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Abstract. Entomopathogenic fungi of the genus Beauveria are
considered promising agents for the sustainable biological control of
insect pests. The aim of this study was to investigate the morphological
and molecular characteristics of two native Beauveria bassiana strains,
BCa-09 and BP2-07, isolated from members of the order Coleoptera in
southern and southeastern Kazakhstan, respectively, and to evaluate their
virulence against the greenhouse whitefly, Trialeurodes vaporariorum.
Colony growth rates were determined on potato dextrose agar (PDA)
and Sabouraud dextrose agar (SDA) at 25 °C for 14 days. We performed
molecular identification by sequencing the internal transcribed spacer
(ITS) region of ribosomal RNA, followed by phylogenetic analysis using
the Neighbor-]Joining method with 1,000 bootstrap replicates. Virulence
was evaluated based on the activity of conidial suspensions against T.
vaporariorum nymphs at a concentration of 1 x 107 conidia/mL over
11 days. Strain BCa-09 exhibited a significantly higher colony growth
rate on both media compared with BP2-07 (p < 0.01). BLAST analysis
showed 299% nucleotide sequence similarity between both strains and
reference B. bassiana sequences deposited in the GenBank database,
confirming their taxonomic identity. In the phylogenetic analysis, both
strains clustered with reference B. bassiana isolates with 99% bootstrap
support. Both strains exhibited pathogenic activity against T. vaporari-
orum: by day 11, cumulative mortality reached 87.5 * 4.7% for BCa-09
and 80.0 + 4.1% for BP2-07. These results confirm the virulence of the
investigated B. bassiana strains and indicate their potential for further
evaluation as biological control agents against T. vaporariorum.
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Introduction

Beauveria Vuill. is a cosmopolitan genus of entomopathogenic fungi with a broad host range
that includes insects from the orders Coleoptera, Diptera, Hemiptera, Lepidoptera, and Orthoptera
[1, 2, 3]. The species B. bassiana (Balsamo) Vuillemin is the most widely used mycoinsecticide
globally, representing approximately 33.9% of registered entomopathogenic fungal products [4, 5].
Its infection mechanism involves adhesion of conidia to the insect cuticle, enzymatic penetration,
colonization of the hemocoel, and eventual host death followed by external conidiation [6, 7].

Accurate identification of Beauveria isolates is essential for applied biocontrol and eco-
logical research. While morphological characterization according to Humber [8] provides val-
uable phenotypic data, environmental plasticity may limit the reliability of morphology-based
identification. The ITS region is widely used as a fungal DNA barcode and provides an important
molecular tool for primary species identification; however, its discriminatory power may be
insufficient for resolving closely related species or intraspecific diversity in some fungal groups
[9, 10, 11]. Comparative characterization of multiple isolates is important for understanding
intraspecific diversity, as growth rate and conidial morphology may vary among strains from
different geographic origins [12-15].

Research on native Beauveria isolates in Kazakhstan has been steadily expanding. Skvortsova
et al. [16] demonstrated the effectiveness of entomopathogenic fungi in the biological control of
cereal pests; Zhumatayeva et al. [17] conducted morphological, molecular, and phenotypic char-
acterization of B. bassiana and B. pseudobassiana strains and evaluated their activity against the
greenhouse whitefly (Trialeurodes vaporariorum); and Abdukerim et al. [18] evaluated Beauveria
isolates from southern Kazakhstan for their efficacy against the Colorado potato beetle.

The strains BCa-09 and BP2-07 investigated in the present study are part of the culture
collection of the Biotechnology Laboratory of the Kazakh Research Institute of Plant Protection
and Quarantine named after Zh. Zhiembayev. Currently, the collection comprises more than 300
strains of entomopathogenic fungi belonging to various genera, including Beauveria, Metarhizium,
and Isaria. However, comprehensive morphological, molecular, and biological characterization
has not yet been performed for some of the preserved strains. The strains BCa-09 and BP2-07
are among these insufficiently studied isolates. The present study aims to provide a comprehen-
sive characterization of these strains and evaluate the potential of local collection isolates for
application in biological plant protection.

Materials and methods

Fungal isolates

Both strains used in this study were obtained from the culture collection of the Labora-
tory of Biotechnology at the Zh. Zhiembayev Kazakh Research Institute of Plant Protection and
Quarantine, Almaty, Kazakhstan. Strain BCa-09 was originally isolated from a naturally mycosed
coleopteran insect collected in the Maktaaral District, Turkestan Region, Kazakhstan, whereas
strain BP2-07 was isolated from a coleopteran insect collected in the Karasai District, Almaty
Region, Kazakhstan. Both isolates were maintained on SDA at 25°C, and 5-mm mycelial plugs
from 7-day-old cultures were used as inoculum for all experiments.
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Morphological characterization

Morphological identification was carried out following Humber [8]. Macroscopic char-
acters, colony colour (obverse and reverse), shape, texture, and margin were recorded on PDA
and SDA after 14 days at 25°C. Colony photographs were taken using a digital camera under
standardized lighting conditions.

Colony growth assessment

Colony growth was evaluated on PDA and SDA at 25°C under aerobic conditions in dark-
ness, with the relative humidity maintained at 70 + 5%. Colony diameter was measured in two
perpendicular directions on days 3, 7, 10, and 14 after inoculation. Each treatment was performed
in triplicate (n = 3). Results are presented as mean +* standard deviation (SD). The linear growth
rate (mm/day) was calculated as the slope of the regression line over the 14-day incubation
period. Differences between strains and culture media were assessed using Student’s t-test (p
< 0.05) in Microsoft Excel.

DNA extraction, PCR and sequencing

Genomic DNA was extracted using the High Pure PCR Template Preparation Kit (Roche,
Basel, Switzerland). The ITS region was amplified with primers ITS1 (5-TCCGTAGGTGAACCTG-
CGG-3") [19] and ITS4 (5'-TCCTCCGCTTATTGATATGC-3") [20]. PCR (25 pL): 1 uL each primer, 12.5
uL Xpert Fast Hotstart Mastermix (GRiSP), 7.5 pL. PCR-grade water, 3 pL template DNA. Cycling:
95°C/3 min; 40 cycles of 95°C/15 s, 58°C/15 s, 72°C/15 s; 72°C/3 min. Products were resolved
on 1.0% agarose gel stained with ethidium bromide. Purified products were Sanger-sequenced
and compared to NCBI GenBank by BLASTN [11]. Multiple alignment was done with ClustalW in
BioEdit v.7.1.7. A phylogenetic tree was constructed by the Neighbor-Joining (N]J) method with
1000 bootstrap replicates in MEGA 11 [21], using Akanthomyces aculeatus TS772 (KC519370.1)
as outgroup.

Bioassay against greenhouse whitefly (Trialeurodes vaporariorum)

The virulence of strains BCa-09 and BP2-07 against Trialeurodes vaporariorum L. was
evaluated under laboratory conditions using standard bioassay methods. Third-instar nymphs
were placed in cages (10 insects per cage) with four replicates per treatment. Conidial suspen-
sions were prepared by washing conidia from 14-day-old SDA cultures with sterile distilled water
containing 0.01% Tween 80 to ensure uniform distribution and prevent aggregation. Conidial
concentration was adjusted to 1x107 conidia/mL using a Goryaev counting chamber. Insects were
inoculated by immersion in the conidial suspension for 2 seconds (2 mL per replicate). Control
insects were treated identically with sterile distilled water containing 0.01% Tween 80 but no
conidia. To prevent cross-contamination, control groups were treated first. After inoculation,
insects were maintained at optimal temperature and relative humidity (70 + 5%) for 15 days.
Mortality was recorded daily; cadavers were removed and placed in moist chambers to confirm
fungal re-isolation and verify the cause of death.

Results

Macroscopic colony morphology

Both strains produced macroscopic colony morphologies consistent with B. bassiana (Table
1, Figure 1). On PDA, colonies were white to cream with a cottony to powdery texture, whereas on
SDA both strains displayed yellowish-cream to golden-yellow pigmentation. Colony margins were
entirely on PDA and slightly undulate on SDA. Reverse pigmentation was pale yellowish-cream on
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PDA and orange-yellow on SDA for both strains. Microscopic examination revealed sympodially
branched conidiophores bearing clusters of globose to subglobose, hyaline, aseptate conidia,
consistent with the characteristic morphology of B. bassiana [8,22,23] (Figure 2).

Table 1.
Macroscopic characters of B. bassiana strains BCa-09 and BP2-07 on PDA and SDA
after 14 days at 25°C. Colony diameter values are expressed as mean * SD (n = 3 inde-
pendent Petri dish replicates per treatment).

Character BCa-09 PDA BCa-09 SDA BP2-07 PDA BP2-07
SDA
Colour (obverse) White to cream Yellowish- White to cream | Yellowish-
cream cream
Colour (reverse) Pale yellow Orange-yellow |Pale yellow Orange-
yellow
Shape Circular Circular Circular Circular
Texture Cottony/powdery Powdery Cottony/ Powdery
powdery
Margin Entire, regular Slightly Entire, regular | Slightly
undulate undulate
Diameter (day 14) 43.8 + 1.5 mm 49.1+18mm |365+1.3mm |40.2+15
mm

Note: Colony diameter values (mean + SD) were obtained from three independent Petri dish
replicates (n = 3) per strain-medium combination. Each replicate consisted of a single Petri dish

Figure 1. Colony morphology of Beauveria bassiana strains BCa-09 and BP2-07 after 14
days at 25°C on SDA (left) and PDA (right). a) BCa-09 obverse; b) BCa-09 reverse; c) BP2-07
obverse; d) BP2-07 reverse.
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Figure 2. Beauveria bassiana BCa-09 microscopic morphology
stained with lactophenol cotton blue, light microscopy.

Colony growth dynamics

Both strains showed consistent radial expansion throughout the 14-day incubation period,
with SDA supporting faster growth than PDA for both strains (Table 2, Figure 3). Strain BCa-09
grew significantly faster than BP2-07 on both PDA and SDA at all measurement points (p < 0.01,
Student’s t-test). On day 14, BCa-09 reached 43.8 + 1.5 mm on PDA and 49.1 # 1.8 mm on SDA,
compared to 36.5 + 1.3 mm and 40.2 + 1.5 mm for BP2-07, respectively. Linear growth rates were
3.51 mm/day (PDA) and 3.87 mm/day (SDA) for BCa-09, and 2.95 mm/day (PDA) and 3.21 mm/
day (SDA) for BP2-07. Thus, BCa-09 grew approximately 19% faster than BP2-07 across both
media. We acknowledge that repeated-measures ANOVA would have been more appropriate for

analyzing colony growth over time. This represents a methodological limitation of the present
study and will be addressed in future research

Table 2.
Colony diameter (mm, mean * SD, n = 3) of B. bassiana strains BCa-09 and BP2-07 on
PDA and SDA at 25°C.
Day BCa-09 PDA BCa-09 SDA (mm) | BP2-07 PDA (mm) | BP2-07 SDA
(mm) (mm)

3 54+0.3 6.8+0.4 4.2+0.2 51+0.3

7 18.2+0.8 21.5+0.9 14.6 £ 0.6 16.9 + 0.7

10 29.6 £1.2 342+1.4 23.8+1.0 274 +1.1

14 438+ 15 49.1+1.8 36.5+1.3 40.2+1.5
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Figure 2. Comparative colony growth of B. bassiana strains BCa-09 and BP2-07 on PDA and
SDA at 25°C over 14 days. Points represent mean colony diameter; bars indicate + SD (n = 3
independent replicates per treatment). p < 0.01 indicates a statistically significant difference
between strains BCa-09 and BP2-07 within the same culture medium at each indicated time
point (days 3, 7, 10, and 14), as determined by Student’s t-test (two-tailed).

Blue: BCa-09; Red: BP2-07.

Molecular Identification and Phylogenetic Analysis

PCR amplification of the ITS region using primers ITS1/ITS4 produced a single sharp band
of approximately 580 bp for both strains BCa-09 and BP2-07 (Figure 4). No non-specific ampli-
fication products were observed. The positive control yielded an identical ~580 bp band, while
the negative control showed no amplification, confirming the specificity and reliability of the PCR
assay. ITS sequences of both strains were deposited in NCBI GenBank under accession numbers
PZ449059 (BCa-09) and PZ449060 (BP2-07). BLAST analysis of the ITS sequences against the
NCBI GenBank nucleotide database revealed 100% nucleotide identity and 100% query coverage
(E-value = 0.0; Max Score = 791) for both strains with B. bassiana reference sequences (Table
3). These results provide strong molecular evidence for the identification of both strains as B.
bassiana. Phylogenetic analysis by the Neighbor-Joining (N]J) method based on ITS sequences
(Kimura 2-parameter model, 1000 bootstrap replicates, MEGA 11) is presented in Figure 5. Both
strains BCa-09 and BP2-07 clustered together within a single, well-supported B. bassiana clade
with a bootstrap value of 99%, indicating high confidence in their grouping. Within this clade,
the Kazakhstani strains were most closely related to B. bassiana (MH855730.1), with which they
shared 100% ITS sequence identity. The B. bassiana clade received a bootstrap support of 96%,
clearly separating it from the sister taxon Beauveria pseudobassiana CBS 130446 (JN655099.1),
which formed a distinct clade (bootstrap 82%). Beauveria brongniartii CBS 111.73 (MH854321.1)
occupied a more basal position within the genus Beauveria (bootstrap 79%), consistent with the
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known phylogenetic relationships among Beauveria species [10]. Akanthomyces aculeatus TS772
(KC519370.1) was placed as the outgroup, confirming the monophyly of the Beauveria ingroup.
The phylogenetic topology is fully consistent with the BLAST identification of both BCa-09 and

BP2-07 as B. bassiana.

Table 3.
BLAST results for ITS sequences of B. bassiana BCa-09 and BP2-07 vs. NCBI GenBank
(BLASTN).
Strain Species Score | Coverage | Identity |E-value |GenBank Query
(%) (%) reference Accession
accession
BCa-09 | Beauveria bassiana | 791 100 100 0.0 MZ159827.1 | pz449059
BP2-07 | Beauveria bassiana | 780 100 100 0.0 JQ781747.1 PZ449060

Figure 4. PCR amplification of the ITS region from Beauveria bassiana strains using prim-

ers ITS1/ITS4.L - 1 kb DNA ladder (key band sizes indicated: 3000, 2000, 1500, 1000, 750, 500

bp); Lane 1 - BCa-09 (PZ449059); Lane 2 BP2-07 (PZ449060); + - positive control; - negative
control. Red arrow indicates the ~580 bp ITS amplicon (between the 500 and 750 bp ladder
bands). Gel: 1.0% agarose, ethidium bromide staining, UV visualization.

14 Ne3(156)
/2026

JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu




Morphological and Molecular Characterization of Native Beauveria bassiana Strains
and Their Virulence Against Trialeurodes vaporariorum

Figure 5. Neighbor-Joining phylogenetic tree based on ITS region sequences of Beauveria
bassiana BCa-09, BP2-07, and related sequences from NCBI GenBank. Bootstrap values (1000
replicates) are shown at nodes. Scale bar = 0.02.

Bioassay results

Both strains BCa-09 and BP2-07 showed pathogenicity against Trialeurodes vaporario-
rum L. under laboratory conditions. Cumulative mortality data are presented in Table 4. Fungal
sporulation was confirmed on cadavers in moist chambers, verifying B. bassiana as the causative
agent of mortality.

Table 4.
Cumulative mortality (%, mean * SD, n = 4) of Trialeurodes vaporariorum
nymphs treated with B. bassiana BCa-09 and BP2-07 (1x107 conidia/mL) over 11 days.

No. Strain Day 3 Day 5 Day 7 Day 10 Day 15

1. BP2-07 5.0£5.0 15.0+2.8 42.5+6.2 62.5+2.5 80.0+4.1

2. BCa-09 0.0 17.5+2.5 32.5+7.5 55.0+5.0 87.5+4.7

3. Control 0.0 0.0 0.0 0.0 0.0
Discussion

Both strains, BCa-09 and BP2-07, were assigned to B. bassiana based on their macroscop-
ic colony morphology, ITS sequence similarity (299%), and phylogenetic placement. On PDA,
both strains formed white to cream, cottony colonies; on SDA, colonies of both strains displayed
yellowish-cream to golden-yellow pigmentation. This medium-dependent color variation is a
well-documented phenomenon in Beauveria, which may be associated with differences in media
composition that influence secondary metabolite production and pigmentation [4, 22, 23]. The
consistency of these characteristics across both strains further supports their assignment to B.
bassiana.
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The most notable difference between the two strains was the colony growth rate. BCa-09
(Turkestan region) exhibited approximately 19% faster growth than BP2-07 (Almaty region) on
both PDA and SDA media (p < 0.01). Previous studies have likewise demonstrated substantial
differences in radial growth among B. bassiana isolates originating from different geographic re-
gions, suggesting that growth performance can vary considerably among isolates even within the
same species [12, 13]. Although the observed difference in growth rate may reflect isolate-specific
physiological variation associated with geographic origin, the present dataset is insufficient to
distinguish geographic effects from strain-specific variation. Furthermore, the limited number
of strains investigated (n = 2) represents an important limitation of the present study. There-
fore, the observed differences should be interpreted with caution and should not be generalized
without further evaluation of a larger collection of isolates from diverse geographical regions.

SDA consistently supported faster radial growth than PDA for both strains, consistent with
previous studies comparing these media for Beauveria species [11, 16, 17]. The higher availabil-
ity of organic nitrogen in SDA, primarily due to peptone, may promote faster mycelial growth
by supplying readily available amino acids and other organic nitrogen compounds required for
fungal metabolism and biosynthetic processes. Similar medium-dependent variations in growth
performance have been reported for B. bassiana isolates from different geographical origins [11,
24]. For comparison, Sevim et al. [11] reported colony diameters ranging from 32 to 48 mm for
B. bassiana isolates grown on PDA after 14 days of incubation at 25°C, which is comparable to
the values obtained in our study (36.5-43.8 mm). These results indicate that the investigated
strains exhibit typical cultural growth characteristics of B. bassiana.

ITS-based analysis supported the identification of both strains as B. bassiana and represents
a preliminary identification based on single-locus barcoding, consistent with recent studies on
Kazakhstani Beauveria isolates [15, 18, 25-28]. The ITS region is an effective and widely accepted
barcode for primary species-level identification of fungi [9], including Beauveria [10]. However,
it has well-recognized limitations for intraspecific analysis: the low sequence variation within
B. bassiana renders ITS insufficient for reliable discrimination of closely related strains or for
reconstructing population genetic structure [12]. For such purposes, multilocus approaches
incorporating protein-coding genes such as EF1-q, Bloc, RPB1, and RPB2 are recommended, as
these markers provide substantially greater resolution within the genus Beauveria [10, 12, 29].
ISSR markers have also proven effective for population-level diversity assessment of B. bassiana
[30]. Therefore, future research should employ multilocus sequencing approaches to achieve
a more comprehensive characterization of the genetic diversity and population structure of
indigenous strains.

The preliminary bioassay results demonstrated that both strains, BCa-09 and BP2-07,
were pathogenic to the greenhouse whitefly (Trialeurodes vaporariorum) under laboratory
conditions (Table 4). Strain BP2-07 showed an earlier onset of mortality (day 3: 5.0 + 5.0%),
whereas BCa-09 achieved higher cumulative mortality by day 11 (87.5 * 4.7% vs. 80.0 + 4.1% for
BP2-07). The faster-growing strain BCa-09 also exhibited greater cumulative mortality by day
11; however, whether colony growth rate is related to virulence cannot be determined from the
present data. The observed difference in mortality may reflect strain-specific variation in viru-
lence-related traits, although the mechanisms underlying this difference were not investigated in
the present study [5, 11]. These results are consistent with reports of B. bassiana pathogenicity
against whitefly species in Kazakhstan and Central Asia [18, 25] and support the potential of
these native strains as preliminary candidates for further bioinsecticide development [26, 27].
Further evaluation, including LCs and LT, determinations, sporulation capacity, and tolerance
to relevant environmental stresses, would be necessary to more comprehensively assess their
biocontrol potential under field conditions [17, 28].
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Conclusion

Both Beauveria bassiana strains (BCa-09 and BP2-07) from different regions of Kazakhstan
were characterized using morphological and molecular approaches. The strains were assigned to
B. bassiana based on ITS sequencing and phylogenetic analysis and demonstrated pathogenicity
against Trialeurodes vaporariorum under laboratory conditions. Strain BCa-09 exhibited faster
colony growth and slightly higher cumulative mortality than strain BP2-07. Although only two
strains were examined in this study, the results expand current knowledge of native Beauveria
isolates in Kazakhstan and provide a basis for further comprehensive evaluation of their potential
as biological control agents.
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Keprinikri Beauveria bassiana miramaapbiHbIH, MOP}0JIOTUAIBIK,
»K9He MOJIeKy/1aJ/IbIK, CAIIATTaMachl >K9He 0JIap/bIH,
Trialeurodes vaporariorum-ra Kapcbl BUPYJI€HTTL/Iiri

Tammryn H.E.*!, Illucen6aesa HK.%, 9aixaHKbis3bl A.3,
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12345 K Xuembaes amuindarsl Kazak ecimOik Kopray yxcaHe KapaHmMUH FblAbLMU-3epmmey
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Anaartna. Beauveria TybICbIHA KaTaTbIH 3HTOMONATOTeH/Ai CaHbIpayKyJaKTap 3UsdHKeC
OH/IKTEpMeH TypaKThl OMOJIOTHUSJIBIK KYpecTe KOJIJaHyFa NepCleKTUBaJIbl areHTTEP peTiH/e
KapacThIpblIa/bl. 3epTTeY/iH MaKcaTbl Ka3aKcTaHHBIH OHTYCTIr MeH OHTYCTiK-LIBbIFbIChIH/AAFbI
Coleoptera oTpsiibl eKinfepiHeH 6eJiiHin anbiHFaH Beauveria bassiana TypiHiH BC a-09 »xene BP2-07
HATHUBTI IITaM/JapbIHbIH MOPOJIOTUSIBIK XKoHE MOJIEKYJIaJIbIK CUIIaTTaMaJ/IapblH 3epTTeY, COH/1al-
aK oJIapJblH, KblIblKal akKaHaTbiHa (Trialeurodes vaporariorum) KaTbICTbl BUPYJIEHTTIJIITIH
6arasiay 60161 KosloHUsAIapAbIH 6CYy XKbLI1JaM/AbIFbl KApTON-AeKCTpo3/bl arapza (PDA) »xoHe
Cabypo arapeigga (SDA) 25 °C TemnepaTtypaja 14 Taysik 60Mbl aHbIKTaJAbl. MoJieKy1albIK
uaeHTUdukanus pubocoMmanbiK PHK-HbIH ik TpaHcKpunuusiaHaTbiH creicepi (ITS) aliMarbiH
CeKBeHUpJIey apKbLIbl Kyprisijin, keitin 1000 6yTcTpen-KaTaaaHbIM KosiaaHblirad Neighbor-Join-
ing aficiMmeH QpuoreHeTHKAJBIK TaslAay Kacaiabl. Bupysnentrinik T vaporariorum HumdanapbiHa
1 x 107 KoHUAMSA/MJI KOHLEHTPALUACBIHAAFbl KOHUMSA CyClIeH3UsANapbIHbIH acepi 11 TayJ1ik
00iibI OaFasiay apKblibl aHbIKTanAbl. BCa-09 mtamel eki KopekTik optazia Aa BP2-07 mitamMmbiMeH
CaJIbICTBIPFaH/a KOJIOHUSIAPAbIH al TapJIbIKTal XKOFaphl 6CY Kbl1AaM/AbIFbIH KepceTTi (p < 0,01).
BLAST Tanpaysl eki utaMmHbiH a GenBank nepektep 6a3aceiH/ja opHaJacThIpbLIFaH B. bassiana
pedepeHcTik Ti3bekTepiMeH 299% HYKIEOTUATIK YKCACThIKKA e eKeHiH KepCeTTi, OyJ1 0J1ap/bIH,
TAaKCOHOMMUSIJIBIK THICTUIIriH pacTazbl. PuioreHeTUKAJBIK Tal/lay HOTHKeECIHAE eKi iTaM aAa 99%
OyTcTpenTik KoJigayMeH B. bassiana pepepeHCTiK U301 TTapbIMeH Oip KJacTepre TONTACTHI.
Eki mrtam ga T vaporariorum-fa KaTbICThI IATOTEH/iK 6esiceH/ ik KepceTTi: 11-Taynikke Kapait
KYMYJATUBTIK eJiM-xkiTiMm BCa-09 mwrtamel yiin 87,5 + 4,7%, an BP2-07 wrtams yuin 80,0 +
4,1% Kypa/Zibl. ATbIHFaH HOTHXKeJlep 3epTTeJreH B. bassiana miTaMlapblHbIH, BUPY/JI€HTTIITIH
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pacTaiiibl )xoHe oJlapAblH T vaporariorum-fa Kapcbl 6MOJIOTHUSJIBIK KYpPecC areHTTepi peTiHjae
O/laH 9pi 3epTTey YIIiH NepCcreKTUBaJbl EKEHIH KopceTe/|.

TyuiH ce3aep: Beauveria bassiana, Trialeurodes vaporariorum, sSHTOMONAaTOTeHA1
caHbIpayKysakTap, ITS alimarsl, pusoreHeTuKanbIK Taagay, Coleoptera

Mopd¢oornyeckas v MoJIeKy/JasipHas XapaKTepUCTUKA MeCTHbIX IITaMMOB Beauveria
bassiana v ux BUpysieHTHOCTb IPpOTHUB Trialeurodes vaporariorum

Tammmrya H.E.*', HOK.%2, Aquaxankeissl A3, Annbsic6aesa K.A.%, Ycnanos A.M®

12345 Kazaxckuil Hay4Ho-ucc1e008ameAbCKUll UHCMUMym 3aujumol U KApaHmMuHa
pacmenuli umeHnu K. XKuembaesa», Aamamol, KazaxcmaH

AHHOTanUsA. JHTOMONATOreHHbIe IPUOBI poJia Beauveria paccMaTpuBalOTCs Kak Mep-
CIEKTUBHbIE areHThI JJIs1 YCTOMYMBOT0 GHMO0JIOTHYECKOI'0 KOHTPOJISI HACEKOMbIX-BpeIUTeeH.
Llesb10 JaHHOTO UCCAE0BAaHUS ObLIO U3yYyeHHEe MOPPOJIOrUYECKUX U MOJIEKYJISIPHBIX XapaK-
TEPUCTHUK [BYX HATUBHBIX IITaMMOB Beauveria bassiana - BCa-09 u BP2-07, Bbiie/1IeHHBIX U3
npejcraBuTesieit oTpsizia Coleoptera Ha 1ore u 10ro-sBoctoke KazaxcraHa coOTBETCTBEHHO,
a TaK»Ke OLeHKa MX BUPYJIEHTHOCTU B OTHOLIEHUH TENJIUYHOU OesioKpblIKU Trialeurodes
vaporariorum. CKOPpOCTb POCTa KOJIOHUH ONpeeisiid Ha KapTodesbHO-AeKCTPO3HOM arape
(PDA) u arape Ca6ypo (SDA) npu 25 °C B TedeHue 14 cyTok. MosieKy/sIpHYI0 UeHTUPUKALUIO
IPOBOJMJIU NOCPESCTBOM CEKBEHUPOBAHHUS Y4acTKa BHYTPEHHEr 0 TPAaHCKPUOUPYEMOTO ClIeN-
cepa (ITS) pPHK c nocneaywoumym ¢uioreHeTudeckuM aHaansoM MetoaoM Neighbor-Joining
c ucnoJsib3oBaHueM 1000 6yTcTpen-noBTOPHOCTEN. BUPY/IEHTHOCTb IITAMMOB OLlEHUBAJIH 110
UX Bo3zeicTBuI0 Ha HUM$ T, vaporariorum npyv KOHILeHTPaL Uy KOHUAMM 1 x 107 KoHuaui /M
B TeueHue 11 cytok. lllTamm BCa-09 xapakTepru3oBaJjics JOCTOBEPHO 60Jiee BbICOKOM CKOPO-
CTbI0 POCTA Ha 06erX MUTATENbHBIX CpeJlax o cpaBHeHHUI0 ¢ BP2-07 (p < 0,01). BLAST-ananus
nokasaJj 299% cxo[iCTBO HyKJIEOTUHBIX N10CJIe[0BATEbHOCTEN 060MX LITAMMOB C pedepeHc-
HbIMU MOCJE/I0BATEJNbHOCTAMU B. bassiana, npejcTaBjieHHbIMU B 6a3e faHHbIX GenBank, uyTo
HNOATBEPK/1A/I0 UX TAKCOHOMHUYECKYI0 IPUHAAJIEXKHOCTb. B dusoreneTuyeckom aHavse oba
IITaMMa KJIaCTEPU30BaJIMCh C pedepeHCHbIMU U30JATaMu B. bassiana npy 6yTcTpen-nojJepke
99%. 06a wTaMMa NPOSIBUJIM NATOT€HHY0 aKTUBHOCTb B OTHOWEeHUHU T. vaporariorum: k 11-m
CyTKaM KyMyJISTUBHasi CMEPTHOCTb cocTaBua 87,5 + 4,7% assa BCa-09 u 80,0 + 4,1% a4
BP2-07. [lonydyeHHble pe3y/bTaThl IOATBEPXKAA0T BUPYJIEHTHOCTb UCCJIEJOBAHHBIX LITAMMOB
B. bassiana v yKa3bIBalOT Ha UX ePCINEKTUBHOCTD JJisl AaJbHENIIEr0 U3yYeHUs1 B KaueCcTBe
areHTOB 6MOJIOTHYECKOT0 KOHTpoJsA T vaporariorum.

