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Abstract

Background: Common copy number variations (CNVs) are rarely considered as causative in
genomic research dedicated to uncovering mechanisms of neurodevelopmental diseases. However,
analyzing complex systems of interactions between individual genomic variations indicates that at
least minimal phenotypic effects of common CNVs should exist. Here, we have tested this idea
focusing on CNVs affecting SHANK3 and CHAMPL1 genes. The aim of the study: The analysis of
common CNVs affecting SHANK3 and CHAMPL1 genes in a neurodevelopmental cohort (intellectual
disability, autism, epilepsy) to uncover possible effects on the phenotypic outcome. Materials and
methods: CNVs were evaluated in a neurodevelopmental cohort of 780 children with intellectual
disability, autism, epilepsy and congenital anomalies by molecular karyotyping using a high-
resolution SNP array technique. Original bioinformatic methods were used to address the effect of
CNVs affecting SHANK3 and CHAMP1. Results: CNVs involving SHANK3 and CHAMP1 were
observed in 44 (5.6%) and 6 (0.8%) individuals, respectively. SHANK3 CNVs have been associated
with specific language problems in 36 (82%) out of 44 individuals. CHAMP1 CNVs were all
associated with chromosomal instability, which had been proposed as a cause of more severe clinical
manifestations. Bioinformatic analysis has confirmed these modulating effects of common CNVs on
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phenotypes in neurodevelopmental diseases. Conclusion: Our data allowed to propose a pathogenetic
model for brain disfunction in ID and ASD, which is based on an idea that common CNVs
add/exacerbate phenotypic traits produced by the main genetic defect (chromosomal aberration or
gene mutation). Thus, it appears that mechanisms of neurodevelopmental diseases are more complex
than previously recognized even in cases associated with a well-described genomic pathology.
Keywords: copy number variations; autism; intellectual disability; neurodevelopmental disorders;
phenotype; SHANK3; CHAMP1
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Introduction. Copy number variations
(CNVs) are a major contributor to the
pathogenesis of brain diseases. Moreover, it
appears that psychiatric (neurodevelopmental)
disorders are stronger associated with CNVs
than other morbid conditions. This is a special
case of autism or autism spectrum disorders
(ASD) and intellectual disability (ID) [1, 2].
However, direct associations between ASD/ID
and CNVs are generally limited to
microdeletion/microduplication  syndromes
(autism and ID are considered hallmark
symptoms) or rare conditions reported as
individual cases or occasional findings in
cohort studies [1-4]. As a result, the phenotypic
effect of CNVs uncovered during genomic
analysis of individuals suffering from brain
diseases remains a matter of conjecture.
Earlier, to solve the causation problem
occurring during analyses of CNVs, a variome
(CNVariome)  concept was  applied.
Accordingly, it was proposed that both
common and rare CNVs are able to produce a
cumulative effect on the phenotype [3].
Consequently, it was hypothesized that
common CNVs rather possess modulating
phenotypic effects than cause the disease per
se [3, 4]. To uncover these effects on
phenotypes in neurodevelopmental
(psychiatric) disorders, specific bioinformatic
or systems biology methods are to be applied;
fortunately, these are available [4, 5]. On the
other hand, there is still a conundrum of

interpreting genomic data in the pathogenetic
context in neurodevelopmental diseases (e.g.,
ASD) [6]. The large number of methods for
analyzing functional consequences of CNVs
hinders the comparative analysis between
individual data and case-control studies.
However, there are ways to come to a
conclusion about pathogenetic value of a
variant regardless of occurrence among
healthy or affected individuals [7]. For
instance, modulating functional consequence
of a variant using approaches of system
genomics appears to be an issue in
understanding the effect of CNVs on
phenotype [3, 5, 7]. In total, it seems that a
need for a re-evaluation of common CNVSs in
neurodevelopmental diseases exists.

As previously noted, there are still
debates concerning genetic causation in
neurodevelopmental disorders (e.g., autism)
[6]. However, CNVs are known to be involved
in the development of psychiatric symptoms
and cognitive ability, especially, those
observed in ASD and other childhood
psychiatric disorders [8]. CNVs cause changes
of protein structures through loss or copy
increase of coding sequences. These changes
underlie functional consequences of CNVs [9].
Consequently, in silico (bioinformatic)
methods based on systems biology analysis
and simulating functional consequences of
CNVs may be used for uncovering variants
possessing phenotypic outcomes [5, 10].
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Currently, the impact of CNVs on brain
functioning resulting in specific
neurobehavioral phenotypes and psychiatric
diseases is recognized [11]. Finally, data on
CNVs  correlate  with  findings  of
neuroimaging studies in children with ASD
and ID [12, 13]. One may assume that analysis
of common CNVs affecting genes, which are
defective (gene mutations/CNVs/chromosome
imbalances) in syndromic ASD and/or ID, is
likely to result in uncovering a less specific,
albeit appreciable effect on
neurodevelopmental phenotypes.

Previously, we reported a case of partial
SHANK3 duplication associated with specific
phenotype (neurophysiological biomarker),
which appears to contribute to the
pathogenesis of ASD with/without ID and
other neurobehavioral disorders [12]. SHANK3
encodes one of SHANK postsynaptic
scaffolding proteins, which are present at
glutamatergic synapses in the brain and are
associated with genetic (rare) forms of ASD
[14]. Furthermore, heterozygous deletion of
SHANKS gene due to 22g13.3 microdeletion is
an important element of pathogenesis of
Phelan-McDermid syndrome, which has long
been seen as ‘a rare genetic form of autism’
[15]. The involvement of SHANK3 gene in a
microdeletion syndrome along with other co-
localized genes supports the hypothesis
concerning phenotype modulating by SHANK3
copy number change in individuals with other
genetic defects and neurodevelopmental
diseases. A similar story has emerged in rare
neurodevelopmental disorder caused by
mutations/CNVs of CHAMP1 (CHAMP1-
related disorder) with the only exception of a
wide spectrum of neurodevelopmental
phenotypes and congenital anomalies (CA)
[16]. We hypothesize that common CNVs of
these genes, which are generally considered as
benign, could possess a modulating effect on
neurodevelopmental phenotypes. Here, we
have evaluated CNVs detected by molecular
karyotyping using the high-resolution SNP

array technique in the neurodevelopmental
cohort reported previously [17] with special
attention to common copy number changes of
SHANK and CHAMP1 and their phenotypic
effects.

The aim of the study. The aim of this
study is to describe common CNVs affecting
SHANK3 and CHAMP1 genes in a
neurodevelopmental cohort of children with
ASD, ID, epilepsy and CA and to uncover
probable effects on the phenotypic outcome.

Materials and  methods.  The
neurodevelopmental cohort of 780 children
with ASD, ID, epilepsy and/or
neurobehavioural disorder and CA was
analysed using molecular karyotyping and a
SNP array platform (CytoScan HD Arrays by
Affymetrix, Santa Clara, CA). This platform
has nearly 2.7 billion markers and nearly
750,000 SNPs for analysing CNVs and
heterozygosity losses [17]. CNVs affecting
SHANK3 and CHAMP1 were evaluated by
original in silico (bioinformatic) methods
based on system biology analysis and
simulating functional consequences of a
genomic variant at transcriptome,
proteome/interactome and metabolome levels
as systematically described earlier [3, 10, 17,
18]. Interactome visualization and analysis of
SHANK3 and CHAMP1 proteins were
performed using STRING DB, https://string-
db.org/ [19].

Results and discussion. CNVs affecting
the SHANK3 gene were identified in 44 (5.6%)
out of 780 children  from the
neurodevelopmental cohort. Deletions were
observed in 13 individuals (1.7%), whereas
duplications were found in 31 individuals
(3.9%). The higher occurrence of duplications
probably indicates that they have a less adverse
effect on SHAKS3 protein function than
deletions do. Table 1 summarizes data on
common CNVs involving SHANK3 and
phenotypes of the affected individuals. Figure
1A demonstrates examples of CNVs affecting
the SHANKS gene.
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Table 1
CNVs involving SHANK3
Ne (yﬁgres) Phenotype SNP array results (SHANK only) del/dup
1 |4 ID, ASD, CA arr 22q13.33(51107061 51115526)x1 del
2 |5 ID, ASD, epilepsy arr 22q13.33 (51136928 51165600)x3 dup
3 |4 Mild ID, CA arr 22q13.33(51106757 51115526)x3 dup
4 |14 ASD, disorders of sex arr 22q13.33(51137210_51141179)x3 dup
development
5 118 ID, severe CA arr 22q13.33(51103902 51121377)x3 dup
6 |4 ID, ASD, CA* arr 22¢13.33(51104039 51121293)x3 dup
7 |9 ID, ASD, obesity, arr 22q13.33(51103691 51115526)x3 dup
schizophrenia
8 |45 ID, ASD, CA, epilepsy, | arr 22q13.33(51092391 51121362)x3 dup
macrocephaly
9 (03 ID, epilepsy, CA arr 22q13.33(51103691 51121147)x3 dup
10 ] 11 Mild 1D, CA, cachexia arr 22q13.33(51103691 51121295)x3 dup
1113 Severe ID, ASD, CA arr 22913.33(51103691 51121147)x3 dup
12 | 5 ID, ASD arr 22q13.33(51105555 51115526)x3 dup
13 | 13 ID, ASD arr 22q13.33(51103691 51121293)x3 dup
14 | 2 ID, CA arr 22q13.33(51104037 51121293)x3 dup
15 | 11 ID, ADHD, CA arr 22q13.33(51103949 51120080)x3 dup
16 | 17 Mild ID, CA arr 22q13.33(51103949 51120080)x3 dup
17 | 10 ID, CA arr 22q13.33(51103691 51121377)x3 dup
18 | 6 ID, ASD** arr 22q13.33(51092248 51120080)x3 dup
19 | 10 Mild 1D, CA arr 22q13.33(51103691 51121362)x3 dup
20| 2 Mild 1D arr 22q13.33(51103691 51121293)x3 dup
21 | 14 ID arr 22q13.33(51103691 51120080)x3 dup
22 |7 ID, ASD, CA arr 22q13.33(51103691 51121377)x3 dup
23 | 12 Severe ID, epilepsy, CA arr 22q13.33(51121360 51127898)x1 del
24 | 4 ID, CA arr 22q13.33(51103691 51121364)x3 dup
25104 ID, epilepsy, CA arr 22¢13.33(51103692_51121362)x3 dup
26 | 6 ID, CA arr 22q13.33(50653914 50682948)%3 dup
27 1 13 ID, CA arr 22¢13.33(50661004 50682948)x3 dup
28 | 13 ASD, ADHD arr 22¢13.33(50661004 50682933)x3 dup
29 | 7 Severe ID, CA arr22913.33(50654036_50681651)x3,22(13.33(50727595_5 | dup/dup
0759411)x3
305 ID, obesity* arr 22913.33 (50661004 50682948)x3 dup
31|17 Epilepsy, ASD arr 22913.33(50694435 50695232)x1 del
324 Mild ID, epilepsy arr 22913.33(50660917_50681649)x3 dup
33|34 ADHD, CA arr del/del
22012.3(36231385_36235912)x1,22q13.33(50677098_5068
2933)x1
34148 ID, ASD arr 22913.33(50677098 50682933)x1 del
35|12 ID, CA arr 22913.33(50694435 50695232)x1 del
36 |5 ID, epilepsy, CA arr 22913.33(50051262_50068437)x1, del/del
22913.33(50677098_50682948)x1
3716 ID, epilepsy arr 22913.33(50677098 50682948)x1 del
38 |6 epilepsy, ASD arr 22913.33(50694435 50695232)x1 del
39| 8 ID, epilepsy, ASD arr 22913.33(50694435 50695232)x1 del
4019 ID, epilepsy, ASD arr 22913.33(50677098 50689895)x1 del
41 | 2 ID, epilepsy, CA* arr 22913.33(50665603 50682936)x3 dup
42 110 ID, ASD, epilepsy arr 22913.33(50731680 50733099)x1 del
43 | 4 ID, epilepsy arr 22913.33(50661004 50681652)x3 dup
44 | 6 ASD, epilepsy arr 22913.33(50731733 50732469)x1 del
Note: * — brain malformation; ** — parental consanguinity.
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Fig. 1. Examples of CNVs detected by SNP array. A) CNVs affecting the SHANKS gene: red bars
correspond to deletions; blue bars correspond to duplications. B) deletion encompassing CHAMP1

CNVs affecting the CHAMP1 gene were
identified in 6 (0.8%) out of 780 children from
the neurodevelopmental cohort. All the CNVs
were deletions. Two cases demonstrated co-
occurrence of SHANK3 duplication and
CHAMP1 deletion with severe manifestations

of neurodevelopmental disorders and CA.
Table 2 summarizes data on common deletions
involving CHAMP1 and phenotypes of the
affected individuals. Figure 1B demonstrates
an example of CHAMP1 deletion.

Table 2
CNVs (deletions) involving CHAMP1
Age - CNys

Ne Phenotype SNP array results (CHAMP1 only) involving

(years) SHANK3
1 6 ID, ASD, CA, epilepsy | arr 13q34(114313536_114342258)x1 +
2 9 ID, ASD, CA, epilepsy, | arr 13q34(114313536_114342258)x1 +

macrocephaly

3 0,7 Severe 1D, epilepsy arr 13934(114309842 114342258)x1
4 12 ASD, epilepsy arr 13934(114309596_114342258)x1
5 14 ID, ASD, CA, epilepsy arr 13934(114296760_114342258)x1
6 13 ID, ASD, CA, epilepsy | arr 13932.3934(101495219 115107733)x1

Children from the neurodevelopmental
cohort, generally, shared ASD and ID. CA and
epilepsy were common in cohort members
with CNVs involving SHANK3 and CHAMP1.
Occasionally, children exhibited attention
deficit hyperactivity disorder (ADHD), obesity
or brain malformations. Certainly, the
underlying cause of phenotypes in these
children was the result of previously detected
defects in chromosomal structure and genes
(unshown data; partially presented in [17]). To
focus on the possible modulating effect of
common CNVs of SHANK3 and CHAMP1, the

remaining load of CNVs (chromosomal
imbalances and intragenic CNVs) was
disregarded, and shared phenotypic traits (e.g.
specific neurobehavioural changes, as found in
a previous case [12]) were addressed. Earlier,
SHANK3 CNVs have been associated with
deficient temporal resolution of the auditory
system. This led to specific language problems
and had been suggested to represent a
biomarker of SHANKS3 copy number changes.
Here, 36 (82%) out of 44 individuals with
SHANK3 CNVs exhibited this phenotypic trait.
The remainder (patients 5, 6, 10, 11, 23, 29,
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30, 41 from Table 1) was associated with
extremely severe clinical manifestations of ID
and CA with brain malformations, which are
likely to mask the modulating effect of
SHANK3 CNVs. CHAMP1 CNVs were all
associated with chromosomal instability in
affected children (unshown data), which had
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been proposed as a cause of more severe
manifestation of ASD, ID, epilepsy and CA.
To further demonstrate the modulating effect,
a bioinformatic analysis was performed.
Figures 2 and 3 demonstrate interactomes of
SHANKS3 and CHAMP1, respectively.
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Fig. 2. SHANKS interactome (with CHAMP1); red: neurexins and neuroligins; green: RET
signaling; blue: non-specified (retrieved and analyzed using STRING db [19])
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Fig. 3. CHAMP1 interactome (retrieved and analyzed using STRING db [19])

Interactome analysis has not highlighted
a valuable network between SHANK3 and
CHAMPL. Accordingly, common CNVs of the
SHANKS3 and CHAMP1 have been considered
as phenotype modulators through unshared
pathways. SHANK3 is a key element of
pathways regulating synaptogenesis
(neurexins and neuroligins) and RET
signaling. CHAMP1 is a connecting link
between pathways involved in chromatin
remodeling (histone  regulation  and
heterochromatin formation), maintenance of
genome stability (including DNA repair) +
transcriptional  regulation, and activity-
dependent neuroprotective proteins.

All the CNVs involving SHANK3 and
CHAMP1 affect exons leading, therefore, to a
change of protein structure, which should
influence the phenotype [9] (especially,
neurobehavioral phenotype [11]).
Furthermore, CNVs of disease-associated
genes are linked to specific psychiatric
symptoms and cognitive ability (these are
phenotypic traits, but not disorders!) [8] and
neurophysiological endophenotypes [13].
Additionally, genomic studies of synaptic
dysfunction in ASD have revealed that specific
phenotypic traits result from mutations in
'postsynaptic' genes, including SHANKS [20].
In the present study, specific language

problems (for more details, see [12]) have been
associated with CNVs involving SHANK3 in
82% of cases. It should be noted that the
remaining cases exhibited extremely severe 1D
and CA, making it impossible to evaluate
speech impairment. Children without CNVs of
the SHANK3 gene have not demonstrated this
specific language/speech problems. Similar
changes have been reported during genotype-
phenotype correlations in individuals with
SHANK3 de novo intragenic mutations [21].
Furthermore, SHANKS deficiency is found to
result in detectable pathological processes in
the central and peripheral nervous system [22].
As shown by genetic model studies [23, 24]
and SHANK protein expression analysis [25],
despite a wide spectrum of SHANKS3
ontologies and  abundant  distribution
(expression), alterations to the sequence and
copy number of this gene is almost always
associated with specific phenotypic and
endophenotypic changes. These observations
are relevant to data retrieved from the
interactome and further bioinformatic analysis.
Therefore, the modulating effect of CNVs
affecting the SHANK3 manifesting as specific
language/speech problems is highly probable.
No correlations between phenotypic outcomes
and type/localization of CNVs have been
determined.
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Rare microdeletions at 13g33934
(CHAMPL1 gene localization) and mutations in
CHAMP1 gene have long been associated with
a disorder exhibiting a wide spectrum of
neurodevelopmental/neurobehavioral
abnormalities (autism, ADHD and ID) [26, 27,
28]. Deficiency of this gene causes
neurodevelopmental impairment manifesting
as more-or-less specific neurobehavioral
phenotypes [28]. Functionally, CHAMP1
represents an important cellular component,
alterations to which seem to produce abnormal
chromatin remodeling (transcription
regulation and homologous recombination
included) and neuroprotection [27, 29].
Additionally, functional genomic studies of
CHAMP1 complex have demonstrated that it
is strongly required for maintaining genomic
stability in euchromatic and, more specifically,
heterochromatic regions [30]. The failure of
the latter leads to genome and chromosome
instability, which have been systematically
associated with a wide spectrum of brain
diseases, including ASD and epilepsy, as a key
element of the pathogenetic cascade [31, 32,
33]. Since both bioinformatic analysis (Fig. 3)
and literature data provide evidence of
alterations to CHAMP1-realted pathways
resulting in failures to genome/chromosome
stability maintenance, we have concluded that
chromosomal instability = mediated by
CHAMP1 CNVs (deletions) is the driving
force for modulating the phenotype or leading
to more severe forms of ID, ASD and CA.

Despite the knowledge about the role of
CNVs in interindividual diversity and
pathophysiology of brain diseases, there is still
a gap in our understanding of mechanisms, by
which copy number changes of genes produce
neurodevelopmental phenotypes. In general, it
is suggested that CNVs produce a phenotype in
one of two ways: either directly (i.e. by altering
the structure or copy number of protein-coding
sequences of a disease-causing gene) [9, 11],
or via the cumulative effect of CNVs (i.e. the
CNVariome, or a complex system of
interactions between CNVs and genes/proteins
changed Dby CNVs) [3]. At the
neurophysiological level, CNVs are able to

cause endophenotypic traits, which are
specific to a given disease-causing gene [12,
34]. Moreover, specific phenotypic traits of
neurodevelopmental disorders (psychiatric
symptoms, cognitive disability, etc.) are
associated with CNVs involving disease-
causing genes [8]. Regardless of the focus on
rare CNVs as a cause of neurodevelopmental
and neurobehavioral diseases [2, 11], almost
all these observations are applicable to
common CNVs with the sole exception of
diminished phenotypic effect of common
CNVs, probably due to natural/evolutionary
selection. Thus, common CNVs are to be
considered as valuable contributors to
phenotypes of neurodevelopmental diseases
(ASD and ID).

In total, the involvement of common
CNVs appears to be described by the following
model. The main genetic defect (e.g., gene
mutation or chromosomal aberration) produces
the essential clinical picture of the disease (a
combination of hallmark symptoms), whereas
common CNVs add or exacerbate phenotypic
traits (especially, neurobehavioral phenotypic
traits). It is important to state that common
CNVs are not the cause of the disease per se.
Undoubtedly, this idea requires additional
experiments to be ultimately supported.

Conclusion. This study provides
evidence that CNVs are important for
neurodevelopmental diseases. The purpose of
our communication was not to provide a new
genetic cause of brain diseases. Indeed, we have
proposed a model for brain disfunction in ID and
ASD, which is based on an idea that common
CNVs add/exacerbate phenotypic traits resulting
from the main genetic defect (chromosomal
aberration or gene mutation). Here, a support of
this idea appears to be presented. Certainly,
additional case-control studies of CNVs
involving SHANK3, CHAMP1 and other genes
are required to identify the intrinsic role of
common CNVs in ID, ASD, ADHD and
epilepsy. Finally, we conclude that the
mechanisms underlying neurodevelopmental
diseases are far more complex than was
previously recognised, even in cases associated
with a well-described genomic pathology.
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Yacrora, ciekTp 1 QyHKIHOHAJIBHOE
3HA4YeHUue myTauuil B rene MIR-142
npu 1updy3Hon B-kierouHou
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Pesrome

AxtyanbHocTh: MIR-142 sBnsercst emuHcTBeHHBIM TeHOM MUKpOoPHK uenoseka, B koTopom mpu
muddy3Hoit B-knerounoit kpynuoxsierounoi mumpome (JIBKKIT) ¢ BbICOKOI 4acTOTON BBIABIAIOTCS
MyTauuu. PaHHME wHccnenoBaHus HapylIEHUH B JJaHHOM Te€He ObUIM OCHOBaHbl Ha aHaju3e
HECKOJIbKUX JIECATKOB OM000pa31ioB JIMM(OMBI U HE YJEIM BHUMaHMS OLIeHKE (DYHKIIMOHAJILHOTO
s¢dekra BoIsBICHHBIX W3MeHeHU. Lleab uccaenoBanusi: Onucarh 4acTOTy U CHEKTP MyTalMil B
rene MIR-142 nHa xpymnHO# BEIOOpKE 00pa3moB onmyxosieBoi Tkanu mnamueHToB ¢ JIBKKIL, a Taxke
npoBecTd aHaim3 IN SiliCO ux QpyHKIMOHATBHOTO 3Ha4YeHHs. MaTepHaabl H MeToAbI: [IpoBeeHo
npsimoe cekBeHnpoBanue o Cenrepy rera MIR-142 B 123 o6pasnax /IHK, BeineneHHON U3 cpe30oB
FFPE-G110k0B OronTaToB ormyxoJeBbix uMpoysno manuenToB ¢ JIBKKIL. TIpenckazanue in silico
TEHOB-MUIIICHEN ISl KaXJ0M M3 «KJIIOYEBBIX» mocieaoBaTeabHocTed MUKpOPHK BbITONMHEHO C
MOMOIIbIO OHNAH-uHCTpyMeHTa miRDB. [l onpenenenus ¢pyHkuu reHoB-muieneid MukpoPHK
MPOBEJIEH aHaliu3 Oo0oramieHus TEPMUHOB T€HHBIX OHTOJOTHMH MOJIEKYJISPHBIX QYHKIUN U
ouonorndeckux mpoieccoB ¢ momoisio PANTHER nHa 6a3e 6uonndopmarimonnoro pecypca Gene
Ontology. Jlns mpenckasaHusi BTOPUYHOM CTPYKTyphl «mmwibkn» MUKpoPHK u pacuera ee
MUHUMaJIbHON cBoOOmHOU sHeprum (dG) ucnonb3oBasicsi UNAfold web server. Pe3syabrarthi:
Yacrota MyTauuil B TrpyIe uccienoBaHus coctaBuna 16,7%, B Tpex ciaydasXx HMMEId MeECTO
MHOKECTBEHHBIE OJIHOHYKJICOTH/IHbIE 3aMEHBI B ocienoBarenbHoctd MIR-142. Beero BoisiBiieHo 24
TUIMA OJHOHYKJICOTUJHBIX 3aME€H, TPaH3ULUU TNpeodiafanu Haja TpaHCBEpCUSMU. AHalu3
pacripeneneHust MyTanuii o nocnenoBarenbHocTH reHa MIR-142 mokasan, uto numb 15% Obu1o
JIOKAJIM30BaHO B «KJIOYEBBIX» 00JacTsAX, Oojbllas >K€ YacTh — 3a €€ IpeAeiaMu: B
nocienoBarenbHOCTH  3penbix  menedt  (30%), mnpenmectBennuka (40%) wiaM  NEPBUYHOTO
tpanckpunta (10%) mukpoPHK. Ananu3 in silico BiusHuS 3aMeH, PaCHOI0KEHHBIX B «KIIOYEBOI
MocJe10BaTeIbHOCTH, Ha B3aumoaencTeusi MUkpoPHK-MPHK noka3zan, 4to Bce Tpu BBISIBICHHBIE B
rpymnie Ucciael0BaHus MyTalluu MPUBOJAT K CYIIECTBEHHOMY M3MEHEHHMIO HabOpa peryaupyeMbIxX
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reHoB. Haubonee BbIpakeHHbIE H3MEHEHUS CIIEKTpa PEryJIUPYyEMbIX T€HOB YCTaHOBJIEHBI MJIs
n.68G/A. IlpakTHueckn Bce ONMUCAHHBIE HAMM MYTAllMM B TOH WM WHOW CTENEHHM BIMSIM Ha
CTPYKTYpy M TepMmocTabmibHOCTh MUKpOPHK «mmunpkn». 3akiaiouenue: [lonydeHHbIe HaHHBIC
CBUJETEIBCTBYIOT O CYLIECTBEHHOM BIIMSIHME MYTAllUi B «KJIKOYEBOW» IOCIEAOBATEIbHOCTU Ha
MEePEKIIIOUYCHUE TeHOB-MUIIIEHEH 3penbIX menei nzydaemoin MukpoPHK. HeoOxonumel nanpHeimme
(GyHKIMOHATBHBIE WCCIENOBAaHUSA JUIS TOATBEPXKIACHUS BIUSHHUS TPEICKA3aHHBIX H3MEHEHUH
TEPMOJUHAMHYECKONH CTAOMJIBHOCTH M BTOPUYHOW CTPYKTYphl Ha OWOreHe3 3penblX Iernei
mukpoPHK.

KuroueBrble ciioBa: muddysnas B-kinetounas kpynHokieTouHast tumdoma; peryasus MukpoPHK;
sKcnpeccust reHoB; miR-142; MmyTannoHHbIN TPOGUIIb; BBICOKOIPOU3BOAUTEIHLHOE CEKBEHUPOBAHHE
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in diffuse large B-cell cell ymphoma
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Abstract

Background: MIR-142 is the only human microRNA gene that is highly mutated in diffuse large B-
cell lymphoma (DLBCL). Early studies of abnormalities in this gene were based on the analysis of
several lymphoma biospecimens and did not focus on assessing the functional effect of the detected
changes. The aim of the study: To describe the frequency and spectrum of mutations in the MIR-
142 gene in a large sample of tumor tissue samples from patients with DLBCL, as well as to analyze
their functional significance in silico. Materials and methods: Direct Sanger sequencing of the MIR-
142 gene was performed in 123 DNA samples isolated from sections of FFPE blocks from biopsies
of tumor lymph nodes in patients with DLBCL. In silico prediction of target genes for each of the
"seed" microRNA sequences was performed using the miRDB online tool. To determine the function
of microRNA target genes, an analysis of the enrichment of terms of gene ontologies of molecular
functions and biological processes using PANTHER based on the bioinformatics resource Gene
Ontology was carried out. To predict the secondary structure of the microRNA hairpin and calculate
its minimum free energy (dG), we used UNAfold web server. Results: The mutation rate in the study
group was 16.7%, and in three cases there were multiple single-nucleotide substitutions in the MIR-
142 sequence. A total of 24 types of single nucleotide substitutions were identified, with transitions
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prevailing over transversions. An analysis of the distribution of mutations in the sequence of the MIR-
142 gene showed that only 15% were localized in "key" regions, while the majority were located
outside it: in the sequence of mature strands (30%), the precursor (40%) or the primary transcript
(10%) of microRNAs. An in silico analysis of the effect of substitutions located in the "seed" sequence
on microRNA-mRNA interactions showed that all three mutations identified in the study group lead
to a significant change in the set of regulated genes. The most pronounced changes in the spectrum
of regulated genes were found for n.68G/A. Almost all of the mutations we described affected the
structure and thermal stability of the hairpin microRNAs to one degree or another. Conclusion: The
data obtained indicate a significant effect of mutations in the "seed" sequence on the switching of
target genes in the mature strands of the microRNA under study. Further functional studies needed to
confirm the effect of the predicted changes in thermodynamic stability and secondary structure on the

biogenesis of mature microRNA strands.

Keywords: diffuse large B-cell lymphoma; microRNA regulation; gene expression; miR-142;

mutation profile; high-throughput sequencing
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BBenenue. Huddys3nas
KPYIMHOKJIETOUHass B-kierounas smmdoma
(ABKKJI) ortHocutcs k Tpymme opdaHHBIX
nuMdornponudepaTHBHBIX HOBOOOpPa30BaHMS
Y MIPEICTaBISET COOO0M arpeCCUBHYIO OMYXOJTb.
Ha ee pmomo mnpuxomutrcs gm0 60% B-
kierounbix u 40%  Bcex  ciydaeB
HEXO/KKUHCKHUX 3JI0KAYeCTBEHHBIX JUM(DOM.
[lTocnenuune necsatuneruss B Poccuiickoit
®denepaniii ¥ B MUPE B 1IEJIOM HaOIIOIACTCS
HEYKJIOHHBIA pocT 3aboneBaemoctu JIBKKIIL.
Hecmotpss Ha BHempeHue B  MPOTOKOJIBI
BEJICHUS NAIMEHTOB C JAaHHBIM BapUAHTOM
OTTYXOJIN WHHOBAIIMOHHBIX TapreTHBIX
TepaneBTUYECKUX OMIIUH, MepBUYHAS
PE3UCTEHTHOCTh K JICUCHUIO WIIA PEIUIUBBI
3abosneBanusi KoHcTatupyrores y 30-40%
MalMEHTOB, 4YTO  CBSI3aHO C  KpaiHe
HEONMarompusATHBIM TPOTHO30M JJIsL KHU3HHU.
Bce 910 o00ycnoBnuBaer HE0OXOIUMOCTH
WCCIIEIOBaHM, HaMpaBlIEeHHBIX Ha Oolee
r1y0okoe MOHUMaHHUE MEXaHU3MOB
nuMmdomMarenesa u MOJIEKYJISIPHOM
rereporerroctu JIBKKII [1].

AHanu3 TaHHBIX MOTYYCHHBIX B paMKax
KPYIHBIX MPOEKTOB 0 U3YYCHHIO Oy XOJIEBBIX

TE€HOMOB,  TIO3BOJWJI  HJACHTU(DUIIUPOBATH
TBICSTYM MYTAaIlMii B TEHAaX, KOJUPYIOIINX
oenku u ACCOLIMMPOBAHHBIX co

3JI0Ka4eCTBEHHON TpaHcdopmarmerr [2]. B
TOM k15[ (X B IIOCJIIEAHUEC oAbl

UCCIIEZIOBATENIIMA ~ TIPUIIOKEHBI  OOJbIINE
yCWJIMS IO XapaKTEepUCTUKE TE€HOMa U
tpanckpunroma JIBKKJI, Bkitouast ananus3 Ha
ypoBHE OTAenbHBIX KieTOK [3]. [Tomyuenubie
JaHHBIE TIO3BOJIMJIM ONKCATh MOJIEKYJISIPHO-
TeHETUYECKU pa3ianyHbIe MTOJITUTIBI
3aboneBaHuss W pa3paboTaTb  HOBBIE
MIPOrHOCTUYECKUE MOJIENH, OCHOBAHHBIE Ha
MyTanMoHHoM JaHamagre [4-10], kapTune
JKcIIpeccuu reHoB B omyxonu [11, 12, 13] wim
XapaKkTEPUCTUKE €€ MUKpPOOKpyxkeHus [l4,
15].

BwMmecre ¢ TeM coBpeMeHHbIE 3HaHUs 00
M3MEHEHUSX B HYKJIEOTHAHON
MIOCJIEJOBATENBHOCTH TI'€HOMAa BHE JIOKYCOB
pacrioiokKeHus: OeNoK-KOAUPYIOIUX T'eHOB,
COCTABIIAIIOIIUX OKOJIO 2% OT BCEro reHoma
YeJloBeKa, B YaCTHOCTH, B 001acTAX, KOTOpbIE
HecyT uHpopmanuio o Hekoaupyrommx PHK,
Bce eme  orpaHndyeHel. [lpm  3TOM
Hekonupytonme  PHK, B YacTHOCTH,
MukpoPHK perynupyror skcnpeccuto 6enox-
KOJIUPYIOLINX T€HOB Ha
MOCTTPAHCKPUIIIIUOHHOM yYpPOBHE, BBICTYAOT
B Ka4€CTBE OHKOMHUPOB MJIM OHKOCYIIPECCOPOB
U CYUTAIOTCS  BAXHBIMU  YYaCTHHKAMH
onkorenesa npu JABKKJI [16, 17].

Anamn3 Urbanek-Trzeciak M.O. et al.
(2020) KpPYITHBIX HaOOpOB JTaHHBIX
CEKBEHUPOBAHMS, TMOJYYEHHBIX B paMKax
npoekta The Cancer Genome Atlas (TCGA),
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MO3BOJIWJ  BBIIBUTH U OXapaKTEpHU30BaIU
6omee 10 000 myramnmii B renax mukpoPHK
npu 33 Tumnax HoBooOpa3oBaHuit [ 18], kaxxmas
13 KOTOPBIX MOTEHLUATIbHO MOXET BIUATH Ha
MIPOLIECCHUHT WIH (bYHKIIMOHUPOBaHUE
KOJUPYEMBIX UMU MoJieKyd [19].

buorenes MukpoPHK SIBJISICTCS
CJIO>KHBIM IPOLIECCOM U BKJIIOYAET B ceOs JiBa
OCHOBHBIX 3Tana. Ha nepBom U3 HUX IJIMHHBINA
nepBUYHBIN  TpaHckpunT MuUKpoPHK  (pri-
miRNA), TpaHckpuOupyemblii #3 TeHa
MukpoPHK, pacmemnnsercs ¢depMeHTHBIM
komruiekcoM Drosha/DGCRS ¢ o6pazoBannem

MOJICKYJIBI-ITPEIIIECTBCHHUIIBI - npe-
MukpoPHK  (pre-miRNA). [lanee mpe-
mukpoPHK  moxmBepraercs ~ BTOpUYHOMY

pacmerieanio  pepmernTom  Dicer,  4TO
IPUBOIUT K BBICBOOOXKAEHUIO IyIUIEKCa
mukpoPHK. B mnocnenyromem ongHa 3peinas
HUTb  3TOTO  JAyIUIEKCa, Ha3bIBaeMast
HapasJsoLIel, BKIO4aeTcsl B 3 (HEKTOPHBIM
PHK-unyurpoBaHHbIi CalJIEHCHUHTI -
komiekc (RISC) Bmecte ¢ 6enkom Argonaute.
RISC oxaseiBaer cBoe BiusHue Ha MPHK
T€HOB  IOCPEICTBOM  KOMILIEMEHTapHOTO
CBSI3bIBAaHUS MIOCJIEI0BATENILHOCTEN
MukpoPHK wu MPHK, 4ro mnpuBogur K
MOJABICHUIO TPAHCIKILUU WIN JAerpajaluu
MPHK, wu, crienoBarenbHO, HapylIEHUIO
cuHTe3a Oenka [17, 20].

OnHMM M3 BaXXHBIX PE3yJIbTaTOB paOOTHI
¢ nanHbpIMu nipoekta TCGA cran ToT (hakT, 4To
MIR-142, KOJIUPYIOLIUI 3penble
(GyHKIMOHATIBHO aKTUBHBIE Llenu miR-142-3p
nu miR-142-5p, sBaseTcs eIMHCTBEHHBIM
reHom MukpoPHK 4enmoBeka, KoTOpbIii
PEKYPPEHTHO MYTHUPYET MpU remMoOIacTo3ax:
OCTPOM MHEIOUIHOM JIEHKO3€E, XPOHHUUECKOM
aumborneiiko3e M pa3luyHbBIX TUMax B-
kieTouHbIx Jumdom [18]. Bmecte ¢ Tem, Bce
MIPOBEJICHHbBIE B HacTosIIee BpeMs
UCCIIEOBAHUS MYTAallUd B JAHHOM TI€HE
OCHOBaHbI Ha aHAJM3€ HECKOJBbKUX JECATKOB
6uoobpasnoB omyxoinen. [Ipu stom B paborax
MPaKTUYECKH HE Y/EJIeHO BHUMAHHUS OLEHKE
(GyHKIMOHATBHOTO  3(deKTa  BBIIBICHHBIX
WU3MEHEHUM.

Mean HUCCJIEIOBAHMS. Ienn
HACTOSILLIETO0 HCCIIEOBaHMs 3aKiodajach B
OIMCAHUHU YaCTOTHI U CIIEKTPA MyTalluil B FEHE

MIR-142 wa XpymHOW BBIOOpPKE 0O0pa3IoB
onyxosneBol Tkanu nanueHtosB ¢ JIBKKIIL, a
TaKKe aHanusze in silico nX GyHKIMOHATBLHOTO
3HAYCHHUS.

Marepuaj U MeTOIbl HCCJIEI0BAHHUSA.
boumn  mpoananmsupoBanel 125 00Opasnos
JHK, Beigenennoir u3 cpe3oB FFPE-Gnokos
(bukcupoBaHHBIX  (HOPMAIMHOM,  3aJIUTHIX

napaduHOM) OMONTaTOB OIYXOJIEBBIX
mumdoysnoB  mamuentoB ¢ JIBKKII,
JTUArHOCTUPOBAHHBIX B Toponckom

reMarojIoruyeckom nentpe r. HoBocuoupcka B
nepuox ¢ 2007 mo 2022 rr. WccnenoBanue
ob10  o00peHo KomwureromM 1o OHMO3THKE

HoBocubupckoro roCyAapCTBEHHOTO
MEIUIUHCKOTO YHUBEPCUTETA U TPOBOAMIOCH
B COOTBETCTBUU C XenbCUHKCKOM
JIEKIIapalen. OT BCEX MalMeHTOB,

BKJIIOYEHHBIX B 3TO HCCJIEIOBaHUE, OBLIO
HOJIY4eHO J0OpOBOJIbHOE MH(DOPMUPOBAHHOE
coryacue.

I'en  MIR-142  ammumaduiupoBaiu
OMHMCaHHBIM  paHee MmeTtogoM [21] ¢
UCIIOJIb30BAaHUEM  CIIEIYIOIUX MpaiiMepoB:
5'-CTCACCTGTCACACGAGGTC-3’ u
5'-CTCTTGAGCAGGAGGTCAGG-3".
[omyyanu mnpoxnykr mimHot 231  m.H,
BKJIIOUAIOIIMKA ~ BCIO  TOCJIEAOBATEIbHOCTD
MEepBUYHOTO TpaHckpunTta miR-142 BmecTte ¢
(GraHKUPYIOMKUMHU O0JaCTAMHU JITMHOM OKOJIO
25 wu.a. Ilpomyxrter [IHP  oummanu ¢
UCIIO0JIb30BaHUEM MHUKPOKOJIOHOK c
SephadexTM G-50 medium 1 ceKBEeHUpPOBAIH
no CoHrepy c¢ wucnons3oBanueM BigDye
Terminator v3.1 Cycle Sequencing Kit u
nonmumepa POP-7  (Applied Biosystems,
CIIA) na renermueckom aHanuzarope ABI
3500  (Applied  Biosystems,  CIIA).
[TomyuenHnsbie XpOMaTOT paMMBbI ObUTH
MIpOaHaTU3UPOBAHbI c pUMEHEHUEM
nporpaMMHoro odecrneyenus Chromas. Bcee
MyTaluu OblITM 0003HaYEHbI B COOTBETCTBUU C
HyMepanueil HyKJICOTHIOB B IEPBHYHOM
Tpa"ckpunrte MukpoPHK.

[Ipenckazanwme in silico TeHOB-MUIIIEHEN
st KaXXJI0H u3 «KJIIOUYEBBIX)
nocienoBarenbHocTeit  MuKpoPHK  Gbuto
BBIIIOJJTHEHO € IOMOLIbKO  CHEUAJIBHOIO
oHylaiH-uHCTpyMeHTa miRDB  [22]. s
MOCTpOEHUsT  auarpamMM  Benna  Obun
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UCIIOJIb30BaH ANIEKTPOHHBIN pecypc
https://www.semestr.online/graph/venn.php#v
ennhand [23]. Hns omnpenenenus (QyHKIUHA
renoB-munieneir MukpoPHK Owi1 mpoBenen
aHamu3 OOOTamleHWs] TEPMUHOB TEHHBIX
OHTOJIOTUH (GOenrichmentAnalysis)
MOJICKYJISIPHBIX (YHKIIUH U OHOJIOTHYCCKUX
npoueccoB ¢ nomonipio PANTHER [24] na
6aze OuomHpopmanmoHHoro pecypca Gene
Ontology (GO; http://www.geneontology.org)
[25]. Pe3ynbrarel co 3Hauenuem p<0,05 mocine
MONPABKU HA MHOXXECTBEHHYIO IPOBEPKY
runiote3 (FDR — False Discovery Rate)

CUMTAJIUCh CTATUCTHYCCKH 3HAUMMBIMU. J[Jis
MpeACKa3aHus BTOPUYHOM CTPYKTYPBI
«mmuiaekn»  MUKpoPHK  u  pacuera ee
MUHUMaTbHOH cBoOOmHOU »sHepruu (dG)
ucnonb3oBaics UNAfold web server [26].
Pe3yabTarbl HCCJIeOBAHMA. B
HCCIEI0BaHHOMN rpymrme o0pasioB
onyxoyieBoil Tkanu nanueHtoB ¢ JIBKKJI B
21/125 (16,8%) ciiyqaeB ObUTA BBISBICHBI
OJIHOHYKJICOTH/IHbIE 3aMeHbl B MIR-142 B

reTepo3UroTHOM  cocTtosiHuM. Bcero 26

BapUaHTOB HYKJICOTUHOM

nocienosarenbrocty (BHIT) (Tabm. 1).
Tabnuya 1

XapakrepucTuka mytanuii B MIR-142, BbIABJIeHHBIX B I'pyIlIe UccIe10BAHNS,
rne dG — MmuHuMAaJIbHAs CBOOOIHASI YHEPIUs

Table 1
Characteristics of mutations in MIR-142 identified in the study group,
where dG is the minimum free energy
MyTranus 4G
Oobpazen pri-miR-142 Jlokaam3zanus i
THK PHK KKaJI/MOJIb
Hopma - - - -44.9
1 n33T/A n33U/A miR-142-5p, «kiroueBas» 403
HOCJIeJOBATEIbHOCTD
n.13C/T n.13C/U pre-miR-142
2 1.68G/A 1.63G/A miR-142-3p,«xiroueBas -35,6
HOCJIeJOBATEIbHOCTD
3 1.69T/C 0.69U/C miR-142-3p,«xiroueBas 473
HOCJIeJOBATEIbHOCTD
n.35G/A n.35G/A miR-142-5p
4 n.39G/A n.39G/A miR-142-5p -41,7
n.52C/T n.52C/U pre-miR-142
5 n.45C/T n.45C/U miR-142-5p -43.8
6 n.40C/G n.40C/G miR-142-5p -40,7
7 n.40C/T n.40C/U miR-142-5p -40,0
8 n.83G/T n.83G/U miR-142-3p -42,1
9 n.80A/C n.80A/C miR-142-3p -40,8
10 n.95G/A n.95G/A pre-miR-142 -41,6
11 n.57G/C n.57G/C pre-miR-142 -44.9
12 n.53A/G n.53A/G pre-miR-142 -44,9
13 n.93C/G n.93C/G pre-miR-142 -41,0
14 n.92A/T n.92A/U pre-miR-142 -40,7
15 n.93C/T n.93C/U pre-miR-142 -42,6
16 n.85T/C n.85U/C pre'm‘R'l42510{35‘;5&’“0““3““" 42,8
pre-miR-142, caiiT pacrio3HaBaHUs
' n.23A/T n.23A/U DROSHA i
0.25C/T n.25C/U pre-miR-1 42},);231; II_)IEXJHOSHaBaHI/IH
18 n.5C/T n.5C/U pri-miR-142 -44,9
19 n.100C/T n.100C/U pri-miR-142 -47.,8
20 n.109+4G/A n.109+4G/A pri-miR-142+4b.p. -
1 n.8A/C n.8A/C pri-miR-142 -50,2
n.1-18C/T n.1-18C/U pri-miR-142-18b.p. -



https://www.semestr.online/graph/venn.php#vennhand
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OtMmeTuM, 4TO B 3-X Clyyasx HMeEIHU
MECTO OTHOBpeMeHHO JBe HaxoakH (n.13C/T B
coueTtanuu ¢ n.68G/A, a taxxke n.23A/T B
couetanuu ¢ n.25C/T u n.8 A/C B coueTaHuu ¢
n.1-18C/T, B 1-M ciiyqyae — Tpu MyTaluu B

MIR-142 (n.35G/A, n.39G/A u n.52C/T) B
obpasie (Puc. 1).

Hse Tpetu (17/26, 65,4%) BHII
COCTaBWJIM TpPAH3UIMH, TOTJAa KakKk OJHY
TpeTb — TpaHncBepcuu (9/26, 34,6%) (Puc. 2).

oo

| ] | | | ] | ] | ] [ = | ] | ] | | | | | ] | ] ] | | | ] ]
c y c T c C & G l' R c T G T T A G T S

.
_ m&.__m |

120
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n39

\ lmmﬂ

Puc. 1. ®parmenT xpomarorpaMmbl CHKBEHCa 00pa3ia I[HK, COJZIEpIKALLEro TPU MyTalluu
B rene MIR-142 n.35G/A, n.39G/A u n.52C/T (noxy4eH ¢ mpuMeHeHHeM 00paTHOTO mpaimepa)
Fig. 1. Fragment of the sequence chromatogram of a DNA sample containing three mutations
in the MIR-142 gene n.35G/A, n.39G/A and n.52C/T (obtained using a reverse primer)

%

50 1 4213

40 -

30 - 23,U

20 - 11,5 11,5 78 2o

o | &9 =

0 T T 1
C-T G-A C-G T-A A-C G-T

Puc. 2. Unpopmanus o gacrore (%) tunos BHII B rene MIR-142, uneHTU(HUIUPOBAHHBIX B IPYIIIe
MCCIIEIOBAHUS: OPAHKEBBIM 1IBETOM 0003HA4Y€HbI TPAH3ULIUH, TOyOBIM — TPAHCBEPCHU
Fig. 2. Information on the frequency (%) of SNVs types in the MIR-142 gene identified in the study
group: orange indicates transitions, blue — transversions

AHamn3 THUNOB 3aMeH MOKa3all, d49To
Hauboee pacnpoCTpaHEHHBIMU ObLIH
tpamsunuu Mexny C u T (42,3%), a Takke G
nu A (23,0%). Cpean TpaHCBepCHl 3aMEHBI
Mexay C u G, a takke T u A cocTaBuiu no
11,5%, eme 7,8% cocTaBWIM 3aMEHBI MEXIY
AunCwu39%-mexay GuT.

Anamu3  pacnpenenenus BHII 1o
MIOCJIEZIOBATENIBHOCTY  T€Ha IOKa3al, dYTo
tonpko  3-u w3 Hux (11,5%) Obuin
JIOKAJIN30BaHbI B «KIJTFOYEBBIX)
nocnenoBarenbHOCTAX miR-142-5p u miR-
142-3p (1 u 2 ciry4asi, COOTBETCTBEHHO), TOT/Ia
kak 7 (26,9%) — B JApyrux ydacTkax
nocJie0BaTebHOCTH 3penblx MukpoPHK BHe

caiitoB cBs3biBaHusl ¢ MPHK-mumensiMu (4 u
2 cmyvasi, COOTBETCTBEHHO). OnuHHaIUIATh
(42,3%) BHII Obumm JOKamTW30BaHBI B
IIOCJIEIOBAaTEIbHOCTH pre-miR-142 BHE
Y4acTKOB, KOIMPYIOLIUX 3pEJble LIENH, B TOM
yucie 3-u — B caliTe paclno3HaBaHUS
DROSHA. Eme Tpum (11,5%) BHII — B
MIOCJIEJOBATENBHOCTH pri-miR-142 3a
npeaeiamu YYacTKOB, KOJIUPYIOIINX
mukpoPHK-npenmecrsennuka. B 1Byx
ClIyvasix (7,8%), BBISIBJICHBI
OJTHOHYKJICOTUAHbBIE 3aMEHBI B
HETIOCPEACTBEHHON  OMM30CTH K 5- m
3/-xoHram pri-miR-142 (Puc. 3).
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7,8%

O "kiaoueBas'" mocjaeI0BaTEILHOCTD

E3peansie MukpoPHK

Opre-miR-142

Opri-miR-142

B BHe pri-miR-142

Puc. 3. lannsie o konnuectse BHIL, uaentudunmupoBanHbIX B pa3inuHbIX yyacTkax rena MIR-142
Fig. 3. Data on the number of SNVs identified in various regions of the MIR-142 gene

VYuureiBasi, 4TO TpH U3 BbIsABICHHBIX BHIT
3aTparuBajii  «KJIIOUEBBIC»  IOCIIEHAOBATENb-
HocTh 3penbix unemedl  mukpoPHK, Obota
MpoBe/ieHa HICHTU(HKAIUA HAaOOPOB TE€HOB-
muIIeHell ¢ nomomnpio cepBuca MIRDB [22].
[Iporno3upoBanue MPOBOAMUIIOCH TSt
«KITIOYEBBIX» TOCIeA0oBaTenbHOCTe MIR-142-
5p u miR-142-3p B HOpMe U JJIs KOKIOro U3
MYTaHTHBIX BapHaHTOB.

Ananmus BBISIBUJI 3HAYUTEIILHOE
M3MEHEHUE npoQust MIPeACKa3aHHbIX
B3anmoeicTBuit MukpoPHK-muiens (Puc. 4).
B ciydae n.33U/A KJTFOYEBO
nocnenoBarenbHocT  MiR-142-5p  umeno
Mecto yBenuuenue (¢ 1133 mo 1328), torma

B A

872 400

Kak B cirydae n.68G/A u n.69U/C xroueBoit
HOCJIE0BATEILHOCTH miR-142-3p -
ymenbleHue (c 418 no 312 u ¢ 418 no 406,
COOTBETCTBEHHO) 4YHCJIAa  MOTEHLHUAIbHBIX
MHUILIEHEH. [Ipu 3TOM HaOII01a10Ch
3HAYUTEIBHOE U3MEHEHUE CIIeKTpa
B3aMMOJICHCTBUSI, OCOOCHHO BBIPKEHHOE IS
n.68G/A miR-142-3p. CormacHo
OnonH(pOopMaTUYECKOMY TPEACKA3aHUIO, TPU
JTAHHOM MYyTallMM COXPaHSAETCs] KOHTPOJIb JIUIIb
Han 18/418 (4,3%) xanonmyeckux MPHK
MHUILIEHEH, YTO 3HAYMTENIbHO MEHBIIIE, YeM MpU
n.69U/C miR-142-3p (145/418, 34,7%) u
n.33U/A miR-142-5p (456/1133, 40,2%).

294

n.33U/A miR-142-5p n.68G/A miR-142-3p n.69U/C miR-142-3p

Puc. 4. lnarpammel BeHHa n3MEHEHMs CIEKTpa MUIIEHEN, TpeacKa3aHHbIX 111 MUKpoPHK
B HOpMe (007acTh Kpyra A) U Ipu U3MEHEHUH «KITIOYEBBIX» MOCIIEA0BATEIbHOCTEH
B pe3ynbTaTe MyTaluil (o0nacte kpyra B), uncio o6mux MulieHen ykazaHo
B 00JIaCTH NEpeCceUeHus IByX KpPyros
Fig. 4. Venn diagrams of changes in the target spectrum predicted for microRNAs in normal
conditions (area of circle A) and with changes in "key" sequences as a result of mutations (area of
circle B), the number of common targets is indicated in the area of intersection of the two circles
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Puc. 5. Cratuctuaecku 3Hauumsbie (p<0,05) pe3ynsrarhl 00oTaIeHuss TePMUHOB TEHHBIX OHTOJIOTHI OMOJIOTHYECKUX MTPOIIECCOB ISl CTUCKOB T€HOB-MHUIIICHEH
MukpoPHK (A) miR-142-3p B HOp™Me (cunue cTonOiel) 1 n.68G/A miR-142-3p (opamxkessie cronbd1bl); (b) miR-142-3p B Hopme (cuHHe cTono1b!) 1 n.69U/C
miR-142-3p (opanxeBbie cTon6O1b1); (B) miR-142-5p B HOpMme (cunme ctonbiibl) u n.33 U/A miR-142-3p (opanxeBbie CTONOIBI)

Fig. 5. Statistically significant (p<0.05) results of enriching the terms of gene ontologies of biological processes for lists
of microRNA target genes (A) miR-142-3p in normal (blue bars) and n.68G/A miR-142-3p (orange bars); (B) miR-142-3p is normal (blue bars)
and n.69U/C miR-142-3p (orange bars); (C) miR-142-5p is normal (blue bars) and n.33 U/A miR-142-3p (orange bars)
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Puc. 6. Pacnipenenenve uaMeHeHNit MUHUMalbHOM cBOOOaHOM sHepruu (|AdG|, kkan/mMob)
BTOPUYHOH CTPYKTYpHI pri-miR-142, nHAYIMPOBaHHBIX BapHAHTAMH HYKJICOTHIHON
IIOCJIe/IOBATEIIBHOCTHU  JKEIThIE CTOJIOIBI 0003HAYAIOT YBEIUYEHUE, 3€JIeHbIE — OTCYTCTBUE
U3MEHEHUH, B TO BpeMs KaK KPacHbIE — YMEHbLIEHHE MUHUMAaJIbHONW CBOOOIHOM 3HEprun
Fig. 6. Distribution of changes in the minimum free energy (JAdG|, kcal/mol) of the secondary
structure of pri-miR-142 induced by variants of the nucleotide sequence: yellow columns indicate
an increase, green — no changes, while red — a decrease in the minimum free energy

Ha cnenyromem stame ObUT NpPOBEACH
aHanmu3 oOorameHuss TEPMHUHOB TE€HHBIX
OHTOJIOTUU JUIsl KaXXJ0oro Habopa TeHOB-
MmuieHeil (pedepeHcHOro U U3MEHEHHOro B
pe3yabrarte KakJoW U3 MyTauui). AHamu3
BBISIBMJI CTaTUCTHYecKH 3Hauumoe (p<0,05)
oOorarieHne pa3IndHbIX HaOOpOB TEPMHHOB
TeHHBIX OHTOJIOTHI u1g miR-142-3p B HOpMe
n npu n.68G/A nmm n.69U/C, a taxxke st
miR-142-5p B Hopme u nipu n.33U/A (Puc. 5).

YroOBI OLIEHUTH BIUSHHUE BBISIBICHHBIX
3aMeH Ha BTOPUYHYIO CTPYKTYPY «IIIUIBKID
U €€ TEepMOAMHAMHUYECKYI0 CTaO0MIBLHOCTS,
ucrionb3oBaicss UNAfold web server [26].
CHauana Obula MpOaHaIN3UPOBaHA BTOPUYHAS

cTpykTypa pri-miR-142 B Hopme, panee
Kaxaoro u3 19 MyTaHTHBIX BapUaHTOB €€
nocienosarensHocTy. 1lokazano, uro B 17/19
(89,5%) cnywaee BHII npuBoamnu
HEHYJIEBOMY  W3MEHEHUI0  MHUHUMAIIbHOU
cBoOonHoi# sHepruu (|AdG|) B nuamazoHe oT
1,1 no 9,3 xkan/mons (Puc. 6). Tonbko Tpu U3
HUX TPUBOIWIN K TPUPOCTy MHUHHMAIILHOM

CBOOOMHON DdHEpPruu, a, CIeA0BaTeIbHO,
MTOBEIIIEHHIO TEPMOJITHAMUYE CKOM
CTa6I/IJ'II)HO CTHU «IIITHUIIBKW, TOTraa KaK

OCTaJbHBIE — K UX CHMIXEHHIO. boiee Toro,
npaktryecku Bce BHII Biusiin Ha cTpykTYypy
«umuibkuy. IIpuMepsl mpenacraBieHbl Ha
PHUCYHKE 7.
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Puc. 7. I'padpuueckas Buzyanuzaus snussaust BHIT Ha BTOpHUHYIO CTPYKTYpY «IITUIBKI»
MukpoPHK: Hopma (A), B cimyuae n.92A/U pre-miR-142 (B), n.95G/A pre-miR-142 (C) u n.8A/C
pri-miR-142 (D)

Fig. 7. Graphical visualization of the effect of SNPs on the secondary structure of the microRNA
hairpin: norm (A), in the case of n.92A/U pre-miR-142 (B), n.95G/A pre-miR-142 (C) and n.8A/C
pri-miR-142 (D)

O0cyxknenmne. Myrauuu B rene MIR-142
OTIHMCAHbI B EMHUIHBIX CITy4asx
¢bommukynasipHoi numdomsl  [27, 28, 29],
XpoHHUYEeCKoTo JMMpOnIHOTO Jeiko3a [30], a
TaKkK€ OCTPOrO0 MHEIOUAHOIO JielKo3a U
MHUEJIOIUCIIIIACTHYECKOT0 cuHapoma [31, 32],
HO Hambouee yacto BoisiBIstOTCA IpH JIBKKII
[33]. B nmanHOM wuccnenoBaHWM TOAPOOHO
oxapakrepusoBaHa yactora u crekrp BHII B
reHe MIR-142 B omyxoneBoil JuMQouIHOM
TKaHU KPYMHOW BBIOOPKHM TMAIIMEHTOB C
JABKKIJI (123 uenoBeka) u MpoBeNId aHAINB inl
silico ux pyHKIHOHAIBHOTO 3 dekra.

Yacrora MyTalui B rpymnme
HCCICAOBaHUA  cocTaBuiaa  16,8%, uyTo
YKJIAJbIBAETCS B ONMCAHHBIN B JIUTEpaType
nuanasoH — ot 12 10 20% [27, 34, 35, 36], npu

3TOM B YETHIPEX Cly4yasiXx HMEIU MECTO
MHOKECTBEHHBIE OTHOHYKJICOTH/IHBIE 3aMEHBI
B mociaegoBarenbHOCTH  MIR-142, d4TO
KOCBEHHO CBHJCTEIIBCTBYET O BO3MOKHOCTH
(enomena karasruca npu JIBKKJI B obnactu
pacrionioxkennst nanHoro rena [37]. Iloxg
KaTasTHCOM IMOHUMAIOT SIBJICHUE
TUTIEPMYTalnii, HaOIIOMAroIIeecss MpU Pse
3II0KQYECTBEHHBIX ~ HOBOOOpA3oOBaHUU U
XapaKTepU3yIoIeecs JIOKAJIU30BaHHBIMHU
KJIacTepaMu  OJIHOHYKJICOTUJIHBIX 3aME€H —
mecTh Wiu Oojiee B Tpenenax THICSYU I1.H.
[38].

