertiary and quaternary structure of dam-
aged proteins. There is already enough infor-
mation that confirms the neuroprotective role
of chaperones in IS, for example, the HSP class
of chaperones ("heat shock™ proteins) [17].

Recently, a new class of chaperones,
"Hero proteins”, has been discovered, which
main mechanism of action is the physical
shielding of other proteins. Such a function is
provided by a flexible structure and a high neg-
ative or positive charge of molecules [18].
Moreover, Hero proteins can suppress some
forms of pathogenic protein aggregates in cells
and in animal models of neurodegenerative
diseases in vivo. The described properties of
Hero let us suggest their wide involvement in
the physiological and pathological processes
occurring in cells with ischemic damage.

The aim of this study was to analyze as-
sociation of the tagger SNP rs2900262 in gene
C9orf16 encoding the member of Hero pro-
teins with the risk and clinical manifestations
of ischemic stroke.

Material and methods. A total of 1929
unrelated Russians (861 patients with IS and
1068 healthy individuals) from Central Russia
were recruited into the study. The Ethical Re-
view Committee of Kursk State Medical Uni-
versity approved the study protocol. All the
participants gave written informed consent be-
fore the enrollment in this study, subject to the
following inclusion criteria: self-declared Rus-
sian descent, a birthplace inside of Central
Russia.

Baseline and clinical characteristics of
the study population are listed in Table 1. The
patients were enrolled in to the study in two pe-
riods: from the Regional Vascular Center of
Kursk Regional Clinical Hospital between
2015 and 2017 [19, 20] and Neurology Clinics
of Kursk Emergency Medicine Hospital Kursk
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between 2010 and 2012 [21, 22]. All the pa-
tients were examined by qualified neurolo-
gists. The diagnosis of IS was made in the
acute phase of stroke, according to the results
of the neurological examination and computed
tomography and/or magnetic resonance imag-
ing of the brain. The patients were recruited
consecutively. The IS patients were enrolled
under the following exclusion criteria: hepatic
or renal failure or endocrine, autoimmune, on-
cological, or other diseases that can cause an
acute cerebrovascular event; intracerebral
hemorrhage, hemodynamic or dissection-re-
lated stroke, traumatic brain injury. All the pa-
tients with IS had a history of hypertension and
received antihypertensive therapy.

The control group was compiled from
healthy volunteers with no clinical evidence of
cerebrovascular, cardiovascular, or other
chronic diseases and with normal blood pres-
sure without antihypertensive therapy. Healthy
individuals were included in control group if
they had a systolic blood pressure less than 130
mm Hg and/or a diastolic blood pressure less
than 85 mm Hg on at least 3 separate measure-
ments. Control subjects were enrolled from
Kursk hospitals during periodic medical exam-
inations at public institutions and industrial en-
terprises of Kursk region. This group was re-
cruited from the same population and during
the same period [23, 24].

Table 1
Baseline and clinical characteristics of the studied groups
. - _— IS patients Controls
Baseline and clinical characteristics (n=897) (n=1140) Praw
Age, Me [Q1; Q3] 63 [55; 70] 57 [53; 64] <0.001
Gender Males, N(%) 498 (55.5%) 508 (44.6%) <0.001
Females, N(%) 399 (44.5%) 632 (55.4%) '
Smoking Yes, N (%) 442 (49.3%) 308 (27%) <0001
No, N (%) 455 (50.7%) 832 (73%) '
Coronary artery disease Yes, N (%) 113 (13.2%) .
y artery No, N (%) 746 (86.8%) -
. . Yes, N (%) 103 (12.1%) -
Type 2 diabetes mellitus No, N (%) 747 (87.9%) .
Family history of cere- Yes, N (%) 306 (35.9%) ND
brovascular diseases No, N (%) 546 (64.1%) ND
Age at onset of stroke, Me [Q1; Q3] 61 [54; 70], n=869 -
. 1, N (%) 774 (89.1%) -
e e 209 52 (0.9 -
g g 3, N (%) 13 (1.5%) -
Right/left middle cerebral ar-
tery basin, 723 (83.2%) -
Stroke localization N (%)
Vertebrobasilar basin, 0
N (%) 146 (16.8%) -
Area of lesion in stroke, mm?, Me [Q1; Q3] 104 [30; 468], n=850 -
Total cholesterol, mmol/L, Me [Q1; Q3] 5.2 [4.4;5.9], n=583 ND
Triglycerides, mmol/L, Me [Q1; Q3] 1.3[1.1;1.8], n=575 ND
Glucose level, mmol/L, Me [Q1; Q3] 4.8 [4.3; 5.5], n=861 ND
Prothrombin time, seconds, Me [Q1; Q3] 10.79 [r}381445’ 11.7], ND
International normalized ratio, Me [Q1; Q3] 110.93; 1.09], n=566 ND
Activated partial thrombolezs]tm time, seconds, Me [Q1; 32.6 [29; 37], =569 ND

Note: statistically significant differences between groups are indicated in bold; ND — no data.
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The following criteria were used in the
selection of SNPs: the SNP must be tagging,
have a minor allele frequency of at least 0.05
in the European population and be character-
ized by a high regulatory potential. According
to the Dbioinformatic tool GenePipe
(https://snpinfo.niehs.nih.gov/snpinfo/sele-
gene.html), which was used to select SNPs
based on the reference haplotypic structure of
the Caucasian population (CEU) of the project
HapMap, the only tag SNP in the gene C9orf16
(also known as BBLN, 1ID:79095) is
rs2900262. This genetic variant is localized in
the intron. Several bioinformatic resources
were used to assess the regulatory potential of
this SNP. Bioinformatic resource HaploReg
(v4.1) established a connection of rs2900262
C9orfl16 with modifications of histones mark-
ing promoters in 15 different tissues; it estab-
lished the localization of this SNP in the re-
gions of hypersensitivity to deoxyribonuclease
in 7 issues, regions of 4 regulatory motifs
(https://pubs.broadinstitute.org/mammals/hap-
loreg/haploreg.php). According to rSNPBase
(http://rsnp.psych.ac.cn/index.do), it is charac-
terized by distal transcriptional regulation, the
regulation mediated by RNA-binding proteins
and regulation mediated by microRNA. The
instrument RegulomeDB allowed to reveal that
rs2900262 C9orf16 is characterized by a regu-
latory coefficient of 1b (eQTL + TF binding +
any motif + DNase Footprint + DNase peak)
(http://requlome.stanford.edu/). According to
the date presented in Ensembl genome
browser, this genetic variant is characterized
by an average frequency of the minor T allele
in  European  populations of  0.057
(https://www.ensembl.org/). Thus, rs2900262
C9orfl6 was selected for this study, which
meets the necessary criteria for inclusion in the
study.

Genetic Analysis. DNA analysis was
carried out at the Laboratory of Genomic Re-
search of Research Institute for Genetic and
Molecular Epidemiology of Kursk State Med-

ical University (Kursk, Russia). Approxi-
mately 5 mL of venous blood was collected
from the cubital vein of each participant into
EDTA-coated tubes and maintained at —20°C
until processed. Genomic DNA was extracted
from thawed blood samples by the standard
procedure of phenol/chloroform extraction and
ethanol precipitation. Genotyping of the SNP
was done using Tag-Man—based real-time pol-
ymerase chain reaction assays according to the
protocol designed in the Laboratory of Ge-
nomic Research, Research Institute for Genetic
and Molecular Epidemiology. Primers and
probes were designed (http://primer3.ut.ee/)
using the Primer3 online program [25], and
then synthesized by the Syntol company (Mos-
cow, Russia). The 2 flanking primers such as
forward 5'- ATATACCATGAGGGGGTT-
GGA -3’ and reverse 5'- GAGGAGCTGGAG-
GAGCGTAT-3" and also allele-specific
probes T-5'-FAM-CCTTTCCCAGAACACA-
RTQ1-3’ and 5'-ROX-CCTTTCCTA-
GAACACA-BHQ2-3" were used for genotyp-
ing of the polymorphism. A real-time PCR was
done in a 25-mL reaction mixture containing
1.5 U of Hot Start Tag DNA polymerase (Bi-
olabmix, Novosibirsk, Russia), about 1 pg of
DNA, 0.25 uM each primer, 250 uM dNTPs,
3.0 mM MgCl, 1xPCR buffer [67 mM Tris-
HCI, pH 8.8, 16.6 mM (NH4)2SO4, 0.01%
Tween-20]. The amplification reaction con-
sisted of an initial denaturation for 10 minutes
at 95°C, followed by 39 cycles of 92°C for 30
seconds and 58°C for 1 minute. Figure 1 shows
allelic discrimination plot for SNP rs2900262
C9orf16 assay designed for this study. The plot
shows clear separation between the signals de-
rived from allele 1 (rs2900262-C, FAM fluo-
rescent dye) or allele 2 rs2900262-T, ROX flu-
orescent dye). Genotypes CC, CT, and TT are
shown as circles, triangles and squares, respec-
tively. Primer sequences used for genotyping
are available upon request. To ensure quality
control, 10% of DNA samples were genotyped
in duplicates blinded to the case-control status.
The concordance rate was >99%.
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Fig. 1. Allelic discrimination plot for SNP rs2900262 C9orfl16 assay designed for this study.

Allele and genotype frequencies in the
case and control groups were counted and
compared by the Fisher exact test to identify
significant departures from Hardy—Weinberg
equilibrium. Genotype frequencies in the study
groups and their associations with disease risk
were analyzed using the SNPStats software
(https://www.snpstats.net/start.ntm) [26]. For
the analysis of associations of genotypes, dom-
inant, recessive, and additive models were con-
sidered; taking into account the number of
models of associations, a correction for multi-
ple testing was applied using Benjamini-Hog-
berg false-discovery rate approach.

Multiple logistic regression analysis was
performed to evaluate the associations of
rs2900262 C9orfl6 genotypes with the risk of
ischemic events. Continuous variables were
analyzed for normal distribution by the Kol-
mogorov-Smirnov test. Linear regression
analysis was used to evaluate the association
between rs4644832 and age of ischemic
events, which was previously transformed to a
normal variable through the procedure of in-
verse transformation of ranks. All associations
were adjusted for age, gender and smoking
status.

The following bioinformatics recourses
were used for analysis of regulatory potential
of rs2900262 C9orf16:

- The rSNPBase tool
(http://rsnp.psych.ac.cn/index.do) was used to
evaluate the effect of SNPs on proximal tran-
scriptional regulation, distal transcriptional
regulation, RNA-binding protein-mediated
regulation, and miRNA-mediated regulation
(accessed on 7 May 2022) [27].

- RegulomeDB (Version 1.1) (http://reg-
ulome.stanford.edu/) was used to estimate the
regulatory coefficient of SNP (accessed on 7
May 2022) [28].

- GTExportal (http://www.gtexportal.org/)
was used to analyze the expression levels of the
studied genes in brain, whole blood, and blood
vessels, as well as to analyze the binding of SNPs
to quantitative expression trait loci (eQTLS) (ac-
cessed on 7 May 2022) [29].

- Additionally, to analyze the binding of
rs2900262 C9orfl6 to quantitative expression
trait loci (eQTL) in peripheral blood, the

eQTLGen resource was used
(https://www.eqtlgen.org/) (accessed on 7 May
2022) [30].

- Bioinformatics resource HaploReg
(v4.1) (http://archive.broadinstitute.org/mam-
mals/haploreg/haploreg.php) was used to as-
sess the association of rs2900262 C9orf16 with
histone modifications marking promoters and
enhancers: mono-methylation at the 4th lysine
residue of the histone H3 protein (H3K4mel),
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tri-methylation at the 4th lysine residue of the
histone H3 protein (H3K4me3), the acetylation
at the 9th lysine residues of the histone H3 pro-
tein (H3K9ac), acetylation of the lysine residues
at N-terminal position 27 of the histone H3 pro-
tein (H3K27ac). This resource has also been
used to analyze the localization of SNPs in re-
gions of DNase hypersensitivity, regions of reg-
ulatory motifs, and sites binding with regulatory
proteins (accessed on 7 May 2022) [31].

- To assess the effect of rs2900262
C9orf16 on the binding of transcription factors
(TFs) to DNA, depending on the carriage of the
reference/alternative alleles, the atSNP Func-
tion Prediction online tool was used
(http://atsnp.biostat.wisc.edu/search; accessed
on 14 May 2022) [32]. TFs were included in
the analysis only under the condition of a high
and very high degree of influence of SNP on
the interaction of TFs with DNA, calculated on
the basis of a positional weight matrix. The
subsequent analysis of the possible joint par-
ticipation of TFs associated with the refer-
ence/SNP alleles in common biological pro-
cesses directly related to the pathogenesis of IS
was carried out using the Enrichr online tool
(https://maayanlab.cloud/Enrichr/) [33]. Bio-
logical functions controlled by transcription
factors associated with SNP rs2900262
C9orfl16 were used as functional groups (ac-
cessed on 14 May 2022). The level of signifi-
cance of gene ontologies, taking into account

multiple tests, was assessed by the Benjamini—
Hochberg method (False Discovery Rate) [34].

- For bioinformatics analysis of interac-
tions between the C9orfl6 gene and cigarette
smoke components, the Comparative Toxi-
cogenomics Database resource (CTD) availa-
ble online, was used (http://ctdbase.org) (ac-
cessed on 16 May 2022) [35]. CTD provides
the ability to analyze specific interactions be-
tween genes and chemicals in vertebrates and
invertebrates based on data obtained from pub-
lished scientific studies worldwide. This tool
was used to analyze binary interactions involv-
ing one chemical and one gene/protein.

The Cerebrovascular Disease
Knowledge Portal (CDKP) (https://cd.huge-
amp.org/) was used for bioinformatic analyze
of the associations of rs2900262 C9orf16 with
atherosclerosis-associated diseases, intermedi-
ate phenotypes, and risk factors for ischemic
stroke (such as blood pressure, the level of tri-
glycerides, the level of low density lipopro-
teins, etc.) (accessed on 18 May 2022) [36].

Results and discussion. The allele fre-
quencies in the study patients according to the
data published in the 1000 Genomes Project,
Phase 3 (http://www.ensembl.org (accessed on
30 May 2022)) were comparable with those re-
ported in following European populations:
British in England and Scotland (GBR), Ibe-
rian populations in Spain (IBS), Toscani in It-
aly (TSI) (Table 2).

Table 2

Comparative analysis of allele frequencies between the population investigated
in the present study and other European populations

Population Minor allele Present study (control) European populations x? P-level
CEU T 0.038 0.071 4,94 0.03
FIN T 0.038 0.076 6.53 0.01
GBR T 0.038 0.060 2.19 0.14
IBS T 0.038 0.047 0.38 0.54
TSI T 0.038 0.033 0.16 0.69

Note: Data on the frequency of the minor allele in European populations were obtained using the Ensembl genome
browser (https://www.ensembl.org/index.html); statistically significant differences in the frequency of the minor allele

are indicated in bold

The genotype frequencies of rs2900262
C9orf16 in study groups are presented in Table 3.
The distribution of genotypes frequencies cor-
responded to the Hardy-Weinberg equilibrium

both in the group of patients and in the control
group (P>0.05).

Analysis of the general group of pa-
tients/controls did not show an association of
rs2900262 C9orf16 with the risk of IS (Table 3).
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Table 3
Genetic models of associations of rs2900262 C9orf16 with the risk of ischemic stroke
1 Controls . _ corOR -3 FDR
M Genotypes (N=1140) Patients (N=897) (95% CIY? Padj P
0, 0,
D Ci/C 1054 (92.5%) 817 (91.1%) 1.00 0.33 0.44
CIT-TIT 86 (7.5%) 80 (8.9%) 1.18 (0.84-1.66)
- 0, 0,
. C/C-CIT 1139 (99.9%) 895 (99.8%) 1.00 0.44 0.44
T 1 (0.1%) 2 (0.2%) 2.52 (0.22-28.50)
A - 1.19 (0.86-1.65) 0.29 0.44

Note: 1 — genetic models of associations of genotypes: D — dominant; R — recessive; A-additive; 2 — odds ratio and 95%
confidence interval adjusted by sex, age, smoking; 3-P — level adjusted by sex, age, smoking; PR — P-level, after the
correction on the number of models (calculated by the Benjamini-Hochberg method); All calculations were performed
relative to the minor allele T; Statistically significant differences are marked in bold.

Due to a possible sex dimorphism in the
associations of genetic variants with the risk of
IS, an analysis of the relationship of rs2900262
C9orf16 with the development of IS separately
in males and females was carried out. It turned
out that this genetic variant does not affect the

In particular, according to the dominant model,
genotypes C/T-T/T was associated with an in-
creased risk of IS (corOR=1.74, 95%CI 1.07—
2.82, Padj=0.025, PFPR=0.042). According to
the additive model, the rs2900262 genotypes
were also associated with an increased risk of

risk of the disease in males. As shown in Table IS  (corOR=1.69, 95%Cl  1.06-2.71,
4, SNP rs2900262 C9orf16 was found to be as- Padj=0.028, PFPR=0.042).
sociated with a increased risk of IS in females.
Table 4
Sex-specific associations of rs2900262 C9orf16 with the development of ischemic stroke
Males
1 Controls . _ corOR - FDR4
M Genotypes (N=508) Patients (N=498) (95% CIY? Padj P
D CiC 461 (90.8%) 457 (91.8%) 1.00 0.57 0.65
CIT-TIT 47 (9.2%) 41 (8.2%) 0.88 (0.57-1.36) ' '
R c/c-CIT 508 (100%) 497 (99.8%) 1.00 0.24 0,65
T/T 0 (0%) 1 (0.2%) NA (0.00-NA)
A - - - 0.91 (0.59-1.39) 0.65 0.65
Females
1 Controls . _ corOR 3 FDR
M Genotypes (N=632) Patients (N=399) (95% CIY? P P
D
c/IC 593 (93.8%) 360 (90.2%) 1.00 . 0,042
CIT-TIT 39 (6.2%) 39 (9.8%) 1.74 (1.07-2.82)
R ci/c-CIT 631 (99.8%) 398 (99.8%) 1.00 0.83 0.83
T/T 1 (0.2%) 1 (0.2%) 1.40 (0.06-32.79)
A - - - 1.69 (1.06-2.71) 0.028 0.042

Note: 1 — genetic models of associations of genotypes: D — dominant; R — recessive; A-additive; 2 — odds ratio and 95%
confidence interval adjusted by age, smoking; 3-P — level adjusted by age, smoking; P™°R — P-level, after the correction
on the number of models (calculated by the Benjamini-Hochberg method); All calculations were performed relative to
the minor allele T; Statistically significant differences are marked in bold.

The analysis of associations of
rs2900262 C9orfl6 with of IS risk depending
on the smoking status revealed that this genetic
variant is associated with an increased risk of
IS exclusively in smoking individuals accord-
ing to the dominant model (OR=1.92, 95%ClI

1.09-3.37, Padj=0.019, PFPR=0.042). Analysis
of the log-additive model also revealed the as-
sociation of rs2900262 C9ORF16 with the in-
creased risk of IS in smokers (OR=1.79,
95%CI 1.04-3.08, Padj=0.028, PPR=0.042)
(Table 5).
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Table 5
The effect of smoking on the association of rs2900262 C9orf16
with the risk of ischemic stroke
Non-smokers
1 Controls . _ OR -3 FDR
M Genotypes (N=832) Patients (N=455) (95% CIY? Padj P
0, 0
b c/C 764 (91.8%) 422 (92.8%) 1.00 0.56 0.6
CIT-TIT 68 (8.2%) 33 (7.2%) 0.88 (0.57-1.35)
- 0, 0,
R C/C-CIT 832 (100%) 454 (99.8%) 1.00 015 0.45
TIT 0 (0%) 1 (0.2%) NA (0.00-NA)
A - - - 0.91 (0.59-1.39) 0.66 0.66
Smokers
1 Controls - _ OR 3 FDR
M Genotypes (N=308) Patients (N=442) (95% CIY? P P
0, 0
b cic 290 (94.2%) 395 (89.4%) 1.00 0.019 0.042
CIT-TIT 18 (5.8%) 47 (10.6%) 1.92 (1.09-3.37)
R C/C-CIT 307 (99.7%) 441 (99.8%) 1.00 08 08
T/T 1 (0.3%) 1 (0.2%) 0.70 (0.04-11.17) ' '
A - - - 1.79 (1.04-3.08) 0.028 0.042

Note: 1 — genetic models of associations of genotypes: D — dominant; R — recessive; A-additive; 2 — odds ratio and 95%
confidence interval adjusted by sex, age; 3-P — level adjusted by sex, age; PFPR — P-level, after the correction on the
number of models (calculated by the Benjamini-Hochberg method); All calculations were performed relative to the minor
allele T; Statistically significant differences are marked in bold.

Analysis of the effects of rs2900262
C90orf16 on clinical manifestations of IS re-
vealed that in carriers of genotypes C/T-T/T,
ischemic stroke manifests on average 2 years
earlier than in those of genotype C/C (Reces-
sive model: Padj=0.017; Difference= -1.98,

95% Cl=-3.61 - -0.36, Padj= 0.017,
PFPR=0.026). According to the additive model,
rs2900262 C9ORF16 is also associated with a
decrease in the age of manifestation of IS (Dif-
ference= -1.82, 95% CI=-3.38 — -0.26, Padj=
0.015, PFPR=0.026) (Table 6).

Table 6
Analysis of the impact of rs2900262 C90rf16 on the age of ischemic stroke manifestation
m? Genotypes N Response mean (s.e.) Difference (95% CI) Padj pFDR
b c/C 792 61.63 (0.4) 0.00 0.017 0.026
CIT-TIT 78 59.53 (1.12) -1.98 (-3.61 — -0.36)
R cic-CIT 868 61.45 (0.37) 0.00 0.9 0.9
T/T 2 60 (19) 0.59 (-9.11 — 10.29)
A - -1.82 (-3.38 — -0.26) 0.015 0.026

Note: 1 — genetic models of associations of genotypes: D — dominant; R — recessive; A — additive; Padj — P-level adjusted
by sex, age, smoking; PFPR— P-level, after the correction on the number of models (calculated by the Benjamini-Hochberg
method); All calculations were performed relative to the minor allele T; Statistically significant differences are marked
in bold.

from 50.20 to 172.2; in blood vessels — from
64.62 t0 79.12; in whole blood MeTPM=50.32

(Fig. 2).

The C90rfl6 gene is expressed in brain
tissues, blood wvessels, and whole blood
(Figure 2). In brain tissues, MeTPM varies
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Fig. 2. Level of the expression of the C90rf16 gene in brain, whole blood,
and vessels (https://gtexportal.org)

C9orf16 (also known as BBLN), a gene
with unknown functions, has not been investi-
gated for the risk of IS. However, in a previous
study, a change in the expression of this gene in
the blood of patients with Parkinson's Disease
was found, which indicates a possible significant
role of this gene in neuroprotection [37].

Due to the fact that the use of PubMed
and Google Scholar search resources did not
allow us to detect studies aimed at studying the
associations of the studied Tag SNP rs2900262
C9orf16 with the development of IS, we used
the bioinformatic resource Cardiovascular Dis-

ease Knowledge Portal to interpret the pheno-
typic effects of this genetic variant (CVDKP),
(https://cvd.hugeamp.org), which combine and
analyze the results of genetic associations of
the largest consortia for the study of cardio-
and cerebrovascular diseases, as well as their
intermediate phenotypes. It was found that the
protective C allele is associated with a decrease
in BMI, Body fat percentage, Systolic blood
pressure, Diastolic blood pressure, Mean arte-
rial pressure, Pulse pressure, Creatine kinase.
At the same time, this allele is associated with
an increase in levels of HDL cholesterol u
AF-SNP hypertension interaction (Table 7).
Table 7

Results of aggregated analyzes of associations between Tag SNP rs2900262 C9orf16 cardiovas-
cular diseases and their and their intermediate phenotypes (https://cvd.hugeamp.org/)

N SNP Phenotype P-Value Beta (OR) Sasrinzgle
1. BMI 6.38x10° Beta ¥ -0.0122 3133750
2. Systolic blood pressure 5.44x10* eta ¥ -0.0102 1269 390
3. Pulse pressure 0.001 Beta ¥ -0.0097 858 587
4. 152900262 Creatine kinase 0.008 Beta ¥ -0.0122 111 424
5. C90rf16 (T/C) _ HD_L cholesterol 0.02 Beta A 0.0052 1726 890
6. Diastolic blood pressure 0.02 eta ¥ -0.0079 1282710
7. Mean arterial pressure 0.03 geta ¥ -0.0086 136 482
8. AF-SNP hypertension interaction 0.04 or A 1.2460 20 050
9 Body fat percentage 0.047 geta ¥ -0.0800 26 639

Note: Data obtained using the bioi

amp.org/); All presented calculations were performed with respect to the C allele.

nformatic resource Cardiovascular Disease Knowledge Portal (https://cvd.huge-
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Thus, this genetic variant may play an
important role in the regulation of blood pres-
sure, lipid metabolism, and may also influence
the association of SNPs with the development
of atrial fibrillation. Taking into account that
atrial fibrillation acts as a significant risk factor
for ischemic stroke of cardioembolic type, the
influence of rs2900262 C9orf16 on the risk of
IS may include a range of molecular mecha-
nisms involved in various links in the patho-
genesis of the disease.

Bioinformatic analysis was additionally
performed to interpret the functional effects of
rs2900262 C9orfl16. The use of the GTEX Portal

resource and the eQTL Calculator search query
showed that the C allele (with a protective effect
on the risk of IS development established in our
study) affects an increase in gene expression in
blood vessels. At the same time, the C allele is
characterized by multidirectional effects relative
to the effect on the level of expression in brain
tissues: carriers of the C allele showed an in-
crease in the expression of the C9orfl16 gene in
Brain — Caudate (basal ganglia) and Brain — Cer-
ebellum and, conversely, a decrease in gene ex-
pression in Brain — Cortex u Brain — Frontal Cor-
tex (BA9) (Table 8).

Table 8
Impact of rs2900262 on C9orfl16 expression by cis-eQTL-effects (GTEX Portal data)
Tissue P-Value NES T-statistic

Brain — Caudate (basal ganglia) 0.024 0.17 2.03

Brain — Cerebellum 0.0062 0.22 2.04

Brain — Cortex 0.018 -0.19 -2.4

Brain — Frontal Cortex (BA9) 0.037 -0.18 -2.1

Artery — Tibial 0.00059 0.13 3.05

Note: effective allele — C

Resource eQTLGen Consortium activity (https://www.genecards.org/cqgi-

(https://www.eqtlgen.org/cis-eqtls.html)
showed that the risk allele T affects the de-
crease in expression of gene URML1 (Z-score =
-10.6884, P =1.15x102%) and DNM1 (Z-score
=-4.67,P=2.9x10%), as well as an increase in
gene expression SH3GLB2 (Z-score = 4.44,
P = 8.8x10°) u RP11-395P17.3 (Z-score =
5.78, P = 7.41x10°) through cis-eQTL effects
in blood cells. Gene URML1 acts as a ubiquitin-
like protein (UBL) that is covalently conju-
gated via an isopeptide bond to lysine residues
of target proteins such as MOCS3, ATPBD3,
CTU2, USP15 and CAS. The thiocarboxylated
form serves as substrate for conjugation and
oxidative stress specifically induces the for-
mation of UBL-protein conjugates
(https://www.genecards.org/cgi-
bin/carddisp.pl?gene=URM1&Kkey-
words=URM1). DNM1 gene encodes a mem-
ber of the dynamin subfamily of GTP-binding
proteins. The encoded protein possesses
unique mechanochemical properties used to tu-
bulate and sever membranes, and is involved
in clathrin-mediated endocytosis and other ve-
sicular trafficking processes. Actin and other
cytoskeletal proteins act as binding partners for
the encoded protein, which can also self-as-
semble leading to stimulation of GTPase

bin/carddisp.pl?gene=DNM1&key-
words=DNM1). SH3GLB?2 is a Protein Coding
gene. Enables identical protein binding activ-
ity (https://www.genecards.org/cqi-
bin/carddisp.pl?gene=SH3GLB2&key-
words=SH3GLB?2).

Subsequent analysis revealed a signifi-
cant effect of rs2900262 C9orfl6 on histone
modifications. According to the HaploReg da-
tabase (v4.1), this genetic variant is located in
the region of DNA binding to histone H3, char-
acterized by mono-methylation at the 4th ly-
sine residue of the histone H3 protein
(H3K4mel) and marking enhancers in all brain
tissues represented by HaploReg (v4.1), pe-
ripheral blood cells, as well as tri-methylation
at the 4th lysine residue of the histone H3 pro-
tein (H3K4me3) and marking promoters in the
brain tissues and blood. The effect of this his-
tone mark is enhanced by acetylation of the ly-
sine residues at N-terminal position 27 of the
histone H3 protein (H3K27ac), marking en-
hancers in peripheral blood cells and all brain
tissues, as well as the acetylation at the 9th ly-
sine residues of the histone H3 protein
(H3K9ac), marking promoters in blood cells
and all brain tissues, except Brain Hippocam-
pus Middle (Table 9).
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Table 9
Tissue-specific effects of rs2900262 C9o0rf16 on histone modifications (https://pubs.broadinsti-
tute.org/mammals/haploreg/haploreg.php)

Tissues Histone marks | - 13iame1 | H3K4me3 | H3K27ac | H3K9ac
Brain Hippocampus Middle Enh Pro Enh -
Brain Substantia Nigra Enh - Enh Pro
Brain Anterior Caudate Enh - Enh Pro
Brain Cingulate Gyrus Enh Pro Enh Pro
Brain Inferior Temporal Lobe Enh Pro Enh Pro
Brain Angular Gyrus Enh Pro Enh Pro
Brain_Dorsolateral_Prefrontal_Cortex Enh Pro Enh Pro
Cells from peripheral blood (any) Enh Pro Enh Pro

Note: H3K4mel — mono-methylation at the 4th lysine residue of the histone H3 protein; H3K4me3 — tri-methylation at
the 4th lysine residue of the histone H3 protein; H3K9ac — the acetylation at the 9th lysine residues of the histone H3
protein; H3K27ac — acetylation of the lysine residues at N-terminal position 27 of the histone H3 protein; Enh — histone
modification in the enhancer region; Pro — histone modification at the promoter region.
Table 10
Analysis of the impact of rs2900262 C9ORF16

on the binding of transcription factors with DNA

Raelflle SleNlP TF? /Eég; Motif* P'Y;';:CfSNP P-Value Ref® | P-Value SNP?
T/C NFKB GAIN NFKB_disc2 <1x10° 4.71x10°® 0.18
T/C IKZF2 GAIN IKZF2_2 2.09x10°3 1.11x107 0.40
T/C RAD21 GAIN RAD21 discl0 2.28x10°3 1.99x1072 0.28
T/C SMC3 GAIN SMC3_disc3 2.53x10°% 3.10x107 0.35
T/C NR3C1 GAIN NR3C1 disc6 3.27x10°8 1.22x1072 0.14
T/C HAND1 GAIN HAND1 2 5.87x10°3 1.99x1072 0.48
T/C BCL GAIN BCL_disc9 7.63x10°% 4.01x107? 0.30
T/C MGA GAIN MGA 3 9.46x10°3 3.52x107 0.30
T/C NANOG GAIN NANOG 1 1.00x107? 2.40x107? 0.71
T/C ZNF410 GAIN ZNF410 1 1.45x107? 2.67x107? 0.29
T/C MZF1 5-13 GAIN MA0057.1 1.50x107? 4.93x107? 0.46
T/C THAP1 GAIN MA0597.1 1.53x107? 2.31x107? 0.35
T/C RFX1 GAIN RFX1 4 1.84x10? 3.83x107 0.40
T/C SOX2 GAIN SOX2 1 2.02x107 9.14x10°° 6.18x1072
T/C NR2C2 GAIN MA0504.1 4.40x102 4.67x107? 0.23
T/C NR1H LOSS NR1H_ 3 2.37x10° 0.15 1.09x10*
T/C IKZF2 LOSS IKZF2_3 3.91x10°8 0.38 1.10x1072
T/C ETS1 LOSS ETS1 2 6.90x10° 4.20 4.23x107?
T8 -
c® regulation of leukocyte adhesion to vascular endothelial cell (GO:1904994; Padj=0.02);

regulation of vasculature development (GO:1901342; Padj=0.02);
regulation of blood vessel endothelial cell migration (GO:0043535; Padj=0.02);
positive regulation of defense response (GO:0031349; Padj=0.03);
regulation of angiogenesis (GO:0045765; Padj=0.045);
regulation of inflammatory response (GO:0050727; Padj=0.045)

Note: 1 — reference (Ref) / alternative (SNP) allele; 2 — TF — transcription factor; 3 — TF binding to the reference (GAIN)
/ alternative (LOSS) allele; 4 — binding sites with high affinity for TF; 5 — p value, statistically confirming the potential
increase or loss of function of the genomic region with SNP in terms of transcription factor binding; 6 — p-value for
assessing the binding of TF to the Ref allele; 7 — p-value for assessing the binding of TF to the SNP allele; 8 — biological
processes in which TFs that bind to the reference allele are jointly involved (data from the Enrichr resource;
https://maayanlab.cloud/Enrichr/); 9 — biological processes in which TFs that bind to an alternative allele are jointly in-
volved (data from the Enrichr resource; https://maayanlab.cloud/Enrichr/)
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The analysis of TFs using atSNP source re-
vealed that TFs binding to the protective allele C,
are involved in joint regulation of leukocyte ad-
hesion to vascular endothelial  cell
(G0O:1904994; Padj=0.02), regulation of vas-
culature development (G0O:1901342;
Padj=0.02), regulation of blood vessel endo-
thelial  cell  migration  (G0O:0043535;
Padj=0.02), positive regulation of defense re-
sponse (G0:0031349; Padj=0.03), regulation
of angiogenesis (GO:0045765; Padj=0.045),
regulation  of  inflammatory  response
(GO:0050727; Padj=0.045) (Table 10).

It is noteworthy that the association of
rs2900262 C9orfl6 with the risk of IS was
found in women and was not found in men.
Previously, Smith et al. showed that C9orf16

expression may be negatively regulated by es-
tradiol [38]. Thereby decreased expression of
C9orf16 in T allele carriers may manifest fe-
male-specifically being more impeded in
women.

Similarly, in contrast to non-smokers,
smoking patients were characterized by more
strong association between mutant allele and
the risk of ischemic stroke. This finding may
have the same ground since some tobacco
components apparently may decrease C9orf16
expression. Using bioinformatic resourse
Comparative Toxicogenomics Database we re-
vealed that tobacco smoke and its components
are able to down-regulate expression of
C9orf16 as well as up-regulate methylation of
C9orf16 promoter (Table 11).

Table 11

Proven mechanisms of interaction between the gene C9orf16 and cigarette smoke
(data obtained using a bioinformatics resource Comparative Toxicogenomics Database)

N Interacting chemical Interactiong References
1L Tobacco Smoke Pollution Tobacco Smoke PoI(I)t;téogl_rﬁlsgrlgsni]gt;r;creased methylation [39]
5 Tobacco tar Tobacco tar rgiuel’té |1rl]\| Idrre]%raa;ed expressmfl [40]
3 Benzo(a)pyrene Benzo(a)pyreneO;e;léllt_ler;n dRe'Slrzased expression [41]
" Benzo(a)pyrene Benzo(a)pyreniz)fre|3sEL:|I_'[iI igric)nr::]rc';atisred methylation [42]

Considering that an increase in methyl-
ation leads to a decrease in gene expression,
studies conducted in this direction provide ad-
ditional evidence of the effect of smoking on a
decrease in the expression of the C9orf16 gene
and an increase in "risk" effects regarding the
development of IS in carriers of variant geno-
types C/C-C/T.

Conclusion. To the best of our
knowledge, this is the first study that showed
the association of rs2900262 C9orf16 with the
risk of IS, sex-specific effect in this associa-
tion, and the trigger effect of smoking on the
association of this genetic variant with the de-
velopment of the disease. Bioinformatic anal-
ysis revealed a high regulatory potential of
rs2900262 C9orfl6, particular cis-eQTL-me-
diated effects on the regulation of gene expres-
sion in blood, blood vessels and brain, binding
to transcription factors involved in biological

processes with significant role in the pathogen-
esis of IS, as well as epigenetic regulation of
this SNP. Future studies have yet to accumu-
late the data disclosing detailed networks of its
probable implication in ischemic stroke risk
and course.
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Abstract

Background: Herpesvirus infections are one of the most common human infections that play a spe-
cial role in children with recurrent respiratory infection cohort formation. The immunological status
of such children is characterized by an imbalance in all links of immunity. The aim of the study: To
study the immunological status of RRI children and to analyze the association of SNP -330T>G in
IL2 and -1082G>A in IL10 with the relative and absolute values of the main subpopulations of lym-
phocytes. Materials and methods: In our study, we enrolled 76 children between 10 and 17 years
old who had acute respiratory infections at least 5 times a year. Flow cytometry was used for lym-
phocyte subpopulations analysis. Polymorphic variants were determined by allele-specific PCR. Re-
sults: In anti-NA EBV IgG and anti-CMV 1gG positive children with AA genotype for the -1082G>A
IL10 polymorphism the average relative number of B-lymphocytes was 9.6%, which is below normal
values (p=0.01). The average number of B-lymphocytes for heterozygotes was 12.4% (p=0.01). In
the subgroup children with GG genotype, the average number of B-lymphocytes was 16.7% (p=0.01).
In children with AA genotype the average level of NK cells was 19.3% (p=0.04). Children with GG
genotype had lower level of NK cells (10.9%) (p=0.04). Conclusion: Our studies revealed a relation-
ship between the immune status indicators and the genotypes for the -1082G>A IL10 polymorphism
in anti-NA EBV IgG and anti-CMV IgG positive RRI children group. The -1082AA genotype of the
IL10 is associated with a decrease in the relative and absolute number of B-lymphocytes, as well as
with an increase in the relative number of NK cells. RRI children with -1082GG genotype tend to
increase the relative and absolute number of B-lymphocytes, and to decrease the relative number of
NK-cells.

Keywords: Epstein-Barr virus; cytomegalovirus; RRI children; IL10; IL2; B-cell; NK-cell
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Introduction. Herpesvirus infections
are one of the most common human infections
that play a special role in children with recur-
rent respiratory infection cohort formation.
Children with recurrent respiratory infection
(RRI) have a higher incidence of acute respir-
atory disease (ARI) than the general popula-
tion of children of the same age group. Accord-
ing to some authors, the category of RRI chil-
dren includes those who have acute respiratory
infections more than 5 times during the year;
according to other authors — 8 or more times
[1, 2, 3]. The practice of classifying children as
RRI depending on age and disease relapses
number has become widespread. According to
this practice the presence of eight or more re-
lapses of infections per year in children under
three years of age, or six or more cases in chil-
dren over three years of age allows to classify
children as with RRI [4].

The prevalence of Epstein-Barr viral in-
fection and cytomegalovirus infection both in
the adult population and in children remains
high not only in Russia, but also worldwide.
Specific immunoglobulins for the Epstein-Barr
virus and cytomegalovirus are detected in the
vast majority of the adult population, in some
regions this indicator reaches 90% and higher
[5, 6, 7]. The percentage of children infected
with the Epstein-Barr virus and cytomegalovi-
rus depends on age, but on average remains
quite high, about 70% for the Epstein-Barr vi-
rus infection [7, 8].

Studies have shown a higher frequency
and duration of acute respiratory infections, as
well as their severity when infected with her-
pes viruses, in comparison with uninfected
children. The immunological status of such
children is characterized by an imbalance in all
links of immunity [9, 10].

Herpesvirus infections are capable to di-
minish the antiviral immune response of the
body, namely, they are able to evade T-cell
recognition or stimulate the mutual destruction
of T-cytotoxic lymphocytes, induce a decrease

in their number, including by apoptosis; inhibit
the action of the complement system, dendritic
cells, antibodies; disrupt the transcription of in-
terferon-stimulated genes and the presentation
of viral antigens by HLA-I molecules; cause an
imbalance of both cellular and humoral im-
munity [11-16]. One of the mechanisms con-
tributing to the human body immune response
inhibition to the herpes virus penetration is a
host cytokine profile change due to the viral
expression of cytokine-like proteins, such as
IL-10 or IL-6 (EBV, CMV) [6, 17, 18].

Cytokines regulate intercellular interac-
tions between human immune system cells
during the immune response to virus penetra-
tion, including herpes viruses [19]. Allelic var-
iants of cytokine genes determine the level of
these molecules in human blood, which can af-
fect the body's immune response, the clinical
course and outcome of the disease, as well as
the body's resistance to various viruses, includ-
ing herpes viruses [20, 21].

IL10 is an immunosuppressive anti-in-
flammatory cytokine produced by activated T
lymphocytes, including Th2, B lymphocytes,
and monocyte / macrophage cells [17]. IL10
suppresses the macrophages, monocytes, and
dendritic cell’s function, reducing their pro-
duction of pro-inflammatory cytokines, de-
creases the expression of HLA-II genes, and
indirectly suppresses the activity of T-lympho-
cytes. Although IL10 stimulates the prolifera-
tion and differentiation of B-lymphocytes, its
overall effect is usually immunosuppressive
[6, 22, 23, 24].

At the same time, the effect of IL-10 in
the antiviral immune response can be more
complex and depend on such factors as the
place of virus penetration and the infectious
process stage. For example, high plasma levels
of IL-10 may play a protective role in early re-
sponses to human immunodeficiency virus, but
persistent expression may contribute to chronic
infections. In persistent infection, IL10 expres-
sion affects the antigen-presenting ability of
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dendritic cells and causes T cells depletion and
inhibition of their functions [17].

Promoter region of the IL10 gene has
several single nucleotide substitutions
(-592A>C, -819T>C, -1082G>A), which are
associated with increased expression of this
cytokine. Homozygotes for the G allele of the
-1082G>A polymorphism have an increased
IL10 expression level, heterozygotes have an
average expression level, and homozygotes for
the A allele demonstrate a low expression level
[22, 25].

IL2 or T cell growth factor refers to cy-
tokines produced predominantly by Thi, as
well as by T cytotoxic, NK cells and dendritic
cells. IL2 stimulates the proliferation and dif-
ferentiation of B and T cells, NK lymphocytes,
and can promote induced cell death [26]. There
is one SNP (-330T>G) in the promoter region
of the IL2 gene. The T allele and the TT geno-
type are associated with increased L2 produc-
tion and a possible protective effect against
herpesvirus infections [27, 28].

Thus, IL2 and IL10 regulate the intensity
and duration of the immune response, form the
characteristics of the immune response and the
susceptibility to viral infections. SNP -
330T>G in the IL2 gene and -1082G>A in the
IL10 gene affect the levels of genes transcrip-
tion [29,30,31]. There are no studies concern-
ing the analysis of the association of IL2 and
IL10 genes genotypes with changes in lympho-
cyte subpopulations in CMV and EBV mix in-
fections. In this regard, the aim of this work
was to study the immunological status of RRI
children and to analyze the association of SNP
-330T>G in the IL2 gene and -1082G>A in the
IL10 gene with the relative and absolute values
of the main subpopulations of lymphocytes
(CD3, CD4, CD8, CD16, CD19).

Materials and methods. Samples for
this study were collected at the Child Health
Center No. 4 and Diagnostic Laboratory
«Naukay, Rostov-on-Don (Russia). A total of
76 children, 56% boys and 44% girls, between
10 and 17 years old who had acute respiratory
infections at least 5 times a year were enrolled
in the study. Children with chronic respiratory
diseases or children who demonstrated immu-
nodeficiency were ruled out.

All the patients (for patients under 15
years old, the consent of legal representatives
was obtained) gave their informed consent to
the participation in the study, which was ap-
proved by the local Ethical Committee. All
procedures were in accordance with the Decla-
ration of Helsinki as revised in 2013.

Whole peripheral blood stabilized with
K2-EDTA was used for immunological and
molecular genetic studies. Blood serum was
obtained for enzyme-linked immunosorbent
assay.

IgG to cytomegalovirus and 1gG to the
nuclear antigen NA of the Epstein-Barr virus
were analyzed by enzyme-linked immuno-
sorbent assay with VektorCMV-IgG and Vec-
torVEB-NA-IgG reagent kits (Vector-Best,
Russia). Measurement of optical density in the
wells was performed on a semi-automatic
ELISA analyzer Infinite F50 (Tecan, Austria)
at a wavelength of 450 nm.

Flow cytometry was used for lympho-
cyte subpopulations (B-lymphocytes, T-lym-
phocytes (T-helpers, T-cytotoxic), and NK
cells) analysis. The analysis was performed on
the Navios flow cytometer (Beckman Coulter,
USA) using a mixture of tetraCHROME ™
CD45 / CD4 / CD8 / CD3 antibodies (Beck-
man Coulter, USA) and a mixture of tetra-
CHROME ™ CD45/CD56 / CD19 / CD3 an-
tibodies (Beckman Coulter, USA).

DNA was isolated from blood cells by
the thermocoagulation method with the "DNA-
Express-Blood" reagent kit (Lytech, Russia).
Polymorphic variants -300T>A of the IL2 gene
and -1082G>A of the IL10 gene were deter-
mined by allele-specific PCR using the SNP-
Express reagent kit (Lytech, Russia).

Amplification products were separated
in 2% agarose gel by horizontal electrophore-
sis. The results were visualized using a Gel
Doc XR + UV transilluminator (Bio-Rad,
USA).

Allele and genotype frequencies for the
studied polymorphisms were calculated using
free software
(http://www.husdyr.kvl.dk/htm/kc/popgen/ge-
netik/applets/kitest.htm). Hardy-Weinberg
equilibrium (HWE) and comparisons among
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groups were evaluated by the Chi-square (%)
test with a 95% confidence interval.
Quantitative variables were expressed as
median and interquartile range or as percent-
age. The interquartile range is indicated as
25% and 75% percentiles. Comparisons of
quantitative variables were made using the ap-
propriate non-parametric Mann — Whitney test.
To conduct a correlation analysis be-
tween genotypes and indicators of the immu-
nological status of RRI children, the Spearman

correlation coefficient was used. Differences
were considered statistically significant at a
significance level of p <0.05.

Results. Of the 76 RRI children the
CMV IgG test was positive in 65 (85.5%
cases). 1gG to the NA EBV nuclear antigen
were detected in 68 (89.54%) cases. At the
same time, 61 children (80.3%) had both IgG
to CMV and IgG to the nuclear antigen NA
EBV, and 4 children (5.3%) did not have both
tested 1gGs (Table 1).

Table 1

1gG to cytomegalovirus and / or Epstein-Barr virus detection frequency in RRI children

1gG Registration frequency, number (% £+ m)
IgG to CMV 65 (85.5+4.04)
1gG toNA EBV 68 (89.543.52)

IgG to CMV and 1gG to NA EBV

61 (80.3+4.56)

IgG to CMV or IgG to NA EBV

11 (14.5+4.04)

None

4 (5.342.57)

The content of B-lymphocytes, T-lym-
phocytes, NK-cells in RRI children corre-
sponds to the normative parameters of the im-
munogram (Table 2). Immunological study did
not reveal significant differences in the relative
and absolute number of B-lymphocytes, T-

lymphocytes (CD4 +, CD8 +), NK-cells be-
tween groups of RRI children (Table 2).

The genotype distribution of the IL2
and IL10 gene polymorphisms were in accord-
ance with the Hardy-Weinberg equilibrium in
all studied groups of children (Table 3).

Table 2

Distribution of immune cells in peripheral blood of RRI children’s subgroups

Normal _ Anti-N_A EBV IgG Anti-NA EBV IgG | Anti-NA EBV IgG
. All children + Anti-CMV IgG | or Anti-CMV IgG and Anti-CMV
Parameter | level in 7-17 _ - . - - . .
age group* (n=76) posmve_chlldren p03|t|ve_chlldren [+ €] negatl\ie chil-
(n=61) (n=11) dren (n=4)
CD3+, %, 66-76 71.7 (65.0;76.8) 71.5 (64.5;75.5) 70.5 (65;78.9) 77.7 (73.8;79.1)
CD3+, 10%n 1.4-2.0 1.64 (1.34;2.19) 1.60 (1.32;2.21) 1.89 (1.28;2.32) 1.68 (1.62;1.75)
CD19+, % 12-22 12.1 (9.1;15.2) 12.4 (9.4;15.5) 10.2 (4.9;11.6) 14.4 (8.7;18.0)
g:([))g/lﬂg*" 0.3-0.5 0.29 (0.17;0.43) 0.30(0.18;0.43) 0.23(0.10;0.38) 0.36 (0.19;0.46)
CD16+, % 9-16 13.1(8.4;20.2) 12.7 (8.4;20.9) 14.8 (10.9;24.2) 8.3 (7.1;12.1)
CD4+, % 33-41 39.8 (35.0;45.4) 39.7 (34.9;45.2) 39.1(32.3;49.1) 40.4 (39.9;48.9)
CD8+, % 23-29 24.2 (20.4;28.0) 24.3(20.4;27.7) 22.9(19.3;25.9) 28.4 (23.3;31.3)

Note: * — Immunogram interpretation [32]

Relative and absolute number of B-
lymphocytes in the general group of subjects
and among RRI anti-NA EBV IgG and anti-
CMV 1IgG positive children was associated
with -1082G>A IL10 genotype (Table 4). In
anti-NA EBV 1gG and anti-CMV IgG positive
children with AA genotype the average relative
number of B-lymphocytes was 9.6%, which is
below normal values (Fig. 1). Only 35.7%
blood samples of anti-NA EBV 1gG and anti-

CMV IgG positive children with AA genotype
corresponded to the reference values of B-lym-
phocytes number. At the same time, in hetero-
zygotes for the -1082G>A IL10 gene polymor-
phism, 52.8% of anti-NA EBV IgG and anti-
CMV IgG positive children were characterized
by normal B-cell levels. The average number
of B-lymphocytes for heterozygotes was
12.4% (Fig. 1). In the subgroup anti-NA EBV
IgG and anti-CMV IgG positive children with
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GG genotype, the average number of B-lym-
phocytes was 16.7%. Only in this subgroup
were children with B-cell levels exceeding the
reference values (Fig. 1). Thus, it was found

that in anti-NA EBV IgG and anti-CMV IgG
positive children, the level of B-lymphocytes
correlates with the genotype for the -1082G>A
polymorphism of the IL10 gene.

Table 3

Genotypes and alleles frequency for IL2 and 1L10 genes polymorphisms in RRI children with
1gG to NA EBV and CMV, seronegative children and children only with 1gG to NA EBV
or only 1gG to CMV

(1) Anti-NA (3) Anti-NA
EBV IgG + | (2) Anti-NA EBV EBV IgG and
Genotype, | All children Anti-CMV IgG or Anti-CMV ) Anti-CMV IgG ) )
allele (n=76) 1gG positive | 1gG positive chil- | %*®) | negative chil- | X2P) | X3(P)
children dren (n=11) dren
(n=61) (n=4)
1L10 -1082G>A
AA 0.25 (19) 0.229 (14) 0.273 (3) Lot 0.500 (2) o | 23
A/G 0.59 (45) 0.590 (36) 0.727 (8) 039 0.250 (1) 03 | 012
G/G 0.16 (12) 0.181 (11) 0(0) ' 0.250 (1) ' '
2
PXB (') (pi'(%g) 2.05 (p=0.15) (pi'(‘?_ge) 0.87 (p=0.35)

A 0.546 0.525 0.636 0.94 0.625 0.3 0
G 0.454 0.475 0.364 (0.33) 0.375 (0.58) | (0.96)
IL2 -330T>G
T 0.39 (30) 0.393 (24) 0.364 (4) 256 0.500 (2) o1 | 02
/G 0.49 (37) 0.525 (32) 0.364 (4) 017 0.250 (1) oad | 058

GIG 0.12 (9) 0.082 (5) 0.272 (3) : 0.250 (1) : :
2
PXB (i) (pgbz.é 5 | 159(p=021) (pgg 28) 0.87 (p=0.35)
T 0.638 0.656 0.545 0.98 0.625 0.03 0.15
G 0.362 0.344 0.455 (0.32) 0.375 (0.86) | (0.69)

Note: ¥?1 -group 1 compared to 2; %% —group 1 compared to 3; %% _group 2 compared to 3. HWE — Hardy-Weinberg

equilibrium.