KiroueBsle ci1oBa: Beauveria bassiana, Trialeurodes vaporariorum, SHTOMOINATOTeHHbIE
rpu6sl, [TS-pervon, pusoreneruyeckuit ananus, Coleoptera
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Angarna. byridri Tag/a cabblH TYpMbICTA [1a, 6HEPKACINTe Je
KeHiHEeH KOJIJAaHbLJIAThIH €H KOIl TapaJiFaH KoHe KOJLKETIM/I KyFbIIl
3aTTap/blH 6ipi 60JibIN Tabbl1a/bl. OHbIH, KaCUeTTepi TEK eHipic
TEXHOJIOTUsICbIHA FaHA eMeC, COHbIMEH KaTap KOJIJJaHbLJIaThIH LIKKi3aTKa
Jla 6ainaHbicThl. TabUFH XkaHyapJ/iap MaWapblHaH »KacaiFaH cabblH
epekKlle KbI3bIFYLIbLIbIK TYAbIpazbl, ce6ebi os1ap eHiMHiH pr3uKa-
XUMHUSJIBIK K9HEe TYThIHYIIbLIbIK KACUETTEPiHe aUTapJ/IbIKTal acep eTefi.
KbL1Kbl Maibl 6HIMZEPI Tepi KYTiMiHZe, IIUNIA/bIK KaCUeTi ADCTYPJIi
MeJIMIIMHA/la eXeJlJleH KOJIJaHbLIbIN Keslei. Anaiija, 19CTypJli cabblH
»Kacay 60MbIHILA dJ1i e 3epTTeysep KeTKiliKci3. COHFbI XKblJJapbl
»KbIJIKbl Malibl KOCMETHKaHbIH IepCIeKTUBTI Kypam/ac 6eJ1iri peTiHje
3epTTeylliJiepAiH Ha3apblH ayAapAbl, Tepi TOCKAYbLJIBIH KaJlllbIHA
KeJITipy JKoHe TepiHi bIFaIAAH/bIPY KabisieTiHe 6aiaHbICThI. FhIIBIMU
d/lebueTTepre CyleHCeK XbLJIKbl MalbIHbIH KaObIHYFa Kapchl KAaCUeTI
KypaMbIH/aFbl OJIMKaHbIKNaFaH JMHOJ (C18:2n6, LA) xoHe o-JTMHOJIEH
KbIIKbLIAapbl (C18:3n3, ALA) KbIIIKbLIJAPbIHBIH, XKOFApPbl MeJIlIepiMeH
6ai1aHbICTbl. MbIcasbl, cubIp MabiHAa C18:2n6 3% xeHe C18:3n3 0.5-
1% 60J1ca, *KbLJIKbI MalbIHbIH KypaMbiHJa 15-25% xaHe 3-10% apacbiHja
ke3jece/li. ’KbLJIKbl MalbIHBIH KAaObIHYFa KapChl OeJICeHAIIIrH TYyKCi3
ThILIKAHZAAP/AbIH TepiCiHe KaFblII, TRKipHUOe KYPrisy apKbljibl aHbIKTaFaH.
Teikanaap/biH Tepicinge UV-B coynenenyiMeH nHAyKUuUsiIaHFaH [L-6
»koHe TNF-a Ty3inyiH auTap/bIKTal TeXeJNreHi aHbIKTa/lfaH. 3epTTey
»KYMBICTBIH, HET13Ti MaKcaThl >KblJIKbl MalbIHaH CaObIH XKacay >KoHe OHbIH
KacueTTepiH 3epTTey. MaKasia/ia }KblJIKbl MalbIH CIJITIMEH 6HJley apKbLIbI,
MaiicaHa Maiibl )koHe TPUJIOH b KOMIIOHEHTI KOCBbIIFaH eKi TypJii cabblH
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JAUbIHAAI/bI XKoHE 0J1ap/blH GU3UKO-XUMHUSIbIK, MUKPOOHUOJIOTHUSIJIBIK,
TepiHi TiTipreHziprim KacueTTepi aHbIKTaaAbl. JablHAaJFaH
cabbIHIap/blH 6apJIbIK KaCUeTTePi MEMJIEKETTIK CTaHAApPTTapFa car
6oJ11b1. MalicaHa Malbl >koHe TPUJIOH B KOMIIOHEHTi 6ap cabbIHAAPABIH,
TITIipKeHZIprilTik KacueTi 6aliKa/iMa/bl IFHU CaObIHAAPAbIH KOJIAaHY
aliMaFbIH/A SpUTEMA KOHE KaObIHY aHbIKTA/IMa/bl.

Ty#iH ce3aep: *KbLJIKbl Malbl, CAObIH, KOCMETOJIOTHSI, MalcaHa,
Tpusion b

Kipicne

XKbLIKbI Malibl XaHyap Mal yJnasapblHaH 66J1iHiN anblHa/AbI )K9HEe GHUOJIOTUSIBbIK OesICeH i
KacueTTepiHe 6aiaHbICThl A3Us eJilepiH/ie AICTYPJIi XKaHe KoJ1AaHOalbl MeJUMHa/a Y3aK,
YaKbIT 60#bI KOJITaHbLIbIN KeJiefli. Tapuxu TYpFbl/iaH aJiFaH/a, )KbIJIKbl Malbl KYHiK, XKapblIFaH
Tepi, KYPFaKThIK )K9He 9PTYPJli KAaObIHY CUNIAaTbIHAAFbI TEPi aypysiapblH eM/ey/ie ) KyMCapTKbILLI
9pi Ka3bLIyAbl XKeleI/leTeTiH KypaJl peTiHe nanaanaHbliFaH. Mbicasibl, MOHFOIUAAA XbIIKbI
Malbl KYHiKTi eM/ieyTe, leHeleT] «bICTBIKThI» 6aCyFa )KoHe YbITTapAbl IUbIFAPYFa, iCIKTI KalTapyFa
»KoHe aybIpChIHYAbI )KEHIJIAETYTe, ieKTi )KyMcapThlI, illl )Kypri3yre, coHAan-aK Qi sSHeprUsiCbIH
TOJIBIKTBIPYFa, TEPiHI blIFaIJaHAbIPpyFa KoHe TiHJepAiH Ka/lllblHa KeJyiH bIHTaJaH/bIpyFa
KosiZjaHbLaFaH [1]. KazakcTaHaa )blIKbl Maiibl xkapaJjiap, KyHiKTep, )KapblJIFaH HEMece KypFaK
Tepi CUAKTHI Tepi 3aKbIMAAHYJIapblH eM/iey/ie, CYBIK KoHe KaTaJl KJIUMAaTThIK »KaFJauaapJaH
KOpPFaWTBIH KypaJl peTiH/e, YCIK IeH TePiHiH 3aKbIMJaHYbIHbIH, aJIIbIH a/ly MaKcaTbIH/A,
COHJIali-aK OybIH XXoHe OYJ/IIIBIKET ayblpPChIHYbIH XKeHiIeTeTiH api XKbIIBITY acepi 6ap eMAik
KypaJi peTiHJie KoJiJaHblIFaH [2]. YKanoHuaAa XbIJIKbl Malbl a/laM TepiciHiH TabuFyu MakbIiHA
YKCacThIFbIHA OaiJIaHbICThI Tepi KYTIMiH/e KoHe yCaK KapaJapAbl eM/Jey/ie NaijaaaHblibll,
Tepire xakKchol CiHyiMeH, bLIFaIJaH/bIpy KacUeTiMeH, KaObIHyFa KapChl 9CepiMeH >KoHe KapaHblH,
»Ka3blJybIH KoJ1ZjaybIMeH epekuiesieHe i [3]. Kelbip 3epTteynepae Kopesa *KblKbl MalbIHbIH,
TePiHiH cayJ/bIFbl MEH bLIFaJI/bLIBIFbIH XXaKCAPTYFa, >KapaHblH, }Ka3blIYbIH KeJleJI[IeTyTe, TePiHiH,
pereHepanysaCblH bIHTaJIaHABIPYFa, COHIAN-AaK KYUT'€H HeMece TiTIpKeHreH TepiHiH KaJlblHa
KeJlyiHe kKeMeKTeceTiHi kepceTinreH [4]. CoHbIMeH KaTap, Keiibip Makasiasap/a Eyponaza, atan
auTKanga CapAvHUAAQ, )KbIJIKbI MalbIHbIH, KapaJslap/ibl, TEPi aypyJlapblH XXoHEe a/lJIEPTUABIK
KaFJanaapbl eMzey/ie KOJIaHblIFaHbl TypaJibl MaJIIMETTED KesTipisireH [5].

COHFBI FBIJIBIMU MaJliMeTTepre cylieHcekK [6] Tepi TOCKAyblJIbIH Ka/lllbIHA KeJITIpYy KoHe
TepiHi bUIFA/IJaHABbIPY KacueTiHe 6alJIaHbICThl KbIJIKbl MalblH KOCMETUKAJIbIK UHTPEAUEHT
peTiH/ie 3epTTeJlil, KbI3bIFYIIbIIBIK TyAblpa 6acTazabl. XKblJIKbl Malbl aZjlaM TepiciHfe Ke3eceTiH
Ma# KbIIIKbLIZApbIHA YKCAC KaHbIKNaFaH Mai KblIKbLIAAPbIHbIH (KMK) xKoFapbl Meiliepi OHbIH,
JlepMaToJIOTHS cajlacblHa TallThlpMac UIMKI3aT Ke3i ekeHiH fasenaen/i [7]. Kasak xKblIKbIChI
TYKbIMbIHA ’KaTaTbIH KaHyapZblH Mal TiHJepiH (MOWBIH, KypCaK *KoHe IaXXbIpKall) 3epTTereH/e
*aHyapabiH MoWbiH (NAT), kypcak (AAT) »xoHe maxbipkait (MAT) Malt TiHAepiHAe AAUTIOUTTEPAIH
eH, ipi eJsilIeMi IIaXXbIPKAal MalbIH/1a, aJl )Kacyllla CaHbl eH K6l MOMbIH MalbIH/|a aHbIKTaJIbl; Mall
KbILIKbL/IAAPHI illIiH/[€ 0JIEMH KOHE JIMHOJI KbIIIKbLIAAPbl 6aChIM 60JIbII, HETi3ri MeTab01M3M
oJAapbl peTinge rnnepodocdomunug *KoHe JUHOJ KbIIIKbIIbI aMacybl alKblHAANbI [8].

JKbLIKbI MalbIHBIH, KYpaMblH/IaFbl MOJMKAHbIKIIAaFaH Mal KbIIKblIAapbiHbIH ([TKMK)
iliHzge >xoFapbl KOHLleHTpanusija Kke3aecetingepi inHoua (C18:2n6, LA) :xaoHe a-JIMHOJIEH
(C18:3n3, ALA) KbllIKbLIAAPBI 60J1bII TAa0ObLIAALI [9]. Kelibip 3epTTey xyMbicTapbiHaa [10-12]
aTaJiFaH Mau KblKbLigaphbl (LA xxoHe ALA) icik HeKpo3bIHbIH asibda pakTopbl (TNF-a) xoHe
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UHTepJeUKUH-6 (IL-6) CUSKTbI KAaObIHYFa KapChl IUTOKUHAEPAIH TY311yiH TeXeUTiHi KoHe reH
3KCIpeccUsiCbiHA 9Cep eTyi MyMKiH eKeHi kepceTiyireH. 2KblJIKbl MallbIHbIH, OyJ1 KAacUeTi Tepi
KYTiMiH/ie TepallUuAbIK )XoHe KOCMeTHUKaJbIK KOJAaHblly MyYMKIHIIIIITIH KepceTeA|.

KocmeTosiorusifa cabblH aslyFa KoJiJaHblIaThIH Mal Ke3/epi ipi Kapa, *KbLIKbI, KO Malbl.
CaObIHHBIH KaCUeTTepiH 63repTy YILiH KaHyap MalblH 6CIM/IiKk MailbIMeH apaJlacTbIpblia/ibl
[13,14]. Tabufu cabbIHHBIH canlacbl MeH TUIMJIJIITiH apTThIPY YILUiH d9JleTTe KaHyap MaiblH
najbMa HeMece KOKOC MalbIMEH aJIMacThIpbLIazb.

3auTyH (Olea europaea L.), kyno6arbic (Helianthus annuus L.), 3bibIp (Linum usitatissimum
L.) cexingi TabuFu ecimM/liKTep/i cabblH KypaMblHa KOCY KaHbIKIaFaH Mal KbILIKbLIJAapPbIHbIH
MeviiiepiH apTThipabl [15-20]. KaHblKnaFraH Mall KbIIIKbIJIJapbIHAAFbl KOC 6alIaHbICTAP
TOTBIFyFa ce3iMTas. Koc 6ailylaHbICTBIH TOTBIFYbI KbICKA Ti30€KTi Mall KbIIIKbLIAAPbIHbIH,
albJeTUATEP/IiH, KETOHAAPAbIH, TY3i/yiHe, KaXKeTCi3 MicTiH naiga 60/yblHa, CaObIH TYCiHIiH
e3repyiHe aJibln Kese/i. byl eHIMHIH canacbiHa XoHe caKTay Mep3iMiHe acep eTefi. OciMaik
CBIFBIH/bLJIApPbl TAOUFU aHTUOKCUAAHT peTiHze cabblH KypaMbliHAaFbl [IKMK-HbIH TOTBIFYbIH
TexXey YLIIH Kocla peTiH/e KoJAaHblaabl. MbIcasbl, )Ky3iM A9HAEPiHiH, pO3MapUH ChIFbIH/LIAPEI,
»KeMicTep MeH KeKkeHicTep e36eci. TabUFHU aHTUOKCUZAHTTAPABIH K631 60/1yMeH KaTap, 6CiM/IiK
CBIFBIH/bLIAPbI CAOBbIHFA PEHK K9He XOUI Hic 6epy YIIiH Je KogaHbliaabl. Tabury cabbiH
eH/ipylIisiep cabbIHHBIH CUNIaTTaMaJIapblH XaKcapTy YLUiH Kocla peTiHAe TYpJli 3K30TUKAJIbIK,
eciMJIiK HerisiHzeri a¢up MaiapbiH naiganada/gbl. CAabbIHHBIH KYpaMbIHAFbl KAHbIKIIaFaH Mak
KbILIKbLJIAAPbl CUSIKTBI, 3QUp Malaphl /1a Y3aK caKTay Ke3iH/le TOTbIFyFa ylblpanabl. Kocna
peTiH/ie Ko/1JaHblIaThIH 3QUp Maliaphl AyphIC YilJleCTipi/iMereH >XaFjail/ia, HIMHIH TYThIHY
Mep3iMiH, X011 hic mpoduIIiH )KoHe canachiH e3repTe anaabl [21]. Maiicana (Carthamus tincto-
rius L.) Malbl - €H TaHbIMaJl >KoHe KYH/bl 6CiM/IiK MalbIHbIH, 6ipi. ASFallKbla MalicaHa MalbIH
ExxeJiri MBICBIPJIBIKTAp KOJ1aHFaH. MalicaHa MaWbIHbIH KypaMbIH/a CUPEK Ke3/jeCeTiH PULUHOJ
KbILIKBLIbI 6ap, 0J1 6acKka Taburu Maliap/a kesgecneii. COHAbIKTaH KOJIJJaH KacalfaH TabUFU
cabbIHFa MalicaHa MalblH KOCy TanThipMac weliM 601461, OJ1 aHa/IbreTUKAJIbIK, 0aKTEePULUATIK,
KaObIHYFa KapcChl )KoHe KaJllIbIHA KeJTipeTiH acepre ue [21].

CabbIH eH/ipy 6apbIcbiHAA TPUJIOH b (3TU/NEeHAUaMUHTEeTpaaleTaT JUHATPUN Ty3bl,
EDTA) xesaTTayllbl areHT peTiHge Kocbutagel. O CyblH KypaMbIHAarbl Kaabuuii (Ca®*) soHe
MarHui (Mg?*) MoHapblH 6aiiIaHbICTHIPHII, epiMeNTiH KalbLyi-cabblH HeMece MarHU-Ca6bIH
TY3/apbIHbIH TY3ia1yiH 60aabipMaiiibl. EDTA-HbIH KaJblMH1 KoHe MarHUi HOHJAPbIH Oaiiar,
«Soap-scum» KypbLJIbIMbIH 6y3a ajaTbIHbI OipKaTap 3epTTeyJiep/e JaJiesieHreH. MbicaJibl,
XKYyy KyHheJsiepiHzeri XxesaTTaylubliapabl 3epTrrereH »kyMmoictapaa EDTA-HbIH eKi BaseHTTI
KaTUOH/Iap/ibl 6alJIaHbICTbIPY apKbl/Ibl CAObIH TYHOACHIHbIH, TY31/1yiH TEXXENUTiHI KepceTiJireH
[22]. KocmeTukanblK eHiMAep Kayinciszirine EDTA-HbIH Herisri KbI3MeTi MeTaJlJl MIOHJapblH
xeJlaTTay eKeHi kepceTiyreH [23]. lyHuexy3iJik feHcayblK cakTay YibIMbl EDTA-HBIH CyAbIH,
KepMEKTIriH a3alThlM, KATTHI Cy KaFAaibIHAA CAObIHHBIH THIMAIIIriH apTThIPAThIHbIH CUTIATTANUIbI
[24]. CoHbIMeH KaTap, cabblH 6H/Aipici xKeHiHeri bipKaTap TeXHOJOTUAIBIK 3epTTeysep ED-
TA-HbI KOMMEPLUSJIBIK CAObIHAAP/IbIH, TYPAKTbLJIBIFbIH aPTThIPAThIH CTAHAAPTThl KOMIIOHEHT
peTiHJe KapacTbIpaasbl [25].

Rakhmanov Sh.Y. (2025) 3epTTeyiH/e )KyKa lIalITapFa apHaJ/IiFaH CycabbIHHBIH KypaMbIH/ia
KEePTUIIKTI MallJlap MeH pepMeHTTIiK TpaHCcacTepudUKaLUsAJIaHFaH XKbIJIKbl Malibl KOJIZAHBLJIFaH.
ABTOpJIap KbLJIKbI MalbIH 6CIM/IiK MailapbIMeH (KyH6aFbIC Malibl )KaHe T.0.) apasacThIpbII, JMIa3a
dbepMeHTI apKpLIbl 6H/J€eT, CycabblH KypaMblHa eHTi3reH [26]. By a/jic Mall KbIIIKbLIAAPbIHbIH,
KYPbLIbIMbIH KaKCapThIII, CyCAaObIHHBIH TAOUFH, }KYMCAK dCEPiH apTThIpFaH. 3ePTTEY HOTHUKECIH/IE
aJIbIHFaH 6HIM LIAIITHIH 6epPiKTIiriH, >KbIJITHIPJIBIFbIH )XKoHE CEPHiHAIMIriH apTThIPaTbIHBI
aHBIKTAJIFaH.
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KbiTalabiH «KbLIKbl MalbIHbIH, CA0bIHBI» MATEHTIHIH, [27] TEXHOJIOTHSChI CYBIK TPOILeCC
d/lici, AFHU MaiJlap MeH MoJieKyJiaJlap/blH 6esiceH/ii KOMIIOHEHTTEPIH caKTay YlIiH TOMEH
TeMIrepaTypaja cabbIH/IaH/AbIPY PeaKUSAChl apKbLJbl KacasFaH. 2KblJIKbl MalbIHbIH Naia/1bl
KacueTTepiH caKTayFa 6acThl Ha3ap ayZapbliraH. CabbIH KypaMbl: 39U TYH MaibI-30-72%, KoKoc
MaibI-5-15%, nasbMa MakbI-5-20%, iy Maibl-5-30%, MmaricaHa Maibl <5%, »KbIJIKbl Malbl-
5-90%, cubip cyTi-0-25%, kakao maiibl <5%, cy 10-40%, NaOH-5-15%.

KbITalJIbIK KeJieci MaTeHT A3CTYpJi afiicnieH «KosjaH »acasifaH cabblH» [28] HAKTbI
KypaM/Jac caJiMaFbl MeH AanblHAay aficiH kepceTei. NaOH kemerimeH cabbpiH/ay, KOCbIMILIA Maii
peTiHAe JIUTOCIePMYM TYH/bIPBIIFAH MalblH KOCYFa Heri3ze/reH. by »KyMbICTbIH MaKcaThbl-
bUIFAJIIAH/IbIPFBILI 9Cepi Oy3blIMaFaH, TAOUFU, XMMUSJIBIK KOCIAChI3 )KYMCaK 6HiM ajy. [laTeHTTe
KepCeTi/IreH Kocnasap: *)KblJIKbl Mabl-350 r, ToTTi 6a4aM Maibl-500 r, miu Maiibi-100 1, KOKOC
Maiibl 50 1, NaOH-150 r, iuTocnepMyM TyH/blpbliFaH Maii- 20 1, cy-500 r. Bys naTeHT Taburu
MalJiap M€eH »KaHaMa IVIMIEPUHHIH apKacblH/aA »KYMCAKTBIK, [IEH bIJIFAJIIaH/IbIPYFa epeKIiie
MoH 6epesi.

Ochl MaKasia/ia *KbIJIKbIHbIH, i1l MAWbIH KJIACCUKAJIBIK, >KOJIMeH 66JliHiMN a/blHbl, TpUaioH
b »koHe MalicaHa MallblH KOCY apKbIJIbl €Ki TypJii caGbIH »Kacasiblll, OHbIH, QU3UKO-XUMHUSIJIBIK,
MUKPOOHOJIOTHUSJIBIK KoHe Tepi TiTipKeHAiprill KacueTTepi 3epTTeJreH.

3epTTey MaTepUaJaAapbl MeH djicTepi

3epTTeyre }KbUIKbIHBIH, il Maiibl (1,0 Kr) anbiHAbL Mal yirisepi MexaHUKabIK KocllaJapAaH
Ta3apThlJblI, dpi Kapal 3epTTeY *KYMbICTAPbIH KYPri3y yiliH TOHa3bITKbILTA (- 20) caKkTaa/pbl.

CabbIHap/bIH Tepire TiITIpKeHAIPrilUTiK dcepiH aHbIKTayFa « AHTUT'E€H» FBLIBIMU-OH/IPICTIK
K9CI[TIOpHBI )XKaHbIH/JaFbl BUBapUi/e ecipiireH, cajMarbl 6-7 Kr 601aTbiH OaHApP TYKbIM/bI
KosiHzaap (Oryctolagus cuniculus) anbinibl. YKaHyapsap eki Toxxipubesik Tonka 6esiHai: 6ipiHi
TOIITa MaliCaHa Maibl KOCBLJIFaH cabblH, ekiHli TonTa TpuaoH b KocblFaH cabblH ChbIHAJ/bI.
Op TONKa eKi KossHHaH 6ekiTinai (n = 2).

Tpuson B epimindici KocblaraH cabuiH dativiHday. 1,2% TpusioH B cynarbl epiTiHaici
JavbiHanaabl. TpuioH B KocbliFaH cabblH JalblH/ay YIUiH XXbIIKbI Malibl (40 r) ycaKTasbln,
cy MmoHmacbiHa 60°C TeMIepaTypa/Zia 6aJKbIThLIA/IbI )KoHe GipHellle KabaT A9Ke apKbLIbI
cysineai. 31% NaOH epiTtingici (6,96 r) neH cy (15,6 r) HerisiH/e AaiibIHaaAbl. Mail xkaoHe CiaTi
epiTiHAiCiHIH TeMnepaTypaJiapbl TEHECTipi/IreHHEeH KeHiH, CiJITI Mak¥a KOChLIbII, KOCIa KO0
KalMakK Topi3/ii KOHCHUCTeHIMAFa )eTKeHlIe (1maMmaMeH 40 MUH) apasiacTeipbliabl. KaitHaTy
coHbIHa 4 MJ1 1,2% Tpusion b epiTiHAici KocblibliM, CAbblH KOHCUCTEHIUSACHI TeJIb TOPi3Ai Kyure
xeTKeHJle, pH KepceTKilli lakMyc KaFa3blMeH aHbIKTas1aibl. CAObIHHBIH KaiblnThl pH kepceTkii
['OCT 28546-2002 60iibiHIIa 10,5 601yl THiC. CabbIH epiTiHAiCI apHalbl KalblITapFa KYWbLIbIII,
2-3 TayJiKTe KaTThbl CAaOblH AalbIHAAIAbI.

Maticana mativl KocblaFaH cabbiH datibiHday: Cy MoHmackiHza (60°C) TosbIK epiTijiireH
KBbLJIKbl MalbIH GipHelle KabaT 9Ke apKblibl Cy3ia/i. TazapThliFaH Maiifa MalicaHa Malbl (3,87
I') KOChLJ/bII, Cy MOHILIACBIH/IA KalTa 6ipTeKTi Kyire AeliH 6anKbIThlIAbL EpiredH Mmai KocnacblHa
apaJiacThbipa OThIpbII, TMMOH KbIIKbLIbI (1,81 1) )koHe NaOH epiTtingici (31%) kocbigbl. Kocna
10-15 MUHYT 60¥bI OipTEKTI KOHCUCTEHIUSA aJIbIHFaHFa JlefiH apasiacTbIpblI/ibl. AJIBIHFaH
cabbIH MaccacbiHbIH pH KepceTKili JakMyc KaFa3bl KeMeriMeH aHbIKTa/bIN 10 Kypazbl. JlalbiH
cabblH popMasiapFa KyUblLabll, 2-3 TayJIiK 60WbI KaTbIpy YIUiH KaaAblpblajbl. CabbIHapAbIH,
OpraHoJIeITUKAJbIK KacueTTepi (Tyci, ici, KOHCUCTEHLUSACHl) MEMJIEKETTIK CTaHJAAapTTapFa
coliKec 6aFaslaH/bl.

Mukpo6uonozusnelk adic: Maiicana Maiibl xkoHe TpusioH b KOCbL/IFaH kaHe 6aKbliay
cabbIHJAp/IbIH aHTUMUKPOOTHIK 6esiceH/iiiri Staphylococcus aureus, Pseudomonas aeruginosa,
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Candida albicans xoaHe Bacillus cereus MUKpoOpTraHU3M/lepiHe KaTbICThI 3epTTeAi. baKbliay
CbIHaMachbl peTiHJe TYPMBICTBIK, IIapyallblIbIK CabbIHbI KOJIAAaHbLIbL. KopeKkTik opTa peTiHze
»KapTbLIal cMHTeTUKaIbIK MIIA KosgaHbuiabl. MUuKkpoopranusmzaep 37°C MHKyOauusIaHabI.
MHKy6anysa asgKTasifFaH coH [leTpu TabakiasapbiH/A Ty3iJreH 6aKTePUS/IbIK KOJIOHUSIAP/bIH,
MOPQOJIOTUSCHI MEH 6CY KAaPKbIH/bLIBIFbI CaJIbICTbIPMaJibl TYpAe 6aFranaH/bl.MHKybanus1anFaH
JaKbliJapFa MakicaHa Maiibl MeH TpuJioH B KOChbI/IFaH KbIJIKbl Malibl HETi3iHAeri cabblH
epiTiHAiciHiH 1 MJ1 MeJIIIepi eHTri3iin, olapAblH aHTUMUKPOOTHIK, 6eJICeHIIri 3epTTe .

Ca6biHdapdviH mepice mimipkeHdipziuumik acepiH anbikmay adici (MEMCT 32436-
2013 xncane OECD Test Guideline 404) dputema MeH iciny aapexeci OECD Test Guideline 404
TaJlanTapbiHa cakikec Draize mikasacel 60MbiHIIA 0-/1eH 4 6as1Fa AediH 6aranaHabl, MyHAa 0 6aJ
- peakLMSHbIH 60/IMaybIH, a 4 6aJs — alKbIH peaKLUsAHbI 6i17ipesi. Op cabbiH yJrici 60MbIHIIA
aJIbIHFaH HOTUXKeJIep eKi KaHyap/blH KepCeTKILITepi Heri3iHAe opTallla MoH + CTaHAapTThI
aybITKy TYpPiH/le YChIHbLI/bL. 2KaHyapJiap CaHbIHbIH a3 60J1ybIHA OaMJIaHBICThBI HOTHXKEJIepre
TeK CUIlaTTaMaJlblK, CTaTUCTHUKAJIBIK TaaAay yprisingi. CeiHak @nangp TYKbIM/bl KOSTHAAP
(Oryctolagus cuniculus) KaTbicybIMeH XKyprisingi. 2KanyapJsiapgbl ycray mapTTapbl: 6eaMe
teMneparypacbl 20+3°C, putrangpuibik 50-60% xoHe )apblK pexumi: 12 carat kapblk/12 caraT
KapaHgFbl. 0,5 I JalibIH cabbIH yJTiCi KOSHAAPAbIH apKAChIH/a laMaMeH 6 CM? TYTi Ta3apThLIFaH
Tepi aliMaFblHa KaFblJ/blI, TAHFbIILIIEH 4 caFaTKa OeKiTijiesi, 3KCN03ULUS asKTaIFaH COH CabbIH
KaJIAbIKTaphl CYMEH KYblJIbII, TEPiHiH XepriJiKTi peakuusapbl 6arajaH/ibl. MalicaHa Mabl
MeH TpusioH B KocblIFaH cabblHAAPABIH TiTIpKEHAIPTilITiK KacHeTi 9KCIO3uLMs1aH KeliH 48
caFaT ©TKEeH COH, Tepi *aFJailblH 6aKbl/1ay apKbLJIbl aHbIKTAJI/Ibl.