Bcero Obuto  BbIIBICHO 26  THIIOB
OJTHOHYKJICOTHTHBIX 3aMcH, LIUPOKO
pa3OpOCaHHBIX MO TOCIIEOBATEILHOCTH TeHa,
yro ommuaer JIBKKJI or apyrux tumnos
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remo6nacTo3oB. Tak, COIIaCHO JaHHBIM
JUTEPaTypbl, BCE H3BECTHbIE B HACTOSILEE
Bpems BHII B manHoM reHe mnpu ocTpom
MHUEIIOUHOM JIeNKOo3¢e u
MUEJIOAUCIIIIACTUYECKOM CHHIPOME OIHMCAHbI
TOJIBKO B «KJIFOYEBOI» 00JaCTH 3pesioi Ienu
miR-142-3p, OTBETCTBEHHOW 3a CBS3BIBAHHE
reHoB-muieHern [31, 32, 39-41], kak wu
€IMHCTBEHHAs ONHMCAaHHAas B HACTOSIILIEE BPEMSI
myTanus B MIR-142 npu numpome bepkurra
[18]. TIpum  dommukynsipHoit  muUMdome
BepudumupoBanneie  BHII  3arparuBarot
nocienoBarebHOCTh MiR-142-3p [27, 28], a
Ipu  XpoHHYECKOM JuMmdoneiikoze — B
OOJIBIIMHCTBE CITy4aeB JIOKAJTM30BaHbI B miR-
142-5p [21, 29, 30, 39].

[lomydyeHHble  NaHHBIE  IO3BOJISIEOT
yTBEpXkKAaTh, YTO B OMYXOJEBOW TKaHU
manuenToB ¢ JIBKKJI B rene MIR-142
TpaH3UIUU npeobnanaoT HaJ
tpancBepcusmu. Cpeaun BHII  tpan3unum
nupuMuIMHOBBIX ocHoBaHui C-T cocraBumm
42,3%, pgamee 1O YacTOTE  ClIeOBalId
TPaH3UIMU IMYPUHOBBIX OCHOBaHUN A-G
(23,0%). TpancBepcuu (3ameHa
MUPUMUIMHOBOTO OCHOBaHUsS Ha ITypUHOBOE,
160 HA00OPOT) CyMMapHO COCTaBWJIU JIUIIh
TpeTh (34,7%) HaxoIOK, YTO COIIacyercs C
JAHHBIMU 110 CIIEKTPY OJHOHYKJICOTHIHBIX
3aMEH B JPYTHUX FeHaX MPU HOBOOOPA30BAHUAX
yenoBeka [42, 43]. IlpuunHamMu JaHHOTO
SABIIEHUS CUMTAIOT, Kak Oojee dYacTtoe
BO3HHMKHOBEHHUE TpaH3uuuii npu padore JTHK-
MOJIMMEPa3 B KJIETKaX, TAK U UX CEJEKIHIO B
XO0JI€ OIyXO0JIeBOM Tiporpeccuu [44].

Anamu3 pacnpenenenuss BHII B rene
MIR-142 mokazaj, 9TO JHIIL HEOOJBIIOE HUX
konmudectBo (11,5%) ObLIO NOKANIM30BaHO B
«KJTIOYEBBIX» O0JIACTAX, OOJBIIAS KE YaCTh —
3a €€ MpeAelaMu: B IIOCIEN0BAaTEIbHOCTH
3pensix 1enen (26,9%), mpeamiecTBEHHUKA
(42,3%) waM TEPBUYHOIO  TPAHCKPHUINTA
(11,5%) muxkpoPHK, yTo aHanoru4Ho 1aHHBIM
uccinenoBanuil apyrux reHos MukpoPHK. B
IBYX ciIyqasix (7,8%), BBISIBJIICHBI
OJTHOHYKJICOTUTHBIC 3aMEHbI B
HeNOCpe/CTBeHHOH Ommoctn k 5- u 3-
KOHIIaM  pri-miR-142. Haomromaromeecs
yBennueHne 4vactotel BHII B renax,
komupytomux MukpoPHK, B HanpaBineHuu ot

«KJTFOYEBOI» oOmactu u 3penbIX
IIOCJIEIOBATENBHOCTEHN K IIOCIIEA0BATEIBHOCTH
mukpoPHK-npenmecrseHnmka, Kak

[I0JIaraloT, CBSI3aHO C SBJIEHUSAMHU OTOOpa B
OImyXoJii (PyHKIIMOHAJIbHO-3HAYUMBIX 3aMeH
[20]. [Tonyuyenusie JTAaHHBIC MOTYT
CBUJIETEIHCTBOBATH 0 TOM, 4TO
MpEeIIIEeCTBEHHUK MukpoPHK-mmnuneku
MMEET JIOBOJILHO «XPYMKYIO» CTPYKTYpY, U
cameble paznuuabie BHIT ciocoOHbI Hapymath
peanu3anuio byHKIAH KOJTUPYEeMOH
MukpoPHK 3a cuer m3aMeHeHUs TpexMepHOI
OpTaHu3aINH MTPE/IIeCTBEHHHKA.

B oTOlf CB3M HamMM  BBIIOJHSUIICS
OMOMH(OPTUIECKHIA aHam3 s dexra
UICHTU(PUIIMPOBAHHBIX  OJHOHYKJICOTHUTHBIX
3aMeH Ha TMEPEeKIIOYCHHE TEHOB-MUIICHEH, a
Tak)Ke CTa0MIIBHOCTh U BTOPHUUHYIO CTPYKTYPY
«mnmibku» MukpoPHK. Ilo nanHeiM 6a3bl
miRDB kanonunueckuii BapuanT miR-142-3p
NOTEHIMAIbLHO HaiejaeH Ha 418, Torma kak
miR-142-5p — na 1133 mPHK-mumenei [22].
Anamus in  silico Bmusaus — BHII,
PaCTOJIOKEHHBIX B «KIJTFOYEBOID
MOCJIEJIOBATENIBHOCTH, Ha B3aUMOJCHCTBUS
MukpoPHK-MPHK mnokasan, 4ro Bce Tpu
BEISIBJICHHBIC B TPYIITIC UCCIICTOBAHUS 3aMCHBI
NPUBOJSAT K CYIIECTBEHHOMY H3MEHEHHIO
Habopa perynupyeMblx TreHoB. B cmyuae
n.33U/A 456 (40,2%) reHOB-MHILIECHEH
OCTaBAJIUCh OOIIMMHU C KAHOHUYECKOW 3peroi
miR-142-5p, B 10 Bpemsa kak 677 (59,8%)
ObUIM yTpadeHbl, a eme 872 npuoOpeTeHBI.
AHajoru4Has TEHJCHIMW HaOIromanach JUis
n.69U/C: 145 (34,7%) obmux ¢ miR-142-3p B
HopMme, yTpara 273 (65,3%) u npuobpereHue
161 HoBbIX reHoB-muineHed. Haubomnee ke
BBIpKCHHBIS W3MEHEHUS CIIEKTpa
pEeryIHpyeMBbIX TE€HOB YCTAaHOBJICHBI IS
n.68G/A, npu KOTOPOH, COIVIACHO
npeackazannio cepruca miRDB, coxpansercs
KOHTPOJIb JINIIb HaJ 18 (4,3%)
kanoHnueckuMu MPHK mumensmu miR-142-
3p, torna kak 273 (65,7%) u 161 murieHpb
yTpaurBaloTCA u npuodpeTarorcs,
COOTBETCTBEHHO.

UtoObl BBISICHUTH, MOTYT JIM TaKue
W3MEHEHUS B CIIEKTPE T€HOB-MUIIICHEH UMETh
NanbHEWIIUEe  TOCHEACTBHS, BIUATH Ha
Omonorudeckre MyTH W, Kak CIEICTBUE, Ha
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(GYHKIIMOHUPOBaHUE KIIETOK, ObUI MPOBEACH
aHaiM3 OOOTalieHWs TEPMHHOB T'€HHBIX
OHTOJIOTMM ISl TIOJYYEHHBIX CHUCKOB I'€HOB.
[Tokazano, uTOo M3MEHEHHS B HAOOpax T'CHOB-
MHUIIICHEN MukpoPHK B pesynbrare
BBISIBIGHHBIX B TPYIIE  HCCIEAOBAHMS
OJHOHYKJICOTUAHBIX 3aMEH B  OO0JacTIX
«KJIHOYEBBIX» TOCIIEOBATEIbHOCTEH 3PEJIbIX
neneii miR-142 Hamum cBoe OTpakeHHE B
TeHHBIX OHTOJIOTHSIX OHMOJIOTMYECKHUX
npoueccoB. Jlns Bcex Tpex  MyTauuit
UICHTU(QUIUPOBAHBl OTIMYHBIE YUCIO U
HAaO0OpBl TEPMHUHOB TEHHBIX OHTOJIOTHHA IIO
cpaBHeHUIO C¢ peddepencHbiMu MUKpoPHK.
OO6mas TEHJICHIIUS 3aKJII0YaeTcs B
cnenyromeM. Hecmorps Ha 1o, uto qs BHII
«KITFOUeBOM» obmacth miR-142-3p mHOTHE
TEPMHHBI T€HHBIX OHTOJIOTUI ObLIH OOIIMMHU C
pedepeHCHON  MOCIIeAOBaTEeIbHOCTHIO, B
ciyyae MyTaluu KOJINYECTBO
3aJ1€ICTBOBAaHHBIX T€HOB-MUILIEHEN B OTHOM U
TOM ke mpomecce i1 n.68G/A  ObuIO
HECKOJIbKO HIKe, a i1 n.69U/C cymiecTBeHHO
HUKE TI0 CPaBHEHHUIO C COOTBETCTBYIOHICH
HOpMaJbHOW 3penod 1nenbto  MukpoPHK.
Baxuno OTMETHUTb, 4TO HeJlaBHEe
¢yHKIMOHanbHOE uccnenoBanue n.69U/C u
n.68G/A mokazano, 4YTO, HECMOTps Ha
nokanmzanuio B miR-142-3p,06e  oHu
MIPUBOJIAT K CHUKEHUIO YPOBHS Kak miR-142-
3p, Tak 1 miR-142-5p [18].

Cpenu ¢akTopoB, Ha KOTOpBIE BIHsIA
n.68G/A, ObLIH )KM3HEHHO Ba)KHBIE KIIETOUHEIE
MPOLIECCHI, CBSI3aHHBIE C KJIETOYHBIM OTBETOM
Ha CTUMYJ TpaHCcPopMUpYOIIero ¢akropa
pocrta [, opraHuzanMeld = XpOMaTHHA,
perymsuein TPaHCKPUIILIUU PHK-
noinuMepason I, akTHBHOCTH NPOTEMHKUHA3,
mupGepeHIUPOBKU  KIIETOK,  KJIETOYHOTO
LMKJIa, KOHTPOJBHOM TOYKH MOBPEXKICHUS
JAHK, a Takxxe pa3BUTHE COCYAUCTOMN CETH.

B ciysae  n.69U/C  nauboree
3HAYUMBIMU  ObUTM  TE€HHBIC  OHTOJIOTHH,
CBsi3aHHbIE ¢ JU(BHEePeHIIMPOBKON KIIETOK,
KJIETOUYHBIM OTBETOM Ha CTUMYJT
TpaHchopmupymomero ¢akropa pocra-0era,
OpraHu3alKell XpoMaTuHa, BHYTPUKIETOUHOU
CUTHAJIBHOM  TPAHCAYKLUMEH, peryisuuen
MeTabonu3ma, KJIETOYHOTO LHKIIA,
TpPaHCKpHUIIIIUU, Tporiecca duocunTeza JTHK,

MakpOMOJIEKYJl U COEOUHEHH, ayTodarumu,
TpaHCMeMOpaHHOI neperadn CUTHaJa,
yOUKBUTHH-3aBUCUMOTO KaTabosin3ma OeNKoB,
CHUCTEMHBIM pa3BUTHUEM COCYIUCTON CETH,
pacnpoCTpaHEHUEM KIJIETOK, 3aBUCSIIUM OT
aJire3uu.

Torma xaxk s n.33U/A «KIIFOYEBON»
obmactm  miR-142-5p B cpaBHEHHH C
pedepeHcHoI MOCJIeI0BATEILHOCTHIO
HAOMIONANOCh  KapJUHAJIbHOE  U3MEHEHUE
KapTHHBI 00OTaIlleHUsT TEPMHHOB TEHHBIX
OHTOJIOTUHA  OMOJIOTMYECKHX  TMPOIIECCOB
perymsiuun  1udepeHIMpoOBKU  KIIETOK,
KJIETOYHOTO OTBETa HAa HHAOTCHHBIN CTUMYII,
BHYTPUKJIETOYHOM  TI€pelayd  CUTHAJIOB,
TPAHCKPUIIIINH, CTaOMIBHOCTH MPHK,
OMoCcHHTE3a U MeTaboIM3Ma MaKPOMOJICKYI U
KJIETOYHOTO POCTa.

Bmecre ¢ TeM KOHKPETHBIM IE€pEYEHb
T€HOB, PEryJIMPYEMBIX KaXKIbIM U3 MYTaHTHBIX
BApUAHTOB, SBISIOTCS TMPEACKa3aHHBIMU W,
0e3yCJIOBHO, HYXKJAlOTCAd B JalibHEHIIeH

JKCIIEPUMEHTAIILHON IIPOBEPKE. Tax,
HallpuMep,  ONMCaHbl  CiIy4yad,  KOrzaa
W3MEHEHUS B «KITFOYEBO»
I10CJIE0BATEILHOCTH MukpoPHK HE

MPUBOJWIN K IOJHOW yTpare KOHTPOJS Haj
MHULIEHBIO: JaXe B CIydae HETOYHBIX
B3aUMOJICHCTBUI COXpaHsJIach Ta WM HWHAs
CTENEHb penpeccuBHOM aktuBHOCTH [45]. C
JPYToil CTOPOHBI, YCTAHOBJIEHA BO3MOKHOCTh
csasbiBanns MukpoPHK ¢ 5'-HTIT MPHK umu
B3aumofeiicteus mexay 3-HTII mMPHK nu
MukpoPHK BHE «KIIIOYEBO»
MOCJIEZIOBATENBHOCTH, YTO HE YYUTHIBAETCS B
Xojie aHanu3a in silico [46].

CrnenyeT OTMETUTbH TaKXe, YTO MyTalluu
BO BCEX TpeX MONOKeHusx reHa MIR-142
ObUIM ONMCaHbl paHee NpHU TeMobiIacTo3ax
[39]. BHII B monoxxkeHnu n.69 mo mgaHHBIM
paboT Apyrux aBTOpPOB SBISIOTCS Haubolsee
4acTbIMH, B  OCHOBHOM  IIPEJCTaBIICHBI
3ameHoit U/C u 3apeructpupoBaHbl IpU
JIBKKJI, c¢ommukynspuoit snumdpome u
XPOHUYECKOM JIMM(DOUIHOM Jieliko3e. 3aMeHa
n.68G/A Tarke yke perucTpupoBajiach Ipu
JABKKUJI, Torna kak npu OMJI BHII B nannOoM
MOJIOKEHUH ObUIM  TIPEJCTAaBICHBI JPyron
3ameHol — G/C. B mo3umuu n.33 panee npu
¢dommukynspHoii nuMdome Obula omMcaHa
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OTJIMYHAs OT BBISBICHHOW Hamu 3ameHbl U/A
3amena U/C.

bonemmuucTeo  BHII, wuaenTudunu-
pPOBaHHBIX B  JIaHHOM  HCCIIEJOBAaHUH,
PACIOJIOKEHBl 3a MPEIeIaMu  «KJIFOUEBOM»
00JacTH, CleI0BaTelIbHO, OHU HE OKa3bIBAIOT
MpSIMOTO BJIMSIHUSL HA BBIOOP TIeHA-MUIICHU
MukpoPHK. B mureparype umerorcs qaHHeie o
toM, 4yto BHII, pacnonoxenneie B
MOCJICI0OBATEILHOCTH MpEAIIeCTBEHHUKA
MukpoPHK,  oka3piBaloT  CylIeCTBEHHOE
BinusHUe (QyHKIMoHupoBaHue MuUKpoPHK,
Ha4YMHAS C SAESPHOTO U ITUTOIIA3MAaTHYECKOTO
JTaIoB CO3pEeBaHUsA u 3aKaHYHMBas
TEPMOIMHAMUYECKON CTaOMIIBHOCTBIO,
dbopMupoBaHHEM  BTOPUYHOU  CTPYKTYDHI,
orbopom 1iernei, BkimrodaeMbix B RISC, uto B
KOHEYHOM HTOT€ OTPAKAETCS Ha yYPOBHE HUX
skcnpeccuu [47].

Tpu wu3 BHII, BbISBICHHBIX HaMH,
3aTparuBajiu cauT pacrno3HaBanus DROSHA.
WUx mnpsmeiM  (QyHKIHOHAIEHEIM 3 (heKToM
MOXeT ObITh HapyIlIEHHE CO3peBaHUs pri-miR-
142 nmo pre-miR-142. Opnako, Bce 0e3
HCKJTIOYCHUS BBISIBIICHHBIC 3aMEeHBI
MOTEHI[MAIbHO MOTYT BJIMSATH HAa BTOPUYHYIO
CTPYKTYpy npeamectBeHHUKOB MUKpoPHK u
OKa3bIBaTh  CYIIIECTBEHHOE  BIUSHHE Ha
OuoreHes 3penbIx 1enei [45].

C npumenennem UNAfold web server

HaMH ObLTH ompeneNeHsl  Haubosee
cTabunpHas (B TEPMOJMHAMHUYECKOM
paBHOBECHMH)  BTOpUYHAs  KoH(popmauus

«mmuibkn» MUKpOPHK m ee mMuHmManbHas
cBoOonHas aHeprus (dG), KoTopble 3aBUCIT OT
TakuX (aKTOPOB KaK JJIMHA MOJIEKYJIbI, COCTaB
HYKJIEOTH/IOB, a TAK)KE IMOCIEI0BaTEIbHOCTD
UX pacrojioKeHHs B Lenouke. MuHuManbHas
CBOOOHAsL SHEPTHsI MOKET OBITh paccuuTaHa
NyTeM  CJOXKEHUS  CBOOOIHBIX  HHEpPruit
KOMITOHEHTOB: B3alMOEHCTBYIOIINX
KOMITJIEMEHTApHO nap OCHOBaHUH,
BBIIYKJIOCTEN M metenb. IIpu 3TomM B psny
MukpoPHK onmnakoBoro pasmepa nHambosee
CTPYKTYPHUPOBAaHHOM U CTaOMIIBHON CUMTAETCS
Ta, KoTOpast UMEET HaunOoJbIIee
OTPULATEIIbHOE  3HAUEHUE  MHUHUMAJIbHOU
cBOOOIHOM sHEpruw [48].

Amnanu3 nokasan, 4to B 89,5% ciyuaes,
BBIBIICHHBIE B rpymme ucciaenaosanus BHII
OPUBOAWIN K HW3MEHEHUI0 MHUHHMMAJIBHOU

CBOOOIHOM PHEPrUU B auarnas3one ot 1,1 10 9,3
KKaJI/MOJib. [IpakTHdecku BCe OHU TTPUBOIUIN
K CHW)KCHHIO MUHUMAILHON  CBOOOMHOI
SHEPIrHM, a, CIIEJOBATEeIbHO, YMEHbBILIECHHUIO
CTaOUIBHOCTH «IIMWIbKKY. FEime Tpu He
COIPOBOXIAUCH KAaKUMH-THOO CIABUTaMHU H,
BO3MOXKHO, HE BIMSIOT Ha CTaOUIBHOCTD
MukpoPHK. Torma kak eme Tpu 3aMeHbI
(ynomsinyTas panee n.69T/C, a taxxke n.8A/C
u n.100C/T), comiacHO mTpeaCcKa3aHUIO
UNAfold web server, MmoryTt crabuau3upoBarb
BTOPUYHYIO CTPYKTYpy MoJekyabl. Crout
orMeTuTh, 9to Gong J. et al. 06oOmMIH
UMEIOIINECS UCCIEeIOBaHMS B 3TOM 00nacTu u
YCTAHOBWJIM, YTO WM3MEHEHUS MHUHUMAJIbHOMN
cBOOOMHON »dHepruu Oomee, yem Ha 2,0
KKaJI/MOJIb ~ CYHIECTBEHHO  BIHMAIOT  Ha
BbIpaboTKy 3pesnoii MukpoPHK [49], Ho naxe
W3MEHEHHUS HWKE OTOro Topora MOTyT
M3MEHATh ux Omorene3d [50]. Taxke
MpaKTAYECKU Bce omucaHHbie Hamu BHII, 3a
HCKJIIOYEHUEM TPEX, B TOM UJIM MHOM CTEIICHH,
WHOTJIa CYIIECTBEHHO BIMSUIA HA CTPYKTYpY
MukpoPHK «munbkmy.

3akiouenne. Yactora myTanuil B reHe
MIR-142 B rpynne uccieloBaHUs COCTaBHIIa
16,8%. Ilpu 3TOM B KaXI0M IATOM Cllydae
UMeIn MECTO MHO>KECTBEHHBIE
OJTHOHYKJICOTHUIHBIE 3aMEHBI, YTO KOCBEHHO
CBUJICTEIILCTBYET O BO3MOXKHOCTH (PEHOMEHA
karasruca npu  JBKKJI B obnactu
pacroJIOKeHHsl JTaHHOTO TeHa. B 1menom
TOJTyYEHHBIE PE3YJIbTaThl CBUICTEILCTBYIOT O
cymecTseHHOM BinsiHue BITH B «kiroueBbIx»
MOCJIEIOBATENBHOCTIX HA  NEPEKIIOYCHHE
TE€HOB-MMIIIEHEW 3peNIbIX LEeNed H3ydaeMou
MukpoPHK, Ttorma kak camble pa3inyHbIe
BHII cnocoOHbl Hapymarb TpeXMEpHYIO

OpraHU3aLUIO CUIIUIBKU MukpoPHK
MIpEeaIIeCTBEHHUKA. Heo0OxonnMmer
JanbHEenIImne (byHKLIMOHATbHbIE

WCCIIEN0BAHNS I MOATBEPKICHUS BIIASHUS
MIPEACKa3aHHBIX W3MEHEHUN
TEPMOJUHAMUYECKON CTaOMIIBHOCTH 51
BTOPUYHON CTPYKTYpbl Ha OHMOTeHe3 3pelbixX
nerned MmukpoPHK.
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Ces3b resernyeckux aerepmunant SHBG
C TOPMOHAJIbHBIM NPOdHIeM
00JIbHBIX MUOMOM MAaTKH

M.C. ITloHOMapeHKO

depepanabHOE TOCYAaPCTBEHHOE ABTOHOMHOE 00pa30BaTeIbHOE YIPEIKICHUE
BBICIIIETO 00pa3oBaHust «belropocKuii rocy1apCTBEHHbIN HAIIMOHAIBHBIIH
UCCIIEI0BATENbCKUI YHUBEPCUTETY,
yi. [To6enst, a. 85, r. bearopox, 308015, Poccuiickas @enepanms
Aemop ons nepenucku: M.C. Ilonomapenxo (ponomarenkomc@yandex.ru)

Pesrome

AKTyaJlbHOCTB: MHOMa MaTKH TpPEACTaBIseT cOo00 TOOPOKAYECTBEHHYIO TOPMOH-3aBHCHUMYIO
ONyXOJIb MBIIIEYHOTO CJIOSI MAaTKH, MOPaXKaloIlyl0 JKEHIIMH penpoayKTHMBHOTO BO3pacTa.
I'enetnueckuM  ¢akTopaM OTBOIUTCS  BaXHOE 3HAUCHHWE B  BO3HUKHOBEHHH JITAHHOTO
HOBOOOpa30BaHUs. | eHbI-KaHIUAATHI, ACCOLUUPOBAHHBIE C YPOBHEM INIOOYJIMHA, CBA3BIBAIOIIETO
nosioBele TOpMOHBI (SHBG), MoryT OBITH BOBJIEYEHBI B MATOT€HETHKY MHUOMBI MaTku. Llenan
ucciaeroBanusa: OLEHUTH CBSI3U MOIMMOP(HBIX BapUAHTOB I€HOB, ACCOLMHPOBAHHBIX C YPOBHEM
SHBG, ¢ ropMOHaIBHBIM CTAaTYyCOM TAIlMEHTOK ¢ MUOMOW MaTku. MaTepuajbl 1 MeToAbl: Y 83
NAIMeHTOK C MUOMOM MAaTKM, BXOJSIIMX B TPYHILy HCCIEIO0BaHMs, ObLI M3Y4eH TOPMOHAJIbHBIN
npodmwib —  KOHIEHTPAlMM B  CBIBOPOTKE  KPOBH  (POJUIMKYJIOCTUMYIHUPYIOIIETO U
JIOTEMHU3UPYIOLIET0O TOPMOHOB, 3CTPaJUOja, TECTOCTEPOHA, MPOJAKTHHA, IPOrecTepoHa MU
npoBeieHo reHotunpoanne 9 SNPs, acconmmpoBannsix ¢ yposaem SHBG. IIporpamma gPLINK
UCHoJb30Bajack A noucka accoruanuii SNPS, cBsa3annbix ¢ ypoBaeM SHBG, ¢ ypoBHEM MOI0BBIX
TOPMOHOB y OOJBHBIX MHOMOM MaTkh (MeToJl JUHEHHON perpeccun). TectupoBaimuch 4
reHEeTHYeCKue  Mojenu  (ajulenbHas/aJIuTUBHAS/ IOMUHAHTHAs/pEIIECCUBHAs); B pacyeThl
BKITIOYAITUCh TPaHC(OPMUPOBAHHBIE 3HAYCHUS KOHIICHTPAIMI TOJOBBIX TOPMOHOB B CHIBOPOTKE
kpoBu. PesyabTaThl: C ypoBHEM 3CTpajuoiia aCCOMUUPOBAHBI TPH MOJIEKYJISIPHO-TE€HETHUECKUX
mapkepa — rs3779195 BAIAP2L1 [T/A] (7xp.) (Pperm=0,020 — 0,048; $=-0,372 — -0,394), rs7910927
JMJID1C [G/T] (10xp.) (Pperm=0,027 — 0,048; p=-0,228 — -0,379), rs10454142 PPP1R21 [T/C] (2xp.)
(Pperm=0,050; p=0,318), mroreunm3upyromero ropmona — rs4149056 SLCO1B1 [T/C] (12xp.)
(Pperm=0,043 — 0,048; p=0,361 — 0,369), a ¢ koHueHTparuel nposaktuHa (Pperm=0,021; B=0,968),
nporectepona (Pperm=0,050; B=-1,276,) u rectoctepona (Pperm=0,050; f=-0,744) B CBIBOPOTKE KPOBH
OO0JIbHBIX, UIMEIOLIMX MHOMY MAaTKH, CBsi3aH noiauMopHslii jgokyc rs8023580 NR2F2 [T/C] (15xp.).
3akuri0ueHue: Y CTaHOBIIEHA BOBIICYEHHOCTh TeHOB-KaHIuaaToB SHBG B ropMoHansHbIN Tpodb
OO0JIbHBIX MUOMOI MaTKH.

KuroueBble cjioBa: MuomMa MaTku; MOJIMMOPGU3M; ITI00YIIHH; CBSI3bIBAIOIINNA MTOJIOBBIE TOPMOHBI

Jas  murupoBanusi: Ilonomapenko MC. Casa3p reHermueckux jaerepmuHant SHBG ¢
TOPMOHANBHBIM TpouiIeM OONbHBIX MHOMOM MaTku. HaydHble pe3ynbTaThl OMOMEIMIIMHCKUX
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The relationship between the genetic
determinants of SHBG and the hormonal
profile of patients with uterine fibroids

Marina S. Ponomarenko

Belgorod State National Research University,
85 Pobedy St., Belgorod, 308015, Russia
Corresponding author: Marina S. Ponomarenko (ponomarenkomc@yandex.ru)

Abstract

Background: Uterine fibroids are benign hormone-dependent tumors that affect the muscle layer of
the uterus and are common in women of reproductive age. Genetic factors are important in the
development of this neoplasm. Candidate genes associated with the level of sex hormone binding
globulin (SHBG) may be involved in the pathogenetics of uterine fibroids. The aim of the study: To
evaluate the relationship between polymorphic gene variants associated with SHBG levels and the
hormonal status of patients with uterine fibroids. Materials and methods: The hormonal profile of
the 83 patients with uterine fibroids included in the study group was examined. This included the
measurement of serum concentrations of follicle-stimulating hormone (FSH), luteinising hormone
(LH), oestradiol, testosterone, prolactin and progesterone. Genotyping of nine single nucleotide
polymorphisms (SNPs) associated with sex hormone-binding globulin (SHBG) levels was also
performed. The gPLINK software was used to search for associations of SNPs associated with the
level of SHBG with the level of sex hormones in patients with uterine fibroids (linear regression
method). 4 genetic models (allelic/additive/dominant/recessive) were tested; transformed values of
the concentrations of sex hormones in the blood serum were included in the calculations. Results:
Three molecular genetic markers are associated with estradiol levels: rs3779195 BAIAP2L1 [T/A]
(7chr.) (pperm=0.020 — 0.048; p=-0.372 — -0.394), rs7910927 JMJID1C [G/T] (10chr.) (Pperm=0.027 —
0.048; p=-0.228 — -0.379), rs10454142 PPP1R21 [T/C] (2chr.) (pperm=0.050; p=0.318), luteinizing
hormone — rs4149056 SLCO1BL1 [T/C] (12chr.) (pperm=0.043 — 0.048; $=0.361 — 0.369), and with a
prolactin concentration (pperm=0.021; p=0.968), progesterone (pperm=0.050; B=-1.276,) and
testosterone (pPperm=0.050; PB=-0.744) in the blood serum of patients with uterine fibroids, the
polymorphic locus rs8023580 NR2F2 [T/C] (15chr.) is associated. Conclusion: The involvement of
SHBG candidate genes in the hormonal profile of patients with uterine fibroids was established.
Keywords: uterine fibroids; polymorphism; sex hormone binding globulin

For citation: Ponomarenko MS. The relationship between the genetic determinants of SHBG and the
hormonal profile of patients with uterine fibroids. Research Results in Biomedicine. 2025;11(4):628-
642. Russian. DOI: 10.18413/2658-6533-2025-11-4-0-3

BBeaenune. Mwuoma MaTtku — 3TO
N0OpPOKaYECTBEHHOE HOBOOOpa3oBaHUE

KadycCTBa KHU3HHU Ka)KI[0171 KOHKpCTHOﬁ
IIalITME€HTKH, BBI3bIBAsI TaKHE CHMIITOMBI, KaK

[JIaJIKOMBIIIEYHOU TKAaHU (MUOMETPHS1) MATKH,
YyBCTBUTEIBHOE K MOJIOBBIM TOpMOHaM [ 1, 2].
SBnssce Hambojee  pacmpoOCTpaHEHHOM
OMYyXOJIbIO YKEHCKOM pENpOayKTUBHOM
CUCTEMBI, MHOMa MaTKH TPEJCTABIISICT COOOM
Cepbe3HYI0 TMpo0JeMy C TOYKH 3PEHHS

OOWJIbHBIE MEHCTpYalbHbIE KPOBOTEUYEHHUS,
O6onmu B oOnacTtu Tasa, Oecrutogue u np. [3].
Kpome Toro, skoHommuueckoe Opems,
CBSI3aHHOE C JICUEHHEM JaHHOI0 3a00JIEBAHHS,
co31aéT 3HAYUTEIBHYIO ($uHAHCOBYIO
Harpy3Ky Kak JUIsl CaMHX JKCHIIMH, HMCIOIINX
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JNaHHBIA JAMarHo3, TakK MW JUISl CHUCTEMBI
3napaBooxpanenus [4]. B 2022 rony B CLIA
SKOHOMMYECKHE 3aTpaThl, HalpaBJieHHbIE Ha
JIeYEHUE JKCHIIUH C TUarH030M MHOMa MaTKH,
BeIpocnu 110 41,4 mipa. posmtapoB  (1uist
cpaBuenus 2010 rox — 34,4 mupj. 10J1apoOB)
[5].

I'enernyeckue QaxkToppl BIUSIOT Ha
PUCK pa3BUTHUS MHOMBI MAaTKH: MO OLIEHKaM,
MOJIyYEHHBIM Ha OCHOBE OJU3HELIOBOTO
METO/1a, HaCJIETyEeMOCTh 3a00JeBaHus
cocraBmsier 26-63% [6]. Ha ceronusuHwmii
JeHb  MpoBeAeHO 13 MOJIHO-TEHOMHBIX
uccnenoBanuii (GWAS), KoTopble MO3BOIUIN
YCTAHOBUTh HECKOJIBKO JIECATKOB TI'€HOB-
KaHJIMJATOB, UMEIONINX PHCKOBOE 3HAYCHHE
U1t MUOMBI MaTk| [6, 7]. Cpenut 9TUX TeHOB-
KaHJIMJATOB Ba)KHOE MECTO 3aHUMAIOT TEHBI
MOJIOBBIX TOPMOHOB [8] TOpPMOH-3aBUCHUMBIX
npu3HakoB (Bo3pact meHapxe) [9, 10].

Baxxnoe 3HadueHHe B TATO(U3HOIOTHH
MHOMBI ~ MAaTKH  OTBOJUTCS  IOJIOBBIM
ropMoHam™m, ¢akTopaM pocTa, LHUTOKHHAM,

KOTOpbIE OKa3bIBAIOT BIIUSIHUE Ha
npoaudepanno IIaJKOMBIIIEYHbIX KIETOK
MaTKd ¥ CHOCOOCTBYIOT  M30BITOUHOU

BBIPA0OTKE BHEKJIETOYHOro MaTtpukca [2, 11,
12]. TpaguuuoHHO CYUTAJIOCH, 4TO
OCHOBHBIMM TOPMOHAaMH, BOBJICUCHHBIMH B
STUONATOT€HE3 MHOMBI MAaTKH, SBISIOTCS
ACTPOTEHbI, HO HEJaBHHUE HCCIEIOBaHUS
MIOKa3aJIi, YTO BAXKHYIO POJIb B 3TOM IIPOLIECCE
WUrparOT Kak TectoctepoH [13], Tak wu
nporecrepon [14]. Cnegyer OTMETHTh, 4YTO
YPOBEHBb aKTHUBHBIX (JOPM IMOJOBBIX TOPMOHOB
(3cTporeHbl, TECTOCTEPOH) B 3HAYUTEIHHOU
crenienn onpenensercs SHBG.

eanio nccaegoBanus. OneHKA CBA3U
o TMMOP(PHBIX BapUAHTOB TEHOB,
accoOllMMpPOBaHHBIX ¢ ypoBHeM SHBG,
C TOPMOHAJBHBIM CTaTyCOM TMallUEHTOK C
MHOMOW MaTKH.

MarepuaJibl " MeTOoAbI
HccaeI0BaHusA. Y 83 MalMeHTOK C MUOMOMU
MaTKH, BXOJSIIUX B TPYIITY HCCIICIOBaHMUSI,
ObUl W3y4YeH TOPMOHAIBHBIM mpopuinp —
KOHIEHTPAallMh B CHIBOPOTKE  KpPOBU
(b OITUKYJIOCTUMYITHPYIOIIETO U
JIOTEMHU3UPYIOIIEr0 TOPMOHOB, 3CTPAINOIIA,
TECTOCTEPOHA, MPOJIAKTHHA, IIporecTepoHa. B

C(OPMHPOBAHHYIO BBIOOPKY HCCIICIOBAHUS
BOIIUTM OOJIbHBIE C M3OJMPOBAHHON MHOMOM
matku (N=24;28,92%), coueTaHHEM MHOMBI
MaTKl €  THIEPIUTa3UeH  SHIOMETPHS
(n=17;20,48%), SHIOMETPHO30M
(n=29;34,94%) u© KEHIIUHBI, HUMEIOLIUE
COYETaHWE MHOMBI MAaTKH C THUIEpIUIa3uei
SH/IOMETPHSI u 9HJIOMETPHO30M
(n=13;15,66%). Takum 0Opa3oM, COUCTaHHbIC
npoympepaTuBHbIe  3a00JCBaHUS ~ MaTKU
PETHCTPUPOBAIHNCH Y OOJBIICH TOJOBUHBI
uccienyemMbix xeHmmuH (71,08%).

JeBsiTh ~ TOMUMOP(MHBIX  JIOKYCOB,
accouuMupoBaHHbIX ¢  ypoBHeM SHBG
(rs17496332 [A/G] (1xp.) PRMT6, rs780093
[C/T] (2xp.) GCKR, rs10454142 [T/C] (2xp.)
PPP1R21, rs3779195 [T/A] (7xp.) BAIAP2L1,
rs440837 [A/G] (8xp.) ZBTB10, rs7910927
[G/T] (10xp.) JIMJIDI1C, 1 rs4149056 [T/C]
(12xp.) SLCO1B, rs8023580 [T/C] (15xp.)
NR2F2, rs12150660 [G/T] (17xp.) SHBG)

ObLTH POTeHOTUITUPOBAHBI Ha
ammndukatopax CFX-96. Ananus caszeit
HOJIMMOP(HBIX BapHUaHTOB T'€HOB,

acCOIMMPOBaHHBIX ¢ ypoBHeM SHBG, ¢
TOPMOHAJBHBIM ~ CTaTyCOM  NAIMEHTOK C
MHUOMOW MAaTKH MPOBOAWICA C TOMOIIBIO
nporpamMbel  gPLINK  (Metox  nuHeitHOM
perpeccun); TECTUPOBAIHCH YeThIpe
TE€HETUYECKHE MOJIETHN
(anmenpHas/aqIUTUBHAS/ IOMUHAHTHAS/PETIeC
cuBHas) [15]. [Ins pacyeToB UCHOIB30BAIKCH
TpaHc()OpPMHUPOBAHHBIE 3HAYEHUS

KOHIIGHTpAallUd  TOJIOBBIX ~ TOPMOHOB B
CBIBOPOTKE KpOBU (B CBSI3U C TE€M, YTO MX
pacrpeeneHue OTJINYAJIOCh oT
HOPMAaJIBHOTO). Brinmosnnenne  pacueroB

OCYIIECTBIISIOCH C IPUMEHEHUEM CIIEAYIOIINX
KOBapuar: BO3pacT, UMT, HaJIn4ne
COITYTCTBYIOILIUX TUIEPIIIACTUYECKUX
3a0oneBaHUi  MaTku  (PHAOMETPUO3 U
runepriasus sHpomerpus). Koppekuus Ha
MHO>KECTBEHHbIE CPaBHEHUS Oblj1a BHITIOJIHEHA
C HCIIOJIb30BAHMEM IEPMYTALIMOHHOIO TECTa
[16]: 328 CTATHCTHYECKH  3HAYMMBIC
MPUHUMAIIUCH PE3YNBTaThl MPH Pperm=0,05.
PesyabTarhl W HMX 00Cy:XKIeHHe.
Brinosnnen aHAIN3 roKa3areJieu
ropMoHaiIbHOTO  TIpodrutst 83  KEHIIHH,
UMeEIMX MUOMY MaTku. CpenHui BO3pacT
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uccaeayeMon rpynmsl Obut paBeH 39,26+7,23 npopuias MAIUEHTOK C MHOMOW MAaTKH
ner, cpeanee 3HadeHne HMMT cocraBuiio npuBeneHsl B Tabmuie 1.
25,9545,47. llokazarenu TOPMOHAIBHOTO
Tabauya 1
XapakTepuCTHKA TOPMOHAJIBHOIO CTATYCA NALMEHTOK ¢ MMOMOM MAaTKHU
Table 1
Characteristics of the hormonal status of patients with uterine fibroids
oxa3arenn n X +SD M. (Q1-Q3) P
Bospact/aer 83 39,26+7,23 39,00 (34,00-44,00) 0,248
UMT/xr/m? 83 25,9545 47 25,00 (22,00-29,00) 0,009
DOTUKYIOCTUMYTUPY FOIIHHA 74 9,9145,63 9,30 (7,30-10,60) <0,00001
ropmos/MME /Mt
TTH0TeMHU3HP Y FOLIHIA 73 9,98+13,99 6,80 (5,80-9,60) <0,00001
ropmos/MME/Mit
[Mponaktun/MkME/mn 78 490,52+287,00 440,00 (297,10-577,00) <0,00001
Dctpaguon/mr/mi 70 81,51+65,02 59,08 (42,50-89,70) <0,00001
ITporecTepoH/HMOIIB/ T 63 6,36+14,61 1,20 (0,34-5,60) <0,00001
TecToCTEpOH/HMOIIB/ T 69 0,45+0,21 0,40 (0,29-0,56) <0,00001
IIpumeudanue: p — ypoBeHb 3HAYMMOCTHU cornacHo kputeputo Ilanupo-Yunka.
Note: p — significance level according to the Shapiro-Wilk criterion.
Onenka pacrnpeziesieHus: HCCIeayeMbIX Xapau-BaiinGepra (¢ y4eToM TOTOIHUTEIHHO
9 SNPs, cszannbix ¢ ypoBHeM SHBG, cpenun BBEJICHHOW  momnpaBku  boHdeponu  Ha
83 OonbHbIX ¢ MuoMoill Mmartku (Tabm. 2) KOJIMYECTBO aHAJU3UPYEMBbIX JIOKycoB (9
MoKazajga, 4YTO JJsS BCEX MOIEKYISPHO- SNPs), prwe@onf> 0,006 [0,05/9]).
TeHETUYECKUX MApPKEPOB BBIMOIHICTCS 3aKOH
Tabauya 2

JlaHHbBIEe 0 pacnpeaeJTeHHN MOJTUMOP(PHBIX JOKYCOB, aCCOIIMMPOBAHHBIX ¢ YypoBHeM SHBG
Y NauEeHTOK C MHOMOM MATKH
Table 2
Data on the distribution of polymorphic loci associated with SHBG levels in patients with
uterine fibroids

YacrorTa Yuciao Pacnpen.
I'en, SNP (xpomocoma) MHHOP. U3y4eH. FeHOTHIOB* Ho He Prwe
aJjieJis XpoMoCcoM
PRMTE6 rs17496332 [A/G] (1xp.) 0,344 154 7/39/31 | 0,507 | 0,451 | 0,447
GCKR rs780093 [C/T] (2xp.) 0,420 150 10/43/22 | 0573 | 0,487 | 0,160
PPP1R21 rs10454142 [T/C] (2xp.) 0,264 148 8/23/43 | 0,311 | 0,388 | 0,129
BAIAP2L1 rs3779195 [T/A] (7xp.) 0,222 144 0/32/40 | 0,444 | 0,346 | 0,016
ZBTB10 rs440837 [A/G] (8xp.) 0,240 146 5/25/43 | 0,343 | 0,365 | 0,537
JMIDIC rs7910927 [G/T] (10xp.) 0,447 150 16/35/24 | 0,467 | 0,494 | 0,644
SLCO1B1 rs4149056 [T/C] (12xp.) 0,178 152 0/27/49 | 0,355 | 0,292 | 0,108
NR2F2 rs8023580 [T/C] (15xp.) 0.253 146 3/31/39 | 0,425 | 0,378 | 0,372
SHBG rs12150660 [G/T] (17xp.) 0,240 150 4/28/43 | 0,373 | 0,365 | 1,000

[Ipumedanue: * — KOJIMYECTBO TOMO3HUTOT IO PEAKOMY QIO / TETEPO3UTOT / TOMO3UTOT 110 YacTOMy ajuiento, Ho —
HaOJro1aeMasi TeTepO3UTTHOCTD, He — OXuIaeMast TeTepO3UTr THOCTb.

Note: * — number of homozygotes for a rare allele / heterozygotes / homozygotes for a common allele, H, — observed
heterozygosity, He — expected heterozygosity.



OpueuHaJZbHaﬂ cmamous
Original article

Ilonomaperko MC. Cesi3b ceHemuueckux demepmunaum SHBG c ... 632
Ponomarenko MS. The relationship of the genetic determinants of ...

Jlanee Mbl H3Y4HIIU CBSI3H TE€HETHYECKUX
nerepmunanr  SHBG ¢ ropmonanbHbIM
npoduiaemM OOJIBHBIX MHOMOW MaTku. B
tabaumax 3-8 oToOpakeHbl TOJTYy4YECHHBIC
pe3yabTaThl. Y CTaHOBIICHBI aCCOIMALIUU TPEX
MOJIMMOP(HBIX JTOKYCOB T'€HOB, CBSI3aHHBIX C
SHBG, c¢ ypoBuem nsctpammona (ESTR) y
MalMeHTOK ¢ MuoMoi Martku (Tabm. 3).
[Momumopduzm rs3779195 BAIAP2LL [T/A]
(7xp.) BOBiIECUEH B (HOPMHPOBAHHUE YPOBHS
ACTpasMoiia B paMKax TpeX MOJENeH:
atenbho (B=-0,372, p=0,038, pperm=0,048),
angmutuBHO#M (B=-0,394, p=0,020, Pperm=0,021)
u  npomuHantHou  (B=-0,394, p=0,020,
Pperm=0,020).  MoJteKyIsIpHO-TeHETUICCKHIA
Mmapkep 157910927 IJMID1C [G/T] (10xp.)
TaKXKe CBSA3aH C KOHIEHTpamMed 3cTpaauoia
cornacHo anauTuBHOK (f=-0,228, p=0,043,
Pperm=0,048) wu nmomumuantHOU (B=-0,379,
p=0,026, Pperm=0,027) monensim. C ypoBHEM
ACTpaZMoiia  ACCOLMHMPOBAH  MOJIUMOPHU3M
rs10454142 PPP1R21 [T/C] (2xp.) coriacHo
nomuHanTHOM Mozaemu (B=0,318; p=0,050;
Pperm=0,050).  Cnenyer  OTMETUTb,  4YTO
MuHOpHBIe aitend A rs3779195 BAIAP2L1 u
T 157910927 JMJIDI1C cBsizanbl ¢ Oojee
HU3KMUM  COJep)KaHHWEM  O3CTpajuoia B
CBIBOPOTKE KPOBH TMAIMEHTOK C MHOMOM
matkun  (B<0), a amrens C rs10454142
PPP1R21 nao6opoT accouuupoBaH c 0Oojee
BBICOKOM KOHLIEHTpalued JaHHOTO TOPMOHA
(B>0).

VYpoBEHB JIIOTEMHU3UPYIOLIETO TOPMOHA
(LH) y OombHBIX ¢ MHOMOW MAaTKH
JNETEPMUHUPYETCS MTOJUMOP(HBIM  JIOKYCOM
rs4149056 SLCO1B1 [T/C] (12xp.) B pamkax
amensHOl (B=0,361, p=0,038, pperm=0,048),
agmutuBHO# ($=0,369, p=0,044, Pperm=0,046)
nu  pomuuHantHon  (B=0,369, p=0,044,
Pperm=0,043) ™momeneit (Tabn. 4). Cnenyer
nom4epkHyTh, 4ro amiens C  rs4149056
MapKupyeT 0Oojiee BBICOKYIO KOHIICHTPAIIHMIO
JIOTEUHU3UPYIONIETO TOPMOHA B CBIBOPOTKE
KpPOBH Yy MAIIMEHTOK ¢ MuOMoit MaTku (3>0).

MonekysIpHO-TEHETHUSCKHI ~ MapKep
rs8023580 NR2F2 [T/C] (15xp.)
aCCOIIMMPOBAaH C YPOBHEM TPEX TOPMOHOB —
nponaktuHa (PROL), mporecrepona (PG) u
tectoctepoHa (TEST) y GonpHBIX ¢ MHOMO#
MaTKd COTJIACHO PEIECCUBHBIM  MOJIEISIM

(B=0,968, p=0,014, pperm=0,021 (Tabu. S5);
B:-1,276, p=0,050, pPperm=0,050 (Tabm. 6);
B=-0744, p=0,050, Pperm=0,050 (Tabmn. 7). Ilpu
stoM amens C rs8023580 NR2F2 sBnsercs
MapkepoM OoJiee BBICOKOW KOHIICHTPALIUU
TOJBKO TPOJIAKTUHA B CBIBOPOTKE KPOBHU
00NbHBIX, UMeromuX Muomy matku (>0). C
KOHIICHTpAIUCH (bOILTUKYITOCTUMYITUPYFO-
niero ropmona (FSH) y nanueHTok ¢ MHOMOM
MaTKH cBs3ed moaumMopdHbIx JokycoB SHBG
He oOHapyxeHo (Tabm. 8).

Wrak, BBIsABICHAa  CBSI3b  T'CHOB-
kagaugatoB  SHBG ¢ ropmoHanbHBIM
npodunem OonbHbIX MHOMON Matku. C
YPOBHEM OCTpPAJHOJIa ACCOUMUPOBAHBI TpPH
MOJICKYJISIPHO-TCHETUYECKUX ~ Mapkepa  —
rs3779195 BAIAP2L1 [T/A] (7xp.), rs7910927
JMJD1C [G/T] (10xp.), rs10454142 PPP1R21
[T/C] (2xp.), TIOTEHHU3UPYIOIIETO TOPMOHA —
rs4149056 SLCO1B1 [T/C] (12xp.), a ¢
KOHIICHTpPAIMEH MPOIAKTHHA, TPOTeCTEPOHA U
TECTOCTEPOHA B CHIBOPOTKE KPOBU OOJILHBIX,
UMEIOIINX MHOMY MAaTKH, CBsI3aH
nonumopdusiii tokyc rs8023580 NR2F2 [T/C]
(15xp.). Bricokoe coaepkaHue >3CTpaauoa,
JTFOTEUHU3UPYIOIIET0 TOPMOHA, IPOJIAKTHHA B
CBIBOPOTKE KPOBH Y TMAIUEHTOK C MHOMOM
MaTKM MapKUpPYIOT CIEeAyIOIINUe aljelbHble
Bapuantel — C rs10454142 PPP1R21, C
rs4149056 SLCO1B1, C rs8023580 NR2F2
COOTBETCTBEHHO, a ¢ 0Oojee  HU3KOH
KOHIIEHTpaIuen 3CcTpaauoia CBSI3aHBI
MuHOpHBIe aitenu A rs3779195 BAIAP2L1 u
T 157910927 JMJID1C, mnporectepoHa u
TECTOCTEPOHA — MHUHOpHbIA amienp C
rs8023580 NR2F2.