Correlation between immunological status and IL2, IL10 SNP genotypes

Table 4

in anti-NA EBV IgG and anti-CMV IgG positive RRI children

Anti-NA EBV IgG + | Anti-NA EBV IgG or | Anti-NA EBV IgG and
All children (n = 76) Anti-CMV IgG posi- Anti-CMV IgG posi- Anti-CMV IgG nega-
Parameter tive children (n=61) tive children (n=11) tive children (n=4)
-330T>G | -1082G>A | -330T>G | -1082G>A | -330T>G | -1082G>A | -330T>G | -1082G>A
IL2 1L10 IL2 IL10 IL2 IL10 IL2 IL10
CD3+, %, 0.01 -0.01 0.02 0.05 0.10 0 -0.63 -0.63
%)92: 0.01 0.02 0.05 0.08 -0.16 0.19 -0.94 -0.32
CD19+, % 0.28* 0.41*
-0.19 (p=0.01) -0.12 (p=0.01) -0.34 0.06 0.32 0.95
CD19+, * *
T 014 | SOV | 00s | 0T | 03 0.06 031 095
0, - *
CD16+ % | 13 0.20 0.08 0.28 0.33 0.07 0.74 031
(p=0.04)
CD4+, % -0.18 0.05 -0.13 0.05 -0.49 -0.03 -0.32 -0.94
CD8+, % 0.08 -0.04 0.05 -0.002 0.29 0.39 -0.21 0.63

Note: * — p<0.05
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Fig. 1. The average relative level of B-lymphocytes in anti-NA EBV 1gG
and anti-CMV IgG positive children with different 1L10 -1082G>A genotype.
Two horizontal lines indicate reference values

In addition, in the group of anti-NA EBV
IgG and anti-CMV IgG positive RRI children an
inverse relationship was found between -
1082G>A IL10 polymorphism and the relative
number of NK cells (p <0.05) (Fig. 2). In chil-
dren with AA genotype the average level of NK
cells was 19.3% (Fig. 2). In 57.2% of cases the
relative number of NK cells was higher than the

reference values, in 21.4% cases children with
the AA genotype had normal and reduced values
of NK cells. In heterozygotes the average level
of NK cells was 15.3%. Children with GG geno-
type had even lower average level of NK cells
(10.9%) (Fig. 2). At the same time, only in 18.1%
of cases the relative number of NK cells was
above reference values (Fig. 2).

AA AG GG r=-0,28 p=0,026
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T 40
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Fig. 2. The average relative level of NK-cells in anti-NA EBV 1gG
and anti-CMV IgG positive children with different IL10 -1082G>A genotype.
Two horizontal lines indicate reference values
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The highest correlation coefficients were
found for a subgroup of Anti-NA EBV IgG and
Anti-CMV IgG negative children. However,
the small size of this subgroup does not allow
us to speak about the significance of this cor-
relation. Still, there are several facts worth pay-
ing attention to. First, the age of children in this
subgroup ranged from 11 to 17 years. Sec-
ondly, three out of 4 children are homozygous
for both studied SNPs of cytokine genes
(1 child has the -330AA IL2 / -1082GG 1L10
genotype; 2 children have the -3307T IL2 / -
108244 IL10 genotype). Further research is re-
quired to investigate the possible relationship
between the immunological status of RRI ser-
onegative children and their genotype for al-
lelic variants of cytokines genes and other im-
mune system factors.

Discussion. Persistent viruses, including
herpes viruses, affect all components of the
body's immune defense. Herpes viruses disrupt
the immune cells balance, providing an oppor-
tunity not only to penetrate the human body,
thereby causing an acute infection, but also
have passive and active self-defense systems
that cause long-term latent or chronic infec-
tions. Persistence of herpes viruses is often
characterized by immune cells imbalance and
their functional insufficiency [33]. It is known
that viral 1L-10 synthesized by EBV and CMV
exhibits inhibitory activity identical to human
IL-10 [17, 34, 35]. However, viral IL-10 lacks
immunostimulating properties [36, 37].

Viruses are eliminated from the human
body through the mechanism of NK cell acti-
vation [38]. Latent cytomegalovirus and Ep-
stein-Barr viral infections are associated with a
reduced level of NK cell production, which is
one of the factors in establishing viral persis-
tence [39,40,41]. In addition, the Epstein-Barr
viral infection is often characterized by sup-
pression of the T-cell link of immunity, T-lym-
phocytes and T-helpers number decrease, T-
cytotoxic cells increase, as well as an IRI index
decrease [40]. The data on the immunological
status of cytomegalovirus infected children are
contradictory, but there is animbalance in the
cellular component of immunity. Cytomegalo-
virus infected RRI children significantly differ

incellular immunity indicators fromRRI chil-
dren without confirmed cytomegalovirus dis-
ease [39].

In the framework of our study, the levels
of T cells, B lymphocytes, and NK cells de-
tected were not specific for Anti-NA EBV IgG
or Anti-CMV IgG positive RRI children, but
observed in RRI children, regardless of their
serological status. We have not revealed any
strictly specific changes caused by the trans-
ferred cytomegalovirus and Epstein-Barr viral
infections.

The relationships between the genetic
component immune system and the immune
status of RRI children in connection with CMV
or EBV infection seem to be insufficiently
studied. There are very few works devoted to
this topic, most of them are aimed at studying
certain aspects of the immune status of chil-
dren with CMV or EBV, without studying the
genetic component [29, 31]. There are no stud-
ies concerning the analysis of the association
of IL2 and IL10 genes genotypes with changes
in lymphocyte subpopulations in CMV and
EBV mix infections.

Our studies revealed a certain relation-
ship between the immune status indicators and
the genotypes for the -1082G>A IL10 gene
polymorphism in anti-NA EBV IgG and anti-
CMV IgG positive RRI children group.

IL10 is a key anti-inflammatory cytokine
produced by activated immune cells. The ef-
fects of IL10 on different immune cells are var-
ied. It inhibits the expression of proinflamma-
tory cytokines by T-helper type 1, NK-cells,
monocytes, macrophages and dendritic cells
and inhibits the activation of T-helpers. At the
same time, IL10 activates the proliferation and
differentiation of T-cytotoxic, B-lymphocytes
and antibodies production [6, 22, 23, 24, 42,
43, 44]. The level of interleukin 10 content, in
turn, can influence the body's resistance to in-
fection by a number of viruses, including her-
pes viruses, as well as the possibility of devel-
oping latent infection, its chronicity and reac-
tivation [22, 23, 43].

Polymorphism -1082G>A (rs 1800896)
IL10 affects the gene expression level. Thus,
the GG genotype is associated with increased
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cytokine production, a more distinct dysregu-
lationin the humoral link of immunity and a de-
crease in the antiviral defense of the body as a
whole [6, 23, 24, 44].

Increased IL10 production can help pre-
vent infection. The explanation for persistent
seronegativeness in some subjects is the de-
struction of the virus at the onset of infection
[17, 22, 45, 46]. With a later course of infec-
tion, increased secretion of IL10, in turn, is one
of the factors in the development of persistence
and disease chronicity, since an IL10 excess
leads to a decrease in the body's anti-infective
defense [23, 43].

The RRI children immune status and
SNP genotypes correlation analysis showed
that the -1082AA genotype of the IL10 is asso-
ciated with a decrease in the relative and abso-
lute number of B-lymphocytes, as well as with
an increase in the relative number of NK cells
in anti-NA EBV IgG and anti-CMV IgG posi-
tive RRI children group. At the same time, RRI
children with -1082GG genotype tend to in-
crease the relative and absolute number of B-
lymphocytes, and to decrease the relative num-
ber of NK-cells.

IL10 regulates the survival, proliferation
and differentiation of B cells (by stimulating
the expression of hTERT, activating telomer-
ase in B cells, stimulating the differentiation of
plasma cells due to memory B cells) [17, 35,
47, 48]. Thus, it can be assumed that the in-
creased production of IL10 in the -1082GG
genotype may contribute to an increase in the
total number of B-lymphocytes.

According to the literature, it is known
that IL10 promotes the proliferation of NK
cells and can act as a survival factor for acti-
vated NK cells [17, 49]. At the same time,
some authors have noted the ability of 1L10 to
suppress the activation of NK cells and their
production of proinflammatory cytokines, in-
cluding IFNy [50, 51].

It can be assumed that cytokine-like pro-
teins of viral origin, or rather the ratio of con-
centrations and activity of human and viral
molecules, play a certain role in the spectrum
formation and level of immune cells in RRI
children. The correlations we revealed be-
tween the SNP genotype of the IL10, and the

number of B lymphocytes and NK cells are
characteristic for the subgroup of children with
IgG to CMV and NA EBV. These viruses can
produce cytokine-like compounds that affect
human immune system functioning. Research-
ers note a short-term effect of CMV IL-10 on
human NK cells leading to a significant in-
crease in their cytotoxicity [52]. CMV IL-10
and EBV IL-10 stimulate the survival and pro-
liferation of B-lymphocytes [17, 53].

A relative change in the subpopulation
composition of lymphocytes, namely, a de-
crease in the number of NK cells and a simul-
taneous increase in the number of B lympho-
cytes, can probably contribute to the chronicity
of the inflammatory process. An imbalance in
the production of cytokines between Thl and
Th2 towards the predominance of Th2 produc-
tion, an increase in the population of B cells,
and the production of antibodies contributes to
a shift towards the humoral link of immunity,
as well as viral persistence and the transition of
the disease to the chronic stage [6]. In addition,
the lack of NK cells, as one of the most im-
portant components of the innate defense of the
body, designed to control the penetration of vi-
ruses, their destruction and elimination from
the body leads to a decrease in the antiviral de-
fense of the body at the early stages of the de-
velopment of infection [17, 51, 54, 55].

Conclusion. The results of the present
study found no significant difference between
the -1082G>A 1L10 gene polymorphism and
the -330T>G IL2 gene polymorphism allele
and genotype frequencies distribution for the
studied groups of children. However, a corre-
lation has been established between the im-
mune status indicators of Anti-NA EBV 1gG
and Anti-CMV 1gG positive RRI children,
namely, the number of B cells and NK cells,
and genotypes for the -1082G>A (rs 1800896)
IL10 polymorphism. The revealed correlations
require verification, confirmation on large
samples. It is also necessary to analyze the
presence of such correlations with the presence
of antibodies to other infectious agents.
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I'eHeTHUYECKHE MapKePbI TAXKEJIOI0 TeYeHH
Npe3KJIAMIICUN

M.IO. AGpamoBa

denepabHOE TOCYAAPCTBEHHOE AaBTOHOMHOE 00pa30BaTeIbHOE YUPEIKICHUE
BhICIIero oOpa3oBanus «bearopoickuii rocy1apcTBEeHHBIN HAIIMOHATBHBIN
UCCIICIOBATEIILCKUI YHUBEPCUTETY,
yi. [ToGenst, a. 85, r. benropoa, 308015, Poccuiickas denepanus
Aemop ons nepenucku: M.FO. Abpamosa (abramova_myu@bsu.edu.ru)

Pesrome

AKTYaJIbHOCTb: B COBPEMEHHOI MEIUIIMHE IPUCTAIBLHOE BHUMAHUE YACIISIETCS BOIIPOCAM CHUXKE-
HUS NIOKa3aTesied MaTepUHCKOM 3a00J1eBa€MOCTH M CMEPTHOCTH, B CTPYKTYPY KOTOPBIX 3HAUUTENb-
HBIH BKJIaJ BHOCSIT TMIIEPTEH3UBHBIE paCCTPONCTBA FECTALUU, B OCOOEHHOCTH Ipeakiamiicusi. Cliox-
HbI€ TaTOMOP(}OJIOTHUECKUE MEXAHU3MBI, JISXKAL1e B OCHOBE ITHONATOr€He3a JaHHOTO OCTIOKHEHUS
0epeMEeHHOCTH, TIPOUCXOST 3a/10JIT0 10 MAaHU(ECTAIIH BBIPAKEHHBIX KIMHHUECKUX MPH3HAKOB, YTO
3aTpyIHSAET PAHHIOK IUAarHOCTUKY MPEIKIAMIICUH U ONPEAEIIeT aKTyaJbHOCTh ITIOMCKA HOBBIX CIIE-
U(UYHBIX IS TPEIKIAMIICHU MapKepoB, B TOM yuclie U reHeTndeckux. Leanb nccaegoanus: Ore-
HUTb accoluanuy noauMopdueix MmapkepoB GWAS-3HaunMbIX reHOB-KaHAUIaToB Al ¢ pa3BuTHEM
IIpe3KJIaMIICUeN TspKeIoro TeueHus. MaTepuanbl M MeTOAbI: B BBIOOpKY JKEHIIUH C yMEPEHHBIM
TE€YEHUEM MPEIKITAMIICUU BOILIO 145 MHAMBUYYMOB, a B BBIOOPKY JKEHIIMH C TSDKEJIOH MpesKIIaMIl-
cueit — 72. BeceM o0cieryeMbIM MPOBEAECHO M€HOTUIIHPOBAHUE YETHIPEX MOIUMOPQPHBIX JIOKYCOB
(rs8068318 TBX2, rs2681472 ATP2B1, rs4387287 OBFC1, rs1799945 HFE). N3yueno smmnupuye-
CKO€ pacrpeiesIeHne TeHOTUIIOB U €r0 COOTBETCTBUE TEOPETHUUECKU 0KUIAEMOMY B paMKax 3aKOHO-
MepHocTu Xapau-BaiinGepra. IIpoBeseH gorucTuueckuit perpecCMOHHBIN aHAIN3 U U3YYEHBI acCo-
LUAIUHU TOTUMOP(HBIX JIOKYCOB C Pa3BUTHEM MPEIKIIAMIICUU TSHKEJIOTO U YMEPEHHOTO TEUEHUS CO-
IJIACHO YETHIPEM TI'€HETUYECKUM MOJEISIM, C BBEJIEHUEM IIONPABOK Ha KoBapuaTsl. Pe3yJbTarhl:
YcranosineHo, uto rs8068318 rena TBX2 accoumnpoBaH ¢ pa3BUTHEM MPEIKIAMIICUU TSHKEIIOTO Te-
yeHus B pamkax atenabHoit (OR = 0,45; pperm = 0,004), agmutuBhoii (OR = 0,46; pperm = 0,002),
nomuHaHTHOU (OR = 0,42; pperm = 0,005) u peneccuBnoit (OR = 0,22; pperm = 0,04) reHeTHUECKUX
mojenelt. [Tomumopdnslit mokyc rs8068318 rena TBX2 nokann3oBaH B 001aCTH TUIEPUYyBCTBUTEIb-
Hoctu K JIHKa3ze, pernone perynstopusix motusoB JIHK k yetbipeM akTopam TpaHcKpunuuu, 00-
JIACTH TMCTOHOBBIX METOK, MaPKUPYIOIUX YHXAHCEPH U IPOMOTOPHI B Pa3IMYHbIX OPraHax M TKa-
HSIX, OTPHUIIATEIBHO PETYIUPYET dKCIpeccuio reHa TBX2-AS1 B )kupoBoif TKaHU U TOJIOBHOM MO3TE,
reHa TBX2 B muToBHUIHOH XKele3e, U aCCOLMUPOBAH C YPOBHEM abTEPHATUBHOIO CIIJIACHHTAa T€HOB
TBX2-AS1 u RP11-332H18.5 B pasnuuebIX TKaHAX. 3akawdenue: [lommMopdHBIA Mapkep
rs8068318 rena TBX2 accoumupoBaH ¢ pa3BUTHEM MPEIKIAMIICUHU TSHKETIOTO TEUEHUS y HACEIEeHUs
HentpansHoro YepHosemps PO.

KiroueBblie cjioBa: npesxiiaMicus; moaumMopduslii sokyc; TBX2; GWAS

Jns uurupoBanusi: A6pamoBa MIO. ['eHeTHYeckre MapKephl TSHKEIOTO TEYCHUS MPEIKIIaAMIICHH.
Hayunbie pe3ynabTaThl OMOMeTUITMHCKUX UccienoBanuid. 2022;8(3):305-316. DOI: 10.18413/2658-
6533-2022-8-3-0-4
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Abstract

Background: In modern medicine, close attention is paid to the issues of reducing maternal morbid-
ity and mortality, to the structure of which hypertensive disorders of gestation, especially preeclamp-
sia, make a significant contribution. The complex pathomorphological mechanisms underlying the
etiopathogenesis of this pregnancy complication occur long before the manifestation of pronounced
clinical signs, which complicates the early diagnosis of preeclampsia and determines the relevance
of the search for new preeclampsia-specific markers, including genetic ones. The aim of the study:
To evaluate the associations of polymorphic markers of GWAS-significant candidate genes of hyper-
tension with the development of severe preeclampsia. Materials and methods: The sample of
women with moderate preeclampsia included 145 individuals, and the sample of women with severe
preeclampsia included 72 patients. All subjects underwent genotyping of four polymorphic loci
(rs8068318 TBX2, rs2681472 ATP2B1, rs4387287 OBFC1, rs1799945 HFE). The empirical distri-
bution of genotypes and its correspondence to the theoretically expected one within the framework
of the Hardy-Weinberg regularity are studied. Logistic regression analysis was carried out and asso-
ciations of polymorphic loci with the development of severe and moderate preeclampsia were studied
according to four genetic models, with the introduction of corrections for covariates. Results: It was
found that rs8068318 of the TBX2 gene is associated with the development of severe preeclampsia in
the framework of allelic (OR = 0.45; pperm = 0.004), additive (OR = 0.46; pperm = 0.002), dominant
(OR =0.42; pperm = 0.005) and recessive (OR = 0.22; pperm = 0.04) genetic models. The polymorphic
locus rs8068318 of the TBX2 gene is localized in the region of hypersensitivity to DNase, the region
of DNA regulatory motifs to four transcription factors, the region of histone tags marking enhancers
and promoters in various organs and tissues, negatively regulates the expression of the TBX2-AS1
gene in adipose tissue and brain, the TBX2 gene in the thyroid gland, and is associated with the level
of alternative splicing of TBX2-AS1 and RP11-332H18.5 genes in various tissues. Conclusion: The
rs8068318 polymorphic marker of the TBX2 gene is associated with the development of severe
preeclampsia in the population of the Central Chernozem region of the Russian Federation.
Keywords: preeclampsia; polymorphic locus; TBX2; GWAS
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BBenenue. B Hacrosimiee Bpewms, BoO-
MPOCHl PENPOYKTUBHOTO 3/I0POBbSl HaceJe-
HUS U (HAKTOPOB, €0 OMPEICIISIONINX, pac-
CMaTpPUBAIOTCS KaK OJIHU M3 HauOojee 3HAYu-
MBIX JIsl cOBpeMeHHoro Hacenenus [1]. Oco-
00oe BHHMaHUE YAETSIOT MOKa3aTensM MaTe-
PHUHCKOW M NEpUHATAIbHOM CMEPTHOCTH, KaK
KITFOUEBBIM MTapaMeTpam, Mo KOTOPBIM 0TOOpa-

KaeTCsl IKOHOMHUYECKOE U CONMaIbHOE 0aro-
MOJIy4re HACEeJNCeHUs OTAEIbHBIX CTpaH. [ u-
MEPTeH3UBHBIC PacCTPOMCTBA OEPEMEHHOCTH
OCTIOKHSIIOT TE€YeHUE TecTanuu B 5-15% Bcex
CITy4aeB M €KETOTHO 3aHUMAIOT JIUTUPYIOIINE
MO3UIIMH CPEIU PUIHH MAaTEPUHCKOH 3a001e-
BaemocTu U cMepTHOCTH [2]. Ocoboe MecTo B
JTaHHOW TpyIine 3a00JeBaHUil 3aHUMAET Tpe-
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sknamricust (I19), kak HauboJee onacHoe U He-
IIPEICKa3yeMO€e OCJIO)KHEHHE OepeMEHHOCTH,
MTOCKOJIbKY MaTOMOP(OJIOTHYECKHE POIECCHI,
Jexalye B ocHoBe natorenesa I19, nmpoucxo-
IST 3a/10JI70 10 MaHU(ECTAIlMH BBIPAXKEHHBIX
KJIIMHUYECKUX TMPU3HAKOB JAHHOTO OCIIOXKHE-
HUS recTanuu [3].

[TpuHIMIIIaTBEHOE 3HAYCHUE B KIIMHHYE-
CKOIl MpaKTUKe AJIsl ONpPEeeICHUs IPOrHO3a U
TaKTUKH BEJICHUS JaHHOW OepeMEeHHOCTH
umeer pazzaenenue I1D na nBa denoruma: c
paHHUM HavayioM (10 34 Helenu recraluuu) u
C MO3HUM — ntocie 34 Heaenu recrtauui [4, 5].
Hapyuienue nuBa3zuu BHEBOPCUHYATOTO LIUTO-
Tpodobacta 1 HENOTHOIICHHOE PEMOICITUPO-
BaHUE CIUPAJbHBIX MAaTOYHBIX apTepuil Mpu-
BOAUT K MATOMOP(OIOTHUECKUM U3MEHEHHSIM
MaTOYHO-TIJIAIIEHTAPHOTO KPOBOTOKAa M paH-
Helt manudecrauuu 13, B OCHOBHOM, TsKe-
soro Teyenus [6]. Pazsurue noznueit [13 00y-
CJIOBJIEHO, IPEUMYIIECTBEHHO, HAIMYUEM OCO-
O6enHocTell QyHKIIMOHUPOBAHUS CEPACYHO-CO-
CYIUCTOU CHUCTEMBl U TEeMOJMHAMUKH MaTepH
U COIIPOBOXK/IA€TCSl YMEPEHHBIM TeUeHHEM [7].
Tspxenoe Teuenue 119 conpsikeno ¢ 6osee BbI-
COKHMH PUCKaMH Pa3BUTHS HEOIArOMPHUSITHBIX
nocnenctBuil. Tak y 42 % *eHUIUH € TAXKEIbIM
teueHreM [1D B TeueHue roja nocie pogopas-
pEIIeHUs COXpaHseTCs CTOMKas apTepraibHas
runeptensus (Al'), a B ornaneHHoM Oyayiiem
PHUCK pa3BUTHS CEPJIEYHO-COCYAUCTHIX 3a00-
neBanuit 6onee yeMm B 10 pa3 BbIle B CpaBHE-
HUU C MO3THUM PopmupoBanueM 13 ymepen-
Horo teuenus [4, 8]. OxHako, HE CMOTPS HA
pa3IUyHbIE MOJIEKYJSIPHBIE MEXaHU3MBI, Jie-
JKalllie B OCHOBE MaToreHe3a 3Tux ()eHOTUIIOB,
muddepeHIMpoBaTs MEXAY COOOW JBa THIA
19 TonBpKO HA OCHOBE ONpeesIeHNs ONOXUMU-
YECKUX MMapaMeTpPOB HE MPEACTABISIETCS BO3-
MO>KHBIM, UTO MPEJONpeaAesieT aKTyalbHOCTb
MOVICKA HOBBIX CHEIU(PUYHBIX IS TSHKEIOTOo
teuenus [19 mapkepos [4, 9].

He BbI3bIBaeT cOMHEHUI poib Hacien-
CTBEHHOM MPEIPaCHOI0KEHHOCTH KaK OCHOBO-
nojyiararoniero gpaxkropa pucka. CoriiacHo JuTe-
paTypHbIM JaHHBIM, BKJaJ T€HETHUECKUX M-
TepMUHaAHT B (hopmupoBanue [19 cocrasiser
6onee 50%, cpean KOTOPBIX JOMHHHUPYIOIIAS
POJIb OTBOAUTCSI MATEPUHCKOMY TE€HOMY — 00-
nee 35% [10]. MHOrUMH Hay4YHBIMHU KOJUIEK-
TUBaMHU M3Yy4YaeTCs BKJIAJ Pa3IMYHBIX TPy

TeHOB-KaHJUAATOB, OHOJIOTUYECKUE  MPO-
JTYKTBl KOTOPBIX BOBJICUEHBI B [1aTOTE€HE3 JIaH-
Horo ocioxkHenus recrauuu [11]. [upoxko
IIPOBOJSATCS. PEIUIMKATUBHBIE HCCIIEIOBAHUS
OJTHOHYKJICOTHJIHBIX MOJUMOP(HBIX BapuaH-
TOB PA3JIMYHBIX T€HOB, [I0KA3aBIIUX 3HAUNMBbIE
accouuanuu ¢ 3a00JIeBaHUSIMHU, UMEIOIUE C
[1D eaunble OuoNOTHYECKUE MEXaHU3MBI pa3-
BuTH [12]. OcoOyro HUITY Cpean JaHHBIX pa-
00T 3aHUMAIOT PEIUTUKATUBHBIE UCCIICIOBAHUS
GWAS-3HaunMBIX TOTUMOPQHBIX JIOKYCOB,
aCCOLMUPOBAaHHBIX ¢ (opmupoBanuem Al
KaK OJHOI0 M3 «KJIIOUEBBIX» KIMHHUUYECKHUX
cumnTomoB I10 [13, 14]. Onnako, cToUT OTM™Me-
TUTh, YTO IIOJIyYEHHBIE JlaHHBIE 3a4acTyIo
HEOJAHO3HAYHBI K1 UMEIOT HU3KYIO BOCIIPOU3BO-
JUMOCTb B BBIOOPKaX ¢ MHBIMU 3THO-TEPPUTO-
pUaIbHBIMU XapaKTEPUCTUKAMU, B TOM YHUCIIE,
u Ha Teppuropun Poccun, 4to o0yciaBiauBaeT
aKTyaJbHOCTb MPOJOHKEHUS U3yUEHHUS MOJIe-
KyJISIpHO-TeHeTH4ecKuXx ocHoB I1D [15].

Heab uccaenopanns. OueHUTH acCOLU-
aruu nouMopdubIx MapkepoB GWAS-3Ha-
YUMBIX T'€HOB-KaHauaaToB Al' ¢ pa3ButHEM
12 Tsoxenoro TeueHust y Hacenenust llen-
TpasibHOr0 YepHoszemps PO.

Marepuanbl ¥ MeTOABbI HMCCJIEA0BA-
aus. Oo6cinenosano 217 xeumun c 119, He
HMMEIOLIUX MEX]Ty cO00I POJICTBEHHBIX CBSI3EM
(cpennwuii Bo3pact coctaBui 26,52+5,51 ner).
B BBIOOpKH [UTs1 JaHHOW pabOTHI BKIIOYAINCH
KEHIIUHBI PYCCKOTO 3THOCA, POAMUBIIMECS U
poXuBaromue Ha Tteppuropun lleHTpans-
Horo YepHoszembst Poccun u naBimme 106po-
BOJIbHOE COIJIacMe€ Ha y4dacTHE B HCCIE/I0Ba-
Huu. Kputepum HCKIIOYEHMSI YCTaHOBIIEHBI
CIIEAyIOIIME: TUarHOCTUPOBaHHbIE 3a0o0JeBa-
Hus MaTku (pubpomMuomMa MaTKM, aHOMAaIUU
pa3BUTHS BHYTPEHHHMX IIOJIOBBIX OpPTaHOB),
MHasl NaToJIOTUs rectauuu (pe3yc-KOH(IMKT,
AHOMAJIMM TPUKPEIUIEHHUS U PACIOJIOKECHUS
IUIAleHTHI, TUTalleHTapHask HEJOCTaTOUYHOCTD C
CHUH/IPOMOM 33JIEpKKH POCTa IJI0Ja), BPOXK-
JIEHHBIE TIOPOKH Pa3BUTHS IJI0/1a, MHOTOIIIIO -
Hasi OepeMeHHOCTh. B BbIOOPKY >keHIMH ¢ [1D
YMEpPEHHOT0 TeYeHHUs Bouuio 145 nuil, a B BbI-
OOpKY KEHILIUH, Y KOTOPBIX OTMEYAINUChH KIU-
HUYECKHUE MTPU3HAKU TspKenoro reuenus 110 —
72 uwanuBuayyma. Jlmarnos I[1D ycranaBmm-
BaJICS IIPU PETUCTPALIMU apTEpUAILHOM TUIIEp-
TEH3UU NPU JBYKPATHOM U3MEPEHUH HA OTHOM
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pyKe ¢ MHTEpBAJIOM HE MeHee 15 MUHYT, U
nporennypuu. Bepudukauus amarnoza 110
TSKEJIOr0 TEUEHUS! OCYILECTBIISUIACh MIpPU pe-
ructpanuu Tsokeno AT (IAJI>110 mm pT. cT.
u/uma CAJI>160 MM pT. CT.) U CYyTOYHOH TIPO-
TEUHypUU OoJiee 5 T/ B cOYETaHUU C OJTHUM
unu Oosiee kputepueB Tsokenoi [19, ykazan-
HBIM B KIIMHUYECKUX pekoMeHaanusx «[ umep-
TEH3UBHBIE PACCTPOMCTBA BO BpeMsl OepeMeH-
HOCTH, B pPOJax U TOCJIEPOJOBOM IEPUOJE.
[Ipesxmamricus. Dxnamicus» (2016). Tpu uc-
KJIIOYEHHUH K€ TAaHHBIX IPU3HAKOB Tskenon [19
U HaJIAYUHM TOJHKO YMEPEHHOTO TOBBIIICHUS
Al (CAL = 140-159 mm prt. cr. w/umm A/ =
90-109 MM pr. cT.) 1 iporenHypun >0,3 /71 —
ycTaHaBiuBaJcs auarHo3 [10 ymepennoro te-
yeHusi [16]. KiuHuueckoe, KIMHUKO-aHaM-
HECTUYECKOE U KIIMHUKO-J1adopaTopHOoe o0cie-
JI0OBaHUE OEpeMEHHBIX NPOBOAMINCH Ha 0Oasze
[lepunaransHoro nentpa «benropockoit 00-
JIACTHOM KIIMHUYECKOW OOIBHHULBI CBATHUTEIS
Noacada» moa KOHTPOJIEM STHYECKOTO KOMH-
TeTa MEAUIIMHCKOTO WHCTHUTYTA.
MonekyJIsIpHO-TEHETUYECKOE HUCCIEN0-
BaHHE YEThIpEX OJHOHYKJICOTHIHBIX MOJU-
Mopdmu3moB  (rs8068318 TBX2, rs2681472
ATP2B1, rs4387287 OBFC1, rs1799945 HFE)
OCYIIECTBISUIOCh ~ CTaHJAPTHBIM  METOJOM
[T[P-cunTe3a ¢ wucnonp3zoBanuem TagMan
30H10B Ha amiumgpukarope CFX-96 Real
Time System (BioRad, CIIIA). Beiaesnenue re-
HoMHOM JTHK npon3Boauinocs u3 JIeMKOIUTOB
nepugepuyeckoil BEHO3HOW KpoBU obcienye-
MBIX JKEHIIUH METOAOM (HEeHOII-XJI0pOoPopM-
HoM skcTpakuui [17]. Ilpu nomoum crekTpo-
¢oromerpa  Nanodrop 2000  (Thermo
Scientific) npoBeneHO U3MepeHne KOHLIEHTpa-
MU U OIleHKa kadecTBa BbijeneHHoi JIHK.
OcHoBaHMeM ISl BKIIFOUEHUS MTOIUMOP(HBIX
BapHaHTOB B JAHHOE UCCIIEJOBAHUE U IOCIIe-
JYIOIEr0 TeHOTUITMPOBAHMSI SBISIIOCH HAIHU-
yue accoumanuii ¢ pazputuem Al', KoTopbie
JOCTUTIIN TTOJIHOTEHOMHOT'O YPOBHS 3HAYUMO-
ctn (p<5x10®) mo mammeM 1ByXx m Gomee
GWAS-unccienoBannii 1 HAIHYHAE 3HAYUMOIO
PETYJISITOPHOTO MOTEHIMAla COTJacHO Marte-
puanam oniaiiH-pecypca HaploReg (v.4.1)
(http://compbio.mit.edu/HaploReg). Bepimosn-
HEH CPaBHUTENBHBINA aHATU3 AIMIHPUYECKOTO
pacnpe/iesieHusi TeHOTUIIOB pacCMaTPUBAEMBIX

MOJIMMOP(PHBIX MAPKEPOB U €r0 COOTBETCTBUE
TEOPETUUECKH 0’KMJIAEMOMY COIJIACHO 3aKO-
HOMepHOcTH Xapau-BaitnOepra (OTKIOHEHHS
NPUHUMAIIUCh 32 CTAaTHCTUYECKH 3HAYHUMBIC
npu p<0,05). [IpoBeaeH JTOTHUCTHYECKHUI pe-
I'PECCUOHHBIN aHAJIU3 U U3yYEHbI aCCOLUAINU
nonuMopdHBIX JToKycoB (rs8068318 TBX2,
rs2681472 ATP2B1, rs4387287 OBFC1,
rs1799945 HFE) ¢ passutuem [1D Tskenoro u
YMEpPEHHOTr0 Te4eHHUs. TecTUPOBAIUCH YEThIPE
TFEHETUYECKUE MOJEIN: aJljIesIbHAs, aJJuTUB-
Hasl, peueccuBHasg u n1oMuHaHTHas [18] ¢ BBe-
JIEHUEM IIONPABOK Ha KoOBapuarhl (BO3pacT,
HaCJIEJICTBEHHAs! OTATOLIEHHOCTh 1o [19, nH-
JIEKC Macchl Tejla B NEPUOA, MPEIIIEeCTBYIO-
M HACTYIUIEHHIO TecTaluu). B pamkax re-
HETUYECKOI'0 aHalIM3a BBINNOJIHIACH KOPPEK-
1[Ms HA MHO>KECTBEHHBIE CPABHEHHUSI C UCTIOJb-
30BaHHEM aJJallTUBHOIO IEPMYTAallMOHHOI'O Te-
cTa (Pperm). 32 CTATUCTUYECKH 3HAUUMBIN MPU-
HUMAJICS yPOBEHb Pperm <0,05. 151 OLIEHKH ac-
COLIMAaTUBHBIX CBSI3€W MOIMMOPGHBIX BapUaH-
ToB ¢ [ID Obumn ompenenens nokazarenmun OR
(orHomenue mancoB) u 95%CI (95% nosepu-
tenbHbI uHTepBa 11t OR) [19]. Brimeyka-
3aHHBIC CTATHUCTUYECKUE BBIUMCICHUS MPOU3-
Bogwinck B mporpamme PLINK v. 2.050
(http://zzz.bwh.harvard.edu/plink).

Jig nmonuMopgHBIX BapHaHTOB, IOKa-
3aBIIMX 3HAYMMBIE acCOLMALUU C PA3BUTHEM
[19 Tsxenoro TedyeHus, NpoBeeHa OLEHKA UX
CBSI3U C YPOBHEM TPAHCKPUIIIIMOHHOW aKTUB-
Hoctu (eQTL) m anbpTepHAaTHUBHOrO CIUIAM-
cunra reHoB (sQTL) [20] cormacHO naHHBIM
mpoekta Genotype-Tissue Expression (GTEX)
(http://www.gtexportal.org/), a snureseruye-
ckre 3((PeKThl pacCCMOTPEHBI C MOMOILIBIO OH-
JaliH-cepBuca HaploReg (v4.1),
http://archive.broadinstitute.org/mammals/hap
loreg/haploreg.php).

Pe3yabTaThl M uX 06cyxnenue. [Ipose-
JICHHBIM TOMYJISIMOHHO-TEHETUYECKU aHa-
U3 HaAOII0JaeMOro pacrpeiesieHus] TeHOTH-
MOB O HM3y4YaeMbIM MOTHUMOP(PHBIM BapUaH-
TaM reHoB-kaHauaatoB Al (rs8068318 TBX2,
rs2681472 ATP2B1, rs4387287 OBFC1,
rs1799945 HFE) mokasanm ero COOTBETCTBHE
OKHUJJAEMOMY PaCIpPEEIICHHIO COTTIaCHO 3aKO0-
HOMepHocTH Xapau—BaiinOepra.
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BrisiBnena accouuatvBHas CBA3b MOJIHU-
Mop¢Horo sokyca rs8068318 rena TBX2 ¢ pas-
ButueM 110 Tsoxenoro teyenus. CornacHo mno-
JTy4eHHBIM B  paboTe JaHHBIM, aJUIeNb
(OR =2,19; 95CI = 1,30-3,73; p = 0,003) u re-
wortun TT (OR = 2,34; 95CI = 1,23-4,46;
p =0,008) rs8068318 rena TBX2 accormupoBan
C yBenMueHueM pucka passutus [1D Tspkenoro
TeueHus, a MUHOpHbIHN ajutens C u renorun CC

BBICTYIIAE€T B PO «IIPOTEKTHUBHOTO» (hakTopa
COIJIACHO BCEM YETHIPEM TECTUPYEMBIM F€HETH-
yeckuM Mozersam: amensHoi (OR = 0,45; 95%
C1 0,27-0,74; p = 0,0015; pperm = 0,004), agmu-
tuBHor (OR = 0,46; 95% CI 0,27-0,75; p =
0,0024; pperm = 0,002), nomuuanthoii (OR =
0,42; 95% C1 0,23-0,77; p = 0,005; pperm = 0,005)
u perneccuBHoit (OR = 0,22; 95% CI 0,05-0,98;
p = 0,047; pperm = 0,04) (Ta6Jmua).

Tabauya (nauano)

Accounanuu GWAS-3HaYNMBIX OJIUMOP(HBIX JTOKYCOB reHOB-KAHIH/IATOB apTePUAIbHOI
runepren3um ¢ pazsutuem I1J Ts:KesI0r0 TeueHUs

Beginning of Table

Associations of GWAS-significant polymorphic loci of candidate genes
for arterial hypertension with the development of severe PE

3 19 Taxenoro te- | IID ymepeHHoro
(3} -~
2. = YeHust TeyeHust o
z g AJLJ1eJTH, TEHOTHUIIBI (n=72) (n=145) OR (95%CI) p
= % (n) % (n)
G 18,06% (26) 14,14% (41) 1,33 (0,75-2,36) 035
A 81,94% (118) 85,86% (249) 0,74 (0,42-1,32) ’
GG 3,26% (2) 2,00% (4) 1,00 (0,12-6,59) 1,00
. AG 29,59% (22) 24,28% (34) 1,43 (0,72-2,83) 0,33
é AA 67,15% (48) 73,72% (107) 0,71 (0,36-1,37) 0,35
o Ho/He 0,23/0,24
= 29 (1 e
< (Prwe) 0,30/0,29 (1,00) (0.49)
~ "
5 MuHopuslii amtens G 1,32 (0,77-2,27) 0,30
= (ayutenpHAs MOJIETIB)
@ A/Avs. AIG vs. GIG 1,38 (0,77-2,24) 0,31
2 (anouTUBHASL MOJIENb)
G/G + A/G vs. AIA 1,44 (0,78-2,67) 0,24
(IoOMHHAHTHAS MOJIEIIH)
G/G vs. A/G + AJA 1,00 (0,18-5,59) 1,00
(peuieccuBHas MOJIEIB)
Cc 18,38% (25) 33,10% (96) 0,45 (0,26-0,76)
0,003
T 81,62% (111) 66,90% (194) 2,19 (1,30-3,73)
cC 3,38% (2) 10,96% (17) 0.22(0,03-1.07) | 06
- cT 30,01% (21) 44,29 (62) 0,59 (0,31-L14) | 43
x
o T 66,61% (45) 44.75% (66) 2,34(1,23-446) | (008
® Ho/He 0,31/0,30 0,42/0,44
& (Prwe) (1,00) (0,70)
S Musnopasli annens C 0,45 (0,27-0,74) 0,0015
& (anyenpHAs MOJIEIIB)
C/ICvs.C/Tvs. TIT 0,46 (0,27-0,75) 0,0024
(apmuTHUBHAS MOJIEND)
CIC+C/Tvs. TIT 0,42 (0,23-0,77) 0,005
(ToMHHAHTHAs. MOJIETIh)
CICvs. TIT+TIT 0,22 (0,05-0,98) 0,047
(petieccuBHast MOJIENb)
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Tabauya (oxonuarue)
Acconuannu GWAS-3HaYNMBIX MOJIUMOP(HBIX JIOKYCOB reHOB-KAHIH/IATOB apTepUaIbHOMI
runepren3uu ¢ passutuem I Ts:Kes10r0 TeueHust
End of Table

Associations of GWAS-significant polymorphic loci of candidate genes
for arterial hypertension with the development of severe PE

3 IID Ta:xen0ro0 TeE- 119 ymepenHoro
[>) ~
S = YyeHust TeYeHust N
z é’, AJ1eJTH, TEHOTHITBI (n=72) (n=145) OR (95%CI) p
= % (n) % (n)
18,06% (26) 15,14% (43) 1,23 (0,69-2,17)
0,52
C 81,94% (118) 84,86% (241) 0,81 (0,46-1,43)
AA 3,26% (1) 2,29% (4) 0,48 (0,02-4,73) 0,86
8‘ AC 29,59% (24) 25,70% (36) 1,52 (0,78-2,97) 0,23
% CcC 67,15% (47) 72,01% (105) 0,71 (0,37-1,37) 0,34
= Ho/He 0,33/0,27 0,24/0,24
g (Prwe) (0,18) 0,73)
x MuHOpHBIN aniens A 1,18 (0,67-2,10) 055
> (ansenpHas MOJEND) ' ' ’ '
A/Avs. AICvs. C/C 1,20 (0,66-2,17) 0,54
(anmuTHBHAS MOJIENb)
AIA + AIC vs. CIC 1,38 (0,73-2,63) 0,32
(ToMUHAHTHASE MOJICIIH)
AIA vs. AIC + CIC 1,21 (1,40-4,00) 0,99
(perieccuBHas MOJIEIb)
G 20,83% (30) 16,55% (48) 1,32 (0,77-2,27)
0,33
C 79,17% (114) 83,45% (242) 0,75 (0,44-1,29)
GG 4,34% (5) 2,62% (7) 1,47 (0,38-5,41) 0,74
GC 32,99% (20) 27,15% (34) 1,25 (0,62-2,50) 0,59
; CcC 62,67% (47) 69,64% (104) 0,74 (0,38-1,41) 0,41
r-3 Ho/He 0,24/0,28
3 27 1 i ’
S (Prwe) 0,27/0,33 (0,16) (0.13)
2 MuHopHslii arutens G 198 (0.77-2.13 033
v (annenbHas MOJIENb) 28 (0.77-2,13) ’
G/G vs. G/Cvs. C/C 1,24 (0,77-1,99) 0,37
(anmuTHBHAS MOJIEb)
G/G + G/C vs. C/C 1,29 (0,70-2,37) 0,40
(ToMUHAHTHAST MOJIEIIH)
G/Gvs. G/IC +C/C 1,42 (0,43-4,67) 0,55
(penieccuBHAsT MOJIETID)

IIpumeuanue: OR — nokaszaTens oTHOWMEHU AHCOB, 95%CI — 95% noBepuTenbHBIN HHTEPBAN 1JI OTHOILIEHHS IIAHCOB,
P — YPOBCHb 3HAYUMOCTH, Ho — TeTepO3UTOTHOCTDH Ha6n}0)1aeMa;1, He — TEeTCPO3UTOTHOCTH OKUAacMasl, PHWE — YPOBCHb
3HAYMMOCTHU OTKJIOHCHHS OT 3aKOHOMEPHOCTH Xap)m-BaﬁH6epra.

Note: OR — odds ratio, 95%CI — 95% confidence interval, p — level of significance, Ho — observed heterozygosity, He —
expected heterozygosity, Puwe — level of significance to match the Hardy-Weinberg equilibrium.
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Jlist momumopduoro mapkepa rs8068318
rera TBX2, mokaszaBiieMy 3HaYMMBbIE acCOIH-
aru ¢ passutueM [1D Tspkenoro tedeHus B
paMKax HAaCTOAILIETO0 HCCIEAOBAaHU, MpPOBE-
JieHa OLleHKa (YHKIIMOHAJIBHOTO [TOTEHIIKANa C
UCTOJBb30BAaHUEM JIAaHHBIX OHJAMH-pecypca
HaploReg (v.4.1). [Tony4yeHo, 4TO M3y4aeMbIii
SNP nokanu3oBaH B perHoHE TUIIEPUYBCTBH-
tenpHOCTH K JIHKa3e, pernone peryinsatopHsix
MotuBoB JIHK Kk 4YeThlpeM TpaHCKPHUIIIIMOH-
HeM (aktopam: MZF1:1-4, Pax-5, RXRA,
SPIB, B o61actu rucToHoBEIX MeToK H3K27ac
n H3K9ac, mapkupyronmx, COOTBETCTBEHHO,
aKTUBHBIE SHXAHCEPBI U IPOMOTOPHI B MaTore-
HETHUYECKHUX 3HAYMMBIX JUTsl pa3Butus [1D Tka-
HAX (TUIalleHTe, HAAMOYeYHUKAX U TOYKax
10/1a, SMYHUKAX, Pa3JIMYHBIX OT/ENIaX TOJIOB-
HOTO MO3ra, KyJbType KIETOK (huOpobIacToB
u gp.). CorjmacHo wmaTepuaiaMm pecypca
GTExportal, nzyyaempiii moaumopdHbIid J0-
Kyc rs8068318 rena TBX2 orpuniatesibHO pe-
ryJupyer 3Kcrpeccuto rena TBX2-AS1 B Buc-
nepanbHO JkupoBor kierdarke (B= -0,23;
p=9,1x101Y),  kope TOMOBHOrO  MO3Ta
(B= -0,35; p=5,7x10°) u rema TBX2 B mwuro-
BUIHOI xenese (P= -0,26; p=6,9x107?), acco-
IMUPOBAaH C YyPOBHEM aJIbTCPHATHBHOTO
crutaiicuara  TteHoB 1BX2-AS1 u  RP11-
332H18.5 B BuUCHEpaNbHOW >KHPOBOU KIIET-
gatke (p=1,1x10"°), spurmkax (p=2,9x1012),
matke (p=2,6x10"1%) u ap. Jlns navHOTO MOMH-
MopdHoro nokyca ycraHoBieHo 15 SNPs,
HaXOJISAIIUXCS C HUM B HEPAaBHOBECHH T10 CIIETI-
nernio (r>>0,8) ¥ UMEIOIMX 3HAYMMBIH pery-
JIATOPHBIA MOTEHIMaN. 7 u3 15 cuenieHHbIX
SNPs naxognsarcs B pernonax J{HK, B3zaumo-
NEeNCTBYIOIUX € 4 PeryasTOPHBIMU OelKamu:
POL 2, GATA2, SUZ12, CHD 2. Henocpezn-
CTBEHHO HM3y4YaeMbIid JIOKYC HE OTHOCHUTCS K
HECMHOHUMUYECKUM 3aMeHaM, HO OJHMH U3
cuerieHHbIX ¢ HUM SNP (rs1057987) sBns-
ercs MucceHc-MyTammeii (r°=1, D'=1), o6y-
CIIaBJIMBAIOIIECH 3aMEHy CEepHHa Ha apTUHUH
(Ser609Arg) B aMUHOKHMCIOTHOM TMOCJE€10BaA-
TEeIBHOCTH B moymmnenTuaer T-box TpaH-
ckpurnuuonHoro ¢akropa (TBX2).

Ilo mamaeiMm GWAS-katanora, momiu-
MopHsIit 1okyc rs8068318 rena TBX2 moxa-
3a11 3HaUMMBIe accormanmy (p<5x107?) ¢ mapa-
MeTpamu apTepuanbHoro naneHus (AJl) u AT

10 JJAHHBIM JIBYX MOJHOT€HOMHBIX HCCIIE/I0Ba-
Huii [21, 22]. BeisiBneno, uto ayiens T uccre-
JyeMOTO MOJIUMOP(PHOro BapHaHTa acCOIUU-
poBaH ¢ pazButueM Al ¥ MOBBILICHHEM MOKa-
3atenedt CAJl u JIAJ] B eBporeiicKoi momyisi-
uuu [21], B To Bpems kak ajiiesib C BBITIOJIHSIET
«IPOEKTUBHYIO» POJIb B OTHOIIEHUHU Pa3BUTHS
AT u cBs3an ¢ Oosiee HU3KUM ypoBHeM AJl
(CAL, JAL, CpAHd) [22], 4TO HOIHOCTBIO CO-
rJlacyercs ¢ MOJyYeHHbIMA HAMU JTaHHBIMH O
«TPOTEKTUBHOWY posm amnens C i pa3Bu-
tud 11D tsxenoro teuenus. B pamkax nosHo-
TCHOMHOTO  HCCJIEIOBaHUSA, IPOBEIECHHOTO
Chambers et al. (2010), ycraHoBieHo, 4TO
rs8068318 rena TBX2 BoBneueH B perysinuio
9KCKpeTOopHOU QyHKIIMU noyek — amiens C ac-
COLIMUPOBAH CO CHIKEHHEM YPOBHS KpeaTu-
ruHa (OR=0,80; p=3,4x10719) [23].

I'en TBX2 xomumpyer Oenok T-box
transcription factor 2 (TBX2), sBastommmcs
PEryJIsATOPOM TPAHCKPUIIIMOHHONW aKTHBHO-
CTH pa3IMYHBIX T€HOB
(https://www.uniprot.org/) 1 oTHOCHTCS K UJie-
HaM (pUITOTeHeTHYEeCKH KOHCEPBAaTUBHOTO Ce-
MetictBa renoB ¢ o0muM JIHK-cBsi3piBarommm
MoTuBoM (nomeH T-box) [24]. T'en TBX2 Bo-
BJICUEH B IPOIIECCHl MOp(doreHesa pa3InIHbIX
OpPraHOB U CHCTEM OpraHOB B 3MOpuoreHese, a
TaKX€ BBICTYIAET KJIFOUEBBIM 3BEHOM PETryJIsi-
M1 MEXaHU3MOB KJIETOYHOU mpoiudepanumu,
T depeHIIMPOBKY, afonTo3a M CTapeHHs
kieTok [25-28]. B pabore Fernando F. et al.
(2021) nomy4eHo, YTO MPHU CBEPXIKCIPECCUU
TBX2 B KjeTKax MHOMETPHUSI CHI)KAETCS BbI-
CBOOOYX/IEHUE TPOBOCHAIUTENBHBIX TUTOKHU-
HoB (IL-1B, IL-2), xemoaTTpakaHTOB MOHOIH-
toB (CCL3, CXCL13) u ¢akrTopa Hekpo3a
onyxonu o (TNFa), 1 onHOBpeMEHHO yBesH-
YUBACTCS TPOIYKIHS XEMOKHHOB KIIACCOB
CCL7, CXCL6, CCL13, urparommx BaXXHYIO
pOJb B WHHIMAIMH POJIOBOM AEATEITBHOCTH
[29]. Amenr C mnonumopdHOro Jokyca
rs8068318 rena TBX2 moBbimiaeT aguHHOCTH
(paccunThIBanach Kak pasHuma mexay LOD
scores anmpTepHaTUBHOTO (alt) amtens u pede-
pencHoro (ref)) perynaropaoro motuBa JIHK
K (bhakTopy TPAHCKPUIILIHHA RXRA
(ALOD = 2,3). RXRA mpencramusietr coboit X-
pelenTop PEeTHHOMIHOW KHUCIOTHI M JIUTaH/-
WHIYLIHUPYEMBII TPAaHCKPUIIIIMOHHBIN (aKTop,
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g depeHInaIbHO IKCIIPECCUPYEMbIi B I1J1a-
[[EHTE W YYaCTBYIOUIUN B PETYJSAIUU TPaHC-
dbopmaruun nponupepaTUBHOIO THMA TPO-
¢dobmacta B MHBa3UBHBIN IS MOCIIEIYIOIIEH
MEePEeCTPOUKHN CHUPATBHBIX MAaTOUYHBIX apTe-
puit [30]. OT™MeuaeTcst cBepXdKCHpeccus reHa
RARRES1, unaynupyeMas MOCpEICTBOM aK-
tuBauu RXRA um RARA B kierkax Ttpo-
¢dobnacTa B mIaneHTax KEHIIUH, TeCTaIHs KO-
TopbIxX ocnoxkHstack [19 [31]. Takum obpa-
30M, BBISIBJICHHBIE MEIMKO-OMOIOTUYECKHE
ekt OJTMMOP(GHOTO BapuaHTa
rs8068318 rena TBX2 uMer0T BayKHOE ITHOIIA-
TOT€HETUYECKOe 3HayeHHe Mpu (GopMUpOBa-
Huu [13.

