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Abstract

Background: Hypertension (HTN) is a major global health issue influenced by genetic,
environmental and demographic factors. The angiotensin-converting enzyme 2 (ACE2), important
for blood pressure regulation, has been linked to HTN in different ethnic populations, but research
among the southern Bangladeshi population is unavailable. The aim of the study: This study aimed
to evaluate the impact of the ACE2 gene G8790A polymorphism on essential HTN, considering
epidemiological factors and gender-specific association. Materials and methods: A case-control
study was conducted with 260 hypertensive and 234 healthy individuals from Chittagong Medical
College, Bangladesh, to genotype the ACE2 G8790A polymorphism by the PCR-RFLP method.
Physical, epidemiological and biochemical parameters were assessed to understand their relationship
with genetic variations. Results: The study revealed a significant association between the ACE2 AG
heterozygous genotype and HTN in females (OR = 15.44, 95% CI 3.56-67.02, P < 0.001) with no
similar risk in males (P = 0.742). No significant correlation was identified between the ACE2
polymorphism and biochemical factors. HTN patients had significantly higher levels of serum
creatinine (male: 25.11% vs 1.30%; female: 23.97% vs 0%; P < 0.001) and urine albumin (male:
3.40% vs 0%; female: 5.70% vs 0%; P < 0.001) than controls. The low level of HDL cholesterol was
noted in HTN patients (male: 49.00% vs 24.78%, female: 48.40% vs 10.25%; P < 0.001).
Conclusion: HTN patients with ACE2 gene mutant variants (AG and AA) showed a higher
prevalence of diabetes and CVD. This is the first study to highlight a significant gender-specific
association between the ACE2 G8790A heterozygous genotype and HTN in Bangladeshi women,
offering a potential gender-based biomarker for managing HTN.

Keywords: angiotensin-converting enzyme 2; Bangladesh; hypertension; polymorphism; risk factor
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Introduction. Hypertension (HTN) is a
complex medical condition and a major public
health issue, affecting about one-third of the
global population. Essential hypertension (EH)
is a multifactorial and polygenetic disease
characterized by increased arterial blood
pressure (SBP >140 mmHg/DBP > 90 mmHg)
frequently stemming from heightened
resistance due to arterial constriction,
including 90-95% of the HTN cases [1, 2, 3].
Moreover, EH is a pivotal risk factor for
myocardial infarction, vascular disease, heart
failure, stroke, and renal complications [4].
Despite lifestyle adjustments and treatment
options, the incidence of EH is increasing
alarmingly and is expected to reach ~29% of
the global adults by 2025 [5]. According to the
World Health Organization report [6], about
1.28 billion adult individuals suffer from HTN
globally, with the majority comprising two-
thirds residing in low- and middle-income
nations. In Bangladesh, around 68% of
fatalities result from non-communicable
diseases (e.g., HTN, cardiovascular diseases,
diabetes), and HTN contributes to 15-20% of
these cases [7].

Essential HTN prevalence and its related
complications are attributed to genetic,
environmental, demographic, vascular,
neuroendocrine, and other factors. Genetic
factors account for about 30% of the familial
aggregation of HTN [8]. Therefore, it is
important and necessary to identify these
factors and their interactions to help control
HTN. Researchers pointed out that the small
contribution of each genetic factors and the

interactions among them make it difficult to
identify genetic markers for this disease [9, 10].
Many candidate genes like angiotensin-
converting enzyme (ACE), angiotensin-
converting enzyme 2 (ACE2), and
urotensin 2 (U7S2), have been implicated in
EH susceptibility [11, 12]. Furthermore, EH
has been associated with a complex
relationship of multiple polymorphisms in
different genes.

There are several genetic determinants
implicated in the pathogenesis of EH. The
renin angiotensin aldosterone system (RAAS)
is one of the most important pathways in the
management and pathogenesis of EH [8]. A
number of studies have focused on genetic
variation in RAAS genes, especially the ACE?2
gene [3, 5, 9, 12]. RAAS plays an important
role in the regulation of blood pressure (BP)
and electrolyte balance. ACE2 is one of the key
components in the RAAS that shares 42%
identity with the catalytic domain of somatic
ACE. It is a carboxypeptidase that plays a
protective role in the regulation of BP
homeostasis and cardiac function [3, 13]. The
ACE2 enzyme is encoded by a 40-kb ACE2
gene, which has been mapped to Xp22. The
ACE?2 gene contains 20 introns and 18 exons,
which encode a polypeptide of 805 amino
acids [14]. In the RAAS pathway, the ACE2
enzyme converts vasoactive angiotensin
I (Ang ) to angiotensin 1-9 and angiotensin II
(Ang II) to angiotensin 1-7 (Ang 1-7) [15, 16].
This enzyme is an important modulator of the
clinical manifestations of HTN, cardiovascular
diseases (CVD) and kidney abnormalities by
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converting Ang II into Ang 1-7. The resulting
Ang 1-7 causes diuresis, natriuresis, and
systemic and localized vasodilation [17].

Polymorphisms in RAAS components
are an attractive focus of genetic research on
hypertension due to their significant role in
regulating BP and individual susceptibility to
the condition. The ACE2 gene exhibited
multiple  allelic ~ variations,  including
152285666, 151514283, 154646155, rs4646176,
and rs879922 as reported in previous studies
[5, 18]. Among these variants, rs2285666
(G > A, intron 3/4), also known as G8790A, is
the extensively studied single-nucleotide
polymorphism (SNP) of the ACE2 gene in
different ethnic populations with HTN [2, 19,
20, 21]. This A allele is associated with greater
ACE2 levels in the blood serum of healthy
individuals, diabetic subjects, and cerebral
stroke patients [22].

The SNP G8790A of ACE2 has been
reported to be correlated with HTN, cerebral
stroke, coronary heart disease and diabetes
[23]. Besides, Pan et al. [2] concluded that the
ACE2 G8790A polymorphism is not only
associated with EH but also shows
geographical, ethnic, and gender diversity. The
association between the ACE2 G8790A
polymorphism and HTN remains controversial
across ethnic groups, as numerous studies have
failed to establish a significant link [18, 24].
However, the correlation of ACE2 SNPs with
HTN in the Bangladeshi population is not yet
reported.

The aim of the study. This research
sought to investigate the association between
the ACE2 gene polymorphism (G8790A),
epidemiological factors, and genders (male
and female) with the clinical manifestations of
HTN among the population of the southern
part of Bangladesh.

Materials and methods

Study design, period and ethics
statement

A case-control study was carried out
from September 2022 to June 2024 at the
Department of Genetic Engineering and
Biotechnology, University of Chittagong, in
collaboration with the Department of
Medicine, Chittagong Medical College

(CMC), Chattogram, Bangladesh. This study
and questionnaire were approved by the
Ethical Review Committee of CMC (Memo
no: CMC/PG/2022/247), Chattogram, and all
methods were conducted in accordance with
relevant guidelines and recommendations. For
this study, a total of 494 participants were
enrolled, and they were divided into two
groups: the case group consists of 260 essential
hypertensive  patients (male = 144,
female = 116) attending the medicine ward of
CMC, Chattogram, Bangladesh and the control
group consists of 234 healthy normotensive
individuals (male = 194, female = 40) were
collected randomly from different wards of
CMC. The inclusion criteria for HTN subjects
were: (1) EH diagnosed (SBP >140
mmHg/DBP >90 mmHg) according to the
WHO guideline of HTN [25] and registered at
CMC, and (i1) confirmation that all the subjects
are of Bangladesh origin. The selected controls
were healthy individuals having normal blood
pressure (SBP/DBP 120-129/80-84 mmHg)
with no other symptoms of HTN.

The exclusion criteria were: (i) presence
of any infectious disease, (i1) conditions where
phlebotomy is contraindicated, (iii) age less
than 18 years and greater than 70 years, (iv)
pregnancy and (v) unwillingness to participate
in the study. All procedures were designed and
executed to ensure full compliance with the
ethical clearance and to uphold the principles
for research involving human subjects. Before
the interview, the participants were briefed on
the research purpose, and written informed
consent was taken. All participants (n = 494)
were interviewed face-to-face with a
standardized and pre-tested questionnaire.
Socio-demographic and clinical information
for each subject was collected and reviewed by
a health professional. Moreover, participants'
data, including written consent forms, were
methodically documented, with confidentiality
assured by removing their names and storing
them in a secure and restricted place.

Data collection procedure

The structured questionnaire was
administered by experienced nurses to collect
demographic and epidemiological data. The
general characteristics (e.g., age and its



Opueuﬂaﬂbﬂaﬂ cmanmovi
Original article

Khanam F, et al. Impact of the angiotensin-converting enzyme 2 ... 358

category, body mass index, blood pressure,
gender, dwelling place, education), behavioral
characteristics (such as smoking/tobacco
consumption, consumption of fruit, vegetable,
meat, physical activity and additional salt
intake) were obtained through interviewing
both HTN patients and controls with the
questionnaire. The body mass index (BMI;
kg/m?) of the participants was measured using
calibrated equipment and a standardized
protocol. Blood pressure (BP) was measured
after a minimum rest period of 30 min in
individuals who had consumed hot beverages
like coffee. The measurements were taken
using a sphygmomanometer at the midpoint of
the left arm, with the participant seated and
supported by an armrest. BP was measured
twice at 5-min intervals, and the average of the
two readings was considered the accurate
value. The thresholds for elevated BP were set
at SBP> 140 mmHg and DBP> 90 mmHg.
Unless otherwise stated, age, BMI and BP
were expressed as mean + SD, and other
general and behavioral characteristics were
expressed in percentage (%) for all HTN
patients and healthy controls.

Collection and processing of samples

From each case and control subject, 5
mL of venous blood samples were obtained
using sterilized disposable hypodermic
needles. For genomic DNA extraction, a 2 mL
fraction of the blood sample was transferred to
an EDTA tube (5 mL). The remaining 3 mL
sample was taken into another tube and
centrifuged at 4000 rpm for 10 min to obtain
blood serum. The collected whole blood and
serum samples were stored at —20 °C for
molecular and biochemical analyses. Urine
samples were also collected in sterile urine
vials and preserved carefully until analysis.

Genomic DNA extraction, PCR
amplification and RFLP

The rs2285666 polymorphism of the
ACE2 gene was initially detected by
polymerase chain reaction (PCR)-restriction
fragment length  polymorphism (RFLP)
analysis of genomic DNA (gDNA). The gDNA
was extracted from peripheral whole blood of
both HTN patients and controls utilizing the

commercial ReliaPrep™ Blood gDNA
Miniprep System (Promega, USA) according
to the manufacturer’s instructions. During
gDNA isolation, proteinase K (20 pL) was
added to the reaction mixture to inhibit
protease activity if it occurred in the sample or
reaction mixture. The primers were designed to
amplify a unique region specifically from
19803 bp to 20268 bp within the 40 Kb ACE2
gene sequence. The gDNA was amplified
through PCR by targeting the region carrying
the G8790A SNP of the ACE2 gene with
forward and reverse primer pairs [21]. The
amplification was conducted in a final volume
of 15 pL containing 7.5 pL master mix (New
England Biolabs Inc., USA), 1 pL template
gDNA, 1 pL (10 pM) of each primer, and
4.5 pL nuclease-free water. To amplify the
targeted ACE2 polymorphism (rs2285666), a
32-cycle PCR profile was performed at
optimal conditions using a thermal cycler (Nyx
Technik Inc., USA), which included initial
denaturation at 94 °C for 5 min, denaturation
at 94 °C for 30 s, primer annealing at 58 °C for
40 s and elongation at 72 °C for 40 s. The final
extension lasted for 5 min at 72 °C. The
resulting PCR product was digested with the
restriction enzyme Alul (New England Biolabs
Inc., USA) at 37 °C for 3 h. At the end of
incubation, the enzymatic reaction mixture
was heated to 80 °C for 20 min to stop the
digestion. The target fragments of the ACE2
gene were screened by agarose gel (2%, wi/v)
electrophoresis and were visualized under a
UV transilluminator (Benda, Germany). The
PCR product of the rs2285666 allele of the
ACE?2 gene was stored at —20 °C until analysis.

Genotyping of ACE2 polymorphism

The genotyping of the ACE2 gene
polymorphism rs2285666 (G>A) was carried
out using the PCR-RFLP, followed by
confirmation through gene sequencing. During
PCR, primer pairs were designed to bind
within intron 3 of the ACE2 gene, with the
forward primer annealing at positions 19,803-
19,823 bp and the reverse primer at positions
20,249-20,268 bp. The ACE2 gene is located



Opueuﬂaﬂbﬂaﬂ cmanmovi
Original article

HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2026:12(3):355-376
Research Results in Biomedicine. 2026:12(3):355-376

359

on the Xp22 region of the X chromosome and
consists of 20 introns and 18 exons.
Amplification produced a single fragment of
466 bp, which was visualized by
electrophoresis on a 1.5% (w/v) agarose gel
using a 100 bp DNA ladder as a reference. To
assess the rs2285666 polymorphism, the PCR
amplicons were digested with the restriction
enzyme Alul. This digestion generated distinct
banding patterns corresponding to the different
genotypes: a single undigested fragment of 466
bp for the wild-type GG genotype, two
fragments of 281 bp and 185 bp for the
homozygous AA mutant genotype, and three
fragments of 466, 281, and 185 bp for the
heterozygous AG genotype.

Sequencing of the PCR amplicon

To confirm genotyping of the ACE2 gene
polymorphism rs2285666, 10% of the total
cases and controls were randomly selected for
re-amplification by PCR. The obtained PCR
amplicons were sequenced by a genetic
analyzer (ABI PRISM 3100, Applied
Biosystems, USA). All segments were
sequenced in both directions to ensure any
nucleotide differences. Sequence variations
were examined using DNA-based tools [26]
and the Clustal Omega alignment tool [27].

Clinical and biochemical parameters

The blood serum samples were analyzed
with an autoanalyser (Dimension, Siemens,
Germany) to determine the following
biochemical parameters: total cholesterol
(TC), triglycerides (TG), high-density
lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol, and serum
creatinine. Urine samples were tested
immediately to determine the qualitative
albumin level in both hypertensive and control
subjects.

Data processing and analysis

The confirmation of Hardy-Weinberg
equilibrium (HWE) was achieved through the
chi-square (¥2) test. All statistical analyses
were conducted using R Studio (V.4.3.1). The
comparison of genotype and allele
distributions between the HTN and control
groups was assessed using chi-square tests. A
rigorous test estimating 2 values at the 0.05%
level of significance was performed to

determine whether the genotypic frequencies
of the ACE2 polymorphism departed from
HWE. Variables that did not meet the standard
limit were excluded from the analysis. The
odds ratio (OR) with a 95% confidence interval
(Cl) was used to evaluate the relationship
between genotype and HTN. Relative risk
(RR) estimation (95% CI) was applied to
confirm the likelihood of disease incidence for
different genotypes. Genotype and allelic
frequencies in case and control groups were
tested using logistic regression before and after
adjustment for categorical variables. The
results were considered statistically significant
if the P-value was < 0.05.

Results

Analysis of general characteristics

The general characteristics were
employed to collect sociodemographic and
epidemiological variables. These variables are
assessed extensively in HTN studies to
understand risk factors, identify health
disparities and design targeted interventions
for different ethnic populations [3, 28].
Moreover, these factors help to highlight the
racial disparities in terms of HTN outcomes.
This study evaluated ten sociodemographic
variables, such as gender, age, age category,
BMI, SBP, DBP, residential area, educational
status, occupation, and family history of HTN
to examine the epidemiological differences
between the HTN case and control groups.
Table 1 presents the general characteristics,
including sociodemographic variables, of
study participants. The mean age of the case
and control groups was 45 £ 9 and 39 + 8§,
respectively.

The higher average age was observed
among HTN cases, which may be attributed to
the increased risk of developing HTN with
older age. Categorizing the age, the 40-49 year
group had the highest number of hypertension
cases (44%), while the 25-39 year group had
the maximum (62%) healthy controls (Table
1). The BMI value of the case was slightly
higher (23.65 £ 3.65 kg/m?) than that of the
control (22.37 + 1.62 kg/m?). This result
suggested that individuals in the case group
have a higher prevalence of high body weight
compared to the control group. The average
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SBP of the case and control groups was 142 +
2 and 120 + 2 mmHg, with the corresponding
DBP being 86 + 12 and 80 + 3 mmHg,
respectively. The higher SBP value of the case
group indicated a greater prevalence of HTN
among the studied populations. According to
the study, 58% of patients with hypertension
lived in rural areas, compared to 69% of
healthy subjects who lived in urban areas.

The higher proportion of patients from
rural areas suggested a lower level
of awareness about HTN. Only 11% of patients
had a bachelor's or higher degree and 46%

of patients with primary education, whereas
59% of healthy participants had a bachelor's or
higher degree (Table 1). The higher percentage
of educated individuals in the control group
may suggest better health literacy and healthier
lifestyle choices, potentially contributing to
their lower HTN prevalence. In case of
occupation, 38% of the cases were housewives
and 74% of the controls were in service.
However, there was no significant statistical
difference (P = 0.6) between the cases and
controls regarding the family history of HTN.

Table 1
General characteristics of study subjects
Study participants
Sociodemographic Overall Case Control
variables (n =494) (n = 260) (n=234) P-value
n % n % n %
Gender Male 338 68 144 55 194 83 <0.001*
Female 156 32 116 45 40 17
Age (year)? 41 +9.00 - 45+9.00 - 39 +8.00 - <0.001*
Age category 25-39 199 40 54 21 145 62 <0.001*
(year) 40-49 171 35 114 44 57 24
50-59 96 19 72 28 24 10
> 60 28 5.70 20 7.70 8 3.40
BMI (kg/m?)? 23.20+3.14| - 23.65 + 3.65 - | 2237+1.62 - 0.013*
SBP (mmHg)? 132+ 18 - 142 + 20 - 120 + 20 - <0.001*
DBP (mmHg)? 83+ 10 - 86+ 12 - 80 + 30 - 0.80
Residential Rural 224 45 150 58 64 31 <0.001*
area Urban 270 55 110 42 160 69
Educational Bachelor or 166 34 28 1 138 59 <0.001*
status above
Higher 72 15 32 12 40 17
secondary
Secondary 70 14 50 19 20 8.50
school
Primary 152 31 120 46 32 14
Iliterate 34 6.9 30 12 4 1.70
Occupation Service 216 44 44 17 172 74 <0.001*
Business 66 13 28 11 38 16
Housewife 120 24 98 38 22 9.40
Dependent 64 13 62 24 2 0.90
g”emp'oye 28 5.7 28 11 0 0
Family history | Yes 253 51.21 136 52 117 50 0.60
of HTN No 241 48.79 124 48 117 50

Note: BMI = Body mass index; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; HTN = Hypertension;
a\Values were expressed in mean =+ standard deviation; Values in parenthesis are percentages calculated with respect to n
and selected participant; *Significant difference between study groups (P < 0.05). Reference value: BMI: 18.5-24.9 kg/m?;

SBP/DBP: <120/80 mmHg.
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The aforementioned results highlighted
the statistically significant socio-demographic
differences (P <0.001) between case and

control groups in terms of general
characteristics, including gender, age, age
category, BMI, SBP, residential area,

education, and occupation. The other two
variables, such as DBP and family history of
HTN, showed insignificant differences (Table
1) in the study.

Analysis of behavioral characteristics

The lifestyle factors as well as behavioral
characteristics are crucial in the development,
progression, and management of HTN [29].
Thus, it is necessary to study these factors for
designing effective strategies in order to
prevent and treat HTN by comprehending their
impact on the conditions. In this study, six
lifestyle variables, including smoking/tobacco
consumption, frequency of consuming fruits,
vegetables, and meat, physical activity, and
additional salt intake, were examined to
determine the behavioral and/or dietary habit
differences between the case and control
groups. The lifestyle features of the study
participants are summarized in Table 2.

Individuals with HTN have a higher proportion
of current (25%) and former (18%) smokers
compared to the healthy controls (P < 0.001).
There were no significant differences (P = 0.7)
observed in fruit consumption frequency
between the cases and controls.

The practice of vegetable and meat
consumption (times per week) was found to be
significantly higher in controls, which implied
the importance of healthy and balanced food
intake for preventing HTN. Moreover, the
control group had a higher proportion of
people engaged in more daily physical activity
(P < 0.001) than HTN subjects (Table 2),
which might play an important role in avoiding
HTN complications. The percentage of
additional salt intake did not show a significant
difference (P = 0.083) between the study
groups. The significant differences were
observed between the case and control groups
concerning smoking/tobacco consumption,
vegetable and meat intake, and physical
activity level. There were no significant
differences between the groups in terms of fruit
consumption or additional salt intake.

Table 2
Lifestyle factors of study subjects
Study participants
. - Overall Case Control
Behavioral characteristics (n = 494) (n = 260) (n = 234) P-value
n % n % n %
Smoking/chewable Current 118 24 64 25 54 23 <0.001*
tobacco consumption Former 52 11 46 18 6 2.60
Never 324 65 150 58 174 74
Fruit consumption | <3 340 69 176 68 164 70 0.70
(times/week) >3 154 31 84 32 70 30
Vegetable consumption <3 470 95 240 92 230 98 0.029*
(times/week) >3 24 5 20 7.70 4 1.70
Meat consumption <3 128 26 24 9.20 104 44 <0.001*
(times/week) >3 366 74 236 91 130 56
Physical activity <30 98 20 84 32 14 6.00 | <0.001*
(min per day) 30-60 118 24 94 36 24 10
> 60 34 7 0 0 34 15
None 244 49 82 32 162 69
Additional salt intake Yes 82 17 36 14 46 21 0.083
No 412 83 224 86 188 79

Note: Females were not smokers; Values in parenthesis are percentages calculated with respect to n and selected
participant; *Significant difference between groups (P < 0.05).
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Genotyping results of the ACE2
polymorphism

The banding patterns of PCR products
and its restriction fragments for the rs2285666
polymorphism in the ACE2 gene are illustrated
in Fig. 1. The uncut PCR products showed a
single amplicon of 466 bp in all samples,
confirming the successful amplification of the
rs2285666 region of the ACE2 gene (Fig. 1a).
After digestion with the Alul enzyme, distinct
banding patterns corresponding to different
genotypes were observed. A single band of 466
bp was detected in lanes 3 and 5, indicating the

homozygous wild-type GG genotype. Two
bands of 281 bp and 185 bp were observed in
lanes 2, 4, 6, and 7, representing the
homozygous mutant AA genotype. Three
bands of 466 bp, 281 bp, and 185 bp were
present in lane 1, corresponding to the
heterozygous AG genotype (Fig. 1b). These
banding patterns confirmed the occurrence of
genetic variation at the rs2285666 locus of the
ACE2 gene. Furthermore, the distribution of
the genotypes in the studied population
showed no significant deviation from Hardy-
Weinberg equilibrium (HWE).

Lanes/Samples

()

500 bp

400 bp 466 bp
Lanes/Samples
(b)
500 bp 466 bp
281b
200 bp P
100 bp 185 bp

Genotype - AG AA GG AA GG

AA  AA

Fig. 1. Genotyping of the ACE2 gene polymorphism rs2285666 through the PCR-RFLP method
using primers, Alul enzyme, and gel electrophoresis. (a) Visualizing the amplicons of the ACE2
gene rs2285666 allele on agarose gel (1.5%, w/v). Genomic DNA was extracted from blood and
amplified by PCR. The targeted PCR product size was 466 bp. L represents DNA ladder (100 bp);
lanes 1-7 represent uncut PCR products. (b) Agarose gel (2%) image of PCR-RFLP fragments of
the ACE2 (rs2285666) gene. Lane 1 denotes heterozygous AG genotype; lanes 2, 4, 6 and 7 denote
homozygous AA genotype (mutant); lanes 3 and 5 denote wild-type GG genotype.
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The allelic and genotypic frequencies of
the rs2285666 allele of the ACE2 gene were
investigated using HWE among males and
females, respectively. The association between
the rs2285666 (G>A) and the risk of EH in
female participants was also explored in this
study. Table 3 represents the frequencies of the
ACE2 gene polymorphism rs2285666 (G>A)
in male and female subjects and its association
with EH risk, specifically in females. The G
allele frequency was observed in 52.78% of
male HTN cases and 54.63% of male controls,
while the A allele was found in 47.22% of male
HTN cases and 45.36% of male controls

(Table 3a). In males, no significant difference
was observed between the A and G alleles.
Since ACE2 is an X-linked gene and males
carry only one copy of the X chromosome,
genotypic distribution was not applicable due
to the absence of allelic variation. In females,
the AG genotype was significantly associated
with the higher risk of HTN, occurring in
44.84% of cases and 5% of controls
(P = 0.0009). Moreover, the AA genotype was
found to be about 3.99 times less likely to be a
risk factor for HTN in females when compared
with the GG genotype (Table 3b).

Table 3

Allelic and genotypic frequencies of ACE2 gene polymorphism rs2285666 among male
and female participants respectively, and its association with HTN risk in females

(a) Male participants
Allelic Case Control
frequency (n = 144) (n=194) OR (35% ClI) P-value
n % n %
G 76 52.78 106 54.63 | 1.00 (Reference)
A 68 47.22 88 45.36 | 0.93 (0.59-1.44) 0.742
Total 114 100 194 100
(b) Female participants
Genotypic Case Controls
frequgn%y (n = 116) (n = 40) OR (95% CI) P-value
n % n %
GG 38 32.75 14 35 1.00 (Reference)
AG 52 44.84 2 5 9.58 (2.05-44.66) 0.0009*
AA 26 22.41 24 60 0.39 (0.17-0.91) 0.040
Total 116 100 40 100
(c) Polymorphism rs2285666 (G>A) and HTN risk in females
Case Control
Model Genotype (n=116) (n=40) OR (95% CI) P-value
n % n %
Dominant GG 38 32.80 14 35 1.00 (Reference)
AG+AA 78 67.20 26 65 1.11 (0.52-2.36) 0.80
Recessive GG+AG 90 77.60 16 40 1.00 (Reference)
AA 26 22.40 24 60 0.19 (0.09-0.42) <0.0001*
Over dominant GG+AA 64 55.20 38 95 1.00 (Reference)
AG 52 44.80 2 5 15.44 (3.56-67.02) <0.0001*

Note: HTN = Hypertension; OR = Odds ratio; Cl = Confidence interval; Frequency data were expressed in percentage
(%); Allelic and genotypic frequencies were determined with Hardy-Weinberg equilibrium; Models were analyzed by
logistic regression and shown as percentage values; Values in parenthesis are percentage (%) calculated with respect to n
and selected participant; *Significant difference between groups (P < 0.05).

The PCR products of rs2285666 from
randomly selected cases and controls were
sequenced to validate the genotyping method.
The chromatograms of sequencing results for

the rs2285666 polymorphism in the ACE2
gene are depicted in Fig. 2. In chromatograms,
the nucleotides are color-coded as red, green,
blue and black for thymine (T), adenine (A),
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cytosine (C), and guanine (G) respectively, to
clearly distinguish each base in DNA
sequences. In Fig. 2a, the G allele was present
in two copies in the study people as indicated
by the chromatogram  with  peaks
predominantly in blue. This result reflected
that the genotype was homozygous for the G
allele (GG). The chromatogram with blue and
green curves represented a heterozygous
genotype as GA (Fig. 2b). These findings
suggested that the individuals with this
genotype have one mutant (A) allele and one
wild-type (G) allele at the rs2285666 locus. A

(a) Homozygous wild-type (GG) genotype

consistent green curve demonstrated the
homozygous mutant (AA) genotype with
peaks predominantly in green. It indicated that
the rs2285666 locus has two identical mutant
(A) alleles (Fig. 2c). This genotype resulted in
two copies of the A allele in an individual.
Therefore, it is mentioned that the AG
genotype of the rs2285666 allele in females
was significantly linked to the higher risk of
HTN (44.8% cases vs. 5% controls), while the
AA genotype showed no significant
association (22.4% cases vs. 60% controls).

Fig. 2. Chromatograms of sequencing results for the rs2285666 polymorphism in the ACE2 gene.
The PCR products of the ACE2 gene rs2285666 from selected cases and controls
(10% of the total samples) were sequenced
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Association of the ACE2 gene
polymorphism with HTN risks

A multivariate logistic regression
analysis was conducted to estimate the
relationship  between the ACE2 gene
polymorphism rs2285666 (G>A) and HTN
risk in female participants. The Odds ratios
(OR) with 95% confidence interval (CI) were
calculated to quantify this association for both
case and control groups. This analysis was
performed only in female subjects as the ACE2
gene is located on the X chromosome.
According to the dominant model (Table 3c¢),
which compares GG to the combined AG+AA
genotypes, there was no significant association
with HTN risk in females (P = 0.08). In the
recessive model, the AA genotype was more
frequent among controls than cases, indicating
a protective effect against HTN. In contrast,
under the dominant model, the AG genotype
appeared more frequently in hypertensive
patients than in controls, suggesting an
increased risk of HTN (Table 3c). These
findings consistently showed that the AG
genotype was associated with a higher risk of
HTN in females across different models,
whereas the AA genotype was related to a
reduced risk. The association of the rs4646994
allele with HTN was examined through
frequency distribution (Table 3a), with
interpretation adjusted for the fact that males
carry only one copy of the X-linked gene.

Analysis of clinical and biochemical
parameters

This study examined the clinical and
biochemical profiles of male and female
participants, with a focus on comparing case
and control groups, to identify significant
gender differences in various health
parameters. The clinical and biochemical
characteristics, including SBP, DBP, TC, TG,
HDL, LDL, serum creatinine, and urine
albumin, are listed in Table 4.

Among male participants, 83% of cases
exhibited high SBP compared to 7% of
controls, showing a significant difference
(P < 0.001). Similarly, 78.35% of cases had
high DBP compared to 94.03% of controls,
which was also statistically significant
(P <0.001). Regarding lipid profiles, TC levels

did not show a significant difference between
cases and controls (P = 0.30), with 26.32% of
cases and 21% of controls having high TC
levels. However, TG levels were considerably
elevated in cases, with 71.44% having high TG
values compared to 35.34% of controls,
approaching statistical significance (P = 0.05)
(Table 4). The higher TG values indicated the
potential role of dyslipidemia in the
progression of HTN.

The HDL cholesterol levels revealed a
significant distinction, with 49% of cases
having low HDL compared to 24.78% of
controls (P < 0.001) in males. Conversely,
21.17% of controls had high HDL values,
while none of the cases had higher HDL levels.
The low level of HDL in HTN patients was
probably due to the HTN-related metabolic
complications. For male participants, 17.88%
of HTN cases had high LDL cholesterol levels
compared to 11.22% of controls, with no
significant difference (P = 0.12). Serum
creatinine levels were significantly higher in
the case group, with 25.11% having elevated
levels compared to 1.30% of controls
(P < 0.001). The quantitative levels of urine
albumin differed significantly, with 97.60% of
controls having no albumin compared to only
10% of cases, while higher albumin levels
(+, ++, +++) were observed exclusively in
cases (P <0.001).

For female participants, the SBP showed
a significant difference between cases and
controls (P < 0.001), with 79.95% of cases
having high SBP compared to none of the
controls (Table 4). The DBP levels also
showed a significant disparity (P < 0.001),
with 64.25% of cases having high DBP,
whereas all controls had normal DBP. The TC
values among females did not show significant
differences between cases and controls
(P >0.9), with 33.30% of cases and 32.85% of
controls having high TC. Similarly, TG levels
did not differ significantly (P = 0.80), with
78% of cases and 74.22% of controls having
high TG. However, HDL cholesterol levels
presented a significant difference (P < 0.001);
48.40% of cases had low HDL compared to
10.25% of controls. LDL cholesterol levels did
not show significant differences (P = 0.5), with
28.59% of cases and 35% of controls having
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high LDL levels. Serum creatinine levels were
significantly higher in the case group
(P =0.003), with 23.97% of cases having their
elevated levels compared to none of the
controls. Urine albumin levels also showed
significant differences (P < 0.001), with
94.40% of controls having no albumin

compared to only 5.70% of cases, while higher
albumin levels were more prevalent in cases
(Table 4). The biochemical analyses
demonstrated that the high levels of serum
creatinine and urine albumin in male and
female HTN patients could be attributed to
impaired kidney function associated with EH.

Table 4

Clinical and biochemical profiles of study populations on the basis of gender

Male participants Female participants
. Case Control Case Control
Variables (n=144) | (n=194) P-value (n=116) | (n=40) P-value
(%) (%)

SBP (mmHg)
Normal 17.00 93.00 20.05 100
High 83.00 7.00 <0.001* | 79.95 0.00 <0.001*
DBP (mmHg)
Normal 22.65 5.97 35.75 100
High 78.35 94.03 <0.001* | 64.25 0.00 <0.001*
TC (mg/dL)
Normal 73.68 79.00 66.70 67.15
High 26.32 21.00 0.30 33.30 32.85 >0.90
TG (mg/dL)
Normal 28.56 64.66 22.00 25.78
High 71.44 35.34 0.05 78.00 74.22 0.80
HDL (mg/dL)
Low 49.00 24.78 48.40 10.25
Normal 51.00 54.05 <0.001* | 43.00 79.75 <0.001*
High 0.00 21.17 8.60 10.00
LDL (mg/dL)
Normal 82.12 88.78 71.41 65.00
High 17.88 11.22 0.12 28.59 35.00 0.50
Serum creatinine (mg/dL)
Normal 74.89 98.70 76.03 100
High 2511 1.30 <0.001* 397 0.00 0.003*
Urine albumin (qualitative)

Nil 10.00 97.60 5.70 94.40

Trace 56.00 2.40 47.60 5.60

+ 14.00 0.00 <0.001* | 30.00 0.00 <0.001*

++ 16.60 0.00 11.00 0.00

+++ 3.40 0.00 5.70 0.00

Note: SBP = Systolic blood pressure; DBP = Diastolic blood pressure; TC = Total cholesterol; TG = triglycerides; HDL
= high density lipoprotein; LDL = low density lipoprotein; Nil = Absence of albumin; Trace = Very low amount of
albumin; Number of "(+)" signs = Increasing quantity of albumin. Reference value: SBP/DBP: <120/80 mmHg; TC: <200
mg/dL; TG: <150 mg/dL; HDL: >40 mg/dL; LDL: <100 md/dL; Serum creatinine: Male 0.4-1.4, Female 0.3—1.1 mg/dL.
Values in percentages are calculated with respect n and selected participants; *Significant difference between groups

(P < 0.05).




Opueumwbuaﬂ cmanmovi
Original article

HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2026:12(3):355-376 367
Research Results in Biomedicine. 2026:12(3):355-376

Table 5 presents the influence of the
ACE2 G8790A polymorphism on clinical and
biochemical profiles in male and female HTN
patients. In male hypertensive patients, the
ACE2 G8790A polymorphism showed no
notable association with BMI, blood pressure,
TC, TG, LDL, serum creatinine and urine
albumin level, although reduced HDL levels
were more frequent in G allele carriers. In
female hypertensive patients, the distribution
of BMI and SBP did not differ notably across

genotypes. However, DBP was higher in AG
and GG carriers compared to AA. TC and TG
were also elevated among AG and GG groups.
Significant variation was observed in serum
creatinine levels (P = 0.012), with AA carriers
more often within the normal range (Table 5).
Urine albumin excretion differed significantly
across all three genotypes, with the highest
(+++) amount observed in female AA carriers
(P =0.001).

Beginning of Table 5

Influence of ACE2 G8790A polymorphism on clinical and biochemical profiles
of hypertensive patients

Male HTN patients Female HTN patients
Variables Aallele | Gallele p-value AA AG (C;Ci p-value
(n=68) | (hn=76) (n=26) | (n=72) 38)
% %

BMI
Normal weight 51.50 47.40 50.00 50.00 47.40
(18.5-24.9)
Overweight 36.80 36.80 0.56 38.50 36.10 44.70 0.61
(25-29.9)
Obese 11.70 15.80 11.50 13.90 7.90
> 30
SBP (mmHg)
Normal 15.93 17.00 27.07 19.00 15.15 0.50
High 84.07 83.00 0.90 72.93 81.00 84.85
DBP (mmHgQ)
Normal 28.00 17.12 47.00 43.48 20.09 0.033*
High 72.00 82.88 0.13 53.00 56.52 79.91
TC (mg/dL)
Normal 73.86 74.00 >0.90 87.72 50.25 69.91 0.002*
High 26.14 26.00 12.28 49.75 30.09
TG (mg/dL)
Normal 73.60 73.50 >0.09 87.00 50.13 69.70 0.003*
High 26.40 26.50 13.00 49.87 30.30
HDL (mg/dL)
Low 39.21 59.55 38.00 55.07 50.00
Normal 60.79 40.45 0.019* | 55.70 31.42 45.00 0.20
High 0.00 0.00 6.30 13.51 5.00
LDL (mg/dL)
Normal 82.00 81.92 >0.90 81 59.48 75.17 0.08
High 18.00 18.08 19 40.52 24.83
Serum creatinine (mg/dL)
Normal 74.13 75.56 0.70 69.23 90.90 65.33 0.012*
High 25.87 24.44 30.77 9.10 34.67
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End of Table 5

Influence of ACE2 G8790A polymorphism on clinical and biochemical profiles
of hypertensive patients

Male HTN patients Female HTN patients
Variables Aallele | Gallele | . AA AG (C;E pvalue
(n=68) | (n=76) (n=26) | (n=72) 38)
% %
Urine albumin (qualitative)
Nil 10.00 9.89 0 10.47 5.30
Trace | 60.70 52.54 43.11 55.00 41.89
+ 13.00 14.11 0.90 35.73 25.23 32.74 0.001*
++ 13.00 20.06 0.00 9.30 20.07
+++ 3.30 3.40 21.16 0.00 0.00

Note: BMI = Body mass index; HTN = Hypertension; SBP = Systolic blood pressure; DBP = Diastolic blood pressure;
TC = Total cholesterol; TG = triglycerides; HDL = High density lipoprotein; LDL = Low density lipoprotein; Nil =
Absence of albumin; Trace = Very low amount of albumin; Number of "(+)" signs = Increasing quantity of albumin.
Reference value: SBP/DBP: <120/80 mmHg; TC: <200 mg/dL; TG: <150 mg/dL; HDL: >40 mg/dL; LDL: <100 md/dL;
Serum creatinine: Male 0.4-1.4, Female 0.3—1.1 mg/dL. Values in percentages are calculated with respect n and selected

participants; *Significant difference between groups (P < 0.05).

For female HTN patients, SBP levels
were high across all genotypes with no
significant differences (P = 0.5). DBP was
significantly higher in GG genotype carriers
(79.91%) compared to AA (53%) and AG
(56.52%, P = 0.033). The levels of TC were
significantly higher in AG carriers (49.75%)
compared to AA (12.28%) and GG (30.09%, P
= 0.002). The TG levels also showed higher
values in AG (49.87%) carriers compared to
AA (13.00%) and GG (30.30%) genotype
carriers (Table 5). The HDL cholesterol levels
did not show significant differences (P = 0.20).
The LDL cholesterol levels approached
significance (P = 0.085), with AG carriers
having higher levels. Serum creatinine was
significantly higher in GG carriers (34.67%)
compared to AA (30.77%) and AG (9.10%, P
= 0.012). The levels of urine albumin differed
significantly (P = 0.001), with higher levels in
AA and GG carriers. It is highlighted that the
ACE2 G8790A polymorphism significantly
affected the specific biochemical factors such
as TC, HDL, LDL, serum creatinine, and urine
albumin in male and female HTN patients.

Males with the G allele had lower HDL levels,
while no other parameters showed significant
differences on the basis of allele. However,
females with the AG genotype had higher TC
and lower serum creatinine levels, and GG
carriers had higher DBP and urine albumin
levels.

Association of ACE2 Genotypes with
Physical Activity and Smoking Status

Table 6 shows the distribution of ACE2
genotypes by physical activity and smoking
status. Among individuals with low physical
activity (<30 min/week), wild-type
participants had a higher number of cases
compared to controls, while moderate activity
(30-60 min/week) was associated with the
largest number of cases for both wild-type and
mutant genotypes (Table 6a). For physical
activity above 60 min, all participants were
controls, regardless of genotype. As shown in
Table 6b, former smokers with the mutant
genotype had very few cases, whereas never
smokers with the wild-type had more cases.
This suggests differences in risk patterns
across genotype groups.
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Table 6

Distribution of ACE2 genotypes by physical activity and smoking status among
hypertensive patients and controls

(a) Physical Activity

Genotype (ri?rf?v%zg)li) Case n (%) Control n (%) OR (95% CI)
Wild <30 46 (17.69) 10 (4.27) 1.00
30-60 52 (20) 53 (22.65) 6.59 (2.82-15.39)
> 60 0 (0.0) 63 (26.92)
None 62 (23.85) 0 (0.0) 0.89
Mutant <30 38 (14.62) 19 (8.12) 1.00
30-60 42 (16.15) 59 (25.21) 3.12 (1.53-6.37)
> 60 0 (0.0) 27 (11.54)
None 20 (7.69) 3(1.29) 0.30 (0.08-1.18)
(b) Smoking status
Genotype Category Case n (%) Control n (%) OR (95% CI)
Wild Current 43 (16.54) 32 (13.67) 1.00
Former 21 (8.08) 4 (1.71) 0.52 (0.09-3.11)
Never 96 (36.92) 90 (38.46) 1.50 (0.68-3.30)
Mutant Current 21 (8.08) 22 (9.41) 1.00
Former 25 (9.62) 2 (0.86) 0.04 (0.00-0.30)
Never 54 (20.76) 84 (35.89) 1.37 (0.60-3.16)

Note: Total cases (n) = 260 (wild-type = 160, mutant = 100); Total controls (n) = 234 (wild-type = 126, mutant = 108).

Comorbidities in HTN patients

Different genotypes (wild-type GG and
mutant AG, AA) of the ACE2 gene
polymorphism rs2285666 (G8790A) were
studied to evaluate their impact on various

comorbidities among HSTON individuals. The

D
T

(\®)
T

Percentage (%) of
patients
B~
T

O_

Diabetes CVD EP

distribution of comorbidities in HTN patients
revealed significant differences among the
wild-type GG, mutant AG, and AA genotypes.
The comorbidities in HTN patients with
different ACE2 genotypes are shown in Fig. 3.

e Wild
Bl Mutant

KD

ND RD

HTN associated comorbidities

Fig. 3. Comorbidities among the hypertensive patients with ACE2 genotypes: wild-type GG,
mutant AG and AA. CVD = Cardiovascular disease; EP = Eye problem; KD = Kidney disease;
ND = Neurological disease; RD = Respiratory disease (P < 0.05)



Opueuﬂaﬂbﬂaﬂ cmanmovi
Original article

Khanam F, et al. Impact of the angiotensin-converting enzyme 2 ... 370

Among the comorbidities, diabetes was
more frequently observed in patients with the
GG genotype, though this association was
marginally  significant (P = 0.049).
Cardiovascular disease (CVD) showed the
highest prevalence in both wild-type GG and
mutant AG, AA genotypes without statistically
significant (P > 0.05) difference (Fig. 3). There
were no significant differences between the
wild and mutant genotypes for other
comorbidities such as eye problems (EP),
kidney disease (KD), neurological disease
(ND) and respiratory disease (RD). This study
revealed that HTN patients with distinct
genotypes of the ACE2 gene displayed diverse
comorbidity profiles, with mutant genotypes
(AG and AA) commonly associated with a
higher prevalence and severity of diabetes and
CVD, as well as increased risks of EP, ND,
RD, and KD conditions.

Discussion. Essential hypertension (EH)
is one of the most common and serious public
health problems, and is responsible for high
cardiovascular morbidity and mortality
worldwide [11]. In Bangladesh, several factors
such as rapid urbanization, sedentary lifestyles,
poor eating habits, increased cigarette use, and
rising CVD rates may contribute to HTN [30].
Numerous genes and non-modifiable factors
contribute to BP regulation in a polygenic
manner [31]. This study identified notable
sociodemographic and behavioral disparities
between the HTN patients and healthy
controls. The percentage of male HTN patients
was significantly higher than that of females,
which is consistent with previous studies [32,
33]. Age was identified as a significant risk
factor, with HTN patients having a higher
mean age than controls, aligning with prior
research [34]. The highest HTN prevalence
was observed in the 40-49 year age group,
contrasting with an earlier study that showed
the 50-59 year age group as the most
prominent risk group [28]. The HTN patients
had higher BMI, SBP, and DBP (Table 1).
Besides, they resided in rural areas, had lower
levels of education, higher smoking rates, and
lower levels of physical activity, with fewer
reporting regular exercise and vegetable intake
[3, 28]. These findings highlight the need for

targeted interventions to address HTN
disparities and improve public health.

The effect of the ACE2 gene
polymorphisms on HTN is controversial across
distinct ethnic populations [9, 18, 34, 35].
Hence, this study investigated the association
between the ACE2 gene polymorphism
rs2285666 and HTN in southern Bangladeshi
populations. No allele frequency difference
was found in males (Table 3a), which is
comparable with a meta-analysis [18] for the
HTN case and control groups. In the current
study, different genetic models of inheritance
were utilized to assess the correlation between
the ACE2 G8790A gene polymorphism and
HTN risk in females solely, as this gene exists
on the X chromosome. In the dominant model,
no significant relationship was found for
AG+AA/GG frequency (Table 3c). The
recessive model showed that the AA genotype
may exert a protective effect against HTN in
females, as it was more prevalent in the control
group than in the case group. It indicated a
significant inverse relationship between the
AA genotype and HTN risk in females (Table
3c). In accordance with these findings, Li [18]
explored the ACE2 gene polymorphism in
women using dominant and recessive models,
and the author reported that both models
demonstrated an insignificant association
between the ACE2 G8790A polymorphism and
HTN risk.

Additionally, no significant differences
in genotypic distribution were observed
between female cases and controls in this
study. A previous research also reported no
significant variation in genotype frequencies
[34], consistent with the obtained results for
the AA and AG genotypes, although their data
differed slightly for the AG genotype. In
contrast to these reported findings, this
research revealed that females with a
heterozygous AG genotype were at an
increased risk of developing hypertension
compared to those with a GG genotype (Table
3b). This result is further supported by the
dominant model (Table 3c), which highlighted
a markedly increased risk of HTN among
females carrying the AG genotype compared
to other genotypes. In a community-based
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study conducted in central China, the authors
[35] reported that analysis of a single SNP
(rs2285666) showed no significant differences
in minor allele frequency (A) among females
in dominant, recessive, and additive models,
nor were any differences observed among male
patients. Contrasting findings were reported,
with significant genotype and allele frequency
differences in HTN patients in the Dongxiang
population compared to controls, including a
higher prevalence of the AA genotype and the
A allele, regardless of gender. Furthermore,
Dongxiang HTN patients showed higher AG
and AA genotype frequencies and a higher A
allele prevalence than Han HTN patients [12].

Several studies have reported a positive
association between G8790A and HTN [9, 36].
Therefore, the function of the ACE2 G8790A
SNP in HTN remains a subject of debate due
to conflicting findings. Such heterogeneous
findings regarding the relationship between the
rs2285666 gene polymorphism and HTN can
be attributed to the following factors. Firstly,
hormonal factors and differences in sex
chromosomes play a vital role in BP variations
between males and females [12, 19, 37].
Secondly, genetic factors, including significant
variations in the frequency of ACE2 variants,
exist across racial and ethnic groups, further
contributing to this heterogeneity [12, 38]. The
present study found no association between the
G8790A allele (A) and HTN in male patients,
consistent with several previous studies,
although it revealed a new finding, a
significantly  higher frequency of the
heterozygous mutation (AG) in female HTN
patients (Table 3a, b).

A previous study on the association
between the G8790A polymorphism and type
2 diabetes mellitus reported a higher frequency
of the heterozygous (AG) mutation in females
[39], but no other studies have reported this
association in female patients. This novel
finding was detected probably due to the
interaction between A and G alleles in the
heterozygous state, which influences gene
expression  or  regulatory  mechanisms
differently in females, potentially contributing
to HTN risk, while the allelic interaction might
not be prominent in males. Additionally,

rs2285666 exhibits properties of a quantitative
trait locus for HTN, a DNA region linked to a
distinct phenotypic trait that varies in degree
and is known to show a polygenic effect [40].
It is plausible that HTN is influenced by
multiple genes and environmental factors
(including geographic location), rather than
being solely determined by a single gene.

The clinical and biochemical profiles
were compared between male and female
participants in this study. Hypertensive
patients showed higher SBP and DBP values,
along with lower HDL cholesterol levels
(Table 4), consistent with previous findings in
a study conducted in Spain [41]. Elevated
serum creatinine in both males and females
indicated possible renal impairment, in
agreement with earlier research [42]. Urine
albumin levels were significantly higher in
cases, as supported by numerous studies [43,
44]. By contrast, TC, TG and LDL did not
show notable differences between cases and
controls in either gender.

The ACE2 gene polymorphism
rs2285666 was studied to evaluate its impact
on the biochemical variables in male and
female HTN patients (Table 5). In males,
differences in HDL cholesterol levels
suggested that allele variation may influence
lipid metabolism, although no consistent
effects were observed for other clinical
variables. In female HTN patients, GG
genotype carriers had higher DBP and serum
creatinine levels, AG carriers showed elevated
TC levels, and AA carriers had higher urine
albumin levels. Thus, no consistent risk
genotype for biochemical parameters was
identified, highlighting the need for further
studies with larger sample sizes. Pinheiro et al.
[9] reported no statistically significant impact
of the G8790A variant on clinical factors in
HTN patients of both genders. Table 6
demonstrates that ACE2 genotypes may
influence the relationship between physical
activity, smoking status, and HTN risk.
Differences in case distributions across activity
levels and smoking categories suggest a
potential gene-environment interaction, but
further data are needed to confirm these
associations.
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The impact of the ACE2 rs2285666
genotypes (GG, AG, and AA), on various
comorbidities in HTN patients was assessed
(Fig. 3). The GG genotype was marginally
linked to a higher frequency of diabetes, while
CVD was prevalent across all genotypes. Yang
et al. [36] similarly reported that the G8790A
variant might increase myocardial infarction
(M) risk in females and, when combined with
alcohol consumption, raise the likelihood of
chronic heart disease and MI risk in males. No
clear genotype-related differences were
observed for other comorbidities, including
EP, KD, ND and RD. Mutant genotypes (AG,
AA) were connected to higher prevalence and
severity of diabetes, CVD, and other health
conditions. This study identified a novel
association between the ACE2 G8790A
polymorphism and increased HTN risk in
females with the AG genotype. It underscores
the importance of genetic and gender
differences in HTN management. However,
the small sample size and focus on southern
Bangladeshi populations limit generalizability.
Further research with larger samples is needed.

Conclusion. HTN is a multifactorial and
polygenic condition affecting about one-third
of the global population and is progressively
becoming a serious health issue in Bangladesh.
The impact of the ACE2 gene polymorphism
on essential hypertension was investigated to
identify sociodemographic and genetic factors
associated with HTN in the southern region of
Bangladesh. The research pointed out the risk-
associated polymorphisms in HTN patients
using the PCR-RFLP method with ACE2
G8790A-specific primers and the Alul enzyme
to detect the specific SNP. This study revealed
that the heterozygous AG genotype of the
ACEZ2 gene is associated with an increased risk
of HTN, suggesting its potential as a biomarker
for early diagnosis and the prevention of
complications. The ACE2 gene polymorphism
significantly affected the serum creatinine,
urine albumin, TC, HDL, LDL in male and
female HTN patients, which can lead to kidney
disease and cardiovascular disease (CVD).
HTN patients with different ACE2 gene
genotypes indicated the varied comorbidities
with mutant genotypes (AG and AA) usually

linked to a higher prevalence and severity of
diabetes and CVD conditions. Additionally,
environmental factors such as diet and lifestyle
might play a significant role in HTN
prevalence. This work underscores the
importance of considering both genetic and
environmental factors in developing public
health strategies to challenge the growing
burden of HTN. By highlighting the interplay
among these factors, this study will contribute
to a deeper understanding of HTN in the
Bangladeshi population and offer valuable
insights for more effective, and targeted
healthcare interventions in future research and
public health management. Understanding the
impact of the ACE2 gene polymorphism on
hypertension will not only help in tailoring
more personalized treatment approaches for
HTN patients but also address their specific
comorbidities more effectively.
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Pe3rome

AKTyajabHOCTB: lccienoBaHue npUUMH HENOCTaTOYHOTO pOCTa IUIOAA OCTAETCS OJHUM U3
MIPUOPUTETHBIX HAIpaBICHUH B COBPEMEHHOM akymepctBe. Ilpu orcyrctBum y Mmatepu
OO0IIeNpPU3HAHHBIX (DaKTOPOB PUCKA, TCHETUYECKHUE JIETEPMHHAHTHI HAPYLICHUS AHTEHATaJIbHOTO
pa3BUTHA TPUOOpETAIOT OCOOYI0 3HAYMMOCTb KaK COBPEMEHHBIH M MEpPCHEKTHBHBIA BEKTOP B
JUAarHOCTHKE M IOHMMAaHMM IaToreHeza AaHHoM marosnoruu. Ilenb mccnenoBanusi: M3yuutsb
accoranuu momMopdHbIX MapkepoB reHa AQPLl ¢ knmHMYeckuMu (popMamMu HEIOCTATOYHOTO
pocta iona. MaTepuaiabl 1 MeToAbl: VccienoBanue npoBeieHo Ha BbIOOpKe u3 147 ManueHTok,
OepeMEHHOCTh KOTOPBIX OCJIOKHUJIACh Pa3BUTHUEM HEJOCTATOYHOTO POCTa II0/1a, KOTOpPbIe OBLIN
MoJIpa3/ielieHbl Ha JiBe MOArpynmsl: la moarpynma BKIOYajga NalMEHTOK C aHTEHATalbHO
JIMarHOCTUPOBAHHOM 3aepkkoii pocta miona (3PIT) (n=80); k Ib moarpyrmme oTHeCEeHbI MAIUEHTKH,
06epeMEeHHOCTh KOTOPBIX OCTIOXKHHUIIACh (POPMUPOBAHUEM MAJOBECHOTO [T T€CTAllMOHHOTO BO3pacTa
miona (MI'B) (n=67). KonTponeHyto rpymimy coctaBuian 150 >keHIIUH, 6€peMEHHOCTh KOTOPBIX
3aKOHYMJIACh POXKACHUEM peOCHKa C HOPMAaIbHBIMH DPOCTO-BECOBBIMHU TMOKa3zaTeasiMH. Bcem
yJacTHUKAM HCCJIEJOBaHHUS TMpoOBeAeHO reHoTunupoBanne wMerogom MALDI-TOF wmacc-
crniekTpoMeTpuu Ha riatpopme «Sequenom MassARRAY4». Pesyabrarbl: BiepBrie oOHapysxeHa
accormanus rs10253374 u rs4723022 rena AQP1 ¢ pazsutuem 3PI1. YcraHOBIIEHO, UTO PUCKOBBIMU
muist 3PIT sieistroTest reHotunsl CC 1510253374 (O1=2,210; p=0,015) u AA rs4723022 (Ol1=2,261;
p=0,026). T'eHoTumUuecKkre KOMOWHAIIMU OKa3aJMCh WH(POPMATHBHBIMU IS BBIICICHHUS Kak
puckoBeix coderanuid reHotunoB (CC rs10253374 u AA 1s4723022), tak U 0O0NaTAIONINX
nporektuBHBIMU cBoicTBamMu (TC 1rs10253374 u GA 1s4723022) B otHomeHun pazButus 3PII.
3HaYMMBIX accolMaIil Mexxay nonumoppHsIMu Mapkepamu reHa AQP1 nu MI'B BeisiBiieHO He OBLIIO.
[Ipn ananmuze accommanuii u3ydaeMbIXx TOJIMMOPGHBIX JOKycoB TeHa AQPl ¢ kinuHHKO-
71a00paTOPHBIMM JJAHHBIMHM BBISIBIIGHO CIIEAYIOILee: B KOHTPOJBHOW TPYIE MPH NPOBEICHUU
KOMOWHHMPOBAHHOTO TPEHATAIBHOTO CKPUHHWHTAa TIEPBOTO TpPUMECTpa, JIOKyc 154723022
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aCCOIMUPOBAH C 3HAYCHHEM pHUCKA 3aJCPXKKHA pPOCTa IJI0JA, PACCUATAHHBIM B IPOTPAMMHOM
obecrieuennn Astraia. HamGompiee 3Hauenue pucka (637) oTMEUEHO NIl HOCUTEIBHUI] TEHOTHUIIA
GA. B 0CHOBHOH rpyIllie MalMeHTOK, Y KOTOPBIX MpPEbIIyInas 0epeMEeHHOCTh ObUIa OCIOKHEHA
HEJOCTAaTOYHBIM pOCTOM IIoaa, reHotun AA Berpewasicas B 100% ciydaeB. 3akirodenue:
[TosrydeHHbIE TaHHBIC MTO3BOJISIIOT MPEATIOIOKUTH, YTO HUCCIIEIyeMble TTOTUMOP(HHBIC JIOKYCHI TeHa
AQP1 moryT urpaTh onpeeneHHy0 poib B BosHuKHOBeHHU 3PII. TpeOyeTcs mpoBeneHne HOBBIX
WCCIICIOBAaHUM C PaCIIMPEHHOW BBIOOPKOM I PETUIMKAIMH TOTYYEHHBIX JaHHBIX U MPUMCHCHHE
MepPEAOBBIX METONOB (PDYHKIIMOHAIBHOW TE€HOMHMKU [UIs ompeneneHus poiau rena AQPLl B
stuomnarorexese 3PII.

KiroueBble cioBa: 3ajepkka pocTa IUIONA; Malbld s TECTallMOHHOTO BO3pacTa IUIOZ;
nonuMopdubie Mapkepsl; TeH AQP 1

Js nutupoBanus: Ibxoiikuna EB, Tpudonoa EA, IaBpuneaxko MM, u ap. IlommmopdHbie
J0Kycel reHa AQPI1, accouMMpOBaHHBIE C Pa3BUTHEM HENOCTAaTOYHOro pocra Imiona. Hayunsie
pe3yibTathl OMOMETUIIMHCKUX wuccienoBanuit. 2026;12(3):377-392. DOI: 10.18413/2658-6533-
2026-12-3-0-2
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Abstract

Background: The study of the insufficient fetal growth causes remains one of the priorities in modern
obstetrics. In the absence of widely recognised maternal risk factors, genetic determinants of antenatal
developmental disorders are particularly important in providing a modern, promising approach to
diagnosing and understanding the pathogenesis of the pathology. The aim of the study: To study the
associations between different polymorphisms of the AQP1 gene and the clinical manifestations of
foetal growth restriction (FGR). Materials and methods: The study included 147 pregnant women
whose pregnancies were complicated by insufficient fetal growth. They were divided into two
subgroups: subgroup Ia comprised patients with antenatally diagnosed fetal growth restriction (n=80),
and subgroup Ib included patients whose pregnancies resulted in the development of a small-for-
gestational-age (SGA) fetus (n=67). The control group consisted of 150 women whose pregnancies
culminated in the birth of infants with normal anthropometric parameters. All participants underwent
genotyping using MALDI-TOF mass spectrometry on the Sequenom MassARRAY4 platform.
Results: For the first time, an association of rs10253374 and rs4723022 of the AQPI gene with the
development of FGR was identified. The CC genotype of rs10253374 was found to confer an
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increased risk (OR=2,210; p = 0.015), while the AA genotype of rs4723022 was also associated with
an elevated risk (OR=2,261; p = 0.026). Genotypic combinations turned out to be informative for
identifying both risky combinations of genotypes (CC rs10253374 and AA rs4723022) and those with
protective properties (TC rs10253374 and GA rs4723022) in relation to the FGR development. No
significant associations were found between polymorphic markers of the AQPI gene and SGA. The
association analysis of the studied AQPI gene polymorphic loci with clinical and laboratory data
revealed the following: in the control group, during combined first-trimester prenatal screening, the
rs4723022 locus was associated with the fetal growth retardation risk value calculated in the Astraia
software. The highest risk value (637) was observed for carriers of the GA genotype. In the main
group of patients whose previous pregnancy was complicated by insufficient fetal growth,
the AA genotype was found in 100% of cases. Conclusion: The obtained data suggest that the
investigated polymorphisms of AQP1 gene may play a certain role in the FGR development. Further
studies with larger cohorts are needed to replicate these results, along with the application of advanced
functional genomics approaches to elucidate the role of AQP] in the etiopathogenesis of FGR.
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BBenenune. HegocraTtounslii pocT mioaa
(HPIT) mpexacraBnsier coOOW OCIOKHEHHOE
T€UeHHEe OEpeMEHHOCTH, TIpPH  KOTOPOM
nokazatesn (U3NYeCKoro pa3BUTHUS IUIONA HE
JNOCTUTAIOT YCTaHOBJIEHHBIX HOPM,
COOTBETCTBYIOLIUX CPOKY recraunuu. J[anHoe
COCTOSIHME  ONIpeleNsercs  IMOCPEICTBOM
YABTPa3ByKOBOTO 00cne1oBaHMsL. B
COOTBETCTBUM C AKTyaJIbHBIMU KJIMHHUYECKUMHU
pexkomenmanusmMu 2025 rona, BBIACTSIOT JBE
kimHndeckue Bapuauuu HPII. K Hum otHOCSTCS
3aJIepiKKa pocra 1012 (3PII) u
MaJIbIiA/MaJIOBECHBII hine| T'eCTal[IOHHOT'O
Bo3pacra o (MI'B). Otu popmer oTimuaroTcst
pa3HbIMU MoKa3aTesiMu OTCTaBaHUSA
(GU3MUECKNX MapaMeTpoB IUIONA, a TaKKe
HAIMYHEM WJIA OTCYTCTBHEM HapyIICHUI
KpPOBOTOKa,  ONpPENENAEMBIX C  IOMOLIBIO
yABTPa3BYKOBOM  nommieporpapuu [1, 2]
W3BecTHO, YTO NaHHAs MATOJIOTHS OCJIOXKHSIET
TedueHne OepemeHHoctH B 10-25% ciryuaes,
OIIpEeAEsisl IOPOM MOKa3aHMsl sl JOCPOYHOTO
poJIopa3peieHus, 9TO ycyryosser
JIOJITOCPOYHbIE HEOIAropUATHBIE MTOCTIEICTBUS
JUISL 37I0pOBbSl  PEOCHKA, YBEMYMBAS JIOJFO
XPOHMYECKUX 3a00JIEBaHUI B 3pEIOM BO3pacTe
[3,4,5].

HPII otHOcHTCS K MHOrO(aKTOPHBIM
3aboneBaHusAM. Ero pasBuTHe CBS3BIBAIOT C
BO3JICUCTBUEM MATEPUHCKHUX, ILUIALICHTAPHBIX,
(deTapHBIX WM TEHETUYeCKUX  (haKTOpPOB

[2, 6, 7]. Ilpu paccMOTpEHUH TE€HETHYECKHUX
(akTopoB, mpuBOAAIIMX K pa3BuTHio HPII,
BBIICTISIFOT HAJIMYHUE XPOMOCOMHBIX aHOMAJUI
(aHeyrionguM,  CTPyKTYpPHbIE  aHOMAaJIUH
XpOMOCOM); ~ MOHOTEHHBIX  3a0O0JIeBaHUM;
SMUTeHEeTHYeCKUX m3MeHeHut [7, 8]. Tak,
W3BECTHO, 4YTO Tpucomuu 1o 13, 17,
18 xpomocoMam, MNOMHUMO MHOKECTBEHHBIX
BPOXJIEHHBIX TOPOKOB pPa3BUTHUS, 3a4acTyIO
corpoBoknatorcst 3PIT [9, 10]. Ilpumepamu
CTPYKTYPHBIX ~aHOMAaJHMi, KOTOpbIE MOTYT
npusoauts K HPII city>xut cuHIpoM Komaybero
Kpuka  (menmemust  KOpOTKOro  meda 5
XpOMOCOMBI) U CHHIIPOM Yuibsimca-bepemena
(reTepo3uroTHas Jeseys B paioHe XpOMOCOMBI
7q11.23) [11, 12]. K pa3Bututo panueit (qo 32
Henen OepeMEeHHOCTH) u TSDKEIOMN
(mpenmonaraemas Macca IUIofa MeHee 3-TO
npouentuwnsi)  3PII moryr  mpuBOAMTH
MOHOTEHHbIE 3a00JIeBaHusl, Hanbosee YaCThIMU
U3 KOTOpBIX sBJsIOTCA cuHApoM CuibBepa-
Paccena, cungpom HyHnaH, axoHaporuiasus,
curzipoM Metiepa-I opnuna [8].

OcoOblif MHTEpeC BBI3BIBAET H3YUYEHUE
HEJOCTATOYHOrO POCTA Y IJIOAA C HOPMAIbHBIM
KapuTtoTunoMm. M3BeCTHO, YTO 3HAYUMBIM
(hakTOpOM aHOMAaJIbHOTO POCTA U PA3BUTHUS
102 MOXKET SIBISITbCS U3MEHEHHE SKCIPECCUH
reHoB B mmaneHte [6]. KomugectBo pabor,
M3Y4YaroInX TEeHETUYECKHE aCIeKThI
mareHTapHo HenocrarouHocty npu HPIT we
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TaK OOIIMPHO, U B OCHOBHOM OHHU 3aTPAarkBaOT
U3y4YeHHE TMOMUMOP(HBIX MapKepoB TI'€HOB
¢domaTHOrO  NMKIA,  MPOBOCHIAIUTEIBHBIX
LIUTOKUHOB, daxTopoB KOaryJisiiu,
MAaTPUKCHBIX MeTajuionporenHas [13-16].

BaxHyio poib B HOPMaJIbHOM TEYECHUH
O0epeMEHHOCTH, POCTe IUIOJA U MOJICP KaHUU
roMeocTa3a aMHUOTUYECKON KHUJIKOCTH UTPAIOT
akBaropunbl  (AQP) —  uHTerpajbHbIC
NPOTEHUHBI, (OPMHUPYIOIIUE BOAHBIC KaHAIbI,
M30MpaTeNbHO MPOITYCKAIOIINE MOJIEKYIIBI BOJIbI
[17, 18]. AQP mpencraBisstor  coOoi
MOBCEMECTHO MPHUCYTCTBYIOMIHE OSIIKU B TKAHIX
OpraHu3Ma, W WX HaIMYMEe B IUIAICHTE HE
SIBISIETCS UCKJIFOUCHUEM: B He
AKCIIPECCUPYETCS CEMb Pa3JIMUHBIX TTOITHIIOB
AQP (1,3,4,5,8,9u 11), koTOpblE KPUTUYECKH
Ba)KHBI TUIst HOPMAaJIbHOTO TEUCHHUS
OEpPEeMEHHOCTH, pEryIsLun o0bema
AMHUOTUYECKON JKUJIKOCTH M  aJeKBAaTHOTO
pasButus mwioaa [18, 19]. B nacrosiiee Bpems
Hay4HbIEC U3BICKAHUS, TOCBALICHHBIC poii AQP
B Pa3BUTHM OCJOXXHEHHH OepeMEHHOCTH,
aKIEHTUPYIOT BHUMaHHE HAa WX KOPPEISIHU C
U3MEHEHUSIMU obbema AMHHUOTHUYECKON
KHUJIKOCTH.  bymyunm  TpaHCMeMOpaHHBIMU
6enkamu, AQP BbIMOMHAIOT (yHIAMEHTAIbHYIO
GYHKIMIO B TEpPEMELEHUH BOJbI  uYepe3
SMUTENUANbHBIE ~ KJIETKH,  BBICTHIIAIOIINE
AMHUOTHYECKYI0 TIOJNOCTh. VI3MeHeHust B
YPOBHSIX AKCIIPECCUH ITUX OEJIKOB, a TaKKe UX
aKTHBHOCTb, MOTYT BJHATH Ha CEKPEIHI0 H
peabcopOIMi0  aMHHUOTHYECKOM  KHJIKOCTH,
MPUBOJT K  Pa3BUTHIO MHOTOBOJUS WK
MaJIOBOJIUSL — COCTOSTHUM, aCCOLIMMPOBAHHBIX C
MOBBIICHHBIM ~ PUCKOM TIepUHATATHLHBIX
ocnoxHennt [20, 21].

Pabotsl, Qokycupyrommecs Ha PpoJH
aKBaIIOpPUHOB npu TUTAI[CHTapHON
HEJIOCTaTOYHOCTH, ITOKa HEMHOTOYHCIICHHBI, HO
yKe JIeMOHCTPUPYIOT HX IOTEHLIHAJIBHOE
3HaueHwe. Tak, K TMpuMepy, HU3MEHEHHUs
B okcripeccun AQPl um AQP4 mnokazam
accolMaliMi0 €  TaKUMH  OCJIOKHEHUSIMU
OepeMEeHHOCTH,  KaKk  MPedKIaMIiCHs |
recTaroHHbIN muadet [22, 23]. DTu cocTosHuUSA,
Kak M3BECTHO, MOTYT TaKK€ HPUBOIUTH K
HapyleHuto pocra 1uona. ClenoBaresbHo,
MOXHO ~TIPEIIIOJIIOKHUTh, YTO AaHAJIOTUYHBIC
MOJIEKYJISIDHbIE MEXaHHU3MbI JIEKAT B OCHOBE

passutusi HPII, cBszanHOrOo ¢ mucdyHKmmen
IUIAIIEHTApHOT0 TPAHCIIOPTA BOJIBL.

Takum obpazom, HPE/ICTABIISET
aKTyaJIbHOCTb JeTabHOE U3y4YeHUE
TeHETUYECKUX JETEPMUHAHT Pa3IMYHBIX TUIIOB
aKBaIllOPUHOB, KOTOPhIE MOTYT BJIMATH Ha €ro
HKCIIPECCHIO B IianeHTe y 6epemennsix ¢ HPII,
YTO TMO3BOJIUTH HE TOJILKO MPOJMTH CBET Ha
KOHKPETHBIE MOJIEKYJISIpHBIE My TH,
BOBJICUEHHBIE B PA3BUTHE paccMaTpUBAEMOI0O
OCIIOKHEHHsT OepeMEeHHOCTH, HO U CTaThb
OCHOBOI IS pazpaboTku HOBBIX
JIMAarHOCTUIECKHUX MapKepoB u
TEpareBTUYECKUX CTpareruii B Oymymiem,
CIOCOOCTBYS pa3paboTke
NEPCOHAJIM3UPOBAHHOIO IOJXO0JIa K BEICHUIO
OEpEMEHHOCTH.

Iean HCCIeI10BaHUA. ITouck
accolyanuii MOMMMOPQPHBIX MapKEpoB TeHa
AQP1 c KJIMHUYECKUMHU bopmamu
HEJI0OCTATOYHOr0 POCTa II0/A.

MatepuaJibl 1 MeTOAbI HCCIeIOBAHUS.
B HaCTOSIIIEM UCCIIEIOBAaHUU ObLI1O
npoaHanmusupoBado 297 obpaznoB JIHK ot
HALUEHTOK C OJHOIJIOAHOW OEepeMEeHHOCTBHIO,
HACTYNHBIIEH B €CTECTBEHHOM IHKIE W
3aBepILIMBIIAsICS POXKICHUEM >KUBOTO peOeHKa
Ha cpoke 24 wHemenmu u Oonee. Coop
OMOJIOrMUECKOro MaTeprasa OCyIeCTBISIICS Ha
06aze OI'AVY3 «OO6nacTHON NepHUHATATIBHBIN
uentp uMm. 1.J1. EBrymenko» B ropone Tomcke.
YyacTHUIIBI HCCIIEIOBaHUS ObLIH
middepeHIpoBaHbl  HAa  JIBE€  KOTOPTHI
[larenTky, OepeMEHHOCTh KOTOPHIX ObLIa
OCJIOKHEHA Pa3BUTHEM HEIOCTATOYHOI'O POCTa
01, COCTaBWIM OcHOBHYI0 Tpymmy (I).
Jannas rpynma ObLia mojpasjeneHa Ha JiBe
noArpynnsl. B moarpynmy la Obm BKITIOYEHBI
NAlMeHTKH C AaHTEHAaTAIbHO  BBIIBICHHOU
3agepkkoii  pocra twioga (3PIT)  (n=80).
Ioarpymma Ib oxBaTHia MarMeHToK, y KOTOPBIX
O0EepeMEHHOCTh  OCIIOKHWJIACh  pa3BUTHEM
MAJIOBECHOTO JJIsi TECTAallMOHHOTO BO3pacra
mwioga (MI'B) (n=67). Kpurepun auarHoCTHKH
3PIT u MI'B COOTBETCTBOBAIM TEKYIIEMY
KIIMHUYECKOMY IIPOTOKOIY (1, 24].
B xonTtponsayto (II) rpynimy BOIuIM MarueHTKy,
0epeMEeHHOCTh KOTOPBIX 3aBepIINIIach
POXKIEHUEM 3JI0pOBOTO JIOHOUIEHHOTO
HOBOPOKIGHHOTO C HOPMalbHBIMH POCTO-
BECOBBIMH MOKa3aTe MU (n=150).



Opueumwbuaﬂ cmanmovi
Original article

HayuHble pesysabmamol 6uomeduyuHckux uccaedosanutl. 2026:12(3):377-392

Research Results in Biomedicine. 2026:12(3):377-392 381

B xontponsnyto (II) rpynmy ObLIv BKITFOYCHBI
KEHIIUHBL, YbU OCPEMEHHOCTH 3aKOHYMIINCH
POXIIEHHEM JIOHOLIEHHBIX HOBOPOXKJIEHHBIX C
HOPMaJIbHBIMU AHTPONIOMETPUYECKUMU
nokazarensimu - (N=150). Jlnsg  onpeneneHus
COOTBETCTBUSI I1apaMETPOB Macchl U pocTa
HOBOPOJK/IEHHBIX ~ I'ECTAallMOHHOM HOpME B
[IOCTHATAJIbHOM ~ TEPUOJE  HCIOJIb30BAINUCH
nentwibHble Tabmuiel INTERGROWTH-21.
Oror  moaxon  ObI  MpUMEHEH Ui
noarBepxkaeHus auarHo3oB 3PII u MI'B,
YCTAaHOBJIGHHBIX BO BpeMs OepeMEHHOCTH.
Kpome TOro, pmaHHelii MeETOJ  IO3BOJIMAI
BepU(UIMPOBATh HOPMAIbHBIC —IOKA3aTEIN
pocTa U Beca y MJIAJICHIIEB, BKIIOUCHHBIX B
KOHTPOJIbHYIO Tpymiry [25].

