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About the origin of the acrocentric part
of non-acrocentric satellited chromosomes
IN humans

Mohammed Abdulazeez @, Stefanie Kankel @, Thomas Liehr

Jena University Hospital, Friedrich Schiller University, Institute of Human Genetics,
Am Klinikum 1, D-07747 Jena, Germany
Corresponding author: Thomas Liehr (Thomas.Liehr@med.uni-jena.de)

Abstract

Background: Variants in size of the acrocentric short arms (acro-ps) are normally
not reported and considered as chromosomal heteromorphisms (CHMs) without any
influence on the carrier’s phenotype. However, if acro-ps are translocated to ends of
A-chromosomes (i.e. human chromosomes 1-22 and X or Y), those rearrangements
are studied in more detail. The aim of the study: Here we characterized 11 healthy
carriers of a non-acrocentric satellited chromosomes der(A)t(A;acro)(pter or
gter;p1?1.2) to determine the frequency of chromosome 15p and 22p in such rear-
rangements. Materials and methods: 11 carriers of one (10 cases) or two (1 case)
der(A)t(A;acro) were identified during routine cytogenetic analyses. They were orig-
inally referred due to infertility or due to a mentally retarded child with otherwise
abnormal karyotype. Here derivative chromosomes were studied by fluorescence in
situ hybridization applying probes D15Z1 (specific for 15p11.2) and D22Z4 (specific
for 22p11.2). As there are no DNA-sequences available for 13p11.2, 14p11.2 and
21p11.2 these regions could not be tested. Results: D15Z1 sequences were identified
in 1 out of 12 derivatives der(A)t(A;acro). D22Z1 could not be detected in any of the
11 remainder derivatives. However, only 3 of the 12 der(A)t(A;acro) had acro-ps
large enough to potentially comprise sub-band pl11.2. Conclusion: In contrast to
der(Y)t(Y;acro)(ql12;p1?1.2), where in at least 65% of the cases the acro-p part con-
tains D15Z1 sequences, here it could be shown that in der(A)t(A;acro) 15p involve-
ment can be substantiated much less frequently. Also, in none of the two groups
D22Z4-sequences were detected in acro-p-parts yet. Besides, breakpoint of acro-p-
parts in der(A)t(A;acro) seem to be in ~75% of the cases distal from p11.2.
Keywords: acrocentric short arms (acro-ps); chromosomal heteromorphisms
(CHMs); D15Z1 (specific for 15p11.2); D22Z4 (specific for 22p11.2)
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Introduction. Chromosomal hetero-
morphisms (CHMs) are considered as cytoge-
netically detectable gross chromosomal aber-
rations from the norm, which nonetheless do
not lead to any instantaneous clinical conse-
quences. Such changes include euchromatic
variants (EV) [1] as well as variations in size
and location of heterochromatic DNA-
stretches [2]. They can be passed through
generations and rarely their new formation
has been documented [3].

Typical CHMs, being visible in practi-
cally each human karyogram, are size-
variations of the acrocentric short arms (acro-
ps), i.e. in the overall ten p-arms of chromo-
somes 13, 14, 15, 21 and 22. In the “Interna-
tional System for Human Cytogenomic No-
menclature” (ISCN, 2020) it is recommended
not mentioning them in genetic reports [4].
Acro-ps typically carry a nucleolus organizing
region (NOR) in sub-band p12 with ~40 cop-
ies, making up a total of 300 - 400 copies per
cell [5].

A specific form of CHM involving
acro-ps is the presence of an additional, elev-
enth acro-p being attached at the very tip of
another A-chromosome (= in human the
chromosomes 1-22 and X or Y). In case if a
normal carrier, (almost) no euchromatic mate-
rial is lost at the telomeric end of the affected
A-chromosome, which can be described as
der(A)t(A;acro)(pter or qgter;pl?1.2) or non-
acrocentric satellited chromosomes. Such de-
rivative chromosomes are only found unex-
pectedly in infertile diagnostics or parental

studies in an otherwise affected child [6]. The
most frequently observed der(A)t(A;acro) is
the der(Y)t(Y;acro)(ql2;p1?1.2); therefor a
recent study revealed that at least 65% those
derivatives are indeed a
der(Y)t(Y;15)(q12;p11.2) [7].

Accordingly, here we studied 11 healthy
carriers of one (10 cases) or two (1 case)
der(A)t(A;acro)(pter or qter;pl1?1.2) to deter-
mine the frequency of chromosome 15p and
22p in such rearrangements. Chromosomes 15
and 22 were chosen, as probes are available
for 15p11.2 and 22p11.2, and not for 13p11.2,
14p11.2 or 21p11.2.

Materials and Methods. Chromosomal
preparations were derived from PHA-
stimulated, cultivated lymphocytes of seven
individuals with different indications as listed
in Table 1. Karyotyping (= GTG-banding)
and FISH were done according to standard
procedures [8]. For the latter the following
probes were applied: 15p11.2 (D15Z1) (Ab-
bott/Vysis, Wiesbhaden, Germany), 22p11.2
(D22Z4) [9], a probe specific for all acrocen-
tric short arms (acro-p = midi54 — microdis-
section derived probe [10]), whole chromo-
some painting (wcp) probes 1, 4, 6, 13, 18,
20, 22, X and Y [10]. Four- to five-color-
FISH was done as shown in Fig. 1. Probe
D15Z1 was labeled in SpectrumGreen, acro-p
in Cyanine 5, D22Z4 in SpectrumOrange,
wcp probes in diethylaminocoumarine and in
case 10 the wcp probe for Y-chromosome in
TexasRed.
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Table 1

Patients involved in the study and results of molecular cytogenetics

Case Indication Derivative chromosome D15Z1 | D22z4 Length of normal
number acro-p-arm [%]
1 infertile der(1)t(1;acro)(p36.33;p1?1.2) + - >65
2 infertile der(4)t(4;acro)(9q35.2;p1?1.2) - - <65
3 infertile (familial) der(4)t(4;acro)(q35.2;p1?1.2) - - <65
4 infertile der(6)t(6;acro)(q27;p1?1.2) - - <65
5 infertile der(13)t(13;acro)(q34;p1?1.2) - - <65
6 infertile der(18)t(18;acro)(qter;pl1?1.2) - - <65
7 infertile der(20)t(20;acro)(p13;p11.72) - - <65
8 infertile der(20)t(20;acro)(p13;p11.72) - - <65
9 infertile der(22)t(22;acro)(q13.33;p1?1.2) - - >65
10a parental test due to
L der(X)t(X;acro)(q28;p1?1.2), <65
10b mentally impaired male i . - -
child (familial) der(Y)t(Y;acro)(ql2;p1?1.2) <65
11 parental test due to
mentally impaired der(X)t(X;acro)(q28;p1?1.2) - - >65
child (familial)
. ) case 1 case 4
1 |
! x
A A ! It P 2
§ 9 q Y " ’ ’ ‘ ‘ D15Z1
D22Z4
15 22 wcp 6
‘ " ik v case 10
¢ \.. D15Z1
D22z4 D15Z1
4 '_4'3 wep 1 ‘ l D22z4
9 wep X
1 X Y ey

Fig. 1. Typical four to five color FISH results as obtained in this study are shown for cases 1, 4 and
10. The used probes and the color-code is given per each of the three figure parts; the derivatives
der(A)t(A;acro)(pter or gter;p1?1.2) of interest are highlighted with arrowheads. For case 1 the typ-
ical pattern on the normal chromosomes 15 and 22 is shown together with the result for the chromo-
somes of interest, here chromosome 1. A der(1)t(1;15)(p36.33;p11.2) could be characterized here.
For cases 4 and 10 only the chromosome-pairs of interest are shown. In case 4 a very weak signal
was observable at the der(6), obviously being a der(6)t(6;acro)(q27;p12~13). In case 10 two
der(A)t(A;acro) were present and they could be characterized as der(X)t(X;acro)(q28;p12~13)
and der(Y)t(Y;acro)(ql2;pl2~13)

Data analyses

The average length of acrocentric short
arms was determined for 5 metaphases per
case and compared to the average length of

acro-p in der(A;acro). According to Fig. 2 it
was estimated that acro-p in der(A;acro) com-
prises p11.2 parts if it is larger than 65% of an
average p-arm.
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Fig. 2. A scheme for an acrocentric short arm (acro-p) is provided. The location of sequences
D15Z1 or D22Z4 in chromosome 15 or 22 are highlighted.as described in Material and Method part
it was determined that both sequences can only be expected to be present on a der(A)t(A;acro) if it
comprises >65% of the length of a normal acro-p arm.

Ethics Statement

The patients were recruited and studied
in frame of routine clinical genetics diagnos-
tics.

Results. In 11 cases with overall 12 de-
rivatives only in case 1 der(A;acro) comprised
material derived from a short arm of chromo-
some 15. Thus, there a
der(1)t(1;15)(p36.33;p11.1) could be charac-
terized. In none of the remained 11
der(A;acro) D15Z1 or D22Z4 material could
be detected.

Thus, the cases were further analyzed
for the length of the acro-p part on the
der(A;acro) compared to the other acro-ps
within the same case. According to the evalu-
ation scheme, that sub-band p11.2 can only be
comprised in der acro-p arm if it is larger than
65%, there remained only 3/12 der(A;acro)
being large enough to expect a FISH-result
(cases 1, 9 and 11). Accordingly, in all those
cases the karyotypes have to been revised to
der(A)t(A;acro)(pter or gter;p12~13).

Discussion. CHMs are clearly under-
studied. Just recently we could show that at
least 65% of der(Y)t(Y;acro)(ql2;p1?1.2) can
indeed be described as
der(Y)t(Y;15)(q12;p11.2) [7]. Corresponding
data for other rare cases with der(A)t(A;acro)
were not available yet.

Here it could be shown that most of
der(A)t(A;acro) have the acrocentric break-
point rather in p12~13 than in pl1.1~11.2.
This hampers also for future studies their
clear attribution to a chromosomal origin, as
also e.g. tried without much success be other

by a- or B-satellite probes [6]. As in 3 out of
12 der(A)t(A;acro) the acrocentric breakpoint
seemed to be in pl11.2 or even pll.1, it may
be deduced carefully that other than for
der(Y)t(Y;acro) cases D15Z1 is less often in-
volved in der(A)t(A;acro).

It is well known that non-deleterious
mutations / aberrations in the Y-chromosome
can be by far easier spread in a population
than such on other human chromosomes.
Thus, it is logical to find der(Y)t(Y;acro)
more often than all other variants of
der(A)t(A;acro). Also, for the latter variant
even a founder effect is described for Canadi-
an population [11].

For der(A)t(A;acro) no founder effects
were reported yet, still in the present study 3
of 11 cases (cases 3, 10 and 11) were familial
(Tab.1), as were also other described in litera-
ture [2, 6].

Conclusion. In conclusion, together
with our recent previous work [7] the enigma
of origin of the acrocentric part of non-
acrocentric satellited chromosomes in humans
could be a bit more enlighted. While in
der(Y)t(Y;acro)(ql2;p1?1.2) in at least 65%
of the cases the acro-p part contains D15Z1
sequences, here it could be shown that in
der(A)t(A;acro) the 15p involvement can be
substantiated much less frequently. Also, in
none of the two groups D22Z4-sequences
were detected in acro-p-parts yet. Besides,
breakpoint of acro-p-parts in der(A)t(A;acro)
seem to be in ~75% of the cases distal from
pll.2.
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Abstract

Background: Polymorphisms of the TNFRSF11A and TNFSF11 genes were report-
ed for their association with age at menarche (AAM) and age at natural menopause
(ANM). However, the biological mechanisms underlying this association remain
largely unclear. The aim of the study: This study was to determine biological pro-
cesses backing the observed genetic associations. Materials and methods: Forty-
four SNPs were analyzed using in silico approach and ten publicly available online
databases and tools. Results: TNFRSF11A and TNFSF11 are highly pleiotropic
genes that play a role in many metabolic processes. However, among that variety, li-
pid metabolism and cell survival and apoptosis seem the most biologically plausible
mechanisms, through which these genes contribute to AAM and ANM. The analysis
identified several mechanisms underlying the previously determined association of
the TNFRSF11A and TNFSF11 genes with AAM and ANM and suggested
RELCH/KIAA1468, LINC02341, and AKAP11 as new candidate genes for the traits.
Conclusion: The in silico analysis is a powerful approach making it possible to un-
cover possible metabolic pathways underlying observed genetic associations.
Keywords: bioinformatics; in silico analysis; age at menarche; age at menopause;
TNFRSF11A; TNFSF11

For citation: Dvornyk V. Integrated in-depth bioinformatic analysis suggests
RELCH/KIAA1468, LINC02341, and AKAP11 as candidate genes for ages at menar-
che and menopause. Research Results in Biomedicine. 2021;7(3):220-231. DOI:
10.18413/2658-6533-2021-7-3-0-2

Introduction. Tumor necrosis factor
superfamily, member 1la

tissue development.
TNFRSF11A/TNFSF11 system

The
is  widely

(TNFRSF11A), also known as receptor activa-
tor of nuclear factor-«B (NF-kB; RANK), and
its ligand (TNFSF11 or RANKL) have been
implicated in various cellular processes relat-
ed to proliferation and death, immunity, and

acknowledged as one of the key players in
some primary postmenopausal disorders, such
as osteoporosis [1] and cardiovascular diseas-
es [2]. Also, these genes are expressed in
mammary gland cells and were shown to con-
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trol the development of a lactating mammary
gland during pregnancy [3]; that is, they play
a role in the reproductive system. Several
candidate gene association studies suggested
that TNFRSF11A and TNFSF11 were associ-
ated with ages at menarche and menopause in
different ethnic populations [4-7]. However,
biological mechanisms, which underlie these
associations, remain largely unclear. The ex-
ponential growth of biomolecular data and its
mining into databases have provided not only
a possibility of more accurate and substantiat-
ed choice of genetic markers for a study but
also tools for comprehensive analysis to get
deeper insights into probable functional as-
signments of the candidate genetic variants
and mechanisms of their contribution to traits
[8-10]. I took advantage of the recent advanc-
es in bioinformatics and used several online
genomic databases to conduct a comprehen-
sive in silico analysis of the TNFRSF11A and
TNFSF11 polymorphisms, which were re-

ported as associated with age at menarche and
menopause. This bioinformatic  analysis
aimed to get insights into possible mecha-
nisms of these associations.

Materials and Methods

Selection of polymorphisms

Polymorphisms for the analysis were
selected based on the published results of
their association with ages at menarche and/or
menopause. For this purpose, PubMed was
screened using terms  “TNFRSF11A”,
“TNFSF11”, “RANK”, “RANKL”, “menar-
che”, and “menopause” in various combina-
tions. The search returned four articles with
relevant results. These articles reported in to-
tal 44 SNPs (reference polymorphisms hereaf-
ter) associated with ages at menarche and/or
menopause in three ethnic samples: Cauca-
sians, Chinese, and Mexicans. The list of the
selected polymorphisms and the map of the
genomic regions, in which they are located,
are given in Table 1 and Figure 1.

Beginning of Table 1

Information about the analyzed SNPs

Gene SNP ID Location in/around Association Ethnicity Reference
the gene AAM | ANM
TNFRSF11A rs3826620 Intron + + Caucasian [7]
(RANK)
+ Chinese [6]
rs8086340 Intron + Caucasian [7]
+ Chinese [6]
rs11665260 Intron + + Caucasian [7]
rs7239261 Intron + Chinese [6]
rs8094884 Intron + Chinese [6]
rs8089829 Intron + Chinese [6]
rs9956850 Intron + Chinese [6]
rs1805034 Exon Missense + Chinese [6]
Ala/Val

+ Chinese [5]
rs4524034 Intron + Chinese [6]
rs4524035 Intron + Chinese [6]
rs12455775 Intron + Chinese [6]
rs17069904 Intron + Chinese [6]
rs12959396 Intron + Chinese [6]
rs2981003 5’-region, 5.8kb 3' of | + Chinese [6]

KIAA1468
rs2981004 5’-region, 6.2kb 3' of | + Chinese [6]

KIAA1468
rs6567263 5’-Region + Chinese [6]
rs7233197 Intron + Chinese [6]
rs4941125 Intron + Chinese [6]
rs4500848 Intron + Chinese [5]
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End of Table 1
Information about the analyzed SNPs

Gene SNP ID Location in/around Association Ethnicity Reference
the gene AAM [ ANM
rs6567270 Intron + Chinese [5]
rs9962159 Intron + Chinese [5]
TNFSF11 (RANKL) | rs12585014 5’-region + Mexican [4]
+ + Caucasian [7]
rs9525641 Intron + + Caucasian [7]
rs2200287 Intron + Caucasian [7]
rs1054016 3’-UTR + Caucasian [7]
rs346578 3’-UTR + Caucasian [7]
rs3742257 Intron + + Caucasian [7]
rs922996 Intron + + Caucasian [7]
rs7988338 Intron + + Caucasian [7]
rs2277438 Intron + + Caucasian [7]
rs9525645 Intron + + Caucasian [7]
rs2148073 Intron + + Caucasian [7]
LINC02341 rs12874142 5’-region + Chinese [6]
rs7326472 5’-region + Chinese [6]
rs11147871 5’-region + Chinese [6]
rs9590697 5’-region + Chinese [6]
rs727243 5’-region + Chinese [6]
rs12864265 Intron + Chinese [6]
rs7316953 Intron + Chinese [6]
rs1324005 Intron + Chinese [6]
rs9525625 Intron + Chinese [6]
rs720824 Intron + Chinese [6]
AKAP11 rs9525610 3’-UTR + Chinese [6]
rs238281 3’-UTR + Chinese [6]
rs9525613 3’-UTR + Chinese [6]
rs430586 3’-UTR + Chinese [6]
rs417768 3’-UTR + Chinese [6]
rs912100 3’-UTR + Chinese [6]
rs17063218 3’-UTR + Chinese [6]
rs17522044 3’-UTR + Chinese [6]
rs238270 3’-UTR + Chinese [6]
(@)
2,300 K 42,350 K 2,400 K 2,450 K 2500K |42,550 K 2800K
Genes, NCBI Homo sapiens Annotation Release 109.20200522
| FABP3P2 LINC02341 TNFSF11

I
AKAP11

Chr13

Genes, NCBI Homo sapiens Annotation Release 109.20200522
PIGN TNFRSF11A
I 10C105372158 RELCH
Chr18

Fig. 1. Maps of the genomic regions where the analyzed SNPs and genes are located.
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Bioinformatic analysis

In total ten bioinformatics tools were
employed for the analyses.

The effect of non-synonymous SNPs on
the protein function was analyzed using SIFT
(https://sift.bii.a-star.edu.sg/) [11].

The integrated online tool, HaploReg
v4.1 [12] was used to identify polymorphisms
in strong linkage disequilibrium (LD) (r* >
0.8) with the AAM- and/or ANM-associated
ones and to analyze them for their functional
significance (chromatin states, motifs chang-
es, protein interactions, regulatory potential,
and eQTLs). The analysis was conducted sep-
arately for Caucasian and Chinese ethnicities
using the data of the European and Asian
populations from the 1000 Genomes Project
Phase.

In addition to HaploReg (v4.1), three
other databases were used to analyze regulato-
ry effects of the polymorphisms: Regu-
lomeDB (Version 1.1)
(http://regulome.stanford.edu/) [13],
rSNPBase (http://rsnp.psych.ac.cn/index.do)

[14], and SNP Function Prediction
(FuncPred)

(https://snpinfo.niehs.nih.gov/snpinfo/snpfunc
html) [15], and GeneCards

(https://www.genecards.org/) [16].

The effect of the 44 candidate SNPs for
AAM and ANM on gene expression level
(cis- and trans-eQTL) was estimated in pe-
ripheral blood using the Blood eQTL browser
(http://genenetwork.nl/bloodeqtlbrowser/)
[17], and in other organs and tissues using the
GTExportal data (http://www.gtexportal.org/)
as of 07/27/2020. The false discovery rate
(FDR) <0.05 was applied as the significance
level.

The functional significance of the can-
didate genes for AAM in the various biologi-
cal pathways was studied using the Gene On-
tology Resource tools available at
http://geneontology.org [18]. The results of
multiple comparisons were adjusted with the
FDR<0.05. The gene interaction networks
were constructed using GeneMANIA (version
3.5.0) [19] available at http://genemania.org.

Results

Genomic location of the SNPs

First of all, 21 out of the 44 reference
SNPs previously annotated to the regions of
the TNFRSF11A and TNFSF11 genes could
also be mapped to the regions of the other
genes (Table 1). Ten reference SNPs were
located in the region of the LINC02341 gene,
five of them in the introns. Nine variants were
located in the 3’-UTR of the AKAP11 gene.
Two SNPs, rs2981003 and rs2981004, were
located in  the 3’-UTR  of the
RELCH/KIAA1468 gene.

Non-synonymous SNPs

Only one of all analyzed SNPs,
rs1805034 in the TNFRSF11A gene, was mis-
sense. It results in an Ala/Val replacement in
the respective protein. The replacement has
SIFT Score = 1 and prediction value “tolerat-
ed”.

SNPs in strong LD with the reference
polymorphisms

The query against the HaploReg data-
base returned in a total of 348 (224 unique)
SNPs linked to the reference ones of the
TNFRSF11A gene and 779 (322 unique)
SNPs linked to the reference loci of the
TNFSF11 gene (Supplementary Table 1). The
SNP association and linkage patterns were
quite different between European and Asian
populations. Specifically, two SNPs of the
TNFRSF11A gene, rs3826620 and rs8086340,
were associated with AAM and/or ANM in
both Caucasians and Chinese [6, 7]. However,
the HaploReg analysis returned no SNPs
linked to rs3826620 in Europeans vs eight
SNPs in Asians. In total, six loci were linked
to the three reference SNPs in the European
population and 218 were linked to the 19 ref-
erence SNPs in the Asian population. Out of
these 224 unique SNPs, only three were
shared between the European and Asian
populations. Quite a few SNPs in the Asian
population  were located at/near the
RELCH/KIAA1468 and PIGN genes (Sup-
plementary Table 1).

Even more striking ethnicity-related dif-
ferences were observed for the TNFSF11 gene
polymorphisms: no shared SNPs in Europeans
and Asians. In the Asian population, more
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than half reference and linked to them poly-
morphisms were located at/near the AKAP11
gene (Supplementary Table 1).

Regulatory effects

The results of the regulatory effect
analysis are shown in Supplementary tables 1
and 2. They suggest that all reference SNPs
can produce various regulatory effects, albeit

to a different extent. For example, rs8086340
of the TNFRSF11A gene displays histone
marks associated with promoters in six tissues
and enhancers in 14 tissues, located in the
DNase-1 hypersensitive region in 21 tissues,
binding region for six proteins, and altered
motif for the Foxml transcription factor
(Supplementary Table 1).

Table 2

Effect of the reference AAM- and ANM-associated SNPs on the gene expression (cis-eQTL)
in peripheral blood according to the Blood eQTL browser [17]

SNP Gene/Region Gene Expressed P FDR*
rs3826620 TNFRSF11A RELCH/KIAA1468 4.7*10° 0.00
rs8086340 TNFRSF11A RELCH/KIAA1468 6.9%10° 0.03
rs7239261 TNFRSF11A RELCH/KIAA1468 3.9%10° 0.02
rs7233197 TNFRSF11A RELCH/KIAA1468 3.1*10° 0.00
rs4941125 TNFRSF11A RELCH/KIAA1468 3.7*10° 0.00
rs9962159 TNFRSF11A RELCH/KIAA1468 7.3*10° 0.03
rs12874142 80kb 3' of AKAP11 AKAP11 6.5*10° 0.03
rs9525625 117kb 3' of AKAP11 AKAP11 1.1%10° 0.00
rs238281 13kb 3' of AKAP11 AKAP11 1.9*10°% 0.00
rs9525613 21kb 3' of AKAP11 AKAP11 2.6*10° 0.00
rs430586 23kb 3' of AKAP11 AKAP11 1.0*10% 0.00
rs417768 23kb 3' of AKAP11 AKAP11 1.4*10% 0.00
rs912100 24kb 3' of AKAP11 AKAP11 6.4*10° 0.00
rs238270 36kb 3' of AKAP11 AKAP11 1.4*10%° 0.00

Note: * FDR, False Discovery Rate

Expression QTLs

Several reference SNPs appeared to
have a significant cis-eQTL effect on the ex-
pression of five genes, RELCH/KIAA1468,
PIGN, AKAP11, TNFRSF11A, and TNFSF11,
in various tissues and organs (Tables 2 and 3).

Pathway analysis

This analysis was conducted for
TNFRSF11A and TNFSF11 (because they
were originally reported as associated with
AAM and/or ANM), LINCO02341 (because
several reference polymorphisms  were
mapped to this gene), and RELCH/KIAA1468,
PIGN, AKAP11 (because the expression of
these genes might be affected by some refer-
ence SNPs according to the eQTL analysis).

According to the results of the PAN-
THER overrepresentation test,

the TNFRSF11A and TNFSF11 genes are in-
volved in a broad range of biological process-
es, including regulation of ERK1 and ERK2
cascade, secretion of prostaglandins, bone
remodeling, and mammary gland develop-
ment (Supplementary Table 3). Apart from
these two, AKAP11 was suggested to contrib-
ute to the organism's homeostasis (Supple-
mentary Table 3). No data was found for
RELCH/KIAA1468, PIGN, and LINC02341.

The gene-gene interaction network in-
ferred using GeneMANIA (Figure 2) suggest-
ed that the major contribution (64.32%) came
from physical interactions between the pro-
teins, followed by co-expression (25.88%),
co-localization (5.61%), and common path-
ways (4.19%).
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Beginning of Table 3

Effect of the reference AAM- and ANM-associated SNPs on the gene expression (cis-eQTL) in various tissues according to the GTEX browser

SNP Gene/Region Gene Expressed Effect Tissue
rs3826620 TNFRSF11A RELCH/KIAA1468 Down Nerve-tibial
rs11665260 TNFRSF11A RELCH/KIAA1468 Down Skin - sun exposed (lower leg)
rs8094884 TNFRSF11A RELCH/KIAA1468 Up Skin - sun exposed (lower leg)
rs8089829 TNFRSF11A RELCH/KIAA1468 Down Testis, nerve - tibial
rs9956850 TNFRSF11A RELCH/KIAA1468 Up Adipose-subcutaneous
PIGN Down Aorta, coronary artery, adipose tissue, thyroid
rs17069904 23kb 3' of AKAP11 TNFRSF11A Down Esophagus - mucosa
PIGN Up Adipose-subcutaneous, lung, muscle-skeletal
rs12959396 24kb 3' of AKAP11 RELCH/KIAA1468 Down Testis
rs2981003 36kb 3' of AKAP11 TNFRSF11A Up Skin, esophagus-mucosa, brain, lung, mammary tissue, pancreas, pituitary,
thyroid
PIGN Down Adipose-subcutaneous, esophagus-mucosa, brain, lung, muscle-skeletal,
thyroid, artery-tibial, nerve-tibial
rs2981004 6.2kb 3' of KIAA1468 TNFRSF11A Up Skin, esophagus-mucosa, brain, lung, mammary tissue, pancreas, pituitary,
thyroid
rs6567263 4.9kb 5' of TNFRSF11A PIGN Down Adipose-subcutaneous, esophagus-mucosa, brain, lung, muscle-skeletal,
thyroid, artery-tibial, nerve-tibial
rs7233197 TNFRSF11A RELCH/KIAA1468 Down Skin, esophagus-mucosa, brain, lung, mammary tissue, pancreas, pituitary,
thyroid, nerve-tibial
PIGN Down Adipose-subcutaneous, esophagus-mucosa, brain, lung, muscle-skeletal,
thyroid, artery-tibial, nerve-tibial
rs4941125 TNFRSF11A TNFRSF11A Up Esophagus-mucosa, skin, thyroid
PIGN Down Skin, thyroid, adipose-subcutaneous, small intestine-ileum
rs4500848 TNFRSF11A RELCH/KIAA1468 Down Nerve-tibial, adipose-subcutaneous, testis
PIGN Down Skin, brain
rs9962159 TNFRSF11A TNFRSF11A Up Skin, thyroid
PIGN Down Skin, thyroid, adipose-subcutaneous
rs12874142 80kb 3' of AKAP11 TNFSF11 Up Esophagus-mucosa
AKAP11 Up Esophagus-muscularis, brain, skin
rs9590697 97kb 3' of AKAP11 TNFSF11 Up Esophagus-mucosa
AKAP11 Up Esophagus-muscularis, skin
rs727243 98kb 3' of AKAP11 TNFSF11 Up Esophagus-mucosa
AKAP11 Up Esophagus-muscularis
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End of Table 3
Effect of the reference AAM- and ANM-associated SNPs on the gene expression (cis-eQTL) in various tissues according to the GTEX browser
SNP Gene/Region Gene Expressed Effect Tissue
rs12864265 117kb 3' of AKAP11 TNFSF11 Up Esophagus-mucosa
AKAP11 Up Esophagus-muscularis, skin
rs7316953 119kb 5' of TNFSF11 TNFSF11 Down Esophagus-mucosa
AKAP11 Down Esophagus-muscularis
rs1324005 119kb 5" of TNFSF11 TNFSF11 Up Esophagus-mucosa
AKAP11 Up Esophagus-muscularis, skin
rs9525625 119kb 5" of TNFSF11 AKAP11 Down Esophagus-mucosa, esophagus-muscularis, brain
rs720824 119kb 5" of TNFSF11 TNFSF11 Down Esophagus-mucosa
AKAP11 Down Esophagus-muscularis
rs238281 13kb 3' of AKAP11 AKAP11 Up Avrtery, brain, colon, esophagus-mucosa, esophagus-muscularis, nerve-
tibial, adipose-subcutaneous
rs9525613 21kb 3' of AKAP11 AKAP11 Up Artery-tibial
rs430586 23kb 3' of AKAP11 AKAP11 Up/Down Esophagus-mucosa, esophagus-muscularis, brain, adipose-subcutaneous,
heart, muscle-skeletal
rs417768 23kb 3' of AKAP11 AKAP11 Up/Down Esophagus-mucosa, esophagus-muscularis, brain, adipose-subcutaneous,
heart, muscle-skeletal
rs912100 24kb 3' of AKAP11 AKAP11 Up/Down Esophagus-mucosa, esophagus-muscularis, brain, adipose-subcutaneous,
heart, muscle-skeletal, vagina, lung, colon, nerve-tibial
rs17063218 25kb 3' of AKAP11 AKAP11 Up/Down Esophagus-mucosa, esophagus-muscularis, brain, adipose-subcutaneous,
heart, muscle-skeletal, vagina, lung, colon, nerve-tibial
rs17522044 26kb 3' of AKAP11 AKAP11 Up Esophagus-mucosa, esophagus-muscularis, heart, muscle-skeletal, nerve-
tibial, artery-tibial
rs238270 36kb 3' of AKAP11 AKAP11 Up/Down Esophagus-mucosa, esophagus-muscularis, brain, adipose-subcutaneous,
muscle-skeletal, nerve-tibial
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Fig. 2. The interaction networks of the candidate genes for age at menarche and natural menopause
inferred using GeneMANIA. The candidate genes for the traits determined in the present study
are cross-shaded

Discussion. This study provides evi-
dence that, in addition to the TNFRSF11A and
TNFSF11 genes previously reported as asso-
ciated with AAM and/or ANM, four other
genes might be associated with these traits.

The LINCO02341 gene belongs to the
class of long non-coding RNAs. There is not
much information about LINC02341 in public
databases. Although long non-coding RNAs
have not been studied well, there is a growing
body of evidence that they are involved in
transcriptional regulation [20]. Indeed, ac-
cording to the GeneHancer database [21],
LINC02341 harbors enhancers for six genes,

including TNFSF11 and AKAP11, and bind-
ing sites for 76 transcription factors. The ex-
pression of the gene is relatively low and was
documented in several tissues and organs, in-
cluding lymph nodes, kidneys, placenta, and
others [22]. The reference SNP, rs9525625,
which is an intronic variant of the gene, was
reported as a risk factor of inflammatory
bowel disease [23].

The regions of two  genes,
RELCH/KIAA1468 and AKAP11, also harbored
several reference SNPs associated with AAM
(Table 1). Besides, quite a few genetic variants
in these genes were linked to the reference pol-
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ymorphisms (Supplementary Table 1). These
results suggested that the above genes might
also contribute to the above trait.

RELCH (RAB11 binding and LisH do-
main, coiled-coil and HEAT repeat-
containing, alias KIAA1468) encodes a pro-
tein playing a key role in intracellular choles-
terol distribution [24]. The gene is ubiquitous-
ly expressed in human tissues and organs, in-
cluding endocrine glands, endometrium, and
ovaries [22]. The results of the GeneMANIA
analysis suggested that this gene was co-
expressed with TNFRSF11A, AKAP11, and
PIGN (Figure 2).

A product of AKAP11, A-kinase an-
choring protein 11, belongs to the protein
family whose members, despite the diverse
structure, have the same function of binding
to the regulatory subunit of protein kinase A
and targeting the enzyme to specific locations
in the cell. It has similar to RELCH expres-
sion patterns [22] but is not co-expressed with
TNFRSF11A and PIGN (Figure 2).

The PIGN gene encodes ethanolamine
phosphate transferase, a key element of gly-
cosylphosphatidylinositol-anchor  biosynthe-
sis. Mutations in the gene were associated
with  multiple  congenital ~ anomalies-
hypotonia-seizures syndrome [25]. The gene
is co-expressed with TNFRSF11A and
RELCH (Figure 2).

RELCH and AKAP11 are pleiotropic
genes and were associated with multiple
traits, including those related to menarche and
menopause (e.g., bone phenotypes, obesity,
development, etc.) [26, 27]. There is ample
evidence that the above phenotypes have a
shared genetic basis with AAM and ANM
(see e.g., [6, 7, 28]. Together with the results
of the in silico analysis of the present study, it
suggests that RELCH/KIAA1468, LINC02341,
and AKAP11 may be candidate genes for
AAM and/or ANM. This assumption is bio-
logically plausible too.

A possible contribution of PIGN to
AAM and/or ANM looks less obvious, largely
due to the lack of data about the association of
this gene with menarche- and menopause-
related phenotypes. On the other hand, ac-
cording to GeneHancer, this gene harbors

binding sites of multiple transcription factors
targeting the expression of RELCH and
TNFRSF11A. Furthermore, given the in-
volvement of this gene in the basic cellular
and developmental processes [29] and tight
linkage to the AAM-associated loci (Supple-
mentary Table 1), the above possibility could
not be ruled out.

The results of the Gene Ontology and
GeneMANIA analyses (Supplementary tables
3, 4, Figure 2) suggested that the contribution
of TNFRSF11A and TNFSF11 to menarche
and menopause timing is likely multifaceted.
The TNFRSF11A/TNFSF11/TNFRSF11B
(RANK/RANKL/OPG) signaling pathway has
been widely acknowledged as a key player in
bone remodeling [1]. Apart from this, the sys-
tem plays an important role in the progester-
one-driven proliferation of the mammary
gland epithelium and the risk of breast cancer
[30]. One of the possible ways through which
TNFRSF11A can affect AAM and ANM is an
interaction with TRAF2, a key element in the
control of cell survival and apoptosis [31].
Involvement in the metabolism of lipids may
be one more important biological mechanism
of the AAM- and ANM-related role of
TNFRSF11A. The relationship between obesi-
ty and AAM/ANM has been well documented
[32, 33]. Arachidonic acid/prostaglandin E2
axis was implicated in uterine epithelium cell
death induced by menopause [34]. The fatty
acid composition was shown to be related to
the menopausal status [35].

The lack of the GO Ontology data about
RELCH/KIAA1468, PIGN, and LINC02341
may suggest that their role in metabolic path-
ways is still poorly studied. On the other
hand, there is extensive evidence about co-
expression of RELCH/KIAA1468 and PIGN
with many genes, including those involved in
the control of the basic cellular processes,
e.g., cell proliferation [36] (Supplementary
Table 4).

In general, a degree of gene pleiotropy
seems to be inversely related to the relative
contribution of the gene to the trait. Given
that most genes in the human genome are
pleiotropic [37], the expected contribution of
each of them to a particular trait is quite mod-
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est. Therefore, highly pleiotropic genes have a
small effect size and often yield false negative
results in GWAS unless their contribution to a
particular trait is above the average for other
traits (e.g., TNFRSF11A/TNFSF11 contribu-
tion to bone remodeling).

The present study also sheds light on
the frequently observed inconsistencies in as-
sociated polymorphisms and unsuccessful at-
tempts to replicate candidate loci in different
ethnic populations. Previous studies suggested
that differences in population genetic struc-
ture might underlie the above disparities [38,
39]. The results of the present study suggest
that, in addition to the allele frequencies, pop-
ulation-specific LD patterns are another im-
portant factor.

Conclusion. The in silico analysis of
the TNFRSF11A and TNFSF11 polymor-
phisms previously reported for association
with  AAM and/or ANM suggested
RELCH/KIAA1468, LINC02341, and AKAP11
genes as candidates for the traits. While this
assumption is biologically plausible, candi-
date gene association studies are needed to
verify it. In summary, the present study
demonstrates that the in-depth analysis of rap-
idly expanding biological databases may pro-
vide new insights into possible factors and
mechanisms underlying the observed associa-
tion of genetic markers with a trait.
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Abstract

Background: Aggressive behavior (AB) represents an important social problem,
which results in significant costs for the society. A significant role in developing ag-
gression is suggested to be mediated by molecular mechanisms related to the func-
tioning of oxytocin (OXTR) and arginine vasopressin receptor (AVPR1B) genes in-
volved in the regulation of social behavior. On the other hand, a specificity of envi-
ronmental factors affecting an individual at various stages of development may mod-
ulate the molecular processes, especially at gene expression level, thus affecting hu-
man’s ability to self-control and resulting in AB manifestation. The aim of the
study: Considering a multifactorial nature of developing aggression, the present
study is aimed to estimate both the genetic- and haplotype-based effects of the OXTR
and AVPR1B genes and gene-by-environment interactions in developing AB. Mate-
rials and methods: The genotyping of the OXTR (rs2228485, rs53576) and AVPR1B
(rs33911258) gene variants was conducted via PCR with fluorescent detection in 189
criminal offenders (7% women) from the Republic of Bashkortostan, who committed
murders, and the control group (N=254, 12% women) corresponding to the group of
criminal offenders by ethnicity and age. Statistical analysis was performed via lo-
gistic regression with correction for multiple comparisons (PLINK v.1.09). Results:
As a result of statistical analysis the association of rs2228485 A-allele and AG haplo-
type (rs2228485 and rs53576) in the OXTR gene with an enhanced risk for develop-
ing AB was observed. In addition, we demonstrated a modulating effect of such envi-
ronmental factors as the presence of severe somatic diseases, alcohol addiction, fa-
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milial history of psychopathologies, income and education level. Moreover, the ef-
fect of rs33911258 G-allele in the AVPR1B gene on AB was observed. Conclusion:
The data obtained evidence that the examined variants in the AVPR1B and OXTR
genes in combination with specific environmental factors may affect neuronal sys-
tems functioning, thus resulting in the manifestation of antisocial behavior.
Keywords: antisocial behavior; HPA axis; oxytocin; arginine vasopressin; associa-
tion analysis; callous-unemotional traits

For citation: Kazantseva AV, Davydova YD, Enikeeva RF, et al. The association
study of polymorphic variants of hypothalamic-pituitary-adrenal system genes
(AVPR1B, OXTR) and aggressive behavior manifestation: a focus on social envi-
ronment. Research Results in Biomedicine. 2021;7(3):232-244. DOI: 10.18413/2658-
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Background.  Aggressive  behavior
(AB) represents a complex phenomenon con-
sidered as an action directed toward causing
harm or damage to another living being, who
contradicts to such treatment [1]. AB is an
important social problem causing significant
costs for the society. In particular, according
to the data of the Ministry of Internal Affairs
of the Russian Federation, in 2020 more than
2 million crimes were committed in the Rus-
sian Federation, of which 109.8 and 453.3
thousand cases corresponded to grave and
gravest crimes (murder and intentional inflic-
tion of serious harm to health), respectively
[2]. The mechanisms underlying the devel-
opment of AB are complex, while genetic and
epigenetic factors are playing a significant
role (the coefficient of inheritance of aggres-
sion is about 0.65 [1, 3]), therefore they have
been extensively studied in the contemporary
research.