3akiouenue. [lomumopdHblii Mapkep
rs8068318 rena TBX2 accoumupoBan ¢ pa3Bu-
tiueM [ID Tskenmoro TeyeHWs y HaceleHUs
Hentpansroro YepHoszembss PO cornacHo an-
nenbHOM (OR = 0,45; pperm = 0,004), agnutus-
Hoii (OR = 0,46; pperm = 0,002), noMuHaHTHON
(OR =0,42; pperm = 0,005) u penieccuHoii (OR
= 0,22; pperm = 0,04) reHeTUUECKUX MOJEIIEH.
[Tonmumopdusrit mokyc rs8068318 rena TBX2
JIOKAJIM30BaH B PETHOHE THUIEPUYBCTBHUTEIb-
noctu k /IHKa3ze, pernone peryisiTopaHbix Mo-
tBoB /IHK K ueTbipeM TpaHCKpHUIILIMOHHBIM
dakTopaM, 00JacTH THUCTOHOBBIX METOK
H3K27ac u H3K9ac, mapkupyoomux akTHB-
HbIE PHXAHCEPHI U TPOMOTOPHI B NMATOTE€HETH-
YeCKU 3HAYMMBIX Ui pasButws [1D TkaHIx
(mnmarneHTe, HaAMOYEYHUKAX U MOYKaX IUIoJa,
SUMYHUKAX, PAa3IMYHBIX OTJENIaX TOJIOBHOTO
Mo3ra, KyJnbType KieTok (ubpobracToB u
ap.). [lomumopdusrit Bapuant rs8068318 rena
TBX2 oTpunaTensHO peryaupyeT SKCIpecCHIo
rena TBX2-AS1 B BuclepaidbHON >XUPOBOU
KJIETYaTKe U KOpE TOJOBHOTO MO3Tra, a TaKXke
rea TBX2 B IHUTOBUIHOM Keae3e, U aCCOLU-
UPOBaH C YPOBHEM allbTEPHATUBHOTO CILIAK-
cudra remoB 1BX2-AS1 u RP11-332H18.5 B
BUCIIEPATILHON >KUPOBOW KIIETYATKE, SIMUHU-
Kax, MaTKe | JIp.
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Abstract

Background: The study of possible ways of effective correction of retinal ischemia-reperfusion in-
jury, which accompanies a number of eye diseases, is relevant today. The aim of the study: To study
the retinoprotective effect and antiapoptotic mechanism of 2-Ethyl-3-hydroxy-6-methyl-pyridine-N-
acetyltaurinate (EHMP-NAT) in a rat model of retinal ischemia—reperfusion (I/R). Materials and
methods: A pathology model with an increase in intraocular pressure (I0P) to 110 mmHg was used.
The retinoprotective effect of EHMP-NAT at a dose of 4.4 mg/kg/day, in comparison with emoxipine
and taurine in equimolar doses, was estimated by the changes in the retinal microcirculation, electro-
retinograms (the b/a coefficient), and retinal caspase-3, NF-kB p65, pS3 gene expressions in Wistar
rats. Results: The use of EHMP-NAT led to an increase in the retinal microcirculation level to 756.5
(median) perfusion units in comparison with emoxipine (p = 0.045) and taurine (p = 0.00029). The
b/a coefficient increased in comparison with the group with emoxipine (p = 0.0099) and with the
group with taurine (p = 0.015). In the group with EHMP-NAT, the caspase-3 gene expression de-
creased reliably in comparison with emoxipine (p = 0.0002) and with taurine (p = 0.0028); the NF-
kB p65 gene expression decreased in comparison with emoxipine (p = 0.0009) and with taurine
(p = 0.0022); the p 53 gene expression decreased in comparison with emoxipine (p = 0.0022) and
with taurine (p = 0.0009). Conclusion: Based on the data obtained, in correction of retinal I/R by
EHMP-NAT, improvements in the retinal microcirculation, functional state, and caspase-3, NF-xB
p65, p53 gene expressions were more pronounced than in monotherapy with emoxipine or taurine.
Keywords: retinal ischemia—reperfusion; rats; 2-ethyl-3-hydroxy-6-methyl-pyridine-n-acetyltau-
rinate; apoptosis
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Introduction. The retina is susceptible
to lipid peroxidation because it consists of li-
pids with high levels of polyunsaturated fatty
acids, such as docosahexaenoic acid, cis-ara-
chidonic acid and choline phosphoglyceride.
Prostanoids are synthesized from arachidonic
acid as a result of the sequential action of phos-
pholipase A2 and cyclooxygenase, which are
triggered by oxidative stress and peroxidation.
The accumulation of peroxides ultimately con-
tributes to the production of thromboxane A2,
which is a powerful cytotoxic agent for mi-
crovessels [1]. Platelet activation factor and
lysophosphatidic acid are other lipids formed
during lipid peroxidation, which act as pro-in-
flammatory mediators and contribute to dam-
age to retinal microvessels. Platelet activation
factor is produced in large quantities during
oxidative stress, and its cytotoxic effects are
largely mediated by thromboxane A2. Simi-
larly, lysophosphatidic acid is released from
lysophosphatidylcholine under the action of
lysophospholipase D and may play a role in
retinal inflammation, which leads to microvas-
cular cytotoxicity [2]. Retinal microvascular
injuries lead to a decrease in perfusion param-
eters and microcirculation.

The high rate of blood flow makes the
retina susceptible to ischemia-reperfusion
(I/R) injury. It is widely accepted that I/R in-
jury is caused by the increased generation of
reactive oxygen species (ROS) during the pro-
cess of I/R, including superoxide (O?), hydro-
gen peroxide (H202) and hydroxyl radicals
(OH"). The overproduction of ROS can induce
apoptosis in the retina [3, 4, 5]. As a result, in-
flammation and cell apoptosis are considered
to be major causes of the pathological changes
following I/R injury. Induction of an inflam-
matory response by reperfusion may increase
the intensity of damage.

Many studies have shown that after I/R
injury, treatment with antiapoptotic agents is
effective for preserving cell populations

throughout the retina [6-9]. p53 is a transcrip-
tion factor that induces apoptosis in response
to DNA damage, oncogene activation, hypoxia
[10]. p53 may mediate apoptosis through ex-
trinsic and intrinsic pathways. The intrinsic
pathway is associated with Bcl-2 family pro-
teins, which controls the mitochondria outer
membrane permeabilization [11, 12]. Upregu-
lation of p53 inhibits Bcl-xL and Bcl-2 protein,
contributes to the release of cytochrome c, and
promotes caspase-3—mediated apoptosis [13].
NF-«B is a transcription factor activated by ox-
ygen free radicals, an increase in its immuno-
activity in retinal inner nuclear layer (INL) and
ganglion cells layer after I/R injury was con-
sistent with TUNEL-labeling apoptosis [14].
In NMDA-mediated retinal excitotoxicity,
NF-xB promotes an apoptotic response in gan-
glion cells via p53 upregulation [15].

The research object is a new molecule
2-ethyl-3-hydroxy-6-methyl-pyridine-N-
acetyltaurinate (EHMP-NAT) that includes the
following pharmacophores: 3-hydroxypyri-
dine and N-acetyltaurinate. EHMP-NAT was
synthesized at the All-Russian Scientific Cen-
ter for Safety of Biologically Active Sub-
stances, Russia, and is related to the class
of 3-hydroxypyridines. 3-hydroxypyridine
substantiates antioxidant effect and the correc-
tion of glutamate excitotoxicity [16]. As is
known from the literature data, 2-ethyl-3-hy-
droxy-6-methylpyridine hydrochloride
(Emoxipine) has an antioxidant effect due to its
ability to interact with Fe?* and radicals and to
enhance efficiency of the endogenous antioxi-
dant protection [17, 18]. In the retina, taurine
is present in high concentration, regulates Ca?*
transport and has antioxidant properties [19].
Taurine also suppresses glutamate-induced
Ca?* flow [20].

The problem of search for ways to im-
prove the effectiveness of pharmacological
correction of retinal ischemia is relevant and
beyond doubt [21, 22]. In this experimental
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study, we studied the possibility of pharmaco-
logical correction with 2-ethyl-3-hydroxy-6-
methyl-pyridine-N-acetyltaurinate in retinal
I/R, assessing its effect on microcirculation in
the retina, the functional state of the retina and
the expression of pro-apoptotic factor genes in
the retina.

Obijective: to study the retinoprotective
effect and antiapoptotic mechanism of EHMP-
NAT in a rat model of retinal I/R.

Materials and Methods

1. Animals

The experiments were approved by the
Local Ethics Committee of Belgorod State Na-
tional Research University, Belgorod (Proto-
col #11/20 from 7™ of September 2020). The
animals were obtained from the Stolbovaya la-
boratory animal nursery in the Moscow region,
Russia. The study was performed in 50 Wistar
rats weighing 225-275 g. Ethical principles of
handling laboratory rats were observed in ac-
cordance with the European Convention for
the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes,
CETS No. 123. All manipulations on rats were
performed under general anesthesia with i.p.
administration of chloral hydrate solution.

2. Design of the Experiment

The following groups were included in
the experiment:

(1) control group (an equivalent volume
of water for injections was administered using
the same manner as the studied substance)
(n=10);

(2) group with the retinal I/R model
(n=10);

(3) group with 1I/R correction by EHMP-
NAT (n =10);

(4) group with I/R correction by emoxi-
pine (n = 10);

(5) group with I/R correction by taurine
(n=10).

A model of retinal I/R was performed
under general anesthesia using i.p. chloral hy-
drate, 300 mg/kg, by applying mechanical
pressure to the anterior eye chamber for 30 min
[23]. Mechanical pressure was 110 mm Hg and
carried out by an atraumatic metal rod in the
cylinder with calibrated piston system. The

system for retinal I/R simulation was cali-
brated as followed: 10P was registered by ad-
ministrating into the anterior eye chamber 30G
needle sensor (Biopac System, Inc., Goleta,
CA, USA) with use the TSD104A hard-ware-
software complex MP150 production Biopac
System, Inc., and the computer pro-gram Ac-
gKnowledge 4.2. Rendering mechanical pres-
sure was carried out as per step calibration sys-
tem of the cylinder with the registration of the
increase of IOP that allowed us to estimate the
level of IOP increase at a specific position.

EHMP-NAT (All-Russian Scientific
Center for Safety of Biologically Active Sub-
stances, Staraya Kupavna, Russia) was admin-
istered parabulbarly (into the orbital adipose
body, the area of the lower eyelid) as a 1% so-
lution at a dose of 4.4 mg/kg/day daily for 4
days, including the first injection 30 min be-
fore I/R.

Emoxipine (1% solution for injections,
Federal State Unitary Enterprise “Moscow En-
docrine Plant”, Moscow, Russia) as a compari-
son drug was administered at a dose of 2 mg/kg
[5] in the same manner as EHMP-NAT.

Taurine (4% solution for injections,
“Dalkhimpharm” JSC, Khabarovsk, Russia) as
a comparison drug was administered at a dose
of 1.8 mg/kg in the same manner as EHMP-
NAT. The studied substance and comparison
drugs were taken for research in equimolar
doses.

The retinoprotective effects of pharma-
cological agents were estimated by changes in
retinal microcirculation level using laser Dop-
pler flowmetry (LDF), and electroretinography
(ERG) after 72 hours of reperfusion [23]. The
expression of proapoptotic factor genes
(Caspase 3, NF-«xB p65, p53) in the retina was
evaluated by quantitative real-time PCR.

3. LDF

72 hours after ischemia, the microcircu-
lation level in rats was measured by LDF. The
online registration was performed using
MP150 production Biopac System, Inc., a
computer-based data acquisition system with
AcgKnowledge 4.2 software, and a TSD-144
needle-type sensor (Biopac System, Inc., Go-
leta, CA, USA). After the rats were anesthe-
tized, the microcirculation level was measured
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at 10 points on the circumference of the eye.
The duration of the recording at each point was
about 20 sec. Then the average value was cal-
culated, which was taken as the value of the

retinal microcirculation level in a particular rat
[23]. An example of recording the microcircu-
lation level in the eye of a rat from the control
group is presented in Figure 1.
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Fig. 1. An example of recording the microcirculation level in the eye of a rat

4. ERG

ERG was performed according to the
protocol previously published [8]. Evoked bi-
opotentials were run at a frequency of 1-1000
Hz, amplified, averaged, and presented graph-
ically on the screen using the MP150 data ac-
quisition and analysis system (Biopac Sys-
tems, Inc., Goleta, CA, USA). ERG registra-
tion was carried out in response to a single
stimulation. To assess the degree of retinal is-
chemia, the b/a coefficient was calculated.

5. Quantitative real-time PCR

10 to 20 mg of retinal tissue was cleaned
with ice cold PBS 0.1 M solution before immer-
sion in RNAlater Stabilisation Solution to
avoid degradation of cellular RNA. Before
RNA extraction, retinal tissue was sonicated in
300 pl of lysis buffer. The total RNA was ex-
tracted as follows: the samples were homoge-
nized in a commercial solution "Extract RNA"
(Evrogen, Russia) at the rate of 50 mg of tissue
per 1 ml of extractor. The resulting suspension
was centrifuged for 5 minutes at 150009 at
room temperature. Then, the samples were

washed sequentially and centrifuged with chlo-
roform, 100% isopropanol, and 75% ethanol
cooled. 15 pl of distilled water was added to
the resulting sediment and vortexed. The con-
centration of RNA in the resulting solution was
determined using a NanoDrop 2000C spectro-
photometer (Thermo Scientific Inc., USA)
three times. After calculating the average con-
centration, the samples were adjusted to an
RNA content of 200 ng/ml.

For the translation of RNA into cDNA,
the reverse transcription reaction was carried
out in a Bio Rad CFX96 amplifier using a com-
mercial MMLV RT kit (Evrogen, Russia) at
the rate of 11 ul of the sample per 9 pul of the
reverse transcription kit. Reaction temperature
conditions: 60 minutes at 39 °C + 10 minutes
at 70 °C. Then, to evaluate the expression of
targeted genes in the Bio Rad CFX96 ampli-
fier, PCR of samples was performed using a
commercial SYBR® Green Master Mix kit
(Bio-Rad Laboratories, Inc., USA) and oligo-
nucleotide primers (Evrogen, Russia).

Primers were selected using the Primer-
BLAST resource (NCBI, USA) (Table 1).
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Table 1
Primer sequence used for quantitative real-time PCR
Gene Primer sequence (5'-3") Annealing temperature (°C)
ACTBF GAC ATC CGT AAAGAC CTC TAT GCC 64
ACTBR ATA GAG CCA CCA ATC CAC ACA GAG
Caspase 3 F TCC ATA AAA GCACTG GAATG 59
Caspase 3 ° CTG TGATCT TCC TTAGAA ACAC
NF-xB p65 F TTC CCT GAA GTG GAG CTA GGA 61.3
NF-xB p65 R CAT GTC GAG GAA GAC ACT GGA
p53 F GTC GGC TCC GAC TAT ACC ACT ATC 67.4
p53 R CTCTCTTTG CACTCC CTG GGG G

Note: F — forward; R — reverse.

After amplification, the relative expres-
sion value for each gene was calculated using
the formula:

Ecol =2*(Ctacts — ACtcor),

where Ctacts is the cycle threshold value
for the reference gene ACTB.

6. Statistical Analysis

In all cases, the median (Me) and lower
(Qu) and upper (Qu) quartiles were calculated.
Between-group differences were analyzed by
the Mann-Whitney U test. Statistical analyses
were performed using Statistica 10.0 software.

Results

1. LDF results

In the control group, the microcirculation
level was 748.5 (median; QL = 733.0; Qu =
768.0) perfusion units. In the group with I/R,
the microcirculation level was 357.0 (median;
QL =314.0; Qu = 385.0) perfusion units, which
was significantly lower (p = 0.00016) than in
the control group. The use of EHMP-NAT led
to an increase in this parameter to 756.5 (me-
dian; QL = 680.0; Qu = 774.0) perfusion units
compared to the group with retinal I/R (p =
0.00016); compared to the group with emoxi-
pine (p = 0.045); compared to the group with
taurine (p = 0.00029). In the group treated with
emoxipine, the retinal microcirculation level
was 685.5 (median; QL = 647.0; Qu = 710.0)
perfusion units, which was significantly differ-
ent (p = 0.0028) from the control group, and
significantly different from the group with ret-
inal I/R (p = 0.00016). In the group with tau-
rine, this parameter was 390.5 (median;
QL =311.0; Qu =415.0) perfusion units, which
was significantly different from the control
group (p = 0.00016), and didn’t differ from the
group with I/R (p = 0.212).

Based on the data obtained, in the retinal
I/R model, improvement in the retinal micro-
circulation in correction by EHMP-NAT was
more pronounced than in monotherapy with
emoxipine or taurine.

2. ERG results

The influences of the studied substance
and comparison drugs on the a- and b-wave
amplitudes and the b/a coefficient in the model
of retinal I/R are presented in Table 2. The a-
wave amplitude values remained unchanged in
all experimental groups.

When simulating I/R, the b-wave ampli-
tude reduced by 2.1 times in comparison with
the control group (p = 0.0002). In the group
treated with EHMP-NAT, the b-wave ampli-
tude increased by 93.2% (p = 0.0002) in com-
parison with the group with I/R; the b/a coeffi-
cient increased by 93.3% in comparison with
the group with I/R (p = 0.0002); by 64.2% in
comparison with the group with emoxipine (p
= 0.0099); by 65.8% in comparison with the
group with taurine (p = 0.015). In the group
with emoxipine administration, the b-wave
amplitude increased by 72.7% (p = 0.0002) in
comparison with the group with I/R; the b/a co-
efficient increased by 64.2% (p = 0.0002) in
comparison with the group with I/R. In the
group with taurine, the b-wave amplitude in-
creased by 63.6% (p = 0.0002) in comparison
with the group with I/R; the b/a coefficient in-
creased by 65.8% (p = 0.0002) in comparison
with the group with I/R.

Based on the table data from the ERG
study, the best correction of functional retinal
changes caused by I/R was found in group with
EHMP-NAT administration.
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Table 2

The values of the a- and b- wave amplitudes and the b/a coefficient when correcting retinal
ischemia-reperfusion by 2-ethyl-3-hydroxy-6-methyl-pyridine-N-acetyltaurinate,
emoxipine, and taurine (Me (QL;Qu))

Groups 'The a-wave _The b-wave - The b/a
Amplitudes (n = 10), mV | Amplitudes (n = 10), mV | Coefficient (n = 10), R.U.

Control 0.38 (0.31;0.45) 0.93 (0.84;1.06) 2.46 (1.87;3.24)

I/IR 0.35(0.33;0.45) 0.44 (0.38;0.49)# 1.20 (1.07;1.40)#
I/R + EHMP-NAT, 4.4 i ) . ) .
ma/kg/day 0.38 (0.35;0.40) 0.85 (0.76;0.91)¥ 2.32(1.98;2.55)v<
I/R + emoxipine, 2 mg/kg/day 0.37 (0.34;0.40) 0.76 (0.69;0.8L)#¥ 1.97 (1.78;2.27)#
I/R + taurine, 1.8 mg/kg/day 0.37 (0.33;0.44) 0.72 (0.66;0.79)#¥ 1.99 (1.57;2.06)#Y

Note: I/R — group with retinal ischemia—reperfusion; EHMP-NAT — 2-ethyl-3-hydroxy-6-methyl-pyridine-N-acetyltau-
rinate; R.U. — relative units; # — compared to the control group; ¥ — compared to the ischemia—reperfusion model;
& — compared to the group with emoxipine; ' — compared to the group with taurine.

3. Real-time PCR results

Effects of the studied substance and
comparison drugs on I/R-induced changes in
the retinal caspase-3, NF-kB p65, p53 genes
expression were evaluated after 72 hours of
reperfusion. When simulating pathology, the
caspase-3 gene expression increased reliably in
comparison  with  the control  group
(p =0.00016); the NF-«xB p65 gene expression
in-creased by 2.5 times in comparison with the
control group (p = 0.00016); the p 53 gene ex-
pression increased by 2.4 times in comparison
with the control (p = 0.0002).

In the group treated with EHMP-NAT,
the caspase-3 gene expression decreased by 2.3
times (p = 0.0002) in comparison with I/R
group; the NF-kB p65 gene expression de-
creased by 1.6 times (p = 0.0002) in compari-

son with the group with I/R; the p 53 gene ex-
pression decreased by 1.6 times in comparison
with I/R group (p = 0.0002).

In the group with emoxipine administra-
tion, the caspase-3 gene expression decreased
by 24.6% (p = 0.001) in comparison with the
group with I/R; the NF-xkB p65 gene expres-
sion decreased by 1.3 times (p = 0.0032) in
comparison with the group with I/R; the p 53
gene expression decreased by 1.2 times in
comparison with I/R group (p = 0.0008).

In the group with taurine, the caspase-3
gene expression decreased by 1.7 times
(p =0.0007) in comparison with I/R group; the
NF-kB p65 gene expression was not signifi-
cantly different from the group with I/R
(p = 0.076); the p 53 gene expression was Sig-
nificantly different from the control group
(p=10.0002) and from the I/R group (p =0.011)
(Table 3).

Table 3

Effects of pharmacological correction with 2-ethyl-3-hydroxy-6-methyl-pyridine-N-acetyltau-
rinate, emoxipine, and taurine on I/R-induced changes in caspase-3, NF-kB p65,
p 53 genes expression

Groups Caspase-3 (n = 10) NF-kB p65 (n = 10) p53 (n = 10)
Control 1.05(0.98;1.17) 0.97 (0.87;1.03) 0.96 (0.69;1.15)
IIR 1.99 (1.84;2.09)# 2.47 (2.14;2.76)# 2.29(2.11;2.48)#
I/R + EHMP-NAT, 4.4 _ . _ . , .
ma/ka/day 0.87 (0.78;0.99) 1.59 (1.37;1.76) 1.43 (1.23;1.65)#
I/R + emoxipine, 2 mg/kg/day 1.50 (1.26;1.67)# 1.97 (1.88;2.20)#Y 1.87 (1.69;2.01)#¥
I/R + taurine, 1.8 mg/kg/day 1.19 (0.98;1.45)Y 2.20 (1.88;2.49)# 1.98 (1.81;2.12)#

Note: I/R — group with retinal ischemia—reperfusion; EHMP-NAT — 2-ethyl-3-hydroxy-6-methyl-pyridine-N-acetyltau-
rinate; # — compared to the control group; ¥ — compared to the ischemia—reperfusion model; ¢ — compared to the group
with emoxipine; ' — compared to the group with taurine
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In the group with EHMP-NAT, the
caspase-3 gene expression decreased reliably
in comparison with emoxipine (p = 0.0002)
and with taurine (p = 0.0028); the NF-xB p65
gene expression decreased in comparison with
emoxipine (p = 0.0009) and with taurine
(p = 0.0022); the p 53 gene expression de-
creased in comparison with emoxipine
(p = 0.0022) and with taurine (p = 0.0009).

Based on the table data from the real-
time PCR study, the best pharmacological cor-
rection of retinal I/R by protecting retina from
apoptosis was found in the group with EHMP-
NAT.

Discussion. In this study, we investi-
gated the retinoprotective effect and the mech-
anism of antiapoptotic action of EHMP-NAT
against the retinal I/R through the evaluation of
retinal microcirculation, electrophysiological
state, and caspase-3, NF-«B p65, p53 gene ex-
pressions.

Several studies have shown that, in the
early stage of ischemia, an increase in extracel-
lular glutamate activates NMDA-receptors,
causing a Ca?* influx. Then, NO is produced
under the NO-synthase action in the mitochon-
dria, which leads to production of ONOO™
[4,24]. Based on the literature data, glutamate
receptor stimulation activates NF-kB and plays
a role in ROS-induced cell apoptosis [25, 26].
NF-kB p65 has been shown to be activated in
NMDA-mediated retinal excitotoxicity as well
as other neurodegenerative diseases [27]. Our
study demonstrated that the exposure to transi-
entincrease in IOP to 110 mmHg (ischemic ep-
isode) followed by 72-hour reperfusion in-
creases the retinal expression of NF-kB p65
gene. It is likely that the observed changes in
NF-«xB expression at these time points involve
response to NMDA activation in retinal glial
and ganglion cells [28]. Correction with
EHMP-NAT reduced NF-«xB p65 gene expres-
sion in retinal I/R model.

The present study also investigated the
effect of EHMP-NAT on the retinal I/R-medi-
ated changes in the p53 and caspase-3 gene ex-
pressions. Based on the literature data,
NMDA-induced retinal ganglion cell loss cor-
responded with increased levels of the p53
gene [8]. The inactivation or low expression of

p53 provide a retinoprotective effect in retinal
ischemia or excitotoxicity [29]. There is evi-
dence that Bax and Bcl-2 expressions are
highly regulated by the p53 gene [30]. Several
studies have shown that, p53-mediated retinal
ganglion cell apoptosis is accompanied by the
activation of caspase-3 dependent signaling
pathway [31, 32]. Correction with EHMP-
NAT also reduced p53 and caspase-3 gene ex-
pressions in retinal I/R model.

Over the past two decades, LDF has been
adapted to measure blood flow in the optic
disc, subfoveal vasculature [33], and iris in hu-
mans [34]. LDF values depend linearly on the
state of the blood flow. This makes it useful in
assessing changes in blood flow caused by
physiological or pathological stimuli that do
not change the optical properties of tissues
[35]. Hyperoxia, hypercapnia, flickering light
stimuli, changes in ocular perfusion pressure
affect blood flow in the optic disc and cho-
roidal blood flow measured using LDF [36].
The results of our study indicate that correction
with EHMP-NAT improved the retinal micro-
circulation against I/R.

In this study, ERG was used to confirm
whether microcirculatory changes in the retina
were related to functional changes. ERG has
confirmatory rather than primary diagnostic
value because injuries to any of the retinal lay-
ers could result in ERG changes: photorecep-
tors (a-wave), and the inner nuclear layer (b-
wave) [37]. The amacrine and bipolar cells are
located in the inner nuclear layer and are sen-
sitive to I/R- and NMDA-mediated retinal in-
jury [38]. As it was shown earlier, in retinal
I/R, the cells of the inner nuclear layer are pri-
marily damaged [5, 23]. The results of the pre-
sent study indicate that treatment with EHMP-
NAT preserved the retinal electrophysiology
against I/R.

The detected retinoprotective effect of
EHMP-NAT to correct experimental retinal
I/R may be also associated with the following:
(a) 3-hydroxypyridine is a “scavenger” of per-
oxides and superoxides of fatty acids [39]; (b)
taurine, an antioxidant and the predominant
free amino acid in the retina that maintains
membrane structural integrity, regulates Ca2+
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binding and transport [40], and inhibits retinal
excitotoxic injury [41].

In view of the above, further studies of
the effects of EHMP-NAT on the models of
NMDA-mediated retinal excitotoxicity with
intravitreal administration of NMDA, cerebral
stroke, and traumatic brain injury are planned.

Conclusion. EHMP-NAT at a dose of
4.4 mg/kg of rat mass has a pronounced retino-
protective effect, which is superior to the ef-
fects of comparison drugs, emoxipine and tau-
rine, in equimolar doses in the simulated reti-
nal I/R. This was confirmed by the improve-
ment in the attainment of target values of the
retinal microcirculation, improvement in the
functional state of the retina, downregulation
of caspase-3, NF-kB p65, pS3 genes expres-
sion in retina.
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Abstract

Background: The outbreak of the COVID-19 pandemic caused by the SARS-CoV-2 has triggered
intense scientific research into the possible therapeutic strategies that can combat the ravaging dis-
ease. One of such strategies is the inhibition of an important enzyme that affects an important physi-
ological process of the virus. The enzyme, Guanine-N7 Methyltransferase is responsible for the cap-
ping of the SARS-CoV-2 mRNA to conceal it from the host’s cellular defense. The aim of the study:
This study aims at computationally identifying the potential natural inhibitors of the SARS-CoV-2
Guanine-N7 methyltransferase binding at the active site (Pocket 41). Materials and methods: A
library of small molecules was obtained from edible African plants and was molecularly docked
against the SARS-CoV-2 Guanine-N7 methyltransferase (QHD43415 13. pdb) using the Pyrx soft-
ware. Sinefungin, an approved antiviral drug had a binding score of -7.6 kcal/ mol with the target was
chosen as a standard. Using the molecular descriptors of the compounds, virtual screening for oral
availability was performed using the Pubchem and SWISSADME web tools. The online servers
pkCSM and Molinspiration were used for further screening for the pharmacokinetic properties and
bioactivity respectively. The molecular dynamic simulation and analyses of the Apo and Holo pro-
teins were performed using the GROMACS software on the Galaxy webserver. Results: With a total
RMSD of 77.78, average RMSD of 3.704, total regional (active site) RMSF of 30.61, average regional
RMSF of 1.91, gyration of 6.9986, and B factor of 696.14, Crinamidine showed the greatest distortion
of the target. Conclusion: All the lead compounds performed better than the standard while Crin-
amidine is predicted to show the greatest inhibitory activity. Further tests are required to further in-
vestigate the inhibitory activities of the lead compounds.

Keywords: COVID-19; SARS-CoV-2; guanine-n7 methyltransferase; inhibition; molecular docking;
molecular dynamic simulation
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Introduction. Coronavirus disease
2019 (COVID-19) is a novel infection that
began in China resulting in a worldwide out-
break. The disease was declared a global
health emergency and later recognized as a
pandemic by the World Health Organization
in March 2020 [1]. As of the 25th of July,
2020, the global number of reported cases of
the disease stood at 15,975,268 with 643,476
deaths and 9,766,873 recoveries [2].
COVID-19 is caused by Severe Acute Res-
piratory Syndrome Coronavirus 2 (SARS-
CoV-2) which causes mild to severe respira-
tory illness with symptoms such as fever,
cough, and shortness of breath. The ailment
becomes life-threatening in the presence of
co-morbidities such as diabetes, hyperten-
sion, and cardiovascular diseases [3,4].
There is currently no WHO-approved drug
or vaccine for the cure or prevention of
COVID-19. SARS-CoV-2 belongs to a large
family of viruses consisting of multiple
strains that are known to cause illnesses
ranging from the common cold to more se-
vere diseases such as the Middle East Res-
piratory Syndrome (MERS) and Severe
Acute Respiratory Syndrome (SARS) [4,5].
SARS-CoV-2 is a positive-sense, single-
stranded RNA virus possessing the largest
and most complex genome (about 30 Kb),
packed inside a nucleocapsid protein and en-
veloped with several structural proteins [6].
The size of the viral particle is in the range
of 8 0-90nm and there are bulbous surface
projections that form crown-like patterns
(corona) on the surface of the particles [7].
The potential therapeutic strategies for the
treatment of COVID-19 include immuno-
modulation and viral inhibition. Several en-
zymes or structural proteins of SARS-CoV-
2 are potential drug targets as they directly
affect physiological processes such as RNA
synthesis, replication, assembly, and human
cell receptor binding [8,9]. Guanine N-7-
MethylTransferase (GNMT) is one of such
targets and it is the enzyme responsible for
the capping of SARS-CoV-2 mRNA. For
many life-sustaining processes such as repli-
cation, protein translation, and metabolism,
viruses require a host cell as they lack the

proper cellular machinery. Viral propagation
within the host cell requires the transcription
of viral mMRNA. To do this, the viral mMRNA
assumes molecular anonymity to evade de-
tection in the host cell cytoplasm. The viral
MRNA undergoes structural modification by
a 5’ cap structure. By evading the host cell
defense system, viral mMRNA can be effec-
tively translated into proteins. The addition
of the guanine N-7-methylguanosine cap is
necessary for the maturation, stability, nu-
clear export, and efficient translation of viral
mRNA. Eukaryotic mRNA is modified by
the addition of the 5’ cap structure which is
a 7-methylguanosine linked to the first tran-
scribed nucleotide by a 5'-5' triphosphate
bridge [10]. The mRNA cap is formed on the
first transcribed nucleotide of transcripts by
three sequential enzymatic activities; tri-
phosphatase, guanylyltransferase, and me-
thyltransferase [11,12]. The 5' triphosphate
of pre-mRNA is hydrolyzed to diphosphate
by a 5'-triphosphatase, to which Guanosine
monophosphate (GMP) is added by the RNA
guanylyltransferase to create the cap inter-
mediate, GpppN.  Guanine-N-7-methyl
transferase (GNMT) also known as mRNA
cap guanine-N7 methyltransferase is the en-
zyme that catalyzes the chemical reaction
and most importantly plays a necessary part
in the RNA capping reaction. RNA guanine
N7 methyltransferase creates the mature cap,
m7GpppN, and a byproduct, AdoHcy (S-
adenosyl homocysteine) through the methyl-
ation of the cap intermediate utilizing the
methyl donor, AdoMet [13]. The GNMT in
coronaviruses belongs to a large class of
SAM (S-Adenosyl methionine)-dependent
methyltransferases and is an exoribonucle-
ase [14]. Additionally, they are linked with a
unique 3’ to 5’ exoribonuclease (ExoN) do-
main in non-structural protein 14 (nspl4).
The diversity of the capping apparatus
makes viral RNA capping an attractive tar-
get for drug design and development
[14,15]. Accordingly, the inhibition of
GNMT which may induce potent antiviral
activity makes it an important drug target
[16]. This implies that incompletely-capped
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MRNAS can be recognized by immune sen-
sors which trigger innate immunity path-
ways that culminate in the expression of type
| interferon and other cytokines that have an-
tiviral activity in neighboring cells [17,18].
The active site of GNMT is found in Pocket
41 and it includes residues ARG 289, VAL
290, TRP 292, GLY 333, PRO 335, ASP
352, ALA 353, GLN 354, PRO 355, CYS
356, SER 357, TRP 385, ASN 386, CYS
387, ASN 388 and PHE 426 [19].

In the light of the absence of a univer-
sally accepted drug for the treatment of
COVID-19 and the severity of the pandemic,
the aim of this study is to therefore identify
potential natural inhibitors of SARS CoV-2
GNMT.

Materials and Methods

Preparation, analysis, and validation of
target protein structure: The 3D structure of
SARS-CoV-2 GNMT in the Protein Data Bank
(pdb) format (ID: QHD43415 13. pdb) was
obtained from the I-TASSER online server
with an estimated Template Modelling (TM)
score of 0.99 [20]. The web server, Volume,
Area, Dihedral Angle Reporter (VADAR 1.8)
was used to reveal the architecture of GNMT.
The structure of the target was further analysed
using the Ramanchandran plot obtained from
the MolProbity web server [21].

Ligand preparation: A library of 1,048
compounds obtained from edible African
plants such as fruits, spices, and vegetables
were downloaded from PubChem database
[22]. All the compounds had been pre-screened
for Lipinski (hydrogen bond donor (HBD) <5,
hydrogen bond acceptor (HBA) <10, molecu-
lar weight < 500, and logP < 5) and Veber (po-
lar surface area (PSA)<140, and rotatable
bonds < 10) rules [23]. The 3D structures of all
the compounds and that of the standard, Sine-
fungin (PubChem CID 65482) were down-
loaded from PubChem in the structure-data file
(sdf) format [22].

Molecular docking and virtual screen-
ing: In preparation for molecular docking, all
the ligands were uploaded on the virtual
screening software, PyRx (Python prescrip-
tion) 0.8 version using the Open Babel plug-in
tool [24] and converted from sdf to Protein

Data Bank, Partial Charge, & Atom Type
(pdbqt) format [25]. For stable conformation,
the Universal Force Field (UFF) was used as
the energy minimization parameter and conju-
gate gradient descent as the optimization algo-
rithm. Using the AutoDock Vina plug-in tool
in Pyrx, all ligands and the standard were
docked against the target protein, SARS-CoV-
2 GNMT using the following grid parameters
[26]. Centre X = 92432, Y = 92,529, Z =
92.555 and Dimensions (Angstrom): X =
87.658, Y =97.427, Z = 64.081 [24]. Using the
Microsoft Excel software, the docked results
were exported in comma-separated values
(.csv) format and screened using the docking
score of the standard, Sinefungin (-7.6 kcal/
mol) as the cut-off. The SWISSADME,
pkCSM, and Molinspiration web-servers were
used to predict the molar refractivity, pharma-
cokinetic properties, and bioactivity of all the
ligands respectively [27-30]. The SMILES for
Sinefungin and the ligands were downloaded
from PubChem. Binding site analyses: Using
the Pymol software, the target protein was su-
perimposed with the docked poses of all the
front-runner compounds [31]. The Protein-
Ligand Interaction Profiler (PLIP) webserver
was used to evaluate the resultant protein-lig-
and complexes for hydrogen bonds, salt
bridges, and other protein-ligand interactions.
The analyses carried out include the name and
number of residues, exhaustiveness, bond dis-
tance, and bond angle [32]. The binding pock-
ets of the target protein were analysed with the
Fpocket web server [19].

Molecular  Dynamic  Simulations
(MDS) and Analyses: A 2-nanoseconds MDS
of the Apo and Holo structures of SARS-CoV-
2 GNMT was performed using the
GROMACS software of the Galaxy (versions
2019.1 and 2019.1.4) supercomputing server
[33]. For ligand parameterization, LigParGen
server was used to generate GROMACS-com-
patible topology files for the small molecules.
OPLS-AA/1.14*CM1A was the force field pa-
rameter used [34, 35]. After initial conversion
to topology files, solvation, energy minimiza-
tion, and equilibration (NVT and NPT), a
1,000,000-step MDS was performed. The anal-
yses of trajectories were done using the BIO
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3D tool on the Galaxy super-computing plat-
form [36]. These include the Principal Compo-
nent Analysis (PCA), per residue Root Mean
Square Fluctuation (RMSF) of the protein
backbone, and Root Mean Square Deviation of
atomic positions (RMSD) and Dynamical
Cross-Correlation Matrix (DCCM). [37]. The
radius of gyration and the B factor was also an-
alysed using the MDWeb web server [38].

Results and Discussion

Structural analysis, validation, and
preparation of SARS-CoV-2 GNMT
(QHDA43415_13. pdb): The Apo structure of
SARS-CoV-2 GNMT (QHD43415_13. pdb)
has 527 amino acids with the following

constituent secondary structures: a helix 21%;
beta-sheets 30%; Coil 48%; and Turns 16%
(Fig. 1). The Total Accessible Solvent Area
(ASA) is 260780 (A) 2. The geometry of
SARS-CoV-2 GNMT (QHD43415_13. pdb)
reveals 8.01% poor rotamers, 83.98% favored
rotamers, 4.00% Ramachandran outliers,
82.29% Ramachandran favored, 3.22% Car-
bon Beta deviations >0.25A, 0.00% bad bonds
and 1.04% bad angles (Fig. 2). The Peptide
omegas of SARS-CoV-2 GNMT
(QHD43415 13. pdb) include 0.00% Cis Pro-
lines and 3.04% Twisted Peptides. The low-
resolution criteria include 8.2% CaBLAM out-
liers and 0.96% CA Geometry outliers.

Fig. 1. a: Cartoon model of the crystal structure of SARS-CoV-2 GNMT (QHD43415 13.pdb).
Beta-sheets (yellow), Alpha helix (red), and Loops (green) b: Surface representation.

Ramachandran Plot
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Fig. 2. Ramachandran plotfor SARS-CoV-2 GNMT (QHD43415 13.pdb)

Chemoinformatic profile of ligands
(Fig. 3, Table 1): A combination of Ghose,
Lipinski, and Veber rules define the molec-
ular descriptors necessary for good oral
bioavailability of drugs and their penetration

through biological membranes. The molecular de-
scriptors include a molecular weight < 500 g/mol,
log P <5, hydrogen bond donors < 5, hydrogen
bond acceptors < 10, molar refractivity between
40 to 130, the number of rotatable bonds < 10 and
polar surface area (PSA) < 140 [39-42].
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a

b

d

Fig. 3. The 3D chemical structures (stick model) of standard and lead compound.

a: Sinefungin; b: Crinamidine; c: Marmesin; d: Sinensetin

Table 1
Chemo-informatic properties of standard and lead compounds
(Sé?;:]lég?,'dr; Crinamidine Marmesin Sinensetin

Molecular Weight (g/mol) 381.39 346.37 354.31 320.29
XLogP3 -4.31 -0.43 -1.05 0.33
Hydrogen Bond Donors 6 3 4 5
Hydrogen bond acceptors 10 6 9 7

# heavy atoms 27 25 25 23

# rotatable bonds 7 2 4 2
TPSA (AY 208.65 111.90 138.82 119.61
Molar Refractivity 92.73 88.47 83.12 80.83
Saturation (fraction csp®) 0.60 0.63 0.44 0.25
PAIN Alert 0 0 0 0
GCPR ligand 1.15 0.22 -0.16 0.37
lon channel modulator 0.66 0.02 -0.26 0.07
Kinase Inhibitor 0.74 -0.62 -0.26 0.11
Nuclear Receptor Ligand -1.03 0.67 -0.14 0.48
Protease Inhibitor 0.57 0.14 -0.16 0.23
Enzyme Inhibitor 1.14 0.36 0.29 0.39

Results from Table 1, reveal that none
of the lead compounds violated the Ghose,
Lipinski, and Veber rules. This suggests that
they have good oral bioavailability and per-
meability. Therefore, we predict that these
compounds are good drug candidates having
met the criteria for drug-likeness assessment
[43]. However, the Standard (Sinefungin) vi-
olates the Veber rule with a high TPSA value
(208.65A%). This suggests that it would have
a considerably lower intestinal absorption,
blood-brain barrier permeation, and cellular
potency than the lead compounds [44].

The molecular complexity of a com-
pound is measured by the ratio of sp3 hybrid-
ized carbons over the total carbon count of
the molecule (Fraction Csp3). It is an im-
portant property in determining the success
of drug development. A value of at least 0.25
indicates saturation [45]. From (Table 1), all

lead compounds and the standard are satu-
rated suggesting molecular stability. Crin-
amidine has a higher saturation than the
standard while Sinensetin has the lowest.
Due to problematic structural moieties,
promiscuous bioactive compounds interact
with multiple biological targets and aggregate
under assay conditions giving false-positive re-
sults. While this might be good for polyphar-
macology, unintended interactions might
likely lead to many undesired side effects [46].
From (Table 1) all lead compounds and the
standard are predicted to be non-promiscuous.
Beyond ligand binding to the appropriate
target, it should elicit a pharmacological effect.
Drug candidates are classified based on their
bioactivity which includes GPCR ligands, ion
channel modulators, kinase inhibitors, nu-
clear receptor ligands, protease inhibitors,
and other enzyme inhibitors [47]. In this
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study, the results showed that only the stand-
ard and Crinamidine had poor bioactivity
scores as Nuclear Receptor Ligand and Ki-
nase inhibitors respectively. All other scores
for standard and lead compounds revealed
moderate to good bioactivity against the tar-
gets. Furthermore, all lead compounds
showed good activity as enzyme inhibitors.
While the standard showed the highest en-
zyme inhibition, Marmesin showed the least
activity (Table 1) [29, 48].

Pharmacokinetic properties of ligands:
Pharmacokinetic properties play an im-
portant role in drug discovery and develop-
ment. The primary goal of drug discovery or
design projects is to identify potential drug
candidates that have the greatest efficacy and
least toxicity. To avoid failures in the drug de-
velopment process, it is proper to identify good
Absorption, Distribution, Metabolism, Excre-
tion, and Toxicity (ADMET) properties of the
front-runner compounds through in sili-
comethods [28]. An excellent drug candidate
should have good ADMET properties at
therapeutic doses [28, 49].

The penetration of a target molecule by a
drug candidate is a good marker of its thera-
peutic potential and is influenced by absorp-
tion parameters such as human intestinal ab-
sorption (poor: <30%), caco2 permeability
(high:> 0.9), water solubility (insoluble: less
than -4.0 Log mol/L), and skin permeability
(low: LogKp> —2.5). From Table 2, data sug-
gests that the standard and all lead compounds
have good human intestinal absorption prop-
erty, and skin permeability. The ability to pen-
etrate human epithelial colorectal adenocarci-
noma cells is lowest in the standard, and high-
est in Crinamidine.

The pharmacological markers for distri-
bution include CNS permeability (permeable
Log PS > -2; poor Log PS < -3), BBB permea-
bility (permeable: Log BBB > 0.3; poor <: Log
BBB <-1), Volume of distribution steady state
(Low: Log VDss<- 0.15; High: Log VDss>
0.45), and Fraction unbound. From Table 2,
Sinensetin has a high VDSS, while the values
for Marmesin and Crinamidine are below the
pharmacological range. This can be corrected
by dosage.

The standard and Marmesin have a poor
ability to permeate into the brain tissue, while
other lead compounds can permeate. The
standard and all the lead compounds have poor
CNS permeability. The fraction unbound val-
ues for standard and all lead compounds are
within an acceptable range.

P-glycoprotein is a transmembrane ef-
flux pump that pumps its substrates from in-
side to outside the cell [50]. All the lead
compounds except Marmesin were shown to
be P-glycoprotein substrates which imply
that they should be co-administered with a
P-glycoprotein inhibitor to prevent a poten-
tial reduction in absorption and oral bioa-
vailability resulting in decreased retention
time of the drug [51]. However, all lead
compounds, and the standard showed no in-
hibition to P-glycoprotein I and Il indicating
less likelihood of its substrates inducing cel-
lular toxicity, and drug interactions [52, 53].

The predicted metabolic behavior of
bioactive compounds is a determinant of
their inclusion or elimination in the drug dis-
covery process. The inhibition or non-inhi-
bition of the isomers of the Cytochrome
P450 enzyme determines whether the drug
candidates would undergo biotransformation
or accumulate in the cellular spaces with
toxic tendencies. If drug candidates are Cy-
tochrome P450 enzyme substrates they
would be administered with inhibitors to fa-
cilitate their metabolism [54]. From Table 2,
all lead compounds are neither inhibitors nor
substrates of CYP1A2, CYP2C19, CYP2C9,
CYP2D6, and CYP3A4 enzymes.

The predicted excretion values for Total
Clearance for the standard, and the lead com-
pounds are within the pharmacological range
[23]. Similarly, they all are predicted to be
non-substrates of Renal Organic Cation Trans-
porter 2 (OCT2). This implies that they will all
be eliminated from the blood into the proximal
tubular cell by the Renal OCT?2 [24].

The toxicity profile for the standard and
all lead compounds suggests that are non-mu-
tagenic, non- cardiotoxic, non-hepatotoxic,
and non-dermatotoxic as revealed in their
AMES toxicity, hERG | & 1l toxicity, hepa-
totoxicity, and skin Sensitization predictions
respectively [28].
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The dose administered at clinical trials is
determined by the maximum recommended tol-
erated dose. Values less than 0.477 log
mg/kg/day are considered low while values
higher than 0.477 log mg/kg/day are considered
as high. From Table 2 the predicted values sug-
gest that Marmesinand Crinamidine are the most
and least potent compounds respectively [55].
The predicted values for Oral Rat Acute Toxicity
and Oral Rat Chronic Toxicity should be consid-
ered alongside factors such as concentration of
drug, dose, and the length of time it is adminis-
tered [55]. In this study, the data on theoral rat
acute and chronic toxicity were obtained from
the pkCSMonline server.

Inhibition of 50% of the growth of
T. pyriformis, a protozoan bacterium (IGC50)
is a toxicity marker in drug discovery. When
the pIGC50 value is greater than -0.5 log Ug/L,
the drug candidate is considered toxic. Results
from Table 2, all lead compounds, and the
standard are predicted to be toxic against
T. pyriformis suggesting antibacterial effect
properties (that might be unharmful to human
cells) [55]. Similarly, in flathead Minnows, the
log LC50 is the log of a compound that causes
the death of 50% of the population. High acute
toxicity is indicated by values less than 0.3 log
mM. The results from Table 2 shows that all
lead compounds and the standard are not toxic
to Minnows [55].

Table 2
Pharmacokinetic properties of ligands
Sinefungin Crinamidine Marmesin Sinensetin
(standard)
Water solubility (log mol/L) -2.892 -2.487 -2.21 -3.085
2:;3;))2 permeability (log Papp in 10-6 -0.933 054 0.377 -0.119
Human Intestinal absorption (% 32936 51799 48.119 60.725
Absorbed)
Skin Permeability (log Kp) -2.735 -2.735 -2.822 -2.735
P-glycoprotein substrate (Yes/No) Yes Yes No Yes
P-glycoprotein | inhibitor (Yes/No) No No No No
P-glycoprotein Il inhibitor (Yes/No) No No No No
VDss (human) (log L/kg) 0.012 -1.386 -0.611 1.635
Fraction unbound (human) (Fu) 0.383 0.488 0.397 0.263
BBB permeability (log BB) -1.582 -0.665 -1.286 -0.927
CNS permeability (log PS) -3.928 -3.101 -3.954 -3.265
CYP2D6 substrate (Yes/No) No No No No
CYP3A4 substrate (Yes/No) No No No No
CYP1AZ2 inhibitor (Yes/No) No No No No
CYP2C19 inhibitor (Yes/No) No No No No
CYP2C9 inhibitor (Yes/No) No No No No
CYP2D6 inhibitor (Yes/No) No No No No
CYP3A4 inhibitor (Yes/No) No No No No
Total Clearance (log ml/min/kg) 0.564 0.744 0.716 0.347
Renal OCT?2 substrate (Yes/No) No No No No
AMES toxicity (Yes/No) No No No No
Max. Tolerated dose (human) (log 0.44 0.777 0.393 0.368
mg/kg/day)
hERG I inhibitor (Yes/No) No No No No
hERG Il inhibitor (Yes/No) No No No No
Oral Rat Acute Toxicity (LDsg)(mol/kg) 2.482 1.996 2.391 2.289
Oral Rat Chronic Toxicity (log 3.081 2978 3756 2929
mg/kg_bw/day)
Hepatotoxicity (Yes/No) No No No No
Skin Sensitization (Yes/No) No No No No
T. Pyriformis toxicity (log ug/L) 0.285 0.285 0.286 0.296
Minnow toxicity (log mM) 4.001 3.177 4.198 3.747
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Molecular docking analyses of ligands
against SARS-CoV-2 GNMT: In molecular
docking, the binding affinity score is a meas-
ure of the ability of the small molecule to find
the optimal conformation in the protein bind-
ing pocket. Hence, the ligand with the lower
binding energy suggests the greatest binding

affinity making it a possible drug candidate
[56].

All lead compounds have shown greater
potency as drug candidates because they all
have a stronger binding affinity than the stand-
ard. Crinamidine has the strongest binding af-
finity of -8.5 Kcal/mol (Table 3).

Table 3

Molecular docking scores of ligands against SARS-CoV-2 GNMT

Ligand Binding affinity (Kcal/mol)
Sinefungin -7.6
Crinamidine -8.5
Marmesin -7.9
Sinensetin -1.7

Binding Site analyses: Hydrogen
bonding plays an important role in many bio-
chemical processes such as protein-ligand in-
teractions. By displacing water molecules, it
enhances ligand binding [57]. Also, the orien-
tation and length of an intermolecular hydro-
gen bond determine the direction and specific-
ity of ligand binding [58].

Hydrogen bonds (H-bonds) are abun-
dant in nature and are vital in protein folding,
protein-ligand interactions as well as catalytic

reactions. In biological systems, they are gen-
erally considered facilitators of protein-ligand
binding [59, 60]. An increasing number of H-
bonds between protein and drug molecule in
molecular simulations is indicative of a

stronger binding affinity [61].

Figures 4 & 5 and Table 4 reveal that
while the standard has the highest number of
intermolecular hydrogen bonds (eight) while
Marmesin forms the least (one). Of all the lead
compounds, Crinamidine has the highest num-
ber of hydrogen bonds (four).

Fig. 4. Binding site of SARS-CoV-2 GNMT interacting with standard and lead compounds;
a: GNMT-Sinefungin complex; b: GNMT-Crinamidine complex;

¢: GNMT-Marmesin complex; d:

{,,

GNMT-Sinensetin complex

d

Fig. 5. Protein-Ligand interactions of SARS-CoV-2 GNMT with standard and lead compound.
a: GNMT-Sinefungin complex; b: GNMT-Crinamidine complex; ¢c: GNMT-Marmesin complex;
d: GNMT-Sinensetin complex
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Table 4
Hydrogen bond analysis
Complex NUSSEZZ of Residues Distance (H-A) | Distance (D-A) | Bond angle
GNMT-Sinefungin 8 VAL290 2.65 3.19 114.05
VAL290 2.05 2.9 145.62
GLY333 2.3 3.02 124.56
ASP352 1.96 2.87 151.24
ALA353 2.08 3.02 155.19
ALA353 2.99 3.92 157.5
GLN354 2.4 2.96 114.36
HIS427 3.18 3.86 125.1
GNMT-Crinamidine 4 VAL290 3.34 4.04 129.2
ASP352 2.13 3.09 159.62
ALA353 3.38 3.95 118.21
ASN388 2.17 3.16 167.33
GNMT-Marmesin 2 GLN354 3.46 3.78 101.13
HIS424 2.67 3.36 126.18
GNMT-Sinensetin 1 ALA353 3.07 3.64 117.17

All hydrogen bonds of the lead com-
pounds and standard fall within Pocket 41.
Regarding the angles formed by hydrogen
bonds, the standard forms four strong
(greater than 130°) and four (less than 130°)
hydrogen bonds with the target protein. Crin-
amidine forms two weak and two strong hy-
drogen bonds. Other lead compounds form
only weak hydrogen bonds [62].

Regarding the donor to acceptor dis-
tance, the standard formssix moderate
(2.5-3.2 A) and two weak (3.2-4.0 A) hydro-
gen bonds with the target protein. Crin-
amidine forms two moderate and two weak
hydrogen bonds. Marmesin and Sinensetin
form only weak bonds [62].

The identification of potential protein-
ligand interactions is an integral aspect of
drug discovery as it aids the discovery of
possible new drug leads, thus contributing to
the advancement from hits to leads and pre-
diction of likely explanations for side effects

of approved drug candidates [63]. The most
frequently observed interactions in ligand
design are hydrophobic bonds, hydrogen
bonds, and =-stacking, followed by weak hy-
drogen bonds, salt bridges, amide stacking,
and cation—r interactions [64]. The presence
of hydrophobic interactions and salt bridges
further strengthens and stabilizes the protein-
ligand complexes [65].

The salt bridge is the strongest non-cova-
lent bond, and it gives greater stability to the
Protein-ligand complex [66]. From Table 5,
GNMT-Crinamidine and GNMT-Marmesin
complexes form salt bridges at residues
ASP352 and HIS424 respectively. GNMT-
Marmesin also has the highest number of hy-
drophobic interactions. This suggests a
slightly more atom-efficient binding than
other complexes. GNMT-Crinamidine has
also p-stacking contributing to the small mol-
ecule interaction.
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Table 5
Other Protein-ligand interactions
Hydrophobic Int. Salt bridge p-Stacking
Complex Residue Distance Residue Distance Residue Distance
GNMT-Sinefungin VAL290 3.85
PRO335 3.72
GNMT-Crinamidine VAL290 3.82 ASP352 5.28 PHEA426 4.78
PRO335 3.8
PHE426 3.74
GNMT-Marmesin VAL290 3.79 HI1S424 4.1
VAL290 3.85
PRO335 38
PHE426 3.61
PHE426 3.49
GNMT-Sinensetin VAL290 3.9
ALA353 3.87
PHE426 3.68
PHE426 3.72
Analysis of MDS of the protein backbone is used as a means of

Root Mean Square Deviation of
Atomic Positions (RMSD): Through a com-
putational approach, the RMSD is used to as-
sess the quality of a reproduced binding pose.
The new structures induced by simulation
and/or ligand binding are compared to a ref-
erence structure where the RMSD is at zero.
The structural distance between the Ca atoms

evaluation. Lower RMSD values show
greater stability of the biological configura-
tion. Higher values suggest greater structural
instability [56, 67, 68]. Fig. 6 is s screenshot
showing the conformational changes the Apo
and Holo structures underwent after the

MDS.