Kputepun BrIItoUeHHs U UCKITIOYCHUS U3
UCcleoBaHusl ObUIM HWACGHTUYHBI TEM, 4YTO
MIPUMEHSIIICh HaMU B TIpeIbIayIiei padore [24]

B BBIOOPKM OCHOBHOW W KOHTPOJBHOU
TpYII  BKIIOYAJIMCh  JKEHIIUHBI  PYCCKOMN
HAIIMOHATBHOCTH, MIPO’KUBAIOIIINE Ha
tepputopun Tomckoil 00:1acTH U HE COCTOAIINE
B POJICTBE MEX1y COOOM.

VY Bcex KEHIIMH IPEIBAPUTEIBHO OBLIO
MOJYy4YeHO WH(POPMUPOBAHHOE COIJIaCHEe Ha
yuacTue B wuccnenoBaHud. VccnenoBanue
0100peHo AThYeckuM komutetoM Cubl’ MY
(Ne9330 ot 30.01.2023 ).

Xapaxmepucmuka nayuenmos

['pynnst HCCIIEI0BAHUS ObLTH
COIMOCTaBUMBI o BO3pAacCTy, UMT,
COLMAIbHOMY  CTaTyCy M CEMEWHOMY
IOJIOKEHUIO.

[Ipn anamu3e axkymepckoro aHaMHesa
YCTAHOBJIEHO, 4YTO HW3y4YaeMble OCIJIOKHEHUS
reCTallid JIOCTOBEPHO 4Yalle BCTpedanach B
MpeapIaylue  OepeMEHHOCTH Yy  TpyIn
nanyenTok 3PII u MI'B, mo cpaBHeHuto ¢
koHTpoieM  (Pin<0,001  u  pip-n=0,006
COOTBETCBEHHO). Y  14,9%  mammeHrox,
oTHocsmuxcs Kk rpynmne MI'B, B anamHuese ObLu
cllyyau  NPEXKIEBPEMEHHBIX  POJOB,  4TO
CTATUCTUYCCKH 3HAYHMMO OTJIMYACTCS OT JIAHHBIX
B rpynne koutpossi (p=0,011). Ilpu stom, B
4acTOTE€ BCTPEYAEMOCTH TMPEIKJIAMIICUM B
aHaMHe3e Yy  OKGHIIMH  o0eux  Ipymnn
CYIIECTBEHHBIX pa3IMuuii HE OOHAPYKEHO
(Tabm. 1).

Tabnuya 1

KpaTKaﬂ XapaKTEepUucCTuKa Oﬁc.]'le}]yeMl)IX rpymmn

Table 1

Brief description of the survey groups

Ioarpynna Ia, 3PI1 IHoarpynna Ib, KonTtpoabHasn
IToxa3zarenan (n=80) MIB (n=67) rpynna (n=150) p-3HaYeHue

Bospact marepu, nmomabix | 30 (24; 34) 31 (25; 35) 30 (26; 34) Pra-=0,666*

get, Me (Q1; Q3). pio-n=0,748*

UMT, kr/m?, Me (Q1; Q3). | 21,6 (19; 25,2) 22,4 (19,7; 26,4) 22,6 (20,8; 25.9) pra=0,078*
pr-II:0,415*

Bec HoBOpOXKIEHHOTO, Tp., | 2245 (1937; 2390) 2680 (2540; 2750) | 3350 (3067; 3650) | pra-u<0,001*

Me (Q1; Q3). p-1<0,001*

Axyniepckuii anamHes, abe. (%)

HPII B anamHue3e 16 (20) 9(13,4) 4(2,7) P1a-u<0,001%*
p-ni=0,006**

[pexneBpemennsie poasl | 6 (7,5) 10 (14,9) 6(4) Pra-i=0,410%
pib-u=0,011*

IIpesknamncus 0(0) 4 (5,9 1(0,7) pra-=0,749%
pib-n=0,056*

[Mpumeuanune: Me (Q1;Q3) — 3nayeHust mMeamad, 25-ro ¥ 75-TO NPOUEHTWIIEH; Prait — YPOBEHb CTaTHCTHYECKOH

3HAUUMOCTH pa3nuuuil Mexxay noarpynnoit 3PI1 u koHTponeM; pr-t — YpOBEHb CTaTUCTUUECKOH 3HAUUMOCTHU PA3IUunil
Mexy noarpynmnoir MI'B u xontponem; UMT — unmexc maccel Tena. HPIT — HemocTarounslil poct mioxa. * — Tect

X

ManHa-YutHu, ** — TOuHBIN Kputepuit dwuimepa,

— kputepus x> ¢ nomnpaskoil Meiirca. [omyxupabiM mpupTom
BBIZICTICHBI CTATUCTUYECKH 3HAYMMBbIe oTiindust (p<0,05).

Note: Me (Q1;Q3) — the values of the median, the 25th and 75th percentiles; pr..ii— the level of statistical significance of
the differences between the FGR subgroup and the control; pi.i1 — the level of statistical significance of the differences
between the SGA subgroup and the control; BMI — body mass index. IFG — insufficient fetal growth. * — the Mann-
Whitney U test, ** — the Fisher's exact test, and * — the x? test with Yates' correction. Statistically significant differences

are highlighted in bold (p<0.05).
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Monexynapno-eenemuueckue memoosl renomukay HUW wmenuuuHCKOM TeHeTHKH
Marepuanom VIS HUCCIIENOBAHUA Tomckoro HUUMII.

MOCITyXKHJIa BEHO3HAsi KpOBb B o0beme 8-9 wmu, [NomumopHbIe Mapkepbl ObUT BBIOPAHBI

B3sITast u3 JIOKTEBOM BEHBI. JHK ¢ moMoIpto 6a3el nanHbBIX RegulomeDB [26]. B

SKCTPAarupoBajv U3 LEIbHOW BEHO3HOM KPOBH
CTaHAApPTHBIM METOIOM (EeHON-XJIOPO(HOPMHOI
SKCTpaKUUU. [ €eHOTUMHMPOBAHUE OCYILIECTBIISLIIN
meronoM MALDI-TOF wmacc-criekrpomMeTpuun
Ha miatgopme «Sequenom MassARRAY4».
DKCHepUMEHTaJIbHbIE  UCCJEOBaHUA  ObUTH
BBHIMIOJIHEHBI Ha 0a3ze LleHTpa KOJIEKTMBHOTO

HUCCIICAOBAHUC

BKJIFOYCHBI

nouMop(HbIe

MapKepBbl, 17151 KOTOPBIX in silico ObUT 0OHApYKEH

Koa(dureHT

PETYIISATOPHOTO

IIOTCHIIMaJIa

paBHBI 1 B OTHOILIEHMM OSKCIPECCUM TI€Ha
AQPI, a Taxoke OblIa MOTy4eHa BO3MOXXHOCTH
MYJIBTHIUIEKCHOTO T'€HOTUIIMPOBAHUSI METOIOM
MAaCC-CIIEKTPOMETPUH.

B Tadmume 2

I10JIb30BaHHUs Hay4HO-HMCCIIEN0BATENBCKUM IPEJCTaB/IeHA XapaKTepUCTHKA HMOJIUMOP(HBIX
00opynoBaHHEM HKII «MeaunuHCcKas MapkepoB reHa AQPI, BKIIIOYEHHBIX B aHAJIM3
accouuanuii ¢ HPII.
Tabauya 2
Kparkas xapakTepucTuka noJumMop@HbIX MapKepoB reHa AQP1, BKJIIOYEHHbIX B AaHAJIN3
Table 2
Brief characteristics of the polymorphic markers of the AQPI gene included in the analysis
HOH;:Z‘SE ;l;m,m Jlokaymm3anus B reHe ﬂo}:r;fj::x: ° AJutesn HI;?;:::M
rs10253374 HHTPOH chr7:30913434 C/T T
rs4723022 MEXTCHHBIH pETHOH chr7:30904850 G/A G
CornacHo aHHOTalUU c NOTEHIMAIIBHOE ydactue B
ucnonbp3oBaHueM 0a3pl  naHHbIX FAVOR, MTOCTTPAHCKPUIIIMOHHONW PEryisiiuu. AHanu3
BApUaAHT rs10253374 XapaKkTepusyercs TKaHeCTIeLM(PUUECKON aKTUBHOCTH TOKA3bIBAET,
BBICOKUM YpOBHEM SIUT€HETUYECKOI 41O rs10253374 accoLMUpPOBaH c

aktuBHoctn (aPC = 17,9; tom 2%), utO
CBHJICTEIILCTBYET O €r0 PACHOJIOKSHUH B
o0nacTé akTMBHOTO XPOMAaTHHA, MTOTEHIMATBHO
COOTBETCTBYIOIICH SHXaHCEPY WIH TPOMOTOPY
[27]. Kpome Toro, mnoka3areib aKTUBHOCTHU
TPaHCKPUIIMOHHBIX (hakTopoB (aPC = 13,1; Ton
5%) yka3bIBaeT Ha BO3MOKHOE yUacTHE JaHHOTO
BapHaHTa B peTYIISIIN CBSI3BIBAHHS
TPaHCKPUMIIMOHHBIX  (pakTopoB.  Bricokoe
3HaueHue nokaszarenss aPC mns muxpoPHK
(99,5; Tonm 0,1%) MOXET CBUIETEIHLCTBOBATH O
MOTCHIIMAIGHOM ~ BIMSHAM ~ HA  CalTHI
B3aumozeicteuss ¢ MukpoPHK, HecMorpsa Ha

UHTPOHHYIO JIOKAJIN3aIHIO BapHaHTa.
[Momumopdusm 154723022 TaKKe
JEMOHCTPUPYET  NPHU3HAKH  PErYASTOPHOMN
aKTUBHOCTH: II0KAa3aTelb aPC TS

TPAHCKPUIIMOHHBIX (pakTopoB coctasiseT 10,0
(tort 10%), 4TO yKa3bIBa€T HA €r0 BO3ZMOXKHYIO
JIOKQJIM3ALIMIO B PETYISITOpHBIX yuacTkax JIHK.
Amnanornuno 1510253374, naHHBIA BapuaHT
XapakTepu3yeTcsi BHICOKMM 3HaueHueM aPC st
MukpoPHK  (99,5), 4ro  mnpenmnonaraer

SMWICHETUYECKMMU CUTHAJIAMM B KJIETKax
MMMYHHOH CHCTEMBI, TOJIOBHOTO MO3r'a, JEIKHX
(MakcUMaNbHBINA CUTHAT 5,5), a TaK)Ke HEPBHOM
U COCIUHMTENBHOM TKaHel. B cBoro ouepens,
rs4723022 1E€MOHCTPUpPYET AaKTUBHOCTb B
MMMYHHOI cHCTeME, TOJIOBHOM MO3Ie, JIETKUX U
MBIIIEYHON TKAHHU.

CornacHo knaccugukammu RegulomeDB
Mmapkep 1510253374 obmnamaer BbIpaKEHHBIM

PETYISITODHBIM ~ TOTEHIIHMAIOM,  TaK  Kak
nonuMoppu3My IIPUCBOEH paHr 1b
(eQTL/caQTL + CBSI3BIBAHHE

TpaHcKpunimoHHbIX (akrtopoB (TF) + mroboit
motuB + cien JIHKa3er + mux JITHKazer) [27].
JlaHHBII BapuaHT JIOKAJIM30BaH B 00JIaCTH caiTa
CBS3BIBaHMA C  (AaKTOPOM  TPaHCKPHITIHN
POLR2A  (cyobemuunua  RPB1  JIHK-
yIpaBIIIEMON PHK-nomamepasbl 1),
SBJISIIOIIEHCS KJTFOYEBBIM HIIEMEHTOM
TPAHCKPUIILIMOHHOTO KOMILIEKCA,
obecneunBaronmM cuare3 MPHK u perymsiuto
9KCHPECCUH F€HOB, YYAaCTBYIOIIUX B KIIETOYHOM
pocte u muddepenuuponke. JlaHHbI BapraHT



OpueuHaJZbHaﬂ cmanmovi
Original article

HayuHble pesysabmamol 6uomeduyuHckux uccaedosanutl. 2026:12(3):377-392

Research Results in Biomedicine. 2026:12(3):377-392 383

YIOMHHAETCSI TOJILKO B OJTHOM HCCIIEIOBaHUM,
IJe MPOAEMOHCTPUPOBAHA BO3MOXKHASL CBSI3b C
yIABTpaQIIBTPAlUei U TPaHCIIOPTUPOBKOM
MOYEBUHBl y JETedl C IEpUTOHEATbHBIM
nuanm3oM [28]

Mapkep rs4723022 xapakrepusyercs enie
OoJiee BBICOKMM PETYIISTOPHBIM TTOTECHIIHATIOM

la (eQTL/caQTL + CBSI3BIBAHUEC
TpaHcKpunuuoHHeix  ¢akropoB  (TF) +
COOTBETCTBYIOIIUNA MOTHB TF +

coorBerctByrommid  cnen JHKaszer + nmk
JIHKa3p1) w  jokanm3oBaH B oOmacTu
CBS3BIBAaHMS  TPAHCKPHIIIMOHHOTO  (paKkTopa
KLF1  (Kruppel-nogo6ueiii  daktop 1),
SIBIISTIOIIIAMCS [JIABHBIM PETyISITOPOM
00pa3oBaHMs HPUTPOLIUTOB M OTBEYAIOIIUM 32
MEepeKIIIOYeHNEe  CHHTe3a TreMonoOMHa ¢
¢deranpbHOrO Ha B3poCHbld. JIuTepaTypHBIX
JIAHHBIX, CBA3AaHHBIX C aHaim3oM 3Toro SNP e
OOHApYKEHO.

JlomomHUTENbHO TMOKa3aHo, 4To 00a
BapUaHTa AaCCOLIMUPOBAHBI C  PEryIsHen
mmHHOM  Hekoqupytromed PHK  CARSI1-DT
(manupie GTEX), 4To yKa3plBaeT Ha UX
BO3MO)KHOE YYacTHE B PETYISITOPHBIX CETIX
SKCIPECCUH T€HOB [29].

[To nannbm 6a3er RegulationSpotter, amst
rs4723022 BBISIBJICHBI cnaOsle, HO
TKaHecnenuduIeckue AIUTEHETHYECKUE
curHaiusl, Bkimodas MeTku H3K4mel n ygactku
OTKPBITOTO XPOMAaTHHA, MPEUMYIIECTBEHHO B
MMMYHHBIX KJI€TKaX U (DeTambHBIX TKaHIX
(Mprmpl, KkumedHuk).  OcoOblii  HHTEpec
MIPE/ICTABIsIET HAIM4YMe CUTHANIA B KIIETKax
tpodobnacra (H1-trophoblast), uto ykasbiBaer

Ha MOTEHIIUATEHYIO (GYHKIIMOHATIBHY IO
aKTHBHOCTH JAHHOTO BapuaHTa B tuianeHTe [30].
O06a BapUaHTa SIBIISTFOTCS

pacnpocTpaHEHHBIMU B MOMYJISAIUAX, IPU 3TOM
JAHHBIE O MX KIMHUYECKOM IaTOr€HHOCTH B
HACTOSIILIEE BPEMS OTCYTCTBYIOT.

Takum o0pazom, nouMopQHbBIE
BapuanThl 1510253374 u rs4723022 rena AQPI
NPEJICTABIISIOT coboii HEKOZIUPYIOLIHe
PETYISITOPHBIC SNP c BBICOKUM
(bYHKIIMOHATTLHBIM MOTEHIIUAJIOM.
CoOBOKYITHOCTB JTAHHBIX (FAVOR,
RegulomeDB, GTEx, RegulationSpotter)

yKa3blBa€T Ha UX Yy4acTHe B pEryJsiuu
SKCIPECCUH T€HOB HA PA3JIUYHBIX YPOBHSX — OT

W3MEHEHHMST  JOCTYITHOCTH  XpOMarhuHa |
CBSI3bIBAHUS TPAHCKPHUIIIIMOHHBIX (DaKTOPOB 10
BO3MOKHOT'O BIIMSIHUS Ha
MOCTTPAHCKPUIILIMOHHBIE ~MEXaHU3MbI  4epe3
mukpoPHK u jymmnsbie Hexonupyromume PHK.
Cmamucmuyeckuii ananus

Jlns OLICHKH HOPMAJIbHOCTH
pacrpesiesieHusl  KOJIMYECTBEHHBIX  JTAHHBIX
[IPUMEHSIICS KpUTEpUi Konmoroposa-
CMmupHoOBa. ITockonbky B JTAHHOM
UCCIICIOBAaHUH pacnpezeneHue HE
COOTBETCTBOBAIIO HOPMAJILHOMY,
KOJIMYECTBEHHBIE MoKa3aTenu ObLTH

NpE/CTaBICHBl B BUJAEC  MEIUaHbl U
HHTEpKBapTHILHOTO HHTEpBAIa (Me (Q1; Q3)).
JUi onpeneneHus pa3uuui MEXAy TpyIaMu
HCIIOJIH30BAJICS HeTapaMeTPHUUCCKUN
CTATUCTUYECKHI METOJl — TeCT MaHHa-YUTHH.

Crarucruyeckas 3HAYUMOCTh pasimuni
ycranapimBaiack mpu P<0,05.
Jlost aHaITN3a COOTBETCTBHSI

HaOMNI0IAEMOT0  PACHpPEAEECHUs]  TEHOTUIIOB
0KHMJAEMOMY, PACCUNTAHHOMY IO TPHUHLUITY
paBHOBecHs Xapau-BaitnOepra, ncrnonbs3oBaics
kpurepuii x> Ilupcona. CpaBHeHHE YacToT
ajuiesied M TeHOTUIIOB B Pa3fIMUHBIX TPyIIax
IIPOBOIMIIOCH C TOMOLIBIO KpuTepust x> [Iupcona
C TIONpPaBKOU Weiitca. B CUTyalusAX, KOrma
0KHMJaEMO€ KOJIMYECTBO HAOIIOAECHUI B 000
siyelike TaOJUIIbl COMPSKEHHOCTH ObLIO MEHee
5, TpUMEHSUICA ABYCTOPOHHMM TOYHBIA TECT
@uiepa. Jis WICCIICIOBaHHUS CBSI3U
nomuMopdubix MapkepoB ¢ 3PII u MIB
paccumThIBasioch oTHouleHue mancos (OL) c
yKa3aHueM ero 95%-Horo J0BEPUTENBHOIO
unTepsaia (95% [AN).

Crartuctuueckuil aHaiu3 IMPOU3BOAMICA
IIPU UCIIOJb30BaHUU CTAaTUCTHYECKHUX I1aKETOB
Excel, SPSS Statistics 26.

Pesyabrarel ucciaenoBanus. AHain3
pacnpeneneHuss TE€HOTUIIOB IO H3y4aeMbIM
MOJIMMOP(HBIM JIOKycam rs10253374,
rs4723022 rena AQPI nokasain, 4To JJIsl BCEX
JIOKYCOB B HCCIIETyEMBIX rpynmnax
SMIIMPUUYECKOE PACIpPEEICHUE TIE€HOTUIIOB
COOTBETCTBYET TEOPETHYECKH OKAIACMOMY
npu paBHOBecun Xapau—Baitnoepra (p>0,05).

B xonme ananmsza  pacnpeneneHus
U3y4yaeMbIX MOJIMMOP(HBIX BAPHAHTOB TI€HA
AQPI1 y OepeMeHHBIX TPYIIBl HEI0CTATOY-
HOTO pocTa TIUIoJa W KOHTPOJIsS ObuIM
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BBIBJICHBI 3HAYMMBIC PAa3JIMYuA TOJIBKO IJIA

BapuanTa 154723022 (tab6mn. 3). Habmromaercs

TCHACHIMA K IIOBBIIICHWIO YaCTOTHI aJlJICIIA C

rs10253374 B rpynne HPII, ognako 5310
pasnuure He ObUIO CTaTUCTUYECKU 3HAYMMO
(p=0,05)

Tabnuya 3

PacnpenesieHue 4acTOT reHOTHIIOB M aJjljieJieil, H3yYeHHbIX MOJUMOP(HBIX MAPKEPOB
reHa AQPI B 0CHOBHOM ¥ KOHTPOJILHOM Ipynmnax

Table 3
Distribution of genotype and allele frequencies of the studied polymorphic markers
of the AQPI gene in the main and control groups
HPII (n=147) KonTpoas (n=150) 3HaveHns KPUTEPHS >
Jlokycrr Tenorun, axen aoc. (%) Eﬁc. (%) (ypoBeHb 3ngnnfocn)1()
rs10253374 TT 13 (10) 19 (13,2) 4,610 (0,1)
TC 37(28,5) 55 (38,2)
cC 80 (61,5) 70 (48,6)
Amtens T 63 (24,2) 93 (32,3) 3,973 (0,05)
Antens C 197 (75,8) 195 (67,7)
154723022 GG 1(0,8) 6(4,2) 7,433 (0,025)
GA 29 (22) 46 (31,9)
AA 102 (77,2) 92 (63,9)
Atens G 31(11,7) 58 (20,1) 6,573 (0,011)
Amtens A 233 (88,3) 230 (79,9)

[Mpumeuanue: [Tomy)UpHBIM IWIPUGTOM BBIAEIECHBI CTATUCTUYECKU 3HaUMMBble oTinuus (p<0,05).
Note: Statistically significant differences are highlighted in bold (p<0.05).

[Ipn J€TAJIbHOM aHause
pacmipesienieHuss MOIUMOP(HBIX  MapKepoB
rs10253374 wu 1s4723022 rena AQPI B
noarpymmnax la u Ib BeisiBIeHa UX accoruarus
Toibko ¢ pazButuem 3PII (tabnm. 4). V
MalUEeHTOK JaHHOM MOATPYIIbI TOKa3aHo, YTO
g rs10253374 rena AQPI pHUCKOBBIM
spisiercs reHorun CC (OI=2,210; 95% 1
1,208-4,044; p=0,015), pvCKOBBIM BBICTYIIA€T

amens C (y*=6,444; p=0,012). s rs4723022
reHa AQPI puckoBeiM mns 3PII sBnsercs
reHotun AA (OII=2,261; 95% AU 1,149-
4,450; p=0,026), prCKOBBIM BBICTYTIA€T aJllIeTh
A (x=6,215; p=0,013). W3 wu3ydeHHBIX
noauMopdHeIx MapkepoB reHa AQPI He
BBISIBJIEHO HU OJHOTO aJJIEJIbHOTO BapuaHTa,
aCCOLIMMPOBAHHOIO C Pa3BUTHEM MaJIOBECHOTO
JUISl TECTAIIMIOHHOTO BO3pacTa IJIoAa.

Tabnuya 4

PacnipenesieHne 4acToT reHOTHIIOB M aJllesielil H3yYeHHBIX NMOJMMOP(HBIX BAPHAHTOB
B MOATPYNINAX HEIOCTATOYHOI0 POCTA IJ10/Aa

Table 4

Distribution of genotype and allele frequencies of the studied polymorphic variants
in subgroups of insufficient fetal growth

T — 3P11 KonTpons MI'B Kontpoian
Jlokycel an.nem,’ (n=80) (n=150) v (p) (n=67), (n=150) 1 (p)
aoc. (%) aoc. (%) aoc. (%) aoc. (%)

rs10253374 TT 504 19 (13,2) 1,042* (0,308) 8 (12,9 19 (13,2) 0,028* (0,867)
TC 17 (25) 55(38,2) 3,021* (0,083) 20 (32,3) | 55(38,2) 0,428* (0,513)
CC 46 (67,6) | 70 (48,6) 6,009* (0,015) 34 (54,8) | 70 (48,6) 0,446* (0,505)
C 109 (80,1) | 195 (67,7) | 6,444* (0,012) 88(70,9) | 195(67,7) | 0,042* (0,838)

rs4723022 GG 0(0) 6(4,2) 1(1,6) 6(4,2) 0,86** (0,677)
GA 14 (20) 46 (31,9) 2,765 (0,097) 15(4,2) |46(31,9) 0,905* (0,342)
AA 56 (80) 92 (63,9) 5,002* (0,026) 46 (74,2) | 92 (63,9) 1,641% (0,201)
A 126 (90) 230(79,9) | 6,215%(0,013) 107 (§6,3) 230(79,9) | 1,994* (0,158)

[Mpumeuanue: ** — TouHslii kpurepuit dumepa; * — kputepus x> ¢ nomnpaskoil MelTca; p — ypoBeHb 3HAYUMOCTH.
[Momy>xupHbIM MIpU(TOM BEIJENICHBI CTATUCTHYECKH 3HaYUMBbIe OTaH4Hs (p<0,05) OTHOCHTENBHO KOHTPOIBLHOMN TPYIIIIHI.
Note: ** — the Fisher's exact test; * — the y? test with Yates' correction; p — significance level. Statistically significant

differences are highlighted in bold (p<0.05).
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[IpencraBisier HHTEpEC: HE BO3pacTaeT
JI1 y TAlUEHTOK BEPOATHOCTH pa3Butusi 3PII
MPU COYETAHUHU JIByX PHUCKOBBIX T€HOTHIIOB
nonmuMopdHBIX  JIokycoB 1510253374 wu
154723022 rena AQPI? IlpoBeneHHbII HaMu
aHaJIM3 BBIABWI, YTO KaK H30JUPOBAHHOE
Haju4yue PHUCKOBBIX TEHOTHUIIOB CC
rs10253374 u AA 154723022, Tak U HX
KOMOMHAIMS y NAIUEHTOK CONPSDKEHBI C

paBHbIM  puckoMm  pasButus  3PII, He
JEMOHCTPHUPYS CHHEpPreTudeckoro 3d¢dekra
(OI=2,425; 95% /U 1,335-4,404; p= 0,000).
l'eHoTHMIIMUECKHE KOMOHMHAIIMM  OKa3aJIiCh
MHOOPMATUBHBIMA M JUIS  BBIICTICHUS
coueTaHui T€HOTHUIIOB, 00J1a 10X
MPOTEKTUBHBIMU CBOMCTBAMU B OTHOIICHUH
pazButust 3PIL: g TC rs10253374 u GA
rs4723022 Ol=0,368, p= 0,048 (Tabm. 5).

Tabauya 5
Pacnpenesienue coueTaHusi TeHOTUIIOB
Table 5
Distribution of genotype combinations
Coueranus 3PII (n=80 KonTtpoas (n=150
I'eHOTHIIOB aﬁc.( (%) ) zl:ﬁc. (0(/0) : x () O (55% JIN)
TT+ GG 0 3(2,0) 0,36" (1) 0
TT+ GA 4(5,9) 8 (5,6) 0,01** (1) 1,063 (0,309- 3,659)
TT+AA 1(1,5) 8 (5,6) 1,99%* (0,277) 0,254 (0,031- 2,071)
TC+ GG 0 3(2,0) 0,36" (1) 0
TC+ GA 6 (8,8) 30 (20,8) 3,912%(0,048) 0,368 (0,145- 0,932)
TC+AA 11 (16,2) 22 (15,3) 0,001%(0,973) 1,070 (0,486- 2,356)
CC+ GG - - — —
CC+GA 2(2,9) 8 (5,6 0,77** (0,505) 0,515 (0,106-2,494)
CC+ AA 44 (64,7) 62 (43,1) 7,816*(0,006) 2,425 (1,335- 4,404)

[Ipumedanne: ** — tounsni kputepuii Ourepa; *- kputepus x> ¢ nonpaskoii Ueiitca; p — ypoeHs 3Haunmocty; Ol —
oTHomeHne mancoB; 95%J/11 — nosepurenbHBIM HHTepBas. [lomy>KHMpHBIM MPHUEGTOM BBEIIEICHBI CTAaTHCTHYECKH

3HaguMble omaus (p<0,05).

Note: ** — the Fisher's exact test; * — the y2 test with Yates' correction; p — significance level; OR — odds ratio; 95%CI -
confidence interval. Statistically significant differences are highlighted in bold (p<0.05).

JIOTIOJTHUTEIBHO, MBI TPOBEIN TIOWCK
accoluanuil monuMop(HBIX BapUaHTOB TE€HA
AQPI1 ¢ nWarHOCTHYECKUMH TOKa3aTesiMu
MpOrpaMMbl Astraia (cBOOOIHAS
B-cyObeauHMIIa XOPHOHUYECKOTO
TOHAJOTPONMUHA YEIIOBEKA, ACCOIIMUPOBAHHBII
¢ OEepeMEeHHOCTHIO TUIa3MEHHBIM OeloK A,
MyJAbCAIlMOHHBIA ~ WHAEKC B  MaTOYHBIX
apTepusX U CpeiHee 3HAYCHUE apTePHATBLHOTO
JABJICHUSA), KIMHUYECKUMH JaHHBIMH U

7a00paTOPHBIMH ~ TTOKA3aTSJIIMA  [IEPBOTO
TpUMeECTpa (YypoBeHb SPUTPOIIUTOB,
reMOIIO0OMHa, TeMaTOKpUTa, TPOMOOIIMTOB B
oOmeM aHaJM3e KpOBY; 3HAYCHUS
acnapTaTaMMHOTpaHc(epasbl,

aJlaHMHAMUHOTpaHChepassbl, TJTFOKO3BI,
KpeaTuHWHa, oO0mero  Oenka,  0OmIero

OunpyOMHa, MOYEBUHBI B OMOXMMHYECKOM

aHaNM3e KpOBH, 3HAYCHUS o01ero
¢ubpunorena, MEXyHapOIHOTO
HOPMaJIN30BaHHOT'O OTHOIIICHHH,

AKTUBUPOBAHHOTO YaCTUYHOTO
TPOMOOIITIACTHHOBOTO BPEMEHHU u
MPOTPOMOMHOBOTO BPEMEHHU B CBEPTHIBAIOIIEH
cucreMe KpoBu) OepeMeHHbIX. BplsiBieHa
3HauMMmas acconumaums s 1s4723022 y
MalMEHTOK KOHTPOJBHOM TPyNIbl C PUCKOM
3PII, paccuutaHHbIM B mporpamme Astraia,
npu MIPOBEJICHUU KOMOWHUPOBAHHOTO
MpeHaTaIbLHOTO CKpUHUHTA MIEpPBOTO
tpumectpa (H = 9,815; p = 0,007). Ob6pamaer
Ha ce0s1 BHUMaHUE, YTO B KOHTPOJIBHOM TpyTIIe
MeauaHHble 3HaueHuss pucka 3PII B
3aBUCUMOCTH oT TEHOTHIIA AQPI
pacipeenuiInch CIeAyIOUMM 00pa3oM: s
renotuna GA Menuana pucka cocraBuia 637,
1 redotnna AA — 456, a mist renorumna GG —
205. Uccnenosanne OTMMOP(HBIX
BapuaHTOB reHa AQP] B OCHOBHOH rpyIe
BBISIBUJIO CTaTUCTUYECKHU 3HAYUMYIO
accouuanuio 154723022 ¢ aHamMHE30M
MalUeHTOK, Mpenplaymas OepeMeHHOCTb
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KOTOpBIX Obl1a ocnoxHeHa pa3zsutueM HPIIL

(x2=8,192, p=0,017) (Tabxn. 6). C ocTaibHBIMU

AHanu3 mokasaj, 4TO y JaHHBIX ITalIMEHTOK 1a00paTOpHBIMU JaHHBIMU IIEPBOTO
reHotun AA Bctpewasics B 100% ciydaes TPUMECTPA aCCOLUALIMI HE BBISBIIEHO.
Tabnuya 6
Acconuanus noJuMop@pHbIX MapkepoB rena AQPI ¢ KIMHUKO-1a00PaTOPHBIMH IaHHBIMH
Table 6
Association of polymorphic markers of the 40P gene with clinical and laboratory data
SNP I'enoTun N Me (Q1;Q3) H (p) IToka3areab I'pynna
637 (371; | 9,815 Puck 3agepxu pocra miofa, Kontpons
GA 41 .
1161) (0,007) | paccuuTaHHBII B IPOrpaMMHOM
154723022 AA 72| 456 (279; 742) obecnieuennn Astraia
GG 6 | 205 (89;493)
GA 0 — 8,192 OTAroIeHHBI aHaAMHE3 HPIIT
154723022 AA 23 - (0,017) | manMeHTKH MO HEJOCTATOYHOMY
GG 0 — pocTa minoja

[Ipumeuanue: N — konuyecTBo yenoBek; Me (Q1;Q3) — 3HaUeHHE MeTUaHbl, HUKHETO U BEPXHETO KBAPTUJIeH; p — ypOBEHb
craTucTuyeckoi 3HaunMoct; H — kputepuit Kpyckana-Yonneca.
Note: N —number of people; Me (Q1;Q3) — the values of the median, the 25th and 75th percentiles; p — significance level;

H — the Kruskal-Wallis test.

Oobcyxnenmne. Ien AQPI xomupyer
aKBarnopuH- 1 (AQP-1) — 0enoK,
NPUHAICKAIUNA K  CEMEHUCTBY  BOJHBIX
KaHaJOB — aKBallOPUHOB, OCHOBHAas (DYHKIUS
KOTOPBIX  3aKJIIOUaeTCs B  MOAJAEPKAHUHU
HOPMAaJIbHOTO o0beMa aMHUOTUYECKON
KHUJIKOCTU BO BpeMsi OEpEeMEHHOCTH, IyTeM
peryiasiuuu  TpaHCHopTa  BOABI  uepe3
I1a3MaTUyecKyl0o MeMOpaHy KIETKH 110
OCMOTHYECKOMY WJIM THAPOCTATUYECKOMY
rpanuentam [20]. [lokazaHo, 4TO 3KcmpeccHst
AQP1 BO BpeMsi 6epeMEHHOCTH MTPOUCXOIUT B
OCHOBHOM B  DJIUTEIUMM  AaMHUOHA U
uutorpodobnacrax xopuona [18]. Baxno
OTMETHUTD, YTO JAHHBINA O€JIOK €IUHCTBEHHBIN
U3 CceMelcTBa aKBAallOPMHOB  SKCIIPECCHS
KOTOPOTO IPOUCXOAUT B HSHAOTEIHAIBHBIX
KJIETKaX, 4YTO MPEANOojaraer €ro y4acThe B
aHTUOTE€HE3€ B KayeCTBE IPOAHTMOT€HHOTO
dakropa [18, 19]. IlpeacraBistor HHTEpEC
pe3yabTaThl  UCCIENOBAaHUU  OIYXOJEBBIX
KJIETOK, TIOKa3aBIIME B3aUMOCBS3b MEXITY
MOBBIIIEHHONW 3Kcnpeccun AQPI B KieTkax
OITyXOJIM M YCHJICHHEM UX MPOJu(epaTUBHOM
U WHBa3WBHOM  aKTUBHOCTH, OIpenesss
HEOJIaronpUATHBIN MPOTHO3 3a00seBanus [17,
31, 32]. VYuurhiBas  NOpeACTaBICHHYIO
(GyHKUMOHANIBHYIO Xapakrepuctuky AQPI,
MOYKHO TPEATOJIIOKNUTh €r0 BOBJIEYEHHOCTb
3TUONATOTCHE3 3PI1 Ha cTaguu
(dbopMupOBaHUs IUIALIEHTHI TyTEM HapyIICHUS

IIPOLIECCOB AHTMOIEHE3a C IOCIEAYIOLUM
HEeaJIeKBaTHbIM peMoeTMPOBAHUEM
CHUpAJbHBIX apTepuil, aucOanaHca MEXIy
KJIETOYHOM mponudepanueil u amnonTo3om,
CHIDKEHMsI MHBa3HUBHON CIOCOOHOCTH KJIETOK
[33, 34]. [lannas runore3a HaXOOUT
MOATBEPKIACHUE B DKCIIEPUMEHTAIBHOM
HCCJIEIOBAaHUM HA  MBIIIMHBIX  MOJEISX,
KOTOpO€ TMOKa3aJI0 MHTUOMPYIOIIee BIUSHUE
reHa AQP Ha pa3BUTHE IUIALIEHTHI U TUI0/IA Y
ocobeil ¢ HokayToM JlaHHoro reHa [35, 36].
IIpn aHaJIn3e OpPUTMHAJIBHBIX
UCCIIeIOBAaHUH MBI HE BCTpPETWIM paloT, B
KOTOPBIX paccMaTpHUBAaeTCsl accolUalis TeHa
AQPI c 3PII. bonbuioe koiandecTBo padboT
MOCBSIIEHO H3Y4YeHUIO0 CBs3M reHa AQPI ¢
00bEMOM aMHHMOTHYECKOH >KUAKOCTH: Tak,
Ding H. ¢ coaBropaMu ycTaHOBWIIM 3HAYUMYIO
oOpaTHyr0 KOPPESIUIO WHJIEKCca
AMHUOTHUYECKON JKUJIKOCTU U ypoBHEM AQPI
B IUIALIEHTE y MAIMEHTOK C IpedKJIaMIcHei
[37]. DOTm pe3yapTarbl  COINACyIOTCS €
JaHHBIMM  Jpyroi  paboThl, IOKa3aBIIECH
CHW)KeHUE ypoBHSI AQPI B aMHHOTHYECKOU
YKUJIKOCTH Y TIAIIMEHTOK ¢ MHOTOBOMEM [21].
MoxxHo MPEITOIOXKHATH, 4To
BBISIBJICHHBIC HAMH aCCOLMAIIMN MOTUMOPQHBIX
MapkepoB reHa AQP]  y4acTBylOT B
npeapacnonoxeHHocTH k 3PI1 yepes pazputue
IUTaLEHTapHON HEI0CTaTOYHOCTH. He
UCKJIIOUeHO BiusHue AQP] Ha u3MEHEHue



OpueuHaJZbHaﬂ cmanmovi
Original article

HayuHble pesysabmamol 6uomeduyuHckux uccaedosanutl. 2026:12(3):377-392 387
Research Results in Biomedicine. 2026:12(3):377-392

OKCIIPECCUM JPYTMX AaKBAallOPUHOB Kak B
TUTAlEHTE, TaK U B TUIOMHBIX 00omoukax (AQP-
8, AQP-9) [38]. Opnako, JaHHBIC
IIPEANONOKEHUsS,,  HECOMHEHHO,  TpeOyloT
MIOATBEPKICHUSI JAJIbHEN MU
UCCIIEJIOBAaHUAMHU C YBEJIMYEHHEM o00beMa
BBIOODKM W MCHOJB30BAHUEM  METOJOB
(YHKIIMOHATIBHON T€HOMUKH.

Takum oOpazoMm, AQPI mnpencraBiseT
co0oi MEePCIEKTUBHBIN 00BeKT TUTS
JalbHEHIINX HCCIe0BaHUM, yniIyOleHHOe
U3yYyeHHE  MOJIEKYSIPHBIX ~ MEXaHM3MOB
KOTOPOT'O MO3BOJIUT HE TOJIBKO PACIIUPUTh
¢byHK1MOHaIbHOE 3HaueHue AQP1 B pa3BUTHH
HEIOCTaTOYHOIrO0  pocTa  IUIoja, HO U
pa3paboTarh CTpaTeruH, HalpaBlIeHHbIE Ha
MOJYJISILIMIO €r0 aKTUBHOCTHU JJIS YIy4dlLIeHUs
HCXO/10B OEPEMEHHOCTH.

3akiro4enue. Pesynbratsl
IIPOBEICHHOIO  MCCIIEJIOBAaHUS  BIIEPBBIC
JE€MOHCTPUPYIOT ~ 3HAUYUMYIO  acCOLMALIUI0
nonuMopdHbx  MapkepoB 1s10253374 wu
154723022 rena AQPI ¢ pa3sutuem 3PIL: qis
rs10253374 puckosiM siBisieTcst renotun CC,
11 154723022 puCKOBBIM BBICTYIA€T F€HOTHUIT
AA, ysennuuBas 1manc passutus 3PII B 2,210
i 2,261 COOTBETCTBCHHO. Ananmms
TFeHOTHUIMYECKUX  KOMOMHAIMi  MO3BOJINI
BBISIBUTH HE TOJBKO PHCKOBBIE COYETAHUS
reHoTunoB (CC rs10253374 u AA rs4723022),
HO Y T€HOTHUIIbI 00J1a/1at0111e TPOTEKTUBHBIMU
ceoricteamu  (TC  rs10253374 u GA
rs4723022). He HaiineHo  accoumaruit
MOJIMMOP(HBIX MapKEPOB M3y4aeMOIo I'eHa C
MI'B. B KOHTpONBHOW TIpyIIie BBISIBICHA
3HaumMas accoumanus rs4723022 ¢ puckom
3PII, paccuutaHHbIM B mporpamme Astraia.
UccnenoBanne mnonuMop(HBIX BapHaHTOB
reHa AQPI B OCHOBHOH TIpYyIIIE BBISBUIIO
CTaTUCTUYECKH  3HAYUMYIO  aCCOLMAIIUIO
rs4723022 ¢ aHaMHE30M [AlUEHTOK, y
KOTOPBIX TMpeAblaylas OepeMeHHOCTh Oblia
ocnoxkHeHa passutueM HPIIL. IlomydyenHsbie
pe3yabTaTel MOTYT CBUAETEIBCTBOBATH O
BO3MOXKHOM pOJIM  HM3y4aeMOro TI€Ha B
dopmupoBanuu 3PII, koropas MoxeT OBITH
peanu3oBaHa  MOCPEACTBOM  W3MEHEHUs
YPOBHSL ~ JKCIIPECCMM  JAHHOIO TI€Ha B
IUJTALIEHTAPHON TKaHH.
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Pesrome

AKTyanbHOCTBh: Jlonronerne dYenmoBeKa XapaKTEPU3YeTCs CHOCOOHOCTBIO  IOAJIECPKHBATH
BHYTPUKIIETOUHBI TOMEOCTa3 B W3MEHSAIIIUXCS C BO3pPacToOM ycIoBUSX. I(h(HEKTUBHOCTH
MPOTEKAHUS MHOTHUX PEIOKC-3aBHCHMBIX JHIOTCHHBIX IPOIECCOB 3aBUCHUT OT CTPYKTYpPHO-
(YHKIIMOHATBHBIX OCOOEHHOCTEW T€HOB, CBS3aHHBIX C ThoyTratnoHoM. Lleab wucciaenoBaHus:
HccnenoBanne ponu  MOTUMOP(HBIX  JIOKYCOB T'€HOB TIYTaTHOH-3aBUCHMBIX  (EPMEHTOB
anTHokcuaanTHoM cucteMbl GSR (rs1002149), GSTP1 (rs1695), GPX1 (rs1050450), GPX4
(rs713041) u GPX8 (rs381852) B BBDKUBAEMOCTH ¥ JIOCTHIKCHHUHU JTOJTOJICTHS TIPH (PU3HOIOTHIESCKOM
U TATOJOTHYeCKOM cTapeHnru. Martepuanbl U Metoabl: Bribopka u3 3218 dyenoBek, pyccKux,
OalKUp W TaTap 1Mo THUYECKON MPHUHAJJIEKHOCTH, BKIIIOYaja JIUI cpeanero Bo3pacra (18-59 ner),
ctapuiero Bo3pacta (60-89 ner) u momroxkureneir (90-114 ner). HWudopmanus o cratyce
BBDKMBAEMOCTH M OKOHYATEJIbHOM JMAarHo3e moijiydeHa st 1656 nui B Bo3pacte crapiie 45 Jer.
[TonumopdHbIe TeHeTHUeCKHe MapKephl MpOoaHAIM3UPOBAHBI C HcHoib3oBaHueM [agMan-ITLP
TEXHOJIOTHH. Pe3yabTaThl: YCTaHOBICHBI TCHETHYECKHUE MapKePhl JIOJITOJICTHS U BEDKUBAEMOCTH,
Bkitovaromue amienb GPX4 (rs713041) T (myxxumnb, OR=1,66, P=0,006; HR=0,81, P=0,02),
rerotunt GPX4 (rs713041) CT (o6mias rpymma, OR=1,33, P=0,004; komopouassiii cratyc, HR=0,6,
P=0,02), a Taxxe coueranue amieneir GPX1 (rs1050450) G u GSTP1 (rs1695) A (KEHIIMHBI,
pycckue 1o dTHu4Yeckoi nmpuHamiexxHoct, OR=4,15, Prpr=0,04; o6mas rpynmna, HR=0,5, P=0,02).
B oTHHYeckoil rpymnme pyccKuX € JONTOJETHEM CPEeAM JKEHIIMH accoluupoBaH amienb GPX8
(rs381852) A (OR=2,52, P=0,005); B rOMO3UTOTHOM ¥ T€TEPO3UTOTHOM BapHaHTE OH BCTpPEUAICS B
JICBSITH COYETaHMSIX, CIOCOOCTBYIONIUX JIOJITONIETHIO (B komOuHarmu ¢ ayuteasimu GPX1 (rs1050450)
G u GSTP1 (rs1695) A moka3anbl HarboJee 3HAUMMbIe cTaTucTHYeckue nokaszatenn — OR=4,07,
Pror=0,006). Coueranne GPX1 (rs1050450) GG, GPX4 (rs713041) C u GSR (rs1002149)
T accouuuposano ¢ gonrosieruem Oarmkup (OR=7,98, Prpr=0,02). I'enorunr GSR (rs1002149) TT
ABNsieTCS MapkepoM cMmepTHocTH oT Bcex mnpuuunH (HR=1,47, P=0,02). Co cmepTHOCTBIO OT
11epeOpOBaCKyISIPHBIX 3a00JI€BaHNil B IPEKJIOHHOM Bo3pacte cBs3anbl renotun GPX1 (rs1050450)
AG (HR=1,42, P=0,003) u coueranue ayenecit GPX1 (rs1050450) G u GSTP1 (rs1695) A (HR=14,
P=0,02). 3akaouyenue: B renax riayTraTmoH-3aBUCUMBIX (DEPMEHTOB aHTHOKCHJIAHTHOW CHCTEMBI
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Abstract

Background: Human longevity is characterized by maintaining cellular homeostasis in the age-
related changes of the internal conditions. The efficiency of many redox endogenous processes
depends on the structural and functional features of glutathione-related genes. The aim of the study:
To study the role of the polymorphic loci GSR (rs1002149), GSTP1 (rs1695), GPX1 (rs1050450),
GPX4 (rs713041) and GPX8 (rs381852) of genes encoding glutathione-related enzymes in survival
and longevity during physiological and pathological aging. Materials and methods: A sample of
3218 individuals, Russians, Bashkirs and Tatars by ethnicity, was divided into three age groups of
middle-aged (18-59 years), aged (60-89 years) persons and long-livers (90-114 years). Information
on survival status and diagnosis was obtained for 1656 individuals aged over 45 years. Polymorphic
genetic markers were analyzed using TagMan PCR technology. Results: The genetic markers of
longevity and survival were established. They included the GPX4 (rs713041) T allele (in men,
OR=1.66, P=0.006; HR=0.81, P=0.02), the GPX4 (rs713041) CT genotype (in the total group,
OR=1.33, P=0.004; for multimorbidity, HR=0.6, P=0.02), and the combination of GPX1 (rs1050450)
G and GSTP1 (rs1695) A alleles (in Russian women, OR=4.15, Prpr=0.04; for the total group,
HR=0.5, P=0.02). In Russians, the GPX8 (rs381852) A allele was associated with longevity among
women (OR=2.52, P=0.005); in homozygous and heterozygous variants, it was found in nine
longevity-promoting combinations, with the most statistical significance along with the GPX1
(rs1050450) G and GSTP1 (rs1695) A alleles (OR=4.07, Prpr=0.006). In Bashkirs, the combination
of GPX1 (rs1050450) GG, GPX4 (rs713041) C and GSR (rs1002149) T was related with longevity
(OR=7.98, Prpr=0.02). The GSR (rs1002149) TT genotype was linked to all-cause mortality
(HR=1.47, P=0.02). The GPX1 (rs1050450) AG genotype (HR=1.42, P=0.003) and the GPX1
(rs1050450) G allele combined with the GSTP1 (rs1695) A allele (HR=1.4, P=0.02) predicted
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cerebrovascular mortality in the advanced age. Conclusion: In the genes of glutathione-related
enzymes involved in the antioxidant defense, the genetic predictors of the overall survival in the
advanced age, clinical-related mortality, and longevity were identified in generally and separately for

each studied ethnic groups.

Keywords: longevity; aging; age-related diseases; glutathione-related enzymes; antioxidant defense;
genetic polymorphism; gene-gene interactions; survival
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Brenenmne. Jlonronerne MpencTaBIsiET

coboit YHHUKJIbHBIN (beHomeH
UCKITIOUUTENBHOI HPOJOJKUTEIBHOCTH
KH3HHU, 3HAYUTEIBHO MPEBBIIIAOIICH
CPeOHHMH  MOMYJIALMOHHBIA  [OKa3aTelb.

BaxHBIM yCIIOBHEM YCHEIIHOTO OHTOTEHE3a
SBJSIETCSL  BBICOKAsh ~ CTENEHb  ajalTaluu
OpraHu3Ma K CTPECCOTeHHBIM (haKTopam
cpembl M COXpaHEHHE  ITOCTOSIHCTBA
BHYTpEeHHeW  cpexbl  opranusma  [1].
OKHCIUTENEHO-BOCCTAHOBUTEIBHBIC
MPOIIECCHl BBICTYIAIOT B Ka4ECTBE OCHOBHBIX
PEryJsiTOPOB BHYTPUKJIIETOUHOTO TOMEOCTa3a
[2]. KmroueByro posib B peaoKc-mporieccax
urpaer riayratuon (GSH) —  tpunmentup,
COCTOSIIMIA W3 IUCTeWHA, TJHIOWHA U
IJTyTaMHUHOBOM KHCIIOTBI, KOTOPBII B BBICOKHX
KOHIICHTPALUSX 0oOHapyKUBaeTCs
NPaKTUYECKH BO BCEX KIeTKax opranusma [3].
I'mytaTHoH sBIsieTCs MOOWIJIBHBIM JOHOPOM
CBOOOJHBIX 3JIEKTPOHOB U MPUCYTCTBYET B
KJIETKE B JBYX (pOpMax — BOCCTAHOBJIECHHOM
(GSH) wu okucnennoit (GSSG). MmenHo
cootHomenne  GSH/GSSG  ompenensier
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIH  CTaTyC
KJIETKU. Beicokas KOHIICHTpAIUS GSH
CIOCOOCTBYET 3pPeKTUBHOMY
BOCCTaHOBJICHHIO AMHHOKHCIIOTHBIX
OCTaTKOB, TMpPH 3TOM caM [JIyTaTUOH
okucnsiercs o GSSG. BzammoneiictByst ¢
KUCIOPOAHBIMM  paJMKallaMH,  CBS3bIBas
KCEHOOMOTUKH, CTaOWIM3UPYS KJIETOYHbBIE
MemOpanbl, GSH sBnsieTcs yHHBepcalbHBIM
AHTHOKCUIAHTOM [4].

Cuctema mMetabonm3Ma TITyTaTHOHA Kak
OJHA W3  BAXHEHIINX  PETYIATOPHBIX
MEXaHU3MOB, o0ecreunBarOIUX
BHYTPUKJIETOYHBII TOMEOCTa3 W KJIETOYHOE
BBDKMBAHHE, pAacCMATpUBACTCd B paMKax

[JIyTaTHOHOBOM Teopuu crapenus [5, 6].
PazHoOOpa3Hbie BHEIIHME W IOBEICHYECKHE
(bakTopbl, Takue, Kak HecOaTaHCUpPOBAHHAS
JIeTa, BO3JCHCTBHE KCEHOOWOTHKOB, MOTYT
OPUBOAUTh K MCTOLIEHUIO TIJIyTaTUOHA U

nucOanancy ero OKHCIICHHOMN u
BoccTaHoBieHHOU ¢opm [7]. Bomee Ttoro, ¢
BO3PaCTOM CHIDKAETCA CIOCOOHOCTh

OpraHu3Ma CHHTE3MPOBaTh TIIyTaTHOH [7].
BoibmMHCTBO  BO3PACTHBIX  XPOHHYECKHX
JIeTeHepaTHBHBIX 3a00JICBAaHUI CBSI3aHBI C
HU3KMM ypOBHEM TJyTaTHOHA U ()EPMEHTOB,
y4acTBYIOIIHMX B €ro MeTabosusme [6, 8].
DepMEHTHBIN TJTYyTaTHOHOBBIN
KOMIUIEKC ~ AHTHOKCHUJAHTHOH  CHUCTEMBbI
BKIOoyaeT  riaytatnoHpenykrasy — (GSR),
ceMelcTBO miryTatuoHmnepokcuaas (GPX) u
TIIyTaTHOHTpaHChepasy (GST),
IPEeCTaBICHHYI0 HECKOJIbKUMHU N30(OPMaMHU.
JlanubIie KOMITOHEHTBI MeTaboar3ma
IJyTaTUOHA  SIBIAIOTCA ~ CEHCOpaMH U
peryssTopaMu BHYTPHKIETOYHOTO PEIOKC-

craryca [8-13]. I'mytaTnonpenykrasa
(Glutathione  S-Reductase, GSR) -
MIEPMaHEHTHO aKTHBHUPOBAHHBIN
¢raBonpoTenH, BOCCTaHABJIMBAIOIIU

OKHCIIEHHBIH qucynbdun rinyratuona (GSSG)
no cymbdrugpunsHoi popmbr GSH. Takum
obpa3zom, GSR nojepkuBaeT KOHIEHTPALIUIO
BOCCTAHOBJICHHOTO  TJIyTaTHOHAa, M  €r0
aKTUBHOCTh  TOBBIIIAETCS B YCIOBMAX
okucnuTenpHOro crpecca [9]. Pasnuunbie
n3opopmbl GPX BOCCTaHABIMBAIOT MEPEKUCU
Bojopona (H202), mcmons3ys TIOyTaTHOH B
kayectBe KocyoOctpara. Tem cambim GPX
PETYIHPYIOT KOHLICHTPALIUIO JTAHHOTO
MIPOMEKYTOUHOTO KHCJIOPOJHOTO
MeTabonTa, KOTOPBIH SBISETCS HE TOJBKO
OKHCIIUTENEM, HO W Ba)XXHOM CHTHAIbHOM
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MOJIEKYJIOM, YYacCTBYIOUIEH BO MHOXECTBE
KJICTOYHBIX IPOIIECCOB.
I'myratnonnepokcumaza 1 (GPx1) sBisercs
caMOil  pacmpocTpaHEeHHOHM U  Haubosee
AaKTHMBHOW B OTHOIICHUH BOCCTaHOBIICHHUS
THIPOICPEKUCEH nu30(opmMoii [10].
['myratnonnepokcunasza 4 (GPx4)
BOCCTaHABJIMBAET THIPONEPEKUCH CIIOXKHBIX
JUMHUJOB, YYacTBYS TakUM o0pa3oM B
MOJICP)KaHUU  IIEJIOCTHOCTH  MeMOpaH U
deppontoze [11]. I'myrarnonmepokcugasa 8
(GPx8) —  TpancmeMOpaHHBIE — O€IOK
9H/IOTIA3MATHYECKOTO peTuKyiIyMa,
YYaCTBYIOIIMIA B OKUCIHUTEIBHOM (OJIIUHTE
OCIIKOB M PETyJUPOBAaHMM KOHIICHTPALUU
nonoB Ca® [12]. I'myraruon-S-tpancdepasbl
(GST) - «xpymHeifimee CynepceMercTBO
dbepMeHTOB  BTOpOI  (pa3bl  JIETOKCHKAIIHH.
JlanHple O€lKHM 00eCTeYMBAIOT CBS3BIBAHUE
TIyTaTHOHA C Pa3jIMYHBIMH  TOKCHYHBIMH
COCAMHEHUSIMH, HEUTpaNIU3ysl ux
EKTPO(UIIBHBIE CBOHCTBA M CIIOCOOCTBYS
ynaigenuto w3 kiaerku [8]. Kpome Ttoro, S-
IITyTaTUOHWJIMPOBAHUE OIOCPEIYET PEIOKC-
PETYJISIIMI0  aKTMBHOCTH  KAaTAIUTHYECKUX
OenKoB, B 4YacTHOCTH, WHTUOWpYS, WIIH,
HA000POT, AKTUBU3UPYS CBSI3bIBAHHE
TpaHCKPHIIIMOHHBIX (akTopos ¢ JTHK [13].
W3veHeHne akTUBHOCTH (epMeHTa u
COOTBETCTBYIOIIMH 3PPEKT B OTHOLICHUH
YCTOHYMBOCTH WIN YSI3BUMOCTH K
9HJIOTEHHBIM U 9K30T€HHBIM (paKTOpaM MOTYT
OBbITh CBSI3aHBI C TeHETUYECKUM
NOTUMOP(PHU3MOM B KOJIUpYIOIIeM rene. Tak,
i noaumopgHoro jokyca rs1002149 rena
GSR Obula ycraHOBIEHa accolManus C
ypoBHeM aktuBHOCTH (epmenta GSR wm ¢
BBDKHMBAEMOCTBIO CPEIU CYNEpIOJroKuTenen
[14]. Momumopdusm rs1050450, mpuBoasIHin
K HapyleHHI0 (pepMEeHTaTHBHON aKTHBHOCTH
rena GPX1, accommmpoBaH ¢ pa3BUTHEM
BO3pAcT-3aBUCUMBIX IATOJIOTUI  CepIeYHO-
COCYIUCTOM  CHCTEMBI,  OHKOJIOTUYECKHX
3aboneBanuii [10]. TTonmumopdusm rs713041,
PacroJoKeHHBIH B 3’ -peryiasTopHoi o0nacTu
rena GPX4, MmoaynupyeT cTeneHb CBSI3bIBAHUS
(dbepMeHTa C CeIEHOM M, COOTBETCTBEHHO, €T0
HKCHPECCHIO, M AacCOIMHUPOBAH C PHCKOM
pasBuTHs ~ 3aboneBanuii  Bospacta  [15].
[Momumopdusrii BapuanT rs381852 rena GPX8

accoruupoBan Ha ypoBHe GWAS c pakom
suyankoB  [16]. Tlokasama  accoruanms
nonuMopgHoro Bapuanta IS1695 B reHe
GSTP1 ¢ HEKOTOPBIMH BHJAMH  paka,
00JIe3HIMHU CEePACUYHO-COCYTUCTON CUCTEMBI,
opranoB apixanus [17, 18]. Takum obGpazom,
(GyHKIMOHATBHBIE TONMUMOP(HBIE BapUaHThI
TeHOB [IIyTaTHOHOBOT'O oOMeHa
aCCOIIMUPOBAaHBI C OOJE3HSMHU BO3pacTa H
MOTYT OBITb BOBJE€UEHBl B (HOpMHpOBaHHE
MOJICKYJISIPHO-TEHETHYECKOTo  (oHA IS
(bu3MoNIOrMYeckor axanTaly  OpraHu3Ma,
CIOCOOCTBYIOIIEH BHIXKUBAEMOCTH.

Henap ucciegoBaHus 3aKI0OYaNach B
U3YYCHHUHU POJTH MOJIMMOP(HBIX JIOKYCOB '€HOB
[IIyTaTHOH-3aBUCUMBIX bepmMeHToB
aHTHOKCcHIaHTHOM cucteMbl GSR (rs1002149),
GSTP1 (rs1695), GPX1 (rs1050450), GPX4
(rs713041) wu  GPX8  (rs381852) B
BBDKMBAEMOCTH U JOCTUKEHHUH JIONTOJETHS
cpenu HaceneHus pecyonuku bamkoprocTan
C YU4ETOM I10J1a, STHUYECKOI MPUHAITICKHOCTH
Y KIIMHUKO-TTATOJIOTMYECKOTO JINarHo3a.

MarepuaJbl " MeTOAbI
uccaenopanmus. lVccrenoBanme 0100peHO
JlokanbHpIM  3THYECKMM KomuTeTroM HWbI
YOULL PAH (IIpotokon Ne 1 ot 4 HOs0ps
2007 r.) W BBIIOJIHEHO B COOTBETCTBUU C
STUYECCKHUMH  TPHUHIMIIAMA  TPOBEICHUS
MEIMKO-OMOIOTHYECKUX  HMCCIEAOBAHUN  C
ydacTHEM 4YeJioBeKa B KadecTBe CyOBeKTa,
3aKperIeHHBIMU B XeJIbCUHCKOU AeKIapaun
BcemMupHOil ~ MEOUUIMHCKOW  acCOLMAllUM
(World Medical Association, 2013).

O6mass BwIOOpKa BKIIOUana 3218 He
POJICTBEHHBIX MEXIy COOOH MYXYHH U
JKeHIIMH B  Bo3pacte oT 18 mo 114 ner,
pyCCKHX, Oamkup W TaTap MO STHUYECKOH

MIPUHAJJIEKHOCTH, IIPOKMBAFOIINX B
Pecniy6nuke bamkoprocraH. ITocne
MTOJTyYEHUS MH(OPMHUPOBAHHOTO

TOOpPOBOJNIBHOTO COTJIAaCHSl Ha ydacThe B
WCCIICIOBAaHUH  TTPOBOJMIIM aHKETUPOBAHUE,
BKJIIOYAIOIIEE TAaKXKe JaHHble aHamHe3a. J[is
our, cpenHero Bospacta (18-59 mer) Ha
MOMEHT 3a0opa OMOJIOTHYECKOro MaTepualia
UCKJIIOYAIUCh MH(APKT MHUOKapJa, WHCYJIBT,
ayTOMMMYHHBIE  PAaCCTPOMCTBA, CaXapHbIU
nrabeT U OHKOJOTHYeCKHe 3a0oieBanus. s
YYaCTHHKOB cTapiiero Bospacrta (60-89 ner)
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JIOMTYCKaJIOCh HAJIM4Hue B aHaMHE3¢
aTepockiiepo3a. B rpynmy nmonroxuTenei
BKJIFOYAJIH BCceX JuIl cTapiie 90 jer.
[Tonyuena wuHpoOpmamuss o craryce
BBDKHBACMOCTH M OKOHYATCIILHOM JHArHO3E
1656 uccnenyempix nui crapiie 45 ner. Ha
OCHOBaHWHU BEepU(DUIIMPOBAHHBIX HAHHBIX O
JI0)KUBAEMOCTH, MOJYYEHHBIX K KOHIy 2024

rojga, Bcs BbIOOpKa nuddepeHupoBaHa 1o
BO3pacTy (TPYIIIBI JIUI[ CPEIHETO, CTAPIIETo
BO3pacTa W JOJITOKUTENEH) U MO MpUYMHAM
CMEPTHOCTH OT pa3JIMYHbIX NaTOJIOTUH (Ha
OCHOBAHMU JIaHHBIX 3aKJIIOYCHHH O CMEpTH).
OOmast BBIOOpPKA W BBIJCICHHBIC TPYIIIIBI
CpaBHEHHUS OXapaKTEPHU30BaHbI B Ta0wmIe 1.

XapakTepucTHKA UCCIeyeMOoil BLIOOPKH

The characteristics of the studied sample

Tabauya 1

Table 1

Pycckue | Tarapbl Bbamkupsl | O6mas rpynna
n (%)
cpeanuii Bozpact£SD
Bcero 682 (20,55) 2045 (61,63) 591 (17,81) 3318 (100)
60,37+26,42 69,04+23 .42 69,08+£24,27 67,27+24,46
Ilon
My KYMHBI 364 (53,38) 975 (47,68) 262 (44,33) 1601 (48,25)
57,42426,17 60,86+23,71 62,42426,16 60,34+24,74
XKenuruast 318 (46,63) 1070 (52,32) 329 (55,67) 1717 (51,75)
63,74+26,34 76,51+£20,48 74,4+21,22 73,74+22.33
Bo3spacThsle rpynnsl
Cpennuii Bozpact 363 (53,23) 862 (42,15) 218 (36,89) 1443 (43,49)
38,02+13,78 45,34+15,68 41,68+17,67 42,95+15,85
Crapueckuii BO3pacT 208 (30,50) 743 (36,33) 269 (45,52) 1220 (36,77)
82,06+4,84 81,58+5,16 81,66+4,92 81,67+5,05
Jonroxurenu 111 (16,28) 440 (21,52) 104 (17,60) 655 (19,74)
93,41+2,75 94,36+3,57 94,22+3,56 94,17+3,45
Craryc BBIXKHBAEMOCTH
XKusbie 36 (13,00) 130 (12,09) 39 (12,83) 205 (12,38)
67,06+11,4 71,18+12,46 80,26+8,66 72,18+12,33
Ymepurne 241 (87,00) 945 (87,91) 265 (87,17) 1451 (87,62)
86,11+8.4 86,05+9,38 85,45+8,06 85,95+8,99
IIpnunHbl cMepTH
CrapocTb 63 (22,26) 352 (32,93) 91 (32,27) 506 (30,97)
89,59+5,04 88,97+6,39 88,51+6,23 88,96+6,21
CC3 63 (22,26) 293 (27,41) 81 (28,72) 437 (26,74)
84,46+7,8 84,98+9,24 83,72+7,49 84,67+8,74
11B3 78 (27,56) 186 (17,40) 53 (18,79) 317 (19,4)
87,58+8,01 87,19+8,91 86,04+8,57 87,09+8,63
XOBJI 15 (5,3) 45 (4,21) 13 (4,61) 73 (4,47)
82,53+5,17 84,24+9,17 82,15+7,63 83,52+8,19
Cc2T 14 (4,95) 32 (2,99) 5(1,77) 51 (3,12)
86,86+7,66 82,53+8,14 79,8+8,41 83,45+8,19
OHnkoJtorus 18 (6,36) 54 (5,05) 20 (7,09) 92 (5,63)
79,44+11,97 78,67+£12,12 78,65+11,5 78,82+11,83
Jlpyrue npu4YuHbI 9(3,18) 43 (4,02) 8 (2,84) 60 (3,67)
78,22+13,02 77,16£14,98 85,17+7,25 78,4+14,01
ToauMOpOUAHOCTE 23 (8,13) 64 (5,99) 11 (3,90) 98 (6,0)
85+6,48 84,72+9,13 81,55+8,63 84,18+8 51

IMpumeuanne: SD — crangaptHoe otkionenue; CC3 — cepheyHo-cocynucTbie 3a00ieBaHUs,

B3 — uepedpo-

BacKyJsipHble 3a0oeBanus, XOBJI — xponnueckas o6cTpykTuBHas 6one3nb Jierkux, C/I2T — caxaphsblii tuaGet BTOporo

THIIA.

Note: SD — standard deviation; CVD — cardiovascular diseases, CVA — cerebrovascular accidents, COPD — chronic

obstructive pulmonary disease, T2D — type 2 diabetes.
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OtoOpaHHbIE AJIi UCCIIEJOBAHUSI TEHBI
KOJIUPYIOT KJIFOUEBbIE (bepMeHTHI
AHTUOKCUJIAHTHOM CHCTEMBI, HCIIOJIB3YIOIINE
IIIyTaTHOH B KadecTBe KocyOctpata [13].
[Tomumopdubie  mapkepel  TeHoB  GSR
(rs1002149), GSTP1  (rs1695), GPX1
(rs1050450), GPX4 (rs713041) u GPX8
(rs381852) ObLTH 1mo1o0paHbI c
WCIIOJIb30BAHUEM KOMITBIOTEPHBIX 0a3 TaHHBIX
GWAS Catalog (https://www.ebi.ac.uk/gwas/,
nara obpamenus centssops 2023 r.), NCBI (The
National Center for Biotechnology Information,
https://www.ncbi.nIm.nih.gov/, nara
obpamenust  ceHtsiops 2023 r.), Ensembl

genome browser
(https://mww.ensembl.org/index.html, nara
oOpareHus CEHTSOPb 2023 1.).

OyHKIMOHATbHAS  3HAYMMOCTh  OTOOPAHHBIX
it uccnenoBanus SNP  aHanm3upoBaiach B
porpaMmax RegulomeDB
(https://regulomedb.org, mara  oOpamieHus
centssopr 2023 r.) m Open Targets Genetics
(https://genetics.opentargets.org/, nara
oOpamienust ceHtsa0pp 2023 r1.). [lanHbIE
nonuMopdHbIE BapHaHTHl JIOKATM30BaHBl B
KOAMPYIOIIUX WM PETYTUPYIONIUX —calTax
TEHOB M CBSI3aHbl C WM3MEHEHHEM T'eHHOMN
IKCIIPECCHUH, CIOCOOHBI OKa3bIBATh
cneruduueckne dPQPEKTel B OTHOIICHUU
CUTHAIBHBIX TyTEH, B KOTOPHIE BOBJICUYCHBI
0eJIKOBbIE POJYKTHI M3yyaeMbIX TeHOB [8, 11,
12, 19, 20], a Takke SBJISIOTCS T€HETHYECKUMH
MapKepaMHu psijia BO3pacT-aCCOLMMPOBAHHBIX
3aboneanmii [9, 13, 16, 18, 19, 21-27].
XapakTepucTrka MCCIIEIOBAHHBIX SNP
MIpe/ICTaBIeHa B TaOmmIie 2.

O6pazupt  JIHK  momyudensl  myTem
(heHONBEHO-XT0POPOPMHOM IKCTPAKIIUH U3 8 MIT
LIETbHOM BEHO3HOM KpOBH. | 'eHOTMIHMpoOBaHuWE
rpoeaeHo MetogoM [I1IP B pearbHOM BpeMeHn
C WHCIOJBb30BAaHHEM HA0OPOB TpaiiMepoB W
neneBbix  (payopectieHTHRIX  TagMan-30H70B
(«IHK-Cunres», Poccust). Pacnpenenenue
YacTOT TEHOTUIOB OBUIO TIPOBEPEHO Ha
COOTBETCTBHUE paBHOBECHIO Xapau-BaitnOepra B
KOHTPOJIbHOU rpynme. Pazmuune B
pacrpeneneHud 4acTOT TE€HOTUIIOB  MEXIY
STHUYECKUMH TpymnaMu s Kaxaoro SNP
OLICHUBAIOCH ~ C  TOMOIIBIO  KpPUTEPHUS
y2 ITupcona  (SPSS  Statistics v. 22.0.).

Accommaruu uccneayeMmbix SNP ¢ Bo3zpactom
AHAJM3UPOBAIUCH METOJIOM  JIOTUCTHYECKOI
perpeccun ¢ IOCTPOEHUEM  JOMHUHAHTHOM,
KOJIOMHMHAHTHOM, CBEPXJIOMHUHAHTHOM,
PELIeCCUBHOMN U JIOT-aIUTUBHOIN TeHETUYECKIX
Mozenel (mporpammHuas cpena R v. 4.4.1., naker
SNPassoc v. 2.1-2, https://cran.r-project.org/,
[28]). HambGomee mnomxopsinas reHETHYECKas
Mozenb BeIOMpanach Ui Kaxkgoro SNP,
CTAaTUCTHYECKH  3HAYMMO  CBS3aHHOTO  C
UCCIeyeMbIM  TIPU3HAKOM, Ha  OCHOBE
HAUMEHBIIETO 3HA4YeHHsT WH(POPMAIIOHHOTO
kpurepust Axanke (AIC). AccorupoBaHHbIE CO
CTapeHUeM W JOJTOJCTHEM KOMOWHAIIUU
aluiefied ¥ TEHOTUIOB M3y4aeMbIX T'€HOB
YCTaHABJIUBAJIMCh c WCIOJIb30BAHUEM
pOrpaMMBbl APSampler (v.3.6.0,
http://apsampler.sourceforge.net, [29)).
Koppensiiiust  OoTAENIBHBIX  MOJIUMOPQHBIX
JOKYCOB W HMX COYCTaHM C  oOImei
BBDKHBAEMOCTbHIO u Opd  Pa3IM4YHbIX
KJIMHUYECKUX (DEHOTHUIIAX YCTaHaBIMBAlIaCh C
WCIIOJIh30BaHUEM perpeccuu
MIPOTIOPITUOHANTEHBIX pUCKOB KoOKca; KpuBbIC
BBDKHBAEMOCTH BU3YaJIM3UPOBAINCH c
ucnosb3oBanueM rpadukoB Karutana—Maiiepa
(SPSS Statistics v. 22.0.). Bce pacuers
NPOBOAWINCH C TIONMPAaBKOM HA TOA U
STHUYECKYI0 TMPHHAIIEKHOCTh. JletanbHoe
OTIMCaHKE METO/IOB u MOJIXOJIOB
CTaTHUCTHUYECKOTO aHaJIH3a OMKICaHbl HAMU paHee
[30].