Together with the classical pathways of
monoaminergic neurotransmission, the genes
involved in the regulation of the hypothalam-
ic-pituitary-adrenal (HPA) system, including
the genes encoding arginine vasopressin
(AVPR1A, AVPR1B) and oxytocin (OXTR)
receptors, are of interest in the study of genet-
ic liability to developing antisocial and ag-
gressive behavior. The role of neuropeptides
oxytocin and arginine vasopressin in regula-
tion of social behavior, social cognition, indi-
vidual stress response, depression and cal-
lous-unemotional traits has been reported to
date [4, 5]. In turn, impaired functioning of
oxytocin and arginine-vasopressin 1b [5, 6]

and their receptors was demonstrated in ani-
mal models of exaggerated aggressive behav-
ior, while a reduced oxytocin level was a pre-
dictor of aggression in humans [7]. The simi-
larity in the amino acid sequence between ox-
ytocin and arginine-vasopressin promotes dif-
ferences in the affinity to their receptors [8],
thus providing the resemblance in the pro-
cesses that both neuropeptides modulate.
Despite its location in the intronic re-
gion of the OXTR gene, rs53576 remains one
of the most examined SNPs in this gene to
date. Functional studies related the presence
of rs53576 G-allele to enhanced hippocampal
neurogenesis in males [9], higher expression
of the OXTR gene due to its reduced methyla-
tion [10] and, hence, to increased receptor
sensitivity to oxytocin [11]. Multiple findings
were reported on the effect of this SNP on
developing psychiatric disorders [12] and pro-
social behavior [11, 13] including socio-
emotional information processing [14]. Con-
sidering a negative correlation between oxy-
tocin level in cerebrospinal fluid (CSF) and
individual history of suicide attempts and ag-
gression [15], it was suggested that enhanced
OXTR gene expression related to rs53576 G-
allele could be a predictor of a lower risk for
manifesting antisocial behavior due to a com-
pensatory effect of low oxytocin level [11].
However, the development of antisocial
behavior is a very complex process, which is
also attributed to the fine regulation of gene
expression through epigenetic changes affect-
ed by social and adverse environment in on-
togenesis [3]. Therefore, one of the prominent
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functional SNPs candidate in the OXTR gene
is rs2228485 (c.171C>T, p.Asn57) due to its
location in one of the CpG islands (according
to Methyl Primer Express Software v.1.0,
Applied Biosystems). In particular, this SNP
may be involved in the regulation of OXTR
gene expression via allele-specific differential
methylation. According to our recent study
[16], OXTR rs2228485 G-allele and GGG
haplotype  (rs53576,  rs2228485, and
rs237911) was statistically more frequent in
mentally healthy students from the Republic
of Bashkortostan with a decreased aggression
score (measured with the Buss-Perry Aggres-
sion Questionnaire), and this effect was eth-
nicity-specific. Therefore, we hypothesize that
the same direction of association (i.e. reduced
frequency of rs53576 and rs2228485 G-
alleles) has to be observed in individuals with
violent criminal behavior.

Interesting findings have been recently
demonstrated by Staes et al. (2020), who re-
ported a species-specific existence of
rs2228485 A-allele between two close great
apes’ species [17]. The A-allele became fixed
in chimpanzees (Pan paniscus) but only an-
cestral G-allele is present in bonobos (Pan
troglodytes). The authors suggested that this
observation might be attributed to the differ-
ences in theory of mind and social causality
between the Pan species. From the evolution-
ary perspective rs2228485 A-allele was fixed
in chimpanzees due to selection of this allele,
which probably facilitated stronger male-male
bonding in this species [17]. Therefore, we
suggest that OXTR rs2228485 A-allele may be
attributed to male aggressive behavior in hu-
mans too.

Association studies indicated the effect
of polymorphic variants rs53576 and
rs2228485 in the OXTR [4, 12, 18-22] and
AVPR1B [23] genes on antisocial and aggres-
sive behavior and callous-unemotional traits.
However, a recently published meta-analysis,
which was based on 15 samples in 12 studies
(N = 12,236) examining the association of 8
different OXTR SNPs on antisocial behavior,
confirmed the effect of rs237887 and exam-
ined phenotype only, while the effect of the
most studied rs53576 on aggression-related

traits failed to be confirmed [24]. However,
the authors indicated the high levels of heter-
ogeneity between the studies and were con-
cerned on the quality control, thus providing a
rationale to conduct the study with more se-
vere antisocial behavior.

Recent neurobiological research indi-
cated the existence of genotype-related differ-
ences in brain functional connectivity and
hippocampal- [25] and amygdala-related [26]
manifestation of social behavior. To be more
precise, a male-specific effect of functional
rs53576 in the OXTR gene was observed on
the disruption of integrity in a large-scale in-
trinsic brain and altered functional connectivi-
ty in brain regions, which was profound in
AA-homozygote compared with G-allele car-
riers [27]. In addition, adolescent girls, who
reported higher childhood adversity level and
bearing rs53576 AA-genotype, had a reduced
left hippocampal volumes compared to those
with minimal adversity [25]. In line, rs53576
GG-homozygous boys had larger left hippo-
campal volumes compared to A-allele carriers
[9]. Moreover, the presence of callous-
unemotional traits in childhood was shown to
interact with the level of OXTR methylation,
thus affecting brain systems involved in de-
coding and integrating socio-affective infor-
mation and causing the development of con-
ductive disorder [28]. These observations
provide a rationale for the examination of
OXTR genotype with respect to different as-
pects of social adversity.

The AVPR1B is known to mediate the
secretion of the adrenocorticotropic hormone,
which represents an important component of
the hypothalamic-pituitary-adrenal (HPA) ax-
is, thus explaining its relation to adaptive and
prosocial behaviors, as well as aggression-
related traits [8]. According to evolutionary
research, specific sites in the AVPR1B gene
were under positive selection related to do-
mestication [29] — a process involving the ac-
cumulation of prosocial traits. In addition,
functional research indicated the relation of a
reduced level of aggression in AVPR1b
knockout mice [6]. Recent findings indicated
the association between an impaired social
behavior and altered expression of AVPR1B
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and OXTR genes in murine brain as a re-
sponse to antibiotic treatment [30]. According
to association studies, SNPs in the AVPR1B
were implicated in individual differences in
emotional empathy and prosociality [31], de-
pressive [32] and aggressive traits in humans
[16] and in rhesus macaques [33]. Consider-
ing these observations, the analysis of
AVPR1B gene variants with respect to antiso-
cial behavior is of high relevance.

Despite a recent trend toward the study
of certain environmental conditions, mainly
including stressful life events [34], specificity
of childhood rearing [35, 36], childhood
abuse [37], peers’ delinquency [18] and socio-
economic status [20] separately, which can
affect molecular-genetic mechanisms underly-
ing empathy, prosocial and aggressive behav-
ior, the data on the other potential confound-
ers is scarce. Moreover, the number of studies
examining gene-by-environment interactions
in severe types of antisocial behavior (i.e.
murders) is limited, thus pointing to the ne-
cessity to analyze the potential role of genetic
predisposition in such group of criminal of-
fenders.

The aim of the study. Considering
multiple contradictory findings reporting the
effect of different allelic variants in the OXTR
gene on developing antisocial and conduct
behavior, which is also mediated by specific
environment, we aimed to clarify the accumu-
lation of certain alleles of promising variants
in the OXTR (rs53576 and rs2228485) and
AVPRI1B (rs33911258) genes in individuals
with violent criminal behavior. Moreover, we
sought to evaluate both the main effect of
polymorphic variants and haplotypes of the
OXTR and AVPR1B genes on manifesting ex-
aggerated antisocial traits in the total sample
of offenders and in the groups stratified by
adverse/non-adverse environment. Third, we
attempted to detect a modulating effect of en-
vironmental parameters on SNP-based genetic
associations under gene-by-environment in-
teraction models.

Materials and methods. The study
sample comprised of 189 criminal offenders
(7% women) of different ethnicity (89 Rus-
sians, 63 Tatars and 34 Bashkirs) (mean age

41.53 + 14.41 years), who underwent a foren-
sic psychiatric examination in a criminal case
related to the commission of serious crimes
(murders) in the Republican Clinical Psychi-
atric Hospital (Ufa, Russia). Criminal offend-
ers were recognized by the Court as sane per-
sons and were sent to serve their sentences in
places of derention. A control group consisted
of 254 mentally healthy individuals (12%
women), who corresponded to the group of
criminal offenders by age (mean age 37.10 +
18.38 years), sex and ethnic background (117
Russians, 91 Tatars and 45 Bashkirs), were
not registered in the psychiatric database be-
fore and had no family history of mental dis-
orders. All the enrolled individuals signed an
informed consent for the participation in the
study after they were acquainted with experi-
mental procedures. The present study was ap-
proved by the local bioethical committee at
the Institute of Biochemistry and Genetics
(Ufa, Russia).

DNA was extracted from the peripheral
blood leukocytes according to the phenol-
chloroform extraction approach. PCR with
end-point KASP fluorescent detection (Max-
Medical, Moscow, Russia) on CFX96 DNA-
Analyzer (BioRad, USA) was used for the
genotyping of the OXTR (rs2228485,
rs53576) and AVPR1B (rs33911258) gene
variants.

Statistical analysis included the corre-
spondence of the observed allele and geno-
type frequencies to the expected Hard-
Weinberg equilibrium. The main effect of
gene variants and haplotypes in the total sam-
ple, as well as in groups stratified by the envi-
ronmental parameters on an individual risk
for developing AB was carried out under ad-
ditive, dominant, and recessive models of lo-
gistic regression (PLINK v.1.09). The estima-
tion of the effect of gene-by-environment in-
teraction on manifesting antisocial behavior
was based on the inclusion of examined gene
SNPs and environmental parameters (sex,
ethnicity, family structure, childhood adversi-
ty, smoking, alcohol addiction, income level,
birth order, education level, the presence of
severe somatic disorders and familial history
of psychopathologies) as predictors in multi-
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ple regression models, while the pres-
ence/absence of AB served as an outcome.
False discovery rate (FDR) procedure and
10000 permutation approach were used to
control for multiple comparisons (PLINK
v.1.09).

Results and discussion. The distribu-
tion of allele and genotype frequencies of the
OXTR  (rs2228485, rs53576), AVPR1B
(rs33911258) gene SNPs corresponded to the
Hardy-Weinberg equilibrium (Table 1).

Table 1
Genotype frequencies and the Hardy-Weinberg equilibrium in studied groups
Gene SNP Minor/major allele Group Genotype frequency Puwe
In total 0.009 | 0.252 | 0.739 0.238
AVPR1B rs33911258 GIA AB - 0.257 | 0.743 0.078
Control 0.018 | 0.247 | 0.735 1
In total 0.199 | 0490 | 0.311 0.912
rs53576 A/G AB 0.192 | 0485 | 0.323 0.875
Control 0.206 | 0.494 | 0.300 1
OXTR In total 0.042 | 0.335 | 0.623 1
rs2228485 GIA AB 0.036 | 0.287 | 0.676 0.792
Control 0.047 | 0.382 | 0571 0.678

Note: Pywe — P-value for Hardy-Weinberg equilibrium.

According to the results obtained under
a series of multiple logistic regression anal-
yses, we observed a statistically significant
effect of several environmental parameters
with a risk for manifesting antisocial behav-
ior, which included the presence of severe
somatic diseases (p = 1.086, P < 0.001), low
education level (p = 2.160, P < 0.001), smok-
ing (B = 1.105, P < 0.001), birth order
(B = 0.640, P = 0.008), sex (men, p = 1.228,
P = 0.001), and age (B = -2.149, P < 0.001).
At the same time, ethnic background, aggres-
sion type, family history of psychopatholo-
gies, alcohol addiction, income level, child-
hood adversity, and family structure demon-
strated no significant impact on increased ag-
gression (Table 2). Accordingly, we included
age, sex and ethnicity as covariates in subse-
quent logistic regression models.

Since there were no statistically signifi-
cant differences in allele and genotype fre-
quencies distribution of the examined SNPs
between individuals of different ethnic sub-
groups (P > 0.05), we conducted the associa-
tion analysis in total sample controlling for
age, sex and ethnicity in logistic regression
models. As a result of statistical testing of

SNPs effect on manifesting AB under various
models (additive, dominant, and recessive),
we detected a reduced frequency of OXTR
rs2228485 G-allele and GG-genotype (P =
0.045; OR = 0.63) as well as AVPR1B
rs33911258 G-allele (P = 0.004; OR = 0.95)
in a group of criminal offenders compared to
the population control group in the total sam-
ple. This effect was also exaggerated in the
subsample of criminal offenders stratified by
environmental parameters: in those with se-
vere somatic disorders (P = 0.035; OR =
0.56), alcohol addiction (P = 0.034; OR =
0.61), familial history of psychopathologies
(P =0.025; OR = 0.52), and high income lev-
el (P =0.023; OR =0.32) (Table 2). It should
be mentioned, that a trend of a lower frequen-
cy of OXTR rs2228485 GG-genotype was al-
so evident in a group of individuals with anti-
social behavior, who were characterized by
high education level (P = 0.076; OR = 0.57),
absence of lifetime smoking (P = 0.072; OR =
0.53) and childhood adversity (P = 0.081; OR
= 0.664), reared in a complete family (P =
0.080; OR = 0.656), and being third children
in a family (P = 0.074; OR = 0.56) compared
to population control (Table 2).
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Table 2
Characteristics of the studied sample and logistic regression in various groups
Environmental AVPR1B OXTR
arameter B (P-value) Group rs33911258 rs53576 rs2228485
P GIA* AIG** GIA™
Men 0.666 0.290 0.15
(N = 176) (1.124) (0.761) (0.703)
Sex 1,228 (0.001) Women i ] ]
(N =13)
Russians 0.706 0.760 0.170
(N = 89) (1.148) (1.075) (0.667)
. Tatars 0.591 0.132 0.415
Ethnicity -0.008 (0.957) (N = 63) (0.791) (0.534) (0.725)
Bashkirs 0.476 0.527 0.195
(N = 34) (0.690) (1.255) (0.550)
Proactive 0.693 0.673 0.121
. (N=175) (0.909) (0.935) (0.736)
Aggression type 23.854 (0.994) Reactive i i ]
(N = 14)
Yes 0.932 1 0.035*
. (N =117) (0.976) (1) (0.569)
Somatic diseases 1.086 (<0.001) No 0324 0.104 0.566
(N=72) (0.716) (0.753) (0.861)
High 0.900 0.379 0.076*
. (N = 76) (1.042) (1.339) (0.577)
Education level -2.160 (<0.001) Cow 0615 0528 0162
(N = 113) (0.871) (0.894) (0.729)
Yes 0.909 0.292 0.123
. (N =133) (0.971) (0.830) (0.714)
Smoking 1.105 (<0.001) No 0570 0722 0.072*
(N =56) (0.804) (0.883) (0.531)
Yes 0.418 0.817 0.034
- (N = 130) (0.806) (0.961) (0.615)
Alcohol addiction 22.387 (0.995) No 0.740 0588 0332
(N=59) (1.113) (0.883) (0.763)
Yes 0.826 0.919 0.025
Familial psycho- (N = 68) (0.932) (1.022) (0.512)
pathology 1.384 (<0.001) No 0.603 0.456 0.301
(N = 121) (0.870) (0.877) (0.800)
Low 0.838 0.370 0.183
(N =26) (1.096) (1.335) (0.555)
Average 0.789 0.422 0.314
Income level 0.063 (0.940) (N = 133) (0.933) (0.874) (0.811)
High 0.105 0.884 0.023
(N = 30) (0.366) (0.957) (0.324)
Yes 0.312 0.610 0.098
Childhood adversi- i (N =26) (0.572) (0.850) (0.461)
ty 0.448 (0.694) No 0.902 0.710 0.081*
(N =163) (1.032) (0.913) (0.664)
1 0.138 0.567 0.178
(N =77) (0.598) (0.886) (0.699)
. 2 0.216 0.684 0.421
Birth order 0.640 (0.008) (N = 58) (1.473) (0.911) (0.796)
>3 0.786 0.673 0.074*
(N =54) (0.908) (1.102) (0.560)
Complete family 0.793 0.476 0.080*
. ] (N = 150) (1.071) (0.838) (0.656)
Family structure 0.022(0.984) o mplete family 0.238 0.856 0.093
(N = 39) (0.581) (0.952) (0.531)

Note: P-values (ORs) for additive logistic regression model are reported except for *, which stands for dominant regres-
sion model. Statistically significant logistic regression models (P < 0.05) are shown in bold. Dashes stand for low sam-
ple size groups, which could cause type | and Il errors. **Minor/major alleles of examined SNPs are indicated.
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Linkage disequilibrium testing revealed
a high LD between OXTR rs2228485 and
rs53576 in the total sample, as well as in
groups differing in sex and ethnicity (D’ >
0.845). We observed the following haplotype
frequencies in criminal offenders group and in
population controls: GA (0.014 and 0.014),
AA (0.420 and 0.439), GG (0.166 and 0.224),
and AG (0.400 and 0.323), respectively. A
statistically significant increase in the fre-
quency of OXTR AG haplotype (based on
rs2228485 and rs53576) was observed in a
group of criminal offenders compared to con-
trol group (P = 0.047; Pperm = 0.049; B = 3.94;
OR = 1.38) (Fig.). The following analysis of

haplotype-by-environment interactions indi-
cated that the inclusion of such environmental
parameters as sex (P = 0.040; Pperm = 0.037;
B = 4.22; OR = 1.40), ethnicity (P = 0.030;
Pperm = 0.026;  =4.71; OR = 1.43) and famil-
ial history of psychopathologies (P = 0.049;
Pperm = 0.046; p = 3.88; OR = 1.41) demon-
strated a slightly higher level of predicting
enhanced aggression in OXTR AG haplotype
carriers. Moreover, higher education level
demonstrated a significant positive effect on
association of OXTR GG haplotype and a re-
duced risk of demonstrating antisocial behav-
ior (P = 0.019; Pperm = 0.027; B = 5.46;
OR =0.57).

0,3 -

0,2 -

m Offenders

Control

GA GG

AG

AA

Fig. The distribution of OXTR haplotype frequencies (based on rs2228485 and rs53576) in the total
sample. The effect of OXTR AG haplotype is shown with an asterisk (P < 0.05).

In summary, in the present study we ob-
served that allelic variant in the OXTR
rs2228485 was a predictor of antisocial be-
havior in the total sample and in the sub-
groups stratified by the presence of severe
somatic disorders, alcohol addiction, familial
history of psychopathologies and income lev-
el. Previously Lucht et al. (2009) demonstrat-
ed the effect of this SNP on individual vari-
ance in emotional loneliness, hostility, dis-
tress, irritability, nervousness, which was as-
sociated with OXTR GGG haplotype
(rs53576/rs2254298/rs2228485) compared to
carriers of GGA haplotype [4]. At the same
time, a significant increase in positive symp-
toms such as interest, activity, and excitement

(assessed via the Positive and Negative Affect
Schedule) was relevant for carriers of OXTR
AGA (rsb3576/rs2254298/rs2228485) haplo-
type compared to those bearing GAG, GAA,
GGG, and GGA haplotypes [4]. Based on the
mentioned haplotype frequency distribution it
can be suggested that rs2228485 has a higher
impact on developing negative symptoms
(such as aggression and irritability), while
rs53576 variant is more significant for the
positive social behavior. From the evolution-
ary point of view, rs2228485 A-allele has
been fixed in one great ape species (Pan
paniscus, chimpanzee), while it was eliminat-
ed in another one (Pan troglodytes, bonobo)
[17]. Such A-allele accumulation was sug-
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gested to be attributed to male-male relations
in chimpanzee compared to male-female
bonds that are characteristic for bonobos.
Therefore, our findings also indicate the ac-
cumulation of aggressive traits in humans re-
lated to the presence of rs2228485 A-allele.

The rs2228485 represents a synony-
mous substitution in the exon 3 of the OXTR
gene, which is probably involved in splicing
and regulates for mRNA stability [16] proba-
bly due to its location in one of CpG islands.
Although no functional studies, which can
clarify the allelic effect of rs2228485 on
OXTR gene methylation, have been published
to date, the development of antisocial behav-
ior, which manifest under unfavorable adver-
sity, may be partially caused by the differ-
ences in the OXTR gene methylation [3, 10,
38]. The impact of another examined SNP
(rs53576) on epigenetic regulation of OXTR
expression was reported. To be more precise,
reduced OXTR methylation was related to the
OXTR rs53576 GG-genotype [10]. Another
epigenetic research also indicated that OXTR
rs3576 GG-genotype might modulate the
positive effect of exogenous oxytocin on
mentalizing, attention and reward processing
during social interactions [38]. In addition,
maternal addiction, criminal behavior and
psychopathology during pregnancy may be
attributed to the offspring’s OXTR hyper-
methylation and an enhanced risk for devel-
oping callous-unemotional traits later in life
[39]. Considering that rs2228485 and rs53576
were shown to be in a high linkage disequilib-
rium, and rs53576 G-allele correlates with
less methylation of the OXTR gene [21],
based on the observation of AA/GG haplotyp-
ic phase we can assume the possible correla-
tion of rs2228485 G-allele with higher OXTR
gene expression. According to the reported
findings, this allele (under haplotype-based
tests) was associated with a decreased risk of
manifesting aggression, which is congruent to
the relation of lower oxytocin level in CSF
and enhanced antisocial behavior [7].

Since we reported an opposite effect of
OXTR-based (rs2228485, rs53576) AG and
GG haplotypes on an increased and decreased
risk for developing aggressive behavior, re-

spectively, which is additionally affected by
differences in education level, it can be sup-
posed that rs2228485 has a higher impact to
predict antisocial behavior compared to the
rs53576. In turn, we showed that rs53576 G-
allele (under haplotype-based effect) was as-
sociated with a lower risk for developing vio-
lent criminal behavior under the conditions of
favorable environment (i.e. higher level of
education). Multiple findings indicate the as-
sociation of rs53576 A-allele with higher anti-
social traits, and G-allele with enhanced pro-
social behavior. Namely, a significant asso-
ciation of rs53576 AA-genotype and physical
aggression and hostility was obtained in boys
compared to other genotype carriers as a re-
sponse to stressful life events [19]. In agree-
ment with the above mentioned data other
scientists demonstrated the relation of
rs53576 GG-genotype to higher social support
and empathy, which was specific to socio-
economic status [20]. It seems that the devel-
opment of antisocial behavior and enhanced
aggression may be relevant to the formation
of callous unemotional traits in childhood
caused by unfavorable environments. For in-
stance, the frequency of rs53576 A-allele was
higher in children with enhanced score on cal-
lous-unemotional traits and stressful lifetime
conditions than of GG-genotype [34]. There-
fore, in our study we reported the association
of rs53576 G-allele and a reduced risk of
manifesting antisocial behavior in those with
high level of education, representing a favor-
able environmental condition, which at some
extent is congruent with published gene-by-
environment interactions. Moreover, such un-
favorable conditions as maternal high verbal
aggression early in childhood may have a det-
rimental effect on individual’s internalizing
problems later in life [35]. Interestingly, in the
focus of child-parent relationship qualities in
the Finnish cohort consisting of two parent
generations there was a pronounced positive
effect of maternal emotional warmth (G1 gen-
eration) on the transmission of the same pat-
tern of rearing of their children (G2 genera-
tion) on their offspring (G3 generation) only
under the condition of OXTR rs53576 AA/AG-
genotypes [40]. Therefore, a reduced oxyto-
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cin-related functioning may benefit from the
positive parental rearing. And vice versa,
more supportive social behavior in midlife
was observed in rs53576 GG-carriers com-
pared to A-allele carriers under the history of
unfavorable conditions (experience of higher
level of emotional abuse in childhood) [37].

Although in the present study we suc-
ceed to observe a male-specific effect of
OXTR rs53576 G-allele on a lower risk of de-
veloping outward-directed aggression under
favorable environment (since the main pro-
portion of our examined sample included
men), it seems that this observation can be
extrapolated to women, as was shown by oth-
er research groups [41]. In the longitudinal
sample of females, the presence of at least one
copy of the rs53576 A-allele and greater emo-
tional dysregulation predicted a higher risk of
developing antisocial personality disorder
[41].

According to the results of haplotype-
based association with AB revealed in the
present study, there was a significant effect of
controlling for ethnicity in logistic regression
model. This observation seems to be congru-
ent with the results of a recent meta-analysis
(N = 8933, 18-98 years), which revealed eth-
nicity-specific differential effects of rs53576
G-allele on higher cognitive empathy in Asian
cohorts and affective empathy in European
cohorts [42]. Interestingly, the association of
GG-homozygotes on improved empathy was
evident only in young to middle-aged adults,
thus indicating the necessity to control for
both ethnocultural effects and advanced age,
while analyzing OXTR-related phenotypes.
Nevertheless, another research group demon-
strated a homogenous pattern of association
of the OXTR rs53576 GG variant and higher
altruism even in traditional societies of East
Africa [43].

Although in the present study we didn’t
observe the association of the examined SNPs
and aggression depending on the type of AB
(proactive vs. reactive aggression), there is
some evidence of interaction between OXTR
variants and delinquency in peers on proac-
tive aggression in adolescents [18]. In turn,
the presence of empathy (which oppositely

correlates with antisocial behavior) in rs53576
GG-carriers was associated with a higher risk
for manifesting a reactive type of aggressive
behavior under the conditions of distress
compared to individuals with rs53576 A-allele
[44]. Unfortunately, we were unable to con-
trol for deviant peer affiliation due to the lack
of such data in our group of offenders.

In the present study we also indicated
the effect of AVPR1B rs33911258 G-allele on
a decreased risk for manifesting antisocial
behavior, while AA-genotype was associated
with an increased risk. According to our pre-
vious findings [45], rs33911258 A-allele (due
to haplotype-based effect) was more frequent
in mentally healthy young adults, who report-
ed lower self-transcendence. Since lower self-
transcendence correlates with worse empathy
[46], it seems that the results from our both
studies are in one direction, thus providing
evidence for a positive selection of
rs33911258 G-allele to facilitate transmission
of empathy-related traits. Other scientific
groups also point to the involvement of
AVPR1B gene variants in developing aggres-
sion even in childhood [23]. Moreover, our
findings seem to be in line with evolutionary
data obtained in Platyrrhini [47], which indi-
cated that 4% of AVPR1B sites may be under
positive selection for accumulation of certain
prosocial traits. In addition, the same research
group reported that a positive selection related
to domestication was attributed to the fixation
of specific sites in the AVPR1B gene [29].
Despite scientific interest toward the AVPR1B
gene variants and prosocial behavior, we have
demonstrated the effect of rs33911258, which
is located in the promoter region of the
AVPR1B gene and, hence, is probably respon-
sible for differential gene expression, on se-
vere type of antisocial behavior for the first
time.

Conclusion. In conclusion, reported
findings indicate the involvement of several
gene variants of HPA-axis together with envi-
ronmental parameters in probable modulation
of OXTR and AVPR1B gene methylation, thus
causing a weakened self-control and violent
antisocial behavior. From the other side, the
existence of certain gene variants, which were
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reported to be related to aggressive behavior
in previous research, may demonstrate the
opposite effect under adverse environments,
which evidence in the significant modulating
role of environmental factors in genetic asso-
ciations with antisocial traits.

Together with the impact of genotype-
by-environment interaction, we succeeded to
determine a significant modulating effect of
certain environmental parameters (i.e. familial
history of psychopathologies and education
level) on haplotype-based association with
manifesting aggression. The data obtained
clarified the possible shift in the OXTR allele
effect on antisocial behavior under favorable
and adverse environments.

It should be noted that the present study
continues our previous research, which sug-
gests a significant role of child-parent rela-
tionships in modulating the association of
OXTR gene variants and affective-related
traits in non-criminal young adults [16, 32]. In
turn, identification of certain gene-by-
environment interactions attributing to AB
liability may facilitate the future research of
exogenous treatment with neuropeptides to
eliminate the aggression. Such studies have
already reported the successful oxytocin ad-
ministration aimed to control for antisocial
traits depending on the genetic background of
individual OXTR genotypes [48].
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Ces3b nosaumoppusma rs12449964 rena goc-
haTuamiTaHoaamMuH-N-MeTHiaTpancdepasbl
C pa3sBUTHEM IMIEePTPUTTHLEPUIEMUH
U 0KUPEHUs Y 00JILHBIX CAXapPHbIM AUa0eTOM
2-T0 THIIA

10.3. Azaposa

deepaibHOE TOCYIAPCTBEHHOE OFOKETHOE 00Pa30BaTEIbHOE YUPEKICHUES
BBICIIEr0 0Opa3zoBanust «Kypckuii rocy1apCcTBEHHbIH MEAUIIMHCKHNA YHHBEPCUTETY,
yi. Kapna Mapxkca, a. 3, r. Kypck, 305041, Poccuiickas ®enepariust
Aemop ons nepenucku: FO.O. Azaposa (azzzzar@yandex.ru)

Pesrome

AxTyanabHocTh: Docharuaundtanonamun-N-metmirpanchepaza (PEMT) — sto
(depMeHT JIMIMUAHOr0 OOMEHa, KaTalIU3UPYIOLIUM CepuIo TpeX IOoCiel0BaTeIbHbIX
peakuuii MeTwiMpoBaHus ¢ochaTuanidTaHoiaMuHa B pocharuaunxonnH. CHke-
HUE aKTHMBHOCTH JAHHOTO ITPOIIECca MPUBOIUT K NepepacupeaesieHHI0 CyOCTpaToB-
NpPEeIIEeCTBEHHUKOB (OoCc(hHOIUINI0B ¥ TPUTIIULEPUIOB B MOJIb3Y CUHTE3a MOCIEIHNX
U YBEITMYCHUIO PUCKA PA3BUTHS OXKHPEHHs, BaKHEHIIEro (hakropa prcKa caxapHoro
nmuabera 2 Tuna (CZ12). Leas uccaenoBanusi: 3y4uth cBsS3b MOIMMOPQPHOTO Bapu-
anra 1s12449964 (C>T) B peryssitopHoM yuactke reHa PEMT ¢ ypoBHeM Tpuriuiie-
PHJIOB IJIa3Mbl KPOBH, a TaK)Xe PUCKOM pa3BUTHs oxxkupenus u CI2 y xureneit Llen-
TpanbHOH Poccun. Martepuasibl u MeToabl: B nccnenoBanue Obutn BitoueHsl 2060
HEPOJICTBEHHBIX MHIMBHJIOB CIABSHCKOTO MPOUCXOXKIEHHs, U3 HUX 1024 manueHToB
¢ CA2 u 1036 ycrnoBHO 310pOBBIX AO0OPOBOJIBLIEB. | 'eHOTUNIMPOBaHKE TOIUMOPDU3-
Ma rs12449964 rena PEMT Obi10 BBIIOTHEHO METOJIOM BpPEMSINPOJIETHOW Macc-
CIIEKTPOMETPUU Ha TEHETHYeCKOM aHanuzaTope MassArray Analyzer 4 (Agena
Bioscience). Jlis cTaTMCTUYECKOTO aHaNM3a MOJYYEHHBIX JaHHBIX HCIOJIb30BAIH
nporpammy SNPStats. Pe3yabTaTsl: JIMHEHHBIN perpecCHOHHBIN aHAIU3 HE BBISIBUI
acconuanuu rs12449964 rena PEMT c puckom paszutust CJ/12 BHE 3aBHCUMOCTH OT
uHekca maccol tena (P>0,05). Oxnako, renorun T/T uzyuaemoro SNP cBsizaH ¢ mo-
BBILIICHHBIM PUCKOM pa3BuUTHS oxupeHus y namuentoB ¢ C/I2 (OR 1,66; 95%Cl
1,11-2,46; P=0,011 He3aBucHUMO OT I0JIa U Bo3pacTa. Kpome Toro, HOCUTEIBCTBO Te-
HotHuna T/T ObUIO compsbkeHO ¢ Oosiee BHICOKMM YPOBHEM TPHAIMITIHIEPOJIOB B
ia3me kpoBu O0osbHBIX CJ12, Kak Mpu HAJTMYMK OXHUPEHUs, Tak u 6e3 Hero (P<0,05).
[To nanusiMm GTEX Portal, amtens rs12449964-T accouuupoBaH CO CHHKCHHEM JKC-
npeccun PEMT B pa3nuuHbIX TKaHAX. 3ak/ao4deHue: BriepBblie ycTaHOBJIEHA acco-
muanus s12449964 rena PEMT c¢ runeprpuriuuepujieMueii M MOBBIIICHHBIM
PUCKOM pa3BUTHsI OxHpeHusi y 60mapHbIX C/[2, yTOo MOeT ObITh 0O0YCIOBIEHO HU3-
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KOl  TPaHCKPHUIILIMOHHOM  aKTUBHOCThIO TreHa  QocdaruamisTanonamMuH-N-
MeTUATpaHCcepa3bl Y HOCUTENECH albTepHATUBHOTO ajuielis n3ydaemoro SNP.
KiroueBble cjioBa: caxapHblid Auaber 2 Tumna; OAHOHYKJICOTHAHBIH MOTUMOP(H3M;
PEMT; Tpurnunepupl; reHeTHYeCKas MPpeapacioioKeHHOCTh

BaarogapHocTu: ABTOp BBIpakaeT OJaroJapHOCTb CBOEMY YUYHUTENIO, HAYyYHOMY
pykoBoautento npodeccopy Anekcero BanepreBuuy [loJ0HHKOBY 3a KpUTHYECKOE
IIPOYTEHUE PYKOIMCH, a TAKXKE MiaaleMy HaydHoMy cotpyaHuky HUM renernye-
cKoil m MosekyisipHol snuaemuosiorun Enene FOpweBHe Kn€coBoit 3a momomib B
MIPOBEJICHUH J1TAOOPATOPHOM YacTU pabOTHI.

Jast umTupoBanusi: Azaposa H0D. Cesa3p nonmumopdusma rs12449964 rena docda-
TuTaHoaMIH-N-MeTuTpancdepasspl ¢ pa3BUTHEM THICPTPUTITHIICPUACMUA U
OKHUpEHHS Yy OOJBHBIX caXxapHbIM nuadberom 2-ro tuma. Hayunsle pe3ynbrarbl 6HO-
MeauIMHCKUX uccnenoBanmii. 2021;7(3):245-256. DOI: 10.18413/2658-6533-2021-
7-3-0-4

The relationship between polymorphism
rs12449964 of the phosphatidylethanolamine-
N-methyltransferase gene and hypertriglycer-

Idemia and obesity in patients with type

2 diabetes

luliia E. Azarova

Kursk State Medical University,
3 Karl Marx St., Kursk, 305041, Russia
Corresponding author: luliia E. Azarova (azzzzar@yandex.ru)

Abstract

Background: Phosphatidylethanolamine N-methyltransferase (PEMT) is the enzyme
of lipid metabolism that catalyzes the conversion of phosphatidylethanolamine to
phosphatidylcholine in a series of three methylation reactions. Low activity of the
enzyme can increase the availability of phosphatidic acid for triacylglycerol synthe-
sis and thus favor obesity, one of the most important risk factors for type 2 diabetes
(T2D). The aim of the study: To study the relationship of the rs12449964 (C>T) in
the regulatory region of the PEMT (phosphatidylethanolamine-N-methyltransferase)
gene with blood plasma triglycerides, as well as the risk of obesity and T2D in popu-
lation of Central Russia. Materials and methods: The study included 2060 unrelat-
ed individuals of Slavic origin, including 1024 patients with T2D and 1036 healthy
volunteers. Genotyping of PEMT gene polymorphism (C>T, rs12449964) was per-
formed by laser desorption / ionization time-of-flight mass spectrometry using the
MassArray Analyzer 4 platform (Agena Bioscience). SNPStats online program was
used for statistical analysis of the obtained data. Results: Linear regression analysis
did not reveal an association of rs12449964 of the PEMT gene with a risk of devel-
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oping T2D regardless of body mass index (P>0,05). However, the T/T genotype of
the studied SNP is associated with an increased risk of obesity in patients with type 2
diabetes (OR 1.66; 95% CI1 1.11-2.46; P = 0.011, adjusted for sex and age, recessive
model). In addition, carriage of the T/T genotype was associated with a higher level
of triacylglycerols in the blood plasma of patients with T2D, both in the presence of
obesity and without it (P<0.05). According to GTEX Portal, the rs12449964T allele is
associated with decreased PEMT expression in various tissues. Conclusion: The
study revealed for the first time the association of rs12449964 of the PEMT gene
with hypertriglyceridemia and an increased risk of obesity in patients with T2D,
which may be due to the low transcriptional activity of the phosphatidylethanola-
mine-N-methyltransferase gene in carriers of the alternative allele of the studied
SNP.

Keywords: type 2 diabetes mellitus; single nucleotide polymorphism; PEMT; tri-
glycerides; genetic predisposition
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BBenenue. Caxapubplii nuaber 2 THIa
(C2) — sT0 cepbe3HOe XpOHHYECKOEe 3a0oJie-
BaHUE, XaPaKTEPHU3YIOILEeCs TUIEpriIMKeMuen
U BBI3BAaHHOE NPEUMYIIECTBEHHOW HMHCYIUHO-
PE3UCTEHTHOCTHIO M OTHOCHUTENIHHON WHCYITH-
HOBOM HEJOCTaTOYHOCTBIO WM TpEUMyIe-
CTBEHHBIM JIe()E€KTOM CEKpELMH HHCYJIWHA C
MHCYJIMHOPE3UCTEHTHOCThIO Min 0e3 Hee [1].
[To omenke MexayHapoaHON aHaOETUYECKOM
®enepanuu (IDF), uncno 60mbHBIX 1abeTOM B
Mupe 3a nocieanue 20 et BhIpocio B 3 pasa u
Ha xoHer 2019 roma cocrasisier 463 MIIH 4elIo-
BeK [2]. CXOoXUMH TeMIaMH pacTeT U 3abosie-
BAaeMOCTb O’KUPEHUEM, BaKHEHIINM (haKTopoM
pucka pazsutust C/12. CornacHo nanueiM Bce-
MHPHOM OpTraHW3aliy 3/[PaBOOXPAHEHHS, OKH-
penueM ctpajator 6onee 500 MIIH YenoBeK, U
eme 1,6 mapa smn crapie 15 ger uMeror us-
obrrounyro maccy tena [3]. B Poccuiickoii ®e-
Jepalid  pacupOCTPAaHEHHOCTh  U30BITOYHON
Macchl Telna U OXUpeHUs cocraBiseT 46,5%
cpenu MyxuuH U 51,7% cpeau xeHumH [4],
TOrma Kak oOlee 4Yuciio OOJBHBIX AUadeToOM
NpPEBHIIACT 8 MJIH 4YEJIOBEK M IPOJIODKAET
HEYKJIOHHO pacTu [2].

CBsi3b MEX]y SIUAEMUOJIOTHEH OXKUpe-
Hus u CIA2 ¢ 70-x rr XX Beka OIMUCHIBAIOT
tepmuHoM «diabesity», moguepkuBas TakuMm
o0pa3oM, BaXHOE NPEIUKTOPHOE 3HAYEHUE
oxupenust B pazsutuu CJ[2. U oxupenue, u
Cl2 saBnstoTcss MHOTO(aKTOPHBIMHU 3aboJie-
BaHUSAMHU, TE€HETHYECKasi OCHOBA KOTOPBIX WH-
TEHCUBHO M3ydaeTcs. KaHauaaTHbie U MOJTHO-
TCHOMHBIE  aCCOLMATHBHBIE HCCIEIOBAHUS
YCTaHOBWJIM COTHU OOIIUX TSl 9TUX JIBYX HO-
30JI0TH OJTHOHYKJICOTUIHBIX BapHaHTOB B
TeHaxX, OTBETCTBEHHBIX 3a JUCYHKIUIO OeTa-
KJIeTOK Topkenynounoi sxenesbl (TCF7L2,
KCNJ11, GCKR, SLC30A8, IGF2BP2,
HNF1A, HNF1B, HNF4A, PDX1) u unCcynmu-
nopesuctentHocTh (FTO, PPARA, PPARG,
IRS1, IRS2, PTEN,UCP2), onnako, mecTo ao-
COJIIOTHOTO  OOJBIIMHCTBA OOHAPYKEHHBIX
nokycoB B matorenese CJI2 HeusBecTHO [5].
OpanM u3 Takux BapuaHToB siBisiercss SNP
rs12449964 B peryiasTOpHOM y4dacTKE TI€Ha
dbocharunumyTanonamun-N-
metuntpancdepassl (PEMT), acconmupoan-
HBI C TIOBBIIICHHBIM PUCKOM pa3ButTusi CJ12
[6], wmemudeckoil OOJE€3HU cepalla W HWH-
cynbta [7]. depMeHT KaTalu3upyeT Tpex-
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KpaTHOE METHJIMPOBAaHUE aTOMa a30Ta aMUHO-
rpymnmsl  pocaruamisTanonamuta (kedanu-
Ha) B (docharuauiaxoauH (JICHUTHH). DTOT
nyTh cuHTe3a (oc(OIUNHUIOB CBSI3aH C CHUH-
te3oM TpuanuiarauueposioB (TATY), mockomb-
Ky U HEUTpasibHbIe >KUPBL, U (Pochomumu bl
o0pa3yroTcsi U3 00IIero MpeaiecTBeHHHKA,
- ¢ocharugHoii KUCIOTEL. B ciydyae cHuke-
HUSL CKOPOCTU cHHTEe3a (ochoIumnuIoB nu3-3a
HenocrarouHod axktuBHoctd PEMT wiau ne-
¢unuTa UCTOYHUKA METHIBHBIX TPy,
S-aneno3unmeTnoHuHa, GpocdaruaHas KUCIo-
Ta ucnosb3dyerca aia cunteza TAI. Cnenyer
0c000 MOIYEPKHYTh, UTO HAPYLICHUS JIUIU/I-
HOTO 0OOMEHa B BUJIC TUIICPTPUTIUIICPUICMHIH
SBIIAIOTCS. XapaKTEPHOU YepTO MHCYINHOpE-
3UCTEHTHOCTH, MPHUCYIIEH KaK OXXUPEHHUIO,
tak u CJ12 [8]. OnHako, 1aHHBIE O CBA3U I'eHa
PEMT c pa3sButuem oxupenus, C12 u ru-
MEPTPUTTULEPUIEMUN B PYCCKOW MOMYIISIIIUH
Ha CeTOIHAIIHUN IeHb OTCYTCTBYIOT.

Hean ucciaenosanus. Msydenue cBsasu
nonmumopdusma reHa PEMT (rs12449964,
C>T) c ypoBHEM TpPUIIIHIEPUAOB ILIA3MBI
KpPOBH, & TAK)KE PUCKOM PA3BUTHUS OKUPCHHSI
u C/12 y xwureneit LlentpansHoii Poccun.