Fig. 6. Cartoon model of the crystal structure of SARS-CoV-2 GNMT Apo and Holo-structures
(without water and ions) after molecular dynamics simulation. Beta-sheets (yellow),
Alpha helix (red) and Loops (green). a: GNMT; b: GNMT-Sinefungin complex;

c: GNMT-Crinamidine complex; d: GNMT-Marmesin complex; e: GNMT-Sinensetin complex



Opuequl./le(l}l cmamosA

Original article Rowaiye AB, et al. In silico identification of the potential natural ... 337

values. The other lead compounds produced
greater total and average RMSD values than
the standard (Sinefungin). Crinamidine fol-
lowed closely by Sinensetin induced the great-
est total and average RMSD values.

In a 2-nanosecond trajectory, the RMSD
of Apo and Holo-structures were measured over
consistent time frames (Fig. 7 and Table 6). Of
all the Holo-structures, the GNMT-Sinefungin
complex has the least total and average RMSD

[T =AY A
ped %V/ KT Vs

o Pt - “1--7 ] » ol
o / v
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2
-
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2
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Fig. 7. RMSD for Apo and Holo-structures. a: GNMT; b: GNMT-Sinefungin complex; c: GNMT-

Crinamidine complex; d: GNMT-Marmesin complex; e: GNMT-Sinensetin complex

There is a steep increase in RMSD of the
simulated Apo protein relative to the crystal struc-
ture as the production time increased. The slope
suggests that the RMSD values would increase
with more simulation time. Similarly, the Holo-
structures formed by the Crinamidine and
Sinensetin also showed a steep increase of RMSD
values all through the trajectory showing instabil-
ity. This is also shown in the time frame in which
their respective highest RMSD values were at-
tained (20 and 19 respectively). The GNMT-
Marmesin complex shows a gentle slope that flat-
tens towards the end of the trajectory. The
GNMT-Sinefungin complex shows the greatest
stability with the least gradient of the slope.

The distribution of RMSD values of the Apo
and Holo-structures (Fig. 8 and Table 6) sug-
gests that the greatest deviation to the right

from the respective reference structures comes
from the GNMT-Crinimadine complex. A total
of 17 peaks were found between RMSD values
3.0 to 5.0 A for the GNMT-Crinimadine com-
plex while 17, 17, and 16 peaks were found in
the same positions for the GNMT-Sinefungin,
GNMT-Sinensetin, and GNMT-Marmesin
complexes respectively. The GNMT-Crini-
madine complex shows a wider RMSD range
than the GNMT-Sinefungin and GNMT-
Sinensetin complexes. This is because the
GNMT-Crinimadine complex has a peak be-
tween the 5.00 -5.49 A range while the
GNMT-Sinefungin complex has no peak be-
yond 4.0 A and GNMT-Sinensetin complex
has no peak beyond 5.0 A.



Opueunanshas cmamosi HayuHule pesyabmamut 6uomeduyurckux uccaedosanutl. 2022;8(3):327-350

Original article Research Results in Biomedicine. 2022:8(3):327-350 e

Beginning of Table 6
Summary of data from Molecular Dynamics Simulations of Apo and Holo structures
of SARS-CoV-2 GNMT

MDS Parameters GNMT GNMT- GNMT- GNMT- GNMT-
Sinefungin Crinamidine Marmesin Sinensetin
RMSD

Total RMSD 67.269 65.504 77.78 66.383 77.69
Average RMSD 3.203 3.119 3.704 3.16 3.67
Lowest RMSD 0 0 0 0 0
Highest RMSD 3.998 3.721 5.046 4.108 4.895
Time Frame of Highest RMSD 17 16 20 17 19
Time Frame of Lowest RMSD 1 1 1 1 1

RMSD Peak Distribution
0.00 - 0.49A 1 1 1 1 1
0.50 - 0.99A 0 0 0 0 0
1.00 - 1.49A 0 0 0 0 0
1.50 - 1.99A 0 0 0 0 0
2.00 - 2.49A 2 1 2 2 1
2.50 - 2.99A 3 2 1 2 2
3.00 - 3.49A 6 13 5 10 2
3.50-3.99 9 4 1 5 5
4.00 - 4.49 0 0 3 1 5
450 -4.99 0 0 7 0 5
5.00-5.49 0 0 1 0 0

RMSF
Total Global RMSF 861.45 708.39 1100.42 864.69 946.28
Average Global RMSF 1.63 1.34 2.09 1.64 1.8
Total Regional (Pocket 41)
RMSF 20.98 18.46 30.61 19.9 22.76
Average Regional (Pocket 41)
RMSF 1.31 1.16 1.91 1.24 1.42
Least Fluctuation 0.65 0.59 0.62 0.7 0.71
Highest Fluctuation 6.68 6.04 7.1 6.55 6.83
Range of RMSF 6.03 5.45 6.48 5.85 6.12
PCA

;O;a(':g)"’ba' motions (PCL, PC2 | 19 06380 | 19.42237 19.36949 19.6954 2013226
Average global motions (PC1,
PC2 & PC3) 0.03611 0.03685 0.03675 0.03737 0.0382
Total Regional (Pocket 41) Mo-
tion (PC1, PC2 & PC3) 0.44046 0.56208 0.55081 0.43385 0.55802
Average Regional (Pocket 41)
Motion (PC1, PC2 & PC3) 0.02892 0.03513 0.03442 0.02712 0.03488
PC1 Eigenvalue 46.19% 28.44% 70.47% 40.24% 54.26%
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End of Table 6

Summary of data from Molecular Dynamics Simulations of Apo and Holo structures
of SARS-CoV-2 GNMT

MDS Parameters GNMT Sicralg‘ll\;ln-lg—;in Cr(i;ng:\n/li-gline I\/(Isal:’lrl\rfe-gin S%?r?g;in
PC2 Eigenvalue 16.23% 18.22% 10.06% 24.89% 11.73%
PC3 Eigenvalue 8.31% 13.31% 3.97% 9.07% 8.23%
Total 70.73% 59.97% 84.50% 74.20% 74.22%
PC1 cosine content 0.694 0.725 0.885 0.802 0.726
PC2 cosine content 0.592 0.003 0.452 0.635 0.553
PC3 cosine content 0.000 0.021 0.259 0.582 0.273
Radius of Gyration
Average Gyration 6.9955 6.9929 6.9986 6.99292 6.9951
Maximim Gyration 7.00071 6.99792 7.00598 6.99873 6.99983
Minimum Gyration 6.99132 6.98818 6.98944 6.98703 6.98903
Range of Gyration 0.0094 0.0097 0.01654 0.117 0.0108
% Gyration 0.13 0.14 0.24 0.17 0.15
Time Frame of Max. Gyr. 14 21 18 8 5
Time Frame of Min.Gyr. 1 16 1 1 1
B Factor
Global Average B Factor 324.51 168.72 513.95 247.71 276.95
E:gt'gr“a' (Pocket41) Average B | 5053 167.69 696.14 154.53 260.06
i e gl ! il ;
b .
d e

Fig. 8. RMSD histogram for Apo and Holo-structures. a: GNMT; b: GNMT-Sinefungin complex;
c: GNMT-Crinamidine complex; d: GNMT-Marmesin complex; e: GNMT-Sinensetin complex
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Put together, during the course of the
simulation, the ligand-induced protein confor-
mations have changed between different time
points in the trajectory. The RMSD data sug-
gests that Crinamdine, Marmesin, and
Sinensetin in this order induced more struc-
tural distortion to GNMT than the standard.
Crinamdine followed closely by Sinensetin
showed the greatest ligand-induced instability
of the viral protein.

RMSF: The function of a protein is
largely dependent on its function and dynam-
ics. Protein motions are global, regional (do-
main or active site), and local (residue). Protein
dynamics can be evaluated through the meas-
ure of the root mean square fluctuations
(RMSF) of aligned residues. [69].

From Figure 9 and Table 6, the total and
average global RMSF is greater in the GNMT-
Crinamidine complex than all the other Holo-
structures and least in the GNMT-Sinefungin
complex (Standard). In this regard, the
GNMT-Crinamidine complex is followed by
the GNMT-Sinestein complex. The total and
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average regional (pocket 41) RMSF remained
highest in the GNMT-Crinamidine complex
followed by the GNMT-Sinestein complex.
The lowest values are seen in the GNMT-Sine-
fungin complex for Pocket 41. In a similar
vein, the highest fluctuation and highest range
of RMSF were found in the GNMT-Crin-
amidinecomplex is followed by the GNMT-
Sinestein complex. GNMT-Sinefungin com-
plex (Standard) had the lowest values.

Put together, Crinamidine showed the
most instability with the greatest fluctuations
at both global and regional sites followed by
Sinensetin. Globally, Sinefungin showed the
least fluctuation at the regional (Pocket 41)
site.

Radius of Gyration: TheRoG analysis is
run to indicate or ascertain the compactness of
the secondary structures within the 3D struc-
ture of the protein. It is measured from the cen-
ter of mass of the molecule with a high RoG
suggesting loose packing while a low RoG
suggests a tight packing of the protein [70].
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Fig. 9. Per-residue RMSF for Apo and Holo-structures.
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Fig. 10. Radius of gyration for Apo and Holo-structures.
a: GNMT; b: GNMT-Sinefungin complex; ¢c: GNMT-Crinamidinecomplex;
d: GNMT-Marmesin complex; e: GNMT-Sinensetin complex

Graphical representation of the RoG re-
veals that the GNMT-Crinamindine complex
has a steep slope in the upward direction show-
ing the least compactness. The GNMT-Sine-
fungin complex also progressed upwardly
howbeit with a gentle slope (Figure 10). The
GNMT-Marmesin complex shows a gentle
slope with a downward trend as the trajectory
progressed. The GNMT-Sinensetin appears to
be flat with a slight downward trend.

Trajectory data for RoG reveals that the
GNMT-Crinamindine complex had the highest
values of average gyration, range of gyration,
and percentage gyration over the trajectory.
This made it the least compact of all the Holo-
structures. The GNMT-Sinefungin complex is
the most compact and only marginally differ-
ent from the GNMT Marmesin complex. (Ta-
ble 6). Put together, the Crinamdine followed
closely by Sinensetin induced the greatest con-
formational changes on the target protein as

shown by the least compactness. This suggests
that they are better GNMT inhibitors than the
standard.

B-Factor: The B-Factor or Temperature
factor is an evaluation of the thermostability of
the protein molecule as it measures the internal
atomic motions as reflected in their flexibility
or rigidity [71]. The B-factor also directly im-
pacts the residual factor (R factor) which is a
determinant of the stereochemical quality of
protein structure coordinates [72].

From Figure 11 and Table 6, the graph-
ical plots of the B factor values show high val-
ues at the termini of the protein molecules sug-
gesting molecular flexibility at these ends, and
that the GNMT-Sinefungin complex is the
most thermally stable of all the Holo-struc-
tures. The global average B-Factor value of the
GNMT-Crinamidine complex is the highest of
all the Holo-structures while the GNMT-Sine-
fungin has the lowest value.
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Fig. 11. B Factor for Apo and Holo-structures. a: GNMT; b: GNMT-Sinefungin complex;
c: GNMT-Crinamidine complex; d: GNMT-Marmesin complex; e: GNMT-Sinensetin complex

This suggests that at the global level the
lead compounds-induced conformations are
more thermally unstable than the conformation
induced by the standard. In a similar vein, data
of the regional average B factor obtained from
Pocket 41 suggests that the GNMT-Crin-
amidinecomplex has the highest values of all
the Holo-structures and this was followed by
the GNMT-Sinensetin complex. In only the
GNMT-Crinamideine complex, the average B-
factor value for the Pocket 41 is higher than
that of the global average. The GNMT-Marme-
sin complex has the least B factor value at the
regional level. Put together, the greatest tem-
perature-dependent atomic vibrations were in-
duced by Crinamidine binding causing the

greatest dynamic disorder of the GNMT stere-
ochemistry.

Principal components Analysis (PCA):
New conformations are generated during the
molecular dynamic simulation of a protein.
The statistical significance of these confor-
mations is determined by the use of principal
component analysis (PCA) [73]. Of all the
Holo-structures, the total global motions
(mean of PC1, PC2, and PC3) were highest in
the GNMT-Sinensetincomplexand least in the
GNMT-Crinamidine complex. However, the
total regional motions (mean of PC1, PC2 &
PC3) were highest in the GNMT-Sinefungin
complex followed closely by the GNMT-
Sinensetin  and GNMT-Crinamidine com-
plexes (Figure 12 and Table 6).
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b: GNMT-Sinefungin complex; ¢c: GNMT-Crinamidine complex;
d: GNMT-Marmesin complex; e: GNMT-Sinensetin complex

Specifically, based on the greatest mo-
tions, the best global conformations are PC2 of
the Apo protein, PC1 of the GNMT-Sinefungin
complex, PC1 of the GNMT-Crinamidine
complex, PC1 of the GNMT-Marmesin com-
plex, and PC3 of the GNMT-Sinensetin com-
plex. Of all these Holo structures, the GNMT-
Sinensetin complex has the greatest motion.
Similarly, the best conformations that pro-
duced the greatest motions at Pocket 41 are
PC3, PC3, PC3, PC1, and PC2 of the Apo pro-
tein, GNMT-Sinefungin complex, GNMT-
Crinamidine  complex, GNMT-Marmesin
complex, and the GNMT-Sinensetin com-
plexes respectively. Of all these Holo-struc-
tures, the GNMT-Crinamidine complex has
the greatest motion at the Pocket 41.

The convergence of the MD simulation
is revealed by the cosine contents of the prin-
cipal components. Convergence shows sam-
pling quality, accuracy, and reproducibility.
Table 6 shows the results of the cosine content.

They show good quality except for a slight
non-convergence at the PC3 of the GNMT-
Sinefungin complex [74].

The dynamic cross-correlation (DCC)
analysis: This is a standard method for analyz-
ing significant intermolecular contacts that are
rapidly substituted by side-chain flipping in mo-
lecular dynamic simulations [75]. The dynamic
cross-correlation map captures the multimodal
characteristics of atoms, especially at the inter-
face of macromolecules by quantifying the cor-
relation coefficients of motions between atoms
depicting data as positive and negative correla-
tion effect of amino acids [75, 76].

From Figure 13, the strongest overall
anti-correlated motion of residues occurred in
the GNMT-Crinamidine complex. The active
site of GNMT fall within the range of residues
289-426. The GNMT-Sinefungin complex
showed non-correlated between residues 300-
400 while the other residues in the active site
showed moderate anti-correlation motions.
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a: GNMT; b: GNMT-Sinefungin complex; ¢c: GNMT-Crinamidine complex;
d: GNMT-Marmesin complex; e: GNMT-Sinensetin complex

The GNMT-Crinamidine  complex
showed strong anticorrelation motions be-
tween residues 250-450 which covers the
whole area of the active site. The GNMT-
Marmesin complex shows moderate anticorre-
lated motions at approximate residues 280-
300, predominantly non-correlated motions
between residues 300-350, and predominantly
moderate anticorrelated motions from residues
350-400. The GNMT-Sinensetin complex
showed non-correlation, moderate correlation,
and moderate anticorrelation motions between
residues 250-300. However, the greater portion
consisting of residues 300-450 show moderate
anticorrelation motions.

Put together, the greatest anticorrelation
motions both globally and regionally (at the ac-
tive site) were found in the GNMT-Crinamidine
complex suggesting the greatest inhibitory ac-
tivity. The heat map of the GNMT-Sinensetin
complex also suggests a greater inhibitory ac-
tivity than the standard at the active site.

The compounds all showed good oral
bioavailability properties except for the
Standard which has a high TPSA value. The
standard, and the lead compounds all
showed favorable absorption, metabolism,
excretion, and toxicity properties. The distri-
bution pharmacokinetics are generally fa-
vorable except that all the compounds have
a poor CNS permeability, poor BBB (except
standard and Marmesin) and they are P-gly-
coprotein substrates (except Marmesin). The
standard has the highest number of hydrogen
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bonds formed within the active site followed
by Crinamidine. The trajectory data such as
RMSD, RMSF, B-Factor, DCCM, and RoG,
suggests that Crinamidine proved to cause
the greatest distortion to the target protein
while the standard caused the least at the
global and regional levels (Pocket 41). Spe-
cifically, of all the compounds, the PC3 of
Crinamidine is the conformation caused the
greatest distortion at the active site.

Isolated for the Streptomyces species,
Sinefungin is a natural nucleoside that is a
derivative of S-adenosylmethionine (SAM)
[77]. It has shown a wide range of biological
effects which include amoebicidal, antifun-
gal, antibacterial (Streptococcus pneu-
moniae) and antiparasitic (Plasmodium, ma-
larial, trypanosomal, and leishmanial spe-
cies) activities [77, 78,79,80].The antiviral
activity of Sinefungin has also been estab-
lished as it has been shown to be an inhibitor
of mRNA(guanine-7-)-methyltransferase,
MRNA(nucleoside-2'-)-methyltransferase,
and DNA methyltransferases [81, 82]. Sine-
fungin is has been shown to inhibit the mul-
tiplication of feline herpesvirus type I, New-
castle disease and vaccinia virus [82, 83].

Crinamidine is an alkaloid obtained
fromCrinumlatifolium and Talinum triangu-
lare. In Chinese ethnomedicine, the antiviral
and antitumor properties of the extract of
Crinum latifolium have been reported [84,
85]. Sinensetincan be found in orange (Cit-
rus sinensis) peel, and it has a wide range of
biological activity such as antiviral, anti-
cancer,  antitumor, anti-inflammatory.
Sinensetin is an important ingredient of the
aqueous extract of Orthosiphon stamineus
extract which has shown inhibitory proper-
ties against Herpes Simplex Virus type 1
[86, 87]. Marmesincan be found in mango
and wheat [88]. Its inhibitory activity against
the Epstein-Barr virus (EBV) has been re-
ported [89].

Conclusion. After the virtual screening
of a library of 1,048 natural compounds against
the SARS-CoV-2 GNMT, three lead com-
pounds namely Crinamidine, Sinensetin and
Marmesin were identified. Overall, the lead
compounds proved to be better drug candidates

than the standard in the following order: Crin-
amidine, Sinensetin and Marmesin.

It is recommended that the inhibitory
effect of Crinamidine, Sinensetin and
Marmesin on the active site of SARS-CoV-2
GNMT should be further investigated.
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Pe3ome

AKTYyaJIbHOCTh: MUTOXOHApUaIbHAs AUCPYHKIUS SBISIETCS CYIIECTBEHHONW COCTABIIAIOIIEH MaTo-
reHe3a THIEePIUTOKMHOBON HEHPOTOKCUIHOCTH U MPEICTABISET COO0H MEPCIEKTHBHYIO (hapMaKoTe-
paneBTHueckyto muiieHb. Lleab ucciaenoBanusi: OLEeHUTh BIUSHUE KOPUUYHBIX KHCIOT HA U3MEHe-
HUE MUTOXOHJIPUATBHOW ()YHKIIMU B TKAHU TOJIOBHOT'O MO3Ta Y KPBIC B YCIIOBHSX dKCIIEPUMEHTATb-
HOM rUMepuuTOKHHEMHUH. MaTepHuaJbl 1 MeTobl: [ MIIEepIUTOKUHEMHUIO MOACITUPOBAIIHN Y KPBIC Y-
TEM BHYTPHOPIOIIMHHOTO BBEICHUS JIUTIONOIrcaxapu/a B 1o3e 10 mr/kr. Mccnemyembie coeTMHCHHUS
(xopuuHyI0, (QEepyNoByI0, KyMapoByI0, KOPEiHyI0, CHHAIIOBYIO KHCIOTHI) U MpenapaT CpaBHEHUS
(3THIMETHIITHIPOKCUTTMPUIMHA CYKIMHAT) BBOIWIN B 03¢ 100 MI/KT, IepopaibHO Ha MPOTSIKEHNE
14 nHeil c MOMEHTa BBEJIEHMs TUNonoanucaxapuaa. Jlaiee y Kpblc OLIEHUBAI U3MEHEHHUE HEBPOJIO-
THYECKOTO Je(DUINTa U B MUTOXOHIPHAILHON (PPaKIIMK TOJIOBHOTO MO3Ta ONMPEEISUIM aKTUBHOCTD
CYKUMHATIETUAPOT€Ha3bl U LUTOXPOM-C-OKCUA3bl, KOHIIEHTPALUI MUTOXOHJIPHAIBHOIO MEPOK-
cujia BOJOpo/aa U cynepokcua-paaukana. Pesyabrarsel: [I[puMenenne npenapara cpaBHeHUs, KoQe-
HOM M KyMapOBOW KHCJIOT U B MEHBIIIEH CTENEHN KOPUYHOU KUCIOTHI CIOCOOCTBOBATIO YMEHBIIICHHIO
HEBpOJIOTHYECKOTO Aeduiuta y Kpbic (Ha 38,5%; 42,3% 40,4% u 21,2% COOTBETCTBEHHO, BCE TMOKa-
3arenu P<0,05 OTHOCUTEIBHO IPYMIIBI )KUBOTHBIX HETATUBHOTO KOHTPOJISA), PU YBETUYCHUH aKTHB-
HOCTH CyKnuHaTaeruaporenassl (Ha 23,0% (p<0,05); 30,0% (p<0,05) u 20,0% (p<0,05), xopuuHas
KHCIIOTa 3HAYUMOTO BIIMSIHUS HA aKTUBHOCTh (JepMEHTa HE OKazaja) U IUTOXPOM-C-OKCHJIa3bl (Ha
22,2%; 34,4%; 32,2%; u 22,2% cooTBeTrcTBeHHO, BCe MokazaTenu P<0,05 OTHOCUTENBbHO T'PYIIIbI
KUBOTHBIX HETaTUBHOTO KOHTPOJIS), a TAK)KE CHUKEHHH KOHIIEHTPAIIMU CYMepOKCH paauKaa (Ha
38,8%:; 48,8%;46,3%;u 33,4% cooTBeTCTBEHHO, BCe TToKazaTesu P<0,05 OTHOCUTENBHO TPYIIIIBI KH-
BOTHBIX HEFATHBHOTO KOHTPOJIsI) M TIepoKcuIa Bogopoaa (Ha 25,0% (p<0,05); 54,2% (p<0,05); 50,4%
u 27,9% (p<0,05) coorBetrcTBeHHO). [Ipn 3TOM, aHTUpaTUKATIbHAS AKTUBHOCTh U U3MEHEHUE aKTHB-
HOCTH CYKIIMHATAETUIPOTeHa3bl KOPPETUPOBAIO C HOPMAIBHBIM I'PAIMEHTOM MOJIEKYJ. 3aKjarde-
Hue: MccnenoBanue moka3aao BO3MOXKHOCTh MPUMEHEHHS] KOPUYHBIX KUCIIOT, COJIEpPKaIIuX CBOOOI-
HbIE TUAPOKCUIIbHBIE TPYIIIBI B ApOMATUYECKOM KOJIIbIIE, TSI KOPPEKIUU TMOCTTHIEPIIUTOKMHOBOMN
HEUPOTOKCUYHOCTH.

KuroueBble ¢/10Ba: KOpUYHBIEC KUCIOTHI, HEHPOTOKCHYHOCTh; MUTOXOHIpHANIbHASL TUC()YHKIINS; TH-
MEePIIUTOKUHEMUS
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Abstract

Background: Mitochondrial dysfunction is an essential component of the hypercytokine neurotoxi-
city pathogenesis and is a promising pharmacotherapeutic target. The aim of the study: To evaluate
the effect of cinnamic acids on changes in mitochondrial function in brain tissue of rats under exper-
imental hypercytokinemia. Materials and methods: Hypercytokinemia was modeled in rats by in-
traperitoneal injection of lipopolysaccharide at a dose of 10 mg/kg. The test compounds (cinnamic,
ferulic, coumaric, caffeic, synapic acids) and the reference medicine (ethylmethylhydroxypyridine
succinate) were administered at a dose of 100 mg/kg, orally for 14 days from the moment of lipopol-
ysaccharide injection. Further, changes of neurological deficits in rats and the activity of succinatede-
hydrogenase and cytochrome-c-oxidase were assessed, the concentration of mitochondrial hydrogen
peroxide and superoxide radical were determined in the mitochondrial fraction of the brain. Results:
The use of the reference, caffeic and coumaric acids and, to a lesser extent, cinnamic acid contributed
to a decrease in neurological deficit in rats (by 38.5%; 42.3%, 40.4% and 21.2%, respectively, all
indicators p<0.05 relative to the negative control group of animals), with an increase in succinate
dehydrogenase activity (by 23.0% (p<0.05); 30.0% (p<0.05) and 20.0% (p<0.05), cinnamic acid had
no significant effect on enzyme activity) and cytochrome- c-oxidase (by 22.2%; 34.4%; 32.2%; and
22.2%, respectively, all indicators p<0.05 relative to the group of negative control animals), as well
as a decrease in the concentration of superoxide radical (by 38.8%; 48.8%; 46.3%; and 33.4%, re-
spectively, all indicators p<0.05 relative to the negative control group of animals) and hydrogen per-
oxide (by 25.0% (p<0.05); 54.2% (p<0.05); 50.4% and 27.9% (p<0.05), respectively). At the same
time, the antiradical activity and the change in the activity of succinatedehydrogenase correlated with
the normal gradient of the molecules. Conclusion: The study showed the possibility of using cin-
namic acids containing free hydroxyl groups in the aromatic ring to correct posthypercytokine neu-
rotoxicity.

Keywords: cinnamic acids; neurotoxicity; mitochondrial dysfunction; hypercytokinemia
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BBenenue. ['unmnepuuToKMHOBBIE pac-
CTPOMCTBA, TAKHE KaK «IIUTOKWUHOBBIN LITOPM
HAHOCST OIPOMHBIN yHiepO OpraHu3My 4eso-
Beka. B pe3ynbprare MacCHpOBaHHOTO BBIOpOCa
B CHCTEMHBIH KPOBOTOK MPOBOCHAIUTEIbHBIX
LIUTOKMHOB OTMEYAETCsl Pa3BUTHUE MMOJIUOPTraH-
HOM HEIOCTaTOYHOCTH, B XOJ€ KOTOpOii
MIPEK/IE BCETO MOBPEKIAIOTCS CEPIEYHO-COCY-
JUCTAas, JbIXaTeabHas M BbIACIUTENbHAS CH-
cremsl [ 1]. Takke ObIIIO YCTAaHOBJIECHO, YTO TH-
MEPIPOAYKIUS UTOKUHOB ((pakTop HEKpo3a
omyxoiu -0, (PHO-a), uarepaciikun-6 (1J1-6)
u unrepiaeiikun 1-f (MJI-1B)) u BeI3bIBacMbIC
uMU S>(QQEeKThl HEraTUBHO OTpaKaloTCi Ha
CTPYKTYpPHO-(PYHKIIMOHAIBHON IIETIOCTHOCTH
HEHPOHOB TOJIOBHOTO MO3ra, 3amyckKas Ipo-
11ecchl HelpoBocnaieHus [2]. AKTUBaIus npo-
I[ECCOB BOCHAJICHUs MO3TOBOI TKaHU IPUBO-
JUT K TTIOBPEXICHUIO SH0TEIUSI MO3TOBBIX CO-
CYJIOB, YBEJIIMYCHHUIO MPOHUIIAEMOCTH T'eéMaTo-
SHIePATHMIECKOTO Oapbepa, IKCAUTOTOKCHY-
HOCTH, JETEHEepallii aKCOHOB, HeWpomeaua-
TOPHOMY JUCOAJIaHCy M YXYAIIECHUIO KJIETOY-
HOrO MeTabonu3ma [3].

Takoke, BOCHAJIUTENIbHBIC MPOIECCHl B
TKaHU TOJOBHOTO MO3Ta MOTYT aKTHUBUPO-
BaThCsl HE TOJILKO MPOBOCHATUTEIHHBIMH 11U~
TOKMHAMH WK XeMoknHaMu. He mocnegHioro
pOJIb B HEHPOBOCTIAJICHUN UTPAIOT aKTHUBHBIE
¢dopmbl kuciopona (APK), mpoBocnanurensb-
Hble (pepMEHTHI, Takue KaK HHAyLHOeIbHas
cunTaza okcuaa aszora (INOS) u BTOpHUYHBIE
MecceHpKepbl. Ha cerogHsAmnanil 1eHp ycra-
HOBJIEHO, YTO MOBBIIIEHUIO MHTEHCHUBHOCTH
HEUPOBOCTAIUTENBHBIX ~ PEAKIUA  CIOCo0-
CTBYIOT  «HEKJIACCUYECKHE»  COEIUHEHUS,
HarpuMep, BEIIECTBA, 00pa3yIoIrecs B X0/
JNECTPYKIMU MUTOXOHAPUN KiIeTKH [4]. Muro-
XOHJIPUU COJIEPKAT LEJBbIA Psif] MOTEHIIUATBHO
CWJIBHBIX TPOBOCHAIUTEIBHBIX Ar€HTOB, Ta-
kux kak mutoxonapuanbHas JJHK (mtHK),
mutoxpoM C, kapauomunuH, (Gopmuen-
THJIBI, KOTOpPHIE B OMPEAEIEHHBIX YCIOBHUSIX
MOTYT TpUOOpeTaTh MMMYHOTEHHBIC CBOU-
ctBa. OHOW M3 TAKOBBIX MPUYUH SBJISETCA
OKHUCIIUTEIbHAST MOIUDUKAIMS MUTOXOHIPHIA
Mo/ IEHCTBUEM MTPOOKCHIAHTOB C MOCTIEAYIO-
mei ux rudensio [5]. B pesynbrare nusuca
MHUTOXOHJpUK okucieHHas MTAHK wHunmm-

pYyeT BTOPUYHBIN BBIOPOC LIMTOKUHOB/XEMOKHU-
HOB TJIMAJIBHBIMU KJIETKaMU, yCUITBAs HEHpo-
BOCHAJIUTENbHBIE MpoIecCchl. Takke KIETKH
TJIMU MOTYT aKTUBUPOBATHCS M30BITKOM MOJIE-
kyn AT®, yBenuuumBas SKCIOPECCHUIO TeHa
WJI-6 [6].

B 5TOl CBSI3M MOXHO NPEIIONIOKHUTS,
YTO COXpaHEHUE IeTIOCTHOCTH MUTOXOHAPUH,
a TaKkKe CTa0WIM3auuu MX (QYHKIMH MOXKET
YMEHBIIIUTh HEraTUBHOE BIMSHHE LIUTOKUHOB
Ha KJICTKH TOJIOBHOTO Mo3ra [7].

B xoppekuuu  MHUTOXOHAPUATBHBIX
HapyIIEeHUH Bce OOJBIIYIO aKTyalIbHOCTh MTPH-
0o0peTaT COeIWHEHUsl MPUPOTHOTO IPOHC-
XO0KJIEHUSI, KOTOPBIE BBITOJTHO OTIUYAIOTCS OT
BEIIECTB, IMOJTYYCHHBIX CHHTETHYECKHM IIy-
TEM, ONTHMAJIBHBIM COOTHOIICHHEM 3(PQeK-
TUBHOCTH/0€3011aCHOCTh. Y CTAHOBIIEHO IOJIO-
KHUTEIBHOE BIIMSHUE HA M3MEHEHUE (PYHKIINO-
HaJIbHOW aKTUBHOCTU MUTOXOHJIpPHIA pecBepa-
TpoJIa, TMOCMUHA, KYPKYMHHA, 11/ ¥ TPUTETIE-
HOMJIOB, T€paHUOJa U psiia JPYrHX COeIuHe-
Huil [8]. B nurepaTtype npuBOAsSTCS CBEACHUS
0 MHUTOXOHJIPHOTPOITHON aKTHUBHOCTH MPOU3-
BOJIHBIX KOPUYHOH KHUCJIOTHI, B YaCTHOCTH, MO-
mudunrpoBanHas — TpUuGeHUIPOCHOHHUEBBIM
KaTHOHOM Ko(elHass KHCIIOTa MpOsBIsIa
CBOMCTBA 3(PPEKTUBHOIO aHTHOKCUIAHTA, TO-
naBJisisi 00pa3oBaHNE MUTOXOHIPHAJIBHOTO ITe-
pokcuna Boxopoaa [9]. Takxke paHee mpose-
JICHHBIE UCCIIEIOBaHM TIOKa3aJH, YTO NpuMe-
HEHHE MPOU3BOJHBIX KOPUUHOW KUCIOTHI IPU
UIIEMHH MO3ra CIOCOOCTBOBAjIO BOCCTAaHOB-
JICHUIO aKTUBHOCTH ()epMEHTOB MUTOXOHAPH-
QJIGHOTO TIPOUCXOXKJICHHUSI — aKOHUTA3bl, IUT-
paTCUHTAa3bl U 0-KETOTIIyTapaTIeruporeHaspl
[10]. Takum 06pa3om, MOKHO TIPEATNOIOKHUTb,
4TO Ha ()OHE BBEJCHUS KOPHUUHBIX KUCIIOT Oy-
JeT OTMEYaTbCs CHUKEHHE CTENEeHU IOoBpe-
KJIEHHS TOJIOBHOTO MO3I'a, OMOCPEI0BAHHOIO
THIIEPIIPOTYKIIMEH IIATOKUHOB.

Heab uccaenoBanusi. OLEHUTH BIIUSI-
HUE TIPOM3BOIHBIX KOPUIHOMN KUCIOTHI HA W3-
MEHEHHE MHUTOXOHJIPHAIbHON (YHKIIUU B TO-
JIOBHOM MO3T€ Y KpPBbIC B YCIOBHSIX 3KCIEPHU-
MEHTaJIbHON THIEPIUTOKUHEMHH.

Marepuanbl M MeTOABbI HMCCJIEA0BA-
Husl. MccnenoBanue BbinmonHeHo Ha 80 Kpbl-
cax-camnax JuHun Wistar (mosoBo3perbie,
macca tena — 200-220 rpamm). XXuoTHble
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ObUTH TMOJIyYEeHbI U3 JTaOOPaTOPUH KUBBIX CH-
creMm llsTuropckoro menuko-hapmareBTHYC-
CKOTO MHCTUTYTAa W Ha BpPEMs HCCIICOBAHUS
COJIEPKAIUCh B KOHTPOIUPYEMBIX YCIOBHSIIX
AKCIIEPUMEHTAJILHOTO BUBApUs MPH TeMIiepa-
Type Bosayxa 18-22 ‘C, 0THOCHTENBHO# BJIaX-
HocTH 50-60% 1 12-TH YacoBOIl CMEHE CyTOU-
HOro 1uKJia. Jluzaitd uccienoBanus, OnomMeTo-
JIOJIOTMYECKUE TEXHUKU U COJICP>KaHUE KUBOT-
HbIX cooTBeTcTBOBaIM npuHiminam ARRIVE
2.0. [11]. I'unepUUTOKUHEMHUIO Y KPBIC BOC-
MPOU3BOJIMIIM IIyTEM HHTPANEPUTOHEATLHOTO
BBeJcHUs Jnmnosucaxapuga E.coli B mose
10 mr/xr [12]. B x0a€ mpoBeieHus HCCIeI0Ba-
HUS DKCIIEPUMEHTAIbHBIE TPYIIBI POPMHUPO-
BaJICh METOJOM paHJAOMHU3ALMU IO Macce
Tena. BbpUTM BBIIENEHBI CIEAYIOIIME TPYIIIBI
skuBoTHBIX: UH — uHTakTHBIE knBOTHRIC, HK
— HETaTUBHBIN KOHTPOJb, TPy KUBOTHBIX,
KOTOpO#l BBOIWIM pedepeHTHBIN Mnpenapar
STUIMETHITUIPOKCUITUPUIUHA CYKIIUHAT
(Mexkcumon, DAPMACO®T, Poccus) B mo3e
100 Mr/kr (per 0S) u rpyIbl KPBIC, MOTyYaB-
IIMX H3y4YaeMble COCAMHEHHS] — KOPHUYHYIO
KHCIIOTY, KO(PEHHYI0 KHCIOTY, KyMapOBYIO
KHCIIOTY, CUHAIIOBYIO U (epyIOBOI0 KUCIOTHI
B 03¢ 100 mMr/Kr (per 0S) Kaxk0e CoOeTMHEHUE
[10]. Beibop mpenapaTa cpaBHEHUsI OCHOBaH
Ha HCCIENOBaHUM, IpoBeneHHOM Kunposoit
I0.1., ¢ coast. 2020, B KOTOpOM IOKAa3aHO,
YTO TNPUMEHEHHE STUIMETUITUIPOKCUTIUPH-
JIMHA CYKIIMHATa YBEIUYMBAET MUTOXOHAPUO-
reHe3 B TOJIOBHOM MO3T€, MTOCPEICTBOM B3au-
MOJEHCTBUSA C PErYJATOPHBIM CYKIIUHATHBIM
penenrtopom SUCNRy. [13].

Hccnenyemble 00BbEKTHI OBLIM Tpeno-
craBnensl Hunan Warrant Pharmaceuticals
(KHP). IIpenapar cpaBHEHHs W aHAIU3UpYye-
MBbI€ BEIIECTBA BBOJWJIM Ha MpOTsKeHue 14
THEH ¢ MOMEHTa BBEIEHUS OaKTepHaTBLHOTO
nunononucaxapuaa.  [IpoaoKUTeTbHOCTh
BBEJICHUS UCCIIEIyEeMbIX COeTMHEHUN U pede-
peHTa o0yCIIoBJIeHa 0COOEHHOCTSIMHU KCIIEPH-
MEHTaJIbHON MOJIEH TUIepUUTOKMHEMUH. [la-
Jee y OJKHBOTHBIX OIEHUBAIA W3MECHEHHUE
HEBPOJIOTHYECKOTO JepuITa IO IIKaIe
McGraw [14], mpou3Boauiu 3a60p Onomare-
puaiza M OCYUIECTBJISUIM OLIEHKY W3MEHEHUs
MUTOXOHJIPHATPHOU (DYHKITUU B TKAHU TOJIOB-
HOT'O MO3ra.

MuToXOoHApHAIbHYIO (PAKIUIO TOJIOB-
HOTO MoO3ra IoJlydajau IyTeM TI'PajUE€HTHOIO
UeHTpU(PYrupoBaHUS TOMOT€HaTa T'OJIOBHOTO
MO3ra, JJIsl 4ero roJIOBHOW MO3T TOMOI€HU3H-
poBanu B cpene 1 mmons D' TA + 215 mmonb
MaHHHTa + 75 MMomb caxapossl + 0,1% pac-
tBOop BCA + 20 mmons HEPES, npu pH 7,2.
['omorenat ueHTpU(pYrupoBai B TEUCHUE
2 munyT npu yckopenuu 1100g. Cynepnarant
MEPEHOCHIIN B IpoOupKu DnneHaopd u Hacna-
uBamun  10%-pactBop mepkowia  (Sigma-
Aldrich). TTony4eHnHyt cMECh IOBTOPHO IICH-
tpudyrupoBanu B Teuenue 10 MUHYT TpuU
yckopennn 18000g. Hanmocamounyro xuj-
KOCTh OTOpAachIBaIM, OCAJOK PECyCIECHANPO-
BaJu B | MJI M30JIMpYIOIIEH CPeIbl U IIEHTPH-
¢yrupoBanu B Teuenue S munyT ipu 10 000 g.
[15].

[MonmyyeHHyI0 HaIOCAAOYHYIO (HPAKIIUIO
yAAJSUIH 1711 OTpeieNieHUs] aKTUBHOCTH IUTO-
XpOM-C-OKCUa3bl U  CyKLUMHaTAETUaApore-
Ha3bl, a TaK)Xe KOHIIEHTPAllUM MUTOXOHJAPH-
aJIbHOT'O NEPOKCHJIa BOJOPOJIAa U CYNEPOKCU/I-
paaukana. AKTUBHOCTb LIUTOXPOM-C-OKCH-
Ja3bl  ONpEAENsIM B MUTOXOHJAPUAIBHON
(bpakuu 1Mo N3MEHEHHUIO ONTHYECKON IIIOTHO-
CTH CpeJbl peakliuy OKHCIeHUs nuToxpoma C
(IT) B mpucyrctBuu KCN mpu 500 um. [16].
AKTHUBHOCTB CYKIIMHATETUAPOTEHA3HI OIICHH-
BaM CIEKTPOPOTOMETPUUECKH B PEAKIIUU
CYKI[MHAT-3aBUCMOI'0 BOCCTAHOBJIEHMS -
xsoppeHoauHaopeHona npu A00aBICHUU B
aHAIM3UPYEMYIO cpeary poTeHoHa ipu 600 HM.
[17]. OnThueckyro MIOTHOCTh CMECEW peru-
cTpupoBanu Ha crnekrpodoromerpe ITPOM-
OKOJIAB I19-5300B B K1oBeTax ¢ IIMHOH OII-
TH4YecKoro mytu 10 MM. AKTUBHOCTH epMeH-
TOoB BhIpakanu B En/mr Genka. CoaepskaHue
0eka B aHAIM3UPYEMbIX 00pa3ax OlEeHUBAIN
no merony bpendopaa. Konnenrpauuto Muro-
XOHJPUAJILHOTO MEPOKCHIA BOJOpOJa H3Me-
PSUIHA TI0 U3MEHEHHIO (DITyOpPEClIEHTHOIO CHUT-
Haja, OKpaIIeHHOTro pe3opyduHa mpu IIuHE
BOJIHBI BO30YyxeHust/smMuccun 570/585 Hwm.
CopepxaHue cynepoKcua-pajuKaia B aHalu-
3UpYyeMBIX 00pa3iax Onpeesii M0 U3MEeHe-
HUIO (PITyOPECIIEHTHOTO CHUraja JWTHAPO3TH-
nuii Opomma MpU AJUHE BOJIHBI BO30OYXIIe-
Husi/s>muccuu 480/610 am. [18]. C menbro BbI-
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SIBJIGHUSI HEKOTOPBIX 3aKOHOMEPHOCTEN COOT-
HOIIICHUSI CTPYKTypa-aKTUBHOCTh B PSIy HC-
CJIeTyeMbIX BEIIECTB ObLI MPOU3BEACH pacyeT
KBaHTOBO-XMMHUYECKUX IMAPaAMETPOB, XapaKTe-
PHU3YIOUINX IIeJIeBble CBOMCTBA MOJIEKYJI: TEIl-
nota oOpa3oBaHus (KKaJI/MOJIb), OOIIast YHEP-
rust (EB), snekrponnas sueprust (9B), sHep-
rusi MexbsepHoro B3aumojeiicteus (EB),
HOPMAaJIbHBIA T'PAJUEHT, TUIIOJbHBIA MOMEHT,
noteHiman  woHuszammu  (EB), sHeprus
HAWBBICIICH 3aHITOW MOJICKYJISIPHOH OpOu-
tanu (EB) u sHeprust Hu3IIEH 3aHATON MoJie-
KymsapHoit opbutamu (EB). Pacuer mpousBe-
JIeH ¢ MPUMEHEHHEeM IporpaMMHoOro obecre-
yenuss MOPAC 2016 ¢ nporokonom PM7.
Cratuctudeckyro o0pabOTKy MOIy4YeH-
HBIX PE3yJbTaTOB OCYIIECTBIISLIU C MPUMEHE-
HueMm mnporpammHoro makera STATISTICA
6.0 (StatSoft). [lanuble BbIpaXkaaud B BHJIE
M+SEM (cpennee + cranmapTHas OIIMOKa
cpennero). HopmanbHOCTE pacripeneneHus
OlLICHUBANU C moMmoiplo kputepus Ilanupo-
Yunka,  OOHOPOAHOCTb  AUCHEPCHS  —

£

[

Bamin EBPOJIOTHYECKOr 0 ,JIE(I)HHHTE!
- W

¢ npuMeHeHuem kpurepus Jlesena. Cratucru-
YECKYI0 3HAYMMOCTh OTIMYHH MEXIy TpyIl-
MaMu MPOBOJUIM METOJOM OJHO(PAKTOPHOTO
JMCTIEPCHOHHOTO aHAJIN3a C TIOCT-00paboTKON
Hpromena-Keiicina npu KpuTUUECKOM YpOBHE
3Haunmoctu P<0,05. KoppensuuoHHbil aHa-
JIU3 BBINIOJIHEH corfiacHo Kputeputo [Tupcona.
PesyabTarsl uccienoBanusi. B xone
OIICHKW W3MEHEHHUSI HEBPOJIIOTUYECKOTO JAe(u-
nuta (puc. 1) 6su10 ycraHomieHo, uro y HK
rpynmsl Kpeic 1o otHomeHuto k MH kpeicam
Ha0J110/1aJ710Ch MOBHIIIEHNE CyMMapHOTo 0ania
HeBpoJiorndyeckoro nedunura B 12,1 pasa
(p<0,05). Ha ¢one BBeaeHuss Mekcumona ot-
MEYCHO CHIDKCHHE CTEIICHU BBIPAKECHHOCTHU
HEBPOJIOTUYECKOW CHUMITOMATHKUA B CpaBHe-
Huu ¢ HK rpynmnoii na 38,5% (p<0,05), B To
BpeMs KaK MpU MPUMEHEHHH U3y4aeMbIX CO-
eMHCHUN — KOpHYHOW, Ko(elHOoH, depyiio-
BOM, KyMapOBOW ¥ CUHANIOBOW KUCIIOT JAHHBII
nokasaren ymenbumics Ha 21,2% (p<0,05),
42,3% (p<0,05), 23,1 9%(p<0,05),40,4%
(p<0,05) u 25,0 % (p<0,05) cOOTBETCTBEHHO.

0 I I I I I I I

Mekcuaoa  KopuH4uHasa
KHCJIOTA

Kodetinan @epyaopas Kymaposaa CHHamopas

KHC/10Ta KHCJI0Ta KHC/I0Ta KHC/10Ta

IpumMeuanue: # — CTATUCTHYECKH JOCTOBEPHO OTHOCHTENbHO MH rpymmbl; * — CTATHCTHYECKH TOCTOBEPHO OTHOCH-
tenibHO HK rpynmel. Bo Beex ciyuasix kpurepuit Hetomena-Keticna p<0,05.

Puc. 1. Bnusaue HN3y4aCMbIX COCIII/IHGHI/Iﬁ U nperiapata CpaBHCHUA Ha U3SMCHCHUC HEBPOJIOTHYC-
CKOT'0 )Ie(l)I/IIII/ITa Y )KUBOTHBIX B YCIIOBUAX THUIICPIUTOKUHEMHUHN

Note: # — statistically significant relative to the group ID; * —

the Newman-Keuls test p<0.05.

statistically significant relative to the NC group. In all cases,

Fig. 1. Effect of the studied compounds and the reference medicine on the change
of neurological deficit in animals under conditions of hypercytokinemia
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JanpHeHimuii Xo4 UCCICA0BAHUS MOKa-
3aJ, YTO KOHIICHTPAIUsi MHTOXOJAPHAIHLHOTO
MepoKCcHIa Boaopoaa (puc. 2) U CYNepOKCU/I-
pangukana (puc. 3) B MO3TOBOM TKaHH Y KPBIC
HK rpynmer Obuta Beime takoBoro y HMH
rpymnmbsl  &KUBOTHBIX B 3,0 (p<0,05) wu
4,0 (p<0,05) pa3a coorBeTcTBeHHO. [IpumeHe-
HUe MeKcHuaona crnocoOCTBOBAJIO yMEHBbIIIE-
HUE COJIEPIKAHUS B MUTOXOHpUATHLHON (paK-
[IMU, KaK MEPOKCHJAa BOJIOPOJAA, TaK U CyIie-
pokcua-panukaina 1o otHomeHuro kK HK
rpymnne ;kuBoTHBIX Ha 25,0% (p<0,05) u 38,8%
(p<0,05) cooTBETCTBEHHO.

B psiny m3ydaeMbix BeliecTB HamOoiee
BBIPQKCHHBIC AHTHUPATUKAIBHBIC CBOWMCTBA
OBUTH YCTaHOBIICHBI JUISI KOQEHHON U KymMapo-
BOH KHCIIOT, BBEJICHHE KOTOPBIX CIIOCOOCTBO-
BaJI0 YMCHBIIICHUIO KOHIICHTPAIMH IEPOKCHIA
Bogopoma Ha 54,2% (p<0,05) u 50,4%

(p<0,05) coOTBETCTBEHHO, a CYIEPOKCHI-pa-
nukaina Ha 48,8 % (p<0,05) u 46,3% (p<0,05)
COOTBETCTBEHHO. HECKOIbKO MEHBIIYH aK-
TUBHOCTh IPOSBIISUIA KOpPUYHAs KHUCIOTa, Ha
(hoHe MpUMEHEHHsI KOTOPOIl cojiepKaHue MU-
TOXOH/IPUAJIBHOTO NIEPOKCUIA BOJIOPOAA U CY-
MIEPOKCUJI-pauKajga YMEHbIIMIOCh Ha 27,9%
(p<0,05) u 33,4% (p<0,05) B cpaBHEHHH C T10-
kazareaamu HK rpynmer kpsic. IIpu arowm,
KOHLIEHTpaLus IEPOKCHIa BOJOPO/ia IIPH NPpU-
MEHECHMH KO(PEHHONM M KymMapoBOW KHCIIOT
ObL1a HIDKE, YEM Y TPYIIIBI KPBIC, TOTy4YaBIIei
Mexkcuzon Ha 38,8 (p<0,05) u 33,3% (p<0,05)
COOTBETCTBEHHO. CTOUT OTMETUTh, YTO MpPH-
MeHeHue (¢epyroBOi M CHHANOBOM KHUCIOT
3HAYUMOTO BIIMSHUS Ha U3MEHEHUE COJeprKa-
HUS NEpOKCHJa BOJOPOJAa M CyNEpPOKCHI-Pa-
JMKaJla B MHTOXOHJPUAIBHON (pakiuu ro-
JIOBHOT'O MO3I'a HE 0Ka3aJo.

2,5
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MekcHzoa Kopuunan Kodeiinas Depy1oBas Kymapogas CHHanosas
KHCJTOTA KHCJI0TA KHCJIOTA KHCJIOTa KHCJ10T2
HpI/IMe‘IaHI/IeZ # — CTaTUCTUYECKH JAOCTOBCPHO OTHOCHUTEIBLHO NH T'pYyIIIbI; * — CTaTHCTHYECKHU AOCTOBEPHO

otHOcHuTenpHO HK T'pYIIIbI; A — CTaTUCTHYCCKHU JAOCTOBEPHO, OTHOCUTCIILHO KUBOTHBIX, KOTOPbBIM BBOJAUIIN MCKCI/I,I[OJ'I.

Bo Bcex cnygasx kputepuit Heromena-Keiicoa p<0,05.

Puc. 2. Bnusinue u3yyaemMbIx COEAMHEHU U TIperapara CpaBHEHHsI HA N3MEHEHHE KOHIEHTpaluu
MEPOKCH/Ia BOJIOPOJa B MUTOXOHPUAIbHON (YPAKIIMK TOJIOBHOT'O MO3Ta Y JKUBOTHBIX
B YCJIOBHSIX TUIIEPIIUTOKUHEMHUHN

Note: # — statistically significant relative to the group ID; * —

statistically significant relative to the NC group; A — statis-

tically significant, relative to the animals that were injected with Mexidol. In all cases, the Newman-Keuls test p<0.05.
Fig. 2. Effect of the studied compounds and the reference medicine on the change in the concentra-
tion of hydrogen peroxide in the mitochondrial fraction of the brain in animals under conditions
of hypercytokinemia
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[Tpumeuanue: # — CTaTUCTUYECKU JOCTOBEPHO OTHOcUTENbHO MH rpymmbl; * — cTaTHCTHYECKH NOCTOBEPHO OTHOCH-
tensHO HK rpynmel. Bo Beex ciydasx kpurepuit Heromena-Keiicna p<0,05.

Puc. 3. BausiHue nzyyaeMbIX COeIMHEHUH U MperapaTa CpPABHEHUSI HA U3MEHEHUE KOHUEHTpaIuu
CYIIEPOKCH/I-paIiKalia B MUTOXOHIPUATHHON (hPAKIIUK TOJIOBHOTO MO3Ta y KUBOTHBIX

B YCJIOBUSAX THIIEPLUTOKUHEMUN
Note: # — statistically significant relative to the group ID; * —statistically significant relative to the NK group. In all cases,

the Newman-Keuls test p<0.05.