Pesyabratel M uX o0cy:kaeHue. B
STHUYECKUX TPYTIIaxX PYCCKUX, TaTap U Oarrkup,

KOTOpBbIE SIBIISIFOTCS Hauboree
pacrpoCTpaHEeHHbBIMU B CTPYKType HaceJeHus
Pecry6nvku bamkoprocras,

OXapaKTepU30BaHbl  MOJMMOP(HBIE  JOKYCHI
I'eHOB (DEPMEHTOB aHTHOKCHIAHTHOW CHUCTEMBI,
CBSI3aHHBIX C TiyTaTMoHOM. Habmomaemoe
pacIpeieIeHue 4acTOT I'€HOTUIIOB B KaKIOMU
HCCIIEI0BAHHON ATHUYECKOU rpymnme
COOTBETCTBOBAJIO TEOPETHUUECKH OXHIAEMOMY
pPaBHOBECHOMY  pacmpefeneHuto  Xapau-
Baitn6epra (Prwe>0,05, Tabun. 2).
CpaBHUTENBHBIN aHATIU3 PACIIPEIEIICHUS YaCTOT
TEHOTHUIIOB IO KaXXJIOMY UcciieoBaHHOMY SNP
BBISIBUI  pPa3iMyMsl MEXIy O3THUYECKHMU
rpynmnamu 1o noauMopdueiM jtokycam GPX1
(rs1050450) u GPX8 (rs381852) (P=0,01,
Talb1. 2).


https://www.ebi.ac.uk/gwas/
https://www.ncbi.nlm.nih.gov/
https://www.ensembl.org/index.html
https://regulomedb.org/
https://genetics.opentargets.org/
https://cran.r-project.org/
http://apsampler.sourceforge.net/
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Tabnuya 2

XapakTepucTHKA HCCIET0BAHHBIX MOJIUMOP(HBIX JIOKYCOB, YACTOTA MHHOPHOI0 aJLJIeJIsl, Pe3yJIbTAThI AHAJIN3Aa COOTBETCTBUSA
pacnpenenenuio Xapau-BaiinOepra B Tpex 3THHYECKHMX IPynmax

Table 2

The characteristic of studied polymorphic loci, minor allele frequencies, and the results of testing for Hardy-Weinberg equilibrium in the
three ethnic groups

MAF Py?
Xpomocomuas | HGVS name, .
Ien JIOKAJTM3AIM S TeHHasl AMHUHOKUCIOTHAS | MUHOPHE I Pycckne | Tarapsl | bamkupsl
RefSNP 3amMeHa aJuielib EBponeiinsr* y
(GRCh38) JIOKAJIN3AHS Prowee)
HWE
GPX1 _ 9.49357401G>A 30,25 35,42 35,43
rs1050450 3:49357401 3 sx30m p.Pro200Leu A 33,6 (0,52) (0,08) (0,46) 0,01
GPX4 _ g.1106616T>C 39,58 39,42 42,49
1s713041 19:1106616 IUTR — T 44,93 (1) (1) (0.26) 0,34
GPX8 _ 9.55164133A>G 20,87 16,45 17,44
15381852 5:55164133 3 o308 p.Lys182Arg A 20,97 (0,63) (0,73) (0,46) 0,01
GSTP1 _ 9.67585218A>G 31,65 33,88 32,67
rs1605 11:67585218 E oxs0m p.llel05Val G 32,63 (0.46) (0,47) (0,85) 0,49
GSR _ 9.30728221G>T 20,44 21,28 18,88
rs1002149 | 30728221 | 1 orop - T 15,61 ©081) | (017 | (058) 0,42

IMpumeuanue: RefSNP — Reference SNP (6aza nanusix NCBI); MAF — wactota MuHOpHOTO amens, %; * — no nanHbiM npoekta 1000 reHoMOB; PHwe — YPOBEHb CTaTHCTHYECKOM
3HAYMMOCTHU COOTBCTCTBHA Ha6J'[IOHaeMOI‘O pacnpeaciacHusa 4aCToT reHOTUIIOB 3aKOHY pacHpeACICHUA Xapzm—BaﬁH6epra; PXZ — YPOBCHb CTaTHCTUYECKON 3HAUYUMOCTH CXO0ACTBa
pacrpe/ieNieHns 9acTOT TeHOTHIIOB B 3THUYECKMX IPYMIaxX PyCCKUX, TaTap U GaIKup 1o Kputepuro x> [Tupcona.
Note: RefSNP — Reference SNP (NCBI database); MAF — minor allele frequency, %; * — according to the 1000 Genomes Project database; Pnwe — level of statistical significance of
the correspondence of the observed frequency of genotypes distribution to the Hardy — Weinberg distribution law; Py?— P-value from Pearson’s y2-test.
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Pacnpenenenne wactor amnened u
TCHOTUIIOB B ATHHYECKUX TPyIIaxX C y4eTOM
BO3paCTHOM  rpajalud  [PUBEACHO B
Tabnuue 3. Accormanuy Mex1y BO3pacTHBIMU
rpynnaMu W MOJMUMOP(HBIMU  JIOKyCaMH
OLIEHUBAJIUCh C TOMOUIBIO PErpecCHOHHOTO
aHaliM3a M TPEACTaBIeHbl B  paMKax
pa3NUYHBIX ~ TEHETHYECKHUX  Mojeneil B
tabnuue 4. Haubonpmee uncino accoruanui
MIPOJIEMOHCTPUPOBAHO ISl  TOTUMOP(GHOTO
nmokyca IS713041 rena GPX4. B oOmeit
BbIOOpKe yactora reHotuna GPX4 (rs713041)
CT oka3anach BbIIII€ B TPYyMIE JOITOXKUTENEH,
OTHOCHUTEIIbHO TaKOBOM Cpelu JIUIl CPEIHEro
(P=0,021) wu  npexnonnoro  (P=0,004)
Bo3pacta. Accomuanus amens  GPX4
(rs713041) T ¢ monroneTrHeM, OTHOCHTEIBHO
TPyNIbl  JMIl  TPEKJIOHHOTO  BO3pacTa,
BbIsiBIIeHa B oOmiei rpynme (P=0,007) u B
rpynne Tatap (P=0,004). bonee Toro, B rpymnme
MY>KYUH JIAaHHBIN aJlIelb, TI0 KOTOPOMY TaKkKe
MOKa3aHa accolMalusg C  JOJITOJIETHEM
(P=0,006), 6bu1 ycTaHOBJIEH KakK MPEIUKTOP
obme# BwhKMBaemoctu (HR=0,81, P=0,02,
Puc. 1A). B 10 e Bpems y Galikup CHU)KEHa
gactoTa reHotuna GPX4 (rs713041) TT cpenu
oun  mpekioHHoro  Bospacta  (P=0,04),
nonroxurened  (P=0,008), wu ocobGenHo
xeHmuH crapuie 90 ner (P=0,001). 'enotun
GPX8 (rs381852) GA accomuupoBad ¢
noaronerueM B oOuieit rpynmne (P=0,03). B
IpyIIe KEHIIMH PYCCKOM  JITHUYECKOM
MPUHAIIC)KHOCTH c JOJATOJIETUEM
accouuupoansl renoturisl GPX1 (rs1050450)
GA (P=0,02) um GSTP1 (rs1695) AG
(P=0,008), a Taxxe auiens GPX8 (rs381852)
A (P=0,005). UYacrora renoruna GSR
(rs1002149) TT cHwxkeHa cpeau TaTap
nonroxwureneit (P=0,03); naHHBIA TeHOTUI
TakKe OBUT HMISHTHU(PHUIIMPOBAH KaK MapKep
MOBBIIIIEHHOTO PHCKa CMEPTHOCTH OT BCEX
npuund (HR=1,47, P=0,02, puc. 1b).

BrinonHeH mouck nHPOPMaTHUBHBIX TEH-
TCHHBIX COUYCTaHUH, CBSI3aHHBIX c
JOCTUKEHHEM TPEKJIOHHOTO Bo3pacTa |
noirojieTus. Ycra”HoBiieHO 11 xomOwmHaruin
aisjened M TeHOTUIIOB, ACCOIMHUPOBAHHBIX C
nonrojsietieM B rTpynme okeHnuH (OR>3,
Pror<0,05) (tabm. 5). Cpemu Oamkwup,

JOCTHTTIIHX JOJTOJICTHS, BEPOSITHOCTh
BcTpeyaemoctu coderanuss GPX1 (rs1050450)
GG + GPX4 (rs713041) C + GSR (rs1002149)
T B BoceMb pa3 BhINIE, YeM B TPYIIE JIUIL
cpennero Bospacta (Prpr=0,02). B rpynme
pycckux awtenu GPX1 (rs1050450) G, GPX8
(rs381852) A wu GSTP1 (rs1695) A
¢dopmupyror 10 pa3nuUuHBIX KOMOHMHAIUH, C
HamOojee  3HAYUMBIM  CTaTUCTUYECKUM
[moKasarejieM IUIA coYeTaHus GPX1
(rs1050450) G + GPX8 (rs381852) A +
GSTP1 (rs1695) A (Prpr=0,006). Coueranue
ammteneii GPX1 (rs1050450) G u GSTP1
(rs1695) A, acconMUPOBAaHHOE C JOJTOJIETHEM
(Prpr=0,05), oka3zanoch 3HAYUMBIM IS OOIICH
sepkuBaemoct (HR=0,5, P=0,02, Puc. 1B).

Y cTaHOBIICHHBIC B pe3ysbTare
MIOCTPOCHHUS PETPECCHOHHBIX MOJICIICH W I'eH-
TCHHBIX KOMOMHAINN TeHETUICCKHEC MapKEPhI
JoJrofieTHsi ObLTM BBIOpAaHBI B KayecTBE
NPEIUKTOPOB  JUIS  TPOBEICHUS  aHAIM3a
BBEDKHBACMOCTH B TPYIIAX, CHOPMUPOBAHHBIX
HAa OCHOBE CBEJEHUI O MpPUYMHAX CMEPTH
HCCIIeyeMbIX  JhI.  MapkepamMu — pHCKa
CMEPTHOCTH  TIpH  [epeOPOBACKYIISIPHBIX
3a0oneBaHuAX oOkazanuch reHotun GPX1
(rs1050450) AG (HR=1,42, P=0,003, Puc. 2A)
u couetanue auteneir GPX1 (rs1050450) G u
GSTP1 (rs1695) A (HR=1,4, P=0,02, Puc. 2b).
C BBDKMBAaEMOCTBIO TP  KOMOPOHUIHOM
cocrossHUM acconuupoBaH reHotunn GPX4
(rs713041) CT (HR=0,6, P=0,02, Puc. 2B).

Takum  oOpazom, Ha  OOmMpHOU
BBIOOPKE, BKJIFOYAOIICH MYXYHH W SKCHIUH
TPEeX KPYIHBIX 3THUYCCKUX TPYIMIT PYCCKHX,
TaTap MW  OamkWp, TMPOXKHBAKIIUX  HA
tepputopuu  PecnyOmuku  BamkopTocraH,
W3YYCHO  BO3PACT-3aBUCHMOE  M3MCHEHHUE
CHEKTpa YacTOT aJulelied W TEHOTHUIIOB IIO
MOJUMOP(HBIM JIOKycaM B T'€HaxX TIIyTaTHOH-
CBSI3aHHBIX (DEPMEHTOB AHTHUOKCHIAHTHOM
cucrembl GSR (rs1002149), GSTP1 (rs1695),
GPX1 (rs1050450), GPX4 (rs713041) u GPX8
(rs381852). HccnenoBanHast BBIOOpKa
chopMHpoBaHa W3 KOPCHHBIX JKUTENICH
PecrryOnukn bamkopTocTaH M UMEIOIIUX TEM
CaMbIM CXOJHBIC TCHIICHIIMH B OTHOIICHUU
aJlanTanuu K HKOJIOTHUECKUM "
KJIIMMATOreorpaguueCcKiM YCIOBHUSIM.
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Tabauya 3 (nauano)

Pacnipenesienne yacToT ajiesneii 1 reHOTHIIOB N0 MOJMMOP(HBIM JOKYCaM FeHOB IJIyTATHOH-3aBHCHUMBIX (pepMeHTOB

AHTHOKCHIAHTHOM CHCTEeMBbI B TpeX 3THHYecKuX rpynnax Pecny0iauku bamkoprocran

Beginning of Table 3

Alleles and genotypes frequencies distribution of polymorphic loci in the genes encoded glutathione-related enzymes involved

in the antioxidant defense across three ethnic groups of Bashkortostan Republic

I'enoTHIBI
Bo3pacrTHas rpynna Ansean Pycckue Tarapsl Bamkupbi
n (%)
GPX1 (rs1050450)
c 3} 167/151/33 (47,58/43,02/9,4) 309/357/87 (41,04/47,41/11,55) 72/92/22 (38,71/49,46/11,83)
PEUTHH BO3pact 485/217 (69,09/30,91) 975/531 (64,74/35,26) 236/136 (63,44/36,56)
Crapucoxii owpact GG/GAIAA | 97/79/17 (50,26/40,93/8,81) 289/352/74 (40,42/49,23/10,35) 114/115/38 (42,7/43,07/14,23)
GIA 273/113 (70,73/29,27) 930/500 (65,03/34,97) 343/191 (64,23/35,77)
50/53/6 (45,87/48,62/5,5) 175/194/59 (40,89/45,33/13,79) 50/39/14 (48,54/37,86/13,59)
Jloarosxcurein 153/65 (70,18/29,82) 544/312 (63,55/36,45) 139/67 (67,48/32,52)
GPX4 (rs713041)
c ) 129/170/50 (36,96/48,71/14,33) 225/311/107 (34,99/48,37/16,64) 60/92/43 (30,77/47,18/22,05)
PEATHI BO3pact 428/270 (61,32/38,68) 761/525 (59,18/40,82) 212/178 (54,36/45,64)
Crapuccii Bospact CCICT/TT 70/87/34 (36,65/45,55/17,8) 280/303/100 (41/44,36/14,64) 88/134/40 (33,59/51,15/15,27)
CIT 227/155 (59,42/40,58) 863/503 (63,18/36,82) 310/214 (59,16/40,84)
[— 37/54/17 (34,26/50/15,74) 130/212/62 (32,18/52,48/15,35) 30/61/11 (29,41/59,8/10,78)
128/88 (59,26/40,74) 472/336 (58,42/41,58) 121/83 (59,31/40,69)
GPX8 (rs381852)
c ) 231/99/13 (67,35/28,86/3,79) 445/165/25 (70,08/25,98/3,94) 137/50/6 (70,98/25,91/3,11)
PE/UTHH BO3pact 561/125 (81,78/18,22) 1055/215 (83,07/16,93) 324/62 (83,94/16,06)
Crapuccuii Bospact GG/GA/AA | 111/70/6 (59,36/37,43/3,21) 470/186/16 (69,94/27,68/2,38) 170/70/10 (68/28/4)
GIA 292/82 (78,07/21,93) 1126/218 (83,78/16,22) 410/90 (82/18)
53/46/6 (50,48/43,81/5,71) 279/115/7 (69,58/28,68/1,75) 65/31/3 (65,66/31,31/3,03)
Jloroxcutenn 152/58 (72,38/27,62) 673/129 (83,92/16,08) 161/37 (81,31/18,69)
GSTP1 (rs1695)
o 3} AAIAGIGG | 167/152/35 (47,18/42,94/9,89) 346/344/106 (43,47/43,22/13,32) 82/90/24 (41,84/45,92/12,24)
PEIHIH BO3pacT AlG 486/222 (68,64/31,36) 1036/556 (65,08/34,92) 254/138 (64,8/35,2)
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Tabauya 3 (okoHuanue)
Pacnipenesienne yacToT ajiesneii 1 reHOTHIIOB N0 MOJMMOP(HBIM JOKYCaM FeHOB IJIyTATHOH-3aBHCHUMBIX (pepMeHTOB
AHTHOKCHIAHTHOM CHCTeMbI B TPeX 3THHYecKUX rpynnax Pecny6anku bamkoprocran
End of Table 3
Alleles and genotypes frequencies distribution of polymorphic loci in the genes encoded glutathione-related enzymes involved
in the antioxidant defense across three ethnic groups of Bashkortostan Republic

I'enoTHIBI
Bo3pacrTHas rpynna Ansean Pycckue Tarapsl Bamkupbi
n (%)
C rapuceiri 5o3pact 72/84/17 (41,62/48,55/9,83) 299/303/74 (44,23/44,82/10,95) 126/106/25 (49,03/41,25/9,73)
228/118 (65,9/34,1) 901/451 (66,64/33,36) 358/156 (69,65/30,35)
J—— 53/48/7 (49,07/44,44]6,48) 188/185/44 (45,08/44,36/10,55) 44]46/11 (43,56/45,54/10,89)
154/62 (71,3/28,7) 561/273 (67,27/32,73) 134/68 (66,34/33,66)
GSR (rs1002149)
o . 224/113/14 (63,82/32,19/3,99) 403/197/35 (63,46/31,02/5,51) 128/60/7 (65,64/30,77/3,59)
DE/IHIH BO3pact 561/141 (79,91/20,09) 1003/267 (78,98/21,02) 316/74 (81,03/18,97)
Crancckuii BosaCT GG/GT/TT 108/56/7 (63,16/32,75/4,09) 4121227140 (60,68/33,43/5,89) 182/69/8 (70,27/26,64/3,09)
P P GIT 272/70 (79,53/20,47) 1051/307 (77,39/22,61) 433/85 (83,59/16,41)
66/39/4 (60,55/35,78/3,67) 268/137/13 (64,11/32,78/3,11) 58/37/7 (56,86/36,27/6,86)
Jloarosxcurein 171/47 (78,44/21,56) 673/163 (80,5/19,5) 153/51 (75/25)

[IpuMedaHue: n — YUCIEHHOCTH HOCHUTEIEH ayutens (TeHoTuNa); p — 4actorta amieis (renotuna) (%).
Note: n — number of the allele (genotype) carriers; p — allele (genotype) frequency (%).
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Puc. 1. I'padpuxu Kamnana-Maiiepa, 1eMOHCTPHPYIOIIHE TPOTHOCTHYECKYIO 3HAYMMOCTD TS 001IeH BebkruBaeMocTH ajmenss GPX4 (rs713041) T B rpyriie My>K9IuH
(A), rerorumna GSR (rs1002149) TT B rpymme tatap (b), coueranus ateneit GPX1 (rs1050450) G u GSTP1 (rs1695) A B rpyriie )eHIINH, PYCCKUX 110 STHUYECKOi
npuHaIIeKHOCTH (B)

Fig. 1. Kaplan-Meier Plot showing the prognostic significance for overall survival of the GPX4 (rs713041) T allele in men (A), GSR (rs1002149) TT genotype
among Tatars (B), GPX1 (rs1050450) G and GSTP1 (rs1695) A combination in Russian women (C)
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B To e Bpemsi OBUIM BBISBICHBI
STHUYECKHE OCOOEHHOCTH B PACIIPOCTPAHEHUN
9YacTOT TEHOTUIIOB TIO0  MOJUMOP(GHBIM
nokycam renoB GPX1 (rs1050450) u GPX8
(rs381852)  (taba. 2). Kpome Toro,
YCTaHOBJCHBl ~ Kak  o0mue, TaKk |
ATHOCTICNU(UYECKHE aCCOIMAlUU  Pa3HbIX
TCHETHYECKUX MapKepOB C JOJITOJIETHEM U
BBDKMBAaEMOCTBIO B IPEKIOHHOM BO3pacTe
(rabm. 4-5, puc. 1-2).

Amnens (rs1050450) A accoruupoBaH
CO CHUXEHHOW akTUBHOCThIO reHa GPX1 wu
COOTBETCTBEHHO C HHU3KHM YPOBHEM Oellka, C
MOHMKCHUEM KOHIICHTPAIIUU CelieHa B KPOBH,
a TaKkKe C psSJAOM TMATOJIOTMH BO3pacra B
pasHbIx momyssiusax mupa [19]. Tlonydyennast
B TpyMmnax >KEHIIWH PYCCKOW M OamkupcKon
ATHUYECKOW TNPUHAUICHKHOCTH aCCOIHAIINS
amtenst GPX1 (rs1050450) G ¢ posrosernem
MOJITBEPKTACT y4acTue JTAHHOTO
nosimMopdHOro Mapkepa B (hopmupoBaHUU
(dbeHoTUNa JOJTOXKUTENS, YCTOWYHMBOTO K
BO3PaCT3aBUCHMBIM 3a00JICBaHUSM.
I'eteposurotrsiii rerotunn GPX1 (rs1050450)
AG okazancs BoBiedYeH B (HOpMHUpPOBaHHE
naTojorudeckoro (eHOTUIa, CBSI3aHHOTO C
1epeOpOBACKYIISIPHBIMU COOBITHSIMH "
cmeptHOCTBIO (puc. 2A). HuTepecHo, UTO
Hanuuue gaxe opdHoro amwiens GPX1
(rs1050450) A moOBBIIIATIO PUCK U CTEIECHb
pa3Butusi 3aboneBanuit Bo3pacta [19]. Tlpwu
3TOM Ha MOJIEIbHBIX OO0BEKTaX MOKA3aHO
y4acTH€ HOPMaJIbHOW U BBICOKON aKTHUBHOCTH
GPx1 B 3amuTe OT OKUCIUTENBHOTO CTpEcca
UMEHHO B TKaHSIX HEpBHOW cucTeMbl [12].
MOXHO MPEeAnoI0kKUTh, YTO MOIUMOP(HBIT
mapkep GPX1 (rs1050450) Bomieuen B
(hopMUpOBaHHE aJAITUBHBIX MEXaHU3MOB TIPH
Pa3BHTHU COCYAMCTHIX MATOJIOTHUH TOJIOBHOTO
MO3ra Ha TO3AHHMX OJTamax OHTOTeHe3a,
CIIOCOOCTBYIONUX BBDKHBACGMOCTH B OYCHD
MIPEKJIOHHOM BO3pacTe.

Acconmarms  nonumopguzma  GPX1
(rs1050450) ¢ monroneTreM W MOKa3aTEISIMH
CMEPTHOCTH JIOTIOJIHUTENILHO HaOII0IaIach 1
B coueranun ¢ GSTP1 (rs1695) (rabm. 5,
puc. 1B, 2B), 4To MOKET CBUAETEIHCTBOBATh O
kputnyeckod ponun GPX1 u GSTPl B
KayecTBE pETYJISITOPOB PEIOKC-TOMEOcTasa
JUIST KJIETOYHOW BBDKUBAEMOCTH Ha TO3THHX

stamax oHroreHesa. Ilomumopdusm rs1695
rera GSTP1 accoummpoBan C cepaeqHO-
COCYAMCTBIMH 3a00JIeBaHUSIMH U pakom [13,
18, 21, 22], a Takke ¢ 60s1€3HBI0 AJBLITeliMepa
[23]. B TO xe BpeMs ObUIO YCTaHOBJICHO
cumkenne yactorsl awtens GSTP1 (rs1695) G
C BO3PAaCTOM Y HTaJbSHCKHX JOJTOXUTEICH
[31], w4ro cormacyercs ¢ HaIIMMHU
pe3yJbTaTaMH, COTJIACHO KOTOPBIM aljIeNb
GSTP1 (rs1695) A B coueraHuu ¢ APYyTUMH
AIIEISIMU TCHOB cemeiicTBa GPx
accoOLMUpPOBaH C Jjoirojeruem (Tabi. 5).
Takum o6pasom, GSTP1 accommmpoBan c
(U3MOIOTHYECKUMU U TIaTOJIOTUYCCKUMHU
BO3pAacTHBIMH MPOIIECCAMU. ITO 00YCIOBIEHO
teM, 4To GST crocoOeH B3auMOoAeHiCTBOBATE C
pPa3IMYHBIMH ~ KWHA3aMH M PErYJIHpPOBATh
BO)KHEHIIIMNE BHYTPHKJICTOYHBIC CHUTHAJIbHBIC
kackaael — JNK, ASK1, MAP, yuactByss Tem
CaMbIM B aIloITO3€ M CTpecc-peakiusx [8].
GPx4 Ttakxke sBIeTCS Ba)XXHEHIIUM
PETyJISATOPOM BBDKHBAEMOCTH KIIETKH, TaK KaK
CrocoOHa  HAaNpsIMyl0  BOCCTaHABIIMBAThH
THAPOIIEPEKUCH JTUMUIOB U XoJecTepuHa [11],
3amyckath AIF-onocpenoBaHHy0 KJIETOYHYIO
rubens [32] u uarubuposath depponros [11,
33]. U3 Bcex uzBecTHBIX n30(opM GPX TOIBKO
s GPx4 6bu1a ycTaHOBJIEHA CBSI3b JeQHUIIMTA
JTaHHOTO  ()epMeHTa C  BBDKHBAEMOCTHIO
9MOPHUOHOB J1a0OpaTOpHBIX Mbimeid [34].
IMomumopdueiii  mokyc GPX4  (rs713041)
CBSI3aH C COJIEPYKAHHEM CEJICHONPOTEHHOB B
KIETKE — B YCIOBUSX JeduuuTa ceJeHa
koHueHTpauus GPx4 nyunie noanepxuBaiach
y Hocuteneit renoruna CC;  maHHBIN
MOJIMMOP(PU3M TEM CaMbIM ObUT ONpPEJIEIEH B
KayecTBe MapKepa BOCHPUUMYHMBOCTH K
oonesnsm [24]. Tak, aens GPX4 (rs713041)
T accoumupoBaH C PHUCKOM  Pa3BUTHSA
MHCYJIbTA, TUMIEPTOHMH, paka [15]. B Hameit
pabore  nmns  momuMopdHOTO  JIOKyca
GPX4 (rs713041) momy4yeHo HamOoObIIee
YHCIIO aCCOIMAIIH, B TO K€ BPEMsI JIJIsl pa3HBIX
STHUYECKUX TPYMNN MapKepbl JOJTOJETUs
pazmuyanmuch. Amrens GPX4 (rs713041) C,
JUIE KOTOPOTO TIOKa3aHa 3alliTHas pOJIb B
OTHOLICHUH OKHCIHMTEIBHOTO TOBPEKICHUS
JHK mpu HOpManbHOM ypoBHE ceneHa [20],
ACCOIIMHMPOBAH C JOJTOJICTHEM Y OAlIKUp, KaKk
WHIWBUyaIbHbIA TEHETUYECKUN MapKep, Tak
U B MyJIbTWIOKYCHBIX HaTTepHax (Tadm. 4, 5).
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Tabnuya 4
Pe3yabTarhl anaan3a accouuanuii Me:kay noJaumMop¢HbLIMHU JIOKYCAMH H3Yy4Y€HHBIX F€HOB U BO3PacTOM
Table 4
Significant results of association analysis between the studied gene polymorphic loci and age
CpaBHuBaemble rpynnsl, N (p, %) OR (95% Clor) P AlC
SNP Moaeanb T'enoTun/ anenan KoHTtpoanb Cayuaii
CpenHuii Bo3pacT Crapueckuii BO3pacT

GPX4 (rs713041) PereccuBnas CC+CT 144 (77) 222 (84,7) 1,00 0,04 | 609,6
batikupst TT 43 (23) 40 (15,3) 0,60 (0,37-0,97)
GPX1 (rs1050450) CBepX/IOMHUHAHTHASI GG+AA 73 (60,8) 28 (43,1) 1,00 0,02 | 2385
JKeHIIuHEL pyccKue GA 47 (39,2) 37 (56,9) 2,05 (1,11-3,79)
GPX4 (rs713041) CBepX/IOMHUHAHTHASI CC+TT 581 (52,5) 287 (46,7) 1,00 0,02 | 2240,4

CT 525 (47,5) 327 (53,3) 1,26 (1,03-1,54)
GPX4 (rs713041) PereccuBnas CC+CT 144 (77) 91 (89,2) 1,00 0,008 | 372,3
barkupst TT 43 (23) 11 (10,8) 0,40 (0,20-0,83)
GPX4 (rs713041) PereccuBnas CC+CT 67 (72) 66 (91,7) 1,00 0,001 | 219,3
JKeHIuHpI OAIIKUPBI TT 26 (28) 6 (8,3) 0,23 (0,09-0,61)
GPX8 (rs381852) CBepXx/IOMUHAHTHASI GG+AA 801 (73,3) 413 (68,3) 1,00 0,03 | 2209,9

GA 291 (26,6) 192 (31,7) 1,28 (1,03-1,59)
GPX8 (rs381852) JomuHaHTHAs GG 83 (71,5) 31 (50) 1,00 0,005 | 226,1
JKenmuHsl pycckue GA+AA 33 (28,4) 31 (50) 2,52 (1,33-4,77)
GSTP1 (rs1695) CBepXx/IOMUHAHTHASI AA+GG 81 (66,9) 30 (46,9) 1,00 0,008 | 235,6
JKenmuHsl pycckue AG 40 (33,1) 34 (53,1) 2,29 (1,23-4,27)
GPX4 (rs713041) CBepXx/IOMUHAHTHASI CC+TT 612 (53,9) 287 (46,7) 1,00 0,004 | 2263,8

CT 524 (46,1) 327 (53,3) 1,33 (1,09-1,62)
GPX4 (rs713041) JloMuHaHTHAsK CcC 438 (38,6) 197 (32,1) 1,00 0,007 | 2264,6

CT+TT 698 (61,4) 417 (67,9) 1,33 (1,08-1,63)
GPX4 (rs713041) JloMuHaHTHAsK CcC 220 (40,4) 51 (29) 1,00 0,006 | 797,9
My KUYHHBI CT+TT 325 (59,6) 125 (71) 1,66 (1,15-2,4)
GPX4 (rs713041) JloMuHaHTHAsK CcC 280 (41) 130 (32,2) 1,00 0,004 | 1430
Tarapsl CT+TT 403 (59) 274 (67,8) 1,46 (1,13-1,90)
GSR (rs1002149) PereccuBnas GG+GT 639 (94,1) 405 (96,9) 1,00 0,03 | 1457,4
Tarapsi TT 40 (5,9) 13 (3,1) 0,51 (0,27-0,97)

[Tpumeyanue: n — YUCIEHHOCTH HOCHUTENEH aiens (reHotuna); p — yacrora awiens (renorumna) (%); OR — mokaszatenb COOTHOIIECHMsS IIAHCOB HAcTymuieHUs coObiths; Clor —
ILOBepI/ITGJILHLIﬁ HWHTEPBAJ NOKA3aTCJisd COOTHOLICHMS ITaHCOB HACTYIJICHUSL C06I;ITI/I$[; P- YPOBEHb 3HAYUMOCTH, AIC — I/IH(i)OpMaHHOHHLIﬁ KpI/ITepI/Iﬁ Axauke.

Note: n — number of the allele (genotype) carriers; p — the allele (genotype) frequency (%); OR — odds ratio; Clor — 95% confidence interval for OR; P — significance level; AIC —
Akaike’s information criterion.
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Tabnuya 5
CoueTranus aﬂﬂeﬂeﬁ/FEHOTHHOB, ACCONUHMPOBAHHBIC C NOJT0JIETHEM CPEAN KECHIIUH
Table 5
Allele/genotype combinations associated with longevity among women
Coueranus T pynubi cpasHenus (Up, ) OR 95% Clor P Prbr
Joaroxurean \ Cpennuii Bo3pact

bamkupser
GPX1 (rs1050450) GG+GPX4 (rs713041) C+GSR (rs1002149) T | 25,35 | 4,08 1798 |2,57-2482]0,00006 |0,02
Pycckue
GPX1 (rs1050450) G+GPX8 (rs381852) A+GSTP1 (rs1695) A | 50,0 19,74 407 |215-7,7 ]0,00001 |0,006
GPX1 (rs1050450) G+GPX8 (rs381852) AG+GSTP1 (rs1695) A | 45,16 16,45 418 |2,17-8,09 |0,00002 | 0,004
GPX1 (rs1050450) AG+GPX8 (rs381852) A+GSTP1 (rs1695) A | 32,26 9,87 4,35 2,05-9,24 |0,0001 0,01
GPX1 (rs1050450) G+GPX8 (rs381852) AG 45,16 19,08 349 |184-6,65 |0,0001 |0,01
GPX1 (rs1050450) G+GPX8 (rs381852) A 50,0 23,03 3,34 1,79-6,24 | 0,0001 0,009
GPX8 (rs1050450) A+GSTP1 (rs1695) A 50,0 24,84 3,08 1,66 -5,71 | 0,0003 0,01
GPX8 (rs1050450) AG+GSTP1 (rs1695) A 53,85 20,51 3,17 1,68 — 5,97 | 0,0003 0,01
GPX1 (rs1050450) AG+GPX8 (rs381852) A 32,26 11,84 3,95 1,72-7,32 | 0,0006 0,02
GPX1 (rs1050450) AG+GPX8 (rs381852) AG 29,03 10,53 3,48 1,64-7,39 |0,001 0,03
GPX1 (rs1050450) G+GSTP1 (rs1695) A 93,75 78,34 4,15 1,41-12,22 | 0,003 0,05

[Mpumeuanue: p — gacrora BcTpedaeMoct coderanus; OR — mokaszarens cooTHOUIEHHs MaHcoB HacTyruieHus coObtust; Clor — 95% noBepurensubiii naTepBan OR; P — ypoBens
3HAYMMOCTH; Prpr — YpOBEHb 3HAYMMOCTH MIOCJIe BBEJCHHS TONPAaBKH HA MHOYKECTBEHHOCTh cpaBHeHHH MeTonoM FDR (false discovery rate).

Notes: p — the combination frequency; OR — odds ratio; Clor — 95% confidence interval for OR; P — significance level; Prpr — significance level corrected for multiple testing using
FDR (false discovery rate) method.
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BBDKHBAEMOCTH ITpH KoMopOuaHOM cratyce reHotuna GPX4 (rs713041) CT (B).

Fig. 2. Kaplan-Meier Plot showing the prognostic significance for cerebrovascular diseases-specific survival of the GPX1 (rs1050450) AG genotype
(A), and GPX1 (rs1050450) G and GSTP1 (rs1695) A alleles combination (B), and for multimorbidity-specific survival of the PX4 (rs713041) CT

genotype (C).
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Amnens GPX4 (rs713041) T okasancs
aCCOIIMMPOBAaH C JOJTOJIETHEM M  OOmIeH
BBEDKHBAEMOCTBIO MY>KUYUH TaTapCcKOu
ASTHUYECKOW TpHHAIISKHOCTH (Tadm. 4,
puc. 1A). IlpuHumMas BO BHHUMaHHE pOJIb
JaHHOTO mojumopdu3smMa B OoOMEHE WU
(GYHKITMOHHPOBAHUH CeJIeHCOIep KaIInX
(GEepMEHTOB, MOXHO MPEIIOJI0KHUTh, YTO
HCTOPUYECKH  CIIOKUBIIHECS OCOOEHHOCTH
palMoHa W DKOJIOTUYECKUX  yCJIOBHUH
MIPOKUBAHUS MOTJIH chopMUpOBaThH
ATHOCTICIU(UIECKHE aJlanTallMOHHbIC
MOJICKYJISIpHbIC MeXaHU3MbI [35].

Pe3ynbrarh HCCJIEAOBAHUI GPx&
JEMOHCTPHPYIOT €r0 Y4YaCTHE B Pa3sIUIHBIX
(GU3MOJIOTHYECKUX TpoIeccax, TaKHX Kak

AHTHUOKCHAAHTHAas 3alura, CTpeCC
OHJOINIa3MAaTHYCCKOT'O PECTUKYJIYyMa, allOIITO3,
peryjsiaunsa roMeocTrasa KaJIbIIusl,

BHYTPUKJICTOYHBI CUTHAJIMHI, a TaKXke B
omyxoJyieoopazoBanuu [36]. B To ke Bpems
OTCYTCTBYIOT ~ PabOTBl MO0  HW3YYCHUIO
nomuMopHBIX  BapuanTtoB TreHa GPX8.
Merogom GWAS  Obiia  ycTaHoBieHa
acconmarnms rs381852 ¢ pakom ssuunukos [16].
B wamem wuccnegosanuu amiens GPX8
(rs381852) A acconuupoBaH C JOJTOJECTHEM
JKEHIIIMH, PYCCKUX IO  3THUYECKOM
MPUHAIIIEKHOCTH, KaK OTHIENbHO, TaK W B
coueTanusx (Tabm. 4, 5).

OYHKINOHAIBHBIN OJIMMOP(PHBII
BapuaHT GSR (rs1002149) T accoruupoBat ¢
BBICOKUM ypoBHeM GSH, koTopelii B cBOIO
ouepelb KOppenupyeT ¢ OJaronpHsTHbIM
(hu3HOIOTHYECKUM (POHOM, CTIOCOOCTBYIOIITUM
JOJTONIETUIO M YCTOHYMBOCTU K Pa3BUTHIO
3aboneannii [9, 14]. Bomee Toro, Hm3Kas

KOHIIEHTpalus CBIBOPOTOUYHOT'O GSH
SABJIAETCA MIPEIUKTOPOM KOTHUTHUBHBIX
HApYyLIEHUM, 0ome3Hn Anbureiimepa,

MYJBTUMOPOUIHOTO CTaTyca W CTapeHHs B
nenom [10, 25]. C apyroit cTOpoHBI, ayienb
(rs1002149) T sBasiercst ayieseM pucKa JIst
paka rpyau [9], XxpoHHUYECKOW 0OCTPYKTHBHON
Oomesnn Jerkux [26], Koppemupyer co

CHHUXXCHUEM MI/IHepaJIBHOﬁ IIJIOTHOCTHU
KOCTHO# TKaHH B mocT™MeHomnay3e [27] u 6oee
TOTO, c BBDKMBAEMOCTBHIO cpenu

cynepaoaroxkureneii [14]. Takum oGpazom,
IIOJIyYEHHBIE Il 3THUYECKOW TIPYIIIBI TaTap

pe3yabTaThl, JEMOHCTPUPYIOUINE CHUKCHHE
YacTOThl ~ BCTPEUAaEMOCTH TeHOTHUIA
(rs1002149) TT cpenu nonroxkureneu (tadin.
4) ¥ TIOBBIICHHBIM pUCK cMmepTHOCTH (Puc.
1b), corjacyrooTcs ¢ TakOBBIMM B JIpYTHX
€BPOIEHCKUX MOoMyJsiuuix. B To ke Bpems y
Oamkup  CHOCOOCTBYIOIIEE  JIOJNTOJICTHIO
coyeranue BKIrouaeT amiens (rs1002149) T
(Tabm. 5); KaXblid JIEMEHT COYCTAHUS TAKHM
o0pa3oM  accOMUpOBaH C  BBICOKOU
AKTUBHOCTBIO KOAMPYEMOro UM (hepMeHTa, H
TEM CcaMblM BOBJIEUYEH B TNOJACpKaHHUE
BBICOKOTO ~ YpPOBHS  BOCCTAHOBHUTEIIBHOTO
NOTEHLMaNa [JIyTaTHOHOBOIO KOMITOHEHTa
AQHTUOKCHU/IAHTHOM CHCTEMBI.

3akJ/iouenue. B taHHOM ucclieJOBaHUH
MBI OLICHHJIN BKJIAJI OJTMMOP(HBIX BAPHAHTOB
TE€HOB IIyTaTHOH-3aBHCUMBIX  (PEpMEHTOB
aHTHoKcuaanTHOM cructembl GSR (rs1002149),
GSTP1 (rs1695), GPX1 (rs1050450), GPX4
(rs713041) wu  GPX8  (rs381852) B
¢bopmupoBanre  GEHOTUIA  JIOJITOKUTEINS
CpeAM  OCHOBHBIX  OTHHUYECKHX  TPYIHII
HaceneHus PecnyOmuku bamkoprocrtan. Jlis
amtenst GPX4 (rs713041) C, cBsizaHHOTO C
ayqmeil sddextuBHOCTRIO paboTel GPX4,
YCTAHOBJICHO HaWOOJIbIIIEE YHCIIO aCCOIMAIINI
C JIOJTOJETHEM M  BBDKMBAEMOCTBIO B
3THUYECKOH rpyrie oamkup. B To ke Bpems B
Tpynmne TaTap MPOTEKTHBHBIM B OTHOIICHUH
BEDKMBAGMOCTH  OKazaics amrenr GPX4
(rs713041) T, accolMHMPOBAHHBIA C PUCKOM
pa3BUTHSI MHOTO(AKTOPHBIX MATOJIOTHIA; STOT
pe3ynbTar TpeOyeT nanbHEHIIero HM3y4deHus
ATHOCTICIM(UIECKUX  MOJCKYJSIDHBIX |
OMOXMMHUYECKHUX TporeccoB. B rpymnme
KCHIIHH, PYCCKHUX o THHYECKOU
npuHaIeKHOCTH, auiens GPX8 (rs381852) A
ACCOIIMMPOBAH C  JONTOJIETHEM  Kak
WHIUBUAYaTbHO, TaK WU B COYETAHHH C
JIPYTUMH TEHETHYECKUMH Mapkepamu. B
STHUYECKOU rpymme TaTap aNenb
GSR (rs1002149) T,  KOTOpBI  SIBIAETCS
MapKepoM pHUCKa MHOTHX BO3PACT-3aBUCUMBIX
3a00NeBaHUl, B TOMO3HTOTHOM BapHaHTE
MOBBIIIAET PUCK CMEPTHOCTU OT BCEX MPUYHH.
Cpeny KEHIIWH, PYCCKHUX IO 3THUYECKOU
npunaexuoctu, autenu GPX1 (rs1050450)
G u GSTP1 (rsl695) A, cBs3aHHBIE C

HOPMAQJIBHOW M  BBICOKOM  aKTMBHOCTBIO
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KOJIUPYEMBIX OCIKOBBIX MPOJIYKTOB,
CIOCOOCTBYIOT JOCTHXKEHUIO JOJITOJICTHS, HO
B TO JX€ BpeMs JEMOHCTPUPYIOT 3(¢eKT
AHTarOHHUCTHYECKOM IJICUOTPOIINH,
MOCKOJBKY  aCCOIMUPOBaHbI C  PUCKOM
CMEPTHOCTH UMEHHO B BO3pPAacTe JOJTOJIETHS,
u 0c00eHHO npu pa3BUTHH
1epeOpOBACKYIAPHBIX MMaTOJIOTHH.

Takum o0pa3zom, MOJ W OSTHUYECKAS
MIPUHAJIC)KHOCTh CITOCOOHBI
MOIUGUIHPOBATE APPEKTH PabOTHl TEHOB
[Ty TaTHOH-3aBUCUMBIX dbepmMeHTOB
KJICTOYHOMH AHTUOKCHIAHTHOM 3alUTHL.
Kpome Toro, wusyueHHsle mnoIUMOpP(dHEIE
JIOKYCBI BBICTYHAIOT MapKepaMu Yys3BUMOCTH
WIM YCTOMYMBOCTU K PAa3BUBAIOIIUMCS C
BO3pPACTOM IMATOJOTUSAM, U MOTYT 3aBUCETH OT
TOPMOHAIBHOTO H (hbU3HOJIOTHYECKOTO
cTaTyca, XapaKTepHOTO Il ONpPEAeNIEHHOTO
BO3pacTHOro »Tama. [Ipu 3TOM, MOCKOJBKY
3¢ (}HEeKThl OTICIBHBIX T€HOB PEATH3YIOTCS B
MHOTOYPOBHEBBIX u Pa3BETBICHHBIX
CUTHAJIBHBIX  MOJEKYJSIPHBIX — MyTAX, HX
BIIMSHHE HA BEDKUBAEMOCTh MOXET MEHSITHCS
B 3aBHCHUMOCTH OT T€HETUUECKOT'O OKPYKEHHUS.

B LIEJIOM, HCCIICAOBaHHEIC
noMMOp(dHBIE JIOKYChl aCCOLIMHPOBAHBI  C
BBDKHBAEMOCTBIO npu pa3IMYHBIX
(hU3HOTOTHUYECKHUX u MaTOJOTHYCCKUX
COCTOSHHUSX, a TakKXKe C JOJrOJICTUEM, U
SIBIISIFOTCSL  9aCThIO CJIOKHOM JTMHAMUYIHON
CeTH  MOJIEKYJSIPHBIX  BHYTPHUKJIETOYHBIX
B3aHUMOJICHCTBHIA.
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Pesrome

AKTyadbHOCTh: JluTeparypHblii 0030p MOCBSIIEH MHOTOJETHEMY TpPaBSHHCTOMY pacTCHHIO
Reynoutria sachalinensis cemeiictBa Polygonaceae. Bo MHOruX cTpaHaX JaHHBIA BHJ CYMTACTCS
WHBAa3MBHBIM W BEJIETCS IOUCK HE TOJBKO METOJOB OOphOBI C HUM, HO W BapUAHTOB €0
WCIIOJIb30BaHUs, KaK JICKAPCTBEHHOTO, MEIOHOCHOTO, JCKOPATUBHOTO, MUINEBOTO M KOPMOBOTO
pacrenus. Leap ucciaenoBanus: CucteMaTn3upoBaTh COBPEMEHHBIE HayUHBIE JaHHBIE B 00JIACTH
XuMHUUeckoro coctaBa R. sachalinensis, MexaHW3MOB [CHCTBHS €r0 OCHOBHBIX OHOJIOTHYECKH
AKTHBHBIX COCIMHEHMH M OOOCHOBAaHMIO HMX TEPaNeBTUYECKOTO HCIOJIb30BaHMs. MaTepuabl
¥ MeToabI: [ JOCTKEHMSI TOCTABJICHHOM eI TIPOBOIUIICS aHAJIH3 HCTOYHHUKOB OT€YECTBEHHOU
Y MHOCTPAHHOH JUTEpaTypsl 1o AaHHOU nmpodneme 3a nepuos ¢ 2000 r. mo 2025 r. Mcnonb3oBanuck
0a3pl JaHHBIX HAYYHBIX SJEKTpOoHHBIX OuOIMorek Google Scholar, eLibrary, PubMed, Web
of Science, ScienceDirect, Scopus. Pe3yabTaThl: B 0030pe 0000111eHBI pe3yIbTaThl UCCICTOBAHHIA
B 00JIaCTH W3y4YeHHs] XHMHUYECKOTO COCTaBa, OWOJOTHYECKOW aKTUBHOCTH KaK pPa3JIMYHBIX
OKCTPAKTOB, TaK M WHIUBHUIYaJIbHBIX COCIMHCHHI, a TAKKE€ MEXaHU3MOB JCHCTBHUS OCHOBHBIX
Ouosornyecky akTHBHBIX BerecT R. sachalinensis. B HacTosiiee Bpemst U3 TaHHOTO BH/Ia BBIIEICHO
u wuaeHTHduIMpoBaHo Oonee 277 coenumHeHuit. Merabomutel R. sachalinensis otrHocsTcs
K (CHOJBHBIM COCIMHEHUSIM, TPUTEPIICHOWIAM, a30TCOACPIKAIIMM COCAMHEHUSIM, MHTMEHTaM H
amu(aTHIeCKUM CIHPTaM. B HcciieoBaHuAX MOCIEAHUX JACCATHICTHI MOKa3aHO, YTO CyMMapHBIC
SKCTPAKTHI ¥ BBHICOKOOYHMINECHHbBIE (ppaKIMy COEAMHEHUH U3 pas3auyHbIX opraHoB R. sachalinensis
o0JajafoT  aHTHOKCHUIAHTHOW, TPOTUBOBUPYCHOM, (YHTHIMIHOW ¥  NPOTHUBOOIYXOJIEBOMH
AKTUBHOCTBHIO, HMHTHOUPYIOIIMM  JCHCTBUEM Ha  [-TJIIOKO3MIA3y,  aleTHIIXOJIMHACTEpasy,
KCAaHTUHOKCH/Ia3y M HEHPONPOTECKTHUBHBIMU CBOMCTBaMH. 3HAHHE MPOCTPAHCTBEHHOH CTPYKTYpBI
KOMIUICKCOB KJICTOYHBIX OCJIKOB, MEMOpAHHBIX pEIENTOPOB W PACTUTEIBHBIX BTOPUYHBIX
METabOJIMTOB, UX JIUTAH/IOB PACKPHIBACT MEXaHU3M JICHCTBUS OMOJIOTMYSCKH aKTUBHBIX BEIIECTB, HO
HE UCKITI0YAaeT HEOOXOUMOCTH €0 MOATBEPKICHUS M IPOBECHHUS SKCIICPUMEHTa IN VItro u in vivo.
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3akmrouenne: PactutenbHoe chippe R. sachalinensis MoxHO paccMmaTpuBaTh Kak HCTOYHHK
OMOJIOTHYECKU aKTUBHBIX META0OIUTOB, UMEIOIINX ITUPOKHUI CIIEKTP MCIIOJIb30BaHHS.

KuloueBble cjioBa: pEeHHYTpUsS CaxaJMHCKas; BTOPUYHBIE META0OJUTHI; ITUTOTOKCUYHOCTD;
NPOTUBOBUPYCHOE JCHCTBUE; MOJICKYISPHBIN TOKHHT

s nurupoBanus: XXuuukosa EI, Kpons TA, banees JIH. Bropuunsie metabonutsl Reynoutria
sachalinensis — TOTEeHLMAJbHBIA pe3epB (papmakonoruueckux mnpenaparos (063op). Hayunble
pe3yabTaTtel OMOMEOUIMHCKUX uccienoBanuit. 2026;12(3):414-438. DOI: 10.18413/2658-6533-
2026-12-3-0-4

Secondary metabolites of Reynoutria
sachalinensis — a potential reserve
of pharmacological drugs (review)

Elena G. Zhnichkova 2, Tatyana A. Krol ©©, Dmitry N. Baleev

All-Russian Scientific Research Institute of Medicinal and Aromatic Plants,
7 Grina St., Bldg. 1, Moscow, 117216, Russia
Corresponding author: Elena G. Zhnichkova (emili-07@mail.ru)

Abstract

Background: This literature review focuses on the perennial herbaceous plant Reynoutria
sachalinensis, which belongs to the Polygonaceae family. This species is considered invasive in many
countries, and research is ongoing into methods to combat it and its potential use as a medicinal,
honey-bearing, ornamental, food and fodder plant. The aim of the study: To systematize modern
scientific data in the field of the chemical composition of R. sachalinensis, the mechanisms of action
of its main biologically active compounds and the justification of their therapeutic use. Materials
and methods: To achieve this goal, an analysis of the sources of national and foreign literature on
this issue was carried out for the period from 2000 to 2025. Databases of scientific electronic libraries
Google Scholar, eLibrary, PubMed, Web of Science, ScienceDirect, Scopus were used. Results: The
review summarizes the results of research in the field of studying the chemical composition,
biological activity of both various extracts and individual compounds, as well as the mechanisms of
action of the main biologically active substances of R. sachalinensis. Currently, more than 277
compounds have been isolated and identified from this species. The metabolites of R. sachalinensis
are phenolic compounds, triterpenoids, nitrogenous compounds, pigments and aliphatic alcohols.
Studies in recent decades have shown that total extracts and highly purified fractions of compounds
from various organs of R. sachalinensis have antioxidant, antiviral, fungicidal, and antitumor activity,
inhibitory effects on beta-glucosidase, acarbose, acetylcholinesterase, xanthine oxidase, and
neuroprotective properties. Knowledge of the spatial structure of complexes of cellular proteins,
membrane receptors, and plant secondary metabolites, as well as their ligands, reveals the mechanism
of action of biologically active substances, but does not exclude the need to confirm it and conduct
experiments in vitro and in vivo. Conclusion: The plant raw materials of R. sachalinensis can be
considered as a source of biologically active metabolites with a wide range of uses.

Keywords: Reynoutria sachalinensis; secondary metabolites; cytotoxicity; antiviral effect; molecular
docking


https://orcid.org/0000-0002-2260-293X
https://orcid.org/0000-0003-4642-651X
https://orcid.org/0000-0002-1228-0594

0630p
Review

Knuukoea ET, u dp. Bmopuunwsle memaboaumvl Reynoutria ... 416
Zhnichkova EG, et al. Secondary metabolites of Reynoutria ...

For citation: Zhnichkova EG, Krol TA, Baleev DN. Secondary metabolites of Reynoutria
sachalinensis — a potential reserve of pharmacological drugs (review). Research Results in
Biomedicine. 2026;12(3):414-438. Russian. DOI: 10.18413/2658-6533-2026-12-3-0-4

Beenenue. JlekapCTBeHHBbIE paCTEHUs
UIpalOT  BaXXHYHO poJib B MHPOBOM
3/IpaBOOXPAHEHUHN U TJI00aTbHOW HIKOHOMHUKE
[1]. B mHacrosmee BpeMs HHIYCTPHS
¢uToTEpanuK IEpPeKUBAECT AKTUBHBIM poCT
[2]. Tonbko B CLLIA 6oinee 25% penenTypHbIX
JEKapCTB COJAEpX aT AaKTHUBHbIE BEIECTBa,
nosyuyeHHsle u3 pactenuii [3]. B Poccuu nons
pplHKa  ¢uTONmpenapatoB  MEHbLIE IO
CpaBHEHHUIO co cTpaHamu EBpocorosa [4, 5, 6].
[Ipu stom Poccuiickas denepanus obnamgaet
OIIpECICHHBIM MIOTEHLIMAJIOM Ui
MpOM3BOJCTBA  ¢uTonpenapatoB [7, 8].
HccnenoBanusi, npoBoguMble B 001aCcTH
MOMCKa M HW3Y4YEHHs] MEXaHU3Ma JeWCTBUA
BTOPUYHBIX METabOJIMTOB JIEKAPCTBEHHBIX
pacTeHMid, SABISIOTCS aKTyaJlbHbIMHU [9].

Reynoutria sachalinensis (F. Schmidt)
Nakai  (cun. Polygonum  sachalinensis
F. Schmidt ex Maxim., Fallopia sachalinensis
(F. Schmidt) Ronse Decr.) — Peiinytpus
CaxaJMHCKas — MHOTOJIETHEE TPABSIHUCTOE
pacTeHne BbICOTOM 10 4 METPOB C KPYIHBIMH
OBAJIBHO-TIPOJIOJITOBATBIMH, C CEPALIEBUIHBIM
OCHOBaHMEM U OCTPOW WM 3a0CTPEHHOH
BEPXYIIKOM  JIUCTBSIMHM, JUIMHA KOTOPBIX
BappupyeT ot 15 mo 45 cm. [10, 11, 12].
JlaHHBI  BUJ  TNPUHAMIEKUT CEMEUCTBY
Polygonaceae [13]. KopreBuiiie yToIIeHHOE,
BeTBUCTOE. l[BeTkM Menkue, coOpaHbl B
KOpPOTKHE, TJIOTHBIE METENKU IIuHOM 110 10
cM. B mpuposne naHHbBIN BUI paclpoCTpaHEH
Ha Kypuibckux octpoBax, octpoBax CaxanuH,
Xokkaigo, XoHcro, KopelickoMm momyocTpose
[11, 14]. BropuuHslii apeas pacnosiaraercsi Ha
tepputopun  CHIA, Wuaum, AscTpanumy,
Adpuxku u Esponsl [11]. JIns nanHoro Buaa
XapakTepHa noiumiouaus. Bcrpeuarorcs
MOMYJISIUM € HaAJIWYUEM TETPAIJIOUIHOTO
(2n=44), reKCaryIouIHOIO (2n=66),
OKTOTUIOMIHOTO (2n = 88) 1 10AEKATIIIOUTHOTO
gucia xpomocoM (2n=132) [10, 11, 15].

B 19 Beke nmanHbli BHA ObLI 3aBE3€H B
EBpony B kauecTBe J1I€KOPATUBHOI'O PAcTEHUS
[12]. R. sachalinensis BcrpewaeTcs Ha
TeppuTopuu 29 eBpomneinckux cTpas, B 18 u3

HUX CUMTACTCS MHBA3HMBHBIM BujoM [10, 16].
JlanHblii BUI HE TpeOOBaTENIEH K COCTABY MOYB
U CHOCOOEH pPAacTH MPAKTHYECKH B JFOOBIX
yCIIOBUSIX,  00pa3yss  MOHOJOMHHAHTHBIC
3apociu [15, 17]. Ilpouspacraer no Geperam
peK, Ha OIyIIKax Jieca, BOJIM3U MOpOT, Ha
CBaJIKax, CTPOMUTENBHBIX IiouaiKax,
YKEJIE3HOJJOPOKHBIX HACHITISAX U 3a0POIICHHBIX
noJisix. Beaerca mouck mep 60pbObI C 3TUM
pacTeHueM, a TakKKe IOHCK IyTel ero
ncroab3oBanus [18].

R. sachalinensis wucnone3zyercss Kak
JIEKApCTBEHHOE, MEJIOHOCHOE, JIEKOPaTHBHOE,
IUIIEBOE W  HETPAJULIMOHHOE KOPMOBOE
pactenue [19]. Bo3moxxHO ero mpumeHeHue B
(uTopemMenualyu 3arpsS3HEHHBIX TEPPUTOPHH,
B NMIIEBON U OyMa)XHOM MPOMBIILIIEHHOCTH
[20, 21]. DkcTpaKThl JAHHOTO BU/AA UCIIOJIB3YIOT
B KauecTBE CTUMYJISITOpAa POCTa pacTEHUH H
¢ynrummaa [22]. CnuproBoe W3BIICUEHHE U3
JIMCTHEB OKA3bIBA€T CTUMYJIHpYIOLIEE IeHCTBHE
IpU TPOPACTAHUM CEMSH M POCTE PACTECHHIA
mireHnItel - Triticum  aestivum - L. [23].
N3 okcrpakra pactenmii R.  sachalinensis
nonyueH Owornectrmmy [24]. OnpHako B
HacTosIee BpeMsi OH He ObUT 3aperucTpupoBaH
uu B omHoi ctpane EC [25]. B SImornu n Kurtae
MPUMEHSIETCS B TPAAULIMOHHON MeTuIIMHE [26].

Hean HCCJIeI0BAHUS. JlaHHBII
JIUTEepaTypPHBIN 0030p MIOCBSIIICH
CHUCTEMAaTH3aIlMd  COBPEMEHHBIX  HAayYHBIX
JMaHHBIX B O0JAcTH XMUMHYECKOTO COCTaBa
R. sachalinensis, wu3ydeHu0o MexaHHU3MOB
NEHCTBUSL €ro  OCHOBHBIX OHMOJOTHYECKH
AKTHBHBIX COEJMHEHUH W OOOCHOBAHHWIO HX
TEpaneBTUYECKOr0 UCTOIb30BAHMUS.

MatepuaJibl M1 MeTObI HCCIIEIOBAHNS.
Jnst uHbOpMAalIMOHHO-aHATUTHYECKOTO MTOUCKA
UCII0JIb30BAJIM HAYyYHbIE TAHHBIE, Pa3MEIlIEHHbIE
Ha DSIeKTpoHHBIX pecypcax Google Scholar,
eLibrary, PubMed, Web of Science,
ScienceDirect, Scopus. [Touck ocyrecTBisiim 3a
nepuon ¢ 2000 r. mo 2025 r. MO KIIOYEBBIM
croBaM: «Reynoutria sachalinensisy, «Fallopia
sachalinensisy, «giant knotweed», «peiHyTpHs
caxaluHCKas»,  «OOTaHMYECKOe  OIMHCaHUe
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perHyTpUn CaXaJIMHCKON, «IKCTPAKT 277  XUMUYECKUX  KOMIIOHEHTOB  [27].
PEMHYTpHH  CaxXaluHCKOW»,  «(ECHOIBHBIE R. sachalinensis COIEPIKHT OobII0€
COCMUHEHHS  PEUHYTpHH  CaXaJMHCKONY, KOJIMYECTBO Pa3HOOOPa3HBIX OHOIOTHYECKH
«XMMHUYECKUI COCTaB peltHyTprn aKTUBHBIX BELIECTB: (DEHOJbHBIE COCAMHEHUS
CaxaJIMHCKOI», «(hapMaKoJIOru4ecKkoe ecTBIe (aHTpaxMHOHBI, CTUWIBOEHBI, (JIABOHOUIBI,
peitHyTpUn CaxaJIMHCKOI», (heHUImpOmaHOU kI, MIPOAHTOIIMAHUTUHBI,
«IUTOTOKCUYHOCTHY, «TIPOTUBOBHPYCHOE THIPOJIM3yeMble  TaHHWUHBL,  (DEHOJBHBIE
NIEUCTBUE», «aHTUOAKTEpUAIbHOE JeiCTBHEY, KUCJIOTBI),  KApOTUHOUIBI,  XJIOPOGDUILIHI,
«TIPOTUBOOITYXOJIEBOE JIEHCTBUEY. TPUTEPIICHOUIBL, a30TcoaepIKalue
IIpogpunv buoakmuenvix coeouneHuil COCMHEHUS U  anudaTUYeCKHe CIUPTHI

DUTOXUMHYECKHE HCCIEIOBAHUS pPOJia
Reynoutria  BeIsBWIM ~ Hanmuyue  Oosee

(ta6m. 1) [28, 29].

Tabnuya 1 (nauano)

Bropuunsie MeTadosntsl Reynoutria sachalinensis

Beginning of 7able 1

Secondary metabolites of Reynoutria sachalinensis

Ne Bropune1ii meragoaur, OpraH pactenus, Ijae CHHTe3HpyeTcst
- BBII€JIEHHBIH H3 MW i ABTOpBI
n/n . , . BAB
Reynoutria sachalinensis
TepnieHsl
(E)-p-ommumen 136,2 JUCT, 3apaxeHusiit Popillia japonica [34]
JTUHAIIOOIT 154,2 JUCT, 3apakeHHbIN Popillia japonica [34]
3 (E)-4,8-mumernn-1,3,7- 150,3 JUCT, 3apaxkeHHbIN Popillia japonica [34]
HOHATpUEH
4 | (E,E)-o-dapuesen 204,3 JUCT, 3apakeHHbIN Popillia japonica [34]
TputepreHonIbI
5 | f-amupun 426,7 cTeOeb, IIBETOK [35]
6 | ypconosast KHCIOTa 456,7 cTe0eIb, JINCT, KOPHEBHUIIIE [36]
7 OJIEAHOJIOBAsI KUCIIOTA 456,7 ctebeb, INCT, KOPHEBHIIES [36]
8 OCTYNHHOBAsI KUCIIOTA 456,7 cte0elb, JINCT, KOPHEBHIIE [36]
Crepouisl
9 | xammecTepo 400,7 cTe0elb, IIBETOK [35]
10 | sprocTeponnepokcun 428,6 cTeOeb, IIBETOK [35]
11 | maykocrepon 576,9 cTeOeb, IIBETOK [35]
Cruib0eHbt
12 | pecBeparpon 228,2 KOPHEBHILE [30, 32, 36]
13 | pecBepaTpos-reKCo3uj 390,4 KOpHEBHIIA [30]
14 | monunatux 3904 KOPHEBHULIE, KOPEHD [31, 37]
15 | nuueun 3904 cTe0elb, INCT, KOPHEBHIIES [26, 30, 32, 37]
16 | pecBeparposio3uj 390,4 cte0eb, KOPHEBUIIES [26, 30, 31, 32]
17 | munearannona-3-0O- IITIOKO3U]T 406,4 KOPHEBHIIE [26, 30, 31]
18 | pecBeparpon-ramioni- 5425 KOPHEBHILE [26]
TTFOKO3H]T
DeHUITPOTaHON b
19 | Kopu4Has KUCIIOTa 148,2 HaJ3eMHas 9acTh [33]
20 | mamaro3ug D 634,6 KOpEHb [38, 39]
21 | ruaponunepo3u 780,7 cte0eb, IIBETOK, KOPCHb [31]
22 | namaro3upg C 810,7 KOpEHb [38, 39]
23 | Banmko3un C 822.,8 cte0elb, KOpeHb [31]
24 | Banuko3un B 954,9 cTe0esib, KOpeHb [12,31]
25 | namaro3ug A 986,9 KOpEHb [38, 39]
26 | BaHMKO3UO A 998.,9 KOpEHb [38, 39]
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Tabnuya 1 (npoooncenue)

Bropuunbie meTadoautsl Reynoutria sachalinensis
Continuation of Table 1

Secondary metabolites of Reynoutria sachalinensis

Ne Bropwnsiii meraosr, OpraH pacTenus, e CHHTe3NpPyeTcst
- BBIIE€JIEHHBIH H3 MW i ABTOpBI
n/n . . . BAB
Reynoutria sachalinensis
dnaBoHOUIBI
[Tpon3BoIHbIC TIOTEONUHA
27 | moreonuH-7-0O-paMHO3UA 432,4 JIUCT [26]
28 | moTeonuH-7-0O-ranakro3usn 448,4 cTe0eb, JINCT [26]
29 | moreonuH-7-O-TIIOKO3HT 448.,4 cTebenb, JINCT [26, 31]
IIpownsBonHbIe Kemidepona
30 | kemrdeporn-3-O-TIroKo3u I | 448.4 | cTebeb, JINCT, KOPHEBHUIIE | [31]
[Ipon3BomHBIC KBEPIICTHHA
31 | xBepueTHH 302,2 crebeb, JINCT LBETOK [26, 31, 35]
32 | KBepUETHH NEHTO3U] 4343 cTe0eb, JINCT [26, 31]
33 | kBepueruH-3-O- 4343 IIBETOK [40]
apaOMHOIMPAHO3U
34 | kBepuetuH-3-O-o- 4343 IIBETOK [40]
apabuHOBypaHO3H T
35 | xBepUeTHH-3-paMHO3H] 4484 cTe0eb, JINCT [31]
36 | xBepuetHH 3-4-D-mmoko3us 464.4 LIBETOK [35, 40]
37 | kBepueruH-3-0O-a-D- 464.,4 IIBETOK [40]
TaJIAKTOITUPAHO3HT
38 | KBepIETHH-AIECTUITEKCO3U 506,4 cTe0eNb, JINCT [36]
39 | xBepueTnH-3-O-pamMHO3UI- 610,5 crebenb, TUCT [36]
TTFOKO3H]T
®dnasaH-3-071561
40 | xarexuH 290,3 cTebelb, JINCT, KOPECHb, [29, 36, 41]
41 | snuMKaTeXWH 290,3 JIUCT, KOPEHbB, [29, 41]
42 | snukarexun-3-O-ramiar 442 .4 cTebelTb, JINCT, KOPHEBHIIE [29, 30, 31, 41]
43 | xaTexuH rajuiar 442 .4 crebenb, INCT, KOPEHb [29, 36, 41]
44 | KaTeXxWH IIIOKO3M]I 4524 cte0eb, JINCT, KOPCHb [36]
45 | rajtoKaTexuH rajjar 458,4 JIUCT, KOPEHb [29, 41]
46 | muMmep mpolMaHUIUHA, TUT B 578,1 cTebenb, INCT, KOPHEBHIIE [26, 29, 30, 31,
41]
47 | nuMep MpouMaHUINHA rajiaT 730,6 KOpHEBHIIE [30,41]
48 | Tpumep npounaHuauHa, THI B | 866,8 JIUCT, KOPHEBUIIIE [29, 30, 41]
49 | auMep MpoOIMaHUANHA 882,2 JIUCT, KOPHEBUIIIE [30, 41]
nuraniar, Tun B
50 | tpumep mpoumanuauHa raar | 10182 KOpHEBHIIE [30]
51 | TeTpamep mpoOIMaHUANHA, THIT 1154,3 ctebenb, INCT, KOPHEBHIIE [26, 30, 41]
52 | Tpumep npouUaHUIUHA 1170,2 KOpHEBHILE [30]
JUraiar
53 | TerpaMep mpoIHaHUANHA 1306,3 | nucT, KOPHEBUILE [30, 41]
rajuiatr
54 | meHTamep NpouUaHUIUHA 14423 JIUCT, KOPHEBHUILE [30, 41]
55 | meHTamep NPOLUAHUAVHA 1594,3 JIUCT, KOPHEBHUILE [41]
rajuiar
56 | okTamep NpoLUMaHUAMHA 2306,5 JIACT, KOPHEBUILIIE [30,41]
57 | rentaMep OpoLMaHUANHA 2018,5 JIUCT, KOPHEBHUILE [30, 41]
58 | HeaMep mpouUMAHUIUHA 2594,6 JIACT, KOPHEBUILIIE [41]
59 | mexamep mpouUMaHUANHA 2882,6 JIACT, KOPHEBUILIIE [41]
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Tabnuya 1 (oxonuanue)
Bropuunsie meTtabonutsl Reynoutria sachalinensis
End of Table 1
Secondary metabolites of Reynoutria sachalinensis
Ne Bropu4nblii MeTado/IuT,
. /;[ Bbl/leJIEHHBIH U3 MW Opran pacreHnus, rie cunre3upyercsi BAB ABTOpBI
Reynoutria sachalinensis
l'upponu3yeMple TAHHIHBL
60 I MOHOTAJJTOWJI-TIIIOKO03a I 332,3 | cTe0elib, IUCT, KOPCHb | [26]
DeHOIBHBIE KHUCIIOTHI
61 | rayuoBas KMCJIOTa 170,1 HaJ[3eMHasl 4YacTb, KOPEHb [33]
62 | xadrapoBas KUCIIOTa 312,2 cTeOelIb, IUCT, KOPHEBHIIIC [26]
63 | p-KyMapOoWJIXMHHAasl KUCIIOTa 338,3 cTeOelIb, IUCT, KOPHEBHIIIC [26]
64 | HeoXJIOpOreHOBasl KUCIOTa 354,3 HaJ3EMHAs 9acTh, CTCOCIb, IUCT, KOPHEBHIIIC [26, 33]
65 | mu-O-xodeonnxuHHAs KHCIOTA 516,5 cTeOelb, TNCT, KOPHEBHIIIE [26]
66 | epyrmommxrHHAs KHCIOTA 3683 cTeOelb, TNCT, KOPHEBHIIIE [26]
XUHOHBI
67 | Topaxpu3oH 246,3 cTebelb, KOpeHb [31]
68 | smomuH 270,2 KOpEHb [31, 37]
69 | ¢ucnmon 284,3 KOpEHb [37]
70 | KBeCTHH 284,3 KOpEHb [31]
71 | Topaxpu30H IIOKO3U[ 408.,4 KOPHEBHILE [38, 42]
72 | smomuH-8-0-f-D- 4324 cTebelb, IBETOK, KOPCHb [30, 35, 37,
DJIIOKONUPAHO3U]L 38, 42]
73 | ¢ucamon-8-0O-4-D- 446,4 KOpEHb [37, 42]
TITFOKOITMPaHO3U]T
74 | smomuH-8-O-(6'-O-mamonmin)-D- 518,4 cTeberb, KOpHEBHIIE [31]
TTFOKO3H]T
JnaHTpOHBI
75 | oMOIWH THAHTPOH 510,5 KOPHEBHIIE [42]
76 | damnonuoH 524,5 KOPHEBHIIE [42]
77 | ducnmoH mUaHTPOH 538,5 KOPHEBHIIE [42]
KapOTHHOMJIBI U MIX TIPOU3BOAHBIX
78 | HeoxpoMm 600,9 JIUCT, KOPHEBHIIIES [36]
79 | moTenn-5,6 SOKCHTT 584,9 JIUCT, KOPHEBHIIIES [36]
80 | moTenn 568,9 JIUCT, KOPHEBHIIIES [36]
81 | 3eakcaHTHH 568,9 JIUCT, KOPHEBHIIIES [36]
82 | BHONAKCAaHTHH 600,9 JIUCT, KOPHEBHIIIES [36]
83 | kapotuH 536,9 JIUCT, KOPHEBHIIIES [36]
a30TCOMEePIKAIIIE COCIIHECHHUS
84 | N - TpaHc -hepyaounTHpaMUH 313,3 KOPHEBHIIE [30
85 | N-depynonn-MeTOKCUTHpaMUH 3434 KOPHEBHIIE [30
anndaTndeCcKue CITUPThI
86 ‘ 1-nmexanomn ‘ 158,3 ‘ cTebenh, IIBETOK | [35]

ITo manabeiM Nawrot-Hadzik 1. dpaknus
sTHIaIeTaTa Hanbosee Oorara moaugeHoIaMu
(640,7 mr/r) m TanauHamu (528,3 mr/r) [30].
Conepxanue
R. sachalinensis cocrasugetr no 27,04 mr/t, B
TOM YHUCJIC CONEPIKaHWUE TPAHC-TIOJIMIATHHA —
B Momonmeix BeceHHHX
154

17,06

nooderax

CTUIBOEHOB B

mr/t  [31].
HAKaIUTHBACTCS

KOpHEBUIIIE

munenga o 68 Mr/kr

Cyxoro BCIICCTBA

MI/KT mis - R. sachalinensis

pecBeparponosuna, 64 MI/KI CyXoil Macchl
CyXoi
pecseparpona [32]. Banukxosun B u C B
KOpHSX HakaruBaeTcs jgo 21,5 m 6,5 mr/r
COOTBETCTBEHHO,
a crebnsax — 14,3 u 0,6 MT/T cyXoro BemiecTna
[31]. ITo mannbm Stafiniak M. ¢ coaBTopamu
XapaKTEPHO

MaccChbl

Ooitee
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BBICOKOE  COJICpKAHUE THAPOMHUIEPO3HUIA,
BAHUKO3UJIOB, YeM B R. japonica u
R. x bohemica [18]. B Ham3eMHOW dYacTu
npeobIagaroT HEOXJIOPOTeHOBasl KHUCIOTa H
pytuH [33]. CoaeprkaHue rajjIoBOM KUCIOTHI B
HaA3eMHOM yacTH mocTturaer 21,99 Mr/kr, 4to
B 3,3 Oousbllie 1O CPAaBHEHUIO C KOPHEBUIIEM
[33]. B nucthsx R. sachalinensis xBepuuTpuH
SIBJISICTCS OCHOBHBIM COCTMHCHHEM
(mo 13,96 mr/r cyxoro BemectBa) [31]. Ilo
manabiM ~ Vrchotova N. ¢ coaBropamu
Colep)KaHUe KaTeXxWHa U JIHKATeXHHa B
MOJIOABIX BECEHHUX IM0oOerax mocruraer 167 u
674 MI/KT CyX0il Macchl COOTBETCTBEHHO [32].

B  Hacrosmee BpeMs ~ OCHOBHBIE
WCCIIEJOBAHMS HANpaBJIEHbl Ha U3y4YEHHE

(hUTOXMMHYECKOTO COCTaBa KOpHEBHINA [29].

Monexkynapuolii  OOKUHZ — 8MOPUYHBIX
memabonumos R. sachalinensis

3Has MPOCTPAHCTBEHHYIO CTPYKTYPY
KOMITJIEKCOB KJIETOYHBIX OEJTKOB, MEMOpaHHBIX
pELEeNnTOPOB U PACTUTENIBHBIX BTOPUYHBIX
MeTa0O0IUTOB, HX JINTaHJI0B MOJKHO
OPEINONIOKUTh MEXaHU3M UX JCHCTBHUS,
WCITIOJIb3Ysl MOJICKYJISIPHBINA TOKWHT.

Odupsl  deHmInIponaHonAIUCaAXAPUIA,
IIPUCYTCTBYIOILINE y Reynoutria c
npeodIaIaroIUM KOJTHYEeCTBOM BaHUKO3UIOB
B u A (puc. 1), 10 cux mop ocrawrcs
MaJION3y4YEeHHBIMH XUMHYECKUMU
BEIICCTBAMU C  TOYKH  3pEHUS WX
OMOJIOTNYECKOM aKTUBHOCTH.

Puc. 1. Xumunueckast CTpykTypa BaHMKO3Ma A (ciieBa) U BaHMKo3ua B (cnpasa)
u3 R. sachalinensis
Fig. 1. Chemical structure of vanicoside A (left) and vanicoside B (right) from R. sachalinensis

st OLICHKHU BO3MOYKHOT'O
MIPOTUBOOITYXOJIEBOTO JIEUCTBUS MPOBOIMIN
MOJIEKYJISIPHBIN JOKUHT BaHUKO3UA0B A 1 B ¢
akTUBHBIM LeHTpoM KuHa3el BRAFV600E
(xroueBo OHKOT€H c MyTalHEH,
HEMpaBWIbHBIN CcUTHALIMHT BRAF  wu3-3a
myTtauun  VO600E MoxkeT mnOpuBOIUTH K

U30BITOYHON KJIETOYHOU mposudepanud U K
OIIMOOYHONW YCTOMYMBOCTH K aroITo3y) H
MEK-1 (MAP-extracellular regulated kinase)
(mporpammuoe ob6ecnieuenue GOLD, Bepcus
5.7.2, KemOpumkckuit LHEHTP
KpucTajiorpaguueckux JaHHbIX, KeMOpumxK,
BenukoOpuranus) [43] (Tabm. 2).