[TomoBbIE TOPMOHBI HTPAIOT BAXHYIO
POJIb B Pa3BUTUH MUOMBI MaTKU. B muteparype
HE OIIMCAaHO Clly4aeB €€ pasBUTUI B
nperyOepTaTHOM MEepUOJIe, a B IOCTMEHOIAy3e
JAaHHAs OIyXOJib BCTpeuaercs peako [17].
OCHOBHBIM MUTOT'€HHBIM (haKTOPOM JJIsI KIIETOK
MHOMETPUSI ~ CUMTAKOTCS  OCTpPOreHnl  [2].
MuomaTo3Hble  KIETKH  JIEMOHCTPUPYIOT
MOBBIIIICHHYIO ~ aKTUBHOCTh B OTBET HA
BO3JICHCTBHE OSCTPOTCHOB IO CPABHEHHUIO C
KJIETKaMd HopMaibHOro muomerpusa [17]. Ha
psIy € 9THUM, Bce OOJIbIIE MOSBIISIETCS IaHHBIX,
YTO TIPOTECTEPOH MOXKET OBITh BOBJICYCH B
naTo(U3UOIOTHIO MHOMBI MaTku [ 14, 18-21].
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Tabnuya 3
HOJ’[I/IMOP(l)I/IliMLI, CBA3AHHBIC C YPOBHEM SH BG, U KOHIEHTPpanud 3CTpaauojia y MalueHTOK € MHOMOM MaTKH
Table 3
Polymorphisms associated with SHBG levels and estradiol concentration in patients with uterine fibroids
Ynesn-te PaccMaTpuBaeMble FeHeTHY. MOJETH
I/ICCJIEZ[yeMbIﬁ HOJIHMOp(l)PlZBM u3y. aJl1eJIbHast aAAUTUBHAasA JOMHWHAHTHAasA peuecCuBHasA
BBIOOPKH B SE P ] SE P B SE P B SE P
PRMT6 rs17496332 [A/G] (1xp.) 69 0,132 | 0,129 0,307 | 0,117 | 0,122 0,343 | 0,193 | 0,169 0,258 | 0,076 | 0,262 | 0,774
GCKR rs780093 [C/T] (2xp.) 69 0,000 | 0,145 1,000 |-0,007 | 0,139 0,962 |-0,080 | 0,177 0,653 | 0,198 | 0,298 | 0,510
PPP1R21 rs10454142 [T/C] (2xp.) 68 0,177 | 0,125 0,163 | 0,213 | 0,117 0,074 | 0,318 | 0,159 0,050 | 0,211 | 0,264 | 0,428
BAIAP2L1 rs3779195 [T/A] (7xp.) 66 -0,372 | 0,176 0,038 |-0,394 | 0,165 0,020 |-0,394 | 0,165 0,020 NA NA NA
ZBTB10 rs440837 [A/G] (8xp.) 69 -0,110 | 0,136 0,420 |-0,135| 0,131 0,306 | -0,297 | 0,163 0,073 | 0,291 | 0,317 | 0,363
JMJIDI1C rs7910927 [G/T] (10xp.) 70 -0,171 | 0,118 0,150 |-0,228 | 0,111 0,043 |-0,379 | 0,167 0,026 |-0,199 | 0,201 | 0,325
SLCO1B1 rs4149056 [T/C] (12xp.) 69 0,064 | 0,180 0,724 | 0,102 | 0,173 0,560 | 0,102 | 0,173 0,560 NA NA NA
NR2F2 rs8023580 [T/C] (15xp.) 68 -0,044 | 0,150 0,772 | -0,066 | 0,142 0,644 |-0,161 | 0,166 0,335 | 0,418 | 0,403 | 0,304
SHBG rs12150660 [G/T] (17xp.) 70 0,171 | 0,145 0,241 | 0,085 | 0,141 0,547 | 0,179 | 0,166 0,284 |-0,331| 0,393 | 0,403
[Mpumeuanue: B — nokaszareins JMHEiHOM perpeccun, SE — ommbka B, p — ypoBeHb CTaTUCTUYECKOI 3HAYMMOCTH.
Note:  — linear regression coefficient, SE — standard error of B, p — level of statistical significance.
Tabnuya 4
HOJII/IMOP(])I/I3MI)I, CBSI3AHHBIC C YPOBHEM SHBG, H KOHHEHTPAalUM JIOTCHHU3UPYIOIIET0 rOpMoOHa Y MAIIUECHTOK € MHOMOM MaTKH
Table 4
Polymorphisms associated with SHBG levels and luteinising hormone concentration in patients with uterine fibroids
Yuca-te PaccMaTpuBaeMble FeHETHY. MOJEJTH
Hccnenyemslii noaumopgusm u3y4. ajlIeJibHasi AJIMNTUBHAA JAOMMHAHTHasl peuneccuBHasA
BBIOOPKH B SE P B SE P B SE P B SE P
PRMT6 rs17496332 [A/G] (1xp.) 72 0,164 | 0,129 0,205 0,150 0,132 | 0,258 | 0,085 | 0,182 | 0,642 | 0,473 | 0,276 | 0,092
GCKR rs780093 [C/T] (2xp.) 72 -0,076 | 0,139 0,589 | -0,072 | 0,242 | 0,614 | -0,100 | 0,186 | 0,593 |-0,061| 0,297 | 0,839
PPP1R21 rs10454142 [T/C] (2xp.) 71 0,030 | 0,124 0,812 0,031 0,127 | 0,806 | 0,053 | 0,176 | 0,764 | 0,019 | 0,277 | 0,947
BAIAP2L1 rs3779195 [T/A] (7xp.) 69 0,202 | 0,173 0,247 0,191 0,178 | 0,287 | 0,191 | 0,278 | 0,287 NA NA NA
ZBTB10 rs440837 [A/G] (8xp.) 72 0,036 | 0,136 0,793 0,038 0,141 | 0,789 | 0,061 | 0,177 | 0,731 |-0,005| 0,345 | 0,989
JMJIDI1C rs7910927 [G/T] (10xp.) 73 0,055 | 0,118 0,644 0,046 0,121 | 0,704 | 0,045 | 0,181 | 0,806 | 0,085 | 0,218 | 0,697
SLCO1B1 rs4149056 [T/C] (12xp.) 72 0,361 | 0,171 0,038 0,369 0,180 | 0,044 | 0,369 | 0,180 | 0,044 NA NA NA
NR2F2 rs8023580 [T/C] (15xp.) 71 -0,189 | 0,144 0,195 | -0,180 | 0,148 | 0,229 | -0,250 | 0,171 | 0,149 | 0,047 | 0,434 | 0,914
SHBG rs12150660 [G/T] (17xp.) 73 0,153 | 0,138 0,272 0,148 0,141 | 0,299 | 0,104 | 0,475 | 0,553 | 0,550 | 0,370 | 0,142

[Tpumeuanue: B — mokasarenb TUHEWHOH perpeccun, SE — ommbOka B, p — ypOBEHb CTAaTHCTHYECKOW 3HATHMMOCTH.
Note: 3 — linear regression coefficient, SE — standard error of B, p — level of statistical significance.
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Tabnuya 5
HO.JII/IMOP(])I/BMLI, CBSI3AHHBIC C YPOBHEM SHBG, H KOHIHEHTPalUus MPOJAaKTUHA y NAMUECHTOK C MHOMOH MAaTKH
Table 5
Polymorphisms associated with SHBG levels and prolactin concentration in patients with uterine fibroids
Yucia-Tp PaCCManHBaeMbIe T€HETH4Y. MOJECJIN
HCCJ’Ie}IyeMBIﬁ HOJ'IHMOp(l)I/BM u3y4. aJlJIeJIbHasA ajJuTuBHas JOMHUHAHTHasA peueccuBHass
BBIOOPKH B SE P B SE P B SE P B SE P
PRMT®6 rs17496332 [A/G] (1xp.) 77 -0,164 | 0,124 | 0,190 [ -0,176 | 0,121 [ 0,151 | -0,280 | 0,157 | 0,079 |-0,054 | 0,271 [ 0,844
GCKR rs780093 [C/T] (2xp.) 75 0,005 | 0,126 0,967 0,001 0,124 | 0994 | -0,203 | 0,273 | 0,552 | 0,188 | 0,231 0,418
PPP1R21 rs10454142 [T/C] (2xp.) 74 -0,002 | 0,117 0,989 0,015 0,113 | 0,893 | 0,023 | 0,457 | 0,886 | 0,017 | 0,250 0,946
BAIAP2L1 rs3779195 [T/A] (7xp.) 72 -0,113 | 0,165 | 0,497 [ -0,065 | 0,162 [ 0,691 | -0,065 | 0,162 | 0,691 | NA NA NA
ZBTB10 rs440837 [A/G] (8xp.) 73 0,001 | 0,130 0,991 0,050 0,129 | 0,700 | -0,020 | 0,263 | 0,904 | 0,373 | 0,313 0,237
JMJID1C 157910927 [G/T] (10xp.) 75 0,079 | 0,110 | 0,474 | 0,045 | 0,110 | 0,683 | -0,074 | 0,169 | 0,664 | 0,234 | 0,191 | 0,223
SLCO1B1 rs4149056 [T/C] (12xp.) 76 -0,135| 0,164 | 0,412 [ -0,070 | 0,167 [ 0,677 | -0,070 | 0,167 | 0,677 | NA NA NA
NR2F2 rs8023580 [T/C] (15xp.) 73 0,164 | 0,139 0,241 0,127 0,136 | 0,355 | 0,018 | 0,258 | 0,910 | 0,968 | 0,383 0,014
SHBG rs12150660 [G/T] (17xp.) 75 -0,168 | 0,133 | 0,210 | -0,214 | 0,129 | 0,102 | -0,287 | 0,158 | 0,075 |-0,177 | 0,351 | 0,616
[Tpumeuanue: B — nokaszareins JMHEiHOM perpeccun, SE — ommbka B, p — ypoBeHb CTaTUCTUYECKOI 3HAYMMOCTH.
Note:  — linear regression coefficient, SE — standard error of B, p — level of statistical significance.
Tabnuya 6
HOJIHMOp(l)I/BMbI, CBA3AHHBLIC C YPOBHEM SH BG, U KOHHECHTPAUUSA MPOreCTepoHa y NalfueHTOK C MHOMOH MAaTKH
Table 6
Polymorphisms associated with SHBG levels and progesterone concentrations in patients with uterine fibroids
Yuca-te PaccmarpuBaeMble reHeTHY. MO/IeJIH
Hccnenyemblit noimmoppusm usyH. aJuieJIbHAA aJIMTHBHAS JOMHMHAHTHAA peneccuBHas
BRIOOpKH Ty SE P B SE P B SE P B SE P
PRMT6 rs17496332 [A/G] (1xp.) 62 -0,078 | 0,130 | 0,549 | -0,027 | 0,133 [ 0,841 | 0,042 [ 0,183 | 0,821 [-0,227 | 0,285 | 0,430
GCKR rs780093 [C/T] (2xp.) 62 -0,179 | 0,137 | 0,198 | -0,218 | 0,138 | 0,119 | -0,291 | 0,191 | 0,133 [-0,249 | 0,271 [ 0,361
PPP1R21 rs10454142 [T/C] (2xp.) 61 0,159 | 0,131 | 0,229 | 0,187 | 0,130 [ 0,57 | 0,243 [ 04172 | 0,164 | 0,256 | 0,306 | 0,407
BAIAP2L1 rs3779195 [T/A] (7xp.) 60 0,172 | 0,169 | 0,313 | 0192 | 0,168 [ 0,260 | 0,192 [ 0,168 | 0,260 | NA NA NA
ZBTB10 rs440837 [A/G] (8xp.) 62 0,128 | 0,135 | 0,347 | 04135 | 0,138 [ 0,333 | 0,197 [ 04170 [ 0,251 | 0,036 | 0,349 | 0,919
JMJIDIC 157910927 [G/T] (10xp.) 63 -0,030 | 04114 | 0,790 | -0,018 | 04113 | 0871 | 0,033 | 0,181 | 0,855 |[-0,091| 0,193 [ 0,637
SLCO1B1 rs4149056 [T/C] (12xp.) 62 -0,074 | 04179 | 0,681 | -0,004 | 0,187 | 0,983 | -0,004 | 0,187 | 0,983 | NA NA NA
NR2F2 rs8023580 [T/C] (15xp.) 61 -0,209 | 0455 | 0,184 | -0,245 | 0455 | 0,119 | -0,197 [ 0,167 | 0,243 [-1,276 | 0,642 | 0,050
SHBG rs12150660 [G/T] (17xp.) 63 0,046 | 0,140 | 0,743 | 0054 | 0,141 [ 0,701 | 0,091 [ 0,68 | 05589 [-0,071] 0,383 | 0,854

[Tpumeuanue: B — noka3zarens JUHEIHON perpeccun, SE — ommoKka B, p — ypoBeHb CTaTUCTUYECKOI 3HAYMMOCTH.
Note: B — linear regression coefficient, SE — standard error of B, p — level of statistical significance.
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Tabnuya 7
IMotumopdusmbl, cBsizaHHble ¢ ypoBHeM SHBG, 1 koHIIeHTpanus TECTOCTEPOHA Y NAIIMEHTOK ¢ MUOMOI MAaTKH
Table 7
Polymorphisms associated with SHBG levels and testosterone concentrations in patients with uterine fibroids
Yucia-Th PaccmaTpuBaeMble reHeTHY. MOJeJIH
I/IccﬂenyeMbIﬁ HOJII/IMOp(l)Pl:}M u3y. aJu1eJIbHasA AJAUTHBHASA JOMHHAHTHAaA peueccCuBHast
BHIOOPKH B SE P B SE P B SE P B SE P
PRMT6 rs17496332 [A/G] (1xp.) 68 -0,024 | 0,136 0,858 0,012 0,138 | 0929 | 0,046 | 0,281 | 0,251 |-0,069 | 0,306 0,823
GCKR rs780093 [C/T] (2xp.) 68 -0,032 | 0,139 0,820 -0,064 0,141 | 0651 | -0,186 | 0,191 | -0,972 | 0,136 | 0,275 0,622
PPP1R21 rs10454142 [T/C] (2xp.) 67 -0,179 | 0,127 0,162 -0,189 0,127 | 0,240 | -0,326 | 0,273 | -1,885 |-0,091 | 0,290 0,755
BAIAP2L1 rs3779195 [T/A] (7xp.) 65 0,071 | 0,178 0,690 0,045 0,182 | 0,808 | 0,045 | 0,182 | 0,244 NA NA NA
ZBTB10 rs440837 [A/G] (8xp.) 68 0,021 | 0,142 0,881 -0,027 0,145 | 0,854 | 0,044 | 0,279 | 0,244 |-0,363| 0,368 0,328
JMJID1C rs7910927 [G/T] (10xp.) 69 0,083 | 0,118 0,485 0,094 0,122 | 0,443 | 0,013 | 0,290 | 0,069 | 0,265 | 0,209 0,210
SLCO1B1 rs4149056 [T/C] (12xp.) 68 -0,087 | 0,178 0,628 -0,158 0,184 | 0,393 | -0,158 | 0,184 | -0,860 NA NA NA
NR2F2 rs8023580 [T/C] (15xp.) 67 -0,198 | 0,147 0,185 -0,199 0,148 | 0,185 | -0,247 | 0,275 | -0,840 |-0,744| 0,419 0,050
SHBG rs12150660 [G/T] (17xp.) 69 -0,119 | 0,141 0,402 -0,091 0,142 | 0524 | -0,147 | 0,276 | -0,835 | 0,029 | 0,371 0,938
[Tpumeuanue: B — nokaszareins JMHEiHOM perpeccun, SE — ommbka B, p — ypoBeHb CTaTUCTUYECKOI 3HAYMMOCTH.
Note: § — linear regression coefficient, SE — standard error of B, p — level of statistical significance.
Tabauya 8
IMosmmopdusmel, cBsizaHHbIe ¢ YypoBHeM SHBG, u koHneHTpanus Gpo/UInKyJI0CTUMYTHPYIOIIET0 TOPMOHA Y MAIMEHTOK ¢ MUOMOW MaTKH
Table 8
Polymorphisms associated with SHBG levels and follicle-stimulating hormone concentration in patients with uterine fibroids
YUneia-Th PaccmarpuBaeMblie reHeTHY. MOJEIH
HCCJ’IEZ[yeM])Iﬁ l'l0J'll/lM0[)(l)Pl3M HU3y4. aJlJIeJIbHas1 ajAuTuBHas JOMUHAHTHasA peueccuBHas
Bl)lﬁoplm B SE P B SE P B SE P B SE P
PRMT6 rs17496332 [A/G] (1xp.) 73 -0,022 | 0,125 0,859 -0,026 0,128 | 0,841 | -0,138 | 0,475 | 0,435 | 0,218 | 0,274 0,430
GCKR rs780093 [C/T] (2xp.) 73 -0,105| 0,136 0,442 -0,100 0,139 | 0,475 | -0,045 | 0,283 | 0,807 |-0,314 | 0,285 0,275
PPP1R21 rs10454142 [T/C] (2xp.) 72 0,014 | 0,122 0,912 0,011 0,123 | 0,932 | 0,084 | 0,470 | 0,622 |-0,161 | 0,269 0,553
BAIAP2L1 rs3779195 [T/A] (7xp.) 70 -0,092 | 0,168 0,587 -0,092 0,171 | 0592 | -0,092 | 0,171 | 0,592 NA NA NA
ZBTB10 rs440837 [A/G] (8xp.) 73 0,053 | 0,132 0,687 0,057 0,136 | 0,679 | 0,079 | 0,471 | 0,647 | 0,041 | 0,337 0,903
JMJID1C rs7910927 [G/T] (10xp.) 74 0,027 | 0,117 0,816 0,042 0,120 | 0,726 | 0,011 | 0,479 | 0,950 | 0,121 | 0,216 0,578
SLCO1B1 rs4149056 [T/C] (12xp.) 73 0,040 | 0,173 0,818 0,036 0,180 | 0,843 | 0,036 | 0,180 | 0,843 NA NA NA
NR2F2 rs8023580 [T/C] (15xp.) 72 -0,209 | 0,140 0,141 -0,196 0,143 | 0,277 | -0,266 | 0,165 | 0,112 | 0,024 | 0,423 0,955
SHBG rs12150660 [G/T] (17xp.) 74 0,113 | 0,137 0,410 0,133 0,141 10,349 | 0,149 | 0,473 | 0,391 | 0,235 | 0,373 0,531

IIpumeuanue: f — nokasatens JUHEHHOU perpeccun, SE — ommoOka 3, p — YpOBEHb CTATUCTHYCCKON 3HAYHMMOCTH.
Note: B — linear regression coefficient, SE — standard error of B, p — level of statistical significance.
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[Ipu »sTOM, crnenyer MOAYEPKHYTh, YTO
MEXaHU3MBI, KOTOpBIE JIeaT B OCHOBE
MaToreHe3a MHOMBI MAaTKH, BBI3BAHHOTO
JEHUCTBUEM IPOreCTEpPOHAa, B 3HAYUTEIILHOU
CTENIEHH  HEW3BECTHBL.  BbIABIEHO, YTO
9KCIIPECCHUSI PELENITOPOB JIAHHOTO TOPMOHA
(PRS) BbIlllc B MHOMATO3HBIX KJIETKaX IIO
CpPaBHEHHIO C KJIETKaMH  HOPMAJIBbHOTO
muometpusi [14]. Crnemyer OTMETUTb, 4YTO
YPOBEHb MPOTECTEPOHA B H3YYCHHOW HAMHU
rpymme OOJILHBIX MHUOMOU MaTKH!
aCCOIIMMPOBAaH C TOJMMOP(HBIM JIOKYCOM
rs8023580 NR2F2 [T/C] (15xp.).

[IporecrepoH  B3aMMOJEHCTBYET  C
bakTopamu pocra, TaKUMH KaK
Tpanchopmupyronmii  paktop pocra Oera-3
(TGF-B3), smumepmanbHBIi (GakTOp pocTa
(EGF) u nacynunononoOHbIN pakTop pocTa-1
(IGF-1), TeM caMbIM CrocoOCTBYs
nponrdepanui MHOMATO3HBIX KIETOK [22].
Crnenyer ormeTuTh, uto 3kcmpeccuss TGF-B3
YBEIIMYUBACTCS BO BPEMsI CEKPETOPHOH (a3bl
MEHCTPYaJIbHOTO IIUKJIA (OCHOBHBIM
TOPMOHOM KOTOpPOH SIBJISIETCS TPOTECTEPOH)
[23]. TGF-B3 3azeiictBoBaH B OOJBIIOM
KOJIMYECTBE MPOIIECCOB B OpPTraHU3ME, B TOM
quce «peryJiupyeTr» amnomnTo3, aHTHOTeHE3
[24]. TGF-B3 siBnsieTcst OAHUM U3 BaKHEHUIIIHX
(akTopoB pocTa B NaTO(U3NOIOTUH OIyXOJIeH
[24]. Taxxe, oOpamiaer Ha cebs BHUMaHWE,
«xopoutasg» 3pQPEeKTUBHOCTh JEKAPCTBEHHOM
TEeparuy TANWeHTOK ¢ MHOMOW  MaTKu
CEeNIEKTUBHBIMHU MOy TOPaMHU
MIPOTECTEPOHOBBIX PEIENTOPOB, YTO CITYKHUT
JIOTIOJTHUTEIBHBIM ~ apTyMEHTOM B I0JIB3Y
NPENOoIOKEeHUsT O  3HAYAMOW  POIH
IpPOrecTepoHa B MAaTO(PHU3UOIOIUU JAaHHOTO
3a0omeBanus [14, 25]. Taxke, HemaBHHE
MCCIIEIOBAHMsI TOKA3alM, 4TO TNPH JICYEHUH
VIWTpUCTANla  aleTaToM  (CeNIeKTUBHBIN
MOJYJISITOP TNPOreCTEPOHOBHIX PELENTOPOB)
ypoBHu TpaHckpuntoB TGF-B1 u TGF-f3 B
MHOMATO3HBIX KJIETOKax OBUIM  3aMETHO
CHIDKEHBI, 4YTO KOCBEHHO YKa3bIBAa€T HA TO, YTO
IIPOreCTEPOH ONOCPEAYET NEpeady CUTHAJIOB
TGF-B [26, 27, 28].

Kpome TOrO, MPOTE€CTEPOH,
B3alMO/JICICTBY KaK co CBOMMH
cneruduueckumu PRS, Tak 1 ¢ HETeHOMHBIMH
MeMOpaHHBIMH peuenTopamu

(mPRs/PGRMCs), AKTUBUPYET psn
CUTHAJIbHBIX nyTen (WNT/B-xaTenum,
PI3K/AKT), KOTOpBIC CTUMYJTHPYIOT

poct/mponudepaioc MUOMATO3HBIX KIIETOK,
CIIOCOOCTBYIOT HMX «BBDKMBAaHHIO» (32 CUéT
CHUKCHUS arorTo3a), MIPUBOJISAT K
OTpeNIeAEHHBIM  COCYJIUCTBIM  HM3MEHEHUSIM,
YIIYYIIAIONIIM KPOBOCHA0KECHHE OMYXOIH H
BBI3BIBAIOIIMM 3HAUYUMYIO JIJII MHOMBI MAaTKH
MOIU(UKAIMIO BHEKJICTOYHOTO MaTpUKCca
(KITI0YEBOTO KOMITOHCHTA CTPYKTYpBI
omyxonu) [14, 18-21]. Takum oOpa3zom,
IPOreCTepOH peryaupyer (axkTopsl pocTa,
AQHTMOTCHHBIC (hakTopsl, KOMITOHEHTBI
BHEKJICTOYHOTO MaTPHKCa U allONTOTHYCCKUE
areHThl B MUOMAaTO3HBIX KJleTkax [20].

OyeHb BaXHO OTMETUTH CJEAYIOIIMMA
MOMEHT: IPOTECTEPOH SBISETCS OIHUM U3
KJTFOUEBBIX MEeTa00JIMYECKHUX
IPE/IIIICCTBEHHUKOB AHJPOTCHOB u
3CTporeHoB B opranusme [29]. B paborte Ruth
et al. Opumm  mMOKazaHbl  3HAYHMMBIC
MIOJIOXKUTEITbHBIC KOppemsIuu MEXIy
YPOBHEM TMPOTeCTepOHa U  COACPNKAHHEM
JETUIPOITUAHIPOCTEPOH-CYyIb(haTa
(AT2AC) (1=0,60), Tectoctepona (r=0,44),
uHACKCOM CcBoOOAHBIX aHnporeHoB (FAIL

pacCYMTHIBAETCS KakK
tectoctepon/SHBGx100) (r=0,39) u, B
MeEHbBIIEH CTEIICHH, KOHIIEHTpalHen

actpaguona (r=0,17) [30]. WutepecHo, uTO
pesynasTatel GWAS, nonmydennsie Ruth et al.,
YKa3bIBAIOT HA HAMYKE OOIUX TeHETHUECKUX
JETEPMHUHAHT YPOBHEM JAI'9AC
(rs148982377) u nmporectepona (rs34670419)
(momumopdusmer 15148982377 u rs34670419
cunpHo  crermiensl  (12=1,00, D'=1,00),
pacnosoxeHsl Ha paccrosiHuu 56 kb npyr ot
npyra B obnactu renoB CYP3A4/CYP3A7,
y4acTBYIOIIMX B Ipolecce OHOCHHTE3a
crepousioB) [30]. Cnenyer OTMETHTh, 4YTO
ONMCaHHBIE B JIUTEpaType 3HAUYMMBIC JUIS
MHOMBI  MaTKu 3((EKTHl TeHEeTUYECKHX
MOJIUMOP(HU3MOB, CBSI3aHHBIE C YPOBHEM
SHBG, peamusyemble depe3 TECTOCTEPOH H
ACTPOTEHBI, B ONpPEAEIECHHON CTENeHH MOTYT
ObITh  OmocpenoBaHbl  YPQexTaMu  UX
NpeecTBeHHUKa — mporectepona [31, 32].
CrnemyeT OTMETHUTBH, YTO SCTPOTCHBI U
MIPOTreCTepOH NEHCTBYIOT COBMECTHO
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KJIETKaX OIyXOJIM 3CTPOTEHbI CTUMYIUPYIOT
MOBBIIICHHYIO ~ 3Kcnpeccuto  PRs,  4to
MIPUBOJIUT K MOBBIIICHUIO
«4yBCTBUTEIILHOCTH» MHOMATO3HBIX Y3JIOB K
curHajaMm  3Tux ropmoHoB [18]. B
AKCIIEPUMEHTAaxX (MCIOJIb30BAIUCH )KUBOTHBIC
MOJIETIN) MOKa3aHO, YTO YPOBEHb SKCIIPECCHU
PRs B omyxosieBbIX KJIETKax BbIIE IO
CPaBHEHUIO C SCTPOTCHOBBIMH PELEITOPaMU
[33]. Takxe ecTb AaHHBIE, YTO y YKEHIIUH C
MHOMOW MAaTKH, HE TMOJYyYaBIIUX TEPAIHUIO
aroHUCTaMu TOHAJIOTPOTIUH-PUIIU3UHT -
rOPMOHA, coJiepKaHue PRs ObLI0
3HAQUUTENIbHO  BBIIIE, YEeM  COJEp)KaHue
3CTPOrE€HOBBIX penenTopoB [34].
[IpuMeuaTenbHO, YTO B CEKpPETOpHYIO a3y
MEHCTPYaJIbHOTO  IIMKJIAa  MHUTOTHYECKas
AKTUBHOCTh MHMOMATO3HBIX KJIETOK BBIIIE
(npeobyajaer  MpPOTreCTEpoH), 4YeM B
nponudeparuBayro  dazy  (mpeobiamaroT
acTporens) [35].

BaxxHoe 3HaueHue B MaTtopU3HOIOTHU
MHUOMBI MaTKH TPUHALICKUT TOPMOHAM

runodusza — JIOTEUHU3UPYIOMIUNA TOPMOH
(mepeaHsist 10J1s1) U MPOJAKTUH (3aHSAS J0JIS)
[36]. JlutepatypHble JaHHbIE

CBHUJIETEIILCTBYIOT O TOM, YTO PUCK Pa3BUTHSA
MHOMBI MaTK{ BO3PACTAET Y KEHIIHH ¢ OoJiee
BBICOKMMH  ITOKa3aTeIsIMU  KOHIICHTPAIHH
JIOTEMHU3UPYIOLIETO TOPMOHA B CHIBOPOTKE
kpoBu [37]. Takxke, COTJIaCHO pe3yJbTaTaM
UMMYHOTHCTOXHMHYECKOTO aHaym3a
OOHAapy’>K€HO  MOBBIIIEHHOE  COJEp)KaHHe
MPOJAKTUHA B MHOMATO3HBIX KIETKaxX IO
CPaBHEHHIO C  KIETKaMH  HOPMAJIbHOTO
MHOMETPHUSl Y JKEHIIUH C MHUOMOW MAaTKu U
KJIETKaMU MHUOMETPHS 3I0POBBIX
*eHImuH. KpoMe TOro, mNpoJakTHH MOXKET
OKa3bIBaTh BJHMSHHE HAa Pa3BUTHE U POCT
OITyXOJT! MOCPEACTBOM aKTUBAIIUU
curHanbHelx  myteit  STATS/MAPK B
KJIETOYHBIX JIMHHUSIX MHOMETPHUS KpPBICBI H
yenoseka [38]. Cuenyer OTMETUTb, YTO
YPOBEHb JIIOTEMHU3UPYIOIIET0 TOpMOHA B
paccMaTpuBaeMoil HaMU BBIOOPKE OOJIBHBIX
MHOMOW MaTku accoruupoBaH c rs4149056
SLCO1BL1 [T/C] (12xp.), a ¢ KOHIIEHTpaIUCH
MPOJIAKTUHA B CBIBOPOTKE KPOBH OOJIBHBIX,

nosmmMopdHbIi - Jokyc 1s8023580 NR2F2
[T/C] (15xp.).

WNHTepecHO OTMETHTb, 4YTO JaHHas
reHeTUYeCcKass TMaHenb (AEeBSATh JIOKYCOB,
acCOIMMPOBaHHBIX ¢  ypoBHeM SHBG)
UCIIONb30Balach paHee B HCCIEIOBaHUIX
HAIIIer0 HAyYHOTr'0 KOJIJIEKTUBA MPU U3YUYCHHH
paka MOJIOUHOM kene3nl [39], sHIOMEeTprO3a
[40]. CornacHo pe3ysbTaram, MOJy4YE€HHBIM B
pabote IlonomapeBoii T.A., ¢ ypoBHeM
3cTpaguona y OONBHBIX DHJIOMETPHO30M
CBSI3aHBI MOJICKYJISIPHO-T€HETHYECKHE
mapkepsl 1s3779195 BAIAP2LL (Pperm<0,050,
p=-0,282 — -0,318) u rs440837 ZBTB10
(Pperm=0,048, B=-0,264), mporecrepona —
rs780093 GCKR (pperm=<0,050, p=-0,380 — -
0,269), rs10454142 PPP1R21 (pperm=0,049,
=0,568), rs8023580 NR2F2 (pperm=0,050, p=-
0,289) u rs12150660 SHBG (pperm=0,028, B=-
1,071), a ¢ KOHIIEHTpALMSIMU TECTOCTEPOHA U
JETUAPOITHAHIPOCTEPOHA ACCOIMHUPOBAH
nomuMopdHbIii  okyc 15440837 ZBTB10
(Pperm=<0,050, -0,215 1 pperm=<0,050, p=-0,266 —
-0,334 cootBerctBeHHO) [40]. OCHOBBIBAsCH
Ha 3TUX JaHHBIX, MBI MOXEM 3aKJITFOYHTh, YTO
SNPs rs3779195 BAIAP2L1 u
rs8023580 NR2F2 cBs3anbl ¢ ypOBHAMHU
ACTPaNOJIA B ITPOTECTEPOHA COOTBETCTBEHHO,
Kak y OOJbHBIX ¢ 3HA0MEeTpro30oM [40], Tak u
C MHOMOM MaTku (MaTepualbl HAIIEro
WCCIIeIOBaHMs). 3HAYMMBIE AacCOIHMAIUU C
YPOBHSIMH ~ TECTOCTEpPOHA,  IPOTECTEPOHA,
3CTpaauoiia C PAIOM TeHOB-KaHIMUIATOB
1oJ10BbIX TopMOHOB (SLC22A10-rs112295236,
ZNF789-rs148982377, ZKSCAN5-rs34670419
W Jp.) YCTaHOBJIEHO W TMpPH THUIIEPILIA3UH
sHaometpus [41].

3akawuenue. C ypoBHEM IOJIOBBIX
TOPMOHOB Y JKEHIIMH C MHOMOW MAaTKH
cBs3anbl  craenytomme — SHBG-3HaunMmeble
MOJICKYJISIPHO-TEHETUYECKHUE ~ MapKephl  —
rs3779195 [T/A] BAIAP2L1, rs7910927 [G/T]
JMJD1C, rs10454142 [T/C] PPP1R21
(actpagmon), rs4149056 [T/C] SLCO1B1
(srorenHM3upyromuid ropmos) u rs8023580
[T/C] NR2F2 (mponakTtuH, MpOrecTepoH u
TECTOCTEPOH).
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Abstract

Background: Boesenbergia xiphostachya is a rare species, recently discovered in Vietnam.
Information about the chemical compositions and biological properties of distinct parts of this plant
is still limited to date. The aim of the study: This study is the first to investigate the chemical
composition and antimicrobial properties of acetone extracts and essential oil obtained from
samples of B. xiphostachya collected in Vietnam. Materials and methods: Gas chromatography-
mass spectrometry was used to identify the phytochemical components, while the antimicrobial
properties of the essential oil and acetone extracts from the rhizome and aerial parts were
determined using a disk diffusion assay. Results: A total of thirty compounds have been identified
in the essential oil, in which a-fenchene (41.70%), cyclofenchene (14.75%), camphene (13.47%),
and caryophyllene (6.78%) are the major compounds. In addition, the acetone extracts obtained
from the aerial part and rhizome comprise twenty-two and twenty-seven compounds, respectively.
The major constituents are mainly composed of n-hexadecanoic acid (21.32%), 2-pentanone,
4-hydroxy-4-methyl (19.19%), and phytol (7.78%), while the rhizome extract contains a majority
of n-hexadecanoic acid (28.34%), benzoic acid, 2-amino-3-methoxy-, methyl ester (12.25%), and
cinnamic acid (11.42%). Moreover, the essential oil and the acetone extracts from B. xiphostachya
also possessed antimicrobial properties against a wide spectrum of microorganisms. Conclusion:
The results obtained show that B. xiphostachya has great potential for use in biomedicine and
related fields

Keywords: acetone extract; antimicrobial activity; Boesenbergia xiphostachya; chemical
composition; essential oil
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Introduction. Boesenbergia Kuntze is
a genus belonging to Zingiberaceae family
with about 82 species distributed in south-
western India, China, and Southeast Asia.
Notably, six species have been recorded in
the flora of Vietnam [1, 2]. The
Zingiberaceae family is known for its
medicinal properties and is wused in
traditional medicine to improve health
[3, 4, 5].

Similarly, the extracts obtained from
some species of Boesenbergia are broadly
used as functional foods and traditional
medicine in some Asian countries [1, 6, 7].
Furthermore, previous studies have reported
on the biological activities and
phytochemical profiles of Boesenbergia
members. For instance, the methanol extract
from B. rotunda had an inhibitory effect on
24 Leptospiral strains, reduce ulcer
inflammation, decrease nasopharyngeal
carcinoma HK1 cells viability, PANC-1
human pancreatic cancer cells [8-11], while
the essential oil was found to be effective
against Escherichia coli, Pseudomonas
aeruginosa, B. cereus, S. aureus. It also
suppresses biofilm formation of methicillin-
resistant Staphylococcus aureus
(MRSA)[12, 13]. The ethanolic extract of
B. rotunda showed promise against SARS-
CoV-2 infection in hamsters, along with
antimicrobial, anti-inflammatory,
antioxidant, wound healing activities
[14, 15, 16], and inhibits Candida albicans
biofilm formation [17]. Moreover, the
bioactive compounds of Boesenbergia
species have been investigated for their
various  bioactivities. For  example,
panduratin A and hydroxypanduratin A
inhibit the production of TNF-a, nitric oxide
and PGEZ2, and have anti-SARS-CoV-2 and
periodontal treatment properties [18-21].
Similarly, panduratin A has been reported as
a preventive agent against the growth of
certain cancer cell lines [22, 23].
Additionally, longiferone B and C isolated

from B. longiflora rhizome exhibit anti-
inflammatory activity [24].

Boesenbergia xiphostachya (Gagnep.)
Loes, a species belonging to Zingiberaceae, is
mostly found in Thailand and Indochina [25].
The chemical compositions and biological
effects of this species have been investigated
by only two prior studies so far [26, 27]. For
example, the ethanolic and dichloromethane
extracts from the rhizome were found to have
free radical scavenging activity [26], whereas
the hexane extract exhibited only minor
cytotoxicity activity on many cancer cell lines
as well as slightly inhibited some Gram
positive and negative bacterial strains [27].
This study, thus, provides the phytochemical
and antimicrobial properties of the essential oil
and the acetone extracts obtained from
B. xiphostachya for the first time.

The aim of the study. This study is the
first to investigate the chemical composition
and antimicrobial properties of acetone
extracts and essential oil obtained from
B. xiphostachya.

Materials and methods

Plant materials

Plant samples of B. xiphostachya were
collected from Gia Canh commune, Dinh
Quan district, Dong Nai province, Vietnam.
The vouchered specimens (DQ04082022)
were deposited in the Herbarium of the Faculty
of Natural Resources and Environment,
Vietnam National University of Forestry-
Dongnai Campus.

Microbial strains

Eleven bacterial strains and three yeast
strains were used in this study, including
Escherichia coli ATCC 25922, Bacillus cereus
ATCC 11778, Staphylococcus aureus ATCC
29213, Staphylococcus aureus ATCC 25923,
Enterobacter hormaechei ATCC 700323,
Salmonella typhimurium ATCC 13311,
Klebsiella pneumoniae ATCC 700603,
Klebsiella pneumoniae ATCC 13883, Shigella
flexneri  ATCC 9199, Staphylococcus
saprophyticus BAAT750, Vibrio
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parahaemolyticus ATCC 17802, Candida
albicans ATCC 26790, Candida krusei ATCC
6258, Candida tropicalis.

Distillation of the essential oil

Five hundred grams of fresh rhizomes
were washed, sliced into small pieces and
submerged in 2.0 liters of distilled water.
Steam distillation was carried out for 3 hours
at normal pressure in a Clevenger apparatus.
About 0.3 mL of essential oil was collected and
stored in a dark bottle at 4°C until analyzed.

Acetone extract preparation

Samples of rhizome and aerial part were
dried at 50°C then grinded into powder of
which 100 g were soaked in 500 mL of 99%
acetone solution (Thermo Fisher Scientific,
USA) for 48 hours. The extract was collected
by filtration and the filtered residue was re-
extracted two more times. The pooled filtered
extract was subjected to solvent removal under
vacuum condition at 45°C.

Gas chromatography-mass
spectrometry (GC/MS) analysis

The Thermo Scientific™ [SQ™ 7000
GC-MS system (Thermo Fisher Scientific,
USA) was used to determine the composition
of the sample as previously described by
Nguyen et al. [28]. A gas chromatograph GC
TRACE 1310 coupled with a single
quadrupole mass spectrometer 1SQ 7000
(Thermo Fisher Scientific, USA) was used to
determine the chemical composition of the
sample. Agilent GC column DB-5MS (30 m,
0.25 mm, 0.25 um) was used as the stationary
phase. The Helium carrier gas flow rate was set
to 1.2 mL/min. The sample (1.0 pL) was
injected into the GC system with the injector
temperature maintained at 250 °C. The system
was operated in split mode with a split flow of
36 mL/min and a split ratio of 30:1. The
splitless time was set to 1 min. The oven
programme was set to 80°C for five minutes;
20°C/min to 280°C; hold for 10 minutes;
20°C/min to 300°C; hold for 3 minutes. The
transfer line temperature was 280°C, the ion
source temperature was 250°C, and the
ionization energy was 70 eV. The scan range

was 29-650 m/z, dwell time was 0.2 seconds.
The acquired mass spectral data were then
compared with the NIST 2017 library to
determine the exact chemical composition.

Determination  of  antimicrobial
activity

Disk diffusion method was employed for
the antimicrobial activity test following CLSI
standards and guidelines [29]. Extract solution
was prepared with various concentrations by
dissolving into 20% DMSO solution.
Gentamicin and ketoconazole disks (10 pg)
were used as the positive controls for
antibacterial tests and antifungal tests,
respectively while 20% DMSO solution was
used as the negative control. The experiment
was performed three times and the data were
analysed using Statgraphics Centurion XV
software (ANOVA, a = 0.05).

Results and Discussion

Chemical composition of essential oil
from B. xiphostachya rhizome

The essential oil derived from the
rhizome of B. xiphostachya exhibits a
phytochemical profile comprising 30 distinct
compounds. o-fenchene (41.70%) was the
most abudant component in the studied oil,
followed by other notable compounds,
including cyclofenchene (14.75%), camphene
(13.47%), caryophyllene (6.78%), eucalyptol
(4.83%), endo-borneol (2.30%), and bornyl
acetate (3.30). Each of the remaining
compounds represents less than 2% of the total
composition (see Table 1).

The identified compounds show a high
similarity to those found in the essential oil of
B. longiflora, including camphene, o-
terpinene, p-cymene, f-ocimene, p-cymenene,
and Dborneol [30]. Notably, the main
component, o-fenchene, is also present in B.
rotunda rhizome, albeit in substantially
smaller quantities (2.01%). Despite these
similarities, significant differences exist in the
phytochemical profiles of the essential oils
derived from these Boesenbergia species, both
in terms of the compounds present and their
respective compositions [12, 31].
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Table 1
Chemical profile of Boesenbergia xiphostachya rhizome essential oil
No. RT (min) Compounds %

1 3.77 Cyclofenchene 14.75
2 4.11 Camphene 13.47
3 453 B-Thujene 1.15
4 4.8 a-Fenchene 41.70
5 5.36 Acetic acid, hexyl ester 0.45
6 5.59 a-Terpinene 0.11
7 5.76 p-Cymene 0.29
8 5.86 D-Limonene 1.68
9 5.96 Eucalyptol 4.83
10 6.14 B-Ocimene 1.06
11 6.39 v -Terpinene 0.24
12 6.85 a- Terpinolen 0.23
13 7.04 Linalool 0.35
14 7.38 Fenchol 0.05
15 7.68 trans-Pinocarveol 0.03
16 8.09 endo-Borneol 2.30
17 8.17 Terpinen-4-ol 0.83
18 8.85 2,6-Octadien-1-ol, 3,7-dimethyl-, (2)- 0.08
19 9.24 Bornyl acetate 3.30
20 9.47 Terpineol, acetate 0.02
21 9.61 trans-Carveyl acetate 0.01
22 9.75 a-Terpinyl acetate 0.49
23 10.07 B-Sesquiphellandrene 0.04
24 10.13 B-Elemene 0.53
25 10.42 Caryophyllene 6.78
26 10.51 Acetic acid, cinnamyl ester 0.92
27 10.78 a-Curcumene 1.14
28 10.95 y-Gurjunene 0.36
29 11.29 Nerolidol 1.40
30 11.55 Caryophyllene oxide 0.70
Total 99.29

The chemical composition of the
acetone extracts from the aerial parts and
rhizome of B. xiphostachya

Table 2 presents the chemical composition
of the acetone extracts derived from the aerial
parts and rhizome of B. xiphostachya with a total
of 21 and 27 compounds, respectively. The
extract from the aerial parts primarily consists of
n-hexadecanoic acid (21.32%), 2-pentanone,
4-hydroxy-4-methyl (19.19%), phytol (7.78%),
3,7,11,15-tetramethyl-2-hexadecen-1-ol (7.63%),
and benzoic acid, 2-amino-3-methoxy-, methyl
ester (6.07%). Meanwhile, the rhizome extract

contains n-hexadecanoic acid (28,34%); benzoic
acid, 2-amino-3-methoxy-, methyl ester
(12,25%); cinnamic acid (11,42%); 2-propenoic
acid, 3-phenyl-, 1,7,7-trimethyl-
bicyclo[2.2.1]hept-2-yI ester, endo (9,06%); and
cinoxate (7,27%) as the major compounds. The
presence of identified compounds in the rhizome
acetone extract differs significantly from that in
the rhizome hexane extract. The main compound
recorded in the latter was 3,6-dimethoxy-2-
ethylbenzaldehyde (38.43%) [27].
Nevertheless, the high concentration of n-
hexadecanoic acid in B. xiphostachya extracts
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suggests the presence of beneficial biological
activities, such as antibacterial, antioxidant

and anti-inflammatory properties, as reported
in previous studies [32, 33].

Table 2
Chemical profile of B. xiphostachya acetone extracts
No. RT (min) Compounds BXA (%) BXR (%0)
1 212 3-penten-2-one, 4-methyl 1.73 -
2 2.47 2-pentanone, 4-hydroxy-4-methyl 19.19 5.50
3 3.34 isopropyl acetate 0.31 -
4 3.72 a-pinene 0.53 -
5 4.67 B-Pinene 3.10 1.08
6 5.93 Eucalyptol - 0.56
7 6.14 Camphene 0.09 -
8 7.01 benzoic acid, methyl ester - 0.12
9 7.05 Butanoic acid - 0.09
10 7.06 Linalool 0.57 -
11 8.11 endo-borneol - 3.23
12 8.57 benzofuran, 2,3-dihydro 1.02 -
13 8.70 1H-pyrrole-2,5-dione, 3-ethyl-4-methyl - 0.27
14 8.97 benzaldehyde, 4-methoxy 0.26 -
15 9.07 1,3,2-dioxaborolane, 4,5-dimethyl-2-phenyl - 0.14
16 9.70 benzoic acid, 3-methoxy-, methyl ester - 0.32
17 9.25 bornyl acetate - 0.26
18 9.77 a-terpinyl acetate - 0.40
19 10.10 benzoic acid, 4-methoxy-, methyl ester - 0.94
20 10.43 Caryophyllene 0.95 1.28
21 10.53 2-propenoic acid, 3-phenyl - 0.40
22 11.31 benzoic acid, 2-amino-3-methoxy-, methyl ester 6.07 12.25
23 12.06 methyl p-methoxycinnamate, cis - 0.58
24 12.27 2-propenoic acid, 3-(4-methoxyphenyl)- - 1.52
25 12.46 phenol, 2-methyl-5-(1,2,2-trimethylcyclopentyl)-, (S)- - 0.14
26 12.48 tetradecanoic acid - 0.15
27 12.92 3,7,11,15-tetramethyl-2-hexadecen-1-ol 10.57 -
28 12.95 2-pentadecanone, 6,10,14-trimethyl 3.42 -
29 13.37 hexadecanoic acid, methyl ester - 0.49
30 13.59 n-hexadecanoic acid 21.32 28.34
31 13.91 Cinnamic acid - 11.42
32 14.31 Phytol 7.78 -
33 14.42 9,12-octadecadienoic acid (Z,2)- 3.50 -
34 14.45 cis-vaccenic acid 4.39 -
35 14.54 octadecanoic acid 3.82 -
36 14.76 i]p;rscigﬁn;:agmd, 3-phenyl-, 1,7,7-trimethylbicyclo[2.2.1]hept-2- 4.40 906
37 15.07 limonen-6-ol, pivalate - 1.96
38 15.29 Cinoxate - 7.27
39 15.46 ethyl 9,9-diformylnona-2,4,6,8-tetraenoate 3.52 -
40 15.81 androst-4-en-9-thiocyanomethyl-11-0l-3,17-dione - 1.19
41 16.23 5-bromo-4-hydroxy-1-(4-methoxy-phenyl)-4-methyl-pent-1-en-3-one - 451
Total 98.18 93.47
Note: BXA and BXR indicate the B. xiphostachya acetone extract of aerial parts and rhizome, respectively.
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Antimicrobial activity of essential oil
and acetone extracts from B. xiphostachya
aerial part and rhizome

As this is the first study of B.
xiphostachya essential oil, its results show
promising antimicrobial results against seven
strains of bacteria, including both Gram-
negative and Gram-positive bacteria, as well
as two strains of Candida. Specifically, the
rhizome essential oil showed antimicrobial
activity against B. cereus, S. aureus ATCC
29213, S. typhimurium, K. pneumonia ATCC
700603, S. flexneri, S. saprophyticus,
V. parahaemolyticus, C. krusei, and C.
tropicalis with inhibition zone diameters
ranged from 11.320.6 mm to 14.5£0.5 mm
(Table 3). The inhibition zones achieved in the
antibacterial activity were more than 50% of
the gentamicin inhibition zone. Especially, the
inhibition zone against K. pneumoniae ATCC
700603 was comparable to the gentamicin
control. In the case of Candida spp., the
antifungal activity resulted in an inhibition
zone exceeding 35% of that produced by
ketoconazole. Notably, these inhibition zones
are comparable to the results achieved with the
essential oil of B. rotunda, which exhibited
antibacterial activity against B. cereus and S.
aureus with inhibition zones ranging
from 13.0+4.58 mm to 16.0+3.0 mm [12]. The
presence of the prominent compounds
cyclofenchene, camphene, caryophyllene and
eucalyptol in B. xiphostachya essential oil
plays a pivotal role in its antimicrobial activity,
as extensive research on plant essential oils has
consistently reported the presence of these
compounds and their antibacterial and
antifungal effects [34-38]. In addition, while
the biological activity of most terpenes and
their derivatives against microbes is well-
established, the speculative contribution of a-
fenchene, a major component inthe B.
xiphostachya essential oil to the observed
antimicrobial activity against the tested
microbial strains remains to be elucidated [39].

Interestingly, the acetone extract from
the B. xiphostachya aerial part exhibited
antibacterial activity exclusively against four
tested Gram-positive strains. This selective
efficacy exhibited a minor variation with the
concentration of the extract, which ranged

from 100 mg/mL to 200 mg/mL (Table 3).
Conversely, the rhizome extract exhibited
stronger activity against all ten of the tested
strains, with the exception of
V. parahaemolyticus. Furthermore, it was
observed that a high concentration of the
extract, specifically at 200 mg/mL, resulted in
a reduction of antibacterial activity against
Gram-positive strains and a complete loss of
activity against Gram-negative strains. Similar
activity to the positive control was observed
for the rhizome extract against the tested
bacterial strains, such as S. aureus ATCC
25923 and S. saprophyticus. In the case of B.
cereus, stronger activity was recorded at a
concentration of 150 mg/mL. With the
exception of antibacterial activity against K.
pneumoniae ATCC 700603, which showed
about 25% of the activity of gentamicin,
antibacterial activity against other tested
Gram-negative bacteria exhibited over 45% of
the activity of gentamicin (Table 3). Compared
to the hexane extract from B. xiphostachya,
which exhibited weak inhibitory activity
against B. cereus, E. faecium, E. coli,
P. aeruginosa, K. pneumoniae, and C.
albicans, the acetone extract in this study
displayed superior antibacterial activity [27].
Acetone is an excellent choice for studying
plant extracts for several reasons. Its
intermediate polarity enables it to efficiently
extract a wide range of organic compounds,
making it ideal for isolating solutes or analytes
with a similar polarity, and for collecting
suitable chemical compounds. This could
potentially be attributed to the presence of key
compounds such as n-hexadecanoic acid and
methyl 2-amino-3-methoxybenzoate (also
known as benzoic acid, 2-amino-3-methoxy-,
methyl ester) in the acetone extracts, and
notably, the presence of cinnamic acid in the
rhizome extract (Table 2). In addition, n-
hexadecanoic acid has been identified to
possess antibacterial properties against S.
aureus, B. subtilis, E. coli, and K. pneumoniae
[32]. Concurrently, benzoate derivatives and
cinnamic acid have been verified to exhibit
antimicrobial properties against a range of
organisms, including but not limited to S.
aureus, Pseudomonas aeruginosa, E. coli,
Aspergillus spp., and Candida spp. [40-43].



Opueunanvuas cmamosi
Original article

HayuHvle pesysabmamol 6uomeduyuHcKux uccaedoganutl. 2025:11(4):643-653
Research Results in Biomedicine. 2025:11(4):653-653

649

Table 3
Inhibition zone (mm) of B. xiphostachya essential oil and acetone extracts
No. Microbial strains E0 o B T O I I BT )
1 | B.cereus ATCC 11778 12.7+1.22 | 9.5+0,8" | 12.542.12 | 10.3£3.1% | 18.7+2.1° | 27.0+£0.7¢ | 15.7£1.0° 24.0+1.4¢
2 | S.aureus ATCC 29213 12.740.3% | 12.042.6® | 11.0+1.0° | 10.7+£0.58" | 20.0+1.7¢ | 21.0+1.0° | 16.8+1.0¢ |  18.3+0.6%
3 | S.aureus ATCC 25923 NE 9.3+1.15% | 13.3+1.5° | 9.8+1.7% | 17.3+1.5° | 28.8+6.5¢ | 14.0+2.0° 19.0+2.7°
4 | S. saprophyticus BAA750 12.241.2% | 8.0£0.7° | 14.7+£0.5¢ | 9.0£1.0° | 23.0+1.7%| 20.5£0.99 | 14.0£1.0° | 25.3+0.6°
5 | E. coli ATCC 25922 NE - - - 8.3£0.6° | 6.7+1.12 - 15.3+0.6"
6 | E. hormaechei ATCC 700323 NE - - - 8.7£0.6* | 8.7+1.17 - 15.0+0.1°
7 | S. typhimurium ATCC 13311 11.3+0.6 - - - 8.0£1.0° | 7.3+0.5° - 17.0+0.0°
8 | K. pneumoniae ATCC 700603 14.5+0.52 - - - 3.7£1.1° | 8.1%1.2¢ - 15.0+0.12
9 | K. pneumoniae ATCC 13883 NE - - - 8.0£1.72 | 10.7+1.52 - 15.2+1.35
10 | S. flexneri ATCC 9199 11.740.62 - - - 8.3+0.6° - - 14.2+0.8¢
11 | V. parahaemolyticus ATCC 17802 12.2+0.32 NE NE NE NE NE NE 23.9+3.9b
12 | C. albicans ATCC 26790 - NE NE NE NE NE NE 38.2+1.6
13 | C. krusei ATCC 6258 13.8+0.32 NE NE NE NE NE NE 35.8+1.6°
14 | C. tropicalis 10.2+0.82 NE NE NE NE NE NE 29.0+2.6"

Note: (NE) Not evaluated; (-) No inhibition; #°<¢ Different superscript lower-case letters in the same row denote significant differences (p<0.05); (EO) essential
oil; (BXA) and (BXR) indicate the B. xiphostachya acetone extract of aerial parts and rhizome, respectively. Control (+): gentamicin and ketoconazole for
antibacterial tests and antifungal tests, respectively.
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Conclusion. This research presents the
first exploration into the chemical profiles and
antimicrobial properties of the essential oil and
acetone extracts from B. xiphostachya, a newly
discovered species in Vietnam. Identifying o-
fenchene as the primary component in the
essential oil and n-hexadecanoic acid as the
main constituent in the acetone extracts of this
species distinguishes it from other species in
the Boesenbergia genus, which have a
different compound composition. Given the
abundance and diversity of the chemical
composition in the rhizome essential oil and
acetone extract, their antimicrobial activities
against a wide range of Gram-positive and
Gram-negative strains, as well as Candida
yeast, have been elucidated. These findings
will improve our understanding of the intricate
relationship between the chemical composition
of this newly discovered species and its
biological effects. They will also facilitate the
investigation of its potential applications,
particularly in the fields of medical and food
sciences.
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Abstract

Background: The global rise in the usage of herbal medicine has prompted a critical examination of
its safety. Despite widespread assumptions of safety, there remains a need for thorough toxicity
evaluations to identify potential risks associated with herbal extracts. In traditional Vietnamese
medicine, Ardisia silvestris is commonly used for various ailments, yet toxicity assessments
specifically focusing on its leaves are lacking. The aim of the study: To assess the acute and sub-
chronic toxicity of ethanol extract from A. silvestris leaves (EEAS) in mice via oral administration at
varying doses. Materials and methods: This study employed two experimental models to assess
toxicity: acute toxicity testing and sub-chronic toxicity testing. Each model comprised six groups,
with six mice per group. The control group and the satellite control group received the vehicle, while
the test groups and satellite test groups were administered EEAS at doses ranging from 1000 to 5000
mg/kg b.w (in acute toxicity testing) and from 100 to 500 mg/kg b.w (in sub-chronic toxicity testing).
All treatments were conducted over 14 and 90 days, following which satellite groups were further
monitored for 28 days after cessation of extract administration. Results: The acute toxicity evaluation
revealed dose-dependent adverse effects such as elevated respiration rates, increased locomotor
activity, sedative effects, and seizures in the initial hours post-administration. However, no mortality
was recorded, with observed signs gradually diminishing (p<0.05) over the study period. In acute and
sub-chronic tests, significant reductions in food and water intake were noted at higher doses (p<0.05),
along with alterations in hematological and biochemical parameters (p<0.05) indicative of
physiological stress. Organ weight assessments and macroscopic observations also indicated
significant alterations in vital organ morphology at higher doses (p<0.05). Histopathological
examinations revealed tissue damage and inflammatory infiltrations in the heart, liver, and kidneys.
Urinary parameters displayed significant alterations (p<0.05), particularly in specific gravity, pH, and
ketone levels. Nonetheless, these effects were temporary and reversible upon discontinuation of
EEAS (p>0.05). Conclusion: Overall, while EEAS exhibited dose-dependent acute and sub-chronic
toxicity effects, most adverse outcomes were reversible. This holds significant implications for
assessing the safety of EEAS, indicating that the effects are manageable and do not result in prolonged
or irreversible consequences.

Keywords: acute toxicity; rodent model; sub-chronic toxicity; safety assessment; toxicological
profile
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Introduction. Since ancient times,
plants have been utilized for medicinal
purposes in various indigenous healthcare
systems. Presently, herbal medicine is gaining
popularity ~ worldwide,  especially in
developing countries where medicinal plants
are abundant and cost-effective [1]. While
many people perceive natural remedies to have
fewer side effects compared to synthetic drugs,
the widespread belief that herbal medicine is
entirely safe and devoid of adverse effects is
not entirely accurate. In reality, several studies
have uncovered potential harmful side effects
associated with medicinal plants. It appears
that using herbal remedies without assessing
their toxicity could pose health risks.
Therefore, it is crucial to investigate the
potential adverse effects of herbal treatment
methods [2]. Acute and sub-chronic toxicity
tests are employed to assess chemicals'
potential hazards and safety. These
experiments involve evaluating the effects of a
single dose or repeated doses of a chemical on
animals and are often utilized to identify
potential risks and manage hazards associated
with chemical production, handling, and
utilization [3]. Acute toxicity testing involves
administering a single dose of a chemical to
assess the severity of its harmful effects on
animals. In contrast, sub-chronic toxicity
testing entails administering repeated doses of
the chemical to evaluate its potential for long-
term effects on target tissues or organs. These
experiments yield crucial information for
identifying hazards and managing risks [4].

The genus  Ardisia, comprising
approximately 500 species, stands as the
largest within the Myrsinaceae family. Ardisia
species are widely distributed across tropical
and subtropical regions worldwide and have
been employed in the treatment of various
ailments including cancer, hypertension,
menstrual disorders, diarrhea, and among
others. With their rich chemical composition,
the isolation and identification of 111 different
compounds from Ardisia species, including

saponin triterpenoids, quinones, coumarins,
depsipeptides, flavonoid quinones,
polyphenols, saponin triterpenoids,
isocoumarins, and alkylphenols, exhibiting
anti-inflammatory, antibacterial, antioxidative
properties, etc., have been reported [5]. Ardisia
crispa (Thunb.) A. DC. (Primulaceae family)
is a commonly used species in traditional folk
medicine practices. In Thailand, its roots are
utilized in the treatment of fever,
inflammation, pain, joint disorders, and
improvement of blood circulation, and
combined with other plants to alleviate
menstrual pain in women, while its leaves
when crushed and applied to wounds, serve as
a detoxifying remedy for snake or scorpion
bites. In the Indochina region, extracts from
the roots are employed to address chest-related
issues, whereas in Taiwan, it is utilized as a
diuretic and antidote. These traditional
applications have garnered significant
attention for their potential in modern
medicine [6]. In traditional Chinese medicine,
Ardisia japonica has been noted for its various
benefits, including its potential to clear lung
congestion, alleviate cough, stimulate blood
circulation, and treat circulatory disorders [7].
Additionally, in traditional Vietnamese
medicine, Ardisia silvestris (A. silvestris) has
been reported to possess photoprotective
properties by modulating the activation of
protein kinases through scavenging free
radicals, enhancing the expression of
hyaluronic acid synthase-1, and increasing the
production of occludin and transglutaminase
[8]. However, to the best of our knowledge,
despite the widespread use of A. silvestris in
traditional folk medicine, there has been no
study evaluating the toxicity of its leaves.
Therefore, this study aims to determine the
acute and sub-chronic toxicity via oral
administration of ethanol extract from A.
silvestris leaves in mice, with the hope that
these findings will provide crucial information
regarding the safety of this extract.
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The aim of the study. Assess the acute
and sub-chronic toxicity of orally administered
ethanol extract from A. silvestris leaves in
mice, aiming to provide essential safety data
for this extract.

Materials and Methods

Plant material collection and ethanol
extract preparation

Fresh leaves of A. silvestris were
collected in An Toan commune, An Lao
district, Binh Dinh province, Vietnam, from
August to October 2023. A voucher specimen
(AS051023VST) was deposited in the
herbarium  of  the  Department  of
Biotechnology, Institute of Biotechnology and
Food Technology, Ho Chi Minh City
University of Industry, Ho Chi Minh City,
Vietnam. Leaves free from pests and diseases
were carefully selected and cleaned before use.
The leaves were air-dried in a cool place for
two days, followed by further drying in a
Memmert UN 110 drying oven (Memmert,
Germany) at 60°C until the moisture content
reached <12%. Subsequently, the dried plant

material was cut into small pieces, ground into
fine powder, and stored in moisture-proof bags
at room temperature for use in subsequent
experiments.

Extraction was carried out at room
temperature using 70% ethanol, with 200 g of
leaf powder per liter of ethanol. The filtrate
was concentrated in a rotary evaporator RV 10
Digital V-C (IKA, Germany) at 40°C. The
resulting ethanol extract of A. silvestris leaves
(designated as EEAS) weighing 42 g was
stored at 4°C until further use.

Phytochemical screening of ethanol
extract A. silvestris leaves

In the investigation of ethanol extraction
from A. silvestris leaves, botanical analysis
was conducted to ascertain the presence of
primary and secondary metabolites. The
analytical approach adhered to standards
outlined by Nhung et al.,, with minor
adjustments made to ensure accuracy and
relevance [9]. A detailed procedural outline is
depicted in Table 1.

Table 1

Preliminary phytochemical tests for extract of ethanol extract A. silvestris leaves

Phytoconstituents Test

Observation

Tannins

2 ml extract + 2 ml H,O + 2-3 drops FeCl3 (5%)

Green precipitate

Flavonoids 1 ml extract + 1 ml Pb(OACc)4 (10%) Yellow coloration

Terpenoids 2 ml extract + 2 ml (CH3CO),0 + 2-3 drops conc. H,SO, | Deep red coloration

Saponins 5 ml extract + 5ml H,O + heat Froth appears

Steroids 2 ml extract + 2 ml CHClI; + 2 ml H,SO4 (conc.) The reddish-brown ring at the
junction

Cardiac glycosides 2 ml extract + 2 ml CHCl3 + 2 ml CH;COOH Violet to Blue to Green
coloration

Alkaloids

2 ml extract + a few drops of Hager’s reagent

Yellow precipitate

Phenolic compound 2 ml extract + 2 ml FeCls

Bluish-green appearance

Phytochemical  characterization  of
ethanol extract A. silvestris leaves

Determining the total phenolic content:
The total phenolic content was determined
using the Folin-Ciocalteu colorimetric method
as described by Nhung and Quoc with some
modifications [10]. Specifically, 0.3 ml of the
extract was combined with 2.25 ml of Folin-
Ciocalteu phenol reagent. After incubating for
5 minutes, 2.25 ml of 6% sodium carbonate
solution was added to the mixture and left at
room temperature for 90  minutes.
Subsequently, the absorbance of the solution

was measured at 725 nm. A standard curve of
gallic acid was also established in the range of
0-200 pg/ml using a similar procedure. The
results were expressed as milligrams of gallic
acid equivalent (GAE) per gram of extract.
Determining the total flavonoid content:
The total flavonoid content was determined
using the aluminum chloride colorimetric
method as described by Nhung and Quoc with
specific adjustments [10]. Quercetin was used
as the reference standard, and a standard curve
for quercetin was generated in the
concentration range of 0-200 pg/ml. For this
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analysis, 0.5 ml of the extract and 0.5 ml of the
standard solution were placed into separate test
tubes. To each tube, 10% aluminum chloride
(0.1 ml), 1 M potassium acetate (0.1 ml), 80%
methanol (1.5 ml), and distilled water (2.8 ml)
were added and thoroughly mixed. A blank
sample was prepared similarly, replacing 0.5
ml of the extract or standard solution with
distilled water and substituting aluminum
chloride with distilled water. All tubes were
incubated at room temperature for 30 minutes,
then the absorbance was measured at a
wavelength of 415 nm. The concentration of
flavonoids was expressed as milligrams of
quercetin equivalent (QE) per gram of extract.

Experimental animals

Healthy Swiss albino mice, with an
average weight of 29+2 grams and aged 6 to 7
weeks, were procured from the Pasteur
Institute, Ho Chi Minh City, Vietnam. All mice
were housed in glass cages measuring
60x30%30 cm (6 mice/cage) and maintained
under standard laboratory conditions. This
environment included a temperature of
24+2°C, humidity levels between 55-60%, and
a 12-hour light/dark cycle. The cages were
lined with wood shavings treated with
Effective Microorganisms (EM) to eliminate
bacteria and odors and were regularly changed
every 2-3 days. The mice were cared for at the
breeding facility of the Eastern Agriculture and
Food Company, District 12, Ho Chi Minh City.
The acclimatization process lasted for 7 days.
We provided standard rodent food and free
access to water for the mice. Throughout our
research, we rigorously adhered to ethical
principles concerning animal welfare, as
stipulated by the unified ethical standards and
the Helsinki Declaration on animal research
[11].

Acute toxicity testing

This study adhered to the direct
experimental procedure outlined by the
Organisation for Economic Co-operation and
Development (OECD) guidance document
number 425 [12]. A total of 24 mice were
divided into four test groups, each consisting
of six mice. The dosage of extract used to
assess acute toxicity was determined based on
the method of calculation known as "dose per

unit body weight" [13]. The experimental
groups, including EEAS1000, EEAS3000, and
EEAS5000, were administered a single dose of
the corresponding extract at 1000, 3000, and
5000 mg/kg body weight, respectively.
Additionally, the EEAS5000 satellite group
also received a single dose of 5000 mg/kg body
weight extract. Both the normal control group
and the satellite control group received
distilled water throughout the treatment period.
The experimental and control groups were
continuously monitored for 14 days. However,
following this period, the satellite control
group and the EEAS5000 satellite group were
monitored for an additional 28 days. Before
treatment, the body weight of each mouse was
measured to determine the appropriate dosage.
Mice were fasted and deprived of water
overnight before administration of the extract.
Each mouse received a single dose of the
extract via gastric intubation within 24 hours.
Clinical manifestations of toxicity were
monitored and recorded immediately within
the first hour post-administration of the EEAS
dosage, followed by assessments every 2 hours
over 24 hours, and continued daily for the
subsequent 14 days. Clinical toxicity indices
such as mortality rate, general behavior, body
weight, food, and water intake, as well as urine
analysis of the treated mice, were recorded
weekly. During the final observation period,
parameters including hematological indices,
serum biochemical profiles, relative organ
weights, and histopathological analyses of the
organs were also analyzed and evaluated.