Fig. 3. Effect of the studied compounds and the reference medicine on the change in the concentra-
tion of the superoxide radical in the mitochondrial fraction of the brain in animals under conditions
of hypercytokinemia

AHanu3 U3MEHEHUs aKTUBHOCTU CYKIIH-
HaTJErUApOTeHassl (prc.4) MO3BOIMI YCTAHO-
BUTH, 4TO y Kpblc HK oTMeueHo cHIKeHue ak-
THUBHOCTb JJAHHOTO 3H3MMa OTHOCUTENbHO MH
rpynnsl Ha 38,9% (p<0,05), npu yMeHbIIEHUN
aKTUBHOCTH LIUTOXPOM-C-OKCUAa3bl (puc. 4) B
2,0 paza (p<0,05). IIpumenenue Mekcuaona
CIOCOOCTBOBAJIO IMOBHINICHUIO aKTUBHOCTH
CYKUMHATJIETUAPOT€Ha3bl U LUTOXPOM-C-OK-
cunasbl B cpaBHeHnu ¢ HK rpynmoi xuBot-
HbIX Ha 23,6% (p<0,05) u 22,2% (p<0,05) co-
OTBETCTBEHHO. TaKkxe€ KaTaIuTUYECKUE CBOM-
CTBa CyKIIMHATAETUAPOreHa3bl U HUTOXPOM-C-
OKCHJIa3bl YBEIMYMWINCH NPU BBEACHUHU KH-
BOTHBIM KodeiHoi kucinotel (Ha 30,0%

(p<0,05) u 34,4%(p<0,05) COOTBETCTBEHHO) H
kymapoBoi kuciotsl (Ha 20,0 %(p<0,05) u
32,2% (p<0,05) cooTBeTCTBEHHO). Y KpBIC,
MOJIyYaBIIUX KOPUYHYIO KHUCIIOTY OTMEUEHO
MOBBIIIIEHUE AKTUBHOCTH ITUTOXPOM-C-OKCH-
J1a3bl B CpaBHEHUU C nokasarenem HK rpynmst
Ha 22,2%(p<0,05).

[IpoBeneHHbIN B JadbHENIIEM KOPPEIS-
[IMOHHBIN aHaJIN3 B3aUMOCBS3U AKTUBHOCTU H
W3MCHCHUS KBAaHTOBO-XHMHUYECKHX TapaMerT-
poB MoJieKkya (Tabm. 1) mo3BOIUI YCTAaHOBUTS,
YTO B MHTHOUPYIOMIAsi aKTUBHOCTh B OTHOIIIE-
HUE CYNEpOKCUI-paguKkaia B HauOOIbIIeH
CTCTICHH 3aBHCHUT OT HOPMAJILHOTO TpaTueHTa

(r=-0,96587).
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[Ipumeuanue: CAI — cykuunataeruaporenasa; COX — HUTOXpoM-c-OKcHa3a; # — CTATUCTUYECKHU TIOCTOBEPHO OTHOCH-
tenpHO UH rpymmer;, * — ctatuctadecku goctoBepHO oTHOocHTenbHO HK rpynmet. Bo Beex ciryuasx kpurepuit HeromeHa-
Keiicna p<0,05.

Puc. 4. Bnusane HN3y4aCMbIX COGI[PIHCHPII’I H 1IpcriapaTta CpaBHCHHA HAa N3MCHCHUC dKTUBHOCTHU
CYKIIUHATACTUAPOIrCHA3hI U HUTOXPOM-C-OKCHUAA3bI B MHTOXOHHpHaHBHOﬁ q)paKIII/II/I T'OJIOBHOI'O

MO3Tra y )KUBOTHBIX B YCIIOBUAX I'MIIEPLIUTOKUHEMHAU
Note: CAI" — succinate dehydrogenase; COX — cytochrome c oxidase; # — statistically significant relative to the group
WH; * — statistically significant relative to the HK group. In all cases, the Newman-Keuls test p<0.05.

Fig. 4. Effect of the studied compounds and the reference medicine on the change in the activity
of succinatedehydrogenase and cytochrome-c oxidase in the mitochondrial fraction
of the brain in animals under conditions of hypercytokinemia

Tabnuya 1
KBaHTOBO-XI/IMI/I‘IECKI/Ie napaMeprl, I/ICl'[O.]'[l)3yeMl)Ie l'lp]/I l'[pOBe)IeHI/II/I
KOPPEJSIHOHHOI0 AHAIHN32
Table 1
Quantum-chemical parameters used in the correlation analysis
Mapamerp Kopuunas Kodeiinas ®epynoBas Kymaposas CunanoBast
KHUcCJaoTa KHUcCJaoTa KHCJI0TAa KHCJI0TAa KHUcCJa0oTa
Tenuora oGpasosatins, -46,881 -138,52093 -92,08089 -165,61028 -133,52933
KKaJ1/MOJIb
O61mas sHeprus, EB 1803,48678 -2394,44371 -2098,94702 -2988,56099 -2543,95571
DsteKTponHas sHeprus, EB 8793.15002 -12030,2032 -10324,3609 17459,3008 -13664,3484
JHEPIUA MEXANCPHOTO B3A- | 6o0q 66414 | 963575953 8225,4139 14470,73981 | 11120,39266
moeicTeus, EB
HopMabHblil TpaiueHT 0,68336 0,9593 0,75388 0,89961 0,91461
JIMnoIbHBIA MOMEHT 5,04333 3,71918 6,25115 6,90021 4,48361
IMorenman nounsamn, EB 10,05844 9,031399 9,517903 8,945714 8,851467
DHEPIHH RAMBLICIICH SAMATOR | 1 5 9,031 9,518 8,946 -8,851
MOJISKYJIsIpHOH opbutanm, EB
HEPII HUBLIEH ASTON MO~ | g47 0,465 0,852 0,485 035
neKyJsipHoi opburamu, EB

CunbHast Koppensius Obljla yCTaHOB-
JIeHa MEXIy CIIOCOOHOCTBIO HU3y4aeMbIX Be-
IIECTB MHTMOUPOBATh 00pa30BaHUE MEPOKCHUIA
BOJIOpO/Ia U

HOPMAJIbHBIM

T'paIuCHTOM

(r=-0,802155). Taxxe ¢ H3MECHEHHEM HOPMAJTb-
HOTO TPaJIUCHTa CUJIHO KOPPEIUPOBATIO M3Me-
HCHHE aKTHBHOCTH CYKIIMHATICTHIPOTEHA3bI
(r=0,864808). CTOUT OTMETUTH, YTO BBIPAKEH-
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HBIX B3aMMOCBSI3EH MCXKIY KBAHTOBO-XHMHUYC-
CKUMU IapaMeTpaMn UCCICAYCMbBIX BCHICCTB U

W3MCHEHHEM aKTUBHOCTH IIUTOXPOM-C-OKCH-
J1a3bl HE TIPOCIISKUBATIOCH (Ta0JI. 2).

Tabauya 2
3HayeHMe MOTYyYeHHBIX KO3((PHIMEeHTOB KOPpPeIsiliiu
Table 2
The value of the obtained correlation coefficients
Cynepokcuj, Ilepoxkcua Bogopoaa,
Iapametp HMOIE/MT HMOITL/MT CATI', En/n COX, Ea/n
Temora oGpasosaris, 0,400171 0,771782 -0,659831 -0,278867
KKaJI/MOJIb
OG1mast sueprus, EB 0,337788 0,690160 -0,492990 -0,275793
DnextponHas sHeprus, EB -0,513381 -0,455051 0,031248 0,426591
HEPIII MEAKBAEPHOTO B3~ -0,310128 -0,634297 0,394323 0,284858
mopeiicTeusa, EB
HopMaJlbHbIi rpajieHT -0,96587 -0,802155 0,864808 0,340750
JIMIIOIbHBII MOMEHT -0,082382 0,169051 -0,568228 -0,207693
ITorennuman nonnsanuu, EB 0,156184 0,636947 -0,650265 -0,092914
HEPTIIS HANBGICINCH SAHATON -0,155949 -0,636922 0,650514 0,092973
MOJICKYJIsIpHOH opOuTtann, EB
HEPIIIS HISIIEH 3AHATON Mo- -0,095511 -0,660227 0,746693 0,280159
JIeKyJsipHo# opbutanm, EB

Oo0cyxaenne pe3yiabTaroB. ['unepuu-
TOKHMHEMHSI KaK CaMOCTOSITEIbHBIN MMaTOJI0TH-
YEeCKUI CHHIPOM, TaK U KaK 4acTh aTOreHesa
ApyTUX 3a00J€BaHUI COMPOBOXKIACTCS 3HAUH-
TEIbHOW CMEpPTHOCTHIO HAceleHUs, B psle
cirydaeB coctaBisitoieit 6omnee 40%. Ycranos-
JIEHO, YTO TPOBOCHAIUTENbHBIE ITUTOKUHBI
OKa3bIBalOT Hecleun(UIecKkoe MOBPEkAA0-
niee JeMCTBUE MPaKTUYECKH Ha BCE OPTaHbl U
TKaHU, YTO MPUBOJUT K TOJUOPTaHHON HEI0-
CTaTOYHOCTH. BpICOKass cTeneHb LIHUTOKHUH-
OTIOCPEZOBAHHBIX HAPYIICHWH OTMEUYaeTcs
MpEX/Ie BCErO B OPraHaX C MHTEHCHUBHBIM Me-
Ta00JIM3MOM, HAMpHUMEpP, B TOJIOBHOM MO3TE,
YTO BBIPAXKAETCS B PA3BUTHH HEHPOTOKCHUE-
ckoro ¢ dexra [19].

[ToBpexeHue ro1oBHOrO M0O3ra, BbI3blI-
BAa€MO€ IMTOKMHAMHU, B OCHOBHOM IPOMCXO-
IUT 3a CUeT MHAYKUIWU HEHpOBOCMAJCHHUS, B
X0JIe KOTOPOI'0 OTMEUAETCs pa3BUTHE KacKaja
B3aMMOCBSI3aHHBIX PEaKIUi, TaKUX Kak, IO-
BpEXACHUE TeMaTo-dHIe(ATNIECKOro Oaph-
€pa, pa3BUTHE OTEKOB IUTOTOKCHYECKOTO HU
Ba30I€HHOTO THWIIA, JAKTaT-allUJ03, OKHUCIIHU-
TelnbHBIA cTpecc, sHeprogeuuur [20]. B
CBSA3U C BBICOKOM MaTOT€HETUYECKOU POJIbIO
HEUpOBOCAJICHUsI JaHHBIA MaTOT€HETHYe-
CKH MEXaHU3M BCE Yallle CTAHOBUTHLCS MHIIIE-
HBIO JUJIsl LleJIeHaNpaBIeHHOro (hapMaKoIoTu-
YEeCKOT0 BMEIIATENbCTBA, B TOM YHWCJIE U B

YCIIOBUSIX ~ CHCTEMOH  TUIEPIUTOKHMHEMUU.
Tak, Yang, et al., 2020 6bU10 MOKa3aHO, YTO
MIPUMEHEHHE TUTUIPOTECTPOCTEPOHA y KU-
BOTHBIX C AKCIIEPUMEHTAIBLHON TUIIEPIIUTOKH-
HEMHUEH CIOCOOCTBOBAIIO YMEHBIICHHUIO CTe-
MEHU TOBPEXKIAIONIIETO JIEUCTBUS HA MO3TO-
BYIO TKaHb IIPOBOCTIAUTENLHBIX IUTOKMHOB —
WJI-1, 1JI-6 u ®HO-a. Takke B TaHHOM HC-
CJIeIOBAHUM MPOJAEMOHCTPUPOBaHA CBS3b BOC-
MaJIeHUs U alONTOTUYECKOTO KacKaja, uyTo SB-
JISIeTCSl XapaKTEPHOH 0COOEHHOCTHIO JIUIOMO-
Jrcaxapusia Kak MHAYKTOpa TUTIEPIUTOKUHE-
muu [21]. U3BecTHO, 4TO BBeneHHE OaKTepu-
ITBHOTO JIUTIOMOJIUCAXAPH/Ia IPUBOIUT K BBI-
paXEHHON HEHMPOTOKCUYHOCTH 34 CYET MOBbI-
HIEHHOTO 00pa30BaHUsl MPOBOCHATUTEIBHBIX
LUTOKMHOB ¥ MHIYKIMN HUCXOASIINX POBOC-
MaJTUTEIBHBIX CUTHAIBHBIX ITyTEH, KOHTPOJIHU-
pyembix NfkB, 4To mprBOAUT K HHUIIMHUPOBA-
HUIO TIPOTPaMMBbI aronTo3a, Pa3BUTHIO OKHC-
JIUTEIBHOTO CTpecca B HEHPOHAX U KIETKax
TJIAH, IPUBOJIS K UX THOCH C pa3BUTHEM KITH-
HUYECKHX TposiBieHui nopaxkenus [[THC [22].
OnHUM U3 OCHOBHBIX MEIMATOPOB JIUTIOIMOIH-
caxapuI-UHIAYLMPOBAHHON HEHUPOTOKCHYHO-
CTH SIBJISIFOTCSI MUTOXOHJIpHAJIbHBIE AaKTUBHBIE
¢dbopmel kucnopoaa (ADK), npencraBieHHbIE,
KakK TMpaBHIIO, CYyNEpOKCHA-PAAUKAIOM U Iie-
pokcumom Bomopona [23]. ADK cuurtarorcs
TOKCUYHBIMU HMHTEpPMeIUaTaMu a’poOHOTO
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MeTabonM3Ma U OCHOBHOM NMPUYHUHOM KIIETOY-
HOTO MOBpEXIeHUs. BbICOKasi HHTEHCUBHOCTD
OKHUCJIUTEIBHBIX MTPOLIECCOB, TPOUCXOSAIINX B
MUTOXOHJIPUSIX, JIENAl0T JaHHbIE OpraHeIUIbI
OCHOBHbIMH TpoayueHTtamu ADK. B mwuto-
XOHApUAX uaeHTH(GuuupoBaHo 11 caiiToB re-
Heparun A®K, oOpasyromuxcsi mpu yTeuke
MIPOTOHOB B MHUTOXOHJPHAIIBHON JbIXaTelb-
HoM 1ien [24]. BaxHoe 3HaueHue B 00pa3oBa-
HUM MUTOXOHApHAIbHBIX ADK urpaer uzme-
HEHHUE AKTUBHOCTh KOMIUIEKCOB MUTOXOHIPH-
QJIbHOM JIbIXaTeIbHOM 1IeTH, B TOM YHCIIEC MaK-
POMOJIEKYJISIPHBIMU KOMIUIEKCAMU CYKIIMHAT-
NETUPOreHasbl U IHUTOXPOM-C-OKCH/IA3bl.
CyKiuHaTACTUIpOreHasa Wi MHUTOXOHIPH-
anbHbIN KoMmIuieke |l reHepupyeT 3HaYUTEND-
Hoe kKoymyecTBo ADK, cBsI3aHHBIX ¢ JIeduIu-
ToM ¢naBomnporenHa. LluToxpom-c-okcuaasza
(xommekc V) mMeHee CKIIOHHA K T€Hepaluu
A®K, HO oOpa3zyroomuecs paguKaibl MOTYT
WHULIMMPOBATH  AJIbTEPHATUBHBIC  KAaCKaJIbI
KJIETOYHOT0 TTOBpexaeHus [25]. B 3Toii cBsizu
HabmromaeMoe Ha ()OHE BBEICHUS M3Y4aeMBIX
coequHeHn — Ko(elHOl U KymMapoBOl Kuc-
JIOT TIOBBIIIIEHNE AKTUBHOCTH CYKIIUHATIACTU/I-
poreHas3bl U HUTOXPOM-C-OKCHUIa3bl MOXKET 5IB-
JATHCS TPUUMHON CHUKEHUS UHTCHCHUBHOCTH
peakiuii obpazoBanusi ADK, yto Obulo MOA-
TBEPXKJECHO B XOJI€ OIEHKH W3MEHEHHS KOH-
LEHTPAMd MUTOXOHAPUAIBHOTO MEPOKCHUAA
BOZIOpOJa U cylnepokcua-panukana. Kpome
TOTO, JaHHBbIE (epMEHTATHBHBIC KOMILICKCHI
(CyKIMHATAETUIPOTEHAa3a U IIUTOXPOM-C-OK-
cujas3a) ciy>)kaT MapKepaMu MUTOXOHIpHAIIb-
HOTO OMOTreHe3a U TOBBIIIEHNE UX aKTUBHOCTH
CBUJIETEIBCTBYET O MOBBIIIEHUN CUHTE3a MH-
toxoHapuii de novo [26]. TIpu sToMm, yBenuue-
HUe OMoreHe3a MUTOXOHIPHUMA B YCTIOBHSIX JTHU-
ITONOJINCAXapHUI-HH Iy IUPOBAHHOW HEUPOTOK-
CUYHOCTH MOKET UMETh pelIatoliee 3HaYeHUe
JUTST BBDKMBAEMOCTH HEWPOHOB, TMOCKOJIbKY
BHOBb OOpa3yIoLIHecs MUTOXOHIPUHU COJEp-
XKaT Ha mopsiiok MeHbine aedgextnor JJHK u
MeHee CKJIOHHBI K reHepauun ADPK u nHumm-
upoBanuto anomnro3a [27]. Taxxe Hemano-
BA)KHO, YTO MPU BBEJECHUU HUCCIEAYEMBIX CO-
€AMHEHUN OTMEUEHO CHIDKCHHE BBIPAKEHHO-
CTH HeBpooruyeckoro neduinura. CTOUT OT-
METHUTb, YTO HAWOOJIBIINNA YPOBEHb aKTHUBHO-

CTU MPOAEMOHCTPUPOBAIN COEIUHEHHUE, CO-
JepXKalue B CBOCH CTPYKType CBOOOIHBIE
TUAPOKCUIIBHBIE TPYNIbl B apOMAaTHYECKOM
KoJIbIle. B 9T0#i CBsi3M OBLI MPOBEIEH KOPpeTIsi-
LIMOHHBIN aHaJIN3, HA OCHOBE METOJIOB BBIUKC-
JUTENBHOU XUMUH, LIETBI0 KOTOPOTO SIBJISIIOCH
YCTaHOBUThH HAJIMYME OINPENEIEHHBIX 3aKOHO-
MepHOCTE M3MeHeHus: (HapMaKoJIOTHYecKOro
3¢ (dekTa OT KBAaHTOBO-XMMHYECKHUX MapaMeT-
POB MOJIEKYJI, HauboJiee MOJTHO XapaKTepHu3y-
IOIHUX WX cocTosiHue. KBaHTOBO-XUMHUUECKHE
JNECKPUIITOPbl  UTparoT  (PyHIaMEHTaJIbHYIO
POJIb B XUMHH U OMOMEIUIIMHCKHUX HCCIIeI0Ba-
HUSIX, TIOCKOJIBKY OHH OIPENEISIIOT KOppeis-
AU MEXKIY XUMHYECKUMU CTPYKTypamHu |
CBOMCTBaMH MOJIEKYJ (KOJIMYECTBEHHOE COOT-
HOIIICHUE CTPYKTypa-aKTUBHOCTbH). JlaHHbIE
rapameTpbl MOT'yT NPEJOCTABUTh HCUEPIIbIBa-
IOMyI0 WHPOPMAIUI0 O MPOCTPAHCTBEHHO-
F€OMETPUUYECKHX, JIEKTPOCTATUYECKUX U pe-
aKIIMOHHBIX CBOMCTBAxX MoJsieKyJ1. Takum oopa-
30M, MHOTHE JIECKPUITOPBI OTPaXar0T CBOM-
CTBa MOJIEKYJI M MOTYT JaTh MPEICTABICHHUE O
XUMHUYECKON IPUPOJE COCTUHEHUMN, YTO HECO-
MHEHHO BaXHO B XOJI¢ IeJICHAIPABICHHOTO
CUHTE3a HOBBIX POJCTBEHHBIX BEILIECTB.

[IpoBeneHHBI KOPPEISIUOHHBIA aHa-
U3 TOKasall, YTO paJuKal-MHTHOMPYOIINe
CBOMCTBa B OOJIbIIIEH CTENIEHN KOPPETUPYIOT C
HM3MEHEHNEM HOPMAaJIbHOTO rpaJiueHTa
(r=-0,96587 nns CynepokCHa-pagvKana |
r=-0,802155 s mepokcuaa BOAOPOA), YTO U
OTpaXkaeT BKJIAJ TUJIPOKCH TPYNI B U3MEHE-
HUE€ TUIOTHOCTH 3JIEKTPOHHOTO 3apsija B apo-
MaTtuueckoM KoJjblle [28]. CTOUT OTMETHTH,
YTO AKTUBHOCTh CYKUMHATIETHAPOTreHa3bl
TaK)Ke€ KOPPEIUPOBAIO C W3MEHEHHWEM HOp-
ManpHoro rpaauenta (r=0,864808), B TO
BpeMs KaK B OTHOIICHHE IUTOXPOM-C-OKCH-
J1a3bl CYIIECTBEHHBIX KOPPEISLUOHHBIX B3au-
MOCBSI3€i1 HE YCTAaHOBJICHO.

3akmrouenue. IIpoBeneHHoe uccieno-
BaHHE TOKA3aJI0, YTO B YCIOBUSAX JUIIOMOJH-
caxapuJ-UHIAYLIMPOBAHHON HEHPOTOKCUYHO-
CTH IPUMEHEHUE KyMapoBoil u Ko(elHoi Kuc-
JIOT CIOCOOCTBOBAJIO BOCCTAHOBIEHUIO MUTO-
XOHJIPUATBHOW (DYHKIIMH, YTO OTPA3WIOCh B
MOBBIIIEHUN AKTUBHOCTH CYKUHUHATIETHUAPO-
TeHa3bl M [UTOXPOM-C-OKCHA3bl, CHIKEHHUIO
TreHEpallMl  MHUTOXOHJIPUAIBHBIX aKTHUBHBIX
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dbopM Kuciopoda, 4TO B HMTOre MIPHUBEIO K
YMEHBIIICHUIO CTETIEHU BBIPAKEHHOCTH HEBPO-
JIOTUYECKOoro aedunuTa.
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Pe3ome

AKTyalibHOCTh: HecMOTpst Ha mporpecc B MeIMIIMHE MaTOUHbIE KPOBOTEUEHHUS OCTAIOTCS OOIIeH3-
BECTHOW MEIUIIMHCKOM MPpo0IeMoil. AHOMaTbHBIE MATOUHBIE KPOBOTEUCHHS OKA3bIBAIOT HETATUBHOE
BIUSIHUE Ha (U3MUYECKOE, IMOLIMOHAIBHOE, COIIMATBHOE, B T.4. MaTepUaIbHOE OJIaronoaydne KeH-
ckoro HacesneHus. OKOJIO TPETH KEHIIMH 00palaeTcs 3a MEIUIIMHCKON MTOMOIIbIO K THHEKOJIOTY B
CBSA3U C aHOMAJbHBIMU MAaTOYHBIMU KPOBOTE€UEHUSMH. VX YacToTa yBEIMUMBAETCS C BO3PACTOM:
€CJI B PENPOIYKTUBHOM Bo3pacTe oHa cocTaisieT 20-30%, To B EpHOJI MepU- U MOCTMEHOTIAY3bI
Bo3pacrtaer 10 80%. AHOMallbHbIE MaTOYHbIE KPOBOTEUEHUS 3aHUMAIOT 2-€ MECTO CPeau MPUUYNH
TOCTIMTAJIU3AIUH JKEHIIUH B THHEKOJIOTUUECKHUE CTAllMOHAPBI, CITyKaT IMOKa3aHUuEeM JIJisi OOJbIIeH ya-
CTH XUPYPTrUYECKHX BMEIIATEIbCTB, B T.4. JAeCTpyKTUBHBIX. Lleab mcciaenoBanms: PaccMoTperhb
STUOJIOTHIO U MATOTe€HE3 AHOMAJIbHBIX MAaTOYHBIX KPOBOTEUEHUM, X COBPEMEHHYIO TEPMUHOJIOTHIO
U KiIaccu(UKAIMOHHBIE CUCTEMBI, OMMUPASCh HA JAHHBIE PYKOBOJCTB M MCCIEIOBAHUN MOCIEIHUX
JIET, YTO TMO3BOJIUT CUCTEMATU3MPOBATh 3HAHUS HMCCIEIOBATENeH U KIMHUIMCTOB O JIAHHOW MpO-
Oneme, BEIOpATh ONTUMANIBHBIN METO1 Tepanuu. MaTepuaJjibl U MeToabI: Hamu ObLT TpoBe/ieH aHa-
JIU3 JIUTEPATYPHBIX JAHHBIX 110 MPOOJIeMe aHOMAIBHBIX MATOYHBIX KPOBOTEUEHUH, OITyOJTMKOBAHHBIX
3a mocneanue 10 net. beutu cnonbp3oBaHkbl cienyoomue uctoyHuku: PubMed, Elibrary, Scopus. Pe-
3yJbTAaThI: AHAIN3 JTUTEPATYPHBIX UCTOYHUKOB MPOJAEMOHCTPHUPOBAIL, UTO MTpoOIeMa aHOMaIbHBIX
MaTOYHBIX KPOBOTEUEHUN aKTyaJbHA U HAXOAUTCS B LICHTPE BHUMAHUS KJIMHUIMCTOB, UCCIIEJ0BaTE-
JIel, MeKTyHapOIHBIX THHEKOJIOTHYECKUX OOIIECTB, PACCMAaTPUBACTCS B MEXKTYHAPOIHBIX PEKOMEH-
nanusx. Vcrnonp3oBaHue eIUMHON TEPMHUHOJIOTHH M YHUBEPCATbHOU KIacCU(DUKAIIMOHHOW CUCTEMBI
AHOMAJIPHBIX MATOYHBIX KPOBOTEUYCHHH, MpeIoKeHHON MexayHapoHol ¢eaepanneil THHEeKo0-
THH U aKyIIepCTBA, MO3BOJIMIO CHCTEMAaTU3UPOBATh 3HAHUS 00 ATOM MpodiieMe, pa3peliuTh TPYIHO-
CTH B NPOBEJCHUHN HAYYHBIX HCCIICIOBAHUN M pa3paOdO0TKe CTaHIapTOB BeICHUsI OOJIbHBIX. 3aKiII04e-
Hue: MexayHapoaHas (enepannst THHEKOJIOTHH U aKyIIepCTBa pEKOMEHAYET /Ui KiIaccuUKaIuu
MIPUYMH aHOMAJIbHBIX MaTOYHBIX KpOBOTeueHUi ucrnosb3oBath cuctemy PALM-COEIN, koropas
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BKIIIOYACT CTPYKTYPHEBIC 1 HECTPYKTYPHBIC IIPUYIHNHBI KPOBOTCUYCHMA, UCKIIOYasd reCTalluOHHBIC IIPpH-
YUHBI. DTHOJOTHYCCKUI AUardo3 OomnpeaciisiCT METo TCPalluu MaTOYHBIX KpOBOTe‘-IeHI/If/’I W HaIpd-
MYIO CBsI3aH C YCIICXOM JICUCHUA. 3HaHHE OCHOB MaTOreHe3a Pa3BUTHA MAaTOYHOI'O KPOBOTCUCHUA IIPU
TEX WJIN WHBIX COCTOAHUAX ITO3BOJIUT pa3pa60TaTL HOBBIC MHCTPYMCHTLI JUArHOCTUKU WU MOHUTO-
pHUHIa, KOTOPBIC IIOMOTI'YT CTpaTI/I(i)I/ILII/IpOBaTI) JICYHCHUC XCHIIWH C aHOMAJIbHBIMH MAaTOYHBIMH KPO-
BOTCUCHUSAMMU, 0COOEHHO B OTHOIIIEHUU OHIOMCTPUAIBHBIX» U ((HGKJIaCCI/I(bI/II_[I/IpOBaHHbIX» IIpUYKH.
KiroueBble cjioBa: MaTOYHOE KPOBOTCYCHUEC, aHOMAJIbHOC MAaTOYHOC KPOBOTCUYCHUE, TAXKECIOC MCH-
CTpYaJIbHOC KPOBOTCUCHUEC, IOJUII SHAOMECTPHUA; aACHOMHUO3, MHUOMAa MAaTKH, PaK SHAOMCTPHs, T'H-
NnepruIa3vusd SHIOMCTPUSA

s umrupoBanus: EubkoBa EB, Kucenesa EB, Xonepckas OB, u ap. AHOManbHbIE MaTOYHbIE
KPOBOTEUEHHMSI: 3TUOJIOTHSI M TaToreHes (onucaresbHbli 0630p). HayuHsle pe3ynbraTsl OMOMEAULIMH-

ckux uccienosanuii. 2022;8(3):365-381. DOI: 10.18413/2658-6533-2022-8-3-0-8
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and pathogenesis (descriptive review)
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10 Studentskaya St., Voronezh, 394036, Russia
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Abstract

Background: Despite advances in medicine, uterine bleeding remains a well-known medical prob-
lem. Abnormal uterine bleeding has a negative impact on the physical, emotional, social, incl. mate-
rial well-being of the female population. About a third of all women seek medical help from a gyne-
cologist in connection with abnormal uterine bleeding. Their frequency increases with age: if in the
reproductive age it is 20-30%, then in the period of peri- and postmenopause it increases to 80%.
Abnormal uterine bleeding ranks second among the reasons for hospitalization of women to gyneco-
logical inpatient facilities and are indications for most surgical interventions, including destructive.
The aim of the study: To consider the etiology and pathogenesis of abnormal uterine bleeding, mod-
ern terminology and classification systems, based on the recent data of guidelines and studies of re-
cent years. It will allow to systematize the knowledge of researchers and clinicians about this problem
and will help to choose the optimal therapy method. Materials and methods: We analyzed the liter-
ature data on the problem of abnormal uterine bleeding published over the past 10 years. The re-
sources PubMed, Elibrary, Scopus were used to analyze the data. Results: The analysis of literature
sources showed that the problem of abnormal uterine bleeding and possible ways to solve it is still
relevant and is the focus of attention of clinicians, researchers, international gynecological societies,
and is considered in international recommendations. The use of a unified terminology and the univer-
sal classification system for abnormal uterine bleeding, proposed by the International Federation of
Gynecology and Obstetrics made it possible to systematize knowledge about this problem, resolve
difficulties in conducting scientific research and develop standards for patient management. Conclu-
sion: The International Federation of Gynecology and Obstetrics recommends using the PALM-
COEIN system to classify causes of abnormal uterine bleeding, which includes structural and non-
structural causes of bleeding, excluding gestational causes. The etiological diagnosis determines the
method of therapy of uterine bleeding and is directly related to the success of treatment. Knowledge
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of the pathogenesis fundamentals of uterine bleeding will allow the development of new diagnostic
and monitoring tools that will help stratify the treatment of women with abnormal uterine bleeding,
especially in relation to "endometrial™ and "unclassified" causes.

Keywords: uterine bleeding; abnormal uterine bleeding; heavy menstrual bleeding; endometrial
polyp; adenomyosis; uterine myoma; endometrial cancer; endometrial hyperplasia

For citation: Enkova EV, Kiseleva EV, Khoperskaya OV, et al. Abnormal uterine bleeding: etiology
and pathogenesis (descriptive review). Research Results in Biomedicine. 2022;8(3):365-381.
Russian. DOI: 10.18413/2658-6533-2022-8-3-0-8

BBenenue. CoriiacHO KIMHUYECKUM pe-
koMeHAanusiM Poccuiickoro oOmiecTBa aky-
[IEPOB-TUHEKOJIOTOB TEPMUHOM aHOMAJILHOE
MarouyHoe kpoBoreueHue (AMK) omnpenens-
I0TCS KPOBOTEUCHUS YPE3MEPHBIC 110 [T TEITh-
Hoctu (Oomnee 8 mHeil), 00beMy KPOBONOTEPH
(6onee 80 mu) w/ wim uvacrore (MeHee 24
nHeil). HopmanbHbIE MEHCTpyajabHBIA ITUKI
MMeEeT JJIUTENbHOCTh OT 24 no 38 aHei, mnpo-
JNOJHKUTENTFHOCTh MEHCTPYallMd HaXOIUTCS B
npenenax ot 7 10 9 nHew, ¢ norepeit oT 5 110

80 MuwLIIIMTpOB KpoBHu [ 1, 2]. Bapuanuu Jto-
00ro u3 3TUX 4 NapaMeTpoB NPEACTABISIOT CO-
00li aHOMaNbHOE MAaTOYHOE KPOBOTEUECHHUE
(Tabmuna). Kpome toro, NICE (National
Institute for Health and Clinical Excellence) 6611
NPEUIOKEH TEPMUH TSDKEIOE MEHCTPyalbHOE
kpoBoreueHue (TMK), xoropslii onpexnensier
Ype3MEPHYI0 MEHCTPYaJbHYI0 KPOBOIOTEPIO,
OKa3bIBAIOIIYI0 HETAaTHBHOE BIIMSIHUE HA (HU3H-
YeCKOe, COLMAIbHOE, SMOLIMOHAIILHOE W/UIIH Ma-
TepUAIbHOE OJIAroNnoayyne KEHILUHBI.

Tabnuya
CuMOTOMBI aHOMAJIBLHOT0 MATOYHOT0 KpoBoTeueHusi mo nanubiM FIGO (2018 r.)
Table
Symptoms of abnormal uterine bleeding according to FIGO (2018)
IToka3aTenn XapakTepHucTHKA
YacToTta OTcyTcTBHE MEHCTpYyallMu=aMeHopest
Penxas (6onee 38 gHei)
Hopmanwhnas (>24 nueit <38 nuei)
Yacras (24aneil)
JnurenbHOCTH HopmaneHas (<8 mueit)
JimtensHas (>8 nHe)
Perynspaocts Perynsipubie (uuki Bapbupyer <7-9 nueii*)
Heperymnspasie (ki BapeupyeT >8-10 nreit)
O0BeM KpOBOITOTEPH Jlerkas
(ompenemnseT maueHT) Hopwmansnas
Tsokenas

[Ipumeuanue: * HOpMBI BapHaOEITEHOCTH ITHKIIA 3aBHCAT OT BO3pacTa KEeHIHUHEL: 18-25 ner, <9 nueit; 26-41 ron, <7 mHei;

42-45 ner, <9 nHen

Note: * Norms of cycle variability depend on the woman's age: 18-25 years, <9 days; 26-41 years old, <7 days; 42-45

years old, <9 days

PacmipocTpaHeHHOCTh aHOMaNbHBIX Ma-
TOYHBIX KPOBOTCUCHUH CPEIN KEHIIIIH PEITpo-
JYKTHBHOTO BO3pacTa BO BCEM MHUPE OIEHUBA-
erca oT 3% a0 30%, mpuuem Gosee BbICOKAS
4acToTa BCTpPEYaeTCsl B MEPHOJ] MEHApXe U Tie-
puMeHoIay3bl. MHOTHE CCIIeIOBAaHUS OTPaHHU-
ynBatotcs TMK, Ho, ecnu paccmatpuBaTh He-
peryJsipHble ¥ MEKMEHCTpPYyaJbHBIE KPOBOTE-
4yeHwus1, To pacrpocrpaneHHOCTh AMK Bo3pac-
TaeT 10 35% u Beiite. [1o uMerommmMmcest JaHHBIM

OKOJIO NoJI0BUHBI XeHIMH ¢ AMK He oOpariia-
F0TCS 38 MEIULIMHCKON TTOMOIIBIO, JJa’Ke MPH ee
JOCTYITHOCTH, YTO OOBSCHSAET Pa3Inyus B pac-
IIPOCTPAHEHHOCTH 3TOM MATOJIOTMHU; HEKOTO-
pble KOMIIOHEHTHI JUarHo3a SBJSIOTCS 00beK-
TUBHBIMH, a IPYTUE — CYObEKTUBHBIMU, YTO TaK
XK€ 3aTpyJHAET ONpeAeieHHe TOUHOW pacIpo-
ctpaneHHoctu AMK [3, 4]. Hecmotpss Ha
KpaiiHe HE3HAYUTENbHYIO0 CMEpPTHOCTb,
AMK oka3bIBalOT OrpOMHOE BIMSIHUE Ha (u-
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3MYECKOe, COLIMAIbHOE U AMOLMOHAIBHOE Ka-
YECTBO JKU3HHU KECHIIUHBI B TOTIOJIHEHHUE K IKO-
HOMUYECKHM MOTEPSIM, BKJIIOYas CTOMMOCTh
MEIULUHCKOTO 00CITy)KUBAHUS U TIOTEPIO TPY-
nocrnocobHoctH [5, 6]. boaee Toro, AMK sB-
JISIFOTCSI OJTHOW M3 OCHOBHBIX MPUYUH aHEMHHU
U Kene301e(pUIUTHOTO COCTOSHUS y IKEH-
CKOT'O HACEJIEHUs, YTO IPUBOAUT K yBeEIHue-
HUIO MaTEePUHCKOW 3a00JIEBaEMOCTH U CMEPT-
HOCTH Y OEpEeMEHHBIX KEHIIUH C paHee Cyllle-
cTBOBaBlIel aHemuel [7]. JKeHIuHbI ¢ Hapy-
HIEHUSIMU MEHCTPYaJIbHOT'O 1IMKJIA Yalle co00-
IIal0T O TPEBOre, JENpEecCcuu, OCCCOHHHMIIE,
Ype3MEpHOM COHJIMBOCTHM M OOJIEBOM CHH-
IpoMe, YeM >KEHIIMHBI 0e3 mpolieM ¢ MeH-
CTpyaJIbHBIM IUKJIOM [8, 9].

Kaaccunduxanus 1 TepMHHOJIOTHA

JlnuTensHOE BpeMs HE CYIIECTBOBAJIO
€AUHOM TEPMHUHOJIOTMM W YHUBEPCAIBHOU
knaccudukannonHo cuctemsl AMK, uto cy-
LIECTBEHHO 3aTPYIHAJIO IPOBEACHHE HAYYHBIX
HCCIIeIOBaHUM U pa3pabOTKy CTaHIApTOB Be-
nenust 6onpHBIX. B 2011 1. Mexaynapoanas
@enepanyst TMHEKOJIOTMHM U aKyllepcTBa
(FIGO - International Federation of
Gynecology and Obstetrics) pa3paboTana HO-
ByIO Kiaccupukanuonuyto cucremy AMK —
PALM-COEIN.

PALM-COEIN - »to ab0peBmarypa,
MO3BOJIAIONIAs KIACCU(PHUIIMPOBATH OCHOBHBIE
MPUYMHBl aHOMAJIBHOTO MaTOYHOTO KPOBOTE-
yeHus. [lepBas uvacte, «PALM», onuceiBaet
CTPYKTYpHBIE IPUYUHBI KPOBOTEYEHUH. BTO-
past yactb, «COEI», onucbiBaeT HECTPYKTYp-
Hble IPUUUHBL. «N» O3Ha4YaeT «He Kiaccudu-
LIUPOBAHO MHAYEY.

e P: nmoimun
A: aleHOMHO3
L: nefiomnoma
M: runepriasus/pak 3HIOMETPHUS.
C: xoarynonaTusi/HapylI€eHHE CBEpThIBae-
MOCTH KPOBH
O: oBysATOpHAst TUCHYHKLUSA
E: sHnomerpuanbHble IPUUUHBI
|: sTpOreHHbIe MPUYUHBI
N: He kIaccu(puIUpPOBaHO MHAYE
Opna M cpasy HECKOJIBKO U3 TIepedrc-
JICHHBIX BBIIIIE IPUYUH MOTYT CITIOCOOCTBOBATH
pazeututo AMK y oxnoii manimeHTkr. OqHAKO

ClelyeT Y4YUThIBaTh, YTO HEKOTOPBIE CTPYK-
TypHbIE O0pa30BaHUS, TaKHE KaK ITOJIMITBI
SHJOLIEPBUKCA, TMOJMUIBl SHIOMETPUS WU
JeOMHOMBI, MOTYT TMpPOTEKaThb OECCUMII-
TOMHO W HE SBJISTbCA OCHOBHOM NPUYUHOU
AMK [1].

AMK MoryT mnposiBISTBCS —TSDKEIBIMHU
MEHCTPYaJIbHBIMU KPOBOTEUEHUSIMU U MEKMEH-
CTpyaJIbHBIMH KPOBOTEUCHUSIMH, paHee 0003Ha-
YaBIIMMUCS TEPMUHAMH «MEHOPPArus», «MEHO-
METpopparus», «Merpopparus» [2]. Itu Tep-
MUHBI y>K€ HE HCIIOJIb3YIOTCS B COBPEMEHHOM
KnaccudukanuonHou cucteme [10].

B cooTBeTcTBUM € NIIUTENBHOCTBIO KPO-
BoreyeHuss AMK takxe MOKXHO pa3iesnTh Ha
octpeie U xpoHudeckue. Octpoe AMK mpen-
CTaBISiET COOOW UYpe3MEepHOE KPOBOTEYCHHE,
TpeOyromiee He3aMeAJIUTENbHOTO MEIULIMH-
CKOTO BMEIIATEIbCTBA JUJISl IPEJOTBPAILICHUS
nanbHenmei kpoponorepu. Ocrpoe AMK mo-
KET BOSHHUKATh CaMo 110 cebe UITH Pa3BUBATHCS
Ha (hoHE yKe CYIIECTBYIOIIETO XPOHUYECKOTO
AMK. Jlnsa xponnueckoro AMK xapakTepHbl
HapylIeHUs MEHCTPYalbHOrO IMKJA, CyLIe-
CTBYIOIIIME B T€UEHHUE OOJbILIEH YacTU MPeabl-
aymux 6 mecses [11].

Homyctumbl  crienuuyIeckiue H3MeHe-
HUS B XapaKTepe MEHCTPyalbHBIX KPOBOTEYE-
HU, KOTOPbIE MOTYT BCTPEUAThCS B Havajie U
KOHIIE PEeNpoayKTUBHOIO Mepuoja (To ecTh B
MOJIPOCTKOBOM ~ WJIM  NI€PUMEHONAaYy3aIbHOM
Bo3pacre) [2, 10, 11].

JtuHoJiorus u narorenes3 AMK

JIro6oit maronornyeckuit mporecc, npu-
BOJISIIIIUN K HAPYIICHUIO HOPMAJIbHBIX DHJIO-
KPUHHBIX, MAPAKPUHHBIX WM TE€MOCTaThye-
ckuX (YHKIMNA dHAOMETPHS, a TAKKe K Hapy-
LIEHUI0 COKPAaTUMOCTH MHOMETPUS, MOXKET
BbI3BaTh AMK [12].

Ionun: AMK-P

Bxnan nomunos B AMK Bapbupyer B
mUpokux npenenax ot 3,7% npo 65%. B To
BpeMs KaK TOJIUITBI SHIOMETPHUS IIIUPOKO pac-
npoctpadeHbl npu Bcex Tunax AMK, oHu
TaK)K€ 4YacTO BCTPEYAIOTCS Y KEHIIUH Oe3
AMK. Ilonunel 3HAOMETPUS MNPEICTABISAIOT
co00l BBIPOCTHI CIM3UCTON 00OJOYKH IHIIO-
METpUsl, COCTOSIIUMH M3 MOHOKJIOHAJIbHOTO
pa3pacTaHus CTPOMAaJIbHBIX KJIETOK 3HJIOMET-
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pHUsl C BKJIIOUEHHUEM HEOIyXOJIEBOTO KEe3HU-
ctoro komroHeHTa. [13] OHu MOTyT OBITH €T~
HUYHBIMU WJIM MHO’XECTBEHHBIMH, B HEKOTO-
PBIX HCCIIEIOBAHUAX COOOIIATIOCH O CAaMO BbI-
COKOM YacCTOTE MOJIUIIOB B MSTOM JAECATUIICTHH
xu3HH. [1oMIIBI, KaK MpaBHIIO, SBISIOTCS 100-
pPOKAuYeCTBEHHBIMH HOBOOOPA30BAHUSIMH SH-
JIOMETpHsi, HO TpeOyeTcsl THIaTeIbHOE MaTo-
MOP(OJIOTHUECKOE HCCIIEOBAHUE, YTOOBI HC-
KIIFOUYUTh BO3MOXKHOCTH (DOKATBHOT'O PAaKOBOTO
[epepOKAEHUS B CTpyKType nonumna. [1o Heko-
TOPBIM JIaHHBIM Yy JKEHIIMH B IpEeMeHoNay-
3aJIbHOM IIEpUOJIE A0 2-X NPOLEHTOB MOJIUIIOB
SHAOMETPUS UMEIOT PUCK PAKOBOTO IEPEepOXK-
JCHMUSL.

OpnHOM U3 OCHOBHBIX NMPUYHH PA3BUTHUA
MIOJIUIIOB HAOMETPUS SIBJISETCS HapyLICHHE
AKCIIPECCUU SCTPOTCHOBBIX U IMPOreCTEPOHO-
BBIX PELIENITOPOB B YHIOMETPUH, YCUIICHUE aK-
TUBHOCTH CUTHAJBHBIX IMyTeH, UHAYLIUPYIO-
IUX TposIM(epalnio U aHTUOTEHE3, CHIKCHHE
aroniroza [14]. Kpome Toro, reHeTudeckue
MyTallUd U CBEPXAKCIIPECCHsI apoMaTa3bl JH-
JOMETpHsI, KOTOpasi YBEJIMYMBAET MECTHBII
ACTPOTEHHBIN CUTHAJI, TAK)KE YYaCTBYIOT B 00-
pa3oBaHUM MOJIUIIOB dHAOMETpHs [ 15, 16]. He-
6ompme (<1 cM) HOOpOKavYeCTBEHHBIC IIO-
JIUIBl DHJOMETPHUS 4acTO PErpeccUpyroT, HO
0oJs1ee KpyIHbIE TOPAXKEHUS MOTYT JITUTEILHO
coxpansTeea [17].

[TaToreneTH4yeCcKUii MEXaHU3M YyBEJIH-
YEHHUS MEHCTPYaJbHOM KpPOBOMOTEPHU IMpHU
MOJIMIAX dHJIOMETPHUs OKOHYATEIbHO HE U3Y-
YyeH. AHOMaJbHas IycTas MUKPOCOCYIUCTas
CeTh C BBIPAKECHHBIMU MBIIICYHBIMUA CTEH-
KaMH — 3TO 0COOCHHOCTb MOJIUIIOB H/IOMET-
pusi, KOTOpasi ABJISETCS BaXXHBIM JHATHOCTHU-
YEeCKMM MapKepoM mpu maTomopdoioruye-
CKOM HCCJIEIOBAHUH, U 3TO MOXET JaTh He-
KOTOpbIE O0BSACHEHHUS.

Aoenomuoz: AMK-A

ANeHOMHO3  SIBJISIETCSL  PACIPOCTPaHEH-
HBIM 3a00JI€BaHUEM, KOTOPOE XapaKTEPU3yeTCs
HAIMYMEM >KeJle3 SHAOMETPUS B MHOMETpUH,
OOBIYHO OKPYXEHHBIX THIEPTPOPUPOBAHHOM
raakon Mplmed muomerpus [18, 19]. o He-
JTaBHETO BPEMEHH JUarHo3 3aBUCEN OT Hccle-
noBaHUs 00pa3I0B TUCTEPIKTOMHHM, U PACTIPO-
CTpaHEHHOCTh 3a0osieBaHMsI Koyiebaiach OT 5
1o 70%. Tenepb quarHo3 MOXeT OBITH TaKkKe

YCTaHOBJIEH C UCIOJIb30BAHUEM BU3YaIH3UPY-
IOIUX METOJIOB MCCIIEIOBAHUS, TaKUX Kak
MarHuTHO-pe3oHaHcHass Tomorpadus (MPT)
WU TPaHCBAarvuHaJIbHOE YJIbTPA3BYKOBOE MC-
cnenoBanue [20, 21]. AneHomno3 Haubosee
pacIpoCTpaHeH y >KEHIIUH IMO3HEr0 Penpo-
OYKTUBHOTO BO3pacTa, HMEIOLIUX pOAbl B
aHamHese [22].

[IpuOMU3UTENBHO Yy TPETH KCHINUH C
aJICHOMHO30M OH TPOTEKaeT 0eCCUMMITOMHO.
HaubGonee pacmpocTpaHeHHBIM CHMITOMOM
sBisiercst TMK, nucMeHopest U [ucnapeyHus.
HccnenoBanne 00pas3oB T’UCTEPIKTOMHH T10-
Ka3aJo, YTO CTENEHb U paclpoCcTpaHeHHe ajie-
HOMHKO3a He BIUAOT Ha cumntombl AMK [23].
CHUMIITOMBI, 0 KOTOPBIX COOOIIAIOT KEHIUHBI
C aJCHOMHO30M, HecneuupuyHbl, H, IIO-
CKOJIBKY 4acTO CYIIECTBYET COIyTCTBYIOIIAS
MaTOJIOTUSl MAaTKH, TaKask KaK JEHOMHOMBI, He-
SICHO, MOTYT JIM CHUMIOTOMBI OBITH OTHECEHBI
HCKJIFOYUTENIBHO K aJICHOMHUO3Y.

[Ipuunna AMK npu ajgeHOMHO3€ HEU3-
BECTHA. AJICHOMHO3 MOXET BIIUATH Ha HOP-
MaJbHYI0 COKPaTUMOCTH MHOMETPHS, M 3TO
MOXET CIIOCOOCTBOBATH BO3HUKHOBEHHIO KPO-
BoTeueHus. Takxke cooOIaercs, 4To J0Js H-
JIOMETPUATIBHBIX KeJIe3 B aJIECHOMHO3E CBsI3aHa
¢ AMK. AneHomMHno3 4acTo cBs3aH ¢ JIpyrou
MaToJIOTUEH MAaTKH, BKIIIOYAs TMOJHUIIBI IHJI0-
METpHusl, JIEMOMHOMBI U TUIIEPILIA3UI0, U KOTO-
phle Takxke MOryT ObITh cBsi3aHbl ¢ TMK [24].

XoTs1 OONBIIMHCTBO KEHIIUH C a/IHO-
MHO30M MMENIH POJbI B aHAMHE3€, B HEKOTO-
PBIX cIoydasix OH MOXXET OBITh CBsi3aH ¢ Oec-
IJI0AUEM. Y KEHITUH C aJICHOMHO30M U3MEHSI-
€TCsl MOMYJSUUU JIEUKOLMTOB SHAOMETPUS:
coo0mraeTcst 00 yBEIMUYECHUH KOJIMYECTBA MaK-
podaroB U eCTECTBEHHBIX KUJJIEPOB B JIIOTEU-
HOBOMH (paze IHJAOMETPHS Y )KSHIIUH C PeInTU-
BHUPYIOLLEH HETOCTATOUHOCTHIO UMILIAHTALIMN
1 aJ€HOMHO30M, JIUAaTHOCTUPOBAHHBIM C TIO-

moipio MPT Ttaza [25].
IlaTorenes ageHoMro3a HESICEH, U OBLIN
MIPEAJIOKEHBI pa3nuyHbIe 00BSCHEHHS.

Haubonee momysnsspHOl THIIOTE30i SBISICTCS
TO, YTO DHJIOMETPUIN IIPOHUKAET B MUOMETPUI
13 6a3a’IbHOrO CJI0S BO BpeMs IEPUOIOB pere-
HEpallMM W 3aKUBJIEHHUS. OTO MOXKET IIpo-
M30UTH M3-32 MEXAaHWYECKOW TpaBMaTH3aluH,
HallpuMep, IpHU KIOpeTaxe, IpPU KOTOPOM
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HapyliaeTcs rpaHuiia SHJI0-MuoMeTpus [26].
Ha ageHoMuo3 Takke BIUSIIOT CTEPOUJIHBIE
ropmoHbl. Coo011anock, 4To oyaru aJeHoOMHU-
03a JKCIpeccUpyroT 0oJjiee BBHICOKHE YPOBHH
PELEeNnTOPOB 3CTPOreHa, YeM COOTBETCTBYIO-
LU 3yTOonM4ecKuil suaomerpuii [27, 28], uto
YKa3bIBaeT Ha BBICOKYIO YyBCTBUTEIBHOCTb K
ACTpPOT€HaM B aJICHOMHOTHYECKHX IOpaXKe-
HUSX, IPUBOASIINX K MUTO3y. OHAKO €CTh U
Ipyrue CcooOIIeHUs, Mpearnoiaralonme, 4To
AKCIPECCUs PELeNTOPOB 3CTPOreHa Mpu aje-
HOMHO3€ HUXKE, YeM B COCETHEM PHJIOMETPHUHU.
Tkanb aZeHOMHO3a TaKXKe JKCIPECCUPYET
apomartasy, 4YTO IPUBOJIUT K JIOKaTbHOMN BbIpa-
0OTKE ACTPOTeHA, YTO MOXKET CITIOCOOCTBOBATH
JanbHEeNen ctTumysiuuu pocra [29].

AJNBTEpHATUBHBIM  TPEIIOJIOKECHUEM
ABIIAETCS, YTO aJCHOMHO3 pPAa3BUBACTCS W3
octatkoB Mroseposa npotoka [30]. CoBcem
HeZaBHO OBUIO BBICKA3aHO MPEIOJIOKEHNUE,
YTO aJIEHOMHUO3 BOZHUKAET U3 CTBOJIOBBIX KJIe-
TOK, MOJTYYEHHBIX U3 KOCTHOTO MO3ra, KOTO-
pbI€ BBITECHSIOTCS Y€pEe3 COCYIUCTYIO CETh
WJIHM U3 CTBOJIOBBIX KJIETOK B IIpejienax 0azasb-
HOTO cy0s dHIomMeTpus [31].