HaTuxkesiep
OpzaHosenmuKaablk Kacuemmepi

CabbIH yJITiJiepiHiH OpraHoJieNTUKaJbIK KOpCeTKilITepi HOPMaTUBTIK Ky>kaTTama (TP
TC 009/2011 «[lapdromepJik koHE KOCMETHKabIK 6HIMIEPAiH Kayinci3iri Typaibl» KaTThbl
>KoHe CYUMbIK cabbIH yiliH MiHAeTTi, MeMCT 28546-2002 «Hic cabbin». Kasinbl TeXHUKaAJBIK,
HIapTTap») TaJanTapblHa COliKeC OaFa/laH/ibl.

CaObIHHBIH, CBIPTKBI TYPi GipKeJiki, 6eTiH/ie epHeK 6ap, *KapbIKTap, )KosaKTap, 3ddyausaap,
JlaKTap >KoHe aHbIK eMeC IITaMITap aHbIKTaJ/IFaH K0K. CabbIHHBIH, MilliHI TEXHUKAJBIK KY>KaTTa
GeJriJieHTeH »KeKe aTayblHa coulikec KesieZi. TycTik cunaTTaMacsl (cypeT 1) Ko/1JaHbLIFaH
KypaMblHa 6alIaHbICThbI 63rep/ii: TPUJIOH/AbI CAabbIH aKLIblJI, MalicaHa cabbIHbI CApFbIII TYCTi
GOJIJIbI.

BapJibIK yriziepZiy TyCl TEXHUKA/BIK Ky?KaTTa KepCeTIreH TaJanTapFa TOJbIK COUKeC
kesi7i. CabbIHHBIH, 66r/e Hici )K0K, CabbIHFa TOH, KOHCUCTEHLUSChHI KATThI, KYPbLJIbIMbI ThIFbI3
*koHe beJsiiMaepi 6ipkeJiki 60JibIN cunaTTaaAbl. OpraHoJieNTHKaJbIK KepceTKillTepi 60MbIHIIA
cabblH yJITijiepi HOpMATUBTIK TaslaiTapFa cai KeJIeTiHiH KOPCETTi.
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JKbLaKbl Matibl HeziziHde HcacaaFaH KOCMemuKaJiblK CabbIHHbIH 6U0/102USI/IbIK Kacuemmepii 3epmmey

A b
Cypert 1. A- TpuoH/bI cabbIH yirici, b — Maiicana cabbIHBI yirici

CabblH yazinepiHiH aHMUMUKPObMbIK Kacuemi

TpunoHAbl cabbiH 6aKblIay cabbIHbIMEH CalbICThIpFaHAa Staphylococcus aureus; Pseu-
domonas aeruginosa; Candida albicans; Bacillus cereus 6akTepusiJapblHbIH 6CYiH TeXereHAiriH
6arkayra 6os1aZbl. AJl, MalicaHa Maibl KOCbLJIFaH cabblH Pseudomonas aeruginosa; Candida
albicans 6akTepusilap/iblH, KOJIOHUS TY3Y OipJliriHiH MeJiliepiH a3alTThI, lereHMeH 6aKbliay
caGbIHBIMEH CaJIbICThIpFaH/a 6akTepusiiap/blH ecyiH Texesi (CypeT 2, 3).

b A

Cypert 2. A- TpusioH b cabblH yJriciHiH aHTHOaKTepUs/IbIK BU3yaJl/ibl KOpCeTKilli,
b - MaiicaHa cabbIH Y/TiCiHIH aHTUOAKTepUsIJIbIK BU3yaJlibl KOPCETKIllli
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Cypert 3. MalicaHa Malibl ’)koHe TPUJIOH B KOMITIOHEHTi KOCBhLJIFaH CabbIHAAPAbIH
b6akTepusisiapFa acepi

CabbiHdapdviy mimipkeHdipeiwmik Kkacuemmepi

Maiicana Maiibl xoHe TpusioH b KocblIFaH cabbIHAAP/IbIH, TEpire TiTipKeHAIpTill acepiH
GaraJsiay HOTHXKeJiepi OOMbIHINIA €Ki cabObIH YJTICiH/IE /e SpuTEMaHbIH OapJbIK JAeHreiepi
(>keHin1, opTalla, aybIp *aHe 6TKIp ayblp) 6aliKaIMaabl, Oy «<3pUTEMaHbIH 60JMaybl» KopCeTKilli
O0MbIHIIA OH HOTWXKEHIH TipKesayiMeH AaJiengeH/i. Cos CUAKTHI, €Ki yJrije fe iciHyaiH naija
60J1ybl aHBIKTAJIFAH KOK;: «iCIHY *KOK» KepceTKilli fieHrelin/e 6afaaaHblIl, }KyMcakK, OpTalia,
aybIp »KoHe alKbIH iciHy Oesrinepi Tipkeamesi (CypeT 4). ANbIHFaH AepeKTep MalcaHa Malbl
MeH TpuJioH b Kocbl/IFaH cabblHAAP/IbIH, Tepire *KeprijiikTi TiTipKeHAiprill acep KepceTNeNuTiHiH
»KoHE 0JIap/IblH, AepMaTOoJIOTUSJIbIK TYPFbIZAH TOXipubOe aFfailblHAa TiTipKeHiprill acep
baKKa/JIMa/bl.

A b C

Cypert 4. A. CbiHaMa kaKKaHfa geliH; b. CbiHaMa KaKKaH COH, 24 caraTTaH KeuiH; C.
ColHaMa kaKKaH coH, 48 caraTTaH KeHliH
1-MaticaHa cabbIHbIHbIH aliMaFbl; 2-TpusoH b cabbIHbIHBIH aliMa¥Fbl

dpuTeMa MeH iciHy KepceTKilTepi ap »kaHyap/a eKe 6aFaJlaHblll, HOTHXKeJiep opTalla
MOH * CTaHJAPTThI aybITKY TYpiHZe 6epingi. Exi cabbiH ToObIHAA fa 24 xoHe 48 caFaTTaH KeliH

28 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



JKbLaKbl Matibl HeziziHde HcacaaFaH KOCMemuKaJiblK CabbIHHbIH 6U0/102USI/IbIK Kacuemmepii 3epmmey

3puTeMa MeH iciHy 6aliKasiMaFaH/bIKTaH, opTaiia kepceTkimTep 0,00 + 0,00 6anabl Kypajbl.
Kanyapusiap caHbIHbIH a3 60/1ybIHA 6allJIaHbICTBI KOPBITBIHABLIAP CUNIATTaMaJIbIK, CTaTUCTUKA
HerisiHze ycoiHbLAbL Keneci kecTese Tepire acepai 6aranay OECD Test Guideline 404: Acute Dermal
Irritation/Corrosion (Draize wkasacet) [29] 6oibIHIIA XKYprisingi. HoTwxeciHe kepceTKilTep
60MbIHIIA CAOBIHHBIH 2 TYpi e TUIM/Ii eKeHiH Kepyre 60J1a/bl.

Kecte 1
JlepMaTo/IOrUsJIbIK CbIHAMA KJacCUPUKALMACHI

KepceTkimrep MaiicaHa caGbIHBI TpwuioH b caGbIHBI

dpUTeMaHbIH 60Maybl +++ 4

Kenisn aputema (apeH 6aliKajiMaibl, - -
KbI3FBLIT PEH)

OpTaiua spuTteMa (KbI3FbLIT KbI3blJI TOH) | - -

Ayblp spruTeMa (KbI3bLI TOH) - -

OTKip ayblp apuTeMa (TepiHiH KbI3apybl) |- -

[ciHy KOK +++ +++

Kymcak iciny (epeH 6alKaaManabl) -

Optraua iciny (iciny alimMa¥rbl icinyzeH - -
aHbIK KepiHezi)

Aypnlip iciHy (11amameH 1 MM iciHy) - -

AUKpIH iciHy (1 MM-ZleH acTaM iciHy oHe | - -
acep eTy alMarbIHbIH, lIeKapacbIHaH ThIC
iciny)

TanKbliay

Kanyap mamsiapsl Heri3iH/e a/IbIHFAH CAOBIHAAPABIH KacueTTepi Mall KbIIIKbBLIAbIK
KYpaMblHa, KOCbIMIIIA UHTPEIUEHTTEP/IiH, 60JIyblHA )KOHE TEXHOJIOTHUSJIBIK OHAEY 9/licTepiHe
TikeJsiel 6alIaHBICTHI €KEeHi 91e6U JilepeKTep/ie KeHiHeH KepceTiireH. MejukaMeHTTe/IreH
caObIHAAPAbIH aHTUMUKPOOTHIK OesiceH/iiri 6obiHIIa 3epTTeynepae [30] Typai cabbiH yariaepi
O6aKTepusilap MEH CaHbIpayKyJlaKTapFa KapChl 9peKeT KOPCeTKEH, MUHUMaJ/bl QyHTULUATIK
koHueHTpanus (MFC) 7.81-62.50 mg/mL apasibIFbIH/a 60JIFaH, a1 MUHUMAJIbl 6AKTEPUITUTIK
koHeHTpayus (MBC) 7.81-31.25 mg/mL nuana3onbinja TipkenareH. bys kepceTkiwtep Staph-
ylococcus aureus cekingi rpam-oH 6aKkTepusisiapFa Kapchl »KOFapbl TUIMIMIKTI KepceTe/i, 2koHe
6acka 3epTTeyJsiepze Ae cabblH KypaMblHJaFbl 6eJiCeH/|i KOMIIOHEHTTep/liH, KOHILEeHTPaLUsIChI
TOMEH/IeTeH CalblH aHTUOAKTEPUAJI/IbIK dCEPiHiH KOFapblJIaHAThIHbI AU THLJIFAH.

Keseci 3eptteyne [31] Curcuma longa (3upe) CbIFbIHABICHI KOCbIIFAH CAbbIHHBIH, Staph-
ylococcus aureus ecyiH Texeyi 3epTTeJJli, MyHa MUHHUMaJI/|bl UHOKYJ/IALUsI KOHLLEHTPALUSIChI
(MIC) 0.781%-6.25% (v/v) avana3oHbIH/Ja aHBIKTaJAAbl, IFHU OeJicCeHi TaOUFU KOCbIMIIAIap
cabbIHHBIH, MUKPOOKA KapcChbl 6eJICeH/i/iTiH HaKThl KOHI|eHTpalysaaap/ia apTThipa aJaThbIHbI
JoJieJIIeH ],
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OciM/ik MalJlapbl MEH MalJibl 3aTTapAbIH XMMHUAJIBIK KYPaMbl )KaH-KaKTbl 3epTTeJ/IreHIMeH,
OJIapZibIH Tepire xKarblJIFAHHAH KEHIHT1 9cep eTy MexaHU3M/lepi Typasibl MaJliMeTTep LIeKTey .
Keit makasnanapaa [32] KabbIHFaH Tepijie 0JIeMH KbIIIKbLIbI 2KOFapPbl, ajl IMHOJ KbIIIKbLJIbI
TeMeH MalJiap TepiHiH MyHi3rek KabaTbIH 3aKbIM/laybl MYMKIH €KeHi aHbIKTaJIFaH, aJj JIUHOJI
KBILLKbLJIbIHA Oall Maisiap oH acep kepceTei. COHbIMEH KaTap, MaWaapAbl KOJIAaHY XKUIIIri
MEH Y3aKTbIFbl TePi KYPbIJIbIMbIHBIH, TYTAaCTbIFbIHA 9CEP €TETIiH MaHbI3/1bl paKTOp peTiHe
KapacTbIpblIaJbl.

BisaiH 3epTTeyze KbIJIKbI il Malbl HeTi3iHJAe AaWblHAAJAFaH cabObIHJAAPAbIH,
OpraHoJIeNTUKAJbIK KOPCEeTKIIITepi MeMJIeKeTTIK CTaHAAPT TaJlallTapblHA TOJIBIK, COUKeC
KeJiJli, 0yJ1 OYpbIH XKapUsJaHFaH AepeKTepMeH yiseceai. Mbicasnbl, KbiTail maTeHTTepiHge [27,
28] KbLIKbI Malibl KOCbLJIFAH CabbIHAApAblH 0eTKi KYpblJIbIMbIHBIH OipKeJiKi, TYCiHiH TYpaKThbI
»KOHe »KaFbIMChI3 HicCi3 60J1aTbIHbI KOPCEeTIreH, 6yJ1 6i3/1iH HOTHXKeJIEpPMEH TOJIBIK, COMKeC
kesieZi. COHbIMEH KaTap, eCiMAik Maliapbl HeMece KOCbIMIlIa 6eJiCeH/ii KOMITIOHEHTTEPMEH
OalbITBLIFaH KaHyap Maibl HeTi3iH/eri cabblHAAp CEHCOPJIBIK KACUETTepi *KaFbIHAH TYThIHYLIbI
YIUiH TapThIM/bl 60JIAaThIHBI 1A 94e0MeTTe aTan eTinexi [14, 21].

AHTUMUKpPOOTBIK 6eJICeH/Ii/IiK TYPFbICbIHAH aJ/IbIHFAaH HOTHXKeJIep Jie 9/1ebU iepeKTepMeH
CaJIBICTBIpFaH/a 3aH/bl cUNIaTKaA ve. 2KaHyap MalJiapblHaH acaJifaH cabblHAAp/bIH Heri3ri
6aKTepusiFa Kapchl 9cepi CiITi/IiK opTa MeH Mall KbILIKbLIJapbIHbIH MeMOpaHaFa acep eTyiMeH
Tycinaipineni [6, 15]. bisaiH 3epTTeyne TpuioH B KocbuiFaH cabblHHBIH Staphylococcus aureus, Pseu-
domonas aeruginosa, Candida albicans xaHe Bacillus cereus ecyin ailkplH Texxeyi EDTA-HbIH MeTas1
MOH/IapbIH XeJIaTTay apKbl/ibl 6aKTepusl »Kacylla KabblpFacblHbIH TYPaKTbLJIbIFbIH O0y3y KabiieTiMeH
TyciHaipineni, 6y Liu »koHe apinTectepiHiy [22] xkoHe CIR [23] eHbeKTepiHAe cunaTTasiFaH
MaJliMeTTepMeH CoMKec KeJsieZi. AJl MalicaHa Malbl KOCbLJIFaH CAObIHHBIH aHTUMUKPOOTHIK acepi
OHBIH KypaMbIH/|aFbl PUILMHOJI }KoHE KaHbIKIaFaH Mal KbIIIKbLJI/JapPbIHbIH 0AKTEPULUATIK XKOHE
KabObIHYFa KapcChl KacUeTTepiMeH 6alJIaHbICThI 60J1ybl MYMKIiH [21].

Tepire TiTipkeHAiprilITiK KacueTTepiH 6aFrajiay HOTHKeJiepi )kaHyap Malbl HeTi3iH/eTi
cabGbIHJApAbIH KayiNnci3iri xkeHiH/eri OypbIHFbI 3epTTey/epAi pacTalzbl. Ofe6UeTTe CUbIP
HeMece MaJibMa Malbl HeTi3iHAeri kKelbip cabblHAAPAbIH, YKOFapPhbI CiJITiIiKKe 6aiJIaHbBICThI
apuUTeMa TyblHJATybl MYMKiH eKkeHi kepceTisice [10, 15], 6i3aiH kaFan/ia »KblJIKbl Maiibl
Heri3iHjeri cabbIH/ap/ia 9pUTEMA MEH iCiHYAiH TOJbIK 60J1Maybl 6aliKaabl. Bys1 HOTHXKE KbIIKBbI
MaMbIHbIH alaM TePiCiHiH JUNUATIK KypaMblHa YKcac 60J1ybIMEH KdHe JIMHOJI KbIILKbIJIbIHbIH
Tepi TOCKAybLJIbIH KaJNbIHA KeJITipy KabiseTiMeH TyciHaipineai [7, 12].

Kannel anran/ia, aJibIHFaH HOTHXKeJIeP XKbLIKDI i1l Maibl HeTri3iHAe MakicaHa Malbl MEH
TpusioH B Kocy apKblJibl ajibIHFaH cabblHAPAbIH *KaHyap MalJlapblHaH JalblH/alaThIH A3CTYpJli
cabbIHAAPMEH CaJIbICThIPFaH/1a AepMaTOJI0TUSJIBIK TYPFbIZIaH Kayilci3, MUKPOOKa KapChl
6eJiceH/i >kdHe TYThIHYLIBLJIBIK KaCUeTTepi >KOFapbl 6HIM eKeHiH kepceTe/i. Bys1 fepektep
KbIJIKbl MallbIH KOCMETHKaJBIK KoHe QYHKIIMOHAIABIK CaOblH OH/ipiCiH/e epcrneKTUBabl
IIMKIi3aT peTiH/e KapacTbIpyFa TOJIbIK HeTi3 6epesi.

KOpBITBIHABI

Kyprisisires 3epTTey HoTHXKeCiH/e )KbIJIKbl Malbl HeTi3iH/e MalicaHa MaKbl )KoHe TPUJIOH
B KOMIOHEHTTepi KOChLIFaH CabblH YJTijiepi MeMJIEKETTIK CTaHAAPTTapAblH OPraHOJIeNTUKAJBIK,
TaJlan'TapblHA TOJIBIK COUKeC KeJleTiHi aHbIKTanAbl. CAabbIHAAPABIH, TYCI, UiCi, KOHCUCTEHLUSCHI,
KYPbIJIBIM OipKeJIKiJiri MeH MillliH TYpPaKThLIbIFbl HOPMATUBTIK KepceTKilTepre cal 60J1/bl.
KostHiap/ibIH TepiciHe )Kypri3iaireH TiTipkeHAiprilTik cblHaK HOTHXesiepi 60MbIHINA, 2 TOYNIKTEH
KelliH Tepi/Jie apuTeMa HeMece iciHy berisiepi 6alKaaiMa/ibl, SFHU cCaObIHAAPABIH OUOYHIeCciMALTITi
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MEeH Kayinci3firi >korapbl ekeHi faJsiengeH/i. COHbIMEH KaTap, MalcaHa Maubl }KoHe TPUJIOH
B koMnoHeHTTepi 6ap cabblHJAap NaTOTeH/i MUKPOOPraHUu3M/ep/iH KOJOHUS Ty3Y OipJiirin
a3alThlM, alKbIH OaKTepusiFa KapChl 9CEP KOPCETKEHI aHbIKTa/bI.

3epTTeyllijiep *KbIJIKbI MalbIH 6CiM/iK MallapbIiMeH (KYHOAFbIC )koHeE T.0.) pepMeHTTIK
TpaHcacTepubUKaL YA diCi apKbl/Ibl 6HJIeY HOTUKECIH/IE, OHbIH KOCMETHUKAJIbIK TYPaKTbLIbIFbI
MeH Tepire naijjajibl KaCUeTTepiH apTThIpFaHbIH AdJiesjereH. By Tacis cabblH MeH cycabbliH
CUAKTBI OHIMEP/iH )KYMCAKTBIFbIH, KOPEKTIK XKoHe KaJlllbIHA KeJITIpyIlli 9CepiH »aKcapTaTbIHbIH
KOepCeTTi.

OcblLiaiiia, 6i3/iH 3epTTey HITUXKeJIepi MeH 9/lebueTTeri MasliMeTTep/i cabICThIpMaJibl
TaJ/ay »KbIJIKbl MalblH KOCMETHUKAJIBbIK MaKcaTTa KOJIAAaHY/bIH FbLIJIBIMU HETIi31H pacTal/bl.
AJIbIHFaH JilepeKTep KbIJIKbIHbIH, illl MalbIH Nai/jajlaHa OThIPHIII, }KaHa IKOJIOTUSIJIBIK Ta3a XKoHe
OMOJIOTUSITIBIK, OeJiICeH/li KOCMETHUKAJIbIK pelleNTypasiap/bl 93ipJiey yliliH nepcneKTUBa/bl 6aFbIT
60JIbII TAObL/IA/bl YK9HE OYJI 3epPTTey O/laH dpi KaJIFaCblH Tababl.
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Biological properties of cosmetic soap based on horse fat
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Abstract. Nowadays, soap is one of the most widely used and accessible cleaning agents
both in everyday life and industry. Its properties depend not only on the production technology
but also on the raw materials used. Soap made from natural animal fats is of particular interest,
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as it significantly affects the physicochemical and consumer properties of the product. Horse
fat products have traditionally been used in skincare and folk medicine due to their therapeutic
properties. However, studies on traditional soap production remain limited. In recent years,
horse fat has attracted attention as a promising component of cosmetic formulations due to its
ability to restore the skin barrier and maintain skin hydration. According to scientific literature,
the anti-inflammatory properties of horse fat are associated with its high content of polyunsat-
urated fatty acids, including linoleic acid (C18:2n6, LA) and a-linolenic acid (C18:3n3, ALA). For
example, in cow fat, C18:2n6 is about 3%, and C18:3n3 is 0.5-1%, whereas in horse fat, they
range from 15-25% and 3-10%, respectively. The anti-inflammatory activity of horse fat was
determined by applying it to the skin of hairless mice. It was found that UV-B-induced produc-
tion of IL-6 and TNF-a in the skin was significantly inhibited. The main aim of this study was to
prepare soap from horse fat and investigate its properties. Two types of soap were prepared by
saponification of horse fat with the addition of safflower oil (Carthamus tinctorius L.) and Trilon B.
The physicochemical, microbiological, and skin irritation properties of the soaps were evaluated.
All prepared soaps met the national standards. No irritation was observed in soaps containing
safflower oil and Trilon B, i.e., no erythema or inflammation was detected in the application area.
Keywords: horse fat, soap, cosmetology, Safflower, Trilon B

HUccneaoBanue 6M01I0THYECKHX CBOMCTB KOCMETHYECKOro MbLa
Ha OCHOBE KOHCKOIO0 >KMpa
M.X. Hapmypamosa® , M.A. Hypceumosea **, Ill. Kanasm? M.P. Co130b1K*,
K.2K. Cotman®, H.H. Axmemcadsikog®

134 dakysbTeT 6UOJIOTUH U OUOTEeXHOJI0THH, Kazaxckuii HalMoOHaIbHBIN
YHUBEPCUTET UMeHHU asb-Papadu, Anmatel, KazaxcTtan
23456 HaydHO-NIPOMU3BOACTBEHHOE Npeanpusitue «AHturen» TOO,
AnMaTuHcKkad o6sacThb, Kasaxcran
*KazaxCKHi HallMOHAJbHbIN MeJarorM4eCcKUil yHUBEPCUTET
uMeHU Abasd, Anmarsl, Kazaxctan

AHHOTanus. Ha cerofHAIHUN JeHb MbLIO SIBJISIETCS OJHUM U3 HanboJiee LIUNPOKO
WCMO0JIb3yEMBIX U JJOCTYIHBIX MOIOIIHUX CPEACTB KaK B ObITY, TAK U B IPOMBIIILJIEHHOCTH. Ero
CBOMCTBA 3aBUCAT HE TOJBKO OT TEXHOJIOTUU POU3BO/JCTBA, HO ¥ OT UCHOJIb3yEMOTO ChIPbSI.
Mb1/10 U3 HAaTypaJibHbIX >KUBOTHBIX )KMPOB MPe/CTaBJIsIeET 0COObIK UHTEPEC, IOCKOJIbKY
3HAYUTEJIbHO BJAUsIET HAa QU3UKO-XMMHUUECKUE U IOTPeOUTEIbCKHE CBOMCTBA MPOAYKTA.
[IpoyKThI Ha OCHOBE KOHCKOTO 1 pa TPaAULIMOHHO IPUMEHSAIOTCA B YXO/e 3a KOXKel U HapOJHON
MeJUIMHe 6J1arofapsi CBOUM JiedeOHbIM cBoMcTBaM. OZjHaKO UCCIel0BaHUs 10 TPAAULIUOHHOMY
NPOU3BO/ICTBY MblJIa OCTAIOTCSI OTPAaHUYEeHHBIMU. B nocyiejHue roJibl KOHCKUU XU MPUBJIEK
BHUMaHUeE HCCle/joBaTesell KaK epCrneKTUBHbIA KOMIIOHEHT KOCMeTHYeCKUX Cpe/ICTB 6J1aroaps
CBOEM CIIOCOOHOCTU BOCCTAHABJIMBATDH KOXKHbBIN Oapbep Y NMOAAePKUBATh YBIAXKHEHUE KOXKU.
CoryiacHO JaHHBIM JIMTEPATYPbI, IPOTUBOBOCHAJIUTE/IbHbIE CBOWCTBA KOHCKOTO XUpPa CBA3aHbI
C BBICOKMM COZiep>KaHHeM IOJIMHEHAChILEHHBIX )KUPHBIX KUCJIOT, BKJII0Yas JIMHOJIEBYIO KUCJIOTY
(C18:2n6, LA) u a-nuHosieHoBy10 kucaoty (C18:3n3, ALA). Hanpumep, B kopoBbeM xkupe C18:2n6
coctaBJsieT okoJsio 3%, a C18:3n3 — 0,5-1%, Torga Kak B KOHCKOM KUPE OHU COCTABJISIIOT
15-25% u 3-10% cooTBeTCTBEHHO. [[pOTUBOBOCHANIUTENBHYIO aKTUBHOCTb KOHCKOTI'0 JKHpa
OLleHMBaJIU IyTeM HaHECEHUS Ha KO>Ky OeClIepCTHBIX Mbllliel. BbljIo ycTaHOBJIEHO, YTO
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o6pazoBanue IL-6 u TNF-a, unaynupoBanHoe UV-B, 3HauuTe/IbHO N0/1aBJis1ioch. OCHOBHOM
1|eJIbI0 UCC/IeJOBaHUS ObLJIO IPUTOTOBJIEHHE Mblla HA OCHOBE KOHCKOTO XXUpa U U3y4YeHUe ero
CBOMCTB. bblI NPUTOTOBJIEHDI /1Ba BU/ia MblJIa IyTEM OMblJIEHUSI KOHCKOTO »KMpa C J06aBJeHUEeM
Macsaa cadJiopa (Carthamus tinctorius L.) v TpuoHa b. Bblin u3ydeHbl GU3UKO-XUMHUYECKHE,
MUKPOOUOJIOTUYECKHE U pa3jpaxkalolliie CBOMCTBA Mblia. Bce NpuUroToB/eHHble 00pas31bl
COOTBETCTBOBAJIM TOCY/JapCTBEHHBIM CTaHAapTaM. Mblio ¢ MacioM cadiopa v TpuaoHoM b He
NPOSIBJISJIO pa3paXkaloliero AeMcTBUs, T.e. HA MeCTe HaHeCeHHUs He HabJ1I0/a/10Ch 3pUTEMBI
Y BOCIMaJIEHUSI.
Kiro4eBsble €/10Ba: KOHCKUM KUP, MbLJI0, KocMeToJs10rus, cadJiop, TpuioH b
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Abstract. Migraine is a leading cause of disability, yet the relative
contribution of individual attack characteristics — pain intensity, fre-
quency, and duration - to migraine-specific quality of life remains incom-
pletely defined, and data from Central Asian populations are scarce. This
study examined the clinical and psychometric factors associated with
migraine-specific quality of life in a Kazakhstan cohort. In a cross-sec-
tional study, 195 participants (100 patients with migraine [ICHD-3]
and 95 controls without migraine) were enrolled; analytic modeling
was restricted to 88 women with migraine. Quality of life (MSQ v2.1:
RFR, RFP, EF) was modeled against usual-attack pain intensity (VAS),
attack frequency and duration, age, and anxiety and depression (HADS)
using multivariable linear regression with HC3 confidence intervals
and Benjamini-Hochberg correction; HURT burden was reserved for
sensitivity analyses to avoid overadjustment. Higher pain intensity was
associated with lower RFR (f =-7.51 per 1 SD; 95% CI -12.18 to -2.84;
p=0.002) and RFP (8 =-10.91; 95% CI -16.45 to -5.37; p <0.001). No
independent association was detected for attack frequency, duration,
age, or affective symptoms. The pain-intensity association was robust
across influence-diagnostic, categorical-VAS (dose-response), and
HURT-adjusted sensitivity analyses. Usual-attack pain intensity, rather
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than attack frequency or duration, was the predictor most consistently
associated with migraine-specific role functioning.

Keywords: migraine, quality of life, pain intensity, MSQ v2.1,
anxiety, depression

Introduction

Migraine is one of the most prevalent and disabling neurological disorders worldwide,
affecting approximately 14% of the global population and ranking among the leading causes of
years lived with disability [1, 2, 3]. [t is characterized by recurrent attacks of moderate-to-severe
headache accompanied by sensory hypersensitivity, nausea, and substantial functional impair-
ment [4]. Beyond individual attacks, migraine is associated with limitations in daily activities,
work performance, and emotional well-being; these dimensions are reflected in migraine-specific
quality-of-life measures [5].

Quality of life has become a central outcome in migraine research, in recognition that the
burden of the disorder extends beyond the pain of individual attacks [6]. The Migraine-Specific
Quality of Life Questionnaire version 2.1 (MSQ v2.1) is a validated patient-reported instrument
with three domains: Role Function-Restrictive (RFR), which captures limitations in daily activities;
Role Function-Preventive (RFP), which captures activities that migraine prevents patients from
performing; and Emotional Function (EF), which assesses the emotional impact of migraine [7,
8]. Although the MSQ v2.1 is widely used in clinical trials and observational studies, the relative
contributions of attack frequency, duration, and pain intensity to the individual domains remain
incompletely characterized. Population-based research also documents interictal burden, includ-
ing anxiety about subsequent attacks and avoidance of activities between attacks [9].

Attack frequency is an important clinical measure of migraine severity and contributes
to decisions about preventive therapy [10]. Headache-related burden and treatment response
can also be assessed using instruments such as the Headache Under-Response to Treatment
(HURT) questionnaire [11]. In the International Burden of Migraine Study, chronic migraine
was associated with greater disability and poorer migraine-specific quality of life than episodic
migraine [12]. Nevertheless, frequency alone does not describe the full experience of an attack.
Attack duration is a distinct temporal characteristic whose association with quality of life should
be evaluated alongside pain intensity and frequency.