Tabnuya 2

B3aumoneiicrBue Banuko3naoB A u B ¢ kunazamu BRAF (V600E) u MEK1 [43]

Table 2

Interaction of vanicozides A and B with BRAF (V600E) and MEK1 Kkinases [43]

JIuranaHeie

ean N
B3auMOJIeii CTBUS

Banuko3ug A Banuko3ua B

Kunaza BRAF(V600E)
(murana: PLX4032)

Asp594, Phe595, Trp531

Asp594, Cysb32, Thr529, | Asp594, Cysb32, Lys483,
Ser465 Asn581

Kunaza MEK-1 (surann:
UCB135377) Ser212

Lys97, Asp208, Val211,

Lys97, Asp208, Serl94, | Lys97, Asp208, Serl94,
Asn195, Cys207 Asn195, Glul144
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Banuko3uasr A u B o0Opasyior detsipe
BOJIOPOAHBIE CBS3M C OCTarkaMu KHHa3bl
BRAF. Cpenun HUX MIPUCYTCTBYET
B3auMOZICCTBHE ¢ ocTaTkoM Asp594, u 3TO
SIBIISIETCSL  PELIAlOLIUM  B3aUMOJICHCTBUEM B
CIlyyae HCXOAHOro jura"jaa. M3BecTHO, 4TO
aMuHOKHCIIOTHBIE ocTatku Lys483 u Cys532
SIBISIFOTCA ~ B&XHBIMM ~ JUI  CBSI3BIBAHMS
MOTCHITMAIBHBIX HHrHOUTOpOB BRAF [43].

Banuko3ug B B3auMoneicTByeT ¢ HUMHU
o00onMMH, TOTIAa KaK BAaHUKO3UI A TOJIBKO C
Cys532. B cimywae MEKI1 o06a BaHuko3uma
00pasyloT ISATh BOJOPOAHBIX CBSI3CH C 3TOM
KHHA30H. OTH  pe3yabTarbl  MO3BOJISIOT
MIPEONI0KUTh, YTO 00a BaHUKO3UAAa MOKHO
paccMaTpuBaTh KaK MOTEHIMAIbHBIE
WHTHOUTOPBI 3TUX MUIICHEH, a TaKKe
MIPOBOJUTH JaIbHEHIINE SKCIIEPUMEHTAIbHBIC
ucnbiTanus [44].

Amnanornysslii 23gpdexr Habmonaics u B
OTHOUIEHUM IJIaBHOM mporea3sl Mpro SARS-
CoV-2 (3CL pro), Kotopas Tpu3HaHa
KITIOYCBOM MUIICHBIO I MPO(HIAKTUKH H
nedeHuss  MHQPEKIMOHHBIX  3a00JICBaHHMA,
BBI3BAHHBIX KOPOHABUPYCAMHU.

buonornueckn axkTHBHBIC COCIUHEHUS
R. sachalinensis ObIM IPUCTHIKOBAHBI K CAUTy
cBa3piBaHusl  mnpoteazbl  SARS-Col-2 u
paccuuTaHo CPEIHEKBAPAaTUIHOE
OTKIIOHCHHE C HAWIYYIIAM IOJIOKECHUEM H
3akperienreM nuragaa (RMSD = 1.6369 A).
B Tabmume 3 mpencTaBieHBl  JTydIIHe
UHTUOUTOPBI MIpOTEa3bl (obmue
B3aMMOJICUCTBUA C JIMTAHAOM OTMEUYEHBI
YKUPHBIM HIPUQPTOM), Ol CTHIKOBKH OOJIBIIIE
90. M3BecTHO, yeM OoIbliie BOJOPOAHBIX U T-
CBsI3€, TEM yCcTOWuMBee KOMIUIEKC [43].

Tabnuya 3
B3aumoneiicTBre HEKOTOPBIX BTOPUYHBIX MeTA00JIUTOB
R. sachalinensis ¢ Mpro SARS-CoV-2 [45]
Table 3
Interaction of some secondary metabolites of R. sachalinensis with Mpro SARS-CoV-2
Ne
u/n HNurudutop Mpro JIuranaHele B3auMoaeicTBUA
1 BaHUKO3UO A Bomopoausie cesizu: Cys145, Glu166, GIn189, Thr190, Thr26;
ni-csizu: His41, Leu27.
2 BaHHKO3u] B Bonopoausie ceszu: Cys145, GIn189, His164, Asn142, Leul4l, Tyr54,
Cys44;
7 -cBs3u: His41, Met165
3 SMOJIUH Bomopomnnrie cBszu: Cys145, Glu166, Met165, Tyr54, His41,
7 -cBs3u: His41; Met165
4 pecBepaTpon Bonoponnsie ces3u: Gln 192;
7 -cBs3u: His41, Pro168, Metl165
5 nuueus Bonoponusie cesizu: Cys145, GIn192
7 -cBsi3u: His41, Metl165, Pro168
6 SMUKATEXUH Bonmoponnsie cBszu: Ser144, Glu166, Gly143, His164, Thr190
n -cBsi3u: Metl65, His163, Cys145
HenaBuue HCCIIEIOBAHUS C oOpazoBanne  kommiekca SI:ACE2 wu

WCIIONB30BAaHUEM  MOJIEKYJISIPHOTO  JIOKHWHTa
MOKa3ajal, 4YTO CTWIBOEHBI B IICJIOM H
pecBeparpol B TOM 4HCIE, MOTYT OBITh
nucnoab30Banbl 1ist euenust COVID-19 [46].

Crunb0eHbl, NEHCTBYS Kak HUHTHOUTOP
Ha  PEUenTop ACE2 (anTHOTEH3UH-
npeBpamiaronii - pepment II),  KoTOpBIi
SABISACTCA  (PYHKIMOHAIBHBIM  KJICTOYHBIM
peuentopom aisi KopoHaBupycoB SARS-CoV n
SARS-CoV-2 (COVID-19), a taxxkxe HCol-
NL63 [47, 48, 49], npenoTBpamawT

MPOHUKHOBEHHUE BUPYyCa B KJIIETKHU XO3SHHA.

HccnenoBanust MOJIEKYIISIPHOTO JIOKHHTA,
npoBereHHbie Maroli N. [50], mokasamm, d9To
TIPOITUAHUTUHEI TaKKe MOTYT OBITh
NOTEHIMATLHBIMA MHTHOUTOpamMu Mpro SARS-
CoV-2, atake ACE2 [51, 52, 53, 54, 55].

buonozuyecras AKMUBHOCMb
akcmpaxmos R. sachalinensis

CnupTtoBble ¥ BOJHBIE  AKCTPAKTHI
R. sachalinensis TpaAUIIMOHHO UCIIOJIB3YIOT B
cTpaHax BocrtoyHoi Asum s JIeUEHUS
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apranmﬁ, Kalnurd, OKCITyXH, aMCHOPCH, AHTUOKCUJAHTHBIX, ITPOTUBOBOCHAINTCIbHBIX

OKOTOB, TpaBM, KapOyHKynoB u s3B [35].
A pgpyroii  Omu3kuii  BHI  cemeiicTBa
Polygonaceae — R. japonica Ha TpOTSHKECHUH
MHOTHX JIET TPUMEHSIOT TPH Pa3IMIHBIX
XpOHUYECKUX  3a00JI€BaHUAX  U3-32  €ro

M TPOTUBOOITYXOJEBBIX  CBOMCTB  [56].
Bropuunsle mertabomutsl R. sachalinensis
MOTYT CTaTh MCTOYHMKAMHU AJIsi pa3pabOTKH
KOMIIOHEHTOB PAa3JINYHBIX TEPareBTHUECKUX
npenapaTos (Tadi. 4).

Tabnuya 4 (nauano)

Buosiornyeckasi aAKTHBHOCTh HEKOTOPBIX IKCTPaKTOB U ppakumii R. sachalinensis

Beginning of Table 4

Biological activity of some extracts and fractions of R. sachalinensis

Opran Bropuunblii Buonornyecknii MexaHnu3zm
IKCTPAKT N ABTOpBI
pacreHust MeTadoJIuT 00beKT/MeTO] JefCTBUS
AHMUOKCUOAHMHASL AKMUBHOCHIb
METaHOJbHBIN IIBETOK (ITaBOHOMTBI METOJ yhaneHus | antuokcuaantHas | [30, 33, 40]
IKCTPaKT CBOOOIHBIX AKTUBHOCTH
METaHONBHBIN Ha/I3eMHAS rayuioBas KHCIIOTa, pajHKaos; OCHOBaHa Ha
IKCTPaKT 4acTh XJIOPOT€HOBast CYIEPOKCHTHBIX CIOCOOHOCTH
KHCJIOTAa, pannKaios; MTOTIIONTATh
TpaHCKOpMYHAs Cu?*- pajuKabl
KHCJIOTa, PYyTHH, OIOCPENOBAHHOIO (ABTS) u
THIIEPO3U U OKHCIICHHS PpaauKaIbI
H30KBEPUUTPUH JIUTOTIONIMITPOTENHOB | KUCIIOPOZa
METaHOIbHBIN KOPHEBHIIE | TrajuioBas KUCIOTa U HU3KOH IIOTHOCTH (ORACQC).
JKCTPAKT 6,7-
JIITHIpOor30(IIaBoH
alleTOHOBBIN KOPHEBHIIE | MPOAHTOIMAHUINHBI
9KCTPAKT u
STUNAleTaTHAs
dpaxms
HeuponpomekmopHoe oeticmeaue
(dhpakmms H- crebenb JIEKaHoII, kierku HT22 Helporporektop | [35]
TeKCaHa KaMIIECTEPOT, (MMMOpTaIM30BaHHEI | Hasl aKTUBHOCTh
STHIIAIICTaTHAS. | I[BETOK MIEPOKCH]T € KJICTKY TUTITIOKaMIIa | CBs3aHa C
dhpaxmms 3procrepoina, MBIIITH ) AHTHOKCHJIAHTHO
KBEpICTUH u 1 aKTHBHOCTBIO
HM30KBEPUUTPHUH
AHMUSTUKOOKCUOGHMHbIE C8OUCIEA
aIleTOHOBBII KOpHeBHIE | (DEHIIIPOMAHOUIHB | (PIyOpHCIIEHTHBIH HHTHOHUPYET [57]
9KCTPAKT U € Tucaxapu/Hble aHaJIu3 TPEX ITAIOB IMKHPOBAHUE
dhpakiuu 3¢bHUpBI, CBOOOMHBIC U | TIUKSIUPOBAHUA: 0CJIKOB,
(aTHnaneTar, OJINTOMEPHBIE peakuus 3aIUIIAeT OeNKI
JUATHAIOBBIN (1aBaH-3-0JIBI DJTUKHUPOBAHUS OT OKHCJICHUS U
adup) (panHsis v o3HsA); | oOpa3oBaHUs
OKHCJIEHHE OBIYbEro f-amunonna
WJIA 9€TI0BEYECKOTO
ap0yMHUHA U
arperamys f-
aMUIIONI;
HM3MEpeHne
KapOOHMIIBHBIX TPYIIIT
6eKoB
MOAU(GHUIIPOBAHHBIM
METOJI0M Paiic-
DBaHca;
HU3MEPEHHUE THOJIOBBIX
Tpyni
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Tabnuya 4 (oxonuanue)
Buosnornyeckass akTHBHOCTh HEKOTOPBIX IKCTPAKTOB U ¢ppakuuii R. sachalinensis
End of Table 4
Biological activity of some extracts and fractions of R. sachalinensis
Opran Bropuunbrii Buonoruyeckmii Mexanuszm
IKCTPAKT N ABTOpBI
pacreHust MeTadoJIuT 00beKT/MeTO] JefCTBUS
MOAU(DUIMPOBAHHBIM
METOJIOM DJIIMaHa;
oIpeierieHre
arperanuu f-
amMuIIona ¢
TTOMOIIIBIO
tro(maBuHa T U
oIpezieIeHue ¢
MTOMOII[BIO KOHTO
KpacHOTO
NPOMUBOBUPYCHOE Delicmaue
METaHOJbHBIN KOpHEBUIIE BaHUKO3Ubl A 1 B KJIETKHU RD | unruburoposanu | [45, 58]
IKCTPAKT (aMOpHoOHaNbHas € TpoTeas BUpyca
pabaomuocapkoMa), u peuentopa ACE
PV1  (suTepoBHpyC, | (MeMOpaHHBIH
monoBupyc), EV-A71 | 6emnok,
(aHTepoBHpYC), EV- | aK30menTuaasa,
D68 (sHTEpOBHUpYC), | KaTadm3upyromas
COVID-19 TIpeBpaleHue
AHTHOTCH3WHA)
NPOMUBOONYXOLEBASL AKMUBHOCHLb
A€ TOHOBBINA KOpPHEBHIIE BaHUKO3UILI A 1 B xietkn  A375, C32 | - Banuko3uusl, u3- | [43, 59, 60]
9KCTPAKT (Menmanoma 3a HaJIu4us
YeJI0BeKa), MCF | miiroko3bl B
(Michigan Cancer | MoneKyse, MOTYT
Foundation — | KOHKYpUpPOBATh C
SMUTENNONON00HAS TJTFOKO30H 3a
KJIETOYHAs nunus, | goctyn k GLUT,
NOMy4YeHHas U3 | 4TO MPUBOOUT K
WHBa3UBHON CHH)KCHUIO
aJICHOKaPIIMHOMBI MOTIIOLICHHS
MIPOTOKOB MOJIOUHOM | IJIFOKO3bI pAaKOBOM
JKeJIe3bl YeIIOBEKA) KJICTKOM
- WHTYKIUS
aronro3a
- B OTACJIBHBIX
cirydasix
WHTY KIS
aronrosa "
HEKpo3a
OJITHOBPEMEHHO
- CIIOCOOCTBYIOT
OKHCJIUTETIBHOMY
cTpeccy B
PaKOBBIX KJIETKaX
AHMUOKCUOAHMHASL — AKMUBHOCIb U sachalinensis [39]. HccnenoBanue
HetiponpomekmopHoe Oeticmaue. OnucaHa AHTHUOKCUJIAHTHOM  aKTUBHOCTH  METOJIOM

AHTHOKCHUJaHTHAaA aKTHBHOCTbh MCTAHOJIbHBIX

IKCTPAKTOB

Pa3IuYHBIX

OpraHoOB R.

BOXX mokazano, yTo U HaJg3eMHas 4acTh, U
KOPHU MMEIOT aHTHOKCUIAHTHBIM MOTCHITHAT,


https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%B7%D0%BE%D0%BF%D0%B5%D0%BF%D1%82%D0%B8%D0%B4%D0%B0%D0%B7%D1%8B
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%B8%D0%BE%D1%82%D0%B5%D0%BD%D0%B7%D0%B8%D0%BD
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kotopeiid coctaBiser 3,85+0,09 u 3,59+0,09

MI/T B SKBHBAJICHTE Tponokca
cooTBeTcTBeHHO [33]. 3a aHTHOKCHUIAHTHYIO
AKTHUBHOCTH OTBEYAIOT pasIuyHbIC
6I/IOJ'IOFI/I'-I€CKI/I AKTHUBHBIC COCIUHCHUS,

colepkamiyecss B JaHHOM BHae. Tak,
BBIJICJICHHBIC W3 METAHOJIBHOTO JKCTPaKTa
usBerkoB R. sachalinensis  d¢uaBonou/bI
kBepueTuH-3-0-a-L-apadburodypano3us,
kBepleTuH-3-0-f-D-ranakronupanosun u
KkBepIeTuH-3-O-4-D-TmokypoHonpaHo3ug
MOKAa3aly 3HAYUTENbHYI0 aHTHOKCHIIAHTHYIO
aKTUBHOCTBIO co 3HayeHusMmu 1Cso 64,3, 54,7
u 46,2 MmxM (ynanenne DPPH), 3nHauenusmu
ICso 6,0, 6,7 u 44 MM (ynaneHue
CYMEPOKCUIHBIX pagukanoB) u 3HadeHus [Cso
38, 32 u 54 MKM m0pOTUB OKHUCICHUS
JUTOMPOTEUHOB HU3KOH IUIOTHOCTHU
cootBercTBeHHO [40]. OmomuH, (QuCHHOH,
KBECTHH M UX MPOU3BOJHBIE TaKXKe 00Ia1at0T

AHTHUOKCHUJIAHTHOMN aKTUBHOCTBIO [31].
Nawrot-Hadzik I. ¢ coaBropamu moka3zain, 4yTo
MIPOAHTOIMAHUINHBI, MIPECTABIISIOIINE

co00il (eHONMbHBIC MOJIUMEPHI, B OCHOBHOM
cocrosimme W3 CcyOobenuHUI] ¢riaBaH-3-0Ja,
TaK)Ke BHOCST 3HAUUTEIHHBIN BKIIA]] B OOIIYIO
AHTUOKCUJIAHTHYIO0 crmocoOHocTh [30], drto
MOXKET OBITh 00yCIIOBICHO ux
BOCCTaHOBUTEIHHOMN CTIIOCOOHOCTBIO,
CBS3aHHOM C JAOWIbHBIMH  (EHOIBHBIMU
TUIPOKCHIIBHBIMU rpynnamu [61].

B Hacrosiee Bpems mpoQuiIaKTHKa C
MTOMOIIBI0 AHTHOKCHIAHTOB SIBJISICTCS OJTHOM
W3 CaMBIX MHHOBAI[MOHHBIX TEPareBTUYECKUX
CTpaTernid  NpH  HEHUPOJEreHEPATHBHBIX
3aboneBanusx [62]. Eom M. ¢ coaBropamu
TaK)KE  CBS3BIBAIOT  HEHPONPOTEKTOPHYIO
aKTUBHOCTh,  TaKWX  COCIMHEHUH  Kak

1-nexanoun, KaMIIECTEPOJI, MEPOKCHUT
9ProcTepoiia, KBEPUETHH M H30KBEPIHUTPHH,
BBIIEJIEHHBIX n3 R. sachalinensis,

C aHTHOKCHJAHTHOW CIIOCOOHOCTBIO, TaK Kak
9TH COCIMHEHUS CHIDKAIOT YPOBCHD AKTHBHBIX
dbopM  KuCIOpOAa, a TaKXKe IOKa3alH
AHTHOKCHJIAHTHYIO aKTHBHOCThH C PaTUKaJIOM
DPPH wu B ananu3ze nornomenus H202 [35].
W3BecTHO, 4YTO KIIOYEBYIO pOJb B
pa3BuTHH OOJNe3HM AUblLreliMepa Urpaer
M30BITOYHAST TIPOAYKIMS W HAKOIUICHUE J3-
aAMIJIOWJTHOTO  TCNTHAA,  SBJISIOMIETOCS

OCHOBHBIM KOMIIOHEHTOM CEHWJIbHBIX OJIAIIEK
B TKaHM Mosra. JlaHHbII mnentua uMmeeT
HIMPOKHM CIIEKTp HEHPOTOKCUYECKUX
3¢ (heKToB, BKIIOYAIOLUMN  OKUCIUTEIbHBIN
CTpecC, MHUTOXOHAPUAIbHYIO JAUC(YHKIHIO,
HapyleHue paboTbl HMOHHOTO TPAHCIOPTA,
CUHANTUYECKYI0  JUCOYHKIUIO,  alloNTo3
HENPOHOB [63, 64].

B pa6ote Li W. ¢ coaBTopaMu nokasaHo,
4TO OMO/JIUH, KOTOpPBIN SABJIAETCS
IPOU3BOJHBIM AHTPAXUHOHA U XapaKTepeH
JUI. MHOTHX BHJIOB ceMeiicTBa Polygonaceae,
MOKET OBbITh MEpPCHEKTUBHBIM KaHAUJATOM
JUIs JedeHus Oone3Hu AsblreiiMmepa, 3a cuer
CIIOCOOHOCTHU JTAHHOTO COETMHEHUS
IIPENATCTBOBATh arnomnro3y KJIETOK,
BBI3BAHHOMY f-ammionioM 1-42 in vitro, u -
aMHJIOMZIOM IN VIVO y TpaHCT€HHBIX MBIIICH
APP/PS1. ABTOpHBI CBS3BIBAIOT 3TU 3PPEKTHI
TAaKK€ C AHTUOKCUIAHTHOW AaKTHUBHOCTBIO
sMmoarHa [49]. AHTHOKCHIAHTHBIC CBOMCTBA
KaTeXMHOB, COJEp)Kalliecss B  JIUCThIX,
CTEONAX U KOPHAX PEHHYTPUM CaxXxaJUHCKOM,
3alUIIAI0T oT HEHPOJETeHEPATUBHBIX
3aboneBanuii  [65] 3a cueT ynmalneHUs
CBOOOJHBIX paJUKaJIOB M PETyJIUPOBAHUS
peakIu Ha OKHCIUTEIBHBIN cTpecc [66].
OnurajijaoKaTeXuHIauiaT CHOCOOCTBYET
HeHporeHesy TUIITOKaMIIa B3pPOCIJIOTO
4eJI0OBEKA, a TaKXKE WIPaeT Ba)KHYIO pOJIb B
pa3BUTUM  HEPBHOM  CUCTEMBI U B
(hopMHUpOBaHUU CBsI3e MEXIy HEHpOHaMH
[67].

IIpomueosupycras AKMUBHOCMb.
[IpotuBoBUpyCHas aKTUBHOCTb
R. sachalinensis Bo wmHorom o0ycioBieHa
CoJIep’KaHHEM B Pa3IMyYHbIX OpraHax JaHHOTO
BUJAa TaKUX COEAMHEHMH, Kak 53MOJMH,
pecBepaTpoli, BaHMKO3WA B W KaTexwHOB.
[IpotuBOBUpYCHOE J€iiCcTBHE pecBepaTpoia
CBS3aHO C TOJABJICHUEM BHYTPHUKJIETOYHOIO
CUTHAJIBHOTO nyTH, LEHTPaJIbHBIM
KOMIIOHEHTOM KOTOpOTO SIBJIETCS
TpaHckpunuuoHHb pakTop NF-kB (nuclear
factor kB) [68]. AKTHUBHOCTH
SMMTAJIOKATEXWH Trajjara CBS3bIBAIOT C
HaJIMYUEM MHUPOTAUIONIBbHBIX U TaJUIOMJIbHBIX
¢bparmenToB [69].

Bupyc npocmozo cepneca uenosexa. Jlns
SMOJMHA, HW3BJIEYEHHOIO0 W3 KOPHEBHILA
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R. japonica, ObL1a oOHapy)keHa
MHTHOUpYIONIasi aKTUBHOCTh B OTHOIICHHUH
BHUpYcCa IPOCTOrO Trepreca yeaoBeka Tuna 1y
MOPCKUX CBUHOK [70]. DnukaTexuH u

AMUKATEXHH-3-TAJJIaT  TaKXke  IOKa3aH
BBICOKUH YPOBEHb MHTHOUpYIOIen
AKTUBHOCTH [71]. PecBeparpon u

(buTOaNEKCHH, OTHOCAIIMECS K CTHIbOEHaM,
MOTYT TMOJABIATh PEIUIMKAIMI0 BUPYCOB
IIyTEM CHIKEHHUS KOJMYECTBA BHUPYCHBIX
aAre3uBHBIX KJIETOK W  HHIMOMPOBAaHUSA
peakTuBalu Bupyca [72]. YcTaHOBI€HO, YTO
pecBepaTposl B OTHOIIEHUH BHpYyCa MPOCTOTO
repreca Tuna | BIMAET Ha DKCIPECCHIO
BUPYCHBIX  TeHoB, cuHTe3 JIHK B
SMUTEINANBHBIX KJIETKaX U PEeryjupyer myTb
cepuH/TpeoHnHKHHa3a AMP-akTuBupyemas
npoTerHKUHA3a-Sirtuinl (SIRTY),
[IpeIoTBpallas anonTo3 B HeijpoHax [73].

Bupyc Onwmeunna-bapp
(cammazepnecsupyc yenosexda 4).
OnuraiaoKaTexuH rajujat npu

HCIIOJIb30BAaHUH B KOHIIEHTpanusX Beie 50 M
3¢ PeKTUBHO MOJIaBJISIET AKCIIPECCHIO
JUTHYECKUX OEIKOB BUpyca JmiTeitHa-bapp,
HO He BiusieT Ha ’kcnpeccuio EBNA-1 [74].
CnupToBO# SKCTPAKT APYroro OGIU3KOro BUIA
(R. japonica) uHrHOMPYET TUTHUYESCKUH IIUKIT 1
CHIDKAET BbIpaOOTKY BUPYCHBIX YacTull [75].
Bupyc Koxcaxu B4. B pabore Liu Z. ¢
COaBTOpaMHM  TIOKa3aHO, YTO  OMOJIHH,
BBIJICICHHBIA U3 R. japonica, B 3aBUCHMOCTH
OT KOHLEHTpAallUh U BPEMEHU CIOCOOEH
WHTHOUPOBATH MIPOHUKHOBEHUE u
pemukanuio Bupyca Kokcaku B4 [76].
Koponosupycei. Kak HU3BECTHO
nHpekmuss  SARS-CoV-2  HaumHaeTcs ¢
MIPOHUKHOBEHUS BHpYycCa B KIIETKY
MOCPENICTBOM  B3aUMOJICHCTBUSL  BHPYCHOTO
oenka Spike (S) ¢ peuentopoMm KIETOYHOMH
TIOBEPXHOCTH ACE2
(anTHOTEH3MHNpPEBpaIAIKiA hepMeHT 2) u
npaiMupoBaHus ~ Oenka S KIETOYHOH
mporeazoii TMPRSS2  (TpancmemOpanHas
CepUHOBAs nporeasa 2) [77].
[IpoTteonuTnyeckas o0paboTka Oenka
STMPRSS2 mpuBogutr K 00pa3oBaHHIO
¢parmenToB S1 u S2, KoTopble oOcTalOTCA
HEKOBAJIEHTHO cBs3aHHBIMHU. [lomumentun S1

B3auMozeiicTByer ¢ penentopom ACE2 yepes
JIoMeH cBs3biBaHus peuentopa (RBD), a
noyinentua S2 objerdaer CiIusiHUEe BUpyca ¢
KJIETOYHOMH MeMOpaHOM [78].
HHTepHanu30BaHHBI BHPYC TPAHCIHUPYET
PHK-renom B mnonumentun, 3a KOTOPBIM
clenyer BBICOKOpETYJIUpyeMas "
CKOOpAMHHMPOBaHHAs IIPOTEOJINTUYECKAs
o0OpaboTka OCHOBHOM poTeasoi
(Mpro/3CLpro), XUMOTPHUIICUH-TI0I00HOM
npoTea3oil, W pacuieruieHue CcyOcTpaTHbBIX
nonunentunoB [79, 80]. brnokupoBanue
nporecca CO3pEBAHUS BUPYCHBIX
NOJUIPOTEMHOB ~ HAPYIIAET  PEILIMKALUIO
BUpyca B KieTKax-xo3siuHa [81], mo3romy
BUPYCHBIC U KJICTOUHbIE OCJIKU MPECTABISIIOT
co00il MulIeHH, BO3AECHCTBYsS Ha KOTOpHIE

CTAaHOBUTCS  BO3MOXHBIM  JIEUYEHHE U
npodunaktuka SARS-CoV-2.

YcTaHoBIEeHO 3HAYUTEIbHOE
uarnouposanue Mpro SARS-CoV-2 mpu
JeicTBUU alleTOHOBOTO JKCTpPaKTa
R. sachalinensis, XapaKTepU3YIOMIETOCs

BBICOKHM COJIEp>KaHUEM TMPOLUAHUANHOB H
(GeHWINpoNnaHouIHbIX 3QUPOB aUcaxapuaa
[45, 51, 82, 83].

byranoneHbie ppaximu R. sachalinensis
nokazanu uHruouposanue Mpro SARS-CoV-2
¢ ICs0=4,031 mxr/mn [45]. B pabote Yang M.
C COaBTOpaMM IMOKa3aHO, YTO PECBEPATPOI
CIOCOOEH  3HAYUTENbHO  WHIHMOMPOBATH
permukanuio SARS-CoV-2 ¢ ECso = 4,48 MkM
[84]. Bomubie W DJTaHOJMBHBIE JKCTPAKTHI
R.japonica  3HAUUTENBHO  WHTUOMPYIOT
MpOHUKHOBeHHUe TrceBnoBupyca SARS-CoV-2
3a cyer OJNIOKMPOBAaHUS B3aUMOACUCTBUS
o6enka ACE2/S u unrubupoBaHusi mpoTeasbl
3CL [85].

OMOJIMH  CMOCOOEH  WHTUOMPOBATH
B3aMMOJIeiicTBHe craiikoBoro Oenka SARS-
CoV u uenoseueckoro ACE2 [52] u HapymiaTh
Bbixoq Bupyca SARS-CoV u HCoV-OC43,
Omaromapst OJOKMpPOBKE MOHHOTO KaHaua,
TIOCPEIICTBOM KOTOpPOTO MPOUCXOTUT
BBICBOOO)KICHHE BUPYCa U3 HHOUITMPOBAHHOM
KJIETKH [86].

ONUTaIOKaTeXnH TajlaT OTBEYaeT 3a
TIOJIaBJICHUE aKTUBHOCTH TJIAaBHOMW MPOTEa3bl B
SARS-CoV-2 w  pemmkanmud — BUpyca
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in vitro [87]. Banuko3ua B Takke oka3pIBaeT
yMEpeHHOe WHruOupylolee AecTBUEe Ha
npotea3sl Bupyca SARS-CoV-2 [45].

YCTaHOBIEHO,  YTO  OJHMTOMEpHBIE
MMPOAHTOLIUAHUTUHBI o0JramaroT
MHTHOUPYIONIEH aKTUBHOCTHIO B OTHOIICHHUH
nporenHa3zbl TMPRSS?2 [88].

Bupyc  ummynooegpuyuma uenosexa.
Pecseparpon u smoann-8-O-f-D-rmoko3us
CHOCOOHBI ~ WMHTHOUpOBaTH  OOpa3OBaHHE
cuHiuTys, Bei3BanHoe BUY-1 ¢ ECso =4,37 n
11,29 wmxr/mn  coorBercTtBeHHO [89, 90].
ONUralIoOKaTeXuH rajiar SIBJISICTCS
UHTHOUTOPOM  OOpaTHOW  TpPaHCKPUNTA3BI
BUY, unrubupyer nponukHoBeHue BUY B
KIETKU-MUIIEHH W BBI3BIBACT CHUKCHHE
CIIOCOOHOCTH  BHPHUOHOB  WH(UIIUPOBATH
Kkietku [91].

Bupyc eenamuma C. B pabore Calland
N. ¢ coaBTropamu TmoOKazaHo, uTo (2)-
SIIMTAJUIOKATEXUH-3-TaIaT, JIHKATEXUH-3-
rajjaT M JOUrajuioKaTeXwH  00IamaroT
NpOTHBOBUPYCHOW akTtuBHOCThIO HCV Ha
paHHEW cTaguu >KU3HEHHOTO IHMKJIa BHpYyca
[92]. YcraHoBIEHO, 91O (-)-
AMUTAJUIOKATEXWH-3-TaJlIaT MOAABIISIET BUPYC,
MPUKPEIUIAACh K  IEJIEBOM  KIIETKE W
MpeIoTBpalas pacnpocTpaHeHne WHOEKINH
Ha Jpyrue KieTku [92].

Oumeposupyc. OnuranioKaTexuH
rajylaT ¥ TaJUIOKaTeXWH TallaT CIIOCOOHBI
MOJIaBIISAThH PEIUTUKAIINIO SHTepoBUpyca EV71.
YcTaHOBIIEHO, YTO BaHUKO3WA B 3ammmiaet
KJIETKH RD (amOpuoHaIbHas
pabomuocapkoma) ot EV-A71 u EV-D68 npu
koHueHtpauuun 20 MM [45], a Takxke
SIBIISICTCS WHTHOUTOPOM aAKTUBHOCTH
(dbepMmeHTa, HEOOXOIUMOTO MM PEIUIUKAINH
EV.

Tlonuosupyc. B pabore Arita M.
YKa3bIBa€TCA, YTO BAHUKO3U B, BbIICIICHHBIN
W3  METAHOJBHOTO  JKCTpakTa  KOpPHSA
R. sachalinensis, obOmanaer
AHTHITOJHOBUPYCHBIM feiicTBreM [46, 93],
UHTUOHPYS bepmeHT PI4KB
(bochaTnaunrHO3UT-4-KMHA3a oera),
KOTOPBIM SBJISETCA €r0 MNPSAMOW MUIIEHBIO
[93]. Onnako anTunponudepaTUBHBIN 3P PeKT
Ha TUMQONHUTH [94] U TETATBHOCTD Y MBITICH
[95] BBI3BIBAIOT COMHEHHMS IO TIOBOIY

0€30MaCHOCTH HUCIIOIB30BAHUS COCAUHHUS IN
Vivo.

Ilpomusoonyxonesas axmuenocms U
yumomoxcuveckoe  Oelicmsue.  VI3BecTHO
JIelicTBHE BaHMKO3WAOB A M B, BBIICICHHBIX
u3 KopHeBuu Reynoutria sachalinensis, na
JIBE JIMHUW KIETOK MEJIIAaHOMBI YeJOBEKa
(amenanoruueckas — C32 u MenaHOTHYECKAsT —
A375, KOTOpbIE COIEp)Kaad SHIOTCHHYIO
mytanuio BRAFV600E) u nBe HOpmanbHBIE
KJIETOYHBIC JIMHUH YE€JIOBEeKa (KEPaTHHOIMTHI
(HaCaT) u ¢ubpobmacter). Banukosun A
(5,0 wmxM) mokazanm Qosiee  CHUIBHYIO
HUTOTOKCUYHOCTh B OTHOUIEHUHU KJIETOUYHOMU
muaun C32, mpu 3TOM SKU3HECTIOCOOHOCTH
KJIETOK cHu3wiach Ha 45% yxe mocie
72-4acoBOil WMHKyOamuu, YTO BO3MOXKHO
OOBSICHSICTCS. JOMOJIHUTEIBHON alleTHILHOM
rpynmnoi B Moisiekysie [43].

MexaHu3m JEUCTBUS BAaHUKO3UAOB Ha
KJIETKH MEJIaHOMBl 0oJiee CIIOXKHBIA, YeM
npocto  WHAyKnus — amontoza [60]. B
HEKOTOPBIX CIIy4asiX, TAKMX KaK TOBPEKICHNE
KJIETOK KHUCJIOPOJHBIMU paJuKalaMHu, JBa
MEXaHW3Ma THOEeIM KJIETOK — amomnTo3 H
HEKpO3 — IPOUCXOIAT OJIHOBpeMeHHOo. Kpome
TOTO, BaHUKO3UIBI, KaK W  JIpyTHE
noNu(EHOIIBI, MOTYT CrocoOCTBOBATH
OKHCITUTEIFHOMY CTPECCY B PAKOBBIX KJIETKAaX
[60].

Banuko3u bl BEI3BIBAIOT THOETH KIETOK
MEJaHOMBI B KOHIEHTpauusix oT 2,5 mo 50
MKM, He HaHOCS Bpela NEPBUYHON JIMHHUH
(hbubpobaacTos. Jlunus KJIETOK
kepatuHouuToB HaCaT Oosiee uwyBcTBUTENBHA

K  BaHMKO3WIaM, 4eMm  (pubpolOmactsl,
MTOKa3bIBast SIBHOC CHIDKCHUE
KU3HECMIOCOOHOCTH  TOCJIe  HMHKyOaruu

¢ 25 MkM Banuko3uga A, HO 0e3 u3MepuMoit
(bayopecleHIud, CBSA3aHHOM C  THOENbBIO
kieTok. [ToaToMy HE0OXOMMMBI AajIbHEHIINE
HCCIICIOBAHUS, YTOOBI rapaHTHPOBATH
CEJICKTHBHOCTH B OTHOIIIEHUH PAKOBBIX KIIETOK
u 6e3omacHOCTh [43].

B mHactosimee BpeMsi H3BECTHO, YTO
BaHUKO3UIBI TPOSIBIISIIOT [IUTOTOKCHYHOCTD U
Ha kietounyro iman0 MCF (Michigan Cancer
Foundation — snurenuononoOHas KieTOYHAS
JUHWS, ~ TIOJy4YeHHass W3  HMHBAa3UBHOW
aJICHOKAPIIUHOMBI ~ MPOTOKOB ~ MOJIOYHOM
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JKeJIe3bl YeNIOBEKa) MpU CyOMHUKPOMOJISIPHBIX
nozax [96]. A Banuko3un B wuHrubmpyer
JBYXATAIMHBIA KAHIIEPOTCHE3 OMyXOJH KOXHU
y MBIIIIEH, UHIYLMPOBaHHOU
12-O-rerpanexanomndopboi-13-amerarom,
MyTeM TMOJABJICHUS AaKTHUBHOCTU (epMeHTa
[UKJIUH-3aBUCUMON KHHA3bI [97].

Ilpouue 8UObL AKMUGHOCMU.
@eHMIIponaHOUIHbIE TJIMKO3U/BI
BAHUKO3UJIOB A u B o0nagaroT
UHTHOUPYIOIUM JIEHCTBHEM Ha

p-rmokosunasy [40, 58], MeTaHOJBHBII
OKCTPAaKT W M3OKBEPUUTPUH HHTHOUPYIOT
aKTUBHOCTh AaLIETHJIXOJIMHAICTEpa3bl U  a/fi-
rmoko3uaasel  [35,  39], MeTaHOJbHBIC
9KCTPAKThl KOPHEH M JHMCThEB — aKTUBHOCTh
KCaHTHHOKCH/IA3bI [98], 3-O-B-D-
rajJjaKTOIMPaHO3M 1 KBEPLETUHA, JanaTo3us D
n N-TpaHc-QepyTOUITHPAMHH — aKTUBHOCTh
aKap0o3bl [39], TOPaXpU30H u
TOPaXPU3OHTIIIOKO3H/T CIOCOOHBI
uHrubuposate o-amunasy [31]. Omonuw,
(GUCIIMOH, KBECTMH W WX IPOU3BOIHBIC
o0nagaroT MIPOTUBOMUKPOOHOM u
MPOTHBOBOCHIAIUTEIILHOIN aKTUBHOCTHIO [31].
Takum 00pa3oM, pacTHTEIbHOE ChIphE
Buga R. sachalinensis moxxHO paccMaTpuBaTh
KaK HCTOYHMK OHMOJOIMYECKHM aKTHUBHBIX
MeTaOOJUTOB, WMEIOINX TOATBEPIKICHHBIH
IIMPOKUHA CHEKTP HCIOJb30BaHUS, B TOM
qucie POTHBOBUPYCHOE u
MIPOTHBOOITYXO0JIEBOE CPEICTBO, HO
HEOOXOAMMBI ~ JNalbHEWIue  paboThl 1O
BBIICJICHUI0O M HapaboOTKe  3HAUYHUMBIX
BTOPUYHBIX METAa0OJMTOB W OICHKE WX
MeXaHu3Ma AelcTBHA In Vitro u in vivo.

HNudopmanus o puHaHCHPOBAHUH

Paboma 8bINOIHEHA CO2NACHO
2ocyoapcmeenHomy  3adauvuio ¢ DIBHY
BUJIAP «¥ccnedosanue mexanusma cunmesd
KOHOEHCUPOBAHHBIX MAHHUHO8
JIeKapCmeeHHbIX pacmenuti U ux OUoaKmueHvle
ceoticmea FGUU-2025-0005».
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Abstract

Background: Prenatal exposure to ethanol can result in immunosuppression in the foetus due to
alterations in tissue architecture and cellular composition, as well as reduced immune system
function. This highlights the urgent need to identify new immunomodulatory agents. A variety of
natural products and their metabolites are a significant source of molecules with such properties.
Agave brittoniana subsp. brachypus (Trel.) A. Alvarez is a species known to produce steroidal
saponins, which have demonstrated immunomodulatory activity. The aim of the study: To examine
the immunomodulatory effects of saponins derived from the A. brittoniana species. Materials and
methods: A fetal alcohol toxicity model was developed. Progenitor rats were orally administered 40
% alcohol (5 g/kg/day on gestational days 3-21), followed by treatment with three doses of saponins-
enriched extracts (25, 50 and 100 mg/kg bw) and folic acid, which served as a control. The cellular
and humoral response of the immune system was evaluated in neonates at 15, 21 and 31 days after
birth. Results: In neonates with fetal alcohol toxicity, an increase in leukocytes at the expense of
lymphocytes was observed in the group with the highest dose of saponins. The humoral response of
these neonates was characterised by increased 1gG at all three doses, with a restoration of C3 values
only observed in the 100 mg/kg A. brittoniana saponin group. Conclusion: Steroidal saponins from
A. brittoniana species have high immunomodulatory potential in immunocompromised animals.
Keywords: steroidal saponin; ethanol; immune system; natural product
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Introduction. Immunomodulators are
substances that modify the ability of the
immune system to exert one or more of its
functions, including antibody production,
antigen recognition, and the secretion of
inflammatory  mediators. Their activity
indicates a biological or pharmacological
effect on humoral or cellular factors involved
in the immune response. The stimulation or
suppression of these factors may contribute to
the maintenance of good health [1].

It is estimated that millions of
individuals worldwide are afflicted with
diseases that compromise the immune system,
including cancer [2]. The use of
immunomodulatory  drugs provides an
additional therapeutic tool to conventional
therapy in individuals with impaired immune
function. Furthermore, they are employed in
the treatment of inflammatory diseases,
allergic conditions, diabetes mellitus, acquired
immune deficiency syndrome (AIDS), as well
as viral infections that affect the immune
system, including the COVID-19 pandemic [1,
3].

Alcohol consumption represents the
third leading risk factor for disease and
disability globally. In the Americas, it is the
primary contributor to these health issues. The
mean quantity of alcohol consumed per capita
in Cuba is less than the regional mean for the
Americas, as indicated in reports from 2018
[4].Conversely, there has been a disconcerting
global surge in alcohol intoxication among
young women and women of reproductive age,
a phenomenon that has also been observed in
our country [5].

Although studies of alcohol-induced
toxicity have traditionally focused on the
neurological, hepatic and gastric damage that
it causes, the negative effect on the immune
system is also known[6].Immune system
disorders are a common occurrence in the
paediatric age group, with some evidence
suggesting a potential link to prenatal alcohol
consumption [7].

Fetal alcohol syndrome (FAS) is a
condition characterised by a range of physical,
cognitive and developmental  disorders

resulting from prenatal alcohol exposure.
Immunosuppression results from the direct and
indirect exposure of the developing immune
system to the toxic alcohol metabolites
acetaldehyde and acetate. This exposure leads
to persistent alterations in tissue architecture,
cellular composition, and the immune system's
functional capacity [8].

Chronic alcohol consumption has been
associated  with  increased levels of
proinflammatory cytokines [9]. This finding
suggests that chronic alcohol consumption
during pregnancy may expose the foetus to an
increased  oxidative  environment  and
dysregulation of inflammatory responses. This
increase may compromise the integrity of fetal
innate and acquired immunity [10].

The diminished innate response in the
FAS is reflected in impaired macrophage and
neutrophil ~ function, partly due to
mitochondrial damage caused by intense
oxidative stress and glutathione depletion [11].
It has been demonstrated that immune
dysfunction can result in a decline in
lymphocyte levels. This stage is consequent to
interference  with  signalling  pathways
associated with lymphocyte differentiation and
activation [12]. Consequently, lymphopenia
and an imbalance of critical subpopulations,
which impact on humoral immunity with
decreased immunoglobulins, as well as
reduced cellular response due to decreased
leukocyte subpopulations, are pathognomonic
for immune dysfunction in the context of FAS
[12, 13].

It has been demonstrated through
experimental studies that ethanol and its
metabolites can induce alterations in the
processes involved in the selection of T-
lymphocyte within the thymus. Ethanol-
induced immune dysfunction has also been
accompanied by a reduction in the number of
CD4+ and CD8+ clones present in the
peripheral blood [14, 15]. Consequently,
numerous biomedical researchers are engaged
in the pursuit of novel, less toxic, plant-derived
compounds with the potential to stimulate the
immune response in immunocompromised
patients [16, 17].
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The search for natural products and their
components represents a significant source of
discovery in the field of immunomodulatory
drugs and their novel mechanisms of action. In
this context, a considerable number of studies
have been published demonstrating the
immunomodulatory activity of plants such as
Boerhaavia diffusa (Nyctaginaceae), Curcuma
longa (Zingiberaceae), Asparagus racemosus
(Asparagaceae), Panax ginsengs (Araliaceae),
Arnica montena (Compositae), Echinacea
purpurea (Asteraceae)and Calendula
officinalis (Asteraceae) [18].

The species Agave brittoniana Trel.
subspecies brachypus (fam. Asparagaceae),
described by Trelease in 1913 and updated by
Alvarez de Zayas [19] has been the subject of
phytochemical studies. Agave brittoniana
T contains  significant ~ quantities  of
glycosylated steroidal saponins [20, 21]. The
presence of these metabolites has been
associated with the plant's anti-inflammatory
potential in acute and chronic models [22, 23]
as well as in ulcerative colitis model in rats
[24]. However, these compounds have not
been studied in relation to their effect on the
immune system. Nevertheless, in other species
where they are present, this property has been
demonstrated [25].

Plant extracts with high saponin content
have been demonstrated to regulate both innate
and acquired immune responses [26]. Saponin-
based adjuvants stimulate cell-mediated
immunity and enhance antibody production.
They also have the advantage that only low
doses are required for adjuvant activity.
Research has demonstrated that these
metabolites, when utilised alone or in
conjunction with aluminium salts, liposomes
or lipid/protein complexes, function as
immunostimulants and adjuvants  within
vaccine formulations [27].

Saponins have been demonstrated to
regulate a variety of immune cells through the
secretion of related cytokines and specific
antigens. Activation of macrophages and
natural Killer cells is necessary for the
neutralisation of harmful agents and
subsequent release of pro-inflammatory

cytokines that contribute to the amplification
of the immune response [26]. This
phenomenon is promoted by saponins, such as
those extracted from Panax notoginseng
species [28] or platycodin D extracted from the
stem bark of Albizia julibrissin [29].

A number of studies have indicated that
saponins pOSsess anti-inflammatory
properties, which may be attributed to their
capacity to suppress the secretion of cytokines
and acute phase reactants, which are involved
in the inflammatory response [28]. As has been
demonstrated in  multiple studies, an
inflammatory environment occurs during the
immune response due to the reaction of
components of the immune system to
recognise and inactivate antigenic
molecules[3].1t is therefore logical to conclude
that molecules with an effect on these
mediators could modulate the immunogenic
response.

The present research explores the
immunomodulatory potential of the species'
saponins for the first time. Consequently, the
research seeks to assess the impact of these
molecules on the leukocyte population and
antibodies, as the most visible expression of
innate and acquired immunity.

The aim of the study. To examine the
immunomodulatory effect of saponins-
enriched extracts (SEE) from the species
A. brittoniana in an experimental model of
fetal alcohol toxicity (FAT), which results in
the development of immunodeficiency in
neonates.

Materials and Methods. The present
study evaluated the immunomodulatory effects
of three dose levels of A. brittoniana saponins,
isolated through butanolic fractionation, in
neonatal rats subjected to FAT. The leaves of
A. Drittoniana were collected from the
Cubanacan protected area, located on the
periphery of Santa Clara city. The botanical
identification of the species was conducted at
the Research Center of the Botanical Garden,
Central University “Marta Abreu” of Las
Villas, where the specimen was matched with
the serial number HPVC 5445.
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Obtaining  the
extracts (SEE)

Leaves exhibiting optimal phytosanitary
conditions (absence of mechanical or chemical
damage) were selected for subsequent
processing. Following the methodology
established in previous work [22], they were
first dried and pulverised. The finely cut plant
material was dried for 7 days at 40 °C in an
oven. The dried material was then milled in a
cutting mill (IKA-MF 10B, Germany) at
3000 rpm. The resulting product was then
sieved through a sieve with an internal
diameter of 3 mm.

In order to obtain the hydroalcoholic
extract, 300 g of the dried leaf powder were
extracted three times with 1 L of 70 % ethanol
by maceration at room temperature in the dark
conditions. The solvent was removed by using
an IKA® RV 10 basic rotoevaporator at 40°C
and steam pressure. The syrupy extract (10 g)
was resuspended in a single portion of distilled
water, placed in a separatory funnel and 36 ml
of water-saturated n-butanol was added. The
mixture was left for 24 hours and then the
organic phase was concentrated under steam
pressure at the conditions previously
mentioned [22].

Saponin predominance was corroborated
by phytochemical screening in accordance
with the methodology proposed by Miranda
and Cuellar [30]. In addition, the SEE were
evaluated on thin-layer chromatography (TLC)
using methanol:chloroform (3:7) as the mobile
phase, and then 50 % H2SOs was used as a
developer. The products of the saponin-
enriched extracts were compared with the
diosgenin standard and purified yucagenin
(from the UCLV Organic Chemistry
Laboratory), in line with prior studies that
identified these steroidal compounds as the
principal aglycons present in Agabrittonosides
(steroidal saponins of Agave brittoniana
species) [20, 21].

Animals

Wistar rats were obtained from National
Center for Laboratory Animal Production
(CENPALAB  Spanish  acronym) and
maintained under controlled environmental
conditions (12-hour light/dark cycle, 20+2°C,

saponins-enriched

50 - 70% relative humidity), with
conventional feeding and water ad [libitum.
The study involved thirty-six Wistar rats (with
weights ranging between 180 and 200 g) and
sixteen males weighing between 200 and
270 g, which served as the progenitor
population. The first day of gestation was
determined by the presence of spermatozoa in
the vaginal smear in the early morning hours.

Experimental Model of Fetal Alcohol
Toxicity

The ethanol administration scheme was
designed to take into account the previously
reported toxic effects on prenatal alcohol
exposure [31, 32].The model reported by
Wang et al. was modified to achieve a toxic
effect of ethanol on maternal rats without
causing mortality or serious teratogenic effects
[33].

A total of six experimental groups were
established, each consisting of six dam rats
(n=6). The groups were designated as follows:
I: healthy group, lacking the induction of FAT,
without any further intervention II: negative
control, FAT induction without treatment, I11:
FAT induction with folic acid administration at
a dose of 5 mg/kg bw. This was followed by
treatment with SEE at 25 mgkg bw IV;
50 mg/kg bw in group V and 100 mg bw in
group VL

Induction of the model and treatment
was initiated on the third day post-mating,
continuing until parturition in a single daily
dosage. Ethanol 40 % was administered orally
to all pregnant rats in groups II to VI at a dose
of 5 mL/kg bw. Two hours later, the respective
oral treatments were initiated.

The sample for immune response studies
consisted of 72 male neonates, 12 from each
group. Blood samples were collected at 15, 21
and 31 days of postnatal life for the purpose of
cellular and humoral immunological studies.
The pups were maintained with their mothers
until weaning, which occurred 21 days after
birth.

Subsequently, the subjects received
unrestricted access to water and diet for their
specific species until 31 days post-natal life.
Upon reaching this age, the subjects were
euthanised via an overdose of an inhalational
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anaesthetic, which was followed by a cervical
dislocation.

Assessing the development of immune
system dysfunction.

In order to ascertain the effect on the
immune system of neonates exposed to ethanol
prenatally, the cellular response was quantified
by specific techniques for each determination,
using heparin as an anticoagulant [34]. To
assess potential dysfunction in the humoral
response, serum samples were centrifuged at
3500 rpm for 10 minutes to quantify
immunoglobulins (IgA, IgM and 1gG) and
complement fractions (C3 and C4). The
quantification techniques were performed
using an immunoturbidimetric method [35]
provided by Roche, on a Roche/Hitachi
Autoanalyser — cobas ¢ 311. In all biochemical
determinations, the PreciControl ClinChem
Multi 1 and 2 controls were employed, along
with the Calibrator f.a.s. Proteins (C.f.a.s.)
calibrator.

Statistical processing of the data

The data were subjected to statistical
processing using the statistical software
program SPSS for Windows, version 22.0. The
mean and standard deviation were calculated

for each variable under investigation. The
Kruskal-Wallis test was employed to ascertain
whether there were any statistically significant
differences between the groups in each of the
experiments. The Mann-Whitney test was
employed to ascertain whether there were
statistically significant differences between the
groups. The variation in the parameters before
and after treatment was evaluated using the
Wilcoxon test. The following significance
levels were considered: p<0.05 (significant)
and p<0.01 (highly significant).

Results. In the study evaluating neonates
prenatally exposed to alcohol toxicity, blood
samples were collected at 15, 21, and 31 days
postpartum, corresponding to the lactation,
weaning, and postnatal developmental stages.
Analysis revealed no significant differences in
cellular or humoral immune responses
between groups at 15 days, suggesting that
prenatal alcohol exposure does not induce
immediate immune system impairment during
this early postnatal phase.

The results of the cellular immune
response during the weaning stage and 31 days
postnatal life are presented in the following
Table 1.

Table 1

Cellular immune response in neonatal rats exposed to prenatal alcohol toxicity treated with
SEE of A. brittoniana. The data are presented as mean + standard deviation

G Leukocyte (10%L) Neutrophils (%0) Lymphocyte (%0)
roup W F w F W F
[ 8.7+1.12 9.8+ 0.42 35.0+3.5?2 39.3+13.02 65.0+3.92 63.4+8.7%
1 7.7+1.0° 7.4+0.6" 42.5 + 8.62 39.8+5.28 56.4 + 8.02 59.2 +6.32
11 8.3+0.32 8.8+0.12 34.7+6.32 28.6+7.8° 63.2+5.6% 71.4+7.8°
v 9.1 £0.82P 924128 348+5.12 36.3 +£10.32 62.8 +£9.32 60.2 +£9.22
V 8.5+0.62 8.9+0.1° 47.7+£9.0° 33.3+5.32 493 +£9.9b 61.8+6.82
VI 9.8 +1.6%P 9.5+0.92 442+ 4.8b 28.3+1.5° 542 +3.8° 71.5+1.5°

Note: I: Healthy Group, 11: Negative Control, Il Folic Acid, IV: SEE group (dose 25 mg/kg bw), V: SEE group (dose
50 mg/kg bw), VI: SEE group (dose 100 mg/kg bw). Different superscripts in the same column mean significant
differences between groups (U-Mann Whitney). W (weaning): Corresponds to the second sampling at 21 days of age. F
(final): Corresponds to the third sampling at 31 days after birth.

The experimental data show significant
changes in the parameters under investigation
at 21 and 31 days post-weaning and post-natal,
respectively.  Despite  eosinophils  and
monocytes being part of the differential
leukocyte count, the table above does not
include their values. This is because the figures

found were not statistically significant. The
low cell count for these lineages remained
within the normative range for the species:
monocytes ranged from 0 to 5, and eosinophils
from 1to 5.

Comparative analysis between the
healthy and the negative control group
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revealed a reduction in the number of
leukocytes at 21 days (p=0.001). This finding
provides evidence that alcohol consumption is
associated with an immunosuppressive
response.

Prenatally  ethanol-exposed  group
receiving folic acid supplementation combined
with low-dose of SEE exhibited no significant
alteration in the cellular response of neonates.
In contrast, medium and high-dose SEE groups
demonstrated increased neutrophil values
(p=0.024 and p=0.009, respectively) and
decreased lymphocyte values (p=0.024 and
p=0.026, respectively).

While the cellular response in plant
saponin-treated groups (21 days post-
exposure) failed to demonstrate significant
activation relative to the healthy control group,
all treated groups exhibited a consistent
preventive trend against leukocyte reduction,
which was recorded in the negative control

group Furthermore, in the case of the 25 and
100 mg/kg doses, the leukocyte values were
statistically higher than in the untreated group
(p=0.013 and p=0.048, respectively).

After 31 days, it was notable that all
groups treated with different doses of SEE
from A. brittoniana and folic acid showed a
significant increase in leukocytes compared to
the negative control group (p = 0.05). A
marked increase in lymphocyte values was
observed in groups treated with folic acid (p =
0.008 in both cases) and the higher dose of
SEE (p = 0.043 and p = 0.002, respectively),
compared to the healthy group and negative
control group.

Table 2 illustrates the behaviour of the
immunoglobulins in the experimental model.
The values of immunoglobulin IgA are not
displayed in the table as they fall below the
detection limits of the test.

Table 2

Immunoglobulin values (g/L) in neonatal rats exposed to prenatal alcohol toxicity treated with

SEE of A. brittoniana. The data are presented as mean + standard deviation

IgM 1gG
Group
w F W F
[ 0.074+0.042 0.116+0.082 0.194+0.072 0.185+0.16%
1l 0.069+0.042 0.076+0.042 0.271£0.152 0.145+0.062
Il 0.072+0.052 0.064+0.052 0.191+£0.112 0.294+0.20°
v 0.058+0.052 0.073£0.052 0.642+0.19° 0.175+0.202
\Y 0.075+0.052 0.100 £ 0.0? 0.840+0.13 0.148+0.042
VI 0.082+0.042 0.070+0.052 0.857+0.25° 0.226+0.032

Note: I: Healthy Group, Il: Negative Control, 111: Folic Acid, 1V: SEE group (dose 25 mg/kg bw), V: SEE group (dose
50 mg/kg bw), VI. SEE group (dose 100 mg/kg bw).Different superscripts in the same column mean significant
differences between groups (U-Mann Whitney). W (weaning): Corresponds to the second sampling at 21 days of age. F

(final): Corresponds to the third sampling at 31 days after birth.

A comparison of the healthy group at 21
days with the remaining groups revealed a
significant increase in 1gG values in all groups
treated with SEE of A. brittoniana at doses of
25 mg/kg (p=0.008), 50 mg/kg (p=0.036) and
100 mg/kg (p=0.036). Furthermore, higher
levels of this immunoglobulin were observed
in the SEE-treated groups when compared to
the negative control (p < 0.05).

Table 3 illustrates the behaviour of
serum complement in neonatal rats exposed to
prenatal alcohol toxicity.

A significant decrease in C3 values was
observed in the negative control group after 21

days (p=0.01), as well as in groups treated with
SEE of A. brittoniana (p<0.05) and folic acid
(p=0.009). No significant differences were
observed in complement C4 at 21 days when
the experimental groups were compared.

At the conclusion of the study (31 days
postpartum), a reduction in C3 and C4 levels
was observed in almost all of the experimental
groups compared to the healthy group. Doses
of 100 mg/kg of SEE produced values that
were comparable to those of the healthy group
(p > 0.05), with levels of this fraction
recovering by the end of the study.
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Table 3

Serum complement (g/L) in neonatal rats exposed to prenatal alcohol toxicity treated with
SEE of A. brittoniana. The data are presented as mean + standard deviation

G C3 c4
roup W = W F
I 0.221+0.032 0.313 +£0.122 0.022+0.002 0.050+0.01%
I 0.114+0.05° 0.2314 0.06° 0.025+0.012 0.028+0.00°
Il 0.140+0.06° 0.150+ 0.03¢ 0.025+0.012 0.020+0.01°
\Y/ 0.113+0.01° 0.191+0.02° 0.028+0.012 0.020+0.01°
\Y 0.127+0.01° 0.190+0.04° 0.028+0.012 0.025+0.01°
VI 0.118+0.08° 0.286+0.082 0.015+0.01° 0.021+0.01°

Note: I: Healthy Group, 11: Negative Control, Il Folic Acid, IV: SEE group (dose 25 mg/kg bw), V: SEE group (dose
50 mg/kg bw), VI. SEE group (dose 100 mg/kg bw). Different superscripts in the same column mean significant
differences between groups (U-Mann Whitney). W (weaning): Corresponds to the second sampling at 21 days of age. F

(final): Corresponds to the third sampling at 31 days after birth.

Discussion. Prenatal exposure to alcohol
can result in a broad range of physical and
behavioural  abnormalities.  These are
categorised into a particular pattern of birth
defects known as fetal alcohol syndrome [35].

Pregnancy IS a period of
immunosuppression in women due to the
necessity for the mother's immune system to
tolerate the foetus. In this context, it has been
demonstrated that the consumption of alcohol,
specifically ethanol, and its metabolite,
acetaldehyde, has the capacity to interfere with
fetal development. The mechanisms by which
these substances exert their detrimental effects
include the disruption of cell differentiation
and growth, the alteration of DNA and protein
synthesis, and the inhibition of cell migration.
Furthermore, both modify the intermediary
metabolism of carbohydrates, proteins and
fats, decrease the transfer of amino acids,
glucose, folic acid, zinc and other nutrients
across the placental barrier, and indirectly
affect fetal growth due to intrauterine nutrient
deprivation [36, 37].

The outcomes demonstrated in the
present study are in accordance with
observations recorded in human clinical
practice, occurring independent of any
infectious agent or allergenic triggers. The
immune system may be affected by alterations
in neutrophil polymorphonuclear cell mobility
and adhesion, as well as in the late
hypersensitivity response or type V.
Nevertheless, these values remain within the

physiological range reported for the species
[38].

Cellular immune response results
demonstrate various agave dosage groups
potentially counteract alcohol-induced
leukocyte reduction [36]. Furthermore, the
increase in lymphocytes observed in both the
group administrated the highest dose of SEE
and folic acid suggests that cell proliferation
may be activated, thereby enhancing the
immunogenicity of the antigenic proteins [37].
This stage, in turn, makes the antigen-
presenting action of the macrophages more
effective

Among the principal secondary
metabolites isolated from A. brittoniana
T. subsp. brachypus are saponins, which have
demonstrated immunomodulatory activity in
other species containing this metabolite
[25, 27]. In studies with rats immunised with a
suspension of ram red blood cells, where
hydroalcoholic extracts of Phenax rugosus
plant containing saponins in its phytochemical
composition were administered, there were
statistically significant increases in total
leukocyte and lymphocyte counts (p<0.05).
Other plants that also contain saponins among
their secondary metabolites, such as Solanum
dolichosepalum also demonstrated increases in
leukocyte, lymphocyte and monocyte counts
[39]. Sheng et al. [40] observed that the
immune system of rats was stimulated by the
increase in total leukocyte count observed after
8 weeks of supplementation with cat's claw
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(Uncaria tomentosa) containing saponins. In a
shorter time frame (21 days), the crude
saponins from A. brittoniana T. (25 and
100 mg/kg) were observed to increase plasma
leukocyte levels.

Guerra and collaborators [20, 21] had
proved that the butanolic fraction of the
hydroalcoholic extract of A. brittoniana,
obtained following the same scheme described
in this research, contain steroidal saponins as
its major metabolites together with reducing
sugars. Other metabolites have been detected
in  butanolic  fraction but at lower
concentrations, in different species of agave
genus [41, 42].

The negative control group, which was
exposed to alcohol toxicity from prenatal age
and without treatment, demonstrated a
decrease in complement C3 and C4. Maternal
alcohol consumption results in a reduction in
the blood concentration of  various
micronutrients, including potassium,
magnesium, zinc, phosphorus, calcium, and
others. Additionally, the generation of free
radicals caused by alcohol intake can lead to
structural and functional damage to cells.
These alterations, which occur through
placental communication, have consequences
for the formation and maturation of fetal
structures during the gestational period and
also during breastfeeding. The intracellular
calcium and magnesium levels depressed by
the effects of alcohol would modify numerous
cell signalling cascades, including the
complement system [7, 36].

In this research, we utilised neonatal rats
corresponding to human developmental stages
of 3, 5 and 7 months of age [43].
Consequently, the figures may be undetectable
due to the young age of the biological models.
It is critical to note that the synthesis of
immunoglobulin A (IgA) initiates late in life,
with ~ serum  concentrations increasing
progressively until achieving normative titters
at 4-5 years [44].

This immunoglobulin  may partially
explain the reduced complement fraction
levels observed, as these factors are essential
for  activating complement  cascade
intermediates. Conversely, it has been

demonstrated that ethanol and acetaldehyde,
the primary metabolites of alcohol, alter the
hepatocyte cell membrane, thereby activating
the complement cascade — particularly the Cba
fraction, which is a potent chemotactic factor
for neutrophils. The accumulation and
activation of neutrophils generates the
production of free radicals, which attack
molecules in their environment [45].
Consequently, complement levels are
decreased due to their consumption in an
environment  that  promotes  cellular
inflammation. The net result is a marked
decrease in complement levels and an increase
in the cytotoxic effect of alcohol on the body's
own cells, which activates a vicious cycle of
increased oxidative stress [37].

The reduced levels of complement
factors C3 and C4 were maintained after 21
days in groups treated with different doses of
the plant extract, as well as in groups treated
with folic acid. The group that received the
highest dose of saponins demonstrated the
most promising results, with C3 values
approaching those of the healthy control group
after 31 days. The remaining subjects
exhibited continued decreases in C3 and C4
values. This result may indicate that this dose
is more effective in neutralising the toxic
effects of alcohol, particularly in relation to the
inflammatory environment. This behaviour
could result in the activation of complement as
a consequence of cell damage and a decrease
in the synthesis of these protein intermediates,
which are affected by direct damage to the
hepatocyte where they are synthesised
[14, 15].

In the context of the acquired immune
response, elevated 1gG levels are a
predominant phenomenon. This result is
consistent with the activation of the
complement system, which facilitates
phagocytosis [44].Therefore, saponins may
have an immunostimulatory effect by
increasing IgG production [27].

Saponins have the capacity to stimulate
plasma cell receptors, which in turn stimulate
the Thl response. This process results in the
production of IFNy (interferon) and TNFa
(tumour necrosis factor), which in turn induces
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the production of the immunoglobulin 1gG.
Saponins, due to their lipid nature, may be able
to directly stimulate B cells, thus behaving as
T antigen-independent [27].

At the conclusion of the study, the
increase in IgG observed in the neonates
following the administration of saponins to the
progenitor mothers was reversed, with the
parameter returning to values comparable to
those observed in the healthy group. This
phenomenon could be explained by the
clearance of saponins from the neonates'
bodies. It is understood that after 21 days of
age, they are weaned and only the saponins
passed during the lactation stage remain
circulating.

The literature contains publications that
address the mechanisms of action that explain
the immunomodulatory activity of saponins
and justify their potential use in both
therapeutics and vaccine production [17, 41].

The complement system is involved in
the modulation of the specific humoral
immune response. The C3 component of the
complement system is the most significant and
prevalent protein. The concentration is reduced
in a number of cases, including but not limited
to inflammatory and infectious diseases,
alcoholic patients and environments that
inhibit the synthesis of cascade intermediates
[38].

The impact of the SEE of A. brittoniana
on the immune system of animals with
impaired immunity due to alcohol toxicity
allows us to observe an increase in the
leukocyte response at the expense of
lymphocytes at the conclusion of the study.
With regard to the humoral response, a dose-
dependent increase in IgG can be observed
prior to weaning. However, in the group
receiving the highest dose, the levels of C3 and
C4, which are reduced in the alcohol toxicity
model, only recovered to a level similar to that
of C3 in the healthy group. C4 remained at
lower values. These results suggest that the
natural product being investigated could
reverse some of the adverse effects associated
with alcoholic immunosuppression. Elevating
lymphocyte levels and antibody production
improves immune system responsiveness to

levels comparable with those achieved through
folic acid treatment [44].

The low activation of the immune
system after 31 days post-exposure may
suggest that a different dosing schedule, which
takes into account the postnatal age of the
subjects, should be employed to assess the
consistency of the immunomodulatory effect
of the species' saponins in the FAT model.

The  preliminary  evaluation  of
immunomodulatory compounds is typically
oriented towards non-specific mechanisms that
activate both innate and acquired immunity.
Consequently, in vivo models are utilised to
evaluate the protective capacity of these
compounds against immune system injury.
Further studies should investigate the type of
lymphocyte fraction involved, as well as the
specific  immunomodulatory  mechanism
taking into account the type of cytokines
involved.

Conclusions. The immunomodulatory
capacity of saponin-rich  fractions of
A. brittoniana has been demonstrated by
increasing the cellular and humoral immune
response of animals immunocompromised by
fetal alcohol toxicity.
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Abstract

Background: Cancer is a malignant disease characterized by the uncontrolled division of cells,
leading to the invasion and destruction of healthy tissues. Copper(ll) complexes of
1,10-phenanthroline and its derivatives have demonstrated various biological activities, including
anti-tumor, anti-Candida, antimycobacterial, and antimicrobial effects. The aim of the study: To
investigate the anti-proliferative effect of Cu(phen)(D-threo)NOs+ F on the ovarian cancer cell line
(A2780) and the colorectal cancer cell line (HT-29). Materials and methods: The copper compound
was tested against A2780 and HT-29 cells using the MTT assay at concentrations of 1.0, 2.0, 5.0, 10,
15, and 20 uM, followed by incubation for 24, 48, and 72 hours. ICso values were determined to
assess the compound’s potency. Subsequently, apoptosis induction was evaluated by quantifying
caspase-9 protein expression using a human caspase-9 ELISA kit, and DNA fragmentation activity
was assessed through agarose gel electrophoresis. Results: The MTT assay revealed that increasing
concentrations of the copper compound led to a dose-dependent decrease in cell viability across all
incubation periods for both cancer cell lines. The ICso value for A2780 cells was 1.70+0.26 uM after
72 hours, indicating greater sensitivity compared to HT-29 cells, which exhibited an ICso of 8.42+0.63
uM. Despite its cytotoxic effects, the compound did not induce apoptosis via the caspase-9 pathway,
nor did it promote DNA fragmentation in either cell line, as no significant differences were observed
compared to the control group in both assays. Conclusion: Cu(phen)(D-threo)NOs + F demonstrated
a significant anti-proliferative effect on A2780 and HT-29 cancer cell lines, occurring independently
of apoptotic pathways.
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Introduction. One of the most potent
anti-tumor drugs on the market, cisplatin is
frequently used to treat solid tumors such head
and neck malignancies, ovarian, lung, and germ
cell tumors [1]. Itis linked to a number of severe
side effects, such as nausea, ototoxicity, and
neurotoxicity [2]. Copper has been identified as
a more potent and less toxic metal core used in
some anticancer drugs. It plays a significant role
in endogenous oxidative DNA damage, which is
linked to cancer development and aging. As an
anti-angiogenic and anticancer agent, a strong
copper chelator has demonstrated therapeutic
benefits in the treatment of various types of
cancer [3].

Copper is a biologically transition metal
and it has been extracted for thousands of
years; it was known to the Romans as cuprum.
The metal is malleable and ductile and an
excellent conductor of heat and electricity.
Copper is a metal that is usually used to make
electrical cables and wires. It contains the
element in the +1 and +2 oxidation stress.
Copper (I) compounds are mostly white and
Copper (1) salts are blue in solution.
Numerous proteins and enzymes, including
cytochrome oxidase, superoxide dismutase,
ascorbate oxidase, and tyrosinase, which are
involved in energy metabolism, respiration,

—N

and DNA synthesis, depend on it for proper
operation. Primarily as a cofactor in several
enzymes that promote oxidation-reduction
reactions, copper is essential to biological
activities. These reactions typically involve
copper interacting directly with molecular
oxygen, resulting in the formation of free
radicals. Given its high reactivity, maintaining
proper copper levels is crucial, requiring
tightly regulated homeostatic mechanisms.
These processes ensure an adequate supply of
copper to support essential physiological
functions while preventing the toxic effects
that can result from excessive copper
accumulation [4].

As they can target DNA, copper
complexes of 1,10-phenanthroline (Fig. 1) and
its derivatives have been used as DNA
nucleases in foot printing agents [5]. A number
of anticancer drugs known as casiopeinas have
been discovered by the modification of the
1,10-phenanthroline copper complex, and one
of the complexes has been demonstrated to
cause the death of murine leukemia cell lines.
Numerous biological processes are disrupted
by 1,10-phenanthroline (1,10-phen), 2,20-
bipyridine (2,20-bipy), and their substituted
derivatives, both in their metal-free form and
as ligands coupled to transition metals [6].

N=—

Fig. 1. Chemical structure of 1,10-Phenanthroline

The aim of the study. The effects of
copper complexes of 1,10-phenanthroline,
particularly on their anti-cancer properties,
have not been well studied. Thus, investigating
Cu(phen)(D-threo)NO3 + F's anti-proliferative
impact on colorectal and ovarian cancer cell
lines through apoptosis is the main objective of
this work.

Materials and Methods

Compound and Cell Lines

Copper (II) complexes of 1,10-
phenanthroline and D-threonine associated
with NO3 + F, Cu(phen)(D-threo)NOs + F was
supplied by the Department of Chemistry,
University of Malaya. Colorectal (HT-29) and
ovarian cancer (A2780) cell lines were
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purchased from the American Type Culture
Collection (ATCC), USA.

Chemicals and Reagents

Dulbecco's Modified Eagle Medium
(DMEM), Penicillin/Streptomycin antibiotic,
Foetal bovine serum (FBS) were purchased
from Gibco, Life Technology, UK. Trypsin-
EDTA was obtained from ScienCell™
Research Laboratories; ethidium bromide and
other standard laboratory chemicals are from
Sigma Aldrich, USA and gel powder from
Sisco Research Laboratories Pvt. Ltd.,
Mumbai. MTT reagent was purchased from
Calbiochem®, Merck. The Kkits that | used are
DNA extraction kit (iNtRON Biotech., Korea)
and caspase-9 kit (Chemicon® Japan).

Cell Seeding

Dulbecco's Modified Eagle Medium
(DMEM) was used to cultivate both cancer cell
lines on a 96-well plate. 10% fetal bovine
serum (FBS) and 1% antibiotics (100U/ml
penicillin and 100mg/ml streptomycin) were
added to the medium. After cell counting, the
cells were prepared based on the concentration
that has been set for each well with 1x10°
cells/mL. 100pL of the mixture of cells with
fresh medium was added into the well
respectively. Then, the cells were incubated at
37°C in a humidified atmosphere of 5% CO. for
overnight before the treatment was carried out.