HewuspecTHo, moueMy y HEKOTOPBIX >KEH-
IIUH Pa3BUBACTCS aJCHOMMO3, a Y JAPYTUX —
HeT. CylecTByeT ceMelHas Mpeapacrnoio-
KEHHOCTh, U B HECKOJBKHX HCCIEIOBAHUSIX
M3yYalluCh T€HETHUYECKUE aHOMAIUU TIpU aJie-
HomMuo3e. Coo0IIaIOCh O Pa3TUYHBIX XPOMO-
COMHBIX U T€HETUYECKHX aHOMAJIHIX MIPH ajie-
Homuose [32]. HenaBHue uccienoBanus yka-
3BIBAIOT HAa SIBHBIC aHOMAJIMH SHAOMETPHSI IPH
aJICHOMHO3€, BKJIIOYAs MOTCHIIMAIBHO H3Me-
HEHHBIE MECTHBIE IMMYHHBIE PEAKIUH, TTOBbI-
HMIEHHYIO CTIOCOOHOCTH YHAOMETPHS K MHBA3UHU
1 U3MEHEHHYIO SKCIPECCUI0 PELENTOPOB CTe-
pousHbIX TOpMOHOB [33, 34, 35].

Jetiomuoma: AMK-L

JlefioMuoMbl, OOBLIYHO Ha3bIBaEMBIE
«MHOMaMUy, TPEICTABISIIOT coO00i 100poKa-
YECTBEHHBIE HOBOOOPA30BAHUS MHOMETPHUS U
SIBJISIFOTCA CaMOW pacIpOCTPAHEHHOU OIyXO-
JBI0 Y JKEHIIUH PEeMpPOAYKTHBHOTO BO3pacTa.
[TockonapKy MHOTHE M3 HUX HE UMEIOT CUMIITO-
MOB, PacCIpOCTPaHEHHOCTh TPYIHO OTpeIe-
nuTh. OJHAKO MOCHE THCTOMATOJIOTHYECKOTO
WCCIEAOBaHUSI  O0pa3lloB  THUCTEPIKTOMHH
neiiloMuomMbl ObUTH BBISIBICHBI Y 77% [36].

JleioMHMOMBI  SIBJIAFOTCS. MOHOKJIOHAJIbHBIMHU
OIyXOJSIMM, BO3HUKAIOLIMMU U3  OJHOU
kieTku. Coo0111anock 0 pa3aMvHbIX HecoyJai-
HBIX XPOMOCOMHBIX aHOMAJIUSX, BKIIIOYas yaa-
JIeHWe yacTter 7¢, TpucoMuu 12 u nepectpoex
12q15, 6p21 wnmu 10g22 [37]. CyiecTByeT ce-
MEWHasl MpPeIpacnoyioKEHHOCTb, U HaJu4yue
POJCTBEHHUKA MEPBOW JIMHUU POACTBA C MHO-
MOH yBEIMYMBAET PUCK II0 KpallHEH Mepe B
nBa paza [38].

3a0o1eBaeMOCTh MHOMOH yBEINYHBA-
€TCS B PENpONYKTUBHOM BO3PACT€ U JOCTH-
raer nuka B maTtom aecsatuietuu [39]. Tlo
CPaBHEHUIO € HOPMAJbHBIM MHOMETPUEM
JIeIOMHOMBI UMEIOT 00Jiee BBICOKYIO KOHIIEH-
TpaLUIO0 PELENTOPOB ICTPOI€HOB U IIPOrecTe-
pona u apomatassl [40, 41].

MuoMbI MOTYT Kak HE BbI3bIBaTh CHUMII-
TOMOB BOOOIIIE, TaK U, 10 HEKOTOPHIM JaHHbIM,
y 20-50% >KeHIMH 1aBaThb CUMITOMBI, KOTO-
pbI€ MOYXKHO HANpsSMYIO OTHECTH K MUOMe [42].
Haubonee pacnpocTpaHeHHBIM CHMITOMOM
spisiercs TMK. Heckonbko Teopuii Obutn
npennoxkeHsl s o0bsicHenus: TMK, kotopoe
paccMmaTpuBaeTcs B CBS3M € jernomuoMamu. K
HUM OTHOCATCA YBEJIMYEHHAs IUIOLIAAb IO-
BEPXHOCTH MAaTKH, YBEJIMYEHHas COCYIUCTasl
CETb U KPOBOTOK B MAaTKe, CHW)KEHHAsi COKpa-
TUTENIbHAs CHOCOOHOCTh MHMOMETpPHUS, OCO-
OCHHO BHYTPEHHEW COEIMHUTENILHOW 30HHI,
MOBPEXKICHUE DSHJOMETpPUS HaJ CyOMyKO3-
HBIMHU JIEHOMHUOMATO3HBIMH y3JaMU U 3aCTOM
KpPOBM B MHUOMETPUHM M SHIOMETPHUM 3a CUET
MEXaHUYECKOTO C/aBJIEHUS BEHO3HOI'O CILIE-
tenus [43]. FIGO B 2018 rogy mpemioxeHa
KiaccupuKalyusg MUOMBI MATKH B 3aBUCHIMOCTH
OT MECTOIOJIOKEHHUS, MPEAINOoNaraeTcs, 4To
MMEHHO MECTOIIOJIOKEHHUE Yy3Jla BIUSET Ha
CUMIITOMBI, IIPH 3TOM IO/ICTU3UCTHIE JTEHOMU-
OMBI UMeIOT 6obIyto cBsi3b ¢ TMK (Puc. 1).

Hapymenne perymsuum HOpMaJIbHOU
(GYHKIMK COCYZOB INpH JIEHOMHOMAax MOKET
OBITh CBSI3aHO C HAPYLIEHUSIMHU B SKCIIPECCHU
AHTMOTEHHBIX (DAKTOPOB POCTA U UX PELENTO-
poB. B HenaBHeM uccie10BaHUM KPOBOTOK U
HKCHPECCHsI AHTMOT'€HHBIX T'€HOB OBLIM HCCIIe-
JIOBaHbl B MUOMeE, nepuduodpo3e U OTAaleH-
HOM MuomeTpuu. KpoBOTOK B TKaHHM BOKpPYT
neiiloMroM OBl BBbIIIE, YEM BHYTPH JIEHOMHU-
OMBI. DKCIIpECCHs JEBATU T€HOB, CBSI3aHHBIX C
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AHI'MOI'€HE30M, 3HAYUTCIBHO pasjindyajiacCb
MCKOAY MHOMOH U OTAAJICHHBIM MUOMCTPHUEM,

’ Polyp

" ABa I'cHa 3HAYUTCIIBHO Pa3IndyalInuCh MCKIY

MHOMOI1 1 iepududpouom [44].

Adenomyosis

Leiomyoma

FIGO

Malignancy & hyperplasia

Leiomyoma
Subclassification System

2

5/),

)

'Submucous |
3 Other

Coagulopathy

Owulatory dysfunction

Endometrial

latrogenic

Not otherwise classified

0 Pedunculated intracavitary
|SM - Submucous 1 <S0% intramural
2 250% intramural
V//////////A 3 Contacts endometrium; 100% intramural
4 Intramural
5 Subserous 250% intramural
|0 - Other
6 Subserous <50% intramural
7 Subserous pedunculated
8 Other (specify e.g. cervical, parasitic)
W Two numbers are Iasted separated by a yphen. By convention, the frst
refers 10 the retionmhp with the endometrium while the 1econd refers 10
the relationahg 10 the seross One example is below
(contact both the 25  |Submucous and subserous, each with less
eadomotrium and than half the diameter in the endometrial

the serosal layer)

and peritoneal cavities, respectively.
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Puc. 1. Knaccuduxkarus eiiomrombl matku (FIGO 2018)
Fig. 1. Classification of uterine leiomyoma (FIGO 2018)

Hannune nelioMHOM Takke MOKET BJIH-
ATb Ha CTPOCHME BBILIEJIEKANIETO DHIOMET-
pus. Korna cpaBHUBaNM JIGMKOUUTHI SHIOMET-
pHsl, TOKPBIBAIOLIETO JIEHOMUOMBI, C YJaJICH-
HBIM 3HJIOMETPUEM, KOJIUYECTBO €CTECTBEH-
HBIX KJIETOK-KHJUIEPOB MAaTKH OBbUIO YMEHb-
IIEHO B SHAOMETPHUH, TOKPHIBAIOIIEM JIEHOMU-
OMBI BO BpEMs CPEIHEN U MO3HEN CEKpETOp-
HOM (ha3, B TO BpeMs Kak Makpodaru yBeInyu-
BaJIMCh B TOW k€ OOJIACTH B TEYEHHE BCETO
MeHcTpyanibHOTrOo 1ukia [45]. Kak ecrectBen-
Hble KJIETKU-KWJUIEPBl MAaTKH, TaK U MakKpo-
(baru SBIAIOTCS MOTEHIMAIbHBIMUA MPOAYLIEH-
TaMH aHTMOTEHHBIX (PaKTOpoB pocTa [46], Ko-
TOpbIE MOTYT BJIMSATH HAa COCYJIbl SHIOMETPUS,
MTOKPBIBAIOILIETO JIEHOMUOMBI.

3noxauecmeennasn onyxonv: AMK-M

JIMCropMOHAJIBHOE COCTOSIHHE, COIPO-
BOXKJIAIOIIEECS]  3CTPOre€HOBO-TIPOTeCTEPOH-
HBIM JHMcOalaHCOM, a TakKXe upe3MepHas u
JUIATEIbHAS] 3CTPOTeHHAs] CTUMYJISILMS, OO0
(bakTopsl MpenoTBpaIlaoNIe MPOTHBOACH-
cTByomue 3¢p¢eKTbl MporecTepoHa, OyIyT
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CIOCOOCTBOBaTh YPE3MEPHOMY POCTY 3SHJO-
METpHUsI C OTEHLUHUAIbHBIM PUCKOM Pa3BUTHS
runepriazuu 3aomerpus (I'9) u kanuepore-
Hesa [47].

I'D rucronormyecku onpenensercs Kak
aHOMaJIbHOE pa3pacTaHue HJIOMETPUAIBbHBIX
JKeJIe3 N0 OTHOLIEHHIO K CTPOMAJIBHOMY KOM-
noHeHty sHaometpus [48]. Cornacio BO3 B
Hacrosee Bpems ['D knaccupunupyercs Ha
TUTIEPIUIA3UIo 0€3 aTUMHH (BKIII0Yas MPOCTYIO
U CIOXXHYIO THIEPIUIA3UI0) U Ha aTUIUYHYIO
TUIEPIIa3uio/SHA0OMETPUONIHYI0 HHTPAdIIn-
TeIuanbHyl0 Heorutasuto [49]. Pa3nenenue Ha
BBIIIICTIEPEUNCIIEHHbIE KATErOPUU OCHOBAHO
Ha TOM, YTO TMIIEPIUIa3Us C aTUIIMEN KIETOK
SIBJIIETCS  M3BECTHBIM  MPE/IIECTBEHHUKOM
paka sHgomerpus (PD) u nposBiaser MHOrHe
MyTalluM, TUIUYHBIE JJIi WHBA3MBHOW SHIO-
METPUOUIHON ajeHOKapLUuHOMBI [48]. DcTpo-
TeHHasl CTUMYJISIUS, OObIYHO CBS3aHHASI C
OBYJIATOPHOW AUC(HYHKIMEH Y )KEHIUH B Tpe-
U MepUMeHoIay3e, SBISETCS 4acToi mpuyu-
Hoii I'D, koTopas MmoxkeT HabmoaaTbes y 20-T1
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MIPOLIEHTOB KEHIIWH C CHHAPOMOM IOJIHKH-
cto3ubIX suyHUKOB (CIIS) ¢ onuromenopeeit,
a npu Hanuyuu atunuu B 30 mporeHTax ciy-
4aeB MOXET HECTU PUCK PAa3BUTHUS WIH COCY-
mectBoBanus ¢ PO [50]. K dakropam pucka
I'D u PO Takxe cineayeT OTHECTH OXKUPEHUE,
Oecrioiue, OTCYTCTBUE POJOB, CEJICKTUBHBIC
MOJYJISTOPBl PELENTOPOB 3CTPOreHa, AUadeT
u cunjpom Jlunua [48].

[TaToreHeTnueckre MexXaHU3Mbl Pa3BU-
tusg AMK npu I'D 1o koHua He usydensl. Of-
HUM U3 BapUAHTOB, OOBSCHSIOUINM Pa3BUTHE
AMK, sBisercsi OTCYTCTBHE OOBIYHOTO CHH-
KEHHSI yPOBHS POTrecTepoHa, YTOObI MHULIUU-
pOBaTh OTTOPKEHHUE YTOJIIEHHON TKaHU 3H]10-
MeTpust; npoiaudepaTiBHas aKTUBHOCTh B JH-
JIOMETPHH U, BO3MOKHO, OOUJIbHBIN KPOBOTOK,
HEOOXOUMBIN AJI1 YCKOPEHHOT'O pOCTa H/0-
METpUSI; BCE ITO MOXKET BbI3BaTh JUIUTEIBHOE,
CHJIBHOE KPOBOTEUCHUE.

Kapuunoma  sHzmomerpusi — siBisieTcs
HauboJjee pacnpoCcTpaHEHHBIM THHEKOJIOTHYe-
CKUM 3a0oyieBaHuEeM B 3amagHoM mupe. Co-
rinacHo kiaccudukanus boxmana no Hacros-
LIEr0 BPEMEHU coXpaHsieTcs pasaeneHue PO
Ha SHJIOMETPUOUTHBIC U HEAHIOMETPUOUTHBIE
TUCTOJIOTMYECKHUE MOATUIIBL. DHIOMETPUOUI-
HBIA OATHI ommyXxosel (moatun 1) Bo3HUKaeT
Ha ¢oHe I'D, cBA3aHHOM € TMIEPICTPOTreHUEH,
4acTO COINPOBOXKAAIOIIEHCA LIUTOJIOIMYECKON
aTUTNHEN. JTU OMyX0JU HAOII0Ial0TCs B CBSI3U
C M30BITOYHON MPOMYKIMEH 3SCTPOreHOB,
Hanpumep, npu oxupenuu u CIIA. Hanporus,
HEOHJIOMETPUOMIHbIE OMYXOJH (HmoATHUIl 2)
BO3HHUKAIOT Ha (hOHE aTpOPUIECKOTO IHIOMET-
pHUs M HE SBIAIOTCA CTPOreH3aBUCUMbIMU. K
ATOM rpymIe OMyX0JIel OTHOCAT CEPO3HBIN paKk
MaTKd ¥ IMPO3PaYHO-KIETOYHYIO KAPLUUHOMY
U, KaK MpaBUiIO, UMEIOT HEeOIaronpUsITHBIN
nporuos [51].

PO gaBnsercs penkoit npuunHoii AMK,
tak PO Hambosee wyacto BCTpedaercsi B
MIOCTMEHONIay3€e, peXe Ha0Jto/1aeTcsl y KeH-
IIMH B MpeMeHonay3e, U Haubojee penko
BCTpEYaeTCsl y MalHUeHTOK B Bo3pacte 10 40
net [52]. Tem He menee, PO saBnsieTcst ropMo-
HaJbHO-O0YCIIOBJIEHHBIM  3a00JIEBaHUEM, H
CUMTAETCs, YTO HEeMpepbIBHBIN 3ddekT MuTo-
TUYECKOTO JIEHCTBUS ACTPOreHa SIBJISETCS Oc-

HOBHBIM OHKOTE€HHBIM MPOMOTOPOM IO MEHb-
meit mepe B 80% cityyaeB paka 3HJIOMETpPHUS.
Takum 00pa3om, ycloBUS, KOTOPbIE HE pery-
JUPYIOT MOCJIE0BATEIbHOE BO3AEHCTBHE IIPO-
recTepoHa B DHJIOMETPUU, TaKUE KaK OXHpe-
nue, CIIKS, nmaber, 3cTporeH-CeKpeTHpyIo-
[1e OMYXOJIU SIMYHUKOB U HCIOJIb30BaHHE Ta-
MOKcu(eHa, cpeiud MpPOYero, yBEIUYUBAIOT
puck Bo3HuKHOBeHUS PD [52, 53]. OObruHas
kaptuHa AMK, cBszanHoro ¢ PO, saBnsercs
HEperyJsipHOW M HenpepbiBHOM. KpoBoreue-
HUE pa3BUBAETCS BTOPUYHO 1O OTHOIIEHHUIO K
pa3pyLIEHUIO COCYA0B AHAOMETPUSI U3-3a UH-
Ba3UM 3JI0KAYECTBEHHBIMHM KJIETKAMU U aHO-
MaJIbHOTO HEeOBacKyJjorenesa [51].

Koazynonamusa: AMK-C

Coobmaercs, 4To KoaryJjonaThuu mopa-
xaroT 13% xenmun ¢ TMK. bonbmuHCcTBO U3
STHX JKEHIIUH CTpafaroT Oone3npto Buined-
panga [54]. CucremHble HapyIICHHS T€MO-
CTa3a MOTYT OBITh BBIABICHBI Y 90% KEeHIIMH
MIPU UCHOJB30BAaHUU CIEIUAIBHOTO CTPYKTY-
pupoBaHHOro anamuesa [1]. Panee Bbliens-
nuck 4 knuHudeckux Bapuanta AMK-C: 1 —
AMK BO BpeMs aHTHKOAryJIIHTHOW Teparuu
(B Hacrosiiee Bpems 1o rpymnmna AMK-1), 2 —
AMK ¢ HacineaCTBEHHBIMU HapyIICHUAMH
cBepThiBaeMocTH, 3 — AMK, acconuupoBasn-
HO€ C IIUTONEHUSIMU (B YACTHOCTH, TPOMOOLIU-
tornenueit), 4 — AMK npu ceprnoBuIHOKIIETOYU-
HOW aHEMUHU.

AMK-C, MOeT BO3HUKaThb BTOPUYHO,
HO (hOHE APYTUX HO30JIOTMYECKUX (opM, ca-
MOCTOSITENbHO BbI3bIBatOIMX AMK [55].
Hanpumep, komnpeccus, BoI3BaHHAas 00BN
MHUOMOM MAaTKH, MOKET IPUBECTU K BEHO3HOM
TpoMOOIMOOJINHU, TTOITOMY KPOBOTEUEHHUE, pa-
Hee cumurtaBuieecs AMK-L, Moxer ObITh yCy-
ry0JeHO TMOCHEAYIOMEeH aHTUKOATyJISIIUEH,
YTO CO3/JaeT JOMOJHUTEIbHbIE TPOOIEMBbI IPU
JICYEHUH.

Ogynamopnas oucgyuxyus: AMK-O

AHOBYJISITOPHBIE IIUKJIBI MOTYT BHOCUTH
Bkiaa B AMK 3a cyer HEKOHTpOJIHMpPyeMOro
BO3JICHCTBUS 3CTPOr€Ha Ha SHIOMETPHi, KO-
TOpPOE€ BBI3BIBAET €r0 3aMETHYIO Mponudepa-
LU0 U YTOJIIEHUE, YTO MPUBOJUT K OOWIIb-
HBIM MEHCTPYaJIbHbIM KPOBOTEUYEHHUSIM U H3-
MEHEHHOM YacToTe MeHcTpyauuu. Kak mpa-
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B0, AMK-O Ha0mromaercs B KpaitHUX CIry-
qasiX penpoAyKTUBHOIO BO3pacTa: BO BPEMs
MEHapXe U NEPUMEHOIAY3bl, HO MOXKET IIPOSIB-
JATBCS M HA JIOOOM 3Tare penpoayKTHBHON
XKU3HU. B 3Ty rpynmy Takke MOKHO OTHECTH
HapyLIEHHUsI MEHCTPYaJIbHOT'O TP YHI0OKPUHO-
MaTUAX: CUHAPOME MTOJIMKHUCTO3HBIX SUMYHUKOB
(CITA), runepnpojakKTUHHEMHH, THIIOTHPEO3E,
a TaKKe TaKH€ COCTOSIHUS, KaK OXHpEHHUE,
AHOPEKCHS, MOTEPs Beca, ICUXUYECKOE Tepe-
HaNpsOHKCHUE M HKCTpEeMalibHbIe (U3NYECKHe
Harpy3KH.

CIIA sBasercst pacnpoCcTpaHEHHBIM I'-
HEKOJIOTUYECKUM COCTOSIHUEM, COIPOBOXKIa-
IOLMMCSI aHOBYJISILIMEH, OXKUPEHHEM, Tulle-
panaporenueit u pazsutueM AMK. B nepude-
PHUYECKOH )KUPOBOU TKAHU IIPOUCXONUT TPAHC-
(dbopMarius aHIPOreHOB B 3CTPOTeHbI, YTO MPH-
BOJUT K JUIMTEIbHON FMIIEPICTPOTCHHON CTH-
MYJISIIUM 3HIOMETPUS BO BpEMsl aHOBYJIATOP-
HOTO IUKJIa [56].

Jlpyrum naToJIOrM4ecKuM COCTOSIHUEM,
[IOJIyYMBILIMM B HACTOSLIEE BPEMsI HIMPOKOE
pacpoCTpaHEHUE U HAPYIIAIOIIMM HOPMaJlb-
HOE€ TOPMOHAJILHOE PaBHOBECHE B 3HIOMET-
puu, sSBIsSETCs OkupeHue. B pesynbrare ono-
CPEAOBAaHHOIO apoMaTa3ol KUPOBOW TKaHU
IIPEBpPALICHNs] aHAPOCTEHIMOHA, CEKpEeTUpye-
MOT0 HaJNOYEUYHHKaMH, B 3CTPOH oOecreyu-
BaeTCs JONOJIHUTEIbHAS IOCTaBKa 3CTPOTE€HOB
TSt SHIoMeTpus [S7].

HapkoTtnueckass 3aBUCMMOCTb, KOTODas
BIIUSIET HA yPOBEHb JO0(paMHHa, TAK)KE B HACTO-
Al1ee BpeMsl BXOAUT B 3Ty Kateropuro. AMK-
O — 3T0 TMarHo3 UCKIFOYEHUS, IS €T0 IOCTa-
HOBKH CIIENYET UCKIKOYUTD IPYTHE CTPYKTYp-
Hble U (yHKIMOHATBHBIE TpuunHEl AMK.

Onoomempuanvnas oucghynkyua: AMK-E

B Hacrosimiee Bpemst 10 KOHIa HE U3Y-
YEHBI PETrYJISATOPHBIE MEXaHU3Mbl MHULIUALINH
U MPEKpalleHNus MEHCTPYalbHOTO KpOBOTEUe-
Hus. Pesnurenuzannio MOBEPXHOCTH BIINTE-
JUS B HACTOsIIEe BpPeMsl HeNb3sl CUUTAaTh OC-
HOBHBIM (JaKTOPOM IpEeKpaleHHst KpoBOTeUe-
Hus [58], Tak KakK MOTyYeHBI JaHHBIE TUCTOJIO-
TMYECKHUX MCCIEN0BAaHUM, MOATBEPKAAIOILNE,
YTO MMOJIHAS PE3NMUTETN3AUS YacTo Habo 1a-
€Tcsl yKe B 1 1 2 JHM MEHCTPYalbHOIO LIUKJIA,
HECMOTPS Ha COXPaHSIOLIeeCcs] MEHCTPYalIbHOE
KPOBOTEUYEHHE.

DHAOMETPUH YeIOBEKa SBIISETCS OJHUM
13 HEMHOTMX OpPIraHOB B3pOCJIOrO 4YEJOBEKA,
r7ie MPOUCXOTUT PEryJsipHbIN (u3nonIoruye-
CKMH aHTMOTeHe3. MexaHnU3MBbl peryisiiuu po-
CTa COCYIOB D3HJIOMETPHUSl OCTAalTCA HesC-
weivu. [Ipeamonaraercs, 4ro ¢akTop pocra
suporenus cocynoB (Vascular endothelial
growth factor, VEGF), npoaytnupyemsiii BHYT-
pucocynucteiMu Heiitpodunamu [59]. Tlaro-
JIOTUYECKUI aHTUOTeHe3 MPUBOIUT K (HOpMHU-
POBaHMIO AHOMAJIBHBIX KPOBEHOCHBIX COCYJI0B
C XpYIKUMHU CTEHKaMH U CIIOCOOCTBYET pa3BH-
tuto AMK. HenaBHee wuccienoBanue coo0-
LU0, YTO, XOTS KOJUYECTBO COCYJ0OB HE OT-
Iryganoch Mexay xkonrponeM U AMK, Obuta
M3MEHEHa JKcIpeccust MapkepoB nuddepen-
LMPOBKHU TIAJKUX MbIIL cocyaoB npu AMK
[60].

Ampoecennvie npuuunsi: AMK-I

SArporennsie npuunHsl AMK BriItoyaror
9K30T€HHYIO TEPAIINI0, KOTOPast MOKET IpUBeE-
CTH K MAaTOYHOMY KpoBOTe4YeHHI0. Cr0/1a OTHO-
cat AMK, cBs3aHHBIC C UCHOJIL30BAHUEM CH-
CTeMHOH (papMakoTeparuu Uil BHyTPUMaTOU-
HBIX CUCTEM WJIM yCTPOMCTB. B nomnonHenue k
MIOJIOBBIM CTEpOUAAM, TAKUM KaK 3CTPOTEHBI,
MIPOreCTUHBI U aHAPOTEHbl, U areHTam, KOTo-
pBI€ HEMOCPEACTBEHHO BIIMSAIOT HA X IPOAYK-
LU0 WK (QYHKIIMIO, B 3Ty KaTErOpHIO B HACTO-
AlIee BpeMs BXOIAT HECTEPOUIHBIE JIEKap-
CTBEHHBIE TIpenaparbl, KOTOpbIE CIIOCOO-
CTBYIOT HapyUIE€HUSIM OBYJISILIUU, MPENapaThl,
KOTOpBIE€ BIUSAIOT Ha MeTabonu3M jaodaMuHa,
BKJIIOYass (DEHOTHA3UHBI W TPULIUKINYECKUE
aHTHJIETIpeCCaHThl. B mepBoHavanbHOI Kiac-
cudukanuu >xeHmHbl ¢ AMK, cBsizanHbIe C
MIPUMEHEHUEM aHTHKOATyJISTHTOB, OBLIIN KJlac-
cuGUIUPOBAaHbl B TPYIIy KOAryIomaThuii —
AMK-C; B HOBOM IT€pECMOTPE OHU CUUTAIOTCS
STPOTEHHBIMU M KIACCU(PUIUPYIOTCA Kak
AMK-I [1]. Ota rpynma mpenapatoB BKIIO-
YyaeT aHTaroHucTsl BUTamuHa K u coBpemen-
HbI€ MepOopalIbHbIE MPSAMbIE AaHTUKOATYJISTHTHI.
HenaBHue uccnenoBanus noka3aiy MOBBIILIEH-
HbIl puck AMK mpu wncrons3oBaHHM pHBa-
pokcabaHa MO CPaBHEHUIO C JAPYTHMH MEpo-
paTbHBIMH MPSMBIMUA AaHTHKOATYJISTHTAMU WJTH
BapdapunomM. IloBeimennsiit puck AMK npu
npueMe puBapokcabaHa HMeJI MECTO Cpeau
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KEHILIMH 0e3 THHEKOJOTHYECKUX 3a00JIeBaHMi
[61, 62].

He  knaccugpuyuposanmwvie
AMK-N

Kareropus «AMK-N», «ne knaccudu-
[MPOBaHHAs KaK-1100 WHaue» OblIa CO3/1aHa B
UCXOJHOU CUCTeME JUIsl pa3MelIeHHUs] 00bek-
TOB, KOTOpPbIE BCTPEUYAIOTCS PEAKO WM TLIOXO
omnpeaeneHsl. OHM BKIIIOYAIOT, HO HE OTpaHU-
YUBAIOTCS TAaKUMU COCTOSIHUSIMH, KaK apre-
PUOBEHO3HBIE Maldb(OpMaIuU, HUIILY IMOCIe

uHade:

KecapeBa CeUeHHU s, TUIIEPTPOPHI0 MUOMETPHS,
a TaK)Ke JIpyrue HapyIICHUsI COCTOSIHUS SH]I0-
METpUsl, KOTOpbIE B HACTOSIIIEE BpEeMs HEIb3s
OMPEJICTUTh C TOMOIIBI0 CTAHJAPTHBIX METO-
JIOB IMarHOCTUKHU [2, 54].

B nacrosimee Bpems FIGO pekomenayer
KJIMHUIUCTAaM M HUCCIIEOBATENsIM PaccMoT-
peTh BO3MOKHOCTb HCIIOJIb30BAaHUS JUArHO-
CTHUYECKON MAaTPUIIBI JJIsl OLEHKU TAIIHEHTOB C
AMK B penpoayktuBHOM Bo3pacte [1]
(Puc. 2).

Y N ?

- mO O =Sr » v
Z=molo| >

4

N ? Y N P
X P X
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15 | X
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X E | X
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Puc. 2. luarnoctudeckast MaTpuIia s oleHku nanueHToB ¢ AMK B penpoyKTHBHOM BO3pacTe.
Fig. 2. Diagnostic matrix for evaluation of patients with AUB at reproductive age.

B ympoiieHHON AMarHOCTUYECKON Mat-
pHUIle KaXIbIii M3 OCHOBHBIX DJIEMEHTOB CHU-
CTeMbl  KIacCU(UKAIMK  TEPEUUCIsieTcs B
croiOue cieBa. Eciau mamueHT He ObLI IIOJIHO-
CTBIO OLIEHEH M0 MOTEHUUAIBHON MPUYMHE, OH
yKa3aH B cToJI01e oA 3HakoM «?». Eciu orieHka
HE TPOJEMOHCTPHPOBATIa HUKAKUX MPU3HAKOB
aHOMaJIbHOCTH, NoMedaeTcs cronoer; «N», u,
€CJIM OLIEHKA MOJIOKUTENbHAs, 3HaK X MOMela-
€TCsl B COOTBETCTBYIOILLUI CEKTOP.

3akaouenue. MexayHaponHas dene-
pals THHEKOJIOTUU U aKyIIepCTBa PEKOMEH-
JyeT OCHOBBIBaTh KIacCU(DUKAIMIO TPUUINH
AMK na cucreme PALM-COEIN, kotopas
BKJIFOYAET CTPYKTYPHbIE M HECTPYKTYpHBIE
MPUYUHBI MATOYHOTO KPOBOTEUYECHHMS, UCKITIO-
yasi TeCTAllMOHHbIE MPUYMHBL. DTHOJOTHUYE-
CKU{ JAMarHo3 OompenessieT BHIOOp MeToaa Te-
panuu npu AMK 1 HanpsiMyro cBsI3aH C ycIie-
XOM JieueHHsl. 3HaHHE OCHOB MaTOoreHesa pas-
BUTHSI MATOUHOT'O KPOBOTEUEHUS MIPU TEX WU

WHBIX COCTOSIHUSIX MO3BOJHT pa3paboTaTh HO-
BbI€ MHCTPYMEHTBHI TMarHOCTHKA ¥ MOHHUTO-
pUHTA, KOTOpPBIE TOMOTYT CTPaTU(HUIIUPOBATH
nedenue xxeHnmuH ¢ AMK, ocoOeHHO B OTHO-
HICHUH «IHIOMETPUATBHBIX» U «HEKIacCUuu-
UPOBAHHBIX)» MTPUYHH.
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OC00eHHOCTH MOCTYPAJIBLHOI0 0aJIaHCA
y padoTaminux ;keHuuH 60-69 jger

A.B. Jémun' ©, A.H. Wnbanuknii’ ©, K.C. Kopenesny?

! ®enepansrOE rocyapcTBEHHOE ABTOHOMHOE 06pa30BaTENbLHOE YUPEKIEHHE BBICIIETO
obpazoBanus «CeBepHbIi (ApkTHUecKuil) deaepanbHblil yHuBepcuTeT uMeHn M.B. JlomoHOCOBaY,
Ha0. CeBepHoii J[Bunsl, 1. 17, r. Apxanrensck, 163002, Poccuiickas denepanus
2 AxasieMus OCT/IMILIOMHOTO 06pa3oBanus deaepalbHOro rocy1apcTBEHHOTO GI0KETHOTO yUpe-
xaeHus «DenepanbHbli HAYYHO-KIMHUYECKUN IIEHTP CHEIHATU3UPOBAHHBIX BUIOB MEIUIIUHCKON
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Pe3ome

AKTyanbHOCTh: POpPMHUPOBAHUE TOCYAAPCTBEHHOM MOJIUTUKU ONTUMH3ALMU 3/I0POBOIO U aKTHB-
HOTO CTapeHwsl, HAIPaBJICHHOW Ha (OPMHUPOBAHUE Y TIOKHIIBIX JIIOACH CTHMYJIa K O0JIee PO I0JIKH-
TeJbHOM paboTe, TpeOyIo HOBBIX 3HaHUI 00 0COOEHHOCTAX (PU3NYECKOr0 U MCHUXOJIOTHYECKOro 3/10-
POBBS IEHCHOHEPOB, TPOI0JDKAIOIINX TPYIUTHCS. 3a IOCIETHIE BOCEMb JIET B OTEYECTBEHHON HayY-
HOM JIMTEpaType UCCIIeJOBaHUS, HAIIPABJICHHbIE HA BBIBICHHE 0COOEHHOCTEH KOMIIOHEHTOB IOCTY-
panpHOTrO OanaHca, BKIOYasi CEHCOPHYIO OPTaHU3aLHUIO MOCTYPAIBLHOTO KOHTPOJISA, Y paboTaronmx
KEHIIMH IEHCUOHHOTI'0 BO3pacTa, B TOM 4MCJe B Bo3pacTe 65 JeT U craplie, NpakTHUECKH He OTpa-
xenbl. Heab uccaenoBanus: OneHUTs 3PGEKTUBHOCTh (PYHKIIMH PaBHOBECHS M CEHCOPHOM opra-
HU3AIMH OCTYpPaJIbHOTO KOHTPOJIS y paboTaromux xeHuuH 60-69 net. MaTepuaibl 1 MeTOAbI:
beimu o6cnenoBanbl 153 xeHmuHbl B Bozpacte 60-69 et (cpennuii Bo3pacT 64+2,7 1eT), KOTOphIE
npojoiKaiu padoTaTh Mo CBOeH mpodeccuu M IMocie BbIXoJa Ha MeHcHio. [lepByro BO3pacTHYIO
TPYNIy COCTABHIIU KCHITUMHBI B Bo3pacte 60-64 rona (n=84), Bropyto — 65-69 et (n=69). Jlns xom-
IUIEKCHOM OIIEHKH KOMIIOHEHTOB PAaBHOBECHUS MCIOJIb30BATIM KOMITBIOTEPHBIH KOMIUIEKC TUHAMUYE-
ckoil moctyporpadguu «Smart Equitest Balance Manager». IIpoBonunu Sensory Organization Test
(SOT). Pesyanratsi: [Ipu ananuse nmokasateneit SOT He ObLIO BBISIBICHO CTATHCTHYSCKU 3HAYMMBIX
pa3NuYMii MeX Ty TpyNIamMi paboTaroNIMX KEHIIMH, YTO MO3BOJISET CAETAaTh BHIBO: Y pabOTarOIINX
KEHIIUH B Bo3pacTe 65-69 et He oTMedaeTcsl BO3PACTHBIX U3MEHEHUH B 3((EKTUBHOCTH MOAIEP-
YKaHUS ¥ CHIDKEHUS 00IIel pe3yIbTaTHBHOCTH CTATUYECKOTO M CTaTOIMHAMHYECKOTO paBHOBECHS, A
TaKXe aJanTallMoOHHbIX, PU3HOIOIMYECKHX U HEUPO(U3NOIOTHYECKUX MEXaHU3MOB YIpaBJIECHUS U
KOHTpOJIs T0301. Takke B POBEJCHHOM MCCIIEI0BAaHNH Y JKEHIIMH 1ocie 64 neT He Habo1aeTcs
yBEIUYEHUS KoJIeOaHu LIeHTpa TSHKECTH MPH MOAAEPKAaHUHM CTATUYECKOT0 U 0COOEHHO CTaTO/INHA-
Mudeckoro 6ananca. Kpome toro, y paboTaronux >KeHIIUH 65-69 neT He BBISIBIEHO CHHKEHUS KO-
3G UIMEHTOB yYacTHsi COMAaTOCEHCOPHOI, 3pUTENIbHON 1 BeCTHOYIApHOI HH(pOpMAIMK B KOHTPOJIE
Ha/l OaaHCcoM, BKIJIFOUYAs M3MEHEHHS B CEHCOPHON MHTETPAIMU TTOCTYPaJIbHOTO KOHTpOJs. Bee aTo
MO>KHO PaccMaTpUBaTh KaK MPEIUKTOPHI, BIUAIOLINE HA CIIOCOOHOCTD K MPOAOJDKEHHIO 0€301MacHON
TPYIOBOM IEATEIbHOCTH Yy KEHIIUH nocie 64 net. 3ak/ayeHue: Y KeHIIMH B BozpacTte 60-69 mer
yJIOBJIETBOPEHHOCTb CBOUM TOCTYpaJIbHBIM OanaHcoM OyAET ONpeaesisiTh YBEPEHHOCTh U KeJlaHHe K
MIPOIOJDKEHHIO YCTICTHON TPYIOBOM JIEATEIFHOCTH, a TAKXKEe COXPAHEHUIO CBOETO COIHAILHOTO U
npo¢eCCHOHATIBLHOTO CTaTyca.
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Abstract

Background: The formation of the state policy for optimizing healthy and active aging, aimed at
creating an incentive for older people to work longer, requires new knowledge about the characteris-
tics of the physical and psychological health of pensioners who continue to work. Over the past eight
years, studies aimed at identifying the features of the components of postural balance, including the
sensory organization of postural control, in working women of retirement age, including those aged
65 years and older, have practically not been reflected in the domestic scientific literature. The aim
of the study: To evaluate the effectiveness of the function of balance and sensory organization of
postural control in working women aged 60-69 years. Materials and methods: We examined 153
60-69 years women (mean age 64+2.7 years), who continued to work in their profession after retire-
ment. The first age group consisted of women aged 60-64 (n=84), the second — 65-69 years (n=69).
For a comprehensive assessment of the balance components, the Smart Equitest Balance Manager
computer complex of dynamic posturography was used. Conducted Sensory Organization Test
(SOT). Results: When analyzing the SOT indicators, no statistically significant differences were
found between groups of working women, which allows us to conclude that working women aged
65-69 do not show age-related changes in the effectiveness of maintaining and reducing the overall
effectiveness of static and statodynamic balance, as well as adaptive, physiological and neurophysi-
ological mechanisms of posture management and control. Also in the study in women after 64 years
of age, there is no increase in fluctuations in the center of gravity while maintaining a static and
especially static-dynamic balance. In addition, working women aged 65-69 did not show a decrease
in the coefficients of participation of somatosensory, visual and vestibular information in balance
control, including changes in the sensory integration of postural control. All of these can be seen as
predictors of women's ability to continue working safely after age 64. Conclusion: In 60-69-year-old
women, satisfaction with their postural balance will determine the confidence and desire to continue
successful work, as well as maintain their social and professional status.

Keywords: computer posturography; Sensory Organization Test; center of gravity; maintaining static
and statodynamic balance; working women aged 60-69; working life in retirement
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BBenenue. B cBs3u ¢ noBbIIIEHUEM BO3-
pacra BBIXO/a Ha MEHCHIO U OOLIeH TeHJeH-
uuen nocrapenust Hacenenus Poccuu, akTHB-
HOE BOBJICUEHHUE MOXKWIBIX KaapoB K padoTe
1o cBoei mpodeccuu, Mo KOTopoit oHu pado-
Tajau ¥ J0 MEHCUH, ABISETCS 000CHOBAHHBIM
COLIMAJIbHO-9)KOHOMHUYECKUM PELIEHUEM IIpo-
osiembl ctapenus [1, 2]. DopmupoBanue rocy-
JApCTBEHHOM MOJUTUKHU ONTUMU3ALINN 3/10pO-
BOT'O M aKTUBHOI'O CTapeHHUs, HANpaBICHHOMN
Ha (OPMHUPOBAHKE Yy TICHCHOHEPOB CTUMYJIA K
0osee MPOAOIKUTENBHONH paboTe, MOMOXKET
MIOKUJIBIM JIFOJSIM MPOI0JIKATh Y4acTBOBATh B
TPYJIOBOU JEATENBHOCTH, O€3 oraceHusi ObITh
YBOJICHHBIM (COKpAIllEHHbIM) 110 BO3pacTy.
Onnako ee QopmupoBaHue TpeOyr HOBBIX
3HaHUI 00 0COOEHHOCTSAX (PU3NIECKOTO U TICH-
XOJIOTHYECKOT0 3/I0POBbSI IEHCHOHEPOB, MPO-
JOJDKAIOIIUX TPYIUTHCS, IOCKOJIBKY TPY10Bast
JesITeNbHOCTh Ha NIEHCUH HAIPSIMYIO 3aBUCUT
OT COCTOSTHUS (PU3MUYECKOTO M MCHXOJIOTHYe-
CKOTO 3[I0pOBBS, a TaKke (PAKTOPOB BIHSIO-
yx Ha Hero [3, 4].

[IpunsATO cuMTaTh, YTO JNIOOBIE U3MEHE-
HUS B KOMIIOHEHTaX CHUCTEMbl PAaBHOBECHUS Yy
mozei nocine 64 net, 1 0cOOEHHO Y KEHIIHH,
SBJISIFOTCS 4aCTOM IPUYUHOM MPEKPALLIECHUS UX
TPYAOBOH (BOJIOHTEPCKOM, OOIECTBEHHO-IIO-
JUTUYECKON, BOCIMTATENbHON (BOCIMTAaHUE
COOCTBEHHBIX BHYKOB)) AestenbHocTH [1, 5,
6]. B TO ke BpeMs, UMEIOTCSI CBEJICHUSI, YTO
IPOAOIDKUTENbHAS NpodeccuoHaIbHas Jes-
TEIBHOCTh y JIIOJIEH B MOXKHUIOM BO3pacTe
HEraTUBHO CKa3bIBAa€TCs Ha IOKA3aTeNsAX HX
CTaTMYECKOTO M CTaTOJUHAMH4YecKoro Oa-
JlaHca, TOBBIIIAS PUCK TpaBMaTH3MaHa pado-
gyeM MecTe [7]. 3a mociaegHue BOCEMb JIET B
OTEUYECTBEHHON HAy4HOH JHUTepaType Hcclie-
JIOBaHMsI, HAIIPaBJICHHBIX Ha BBISBIEHUE OCO-
OeHHOCTEl KOMIIOHEHTOB MOCTYpalbHOro Oa-
JlaHca, BKJII0Yasi CCHCOPHYIO OPTraHU3alluIo Mo-
CTYpaJbHOTO KOHTPOJISA, Y pabOTaIONMX >KEH-
IIMH MEHCUOHHOT'O BO3pacTa, B TOM 4YHCIE B
BO3pacTte 65 JIeT craplie, IPAaKTUIYECKH HE OT-
paxkeHsl [1]. DTo U MOCTYKUIO UMITYIBCOM K
IIPOBEJICHUIO psJla UCCIIEIOBaHUN B JaHHOM

HaIpaBJIEHUH, LeJIb OJJHOT0 U3 HUX — OLIEHUTh
3¢ GEeKTUBHOCTh (DYHKIIMM PaBHOBECHUS M CEH-
COpPHOM oOpraHu3aluu MOCTYpPaIbHOIO KOH-
TpoJIs y paboTaronux >keHimuH 60-69 ner.

Marepuaabl u  MeToabl. bpuin
oOcrnenoBansbl 153 xeHIMUHBI B Bo3pacTe 60-69
net (cpennuii Bo3pact 64+2.7 neT), KOTopble
MpOJI0JIkKalu paboTaTh 1o cBoel npodeccuu u
mociie BbIXOJAa Ha TMeHcuo. B crathe
NPEJCTAaBICHbl CBEIEHUS TOJBKO O Tex
KEHILMHAX, KOTOpble M yepe3 12 mecsiieB
nociie MIPOBEICHHOTO oOcrenoBaHus
MPOAOIDKAIN TPYJIOBYIO JEATEIBHOCTh U HE
IUTAHUPOBAIM TIPEKpaliaTh €€ B TEUYCHHE
nocneayomero roga. UMeHHo Takol moxoj
B (OPMHpPOBAaHMM TPYI  HCCIECIOBAHUS
MO3BOJIMJI  TIOJYYUTH HOBBIE JIaHHBIE U
0003HAYUTh HANpaBleHUs NS Oy;yuiei
paboter [1]. IlepByro BO3pacTHyIO Tpymily
COCTaBHJIM >KCHIIMHBI, KaJCHIApHBIA BO3PACT
(KB) xortopbix Haxomuics B npenenax 60-64
roga (n=84), BTopyio — B Bo3zpacte 65-69 ner
(n=69). Bce XKEHIIMHB HMEIU CpEIHEE
CTeMAIBbHOE oOpa3oBanue, BBICIIICE
npogeccuoHanbHOE 00pa30BaHUE HITH YUEHYIO
creneHb. Mcxons W3 pEeKOMEHJALMM 1O
MPOBEJICHUIO TONOOHBIX HCCIEOBAHUN, B
JTaHHbIE TPynmbl HE ObUIM  BKJIFOYEHBI
KEHIIMHBI, UCHBITABIIME JBa U Oojee
MaJIecHuH, Y KOTOPBIX HMMEJHCh B aHAMHE3e
YepernHO-MO3TOBbIE  TPaBMbI,  HEBPOJOTH-
YecKHe 3a0oJeBaHus, JIeTIPECCHUBHBIE
COCTOSIHUSI, HApYUICHHUS MO3TOBOTO KpOBO-
oOpamieHusi, XpOHWYEeCKHe 3a0ojieBaHHs B
cTaauu JEKOMIICHCAIIUH, a TaKkKe
3JI0yMOTpeOIIsTFoe ankoroyem [1].

Jlsisi KOMIUIEKCHOM OILIEHKH KOMIIOHEH-
TOB PAaBHOBECHS MCIIOJIb30BAIN KOMIIBIOTEP-
HBI KOMIUIEKC TUHAMHYECKON MOCTyporpa-
¢un «Smart Equitest Balance Manager». B pa-
00Te TpeACTaBIEHbl JaHHBIE IO Sensory
Organization Test (SOT) [1, 8-11]. C uensto
YHU(HKAIAN TTOTydaeMbIX JaHHBIX 00Cieo-
BaHUS JIIOJIEH pa3HOrO BO3pacTa W IOJla HC-
MOJIb30BANIM Pa3pabOTaHHYI0 HaMM TEXHOJIO-
THIO «CTAaOMJIOKOHTPOJIS» IIEHTPa TKECTH

(D) [1, 8].
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B ocnoBe SOT nexurt orneHka Gpusnono-
TMYECKUX, HEMPO(PU3HOIOTHYECKUX U aJlanTa-
IIUOHHBIX CMOCOOHOCTEH YenmoBeka 3¢¢ek-
THUBHO yJI€p>)KUBATh CBOE PaBHOBECHE, 110 CPEI-
crBaM KoHTpois LT, BocipuHuMaTh U aHau-
3UpOBaTh OT/IE€IbHBIE CUTHAJIbI CEHCOPHBIX CH-
cTeM (COMAaTOCEHCOPHOM, 3pUTENILHOW U Be-
CTUOYJISIPHOM), y4YacTBYIOUIMX B IOJJIEprKa-
HUU CTaTMYECKOTO M CTaTOJAMHAMUYECKOTO
pPaBHOBECHS U KaYECTBEHHO YIIPABJISATh UM.

SOT — xak mpU3HAHHBINA, BO BCEM MUPE,
BBICOKOMH(OpPMaTHBHBIN  MocTyporpaduye-
CKUI TECT aHAJIM3UPYET JaHHbIE, OCHOBAaHHBIE
Ha BBIIOJHEHUH 6-TH (QyHKIMOHAIBHBIX P00
(Conditions): Condition 1 (COND1) — crost ¢
otkpbIThiMu THa3zamu (OI'); COND2 — cros ¢
3akpbIThiMU 1azamu (3[7); COND3 — cros ¢
OI' mpu nectaOunM3MpyIOLIEM BO3IEHCTBUU
IpoCTpaHCcTBEHHOTO OKpyxkeHus; COND4 —
cros ¢ OI' mpu nectabuIM3upyroIeM Bo3aei-
cTBUU onopHoil noBepxHoctu; CONDS — cTos
¢ 3I" npu necTabuiIn3UpyIOLUIeM BO3AECHCTBUU
onopHoit moBepxHoctu; COND6 — ctost ¢ OI,
BKJIFOYAsl OJHOBPEMEHHOE JeCTaOuIN3UpYIO-
1iee BO3JEHCTBUE MPOCTPAHCTBEHHOI'O OKpY-
KEHHUS U OIOPHOM MMOBEPXHOCTH.

Equilibrium Score (ES) — onun u3 ungo-
paMaTHBHBIX IIOKa3aTeled TecTa, IO3BOJISIET
OLIEHUTH APPEKTUBHOCTD MOAJEPKaHUS paBHO-
BeCHsl TOM MM MHOM (YHKIIMOHAIBHOM mpobe
(COND-1-6). 3nauenus ES Bapbupyercs B ina-
nasoHe ot 0 go 100 %; ES=100% yka3piBaeT Ha
UJIeaIbHYI0 YCTOWYHMBOCTD Yy YesoBeka. B maH-
HOW CTaThe INMPEICTABIECHbl CPEAHUE 3HAYCHUSA
TpPEX BBITOJIHEHHBIX MONBITOK B TOM WJIM HHOU
byHKIMOHAIBHO# TTpoOe (ES-1—6m).

Composite Equilibrium Score (COMP-
ES) SOT — 310 cocTaBHas1, pe3yibTHPYOLIAs
olleHKa 3(PeKTUBHOCTH QYHKIUU MOAAEpKa-
HUS CTaTUYECKOIO0 M CTaTOAMHAMUYECKOTO
paBHOBECHSI BCETO TECTA, C YIETOM CEHCOPHOMN
OpraHu3aliy, aJanTalMOHHBIX BO3MOXHO-
cTeif, ocoOeHHOCTeW  (U3UOIOTMYECKUX,
HEHPOPHU3HOTOrHYECKUX U MICUXO(PHU3HOIOTH-
YeCKUX MEXaHU3MOB MOJJepKaHus OanaHca
yenoBeka. 3HaueHuss COMP-ES  Taxxke
NoJkHBI cTpeMuThes K 100 %. CHmkarbes y
moneit 60-69 ner COMP-ES numxe 66 % mo-
KET BBI3bIBATH CEPHE3HOE OIMACEHHUE 3a UX IO-
CTYpaJIbHYIO yCTOMYHUBOCTD.

Cencopubsiii ananu3 SOT BkItO4aeT ciie-
Ayromue pacueTHblie kodhdunmenTs: Ratio
for sensory analysis-Somatosensory (RAT-
SOM) — s comarocencophoii; Ratio for sen-
sory analysis-Visual (RAT-VIS) — 3pureins-
Hoit; Ratio for sensory analysis-Vestibular
(RAT-VEST) — BecTuOysipHOi CHCTEM. DTH
K03 (HUIIUEHTBI, KOTOPBIE Y 3I0POBOTO YEJIO-
BeKa JOJKHBI cTpemuthes kK 100 %, mo3Bo-
JISFOT OLIGHUTH B KaKOM Mepe MaIlMeHT MOKET
3¢ (HEeKTHBHO UCTIOIB30BAaTh KOHKPETHBIC CEH-
COpHBIE CHUTHaJlbl, C YYETOM pAa3JIUYHOIO
(YHKIIMOHATBHOTO COCTOSIHMSL, U1l TOJJAEp-
YKaHUSH ynpaBlieHue cBouM Oanancom. Kpome
toro, SOT mo3BOJSET pacYETHBIM CIIOCOOOM
OLICHUTh KOX(PUIIUEHT CEHCOPHOTO MPEAro-
yrenus mapenTa (Ratio for sensory analysis-
patient Preference (RAT—PREF)), T.e. crioco0-
Hocth LIHC nonpasnsats Bxopsinyto napopma-
LU0 OT 3PUTENILHON CHCTEMBI, KOTJIa OHA JI0-
CTynHa, HO (PYHKIMOHAJIFHO HE TOYHA, IO-
CKOJIbKY TIOJIBEpP)KE€HAa BIUSHHUIO (DaKTOpOB
BHEIIHEro OKpykeHus. Jlanuwlii korduiu-
€HT MO3BOJISIET OLIEHUTh CIOCOOHOCTH Malu-
€HTa OBICTPO MEPEKITIOYATHCS C POTUBOPEYH-
BBIX 3pUTENIbHBIX CUTHAJIOB, HA IPYTHE UCTOY-
HUKH CEHCOPHOW HMH(OPMALUU B MOCTYpalb-
HOM KOHTpOJ€ JJil CHIKEHHUs aucOanaHca.
RAT-PREF numxe 90 % y moxxuibIx namueH-
TOB OyZ€T BBI3bIBaTh 03a00YEHHOCTh 3a CEH-
COpPHYIO UHTETPAlMIO UX MMOCTYPaIbHOTO KOH-
tposis [10, 11].