Earlier studies examined the relationships of headache intensity, frequency, and duration
with headache-related disability [13, 14]. In a prospective study of patients with chronic migraine
treated with onabotulinumtoxinA, improvements in both headache frequency and pain intensity
were independently associated with improvement in disability [15]. However, treatment-relat-
ed changes in disability are not equivalent to cross-sectional differences in MSQ v2.1 domains.
Clinical research has also identified headache chronicity and psychological factors as relevant
to quality of life [16]. Their relative associations with individual MSQ v2.1 domains therefore
warrant assessment in different populations.

Clarifying these associations may improve the assessment of patient burden and sup-
port multidimensional evaluation. The OVERCOME (Japan) study documented effects on daily
activities, sleep, and mental health, illustrating the value of assessing functioning in addition to
headache symptoms [17]. The present study extends this evaluation to a Kazakhstan cohort,
providing population-specific estimates of the associations between clinical characteristics and
migraine-specific quality of life.
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The aim of the present study is to identify independent clinical and psychometric predictors
of migraine-specific quality of life across the three MSQ v2.1 domains in a cross-sectional sample
of patients with migraine, with particular focus on the relative contributions of pain intensity,
attack frequency, and attack duration.

Materials and Methods

Study Design and participants

A cross-sectional observational study enrolled 195 participants: 100 patients with migraine
diagnosed according to ICHD-3 criteria [4] and 95 controls without migraine. Descriptive group
comparisons used the full sample; analytic modeling of migraine-specific quality of life was re-
stricted to the 88 women with migraine (of the 100 patients, 12 were men and were excluded from
subgroup modeling because of their small number). Participant flow is summarized in Figure 1.

Inclusion criteria were a diagnosis of migraine per ICHD-3, age 218 years, complete clinical
data, and written informed consent. Exclusion criteria were secondary headache disorders, severe
neurological or psychiatric comorbidity, and incomplete data. The protocol was approved by the
Local Ethics Committee (Protocol No. 08-2024, 10 October 2024) and conducted in accordance
with the Declaration of Helsinki. All data were de-identified before analysis.

Figure 1. STROBE participant-flow diagram. Of 195 individuals assessed for eligibility, 100
met ICHD-3 criteria for migraine, and 95 were controls without migraine. Twelve men were
excluded from the analytic sample, leaving 88 women with migraine.

Clinical and Questionnaire Measures

Clinical assessment recorded monthly attack frequency, the duration of an individual
attack (hours), and pain intensity of the usual (average) attack on a 0-10 Visual Analog Scale
(VAS); patients rated the intensity typical of their attacks, not the most recent or worst episode.
Anxiety and depression were measured with the HADS (HADS-A, HADS-D) [18]. Headache-related
burden and treatment response were measured with the HURT questionnaire [11] (disease-bur-
den domain HURT1-3; treatment-effect domain HURT4-6). Migraine-specific quality of life was
assessed with the MSQ v2.1 [7, 8] (RFR, RFP, EF domains; higher scores indicate better quality of
life). Pain intensity was a single retrospective self-assessment of usual attack pain; a prospective
headache diary was not used.
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Statistical Analysis

Analyses were performed in Python 3.13 (pandas, numpy, scipy.stats, statsmodels). Dis-
tributional assumptions were examined with histograms, Q-Q plots, and the Shapiro-Wilk test;
because most variables were non-normal, continuous data are reported as median [Q1; Q3] and
categorical data as n (%). The significance threshold was a = 0.05, and the Benjamini-Hochberg
false discovery rate (FDR) procedure was applied within each pre-specified family of tests (base-
line comparisons; the correlation matrix; and regression coefficients within each model) [19].

Between-group comparisons used the Mann-Whitney U test (two groups) and Fisher’s
exact test (categorical variables); effect sizes were rank-biserial correlation, Cohen’s d, or Cramér’s
V, as appropriate. Bivariate associations among continuous variables used Spearman’s rank cor-
relation (p) with 95% confidence intervals.

The primary analysis comprised three multivariable linear regression models estimated
using ordinary least squares (OLS), one for each MSQ v2.1 domain. Each model estimated the
association of pain intensity (VAS) with the domain after adjustment for attack frequency, attack
duration, age, HADS-A, and HADS-D. Attack frequency and duration were natural-log transformed
to correct right skew, and continuous predictors were z-standardized; coefficients are reported
as the change in the MSQ domain per 1 SD of the predictor, with heteroscedasticity-consistent
(HC3) 95% confidence intervals [20]. Migraine chronicity was not entered as a predictor because
only 10 patients (11.4%) had chronic migraine, which produced unstable estimates. The HURT
questionnaire was excluded from the primary models because it captures headache-related
burden that overlaps conceptually with quality of life. Adjustment for an intermediate variable
can introduce overadjustment bias [21], although the causal position of HURT burden cannot
be established in this cross-sectional study. HURT was therefore analyzed separately and added
only in a pre-specified sensitivity analysis.

Multicollinearity was assessed with variance inflation factors (VIF); model fit with R?
and adjusted R?; and influence with Cook’s distance [22], using 4/n as a screening threshold.
Pre-specified sensitivity analyses (i) excluded influential observations, (ii) modeled VAS categor-
ically to assess dose-response and relax the linearity assumption, and (iii) added the HURT1-3
burden domain. Given the absence of an a priori sample-size calculation, findings are interpreted
as exploratory and hypothesis-generating, emphasizing the direction and precision of estimates
rather than statistical significance alone; post-hoc power was not computed.

Results

Cohort Characteristics

The migraine (n = 100) and control (n = 95) groups did not differ significantly in age (39.5
vs. 39.6 years; p = 0.927) or sex distribution (88.0% vs. 89.5% female; p = 0.823). Compared
with controls, patients had higher pain intensity, anxiety, depression, and HURT burden (all p
<0.001; Table 1).

Table 1.
Baseline demographic, clinical, and burden characteristics.

Variable Control Migraine p Effect size
(n=95) (n=100)

Age, years, mean * SD 39.6 £9.3 39.5+£89 0.927 d=-0.01

Female sex, n (%) 85 (89.5) 88 (88.0) 0.823 V=0.01

Pain intensity, VAS, 2.0 [0.0; 3.0] 8.0 [6.0; 8.0] <0.001 r=0.97

median [Q1; Q3]
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Variable Control Migraine Effect size
(LWERE)] (n=100)

Anxiety, HADS-A 4.0 [2.0; 5.5] 7.0 [4.0; 11.0] <0.001 r=0.43
Depression, HADS-D 2.0 [1.0; 5.0] 5.0 [3.0; 7.0] <0.001 r=0.39
HURT total 1.0 [0.0; 3.0] 10.0 [7.0; 12.0] <0.001 r=0.89
HURT1-3 disease burden | 0.0 [0.0; 0.0] 1.0 [1.0; 2.0] <0.001 r=0.69
HURT4-6 treatment 0.0 [0.0; 0.0] 2.0 [1.0; 2.0] <0.001 r=0.82
effect

Note: Data are median [Q1; Q3] unless age (mean * SD). Between-group comparisons:
Mann-Whitney U test (continuous variables), Fisher’s exact test (sex), and Welch’s t-test (age);
p-values were adjusted using the Benjamini-Hochberg false discovery rate procedure, and
“<0.001” denotes a value below the display threshold. Effect sizes: d, Cohen’s d; V, Cramér’s V; r,
rank-biserial correlation (positive r indicates higher values in the migraine group). VAS, Visual
Analog Scale; HADS, Hospital Anxiety and Depression Scale; HURT, Headache Under-Response
to Treatment.

MSQ v2.1 domains were all markedly reduced in patients, with very large effect sizes and
the greatest deficit in RFR (Table 2). Notably, usual-attack pain intensity was high and narrowly
distributed in the migraine group (median 8, IQR 6-8 on a 0-10 scale), indicating that most pa-
tients experienced severe pain as their typical, not merely their worst, attack.

Table 2.
MSQ v2.1 domain scores: migraine versus control.

MSQ v2.1 domain Migraine

(n=100)

Role Function-Restrictive 46.0 [26.0; 60.0] 100.0 [88.5; 100.0] <0.001 |-0.97
(RFR)

Role Function-Preventive 60.0 [38.8; 75.0] 100.0 [95.0; 100.0] <0.001 |-0.91
(RFP)
Emotional Function (EF) 67.0 [47.0; 80.0] 100.0 [93.0; 100.0] <0.001 |-0.88

Note: Data are median [Q1; Q3]. Mann-Whitney U test with Benjamini-Hochberg false
discovery rate correction; “<0.001” denotes a value below the display threshold. r, rank-biserial
correlation (negative r indicates lower scores in the migraine group). MSQ v2.1, Migraine-Specific
Quality of Life Questionnaire version 2.1; RFR, Role Function-Restrictive; RFP, Role Function-
Preventive; EF, Emotional Function.

Bivariate correlations (women with migraine, n = 88)

Higher pain intensity was inversely associated with the RFR (p = -0.349; 95% CI -0.535
to —0.144; FDR-adjusted p = 0.008) and RFP domains (p = -0.398; 95% CI -0.579 to -0.191;
FDR-adjusted p = 0.002), whereas its association with EF did not reach significance (p = -0.128;
FDR-adjusted p = 0.420). The HURT1-3 disease-burden domain was inversely associated with all
three domains, including EF (RFR p = -0.339, FDR-adjusted p = 0.008; RFP p = -0.283, FDR-ad-
justed p = 0.034; EF p = -0.268, FDR-adjusted p = 0.042). We did not detect statistically significant
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associations between any MSQ domain and attack frequency (|p| < 0.18; all FDR-adjusted p =
0.26) or attack duration (|p| < 0.04; all FDR-adjusted p = 0.84). An inverse association between
anxiety and EF was present before correction (p = -0.226; p = 0.034) but did not survive FDR
adjustment (FDR-adjusted p = 0.102); depression was not associated with any domain.

Multivariable regression (n = 88)

Variance inflation factors were low for all predictors (all <1.4), indicating no meaningful
multicollinearity. Coefficients are reported as unstandardized 3 per 1 SD of the predictor with
HC3 95% ClIs. Higher pain intensity was associated with lower RFR ( = -7.51; 95% CI -12.18
to -2.84; p = 0.002; adjusted R* = 0.092) and RFP scores (f = -10.91; 95% CI -16.45 to -5.37; p
<0.001; adjusted R* = 0.116) (Table 3, Figure 2). The EF model explained little variance (adjusted
R?=0.027), and pain intensity was not associated with the domain (B = -2.87; 95% CI -8.61 to
2.86; p = 0.326). Across all three models, we did not detect statistically significant independent
associations for attack frequency, attack duration, age, anxiety, or depression; confidence inter-
vals for these predictors were wide and spanned the null.

MSQ Role Function-Restrictive (RFR)
(adj. R? = 0.092)

M5Q Role Function-Preventive {RFP)
(adj. R? = 0.116)

MSQ Emational Function (EF)
{adj. R* = 0.027)

N=88 i N=88 i N=88 i
HADS-0 {z) 00— & ] 10—
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Figure 2. Multivariable associations of predictors with MSQ v2.1 domains (n = 88).
Points are unstandardized 3 per 1 SD of each continuous predictor with heteroscedastici-
ty-consistent (HC3) 95% confidence intervals; the dashed line marks the null.

Filled squares denote pain intensity (VAS). RFR, Role Function-Restrictive; RFP, Role Func-
tion-Preventive; EF, Emotional Function.

Table 3.
Independent predictors of MSQ v2.1 domains: multivariable linear regression
(n = 88, HC3 Cls).

RFR domain (adjusted R? =0.092): B (per 1 SD) HC3 95% CI FDR-
predictor adjusted p
Pain intensity (VAS) -7.51 -12.18to -2.84 0.002*
log attack frequency -2.44 -7.03 to 2.15 0.297
log attack duration -1.55 -6.91 to 3.81 0.571
Age -1.78 -7.63 to 4.08 0.552
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RFR domain (adjusted R = 0.092): P (per 1 SD) HC3 95% CI FDR-
predictor adjusted p
HADS-A 0.32 -4.55t0 5.20 0.897
HADS-D 1.45 -4.24t07.14 0.617
RFP domain (adjusted R* = 0.116): B (per 1 SD) HC3 95% CI FDR-
predictor adjusted
p
Pain intensity (VAS) -1091 -16.45 to -5.37 <0.001**
log attack frequency -0.45 -6.70 to 5.80 0.888
log attack duration -1.94 -7.90 to 4.03 0.524
Age -2.37 -8.68t0 3.95 0.463
HADS-A -0.43 -7.01t0 6.16 0.899
HADS-D 0.44 -6.84t07.73 0.905
EF domain (adjusted R? = 0.027): B (per 1 SD) HC3 95% CI FDR-
predictor adjusted
p
Pain intensity (VAS) -2.87 -8.61to 2.86 0.326
log attack frequency -3.70 -9.59 to 2.20 0.219
log attack duration -2.21 -8.79 to 4.37 0.510
Age 1.18 -5.13t0 7.50 0.714
HADS-A -3.69 -9.47 to 2.09 0.211
HADS-D -2.54 -8.36 to 3.29 0.393

Note: (3, unstandardized regression coefficient per 1 SD of the predictor (continuous
predictors z-standardized; attack frequency and duration log-transformed); HC3, heteroscedas-
ticity-consistent (type-3) standard errors; CI, confidence interval; Adj. R?, adjusted R?. Migraine
chronicity was excluded (n = 10 with chronic migraine); VIF <1.4 for all predictors. VAS, Visual
Analog Scale; HADS, Hospital Anxiety and Depression Scale; MSQ v2.1, Migraine-Specific Quality
of Life Questionnaire version 2.1. * p <0.05; ** p < 0.001. FDR, false discovery rate. Significance
symbols refer to FDR-adjusted p-values.

Sensitivity analyses

Influence diagnostics identified 6, 8, and 9 observations exceeding the Cook’s distance
threshold (4/n) in the RFR, RFP, and EF models, consistent with the restricted, ceiling-weighted
VAS distribution. Excluding influential observations preserved and, if anything, strengthened
the pain-intensity association (RFR 3 = -8.91, 95% CI -13.28 to -4.53, p <0.001, adjusted R? =
0.162; RFP B = -11.43,95% CI -16.65 to -6.22, p <0.001, adjusted R? = 0.172), indicating the
finding was not driven by influential low-VAS points.
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Modeling VAS categorically revealed a graded (dose-response) pattern: relative to the
lowest pain category, role functioning declined progressively with higher pain, reaching signif-
icance in the highest category for RFR ( = -14.51; 95% CI -26.82 to -2.19; p = 0.021) and in
both upper categories for RFP (VAS 7-8: § = -14.03, p = 0.035; VAS 9-10: $ = -24.91, 95% CI
-40.21 to -9.60, p = 0.001); no gradient was seen for EF (Figure 3).

10+

B vs. reference category (MSQ points)

_20 -
_30 -
- RFR
-0~ RFP
—40- -A- FEF 4
T T I
Low VAS 7-8 VAS 9-10
(reference)

Pain-intensity category (VAS)

Figure 3. Graded (dose-response) association between pain-intensity
category and MSQ v2.1 domains, relative to the lowest-pain reference category (3 = 0).
Error bars are HC3 95% confidence intervals. Role functioning (RFR, RFP) declined
progressively with higher pain intensity, whereas emotional function (EF) did not.

When the HURT1-3 burden domain was added to the model, the pain-intensity coefficient
was modestly attenuated by approximately 11%, but pain intensity remained independently as-
sociated with poorer role functioning (RFR 3 = -6.60,95% CI -11.63 to -1.58,p = 0.010; RFP =
-9.63,95% CI -15.36 to -3.90, p = 0.001). This partial attenuation is consistent with conceptual
overlap between disease burden and quality-of-life constructs and supports the prespecified
decision not to include HURT domains in the primary models. The HURT1-3 burden domain
was also independently associated with both role-functioning domains, with a graded decline in
MSQ scores across increasing burden levels. In contrast, the bivariate HURT1-3-EF association
did not persist after multivariable adjustment.

Discussion
The principal finding was that pain intensity was independently associated with mi-

graine-specific role functioning after adjustment for attack frequency, attack duration, age,
anxiety, and depression. Higher pain intensity was associated with lower RFR and RFP scores,
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whereas no statistically significant independent association was detected for attack frequency
or duration. These findings complement earlier work on headache characteristics and disability
[13, 14]. They also accord with evidence that pain-intensity improvement is clinically relevant
during preventive treatment [15], while differences in design, population, and outcome measure
limit direct comparisons. Statistical significance for one predictor and its absence for another
does not establish that their associations differ in magnitude.

The association with pain intensity supports assessing patients’ functional experience
alongside the temporal characteristics of migraine. The MSQ v2.1 has demonstrated validity
and reliability in episodic and chronic migraine and in different language versions [23, 24, 25].
However, functional burden also has social and psychological dimensions. In OVERCOME (US),
greater migraine-related stigma was associated with greater disability and interictal burden and
poorer quality of life [26]. Stigma was not assessed in the present study and may be relevant to
future multidimensional investigations.

The pain-intensity association showed a graded pattern across categories and persisted
after excluding influential observations and adjusting for headache-related burden (Figures 2
and 3). This consistency supports the robustness of the association to the model specifications
examined. It does not establish causality or eliminate residual confounding and measurement
error. Because pain intensity reflected the usual rather than the worst attack, the estimates de-
scribe retrospectively reported habitual pain severity.

The absence of a statistically significant association between attack frequency and quality
of life should not be interpreted as evidence that frequency lacks clinical importance. Interna-
tional observational data show poorer quality of life in chronic than episodic migraine [12], and
treatment-related reductions in headache frequency have been associated with improvements
in disability [15]. These findings concern different comparisons from the present analysis of
monthly attack frequency. The modest attenuation of the pain-intensity coefficient after adding
HURT burden is compatible with overlapping constructs, but does not demonstrate mediation.

Attack duration was not significantly associated with any MSQ v2.1 domain in the pres-
ent analyses. The wide confidence intervals and limited sample size preclude concluding that
duration is unrelated to quality of life. Validation studies support the responsiveness of the MSQ
v2.1 RFR domain [27], and MSQ scores improved with galcanezumab treatment in a Japanese
trial [28]. Neither finding establishes that MSQ is more sensitive to pain intensity than to attack
duration. Studies using prospective diaries and repeated quality-of-life measurements are needed
to compare these associations more directly.

Anxiety was associated with Emotional Function before multiplicity correction, but this
association did not survive FDR adjustment, and neither anxiety nor depression showed a sta-
tistically significant independent association with MSQ v2.1 scores. This differs from evidence
in other populations: the CaMEO study associated depression and anxiety with greater head-
ache-related disability after adjustment for headache frequency and other covariates [29], while
a hospital-based study identified psychological factors among predictors of quality of life [16].
Differences in instruments, sampling, adjustment, and precision may contribute to these find-
ings. The present results do not establish that affective symptoms are unimportant or explain
less variance than pain intensity.

These findings support considering pain intensity together with attack frequency, duration,
and patient-reported functioning. Multicountry data and OVERCOME (Japan) demonstrate the
breadth of migraine burden across work, daily activities, and emotional well-being [5, 17]. The
present associations justify further evaluation of multidimensional assessment, but do not estab-
lish that changing assessment practice or targeting pain intensity alone improves quality of life.
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Limitations

First, the cross-sectional design precludes causal inference. Second, the primary analytic
sample was restricted to 88 women with migraine, which limits generalizability to men and to
broader migraine populations. Third, the models were exploratory: each included six predictors
relative to a modest sample size, so we report adjusted R? and emphasize effect estimates and
confidence intervals rather than significance testing alone. Fourth, pain intensity was captured
with a single retrospective VAS rating of the usual migraine attack, and the ratings were strongly
concentrated at the upper end of the scale (median 8, IQR 6-8). The restricted range may have
limited estimation of the pain-intensity association and challenged the linearity assumption; we
addressed this with categorical-VAS and influence-diagnostic sensitivity analyses. Retrospective
self-report may introduce recall bias. A prospective e-diary study demonstrated discrepancies
between patients’ recalled migraine-related frequencies and diary-derived measures [30]; the
absence of a prospective diary therefore also limits interpretation of frequency estimates in our
study. Fifth, several potentially relevant variables—including treatment, socioeconomic status,
sleep, and objective disability measures—were not included in the models and may have con-
founded the observed associations.

Conclusions

In a Kazakhstan cohort of women with migraine, usual-attack pain intensity — rather
than attack frequency or duration — was the predictor most consistently and robustly associated
with migraine-specific role functioning, following a graded dose-response pattern and persisting
after adjustment for headache-related burden. Although emotional function was not explained
by pain intensity, these hypothesis-generating findings replicate an established relationship in
a previously underrepresented population and suggest that perceived pain intensity is a clini-
cally meaningful target when assessing migraine burden. Larger, longitudinal, and sex-inclusive
studies are needed to confirm these associations and to clarify the distinct determinants of role
limitation and emotional impact.
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Pain Intensity is Associated with Migraine-Specific Quality of Life:
A Cross-Sectional Study in a Kazakhstan Cohort

MurpeHb Ke3iH/Je aybIpChIHY KAPKbIH/bLIBIFBIHbIH, 6Mip canacbiMeH 6ail/IaHbIChI:
KasakKcraHja XXyprisiireH KeJiJeHeH, 3epTTey

K. AxmeTtoBa?, 7K. Xacen6ekora?, C. KoxxaxmeToBa?>,
A. Kongpamoga*, A. Ucuib6aeBa®, A. UcmanioBa®, A. MeiipamoBa*’

12357 Folaeimu 6641iMi, «ArtScience UHHOBAYUS/IbIK 0pmablFbl», Acmawna, Kazakcman

T OHanmy sHcaHe chopmmpulk meduyuHa kagedpacwl, «AcmaHa meduyuHa yHusepcumemiy,
Acmana, Kazakcmau

3¥a1mmulk 6uomexHo/102Us1 OpMAAbIFbIHbIH ¥/IMMUbIK FbIAbIMU 6UOMEXHOA02US YHCLIMObIK

3epmxaHacsl, AcmaHa, Kazakcmau
*«VIS VITALIS» kauHukacwl, Acmana, Kazakcman
%7Ne 2 iwki aypyaap kagedpacsl, «KAcmaHa meduyuHa yHugepcumemi»

AcmaHna, Kazakcmau

Anpgarna. MurpeHb TiplliJiik 9peKeTiHiH IIeKTeayiHe 9KeJIeTiH KeTeKIlli cebenTep/iH,
6ipi 60s1b1I1 TabbLIA/Abl. ANlalija aybIPCbIHY KAPKbIH/bLIBIFbIHBIH, YCTaMaJlap/blH, KUiIiri MeH
Y3aKTbIFbIHbIH MUTPEHbMeEH 6alIaHbICThI 6Mip canacblHa bIKNaJbl, acipece OpTanblK A3us
nonyLUANAPbIHAQ, XETKIJIIKCI3 3epTTeNreH. 3epTTeyAiH MaKcaTbl — Ka3aKCTaHAbIK KOropTaza
MUIpPeHb Ke3iH/eri eMip canacblMeH 6al/IaHbICThI KIMHUKAJIBIK, )KOHE NICUXOMETPUSIbIK
daxTopsapabl aHbIKTay. KesieneH 3epTteyre 195 KaTbicyuibl: bac aypyJiapbIHbIH XaIbIKapaJiblK
KikTeMeciHiH 3-HycKacbiHa (ICHD-3) calikec MUTrpeHb AMarHo3bl KoblaraH 100 manueHT KoHe
MUTpeHi 0K 95 ajiaM eHrisinji. Perpeccusinbik Tangay MurpeHi 6ap 88 siiesiMeH uiekTtesnsi. OMip
canacbl MurpeHsb Ke3iH/ieri eMip camnacol cayaJHaMacbiHbIH 2.1-HycKaceiMeH (MSQ v2.1: RFR, RFP
xaHe EF), aybIpcblHY KApKbIH/bLJIbIFbI BU3Yyasl/ibl aHAJNOIThIK LiKkasaMeH (VAS), a1 Ma3achi3/ibIK,
neH Aenpeccus ['ocnuTanbAblK Ma3achI3/ibIK )kaHe Aenpeccus mkasacbiMeH (HADS) 6aranaHbl.
bainanbicTap HC3 TunTi reTepockesacTrKara Te3iM/i CTaHAAPTThI KaTesep xkoHe beH)KaMUHU—
Xox6epr Ty3eTyi KoJIJaHbLJIFaH KONTIK ChI3bIKTBIK perpeccusi apKblibl 6aranangbl. HURT1-3
KYKTeMe JJOMeHi TeK ce3iMTaJ/I/|blK Tajl/jayJlapblHa eHTi31/1/i. AybIpChIHY KapKbIH/bIJIbIFbIHbIH
xorapbutaybl RFR (B =-7,51, 1 SD-ra makkanza; 95% CA: -12,18--2,84; p = 0,002) xxane RFP ([ =
-10,91; 95% CA: -16,45--5,37; p < 0,001) kepceTKilTepiHiH TOMeHAeyiMeH 6alJIaHbICThI 6OJI/bI.
YcTamanap/iblH KUiJiriMeH HeMece Y3aKThIFbIMEH, )KacnieH He apPeKTUBTIK CUMITOM/JapMeH
ToyeJICi3 6aiyiaHbIC aHBIKTAJIFaH K0K. AybIPChIHY KAPKbIH/IbLIbIFbl MEH HOTHXKeEJIep apachIHaFbl
6aiJiaHbIC bIKNAAbI OaKblaayJapAbl AUarHOCTHKaNay, VAS-Thbl CAaHATThIK allHbIMaJIbl peTiH/e
Tangay («go3a-xayamn») >keHe HURT 6oiibIHILIa KOCbIMILIA TY3€TY Ke3iHJe TypaKThl 60/1bII
KaJs1Zbl. ¥cTaMaJlap/blH KU1/ HeMece y3aKThIFbI eMeC, 9/leTTerl ycTaMa Ke3iH/eri ayblpCbIHY
KapKbIH/AbLIbIFBI MUTPEHbIe TOH pPoJJiK QYHKIUAIAPMEH €H, 21 eKTi TypZe 6ailjlaHbICKaH
npeayuKTOp 60J1AbI.

TyWiH ce3gep: MUrpeHb, eMip canachl, aybIpCblHY KapKblH/bLIbIFBL, MSQ V2.1, Ma3acbI3/bIK,
Jlenpeccust

CBsA3b MHTEHCUBHOCTH 60JIU C KAY€CTBOM >KU3HH IIpA MUT'PEHU: ITONIEPEIYHOE
ucciaeaoBanue B Kazaxcrane

K. AxmeTtosal, K. Xacen6ekoBa?, C. KoxxaxmeToBa3,
A. Kongpamosa*, A. Ucunb6aeBa’, A. UIcmanioBa®, A. MeiipamoBa*’
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Zh. Akhmetova, Zh. Khassenbekova, S. Kozhakhmetova, A. Kondrashova, A. Issilbayeva, A. Ismailova, A. Meiramova

12357 HayuHsiil omdes, «MHHO8ayuoHHbIl yeHmp ArtScience», Acmana, Kazaxcman
TKagedpa peaburumosiozuu u cnopmugHoli meduyuHbl, «MeduyuHckull yHugepcumem
AcmaHa», Acmana, KazaxcmaH
3 HayuoHabHas HAy4Has 1a6opamopusi 6UomexHo.102ull KOA/J1eKmu8H020 N0/1b308AHUS,
HayuoHanbHblll yeHmp 6uomexHoaozuu, AcmaHa, Kazaxcmau
*Kaunuka «VIS VITALIS», AcmaHa, Kazaxcman
%7 Kagpedpa eHympeHHux 60s1e3Heli Ne 2, «MeduyuHckutl yHusepcumem Acmaxa,
Acmana, Kazaxcman

AHHOTauuA. MurpeHp ABJIIeTCI OAHOW M3 BeAyLIWX NPUYHWH OTpaHUYEHUSA
KU3He/eATeJbHOCTH, 0JHAKO BKJIaJ UHTEHCUBHOCTH, YaCTOThI U IPOJO/KUTENBHOCTH IPUCTYIIOB
B KQUeCTBO »XU3HHU, CBSI3aHHOE C MUTPEHBIO, U3YY€EH HEJIOCTATOYHO, 0COOEHHO B MOMYJISALUSIX
LlenTpanbHo¥ A3uu. llesib ucciefoBaHusA — onpese/nTh KIMHUYECKHe U ICUXOMeTpUYeCcKHue
dbaKTOpbl, aCCOUMPOBAHHbIE C KAYECTBOM »KW3HU NIPU MUTPEHU B Ka3axXCTaHCKOM KOTOpTe.
B nonepeuyHoe ucciesoBaHre BKIOYUANA 195 yyacTHHKOB: 100 nanueHTOB C MUTPEHBIO,
JIMarHOCTUPOBAHHOM B COOTBETCTBUU ¢ MexAyHapoAHOU KiaccuduKanuen roJoBHON 601 3-10
nepecmotpa (ICHD-3), u 95 nun 6e3 murpenu. PerpeccioHHbIM aHa/IU3 NPOBOAUIIN ¥ 88 KeHILNH
C MUTpeHb0. KauecTBO »XM3HHU OLleHUBAJ/IM C NOMOLbI0 ONPOCHUKA KayeCTBa }KU3HU IPU MUTPEHHU
Bepcuu 2.1 (MSQ v2.1: RFR, RFP u EF), uHTeHCUBHOCTb 60J1M1 — 10 BU3yaJIbHOW aHaJIOTOBOM
wkase (VAS), TpeBory u genpeccuto — no ['ocnvTanbHOM HiKajle TpeBoru v aenpeccuu (HADS).
Accouyanuu onieHHMBaJIU C TIOMOILbI0O MHOXKECTBEHHOU JINHEWNHOU perpeccuu ¢ po6acTHbIMU
cTaHAapTHbIMU omnbkaMu HC3 u monpaBkoi benmkaMmuHu—Xox6epra. JlomeH 6peMeHU
HURT1-3 BkJIt0Ya/IU TOJILKO B aHA/IM3bl YYBCTBUTEJIBHOCTHU. boJsiee BbICOKasd UHTEHCUBHOCTb
6011 OblJ1a accollMMpoOBaHa ¢ 6oJsiee HU3KMMU nokasatesnsaMu RFR (f=-7,51 va 1 SD; 95%
AU ot -12,18 o -2,84; p = 0,002) u RFP ($ =-10,91; 95% AU ot -16,45 o -5,37; p < 0,001).
He3aBucuMoi acconipaniim € 4aCTOTOW MJIY MPOJOJKATENBHOCTBIO MPUCTYIIOB, BO3PacTOM
160 adPeKTUBHBIMU CUMITOMaMH He BbIsAIBJeHO. CBSAI3b MHTEHCUBHOCTHU 00JIM OCTaBaJach
YCTOMYMBOM NPU JUAaTHOCTUKE BIAUSATENbHbIX HabJII0eHUH, aHaiu3e VAS Kak KaTeropruaabHOU
nepeMeHHOMU ([103a-0TBET) Y aHaJIU3e YYBCTBUTENbHOCTHU C JONOJTHUTENbHON KOPPEKTUPOBKOU
no HURT. UHTeHCHBHOCTB 6011 IPU 0OBIYHOM NPUCTYIIE, @ HE YaCTOTA UJIU MPOJLO/KUTENbHOCTD
IPHUCTYINOB, 6blJIa MPEJUKTOPOM, HauboJiee Nocae[,0BaTebHO aCCOLMUPOBAHHbBIM C POJIEBBIM
bYHKIIMOHMpPOBaHUEM, CIELUPUYHBIM [1JIs1 MUTPEHHU.