Cell Proliferation Assay and 1Cso Value

MTT assay was performed to measure
the in vitro anti-proliferation effects of copper
compound on cancer cell lines. Briefly, cancer
cells were seeded into 96-well plates and left
for overnight at 37°C. Each cancer cells were
treated with copper (11) complex with different
concentrations which are 1uM, 2uM, 5uM,
10uM, 15uM and 20puM and then incubated
for 24, 48 and 72 hours. Negative control was
treated by using fresh supplemented medium.
MTT solution (0.5 mg/mL) was added and
incubated for 4 hours. The dark blue formazan
crystals formed in intact cells were dissolved
in DMSO. The concentration of formazan was
reflected in optical density (OD), as measured
using a fluorescence microplate reader at 570
and 630 nm [7].

ICso is the concentration of an inhibitory
substance that causes 50% inhibition of cell
viability. 1Cso for each cancer cell lines can be

determined from the dose-response graph as in
the result [8].

Human Caspase-9 ELISA Assay

Cancer cells were cultured to a density
optimal for apoptosis induction not exceeded
108 cells/mL. The cancer cells were treated
with copper compound by using 1Cso value.
Concurrently, a negative control cell
population which is non-induced also
incubated at the same density. The sample was
prepared for each labelling condition. Four
populations have been prepared for Unlabeled,
induced and non-induced and FLICA-labeled,
induced and non-induced.

The  Fluorochrome Inhibitors  of
Caspases (FLICA) are the basis for Caspase-9
In Situ Assay Kits. A green fluorescence is
produced by the carboxyfluorescein-labeled
fluoromethyl ketone peptide inhibitor of
caspase-9 (FAM-LEHD-FMK) used in this
experiment. A reactive cysteine residue on the
large subunit of the caspase heterodimer will
be covalently bound by this inhibitor. The
amount of activated caspase-9 in the cell at the
moment the reagent was applied is shown by
the green fluorescence signal. Detailed
protocol is published elsewhere [9]. 100uL of
each cell suspension was placed into each of
two wells of a black micro titer plate. The
absorbance was read by using an excitation
wavelength  of 490nm and emission
wavelength of 520nm

Measurement of DNA fragmentation

Total DNA was isolated from the
pelleted cells using a DNA extraction kit. The
DNA was subjected to 2.5% agarose gel
electrophoresis in Tris-acetate—EDTA running
buffer and stained with 0.5 pg/mL ethidium
bromide. DNA stained with ethidium bromide
on agarose gels may be seen by
transillumination with ultraviolet light and
captured on camera with an Alphalmager® HP
gel picture system [10].

Statistical analysis

The mean = standard deviation (SD) was
used to express all data. The Statistical
Package for Social Science (SPSS) version
24.0 was used to analyze the data using one-
way analysis of variance (ANOVA) and then
Duncan's multiple range test. Data was
considered statistically significant at the value
of probability less than 0.05 (P<0.05).
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Results.

Anti-proliferation effect of copper (1)
complex on cancer cell lines

Cu(phen)(D-threo)NOs + F was initially
incubated with two cancer cell lines, HT-29 and
A2780, at various concentrations. The anti-
proliferative effects were assessed using the
MTT assay. Data obtained for the copper(ll)
complex following continuous incubation for 24,
48, and 72 hours were used to calculate ICso
values. The compound demonstrated a

concentration- and time-dependent
anti-proliferative profile in both cell lines.
Table shows the ICso values of copper
(1) complex as tested in A2780 and HT-29
cells at different time incubation. The result
indicates that the compound has certain effect
on cancer cells and exhibit cytotoxic activity
toward the tested human cancer cell lines,
especially against A2780 cells. A2780 cells
appeared to be more sensitive which showed
comparatively lower 1Cso values compared to
ICso values of HT-29 cells.
Table

I1Cs0 values of Cu(phen)(D-threo)NOs + F towards A2780 and HT-29 cells at various
incubation times as determined by using MTT assay

. . 1Cs0 (uUM)
Incubation Time (hours) A2780 cells HT-29 cells
24 12.73 £0.422 19.80 £ 0.358%
48 2.32+0.85P 8.77+0.104°
72 1.70 £ 0.26° 8.42 +0.63°

Note: The values were the mean of three replicate samples (n=3) and the data were presented as mean + SD. *®mean with

different superscript differ significantly (p<0.05).

Based on the MTT assay, exposure of
A2780 cells to increasing concentrations of the
copper(l) complex resulted in a decrease in
cell viability, as shown in Figure 2. The dose-
response curves indicated a significant
reduction (p<0.05) in the percentage of cell
viability after A2780 cells were treated with

various concentrations of the copper(ll)
complex for 24 hours. A similar decline in cell
viability was observed with increasing
concentrations of the complex over 48 and 72
hours of incubation. Cell viability was not
significantly altered by the 48- or 72-hour
treatments.
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Fig. 2. The effect of copper (I1) complex on the viability of A2780 cells after 24-72 hours
incubation as determined by MTT assay

Time-course experiments using different
concentration of copper (II) complex up to
three days showed that its anti-proliferative
activity was already evident after 24 hours of
treatment.

Figure 3 shows the dose-response
curves, demonstrating a decrease in cell
viability in HT-29 cells following treatment
with the copper (1) complex at increasing
concentrations of 1.0, 2.0, 5.0, 10, 15, and
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20 uM over a 24-hour incubation period. The
figure also illustrates a reduction in cell
viability with increasing concentrations of the
complex over 48 and 72 hours of incubation.

However, there were no significant differences
in cell viability between the 48- and 72-hour
treatments at these concentrations.
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Fig. 3. The effect of copper (1I) complex on the viability of HT-29 cells after 24-72 hours
incubation as determined by MTT assay

Expression of Caspase-9

The human Caspase-9 ELISA kit was
used to measure the amount of caspase activity
using a fluorescence microplate reader. The
absorbance reading indicates the amount of
active caspase-9 present in the cells. Based on

Figure 4, the reading of the absorbance for A2780
cells treated with the concentration 1.7uM (ICs)
of copper (1) complex was fewer than the reading
of the absorbance of control. When compared to
the absorbance reading of the negative control,
there was no significant change.

Absorbance

360
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340

330

320

310
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290 -

=
270 -

Cu
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Fig. 4. Caspase activity of A2780 cells after treated with 1.7uM (ICso)
of copper (I1) complex at 72 hours incubation period
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DNA fragmentation

After 72 hours of incubation, cells
treated with the ICso concentration of the
copper (I) complex were examined for
internucleosomal DNA breakage. Agarose gel
electrophoresis was used to isolate the DNA

from A2780 cells, which was then stained with
ethidium bromide and examined under a UV
lamp (Fig. 5). The results showed that DNA
from both untreated cells (Lanes 3 and 4) and
treated cells (Lanes 5 and 6) remained intact,
with no evidence of DNA laddering observed.

L1 L2 L3 L4 L5 L6

Fig. 5. DNA fragmentation analysis in A2780 cells after treated with the 1Cso value of copper (11)
complex at 72 hours incubation in 2.5% agarose gel electrophoresis. (L1: 1kb DNA ladder, L2 :
100bp DNA ladder, L3 and L4: Untreated A2780 cells, L5 and L6 : A2780 cells treated at 1.7uM
concentration)

Discussion

Anti-proliferative assay (MTT Assay)

The findings of this study demonstrated
that increasing concentrations of Cu(phen)(D-
threo)NOs + F resulted in decreased cell
viability in both ovarian (A2780) and
colorectal (HT-29) cancer cell lines across 24,
48, and 72 hours of incubation. Initial viability
assays revealed that, after 24 hours of
treatment, the ICso value of the copper(Il)
complex was significantly higher compared to
the ICso values observed at 48 and 72 hours for
both cell lines. However, there was no
discernible change in the complex's effects at
48 and 72 hours, suggesting that its anti-
proliferative action was already evident at 24
hours, when cell viability had dropped
approximately  50%. Therefore, the
concentrations of Cu(phen)(D-threo)NOs + F
required to achieve 50% growth inhibition in
A2780 and HT-29 cells are higher than the
respective ICso values, which are 1.7 uM and
8.42 uM.

Additionally, the findings showed that
this compound was acutely toxic to both
human ovarian and colorectal cancer cells. The
metal-phen complexes were found to be more

potent and to have a cytotoxic effect compared
to the most potent simple salt, due to the
absence of phen in the simple solvated Cu(ll)
[11]. The results of the viability study (see
Figs. 2, 3 and 4) showed that the Cu(phen)(D-
threo)NOs + F displayed a concentration- and
time-dependent  anti-proliferative  effect
following 24, 48 and 72 hours of exposure.
Furthermore, A2780 cells were shown to be
most  sensitive, with the Cu(phen)(D-
threo)NOs + F compared to HT-29 cells.
According to Deegan et al. [12], the copper-
phen complex demonstrated the greatest
cytotoxic  response by inducing a
concentration-dependent  cytotoxic  effect
between 3 and 18 times greater than that
observed for the metal-based anti-cancer
agent, cisplatin. These findings demonstrate
that the concentrations of the copper(ll)
complex required to significantly reduce the
viability of cancer cell lines are quite low. For
example, 2.8 uM of [Cu(phen)(edda)] was
sufficient to decrease the viability of MCF-7
breast cancer cells by 50%, likely due to their
higher sensitivity driven by a faster growth rate
[12]. Similarly, in this study, the ICso values for
the copper(I1) complex were 1.7 uM for A2780
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ovarian cancer cells and 8.42 uM for HT-29
colorectal cancer cells, indicating that effective
antiproliferative activity occurs at low
concentrations.

Human Caspase-9 ELISA Assay

The role of the proteolytic machinery in
Cu(phen)(D-threo)NOs + F-induced apoptosis
was examined using the carboxyfluorescein-
labeled fluoromethyl ketone peptide inhibitor
of caspase-9 (FAM-LEHD-FMK). The
amount of active caspase-9 in the cells at the
moment of reagent addition may be directly
determined by the green fluorescent signal that
results from this inhibitor's covalent binding to
active caspase-9. As shown in Figure 4, the
number of active caspase-9 molecules in
A2780 cells was lower compared to the
control, which exhibited higher fluorescence
signals. This indicates that treatment with
Cu(phen)(D-threo)NOs + F did not produce a
significant increase in caspase-9 activation
relative to untreated cells. Therefore, we can
conclude that Cu(phen)(D-threo)NOs + F does
not induce apoptosis via the caspase-9
pathway. The results are best expressed as the
fold increase in caspase activity in apoptotic
cells relative to non-induced control cells.

It was found that apoptosome formation
in the Cu(phen)(D-threo)NOs + F could still be
induced, but subsequent recruitment and
activation of caspase-9 by the complex was
defective. These results suggest a novel
regulation at the level of caspase-9 activation
by the apoptosome complex, and this
regulation is repressed in the ovarian cancer
cells [13]. Copper complexes were also found
to inhibit enzymatic activity and induce cell
apoptosis [4]. Surprisingly, our data clearly
show that the typical apoptotic pathway
induced by Cu(phen)(D-threo)NO3z + F occurs
without activation of known caspases. This
conclusion is based on the caspase inhibitors,
FAM-LEHD-FMK that clearly inhibit
caspase-9 have no effect on apoptosis induced
by copper Cu(phen)(D-threo)NO3z + F in
A2780 cells. Thus, Cu(phen)(D-threo)NOs + F
seems to activate a caspase independent
pathway resulting in apoptotic pathway.
Cu(phen)(D-threo)NO3+F may activate non-
caspase-dependent or alternative pathways of

apoptosis, as shown by the comparatively low
amount of caspase activation and decreased
inhibition by FAM-LEHD-FMK. The
mechanism  behind the  mitochondrial
regulation of apoptosis and caspase-
independent cell death has been uncovered by
recent research. We use the terms caspase-
dependent death (apoptosis) and caspase-
independent cell death (CICD) to distinguish
between these processes, omitting necrosis,
which can result from apoptosis failure [14].

Another possible mechanism is that
Cu(phen)(D-threo)NOs + F does not directly
induce apoptosis in A2780 cells. This may be
because caspase-9 is either absent or not
activated enough in these cells. Without
caspase-9, caspase-3 cannot be activated
downstream, which stops the apoptosis
cascade from starting. The apoptosome
complex activates caspase-9, which acts as an
upstream initiator caspase and then triggers
caspase-3 [15]. Specifically, active caspase-9
cleaves procaspase-3, converting it into its
active form. Active caspase-3 is a key
executioner  caspase  responsible  for
orchestrating  the cellular  dismantling
characteristic of apoptosis [16]. Therefore, the
lack of caspase-9 activation may explain why
Cu(phen)(D-threo)NOs + F does not trigger
apoptosis in  A2780 cells. It has been
established that not all known programmed
cell deaths need caspase activation, and more
attention is focused on key molecules involved
in  nonapoptotic or caspase-independent
programmed cell death pathways [17]. This
study greatly supports our assumption that
Cu(phen)(D-threo)NOs+F may cause caspase-
independent cell death. Caspase-independent
apoptosis has been observed in several cell
types [18]. There are numerous reports of
programmed cell death in response to
activation of death receptors even when
caspases are inhibited, suggesting that caspase-
independent pathways can be stimulated by
death receptors. Examples include death
induced by Fas or TNFo that has been
characterized as necrotic [19, 20].

More research has shown that
programmed cell death (PCD) may happen
even when caspases are completely absent, and
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other noncaspase proteases have been shown
to be capable of carrying out PCD [21].
Another assumption that can be made about
this condition is that Cu(phen)(D-threo)NOs*F
triggered cell death through excessive
autophagy. When cells experience excessive
autophagy, they die nonapoptotically without
caspase activation. It plays a crucial role in
cellular ~ remodeling  brought on by
differentiation, stress, or cytokine-induced
damage, and it helps to remove proteins and
organelle components [22].

DNA fragmentation

DNA fragmentation is the hallmark of
apoptosis and the presence of DNA ladder is a
marker for apoptotic cell death. In Figure 5, it
has been shown that there was no significant
difference between the treated cell and
untreated cells (control). The absence of DNA
laddering shows that the DNA fragmentation
did not occur and we predicted that
Cu(phen)(D-threo)NOs+F was not able to
induce apoptosis in A2780 cells through DNA
fragmentation. Smearing of the DNA in all
treatments could result from necrosis caused
by the treatments, or from prolonged apoptosis
resulting in secondary necrosis. The increasing
drug concentration would cause band
smearing, suggesting the possible indication of
necrotic cell death [23]. Necrosis-like,
caspase-independent programmed cell death is
characterised by the absence or marginal
presence of chromatin condensation and
nuclear fragmentation, as well as the
disruption of membrane integrity [24].

The cause of the DNA's failure to break
down into oligonucleosomal-length pieces
remained unclear and requires further research.
Nonetheless, several cell lines have been
shown to exhibit no DNA laddering during
apoptosis [25]. The presence of big DNA
fragments in A2780 cells was verified by field
inversion gel electrophoresis. Caspase-9 is the
upstream caspase in a protease cascade that
activates caspase-3, that induces apoptosis.
However, this present study has shown that
apoptosis was not triggered by caspase-9.
Thus, caspase-3 has not been activated by
caspase-9 and apoptosis did not occur.
Caspase-3 is required for DNA fragmentation

and some of the typical morphological changes
of cells wundergoing apoptosis [26].
Cu(phen)(D-threo)NOs + F did not induce
apoptosis as lack of internucleosomal DNA
fragmentation was observed.

Nevertheless, several publications have
demonstrated that some cell lines do not
display DNA laddering and instead display the
primary characteristics of apoptosis when only
high molecular weight (HMW) DNA breakage
is present. These consist of several epithelial
and mesenchymal cell lines, hepatocytes, and
lymphocytic leukemia MOLT-4 cells [25].
Based on Figure 5, the band visible on the
agarose gel may represent the larger size of the
fragmented DNA. Therefore, Cu(phen)(D-
threo)NOs + F may induce apoptosis in the
presence of high-molecular-weight DNA
cleavage. Kari et al. [25] reported that
apoptosis can also occur in the absence of
DNA fragmentation. Since oligonucleosomal
DNA fragmentation is not necessary for
apoptosis to occur, biochemical tests like DNA
ladders should not be utilized to characterize
this kind of cell death. Although caspase
activation may be necessary for the
development of the apoptotic morphology,
active inhibition of DNA fragmentation or
caspase activation frequently shows that these
alterations are not necessary for the execution
of the cell death program. However, the
diagnosis of apoptosis may benefit from the
measurement of caspase activity or DNA
fragmentation [27].

Moreover, the absence of normal DNA
fragmentation in ovarian cancer cells that have
undergone apoptosis suggests that there may
be a risk of genetic material being transferred
from one tumor cell to another or to nearby
healthy cells. Since ovarian carcinoma is a
heterogeneous cancer [28], it is plausible that
genetic information transmission between
cancer cells plays a role in the development of
aggressive  behavior and resistance to
immunotherapeutic and chemotherapy
treatment regimens [29]. Furthermore, the
activation of caspase-3 is not only relies on the
activation of caspase-9 but it also influenced
by the other factors. According to Tardito et al.
[30], apoptosis is not observed in cell death
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processes induced by high intracellular copper
levels because copper itself inhibits caspase-3
activity. Although there is no direct evidence
of a physical interaction between copper and
the enzyme, it is plausible that copper
interferes with the catalytic cysteine residues
within the active site of caspase-3. This
inhibitory mechanism supports our findings
and leads us to propose that copper may
suppress caspase-3 activity, thereby impairing
the downstream processes of apoptosis, such
as DNA fragmentation.

Conclusion. Cu(phen)(D-threo)NOs + F
demonstrated potent cytotoxic effects against
A2780 and HT-29 cells in a dose- and time-
dependent manner. However, apoptosis was
not induced via the caspase-9 pathway, and
DNA fragmentation was not observed during
cell death. While caspase-independent
mechanisms, such as mitochondrial-induced
apoptosis, cannot be ruled out, their
involvement remains uncertain. Therefore,
further investigation of alternative pathways
for copper-induced apoptosis is required to
fully understand the mechanisms underlying
its cytotoxic effects.
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AKTyalbHOCTh: Kilo3amuH ocTaercs HE3aMEHHMBIM aHTUIICHXOTHKOM [UJIS TAI[MEHTOB C
TEpareBTHUECKN PE3UCTCHTHOW IMU30(pEeHHe, HO ero NPUMEHEHHE MOXKET WHAYIIMpPOBATh
HeXKellaTeIbHbBIE peaKIuu. ['eneTnueckue 0COOEHHOCTH MAIMEeHTOB OOBSICHSIOT
MEXHWHIMBHUIyaJTbHYI0 BapHa0elbHOCTh KOHIIGHTPAMU KJIo3alMHa B KpoBW. llpeackasartb
3¢ PEeKTUBHOCTh U OE30MACHOCTH KJI03alIMHA MOXET MOMOYb NPEAUKTUBHOE (hapMaKOreHEeTHYECKOe
TECTHPOBAHUE, OTIPEICISIFOIIEE HOCUTEIHCTBO OJTHOHYKJICOTHIHBIX BAPHAHTOB T€HOB, KOJIUPYIOIINX
KItoueBbie PepMeHThI MeTabonu3Ma u Tpancmopra. Lesas ucciaenoBanus: OnpenenuTs auieIbHbIC
BapHaHThl T€HOB, KOAUPYIOIIUX KIIOYEBbIE ()epMEHTHI MeTa0O0JIM3Ma U KIIIOUEBbIE TPaHCIOPTEPHI
KJI03aliiHa, HAa OCHOBE aHallu3a COBPEMEHHOW iuTepaTypbl. MaTepuajibl U MeToabl: [louck
MTOJTHOTEKCTOBBIX CTaTeH nmpoBejieH B oubauorpaduuecknx 6azax PubMed, eLIBRARY.RU, Google
Scholar. Pesyabratnr: I'enotun AA CYP1A2*1F (rs762551) komupyer ¢opmy uzodepmeHTa
CYPI1A2 c 6onee BBICOKOW aKTHBHOCTHIO B IPUCYTCTBUH MHIYKTOPA, TAKOTO KaK KypeHue. Bapuant
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152472297 accouunpoBaH ¢ Ooyiee BBICOKOW akTHBHOCTHIO m3opepmenta CYP1A2, B Oombrieit
CTENEHU TaKke B npucyTcTBUU uHAYyKTOpa. Bapuant CYP1A2*1C (rs2069514) accomuupoBaH co
CHIDKEHHOH akTUBHOCTBIO m30(epmenta CYP1A2 u nmoBbIIeHnEM pHCKa Pa3BUTHS HEXKENATEIbHBIX
peakimii npu mpueme kiozanuHa, a Bapuantr CYP3A4*22 (rs35599367) — cO CHMIKCHHOM
sKcnpeccrer atoro m3odepmenta. IIpoTuBopednBHl pPe3yIbTaThl ACCOLMATUBHBIX HCCIIEIOBAHUN
renotuna CYP2C19*2/*2. He oGHapyskeHa cBs3b monmmopdusmoB rena CYP2D6 co ckopocThbio
MeTtabonm3ma kino3anuna. Bapuante uzopepmentoB UGT2B:GA u UGT1A4*3 He okazanu BIHSTHHS
Ha 3¢ (HEeKTUBHOCTH KJI03aMMHA, HO ObUIM CBS3aHbI C BapHaOeIbHOCThIO CKOPOCTHU MIIOKYPOHHUIALUU
KJIO3alMHA, YTO MOXKET BIHUATh HA €ro TOKCHYHOCTh. OOHapykeHa IOCTOBEpHAs CBSI3b MEXKAY
MUHOPHBIM ajutesieM C 1s28379954 rena NFIB u cHMKeHHO# KOHIICHTpalMel KJI03alliHA B KPOBH,
mo3ToMy mnamueHTam ¢ reHotunoMm rs1045642 CC TpeOyroTcsi OoJjiee BBICOKHE 03Bl ITOTO
AQHTHUIICUXOTHKA IS IOCTHKEHUS TEX e KOHIIEHTPALUi B IJ1a3Me, UTO U MallueHTaM ¢ TeHOTUTIaMuU
CT wmu TT. Y nanueHToB, SBISIOMUXCS HOCUTEISIMU HE(PYHKIIMOHAIBHBIX BapuaHTOB 152032582
rena ABCB1, ormeuascst 60os1ee HU3KUI KIupeHc kino3anuHa, a 1s212090 rena ABCC1 Ob1 cBsi3aH ¢
MOBBIIIEHHBIM YPOBHEM KJIO3aIIHA B CHIBOPOTKE KpoBH. HedyHKumoHampHbIe BapraHThI 152231142
rera ABCG2, no-BuaANMOMY, CUJIbHEE BCETO BIMSIIOT Ha SKCIO3UIIUIO KJIO3allMHA B TOJIOBHOM MO3Te
3a CYeT 3HAYMTENBHOTO 3aMmeuieHusi ero 3¢ dirokca. 3akioyeHue: ['eHEeTHYECKHE MPETUKTOPHI
W3MEHEHUS CKOpPOCTH MeTabonuzMa U d(duirokca KiIO03alMMHAa MOTYT OBITh IOJIE3HBIMHU TS
pa3paboTKK TMEePCOHATU3UPOBAHHBIX TEPAINEBTUYECKUX CTPATETUH MpPH JICYEHUH TCHUXUYECKUX
PaccTpoOMCTB ¢ UCIIOIB30BaHNEM KJIO3aMHHA.

KiroueBble ciaoBa: xio3anuH; (HapMaKOr€HETHYECKOE TECTHPOBAHME; OJIHOHYKJICOTHIHBIN
BapuaHT; (papMaKoKHWHETHKa; apMaKoJuHAMUKa; 0€30MacHOCTh; 3PPEKTUBHOCTD
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s¢dexTuBHOCTH U 0OE30MaCHOCTH Tepamuu Kio3anuHoM (0030p). Hayunble pe3ynbTaThl
ouomenuiMHCKUX uccaenoBanuii. 2026;12(3):462-480. DOI: 10.18413/2658-6533-2026-12-3-0-7
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Abstract
Background: Clozapine remains an indispensable antipsychotic for patients with treatment-resistant
schizophrenia, but its use can induce adverse drug reactions. Genetic characteristics of patients
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explain interindividual variability in clozapine concentration in the blood. Predictive
pharmacogenetic testing, which determines the carriage of single-nucleotide variants of genes
encoding key enzymes of metabolism and transport, can help predict the efficacy and safety of
clozapine for a specific patient. The aim of the study: To determine allelic variants of genes encoding
key enzymes of metabolism and key transporters of clozapine, based on an analysis of modern
literature. Materials and methods: A search for full-text articles was conducted in the bibliographic
databases PubMed, eLIBRARY.RU, Google Scholar. Results: The AA genotype of CYP1A2*1F
(rs762551) encodes a form of the CYP1A2 isoenzyme with higher activity in the presence of an
inducer, such as smoking. The rs2472297 variant is associated with higher activity of the CYP1A2
isoenzyme, to a greater extent also in the presence of an inducer. The CYP1A2*1C (rs2069514)
variant is associated with reduced activity of the CYP1A2 isoenzyme and an increased risk of
developing adverse drug reactions when taking clozapine, and the CYP3A4*22 (rs35599367) variant
is associated with reduced expression of this isoenzyme. The results of association studies of the
CYP2C19*2/*2 genotype are contradictory. No association was found between CYP2D6 gene
polymorphisms and the rate of clozapine metabolism. UGT2B:GA and UGT1A4*3 isoenzyme
variants did not affect the efficacy of clozapine, but were associated with variability in the rate of
clozapine glucuronidation, which may affect its toxicity. A significant association was found between
the minor C allele of rs28379954 of the NFIB gene and reduced blood clozapine concentrations, so
patients with the rs1045642 CC genotype require higher doses of this antipsychotic to achieve the
same plasma concentrations as patients with the CT or TT genotypes. Patients carrying nonfunctional
variants of rs2032582 in the ABCB1 gene had lower clozapine clearance, and rs212090 in the ABCC1
gene was associated with increased serum clozapine levels. Nonfunctional variants of rs2231142 in
the ABCG2 gene appear to have the greatest impact on clozapine exposure in the brain by significantly
slowing its efflux. Conclusion: Genetic predictors of changes in clozapine metabolism and efflux
may be useful for developing personalized therapeutic strategies in the treatment of psychiatric
disorders using clozapine.

Keywords: clozapine; pharmacogenetic testing; single nucleotide variant; pharmacokinetics;
pharmacodynamics; safety; efficacy

For citation: Nasyrova RF, Kidyaeva AV, Zakharova NV, et al. Genetic predictors of efficacy and
safety of clozapine therapy (review). Research Results in Biomedicine. 2026;12(3):462-480. Russian.
DOI: 10.18413/2658-6533-2026-12-3-0-7

BBeaenue. Pe3uCTEHTHOCTD K JIECUEHHIO
MalMeHTOB ¢  mu3o(peHue  ocraercs
aKTyaJdbHON  mpoOieMoil, HecMoOTps Ha
COBpEMEHHBIE JOCTUKEHUS
ncuxodapmakorepanuu, u gocruraet 30% [1].
EnuncTBeHHBIM AHTUIICUXOTUKOM C
JOKa3aHHOU 3P PEKTUBHOCTHIO pu
mU30ppPEeHNH, PE3UCTEHTHON K Tepamnuu, B
HacTosIee BpeMs sIBJISETCS KJo3amuH [2, 3,

4]. Dt0  00yCIOBIEHO  YHUKAJIbHBIM
coyetaHueM  (apMaKkOJAWHAMHUYECKUX  H
(hapMaKOKMHETHIECKUX CBOWCTB

nekapctBenHoro cpeactsa (JIC) [5]. Oanaxo,
B CBSI3H c HUIMPOKUM CIEKTPOM
HexenarenbHbIx peakiuil (HP) u cBsizanHoii ¢
3TUM HEOOXOJHMMOCTHbIO KJIMHUYECKOTO U
mabopaTopHOrO  MOHUTOPHHTA  KU3HEHHO

BAKHBIX II0KAa3aTesel, KIO03alMH Ha3HA4aroT
T0J6KO0 10-20% moaXOoaAIIKX MaleHToB [6].
TepaneBTudeckuil Auana3oH Ki103anuHa
B KpoBH BapeupyeT oT 350 mo 600 Hr/mi [2].
VYpoenr Mmenee 350 Hr/mi 00yCIIOBIHMBaeT
IUIOXOW OTBET Ha JIeYeHHEe U  ObICTPHI
peuuauB IICHUXUYECKOTO PACCTPOMCTBA, a
yBesnuueHue ypoBHs Bbilie 600 HI/MJI CBsI3aHO
c mnosbiuenueM pucka HP. HaGmronmaetcs
3HAYUTENbHAS MEXHH/IMBUTyallbHAS
Bapua0eNbHOCTh  YPOBHS  KJIO3allMHA B
CBIBOPOTKE KpoBU. Hampumep, y My>K4iH OHa
HUXKE, 4YeM Yy KeHIIuH [/, 8], a y il crapiie
45 gmer BbIIIE, YyeM Yy Oojiee MOJIOJBIX
narueHToB  [9]. Kunozamma nunoduieH wu
OTKJIA/IbIBAETCS B )KUPOBOM TKAHU, UTO MOKET
OOBSICHUTH CHIKEHUE MeTaboar3mMa
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KJI03aMuHa y JIUII ¢ okupeHueM [2]. BeposTtHo,
HamOOJbIIMKA  BKJIAJ B  BapuabEIbHOCTD
YpOBHS  KJI03alMHA B  KPOBH  BHOCST
TeHETUYECKU JI€TEPMHUHHUPOBAHHbBIE PA3TUUUS
B CKOPOCTH €ro MerafoiM3mMa B ICYCHH
[10, 11].

®apMaKOreHETHYECKOE TECTUPOBAaHUE
(®I'T) MOXXET  I[OMOYb  OIPEICIIUTH
WHIBUIYTbHBIE TCHETHYECKUE
ocoOeHHOCTH MeTabonusma u  dddirrokca
(TpaHcmiopTa B HANpPaBICHHH TOJOBHOM
Mo3ra — KpoBb) Kkio3anuHa [12]. OI'T
MO3BOJISIET OTIPEICIIUTh HOCHUTEIBCTBO
He(yHKIIMOHATBHBIX OJIHOHYKJICOTHTHBIX
BapuantoB (OHB) reHOB, KOIUPYHOIIMX
KIItoueBble (pepMEHTHI MeTabonn3mMa U OenKu-
TPaHCIOPTEPHI KIIO3AIMHA, ACCOIUMPOBAHHBIX
CO CHM)KEHHMEM CKOPOCTH ero mMeTtabonusma u
3¢ ¢IroKCa COOTBETCTBEHHO, M MPEICKa3aTh
a¢pdexTuBHOCTH W 0€30IaCHOCTh  €ro
pUMEHEHHs Y KOHKpeTHOTo nanuenta [13]. C
y4eTOM YHHUKaJIbHON 3((HEKTUBHOCTH STOTO
JIC u HeoOXOoIUMOCTH €ro JJIMTEIbHOrO
npuema KelaTeabHO MIPOBOAUTH
MPEIUKTHBHOE (0 HA3HAYEHUS KIIO3aIHMHA)
OI'T, KOTOpO€ MOXKET [IOMOYb
MPAKTUKYIONIMM  TICHXHaTpaM  BBIOpaTh
ONTUMAJIBHYIO 103y KJIO3alHMHA JIJIS KaXKIO0TrO
MaIenTa Ha OCHOBE €ero
bapmakoreneruueckoro npoduis [14].

Heabr wuccaenoBanmsa. Onpenenutsb
aJIeNbHbIE BapUaHThl TEHOB, KOIUPYIOIIUX
KJIIO4eBble  (PepMEeHTH  MeTadoiu3Ma U
KIIFOUEBbIE TPAHCIOPTEPHl KIO3alWHA, Ha
OCHOBE aHaJIN3a COBPEMEHHOM JINTEPATYPHI.

MarepuaJbl " MeTOAbI
ucciaenoBanus. [louck crareli MpoBeACH B
o6ubnuorpaduyueckux 6azax PubMed,
eLIBRARY.RU, Google Scholar 6e3
OTPaHMYEHUS] TIO0 BPEMEHH MMyOIUKAlUU TIO

KITFOUEBBIM CJIOBaM: KJIO3aITiH,
(hapMakoreHeTHYECKOe TEeCTUPOBaHUE,
OJTHOHYKJICOTH THBIH BapUaHT (rs),
(hapMaKOKUHETHKA, (hapmakoMHAMUKA
(«clozapine», «pharmacogenetic testingy,
«single nucleotide variant» (rs),

«pharmacokinetics», «pharmacodynamicsy») u
UX codYeTaHUsIM. B aHaimnu3 BKIIOYAIH BCE
MOJTHOTEKCTOBBIE CTaThbU HA AHTJIMHCKOM U
PYCCKOM SI3BIKaX, COJEpIKAIUE PEe3yIbTaThl

MIPOCIIEKTUBHBIX " PETPOCTIEKTUBHBIX
OpPUTHHAJILHBIX UCCIIEI0BAaHUM, UCCIIEIOBAHUIMA
TUTIA  «CIIy9ali—KOHTPOJIb», HAPPATUBHBIX,
CUCTEeMaTUYEeCKUX O0030pOB, METaaHaJIU30B,
OTIMCAHUS KJIIMHUYECKHUX CIIy4aeB.
[TepBoHavanbHO OBLIO HalJIeHO 99
myOnuKanui, 65 13 HUX ObUTH UCKITIOYCHBI U3
aHaJlu3a B CBSI3U C HECOOTBETCTBHEM 1NN
o063opa. beumm  mpoanamusupoBanel 34
myOJIuKanuy, COOTBETCTBYIOIIUX  II€NIU
HACTOSAILEro HappaTtuBHOro ob63opa (21
MIPOCIIEKTUBHOE, 4 PETPOCTIEKTUBHBIX
uccineaoBaHuii, 4 HappaTUBHBIX 0030pa,
2 o030pa KIMHUYECKHUX PEKOMEHIAIHii
1 3 oT4YeTa O KIIMHUYECKHUX CIydasx).

Pe3yabTaThl. OcHOBHBIM
nzopepMeHToM P-okmcieHus kio3amnuHa 0
N-okcuza in Vivo cumnraercs uzopepment 1A2
uutoxpoma P450 (CYP1A2), necmotps Ha
CIOCOOHOCTh HEKOTOPBIX OPyTHUX
n30(epMEHTOB (CYP3A4, CYP2C19,
CYP2C9, CYP2D6, CYP2E1l, FMO3)
y4acTBOBATh B OKHCIIEHUH IN Vitro [15].

CYP1A2 — 570 reH, pacnoJOXeHHBIH B
xpomocome  15¢q24.1 wu  KogMpyrOUIMiA
r€MOTHOJIATMOHOOKCUT€HA3Y,
pacrlojio)KEHHYI0 B DHJIOIUIa3MAaTHUYECKOM
petukynyme. Kak u 'y OoJBIIMHCTBA
m3odepmentoB  cucrembl  CYP450, ero
JKCIPECCUsT y B3pPOCIBIX MPOUCXOAUT, B
OCHOBHOM, B nmedyeHu. B komupyromen
00JacTy TeHa 3TOTO IUTOXPOMA B HACTOSIIIEE
Bpemsi omnucad 41 ramiorun [16]. Ponb
CYP1A2 B MeTabonu3me KJo3amnrHa BEIUKA.
Tak, manykuus CYPIA2 npu kypeHnn u
ynoTpeOIeHUH  BBICOKHMX 103  KOQenHa
CHWKAeT ypOBEHb KJIO3almMHA B KPOBU
npumepHo Ha 20-30% [2, 9]. Murubutopsr
CYPIA2 (mpoBocnanuTeNbHBIE ITMTOKUHBI,
ACTPOTEHBI) MOTYT 3HAYHUTEIHHO MOBBIIIATH
€ro YpOBCHb B KPOBH H MPUBOJUTH K
(baTanbHBIM MEKIIEKapCTBEHHBIM
B3auMozeicTeusaMm [17, 18]. Mcxoas us atoro,
HEKYpSIIUM >KCHITUHAM TpPeOyIOTCS caMble
HU3KHE JT03bI KJIO3aMMWHA, TOT/1a KaK KyPSIIAM
MY>KUYHHAM — CaMble BBICOKHE.

CYP1A2*1F (rs762551) mpucyrcTByeT
B 67,1% u3 125568 00pa3sIos,
3aperUCTPUPOBAHHBIX B 0a3e manHbix OHB
HaumonansHoro LIEHTpa
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ouotexHonornyeckor napopmanuu (National
Center for Biotechnology Information, NCBI)
[16, 19]. B swureparype CylIecTByeT
HEKOTOpast yTaHUIIA OTHOCHTEJIBHO
ob6o3navenus aroro OHB [20]. BoibmuHCTBO
nyoymkanuid  obo3Hayaror 1s762551  kak
(-163)C>A [20], B TOoM wumcie The
Pharmacogenomics Knowledge Base
(PharmGKB), HO HekoTopbIe - Kak (-163)A>C
[21]) u (-163)C>T [16].

bazoBas  akTMBHOCTH  H30(epMeHTa
OJIMHAKOBA Yy HOCUTEIICH W HEHOCHUTEIEH
Bapuanta CYP1A2*1F. Opnako amiens A

rs762551 acconunpoBana C BBICOKOU
WHIYIIHPYEMOCTBIO n30QepMenTa,
XapaKTePU3YIOIICHC s €ro BBICOKOM

AKTUBHOCTHIO B TPHCYTCTBHH HWHIYKTOPA,
Takoro Kak KypeHue [22]. Y Hekypsmmx
JIOJIEM HE 3aMEuYeHa 3HayuMas pa3HULa B
AKTUBHOCTHU CYPIA2 y  HOcUTenen
pa3NMYHBIX TeHOTUIIOB. OIHAKO KypsIIue
HOCUTEJIM TOMO3UTOTHI AA umenu B 1,6 pasza
6omnee BbICOKYIO akTHBHOCTH CYPIA2, uem
Hocutenu redotunoB AC u CC [23, 24].

B uccnenoBanuu Sangiiesa E. u coasr.
(2024) [25] 100 mamnuentoB ¢ mu3odpeHUEi
ObUTH  pa3jfelieHbl Ha JBE TPYIIBL C
MOHOTepanuel  kino3anuHoM (n=49) u
MOJIUTEpanueld  KJIO3alMHOM W JPYTHMH
aHTUncuxotukamu (n=51). 3HauyuTenBHOE
pasnnuue B (hapMaKOKMHETHUECKUX
napaMmerpax Cpeld MalueHTOB OBLIO CBSI3aHO
¢ momumopdusmom reHa CYP1A2. Kypsimue
nmanueHTsl (>7 curaper/IeHb) C TeHOTUIIOM
*1IF/*1F  trema  CYP1A2  3HaAYuTEIIBHO
OTJIUYATIUCH 10 YPOBHIO KJIO3alMHA B TJIa3Me
W CpeIHEMYy OTHOIICHUIO KOHICHTPAIUU K
no3e knozanuHa  (p=0,029 wu p=0,034
COOTBETCTBEHHO) o CpPaBHEHUIO c
regotunamu *1/*1F m *1/*1. IlanmeHtsl ¢
reHotuniom *1F/*1F (n=49) nokazanu 6oiee
HU3KHE 3HAUEHUS CO  3HAYUTEINbHBIMU
paznuuuaAMHU  MeXIy Kypsmumua (n=20) wu
HeKypsamuMU (n=29) mo A03e Kjo3aluHa U
00I1eMy OTHOIIIEHUIO KOHIIGHTpAIlMd K 03¢
Kkimo3anuHa W HopkiosamuHa  (p=0,002,
p=0,035, p=0,046 u p=0,032 cOOTBETCTBEHHO)
[25].

Xu J.J. u coart. (2024) [26] coobutmmm o
ciydae KHUTalCKOTo MY>KUYUHBI c

mm30ap(HeKTUBHBIM paccTpoiicTBOM,
aKTHBHOTO KyPWJIBIIMKA, HE OTBEYAIOIIETO Ha
tepanmuio  kimo3anuHoM (600 wmr/cyt). C

MTOMOIIBIO TEPAIEeBTHYECKOTO
nexkapctBeHHoro Mouutopunra (TJIM) ObLio
00Hapy>KEHO HU3KOE COOTHOIIICHUE

KOHIIEHTpAalluu K Jl03¢ Kjo3anmuHa. B
pesyinbtate npoBenaeHuss OI'T y nanuenra
UICHTH(GUIIMPOBAH TOMO3HTOTHBI TEHOTHII
CYP1A2*1F/*1F, accouMupOBaHHBIA  CO
CBEpXOBICTPHIM METa00IM3MOM KJIO3aliHa B
neuenu. Ilocine poGaBneHWsT K Tepanmuu
UHTHOUTOpA nuzodepMenTa CYPIA2
(¢pryBOKCAaMUHA) YPOBEHb  KJIO3allMHA B
wiasMe npubam3mwics K  pedepeHCHOMY
Uana3oHy, a MalUeHT JOCTUT KIMHUYECKOTO
ynyumienus [26]. Albitar O u coaBt. (2024) Ha
ocHoBanuu 270 oOpa3noB  kpoBu 33
Y4aCTHUKOB 3aUKCUpPOBAIH, 4TO
HOCHUTENBCTBO HedyHKuuoHamsHoro OHB
rs762551 reHa CYP1A2 (n=18)
aCCOLIMMPOBAHO CO CHUXEHHEM KIIMpEHca
KJIO3alMHA TPH  OJHO(AKTOPHOM aHaJHM3e
[27], HO aBTOpBI HE OICHUBAIM CTaTyC
KypEHUS Y yYaCTHUKOB HCCIICJIOBAHUSI.

Bricokue 103b1 KOerHa Takke MOTYT
urpate ponb uHayktopa CYPIA2. Cpemm
HEKYpSIIUX  TAIUCHTOB TIPH  BBICOKOM
notpebienun kogpenna (6osee 3 yamiek Kode
B JICHb) TOMO3WTOTHBIE HOCHTEIH TE€HOTHIIA
AA 15762551 umenrm B 1,4 pasa Ooiee
BbICOKYIO akTUBHOCTE CYP1A2. IIpu sTOM He
ObUIO  BBIBIICHO HHUKAKUX pa3iMudid B
aktuBHocth CYPIA2 B 3aBucHMMOCTH OT
TeHOTHNIa Yy JIIOJIeH, He YHOTpeOJSIonMX
ko(enH B 00JbIINX KoMnuecTBax [23, 28].

Ho croutr 3ameTruth, YTO BIHSHHE
aimenst CYP1A2*1F na nHIymMpyeMocTh reHa
CYP1A2  o0nHapyxkeHO  TpH  TpUeMe
KJI03aMuHa, HO HE HAIILJIO TIOATBEPKACHHUS MTPH
npueme ojan3anuna [16].

CYP1A2*1C (rs2069514) mpeacraBisiet
coboit 3ameny -(3860)G>A B rene CYP1A2,
npucyTcTByeT B 13,9% u3 125568 o0pa3iios,
3aperucTpupoBaHHbIX B 0Oaze manueix OHB
NCBI u cBsi3aH cO CHU)KEHHOM aKTUBHOCTBIO
nzodpepmenra CYPIA2 in vivo [16]. Ortega-
Viézquez A u coast. (2021) uccrnenoanu 48
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B3pOCIBIX ~ MEKCHUKAHCKMX MalHUeHTOB C
PE3UCTEHTHOMN mu3oppeHuei Ha
MOHOTEpAINUU KJIO3alIMHOM. ['OMO3UTOTHBIN
renotunn  CYP1A2*1C/*1C Obu1 cBsi3aH C
pa3BUTHEM KJIO3alMH-UHAYLHpoBaHHbIX HP
(OL=3,55; 95% JU: 1,041-12,269, p=0,043)
U PUCK MX Ppa3BUTUS YABAMBAJICS IPH
COIIYTCTBYIOILIEM  YIOTPEOJIEHUH  AJIKOTOJIsl
(OI=7,9; 95% AW: 1,473-42,369, p=0,016)
[29]. Bapuant CYP1A2*1C, mno-BuaumMoMmy,
CBsi3aH ¢ Ooyee BBICOKUMH  YPOBHIMH
KJI03aliHa B chIBOpoTKe KpoBu [30].

Pardinas A.F. wu coast. (2019)
OOHApyXWIH, YTO MUHOPHBIA amiens T
rs2472297 cBs3aH CO CHIDKEHHEM YPOBHS
KJI03aluHa B KpOBH, HIPUMEPHO
SKBUBAJICHTHBIM CHWXEHHUIO 11036l Ha S0
mr/nens [31]. Lenk H.C. m coaBt. (2023)
uccnenoBanu Bimgaue 152472297 C>T nHa
YPOBEHb KJIO3allMHA B CHIBOPOTKE y KYPSIIHX
U HeKypsIuX ManueHToB. B uccienoBanue
PETPOCHEKTUBHO  OBLIO  BKIIOUEHO 526
MAIlMEHTOB W3 CIY)KOBI TEpareBTUIECKOTO
MOHUTOpPUHIa  JIEKAPCTBEHHBIX  CPEICTB
HopBerun ¢ m3BECTHBIM CTaTycOM KypeHHUS:
63,7% W3 HUX SABISUINCh  KypSALIUMH.
VY manueHToB - HocuTeNeil MUHOPHOTO aJliess
T 152472297 xoHUEHTpalMK KJIO3aluHA C
MOTIPaBKOW Ha /103y OBLIM CHUXKEHBI 110
CpPaBHEHHIO C HEHOCHTEISIMH, KaK CpeIau
KypuibIIKoB (-48%; p<0,0001), Tak u cpeau
Hekypsamux (-35%; p=0,028). IIpu stom y
KypsLUMX MAalWeHTOB-HOCUTeNnen amnens T
1s2472297 KOHIIEHTpalMK KJI03aMnruHa ObUIM Ha
66% HUXKE O CPaBHEHUIO C HEKYPSIIUMHU
HeHocuTeNsMu 3Toro aiens (p<0,0001) [32].

Bapuantsl rs2069521 u rs2069522 rena
CYP1A2 ©He  OOHapyXWIM  3HAYHMEBIC
KOPpEISIIuT C MU3MEHEHHEM
(apMaKOKMHETUKH M YPOBHEM KJIO3allMHA B
mia3me kposu [33].

I'en CYP3A4 pacmonoxeH B JIOKyce

XPOMOCOMBI 7q22.1 u KOJIUpPYeT
reéMOTHOJIATMOHOOKCUT€HA3y B
9HOIIA3MaTHYECKOM PETHKYIIyME.

Nzodepment CYP3A4 skcnpeccupyercs y
B3pOCTIBIX, B OCHOBHOM, B TI€UYCHHU, H, B
MEHBIIEH CTCIICHH, B TOHKOM KHIIICYHUKCEC,

MPEUMYIICCTBEHHO, B JIBCHAIATUIIEPCTHOM
kumike [16]. B cBsa3u ¢ uanykumeir CYP3A4
BO BpeMs OepeMeHHOCTH Yy OepeMEeHHBIX

JKEHIIUH BBISIBIICHO HE3HAYHMTEIILHOE
CHIDKEHHE YPOBHs KJjlo3amuHa B Iuiasme [34].
Bapuant CYP3A4*22 (rs35599367),

npeAcTaBisonuid coooii 3ameny (15389)C>T
B HMHTpOHE 6, CBA3aH CO CHHUKEHHOH
aKcnpeccuen uzopepmenta in vivo [35]. Dot
OHB Bctpewaercs B 3,2% wu3 125 568
00pa3loB, 3aperUCTPUPOBAHHBIX B  0aze
nauaeix OHB NCBI [16].

Uccnenopanue Jaquenoud Sirot E. u
coaBT. (2009) BnepBbie MPOAEMOHCTPUPOBAIIO
3HAYUTEIIBHYIO poJIb CYP2CI19 B
Metabonu3Me kio3anuHa in vivo [36]. Tak, y
MEUIEHHBIX MeTa0oJau3aTopoB (HOcUTenen
TOMO3UTOTHOTO TeHOTHMma *2/*2) ypoBeHb
KJI03anuHa B KpoBH ObLT B 2,3 pasa BbIIIE
(p=0,0306), yeMm y 9KCTEHCUBHBIX
(HOpMaJbHBIX)  METAa0O0JU3aTOPOB [36].
Opnuako, ©Oojee 1mO3JHEE HCCIEIOBaHUE
Mansour K. u coaBt. (2024) He BBIIBWIH

acconuanuu  Bapumanta CYP2C19*2 ¢
KJIUpeHcoM Kio3anmuHa [37].
[Iponomxaer 00cyXIaThCs poIb

nzodpepmenta CYP2D6 B (apmakokMHETHKE
KJIo3anuHa.  BbicoKkomonuMMOpQHBIA  TeH
CYP2D6 pacnonoxen B Jokyce 22q13.2 u
KOAMPYET TeMOTHOJATMOHOOKCHTEHA3y B
JHJIOTUIA3MAaTHYECKOM peTHkyiayme [16]. B
KOAMpYIOLIeH 007acTH 3TOro IreHa OMHUCAHO
129 rarIoTHUTIOB [16]. CYP2D6
9KCIPECCUPYETCS y B3POCIBIX, B OCHOBHOM, B
NI€YEeHU, U, B MEHbIICH CTENeHH, B TOHKOM
KHIIICYHUKE, MPEUMYIIECTBEHHO, B
JIBEHA]IaTUTIEPCTHOM KHILIKE [16].
BOJBIIMHCTBO  WICCIIEIOBAHUN  OTIPECIISIIOT
posib CYP2D6 B meTabonu3me Kino3anuHa Kak
BTOpocTenennyto [16]. Akamine Y. u coaBT.
(2017) cpeam 45 manMEHTOB, MOTYYaBIIUX
(UKCHpOBaHHBIE J03bI KJIO3allMHA B TEUYCHUE
YeThIpeX He/elb, He BBISIBUIIN CYIIECTBEHHBIX
pa3IMumii B OTHOIICHUH KOHIIEHTPAIINH K 03¢
Kjo3anuHa u N-JIeCMETHIIKIO3aluHa Cpeau
HOCHUTENEH T€HOTHUIIOB CYP2D6*2,
CYP2D6*5 u CYP2D6*10 [15]. Lee S.T. u
coaBT. (2012) orobpamun 96 kopeiileB ¢
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mu30ppeHrel, MPUHUMABIINX KJIO3alWH B
noctostHHOW n1o3e. Bapuwant rs1135840 rena
CYP2D6 ne mokasayl accolfaliu ¢ ypoBHEM
kmo3anmuHa B kpoBu [33]. Takxke He
obHapyxeHo BiusHus TeHa CYP2D6 Ha
(hapMaKOKUHETHKY KJIO3aIluHa B
uccnenoBanuu Jaquenoud Sirot E. u coaBr.
(2009) [36].

HccenepoBanus iN VIVO TOKA3BIBAIOT, YTO
OTIPENICICHHYI0 POJb B (hapMaKOKWHETHKE
KJI03aliiHa MOXXET Wrparb  H30(epMEHT
CYP3A43 [38]. Ilpu 3TOM, HE BBISBICHO
CYIICCTBEHHBIX PA3JIUYUi B KOHIICHTPALUIX
Kio3anuHa W N-JIeCMETHIIKIO3aluHa CPEIH
nocuteneii renotunoB CYP3A5 [36], B Tom
guciae, CYP3A5*3 [15]. Taxxke Ha
(apMaKOKWHETHKY KJIO3allMHA HE BIUSIOT
nonumopdusmel renoB CYP2B6, CYP2C9 u
CYP3A7 [36].

['mokypoHHIAIUS  SIBISICTCS  BaXKHBIM
MyTeM MeTaboM3Ma KII03alliHa, HO BIIUSHUE
pa3aMuYHbIX  noiuMopdusmMoB  pepmeHTa
YPUIWH-
5'mudocdormokyponosuntpanchepaz (UGT)
Ha 3 (PeKTUBHOCTh U META0O0JIN3M KJI03alMHA
in vivo Hesicto. Smith R.L. u coast. (2022)
[39] uccnenoBanu 0o6pasibl CHIBOPOTKH 79
nanueHToB B Hopeernu. Y 3THX MalMeHTOB
ObUTH TeHOTUITUPOBAHBI CIIeAyIOLIHE
Bapuantel TeHa UGT: ramrorun UGT2B:GA
(ompenenen KaK rs1513559A>G u
1s416593T>A) u UGT1A4*3
(rs2011425T>G). Hu omuH u3 M3yYEHHBIX
TeHOTHUIIOB HE OKa3aJl 3HAYUTEILHOTO BIHSIHUS
Ha KOHIIEHTpaIuio kio3amnuna (p>0,05). B To
e BpeMsl OKCITO3UIIHS METa00INTa KII03aImHa
— N+-rmrokypoHuza — He U3MEHWIACh Yy
nocureneit amens UGT1A4*3 o cpaBHEHHIO
¢ HeHocuTensiMu 3toro amiens (p=0,28), Ho
3HAYUTENBHO CHU3UJIACh Y TETEPO3UTOTHBIX (-
50 %, p=0,016) 1 TOMO3UTOTHBIX HOCHUTETEH (-
70 %, p=0,021) w™MwuHOpPHOTO  aUIems
UGT2B:GA 1o cpaBHEHUIO C HOCHUTEISIMHU
UGT2B:AT/AT cootetctBenHo [39].

ITonHOreHOMHOE acCOLMAaTUBHOE
uccnenoBanne (GWAS), npoenennoe Smith
R.L. u coast. (2020) [40], Bxmrouano 10283
o0pa3ioB  CHIBOPOTKM 484  MaIlueHTOB,

MPUHUMABIINX KJIO3AIMH B TIOCTOSTHHOU JI03€.
bruta obHapyskeHa 10CTOBEpHas CBSA3b MEKIY
rs28379954 (yacrora munopHoro amienst C —
4,1%; 7,6% Hocutened reTepo3UroTHOrO
resoruna CT B momynsnuu) B TEHeE,
KoJupytouiem saepHblii ¢pakrop 1 tuna B
(NFIB) © CHMXKCHHOW  KOHIIEHTpAIUCH
KJI03armMHa B ChIBOpoTkKe (p = 1,68x10-8,
oera = —0,376; OOBSICHCHHAas JUCIEPCUS
7,63%). Ilpu 5TOM, He BBIABIEHA 3HAUYKUMAas
CBA3b Mexay 1528379954 u  ypoBHeM
N-necmerunkinozammaa (p=  5,63x10-5).
Jlonst o0pa3loB CBIBOPOTKH C YPOBHEM
kino3anmmHa MeHee 300 HMomb/1  ObLIa
3HAYUTENBHO BBIIIE Y HOCUTENEH MUHOPHOTO
amnens C rs28379954 [12,0% (95% AU: 9.,4-
14,7)] no cpaBHeHUIO ¢ HeHOcUTENIMU [6,2%
(95% JIU: 5,7-6,8), p <0,001] [40].

[Tonyuennsie PE3yNIbTaThI ObUIH
noATBepKIeHbI B uccienoBanuu Lenk H.C. u
coaBT. (2022) [32]. ABTOpBI HCCIEIOBAIN
accouuanuio OHB 1528379954 T>C reHa
NFIB ¢ ypoBHeM kjo3amuHa B CBIBOPOTKE Yy
335 kypsammx U 190 HEeKypsIIUX HOPBEXKIIEB.
VY manueHToB, HOCUTENEH MUHOPHOW aJlIeNIn
rs28379954, oTHOIIEHHE KOHUEHTpAlUUU K
7103€ KJI03amuHa OBIJIO HIDKE TIO0 CPABHEHUIO C
HEHOCHTEISIMH, KaK  Cpelid  KypsIux
narmeHToB  (-48%; p<0,0001), Tak w
Hekypsmmx (-35%; p=0,028) [32].

Poms (bmaBUHCOAEPIKALTUX
moHookcurenaz (FMO) B wmerabonusme
KJIo3anMHa Toka Mayio u3ydeHa. CoriacHo
uccnegopanuo Wagmann L. u coast. (2016),
nzopepment FMO3 ygyacTtByeT B 00pa3oBaHUH
MeHee yeM 5% kio3anuu N-okcuaa [41].

HccnenoBanue c IIOMOIIBIO
MMO3UTPOHHO-IMHUCCHOHHON TomMorpadun
KiIo3anuHa, MedeHHoro C, mokasano, 4to o
3p(GEKTUBHO  TPAHCHOPTHUPYETCS  uepes
remarosHieannueckuii  Oaprep (I'9B) B
TOJIOBHOW MO3T IPH BHYTPUBEHHOM BBEIACHHUH
[42], onHako, OTBETCTBEHHBIE 3a €ro
TPaHCIIOPT MIEPEHOCUUKHU HE ObUTH
UACHTU(UIITPOBAHBI.

I'en ABCB1 (ATP-binding cassette
subfamily B member 1) pacrionoxen B okyce
7q21.12 u kopupyer P-rmuxomnporenn (P-gp),
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SIBJISIFOLU M CA YJIEHOM IIOICEMENCTBA
MDR/TAP, Bxopsmero B CylnepceMencTBO
oenkoB-TpancroprepoB  ABC. P-gp wumeer
00JIBIIIOE KOJMYECTBO CyOCTPATOB M BBHIBOJIUT
monekysibl JIC yepes I'Db B HampaBieHuu
TOJIOBHOM MO3T - KPOBb, & TAK)KE U3 KPOBOTOKA
B KEIYJOYHO-KMILIEYHBIA TpPAKT, >KEIub H
Mouy. Ero okcmpeccus y  B3pOCIHBIX
MIPOUCXOJUT B OCHOBHOM B HAJIIOYCYHHUKAX,
KHUILIEYHHUKE, [E€YEHH, MOYKAX M TOJIOBHOM
mo3re [16]. Tpu OHB (rs1045642, rs2032582
n rs1128503) rena ABCB1l wmccnenoBanbl B
accoluanuu C AHTUIICUXOTUYECKOM
3 (HEKTHBHOCTBIO  C  TOJIOXKHUTEIbHBIMH
pe3ysbTaTaMu HECMOTPS Ha TO, YTO JaHHBIE O
TeHOTHUIIAX/aJIeIAX pHuCKa YaCTUYHO
nporuBopeuuBbl. IOtu  OHB  o6pasyror
TarIoTHII, aCCOLIMUPOBAHHBINA CO CHUKCHHEM
skcnipeccun reHa ABCBl u  cHmwkeHuem
byHKIMOHATBHOM akTHBHOCTH P-gp [43].

OHB rs1045642 npexacraBusieT 3aMeHy
(3435)C>T B aKx30He 26 Tena ABCBLl. On
npucytctByeT B 50,2% u3 246 062 o0Opa31os,
3aperucTpupoBaHHbBIX B Oasze maHHeix OHB
NCBI u cBsi3aH ¢ TOHIKEHHOW dKCIpeccHueit
rena ABCB1 [16]. ['OMO3HTOTHBIE HOCHTEIH
awtens T rs1045642 umenu nNOBBILICHHbIE
YPOBHM KJIO3allMHA W HOPKJIO3almMHa B
ceiBopoTke (p=0,054) [44]. B uccnenoBanuu
200 MAIEeHTOB c TepaneBTUYECKU
PE3UCTEHTHOU mu3odpeHuei ObLIO
YCTaHOBJIEHO, YTO TeTEPO3UTOTHBIM TE€HOTHII
CT ABCB1 Obun1 Ooyiee pacmpoCTpaHEH B
rpynne MalueHTOB, OTBETUBIIUX HA JICYCHHE
KJIO3alIUHOM, B TO BpeMs KaK MUHOPHBIH
romo3urotHeiii reHorun TT ABCB1l Obur
pacmpocTpaHeH B TpyNIe MalueHTOB, He
OTBETUBIIMX Ha JieueHue [45], a ypoBeHb
KJIO3alMHA B IJ1a3Me HocuTenei renoruna TT
Obu1 B 1,6 pa3a BbIlIe, YeM y HOCHUTENEH
renotuna CC (p=0,046) [36].

[TarueHThI-HOCUTET MUHOPHOM aJlJIeITH
A 152032582 (2677T>G/A), mnoKa3bIBAIN
O0ojee HU3KMI KIMpPEHC KJO3alhHAa B
onHo(dakropHoM aHanmu3se (n=12) [27].

Taxke, B >(durokce KI03amNuHa,
BEPOATHO, TNPUHHMAET YyuyacTHe OeJoK-
tpancnoptep ABCC1 [44]. Piatkov . u coasr.

(2017) oOHapyXuaM, YTO TOMO3UTOTHBIHA
MuHOpHBINA amwtenb A rs212090 rena ABCC1
ObLT CBSI3aH C TMOBBIIICHHBIM YPOBHEM
KJIO3allMHA WM HOPKJIO3allMHA B CBHIBOPOTKE
(p=0,054 1 0,010 cooTBeTCcTBEHHO) [44].

Bapuantr rs2231142 rena ABCG2
(421C>A), mno-BUOAUMOMY, CHIJIBHEE BCETO
BJIMSCT Ha OKCHO3UIMIO KJIO3alMuHA B
TOJIOBHOM MoO3re. AKTHBHOCTH 3 diokca
Kia03anuHa depes I'Db in vivo y HocuTeneit
MHUHOPHOT'O TOMO3UTOTHOTO reHoTtuna 421AA
OIICHUBAETCA MPUMEPHO B 23% OT TakoBOM y
HOCHUTEJEH  Ma)KOPHOTO  TOMO3UTOTHOTO
renoruna 421CC [46, 47].

B okcmepumenTax in Vitro kiosamux
B3aMMOJICHCTBOBAI €  TpPaHCIOpPTEpPaMH
SLC22A2 u SLC22A3 [9]. Beicka3ana
TUIOTE3a, YTO €ro TPAHCIOPT B MIEUEHU MOXKET
OCYIIECTBISITHCS C YYaCTHEM TPAHCIOPTHOTO
oenka SLC22A1 [9]. Dickens D. u coaBr.
(2018) MIPOBEJIH WCCIICIOBAHUS c
WCTIOJB30BAHUEM  KIETOYHBIX  JIUHHHA  C
TIOBBITIICHHOM SKCTIpeccuent OeJIKOB-
TPaHCHOPTEPOB U omocpenoBaHHOro siRNA
HOKJ/IayHa TPAHCIIOPTEPOB B IHAOTEIUAIBEHBIX
KJIeTKax royioBHoro mosra venoseka (hCME
C/D3) u moka3zaiu, 4TO KJIO3alHH He SIBISIeTCS
cybctpaTom TPAHCIIOPTEPOB OCT1
(SLC22A1), OCT3 (SLC22A3), OCTN1
(SLC22A4), OCTN2 (SLC22A5), ENT1
(SLC29A1), ENT2 (SLC29A2) u
ENT4/PMAT (SLC29A4), a Taxxe KJI03anuH
He SIBJIAETCS HU CyOCTpaTOM, HU HHTHOUTOPOM
tpancnioptepoB OATP1B1 u OATP1B3 [47].

Obcyxnenne B uenom, poza JIC,
BO3pACT, IOJI TIAIIMEHTAa W WHTEHCHUBHOCTH
KypeHust  oObsicHsIOT  mpumepHo  50%
BapHa0eIbHOCTH YPOBHS KJIO3allMHA B TIa3Me
KpoBH, a octaimbHble 50% accoruupoBaHbl C

TE€HETUYECKU JETEPMUHUPOBAHHOMN
MEXHUHIUBUTyaJIbHOMN BapHa0EIbHOCTBIO
AKTUBHOCTH n30(epMEHTOB,

Mmetabonuzupytomux 3tot JIC [7], u GenkoB-
TPAaHCIIOPTEPOB,  yYaCTBYIOIIMX B  €ro
apdmokce [48]. Kpome Toro, CymiecTByrOT
STHUYECKHE pa3Muusi B MeETabonu3Me W
addurokce  KiIo3amuHA, YTO OOBSICHACTCS
nperioM TEHOB W PA3IMYHOM ITHUYECKOM
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4acTOTOU HU3KO()YHKIIMOHATEHBIX u
BbIcOKO(YyHKIIMOHATBEHBIX OHB KaHmaaTHbIX
TCHOB, KOJUPYIOIIUX KIIFOUeBbIe (DEPMEHTHI U
OCNKU-TPAHCIIOPTEPHI,  yYacTBYIOUIME B
bapmakokuHeTHKEe U (hapMaKoJWHAMUKE
kino3anuHa. CyliecTByeT mSTh OCHOBHBIX
rpynn JAHK-nipenkos: apUKaHIbI,
eBporeipl (M 3amajHoa3uaThl), a3uaThl
(ompenensiembie VYupasnenuem 1o
CaHUTAapHOMY  HaJI30py 32  KayecTBOM
MUIIEBBIX NPOAYKTOB U MeaukameHToB CILIA
(Food and Drug Administration, FDA) kak
JIOJM, Yb€ TMPOUCXOXKICHHE TreorpapuuecKu
npoctupaercs ot Ilakucrana no Snonun),
OKEAaHUMWLIBI U KOPEHHBIE KUTEIU AMEpPUKHU.
A3uaTel U MX IMOTOMKH, KOPEHHBIE >KUTEIU
AMepuku, UMEIOT 0oJiee HU3KYIO0 aKTUBHOCTD
uzopepmenta CYP1A2 u Hyxnatorcs B 6osee
HU3KHUX (wm MUHHUMAJIbHBIX )
TEparneBTUUECKUX J103aX KJIO03aluHa, YeM
€BPOIEHIbI, YTOOBI JIOCTHYh €ro LEeJIeBOM
YpOBEHb B KpoBH 110 JaHHbIM TJIM. JIronu u3
OxeaHun OTAENWINCH OT a3uaToB JO
OTZIeJIeHUs1 BOCTOYHOa3uatoB. Ha ocHoBaHuu
OTpaHUYEHHOTO HCCIIEIOBaHUS u
KJIMHMYECKOTO OMbITa, & TAKXKe 0 TeX IMop,
MOKa HE  TMOABATCA  JOIMOJIHUTEJbHbBIC
UCCIIEIOBaHMs, NPEACTABISIETCS Pa3yMHBIM
nojarath, 4ro JOAAIM M3 OKeaHuu MOTyT
oTpedoBaTbCA CTAPTOBBIE JJO3bI U CKOPOCTH
TUTPOBAHUS KJIO3aIH1HA, AQHAJIOTUYHBIE
TakOBbIM Yy  TALUEHTOB  €BPONEHCKOro
MPOUCXOXKACHUSA. 3HAUYUMBIX HCCIIEIOBAHUN
TJIM kno3anuHa y NanueHToB a@pruKaHCKOTo
MPOUCXOXKACHUS HE HaijneHo [2], HO
MTOKa3aHO, YTO KIMPEHC KJI03anuHa ObLT HUXKE
y appukaHIeB K ory ot Caxapsl (n=4) 1 BbIlIe
y eBporeon1oB (n=9), yem y aszuatoB (n=20)
[27].

Haubonee U3y4YEHHBIM OHB,
CBA3aHHBIH C  H3MEHEHHEM  CKOPOCTHU
MeTabonu3Ma KJIO3alHMHA, MPe/ICTaBiIseTCs
CYP1A2*1F (rs762551), a Takxke e€ro
MQKOPHBIH TOMO3HMTOTHBIA TeHOTHH AA,
aCCOIIMMPOBAHHBIN ¢ GOPMOI n30pepMeHTa C
0oJiee BHICOKON aKTHBHOCTBHIO B MPUCYTCTBUH

MHIYKTOpa, TAaKOTO KaK, HapUMep, KypeHHe
[22-26].

OHB 152472297 cBsa3an ¢ Oonee
BBICOKOM AKTUBHOCTHIO n3odpepMeHTa
CYPI1A2, 6onbie y kypsammx [31]. Kypsmm
MarueHTaM, KOTOPBIC SBISIOTCS HOCUTEISIMH
muHOopHOTO reHotuna TT rs2472297 CYP1A2
MOTYT TOTpebOBaThCsI B TpH paza Ooiee
BBICOKHE JI03bI JUIS TPEJIOTBPAIICHUSI PUCKA
HepocTatouyHo 3 deKTUBHOCTH — Tepanuu
KJ103anuHoM [32].

CYP1A2*1C (rs2069514) cesizana co
CHIDKCHHOM  aKTHBHOCTBIO  W30()epMEHTa
CYP1A2 u nosbliienueM pucka passutus HP
npu  npueme  kiosamuHa  [16,  30].
[IpenuktuBHOe TeHotunupoBanne CYP1A2
MOJKET UCTIOJIB30BATHCS Il KOPPEKIUHU J03bI
KJIO3aIMHA U YJIYYIICHHs TEePareBTUYECKOTO
OTBETa y TAIMEHTOB C pPE3UCTEHTHOH K
neueHuo mu3odpenuerd. Pabouas rpynmna mo
¢dapmakorenetrke KoposieBckoil acconuaryu
¢dapmanesroB Hunepnanmgos (DPWG) B mae
2021 roma omyOiMKoBajga JOKYMEHT C
PEKOMEH/IAUSIMHA ~ KOPPEKTUPOBATH  JIO3Y
KJIO3alMHA B 3aBUCHMOCTH OT HOCHTEJBCTBA
onnoit wim nyx amteneii CYPLA2*1C [49],
HO yxe B cieaytomem 2022 romy naHHas
pekoMeHaanus Obi1a otMeHeHa [49].

Co CHUKEHHOM JKCIIpeccuen
m3opepmenta  CYP3A4  accouumpoBana
muHopHast amieabr CYP3A4*22 (rs35599367)
[35]. TIpoTuBOpeunBa pOJIL HOCHTEIHCTBA
romo3urotoro rexnoruna CYP2C19*2/*2:
COTJIACHO pe3yJibTaTaM OJHUX aBTOpoB [36],
ATOT TEHOTHIT ACCOIMMPOBAH C 3aMeUICHUEM
MeTabonu3Ma KJI03amuHa; COTJIACHO IPYTHM
[37] — accoumarust oTCyTCTBYET.

B HalilecHHBIX HAMU HCCIIEIOBAHUSX HE
obnapyxena cBsi3b OHB rena CYP2D6 co
CKOpOCTBIO MeTabonm3ma kio3anuna [15, 33,
36]. Pabouas rpynma DPWG (2023) Taxke He
chopMynupoBaia peKOMEHAAIMHU Ui TeHa
CYP2D6 u xmnozanuna [49]. [Ipyrue aBTOpHI
HE BUIAT 11eJI€CO00Pa3HOCTH TUTS
JO3UPOBAHUSl KIIO3allMHA B HCIIOJIb30BAHUU
O®I'T moobix renoB, B ToM yucie CYP1A2 u
CYP2D6 [2, 49]. BeposTHO, Ha JaHHBIHA
MOMEHT TOJIbKO B onxoOpennoit FDA
WHCTPYKIIMA TI0O TPHUMEHEHHIO KIIO3alnuHa
(Clozaril™), ykazano, 4To MOKET BOSHUKHYTH
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HEOOXOJMMOCTh B CHIDKEHHH €ro 03Bl Yy
MAalUMEHTOB CO CHIKEHHON aKTHUBHOCTBIO
nzopepmenta CYP2D6, mOCKONBKY y TakUX
JIOeH MOTYT pa3BUTHCS OoJiee BHICOKUE, YEM
OKUJIAJIOCh, YPOBHU KJIO3allMHA B KPOBU IpHU
npuemMe cpenHerepaneBTudeckux jgo3 [50].
WNurtepecHo, 49rto aApyrue  HU30(QEpMEHTHI
MeTabonu3Ma KIo3almuHa B HMHCTPYKIMHM HE
YIIOMHUHAIOTCS.

Bapuantet renoB  UGT2B:GA u
UGT1A4*3 He oka3asM BIHSHHS Ha
3¢ (HEeKTHBHOCTH KJIO3aITWHA, HO OBUTH CBSI3aHBI
C paznuuusiMH B TIoKypoHupoBanuu JIC.
[locnennee MOXET HMMETh IOTEHIMAIBHOE
3HaueHUe Jis Oe30MacHOCTH KIIO3aluHa,
MOCKOJIBKY ~ ypoBHH  Mertabonuta  N+-
TIIIOKYPOHHIa MOTYT OTpakaTb 0Opa3oBaHue
U YTUIW3ALUI0 PEAKTUBHBIX METa0OJUTOB,
CBSI3aHHBIX C TOKCHYHOCTBIO Kjio3amuHa [39].

GWAS MI03BOJIUJIO 00HapyXUTh
JIOCTOBEPHYIO CBSI3b MEXIy HOCUTEISIMH
munopHoro amenst C rs28379954 rena NFIB
U CHIKCHHBIM YpPOBHEM KJIO3alliHA B
ceiBopoTke [32, 40], uto [nemaer OTOT

O6uomapkep HOBBIM T€HETUYECKUM
MPEIUKTOPOM OTBETAa Ha Teparnuio
KJI03aIIMHOM.

Cpenusis os3a KJIO3aIIrHa u
pacnpezeneHue YaCTOTEI T€HOTHIIOB

rs1045462 rena ABCBl 3HauuTenbHO

pa3Myanuch Cpeir MAIMEHTOB, OTBETHUBIIMX
Ha JIeYeHHE KJIO3alMHOM, U CPEIU MalleHTOB,
He oTBeTHBINMX Ha Jjedenue (p<0,05) [45].
[TariueHTaM € TOMO3WUTOTHBIM MaXKOPHBIM
reHotunioMm CC rs1045642 tpebyrotcs Oonee
BBICOKHE J103bl KJIO3aIMHA JJIS1 JOCTHKEHUS
TE€X JK€ KOHLEHTpaluid B TIUIa3Me, 4YTO H
nanuentam ¢ renotunamu CT v TT [51]. V
MAI[MEHTOB-HOCUTEJIC MUHOPHOH  ayjienu
rs2032582 rema ABCBI1, ormeuancs ©Oojee
HU3KHUH KIUpeHC Kio3anuHa [27]. MUHOpPHBIHA
rOMO3UTOTHBIN  reHotun 15212090 rena
ABCCL1 6511 cBsi3aH C TIOBBIIIEHHBIM YPOBHEM
KJIO3alliHa B  CBIBOPOTKE KpoBu  [44].
MuHopHBIi TOMO3UTOTHBIH TeHOTHUI
rs2231142 rena ABCG2, mno-Bugumomy,
CHJIbHEE BCErO BJIHSIET Ha OSKCIO3UIIHIO
KJIO3alliHa B TOJIOBHOM MO3Tr€, 3HAYUTEIBHO
3ameisis ero s dirokc [46, 47]. D10 MOKET
o3BOJINTh  paccmarpuBate 3t OHB B
KauecTBE  TMOTEHIHUANbHBIX  MPEAUKTOPOB
OTBETa Ha Tepanuio kKio3anmuHoM. OJHAaKo,
HEOOXOIUMBI JOTIOJTHUTETbHBIE
WCCIENOBaHUS Ui BBUICHEHHS — POJIH
nonuMopduszMa TpaHCMEMOpPAHHBIX OETKOB-
TPaAHCIIOPTEPOB B (hapMaKOKMHETHKE
KJIO3aMHa ¥ KIMHUYECKOM OTBETE.