Marepuanbl M MeTOAbI HCCJIEI0BA-
Hus. [IpoTokon uccienoBanust 6bu1 0J00pEH
PernoHa pbHBIM 3THYECKUM KOMHTETOM IIPH
KI'MY. B uccnegosanue souuin 1024 60b-
Heix C/12 (367 MyxuuH u 657 >KEHIUH) CO
cpenHuM Bo3pactoM 61,1+£6,9 ner, Haxonus-
IIMXCA HA CTAllMOHAPHOM JIEYEHHUU B DHO-
KpuHOIIOTHYecKkoM otaenenun Kypckoit ro-
POJICKOM KJIMHUYECKON OOJIbHUIIBI CKOPOH
MEIUIIMHCKOW moMomm ¢ Hosiopst 2016 1o
okTs10ps 2019 roma. /{uarnoz CJI2 ycranas-
JIuBaJIM Ha OocHOBe kputepue BO3 [9-10].
I'pynny xonTposs cocraBuwin 1036 ycinoBHO
3I0pOBBIX 10OpoBOIbIEB (396 MykunH u 640
KEHIIMH) CcO cpelHuM Bo3pacToMm 60,8+5.7
neT, JoHopoB OO0JacTHOM CTaHIUHU TMepenu-
BaHUs KPOBHU, KaK OBLIO OMKMCAHO HAMU paHee
[11-12]. V Bcex ydaCTHHMKOB HCCIIEIOBAHHUSI
Ha OCHOBE MUCHMEHHOTO HH(POPMHUPOBAHHOTO
coryacus MPOBOJIWIM 3a00p 5 MJI BEHO3HOM
KpPOBH HATOIIAK B BaKyyMHBIE MPOOUPKH
Vacuette ¢ 3/[TA B xauecTBe aHTHKOAryJIsTH-
ta. ['enomuyro JIHK Beigensumm metomom de-
HOJIBHO-XJ0poopMHON 3KCcTpakiuu. ['eHo-
TUNMpoBaHue mnonumMoppuzmMa rena PEMT

(C>T, rs12449964) ObLTO ¢ IOMOIIIBIO J1a3ep-
HOW JecOpOIMOHHO/MOHN3AMOHHON BpeMsi-
MPOJIETHOM MAacC-CIIEKTPOMETPUU Ha IUIaT-
dbopme MassArray Analyzer 4 (Agena
Bioscience). [lns mpoBeneHus OWOXWMHYE-
CKHX HCCJIEIOBaHMI 5 MJI KpOBH HATOLIAK 3a-
Oupanu B BaKyyMHbIe POOUPKHU C FeIapuHOM
mutusi. KOHIIEHTpamuM TIFOKO3bI, TIUKUPO-
BaHHOT'O TEMOTJIOOWHA, TPUTIIMIEPUIOB, 00-
IIero XOJIECTEPUHA U ero nojadpakuuii omnpe-
nensimu Habopamu ¢upmbl «/{nakon-IC» Ha
MOJlyaBTOMAaTH4YEeCKOM OMOXMMHUYECKOM aHa-
auzatope Clima MC-15 (RAL).

buonnpopmarnuecknii aHanM3 MPOBO-
TWIA ¢ T[PUMCHCHHEM  HWHCTPYMEHTOB
STRING (https://string-db.org) ans Busyasb-
HOH OIIEHKH OenKOBbIX mapTHepoB PEMT,
GTEXx Portal (https://gtexportal.org) mist usy-
YCHHSI TKaHECTCIM(PUIHON IKCIPECCHH TeHa
PEMT; mQTLDatabase
(http://www.mqtldb.org) mis usydenust Bius-
Hus m3ydaemoro SNP Ha craryc MeTHIMpo-
BaHuA reHa. CTaTucTUyeckyro 00paboTKy Mo-
JyYEHHBIX JaHHBIX MPOBOJIWIN C MOMOIIbIO
OHJIAlH IPOTPaMMBI SNPStats
(https://www.snpstats.net/start.ntm).  Tecru-
pOBAIM MATH T'€HETHYECKHX MOJENei: KoJo-
MUHAHTHYIO, JOMHHAHTHYIO, PEIECCUBHYIO,
CBEPX/IOMMHAHTHYIO U |0Q-aqiuTuBHy0. Ac-
couuanus cuuranachk 3Haunmon npu P<0,05.
Jlis mpoBepKH HOPMAIBHOCTH pachpesene-
HUS OMOXMMHYECKHMX MOKa3aTesel HCIOJIb30-
Bamu kputepuir Kommoroposa-CmupHOBa.
[lepemennble, HUMelONIME HOPMAIbHOE pac-
npeneiaeHre, ObUIM OMMCAaHbl C UCIOJIb30Ba-
HUEeM cpenHero 3HaudeHusi (Mean) u craH-
naptHoro otkioHenus (St.Dv.) B Bunme
Mean+St.Dv. B kaudectBe Tecta cratuctuue-
CKOW 3HAYMMOCTH HCIONB30BaN TecT CThIO-
nenta. [lokazarenn ¢ HEHOpPMalbHBIM pac-
Mpe/ieJICHHEeM OMUCHIBANIU C MCTHOIb30BAHUEM
Meaunansl (Median), nepBoro (Q1) u Tperbero
(Q3) xBapruuneit, B Buae: Median [Q1; Q3]. B
KauecTBE TECTa CTATUCTUYECKOW 3HAYMMOCTH
B TAaKMX CIIy4asX MPUMEHSIN Kputepuii MaH-
Ha-YutHu. OOHapyKeHHbIE OTIUYMS TPYIII
MPUHUMAIIUCh 33 CTAaTUCTUYECKH 3HAYMMBIE
ipu p<0,05.

PesyabTaTsl U ux obcyxnenue. Kiu-
HUKO-J1a00paTOpPHBIEC TTOKA3aTeNId YYaCTHHUKOB
WCCIIC/IOBAaHMsI TIpUBEICHBI B Tabnmme 1.


http://www.mqtldb.org/
https://www.snpstats.net/start.htm
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bonpabie C/I2 mmenu 3HauMMO OoJiee BBICO-
KM YpOBEHb TJIFOKO3bI HATOIIAK, TJIMKHPO-
BaHHoro remoriaoomna, TAI', oOmero xosme-
CTEPHHA W JIMIIONPOTEUHOB HHM3KOW IJIOTHO-

(P<0,05).

Kpome Toro,

627 mMalMeHTOB
(61,2%) nmenn UMT=>30 KI/M?, 4TO KIIaccH-
bunupyeTcs Kak oxupeHue. B rpymnmne xoH-
TPOJIsl ATOT MoKa3aTenb coctaBui 12,6% (131

CTH IO CPaBHCHHUIO CO 3JOPOBBIMU JIMLIAMU I-IeHOBeK).
Tabnuya 1
K.]'II/IHI/IKO-JIaﬁOpaTOprIe MoKa3aTeJIu YHaCTHUKOB UCCJICA0OBaAHUSA
Table 1
Clinical and laboratory parameters of the study participants
boabnubie CA2 Kounrtpoab
e | o | g [ o]
Bospacr, cp, £ cT.0T. 61,1+6,9 1024 60,8+5,7 1036 0,39
Mysxuunsl, (%) 35,8 367 38,2 396 0,77
Crax quabera, Me [Q1; Q3] 9,0 [3,0; 15,0] 1024 | - 1036 | -
Hnnexc maccel Tea (KF/MZ), cp, & CT,0T. 31,916,7 1024 27,2%3,6 1036 0,001
Osxupenue, % 61,2 627 12,6 131 <0,0001
HbA., Me[Q1;Q3], % 9,10 [7,90;11,00] 1024 | 4,50 [4,10;4,70] 1034 | <0,001
I'moko3a Hatomak, Me[Q1;Q3], mmous/it | 12,00 [9,49;14,9] 1024 | 4,90 [4,40;5,00] 1034 | <0,001
D6mmmit xonectepun (Mmons/1), Me [Q1; Q3]| 5,10 [4,27; 6,09] 972 3,06 [2,86; 3,12] 449 <0,0001
JIITH (Mmons/m), Me [Q1; Q3] 3,03 [2,40; 4,05] 546 1,74 [1,60; 1,79] 446 <0,0001
JIBII (mmone/), Me [Q1; Q3] 0,85[0,74; 1,07] 546 1,47 [1,36; 1,62] 446 <0,0001
TAT (mmons/n), Me [Q1; Q3] 2,20 [1,55; 3,00] 758 1,15[0,98; 1,23] 438 <0,0001
IMpumeuanus: HbA;. — rmukupoBanusiii remormobun; JIHII — nunompoTewHs! Hu3Ko# rrotHoctw; JIBIT —

JIUMONPOTEUHBI BBICOKOH MIIOTHOCTH; TAI™ - TpHALMITIIUIIEPOIIBL; AKUPHBIM BBIJICJIEHBI CTATUCTUYECKH 3HAYUMBIH P
Note: HbA,, — glycated hemoglobin; JIHIT — low density lipoproteins; JIBIT — high density lipoproteins; TAT - triacyl-
glycerols; bold is statistical significant P values

Tabnuya 2

YacToThl reHOTHIOB M ajuiesieil 112449964 rena PEMT y 6o0sbHbIX CJ12 11 310pOoBBIX JIMI

Table 2

Genotype and allele frequencies for rs12449964 in the PEMT gene in T2D patients

and controls

Tenorun K":I}f/(‘)’;"” cljf;bnn?;) OR (95% Cl) P OR (95% CI)* p
Oo0mas BeIOOpKa
CIC | 386(373) 381 (37,2) oo oo 050
CIT | 517 (499) 501 (48.9) ! 049 | !
TT | 133 (12.8) 142 (13.9) 1,09 (0,85-1,41) 0,96 (0,72-1,29)
T 37,8 383 1,02 (0,90-1,16) 0,72 : :
IMT<30
CIC | 331(366) 151 (39)
CIT | 458 (50,6) 195 (50.4) 1.00 026 | 1,00 0,24
TT | 116 (12,8) 41 (10.6) 0,81 (0,55-1,18) 0,80 (0,55-1,17)
T 38,1 35,8 0,90 (0,76-1,08) 0,26 - -
VIMT =30
CIC |55 (@) 226 (36)
CIT | 59 (45) 301 (48) 1,00 03s | 400 0,38
M| 17 (13) 100 (15,9) 127 (0,73-2.21) 1,28 (0,73-2,26)
T 355 40,0 1,21 (0,92-1,60) 0,18 : :

IIpumedanue: OR* (95% CI) — oTHOIIEHUE MIAHCOB M JOBEPUTENBHBIN WHTEPBAJ MPHU MOMPAaBKe Ha IOJ, BO3PACT H

UMT; P*— ypoBeHb 3HAYMMOCTH IpH TIONPaBKe Ha 1o, Bo3pact 1 UMT

Note: OR* (95% CI) — odds ratio and confidence interval when adjusted for gender, age and BMI; P*— significance
level when adjusted for gender, age and BMI
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HccaenoBanubii SNP Haxomuiics B co-
OTBETCTBUM  C  paBHOBECHMEM  XapJu-
Baiitn6epra (P>0,05). YacTtoTsl amieneir usy-
yaemoro SNP rema PEMT 0Owumu comocraBu-
MBI C €BPONCHCKUMU MOMYJSIUSMHU COTJIACHO
nanHbIM TpoekTa «1000 Genomesy», nenoHu-
POBaHHBIX B Ensembl (https:
//www.ensembl.org). B Tabiuie 2 npeacras-
JIEHBI JaHHBIE 110 YacTOTaM ajjiejed U I'eHO-
tunoB PEMT y 3710poBbIX nuil U OOJIBHBIX
CJ12. JIuHelHbI perpecCHOHHbIA aHAIU3 HE
BBIIBUI accorpanuu s12449964 reua PEMT
¢ puckom paszsutusa CJI2. Crparudunmpo-

BaHHBIM aHanu3 mo UMT Takxke He oOHapy-
KWJI acCOLIMallMd HW3Yy4aeMOro BapHUaHTa C
puckom CJI2 HM cpeau JUIl C C OXKUPEHUEM
(MMT=30 KF/MZ), HU cpeau Jui 0e3 Hero
(MMT<30).

B tabmune 3 mpencraBieHbl pe3yibTa-
Tl aHanu3a accoruanuii 1s12449964 c
PUCKOM Pa3BUTHS OXXMPEHHUS Y MAIlIEHTOB C
CJ12. Kak oka3zamochk, reHotun rs12449964-
T/T cBsizaH C MOBBIIIEHHBIM PUCKOM Pa3BUTHS
oxxupenus y 6oapHbIXx C/[2 (OR 1,66; 95%CI
1,11-2,46; P=0,011, peueccuBHas MOJIETH).

Tabauya 3
YacroTsl ajiesieil 1 reHOTHNOB 'S12449964 rena PEMT y 6oibabix C/12
C O’KUPECHUEM U oe3 OKMPECHUSA
Table 3
Genotype and allele frequencies for rs12449964 in the PEMT gene in T2D patients with
and without obesity
Boabubie C/2 N
T'enorun MMT<30, n (%) ﬁMT >30, 1 (%) OR (95% CI) p*
T 35,7 39,9 1,20 (1,00-1,44) 0,055
c/C 154 (39,1) 227 (36,1) 1,00 0,041°P
cIT 199 (50,5) 302 (48) 1,03 (0,78-1,35)
TIT 41 (10,4) 100 (15,9) 1,65 (1,09-2,51)
c/C 154 (39,1) 227 (36,1) 1,00 0,34°
CIT-TIT 240 (60,9) 402 (63,9) 1,14 (0,88-1,47)
c/c-CIT 353 (89,6) 529 (84,1) 1,00 0,012%
T/T 41 (10,4) 100 (15,9) 1,63 (1,10-2,40)
CIC-TIT 195 (49,5) 327 (52) 1,00 0,44°°
cIT 199 (50,5) 302 (48) 0,90 (0,70-1,16)
1,21 (1,00-1,46) 0,05"P

[pumeuanue: Mogenu: CD — xomomunanTHas; D — nomuaanTHAs; R — penieccuBhast; OD — cBepxnomunanTtHas, AD —
Log-annurusnas; OR* (95% CI) — oTHOIIEHHE IAHCOB U JIOBEPHUTEILHBIH HHTEPBAJ IIPH MOIIPAaBKE Ha ITOJI U BO3PAcCT;

P* — ypoBeHb 3HAUMMOCTH TIPH MOIPABKE HA I10J ¥ BO3pAcT

Note: Models: CD — codominant; D — dominant; R — recessive; OD — overdominant; AD — log-additive; OR* (95% CI)
— odds ratio and confidence interval when adjusted for gender and age; P* — significance level when adjusted for gender

and age.

Kpome Toro, mpu aHammse B3aWMOCBSI-
3eit Mexay renotunamu PEMT u Guoxumu-
YECKUMH TI0Ka3aTeNIIMU YTJIEBOAHOTO U JIH-
nmuaHOro ooMena 0onbHBEIX CJI2 ObUIO OOHA-
PYXKEHO, YTO HOCHTEIHCTBO  TCHOTHIIA
rs12449964-T/T conpspkeHO ¢ Oolee BBICO-
KHM YPOBHEM TPHAIMJITIHUIICPOJIOB B TUTa3Me
KpOBH, KaK MPH HAIUYUU OXHUPEHUsS, TaK U
6e3 uero (P<0,05, Tabnma 4).

C nomompto pecypca KEGG Pathways
CTajla BO3MOXKHON MIeHTHPUKaus hepmeHTa

dbocharunumTanonamun-N-
Metuntpancdepassl (2.1.1.71) Ha merabonu-
YecKoM Kapre aunugHoro obOmena (puc. 1).
@DepMeHT KaTaau3upyeT TPU peakluud MEeTH-
JUPOBAHUSA, IIOCIENIOBATEIHbHO IIpeBpalas
dbocharununirTaHoIaMUH (KedalliH) cHavana
B MOHO-, 3aT€M B JIU-, ¥, HAKOHEII, B TPHUMe-
tuidocharuaumdTanonamud  (pochatuani-
XOJIMH, WJTH JICIIUTHH).
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Tabnuya 4
Accounanuu reHotunoB PEMT ¢ ypoBHeM TpurjinuepuaoB mia3Mel KpoBu 00abHbIX CJ12
Table 4
Associations of the PEMT genotypes with the triglyceride plasma levels of T2D patients
I'enornn n Konnenrpanus TT, OTtamune (95% CI) P
CP.£CT.0TKJI., MMOJIB/JI
Bce nanuentsr ¢ CI12
CIC 269 2,46 (0,08) 0,00
CIT 366 2,4 (0,07) 0,0037%
TIT 113 2,88 (0,22) 0,45 (0,15 - 0,75)F
NMT<30
CIC 104 2,22 (0,14) 0,00
CIT 135 2,18 (0,08) 0,037%
TIT 31 2,66 (0,23) 0,46 (0,03 - 0,90)%
UMT >30
CIC 165 2,61(0,11) 0,00
CIT 231 2,53 (0,09) 0,048%
TIT 82 2,96 (0,29) 0,39 (0,05 - 0,79)%

IIpumeuanue: TI" — Tpurnunepuasl; R — perieccuBHas Moieb.

Note: TG — triglycerides; R — recessive mode
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Note: three reactions catalyzed by PEMT are marked in red (KEGG pathways data
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OyHKuMOHaNbHBIE mnapTHepel PEMT
(manabie STRING) dopmupyroT HHTEpakK-
TomMHyt0 ceTb u3 10 GenkoB, 4 M3 KOTOPBIX
00eCleunBaOT CHUHTE3 JICIMUTUHA (XOJIMH-
stanonamuHdpochorpanchepaza 1, CEPTI,
xonmuHpochoTpanchepasza 1, CHPT1,;
mu3odocomunuaanuITpancdepasa 5,
LPCAT3 u xomuuaeruaporenaza, CHDH), 3
Oellka KaTaIu3upyrT 00pa3oBaHue kKedainHa
(bocharuauncepunaekapookcunasza, PISD;

PTDSS2 {\

stanonamuHdpochorpanchepaza 1, EPTI,
nu3zodochomunuaaneTunrpanchepasa 2,
MBOAT2), u eme 3 ¢yHKIMOHAIBHBIX
naptHepa PEMT BoBieueHl B CHHTE3

dbocharuaunxonnHa
(mu3odochonunuaaneruiTpanchepasa 1,
MBOAT1;  ¢ocharuauncepuncunTaza 1,

PTDSSI;
PTDSS2).

dbocharumuicepuncuaTasza 2,

PTDSS1

MBOAT1

Puc. 2. Cetb 6enkoBbIx naptHepoB PEMT
Fig. 2. PEMT protein network

Hacrosdmee wuccienoBanue  BBIABHIIO
B3aHMOCBSI3b noJMMop(dHOro JOKyca
1s12449964 B perynaTopHOM yd4acTKe reHa
PEMT ¢ mNOBBIIEHHBIM PHUCKOM pPa3BUTHS
oxupenust 'y 6onpHbix CJZI2, neMoHCTpupys
TE€M CaMbIM MOTEHIMAIbHYIO BOBJIEYEHHOCTb
reHa dbocharunundTanonamMmun-N-
MeTHATpaHc(epa3bl B MaTroreHe3 3aboseBa-
HUs. B nmuteparype ecTh €IMHUYHBIE HCCIIE-
noanuss ponu PEMT B ¢opmupoBanuu
MPEIPACIONOKEHHOCTH K HIIEMHYECKOH 00-
JIe3HU Ccep/la, UIIEMHUYECKOMY UHCYIbTY [7],
octpoMy naHkpeatuty [13, 14] u oGceccus-
HO-KOMITYJIbCUBHOMY cuHApoMy [15]. Takxke
omucanbl accormanuu 0ss-of-function Bapu-
autoB PEMT c ypoaem TAI mia3msl KpoBU

(rs11656215) [16] u oTHOmIeHWeM oOOBeMa
Tamuk K 0o0wmemy Oemep: rs4646404 [17],
rs9944423 [18]. U3yuaemsbrii SNP Taxke oka-
3aJics acCOLMMPOBAaHHBIM ¢ puckom CJ/I2 B
koropre UK Biobank, Bxmrouaromeit 19860
6ompHBIX CJI12 u 432404 3m0poBBIX JHUIL [6].
Tem ne Menee, accommanus 1512449964 c
puckom CJI2 He Oblma TOATBEpXKICHA B
HacTosIIel padoTe.

CornacHO JKCIIEPUMEHTANbHBIM JaH-
ueiMm GTEX Portal, amnens rs12449964T ac-
COLIMMPOBAH CO CHIKEHHEM JKCIPECCUU
PEMT B meuenu, BHUCIEpATBLHON M TIOJKOX-
HOM KHPOBOW TKaHH, HaOOJIee aKTUBHO CHH-
tesupyromnx TAI' u @JI mo cpaBHEHHIO C
JIPYTUMH KJIeTKaMH (puc. 3).
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Puc. 3. Dxcnpeccus PEMT B paznnuHbIX TKaHIX
Fig. 3. Expression of PEMT in various tissues
Kpome TOro, omenka 3ddexToB YYBCTBUTEJILHOCTh MEPUPEPUUECKUX TKAHEH

rs12449964 na cratyc METUIMPOBAHUS T'€HOB
(mQTL) noka3ana, 4yTo albTepHATUBHBIN a-
nenb T CBSi3aH € TUIEPMETUIMPOBAHUEM
PEMT, a 3Ha4uT, CO CHI)KECHHEM JKCIPECCUH
3TOro reHa B JIETCKOM M B3pPOCIIOM BO3pacTe.
YMeHbIIIeHHe aKTUBHOCTU CUHTE3a JICIIUTHHA,
camMoro pacrpoctpaHeHHoro Qocdonununa,
MOXKET MPHUBOIUTH K MepepactpeesICHUI0
myna gochaTuaHON KHCIOTHI, — 00IIero cyo-
ctpata s cuare3a Gpochomumunos u TATL, B
noJib3y oOpa3oBaHMsl TIOCIEIHUX, CIIOCO0-
CTBYS TaKUM OOpa3oM, HAKOIUICHHIO B KIIET-
KaX HEUTpaTbHBIX KHPOB, M YBEITUYCHUIO
Maccel Tena. B nanHON paboTre BHepBbIE MO-
Ka3aHa B3aMMOCBA3b MEXAY T'€HOTUIIOM
rs12449964-T/T u Gojee BBICOKMM COJIEpIKa-
HueM TAI B muasme kpoBu OosbHbIX CJI2
BCEX BECOBBIX Kareropui. Cnenyer orme-
TUTh, YTO yBelIM4YeHue KoHueHTpauuu TAT,
0COOEHHO B COYETAaHUH CO CHH)KEHUEM YpPOB-
HS JIMIIONPOTEMHOB BBICOKOW IUIOTHOCTH,
CUMTAETCS] MapKEPOM HMHCYJINHOPE3UCTEHTHO-
ctu [8, 19]. Tak, B AeCATHIETHEM MPOCIIEK-
TuBHOM wmccienoBanun A. Tirosh [20] OGwuto
MOKa3aHo, YTO yBenuuyeHue coaepxxanus TAD
B IUIa3ME€ KPOBH OT HHU3KOIO IO BBICOKOTO
TEPTWISA B TE€UEHUE 5 JIET YBEIUYUBAET PHUCK
pazeutus C/I2 B 12 pa3 He3aBUCHMO OT WH-
nexca maccel Tena (MMT) yuacTHUKOB uc-
CJIEJOBAHMUS. Hupkynupyromue B KpPOBH
TAT cnyxar NOTEHIHUATbHBIM HCTOYHUKOM
CBOOOJIHBIX JKUPHBIX KHUCJIOT, YXYAIIAOIINX

K MHCYJIMHY U 3aMBIKAIOLIUX HOPOYHbII Kpyr
MEXJy THIEPTPUTIIMLEPUAEMUE U UHCYIIH-
HOPE3UCTEHTHOCTHIO, COCTABIISIONICH MaTore-
Hernueckuii ¢pyngament CJ2 [21, 22]. Ilo-
BbiieHne ypoBHS TAI' u cBOOOJIHBIX XHp-
HBIX KHUCJIOT AaKTHBHUPYET anomnro3 Oera-
KJICTOK IOJDKENTyJJOYHOM KeJe3bl, CHUXKas MX
(GyHKIIMOHATBHYIO Maccy, — 3(Q¢eKT numo-
TOKCHYHOCTH, KOTOPBI B COYETAHHH C TIIO-
KO30TOKCHYHOCTBIO CIIOCOOCTBYET IOpaxKe-
HUIO pPa3IMYHBIX OpPraHOB M CHCTEM, B
NIEPBYIO OYepe/ib, a3, MOYeK, COCYA0B U He-
PBOB HUYKHUX KOHEUHOCTEH [1].

3akmouyenue. TakuM oOpa3zom, MpoBe-
JICHHOE HCCIIE0BaHUE OOHAPYKMUIO acCOLHU-
aruto 1512449964 rena PEMT c¢ runeprpur-
JUIEPUIEMUEH U TIOBBIIICHHBIM PUCKOM pa3-
BUTHUS OkUpeHHs y 60abHBIX C/[2, uTo MOXKeT
ObITh OOYCIIOBJIEHO HM3KOM TPaHCKPUIILIMOH-
HOW aKTHUBHOCTBIO TeHa (hochaTuauadTaHo-
namMuH-N-MeTunTpancgepassl 'y HoOcCUTeNnel
anpTepHaTHBHOTO ayutenst T m3ydaemoro o
HOHYKJICOTUJIHOTO mojguMopdusma. [lomy-
YEeHHBIE PE3yNbTaThl TAKXKE CBUJETEIbCTBYIOT
0 TOM, 4TO caxapHsblii nuadert, diabetes melli-
tus, TIaBHBIM TUArHOCTUYECKUM KpHTEpPHEM
KOTOPOTO TIO-TIPEXKHEMY CIYXKHT XpOHHYE-
CKasi TUTIEPTIIMKEMUS], CEPhE3HO TIOpaXKaeT He
TOJILKO YTJIEBOJHBINA, HO U JIMIMIHBIA OOMEH,
¥ MOJKET 1O TpaBy Ha3biBaThcs diabetes mel-
lipidus.
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Pesrome

AKTYyaJBbHOCTh: CHHIPOM JIeTIEIMN KOPOTKOTO mieda XxpoMocombl 18 (18p-) cBsizan
C Pa3IUYHBIMU MOTEPSIMU XPOMOCOMHOI'O MaTepuana KOPOTKOro Ijeda (YacTHuyHast
MOHOCOMHMSI), HO YaIlle BCEro C MOJIHOW MOTEpe KOPOTKOro Iiedya XpoMOCOMBbI 18.
Yacrora cunapoma 18p- B momymsaumu cocrasiser 1:60000; nmuTOreHEeTHUECKH U
KIIMHUYECKH OH JJOCTaTOYHO rereporeHeH. KiimHuueckue nposiBiIeHHs] 3HAUUTEIbHO
BapraleabHBL: OT JETKUX (OPM C BPOXKIEHHBIMU MOPOKAMU M MUKPOAHOMATHUSIMH
Pa3BUTHS 10 TPYOBIX MOPOKOB FOJIOBHOT'O MO3ra; PeAKO HAOIIOAat0TCs pacCTPONCTBA
ayTUCTUYECKOTO CIEKTpa, snwmiencus. Touku pa3pbiBa MpU JIeIeHUU Pa3sHOOOPa3HBI,
TaK 4TO CHUHIPOM TpPeOyeT KOPPEKTHOTO HCCIEAOBAHHS OOJBIINX TPYII OOJHHBIX
JIeTEW ¢ IPUMEHEHUEM COBPEMEHHBIX T€HOMHBIX TexHosiorui. Ileap necnenoBanus:
Hcnonp30BaHnEe IUTON€HETUYECKUX U MOJIEKYIISIPHO-IIUTOT€HETUYECKUX TEXHOJIOTUI
JUISL OIIPEJENIEHNS KPUTUYECKUX TOUYEK pa3pblBa M, 110 BO3MOYKHOCTH, KOPPEISILIHUU
deHoTumna u reHotuna npu curapome 18p-. Pesyabrarei: B manHol myOnukarmu
MBI OTMKUChIBaeM COOCTBEHHBIE HaOMIOAeHUs 15-TH marueHToB (9 MaJbunuKOB U 6 Je-
BOYEK) C CHHJPOMOM JEJEIUU KOPOTKOIO IJI€Ya XpOMOCOMBI 18, BBISIBIEHHBIX B
oOMpHOIl kKoropre obcienoBaHHbIX nanueHToB (N=8536). Cpeanuii Bo3pacT aereit
cocTaBui 5,1T; COOTHOIIIEHUE TTOJIOB OBLI B MOJIB3y MaIbuuKkoB (1,5:1) B oTiinuue ot
JUTEPATypHBIX JaHHBIX. KpUTHUYECKUX TOYEK, CBA3AHHBIX C 3TUM CHHJIPOMOM H JIO-
KaJIM30BaHHBIX B KOPOTKOM IUIEYE XpOMOCOMBI 18, He BbIsIBIEHO. BeposATHO, KIMHU-
Yyeckasi KapTHHA CUHJIPOMa acCOLMMpPOBaHa CO MHOTMMHU TOYKaMH pa3pblBa B KOPOT-
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koM 1iede 18(pl1.1->pter). Yactora cunnpoma 18p- B uccienyemMoit rpymme aeteit ¢
3aJIep>)KKOM pa3BUTHUS, U YMCTBEHHOW OTCTaJOCTbIO, BPOXKIEHHBIMH MOPOKAMHU H
MHUKpOaHOMAIIUsAMU pa3BuTUsA coctaBmia 0,2%. O6cyxaaroTcs TuarHocTH4ecKue ac-
NeKThl JaHHOM TMAaTOJIOTMM W  BO3MOXHOCTH IPHUMEHEHHUS  MOJICKYISIPHO-
LUTOI€HETUYECKUX METOJIOB B MCCIEAOBAaHUU CHUHApOMA. 3akjarodenue: [loguépku-
BAeTCs MEPCOHATU3UPOBAHHBIN MOJIXO K TUATHOCTHKE CHUHIPOMA JJIsi KOPPEKTHOTO
MEAMKO-TEHETUUECKOTO KOHCYJIbTHUPOBAHUS C LIEJBIO0 YJIYULIEHUS KadecTBa JKU3HU
00apHOTO pebEHKa U JUIA JalIbHEHIIEro U3y4eHHs Koppensuuil (eHOTUIT-KapUOTHII.
KiloueBbie ciaoBa: cuHapoM 18p-; IHUTOreHETHYECKHE METOIbI; MOJIEKYJISPHO-
LIUTOTEHETUYECKasl AMArHOCTHKA; YMCTBEHHAsI OTCTAJIOCTh; BPOXKAEHHBIE MTOPOKU U
AHOMAJIMH Pa3BUTHS

BaarogapHocTu: ABTOpPHI BRIpaXaroT Onarogapuocts c.H.c. O.C. Kypunnoii, na6o-
pantam-uccienonarensiMm H.C. AxymeBy u B.JO. FOpoBoii 3a TeXHMYECKYIO TOMOIIb
B TIOJITOTOBKE CTAThH K ITyOJIHKAIIHH.
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TUYECKON M MOJIEKYJISPHO-IIUTOTCHETUIECKON AMarHoCTHKH. HaydHbie pe3ynbTaThl
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Abstract

Background: Chromosome 18p deletion syndrome (18p-) is associated with a loss
of chromosomal material of the short arm (partial monosomy); however, the whole
short arm is lost in the majority of cases. The frequency of 18p- syndrome is
1:60000. The syndrome is cytogenetically and clinically heterogeneous. The clinical
manifestations vary extremely from mild forms with congenital anomalies and de-
velopmental delays to severe brain malformations. Rare cases demonstrate epilepsy
and autism spectrum disorders. The deletion breakpoints are also variable. Accord-
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ingly, the syndrome needs the analysis of large groups of diseased children by cur-
rent genomic technologies. Aim of the study: The evaluation of cytogenetic and mo-
lecular-cytogenetic technologies for defining critical breakpoints and possible pheno-
type-genotype correlations. Results: Here, we describe our observations of 15 pa-
tients (9 boys and 6 girls) with 18p deletion syndrome, revealed in a large cohort of
patients (n=8536). The mean age was 5.1 years; the sex ratio was in favor of boys
(1.5:1) in contrast to the literature data. Critical breakpoints associated with this syn-
drome within the short arm of chromosome 18 were not revealed. It is possible that
the clinical features of the syndrome are associated with many breakpoints in chro-
mosome 18 short arm (pl1.1->pter). The frequency of 18p- syndrome in children
with intellectual disability, developmental delays, and congenital anomalies was
0.2%. The diagnostic aspects of this pathology and the value of molecular cytogenet-
ic methods in studying the syndrome are discussed. Conclusion: We highlight per-
sonalized approach to diagnosis of the syndrome for correct genetic counseling for
the improvement the life quality and establishing phenotype-karyotype correlations.
Keywords: 18p- syndrome; cytogenetic methods; molecular cytogenetic diagnosis;
mental retardation; congenital anomalies.
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BBenenue. B 1960-x rogax mporuuioro
BeKa OBLIN OMHUCAHBI CUHJIPOMBI, CBSI3aHHBIE C
aHOMAJIMSIMU XPOMOCOMBI 18, B TOM umcie
cuapomsl 18p- u 18¢-, a Takke CHHAPOM
KoJbIeBoi xpomocomel 18 (r18) [1, 2]. Oc-
HOBHBIE TM1aTOJOTHYECKUE TPOSIBICHUS CHH-
JIpOMa JIeJIeUd KOPOTKOIO Iuieda XPOMOCO-
MbI 18 (18p-) cBsi3aHbI ¢ pa3IUYHBIMH [ICUXO-
MOTOPHBIMU U JIPYTMMHU BPOXJIEHHBIMU I10-
pOKaMH ¥ MHKPOAHOMAJUSMHU Pa3BHUTHS.
VYuéHbple M3 pa3HbIX CTpaH, MCCIEI0BABIINE
OOJIBIIIOE YHCIIO AETEH C JAHHOH aHOMAJIHEH,
OTMEYAIOT 3HAYUTEIbHBIN [TUTOT€HETUYECKUN
Y KIIMHUYECKUNA TTOJIMMOP(U3M, YacThie CTEP-
Tble (GOpPMBI CHHIpPOMA, HEPEUIEHHBIE MPO-
OyieMbl KOppensiiuu (PEHOTUIT-TEHOTHI, YTO
3aTPyAHSIET MEIUKO-TEHETUYECKOE KOHCYIb-
TUPOBaHWE, KOPPEKIMOHHYIO TEpaIuio, Mpo-
THO3 JUTsI TIAIUEHTOB, U TPeOyeT MpUMEHEHUS
CaMBbIX COBPEMEHHBIX IIMTOTCHETHYECKUX U
MOJIEKYJIIPHO-IIATOT€HETUYECKUX  METOOB
st 6onee 3PpGEeKTHBHOTO U3YUCHHS JAHHOTO
cuHapoMma [2].

MuHUMaIIBHBIMA ~ THarHOCTHYECKUMU
MPU3HAKAMU 3TOTO CHUHJIPOMA CUHUTAIOT yM-
CTBEHHYIO OTCTAJIOCTh OT JIETKOM 10 TSKEIOU
CTENEHH, 3aJIEP)KKy POCTa, MBIIICUYHYIO THIIO-
TOHHIO, KPYIHBIE 1e()OPMHUPOBAHHBIE YIIIHBIE
PaKOBHHBI, aHOMAJUU CKeJeTa. BhIIensoT
JIBA OCHOBHBIX (DEHOTHIIMYECKUX BapUaHTa
JAHHOTO cCUHApoMa: 1) ¢ rpyOBIMU OPOKaMH
apuHdIHIEeATHUECKON CUCTEMBI; 2) C OTCYT-
CTBUEM IIOPOKOB MO3Ta. TUNUYHBI Takxke
CIeNyIolMe TPU3HAKU: HU3Kas Macca Tena
MIpU POXKIEHUH, 3aJePKKa POCTa, YKOPOUYECH-
HblE KOHEYHOCTH, pa3nuuHbie MAP: mukpo-
nedanus, TUNEPTETOPU3M TIA3HBIX IIETEH,
MITO3, SMHMKAHT, KaTapakTa, KOCOIJa3ue, LIu-
POKHMI TIJIOCKMII HOC, MUKPOTHaTHs, paclie-
TUHBI TYOBI U HEOA, OOMBIINE OTTOMBIPEHHBIC
VITHBIC PAKOBHHBI, HAPYIICHUSI CTPOEHUS Ue-
JIOCTHO-3yOHOTO ammapara, MHOXKECTBEHHBIN
Kapuec, KIWHOMAKTUIIUS, CUHIAKTUIIUS; He-
peIKu KOpOTKas wiesi, IUpOoKasi BJABJICHHAs
TpyIaHasi KJIETKa; aJONenus, TUIIOMATMEHTa-
LU KOXXKHM, aHOMAaJuU TMO3BOHOYHMKA, Bajlb-
rycHas nedopmainys JOKTEBBIX CYCTaBOB, KO-
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COJIANOCTh, BPOXKIEHHBIN BBIBUX Oenpa, TH-
MOMJIa3usi MOILIOHKKM U TOJOBOTO YJeHa Yy
MaJbUMKOB U MaJIbIX TMOJOBBIX I'y0 y I€BOYEK,
naxoBasi Tpepka, BIIC. Bce OonbHBIE 3HAYH-
TEIBHO OTCTalOT B IMCUXOMOTOPHOM pa3BU-
THH, cTpagaeT peub (adazus wim aucdasus,
¢dpazoBasi peuyb 4acto OTCYTCTBYyeT 10 7-9
neT). Berpeuatotcst rpyObpie TOPOKU TOJIOBHO-
ro MO3ra Mpu MepBOM BapuaHTe 3a00JIeBaHUs
(apundHIDQanus, nposdHIehaTHIecKue Io-
POKH, TUNoIia3us runodusa - rUNONUTYUTA-
pusM, mukionus, nedouedanus) [3, 4, 5]. Y
ATUX TMalMEHTOB CHIXKEHA MPOJOJIKUTENb-
HOCTb XM3HHU. YacToTa CUHIPOMa COCTaBIISIET
1:60000, geBoukM OOJIEIOT dYallle MaJIbYHUKOB
(COOTHOIIIEHHE TOJIOB TIO Pa3HBIM JIAHHBIM:
M:K - 1:15 - 1:2) [6, 7, 8]. BoapmuHCTBO
Clly4aeB ONMCAaHbl KakK CIOpaJHyecKue; ce-
MEHHBIE CITy4yau PeIKH U OOBIYHO aCCOIUUPO-
BaHbI CO COATaHCUPOBAHHBIMH TIEPECTPOMKA-
MU poautenedl npu ydactuun 18p. Penko He-
cOaTaHCUpOBaHHAsI TEPECTPOKa HACIETyeT-
csl OT OJIHOTO W3 POAMTENEH co cOamaHCHpO-
BAaHHOW aHOMAaJIMEH, CBsi3aHHOU C 18p, U TO-
r71a POJUTENN MOTYT MMEThb MOAOOHBIC KIIU-
HUYECKHE CHMITOMBI CHHJpOMa B JETKOM
dopme [9]. IIporuos amns Ku3HU y OONBHBIX C
MIOPOKaMU TOJIOBHOTO Mo3ra HeOiaronpus-
TEH, BO3MOXKHA THUOENb TaKUX TMAIlMeHTOB B
MEPBbIE MECSIBI U JTa)Ke THU KU3HU, Y 00JIb-
HBIX 0€3 TOPOKOB MO3Ta MPOI0KUTEIBHOCTD
KU3HH HOpMajbHa WM CHIDKEHA HE3HA4YHu-
TeJIbHO (M3BECTHHI CITy4al CMEPTH B BO3pacTe
65 ner) [2]. OrnenpHBIE OOJTBHBIE XOPOIIO
aIalITUPYIOTCS U J1aXKe CIIOCOOHBI K AETOPOXK-
nenuto. Pogurenn G0abHBIX JeTeH B cpeaHEM
HECKOJIBKO CTapIie OOBIYHOTO M MX BO3PACT
COCTaBJISIET HA MOMEHT pPOXKICHHsS peOEHKa
6onee 35-36 net. [TockoabKY Y MHOTHX Hallu-
€HTOB C JieJIeleil KOPOTKOro Iieya XpoMo-
coMbl 18 KITMHUYECKHE MPU3HAKK BeChMa Ba-
pradenbHBI, AMATHOCTUKA CHHIPOMA HEPEIKO
3aTpyqHUTENbHA U TpeOyeT MOATBEPKIACHUS
MOJICKYJIIPHO-ITATOTEHETUYECKUMH  METOJIa-
mu [4, 10, 11].