Kiio4yeBsble c10Ba: MUTpPeHb, KA4eCTBO XXU3HU, UHTEHCUBHOCTD 6014, MSQ v2.1, TpeBora,
Jlenpeccus
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9/1e6HeTKe LI0JTy

KapauomeTa6o1uKabIK aypy/iap Ke3singeri eciMmaik
TeKTi DPP-4 HHru6MTOp/1aphl: A9/1e/1A4iK 6a3aHbl CbIHU
6araJjiay »koHe KaszakKcTaH yuiH 6acbIM GaFbITTapAbI

aMKbIHJAY

K.K. Kanap*' ©, /I. CamaTksizsi® (0, /I.1. Banrumaesa®(),
C.1. PaxumoBa*(), A.P. AKWIbKaHOBa>

1,2,3,4,5 'enomObIK scaHe depbec meduyuHa 3epmxaHacyl, «National Laboratory Astana»,
Haszap6aee YHusepcumemi, AcmaHa, Kazakcma-.

(E-mail: *kuanysh.zhapar@nu.edu.kz; 2diana.samatkyzy@nu.edu.kz; 3diana.valishayeva @
nu.edu.kz; 4saule.rakhimova@nu.edu.kz; 5akilzhanova@nu.edu.kz)

AnpaTtna. CeMizfiik, 2 TUNTI KAHT AUAOETI )KoHe OJlapMeH
6aiJIaHbICThI KapAMOMETAO0THUKAJIBIK aCKbIHYJIAPAbIH, TapaJybIHbIH,
apTybl KeMipcCy a/iMacyblHbIH, Oy3blJbICTApbIH THIMJAI 6aKblaay
MaceJieCiH KypAeJeHAipil, *KaHa TepalUuAaJblK HblCaHaJlap MeH
ToCiAepAl i34ey KaKeTTiliriH tysiHAaTazbl. [lepcnekTuBasibl
HblcaHaJapAbIH, 6ipi - DPP-4 ¢pepmenTi, o1 GLP-1 xaHe GIP uHKpeTUHAIK
FOPMOH/JAapblH MHAKTUBALUsJIAl, OJapAblH UHCYJUH CEKPELUCHI
MEeH MOCTIPaHAHANbIK [JINKEMHUSHbI PETTEYAeTr] oCepiH LeKTen .
OcbIFaH 6alJIaHbICThI TAOUFU KOCbLIbICTAp *KaHa DPP-4 TexerimTepin
93ipJieyre apHaJIfaH NepcneKTHUBaJbl XUMHUSJIBIK KYPbLJIbIMJAPAbIH
K63l peTiHze KapacTbipbliaazbl. OCbl LIOJIYAbIH MaKCaThbl — 6CIMIK
TeKTi DPP-4 TexerimTepi Typasibl 3KCIEPUMEHTTIK JepeKTep/i CbIHU
6arasiay >xoHe KasakcTaH yllIiH nepcrneKTUBaJbl 6CiM/iK Ke3/epi MeH
XUMHUSJIBIK, KYPbLIbIMAAP/Abl alKbIHAAY. Tanay/ia KOCbLIbICTAP/bIH,
XUMUANBIK, KJ1ackl, DPP-4-Ti Texxey 6esiceHainiri, epMeHT Ko3i,
OeJICeHiNIIKTIH CaH/IbIK KOpCeTKilITepi, KWHETUKA MEH CEJIEKTUBTIJIIK
TypaJibl iepeKTep, COHAAN-aK 6CiM/iK IIUKi3aTbIHbIH Ka3aKkcTaHAaFbl
aJieyeTTi KoJKeTiMAlIiri eckepingi. EH ayKbIMAbl JepeKTep
ds1aBoHOUATAD, XaJKOH/IAp, aypoHJap *KaHe 6acKa noaudeHoagap
YUIiH )KUHaKTasFaH. bep6epuHAiK KypblIbIMbI 6ap ajKaJoUuATap Aa
WHTUOUTOPJIBIK 6eJICeH/1iJliri MeH acep eTy MexaHU3MiHiH TYCiHAipMeci
TYPFbICBIHAH KbI3bIFYIIbLIBIK TY/bIPa/ibl. AJlaiiia o1apAblH 6eJICeH/iiri
Keb6iHe MUKPOMOJISIPJBIK JeHrel e 60/bIM, CHHTeTHKaAbIK DPP-4
TeXxerimTepiHeH TeMeH. JlaJiesniep 6a3achl 9KCIIEPUMEHTTIK KyHhesep/liH
aubIpMallbLIbIFbl, KHHETUKA MEH CeJIEKTUBTIJIIK TypaJibl epeKTePAiH
neKTeyJiiJirine 6aiiaHbICThI GipKeJiKi eMec. KazakcTaH yiliH Heri3ri
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Kapduomemaboaukanwvik aypyaap kesindezi ecimoik mekmi DPP-4 uHzubumopaapbi: dasea0ik 6a3aHbl
CbiHU 6aFanay yxaHe KazakcmaH ywin 6acoeim 6arsimmapodbl atiKblHOay

OaFbIT — 6CIM/IiK TEKTi KOCBLIBICTAP/Abl KIMHUKA/IBIK IPAKTHUKaFa TiKkeJen
€HTi3y eMec, XKepriJliKTi KO/DKeTiM/I TepcneKTUBabl 6CIMAIK Ke3epiH
CTaHJAApTTaJIFaH 9J[iCTepMeH XyHeJli TypJie 3epTTey.

Ty#iH ce3aep: KapAroMeTaboJUKAIbIK aypyJiap; 2 TUMITI KAHT
AuvaberTi; punentuguanentuaasa-4 (DPP-4); unkpetungep; ecimaik
TEKTi UHTUOUTOpJIAP.

Kipicne

KapaunomeTtabosivkasblK aypy/aap Kasipri MeguLIMHaHbIH €H KYpAeJi MaceJiesiepiHiH, 6ipi
60J1bI Tabbl/Ia/bl, BUTKEHI 0J1ap CEMI3/IIK, 2 TUNTI KAHT JUabeTi, apTepHUsIbIK IMIepTeH3HUs,
aTeporeH/iK JUCIUIIUAEMUA XKoHe XKYPeK-KaHTaMbIPJIbIK, aCKbIHYJIapAbl KAMTUTBIH ©3apa
6alJIaHbICThI OY3bLIBICTAP/bIH KeH, CIEKTPiH 6ipikTipesi. OnapAblH MaHbI3AbIIAbIFbI TEK
»KOFaphl TapaJlybIMeH FaHa eMecC, COHJjaii-aK MUOKap/i UH(apKTIci, UHCYJIbT, CO3blIIMaJIbl OyHpeK
aypyhl, )KYpeK KeTKiliKci3airi >koHe Mep3iMiHeH OYpbIH 6J1iM KayTiH e19yip apTThIPYbIMEH Jie
aHbIKTasnapbl [1-6]. KnnHUKanbIK NpakTUKaza OyJ1 )kaF[ailjlap CUpeK OKlIay TYpAe Ke3Jeceni;
KebiHe oj1ap MeTab0JIU3M/IiK XK9He TaMbIpJIbIK, Oy3bLabIcTap 6ipiH-6ipi KyluelTeTiH 6ipTyTac
NATOJIOTUAJBIK KOHTUHYYM TYy3e/.

ByJ1 KOHTUHYYM/|a OpPTaJIbIK OPbIHABI 2 TUNITI KAHT ArabeTi asnazbl. OHBIH AaMybl
BUCLepaJI/IbIK CEMi3/IiKIIEH, UHCYJIMHTe TO3IM/IiIIKIIEH, TOMEH KaPKbIH/bl CO3bLIMaJIbl KAObIHYMEH
»KoHe YHKbIOe3iH [3-kacyiiasapbl KbI3MeTiHIH O0y3blJybIMeH ThIFbI3 6ailiylaHbICThI. EpTe
Ke3eHJep/e UHCYJIMHTe TO3IM/JIiK TUIIepUHCYJIMHEMUA apKbLIbl 6TeJyi MyMKIiH, ajai/ia aypy
YZAEreH CaublH TYPAaKThI TUNEPIIMKEMUS, TOTBIFY CTPECCI, aKybI3/JapAblH [JIMKALUACHL, IHA0TE/UN
JUCPYHKIUSACHI 2KOHE MUKPOLIUPKYJISTOPJIbIK 6y3blablcTap KasblnTacazabl [1-3]. CoHAbIKTaH 2
TUNTI UabeTTi TeK KeMipCy aJMacybIHbIH O0Y3blJIbICHI PETiH/IE FaHA eMeC, KapUOMeTab0IUKaIbIK
YKOHE TaMbIPJIbIK KAYillTiH XKYyHeJiKk GaKTophl peTiHAe KapacTbIpy KaxeT.

2 TunTi AuabeT TepanuscbIH/AA eseyJi iirepiseyunisik 60JFaHbIHA KapaMacTaH,
KapAuoMeTabouKabIK Oy3blLIbICTapAbl 6aKblIay KypAeJsi MiHAeT 60Jbll KaJa 6epe/i.
['/110K03a fAeHrein ToeMeHAETY/iH 631 y3aK Mep3iM/i aCKbIHY KayIliH a3auTy YLIiH 9pAaubIM
YKeTKIJiKCi3, e TKeHI manMeHTTep/ie CEMi3/iK, MHCYJIMHTe TO3IM/Ii/iK, KAObIHY/IbIK POH KoHE
TaMbIPJIbIK 3aKbIM/IaHy Ui caKkTasazbl [1-3]. OcbiFaH 6aiiiaHbICThI Ka3ipri TepanusaablK
TICUIZep MeTaboJIU3M/IiK TOMEOCTA3/iblH HETI3ri peTTeylli MeXxaHU3M/iepiHe, COHbIH, illliHae
MHKPETUH/IIK KyHere, Kebipek 6aFbITTany/a.

2 TUNOTI KAHT AUabeTi Ke3iHeri KIMHUKaJIbIK TYPFblJaH BaJU/Te/reH TepanusiiblK
HblCaHa/IapAblH 6ipi gunentuauanentuaasa-4 (DPP-4) 6osbin Tabblnagbl. Bysa depMeHT
IJII0KO3a¥Fa TayeJl[ji UHCYJIMH CEKPeLUAChIH peTTeyre, IJIIDKarOHHbIH, laMa/iaH ThIC CEKpeLyaChbIH
6acyfa »koHe NOCTIpaHAWAJIAbIK IJINKEMHUSHbI OaKblayFa KaTbICaTbIH HETi3ri UHKPeTUHAIK
ropmoHpap GLP-1 xane GIP-Ti Te3 unakTuBTeHAipeai [4-7]. Jemek, DPP-4 Texenyi snoreHzik
WHKpeTUH/IEP/liH dcepiH y3apTyFa koHe 2 TUIITI AuabeTi 6ap nmanueHTTepAe MeTaboIu3MAiK
6aKbli1ay/bl }KaKcapTyFa MyMKIiH/JiK 6epef,.

DPP-4 Texeriwrepi nepopasjbAbl KOJI4aHbLIYbI, KaKCbl KOTEPIM/LJIIri, JeHe caJMarblHa
6eiiTapan acepi »KoHe rUIOrJIMKeMHUs KayiHiH calblCTbIpMasibl TYp/ie TOMEH 60J1ybl apKacblH/1a
2 TANTI fuabeT TepanuscbiH/a OepiK OpbIH anAbl [6-7]. Anai/ia oylap/blH IJIIOKO3aHbl TOMEHJETY
acepi 9/leTTe opTallla ieHrenae Kajaibl, aja JleHe caJiIMaFblHa K9He XKYPeK-KaHTaMbIPJIbIK
HOTHUXKeJiepre biKnasbl Kasipri GLP-1 aroHrMcTepiMeH *oHe KOC UHKPEeTUH/IIK arOHMCTepMeH
casbICThIpFaH/a aJcizgaey [7-9]. bya mekrteynep DPP-4-TiH TepanuanblK HbicaHa peTiHJeT]
MaHbI3bIH TOMEHAETIEN/1i, bipak kKeliHri papMaKoI0TUsIbIK OHTAalIaH/AbIPY/Aa KOJIAAHbLIYbI
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MYMKIH XaHa MoJIeKyJla/bIK IJIaTdpopMasiap MeH XHUMHUSJIbIK KaHKaJap/bl i3/ley KaXKeTTiriH
KepceTez|.

Ocbl TypFbl/laH TaOUFU KOCBLIbICTAP TipKeJIreH npenapaTTapAbl TikeJiel alMacThIpyIlibl
eMec, DPP-4-Texerim MoJsieKyJiaapAbl 93ipJeyre apHa/faH )kaHa 6acTanKbl KYPblIbIMAAP/bIH,
K631 peTiHze KbI3bIFYIIbLIBbIK TYyAbIpabl. OciMIikTep ¢p1aBoHOUATAp, XaJKOHJAP, aypoOHAaAp,
aJIKaJIou/ITap, aHToLMaHAap, GpeHoJ KbIIIKbLIJaphl XKaHe 6acKa Jja KOChLJIbIC KJIaCTapbl CUAKTbI
MaMaH/laHFaH MeTab0JIMTTEP/liH }KOFapbl dpTYpJIijliriMeH cunaTttanazpl. by Mosekyianap/ibiH
6ip 6euJiiri akcnepuMeHTTIK 3epTTeyiepae DPP-4-Texerii 6esceHainik kepceTe/i, COHAbIKTaH
oJIap/ibl 9pi Kapal CTaHAApTTAy, CeJIeKTUBTIITIH TeKcepy oHe papMaKoJIOTHUSAIBbIK BaUAaLUsIay
YIIiH nepcrneKTUBa/bl 00'beKTiIep el KapacTbipyFa 6oaabl [10-11].

KaszakcTaH yiiH 6yJs 6aFbITThIH KOCbIMIIA 63€KTiJiri 6ap. bip »kaFblHaH, nabeT neH 6acka
Kap/IMOMeTa00JIMKAJIbIK, OY3bLJIbICTAP/bIH TapaJyblHbIH apTybl alTapJibIKTal MeJUIIMHAJBIK,
KYKTeMe KasbinTacTeipabl. IDF Diabetes Atlas 6arasaybl 6otibiHIIa, 2024 *Kblibl KazakcTaH/ja
JnabeTi 6ap epecek ajlaMap/blH caHbl laMaMeH 842,3 MbIHAbI KypaFaH, a1 2050 »KbljiFa Kapau
mamaMeH 1 MJIH-Fa )keTyi MyMKiH [12]. ExiHiui »karbiHaH, KasakcTaH fapijik eciMaikTepai,
TaFaM/bIK JaKblJ1apAbl )KoHe M3JIEHU TYpJiep/i Koca ajiFaH/a, O6UO0JIOTUSIJIBbIK 6esiceHal
KOCBLIbICTAp/bl CTAHAAPTTAJIFaH i3/iey YIIiH 6acTankKbl 6a3a peTiH/e naijanaHyfa 601aTbIH
e/layip eciM/iiK kaHe arpapJiblK pecypCThIK ajeyeTke ue [13-17].

OcbLnaia, ockl moayabiH ¢okycbl DPP-4-Ti 2 TunTi 1UabeT Ke3iH/eri TepanusibiK MaHbI3bl
6ap HbICaHa peTiH/le KapAUOoMeTab0JIUKaJbIK aypyJlap/AblH KeH KOHTEKCiH/e KapacTbIpyFa
6arbITTa/FaH. OciMfik TekTi DPP-4 TexerimTepi xxaHa XMMUSIJIBIK KaHKaIap/iblH K63i peTiHje,
COHZal-aK AaJ/ieniep/i CbiHU OaFasiayFa, INMKi3aTThl CTAaHAAPTTAYFa *KoHe NepCleKTUBabl TAOUFU
KOCBLIBICTapAbl KEMIHT1 papMaKoJIOTUSIJIBIK TeKCcepyTe HerizzenreH Kasakcranra 6araap/iaHFraH
3epTTey KYH TOpTiOiH Ka/bINTaCThlpy MYMKIHZIT peTiH/e epeKlle Ha3apFa aJbIHa/bl.

DPP-4 mepanusi/iblK HbICAHA pemiHde: 6U0A02USI/IbIK POl HCaHe medceny MeXaHU3MI.

WHKpeTUH/IK acep aybl3 apKblJbl TYCKEH [JIIOK03a COJI MeJILIep/ieri IJII0KO3aHbl KOKTaMbIP
illliHe eHri3yMeH CcaJbICTbIPFAaH/AA UHCYJIMH CEKpPeLUsAChIH auKbIHbIPAK KyllenTeTiHIMeH
cunarrtanagbl. bya eq angeiMmed GLP-1 xxoHe GIP cUAKTHI illleKk TOpMOHapbIHbIH 9cepiMeH
TYCiHZipisei; oyap r/ir0Ko3aFa Tayes/li MHCYJIUH/IK )ayanTsl kyuenTesi [4-5]. GLP-1 kocpiMiia
IJIIOKaroH CeKpelysaChbIH 0achll, 6ayblp/a IJII0K03a TY3i/1yiH mekTenai [4-6].

Ananijia aF3aHblH 63 UHKpPeTUHEepPi eTe KbicKa eMip cypeai. GLP-1 »xaHe GIP-Ting
6esicenzii popmasiapbl DPP-4 pepMeHTIMeEH Te3 biabIpalibl; 6y GepMeHT NenTUATEPAiH
N-coHblHaH JUNENTUATIK GparMeHTTi asibin TacTal/bl. COHbIH HOTHKeCiH/ie 6yJ1 TOPMOH/AapAbIH,
bU3HOJIOTUSIBIK dCEP €Ty Tepe3eci bipHellle MUHYTIIEH FaHa liekTeseni [5-6].

DPP-4-Ti papMakoJI0TUAIBIK TeXey OesiceH/|i UHKPeTUH/EPAiH allHaJbIMbIH Y3apTa/bl >KoHe
oJ1apAblH, GU3MOJIOTUSIJIBIK 9CEPIH KylleiTeAl. Byl nocTnpanAuaniblK rJIMKeMUsSHbI 6aKblIay /bl
»KaKCapTyFa, IJIIDKO3aFa ToyeJl/li MUHCYJIMH CEKPeLUsChIH apTThIPYFa KoHe IJIIOKarOHHbIH
OPBIHCHI3 CEKPELIMAChIH a3alTyFa aKese/i [4-6]. MyHaal TaciijiH MaHbI3bl apThIKILIbIIBIFbI —
MHCYJIMHCI3 )K9He TMIOTJIMKEMUAHbI 63/liTiHEH TybIH/aTa aJlaThlH IpenapaTTapchbi3 KoJAaHFaH/ia
TUIOTJIMKEMHUS KayTiHiH caJibICThIpMaJibl TYp/le TOMeH 60J1ybl [6-7].

DPP-4-ke KocbIMIla KbI3bIFYLIBLIBIK 0y pepMeHTTiH CD26 peTinze fe 6erisi 60ybIMeH
oHe bipKaTap UMMYH/IbIK 63apa 9peKeTTeCyepre KaTbICybIMeH O6ailIaHbICThI. /lereHMeH A1abeT
TepanusaCchbl KOHTEKCIH/Ee OHbIH HeTi3ri NpaKTUKaJIbIK MaHbI3bl MHKPETHUH/IK TOPMOH/ap/blH,
WHAKTHUBTeHyiMeH 6alnaHbICThI [6] (1-cypeT).
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1-cypeT. DPP-4-TiH uHKpeTUH/epZi MHAaKTUBTeHAipyZeri peJi. DPP-4 (CD26) -
3H/0TeJINH KacylaaapblHblH, T-1TUMonuTTEepAiH 6eTiHAe )XoHe allHa/NIbIMAaFbl GopMaza
3KCIIpeccUsiJIaHaThIH cepUH/IK npoTea3a. OHbl Texkey GLP-1 xkoHe GIP xkapTbLi1al biagbIpay
Ke3eHiH y3apTa/ibl, OyJI [VIIOKO3aFa TayeJ1/ji MHCYJIMH CEKPEeLUsAChIHBIH KYLIeliHe xKaHe
IJIIOKaroH CeKpeLUsIChIHbIH OacblayblHa oKeseai. GLP-1 aroHucTepiHeH ablpMallbl/IbIFh,
DPP-4 TexerimTepi ackazaH-illeK »K0JIbIHbIH, MOTOPHUKACbl MEH ToOETKe
alTapJIbIKTau acep eTIenal.

DPP-4 TexeriluTepiHiH KJIMHUKAJIBIK KOJILaHbLIYbI

DPP-4 kJIMHUKaJIBIK TexerilTepi nepopasibbl KOJAAHBLIYEI, )KaKCbl KOTepiMAiJIIri, 1eHe
casiMaFbIHa 6elTapar acepi koHe FUIIOTJIMKEMUS KayTliHiH caJbICTbIpMaJibl TYPJEe TOMEH 60yl
apKacblH/la 2 TUIITI KAHT AUabeTi TepanusicbiHAA 6epik opblH anjbl [7]. Osap MeTdOpMUHTE
KOCBIMILIA peTiH/ie HeMece OipiKTipijireH TepanusHbIH 6ip KOMIIOHEHTI peTiHAe Ui KoJIaHblLIa/bl.
CoHbIMEH KaTap 6yJ1 KJacThIH 6ipKaTap mekTeyJepi 6ap. DPP-4 TexerimTepiHiH rJitoKo3aHbI
TOMEH/IEeTy dcepi 9eTTe opTalla JeHrenje Kajaabl, ajJ oJapAblH JeHe caJiIMarblHa KoHe
KYpeK-KaHTaMbIpJIbIK HoTHXKeJiepre acepi Ka3ipri GLP-1 penentopbl aroHucTepiMeH xoHe
KOC MHKPETHUH/IK arOHUCTEePMEH CaJIbICThIpFaH/Aa dJCi3zey. Ipl KIMHUKAJIBIK 3epTTeyJiep
CUTArJIMOTUHHIH, *aJlbl 6eiTapan *KypeK-KaHTaMbIPJIbIK PO UIIiH KOpCeTTi, ajl caKcarJunTUH
YIIiH XYpeK KeTKiJiKci3/lirine 6ailJIaHbICThI TOCNUTANIN3aLMS KayiHiH *KOFapbLiaybl Typasibl
CUTHaJI TaNKbLIaHAbI [8-9]. Bys mekTeynep DPP-4-TiH KJIMHUKAJIbBIK BAIUATENTE€H TEPAMUSJIBIK,
HbICaHa peTiHJeri MaHbI3bIH TOMeHeTnen i, 6ipak xxaHa DPP-4-Texerim MoJsiekysanap
MeH XUMHUSAJbIK KaHKaJlap/bl KeHiHri ¢apMaKoJoTUsAIbIK OHTalaH/AbIPY YIiH i37eyre
KbI3BIFYLIBLIBIKTHI KosAal bl (Kecte 1).
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Kecre 1.

Kana DPP-4-Texeriiu MoJsieKy/iajlapFa KbI3bIFYIIbLIBIKTBIH, CAKTaJ1y ce6enTepi.

’KoHe 3H/IOTeH/IiK
WHKPEeTUHAEPAIH,

9CepiH y3apTy apKbLIbI
NOCTIPaHAUaNAbIK [JII0KO3a

peTTenyiH KaKcapTaabl.

Gaf/apJsaHfaH NpenapaTTapMeH

CaJIBICThIpFaH/a 91€TTEe OpTalla.

AcnekT Kasipri DPP-4 Tacingiy mekreysiepi TaGuFfH KOCBLJIBICTAP YIUIiH
TeXkerimrepi MaHBbI3bI

[NIMKeMUSIBIK, 2 TUNTI KQHT AuabeTiHge ['nroko3aHbl TEMEHETY 9cepi KeliiHri ogTalizIaH/bIpyFa HETi3

GaKpliay KOJIJAHBLJIA bl Kasipri 6ipkaTap UHKpeTHHTe 60J1a aJIaThIH KaHA XUMHUSJIBIK

KaHKaJlapFa KbI3bIFYIIbIIbIK

caKTasIafibl.

JleHe caaMarsbl

OJleTTe ZleHe caJIMaFblHa
6edTapal acepiMmeH

CUNATTANAIbI.

JleHe caJiMaFbIH alKbIH
TeMeH/leTIeN i, 6yJI ceMi3ik neH
MeTaboIM3M/IiK CHHAPOM Ke3iHze

0JIapJblH MaHbI3bIH IIEKTEeH .

OcimMAik KOChLIbICTaphl
KOCBhIMIIIa META00JIU3MIK
aJieyeTi 6ap MoJieKyJIaaap/IiblH

K63l peTiHJe KapacTbIpblIybl

HbICaHa 6OJIBIN KaJia 6epesi.

IOPpiiK KaHAUJAT peTiHge

’)KapaM/Jbl eKeHiH 6iajipMmeiai.

MYMKiH.
Kypek- 2Kanme! anFaHza xKypek- Kiacc exingepiHiy, DPP-4-Texerim 6esceHAIMIKTI
KAaHTaMBIPJIBIK, KaHTaMBbIpJIbIK Kayilci3ik KOTMIIJIiri yiliH alKbIH AHTUOKCHUAAHTTBIK HEMECe
acepJiep npoduIIi KoanIbl. KapAHONPOTEKTOPJIBIK, KabbIHyFa KapChl 9CepMeH
apTHIKIIBLIBIK KOpCeTiIMereH. y#1ecTipeTiH KOCbLIBICTap
KBI3BIFYLIBIIBIK TYAbIPaJbI.
Kayincisgik »xoHe | KinMHuKa/IbIK penapaTTap Kana kangupgarrap ywin DPP- Ta6bufu KOCBLIBICTAPAbIH
CeJIEKTUBTIJIIK DPP-4-ke ceneKTUBTIMIKTI 8 xxoHe DPP-9-ra KaThICTHI $apMaKoIOTUSIIIBIK
ecKepe OTBIPBII d3ipJIEHTeH. | CeJIeKTUBTIJIKTI TeKcepy aca NepCcrneKTUBaJIbIFbIH
MaHBbI3/ibl. TaJIKplJIaMac OYPbIH 0J1ap/blH
CeJIEKTUBTIJIIrIH KaTaH 6afajay
KaxkeT.
XUMUSIBIK, Tipkesren npenapatTtap KiacTel api Kapail KeHeUTy OcimaikTep ¢p1aBoHOUATAD,
9PTYPJIIIK CUHTETUKAJIBIK XUMHSJIBIK, ’)KaHa KYPbUIBIMABIK LIeliMAepAl | XaJKOHAAp, aypoHAap,
1aTdopManap/plH i3geyAi Tanan eTezi. aJIKaJou/Tap, aHTOLMAHAap
HIeKTey i CaHbIMeH »K9He 6acKa KaHKaJlapZblH
YCBIHBLIFaH. aJIyaH Ke3i 60JIbIN TabblIa bl
Tpancasauusaaelk, | DPP-4 kiuHuKanbIK HblcaHaHBIH 60J1ybl K€3 KeJIreH Tabufu Texerimrrepai
JJjieyeT pacTasifaH TepanusJblK, GeJsICeH/i in Vitro KOCBLIBICTBIH, TipKeJITeH NpenapaTTapAblH,

TiKeJsie#l a/IMacThIPYLIBICEI
eMec, 6acTanKpl KYpblIbIMAAD

peTiHJe KapacThIpy KaXKeT.