Sub-chronic toxicity study

The sub-chronic toxicity study of EEAS
was conducted following OECD 408
guidelines [14]. EEAS at doses of 100, 300,
and 500 mg/kg body weight were selected and
administered orally daily for 90 days to three
different groups of mice, designated as
EEAS100, EEAS300, and EEAS500 groups,
respectively. Throughout the treatment period,
all experimental animals were observed
weekly for any abnormal clinical signs, body
weight changes, food, and water consumption,
as well as urine analysis done in 90 days. The
satellite control group and the EEASS500
satellite group were further monitored for an
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additional 28 days after the end of the
experimental period. After the study, the mice
were euthanized and dissected to analyze and
evaluate hematological parameters, serum
biochemical profiles, relative organ weights,
and organ histopathology.

Clinical observations

In each toxicity testing model, 24 mice
were randomly assigned to 4 groups, with all
mice housed in separate cages. Individual
identification was established by permanent
tail marking using a marker pen [15]. To
achieve  observational  objectivity, all
observations and data recordings were
conducted blindly. Research  personnel
recorded data without knowledge of animal
group assignments.  Following EEAS
administration, each mouse was continuously
monitored for the first hour, then every 2 hours
for 24 hours, and subsequently once daily to
days 14 and 42. All animals were clinically
observed daily for signs of toxicity and
mortality rates. Visual observations on skin
and fur characteristics, eyes, respiratory
patterns, the autonomous nervous system
feature such as salivation, diarrhea, and
urination, central nervous system
characteristics such as tremors, relaxation,
gait, and posture, and any other abnormal
behaviors were conducted once daily [16].

Body weight assessment

The body weight of each mouse was
measured using a Sartorius Entris 224i-1S
electronic balance (Sartorius, Germany)
during the experiment. Mouse body weight
was carefully monitored once before drug
administration, once weekly throughout the
study, and once on the sacrifice day. Weight
gain (WG) was calculated using the formula:

Weight gain (%) =
Final body weight (g) — Initial body weight (g)

sas ] X
Initial body weight (g)

100 [17]
Food and water consumption
Data about food and water intake was
recorded before administration to the mice. All
remaining food and water were collected and

Absolute visceral weight (g)

weighed at the end of each day. Daily food and
water intake were calculated using the
following formula:

Food consumption (g) = Initial food
consumption (g) - Remaining food
consumption (g)

Water intake (ml) = Initial water intake
(ml) - Remaining water intake (ml) [17]

Hematological and biochemical
parameters

Following the experimental period, all
surviving animals were subjected to overnight
fasting, and blood samples were collected via
the retro-orbital sinus method. Blood was
divided into two groups of tubes, with half of
the tubes containing an anticoagulant, ethylene
diamine tetraacetic acid (EDTA), for
hematological analysis, while the remaining
half without anticoagulant was used for
biochemical analysis. Estimates of
hemoglobin (HGB), hematocrit (HCT), total
white blood cell count (WBC), red blood cell
count (RBC), and platelet count (PLT) were
analyzed using an automated hematology
analyzer (Sysmex-RX, 21, Japan). Blood
samples in tubes without anticoagulant were
allowed to clot, and serum was obtained by
centrifugation using an electric centrifuge
machine  (Humax-K, Germany) [18].
Creatinine (CRE) and urea (URE), uric acid
(URA), total protein (TP), glucose (mg/ml),
triglyceride (mg/ml), alkaline phosphatase
(ALP), aspartate aminotransferase (AST), and
alanine aminotransferase (ALT) were analyzed
using an automated clinical chemistry analyzer
(Auto-Lab 18, Italy).

Assessment of relative organ weight

On the final examination day, mice were
euthanized by CO- inhalation and dissected for
macroscopic examination. Organs such as the
heart, liver, and kidneys were carefully excised
from the body and weighed. The specimens
were then fixed in a 10% formalin solution to
achieve histopathological sections. The
relative organ weight (ROW) of each animal
was calculated as follows:

ROW (%) =

Body weight on the day of surgery (g)

x 100 [19]
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Histological assessment

The heart, liver, and Kkidneys were
harvested and fixed in neutral buffered
formalin (NBF) 10%. Following fixation,
tissue sections were rinsed with water and
dehydrated through graded alcohols (70%,
90%, and absolute alcohol) and cleared twice
in xylene. Subsequently, tissues were
embedded in paraffin blocks to form paraffin
blocks. Tissue blocks were sectioned into 4
um-thick ribbons using a microtome. Tissue
sections were mounted on glass slides and
stained routinely with hematoxylin (H) and
eosin (E). Then, the slides were dehydrated in
50%, 70%, 95% alcohol, and absolute alcohol.
Dehydrated sections were cleared in xylene.
DPX and coverslips were applied and fixed on
microscope slides. Observations were made
under a light microscope to detect any
histological changes. Following examination,
photomicrographs of selected tissue sections
were captured at a magnification of X200 using
an integrated digital camera (Evos XL, USA)
[17].

Urinalysis

Before urine collection, each mouse was
individually placed in a sterilized glass cage
for 12 hours to obtain urine samples. Each cage
was equipped with water but no food. Fresh
urine from each mouse in the glass cage was
collected. Urine samples were analyzed and
evaluated for specific gravity, pH, ketone,

protein, glucose, and occult blood (red blood
cells and white blood cells) using dipsticks, a
semi-automated urine analyzer (Meditape UC-
1000, Kobe, Japan), and a microscope [17].

Statistical analysis

The results are presented as mean values
+ standard deviation. Differences between the
treatments were determined using one-way
analysis of variance (ANOVA) followed by
Fisher's LSD test, utilizing Stagraphics
Centurion  XVI  software  (Statpoint
Technologies Inc., Warrenton, Virginia,
USA), with the statistical significance
threshold set at p<0.05.

Results and discussion

Qualitative phytochemical analysis

In the extract of A. sylvestris leaves
(EEAS), qualitative phytochemical screening
revealed the presence of alkaloids, tannins,
saponins, polyphenols, steroids, terpenoids,
and flavonoids, while cardiac glycosides were
absent (Table 2). Quantitative analysis of
phenolic and flavonoid contents in EEAS
yielded results as presented in Table 3.
Specifically, the total phenolic content (TPC)
was determined to be 70.51+2.48 mg GAE/g
DW, whereas the total flavonoid content
(TFC) was found to be 43.37+1.92 mg QE/g
DW. These values provide insightful
information regarding the concentration of
phenolics and flavonoids within EEAS.

Table 2
Qualitative screening of phytochemicals in the ethanol extract of A. sylvestris leaves
Phytochemicals Present in EEAS Phytochemicals Present in EEAS
Alkaloids + Cardiac glycosides
Tannins + Steroids +
Saponins + Terpenoids +
Polyphenols + Flavonoids +

Note: Presence of phytochemicals in EEAS: (+) present and (-) absent

Table 3
Determining the concentrations of flavonoids, and polyphenols in the ethanol extract of A.
sylvestris
Sample Total flavonoid content Total polyphenol content
(mg QE/g) (mg GAE/g)
EEAS 43.37+1.92 70.51+2.48

Ardisia silvestris P. is a member of the
Ardisia genus, belonging to the Myrsinnaceae
family, with a long history of traditional

medicinal use due to the presence of bioactive
compounds. A. silvestris exhibits various
valuable biological activities including
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antibacterial, antifungal, antiviral, anti-
inflammatory, analgesic, antioxidant, anti-
diabetic, anti-osteoporotic, neuroprotective,
hepatoprotective, and notably, highly effective
anticancer properties [20]. To assess the
potential toxicity of A. silvestris, a commonly
used species in traditional medicine, both acute
and sub-chronic toxicity are investigated.
Current research reveals that the ethanol
extract of A. silvestris leaves (EEAS) contains
phytochemical compounds, notably exhibiting
high concentrations of polyphenols and
flavonoids. These findings align with those of
Huynh et al., who utilized petroleum ether,
ethyl acetate, ethanol, and water extracts and
reported elevated TPC and TFC values in A.
silvestris leaves [20]. The presence of
alkaloids, tannins, saponins, polyphenols,
steroids, terpenoids, and flavonoids in the
extract signifies a rich concentration of
phytochemicals with potential therapeutic
benefits. These compounds are associated with
various pharmacological properties such as
antioxidant, anti-inflammatory, antibacterial,
and anticancer activities. The significant levels
of phenolic and flavonoid contents in the
extract indicate its potential efficacy.
Phenolics and flavonoids are renowned for
their antioxidant properties, playing a crucial
role in neutralizing harmful free radicals and
reducing oxidative stress-related damage in the
body. Furthermore, flavonoids are linked to
anti-inflammatory  effects, cardiovascular
protection, and modulation of cellular
signaling pathways involved in disease
progression [21]. Despite the promising
therapeutic potential conferred by the
botanical chemical composition and high
levels of phenolic and flavonoid content in the
extract, careful consideration of dosage and
duration of use is paramount to mitigate
potential adverse effects. Alkaloids, while
often possessing therapeutic properties, can
also exhibit toxic effects at high doses. Some
tannins and  saponins  may  cause
gastrointestinal irritation and other adverse
reactions when consumed excessively.
Steroids, terpenoids, and flavonoids, although
offering potential health benefits, can also
have toxic effects on various organ systems if

consumed in excessive quantities, potentially
causing gastrointestinal  discomfort and
interfering with nutrient absorption in large
amounts. The high concentration of phenolic
and flavonoid contents, while indicative of the
extract's therapeutic potential, also raises
concerns about potential toxicity, especially
with prolonged or excessive consumption.
Specifically, phenolic compounds may induce
cellular toxicity at high doses, while
flavonoids can interfere with certain enzyme
processes and drug metabolism pathways,
leading to adverse reactions [22]. Therefore,
comprehensive toxicity studies of EEAS are
necessary to assess the safety profile of the
extract and ensure its suitability for therapeutic
purposes.

Behavior evaluation

Observation of acute toxicity behavior in
experimental animals following administration
of the extract at concentrations of 1000, 3000,
and 5000 mg/kg b.w revealed elevated
respiration rates within the first hour in the
treated groups, accompanied by increased
body locomotor activity within the initial 2
hours. Sedative effects and drowsiness were
noted across all extract-treated groups during
the first 4 hours. Seizures and tremors were
observed in animals treated with the extract
consistently within the initial 4 hours,
particularly in the 5000 mg/kg b.w dose group,
with itching and tremors persisting up to 24
hours. Occasionally, itching was observed in
the EEAS3000, EEAS5000 group, and satellite
EEASS5000 group during the first week of the
study. No mortality was recorded throughout
the study period. However, signs gradually
diminished after 14 days of observation, with
complete disappearance by day 42 in the
satellite EEAS5000 group.

The toxic effects of drugs on vital organs
of the body are manifested through clinical
signs and symptoms, which are among the
primary observations of various toxicity
indices [23]. In the initial hours following
exposure to the extract, an increase in
respiration rate and heightened body
movements are observed, indicative of mental
stimulation or activation of components within
the nervous system. The effects of EEAS occur
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either directly on portions of the central
nervous system or through mechanisms akin to
receptor  stimulation,  eliciting  neural
responses. The observed soothing and sedative
effects stem from EEAS components capable
of influencing the central nervous system,
diminishing  alertness, and  promoting
drowsiness. Convulsions and tremors in mice
signify nervous system stimulation or aberrant
neuronal activity. EEAS components impact
the electrical activity of nerve cells, resulting
in seizures and tremors. Sensations of itchiness
and stinging denote the body's reaction to
components within the extract [24]. Following
initial exposure to the toxic extract, the animal
body processes the toxin through metabolic
pathways, urinary excretion, and other
mechanisms. As the toxic load diminishes
within the body, clinical symptoms gradually
abate. Subsequently, there may be a phase
where the toxic extract accumulates within the
organism, precipitating symptomatic
manifestations. However, by the 42" day, the
body has effectively eliminated the toxin,
resulting in a gradual resolution of clinical
manifestations. Of particular note is the
adaptive capacity of the animal body to endure

the presence of toxins over some time. Once
adaptation occurs, symptomatic
manifestations also diminish as the body's
inherent  defense  mechanisms  stabilize
endocrine and nervous system function. The
detoxification process may extend over some
time and does not occur immediately. By day
14, a substantial portion or the majority of the
toxin may have been eliminated, with
complete eradication achieved by day 42 [23].

Body weight changes

Throughout the study period, both
control and ethanol extract of A. sylvestris
leaves (EEAS) treated groups exhibited a
gradual increase in body weight in both acute
and sub-chronic toxicity experiments, as
depicted in Table 4 (p<0.05). The variation in
body weight gain (p<0.05) between EEAS-
treated mice and the control group was
observed consistently during the study phase
(Fig. 1). Upon concluding acute and sub-
chronic toxicity assessment, the body weight
and weight gain of mice in satellite groups
(Satellite  EEAS5000 group and Satellite
EEAS500 group) showed no significant
difference (p>0.05) compared to the satellite
control groups (Table 4, Fig. 1).

Table 4
Effects on body weight indices in mice of extract and vehicle-treated groups
Acute toxicity test
. Satellite
Days/ Control EEAS1000 EEAS3000 EEAS5000 Satellite EEAS5000
groups group group group group control group group
“0” 31.36 £ 0.19% | 31.48+0.22% | 30.99+0.14% | 30.91+0.16% | 31.24+0.23* | 31.18+0.20"
7 days 34.49+0.269 | 33.05+0.16° | 32.23+0.36" | 31.84+0.29% | 34.36£0.318 | 32.12+0.38*
14 days 37.63+£051% | 3453 +0.33° | 33.47+0.48° | 32.76+0.38% | 37.48+£0.64% | 33.05+0.49”
42 days 39.05+0.59% | 38.98+0.61*
Sub-chronic toxicity test
Days/ Control EEAS100 EEAS300 EEAS500 Satellite Satellite
groups group group group group control group | EEAS500 group
“0” 28.77+0.21% | 29.16+0.28% | 29.22+0.312 29.97+£0.28% | 28.22+0.39% | 28.29+0.19*
30 days 32.79+ 0.28° | 32.53+£0.26" | 31.47+0.25° 31.19+0.31* | 30.55+0.32" | 30.59+0.38"
60 days 36.54+0.58° | 35.76 £ 0.51° | 34.82 + 0.48?2 34.25+£0.46% | 34.71 £ 0.46° 33.72 +£ 0.434
90 days 40.57 £ 0.82° | 38.49+0.71° | 37.64+£0.71®® | 37.36+0.69* | 39.22+0.83" 36.67 = 0.64"
118 days 43.05+£0.93~ | 4298091~

Note: Values are expressed as Mean+SD. The letters (a, b, ¢, and d) represent the difference between the control group
vs the EEAS1000-5000 groups (acute toxicity test); and between the control group vs the EEAS100-500 groups (sub-
chronic toxicity test) (p<0.05). The letters (A and B) represent the difference between the satellite control group vs satellite
EEAS5000 (acute toxicity test); and between the satellite control group vs the satellite EEAS500 (sub-chronic toxicity

test) (p<0.05).
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Fig. 1. Influence of extract treatment and vehicle on weight gain in mice.
Figure A: Acute toxicity test, Figure B: Sub-chronic toxicity test

In toxicity experiments, changes in body
weight serve as an indicator of potential
adverse effects of the administered extract.
Body weight alterations signify nutritional
status changes and the overall health of the
animals, serving as markers for the influence
of external factors such as stress, toxins, or
environmental conditions. Variations in
animal body weight serve as early
manifestations of the toxic effects of the
administered extract. Decreases in weight may
indicate compromised health, nutritional
disorders, bodily injury, or intricate and
sensitive signs following exposure to the
extract. Conversely, weight gain suggests
enhanced nutrient absorption or increased
cellular tissue production, while also signaling
allergic reactions or metabolic stress [25]. In

the current study, both the group treated with
ethanol extract from A. sylvestris leaves
(EEAS) and the control group exhibited a
gradual increase in average body weight within
normal ranges. The weight gain between the
control group and the EEAS-treated group at
doses up to 5000 mg/kg b.w and 500 mg/kg
b.w did not show significant differences,
particularly in the satellite groups. These
results indicate that both the EEAS-treated
group and the control group demonstrated a
normal trend of increasing average body
weight. EEAS did not induce significant
alterations in body weight compared to the
control group under the established study
conditions. EEAS may not exert significant
harmful effects on the body weight of
experimental animals.
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Food and water intake

During

the

experiment,

weekly

recordings of food and water consumption
were conducted. The
significant reduction in food and water intake
at doses of 3000 and 5000 mg/kg body weight
(in acute toxicity testing) and 300 and 500
mg/kg body weight (in sub-chronic toxicity

results

revealed a

Satellite control

(p<0.05) (Tables 5 and 6) on days 7 and 14.
However, no significant differences in food
and water intake were noted between the
group and the Satellite
EEAS5000 and Satellite EEAS500 test groups
on days 42 (in acute toxicity testing) and day
118 (in sub-chronic toxicity testing) (p>0.05)
(Tables 5 and 6).

testing) compared to the control group
Table 5
Influence of extract treatment and vehicle on food consumption in mice
Acute toxicity test
D . Satellite
ays/ Control EEAS1000 EEAS3000 EEAS5000 Satellite EEAS5000
groups group group group group control group aroup
“0” 5.98 +0.16% 6.05+0.152 597+0.15% | 5.99+0.152 6.02+0.114 6.01 + 0.094
7 days 6.04 +0.14° 5.87+£0.19% | 579+0.19% | 5.75+0.163 5.99 + 0.068 5.77 £ 0.06"
14 days 6.01 £0.11° 5.81+£0.18° 5.74+£0.14% | 5.69 £0.16° 6.04 +0.078 5.72 +£0.03A
42 days 6.01 +0.03A 5.99 &+ 0.03A
Sub-chronic toxicity test
Days/ Control EEAS100 EEAS300 EEAS500 Satellite Satellite
groups group group group group control group | EEAS500 group
“0” 6.27+0.212 6.29+0.18? 6.21 £0.24% | 6.28+0.21° 6.29 +0.14A 6.27+0.224
30 days 6.31+£0.22¢ |594+019° |546+025° | 5.05+£024* | 6.27+0.198 5.14+0.21A
60 days 6.29 + 0.21¢ 5.71+0.27°¢ 5.23+0.26° | 4.84+0.222 6.31+0.268 4.97+0.18"
90 days 6.28 + 0.24¢ 5.48 +£0.19° 5.01+£0.21° | 4.62+0.262 6.28 +0.238 4.71+0.194
118 days 6.32+0.07% 6.31 + 0.09”

663

Note: Values are expressed as Mean+SD. The letters (a, b, ¢, and d) represent the difference between the control group
vs the EEAS1000-5000 groups (acute toxicity test); and between the control group vs the EEAS100-500 groups (sub-
chronic toxicity test) (p<0.05). The letters (A and B) represent the difference between the satellite control group vs the
satellite EEAS5000 (acute toxicity test); and between the satellite control group vs the satellite EEAS500 (sub-chronic
toxicity test) (p<0.05).

Table 6
Influence of extract treatment and vehicle on water consumption in mice
Acute toxicity test
. Satellite
Days/ Control EEAS1000 EEAS3000 EEAS5000 Satellite EEAS5000
groups group group group group control group group
“0” 7.82+0.272 7.84 £0.242 7.85+0.272 7.83+£0.272 7.85+0.154 7.84 +0.147
7 days 7.85 +0.26° 7.34+0.16° 7.11 +0.15% 6.88+£0.19% | 7.83+0.198 6.91+0.13~
14 days 7.83 +£0.27° 6.73 £ 0.25° 6.49 £ 0.27%® 6.25+0.25¢% 7.82 +0.228 6.29+0.18”
42 days 7.84 +0.07° 7.83 + 0.047
Sub-chronic toxicity test
Days/ Control EEAS100 EEAS300 EEAS500 Satellite Satellite
groups group group group group control group | EEAS500 group
“0” 8.07 £0.142 8.08+0.192 8.06 +0.212 8.07 +£0.25°% 8.05+0.194 8.06 + 0.24A
30 days 8.09+0.21° 7.55+0.19° 7.34+0.13% 7.13 +£0.162 8.08 +0.158 7.17 £ 0254
60 days 8.06 +0.25° 6.94 +0.25° 6.24+021%® 6.48 +0.23°2 8.06 + 0.24B 6.53 +0.247
90 days 8.08+0.27° 6.42 +0.26° 6.21+0.16° 498 +0.15° 8.04+0.218 5.01 £0.19A
118 days 8.09 + 0.09 8.08 + 0.08

Note: Values are expressed as Mean+SD. The letters (a, b, and c) represent the difference between the control group vs
the EEAS1000-5000 groups (acute toxicity test); and between the control group vs the EEAS100-500 groups (sub-chronic
toxicity test) (p<0.05). The letters (A and B) represent the difference between the satellite control group vs the satellite
EEAS5000 (acute toxicity test); and between the satellite control group vs the satellite EEAS500 (sub-chronic toxicity

test) (p<0.05).
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Food and water intake play crucial roles
as fundamental indicators of health and overall
physiological status in an organism. Changes
in consumption patterns may reflect alterations
in physiological status, such as decreased
appetite, and digestive or metabolic disorders,
resulting from exposure to toxic substances
[26]. Reductions in food and water intake
following exposure to a potentially toxic
substance can indicate adverse effects on the
organism, including impacts on the digestive
system, liver, Kkidneys, or central nervous
system, among others. Changes in food and
water intake serve as endpoints for toxicity
assessment, providing vital information for
evaluating the overall impact of the extracted
substance and its safety profile. Monitoring
food and water consumption over time allows
for the assessment of dynamic changes in
toxicity responses. Recovery or adaptation
models following cessation of exposure
provide insightful information on the
reversibility of harmful effects and the
organism's recovery capabilities [27]. The
impact of EEAS on food and water
consumption reflects the biological effects of
this extract on the body. The reduced intake of
food and water in the high-dose EEAS groups
suggests that EEAS may affect or decrease the
absorption of food, water, or nutrients in the
body. This outcome may be due to the negative
effects of EEAS on the digestive or endocrine
systems, influencing metabolism and energy
expenditure, or changes in taste perception and
appetite. Changes in food and water
consumption provide valuable information
about the biological effects of EEAS on the
body, aiding in understanding its potential to
address health and environmental issues.
However, no significant differences in food
and water consumption were observed
between the Satellite control group and the
Satellite EEAS5000 and Satellite EEAS500
test groups on day 42 (in acute toxicity testing)
and day 118 (in sub-chronic toxicity testing),
indicating that the effects of EEAS on food and
water consumption may be temporary and
reversible after discontinuation of its use. This
provides important insights into the

independence and recovery capabilities of the
body after exposure to EEAS.

Hematological and
analysis

The effects of administering the ethanol
extract of A. sylvestris leaves (EEAS) orally on
hematological parameters are summarized in
Table 7. In acute and sub-chronic toxicity
experiments, we observed a significant decrease
in the EEAS-treated groups (p<0.05) compared
to the control in terms of red blood cell count
(RBC), hemoglobin concentration (HGB), and
hematocrit levels (HCT). Additionally, white
blood cell count (WBC) and platelet count (PLT)
significantly increased (p<0.05) during the 14-
day (acute toxicity) and 90-day (sub-chronic
toxicity) experimental periods. Table 8 illustrates
the fluctuation of biochemical parameters in
mice treated with EEAS compared to the control
group. The results showed a significant decrease
(p<0.05) in the levels of total protein (TP),
glucose (GLU), and triglycerides (TRI) in the
EEAS-treated groups at various doses compared
to the control group. Meanwhile, the
concentrations of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), uric acid (URA), blood urea
nitrogen (BUN), and creatinine (CRE)
significantly increased (p<0.05) compared to the
control group throughout the 14 and 90-day
periods. These current findings indicate that oral
administration of EEAS may impact
hematological and biochemical parameters when
exposed to it. However, in the satellite groups, no
significant changes (p>0.05) in hematological
and biochemical parameters were observed after
42 and 118 days of follow-up (Tables 7 and 8).
Specifically, after 42 days of follow-up in the
acute toxicity model and after 118 days of
follow-up in the sub-chronic toxicity model (i.e.,
28 days after discontinuation of EEAS), there
were no significant differences (p>0.05) in
hematological and biochemical levels between
the EEAS5000 and EEAS500 satellite groups
compared to the control satellite group. These
results indicate that the effects of EEAS on
hematological and biochemical parameters are
temporary and reversible after discontinuation
of the extract.

biochemistry
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Table 7
Impact of extract processing and administration on hematological parameters in mice
Acute toxicity test
Control EEAS1000 | EEAS3000 | EEAS5000 Satellite Satellite
Parameters EEAS5000
group group group group control group group
6
Se'?l(;/mn%lo 825+0319 | 7.86+028° | 751+025° | 7.17+026° | 827+013° | 825+0.11A
HGB (g/dL) | 13.71+0.35¢ | 13.06 +0.34° | 12.46+0.31° | 11.93+0.32% | 13.72+0.16A | 13.69 +0.13A
HCT (%) 0.44+0.04° | 0.41+0.06® | 0.39+0.04% | 0.37+0.05* | 046=0.02" | 0.47+0.03"
3
Zgﬁscfmn%w 361+004° | 3.79+006° | 3.97+005° | 415+003° | 362+002° | 3.63+0.03"
PLT (x103| 65272+ 685.37 + 717.99 + 750.63 + 660.75 + 661.23 +
cells/mmd) 29.29° 32.48% 36.57™ 37.86° 15.17A 10.65”
Sub-chronic toxicity test
Control EEASI00 | EEAS300 | EEAS500 satellite Satellite
Parameters EEAS500
group group group group control group group
6
fe?l(sjlmngﬁ)lo 8.08+023 | 7.69+027° | 7.35+0.18" | 7.03+0.15% | 8.15+0.07" | 8.17+0.09”
HGB (g/dL) [ 13.06+£0.199 | 12.44+0.24° | 11.87+0.27° | 11.36+£0.23% | 13.15+0.14* | 13.14£0.11A
HCT (%) 0.38+0.04° | 0.35+£0.06™ | 0.32+£0.03® | 0.29+0.05* | 0.39+0.02* | 0.38+0.03*
3
Xgﬁs(/:m n(];)lo 3.41+0.08 | 3.48+0.07° | 3.75+£0.06° | 3.92+£0.07° | 3.38+0.03 | 3.39+0.04"
PLT (x10°| 670.11= 703.61 + 737.09 + 770.61 + 676.85 £ 674.83 +
cells/mm3) 28.242 31.38% 35.56™ 36.48° 15.647 12.717

Note: Values are expressed as Mean£SD. The letters (a, b, ¢, and d) represent the difference between the control group
vs the EEAS1000-5000 groups (acute toxicity test); and between the control group vs the EEAS100-500 groups (sub-
chronic toxicity test) (p<0.05). The letters (A and B) represent the difference between the satellite control group vs the
satellite EEAS5000 (acute toxicity test); and between the satellite control group vs the satellite EEAS500 (sub-chronic
toxicity test) (p<0.05). Red blood cells (RBC), Hemoglobin (HGB), Hematocrit (HCT), White blood cells (WBC), and

Platelet (PLT).

Beginning of Table 8
Impact of extract processing and administration on biochemistry parameters in mice

Acute toxicity test

. Satellite
barameters | COntrol | EEASI000 | EEAS3000 | EEAS5000 satellite | ppseos
group group group group control group group
PT (g/dL) 454+009° | 432+008° |413+007° |3.95+006° | 450+008" | 4.61+0.077
GLU(mg/dL) | 548012 | 522+0.11° | 498+014° | 477+013 | 552-004* | 5.55=0.04~
TRI (mg/dL) 118.99 + 11332+ . | 117.94= 11801 +
ot oo | 108174753 | 103.47 =881 103 10 o5
ASTIUID) | g9.26+ 137 | 03722717 | 98.19+261° | 10265+3.14° | 90931044 | 100
ALT(UL) | 582641350 | 61171410 | 64.00+148° | 6699+1520 | 50.08+1204 [ o0
ALP (UIL) 119.94 = 12594 + - T 12007 121.05 +
P e 131.93 £ 3.25° | 137.93+3.35 o L on
URA (mg/dL) | 15 66 + 0502 103'52%? 13.93+ 043" | 1456+0.68° | 12.92+ 1.49° 1?'%;:
CRE (mg/dl) | 0.38=011° | 039+011° | 042£009 | 042=0.11° | 0.38£002" | 0.39001A
BUN (mg/dL) | 15 55 4 1162 112'§§af 13.44+1.41% | 1405+150° | 11.95+0.31A 1322,3:
Sub-chronic toxicity test
PT (g/dL) 493 +0.11° | 4.69+0.04° | 448+0.09° | 429+0.07 | 5.03+0.03" [ 5.01=0.06°
GLU (mg/dL) | 6.13=0.13° | 5.84%0.14° | 5.57=0.11° | 53320.11° | 6.16£0.07% | 6.13 = 0.04"
TRI (mg/dL) 133.84 = 127.48 + 121.68 + T 13597+ 136.02+
13.64¢ 10.34% 11500 | 116.39£9.02 8.61° 8.72%
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End of Table 8
Impact of extract processing and administration on biochemistry parameters in mice

s | o | cpoom | cepson | cepsomn | owome [ S0
Acute toxicity test SR

AST (UlL) 97.50+383 | 020 | 1122345320 | 9796+ 1oan | PO
ALT (UL) 67294246 | DO | 740243437 | 77364359 | 67.97 1348 | OVDLE
ALP (UIL) 13;5;* 133%815bi 145.47 £3.79° | 152.08 + 4.26¢ 1324.‘6%% 1313l'797§i
URA(mg/dL) | 1} 74 4 ¢ 582 15'731333[ 12.91+0.82% | 13.51+0.76° | 12.02+1.92A 1112;,3:
CRE (mg/dl) | 029=007° | 031£006° | 0322009 | 033£0.10° | 032£001~A | 033=0.01A
BUN. (/L) | 1} 9941378 | 125941498 | 13.1£1.63 | 1378+ 1812 | 11.97%0.24A 13';)3,3:

Note: Values are expressed as Mean+SD. The letters (a, b, ¢, and d) represent the difference between the control group vs the
EEAS1000-5000 groups (acute toxicity test); and between the control group vs the EEAS100-500 groups (sub-chronic toxicity
test) (p<0.05). The letters (A and B) represent the difference between the satellite control group vs the satellite EEAS5000 (acute
toxicity test); and between the satellite control group vs the satellite EEAS500 (sub-chronic toxicity test) (p<0.05). Total protein
(PT), Glucose (GLU), Triglyceride (TRI), Aspartate aminotransferase (AST), Alanine aminotransferase (ALT), Alkaline

phosphatase (ALP), Uric acid (URA), Blood urea nitrogen (BUN), Creatinine (CRE).

Nutrients and foreign substances are
primarily transported throughout the body via
the bloodstream. Therefore, blood components
such as RBCs, WBCs, PLTs, HCT, and HGB
are often exposed to toxic substances. The
results regarding the hematological parameters
of the groups treated with EEAS in this study
show a significant decrease in RBC, HGB, and
HCT compared to the control group. This
could be explained by the effects of active
components in the extract on the production
and maintenance processes of red blood cells
in the body. The components in the extract may
influence the production of red blood cells in
the bone marrow or increase the destruction of
red blood cells in the immune cell system,
while also affecting the flexibility of the red
blood cell membrane, leading to increased
destruction and decreased lifespan of red blood
cells, thereby reducing the number of RBCs.
The decrease in RBC count also leads to a
decrease in hemoglobin concentration and
hematocrit level in the bloodstream.
Additionally, the WBC and PLT counts
increased significantly compared to the control
group after using the extract. This increase is
due to the body's immune response to the
components in the extract. Upon exposure to
the extract, the immune system stimulates the
production and release of white blood cells and
platelets from specific cell sources such as the

bone marrow and spleen, under the regulation
of hormones and growth factors, thereby
increasing the number of WBCs and PLTs to
protect the body against harmful agents [28].
Biochemical parameters are fundamental
diagnostic criteria in clinical practice. They
indicate adverse effects caused by substances.
Biochemical analyses are used to identify,
detect, and describe the harmful effects caused
by toxic compounds. These analyses are also
crucial for assessing specific target organs
affected by toxic compounds and provide
valuable information to understand them. The
values of URA, URE, and CRE are parameters
used to assess kidney damage. Liver function
can be evaluated by the levels of markers,
including PT, GLU, TRI, ALT, AST, and
ALP. The liver and kidneys, involved in
xenobiotic elimination, are sensitive organs
that can be altered by substances, including
plants and drugs. After using EEAS, the levels
of PT, GLU, and TRI significantly decreased
compared to the control group, indicating the
impact of active components in the extract on
metabolic processes and nutrient storage in the
body. The components in the extract affect
protein synthesis, reduce glucose absorption
from the intestine, and inhibit triglyceride
synthesis and storage in the body. Moreover,
they also inhibit the activity of enzymes
involved in protein, glucose, and lipid
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metabolism and affect the transformation of fat
cells and their regulatory mechanisms [25].
Furthermore, the components in EEAS
stimulate the growth of liver cells and
intestinal mucosal cells, leading to the release
of liver and intestinal enzymes. Additionally,
EEAS also promotes the development of
kidney cells, reducing renal filtration function
and increasing the production of catabolites.
As a result, the increased production and
release of these enzymes into the bloodstream
disrupt the body's water and electrolyte
balance, leading to significant increases in
AST, ALT, URE, CRE, and URA levels in the
blood of mice after EEAS administration
compared to the control group [28]. However,
after 42 days of observation in the acute
toxicity model and 118 days in the sub-chronic
toxicity model (equivalent to 28 days after
discontinuation of EEAS), there were no

hematological and biochemical parameters
between the EEAS5000 and EEAS500 satellite
groups compared to the control satellite group.
Therefore, the impact of EEAS on
hematological and biochemical indices
appears to be temporary and reversible after
discontinuation of the extract.

Relative organ weight

After the experimental phase, the
relative organ weights (ROW) of the mouse's
vital organs (heart, liver, and kidneys) were
assessed, with results depicted in Fig. 2.
Overall, in both the acute toxicity model
(Fig. 2A) and the sub-chronic toxicity model
(Fig. 2B), the ROW of the mouse's heart,
kidneys, and liver in groups treated with
different doses of EEAS all showed significant
statistical increases compared to the control
group (p<0.05) after 14 and 90 days of
observation.

significant  differences (p>0.05) in

184 A O Control group
—_ c
& 16 1 a b § HEEAS1000 group
g 14 - =i _ ]
o i REEAS3000 group
g 12 A
o MEEAS5000 group
2 10
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= ]
o]
&l ; .
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E R
E 47
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=4 2 ]
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ilnE\|

0
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Note: Results are expressed as Mean+SD. The letters (a, b, ¢, and d) represent the difference between the control group
vs the EEAS1000-5000 groups (acute toxicity test); and between the control group vs the EEAS100-500 groups (sub-
chronic toxicity test) (p<0.05). The letters (A and B) represent the difference between the satellite control group vs satellite
EEAS5000 (acute toxicity test); and between the satellite control group vs the satellite EEAS500 (sub-chronic toxicity

test) (p<0.05).

Fig. 2. Influence of extract treatment and vehicle on relative organ weight in mice. Figure A: Acute
toxicity test, Figure B: Sub-chronic toxicity test.
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Continued monitoring for an additional
28 days (without extract usage) showed that
the ROW of the heart, kidneys, and liver in the
EEAS5000 and EEAS500 satellite groups
were nearly equivalent to the control satellite
group (p>0.05).

In toxicity experiments, the relative
organ weight (ROW) of the heart, liver, and
kidneys is commonly used to assess the impact
of toxic substances on the body. Changes in
organ weight can reflect alterations in the
structure and function of these organs
following exposure to toxins, while also
providing valuable insights into the extent of
organ damage and recovery after cessation of
exposure to the toxic substance. In the current
study, the increase in relative organ weight
(ROW) of the heart, liver, and kidneys
following the use of the extract reflects the
body's response to the extract or its active
components. The body typically employs
reactive mechanisms to adapt to the impact of
new substances, including increasing the size
and activity of vital organs such as the heart,
liver, and kidneys. The significant increase in
liver ROW indicates enhanced hepatocyte
proliferation or increased cellular organization
to aid in the elimination of toxins or boost the
production of liver enzymes to process them.
The increase in kidney ROW after EEAS use
signifies the body's response to enhance the
filtration and elimination of harmful
substances. The heart, responsible for pumping
blood to nourish the body, exhibits an
increased ROW as a response to the increased
demand for oxygen supply to the body to deal
with toxic substances [29]. Hence, the use of
EEAS induces significant changes in the size
of vital organs such as the heart, liver, and
kidneys. These results demonstrate the body's
response to the extract or its active
components. However, over time, these
changes appear to be transient and may
potentially reverse upon discontinuation of the
extract. This suggests that the effects of the
extract on the body may not be long-lasting or
deeply impactful on the structure and function
of these organs in the long term.

Macroscopic and histopathological
structure of organs

Observations of the macroscopic
structure of the heart, liver, and kidneys of
mice in the experimental groups at doses of
5000 mg/kg b.w and 500 mg/kg b.w (Fig. 3Ab,
e, h and Fig. 3Bb, e, h, respectively) revealed
that these organs appeared dark red, the heart
was slightly enlarged, with a non-smooth
surface and poor elasticity. However, the
macroscopic structure of the heart, liver, and
kidneys of mice in the EEAS5000 and
EEASS500 satellite groups (Fig. 3Ac, f, i and
3Bc, f, i, respectively) showed significant
improvement. The organs exhibited uniform
dark red coloration, smooth surfaces, soft
texture, and resilience upon palpation, without
protrusions or hemorrhage. The macroscopic
structure of the heart, liver, and kidneys in the
EEAS5000 and EEAS500 satellite groups
closely resembled that of the control groups
(Fig. 3Aa, d, g and Fig. 3Ba, d, g, respectively).
The results indicate that the administration of
EEAS at doses of 5000 mg/kg b.w and 500
mg/kg b.w resulted in visible improvements in
the macroscopic structure of the heart, liver,
and kidneys compared to the control group.
These improvements include uniform dark red
coloration, smooth surfaces, soft texture,
resilience upon palpation, and absence of
protrusions or hemorrhage, which are
indicative of healthier organ morphology.
Therefore, it suggests that EEAS treatment
may have a positive effect on the structural
integrity and function of these organs.

In the histopathological examination of
the mouse heart treated with EEAS at doses of
5000 mg/kg b.w and 500 mg/kg b.w (Fig. 4Ab
and Fig. 4Bb, respectively), alterations in the
nucleus and myocardium were observed, along
with the presence of lymphocyte infiltration.
Similarly, the hepatic tissue structure exhibited
changes (Fig. 4Ae and Fig. 4Be, respectively),
characterized by disrupted cell arrangement,
dilation of portal veins and central veins, and
increased lymphocytic infiltration within the
hepatic sinusoids. Likewise, renal tissue
morphology was also affected (Fig. 4Ah and
Fig. 4Bh, respectively), with distorted
glomeruli and Bowman’s capsules, as well as
infiltration of lymphocytes into Bowman’s
capsules and renal tubules.
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Fig. 3. Influence on macroscopic structures of mouse organs by treatment with extracts and vehicle.
Fig. A: Acute toxicity test, Fig. B: Sub-chronic toxicity test.
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Note: Magnification 200x (hematoxylin-eosin stain). N: nucleus, M: myocardium, GLO: glomerulus, BC: Bowman’s
capsule, HE: Hepatocytes, KC: Kupffer cells, L: Lymphocytes.

Fig 4. Influence on histopathological of mouse organs by treatment with extracts and vehicle. Fig.

A: Acute toxicity test, Fig. B: Sub-chronic toxicity test
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The results indicate histopathological
alterations in the heart, liver, and Kkidney
tissues of mice treated with EEAS. These
alterations  include changes in  cell
morphology, such as lymphocyte infiltration,
disruption of cell arrangement, and distortion
of anatomical structures like glomeruli and
Bowman’s capsules. These findings suggest
potential adverse effects of EEAS on the
cellular integrity and structural organization of
vital organs. However, the tissue structure of
the heart, liver, and kidneys in the EEAS5000
and EEAS500 satellite groups returned to near-
normal levels, comparable to the control
group. The presence of hepatic cells, hepatic
sinuses, portal triads, and central veins
(Fig. 4Ae and 5Be, respectively) appeared
normal compared to the control (Fig. 4Ad and
4Bd). In the renal histopathological study, the
structure of the renal corpuscles, renal tubules,
and Bowman’s capsules in the EEAS5000 and
EEASS500 satellite groups (Fig. 4Ai and 4Bi)
did not differ from the control group (Fig. 4Ag
and 4Bg).

The myocardial tissue in the EEAS5000
and EEAS500 satellite groups (Fig. 4Ac and
4Bc) also exhibited intact structures with
nuclei and myocardium, comparable to the
myocardial tissue structure of the control
group (Fig. 4Aa and 4Ba). Importantly, there
was no longer evidence of lymphocyte
infiltration in the tissues of these organs. The
results indicate that following the use of the
extract, the tissue structure of the heart, liver,
and kidneys has largely returned to a normal
state, comparable to that of the control group.
This suggests that the extract may not induce
significant alterations in the tissue structure of
these organs and may not exert significant
adverse effects on them.

Urinalysis

In the present study, Table 9 illustrates
the changes in urinary parameters observed in
mice treated with different doses of EEAS
compared to the control group (p<0.05).
Protein, glucose, and occult blood (red and
white blood cells) were not detected in the
urine of the experimental animals. However,
specific gravity, pH, and ketone levels in the
urine of mice treated with EEAS differed
significantly from the control group (p<0.05)

on days 14 and 90 of the two corresponding
toxicity models. Nevertheless, in the
EEAS5000 and EEAS500 satellite groups
(groups monitored for an additional 28 days
after drug administration), there was a
significant decrease in specific gravity, pH,
and ketone levels in the urine, with results
nearly equivalent to the control satellite group
(p>0.05).

Long-term exposure to xenobiotics can
have detrimental effects on various systems
and organs in the body, including the nervous,
endocrine, cardiovascular, and
musculoskeletal systems, as well as organs
such as the lungs, liver, and Kkidneys.
Consequently, the liver and kidneys serve as
the primary detoxification organs in the body.
The process of xenobiotic detoxification in the
body is intricate, with toxins being
metabolized and eliminated through processes
such as hydrolysis, oxidation-reduction, and
detoxification, ultimately excreted via urine
[30]. In the current study, significant increases
in urinary specific gravity, pH, and ketone
levels were observed in mice following the
administration of the extract compared to the
control group. Specific gravity serves as a
measure of urine concentration, and the
elevation may indicate dehydration or the
presence of solutes increasing urine density,
such as dissolved substances from the extract.
The rise in pH is indicative of metabolic
changes induced by the extract or its
components. Additionally, the increased
ketone concentration suggests enhanced fat
metabolism or ketosis, possibly due to the
metabolic influence of the extract on the body.
These alterations collectively reflect changes
in urinary composition and metabolic
processes following extract administration
[25]. In the satellite groups, the urinary-
specific gravity, pH, and ketone concentrations
have returned to baseline levels. This
normalization could be attributed to the
cessation of extract administration, allowing
the body to restore normal metabolic processes
and urinary parameters. The restoration of
these urinary parameters indicates that any
effects induced by the extract on urine
composition and metabolism may be
reversible upon discontinuation of use.
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Table 9

Effects of extract processing and administration on urinary parameters in mice

Acute toxicity test
Control EEASI000 | EEAS3000 | EEAS5000 Satellite Satellite
Parameters EEAS5000
group group group group control group aroup
Specific 1.018 + 1.069 + ; 1171+ L 1017+
gravity 0.002° 0.002" 1.119:+0.001 0.002¢ | 1019+0001 0.001A
pH 6.98+001° | 7.33+0.02° | 7.68+004° | 7.99+0029 | 7.04+0.03" | 7.07+0.02"
'(T;’;‘;QE) 0.79+0.03% | 0.83+0.04% | 0.89+0.06™ | 091+006° | 0.82+0.04~ | 0.81+0.02~
Glucose
(mo/dL) NIL NIL NIL NIL NIL NIL
Protein
(ma/dL) NIL NIL NIL NIL NIL NIL
Erythrocytes
o) NIL NIL NIL NIL NIL NIL
Leukocytes
allsul) NIL NIL NIL NIL NIL NIL
Sub-chronic toxicity test
Control EEAS100 EEAS300 EEAS500 Satellite Satellite
Parameters EEAS500
group group group group control group group
Specific 1.021 = 1.072 = . 1174+ R 1.018 =
gravity 0.001° 0.0020 | 11230003 0.003¢ | 10190001 0.001A
pH 7.02+0.04% | 7.37+0.02° 7.72 + 0.05¢ 7.98+0.069 | 7.08+0.03* | 7.05+0.03
ﬁ;‘l’gﬁ) 0.77+0.03% | 0.81+0.03° | 0.85+0.02¢ | 0.89+0.02¢ | 0.81+0.03* | 0.79+0.04A
Glucose
(m/dL) NIL NIL NIL NIL NIL NIL
Protein
(m/dL) NIL NIL NIL NIL NIL NIL
Erythrocytes
oLy NIL NIL NIL NIL NIL NIL
Leukocytes
Callsul) NIL NIL NIL NIL NIL NIL

Note: Values are expressed as Mean+SD. The letters (a, b, ¢, and d) represent the difference between the control group
vs the EEAS1000-5000 groups (acute toxicity test); and between the control group vs the EEAS100-500 groups (sub-
chronic toxicity test) (p<0.05). The letters (A and B) represent the difference between the satellite control group vs the
satellite EEAS5000 (acute toxicity test); and between the satellite control group vs the satellite EEAS500 (sub-chronic
toxicity test) (p<0.05).

Conclusion. The study investigated the
acute and sub-chronic toxicity of the ethanol
extract of A. sylvestris leaves in vivo. The
findings revealed acute toxicity symptoms,
including elevated respiration rates, sedative
effects, and seizures, which gradually
diminished over time. Additionally, the extract
affected body weight gain, food and water
intake, hematological and biochemical
parameters, relative  organ  weights,
macroscopic and histopathological changes,
and urinary parameters. However, these effects

were temporary and reversible after
discontinuation of the extract, suggesting
potential safety concerns but also indicating
the possibility of manageable toxicity levels
with proper monitoring and management.

Financial support
No financial support has been provided for this
work.

Conflict of interests
The authors have no conflict of interest to
declare.



Opueuﬂaﬂbﬂaﬂ cmamovi
Original article

HayuHble pesysibmambl 6uomeduyuHckux uccaedoganutl. 2025:11(4):654-674

Research Results in Biomedicine. 2025:11(4):654-674 673

References

1. Saggar S, Mir PA, Kumar N, et al.
Traditional and herbal medicines: Opportunities
and challenges. Pharmacognosy Research.
2022;14(2):107-114. DOI:
https://doi.org/10.5530/pres.14.2.15

2. Nouioura G, Tourabi M, Tahraoui A, et
al. Assessment of the acute and subacute toxicity
of the aqueous extract of Moroccan Ferula
communis fruit in a mouse model. Saudi
Pharmaceutical Journal. 2023;31(8):101701. DOI:
https://doi.org/10.1016/j.jsps.2023.101701

3. LiY, Zhuang Y, Tian W, et al. In vivo
acute and subacute toxicities of phenolic extract
from rambutan (Nephelium lappaceum) peels by
oral administration. Food Chemistry.
2020;320:126618. DOI:
https://doi.org/10.1016/j.foodchem.2020.126618

4. Benrahou K, Mrabti HN, Assaggaf
HM, et al. Acute and subacute toxicity studies of
Erodium guttatum extracts by oral administration
in rodents. Toxins. 2022;14(11):735. DOI:
https://doi.org/10.3390/toxins14110735

5. Liu B, Liu R, Liu Q, et al. The
ethnomedicinal and functional uses,
phytochemical and pharmacology of compounds
from Ardisia species: An updated review.
Medicinal Research Reviews. 2022;42(5):1888-
1929. DOI: https://doi.org/10.1002/med.21894

6. Blin JA, Hamid RA, Khaza H.
Bioactive fractions and compounds of Ardisia
crispa roots exhibit anti-arthritic properties
mediated via angiogenesis inhibition in vitro. BMC
Complementary  Medicine and  Therapies.
2021;21:176. DOI:
https://doi.org/10.1186/s12906-021-03341-y

7. He C, Hao E, Du C, et al. Investigating
the underlying mechanisms of Ardisia japonica
extract’s anti-blood-stasis effect via metabolomics
and  network  pharmacology. Molecules.
2023;28(11):7301. DOI:
https://doi.org/10.3390/molecules28217301

8. Huang L, You L, Aziz N, et al
Antiphotoaging and skin-protective activities of
Ardisia silvestris ethanol extract in human
keratinocytes. Plants. 2023;12(5):1167. DOI:
https://doi.org/10.3390/plants12051167

9. Tran TPN, Nguyen TT, Tran GB. Anti-
arthritis effect of ethanol extract of Sacha inchi
(Plukenetia volubilis L.) leaves against complete
Freund’s adjuvant-induced arthritis model in mice.
Tropical Life Sciences Research. 2023;34(3):237-
257. DOI:
https://doi.org/10.21315/tlsr2023.34.3.13

10. Nhung TTP, Quoc LPT. Investigation
of the inflammatory, antipyretic, and analgesic
potential of ethanol extract from Hedyotis
capitellata Wall. ex G. Don leaves in mice.
Tropical Journal of Natural Product Research.
2023;7(11):5501-5508. DOL:
http://www.doi.org/10.26538/tjnpr/v7i12.20

11. Petkov CI, Flecknell P, Murphy K, et
al. Unified ethical principles and an animal
research ‘Helsinki’ declaration as foundations for
international collaboration. Current Research in
Neurobiology, 2022;3:100060. DOl:
https://doi.org/10.1016/j.crneur.2022.100060

12. OECD. Test No. 425: Acute Oral
Toxicity:  Up-and-Down  Procedure. OECD
Guidelines for the Testing of Chemicals, Section 4.
Paris: OECD Publishing; 2022.
DOI: https://doi.org/10.1787/9789264071049-en

13. Mlozi SH, Mmongoyo JA, Chacha M.
The in vivo toxicity evaluation of leaf and root
methanolic extracts of Tephrosia vogelii Hook. f
using animal models. Clinical Phytoscience.
2020;6:73. DOI: https://doi.org/10.1186/s40816-
020-00216-6

14. OECD. Test No. 408: Repeated Dose
90-Day Oral Toxicity Study in Rodents. OECD
Guidelines for the Testing of Chemicals, Section 4.
Paris: OECD Publishing; 2018.
DOI: https://doi.org/10.1787/9789264070707-en

15. Burn CC, Mazlan NHB, Chancellor N,
et al. The pen is milder than the blade:
identification marking mice using ink on the tail
appears more humane than ear-punching even with
local anaesthetic. Animals. 2021;11(6):1664. DOI:
https://doi.org/10.3390/ani11061664

16. Mpofana N, Chipangura JK, Paulse M,
et al. An investigation into the acute and subacute
toxicity of extracts of Cassipourea flanaganii stem
bark in vivo. Plants. 2023;12(12):2281. DOI:
https://doi.org/10.3390/plants12122281

17. Nhung TTP, Quoc LPT. Assessment of
the acute and chronic toxicity studies of ethanol
extract of Blumea balsamifera (L.) DC. leaves on
murine models. Tropical Journal of Natural
Product Research. 2024;8(2):6224-6233. DOI:
http://doi.org/10.26538/tjnpr/v8i2.20

18. Nhung TTP, Quoc LPT. Counteracting
paracetamol-induced hepatotoxicity with black
shallot extract: an animal model investigation.
Tropical Journal of Natural Product Research.
2024,8(1):5875-5880. DOL:
http://doi.org/10.26538/tjnpr/v8il.24

19. Nhung TTP, Quoc LPT. Acute and sub-
chronic toxicity studies of the ethanol extract of


https://doi.org/10.3390/molecules28217301
https://doi.org/10.3390/plants12051167
https://doi.org/10.21315/tlsr2023.34.3.13
http://www.doi.org/10.26538/tjnpr/v7i12.20
https://doi.org/10.1016/j.crneur.2022.100060
https://doi.org/10.1787/9789264071049-en
https://doi.org/10.1787/9789264070707-en
https://doi.org/10.3390/plants12122281
http://doi.org/10.26538/tjnpr/v8i2.20
http://doi.org/10.26538/tjnpr/v8i1.24

Opueuﬂaﬂbﬂaﬂ cmamovi
Original article

Nhung TTP, et al. An investigation into the acute and ... 674

Erythrina fusca Lour. fruit via oral administration
in  mice. Acta Biologica Szegediensis.
2023;67(1):111-122. DOI:
http://doi.org/10.14232/abs.2023.1.111-122

20. Phung HVC, Huynh VB, Truong TQ, et
al. Phytochemical analysis of Ardisia silvestris leaf
extracts and their antioxidant and antibacterial
activities. Journal of Agriculture and Development.
2020;19(4):28-35. DOI:
http://doi.org/10.52997/jad.4.04.2020

21. Afzal I, Habiba U, Yasmeen H. Review
on therapeutic potential of phytochemicals from
medicinal plants. Journal of Bioresource
Management, 2023;10(4):62-75.

22. Rodriguez-Negrete EV, Morales-
Gonzalez A, Madrigal-Santillan EO, et al
Phytochemicals and their usefulness in the
maintenance of health. Plants. 2024;13(4):523.
DOI: https://doi.org/10.3390/plants13040523

23. Vani AT, Putri AR, Abdullah DA, et al.
In vivo acute toxicity of aloin extract on male white
mice (Mus musculus). Majority Science Journal.
2024;2(1):200-207. DOI:
https://doi.org/10.61942/msj.v2i1.101

24. Saleem U, Amin S, Ahmad B, et al.
Acute oral toxicity evaluation of aqueous ethanolic
extract of Saccharum munja Roxb. roots in albino
mice as per OECD 425 TG. Toxicology Reports.
2017;4:580-585. DOI:
https://doi.org/10.1016/j.toxrep.2017.10.005

25. Murwanti R, Nurrochmad A, Gani AP,
et al. Acute and subchronic oral toxicity evaluation
of herbal formulation: Piper crocatum Ruiz and
Pav., Typhonium flagelliforme (Lodd.) Blume, and
Phyllanthus niruri L. in Sprague-Dawley rats.
Journal of Toxicology. 2023;2023:7511397. DOI:
https://doi.org/10.1155/2023/7511397

26. Devi TB, Jena S, Patra B, et al. Acute
and sub-chronic toxicity evaluation of dihydro-p-
coumaric acid isolated from leaves of Tithonia
diversifolia Hemsl. A. Gray in BALB/c mice.
Frontiers in Pharmacology. 2022;13:1055765.

DOI: https://doi.org/10.3389/fphar.2022.1055765

27. Abdill AA, Kitimu SR, Ndubi MM, et
al.  Sub-chronic and sub-chronic toxicity
assessment of the antimicrobial peptide
Dermaseptin B2 on biochemical, hematological,
and histopathological parameters in BALB/c mice
and Albino Wistar rats. Heliyon.
2022;8(12):12124. DOI:
https://doi.org/10.1016/j.heliyon.2022.e12124

28. Macianskiené R, Zigmantaité V,
Andriulée I, et al. Acute and sub-chronic
intraperitoneal toxicity studies of the Elsholtzia
ciliata herbal extract in Balb/c mice.
Pharmaceutics. 2023;15(10):2417. DOL:
https://doi.org/10.3390/pharmaceutics15102417

29. LiuJ,YaoY,Cheng,etal. Acute oral
toxicity evaluation of almond hull powders in
balb/c mice. Foods. 2023;12(22):4111. DOI:
https://doi.org/10.3390/foods12224111

30. Godinez-Palma S, Gonzalez-Gonzalez
E, Ramirez-Villedas F, et al. Efficacy,
pharmacokinetics, and toxicity profiles of a broad
anti-SARS-CoV-2 neutralizing antibody. Viruses.
2023;15(8):1733. DOI:
https://doi.org/10.3390/v15081733

Received 2 May 2024
Revised 28 May 2024
Accepted 10 June 2024

Information about the authors

Tran T.P. Nhung, MSc, Institute of
Biotechnology and Food Technology, Industrial
University of Ho Chi Minh City, Ho Chi Minh,
Vietnam, E-mail:
tranthiphuongnhung@iuh.edu.vn, ORCID:
https://orcid.org/0000-0001-5733-8545.

Le P.T. Quoc, PhD, Institute of Biotechnology and
Food Technology, Industrial University of Ho Chi
Minh City, Ho Chi Minh, Vietnam, E-mail:
lephamtanquoc@iuh.edu.vn, ORCID:
https://orcid.org/0000-0002-2309-5423.


http://doi.org/10.14232/abs.2023.1.111-122
https://doi.org/10.3390/plants13040523
https://doi.org/10.61942/msj.v2i1.101
https://doi.org/10.1016/j.toxrep.2017.10.005
https://doi.org/10.1155/2023/7511397
https://doi.org/10.3389/fphar.2022.1055765
https://doi.org/10.1016/j.heliyon.2022.e12124
https://doi.org/10.3390/pharmaceutics15102417
https://doi.org/10.3390/foods12224111

HayuHble pesybmambl 6UoMeduyuHCKUX uccaedoganutl. 2025:11(4):675-683

Opueunaonaz cmamos Research Results in Biomedicine. 2025:11(4):675-683 675

Original article

(ec) I

DOI: 10.18413/2658-6533-2025-11-4-0-6 YK 615

Development of Novel Antimicrobial
Peptides Targeting Antibiotic-Resistant
Pseudomonas aeruginosa

Ali H. Salama

Hashemite University,
Damascus Hwy., Zarga, 13133, Jordan
Corresponding author: Ali H. Salama (ali.hasan@hu.edu.jo)

Abstract

Background: Antibiotic resistance is a global health threat, especially with pathogens like
Pseudomonas aeruginosa, which displays high resistance to many antibiotics. Innovative solutions,
such as antimicrobial peptides (AMPs), are being explored to combat these multidrug-resistant
organisms. The aim of the study: This study aimed to design and synthesize an antimicrobial peptide
(AMP) effective against both antibiotic-resistant and susceptible strains of P. aeruginosa, while
ensuring safety for human cells. Materials and methods: A novel antimicrobial peptide, WW-185,
was designed based on the structure-function relationship of existing AMPs. Its antimicrobial activity
was evaluated through Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) assays against standard and multidrug-resistant P. aeruginosa strains.
Hemolytic activity was tested to assess safety for human erythrocytes, and time-Kkill assays were
performed to study the peptide’s bactericidal action. Results: WW-185 demonstrated potent
antimicrobial activity, with MIC and MBC values comparable to conventional antibiotics. It showed
low hemolytic effects on human erythrocytes and exhibited rapid bactericidal action, killing bacteria
within 15 minutes and maintaining efficacy for up to 24 hours. The peptide’s activity was attributed
to bacterial membrane disruption, facilitated by its structural features. Conclusion: WW-185 is a
promising antimicrobial candidate, with potent efficacy against multidrug-resistant P. aeruginosa and
low toxicity to human cells. Its potential to reduce rapid resistance development makes it a valuable
option for treating antibiotic-resistant infections.