PesynbraThl  Hamiero - HMCCIEIOBAHUS
MIpe/ICTaBJICHBI B TAOIUIIE.

Tabauya (nauano)

Bausinue OJHOHYKJCOTUAHBIX BADHUAHTOB I'€HOB, YYACTBYIOIIIUX
B MeTa0o0JIu3Me U TPAHCIOPTE KJI03alIMHA, HA €10 KOHIHCHTPAauuIlo B KPOBU

Beginning of Table

The influence of single nucleotide variants of genes involved in the metabolism
and transport of clozapine on its concentration in the blood

Len OnHO];);};JLe:::mHmﬁ M::;epﬂﬂbaﬁ Buausinue Ha Koiu;;zlp;zunm KJI03aNMHa CobLIKH
CYP1A2 *1F (rs762551) A CHIDKEHHE B IIPUCYTCTBUHU HHIIyKTOpa [22, 23,
(HUKOTHH, KO(EeHH) 25, 26, 28]
*1C (rs2069514) A TIOBBIIIIEHUE [16, 27]
rs2472297 T CHHYKEHHE [31, 32]
rs2069521 A He 00HapYKEHO [33]
rs2069522 C He 00HapYKEHO [33]
CYP3A4 *22 (rs35599367) T TIOBBILIICHUE [35]
CYP2C19 *2 - TIOBBILIICHUE [36]
He 00HapyXeHO [37]
CYP2D6 *2 - He 00HapyXeHO [15]
*5 - He 00HapyXeHO [15]
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B MeTaﬁo.}msMe ) | TpaﬂcnopTe KJI03allnHa, HA €1ro KOHIIeHTpaIII/IlO B KpOBI/I
End of Table

Tabnuya (oxonyanue)
BinsiHue 0JHOHYKJIEOTHIHBIX BAPHAHTOB F€HOB, YYaCTBYHOIINX

The influence of single nucleotide variants of genes involved in the metabolism and transport
of clozapine on its concentration in the blood

Fen OIHOHYK/I€OTHAHBIH MunopHas | BuusiHMe Ha KOHUEHTPALMIO KJI03alIMHA CObLIKH
BapHAHT ajleNb B KPOBH
*10 - He 00HApYKEHO [15]
rs1135840 G He 00HApYKEHO [33]
CYP3A5 *3 (rs776746) G HEe 00HAPYKEHO [15, 36]
UGT2B rs1513559 G He 00HapykeHo (00HapyKEHO CHIKCHUE [39]
rs416593 A N+-rokyporiia)
UGT1A4 *3 (rs2011425) G HEe 00HAPYKEHO [39]
NFIB rs28379954 C CHIDKCHHE [32, 40]
ABCB1 rs1045642 T MTOBBIIIICHHE [44]
rs2032582 A HOBBIIICHHE [27]
ABCC1 rs212090 A TIOBBIIIICHHUE [44]
ABCG2 rs2231142 A HOBBIIICHHE [46, 47]

IMpumeuanue: CYP1A2 — ren nzodepmenta 1A2 nuroxpoma P450; CYP3A4 — ren uzodepmenrta 3A4 unroxpoma P450;
CYP2C19 - ren nzodepmenta 2C19 nuroxpoma P450; CYP2D6 — ren nzodepmenra 2D6 nuroxpoma P450; CYP3AS —
reH uzodepmenrta 3AS muroxpoma P450; UGT2B — ren ypumuamudochat-rmoxoponuntpancoepassr 2B; UGT1A4 —
reH ypunuHIudocoat-rimokopormnTpancdepassr 1A4; NFIB — ren speproro dakxrtopa 1 tima B; ABCB1 — ren Oenka-
TpaHcnoptepa P-rimkonporenna; ABCCLl — ren Oenka 1, acCOMMPOBaHHOTO C MHOXECTBEHHOH JIeKapCTBEHHOU
ycroitanBocThio; ABCG2 — reH Oenka yeTOMYHMBOCTH paka MOJIOYHOH JKEJIe3Hl.

Note: CYP1A2 — cytochrome P450 isoenzyme 1A2 gene; CYP3A4 — cytochrome P450 isoenzyme 3A4 gene; CYP2C19
— cytochrome P450 isoenzyme 2C19 gene; CYP2D6 — cytochrome P450 isoenzyme 2D6 gene; CYP3A5 — cytochrome
P450 isoenzyme 3A5 gene; UGT2B - uridine diphosphate-glucuronyltransferase 2B gene; UGT1A4 — uridine
diphosphate-glucuronyltransferase 1A4 gene; NFIB — nuclear factor 1 type B gene; ABCB1 — P-glycoprotein transporter
protein gene; ABCC1 — multidrug resistance-associated protein 1 gene; ABCG2 — breast cancer resistance protein gene.

3HaHue TeHETUYECKHU-
JeTepPMHUHUPOBAHHBIX VHIUBHTy aJTbHBIX
0COOEHHOCTEM (apMaKOKMHETUKHI "
(bapMakoAMHAMUKU y narueHTa c

mu30oppeHrnen 10 Hayajlla Tepamud MOXKET
OBITH TOJE3HBIM NPU MPUHATHH DPELICHUH O
JO3UPOBKE U TEMIIOB TUTpAlMM KJIO3alHHa
[52, 53]. Hecmotpss Ha To, uro ®I'T Bce
0oJbllle BHEApPSAETCS B ICUXUATPUUECKYIO
NPaKTUKy B CBSI3M C pa3paboOTKOM U
MOBBIIIEHUEM JOCTYIMHOCTU CKPUHHHIOBBIX U
pacumpennblx PI'T nanenel, NpeIUKTUBHOE
OI'T Bce eme HeE HMMEET MIHUPOKOTO
pacnpocTpaHeHus. bonbIINHCTBO ICUXUATPOB
MpoJo/KaeT MOoAO0MpaTh 103y KIo3amMHa
SMIMPHUUYECKN WM MCIIOJIB3YET PEaKTUBHOE
OI'T y manuMeHToB ¢ JIUTEIbHBIM aHAMHE30M
HP w/unu tepaneBTHYECKON pE3UCTEHTHOCTH
K kio3anuHy [54], xoTs npeauktuBHOoe OI'T
SKOHOMHYECKM M  KIMHHYECKH  Ooiee

nenecoobpazno. [logdbop onTumanbHOM H03BI
KJIO3alMHa, OCHOBAaHHBIM Ha pe3yJbTaTax
MPEAUKTUBHOTO OI'T, MO3BOJISIET
npeaynpeauts pa3Butue HP u  moBbicuTh
(O PEeKTUBHOCTD Tepanuu, a TaKKe CHHU3UTH
SKOHOMHUYECKHE 3aTpaThl Ha JieueHue [55].
3akirouenue IlpencraBneHHbiii 0030p
TIOATBEPKIAET, 4TOo OHB T'€HOB,
KOJIUPYIOIINX KJTIOYEBbIE HW30(DEPMEHTHl W
OCNKU-TPAHCIIOPTEPHl,  YYaCTBYIOIIHE B
MeTaboiM3Me W TPaHCHOpTE KIIO3aImHHA
COOTBETCTBEHHO, MOTYT CYIIECTBEHHO BIHUSThH
Ha €ro KOHIIEHTPAIMI0O B KPOBU U TOJIOBHOM
Mo3re. PazpaboTka QapMakoreHeTUYEeCKOM
na"Henn OHB reHoB, TOCTOBEPHO BIIMSIOIIMX
Ha KOHIEHTPALMIO KJIO3alMHA B KpPOBU, U
IIPUMEHEHHUE €€ B KIMHUYECKON MPAKTHKE
nepeJ Ha3HAUYEHHEM KJIO3allMHA TO3BOJIUT
Bpauy-liCUXUaTpy TOYHEE M0A00paTh 03y
3TOTO AHTHUIICUXOTHKA ManueHty. CHUKEeHUe
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J03bl KJIO3alMHA MAalUeHTaM C MEIJICHHBIM
MeTa00JI3MOM U 3P HITFOKCOM MUHUMHU3UPYET
PUCK pa3BUTHSI HEXKEIATESIBHBIX PEaKIIHiA, B TO
BpeMsi KakK TIOBBINIEHHE [03bl KJIO3alnHA
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3¢ (HEeKTHBHOCTH TEpaIny.

Nudopmanus o pUHAHCHPOBAHUU
Qunancuposanue  OaHHOU  pabomvl  He
npPOBOOUNOC.

Financial support

No financial support has been provided for this
work.

Konduukrt nurepecon
Asemopvr  3asaenaiom 00
KOH@IUKMA UHMeEPecos.
Conflict of interests

The authors have no conflict of interest to
declare.

omcymcmeuu

Cnucok JuTepaTypsl

1. Khasanova AK. Pharmacogenetic
factors of clozapine-induced metabolic syndrome.
Personalized  Psychiatry and  Neurology.
2023;3(2):38-47. DOl:
https://doi.org/10.52667/2712-9179-2023-3-2-38-
47

2. de LeonJ, Schoretsanitis G, Smith RL,
et al. An international adult guideline for making
clozapine titration safer by using six ancestry-
based personalized dosing titrations, CRP, and
clozapine levels. Pharmacopsychiatry.
2022;55(2):73-86. DOI: https://doi.org/10.1055/a-
1625-6388

3. Keepers GA, Fochtmann LJ, Anzia JM,
et al. The American psychiatric association
practice guideline for the treatment of patients with
schizophrenia. American Journal of Psychiatry.

2020;177(9):868-872. DOl:
https://doi.org/10.1176/appi.ajp.2020.177901
4. TocymapcTBeHHBII peectp

JIEKapCTBEHHBIX CPEACTB [DNEKTPOHHBIN pecypc]
[maTa oOpateHus: 24.09.2024]. URL:
https://grls.rosminzdrav.ru/grls.aspx?s=%D0%BA
%D0%BB%D0%BE%D0%B7%D0%B0%D0%B
F%D0%B8%D0%BD&m=INN

5. Yin J, Barr AM, Ramos-Miguel A, et
al. Antipsychotic induced dopamine
supersensitivity  psychosis: a comprehensive
review. Current Neuropharmacology.
2017;15(1):174-183. DOI:

https://doi.org/10.2174/1570159x1466616060609
3602

6. Yuen JWY, Kim DD, Procyshyn RM,
et al. A focused review of the metabolic side-
effects of clozapine. Frontiers in Endocrinology.
2021;12:609240. DOI:
https://doi.org/10.3389/fendo.2021.609240

7. Hassab Errasoul A, Alarabi MA.
Factors predicting serum clozapine levels in
Middle Eastern patients: an observational study.
BMC  Psychiatry.  2022;22(1):269.  DOI:
https://doi.org/10.1186/512888-022-03910-6

8. Gorobets LN, Semenova ND, Litvinov
AV. Application of antipsychotic medication:
Gender differences in tolerance and medication
response. Personalized Psychiatry and Neurology.
2022;2(2):57-66. DOL:
https://doi.org/10.52667/2712-9179-2022-2-2-57-
66

9. Thorn CF, Miiller DJ, Altman RB, et al.
PharmGKB summary: clozapine pathway,
pharmacokinetics. Pharmacogenetics and
Genomics. 2018;28(9):214-222. DOl:
https://doi.org/10.1097/FPC.0000000000000347

10. Negay NA. Welcome to Personalized
Psychiatry  and  Neurology.  Personalized
Psychiatry and Neurology. 2023;3(1):1-2. DOI:
https://doi.org/10.52667/2712-9179-2023-3-1-1-2

11. Clozapine. DrugBank [DnexTpoHHbIi
pecypc] [mata oOpamenus: 20.02.2024]. URL:
https://go.drugbank.com/drugs/DB00363

12. Avilov AY, Kidyaeva AV, Vaiman EE.
Predictive pharmacogenetic testing in psychiatry:
Pros and cons. Personalized Psychiatry and
Neurology. 2024,4(1):40-49. DOl:
https://doi.org/10.52667/10.52667/2712-9179-
2024-4-1-40-49

13. Zhuravlev NM, Otmachov AP,
Bartasinskaya AE. Clinical case of a 36-year-old
patient with paranoid schizophrenia and drug-
Induced QT prolongation. Personalized Psychiatry
and Neurology. 2022;2(2):78-83. DOL:
https://doi.org/10.52667/2712-9179-2022-2-2-78-
83

14. Strelnik Al, Romanov DV, Strelnik SN.
Generalized anxiety disorder therapy, associated
with pronounced side effects, and prospects for the
use of pharmacogenetic testing: Case report.
Personalized  Psychiatry  and  Neurology.
2023;3(1):59-65. DOL:
https://doi.org/10.52667/2712-9179-2023-3-1-59-
65

15. Akamine Y, Sugawara-Kikuchi Y,
Uno T, et al. Quantification of the steady-state


http://paperpile.com/b/LzkozW/xoHx
http://paperpile.com/b/LzkozW/So3Y
http://paperpile.com/b/LzkozW/So3Y
http://paperpile.com/b/LzkozW/So3Y
http://paperpile.com/b/LzkozW/So3Y
https://grls.rosminzdrav.ru/grls.aspx?s=%D0%BA%D0%BB%D0%BE%D0%B7%D0%B0%D0%BF%D0%B8%D0%BD&m=INN
https://grls.rosminzdrav.ru/grls.aspx?s=%D0%BA%D0%BB%D0%BE%D0%B7%D0%B0%D0%BF%D0%B8%D0%BD&m=INN
https://grls.rosminzdrav.ru/grls.aspx?s=%D0%BA%D0%BB%D0%BE%D0%B7%D0%B0%D0%BF%D0%B8%D0%BD&m=INN
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/oIhA
https://doi.org/10.52667/2712-9179-2023-3-1-1-2
https://go.drugbank.com/drugs/DB00363
https://go.drugbank.com/drugs/DB00363
https://go.drugbank.com/drugs/DB00363
http://paperpile.com/b/LzkozW/oIhA
http://paperpile.com/b/LzkozW/oIhA
http://paperpile.com/b/LzkozW/oIhA
http://paperpile.com/b/LzkozW/oIhA
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce

O630p Hacviposa PP, u dp. 'enemuueckue npedukmopul agpgpekmugHocmu ...
Nasyrova RF, et al. Genetic predictors of efficacy and safety of ...

Review

474

plasma concentrations of clozapine and N-
desmethylclozapine in Japanese patients with
schizophrenia using a novel HPLC method and the
effects of CYPs and ABC transporters
polymorphisms. Annals of Clinical Biochemistry.
2017;54(6):677-685. DOI:
https://doi.org/10.1177/0004563216686377

16. Carrascal-Laso L, Isidoro-Garcia M,
Ramos-Gallego I, et al. Review: Influence of the
CYP450 genetic variation on the treatment of
psychotic disorders. Journal of Clinical Medicine.
2021;10(18):4275. DOI:
https://doi.org/10.3390/jcm10184275

17. Meyer JM, Proctor G, Cummings MA,
et al. Ciprofloxacin and clozapine: a potentially
fatal but underappreciated interaction. Case
Reports in Psychiatry. 2016;2016:5606098. DOI:
https://doi.org/10.1155/2016/5606098

18. Shah RR, Smith RL. Inflammation-
induced phenoconversion of polymorphic drug
metabolizing  enzymes:  hypothesis  with
implications for personalized medicine. Drug
Metabolism and Disposition. 2015;43(3):400-410.
DOI: https://doi.org/10.1124/dmd.114.061093

19. Mahdavi S, Palatini P, EI-Sohemy A.
CYP1A2 genetic variation, coffee intake, and
kidney dysfunction. JAMA Network Open.
2023;6(1):e2247868. DOLl:
https://doi.org/10.1001/jamanetworkopen.2022.47
868

20. Ingelman-Sundberg M, Sim SC, Nebert
DW. Coffee, myocardial infarction, and CYP
nomenclature. JAMA. 2006;296(7):764-765. DOI:
https://doi.org/10.1001/jama.296.7.764-b

21. Cornelis MC, El-Sohemy A,
Kabagambe EK, et al. Coffee, CYP1A2 genotype,
and risk of myocardial infarction. JAMA.
2006;295(10):1135-1141. DOI:
https://doi.org/10.1001/jama.295.10.1135

22. Wang L, Hu Z, Deng X, et al
Association  between  common  CYP1A2
polymorphisms and theophylline metabolism in
non-smoking healthy volunteers. Basic and
Clinical ~ Pharmacology and  Toxicology.
2013;112(4):257-263. DOI:
https://doi.org/10.1111/bcpt.12038

23. Sachse C, Brockmoller J, Bauer S, et al.
Functional significance of a C-->A polymorphism
in intron 1 of the cytochrome P450 CYP1A2 gene
tested with caffeine. British Journal of Clinical
Pharmacology. 1999;47(4):445-449. DOI:
https://doi.org/10.1046/j.1365-2125.1999.00898.x

24. Sangiiesa E, Cirujeda C, Concha J, et al.
Exploring the usefulness of plasma level

determination and pharmacogenetics for patients
treated with clozapine. Personalized Medicine.
2022;19(3):181-192. DOL:
https://doi.org/10.2217/pme-2021-0029

25. Sangiiesa E, Fernandez-Egea E,
Concha J, et al. Impact of pharmacogenetic testing
on clozapine treatment efficacy in patients with
treatment-resistant schizophrenia. Biomedicines.
2024;12(3):597. DOl:
https://doi.org/10.3390/biomedicines12030597

26. Xu JJ, Xiao C, Pan Y, et al. Utilizing
plasma drug levels and genetic testing to achieve
optimal treatment response in a patient with
treatment-resistant  schizoaffective  disorder.
Bipolar Disorders. 2024;26(1):95-97. DOI:
https://doi.org/10.1111/bdi.13385

27. Albitar O, Harun SN, Sheikh Ghadzi
SM. Semi-physiological pharmacokinetic model of
clozapine and norclozapine in healthy, non-
smoking volunteers: the impact of race and
genetics. CNS Drugs. 2024;38(7):571-581. DOI:
https://doi.org/10.1007/s40263-024-01092-1

28. Djordjevic N, Ghotbi R, Jankovic S, et
al. Induction of CYP1A2 by heavy -coffee
consumption is associated with the CYP1A2 -
163C>A polymorphism. European Journal of
Clinical Pharmacology. 2010;66(7):697-703. DOI:
https://doi.org/10.1007/s00228-010-0823-4

29. Ortega-Vazquez A, Mayen-Lobo YG,
Davila-Ortiz de Montellano DJ, et al. Alcohol
intake potentiates clozapine adverse effects
associated to CYP1A2*1C in patients with
refractory psychosis. Drug Development Research.
2021;82(5):685-694. DOL:
https://doi.org/10.1002/ddr.21774

30. Melkersson KI, Scordo MG, Gunes A,
et al. Impact of CYP1A2 and CYP2D6
polymorphisms on drug metabolism and on insulin
and lipid elevations and insulin resistance in
clozapine-treated patients. Journal of Clinical
Psychiatry. 2007;68(5):697-704. DOl:
https://doi.org/10.4088/jcp.v68n0506

31. Pardifias AF, Nalmpanti M,
Pocklington AJ, et al. Pharmacogenomic variants
and drug interactions identified through the genetic
analysis of clozapine metabolism. American
Journal of Psychiatry. 2019;176(6):477-486. DOI:
https://doi.org/10.1176/appi.ajp.2019.18050589

32. Lenk HC, Lgvsletten Smith R,
O'Connell KS, et al. Impact of NFIB and CYP1A
variants on clozapine serum concentration-A
retrospective naturalistic cohort study on 526
patients with known smoking habits. Clinical and
Translational Science. 2023;16(1):62-72.



O630p HayuHvle pesysabmamol 6uomeduyuHcKux uccaedoganutl. 2026:12(3):462-480
Research Results in Biomedicine. 2026:12(3):462-480

Review

475

DOI https://doi.org/10.1111/cts.13422

33. Lee ST, Ryu S, Kim SR, et al
Association study of 27 annotated genes for
clozapine  pharmacogenetics:  validation  of
preexisting studies and identification of a new
candidate gene, ABCBL, for treatment response.
Journal of Clinical  Psychopharmacology.
2012;32(4):441-448. DOI:
https://doi.org/10.1097/JCP.0b013e31825ac35¢

34. Westin AA, Brekke M, Molden E, et al.
Treatment with antipsychotics in pregnancy:
changes in  drug  disposition.  Clinical
Pharmacology and Therapeutics. 2018;103(3):477-
484. DOI: https://doi.org/10.1002/cpt.770

35. Pratt VM, Cavallari LH, Fulmer ML, et
al. CYP3A4 and CYP3A5 genotyping

recommendations: a joint consensus
recommendation of the Association for Molecular
Pathology, Clinical Pharmacogenetics

Implementation Consortium, College of American
Pathologists, Dutch Pharmacogenetics Working
Group of the Royal Dutch Pharmacists
Association, European Society for
Pharmacogenomics and Personalized Therapy, and
Pharmacogenomics Knowledgebase. Journal of
Molecular Diagnostics. 2023;25(9):619-629. DOI:
https://doi.org/10.1016/j.jmoldx.2023.06.008

36. Sirot EJ, Knezevic B, Morena GP, et al.
ABCBL1 and cytochrome P450 polymorphisms:
clinical pharmacogenetics of clozapine. Journal of
Clinical Psychopharmacology. 2009;29(4):319-
326. DOl:
https://doi.org/10.1097/JCP.0b013e3181acc372

37. Mansour K, Fredj NB, Ammar H, et al.
Exploring clozapine pharmacokinetics in Tunisian
schizophrenic  patients: A population-based
modelling approach investigating the impact of
genetic and non-genetic variables. Basic and
Clinical  Pharmacology and  Toxicology.
2024;134(6):805-817. DOI:
https://doi.org/10.1111/bcpt.14009

38. Okon-Rocha E, Ramudo-Cela L,
Taylor D. Genetic analysis of clozapine
metabolism in a patient with subtherapeutic
clozapine plasma concentrations-the importance of
CYP3A5: a case report. Journal of Clinical
Psychopharmacology. 2022;42(6):604-606. DOI:
https://doi.org/10.1097/JCP.0000000000001615

39. Smith RL, Wollmann BM, Kausberg
M, et al. Effects of a novel UGT2B haplotype and
UGT1A4*3 allele variants on glucuronidation of
clozapine in vivo. Current Drug Metabolism.
2022;23(1):66-72. DOI:
https://doi.org/10.2174/138920022366622020115
2953

40. Smith RL, O'Connell K, Athanasiu L, et
al. Correction: Identification of a novel
polymorphism associated with reduced clozapine
concentration in schizophrenia patients-a genome-
wide association study adjusting for smoking
habits. Translational Psychiatry. 2020;10(1):366.
DOI: https://doi.org/10.1038/s41398-020-01061-4

41. Wagmann L, Meyer MR, Maurer HH.
What is the contribution of human FMO3 in the N-
oxygenation of selected therapeutic drugs and
drugs of abuse? Toxicology Letters. 2016;258:55-
70. DOI:
https://doi.org/10.1016/j.toxlet.2016.06.013

42. Park HS, Kim E, Moon BS, et al. In
vivo tissue pharmacokinetics of carbon-11-labeled
clozapine in healthy volunteers: a positron
emission tomography study. CPT:
Pharmacometrics and Systems Pharmacology.
2015;4(5):305-311. DOI:
https://doi.org/10.1002/psp4.38

43. Moons T, de Roo M, Claes S, et al.
Relationship between P-glycoprotein and second-
generation antipsychotics. Pharmacogenomics.
2011;12(8):1193-1211. DOL:
https://doi.org/10.2217/pgs.11.55

44, Piatkov |, Caetano D, Assur Y, et al.
ABCB1 and ABCC1 single-nucleotide
polymorphisms in patients treated with clozapine.
Pharmacogenomics and Personalized Medicine.
2017;10:235-242. DOI:
https://doi.org/10.2147/pgpm.s142314

45. Naveen M, Patil AN, Pattanaik S, et al.
ABCB1 and DRD3 polymorphism as a response
predicting biomarker and tool for
pharmacogenetically guided clozapine dosing in
Asian Indian treatment resistant schizophrenia
patients.  Asian  Journal  of  Psychiatry.
2020;48:101918. DOI:
https://doi.org/10.1016/j.ajp.2019.101918

46. Tanaka Y, Kitamura Y, Maeda K, et al.
Quantitative analysis of the ABCG2 c.421C>A
polymorphism effect on in vivo transport activity
of breast cancer resistance protein (BCRP) using an
intestinal  absorption  model.  Journal  of
Pharmaceutical Sciences. 2015;104(9):3039-3048.
DOI: https://doi.org/10.1002/jps.24366

47. Dickens D, Radisch S, Chiduza GN, et
al. Cellular uptake of the atypical antipsychotic
clozapine is a carrier-mediated process. Molecular
Pharmaceutics.  2018;15(8):3557-3572.  DOI:
https://doi.org/10.1021/acs.molpharmaceut.8b005
47

48. Boyko IR, Shnayder NA, Grechkina
VV, et al. Frequency of “poor transporter”


http://paperpile.com/b/LzkozW/3UgD
http://paperpile.com/b/LzkozW/3UgD

O630p Hacviposa PP, u dp. 'enemuueckue npedukmopul agpgpekmugHocmu ... 476

Review

Nasyrova RF, et al. Genetic predictors of efficacy and safety of ...

phenotype among patients with mental disorders:
Pilot study. Personalized Psychiatry and
Neurology. 2024;4(3):37-44. DOl:
https://doi.org/10.52667/2712-9179-2024-4-3-37-
44

49. Beunk L, Nijenhuis M, Soree B, et al.
Dutch Pharmacogenetics Working Group (DPWG)
guideline for the gene-drug interaction between
CYP2D6, CYP3A4 and CYP1A2 and
antipsychotics. European Journal of Human
Genetics. 2024;32(3):278-285. DOI:
https://doi.org/10.1038/s41431-023-01347-3

50. Center for Devices, Radiological
Health. Table of pharmacogenetic associations
[Dnexrponnsiii pecypc]. U.S. Food and Drug
Administration. FDA; 2022 [mata oOpatieHus:
24.09.2024]. URL.: https://www.fda.gov/medical-
devices/precision-medicine/table-
pharmacogenetic-associations

51. Consoli G, Lastella M, Ciapparelli A, et
al. ABCB1 polymorphisms are associated with
clozapine plasma levels in psychotic patients.
Pharmacogenomics. 2009;10(8):1267-1276. DOI:
https://doi.org/10.2217/pgs.09.51

52. Limankin OV. Personalized psychiatry:
achievements and  prospects.  Personalized
Psychiatry and Neurology. 2021;1(2):126-127.
DOI: https://doi.org/10.52667/2712-9179-2021-1-
2-126-127

53. Sychev DA. “Multiomic” studies as a
promising clinical pharmacological tool for
personalization of socially significant diseases
pharmacotherapy in  Russia.  Personalized
Psychiatry and Neurology. 2022;2:1-2. DOI:
https://doi.org/10.52667/2712-9179-2022-2-2-1-2

54. Shnayder NA, Abdyrakhmanova AK,
Nasyrova RF. Phase | of antipsychotics
metabolism and its pharmacogenetic testing.
Personalized Psychiatry and Neurology. 2022;2:4-
21. DOI:  https://doi.org/10.52667/2712-9179-
2022-2-1-4-21

55. Hacwiposa P®, Kunsera AB, I'peuxkuna
BB, u gp. Ilepconanu3upoBaHHBIM MNOAXON K
MPOTrHO3MPOBAHUIO U HpO(i)I/IJ'IaKTI/IKe KJI03aIlluH-
WHIYIIUPOBAHHOTO YJUIMHEHUs1 wHTepBana QT.
[cuxuarpust. 2024,22(5):73-84. DOl:
https://doi.org/10.30629/2618-6667-2024-22-5-
75-86

References
1. Khasanova AK. Pharmacogenetic
factors of clozapine-induced metabolic syndrome.
Personalized  Psychiatry and  Neurology.
2023;3(2):38-47. DOI:

https://doi.org/10.52667/2712-9179-2023-3-2-38-
47

2. de Leon J, Schoretsanitis G, Smith RL,
et al. An international adult guideline for making
clozapine titration safer by using six ancestry-
based personalized dosing titrations, CRP, and
clozapine levels. Pharmacopsychiatry.
2022;55(2):73-86. DOI: https://doi.org/10.1055/a-
1625-6388

3. Keepers GA, Fochtmann LJ, Anzia JM,
et al. The American psychiatric association
practice guideline for the treatment of patients with
schizophrenia. American Journal of Psychiatry.
2020;177(9):868-872. DOLl:
https://doi.org/10.1176/appi.ajp.2020.177901

4. State Register of Medicines [Internet]
[cited 2024 Sep 24]. Available from:
https://grls.rosminzdrav.ru/grls.aspx?s=%D0%BA
%D0%BB%D0%BE%D0%B7%D0%B0%D0%B
F%D0%B8%D0%BD&mM=INN

5. Yin J, Barr AM, Ramos-Miguel A, et
al. Antipsychotic induced dopamine
supersensitivity  psychosis: a comprehensive
review. Current Neuropharmacology.
2017;15(1):174-183. DOI:
https://doi.org/10.2174/1570159x1466616060609
3602

6. Yuen JWY, Kim DD, Procyshyn RM,
et al. A focused review of the metabolic side-
effects of clozapine. Frontiers in Endocrinology.
2021;12:609240. DOl:
https://doi.org/10.3389/fendo.2021.609240

7. Hassab Errasoul A, Alarabi MA.
Factors predicting serum clozapine levels in
Middle Eastern patients: an observational study.
BMC  Psychiatry.  2022;22(1):269.  DOI:
https://doi.org/10.1186/s12888-022-03910-6

8. Gorobets LN, Semenova ND, Litvinov
AV. Application of antipsychotic medication:
Gender differences in tolerance and medication
response. Personalized Psychiatry and Neurology.
2022;2(2):57-66. DOL:
https://doi.org/10.52667/2712-9179-2022-2-2-57-
66

9. Thorn CF, Miiller DJ, Altman RB, et al.
PharmGKB summary: clozapine pathway,
pharmacokinetics. Pharmacogenetics and
Genomics. 2018;28(9):214-222. DOL:
https://doi.org/10.1097/FPC.0000000000000347

10. Negay NA. Welcome to Personalized
Psychiatry  and  Neurology.  Personalized
Psychiatry and Neurology. 2023;3(1):1-2. DOI:
https://doi.org/10.52667/2712-9179-2023-3-1-1-2

11. Clozapine. DrugBank [Internet] [cited


http://paperpile.com/b/LzkozW/3UgD
http://paperpile.com/b/LzkozW/3UgD
http://paperpile.com/b/LzkozW/r3Ix
http://paperpile.com/b/LzkozW/3UgD
http://paperpile.com/b/LzkozW/mpyT
http://paperpile.com/b/LzkozW/mpyT
http://paperpile.com/b/LzkozW/mpyT
http://paperpile.com/b/LzkozW/mpyT
http://paperpile.com/b/LzkozW/mpyT
https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations
https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations
https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations
http://paperpile.com/b/LzkozW/r3Ix
http://paperpile.com/b/LzkozW/r3Ix
http://paperpile.com/b/LzkozW/r3Ix
http://paperpile.com/b/LzkozW/r3Ix
http://dx.doi.org/10.52667/2712-9179-2021-1-2-126-127
http://dx.doi.org/10.52667/2712-9179-2021-1-2-126-127
http://paperpile.com/b/LzkozW/FsUZ
http://paperpile.com/b/LzkozW/FsUZ
http://paperpile.com/b/LzkozW/FsUZ
http://paperpile.com/b/LzkozW/FsUZ
http://paperpile.com/b/LzkozW/FsUZ
http://dx.doi.org/10.52667/2712-9179-2022-2-2-1-2
http://paperpile.com/b/LzkozW/du6w
http://paperpile.com/b/LzkozW/du6w
http://paperpile.com/b/LzkozW/du6w
http://paperpile.com/b/LzkozW/du6w
http://paperpile.com/b/LzkozW/du6w
http://dx.doi.org/10.52667/2712-9179-2022-2-1-4-21
http://dx.doi.org/10.52667/2712-9179-2022-2-1-4-21
https://doi.org/10.30629/2618-6667-2024-22-5-73-84
https://doi.org/10.30629/2618-6667-2024-22-5-73-84
https://doi.org/10.30629/2618-6667-2024-22-5-73-84
http://paperpile.com/b/LzkozW/xoHx
http://paperpile.com/b/LzkozW/So3Y
http://paperpile.com/b/LzkozW/So3Y
https://grls.rosminzdrav.ru/grls.aspx?s=%D0%BA%D0%BB%D0%BE%D0%B7%D0%B0%D0%BF%D0%B8%D0%BD&m=INN
https://grls.rosminzdrav.ru/grls.aspx?s=%D0%BA%D0%BB%D0%BE%D0%B7%D0%B0%D0%BF%D0%B8%D0%BD&m=INN
https://grls.rosminzdrav.ru/grls.aspx?s=%D0%BA%D0%BB%D0%BE%D0%B7%D0%B0%D0%BF%D0%B8%D0%BD&m=INN
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/kz7b
http://paperpile.com/b/LzkozW/oIhA
https://doi.org/10.52667/2712-9179-2023-3-1-1-2

O630p HayuHvle pesysabmamol 6uomeduyuHcKux uccaedoganutl. 2026:12(3):462-480
Research Results in Biomedicine. 2026:12(3):462-480

Review

477

2024 Feb 20]. Available from:
https://go.drugbank.com/drugs/DB00363

12. Avilov AY, Kidyaeva AV, Vaiman EE.
Predictive pharmacogenetic testing in psychiatry:
Pros and cons. Personalized Psychiatry and
Neurology. 2024;4(1):40-49. DOl:
https://doi.org/10.52667/10.52667/2712-9179-
2024-4-1-40-49

13. Zhuravlev NM, Otmachov AP,
Bartasinskaya AE. Clinical case of a 36-year-old
patient with paranoid schizophrenia and drug-
Induced QT prolongation. Personalized Psychiatry
and Neurology. 2022;2(2):78-83. DOI:
https://doi.org/10.52667/2712-9179-2022-2-2-78-
83

14. Strelnik Al, Romanov DV, Strelnik SN.
Generalized anxiety disorder therapy, associated
with pronounced side effects, and prospects for the
use of pharmacogenetic testing: Case report.
Personalized  Psychiatry and  Neurology.
2023;3(1):59-65. DOI:
https://doi.org/10.52667/2712-9179-2023-3-1-59-
65

15. Akamine Y, Sugawara-Kikuchi Y, Uno
T, et al. Quantification of the steady-state plasma
concentrations  of  clozapine  and N-
desmethylclozapine in Japanese patients with
schizophrenia using a novel HPLC method and the
effects of CYPs and ABC transporters
polymorphisms. Annals of Clinical Biochemistry.
2017;54(6):677-685. DOI:
https://doi.org/10.1177/0004563216686377

16. Carrascal-Laso L, Isidoro-Garcia M,
Ramos-Gallego I, et al. Review: Influence of the
CYP450 genetic variation on the treatment of
psychotic disorders. Journal of Clinical Medicine.
2021;10(18):4275. DOI:
https://doi.org/10.3390/jcm10184275

17. Meyer JM, Proctor G, Cummings MA,
et al. Ciprofloxacin and clozapine: a potentially
fatal but underappreciated interaction. Case
Reports in Psychiatry. 2016;2016:5606098. DOI:
https://doi.org/10.1155/2016/5606098

18. Shah RR, Smith RL. Inflammation-
induced phenoconversion of polymorphic drug
metabolizing  enzymes:  hypothesis  with
implications for personalized medicine. Drug
Metabolism and Disposition. 2015;43(3):400-410.
DOI: https://doi.org/10.1124/dmd.114.061093

19. Mahdavi S, Palatini P, EI-Sohemy A.
CYP1A2 genetic variation, coffee intake, and
kidney dysfunction. JAMA Network Open.
2023;6(1):e2247868. DOI:
https://doi.org/10.1001/jamanetworkopen.2022.47

868

20. Ingelman-Sundberg M, Sim SC, Nebert
DW. Coffee, myocardial infarction, and CYP
nomenclature. JAMA. 2006;296(7):764-765. DOI:
https://doi.org/10.1001/jama.296.7.764-b

21. Cornelis MC, El-Sohemy A,
Kabagambe EK, et al. Coffee, CYP1A2 genotype,
and risk of myocardial infarction. JAMA.
2006;295(10):1135-1141. DOL:
https://doi.org/10.1001/jama.295.10.1135

22. Wang L, Hu Z, Deng X, et al
Association  between  common  CYP1A2
polymorphisms and theophylline metabolism in
non-smoking healthy volunteers. Basic and
Clinical  Pharmacology and  Toxicology.
2013;112(4):257-263. DOL:
https://doi.org/10.1111/bcpt. 12038

23. Sachse C, Brockmoller J, Bauer S, et al.
Functional significance of a C-->A polymorphism
in intron 1 of the cytochrome P450 CYP1A2 gene
tested with caffeine. British Journal of Clinical
Pharmacology. 1999;47(4):445-449. DOl:
https://doi.org/10.1046/j.1365-2125.1999.00898.x

24. Sangiiesa E, Cirujeda C, ConchaJ, et al.
Exploring the wusefulness of plasma level
determination and pharmacogenetics for patients
treated with clozapine. Personalized Medicine.
2022;19(3):181-192. DOL:
https://doi.org/10.2217/pme-2021-0029

25. Sangiiesa E, Fernandez-Egea E,
Concha J, et al. Impact of pharmacogenetic testing
on clozapine treatment efficacy in patients with
treatment-resistant schizophrenia. Biomedicines.
2024;12(3):597. DOI:
https://doi.org/10.3390/biomedicines12030597

26. Xu JJ, Xiao C, Pan Y, et al. Utilizing
plasma drug levels and genetic testing to achieve
optimal treatment response in a patient with
treatment-resistant  schizoaffective  disorder.
Bipolar Disorders. 2024;26(1):95-97. DOI:
https://doi.org/10.1111/bdi.13385

27. Albitar O, Harun SN, Sheikh Ghadzi
SM. Semi-physiological pharmacokinetic model of
clozapine and norclozapine in healthy, non-
smoking volunteers: the impact of race and
genetics. CNS Drugs. 2024;38(7):571-581. DOI:
https://doi.org/10.1007/s40263-024-01092-1

28. Djordjevic N, Ghotbi R, Jankovic S, et
al. Induction of CYP1A2 by heavy -coffee
consumption is associated with the CYP1A2 -
163C>A polymorphism. European Journal of
Clinical Pharmacology. 2010;66(7):697-703. DOI:
https://doi.org/10.1007/s00228-010-0823-4

29. Ortega-Vazquez A, Mayen-Lobo YG,


https://go.drugbank.com/drugs/DB00363
https://go.drugbank.com/drugs/DB00363
https://go.drugbank.com/drugs/DB00363
http://paperpile.com/b/LzkozW/oIhA
http://paperpile.com/b/LzkozW/oIhA
http://paperpile.com/b/LzkozW/oIhA
http://paperpile.com/b/LzkozW/oIhA
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/mbV8
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce
http://paperpile.com/b/LzkozW/plce

O630p Hacviposa PP, u dp. 'enemuueckue npedukmopul agpgpekmugHocmu ...
Nasyrova RF, et al. Genetic predictors of efficacy and safety of ...

Review

478

Davila-Ortiz de Montellano DJ, et al. Alcohol
intake potentiates clozapine adverse effects
associated to CYP1A2*1C in patients with
refractory psychosis. Drug Development Research.
2021;82(5):685-694. DOI:
https://doi.org/10.1002/ddr.21774

30. Melkersson Kl, Scordo MG, Gunes A,
et al. Impact of CYP1A2 and CYP2D6
polymorphisms on drug metabolism and on insulin
and lipid elevations and insulin resistance in
clozapine-treated patients. Journal of Clinical
Psychiatry. 2007;68(5):697-704. DOI:
https://doi.org/10.4088/jcp.v68n0506

31. Pardifas AF, Nalmpanti M,
Pocklington AJ, et al. Pharmacogenomic variants
and drug interactions identified through the genetic
analysis of clozapine metabolism. American
Journal of Psychiatry. 2019;176(6):477-486. DOI:
https://doi.org/10.1176/appi.ajp.2019.18050589

32. Lenk HC, Lgvsletten Smith R,
O'Connell KS, et al. Impact of NFIB and CYP1A
variants on clozapine serum concentration-A
retrospective naturalistic cohort study on 526
patients with known smoking habits. Clinical and
Translational Science. 2023;16(1):62-72. DOI
https://doi.org/10.1111/cts.13422

33. Lee ST, Ryu S, Kim SR, et al
Association study of 27 annotated genes for
clozapine  pharmacogenetics:  validation  of
preexisting studies and identification of a new
candidate gene, ABCB1, for treatment response.
Journal of Clinical  Psychopharmacology.
2012;32(4):441-448. DOI:
https://doi.org/10.1097/JCP.0b013e31825ac35c¢

34. Westin AA, Brekke M, Molden E, et al.
Treatment with antipsychotics in pregnancy:
changes in  drug  disposition.  Clinical
Pharmacology and Therapeutics. 2018;103(3):477-
484. DOI: https://doi.org/10.1002/cpt.770

35. Pratt VM, Cavallari LH, Fulmer ML, et
al. CYP3A4 and CYP3A5 genotyping

recommendations: a joint consensus
recommendation of the Association for Molecular
Pathology, Clinical Pharmacogenetics

Implementation Consortium, College of American
Pathologists, Dutch Pharmacogenetics Working
Group of the Royal Dutch Pharmacists
Association, European Society for
Pharmacogenomics and Personalized Therapy, and
Pharmacogenomics Knowledgebase. Journal of
Molecular Diagnostics. 2023;25(9):619-629. DOI:
https://doi.org/10.1016/j.jmoldx.2023.06.008

36. Sirot EJ, Knezevic B, Morena GP, et al.
ABCBL1 and cytochrome P450 polymorphisms:

clinical pharmacogenetics of clozapine. Journal of
Clinical Psychopharmacology. 2009;29(4):319-
326. DOI:
https://doi.org/10.1097/JCP.0b013e3181acc372

37. Mansour K, Fredj NB, Ammar H, et al.
Exploring clozapine pharmacokinetics in Tunisian
schizophrenic  patients: A population-based
modelling approach investigating the impact of
genetic and non-genetic variables. Basic and
Clinical ~ Pharmacology and  Toxicology.
2024;134(6):805-817. DOLl:
https://doi.org/10.1111/bcpt.14009

38. Okon-Rocha E, Ramudo-Cela L,
Taylor D. Genetic analysis of clozapine
metabolism in a patient with subtherapeutic
clozapine plasma concentrations-the importance of
CYP3A5: a case report. Journal of Clinical
Psychopharmacology. 2022;42(6):604-606. DOI:
https://doi.org/10.1097/JCP.0000000000001615

39. Smith RL, Wollmann BM, Kausberg
M, et al. Effects of a novel UGT2B haplotype and
UGT1A4*3 allele variants on glucuronidation of
clozapine in vivo. Current Drug Metabolism.
2022;23(1):66-72. DOL:
https://doi.org/10.2174/138920022366622020115
2953

40. Smith RL, O'Connell K, Athanasiu L, et
al. Correction: Identification of a novel
polymorphism associated with reduced clozapine
concentration in schizophrenia patients-a genome-
wide association study adjusting for smoking
habits. Translational Psychiatry. 2020;10(1):366.
DOI: https://doi.org/10.1038/s41398-020-01061-4

41. Wagmann L, Meyer MR, Maurer HH.
What is the contribution of human FMO3 in the N-
oxygenation of selected therapeutic drugs and
drugs of abuse? Toxicology Letters. 2016;258:55-
70. DOI:
https://doi.org/10.1016/j.toxlet.2016.06.013

42. Park HS, Kim E, Moon BS, et al. In
vivo tissue pharmacokinetics of carbon-11-labeled
clozapine in healthy volunteers: a positron
emission tomography study. CPT:
Pharmacometrics and Systems Pharmacology.
2015;4(5):305-311. DOI:
https://doi.org/10.1002/psp4.38

43. Moons T, de Roo M, Claes S, et al.
Relationship between P-glycoprotein and second-
generation antipsychotics. Pharmacogenomics.
2011;12(8):1193-1211. DOL:
https://doi.org/10.2217/pgs.11.55

44. Piatkov I, Caetano D, Assur Y, et al.
ABCB1 and ABCC1 single-nucleotide
polymorphisms in patients treated with clozapine.



O630p HayuHvle pesysabmamol 6uomeduyuHcKux uccaedoganutl. 2026:12(3):462-480
Research Results in Biomedicine. 2026:12(3):462-480

Review

479

Pharmacogenomics and Personalized Medicine.
2017;10:235-242. DOI:
https://doi.org/10.2147/pgpm.s142314

45, Naveen M, Patil AN, Pattanaik S, et al.
ABCBL1 and DRD3 polymorphism as a response
predicting biomarker and tool for
pharmacogenetically guided clozapine dosing in
Asian Indian treatment resistant schizophrenia
patients.  Asian  Journal of  Psychiatry.
2020;48:101918. DOI:
https://doi.org/10.1016/j.ajp.2019.101918

46. Tanaka Y, Kitamura Y, Maeda K, et al.
Quantitative analysis of the ABCG2 c.421C>A
polymorphism effect on in vivo transport activity
of breast cancer resistance protein (BCRP) using an
intestinal ~ absorption  model.  Journal  of
Pharmaceutical Sciences. 2015;104(9):3039-3048.
DOI: https://doi.org/10.1002/jps.24366

47. Dickens D, Réddisch S, Chiduza GN, et
al. Cellular uptake of the atypical antipsychotic
clozapine is a carrier-mediated process. Molecular
Pharmaceutics.  2018;15(8):3557-3572.  DOI:
https://doi.org/10.1021/acs.molpharmaceut.8b005
47

48. Boyko IR, Shnayder NA, Grechkina
VV, et al. Frequency of “poor transporter”
phenotype among patients with mental disorders:
Pilot study. Personalized Psychiatry and
Neurology. 2024;4(3):37-44. DOl:
https://doi.org/10.52667/2712-9179-2024-4-3-37-
44

49. Beunk L, Nijenhuis M, Soree B, et al.
Dutch Pharmacogenetics Working Group (DPWG)
guideline for the gene-drug interaction between

CYP2D6, CYP3A4 and CYP1A2 and
antipsychotics. European Journal of Human
Genetics. 2024;32(3):278-285. DOI:

https://doi.org/10.1038/s41431-023-01347-3

50. Center for Devices, Radiological
Health. Table of pharmacogenetic associations
[Internet]. U.S. Food and Drug Administration.
FDA,; 2022 [cited 2024 Sep 24]. Available from:
https://www.fda.gov/medical-devices/precision-
medicine/table-pharmacogenetic-associations

51. Consoli G, Lastella M, Ciapparelli A, et
al. ABCB1 polymorphisms are associated with
clozapine plasma levels in psychotic patients.
Pharmacogenomics. 2009;10(8):1267-1276. DOI:
https://doi.org/10.2217/pgs.09.51

52. Limankin OV. Personalized psychiatry:
achievements and  prospects.  Personalized
Psychiatry and Neurology. 2021;1(2):126-127.
DOI: https://doi.org/10.52667/2712-9179-2021-1-
2-126-127

53. Sychev DA. “Multiomic” studies as a
promising clinical pharmacological tool for
personalization of socially significant diseases
pharmacotherapy in  Russia.  Personalized
Psychiatry and Neurology. 2022;2:1-2. DOI:
https://doi.org/10.52667/2712-9179-2022-2-2-1-2

54. Shnayder NA, Abdyrakhmanova AK,
Nasyrova RF. Phase | of antipsychotics
metabolism and its pharmacogenetic testing.
Personalized Psychiatry and Neurology. 2022;2:4-
21. DOI:  https://doi.org/10.52667/2712-9179-
2022-2-1-4-21

55. Nasyrova RF, Kidyaeva AV, Grechkina
VV, et al. Personalized Approach to Prediction and
Prevention Clozapine-Induced QT Prolongation.
Psychiatry (Moscow) (Psikhiatriya).
2024;22(5):75-86. Russian. DOI:
https://doi.org/10.30629/2618-6667-2024-22-5-
75-86

Cratess moctynmia B penmakmmo 31 oOKTIOps
2024 r.

[octymuia nocie qopadotku 10 pespamnst 2025 T.
[Ipunsrta k newatn 24 despanst 2025 .

Received 31 October 2024
Revised 10 February 2025
Accepted 24 February 2025

HNudopmanus 06 aBTopax

Peruna ®apuroBHa HacekipoBa, 10KTOp
MEAMLUMHCKUX  HAyK, HEBPOJOI, ICHXHATP,
KIIMHUYeCKUH (hapMaKoJor, TIJIAaBHBIM HAyYHBINA
COTPYAHUK, Hay4HbIH pykoBoauTens WHcTHTyTa

MEePCOHAJIM3UPOBAHHOMN TICUXUATPUHA
u HEBPOJIOTUH OI'bY «HanunoHanbHbIN
MEIUITUHCKUHN HUCCIIE0BATEIbCKUN LIEHTP

IcuxuaTpuu U Hesposioruu uMm. B.M. bexrepesay,
r. Canxkr-llerepOypr, Poccuiickas ®Penepanms,
E-mail: regina_nmrcpn@mail.ru, ORCID:
https://orcid.org/0000-0003-1874-9434.

Anna BukropoBna KuasieBa, 3aBenyromas
[ICUXUATPUUECKUM OTIEJIEHUEM I'KV3
«Ilcuxnarpuueckast OonpHuIa cB. Hukomnas
YUynoTBopua»; MIaAIIMNA HAyYHBIM COTPYIHUK
HNHctuTyTa NEpCOHAIN3UPOBAHHON IICUXUATPUU U
HEBPOJIOTUHI OI'bY «HanuoHanbHbIN
MEIULMHCKUN HCCJIEIOBATENbCKUI LEHTP
ncuxuaTpuu U HeBposioruu uMm. B.M. bextepesay,
r. Cankr-IlerepOypr, Poccuiickas ®enepanus,
E-mail: alla.kid@mail.ru, ORCID:
https://orcid.org/0009-0006-8999-9296.


http://paperpile.com/b/LzkozW/3UgD
http://paperpile.com/b/LzkozW/3UgD
http://paperpile.com/b/LzkozW/3UgD
http://paperpile.com/b/LzkozW/3UgD
http://paperpile.com/b/LzkozW/r3Ix
http://paperpile.com/b/LzkozW/3UgD
http://paperpile.com/b/LzkozW/mpyT
http://paperpile.com/b/LzkozW/mpyT
http://paperpile.com/b/LzkozW/mpyT
http://paperpile.com/b/LzkozW/mpyT
https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations
https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations
http://paperpile.com/b/LzkozW/r3Ix
http://paperpile.com/b/LzkozW/r3Ix
http://paperpile.com/b/LzkozW/r3Ix
http://paperpile.com/b/LzkozW/r3Ix
http://dx.doi.org/10.52667/2712-9179-2021-1-2-126-127
http://dx.doi.org/10.52667/2712-9179-2021-1-2-126-127
http://paperpile.com/b/LzkozW/FsUZ
http://paperpile.com/b/LzkozW/FsUZ
http://paperpile.com/b/LzkozW/FsUZ
http://paperpile.com/b/LzkozW/FsUZ
http://paperpile.com/b/LzkozW/FsUZ
http://dx.doi.org/10.52667/2712-9179-2022-2-2-1-2
http://paperpile.com/b/LzkozW/du6w
http://paperpile.com/b/LzkozW/du6w
http://paperpile.com/b/LzkozW/du6w
http://paperpile.com/b/LzkozW/du6w
http://paperpile.com/b/LzkozW/du6w
http://dx.doi.org/10.52667/2712-9179-2022-2-1-4-21
http://dx.doi.org/10.52667/2712-9179-2022-2-1-4-21
mailto:regina_nmrcpn@mail.ru
https://orcid.org/0000-0003-1874-9434
mailto:grechkina.vv@mail.ru
https://orcid.org/0009-0006-8999-9296

O630p Hacviposa PP, u dp. 'enemuueckue npedukmopul agpgpekmugHocmu ... 480

Review

Nasyrova RF, et al. Genetic predictors of efficacy and safety of ...

Haranbs BsiuecniaBoBHa 3axapoBa, KaHAuIaT
MEAUIMHCKUX HAyK, ICUXUATP, JOUEHT, BEAYILIAN

Hay4HbIN COTPYAHHK WHcTuTyTa
MEPCOHAIU3UPOBAHHOMN MICUXUATPUU u
HEBPOJIOTUU OI'bY «HannoHanpHbIN
MEULUHCKUI HCCIEN0BATENbCKUAN LEHTP

ncuxuaTpuu u HeBposiorun uM. B.M. bextepesay,
r. Cankr-IlerepOypr, Poccuiickas ®Denepanus,
E-mail: nataliza80@bk.ru, ORCID:

https://orcid.org/0000-0001-7507-327X.
Japesi  Cepreesna Ilpoiinmna, mncuxuarp,

OpAMHATOP Kadeaps [ICUXUATPUH u
[ICUXOTEpaIuu c KJIMHUKOU OI'bY
«HanumonanbHbIN MEIUIMHCKUN HUcclieno-

BaTeNbCKU IIeHTp wuMeHn B.A. AnmazoBay,
r. Cankt-IlerepOypr, Poccuiickas ®Denepanms,
E-mail: proydinadaria@mail.ru, ORCID:
https://orcid.org/0009-0007-8656-6943.

Aunekcanapa IOpbeBna KubupoBa, ncuxuatp
I'KVY3 «lIcuxuarpudeckas 6ompHUIA cB. Hukomas
UynoTBopuay; opAWHATOp KadeIpbl MCUXUATPHH
n "apkonorun ®I'BOY BO «CeBepo-3anannslii
FOCYJAPCTBEHHBIA MEAUIMHCKUN YHUBEPCUTET
nvenu W.U. MedgnunkoBay, . Caakt-IletepOypr,
Poccuiickas Oenepanus, E-mail:
gi.ponomarenko@yandex.ru, ORCID:
https://orcid.org/0009-0002-0698-535X.

Haranbas AJjexceeBHa Illuaiinep, mokTop
MEJUIMHCKUX  HayK, mpodeccop, TIIaBHBIHA

Hay4HbIN COTPYAHUK Hucturyra
MEePCOHAIU3UPOBAHHOMN TICUXUATPUHN 5
HEBPOJIOTUHN OI'bY «HanunoHanbHbIN
MEIULUHCKUI HCCJIEN0BATEIbCKUIMA LEHTP

rcuxuaTpuu U HeBposioruu uMm. B.M. bextepepay,
r.  Camkr-lIlerepOypr; Bemymmii  HAyYHBIN
COTPYAHHUK LIEHTPa KOJUIEKTMBHOTO MOJIb30BAHUS
«MonekynsipHple M KIETOYHBIE TEXHOJIOTMH»
OI'bOY BO «KpacHosipckuii rocyaapCTBEHHBIH
MEJIMIIUHCKAN YHUBEPCUTET MMEHH Mpodeccopa
B.®. BoitHo-Scenenxoro», 1. KpacHospck,
Poccniickas Denepanys, E-mail:
naschnaider@yandex.ru, ORCID:
https://orcid.org/0000-0002-2840-837X.

Information about the authors
Regina F. Nasyrova, Doct. Sci. (Medicine),
Neurologist, Psychiatrist, Clinical Pharmacologist,

Chief Researcher, Scientific Director, Institute of
Personalised Psychiatry and Neurology, Bekhterev
National Medical Research Center for Psychiatry
and Neurology, Saint Petersburg, Russia, E-mail:
regina_nmrcpn@mail.ru, ORCID:
https://orcid.org/0000-0003-1874-9434.

Alla V. Kidyaeva, Head of the Psychiatric
Department, Saint Petersburg State Psychiatric
Hospital of St. Nicholas; Junior Researcher,
Institute  of  Personalised  Psychiatry and
Neurology, Bekhterev National Medical Research
Center for Psychiatry and Neurology, Saint
Petersburg, Russia, E-mail: alla.kid@mail.ru,
ORCID: https://orcid.org/0009-0006-8999-9296.
Natalia V. Zakharova, Cand. Sci. (Medicine),
Psychiatrist,  Associate  Professor, Leading
Researcher, Institute of Personalised Psychiatry
and Neurology, Bekhterev National Medical
Research Center for Psychiatry and Neurology,
Saint Petersburg, Russia, E-mail:
nataliza80@bk.ru, ORCID: https://orcid.org/0000-
0001-7507-327X.

Darya S. Proydina, Psychiatrist, Resident,
Department of Psychiatry and Psychotherapy with
Clinic, Almazov National Medical Research
Center, Saint Petersburg, Russia, E-mail:
proydinadaria@mail.ru, ORCID:
https://orcid.org/0009-0007-8656-6943.
Alexandra Y. Kibirova, Psychiatrist, Saint
Petersburg State Psychiatric Hospital
of St. Nicholas; Resident, Department of
Psychiatry and Narcology, North-West State
Medical University named after 1.I. Mechnikov,
Saint Petersburg, Russia, E-mail:
gi.ponomarenko@yandex.ru, ORCID:
https://orcid.org/0009-0002-0698-535X.

Natalia A. Shnayder, Doct. Sci. (Medicine),
Professor, Chief Researcher, Institute of
Personalised Psychiatry and Neurology, Bekhterev
National Medical Research Center for Psychiatry
and Neurology, Saint Petersburg; Leading
Researcher, Center for Collective Use «Molecular
and Cellular Technologies», Krasnoyarsk State
Medical University, Krasnoyarsk, Russia, E-mail:
naschnaider@yandex.ru, ORCID:
https://orcid.org/0000-0002-2840-837X.


mailto:nataliza80@bk.ru
https://orcid.org/0000-0001-8279-4198
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0001-7507-327X&authorId=57204144307&origin=AuthorProfile&orcId=0000-0001-7507-327X&category=orcidLink
mailto:proydinadaria@mail.ru
https://orcid.org/0009-0007-8656-6943
mailto:gi.ponomarenko@yandex.ru
https://orcid.org/0009-0002-0698-535X
mailto:naschnaider@yandex.ru
https://orcid.org/0000-0002-2840-837X
mailto:regina_nmrcpn@mail.ru
https://orcid.org/0000-0003-1874-9434
mailto:grechkina.vv@mail.ru
https://orcid.org/0009-0006-8999-9296
mailto:nataliza80@bk.ru
https://orcid.org/0000-0001-8279-4198
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0001-7507-327X&authorId=57204144307&origin=AuthorProfile&orcId=0000-0001-7507-327X&category=orcidLink
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0001-7507-327X&authorId=57204144307&origin=AuthorProfile&orcId=0000-0001-7507-327X&category=orcidLink
mailto:proydinadaria@mail.ru
https://orcid.org/0009-0007-8656-6943
mailto:gi.ponomarenko@yandex.ru
https://orcid.org/0009-0002-0698-535X
mailto:naschnaider@yandex.ru
https://orcid.org/0000-0002-2840-837X

O630p HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2026:12(3):481-496 481

Review Research Results in Biomedicine. 2026:12(3):481-496
(ec) I
DOI: 10.18413/2658-6533-2026-12-3-0-8 YK 616.831: 616-08-039.57

IlepcoHaM3upoOBaHHAS TeJiepeaduaIuTaAI A
B CBETE COBPEMEHHOU 1€ TEPMUHAHTHI
rePOHTOJIOrHYeCKO moMoinu (0030p)

O.A. Ocunosa® ©, E.B. T'ocresa® ©, H.W. )Kepnaxona® ©, 10.0. lllaxynosal @,
H.A. Knmomaukos? @, IL.T. Ocunos! @, FO.A. Me3enues! @, C.1O. ITonos?

! ®epepanpHoe TocynapcTBEHHOE aBTOHOMHOE 0OPA30BATENLHOE YUPEXKIEHHE BHICIIENO
obpa3zoBanus «benropoacKuii TOCy1apCTBEHHBIN HAIIMOHAIBHBIN HCCIIeTIOBATEIIbCKHIMA
YHUBEPCUTETY,
yi. [To6enst, a. 85, r. bearopox, 308015, Poccuiickas @enepanmst
2 ABTOHOMHAsI HEKOMMepUecKas oOpa3oBaTelbHas OpTraHM3alMs BBICIIEro 06pa3oBanHus « IHCTUTYT
COLIMAJILHOTO 00pa30BaHuUs»,
yi. Jlenunrpasckas, a. 62, r. Boponex, 394033, Poccuiickas ®@enepanus
Aemop ons nepenucku: O.A. Ocunosa (0sipova_75@inbox.ru)

Pe3rome

AKTyaJbHOCTB: VHCYNBT sBISETCS OMHOM M3 BEAYIIUX MNPUYMH HMHBATUAM3AIUHN B TOKUIOM
BO3pacTe, MPH 3TOM COBPEMEHHBIE CHUCTEMBI 3PaBOOXPAHEHHS CTAIKHBAIOTCA C JAeHUIUTOM
KaJIpOBBIX PECYPCOB U OTPAHMUYEHHUSMHU JOCTYNMa K CTAllMOHAPHOW peabuiauTalnuu, OCOOCHHO B
YIAJCHHBIX U CENbCKUX paiioHax. [lepcoHanm3upoBaHHas TelepeaduINTaNNs IPEICTABISIET CO0O0M
MEePCIIeKTUBHOE HAMpaBICHHE, CIOCOOHOE OOECHeUnuTh HEMPEPHIBHOCTh M JOCTYIMHOCTh
BOCCTAHOBHTEIIBHOTO JICUCHHUS JUIsI TAIIMEHTOB Tocie uHCyabTa. Leab uccienoBanusi: OueHUTH
BO3MOXXHOCTH M 3((PEKTUBHOCTH MEPCOHATU3UPOBAHHON TelepeaduInTaluy y JIUI TOXKUJIOTO U
CTapyYecKOTro BO3pacTa C HapyIICHUSIMHU, BEI3BAHHBIMH HHCYJIETOM, HA OCHOBE aHaJIM3a COBPEMEHHBIX
OTEYECTBEHHBIX M 3apyOEKHBIX HAy4YHBIX JaHHbIX. Martepuanabsl u Metoabl: [IpoBenen
AHATMTUYECKU 0030p HAyYHOH JIUTEpPaATyPhl, B TOM YKCIIE 3a Mociaeaane Aecath et (2014-2024 rr.),
BKJTFOYAIONIUH JTaHHBIC PaHJIOMHU3WPOBAHHBIX KOHTPOJIUPYEMBIX HCCIICIOBAaHUN W METaaHAIN30B,
HaIMpaBIIEHHBIX HAa U3YYEHHE PE3yNIbTATOB MPUMEHEHHS TeJepeabuInTaIliy 1ociie HHCyabTa. [Touck
JUTEPATypPhl OCYIIECTBISUICS B TaKUX MEKIYHAPOJTHBIX W OTCUSCTBEHHBIX 0a3aX JaHHBIX, Kak
PubMed, Scopus, Web of Science, eLIBRARY wu Cochrane Library. B ananu3 BKIIOYEHBI
MyOJUKAIMK, OCBEHIAlONIMe Kak (U3HOTEepalieBTHYECKUe, TaK W KOTHHTHUBHBIC AaCIICKTHI
peabunutanionHoro mporecca. Ocoboe BHUMaHWE YAETICHO COBPEMEHHBIM TEXHOJIOTHSIM,
MPUMEHSIEMBIM B TEPCOHATM3UPOBAHHOW TelIePeaOMINTAIINNA, TaKHM KaK 3epKajbHas Teparusl.
PesyabraTel: Tenepeabmiuranusi ToOKa3ala COMOCTaBUMYKO C TPAJUIIMOHHOM Tepamuen
3¢ (HEeKTHBHOCTH B BOCCTAHOBJICHUH JBUTATEIHHBIX U KOTHUTHBHBIX (DYHKIIHH, a TaKKe B JICUCHUU
MMOCTUHCYJIBTHOM JENpeccud W HapylieHud OanaHca. TexXHONOTMH yAajJeHHOTO0 MOHUTOPHHTA
MO3BOJISIIOT MHAMBUAYAIM3UPOBATh JIeYEOHBIM Mpolecc M MOBBIIIAIOT €ro MOTHUBAIIMOHHBIN
noteHan. 3akjaodyenue: [lepconanusupoBannas TenepeadbunuTanus Apisercs 3p(HEeKTUBHBIM U
JOCTYITHBIM METOZIOM BOCCTAHOBHUTEJILHOTO JIEUEHMsI MAllMEeHTOB Mociie MHCYNbTa. Ee BHeapeHue
OCOOCHHO aKTyaJlbHO B YCJIOBHSIX OTPAaHHUYEHHBIX PECYPCOB M MOXKET 3HAYUTEIHHO IMOBBICUTH
KaueCcTBO >KU3HU MALMEHTOB, YIydlllas JOCTYH K MyJIbTUIUCIUILIMHAPHON MOMOIIM U 0becrednBas
HEMPEePHIBHOCTh PEAOMIIMTAIIMOHHOTO TIPOIEcca Ha BCEX dTamax.
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Personalized telerehabilitation in the context
of modern determinant of gerontological care
(review)
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Abstract

Background: Stroke is one of the leading causes of disability in the elderly. Modern healthcare
systems face workforce shortages and limited access to inpatient rehabilitation, especially in remote
and rural areas. Personalized telerehabilitation represents a promising approach that can ensure
continuity and accessibility of recovery treatment for post-stroke patients. The aim of the study: To
assess the potential and effectiveness of personalized telerehabilitation in elderly and senile patients
with stroke-related impairments based on an analysis of recent domestic and international scientific
literature. Materials and methods: An analytical review of scientific literature, including
publications from the past ten years (2014-2024), was conducted, encompassing data from
randomized controlled trials and meta-analyses focused on evaluating the outcomes of
telerehabilitation after stroke. The literature search was carried out using both international and
Russian databases, including PubMed, Scopus, Web of Science, eLIBRARY, and the Cochrane
Library. The analysis included studies addressing both physiotherapeutic and cognitive aspects of the
rehabilitation process. Special attention was given to modern technologies used in personalized
telerehabilitation, such as mirror therapy. Results: Telerehabilitation has demonstrated effectiveness
comparable to traditional therapy in restoring motor and cognitive functions, as well as in the
treatment of post-stroke depression and balance disorders. Remote monitoring technologies allow for
the individualization of the therapeutic process and enhance patient motivation. Conclusion:
Personalized telerehabilitation is an effective and accessible method of recovery treatment for patients
after stroke. Its implementation is particularly relevant in resource-limited settings and can
significantly improve patients’ quality of life by increasing access to multidisciplinary care and
ensuring continuity of the rehabilitation process at all stages.

Keywords: telerehabilitation; telemedicine; digital healthcare; post-stroke rehabilitation; elderly
patient
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BBenenue. HecmoTpsi Ha coBpeMeHHBIE
CTpaTeruu peadWINTaluU, UHCYJIBT OCTAeTCs
BEAyILIECH NPUYMHOM MHBAJUJHOCTA KaK B
EBporie, Ttak u B Poccum. Exxerognas
3200J1eBa€MOCTh MHCYJIBTOM U CMEPTHOCTH OT
WHCYJbTa YBEJIWYWIaCh BO BCEM MHpE B
nepuoa ¢ 1990 o 2024 rox [1, 2]. Uucynet
SIBJISIETCSL BTOPOW MO 3HAYUMOCTU NPUYUHOMN
cMepTU cpenu BCEX XPOHUYECKUX
HeMH(pEKIMOHHBIX  3a00JeBaHMi, TpeThei
MPUYUHON CMEPTH M MHBAIUIHOCTH B MHDE,
IpU 3TOM OTMEYAeTCi POCT KAaK CaMoro
KOJIMYECTBA CIIy4aeB MHCYJbTAa BO BCEM MHUPE
B nepuoa ¢ 1990 nmo 2021 roxa, Tak U rojsl
KU3HH C TIONPAaBKOM HA HMHBAIMIHOCTH
(DALY) [3]. B Mupe HacuuThIBa€TCS OKOJIO0 62
MUJUTMOHOB YEJIOBEK, MEPEHECHINX HHCYIIbT,
[P 3TOM IMPUMEPHO TPETh U3 HUX JKUBYT C
Tspkenont muBanuaHocThio III m IV crenenwm,
XapaKTepHU3yIoLEencs BBIPAKEHHBIMU
HapyIICHUSIMHI JIBUTATEIHHBIX u/unu
KOTHUTUBHBIX  (yHkimii. B 2021 rogy
HEBPOJIOTHYECKHE 3a00JIeBaHUsl CTAIM OJHOU
W3 BEOyIIMX NPUYUH MOTEPU JIET KU3HU C
nonpaBkoid Ha uHBanMAHOCTH (DALY),
YCTYIIMB JUITb CEpICUHO-COCYUCTHIM
3a00J7€BaHUsAM KaK OCHOBHOM  MpHUYHHE
CMEpTHOCTH [4].

[TokazaTenu CMEPTHOCTH OT MHCYJIbTA U
€ro  paclpoOCTPAaHEHHOCTH  3HAYUTEJIBHO
BapBbUPYIOT MEXJY CTpaHaMU M PErHOHAMH,
9TO OOYCIOBJIICGHO pa3IUYUSIMH B YPOBHSIX
COLIMAJIbHO-9KOHOMHUYECKOTO pa3BuUTHS,
JOCTYITHOCTH MEIUIIMHCKOM MOMOIIIH, a TAKXKE
0COOEHHOCTSIMHU OpraHu3aIuu CUCTEM
3/1paBOOXpPaHEHUs u PO UITAKTUKH.
HaubGonbmee Opemss HHCylIbTa, Kak IO
4acTOTE, TaK U MO NOCIEACTBUAM, JIOKUTCS HA
CTpaHbl C HH3KUM H CPEAHUM YPOBHEM
noxoda, T/A€  OTpaHMYEH  JIOCTyn K
CBOEBPEMEHHOM JIMaTrHOCTHKE,
CHenuaIn3upoOBaHHON MTOMOIIIH u
nporpamMMaM peabmiurtanuu. HecmoTps Ha
HaJu4he JaHHBIX O PACIPOCTPAHEHHOCTHU
TPaJAULIMOHHBIX ()aKTOPOB pHUCKA CEpIEHHO-
COCYIHMCTHIX  3a0oneBaHWil  (TakMX  Kak

apTepuajbHas TUIEPTEH3HS, KypeHue,
OKUpPEHHUE U CaxapHbIi Auaber), ux yder Ha
YPOBHE MOMYJISIIUK JEMOHCTPUPYET calyro
IIPOTHOCTUYECKYIO IICHHOCTh B OTHOILUCHUU
o0meli CMEPTHOCTH OT HMHCYJbTa. ITO
YKa3bIBaeT Ha CyIIECTBOBAHUE APYTHUX, MEHEE
M3Y4YEHHBIX (PaKTOPOB — BKJIIOUAs COL[UAJIbHbIE
JNETEPMUHAHTBl  3/10POBbsl, HEPABEHCTBO B
MEIUIUHCKOW HWHPPACTPYKTYpe, KadecTBO
IIOCTHUHCYJIbTHOM  IOMOIIM ¥ YPOBEHb
OCBEJIOMJICHHOCTH HAaceJieHusl, — KOTOphIE
MOTYyT OOBSCHATH IOBBIIIEHHOE Opems
3a00JieBaHUs B CTpPaHAX C HU3KUM YPOBHEM

noxona [5].
Ananus CMEPTHOCTHU oT
cy0apaxHOMJIATbHOTO  KPOBOUBIHUSHUS B

ctpanax bPUKC — Bbpasunuu, Poccuiickoii
Oenepanun, WMuguu, Kutae u FOxHoi
Adpuke — 3a mocneHuE AECATUICTHS MTOKa3aT
paznuuus B JWHAMHUKE IOKa3aTeled MexXIy
CTpaHaMH. OTHU JIaHHbIE TIOJYEPKUBAIOT
HEOJAHOPOJHOCTh OpemeHun
1epeOpOBACKYIISPHBIX 3a00JeBaHUM "
3aBHUCHMOCTh MCXOJIOB OT JAeMOrpadUuecKux,
COIMATbHO-9KOHOMUYECKHUX u
OpTraHU3aIMOHHBIX (bakTopoB
3/ipaBOOXpaHeHus [6].