DPP-4 uHru6uTOpIapbIHbIH KOJJAHbICTAFbI lIEKTeYiepi TaOUFU KOChLIbICTAPAbI 2KaHa
b6acTankbl MoJleKyJiaJlapAblH Ke3i peTiHze KapacTbipyFa Heri3 6epegi (1-kecte). Kasipri DPP-4
TeXerilTepi xKoFapblJa aTal 6TKeHJe! JaJle/JeHI'eH KJIMHUKa/bIK KYH/bIIbIKKA He. Alanza
oJ1ap/blH 9cepi Heri3iHeH IIMKeMUsJIbIK 6aKbLIay /bl )KaKcapTyFa 6aFbITTa/IFaH KoHe 9/1eTTe
JleHe ca/IMarblH alKbIH TOMEH/IeTYMEH HeMece KeH KapAOMeTa00MKabIK apThIKUIBLIbIKIIEH
KaTap xxypmenai [7-9].
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BipiHIi MaHbI3bl KOPBITBIH/BIL: TAOUFU KOChLIbICTapAbl TipkeareH DPP-4 TexerimTepiniy,
TiKkeJiell aHaJIOrTapbl HEMeCe aJIMacThIPFBIIITAPbI PeTiHAE KapacTbipyFa 6oiManabl. OnapblH,
peJIiH KaHa XUMUAJIBbIK KaHKa/IapAblH K631 peTiH/ie aHbIKTay aHaFypJibIM AypbIc. by acipece
d1aBoHOUATAD, XATKOHAAP, AyPOH/iap, aJIKaJIOMATap XKoHe aHTOLMaH/jap YlliH MaHbI3/bl, 6 TKeH]
OyJ1 KJ1acTap CUHTETUKAJIbIK [JIMOTUH/EPAEH 63Telle KYpblIbIMABIK 9pTypJisikke e [10-11].

EkiHIIi KOpPBITBIH/BI KAyiNCi3AiK eH CeJIEKTUBTIJIIKKe 6aiiaHbICThl. KIMHUKAJIBIK
npenapatTtap ywiH DPP-4-tig DPP-8 xxaHe DPP-9-ra KaTbICThI CeJIEKTUBTIJIITT TPUHLIUIITIK
TaJjian 60JiblN TabbL1aAbl. COHABIKTAH TAOUFU KaHAUJATTAP YILiH TEK TeXKeJy NalbI3blH HEMece
IC,, MoHiH KepceTy KeTKisliKci3. KnHeTUKaJbIK 3epTTeyJiep, CEJIEKTUBTIIIKTI TEKCEPY JKaHe
BIKTUMaJl 3epTXaHaJbIK apTedaKTisiepAi 6aKpLIay KaXKeT, acipece 60s1/IFaH aHe MoJupeHO0NbIK,
KocbLIbICcTap yuliH [18-20].

YuriHuti KOpbIThIH/ABI TPAHCASLUSAJIBIK dJ1eYeTKe KAaTbICTbl. TabUFU KOCBLIbIC in Vitro
aFJalblHJa MUKPOMOJISIPJIBIK OeJICeH/1i/liK KepceTce /e, 6yJ1 OHbIH, J@PiJliK KaHAUJAT peTiHje
»KapaM/ibl eKeHiH 6inaipMeini. KeriHri a3ipJiey yiuiH epirilmTik, TypaKThLIbIK, OMOXeTIMALIK,
IIMKi3aT KYpPaMbIHbIH KalTaJaHFbILITBIFbI Y)KOHE XUMUAJIBIK OHTAaNUJaHAbIPY MYMKIHZITI
MaHbI3Abl. COHABIKTAH 1-KecTe OYKia MaKasiafra uieHoep 6epefii: Taburu DPP-4 TexerimTepin
JlaiiblH puTONpenapar peTiHe eMec, 6ipi3Ai papMaKoJ0TUANBIK TeKCepYTe apHa/IFaH 6acTanKbl
MoJIeKyJiajiap peTiH/ie 6aFraiay KaXKeT.

DPP-4 unru6utopsapsbl, GLP-1 penienTOpbIHbIH aroHUCTEP] KoHEe KOC UHKPETHUHAIK
arOHUCTEepP UHKPETHUH/IK Xylere acep eTKeHIMeH, 9pKau CbICBIHbBIH, KJIMHUKAJIBbIK KOJIAAHbLITY
aschl MeH TepanusJbIK peJii apTypJi (2-kecte) [4-9].

Kecre 2.
DPP-4 TexerimuTepiHiH Ka3ipri MHKpeTHUHre 6araap/aHraH
TICi/1IAep apacbIHAarbl OPHBI.

Heri3sri MexaHu3m

Tacin

APTBIKIIBLIBIKTAPBI

IllexkTeysiepi

DPP-4 Texeriutepi

GLP-1 xxaHe GIP-TiH pepmeHTTIK
WHaKTUBTEHYIH 6achlI,
3H/0TeH/iK UHKPETUH/EPAIH
9CepiH y3apTabl.

[lepopasnbabl Ka6LLIAAY, )KAKChI
KeTepiMAiIiK, THIIOTJIMKEMUS
KayIliHiH TOMeHJIri, fleHe
caJMarbIHa GeiTapan acep.

[MKeMUSHBIH OopTalla
TOMeH/eYi, leHe
caJIMaFblHa alKbIH 9CEPJiH,
60JIMayBbl, IEKTEYTi
KapAHOMeTab0JIMKAJIBIK,
ApTHIKIIbLIBIKTAP.

GLP-1 penenTtopsl
aroHucTepi

GLP-1 penenTopsiH
GeJiceH/Iipe i, III0KO3aFa
ToyeJI/li MHCYJINH CEKPEeLUsIChIH
KYLIEHATE], TJIF0OKaroH/ bl
Gaca/ipl )KoHe TOOETKe acep
eTeni.

JleHe casiMaFbIH
AHaAFYpPJIbIM alKbIH
TOMEH/IETY >KoHe GipKaTap
KapJMoOMeTaboTHuKaJIbIK
KepCeTKIIITepAl xKaKcapTy.

KenTeren npenapartrapfa
WH'BbEKLUABIK EHTi3y KOJIbI
TOH, aCKa3aH-illleK »KaFbIMChI3
acepJiepi koHe KOFapbl KYHBI
60J1ybl MYMKiH.

Koc nHKpeTUHAIK
aroHUCTep

Kebine GLP-1 xaHe GIP
CUSIKTBI GipHellle UHKPETHUH/IK
>KOJIJapFa d9cep eTeAl.

JleHe casMaFrbIHa )KoHe
IJINKEMUSAJIBIK GaKblaayFa
AQHaFYpJIbIM alKbIH acep.

DPP-4 TexeriuiTepi eMec xkaHe
6acKa papMaKoJIOTUSIJIBIK,
CTpATerHysFa )KaTazpl.

Ocimpik Tekti DPP-
4 Texerimrepi

In vitro epMeHTTIiK TecTizepae
DPP-4 GeJiceH/iJIiriH BIKTUMAaJI
6acazpl.

’aHa xuMusAIbIK KaHKaIapAbl
YCBIHA/IbI X9He bipHelle
6MOJIOTUSAJIBIK dCePAl YilecTipe
ayjazbl.

KuHeTHKa, ceJIEKTUBTIIIK,
TEeCT-)KyHeJsiepAi CTaHAapTTay
>K9He in vivo pacTtay »Kui
JKeTicnenmi.
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GLP-1 penentopbl aroHMCTepiMeH CaJbICTBIPY OCIMAIK KOCBIJIbICTAPbIHBIH,
nepCcreKTUBAJIBIFbIH AYPBIC TYCIHAIPY YIUiH epeKile MaHbI3Abl. GLP-1 aroHucTepi penentop/bl
TiKeJsiell bIHTaJIaH/bIPY apKbl/Ibl 9Cep eTe/i xKoHe JieHe caJiMaFblHa dpi MeTab0JIu3M/iiK IpoPubre
KebiHe alKbIHbIPAK, bIKNaJ eTei. A DPP-4 TexerimTepi aH/j0reH/ ik MHKPETHH/EPAIH acepiH
»KaHaMa TypZe KyllelTeJi, COHAbIKTAaH 0JIap/blH ¢apMaKoJIOTHSAJIBIK 9Cepi 9/leTTe opTalla.
Bys Taburu DPP-4 TexerimTepiH eH ajjblMeH MOJIEKYJIA/bIK IPOTOTUIITEDP pPeTiHAEe 6aFasiay
KakKeT eKeHiH 6iajipeai, osapabl Ka3ipri MHKpeTHH/AIK penapaTTapFa Jepbec 6basama peTiHae
KapacTbIpy AypbIC eMec.

Koc MHKpeTUH/iK arOHUCTEPMEH CaJbICTBIPY TaFbl Oip MaHbI3/bl XKaUTThI KepceTe/i.
JluabeT neH ceMi3/iKTiH Kasipri Tepanuscbl MeTab0JU3M/iK K0JJapFa KeMHbICAaHAJ/bI dCep
eTy 6aFbITbIHA Kapal AaMbln Kesiefi. COHABIKTAH 6CiM/iK KOCblIbICTaphl yiliH DPP-4-Texerim
KacueTTep FaHa eMeC, COHbIMEH KaTap aHTUOKCU/AAHTThIK, KAObIHYFa KapChl HeEMece JIMIU/-
MOAYNSALUANAY LIl OeJICeH/I/IK CUSKTHI iJ1ecrie 6U0JIOTHUSJIBIK 9CepJiep Jie bIKTHUMaJl KbI3bIKThIL.
Aunaiiia MyH/1al KOCbIMILIA dcepJiep 3aTThIH o eHo1JapFa HeMece bacKa TabUFHU KjacTapFa
»KaTyblHa Kapall aBTOMAaTThl TYpJe eMeC, 3KCIEPUMEHTTIK Typ/ie pacTaaybl THIC.

OcpLianiiia, 2-KecTe TeK TepanuabIK TICIepAi caJbICThIPYy FaHa eMec, IOJYAbIH, 9pi
Kapaufbl JIOTUKACBIH Heri3/iey KbI3MEeTIiH Jie aTKapa/bl.

Taburu KocblibicTap xaHa DPP-4 TexerimutepiHiH ke3i

ByJ1 TaKpIpbIiNTa TAOUFU KOCBLIbICTAP/bIH apThIKUIBLIbIFbIH KJIUHUKAJIbIK Tepanusara
JlaliblH 6aJs1aMa peTiHZe eMec, 6acTanKbl KYpbLIbIMJApAbIH Ke3i peTiHje KapacTbIpFaH AYPbIC.
TuiMzi riroKo3aHbl TEMeH/IeTeTiH penapaTTap 6ap 60/1FaHbIMeH, TUIMAINIK, Ko TepiMAiNIK XoHe
CeJIEKTUBTIJIIKTIH e3relle apaKaTblHaCblHA M€ XaHa MoJIeKyJiaJlapFa KQXKeTTiJIIK caKTaJlabl
[10-11].

OcimMiiKTep MaMaH/JaHFaH MeTab0JUTTEP/iH XKOFapbl 9PTYPJIiJIiri apKacbiHAa 6acTanKbl
MoJieKyJlaJlap/blH epeKlle MaHbI3/1bl K63i 60JiblN TabblaaAbl. ByJ1 KOChLIBICTAp 3BOJIOLUSA
6apbICbIH/la KOPFAHbIC, beliMey aHe KacyllaapaJiblK CUTHaJ 6epy MoJieKyJianapbl peTiHjae
KaJ/IbINITACThI, COH/IBIKTAH OJIap XUMUSAJbIK KaHKaJap/blH 6al/bIFbIMEH, QYHKIIMOHAN/BIK,
KaHBIKThIIBIFbIMEH JK9HEe KEeHICTIKTIK YUbIMAACYbIHbIH dpTYpJijiriMmeH epekiuesnernesi [10-11].

CoHbIMEH KaTap in vitro epMeHTTIK TeCTiJiep/liH HOTHXKeJiepiH JaliblH 9Pisik a/ieyeTTiH
KepceTKilli peTiH/ie aBTOMATThI TYpZe TYCiHZipyre 601Maibl. OciMiK 00beKTiIepiHe 3KCTPaKT
KYPaMbIHbIH, 63TepPTillTIri, IHUKIi3aTThl ajy KaF[anJapblHa TOYeJ /K )KoHe KeKe 3aTTapAbl
6eJiin any blH Kypaesiiri ToH. COHZbIKTaH 6eJiceHAiIK xKeKe MoJieKyJianap JeHTeliHze,
KaWTaJIaHFBILITBIK, [TeH 9/jicTeMeJliK CeHIMAIIIKTI eckepe OTbIpbIN pacTaaysl THic [10-11].

KazakcmaHovlk KoHmekecm: mMeduKo-6U0.102Usl1blK 63eKMIAIK HCaHe pecypcmblk 6asa

By wonyaa KazakcTaHblK KOHTEKCT KOCBLJIBICTAp KaTaJ0TblHA KOCBIMIIIA Fe0TpaUsIbIK,
TYCiHiIKTeMe peTiH/ie eMec, iepbec ipikTey KpUTepuii peTiHje KapacTblpblaabl. MyHAaW Tacia
Taburu DPP-4 TexerimTepiHiH cunaTTaMaJsblK Ti3iMiHeH KeliHTi 3epTTey/iepre apHaJiFaH
KaHAUJaTTap/Abl aHaFypJIbIM KOJ1ZJaHOaJbl 6achIMABIK Oepy XKyileciHe eTyre MyMKiH/AiK 6epefi.

BaFbITThIH MeUKO-OUOJIOTHUABIK 63€KTIJir KapAroMeTab0JuKaJbIK aypyJlapAblH,
KOFaM/IbIK JleHCayJIblK CaKTayZaFbl 6acblM MaceJsiesiep KaTapblHa eHyiMeH 6aiIaHbICThI. YJATTHIK,
CKPUHMHITIK OaF/apJ/iamMasiap runepTeH3UsHbI, »KYPEKTIH UILeMHUSJIbIK aypPybIH XKoHe AUabeTTi
epTe aHbIKTay /bl KAMTHU/bl, OYJ1 OCbl aypyJlap TOOBIHBIH €J1 YIIiH XYie/liK MaHbI3bIH KOPCETE/],
WHO/Europe aepektepi 6o#bIiHIIa [21]. Ocbl TypFbiaH DPP-4 HHKpETUH/IK KayanThbl )KoHe
2 TUNTI KaHT AuabeTi Ke3iHAeri nocTopaHgualibIK INIMKEMUSIHbBI 0aKbliay/ibl peTTeyMeH
6alIaHbICThI KJIMHUKAJBIK pacTa/iFaH HblCaHa peTiH/ie KbI3bIKTbl. COHAbIKTaH Taburyu DPP-4-
TeXerill MoJsieKyJianap/bl i3fey KaszakcTaH YILiH TeK »KaJ/llbl FbIJIbIMU FaHa eMecC, K0JIJaHOa1bl
MaHbI3Fa Jla e, 6UTKEHI 0J1 )KepTriliKTi 6CiM/IiK )XoHe arpapJiblK, IIMKi3aT 6a3acbIMeH, COH/Jal-aK
OTaH/IbIK papMaKoJIOTUSIJIBIK 3epTTEeYJIePAiH JaMybIMeH OallJIaHbICTbI 60JYbl MYMKIiH.

TakpIpbINTHIH PECYPCThIK MaHbI3bl Ka3aKcTaHHbBIH 6M00TUSJIBIK 6€/ICeH/Ti KOChLIBICTApAbl
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CTaHAAPTTAJIFaH i3/ey YlliH NaigasaHyFa 60aThIH 6CIM/IiK »KoHe arpapJiblK aJieyeTiMeH
aHbIKTaJs1aZbl. Bys1 TonKa GUTOXMMUSAIBIK NpodUIMpJIey, IIUKI3aT ©3reprillTirii 6aranay
YKOHe KeliHTi papMaKoJIOTUAIBIK TeKCePY )KYpri3yre 60J1aThIH AdpiJiK 6CiMAiIKTep, TaFaM/IbIK
JIaKbLJI1ap JKoHe M3JIeHH TypJiep *kaTazbl [13-17].

[IpakTuKaNbIK TYpFbIJaH Ka3akcTaH yiliH asieMAik 9je6rueTte DPP-4-Texeri 6esceHainik
cUMaTTaJIFaH OapJiblK 6ciMAiKkTep eMec, bipHelle mapTKa 6ip yaKbITTa COMKeC KeJIETiH 00beKTiep
6acbIMABIK aaybl THic. OJ1apFa KeKe 6esiCeH i KOChLIbICTAP/IbIH 60J1ybl, QepMEHTTIK JilepeKTepAiH,
KaObl1JjaHapJIbIK Ccanachbl, XMMUSJIbIK CTaHAApTTAy MYMKIH/ITI, IMKi3aTThIH KOJIKEeTIM/IJIIri,
ecipy HeMece pacTaJ/IFaH PeCypCThIK 6a3a, COHAal-aK api Kapailfbl 3epTXaHaJIbIK 3epTTeyJIep/IiH,
IIbIHAWBIJIBIFbI 2KaTa/bl.

Ocpunaniina, MakaianblH KazakcTaH/iblK GOKyChl 3epTTey JIOTUKAChIH KaJbIITACThIPY/a
KepiHeai: Taburu DPP-4 Texerimtepi 6oibiHIIA 9JIEMAIK JdJ1e/1/iK 6a3a/iaH KepriliKTi peJieBaHTThbI
eciMJIiKTepAi TaHAayFa, 0JIapAbl XUMUSIJIbIK CTaHAAPTTAyFa XKaHe 6ipi3Aii GapMaKoIOTHUSJIBIK,
BaJIMJaLUsIayFa OTy.

3epTTey aaicrepi.

lllonydsbiH Makcambl MeH mMiHdemmepi

Ocol wonyabiH MakcaThbl — 6CciMZiK TeKTi DPP-4 TexerimTepi Typasibl 3KCIIEpUMEHTTIK
JlepeKTep/i CbIHU OaFasiay )XoHe KeUiHTi 3epTTeyJiep YlliH eciM/iK Ke3/iepi MeH MOJIEKYJIa/bIK
KaHKasapZbl KasakcTanra 6aFaap/iaHFaH 6acbIM/bIK 6epy »KyieciH ycbiHy. Herisri Ha3ap Tek
DPP-4-Texeriiu 6esiceH/IiIiK leHTelliHe FaHA eMec, TECT-)KyHeJsiep/liH cCeHiMIiiriHe, lepeKTepAiH,
KalTa/IaHFBILITBIFbIHA, CEJIEKTUBTI/IIKKE, 3epTXaHabIK apTedaKTijiep KayniHe, COHAAN-aK
eciMAik muKizaTbIHbIH Ka3zakcTanzaa 60J1ybl HeMece aJ1eyeTTi KoJpKeTiMAilirine ayzapy.

[Honyasiy MiHAeTTEPI

1) ecimaik TekTi DPP-4 TexerimTepi Typasbl xkapusiiaHFaH AgepeKkTepAi GepMeHT Ko3i,
TecT-Ky#e Tumi, IC, , KWHeTHKa KoHe CeJIeKTUBTILIIK TYPFbICbIHAH ChIHU OaraJiay;

2) eH ceHiMAi fjps1es ik 6a3ackl 6ap XUMUSIJIBIK KJIacTap MeH MOJIEKY1a/IbIK KaHKalapAbl
6eJ1in KepceTy;

3) KazakcTaH VIliH FbIJIBIMHY, HIUKI3aTThIK HEMECE arpapJiblK TYPFbI/IaH peieBaHTThI
OCIM/iK K63/lepiH aHbIKTay;

4) )keprinikTi HeMece aJ/ieyeTTi KOPKeTIM/i LIMKi3aT HeTi3iH/e api Kapalfbl 3epTTeyJiep
YIUiH KaHJUAaTTapFa 6acbIMAbIK Gepy *KyHeCiH YCbIHY;

5) in vitro 6eJsiceH1iiKTeH papMaKoJIOTUAIBIK TYPFbIAAH HeTi3enreH lead compounds-
Ka eTy YIIiH KaXKeTTi 9KCIepUMEHTTIK Ke3eHJep/i beJriney.

[Mosy axicTepi

Ocbl L10J1y lepeKTepi xKyiesiey seMeHTTepi 6ap KypblJIbIMJa/IFaH CbIHU 9/1e0HeT IOyl
peTiHze opbiHAanAbL. KapusnaueiMaapasl isgey PubMed, Scopus, Web of Science, ScienceDirect
koHe Google Scholar nepekkopsapeinga “DPP-4 inhibitor”, “dipeptidyl peptidase-4”, “natural
compounds”, “plant-derived inhibitors”, “flavonoids”, “alkaloids”, “cardiometabolic diseases”,
“type 2 diabetes” xxoHe “Kazakhstan” kinT ce3aepiniH koMOHMHaLMa/IapbIH Naija/aHy apKblJbl
xKyprisisgi. KocbiMina Typ/ie pesieBaHTTHI IOJyJ1ap MeH TYIHYCKA IKCIIEPUMEHTTIK >KyMbICTapAbIH
9/lebueTTep Ti3iMi apKbliibl TAObLIFAH MaKaJjiajap TajlJaH/bl.

[llonyra DPP-4-Texeriw 6esceHainiri xkeke TabUFU KOCBLIBICTAP, 6CIMAIK 9KCTPAKTTaphl
HeMece XUMUSAJIbIK CUIaTTa/IFaH ppaKLusIap YLIiH KepceTiireH TYNHYCKA 3epTTeyJiep eHri3iiji.
®epmeHT Ko3i, IC, ) MaH/epi, TeCT-)KyHe THII, TeKesly KWHeTHUKachkl xxoHe DPP-8 men DPP-9
TybICTac pepMeHTTepiHe KaThICThI CeJIEKTUBTIJIIK TypaJsibl MaJIiMeTTEDP KOPCETIITEH )KyMbICTapFa
6aceIM/bIK Oepingi. lllony Makaianapbl HeriziHeH MaceJsieHi KOHTeKCTya/u3alusaay yiliH
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KOJIZJAHbL/I/IbI, 6ipaK 6acTamnKbl 9KCIEPUMEHTTIK AepeK Ko3i peTiHAe KapacThIPbLIFaH XKOK,

KasakcTtaHfa 6aFgapJsiaHfaH 66J1iM YIIiH XepriJikTi pyiopameH, arpapJ/ibIK UKi3aT
6asaceiMeH HeMece KasakcTaH/ia ecipy MyMKiHAIriMeH aJieyeTTi 6aiiyiaHbIChbl 6ap 6ciM/ik
Ke3/iepi 6eJiek 6aranan/ibl. KaHauaaTTapabiH 6acbiMabLIbIFbl DPP-4-Texerim 6esceHiik
JeHreui, aKCnepuMeHTTIiK 9/licTeMeHiH, ceHiMiJiri, 6esiceH i KOCbLJIbICTbIH XUMUSIJBIK,
MHTepIpeTalUAJIaHybl, IUKI3aTThl CTaHAAPTTAy MYMKIHZIr] XoHe KeHiHT1 papMaKoJIOTUSJIBIK,
TeKCEPY/iH MePCNeKTUBAJbLIbIFbl CUSKTbl KDUTEPHUIJIED )KUBIHTBIFbI HETi31H/le aHbIKTaJIAbI.
[HonypbiH aaicHaManbIK Jjorukacbl PRISMA 2020-ae Kos14aHbLIATBIH JepeKKoe34epAl allbIK
ipikTey *koHe CbIHU OaFaJsiay KaFUJaTTapblH, 0630pJIbIK *KYMBIC YIIiH KOJIJJaHyFa 60J1aThIH
JIeHrel /e, ecKepe OThIPbIN KYPbUIAbI [22].

9aebueTTi i3gey 2000 xbLiFbl KaHTapAaH 2026 »KblJIFbl MaMbIpFa JeNiHri Ke3eHAi
KaMTblAbl. OciMzik TekTi DPP-4 TexerimTepiHe apHa/ifaH 3KCIEPUMEHTTIK 66J1iMze Heri3ri
*kapusaHbIMAap MaccuBi 2009-2025 xbl1apAbl KAMTbIbI, aJ 0/laH epTepekK XKYMbICTaAp
JvabeT naToGU3U0JIOTUSChIH, UHKPETUH/IK >KyHeHi xxoHe DPP-4-TiH KA1WMHUKa/IbIK MaHbI3bIH
cunaTTay YIUiH NanuAaJaHblIAbL.

HaTumxkenep.

BOcimdik mekmi DPP-4 medceziwumepine KazakcmaHnra 6ardapaaHFaH 6acbimMobik 6epy

Ocimaik TexkTi DPP-4 TexerimTepi Typasibl )KapUsJIaHFaH JepeKTep IKCIePUMEHTTIK
HOTHXKeJiepAiH bipkesiki eMec MaccuBiH Kypaiibl. Oniap pepMeHT K6e3i, Cy6CcTpaT Typi, TecT-xKyie
dbopMaThl, CUTHaJIJbl TipKey TCiJli )koHe 3epTTeJIreH KOCbL/IbICTAP/iblH XUMUSJIBIK CUIIATTaly
JeHreii 6oubiHIIa epekuiesneHeni. COHAbIKTaH 6esceH i MoJieKyaaaapAbl )kal FaHa Tisin
IIBIFY/bIH, FBIJIBIMUA KYH/ABLIBIFBI lIEeKTeyJli. AHaFypJIbIM 6HIM/Ji TACiJI — GpapMaKOJIOTUSJIBIK,
ceHiMisik neH KasakcTaH yiiiH Ko/1ZilaH6aslbl peJieBaHTThI/IbIK KPUTEPUHJIEPiH eCKepe OThIPHIII,
KOCBLJIbICTAp MEH 6CIM/IiK K63/iepiH CbIHU 6aChIM/bIKKA KO0.

KpuTtepuiinepiH 6ipiHili To6bIHA )XeKe KOChLIbICTbIH, KOJIJAHbLIYbI, IC,, caH/IbIK MaHiHIH
60J1ybl, peKOMOHUHAHTTHI aZilaM DPP-4 depMeHTiHIH KOIJaHbLIYbI, TeXeJNy KHHETUKACBIHBIH,
cUMaTTaaybl, bIKTUMaJ apTedakTisepzi 6akpliay xxoHe DPP-8 men DPP-9-ra KaTbicThl
CeJIEKTUBTI/NIKTI 6aFrasay »kaTajbl. EKiHIII TONKa 6CiMAiKTiH HEMece TybICTacC TYpJepAiH,
KaszakcTaHa 60J1ybl, 6cipy MyMKiH/AITI, IMKi3aTThIH, KOJ/HKeTIMAIIIT, xKeprifikTi yarinepain
GUTOXMMUSIIBIK KYpaMbl TypaJibl JepeKTepAiH 60Jybl 2koHe CTaHJapTTay NepCHeKTUBACHI Kipeai.

Ochl TYpFBI/IaH eH NepCcreKTUBabICh XKapUsJaHFaH 6esceH/iniri 6ap 6apJblK KOChLIbICTAp
eMmec, DPP-4-Texerii 6esiceHAiMIriH KalTaslaHbIM/IbI TYP/i€ KOpPCeTeTiH, XUMUSJIbIK TYPFbIJaH
TYCiHAipiJIeTiH KJIacTapFa )KaTaTbIH, 9/1iCTeMeJTiK CEHIMIIr KabblaJaHap bIK XoHe KazakcTaH/bIK
3epTTeyJiep YILiH dJ/IeyeTTi KO/KeTiM/i eCiMIiK Ke3/iepiMeH 6aillaHbICTbl KaHUAATTAP 6OJIbIN
TabbLIabl.

daaBoHOUATAP

®naBoHouaTap Taburu DPP-4 TexerimTepi apacblH/ia €H Kol 3epTTe/reH ToN 60JIbIN
TabbLIaAbl. By Kjacc yiiiH 6esceH/IiIiKTiH 60/1ybIH FaHa eMec, KYPbLJIbIM—-06eJCeH/IiTiK
0aiJIaHbICBIHBIH, aJIFalllKbl 3aH/AbLJIBIKTAPbIH /1a TaJKblJayFa MYMKIH/IiK OepeTiH eH yJIKEH
JlepeKTep MacCUBI xKMHaKTaJFaH. 2KyHeJi oJyia xoHe KeriHri )kyMbicTapa ¢pJlaBOHOU/,
MOJIEKYJIACBIHBIH KYpPbLJIBIMBIHIAFbI LIAFbIH 63TePiCTep/iH 631 TexeNny KyLIiH auTapJ/bIKTau
e3repTe aJlaTbIHbI KepceTiireH [18,23].

EH ceHiMAi MbIcangap/iblH 6ipi - Lens culinaris TyKbIMAapblHaH 66J1iHreH (pJ1aBOHOJI-
raukosuTep. Osiap yimin pekom6uHaHTThl afaM DPP-4 pepmenTinge IC, monzepi 27-36 MKM
JlMana30HbIH/A a/IbIHFaH, OyJ1 MOJIEKYJIallap/bl ’KaKChl aHbIKTA/IFaH TeCT-KylheJe CaHAbIK TypAe
pacTasiraH 6eJsiceHAiIri 6ap TabuFU TexerilTepAiH MaHbI3/1bl Mblcasbl eTeai [24]. uTpyc
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»KoHe 6acKa pilaBOHOUATAp 3epTTeyAepiH/ie XKeKeslereH IIMKO3U/ATep MeH arJIMKOHAAP/IbIH,
MHUKPOMOJISIPJIBIK OeJICEHIi/IiIK KepceTeTiHi aHbIKTaJIFaH, 6ipakK acep/iiH, alKbIH/bl/bIFbl
TJIMKO3UJIZIEHY I9pexKeciHe, TUAPOKCUJ TONTapPbIHbIH OPHAJIACYbIHA XX9HEe MOJIEKYJ/IaHbIH, )KaJl bl
KEeHICTIKTiK yibIMAacybIiHa 6aiaHbICThI [18,23].