Keywords: bactericidal activity; minimum inhibitory concentration; minimum bactericidal
concentration; membrane permeabilization; hemolytic activity; WW-185 peptide
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Introduction. Pseudomonas aeruginosa, serious systemic conditions [2]. This

a widespread Gram-negative bacterium, has
become a significant opportunistic pathogen,
greatly affecting human health [1]. Known for
its adaptability and robustness, P. aeruginosa
is associated with a wide range of infections,
from minor skin and soft tissue infections to

bacterium is especially problematic in causing
infections in people with weakened immune
systems, such as those with cystic fibrosis,
burn injuries, or those undergoing invasive
medical treatments [3]. Its capability to form
strong biofilms and develop resistance
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mechanisms makes P. aeruginosa a major
clinical challenge, often resulting in hard-to-
treat persistent infections [4]. The growing
issue of antibiotic resistance in P. aeruginosa
strains  further ~ complicates treatment,
highlighting the critical need for new methods
to fight this resilient pathogen [5]. The rising
resistance of P. aeruginosa to standard
antibiotics is a significant concern in
healthcare settings [6]. The bacterium employs
various resistance strategies, including efflux
pumps, impermeable membranes, and beta-
lactamase production, endowing it with an
exceptional ability to resist many antimicrobial
agents. This resistance not only makes
treatment difficult but also stresses the
importance of finding new ways to tackle
P. aeruginosa infections [7]. Amidst growing
antibiotic resistance, antimicrobial peptides
(AMPs) have emerged as a promising
alternative for dealing with bacterial infections
[8]. AMPs are naturally occurring molecules
with strong antimicrobial properties, crucial to
the innate immune system in different
organisms [9]. They are effective against a
range of bacteria, including Gram-negative
pathogens like P. aeruginosa. AMPs typically
attack bacterial membranes, disrupting cell
integrity, and often bypassing usual resistance
mechanisms. This distinct action mode
positions AMPs as a solution for multidrug-
resistant bacteria challenges [10]. The need to
investigate AMPs as a potential treatment
against P. aeruginosa is highlighted by their
ability to counteract resistance mechanisms.
By attacking bacterial membranes and
disrupting vital cellular functions, AMPs could
be a strategy against strains resistant to
conventional antibiotics [11]. Additionally, the
variety of AMPs found in nature offers a vast
pool for discovering new compounds
specifically effective against P. aeruginosa
[12].

The aim of the study. To create new
antimicrobial peptides designed to specifically
target P. aeruginosa, with a particular
emphasis on strains that demonstrate
resistance to conventional antibiotics. The
objective is to evaluate the effectiveness of
these peptides against both antibiotic-resistant

and susceptible strains of P. aeruginosa. This
study not only enhances our comprehension of
antimicrobial peptide actions against P.
aeruginosa but also offers potential for the
development of novel therapeutic approaches
to tackle the urgent problem of antibiotic
resistance in clinical environments.

Materials and method

Peptide design and synthesis

The peptide, named WW-158, is a tri-
antimicrobial peptide consisting of two
tryptophan and one ornithine amino acid units.
For this study, the peptide was sourced from
GL Biochem Ltd., Shanghai, China, and
synthesized using the solid-phase technique in
a lyophilized form. Its purification was carried
out through reverse-phase high-performance
liquid chromatography using a C18 Internsil®
column (Thermo Fisher, USA) and an ODS-SP
column. The elution process involved an
acetonitrile/H20-TFA gradient at a flow rate
of 1.0 mL/min. The purity and identity of the
synthesized peptide were verified using
electrospray ionization-mass spectrometry
[13]. The design strategy aimed to endow the
peptide with low cationicity by incorporating
the two aforementioned positively charged
amino acids [14], facilitating its attachment to
the negatively charged bacterial cell
membranes via electrostatic interaction.
Furthermore, to enhance its ability to permeate
the target membranes, the peptide was
conjugated with ferulic acid, a highly
hydrophobic compound. This molecule is
presumed to function as a binding agent,
fostering hydrophobic interactions between the
peptide and the membrane.

Determination of the Minimum
Inhibitory Concentrations (MICs) and
Minimum  Bactericidal Concentrations
(MBCs) for WW-158

The process for determining the
Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC)
of WW-158 was carried out following the
microbroth dilution method as prescribed by
the Clinical and Laboratory Standards Institute
(CLSI) guidelines [15], using sterile 96-well
polypropylene microtiter plates. Muller-
Hinton broth (MHB) was used as the growth
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medium to cultivate various bacterial strains,
which were initially revived from a frozen
glycerol state.

The bacterial cells were grown overnight
in MHB and then diluted to a density of 106
CFU/mL in the same broth. Various
concentrations of WW-158 were prepared, and
in separate wells of the 96-well microtiter
plates, 50 pL of each peptide concentration
was mixed with 50 pL of the bacterial
suspension. Each plate had six replicas of
every peptide concentration spread over six
wells. After an 18-hour incubation at 37 °C,
bacterial growth was measured by assessing
the optical density (OD) at A = 570 nm using
an ELISA plate reader (Biotech USA). The
MIC was identified as the lowest peptide
concentration that inhibited bacterial growth.
Each plate included a positive control (50 pL
of bacterial suspension plus 50 pL. MHB
without antimicrobial agents) and a negative
control (100 pL. MHB) to verify bacterial
growth and medium sterility, respectively. For
MBC determination, 10 pL samples from the
clear wells showing no growth and the turbid
wells from the positive control were streaked
onto sterile, labeled nutrient agar plates. After
24 hours of incubation at 37 °C, the MBC was
determined as the lowest concentration at
which <0.1% of the original inoculum
survived, indicating  99.9%  bacterial
eradication. All tests were performed in
triplicate to ensure result accuracy.

Hemolytic activity of WW-185

The evaluation of WW-185's potential to
cause membrane damage in  normal
erythrocytes was carried out using well-
established erythrocyte hemolytic tests, as
referenced in previous studies [16]. To
guarantee the robustness and reliability of the
findings, each test was conducted in triplicate.
The formula used to analyze hemolysis is:

% Hemolysis = ((2)(__‘:03) x 100

where A: is OD 450 with the peptide solution,
AO0: is OD 450 of the blank.
And AX: is OD 450 of control (0.1%
Triton X-100).

MTT Cell Proliferation Assay

The MTT Cell Proliferation Assay was
employed in this study using the mammalian
Vero cell line obtained commercially from
ATCC (ATCC CCL81). Yellow tetrazolium
(3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide) MTT was
utilized, which, when reduced to purple
formazan by reductase enzymes inside
metabolically active cells, allowed for the
generation of insoluble purple crystals. These
crystals were subsequently dissolved in
dimethyl sulfoxide (DMSO), and their color
was measured spectrophotometrically at a
wavelength of 550 nm. For the assay, cells
were initially seeded at a density of 5 x 103
cells per well in a flat-bottomed 96-well plate,
followed by an incubation period of 18-24
hours at 37°C with 5% CO: to facilitate cell
attachment. Subsequently, different
concentrations of two peptides and their
combination were suspended in RPMI as the
dissolving media and added to the cells in the
plates at concentrations of 2, 4, 6, 8, and 10
mg/mL for the peptides and 200, 400, 600,
800, and 1000 pg/mL, respectively. An
untreated medium was used as a control. The
plates were then incubated for an additional 24
hours at 37°C with 5% CO2. After the 24-hour
incubation, 20 pL of MTT solution (2.5
mg/mL) was added to each well, and the plates
were further incubated for 2-5 hours at 37°C
with 5% CO>. Following this incubation, the
well contents were removed, ensuring
complete  removal of all solution.
Subsequently, each well received 100 puL of
DMSO, which was thoroughly mixed by
pipetting to dissolve the formazan crystals
until a clear purple color was obtained. The
plates were then placed on an absorbance
microplate reader (BioTek, Winooski, VT,
USA), and the absorbance at 550 nm was
measured [17].

Time killing curve

For bacteria, this test has been well
standardized and described in M26-A
document of CLSI . It is performed in broth
culture medium using three tubes containing a
bacterial suspension of 5x10° CFU/mL. The
first and the second tubes contain the molecule
or the extract tested wusually at final
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concentrations of 0.25xMIC and 1xMIC, and
the third one is considered as the growth
control. The incubation is done under suitable
conditions for varied time intervals (0, 4, 6, 8,
10, 12 and 24 h). Then, the percentage of dead
cells is calculated relative to the growth control
by determining the number of living cells
(CFU/mL) of each tube using the agar plate
count method. Generally, the bactericidal
effect is obtained with a lethality percentage of
90% for 6 h, which is equivalent to 99.9% of
lethality for 24 h [18].

Results

Peptide Design and synthesis

The peptide design involved the creation
of an enhanced tri-antimicrobial peptide (tri-
AMPs) composed of two subunits of
tryptophan and one subunit of ornithine amino
acids. Ornithine was chosen to confer a
positive charge to the peptide. Its uniqueness
as an unnatural and non-coded amino acid
provides excellent stability against proteases.
Tryptophan, selected for its hydrophobic

properties and membrane interface interaction,
demonstrated a strong preference compared to
other hydrophobic amino acids. To further
enhance the hydrophobic characteristics of the
peptide and exploit its potential antimicrobial
activity, it was conjugated to para-hydroxy
cinnamic acid

(PHCA). This addition aimed to increase
the overall hydrophobicity of the peptide.
Notably, PHCA itself possesses inherent
antimicrobial properties, thereby contributing
to the anticipated enhancement of the peptide's
activity. The resulting designed peptide
structure was illustrated in Figure 1,
showcasing the integration of ornithine,
tryptophan, and the conjugated PHCA
subunits. This novel peptide design aimed to
capitalize on the synergistic effects of its
components, combining the stability provided
by ornithine, the membrane-interacting
properties of tryptophan, and the additional
antimicrobial activity conferred by PHCA.

A5

X N/ﬁ( \QE WNHZ

NH»

Fig. 1. Structure of WW-158 peptide

Antimicrobial activity of the peptide
As shown in (Table 1),WW-185 displayed
good activity against the standard strain Ps.
aeruginosa (ATCC 9027) with an MIC of 6
pg/mL and MIC of 25 pg/mL against MDR Ps.
aeruginosa (ATCC BAA-2108). The MBC

values were the same as MIC values against
the two bacterial types.

Hemolytic activity of the peptides:
The percentage of the red blood cells
hemolysis of the peptides alone is shown in
Table 2.
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Table 1
MIC and MBC values of WW-185 against the bacterial strains employed in the study
WW-185
. . MIC value MBC value
Bacteria strains ATCC
(ng/mL) (ug/mL)
Standard Ps. aeruginosa 9027 6 6
MDR Ps. aeruginosa BAA-2108 25 25

Note: MDR; multidrug resistance

Table 2
Hemolytic activity of WW-185 against human erythrocytes after 60 minutes’ incubation
Concentration (uM) Hemolysis %
5 1
10 1
20 1
40 2
60 2
80 2
100 2
Note: The results were recorded at A = 450 nm.
MTT Cell Proliferation revealed that the conjugate has an IC50 value
The results of the cytotoxicity assay of 130 for WW-185 (Fig. 2).
MTT assay for WW-185
120
100
é 80
;; 60
>
@ 40
20
0
0 50 100 150 200 250
concentration of WW-185
Fig. 2. MTT assay for WW-185
Time kill curve (no comma) bactericidal effect, reducing the

Results in Figure 3 WW-185 exhibited starting log CFU/mL by 3 logs.
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Fig. 3. The time killing curve for WW-185

Determination of the MIC and MBC
of the Individual Antibiotics

The eight different antibiotics employed
in this study were challenged with control and
multidrug-resistant strains of Gram-positive

and Gram-negative bacteria to determine the
antimicrobial activity of each antibiotic against
the employed bacterial strains. All the reported
data of MIC and MBC values of antibiotics are
summarized in Table 3.

Table 3

The minimum inhibitory and minimum bactericidal concentrations (ug/mL)
of the nine antibiotics against the tested bacterial strains

Standard Ps. aeruginosa MDR Ps. aeruginosa
Antibiotics MIC (MBC) MIC (MBC)

(ng/mL) (ng/mL)
Levofloxacin 9(9) 30 (30)
Chloramphenicol 80 (105) 150 (220)
Rifampicin 15 (15) 50 (50)
Amoxicillin 25 (25) 200 (200)
Clarithromycin 125 (125) 125 (125)
Doxycycline 6 (25) 34 (45)
Vancomycin 200 (350) 260 (400)
Cefixime 6 (10) 82 (110)
Gentamicin 2(2) 20 (20)

Discussion. Antibiotic resistance has
evolved into a worldwide health crisis,
demanding innovative strategies to counteract
multidrug-resistant  pathogens [19, 20].
Pseudomonas aeruginosa, a well-known
opportunistic pathogen, presents a formidable
challenge due to its inherent resistance to
numerous antibiotics. In response to this
challenge, newly synthesized antimicrobial
peptides were developed and specifically
tailored to target P. aeruginosa, particularly
strains exhibiting resistance to conventional
antibiotics.  Antimicrobial peptides hold
promise due to their broad-spectrum activity

and their potential to overcome resistance
mechanisms [21].

However, drug development for such
peptides has been primarily constrained by
safety concerns [22]. This study introduces an
approach to peptide design and synthesis,
drawing on insights from the structure-
function relationship of established AMPs
[23]. The effectiveness of these peptides
against  both  antibiotic-resistant  and
susceptible strains of P. aeruginosa was
evaluated in the study. The research revealed
that the newly designed peptide, WW-185,
exhibits antimicrobial effectiveness similar to




Opueuﬂaﬂbﬂaﬂ cmamovi
Original article

HayuHble pesybmambl 6UoMeduyuHCKUX uccaedoganutl. 2025:11(4):675-683

Research Results in Biomedicine. 2025:11(4):675-683 681

conventional antibiotics while having a low
hemolytic effect on normal erythrocytes. Both
the Minimum Inhibitory Concentration (MIC)
and Minimum Bactericidal Concentration
(MBC) of WW-185 were on a par with
antibiotics from various chemical classes
against both standard and multidrug-resistant
(MDR) Pseudomonas strains. The identical
values of MIC and MBC indicate the
bactericidal nature of WW-185. Its
microbicidal action primarily stems from the
permeabilization of the bacterial cell
membrane [24]. The ability of WW-185 to
penetrate membranes is likely due to its
structure, which features a charge segregation
from the hydrophobic center [25].
Consequently, the peptide operates through a
unique bacterial membrane disruption
mechanism that may be less prone to triggering
rapid resistance, suggesting a potentially
extended therapeutic application. The study
also  demonstrated that WW-185, in
concentrations up to 100pg/ml, does not cause
hemolysis in human erythrocytes, indicating
its selectivity for bacterial over host
membranes. This finding is consistent with
previous research on the peptide 6K-F17,
which has shown remarkable bacterial
selectivity and non-hemolytic properties
towards human erythrocytes at concentrations
exceeding 500ug/ml, as reported by Beaudoin
et al. (2008) [26]. This specificity may arise
because, upon electrostatic attraction to the
anionic surface of a bacterial membrane, WW-
185's effective hydrophobicity surpasses the
threshold  for  spontaneous  membrane
penetration. However, in the absence of such
attraction, its hydrophobicity remains below
the threshold for penetrating mammalian cell
membranes, which are zwitterionic. Moreover,
the MICs of WW-185 against both standard
and MDR P. aeruginosa strains are comparable
to those of conventional antibiotics; in some
cases, WW-185's MICs are equal to or lower
than those of other antibiotics.

The time-kill curve analysis revealed
that the bactericidal effect of the peptide was
rapid and sustained, exhibiting significant
activity against both tested strains in under 15
minutes and maintaining this effect for up to

24 hours. These characteristics are highly
sought after in an antimicrobial agent. The
peptide's killing action was observed to be
time-dependent, aligning with the kinetics of
soluble peptides noted in previous research
[27]. The mechanism of action for this peptide
involves  disrupting  the  cytoplasmic
membrane, leading initially to the leakage of
small ions and subsequently to the release of
larger cellular molecules as the membrane
disruption becomes more pronounced [28].
The efficacy of WW-185 against multi-drug
resistant (MDR) Pseudomonas aeruginosa is
particularly noteworthy. This effectiveness
offers fresh perspectives in the battle against
MDR strains, underscoring the potential of
WW-185 as a valuable tool in antimicrobial
therapy.

Conclusion. The creation of novel
antimicrobial peptides designed to combat
antibiotic-resistant strains of P. aeruginosa
represents a crucial advancement in tackling
the global challenge of antibiotic resistance.
This research not only contributes to the
comprehension of antimicrobial peptide
mechanisms but also holds significant promise
for the development of innovative treatment
approaches in the ongoing fight against
multidrug-resistant bacteria. The potential
efficacy of the synthesized peptides may pave
the way for groundbreaking treatment
modalities in clinical settings, addressing the
critical issue of antibiotic resistance.
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Pe3rome

AKTyanbHOCTh: B Hacrosimee Bpems JiedeHue Oosie3HH AJblreiiMepa sBISETCS CIOXKHOU
MEIUIIMHCKON 3a/iauel, TpeOyrolel MOCTOSHHOTO TOWCKa W Pa3pabOTKH HOBBIX CPENCTB IS
Tepaluy JAaHHOTO COCTOSIHMA. B cBA3M ¢ yeM BCTaeT BONPOC BBIOOpa peleBaHTHOM
JKCIEpUMEHTAIbHOW Mozenu Oonesnu  Aunbnrevimepa. Ileas  wucciaenoBanmsi:  [IpoBectn
CPAaBHHUTENbHYIO OILIGHKY JIByX HWHTEPBEHIIMOHHBIX AKCIHEPUMEHTAIbHBIX Mojeneil Ooje3Hu
AnprreiiMepa: MHAYUUMPOBAaHHOM BBEACHMEM (pParMeHTOB [-aMmwiIouaa M HHAYLUPOBAHHOU
BBEJICHUEM HaTpud azuaa. MarepuaJbl 1 MeToabl: bone3np AnblreiiMepa MOJAEIMPOBATIU MYTEM
uHBEKIMU pparmenToB B-amunonna 1-42 (1 Mmons/in) unm pactBopoB Hatpus azuna (1M, 2M, 3M
1 4M konnentpanuu) B CAl vacte rummokamma kpbic camioB Wistar. ITo ucredennn 60 mHei y
YKUBOTHBIX OLICHUBAJIM U3MEHEHNE KOTHUTUBHBIX QYHKIMI B TecTe Y-00pa3Hblii 1a0upuHT. B TKanu
TUIIIOKaMIIa ONpPEesUIM U3MEHEHNEe KOHIIEHTpauuu (pochopHInpoBaHHOTO Tay-0eka, amornTo3-
HMHAYLUHpYIoIero (Gakropa, peakiuii a3poOHOro u aHa’ poOHOro MeTadosIn3Ma, a Tak’Ke aKTUBHOCTH
CYNEPOKCUANCMYTa3bl M KOHLIEHTPAIMH POIYKTOB, pEarupyroLmx ¢ THOOapOUTYpOBO KHUCIOTOH.
[TonydyeHHble pe3yabTaThl 00pabaThbIBalM CTATHCTUYECKH, HCIOJB3Yys MPOTPAMMHBIA KOMILJIEKC
StatPlus 7.0. Pe3yabTarhi: [IpoBeneHHOE UCceI0BaHHE TOKA3aJl0, YTO BBEACHHE B TUIIIOKAMIT
JKUBOTHBIX HaTpusi asujga B KoHmeHTpauuun 3M u 4M, a Takxke ¢parMeHToB [-ammionaa
CIOCOOCTBYET Pa3BUTHIO COMIOCTABUMOTO O BHIPAKEHHOCTH KOTHUTUBHOTO JIS(UIINTA, TOBBIIIEHUIO
KOHIIEHTpAllMK Tay-Oeyika B TKaHW rumnmokamma B 4,1; 3,9 m 4,7 pa3a (Bce mokaszarenu P<0,05
OTHOCHUTEJIBHO HEeJICUEHBIX KUBOTHBIX) COOTBETCTBEHHO. Ha (hoHE MHBEKIIMK B TUIIIOKaMII Kpbic 3M
u 4M pacTBOpoB HaTpusi aszuja, a Takke (parMeHToB [-amuiouga HaOJI0a’IoCh MOBBIIICHHE
COJIep KaHus anonTo3-uHaynupyomero dakropa B 3,5 (p<0,05); 3,4 (p<0,05) u 4,0 paza (p<0,05)
COOTBETCTBEHHO, COMNPOBOXKJAEMOE YIHETEHHWEM a’poOHOro Meraboium3Ma M aKTUBalueil
aHa’pOOHOTO, W OKHUCIMTENbHOTO crpecca. CTOMT OTMETHTh, YTO BBEJICHHME HATpHUS a3uja B
KoHIeHTpauuu 1M u 2M npuBOAMIO K CTATUCTUYECKH 3HAYMMO MEHBIIMM H3MEHEHUSIM, YeM
uHbekug 3M u 4M pacTBOpoB HaTpus a3una, U (QparMeHToB [B-amuiouga. 3akj04yeHHe:
AHanmu3upyeMble B XOJ€ JaHHOW pabOThI dKCIEPUMEHTAIbHBIE MOJETH O00Je3HU AJbIreiimepa
JIEMOHCTPUPYIOT (OPMHUPOBAHUE COMOCTABUMBIX IaTOTCHETUYECKHX W3MEHEHHUH, NpU ITOM
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Abstract

Background: The treatment of Alzheimer's disease is currently a complex medical task, requiring
constant research and development of new medicines. This raises the question of choosing a relevant
experimental model of Alzheimer's disease. The aim of the study: To conduct a comparative
evaluation of two interventional experimental models of Alzheimer's disease: induced by the injection
of beta-amyloid fragments and induced by the sodium azide injection. Materials and methods:
Alzheimer's disease was modeled by injection of beta-amyloid fragments 1-42 (1 mmol/L) or sodium
azide solutions (1M, 2M, 3M and 4M concentrations) into the CAL part of the hippocampus of male
Wistar rats. After 60 days, the animals were evaluated for changes in cognitive functions in the Y-
maze test. Changes in the concentration of phosphorylated tau-protein, apoptosis-inducing factor,
aerobic and anaerobic metabolism reactions, superoxidedismutase activity and thiobarbituric acid
reactive substances were determined in the hippocampal tissue. The obtained results statistically were
processed using the StatPlus 7.0 software. Results: The study showed that the injection of sodium
azide in concentrations of 3M and 4M into the hippocampus of animals, as well as fragments of -
amyloid, contributes to the development of cognitive deficits comparable in severity, increases the
concentration of tau-protein in hippocampal tissue by 4.1, 3.9 and 4.7 times (all indicators p<0.05
relative to untreated animals), respectively. Also, injection of 3M and 4M solutions of sodium azide
into the hippocampus of rats, as well as fragments of B-amyloid, an increase in the content of
apoptosis-inducing factor in 3.5 (p<0.05); 3.4 (p<0.05) and 4.0 times (p<0.05), respectively,
accompanied by inhibition of aerobic metabolism and activation of anaerobic one, and oxidative
stress also. Injecting sodium azide at concentrations of 1M and 2M resulted in significantly smaller
changes than injecting 3M and 4M solutions of sodium azide and beta-amyloid fragments.
Conclusion: The experimental models of Alzheimer's disease analyzed in the course of this work
demonstrate the formation of comparable pathogenetic changes, while the optimal concentration of
sodium azide for inducing Alzheimer's disease can be considered 3M or 4M.
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Beenenue. bonesns Anbireitmepa (bA)
— OJJHA M CaMBIX PACIPOCTPaHEHHBIX (hopm
neMeHluy, Bxonsdmas B Tom 10 Bemymmx
MIPUYUH CMEPTHOCTH. CornacHo
CTaTUCTUYECKUM oT4yeTam Bcemupnon
opranuzainuu 3apaBooxpanenus bA 3anumaer
7-e MECTO aHTUPEUTHHTE JIETATbHOCTH YHOCS
exerogHo okosio 1,8 muH. xu3zHed [1]. B
Poccwuiickoit @enepanuu no aanuasiM Global
Burden of Disease 2019 3a6oneBaemocth BA
nocturaer 1,150 ciayuas va 100 ThIC. yenoBek
HaceneHus [2]. HeyTemuTenbHbIMU SIBISIIOTCA
u MIPOTHOCTUYECKUE BBIKJIAJIKH o
pacnpoctpaneHHOCTH BA. Tak Tonbko B CLITA
k 2060 romy, ecnmu He OyayT pa3pabdOTaHBI
HOBBIE METOJBI JICUEHHUS, MPEANONIaraeTcs
yBeITMYEHUE HOBBIX cliydaeB BA 10 6omee uem
13 mns. B rox [1, 2]. Kak mpaBuiio, B o0nactu
CO3JaHusl HOBBIX CpEICTB Tepanmuu bBA wu

COCPE/IOTOYCHBI 00bEeTUHEHHBIC
UCCIICIOBaHHSI CIICIUATICTOB
IKCIIEPUMEHTATBHOM u MPAKTUYECKON

MenuiuHabl. OHAKO, B CHIy KOMIUJIEKCHOTO
MaTOreHe3a, He [0 KOHLA YCTaHOBJIEHHOU
STUOJIOTHH U BBICOKOH CBSI3U C HAPYIICHUSIMU
(GYHKIIMOHUPOBAHHS TEHETUYECKOTO arapara
pa3paboTKa HOBBIX METOJIOB JieueHus bBA
SIBJISIETCSL CJIOKHOM 3ajiaueil. B »Tol cBsizu
OCTpO# BCTAaeT BOIPOC BHIOOpaA peIeBaHTHOMN
AKCIIEPUMEHTAIBHON MOJEIH BA,
WCTIONB3YEMON Ha JTane JOKIMHHYECKHX
uccnenoanuii. Dhapola et al, 2023 B
3aBUCUMOCTH  OT  MaTO(U3HOJIOTHUECKHUX
OCOOCHHOCTEH  BBIACNSIOT TPU  TPYIIIIBI
MoJeIen BA: CIIOHTAHHBIE,
WHTEPBEHIIMOHHbIE W TeHeTtuueckue [3].
Cnonrannble monenu BA moxapazymeBaroT
HCIIOJIb30BaHUE B KauyeCTBE OMOJOTHYECKOM
MOJICJIM TIPUMATOB — TAaBHAHOB M MAakKak, y
KOTOPBIX OTMEYaeTCst CIIOHTaHHOE
HaKOILJICHHE B TKaH! MoO3Ta
HEeHpoPUOPUILIAPHBIX KIIyOKOB
dhochoprmmpoBaHHOTO Tay-0enka u
KOHIJIOMEPATOB B-amunonna (AB)

COOTBETCTBEHHO, 4TO ABJIETCS
OTJINYMTEIBHBIM MPU3HAKOM IaToreHesa bA.
Opnako, JaHHBIE MOJEIM HMEIT Pl
HEJOCTATKOB, YTO OFPAHUYMBAET UX LIMPOKOE
UCIIOJIb30BAHUE B PYTUHHOU
SKCIEPUMEHTAILHON JESTEIIbHOCTU: BBICOKHE
3aTpaThl Ha COjEpKaHHE MPUMATOB, HU3KHM
PENpPOAYKTUBHBIA MOTEHLUUAN, CIOKHOCTU C
MaHUIYJSAIUSAMU B XOA€ paboThl U PHUCK
3apaKeHUs repcoHasa 300HO3HBIMU
UHeKIusiMA. TpaHCTeHHBIC )KUBOTHBIE TAKXKe
SIBJISIFOTCA.  BaXHBIM  MCCIIEIOBATEIbCKUM
UHCTPYMEHTOM, MIPUMEHSIEMOM npu
pa3paboTKe HOBBIX CPEACTB Jis JieueHus BA.
Hcnonb30BaHne METO0B T€HHOW MH)KEHEPUU
MO3BOJIMJIO CO3/1aThb TPAHCTE€HHBIX MBIIIEH
p25, BocmpomsBomsmux CDK- 3aBucumbrit
(deHoTUN 3a00JE€BaHUS CO CKJIOHHOCTBIO K
MIPOrPECCUPYIOLIEMY HEWPOBOCHAICHUIO H
HaKOIUIeHHUIO Tay-0enka [4]. HecMoTps Ha 3TO
TpPaHCTEHHbIE JKUBOTHBIE HE HAXOAST CTOJNb
O0IIMPHOTO HCIIOJIb30BAHHUS B
JKCIIEPUMEHTAJIbHOW padoTe B CHIy WUX
BBICOKOM CTOMMOCTH. B 3TOM CBSAI3U Ha NEpBbIN
IUIaH CpeIHd JOKJIMHUYECKUX Monene bA
BBIXOJISIT MHTEPBEHIINOHHbBIE MOJIENH,
[0/Ipa3yMEBAlOIINE€ BBEIECHUE XHMHUYECKUX
COCIMHEHMUI,  BBI3BIBAIOIIUX  COCTOSIHHE,
cxoxee 1o penorumy ¢ BA. OgHoit u3 cambix
pacnpoCTpaHEHHBIX MHTEPBEHLIMOHHBIX
Mozeneir bBA, Bocipou3BOISIIIEH MaTOTeHE3 U
CHUMIITOMAaTUKY 3a00JieBaHUs, B TOM 4YHCIE
CIOPAINYECKON ¢bopMbl, SIBJISIETCS
9KCIIEPUMEHTAJIbHAS. MOJENb, OCHOBAHHAs HA
UHBEKUUU (PparMeHTOB AP B T'HINOKaMII
)KUBOTHBIX  [5]. Opgnako, ®W  jJaHHad
SKCIIEpUMEHTaJbHAsl MOJENb HE JIMIIeHa
HEJ0CTaTKOB, CaMbIM 3HaYMMBIM U3 KOTOPBIX
SBIISIETCS TPYJOEMKOCTh MOJTy4eHUs
arperatoB AP u ux crommocth [6]. B Toxe
BpeMsl YYHUTbIBasi OCOOCHHOCTH IaToreHesa
BA, a WMEHHO 3aBUCHUMOCTb HAaKOIUICHHUS
arperatoB A u Tay-Oenka OT YpOBHS
BHYTpUKJIeTOUHOTO AT® 1, COOTBETCTBEHHO,
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(YHKIMOHATBLHONH aKTUBHOCTH MUTOXOHAPHIA
[7], MOXXHO TPEANOJIOKUTH, YTO BBEICHUE
COECMHEHMUI, OKa3bIBAIOIIMX  HETaTUBHOE
BIUSIHUE HA MHTOXOHAPUU KIIETKH, OyzAer
croco0CTBOBaTh (HhOpMUpPOBaHHIO (HeHOTUTIA
BA. OmauM #3 Takux BELIECTB MOXKET
SBIISITBCSL ~ HATpUsl  a3uJl —  HUHTUOUTOP
LUTOXPOM-C-OKCUAA3bl, KOTOPBIA OKa3bIBAET
BBIPAXEHHOE ILIMTOTOKCHUYECKOE JEHCTBUE,
WHIYLUPYS aoITo3, OKUCIUTEIbHBIN CTpecc,
9KCAUTOTOKCUYHOCTH U 3Heproaeduut [§].
ean HCcCJIe0BAHNA. [Ipoectn
CPaBHUTEJIBHYIO OLICHKY AB-
WHyIIUPOBAHHON u HaTpUit a3ua-
UHIyIupoBaHHoU BA B akcriepumente,

MarepuaJbi ) | METOAbI
uccjaenosanms. lccinenoBanue BBIIOJHEHO
Ha Kpeicax camiax Wistar wmaccoit Tena
215+10% rpamMm, 7-HemenbLHOTO BO3pacTa.
XKuBoTHBIE OBUIM TMONYYEHBI M3 MUTOMHHUKA
1a0opaTOpHBIX  JKUBOTHBIX  «PammomoBo»
(n.PanmmonoBo, Jlenunrpaackas 0611.). Ilepen
BKJIFOUEHUEM B IKCIIEPUMEHT KpBICHI 14 qHeit
COJIEPXKAINCh B YCIOBUAX KAPAHTUHHOIO
nomemieHus. Bo  BpeMss  ucclieoBaHUS
KUBOTHBIE pa3Melanuch B
MOJIMIIPOIIMJIEHOBBIX KJIETKaxX Mo 5 ocobeil co
CBOOOJHBIM  JIOCTYIOM K  BOAE€ H
MOJIHOPALIUOHHOMY KOpMY. VYcnosus
CoJIepKaHus KpBIC COOTBETCTBOBAIIU
tpeboBanusam Jupexktusslr EU 2010/63 [9].
Juzaiin  uccienoBaHuss  ObT  OJOOpeH
JIOKAIBHBIM 3THYECKUM KomuTeToM [IMOU
ot 15.05.2023 mpotokomn Ne 5.

JKuBoTHBIE OBUIM PaHIOMHU3UPOBAHHBI
mo macce (He Oonee 10% OTKIOHEHHWH MO
Macce B rpymmne) Ha 6 rpynn (n=10 kaxmas
rpyIIa). [lepBas rpyrmnma —
JI0’)KHOOIIeprpoBaHHble  kuBoTHBIE  (JIO).
OcTanbHBIM 3KCHEPUMEHTAIBHBIM Tpynnam
MojaenupoBanu BA, mpu 3TOM BBIIEISAIUCH
rpynnsl: AP — Tpymma Kpbic, KOTOPBIM
BBOJWIN (pparmeHTsl AP; Hatpus azun 1M -
rpyIma KpbIC, KOTOPHIM BBOJWJIU PacTBOP
HaTpus a3syja B KOHIEHTpauuu 1M; Hatpus
a3un 2M - rpynna KpbIC, KOTOPBIM BBOJUIIU
pacTBOp HaTpus a3ujaa B KOHILEHTpauuu 2M;
Hatpusi azun 3M - rpymnma KpbiC, KOTOPBIM
BBOJIWJM  pacTBOp  HAaTpus  asujga B
KoHUeHTpauuu 3M; HaTpus a3un 4M - rpynna

KpBIC, KOTOPBIM BBOAMWJIM PAcTBOP HATpuUs
aszuga B KoHueHTpauuu 4M. KoHueHTpanuu
pacTBOpPOB HATpHsl a3ujia ObUTM BHIOpaHBI HA
OCHOBaHUH JTAHHBIX MPEABITY X
HCCIIEN0BAHUMN 1o U3YUYECHUIO
TUTIOMETA00IMYECKUX PEaKuid B  TKaHU
TOJIOBHOTO MO3Ta KUBOTHBIX [10].

BA Bocnpou3BoAMSIM TyTEM HHBEKIIMU
(parmenToB AP i Harpus asuga B CAl gacThb

rumnmnokammna (mepefaHe-3aausas = -3,8 M,
MeIUAJIbHO-JIaTepabHAs = 2,0 MM,
JOpCaTbHO-BEHTPAIbHAS = 2,6 MM OT OperMbl.
Crepeorakcuyeckue KOOpPJUHATbI

ompenenensl cornacHo G. Paxinos, 2013 [11].

Ilepen BBemenumem Afi42 (Sigma-
Aldrich, T'epmanust) pacTBOpsuIM  IpHU
temneparype 4°C B docdarHO-cONEBOM
oydbepe (pH =7,4). Jlanee pacTBOp
HENPEPBIBHO MEpEMEIINBAHUM B TeueHUE 364
IpY YKa3aHHOM Temneparype A0 00pa3oBaHUs
arperatoB. Harpus a3ua pacTBopsuid B BOJE
JUI1 MHBEKIMH 710 IMOJY4YEeHUs PacTBOPOB C
koHUeHTpauuen 1M, 2M, 3M u 4M. Ilocne
IPUTOTOBJICHUS PAaCTBOPOB JJIsI BBEICHMS
KUBOTHBIX HapKOTH3UPOBAIIN
XJIOpAITHIPATOM (MHTpanepuToHeanbHo, 350
MI/KT), CKaJbIIUPOBAIN TEMEHHYIO 00JIacTh,
IpOJIENbIBAIN  TPEMaHAlUOHHOE OTBEPCTHE
(d=1 MM) ¥ mpH MOMOIIM MHKPO-I03aTOpa C
urioit G30 BBoamM 160 pparMeHTs APi1-42
B KOHEYHOM KOHILIEHTpauuu | MMOJIb/T U B
oobeme 2 MK [12], 1ubo pacTBOpHI HATPUA
a3uja B OKBUBAIEHTHOM oObveme. MUrmy
(buKcupoBaIM B MeCTE BBEJCHHUS B TEUEHUH 5
MHHYT, IIOCJIE 4YE€ro ee Wu3BJIeKanu. Pany
ymuBaid U obpabateiBamu  10%-HbIM
pactBopoM moBuaoH-HoAa. K sxuBoTHBIM JIO
IpYMIIbI IPUMEHSITUCH BCE MOCTIeI0BATEIbHbIE
MpOIeTyphl 32 UCKIIOUEHHEM BBeIeHHS Af
nnu Hatpus asupa Kpeic ocraBimsim Ha 60
JHEH, TIOCJIE€ 4Yero MpPOU3BOAWIM OLEHKY
KOTHUTHUBHOTO Ie(UIIUTA B TeCTe Y -00pa3HbIi
nabupuHT. TecTupoBaHWE OCYHIECTBISUTA Ha
MPOTSDKEHUHM 8 MMH.: )KHBOTHOE MOMEIIANId B
LIEHTP JaOUpWHTA, TPEACTABISIONIETO COOOM
TpH pyKaBa, COeIMHEHHBIX 110 yritoM 120°, u
¢bukcupoBanu YHCIIO0 nepeMeIleHui
KHUBOTHBIX ~ MEXAy  pykaBamu  (oOmree
KOJIMYECTBO M CIIOHTAHHBIE YepeOBaHUS
pykaBoB nabupunra: 1-2-3, 3-1-2, 2-3-1). Ha
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OCHOBAaHHUU MOJYYECHHBIX IAaHHBIX ONPECIISIIN
MIPOLIEHT CIIOHTaHHOT'O 4yepe0BaHuUs,
KOTOPBIA OTpa)KaeT U3MEHEHUE KOTHUTHUBHBIX
CIOCOOHOCTEH XKMBOTHBIX [12].

[Tocrne oreHKH KOTHUTHBHOTO JAeuimTa
KpbIC HapKOTHU3HPOBAIU M JEKAIUTUPOBAJIH,

M3BJICKAJIN T'OJIOBHOM MO3T, OTCCKaJIn
MO3KEYOK, pasacisain rnoJrymapus n
BBIACIIAIINA THUIIIIOKAaMII. I'nnmoxamin

KMBOTHBIX TOMOTE€HU3UpPOBAIN B OydepHOM
pactBope, coctosimuM u3 1 mmonbe DI'TA +
215 MMoab MaHHUTa + 75 MMOJIb caxapo3sl +
0,1% pactBOp OBIYBETO CHIBOPOTOYHOI'O
anpOymuna+ 20 mmons HEPES, ¢ pH 7,2.
I'omorenar pasnensuin Ha 2 yactu. B nepBoii
OLIEHUBAIM  H3MEHEHHE  KOHLIEHTpALUH
IIPOJIYKTOB, pearupyromumx c 2-
tnobapouryposoii kucinorot (TBK-AIT).

Copepxanne TBK-AIl onpenensuin
CHEKTPO(POTOMETPUUECKUM  METO0M B
peaKIy KOHJCHCAIUH C 2-THO0apOUTYypOBOH
KHUCIIOTOU. B pesynbrate peakuun oOpasyercs
OKpAaILlIEHHBIH KOMILJIEKC C€ MaKCHMyMOM
norjomeHus npu 532 HM, OKpacka KOTOPOIro
IpsIMO  MPOMNOPIHOHANbHA  KOHIIEHTPAIUH
TBK-AIL Konnuectso TBK-AII
paccuuThIBAIM 1O BEJIUYUHE MOJISIPHOTO
KO3(QQUIHEHTa HKCTUHKLUUU  MaJOHOBOTO
IAATBIETHAIA (1,56*10° mvoms temd),
MIOJIyYEHHBIE  PE3yJbTaThl  BBIpAXKaIUd B
HMOJIB/MT Oenka [13].

Bropyro 4acThb CyIllepHaTaHTa
nentpudyruposanu mpu 1100g B Teuenue 2-x
MUHYT. [losrydeHHBIl CyniepHaTaHT pa3aemsin
Ha J1Be w4acth. llepByro anukBoTy B
konuyectBe 700 MKJI IEPEHOCHITH B TPOOUPKHU
tuna nneraopd u HacnauBanu 75 mxia 10%
pacTBopa nepKoJa (Sigma-Aldrich,
I'epmanus), mocie 4ero LEHTPUPYTHPOBAIH
npu 18000g B teuenuu 10 munyT. Ocanok
pecycrneHaupoBaii B 1 MJI HW30JUPYIOMIECH
cCpeAbl W TOBTOPHO ILEHTpU(YTUpOBANIU B
teueHne 5 muHyT npu 10 000g. ITomyueHHBbII
CYNEpHATaHT MHCIIOJIb30BAM Ul  OLEHKH
M3MEHEHHUs a3pOOHBIX M aHA3POOHBIX peaKIHii
obmena [14].

HHTEeHCHBHOCTD a3pOOHOI0 KJIETOYHOTO
IbIXaHUsl ~ ONPENENsIM [0  HU3MEHEHHIO
noTpeOeHnsl KUCIopoJa B aHAIM3UPYyEeMOH
cpene npu  gobasneHun 4 - (Tpudiyo-

POMETOKCH ) (DEHIIT)TUAPA30HO )MATTOHOHUTPU
Ja B KoHUeHTpauuu 1 pM/a u nupyBaTta B
kKayectBe  cybcrpara (15  Mmomw/m).
AKTHBHOCTH aHa3pOOHOTO 0OMEHa OLEHUBAIH
IIpM BHECEHUM B cpeay osuromuuuHa (1
Ur/mMi) ¥ TIIFOKO3bI (15 MMOJIB/IT) B KauecTBe
cyocrpara. [lorpednenue kuciaopoga (OCR)
PErUCTPUPOBAIH Ha nabopaTopHOM
pectiupomerpe AKIIM 1-01JI u BbIpakanu B
npommiLie (ppm)/mr Oenka [15].

Bo BTOpOW anMKBOTE NEPBUYHOIO
CylepHaTaHTa OLICHUBAIU U3MEHEHUE
KOHIIEHTpauu  (hoCHOPWIMPOBAHHOTO Tay-
Oenka W anonTo3-UHAYLUpPYOIIEro ¢GakTopa
(AU®D) meronom HDA. Tlpu mnposeaeHuu
NDA wucnonpzoBanu  BHIOCHEHHPUYHBIC
Hatoper peaktuBoB (Cloud clone, CIIIA).
Takxke BO BTOpPOW aTMKBOTE CYINEpPHTAHTa

OIICHUBAJTU AKTUBHOCTH
cynepokcuagucmytassl (CO/).

AKTHBHOCTb  CYIEPOKCHIIUCMYTa3bl
(COM) OIICHUBAJIN KCaHTHH-

KCaHTUHOKCHIAa3HbIM MECTOJ0M, OCHOBAaHHBIM
Ha PEaKIUH IUCMYTAllUd CYMEePOKCHIHOTO
pajuKaia, 00pa3yroIIerocs: B X01¢ OKHCIICHUS
KCaHTHHa ¥ BOCCTaHOBIeHHs  2-(4-
nomodennn)-3-(4-uutpodeHon)-5-

(benunTerpazonus XJIOpHU/a. Cpena
nHKyOanuu  coxepxkana:  kcatuH 0,05
MMOJIB/JT; 2-(4-iiomopenn)-3-(4-

HUTPOEHOIT)-O-PEHMITETPA30IUSL  XJIOPHUJ
0,025 wmmonw/n; DJATA 0,94 wMmonb/m,
kcantuHokcuaaza 80 En/n, N -IuKIIOrekcus-
3-aMHHONPONAHCYTb(OHOBON KUCIOTH — 40
MMOJIB/JI.  ONTHYECKYIO TUIOTHOCTH CMECH
peructpupoBau npu 505 HM. AKTUBHOCTH
CO/I Beipaxanu B EJI/mr Genka [16]. Bo Bcex
CIIy4asiX KOHIIEHTPALMIO OeNka ompenessuiv
o metony bpeadopna.

Cratuctudeckyto 00pabOTKy JaHHBIX
OCYTIECTBIISITH c MIPUMECHECHUEM
BO3MOXXHOCTEH MPOTPaMMHOTO KOMILIEKCA
StatPlus 7.0 (AnalystSoft, CILIA).
HopmanpHOCT,  pacmpeneneHuss  AaHHBIX
OIICHWBAJIM ¢ TpuMeHeHueM Tecta lllammpo-
VYunka. OnHOpOgHOCTH aucnepcuit
onpenensiu tectoMm JleBeHa. CTaTUCTUYECKU
3HAUYUMBIC  OTJIMYUS  MEXAYy TpyHIamu
onenuBanu merogoMm ANOVA. CpaBHeHue ¢
JIO rpynnoii ocyuiecTBisiian B Tecte JanHera.
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JIOCTOBEpHBIE OTIMYUS MEXKIY OCTaJIbHBIMH
rpynnamu OIpeaessuid ¢ IPUMEHEHHEM MOCT-
tecta Hpromena-Keinca (mpu HOpMallbHOM
pacrnpeelieHnd JaHHbIX) WM IOCT-TecTa
Kpackemna-Yomiuca (mpu pacnpeneineHuu
JaHHBIX OTJIMYHBIX OT HOPMAJIBHOIO) C
MOCTIeIYIOIUM TTapHBIM CPaBHEHHEM B TECTE
Hanna. Kputuyeckuii ypoBeHb 3HAYMMOCTH
BO BceX cinyvasx npuHumainu p <0,05.
PesyabTaTel. B xozme wuccienoBaHus
OBLIO MOKa3aHo, 91O npu
MHTPAarunnoKammnaabHOM BBEJICHUU
KUBOTHBIM (parmMeHTOB AP Ha0I01aI0Ch
CHIDKEHHUE YHCTia CIIOHTAaHHBIX YepeOBaHUM B
Y-o0pa3znom nabupunte Ha 63,3% (p<0,05) mo
orHomenuto Kk JIO rpymme kxpsic (Puc. 1).

80
70

60

% CNOHTAHHBIX UYepeIoBAHHI
% of spontaneous alternations
=)

(=]

JIO/SO Harpus asua

Harpus a3ua

AHanorudHas TEHACHIUS W3MEHECHUU Oblia
OTMEYEeHa IIPU BBEICHUH KUBOTHBIM 3M 1 4M
pacTBOpPOB HATpHS a3uja, & UMEHHO IPOLEHT
CIIOHTAQHHBIX YEpelOBaHUI yMEHBIIUJICS B
cpaBHeHuu ¢ JIO rpynmoii kpsic Ha 62,4%
(p<0,05) u 59,6% (p<0,05) cOOTBETCTBEHHO.
B Toxe Bpems Ha ¢(one uHBEKIMU 1M
U 2M pacTBOpPOB HATpHs a3uja JOCTOBEPHBIX
oTnuuuid  otHocutensbHOo  JIO  rpynmsl
KpBbIC B MOBEICHUU KUBOTHBIX
B Y-00pa3HOM JIaOMpUHTE HE yCTAaHOBJICHO.
CTtouT OTMETUTh, YTO CTAaTUCTUYECKHUX
3HAYUMBIX  OTIMYMH  MEXKIYy TpyNIaMu
J)KUBOTHBIX, KOTOpPHIM BBOauWiIu 3M, 4M
pacTBOpbl HaTpus asuaa u ¢GparMeHTel Af
YCTaHOBJICHO HE ObLIO.
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Harpus a3ua Harpus azujg

(sodium azide) 1M (sodium azide) 2M (sodium azide) 3M (sodium azide) 4 M

[Ipumeuanue: JIO — 10’)KHOOTIEPUPOBAHHBIE KUBOTHBIE; A3 — rpymIa KpeIC, KOTOpOoH BBOAWIN (hparMeHTHl Af; HATPHUs
a3uj — rpymma KpsIC, KOTOPOI BBOAWIM HATPHS a3H[ B pa3HbIX KoHIeHTpawsx (1M, 2M, 3M u 4M coOTBETCTBEHHO); *
— CTaTHCTUYEeCKHU 3HaUMMO oTHOocuTenbHO JIO kpbic (p<0,05, Tect JlaHHeTa).

Note: SO — sham-operated animals; AB — a group of rats to which fragments of AB were injected; sodium azide — a group
of rats to which sodium azide was injected at different concentrations (1M, 2M, 3M and 4M, respectively); * —significant

relative to SO rats (p<0.05, Dunnet test).

Puc. 1. I3MeHeHne MOBEIEHYECKUX PEAKIIUNA )KUBOTHBIX B Y-00pa3HoOM J1abupuHTe Ha HOHE
BBeZICHUS (parMeHTOB A} M pa3HbIX KOHIIEHTpALUH HATPUS a3uja B THIIIIOKAMIT dKHBOTHBIX
Fig. 1. Changes in the behavioral reactions of animals in the Y- maze against the background
of the injection of A3 fragments and different concentrations of sodium azide into
the hippocampus of animals

Taxxe OBLIO MOKa3aHO, YTO B TKaHU
TUMINOKAMITA  KPBIC, KOTOPBIM  BBOJWIIH
(dbparMeHTHI AB, KOHIICHTPAIIUS
dbochopumupoBanHoro Tay-oenka (Puc. 2)
Oblna BbIme Hexenu y JIO xKuBOTHBIX B 4,7
paza (p<0,05). Ha ¢one wuHBEKIUU B

TUNIOKAMII KPBIC pacTBOpa HATpHs a3Hula B
koHUeHTpauusax 2M, 3M u 4M coxpepxanue
Tay-0enka MpeBOCXOoaMI0 aHajnorudHoe y JIO
rpynnsl kpsic B 2,2; 4,1 m 3,9 paza
CoOTBEeTCTBEHHO (Bce mokaszarenn P<0,05).
IIpu stom, BBeaeHue 1M pacTBOpa HaTpus
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asyua HE OKaszajJl0 3Ha4YuMOI'0O BJIUAHUA Ha
Mporecc HakorieHus (pochoprmImpoBaHHOTO
Tay-0enka B TMIIIOKAaMIIE KUBOTHBIX. Kpome

pacTBop HaTpus asujaa ObLIO JOCTOBEPHO
(p<0,05) MeHbIIIE TaKOBOTO y KHBOTHBIX,
KOTOPBIM BBOJAWJIM Kak (GparMeHTH AP, Tak u

TOro, coJepkaHue Tay-Oelka B TKaHHU
TUNIOKAMIIa Yy KPbIC, KOTOPbIM BBOIMWIN 2M

HaTpus a3ujaa B KoHLeHTpauu 3M u 4M.
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JO/SO Harpnsa azun Hatpusa azng Hatpnsa azun Hatpusa azuxg Ap

(sodium azide) 1M (sodium azide) 2M (sodium azide) 3M (sodium azide) 4 M

[Mpumeuanue: JIO — nokHOONIEPHPOBAHHBIE )KUBOTHBIE; A} — rpyrnmna KpbIC, KOTOpOH BBOMIN (pparMenTsl AP; HaTpus
a3|j — rpymIa KpeIc, KOTOPOI BBOIWIIM HATPHS a3U B pa3HEIX KoHIeHTparwsx (1M, 2M, 3M u 4M COOTBETCTBEHHO);
* — craructmiyecku 3Ha4mMo ortHocutenbHO JIO kpeic (P<0,05, Tect [laHHera); # — CTaTHCTHYECKH 3HAYMMO
OTHOCHTEIIFHO TPYHIBI KpbIc, KoTophiM BBOmmIM AP (p<0,05, Tect Heromena-Keiinca); A — cTaTUCTHYECKH 3HAYUMO
OTHOCHTEIIEHO TPYTIITEI KPBIC, KOTOPBIM BBOIMIIN HaTpus a3ua 3M konueHTparun (P<0,05, rect Heromena-Ketinca); o —
CTaTUCTUYECKH 3HAYMMO OTHOCUTEIIBHO TPYIIITBI KPBIC, KOTOPBIM BBOIAMIM HaTpHs a3u 4M konuenrpanmu (P<0,05, tect
Hrromena-Keiinca).

Note: SO — sham-operated animals; AB — a group of rats to which fragments of AB were injected; sodium azide — a group
of rats to which sodium azide was injected at different concentrations (1M, 2M, 3M and 4M, respectively); * —significant
relative to SO rats (p<0.05, Dunnet test); # — significant relative to the group of rats injected with AB (p<0.05, Newman-
Keulse test); A —significant relative to the group of rats injected with 3M sodium azide concentration (p<0.05, Newman-
Keulse test); o — significant relative to the group of rats injected with sodium azide 4M concentration (p<0.05, Newman-
Keulse test).

Puc. 2. U3meHenne KOHIICHTpAaluu Tay-6em<a B TKaHU TUIITIIOKaMIIa KPBIC Ha (1)0He BBCICHUA
(dbparmeHTOB AP M pa3HBIX KOHIIEHTpAITUil HATpHsI a3uja
Fig. 2. Changes in the concentration of tau protein in rat hippocampal tissue against the background

of injection of AB fragments and different concentrations of sodium azide

AHanu3 U3MEHEHHs  KOHIIEHTpalHuU
AN® no3BoiMI YCTaHOBUTb, YTO Yy KpBIC,
KOTOpbIM  BBOJWJIM  HaTpus  a3ujg B

BBOAMIM 2M  pacTBOp HaTpusd  asuia,
koHeHTpanus AWN® Obula  JI0CTOBEPHO
(p<0,05) MeHbIIIE aHATOTUYHOMN Y KUBOTHBIX,

koHUeHTpauusx 2M, 3M u 4M naHHbBIU
MoKasareib MpeBblan aHajgoruubii y JIO
xuBOTHBIX B 1,8 (p<0,05); 3,5 (p<0,05) u 3,4
(p<0,05) pa3a cOOTBETCTBEHHO, TOT/a KaK Ha
¢done BBemenus AP, comepkanue AUD B
TKaHW TUIIOKamna yBenuuuiaoch B 4,0 pasa
(p<0,05) mo otnHomenuto k JIO rpymme
kpbic (Puc. 3). IIpu 3TOM, y KpBIC KOTOPHIM

koTtopbiM BBOIWIN AP u 3M/4M pacTBOpHI
HaTpUsl a3u/la U CTATUCTUYECKH 3HAUYMMO HE
oTnuyanach OT mnokazareneid JIO rpymnmsl
Kpplc. Takke CTOMT  OTMETUTh, 4YTO
JOCTOBEPHBIX OTIMYMM MEXIy TIpyniamu
KUBOTHBIX, KOTOPbIM BBOAWIM AP M HaTpus
azuna B KoHueHTpauuu 3M u 4M, He
YCTaHOBJIEHO.
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[pumeuanue: JIO — 10’KHOOTIEPHPOBAHHBIC KUBOTHBIC; A} — TpymIa KpeIC, KOTOPOW BBOAWIN (hparMeHTH Af; HATPUL
a3uj — rpymIa KpeIC, KOTOPOI BBOIWIIM HATPHS a3U B pa3HBIX KoHIeHTparmsx (1M, 2M, 3M u 4M COOTBETCTBEHHO);
* — cratuctuuecku 3HauMMo oTHocutenbHo JIO kpbic (p<0,05, tect [lannera); # — CTaTUCTUYECKH 3HAYUMO
OTHOCHTEJILHO TPYIIBI KPBIC, KOTOpbIM BBomIN AP (p<0,05, Tect Helomena-Keiinca); A — cTraTUCTHUECKH 3HAYUMO
OTHOCHTEJIBHO I'PYTIIBI KPBIC, KOTOPBIM BBOIWIN HaTpus a3ua 3M konuenTparuu (p<0,05, rect Hetomena-Keiinca); o —
CTaTUCTHYECKH 3HAYMMO OTHOCHUTEINIFHO IPYIIIBI KPBIC, KOTOPBIM BBOAMWIN HAaTpus a3ug 4M konueHtpamuu (p<0,05, tect
Hrromena-Keiinca).

Note: SO — sham-operated animals; A — a group of rats to which fragments of A8 were injected; sodium azide — a group
of rats to which sodium azide was injected at different concentrations (1M, 2M, 3M and 4M, respectively); * — significant
relative to SO rats (p<0.05, Dunnet test); # — significant relative to the group of rats injected with A (p<0.05, Newman-
Keulse test); A — significant relative to the group of rats injected with 3M sodium azide concentration (p<0.05, Newman-
Keulse test); o — significant relative to the group of rats injected with sodium azide 4M concentration (p<0.05, Newman-
Keulse test).

Puc. 3. U3menenue konuentpanuu AV® B TkaHU TUIIIIOKaMIIa KpbIC HAa ()OHE BBEJICHUS
¢parmeHTOB A M pa3HBIX KOHLEHTpALUH HATPUS a3uja
Fig. 3. Changes in the concentration of AIF in rat hippocampal tissue against the background

of injection of A fragments and different concentrations of sodium azide

Ha ¢one BBenenus ¢pparmentoB A B (Bce mokazarenm  pP<0,05), Torma Kak
THIIIOKAMIT ~ KPbIC ~ OTMEYEHO  CHIDKCHHE aHa’pOOHBII MeTaboIn3M, HaMpOTHB,
(OTHOCHTETBHO JIO ’KHBOTHBIX ) yBenumumics B 4,4 (p<0,05); 7,4% (p<0,05) u

MHTEHCHBHOCTH a’poOHOr0 Meraboim3Ma Ha
548% (p<0,05) mpu  COMyTCTBYIOIIEM
MOBBIIIICHUU aHa’POOHBIX peakiuii oOMeHa B
7,8 pasza (p<0,05). B Toxe Bpems ImpH
WHBEKIIMA HATpUs a3uja B KOHICHTPAIHUIX
2M, 3M u 4M a3poOHBI MeTaboIN3M
yMeHbIIIICS B cpaBHeHHH C JIO KUBOTHBIMHU
Ha 20,0%; 51,9% u 53,0% COOTBETCTBEHHO

7,2 (p<0,05) pasza coorBerctBenHO (Puc. 4).
Taxxe ObUTO TIOKa3aHO, YTO Y KPBIC, KOTOPBIM
BBOAMIM 2M pacTBOp HATpHs a3ujia, peakiuu
a’poOHOro  oOMeHa  OBTM  JIOCTOBEPHO
(p<0,05) Hmxe, a aHA3POOHOTO BHIIIE, YEM Y
KMUBOTHBIX, KOTOPbIM BBOAWIM AP W HaTpus
as3uJ1 B KoHIeHTpamusix 3M u 4M.
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= Harpust aznn (sodium azide) 3M

® Harpus a3ua (sodium azide) 1M Harpusi azna (sodium azide) 2M

= Hatpus azun (sodium azide) 4 M Ap

[pumeuanue: JIO — 10’KHOOTIEPHPOBAHHBIC KUBOTHBIC; A} — TpymIa KpeIC, KOTOpol BBOAWIN (hparMeHTH Af; HATpUL
a3uj — rpymIa KpeIC, KOTOPOI BBOJWIIM HATPHS a3U B pa3HHIX KoHIeHTparmsix (1M, 2M, 3M u 4M COOTBETCTBEHHO);
* — craructmdecku 3Ha4nmMO oTHocutenbHO JIO kpeic (P<0,05, Tect [laHHera); # — CTaTUCTHYECKH 3HAYMMO
OTHOCHTEIIFHO TPYHIBI KpbIc, KoTOopeiM BBOommn AP (p<0,05, Tect Heromena-Keiinca); A — cTaTUCTHYECKH 3HAYUMO
OTHOCHTEIIEHO TPYTIITHI KPBIC, KOTOPBIM BBOIMIN HaTpus a3ug 3M konueHTparun (P<0,05, rect Hetomena-Ketinca); o —
CTaTUCTHYECKH 3HAYMMO OTHOCUTENIFHO IPYIIIBI KPBIC, KOTOPBIM BBOAWIHM HAaTpus a3u] 4M konuentparmu (p<0,05, tect
Hrromena-Keiinca).