[Togpo6GHOE M3yueHHe TEHOB B KOPOT-
KOM IIJIe4e XPOMOCOMBI 18 MO3BOJIIEeT aHAuU-
3UPOBATh WX y4aCTHE B TEHOMHBIX CETSX, KO-
TOpOE, B CBOIO OYepeib, MOXKET OBbITh Mpe-
METOM OOCYXKJICHHSI TIPU TTOUCKE KOPPEIISIIHIA

TeHOTUT-PEHOTUTT TpU 3TOM cuHapome. [lo
JTAHHBIM HCCJIeIOBaHUM [4], B KOPOTKOM ILjie-
ye xpomocoMmsbl 18 conepxutcs 118 renos, 57
U3 KOTOPBIX MHICKCUPOBaHBI B 0a3e JaHHBIX
OMIM [Online Mendelian Inheritance in
Man]. BoJbIIMHCTBO M3 HUX HE YYaCTBYIOT B
(hOopMUPOBaHUH TATOJIOTUYECKOrO (DEHOTHIA
IpU JTaHHOM CHHJIpOME. ABTOpaM YAaloCh
uneHtuuuuponatb 10 TeHOB, KOTOpbIe, C
OO0JIBIION BEPOSITHOCTBIO, Y4acTBYIOT B (hop-
MHUpPOBaHUU (DEHOTHINA MPHU JaHHOM CHHJIPO-
me: TGIF1, LAMA1l, GNAL, AFG3L2,
SMCHD1, PTPN2, TWSG1l, DLGAP1,
ANKRD12 u IMPA2. Tem He MeHee, MHOTHE
WCCIIeIOBATeN MOJaramT, 4YTO Yy JaHHOTO
CHUHJPOMA HET KPUTHYECKOTO y4acTKa WIH 3K
KPUTHUYECKHI y4acTOK PaCHOJOXKEH OT TeJO-
MEpHI 10 TOYKHU pa3pbiBa B KAKJIOM KOHKPET-
HOM criyyae. [[nst oTAensHO B3SATBHIX MATONO-
THYECKUX CHUMITOMOB (TYroyXxocTbh, CTpa-
OM3M, NITO3, HUCTarM, CKOJIHO3/KU(O3, KPHII-
TOPXHU3M, CYAOPOTH) TAKUE CErMEHTHI XPOMO-
combl 18 ompenenenst [7, 12, 13]. Hepenko
JETSIM ¢ CUHJIPOMOM 1 8p- KIMHUYECKU CTaBSIT
muarno3 cunapom lllepemesckoro-TepHepa,
MMesl BBUJIY HU3KUUA POCT, KOPOTKYIO IIEIO,
aHoManuu reHutanui [14, 15, 16]. Iurore-
HETUYECKH CHHIPOM JOCTaTOYHO TIeTepore-
HeH. OOBIYHO Jenenus MPOUCXOTUT C TOTe-
peil Bcero KOpoTKOro Ijeya, pa3Mep KOTOpo-
ro cocrasisger 16000000-16500000 nap Hyk-
JICOTUJIOB, BKJIIOYasl TE€TEPOXPOMATHH IIEH-
TpoMmepbl. Pexe paspblBbl INpu  JENEHUH
HaOMIOJAIOTCST B Pa3MYHBIX  CErMEHTax
yuactka 18pll.21->pter. M3BectHO Takxke,
YTO HE BBISBJIEHO HHU OJHOTO Clydas WHTEp-
CTULMAJBHBIX JIeJIENUid B KOPOTKOM IUIeue
Xxpomocomsl 18.

B mnHacrosmeit pabote mpencTaBIeHBI
[IUTOTCHETHYECKUE u MOJIEKYJIIPHO-
LUTOT€HETUYECKUE MCCIIEIOBAaHUSA JEeTeH C
pa3nu4HbIMU popMamMu cuHIpoMa 18p-.

Marepuanbl M MeTOABI MCCJIEA0BA-
Husi. [{uTorenermdeckn oOcnemoBaHbl 8536
nereit ¢ 3I1PP, 3[IMP, ymcTBeHHOl OTCTal10-
cteto, 3OP, BIIP u MAP, cpean KoTOphIX
ManbuukoB - 4575, meBouek — 3961. Coot-
Homenue nonos M:OK — 1,15:1. Kapuotunu-
poBaHHe OBLJIO MPOBEIEHO BCEM MAllMEHTaM
nyrém GTG- u CBG-okpammBanus 1o craH-
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JApTHBIM MPOTOKoJIaM [2]. 3anmuch KapuOTH-
OB IPOBOJAMJIACH COIJIACHO Kiaccuukaiuu
u HomeHkatypsl ISCN 2016 u 2020 [17, 18].

MonekynspHO-IIUTOT€HETUYECKHE  UC-
cinenoanusi (FISH) mpoBoawmmuce ¢ momo-
IIbI0 OPUTHHAIBHBIX METOJIOB M C MpUMEHe-
HUEM OpPHUTHHAIBHBIX CAWT-CHEUPUIHBIX U
oxostonienTpomepubix JIHK mpo6, a Taxxke B
OTJENbHBIX CIIy4asX - MIUTHUHTOBOW MPOOBI,
10 CTaHJApTHBIM IpoTokoam [19, 20].

MounekynsipHoe KapUOTUIIUPOBAHHE
npoBoauiu ¢ nomoinkio SNParray (CytoScan
HD, Affymetrix), comepskamieii oxono 2,7
MJIH Tpo0, MO CTaHAAPTHBIM MPOTOKOJIAM.
[TonydeHHble JaHHBIE BU3YaTU3UPOBAIUCH C
ucnonszoBanuem Affymetrix ChAS (Chro-
mosome Analysis Suite, Array Version
4.1.0.90/r29400) [21, 22].

Pe3yabTaThl m ux o0cy:xaenue. B pe-
3yJbTaTe IIUTOTEHETUYECKUX HCCIICIOBAHUM
8536 nmereit ¢ 3[IMP (ymcTBeHHOI OTCTamo-
cTh10), pazimuunbiMu BIIP u MAP Obuto BbI-
sSBieHO 15 aeteit (9 MalbUUKOB U 6 JIEBOYCK)
C CHHIPOMOM KOPOTKOTO IUI€4Ya XPOMOCOMBI
18. CootHomenue mnoioB - 1,5:1,0 6buto B
MOJIb3Y MAJIbUYUKOB B OTIIMYUE OT JIUTEPATYP-
HBIX JaHHBIX, TJ€ Bcerja mpeodiamaroT Je-
Bouku. CpeHUii BO3pacT JAE€TeH ¢ CHHAPOMOM
JIeNelIM KOPOTKOro Iie4ya XpoMOCOMBbI 18
(18p-) cocraBun 5 et 1 mecs (0T 3 MecsieB
1o 12 ner). Yactora nereid ¢ CHUHAPOMOM Je-
JeIUU KOPOTKOro IUie4a XpOMOCOMBI 18
(cunmpom 18p-) coctaBumna 0,2% ot oOmiero
yucia nanueHToB (15 maruentoB u3z 8536 me-
teit). [lpu nuToreHeTHYeCKOM aHanH3e Jele-
nus (moTepsi XpOMOCOMHOTO MaTepualia Ko-
POTKOrO TuIeYa XPOMOCOMBI 18) BBISBIICHA,
KaK ¢ TOYKaMHU pa3pbiBa, JOKATHU30BAaHHBIMU B
paiione 18pll.1 ¢ ywdacTuem OKOJIOLIEHTPO-
MEPHOTO TeTEPOXPOMATHHA, TaK U B ydacTKax
18p11.2 — 18p11.3 no 18pter (tabn. 1). V 11-
TH JeTell oOHapyKeHa JeNernusi KOPOTKOTO
mieya XpomMocoMbl 18, y 2Xx — KoiblieBas
xpomocoma 18 ¢ morepelr XpOMOCOMHOTO Ma-
TepHasia KOPOTKOTo Tie4a, Y OJHOTO peO&HKa
— TPAHCJIOKaus MPU Y4aCTUH XPOMOCOMBI 18
C MOTeper yacTu MaTepuana KOpOTKOro Iuie-
ya. TpaHcmoKanusi ¥ KOJBIIEBBIE XPOMOCOMBI
(tabn.1, cmydau 3, 10 u 11) moaTBepkaeHbI U
yTo4uHeHbI ¢ momomnsio FISH wmccnenoBanmii

Ipu IpUMeHeHuu caiiT-cnenuduyecknx JJHK
po06. B 5-tu u3 15-t1 ciyqaeB ObL10 yTpade-
HO BCE KOPOTKOE IIJICU0 XPOMOCOMBI 18 (Taldur.
1). B oxHoMm cnyyae BbIsIBIEHA MO3aWYHAs
¢dopma cunapoma. KiimHu4eckne CUMIITOMBI Y
BCEX IMAlMEHTOB ObUIM Pa3HOOOpa3HbI: yM-
cTBeHHass otrcranocts, 3IIPP, 3IIMP, 3®P,
PAC, awdHnmedanus, paznuunsie BIIP u
MAP, B ToM umciie MHKpoledanus, HU3KHI
pOCT, TIA30KOXKHBIN anbOMHHU3M, ajoIelus,
TUIEPTENIOPU3M IJ1a3HBIX ILEeH, PaclIeIUHbI
ryosl u HEOA m apyrue pasnuuneie MAP
(tabm. 1). CreneHp TSHKECTH MATOJIOTHYECKHUX
IIPOSIBJICHUH, BKJItOUYasi IOPOKU MO3Tra U Cy/l0-
pory, 3HAYUTEIHHO BapbUpPOBaia; MPU ITOM,
HE BCE IIEPEUMCIICHHbIE aHOMaIuU (Kpome
3IIMP u 3I1PP) BcTpeuanuch y OONbHBIX Je-
teit [12, 23, 24]. Koppensus Mexay pa3sme-
pamMH yTPaueHHOTO Yy4YacTKa U TKECTHIO
KIMHUYECKUX TPOSBICHUN OTYETIMBO HE
MIPOCJIEKUBANIACH, YTO OOBSICHUMO HEKOTOPOIl
CTEPTOCTHIO KJIMHUYECKON KAPTUHBI U PA3HO-
o0Opa3ueM MaToJIOrHuecKUX CHMITOMOB Y TMa-
UEHTOB U3 JaHHOU rpymsl (Tabm. 1). [Tpak-
TUYECKH, BO Bcex ciydasx nposomwiu FISH
UCCIIEIOBaHMs, a B OT/AEIbHOM CIIydyae U MO-
JIEKYJIIPHOE KApUOTUIIMPOBAHHUE, U C IMOMO-
IIbI0 ATUX METOJOB JeJelns KOPOTKOIO Iie-
ya xpoMocoMbl 18 Oblna moaTrBepkaeHa. I[lo
mutoresernyeckuM u FISH wucciaenoBanusam
u3 151tu ciaydaeB oOHapyKEHBI, KaK Perysp-
HbIC XPOMOCOMHEBIE aHOMAIWH, y 14TH manu-
€HTOB, TaK U y OAHOTO peOEHKa - MO3anvHas
dbopma cungpoma c kioHamu 46,XVY,18p-
/47,XY ,+mar(derX) (mociaenHuii KJIoH OOHa-
py’keH B HeOonbpmioM KonuuecTBe). Kpome
TOTO, Y OJTHOTO peOEHKa BBISBIEHA TPAHCIO-
Kalus ¢ yyactueMm xpomocoMm 15 u 18 ¢ more-
pell KOpOTKOro 1uieda XpoMocomsel 18, u aBa
cllydasl ¢ KOJIbLIEBOM XpoMocoMoi 18 Taxxke ¢
notepeit kopotkoro tuieva. [Ipu monekynsp-
HOM KapUOTUIIHPOBAaHMM OOHApyXeHa U ua-
CTHYHas AYTUIUKAIHs XpoMocombl 7 (Tabm. 1,
ciydait 14). Pe3ynbrarsl ITUTOTEHETHUECKHX
WCCIIeIOBaHMM MPEICTaBIICHbI HA PUCYHKaX 1,
2, 3. Ilpuuém, Ha puUCyHKE 3 IpeaCcTaBIICHA
MaHeb TOMOJIOTOB XpPOMOCOMBI 18 U3 pa3HbIX
KapuOTUIIOB, OJIMH M3 FOMOJIOTOB KOTOPBIX C
18p- ykazan crpenkoil. FISH uccnenoanms
MPEJICTABJICHBI HA PUCYHKE 4.
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Puc. 1. MeTa(I)aSHI:Ie IUIACTUHKU MaJIbYMKa C CUHAPOMOM ACJICHUHU KOPOTKOI'O IJiIi€4a XpOMOCOMBI
18 (18p-). Kapuotun - 46,XY,del(18)(p11.1): a) G — okpammBanue xpomocoM; 0) C — okparinBa-
HHEC XpOMOCOM (KpaCHHMI/I CTpCJIKaMH1 OTMCUYCHBI XPOMOCOMBI 18 ¢ ACJICHHAMU,; YCPHBIMHU —
XpoMocoMel 18 6e3 neneruii).

Fig. 1. Metaphase spreads of a boy with chromosome 18 short arm deletion syndrome (18p-).
The karyotype was 46,XY,del(18)(p11.1): a) GTG-chromosomal banding; b) CBG-chromosomal
banding (red arrows show deleted chromosomes 18; black arrows — chromosomes 18 without

deletions)
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Puc. 2. MeTa(baSHBIe TIACTUHKHA JCBOYKH C CHHAPOMOM ACJICIIUU KOPOTKOI'O IJICYa XPOMOCOMBI
18 (18p-). Kapuotun - 46,XX,del(18)(p11.21): a) G — okpamiBaHue XpOMOCOM;
6) C- OKpallnBaHUC XPOMOCOM (KpaCHLIMI/I CTpPCIIKaMHU OTMCUCHBI XpOMOCOMBI 18 ¢ ACICHIHUAMMU,
YepHBIMHU — XPOMOCOMBI 18 0e3 menenuii).
Fig. 2. Metaphase spreads of a girl with chromosome 18 short arm deletion syndrome (18p-).
The karyotype was 46,XX,del(18)(p11.21): a) GTG-chromosomal banding;
b) CBG-chromosomal banding (red arrows show deleted chromosomes 18;
black arrows — chromosomes 18 without deletions)
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B omHoMm ciyuae (Tabum. 1) mamueHty c
18p- 6b110 BMecTo FISH mccnenoBanus mpo-
BEJICHO MOJICKYJISIPHOE KapHOTUITUPOBAHUE

HO U TO3BOJIMJIO BBISIBUTH JPYrM€ F€HOMHBIE
QHOMAJIMH, B TOM YHUCJIE TYIUIUKAITUIO XPOMO-
combl 7 u CNV, xoTopsie, BO3MOXHO, BHECITH
CBOM BKJAQJ B KIMHUYECKYH) KApTHHY CHH-

(SNParray), koTopoe He TOJBKO IMOATBEPIUIIO
JEJIEHUI0 KOPOTKOI'O IIe4a XpOMOCOMBI 18,

apoMa.

Tabauya 1 (nauano)

Hutorenernyeckue u MOJIEKYJ/JISIPHO-UMTOTeHETHYECKHE UCCIIeIOBAHNS eTeil
C AaHOMAJIMSIMH KOPOTKOI0 IJieya xpomocombl 18 (cunapom 18p-)

Beginning of Table 1

Cytogenetic and molecular cytogenetic analyses of children with anomalies
of the short arm of chromosome 18 (18p-)

Mo.JiekyasipHo-

Ne n/m | Bozpacr CHMOTOMBI Kapuorun HUTOreHeTHYeCKue

HCCJIeI0BAHUS

1 3M AmdHIEDanus, KopoTKas mmes, MoHrono- | 46,XY,18p- FISH: 46,XY .ish

UJIHBIA pa3pe3 v TUIePTEIOPU3M Iiia3- del(18)(p11.1:)
HBIX IeIeH, MUPOoKas YIIIONI. CIIMHKA (D18z1-)
HOCA, HU3KO PACMoOK. AehOPMHUP. YIIIH.

PaKOBHUHBI, pacIlieTHHbI TyObI U HEDA,
KOPOTKas IIesl, BAABIICH. TPY/IHAS KJIET-
Ka, TUTIEPTEIOPU3M COCKOB, XCHIIOrHa-
TOMATATOCX M3, KIIHMHOJAKTHIIHS, THIIO-
UTa3Hsl MMOJIOBOTO WICHA.

2 2r 3IIMP, mukpouedanus, runeprenopusm | 46,XY,18p- FISH: 46,XY.ish del(18)
IJIa3HBIX LIEJIeH, SMUKAHT, Ae(OopM. YIIIH. (p11.1:)(D1821-)
PaKOBHHBI, MUKPOTHATHS KOPOTKAs I1Iesl,

KJIMHOJAKTHJINS.

3 Sn YMCTBEHHAs! OTCTAIOCTh, ciacThueckas | 45,XYqgh+,1(15;18) FISH: 46,XY .ish del(18)
aTaKCHs, HU3KUH pocT, cynoporw; MAP: (MCG-T-01-);

T03, 46,XV,t(15;18) (15qter- | FISH: 46,XY.ish del(18)
SMHKAHT, HU3KO PACIOJIOXK. YIIH. PAKO- >15p11.1:: cen->18p11.2- | (p11.1:)(D18Z1+)
BUHBI, KOPOTKAsI I1Ies, KPUIITOPXH3M. >18qter)

4 Tn YMCTBEHHAs OTCTANOCTh, JUCTOHHS, 46,XX,18p- FISH: 46,XX.ish
HHU3KHUM POCT, HApYIIEHHE TJIOTaHUS, 46,XX,del(18p-) del(18)(MCG-T-01-)
MAP: niTo3, nedopmup. yurasie pakosu- | (p11.21:)

HBI, KITWHOTAKTHITHSL.

5 1r3m 3IIMP, rostonpo3aHiedaisi, CKOJIU- 46,XY,18p- FISH: 46,XY.ish del(18)
03/kudo3, MAP: snnkaHT, Katapakra, (p11.1:)(D1821-);
THIIEPTEIIOPU3M IJIa3HbIX Ileliei, je- FISH: 46,XY .ish del(18)
(GhOpMHUP. YIIIH. PAKOBHHBI. (p11.1:)(pcp-)

6 2r8m 3IIMP, 3I1PP; MAP: nTo3, KaTapakTa, 46,XY,18p- FISH: 46,XY.ish del(18)
paciuienuHbl ry0bl 1 HEOA, MUKPOTHATHS, (p11.1:)(D18Zz1-)
nedopMup. yIIIH. pAaKOBUHBIL, CYIOPOTH. FISH: 46,XY .ish del(18)

(p11.1:)(pcp-)

7 Sn YMCTBEHHAs OTCTAIOCTD, alOTIEIHS, 46,XX,18p- FISH: 46,XX.ish del(18)
3PP, ckonnos/kudo3, MAP: nto3, je- (MCG-T-01-);
¢dopmup. yurH. pakoButsl; BIIC. FISH: 46,XY .ish del(18)

(p11.1:)(D18Z71+)

8 Sn 3TIMP, Huzkuii poct, aAucToHus; MAP: 46,XX,del(18) FISH: 46,XX.ish del(18)
THIIEPTEIOPU3M TIIa3HbIX Ieleit, Mu- (p?11.2),9gh+ (MCG-T-01-);

KaHT, OTTOIBIPEHHbIE YIIIH. PAKOBUHBI, Kapuorun nocne FISH: FISH: 46,XY .ish del(18)
THIOTUIA3US] MOLIIOHKH. 46,XY,del (18)(p11.22), | (pl1l.1:)(D18Z1+)
9gh+

9 Tn I'3I1PP, 3I1PP, uuskuii pocr, 46,XY,del(18) (p?11.3) FISH: 46,XX.ish del(18)
ansOnHu3M; MAP: nTo3, MUKpoOrHaTusi, Kapuorun nocne FISH: (MCG-T-01-);
KJIMHOJAKTHUIINS, CHHIAKTHIIMS, TUII0- 46,XY ,del (18)(p11.23) FISH: 46,XY .ish del
TUIA3US] MOIIIOHKH. (18)(p11.1:)(D18Z1+)
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Tabruya 1 (oxonuanue)

LuToreneruyeckue U MOJIEKYJISIPHO-IIUTOreHETHYECKHUE UCCIeOBAHMS JeTeil
C AaHOMAJIMSIMH KOPOTKOTO 1Jieya xpomocombl 18 (cunapom 18p-)

End of Table 1

Cytogenetic and molecular cytogenetic analyses of children with anomalies
of the short arm of chromosome 18 (18p-)

MoJiekyasipHO-
Ne n/m | Bozpacr CHMOTOMBI Kapuorun HUTOTreHeTHYecKue
HCC/IeI0BAHUS
10 5 311PP, MBIIP, MAP: snmkanT, karapak- | 46,XX,r(18),1phgh FISH: 46,XX.ish
Ta, 1eOPMHUp. VIITHBIC PAKOBUHBI, BIaB- | Kapwmorum nocie FISH: del(18)(MCG-T-01-)
JIeH. TPYAHAs KIIETKa; KH(POCKOIHO3. 46,XX,r(18)
(p11.31923),1phgh
11 101 VMCTBEHHAsI OTCTAIOCTh, HU3KHH POCT, 46,XYgh+,r(18) FISH: 46,XYV.ish
cynoporu, 3[IPP; MAP: mukpouedanus, | (p?11.2923) del(18)(MCG-T-01-)
T03, KM(03; TUIIOIIIA3HsI MOIIOHKH. Kapuotun nocie
FISH:46,XYgh+,
r(18)(p11.23g23)
12 2r5m 311PP, 3®P, BIIC, uuskuii poct; MAP: 47,XY,del(18) (p?11.2- FISH: 46,XV.ish
SIMKAHT, HUCTArM, KaTapakTa, pacuiean- | >pter), del(18)(MCG-T-01-)
HBI TyOBI/HEOA, 1ehOPMHUp. YIIH. PaKo- +mar[2]/46,XY, Kapuorun nocne
BUHBI, MUKPOTHATHS, KpUNITOPXHU3M, Tu- | del(18)(p?11.2-> FISH: 47,XY,del(18) (p11.2->
ITOCTIAIHS. pter)[18] pter),+mar
(derX)/46,XY ,del(18) (p11.2-
> pter)
13 4r 3IIMP, 3I1PP, BIIC, MbllIeyHas TUIIO- 46,XX,del(18), 1phgh, FISH: 46,XV.ish
touusi; MAP: nito3, pacimenuns ryost 1 | 1phgh del(18)(MCG-T-01-)
HEOa, meopMup. YIIHBIE PpAaKOBHHEL, KapuoTum nocie FISH:
KJIMHOJAKTHIINS, CHHJAKTUIINSL. 46,XV, del(18)(p11.21:)
14 8n YmcrBeHHas orcraiocts, 3[IPP, PAC, 46,XY,del(18) (p?11.1) arr dup(7)(q11.22
CIBI'; MAP: snukant, nedopmup. yIH. q11.23)(71997191_
PaKOBUHBI, MUKPOTHATHS; HE()POITO3, 72310480)x3,del(18)
AQHOMAJIMsl IIEHHOTO OT/IelIa TO3BOHOY- (p11.1)(18p11.32p11.21)
Huka, BIIC. (136226 15154053)x1
15 12n YmMcrBeHHas otcTanocts, 3[1PP, noro- 46,XX,del(18) (p11.2) _
neauyeckue Hapyuenus, MAP: tene-
KaHT, KaTapaKTa, HA3KO PAaCIIOIOKEH.
VIIHBIE
PaKOBHHBI, KOPOTKAsI Iesl.

[Mpumeuanue: * — opuruHansHoe HazBanue JJHK npo6sr: pPBRHS13 [23].

Note: * —

29 it

original name of DNA sample: pBRHS13 [23].
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XPOMOCOMBI
Puc. 3. [Tanens roMoJ10roB XpoMocoMmbl 18 ¢ aenenueit koporkoro rieda (18p-).
B nmpaBom romosiore xpomocoma 18p- ykazaHa CTpeKoOi.

Fig. 3. The panel of homologous chromosomes 18 with short arm deletion (18p-).
The arrow (right homologue) shows chromosome 18p-
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Puc. 4. Pesynbratel FISH nccienoBanus nanyeHToB ¢ eienneid KOpoTKOro mieya XpoMoCcoMsI 18:

a) uccnenoanue ¢ JIHK npo6oit, meTsieit KOpoTKoe MIedo XpoMOCOMBI 18 1enukoM (MIIHHTHHTO-

Basi mpooa PCp), B IEBOM IOMOJIOTE 3aMETHO YMeHbIlIeHne curHana; 6) ta ke JIHK npoba B unTep-
¢dazHoM siipe, 3aMEeTHO YMEHBIIIEHUE BEPXHETo curuana; B) uccienosanue ¢ JJHK npoboii na

CyOTeIOMEepHBIN y4acTOK KOPOTKOTO IIe4a XpOMOCOMBI 18 (3eJIeHble CUTHAJIBI) U C LIEHTPOMEpPHOH
JIHK mpo6otii (po30BbI€ CUTHANIBI), CUTHAJ Ha JACJIETUPOBAHHON XpomMocoMe 18 (J1eBbIif roMoJIor)

OTCYTCTBYET; I') uccienoanue ¢ JIHK npo6oii Ha Bce TesoMepbl: CUTHAJ Ha 1eJIeTHPOBAaHHON Xpo-

MocoMe 18 (B JIEBbIX TOMOJIOTax MaHeNIu U3 TPEX KapUOTHUIIOB) OTCYTCTBYET.

Fig. 4. Results of FISH analysis of patients with chromosome 18 short arm deletion: a) the analysis
using DNA probe, labelling the whole short arm of chromosome 18 (painting probe pcp), the left
homologue demonstrates notable decrease of signal; b) the same DNA probe in an interphase nu-
cleus, the decrease of upper signal is notable; c) the analysis using DNA probe labelling chromo-
some 18 short arm subtelomeric region (green signals), and using centromeric DNA probe (pink

signals), the signal in the deleted chromosome 18 (left homologue) is absent; d) the analysis using

DNA probe labelling all telomeres: the signal in the deleted chromosome 18 (left homologues of the

panel of 3 karyotypes) is absent

FISH wuccnemoBanusi mpencTaBieHBI B
Tabnuie 1 Ha pucyHke 4. B kauecTtBe npume-
pa IUArHOCTUKHA METOAOM MOJICKYIISIPHOTO
KapHOTHUIIMPOBAHUS MOXXHO MpuBecTd 14i
ciydail U3 TaOJIHIBl y MaJdbuuKa SMH JIET, KO-
TOpOMY OBLITH MPOBEJEHBI IIUTOI€HETHYECKOE
U MOJICKYJISIPHO-IIATOT€HETHYECKOE HCCIIE0-
BaHus. KnuHuueckue mnpusHaku y peOEHKa
opmn  cnemytomue: 3IIPP, CJIBI, uepth

ayTu3Ma, JIEBOCTOPOHHHUM HedponTos3, QpyHK-
nuoHanbHple Hapymenus JKKT, cunycoBas
taxukapaus, aud@y3Hbli 300, aHOMaIHs
HIEHHOT0 OT/eNa MO3BOHOYHUKA. [[nsg moucka
TCeHOMHBIX aHOMAJIMH | JUTSI YTOYHEHHUST TOUEK
paspbiBa npu aeneunu 18p mpobanay npose-
AM  MOJIEKYJSIPHOE KapHOTHITMPOBAHHE
(SNParray). 3amuch pe3yabTaToOB MOJICKY-
JSIPHOTO kapuotuna  (ISCN 2016):
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arr[CRCh37]7911.22911.23(71997191 7231

0480)x3,18p11.32p11.21(136226_15154053)
x1. MonexkyJIspHbIN aHAJIU3 MMOKA3bIBAET, YTO
B ciiydae 14 yTpayeHO MpakTUYeCKu BCE KO-
poTKOe TuIeuo XpomMocombl 18 (6omee 15 mmH
nap HYyKJIEOTHAOB). B momydeHHBIX JaHHBIX
HEBO3MOKHO BBISIBUTH KPUTUUYECKUE YUACTKH,
r7ie JIOKaJIU30BaHbl I'€Hbl, KOHTPOIUPYIOIIHE
cunapoM 18p-. buomHdpopmarnueckuii anHa-
JIU3 BBISIBUJI T€HBI, CBSI3AHHBIC C OT/IEIbHBIMU
KIIMHUYECKUMH TpU3HaKaMH. B OCHOBHOM,
ato cnenyronme rtennl: AFG3L2, LPIN2,
MC2R, SBDSP1, yacTu4yHO accouuMpOBaH-
HbIE ¢ CUHAPOMOM 18p-.

B pesynpTaTe MOIEKYISIPHOTO Kapuo-
TUIMPOBAHUA y JAHHOTO ManueHTa (tadiu. 1,
ciydail 14) Obla He TOJNBKO MOATBEPKICHA
neneuusi 18p, HO U BbIsBIEHA MHUKPOIYILIHU-
Kalus XpOMOCOMBI 7, 4YTO, HECOMHEHHO,
BHECJIO CBOHM MATOJIOTMYECKUW BKJIaa B KJIU-
HUYECKYI0 KapTUHY npobania. M3BecTHO, 4TO
pa3Mep BCEro KOPOTKOTO Iie4a XPOMOCOMBI
18 — 16000000-16500000 map HYKIEOTHUIOB,
BKJIIOYAsl TE€TEPOXpPOMATHH IIEHTpoMephl. B
KOPOTKOM IIJIeYe XpOMOCOMBI 18 comepKuTcs
118 renoB, 57 U3 KOTOPBIX UHJIEKCUPOBAHBI B
6aze nanupix OMIM. BrisiBnennsie y peO&Hka
TeHBI JIUIIh YACTUYHO aCCOLIMUPOBAHBI C KITU-
HUYeckoil KapTuHOW. HeoOXxoaumbl manb-
HelIime MOJICKYJISIPHO-IITUTOT€HETUUECKIE
uccienoBaHus JaHHoro cuHiapoma (18p-) ¢
LETTBI0 OTPEICTICHUS] KPUTUUECKUX YYaCTKOB.

Pesynprarhl Hammx ucciaeaoBaHUM Jie-
MOHCTPHUPYIOT, uTO (1) TSKECTh KIMHUYECKUX
MPOSIBJIEHUN y MAalMEHTOB C JaHHBIM CHH-
JPOMOM MOTYT CHUJIbHO BapbHpOBaTh B 3aBU-
CUMOCTHU OT TOYEK pa3pbiBa mpu (hopmupoBa-
HUHU JICJICIIUH U, COOTBETCTBEHHO, OT pa3Mepa
JEJETUPOBAHHOTO YYacTKa M JIOKAJIM30BaH-
HBIX B HEM T'€HOB; (2) y MalUeHTOB C AeNel -
eil 18p Moryt ObITh T€HOMHBIE aHOMAaJHH,
CBSI3aHHBIE C JPYTHMH XPOMOCOMaMH, KOTO-
JUSE BBISIBJIIFOTCS MOJIEKYJIIPHO-
ruroreHeTrnueckumu Metogamu (FISH, more-
KYJISIpPHOE€ KapUOTUIIUPOBAHUE), U 3TU aHOMa-
JIUA MOTYT; HECOMHEHHO, BHOCHTH CBOM Tia-
TOJOTUYECKUN BKJIAJ B KIMHUYECKYIO KapTH-
Hy; (3) HeoOXoauMbl NalbHEWIINE MOJIEKY-
JSIPHO-LIUTOT€HETUYECKUE HMCCIEIOBAHUS JIe-
JIEUN KOPOTKOTO IIe4a XpOMOCOMBI 18 st

ONpeIeJICHUs KPUTHUUYECKUX YYacTKOB IpHU
cunzpome 18p-.

3akiouenue. lccinenoBanus cUHIpPO-
Ma 18p- MOKa3pIBaIOT, YTO 3Ta XPOMOCOMHAS
aHOMAaJIMsI KIIMHUYECKHU CBsI3aHa, MPEXKJe BCe-
ro, C BO3BMOXXHOH aHOMaJIMEel MO3ra U C pas-
JUYHBIME (OpPMaMU YMCTBEHHOH OTCTaIOCTH
y nereil, a Takxe ¢ BIIP u MAP. Ilpu nua-
THOCTHUKE JTOro 3a0o0JIcBaHHS HEOOXOIMMO
MIPUMEHEHUE COBPEMEHHBIX MOJICKYJISAPHO-
IUTOTCHETHYCCKUX METOJ0B HCCJICIOBAHMS.
Bo3moxkHBIC aHOMAIIMM T'€HOMA 4acTO MMCIOT
HEOOJIBIIINE pa3Mephl, HE TIO3BOJISIONINE YBHU-
JI€Th UX TpPHU CTaHJIAPTHOM KapUOTUIIUPOBA-
HUU, HO OHU MOTYT 3HAYUTENIbHO BIIUATH Ha
KJIMHUYECKYIO KapTUHY, a B COUETaHUH C JIPY-
TUMH HAapyIIEHUSIMU MOTYT YBEIHYUTH TH-
JKECTh TMATOJIOTUYECKUX TMPOSBICHHUM, YTO
HEOOXOUMO 3HATh JIJIsI KOPPEKTHOTO A dek-
TUBHOTO MEIUKO-TEHETHYECKOTO KOHCYJIbTH-
pOBaHUS CEMBH, T.€. peUb UJET O MEPCOHAIIH-
3UPOBAHHOM TMOAXOJE K  0OCIIeOBAaHUIO
O0onpHOTO pedéHka. Ilpm 3TOM naMarHocTude-
CKU€ TEXHOJOTHH JAHHOM IIaTOJIOTUHM M BO3-
MOXXHOCTH  TPUMEHEHHUS  MOJIEKYJISPHO-
IIUTOICHETHYSCKUX IIOJXOJ0B K MCCIIEIOBa-
HUIO CHHAPOMA BaKHBI B U3YYCHHUH KOPPEIs-
uuii perorun-renorun [14, 19, 21, 22, 25].

[IpoBeneHne HUTOTEHETUUYECKUX U MO-
JEKYJISPHO-IIUTOTEHETUYECKUX  HCCIIeIOBa-
HUM JaHHOM XPOMOCOMHOW NIATOJIOTUH HE
TOJIBKO TIO3BOJIUT TOYHEE OXapaKTepHU30BaTh
JAHHBII CUHAPOM, HO U ONpPEAEIUTh MOJEKY-
JISIPHBIE MEXaHU3MBI TATOJOTHYECKUX TIPO-
LIECCOB, CBSI3aHHBIX C YMCTBEHHOW OTCTaJIO-
CTBIO U TOPOKAaMHU MO3Ta, BBISIBUTH KPUTHYE-
CKHME YYacTKM CHHApOMa Jejenuu (4acTuy-
HOW MOHOCOMHH) KOPOTKOTO IIe4a XPOMO-
CcOMEI 18.
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Abstract

Background: Currently, there are no drugs for the specific treatment of hypertensive
retinal changes. The main therapy is for the treatment of a systemic disease — hyper-
tensive disease. Therefore, the search for ways of specific pharmacological correc-
tion of hypertensive retinal changes is of great interest. The aim of the study: To
evaluate the correction possibility of retinal injuries with Semax in a rat model of
hypertensive neuroretinopathy. Materials and methods: The model was performed
by injection of N-nitro-L-arginine methyl ester (L-NAME) at a dose of 1.25 mg/100
g of rat mass within 28 days and a single increase in intraocular pressure (IOP) to
110 mmHg for 5 min. The retinoprotective effect of Semax at a dose of 7.2 ug/100 g
of rat mass, in comparison with Picamilon at a dose of 3 mg/100 g of rat mass, was
estimated by laser Doppler flowmetry (LDF) and electroretinography (ERG). Re-
sults: The use of Semax led to an increase in retinal perfusion by 62.7%, p < 0.05, in
comparison with the group with the model, and by 9.9%, p < 0.05, in comparison
with Picamilon; an increase in the b/a coefficient by 31.4% in comparison with the
group with the model, p < 0.05, and by 14.6%, p < 0.05 in comparison with Picami-
lon. Conclusion: The neuroretinoprotective effect of Semax in correction of hyper-
tensive retinal changes in rats may be due to the presence of neuroprotective, neu-
rometabolic, antioxidant and endothelioprotective effects in Semax. Thus, Semax can
be a promising agent in hypertensive neuroretinopathy treatment.

Keywords: Semax; hypertensive neuroretinopathy; rats; laser doppler flowmetry;
electroretinography
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Introduction. With long-term, ad-
vanced hypertensive disease, the target organs
(retina, kidneys, brain) are affected. Hyper-
tension can affect the eyes in several ways,
including the development of retinopathy and
optic neuropathy. Hypertension is a risk factor
for other eye diseases, including occlusion of
the central retinal artery (CRA) and its
branches, macroaneurysms of the retinal arter-
ies and others [1, 2].

Published data indicate a 3-14% preva-
lence of hypertensive retinopathy in patients
over 40 years of age. The pathogenetic link of
hypertensive retinopathy is retinal ischemia,
which can lead to the optic nerve atrophy [3,
4, 5]. In 63 % of patients with hypertension,
there are manifestations of hypertensive angi-
opathy. Vascular endothelium is attributed to
the most early damaged target organ in hyper-
tension, as well as to the cause of increased
blood pressure [6, 7].

Special interest is paid to the develop-
ment of short-chain peptide drugs for the cy-
toprotection [8, 9, 10, 11, 12], in particular,
neuroprotection [13, 14]. One of the actively
studied classes of peptide regulators are mel-
anocortins, which accelerate regeneration in
the neuromuscular system, have a protective
effect on damage to the central nervous sys-
tem. Melanocortins have hormonal activity,
positive effect on the development of the
nervous system, etc. This class of peptides
includes an analog of adrenocorticotropic
hormone (ACTH)@.10) With prolonged action
Semax. To date, Semax is the only widely
used in clinic neurotropic drug developed on
the basis of melanocortins. Semax has no
hormonal activity and retains a significant
part of the spectrum of neurotropic effects of
natural melanocortins. The heptapeptide Se-
max is a synthetic analogue of ACTHu4.10)
which exerts marked nootropic and neuropro-
tective activities [15], protects effectively the
brain against ischemic stroke [14]. Semax
promotes the survival of neurons during glu-
tamate excitotoxicity [16], protects against the

optic nerve atrophy and optic neuritis of in-
flammatory or toxic-allergic etiology [17].

At present, the spectrum of physiologi-
cal and pharmacological activity of Semax is
actively being studied, because many aspects
of the therapeutic effects of this drug remain
unknown. Based on literature data, tripeptide
Pro-Gly-Pro (PGP) was predominant in a
mixture of Semax derivatives in rat blood
plasma and brain tissues just 1 h after intra-
peritoneal administration of Semax [18]. In-
dependent effects of PGP were revealed re-
cently, including an effect on cell culture sur-
vival in oxidative stress [19]. The effect of
Semax and PGP previously was shown on the
expression of genes that encode neurotrophic
factors and their receptors in a model of brain
ischemia in rats [20]. However, despite the
advances described above, the molecular
mechanisms underlying the Semax neuropro-
tective action and the degree of PGP partici-
pation in them remain obscure [15].

In cerebral ischemia, Semax showed
neuroprotective, neurometabolic and antioxi-
dant effects, and also promotes the synthesis
of BDNF and NGF in the brain [13]. It was
shown that Semax and PGP increased prolif-
eration of the neuroglia, endothelium, and
progenitor cells in the subventricular zone.
Semax influences the genes expression asso-
ciated with the vasodilation of arteries. It was
shown that capillary bore dilation was ob-
served as early as 15 min after the administra-
tion of Semax [20].

Under transient middle cerebral artery
occlusion (tMCAOQ) conditions, it was found
that Semax initiated mMRNA expression that
counteracted ischaemia-reperfusion (IR). In
particular, Semax suppressed inflammatory
and activated neurotransmitter genes, whereas
the genetic response initiated by IR activates
inflammatory and suppresses neurotransmitter
genes. It was revealed that significant com-
pensation effects of Semax peptide on in-
flammatory and neurotransmitter genetic re-
sponses after tMCAO, which may account for



OpuzuH[lﬂbH(l}l cmamui
Original article

Lugovskoy SS, et al. Correction of hypertensive retinal changes in ... 274

the neuroprotective action of Semax under IR
conditions. Thus, an important feature of Se-
max is the normalization of mMRNA expres-
sion patterns that are disturbed during is-
chaemia [21].

An important feature of Semax is the
speed of the onset of the therapeutic effect,
the absence of drug dependence and with-
drawal syndrome. After intranasal administra-
tion, Semax penetrates the blood-brain barrier
within a few minutes, and with a single ad-
ministration, the therapeutic effect lasts up to
24 hours. The prolonged action of Semax is
due to its sequential transformation, while
most of the properties of the drug are pre-
served in its fragments EHFPGP and HFPGP.
These fragments are quite stable and inde-
pendently modulate cholinergic neurotrans-
mission and nitric oxide synthesis [13].

Intranasal administration of Semax over
the 7-day treatment course resulted in a 25%
decrease of infarct volume in the prefrontal
cortex and cognitive function recovery over
the long term [22]. Recently, it was shown
that Semax activates and induces PGC-1a in
the penumbral neurons in a model of focal
ischemia and exert neuroprotective effects
through these mechanisms. The target mole-
cule — the PGC-1a transcriptional coactivator
is known for its pleiotropic potentiating effect
on neuron viability and functionality. This
study was performed in a model of photo-
chemically induced thrombosis of prefrontal
cortex blood vessels, mimicking the patho-
genesis of acute ischemic stroke. Indeed, on
the third day after photochemical-induced
thrombosis, signs of degenerative changes in
the microcirculatory bed were detected, such
as multiple hemorrhages, pronounced vasodi-
lation, and erythrocyte stasis. Secondary post-
stroke perfusion disturbances led to a signifi-
cant progression of the penumbra, while the
administration of Semax limited the disturb-
ances of peri-infarction microcirculation ob-
served after photochemical-induced throm-
bosis [23].

The intramuscular injection of Semax at
a dose of 200 pg/kg for 10 days in animals
with diabetes did not significantly influence
the content of circulating endothelial cells and

stable metabolites of NO, but the concentra-
tion of von Willebrand factor and endothelin-
1 was significantly reduced (by 16.8 and
15.4%, respectively, p < 0.01) as compared to
the control [24].

In addition, it was shown that the ad-
ministration of Semax had antioxidant action
and caused the increase in the antioxidant en-
zymes activity in a model of diabetes melli-
tus. Under the influence of Semax, the content
of ceruloplasmin was lower. The administra-
tion of Semax and Sulodexid had antioxidant
action, similar to Semax injection only. The
decrease in the content of malondialdehyde
was 17.8% (p < 0.01), and acylhydroperox-
ides — by 28.4% (p < 0.01). The drug had a
stimulating action on the activity of superox-
ide dismutase (SOD) (by 32.7% compared to
the control, p < 0.01) and catalase — by 23.6%
(p > 0.05). The received results show the an-
tioxidant action of Semax in diabetes mellitus
and confirm the prospect of their use in the
endothelial dysfunction correction as a sepa-
rate drug or in the combination with some
other endothelioprotectors [25].