CoHbIMeH KaTap ¢pJiaBoHOMTap 60MbIHLIA AepeKTepAi GepMeHTTIH LIbIFY TeTi, CybcTpaTTap,
oy depJiik xaF[aiiap }KoHe HOTHXKeJiep/i YCbIHY popMaThbl apachblHJaFbl allbIpMallbLIbIKTApFa
6alJIaHbICThI CAKTBIKIEH TYCIHAIpY Kepek. [[aJ1 0Cbl alblpMallblIbIKTAP XKeKe KapHusIaHbIMAap
apacbIHAaFbl aJIAKTBIKThI KOIl XKaFanaa Tycinaipeai [18,23].

®eHoJ1 KbIKbLIAPbI

®eHou KpIIKbLIAApbl O0WbIHIIA lepeKTep GJ1aBOHOUATApFa KapaFaH/ja XaJlllbl aJlifaH/a a3
KauTasaHbIM/bl. KodeuH, raj :xaHe XJI0pOreH KbIIIKbLIAapbl CUSKTHI XKeKeJiereH MoJieKyJ1ajaap
YILiH OH /1, KAWLIBLIBIKTHI J1a HOTHKeJIep KapusilaHFaH. ByJi )kaKcbl 6erijii TabUFU KOChLIbICTAP
YILiH Ae 6eJiCeH/IiIK Typasibl KOPbITBIH/bl HAKTbI 9KCIIEPUMEHT KaF/jailJlapbl MEH d/icTeMeTiK
NBICBIKTAJLy J9pekeciHe Tayesii ekeHiH kepceTefi [18,23].

CoHbIMeH KaTap $eHOJ1 KbIIIKbLIJAapblH 3ePTTEYy KUHETHUKAJIBIK TaJ/layMeH YKoHe
uHTepdepeHIMAIaYLIbI PaKTOpJIap/bl 6aKblIayMeH CHpPEK KaTap Kypezi, 6yJ1 9pTypii )KyMbICTap
apacbIHAAFbl HOTHXKeJIep/iH, CaJIbICThIPMaJIbI/IbIFbIH TOMEHAeTe/|.

Tanundep, npoanmoyuaHuduHdep sHaHe Kypdei nonugeHondbiK keuieHdep

TanuHgep, NpoaHTOLMAHUMH/ED KoHe 6acKa KypZesi nosndeHoN bIK Kyheaep
YLIiH fa/1e/ik 6a3a kebiHe sKCTpaKTTap MeH ¢ppakiusaaapra HerizgenreH. MyHam xKyienep
yuin DPP-4 texxenyi bepMeHTTIK TecTisiepze Je, KypAeaipek 6U0JIOTUsAJBbIK MO ebepae
Jle cunaTTaJfaH. Anaia 6y Karaaiaapaa 6aliKaaraH 6e/ICeHAIMIKTI HaKTbl MOJIEKy1aMeH
6ipMoaHAi 6alIaHBICTBIPY dcipece KubIH [18].

KocbiMila Typze nosiidpeHo/bIK Kyieep ONTHUKAJbIK )K9HE MaTPULIAJIBIK apTedaKTiep
KayIliH apTThIpaZpbl, acipece GyopuMeTpusiybIK TecTisiepae. COHAbIKTaH MYH/Aal HOTHKeIepAi
JLOPLJIIK 9J1eyeTTIH TYNKIJIIKTI fAaJiesl peTiHJe eMec, KypaM/bl 9pi Kapaul JeKOHBOJIIOLMAIAY IbIH
Heri3i peTiHJe KapacTblpy Kepek [18].

Anxkanouarap

Ankanourap 6esiceHiIK MeH 9/jicTeMeJIiK lepeKTep canacblHbIH, YiJ1eCiMi TYpFbICbIHAH
Taburu DPP-4 TexeriwTepiHiy eH nepcrnekTHBasbl TONTApbIHbIH 6ipi 601611 TabbL1aAbL. Epekiue
OpbIHABI 6ep6epuH anazbl; 01 ymid IC, mamamen 13,3 MkM 6o0s1aTbiH DPP-4-TiH 6acekeni
TexKeJlyi aHbIKTaJIFaH [25]. Bys1 6ep6eprH KaHKACBIH epeKliie MaHbI3/bl eTe/li, BUTKEHI MyH/1a
6eJiceH/IisIiK TypaJibl FaHA eMec, TeXeay MeXaHHU3Mi Typasibl 1a MaJjiiMeTTep 6ap.

’Kannbl anfaHza ajskajJouATapibl 3epTTey KeNTereH nNoanudeHoNbIK KyMbICTapFa
KapaFaH/ja a/jicTeMeJliK TYPFbIZaH KaTaHblpakK,. Herisri mekTeyJsiep 6apJ/iblK )kapUusiiaHbIMJapaa
CeJIEKTUBTIJIIK IeH KUHeTHKa O0MBIHILA TOJIBIK JlepeKTepAiH bepiiMeyiMeH 6ailiaHbICThI [19-
20,25].

TepneHougTap kaHe 6acKa KJiacTap

TepneHouTap *oHe a3 yCbIHbIIFAH OacKa KJacTap YIUiH AaJen/ik 6a3a a3ipre parMeHTTiK
KYyH/le, lereHMeH Ma3MYH/ bl Mblcasjiap 6ap. XKekesiereH TpUTeprneHoOU/Tap, CAllOHUHAED KOHE
ruH3eHo3uATep yiliH DPP-4-ke KaTbICThI TeXerill 6eJceH/IiiKk KepceTiireH, 6yJ1 bIKTUMaJl
XUMMUSJIbIK KaHKa/lap CIEeKTPiH KEHENUTY TYPFbICbIHAH MaHbI3/bl [26-28].

Bys nepektep DPP-4 TexerimTepiHiH XUMUAIBIK 9PTYPJIVIIT] Typasibl TYCIHIKTI KEHEHUTCE
Jle, MyH/1al KOCBhLJIbICTAp/bIH, KOTIUIIJIIT] YIIiH TayeJICi3 pacTayJiap a3, KHHETUKA MEH CeJIEKTUBTIJIIK
cupeK ycbiHbLIFaH. COH/ZIbIKTAH OYJ TOI MepPCneKTUBaJIbl, 6ipaK *KeTKiJIIKCi3 JaMbIFaH 60JIbIN
KaJlaJbl.
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TankpLiay.

DPP-4 mescenyiHiH KypblabiMIblK-@PYHKYUOHAN0bIK 3aHObLALIKIMAPbI

KapusananraH gepekrtepi Tanzay GaaBOHOUATAP MEH TYybICTAC NOJAUPEHOIJAPAbIH €H,
TOJIBIK 3epTTeJIreHiH KepceTei. byl KaacTa ruApOKCUII TONTapPbIHBIH CaHbI MEH OpPHAJIaCybIH/IAFbl,
COHJaM-aK IVIMKO3UJJeHY JopeKecCiH/leri aFblH 03repicTep TexeJly KYILIiH auTapJbIKTau
@3repTe ajaThlH KalTaJlaHAaTbIH 3aHAbLIBIKTap/bl TaJKblIayFa 601abl [18,23-24].

dnaBoHOMATAP YIIiH TYpPaKThl YPAiCTepAiH 6ipi — arJIMKOHAAapMeH CaJbICThIpFaH/a
I1aMa/iaH ThIC IJIMKO3WJIIeHY Ke3iHe 6eJIcCeHAITIKTIH ToMeHeyi, 6ipak 6y./1 epexke abCOMOTTI
eMec. blkTrMaJ TyciHAipMe MoJieKyJIaHbIH NOJISPJIbIFbI MEH KOJIEMiHIH apTybIMeH Oal/aHbICThI,
O6ys1 pepMEHTTIH KaTaJUTHUKAJIbIK alMaFbIH/A OpHaJ/JIaCyblH HalllapjaTybl MYMKiH. COHbIMEH
Gipre >xekeJiereH IJIMKO3UATED eJieyJi 6eJCeH KT cakTalabl )KoHe o0J1ap/ibl 9pi KapanuFbl
Ta/llay/AaH WbIFapyFa 6osmaibl [18,23-24].

XaJIKoOHJlap MEH aypoHJap »KaKcCbl OesiceH/[iJik MaHAEePiH »KOoHe KJIACCUKAJIBIK
b1aBoHOIApIaH XUMUSJIBIK Al bIPMaLIbLIBIKTbI YHJIECTipeTIHAIKTEH epeKIlie KbI3bIFYLIBIIBIK,
TyAbIpabl. Bys onapbl keliHri MoguduKanus yilliH TapThIM/Ibl 6acTanKbl KaHKaJap eTexi
[29-31].

BOcimdik mekmi DPP-4 medceziwumepi mypasvl depekmepdiH ceHimoiniein 6araaay

Keke KocbLIbICTap KOJIJAaHbLIFaH, TECT-)XKYHe HAKThl CUIIAaTTa/IFaH, epMeHT Ke3l,
cy6cTpat, OypepJiik :kaFailiap xkoHe KeM JiereH/ie 6a3asiblK TeXKey KHHETUKAChl KOPCETIJIreH
3epTTeyJiepAi eH ceHiM/i Aen caHayFa 6osazpbl [18,23-35]. BesceHAiNIKTIH ToyeJici3 pacTaaybl
koHe DPP-8 men DPP-9 TybicTac pepMeHTTepiHE KaThICThI CeJIEKTUBTLIIKTI 6aFasiay KOChIMIIA
apTHIKIIBIIBIK 60J1bIN TabbL1aAbI [19-20].

9JICi3 JlepeKTep KobiHe Yl )KaFJaiiMeH 6aiJIaHbICThI: 6eJICEH/IIIIK TEK SKCTPAKT HeMece
dpakuus yiliH KepceTiJireH, HeTi3Ti afjicTeMeJliK JeTanbAap *KOK HeMece 00sIJIFaH »KoHe
noJindEeHOJABIK KOChLIBICTAP YIUiH 3epTXaHa/IbIK 6ereTTep 6akplianb6araH [18]. CoHAbIKTaH
BIKTUMaJI apTedaKTiziep XKOKKa LIbIFapblIMaca, TEXeY/|iH )KoFapbl MoH/IePiHiH 631 caKThIKIIeH
TYCIHAIpIIYi THIC.

Kana DPP-4 mexceziwumepiH a3ip/ieyce apHAIFAH €H nepcnekmuemi Mo/aeKyaaaap

BesiceH1islik neH AiepeKTep CEHIM/IIITIH eckepe OThIPHII, GipHelle 6aFbIT aHAFYPJIbIM
Heri3 i kepinei. bipiHui Ton - pa1aBoHOUATAP *KoHE PJIABOHOJI-TJIMKO3UATEP; 0J1ap 6OMbIHIIA
in vitro iepeKTep FaHa eMec, KypbliblM-0eJICeH/liJIiK 6alaHbIChl TypaJibl MaJIIMeTTep Je 6ap
[18,23-24]. ExiHii Tom - afKa/loUATap, €H ajlJbiMeH 6epbepuH KaHKachl [25]. YuriHmi Tom -
Helichrysum arenarium, Coreopsis lanceolata »ane Angelica keiskei-feH aiblHFaH XaJKOHAAp
MeH aypoH/ap; oJ1ap »KaKChl 6eJiIcCeH/i/IiK MoH/IepiH KepceTe/ i )koHe KeHiHI1 OHTal/JaHABIpY
maTgopmasiapbl peTiHae KbI3bIKThI [29-32].

[IpakTuKaNbIK TYpFbIAaH KaszakcTaH yiliH ylI IapTKa 6ip yaKbITTa COMKeC KeJleTiH
eCiMZIik 00'beKTiJiepi epeKlilie KbI3bIKTHI: 0J1ap 60ibiHIIa DPP-4-Texerim 6esceHAiIiK Typabl
»KapUsiJIaHFaH JiepeKTep 6ap, o1ap KO/DKETIMAI HeMece 9/1eyeTTi ecipisieTiH mukKisaT 6a3acbiMeH
6ailJIaHbICThI XXoHE XUMUSJIBIK CTaHAApTTayFa MYMKiH/iK 6epesi. By Tonka Aronia melano-
carpa, Lens culinaris, Helichrysum arenarium, Rosa spp. *xoHe 6ep6epuH TybIH/blJIapbIH KOCa
aJIFaH/ia )KeKeJlereH aJIkaJou/ThIK KaHKa/Iap/ibl )KaTKbI3yFa 60/1a/bl. Anaiijja 6yJ1 6aFbITTapAbIH,
9PKAaMChICHI YLIIH XKePriliKTi KalTa TeKcepy KaxkeT: KazakcTaH/bIK yariiepZi GUTOXUMHUSIBIK
npoduirpJiey, pekoMOUMHaHTThI afjlaM DPP-4 pepmenTiHze TecTiney, apTedakTiiepi 6aKpLIay,
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KHWHETHKA YKoHe CeJIeKTUBTILJIIK (3 KecTe).

Kecre 3.

Ocimaik Ke3aepi MeH MoJieKy/1a/IbIK KaHKa/1apra Kasakcranra 6argap/ianFaH

6acbIMIBIK 6epy XkKyieci.

MeXaHU3Mi TypaJibl
ZiepekTep 6ap

BaceiMaBIK, | Ocimaik Heri3ri 6esicenai | Jdasenginik KasakcTaH yuiH Heri3ri mekrey
Ke3i HeMece KOCBLJIBIC JeHreui pe/ieBaHTThLIbIFbI
MOJIEKYJIAJIBIK,
KaHKa
JKorapnl EricTik »acbIMbIK | PoGUHMH; Korapsr: xxeke JKacpIMBbIK, KeprinikTi
/ Lens culinaris KeMn¢epoJ KOCBLIBICTap, CosTycTik KaszakcTaHpbIK
TJIMKO3UATEPI PEKOMOHUHAHTTHI Kasakcran yJirijziepre
agam DPP-4, YLIiH arpapJibIK XUMMUSJIBIK,
IC,, MaHepi TYPFBIJAH WbIHAWBI | TPOQUINPJIEY XKOHE
KepceTiireH JaKbLI 60JIbII DPP-4 TecTiney
TabbI/Ia bl KaXkeT
XKorapnbl/ KymabIK canay6ac | XankonapunrenuH | »Korapsr: 6ipHeme | Bip ecimzik kesi KeprinikTi
opTala / Helichrysum TJIMKO3UATEDI; 6eJICeH/Ii TIMKO3U/I, | KYPBLJIBIMBI 9PTYPJIi | IIMKi3aT 6a3achlH,
arenarium aypey3uauH PEKOMOHUHAHTTHI GipHelle KaHAUAAT | ecipy *KarJaiIapblH
TJIMKO3U /11 agam DPP-4 6epeni, oy >KoHe IHKi3aTThl
CaJIbICTbIpMaJIbl CTaHZapTTay
OUTOXUMHUSIIBIK, MYMKIHZITIH pacTay
6arasiay yuIiH KaXkeT
KOJIalJIbl
2Korapbl/ KapakemicTi [InaunuguH-3,5- OpTama: alKbIH Kasakcranga PeKOMOWHAHTThI
opTauia apoHus / Aronia JUIJIIOKO3U[, GesiceHALTIK ecipiireH agam DPP-4
melanocarpa CUTIATTaJIFaH, 6ipaK, | yJ/arisep/iH depmeHTiHIE
PEeKOMOUHAHTTHI OUTOXUMUSIIBIK, GeJsICeH/IiMIKTI
agam DPP-4 emec; CHITIaTTaMacChl KaWTa Tekcepy
9/lebueTTe MIOMKA | Typasbl JepeKTeP KaXKeT
DPP-4 ¢epmeHTi 6ap [13]
KepCeTi/IreH.
OpTama UTMypBIH / PyrosuH A; OpTama: Rosa TybIcEI Rosa gallica
paywad Rosa spp. | pyrosuH B GesiceHALTIK KaszakcraHza GOMBIHIIA
Rosa gallica yuin Ke3Jiece/ii xoHe nepektepni LC-
cUMaTTalIFaH CaJIbICThIpMaJIbl MS/MS pacraychbi3
XeMOTHUIITEY YKeprisiKTi
o06bekTici 6os1a TypJiepre Tikesaen
asnazw [15] Keuripyre
60JIMaK /bl
OpTama Bep6epuH Bepb6epuH OpTaia/>kofaphbl: Keiinri LllexTeynep
KaHKachl >KOHE OHBbIH, DPP-4 texenyi OHTaNJaHABIPY OUOXKETIMIIIIKIIEH,
TYbIHAbIJIAPbI >K9He acep ’K9HE TYbICTAC CeJIeKTUBTIJIIKIIEH

TaOUFU Ke3Aepai
CKPUHUHITEY YLIiH
XUMUSJIBIK KaHKa
peTiHe KbI3bIKThI

>K9He KepriJiKTi
LIUKi3aT
6a3acblH TeKCePY
KaKeTTiJirimeH
6alJIaHbICThI

Kosdanvicmarsl 6cimiik npenapammapbl #aHe KOMMePYUusIAaHIblpy nepcnekmusanapbsl
9JieM/JiK Taxxipube DPP-4-Texerim 6esiceHAainiri 6ap eciMaikTep Keke MoJieKyaaaap/iblH,
Ke3i peTiH/ie FaHa eMec, CTaHAApPTTa/lIFaH QUToNpenapaTTapAblH HeTi3i peTiHje Ae KbI3bIFYLIbLIbIK
TYAbIPYbl MYMKIiH €KeHiH KepceTe/i. Asaiijila MyH/Jal kafF/Aailyiap/a /1a eH LiblHalbl 6aFbIT
bepMeHTTiK 6eJICeHAINTIKTI KIMHUKAJBIK MPaKTHKaFa TikesJael Kellipy eMec, MoJIeKyJiajap/ bl
Ke3eH-Ke3eHiMeH 06J1il ajly, IIMKIi3aTThl CTaHAAPTTay KoHe GapMaKoJIOTUSJIBIK BaJU[alus
60J1blN KaJsa 6epefi.
KasakcTaHza 6ackIM eciM/iik 06'beKTiJiepiHiH 6ip 6eJiri papmMakomnesabiK HeMece COFaH
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»KaKbIH PaKTUKaJIbIK MaHbI3Fa ve. By eH anzibiMeH KyM/JbIK cajiaybac NeH UTMYpPbIHFa KAThICTHI.
ApoHuS MeH KacbIMbIK K60iHe TaFaM/IbIK HeMece arpapJiblK JaKblJ MapTebeciH caKkTanpbl,
JleTeHMEH 0Ji1ap »KeKe MoJIeKyJlaJlap MeH CTaHJapTTaJIFaH SKCTPAKTTap/blH, d/1eyeTTi Ke3i
peTiHJie KbI3bIFYLIbIIBIK TyAblpaAbl [13-16].

Tytivtk mycmap men damy 6arbimmapboi.

Taburu DPP-4 Texxerimtepi 60ibiHIIA 9/1e61eT 6a3aChIHbIH HETi3Ti Macesieci — HOTHXKeepAiH
KU1 9pTYpJi :KaFjaliap/ia aJbIHYbl XKoHe COH/IbIKTAH 0JIap/bl TiKeseH CanblCThIPY/blH KUbIH/bIFbI.
depMeHT K63i, cyocTpaT, MaTpuULa, OydepJiik KaFaaiaap, TeMepaTypasblK PeKUM KoHe
CUTHaJIJbl TipKey Toacisi epekieneHe/i. YKcac GpJiyopecleHTTIK TecTisiep KOoJ1JaHblIFaHHBIH
e3iH/ie eJillley MapamMeTpJiepi 6eJICeH/ITIKTiH KOPbIThIH/ bl OaFacblHA e/9yip acep eTyi MyMKiH
[18-20].

EKiHLII MaHBI3/bl MaceJie — TeXey MeXaHMU3MI XKoHe CeJIEKTUBTIJIIK TypaJibl MaJIIMETTEPAIH,
TanubLIbIFbl. KenTeren xkympictapga Tek IC. kenTipineai, 6ipak kuHeTHKa xoHe DPP-8 men
DPP-9-ra acepiH Tekcepy koK. KelliHri a3ipJsiey yuiiH 6y esieysi meKTey 60JbIN TabblIa/bl,
eUTKeHI Kayinciz/lik neH ¢apMaKoJIOTUSJIbIK TEPCIEKTUBABIIBIK KOOiHE CeIEKTUBTINIIKKE
Tayeaai [19-20].

CasaHblH KeJieci JaMy Ke3eHi )kaHa ObITbIpaHKbl CKDUHUHT MaCCUBTEPiH KOOeuTy
eMec, OypbIH aHbIKTaJIFaH JIMAepJepAi cTaHAapTTalFaH KaiiTa Tekcepy 60Jybl THic. O yIliH
6ipizaeHaipiireH Tecrtisey xKaFaanaapbl, OPTOTOHANbI dAICTEP, KHHETUKAJBIK TaJ/1ay YKoHe
CeJIEKTUBTL/NIKTI MiH/ZeTTi OaFasiay KaxkeT. Tek ocbllaH KeliH FaHa »Kacylla/blK MOJeJbJepre,
MeTaboJM3M/iK TYPAKThLIbIKThI TEKCEPYTE XKIHE KeUiHTI XMMUSJIBIK OHTaW/IaHAbIPYFa CEHIMA]
eTyre 60J1a/1bl.

KopbITBIHABI.

Ocimpik TekTi DPP-4 TexerimuTepiH 3epTTey HoTUXKeJiepi oJlapblH 2 TUIITI KAHT
JiuabeTiH eMey/ie KoJJaHblIaThIH Ka3ipri Aapisik 3aTTapFa Tikesel 6ajaMa peTiH/le eMec,
»kaHa papMaKoJIOTUSJIBIK 9cepi 6ap MoJieKy1asapabl i3AeyAiH nepcrneKTUBTI Ko3i peTiHae
KapacThIpbLIYbI THIC eKeHiH kepceTei. TabuFu KOChLIbICTAP/IblH HETI3T1 FBIJIBIMU KYH/bLIBIFbI
0JIapAblH KYPbLIBIM/BIK ajJlyaH TYPJUIITiHAe XKoHe KaHa AdpiliK MoJieKyJiajlap/Abl a3ipaey
YIIiH 6acTankKpl KYpblIbIMAAP PeTiH/e MakaalaHblIy MyMKiH/IriH/e *)KaTbip [10-11]. Kazipri
JlepeKTep/iiH Heri3ri 6eJiri ¢ps1aBoHOUATAD, XaJIKOH/AP, aypoHAap *aHe 6acKa MoJnudeHOoIbIK,
KOCbL/IbICTapFa KaTbICTbl. DJ1TaBOHOU/ITAP VIIiH KYPbLJIbIM MeH 6esiICeH/i/TiK apacblH/aFbl
GailJ1aHbIC, TEXKeJy KUHeTUKachl xkoHe DPP-4 depMeHTIMeH e3apa apeKkeTTecy epeKlienaiKTepi
CaJ/IbICTBIpMaJIbl TYP/eE KaKchbl cunaTTanraH [23]. CoHbIMeH KaTap, 6epbepUH Tapi3ji ajkaiouaTap
nia DPP-4 6esncenpinirin ToeMeHjeTy MyMKiH/IriHe 6aiJIaHbICThI KbI3bIFYIIBLIBIK Ty bIpajbl [25].

ConbiMeH 6ipre eciMziik TekTi DPP-4 Texxerinitepi >keHiH/eri FbIJIBIMU JlepEKTEP/iH,
6ipkesiki eMecTiri MaHbI3/bl LIeKTeY OO0JIbIN TaObl1aibl. OPTYPJli 3epTTeyiepae GepMeHTTIH,
IUBIFY Teri, Cy6CTpaT, ToxKipubelik opTa, MHKYbaLus aFjaiiapbl )koHe 6eJICeH/Ii/IIKTI aHbIKTay
dJictepi epekiieneHeni. COHABIKTAH 9pTYpJIi >kyMbIcTapAa aabiuFaH [C50 MaHAepiH Toxipubeik
»KaFJanaap/bl eCKepMel TikeJied caJbICThIpy LIEeKTeY i FbIJIBIMUA KYH/bLIbIKKaA ue [18-20].
OchifaH O6ailJIaHbICThI O0JIAllIaK 3epTTEYIEepAe TeXeny TYpiH, epMeHTIEH 63apa apeKeTTecy
CUNIATBIH K9HE TeXeJly KHHETHUKAChIH aHbIKTayFa 6acbIMAbIK 6epinyi KaxeT [23].

DPP-4-ke kaTbicThbl 6esiceHziynikti DPP-8 xxone DPP-9 depmeHTTEpiHE acepiMeH KaTap
6afrasiay Aa MaHbI3bl. DPP-4 TexerimTepiHiy ¢papMako0TUaIbIK KaCUeTTePiH cunaTTayAa
HbICAaHaFa KATbICThI CEJIEKTUBTIJIIK OJIapAbIH, Kayilci3/irin 6araay/iblH MaHbI3/[bl KypaM/iac
6eJiri 60Jbin Tabbl1a/1bl [19-20]. COHABIKTAH TaOUFU KOChLIbICTAp Y1iH e DPP-4-Ke KaTbICTbI
6escenpinikne katap DPP-8 xoaHe DPP-9-ra acepin aHbIKTay KaxkeT. By/jaH 6acka, moindpeHoIbIK
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KOCBLJIbICTapMEH KYpri3izieTiH depMeHTTik cbiHaKTapAa Ta:Kipubesik HoTHxKeaep/ii 6ypMasiaybl
MYMKIiH QpaKkTopJiap/bl eckepy Kepek. ®s1aBOHOUATAP/bIH aKybI3JapFa 6ail opTaZaFbl TEXKETILITIK
acepiHiH e3repyi Taxipubeik xxaFAanap/blH HOTHXKere bIKNaJ eTeTiHiH kepceTei [18]. Ocbl
ceOenTi )KoFapbl 6eJICEH/TIIIK KOPCETKEH KOChLIBICTAP/AbIH dCepi ToyeJsici3 9iicTepMeH pacTalybl
THIC.

®epMeHT AeHreuin/e anbiKTasaraH DPP-4 Texenyi KOCbLIBICTBIH, eMAiK TUIMAIIITIH
e3zirineH fasenaemeisi. [lepcnekTrBasbl MoJieKyaaaap/ibl 9pi Kapal 3epTTey 6apbICbIH/AA
0JIapAbIH, XMMUSLJIBIK, TYPaKThIJIbIFbI, epirillTiri, ciHipisnyi, 6uoxeTiMAiiri 2k9He aF3aJaFbl
MeTaboJ/IM3Mi CUSKTbI KacueTTepi eckepinyi KaxkeT. Ocbliaiiia, pepMeHTTiK 6escCeHAITIKTI
aHbIKTay $apMaKoJIOTUSJBIK 3epPTTeY/AiH 6acTanKbl Ke3eHi peTiHae KapacThIpbIbII, KEHiH
»KacylLIaJbIK KoHe KaHyapJIbIK MoJesibJiep/ie KOCbIMILA 3epTTeyaep Kyprisinyi tuic [10-11].

KasakcTaH yIIiH XepriJliKTi eCiMAIK pecypcTapblH 3epTTey epeKlie FbIJIBIMU MaHbI3fa
ue. Ocbl TypFbIJaH Lens culinaris, Helichrysum arenarium, Aronia melanocarpa, Rosa TybICbIHbIH,
eKisepi )koHe KeKeJsiereH 6epOepyrH TybIH/blIaphbl IepCeKTUBaJIbl HbICAHJAp peTiHje
KapacTbIpbLIYbl MYMKIH. Lens culinaris TyKpbIMiapblHaH 66J/1iHreH (GJ1aBOHOJI TTIMKO3U/TEPiHIH,
DPP-4 TexerimTik 6e/iceHAIIr Typasibl JepeKTep 6y/1 6aFbITThIH Heri31ilirin kepceteni [24].
KazakcraHza ecipisireH Aronia melanocarpa yirinepiHiH GUTOXUMHUSJIBIK )XoHe OHMOJIOTHUSJIBIK
KacueTTepi fie cunarTtasraH [13]. ConbiMeH KaTap Helichrysum arenarium, Rosa TybICBIHBIH
TYypJiepi koHe KaszakcTaH ¢JyiopacblHbIH A2piiik eciMaikTepi 60MbIHIIA KoJ1Za 6ap MaJliMeTTep
YKePTiJiKTI HKUKi3aTThl 0/1aH api 3epTTeyre Heri3 6epeni [14-17].

Ananja meTten/jik eCiMiK yJrijsiepiHze ajJblHFaH HoTHXKeiepi KazaKcTaHHBIH, XKepriJiKTi
IIMKi3aThIHA TiKeJel KoJlJaHyFa 60JMalbl. OCIMAIKTIH XUMUSIbIK KypaMbl Typre, TeHOTHIIKE,
ecipy »kafJalblHa, >KWHay Mep3iMiHe KoHe caKTay TacCiJliHe 6alJIaHbICThI 63repyi MyMKIiH.
CoH/bIKTaH NepCleKTUBaJIbl OCIMAIKTepAIH XKepriiKTi y/risepiH XMMUAAIBIK KYPaMblH callaJibIK
»KoHEe CaH/bIK aHbIKTay apKblJIbl CTAaHAAPTTAY KAXKeT.