Note: SO — sham-operated animals; AB — a group of rats to which fragments of AB were injected; sodium azide — a group
of rats to which sodium azide was injected at different concentrations (1M, 2M, 3M and 4M, respectively); * —significant
relative to SO rats (p<0.05, Dunnet test); # — significant relative to the group of rats injected with AB (p<0.05, Newman-
Keulse test); A — significant relative to the group of rats injected with 3M sodium azide concentration (p<0.05, Newman-
Keulse test); o — significant relative to the group of rats injected with sodium azide 4M concentration (p<0.05, Newman-
Keulse test).

Puc. 4. I3mMeHnenune a3poOHBIX U aHAIPOOHBIX peakIuii MeTaboIM3Ma B TKAHU THUITITOKaMIIa KPBIC Ha

¢doHe BBeieHUs pparMeHTOB AP U pa3HBIX KOHIIEHTpPAIUI HAaTpuUs a3uja.
Fig. 4. Changes in aerobic and anaerobic metabolic reactions in rat hippocampal tissue against the

background of injection of AB fragments and different concentrations of sodium azide.

[Ipy aHanmu3e W3MEHEHUs peakius cpaBHeHuu ¢ JIO rpymnmoi KpeIC yCTaHOBJICHO

OKHUCIIUTEITHHOTO cTpecca B TKaHU He ObLIO, XOTs ObUTa OTMEYEeHa TEHICHIUS K
runmokammna kpeic ¢ BA (Tab6m. 1), Opu10 HETaTUBHOMY M3MEHEHUIO JTAHHBIX
YCTaHOBJICHO, YTO MIPU HHBEKIINH ()ParMeHTOB nmokasarejei (MOBBIIEHUE W CHUIKCHHE

AP y )KHUBOTHBIX TI0 OTHOIIEHHIO K JIO KpBIcam
oTMmevaetcst cHibkeHue aktuBHoctu COJ[ Ha
74,8% (p<0,05), npu MTOBBIIIICHU T
koHnentpauuu TBK-AIT B 2,53 paza (p<0,05).
B rpymnmax kpeic, koTopsiM BA MonenupoBanu
myTéM  BBEICHUA  HaTpus  a3uja B
KOHIeHTpauuu 1M u 2M, 3HaYUMBIX OTJINYUNA
B coaepxanuu TBK-AIT u aktuBnoctu CO/l B

COOTBETCTBEHHO). B Toxe Bpemsi Ha ¢oHe
WHBEKIIMM B THUIINOKAaMIT KpBIC pPacTBOpa
HaTpusi asujga B KoHieHTparmuu 3M u 4M
HaOmonanock ymenblnenue aktuBHocTr CO/JJ
Ha 70,2% (p<0,05) u 71,9% (p<0,05)
COOTBETCTBEHHO, npu MOBBIIIICHUH
conepxanusi TBK-AII B 2,0 (p<0,05) u 2,05
(p<0,05) pa3a COOTBETCTBEHHO.
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Tabauya 1

N3meHeHne peaknmii OKMCINTEJbHOIO CTPECCa B TKAHU THIIIIOKAMIIA KPbIC
Ha ¢oHe BBeleHUs GparMeHTOB AP M pa3HbIX KOHUEHTPALMIA HATPHUSA a3uaa

Table 1

Changes in oxidative stress reactions in rat hippocampal tissue against the background
of administration of A fragments and different concentrations of sodium azide

I'pynna COJ, Ea/mr 6enka TBK-AII, HMoJib/MT 0eJIKa

JIO/SO 52,3+1,5 0,56+0,08
Hatpus a3un 41,1+1,6# aA 0,53+0,08# oA
(sodium azide) IM

Hatpus a3un 36,4+1,4#0A 0,64+0,03# oA
(sodium azide) 2M

Hatpus a3un 15,6+1% 1,12+0,1*
(sodium azide) 3M

Hatpus a3un 14,7+1,6* 1,15+0,05%*
(sodium azide) 4 M

AP 13,240,9* 1,42+0,04*

[Mpumeuanue: JIO — nokHOONEPHPOBAHHBIE KHUBOTHBIC; A} — rpymnmna KpbIC, KOTOpO# BBOMIN (pparMeHTsl AP; HaTpus
a3uj — Ipymnmna KpbIC, KOTOPOH BBOAWIN HATPUs a3U] B pa3HBIX KoHIeHTpanusax (1M, 2M, 3M u 4M cOOTBETCTBEHHO);

*

— CTaTUCTHYeCKH 3HayuMo oTHocuTenbHOo JIO kpeic (P<0,05, Tect [laHHeTra); # — CTaTUCTHYECKH 3HAYHMO

OTHOCHTEJIFHO TPYIIBI KPBIC, KOTOphIM BBoMIN AP (P<0,05, Tect Heiomena-Keiinca); A — cTaTucTuuecku 3HaYUMO
OTHOCHTEJIBHO I'PYTIIBI KPBIC, KOTOPBIM BBOIWIN HaTpus a3ua 3M konuenTparuu (p<0,05, rect Hetomena-Keitnca); o —
CTaTUCTUYECKH 3HAYMMO OTHOCUTEIIBHO TPYIITEI KPBIC, KOTOPBHIM BBOAWIN HATpHs a3ug 4M kornuenTtparwu (P<0,05, tect

Hrromena-Keiinca).

Note: SO — sham-operated animals; AB — a group of rats to which fragments of A3 were injected; sodium azide — a group
of rats to which sodium azide was injected at different concentrations (1M, 2M, 3M and 4M, respectively); * — significant
relative to SO rats (p<0.05, Dunnet test); # — significant relative to the group of rats injected with AB (p<0.05, Newman-
Keulse test); A — significant relative to the group of rats injected with 3M sodium azide concentration (p<0.05, Newman-
Keulse test); o — significant relative to the group of rats injected with sodium azide 4M concentration (p<0.05, Newman-

Keulse test).

Obcyxaenne pe3yabTaToB. BniOop
AKCNEPUMEHTAIbHON MOJeNn
HeWpoJeTreHEepaTUBHBIX  3a00JieBaHUi, B
yacTHOCTH, BA urpaer onpenenstonyo poib
B YCHENIHOM JIOKJIMHUYECKOM H3y4YeHUU
HOBBIX (bapmMakoIOTH4ecKu AKTHBHBIX
coequHennii. Hapsgy ¢ kiaccuyeckumu
MOJEINISIMH, Hampumep, aMUJIOUAUHON WIH
AIFOMAHHUA-XJIOPUIHOM, B
SKCIIEPUMEHTAJIbHON TMpPAaKTUKE BCE 4Yalle
WCTIONB3YIOTCS  AIbTEPHATUBHBIC TTOXOIBI,
MO3BOJISIIOIIME  BOCHPOU3BECTU  OTIEIbHBIC
naTopusnosornueckue mexanusmel BA. Silva,
etal., 2023 coobmmaroT, 4TO B KAYECTBE arcHTa,
MHIYLHPYIOIIETO bA, BO3MOXHO
HCIIOBb30BaHUE CTPENTO30TOIMHA. B nanHOM
pabore TIpH  BBEACHWU B  THUIIIOKAMII
KUBOTHOT'O CTPENTO30TOLHH BBI3bIBAI
YCUJIEHUE HEUPOAETEHEPATUBHOIO IIPOLIECCa U
aKTUBAIMIO ALETUIIXOJIMHACTEPA3bl, 4YTO B
CBOIO OUYepeb SBIIAECTCS OJHUMH U3 BEIYIIHUX
MaToreHeTu4eckux 3meMeHToB bA [17].

B Toxe Bpems, puHUMas BO BHUMaHUE
ocoOeHHOCTH TmaToreHesa bBA, a wuMeHHO
HaJM4ue€ BBIPAKEHHOTO DJHEProAeQuiuTa u
MUTOXOHAPHATBHOW  TUCOYHKLUH, MOXKHO
MIPEATIONI0KUTD, 4TO HEKOTOpbIE
MUTOXOHJIPHAJIbHBIE ~ TOKCUKAHTBI ~ MOTYT
BBICTYyNIaTh B KadecTBa bBA-MHIyIMpyeMBbIX
coequHeHnil. OIHUM U3 TakWX BEIIECTB
ABJISIETCS] HATPHS a3U.

Hatpust a3sun mpencraBisier  coOoit
COTIPSIKEHHOE OCHOBaHHE c
A30THCTOBOJIOPOJHON KHUCIOTOH. DTO Oemblii
KpUCTAINIMYECKUI Topomiok 0e3 BKyca H
3amaxa, XOpOLIO pAacTBOPUMBIA B BOJE.
Harpus a3uag mnpu KOHTakTe C BOAOU
IIpeBpalacTcss B a30TUCTOBOAOPOJIHYIO
KuCIoTy. Mcnonbe3yercs, B IEpBYIO o4epeas B
MIPOMBIILITIECHHOCTH B KaueCTBe
ra3oreHEpUPYIOIIEH Cpeabl B MUPONATPOHAX
U1 aBTOMOOMIIBHBIX MOTyIIEK 0€30MacHOCTH.
Taxxke BO3MOXKHO PUMEHEHUE HATPHS a3una
KaK KarajJu3aropa XUMHUYECKOrO0 CHHTE3a WIH
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KOHCepBaHTa. TOKCHUYHOCTb HATpHUs asuja
3aBUCHT OT J03bl M TPOSIBISETCS B BUJE
TOIIHOTHI, PBOTHI, THIIOTOHUU, TAXUKAPIUH H
TOJIOBHBIX ~0OJel, THIOTOHHM, apPUTMUH,
anuao3a, cynopor [18].

Tennenuuss UCMNONB30BaHUA  HATPUS
azunua JUTS MOZEIINPOBAHUS bA
MpOCJeKHUBaeTCs B paboTe, MpeAcTaBIEHHOM
Jabeen, et al., 2022. B nanHOM HCClIEI0BAaHUA
aBTOpamMu CpaBHHUBAJIUCH JBE
SKCIepUMEHTaIbHbIE MOJeNn BA: BbI3BaHHAS
a3uJIOM HATpUsl U aJIOMUHUS XJopuaoM. B

WUTOTE ObLIa MPOAEMOHCTPUPOBAHA
COIMOCTaBUMOCTh TAHHBIX
OKCIICPUMCHTAJIbHBIX TEXHHUK. OI[HaKO,
aBTOpaMH  paccMaTpUBaliOCh  CHUCTEMHOE

BO3JICUCTBUE HATpPHUs a3ujia Ha OPraHu3M
’KHBOTHOTO C BOBJICYEHHEM B IIATOJIOTMYECKUMI
MpOIIeCC MEUYCHU, CepAla U TOKETYT0UHON
JKele3bl, YTO yKa3blBaeT Ha (opmupoBaHUe
KoMopOuaHOH natooruu [19]. B Toxe Bpems
MPEJICTABIsIeTCS  aKTyallbHBIM  JIOKAJbHOE
BBEJICHHE HATpPUsl a3uja B THUIIOKAMII
JKMBOTHOTO, 4TO BEPOSITHO MOXKET
WHIYIIUPOBAaTh JIOKAJIbHBIE IepeOpasibHbIC
W3MEHEHUs, XapakTepHble 1 BA.

B xone ucciienoBanus ObUIO ITOKAa3aHO,
YTO BBEJICHHE pPACTBOPOB HATpUs a3ujaa B
KkoHIeHTpanuu 3M u 4M B TKaHb TUTITIOKAMITa

KpBIC HOPUBOJIUT K MOBBIIIIEHUIO
KOHIIEHTpaluu TunepdochoprmimpoBaHHOTO
Tay-0enka, YTHETEHUIO a’po0HOroO,
YBEIMUYEHUIO  aHa’poOHOro  oOMeHa |

aKTUBAIlMM BHYTPEHHETO IyTH aloIiTo3a, 4To
BBIpaXaJloch B pocte cojnepxkanus AUNO.
Taxke y Kpbic HaOIOJAOCh YTHETEHHE
aKTUBHOCTH con c aKTHUBaIuEH
JUIONEPOKCUIATUBHBIX IporeccoB. B urore
OTMEYEHO Pa3BUTHE KOTHUTUBHOTO IEPHIINTA,
4TO MOJITBEPKIAIOCH JAHHBIMU,
MOJyYCHHBIMH TIpU  OIEHKE  ITOBEICHUS
KHUBOTHBIX B TecTe Y-00pa3HbIil JTaOUPHHT.
CTtouT OTMETHTH, 4YTO  HaOJIOJaeMbIe
W3MEHEHHUS TIpU BBEJACHUU HATPHUS a3ula B
YKa3aHHBIX KOHIICHTPAIUSX ObLTH
SKBUBAJICHTHBl TAaKOBBIM, OTMEYAaEeMbIM Ha
(dhone mabeKkMU (pparmeHTOB AP, TOoTrma Kak
IpU HCIIOJIb30BAaHUM HATpHs a3uaa B Oojee
HU3KUX  KoHmeHTpauusx (1M pactBop)
CTATHUCTUYECKH 3HAYUMBIX OTIMYHUNA  TIO

orHomeHnt0 K  JIO  JKMBOTHBIM  HE
HaOIIOAAIOCh, JTMOO OHM OBUIM JTOCTOBEPHO
MEHBIIIE, YeM MPU MIPUMEHECHUU HATPHS a3uja
B BBICOKMX KOHIICHTPAIHUSIX WU TP BBEACHUU
AP (xak B ciiydae BBeaeHus 2M pactBopa
HaTpusi asupa). IlogoOHBIE  HM3MEHEHUs,
HaOJIt0/laeMble B TKAHU TUIIOKAMIIa MOTYT
OBITh CBSI3aHBI C XapaKTEPOM JCHCTBUS HATPUS
azuna. JlamHoe coenuHeHwe — 00JamaeT
BBIPQKEHHBIM IIUTOTOKCHYECKUM ACHCTBHEM,
peanu3yeMbIM 10 JABYM  MOJEKYJISIPHBIM
MEXaHHU3MaM: HHTHOMPOBAHHE ITUTOXPOM-C-
OKCHJIa3bl MUTOXOHJIPUAJIbHOU JbIXaTEIbHOU
Henu M Karanasbl, MHAYIUPYS TEM CamMbIM
SHEpProAeUIUT W OKHUCIUTEIbHBIA CTpecc,
YTO OCOOCHHO HETaTHBHO CKa3bIBaeTCs Ha
KJIETKaX C  BBICOKOWM  METa0OJUYEeCKOU
AKTUBHOCTHIO, HanpuMmep, HEHPOHOB
rojoBHoro Mosra [20]. B Toxe Bpewms,
HapyuieHnue cuHTe3a AT® u comyTcTByOIIEe
nogasiicHne ATd-3aBUCHMBIX IPOLECCOB
PUBOIUT K CHUKEHUIO OydepHoit
KaJIbIIUEBOU €MKOCTH MHUTOXOHJIPUH,
UHULMUPYS  HaOyxaHue U «OneOOUHI»
MUTOXOHJIPHH, B pe3yJbTare aKTUBHUPYS
BHYTpPEHHUH ITyTh anonrosa [21]. Kpome Toro,
OBLJI0O  TIOKAa3aHO CHWKEHUE AaKTUBHOCTH
IUTOXPOM-C-OKCH/a3bl y TalleHToB ¢ bA B
TKAaHH  TUIIOKaMIa, YTO  KIMHHUYECKH
MOJITBEPKIAET Pa3BUTHE MUTOXOHIPHAIBLHOM
muchyukiun  npu  BA  [22]. OnwucanHble
MEXaHU3MBbI MPaKTUYECKH MOJIHOCTBEO
OTPaXKAIOT TOJOXKEHUS «MUTOXOHIPHATIBHON
teopur» BA [23]. CormacHo naHHOU
TUTIOTE3€. HapylieHHe (YHKIIMOHUPOBAHUS
MUTOXOHAPUI KIIETKU CHOoCcOOCTBYET
TIOBBIIICHHOM arperanuu A u Tay-0enka, 94To
obuto moareepkaeHo Abyadeh, et al., 2021
[24]. CTouT OTMETUTH, YTO XPOHOJOTHUECKH
MUTOXOHJIpHANIbHAS JUCHYHKIUS SBISIETCS
Oonee paHHUM MaTOTC€HETHYECKUM
MexanmsmMoMm BA, dem ¢dopmupoBanue
arperatoB A [25]. Takum oOpa3zoM, BBeeHNE
HaTpusT a3ujJa B TUOINOKAMI KpPHIC B
IKCIIEPUMEHTAIBHBIX  YCIOBHSX  MOXET
obecrieunTh (HopMHpOBaAHME PAHHUX CTAJAHMA

bBA, CBSI3aHHBIX c pa3BUTHEM
MUTOXOHAPHATBHOW AMCHYHKIMHM, UYTO B
naJLHENIeM MPUBOJIUT K

(I)CHOMGHOHI/IMI/I‘-IGCKI/IM HU3MCHCHHUSAM B TKaHU
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TUNIOKAMITA, BBIPAXaeMbIM B HAKOIUICHUH
dhochoprmmpoBaHHOTO Tay-0eiKa.

3aki0ueHue. [TpoBenennoe
HCCIIeIOBaHKE TT0Ka3ajo, 4YTo BBeAeHuEe 3M u
4M pacTBOpPOB HATpUs a3uja B THUMIIOKaAMII
KPBIC ~ NPUBOAMUT  NATO(PU3UOJIOTHUECKUM
M3MEHEHHSIM COITOCTaBUMBIMHU C
AQHAJIOTHYHBIMUA TIPU WUHBEKIUU (ParMEHTOB
AB. Ilpu »5TOM, oOTMewaercs AucOanaHC
peakiuii OCHOBHOTO OOMEHa, aKTHUBaIUs
armonTo3a, OKHCIHWTEIBHOTO  CcTpecca H
HakoruieHue ¢pochoprpoBaHHbIX HOpM Tay-
oenka. Takum oOpazom, BBeacHue 3M u 4M
pacTBOPOB HATPHS a3uja B THIIIOKAMIT KPBIC
MOJKET MPENCTABIATh COOON aIbTePHATUBHBIN
BBEJICHUIO (dbparMeHToB AP
HKCIIEPUMEHTATbHBIN TIOJIXO/T K
MOJICJIMPOBaHMIO BA.
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Abstract

Background: The problem of atopic dermatitis has received significant attention from researchers
across different fields over the years. Despite its high prevalence, there remains an incomplete
understanding of the underlying pathogenetic mechanisms, leading to ineffective therapeutic
strategies. This lack of consensus regarding a unified model of dermatitis development creates
challenges in selecting appropriate treatment options. The aim of the study: To analyze the current
scientific literature data describing the relationship between central nervous system damage,
psychogenic factors and the development of atopic dermatitis. Materials and methods: Data were
searched in the electronic libraries of scientific articles PubMed, eLIBRARY.RU, and Google
Scholar. A total of 41 publications corresponding to the objectives of the current review were
analyzed. Results: Numerous studies highlight the dual contribution of exogenous (environmental)
and endogenous (internal) factors in the etiology of atopic dermatitis. Psychogenic elements,
particularly psychological stress, emerge as key drivers influencing disease progression. Recent
advancements in psychoneuroimmunology underscore the profound effect of psychophysiological
variables on immune responses. Additionally, a correlation exists between the degree of pathological
changes, distribution of skin lesions, and the severity of associated psychopathological
manifestations. However, these findings predominantly focus on adults, with less exploration into
pediatric populations where mental health aspects are often overlooked. Current investigations
typically prioritize cutaneous pathologies rather than considering broader implications related to
systemic impacts. Conclusion: Further investigation into the interplay between psychogenic
influences and individual personality traits could provide valuableinsights into the mechanisms
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underpinning atopic dermatitis. Addressing the gaps in our knowledge concerning the contributions
of intrinsic neurological anomalies and their consequences on autonomic-nervous and immunological
balance may yield more effective diagnostic tools and therapies.

Keywords: atopic dermatitis; mental disorders in atopic dermatitis; the mechanism of their

occurrence; literature review
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Introduction. Atopic dermatitis (AD) is
the result of the impact of a large number of
pathological factors on the human body, the
mechanism of which has yet to be fully
studied. Today, it is known that the
pathogenesis of atopic dermatitis affects all
human organ systems. Over the past 20 years,
there has been an increase in the incidence of
AD by more than 2 times. The prevalence of
AD varies depending on the region [1, 2] and
among the paediatric population exceeds the
figure of 20%, and among the adult population
it reaches almost 10% [3].

The incidence of atopic dermatitis (AD)
among children in different regions of Russia
ranges from 10 to 28%, accounting for 50—
75% of all allergic diseases [3].

The role of genetic influence on the
occurrence of AD is obvious. For instance, AD
develops in 81% of children when both parents
suffer from this disease, and in 56% of children
when only one parent is ill. Moreover, the risk
of developing AD increases 1.5 times if the
mother is ill [3]. AD is a disease with a genetic
predisposition [4, 5], which is strongly
influenced by the innate and adaptive immune
response as well as environmental factors
[6, 7, 8].

Researchers attach great importance to
psychogenic factors, primarily to
psychological stress [9]. Modern advances in
psychoneuroimmunology demonstrate an
enormous influence of psychophysiological
factors on the immune system.
Psychotraumatic factors among women,
intrafamilial stressors are in first place in terms
of prevalence and significance (44.1%);
among men,  work-related  stressors
predominate (29.8%) and family problems are
less frequent (24.8%). At the same time, 34%

of the patients experienced the onset or
recurrence of the skin disease 1-2 days after
severe stress. Severe stressful situations
account for 28% of all cases, psychic trauma of
moderate severity occurs in 39% of cases. As
a result of psychogenic exacerbation of atopic
dermatitis, the production of regulatory
neurotrophins and neuropeptides increases.
This leads to impaired cytokine secretion and
imbalance in cellular immunity, which in turn
contributes to the development of
inflammation [10].

Domestic scientists noting that the
concentration of a neurotrophic factor in the
blood closely correlates with the activity of the
disease support the latter conclusion. In
morphofunctional terms, the immune system is
not isolated from the central nervous system
but serves as the object of its regulatory
influences.

Chronic stress is commonly associated
with immunosuppression. The relationship
between the most important systems of the
body is carried out through endocrine factors.
Another possible  mechanism for the
transformation of psychogenic effects during
aggravation of AD is the involvement of neural
pathways providing signal transmission
between the central nervous system (CNS) and
the skin. This conclusion was based on the
identified features of clinical manifestations.
Such as the symmetry of the rash, the complete
absence of rashes in areas of skin denervation,
the occurrence of erythema and itching when
experiencing a stressful situation. Thus, it was
established that with AD, a high density of
nerve endings is observed in areas of chronic
rashes.

The aim of the study. To analyze the
current scientific literature data describing the
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relationship between central nervous system
damage, psychogenic factors and the
development of atopic dermatitis.

Materials and methods. Data were
searched in the electronic libraries of scientific
articles PubMed, eLIBRARY.RU, and Google
Scholar. The search was conducted using the
following  keywords: atopic dermatitis,
pathogenesis of atopic dermatitis,
psychosomatic disorders, neuropsychiatric
model. Initially, 183 publications were
retrieved. Of these, 74 did not meet the
inclusion criteria, 37 were duplicates and were
therefore excluded, and 31 were of poor
quality or lacked sufficient information.
Ultimately, 41 original publications aligned
with the aims of the review were analyzed.

Inclusion Criteria:

¢ Original research, qualitative reviews,
and meta-analyses published from 2010 until
today.

e Studies focusing on the interaction
between mental disorders and atopic
dermatitis, as well as the psychoneurological
component in the pathogenesis of the disease.

e High levels of evidence (classification
levels 1 and 2 according to the Oxford Centre
for Evidence-Based Medicine scale).

e Statistically  significant  outcomes
(p<0.05).

e Accessible full text or sufficient
information to  evaluate the  study
comprehensively.

Exclusion Criteria:

e Unreliable or poorly executed studies.

e Papers not addressing the topic of the
link between mental disorders and atopic
dermatitis.

e Cases of duplicate publication (only the
most complete version was retained).

eSmall sample sizes (less than 50
subjects) unless the study had exceptional
relevance or uniqueness.

e Partial texts or fragmented publications
preventing a full assessment of methodology
and results.

Theories on the occurrence of atopic
dermatitis in children

The formation and course of AD in
children is significantly influenced by genetic

predisposition to allergic reactions with
polygenic forms of inheritance. It should be
noted that it is not the disease itself that is
inherited, but a set of genetic factors that
contribute to the formation of allergic
pathology [11]. It has been established that, in
most cases, atopic dermatitis is a hereditary
condition. Studies show that 40% of patients
have one or more family members with signs
of atopic dermatitis in their anamnesis. It is
generally accepted that the prevalence of AD
among children whose parents suffer from AD
is more than 60%. If both parents are ill, then
AD develops in the child in more than 80% of
cases. The researchers haven’t established
differences in gender-based inheritance.
According to Toppila-Salmi S. (2019), a
predominant influence of the maternal line is
assumed. For instance, a connection with
atopic diseases on the mother’s side is detected
in 60-70% of cases, less often on the father’s
side — 18-22% of cases. AD is often combined
with respiratory atopies [12].

Immune mechanisms of atopic
dermatitis

Russian and European scientists have
established that the main mechanism in the
pathogenesis of AD is immune dysfunction
[13]. In the pathogenesis of AD, two factors
are crucial, namely impaired skin barrier
function and violations of the body’s
immunological reactivity, with a shift in the
balance between Thl and Th2 lymphocytes
towards the latter, as well as an increase in the
production of corresponding cytokines [14].

Normally, Th 1 and Th 2 immune cells
act in a balanced manner. However, when AD
is biased towards hyperactivation Th 2, which
leads to an inadequate immune response and
disruption of IgE production. A significant
decrease in the level of gamma interferon is
also noted. It could be argued that this
mechanism plays a key role in the
development of AD. It should be noted that in
patients with atopy, the number of Langerhans
cells, which are the main cells of the skin
immune  system responsible  for the
accumulation of IgE-mediated allergens in the
skin and their presentation to T lymphocytes,
is significantly higher than in healthy people
[15].
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The pathogenesis of AD is not limited to
the reagin type of allergy by which, with
increasing duration of the disease, there is a
persistent imbalance between Th2 and
Th22/Thl and Th17, which remains even
during the remission of dermatosis, as well as
disturbances in the cytokine profile, in
particular the IL-4/1L-13 ratio [16].

Dendritic cells activated by mediators of
acute inflammation infiltrate the epidermis and
initiate an immune response through the Thl
pathway, leading to increased production of
INFy, IL-2, IL-12. Skin brushing exacerbates
damage to Kkeratinocytes, mast cells and
macrophages that contain IgE. This triggers
the release of IL-1, TNF-a, platelet-activating
factor, leukotrienes and other mediators that
support the inflammatory process [15].

In the genesis of chronic inflammation in
AD, we cannot exclude autoimmune processes
and features of the immune response, which
may contribute to the development of a
hypersensitivity reaction and induce the
proliferation of autoresponsive T cells. At the
same time, the development and course of
immune reactions in the skin is influenced by
the peripheral nervous system [17].

The intensity of itching in patients with
chronic dermatoses depends on the severity of
cutaneous innervation by nerve C-fibers. AD
may be only triggered by various
environmental factors in people prone to it [7]
Food sensitization is also of importance in the
pathogenesis of AD. It is well known that
when following a hypoallergenic diet and
refusing to eat foods such as eggs, milk,
seafood, mushrooms, cereals, legumes, citrus
fruits, the severity of AD is alleviated, which
is observed in more than 90% of patients with
severe AD [8]. To date, it has been established
that the causes of constant exacerbation of
allergic reactions in children with AD are
disorders  (chronic  diseases of the
gastrointestinal tract), hepatobiliary system,
parasitic invasions) and true food allergy [18].
In addition to the above-mentioned factors
affecting the course of AD, the researchers
point to the role of many background disorders
in manifestation of the disease. In their
opinion, these disorders may enhance certain

components of pathogenesis: internal focal
infections,  dysmetabolic ~ nephropathies,
interstitial nephritis, disorders of intestinal
biocinosis, congenital, genetically mediated
intestinal fermentopathy, impaired metabolism
of fatty acids in formed elements, blood
plasma, and adipose tissue [19].

The role of CNS damage in the
pathogenesis of atopic dermatitis

Great importance in the development of
AD is given to the pathology of the central
nervous system. Interesting results were
obtained during the neurological examination
of children with atopic dermatitis. A total of
124 children were examined. In 71.4% of
cases, corresponding neurological symptoms
were detected, which, according to the authors,
indicated dysfunction of the brain at the level
of the cortex and limbic-reticular complexes
[20]. So, based on the results of a study
conducted using cardiointervalography under
the Reocard program, notes the secondary
nature of changes in autonomic regulation that
progress against the background of the torpid
course of atopic syndrome. When examining
the functional state of the central and
autonomic nervous system (EEG, REG,
ultrasound dopplerography of vessels in the
brain and spinal cord), pathological changes
were identified in 76.6% of AD patients. Only
a few publications in modern literature are
devoted to the study of EEG in AD. The study
was carried out exclusively by Russian
authors. EEG is a prognostic examination
method, since persistent EEG changes after
treatment indicate the possibility of a relapse
in the near future in some patients. EEG
examinations in children and adolescents with
skin pathology showed the signs of residual
organic cerebral insufficiency in all patients.

Of particular interest is an EEG
examination of children with AD conducted on
a "Neurocartograph” computer
encephalograph using color mapping, spectral
and correlation analysis. In 36% of the
children, the absence of alpha rhythm on the
EEG was revealed, which, according to the
authors, is due to profound changes in the
functional state of the cerebral cortex and
subcortical structures [20]. The revealed
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changes in the cerebral bioelectrical activity
usually manifested themselves as disturbances
in the regularity of the basic rhythm, the
inequalities of its frequency and amplitude,
disturbances in zonal differences, the presence
of slow waves, mainly in the ©-band,
sometimes in the form of bilaterally

synchronous bursts, single acute oscillations,
and impaired reactivity. As a result, three
variants of changes were presented on the EEG
with an increasing degree of severity (phasing)
of disturbances in the cerebral bioelectrical
activity (Table 1).

Table 1

Changes in brain electrical activity detected by EEG in children with atopic dermatitis

EEG Findings

Percentage of Cases

Absence of Alpha Rhythm 36%
Abnormal Basic Rhythm 28%
Presence of Slow Waves (6-band) 20%
Single Acute Oscillations 16%

These EEG findings illustrate disrupted
electrical functioning in the brain, consistent
with profound changes in cortical and
subcortical areas. Three distinct phases of EEG
disturbance severity were documented,
emphasizing the dynamic nature of
neurological perturbations in AD.

Rheoencephalography in almost all
examined AD children enabled establishing
the asymmetry of blood flow with changes
(increase or decrease, often combined) in
blood filling and tone of medium- and small-
caliber vessels of anterior and vertebral artery
circulation as well as the difficulty in venous
blood flow. By means of REG, in AD patients,
a dystonic state of the vessels in posterior
circulation with asymmetry of blood flow up
to 50% and a tendency of the cerebral vessels
to hypertonicity was determined. The authors
linked the formation of dermatosis clinical
forms with the influence of certain risk factors
in the corresponding age periods. Thus, both
external (physical, chemical, biological) and
internal (pathology of the nervous system,
gastrointestinal tract, genetic predisposition
and immune disorders) factors have a direct
impact on the occurrence and development of
atopic dermatitis [20].

The role of psychogenic and personal
factors in the development of atopic
dermatitis

The provocative role of psychogenic
factors in the development of skin diseases was
noted by many physicians [21]. At the end of
the 19th century, Brocq L, Jacquet L.
introduced the term “psychoneurodermatitis”,

which, according to the researchers of that
time, clearly indicated the origin of the disease.

The direct impact of stress factors on the
course of AD is based on the activation of the
hypothalamic-pituitary-adrenal system, which
is responsible for the transmission of control
impulses from the central nervous system to
the immune, endocrine and other systems. In
atopic dermatitis under conditions of stress
there is a decrease in the reactivity of the
hypothalamic-pituitary-adrenal system. The
described mechanisms contribute to the
exacerbation and development of atopic
process under the influence of psychogenic
factors. For instance, researchers revealed a
statistically significant increase in the number
of CD8+ lymphocytes and CLA in the blood,
expressed by more than 80% of T cells
infiltrating the skin [21]. It is well known that
in atopic dermatitis, CLA causes an increase in
IL-13 and IL-5 levels. Excessive blood levels
of CLA cells as a result of stress indicate an
increased ability of T lymphocytes to migrate
into eczematous damaged skin during
psychological stress, reflecting a link between
psychoneuroendocrine  mechanisms  and
Alzheimer's disease [21].

Another most probable mechanism of
stress effect on skin condition is the influence
of neuropeptides and their receptors on the
transmission between the central nervous
system, skin cells and the immune system. The
described mechanisms are reflected in the
concept of neurogenic inflammation in AD.

It should be noted that for more than half
a century, studies have been conducted to
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establish the role of personality traits of the
patient in the development of AD. To date, no
personality type specific to AD has been
identified [22]. However, personality
characteristics common to patients with AD
have been established. Among them are mood
swings, irritability, anxiety, depression, and
neuroticism [23]. It should be noted that AD
patients are characterized by the whole
spectrum of nosogenic reactions complicating
the course of the disease. The most important
factor is the recurrent nature of the disease,
subjective intolerance of itching, resistance to
therapy, as well as cosmetic defects of the skin
at the site of rashes [3]. In other words, the skin
symptoms themselves are provoking factors
and have a psychotraumatizing effect. They
contribute to the progression of the disease in
the form of the formation of new waves of
exacerbations "inside" the relapse. The result
is a kind of "vicious circle" of the disease [9].
Thus, we can speak about a close relationship
between mental disorders and the course of
clinical symptoms of skin diseases [24].

AD patients are characterized by certain
neurotic personality traits. These include
alienation, mood swings, depression, tension,
aggressiveness, anxiety, and hypochondria. In
turn, the reaction of introverted individuals,
expressing anxiety and ‘“hostile emotional
conflict,” often manifests itself in the form of
scratching the skin [25].

The psychological portrait of a patient
with atopic dermatitis is reflected in many
literary data. Most often, the characteristics of
such patients include anxious-depressive
features, pronounced tension, which is largely
due to the disease itself with its frequent
exacerbations, discomfort in the form of
itching and disfiguring lesions of the skin [26].
Numerous studies have also demonstrated an
association between certain subtypes of
depression and elevated levels of systemic
inflammatory markers, such as interleukin-6
(IL-6) and C-reactive protein. Elevated levels
of these biomarkers in AD patients may
indicate a general inflammatory aetiology [10].

Skin lesions, their prevalence and
severity of symptoms are closely related to the
development of psychopathological changes in

the patient. It is noteworthy that the duration of
the skin disease (eczema, psoriasis, atopic
dermatitis) does not affect the spectrum of
concomitant mental disorders, in contrast to
the localization of the pathological process,
which is of great importance [22].

Today, there is no doubt that it is
important to study the mechanisms of mutual
influence of psychogenic and personal risk
factors of the patient on the development and
exacerbation of the atopic process. It is
obvious that the relationship between
psychological, personal and physiological
components of the pathogenesis of atopic
dermatitis allows us to classify this disease as
a psychosomatic disorder.

Impact of positive emotions and non-
pharmacological approaches on the course
of atopic dermatitis

Multiple  scientific ~ studies  have
demonstrated the beneficial effects of laughter,
with researchers from various countries
conducting  experiments  measuring its
physiological impacts and advantages. It's
been established that laughter helps reduce the
production of allergen-specific IgE antibodies,
diminishing allergic skin reactions and
significantly boosting the activity of natural
Killer cells. Positive emotions consequently
exert a noticeable influence on both hormonal
and immune responses [27].

Certain studies have shown that kissing
can substantially alleviate skin conditions
associated with allergies by reducing levels of
neurotrophic growth factors such as NGF,
BDNF, NT-3, and NT-4 in patients with atopic
dermatitis. These findings imply that kissing
plays a significant role in neuroimmunological
studies concerning atopic dermatitis [28].

Music offers yet another advantage,
helping divert patients’ attention away from
distressing experiences or negative thoughts,
greatly enhancing their quality of life. In
addition, musical accompaniment can have a
regulatory effect on immune responses,
resulting in an increase in the number of
lymphocytes, T cells, CD4 + T cells and
memory T cells, as well as an increase in the
level of IFN - y and IL -6. These changes
directly affect the barrier function of the skin
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and the severity of general symptoms of atopic
dermatitis.

Contemporary research suggests
incorporating familiar and enjoyable music
into routine music therapy sessions to help
mitigate symptoms of multiple illnesses,
including atopic dermatitis [28].

Additionally, a notable correlation has
emerged between the progression of atopic
dermatitis and watching entertaining television
programs. Observations show that watching
movies causes measurable shifts in blood
parameters, mitigating allergic responses.
Specifically, the count of plasma neutrophils
noticeably drops after film viewings, thus
improving indirectly mediated allergic
reactions [29].

Emphasizing well-being, humor, and joy

as potential therapeutic interventions, it's vital
to incorporate positive emotions into treatment
regimens for patients with atopic dermatitis.

Mental disorders in atopic dermatitis

It's known that psychological disorders,
including depression and anxiety, are closely
connected to the development of atopic
dermatitis and demand thorough attention [30].
Data indicates that mental disorders are
prevalent in a sizable portion of patients with
atopic dermatitis (Table 2), with nonpsychotic
mental disorders occurring in nearly half of
young patients afflicted by this condition.
Remarkably, in severe cases, roughly two-
thirds of patients encounter a variety of
psychological issues, spanning from anxiety
and phobia to depressive symptoms [31].

Table 2

Prevalence of mental disorders in children with atopic dermatitis

Diagnosis Percentage of Patients
Affective Disorders 21-43%
Neurosis-like Depression >66%
Anxiety-Fear Disorders 39.5%
Hysteriform Disorders 21.1%

It was found that children with atopic
dermatitis are more likely to have depressive
and anxiety disorders, behavioral disorders,
autism spectrum disorders and hyperactivity
disorder. They are characterized by suicidal
thoughts and suicidal tendencies compared to
healthy peers [23]. Concurrently, atopic
dermatitis frequently contributes to sleep
disturbances, lowered self-esteem, and social
difficulties in peer relationships [32].

Most authors note the severity of
depressive disorders, which correlate with the
severity of skin manifestations [10].
Depressive reactions were predominant,
cyclothymia was more typical for common
forms of AD (28.7%). AD patients were
characterized by anxious (39.5%) and
hysterical (21.1%) variants of neurotic
development.

It was found that in the younger age
group (12-13 years old), mental disorders
manifested themselves in the form of short-
term neurotic reactions and behavioral

disorders. In the middle age group (14-15 years
old), mental disorders were characterized by
greater severity and clinical polymorphism
with emotional experiences of the disease,
especially a cosmetic defect. In the senior
group (16-17 years old), persistent and clinical
mental disorders as well as disorders that fitted
within the framework of pathocharactero-
logical development of personality were more
often observed [33, 34]. The researchers have
an ambiguous opinion regarding the
relationship between depression, pain, itching
and tingling. An interesting position is taken
by other researchers who claim that sensations
of the skin (burning, pain, etc.), having an
obvious organic genesis, which can be
regarded as equivalent to the latent course of
depression [35, 36, 37]. It is also known that
depression occurs with changes in a number of
immunological indicators [38].

At the neuroendocrinological level, a
number of signs common to depression and
AD have also been found.
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Today, the study of the prevalence and
severity of anxiety and depression in patients
with atopic dermatitis is conducted mainly by
dermatologists using appropriate psychometric
scales [39, 40].

It is generally accepted to attribute atopic
dermatitis to a group of psychosomatic
disorders characterized by variability of
symptoms. Some experts contend, however,
that only a fraction of cases fit this
categorization, as many patients follow an
autonomous disease trajectory. Meanwhile, the
efficacy of treatments for atopic dermatitis and
the length of remission periods tend to decline
notably [41].

Conclusion. Atopic dermatitis is a
complex disease involving immune, genetic,
and  psychoneuroimmunological  factors.
Comorbid mental disorders, such as anxiety
and depression, exacerbate symptom severity
and flare-ups. Effective treatment requires an
interdisciplinary approach integrating
dermatological, psychopharmacological, and
psychotherapeutic measures to break the
vicious cycle of psychosomatic interactions
and improve long-term outcomes.
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yi. Atabekosa, 1. 1, r. Axnmxkan, 170100, Pecrrybnuka Y30eknucran
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Pesrome

AxTyanbHocTh: [Ipesknamncus npeacrapisier co00il MyJTbTHCHCTEMHOE PacCTPOHCTBO, B OCHOBE
KOTOPOI'O JISKUT IJIalleHTapHas U SHIOTeNUalbHas TUCQYHKLUSA, IPUBOAAIIAs K TUIIEPTEH3UU U
JPYTUM TIOBPEKICHUSM OPTaHOB U CHCTEM BO BpeMsi OEPEMEHHOCTH U SIBIISICTCSI OCHOBHOM MPUYNHON
MaTepUHCKON cMepTHOCTHU. [IpenmnonararoT, YTo pUCK pa3BUTHUS NMPE3KIAMIICUU (OPMHUPYETCS elle B
NepBble HeNenu OEepeMEeHHOCTH, BKJIIOYas HHBa3HIO Tpodobdiacta, MEpecTpoiiKy CHUpPaTIbHBIX
apTepuil SHIOMETPUS U UMMYHHYIO Jie3a/lanTalnio. B cBsi3U ¢ ueM, BBISIBIEHHE UMMYHOJIOTHYECKUX
U TEHETHYECKHX MAapKepoB, IMPEACKa3bIBAIOMIMX MPEIKIAMIICHI0 Ha JOKJIMHUYECKOM JTare,
MPEJCTaBIsAET 3HAUUTENbHBIN KIMHUYeckuil uHTepec. Lleab ucciaenoBanusi: OnpenesnTh 3HaUCHUE
noaumopdusmoB 151143627 (T-31C) rena IL-1p, rs1800629 (G-308A) rena TNFa u rs1800896
(A-1082G) rena IL-10 B mpOrHO3MpOBaHWU pPHUCKA MpedKIAMIICHA. MaTepuajbl M METOAbI:
B uccnenosanue BxiitoueHsl 231 xeHIIUH B cpoke OepeMeHHOCTH 16-28 Henens. 1-rpymnmy (n=71)
COCTaBHJIM >KEHIIMHBI BO Il TpumecTpe recranuu ¢ puCKOM pa3BUTHS MPESKIAMIICUU; 2-TPYIILy
(n=50) — maunumentku B Il TpumecTpe recranuu ¢ pa3BHBIICHCS MPEIKIAMIICHEH; KOHTPOJIbHYIO
rpynmny (n=50) — ¢ GU3N0IOrHYECKUM TeueHHEeM OepeMeHHOCTH. MccneoBaHbl reMaToIornyeckue
U IeMOCTa3HOoJIOTMUECKUe MoKaszareiau, KoHueHTpauus uutokuHoB IL-13, TNFo u IL-10 B xpoBu.
I'enotunupoBanue mnomumoppusMoB 151143627 (T-31C) rena IL-715, rs1800629 (G-308A) rena
TNFo u rs1800896 (A-1082G) rena IL-10 ocyriecTBIsUTH METOIOM TOJMMEPA3HOM EMHON PEaKIiu
B pexxuMe peaibHoro Bpemenu. Pesyabrarsi: Amnens C rena IL-/f (T-31C) game Bcrpevancs B 1-
i rpynme (OR=1,6; 95% CI: 1,07-2,49; p=0,02) o cpaBHeHuto ¢ koHTposaem (41,4%). Beuay Huzkoit
J0JM MyTaHTHOTO ajuiens A u orcyrctBus reHotuna A/A rena TNFa (G-308A) cpenu nwi
y30€KCKON HaIlMOHAIBHOCTH CBSI3b JAHHOTO MapKepa C PUCKOM INPEIKIAMIICUHM HE MOATBEPKICHA.
Ho Bricokoe conepxkanrie TNFo B kpoBu y sxeHuuH ¢ reHotunioM G/A 1-it u 2-i rpynn (p<0,001)
yKa3bIBaeT Ha acCOLMALINIO ajuiesst A JaHHOTo moauMopdu3Ma ¢ TUIIEPTEeH3UBHBIMU HapYLIEHUSIMH.
Puck pa3BuUTHS TPEIKITAMIICMM 3HAYMMO TIOBBIMIACTCA Y HOCHUTENEH HU3KO(YHKIMOHAIBHOTO
renotuna A/A rena IL-10 (A-1082G) (OR=16,5; 95% CI: 7,78-34,97; p=0,01). 3akaouyeHue:
Amnens C rs1143627 (T-31C) rena IL-1p, annens A u rerotun A/A rs1800896 (A-1082G) rena
IL-10 cBsi3aHBI ¢ TIOBBIIIEHHEM PHCKA MPEIKIAMIICHM M MOTYT OBITh HCIIOJIE30BaHBl B KAa4eCTBE
TCHETHYECKUX MPETUKTOPOB 3a00I€BaHUSI.

KuroueBble ci10Ba: pedKIaMIICHsT; TUTOKUHBL, mouMopdu3mel reHoB; IL-15; TNFa; I1L-10
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Effect of cytokine gene polymorphisms
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Abstract

Background: Preeclampsia is a multisystem disorder based on placental and endothelial dysfunction,
leading to hypertension and other damage to organs and systems during pregnancy and is the leading
cause of maternal mortality. It is assumed that the risk of developing preeclampsia is formed in the
first weeks of pregnancy, including trophoblast invasion, endometrial spiral artery remodeling, and
immune maladaptation. Therefore, the identification of immunological and genetic markers
predicting preeclampsia at the preclinical stage is of significant clinical interest. The aim of the
study: To determine the significance of polymorphisms rs1143627 (T-31C) of the IL-15 gene,
rs1800629 (G-308A) of the TNFa gene and rs1800896 (A-1082G) of the IL-10 gene in predicting the
risk of preeclampsia. Materials and methods: The study included 231 women who were 16-28
weeks pregnant. Group 1 (n=71) consisted of women in the second trimester of gestation at risk of
developing preeclampsia; group 2 (n=50) — patients in the third trimester of gestation with
preeclampsia; control group (n=50) — women with the physiological course of pregnancy.
Hematological and hemostasis parameters, the concentration of cytokines IL-1b, TNFa and IL-10 in
the blood were studied. Polymorphisms rs1143627 (T-31C) of the IL-15 gene, rs1800629 (G-308A)
of the TNFa gene, and rs1800896 (A-1082G) of the IL-10 gene were genotyped using real-time
polymerase chain reaction. Results: The C allele of the IL-/4 (T-31C) gene was more common in
group 1 (OR=1.6; 95% CI: 1.07-2.49; p=0.02) compared with the control (41.4%). Due to the low
proportion of mutant allele A and the absence of genotype A/A of the TNFa gene (G-308A) in Uzbek
people, the association of this marker with the risk of preeclampsia has not been confirmed. However,
the high TNFa content in the blood of women with G/A genotypes of groups 1 and 2 (p<0.001)
indicates the association of the A allele of this polymorphism with hypertensive disorders. The risk
of developing preeclampsia is significantly increased in carriers of the low-functional genotype A/A
of the IL-10 gene (A-1082 G) (OR=16.5; 95% CI: 7.78-34.97; p=0.01). Conclusion: Allele C
rs1143627 (T-31C) of the IL-15 gene, allele A and genotype A/A rs1800896 (A-1082G) of the IL-10
gene are associated with an increased risk of preeclampsia and can be used as genetic predictors of
the disease.

Keywords: preeclampsia; cytokines; gene polymorphisms IL-/4; TNFa; IL-10
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Beenenue. Pocr aKyLIEPCKUX
3a00J€eBaHUN B MUPE CTAHOBUTCA IPOOIeMOi
HE TOJIBKO MEIMIMHCKOIO, HO U COLMAIIBHOTO
3HAYEHUs, B TOM YHUCIIE OCJIOXHEHHS IIPU
MIPEIKIAMIICUA  CYUTAKOTCA  OJAHUMHU U3
CaMbIMH  CIIOXKHBIMA ¥ TSDKEIBIMA B
COBPEMEHHOM  aKyIIEpCKOM IIPAKTUKE, a
IIPEJOTBpAllleHHe,  OOYCIOBIEHHOW  UMH
MAaTE€pUHCKOW CMEPTHOCTH, SABIISIETCS OJHUM
U3 BaXKHBIX 3a/1a4 COBPEMEHHOI'O aKyIlIEpPCTBa.

[Ipesknamricus, XapaKTEePU3YIOIAsACs
reCTallMOHHON TUIEepTEeH3Uen u
MPOTEUHYPUEH, SIBIIICTCS CEpPbE3HBIM

OCIIO’)KHEHHUEM, KOTopoe BcTpedaercs B 5-8%
Clly4aeB BceX OepeMEHHOCTEH BO BCEM MHpE
[1]. Hecmotps Ha TO, 4TO AaHHAsl MATOJIOTHUS
QHAIM3UPYETCST B TEYEHHE JOJTHX JIET,
MIPOBEJICHHBIE HCCIEI0BAHUS TPEAOCTaBUIN
OTpaHUYCHHYIO UHPOPMAITUIO JUIst
MIPOTHO3UPOBAHUS MPEIKIAMIICHH.

[IpoGnema  paHHeW  JMATHOCTHKH,
pollopa3penieHusi U JedyeHuss OepeMEeHHBIX C
MPEIKTIAMIICHEed  HAaXOIUT OTPaXKEHHE B
paborax psga uccinemoareneil. OmnpeneneHa
BOXHOCTh POJM IUIALIGHTHI B IaTOT€HE3e

MIPEIKITAMIICUH, KOTOpast BKJIFOYAET
aTepOCKIIEpPO3 COCY/JIOB TUTAlIEHTEI,
CKJIIEPOTHYECKOE  Cy)KEHHE  apTepuil

aprepuos, obpa3oBaHue odaroB (uOpuHa U
MH(APKTOB, YTO MPUBOJUT K THIIONEphy3UH U
WIIEMUHU IJIAICHTBI, B pe3yjbTaTe dYero
MIOBBIIIACTCS. PUCK DPA3BUTUS MPEIKIAMIICUU
[2, 3]. ¥V OepeMeHHBIX C PUCKOM pa3BUTH
NpEedKIaMIICUU  Halmojaercs  JaucOallaHe
YpPOBHEMU pacTBOPUMOi1 fms-mmo106HOM
tupo3uHkuHa3bl-1 (SFIt-1) u mianentapHoro
¢daktopa pocra (PIGF) ¢ 10-it nHemenu
O6epemenHoctd, a co Il Tpumecrpa
OEpeMEHHOCTH  HA4YMHAIOT  MPOSBISTHCS
KJIMHUYECKHE NTPU3HAKU IIpedKIaMIcu [4, 5].
Omnpenenena BaxHAs POJb HIOTEIUATBHOM
TMCYHKIIMM B TIaTOreHe3e Mpeskyiamrcuu. B
pesyasTare auchynknuu sFlt-1, PIGF, D-

auMepa 51 UHTEpJICUKMHA (IL)-1pB
SHAOTENHATbHBIE  KJIETKH  MPOAYLUPYIOT
MIPOKOAryJISHTBI,  BAa30KOHCTPUKTOPB  H

daktopsl pocta [6, 7], 4TO HPHBOAMT K
YBEJIIMYEHUIO TPOMOOTEHHOTO TMOTEHIMAIa
CTEHOK KPOBEHOCHBIX cocyloB [8, 9]. Ilpu
MPEOKIAMIICUA MMOBCPXHOCTHAA HNHBa3us

Tpoobacta MPUBOAWT K HEAICKBATHOU
TpaHchOpMaIIUU CTUPATBHBIX apTEPHIA MATKH,
B pe3yJbTaTe Yero BO3HHKAET HEMPABUILHOE
pacrpenenieHue KpOBH, C  IOCIEAYIOIIAM
HapyIIeHHeM KpOBOOOpaIleHUs B IUIAICHTE,
ee nmemueii [10], oKCHIATHBHBIM CTpPECCOM
[11, 12], moBbIIEHHOH YYyBCTBHTEIBLHOCTHIO
JHIOTENMANBHBIX ~ KIeTok Kk  SFIt-1, a
MOBBIIIEHHBI YPOBEHb MTPOBOCTIAIUTEIBHOTO
UTOKMHA (akTopa HEKpo3a OIyXOJH-0.
(TNFa), 0OyClOBICHHBIA HSHIOTEIHAIBLHON
TUC(YHKIUECH BBI3BIBAET MYJIbTUCHCTEMHbBIE
HOBpEXACHUST B opraHusme Marepu [13].
VYeennuenue kommuectsa sFIt-1, TNFa, IL-1B
CIIEyeT WHTEPIPETHUPOBAaTh, Kak (aKTop
BBICOKOTO PHCKa DPa3BUTHUS 3HIOTCIUATBHOM
TUCHYHKIUHN U TIPEIKITAMIICUH.

Cuuraercs, 4TO B naToreHes
IPEIKIAMIICUH BOBJICUYCHBI KaK BPOXKICHHBIE,
TaK U IPHOOPETCHHBIC UMMYHHBIE ITPOIIECCHI U
npexamnonaraercsi, 9ro Thl-UMMyHHBIH OTBET
CIOCOOCTBYET MATOJIOTMYECKON TUIAIICHTAI[UH
U YCWJICHHIO BOCHAIUTEIHHOH pEaKkuuu |
9H/I0TEIHATILHON TUCyHKIUY,
HaOmoaeMpIX MNpu  mpedkiaammcuu  [14].
Nmerotcst  cooOlieHus, yKasblBaloIlue Ha
Ype3MEpHYI0  BPOXKIEHHYIO  HMMMYHHYIO
aKTUBHOCTh U H3MEHEHHE B  CTOPOHY
MPOBOCTIAJIUTEIEHOTO MPOGWIST [TUTOKHHOB
npu npeskaamncud. Hanpumep, y nanueHToK
C TpedKIaMIiCuell HaOII0JAI0TCS BBICOKHE
YPOBHU Thl-uuTOoKMHOB, TNFa u
untepdepona-y (IFN-y) u Hu3Kasg npoayKuus
IL-4, CTUMYJIMPOBAaHHBIX
(UTOTEeMAarTIIOTHHUHOM ~ MOHOHYKJICapHBIX
kiIeTok mnepudepudeckoir kposu [15, 16].
Kpome TOoro, B TUIalleHTE OTMEYaeTCs
MO/aBlIEHUE  MPOAYKIUU IL-10 [17],
TpaHC(HOPMHUPYFOIIETO dakTopa  pocrta
B-peuentopa 1 (TGF-B1) [7] u u3mMeHeHHBIE
coornomenus IL-2, IL-2/1L-10 u TNFa/IL-10
[17, 18]. Tlpeskmamrmcus Takke CBs3aHA C
yYBEIUYEHHUEM KOJMYeCTBa KJIETOK Thl7,
cekperupytomux |L-17 u urparomux BaxkHyIo
poJib B pa3BuTHU 3a0oneBanus [19].

BaxxHO OTMETHTH, 4YTO HPOAYKLHUS
IIUTOKWHOB B OIPEEICHHON Mepe 3aBUCHUT OT
HaJIM4Ms monuMopdusma ux reHoB. Hammume
BBICOKO- WJIM HHU3KOMPOIAYIUPYIOMIUX TCHOB-
KaHJMJIaTOB MOTYT BJIMATh HAa YCTaHOBJICHUE
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aJIeKBaTHOTO HMMMYHHOTO ()OHa B CHCTEME
MaTh-TUIalEeHTa-TIOI. Hecmortps Ha
3HAYUTENIbHbIE ycrnexu B obacTtu
MOJIEKYJISIPHO-T€HETHUYECKOU OCHOBBI
[IPE3KJIAMIICUM, OHA OCTAETCA  CJIOYKHOU
narosiorueii. Pe3ynbrarel MccineqoBaHUM 1O
acCOIMALMU MOJTUMOP(PHU3MOB T'€HOB TPO- H
MIPOTUBOBOCHIANIUTENBHBIX ~ IIUTOKMHOB  C
pUCKOM pa3BUTHS IIPE3KIIAMIICUU
pa3HOHANpaBJICHHbIE, YTO BO3MOXHO CBSI3aHO
C pa3IM4yMeM B OTHUYECKUX TIpymHmnax,
reTepOreHHOCTHIO MPEIKIAMIICUU u
BKJIIOUEHUEM B UCCIIEJJOBAaHHE C Y4YETOM
pa3HbIX  MATOJIOTUYECKUX  MEXaHH3MOB,
KputepueM otbopa OombHbIX [20, 21].
CrnenyeT OTMETHUTD, YTO CPEH JUI Y30€KCKOi
HaIlMOHAJIbHOCTU UCCIIEIOBaHUS 1o
BBISIBJICHHUIO MOJIEKYJISIPHO-TEHETHYECKHUX
MapKepoB MPE3KJIAMIICUM HE MPOBOJUIIHCH.
[Iponomxenue HCCJICTIOBAHUM,
UHTErPUPYIOLIUX T€HOMHBIE, SITUT€HOMHbIE U
KIMHUYEeCKUE JaHHble, HMeEEeT pelIaromiee
3Hau€HUEe JUISl  BBIABIEHUS  (PaKTOPOB,
CIOCOOCTBYIOIINX ee Pa3BUTHIO u
nporpeccupoBanuo. [lonydyeHHbIE JaHHbBIE
MOTYT YJYUYIIUTh CTPAaTU(HUKAIMIO PUCKA,
paHHee BBISIBJICHHE u LIEJIeBbIE
TEpaneBTUUECKUE BMEIIATEIbCTBA, CHIKAS
OpeMsi 3TOro 3HAYUTEIBHOTO aKyLIEPCKOIo
Oclo)KHeHus. B cBsa3u ¢ uem, ompeneneHue
MOJIEKYJISIPHO-TEHETUYECKUX  NPEAUKTOPOB
pa3sBUTHS NPEIKIAMIICUM  UMeeT  ocoboe
3HaYE€HWE B  NPOTHO3UPOBAHMU  pPHUCKA
pa3BUTHsS JaHHOW NAaTOJIOTMH Ha PaHHHUX
sTanax 0epeMEeHHOCTH.