Studying the new perspective ways of
neuroprotection in retinal injuries, in particu-
lar, developing in hypertension, is of great
interest [26]. Therefore, an important task is
to find specific and effective agents for treat-
ment of hypertensive neuroretinopathy. To
study the new pharmacological properties of
drugs, it is necessary to conduct further stud-
ies in vivo [27, 28, 29, 30] on the adequate
experimental pathology models [31].

Thus, it is perspective to study the pos-
sibility of pharmacological correction of hy-
pertensive retinal changes with Semax in la-
boratory rats.

The aim of this research is to evaluate
the correction possibility of retinal injuries
with Semax in a rat model of hypertensive
neuroretinopathy.

Materials and Methods

Animals. The experiments were con-
ducted on 40 Wistar rats of average weight
250 g. For the study, the healthy animals were
taken, having passed the quarantine. Ethical
principles of conducting experiments on la-
boratory rats were observed in accordance
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with the European Convention for the Protec-
tion of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes, CETS
No. 123. Manipulations on animals were per-
formed under general anaesthesia with intra-
peritoneal (i.p.) administration of chloral hy-
drate solution at a dose of 30 mg/100 g of rat
mass.

Design of the Experiment. The experi-
ment included the following groups:

1) a control (with i.p. saline for 28 days)
(n=10);

2) a group with simulated hypertensive
neuroretinopathy (HNRP) (n = 10);

3) a group with Semax at a dose of 7.2
ug/100 g in the model of HNRP (n = 10);

4) a group with Picamilon at a dose of 3
mg@/100 g in the model of HNRP (n = 10).

HNRP simulation was conducted by
daily i.p. administration of N-nitro-L-arginine
methyl ester (L-NAME) (Sigma, Germany) at
a dose of 1.25 mg/100 g of rat mass in a solu-
tion form within 28 days and a single increase
in intraocular pressure (I0P) to 110 mmHg by
applying mechanical pressure to the anterior
chamber of the eye for 5 min on the 26" day
of the experiment [26]. The increase in I0P
was conducted under general anaesthesia (i.p.
chloral hydrate, 30 mg/100 g of rat mass).

For the study, Semax nasal drops, 0.1%
(PEPTOGEN Innovative Research and Pro-
duction Center) were used. In diseases of the
optic nerve, Semax is instilled 2-3 drops in
each nasal passage 2-3 times/day. The daily
dose is 600-900 pg. The course of treatment is
7-10 days [32]. 1 drop of the standard solution
contains 50 pg of the active substance, 0.05
ml of the solution. The conversion factor for
an adult with a body weight of 70 kg is 39.
For a rat weighing 250 g, the conversion fac-
tor is 7.0. Thus, the estimated dose (ED) of
Semax was calculated:

EDyoy = 09 « 39/ 70 « 7 = 0,072
(ml/kg/day)

EDn = 0.072 « 50 / 0.05 = 72
(ng/kg/day) = 7.2 (ug/100 g/day)

A solution of nasal drops was adminis-
trated into the nasal cavity using a micropi-
pette once a day daily for 7 days, from the
22" to the 28™ days of the experiment.

The administration of Picamilon (a ref-
erence drug) at a dose of 3 mg/100 ¢
(Pharmstandard-UfaVITA JSC, Russia) was
conducted 60 minutes before L-NAME ad-
ministration, from the 22" to the 28" days of
the experiment, inclusive. Picamilon was dai-
ly administered intragastrically (i.g.). The
choice of Picamilon as a reference drug in the
hypertensive neuroretinopathy model, the
dose and route of its administration to rats is
based on its effectiveness in previously con-
ducted experimental studies at the Research
Institute of Pharmacology of Living Systems
(BelSU) and published data [26].

The effectiveness of the pharmacologi-
cal correction with Semax and Picamilon was
evaluated on the 29™ day of the experiment by
the b/a coefficient and retinal microcirculation
level.

Laser Doppler Flowmetry. 72 hours af-
ter the increase in 10P, the retinal perfusion in
rats was measured by LDF. LDF is a non-
invasive method for assessing the blood flow
in tissues. In LDF, a coherent laser beam il-
luminates the vascular tissue and measures
the Doppler shift caused by the movement of
red blood cells. The movement of red blood
cells causes a shift in the frequency of scat-
tered light, and the walls of the vessels pro-
duce static scattering without any shift in the
frequency of light and serve as a reference
signal. The registration was performed using
MP150 production Biopac System, Inc. (Go-
leta, USA), a computer-based data acquisition
system with the AcgKnowledge 4.2 software,
and a TSD-144 needle-type sensor (Biopac
System, Inc., Goleta, USA). After the rats
were anaesthetized, the retinal perfusion was
measured at 10 points on the circumference of
the eye [4].

Electroretinography. ERG is the elec-
trical response of the retina to light stimula-
tion. A flash of light causes a two-phase nega-
tive-positive waveform. Wave a, which oc-
curs at the photoreceptor level, is the initial
large negative wave. The b wave that occurs
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in the inner retina is the next big positive
component. The effects of drug therapy can
be detected and quantified using ERG [33].
The assessment of retinal functional activity
was conducted with a- and b-wave ampli-
tudes. ERG was performed in rats with our
previously published method [2, 4]. The ratio
of the amplitudes of the b- and a-waves, the
b/a coefficient, was calculated.

Statistical Data Processing. The data
were checked for type of distribution. In nor-
mal distribution, the average value (M) and
standard error of the mean (m) were calculat-
ed. In abnormal distribution, the median (Me)
and the quartile range (QR) were calculated.
Between-group differences were analyzed by
parametric (t-Student criterion) or non-
parametric (Mann-Whitney U-test) methods.
The differences were determined at a 0.05
significance level. The statistical analyses
were performed using Statistica 10.0 soft-
ware.

200 perfusion units

700
600
500
400
300
200

100

H Control H HNRP

B HNRP+semax, 72 pg/kg

Results.

LDF results. Results of retinal microcir-
culation evaluation are presented in Figure 1.
In the group with the HNRP simulation, the
retinal perfusion decreased by 44.3%
(p < 0.05) in comparison with the control.
When correcting HNRP with Semax at a dose
of 7.2 ug/100 g, perfusion level differed sig-
nificantly (by 9.4%, p < 0.05) from the mean
value of the control group, increased by
62.7% (p < 0.05) in comparison with the
group with HNRP and differed significantly
(by 9.9%, p < 0.05) from the mean of the
group with Picamilon at a dose of 3 mg/100 g.

When correcting HNRP with Picamilon,
the microcirculation level in the retina dif-
fered significantly (by 17.6%, p < 0.05) from
the mean of the control group, increased by
48.0% (p < 0.05) in comparison with the
group with HNRP simulation.

611.2£17.4%

HNRP+picamilon, 30 mg/kg

HNRP — hypertensive neuroretinopathy; * p < 0.05 compared to the control;
Yp < 0.05 compared to the group with simulated hypertensive neuroretinopathy;
*p < 0.05 compared to the group with Picamilon
Fig. 1. Retinal microcirculation level in experimental groups

Results of the ERG, and b/a Counting.
The influence of Semax and Picamilon on the
values of amplitudes of a- and b-waves in

groups is presented in Table 1. Further, the
b/a coefficient was calculated, the values of
which are presented in Table 2. In the group
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with HNRP simulation, the b/a coefficient de-
creased by 26.8% in comparison with the con-
trol group (p < 0.05). Against the background
of Semax, the b/a coefficient increased by
31.4% in comparison with the group with no
treatment (p < 0.05), and by 14.6% in com-

parison with the group with Picamilon
(p < 0.05). In the group with Picamilon, the
b/a coefficient did not reach the target values,
but increased by 14.7% in comparison with
the group with no treatment (p < 0.05).

Table 1

Influence of Semax and Picamilon on the a- and b- wave amplitudes when correcting
experimental hypertensive neuroretinopathy (M = m; n = 10), mV

Experimental Groups The a-Wave Amplitude The b-Wave Amplitude
(n=10) (n=10)
Control 0.36 £ 0.03 0.94 + 0.07
HNRP 0.34 £ 0.02 0.65+0.05 *
HNRP+Semax, 7.2 ug/100 g 0.35+0.03 0.88 +£0.07 ¥
HNRP+Picamilon, 3 mg/100 g 0.36 £ 0.04 0.79 + 0.06 *

Note: HNRP — hypertensive neuroretinopathy; * p < 0.05 compared to the control; ¥ p < 0.05 compared to the group
with simulated HNRP; * p < 0.05 compared to the group with Picamilon.

Table 2

Influence of Semax and Picamilon on the value of the b/a coefficient when correcting
experimental hypertensive neuroretinopathy (M + m; n = 10), R.U.

Experimental Groups b/a (n = 10)
Control 2.61+0.08
HNRP 1.91 +0.06 *
HNRP+Semax, 7.2 ug/100 g 2.51+£0.12
HNRP+Picamilon, 3 mg/100 g 2.19+0.11*%

Note: R.U. — relative units; HNRP — hypertensive neuroretinopathy; * p < 0.05 compared to the control; ¥ p < 0.05
compared to the group with simulated HNRP; * p < 0.05 compared to the group with Picamilon.

In our opinion, the protective effect of
Semax in correction of hypertensive retinal
changes in rats may be associated with the
presence of neuroprotective, neurometabolic
antioxidant and endothelioprotective effects in
Semax. Based on the obtained data of the ret-
inal perfusion in the animal groups in the
model of hypertensive neuroretinopathy, it
follows that a positive effect on the state of
the retinal perfusion in descending order has
Semax at a dose of 7.2 pg/100 g, then Picami-
lon at a dose of 3 mg/100 g. Based on the ob-
tained values of the b/a coefficient, it follows
that a positive effect on the electrophysiologi-
cal state of the retina in the correction of hy-
pertensive neuroretinopathy in descending
order has Semax at a dose of 7.2 ug/100 g,
then Picamilon at a dose of 3 mg/100 g.

It is well known, that the key link in the
pathogenesis of endothelial dysfunction is NO
deficiency, and the use of drugs that increase
NO production has an endothelioprotective
effect. Oxidative stress in the retina, which

occurs in hypertensive neuroretinopathy,
leads to a decrease in NO production, acceler-
ation of its breakdown, and suppression of the
expression of endothelial NO synthase
(eNOS) [34]. The reasons for the decrease in
bioavailability of NO under oxidative stress
are an increased level of dimethylarginine
formation, which is an endogenous competi-
tive inhibitor of eNOS, as well as a violation
of the penetration of L-arginine into endothe-
lial cells under the influence of oxidized low-
density lipoproteins [35]. In connection with
the above, the study of the retinoprotective
effect of Semax as a potential corrector of en-
dothelial dysfunction is of particular interest
in the model of hypertensive neuroretinopa-
thy.

It is planned to study endothelioprotec-
tive effect of Semax at a dose of 7.2 ng/100 g
of rat mass in the retinal vessels in correction
of hypertensive retinal changes in rats using
immunohistochemistry, namely the influence
on eNOS expression.
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Conclusion. Thus, when correcting
HNRP with Semax at a dose of 7.2 ng/100 g,
retinal perfusion increased by 62.7% (p <
0.05) in comparison with the group with no
correction and differed significantly (by 9.9%,
p < 0.05) from the mean value of the group
with Picamilon at a dose of 3 mg/100 g.

In the group with Semax, the b/a coeffi-
cient increased by 31.4% in comparison with
the group with no correction (p < 0.05), and
by 14.6% in comparison with the group with
Picamilon (p < 0.05). Therefore, Semax can
be a promising agent in the treatment of hy-
pertensive neuroretinopathy.
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Pesrome

AKTyanabHocTh: JIaBp O6maropoausiii — Laurus nobilis L., pacrenue, TUCThst KOTOPO-
r'o IIMPOKO HMCIIONB3YIOTCSA B KYJIMHAPUU U HAXOAAT MPUMEHEHUE B HApPOAHOM MelH-
muHe. Jluctes L. nobilis L. cogepikar 6osee 80 meTydnx KOMIIOHEHTOB, HPEACTaB-
JIEHHBIX B OCHOBHOM MOHOLMKJIMYECKUMH MOHOTEpIeHaMu. BrlsiBIeHHEe BCE HOBBIX
TEPaNeBTHUECKUX CBOWCTB PACTEHUSI CBHUICTEIHCTBYET O HETOIHOCTHIO HEPACKPHI-
TOM €ro TepaneBTHYeCKOM moTeHIuane. OqHaKko, HECMOTPSl Ha BHYIIUTENbHBIN Te-
paneBTUYECKUI MMOTEHINAT Y PACTEHUs, B OTEYECTBEHHON HAYYHOW MEIUIIMHE €T0
He ucnoib3ytoT. Lleab ucciaenoBanus: OnucaHue crekTpa BUIOB (apMakoIoruye-
ckoit aktuBHOCTH L. Nobilis L. u BEIOOp ONTUMAIbHOTO SKCTpareHTa Jjisi U3BJICYCHUS
3(pUPHOro Macia U3 JIUCThEB HCCIeAyeMoro oobekra. MaTtepuanasl U MeToabl: B
Ka4eCcTBE MCCIIelyeMOT0 MaTepraa UCIOIb30BATUCH JTUCThHS JaBpa. DPUPHOE MACIIO
U3 JIMCThEB MOJYYalu 3KCTpakiue (GpeoHamu, B KauecTBe KOTOPBIX BBIOpAaHBbI Me-
TOKCMHOHA(PTOPOYyTaH U (TOPKETOH. DKCTPAreHTOM CPAaBHEHHUS SIBIISJICS H-TE€KCaH.
Metonom uccienoBaHuss dPUPHBIX Macell SBUJIACh XPOMAaTO-Macc-CIEKTPOMETPHUSI.
XpomarorpagupoBaHue TNPOBOAMIM HA Ta30BOM Xpomarorpage — Macc-
cnektpomerpe — GCMS-QP2010 Ultra, «Shimadzu», fnonus. Monwuzamus ocy-
IIECTBIIIETCS B PEKUME JIEKTPOHHOTO yJapa, AeTEKIUs 10 MOJHOMY HOHHOMY TOKY
(SCAN) B pesxume mporpaMMHupyeMbIx Temmeparyp. Pesyabrarbl: CoryiacHo JuTe-
paTypHBIM JaHHBIM, 3¢upHOe Macio yuctbeB L. nobilis L. obnamaer BeIpaskeHHBIM
aHTHOAKTepUATbHBIM, aHTHOKCHUIAAHTHBIM W TPOTHBOBOCHAIUTEIFHBIM JIEHCTBHEM.
[MonmuenonbHbie coenuHenus tuctbeB L. nobilis L., mpencraBnens! GaaBoHOMAAMH,
POM3BOIHBIMU KeMIieposia u KBepreTuHa. [Ipu 3Tom cunTtaercs, 9To (raBOHOUIBI


mailto:juniper05@mail.ru
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5375-0268
https://orcid.org/0000-0002-2996-7712
https://orcid.org/0000-0003-3145-6783
https://orcid.org/0000-0003-1784-881X
https://orcid.org/0000-0002-2028-2776
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5375-0268
https://orcid.org/0000-0002-2996-7712
https://orcid.org/0000-0003-3145-6783
https://orcid.org/0000-0003-1784-881X
https://orcid.org/0000-0002-2028-2776
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5375-0268
https://orcid.org/0000-0002-2996-7712
https://orcid.org/0000-0003-3145-6783
https://orcid.org/0000-0003-1784-881X
https://orcid.org/0000-0002-2028-2776
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5375-0268
https://orcid.org/0000-0002-2996-7712
https://orcid.org/0000-0003-3145-6783
https://orcid.org/0000-0003-1784-881X
https://orcid.org/0000-0002-2028-2776
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5375-0268
https://orcid.org/0000-0002-2996-7712
https://orcid.org/0000-0003-3145-6783
https://orcid.org/0000-0003-1784-881X
https://orcid.org/0000-0002-2028-2776
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5375-0268
https://orcid.org/0000-0002-2996-7712
https://orcid.org/0000-0003-3145-6783
https://orcid.org/0000-0003-1784-881X
https://orcid.org/0000-0002-2028-2776

Opueunanvnas cmamosi Ionoycosa IOE, u op. Cnekmp ¢ghapmakonocuyeckol akmusHoOCmu ... 282
Original article Polousova YE, et al. The spectrum of pharmacological activity ...

OTBETCTBEHHBI 32 THIOTIMKEMHYECKUH, WHCYJISPHONPOTEKTOPHBIN, aHTUOKCHUIAHT-
HbI 3 dexTrl. Pe3ynbratel XpomarorpadupoBaHus MoKazaid, 4To 3(pUpHOE MACIIO
MPE/ICTABICHO B OCHOBHOM 12 COeAMHEHUSMH, TOMUHUPYIOIUMHI U3 KOTOPBIX OKa-
3anuch 1,8-1mHeon (IBKANIUITOIN), albda-TeplieHunIaneTaT 1 MeTUIIBrenon. B xone
xpomaTtorpaupoBaHus TaKKe YCTAHOBIEHO, YTO ONMTHMAJILHBIM IKCTPAreHTOM SIB-
JSIeTCSl METOKCMHOHA(PTOPOYTaH, 3KCTPAarupyrOUINil TEepPHeHOUAbl C HaWOOIBIINM
BbIX0JI0M. [l0Ka3aHa MepCeKTUBHOCTh NCIIOIB30BaHUS (PEOHOB B KAUECTBE areHTOB
JUIsE TIony4deHus »(GUPHOro Macia U3 JIMCThEB JaBpa OnaropoaHoro. MeTtoaom
XPOMaTO-MacC-CIIEKTPOMETPUU OMpeAeNéH cocTaB 3(UPHOrO Macia, BbIACIECHHOTO
dbpeonamMu U3 JHCTHEB JIaBpa OnaroponHoro. Pe3ymbTarhl XxpomarorpadupoBaHUs
MOKa3aj, YTO B MOJYYEHHBIX (DPEOHOBBIX H3BJICUCHUSX, TOMUHUPYIOIIMMH OKa3a-
ek 1,8-1IMHeoN (IBKANIUIITON), ajdb(a-TepreHuIaleTaT i MeTHIIBICHOI, YTO OJIU3-
KO [0 COCTaBY K HAaTUBHOMY 3(pMpHOMY Maciy, COTJIacHO JTUTEPaTypHBIM JaHHBIM.
3akmouyenue: Iloka3aHa NMEepCHEKTHBHOCTh HCIOJNB30BAaHUS (PEOHOB B KauecTBE
areHToB JJs MOoJy4eHus 3(PUPHOro Maclia U3 JIMCThEB J1aBpa O6maropogHoro. B xone
xpoMmaTorpaupoBaHUs YCTAHOBJICHO, YTO ONTHMAJIBHBIM JKCTPAreHTOM SBIISICTCS
METOKCMHOHA(TOPOYTaH, SKCTPArUPYIOMIMHA JIETydle KOMIIOHEHThI C HAauOOIBIINM
BBIXOJIOM, II0 CPaBHEHHIO C (DTOPKETOHOM W H-TEKCAHOM, KPOME TOTO, METOK-
cupTopOyTaH HETOKCUYEH IO CPABHEHHUIO C H-TEKCAHOM.

KawueBble cioBa: (apmakonornyeckass akTHBHOCTh JIMCTHEB JIaBpa; (PPEOHBI,
3(upHOE MaCII0; XPOMATO-MACC-CIEKTPOMETPHUS

Jasi nurtupoBanus: [lonoycosa IOE, Ilucapes AU, HoBukoB OO, u ap. Cnekrp
(hapMaKoJIOTHUYECKON aKTUBHOCTU PA3HBIX T'PYIIT MPUPOAHBIX COCAMHEHUMN JIUCTHEB
JaBpa OOBIKHOBEHHOT'O U BHIOOP ONTHUMAIIBHOTO SKCTpareHTa Ui U3BIeUeHUs dPup-
HOTO Maciia u3 Hux. HaydHble pe3yabTarbl OMOMEAUIIMHCKHX HCCIICIOBAHUN.
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Abstract

Background: Laurel noble — Laurus nobilis L., a plant whose leaves are widely used
in cooking and are used in folk medicine. L. nobilis L. leaves contain more than 80
volatile components, represented mainly by monocyclic monoterpenes. The identifi-
cation of more and more new therapeutic properties of the plant testifies to its in-
completely undisclosed therapeutic potential. However, despite the impressive thera-
peutic potential of the plant, it is not used in domestic scientific medicine. The aim
of the study: To describe the spectrum of types of pharmacological activity of L. no-
bilis L. and selection of the optimal extractant for the extraction of essential oil from
the leaves of the object under study. Materials and methods: Laurel leaves were
used as the test material. The essential oil from the leaves was obtained by extraction
with freons, which are methoxynonafluorobutane and fluoroketone. The extractant
for comparison was n-hexane. The method of studying essential oils was chromatog-
raphy-mass spectrometry. Chromatography was performed on a gas chromatograph —
mass spectrometer — GCMS-QP2010 Ultra, Shimadzu, Japan. lonization is carried
out in the electronic shock mode, detection by the total ionic current (SCAN) in the
programmed temperature mode. Results: According to the literature, the essential oil
of L. nobilis L. leaves have a pronounced antibacterial, antioxidant and anti-
inflammatory effect. Polyphenolic compounds of L. nobilis L. leaves are represented
by flavonoids, derivatives of kaempferol and quercetin. It is believed that flavonoids
are responsible for hypoglycemic, insular protective, antioxidant effects. The results
of chromatography showed that the essential oil is represented mainly by 12 com-
pounds, the dominant of which were 1.8-cineole (eucalyptol), alpha-terpenyl acetate
and methyleugenol. During chromatography, it was also found that the optimal ex-
tractant is methoxynonafluorobutane, which extracts terpenoids with the highest
yield. The prospects of using freons as agents for obtaining essential oil from laurel
leaves have been shown. The composition of the essential oil isolated by freons from
the leaves of laurel was determined by the method of gas chromatography-mass
spectrometry. The results of chromatography showed that in the obtained freon ex-
tracts, 1.8-cineole (eucalyptol), alpha-terpenyl acetate and methyleugenol were dom-
inant, which is close in composition to the native essential oil, according to literature
data. Conclusion: The prospects of using freons as agents for extracting essential oil
from L. nobilis L. leaves were shown. During chromatography, it was found that the
optimal extractant is methoxynonafluorobutane, which extracts volatile components
with the highest yield compared to fluoroketone and n-hexane; in addition, methox-
yfluorobutane is non-toxic compared to n-hexane.

Keywords: pharmacological activity of laurel leaves; freons; essential oil; gas chro-
matography-mass spectrometry
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BBenenue. JlaBp OmaropomHbrii  —
Laurus nobilis L., pacrenue, JTUCTbS KOTOPO-
ro HIMPOKO HMCHOJB3YIOTCS B KYJIHHAPUU KaK
npsiHo-apoMaTHdeckoe. JIMCTbs — pacTeHus
TaK)Ke HaXOMAT MIMPOKOE MPUMEHEHHE B Ka-

YeCTBE JIGKAPCTBEHHOTO B HAPOJTHOW MEJIH-
uune [1].

Bwmecte ¢ TeMm, onmyOimrkoBaHO OO0NBIIOE
KOJMYECTBO HAYYHBIX HCCICIOBAHHM, MOJ-
TBEPKJAIONINX HAIMYUE Y PACTCHUS BBIpa-
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KCHHBIX AHTUOAKTEPUATHHBIX CBOWCTB, CBS-
3aHHBIX C MPUCYTCTBHEM B JIUCTBHSX JIOBOJIHHO
BBICOKOTO COZAEp)KaHUs A(PUPHOTO Macia.
VYeranosineno, uro ymctbs L. nobilis L. co-
nepxar Oonee 80 JeTydux KOMIIOHEHTOB,
MPEJCTaBJICHHBIX B OCHOBHOM MOHOIIMKJINYE-
CKMMH MOHOTEPIICHAMHU, TPUUYEM JTOMUHUPY-
OIIMM  sABJgeTcs 1,8-1mHEoJI, W3BECTHHIN
CBOMM BBICOKUM aHTHOAKTEPHAIBHBIM JICH-
CTBUEM [2].

Nwmeercst psig paboT, MOITBEPIKTAIOIIIX
AHTHOKCHJIAHTHYI0O  aKTUBHOCTh  PACTCHHS
[3-5]. TlokazaHo, dYTO BOAHO-3TAHOJIBHBIN
akcrpakt L. nobilis L. 3a cuér nanuuus ¢ua-
BOHOHUJIOB, MMEET BBIPAKEHHBIC AHTHOKCH-
JAHTHBIE W aHTHOIPOTEKTOPHBIC CBOMCTBA,
OKa3bIBacT HOpMAIIU3YIOIlee JICHCTBUE HA yT-
JICBOJIHBIN 0OMEH, racTPOIPOTEKTUBHOE, MPO-
TEKTOPHOE JICHCTBHE HA WHCYJISAPHBIN arma-
par [6].

Hccnenoanue 3¢pupnoro macna L. no-
bilis L. moka3ano, 4T0 OHO MOXKET MCIIOJIL30-
BaThCsl B MHIICBOH U (papMarieBTUYCCKON
MIPOMBIIIJICHHOCTH B Ka4eCTBE aHTHOKCH]IAH-
Ta ¥ MPOTUBOMUKPOOHOTO areHTa. B yactHo-
cti, 00pa3ubl 2pUPHOTO Macia JIMCTHEB JIaB-
pa 6naropoanoro u3 Cepbuu u Poccun Obutu
MPOTECTUPOBAHBI HA MPEAMET aHTHOKCHIAHT-
HOM W MPOTHBOMUKPOOHOH akTHBHOCTH. OO0-
pazenr u3 Cepbun oOnaman Ooyiee BBIpaXKEH-
HbIM AHTHOKCUJAHTHBIM M MPOTUBOMHUKPOO-
HBIM JIeMCTBHEM, ueM oOpazery u3 Poccum.
Oopazen u3 Poccun okazancst 3ppeKTHBHBIM
B OTHOIIICHUH BCE TIPOTECTUPOBAHHBIX OaKTe-
puil u OpoxoKed, HO He obnagan KakuM-ITuoo
WHTHOUPYIONUM JICWCTBHEM B OTHOIICHHUH
rpubos [7].

[TpoBOIMIIOCH CPABHUTEILHOE UCCIIENIO-
BaHWE AHTUOKCUIAHTHONH U MPOTHBOTPHOKO-
BOil akTUBHOCTH 3upHbIX Macen L. nobilis
L., mandes  nmexapcrennoro  (Salvia
officinalis L.) u maBanaer 3yonoi (Lavandula
dentata L.) 1 ©X OCHOBHOTO MOHOTEPIICHOBO-
ro koMmIioHeHTa — 1,8-1iuHeona npoTus Asper-
gillus carbonarius. Xumunyeckuii cocraB Te-
CTHPYEMBIX A(HUPHBIX Macell MPOBOIWIHA C
MTOMOIIIBIO0 METO/Ia Ta30BOM Xpomarorpadpuu —
Macc-ciekTpomerpun. [lomydeHHbIE pe3yib-
TaThl TIOKa3aiu, 4to 3dupHoe Macio L. nobi-
lis L. mposiBIIsUIO JIyUIIyI0 aHTHOKCHIAHTHYIO

akTuBHOCTE, ueM S. Officinalis u L. dentata n
COJZIEPIKAJI0 caMO€ BBICOKOE KOJIUYECTBO (he-
HoJioB. Kpome toro, a¢pupHoe macio L. nobi-
lis L. momaBmsio ckopocts pocra A. car-
bonarius mamuoro 6oismie, yem L. dentata L.
u S. officinalis L. ¢ IpOUEHTHBIM COOTHOIIIE-
Huem, paBHbM 47,82, 37,92 u 31,71%, coot-
BETCTBCHHO. [IpM KOHTaKTHOM aHalu3e
a¢upnsie macia L. nobilis L. u L. dentata L.
MIPOSIBIISLTN 0OJIee BHICOKYIO MPOTHBOTPHOKO-
BYIO ¥l aHTHUOKCHJIAHTHYIO aKTUBHOCTb, YeM S.
officinalis L., ¢ MUHUMaNTbHOW HHTUOUPYIO-
meit  koHmeHtpanuer (MHUK) mnpumepHo
0,3, 0,3 u 0,5% coorBerctBenHo. MUK 1,8-
uuueona (0,5%) Obl1a MPUMEPHO BIBOE BBI-
me, yvem MUK L. nobilis L. u L. dentata L.
CrnenoBatenbHO, €r0 MOIIHAs OMOJIOTHYecKast
aKTUBHOCTh OOECIeYnBaIach CHHEPTH3MOM
MEXy OCHOBHBIM M COIYTCTBYIOIIUMH KOM-
MOHEeHTaMHU [8].

[IpoBomuiioch HM3y4YeHHE AHTUMHUKPOO-
HOM aKTUBHOCTH 3(DUPHBIX Macell JTUCTheB L.
nobilis L. u Prunus armeniaca L. ¢opsr Ma-
pPOKKO. DpupHbIE Macia, MOTYyYEHHbIE U3 JIH-
CThEB yKa3aHHBIX BUOB M3 MapoKKo, ObLIH
OIICHEHBI Ha IMPEJIMET BO3MOXKHOTO CHHEpPTH-
YECKOro aHTHOAKTEepPUaIbHOIO U IPOTUBO-
IPUOKOBOTO JEHCTBHS IN VItrO ¢ HEKOTOPBIMU
TPaIUIIMOHHBIMU TPOTHBOMUKPOOHBIMU TIpe-
napaTamu, a IMEHHO (PIIyKOHA30JI0M, ITUIIPO-
(bJIOKCallMHOM M BaHKOMHIIMHOM. XHMHYe-
CKHMIl cocTaB 00pa3loB A(UPHBIX Macen ObLI
WCCIIeIOBaH METOJOM Ta30BOM Xpomarorpa-
¢un-macc-cnekrpomerpu. OCHOBHBIMH Jie-
Ty4YUMHU COCTUHEHHUSIMH, OOHApPY>KEHHBIMH B
L. nobilis L., 6su1m 3Bkamumnron (40,85%), a-
tepnuaunanerar (12,64%) u MeTHIBreHON
(8,72%), B To Bpems kak y P. armeniaca L.
npeobnanan (Z) -dpuron (27,18%), nmenrako-
3aH (15,11%), Honako3an (8,76%) u 6eH3aIb-
nerun (7,25%). Uto xacaercs aHTUMHUKPOO-
HOM aKTMBHOCTH, 00a »(UPHBIX Macia 3HauU-
TEJBHO TOJABISIIN BCE TECTUPYEMBIE MHUKPO-
OopraHu3mbl. D(UpHOE MACIO U3 JIUCTHEB L.
nobilis L. obGmamano HauBbIClIEd AaKTUBHO-
CTBI0O C MHUHUMAQJIBHBIMH HWHTHOUPYIOIIHMH
koHueHtpauusmu (MIIK) ot 1,39 nmo 22,2
Mr/Ma st Oaktepuid u ot 2,77 10 5,55 Mr/mn
s apoxokei. HampoTtus, xomOuHanus wuc-
CIIeyeMbIX APUPHBIX Macel ¢ IunpodIokca-
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[IMHOM, BaHKOMHUIIMHOM U (IIYKOHA30JIOM
IpHBeJia K 3aMETHOMY CHIDKEHUIO UX HMHJIU-
BunyanbHeix MUK. ®aktuuecku, u3 32 npo-
TECTUPOBAHHBIX B3aUMOJICHCTBUI 23
(71,87%) mpoaeMOHCTPUPOBATIM TIOJHBIN CH-
Heprusm u 9 (28,12%) yacTuuHblii cuHepre-
tnyeckuil s dexr. Dpupnoe macino u3 L.
nobilis L. mpoaeMOHCTpUPOBAIO HAWBBICIIIHIA
cuHepreTuueckui 3pdexT co BceMHu UCHOIb-
30BaHHBIMHM AHTHOMOTHUKAMH, CO 3HAYCHHUSIMH
uHAeKca GPaKIMOHHON MHTUOUpYIOIIeNH KOH-
nentpanuu (FIC) B muanazone ot 0,266 10
0,75 nns G6akrepuit u ot 0,258 mo 0,266 nus
npoxoked. CHUHepruyeckoe B3auMOJICUCTBUE
MEXIy HCCIeAyeMbIMH 3(QHUPHBIM MacIaMH U
AHTHOMOTHKAMHU MOXET COCTaBJIATH MHOTO-
o0eniammue MPOTUBOUH(EKIIMOHHBIE Cpe-
CTBa, HEOOXOAMMBIC IS JICYCHHs 3a00JIeBa-
HUH, BBI3BAHHBIX YCTOWYMBBIM K aHTUOHOTHU-
KaM TatoreHom [9].

HccnenoBanbl IUTOTOKCUYECKHA U Te-
HOTOKCHYECKUH TIOTEHIAIIBI BOAHOTO U3BJIE-
yeHust u3 juctheB L. nobilis L. Pesynbrars
MOKAa3aJii, YTO BOJHOE M3BJICUCHUE W3 JINCTh-
eB L. nobilis L. ve o6nagano kakoi-nudo re-
HOTOKCHYECKOW aKTUBHOCTHIO, HO ITUTOTOK-
CHYecKas aKTHBHOCTh HaOIrojanach B JIBYX
WCIOJIb30BAHHBIX JIKCIEPUMEHTATBHBIX MO-
nensax. M3pneyenune obnagano antunponude-
paTHBHBIM JICHCTBUEM, OOHAPYKHBACMBIM I10
CHIDKEHHUI0O MUTOTUYECKOTO MHJEKCAa U COOT-
HOIIICHUS MOJIUXpOMaTHYe-
CKUX/HOPMOXPOMAaTHYECKHIX SPUTPOLIUTOB
(PCE/NCE). HcnbiTanus Takxke MpPOJCMOH-
CTpUPOBAN OOJBIIOE KOIUYECTBO KIETOK,
MOJIBEPTAOIINXCS  allONTO3y W HUMEIOIIUX
SJIepHbIE aHOMAJIUU, CBSI3aHHBIE C MpoIlecca-
MU THOENM KJIETOK. DTH Pe3yibTaThl MOXKHO
OOBSICHUTh HamMuueM (EHOIBHBIX COETUHEe-
HUH, CAllOHWHOB, (DJIABOHOWIIOB M AJKAJIOU-
JI0B, OOHAPY>KEHHBIX TpPU (PUTOXUMUYECKOM
aHaJM3e M3BJIeUeHus u3 nucTheB L. nobilis L.
CrnenoBaTenbHO, BOJHOE W3BIICUCHHE W3 JIU-
ctbeB L. nobilis L. B opme, 00BIYHO HCITONB-
3yeMoOii HacelleHHuEeM, He TMPEACTaBIseT PHUC-
KOB, CBSI3aHHBIX C €r0 TEHOTOKCHYECKUM I10-
TEHI[MATIOM, a TAaKXK€ COJIEPKUT KOMITOHEHTHI
C amoNTOTHYECKUM TToTeHIranom [10].

OneHeHa TOKCHYeCKass U MPOTHUBOOITY-
XOJIeBasik aKTUBHOCTH BOJHOTO JKCTpPAKTa JIH-

creeB L. nobilis L. y mbimeii, TpancreHHbIX
no BIIY16. Hacroamee wcciaeqoBaHue
HAIpaBJICHO Ha OLEHKY IN VIVO 3¢ dekTuBHO-
CTH U TOKCUYHOCTH SKCTpaKTa JiaBpa JJis Ie-
YeHH Ha MOJENHM paka, WHAYIHPOBAHHOTO
BIIY16, y Tpancrenusix Mblei. B xone wuc-
CIIEZIOBAHUS YCTAHOBIJIEHO, YTO SKCTPAKT HE
MpeIOTBpAIa)l [IPOTrPECCUPOBAHUE KOMKHBIX
nopakenuii, BeI3BaHHBIX BITU16. V 00pabo-
TAHHBIX JKUBOTHBIX JHUKOTO THUIA BBISBICH
rernaTuT JIETKOM CTeNmeHW, B TO BpeMs Kak
TpPaHCTEHHBIC KUBOTHBIC IOTEPSIIA B BecCe.
OpHako MO MapkepaMm TI'€MaTOJIOTHUYECKOTO,
OMOXMMHUYECKOTO W TICYCHOYHOTO OKCHa-
THBHOT'O cTpecca u3MeHeHuH He Obuto [11].

Nzyuena cmocoOHOCTh 3KcTpakTa L.
nobilis L. u ero oCHOBHOTO KOMITOHEHTa —
HBKAJMIITONIA MOIYJIUPOBATh BOCIAIHTEIb-
HbIl  CHUTHaJbHBI  IyTh,  BBI3BAHHBII
Propionibacterium acnes. Dkcrpakt L. nobilis
L. 3HaUMTENHHO MOJABIS IKCIPECCUIO OIO-
CpeoBaHHBIX P. acnes mpoBoCHaMTEIbHBIX
IIUTOKMHOB, Takux Kak IL-1(3, IL-6 u NLRP3.
Taxxe obHapyxeno, uto L. nobilis L. unru-
OupyeT BOCHANUTENbHBIN (akTOop TpaH-
ckpunuuu NF-xB B otBeT Ha P. acnes. Kpome
TOT0, SBKAIUIITOJ, KOTOPBIH SBIISETCS OCHOB-
HBIM KoMmmoHeHnToM L. nobilis L., mocrosauo
MHTHOWpYeT WHAYIMpOBaHHBIE P. acnes Boc-
MaJUTeIbHbIC CUTHATIBHBIC yTH. bosee Toro,
L. nobilis L. 3HaunTenbHO yMEHbIIAT BOCIA-
JICHHE, BBRI3BaHHOE P. acnes, Ha MBIIIHHON
Mozaenu akHe. Takum oOpa3oMm, CIenaHo
npeanosioxenue, uro L. nobilis L. umeer Te-
paneBTHYECKYI0 IIEHHOCTh MJSl YIy4IIEeHUs
COCTOSTHUSI KOXH TIPH BOCIHAJICHHH BBI3BaH-
HoMm P. Acnes [12].

YCTaHOBIICHO BIMSIHWE PAa3HBIX BHUIOB
cymku nuctheB L. nobilis L. Ha oOmee co-
nepkaHue (PEHOJIBHBIX COCTUHEHUN M WX aH-
TUOKCUJAHTHYIO aKTUBHOCTh. CpaBHUBAIHCH
nBa MmeToma cymku jucteeB L. nobilis L.
CylIKa C HCIOJIb30BaHHEM  MHKPOBOJH
(MWD) (ot 180 no 900 BT) u TpaauinOHHBII
MeTOJI (CYIIKa Ha OTKPBITOM BO3JyX€ U CYIII-
Ka B JlyXOBKE C UCIIOJIb30BAaHUEM TEMIIEPATYpP
ot 40 °C no 120 °C) u BausHue. Kunetnye-
CKHe pe3yJbTaThl MMOKa3alld, YTO BpeMs, He-
00X0IMMOe AJIsl CYIIKH JIaBPOBOT'O JIUCTA, CO-
KpalaeTcs ¢ yBEIMYCHHEM TEeMIIepaTyphl U
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MOIIIHOCTH MHUKPOBONH. CyIllka B MHUKPOBOJI-
HOBOHW Ieun Obuta HaMHOTO J(QeKTHBHEE,
4eM TPATUIIMOHHBIE METOJBI (CyIIKa Ha OT-
KpPBITOM BO3JlyX€ U CYIIIKa B TyXOBKE). AHTHU-
okcuaaHThl jmctheB L. nobilis L. myumie co-
XPaHSJIUCh MIPU CYIIKE Ha OTKPBITOM BO3AYyXE
U B MUKPOBOJHOBOH meyn. Cyika B MUKPO-
BOJIHOBOM neun npu moinHocty 300 Bt B Te-
yenue 130 ¢ Obima Hambomaee 3P heKTUBHOM
KoMOMHaImen, Koropas oOecrneuymsia CyIIKY
muctheB L. nobilis L. ¢ cambiM BeICOKHM CO-
nepxaHueM (DeHOJIBHBIX COSUHEHUN U aHTH-
OKCHJIAHTHOM aKTUBHOCTHIO [13].

OrmpezenieHa JIapBULIMIHAS AKTUBHOCTD
a¢upHoro macia jguctbeB L. nobilis L. Ddup-
HOE€ MacJIo IMOJIyYald U3 CBEXKHX JIMCTHEB ME-
TOJAOM THAPOIUCTIILISAIMU. B monydeHHOM
3pUpHOM Macie UIeHTH(PUIUPOBAHO 37 KOM-
MMOHEHTOB, OCHOBHBIMHU U3 KOTOPBIX OBLIH
1,8-muaeon u nmuHanmoosn. JlapBuUuaHyo ax-
TUBHOCTbH OIPEIesUId B OTHOIICHUH JTMYUHOK
Aedes aegypti — komapa, MEepeHOCUUK JIUXO-
paaku [lenre u Bupyca 3uka. JlapBununnyro
AKTUBHOCTH OIPEACIISUTH METOAOM IOTPYXkKe-
Hus TM4rHOK. Ce30HHBIe KoJjebaHus cocTaBa
U cojiep KaHus dPUPHOTO MacIia MOBIUSIIH HA
JApBUIMIHYIO aKTUBHOCTH: BeceHHssT LCsg
coctaBisiia 0,41 mr/ma u LCgog 0,77 Mr/mi,
ocennsng LCsy coctaBisna 0,60 mr/mia u LCgg
1,37 wmr/ma, s3umHas LCsg cocraBisina
0,66 mr/mi1 1 LCog 3,19 Mr/Mia u terom LCsg
coctaBistia 0,91 mr/ma, a LCyg - 2,50 Mr/mir.
Takum ob6pazom, 3¢pupHOE Macio, MoydeH-
HOE€ BECHOW, I0OKa3aJ0 HAWBBICUIYIO JIAPBU-
UIHYI0 aKTUBHOCTh B OTHOIICHHUU JIMYMHOK
A. Aegypti [14].