UccnenoBanusi mokaszai, 4ToO MEpBbIE
TpH Mecsia nocJe MEePEHECEHHOTO
WIIEMHYECKOTO HMHCYJIbTa SBISIOTCS — Tak

Ha3bIBAEMBbIM  «30JIOTBIM  OKHOM»  WJIH
KPUTHYECKUM EPUOIOM
HelpopeaOuIUTallMd, B TEUYEHHE KOTOPOTro
MIPOUCXOIAT HaunOoee MHTECHCHUBHBIE

MPOIIECChI  CIIOHTAHHOTO  BOCCTaHOBJICHUS
GyHKIMH U peMOJETUPOBAHUS HEUPOHHBIX
cereii [7]. B »ToT mepmonm HaGmromaeTcs

BbIpa)KEHHAast HEHpOMIaCTUYHOCTD —
CIIOCOOHOCTH ~ MO3ra  aJanTHpPOBaThC K
MTOBPEXICHHIO nyTeM NEePEeCTPONKH

HEUPOHHBIX CBSI3€H, aKTUBAIMU JIPEMITFOIINX
30H, a TaKke mepepacrnpencineHuss QyHKIHiA
MEXy Ppa3JuyHbIMUA OTAEJIaMU TOJOBHOIO
Mosra. [loBblllIeHHAass  YyBCTBUTEJIBHOCTD
LIEHTPAIbHON HEPBHOM CUCTEMBbI K BHEUIHUM
CTUMYJIaM JernacT peadbuIUTaIIMIOHHBIC
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BMEIIIATENILCTBA OCOOCHHO 3((EKTUBHBIMU B
BOCCTaHOBJICHUH JIBUTATEIIbHBIX,
KOTHUTHBHBIX U CEHCOPHBIX  (DYHKIIHH.
Perynspubie u L[eJIeHaIIPaBJICHHbIE
yIpaKHEHUs], TPOBOAMMBIE B 3TOT MEPHUO,
CIOCOOHBI 3HAYUTENLHO YIIy4IIUTh
(GYHKIMOHATBHBIE  HCXOJBI, COKpaTHTb
CTeNeHb  WHBAJIMAM3ALUM M  TOBBICUTH
ABTOHOMHOCTh MareHTa. Takum o00pa3zom,
CBOECBPEMEHHOE Hayajlo peaduIuTaluu B
npezaenax nepBbix 90 mHEN Mmociae WHCYJIbTa
SBJIAETCS OJHMM M3 KIIOUYEBBIX (DaKTOpOB
YCIIEUTHOTO BOCCTAaHOBJICHHUS W YIIyYIICHUS
KauecTBa JKU3HH B JlaTbHEHIIEM.

B moctuHCyneTHOW  ocTpoil  daze
IIPUMEPHO y 60-80% BBDKHBIIUX
OOHapY>KUBAIOTCS JIBUTATEIIbHBIC HAPyIICHHS
BEPXHUX WM HIDKHUX KOHeuHOCTel. Tonbko
20% BBDKUBIIUX TIOCJIE TSDKEJIOrO Iapesa
MOJIHOCThIO ~ BOCCTaHABIMBAIOT  (PYHKIIMH
BEPXHUX KOHEUHOCTEH 1o cpaBHeHUIo ¢ 80%
BBDKMBILIKX T[IOCJIE€ HWHCYIbTAa C JETKUM
napesom [8]. ¥V 50% BeDKHMBIIMX THOCHE
MHCYJIbTAa C IEPBOHAYAIBHBIM IPOSBICHUEM
TUIETHH BEPXHUX W HIDKHUX KOHEYHOCTEH
YaCTUYHO BOCCTAHABJIMBAETCS JABHraTelIbHAas
¢byukmus [9, 10]. Ogaum wu3  (axTopos,
BIMSIOIIMX Ha MOBCEIHEBHYIO aKTHUBHOCTb
1ocyie WHCYJIIbTA, SBISAETCS 00JIEBOW CHHIPOM.
B Teuenue mepBoro roma OH  yarmie
JIOKAJIM3yeTCsl B BEPXHUX KOHEYHOCTAX U
BbISIBIIsIETCSL TpuMepHO y 50% manueHTos,
MePEeHECINX HHCYIBT. Tak yCTaHOBJICHO, YTO
neueOHas ¢u3KynbTypa, ¢busnyeckas
peadwmTanysi C YIPaXHEHUSIMH MOMOTAIOT
BOCCTAQHOBJICHMIO XOJIbOBI M pPaBHOBECUS Yy
MAIMEHTOB TIOCJIe WIIEMUYECKOTO WHCYIBTA.
Taxoke u3yuyaercss BIMSHUE BMEIIATENBCTB C
VIOpaXHEHUSIMH ~ Ha  KAuecTBO  JKHU3HH,
cBsizaHHOe  co  3mopoBeeM  (HRQOL).
VYropaxkHeHus: crnocoOCTBOBAIM YMEPEHHOMY
YIYUIIEHUIO0 (PU3HUECKOTO0 M MCHUXUYECKOTO
3I0OPOBBSI, a TaKXKe TOKa3areneld KadecTBa
KHU3HHU B OTIENBHBIX JOMEHAX, CBA3aHHBIX CO
3nopoBeeM. Ilpm  sTOM  BIMsHHME Ha
COLIMAJIBHBINA M KOTHUTHUBHBIA JOMEHBI OBLIO
MEHee  BBIp@XEHHBIM.  BwmemarenncTBa,
KOTOpBbIE OBbUIM M3YYEHBI B TEUEHUE TIEPBBIX 6
MecsIEB nocine MIEPEHECEHHOTO
UIIEMUYECKOTO WHCYJIbTA, JUTMIUCh HE MEHEe

12 nenens, BkIoyanu He MeHee 150 MUHYT B
HEJeN0 ¥ BKIIIOYAJIM CHJIOBbIE TPEHUPOBKH,
okazanuch HambOonee OS(O(HEKTUBHBIMU H
JOJKHBI paCCMaTPUBATHCS KaK HEOTheMIIeMast
yacTh peabOunurtanuu [11].  JourtensHoe
(yHKIIMOHATILHOE  BOCCTAHOBJIGHHE  TaKXKe
HaXxOQUTCSI B MPSAMOM 3aBUCUMOCTH  OT
HCXOIHOM TsKecTH mapesa [12].

CHUXEHUE NIIUTENbHOCTH MPEeOBbIBAHUS
00JLHOTO B CTallMOHApE HE BCErJa SBIIAETCS
MIPUYMUHOU CHIDKEHHUS 3¢ EeKTUBHOCTH
mpouecca peabwiuranuu. Kaxapii  Tun
MEIUIIMHCKUX  OpPraHHM3aIMid  BBITOIHICT
OTBEJICHHBIE eMy (PYHKIMHM KaK B Jie4eOHO-
JMAarHOCTHYECKOM, TaK U PeadMIINTAIIHOHHOM
nporeccax. Bropoit u  TpeTuid  ITankl
KOMIUIEKCHOW peadHIuTalny, B TOM YUCIe U
MEIUIIMHCKOM, MOTyT  OBITh  YCIELIHO
peajin30BaHbI BHE CTAIIMOHAPHBIX
MEIUIIMHCKUX OpraHu3alui, Hampumep, B
KOMIUIEKCHBIX peaOMINTallMOHHBIX [ICHTPAX, B
TOM 4YHCI€ OTHOCSIIMXCA K CHCTEME
COLIMAJIBLHOM  3aluThbl  HaceneHus.  Jua
JOCTHKEHUS KITMHUYECKH 3HAYUMBIX
pe3yNbTaToB  peabUIUTALIMOHHBIM  IpOLECC
JI0JKEH OBITh Oe30MacHbIM, Y3PPEKTUBHBIM H,
o BO3MO>KHOCTH, JNOCTYITHBIM  JUIS
BBITIOJTHEHHMSI B IOMAIIHUX yclloBusix. [1o mepe
pa3BUTHS KOMMYHHKAIIHOHHBIX TEXHOJOTHI
MOSIBJISIETCST  HOBBIM MeETOJ peabuInTaIiH.
DTOT METO]T Ha3bIBAETCS 3€pKalIbHAs Tepamnus
(3T), xoTopas BBI3BIBAET KOPTHKAIBHYIO
peopranusaluo u CHOCOOCTBYET
IUTACTUYECKUM HM3MEHEHUsIM B Mo3re 0e3
HEOOXOUMOCTH  JIBIDKEHUS  MOPa)KEHHOM
koHeyHoctd. 3T  MoeT  INO3BOJIMTH
MPOJIOJDKUTh  PEaOMIIMTAIMOHHOE OO0ydYeHUe
JTUCTAHIIMOHHO TIOCTIE BBIMTUCKHU IMAIMEHTa U3
CTalllOHapa U MPUMEHSETCs KaK HOBBIN METO/
tenepeabunutaruu (TP). TP mpencrasmsier
co0ol peabuiMTAIMI0O HA PACCTOSHHH C
HCIIOJIb30BAHUEM DJIEKTPOHHOW CBSI3H, a HE
«JIUYHO». DTOT MOAXOJ OCOOEHHO TOJIE3€H B
CEJIbCKOM MECTHOCTH, €ro HCI0JIb30BAHHE
BO3pPOCIIO MO HEOOXOJMMOCTH BO BpEMs
naggemuu COVID u HO3BONMIIO JIOOSIM
MIPOJIOJIKATh MOJTy4aTh
peabmnuramnuio. Takke — TerepeabUIUTALNS
MOXeT A()PEKTUBHO CHU3UTH HArpy3Ky Ha
JIMLI, OCYLIECTBIISIOIINX YXO/ 3a NalUEeHTaMH
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nocjiie  MHCYJIbTa, W
OCBEJIOMJICHHOCTh u
KOMIIETEHTHOCTH.

TP nyna nepeHecHIMX HHCYJIBT CTaja
MHOTOOOCIIAIONIUM  BMEIIATEIIbCTBOM IS
JMCTAHIIHOHHO KOHTPOJIUPYEMOTO
pUMEHEHHS (PU3UIECKOU, TPYAOBOM, PEUEBOIA
u apyrux GopMm Tepanuu, HalpaBJICHHBIX Ha
yIy4YIICHUE JIBUTATEIBHBIX, KOTHUTUBHBIX H
peueBbix ¢yHkmuii [13]. CormacHo ormpocy,
82% YNEeHOB CeMbH, OCYIIECTBIISIONUIUX YXO/I,
obecrieunBaidi ~ yXoa 3a  OOJBHBIMH  C
WHCYJIBTOM OoJiee 8§ 4acoB B JICHb.

JlokazarenbcTBa C HHU3KOM CTEMEHBIO
JOCTOBEPHOCTH ~ YKa3bIBAIOT HAa TO, HTO
BHE/IPEHHE BMEIIATENbCTB B PEAOHIUTALIUIO
Mocje  WHCYJbTa  MOXET TMPHUBECTH K
HE3HAUUTENILHOM WM HYJEBOM pasHHUIE B
COOJIFOJICHAM TAIUCHTOM PEKOMEHIYEMOTO

MOBBICUTh  HX
YPOBEHb

JICUCHHUSL. B peadMIIUTAIIHOHHBIX
MEPOIPHUATHIX rociie NIEPEHECEHHOTr0
UIIEMUYECKOTO UHCYJIbTa  HEOOXOAUMO

COJIeMCTBHE HECKOIBKUX KBATU(DUIIMPOBAHHBIX
MEIULUHCKUX PabOTHHKOB, BKJIFOUast
TEpareBToB, (U3NOTEPANEBTOB, KAPAHOJIOTOB
u snoronezaos [ 14].

B mnacrosimee  Bpewmsi,  Omaromaps
ObICTPOMY IPOTpeccy TEXHOJOTMH JICUeHUs B
ocTpoii  (paze  MIIEMHUYECKOTO  HMHCYIbTA,
CMEPTHOCTb MAI[IEHTOB 3HAYUTEIBHO
CHM3MWJIaCh, HO YHCJIO BBDKMBIIUX WHBAJINIOB
pacter, U OOJIBIIMHCTBO M3 HUX — IOXKUJIbIE
MAI[UEHTHI. BaxubiM IpeCTaBisIeTcs
JOCTYITHOCTh JIAHHBIX YCIIYT, OCOOEHHO ISt
MAIMeHTOB CTApIIMX BO3PacTHBIX Tpymm. Mx
HEIOCTYIIHOCTh ~ MOXET  HPUBOAMTH K
HEMOJHOMY W HEIOCTaTOYHO 3(PPEKTUBHOMY
BOCCTAQHOBJICHHIO MAIIMIEHTOB II0CJIE UHCYJIbTA.
JIONOTHUTENBHO  CTOMT  OTMETHTh,  4TO

pea6I/IJ'II/ITaI_II/I$[ HannucHTOB B
CIICOAIIN3NPOBAHHBIX JIeueOHBIX
YUPCIKACHUAX nona Ha6J'IIO,Z[eHI/ICM

MEIUITMTHCKOTO TEPCOHAJIA YaCTO OCIIOKHSIIETCS
TPYJHOCTSIMU CO CTOPOHBI POJICTBEHHHUKOB
OOJILHOTO HWJIM JK€ CaMoro MalldeHTa,
CBSI3aHHBIX C TPAHCHOPTHBIMU OTPAHHUUEHUSIMU
MU JOCTAaBKOM MalueHTa Ha mnpouexypsl [15].
[Ipu JoOMalIHen TP B Ka4yecTBeE
TEJIEKOMMYHHUKAIIMOHHBIX YCTPOWCTB MOTYT
HCIOJIb30BATHCS MPOCTHIE TAJKEThI, KOTOPHIE

€CTh BO MHOTHX CEMbsX: Tele(OH, IJIaHIIET,
HOYTOYK miu kommbioTep [ 16, 17]. C momorsto
TP M0xHO 00ecneunThb )KU3HECTIOCOOHBIH My Th
JUIs  yJIOBIETBOpPEHHUS  MNOTpeOHOCTEH B
peaduiuTaly JIML, TEePEHECIINX HHCYJbT, B
CeNIbCKUX  pailloHaX ¢  OrpaHUYEHHBIMH
pecypcamu.

Hear wuccaenoBanus. M3yuntb u
MIPOAHAIN3UPOBATH COBPEMEHHYIO JTUTEPATYPY
[0 HAY4YHBIM IyOJUKAIMSIM, MOCBSALICHHBIM
3 PEKTUBHOCTH W TEPCHEKTHBAM Pa3BHTHUS
MIEPCOHATM3UPOBAHHON TenepeadIuTaluu y
MAIMEHTOB CTapIINX BO3PACTHBIX TPYIII TTOCIIE
MIEPEHECEHHOT0 UIIIEMUYECKOT0 HHCYJIbTA.

MartepuaJbl 4 MeTOABI HCCJIEIOBAHMS.
B npouecce noaroroBku 063opa 661 IPOBEICH
yTITyOJIEHHBIH aHaJM3 COBPEMEHHBIX
OTEUYECTBEHHBIX U 3apYOEIKHBIX UCCIICOBAHUM,
MTOCBSIIIEHHBIX MEePCOHATU3UPOBAHHOMN
TenepeadrIuTauu (TP) MAIMEHTOB,
nepeHecmux  HUHCYJIbT. OCHOBY  PabOThI
COCTaBWJIM  JaHHBIE, OIYyOJMKOBAHHBIE B
HayYHBIX pEIEH3UPYEeMbIX O KypHajlax 3a
nocrneaaue  jgecatb Jetr (2014-2024  rr.),
BKJTIOYAsi PE3yNbTaThbl PaHJIOMHU3UPOBAHHBIX
KOHTPOJIUPYEMBIX UCCIIEIOBAaHUH,
CHCTEeMaTHYECKIX 0030pOB U METAaHAIN30B.

JlutepaTypHblii TOUCK TPOBOAUIICS B
psie MeXIyHapOIHBIX M OTEYECTBEHHBIX 0a3
nanHbix: PubMed, Scopus, Web of Science,
Cochrane Library, eLIBRARY, c
WCMOJb30BAHUEM  PA3IMYHBIX  KOMOWHAIHIA
KITFOUEBBIX CIIOB " TEPMHHOB:
TenepeadIuTaIus; TeleMeIUINHA; LU(ppPOoBOe
3PaBOOXpAaHEHNE;  PEeaOWIUTAIs  TIOCIe
WHCYJIbTA; OXKUION manueHT. [louck Brimrouan
KaK 3aroJIOBKH CTaTel, TaKk W aHHOTAIlUH, Oe3
OTPaHUYEHUH 10 SI3BIKY MyOIUKAIUH.

B 0030p BkiIIOUEHBI MyOJIMKaIUH,
OCBeIlaloIIne KaK (PU3N0TeparneBTHUECKHE, TaK
Y KOTHUTHBHBIC aCTEKThI peaOMINTallMOHHOTO
nporecca. OCHOBHOE BHHUMaHHE YJIENICHO

OIICHKE s HeKTHBHOCTH Ppa3IMYHBIX
TEXHOJIOTHYECKUX MOAX0A0B K TP, BKitouas
MPUMEHEHHE  BHUPTYAIbHOW  PEalbHOCTH,
CEHCOPHBIX  MHTEp(ErcoB,  MOOHMIBHBIX

NPWIOKEHUH W CHCTEeM JUCTAaHIIMOHHOTO
MoHuTOpHHra [18].

JIns cucteMaTH3aluyd U KPUTHYECKOTO
aHaJn3a coOpaHHOU uHpOpMann
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HCIIONB30BAJICS. ~ CPAaBHUTENBbHBIA  METOJ,
IIO3BOJIMBILIUI BBIJICIIUTH KIIIOUEBbIE

HaIpaBJICHUs, IPEUMYIIECTBA U OTPAaHUYCHUS
CYIIECTBYIOIIUX CTPATeTHi JUCTAHIIMOHHON
peabunmuTaK, a TaKXKe NEPCIEeKTHBBI UX
JTaNbHEHIIIETO Pa3BUTHA.

PesyabTratel M uX oOcyxaeHwue.

JlokazarenbcTBa s dexTuBHOCTH
TeJIepeadMINTALNN TIOCNIE MHCYJIbTa HavajH
MOCTYTIaTh u3 PaHIOMU3HPOBAHHBIX
KOHTPOJIUPYEMBIX UCCIIEI0BAHUM.

Meraananu3s, nposeneHubiii B 2015 1. Chen
et al., BkiItouaBIIMil 7 paHAOMU3UPOBAHHBIX
KOHTPOJIUPYEMBIX ~ MCCJIEAOBAHUM, OLICHWI,
npusena au TP k yimydmnieHuio criocoOHOCTH B
MOBCEIHEBHON  JEATEIILPHOCTH  ITallHEHTOB,
MEPEHECIINX UHCYJBT JI0Ma, U HE OOHAPY KU
CYIIIECTBEHHBIX PA3JIMYHA B CIIOCOOHOCTH K
IMOBCEAHEBHOM AEITEIHFHOCTH 1 ABUTaTCILHOMN
(GYHKIMM MEXIy TPYIIaMH, IOJTy4YaBITUMHU

TPaJULIMOHHYIO peadbmIuTaInio u
TeepeabuInTaIUIo [19]. 10  pano
BO3MOYXHOCTh crenarb BBIBOJ] 00
3¢ (HEeKTUBHOCTH JTAHHOTO MeToaa

peabunutanuu. Kpome toro, TP adppextuBHo
OpPUMEHSJIaCh Ul JOMAIHEro  JIeUeHHs
TUC)YHKIIMM ~ BBICIIMX  OT/AEIOB  KOPBI
FOJIOBHOIO MO3ra M JENpecCuu  IOcCie
uHcynbTa [20] B AOmOMHEHUE K (PU3MUECKON
peadwiInTallMM  JABUraTeIbHBIX HapyLIeHUN
[16]. Omnpenencna 3¢ HEKTUBHOCTD
yIy4lieHus: (QyHKIUMM BEpXHUX W HUKHHUX
koHeuHoctei [21]. [Ipu aTOM, eciu TOBOPUTH
O JMCTaHIIMOHHOM  peabuIuTaluu  IpH
HapyIIEHUSIX MOTOPUKH M BBICIIMX OTJEIIOB
KOpbl TOJIOBHOTO MO3ra, a Takke IpH
MOCTUHCYJITHOM  JIETIPECCHH,  TO OHa
oKaszallachb CTOJIb € J(PQEeKTHBHA, KaK H
WHWBUyalbHas Tepanus. VccriemoBaHus
MOKa3bIBAIOT, UYTO OOyYeHHE  CIOXKHBIM
3aJlayaM ~ MMEeT  NPEeHUMYIlecTBa  Iepea
o0y4yeHHeM MPOCTHIM 3ajayaM. Y CTAaHOBJIEHO,
YTO TPEHUPOBKH TTOBTOPSIOMINXCS TBUKCHUH
OpU  BBIMOJIHEHUM  CJIOXKHOM  331a4H
JTEMOHCTPUPOBATH OOJBIITY IO
(GYHKIMOHATBHYIO u CTPYKTYPHYIO
IUTACTUYHOCTh COOTBETCTBYIOIIMX oOOacTei
KOpBbI, MPOIMIEIIINE TPEHUPOBKY MO MPOCTOM
3aJjaye€ MMEIOT IIO0JIOKUTENbHbBIE JaHHBIE.
Taxxke 1OKa3aHO, UTO IOBTOPSIOLIMECH

TPEHUPOBKM TPU  BBINOJTHEHUH  CIOKHBIX
PYUYHBIX 3aJa4 MPUBOJAT K (PyHKIIMOHAIBHOMN
peopraHu3alui KOPKOBBIX KapT, B TO BpeMs
KaKk MOBTOPSIOLIMECS TPEHUPOBKH  MpH
BBITIOJIHEHUH ITPOCTHIX PYYHBIX 3a/1a4 3TOTO HE
nenarot. Pascual-Leone et al. [22] mokasaimu,
YTO Yy 3/0pOBBIX JIIOJIE NOBTOpSIOLIEEC
oOydeHue CI0KHBIM 3a7auaM Ha (opTenuaHo
JEMOHCTPHUPOBAIIO Jayuiiee MOTOPHOE
oOydyeHHEe M W3MEHEHHS B BO30YyJIMMOCTH
KOpBbI, Y€M TIOBTOPSAIONIMECS 3aHATHS TI0
MpOCThIM 3a7ayaM Ha Qoprenuano. TP ¢
yIOpOM Ha TPEHUPOBKY CJIOXKHBIX 3a7ad C
MapeTUYHOM KOHEYHOCTBIO MOXET OBITh
s dexTuBHON JUTA COCHCTBUS
peopraHmzany  Mo3ra W JallbHEHIIero
BBI3ZIOPOBIICHUSL Y JIOAECH C IEPEHECECHHBIM
HHCYJIBTOM [21, 23].

Y OonpLIMHCTBA NAIMEHTOB IOCIE
WHCYNIbTa  HapylleHa  CIIOCOOHOCTh K
paBHoBecuto. llpenpinymiue uccnenoBaHus
MOKa3ajy, 4YTO TMOKa3aTenu OallaHca MOTYT
OBITH yJIy4YIlIEHBI JIUOO MOCIE TPAAUIIMOHHON
TPEHUPOBKU OanaHca JUIOM K JHILY, JHOO
ocJie TPYNIOBOW Tepanuu AJisi YYaCTHUKOB C

MOJIOCTPBIM 17011 XPOHUYECKUM
uHCysbTOM. Lai JC, u Op. IPUMEHWIIA
BOCBMHHEAENbHYI0 TP s manueHTos,
MEPeHeCIInX  HMHCYJIBT, W  PE3yJbTar
MIPOJIEMOHCTPUPOBAIT 3HAYUTEIHHOE

yJIydllleHHe IoKa3areseil mo mkane OanaHca
bepra [24]. Wccnenoanue Cikajlo u op.
TaKXKe yKaszajiW, 4TO HCroiib3oBaHue TP ¢
o0yueHneM  OamaHcy C  TOAJIEPXKKOM
BUPTYJIbHOW PEATbHOCTH MOXET HMETh TaKHe
ke d¢¢ekTel, Kak U O0bIYHas Tpymnma
o0ydeHus 6amaHCy y MaIMEeHTOB C MOIOCTPHIM
W XPOHUYECKUM MMOCTUHCYJITHBIM
COCTOSTHUEM, TTPOXKUBAIOTITIX B
peabmIMTaIlMOHHBIX OobHMIIAX [25].
TenexoMMyHHKAIIMOHHBIE

WHCTPYMEHTBI JJIS1 YJAJIEHHOTO U JOMAIITHETO
yIIpaBJICHUS 37I0POBbEM pazpabaThIBaINCh Ha
MPOTSDKEHUM MHOTHX JieT [26]. TexHomoruu
OEeCIPOBOTHON CEHCOPHOM CETH C MOMOIIBIO
MH()OPMAIMOHHO-KOMMYHHUKAITUOHHBIX — TEX-
HOJIOTUH  MOTYT  HCIIOJIb30BaThbCAd  JUIA
nepeayd M MOHMTOpPMHIA  TOKa3aTenei
KHU3HEJCATEIbHOCTH KIUEHTOB BpadyaM WIH
teparieBtam [27]. Buenpenue cuctemsr TP 6e3
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aJICKBAaTHBIX ~ (QYHKIUH MOHUTOPUHTA H
OLICHKA MOXET OBITh PHCKOBAaHHBIM JUIS
npuHsaTusa pemennit [12, 28]. Ilpeumymiectra
TP nans manueHTOB ¢ HEBPOJOTHYSCKUMHU
3a00JIeBaHUSAMU BKJIIOUAIOT OoJiee MUPOKUI
JOCTYIl K YyCIyraM MOCTpeaHUMaIlMOHHON
peabunuTanyu Ha OOJIBIIOM paccTOSHUH [29]
Y MEHBIIYIO CTOMMOCTb, YeM CTallMOHAPHBIC
yciyru [30].

Tax KaK TAIMCHTHI nocie
MEPEHECEHHOTO HWHCYJIbTa C BBIPAKCHHBIMH
(bYHKIIMOHATIBHBIMU HapyIICHUSIMHU
HYXJAIOTCS B JUTUTCILHON peadmInTaIuy,

HUCIIOJIL30BaHUE JIBYHAIpPaBJICHHON u
MHOTOHOJIb30BaTeabcko TP cucremMsl B
peadMIMTAIIMOHHBIX NporpamMmmax

1enecoo0pasHo Ui yiIydiieHus: OamaHca u
(GYHKIMOHATIBHOM aKTMBHOCTHU PE3HJIEHTOB C
XPOHUYECKOM TIEMHIUIETME B  CUCTEME
JOJTOBPEMEHHOIO yxona. Tem He MeHee He
OBUIO TIPOJEMOHCTPUPOBAHO CYIIECTBEHHBIX
paznuuuii B OasaHce M (YHKIMOHAJIbHON
aKTUBHOCTH MEXy rpynnamu
BMELIATEJIbCTBA II0 CPAaBHEHHIO C TPYIIION
TPAOULMOHHOW Tepanuu. XapaKTepUCTUKHU
Hacrosuien mporpammel TP Brirouanu:
KpPaTKOCPOYHYIO HEOOJIbIIYIO
TEpaNeBTUUECKYIO T'PYIIy M HMCIOJIb30BaHHUE
KOMMEpUYECKH  HEJOpPOroro  CEHCOPHOIO
9KpaHa C TPEXMEPHBIMH WHTEPAKTUBHBIMU
WUrpaMu  JJIsi COMAaTOCEHCOPHOW oOpaTHOM
CBSI3M PYKM, a TaK)K€ KOTHUTHUBHOW 3aJauH,
HanpuMep UIPbl, BO BpeMs TPEHUPOBKU
paBHOBecust cuas u crtos [31]. B Tekymem
UCCIIEIOBAaHUH CPEAHHE 3apEerUCTPUPOBAHHBIE
pasnuuus (10 W Tocne) mo mkaue OanaHca
bepra B o0eux rpymnmax COCTaBIsUIH
npubmusurensio or 4 go 5. OpHako
uccrnenoBanre Hiengkaew u ip. oOHapy»)uIH,
YTO MHUHHMMAaJbHAas KIMHUYECKH BaKHAs
pasHuna mno 1mkajge OanaHca bepra mpu
XPOHUYECKOM UHCYJIbTE COCTaBJIIsET
4,66. Takum oOpazom, kak TP, Tak w
TpaJULUOHHAS TEPANNS MOTYT MO AEPKUBATh
WJIM HEMHOTO YJIy4IllIaTh OajlaHC B HEOOJIbIIOH
BBIOOpKE YYAaCTHHKOB IIOCIIE MEPEHECEHHOTO
UHCYJIbTA,  IPOXMBAKOIIMX B JOMax
JOJTOBPEMEHHOIO  yXona. JIOHTUTIOHBIE
UCCIICIOBAaHMUs IIOKA3ald, 4YTO IIOYTH BCE
MAIUEHTBHI, IepeHecIIne UHCYJIBT,

UCTIBITHIBAIOT HEOOJBIIYI0 TPEACcKa3yeMylo
cTeneHb (YHKIMOHAJIHLHOTO BOCCTAHOBIICHUS
B IIEpBbIe 6 MecsleB Nocie MHCynbTa [32].
Wurepecho, 4TO YOpaXHEHUS Ha
MaHHITYJIMPOBaHUE BEPXHUMHU KOHEUHOCTSIMHU
Ha TPEHUPOBKaX OyIyT MMETb aHAJIOIMYHBIH
3¢ EKT Kak MpH UTpe ¢ CEHCOPHBIM HKPAHOM
(rpynmma  Tele), Tak wm T1pu wurpe ¢
mstgom/muTeipem (rpynma Conv). TlogoOnble
MpOrpaMMbl C TPEHUPOBKOW  3pUTENIBHO-
MOTOpPHOW KOOpAHMHAIIMK TAaKKe IOKa3alu
BaKHBIN ahdexr B MOBCETHEBHOM
(YHKIIMOHATTBHONW aKTUBHOCTH YYaCTHUKOB
[32]. TlamueHThl C BBICOKHM IMO3MTHUBHBIM
OTHOIICHHEM K peaOMIINTAIIMHA COWIN CUCTEMY
TP Oomee Tmone3HOH W  TPOCTOH B
WCTIOJB30BAHUU.  YUUTHIBAS  COKpAIECHUE
BPEMEHH MOE3/IKH U3 YUPEXKICHUS B OOTBHUILY
1 00paTHO, a TaKXKe MOBBIIICHHBIH HHTEPEC K
urpaM, ydactHuku rpynnsl Tele wumerot
OoJbIIIe HAMEPEHHU PEKOMEHIOBATh CHCTEMY
TP npyrum naupeHram.

Nwmerommecs: JaHHBIE CBHIETEIBCTBYIOT
0 TOM, 4TO 3(PQPEKTHUBHBIE TEPANEBTHUUECKUE

BMCIIAaTCIILCTBA JUIA BOCCTaHOBJICHHUA
Z[BHFaTeHBHOﬁ (bYHKI_II/II/I INOTCHLIHUAJIBHO
JOJIXKHBI OBITH COCPEAOTOYCHDBL Ha

BBHIMOJTHEHNH (YHKIIMOHATIBHBIX 3a1ad. Tem
HE MEHee CTpaTeruu oOy4eHus,
OpPUEHTHPOBAaHHbIE Ha 3aJayM, TaKUE Kak
JIBUTATETbHAS Tepanusi, BBI3BaHHAas
OTpaHUYEHUSIMHU, TpPEOYIOT OMpeAeNeHHOM
CTENEHW  TMPOU3BOJBHBIX  JBUXKEHUU W,
CJIeI0BATENbHO, HE MPUMEHUMBI IS JTIOJEH C
TSDKEJTBIM TIape30M TOCIe HHCYIIbTa. B HOBBIX
CTpaTerusix OOydYeHHUs il DJTOH TPYIIIIBI
MaIMEeHTOB HCTIONB3YIOTCS
3JEKTPOMEXAHUUECKHE TPEHAXKEPHI,
JJICKTPUYECKAss CTUMYJISIHS MBI WA
MOBTOPSIOIIASCS MacCUBHAs U
BCTIOMOTaTeNIbHAS IBUTATEIbHAS CTUMYJISIIHSL.

B kauecTBe albTepHAaTHBHOrO MOAXOJA
K JICYeHWI0 OblIa TPEIJIOKEeHA 3epKajabHas
tepanus (3T) Kak MOTEHIMAIBLHO MOJIE3HAS
[33]. 3epkampHast Tepamus MpEACTaBISIET
co0o0if MeTo] peabuIuTaIK, OCHOBAaHHBIN Ha
HCIIOJIb30BaHNUN BU3YaJIbHOTO oOpa3za
JBHKYILEHUCS HENOPAKEHHON KOHEYHOCTH IS
CO3JaHus WJUTIO3UH JBUKEHHUS B
napanu3oBaHHod. g 3TOrO  MEXAay
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KOHEYHOCTSMH MAlMCHTa YCTAHABIMBACTCS
3epKajJ0 TakuM 00pa3oM, 4TOOBI OH BHIEI
TOJILKO  OTPAXXCHHE 370POBOH  CTOPOHHI,
BOCITPUHUMAS ero KaK JIBHDKCHUE
IIOCTPA/IaBIIECH. JlaHHbI1 MOAXO0N
MPUMEHSIETCS HE TOJIBKO 11 BOCCTAHOBJICHUS
JBUTATCJIBPHONW  aKTUBHOCTH, HO  TaKKe
JEMOHCTPHUPYET 3G HEKTUBHOCTH B KOPPEKIMU
CCHCOPHBIX  PACCTPOWCTB,  YCTpPaHCHUH
3PUTENLHO-TIPOCTPAHCTBEHHOTO UTHOPH-
pPOBaHUSI M CHW)KEHHH OOJICBOTO CHHIPOMA
mociae wuHcyiabra [34]. Tak mnpu pabore
NAalMeHTa W HaOmIomast 3a JBHKCHHSIMU

HENapeTUYHOW  KOHEYHOCTHM  BO3HUKACT
BUJIUMOCTD BO3MOJKHBIX JIBUKECHUN
[IapeTUYHOW KOHEYHOCTU. JlocToMHCTBaMu
3epKaJIbHOU Teparnuu SIBIIAIOTCSA
OTHOCHUTENIbHAsl  IPOCTOTa  IPUMEHEHHUS
METOAUKH u BO3MOKHOCTb

peadMINTAllMOHHBIX MEPONpUATHH y cebs
70Ma B KPYTy CEMbU M 0€3 JOMOIHUTEIbHBIX
YCUJIM, CBSI3aHHBIX C MOE37KaMM B JieueOHoe
yupexnaenue. Kpome Ttoro, ObUI0 3asBi€HO,
yro 3T obneryaer reMunapes nocie HHCYIbTa.
HenaBHO  HeEKOoTOpble  aBTOpBI  ONHUCAIH
«3EpKaJIbHBIE» BHUJIEO- WIH KOMIIBIOTEPHO-
rpaduyecKkue yCTaHOBKH, B KOTOPBIX BHJIEO-
U KOMIIBIOTEPHO-TpaduuecKoe
n300pakeHne  ABWXKYIIEHWCS  KOHEYHOCTH
NpEeJCTaBIsAeTCs TaK, Kak ecid Obl OHO OBUIO
MPOTUBOIONIOXKHBIM [35].

Konnenmus 3T MOJIyYrIIa
Helpo(dU3n0IornIecKoe 000CHOBaHHE.
Nwmerorcss naBHUE J0KA3aTENbCTBA TOTO, YTO
HaOJt0/IeHNe 3a JIBUYKEHUSIMU U BBIMIOJIHEHHE
HAOIIOAaeMBIX JCWCTBUH HMEIOT CXOXKHE
NBUTaTeIbHbIE O00JacTH KOpPbI TOJIOBHOTO
Mo3ra. OrtpaxeHue JBUKEHUS (TO €CTb
WHBEPCHUSl 3pPUTENBbHOM O0OpaTHOW  CBSI3M)
MPUBOJUT K JIONOJHUTEIBHOM aKTUBALMU
MoJTyIapus, MIPOTUBOMOIOKHOTO
BOCIIPUHHUMAaEMOU JaTepaNbHOCTH
KOHeYHOCTH. Mmmo3ust  3epkaja  MOXKET
MOBBIILIATh KOPKOBO-MBIILIEYHYIO
Bo3OynuMocTb. Ha  ceromuss  ocrarorcs
HEU3BECTHBIMM TOYHBIE I1aTOT€HETHYECKHE
MEXAHU3MBI BIIMSHUSA 36PKAJIBHON Tepanyuy Ha
BOCCTAHOBJICHHE TNAIlMEHTOB, IE€PEHECIINX
UIIEMUYECKHA HMHCYJNbT. (CuuTaercs, dYTo
BHU3YaJbHBIA 00pa3 MapeTUYHOW KOHEYHOCTH

paccMarpuBaercs Kak COOCTBEHHAs
KOHEYHOCTh ManueHTa. Mimo3us 3epkana
MOJXKET MPEIOTBPATUTh WU OOPATUTH BCIISTH
3ay4eHHOe ee Heucrob3oBanue. Kpome toro,
32 CUET MOIYISIUU KOPKOBO-MBIIIEYHOM
Bo3Oyaumoct 3T  MOXeT  HampsMylo
CTUMYJIMPOBATH JIBUTATEIILHOE
BOCCTaHOBJICHHE. Haxomnerr, 3T
paccMaTtpuBaeTcsi KaK BapHaHT OOy4YCHHS
BOOOPaKEHUIO JIBUXKEHUM, KOTOPBHIH OCHOBaH
Ha  TIOBTOPSIFOIIEMCS  BOOOPOKEHUU |
MBICICHHOM  TOBTOPEHHH  JBUTATEIbHBIX
3aaad. [Ipu 5TOM MOXHO TOBOPHUTH O TOM, YTO
ornpezeneHue BU3YaJIbHBIX o0pa3oB
MapeTUYHBIX BEPXHUX KOHEYHOCTEH,
KOHTPOJIMPYEMbIX MAI[UEHTOM, 3aBUCHT OT
HENIOCPEACTBEHHOW CBSI3M  BU3YaJIBHOHM H
JBUTATEIbHOW 00paTHOM cBs3u. MIMEHHO 3TO
akTuBHOE JiefictBue omnyaet 3T oT Tepanuu
HaOIr0IeHUS 3a iericTBHEM [36].

[Ipu 3TOM HccnenoBanuss U300paxeHUM
TaK)Ke MPEANOoNaraloT, 4YTO 3epKalibHbIC
KOMITBIOTEPHBIE TpadUuyuecKue H300paKeHUs
o0pabaThIBarOTCS TaK e, Kak M300pakKeHUs
peanbHBIX JBIXKCHHH 1O TeX Top, TIoKa
BpEMEHHas u MIPOCTPAHCTBEHHAS
COTJIACOBAaHHOCTH C PEabHBIMH JIBHXKCHHUSIMU
HE OITYCKaeTCsl HM>KE ONPEIETICHHBIX TOPOTOB.
Takum  oOpazoMm,  jgaxke  TEXHMUYECKU
CreHepUpPOBAHHBIE M300paKeHUs
JBIDKYIINXCS KOHEUYHOCTEH 4YeloBEKa MOTYT
OBITH MHTETPUPOBAHBI B CXEMY Tella C TEM Ke
YyBCTBOM JIEUCTBHSI, YTO U MPU «PEATHHOMY
orpaxkeHuu [37]. DTo KacaeTcs HEMOTOPHBIX
CHUMIITOMOB, HEKOTOPBIE UCCIICTOBAHUS TAKKE
oOHapyxwiu 3HauuTensHoe BiusHue 3T Ha
COMAaTOCEHCOPHbIE HapyIIEeHUS mocJie
HWHCYJIbTA [38]. bruto BBICKa3aHO
MPEANONOKEHNE, YTO MPUIYMHOM  ITOTO
a¢pdekTa SABIAETCS CHIIBHBIN BU3yalbHBIHA
CTUMYJ HaONIOJEHUsI 3a CaMOCTOSTEIbHO
BBITIOTHEHHBIMU ~ JIBIDKEHUSIMA B 3a0BITOM
nonymapud. OpHaKo 23TO MOXHO OBLIO
MOATBEPAUTh TOJIBKO B TOM Ciy4yae, €ciu
3epKajio OBLJIO MOMEIIEHO Ha MOPaXEHHYIO, a
HE Ha HEMOBPEXKICHHYIO CTOPOHY Tejla
[37, 39].

Crpateruun  peaOWIUTAIIMM  JOJIKHBI
ObITh TMOBTOPSIOUIMMHUCS, UHTEHCUBHBIMH H
CHeU(PUIHBIMU 11 HEUPOTIACTUYHOCTH,
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9TOOBI o0ecreunTh BEI3IOPOBJIEHHE.
VYcra"HoBIIEHO , qTo, Korga TEpaIui

HAYMHAETCi B PpPaHHUM I[EpUON  IIOCIIE
UIIEMHYECKOT0 MHCYJIbTa — OT 16 4acoB — H
IUIATCS 10 3—6 MecdreB, HaOmromaeTcs 0ojiee
3HAYUMOE JIOCTOBEPHOE YIydYIlleHHE Kak
IIOKa3aTesen HHJIEKCa AKTUBHOCTH
MTOBCEIHEBHOM KU3HU C TIOMOIIBIO YCUIICHHOM
neueOHON (DUBKYIBTYpBI, TaK U TOKa3aTesel
KauecTBa  JKM3HM  JAaHHOM  KaTeropuu
rmanueHToB [34].

[Tokazarenn mOBCeTHEBHON aKTUBHOCTH
He ynyumamuchk npu 3T B 3 uccienoBanusx,
paBHO Kak M KadecTBO xu3HHM. Park J.Y. u
COABTOPBl YCTAHOBWJIM BJIHMSHHUE 3€PKAIBHOU
Tepanuu Ha (YHKIMIO BEPXHUX KOHEYHOCTEH
U TIOBCEAHEBHYIO AaKTHBHOCTh ITallUEHTOB,
nepeHecnx HMHCYIbT [40].  OcrtaibHble
WCCIICIOBAHMST  JICHCTBUTEIILHO  TIOKA3allk
ylIydllieHue  ToKa3aTeleld  IMOBCETHEBHOM
aKTUBHOCTH B OCHOBHOM 3a CYET YpPOBHS
(byHKIIMOHATBHOM HE3aBUCHUMOCTH, B
MIPOTHBHOM cJIydae 3a cueT mHiekca bapres
1 pyHKUIMOHaIbHOTO HHAeKca Pentu. Bo Bcex
OTHX WCCIEAOBAaHUSAX HE COOOIIAIOCh O
JOJTOCPOYHBIX s dexTax 3T Ha
MOBCEJTHEBHYIO AaKTHBHOCTh WJIM Ka4yeCTBO
xu3Hu. Tak Invernizzi M., U coaBTOpBI

MoKa3ain BIUSIHHAE Ha yIy4lIeHue
WHIUBUAYATHHOTO JIOMEHa
JKU3HEIEATENLHOCTH H YCTaHOBWIIH
3HAYUMOCTh no0aBiIeHH 3T I
BOCCTAaHOBJICHHS MOTOPUKH BEPXHUX

KOHEYHOCTEHl y MalMeHTOB C MOJOCTPHIM
uHCysbTOM [39].

Ha ceronnsi akTyallbHBI HCCIE€IOBaHUS,
HampaBJICHHBIE Ha CHHTE3 JIOKA3aTeIbCTB
NPUMEHEHHUsS  3€pKaJbHOM  Tepamuu  C
3¢(deKToM TOrpykeHus B BUPTYaJIbHYIO
peamsHOCcTh (IVRMT) npu peabuiurtanun
BEPXHUX KOHEYHOCTEH TIOCIEe WHCYIbTA.

HpOBOI[I/ITCH N3YUCHUC u CHHTC3
CYIICCTBYIOIIUX AOKa3aTCJIbCTB IMPUMCHCHUA
HMMCpCHBHOﬁ TCparnun 3CpKaJIoM

BUPTYaJbHOU peaIbHOCTH ISl peabuuTanuu
BEPXHUX KOHEYHOCTEH TOCJIEe HWHCYIbTa, a
UMEHHO BIMSIHUE  HAa  KJIMHUYECKHE
PE3YIbTAThI (BOCCTaHOBHeHI/IC MOTOPUKHU H
HeOIaronpusTHHIC COOBITHS).
HpOI[OJDKI/ITeJIBHOCTB BMEIIATCIIbCTBA

COCTaBJISIET OT JABYX JO JEBATH, & OCHOBOM
BMEIIATEIbCTBA ObUIM BHUPTYaJbHBIE WIPHI,
YIPaXHEHUS WM (QYHKIHOHATBHBIE 3a/1a4H.
XoTsi 3Ta HEOJHOPOJHOCTH OOecreYrBaeT
LIUPOKUH B3IJISIT HA MOTEHIIMATIBHOE Pa3BUTHE
u npumenenne [VRMT, ona momuepkuBaer
HE0OXO0IMMOCTh BHEJIpEHUS Oonee
MOCIIeI0BATEIbHOM TEXHOJIOTHH,
BMEIIATENICTBA W MPOTOKOJA JIO3UPOBKH,
YTOOBl MOXHO OBUIO TPOBOIUTH MPSIMOE
CpaBHEHHUE MEXJTy HCClIeIOBaHUsIMU. Tepamnus
3epKaJioM  BHUPTYaJbHOM  pPEaJbHOCTH C
3¢ dekToM morpykeHuss Oblla ONMUCaHa Kak
Oe3oMmacHoe, MePEeHOCHUMOE U OCYILIECTBUMOE
BMEIIIATEIBCTBO VISl MAIIUEHTOB C MHCYJIBTOM
U c1ab0CThI0 BEpPXHHMX KOHeYHOcTel [41].
Tombko B OAHOM HCCIEIOBAaHUU  OBLIO
nmokazano, uyro IVRMT Opiia MeHee
KOM(OPTHOH, YeM TpaTUIIMOHHAS TEPAIHS
3epkanoM [42]. OTOT auUCKOMGBOPT MOXKET
OBITH BBI3BAH TAPHUTYPON M yKAYMBAHUEM,

4acTo CBSI3aHHBIM c BUPTYyaJIbHOU
PEaATbHOCTBIO C MOTPYKEHUEM.
CrnenoBarenbHO, HEOOXOAWMBI JajbHEHIINE
CpPaBHMTEIbHBIE  MCCIEAOBAaHUSA,  YTOOBI

claenaTh BBIBOJ O TOM, sBisieTcss au IVRMT
6onee 3(p(HEKTUBHBIM I BOCCTAHOBJICHUS
MOTOPHUKM  BEPXHMX KOHEUHOCTEH, YeM
TpaAWLIMOHHAs  Tepamus 3€pKajoM IpH
peabunuTa BEPXHUX KOHEYHOCTEH mocie
HWHCYJIbTA.

3akiouenue. PyTuHHOE BHEApeHHE
TeJIEMEIUIUHBI JUISt MOCTUHCYJIbTHOU
peabmiIuTaliM ~ MOXXET  OBITb  OCOOEHHO
BOXHBIM [IJI1 PETHOHOB C OrPAHUYEHHBIMHU
pecypcamu (B CTpaHaX C BBICOKHM YPOBHEM
J0X0/a), TN OTCYTCTBYIOT CIIEIIUATUCTHI
W/WIH yUPEeKISHUS ISl HeHpOpeaOuInTaIiH.
TP mpenocTtaBisgeTr manueHTaM BO3MOKHOCTh
MoJy4yaTh CBOEBPEMEHHYIO u
KBaTHU(UITUPOBAHHYIO MTOMOITb BHE
3aBUCHMOCTH OT WX Teorpadudeckoro
MOJIOXKEHHUS, YTO OCOOCHHO aKTyallbHO JIf
CEeNbCKUX, OTJAJIEHHBIX, MAJIOHACEIEHHBIX U
TPYJIHOAOCTYIIHBIX paioHoB. Kpome Toro,

COBPEMEHHBIE ppoBbIE 1aT(hOpMBbI
o0ecreunBaroT MYJIbTH AN CIIATUTNHAPHBIHA
HOJXO[, MIO3BOJISIS Pa3IUYHBIM

cCHeluanaucTam, BKIIOYas (PU3NOTEparneBToB,
HEBPOJIOTOB M JIOTOIIEOB, padOTaTh B €UHOMN
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CUCTEME€ U KOPPEKTHUPOBATh TEpanuio B
peXHUMe peaibHOro BpeMeHH. IHTepakTuBHbIE
TEXHOJIOTMH, TaKHe Kak  BUPTyaJbHas
pEAIbHOCTh U CEHCOpPHBIE  CHCTEMBI,
MTOMOTAIOT TTOBBICUTH MOTHBAIIMIO MAIMEHTOB
W JIeNarT IMporecc peaduauTtanuu Oolee
3¢ (HEKTHBHBIM. BwmemarensctBa c
HCIIOJIb30BAHUEM TeneoHHOM CBSI3U
MOKa3aJId TOTCHUUAIBHYIO 3¢ (EKTUBHOCTh
JUIS KOHTPOJISL apTepuaibHOro JaBIEHUS Y
MAIMEHTOB, MEPEHECIINX WHCYJBT, a TaKXKe
MOTYT  MPUMEHSATBCS B Iporpammax
MOCTUHCYJIbTHOW  peabuiutanuu  [38-40].
Pacmmpenue teireMenIMuUMHCKUX MPOTrpaMM H
WX HMHTETPAlUsS B HAIMOHAIBHBIC CHCTEMBI
3IpaBOOXpPAaHEHUS  MOTYT  CYILECTBEHHO
VIYYIIUTh  JOCTYIHOCTh  peadIATaIuH,
MOBBICUTh €€ KAayeCTBO M CIIOCOOCTBOBATH
CHIDKCHHUIO  MHBAIMIU3AIMU  TAIUCHTOB,
MEPEHECIINX UHCYIIBT [2].
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Inhibitors of intracellular signaling affect
the production of soluble endoglin
by JEG-3 trophoblast cells upon interaction
with NK cells
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Abstract

Background: The cytotoxic activity of natural Killer (NK) cells is essential for the proper invasion
of trophoblasts into the uterine mucosa. Endoglin (Eng) plays an important role in the interaction
between NK cells and trophoblasts by assembling the TGFp receptor complex. The formation of
soluble forms of (s)MICA and (s)MICB can help evade NK cell cytotoxicity. The aim of the study:
to assess the interaction between NK-92 line NK cells and JEG-3 trophoblast cells via soluble forms
of (s)Eng, SMICA and sMICB, when using a TGFB-dependent signaling pathway inhibitor and a
cyclin-dependent kinase (CDK) 7 inhibitor. Materials and methods: We used NK-92 line cells and
JEG-3 line trophoblast cells, the TGFBRI inhibitor LY3200882, and the CDK7 inhibitor THZ1. We
incubated cells with LY3200882 or THZ1, and then cultured cells with inducers TNFa, I1L-10, IFNy,
TGFp or trichostatin A (TSA). After 24 hours, we assessed the concentrations of sEng, SMICA,
SMICB in the medium. Results: We showed that LY 3200882 decreased sEng production in JEG-3
line cells. Cytokines IL-10, IFNy, and TGFp abolished the effects of LY3200882 on sEng production
by JEG-3 line cells. LY3200882 also induced sMICA formation by NK-92 line cells. THZ1 reduced
sEng production by JEG-3 line cells, both in the absence of cytokines and following TNFa, IL-10,
IFNy, and TGFp stimulation. When co-cultured JEG-3 line cells with NK-92 line cells, THZ1 also
lowered sEng levels. In the presence of TSA, JEG-3 cells increased sMICB production. However,
after exposure of JEG-3 line cells to THZ1 and TSA, we observed a decrease in SMICB levels.
Conclusion: Both the TGFB-dependent signaling inhibitor and the CDK?7 inhibitor influence the
interaction of NK-92 line cells with JEG-3 line trophoblast cells, affecting sEng production by JEG-
3 line cells. The regulation of sEng formation by trophoblast cells presents new therapeutic avenues
for managing reproductive pathologies.
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Introduction. Natural Killer cells (NK
cells) play an important role in regulating
placental formation and, consequently, the
normal course of pregnancy. Changes in their
activation status are linked with reproductive
disorders, such as recurrent miscarriage (RM)
in the first trimester of pregnancy and
preeclampsia (PE) in the third trimester [1].
NK cells are also key players in the anti-tumor
immune response. However, during tumor
progression, influenced by the cellular
microenvironment, NK  cells undergo
phenotypic and functional changes, becoming
similar to decidual NK cells in the uterus [2].
Studying NK cells is particularly relevant for
developing targeted anti-tumor therapies
[1, 2]. Due to the similarities between decidual
NK cells and tumor-infiltrating NK cells,
therapeutic strategies used for treatment of
oncological diseases could potentially be
adapted for threating reproductive pathologies
[1].

The cytokine TGFB is an important
regulatory factor that influences NK cell
functional activity in the uterus. Notably,
tumor cells actively produce TGF [2]. For
example, activation of the TGFpB-dependent
signaling pathway was observed in cervical
cancer [3]. TGFp is secreted in an inactive
form, and its release from the inactivating
peptide complex is necessary for signal
transmission. The active form of TGFp binds
to a TGFp receptor (TBR) Il dimer, then to a
TBRI dimer, forming a heterotetrameric
complex [4]. There are three isoforms of the
cytokine TGFpB: TGFB1, TGFB2, TGFpB3, all of
which are present at the uteroplacental
interface. TGFB1 and TGFB3 can directly bind
to TPRII, with subsequent attachment of the
co-receptor endoglin (Eng). Binding of
TGFB2, however, requires Eng for binding to
TBRII [5, 6].

Eng is involved in activating different
signaling pathways initiated by the assembly
of the heterotetrameric TGFB receptor
complex. For example, phosphorylation of its
membrane form (L-Eng) results in activation
of the Smad1/5/8 signaling pathway. The short
form of Eng (S-Eng), containing a short
cytoplasmic tail, binds to TBRI and triggers
Smad2/3-dependent signaling [7]. A soluble
form of Eng (SEng), generated through
metalloproteinase 14 proteolytic activity, can
bind TGFp and compete for its bioavailability
[6]. Normally, Eng is expressed by trophoblast
cells, however, high concentrations of SEng are
observed in pregnant women with PE [6].

The interaction between NK cells with
trophoblast cells involves the participation of
Eng [8]. Blocking TGFp-dependent signaling
may potentially regulate this interaction. For
example, in RM, the expression of the protein
EHD1 — a protein that regulates endocytosis of
plasma membrane proteins — increased in
trophoblast  cells [9]. Experimentally
demonstrated that EHD1 induces apoptosis of
HTR8 trophoblast cells and reduces
trophoblast invasion in mice, leading to
impaired spiral artery remodeling [9].
Inhibition of TGFpB-dependent signaling by
LY3200882 suppressed the effects of EHD1,
in particular reducing pSMAD?2 levels [9]. X.
Wau et al. concluded that the EHD1-TGFbR1-
SMAD?2/3 pathway could be a therapeutic
target for overcoming RM [9]. However, the
impact of the TGFBRI inhibitor LY3200882 on
sEng production within the NK cell-
trophoblast system remains poorly studied.

In the context of developing antitumor
drugs, inhibitors of cyclin-dependent kinase
(CDK) 7 — a protein that regulates gene
transcription and the activity of other cyclin-
dependent kinases within the RNA polymerase
complex — are under investigation. CDK7 is
known to stimulate the phosphorylation of
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CDK1 and CDK2, thereby participating in cell
cycle regulation [10]. The disruption of this
regulation can contribute to malignancy. The
selective CDK?7 inhibitor THZ1 is used to
block tumor cell proliferation [11]. TGFB
induces tumor cell resistance to antitumor
therapy with CDK?7 inhibitors [11], although
THZ1 also suppresses TGFB-dependent
signaling [12]. It is important to note that
TGFB also affects NK cells during cancer
progression. For example, activation of the
TGFB signaling pathway via the TGFp3-
TRRI/II  interaction was observed in
fibroblasts, T lymphocytes, and NK cells in
cervical cancer [3]. However, the effects of
THZ1 on NK cells, including in the
microenvironment of TGFp-secreting cells,
has not been previously studied.

NK cells can recognize target cells,
including tumor cells of various origins, by
binding the NK cell activation receptor
NKG2D to proteins of the major
histocompatibility complex, MICA and MICB
[13, 14]. However, target cells can evade NK
cell cytotoxicity by shedding MICA and MICB
[13, 14]. The uterine decidua contains
mesenchymal stromal cells expressing MICA
and MICB, which can be targeted and lysed by
activated NK cells [15]. Soluble forms of
(S)MICA, (s)MICB found in cord blood
plasma can alter the cytotoxic activity of NK
cells in vitro [16]. In anti-tumor therapy,
strategies aimed at reducing the levels of
SMICA and sMICB and enhancing NK cell
cytotoxicity are used [14]. Given the
possibility of contact between NK cells and
trophoblast cells in the uterus, it is important to
determine their expression of sMICA and
SMICB, as well as the impact of intracellular
signaling inhibitors on these cells.

The aim of the study was to evaluate the
interaction of NK-92 line NK cells with JEG-3
line trophoblast cells via sEng, SMICA and
SMICB in the presence of an inhibitor of the
TGFpB-dependent signaling pathway and an
inhibitor of the cyclin-dependent kinase
CDK7.

Materials and Methods. Cell lines. We
used the NK-92 cell line (ATCC, USA), which
exhibits the primary phenotypic,

morphological and functional characteristics
of activated natural killers [17]. We cultured
the NK-92 line cells in a complete growth
medium based on the minimal a-modified
Eagle's medium (a-MEM) (Biolot, Russia)
supplemented with IL-2 (500 U/ml)
(Roncoleukin, Biotech, Russia). We cultured
the cells in a humidified atmosphere at 37°C
with 5% CO2 and subcultured them every two
days.

We used the JEG-3 cell line (ATCC,
USA) for trophoblast cells, as this mirrors the
main properties of extravillous trophoblast
cells during the first trimester of pregnancy
[18, 19]. We cultured the cells in a complete
growth medium based on the basic modified
Eagle's medium (DMEM) (Biolot, Russia), in
a humidified atmosphere at 37 °C with 5%
CO2 concentration. The cells were subcultured
every 3-4 days.

Inductors and inhibitors. To inhibit
TPRI signaling, we used the inhibitor
LY3200882 at a concentration of 10 nmol/ml
(Selleck Chemicals, USA). For selective
transcription inhibition, the CDK7 kinase
inhibitor THZ1 was used at a concentration of
1 nmol/ml (Selleck Chemicals, USA). We
determined the concentrations of these
inhibitors based on the manufacturer's
recommendations and literature data [20, 21].
We chose the exposure duration for
LY3200882 following the guidelines in the
literature [22, 23].

The cytokines used as inducers included
IL-10, IFNy, TGFp, and TNFa, at the
following working concentrations: IL-10 (10
ng/ml), IFNy (1000 1U/ml), TGEB (5 ng/ml),
and TNFa (50 U/ml) (all from R&D Systems,
USA). Additionally, we utilized trichostatin A
(TSA), a specific histone deacetylase inhibitor,
at a working concentration of 1 pg/ml (Merck,
USA). We chose the cytokine concentrations
in accordance with the manufacturers'
recommendations. All stock solutions were
prepared based on Hanks' solution (Biolot,
Russia).

Cultivation of JEG-3 line trophoblast
cells with NK-92 line cells in the presence and
absence of cytokines and inhibitors. We
seeded JEG-3 line trophoblast cells into
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a 24-well adhesion plate at a concentration of
200,000 cells per ml. After 24 hours in culture,
they formed a monolayer. The following day,
we centrifuged the plate at 100xg for 3
minutes. After removing the medium, we
added 500 pul of NK-92 line cell suspension
(600,000 cells per ml) to the wells with the
trophoblast cells (hereinafter referred to as co-
culture). Additionally, we transferred some of
the NK-92 cells to the wells that did not
contain JEG-3 line trophoblast cells
(hereinafter referred to as NK-92 cell
monoculture). We also cultured some of the
JEG-3 line cells without the addition of NK-92
line cells (hereinafter referred to as JEG-3 cell
monoculture).

Subsequently, we added the LY 3200882
inhibitor to some wells with NK-92 cells, JEG-
3 cells, or the co-culture and incubated them
for 24 hours. Four hours prior to the end of
incubation, we added the THZ1 inhibitor to
other wells containing NK-92 cells, JEG-3
cells, or the co-culture, thus exposing the cells
to this inhibitor for 4 hours.

After incubation, we transferred the
culture medium containing the cells into
Eppendorf tubes and centrifuged them at

200xg for 5 minutes. The medium was then
removed, and we added 500 ul of Hanks'
solution to the Eppendorf tubes, thus washing
the NK cells from the inhibitors. Similarly, we
removed inhibitors from the trophoblast cells
by adding 500 ul of Hanks' solution to the
wells and centrifuging the plates at 200xg for
5 minutes. After disposing of the Hanks'
solution, 500 pl of complete growth medium
for NK cells was added to the Eppendorf tubes
with the NK cells. We returned the contents of
the Eppendorf tubes to the corresponding wells
in the plate. We then incubated the cells for 24
hours, adding inducers (IL-10, IFNy, TGFp
and TNFa) in combination with each inhibitor,
as well as in the absence of inhibitors. Some
cells were left without inhibitors or inducers as
a control. Four independent experiments were
conducted (n = 4), with two technical
replicates in each.

After incubation, we centrifuged the
plates with cells at 100xg for 3 minutes and
collected the conditioned medium (CM),
which we stored at -80 °C for no more than 2
months. The experimental design is illustrated
in Fig. 1.

JEG-3 inhibitor to TBR1 ————— cytokines
(LY3200882) e IFNy/IL-10/
inhibitor to CDK7  —————» TSA/TNFa/ N\, . .
(THZ1) incu : ion TGFB 24 h
1 l substrate
NK-92 @ <
4\
NK-92 + JEG-3 o
L) Y
' Sandwich
ELISA

Fig. 1. Schematic diagram of the experiment, which involved culturing JEG-3 trophoblast cells
alongside NK-92 cells in various combinations, with and without cytokines and inhibitors,
followed by ELISA analysis
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Evaluation of sMICA, sMICB, sEng
secretion by JEG-3 line trophoblast cells and
NK-92 line cells. For the two-center enzyme-
linked immunosorbent assay (ELISA), we
used a kit developed by the A. Granov Russian
Research Center for Radiology and Surgical
Technologies, Hybridoma  Technology
Laboratory [24]. The kit included monoclonal
antibodies (MAB) against MICA (clones
IA4+4All/, 1A4+2GI, 10 ng/ml), MICB
(clones 4DI1+4E3+2A3/1B8+2A8, 2.5 ng/ml),
Eng (clone 4E4/4C9, 20 ng/ml); MAB for
sorption; calibrator solution (R&D Systems,
USA); Tris-Tween solution; TMB solution;
reaction stop solution; phosphate saline
solution (PSS). We also used 96-well Nunc
MaxiSorp plates (Thermo Fisher Scientific,
USA).

We assessed the secretion of SMICA,
sMICB and sEng proteins in accordance with
the manufacturer's instructions. We measured
the optical density at a wavelength of 450 nm
using an ELx808 spectrophotometer (Biotek
Instruments, USA).

Statistical processing. We performed the
statistical analyses using the GraphPad Prism
8 programme (GraphPad Software, USA). For
paired comparisons, we used the non-
parametric Mann-Whitney rank test. For
multiple comparisons, we used the Kruskal-
Wallis test with Dunn's post hoc test. We
defined differences as statistically significant
at p<0.05. We analysed samples preliminarily
for outliers.

The study adhered to the Code of
Medical Ethics of the World Medical
Association (Declaration of Helsinki). The
Local Ethics Committee of D.O. Ott Research
Institute of Obstetrics, Gynecology, and
Reproductology approved the research
protocol (Protocol No. 135 dated 30" May
2024).

Results and discussion

SEng content in the CM of NK-92 and
JEG-3 cell lines after their incubation with the

TGFp-dependent signaling pathway inhibitor
LY3200882 and the cyclin-dependent kinase
inhibitor CDK7 THZ1. To present the results
more clearly, we prepared the graphs
comparing the seng concentration in the CM
of the JEG-3 cell line monoculture after
exposure to LY3200882 (Fig. 2A) and THZ1
(Fig. 2B). Figure 3 illustrates the comparison
of sSEng levels in the monocultures
of NK-92 and JEG-3 cells, as well as in their
co-culture. Additionally, the sEng content in
the co-culture CM is presented in the presence
of LY3200882 (Fig. 4A) and THZ1
(Fig. 4B).

Our findings indicate that SEng is present
in the CM of JEG-3 cells. After incubation
with the inhibitor LY3200882, the sEng
concentration in the CM of the JEG-3 cell
monoculture reduced compared to that in the
CM of intact JEG-3 cells (Fig. 2A).
We demonstrated that culturing JEG-3 cells
with TSA resulted in a decrease in SEng
concentration in the CM, whereas cytokines
had no effect on skEng levels (Fig. 2).
Furthermore, the sEng concentration in the
CM of JEG-3 cell monocultures that were first
treated with LY3200882, followed by TSA or
the cytokine TNFa, was reduced compared to
monocultures that were solely treated with
TSA or TNFa (Fig. 2A).

We demonstrated that the concentration
of sEng in the CM of JEG-3 cells treated with
the THZ1 inhibitor was lower than in intact
JEG-3 cells (Fig. 2B). THZ1 was found to
maintain its inhibitory effect on sEng levels in
the CM of the JEG-3 cell monoculture even
when cytokines such as TNFa, IL-10, IFNy
and TGFB were present in the media
(Fig. 2B).

In the CM of the NK-92 cell
monoculture, SEng was absent after incubating
the cells without inducers, after pretreating
them with the inhibitors LY3200882 and
THZ1, and during cultivation with all the
inducers used in the study (see Fig. 3).
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THZ — THZ1 inhibitor. Statistical significance of differences: * — p<0.05, ** — p<0.01
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Fig. 3. sEng content in the CM of JEG-3 and NK-92 cell monocultures and their co-culture after
incubation with inducers without pretreatment of cells (A) and after pretreatment with the inhibitor
LY 3200882 (B) or THZ1 (C). LY — inhibitor LY3200882, THZ — inhibitor THZ1. Statistical

significance of differences: * — p<0.05, ** — p<0.01, *** — p<0.001

We detected sEng in the CM from the

co-culture, in contrast to the CM obtained from

the NK-92 cell monoculture (Fig. 3A-B). This
increase in sEng levels was observed both in
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the CM from cells cultured without inhibitors
and in the CM from cells treated with the
inhibitors LY3200882 (Fig. 3B) and THZ1
(Fig. 3C). Notably, cytokines and TSA did not
alter the sEng concentration in the co-culture
CM (Fig. 3A).

We observed that the concentration of
sEng in the CM from the co-culture was lower
than in the CM from the JEG-3 cell
monoculture incubated without inducers (see
Fig. 3). A similar trend was observed when
cytokines TNFa, IL-10 and IFNy were present,
but not TGFp: the sEng concentrations in the
co-culture CM were lower than in the JEG-3
cell monoculture (Fig. 3B). Furthermore, the
sEng concentration in the CM of the co-culture
did not differ from that of the JEG-3 cell
monoculture in the presence of TSA (Fig. 3A).

Pre-incubation  with  the inhibitor
LY3200882 had no effect on the concentration
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of sEng in the CM of the JEG-3 cell
monoculture or the co-culture (Fig. 3B),
regardless of whether the cells were
subsequently incubated with cytokines. TSA
decreased the sEng concentration in co-culture
CM pretreated with LY 3200882 (Fig. 3B, 4A).

Similarly, pre-incubation with THZ1
reduced the sEng concentration in the CM of
the JEG-3 cell monoculture, resulting in no
difference compared to the co-culture (Fig.
3B). Comparisons of sEng concentrations in
the co-culture indicated that THZ1 resulted in
decreased SEng levels compared to the co-
culture without the inhibitor (Fig. 3B, 4B).

We found that the inhibitor LY 3200882
had no effect on sEng levels in the co-culture
CM, either during incubation without
cytokines or after culturing in a medium
containing cytokine (Fig. 4A).
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Fig. 4. sEng content in the CM of the co-culture of JEG-3 and NK-92 cells incubated with inducers
after pretreatment of the cells with the inhibitor LY 3200882 (A) or THZ1 (B). LY — inhibitor
LY3200882, THZ — inhibitor THZ1. Statistical significance of differences: * — p<0.05, ** — p<0.01

The inhibitor THZ1 reduced the sEng
concentration in the co-culture CM compared
to the co-culture CM incubated without THZ1
(Fig. 4B). This effect maintained in the
presence of the cytokines TNFa, TGFp, IL-10,
IFNy, but not TSA (Fig. 4B).

SMICA content in the CM of NK-92 and
JEG-3 cell lines after their incubation with the
TGFp-dependent signaling pathway inhibitor

LY3200882 and the cyclin-dependent kinase
inhibitor CDK7 THZ1. We observed that both
JEG-3 and NK-92 cell monocultures did not
produce sMICA, regardless of whether they
were cultured in the presence or absence of
inducers. The addition of the inhibitor
LY3200882 or THZ1 did not lead to the
detection of SMICA in the CM of trophoblast
cells (Fig. 5).
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However, the inhibitor LY3200882
resulted in an increased level of SMICA in the
NK-92 cell monoculture compared to the CM
from intact NK cells (Fig. 5). Furthermore,
after treating NK cells with LY3200882 and
subsequently adding inducers, we did not
detect any sMICA proteins in the CM.
Similarly, no SMICA was identified in the CM
of the co-culture.

SMICB content in the CM of NK-92 and
JEG-3 cell lines after their incubation with the
TGFp-dependent signaling pathway inhibitor
LY3200882 and the cyclin-dependent kinase
inhibitor CDK7 THZ1. We detected SMICB in
the CM of the JEG-3 cell monoculture (Fig. 6).
The addition of cytokines TGFp, IFNy, TNFa,
IL-10 did not significantly alter the
concentration of SMICB in the CM of the JEG-
3 cells. However, following treatment with
TSA, we observed an increase in the sSMICB
protein levels in the CM of the JEG-3 cells
compared to those cultured without the inducer
(Fig. 6).

The inhibitors LY3200882 and THZ1
did not affect the SMICB concentration in the
CM of the JEG-3 cell monoculture. Notably,
we detected a higher level of SMICB in the CM
after pretreating JEG-3 cells with LY 3200882
and then exposing them to TSA than when the
cells were incubated with LY3200882 alone

(Fig. 6).
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Fig. 6. Effect of LY3200882 and THZ1
inhibitors on the SMICB protein content in the
CM of the JEG-3 cell monoculture. LY —
LY3200882 inhibitor, THZ — THZ1 inhibitor.
Statistical significance of differences: * —
p<0.05, ** — p<0.01

While the inhibitor THZ1 did not change
the sMICB concentration in the CM of JEG-3
cells without inducers, we found that the
sMICB content was lower after treatment with
both THZ1 and TSA compared to treatment
with TSA alone (Fig. 6).
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Additionally, we determined that NK-92
cells do not produce sMICB. No sMICB
proteins we detected in the CM from the co-
culture of NK-92 and JEG-3 cells. We did not
reveal any effect of LY3200882 and THZ1
inhibitors, as well as the inducer TSA and

cytokines TGFpB, IFNy, TNFa, IL-10 on the
sMICB content in either the CM of the NK-92
cell monoculture or the CM of the co-culture.

Figure 7 summarizes the main findings
of our study.

monoculture coculture monoculture
inducing NK-92 NK-92+JEG-3 JEG-3
factor
- — + +
TSA — + +sEng | (sMICBT)
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Fig. 7. Scheme showing the main results of the assessment of the effect of inhibitors LY 3200882
and THZ1 on sEng production in monocultures of NK-92 and JEG-3 cell lines and their co-culture.
Designations: “— absence of sEng in CM, “+” presence of sEng in CM, “1” increase in content, “|”

decrease in content. The diagram also shows data on the content of SMICA and sMICB in CM in

brackets

Overall, we discovered that JEG-3
trophoblast cells produce sEng, and that
treatment with TSA leads to a decrease in the
concentration of sEng in the CM. Previous

studies have shown that JEG-3 cells express
Eng on their plasma membrane and generate
its soluble form [8]. The production of sEng by
trophoblast cells is believed to be a mechanism
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for evading the cytotoxic activity of NK cells
[8]. According to the literature, epigenetic
modifications of DNA, including histone
deacetylation, influence the migration and
proliferation capabilities of both primary
trophoblast cells and JEG-3 cells [25, 26].
Exposure to TSA  induces histone
hyperacetylation, which relaxes DNA and
modulates gene expression [27]. Therefore, the
observed reduction in sEng production by
JEG-3 cells after TSA treatment can be
interpreted as a cellular response to a stress
factor. Moreover, it is important to consider
that sEng formation may not only result from
the activity of MMPs but could also arise from
epigenetic modifications occurring directly
within the trophoblast cells.

The cytokine TGFB is synthesized by
trophoblast cells, including JEG-3 cells [28]. It
regulates the invasion of trophoblast cells [29],
and a deficiency of this cytokine may lead to
miscarriage. In the context of PE, an increased
production of TGFp in the placenta has been
observed [30]. Additionally, elevated levels of
SsEng have been detected in patients with PE
[6]. We demonstrated that inhibiting TGFp-
dependent signaling using LY3200882
reduced sEng concentrations in JEG-3 cells.
This suggests that sEng production by
trophoblast cells is dependent on TGFp, which
may contribute to the pathogenesis of PE,
alongside seng synthesis by endothelial cells.

Following the treatment of JEG-3 cells
with either the inhibitor LY3200882 or TSA,
we observed a significant decrease in sEng
concentrations. This is likely to be the result of
the combined effects of TGFp deprivation and
cellular stress. A similar reduction in sEng
levels occurred when JEG-3 cells were co-
cultured with NK cells.

Furthermore, adding TNFa to JEG-3
cells after treating them with LY3200882
resulted in a further decrease in SEng
concentrations in the CM, likely due to TNFa's
pro-inflammatory effects. Conversely, the
cytokines IL-10, IFNy and TGFf counteracted
the inhibitory effect of LY3200882 on sEng
production by JEG-3 cells. Notably, IL-10 and
IFNy are present at the uteroplacental interface
and have been shown to be secreted by

decidual NK cells [31]. Prolonged exposure to
IL-10 and IFNy results in stable HLA-G
expression in JEG-3 trophoblast cells [32].
Therefore, inhibiting the TGFp-dependent
signalling pathway may have a reduced impact
on sEng production in the presence of these
cytokines.

At the same time, it is important to
highlight the cancellation of the effect of the
inhibitor LY 3200882 on the formation of sEng
in the presence of TGFp. Previous studies have
suggested that sEng can bind TGEF,
functioning as a carrier protein that facilitates
the transfer of SEng between cells, particularly
from trophoblasts to NK cells [8]. When
exogenous TGFp is added to JEG-3 cells, an
excess amount of this cytokine may bind to
sEng, inhibiting the detection of sEng by the
antibodies used in the ELISA assay. This
binding may lead to a decrease in the
detectable sEng in the CM and result in no
observable differences in sEng levels in JEG-3
cells following TPRI blockade. Overall,
further research is needed to clarify the
relationship between sEng production by
trophoblast cells and the functional activity of
TPRI.