Hens wuccaenoBanmsa. Onpenenutsb
3HaueHne mnonumopdusmoB rs1143627 (T-
31C) eena IL-1p, rs1800629 (G-3084) eena
TNFa u rs1800896 (A-1082G) eena IL-10 B
IIPOrHO3UPOBAHUM PUCKA IPEIKIAMIICHH.

Marepuan u MeToAbl MCC/Ie10BAHUS.
B wuccnenoBanum npuHsim  ydactue 231
KEHIIUH Y30€KCKOW HallOHAJIbHOCTH B
Bozpacte oT 19 1o 42 ner B cpoke
oepemenHoctd oT 16 g0 28 Hexmensb.
OCHOBHYIO  TIpynmy  COCTaBHJIHU 121
OepeMeHHBIX JKeHIuH: 1-rpynma (n=71) —
xkeHmuHel BOo II Tpumectpe recranuu ¢
PUCKOM Pa3BUTHUS MPEIKITAMIICUU (MMEIOIINX
B aHaMHe3€ MpedKIIaMIicuio); 2-rpynna (n=50)

— okeHmuHbl B III TpumecTpe recranuu ¢
KJIMHAYECKUMU MIPOSIBIICHUSIMU
IIPEIKIIAMIICHUH. KoHntpoibnyto rpymmy
coctami 110 xeHmMUH ¢ (QU3NOIOTHIECKH
MPOTEKAIOLLIEH OEpEMEHHOCTBIO. B
COOTBETCTBUHM C NPHUHIMIAMHU XEIbCUHCKON
JeKJIapalud  OT  KaXJIOro  y4acTHHKa
UCCJIEJIOBAHMS TIOJYyYE€HO MH(MOPMHUPOBAHHOE

coriacue u 3aI0JIHCHHAs aHKeTa,
YTBEPXKIEHHbIE  OJTHYECKMM  KOMHUTETOM
Byxapckoro roCy1apCTBEHHOTO

MEIUITMHCKOTO MHCTUTYTA (MPOTOKOJI Ne9 oT
30 mapta 2021 roga).

W3yyanmn  KJIMHHKO-aHAMHECTHYCCKHE
JIaHHBIC, TE€MaTOJOTHYEeCKHE (OOIMii aHaIu3
KPOBH) U IeMOCTa3HOJIOTHYECKHE TTOKA3aTeIH

(axTHBHpPOBaHHOE JaCTUYHOE
TPOMOOIIJIACTUHOBOE BpeMs (AYTB),
IPOTPOMOMHOBBIN WHJIEKC (IITN),
MexnyHapoaHoe HOpPMaJIH30BaHHOE

otHomienue (MHO), ¢ubpunoren, D-aumep)
kpoBu. KonneHTpamuioo nutokuHoB IL-1J,
TNFa u IL-10 B kpoBU onpeaensyii METOIOM
TBepa0(ha3HOTO UMMYHO(EPMEHTHOTO
aHaJM3a.

BriOpanHble  monuMOpQHBIE  JTOKYCHI
rs1143627 (T-31C) rena IL-1p, rs1800629 (G-
308A) rena TNFa u rs1800896 (A-1082G)
rera |L-10 nanGosee yacTo aHATM3UPYIOTCS B
HAay4YHOW JUTEpaType, M, pacrnojiarasch B
MIPOMOTOPHOM 00JIACTH T€HOB TECHO CBS3aHBI
c W3MEHEHUSAMU TPaHCKPUIILIMOHHOMN
AKTUBHOCTH U YPOBHSMH IIUTOKMHOB B KPOBHU
[22, 23, 24]. [na  wuccienoBaHus
BBIIIIEYKA3aHHBIX TTOJIUMOPPU3MOB MPUMEHEH
METOJ, TMOJMMEPA3HOM LEMHOM peakiuu ¢
JETEKIIMEeH TPOIYKTOB aMIUTU(UKAIIUU B
pexxume peansHoro Bpemenu (IIL[P-PB).
Marepuanom JUTSt MOJIEKYJISIPHO-
TEHETUYECKUX  HCCIEJAOBAHUI  TMOCIYXHUia
IeTbHass KPOBb, TOJY4YEHHAs W3 JIOKTEBOU
BEHbl MAIMEHTKH, KOTOPYIO TMOMEIadd B
BakyyMHbIe mpoOupku Vacuette 4,0 ma c
COJIEpKaHUEM aHTUKOAryJsiHTa JUHATPUEBOU
CONIM  OJTWICHIUAMUH-TETpaamerara.  Jms
Boigenieanss  JIHK w3  menbHOM  KpoBHU
WCIIONB30Baliu HaOopbl peareHToB «IIpoba-
Panun-I'enetukay OO0  «HIIO  JIHK-
TexHomorusi» (Poccus). Herexmmio
pe3yabTaTOB  aHalu3a  MPOBOAMIM  Ha
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ammmudukatope «ATnopaiim» OOO «HIIO
JHK-Texunonorus» (Poccust). [ns anammza

nonumopdroro  yuactka  rena  IL-1P
UCIOJb30BaHA TMapa  OJUTOHYKJICOTHIHBIX
npaiiMeposB (F) 5’-
CCCCTTTCCTTTAACTTGATTGTG-3> w
(R) 5’-
AGGTTTGGTATCTGCCAGTTTCTC-3;

JUISL reHa TNFa — (F) 5’-

AGGCAATAGGTTTTGAGGGCCAT-3’ u
(R) 5-TCCTCCCTGCTCCGATTCCG-3’;
TUTS reHa IL-10 (F) 5’-
CACAAATCCAAGACAACACTACT-3’ u
(R) 5’-GATAGGAGGTCCCTTACTTTCC-
3’. Temneparypa oTxura npaimepo — 60°C.
ITon6op mpaiiMepoB NPOBEJEH C IMOMOIIbIO
OHJIAWH-TIPOTPAMMBI oT NCBI
https://www.ncbi.nlm.nih.gov/tools/primer-
blast/.

CratucTHYeCKUH aHaIU3 MOJTY4YEHHBIX
TaHHBIX pOBEIeH c MIOMOIIIBIO
CTaTUCTMYECKOIO  TaKeTa  NPUKIATHBIX
nporpaMM «Statistica 10.0», cTaTucTuyeckoro
nporpamMMmHoro npuioxxkeHust Epi Info 7.2.2.2
u  Ilporpammuaoro  momyns  «Pacuer
JIOBEPUTEIILHOTO MHTEpBaja YaCTOThl U JOJH
¢dakTopa B MEAMIMHCKUX HCCIIEIOBAHMIX)

(Stud%). Bapuanmonsnsimu
napaMeTPUIECKUMHU U HelapaMeTPHYSCKUMHU
METOIaMHU CTaTHCTUKH paccUYMTHIBAIIN

cpennee apudmernueckoe 3HaueHue (M),
CpelHee KBaJpaTU4eCKoe OTKJIOHEHHE (0),
CTaHIApTHYIO  OmuOKy  cpeanero  (m),
OTHOCHUTENIbHBIE BENWYUHBI ("4acTtoTa, %)
M3y4aeMoro IoKazaressi, CTaTUCTUYECKYIO
BEJIMYMHY  TIOJYYEHHBIX  U3MEPEHHH  —
HOPMaJIbHOCTh PacHpeeNIeHus 10 KPUTEPUIO
JKCIlecCa M PABEHCTBA TJIaBHBIX JHCIEPCUI
(xputepuit duniepa), a BEpOSITHOCTh OMIMOKU
(p) — o kputepuro CthrofeHTa (t).

[IpoBenen aHann3 COOTBETCTBUS
MOJIYYEHHBIX YaCTOT F€HOTHUIIOB 0>KHM/1Ia€MbIM
3HAYEHUSIM C YYEeTOM paBHOBecUs Xapiu-
Baiin6epra, nanee cpaBHeHHE pacipeaesieHUs
aijened M TEHOTUIIOB MEXIy TpyHmamu ¢
HCII0JIb30BAHUEM KOPPEKTUPOBKU
Boundepponun JUISL MHOECTBEHHBIX
cpaBHeHuil. IIpu crarucruueckux pacuerax
WCIIONB30BaH KpuTepuil x2 (C TMompaBKOU
Weiitca) u orHomenune mancoB (OR — odds

ratio) ¢ 95% JoBepUTENBbHBIM HHTEPBAIOM
(95% CI — confidence interval). 3HaunMbIMU
MIPUHSTHI MoKa3aTesu C YpOBHEM
nocroBepHoctu p<0,05.

PesyabTaThl M HMX 00CY:KIAeHHe.
Bo3pact HabmoaeMbIX JKEHIIUH COCTaBUII
27,2+0,9 ner B ocHOBHOM rpynne u 25,7+0,7
JeT B KOHTposibHOWM rpymme  (p>0,05).
bepemennsie B Boszpactre  31-35  zer
PAKTHYECKH B IBa  pasa yarie
PETUCTPUPOBAINCH, B  OCHOBHOW  rpymie
(p>0,05), 36-40 ner — TOIBKO B OCHOBHOM

rpymime (Tabm. 1). Ananus
npodeccronanbHON HPUHAUICKHOCTH
JKCHIIAH oKa3zall, 470 HauOOJIbIITUI

KOHTHHIE€HT CPeIy HUX COCTABHIIU CIyXKalllue
(47,9%) wu paboume (32,2%) B OCHOBHOM
rpynne, ciyxamme (39,1%) u 6e3paboTHbIe
(momoxo3siiku) (28,2%) — B KOHTPOJBHOU
rpymre (p>0,05). B ocHoBHO¥ rpymme B 2 paza
peke OTMeueHBl I0Ka3aTeld HOPMAaJIbHOTO
unaekca maccel tena (MMT) (p<0,01), a
KOJIMYECTBO MAIIMEHTOK C OXKUPEHUEM JIETKOH
CTEeNeH! OBbLIO 3HAYUTENBHO BBIIIE, YEM B
KoHTpoibHOM  rpymme  (p<0,001). Ilo
KOJINYECTBY O6epemMeHHOCTel U
PETPOIYKTHBHBIM ~ HMCXOAAaM  HCCIIEAyeMble
TPYNIbl  CYIIECTBEHHO HE  OTIMYAIUCh
(p>0,05). Bwmecte ¢ TeMm, oOTMeuaeTcs
MOBBIIIICHHE Y4aCTOTHI BCTPEYaEMOCTH
MIpeKIeBPEMEHHBIX posioB B 1-ii (p>0,05) u 2-
i (p>0,001) rpynmmax ©NO CpaBHEHHUIO C
KOHTPOJIBHOW TpyNIIOH.

Comarnyeckue 3a00JeBaHUS SBISIOTCS
CEPBbE3HBIM (bakTopom pHrcKa "
HEONaronpusITHeIM (OHOM ISl Pa3BUTHUS
ocloxHeHu# 6epemMenHocTr. Hanbomnee gacto
BCTPEYAEMOM  COMATHYECKOM  MATOJIOTUEH
SBUJIACh xene301epUITHAS aHEeMUsI
Pa3IMYHON CTENEHM TSHKECTH CPEeIu >KEHIIUH
uccienyembix rpynn. Yacrora ee Obuia
3HAYUTEIbHO BBICOKOM Yy JKEHIIMH C
pa3BHUBLIEHCA MPEIKIAMIICUEN 10 CPAaBHEHUIO
¢ xoHtpoireM (p>0,001). 3aboneBaHus
MOUEBBIJICIUTEIFHOW CHUCTEMBI B aHaMHE3e
Yale perucTpUupoBaINCh B OCHOBHOM TpyTIIIE,
IpyU 3TOM JaHHAas MNaToJIOTHsl BCTpeuanach
IIOYTH Y KayKJIOM MATOMN JKEHIIMHBI 2-1 TPYTIIIbI
n Obula 3HAUMTENBHO BBINIE, YEM B
KoHTposibHOM rpynne (p>0,001). Cnenyer
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OTMETHTh, UTO B aHAMHE3€ KESHIIIMH OCHOBHOM MOMEHT HUCCIICAOBaHU COCTaBUII
TPYIIIB Yalle OTMEYajaoch 3a00Je€BaeMOCTh 120,27+1,9/81,03+1,6 MM pt. cr. B 1-id

MH()EKIIMOHHO-BOCTIAIUTEIPHON  TATONIOTHEH
MIOJIOBBIX OPTaHOB, HO Pa3IMyMs B CPABHEHUH
C KOHTPOJbHBIMU JIaHHBIMH HE ObUIH
CTaTUCTUYECKU 3HAaUUMBbIMU (p>0,05).
[Tokazarens apTepuaIbHOIO JABJIEHUS B

rpynne, 138,69+2,4/96,57+2,8 MM pT. CT. —
BO 2-# rpynme u 113,06+1,7/80,46+1,3 mm pr.
CT. — B KOHTpOJIbHOU rpymme. IIporennypus
Beimie 0,033 /71 mpUCYTCTBOBaJIa TOJBKO
BO 2-1 rpymIe.

Tabnuya 1 (nauano)

OcHoBHBIE KJINHHUKO-aHAMHECTHYECKHEe AAHHBIC }KCHIIUH UCCJICAYECMbBIX I'PYIII

Beginning of Table 1

Basic clinical and anamnestic data of women in the study groups

OcHoBHas rpynmna KounrpoabHas
Ioxazarenn 1-rpynna (n=71) | 2-rpymna (n=50) | rpynna (n=110)

abc | % abc I % abc | %
Bospacm (nem)
18-25 12 16,9 13 26,0 32 29,1
26-30 40 56,3 24 48,0 65 59,1
31-35 16 22,5 9 18,0 13 11,8
36-40 3 4,2 4 8,0 0 0,0
Coyuanvuwlii cmamyc
Cryxaniue 33 46,5 25 50,0 43 39,1
Paboune 23 32,4 15 30,0 29 26,4
VYyammecs 1 1,4 3 6,0 7 6,3
JIoMOXO03sIiKH 14 24,0 7 14,0 31 28,2
Hnoexc maccol mena npu nNOCManogKe Ha yuem
18,5-25 17 23,9** 8 16,0*** | 49 44,6
25-30 32 45,1 29 58,0 59 53,6
30-35 22 31,0%** 13 26,0%** 2 1,8
Konuuecmso bepemennocmeti
1 0 0,0 14 28,0 34 30,9
2 43 60,6 24 48,0 45 40,9
3 u Gonee 28 39,4 12 24,0 31 28,2
Konuuecmso pooos
0 0 0,0 14 28,0 34 30,9
1 47 66,2 20 40,0 48 43,6
2 u Oosee 24 33,8 16 32,0 28 25,5
Abopmul (camonpoussoivhbiil)
1 4 5,6 4 8,0 3 2,7
2 u Goiee 1 1,4 2 4,0 0 0,0
Abopmul (apmughuyuanvrolii)
1 3 42 2 4,0 2 1,8
2 u Goitee 0 0,0 1 2,0 1 0,9
[IpexxaeBpeMeHHBIE POJIBI 7 9,9* 6 12,0* 3 2,7
OnepaTuBHbBIE POJIBI 10 14,1 5 10,0 7 6,4
IlepuHaTanbHasi CMEPTHOCTb 2 2,8 1 2,0 1 0,9
Conymcmesylowue/nepenecentvle comamuieckue 3a001e6aHus
Kenezoneduuraas aHeMust 52 73,2 46 92,0* 69 62,7
3abosieBaHUS CEPICTHO-COCYUCTON CUCTEMBI 3 4.2 5 4.0 2 18
(peBMaTu3M, BapuKo3Hasi 00JIE3HB)
3abo0JieBaHUs OPTAaHOB MHLIEBAPCHNS (ractpur, 5 70 3 6.0 2 18
si3BeHHas 00J1e3Hb 12-MepCTHON KUIIIKH, XOJISITUCTHUT)
3abomneBaHns MOYCBBIACTUTEIHHON CUCTEMBI (ITUCTUT, 7 9.9 9 18,0% 1 0.9
eoHehpPuT)
3aboseBaHUs ABIXATCIBHON CHCTEMBI (OPOHXHT) 2 2,8 1 2,0 0 0,0
3aboaeBanust JIOP-opraHoB (TOH3WILINT, CHHYCHUT) 6 8,4 7 14,0 6 55
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Tabauya 1 (oxonuanue)

OcHoBHbBIE KJIMHUKO-aHAMHECTHYECKHEe AAHHBIC )KCHIIUH UCCJICAYECMbBIX I'PYIIIT

End of Table 1

Basic clinical and anamnestic data of women in the study groups

OcHoBHasi rpynmna KonrpoabHas
IHoxa3zarenn 1-rpynna (n=71) | 2-rpymna (n=50) | rpynna (n=110)

abc % abc % abc %
fgg;nelzaﬂm 9HIOKPUHHOU CHCTEMBI (3yTUPEOUTHBIN 8 113 3 6.0 5 45
OPBU Bo BpeMst OepeMEeHHOCTH 4 5,6 2 4,0 4 3,6
Conymcmeyrowue/nepenecennvle cunexkonosuieckue 3a001e8aHus
B30OMT 3 4.2 2 4,0 2 1,8
Hecneruduueckuii ByIbBOBarHHUT 9 12,7 8 16,0 8 7,3
®DOHOBBIC U TPEAPAKOBEIC 3a00JICBAHMUS IICHKH MATKU 3 4.2 1 2,0 0 0,0
WIIIIII B anamMHe3e (TpUXOMOHHUA3, TeHUTATbHBIH 5 7.0 2 40 3 27
reprec)
JloOpokadecTBEeHHBIC HOBOOOPA30BaHMUS MOJOBBIX 1 14 0 0.0 0 0,0
opraHoB (MHOMa MaTKH, KACTa STMYHUKA)
JloOpokadecTBeHHBIC 3a00I€BAHUS MOJIOUHBIX JKEIIE3 0 0,0 1 2,0 2 1,8

[Ipumeuanue: * — pa3auyust JOCTOBEPHBI OTHOCHUTEIBHO KOHTPOJBHOM Tpymbl (¥ — p<0,05; ** — p<0,01; *** —p<0,001).
Note: * — differences are reliable with respect to the control group (* — p<0.05; ** — p<0.01; *** — p<0.001).

UccnenoBanus MOKa3aJin LIBETOBOI'O IOKA3aTeNsl Y KEHIIUH OCHOBHOU
CTAaTUCTUYCCKHU 3HAYUMOC CHWKEHUE rpynnsl (p<0,01) (Ta6:x. 2). Takue usmeHenus
KOJINYECTBA reMorjioonHa u qucna CBHUJICTEJIILCTBYIOT O PpPa3BUTUU AHEMHH Y
SPUTPOLUMTOB M TEHIACHLUMIO K CHHXKECHHUIO OepeMeHHBIX.

Tabnuya 2
I'emaTosroruyeckue ¥ reMoCTa3MOJI0rMYECKHE MOKA3ATEIN Y KEHIIUH UCCIeyeMbIX IPYyII
Table 2
Hematological and hemostasis parameters in women of the studied groups
TokasaTem OcHoBHasl rpynmna KOHTpOJI]:Haﬂ rpynna
1-rpynna (n=71) 2- rpynna (n=50) (n=110)
T'emorno6usn, r/n 99,45+1,96%** 93,62+1,02%** 112,5+1,42
DputpouuTtsl, Xx10'%/1 3,15+0,07** 2,99+0,03*** 3,92+0,06
Jeiikouutsl, x10%1 6,96+0,13** 7,38+0,10%** 5,58+0,12
LIBeToBoi1 Mokazaresnb 0,93+0,01** 0,90+0,02** 0,99+0,02
COD, Mmm/4 17,4+0,93%** 22,240,87%** 10,38+0,66
Tpombonutsr, x10%/1 200,61+£3,1%** 189,741 ,4%** 286,38+11,6
T'ematokput, % 37,9+5,78 29,6+0,31%* 38,0+0,33
AUTB, cex 23,61£0,69%*** 20,5340,57*** 36,62+0,25
IITH, % 98,62+1,27*** 102,31£1,24%** 93,48+0,54
MHO 0,95+0,01** 0,98+0,02%** 0,86+0,03
®ubpuHOTEH, T/1 5,16+0,12%** 6,13+0,14%** 2,98+0,03
D-nmumep 1305,4+£50,5%** 1763,9+£21,8%** 613,6+£30,7

[Tpumedanue: * — pa3nuuus 10CTOBEPHBI OTHOCUTEIHHO KOHTPOJIBHOM Tpymiisl (* — p<0,05; ** — p<0,01; *** — p<0,001).
Note: * — differences are reliable with respect to the control group (* — p<0.05; ** — p<0.01; *** — p<0.001).

HU3MCHCHUA

Oco0eHHO BBIpaKCHHBIC
HaOMoIaMNCh y OEpeMEeHHBIX 2-i TpYMIIbL.
VBennuenue qyucia JIEUKOIIUTOB u
nospllieHne COD 'y IKEHIIMH OCHOBHOM
Ipynmbl  yKa3blBaeT  Ha  MPUCYTCTBHE

BOCHAJIUTEIHHOIO KOMIIOHEHTA IIPU Pa3BUTHU
MPE3KIIaMIICHU. BBISABIEHO CHIKEHHE YWCIIa
TPOMOOLIUTAPHBIX ~ KJIETOK,  YKOpPOUYECHHE
AUTB, noesiienue [ITU, MHO, conepxanus
(¢ubpuHOTEeHa W yBEeNMWUYEHHE Mokazarens D-
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numepa. IloayueHHsle pe3yiabpTaThl IOKa3alu
HaJIM4Yue OTYETIIMBOTO THUIEPKOAryJIsalHOH-
HOTO CJIBUIa IUIA3MEHHOIO TreMocTraza Yy
OepeMEHHBIX C PHUCKOM MPEIKIAMIICUH U
pasBuBILElcs npesknamicueid. OnpeneneHue
ypoBHA D-mumepa B mia3Me KpPOBU MOXKET
OBITh HCIHOJB30BAHO JUIA MPOTHO3UPOBAHHS
pUCKa OCJOXXHEHUH OEpeMEHHOCTH MpH
[IPE3KJIAMIICUY, TaK KaK €ro H3MEHEHHUs
CBUJCTENBCTBYIOT O pa3BUTUU CTa3a B
CHUCTEME MUKPOLMPKYJSIUA MaTh-TUIAlICHTA-
IO/,

N3ydyeHo dacTOTHOE pacHpeneleHne

T C

@ OcHOBHadA rpynna l-rpynmna

alleNeil ¥ TeHOTHIIOB  MOJUMOpdu3Ma
rs1143627 (T-31C) rena IL-1p, rs1800629 (G-
308A) rena TNFo u rs1800896 (A-1082G)
reHa |L-10 B rpynmax 6epeMeHHBIX KESHIIMH C
pPHUCKOM pa3BUTHA IPEIKIAMIICHH,
OCJIO’)KHEHHOM MpEeIKIIaAMIICUEH u
(U3NOTOTHYECKUM TE€YEHUEM OEepeMEHHOCTH.
Honst myrantHoro amwienss C rena IL-1f (T-
31C) Obina BbIIIE B OCHOBHOM TPYIIE, TOTAA
KaKk B KOHTPOJIbHOW Tpymme Oblia BBICOKOU
moms amaens T. WM B OCHOBHOHW, U B
KOHTPOJBHOW TpYyIIax 4Yalle BbISBISIICS
rerotun T/C rena IL-1f (T-31C) (Puc. 1).

51.250,7 52

48,2

25,6282

[
o

T/C c/C

@2-rpynma @ KoHTponbHaA rpynna

Puc. 1. YacTora BcTpeuaeMocTH ayuiesneit u reHoTumnoB nosmmopdusma rs1143627 (T-31C) rena
IL-15 (%)
Fig. 1. Frequency of occurrence of alleles and genotypes of polymorphism rs1143627 (T-31C)
of the IL-7p gene (%)

AHanu3 pacrpeneneHusl amieneil u
TCHOTUIIOB HW3y9aeMOro IMOoJMMOp(u3Ma B
UCCIEeyeMbIX TpyNnax BbISBUJI CIEIYIOIIHNE
ocobennoctu (Tabnm. 3). Habmonmanacek
3HAYUTENbHAs CTAaTUCTUYECKas pa3HUlla B
9acTOTE BCTPEYAEMOCTH aIIeNIeH  MeXIy
OepeMEeHHBIMU  KCHIIMHAMH C  PUCKOM
MIPEIKIIAMIICHU U 37I0POBBIMU OCpEeMEHHBIMH.
Annens C DOCTOBEpHO dallle BCTpEYaliCs B
ocHoBHoOu (51,2%; x2=4,5; p=0,05; OR=1,5;
95% CI: 1,03-2,15) u 1-ii rpynnax (53,5%;
x2=5,1; p=0,02; OR=1,6; 95% CI: 1,07-2,49)
0 cpaBHEHUIO ¢ KoHTposieM (41,4%). Annenp
T  goctoBepHO  dHaile  BCTpedalicss B
KOHTpoJbHOM rpynme (58,6% nportus 48,8% B
OCHOBHOM rpymme; ¥2=4,5; p=0,05; OR=0,7;
95% CI: 0,46-0,97).

Hecmotps Ha npeobanaHue
rerepo3urotTHoro resorumna T/C 1 MyTaHTHOTO
reHotuna C/C B ocHoBHO# rpymme (51,2% u
25,6%; B 1-i1 rpynime — 50,7% u 28,2%; Bo 2-i1
rpynne — 52,0% u 22,0%) OTHOCHTEIBHO
KOHTpOJbHOW BBIOOpKH (48,2% wm 17,3%
COOTBETCTBEHHO), BBISIBIICHHBIC Pa3iIvuusi He
OblTHM cTaTUCTUYECKH 3HAYUMBIMH (p>0,05).
Bmecte ¢ TeM, mIaHCHl  pa3BUTHUSA
MPE3KIIAMIICUU TIPU HOCUTENIbCTBE TE€HOTHIA
C/C Bospacranu B ocHOBHOM rpynme (OR ot
1,4 no 1,9) (p>0,05). Paznuums B wactoTte
BCTPEYaeMOCTH  ajjlefiel M TeHOTHUIIOB
nonumopdusma rs1143627 (T-31C) rena IL-
1 mexny 1-i m 2-ii rpynnmamu He ObLIH
cTaTucTUdecKku 3HaunMbIMuU (p>0,05).
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Tabauya 3
CpaBHUTEJILHBII aHAJIU3 pacnpe/iesieHus ajJjieieii 1 reHOTHIIOB noJiuMopguima rs1143627
(T-31C) rena IL-1f mexny rpynnamMu
Table 3
Comparative analysis of the distribution of alleles and genotypes of polymorphism rs1143627
(T-31C) of the IL-1p gene between groups

AJLi1eJ1M/TeHOTHIIBI Ocﬂo?:_a]s-lz?))ynna KouTpoas (N=110) 1 p OR 95% CI
T 118 48,8 129 58,6 45 005 0,7 0,46 - 0,97
C 124 51,2 91 414 ' ' 15 1,03-2,15
T/T 28 23,1 38 34,5 3,7 0,10 0,6 0,32-1,01
T/C 62 51,2 53 48,2 0,2 0,70 1,1 0,67-1,89
C/C 31 25,6 19 17,3 2,4 0,20 1,6 0,87-3,12
AJL1eJTH/T€HOTHIIbI 1-rpymna (n=71) Kontpoas (n=110) e p OR 95% CI
T 66 46,5 129 58,6 51 002 0,6 0,40-0,94
C 76 53,5 91 414 ' ' 1,6 1,07 -2,49
T/T 15 21,1 38 34,5 3,8 0,10 0,5 0,26-1,01
T/C 36 50,7 53 48,2 0,1 0,80 1,1 0,61-201
C/C 20 28,2 19 17,3 3,0 0,10 19 0,92 - 3,82
AJL1e11/TeHOTUTIBI 2-rpynna (n=50) Kounrpoas (n=110) a p OR 95% CI
T 52 52,0 129 58,6 12 030 0,8 0,48-1,23
C 48 48,0 91 414 ' ' 1,3 0,81-210
T/T 13 26,0 38 34,5 1,2 0,30 0,7 0,32-1,40
T/C 26 52,0 53 48,2 0,2 0,70 1,2 0,60 - 2,27
C/C 11 22,0 19 17,3 0,5 0,50 1,4 0,59 - 3,10
AJ1eIn/TeHOTUTIBI 1-rpynna (n=71) 2-rpynna (n=50) 1 p OR 95% CI
T 66 46,5 52 52,0 0.7 0.40 0,8 0,48-134
C 76 53,5 48 48,0 ’ ' 1,2 0,75-2,08
T/T 15 21,1 13 26,0 0,4 0,60 0,8 0,33-1,78
T/C 36 50,7 26 52,0 0,0 0,90 0,9 0,46 - 1,96
Cc/C 20 28,2 11 22,0 0,6 0,50 14 0,60 - 3,23
Pacnipenenenne reHOTHUNOB — JIOKyca MPAKTUYECKU JTOMUHUPOBAI U B OCHOBHOWU
rs1800629 (G-308A) rena TNFo B rpymmax (90,5%), u B KOHTpOIBHOM Tpymax (94,1%).
COOTBETCTBEHHO YPaBHEHUIO Xapau- Hons mytanTHOro asiens A Obuta KpaiiHe
BaiinOepra mokazano, 4Tto TeHOoTHH A/A HHU3KOM BO BCEX HCCIEIYEMbIX TIpyIlax.
MOJHOCTBIO ~ OTCYTCTBOBaJ  CpPE€IH  JIUII T'emorunn G/G HECKOJILKO Yallle BBIABIISICS B
y30eKCKON HalmoHanbHOCTH. [Ipu n3yueHUn KOHTpOJbHOW Tpymie, a reHotun G/A B
pacupenenenuss  amened  reHa  INFa ocHoBHOI (Puc. 2).

YCTaHOBJICHO, 4qTo UKW aAJJIC]Ib G

0
100

90,5 90,1 g9 94.1 882

en
ov

& - M
20 D 17 = 11.8
G G/A

W OcHoBHaA rpyrma Ml-rpymma  @2-rpyrma W KoHTpompHaA rpyrma

Puc. 2. YacTtoTra BcTpedaeMocTH ajieneit u reHoTunoB noarumopdusma rs1800629 (G-308A) rena
TNFo (%)
Fig. 2. Frequency of occurrence of alleles and genotypes of polymorphism rs1800629 (G-308A)
of the TNFa gene (%)
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CraTHCTHYECKUH  aHaIM3  YacTOTHI
BCTPEUAaEMOCTH  ajuleJiel ¥ TEHOTHUIIOB
nomumopdmsma rs1800629 (G-308A) rena
TNFa B ucciienyeMblx Ipynmnax HE BbISIBUI
JOCTOBEPHBIX OTIMYUA MEXKIY TpyIIamMH
(Tabm. 4). Ilpu >TOM OTHOIIEHUE IAHCOB IS
rerepo3urotHoro remotuna G/A Bo3pacralo

npaktuiecku B 2 paza (OR=1,8-2,1; p>0,05) B
OocHOBHOM (M 1- m 2-il rpymmax) rpymre,
yKa3plBasg HA €ro BO3MOXHYIO pOJb Kak

TeHETUYECKOTO peanKTOpa pa3BUTHS
MIPEAKIIAMIICUN y TIUIL y30eKCKOM
HAIIMOHAILHOCTH.

Tabauya 4

CpaBHUTe/IbHBIN aHAJN3 pacnpee/ieHus ajljesieil H TeHOTHIIOB nojaumMopgpusma rs1800629
(G-308A) rena TNFa mexay rpynnamMmu

Table 4

Comparative analysis of the distribution of alleles and genotypes of polymorphism rs1800629
(G-308A) of the TNFa gene between groups

AJu1eJT/TeHOTHIIBI Ocno?r?_alﬁzli[))ynna Kounrpoas (n=110) 1 P OR 95% CI

G 219 90,5 207 94,1 0.20 0,6 0,30-1,20

A 23 9,5 13 59 2,1 ’ 1,7 0,83 - 3,37

G/G 98 81,0 97 88,2 2,3 0,20 0,6 0,28-1,18

G/A 23 19,0 13 11,8 2,3 0,20 1,8 0,84 - 3,63
AJL1eJTH/T€HO THIIbI 1-rpynna (n=71) Kontpoas (n=110) v p OR 95% CI

G 128 90,1 207 94,1 0.20 0,6 0,26 - 1,25

A 14 9,9 13 59 2,0 ’ 1,7 0,80 - 3,79

G/G 57 80,3 97 88,2 2,1 0,20 0,5 0,24 -1,23

G/A 14 19,7 13 11,8 2,1 0,20 1,8 0,81-4,14
AJ1en/TeHOTUTIBI 2-rpynna (n=50) Kounrpoas (n=110) 1 p OR 95% ClI

G 89 89,0 207 94,1 0.20 0,5 0,22-1,16

A 11 11,0 13 59 2,6 ’ 2,0 0,86 - 4,50

G/G 39 78,0 97 88,2 2,8 0,10 0,5 0,20-1,14

G/A 11 22,0 13 11,8 2,8 0,10 2,1 0,88 - 5,04
AJ1en/TeHOTUTIBI 1-rpymma (n=71) 2-rpynna (n=50) 1 p OR 95% CI

G 128 90,1 89 89,0 01 0.80 1,1 0,49 - 2,60

A 14 9,9 11 11,0 ' ’ 0,9 0,38-2,04

GIG 57 80,3 39 78,0 0,1 0,80 1,1 0,47 -2,79

G/A 14 19,7 11 22,0 0,1 0,80 0,9 0,36 - 2,12

Haubonee pacpocTpaHeHHbBIM aljiesieM
U reHoTunom nonumopgpusma rs1800896 (A-
1082G) rena IL-10 B ocHoBHO# (1-if u 2-i
rpymnrnax) rpymnie CTajal HU3KO(YHKIIMOHAIIb-
HBIN ajijieh A ¥ €ro TOMO3UTOTHBIM BapHaHT
75.9

68.2 68.3 68

& OcHOEHaA rpymma

&lorpymma  W2-rpyrma

A/A. B KOHTpOBHOM TpyIine B 6oJiee 4YeM JiBa
pa3za yarre BBISBISUICS TOMTUMOP(HBIN aiens
G (75,9% npotus 31,8% B OCHOBHO TpyTIIe)
u renorun G/G (57,3% mnpotuB 12,4% B
ocHOBHOI1 rpynmne) (Puc. 3).

“KoHTpompHaA rpymma

Puc. 3. YacTora BctpeuaeMocTH ayiesneit u reHoTumnoB nosmMopdusma rs1800896 (A-1082G) rena
IL-10 (%)
Fig. 3. Frequency of occurrence of alleles and genotypes of polymorphism rs1800896 (A-1082G)/
of the IL-10 gene (%)
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CpaBHUTENBHBII  aHATM3  YacTOTHI
BCTPEYaEMOCTH  alUIeJied M TCHOTHUIIOB
M3y4aeMoro moaumMoppusMa B UCCIEIYEMbIX
Tpynmax  BBIIBWJI  PsIl  CYHIECTBEHHBIX
paznuuuii (Tabxn. 5). Amiens A TOCTOBEpHO
npeobnagan B ocHOBHOU (68,2%; %2=89,9;
p=0,01; OR=6,8; 95% CI. 4,55-10,02), 1-i1
(68,3%; %2=69,5; p=0,01; OR=6,8; 95% CI:
4,33-10,66) u 2-ii rpynmax (68,0%; ¥2=56,4;
p=0,01; OR=6,7; 95% CI: 4,08-11,01) mo
cpaBHEHUIO ¢ KoHTposieM (24,1%). A dacroTa

BCTPEUAEMOCTHU anens G ObL1a
CTATHCTUYECKH  3HAYMMO  BBICOKOH B
KOHTPOJbHOU BbIOOpKE (75,9%; %2=89,9;

p=0,01; OR=0,1; 95% CI: 0,10-0,22), yem B
OCHOBHOI (1-ii u 2-i) rpymrme.

[Ilancel  pa3BUTHS  MPEIKIIAMIICUU
MHOTOKPaTHO MOBBIIIAIOTCS npu
HOCHUTENLCTBE TeHOTUNA A/A JUIsi OCHOBHOW
(48,8%; ¥2=53,4; p=0,01; OR=16,5; 95% CI:
7,78-34,97), 1-ii (46,5%; %2=43,0; p=0,01;
OR=15,1; 95% CI: 6,69-33,87) u 2-i1 (52,0%;
x2=46,5; p=0,01; OR=18,8; 95% CI: 8,09-
43,61) rpynm. [[ns KOHTpOJIBHON BBIOOPKH
XapaKTepHBIM SIBJISIACH 3HAYMMO BBICOKAS
BcTpeuaemocts renotuna G/G  (57,3%;
¥2=51,9; p=0,01; OR=0,1; 95% CI: 0,06-0,19),
YTO  yKa3blBa€T HA  €ro  BO3MOXKHO
MIPOTEKTUBHYIO POJIb B OTHOIICHUH Pa3BUTHS
MIPEIKIIAMIICHH.

Tabnuya 5

CpaBHUTe/IbHBIN aHAU3 pacnpeleseHUs ajljiejieil 1 reHoTUNOB nojumMopgusma rs1800896
(A-1082G) rena I1L-10 mexny rpynnamu

Table 5

Comparative analysis of the distribution of alleles and genotypes of polymorphism rs1800896
(A-1082G) of the IL-10 gene between groups

A1/ TeHOTHITBI OCHO?:ffZEI))yHHa Kourpoas (N=110) 1 P OR 95% CI

G 77 31,8 167 75,9 0,1 0,10-0,22

A 165 68,2 53 24,1 89.9 | 001 6,8 4,55 - 10,02

GIG 15 12,4 63 57,3 519 | 0,01 0,1 0,06 - 0,19

G/A 47 38,8 41 37,3 0,1 0,90 11 0,63-1,82

A/A 59 48,8 6 55 534 | 0,01 16,5 7,78 - 34,97
AJL1eJ11/TeHOTUTIBI 1-rpynna (n=71) Kounrpoas (n=110) v p OR 95% ClI

G 45 31,7 167 75,9 695 | 001 0,1 0,09 - 0,23

A 97 68,3 53 24,1 ’ ' 6,8 4,33 - 10,66

GIG 7 9,9 63 57,3 409 | 0,01 0,1 0,04-0,18

G/A 31 43,7 41 37,3 0,7 0,40 1,3 0,71-2,39

A/A 33 46,5 6 55 43,0 | 0,01 15,1 6,69 - 33,87
AJen/TeHOTUTIBI 2-rpymma (n=50) Kounrpoas (n=110) 1 p OR 95% CI

G 32 32,0 167 75,9 0,1 0,09-0,25

A 68 68.0 53 240 | 04 | 00 6o 408 1101

G/G 8 16,0 63 57,3 23,7 | 0,01 0,1 0,06-0,31

G/A 16 32,0 41 37,3 0,4 0,60 0,8 0,39-1,61

A/A 26 52,0 6 5,5 46,5 | 0,01 18,8 8,09 - 43,61
AJ1eIn/TeHOTUTIBI 1-rpymma (n=71) 2-rpynna (n=50) 1 p OR 95% CI

G 45 31,7 32 32,0 0.0 0.97 1,0 0,57-1,71

A 97 68,3 68 68,0 ' ' 1,0 0,59-1,76

GIG 7 9,9 8 16,0 1,0 0,40 0,6 0,20 - 1,69

G/A 31 43,7 16 32,0 1,7 0,20 1,6 0,77 - 3,50

A/A 33 46,5 26 52,0 0,4 0,60 0,8 0,39 -1,65

Takum 00pa3oMm, MOJTyYCHHBIE HaMHU
JaHHBIE  [MOKa3eIBalOT, uro amieas C
nonmumopduzma 151143627 (T-31C) rena IL-
1, annens A ¥ TOMO3UTOTHBIN reHoTUn A/A
nomumopdusma rs1800896 (A-1082G) rena

IL-10 mocToBEepHO CBSI3aHBI C TIOBBIIEHHUEM
pUCKa pa3BUTHUS MPEIKIAMIICHU BO BpEeMs
OCpEeMEHHOCTH.

Ananns accoluanum MEXKITY
nonuMopdusMaMu TEHOB ITUTOKWUHOB |IL-1p,
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IT'NFa u IL-10 u coJiepyKaHueM
COOTBETCTBYIOIIMX IIMTOKUHOB B  KPOBH
BBISIBUJI 3HAYMMbIE pa3jvuds B YPOBHE
IKCIPECCHH T€HA B 3aBHCUMOCTH OT HaJIHYUS
TCHOTHUIIOB B UccieyeMbix rpymnmax (Taom. 6).
Kak BuAHO W3 TIpEACTaBICHHBIX JaHHBIX,
koHnenrpauuss IL-1B B kpoBu Oblia
3HAYUTEIBHO BHICOKOH Y HOCHTENECH TeHOTUTIA
C/C momumopdusma rs1143627 (T-31C) rena
IL-1p, xak B 1-#, Tak 1 2-i rpyIIax, mpyu 3TOM
paznuuus 0ojiee Pe3KO MPOSBUINCH BO 2-H
rpynne (p<0,001). Copmepxanne TNFoa B
KpoBH ObLI0 HaN0OJI€Ee BHICOKUM Y KECHIIUH C
redotuniom G/A monumopdusma rs1800629
(G-308A) rena TNFo B rpyIIie ¢ pa3BUBLICHCS
npeskaammcuerd  (p<0,001). Hecmotpsi Ha

AKTUBAIlMI0O  MPOBOCTIAIUTEILHOTO  3BEHA
MMMYHHUTETa Yy JKEHIIUH OCHOBHOW TPYIIIIBI
HaMU  BBISBICHO CHIDKEHHE TPOAYKIIMH
MPOTHUBOBOCHATUTEIbHOIO UTOKKMHA [L-10 ¢
3aMETHBIM TIPOSIBICHUEM Yy OKEHIIWH C
reHOTUNIOM A/A  COOTBETCTBYIOIIETO T€HA
(p<0,05). Takoif BbIpa)KCHHBINH AHCOATAHC
Th1/Th2  ypoBHS  IIMTOKMHOB  MOJXET
MPUBOJIUThL K CHUCTEMHOW BOCHAIHTEILHOM
peaxuuu, 4To BO BpeMsi 0€pEMEHHOCTH MOXKET
MIPOBOIIUPOBATH SH0TENUATILHYIO
TUCHYHKIMIO C MOCIEAYIOIUM HapacTaHUEM
FeMOJUHAMHYCCKUX HApPYIICHUH B CHUCTEME
MaTOYHO-IIJIAIIEHTAPHO-TIJI0JOBOTO
KpOBOOOpaIeHHUS.

Tabnuya 6

KoHueHTpanus IMTOKHHOB B KPOBH 7KeHIIIUH B 3aBHCHMOCTH OT F€HOTHIIOB
COOTBETCTBYIOIIMX NOJIMMOP(U3MOB

Table 6

The concentration of cytokines in the blood of women, depending on the genotypes
of the corresponding polymorphisms

I'enorunsl/Konuenrpanus
HHTOKHHA 1-rpynma 2-rpynmna KonTpoas
Moaumopdusm rs1143627 (T-31C) rena IL-1f
T/T 6,18+1,95 14,4642, 28%**A 3,25+0,41
T/C 10,3942,16%* 19,08+1,44%**AA 4,314+0,37
C/C 13,5242,68%* 23,37+1,45%*%*%/ 6,42+0,84
Hoaumopdusm rs1800629 (G-308A) rena TNFa
G/G 8,22+1,51* 14,47+£1,36%***1 4,524+0,19
G/A 15,87+2,43%*** 26,1342, 54%%*A 6,18+0,83
Hoaumopdusm rs1800896 (A-1082G) rena IL-10
G/G 17,26+1,29 14,73£0,96* 17,61+0,58
G/A 14,47+2,15 12,41+1,39 17,37+£3,14
A/A 11,36+1,28%* 10,68+1,04** 14,32+0,35

[Mpumeuanue: * — paznuns JOCTOBEPHBI OTHOCUTEIBHO KOHTPOIBbHOU rpymmbl (* — p<0,05; ** — p<0,01; *** — p<0,001);
N\ — pa3nu4us JOCTOBEPHBI OTHOCHTENBHO |-t rpymms! (* — p<0,05; M — p<0,01; " — p<0,001).

Note: * — differences are reliable with respect to the control group (* — p<0.05; ** — p<0.01; *** — p<0.001); * -
differences are reliable relative to group 1 (* — p<0.05; ™ — p<0.01; "~ — p<0.001).

B nocnennne roasl Bce 00IbIE JaHHBIX
CBHUJIETEJILCTBYIOT O TOM, YTO T'€HETHUYECKHUE
(bakTopbl CIOCOOCTBYIOT Pa3BUTHUIO
TMIIEPTEH3MBHBIX HApyIIEHHWH BO  Bpems
O6epemenHocTu. Heckonpko uccneaoBaHUN
BBISIBHJIM, YTO TOJUMOP(GU3MBI OTIEIBHBIX
HYKJICOTHJIOB, B TOM YHCIE TOIUMOP(HU3MBI
ICHOB IIMTOKMHOB YYacTBYIOT B IIaTOTCHE3E
npesknamncuu [20, 21, 25].

Onuum u3 Haubolee
pacrpoCTpaHEHHbIX MOJIUMOPGU3MOB TI€Ha
IL-/f B pa3snuyHBIX MOMYJSILUAX SBISETCS

nosiumopdusm rs1143627 (T-31C) rena IL-1p,
pacIOIOKEHHBII B NPOMOTOpE TeHa U
npeAcTaBisionuii 3ameny nurosnHa (C) Ha
tumuH (T) B mosunum -31 HykieoTwnaa, u

KOTOPBIH, KaK coob1aercs, uMeeT
peryasaTOpHYl0  (QYHKIMIO U CBSi3aH C
nuddepeHnranTbHON JKCIIpeccuen u

aktuBHOCThIO IL-1B, 4ro cnenoBaresnbHO,
MOJKET BIIMSATH Ha Ba)KHbIE OMOJIOTHMYECKHUE U
KJIMHUYECKHE IIPOLIECCHI, KOTOpBIE
MOZAYJUPYIOT BOCIIPUMMYHMBOCTh K
pasnuYHBIM 3a0oneBaHusM [26]. BrisiBneHa
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accorarusi nonumoppusma rsl1143627 (T-
31C) rena |IL-If ¢ BBICOKUM PHCKOM
MIPEIKIAMIICUA Yy  JKEHIIUH  KUTalCKOU
MOMYJISIUH, MPU 3TOM PUCK (HOPMUPOBAHUSA
THIIEPTEH3UH BO  BpeMsi  OepeMeHHOCTH
MOBBILIANICSA TIOYTH B 2 pa3a IpU HOCUTEIbCTBE
rerotuna C/C [22]. UccnenoBanue El Azizy
HM, et al (2017) He BBIABMIIO CTAaTHCTUYECKU
3HaYMMOH  cBsi3u  moiumoppuzma  IL-1f
(T-31C) ¢ puckoM pa3BUTHS MPEIKIAMIICHH
[25]. Bmecte ¢ Tem, apyrue aBTOpbI BbISIBUIN
3HAYUTENIBHYIO CBSI3b MEXIy
noaumoppusmom rena IL-1f (T-31C) u
CHIDKEHHUEM PUCKA MeCTAllMOHHBIX HAPYIICHUIA
npu npucytctBur reHotunoB T/C wmu T/T
npotuB C/C [27]. 3HauuTebHbIC aCCONUAIIMN
HAOJMIOAANCh MEXIY HPEdKIaMICHed |
nonumopdusmamu  1s16944 (C-511T) wu rs
1143634 (C3954T) rena IL-15 [28].

B npencraBienHOM HaMu UCCIIEOBAHUN
MBI HE BBIIBWIIM CBSI3b T€HOTHUIIOB JAHHOTO
nonmuMopdusmMa € PHUCKOM  pa3BUTHUA
MIPE3KIIAMIICUH, OJTHAKO y HocuTenel amiens C
PHCK ee pa3BUTHUs ObUI IOCTOBEPHO BBICOKUM,
YTO TO03BOJIAET OOO3HAUYUTh €ro  Kak
NPEIUKTOP MPEIKIAMIICUU. AHAIU3 YpOBHS
JKCIIPECCUM T€HAa MO0 COJAEPKAHUIO €ro
KOHEYHOI'O npoayKTa-0enka BBISIBUII
JOCTOBEpHOE TMoOBbIIeHHEe ypoBHsA IL-1B B
KpPOBH Y JKEHIIHMH OCHOBHOM rpynis (p<0,05),
YTO TO3BOJIAET MOJATBEPXKIaTh IO3UIIHIO
aienss  C, Kak  BBICOKONPOTYKTHBHOTO
HEOJIaronpusATHOIO ajljleNii MpU  Pa3BUTHU
TUMEPTEH3UBHBIX HApPYyIIEHUH BO  BpeMs
O6epeMeHHOCTH. BaXHO MNOAYEPKHYTh, 4YTO
Oosee 3HAYUTEIHHOE IMOBBIIICEHUE YPOBHS
IL-13 Oplm0 OTMEueHO BO 2-W TpyIIe
HE3aBUCHMO OT HAJM4YUs TOTO HWJIM HMHOTO
TeHOTHUIIAa COOTBETCTBYIOIIETO oJuMopdr3mMa
(p<0,001). TIlpu »>TOM  MaKCHMalbHOE
conepkanue IL-1B Obuto xapakTepHbIM AJs
HOCHUTENEH T'OMO3UIOTHOTO TE€HOTHIA 110
amtemo C.

I'en, xomupyromuit TNFa, pacnonoxen
B obnactu knacca III rmaBHOro xomruiekca
TUCTOCOBMECTUMOCTH Ha XpomMocomMe 6 H
penkuit amiens —308A rena TNFa cBsizan ¢
YBEITUYEHUEM COJIEpKaHUs IepHPepuIecKoro
Oocnka murokmHa [23]. TNFa saBmgercs
MOIIHBIM TApaKpUHHBIM H  SHIAOKPUHHBIM

MEIMATOPOM BOCHATHUTEIBHBIX U UMMYHHBIX
¢dbyukauii. dusnonornueckn aeiicteue TNFo
HallpaBJIeHa Ha peryiupoBaHue
BOCTIAJIUTEIILHOTO nporecca, OJTHAKO
HECOOTBETCTBYIOIIAsA €r0 MPOIYKIUS MOXKET
CIOCOOCTBOBATH YPE3MEPHOMY IPOSIBICHHUIO
BOCHAJINTENBHON pEaKkLUuu € MEepeXoioM Ha
NaTOJIOTUYECKHIl YPOBEHb.

XO0Ts1, B HalleM HCCIEIOBAHUU Mbl HE
YCTaHOBWJIM CBsA3b moiaumopdusma rs1800629
(G-308A) rema TNFoa ¢ pHCKOM pa3BHTHUS
MPEdKIAMIICUH, B psifie paboT ObLIO MOKa3aHo,
yro mnonumopdusm B mnozunun -308 G/A
MOBBIIIAET PUCK TUIIEPTEH3UBHBIX HAPYIICHHIA
[29, 30]. B uccnenoBanusix Zubor P, et al
(2014), annenb A yaiie BCTpeyaycs B CIydasx
PE3KJIAMIICUU yBEJIUYUBas pUCK
3aboneBanus (OR=2,73), a ypoBuu TNFa B
KpPOBHM MaTepH IMOKa3ajlu TEHJEHIUIO K POCTY
C TeHOTHMIOM MyTaHTHoro amiens [31]. B
pabdote Khodadadi A, et al (2022) coneprxanue
TNFa y ’KeHIIuH C mpeskiamIicuen ObLIo
3HAUUTENBHO BBIIIE, YE€M Yy 3/J0POBBIX
6epemenHbix (p<0,001), xoTs aBTOpBHI HE
HaOJI0lal HUKAKOW KOPPENSLUU MEXKIY
nonumopdusmom TNFa (G-308A) ¢ yactoToit
npesknamiicuu [23]. Meraananusz Wang L, et
al (2018), wusyyaBmmii Ha OCHOBe 22
HCCIIEIOBAaHUM  MOTEHLMAJIbHOE  BIIMSIHHE
nonmumoppmsma reHa TNFa (G-308A) Ha
MIPE3KIIAMIICHIO TIOKa3aJl, YTO 3HAYUMasl CBS3b
MEXIy  JaHHBIM  TonuMopdusMoM
BOCIIPUUMYHUBOCTHIO K MIPE3KIIAMIICUU
CYIIIECTBOBAJIA B AJIJIEILHON MOJIETTH A MPOTUB
G (OR=1,37, 95%CI: 1,06-1,77) [20]. Bmecrte
C TeM, HAaMHU BBIIBICHO JIOCTOBEPHOE
noBeleHue coaepxkanus TNFao B kpoBu npu
Hannuuu reHotuna G/A y  TaUEHTOK
OCHOBHOHM  TpyMNIbl, 4YTO MOATBEPKAAET
HETaTUBHYIO accolMaiuio amienst A ¢
TUIEePTEH3UBHBIMU PACCTPONCTBAMHU.