HccnenoBaHo BAMSIHHE HSKCTpaKTa JIU-
crbeB L. nobilis L. Ha )KU3HEHHO BaXKHBIE Op-
TaHbl Y KPbIC C HHIYIIUPOBAHHBIM CTPENTO30-
muHOM 1uabetoM. MccnemoBaHue MpPOBOIM-
JIOCh Ha TPUIIATH 3JJOPOBBIX B3POCIBIX CaM-
11aX KPbIC-aIbOMHOCOB, Pa3ICIEHHBIX MMOPOB-
Hy Ha 5 rpymnm: koHTponbHyI0 (C), nuaberu-
yeckyto rpymnny (D), nuabernyeckyro rpymnmy
¢ nmoGaBienumeMm odkctpakta L. nobilis L.
(DLN), rpymnmy c¢ no6aBieHueM 3KcTpakrta L.
nobilis L. (LN) u nuabGerudeckyro rpymiy c
nobasienuneM akap6o3sl (DA).

['ucronaTonorudecku KpbIChl Pynmsl D
JEMOHCTPHPOBAIA Pa3IMYHbIC JICTCHEPATHB-

HBIE U HEKPOTHYECKHE U3MEHEHHUS B IEYCHHU,
MIOJDKETYJOYHOH JKeJle3e U MoYKax, Torjaa Kak
kpbicbl DLN umenu 1no4ru HOpMaJIbHYIO I'M-
cronoruto. MIMMyHOOKpammBaHue WHCYJIHMHA
B OeTa-KJIeTKaX MOKEeITyI09HOM jKeJe3bl Obl-
JO CHWXEHO B rpynne D mo cpaBHeHHIO ¢
rpyrnmoit C, torma kak rpynma DLN Obuta
a”anornuHa rpynne C. Konuenrpauus rio-
KO3bl 3HAYUTEIBHO CHU3MWJIACh Yy KpBIC C AMA-
Oerom, nmosydaBimx dkcrpakt L. nobilis L. u
akap6o3y (p <0,05). Kpome Toro, ypoBHH ac-
napratamuHorpanchepassl  (AST), ramma-
rryramunTpancdepassl (GGT) u ananmHaMu-
Hotpanchepassl (ALT) ObuIM 3HAUYUTENHHO
CHIJKEHBl Y KpbIC ¢ AMa0eTOM, MOJIyYaBIIUX
L. nobilis L. u akap06o3y, 1Mo CpaBHEHHUIO C
rpynnoi D (p <0,05). Pesynbrarel 3100 HC-
CJIEZIOBAaHMS TIOKA3aJIi, YTO KCTPAKTHI JICTh-
eB L. nobilis L. oka3pIBatOT 1LIEHHOE BIIMSTHHUE
Ha YPOBEHb TIIIOKO3Bl B KPOBH M YIy4IIAIOT
pereHepanyio OCTPOBKOB  IOKEIyIOUYHON
JKENe3bl, a TaKKe BOCCTAHABIHMBAIOT H3ME-
HEHHbIC (DepMEHTHI IIeYeHH, MOYEBHHY, Kpea-
TUHKUHA3y, OOLIMii ypoBeHb OenKa, KalbLus
u (heppuUTHHA IO YPOBHS, OJIM3KOT0O K 3Haye-
Huto [15].

[loka3zaHo BIMSAHME IPOUCXOXKICHUS
auctbeB L. nobilis L. Ha xumuueckuit mpo-
¢uib M aHTUMUKPOOHYIO M AHTHOKCHUJAHT-
HYI0 aKTUBHOCTh 3(UpPHBIX Maces, coOpaH-
HBIX B JIBYX pa3HBIX JIECHBIX pernoHax Ma-
pokko: Mymnaii-Abaeccanam (ceBep Mapokko)
u benn Memnan Tarsupr (CpenHearnacckue
neca). XUMHUECKHH cOCTaB 3(UPHOr0 Macia
YCTAQHOBJICH METOJIOM Ta30’KUIAKOCTHOU Xpo-
MaTorpadui C Macc-CIIEeKTPOMETPUIECKUM
JIeTeKTUPOBaHUEM. AHTHOKCHUAAHTHBIE (-
(ekTbl A3pUPHBIX Maces ObLIM MPOaHAIU3UPO-
BaHbl C MCIIOJIb30BAaHUEM YJIaBJIMBAaHUS PaH-
KaJIOB 2,2-nu (4-Tper-oxTrndennn)-1-
nukpunruapazuiaom (DPPH), Boccranasiu-
BaIOIIE/aHTHOKCHAHTHON CIIOCOOHOCTH
xene3a (FRAP) u skBUBaJIeHTHOW aHTHOKCH-
JAHTHOW CIIOCOOHOCTH C HCIOJIb30BaHHEM
tposnokca (ABTS). AHTUMHKpOOHas aKkTHB-
HOCTh dJ(QHpHOrO Macia OblIa MpOBEACHA
IPOTHB YeTbIpeX I'PpHOOB IPEBECHOW THUIIH,
TpeX IUIECEHW W YETHIPEX IITaMMOB OakTe-
puii. Anamuz I'’X-MC BbISIBUI NPUCYTCTBHE
1,8-1uueona, JINHAJIOO0NA, MUPTCHAJIbS,
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y-TepnuHeoNia, cabuWHEHa, »HBreHoja, -
NMHEHAa W [(-TIMHEHa B KauecTBE OCHOBHBIX
COCIMHECHUM.

VYcTaHoBI€HO, YTO YpPOXKAWHOCTH JIM-
crbeB L. nobilis L. okazanace HanGosbiieit B
necy Tarzupt. Kpome toro, Obuio oOHapysxe-
HO, 4TO 3(HUpHOE Macio u3 yieca Tar3upt 00-
Ja1aeT BBICOKMM aHTHOKCHUJIAHTHBIM MOTEH-
nuanoM. DdupHoe macio u3 jeca Tar3upr B
peruone benun-Meinan, obnanano HanOOIb-
meit 3(HEKTUBHOCTHIO MPOTHB BBIOPAHHBIX
MHUKpPOOPraHu3MoB [16].

[IpoBenéH cpaBHUTENbHBIA aHAIW3 aH-
TUMHUKPOOHOH aKTHBHOCTM M aHTUOKCHIAHT-
HOro moreHiuana >¢puproro Macina L. nobilis
L. ¢ odupHBIMH MacimamMu JIeMOHTpacca
(Cymbopogon citratus) u JMMOHHOrO MHpTa
(Backhousia citriodora). beuto o6HapyxeHo,
yro 3¢upHoe macimo L. nobilis L. mposBisio
HanOONBIIYI0 TPOTUBOMHKPOOHYIO aKTHB-
HOCTb  MPOTUB  BHIOpaHHBIX  OakTepHii
Streptococcus saprophyticus (ATCC 49619),
Streptococcus  aureus (ATCC  22923),
Streptococcus pyogenes (ATCC 29436),
Pseudomonas Eruginosa (ATCC 13048),
Klebsiella pneumoniae (ATCC 13048), E.
coli (ATCC 22922) ¢ MUK ot 7,8 mo 250
MKr/Mia. HanGonpiiyto  aHTHOKCHAAHTHYIO
aKTUBHOCTh MpOsBWIIM 3¢pupHble Macina B.
citriodora u L. nobilis L. [17].

IIpoBeieHO CpaBHUTEIBHOE H3YUYEHHE
aHTHOAKTepUaAIbHON aKTUBHOCTH 3(UPHBIX
Macels u3 10 apomaTHUecKux pacTeHHM HEKO-
TOPBIX TYPELKHX U ATDKMUPCKUX JIEKapCTBEH-
HBIX pacteHuii: Thymus fontanesii, Thymus
vulgaris, Mentha pulegium, Eugenia caryo-
phyllata, Origanum vulgare, L. nobilis, Salvia
officinalis, Pellargonium, Lavandula vera,
Cinnamomum aromaticum. Pe3ysbrarsl mo-
Ka3aid OOJNbIIMI aHTHOAKTEpUATbHBIA 3(-
¢exT Bcex 00pa31oB 3(pUPHBIX Macel IPOTHUB
IPaMIIOJIOKUTEIbHBIX, YEM TPaMOTPHUIIATENb-
HBIX OakTepmii. Pseudomonas aeruginosa Owbl-
Jla eIUHCTBEHHOW OakTepuel, He BOCHPUHUM-
yuBoil k maciam L. nobilis, Salvia officinalis,
Pellargonium, Lavandula vera u Mentha
pulegium. HauGonbiryto akTUBHOCTH IPO-
sBus10 Macio Cinnamomum aromaticum [18].

IIpoBenena omeHka aHTHOAKTEpHUATb-
HOW W QAHTHOKCHUJIAHTHOM aKTHBHOCTH (e-

HOJIBHBIX COCJIMHCHHI M aJIKAJIOUI0B JIHCTHEB
L. nobilis L. Pe3ynpraTsl aHTHOKCHIAHTHOM
AKTUBHOCTH MOKA3bIBAIOT, YTO, XOTS KOHIICH-
Tpalusi aJKAJIOWJOB OKa3ajach HIKE, YeM
MoJU(pEHONIOB WX AHTHOKCHIAHTHAs aKTHB-
HOCTH ObLa BhIIIe [ 19].

Pesynbrathl aHTHOAKTEpUATBLHOW —aK-
TUBHOCTH 3KcTpakToB L. nobilis L. mo3Bosu-
T BBISABHTH, YTO HaWOOJbIIEe WHTHOMPOBa-
HUE OBUIO 3apErMCTPUPOBAHO JJISI SKCTPAKTA
QJIKaJIONUJIOB MPOTUB CTA(PHIOKOKKOB, IITaM-
MOB, BBI3BIBAIOIIMUX IHUIIEBOC OTpPABJICHHE.
Onnako ¢enonbHbie coequnenus L. nobilis L.
MOKa3aJid JIy4IIyl0 aKTUBHOCTh MPOTUB (-
TOIATOreHHBIX ITaMMOB [20].

BrrsiBiieHue BCE HOBBIX TeparieBTHYC-
CKUX CBOWCTB PACTCHHUsSI CBHICTEIBCTBYET O
HETIOJHOCThIO HEPACKPHITOM €ro TepaneBTH-
YECKOM MOTCHIIHAJIE.

OnHaKo, HECMOTPSI Ha BHYIIUTEIIbHBIN
TEPaNeBTHUYCCKUI TIOTEHIIMAT y pacTeHUs, B
OTCUYECTBECHHOW HAy4YHON MEAMIMHE €ro He
UCIIOJIB3YIOT, YTO B MIEPBYIO OYEPEIlb CBSI3aHO
C OTCYTCTBHEM HOPMATHBHOW JOKYMCHTAI[UH
Ha CBIPhBE.

YunTeIBas CcKa3aHHOE, WHeJbI0 HACTOS-
IIET0  MCCIICJOBAaHUSl  SBUJIOCH  OIMCAHHE
CIEeKTpa BHJIOB (hapMaKOJOTHUECKOW aKTHB-
Hoctu L. nobilis L. u BeibOp onTHManbHOrO
IKCTpareHTa JUis U3BJICYCHUs SPUPHOTO Mac-
JIa U3 JIUCTHEB UCCIIEyeMOTO OOBEKTa.

Marepuajbl U MeTOABI HCCJIEI0BA-
Husl. B kavecTBe wmccieayeMoro marepualia
B3AThI BBICYIIEHHBIC JIUCThs L. nobilis L., co-
OpaHHble Ha TeppuTopuu KpacHomapckoro
Kpasi.

Jlnst BEIOOpa ONTHUMAIBHOTO AKCTPAreH-
Ta, CIIOCOOHOrO O0ECIEeYNTh MaKCHUMAaIbHBIN
BBIXOJI JICUCTBYIOIIMX KOMITIOHEHTOB, MCIIOJIb-
30BaHbl (PpPEOHBl — METOKCMHOHAa(TOpOyTaH
(Novec 7100) u ¢ropkeron. B kagecTBe sKc-
TpareHTa CpaBHCHHS B3SIT H-T€KCaH.

B kauecTBe CHIpbS HCIOJIL30BaHbBI BbI-
CYIIEHHBIE, N3MeIbuEHHbIC JUCThs L. nobilis
L. Jlns usBiieueHus 3pUPHOTO Maciia U3 Jiu-
creeB L. nobilis L. 1,0 r (rounas HaBecka)
celpbst 3anmuBaiu 10 MJI COOTBETCTBYIOLIETO
IKCTpAreHTa, MIOTHO YKYIOPHUBAIN U IKCTpa-
THPOBAJIM METOJIOM Mallepaluu Mpu KOMHAT-
HOW TemIepaTtype B TedeHue cyTok. [To ucre-
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YCHUH YKA3aHHOTO BPEMEHU TMOJIyYEHHOE H3-
BIIcUCHUE (UIBTPOBAIH Yepe3 OyMaKHBIH
bunbTp «cuHss JeHTay. [lomydeHHbIe n3BIe-
YCHHUSI HEMOCPEACTBEHHO WCIIONB30BAIH IS
XpomarorpadupoBaHUsl.

MeTtosoM HccaeIoOBaHus SIBUIICSI METOT
XpOMaTO-MacC-CIIEKTPOMETPHH.

XpomarorpadupoBaHue MPOBOAMIN Ha
ra3oBOM xpomarorpade - Macc-
cinektpomerpe — GCMS-QP2010 Ultra,
«Shimadzuy, Snonus. Monusanus ocymecTs-
JSETCSl B PEKUME DJIEKTPOHHOTO yaapa, Je-
Tek1us o nmosHomy nonanomy Toky (SCAN) B
peXHUME MTPOrPAMMHUPYEMBIX TEMIIEPATYP.

YcnoBust xpomarorpadupoBaHus:

Kosionka kanuisipHas KBapuesasi, pas-
mepom 30 mL x 0,25 mm ID x 0,25 um (Zeb-
ron ZB-5MS);

Ckopoctb raza-nocutens (renuit) — 3,0
MJI/MHH;

Temnepatypa komonku ot +70 C° (u30-

tepma 4 mun) 10 200 C° (u3otepma 15 Mun),
CO CKOpOCThIO TMoAbEMaA Temmeparypel 4
rpaj/MuH;

Temneparypa ucnapurens + 210 C°;

TemmepaTypa HMOHHOTO HWCTOYHUKA +
200 C°;

Temmneparypa unrtepdeiica + 250 C°;

Hanpsixenue na nerexrope — 0,88kB;

[Torok amuccun — 60 pA;

O06BeM poOsI — 1pl;

Jluama3oH CKkaHHpoBaHus oT M/Z 35 —
500 Da, (cxopocts ckanupoBanus 1666/0,3
CEK).

NnenTudukanuio KOMIOHEHTOB TIPOBO-
JWIA TTYTEM CPAaBHEHUSI Macc-CIEKTPOB C Ta-
KOBBIMH, WMCIOIIMMHCS B PACHOPSIKESHUN
anektporHon 6uoimoreku NIST 11.

Pe3yabTaThl U UX 00cCy:KaeHUe. Xpo-
MaTOrpaMMbl, TIOJy4YE€HHBIE NPU XpOMATOrpa-
¢upoBannK 00pa3IOB NPEACTABICHBI HA PHU-
cyHkax 1-3.

mc
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Puc. 1. Xpomarorpamma (pTopKkeTOHOBIO H3BIIeUeHUs 13 TUcTheB L. nobilis L.
Fig. 1. Chromatogram of fluoroketone extract from L. nobilis L. leaves.
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Puc. 2. Xpomarorpamma MeTOKCHHOHA()TOPOYTAaHOBOTO M3BJIcueHUs U3 JrcTheB L. nobilis L.
Fig. 2. Chromatogram of methoxinonafluorobutane extract from L. nobilis L. leaves.
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Puc. 3. Xpomarorpamma rekCaHoBOTo M3BJIedeHus U3 JucThe L. nobilis L.
Fig. 3. Chromatogram of hexane extract from L. nobilis L. leaves.

Ha Bcex mnpenacraBieHHBIX XpomaTo-
rpaMMmax BUJHO, YTO JOMHUHHUPYET 3 OCHOB-
HBIX KOMIIOHEHTa, CO BpPEMEHEM YAEep>KHUBa-
Hus 7 MuH, 17,6 Mud u 19,6 mun. I[Iytém co-
MOCTAaBJIEHUSI MacCC-CIIEKTPOB 3aperucTPUPO-
BAaHHBIX BEIIECTB C OMOIMOTEYHLIMHU JaHHDI-
MU Macc-criekTpoB 0asbl manHbix NIST 11

YCTaHOBJICHO, YTO Hal/IEHHBIC BEIIECTBA SIB-
JISTFOTCS 1,8-1tuHEe0IOM, anbda-
TEPIICHUIAIETATOM U METHIIBI'C€HOJIOM COOT-
BETCTBEHHO.

Pesynbratel pacmmdpoBKkH  Xpomaro-
rpaMM IIpeJICTaBIEHbI Ha PUCYHKaX 4-6.
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Puc. 4. Macc-cniektpsl 1,8-1inHeona (3BKanunTosa) (BpeMs yAepKUBaHHUS Ha XpoMaTorpaMMax
7,0 MHH), 3apETUCTPUPOBAHHBIE Y aHATM3UPYEMOTO U OMOIHMOTEYHOTO 0OPA3IIOB.
Fig. 4. Mass spectra of 1.8-cineole (eucalyptol) (retention time on chromatograms 7.0 min) record-
ed for the analyzed and library samples
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Puc. 5. Macc-cnexTpsl anbda-TepreHuanerara (BpeMs yIepKUBaHUS Ha XpOMaTorpaMMax
17,6 MuH), 3aperucTpUpOBaHHBIC Y AaHATU3UPYEMOTO 1 OUOIMOTEYHOT0 0OPa3IIOB.
Fig. 5. Mass spectra of alpha-terpenyl acetate (retention time on chromatograms 17.6 min), record-
ed from the analyzed and library samples
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Puc. 6. Macc-criekTp MeTUIIIBreHONa (BpeMsl yAepKUBaHUS Ha XpoMaTorpammax 19,6), 3aperu-
CTPUPOBAHHbIE Y aHAIU3UPYEMOTr0 U OMOIMOTEYHOro 00pas3IIoB.
Fig. 6. Mass spectrum of methyleugenol (retention time on chromatograms 19.6),
recorded in the analyzed and library samples.

[Tomumo 3 TOMUHHPYIOIIMX KOMIIOHEH-
TOB, OIPENEJIEHbl TAKXKE COMYTCTBYIOIINE

1,0%.  IlepeueHp  NOMHMHHUPYIOIIUX U
COITYyTCTBYFOIITIX KOMIIOHEHTOB, 175

COCAUHCHUA, MNPUCYTCTBYIOIIIMC BO BCEX
H3BJICYCHUAX W COACPKAHHUE KOTOPBIX BO
(I)pCOHOBLIX M3BIICUCHHUSIX COCTaBUIIO Ooliee

MPOLIEHTHOE COJIEp’)KaHUE BO (PEOHOBBIX
M3BJICUCHHSIX MPECTaBICHO B TabuIe 1.
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Tabauya 1
OcHOBHBIE XapaKTEPHCTHKH KOMIIOHEHTOB 3(upHoro macJa L. nobilis L.
Table 1
The main characteristics of the components of the essential oil of L. nobilis L.
Copep:xaHue KOMIIOHEHTA HA Il1omaaes nuka Ha
Bpems °
xpomartorpamme, % XpoMaTorpaMmmMe/3KCTpareHT
yAepKUBaHUSA HaszBanue
KOMIIOHCHTA HAa KOMIIOHCHTA lI) MeTOKCl/lHO- H_ (I) MCTOKCPIGHO- H
XpomaTorpamme TOpKeToH| (bTopGyTaH |rexcan TOPKETOH Ha(l):;}? y- -TeKcaH
70 1,8 ~ muneon 22,84 16,28 159 | 3250005 | 43197285 | 35781149
(9BKAIMNTON)
9,3 BeTa-MHAI000 2,66 2,39 2,3 3791378 6338289 5183970
tr7 Anbpa- 22,25 16,88 | 16,72 | 31743526 | 44664259 | 37613519
TepneHMnaueTaT
18,2 DBreHon 38 6,28 7,03 5402829 16667522 | 15819401
19,04 BeTa-oiemeH 2,8 2,0 2,06 3959631 5295823 4632581
19,7 MeTHI3BreHOo 8,2 11,27 11,4 11687804 29910206 25643233
199 bera- 28 2,05 21 | 4013308 | 5428656 | 4720520
KapHOUIICH
225 DIHKCeH 45 3.4 3,35 6416977 9028672 7544317
24,4 DneMUuLH 0,92 1,37 1,42 1316633 3644709 3204810
253 CratyseHon 1,9 3,21 3,67 2704799 8520760 8266543
289 6-omm- 0,7 1,37 164 | 997007 | 3638544 | 3693611
IIHOOYHOT
32,7 Hderumpocaycey- | 4 g 4,8 4,87 | 2732159 2739603 | 10962177
peaﬂaKTOH

CpaBHuBasi JaHHBIC ILIOMIAEH THKOB
HAWJCHHBIX KOMIIOHEHTOB, MPEICTaBICHHBIC
B Tabimuie 1 MOXHO 3aKIIOYUTh, YTO
HauOOJBIIUKA BBIXOJ COCTABHBIX A(UPHBIX
Macen oOecreynBaeT METOKCHHOHA(TOPOY-
TaH, HECKOJbKO MEHbIIE H-rekcaH. OJHako,
YYHUTHIBas TOKCUYHOCTb H-T€KCaHa M abco-
TIOTHYIO 0€3BpeqHOCTh METOKCHHOHA(TOP-

84

SKCTpaKuma
83,5
opbyTaHOM

83
82,5
82
81,5

81

lg Area, SmAU

80,5
80
79,5
79

[3HAYEHME Y]

METOKCUMHOHAdT

OyTraHa, I1eJIeCOOOpa3HbIM SIBISCTCS HCIOJIb-
30BaHHE BTOPOTO B KadyeCTBE HKCTpareHTa
a¢upHOro Macna. JluarpaMma cpaBHUTEIIBHOMN
JKCTparupymomei CrnocoOHOCTH — HCIOJb30-
BaHHBIX JKCTParcHTOB MPEJCTaBICHA HA PHU-
cyHke 7. Jlimg mpOCTOTBI BBIYMCIEHUN IPoO-
MO3JIKAE TUIOMIAd THUKOB OBUIM IPOJIOTA-
pUGMHUPOBAHBI.

IKCTPaKLUA H-
rekcaHom
[BHAYEHME Y]

DKCTpaKuua
bTOpKETOHOM
[BHAYEHME Y]

Puc. 7. lnarpaMma cpaBHUTEIBHOMN SKCTpAarupyomeil cnocoOHOCTH BEIOPAHHBIX SKCTPAreHTOB JUIS
U3BJICYCHUS] KOMIIOHEHTOB 3(pupHOTro Macia u3 nuctbes L. nobilis L.
Fig. 7. Diagram of the comparative extraction capacity of the selected extractants for the extraction
of essential oil components from L. nobilis L. leaves
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Takum o00pazom, METOJOM XpOMAaTO-
Macc-CIICKTPOMETPUH  OTNPENENEH  COCTaB
3(UPHOTO Macja, BBIICICHHOTO (PpeoHaMu U3
JUCTBEB JlaBpa OmaropoaHoro. Pe3ymbraTh
XxpoMarorpadupoBaHus MMOKa3alH, 4TO B IO-
JYYCHHBIX (DPEOHOBBIX HW3BIICUYCHUSX, JOMH-
HUPYIOIIMMHU OKa3aiduch 1,8-muHeon (9BKa-
JIMITON), alib(da-TepreHnIaneTaT 1 METHIIIB-
T'CHOJI, 4TO OJIM3KO 1O COCTaBy K HATUBHOMY
3(HUPHOMY MacCily, COIJIACHO JIUTEPATyPHBIM
JTAHHBIM.

3akirouenue. Ilokazana mnepcrnekTUB-
HOCTh WCIIOJIb30BaHUSI ()PEOHOB B KA4eCTBE
areHTOB JUIS MOJIy4eHUs] dpUPHOro Macia u3
JMCTHEB JiaBpa OnaropoHoro. B xone xpoma-
TorpapoBaHMs YCTAHOBJICHO, YTO OITH-
MaJIBHBIM JKCTPAareHTOM SIBJISICTCSI METOKCH-
HOHAPTOPOYTAH, DKCTPATUPYIONINH JIETy4IHe
KOMIIOHEHTBI C HauWOOJBIIUM BBIXOJOM, IO
CPaBHEHUIO C (TOPKETOHOM U H-TEKCAHOM,
KpOME TOT'0, METOKCU(PTOPOYyTaH HETOKCHYCH
110 CPABHEHUIO C H-TEKCAaHOM.

HNudopmanus o puHAHCHPOBAHUM
Qunancuposanue OaHHOU pabomvl He NPOBo-
OUNOCY.
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CvHApPOM BO3PACTHOM MOJIOCTH PTa
KaK KOMIIOHEHT repuaTPU4Y€eCcKOro craryca

B.A. ]30p():*.eHueBa1 , B.IO. ]30p03enue13.1 , I.II. IMounTaesa’ ,
O.A. PmKneCTBeHCKasI2 , T.B. EBIIOKI/IMOBaS
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Pe3rome

AkTyanbHocTh: [10 1aHHBIM JHUTEpaTyphl UMEETCSl BBICOKAsl CTENEHb paclpocTpa-
HEHHOCTH cUHpoMa crapueckoii acrenuu (frailty) cpemu i crapueckoro Bo3pac-
Ta. DTO COCTOSIHHE COIPSDKEHO PSIIOM (PU3MUYECKUX, PYHKIIMOHANBHBIX U OMOXUMHU-
YECKHX CABHTOB B OpraHu3Me. VM3BECTHBI B3aMMOCBSI3M CHHAPOMA BO3PACTHOM MOJIO-
CTH PTa C CUHAPOMOM MAJIbHYTPHUIMH, aCCOLMALMU C APYTMMU T'epHaTPHUECKUMHU
CHHJPOMaMH M3YY€HBI HEJIOCTATOYHO. B TO ke Bpemsi 0coOyr0 3HaueHue mpuoope-
TaeT paHHsIs JAMArHOCTMKA COCTOSHUM M 3a00jeBaHUM, MpPEACTaBISIOMUX COOOH
(dakTopbl pUCKa pa3BUTHs CHHApPOMa BO3pacTHOM mojoctu pra. Lleanb mccienosa-
HusA: OLEHUTh BKJIAJ CHHJpPOMa BO3PACTHOM MOJOCTH pTa B (pOpMUPOBAaHUE TepHUAT-
pudeckoro cratryca. Matepuanasl 1 MeToAbl: Beero B nccienoBanme ObII0 BKITIOYE-
HO 570 4enoBeK MOXUIOI0 M CTapuyecKOro BO3pacTa, B TOM uucie 58 yenoBek 0e3
aneHTuu, 512 denoBek ¢ ageHTuen. Bo3pact manueHToB coctaBmi oT 65 1o 84 jer.
['pynnbl manueHToB 6€3 aJJeHTUU U ¢ aieHTHeW ObUIM COMOCTaBUMBI IO BO3PACTHO-
nojoBoMy coctaBy. PesyabTartei: [IpoBefeHHOE MCCIenOBaHNEe TOKA3ajl0, YTO CHH-
JIPOM BO3PACTHOM MOJIOCTH PTa acCOLMUpPOBaH ¢ norepeit 11 u Gonee 3y60B mpu Jto-
0OM BapuaHTe aJICHTHH, a TIPU MEHBIIIEM KOJMYECTBE YTPAYCHHBIX 3yOOB — C 1-BIM U
4-piM KJaccaMu aneHTHH 1o O. KeHHenu, Mpu 3TOM ITHOIOTMYECKHE MPUYUHBI
QJICHTUM HE MMEIOT JOCTOBEPHOTO 3HAUCHHS B MOBBINICHUH PHCKA Pa3BUTHS CHH-
JpoMa BO3pacTHOH mosioctu pra. CepleuHO-coCyIuCTas aToJIoTusl, CaXapHblil aua-
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06er BTOpPOro THIa M 3a00J€BaHMS OIOPHO-IBUTATEIILHOTO ammnapara JAOCTOBEPHO
(p<0,05) mOBBILIAIOT PUCK PAa3BUTHS MPOTPECCHUPOBAHUS CHHIPOMA BO3PACTHOM MO-
noctu pra. CUHAPOM BO3PAaCTHOM MOJIOCTH PTa JOCTOBEPHO ACCOLIMUPOBAH C TAKUMHU
repuaTpuuecKUMU CHUHIPOMaMHU KaK CHHAPOM MaJbHYTPUIMU U PHUCK €€ Pa3BUTHS,
JIMHA-/CapKOTICHNs, CHHIAPOM MAaJCHUN, NENpPeccHs YMEPEHHON CTENEHH BBIPAKEH-
HOCTH, KOTHUTHUBHbBIE PACCTPOMCTBA U HEKOPPUTHPOBAHHBIE CEHCOPHBIE JEe(DUIIUTHI.
3akirodenue: B cBs3M ¢ JOKa3aHHBIM BKJIAJIOM CHHAPOMA BO3PACTHOM MOJIOCTH pTa
B (hopMHpOBaHKE repUaTpUUECKOro CTaTyca y MaldeHTOB MOXKUIOro Bo3pacTta cie-
IyeT MPOBOAUTH OLEHKY COCTOSIHUSI 3yOHBIX psiioB 1o D. Kennenu, npu 3ToM Jrofeit
C TIOJTHOM aJieHTHEH, a Takke ¢ 1, 4 KmaccaMu aJileHTUH U CMEUIaHHBIMU ee (hopMamMu
OTHOCHUTbH K TPYIINE MOBBIIIEHHOTO PUCKA Pa3BUTHSI CUHAPOMA CTAPUYECKON aCTeHHH.
Takxe 1emecooOpa3Ho y JOJEH C CHHAPOMOM BO3PAaCTHOM TOJOCTH PTa IMEpes
HaIpPaBJIEHUEM Ha CTOMATOJOTHYECKOI0 BMEIIATEIbCTBOM MPOBOIUTH KOMIUIEKCHYIO
repUaTpUUECKyI0 OLIEHKY C TapreTHOM KOPPEKLUEH BBIABICHHBIX I'E€pUaTPUUECKUX
CUHPOMOB.

KiroueBble cjioBa: CHUHAPOM BO3pacTHOW IOJIOCTU PTa; CTapyecKas AacTEHHUS;
KOMOPOHMIHOCTH; T€pHUATPUUECKHI CTATyC; CTOMATOJIOTHUECKOE 30POBbE

Jus nuurupoBanusi: boposzenueBa BA, boposennies BIO, Ilountaesa UII, u ap.
CHHIpOM BO3pAacTHOM IOJOCTH pTa KaK KOMIIOHCHT T'e€pUAaTPHUECKOTO CTaryca.
Hayunbie pe3ynbTarthl OHOMenuiMHCKUX ucciaenoanuii. 2021;7(3):296-307. DOI:
10.18413/2658-6533-2021-7-3-0-8
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Abstract

Background: According to the literature, there is a high prevalence of the syndrome
of senile asthenia (frailty) among the elderly. This condition is associated with a
number of physical, functional and biochemical changes in the body. The interrela-
tionships of the senile mouth with the malnutrition syndrome are known, the associa-
tions with other geriatric syndromes are insufficiently studied. At the same time, ear-
ly diagnosis of conditions and diseases as the risk factors for the development of se-
nile mouth is very important. The aim of the study: To study the role of the senile
mouth in the formation of geriatric status. Materials and methods: In total, 570 el-
derly and senile people were included in the study (58 persons without adentia,
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512 persons with adentia. The age of the patients ranged from 65 to 84 years. The
groups of patients without adentia and with adentia were comparable in age and sex
composition. Results: The study showed that the senile mouth is associated with the
loss of 11 or more teeth in any variant of adentia, and with a smaller number of lost
teeth — with the 1st and 4th classes of adentia according to E. Kennedy, while the
ethiological causes of adentia do not have a significance in increasing the risk for de-
veloping of senile mouth. Cardiovascular pathology, type 2 diabetes mellitus and
diseases of the musculoskeletal system increase the risk of developing the progres-
sion of the senile mouth. The senile mouth is associated with such geriatric syn-
dromes as the syndrome of malnutrition and the risk of its development, di-
na/sarcopenia, falls syndrome, depression, cognitive disorders and uncorrected sen-
sory deficits. Conclusion: Senile mouth take place in the processes of formation of
geriatric status in elderly patients. It is necessary to investigate the state of the denti-
tion according to E. Kennedy. The patients with complete adentia, as well as with
grades 1, 4 of adentia and its mixed forms are the groups of increased risk of frailty.
It is also advisable to conduct a comprehensive geriatric assessment with targeted
correction of the identified geriatric syndromes in people with senile mouth before
and after dental intervention.

Keywords: senile mouth; frailty; intrinsic capacity; comorbidity; geriatric status;
oral health

For citation: Borozentseva VA, Borozentsev VYu, Pochitaeva IP, et al. Senile
mouth as a component of geriatric status. Research Results in Biomedicine.
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BBenenue. Ilo naHHBIM JUTEpaATYpPHI
MMeEeTCsl BBICOKAasi CTENEeHb PacHpOCTPaHEH-
HOCTHU CHHJpPOMa CTapyecKOil acTeHHM Cpeau
JUIl TOXHWIONO M CTapyecKoro BoO3pacTa
[1, 2, 3]. OTO cOCTOSTHHE COIPSKEHO PSIIOM
¢buznuecKkux, OMOXUMHUYECKUX U HUMMYHOIO-
THYECKUX CABUTOB B opranusme [4, 5]. B
HacTosillee BpeMsl aKTUBHO pa3BUBAETCS yde-
HHUE O PETUOHAPHBIX TEePUATPUUYECKUX CHH-
apoMax. J[OBOJIBHO HEIIOXO M3Y4YE€HbI TaKHE
pEruoHapHbIE TepPUATPUYECKUE CHHIPOMBI
KaK CHMHJIPOM BO3PAaCTHOM CTOIbI, BO3PACTHOM
kucTu. OMHUM U3 HaAaUMEHEee M3YYCHHBIX BO-
MPOCOB  SIBJISIETCS B3aMMOCBA3b CHUHIpPOMA
CTap4YeCKOW acCTEeHUEN ¢ CUHIPOMOM BO3pACT-
HOM monoctu pTa. B To ke BpeMs Bce 0OJb-
Y0 aKTyaJIbHOCTh MPUOOpETaeT paHHssS TU-
arHOCTHKA COCTOSHUU U 3a00JeBaHUM, Mpe-
CTaBJIAIOIINUX COOON (haKTOpbl pUCKA pa3BH-
THSI CUHAPOMa BO3pPAaCTHOM mosiocTu pra. MU3-
BECTHBI B3aWMOCBSI3M CHHJPOMA BO3PACTHOM
MOJIOCTH pTa C CHHIPOMOM MAallbHYTPHUIIUH,
acColMaIi ¢ JIPYTUMH TepUATPUIECKUMU
CHUHAPOMAaMH H3Y4YEHBl HEAOCTATOYHO [6, 7].
B nurepatype uMeroTCs TUIIb pa3pO3HEHHbIE

HECHCTEMaTHYEeCKHEe TaHHBIC O BKJIa/Ie pa3Ho-
00pa3HbIX NePUIIUTOB MUTAHUS B TCHE3 TePH-
aTPUYECKUX CHHIPOMOB Yepe3 MpU3MY CTap-
YeCKOW aCTeHHH, BO3PACTHOW M WHAMBUIY-
anpHOM Jkm3HecmocoOHocTn [8, 9]. Bkian
CHUH/IpOMa BO3PACTHOM TMOJIOCTH pTa MpaKTH-
YecKu He paccMmarpuBaercs. He HaiineHo pa-
00T MO KOMIUIEKCHOMY HM3y4YEHHIO KJIMHUYE-
CKUX U (YHKITMOHATIHHBIX MTApaMeTPOB C TOY-
KU 3pEHUsl BIUSHUSA CHHIPOMa BO3PACTHOM
MOJIOCTH PTA HAa PUCK PA3BUTHS U MPOTPECCH-
pOBaHMsI CTapYECKO acTeHnH. Bmecte ¢ Tem,
9TO sIBNIAETCS akTyaldbHBIM. bonee 90% iro-
Jiel O’KUIJIOTO U CTapuecKoro Bo3pacTa MMe-
0T Ty WIA UHYIO CTCIICHb aJCHTHU, MPUICM
JlaJIeKk0 HE BCerja aJeKBaTHO CKOPPUTHPO-
BaHHYIO. DTO OTpaHWYUBACT IUIOIIAAb KEBa-
TEJIbHOW IMOBEPXHOCTH, M, COOTBETCTBEHHO,
BBIHY)KJAeT JIIOJed OTrpaHWYHMBaTh BHIOOP
MPOJIYKTOB, YTO MPHUBOJUT K HYTPUTHUBHBIM
neunuram. Takke BIUSIOT W JAPYTHE TPO-
OJ1eMBI — apTPUT BUCOYHO-HUKHEUYETIOCTHOTO
CyCTaBa, CHHIPOM CYXOCTH POTOBOIl MOJIOCTH
u npoune (axropsl. Takum obpazom, Tpedy-
eTcs cucTeMarh3anus (aKkTOpPOB pUCKA pas-
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BUTHSI CUHApPOMA BO3PACTHOM MOJIOCTH pTa
JUTsl HAYYHOTO 00OOCHOBAHUSI MEp repraTpuye-
CKOHM TIPO(MUIAKTUKU TIPH 3TOM TepuaTpuye-
CKOM CHHJIpOME.

Heas uccaenoBanus. M3yunts BKIIAZ
CHUHJpPOMa BO3PACTHOM MojocTu pra B (op-
MHUPOBAHUE T€PUATPUUECKOTO CTaTyCca U PUCK
Pa3BUTHUS CHHIPOMA CTAPUYECKOM aCTCHHH.

Martepuaa u MeTOAbI HUCCJIeI0BAHMS.
HccnenoBanue npoBOAMIIOCH B TEUEHUE S JIET
Ha npotTsokeHuu 2016-2020 rogos. Bceero B
HCcclIeIoBaHUE ObLIO BKIOYEHO 570 ueaoBek
MOKHJIOTO M CTap4YeCKOTO BO3pacTa, B TOM
yuciie 58 yenoBek 0e3 ajgeHTUH, 512 denoBek
¢ ajgeHTHel. Bo3pacT manueHToB coCTaBUI OT
65 no 84 ner. BbiOOp 1aHHOTO BO3pPacTHOTrO
UHTEpBasla OOYCIIOBJIEH [BYMS MO3UIUSMHU.

Bo-niepBbIX, UMeHHO BO3pacT 65+ sBIseTCS
HanOoJee PUCKOBBIM MO Pa3BUTHIO CTapue-
ckoil actenuu. C Apyroil CTOpPOHBI, JIIOAU B
Bo3pacte 85+ MpEeACTaBISAIOT COOOM OTIEb-
HYI0 KOTOpTY IallUEHTOB C BBICOKOW cCTelle-
HBIO 3aBHCHMOCTH, 4TO TpeOyeT MpOBEACHUS
OTJEJBHBIX HCCIEAOBaHUMU. ['pymmbl manueH-
TOB 0€3 aJeHTHH U C aJeHTUEH ObUIM COIMOo-
CTaBUMBI 10 BO3pPAaCTHO-IIOJOBOMY COCTABY.
[TanieHTBl ¢ BBIPAKEHHBIMA KOTHUTHUBHBIMHU
paccTpoicTBaMU, COMAaTUYECKOW MAaTOJOTHEH
B TSDKEJIOW CTaJuU U OHKOJOTMYECKHMH 3a-
0oJeBaHUSIMH HE BKIIOYAINUCH B HACTOsAIIEE
ucciefoBaHue. XapaKTepUCTUKA MalUEHTOB,
BKJIFOYEHHBIX B MCCIIEIOBAHUE, IIPEICTABICHA
B Tabnuue 1.

Tabnuya 1

XapaKTepI/ICTHKa MNalnMueHTOB, BKJIIOYECHHbBIX B HCCJIeA0OBaHHUE

Table 1

Characteristics of the patients included in the study

XapaKTepMCTmca NMAalueHTOB

IIpusnak
be3 anenTun C agenrueit
Ob11ee KOIUYIECTBO 570 gem.
Konugectso 58 vemn. 512 gem.
Bospacr 65 net — 84 rona 65 net — 84 roga

65-74 — 32 veir.,
75-84 — 26 uein.

65-74 — 323 yen.,
75-84 — 189 uen.

Cpeanuii Bo3pacT

74,0+4,3 rona

73,84+4,2 roga

ITon

M — 21 gen., )K — 37 gen.

M — 186 uen., 2K — 326 gen.

B ocHoBe Bemymiero Kpurepusi JuarHo-
CTHKH CHHJIPOMA BO3PACTHOW TOJIOCTH PTa
TeKano M3yYeHUE IEJOCTHOCTH 3YOHBIX psi-
70B. IIpu 3TOM IIpU M3y4eHUM CTOMATOJIOTH-
YEeCKOro cTaryca BCE MAIMEeHTHl ObUIH pasfe-
JICHBI Ha MOATPYIIIIbI B 3aBUCUMOCTH OT Bapu-
aHTa M CTENEeHH aJICHTUU B COOTBETCTBHUH C
kinaccudukanueit 3. Kennenu. [lepBoiit kiacce
ajeHTun umenu 61 denoBek, BTOPOW Kiiacc —
58 4denoBek, TpPeTHil Kiacc — 72 4enoBeK, YeT-
BEepPTHI KIacC — 63 dYenoBeK, CMEMIaHHYIO
dbopmy — 151 yenoBek, MOTHYIO AACHTUIO —
112 genoBek.