We found that JEG-3 cells reduced sEng
production upon exposure to the inhibitor
THZ1, an effect noted both in the absence of
cytokines and after stimulation with TNFa, IL-
10, IFNy, and TGFp. Notably, THZ1 also
resulted in a decrease in SEng concentration in
co-culture conditions. These findings suggest
that THZ1 exerts a more pronounced effect on
trophoblasts, diminishing their ability to
regulate recognition by NK cells.

As established previously, NK-92 cells
do not produce seng [8]. In the current study,
we demonstrated that coculturing NK-92 cells
with JEG-3 cells led to a reduction in sEng
content in the CM compared to the levels
observed in the CM of JEG-3 cells alone. This
finding supports the hypothesis that sEng is
involved in the intercellular interactions
between NK cells and trophoblasts. We noted
these differences in sEng levels both in the
absence of cytokines and in the presence of
TNFa, IL-10, and IFNy. However, in the
presence of TGFp, there were no changes in
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the sEng content in the JEG-3 cell monoculture
and their co-culture with NK cells. The results
obtained can be explained by our hypothesis
regarding alterations in the configuration of
SEng epitopes due to TGFp binding, which
may occur when there is an excess of this
cytokine in the CM, resulting in decreased
sensitivity of the ELISA assay.

We observed that following preliminary
incubation of cells with both the TGFp-
dependent signaling pathway inhibitor and the
CDKTY inhibitor, the sEng concentration in the
CM of the co-culture did not differ from that
observed in the JEG-3 cell monoculture. We
attribute these results to the decreased sEng
level in the CM from JEG-3 cells, which we
detected after treatment with THZ1 and
LY3200882.

In this study, we also evaluated the
impact of inhibitors THZ1 and LY 3200882 on
the production of SMICA and sMICB by NK-
92 and JEG-3 cell lines. The expression of
MICA and MICB has been shown in many
types of cancer [33]. Shedding of these ligands
from the cell membrane may enable cells to
evade recognition by cytotoxic lymphocytes
and NK cells [34]. Elevated levels of SMICA
and sMICB levels are associated with
malignancy [35, 36]. Overall, there is currently
limited data on MICA/B production by NK
cells.

The NK-92 cells used in our experiments
were derived from a patient with non-
Hodgkin's lymphoma. Immunohistochemical
analysis of lymph nodes from patients with this
condition shows the expression of MICA and
MICB, along with elevated levels of their
soluble forms in the bloodstream [36]. A
significant increase in the concentration of
SMICA and sMICB has been linked with a
poor prognosis of this disease [36].
Furthermore, NK-92 cells are known to
express MICA and MICB on their membrane
[8], suggesting that these cells may also
produce sMICA and sMICB.

Our data indicate that intact NK-92 cells
did not produce sMICA and sMICB. However,
upon exposure to a TGFB-dependent signaling
inhibitor, the concentration of SMICA in the
CM from NK-92 cells increased. We have

previously established that NK-92 cells secrete
TGFB [37]. It is likely that the blockade of
TPRI  resulting from incubation with
LY3200882 serves as a stress signal for NK
cells, prompting them to shed sMICA in an
attempt to evade cytolysis.

We found that JEG-3 cells produce
sMICB, and its concentration increases in the
presence of TSA. These results indirectly
support the hypothesis that TSA induces stress
in JEG-3 cells. Interestingly, inhibition of
TGFp-dependent signaling did not alter the
secretion of sMICB by JEG-3 cells. When
CDK?7 was inhibited and JEG-3 cells were
exposed to TSA, we observed a decrease in
sMICB concentration. This may be attributed
to TSA induced release of DNA from histone
binding. Yet, THZ1 blocks the activity of the
DNA polymerase complex. We assume that
these opposing mechanisms contribute to the
cancellation of the effect of TSA on JEG-3
cells.

Conclusion. Inhibiting TGFp-dependent
signaling with LY3200882 decreased SEng
levels in JEG-3 cells. However, the presence of
the cytokines IL-10, IFNy and TGFp negated
the effect of LY3200882 on sEng production
in these cells. Furthermore, LY3200882
induced sMICA formation in NK-92 cells,
which suggests that these cells avoid cytolysis
when deprived of TGFp signaling.

Furthermore, the CDK?7 inhibitor THZ1
decreased sEng production in JEG-3 cells,
both in the absence of cytokines and following
stimulation with TNFa, IL-10, IFNy, and
TGFB. In co-culture of JEG-3 cells with NK-
92 cells, THZ1 also led to a decrease in SEng
concentration. These findings suggest that
THZ1 significantly affects trophoblast cells,
resulting in a diminished ability to regulate
their recognition by NK cells. In the presence
of TSA, JEG-3 cells increased the production
of SMICB. However, after treatment with both
THZ1 and TSA, we observed a decrease in
SMICB concentration, which may be linked to
the inhibition of the DNA polymerase
complex.

Thus, both the TGFp-dependent
signaling inhibitor and the CDK7 inhibitor
influence the interaction of NK-92 cells with
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JEG-3 trophoblast cells, thereby altering the
production of sEng by JEG-3 cells.
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Pesrome

AKTyaJbHOCTh: HuU3KOPHEpPreTMyeckue MepeIoMbl YacTO BCTPEYAOTCS CpeAu IMalMEeHTOB
MO’KUJIOTO U CTAPUECKOIo BO3pacTa, HO MPOTHOCTHYECKAask CIIOCOOHOCTh OTJIENbHBIX OMOMapKepoB
KpPOBHY B OTHOILIEHUM JTUX IIEPEIOMOB OCTAETCS HENOCTATOYHO M3ydeHHOU. Llenb mccaenoBanus:
BrlsiBieHHE NMPOrHOCTUYECKUX OMOMapKepOB HU3KOIHEPTreTHUECKUX MEPEIOMOB CPEIU NaIleHTOB
crapiero Bo3pacta. Martepuaibl u MeToabl: O6cnenoBaHo 112 mamueHToB 65 neT u crapuie,
MOJIyYMBIIMX HU3KOIHEPreTHUecKue nepesnomsel oenpa, u 109 nui 65 jer u crapuie ¢ OTCyTCTBUEM
JAHHBIX TepeoMOoB. /IMarHocTuKa HU3KOIHEPreTHYECKUX MEepeIOMOB Oe/ipa MPOBeeHa 0 TaHHBIM
aHaMHe3a, Kaji00, 00BEKTUBHBIX KIMHUYECKUX CUMIITOMOB, PEHTI€HOIpapuuecKoro ucciae10BaHusl.
buoxumuueckrue moka3aTeld KPOBH aHAIM3UPOBAINCH B YTPEHHHME Yachl /10 MpUEMa IHIIU I10
COJIEP’KaHUIO B CBIBOPOTKE KPOBH IJTFOKO3bI, FEMOIIO0MHA, aDCOIIOTHOTO KOJIMYECTBA TUM(OILIUTOB,
anpOyMuHa, ro0yauHa, IpIMOro OWIMpyOuHa, HEMPSIMOro OMnMpyOHHA, KpeaTUHUHA, [IUCTaTHHA
C. Ilpu craructuyeckoii 00paOOTKE HCIONB30BaHbl KOPPEISAIMOHHBIM, OAHO(AKTOPHBIA U
MHOTO()aKTOPHBIA JIOTUCTHYECKHI perpeccuoHHblid aHanu3, ROC-ananus. PesyastaTni: Cpenn
MAlMEHTOB C HU3KOPHEPreTUYECKUMH TepeioMaMu Oefipa CTaTUCTUYECKH 3HAYUMO HUXKE Cpeau
MPOaHATM3UPOBAHHBIX OMOXMMHUYECKUX MapaMeTpoB KPOBU OBbLIO CoJepXkaHHWE aTbOyMHHA /0
33,64+2,4 r/n (Huke rpaHul] HOpMBI), anonunporenHa A go 0,8+0,1 r/n, kpeatununa no 0,59+0,2
Mr/1, Henpsmoro Oounupy6una ao 11,3+1,2 MKMoub/1 B chIBOpOTKE KpoBU. OHAKO B 3TOM rpyrine
10 CPaBHEHHUIO C JINLIaMU 0€3 HU3KO3HEPTreTUYECKUX MepeoMOoB Oelipa JOCTOBEPHO BBILIE YPOBEHb
JUTIONIPOTENHOB HU3KOM TUIOTHOCTH (110 2,76+0,7 MMonb/n), miuctatuHa C B CBIBOPOTKE KPOBH (10
1,34+0,3 wmr/m) u cHWKEHHBIM WHACKC capkomeHuu mo0 44,0+3,8 (p<0,001). HezaBucumbiMu
MIPOrHOCTUYECKMMHU OMOMapKepaMyd B MHOTO(AKTOPHOM JIOTUCTHYECKOM PETPECCHOHHOM aHAIIN3e
BBISIBJIEHBl HU3KHH YPOBEHb albOyMHUHA, allOJUIpPOTenHAa A, KpeaTMHHMHA, MOBBIIICHHBIN YPOBEHb
nucratuHa C B CBIBOPOTKE KPOBU M CHIDKEHHBIM HMHAeKC capkoneHnu. ROC-ananu3 moxaszan
BBICOKYIO IMPOTHOCTHYECKYIO CIIOCOOHOCTh MHAEKCAa CapKONECHHMM, COAEp)KAaHUS KpPEaTUHUHA U
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nucratuia C B CBIBOPOTKE KPOBU C IUIomaaso noj kpusoit 0,847; 0,821 u 0,809 cooTBETCTBEHHO.
3akarouenue: Cojepkanue KpeaTHHHHA, nuctaTiHa C, anoJunpoTerHa A, aTbOyMHUHA B CBIBOPOTKE
KPOBHU M MHJIEKC CAPKOTICHUH MOTYT HCIOJIh30BAThCS B KAYECTBE MPOTHOCTHUYECKUX OMOMapKepoOB
HU3KOHEPreTHYECKUX MIEPEIOMOB Oeipa cpeiv MalMeHTOB CTapIlero Bo3pacra.

KuroueBble ci10Ba: HU3KOOHEPTETUYECKUE TIEPETIOMBIL;, IEPETIOMBI Oeipa; MHIEKC CApKOIICHUH; JIFOIH
CTapIIero BO3pacTa; MPOrHOCTHYECKUE OMOMapKePhl; OMOXMMHYECKHE MTapaMeTPhbl KPOBU

Jasi nuTupoBanusi: ArapkoB HM, Ho6umeB ACO, democees MM, u ap. IIporrHocruueckue
OroMapKephl HU3KODHEPIeTUYECKUX TEPEIIOMOB Cpeld MAIMEHTOB CTapIiero Bo3pacta. HaydHbie
pe3ynbTathl OHOMEIUIMHCKHX ucciaeqoBanuii. 2026;12(3):511-525. DOI: 10.18413/2658-6533-
2026-12-3-1-0
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Abstract

Background: Low-energy fractures are common among elderly and senile patients, but the predictive
ability of individual blood biomarkers in relation to these fractures remains poorly understood. The
aim of the study: To identify prognostic biomarkers of low-energy fractures in older patients.
Materials and methods: 112 patients 65 years of age and older with low-energy hip fractures and
109 patients 65 years of age and older with no fracture data were examined. Diagnosis of low-energy
hip fractures was carried out according to medical history, complaints, objective clinical symptoms,
and X-ray examination. Biochemical blood parameters were determined in the morning hours before
meals by the content of glucose, hemoglobin, absolute number of lymphocytes, albumin, globulin,
direct bilirubin, indirect bilirubin, creatinine, and cystatin C in the blood serum. Correlation,
univariate, and multifactorial logistic regression analysis, and ROC analysis were used in statistical
processing. Results: Among patients with low-energy hip fractures, the following biochemical
parameters of the blood serum were statistically significant: albumin content up to 33.6+£2.4 g/l
(below normal limits), apolipoprotein A content up to 0.9+0.1 g/, creatinine content up to 0.59+0.2
mg/l and indirect bilirubin content up to 11.3+£1.2 mmol/l. However, in this group, compared with
patients without low-energy hip fractures, the level of low-density lipoproteins (up to 2.76+0.7
mmol/l), serum cystatin C (up to 1.34+0.3 mg/l) and a reduced sarcopenia index to 44.0+3.8
(p<0.001) were significantly higher. Independent prognostic biomarkers in multifactorial logistic
regression analysis revealed low levels of albumin, apolipoprotein A, creatinine, elevated serum
cystatin C levels and a decreased sarcopenia index. The ROC analysis showed a high predictive ability
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of the sarcopenia index, the content of creatinine and cystatin C in blood serum with an area under
the curve of 0.847; 0.821 and 0.809, respectively. Conclusion: Serum creatinine, cystatin C,
apolipoprotein A, albumin, and sarcopenia index can be used as predictive biomarkers of low-energy

hip fractures among older patients.

Keywords: low-energy fractures; hip fractures; sarcopenia index; older people; prognostic

biomarkers; biochemical parameters of blood

For citation: Agarkov NM, Ibiev ASO, Fedoseev IM, et al. Prognostic biomarkers of low-energy
fractures in older patients. Research Results in Biomedicine. 2026;12(3):511-525. Russian.
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BBenenue. Huskosuepreruueckue
[epesioMbl — 3TO, B COOTBETCTBUU C
ompeneneHueM BcemupHOil  opraHuzanuu
31paBOOXPAHEHUS [1] MEPETIOMBI,
BO3HHUKAIOIIKME TPU POCTE CTOSI WU HIKE, a
TaKXKe [IEPEIOMBI, BbI3BaHHbIE
MEXaHUYECKUMHU CHIIaMH, KOTOPbIE OOBIYHO HE
IIPUBOJSAT K nepesioMam. K
HU3KOAHEPreTUYECKUM MEePeIOMaM OTHOCATCS
IepesioMbl B T03BOHOYHHUKE (TIO3BOHKAX),
OeIpEeHHOI KOCTH, JTy4eBOW KOCTH, IICYEBOM
KOCTH, Ta30BbIX KOCTeH, pé€bep M Apyrux
KOCTEH.

Huskosnepreruueckue TepeoOMbl
coctaBisoT 6onee 90% Bcex mepenoMoB B
CTapUIMX BO3PACTHBIX TpPYINax M OOBIYHO
clenyoT y HuX 3a nageHusmu [2]. Cpenu
HU3KOAHEPreTUYECKUX MEePeIOMOB Haumbosee
4acTO BCTpeYaroTcs MepesioMbl Oeapa cpeau
JIFOZIEH TOKUIIOTO M CTapuecKoro Bo3pacTta [3].
OTH  mepenoMbl  MPEACTABISAIOT  cOOOi
pacTymyro MnpoOneMy 31paBOOXPAHEHHUS B
Pa3BUTHIX CTpaHax, MOCKOJIBKY HX YacToTa
YBEIMUMBAETCS C BO3PACTOM HACEJEHUS.
Oxunaercs, 4TO npobiema Oyzner
YCYTyONsATbCS, TOCKOJBKY YHCIIO MOMKUIBIX
JIOZIEN, TOKUBAOIIMX 1O OYEHb IPEKJIOHHOTO
BO3pacTa, B Omrkalmme aecaTuiieTus Oymer
pactu. CrnenoBaresibHO, HEOOXOAMMBI Ooiiee
3¢ deKTUBHbIE CTpaTeruy, HAIllpaBJIEHHbIE Ha
BBISIBJICHHE IIAlIUEHTOB BBICOKOIO pPHUCKA, K
KOTOpbIM  CJelyeT  NpUMEHSTh  Oojee
MHTEHCUBHBIE NpoduiakTuyeckue Mepsl [3].

Cpenu pa3iauuHbIX (DaKTOPOB pHUCKa,

CIOCOOCTBYIOIINX HU3KODHEPTeTUYECKUM
nepeaoMam oenpa, Ha3bIBaeTCs
OpTOCTaTHYECKast HECTAOWILHOCTb,
XapaKkTepU3yIoLascs HapyLICHUSIMH

paBHOBeCHSI M THIOTOHHEW, CIOCOOHON

IIPUBECTH K BHE3AIHOM IOTEpE KOHTPOJI HaJl
teraom [4]. TlokazaHo, 4TO OpTOCTAaTHYECKas
TUIOTEH3Us M IOBBILICHHAs  4acToTa
CEepACYHBIX COKpaIlleHUI MOI'YT
IIPOTHO3UPOBAThH HU3KODHEPIeTUYECKUE
IIEpEIOMBI, a TaKXe HMEILUecs JdaHHbIC
CBUJETEIBCTBYIOT 0 3HAYUTEIIbHON
PacIpOCTPaHEHHOCTH CEPAEYHO-COCYIUCTBIX
U 1epeOpOBACKYISPHBIX  COMYTCTBYIOLIMX
3a00JIeBaHUM Cpeyu MAalUEHTOB, MMOJIYYUBIINX
HU3KOPHEpreTuueckue mnepenomsl.  Kpome
TOTO,  HEKOTOPBIE  CEPIEYHO-COCYOUCTBIC
OMoOMapKephl, TakuMe Kak KOINENTHH, Mpo-
MIPEACEPAHBIN HATPUAYPETUUECKUN MENTHT U
IPO-aJAPEHOMENYJNIMH ~ aCCOLMUPOBAaHbl  C
HU3KOAHEPreTUYECKUMH MIepesioMaMu Oespa.

BO3HUKHOBEHHE HU3KOOHEPIETHUECKUX
nepesioMoB  Oeapa  accoUMUpyeTcss ¢

repUaTpUYECKUMHU CUHIpOMaMU —
MaJbHYTPHUIMEH, 3pUTENbHBIM ACPUIUTOM U
CapKOIICHMEW, a  TaKkKe ¢  TaKuMu

OuomapkepaMu Kak YpPOBEHb  (OJIUEBOM
KHCIOTHI, nedunut ButamuHa D [5].
Pacnipoctpanénubim repuaTpuyecKum
COCTOSIHEM cpeau NAIEHTOB c
HU3KOAHEPreTUYECKUMHU TeperioMamu  Oenpa
ABIIAE€TCA  capkonmeHus [2, 6], Kotopas
BcTpedaercs y 21-74% y myxuus u 12-68% y
YKEHILUH, TOJIyYMBIINX HU3KOIHEPTETUUECKHE
riepesioMel 6eapa [7].

CapkorieHusi, Kak HM3BECTHO, SBIAETCS

BO3PACTHBIM 3a00JIeBaHHEM,
XapakTepU3YIOIUMCSl  MOTepell Macchl H
byHKIMN CKEJIETHBIX MBIIIIII,

pacpoOCTPaHEHHOCTh KOTOPOTO B OOIIei
nonyysiuu  coctasigeTr ot 5% no 10% [8].
CapkoneHusi TECHO CBsI3aHa C OCTEOIIOPO30M Y
MOXXHWJIBIX  JIFOJIeH, 4YTO B COBOKYITHOCTH
YBGJII/I‘-II/IBaeT pI/ICK paBBI/ITI/ISI Ha,[[eHI/II\/'I nu
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HU3KOHEPreTUUECKUX TepesioMoB Oeapa [9].
Ilepenom  Oeapa  sABISIETCS  CEpPhE3HOM
pooIeMoit 00IIECTBEHHOTO
3PAaBOOXPAHEHUS CpeIu TOXKHMIBIX JIO/IEH.
HUccnenosanus 1mokasaiu, yto g0 83,6%
MaUMeHTOB C IepesoMoM Oeapa MOTYT
CTpajaTh CapKONEHUEH, B 3aBUCUMOCTH OT
UCIOJNIb3YEMbIX TUArHOCTUYECKUX KPUTEPHUEB
[10]. CapxomeHust cBsizZaHa C IUIOXUMH
MOCJICONePAIMOHHBIMU pesyibraTami,
BKJIIOYass  Oojiee  BBICOKHE  IIOKa3aTeNH
octaroyHo O0JM M OCIOXKHEHHH, Oonee
JUINTEIbHOE  TpeObIBaHWEe B OOJBHHUIIE,
yXyAlLIEHUE (bYHKIIMOHAIBHOTO
BOCCTAHOBJICHUS U TMIOBBIIICHHYIO CMEPTHOCTh
[11]. Hampumep, y NalMeHTOB C NEPEIOMOM
Oenpa W CapKONCHHEW S-TIETHSS CMEPTHOCTH
cocrasisieT 82,7%, no cpaBHeHuto ¢ 52,7% y
nmanueHToB  0e3  capkomeHud.  PaHHsA
IUarHOCTMKAa M BMEMNIATEIbCTBO  MPH
CapKOIICHUH HMMECIOT pEIIafolee 3HA4YCHHE, B
TO BpeMs KakK CYIIECTBYIOIINE
JTUArHOCTHYECKUE TECThl Ha CapKOICHHIO,
Takhe Kak TeCT XOAhObl Ha 6 METPOB U TECT
BCTaBaHUs CO CTyJIa 5 pa3, HEIMPUMEHUMBI JUISI
ManueHToB ¢ rmepenomoMm Oexapa. I[loatomy
CYIIECTBYET MOTPEOHOCTH B O0Jie€ MPOCTHIX,
HO 5((}eKTUBHBIX METOMaX CKPUHUHTA IS
BBISIBJICHHSI CapKONICHUHM Yy TAIUEHTOB C
nepenoMom Oezpa.

B CBSI3U c OTpPAaHUYEHHOMN
MOJIBWYKHOCTBIO y TAIIMEHTOB C TEPeIoMOM
Oenpa U, Kak CJEICTBHE, HEBO3MOXXHOCTHIO

IIPOBCACHUA OCHOBHBIX TCCTOB,
HCIIOJIB3YEMBIX JId OII€CHKH 3a0 OJICBaHHA,
HHCTPYMCHTAJIbHBIC METObI SABIIAKOTCA

BaXHOW YaCThIO JUArHOCTHKH, JaXKe €CIIM OHU
MOTYT 3aMEHHUTb KJIMHUYECKOE 00CIIeI0BaHuE.
[lootomy fansi  BBISIBIEHUST  CapKONEHHH
MPEAJIaraeTcsl BBIABISATH MacCy CKEJIETHBIX
MBI C TOMOIIBI0 MarHUTHO-PE30HAHCHOM
ToMorpaduu, OUOMMIIETAHCOMETPUU WU
KOMITBIOTEpHOM ToMorpaduu, HO 3TH METOJIbI
HE BCEr/a JIOCTYMHBI JJI1 MHOTUX MallMeHTOB B
CHITY Pa3INYHbIX PUYHH.

B Hacrosmee BpeMs B KayecTBe
MPOCTOTO M SKOHOMHYECKH 3(PPEKTUBHOTO
CypporaTHoro 6uomMapkepa MbIIIEYHON CHIIBI 1
CapKONEHUH MPEeJIOKEeH MHJIEKC CapKONEHHU
[12]. OgHako mpOTHOCTHYECKAsl CITIOCOOHOCTH

MHJIEKCA CapKOIIEHUU U HEKOTOPHIX APYTUX
MoKa3atesiell KpOBH B KayecTBE OMOMapKepoB
HU3KOHEPreTUYECKUX  IepeaoMoB  Oexapa
OCTAETCS MPOTUBOPEUUBOM.

Heas wuccaenoBanus. BrisaBieHue
MIPOTHOCTUYECKUX OromMapKepoB
HU3KOHEPreTUYECKHX  IepejaoMoB  Oexapa
Cpelly MalKUeHTOB CTapIIero Bo3pacra.

MarepuaJbl U MeTObI
ucciaenoBanus. lccnenoBanue MpoBEnEHO
cpeau HanmueHToB 65 JleT W crapiue,
MOy YUBLIUX HU3KO3HEPIreTHUECKUE
MepesioMbl Oenpa, W Ccpenu Jroned 65 et u
CTaplle ¢ OTCYTCTBUEM HU3KOIHEPTreTUUECKUX
nepenoMoB  Oenpa. Iloatomy Kkpurtepusmu
BKJIFOUEHHUS CIY>KUJIM BO3PACT IMALUEHTOB 65
JeT W CTapue, HU3KOIHEPreTHYeCKHi
nepenoM  Oeapa, JIeTKUE  KOTHUTUBHBIC
HapylleHusl, aMOyJIaTOPHOE U CTallMOHAPHOE
JICYEHUE, HAJIMYKME MMCbMEHHOTO COIIACHUs Ha
y4acTHe B UCCIIEI0BaHUHU.

Kpurepussmu HEBKIIOUEHHUS SBISUIMCH
BO3pacT MeHee 65 JeT, TAkKellble KOTHUTUBHBIE
HapylIEeHUs, CUHAPOM CTapueCKOM acCTEeHUH,

coOMaThyecKue 3a00JeBaHUS B  CTaauu
JEKOMIIEHCAIIMH, HOBOOOpa3oBaHUs KOCTEH U
CyCTaBOB, OCTpBbIE WH()EKITMOHHBIE
3a0oneBaHus, MIEPEHECEHHbIT OCTpBIii

HH(}AapKT MHOKapAa, OCTpOE HapylLIeHHE
MO3TOBOTO KpPOBOOOpAIEHUs] B MOCIEIHUE
MOJITO/1A.

Kputepusimu  UCKIIIOUEHHS  SIBIISUIUCH
nepees3l MalueHTa B JPYTYI0 TEPPUTOPHIO,
CMEPTh NaUEHTa, pa3BuTHE
KU3ZHEYTPOXKAIOIIUX ~ OCIOKHEHUH, TOTeps
CBSI3M C NAIIUEHTAMH.

HI/IaI‘HOCTI/IKa HHU3KOOHCPIE€THICCKUX
nepeiioMmoB OCYHICCTBIIAIACh IMyTeM
MHOTOIIIIAaHOBOI'O JUarHoCTHYCCKOIO

oOcienoBaHMsl MAalMEHTOB C  H3yYCHHUEM
adHaMHE3a, KINHHYCCKHX CY6T)CKTI/IBHI)IX 158
OOBEKTUBHBIX  CHMIITOMOB,  BBIIOJHEHUS
PEHTTeHOTPaPUIECKOTO HCCIICOBAaHUS H B
COOTBETCTBUH c Kinuangeckumu
pEKOMEHTATUAMU «ITaromornueckue
MepPEIOMbI, OCIOXKHSIOUINE 0cTeornopo3» [13].

C yueToM BBIIIIEHA3BAaHHBIX KPHUTEPUECB
BKJIIOYEHUS M HCKIIIOUEHHS C(HOpMHUpPOBAHBI
JBC KIWHUYECKHWE TPYNIbl: OCHOBHAas —
ITaIIUCHTHI C HU3KOSHCPICTUYCCKUMU
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nepenomMamu  Oezipa, KOHTpOJbHAasT — C
OTCYTCTBHEM HU3KOIHEPIeTUYECKUX
IIepesIoMoB Oepa.

CeeneHusi 0 MeIMKO-IeMorpaduueckux
XapaKTEPUCTUKAX  TAIlMCHTOB  IOJIyYEHBI
MyTeM OIpoca TMalMeHTOB U W3BIICYECHUS
HeoOxoauMoi HGOpMAIK U3 OPHUITHATIEHOM
MEOUILIMHCKON JIOKYMEHTAIWH. Ot
XapaKTEPUCTUKH peyCMaTpPUBAIU
pEerucTpaimio Bo3pacrta, roja nocTpagaBlInXx,
HaJIW4YWs TAJCHUW B aHaAMHE3e, HAIWYHS
IPYyTHUX MepeIOMOB B aHamHese,
3200J1eBa€MOCTH apTepuaNbHON
TUMNepTeH3uel, caxapHbiM auabeToM 2-ro
TUMA, WIIEMUYECKON OO0JIe3HBIO  Ccepilla,
00JIe3HSMU TOYEK, OIEHKY HHAEKCa MaccChl
TeJa, MHICKCa KOMOPOHUTHOCTH.

CpaBHeHHE MeIuKO-IeMorpaduuecKkux

XapaKTCpUCTUK Y4aCTHHUKOB ABYX
BBIACJICHHBIX I'PYIIII BBIABHUIIO, YTO ITAIIMCHTHI,
IMOJIyYMBIINC HU3KOOHCPICTUYCCKUC

nepesioMbl Oepa, OTIIMYAIUCh OT YYaCTHHKOB
KOHTPOJIBHOW TPYNIBI MO TaKHUM KPUTEPHUSIM
Kak TOJI TalWeHTOB, HAJIWYKWe CHHAPOMA
MaJICHUH 32 TIOCICTHUM TOJ], HAIMYHUE IPYTHX
IEPEIOMOB 32 IMIOCIECIHUN TOJ, HAJIUYUE
COITyTCTBYIOIICH apTepHaIbHON TUIICPTCH3UH
U umeMuueckoi  Oomesnm  cepama. B
YaCTHOCTH, CpEIW MAIMEeHTOB OCHOBHOM
IPYIIIBI TPe00Iafain )KEHIIUHBI, JOCTOBEPHO
BBIIIIC YACTOTa CHUHApPOMA MaJCHUH, IPYyrux
MepeIoMOB 3a rof, a TaKKe
pacrnpocTpaHéHHOCTh apTepUabHOM
TMIIEPTEH3UH M MIICMHUYECKOH  00Je3HU
cepama. Ilo napyruM aHaIM3UPOBAHHBIM
MEIUKO-AeMOTpapUUSCKUM XapaKTePUCTHKAM
CTaTUCTMYCCKH 3HAUUMBIX pa3jIMuuil  He
YCTaHOBJICHO, B TOM qKCIe o
pacrpocTpaHEHHOCTH  caxapHOro jauabera
2-ro Tuma, 3a00JieBaHUN ITOYCK, HHICKCAM
MOJIUIParMa3uu u KOMOPOUTHOCTH
(tabm. 1).

Tabnuya 1

OcHoOBHBIE MeIMKO-1eMOTrpauuecKue XapaKTePUCTUKH YYACTHUKOB ucciienoBanus (£SD)

Table 1

The main medical and demographic characteristics of the study participants (=SD)

Jluua ¢ oTcyTcTBHEM IanuenTsI ¢
XapakTepuCTUKH MANIHEHTOB HHU3KOIHEPreTHIeCKUX HHU3KO0IHEPTreTHYEeCKUMH p
nepesoMoB 0eapa, n=109 nepejgomMamu 6eapa, n=112

Bospacr, et 73,4+6,9 74,9+8,6 >0,05
Myskuunsl, adc.4./% 64/58,7+7,1 42/37,5£3,2 <0,01
Kenmuuel, ade.4./% 45/41,343,6 70/62,5£5,9 <0,01
Hanmuue 3 CUHApPOMA IIAJICHUN 34 22/20.243.0 38/33.9+4.2 <0,01
ocJiefHuM rox, adc.4./%

Hamuane _ ZIpYTMX  TIEPENOMOB 33 18/16,542.7 32/28.642.2 <001
nocieaHui rox, adbe.4./%

WHpeKe Macchl Tena, Kr/M> 24242 4 22,942 4 >(),05
Wupekc xomopOuaHOCTH, a0C. 4. 4,1+£0,7 4,3+0,8 >(),05
AptepuanbHas THIIEpTEH3Us, a0c.4./% 38/34,9+£3,3 54/48,2+4,5 <0,01
Nmemuueckas 00JIE3HD cepaua, 20/18342.6 42/375432 <0,01
abc.1./%

CaxapHslii quabert, adc.4./% 14/12,842,5 22/19,642,0 >(),05
3aboeBanus moyek, adc.u4./% 7/6,4+1,3 10/8,9+1,1 >(),05
Wupekc nonunparmMasuu, adc.u. 3,2+0,9 3,8+0,7 >0,05

buoxumnueckue HUCCIICA0BAaHUA CBIBOPOTKC KPOBU KPCATUHWHA U TUCTAaTUHA C

Hpe)IYCManI/IBaJ'II/I I/13y‘-IeHI/Ie B YTpeHHI/Ie qacChbl
70 TIpreMa TUIIH COAEPKaHUS B CHIBOPOTKE
KpPOBH TJIFOKO3bI, TeMOTJI00MHA, aOCOTIOTHOTO

KonuyectBa  JUMGOUMTOB,  anbOyMHHA,
JI00YJINHA, PSIMOTO ommpyOnHa,
HENPSIMOT0 OounnpyOuHa, KpeaTUHHHA,

uuctatuHa C. Ha ocHoBe coaepxaHus B

IIPOU3BOAMIICA PACUYeT MHJAEKCAa CApKOIEHUU
10 OOIIENPUHATON METOJMKE KaK OTHOLICHHE
CBIBOPOTYHOI'O KpeaTHMHUHAa K nuctatuny C,
ymHoxkeHHoe Ha 100 [12]. CpIBOpOTOUHBIM
KpEaTWHUH  ONpEeNeNsuics  ONpenensiach
MetoaoM Sdde (¢ MMKPUHOBOH KHCIOTON),
nuctatud C —MMMYHO(EPMEHTHBIM METOA0M
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C HCIOJB30BaHHEM TecT-cucteM Human
Cystatin C ELISA ¢upmser BioVendor dupmbt
BioPorto, a npyrue 6HOXMMHYECKHE IIOKa3aTeITH

— Ha ABTOMATHUYCCKOM aHa.nmaTope
«KoneLaby.
I/ICCJ'IG,Z[OBaHI/Ie BBIIIOJTHCHO C

COOJTIOZICHUEM ITUYECKUX HOPM W TPUHIIUIIOB
XenbCUHCKOM JIEKIIapaliiH.

[Ipu ananmmM3e CTATUCTUYECKUX JIaHHBIX
WCIIOJIb30BAaHbl CTAHAAPTHBIN CTaTUCTUYCCKHMA

maker  «Statistica 17.0», nepcoHaIbHbIH
KOMIIBIOTED, KOPPEJISILIMOHHBIH,
OJTHO(aKTOPHBIN u MHOTO()aKTOPHBIH

JIOTUCTUYECKHIA perpeccHoHHbIi aHamm3, ROC-
AHAJIN3 110 OOIIETIPUHITHIM METOTUKAM.

s 00paboTKN MOJTY4EHHBIX
pe3yNbTaToB MPUMEHSITUCH
HenapameTpuueckue kpurepun Llanupo-Yunka
n ManHa-YurtHu. [Ipu ctatnctiueckom aHanuse
JIAHHBIX BBINOJHAIOCH IIONAPHOE CpaBHEHHE
UCCIIEOBAaHHBIX OMOXMMUYECKUX WU MEIUKO-
neMorpaduueckux Mokazaresiel o KpUTEpUro
Manna-YuTHu. Pazmuune CUYMUTAJIOCH
CTaTHUCTUYECKH 3HaUMMBbIM 11pH p<0,05.

Pesyabratl MW HX  00Cy:K/IAeHHe.
CpaBHHTENBHAsT  OLIEGHKA OMOXUMHYECKUX
IoKazaresen B c(OpMHPOBAHHBIX
KITIMHHYECKUX rpyImax BBISIBHJIA
CTAaTUCTUYECKH 3HAYUMBIC paA3IH4YUs 10
OONBIMHCTBY M3 HUX (Tabn. 2). Ilpu stom
HauooJee CYIIIECTBEHHO TAIMCHTHI

pa3IUYaIUCh MO COACPKAHUIO B CBHIBOPOTKE
KpPOBH aloJIMIIPOTEHHA A, ypOBEHB KOTOPOTO B
1,50 pasa Huxe cpead  MAIMEHTOB,
MTOJTyIHUBIIIAX HU3KODHEPTeTUUICCKUC
nepenoMsl Oespa. Cpeau MoCIeHIX OKa3aics
CTaTHUCTUYCCKA 3HAYUMO HWXKE YPOBCHB
anbOymMrHa B ChIBOpOTKe KpoBH (p<0,05).
ConepkaHne KpeaTWHHHA, KaK W Ha3BaHHBIX
JBYX OMOXMMHUYECKHX ITapaMeTPOB, 0Ka3ajaoch
TakKe HWKE B Tpyldme  TAlWCHTOB,
MIOJTyYHUBILIUX HU3KODHEPIreTUYECKUe
nepesnoMbl 6esipa. OgHAKO ypOBEHb LIUCTaTUHA
C B CHIBOPOTKE KpOBU TMAIMEHTOB C
HU3KOPHEPIeTHUSCKUMH TIepeioMaMu  Oenpa
MpEBBIIIAT  TAaKOBOH MAIMEHTOB  TPYIIIBI
CpaBHCHHS.

Tabauya 2

buoxumuyeckue mapaMmerpsl KpOBH y NALUEHTOB
¢ HU3KOIHepreTuyeckuMu nepejsomamu 6eapa (M+SD)

Table 2

Biochemical blood parameters in patients with low-energy hip fractures (M+SD)

ITauueHTHI € OTCYTCTBHEM IlanueHTHI €
Buoxumuyeckuii mapamerp HHU3KO0IHEPTeTHYECKHX HHU3KO0IHEPTreTHYECKUMU p
nepeJioMoB Oenpa nepeJjioMamMu oeapa
AnpOymuH, T/1 42 4+4.6 33,6£2,4 <0,05
Anonunporens A, /1 1,2+0,2 0,8+0,1 <0,001
JITTHII, mMons/n 2,31+0,4 2,76+0,7 <0,05
I'emorno6uH, /1 106,4+6,9 105,2+7,2 >0,05
[Ipsimoti OunmupyOHH, MKMOJIB/TT 5,2+6,3 5,4+5,8 >0,05
Henpsimoti OunpyOuH, 14,8416 11,3412 <0,001
MKMOJIB/TI
KpeaTunus, Mr/i 0,78+0,4 0,59+0,2 <0,01
Hucratun C, mr/n 1,01+0,2 1,34+0,3 <0,01
WNHpekc capkoneHuu, OTH. 4. 77,2+5,1 44,0+3,8 <0,001
Cpenu MalMEeHTOB, MOJTYYMBIINX nuctatuHa C W CHWKEHHBIA  yPOBEHb
HU3KODHEpPreTUYeCKue  MepesioMbl  Oempa, KpeaTuHUHA B CBIBOPOTKE KPOBU Y NALIUEHTOB

BBISIBJICH JJOCTOBEPHO O0JIee BHICOKUIT YPOBEHb
JIIHII, xots 3TO paznunume OBbLJIO MeHee

CYLIECTBEHHBIM, 4em IE panee
paccMOTpPEHHBIX OMOXMMHUYECKUX
nokazarenerd. bosee  BBICOKMH  ypOBEHb

C HU3KOPHEPreTUYECKUMH TepesioMamMu Oezpa
MOBJIUAJI HA TO, YTO Y HUX MHJCKC CAPpKOIICHUN
okazajycs B 1,75 pa3a HUXe I0CTOBEPHO, YEM Y
JIIOI[Cﬁ, HC HMMCBIINX HHU3KO3HCPICTUYCCKHUC
repesoMel Oespa.
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Omnpenenenue IPOrHOCTUYECKON
CIOCOOHOCTH  H3YyYEHHBIX OHOXMMHMYECKUX
IoKasaresen KpOBHU IIOCPECTBOM

0JHO(aKTOpPHOTO u MHOTO(aKTOPHOTO

JIOTUCTUYECKOTO PErPECCHOHHOIO aHalu3a C
pacdeToM BesmurH oTHouIeHus mrancos (OLL)
n 95% noseputenbHbIX uHTEpBanoB (/)
IpezcTaBiIeHo B Tabmure 3.

Tabnuya 3
IIpornocTuyeckas CocOOHOCTHL OMOXUMMYECKHUX MOKa3aTe el KPpOBH
B IOJIYYCHUH HU3KOIHEPreTHYeCKMX MepeioMoB
Table 3
Predictive ability of blood biochemical parameters in obtaining low-energy fractures
Buoxumunueckmnii OpHogaKkTOpHBIH aHAJIN3 MHorogakTopHbIii aHAJIH3
noKa3arejb (0)111 95% N p om 95% AN p
AnpOyMHUH 1,784 1,511-2,109 0,008 1,725 1,643-2,017 0,003
Arnonumnpotend A 1,668 1,364-1,978 0,007 1,677 1,425-1,914 0,005
JITTHIT 0,875 0,709-0,963 0,104
I'emornoOun 0,364 0,028-0,541 0,915
[psmoii OuMpyOouH 0,219 0,005-0,367 0,868
Henpsivoit 0,741 0,516-0,908 0,217
OonnupyOHrH
Kpearnaun 1,865 1,624-2,132 0,012 1,861 1,715-2,229 0,011
Hucrarun C 1,904 1,786-2,243 0,004 1,889 1,734-2,198 0,002
WHaekc capkoneHun 2,239 2,118-2,645 0,003 2,233 2,137-2,518 0,002

PaccunTanHpic BEIMYMHBEI OTHOIICHUS
maHCOB B OHHO(bﬂKTOpHOM JJOTUCTHUYCCKOM
PErpe€CCUOHHOM AaHAJIM3C IMOKAa3bIBAIOT, UYTO

BO3HHUKHOBEHHUIO HU3KOOHEPTeTUYECKUX
nepesioMoB Oefpa B HAMOOJBINEH CTENEeHU
COcOOCTBYET UHCKC CapKOIEHHH,

MOBBIIAOIINMN UX pUCK B 2,24 pa3a. Beicokuii
PUCK  TOJNyYEHUS  HU3KOIHEPIeTUUYECKUX
IIEpeIoMOB  Oeljpa TaKKe acCOLMUPOBAH C
COCTABIIIOIMMHU HMHJEKCA CAapKONEHUH — C
CoziepKaHUuEM B CBIBOPOTKE KpOBH
KpeatuHuHa U nucraruHa C. Bo3HMKHOBEHME
HU3KOAHEPreTUYECKUX NepeIoMOB
aCCOLIMMPOBAHO B 3HAYUTEIBHOW CTENEHU CO
CHIDKEHHBIM  ypOBHEM  aibOyMHHa H
arloJIMIpPOTENHAa A B CBIBOPOTKE KPOBH C

JIOCTOBEPHBIMU TOBEPHUTEITbHBIMA
MHTEpBaJIaMHu. Hpyrue W3yYEHHBIE
OMOXUMUYECKHE roKa3zaTenu KpOBH

(conepxanue JIITHII, mpsimoro GminpyOuHa,
YpPOBEHb  TreMOnIoOWHA) HE  OKasbIBAJU
CTaTUCTUYECKH 3HAYUMOTO BIMSHUS Ha
BO3HUKHOBEHHUE HHU3KOIHEPTeTHIECKUX
MIEPEIOMOB Y JIFOJIEH cTapiiero Bo3pacTa.

B MHOromMepHOM  JIOTHCTHYECKOM
PErPEeCCHOHHOM  aHaju3e OMOXUMHUYECKHE
[OKa3aTeIH, OKAa3bIBAIOUIME JOCTOBEpHOE
BIIMSIHUE Ha pHCK MOJTYYCHUS
HU3KOPHEPTeTHYECKOro  IepenoMa  Oexpa,

COITIACHO  OHO(AKTOPHOW  JIOTHCTUYECKOM
perpeccuu, COXpaHWJIM CBOI 3HAYMMOCTH B

ITIOBBIIIICHU U PpUCKa MOJTy4YCHHA
HU3KOOHECPICTUICCKUX TICPCIIOMOB. HpI/I 9TOM
BCJIIMYHUHA OTHOIIICHUA IIaHCOB

anoJIMIIPOTENHA A HE3HAYMTENIbHO BO3pOCIIa.
OnHako BEJIWYHHBI OTHOIIEHMS IIAHCOB BCEX
Ipyrux OWMOXMMHYECKHX ToKazareneil —
anpOymMuHa, KpeaTuHuHa, muctatuHa C u
HHJIEKCa CapKOIIEHUH HECYUIECTBEHHO

YMEHBIIUJIHCH, COXpaHUB JIOCTOBEPHOE
BIIUSHHE C 95% JIOBEPUTEIIbHBIMU
WHTEpBaJaMHU.

KoppensunonHslii  aHanu3  BBIBUII
BBICOKYIO OOPaTHYIO KOPPENSLHUOHHYIO CBS3b
MEXIy  COIEp)KaHMEM  KpeaTMHHHA W
uucratuHa C B CBIBOPOTKE KpoBH (puc. 1), uto
CBUJETEIBCTBYET O PA3HOHAINPABIEHHOM HX

BIINSTHUUN Ha BO3HHUKHOBCHUEC
HU3KOOHCPICTHICCKUX  IICPCIOMOB 6enpa.
Puck BO3HHUKHOBCHU IOCIICAHUX

YBEIUYMBACTCS NIPU CHU)KEHUHM KpeaTUHHHA B
CBIBOPOTKE KpPOBH ¥, Ha00OpOT, TMpH
NOBBIIIEHUH IcTaTuHA C B CHIBOPOTKE KPOBH.

Bricokas MPOrHOCTUYECKAs
CrocoOHOCTh UHJIeKCa CapKOTICHUH,
colepxaHusl KpearTuHnHa M nucratuHa C B
CBIBOPOTKE KpoBu noarBepxkaeHa ROC-
aHaJIU30M (puc. 2).
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Puc. 1. KoppensiuonHas cBs3b MEX/y COAEp)KaHUEM KpeaTHUHUHA U 1iiucTaTiHa C B CHIBOPOTKE
KPOBH y MAIIIEHTOB ¢ HU3KOAYHEPT€THUECKUMU TIEPEIOMaMH
Fig. 1. Correlation between serum creatinine and cystatin C in patients with low-energy
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Puc. 2. [Tnomaas mox KpUBO# JUIsl TPOTHO3UPOBAHKS HU3KOIHEPTETUICCKHUX TIEPEIIOMOB 110
uHaekcy capkornenuu (1), conepskannto kpearnauHa (2) u ucratuHa C (3) B CBIBOPOTKE KPOBU
Fig. 2. The area under the curve for predicting low-energy fractures based on the sarcopenia index

(1), creatinine (2) and cystatin C (3) levels in blood serum
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3HayeHHWs] IJIOMAQAM  TOJ  KPHBOU
COCTaBWJIM I UHAEKca capkonenuun 0,847,
JUISL COACpXaHWsSI KpEaTHHHHA B CHIBOPOTKE
kpoBu — 0,821 u conepkanust uucraruHa C B
ceiBopoTKe kpoBu — 0,809. Takue BeIUUMHBI
IUIOUIAU MO/l KPUBOM CBUAETEIHCTBYIOT O
BBICOKOM  MPOTHOCTHYECKOW  CHOCOOHOCTH
colepxaHusl KpeaTuHuHa, nucratuHa C B
CBIBOPOTKE KpPOBH, HWHICKCA CApKOIICHUH B
MOJTy4€HUU HU3KOIHEPTEeTUUECKHX ITEPEIOMOB
Ooenpa.  IIporHoctudeckass  CIOCOOHOCTH
YpOBHSL allbOyMUHA M amnoJUMNpOTenHa A B
CBIBOPOTKE KPOBHU IO TTOKA3aTENO ILIOMIAIH
MoJ KPUBOM  HE3HAUUTENBHO HUXKE W
coctaBiger coorBercTBeHHO 0,764 m 0,705,
YTO  YKa3blBaeT Ha  YMEPEHHYI0  UX
MIPOTHOCTUYECKYIO CITOCOOHOCTH B
OTHOIIICHUU MOJTy4eHUs
HU3KOAHEPIeTHYECKHUX TIepEIoMOB Oejipa.

Panee MOKa3aHo, 4TO HHCKC
CapKOTICHHUH MOYKET MIPOTHO3HPOBATH
MpelonepauoHHble W (PyHKUIHOHAIbHBIE
PE3YIABTATHI B MOCIICONIEPAITMOHHOM TIEPUOJIE Y
MAIMEHTOB C CEPACYHON HETOCTATOUHOCTHIO U
MEPCHECIIMMU  XUPYPrUYEeCKoe  JICUCHHE
nepenomMoB Oeapa [14], aHaNTOTMYHBIMH 10
BO3pacTy Halled KIMHWUYECKOW TIpynmsl. Y
MAlMEHTOB C CEPJIEYHON HEIO0CTaTOYHOCTHIO
WHJICKC  CapKONICHUU  KOPPEIHPOBAT  C
IPEIOoNEePaMOHHON CIOCOOHOCTBIO K XO/b0e
¥ MOT TIPOTHO3MPOBATH MOCIICONEPANOHHYIO
crocoOHOCTh K xompbOe. Tak, wWHACKC
CapKOIICHHUH B TIPEIOTIEPAITIOHHOM TICPHOJIE B
rpymme MAaIMEHTOB, CaMOCTOSITENILHO
MEPEIBUTAIOIINXCS, W B TPYIIIE IAIMEHTOB,
MePEIBUTAIOIITIXCS C TTOMOIIIBIO
BCITOMOTaTeIbHBIX CPEJICTB (TPOCTh, IIOPYIHH,
XOJIyHKH ) 3HAYUTEITHHO pazianyancs
(70,2+12,4 " 60,1+9,8
cooTBeTCTBeHHO, p<0,000001).  Yepez 2
HEJIeNH TOCTIe ONepaliy MHICKC CapKOTICHUH
ObUT ~ 3HAYUTETBHO  BBIIIE B  TPYIIeE
CaMOCTOSITEIIEHOTO TIePEIBIKCHHIS
(73,0£14,9), wem B Tpynme C TOMOIIBIO
BCIIOMOTATeNbHBIX  cpeactB  (64,0£10,7)
(p=0,0003). B mpenomnepalluOHHOM MEpPUOJIE
CaMOCTOATENIbHO TEPEABUTAIUCH 28 YEIIOBEK
U MOIJIU XOAWTH CaMOCTOSITENLHO IIOCIE
omnepainuu, B TO BpeMs Kak 49 HyXJaIHuch B
oMot (p=0,01). Y manueHToB ¢ meperoMom

HIeNKH OeIpEHHON KOCTU MHJEKC CapKOIIEHUH
ObLJT 3HAYUTENILHO BBIIIE B IPYIIIE MAlUEHTOB,
CaMOCTOSITEJIbHO ~ MEPEABUTaBIIUXCSA  IOCIIE
onepannu  (78,6+15,7), uwem B rpymnme
MAIMEHTOB, MOy YaBIINX
rocjeonepanuonnyo nomomp  (63,2+£10,9,
p=0,002). Jloructudyeckuil perpeccuoHHbIN
aHaJIN3 N0Ka3aj, YTO OTHOILIEHHUE IIAHCOB IS
MOCIICONIEPAMOHHON CIOCOOHOCTH K X0ab0e
coctawio 0,95  (0,91-0,99, p=0,03).
Koppensiuun  mHAOexkca  CapkoIeHUMM  CO
3HAYEHUSIMH KOMITBIOTEPHON ToMorpaduu u
IUIOLIA/IIMA  TIONIEPEYHOr0 CEYEHMsI ObUIM
CIIEYIOIIUMHU: MOJIB3/IOIIHO-TIOSICHIUYHAS
MBIIIIA B O0JAaCTH BEPXYUIKH TOJIOBKH
OenpeHHoi KOCTH (r=0,40, p<0,001
u 1=0,49, p<0,001 coOTBETCTBEHHO); MpsMas
MBIIIIIa oempa (r=0,26, p=0,007
u 1=0,37, p<0,001 coorBercTBeHHO) [14].
WNunekc capkorneHur ObUT HE3aBUCHUMO
CBSI3aH C MacCOM CKEJIETHBIX MBIIIL, CUJION U
OOBIYHOI CKOPOCTHIO MOXOAKHU Y MAIUEHTOB C
XpOHUYECKOH  OO0JIe3HBIO  TOYEK, HE
Haxomsmuxcess Ha auanuze. KoadduuumeHTsr
KOppeNLMd C [OKa3aTeNIIMU  MBIIIEUHOU
Macchl M TUCKPUMUHAIIMOHHAS CIOCOOHOCTD
WHJEKCA  CapKONICHWH B OTHOIICHUH
CapKONEHUM OBIJIM aHAJIOTUYHBl HW3MEHEHMS
24-4acoBOro ypoBHSI KpeaTHHHHA B MOYE.
OneHka DSKCKpelMH KpeaTHMHUHa C
MOYOM  ocTaeTrcs Hauboiee  HaJAEeKHBIM
MapKepoM sl IPOTHO3MPOBAHUS  MAacChl
CKENIETHBIX ~ MBI Y  TAIHMEeHTOB  C
XpOHMYECKOH  OOJIEe3HBIO TOYEK  HH3Kas
SKCKpeIUsl KpeaTHHWHA C MOYOIl CBsi3aHa CO
CHIDKEHHMEM MAacChl CKEJIETHBIX MBI U
MOBBIIIIEHHBIM PUCKOM cMepTHOCTH. [Tokazana
yMepeHHast KOppensuus HKCKpELUU
KpEaTHHHHA C MOYOM C MAaccol W CHIJIOU
CKENIETHBIX ~ MBI Yy  TalUeHTOB  C
XPOHUYECKOHN 00JIe3HbI0 TIoveK [15].
[IponeMOHCTpUPOBAHO  TaKXke, YTO

UHJIEKC CapKOIEHUH HE3aBHCUMO
MIPENCKAa3bIBAET MacCy CKEJIETHBIX MBI,
MBIIIEYHYIO CUITY u buznyeckyro

paboTOCIOCOOHOCT, HA TO3[HEW  CTaguu
XPOHUYECKON OOJIE3HU MOYEK, AaXe IMOCIie
THlaTCHBHOI;’I KOPPCKTUPOBKU MMOTCHIHUAJIBHBIX
GbaxkTopoB,  BIUSIOIIMX  HA  pe3yJbTar.
HOpOFOBLIe 3HAUYCHU A JJIS HHJICKCA
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CAapKOIICHUU IIOKasaJIi BBICOKYIO
IIPOrHOCTUYCCKYIO OEHHOCTD, 4qTo
mnpearojaaracTt €ro IMOTCHIHAJIBHOC

WCIIOJIb30BaHUE JJIsI CKPDUHUHIA CAPKOIIEHUU Y
MMALMEHTOB C MO3JHEH CTaAuEl XPOHUYECKOU
6one3nu nouek. Kpome Toro, ycraHoBieHa
TECHasl CBSA3b MEXKJIYy HU3KUM HMHJICKCOM
CapKOIIEHUH U CMEPTHOCTBIO OT BCEX MPUUYNH
— Yy HAIMEHTOB B IPYIIE C HU3KUM HHJEKCOM
CapKONEHUH PUCK CMEPTHOCTH ObLI B TPH pa3a
BBIIIIE  TOCJE  TOJMHOW  KOPPEKTUPOBKU
(hakTOpOB priCKa IO CPABHEHUIO C MAIIIEHTAMHU
B TIpylme ¢ HOPMAJIbHBIM  HHJACKCOM
caponenuu [15].

CapkoneHusi yBEJITUYHBACT OOLIUN PUCK
nepenoMoB  Oenpa, HO B HEKOTOPBIX
WCCIICIOBAHMUSX 3Ta CB3b HE  ObLIa
MOATBEPKIACHA. YUUTHIBAasl NMPOTUBOPEUUBBIC
pe3yJbTaThI TEKYIIUX HCCJICIOBAaHUM,
CYLIECTBYET OCTpasi HEOOXOIUMOCTh U3yUEHUs
TOTO, YTO YBEJIMYMBACT JIM CAPKOTECHUS PUCK
OyayuInx MIePEIIOMOB oenpa. Hemapuuit
MeTaaHalli3 TakkKe MOKa3al, YTO CapKOMEHHUs
YBEIMYHUBAET pHUCK najgeHun u
HU3KOPHEPTETHUECKUX  TepeioMoB  Oempa.
B3anMocBsI3p MEXly CapKONEHHEN U PUCKOM
nepenoMa Oenpa MOXKET ObITh OOBsSICHEHA
HECKOIBKMMH  croco0amu.  Bo-mepBsix,
CapKOTICHHsI MOXKET TPUBOAUTh K TaKuUM
repenoMaM, yBeIMYMBas PHUCK majaeHui. B
YACTHOCTH, JIOAM C HHU3KOH MBIIIEYHON
Maccol, Kak MpaBWIO, HUMEIT HU3KYIO
MBIIIEYHYIO MacCcy U PU3NYECKYIO CUITY, UTO, B
CBOIO OY€pelb, YBEIMYMBACT PHUCK MaJCHUU.
CKJIOHHOCTP K TAJAEHUsSIM y JHI C
CapKOTIEHHEN MOXKET MPUBECTH K IeperoMaM
BCJIEJICTBUE XPYNKOCTH KOCTeH. Bo-BTOpBHIX,
CHUKEHUE MUHEPAIbHON TJIOTHOCTH KOCTHOM
TKaHU SIBIISICTCSI 001IeTTpU3HAHHBIM
MPEAUKTOPOM TEPEIOMOB U SIBISETCS LENbIO
BMEIIATEIHCTB, HAMPABICHHBIX HA CHIDKEHUE
pUCKa  OCTEONOPOTHYECKUX  IEPEIOMOB.
OOHapyXeHO, YTO HEKOTOphIE TMAaIMECHTHI
CTpPaJlaloT  KakK  CapKOlleHWeW, Tak U
OCTEOIIOPO30M W HECKOJIBKO HCCIEIOBAHUIN
MOKa3aJii, YTO MAalMeHThl C JUarHO30M
OCTEOIOPO3 U CAPKOIEHUSI, TAK Ha3bIBAEMBIN
«CapKOOCTEOMOPO3», UMEIOT 0oJiee BBICOKUU
PUCK TAACHUN W  HU3KOIHEPIETHUYECKUX
nepesioMoB [16].

CapkolieHusi yamie CBsi3aHa C PUCKOM
nepesoMoB Oeipa y KEHILKH, HO 3Ta CBS3b HE
Obula MeHee 3HAYUMOH Yy MYXYUH IpH
MIPOBEJICHUM aHaju3a IMOATPYIN IO IOy,
MIOCKOJIbKY ~ TIOXKWJIBIE  JKCHIUHBI  Ooiee
MOJIBEPKEHBI CapKONEeHUHN u3-3a
MEHOTAy3aIbHOH  (YHKIUU SUYHUKOB H
HHU3KOTO YPOBHS 17B-acTpanuona,
YCKOPSIFOIIETO BO3pacTHOE  YXYJUICHHE
coctostHUsL Mbl. Kpome TOro, moxuiibie
KEHILMHBI B IOCTMEHOIAY3aJIbHOM IEPHOAE
OBICTPO TEpPSAIOT KOCTHYIO Maccy U3-3a
CHUIKEHUSI YPOBHS ICTPOT€HA M MOTYT OBITh
Oornee ysSI3BUMBI K HHU3KOAHEPreTUYECKUM
niepesiomam [16].

WNHnekc capkoneHUN MOXET BBICTYNAaTh

IIPOTHOCTUYECKUM MapKepoM pucka
MIOCJICONIEPALIMOHHBIX ~ OCJIOXHEHUH  IIpH
XUPYPIUYECKOM JICYCHHUH

HU3KOPHEPreTUYECKUX TeperoMoB Oeapa y
noxmwibix Joaeit [3]. Cpenu HaOmomaeMbIX
OCJIO)KHEHUH  HAOMIOMaNMCh  ITHEBMOHUS,
nHpEKIH MOYEBBIBOISIINX myTeH,
JbIXaTeNbHasi HEAOCTaTOYHOCTh, CepAeyHas
HEJIOCTAaTOYHOCTh, KOTOPBIE BCTPEYAIHCH Y
12%, 1,8%, 1,5%, 1,6% naupeHTOB B LICIIOM.
B rpymnme »HAONPOTE3UpPOBAHUS CYCTaBOB
YacTOoTa THEBMOHUM ObUTa 3HAYUTEIIBHO
CBsI3aHA C MHJIEKCOM capkorieHnu. OgHako He
OBLIIO CYIIECTBEHHBIX pa3IU4Mii B YacToTe
WH(EKIHA MOYEBBIBOISIINX MyTeu,
JBIXaTeNIbHOW HEIO0CTaTOYHOCTH, CEPJICYHOU
HEJOCTATOYHOCTHU MEXKY TPYIIIIAMH ¢ HU3KUM
U BBICOKUM MHIEKCOM CapKONEHHWH HU B
oOmieit Tpymme MalueHTOB, HU B TPYIIax
BHYTpPEHHEU bukcaumn WA
SHJOMPOTE3UPOBaHUsI CycTaBoB. He ObLIO
BBISIBICHO  CYILIECTBEHHBIX  pa3IMuuid B
KOPPEIAIUAX MEXITY HHACKCOM CAPKOTICHUH U
pUCKOM HH(MEKIHA MOYEBBIBOAAIIUX ITyTEH,
JBIXaTEIbHOW HEIOCTaTOYHOCTH, CEPICYHOU
HEJOCTAaTOYHOCTH Y MALMEHTOB, EPEHECIINX
BHYTPEHHIOIO bukcanuio WIIN
SHIONPOTE3UPOBAHUE CYCTABA.

NHnekc capkomeHUW y MaMeHTOB C
HU3KOPHEPTeTUUECKUMH TIepeioMamMu  Oenpa
CBs3aH C 00mei cMepTHOCThiO [17] Kak B
OJJHOMEPHOM, Tak M B MHOTOMEPHOM
perpeccuonHoM aHanuze Kokca. OgHomepHbIit
perpeccronHblii aHanu3 Kokca mokaszani, 4To
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Bo3pact, C-peakTUBHBII O€JOK, anbOyMuH, 3¢ PEeKTUBHBIH u JIETKOJOCTYIIHBIN

pacueTHas CKOpPOCTh
KITyOOYKOBOHM (pHIIBTpaIun u UHJEKC
CapKOIICHUH 3HAYMMO CBSI3aHBI co

CMEPTHOCTbIO M 3HAUUMbIE MEPEMEHHBIE B
onmHomepHoMm aHanuze Koxkxca (p<0,05) Obutn
BKJIFOYEHBl B MHOTOMEPHBIN PErpeCCUOHHBIN
aHamu3 Kokca. OpgHako B MHOTOMEpPHOU
Monenu Toibko Bo3pact (OP=1,07; 95%
An=1,04-1,10, P<0,001) " HHJIEKC
caprorieanu (OP=0,98, 95% J111=0,95-0,99,
P=0,018) SIBJISUTUCH HE3aBUCHUMbBIMHU
(akTopaMu CMEPTHOCTH OT BCEX NPHYUH Y
MAIUEHTOB C HU3KODHEPreTUYECKUM
MepesIoMoOM oenpa. Pesynbraret
PErPECCUOHHBIX MOJIeNIel BBISBHIIN 3HAYUMYIO
CBS3b MEXJy WHJCKCOM CapKOICHHH U
MOBTOPHBIMU ~ TiepeniomMamu  Oeipa Kak B
HeckoppekTupoBannoii  (OP=0,96,  95%
JIN=0,95-0,98, P<0,001), Tak u B
CKOPPEKTUPOBAHHOU c YU4ETOM
nemorpaduueckux ganasix (OP= 0,97, 95%
JN=0,95-0,99, P =0,004), a Takxe B
MOJIHOCTBIO  CKOPPEKTUPOBAHHOM — MOJEISIX
(OP=0,97, 95% JN=0,94-0,99, P= 0,018).
OO6napy>keHa TMOYTH JTUHEHHAas 3aBUCHUMOCTH
MEXIy HWHIEKCOM CapKONEHUU | OOIIUM
PUCKOM CMEpTH, W OOIIUHA pPHUCK CMEPTH
CHWXAJCI  C  YBEJIMYEHHEM  HWHJEKCA
CapKOIICHHH.

VY manmeHToB ¢ HU3KOIHEPTreTUIECKUMH
nepenoMaMu  Oempa  OOHApY»KEHO,  4TO
TJIOTHOCTH MBIIIIT TTO TAHHBIM KOMITBFOTEPHOM
ToMOrpauu  CBSi3aHA CO  CMEPTHOCTHIO.
OnHako HEKOTOpPHIE WCCIIENOBAaHUS TaKKe
MOKA3bIBAIOT, YTO TIUIOTHOCTh U IUIOMIAMb
MBIIII] HE UMEIOT OTHOIIICHUS K CMEPTHOCTH B
TEUCHHUE roja, XOTs OOJBIINHCTBO
MPEABIAYIUX  HWCCICIOBAaHUN  OLICHUBAIU
CapKOTIEHHIO Ha OCHOBE IMOTEPH MBIIICUHON
MacChl M KOJIMYeCTBa (TJIOMIAL TIOTIEPEIHOTO
CeUeHHUs) TO0 JaHHBIM  KOMITBIOTEPHOM
ToMorpaduu, WHIEKC CAPKOTICHUH SBIISIICS
CaMbIM TPOCTHIM U HAaWMEHEE WHBAa3HUBHBIM
METOJIOM OILIEHKHU (D)YHKITUW MBIIIIII, TOCKOJIBKY
aHaJIM3 KPOBU TEpe]] omepanuell sBIseTcs
00s13aTEeIbHBIM.

IIpumedarensHo, 4TO HUHJIEKC
CapKoNeHUH 00JalaeT pAIoM KIMHUYECKUX
MPEUMYIIECTB, TaK KaK 3TO 3KOHOMHUYECKHU

Ouomapkep, MOCKOJIbKY KaK KpeaTHHUH, TaK U
muctatiH C OOBIYHO — U3MEpSAIOTCS B
KJIIMHUYECKOW MPAKTUKE U 3TO JIeJaeT UHICKC
CapKOTIEHUN OCOOEHHO IIEHHBIM B YCJIOBHUSX
OTPaHUYEHHBIX PECYPCOB, TN€ HEIOCTYIHBI
IIepPEI0BBIE METO/IBI BU3yaJIU3aliH,
HampuMep, KOMIIbIOTepHasi ToMmorpadus Win
OMOMMITEIAHCOMETPHSI.

Bonee Toro, coobuiaercs, 4To CKOPOCTh
KITyOOYKOBOW (DMIIBTPAIMH, PACCUNTAHHAS T10
YPOBHIO KpeaTMHHHA B CBHIBOPOTKE KpOBH,
BBIIIE Yy  DAUUMEHTOB C  CEpACYHOH
HEJOCTAaTOYHOCTBI0O M CHIDKEHHOW Maccoii
CKeJIETHBIX MbIII [14]. Y4uThIBas BBICOKYIO
pacnpocTpaHEHHOCTh CapKOIECHUH y
MAIMEHTOB C CEPAECYHON HEJOCTATOYHOCTHIO,
yKa3bIBaeTCsl Ha HEOOXOAMMOCTD OIPeICICHUS
KOHIIeHTpanuu uuctatuHa C B CBIBOPOTKE
KpOBM Yy  TMAlMEHTOB C  CEepJCYHOU
HEJOCTAaTOYHOCTBIO  IPU  TOATOTOBKE K
orepanyy Mo MOBOAY HHU3KOIHEPreTHYECKUX
nepenoMoB Oeapa. Hamm ke ycraHoBieHa
BOXHOCTh  OLIEHKH COJACpXaHUS  YpPOBHS
uucrtatuHa C M KpeaTMHUWHA B CHIBOPOTKE

KpOBH I MPOTHO3UPOBAHUA
HHU3KOOHECPIECTUICCKUX MepeiaIoMoB, qTO
IIO3BOJIUT BBIACIINTD alfMCHTOB C

conepkanrem nuctaruHa C 1,34 mMr/a u Beiie
u kpeatnHuHa 0,59 Mr/a u MeHee B Tpymmy
MOBBIIIEHHOTO PUCKAa C pealn3alnueldl B HEH
TapreTHBIX MpOQUITAKTUIECKUX
MEpONPHUITHH.

Hapsiny ¢ »>TumM Hamu mnpeanaraercs
WCTIONTh30BAaHNE TaK)Ke HMHACKCA CApKOICHUU
JUISL TIPOTHO3UPOBAHUST HU3KOIHEPTETUIECKUX
TepeIoMOB oempa. [Iporaoctuueckas
CIOCOOHOCTh MHJIEKCA CAPKOTICHUH, PAaBHO KaK
Y YKa3aHHBIX paHee COACpKaHHS KpeaTHHHHA
nu 1mucratuHa C B CHIBOPOTKE KPOBH
MTOJITBEPIK/ICHA B MHOTO(aKTOPHOM
JIOTUCTHYECKOM PErpPeCCHOHHOM aHalu3e M
ROC-ananu3e, nis KOTOPBIX TIUIONIAAb IO
KpuBO#l OblTa BeicOKOW — oT 0,809 mo 0,847.
Tem Oonee, dYr0 WHIAEKC CaApKONEHUU
3HAYUTENHFHO KOPPEIHpPYeT C H3MCHEHUSIMH
MBIIIEYHON  Macchl,  MOJIYYEHHBIMH  C
MOMOIIbI0  KOMITBIOTEPHOH  TOMOTpaduu.
Hanpumep, wuccrienoBaHue ¢ y4yacTHEM
MalMeHTOB Ha TPAHCIUIAHTALMIO  JIETKUX
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BBISIBUJIO 3HAYUTEIbHYIO KOPPEISINIO MEKIY
WHIEKCOM  CapKONEHMH U IUIOUIAJIbIO
IIOTNIEPEYHOI0 CEUEHUSI CKEJETHBIX MBI HA
OTpe/ICIICHHBIX YPOBHAX 103BOHKOB (L2 1 L3),
YTO YyKa3blBaeT Ha €ro 3(QEeKTUBHOCTH B
KauecTBE METOJa U3MEPEHHs] MBIIICYHOM
Maccol [18].

Heckonbko apyrux uccinenoBanmii [19,
20] moxaTBepAMIM, YTO HHAEKC CApKONEHHU
KOppeIupyeT C MacCOd CKEJIeTHBIX MBbIIIII,
U3MEPEHHOU IIOCPEACTBOM
JIBYXPHEPIeTUYECKOH  PEHTI€HOJIOTMYECKOM
abCcopOIIMOMETPHH U MOXKET MPOTHO3HPOBATH
CapKONEHHI0 Yy TMAalUEHTOB C CaxapHbIM
nuaberoM  2-ro TANA W CIYXHTb
MOTEHLIMAJIBbHO IIEHHBIM OHOMapKepoM IS
IIPOrHO3UPOBAHUS HeOIaronpus THBIX
HCXO/IOB, TMOOOYHBIX A(PPEKTOB JICUEHUS U
nepenoMoB.  [loaromy MBI cuuTaem, 4YTO
UHJEKC CapKOIIEHUU SIBISAETCA HaJAEKHBIM

OromapkepoM TSt MIPOTHO3UPOBAHUS
HHU3KOHEPIreTHUECKUX  IepeioMoB  Oerpa,
Hapsily C  JOpyrMMH  OMOXMMHMYECKHUMHU

MapkKepaMu KpPOBH, TaKMMH KaK CHIKEHHOE
coJiepkaHue albOyMHUHA, allOJIMIPOTeNHA A.

l'unoansOymuHeMus CBsI3aHA c
OTpaHHYCHHOM (YHKIIMOHATBHOCTHIO
MalUeHTOB [0 ONepalud 1O  TOBOIY
HU3KOPHEPTETHUECKUX TIEPEIOMOB Oenapa u
MPOTHO3UPYET  IJIOXHe  (PyHKIHMOHAIBHBIE
WCXOJbI, HO KOHIIGHTpamus anbOyMHHA B
npenenax HOPMBI MOJIOKUTEIIEHO
KOppelIupyeT ¢  TpelonepalioHHOW U
MOCJICOTNIEPAIMOHHON CTTIOCOOHOCTBHIO K XOB0€
rnocie XUPYPTHUECKOTO JICYCHUS
HU3KODHEPreTUYECKUX MepesioMoB Oeapa [14].
Conepxanue anb0yMHUHa B CBIBOPOTKE KPOBHU
y 3aBUCUMBIX TMAIMEHTOB, MPOIIEAIINX
XUPyprudecKoe JIeYCHHNE
HU3KODHEPreTUYECKUX TEepeoMoB  Oerpa,
coctaBisio 3,4+0,5 1/m1, 4TO OCTOBEPHO
(p=0,0006) Hmxke, 4eM y HE3aBUCHUMBIX K
TIEPEIBIKCHHUIO TIAIIICHTOB C aHAJIOTHYHBIMH
nepenoMaMu. OpHAKO 1O  CONIEP KAHUIO
JTUM(OIIMTOB B KPOBH MEXKTy CPAaBHUBAEMBIMH
JIBYMSI rpynmnamMu MAIUEHTOB c
XUPYPrUdecKuM JeYeHUEM
HU3KODHEPTeTUYECKUX  IepelioMoB  Oefpa
JIOCTOBEPHBIX DPA3IMYUN HE BBISIBICHO, XOTH
coziepskaHue JMM(OLUTOB U adbOyMHUHOB B

KPOBU TO3BOJISIET OLICHUTH YPOBEHb MUTAHUS
MAalUEHTOB, BBISIBUTH MaJbHYTPHIIHIO,
CIOCOOCTBYIOIIYIO CAPKOTICHHUHU.
3akiouenue. Cpea  HM3YyYECHHBIX
OMOXMMHUYECKHUX noKasaresnei KpOBHU
MIPOTHOCTUYECKHU 3HAYUMBIMU B OTHOIICHUH
MOJTYYEHUSI HU3KOIHEPT€TUYECKUX MTEPEIOMOB
O0enpa, B COOTBETCTBUU C pe3yJIbTaTaMH
MHOTO(AKTOPHOU JIOTUCTHYECKON perpeccuu
SIBIIIOTCS CHIKEHHBIE YPOBHH albOyMHUHA 10
33,6 v/ u meHee, anonunporenna A 1o 0,8 v/
U MeHee, kpeatuHuHa 110 0,59 mr/m u Menee B
IJa3Me€ KpOBH, TOBBIIICHHOE COACPKAHUE
uucratuHa C B CBIBOPOTKE KPOBU U HU3KHMA
UHJEeKC capkorneHuu. [Ipu 3TOoM conepkanue
KpeaTuHHHA, icTatuHa C B CBIBOPOTKE KPOBH
U MHACKC CapKOMEHHH OO0JIaJal0T BBICOKOU
MIPOTHOCTUYECKOH CIOCOOHOCTBIO, a YPOBHHU
anbOyMUHa U arnoJIUIpoTenHa A — yMEpEeHHOU
MPOTHOCTUYECKONM  IeHHOCThIo.  [loaTomy
colep)kaHue KpeaTuHuHa, I1ucratuHa C,
anbOyMUHa, amoJUIpOTenHa A B CHIBOPOTKE

KPOBU W  HHJACKC CApPKOIIEHHMH  MOTYT
HCIOJIb30BaTbCA  KaK  MPOTHOCTUYECKHUE
OroMapKepsbl HU3KODHEPTETUYECKUX
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