SOT Ttak»e 1aeT OLEHKY CTpaTeruu rnoj-
nepskanus 1mo3bl nanuenta (Postural Strategy
Score (PSS)). ¥V 3mopoBoro uenoseka PSS
noikeH ObITh He Hike 50 %u cTpeMUTbes K
100 %, yka3bIBasi Ha CTeNEHb MpeodiagaHue
TOJICHOCTOIHON CTPAaTEruy MPH MOAJIEPKaHUU
CTaTUYECKOT0 U CTATOJMHAMUYECKOIO PaBHO-
Becus. Ilocnennue paHHble HcciaenOBaHUN
CBUJETEIBCTBYIOT, UTO CHI)KEHUE MTOKA3aTes
PSS yka3bIBaeT Takxe Ha MOBBIILIEHHE CKOPO-
ctu konebanus LT, aznauenus mrmwke 50 % mo-
T'YT CBHJIETEIHCTBOBATH O CJIOKHOCTU B KOH-
TpoJie kojiebaTenbHbIX ABvxkeHui LT y maru-
eHTa. B naHHOMN cTaThe mpencTaBiieHbl cpell-
HUE 3HAYCHHS TPEX BBITTOJHEHHBIX TIOMBITOK B

TOM WIM WHOM (YHKIMOHAIBHON mpobe
(PSS-1-6m) [1, 8, 9].
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B nporecce Hareit paboTel Mbl 000CHO-
BaJl BaXXHOCTHh pacyeTa W WCIIOIb30BAHHS B
Hay4HBIX MyOIuKanusax mokasarens Composite
PSS (COMP-PSS) SOT. COMP-PSS — 310 co-
CTaBHasl, pe3yJIbTUPYIOLIas OlLIEHKa IOoKa3are-
JIEN TIOCTYPAJIbHOM CTPATErMM MAlUEHTa BCEro
Tecta. JlaHHBIN TMOKa3aTenb OTpakaeT oOIIue
TEHJICHIIMU Tpeo0diialaHksi KOHKPETHOM MocCTy-
palbHOM CcTpareruu, (HU3NOIOTUYECKUX MeXa-
HU3MOB U aJIalTAllMOHHBIX BO3MOXHOCTEH, pe-
3yJITATUBHOCTh CTPATETUH TOJICPKAHUS CTa-
TUYECKOW U CTAaTOAMHAMMYECKOM MO3bI o0cIe-
nayemoro. JlaHHBIA TOKa3aTelh PacCUUTHIBATN
Kak cpemHee 3HadeHue PSS 1-6m. YV moxummbix
JFO/IeH 03a00YCHHOCTh TI0 MOBOAY HX ITOCTY-
panbHBIX KoNieOaHMii U OOIIeH cTpaTerny Mo-
nepkaHus OaslaHca OyayT BBI3bIBATh 3HAYCHUS
COMP-PSS nuxe 80 % [1, 8, 9].

[Ipy mnomolmM KOMIIBIOTEPHOM IMpO-
rpammel «IBM SPSS Statistics Bepust 20» mipo-
BOAWJIM CTAaTUCTHYCCKHid aHayim3. [lomydeH-
HbIE PE3yJIbTAaThl UCCIENOBAHUS O TpyHIam
o0cIeIyeMbIX )KCHIIUH MTPEICTABICHBI METHa-
HOM (Me) ¥ IPOLICHTUIILHBIM (KBapTaIbHBIM)

uaTepBanom 25-75 (Q1—Qz). s cpaBHeHHs
JIBYX HE3aBHCHUMBIX BBIOOPOK HCIIOJIb30BAIN
HenmapaMeTpUUecKUil CTaTUCTUYECKUH METOJ
U-tect ManHa—YuUTHH.

Pe3yabTarsl u ux oocyxaenue. Cpas-
HUTENbHBIA aHanu3 mokazateneit ES-1-5m
SOT (Tabm. 1) HE BBIIBUI CTATUCTHYECKH 3HA-
ynMbIX pasauuunii (P > 0,1). [lepBbie KBapTHIH
ES-2m, ES-4m 1 ES-5m, ObLTH BBIIIE Y KEHIIUH
65-69 net. B To ke Bpemst ES-6m BeIsIBHI paz-
JMYUS HAa YPOBHE CTATUCTHYECKON TCHICHIIUN
(0,05 > p <0,1). Bece xkBapTunu ES-6m ObutH
BhIIIIE y skeHITH 60—64 rona, T.e. y paboTaro-
IIUX JKEHIIUH 1ociie 64 JIeT CyIliecTBYeT orpe-
JEJIEHHBIM PUCK CHUXEHUS 3((PEKTUBHOCTH
¢byHkuu paBHOBecus B mpobe 6. CrenoBa-
TEJIbHO, CHIDKEHHS YPPEKTUBHOCTH (QYHKIINU
paBHoBecust B CONDG6 y xeHmuH 65-69 ner
MOJKET TIPOUCXOJANTH HE 3aBUCUMO OT ITPOJIO0JI-
KEHHSI UMH TPYAOBOH AestenbHOCTU. Bee 1o
nenaet ES-6m mepBocTenenHbIM HH)OPMATHB-
HBIM TIOKa3aTelieM MpU aHAIMU3e MpexkaeBpe-
MEHHBIX M3MCHCHHI B KOMITOHCHTaX IOCTY-
panpHOTO Oananca dyenoseka [10].

Tabnuya 1
Sensory Organization Test (SOT) y pa6oTtaromux xenuun 60-69 ser, %
Table 1
Sensory Organization Test (SOT) scores in female workers aged 60-69, %
60-64 roga 65-69 Jer
IMoka3zarenu n=84 n =69 p
Me (Q1-Q3)
KB, et 62 (61-63) | 66 (65-68) < 0,001
Equilibrium Score (ES)
ES-1m 95 (94-96) 95 (94-96) 0,686
ES-2m 94 (92-95) 94 (93-94) 0,649
ES-3m 92 (91-94) 92 (91-94) 0,748
ES-4m 90 (87-92) 91 (88-92) 0,734
ES-5m 72 (64-75) 69 (66-74) 0,455
ES-6m 73 (65-78) 69 (63-75) 0,063
COMP-ES 83 (80-86) 82 (80-84) 0,362
Postural Strategy Score (PSS)
PSS-1m 99 (98-100) 99 (98-99) 0,553
PSS-2m 98 (98-99) 98 (98-99) 0,104
PSS-3m 98 (97-99) 98 (97-98) 0,791
PSS-4m 91 (89-93) 92 (90-94) 0,151
PSS-5m 78 (75-83) 79 (74-83) 0,950
PST-6m 78 (75-83) 79 (74-82) 0,831
COMP-PSS 90 (89-92) 91 (89-92) 0,656
Sensory analysis
RAT-SOM 99 (98-99) 99 (98-99) 0,283
RAT-VIS 95 (92-97) 96 (93-97) 0,601
RAT-VEST 75 (68-79) 73 (68-78) 0,441
RAT-PREF 99 (97-103) 99 (96-102) 0,320
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AHnanu3upys nokaszarenu ES-1-3m SOT,
MOXKHO CJIeNIaTh BBIBOJ, YTO y pabOTaIOIINX
65—69-1eTHUX KEHIIMH HE MPOUCXOJHUT BO3-
pPacTHBIX W3MEHEHHH B 3(PPEKTUBHOCTH MOJ-
JIEP>KaHMs CTAaTHYECKOTo OajiaHca, YTo0 MOKHO
paccMaTpuBaTh Kak MPEIUKTOP, OKAa3bIBAIO-
IIUH MTOJIOKUTEITLHOE BIUSHUE HA MPOIOJIKE-
HHUE TPYJIOBOM JEIATEIBHOCTH mocie 64 jer
[1,11-13].

B TO ke BpeMs Ha OCHOBAaHHWM aHAJIN3
nokazareneit ES-4—6m SOT M0XHO rOBOpHUTH
O TEHJICHIIMM K CHWXEHHUIO 3()PEKTUBHOCTH
MOJJIEPKaHUsT CTATOJMHAMHYECKOTO OanaHca
y paboTaromux >KeHIIUH mocie 64 mer. Ox-
HAKO 3TH TCHACHIIMH HE SIBJISIOTCS KIMHUYC-
CKH 3HAYMMBIMHU H3MEHECHUSIMH, HO 000CHOBBI-
Bal0 HEOOXOMUMOCTH TIPOBEACHHS  KOH-
TPOJIbHO-PEAOMIINTAIIMOHHBIX MEPOIPHUSATHH,
HaIpaBJICHHBIX Ha TOBBIIEHUE 3((HEKTUBHO-
CTH TIOJJICPKaHMS CTATOJMHAMHYECKOTO paB-
HoBecus [1, 11-13].

CpaBuenue COMP-ES SOT ne o6napy-
KHWJIO CTAaTUCTUYCCKH 3HAYUMBIX Pa3IHdui.
Menuana u TpeTHil KBapTWiIb OBLIU BBIIIE Y
xeHmH 60-64 ronma, a mepBble KBAPTUIIU
OblTM OMHAKOBBIMU W paBHsUCh 80%. He
BBISIBJIEHO BO3PACTHBIX U3MEHEHUN 0o01Ieil pe-
3yJABTATUBHOCTH TMOCTYypajJbHOrO OanaHca, a
TaK)Ke CHWKCHHS (PU3NOJIOTUYECKUX, HEUPO-
(U3MONIOTHYEeCKUX MEXaHHW3MOB U aJamnTallu-
OHHBIX BO3MOXKHOCTEH (DYHKIIUM PaBHOBECHS
y paboTaromux XeHIuH nocne 64 net. Panee
YK€ 0TMEUaJIOCh CHM)KCHHE JAaHHOTO IMOKa3a-
Tens B 00Iel koropre o0ciaeI0BaHHBIX JKEH-
IIUH (BKJIIOYas Kak paboTaroluX, TaK 1 He pa-
oorarommx) mocie 64 net [9].

CpaBuenue mokasareneir PSS-1-6m wm
COMP-PSS Taxke He BBISBUJIO CTaTUCTHYE-
ckux paznuanii. Memuanbl PSS-4m, PSS-5m u
PST-6m, a Taxxe mepsblii kBapTuiab PSS-4m
ObUIM BBILLE y >KEHIIUH 65-69 ner. IlepBbie
kBaptuin COMP-PSS Obuin oiMHAKOBBIMU
(89%). OtcyTcTBHE BO3pPACTHBIX HM3MEHEHHM
PSS 8 COND 1-6 u COMP-PSS cBunerens-
CTBYET, UTO Yy XKEHIIUH 65-69 n1eT coxpaHseTcs
xopomas OamancupoBka LT u anmanrtamust k
OBICTPBIM TTOCTYPAITLHBIM BO3MYIIEHUSAM. JTO
MO’KHO TaK)X€ paccMaTpHUBaTh KaK MPEIUKTOpP,
OKa3bIBAIONIMI OJaronpusTHOE BIUSHAC Ha

MIPOJIOJIKEHHE TPYIOBOM IEATEIBHOCTH Y JKEH-
uH crapiie 64 ner. Bo3amoxkHo, aganTamus K
OBICTPBIM TOCTYPaJIbHBIM BO3MYILEHUSM SIB-
JSETCS BAXKHOM XapaKTEPUCTUKOW B OLIEHKE
MPEKIEBPEMEHHBIX U3MEHEHU KOMIIOHEHTOB
IIOCTYPAJIbHOTO OajlaHca y YEJIOBEKa, BIINAS Ha
€ro BOCIIPUSITHE CBOETo OaiaHca.

3nauenue COMP-ES, paBnoe 80 % u
Beite, a 3Haueane COMP-PSS — or 89% u
BBIIIEMOXKHO paccMaTpuUBaTh y KEHIIMH 60—
69 neT Kak mpeJelbl UX «ONTUMAaIbHOrOY» Oa-
JaHca, HEOOXOAMMOIO ISl YCHEIIHOTO Ipo-
JOJDKEHUSI TPYAOBOM JI€ATEIbHOCTH, OCO-
OeHHo 1oJie 64 f1eT, TeM caMbIM BBICOKO Xapak-
TEpU3YS UX MPOIYKTUBHOE U COIUAILHOE CTa-
peHue.

He Ob110 BBISIBIIEHO CTATUCTHYECKH 3HA-
YUMBIX pa3IMYUil  MEXIy IOKa3aTeasiMu
RAT-SOM, RAT-VIS u RAT-VEST SOT.
Menauana u nepBblii kBapTiiib RAT—VIS Obuiu
BBIIIIE y KeHIMH 65-69 ner. [lepBoie kBap-
T RAT-VEST 6butn oguHakoBbsiMu (68%).
VY paborarouux xeHIuH 65-69 net He nmpouc-
XOJUT U3MEHEHHU KOA(PPUIMEHTOB Yy4acTHs
COMAaTOCEHCOPHOM, 3pUTEIBHONH M BECTHOY-
nsipHON MHQOpMAIMK B KOHTPOJIE HaJ OanaH-
COM, YTO MOKHO PacCMaTpHUBaTh KaK MPEIUK-
TOpP, OKa3bIBAIOIIUI MOJIOKUTEIHHOE BIUSHUE
Ha CIOCOOHOCTh K TPYJOBOW (BOJIOHTEPCKOM,
OO0IIeCTBEHHO-TIOJINTUYECKOM, BOCIHUTATEIb-
HOM) NesATeTbHOCTH, OCOOEHHO mocie 64 et
[1, 3]. 3nauenuss RAT-SOM ot 98 % u BhiLLIE,
RAT-VEST — or 68% wu BbIllIe MOXHO pac-
CMaTpUBaTh KaK TMPEAENbl «ONTUMAIbHOTO»
CEHCOPHOT0 00ecIeueHus MoCTypaIbHOro Oa-
JaHca TPU XapaKTEPUCTUKE paboTarommx
xeHmH 60-69 ner. Panee Hamu yxe oTMeya-
JI0Ch, YTO B 0011l Koropre oOciae10BaHHbIX
YKEHILMH (BKJIIOYas Kak paboTaroUInX, TaK U HE
paboratorux) mocne 64 netr HaOmomaeTcs
camxkenue mokazareneir RAT-VIS u RAT-
VEST SOT [9].

VYcraHoBNeHa Ba)XXHOCTh BKIJIAJa 3pH-
TENbHOW HMH(pOpPMAIMK B MOCTYypalbHOM Oa-
JaHce y paboTaromux >KeHIH 65-69 rner.
IIpu sToMm 3Hauenne RAT-VIS B 93% moxHO
paccMaTpuBaTh KaK y HUX TPEIeT «ONTHMAb-
HOT'O» 3pUTENBFHOr0 00ecreYeHus MoCTypaib-
Horo 6anaHca. Bo3amMoxHO, 4TO UMEHHO aedu-
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LUT COMATOCEHCOPHOM U 3pUTEIbHONU UHPOP-
Malll4 B TOCTYPAIbHOM KOHTPOJIE Y MOKHUIBIX
KCHILUH SIBJISIETCS MEPBOCTENEHHBIM (haKToO-
pOM, OKa3bIBAIOIIMM BIIMSHHE HA >KEJTaHUE
MPEKpaTUTh paboTaTh B CBOEH npodeccuu.

CpaBuenne RAT-PREF SOT taxxe He
BBISIBUJIO pa3iHyuuid, XOTS BCE KBApTUIIM JaH-
HOTrO Kod(durueHTa ObUIM BBIIIIE B TPYIIIE
60-64 roma. YV paboraroumx 65-69-nmeTHUX
KEHILMH He HAOJI01aI0Ch CHIDKEHUS CIIOCO0-
Hoctu LTHC OBICTPO M Ka4eCTBEHHO MCTOJKO-
BbIBaTh BHU3YaJIbHO-IIPOCTPAHCTBEHHYIO WH-
(dhopMaruio 17 MoAAep>KaHus CTATUIECKOTO U
cTaroAuHaMHuueckoro Oananca. Panee yxe oT-
mevaiiocsk cHmkenne RAT-PREF B o01eii xo-
ropTe 00cieI0BaHHBIX KEHIIUH (BKIIOYast KaKk
paboTaronux, Tak ¥ He PabOTArOIINX) TOCIE
64 ner [9]. B 1o xe Bpems, y paboTaroumx
KEeHIMH 65-69 net coxpansercs >pQexTus-
HOCTh IpOIECCa CEHCOPHOW MHTErpaluu s
Mo/IepKaHus OCTypaIbHOro OaaHca U 4yB-
CTBa MPOCTPAHCTBEHHOW opueHTanuu. Bos-
MOKHO, IMEHHO 3aM€JUIEHHUE Ipoliecca CeH-
COpPHOM HWHTETpallH y HIECTUIECATHICTHUX
KEHIIUH OyJIeT SBIATHCA ONPEACIISIONINM
(hakTOpoM B IPOrHO3UPOBAHUH TPYAOBOH Jesi-
TEITBHOCTH M OLIEHKE MPEKIEBPEMEHHBIX H3-
MEHEHUN [EeHTPAIbHBIX HMHTETPALUOHHBIX
MPOLECCOB HEPBHON CUCTEMBI.

C uenbo KOHTPOJSI MOCTYPANbHBIX H3-
MEHEHMI U CHU)KEHUS TpaBMaTu3Ma y padoTa-
FOIUX TTOKUJIBIX )KEHIITUH HaMU OBLITH paccyu-
TaHbl HOPMATHBHBIC 3HAYEHUS I[apaMEeTPOB
«HOpManpHOTO» Oananca o ganabsM SOT [10,
11]. Onu ObUIM paccUMTaHbl KaK JJIsl CPETHUX
3HaueHuil (ES-1-6m; PST-1-6m), BKiIrOUas Ko-
3 PUIMEHTHI CEHCOPHOTO aHaM3a, YTO OyAeT
MIOJIE3HO ISl CPAaBHUTENILHOM OIICHKU B Hayy-
HBIX yOIUKaMsIX U JOoKIaaax. Tak u s 3Ha-
YeHHUs] Kaxaoh (YyHKIHMOHANBHOW MpOObI
(ES1,23 COND 1-6), 4TO MOBBICHT pe3yJibTa-
TUBHOCTH MPOBEJICHUS MOCTYporpaduueckoro
oOcnenoBanus. Kpome Toro, Takoil moaxon
HEO0OXOIUM Jii TOYHOCTU CPABHUTEIHHOTO
YHU(DHUIIMPOBAHHOTO aHAIM3a TOTy4aeMbIX
nanHbIX (Tabmn. 2). 3uadenus SOT Hke HOp-
MaTUBHBIX OyIyT YKa3bIBaTh Ha CHUKCHHE T1a-
pameTpoB MojAepkaHus OamaHca HEOOXOIU-
MOTO JIJIsl YCIIEIITHOTO MPOJIOJKEHHS TPYI0OBOM

NEeSTeNIbHOCTH Y KEHILIMH JaHHON BO3pPAcTHOM
KaTeropuy, a TaKKe YMEHBIIATh BEPOSITHOCTh
MIPOJOJKEHHS] TPYJOBOU JAedareabHoCcTU. Pasz-
paboTaHHBIE HOPMATHBBI IO3BOJST CHU3UTH
ypOBEHb TpaBMaTHU3Ma Ha paboyux MecTax, a
TaK)Ke WX BAXHO YUYUTHIBATH B CIydae, eCIH
MPEeIbSABISIOTCS BBICOKME TpeOOBaHUA K
(GyHKIIMU paBHOBECHS OKUIIBIX PAOOTHUKOB.

AHanu3 pacCUUTaHHBIX HOPMATHBHBIX
napamerpoB SOT mokazan, 4To mpeneabHbIe
sgauenusa ES-1, ES-2, ES-2n,, ES-3, ES-3n,
ES-4, ES-4m, ES-5, ES-6, ES-6m, a Takxke
COMP-ES 0bu1n BbIlIe B BO3PACTHOM rpymie
65-69 net. 3nauenus nokasareineii PST, 3a mc-
kimoueHueM PST—6m, ObLIH BBIIIE B BO3PACT-
HOI rpynne 65-69 ner. RAT-SOM u RAT-
VIS, oHn OBLIM TaKKe BBIIIE BO BTOPOI BO3-
pacTHOM rpynne >keHuuH. CTaHOBHUTCS O4Ye-
BHJHBIM, YTO MPOJOJDKCHHE TPYIOBOU Jesi-
TEJIHOCTH KEHIIUH 65-69 jeT HaxoAuT oTpa-
KeHre B BBICOKHX mokazarensix SOT. Craermo-
BaTeJIbHO, MOKA3aTENU JAHHOTO TECTA Y TIOXKH-
JIBIX JKEHIIIMH OTPaKAIOT CTEIICHb MX MPOIYK-
TUBHOM JIeATEIHHOCTH U CTAPEHHUS.

[epBrie kBapTim ES-2m u ES-3m y pa-
6oraronx 60-IeTHUX >KEHIINH ObUIH BBIIIIE,
9eM Y 370POBBIX TPEHHUPOBAHHBIX JKEHIIMH B
Bo3pacte 18-35 ner [14]. Ilpunsto cuuTars,
9TO y 3JI0POBBIX TPEHUPOBAHHBIX MOJOJBIX
moael mokaszarens ES-4m B HOpMe uMeeT 3Ha-
yeHus oT 75% ¥ BeIIIE, a moka3zaTenn ES-5m u
ES-6m — ot 50% u Beime [11, 15-17]. Uccie-
JIOBAHHUS PsiJia aBTOPOB, BKITIOYAs HAIIIHA HCCIIe-
JOBaHMUsI, TOKA3bIBAIOT, YTO JIJIs1 OOJNBIIMHCTBA
(U3HYECKN MOATOTOBICHHBIX 3JOPOBBIX JIHII
TPYAOCIIOCOOHOTO BO3pacTa 3HauUCHUE
COMP-ES naxoautcs B npenenax 80-82% wu
Beime [11, 14, 15, 17, 18]. V xenmuna 60-69
neT, paboTaroIuxX B cBoeil npodeccuu, moka-
3arenru ES COND 1-6 u COMP-ES SOT
HaXOJATCS Ha YPOBHE 3J0POBBIX (PH3NUICCKU
MOATOTOBJICHHBIX JIUII TPYAOCIOCOOHOTO BO3-
pacra. CieoBareiabHO, OLTYIICHUS CBOETO XO-
potero 6anaHca, HaXOASAIIETOCs, IO JaHHBIM
SOT, Ha ypoBHE MOJIOIBIX JIUI] MOTHBHPYET
MOKUJIBIX KEHIIUH MPOAOKATh TPYIOBYIO
(BOJIOHTEPCKYIO,  OOIIECTBEHHO-TIOJIUTHYE-
CKYI0, BOCIIUTATENbHYIO) I€ATEIHHOCTb.
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Tabnuya 2
IIpenennl «<HOpMabHOro» 0ananca no nokazareiasim SOT
1JI padoTaIMX xKkeHuH 60-69 jert, %
Table 2
SOT scores for “normal” equilibrium range in female workers aged 60-69, %
Hoxka3ateau SOT | 60-64 roga | 65-69 Jet
Equilibrium Score (ES)
ES-1 92 93
ES-1n 93 93
ES-2 89 91
ES-2m 89 92
ES-3 85 88
ES-3m 85 89
ES-4 76 79
ES-4m 79 82
ES-5 54 57
ES-5m 58 58
ES-6 51 54
ES-6m 56 57
COMP-ES 76 77
Postural Strategy Score (PSS)
PSS-1m 97 98
PSS-2m 95 98
PSS-3m 94 96
PSS-4m 82 87
PSS-5m 66 69
PST-6m 69 66
COMP-PSS 86 87
Sensory analysis

RAT-SOM 94 96
RAT-VIS 82 86
RAT-VEST 61 61

RAT-PREF 93* 93**

[Mpumeuanue: * BozamoxHo, 3Hauenne RAT-PREF, pasHoe 109%, Takxke ciieayer paccMaTpiBaTh Kak BEPXHUH Mpezesn
CHOPMAJILHOTOY» OastaHca s paboTaIONIMX KEHIHH B Bo3pacte 60-64 roxa. ** Bo3moxno, 3Hauenne RAT—PREF, pas-
Hoe 106%, Takxe cleayeT pacCMaTpUBaTh KaKk BEPXHUH MPEeNl «kHOPMAIbHOTO» OallaHca JJis paboTaroluX KEeHIIUH B

Bo3pacte 65—69 mer.

Note: * RAT-PREF 109 % could also be considered as the ceiling figure for the “normal” equilibrium range in women
workers aged 60-64. ** RAT-PREF 106 % could also be considered as the ceiling figure for the “normal” equilibrium

range in women workers aged 65-69.

IlepBbie xBaptuim PSS-2m, PSS-3m u
PSS-4m y 00cienoBaHHBIX TIOKUIIBIX JKEHIIHH
ObUIN BBIIIE, YEM Y 3/I0POBBIX TPEHUPOBAHHBIX
MOJIOIBIX KeHIIHH [14]. JlaHHbIE TTOKa3aTENH
MOKHO YYMTBHIBaTh MpPH HPOTHO3UPOBAHUU
TPYJOBOM J1€ATEIbHOCTH KEHIIKH MPEATICHCH-
OHHOTI'O U NIEHCHOHHOI0 Bo3pacTa. Bcé Bhime-
CKa3aHHOE MOKET CBUJETENIbCTBOBATh 00 OT-
CYTCTBUU BO3PACTHBIX pa3IM4yMil, a TaKxKe
MPEKIEBPEMEHHBIX W3MEHEHUH, B MEXaHH3-
Max peryJHpOBaHUs MO3bI PU CTATHUECKUX U
CTaTOAMHAMMUYECKUX 3aJadyax y padoTarolux
KeHIMH 60-69 ner, KoTopble Takxke OyIayT

BIIUSITH HA UX CTPEMJICHHE MTPOJIONIKATH TPY10-
BYIO (BOJIOHTEPCKYIO, OOIIECTBEHHO-TIOIUTHU-
YECKYI0) JIeSTeTbHOCTb.

[TockoMbKY W3BECTHO, YTO HapaMeTphl
MOAJepKaHusl JAUHAMHYECKOTO PaBHOBECHS,
M0 CPAaBHEHHIO C JIMIaMH TPYAOCIIOCOOHOTO
BO3pacTa, HAYMHAIOT JOCTOBEPHO H3MEHSTCS
WMEHHO B 60-JeTHEM BO3pacTe, 1 OCOOEHHO
nocne 64 net [3, 19], TO MOXHO TOBOPUTH, UTO
CHIDKEHHE TIOKa3aTeNnel MoIepyKaHusl CTaTH-
YEeCKOr0 U CTaTOJUHAMUYECKOTO PaBHOBECHS
Y HOXKHWJIBIX KCHIIIHUH, 0COOEHHO HIKE HOpMa-
TUBHBIX, SIBJSETCS MPEAUKTOPOM pHCKa IS
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YCHEIIHON MNPOIYyKTUBHOM JESTENIbHOCTH U
CTapeHUsl.

Ha ocHoBanum ananmuza mnokazarenei
PSS SOT moxHO caenaTh BBIBOJI 00 OTCYT-
CTBUU BO3PACTHBIX U3MEHEHUI B CKOPOCTH KO-
nebanus LT y paGoraromux xeHmuH 65-69
JIET, YTO MOXKHO paccMaTpUBaTh KaK MpPeIuK-
TOp, OKa3bIBAIOLIUI OJIArONPUSTHOE BIHSHUE
Ha TPOJOKEHUE UX TPYIAOBOH JEITEILHOCTH.
VYBenuueHue MocTypajbHBIX KOJEOaHUN NpHU
MOJIJIEP’)KAaHUU CTATHYECKOTO U OCOOCHHO CTa-
TOAMHAMUYECKOro OanaHca OyAeT CHUXKaTh
BEPOSTHOCTh MPOJOJIKCHHUSI TPYAOBOH Jesi-
TEJIbHOCTH y JKEHIIUH 65-69 Jiet.

OTtcyrcTBUE 3HAYUMBIX paznnuuii PSS B
COND 1-6 y ob6crenoBaHHbBIX JKEHIIUH yKa-
3BIBACT HA XOPOMIIYID CIOCOOHOCTH TOJICHO-
CTOIHBIX cycTaBoB B OamancupoBke LT, a
TaK)Ke TMOJATBEPIKIAET HECYNICCTBECHHBIC BO3-
pacTHble U3MEHEHHUs B (PYHKIMSIX OMOPHO-
JBUTATEJIBHOTO armapara nocie 64 ser [20].
[IpexxneBpeMeHHbIE M3MEHEHUS B pe3yJibTa-
TUBHOCTH TOJICHOCTOITHBIX CYCTaBOB, OCO-
O€HHO TMOKOCTH M CHIIBI, axke Yy (hU3HM4ecKu
MOATOTOBJICHHBIX JIUII TPYAOCITIOCOOHOTO BO3-
pacta OyZeT MOBBIIATh Y HUX PUCK TpaBMa-
tu3Ma [21]. BepoaTHblil pyUCK NOIyUYEHUS IPO-
W3BOJICTBEHHBIX TpaBM Yy 0OOCJIEIOBaHHBIX
)keHmuH 60-69 ner, cBS3aHHBIM C U3MEHEHU-
SIMH MX TIOCTYpaJIbHOTO OanaHca, OyeT Ha TOM
e ypOBHE, YTO W Y JIUI[ TPYIOCIOCOOHOTO
Bo3pacta. [lo-Bunumomy, mokaszarenn SOT
MOTYT OTOOpa)KaTh PHUCKH IPOU3BOJICTBEH-
HOTO TpaBMaTU3Ma.

Awnanuz nannaeix mo ES u PSS no3soaser
cIenaTh BBIBOM, YTO Y pabOTArOMIMX >KEHITUH
He HaOIo1aeTCsl M3MEHEHUH B UX aBTOMATH-
4eCKOM IOCTypallbHOM KoHTpone [8, 10, 11,
14, 19], uro Takxe OyneT OKa3bIBaTh MOJIOKH-
TeIbHOE BIUSHUE HA CTpeMJieHHe paboTaTh B
cBoeit mpodeccuu, ocodeHHo nocie 64 net. B
TO K€ BpeMs caMo Mo cebe cTapeHHe MOCTy-
PaIBHOHN CHUCTEMBI BBI3BIBACT MIEPEXOJ] OT «aB-
TOMATHYECKOTO» K 0oJiee «KOPKOBOMY» KOH-
TPOJTIO BEPTUKATBHON O3Bl M ITEPEABHKCHUS.
VY MOXUTBIX JIIO/IeH HAONIOAAaeTCsl MOBBIIIEH-
HOC ¥ aKTHBHOE y4acTHE KOPKOBBIX 00JIacTeit
(ocobenHo B mpedpoHTaNIbHON KOpe) B TOJiep-
YKaHWH Pa3IMYHBIX BHJIOM OaJlaHca 110 cpaBHe-
HUIO C MOJIOJIBIMH JIFOJIbMU. JTO YBEIHMUECHUE

KOPKOBOT'O B3aMMOJICHCTBHS O3HAYaET, YTO Y
MOXKHWIIBIX JIFOACH MOCTypalibHasi CUCTEMA Tpe-
OyeTr OoJbIIer0o BHUMaHHS, Y€M Y MOJIOJABIX
nut [22]. CrnenoBatenbHO, UMEHHO CHHKCHHE
aBTOMATUYECKOTO KOHTPOJIA BEPTUKAIBHOM
1036l OYAET yMEHBIIATh BEPOSATHOCTD MPOJI0JI-
XKeHHsl paboTaTh B CBOell mpodeccuu Ha MeH-
CHH, a TaK)Ke CBUICTEIHCTBOBATh O CTAPEHUU
MOCTYpaJbHON CHUCTEMBI YHPABICHUS. ITOT
(hakT OTKpBIBAE€T HOBBIC TOPU3OHTHI AJISl TIPO-
THO3UPOBAHUSl MPOJOKUTEIIBHOCTH TPYJI0-
BOH (BOJIOHTEPCKOM, 00IIIECTBEHHO-TIOTUTHYE-
CKOI1) AESITEILHOCTH Y JIOJIEH B [T0KUIIOM BO3-
pacre.

Ha ocuooBanmm amammsa RAT-SOM,
RAT-VIS u RAT-VEST SOT moxHO KOHCTa-
TUPOBATh, YTO CEHCOPHBII BKJIA/l B TOCTYpPalib-
HOE paBHOBECHE OCTaeTCs CTaOMIIbHBIM, KaK U
y JIUI] TPYAOCIIOCOOHOTO Bo3pacTa. Y pabora-
OIIMX XKeHIH 60-69 et coxpaHsercs cro-
COOHOCTb COMAaTOCEHCOPHOM, 3pUTEIbHON U
BECTUOYJISIPHOM cHCTEM K H30BITOUHOMY
¢bynkunonupoBanuio [19]. Bce 310 Takxe
MOXKHO paccMaTpuBaTh Kak (akTop, BIHIIO-
U Ha CIIOCOOHOCTH K TPY/IOBOM JIEATEITHHO-
CTH, 0COOCHHO B Bo3pacte 65-69 mer. MoxHO
MPEANONI0XKHUTh, YTO CHUKEHUE JBYX CEHCOP-
HBIX BXOJIOB B 00€CMEUYEHHH IMOCTYPaIbHOTO
paBHOBeECHsl y KEHIIMH 65-69 neT npuBeneT K
MPEKPALIEHUIO UX TPYJIOBOM E€ATEIBHOCTH. Y
OONBIIMHCTBA (PU3UYECKH TOJITOTOBJIEHHBIX
3I0POBBIX MOJIOABIX JHUI 3HaueHue RAT-
SOM - ot 97% u BrIIe, RAT-VIS — 0T 88%
u Bbime, a RAT-VEST — or 69% wu Bbiie
[8, 10, 11, 14]. Y GonpmmHCTBA 00CICAOBAH-
HBIX 60-JIETHUX JKEHIIMH MTOKa3aTeI CTeNEeHU
yuactuss RAT-VIS Obutn BellIe, 4eM y Gpusn-
YECKHU MOJATrOTOBJIEHHBIX 3/I0POBBIX JIHI] TPY-
nocrnocooHoro Bo3pacta. Ho mocie 64 et mo-
XKeT HaOIIoJaThCsl 3HAYUTENHHOE CHIDKEHUE
JAHHOTO CeHCOpHOro Kodddunmenta. Kak usz-
BECTHO, JIF0ObIE N3MEHEHHS B 3pUTEIHHOM BOC-
MIPUSATUN SBISIOTCS 4YaCTOM PUYUHOM ITpeKpa-
LIEHUsI TPYAOBOM JAESATENBHOCTH Yy JIOAEH
ctapuie 66 ser [3, 9, 12]. Koadduuuent RAT—
VIS BO3MOXKHO Takke CBSA3aH C MapaMmeTpaMu
ouosornueckoro crapeHus. OUYeBHIHO, YTO
3pUTENbHOE O0ecTeueHne MOCTypalbHOTO Oa-
JIaHCA CTAHOBUTHLCS BAXKHOM COCTABIISIONIEH B
ONpEeJIEJICHUU U MPOTHO3UPOBAHUU TPYAOBOU
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NEeSITeIbHOCTH Yy KEHIIMH 65 JeT u crapiue.
Xopomiee (HyHKIIMOHUPOBAHHE COMATOCEH-
copHOIl WH(pOpMaLUKU B TOCTypajbHOM Oa-
JaHce TaKke onpenenser 3¢dQexTuBHOCTH
KOHTPOJISI ¥ DHEPro3arpaTbl HEOOXOAUMBIE I1a-
ueHTy ans yaepxkanus LT B mpenenax 6a3bl
OIOpPbI, OCOOEHHO MpU OBICTPHIX BO3MYIIE-
Husx [10, 19, 23]. Cnoco6HOCTh aganTauu K
OBICTPBIM TIOCTYPATBHBIM BO3MYIICHUSAM TPH
CTaTUYECKUX, CTATOJUHAMUYECKHUX U TMHAMU-
YECKUX 3a/auyax, CTAaHOBUTCS OJIHMM U3 Bax-
HBIX YCJIOBUH MPOJYKTHUBHOW EATEIBHOCTH
1o mepe yBenuuenus KB [23].

N3menenrne aHaTOMO-(QYHKIIMOHATBHBIX
0cOOEHHOCTEH MO3KEUKa OBLJIO CBS3aHO C
ocnablieHuEM CEHCOPHON HMHTErpaluu y JIo-
nel npeaneHcuonHoro Bospacta [19]. Crneno-
BaTeJbHO, JIOObIE U3MEHEHUS B ATOM OT/AEINe
TOJIOBHOTO MoO3ra OyIyT CHUXKaTh BEpOST-
HOCTb MPOJOJKEHUS TPYJOBOU JIEATEIHHOCTH
y &KeHIMH 65-69 net. Xopomas (He moaBep-
KEHHasi TPEXKIACBPEMEHHBIM H3MEHEHUSIM)
CEHCOpHasi MHTETpalysl, a TAKXKE BbICOKOE (Ha
YpOBHE JIHI TPYAOCIOCOOHOTO BO3pPAaCTa)
MYJIbTUCEHCOPHOE O00€ECIeYeHHE MOCTypalib-
HOro OanaHca SBJISETCS HEOOXOIUMBIM YCIIO-
BHEM TMPOJOHKEHHUSI TPYAOBOM (BOJIOHTEP-
CKO#1, OOIIIECTBEHHO-TIOTUTHYECKOM) AesITeINb-
HOCTHU y JKEHIIMH 1ociie 64 ner.

VY nmrofed B OKUIOM BO3PACTE CHUKE-
HUE CaMOOLIEHKH CBOETO 3/I0pPOBbS U CTPECCO-
YCTOMYMBOCTH, BKIIOYasl CHIDKEHUE (usmue-
CKOIl paboTOCIIOCOOHOCTH, YacTO COMPOBOXK-
JTAeTCsl PEKpalleHueM TPYIOBOM JIEeATEIbHO-
ctu [2-4, 23]. Ilpu 3TOM IpOAOIKEHNE TPYAO-
BOM JIEATEIbHOCTM Ha IEHCUU B BO3pacTe
cTapuie 66 JeT TakXe CBSI3aHO C XOPOIIUM
MICUXUYECKUM 3/10pOBbEM [3]. 3HAUeHHS MOKa-
3atesreit COMP-ES Brime 79%, COMP-PSS
— Boime 88%, RAT-SOM — Beime 97%, a
takke RAT-VEST — Boime 68% y KeHIIUH
60-69 et MOTYT yKa3bIBaTh Ha BBICOKUN ypO-
BEHb UX (hr3HUecKoi paboTOCOCOOHOCTH, Ha
XOPOIIIYI0 CAMOOLIEHKY (PU3UYECKOT0 U TICHXO0-
JIOTUYECKOTO 3/I0pOBbs, a TaKXe CTpecco-
ycroituuBocth. Ilponomkenne TpynoBoi (Bo-
JIOHTEPCKOM,  0OIEeCTBEHHO-TIOIUTUYECKOM )
NEeSTeIbHOCTH TaKXKe CBSA3aHO C (PU3UIECKUM U
TICUXOJIOTHYECKUM OJaromoiyunemM [24], 4To
Takxke orpaxkaroT mokazareru SOT [1, 8, 9].

Takum 00pa3oMm, y >KEHIIMH B MOXHUJIOM BO3-
pacTe yJI0BJIETBOPEHHOCTh CBOMM IOCTYpallb-
HbIM OanaHcoM OyAeT ONpeneNsTh UX YBepeH-
HOCTb U JKE€JIaHHUE K IPOJOJIKEHUIO YCIIEIIHOM
TPYJIOBOM AESITEIbHOCTH.

[Mokazaremn SOT y MOXHUIBIX JIOACH
MOTYT OBITh CBSI3aHBI U C 3P(HEKTUBHOCTHIO UX
npodeccuoHabHON nesrenbHoctd [10, 25].
TpynoBas nesSTENIbHOCTD Y TIOKUIIBIX JKSHITUH
B IIEPBYIO OUEpEe/lb OIMpPEAEISeTCs UX CIIOCO0-
HOCTBIO BBINIOJHATH CBOIO PabOTy HE XYXKe,
yeM Oostee MoJiobie padoTHHKH [3]. CornacHo
nanabiM SOT, Beicokue 3HaYeHUs YPPeKTUB-
HOCTH TOJJIEP>KaHUS CTaTHYECKOro U CTaTo-
JMHAMHUYECKOro OajnaHca, a TakKe CEHCOPHOM
o0ecrnedeHus MOoCTypalbHOTO KOHTPOJIS, 0CO-
OCHHO Ha YPOBHE JIUI TPYAOCIIOCOOHOTO BO3-
pacta, y pabOTaroMX MMIECTHUACCATUICTHUX
YKEHIIUH TAK)KE CBS3aHBI C COXPAHECHUEM Y HUX
crocobHocTH K 3¢ dekruBHoi padore. [Tocty-
paJIbHBIE MEXAaHU3MBI MMOJJICPKAHUS CTATHIC-
CKOTO U CTaTOJMHAMHYECKOTO pPaBHOBECHUS
OKa3bIBal0 CYLIECTBEHHOE BJIMSIHME HA COLU-
aJIbHOE U MPOJIYKTUBHOE CTAPEHHE MOMKUIIBIX
JOJeH, onpenensas TakkKe UX MOBEJCHUYECKOe
pearupoBanue B couuyme [19]. CnocobHOCTH
aJanTUPOBAThCS K COBPEMEHHBIM PpeausiM
KU3HU CTAHOBUTCS BAYKHBIM YCIIOBUEM, OTIpe-
JENAIOIMM BO3MOXKHOCTh TMPOAOJIKATh pa-
00Ty mocie BbeIxoJa Ha meHcuio. HeyBepen-
HOCTh B CBOEM CTaTHYE€CKOM M CTAaTOJAMHAMHU-
yeckoM OanaHce y TOXUIBIX Jroaen Oyner
CHUATh MPOU3BOAUTEILHOCT UX TPY/Ia.

YacTele ciydyan IpeKpalieHus Tpya0Boi
JESATETLHOCTH y JTIOJIEH 1ociie 64 JeT, CBSI3aHbl
CO CHH)XCHHEM WX KOTHUTHBHBIX (YHKIIHIA
[26], a, kak U3BECTHO, 3TH U3MEHEHHUS Y JTIOJIeH
B TOXKUJIOM BO3pacTe CBSA3aHbI CO CHOCOOHO-
CThIO TIOCTYpaJbHOW CUCTEMBI OBICTPO ajam-
TUPOBATHCS B CIOKHBIX YCIOBUAX OKPYXkKaro-
et cpenbl. Kpome Toro, KOTHUTUBHBIE U3MeE-
HEHUsSl y TIOKWJIBIX JIIOJIEH TakKe CBS3AaHBI C
3 PEKTUBHOCTHIO WX aBTOMATHYECKOTO TIO-
CTypaJibHOTO KOHTpois [19, 27]. B cBa3u ¢
STHUM MOYXHO TOBOPUTH O TOM, UTO y paboTaro-
WX SKEHIMUH 65-69 1eT He HaOII0LAr0TCs
MPEXJICBPEMEHHBIE WM BO3PACTHHIE KOTHH-
TUBHBIC U3MEHEHHSI.

[Iponomkenne TpynoBOM AESATEILHOCTH
y moaeit nocie 59 u 64 ner onpenensercs, C
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OJIHOM CTOPOHBI, CTPEMIICHUEM COXPaHUTh Pu-
HAHCOBOE OJaromnoiy4ue, ¢ APYrou, CBsI3aHO
CO CTPEMJICHHEM COXPAaHUTh CBOW COILMAJIb-
HBIN 1 TpodeccHoHaNbHBIN cTaTyc [3, 26, 28].
W3BecTHO, YTO y MHOXKWIBIX JIOACH JH00bIE
MYJbTHCEHCOPHBIE W3MEHEHHS NPUBOAAT K
CHIDKCHHUIO HX COI[MAIbHON AaKTHUBHOCTU H
HEraTHBHO CKa3bIBAIOTCA Ha MPO(dhecCuoHalb-
HOM nearenvHOCTH [3, 19]. CnienoBarenbHo, y
MOXKUJIBIX SKCHIUH CTPEMJICHHE COXPaHHTb
CBOM COLMAIBHBIN U IPOEeCcCHOHATBHBIN CcTa-
TyC MOXET OMNPENENAThCS PE3YIbTUPYIOIIEH
OLIEHKOH 3((eKTUBHOCTH (PYHKLIUU paBHOBE-
cust Bcero SOT Ha ypoBHe 80% wu BblIE, a
TaK)X€ BBICOKUMHU KO3(ppuIMEeHTaMu comaTo-
cerHcopHoi (98% u BbIIIE) U 3pUTETHHON (OT
92% B BbIIE) HH(POPMALIMU B KOHTPOJE Haj
OamaHcOM. YMEHbIIIEHUE IBYX CEHCOPHBIX KO-
s unmeHToB (0COOEHHO COMAaTOCEHCOPHOU U
3pUTENILHON) B CEHCOpHOM oOecrieueHun Oa-
JaHca y TOXWJIBIX JIIOAeH OyayT BIHSTH Ha
MIPOU3BOIUTENBHOCTD UX TPY/1a. XOPOIIUH MO~
CTypaJbHBII 0ajJaHC CTAHOBHUTHCS HEOOXOMU-
MBIM yCIIOBHEM I 3[J0OPOBBS, OIaromnorydus
U TIPOU3BOJMTEIBHOCTH TPy MOXHUIIBIX pa-
6otHukoB. Ilockonbky BecTHOyNsSIpHAs WH-
dopmanus mepesaeTcs BO MHOTHE OTIENBI
MO3Tra, KOTOPbIE BBIMOIHSIIOT PsiJ] BaXKHBIX MO-
BEJICHUYECKUX (PYHKIMI (TOAep)KaHNEe CTaTHU-
YEeCKOIo, CTaTOAMHAMUYECKOTO U JHUHAMUYe-
cKoro OanaHca, ABYCTOPOHHSSI KOOPIUHALINS,
NoJiIep)KaHUEe CTaOWJIBHOTO TOJIS 3PEHUs U
MIPOCTPAHCTBEHHOTO TIOJIOKEHUSI, BOCTIPUSITHE
OKpyXeHHsl [uid >(PQPEeKTUBHON HaBUTALUU
Tela B MPOCTpaHCTBE U 1p.) [19], To MoxkHO
IPENOI0KHUTh, YTO (YHKIMOHUPOBAHUE Be-
CTHOYJISIPHOM CHCTEMBI OKa3bIBAET BIIMSIHUE HA
CIOCOOHOCTh U JKEJaHWEe MOXKMIIBIX KEHIUH
MPOIOJDKATh CBOIO TPYJOBYIO JEATEIBHOCTB,
COXpaHATh CBOHM colMaabHBIA M MpodeccHo-
HanpHBIN crartyc. KonebarenbHble TBUKEHUS
LT y yenoBeka, MOMUMO TCUXO3MOIIMOHANb-
Horo coctosinus [11, 13, 14], oTpaxkarT ero
MOTHUBAIMIO U MOBeAeHYeckue peakiuu. Cie-
JI0BaTeIIbHO, COXPAHEHUE XOpOIeH OalaHCH-
poBkH u ympasieHueM L[T y moxuibIx >keH-
[IMH TaK)Xe HaXOJIUT OTpaXeHHE Ha (u3nde-
CKOW BBIHOCIMBOCTH W  SMOLMOHAJIBHOMN
YCTOMYMBOCTH, KOTOPBIE TI0 pE3yJIbTaTaM Kak

HallMX, TaK W JPYTUX HCCIEJOBAaHUM HaXo-
JATCSL Ha YPOBHE JHUI[ TPYJIOCIOCOOHOTO
ypoBHs. Konebarenpubie npwkenus LT y
XKeHIIUH 60-69 JeT 0TpaKaroT uX (HU3HIECcKoe
U TcUXuyeckoe crapenue. Bce 310 BO3Bpa-
I[aeT Hac K PacCMOTPEHMIO KOJeOATEIbHBIX
nerkeHnid LT denoBeka Kak MCHUXUYECKOTO
NEeICTBHS, KOTOPOE, MO CYTH, ABIATHCSA OTpa-
KEHUEM €r0 TICUXUYECKOTO COCTOSIHUS U IMO-
LMOHAJILHO-TIOBEJICHUECKOTO  PearupoBaHusl.
Ve cerofHsi CTAaHOBUTCS OYEBHJIHOMW, Bax-
HOCTb HCIOJb30BaHUS KOMIIBIOTEPHOM MOCTY-
porpaduu  (cTabWIOMETpUN) TOCPEIACTBOM
Ouosjoruueckoi oOpaTHON CBSI3U HE TOJBKO
pu (HU3HUECKOM, HO U NICUXOJIOTMYECKOH pe-
aowmranuu [8]. B Hacrosee BpeMs HaMu
anpoOupyeTcss METOAMKA OIICHKH ICHUXHYe-
CKOTO COCTOSIHUS M SMOIIMOHAIbHO-TIOBE/ICH-
YECKOI'0 pearupoBaHUs O MOCTYPATbHBIM KO-
nebanusM. MOXHO TOBOpUTh O (HOPMHUPOBa-
HUU HOBOTO MHCTPYMEHTAJILHOTO METO/1a TICHU-
XOJIOTUYECKOW TUATHOCTHKU U KOHCYJIBTHUPO-
BaHMS C UCTIOJIB30BAHNEM KOMILJIEKCA TMHAMHU-
yeckoil moctyporpaduu  «Smart Equitest
Balance Manager». HeoOxoauma pazpaboTka,
CO3/IaHHE U aKTHUBHOE BHEJIPEHHE MOJ00HOTO
OTEYECTBECHHOT'O TIOCTYpOTpaduIecKoro Kom-
mwiekca. KonebarenpHsle apwxkenus LT
WMEIOT OrPOMHEWIHNI HCCIET0BATEIIbCKHUI
MOTEHIIUAN JIJIsl COBPEMEHHON MEIUIIUHBI, (u-
3UOJIOTUH, TICUXO(MU3HOJIOTUN U TICUXOJIOTHH,
WX aHallu3 M paciu(poBKa MO3BOIAT 0003Ha-
YUTH HOBBIC HANIPABJICHUS] HAYYHBIX HCCIIEIO-
BaHUU, U HE TOJIBKO B OlIEHKE (PYHKIIMH PaBHO-
BECHS YeIIOBEKa.

[TonyueHnHble pe3ynbTaThl MCCIEI0BA-
HUst OyAyT MOJIE3HBI B KOHTEKCTE (POPMUPOBa-
HUS TOCYIapCTBEHHOM MOJIUTUKU IO YBEIUYe-
HHUIO Y4YacTHs MOKWIIBIX JIOJIEH B TPYIOBOM
NEeSTeNIbHOCTH, BKJIIOYas pa3paboTKy HopMa-
THUBHO-TIPABOBBIX aKTOB 00 yCTpaHEHWH IHC-
KpPUMHHAIIUH 110 BO3PACTY, MO0 OXpaHe TpyJa 1
Oe3omacHOi paboueit cpesipl, a TaKKe IS CO-
31aHHUsI TOCYNApCTBEHHOW MpOrpamMMbl MOJ-
JIEPKKHU 3aHSITOCTH JIUI] B TIOKUJIOM BO3pacTe.

BrIBOabI

1. ¥V paGotaromux >KeHIUH mociie 64
JeT He HaOIroJaeTcss BO3PACTHBIX M3MEHEHUN
B 3¢ ()EeKTUBHOCTU MOJACPKAHUS U pPe3yJibTa-
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TUBHOCTH CTAaTUYECKOTO0 U CTaTOJUHAMHUYE-
CKOTO PaBHOBECHS, aJalTallMOHHBIX, (HU3HO-
JIOTUYECKUX U HEUPOPU3NOIOTUYECKUX MeXa-
HU3MOB [IOCTYPAJILHOTO KOHTPOJIS.

2. B npoBeieHHOM HUCCIIEIOBAaHUH Y KEH-
IMH 1oce 64 jetr He HaOIoaeTCs yBeIrde-
HUS KoJieOaHUM LeHTpa TSHKECTU MPH MOAJEp-
KAHUW CTaTUYECKOTO U OCOOEHHO CTaTOAMHA-
MHUYECKOro OanaHca, a TaKKe IMOBBIIICHUS
SHEpro3aTpar, CBSI3aHHbIX C MPEIOTBPAIICHUEM
aucOamanca M yJepskaHHeM LEHTpa TSHKECTH B
npenenax omnopHoit 6a3el. CoxpaHeHHe XOpo-
11eii GaTaHCUPOBKH LIEHTPA TSHKECTH U CIIOCO0-
HOCTh OBICTPO MPOTHBOAEHCTBOBATH JuCOa-
JIAHCY TIPY CTaTMYECKUX U CTaTOJUHAMUYECKUX
3aJauax y MOXKUIIBIX JKEHIIUH SIBJISIFOTCS BaK-
HBIMH (akTopamu 2PpPeKTUBHOHN 1 Ge30macHon
paboThI, COXpaHEHHUS U MOJAEPIKaHUS CBOETro
COIMATBHOTO M MPO(ECCHOHANIBHOIO CTaTyca.
Kpome storo xoporas 6anaHcupoBKa 1 ypas-
senreM LT y moKuIbIX ®KEHIIMH TaKKe HaXO-
JIUT OTpaXeHHE Ha (PU3NUECKON BBIHOCITUBOCTH
Y SMOLMOHAIIBHOW YCTOMYMBOCTH, KOTOPBIE TIO
pe3yabTaTaM Kak HallluX, TaK U APYTUX UCCIIe-
JIOBaHUI HaXOATCA HA YPOBHE JIMIL TPYAOCHO-
COOHOTO YPOBHSI.