JInst u3ydeHusi repuaTpudecKoro crary-
ca MCIOJIb30BAIACh KOMITBIOTEpHAs MPOTpaM-
Ma «Crenuanu3upoBaHHbI TePHUATPUIECCKHIA
OCMOTp», pa3paboTaHHas COBMECTHO YYCHBI-

MU benroponckoro rocyapcTBEHHOTO HallU-
OHAJIBHOTO HCCIJIEI0BATEIBCKOIO0 YHHUBEPCH-
TeTa U AKaJeMHUU MOCTIUIUIOMHOTO 00pa3o-
BaHusa PenepanbHOro HayYHO-KIMHHYECKOTO
LIEHTpA denepanbHOTro MEIHKO-
Ouosoruueckoro areHrcrBa Poccun (cBupe-
TENBCTBO O FOCYAAPCTBEHHOMN pErucTpanuu B
Pocnarenente Ne 2015620486). Ilpu stom
u3ydanach (YHKIMS TEPEeIBUKEHHUS IyTeM
OLIGHKH JIBUTATE€JIbHOW aKTUBHOCTH IO ILIKaje
TuHHETH € MapajyleNbHBIM MPOBEACHUEM KH-
CTEBOW JTUHAMOMETPHH, U3Y4aJICsl CTaTyC MH-
TaHHs C NMOMOIIBbK KpaTkol HIKajgbl OLEHKH
NUTaHUs, JaBajachb CKPUHUHIOBAs OLICHKA
KOTHUTHUBHOMY CTaTyCy Ha OCHOBAaHUM KpaT-
HOM HIKajJbl OLEHKH NCUXUYECKUX (DyHKUUH,
M3Yy4aJloCh NCUXOJOTUYECKOTO COCTOSHHE Ha
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ocHoBannn PuanenbPUicKoil repuarpuye-
CKOM MIKaibl U mKaibl beka. YpoBeHs Hesa-
BUCHMOCTH B IOBCEJHEBHOW KH3HU OLIEHU-
Bajicss mo mmkane bapren. JlanHblii HaOOp
OIPOCHUKOB M HIKAJI COOTBETCTBYET 00BEMY
KOMIUIEKCHOW TepHaTpU4ecKOl OLIEHKH, pe-
KOMEHJIOBAHHOMY HOPMAaTHUBHBIMU JOKYMEH-
TaMu MuHucTepcTBa 3apaBooxpaHeHus Poc-
curickon ®exnepanuu. s oLleHKHM coMaruye-
CKOTO cTaTyca MpOBOJIMIACH BBIKOIMUPOBKA
JaHHBIX W3 MEAUIUHCKONW JIOKYMEHTAIIHH.
IIpu 3TOM nHMAarHOCTMKa COMATUYECKOM MarTo-
JIOTUU TPOBOAMIIACH B COOTBETCTBHM C JEH-
CTBYIOIIMMHU Ha MOMEHT OOCIeIOBaHUS
HAIIMOHAJIFHBIMU KJIMHUYECKHUMH PEKOMEH/1a-
nUsAMU. Y BCeX MAlMEHTOB OBLIO MOIYyYEHO
coryiacve Ha BKJIIOYEHHE B UCCIIEIOBaHHE.
Bce pesymbrarel ObUTM  MaTeMaTHKO-
craThCcTHUecKn oOpaboransl. Ilpumensumch
METObl MapaMeTPHUUECKOM CTAaTUCTHKHU (pac-
YeT CPEHHUX BEJIWYHH, PACYET OTHOCUTEIILHBIX
BEJIMYMH M WX OIMIMOOK), HeMmapaMeTpUuecKoi
cratuctuku (Tect Xu-kBaapat I[Tupcona, me-
TOJI ANITOHA C PACUETOM TaOJUI] COMPSHKEHHO-
cTh 2x2). JIoCTOBEpHBIMU CUUTAIMCH DPA3JIU-
Yyusi TpU BEPOATHOCTU OIIMOKM MeHee 5%
(p<0,05). O6paboTKa CTATUCTUYECKUX JTaHHBIX
IIPOM3BEJCHA C  IOMOULIbIO  IPOTrpaMMbl
WinPepi (pacuer rpanui 95% JIW sxcTeHCHB-
HBIX BennuuH MetonoM Fisher) u makera mpu-
kiagHbIx nporpamm STATA ver. 12.
PesyabraTel. B Hacrosmem wuccieno-
BaHWW MBI U3YUMJIIM HECKOIBKO acCIeKTOB,
HAMpaBlIEHHBIX HA BBISBICHUE AacCOIUAIINA
MEXIy TepHaTPHUYECKHM, CTOMATOJIOTHYE-
CKHMM M COMaTMUYeCKHUM cTaTycoM. B xoxe uc-
ClleIOBaHMsI HamMH Oblla HW3y4eHa 3aBUCH-
MOCTh MEX]y Pa3jIMYHBIMH XapaKTepUCTHKA-
MU CHHIpOMa BO3PACTHOM NOJOCTU pTa H
HAJIMYUEM WM OTCYTCTBUEM Y ITHX MallUeH-
TOB CHHJpoMa crapueckoil acteHuu. Ilpu
3TOM Obla BBIBAJIEHA 3aBUCUMOCTb MEXIY
KOJINYECTBOM YTpauyeHHBIX 3yOOB U BEpOAT-
HOCTBIO BO3HMKHOBEHHUS CHHIpPOMA CTapye-
ckoil acteHnu. Okaszanoch, YTO pacrpocTpa-
HEHHOCTh CTapuU€CKON aCTEHWUH CPEeAu JIIOAEH,
yrpatuBmux 1 3y0 cocraBmsuia 5,2 [7,9-2,3]
cinydaeB Ha 100 denoBek, nmpu yrpare OT 2 10
5 3yooB — 6,3 [3,1-8,9], ot 6 10 10 3y6o0B - 8,5
[4,5-12,3]. danbHeiiniee yBeuueHHE KOTHYC-

CTBa YTpauyeHHBIX 3yOOB MPUBOJAUIA K JIOCTO-
BepHOMY (P<0,05) pocTy BEpOSATHOCTH pa3BU-
TUSI CTapyecKoi acteHuu. Tak, cpeau Jrozen
yrpatuBmmx 11-20 3y00oB crapudeckas acre-
Hus BcTrpewanack B 21,7 [15,7-27,2] cnyuae
Ha 100 yenoBek, cpenu yrparuBmmuX 21-25
3y0oB — B 57,6 [46,3-68,4] cinyuyaeB Ha 100
YeJl0OBEK, M NpU IOJHOW ajeHTuu — B 72,9
[60,2-84,6] ciyuasix Ha 100 yenoBek. Takum
00pa3oM, KPUTHUYECKUM YPOBHEM JUIsl JOCTO-
BEpHOT'O BO3pACTaHUs PUCKA PA3BUTHUSL CUH-
JpOMa CTapyeCKOW aCTEHUU IIPU CHHIPOME
BO3PACTHOM TOJIOCTH pTa ObuIa yTpara 11 u
6onee 3y0oB (puc. 1).

Taxxke B X0JIe HICCIICAOBAHUS HAaMU ObI-
Jla U3ydeHa 3aBHUCHMOCTh MEXKIY DPa3IUYHBI-
MU BapuUaHTaMH aJICHTUU W HaJUYdeM WJIH
OTCYTCTBHEM Y JTHX TMallUEHTOB CHHIpPOMA
cTapyeckoil acteHud. [Ipu 3ToM OBLTA BBISB-
JieHa JIOCTOBEpHAas 3aBUCHMOCTb MEXKIY
oTnpeeIeHHbIMUA BUJIAMU aJICHTUU U BEPOST-
HOCTBIO BO3HHMKHOBEHHSI CHHJIpOMa CTapye-
ckoil acrenuu. Okaszanoch, 4TO pacrnpocTpa-
HEHHOCTb CTAapUeCKON aCTeHHU Cpeau JIOJeiH
¢ 1 xmaccom anentuu no Kenneau cocrasiis-
na 18,3 [15,1-22,2] cnyuaeB Ha 100 yenosex,
pu BTopom kiacce — 8,4 [6,3-10,8], mpu tpe-
theM — 11,2 [7,4-15,1], npu uerBeprom — 20,1
[16,5-24,8]. Cpenu miofeir CO CMEIIaHHBIM
BapHaHTOM aJCHTUM CTapyecKas acTeHUH
BcTpeyasach B 58,2 [46,9-70,1] cayuasx Ha
100 uenoBek. [Ipu mosHON aAEeHTUHU ITOT TO-
Kazarenb coctaBui 72,9 [60,2-84,6] ciydaeB
Ha 100 yenoBek. TakuM oOpa3om, cpenu Ba-
PUAHTOB aJICHTHUH HAMMEHBIINI PUCK IO pa3-
BUTHIO CHHIpPOMa CTapue€CKOM aCTeHHH CO-
cTaBisia ajieHTus 2 u 3 kiacca no Kennenu.
DTO MOXHO OOBSCHHTH TE€M, YTO TPHU ITHX
BapUaHTax aJ€HTUU B HaUOOJBIICH CTETICHU
M0 CPaBHEHHIO C APYTMMHU BapUaHTaMU aJIeH-
TUU COXpaHseTCs keBaTenbHas GpyHKuusa. 1 u
4 xjacc aJeHTUU SIBISIOTCS JOCTOBEPHO 00-
niee HeOIArompUATHBIMH. JTO CBSI3aHO C TEM,
YTO MpPH ITUX BapUaHTaX aJeHTHH ILIOMIAIb
YKEBATEIHHBIX MMOBEPXHOCTEH YMEHBIIIACTCS U
(YHKITUU TIEPEKEBBIBAHMS THIIN yX Y IITAF0T-
cs emne B Oombiieii crenend. CambiMu Hebla-
TOMPUATHBIMU TI0 PUCKY Pa3BUTHSI CHHIpPOMA
CTapueCKOM aCTEHWU SIBIISIOTCS CMEIIaHHBIN
BapUaHT aJICHTHH U TIOJTHAS aJICHTHSI.
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Puc. 1. PacnpocTpaneHHOCTb CTapYECKOIl aCTEHUU MPU PA3IMYHON CTENIEHH YTPAThl 3y0OB.
Fig. 1. The prevalence of frailty with various degrees of tooth loss.

[pyn m3yueHnn cnekrpa 3a00eBaHMH, ac-
COLIMMPOBAHHBIX C CHHIPOMOM BO3pPacTHOU TO-
JIOCTU PTa, OKA3aJ0oCh, YTO, COIJIACHO JIAHHBIX
PEHTHHI-IIKAIMPOBAHUS, BEAyLIee 3HAUCHHE
MMEII OCTEOXOHPO3 MICHHOTO OT/eNa TO3BO-
HOYHMKA,  OCTCOAPTPUT  BUCOYHO-HIKHE-
YEeJIFOCTHOTO  CYCTaBa, KOpPOHapHas OOJIe3Hb
cepaua (B BUIIE CTCHOKApP/IUH HAIPSHKEHHS ), T10-
CIIEZICTBUS TIEPEHECEHHOTO OCTPOTO HapyIICHHS
MO3T0BOIO KpOBOOOpAILIEHUs], CaXapHbIiA Juader
(BTOpOrO THIIA), OCTEOAPTPUT CYCTABOB KHCTEH,
OCTEOaPTPUT IUICYEBOTO CYCTaBa, OCTEOHOPO3,
XPOHUUECKasi CepleyHasl HeJ0CTaTOYHOCTh, TH-
nepToHUYecKkass 0o0Je3Hb. JTO CBUJIETENBCTBO-
BJIO O BEPOSTHOM OOIIHOCTH MPOLIECCOB (POp-

MHUPOBAHUS CUHJIPOMA BO3PACTHOM IIOJIOCTH pTa
1 COMAaTUYECKOIO CTaTycCa, XapaKTepPU3YIOLIETO-
Csl COUETaHUEM KOMIIOHEHTOB MeTa0O0INYEeCKOro
CHUHJIPOMA, CEPJICUHO-COCYIUCTOI0 KOHTHHYYMa
1 TIOPAYKEHUS OTIOPHO-/IBUTATENILHOIO aIlIapara.
3T0 3aKOHOMEPHO, IMOCKOJIBKY MPH TaKuX 3a00-
JIEBAaHUAX KaK CEpACYHO-COCYIUCTasi MATOJIOTUs
Y caxapHbIil AuadeT BTOPOro THIa (POPMHUPYETCS
OIpEZICNIeHHBI  YpOBEHb HHGIIAMAIDKUHTa, a
natorese3 3a001eBaHUN OMOPHO-/IBUIATEIEHOTO
anrapara UMeeT CXOHbIE MEXaHU3MBI C KOCTHO-
CYCTaBHOM CHCTEMOM POTOBOM TMOJIOCTH, (Pop-
MHUpYsI YCIIOBHSL JUIs1 OoJiee JIETKOH yTpaTtsl 3yOoB
(Tabmuia 2).

Tabnuya 2
3a6oJieBaHNs1, aCCOIMUPOBAHHDBIE C CHHIPOMOM BO3PACTHO¥ MOJ10CTH pTa (peiituHr TOoNn-10)
Table 2
The diseases associated with senile mouth (rating-top-10 scale)
PeliTunr Ho3zosornyeckas popma xl p
1 OCTEOXOHIPO3 MISHHOT0 OT/e/a T0O3BOHOYHUKA 7,11 0,0089
2 OcCTeoapTpUT BUCOYHO-HIKHEYEIIOCTHOTO CYCTaBa 7,12 0,0098
3 Nmemudeckas 60J1e3Hb cepana (CTCHOKAPIUs HATPSDKEHIS) 9,45 0,0102
4 [ocnencTBus MEPEHECEHHOTO OCTPOT0 HAPYIIICHUST MO3TOBOTO KPOBOOO- 8,15 0,0104
pateHus
5 CaxapHblii quabet, i 2 9,15 0,0165
6 OCTEe0apTPUT CYCTABOB KUCTEH 10,02 0,0201
7 OCTE0apTPUT TUICUEBOTO CYCTaBa 10,62 0,0241
8 OcTeonopos 11,44 0,0268
9 XpoHHueckas cepJiedHasi HeJOCTaTOYHOCTb 7,63 0,0311
10 AprepuanbHasi TUIIEpTEH3U (THIIEpTOHINYEeCKast 00JIe3Hb) 8,15 0,0415
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AHanu3 accouManuii pa3iIMyYHbIX KOM-
MIOHEHTOB FePUATPUIECKOr0 CTaTyca MoKasall,
YTO CHHJPOM BO3PACTHOM IOJIOCTH pTa ObLI
aCCOIIMMPOBAH C TAKHMHU JAPYTUMH TepUaTpU-
YeCKMMU CHUHAPOMAaMHU KaK CHHIPOM Malb-
HYTpULIMK (HEJTOCTATOYHOCTH MUTAHUS) JTHOO
PHCKOM €ro pa3BUTHS, TPYIIOW CHHIPOMOB,
CBSI3aHHBIX C HAPYNICHUSMHU MEPEIBIKCHUS

(cMHIPOMOM MaJieHu# Kak MOBTOPHBIN, TaK U
MePBUYHBIN, TUHANECHUS, CapKOIeHus), Oio-
KOM JIe(DUIIUTAPHBIX COCTOSIHUN B TICHXO3MO-
LUOHANILHOM cepe (KOTHUTHBHBIE PacCTPOM-
CTBa, JACTPECCHs) CCHCOPHBIC NehUIUTHI (B
YaCTHOCTH, CO CHI)KCHHEM 3pEHUS W/HUIu
CIyXa B ClIydya€ OTCYTCTBHUSl UX INOJHOW HIIH
aZICKBaTHOU Koppekuuu) (Tabmuna 3).
Tabnuya 3

I'epuaTpuyeckue CHHAPOMBI, ACCOMMHPOBAHHbIE ¢ CHHIPOMOM BO3PACTHOI MOJIOCTH PTa
(peliTunr-mkaJja Tom-10)

Table 3
Geriatric syndromes associated with senile mouth (rating-top-10 scale)
PeiiTtunr Hozosornueckas popma XZ p
1 CHHAPOM MaTBHYTPUITUH 7,02 0,0006
2 CHHIpOM TIaIcHUH TOBTOPHBIN 8,11 0,0011
3 CapkorneHust 11,34 0,0032
4 Puck pa3BUTHS CUHIPOMA MAJIBHYTPULIUU 9,22 0,0047
5 KorHutuBHbIe paccTpoiicTBa, COOTBETCTBYIOIUE YPOBHIO JEMEHIINH JIeT- 9,37 0,0118
KO CTENEHU TSHKECTH
6 CHUHPOM Ta/ICHHUI ICPBUYHBIH 7,16 0,0139
7 KorHuTHBHBIE paccTpoiicTBa, COOTBETCTBYIOIINE TOJIEMEHTHOMY YPOBHIO 10,11 0,0140
8 JunarneHnus 9,08 0,0206
9 JHemnpeccust yMepeHHOH cTeNeHN 8,12 0,0318
10 Cencopabie nepUINTH (HEKOPPETUPOBAHHOE CHIDKCHHE 3PCHUS 1/ TITH 8,42 0,0446
ciryxa)
Oﬁcymeﬂne. Hame HCCiacaoBaHuA 110~ HUsAMUA Kak OCTCOAPTPHUT BHUCOYHO-

Ka3ajo, 4TO Ha PHCK pa3BUTUS CHUHApPOMA
BO3PACTHOM MOJIOCTH PTa BIIUSAET KOJIMYECTBO
YTPaueHHBIX 3yOOB W BapWaHT aJICHTUH, TIPH
3TOM Haubosiee PUCKOBBIMHU SBJISIETCS MOTEPs
11 u Gonee 3y0OB MpH JTHOOOM BapUaHTE aJeH-
THUH, @ TIPU MEHBIIIEM KOJIMYECTBE YTPAaueHHbIX
3y0OB Hambosee PUCKOBBIMHU SIBISIOTCS 1-i1 1
4-i1 xmaccel agentuu mno . Kennenu. bes-
YCIIOBHO, B OYAYIIEM 3TO MOTEHLUAIBHO MPH-
BE/IET K CHWKEHUIO BO3PACTHOM CIOCOOHOCTH
[10]. UnTepecHbIM siBasieTcst (aKT, YTO ITHO-
JIOTWYECKUe MPUYMHBI 3JICHTHA HE UMEIOT JI0-
CTOBEPHOTO 3HAY€HHUs B TIOBBIIIEHUM pPHUCKA
pa3BUTHSI CUHJIpOMa BO3PACTHOM IMOJIOCTH PTa.
[TonoOHbIE 3aKOHOMEPHOCTH HaOMIONAUd U
Ipyrue aBTOPHl MPHU HM3YYCHUH TepuaTphye-
CKMX KJIMHUKO-ATO(PU3UOIOTHYECKHUX IIETI0-
yek [11]. Cunapom BO3pacTHOM MOJIOCTH PTa
JIOCTOBEpHO TOBBIIIAET PUCK PA3BUTHS CHH-
JpOMa CTapuecKO acTeHUH, IpU 3TOM Hanbo-
jee HeONaronpusTHBIMU SIBJISIOTCSL €0 acco-
IUalMd ¢ TaKUMH 3a00JIEBaHUSMU U COCTOS-

HIDKHEYETTIOCTHOTO  CYCTaBa, OCTEOXOHJPO3
LIEHHOro OT/JeNa MO3BOHOYHHKA, MTOCIEACTBUS
MIEPEHECEHHOTO MHCYJIbTa, OCTEAPTPUT CyCTa-
BOB HIDKHUX KOHEUHOCTEH, pa3nuyHbie POpMbI
UIIEMUYECKON 00JIe3HM cepilla, apTepuaibHas
THIEPTEH3US U CaXxapHbIil AuabeT BTOPOro TH-
na. Ilo cyru, 3T0T HabOp HO30JIOTMYECKUX
¢dbopMm mpencTaBisgeT CcoOOW MPOTPECCUpPYIO-
IIUA MEeTa0OIMYECKU M OCTEOMUHAIIEHNYE-
CKUW KOHTHHYYMBI. BBIsSIBJIEHHBIE 3aKOHOMEP-
HOCTH TO3BOJISIFOT BOCCO3/1aTh  LEJIOCTHYIO
KapTUHY TepUaTPUIECKOr0 Kackaja, B OCHOBE
KOTOPOH JIEKUT SIBIIEHUE KOMOPOUIHOCTU HE
TOJILKO HO30JIOTHYECKHX (hOpM, HO M TepHat-
pudeckux cuHapomoB [12-15]. [Ipu dhopmupo-
BaHUU TEPUATPUUECKOTO KacKajla CHHAPOM
BO3PAcCTHOM MOJOCTH PTa JOCTOBEPHO aCCOLU-
HWPOBAH C TAKUMHU TE€PHATPUUECKUMH CHHAPO-
MaMH KaK CHUHJIPOM MaJbHYTPULIMU U PUCKOM
€€ pa3BUTHUA, JWHA-/CAPKOTCHHS, CHHIPOM
MaJieHUN, JIEeTpPeccuss YMEpPEHHOH CTENeHU
BBIPQXKCHHOCTH, KOTHUTHUBHBIE PACCTPONCTBA
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U HEKOPPETHpPOBaHHBIE CEHCOPHBIC Ne(PHIIH-
Thl, IPY 3TOM Hauboisiee HeOIAroNnpUsTHBIA
repuaTpuyuecKkuii cratyc (GpopMmupyercs y ma-
IIUEHTOB C CUHJIPOMOM OAMHOYECTBA U BBICO-
KOH CTENEHBbI0 BO3PAaCTHOW JUCKPUMHUHHUPO-
BaHHOCTH. B pe3ynbTare pa3Butus y naiueH-
Ta CHHAPOMA BO3PACTHOM MOJOCTH pra (op-
MHUPYIOTCS pa3sHOOOpa3Hble MaTOJOTHYECKUE
LENOYKH U KPYr'H, B3aUMHO OTSATOLIAIOIINE
apyr npyra. Hampumep, apTpur BHCOYHO-
HIDKHEUEIIIOCTHOTO CYCTaBa yCyryoJsieT mpo-
LIECC MEPEKEBBIBAHUS MUIIU U TaK HAPYyLICH-
HBI BCJEJICTBUE CHUXEHUS JKEBaTEIbHOM
IUIOUIA/IA BCJEJICTBUE alEHTUU. DTO BBIHYX-
JaeT TMAlMEeHTOB C CHHAPOMOM BO3pPacTHOM
IIOJIOCTH PTa OCYILECTBIIATH PECTPUKLMIO B
BBIOOpE MPOIYKTOB B IOJIB3Y JIETKO IEpexe-
BbIBAEMOI MUIIM, YTO B UTOI'€ HEMUHYEMO Be-
JeT K HYTpUTUBHBIM aepurnuram. Hyrputus-
HbIE JTEQHUIUTHl, B CBOIO OYEpeib, MOTCHIH-
PYIOT MHOXECTBO JAPYI'MX TepHaTpUYecKuX
CUHJIpOMOB. B "acTHOCTH, OENKOBBIN BapuaHT
CUHJIpOMa MaJbHYTPLMU NPUBOJUT K JMHA- U
CApKOICHUHU, ACHUIHUT MO TAypHHY U IHHKY
CIIOCOOCTBYET MPOIPECCUPOBAHUIO KOI'HUTHB-
HBIX PacCTpOMCTB, U Tak aaiee. [lo cyru, HyT-
PUTUBHO-MHIYLIMPYEMBbIE IPOLECCHl CTaHO-
BATCSl LIGHTPAJIbHBIM 3BEHOM B IOJIEP’KaHUU
TOTO WM WHOTO T€pPUaTPUYECKOIrO CTaryca y
JIOJE C CUHAPOMOM BO3PACTHOM IOJIOCTH
pra. BenenctBue ne@UUIMTAPHBIX COCTOSHHNA
0CHa0NSIIOTCd CaHOT'€HETUYECKUE U aKTUBH-
PYIOTCS NTATOJIOTMUYECKUE Lporiecchl. OTTalIKu-
BasiCb OT NMOHMMAaHMs OOIIHOCTHU MAaTOJIOTHYE-
CKHMX IPOLIECCOB NPU BBISIBICHHBIX BapHaHTaX
KOMOPOUJHOCTH ¢ OONBIION Ol BEpPOSTHO-
CTH MOXHO YTBEP)KIaTh, YTO (OpPMUPOBAHUE
CHHJIpOMa BO3pAacTHOW MOJOCTH PTa COIpO-
BOXK/aeTcs  SBIEHMSAMU — MH(IaMdHHKUHTA
[16-19], uto akTyanm3upyer qajbHeiiiee u3y-
yeHHe  OMOTrepOHTOJIOTHUECKHX  aCleKTOB
(dbopMHpOBaHUS CHHAPOMA BO3PACTHOM MOJIO-
CTH pTa.

Takum 00pazoM, Tsokenbie PopMbI aieH-
TUU KaK OCHOBHOW KOMIIOHEHT CHHApPOMA BO3-
PacTHOI MOJIOCTU PTa MPUBOAUT K Pa3IMYHOIO
poAa HYTPUTUBHBIM JucOanaHcaMm, Ipexe
BCEr0 HYTPUTHUBHBIM JAedULIUTaM, YTO MPHUBO-
JMT K PUCKY Pa3BUTHS CHHIPOMA MaJbHYTpH-
Uy Moo K MaHupecTanuu caMoi MallbHYT-

pULIUHU, YTO, COOTBETCTBEHHO, BBI3BIBAET WJIU
yCyryOsIsieT UMEIOIIYIOCs THHA-/CApKOIICHHUIO,
KOTHUTUBHBIA Je(DUIIMT U TIOBBIMIAET PHUCK
CUHJpOMa TmajeHui. Kmerommecss OaHOBpe-
MEHHO HEKOPpPErMpOBaHHBIE CEHCOPHBIE JIe-
(UIUTHI CITOCOOCTBYIOT elie OOJbIIeH Hera-
TUBU3ALIMH FEPUATPUUECKOTO CTATyCA.
3akuwyenne. CHHIPOM BO3PACTHOM
MOJIOCTU pTa acCOLMUPOBAaH C motepert 11 u
Oosee 3y00B IpH JIFOOOM BapuaHTE aCHTUH, a
IIPpU  MEHBUIEM KOJMYECTBE  YTPAYEHHBIX
3y00B — C 1-bIM U 4-bIM KJIaCCaMHU aJICHTUU T10
3. Kennenu, npu 3TOM 3THOJIOTUYECKUE ITPU-
YUHBI QJICHTUU HE UMEIOT JIOCTOBEPHOIO 3Ha-
YEHUs] B IOBBILIEHUM PHUCKA PA3BUTHUS CUH-
JIpoma Bo3pacTHOM monoctu pra. CepaeyHo-
COCYIUCTas TMAaTOJOTUs, CaxapHbId Auader
BTOPOrO TUIMAa © 3a00JIEBaHUSA  OIOPHO-
JIBUTATEJIbHOrO ammnapara JOCTOBEPHO IOBbI-
IAIOT PUCK Pa3BUTHUS MPOTPECCUPOBAHUS CUH-
JpoMa BO3pacTHOM mnonoctu pra. CUHAPOM
BO3PACTHOM MOJIOCTU pTa JOCTOBEPHO ACCOLIU-
HMPOBAH C TAKUMHU IepUATPUUYECKUMHU CHHJIPO-
MaMH KaK CHHJIPOM MaJbHYTPHUIIMH U PUCK €€
pa3BUTHS, JWHA-/CAPKOIIEHUS, CHHIPOM Majie-
HUW, JENpeccruss yMEPEHHOW CTENEHH BbIpa-
KEHHOCTH, KOTHUTHBHBIE pPACCTPOWCTBA U
HEKOPPUTHPOBAHHBIE CEHCOPHBIE ACPUIIUTHI,
CHUHAPOMOM OJMHOYECTBA U SIBJISIFOTCS BayKHOM
4acThi0  (DOPMHUPOBAHUS  T€PUATPUUYECKOTO
kackana. C MpakTUYECKOW TOYKU 3pPEHUs, B
CBSI3M C JIOKa3aHHBIM BKJIAJIOM CHHIpOMA BO3-
pacTHOi monocTu pra B GOPMHUPOBAHUE TEPH-
aTPUYECKOTO CTaTyca y MAIMEHTOB TMOXKUJIOTO
BO3pacTa CleAyeT MPOBOAUTH OLIEHKY COCTOSI-
Hus 3yOHBIX psaoB no O. KeHnenu, mpu 3ToM
JIIOACH C TONHOM afeHTHEeM, a TaKkke ¢ 1,
4 KiaccaMu aJIeHTUU U CMEIIaHHBIMU ee Gop-
MaMHU OTHOCHUTH K TPYIINE MOBBIILIEHHOTO PUC-
Ka pa3BUTHs CHHIPOMA CTapyeCKOW aCTCHHH.
Taxke 1enecooOpa3Ho y JoJell ¢ CHHIPO-
MOM BO3pacCTHOM TMOJIOCTH pTa TEpel Hampas-
JIGHHEM Ha CTOMATOJIOTMYECKOE BMeEIIATENb-
CTBO TPOBOJUTHh KOMIUJIEKCHYIO Te€pUaTpHUE-
CKYI0 OLIEHKY C TapreTHOW KOPPEKIMUEN BBI-
SBJICHHBIX TEPHATPUUYECKUX CHHAPOMOB. B
UTOre 3TO OYIEeT CImOoCcOOCTBOBATH pPaHHEMY
BBISIBIICHUIO CHHJPOMa BO3PACTHOW TOJOCTH
pTa, CBOEBPEMEHHOW TrepUaTpUUECKOM Mpo-
(dbunakTuke, YIy4dIIEHUIO TEePHATPUUECKOTO
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craryCa U IMOBBIIICHHUIO Ka4YCCTBA KHU3HU I1a-
IMUECHTOB IMOXMWJIOI'0 U CTAPUYECKOI0 BO3pacTra.
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Pe3rome

AKTyaJBbHOCTB: OCTEONOPO3 BCE Yale BCTPEUYAETCS Y JIUL MOKUIIOTO U CTAPUYECKO-
0 BO3pacTa, COXpaHsis CBOIO OTPOMHYIO MEIMKO-COIHMAIbHYI0 3HAYMMOCTh. Brus-
HUE TOPMOHOB Ha KOCTHBIA MeTaboIM3M HE BBI3bIBaeT cOMHeHUH. TeM He MeHee, B
HacTosIIee BpeMsi OOJIbIIIE BCETO JNAHHBIX O JEHCTBUU TMOJIOBBIX TOPMOHOB Ha KOCT-
HYI0 TKaHb. [10 ocTaibHBIM TOPMOHAM, TOPOM, OCTAIOTCSI IPOTUBOPEUYNBHIE MHEHMUS.
Hean uccaenoBanmusi: Ha ocHOBe JIUTEpAaTYpHBIX JAHHBIX W3YYUTHh BKIIAJ IHJIO-
KPUHHOMW CHCTEMBI B Pa3BUTHE OCTEONOPO3a Y JIMI] OKUIIOTO U CTAPUECKOT0 BO3pac-
Ta. MaTepuasabl U MeToabl: [IpoBeneH aHamu3 TUTEPATYPHBIX JIAHHBIX 1O MTOUCKO-
BBIM CJIOBAaM — OCTEOMNOPO3, MUHEpallbHas MJIOTHOCTh KOCTHOM TKaHu, OCI’, scTpo-
TeHBI, TECTOCTePOH, KopTu3od, ButamuH D, IGF1 3a 1998-2020 roma B KOMIbIOTEP-
HeIX Oazax nmaHHbIX: PubMed, Scopus, Medical-Science, Elibrary, Web of Science,
Ceeol. PesyabTaThl: AHANIM3 JTUTEPATYPHBIX TAHHBIX TMOKa3aj, YTO IOBBHIIICHUE
ypoBHeit TupeoTponHoro ropmoHa (TTI') urpaer ocTeonpoTeKTUBHYIO POJIb, CHUMKE-
HUE YpPOBHEW OCTPOreHa, TECTOCTEPOHa, HMHCYIMHOMOM00HOr0 (akrtopa pocta
1 (IGF1) u Butamuna D, a Tak)e TOBBIIIIEHHE YPOBHEW KOPTH30I1a, TApaTUPEOUTHO-
ro ropMoHa u Qomukynoctumynupytomiero ropmona (OCI') cnocobCcTBYIOT ToTepe
KOCTHOW MAacChl y JIMIl TTOXKHJIOTO M CTapyeckoro Bo3pacta. Kpome Toro, reHoTHIT
pernenropa ®CI' (PCI'R) AA rs6166 cBs3aH ¢ HU3KOM MHHEpPATbHON IMIOTHOCTHIO
KOCTHOW TKaHW HE3aBHUCUMO OT YpPOBHS JCTporeHa. [loMuKIIOHaTIhbHOE aHTUTENO C
OCI'R-cBsi3bIBatoIeit mocie0BaTeIbHOCTBIO NMPOTUB B-cyobeaunuiisl O@CIT mply,
MO-BUAUMOMY, SIBIIsIeTCA d()PEKTUBHBIM CPEJACTBOM JIJIsi CHHIKEHHS TIOTEPH KOCTHOM
MacChl y MBIIIEH, MOJABEPTHYTHIX OBapuIKTOMHH. 3ak/rodeHue: Heobxonmuma kom-
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TUIEKCHAs OLIEHKA TOPMOHAILHOTO MPOQIIIS Y JIUII MTOKUIIOTO B CTAPUYECKOro Bo3pac-
Ta JJIS BBISBICHUS PUYMHBI OCTEONOPOo3a U (POpMUPOBAHUS MHIANBUIYAJTIbHON TIPO-
IrpaMMBbI JIe4eOHO-TUAaTHOCTUYECKUX U PeabMIMTAIIMOHHBIX MeponpusTuii. B HacTo-
SI1ee BPEMs €CTh BCE MPEANOCHUIKH I pa3pabOTKH HOBBIX TUarHOCTHYECKUX U Te-
paneBTUYECKUX BMEIIATEIbCTB JJIsl KOPPEKIIMU HU3KOM KOCTHOM MJIOTHOCTH.
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The contribution of the endocrine system

to the development of osteoporosis
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Abstract

Background: Osteoporosis is increasingly found in the elderly and senile, maintain-
ing its enormous medical and social significance. The effect of hormones on bone
metabolism is beyond doubt. However, currently the data on the effect of sex hor-
mones on bone tissue prevails. As for the other hormones, sometimes, there are con-
flicting opinions. The aim of the study: Based on published data, to study the con-
tribution of the endocrine system to the development of osteoporosis in the elderly.
Materials and methods: Literature data was analyzed using the following search
words: osteoporosis, bone mineral density, FSH, estrogens, testosterone, cortisol, vit-
amin D, IGF1 for 1998-2020 in computer databases PubMed, Scopus, Medical-
Science, Elibrary, Web of Science, Ceeol. Results: Analysis of the literature showed
that the increase of levels of thyroid stimulating hormone (TSH) plays an osteopro-
tective role; the decrease of levels of estrogen, testosterone, insulin-like growth fac-
tor 1 (IGF1) and vitamin D, as well as the increase in the levels of cortisol, parathy-
roid hormone and follicle-stimulating hormone (FSH) contribute to bone loss in the
elderly and senile. In addition, the FSH receptor (FSHR) genotype AA rs6166 is as-
sociated with low bone mineral density, regardless of estrogen level. A polyclonal
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antibody with an FSHR-binding sequence against mouse [-subunit of FSH is likely
to be an effective tool for reducing bone loss in mice subjected to ovariectomy. Con-
clusion: A comprehensive assessment of the hormonal profile in the elderly and se-
nile is needed to identify the causes of osteoporosis and the formation of an individu-
al program of medical diagnostic and rehabilitation measures. Currently, there are all
prerequisites for the development of new diagnostic and therapeutic interventions for
the correction of low bone density.
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Beeagenne. OnpeneneHue ocTeonoposa
BIIEPBBIE OBLIO JAaHO MeEXIyHapOJHBIM KOH-
ceHcycoM B 1993 rogy kak cucTteMHOE MeTa-
Oonnueckoe 3a00NieBaHUE CKEIeTa, OCHOBHBI-
MU TPHU3HAKAMHU KOTOPOTO SIBISIOTCS HU3KAs
KOCTHasi Macca U HapylIeHUE ee MUKPOapXHU-
TEKTOHUKH, YTO MPHUBOTUT K XPYIKOCTH KO-
CTeH, KOTOpasi MPOSBISETCS MepeioMaMu MU
He3HaunTenbHOU TpaBme [1]. CormacHo Kpu-
TepusiMm  BcemupHOi opraHuzanuu  31paBo-
oxpanenus (BO3), T-kputepuii MuHepaabHOM
IJIOTHOCTH KocTHOM Tkanm (MIIKT) 2.5
cTtanAapTHeIX OoTKIOHeHuN (CO) wiu MeHee
yKa3bIBaeT Ha OCTEOIOpPO3, TOT/a Kak OcCTe-
OTICHHUS OTPEJCIIICTCS NP 3HAYCHUSIX B JUa-
naszone ot -1 10 -2,49 [2].

Ckerner yenoBeka OOHOBIISETCS KayKIble
10 et mocpeacTBOM Mpolecca, Ha3bIBAEMOTO
peMOIETTMPOBaHNEM, IIPH KOTOPOM cTapas
KOCTh 3aMEHSIETCSI HOBOM. DTO MPOUCXOINUT B
JIOKycax pPEeMOJICTUPOBAHUS, TJIC MPH YETKO
OTpeAEeNIEHHBIX BPEMEHHBIX M MPOCTpaH-
CTBEHHO-CBSI3aHHBIX COOBITUSIX CHaJalla CTH-
Mynupytotes ocreoknactsl (OK) mist moBTOp-
HOM pe3opOlmM YacTh MHUHEPAIU30BAaHHOM
KOCTH, C TIOCJIEAYIOUIMM anonTo3oM. OcTeoo-
nactel (OB), B CBOIO odYepenp, MOSBISIOTCS
JUIS CO3JIaHUsl U MHUHEPATU3aI[i HOBOW KOCT-
HOW TKaHWU. B ckeneTe MOJI010r0 B3pOCIOro
YeloBeKa CYIIECTBYET KOJMYECTBEHHBIN Oa-
JIAaHC MEXKY KOJIMYECTBOM KOCcTeoOpa3oBaHUs
u pe3op6imeit. [Ipu MomenrpoBaHUM KOCTH, B
OTJIIMYHE OT PEMOJICIMPOBAHUS, PE30POIUT 1
KOCTEOOpa3oBaHWE HE CBS3aHBI BO BpPEMEHHU
WIK B TNPOCTPAHCTBE. DTOT MPOLECC BakKeH

JUIsL pOCTa W pa3BUTUSL KOCTHOM TKaHH, IMPO-
UCXOJUT IOCIIE€ MEXaHUYECKOro HampsKeHUs
Y HanpasieH Ha (OPMHUPOBAHNE KOCTEH U OTI-
TUMM3ALUI0 UX GOpMbI U CTPYKTYphI. Kaxknoe
COOBITHE, KOTOPOE CIIOCOOHO YMEHBIIUTH KO-
cTeoOpa3oBaHue WIN YBEJIMYUTH Pe30pOLuIo,
Moxet cam3uth MIIKT [3].

CBs3aHHBIE C OCTEONOPO30M NEPEIOMbI
BCE UYallle BCTPEYAIOTCS Y JKEHIIMH IOCie
55 ner, a Takke y My>X4MH nociie 65 jeT, 4to
YKa3bIBAa€T Ha HETaTUBHOE BIUSHUE CTAPEHUS
Ha Merabonn3M KOCTHOM TkaHu. CrapeHue
BIIUSIET Ha OajlaHC PEMOJICTUPOBAHUS B 3aBU-
CHUMOCTH OT TOJIa. Y JKEHIIMH 3TO CBSI3aHO C
YCUJIEHHEM KOCTHOM pe30pOLuH, a y MyX4uH —
C YMEHBUIEHHEM KOCTeoOpa3oBaHUs U UHTEH-
CHBHOCTH MeTa0oJIM3Ma KOCTHOM TKaHu [4].
Bnusiaue ropmonoB Ha metabonusm Ob u OK
HE OrPAaHUYMBAETCSI TOJIBKO MOJOBBIMU TOp-
MOHAaMHM, KaK II0Ka3bIBalOT JOKJIMHUYECKUE
WCCIIEIOBaHMs, PsIi APYTUX TOPMOHOB, YpO-
BEHb KOTOPBIX BapbUPYET C BO3PACTOM, TAKXKE
CIOCOOHBI BIMSTH Ha HETO.

Hean ucciaenoBanus. Llenso 1aHHOTrO
o030pa sBISETCS H3Y4YEHHME BKJIaJa OHHJO-
KPUHHOM CHCTEMBI B Pa3BUTHE OCTEONIOPO3a Y
JIUI] TIOXKHUJIOTO M CTapuecKoro Bo3pacra.