3aMeHa HYKJICOTUTHOU
OCJIEIOBATEIHLHOCTH B re’e IL-10
nposiBasiercss B 1082 monokeHuu mpomMoTopa
nosiejieHneM TryaHuHa (G) BMecTo ajJeHHHA
(A). Amnens A 151800896 (A-1082G) rena
IL-10 smBasiercss HM3KO(YHKIIMOHAIBHBIM H
OTIpeJIeNIIeT CHIKEHUE MPOAYKIIUN OEIKOBOM
MoJieKyJibl TuToknHa [L-10 [24]. Pe3ynbTaThl
psga  UCCIENOBaHMM  IOKa3adud  CBA3b
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noaumoppusma rena IL-10 (A-1082G) c
MOBBIIIEHHBIM ~ PUCKOM  IPE3KIIaMIICHU.
Meraananu3 21 wuccienoBaHusl — ciayvail-
KOHTPOJIb IOKa3aJl, 4YT0 NOJIMMOpP(U3M reHa
IL-10 (A-1082G) ObLI1 3HAYMTENBHO CBSI3aH C
MOBBIIIEHHBIM ~ PUCKOM MPEIKIAMIICUU B
pamkax pereccuBHoid mojenu (A/A mpotus
A/G+G/G: OR=1,19, 95% CI=1,018-1,394,
p=0,029) [21]. Meraanaim3 Nath MC, et al
(2020), BBISIBMJI 3HAYMTEIbHBIC PaA3JIMUUS B
ypoBHsax IL-10 mexny cioyudasmMu c
IIpeIKIaMIICUeH U HOPMOTEH3UBHON
0epeMEeHHOCTSIMH. Ot pe3yIIbTaThI
MOJTBEPXKIAIOT POJIb CHIDKEHHEro ypoBHs IL-
10 B maTo(u3nOIOTHH TPEIKIAMIICHH, YTO
00YCJIOBJIEHO HOCHUTEJILCTBOM
HU3KOIPOTYKTHBHBIX TCHOTHIIOB
npomotopHoro rena IL-10 [32]. Puck
pPasBUTHS TPEIKIAMIICHH TI0 pe3yJibTaTaM
HaIIuX UCCIIeI0BaHUH 3HAYUTEIIBHO
MOBBIIIAJICS TPU MPUCYTCTBUU reHoTuna A/A
(OR=16,5, 95% ClI=7,78-34,97, p=0,01).
Taxxe conepxanue IL-10 B kpoBu 'y
HocHuTeneil reHotuna A/A OBIJIO JOCTOBEPHO
HIKE B |- ® 2-rpynmax OTHOCHTEIHHO
KOHTpPONbHBIX ~ 3HaueHuil  (p<0,05). Kak
W3BECTHO, pPOJb MPOTHBOBOCIAIHUTEIBHOTO
nuTokrHa IL-10 3akimtouaercs B caep >KUBaHUU
MIPOBOCTIATUTETBHBIX CTHMYJIOB, 4TO
NpPEJCTaBIseTCs  BeCbMa  BaKHBIM  JUIA
o0ecrnieyeHus ($U3MOIOrMYECKOT0
MMMYHOKOMITPOMHCCHOTO (oHa BO BpeMms
OepemeHHOCTH.  Upe3mepHas — aKTHBAIHA
MIPOBOCHIAIIUTENILHOTO 3BE€HA IIUTOKUHOB C
HeaJIeKBaTHBIM OTBETOM
MPOTHUBOBOCTIAJIUTEIHHOTO KOMIIOHEHTA,
OTIOCPE/IOBAHHBIN  MOIMMOP(HU3MOM TEHOB
IIUTOKWHOB, BO3MOXXHO HWIpPaeT OJHY U3

KJTFOUEBBIX poneit B pasBuTHE
SHAOTENHAILHON TUCyHKIUY,
TUIEePTEH3UBHBIX paccTpoicTB u

MOCIEAYIOMINX MOTHOPTaHHBIX HAPYIICHHUSX.
3akirouyenue. [lomumopdusMbl TreHOB
[IUTOKUHOB U 00YCJIOBIIEHHAS UMY TPOAYKIIHS
IMUTOKWHOB WTPAOT KJIIOYEBYID pOJIb B
pazButun  npeldknamncuud.  Amnens  C
nonmumopduzma 151143627 (T-31C) rena IL-
1, annens A ¥ TOMO3UTOTHBIN reHoTHUnl A/A
nomumopdusma rs1800896 (A-1082G) rena
IL-10 cBsi3aHBI C TOBBHIIIEHUEM  pHUCKA

pa3BUTHS TPEIKIAMICHM U MOTYT OBITh
UCIIONb30BaHbl B KayeCTBE TI'€HETUYECKUX
NpEeaUKTOpoB  3aboneBanus. [loBbIIeHHAs
JKCIIpECCHsI  T€HOB  MPOBOCHAIUTEIbHBIX
LUTOKUHOB Hapsily CO CHM)KEHUEM YPOBHS
IPOTUBOBOCTIATIUTENILHOTO 3BEHA ITUTOKHMHOB
orpakaet Hapyiienue Th1/Th2 Gananca, uro
npoBolUpyeT  (GOPMUPOBAHHWE CUCTEMHOMU
BOCHAJIMTENBHON PEAKLMH, SHIOTEIUAIbHOU
TUCOYHKIIMM U PA3BUTHE IMPEIKIAMIICUUA BO
BpeMsi OEpEMEHHOCTH.
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Pe3ome

AKTyanbHOCTh: HapymieHue 3peHHss U TpaBMbl y NAlMEHTOB BCTPEYAIOTCS 4YacTO B Tpymnmax
CTapIero Bo3pacTa M Mo Mepe CTapeHUs X PACTIPOCTPAHEHHOCTH OyeT yBenuunuBarhes. [Ipu aTom
3pUTENBHBIN  ASQUIMUT U  TpPaBMBI MOTYT  CIIOCOOCTBOBATH  CHIDKEHUIO  BO3PACTHOM
KU3HECTIOCOOHOCTH, HO TIOCIICITHSS CPEAM YKa3aHHBIX BBINIE KATETOPUN TMOXKUJIBIX IAIlEHTOB
uzydaercsa penko. Leab wucciaenoBanusi: lccrienoBaHue BO3PACTHOM IKHU3HECTIOCOOHOCTH B
KPUTHYECKHE TEPUOABI )KHU3HU TAIMEHTOB TPHU 3pUTEITLHOM JePuIuTe u TpaBMax. MaTepuaJibl U
Metoabl: ChopmupoBaHbl JBe KIMHUYECKUE TPYIIBI: OCHOBHas B KoiudecTBe 215 yenoBek u
KOHTpOJIbHAs B KosimuecTBe 208 yenmoBek. B o0enx rpyrinax n3ydeHa Bo3pacTHas KU3HECTIOCOOHOCTh
o Tecty A.B. Maxnaua. [Ipu orieHke BIUSHUS 3pUTEIBHOTO Je(UIIMTAa U TPaBM Ha BO3PACTHYIO
KU3HECTIOCOOHOCTh HCIIOIB30BAJICS METOJI OTHOCHUTEIIBHOTO PUCKA IO OOIICTPUHSITOW METOIHKE.
PesyabTarsi: Cpend NAanMEeHTOB OCHOBHOM TPYMNIbl MO CPAaBHEHUIO C KOHTPOJIBHOM TpyHmou
YCTAHOBJICHO CHIDKCHHE CIICTYIONIUX IIKal )KHU3HECIIOCOOHOCTH: BHYTPEHHUM JIOKYC KOHTPOJIS JI0
31,842,2 GamnoB mpotuB 55,2+2.5 GammoB (p=0,0023), mactoiiumBocTh — A0 35,6+1,9 mportus
69,7£2,8 Gamnos (p=0,0018), camorddextuBHOCTF — 10 49,8+2,0 mporuB 80,6+3,1 OGamios
(p=0,0009), coBmagenwe u amantamums — g0 29,4+1,7 mporuB 50,7+2,2 Gammo (p=0,0024)
COOTBETCTBEHHO. VHTerpanbHbIi HHIEKC MXU3HECIIOCOOHOCTH B OCHOBHOW TpYIIIE COCTaBIISI
274,14£3,9 6annos, Toraa Kak B KOHTpOoIbHOU — 396,8+4,4 6amnoB (p<0,001). OTHOCUTENBHBIN pUCK
okaszasics HaubombmmMm (2,769) s MmKaabl HACTOMYMBOCTH C JIOCTOBEPHBIM JTOBEPHUTECIHHBIM
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unrepBaigom (p=0,00021). Heckosibko HMKE BEJMYMHA OTHOCUTEIHLHOTO PUCKA YCTAHOBJIEHA IS
KaJl COBjJaJeHUe U aganTtauus — 2,457, BHYTPEHHHMH JOKyC KOHTpoisi — 2,395 wu
caModPPeKTUBHOCTh — 2,214 ¢ MOCTOBEpHON 3HAYMMOCTBHIO BO BCEX CIydYasx. 3akJjI0O4YeHHe:
[Ipennaraercs ornpeneaeHre BO3PACTHON )KM3HECTIOCOOHOCTH Y MALMEHTOB C HAPYIIEHUEM 3PEHHUS U
TpaBMaMH JUIsL TPOBEACHUS CPEAN HUX MEPONPUATHIA MO yITyUYIICHUIO )KU3HECTOHKOCTH.
KutoueBble cjioBa: BO3pacTHas )KU3HECTIOCOOHOCTh; 3pUTENIbHBIN 1e(PULINT; TPaBMbI; KPUTUYECKHE
NIEPUOJIBI )KU3HU; TIOKUJIIBIE; )KU3HECTOMKOCTh

s uurupoBanusi: Heymaxun MA, ArapkoB HM, U6ues ACO, u gap. Bo3spacthas
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Abstract

Background: Visual impairment and injuries in patients are common in older groups and their
prevalence will increase as they age. At the same time, visual deficits and injuries can contribute to a
decrease in age-related resilience, but the latter is rarely studied among the above categories of elderly
patients. The aim of the study: To study age-related resilience in critical periods of life of patients
with visual deficits and injuries. Materials and methods: Two clinical groups were formed: the main
group of 215 people and the control group of 208 people. Age-related resilience was studied in both
groups according to the A.V. Makhnach test. In assessing the impact of visual deficits and trauma on
age-related resilience, the relative risk method was used according to a generally accepted
methodology. Results: Among patients in the main group, compared with the control group, a
decrease in the following resilience scales was found: internal locus of control to 31.8+2.2 points
versus 55.2+2.5 points (p=0.0023), perseverance to 35.6+1.9 versus 69.7+2.8 points (p=0.0018), self—
efficacy to 49.8+2.0 points versus 80.6£3.1 points (p=0.0009), copulation and adaptation — up to
29.4+1.7 versus 50.7£2.2 points (p=0.0024), respectively. The integral resilience index in the main
group was 274.1£3.9 points, while in the control group it was 396.8+4.4 points (p<0.001). The
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relative risk was highest (2,769) for the persistence scale with a reliable confidence interval
(p=0.00021). The relative risk value is slightly lower for the coping and adaptation scales — 2.457,
the internal locus of control —2.395 and self-efficacy — 2.214 with significant significance in all cases.
Conclusion: It is proposed to determine age-related resilience in patients with visual impairment and
injuries in order to carry out measures to improve resilience among them.
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BBenenue. Bo3pacTtHas
AKHU3HECIIOCOOHOCTD (’KM3HECTOMKOCTD)
MpEJACTaBISIET  OAMH W3  HUHTEHCHUBHO

Pa3BUBAIOIIMXCS KOHIENTOB COBPEMEHHOM
repontomorun  [1, 2, 3]. HU3yueHue
KHU3HECTOMKOCTH OCOOCHHO aKTyaJlbHO B
CBS3M C TPOJMOIKAIOIIMMCA  CTapeHUEM
HACEJIEHUs B Pa3IMYHbIX OCYAapcTBaxX — Kak
WHYCTPUAIBHBIX, TAaK U Pa3BUBAIOIIUXCA. 3a
MIOCJIETHUE TO/bl OBbLI JOCTUTHYT 3aMETHBIN
mporpecc B CHHUXKEHMH CMEPTHOCTH H
pacIImpeHnu ro0anbHON
MPOJOJKUTEIBHOCTH KU3HU. TeM He MeHee,
3TOT Mepexoj] MPUBEI K PacnpOCTPAHEHUIO
HeJeTanbHBIX 3a00JeBaHUM U TpobIeMm,
KyJIbMUHAIEH KOTOPBIX SIBJISICTCSI
miobanbHOE cTapeHue HaceneHus [4, 5.
Kpome TOro, ¢ yBeanueHueM OXHIaeMOM
MPOAOKUTENBHOCTH  KU3HU  HAOMIOJaeTcs
OJTHOBPEMEHHOE YBEIMYEHHE XPOHUYECKHUX
3a00/eBaHUN M HMHBAJIUIAHOCTH, TaK 4YTO IO
KpaiHeu Mepe OJTHO XPOHUYECKOE
3abosneBanue Habmonaetcs y 84,1% moxuibIx
monelt [6]. XpoHUUeckue M U3HYpPUTEIbHbIE
3a00/IeBaHUsl MOTYT BBI3BIBATh Pa3IUYHBIC
MICUXOJIOTUYECKUE MPOOIEMBI, YTO MPUBOIUT K
BBICOKOM  3a00JIEBa€MOCTH  TCUXHUYECKUMHU
paccTporicTBaMu rnociie (buzmgecknx
3aboneBanuit [7]. VYuuThiBasg BO3pOCIHIHE
MICUXUYECKHE pPacCTPOHMCTBA U  BAXKHOCTD
mpoOsieM cTapeHwsl, O0JIerYUTh OECIOKOHCTBO
1 npo0IeMbl 3TOW TPYIIBI HACETIEHHS] MOKHO

paccMarpuBaTh KakK COIMANIEHYIO
Heooxogumocth. OpnHoM M3 oOacreid,
BBI3BIBAIOIINX 0€eCIOKOICTBO y
HCCIIeIoBaTeNeH, SIBJISIETCS
YIOBJIETBOPEHHOCTh IMOKUJIIBIX JToAEN

KHU3HBIO. YHOBHCTBOPCHHOCTB KHU3HBKO HIIN
BOCIHHPpUHUMACMOC KauUCCTBO JKU3HU — OITO

CIIOKHAs KOHCTPYKIUS, KOTOpas Iepeaer
MO3UTHBHOE OTHOIICHUE YEIIOBEKa K MUY, B
KOTOPOM OH JKHBET, U COCTOUT U3 OIIYIICHUS
VIOBOJIBCTBHS, Ha JOCTHIXKCHHE KOTOPOTO
YEeJIOBEK TPaTUT MHOTO BpeMeHU [4].

B Hacrosmee Bpemsas B CBiA3M C
YBEJIMYEHUEM TMPOJOKUTEIBHOCTH KU3HU U
YBEJIMYCHUEM TIOTPEOHOCTH B  Pa3BUTHH
CHEIHAIN3UPOBAHHBIX BUJIOB MEIUIIMHCKUX,
COIMANILHBIX, TICUXOJOTHYECKUX, TyXOBHBIX
YCIyT JIOASM CTapUIMX BO3PACTHBIX TPYMII
MIPOUCXOTUT TIEPEOCMBICIICHUE CTAPCHUS Kak
JTana >XKU3HW 4YenoBeka [8, 9]. B mocnennee
BpeMs BCE Oonbliee KOJIMYECTBO
CHEIMAIMICTOB B OONACTH TEPOHTOIOTUU H
repuaTpun PEKOMEHIYIOT T00aBIIATh
BO3PACTHYIO KH3HECMOCOOHOCTh (resilience).
BospacTHas  KU3HECNOCOOHOCTH —  3TO
codyeTaHue BceX (U3NYECKUX U MCUXUYECKUX
BO3MOKHOCTEH  YeJIOBEKa,  OTPAKAIONIUX
BO3MOXKHOCTH OHOTICHUXOCOLIUATEHOM
aJIanTanyuyd YeJioBeKa K CTpeccaM IO3JIHETO
BO3pacTa, KOTOpOE  CKJIAQABIBAeTCS U3
HECKOJIbKHIX JIOMCHOB, a UMEHHO,
KOTHUTUBHOTO, JIBUTATEIHHOTO,
TICUXOJIOTHYECKOTO, CEHCOPHOTO M TEJIECHOTO
[10, 11, 12].

JKM3HECTOMKOCTh MOKUJIOTO HACEIEHUS
3aBUCHT HE TOJBKO OT YyKa3aHHBIX BBIIIE
(akTopoB, HO ® OT  QJaNTalMOHHBIX
BO3MOXKHOCTEMH OpraHmsma, YpOBHS
o0OpazoBaHusl, COMAaTHUYECKOTO,
TrepuaTpuyeckoro M TMCHUXOJOTHYECKOTO
craryca [13, 14, 15]. UYro «kacaercs
neMorpaduueckux (baxTopoB, o0mui
noka3atenb  Connor-Davidson — Resilience
Scale (CD-RISC) HE3HAYUTEITHHO
MOJIOKUTENIBHO KOPPENUpOBajl C BO3PACTOM.
SN0 MIPOTUBOPEUHT pesyabraraMm
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WCCIICIOBAHUSI, B KOTOPOM TPHHSUIA y4acTHE
YKCHILMHBI TOTO K€ BO3PacTa, IPOXKUBAIOIINE B
cooOmecTBax. MccnenoBanue mokasaiao, 4TO
o6muii 6amn CD-RISC cnabo u oTpuiaTeibHO
KOppEIupoBa c XPOHOJIOTHYECKUM
Bo3pacToM. OHAKO KOPPEJIAIUs BO3pacTa Kak
¢ (dakropom ymopcTBa, Tak M ¢ (PakTOpoM
QJalTUBHOTO  TPEOJOJICHUSI  TPYAHOCTEH
COTTIACyeTCsl C HCCICNIOBAaHUSIMHU, KOTOPBIC
MOKA3bIBAIOT, YTO M YIIOPCTBO, M aJalITUBHOE
MIPEOIOJICHUE TPYIHOCTEH YCHIIMBAIOTCS C
Bo3pacToM. XoTsi oOpa3oBaHHEe HE OBLIO
cBs13aHo ¢ oommM nokasareneM CD-RISC, oHo
HMMEJIO HEOOJIBIIYIO TMOJIOKHUTEIbHYIO CBS3b C

(dakTopom «aKTUBHOE IIPEOI0JIEHUE
TPYAHOCTE». DOTO UMEET CMBICH, €CIH
paccMmarpuBarhb po1iecc MOJTyYSHUS

00pa30BaHUsI KaK HICTOYHUK KOHTPOJIUPYEMOTO
cTpecca, ¢ KOTOpbIM HauOosiee 3(ppexTUBHO
CHPABISIOTCSA TE€, Y KOTO BBICOKHI YPOBEHBb
camodexTuBHOCTH B AKTUBHOM
npeoponieHud  TpyaHocteil.  OOpa3oBaHmue
TaKKe HMMEET HEOOJBIIYI0 OTPHUIATEIIBHYIO
CBSI3b C (haKTOPOM «IYXOBHOCTBHY. Cremyer
OTMETUTh, 4TO0 o0mas omnenka CD-RISC
nMena HEOOJIBIIYIO, HO 3HAYUMYIO
OTpHUIIATEIBHYIO CBsI3b co mKkao MMSE, uto
yKa3bIBaeT Ha TO, YTO B CPETHEM JIFOH C OoJee
BBICOKMM YPOBHEM KOTHUTHBHBIX (YHKIIHIA
ObLTH MEHee YCTOWYUBBIMH [16].

Opnnako, HECMOTpsSi Ha TPOBOIAUMBIC
HCCIIEI0BAHUS MHOTHE aCIEeKThI
KU3HECTOMKOCTH PAacCCMATPUBAIOTCS 4Yallle B
KOHIENTYaJbHOM  aCIeKTe,  MPOBOJUTCS
OTIepalMOHANIN3AIHS KU3HECTOMKOCTH U €8
KpUTepHeB  (MapamMeTpoB), MpeAararTcs

pa3nuuyHble  OMOMapKepbl KU3HECTOMKOCTH
JUIs pa3IMYHBIX COMAaTHYECKUX 3a00J1eBaHU U

TpaBM. JKu3HecTonkocTh peaxo
AHAJIM3UPYETCS CPEIU IMALUEHTOB MOKUIIOTO U
CTapIIETo BO3pacra B pasyInuHbIE

KPUTHYCCKUC TICPUOABLI MX JKU3HHU. BbIXOJ HaA
MNCHCHUIO, IIOJIYUYCHHC TpaBM C IMCpCIoOMaMu
paanquﬁ JIOKaJIHU3aluu, IIepel'IHO-MOSSl"OBOI‘/'I
TPpaBMbI, BbISIBJICHUC TSKENBIX U OMACHBIX JUIA

KHU3HM 3a00/IeBaHM — HOBOOOpPA30BaHUH,
WHCYJIBT, UH(papKT MHUOKapAa.
XKuznectolikocTh  OCTa€rcs  MPAKTUYECKH

HEM3YYCHHOM B YyKa3aHHBIE KPUTHUYECKHE
TOYKH CTApEHMS YEJIOBEKA CPEIU MAI[UEHTOB C
HapyILIEHUEM 3PECHUS U TPABMaMH.

ear wuccaenoBanusi. lccienoBanue
BO3pACTHOM YKU3HECTTIOCOOHOCTH B
KPUTUYECKHUE MEPHUOJIbI )KU3HU ALIUEHTOB MPHU
3pUTEBHOM Je(PHUIUTE U TPaBMaX.

MarepuaJibl ) | MeTOIbI
HCCIe0BAHHS. [Ipn [IPOBEACHUHA
VICCIIEZIOBAHHUS c(hopMHUPOBaHbI JIBE

KJIMHUYECKUE TPYIIbI: OCHOBHAs rpynmna (215
YeJIoBeK) U KOHTpoibHasg rpymma (208
yenoBek). OcCHOBHasg Tpynmna IMpeAcTaBiIeHa
HalMeHTaMu  TOXWUJIOro  Bo3pacTa  C
HapyIeHHueM 3peHHs " TpaBMamH,
NPUBEALIMMH K TOTEpE 3PEHUs], MeperoMam.
KonTponem CITY>KUIIH TAIIMEHTHI
aHAJIOTUYHOIO BO3pacTta 0e3 HapylIeHHs
3peHHsI W BBIINICHA3BaHHBIX TPaBM — C
XpOHMYECKOM  marojoruel B CTaIuu
komrneHcanuu. [IpoBenéHHas paHIOMHU3AIUSL
no3Boiuiaa  copmMupoBarh  OAM3KHE  TI0
OCHOBHBIM KPHUTECPUSM TPYNIBI TMAIIEHTOB
(Tabm. 1).

Tabnuya 1

ConocTaBUMOCTh OCHOBHOM M KOHTPOJIBLHOM rpynn no seaymum kpurepusam (P£SD)
Ha 100 yesioBek

Table 1
Comparability of the main and control groups according to the leading criteria (P£SD)
per 100 people
. KonTpoabnas OcHoBHast
Kpurepnii p
rpynna rpynmna

CepaeyHo-cocyiucTasi HaToJoTus 59,1£2,7 63,7+2.,4 >(),05
3aboseBaHus IICHTPAIBHON HEPBHON CUCTEMBI 13,5+1,2 12,1+0,8 >(,05
3abosneBanus nepudepuuecKkor HEPBHOU CHCTEMBI 34,6+1,8 38,1+£2,0 >(,05
3a00seBaHuUs KEITYAOUHO-KHAIIICYHOTO TPAKTA 11,5+0,9 14,0£1,3 >(,05
3a0oJeBaHUsl OPraHOB JABIXaHUS 9,1+1,0 8,4+0,7 >(),05
3aboaeBaHNs MOYEIOI0BOI CHCTEMBI 9,6£1,1 12,1+0,9 >(,05
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[Io comyrcTByromied COMaTUYECKOU
MATOJIOTMH TMAIUEHThl CPAaBHUBAEMBIX TPYIII
HE  UMEIM  CTAaTUCTUYECKH  3HAYUMBIX
paz 4.

OO6cnenoBanue MaMEHTOB OCHOBHOM H
KOHTPOJILHOM TPYIIIT MPOBOAMIIOCH B YCIIOBHSIX

CIIELUAIM3UPOBAaHHOIO  cTauuoHapa. Ilpu
o0Cne[0BaHNM ¥ BKJIIOYCHWU ITAllICHTOB B
yKa3aHHbIE IpyNIIbI 00s13aTeIbHO
coomomanucy  mpuHmmnel - «Hamnexarei
kmuHndeckor  mpaktukm» (Good  Clinical
Practice) ¢ momydeHHMeM THCHMEHHOTO

WH()OPMUPOBAHHOTO COTIACHS HA y4acTHE B

HCCIIETOBAaHUH. Onenka BO3pacTHOI

YKU3HECITOCOOHOCTH MTpoBeieHa 1o TecTy A.B.

Maxnaya [17]. Ilpu 5TOM BBIIEISAIUCH

CJIEYIOIIME IIKAJIbl )KU3HECTOMKOCTH:

— BHYTPEHHUI IOKYC KOHTPOJI,

— HACTOMYHBOCTD,

— caM03(p(HEKTUBHOCTb,

— CEMCHHBIE W COITMAIbHBIC B3aUMOCBSI3H,

— penuruo3Has Bepa, AyXOBHAs )KU3Hb.
MaxkcumanbHOE KOJIMYECTBO OaJlIOB,

KOTOpblE MOXET Ha0paTh MO 3TOMY TeCTy

00cJIenoBaHHBIM ManuenT coctasisieT 480, a

MuHuMagbHoe — 120 [17]. duddepenunarus

MalUMeHToB 00eux Trpynn IO  CTEeNeHH
BO3PaCTHOM  KU3HECTOMKOCTM HaMHM HE
IIPOBOJMIIACK. Onpenenanuce CpelHHe

3HaueHUs OaioB MO KaXJ0M MmIKanme u
WHTErpaibHbIN MOKa3aTesb )KU3HECTONKOCTH.

Jiss  OLEHKM  CTENEHW  BIMSHUSA
aQHAIM3UPYEMbIX COCTOSHUW B CHUIKCHHE
KHU3HECTOMKOCTH MPOBOIMIIOCH OTpENEIeHNE
OTHOCHUTEIIbHOTO  pHUCKAa  OOMICTIPUHSATHIM
metoaoM [18].

[Tpu 00paboTke JTAHHBIX
HCIOJIB30BAIACh CTATUCTUYECKAsl Mporpamma
«Statistica 16.0». s CpaBHEHUS
JOCTOBEPHOCTH  Pa3jIM4YUil  HMCIOJIBH30BAJICS
kpuTepuii X2, a pasiauuMe HPUHUMAIOCH
3HauuMbIM 1pu p<0,05.

Pe3yabrarbl n X 00cyxkaenue. B 1Byx
c(hOpMHPOBAHHBIX C yuéToM e
WCCIIEIOBAHUSI TPYTINaxX BHISBICHBI Pa3IMuHbIC
mapaMeTpel  JKU3HECTOWKOCTH,  KOTOpBIE
OTIpE/IETISUTUCh 1o OOJIBIIUHCTBY
ananmm3upyembix 1mkain (Ta6m. 2). Oxazanocs,
YTO Cpely MalMeHTOB, UMEBIIUX 3PUTENbHBIH
IeUINT U TEPEHECIINX TPABMY B PE3yJIbTaTe
CHUH/IpOMA najeHun KU3HECTOUKOCTh
Hanbosiee CyIIECTBEHHO HW)KE IO TaKOMY
JOKyCy Kak HAacTOWYMBOCTh, BEJIMYMHA
koTopoil B 1,96 pa3 HHMXKE OTHOCHUTEIBHO
MpeJCTaBUTENIeH KOHTPOJIBHOM Tpymmbl. OTO
yKa3blBa€T Ha  OOJBIIYI0  ySI3BUMOCTD
MAIeHTOB OCHOBHOI TpyNIbl, MOJYyYHBLIMX
MIEPEIOMBI TIPH TPaBMAaTHU3ALUH, U MAIUCHTOB
CO 3PUTEIBHBIM JIe(DUIIUTOM.

Tabauya 2

ITapameTpbl BO3pacTHOM KM3HECTOMKOCTH Y NAIUEHTOB €O 3PUTEJbHBIM Ae(PHIHTOM
u TpaBmamu (M=£m, 6a171b1)

Table 2
Age-related resilience parameters in patients with visual deficits and injuries (M+m, points)
Iloka3zaTeJib :KU3HECTONKOCTH OcHoBHasi rpynmna KonTposabHas rpynna p
BHyTpeHHMIA TOKYC KOHTPOJISI 31,8422 55,242,5 0,0023
HacroiiunocTh 35,6+1,9 69,7+2,8 0,0018
CamM03¢heKTUBHOCTD 49,8+2.0 80,6+3,1 0,0009
CeMelHbIe U COIMAIbHBIE B3aUMOCBS3HU 71,2+£2,9 78,9+3,4 0,0385
ComnazieHne ¥ aganTamys 29,4+1,7 50,7+2,2 0,0024
Penurno3sHas Bepa, IyXOBHas )KH3Hb 56,3+2,0 61,7+2,5 0,0496
Cpenun  mpencraBuTeled  OCHOBHOMU JKU3HECTOMKOCTH o IIKaje
rpynnsl cymiectBeHHo (B 1,74 pasza) Huxe camo3ddextuBHocT B 1,62 pasza ¢
KA3HECTOUKOCTh IO BHYTPEHHEMY JIOKYCY JOCTOBEPHBIM  pa3JIM4YMEM K  OCHOBHOWU
KOHTpPOJII CO CTAaTUCTUYECKH 3HAYUMBIM rpyIre. Mexny paccMaTpuBaEMbIMU

pasiinuueéM B CPABHCHUU C YYAaCTHHUKaAMU
KOHTpOJIbHOM Tpynnbl. Cpeau MOCIeIHUX
JIOCTOBEPHO BBIILIE OKAa3aJUCh MapameTpbl

KIIMHUYCCKUMHU IpyIiaMu CYIICCTBCHHBIMU U

CTaTUCTUYCCKU

SHaAaYMMbIMH

OKa3aJIuCh

pasiinius 1o mKajJc¢ COBIAACHUC U adalTalusa
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— B 1,71 paza, ©xorma  BeJIMYHUHA
YKU3HECTOMKOCTH Yy JIMIl OCHOBHOHM TPYMITBI
ObliIa CHUYKECHHOIA.

Bmecre ¢ Tem, HeCMOTps Ha BIMSHHE
aQHATU3UPYEMbIX TPaBMATUYCCKUX u
CTPECCOBBIX BO3JCHCTBUH, Yy TMAaIMEHTOB
OCHOBHOM TpyIIIBI COXpaHuJIach
KU3HECTOMKOCTh IO JIOKycaM CEMEWHbIE W
COLIMAJbHBIC B3aMMOCBI3H, a TaKXkKe — IO
JIOKYCY peUTHO3Hasi Bepa, JyXOBHAs KU3Hb,
9TO YKa3bIBaeT HA MEHBIIYIO YSI3BUMOCTH
MAlMEHTOB OCHOBHOM TPYIIBI C TPaBMaMU H

274,1+3,9
400

300
200
100

OcHoBHas rpynna

HapylIeHUEeM 3peHus BCJICAICTBUE
o(TaIIbMOJIOTMYECKUX 3a00JIeBaHUI U TPaBM
rasa.

B nenoMm, yxyamieHue >KM3HECTOMKOCTH
y MalMEeHTOB OCHOBHOM I'PYIIIbI B CPAaBHEHUU
C KOHTPOJIEM OKa3ajloCh CYIIECTBEHHBIM CO
CTaTUCTUYECKU 3HAYUMBIM paznuuueM
(Pucynok).  JKM3HECTOWKOCTh  IaIMEHTOB
OCHOBHOM I'pyIIbl CylecTBEHHO (B 1,45 pasa)
HUXKE, 4YeM Yy T[alUeHTOB aHaJOTHYHOTO
BO3pacTa, BKJIIOYEHHBIX B  KOHTPOJIBHYIO

rpymniy.

396,8+4.4

Kontpoinb

HpI/IMe‘IaHI/IeI OCh a6cuncc — CpaBHUBACMBIC TPYIINbI, OCb OPAMHAT — BEJIWYMHA HWHTEIPAJILBHOTO IIOKa3aTejIsa

JKU3HECTOHMKOCTH.

Puc. MHTerpanbubiii mapaMeTp )KU3HECTOMKOCTH Y TAIIMEHTOB OCHOBHOW M KOHTPOJIBHOM IPYIIIIbI
(M#m, 6anisl)
Note: the abscissa axis represents the groups being compared, and the ordinate axis represents the value of the integral

index of resilience

Fig. Integral parameter of resilience in patients of the main and control groups (M+m, points)

Taknm o0pasom, WHTETpaJIbHBIN
ypOBEHBb KU3HECTOUKOCTH MAIUEHTOB
OCHOBHOH TpyIIbl CYIMICCTBEHHO HIKE, YTO
0OyCJIOBIEHO ~ HETaTUBHBIM  BO3ACHCTBHEM
MepeHEeCEHHBIX TpaBM, 3pUTEITBHBIM
ne(UIUTOM BCJIEICTBUE TpaBM TIlaza W
0 TaTEMOJIOTHIECKUX 3a00JICBAHHI.

CreneHb  BIUSHUS  TEPEHECEHHBIX
TpaBM, pa3BUTHS 3PUTEIBHOTO JedHUIUTa
BCJIE/ICTBUE TpaBM rasza u
opTaTbMOJIOTHYECKUX  3a00JIeBaHUA  Ha
yXYALIEHUE BO3PACTHON KU3HECIIOCOOHOCTH
MMAIMEHTOB, OIIEHEHHAS TIOCPEACTBOM PacyETa

BEJIMYMH OTHOCUTEIBHOIO PHCKa IIOKa3aia,
YTO PUCK CHUKECHMSI KU3HECTOMKOCTU CpEIu
MalMEeHTOB OCHOBHOM TpYyIIbl B OoJbIIei
CTENEHH MOXET MPOM30MTH MO MIKajie
HACTOWYMUBOCTH — B cpeaHeM B 2,77 pa3 ¢
JIOCTOBEPHBIM 95% JIOBEPUTEIILHBIM
untepBasiom (Tabn. 3). Breicokuit puck
YXYALIEHUS] >KU3HECTOMKOCTH Yy IIallUEHTOB
OCHOBHOH TpYIIbl HaOIMIOAaeTcs Takke I10
HIKaaam COBJIaJICHUE u ajanranus,
BHYTPEHHUH JIOKYC KOHTPOJISl, HACTOWYUBOCTh
u caMOd(pPEKTUBHOCTh C MTPUOIUZUTEIHHO
PaBHBIM U3MEHEHHEM.
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Tabnuya 3
BeanyuHbI OTHOCHTEJIBHOTO PHUCKa 1Jifl MAIIMCHTOB OCHOBHOI1 rpyunmnbl
B acneKTe CHHKEeHMS JKU3HECTOMKOCTH
Table 3
Relative risk values for patients in the main group in terms of reduced resilience
. BenunHa OTHOCHTEJIBLHOIO JoBepureabHblii 95%
IMoka3areJb ;kHM3HECTOHKOCTH p
pHcKa HHTEPBAJ
BHyTpeHHHUI JIOKYC KOHTPOJIIS 2,395 2,106-2,849 0,0012
HacroiiuuocTh 2,769 2,518-3,198 0,0021
Cam03h(heKTHBHOCTh 2,214 2,006-2,792 0,0033
CeMeiinbie H COLIMaJIbHEIC 0,908 0,718-1,185 0,4809
B3aUMOCBSI3H
CoBnazieHHe ¥ afganTalys 2,457 2,224-2 893 0,0026
Penurnosnas Bepa, IyXOBHas )KU3Hb 0,876 0,621-1,235 0,327
BeanuuHBl OTHOCHUTEIHHOTO pUucCKa IJid HaCTOAIIICC BpEMs IMPU3HACTCA Kak

Ha3BaHHBIX IIKaJI

JKM3HECTOMKOCTH

CTaTUCTUYCCKH 3HAYUMbI U BO BCCX ClIydasaX

HUMCIOT JAOCTOBCPHELIC

JOBCPUTCIIbHBLIC

MHOI'OMCpHadA AWHAMHWYCCKasd CHOCOGHOCTL,

Ha KOTOPYIO

BIUAKOT KakK

BHYTpPEHHUE

PECYPCHI, TaK U peCypChl OKPY>KaIOIIEH cpeibl

rpaHuibl. OJTHAKO BIMSHUE PACCMaTPUBAEMBbIX
HEraTUBHBIX  JKM3HEHHBIX  COOBITMH B
KPUTHYECKUE MEPUO/bl CTapEHUs HE HMEET
CYLIECTBEHHOH  accouMaluu ¢  TaKUMH
JIOKYCaMH >KM3HECTOMKOCTH KaK PEeJINTHO3HAs
BEepa, [JyXOBHAas JKU3Hb, CEMEHHBIE W
ColLlMaJbHBIE B3auUMOCBs3U. Bmecre ¢ Tem
MOKHO TOBOPHUTH O CYLIECTBEHHOM BIIMSIHUH
MEPEHECEHHBIX ~ TPaBM U 3pPUTENIBHOTO
nepuuuTa Ha YpPOBEHb JKU3HECTOMKOCTH,
OTpaXallled aJanTalMOHHBIA MOTEHIUA
MAIMEHTOB, ITOCKOJIBKY BO3pacTHas
KHU3HECIIOCOOHOCTb, 10 MHEHHUIO MbHUIIKOTO
A.H., IIpomaesa K.H. [11] xapaxtepusyer
(YyHKIIMOHAJIbHBIE pe3epBbl YyeJIoBeKa.
OCO0EHHO 3TO aKTyaJIbHO JUISl JIUI] CTApILIEro
BO3pacTa, OTATOIEHHBIX (PYHKIMOHATBLHBIMU
nepuuuTamMu, noJumnparmMasuei u
nosmMopouaHocThio [19]. Tlokumeie mromm
4acTO  CTAJKUBAIOTCI C  MHOXECTBOM
KU3HEHHBIX TPOOJIeM — BBIXOA Ha IEHCHIO,
CMepTh OJIN3KOTO POACTBEHHHKA, Pa3IUYHbIC
TpaBMbl, TpaBMbl (PU3UYECKOIO Xapakrepa
(mepenompl,  ymmObl W JApyrue) H
MICUXOJIOTUYECKUE  TpPaBMbI,  COI[HAJIbHAS
u3ossius [20].

JKH3HECTOMKOCTh B HIMPOKOM CMBICIIE

OTIpe/IeTISeTCS KakK CIIOCOOHOCTH
aIanTHPOBATHCS M TIPEYCIIEBATh Mepe]] JTUIIOM
HEB3IOJ. IIepBoHauanbHO
KOHIIENITYaJIM3UPOBAaHHAs KaK  CTa0MIbHAs

yepra  XapakTepa, O KU3HECTOMKOCTb B

[21].

’Ku3HeCcTOMKOCTb, 3aBUCSIIAS oT
aJanTallMOHHBIX BO3MOXKHOCTEH UEJIOBEKa,
MOMOTaeT JIOASM OONEeryuTh HEraTUBHBIC
SMOIIMU M YAYUYIIUTh Kauye€CTBO XU3HH [22].
[loHuMass Teopu0 MOJOKUTEIBHBIX 3MOLUN
"pacimmpsii ¥ yKpervisii', MOXXHO OCO3HATh,
YTO TIOJOXKUTENbHBIE SMOLMU (TaKkue Kak
CYacThe M MHTEPEC) PACIHIMPSIIOT MBICIU U
JEUCTBUSA JIIOIEH, MIPEOIOJIEBAOT
¢usnonornueckue APQGEKThl  HEraTUBHBIX
SMOIMM, TOBBIIAKT KU3HECTOMKOCTh U
MPUBOAST K TOBBIIMICHUIO SMOIMOHAIBHOTO
Onaromoxy4usi, TeM CaMbIM YIIy4Illasi KaYeCTBO
Ku3HM  dYenoBeka [23].  Kpome  Toro,
CUCTeMaTH4ecKass Mojelb camopeduiekcuu
TUTST TTOBBIIICHHS YKU3HECTOMKOCTH
MOKAa3bIBAET, YTO TE, KTO MEPEXKMIT TPYAHOCTH
WU Take TpaBMy, OymayT oOmamath OOmbIIei
KU3HECTOMKOCThIO, Y€M T€, KTO 3TOro He
ucnbIThiBaNI. Clen0BaTeIbHO, KOT/Ia AI[UEHTHI
C T[IAyKOMOW CTaJKHUBAIOTCA C TaKUMU
HETIPUATHBIMU CUMITTOMaMH, KaK HapylieHHe
3peHusi, TOJNOBHBIE OOMM W OTEK TIJa3, JITH
HETNPHUSTHBIE CUMITTOMBI MOTYT
CTUMYJIUPOBATH MOBBIIICHHE
COTIPOTUBIISIEMOCTH, YTO MOXKET IIOBBICUTH
MPUBEPKEHHOCTh MALUEHTOB JICYCHUIO, TEM
CaMbIM yJy4Illas UX KauyecTBO Ku3HHU. Kpome
TOTO, OOJIBITMHCTBO MCCIIEIOBAaHUN MMOKA3alHy,
YTO y JIIofel C BBICOKUM  YPOBHEM
KU3HECTOMKOCTH B 1eloM Obuto  Oosee
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BBICOKOE KadecTBO xku3HU [24]. [TokazaHo, 4TO
KAa4€CTBO JKU3HU OHKOJIOTMUECKHUX IMallUEHTOB
c OoJsiee BBICOKUM YPOBHEM KH3HECTONKOCTH
OBbLIO 3HAYUTEINILHO JTyYIlle, YeM y TAI[IeHTOB C
0ojiee HU3KUM YPOBHEM JKHU3HECTOHKOCTH. B
JIPYyrOM HCCJEIOBaHUHM TaKke CO00INaIoCh,
YTO MALUEHTHI C ApTEPUAIbHOMN TUIIEPTEH3UEN
YJIYUIIAJIM CBOE KauyeCTBO JKM3HU, aKTUBHO U
CTpaTeruYEeCKU COCpENOTOUHBILIUCH Ha
MOBBIIICHUN CBOEH COMPOTUBIAEMOCTH [25].
XOTs CBSA3b MEXAY KU3HECTOMKOCTBIO H
Ka4eCTBOM JKM3HM M3yyajachb MPU MHOTHX
KIIMHUYECKUX COCTOSIHUSIX, HEJOCTaTOYHO
HCCIIEI0BAHUM, Kacaroumxcs
KU3HECTOMKOCTH M KauyecTBa >XU3HU CpEAu
MaLKUEHTOB C IIIayKOMOM.

IIpoBenénnas HaMH OLICHKA
XKU3HECTOMKOCTU MO TECTY, IPEIJI0KEHHOMY
A.B. Maxnauom, TOKa3zajla  CHIKCHUE
XKU3HECTOMKOCTH KaK IO HHTErpaJibHOU
BEIMYMHE, TaK M 1O OOJBIIMHCTBY IIKANT
JAHHOTO TEeCTa, 4YTO COOTBETCTBYET paHee
BBITIOJTHEHHBIM HcclieoBanusMm [11, 26, 27]. B
YaCTHOCTH, MOKa3aHo 1o tecty A.B. MaxHaua
CHIDKEHHE BO3PACTHOM KU3HECIIOCOOHOCTH Y
MAIMEHTOB C apTEpUAIbHON THIIEPTEH3UEN 3a
CUér CHUKCHUS camo3(pexTUBHOCTH,
HAaCTOMYMBOCTH, COBJIAJCHUE U aJalTallH, a
TaKKe BHYTPEHHETO JIOKyca KOHTpois [11,
26]. Ilpm »>ToM COMAaTHYECKHIl CTaTyc
MMAIHEHTOB C apTEPHAIIBHON THIIEPTEH3UEU U
CHIKEHHEM BO3PACTHOM JKHU3HECIIOCOOHOCTH
xapaktepuzoBayics  ciaeayomuMm. CampiMu
pacnpoCcTpaHEHHBIMU COIIYTCTBYIOIIUMU
3a00/eBaHUsAMU  OBUIM  HEBPOJIOTHYECKUE,
KOTOpbIE BKJIIOYaTd B ce0S MBIIIEYHO-
TOHHYECKHI CUH/IPOM Ha ¢bone
OCTEOXOHIPO3a II03BOHOYHMKA,
TUCHUPKYJISATOPHBIE 3HIIe(hanonaTuu u Ipyrue
3a0ojeBaHusl, Ha BTOPOM  MeCTe IO
pPacipoOCTPAaHEHHOCTH OBLTUM  3HJOKPUHHBIE
3a00J1eBaHus, Cpeld HUX CaxapHbIH nuader 2
THUIIA, g dy3HbINT y3J710BOI 300,
ayTOUMMYHHBIA THUPEOUJIUT W JApYyTrUe, Ha
TPETHEM MECTE IO PACHPOCTPAHEHHOCTH ObLIH
3200JIeBaHUS JKEITYAOUHO-KUIIEYHOTO TPAKTA,
cpenu HUX XPOHUYECKUI racTpHT,
ractpopedirokcHass ~ 0OJE€3Hb,  CHHAPOM
pa3IpakeHHOIO KUILIEYHUKA U APYTHE.

BozpacTtHyio  JKM3HECIOCOOHOCTH B
OTJIENBHBIX MyOMuKanusx [2] mpemnaraercs
paccmarpuBaTb HE C IO3ULMN aHTOrOHU3Ma
CHUH/IpOMA cTap4yecKon aCTEeHHUU, a
ONpEENICHUE  YpOBHSA  KU3HECTOMKOCTH
HEJOCTAaTOYHO pPa3pabOTaHO U HYXAAETCsS B
oObekTHBU3aIUu [27].

OO0beKTUBU3aALIUA BO3pacTHOM
KU3HECIIOCOOHOCTH Yy  TAIMEHTOB  C
KaTapakToil U I1ayKoMOM, 00yCIIaBIMBAIOLINX
(dbopMHpOBaHUE  3pUTEIBHOTO  JeHINTA,
MIPOBEJICHA 10 MapaMeTpaM ajuIoCTaTHYeCKOM
Harpy3ku [27]. I[lokasano, 4to BO3pacTHas
KU3HECIIOCOOHOCTh Yy MAIIMEHTOB MOXHIIOTO
BO3pacTa NpU  CEHCOPHBIX Je(UIHTAX,
BBI3BAHHBIX COYETAHHON 3aKPBITOYTOIBHOM

IJJAyKOMOM M KOPKOBOM  KaTapakToW,
COOTBETCTBYET HU3KOMY YPOBHIO,
OIIpeIEICHHOMY o ¢buznecKomy,
IICUXOJIOTUYECKOMY " KOTHUTUBHOMY
KOMITOHEHTaM.

Benymmumu  mapképamu  BO3pacTHOM
YKU3HECITOCOOHOCTH y TAIMEHTOB TMOXHUIIOTO
BO3pacTa C CEHCOPHBIMH  JAeQUIMTaAMU
SIBISIIOTCS:  HU3KUM  YpOBEHb B KPOBH
anpOymuHoB 10 49,7+0,8%, moBBIIICHHE
JIMKUPOBAHHOTO Temornobuna o 5,9+0,3%,
C-peaktuBHoro Oenka g0 12,4+0,3 wmr/m,
obmero xonecrepura mo 6,5+0,5 MMonb/m,
TpuruuepuioB g0 2,4+£0,3  mmonw/,
CHUCTOJIMYECKOTO apTePUAILHOTO JaBIICHUS 10
149,4+42,2 MM pT. CT. M [OHACTOIMYECKOTO
apTepuanIbHOTO JaBieHus 10 95,8+2,0 mm pr.

ct.  KoppensuuoHHble  CBSI3M  MEXKIY
BBIINICHA3BAHHBIMU MapKepaMu u
¢buznyecKum, IICUXOJIOTUYECKUM
KOMIIOHEHTaMH BO3pPacTHOMN
KHU3HECTIOCOOHOCTH o cyOukaie
«IIpoTtuBozelicTBUE cTpeccy» IMPEACTABICHBI
MPEUMYLIECTBEHHO 00paTHBIMU
aCCOILMAILNAMH, a 10 cyOmkasne
«IlepenanpsbkeHre» - TOCTOBEPHO 4allle

MpsSIMBIMU  cooTHOMIeHUsIMU [15]. OgHako u3
ceMu W3BECTHBIX HCCIIEI0BATEIbCKUX
(haKTOpPHBIX aHAJIU30B, KOTOPHIE MPOBOIUIUCH
C pa3IMYHBIMM TpPyNIIAaMU HACEJICHUS C
MomeHTa paspabotkun CD-RISC, kaxnmprii u3
HUX cooO0mmiI O pa3HOW  (aKTOPHOM
CTPYKTYpE, u pe3yabTaThI OJTHOTO
WCCIICIOBAHMS TIOKA3BIBAIOT, 4YTO (haKTOpHAs
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CTPYKTypa MOXET OTIIMYATHhCSI B 3aBUCUMOCTH
OT ATHUYECKOH TPyIIIBL.

Pacnpenenenue OTHENbHBIX DIEMEHTOB
B COOTBETCTBUU C (aKTOPOM, Ha KOTOPBIH OHU
OKa3bIBaJId HAWOOIBINCEe BIHSHHE, BBISIBIIIA
KOHCTPYKTBI, CBSI3aHHBIE C  BBIIEPIKKOIA,
AKTUBHOMU cam03(pPeKTUBHOCTHIO B
MPEOIOJICHUH  TPYAHOCTEH,  aJanTHUBHOM
caMm03(p(PEeKTUBHOCTBIO B MPEOAOJICHUU
TPYAHOCTEHN U TyXOBHOCTBIO. DTH PE3yJbTaThl
COIVIACYIOTCSl C COBIIAJIEHUEM TEOPETHUECKUX
KOHIICTITyalu3alluid  JKU3HECTOMKOCTH |
coBlaJicHUs. B To Bpems Kak IpeojosieHHe
OTHOCHUTCS K KOTHUTUBHBIM U MTOBEIEHYECKUM
CTpATETHUsIM, UCTIOIB3yEeMBIM IS YIIPABJICHUS
CTpeccopoM,  KU3HECTOMKOCTh  O3Ha4yaeT
ONarompusATHBIC PE3yIbTaThl TEpe] JIUIOM
HEONMaronpusATHBIX  OOCTOSITENBCTB.  JTOT
(dakTop cormacyercs C HUCCIICIOBAHUSIMH,
MOKa3bIBAIOIIMMH, YTO YyBCTBO IEJIH CBSI3aHO
C YJIy4IIEHUEM IICUXUYECKOTO0 310poBbs [15].

AKTUBHOE WU “OpHUEHTUPOBAHHOE Ha
npobiemy”’ COBJIQ/IAaHHE (ycumust
BO3/ICIICTBOBaTh HAa UCTOYHHUK CTpecca) ObLIOo
CBS3aHO C JKM3HECTOMKOCTHIO [26]. OmHako
WCCIIEIOBAHMSI  TOKAa3bIBAIOT, YTO, XOTA
AKTUBHBIM TIOAXOM SIBIIICTCS AJAlTHUBHBIM K
KOHTPOIUpPYEeMBbIM (pakTopaMm cTpecca, TaKkue
YCWIHAS ~ CTAQHOBSTCS  HEQJANTUBHBIMH B
KOHTEKCTE€ HEKOHTPOJMpPYyEMOro crpecca. B
ITUX CIlydasxX YCWIHS TI0 aJanTalud WiIH
“mpucnocoOieHn0” K HUCTOYHUKY cTpecca
(Hampumep,  TOCPEIACTBOM  KOTHUTHUBHOM
MEPEeoleHKH WJIM TPHUHATHUS CBSA3aHBI C
VIydIICHHEM CcaMO4yBCTBHS. McciemoBaHus
MOKA3bIBAIOT, YTO JIIOAHM, CIMOCOOHBIE THOKO
MPUMEHITh aKTHBHOE WJIM  aJIallTUBHOE
COBJIAJICHHE B 3aBUCUMOCTH OT CTpeccopa,
UMeIoT Oosiee OnaronpusiTHble pe3ysbTaThl B
00JIaCTH TICUXUYECKOTO 370pOoBbhs [1].

OnHako cyuTaeTcsi, 4YTO TMOCKOJBbKY
TIOXKUJIBIC JOU CTAJIKUBAIOTCS C
TPYAHOCTSIMH, OTJTUYHBIMH OT YCJIIOBUHN KH3HU
HacelneHuss B 1enoMm, mkana KoHHopa-

J»Buacona, " Ipyrue HIKaJIbI
KU3HECTOMKOCTH HE KaXyTCs IOJIHOCTBIO
HOIXOAALINMHU s U3MEpEHUs ux
KU3HECTOUKOCTH. Otn LIKAJIBI

KU3HECTOMKOCTH, KOTOPbIE B OCHOBHOM
(bOKycHpYIOTCSI Ha OIEHKE BHYTPEHHUX

(hakTopoB JKU3HECTOMKOCTH, UMEIOT
OTpaHUYEHUSl B OTHOIICHHM Yy4€Ta BHEUIHUX
(hakTOpOB, TAKUX KaK COIMAIbHAS MMOICPIKKA
CO CTOpOHBI ceMbU U obmiectBa. Kpome Ttoro,
IIKaJIaM HE XBaTaeT CIIOCOOHOCTH OIEHUBATH
ornpezeneHHble (aKTOpPbl KUIHECTOUKOCTH,
TaKUe KaKk CMBICI M LIE€Jb B JKU3HU, KOTOPHIC
BOXHBI JJISI Pa3BUTHS IKU3HECTOMKOCTH Y
noxwibix Joaet [14].  VYuwurteiBag, 4TO
ne3ajanTanus — MOXKWIBIX — JIIOIed  4acTo
BbI3BaHa 0o0Jiee YeM OTHUM HeOIaronpusTHHIM
OTIBITOM, YKH3HECTOMKOCTh MOXHUIIBIX IIOACH
CJIOHA U pa3HOOOpa3Ha Ha Pa3HbIX YPOBHSX.
[Mkana XU3HECTOMKOCTH TMOXKUIBIX JIIOACH
JIOJDKHA BKJIIOYATh OIEHKY WHAMBUIYaTbHBIX
(hakTOpOB 3aIIUTHI, COIHMAIBHYIO MOIAEPKKY
CO CTOPOHBI CEMbH, TYXOBHYIO MOMJICPKKY U
npyrue (hakTopbl BHELTHEH Cpebl.

TpaBmMaruueckue  COOBITHSI ~ MOTYT
IPUBECTH K BBIPA0OTKE M30EraroIero CTHIISA
COBJIAJICHUSI WJIM TIOBBICUTH BEPOSTHOCTH
UCTIONb30BaHMUs ~ M30€rarommx  CTpaTeruii
comiazienus. Hampumep, mokaszaHo, 4To JIFOIU
C HCTOpUEH )KEeCTOKOTO oOpalieHus B AeTCTBE,
HaCUJIUs CO CTOPOHBI MHTHMHOTO IapTHEpa
WIM CEKCYaJlbHOTO HacCWIHs CO CTOPOHBI
B3pPOCIBIX ¢  OoyibllIed  BEPOSTHOCTHIO
IPOAEMOHCTPUPYIOT — W30erammuid  CTHIIb
COBJIIAJICHUSI 32  CUYET  HCIIOJIH30BaHUSA
CTpareruid, KOTOpPbIE CUUTAIOTCS  MEHee
aJanTUBHBIMU  (Hampumep, ymnoTpedieHue
NICUX0AaKTUBHBIX BemiecTB) [28]. Ilockombky
MpEeABIYIIUE JaHHBIE CBHJIETEIBCTBYIOT O
TOM, UTO BO3/ICHICTBUE TPABMBbI, TOCIEAYIOIINN
oucTpecc W u30berarolee  MPeoJoJeHHe
B3aMMOCBS3aHbl, BO3MOXXHO, YTO  JIIOJH,
KOTOPBIE€ TICHXOJIOTHYECKA yYCTOWYUBHI MMOCIE
BO3JICUCTBUS TpPaBMBHlI, MOTYT
MPOJIEMOHCTPUPOBATh OONBIINIA TOIXOM K
npeononeHuto. [losgBuBmmiics BO  Bpems
MaHJIEMUH JIaHHBIE TaK)Ke TIOKa3alu, YTO
oOyuyeHHre HaBbIKaM MPEOI0JICHUS TPYIHOCTEH
MOXXET YKPEIUTh MCUXOJOTHYECKOE 37I0POBHE
nepea JIMIoM crpecca, cBsizanHoro ¢ COVID-
19 [29].

KusHecroiikocTh 'y  NAUUEHTOB €
KarapakToil M TIJayKOMOM oOKa3zajach IO
BEJINYMHE aJJIOCTaTUYECKOTO MHJIEKCca
CHIDKEHHOM, 4eM y MalueHTOB 0e3 JaHHBIX
o TaIEMONIOTHYECKUX 3a00JeBaHuii U Oblia
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aCCOIMUPOBaHA C TaKUM (YHKIIMOHATHHBIM
ne(UIUTOM KaKk PHUCK CHHApOMAa MaJeHUl,
cuHApoM nazeHui [27]. Yactora nociaeaHero
cpenu MAIMEHTOB c yMEpEeHHOM
JKM3HECTOMKOCTRIO  cocTraBuia  22,6+£3.9
npotuB 41,3+4,5 cnydaeB Ha 100 nanueHToB €
HU3KOU JKU3HECTOUKOCTBIO. IIpu
oOcCJieTOBaHUM TAlMEHTOB C  IJIAyKOMOM,
OCJIOKHEHHOM KaTapakToW, BbIsBIIEHa Ooliee
HU3Kas JKM3HECTOMKOCTh (30,65+5,73
0amioB), 4eM y OOJIBHBIX PEBMATOHTHBIM
aptpurtom (41,51+£7,07 6amnos) (p<0,07) [22].
Kak BuAHO M3 mpelCTaBICHHBIX PE3yJIbTaTOB
MepBUYHAS [T1ayKOMa CYIIECTBEHHBIE CHUXKAET
KU3HECTOMKOCTh  MAIMEHTOB  TOXHUJIOTO
BO3pacTa, 4YeM TaKoe CepbE3HOE COMATUYECKOe
3a0oJIeBaHNe KaK PeBMATOUIHBIN apTPUT. DTO
BXHO [JI1 TOHHMMAHHUS OTEYECTBEHHBIMU
TePOHTONIOTaMH  H  O(TaIbMONIOTaMH, YTO

3pUTENBHBII nepuuUT IIPENCTaBIISIET
3HAYMMbIH U BECOMBIM (PAKTOpP CHUXKEHHUS
BO3pPacTHOMU KHU3HECTIOCOOHOCTH u

BOCIIPUHHMMATH 3TO KaK OObEKTHUBHBIN (akT U
HEJOOLICHUBATh HEIb3s, 1 HE WTHOPUPOBAThH
BIUSHUE O(PTATHLMOJIOTHUYECKUX 3a00JIeBaHUM
Ha Ooiee BBIPAKEHHOE CHW)KEHHE
KU3HECTOMKOCTH NPHU HApPYLIEHUSX 3PEHUS U
YXYALIEHUE B IEJIOM TIE€OMETPUYECKOTO
cTaryca IpH BO3pPAacTHOM MaTOJIOIMM OpraHa
3peHus. B cBA3M ¢ 3THM, HCCIEIOBaHHE
KU3HECTOMKOCTH Y AIIMEHTOB C HApyLIEHUEM
3peHus HE0OX0IUMO PEKOMEHI0BATh
odTanbpMoIIOraM U repoHToIoraM 0e3 pesepca
B COMaTHYECKYIO MaTOJIOTHIO.
[IporpeccupoBanue

orampmonornyeckux 3a0ojeBaHUN U, B
YaCTHOCTH  TIJIAyKOMbI, = MOXET  OKa3aTb
HEraTMUBHOE  BIMSIHME HA  ICUXHYECKOE
3I0pPOBbE, U KOTOpOE YCyryOiseT TeueHue
IJ1ayKOMBI M yXYZILIAET PE3YJIBTAThI €€ JISUEHUS
[22]. TlosToMy y TpeTH TakuX MaIEHTOB
HEOOXOMMO TPOBOAUTH MCHXOJIOTHYECKOE

KOHCYJIETUPOBaHUE u pealn30BbIBATh
MEpOTPUATHS o TOBEBITIIEHHUTIO
JKU3HECTOMKOCTH. Onnako OCHOBHBIM

OTPaHUYEHUEM ITOTO UCCIICOBAHUS SIBIISICTCS
OTCYTCTBUE KOHTPOJbHOW rpynmbl. Kpome
TOTO, YHUCIIO MCTBITYEMBIX OBLIIO HEOOIBIINM,
U HCXOIbI BKIIOYATU TOJHKO PEMHUCCUU WIIH
YacTUYHBIC PEMUCCHH TJIayKOMbI. Haxkower,

UCITIBITYEMbIC JTOJDKHBI ObUTA OBITH CITIOCOOHBI
NOHMMAaTh aHKeTy. Takum oOpa3oM, Kpyr
MAalMEHTOB C IIAyKOMOM, 0XBa4€HHBIX B 3TOM
UCClIeZIoBaHUU, OblT y3kuM. TeM He MeHee
CUMTAETCS, 4YTO OTH pe3ylbTaTbl MOTYT
MPEJIOKUTh HOBBIE HUACH ¥ HAIpPaBICHHUS
WCCIICIOBAHUIA JUISl  yAYYIICHUS KadecTBa
KU3HU TAlMEHTOB ¢ maykoMoil. B apyrom
uccnenopanun  [30] mpu  MCHOIB30BAaHUU
mkainsl Konnopa-JlpBuacona-25, Takxke Kak u
HaMHU [IpH IpuMeHeHuu Tecta A.B. Maxnaua y
MAIMEHTOB C HAPYIIEHUEM 3PEHUS BCICACTBHE
TpaBM IJ1a3a U APYTUX TPABM BEISBICHA OOIIIast
3aKOHOMEPHOCTh — CHW)KCHUC
YKU3HECTOMKOCTH — 710 61,75+9,35 GamtoB npu
MaKCUMaJIbHO BO3MOXHBIX 100  Oammax.
OnHAaKO OTpaHHYEHUEM ITOTO HCCIICOBAHUS
[30] mo cpaBHEHHIO C HaIIUM SBJISETCS
OTCYTCTBHE KOHTPOJIbHOM TPYIIIBL.
3akirouenne. 3puUTeabHbIN JeULIUT U
TpPaBMbl B TIOXKHJIOM BO3PacTe CIIOCOOCTBYIOT
CHIDKCHUIO  WHTETPAJIbHOTO  IOKa3aTels
BO3pAcTHOM kH3HecnocodHocT B 1,45 paza
3a Ccu€T YXYOIICHWS TaKUX I[MO3WUIUN, Kak
BHYTpPEHHUN JIOKYC KOHTPOJIS,
HaCTOMYHMBOCTb, caM03(pPEeKTUBHOCTb,
coBlajicHWe W amantanus. [Ipum 3TOM pHCK
CHI)KECHUS KHU3HECTOUKOCTH cpenu
00CJIeTOBaHHBIX MAlMEHTOB aCCOIIMMPOBAH C
MTOHIKEHUEM HACTOWYMBOCTH, COBJIAJICHUS H
aJanTtanyy, BHYTPEHHUM  JIOKyCOM U
camod(dexTuBHOCTRIO B mTpedenax 2,214-
2,769 ¢ NOCTOBEPHBIMH JTOBEPUTEIHHBIMU
WHTEpBAJIaMU.  YCTAHOBJICHHOE CHIKCHHE
BO3PACTHOM KU3HECIIOCOOHOCTH Yy MAIUEHTOB
C HapymIeHWEM 3peHHs H  TpPaBMaMH
CBHUJICTEILCTBYET O BAXKHOCTH €€ ONPE/ICIICHUS
odTanbMoIoraMu, TepOHTOJIOTaMU "
repuaTpaMu HA  pa3NUYHBIX  JTanax
B3aMMOJICHCTBHS C TIAIIUCHTAMH — JIO Hadaja
JedeHus, B peadWIUTAIMOHHOM TEpHUOJIE,
MOCJIe JICYSHHSI U TIPU TEPOHTONPOPUITAKTUKE
C ULelbl0 OOOCHOBaHUS MEPONPHUITHH IO
YAYYIICHHIO BO3PACTHOW XKU3HECITOCOOHOCTH.
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