3. OTcyTcTBHE JTIOOBIX U3MEHEHUH B aB-
TOMAaTHYECKOM IOCTYPAJIbHOM KOHTpOJIE Y
HIECTUJECATHIETHUX JKEHIIMH MOHO pac-
CMaTpUBATh KaK BaXHBIA MPETUKTOP, BIHSIIO-
LU Ha yJOBJIETBOPEHHOCTh CBOUM CTaTHye-
CKMM M CTaTOJMHAMUYECKUM OanaHcoMm, a
TaK)X€ YBEPEHHOCTb M KEJIaHWE MPOJ0JIKATh
0€30MacHy10 TPYIOBYIO JESTEIbHOCTb, COXPa-
Hss (prHaHCOBOE 0JIaronoy4re Ha IeHCHH.

4.V paboTaromux XeHIH 65-69 et He
BBISIBJICHO CHMJKEHUSI CTETIEHH y4acTHsl coMa-
TOCEHCOPHOM, 3pUTEIbHON U BECTUOYIISPHON
nH(popMallMi B KOHTpOJE Haj OanaHcoM,
BKJIIOYAsl MU3MEHEHMS B CEHCOPHON HHTErpa-
LIMU TIOCTYpaIbHOr0 KOHTpouisl. Xopomias (He
MIOJIBEPKEHHASL TPEXKIEBPEMEHHBIM H3MEHE-
HUSIM) CEHCOpHAasi HHTETPallks, a TAaKXKe BbICO-
Koe (Ha ypOBHE JHIl TPYJOCHOCOOHOTO BO3-
pacta) MYJIBTHCEHCOpHOE OOecleueHnue Io-
CTYpaJIbHOTO OanaHca y TOXKWIBIX >KEHIIHH
OyZeT onpeaensTh CTpeMJIEHHE K MPOJI0JIKe-
HUIO YCIIEIIHOW TPYJOBOM AEATEIBHOCTH, CO-
XpaHEHUIO COIMAIbHOTO M MpOo(ecCHOHATb-
HOTO cTaryca.
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Pesrome

AKTyanbHOCTB: B HacTosiee Bpemst 0coOblil HHTEpEC NPEACTABISIOT HayuyHble pabOThl, OTpaXxaro-
IIMe Pe3yIbTaThl U3yUEHHs MAaTOJOTHUECKOTO BIHUSHHS CTPECCOTCHHBIX (PaKTOPOB, B TOM YHCIIE U
«COLIMAJIBHOTO» CTPECcCca, Ha Pa3JInNuHbIe CUCTEMBI OpraHnsma. J[oka3aHo, 4TO JJINTENbHOE BO3AEH-
CTBUE CTpecca CIOCOOCTBYET (POPMHPOBAHHUIO PA3JIMYHBIX BUIOB PACCTPONCTB, YTO B KOHEUHOM
UTOTE, IPUBOAMT K PA3BUTUIO HAPYLIEHUIN MOJIEKYJIIPHO-KJIETOYHBIX MEXaHU3MOB 3allpOrpaMMHPO-
BaHHOH rubenu kieTok. B cBs3u ¢ yeM, B HacToslIee BpeMs INPUCTAIbHOE BHUMAaHHE YJENseTcs
OLIEHKE POJIM allONTOTHYECKUX U HEHpOoTpopuieckuX (GakTOpOB B peain3allii CTPECCOBOM peakIny.
Henp uccnenopanusi: M3yunTs BIMSHUE MEIAaHOKOPTUHOBBIX HEWPOIENTUIHBIX COCIUHEHUHN Ha
YPOBEHb allONTOTHYECKUX (Kacma3za-3, kacnaza-8, TNF-a) u neiiporpoduuecknx (BDNF, NGF) dak-
TOPOB B CHIBOPOTKE KPOBH OEIIBIX KPBHIC B YCIOBUAX «COLUAIBHOTO» cTpecca. MaTepuaJbl U Me-
TOABI: DKCIEPUMEHTAIbHbIE UCCIIEJOBaHMSI IPOBOANIN Ha 70 HENMHENWHBIX OENbIX KpbIcaxX-caMIlax
6-MecssuHOTO Bo3pacTa. B mpoiecce MoienMpoBaHus «COLMAIBHOT0» CTpecca BCe KPbIChl ObLITN pas-
JIeJIEHBI 110 TUITY MIOBEJICHUS Ha «arpeccopoBy» U «KepTB». B nccinenoBanuu GpopMupoBaInch dKCIe-
pUMeHTaNbHbIe rpymnibl (n = 10): KOHTPOJIbHBIE )KUBOTHBIE; )KUBOTHBIE, B TeueHue 20 nHeil noasep-
raBIIMECs BO3JIEHCTBUIO CTpecca; TPYIIbl KpbIC, MOJYyYaBIIUX BHYTPUOPIOUIMHHO B J103€
100 MKr/Kr/cyT, HaunHas ¢ 1-ro qHs Bo3neicTBuA cTpecc-(pakTopa, KypcoM 20 qHel HelfponenTua-
HbIE coeinHeHus cemeiicTBa MenaHokopTiHHOB AKTI'(4-7)-Pro-Gly-Pro (Cemaxc) u AKTI(6-9)-Pro-
Gly-Pro. Biusinue coeqnHeHNI Ha ypOBEHb AlONTOTHYECKUX M HEHPOTpohruUecKux (hakToOpoB OIle-
HUBaJM IyTEM OIpeAeNeHUs] YPOBHs Kacma3bl-3, Kacnasbl-8, gakTopa HEKpo3a Omyxoid, ¢pakropa
pocTa HEpPBOB M HelpoTpoduyeckoro pakTopa Mo3ra B CBIBOPOTKE KPOBU OEIIBIX KPBIC METOJIOM UM-
MyHO(epmeHTHOTO aHanu3a. Pesyabrarsi: [lo pesynbrataM mpoBEAEHHOIO HCCIEAOBAHUSA OBLIO
YCTAQHOBJICHO, YTO B YCIIOBHSIX «COIMAJIBHOTIO» CTpecca HaOMI0alIoCh YCHIIEHHE allONTOTHYECKHX
MIPOIIECCOB, COMTPOBOKIAIOIINXCS YBETMUCHHEM YPOBHS Kacmasbl-3, kacnas3el-8, TNF-a B ceiBopoTke
KpoBH OenbIX Kpbic M cHkeHueM KoHieHTpauuu BDNF u NGF. Bpenenue mMenaHOKOpPTHHOBBIX
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HeHponenTuIoB Ha OHE cTpecca CIIOCOOCTBOBAIIO BOCCTAHOBIICHUIO YPOBHS MCCIIETyEMbIX TIOKa3a-
TeJeHd, YTOo, BEpPOSITHEE BCETO, CBSI3aHO C HAJIMYMEM y MEJIAHOKOPTHHOB aHTHAINIONTOTUYECKOTO U
HEHPONPOTEKTOPHOTO JCHCTBUSI 32 CYET WHTMOMPOBAHUS Kacla3a-3aBUCHMOTO KacKaja pPeaKiid
aronTo3a, a TaKkke MHAYKINUU CUHTe3a HelipoTpodudeckux pakTopoB, 001aJar0InX aHTUATIONITOTH -
YeCKON aKTUBHOCTHIO. 3akiaouenne: Takum oOpa3oM, BBEIECHHE MEIAHOKOPTUHOBBIX HEWPOIEI-
tuanbix coenuHenuit AKTI'(4-7)-Pro-Gly-Pro (Cemakc) u AKTI'(6-9)-Pro-Gly-Pro B ycnoBusx
CTPECCOTEHHOTO BO3CUCTBUS CIIOCOOCTBYET BOCCTAHOBIICHHIO YPOBHSI Kacma3 U (akropa HEKpo3a
OITyXOJTH, & TAK)Ke HEUPOTPOPUIECKUX (PaKTOPOB, B PE3yJIbTATE YEro HAOIIOAAETCS aHTUATIONI TOTH-
geckuil 93P PeKT 3a cueT UHrHOMPOBAHUS Kacla3a-3aBUCUMOT0 KacKaa PeaKiui.

KiroueBble cjioBa: MEaHOKOPTHUHBI, HEHPOIICTITH/IBI; «COMANBHBIN» CTPECC; aloITO3; Kaclasbl;
dakTop Hekposza omyxond; (akTop pocTta HEpBOB; Helporpoduueckuii dakrop mosra; TNF-a;
BDNF; NGF

Juast umTupoBanus: Scenssckas AJl, [{lubuzoBa AA, Arnpeesa JIA, u ap. BausHue HeliponenTu-
JIOB CEMEHCTBA MEJIAHOKOPTUHOB HAa YPOBEHBb ANONTOTHYECKUX M HEUPOTpopuuecKkux (GpakTopoB B

YCIOBHSIX «COLMAIIBHOTO» CTpecca. HayuHble pe3ynabTaThl OMOMEIMIIMHCKHUX HCCIIEIOBAHUM.
2022;8(3):398-411. DOI: 10.18413/2658-6533-2022-8-3-0-10

Effect of melanocortin neuropeptides
on the level of apoptotic and neurotrophic
factors under «social» stress
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Abstract

Background: Currently, scientific papers reflecting the results of studying the pathological influence
of stress factors, including "social™ stress, on various body systems are of particular interest. It has
been proven that prolonged exposure to stress contributes to the formation of various types of disor-
ders, which ultimately leads to the development of violations of the molecular and cellular mecha-
nisms of programmed cell death. In this connection, close attention is currently being paid to assessing
the role of apoptotic and neurotrophic factors in the implementation of a stress reaction. The aim of
the study: To study the effect of melanocortin neuropeptide compounds on the level of apoptotic
(caspase-3, caspase-8, TNF-a) and neurotrophic (BDNF, NGF) factors in the blood serum of white
rats under conditions of "social” stress. Materials and methods: Experimental studies were carried
out on 70 nonlinear white male rats 6 months of age. In the process of modeling "social™ stress, all
rats were divided by type of behavior into "aggressors™ and "victims". Experimental groups (n = 10)
were formed in the study: control animals; animals exposed to stress for 20 days; groups of rats treated
intraperitoneally at a dose of 100 mcg/kg/day, starting from the 1st day of exposure to the stress
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factor, with a course of 20 days, glyproline compounds ACTH(4-7)-Pro-Gly-Pro (Semax) and
ACTH(6-9)-Pro-GLY-Pro. The effect of the compounds on the level of apoptotic and neurotrophic
factors was assessed by determining the level of caspase-3, caspase-8, tumor necrosis factor, nerve
growth factor and brain neurotrophic factor of white rat blood serum by enzyme immunoassay. Re-
sults: The study revealed that under conditions of "social” stress, an increase in apoptotic processes
was observed, accompanied by an increase in the level of caspase-3, caspase-8, TNF-a in the blood
serum of white rats and a decrease in the concentration of BDNF and NGF. The introduction of mel-
anocortin neuropeptides against the background of stress contributed to the restoration of the level of
the studied indicators, which is most likely due to the presence of antiapoptotic and neuroprotective
effects in melanocortins due to inhibition of the caspase-dependent cascade of apoptosis reactions, as
well as induction of the synthesis of neurotrophic factors with antiapoptotic activity. Conclusion:
Thus, the introduction of melanocortin neuropeptide compounds ACTH(4-7)-Pro-GLY-Pro (SE-
MAX) and ACTH(6-9)-Pro-GLY-Pro under stress conditions contributes to the restoration of the
level of caspases and tumor necrosis factor, as well as neurotrophic factors, resulting in an anti-apop-
totic effect due to inhibition of the caspase-dependent cascade of reactions.

Keywords: melanocortins; neuropeptides; "social" stress; apoptosis; caspase; tumor necrosis factor,
neurotrophic factors, TNF-o; BDNF; NGF

For citation: Yasenyavskaya AL, Tsybizova AA, Andreeva LA, et al. Effect of melanocortin neuro-
peptides on the level of apoptotic and neurotrophic factors under «social» stress. Research Results in
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BBenenue. B Hacrosimiee Bpems mpu-
CTaJIbHO€ BHUMAaHHE YAENSETCS Hay4HBIM HC-
CJICIOBAHUSIM, OTPAKAIOIIMM BIIMSHUE pa3-
JUYHBIX CTPECCOBBIX (DaKTOPOB Ha OpraHU3M
yenoBeka [1, 2]. YcTaHOBIICHO, YTO JIMTEIb-
HOE CTPECCOBOE BO3JEHCTBHE NPHUBOJUT K
(hOpMHUPOBAHUIO HEBPOJOTUYECKUX, UMMYH-
HBIX, HJIOKPUHHBIX, META00INYECKUX U JPY-
TUX BHUJOB PACCTPOICTB, a TAaKKE Pa3BUTHUIO
HapylIEHUH MOJIEKYJISIPHO-KJIETOUYHBIX MeXa-
HU3MOB arorTo3a, B TOM YHUCJIE HEUPOIUTOB
[3,4]. B cBs3u ¢ 4em B HacTOALIEE BpeMs IPU-
CTaJIbHOE BHUMAaHUE YJIEJSETCS OLIEHKE POJIH
aroNTOTHYECKUX M HeWpoTpoduueckux Qax-
TOPOB B pPeaJIN3allMU CTPECCOBON PEaKIIHH.

Haubonee nnopmaTuBHBIMU MTOKa3aTe-
JSIMA B OIIEHKE arONTOTUYECKHUX IMPOIECCOB
SABIAIOTCS (PaKTOp HEKPO3a OMYXOJH, HHUIIU-
aTopHble U 3pdeKTopHbIe Kacnasbl [5, 6]. Pe-
3yJbTaThl MHOTOYHMCIICHHBIX HCCIEI0BAHUI
MOKa3ajy, 4To (aKkTop HEKPO3a OMYyXOJH CIIO-
COOCTBYET YBEIMYEHHIO CEKPElHUH BOCTAIH-
TEeTBHBIX MEIUATOPOB, YTO OTHOCUT JAHHBIN
LUTOKHUH K OTHOMY U3 CAMbIX 3HAUMMBIX aKTH-
BaTtopoB amonrto3a [7, 8]. YcraHoBieHO, 4TO
ypoBeHb TNF-0 [TOBBIIIEH y MALIUEHTOB C IICHU-
XOHEBPOJOTUYECKUMH W HEHpOJIereHepaTHB-

HBIMU 3200JICBaHUSMH, a TAaKXKe TpaBMaTH4e-
CKUMH TIOBPEXICHUSMHU TOJIOBHOI'O MO3ra.
YcTaHOBIIEHO, YTO B pe3yJbTaTe BO3ACHCTBUS
CTPECCOreHHBIX (haKTOpPOB HaOMoAaeTcs (op-
mupoBanue koMiuiekca TNF-a ¢ penentopamu
Fas c mocnenyromeit akTuBanueil CUrHaIbHbBIX
MOJIEKYJI, KOTOPBI aKTUBUPYET WHUIIHHPYIO-
1IyI0 Kacna3y-8 u 3¢ deKTopHyIo Kacnasy-3, B
pe3yibpTaTe 4ero pa3BUBaeTCS HeoOpaTumoe
noBpexacHuIo Herponos [9, 10, 11]. VYcra-
HOBJICHHBIN MPOIIECC WHUIMALMU XapaKTepeH
TaKXKe JJIsl Pa3BUTHUS alloNTo3a B IMM(OUIHBIX
Y SHJIOTENIMANBHBIX KJIETKaX, YTO, B CBOIO OYe-
penb, CHocoOCTBYET pa3BUTHIO HMMYHHOU
TUC(YHKITNH, a TAK)KE TATOJIOTUU PAa3IMIHBIX
cucrteM opranusma [12, 13, 14].

[Ipu paccmorpenun HeHpoTpoGHUHOBOI
TUIIOTE3bl Pa3BUTHSI Pa3IMUHBIX MATOJOTHYE-
CKUX HapyIIeHWH, B TOM YHCJIE aronTo3a, Ta-
KUM Heliporpoduyeckum akropam, Kak ak-
TOp pOCTa HEPBOB U HelpoTpopuueckuii pax-
TOP MO3ra, 00JIaAAI0INM BBIpaKEHHOMH HEHpo-
cenu(UIHOCTHI0, OTBOIUTCS BA)KHOE 3HAUE-
HUE B MIPOSIBJICHUN HEHPOIIPOTEKTOPHOTO JEii-
CTBHSI 32 CUET peaTU3aIliy UX CIIOCOOHOCTH K
MHAYKIUY CHHTE3a aHTHAIONTOTHYECKUX Oel-
KOB M MHTHOMPOBAHHIO MPOATTONTOTHYECKHX,
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OKa3bIBasl BIUSHUE TEM CaMbIM Ha BBDKHBAE-
MOCTb U TP HEPEeHITUPOBKY OTACIBHBIX TOITY-
nauui HeiiponoB [15, 16]. [dokazaHo, 4Tto
arornTo3 HampsaMyro 3aBucut ot 6ananca NGF
u BDNF, kotopbie akTUBUPYSI peLIeNTOPhI TH-
PO3MHKHHA3, 0Ka3bIBalOT HEUPOIIPOTEKTOPHOE
neiicTBre. YCTaHOBJIEHO, 4TO (hakTop pocra
HEPBOB IIPUBJIEKAET BHUMAHHUE YUYEHBIX B Ka-
YeCTBE IEPCIEKTUBHOIO CPEACTBA JICUEHUS
Pa3IMYHBIX IICHXOHEBPOJIOTUYECKUX 3abore-
BaHMM, TAaKUX Kak 00J€3Hb AJbIreiimepa u Je-
npeccust [17, 18]. JlokazaHa cmocoOHOCTH
¢akTopa pocta HEpPBOB K MHIYKIIMU BBICBO-
00X /1eHUS UMMYHOAKTHUBHBIX HEUPOTIETITH/IOB
U HEHPOTPAHCMUTTEPOB, a TAK)KE K BIIUSHUIO
Ha BPOXJCHHBIE U aJalITUBHBIC UMMYHHBIE pe-
akuuu. Jloka3aHoO TakKe, 4YTO YPOBEHb ChIBO-
porounoro BDNF wumeer oTpunaTenbHYIO
KOPPEJSLMOHHYIO CBSI3b CO CTENEHBIO BbIpa-
KEHHOCTH TPEBOXKHBIX PACCTPONCTB U JIaXe B
psie ciaydyaeB ONpeselseT pa3BUTUE Helpoae-
reHepaTUBHBIX mporueccos [19, 20].

Takum o00pa3om, amonToTUYECKHE U
HelpoTpoduyeckue (aKTOpbl UTPAIOT BaXK-
HYI0 pOJIb B peajn3aluy aJanTalioOHHbIX Me-
XaHU3MOB K CTPECCOBBIM BO3JICUCTBUSIM pa3-
JUYHOTO I'eHe3a W OINpeessieT NEepPCHEeKTUB-
HOCTb PaCCMOTPEHMS €r0 B KaU€CTBE MULICHU
IUIS CTPECCIIPOTEKTOPOB.

B Hacrosiee Bpemsi ocoOblii MHTEpec
BBI3bIBAIOT HEUPONENTHIHbIE COSAUHEHMS, Ha
OCHOBE KOTOPBIX CHHTE3UpYyeTcsi 0OJbIIOE KO-
JIMYECTBO BBICOKOA((EKTUBHBIX U 0€30MaCHBIX
JIEKapCTBEHHBIX IpEnaparoB, 00JaJaroIuX
pa3HOCTOpOHHEH (HhapMaKOJIOTUYECKON aKTHUB-
HOCTBIO, B TOM YHCJIE U CTPECCIPOTEKTOPHON
[21]. Ha ceromusimHuii eHb B psAAy MENTHA-
HBIX COCIMHEHMH B OTAEIBHYIO IPYIITY BbLlE-
JIEHBI PETYJISITOPHBIE MENTHIbI — MEJIaHOKOP-
TUHBI [22, 23], IpeCTaBUTENEM KOTOPBIX SBJISI-
eTcs 3aperucTpupoBaHHbIi npenapar Cemaxc,
CUHTE3MPOBaHHBIN yueHbIMU MHCTHTYTA MOJTE-
KYJISIpHOHM reHeTukn HanmoHnaneHOro necneno-
BaTeNbCKOro LeHTpa «KypuaToBckuii MHCTH-
Ty™. B MequnmHckoil mpaktuke CeMakc npu-
MEHSETCS C LEIBI0 YIy4IIEHUs] MHECTUYECKUX
¢byskuumii. JlokazaHno, 4To HapsiLy ¢ HEMpoTpoI-
HOW aKTUBHOCTBIO, JAHHBIM IIpernapar OKasbl-
BaeT UMMYHOTPOITHOE, aHTHOKCUIAHBHOE, TTPO-
TUBOTMIIOKCUYECKOE U Ap. BUJIbI AeCTBUS [24].

OnucanHble CBOMCTBAa aKTyaJU3UPYIOT HEO0O-
XO/IUMOCTb JETAITBHOTO U3y4YeHUs (papMaKoIo-
TUYECKOTO JCHCTBUS HEUpPONENTUIOB CEMEH-
CTBa MEJIAaHOKOPTHHOB.

Henab uccaenoBanusi. M3yunts Biusi-
HUE MEJIAaHOKOPTUHOBBIX HEUPONENTHIAHBIX
COCIMHEHUII Ha YPOBEHb alONTOTHYECKHUX
(kacmaza-3, kacmnaza-8, TNF-a) u Heliporpo-
¢uueckux (BDNF, NGF) ¢akTopoB B ChIBO-
POTKE KPOBH OE€IIbIX KPBIC B YCIOBUSIX «COLIH-
aJIbHOTO» CTpecca.

MartepuaJj u MeTOAbI MCCJIEI0BAHUSA.
HccnenoBanue npoBoauian Ha 70 OenbIX KpbI-
cax-camuax 6-mecsuHoro Bo3zpacra. Conepxa-
HUE JTa0OPaTOPHBIX KUBOTHBIX OTBEYAIO TPE-
0OBaHUAM MEXIyHAPOJAHON HOPMATUBHOM J10-
KyMEHTauu [25] ¥ MPOTOKOIYy DTHYECKOTO
komutera PI'BOY BO «AcTtpaxaHCckuil rocy-
JAPCTBEHHBIM MEIMIMHCKAN YHUBEPCHUTET»
Mumnzapasa Poccun Ne 8 ot 24 Hosi6ps 2015 .

«CouManpHbI» CTpecc MOJEIUPOBAIN
MyTeM OO0ecleueHus: YCIOBUN MPOKUBAHUU
KpBbIC TIPH HAJIMYUHM CEHCOPHOTO KOHTaKTa M
OTCYTCTBHHM (PU3UYECKOTO C TMOCIEIYIOIINM
(hopMHpOBaHKEM arpEeCCHUBHOTO U CyOMHCCHUB-
HOI'0 TUIIa NoBeeHus [26, 27, 28] nipu pa3me-
LIEHUH KUBOTHBIX [IOMAPHO B KJIETKAX, pa3Jie-
JIEHHBIX NPO3payvHoil neperopoakoi. C nenpro
Ha0JII0/IeHUs 32 MEKCaMILIOBBIMU KOH(POHTa-
UUSMH eXeAHeBHO Ha 10 MUH cCHUManu nepe-
TOPOJIKY, IO pe3yJbTaTaM 4ero ObuIM chopMu-
pOBaHbl TPYIIBI KpPBIC «arpeccopoB» U
«OKEpTB». ATpEeCcCUBHOCTb KpBIC OLIEHUBAJIAcCh
M0 HATMYHMIO BEPTUKATBHBIX U OOKOBBIX CTOCK
U aTaku, a CyOMUCCUBHOCTD — 10 HAJIMYMIO HE-
MOJIBI>KHOCTH, OOHIOXMBaHUs, ayTOTPYMHHTa,
BEPTUKAIBbHBIX «3ALIUTHBIX)» CTOEK.

B uccrnenoBanuu GpopMupoBaInuCh HKC-
nepuMeHTasIbHble rpynisl (n = 10): KOHTPOJIb-
HbI€ >KMBOTHBIC; >KMBOTHbIE, B TeueHue 20
JTHEH noaBeprasIIrecs BO3EHCTBUIO CTpecca;
TPYOObl  KPBIC, TOMYYaBIIMX BHYTPHOPIO-
muHHO B 103¢ 100 MKr/KT/CcyT, HaunHas ¢ 1-T0o
THSI BO3JieiicTBUA cTpecc-(akTopa, Kypcom 20
THEl ~ MEIaHOKOPTUHOBBIE  COEJUHEHHS
AKTTI (4-7)-Pro-Gly-Pro (Cemakc) u AKTI(6-
9)-Pro-Gly-Pro

Br16op 10361 HEHPOMENTHAHBIX COCIU-
HEHUI OCHOBaH Ha MpPEeJBAPUTEIHLHOM H3yue-
HUHU BBIPAXKEHHOCTH TMICHUXOMOAYJIUPYIOIIETO
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saddekra. MccnenoBanus npoBOAUIN PU BBeE-
JICHUU UCCIIEAYEMbIX COCIMHEHUN B 103aX 25,
50, 100 u 200 mkr/kr/CcyT. BBIITO ycTaHOBIIEHO,
yTO Hauboyiee aKTUBHBIMHU J103aMHU SIBUJIHCH
100 u 200 mxr/kr/cyT. B cBs31 ¢ yem, B Kaue-
CTBE JKCIIEPUMEHTAIIBHOW J103bl B JlaJIbHEH-
meM Oblla  BbIOpaHa  HauMeEHbIIAs  —
100 MKT/KT/CyT.

Biisinue HelponenTuaoB Ha YpPOBEHb
Kacnasbl-3, kacrasel-8, TNF-o, BDNF, NGF B
CBIBOPOTKE KPOBHU O€JIBIX KPBIC OLIEHUBATIN Me-
TOJIOM MMMYHO(EpPMEHTHOr0 aHalu3a C HC-
M0JIb30BaHUEM UMMYHOJIOTHYECKOTO aHAIIN3a-
topa «Multiscan FC» u mpuMeHeHreM BbICO-
KouyBCTBHTENbHBIX Ha0opoB ELISA Kit for
Caspase-8 (CIIIA); ELISA Kit for Caspase-3
(CIIIA); ELISA Kit for Tumor Necrosis Factor
Alpha (TNF-a) (CIIA), ELISA Kit for Brain
Derived Neurotrophic Factor (BDNF) (CIIIA);

70
27.83%%
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SO Ja.'
=]
Z
—
=40
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KoHTpoms «COonHAaTbHBII
cTpecc

ELISA Kit for Nerve Growth Factor (NGF)
(CIIA).

HeliponentuaHele COEIUHEHUS UL HC-
CJIeI0BaHHUs NpeocTaBieHbl THCTUTYTOM MO-
JIEKYJISIpHOW TeHeTuku HarnumonanpHOro wuc-
cienoBarensckoro neHrpa «KypuatoBckuii
WHCTUTYTY.

Cmamucmuyeckas obpabomka pe3yiv-
mamos. CTaTUCTHUYECKYyl0 00paboTKy IMOIy-
YEHHBIX Pe3yJbTaTOB IPOBOJMIIN C TOMOIIBIO
nakera Excel u mporpamMmMuoro obecredeHust
BIOSTAT, c¢ yueroM Kpurepuss MaHHa-
YutHu. CTaTUCTHYECKU 3HAYUMBIMM DPa3Jid-
yug cuutaiu npu p<0,05.

Pesynabrarel M uX oOcy:kaenue. Pe-
3yJbTaThl, OTPAXKAIOIINE BIUSIHUE METAHOKOP-
TUHOB Ha YpPOBEHb Kacmas3-3 B CBIBOPOTKE
KpOBU O€NbIX KpPBIC B YCIOBHUSX «COLIMAIb-
HOTO» CTpecca, MPEICTaBICHBI PUCYHKE 1.

«ConHAaIEHEBIY «CoIHATEHBI»
cTpecc + cTpecc +
AKTI(4-7)- AKTI(6-9)-
Pro- Gly-Pro Pro-Gly-Pro

[Mpumeuanue: ** —p < 0,01 — otHOCHTENBHO KOHTPOIIS; #; ## —p < 0,05; p < 0,01 — OTHOCHTEIBHO TPYIIIBI «COIMATBHBII

cTpecc.

Puc. 1. YPOBCHL Kacmasbl-3 B CBIBOPOTKC KPOBU OeJbIX KPBIC B YCJIOBHUAX OKCIICPUMCEHTAJIBHOT'O
«COLIMAIBHOT0» CTpecca MO/ BIUSHUEM HEUPONENTHAOB MEIAHOKOPTUHOBOM CTPYKTYPBI
@@ - )KUBOTHLIC C arp€CCUBHBIM THUIIOM IMOBCACHUA
- JKUBOTHBIC C Cy6MI/ICCI/IBHBIM TUIIOM ITOBCACHUA.
Note: ** —p <0.01 — relative to control; #; ## — p < 0.05; p < 0.01 — relative to the "social" stress group.
Fig. 1. The level of caspase-3 in the blood serum of white rats under conditions of experimental
"social" stress under the influence of neuropeptides of the melanocortin structure
&———@ - animals with aggressive type of behavior;
— animals with a submissive type of behavior.
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[Ipu ¢dopMUpOBaHHH «COIMATHHOTOY
CTpeCcC Yy JKMBOTHBIX C arpeCCHBHBIM THIIOM
MOBEJICHHUSI YPOBEHb Kaclasbl-3 YBEIHUYUIICS
npakruyecku Ha 76% (p<0,01) no oTHOIIEHUIO
K KoHTpoIto. [Ipy BBeJIeHUN MEITaHOKOPTHHO-
BBIX COCITUHEHHUN OBLJIO OTMEUEHO CHUKECHUE
YPOBHSI HMCCIIEyeMOro IOKazaTelsi: Tpu
AKTT'(4-7)-Pro-Gly-Pro (Cemakc) — Ha 30%
(p<0,01) u AKTT(6-9)-Pro-Gly-Pro — na 20%
(p<0,05) B cpaBHEHHH C TPYIIIION CTpecC.

B rpymme crpeccupoBaHHBIX KUBOTHBIX
¢ cyOMHUCCHBHBIM THIIOM ITOBE/ICHUSI YPOBEHb

14

12

—
=]

[#.s]

Kacmaza-8. nr/mia

KoHTpoms

«C OIIHAIIBHEII»
cTpecc

kacnasbl-3 yBenuuuics Ha 60 % (p < 0,01) mo
OTHOIICHHUIO K KOHTPOJBHOU TpYyIIe >KUBOT-
ueix. [Ipu BBemenun AKTI'(4-7)-Pro-Gly-Pro
(Cemakc) oTMeuanoch CHUKEHHE YPOBHs I10-
kazatens Oomee uyem Ha 15% (p<0,05),
AKTT'(6-9)-Pro-Gly-Pro —na 12% (p>0,05) o
CPaBHEHHIO C TPYIIOW  «COIUAIBLHOTOY
cTpecca.

PesynbraThl, OTpaxarouye BIUsHIE Me-
JAHOKOPTUHOB HAa YPOBEHb Kacras-8 B ChIBO-
POTKE KpPOBH OEJBIX KPBIC B YCIOBHSX «COIH-
AJILHOTOY» CTpecca, MPEJICTABICHBI PUCYHKE 2.

«C OLIHANBHBI» «CoITHAIBHEI»
cTpecc + cTpecc +
AKTI(4-7)- AKTI(6-9)-
Pro- Gly-Pro Pro-Gly-Pro

[pumeuanue: ** —p < 0,01 — otHOCHTENBHO KOHTPOILS; #; ## —p < 0,05; p < 0,01 — OTHOCHTENBHO TPYIITIBI «COIHATBHBII

cTpecc.

Puc. 2. YpOBeHL Kacrasbl-8 B CBIBOPOTKC KPOBHU OeJbIX KPBIC B YCJIOBHUAX OKCIICPUMCEHTAJIBHOI'O
«COLIMAIIBHOT0» CTpecca MO/ BIUSHUEM HEUPOIIENTHAOB MEIAHOKOPTUHOBOW CTPYKTYPBI
@@ - )KMBOTHBGIE C arp€CCUBHBIM TUIIOM IMOBCACHUA,
e — ) - JKUBOTHBIC C Cy6MI/ICCI/IBHHM THUIIOM ITIOBCACHUS.
Note: ** —p <0.01 — relative to control; #; ## — p <0.05; p < 0.01 — relative to the "social" stress group.
Fig. 2. The level of caspase-8 in the blood serum of white rats under experimental "social" stress
under the influence of neuropeptides of melanocortin structure

e&———@ - animals with aggressive type of behavior;
o———@ - animals with a submissive type of behavior.

dopmupoBaHue «COLUAITLHOTO»
cTpecca IPUBEINO K YBEIHUCHHUIO YPOBHS Kac-
na3si-8 B 2,6 paza (p<0,01) B cpaBHEHUHU C KOH-
TPOJILHBIMH KpbIcaMH. BBeneHne MenaHokop-
TUHOBBIX coenuneHnii AKTI'(4-7)-Pro-Gly-

Pro (Cemakc) u AKTT'(6-9)-Pro-Gly-Pro cro-
COOCTBOBAJIO CHMKEHHIO IAaHHOTO MTOKa3aTes
B 1,5 paza (p<0,01), B 1,2 (p<0,01) cootBeT-
CTBEHHO I10 OTHOILIEHHIO K IPYIIIe CTPECCUpo-
BaHHBIX KUBOTHBIX.
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YpoBeHb Kacnasbl-8 B rpyIiie CTpPecCH-
POBAHHBIX KUBOTHBIX C CyOMHCCHUBHBIM TH-
IOM TIOBeJIeHUsl yBenuuwics B 2,4 paza
(p<0,01) MO OTHOIICHHIO K WHTAKTHBIM >KH-
BOTHBIM.  BBeleHue  MellaHOKOPTHHOBBIX
HeiporienTuaHbIx coeaunenuit AKTI'(4-7)-
Pro-Gly-Pro (Cemakc) u AKTI'(6-9)-Pro-Gly-
Pro cmocoOcTBOBaJIO CHIJKCHHIO YPOBHS

300

250

200

TNF-0o . or/mn
J—t
h
=

113.82%*
100 78.65
50
0
KoHTpons «C OIHAILHBII»
cTpecc

n3ydyaemoro nokazatens Ha 24% (p<0,05); na
19% (p<0,01) cOOTBETCTBEHHO TIO CPABHCHHIO
C TPYIIION «COLMAIILHOTO» CTpecca.

Ha pucynke 3 mpezacraBieHBl pe3yib-
TaThl, OTPAYKAIOIINE BIMSIHUE HEHPOICIITHIOB
MEJTaHOKOPTHHOBOH CTPYKTYyphl Ha YpPOBEHB
TNF-0 B CBIBOPOTKE KpOBH O€IBIX KPBIC B
YCIIOBHSX «COIMAIILHOTOY» CTpecca.

83.03## 87.4##

«CoIHaTEHBIH» «CoIHaIbHELID
crpecc + cTpecc +
AKTI (4-7)- AKTT (6-9)-
Pro- Gly-Pro Pro-Gly-Pro

[pumeuanue: ** — p < 0,01 — otHOCHTENEHO KOHTPOJIS; ## — p < 0,01 — OTHOCHTENBFHO TPYIIIHI «COMHUANBHBIN CTPECC.
Puc. 3. Ypoenb TNF-o B CbIBOPOTKE KpOBHU OENBIX KPBIC B YCIOBUIX AKCIIEPUMEHTATIBHOTO «COLIU-
AJIBHOT'O» CTpECCa 1o BIUAHUCM HeﬁpOHeHTHHOB MeHaHOKOpTHHOBOﬁ CTPYKTYPhbI

@—@® - )XHBOTHBIC C arpC€CCUBHBIM TUIIOM IMOBCACHUA,

@@ - )KUBOTHBIE C CYOMUCCHUBHBIM TUIIOM MTOBEJCHHUSI.
Note: ** —p < 0.01 — relative to control; ## —p < 0.01 — relative to the "social™ stress group.

Fig. 3. TNF-a level in the blood serum of white rats under experimental "social™ stress under the
influence of melanocortin neuropeptides
&———® - animals with aggressive type of behavior;
o———@ - animals with a submissive type of behavior.

dopmupoBaHue «COLMATTBHOTO»
cTpecca y JKMBOTHBIX C arpeCCUBHBIM THUIIOM
MOBE/ICHUSI TIPUBEIIO K YBEIHMUYCHHUIO YPOBHS
¢akTopa Hekpo3sa omyxonu Ha 45% (p<0,01) B
CPAaBHEHUHN C KOHTPOJIBHOM TPYIIION >KMBOT-
HbIX. Ha (oHe BBeneHMs MEITaHOKOPTHHOBBIX

neiiponentunoB AKTI(4-7)-Pro-Gly-Pro (Ce-
makc) u AKTT(6-9)-Pro-Gly-Pro 6su10 oT™me-
YEeHO CHH)KEHHUE MaHHOTO mokasarens Ha 27%
(p<0,01) u 23% (p<0,01) cOOTBETCTBEHHO
[0  OTHOIIEHHIO K  CTPECCHMPOBAHHBIM
YKMBOTHBIM.
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B rpymme kpbic ¢ CcyOMHUCCHUBHBIM TUTIOM
MOBEICHUS TIpu (POPMUPOBAHUU CTpEcca ypo-
BeHb TNF-o yBenmuuuics Ha 52% (p<0,01) B
cpaBHeHUH ¢ KoHTposieM. CoeanHEeHHS
AKTTI'(4-7)-Pro-Gly-Pro (Cemakc) u AKTI'(6-
9)-Pro-Gly-Pro BbI3BajiM CHMYKCHHE TAHHOTO
nokazarens Ha 33% (p<0,01) u 24% (p<0,01)
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«C OITHANTLHEII»
cTpecc

[0 OTHOILIEHUIO K TPYIIE «COLHUATBHOIO»
cTpecca.

Ha pucynke 4 mokaszaHbl pe3yibTaThl,
OTpaXKaloIllUe BIMSHUE MEIAHOKOPTUHOB Ha
ypoBeHb NGF B CBIBOPOTKE  KpOBHU
OCNbIX KPBIC B YCIOBHSX «COIHUATBHOTO»
cTpecca.

64?,il_5## 605 .i4##

~

611.9%## 606.73%##%
$
«CoLHATBHEII «COIHATEHELD
cTpecc + cTpecc +
AKTI(4-7)- AKTI(6-9)-
Pro- Gly-Pro Pro-Gly-Pro

[Mpumeuanue: ** —p < 0,01 — orHOCHTENBHO KOHTPOJIS, ## — p < 0,01 — OTHOCUTEIBHO TPYIIIBI «COLUAIBHBINY CTPECC
Puc. 4. Ypoenb NGF B cbiBOpoTKE KpOBHU O€NbIX KPBIC B YCIOBHUSX IKCIEPUMEHTAIBHOTO «COLH-
AIBHOT'0» CTpECCa MO/ BIUSHUEM HEMPOIENTHI0B MEITAHOKOPTUHOBOM CTPYKTYPBI

@@ - )KMBOTHBGIC C arp€CCUBHBIM TUIIOM IMOBECACHUA,

e — ) - JKUBOTHBIC C Cy6MI/ICCI/IBHBIM THUIIOM ITIOBCACHUS.
Note: ** —p < 0.01 — relative to control; ##—p <0.01 — relative to the "social" stress group

Fig. 4. NGF level in the blood serum of white rats under experimental "social™ stress under
the influence of melanocortin neuropeptides
o&——=® - animals with aggressive type of behavior;
o———@ - animals with a submissive type of behavior.

B rpymme XHBOTHBIX C «COIHATHHBIMY)
CTPECCOM U arpecCHBHBIM THIIOM IOBEIEHUS
Habmoanock cHmxkenne ypoas NGF na 28%
(p<0,01) B cpaBHCHHMH C MHTAKTHBIMH JKHBOT-
HeIMU. [Ipy  BBeJEHUM  METaHOKOPTHHOB
AKTT (4-7)-Pro-Gly-Pro (Cemakc) u AKTI(6-
9)-Pro-Gly-Pro 6but0 OTMEYEHO TOBBIIICHHE
ypoBHS ucciemyemoro (¢akropa Ha 28%
(p<0,01) u 27% (p<0,01) cOOTBETCTBEHHO B
CPaBHEHHH C TPYIITIOHN «COMMATIBHOT0)» CTpecca.

dopMHpoOBaHHE «COLIMAJILHOIO»
cTpecca B TPyIIE >KUBOTHBIX C CyOMHCCHB-
HBIM THIIOM TIOBEJICHHS MIPUBEIIO K CHIYKEHUIO
ypoBHs NGF Ha 36% (p<0,01) B cpaBHEHHH ¢
KOHTpOJbHOU Tpynmnoi. Ha ¢done BBeneHus
menanokoptuoB  AKTI'(4-7)-Pro-Gly-Pro
(Cemakc) u AKTI'(6-9)-Pro-Gly-Pro 6bu10 oT1-
MEYEHO MOBBINIEHUE ypOBHS (pakTopa pocTa
HepBoB Ha 55% (p<0,01) u 44% (p<0,01) co-
OTBETCTBEHHO I10 CPABHEHMIO C IPYIIION «co-
IHATBHBIN CTpecC.
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Ha pucynke 5 mnpencraBieHbl pe3yiib-
TaThl, OTPaXAIOUIUE BIUSHUE MEIAHOKOPTHU-
HOB Ha YPOBEHb HelipoTpoduueckoro gaxropa

1200

1000

Mr/MII

600

460.9

BDNF .

400

274.91%*

200

KonTtpoms
cTpecc

«CoITHATBHBIIY

BDNF B CBIBOPOTKE KpOBH O€IBIX KPBIC B
YCIIOBUAX «COLMAIIBHOTO» CTpecca.

437 81##
378.41##

«C onHaIbEHBIY «C olIHATEHEI
cTpecc + cTpecc +
AKTI(4-7)- AKTT(6-9)-
Pro- Gly-Pro Pro-Gly-Pro

[Mpumeuanue: ** — p < 0,01 — orHOCUTENBEHO KOHTPOIIS; ## — p < 0,01 — OTHOCHTENIFHO TPYMITBI «COLHATBHBIN» CTpecc
Puc. 5. Yposens BDNF B cbIBOpoTKE KPOBU OEINBIX KPBIC B YCIOBUSIX SKCIIEPUMEHTAILHOTO
«COIIMAJILHOT0» CTpecca MOJ1 BIUSHUEM HEHPONENTHIOB MEIIAHOKOPTUHOBOM CTPYKTYPBI

@—® - )KUBOTHBIC C ATPECCUBHBIM TUIIOM IIOBEJECHUSI;
@@ - XUBOTHBIC C CyOMHCCHBHBIM THUIIOM IOBEICHMUSI.

Note: ** —p < 0.01 — relative to control; ##—p <0.01 — relative to the "social" stress group

Fig. 5. The level of BDNF in the blood serum of white rats under experimental "social"
stress under the influence of melanocortin neuropeptides

&——=® - animals with aggressive type of behavior;
o———@ - animals with a submissive type of behavior.

B rpynme crpeccupoBaHHBIX JKHBOTHBIX
C arpecCUBHBIM TUIIOM ITOBEIEHUS OBUIO OTME-
YEeHO CHW)KEHHME YPOBHS HEHpOTpohHuecKkoro
¢akropa romosaoro mosra Ha 40% (p<0,01) B
CPaBHEHMHM C KOHTPOJILHOU IpymIoi. Beenenue
coequuennii AKTI'(4-7)-Pro-Gly-Pro (Cemakc)
u  AKTI'(6-9)-Pro-Gly-Pro  crocodctBOBaH
YBEJIIMYCHHUIO YPOBHS MO3TOBOTO HepoTpodu-
YecKoro (pakTopa Mo OTHOILIEHHUIO K CTPECCUPO-
BaHHOM rpymre kuBoTHBIX Ha 60% (p<0,01) u
38% (p<0,01) COOTBETCTBEHHO.

B rpymnme cTpeccHMpoBaHHBIX KpBIC C
CyOMHMCCUBHBIM THUIIOM IOBEJIEHHs OBLJIO OT-
MedyeHo cHkeHue ypoBHs BDNF na 45%

(p<0,01) B cpaBHEHUH C KOHTPOJHHBIMH KH-
BOTHBIMU. [Ipu BBEIEHUN METaHOKOPTUHOBBIX
COCIMHEHUI TaKke OTMEYallCh W3MEHEHUS
YPOBHSI HCCIIEAYEMOTO HEHPOTPOPHUIECKOTO
(akTopa B BUAE €ro CTaTUCTUYECKH 3HAYH-
Mmoro noBsimeHus (p<0,01): na pone AKTI(4-
7)-Pro-Gly-Pro (Cemakc) — na 78% wu
AKTT'(6-9)-Pro-Gly-Pro — 55% mno otHorire-
HUI0O K TPYINIE >KUBOTHBIX, IMOJABEPKEHHBIX
BO3/ICHCTBUIO «COIMAIBHOTOY» CTpecca.

B pesynbrare npoBefeHHs JaHHOTO UC-
cleoBaHus ObLIO YCTaHOBIIEHO, YTO «COITH-
QIBHBIN CTPECC COMPOBOKIACTCS CHUKECHUEM
ypoBHss BDNF u NGF, uto cBsizaHO ¢ H3MEHe-
HUEM HEWPOIUIACTUYHOCTH C TMOCIEAYIOIUM
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yYrHETeHHEM HelporeHesza. B psane skcnepu-
MEHTAJIBHBIX paboT jokazano, yto BDNF 06-
JaJaeT BbIPAKECHHBIMU HEUPOITPOTEKTOPHBIMHU
CBOMCTBaMH, CIOCOOCTBYS YTHETEHHUIO KIle-
TOYHOT'O aroITo3a, PENATCTBYS, B CBOIO OUe-
penb, THOeNH HEHPOHOB U CTHUMYJIHPYS POCT
XOJIMHEPTUYECKUX HEPBHBIX BOJIOKOH [20]. B
AKCIIEPUMEHTE YCTaHOBJICHO, YTO B YCIOBHUSAX
«COLIMAJIBHOT0» CTPECCA Hapsily CO CHUKEHHE
ypoBHEH  HelpoTpoduuecknx  (HaKTOpOB
Ha0II0/1aeTCsl MOBBIIIEHNE YPOBHEH Kacrasbl-
3 u kacnasbl-8, a Takke TNF-a chBOpoTKH
KpPOBU O€JIBIX KPBIC, YTO CBUJCTEIBCTBYET 00
YCUJICHHE aIlONTOTUYECKUX IponeccoB [13,
14]. CyecTBeHHas pOjib HEUPOTPODUUIECKUX
(akTOpoB B HMHIYKIUU WIA TOPMOXKCHUH
arornro3a JoKa3aHa M B JPYTUX SKCIEpUMEH-
TajbHBIX paboTax. YcranorineHo, uto NGF
TOPMO3HUT aromTo3 MPH psijie HellpoaereHepa-
TUBHBIX 3a0oneBanusax [20]. Kpome toro, mo-
Ka3aHo, 4To (hakTOp pocTa HEPBOB U HEMpO-
Tporueckuii GpakTop roJIOBHOTO MO3ra pea-
JU3YIOT CBOE JCHCTBHE uYepe3 I'€HETUYECKUE
MEXaHHU3Mbl HHAYKIUU allONTOTUYECKUX TPO-
1eccon [22].

CHmkeHmne dKCIpeccuu HelnpoTpodude-
CKuX (haKTOPOB B PE3yJbTaTe CTPECCOTCHHBIX
BO3JICHCTBUN PA3IMYHON MHPUPOJILI U BOCCTa-
HOBJICHHE €TI0 YPOBHS MPOJOKUTEIILHBIM BBE-
JICHUEM CPEICTB KOPPEKLMHU MPUBEIN K CO3/1a-
HUIO HEHPOTPOPHUUECKON THIOTE3bI Pa3BUTHS
CTpecC-MHAYLIMPOBAaHHOM AEMPECCHH, COTJIACHO
KOTOpPOM W3MEHEHHE YpPOBHsS HeUpoTpodude-
CKHX (JaKTOPOB SIBISETCS KIFOUEBBIM MEXaHU3-
MOM (pOPMHPOBAHUS U Pa3padOTKHU MOIXOI0B K
JeYeHHIo MoJo0HbIX HapyweHuit [17]. Ycra-
HOBJICHHAsI B JJAHHOM HCCJICIOBAHUN KOPPHUTHU-
pyromasi  aKTMBHOCTb ~ MEIaHOKOPTHHOBBIX
HEHpONENTUAOB B OTHOLIEHUH YPOBHS HEWPO-
Tpoduuecknx (HaKTOPOB MPHU «COLUATHEHOMY
CTpecce CBUIETENIBLCTBYET O  IPOSBICHUU
AKTI'(4-7)-Pro-Gly-Pro (Cemakc) u AKTT'(6-
9)-Pro-Gly-Pro  BbIpayK€HHBIX aHTHCTPECCOp-
HBIX U HEHPOMPOTEKTOPHBIX IPPEKTOB, UTO CO-
MIPOBOXK/IAETCSI BOCCTAHOBIICHHEM YPOBHEH (hak-
TOpa pocTa HEPBOB U HEHPOTpPOhUUECKOro (ak-
TOpa roJIoBHOTO Mo3ra [28].

Hapsiny ¢ aTuM, ycTaHOBJIEHO, UTO BBe-
JICHUE HEUPONEeNTUAHBIX COEMHEHHI
AKTTI (4-7)-Pro-Gly-Pro (Cemaxkc) u AKTI(6-

9)-Pro-Gly-Pro nHa ¢doHEe «COIHAIBHOTO»
cTpecca CIOCOOCTBYET CHIXKEHHIO YpPOBHSA
arONTOTHYECKUX TIOKa3aTellel — Karcasbl-3,
Kacmasbl-8 U (pakTopa HEKpO3a OMyXOJId, YTO
OIOCPE0BaHO, BO3MOXKHBIM, HHIHOHPOBa-
HHUEM Kaclasza-3aBUCUMOI0 KacKajla peakiuil
paspyleHus] KJIETOYHBIX CTPYKTYp IIyTEM,
TUAPONU3a AEPHON JIAMUHBI, PACIICTIIICHUS
aJre3UBHBIX OCJTKOB W PAa3pYIICHUS IIUTOCKE-
sera [29, 30]. JlanHbIil yTh, HAPSIAY C Kacma-
3aMH, peaju3yercs C y4acTHEM pelenTOpOB
KJIETOYHOW THOENH, K KOTOPBIM OTHOCSITCS
(hakTOp HEKPO3a OMyXOJICH. Y CTAHOBIICHO, YTO
HEHPOIENTHAHbIE COEAMHEHUS B YCIOBHUAX
«COITMAIBHOT0» CTPECCa BHI3BIBAIOT BHIPAYKEH-
HOE MHTHOMpPOBAHHUE IIPOLIECCOB CBOOOIHOPA-
JTUKaJIbHOTO OKHCIICHUS U CHUKAIOT KOHIICH-
TPALMIO MTPOBOCHAIUTENBHBIX [IUTOKUHOB Ta-
kux kak IL—1B3, IL-6 u TNF-a [22, 23]. Ha oc-
HOBaHWH TIOJYUYEHHBIX PE3yJIhTATOB MOXKHO
C/IeNaTh BBIBOJ O HAJIMYKME Y METAaHOKOPTUHOB
AQHTHAMONITOTUYECKOTO JICUCTBHUS 3a CUET BIH-
SIHHSI HA YPOBEHB Kacra3, KOHIICHTPAIHIO ITPO-
BOCHAJIUTENbHBIX IUTOKUHOB U MHTUOMPOBa-
HUE MPOLIECCOB MEPEKUCHOTO OKUCIICHUS JIU-
muaoB [23].

3ak/royenue. Takum oOpa3om, mpoBe-
JICHHOE MCCIIeI0BAaHUE MTO3BOJIMIIO YCTAHOBUTh
HaJIMYUe y MEJIAaHOKOPTHHOBBIX HEUPOIICTITH-
noB  AKTI(4-7)-Pro-Gly-Pro (Cemakc) wu
AKTT'(6-9)-Pro-Gly-Pro  antmamonrtotnye-
CKOM aKTHBHOCTH 3a CUET WHTHOWPOBAHHS
Kacma3a-3aBUCUMOTO  KackaJa  peakIuil
arornTo3a, a Tak)ke BBIPAKEHHOTO CTpecc-Tpo-
TEKTOPHOTO JEHCTBUS 3a CYET BOCCTaHOBIIE-
HUS YpOBHS HeWpoTpoduueckux QaxTopoB
MO3ra, 4TO aKTyaJu3upyeT NanbHeiiiee Je-
TalbHOE W3YYCHHE Kacma3a-3aBUCUMOTO U
OIIOCPEIOBAaHHOTO HEHpOoTpoduyecKuMu Qax-
TOpaMH MEXaHU3Ma AHTHUCTPECCOPHOTO (-
(hekTa MEeTaHOKOPTHHOB.
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