MarepuaJjbl 1 METOAbI HCCJIC0BAHNS.
[IpoBenen aHanmu3 JIUTEPATYPHBIX AAHHBIX IO
IIOMCKOBBIM CJIOBaM — OCTEOIIOPO3, MUHEPAIIb-
Has IJIOTHOCTh KOoCcTHOM TkaHu, OCI', scTpo-
T€HBl, TECTOCTEPOH, KOpPTH30J], BUTaMuH D,
IGF1 3a 1998-2020 roma B KOMITBIOTEPHBIX
0azax nanHeix: PubMed, Scopus, Medical-
Science, Elibrary, Web of Science, Ceeol.
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PesyabTarsl 1 ux o0cyxaenue

1. JoxkJauHMYeCcKHE TaHHbIE

PaBHoBecue Mexny pesopOuumeil KocT-
HOM TKaHU U KocTeoOpa3zoBaHHEM BO BpeMs
pemMojienupoBaHusl 00YCIIOBICHO cOataHCcH-
poBanHo# akTuBHOCTBIO OK u OBb. DToT 0a-
JIAaHC, B OCHOBHOM, PETYJIUPYETCS aKTUBATO-
poMm penentopoB sjepHoro dakrtopa -KB-
murang  (RANKL)/RANK  (ero  penern-
top)/octeonporerepud (OPG) (3amyckaromuit
octeokyiactorene3) u Wnt/B-katenunom (3a-
MyCKaIoMIMM ocTeoOnactorenes). Takxke ObI-
JI0 TPU3HAHO, YTO HEKOTOPbI€ LIUTOKUHBI UT-
paroT pojb B TAaKOM OaslaHCe, OCKOJIBKY IIPO-
BocnanuTenbHbie  (Hampumep, IL-1, [1L-6,
TNFa), BeicBoOO1aeMbie Ob u T-kneTkamu,
MOTYT YCKOPSITh PE30POIMI0 KOCTHOM TKaHHU.
Beuto oOHapykeHO, YTO TOPMOHBI ITUTOBUJI-
HOM kenesbl, riaokokopTukou sl (I'K), momo-
BbI€ TOPMOHBI, TOHAJOTPOIKHBI, APaTUPEO-
uansid ropmon (IITD), Butamun D u uncy-
nuHonono0Hw (aktop pocra 1 (IGF1) mo-
nynmupytor nytu RANKL / RANK / OPG,
Wnt / B-catenin win BBICBOOOXKIECHUE ITUTO-
KHUHOB [5].

1.1. T'opMoOHBI IMTOBUAHON :KeJie3bl
U THPEOTPONHBLII TOPMOH

TUpeoTOKCHKO3 CBSI3aH C  IOTEper
KOCTHOHM Macchl. DT0 ObLIO BIEpBbIE OOHAPY-
’)KEHO B HCCIIEAOBAHHUAX In Vitro, MoKa3aBIINX
BIUSTHUE TOPMOHOB LIUTOBUHOM sxeme3nl (T3
nu T4) na pe3opbumio u kKocreoOpa3zoBaHHE
[6]. OmHako pPEMOAEIUPOBAHUE KOCTH HE
CTpaZiaeT y MbIIIEH C OTCYTCTBHEM pPELENTO-
poB K ropMoHaM ImUTOBUAHON sxeme3bl (TR)
al/B, 49ro yka3plBaeT Ha TO, YTO TOPMOHBI
IIUTOBUIHONW >KeNe3bl HE MOTYT HaIpsIMYIO
BIIMATh Ha META0OJM3M KOCTHOM TKaHH. Pe-
uentop tuperponHoro ropmona (TTT)
(TTI'R) skcnpeccupyercst B MpeALIECTBEHHU-
kax OK u Ob. CHmxenue skcnpeccun TTI'R
Ha 50% BBI3BIBAET OCTEONOPO3 U OYATOBBI
OCTEOCKJIEpO3 Yy DYTUPEOUIHBIX HYJIEBBIX
MeIieit. Kpome Toro, 66110 00HApYKEHO, YTO
TTI" npensrcTByeT 00pa30BaHUIO M BBDKHBA-
Huto OK, nelicTBys Ha mepenady CHUTHAJIOB
JNC/c-jun u NFkB, 3anmyckaembix RANKL n
TNFa, kak moka3siBaroT JaHHble KyasTyp OK
i Ob, WHKYOMpPOBaHHBIX C PEKOMOWHAHT-
HbIM genoBedeckuM TTI. OH Takke UHTHOHU-

pyer muddepenmupoBky OK, momasnsis me-
penauy curtaioB Wnt u VEGF. Otu nanueie
MIOATBEPKIAI0T TUIIOTE3Y O MPSIMOM BIUSTHUHU
TTT Ha meraGonu3Mm KOCTHOM TkaHH. B yacT-
HoctH, TTI' HemocpeAnCTBEHHO CHUXKAET pe-
MOJIETTUPOBAaHUE KOCTH, BO3JCUCTBYS KakK Ha
obpazoBanne u BbDKuBanue OK, Tak u Ha
muddepenmmposky OB [3, 7].

1.2. T'IIOKOKOPTHKOMABI W aJpPEHO-
KOPTHKOTPOIHBII TOPMOH

'K Bnusitor Ha MeTaboJIM3M KOCTHOM
TKaHU, TJIABHBIM 00pa3oM BO3JEHCTBYS Ha
OB, Tak kak Meradomm3m OK, mo-Bugumomy,
HE 3aBUCHUT OT uX BIusHUSA. COOTBETCTBEHHO,
ObUIO MPEIIOJI0KEHO, YTO HMHIHOMpPOBAHME
KocTeoOpa3oBaHMsl SBJISETCS OCHOBHOWM INpH-
YUHOU  IIIOKOKOPTUKOMI-UHIYLUPOBAHHOTO
ocreornoposa. MccnenoBanue in vitro mokasa-
JI0, YTO JEKCaMEeTa30H MHIHOUpOBaji OCTEOre-
HE3 M HKCIPECCHI0 OCTEOTEHHBIX OeNKOB (I1Ie-
nouHor ¢ocdartasbl (ALT) u ocreokanbimHa
(OCN)) nyrem nonasienus hochopuinrpona-
nusa nytu PI3K/Akt [8]. 'K mMoryr cHU3UTH
co3peBanue OB, MNPOJOMIKUTENIBHOCTh UX
KU3HU U AaKTUBHOE (PYHKIIMOHUPOBAHMUE.
Kpome Toro, I'K moryr BeI3bIBaTBH OCTEO-
HEKpO3 WM aBacKYJSpHBIA HEKPO3, BbI3bIBAs
anorito3 Ob, yMeHbIIas KOCTHYIO Maccy,
MPUTOK KPOBU K KOCTH W THaparanui. Mm-
MYHOTHCTOXMMHUYECKAsi OlLIEHKa II0Ka3aja,
YTO OCTEOLUTHI, KOTOPBIE SIBJISIOTCSI OKOHYA-
tenbHO auddepentmpoannbiMu Ob, Takke
MO/IBEpraroTcsi ayroparud UM amomnTo3y IMo-
cie BozaeiictBusa ['K [9].

Hao06opor, aJpEHOKOPTUKOTPOIHBIN
ropmoH (AKTT'), kak ObL710 TTOKa3aHO, OKa3bI-
BaeT 3allUTHOE JIEHCTBUE MPOTUB IIIIOKOKOP-
TUKOUA-UHIYLIHPOBAHHOIO OCTEOHEKpo3a [9].
Tourkova I.L. et al. (2017) oueHwiu BO3MOX-
Hocth uHKYyOaruu ¢ AKTI Bmuste Ha nud-
¢depennnpoBky Ob uyenoBeka. BosneiicTBue
AKTT" npuBoamiio K YCHJIEHHIO OCTEOr€HE3a
3a CcYeT YCKOpPEHMs SKCIIpecCHuHu creuupuy-
HBIX U1 KOCTH T'€HOB (HampuMep, KoJutareHa
I, Owurnukana, peuentopa BuTampHa D
u TGF-B) [10]. [ToqoOHbIE pe3yabTaThl OBLITH
Tak)Ke MOJATBEPKICHBI B JAPYrOM HCCIEI0Ba-
Huu [11].

1.3. IloJsioBble TOPMOHBI W TOHAH0-
TPONHUHBI

OcTporeHsl M3/1aBHA CUUTAINCh WUHTH-
outropamu pe3opOLMU KOCTHOW TKaHH, Mpe-
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narcTByomuMu  auddepennupopke OK
[12, 13]. Jloka3aTenbCcTBa in Vitro MOITBEp-
K0T MOAYJIHMPYIOIIYIO POJb 3CTPOr€HOB B
BBICBOOOXK/IEHUM BOCHAJIUTENIbHBIX LIUTOKHU-
HoB (IL-1, IL-6, TNFa) u3z Ob u T-knerok.
OHHM Takke MOTYT NpenaTcTBoBaTh Audde-
penipoBke OK, Bo3geiicTBys Ha uX Ipea-
EeCTBEHHUKOB [4]. OCHOBHBIE MOJICKYJISIP-
HbIE MEXaHU3Mbl JAHHOTO JACHCTBUS HE CO-
BCEM SICHBI, TEM HE MEHee, OHU OTpabaThIBa-
I0TCS Ha MOJENISIX MBIIIEH co criennduyueckoit
neneuueit peuenropa scrporeHa (ER) B ot-
JENbHBIX KOCTHBIX KieTKax. JlefCTBUTEIbHO,
cenekTuBHbI HOkayr ERa B OK y camok
MBbIIIEH (HO HE Yy CaMI[OB) BBI3BIBAET OCTe-
OMopo3, MOAOOHBIN MOCTMEHOIAay3€e. ICTPO-
T€Hbl, IO-BUAMMOMY, HANPSIMYIO PETYIUPYIOT
poJouKUTENbHOCTD Ku3HU OK ¢ momorbro
cuctembl Fas/FasL. CxomubiM oOpazom, je-
neius ERa B mpenmecrsennukax Ob mpuso-
JUT K CHWKEHUIO MPUPOCTA MEPUOCTATBHOU
KOCTH, Macchl KOpTHUKaJIbHOM Koctu. Cumnra-
€TCs, UTO 3TO SIBJISETCS PE3YJIbTaTOM 3CTPO-
TCH3aBUCUMOTO  yCWJICHHS Tytd  Wnt/B-
catenin, 4To, B CBOIO Oue€pellb, MPUBOAMUT K
nponudepanud u JuPpGEepeHIIUPOBKE KICTOK-
npeamecrseHHukoB Ob. Kpome Toro, cucre-
mMa OPG/RANKL, Bugumo, SBISETCS OIHHM
n3 meauaropoB ERo-Hucxosmero nytu [14].

AHJpOreHbl MOTYT BIUSATH Ha MeTabo-
JU3M KOCTHOM TKaHW JHUOO HAMpSMYIO, CBS-
3pIBass MX crneuuduueckuit peuentop (AR),
1100 KOCBEHHO, Bo3JeiicTBys Ha ER mocine nx
apomatuzanuu. AR Obul HIeHTUGUIUPOBAH B
KyabTuBUpyeMbIXx Ob mioga dyenoBeka, rie
OH crocobcTByeT mponudepannu u audde-
PEHIIMPOBKE KJIETOK MyTeM HHTUOUpPOBaHUS
ux amonTo3a ¢ nmomotisio IL-1 u omocpeno-
BaHHbIX FGF sddektoB. Anaporensl Takxke,
M0-BUJINMOMY, KOCBEHHO MOJABJISIOT MPOJIU-
¢depauno OK, MOCKONBKY THIIOTOHAIU3M,
0OYyCIIOBJICHHBII OPXUAKTOMUEHN, TPUBOJUT K
nponrdepanuu ocTeonuToB. JlelCTBUTEIBHO,
TUIOTECTOCTEPOHEMUS TOBBIIIAET CEKPELHIO
RANKL npenmecrsennnkamu OB, uTo, B
CBOIO OYepesib, CTUMYJIUPYET Mpoiaudepalnio
OK [15].

EcTh nanHbie 0 moTepe KOCTHOM Macchl
Y MBIIIEH ¢ OBAPUIKTOMHUEH, HO HE Y MBIIIEH,
MO/IBEPraloIIUXCsl OBAPUIKTOMHUU IUTIOC TH-

noGu33KTOMUH. DTH HAOIIOACHUS TPUBEIN K
MIPEINOJIOKEHUIO O BO3MOXKHOUM poiu osuiu-
KyJgoctumynupytomero ropmona (OCI) B
MeTabonu3Me KOCTHOW TKaHHW. Y MbIIIEH C
OBapHUAIKTOMHUEH, HOKAYTHPOBAHHBIX IO pe-
nenrtopam OCI" (OCI'R) u Hokayrom OCI'B,
HE MPOUCXOIUT NOTEPH KOCTHOW MACCHI, UTO
MO3BOJISIET ~ MPEANONOXKHUTh,  YTO  IYTh
OCI/OCI'R yuacTByeT B maToreHe3e OCTe-
0Imopo3a. DKCIEPUMEHTHI in-vitro IMoKasalw,
yto OCI" ctumynupyer OK ¢ momomisto Gi2-
cuermiennoro ®CI'R, 3anmyckaer mytu MEK /
Erk, NFkB u Akt, ycunuBas ocTeoknactore-
He3 W pe3opOuuto koctHOW TKaHu [16]. Ilemn-
TUAHOE TOJHUKJIOHAIBHOE AHTUTENO JIMHOMN
13 aMHMHOKHCIOT, CIIOCOOHOE CEJIEKTUBHO
CBS3bIBAaTh W HMHTUOMPOBATH CYOBEIUHUILY
OCI'B, ucronb30BaIl B HCCICIOBAHUSIX HA
KUBOTHBIX JUISI U3YYCHHS] BO3MOXKHOU POJIHU
®CI' B mpodunaktuke ocreomnoposa. WHru-
oupoBanue >ppexkra OCI' ycnemHo npenst-
CTBOBAJIO 00pa30BaHUI0 OCTEOKIACTOB in
vitro. [Ipu BBeieHNH MbIIIaM, TOBEPTIINMCS
oBapudKTOMHUH, aHTUTENO poTuB OCIP 3Ha-
YUTENBHO OCHA0MsI0 MOTePI0 KOCTHOM Mac-
Cbl, CTUMYJIMPYS 00pa3oBaHHE KOCTHOM TKaHU
u uHrubupys pesop6uuo [17]. Heobxonumo
NalbHElIIee U3ydyeHUe 3TUX pPE3yIbTaToB B
KJIMHUYECKOU MPAKTHUKE JJII CO3/1aHHsI HOBOTO
AHTHOCTEONIOPOTHYECKOI0 IIpernapara.

Nmerotcs cKyaHbIE TaHHBIE O BIMSIHUH
moTenHu3upyrouero ropmona (JII') na mera-
6omu3m  kocTHOM TkaHu. JII' -peunenTtopsl
(JITR) skcnpeccupyrorest B Ob. B otnuume ot
@®CI', mbimyg, HokayTupoBaHHble 1o JII'R,
MMEIOT MEHBIIYI0 KOCTHYIO Maccy IO CpaB-
HEHUIO C KUBOTHBIMH JUKOTO THUIIA, YTO, MO-
BHJIUMOMY, SIBJISICTCSI BTOPUYHBIM II0 OTHO-
LIIEHUIO K TMOJABJIEHHON MPOIYKUHUHU TOHAJ-
HBIX cTepouioB [18].

1.4. IlapaTupeonaHbIi TOPMOH U BH-
TamMuH D

l'opMOH  mapalIMTOBUIHOW  KEJE3BI
(ITTT") oka3bIBaeT CyIIECTBEHHOE BIMSHHUE Ha
MeTabonM3M KOCTHOW TKaHU, BBI3bIBas Kak
pe30opOIMI0 KOCTH, TaK M €€ 00pa3oBaHUE, B
3aBUCUMOCTH OT TOTO, KakuWe THUIBI KJIETOK
AKTUBUPOBAHBI, U OT BPEMEHHOTO XapakTepa
aKTUBAIUH. Crumynupys IKCIIPECCHUIO
RANKL u RANK u wuHTHOUpYS CEKperuio



0630p HayuHble pesysabmamol 6uomeduyuHckux uccaedosanutl. 2021;7(3):308-321 313

Review

Research Results in Biomedicine. 2021:7(3):308-321

OPG, oH ycuiMBaeT OCTEOKJIACTOTEHE3 U pe-
30pOLMI0 KOCTH, B OCHOBHOM CIIOCOOCTBYS
[I0Tepe KOPTUKAIBbHOW KOCTHOW TKaHHU [3, 4].

Butamun D wurpaer octeonpoTeKTHB-
HYIO pOJib, BO3JIEHCTBYS, IJIaBHBIM 00pazoM,
Ha OBb. Kpome Toro, u3BecTHo, 4TO penenTop
BUTaMuHa D skcmpeccupyercsi Kak B OCTEO-
nuTtax, Tak ¥ B Ob. B cBs3u ¢ 3THM, BBEeieHHE
BUTaMuHa D cHocoOCTBYeT YBEIUYEHHUIO
KOCTHOIM Macchl, MOJABIss Pe30pOIUI0 KOCT-
HOM TKaHW. J[eMCTBUTENBHO, YCIOBHOE HOKa-
yTHpoBaHue 3Toro penentopa B Ob 6mokupy-
er nericreue Buramuua D. Taxxe Obu10 00HA-
PYKEHO, YTO MOBBINIEHHBIE YPOBHU BUTAMHHA
D ynydmarot popmupoBaHre KOCTHON TKaHHU,
BbI3bIBas U depennnposky Ob [19].

1.5. Uncyannonoaooubiii ¢pakrop po-
cral

Ob skcnpeccupyroT peuentop UHCYIU-
Homojo0HOoro ¢akropa pocra 1 (IGF1)
(IGF1R), axTuBamusi KOTOpPOTO YCHJIMBAET
ocTeo0acToreHe3 IMyTeM 3amycka MyTH
PI3K/Akt. CoOOTBETCTBEHHO, CTHUMYIISALUS
IGFIR B mnpe-octeobnacTtax CTUMYIUPYET
CUHTE3 KoJulareHa | Tuma M 53KCIpecCcHro
ocreorennoro 6enka (ALT u OCN) in vitro.
TouHo Tak ke JaHHBIE 1IN VIVO ITOKA3aJId, 4YTO
IGF1 taxxe urpaer posib B OTJIOKEHUU KOCT-
HOTO MaTpuKca. DKCIEPUMEHTHI €X-Vivo Ha
OK mnokaszbiBator, yto IGF1 ycunuBaer ux
aKTUBHOCTh M pPE30pOLMI0 KOCTHOM TKaHHU.
WNuaktuBauus ocu IGF B ocrteouurtax Hapy-
maeT MOpP(QOJIOTUIO KOPTUKAIBHOW KOCTH H
YKa3bIBae€T Ha poOjb TOPMOHA B (OpMHUpPOBa-
HUM TepuocTaibHOW KocTH. TakuMm obOpazom,
IGF1 Bnusier Ha KOCTHYIO TKaHb, BO3JEH-
ctBys Ha OB, octeouutsl u OK. B 1menowm,
OCTEOIPOTEKTHBHAs pOJIb ObLIA Jl0Ka3aHa, B
CBSI3U C OOHAapyXEHMEM HH3KHX YpOBHEH
IGF1 nmpu notepe koctHOM Maccsl [20, 21].

2. 'opMoOHa/JIbHBIC U3MEHECHHS Y JIHLY
MOKUJIOT0 M CTAPYECKOro BO3pacra

2.1. T'opMOHBI IIMTOBHIHON Kejie3bl
U THPEOTPONHbIN TOPMOH

[locneqnue naHHBIE CBUAETEILCTBYIOT
0 ToM, uT0o ypoBHH TTI" B CBIBOPOTKE KpOBH
BO3paCTalOT y MOXWIBIX Jrofeil. Macmral-
HOe aMepukaHckoe wuccienoBanue National
Healthand Nutritional Examination Survey |11
(NHANES) mnoka3ano, 4TO CBIBOPOTOYHBIE
ypoBHU TTI' u anTHTEN K MEpPOKCUIA3E IIU-

toBuaHON kene3sl (TPOADb) u Tupeornody-
muHy (TgAb) yBenuumBaeTcs ¢ BO3PacTOM
KaK y MY)KYdH, Tak U y xkeHumH [22]. Kpome
toro, o00a wucciaenoanus Cardiovascular
Health Study (CVHS All Stars Surveys) u
Busselton BbIsIBUIM 3HAYUTEIBHOE MOBBIIIC-
Hue ypoHed TTI' ¢ Bo3pacTom npu HE3HAUU-
TEJILHOM WJIM HYJIIEBOM H3MEHEHUHU YpPOBHEM
cBobogHoro T4 B Teuenue 13-nmeTHero mepu-
ona HaOmoaeHus [23, 24].

ITockonpky xonuentpamus TTI B kpo-
BU yBEJIMYHMBAETCS C BO3PACTOM, HEOOX0IuMa
MEPEeOIIeHKAa PacIpOCTPAHEHHOCTH CYOKIH-
HUYECKOTO TUIIOTUPEO3a Y JIUI MOXKHUIOTO U
cTapyeckoro Bo3pacta. [leiicTBuTensHo, 3Ta-
JoHHble auanas3oHsl a1 TTI m ropMoHOB
IIUTOBUTHOM KeJie3bl MOJTYyYeHBl B OCHOBHOM
Ha MONyJsuu 6oJiee MOJIOAOIO HACETIEHMUS, a
BO3pACTHbBIE JMANA30HbI HE HCIIONB3YIOTCS B
OOBIYHON KIMHWYECKOH mpakTuke. OOHapy-
KEHO, YTO MPHU UCTIOIB30BAaHUU €IMHOTO 3Ta-
noHHoro auanasona TTI Bo Bcex BO3pacTHBIX
rpynnax B uccienoBanun NHANES, cy06-
KJIMHUYECKUH THUNOTUPE03 ObUT BBISBICH Y
70% MOXUIIBIX JTIOJICH, YTO MOYKET MPUBECTU
K HempaBwibHON Tepanuu [25]. TouHble Me-
XaHU3MBI, JISKAIIUE B OCHOBE H3MEHEHHS
(YHKIIUU TIUTOBHIHOW JKEJIE3bl y TOXKHUIIBIX
JI0JIeW, HE COBCEM sICHBI. buonornyeckas ax-
TUBHOCTh TTI' MOXET CHMXaTbCi C BO3pac-
TOM, BO3MOJKHO, BCJIEJICTBHE€ U3MEHEHUH TJIU-
kosuwiupoBanus TTI miam cBsA3aHHOIO € BO3-
pacTOM CHM>KEHHSI YyBCTBUTEIBHOCTH IIUTO-
BuaHOM xene3nl kK TTIT [3, 4]. Tem He MeHee,
B CBSI3U C OCTEOMPOTEKTUBHBIM 3PHEKTOM
TTD cnenyer u3berath €ro MOJaBICHUS C
noMmoIiplo L-TupokcuHa Juisi JedeHus cyo-
KJIMHUYECKOTO THUIIOTHUPEO03a U Y3JI0B IIUTO-
BHUJIHOM >KeJIe3bl y JIMIl MOXKHUIJIOTO U CTapye-
CKOT0 Bo3pacra [26].

UccnengoBanue NHANES nokazano
pacrpoCTpaHEHHOCTh  CYOKIIMHMYECKOTO |
SBHOTO runepTupeosa B nomymsauuu — 1,3%.
D10 e ucciaefoBaHHE OOHAPYXHIO SIBHOE
YBEJIMYECHUE PACTIPOCTPAHEHHOCTU THUIIEPTHU-
peo3a B Bo3pacTHOW rpymnmne crapiie 70 jer —
4-7% [22]. OTO MOXET OBITh CBSI3aHO C TEM,
YTO MPU CTAPCHUH B PaiOHaX C ACPHUIIUTOM
Hofa yBeJIMYMBAETCS KOJIMYECTBO ABTOHOMHO
(O YHKIMOHUPYIOMINX Y3JI0B IIUTOBUTHOM Ke-
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ne3bl. CreroBaTeibHO, PaCIpPOCTPAHEHHOCTh
TUCHYHKIIMM  IIMTOBHIHOW JKejle3bl (He-
CKOJIbKO TOBBIIIEHHBI WJIM CHUXEHHbBIN
TTI'), yBenmuuuBaeTcs y JIMI TOXHIOTO H
CTap4ecKoro Bo3pacra. Tem He MeHee, HEOO-
XOJUMBI JIOMIOJTHUTENbHBIE UCCIEI0BaHUS [T
ONpeNeICHUS SIBISIOTCS JIM 3TH HU3MEHEHUs
4acTbIO 3JIOPOBOTO CTapeHUsi Ui OMoMapke-
pPOM OCHOBHOTO 3a00jeBanus [3].

2.2. I II0KOKOPTHUKOU/IBI

Psng usMeHeHuidd mpoucxomsT B Jies-
TEBHOCTU HAANOYEYHUKOB BO BpeMs CTape-
Hus: yBennuuBaercs cekpeuus ['K u cHmxka-
€TCsl MPOAYKIIUSI aHJIPOTEHOB U aJIbJIOCTEPOHA
HaAmo4YeuHukamMu. M3MeHseTcs u nupKaaHblit
PUTM cekpeluu: 0osiee HU3KUNM YTPEHHUH UK
Y MOBBILIEHHBII BEUEPHUN U HOYHOM YPOBHH.
Kpome Ttoro, HaOmomaercss CHXKEHHUE OTPH-
L[ATEJILHON OOpaTHO# CBSI3U MO OCHU THIOTa-
namyc-runo¢pus-Haanodednuk (HPA), xoro-
pas MOXeT OBITh CBSi3aHA C HECKOJIbKUMU
(dakTopaMu, TAKUMHU KaK COCYAMCTHIE KOMIIO-
HEHTBI, CHUXCHHE KOJIUYECTBAa PEIEHTOPOB
[JIIOKOKOPTUKOUJIOB B TOJIOBHOM MO3T€, H3-
MEHEHHE KJIMpPEeHCa KOPTHU30Jia B IeMaTOdH-
nedaamaeckoM Oapbepe WIH B CIIAHHOMO3TO-
BoM xuakoctu CMXK [27].

2.3. IlosioBble TOPMOHBI W TOHAJI0-
TPONHUHBbI

[llupoko mnpu3HAHO, YTO Yy >KEHIIUH
ACTPOreHbl CHIBOPOTKU KPOBHU MNAAAlOT, a Io-
HAJOTPONMUHBI OBICTPO TOBBIMIAIOTCS TOCTE
MEHOIay3bl B pe3yJbTaTe NEPBUYHON HENO-
CTaTOYHOCTH SIMYHUKOB. AHAJIOTHYHBIM 00pa-
30M, YPOBHH IOJOBBIX TOPMOHOB Y MY>KUHH
CHUXKAIOTCS TIPU cTapeHuu. M3BecTHO, 4TO y
MY>KUHH €XEroJHO IPOUCXOJIUT CHUKEHHUE
YpOBHEW TecTocTepoHa mpumepHo Ha 1-2%.
Hupkynupyromuii TECTOCTEPOH CBSI3aH BBICO-
KM CpOJICTBOM C TJIOOYJTHWHOM, CBSI3bIBAIO-
muM nosoBeie TopMonsl (I'CIITY) u ansOymu-
HOM, ¥ ToJIbKO 0,5-3% ocTaercst CBOOOIHEBIM,
MpeNCTaBisisi  OWMOJNIOTUYECKH  aKTHUBHYIO
¢dpakumro. Konnentparus ['CIITT yBenuuunBa-
€TCsi C BO3pacTOM, YTO O3HAYaeT, YTO KOH-
HEHTpaIUs CBOOOJTHOTO TECTOCTEpOHA
ymenbiiaercs [13, 28]. Wccnenosanue, mnpo-
Beaennoe Decaroli M.C. et al (2017), moka3za-
JI0, YTO YPOBEHB OOIIET0 TECTOCTEPOHA B ChI-
BOPOTKE KpOBHM CHHUXkaeTrca Ha 2,7%, B TO

Bpems kak ['CII" yBenuuuBaercs Ha 2,7% y
MYXXYHUH B Bo3pacte 55-68 ner [29].

Coueranue CUMIITOMOB HU3KOI'O TE€CTO-
CTepOHa W TUIIOTOHA/IN3MA Y TOXKHUIBIX MYXK-
YUH OIpEAENsIeTCs] KaK «TUIOTOHAIU3M C
no3nauM  Havaimom» (LOH). EBpomeiickoe
uccieaoBanue Myxckoro crapenusi (EMAS)
OTIpPEACNUIIO CTPOTUE KPUTEPUH ISl JTUATHO-
ctukd LOH. OHu BriIrO4arOT B ce0sA OMHO-
BPEMEHHOE TMPUCYTCTBUE HU3KOTO YpPOBHS
TECTOCTEPOHA B CHIBOPOTKE KpOBH (0OIMil
<11 amonw/1 m cBOOOAHBIH <220 MMOIB/I),
YTO JOJKHO OBITH MOATBEP)KIEHO KaK MUHHU-
MyM JABaXJbl, U TPU IMOJIOBBIX CHMIOTOMA
(opexTuibHas ~ AUCPYHKUIMSA,  CHUIKCHHE
YTPEHHEH 3PEKIIUU U CHUYKEHUE CEKCYalIbHbIX
Mbicneit). Takum oOpa3oM, KOrjaa UCHOJIb3Y-
FOTCSI TOJIKO OMOXMMHMUYECKHE KpUTepuu (T.e.
YpOBEHb TECTOCTEPOHA HIDKE HIDKHEro IMpe-
nena  pedepeHTHOro Iuama3oHa MOJOJBIX
MY)KYUH), PpacHpOCTPaHEHHOCTb  THIIOTO-
Hagau3Ma Bbie. COrjlacHO CTPOTUM KPUTEPH-
sm EMAS, pacnopoctpanennocts LOH co-
CTaBysieT OKoJio 2% cpenu MYyKYMH B BO3-
pacte 40-80 net [30].

Kpome Toro, nokasaHo yBeJM4eHHE KaK
JII', Tak u ®CT, Ha 1,1% u 3,5% B roa coot-
BETCTBEHHO, TMOJTBEPXKIasi, TAKUM 00pa3om,
nepsuunytro npupony LOH [3]. Cootser-
CTBEHHO, 00111ee KOIu4ecTBO KieTok Cepronu
u Jleligura yMeHbIIaeTCcs IPUMEPHO 10 MOJIO-
BHHBI YHCJa, HAOIIOIAEMOTO B SIMYKE MOJIO-
Joro yenoBeka. OHAKO M OKUPEHUE, U XPpOo-
HUYECKHe 3a0oJieBaHMs (HampuMmep, caxap-
HbIM quaber 2 THma, MeTa0OIWYeCKUH CHH-
JPOM, CEpJCHYHO-COCYIUCThIE U XPOHUYECKUE
OOCTpYKTHBHBIE 3a00JIeBaHUs JIETKUX) UTpa-
IOT BaXHYIO POJIb B CHMIXKEHUU CEKPEIUH Te-
crocrepoHa mnpu craperuu [3]. OxupeHue
KaK MPUYUHA HU3KOTO TECTOCTEPOHA Y MOXKH-
NbIX JroJed BeTpedaercs ydanie. EMAS noka-
3aj, 4Tto 73% manuenToB ¢ LOH umeroT oxu-
penue win u30sITouHbI Bec [30]. Dta dpopma
TUTIOTOHAJIM3Ma  XapaKTePU3YeTCs HHU3KUM
TECTOCTEPOHOM C HU3KHM WM CyOHOpMAalb-
HbIM ypoBHeM JII' B ChIBOPOTKE (BTOPHUYHBII
TUTIOTOHAN3M).

B nocnenHue ronpl Bo3poc MHTEpEC K
ponmu OCI' B MeTaboin3Me KOCTHOH TKaHU.
Kak moka3piBarOT JOKJIMHHYECKHE TaHHEBIE,
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OCI' ycunuBaeT OCTEOKJIACTOTEHE3 U CIIO-
COOCTBYeT moTepe KocTHOM Mmacchl. [loatomy
noselieHue ypoHs PCI', nabmromaemoe y
KEHILMH B MOCTMEHOIIAy3e, UTpaeT OOJbIIYIO
posib B marore”e3e octeornoposa [4]. Coot-
BeTcTBeHHO, reHoTHn AA 156166 ®CI'R, xo-
mupytouii 6onee uyBcTBUTENbHBIH DCI'R,
CBsI3aH ¢ 060Jiee HU3KOM KOCTHOM MIOTHOCTHIO,
HE3aBUCUMO OT YPOBHS LHUPKYJIUPYIOIIErO
sctporeHa [31]. Takum o00pa3om, TEHOTHI
rs6166 ®CI'R moxker ObITH BBIOpaH B Kaue-
CTBE JMArHOCTHYECKOTO HMHCTPYMEHTa st
cTpaTU(UKALUKA PUCKA PA3BUTHUS OCTEOINOPO-
3a y jKeHckoro nona. Ponp 3Toro momumop-
¢bu3Ma mpu 0CTEONnoOpo3e y MYKUHH TpeOyer
Oosee TIIyOOKOTO H3YUYCHUSI.

VBenuuenue P@CI' Takxke XapakTepHO
JUISL TIOKWIBIX MYKYMH. Psn mccinenoBaHuid,
MIPOBEACHHBIX Y MYXKYMH CTApUIEro BO3pacTa,
BBISIBWIM oTpularenpHyto cBsizb OCIT ¢
MIIKT B mosCHUYHOM OT/IeJI€ IT03BOHOYHHKA,
mieiike Oenpa u Oepe He3aBUCUMO OT YPOBHS
TECTOCTEPOHA, YTO MOJATBEPKAAET OTpPHULA-
tenbHoe BiugHHEe PCI' Ha KOCTHYIO IIIOT-
HOCTb [32].

Pa3paboranHOe MOJIMKIOHAIBHOE aHTH-
teno ¢ FSHR-cBs3bIBaromieil cnocoOHOCTBIO
B-cyobenunuiipl CIT MbIlu UMEET Mepcrek-
THUBY JAJIbHEUILIETO UCCIEI0BAHMS IS pa3pa-
OOTKM aHTHOCTEONOPOTUYECKOTO Iperapara
[17].

2.4. IlapaTupeouHblii TOPMOH U BH-
TamuH D

VY cTaHOBIEHO, YTO YaCcTOTA MEPBUYHOTO
U BTOPUYHOIO THIIEpIapaTUpeo3a YBEIUYH-
Baercs ¢ BozpactoMm. [lepBuuHbIN runepmnapa-
tupeo3 (III'TT) Bo3pacraer no 5:1 mocne 75
net. B 6onpmmncTBe ciyyaeB I1I'TI BbI3bIBa-
€TCd OJHOW aJIeHOMOW OKOJIOLIUTOBUIHOU
xenessl (75-85%), Torna xak B 15-20% ciy-
YaeB TUIEPIUIa3us Mopa)kaeT Oojiee OJHOM
OKOJIOIIMTOBUHOM >Keye3bl. BropuyHbIil ru-
nepnapaTupeo3 4acTo BCTPEUYAETCs Kak M3-3a
BBICOKOM PaclpOCTpaHEHHOCTH AeduITa BU-
tamuHa D, Tak ¥ u3-3a CHIKeHUs! (YHKIIUH T10-
yek. JIeHCTBUTENBHO, CHM)KEHHE abcopOuuu
Kalblius u3-3a jaedurmra BuTamuHa D mpuBo-
muT K yBemuueHuto cekpeuuu IITT mis mon-
Jiep’kaHKs TOMeocTasa MakpodieMeHTa [33].

Buramun D, B ocHOBHOM, BhIpabaThIBa-
eTca B KOXe Oyiaromapsi BO3JIEHCTBHIO COJI-
HEYHOT'O ynbTpaduoneTa Ha 7-
JETUAPOXOJIECTEPUH. 3aTeM Il aKTHUBAIUH
TpeOyercs 1Ba ruapokcuianpoBanus. [lepBoe
MPOUCXOJAUT B TEYEHU C TMOMOIIbI 25-
ruapokcuiazel (CYP2R1) ¢ mpoaykuueint 25-
ruapokcuButamuaa D (25(OH)D), xoTtopsbrit
OOBIYHO CYHMTAETCS JIYYIIUM MapKepoOM CTa-
Tyca BUTamMuHa D, BTOpoe — B MOYKax ¢ IO-
Moo 1-ameda-ruapokcunazsl (CYP27B1)
no 1,25 muruapoxcusutamuna D (1,25 (OH)
2D). [edunut BuramumHa D sBisiercs pac-
MIPOCTPAHEHHBIM SBIIEHUEM CPEIU JIHII MOXKHU-
JIOTO M cTapyecKkoro Boszpacra. Muorue ¢ak-
TOpPBHI BIUSIOT Ha BBIPAOOTKY W aKTUBHOCTD
ButamuHa D mpu crapenuu. Ilpexnae Bcero,
MOKUJIBIE JIFOAW TPOBOAST MEHBIIE BPEMEHU
Ha CBEXEM BO3JyXe, OCOOEHHO €ClIH OHH
MPOKUBAIOT B COLMAIBHBIX YUYPEKICHUSX.
Kpome Toro, xokHas crnocoOHOCTH BbIpala-
THIBaTh BUTAaMUH D y MOXWIBIX JIOAEH, MO
OLIEHKaM, cocTaBlsieT 0kojo 25% oT Bo3pacra
20-30 net, mpy BO3IEHCTBUHU TAKOTO e KOJHU-
4YeCcTBa COJHEYHOTO CBETa. JTO CHUXKEHUE, I0-
BUJMIMOMY, CBSI3aHO CO CHIDKEHHEM KOHIICH-
Tpauuu 7-AeruApoxojecTepuHa B koxke [34].
Hedumut Butamuna D MokeT crmocoOCTBOBATh
CHW)KCHHMIO BCachlBaHUsA Kaibuus. /[leiicTBu-
TENbHO, KUIIeyHas  aOcopOIust — KaibLus
YMEHBIIIAETCS C BO3PAacTOM, W Pa3BUTHE KH-
11eyHoi pesucteHTHocTH K 1,25(0OH),D moxer
CIIOCOOCTBOBATh CHWKEHUIO aOCOpPOIMU 3TOrO
MakpoasiemenTa. Kpome toro, nmoueunas GpyHk-
LUsl CHUXKAETCSl TIPU CTapeHUH, M 3TO COIpPO-
BOXKJIA€TCSA HAPYIIEHUEM THUIPOKCHIMPOBAHUS
ot 25(OH)D no 1,25(OH),D3 [35, 36]. OnHo-
BPEMEHHO CO CHMKEHHEM MOYEYHOU NpPOaYK-
uun 1,25(0OH);D Habmonaercst Takke BO3pacT-
HO€ CHIDKEHHE KOJIMYECTBA MOYCYHOTO PEIeTi-
topa ButamuHa D (VDR) u snutenuaibHBIX
kanpieBbx  (Ca®’)  KaHAoOB, OKCIPECCHH
TRPVS, uro cHmkaer 3¢pQeKTUBHOCTh pead-
COpOIHH KaIbIHst moukamu [37].

2.5. HHcynauHonmonoOHbIH ¢GakTop
pocrta 1

JlaBHO W3BECTHO, YTO CHIBOPOTOYHBIN
IGF1 camxaercs ¢ Bo3pactoM [21]. Psag kiau-
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HUYECKUX HCCIIECIOBAHUN CBSI3bIBAIOT CHUXKE-
Hue IGFl y noxunelx nroaed ¢ HHU3KOU
MIIKT. Tak, wuccinemoBanue Framingham
Osteoporosis, NPOBEACHHOE y MYXYHH H
XKEHIIMH B Bo3pacte 72—74 ner, moxasalo,
yTo BbicOkME ypoBHU IGF1 accouuupoBansl ¢
oonpmiert MIIKT y moxxunbix ke [38].
Kpome Toro, Huskue yposuu IGF1 koppenu-
PYIOT C TOBBIIIEHHBIM PHUCKOM IIEPEIOMOB
[39]. pyrue uccienoBaHus HE MOATBEPHKIaA-
10T 3TH AaHHbIe [20].

OpnHako cieayeT y4uThIBaTh, 4TO IIO-
MHMO FOPMOHAJIbHBIX U3MEHEHUH, HEKOTOPbIE
npyrue GakTophl TaKkKe MOTYT BIHUATH Ha Me-
TabOIM3M KOCTHOHM TKaHU NpU cTapeHuu. Tak,
ObUIO TMOKa3aHO, YTO XPOHUYECKOE BOCIaje-
HUE, COMPOBOXKIAIOIIEEe CTapeHue, Croco0-
CTBYET MmoTepe KOCTHOW Macchl [40], mOBBI-
IIEHHbIH YPOBEHb UHTepieikuHa-31, mpo-
BOCIAJIUTENBHOIO LUTOKMHA, y JKCHIIMH B
IIOCTMEHONAYy3€ AaCCOLMHUPYETCS C HU3KOU
KOCTHOM TJIOTHOCTHIO [41].

3akiroyenue. Takum oOpa3om, ¢ BO3-
pactoM mnosbiueHue ypoHs TTIT wurpaer
OCTEONPOTEKTUBHYIO POJIb, CHUKEHHE YpPOB-
Hel acTporeHa, recrocrepona, IGF1 u Buta-
MUHa D ¥ moOBBILIEHHE YPOBHEH KOPTH30Ia,
naparupeouHoro ropmona u ®CI' cnoco0-
CTBYIOT MTOT€pE KOCTHOI MAacChl y JIUI] MOXKU-
JOro W crapyeckoro Bo3pacta. HeoOxomuma
KOMIUIEKCHasl OLIEHKa TOPMOHAJIBHOTO IIPO-
¢uis y ULl MOXWIOTO U CTapuyecKoro BO3-
pacTa Ui BBISBJICHHS IPUYMHBI OCTEONIOPO3a
u  (GopMUPOBaHUS HMHIWBUIYaTbHOM TIPO-
rpaMMBbI JI€4eOHO-TMArHOCTUYECKUX U peabu-
JUTAlMOHHBIX Meponpuatuil. Kpome Toro, B
HACTOSAILEE BPEMsI €CTh BCE NMPEATIOCHUIKH TS
pa3paboOTKN HOBBIX JMAarHOCTUYECKUX U Tepa-
MEBTUYECKUX BMEILIATENILCTB Ul KOPPEKIUU
0CTEONOpO3a.
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