KasakcTaH ylliH HeFypJ/IbIM HeTi3/ie/IreH 3epTTey baFAapaaMachl bipHele 6ipi3ai keseHai
KaMTYbl THiC: IepCIEKTUBAbI 6CIMAIK MUKI3aThIH XUMUSJIBIK CUIIATTAY; PEKOMOWHAHTThI a/|laM
DPP-4 ¢pepmenTiH e GesiceHAINMIKTI 6aFaiay; Texe sy KHHETUKacbiH aHbIKTay; DPP-8 »xone DPP-
9-ra KaThICTHI CeJIEKTUBTIJIIKTI 3epTTey; a/IblHFaH HOTHXKeJIepAi TayeJICi3 9iicTepMeH pacTay;
eH, MepCrneKTHUBa/bl KOChLIbICTap/blH GapMaKoJIOTUABIK KACUEeTTEPIH KeUiHTi leHrenaepe
6arasiay. MyH/1al TaCis )kaHa 6CiM/IiK CbIFbIH/AbLIAPBIH Ke3/1eHCOK KebelTyieH repi 6ypbIH
aHbIKTaJ/IFaH NepCreKTUBaJIbl KOChIIBICTApAbI Oipi3feHAipiareH xarAanaapaa KaiiTa 3epTreyre
»KOHe oJIap/blH HaKThl dJleyeTiH 00 beKTUBTI OaFanayFa MyMKiHAik 6epeni [18-20, 23].

JKannbl anranvja, ecimaik Tekti DPP-4 TexerimTepi xkaHa 6H0JIOTHUSIIBIK, 6esiceH i
KOCBLJIBICTAp/ibl i3€yAiH epCcrneKTUBa/IbI 0aFbIThI 60JIbIIN TabblIa/bl, alalAa Ka3ipri faJjeniep
oJ1ap/bl 2 TUNTI KAHT iMabeTiH eMieyre apHaIfaH AalblH A9PiJik 3aTTap/blH 6asaMackl peTiHze
KapacTbIpyFa KeTKilikci3. OsapAblH Heri3ri FblIbIMU MaHbI3bl DPP-4 GesiceHinirin petteit
aJIaThIH XaHa XUMUSAJIBIK KYpblIBIMAAP/Abl aHBIKTAY/|d )KoHEe 0JIapZblH dcep eTy MeXaHU3M/lepiH
3epTTey/e *)aTblp. KaszakcTaH yIUiH Oy/1 6aFbIT XKeprijliKTi eciMAiK pecypcTapblHbIH FbIJIBIMU
aJieyeTiH GaFaJiayFa KoHe MeTaboJIM3M/IiK aypyJiapFa Kapchl )KaHa 6UO0JIOTUABIK OesiceH i
KOCBLIBICTApPAbI i37iey/iH, )KyHeJli Heri3iH KaJblnTacThIpyFa MYMKIiH/K O6epepi.

KbicKapTyaap Ti3imi:

AACY - JlyHUexy3i/aiK AeHcayIblK CaKTay YHAbIMBI

GIP - ruiroko3sara Toyesii MHCYJIMHOTPOINTHI TOJIUIIENTH ]
GLP-1 - ruiirokaroH topisai nentug-1

DPP-4 - punentuauanenTuaasa-4

IC,, - skapThlJIall MAaKCUMaJI/[bl TEXKETIIl KOHIIeHTpaI1s

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 65
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu



K.K. Kanap, /l. Camamkuwi3vl, /.U, Baauwaesa, C.H. Paxumosa, A.P. Akuavicanosa

SAR - KypblIbIM-6eJICeHAiTIK 6alaHbIChI
SPR - 6eTTik nJ1a3MOH/IbIK pe30HaHC
KKA - KypeK-KaHTaMbIp aypyJiapbl

ABTopuap yaeci: Konuenryanusanuda - K.K. xxoHe A.A.; metogosiorus - KK, 1.C. xxoHe
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Plant-Derived DPP-4 Inhibitors in Cardiometabolic Diseases: A Critical Evaluation
of the Evidence Base and Priorities for Kazakhstan

K.K. Zhapar?, D. Samatkyzy?, D.I Valishaeva?,
S.I. Rakhimova#, A.R. Akilzhanova®

12345 Laboratory of Genomics and Personalized Medicine, “National Laboratory Astana’,
Nazarbayev University, Astana, Kazakhstan.

Abstract. The increasing prevalence of obesity, type 2 diabetes mellitus, and associated
cardiometabolic complications has intensified the challenge of effectively controlling disturbances
in carbohydrate metabolism and highlighted the need for new therapeutic targets and approaches.
One promising target is the enzyme DPP-4, which inactivates the incretin hormones GLP-1 and
GIP, thereby limiting their effects on insulin secretion and postprandial glycemic regulation. In
this context, natural compounds are considered a promising source of new chemical scaffolds for
the development of DPP-4 inhibitors. The aim of this review is to critically evaluate experimental
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Kapduomemaboaukanwvik aypyaap kesindezi ecimoik mekmi DPP-4 uHzubumopaapbi: dasea0ik 6a3aHbl
CbiHU 6aFanay yxaHe KazakcmaH ywin 6acoeim 6arsimmapodbl atiKblHOay

evidence on plant-derived DPP-4 inhibitors and to identify promising plant sources and chemi-
cal scaffolds relevant to Kazakhstan. The analysis considered the chemical class of compounds,
DPP-4 inhibitory activity, enzyme source, quantitative activity parameters, available data on
kinetics and selectivity, and the potential availability of plant material in Kazakhstan. The most
extensive evidence has been reported for flavonoids, chalcones, aurones, and other polyphenolic
compounds. Alkaloids containing a berberine structural moiety are also of interest because of
their inhibitory activity and the availability of mechanistic explanations. However, their activity
is predominantly in the micromolar range and is lower than that of synthetic DPP-4 inhibitors.
The evidence base remains heterogeneous because of differences among experimental systems
and limited data on kinetics and selectivity. For Kazakhstan, the priority should not be the direct
translation of plant-derived compounds into clinical practice, but rather the systematic investi-
gation of promising locally available plant sources using standardized methods.

Keywords: cardiometabolic diseases; type 2 diabetes mellitus; dipeptidyl peptidase-4
(DPP-4); incretins; GLP-1; GIP; plant-derived inhibitors; natural compounds.

PacTtuTtesibHbIe HHTrUOUTOPLI DPP-4 npu KapauoMeTa60/1M4YeCKUX 3a00/1€BaHUSX:
KpPUTHYECKas OLleHKa Jj0Ka3aTe/JIbHOU 6a3bl M onpeje/ieHre NPUOPUTETHBIX
HanpasJjieHuH A1 Kaszaxcrana

K.K. Kanap?, I. CamaTksizbi?, /I.U. Baaumaesa3,
C.1. PaxumoBa*, A.P. AKjIb>kaHOBa®

12345 Jlabopamopust 2eHOMUKU U NePCOHANUIUPOBAHHOU MedUYUHbI,
«National Laboratory Astana», Hazap6aee Ynugepcumem, AcmaHa, Kazaxcmat.

AHHOTanuA. PocT pacnpocTpaHEHHOCTH OXKHMPEHUs, CaxapHOTo JuabeTa 2 TUla U
CBSI3aHHBIX C HUMH KapAUOMeTab0IMYeCKUX OCJI0)KHEHUH YCI0XKHSeT Npo6JieMy 3¢ GeKTUBHOTO
KOHTPOJISI HApyLeHUH yrJIeBOJAHOI0 06MeHa U 00yC/I0BJIUBaeT HEOOXOAMMOCTb NOUCKA HOBBIX
TepaneBTUYECKUX MUllIeHel ¥ noxo40B. OHOM U3 epCeKTUBHBIX MUILIeHe! BseTcs pepMeHT
DPP-4, koTopblii MHAKTUBUPYET UHKpeTUHOBBIE TOpMOHBI GLP-1 1 GIP, orpaHnyrBas ux BJausiHUe
Ha CeKpeLyI0 MHCYJIMHA U PEeTy/IALMIO IOCTIPAaHAUaIbHON [IMKEMUU. B CBAA3U € 3TUM NIPUPOJHBIE
COoeJMHEeHHs PacCMaTPUBAKOTCA KaK IepCIeKTUBHBIM HCTOYHUK HOBBIX XUMHUY€ECKUX CTPYKTYP
JiJis1 pa3paboTKu HHTUOUTOpoB DPP-4. [lesibio HacTos1ero o63opa sABJsIeTCSI KpUTUYeCKas
OlleHKa 3KCIIeEpUMEHTA/IbHbIX JAHHbBIX O PacTUTeAbHbIX MHTHOUTOpax DPP-4 u onpegenenve
IepCIeKTUBHBIX PACTUTEJBHBIX UCTOYHUKOB U XUMUYECKUX CTPYKTYp A Kazaxcrana. [Ipu
aHa/IM3e yYUThIBAJIMCh XUMUUECKUH KJ1acC cOeIUHEHUH, MHTUOUPYOLasi aKTUBHOCTb B OTHOILEHUHU
DPP-4, uctounuk ¢pepmMeHTa, KOJIMYeCTBEHHbIE 1I0Ka3aTe/Ju aKTUBHOCTH, JaHHbIEe 0 KUHETHUKE
Y CeJIEKTUBHOCTH, @ TaKXe NOTeHIMa/IbHAsA JOCTYIIHOCTb PACTUTENBHOTO ChIpbs B Ka3axcTaHe.
Haubosiee 3HaUMTe/IbHbIN 00'bEM JaHHBIX HAKOIJIEH /Jis1 pJIaBOHOHW/I0B, XaJIKOHOB, aypPOHOB U
JIPYTHX OJUPEHOJIbHBIX COeIUHEHUH. AJIKa0u/bl C 6epOepPUHOBBIM CTPYKTYPHBIM pparMeHTOM
TaKXXe MpeJCTaBJSAIT UHTepec 6J1arofjaps X MHTMOUPYIOIeld aKTUBHOCTU U BO3MOXXHOCTH
00bsiICHEHUSI MexaHU3Ma AelcTBUs. OJHAKO UX aKTUBHOCTb IPEUMYIeCTBEHHO HAaXOAUTCS B
MHUKPOMOJIIPHOM JiMana3oHe U yCTyNnaeT CUHTeTUYeCKUM MHruoutopam DPP-4. /lokaszaTenbHas
6a3a 0cTaéTcsA HeOJHOPOAHOU BC/IeCTBUE PA3/IMYMK MEX/Y IKCIIepUMEHTAbHBIMU CUCTEMAMHU
Y OTPaHUYEHHOCTH JaHHbIX 0 KUHETHUKe U ceJIeKTUBHOCTHU. [l1g Ka3zaxcTaHa NpUOPUTETHBIM
HalpaBJIeHUeM [BJISeTCA He IPAMOe IPUMeHeHre PaCTUTEJIbHBIX COeJJUHEHUH B KIMHUYECKOH
IIPAKTHUKe, a CHCTeMaTHU4eCKoe UCCIeJ0BaHWe IepCIeKTUBHBIX MEeCTHBIX PACTUTEJIbHBIX
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Abstract. Medullary thyroid carcinoma (MTC) is a rare malignant
tumor arising from parafollicular C cells and accounts for 1-5% of all
thyroid cancers. Somatic RET mutations occur in 40-50% of sporadic
cases and represent targets for selective RET inhibitors. Selpercatinib
(RETEVMO, Eli Lilly), approved by the FDA in 2020 and the EMA in 2021,
is currently not registered in Kazakhstan. This study describes its suc-
cessful use in a 74-year-old patient with recurrent MTC, cervical lymph
node and lung metastases, vandetanib intolerance, and a confirmed RET
p.C630R mutation. Diagnostic evaluation included histology, immunohis-
tochemistry, next-generation sequencing (NGS), contrast-enhanced CT,
MRI, *8F-FDG PET/CT, and laboratory monitoring of calcitonin, carcinoem-
bryonic antigen, thyroid hormones, and liver and kidney function. NGS
identified an activating RET p.C630R mutation with an allele frequency
of 21.14%. Vandetanib was discontinued because of Quincke’s edema,
drug-induced liver injury, and Stevens-Johnson syndrome. Selpercatinib
was subsequently administered at a dose of 160 mg/day. After three
months, PET/CT performed on March 4, 2026, showed no evidence of
local recurrence and an approximately twofold decrease in the metabol-
ic activity of the pulmonary lesions. Calcitonin levels remained stable
near the upper limit of normal (16.0-16.3 pg/mL). No adverse events
requiring treatment discontinuation were reported, while liver and
kidney function remained normal. This case demonstrates the efficacy
and favorable tolerability of selpercatinib in RET-positive MTC following
intolerance to a first-generation multikinase inhibitor and supports its
registration and improved accessibility in Kazakhstan.

Keywords: medullary thyroid cancer, RET mutation, selpercati-
nib, targeted therapy, Next-Generation Sequencing (NGS), vandetanib,
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The Use of Selpercatinib in Recurrent Medullary Thyroid Carcinoma with the RET p.C630R Mutation: A Clinical Case

Introduction

Medullary thyroid cancer (MCT) is a rare malignant neoplasm that develops from parafol-
licular C-cells of the thyroid gland that produce calcitonin. According to world statistics, breast
cancer accounts for 1 to 5% of all malignant thyroid tumors [1, 2]. Despite its relatively low prev-
alence, this disease is characterized by a tendency to early regional and long-term metastasis,
insensitivity to traditional radioiodine therapy, and a more unfavorable prognosis compared to
differentiated forms of thyroid cancer [3-5].

Mutations in the proto-oncogene RET (during RE-arranged during Transfer), which encodes
a receptor tyrosine kinase, play a key role in the pathogenesis of MTS. Somatic RET mutations
are detected in approximately 40-50% of sporadic cases, whereas in hereditary forms (MEN2A,
MENZ2B, familial MRCC), germinal RET mutations are detected in 95-98% of cases [6, 7]. Acti-
vating RET mutations lead to constitutive activation of tyrosine kinase signaling and stimulate
pathological C-cell proliferation [8-11].

For a long time, systemic treatment of unresectable, recurrent, and metastatic breast
cancer was limited to multikinase inhibitors-vandetanib (approved by the FDA in 2011) and
cabozantinib (approved by the FDA in 2012). Both drugs selectively block several tyrosine kinase
targets (RET, VEGFR, EGFR, etc.), which leads to a high frequency of adverse events, including
severe hepatotoxicity. Stevens-Johnson syndrome, angioedema, diarrhea, and prolongation of
the QTc interval [12-14].

A fundamentally new stage in the treatment of RET-positive tumors began with the intro-
duction of highly selective RET inhibitors. Selpercatinib (RECEVMO, Eli Lilly) is a first - in-class
highly selective ATP-competitive RET inhibitor approved by the FDA in May 2020 and the EMA
in 2021 for the treatment of patients with advanced or metastatic RET-altered breast cancer and
RET-positive non-small cell lung cancer [15, 16]. The mechanism of action is based on highly
selective inhibition of both wild-type RET kinase and its clinically significant mutant forms, with
significantly less effect on other kinases compared to multikinase inhibitors [17-22].

This problem is of particular importance in the context of Kazakhstan cancer practice:
despite a strong international evidence base (LIBRETTO-001 study), selpercatinib is currently
not registered in the Republic of Kazakhstan and is not included in the Kazakhstan National For-
mula (KNF). This clinical case demonstrates the feasibility and validity of its use in a patient with
recurrent medullary carcinoma, vandetanib intolerance, and confirmed mutation RET p.C630R.

Materials and methods

Objective

To describe a clinical case of successful use of selpercatinib in a patient with recurrent
medullary thyroid carcinoma, vandetanib intolerance and confirmed mutation RET p. C630R.

A clinical case of patient N., 74 years old, with a diagnosis of medullary thyroid carcinoma,
relapse, and metastases to the lymph nodes of the neck is presented.

The following methods were used to verify the diagnosis and evaluate the effectiveness
of treatment:

morphological and immunohistochemical (IHC) studies: expression of TTF-1, Thyroglob-
ulin, Chromogranin, Synaptophysin (block 7750/24. 6, conclusion #51061240);

* molecular genetic testing (NGS): genome-wide sequencing of tumor DNA (sample
#14062789-DNA) with analysis of >100 genes, including RET, NF1 BRAF, EGFR, KRAS, NRAS,
PIK3CA, TP53, as well as determination of copy number variations and chimeric mergers (per-
formed in the Hospital of the Medical Center of the UDP RK);
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*radiation methods: CT of the soft tissues of the neck with intravenous contrast (17.02.2025;
23.09.2025), CT of the OGK and OBP (23.09.2025), MRI neck with contrast (21.02.2025), PET/
CT with 1FF-FDG (06.05.2025 and 04.03.2026) [23];

laboratory monitoring: UAC, biochemical analysis of blood (ALT, AST, bilirubin, creatinine,
urea, phosphorus, calcium, alkaline phosphatase, GGTP, CRP, electrolytes), calcitonin and CEA
in dynamics, thyroid hormones (TSH, sv. T3, sv. T4, thyroglobulin, calcitonin), vitamin D, coag-
ulogram [24];

functional methods: ECG, echocardiography, EGDS, consultations with a cardiologist, ne-
phrologist, endocrinologist, gastroenterologist, dermatologist;

Status assessment: ECOG scale, Karnowski scale [25].

The patient’s personal data is depersonalized in accordance with the requirements of the
Helsinki Declaration of the World Medical Association: the name is replaced with the initial “N.”;
only the age is indicated; IIN, full name, and other identifiers are not given in the text [26, 27].

Results

A clinical case

Patient information: Patient N., 74 years old (born in 1951), is observed in the cancer
center with a diagnosis of: thyroid cancer T3NOMO, stage I1I; medullary carcinoma of the thyroid
gland, relapse, metastases to the lymph nodes of the neck on the right.

Concomitant diseases: chronic kidney disease C2 stage (GFR 78.0 ml / min according to
CKD-EPI) in the outcome of paraneoplastic nephropathy; arterial hypertension Il stage; postop-
erative hypothyroidism in the stage of drug-induced euthyroidism; metabolic-associated fatty
liver disease (steatohepatitis F2 according to Metavir); erosive antral gastritis.

Anamnesis and medical history: patient N., 74 years old, has been registered at the dis-
pensary since 2003. In 2003, a planned thyroidectomy was performed for thyroid cancer; in the
postoperative period, remote radiation therapy (SOD 40 Gy) was performed. During the following
years, the patient was under the supervision of an endocrinologist and oncologist and received
hormone replacement therapy with levothyroxine (Eutirox 87.5 mcg /day).

In November 2024, a planned examination revealed a lump in the projection of the thyroid
gland bed. Fine needle aspiration biopsy (NAB) on 01.11.2024 (cytological study No.52/3-52/7):
the cytological picture corresponds to medullary carcinoma (Bethesda VI). At the meeting of the
multidisciplinary group (MDG) on 19.10.2024, surgical treatment was recommended.

On November 21, 2024, the operation was performed: removal of a recurrent thyroid
tumor, cervical lymph node dissection (zones II-VI) on the right, tracheostomy.

Postoperative immunohistochemical study (block 7750/24. 6, conclusion No. 51061240):
the morphological picture and immunophenotype of metastatic lymph nodes correspond to
medullary thyroid carcinoma (Table 1).

Table 1
Results of postoperative immunohistochemical study in a patient
Marker Result
TTF-1 Positive
Thyroglobulin Negative
Chromogranin Positive
Synaptophysin Positive
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Results of radiation diagnostic methods

CT scan of the soft tissues of the neck with contrast (17.02.2025): thyroid gland bed with-
out features. Cervical lymph nodes: Ila on the right - up to 7.6 mm, [ on the left - up to 8.6 mm.
Conclusion: CT scan shows a picture of undetected cervical lymphadenopathy.

MRI of the cervical region with contrast (21.02.2025): no pathological foci were detected
in the projection of the thyroid gland bed. Local thickening in the projection of the false vocal
cord on the left (inflammatory genesis?). Moderate lymphadenopathy of submandibular and
cervical lymph nodes. Conclusion: MR-signs of soft tissue infiltration of the supraclavicular re-
gion, possible local defect of the tracheal wall at the Th1 level.

CT OGK with contrast (23.09.2025): in S6 of the left lung - areas of frosted glass with
indistinct contours. Mediastinal lymph nodes are not enlarged. Conclusion: CT image of frost-
ed-glass areas of the lower lobe of the left lung.

CT scan of OBP with contrast (23.09.2025): the liver is not enlarged; the parenchymal
structure is uniform. The pancreas is a heterogeneous structure. In the sinuses of both kidneys
- cysts (on the right up to 18 x 15 mm, on the left up to 12x10 mm). Conclusion: CT scan of par-
apelvical cysts of both kidneys.

CT scan of the neck with contrast (23.09.2025): cervical lymph nodes: Ila on the right
- 7x6 mm, Ila on the left - 8x6 mm. Conclusion: stable CT picture of undetected cervical lym-
phadenopathy (in comparison with CT from 17.02.2025).

e PET / CT with 1FF-FDG (04.03.2026): in comparison with PET/CT from 06.05.2025:
* relapse in the thyroid gland bed with increased metabolic activity is not detected;
e There were no signs of regional metastatic lesions with high metabolic activity.

e the area of consolidation of the pulmonary parenchyma of the lower lobe of the left
lung - a decrease in volume, a decrease in metabolic activity by 2 times (data for inflammatory
changes);

e in the middle lobe of the right lung - the formation of fibrous changes with resorption
of high metabolic activity.

Laboratory data in dynamics are shown in Tables 2-4.

Table 2
Dynamics of blood biochemical parameters

Indicator Norm 11.11.2025 | 03.12.2025 03.04.2026
ALT, Units/ 1 up to 41 32.40 19.86 12.16
AST, Units/ 1 up to 40 16.00 21.99 18.29
General. bilirubin, pmol/1 22.2 19,21 16,35 17,63
Creatinine, umol/I 45-97 - 73,43 74,12
Urea, mmol/] 2,3-8,3 - of 5.26 5.251in
Glucose, mmol/I 3,05-6,38 4,74 - a4.53
Cholesterol, mmol/I to 5.2 7,50 - 6,501
alkaline phosphatase, IU/] to 105 1471 110,28 7 121,237
GGT, U/1 up to 38 15317 49,35 of 35.77
CRP, mg/1 up to 5 - 7,76 T 8,981
Phosphorus, mmol/I 0,81-1,45 - 1,557 1.55V 7T
Calcium, mmol/I 2,15-2,55 - 2,23 2,18
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Table 3
Dynamics of calcitonin and thyroid hormones
Indicator Norm 03.12.2025 | 03.04.2026
Calcitonin, pg/ ml up to 11.5 (women) 16.0 T 16.3 17
TSH, mIU/1 0,3-4,0 0,08 0,71
St. John the BaptistT4, pmol/ 1 10,5-22,5 15,94 16,84
St. John the BaptistT3, pg/ ml 2,2-4,2 3,26 3,18
Thyroglobulin, ng/ ml 0,01-54,9 - 0,30
AntiTH, IU / ml 0-100-10. - 5
Vitamin D, ng/ ml 30-100 34.43 32.0
Table 4
UAC from 03.04.2026
Indicator Norm Result
Hemoglobin (HGB), g/1 112-140 15017
Red blood cells (RBC), x1012 /L 3.93-5.0 4.95
Hematocrit (HCT), % 34.1-44.9 46.6 1
MCV, fl 79.0-92.2 94.217
White blood cells (WBC), x10°/L 3.98-10.0 4.77
Platelets (PLT), x10°/1 180-369 194
ESR (according to Westergren), mm / h 2-30 17

Molecular Genetic Research (NGS
In April 2025, genome-wide sequencing of tumor DNA (sample No. 14062789-DNA) was
performed. The panel covered more than 100 genes, including analysis of point mutations, copy
number variations, and chimeric mergers (RET, NTRK1 / 2 / 3, FGFR1/2/3, ALK, ROS1), as well
as full exon coverage of TP53, BRCA1/2, ATM, PTEN, and CDKN2A (Table 5).

Table 5
Clinically significant molecular changes (NGS)
Mutation Type Allelic Localization Database
Frequency

RET Database p. C630R (c. Missense 21,14% chr10:43609936 COSMIC
1888T>() ID

COSM964
NF1 p.P678Qfs*10 | Frameshift 4,29% chr17:29553484 -
(c.2033_2034delCGinsA)

The RET mutation p. C630R is an activating missense mutation of exon 11 localized in the
extracellular cysteine-rich domain of the RET receptor. According to international recommen-
dations (NCCN, ESMO, FDA, EMA), this mutation is an indication for the appointment of highly
selective RET inhibitors.
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Previous treatment: vandetanib

Based on the decision of the multidisciplinary group (MDG) and the clinical protocol of
the Ministry of Health of the Republic of Kazakhstan (Protocol No. 189 dated 08.09.2023), tar-
geted therapy with vandetanib 300 mg/day was started on 04.06.2025. During treatment, severe
adverse events developed:

toxic-allergic dermatitis / Stevens-Johnson syndrome (inpatient treatment at the al-
lergological center of GKB No. 1, 20.10.2025-29.10.2025);

Quincke’s edema of unclear origin (recorded twice);

drug-induced liver damage (cytolysis: ALT 32.40 U/ L, ALP 147 U/ L, GGTP 153 U/L);
pruritus of the skin, pasty extremities.

Vandetanib therapy was discontinued on 01.10.2025 due to life-threatening toxicity.

Prescribing and monitoring selpercatinib therapy
Based on the decision of the MDG on 06.10.2025, taking into account:

1.
2.
3.

4.

verified diagnosis of recurrent medullary thyroid carcinoma;

NGS results: mutation RET p. C630R (AF 21.14%);

vandetanib intolerance BangeTann6a(Stevens-Johnson syndrome, hepatotoxicity,
angioedema);

international recommendations of the FDA and EMA;

The patient was prescribed selperkatinib (Recevmo) 160 mg /day (2 tablets of 40 mg 2
times a day, daily, regardless of food intake).

Objective assessment at the time of initiation of therapy:

ECOG - 1; Karnowski scale - 80%;

Blood pressure 130/80 mm Hg, heart rate 76 beats / min;

UAC - within the normal range.

ECG: sinus rhythm, heart rate 83 beats / min, incomplete blockage of the right bundle
branch;

Echocardiography: EF according to Simpson 64%, heart cavities are not dilated, SDLA
is 16 mm Hg, no pathology was detected.

Concomitant therapy with selpercatinib:

Ursosan 750 mg /day (hepatoprotector);

Nephroles 5 mg x 2 times a day (nephroprotection);

Adsorbix 1 capsule 3 times a day before meals;

Eutirox 87.5 mcg daily in the morning;

Alfacalcidol 1 mcg /day;

Rosuvastatin 10 mg /day (lipid-lowering therapy).

Monitoring and treatment outcomes during selpercatinib therapy
After 3 months of using selpercatinib (April 2026), the following results were obtained:

Liver function: ALT 12.16 U/l (normal), AST 18.29 U/L (normal), total bilirubin 17.63

mmol/] (normal). Normalization of transaminases compared to the period of vandetanib toxicity
is a strong indicator of selpercatinib’s safety.

Renal function: creatinine 74.12 mmol / |, urea 5.25 mmol/L-without worsening the

initial CKD C2.

Calcitonin: 16.3 pg/ ml-stabilization at a level close to the upper limit of normal (the

norm is up to 11.5 pg/ ml for women). Previously, calcitonin levels were not documented before
the start of therapy (until 2003); an increase was recorded from 07.03.2025 (1.13 pg/ml after
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surgery) to 03.12.2025 (16.0 pg/ml), indicating continued growth of the RET-positive clone,
which stabilized on the background of selpercatinib.

e PET /CT (04.03.2026): positive dynamics relative to the study from 06.05.2025 - no
recurrence in the thyroid gland bed, a twofold decrease in the metabolic activity of pulmonary
changes.

e Adverse events: skin toxicity, hepatotoxicity or nephrotoxicity, QTc prolongation during
selpercatinib administration were not recorded. The ECOG status remains at level 1.

The timeline of the clinical case is shown in Table 6.

Table 6
Chronology of the clinical case of patient N., 74 years old

Date Event

2003 Thyroidectomy for thyroid cancer; DLT (SOD 40 Gy). Start taking
levothyroxine.

October- TAB: medullary carcinoma (Bethesda VI). MDG: the operation is shown.

November2024

21.11.2024 Removal of recurrent thyroid tumor + cervical lymph dissection (zones
[1-VI) on the right + tracheostomy.

November2024 | IHC No.51061240: medullary thyroid carcinoma (TTF-1+,
Chromogranin+, Synaptophysin+, Thyroglobulin-).

17.02.2025 CT scan of the neck: undetected cervical lymphadenopathy.

02/21/2025 MRI of the neck: no recurrence in the thyroid gland bed; soft tissue
infiltration of the supraclavicular region.

March 2025 MDG: targeted therapy with vandetanib 300 mg/day was prescribed.

April 2025 NGS (sample # 14062789-DNA): mutation RET p.C630R (AF 21.14%),
NF1 frameshift (AF 4.29%).

06.05.2025 PET/CT with 1FF-FDG (baseline study for dynamics).

04.06.2025 Start of vandetanib therapyof vandetanib therapy.

September 2025 | CT of the neck, OGK, OBP: stable picture; frosted glass in S6 of the left
lung. EGDS: erosive gastritis.

October 2025 Development of severe toxicity: Stevens-Johnson syndrome,
angioedema, drug-induced hepatitis. Hospitalization in an allergy
center (20.10-29.10.2025).

01.10.2025 Discontinuation of vandetanib due to life-threatening toxicity.

06.10.2025 MDG: decision on the appointment of selperkatinib 160 mg /day.

October 2025 Start of selpercatinib therapy cennepkatuan6omM(RECEVMO) 160 mg /
day.

19.12.2025 Consultation of a gastroenterologist: CKD steatohepatitis F2, giardiasis.
Ursosan, and rosuvastatin were prescribed.

03.12.2025 Control biochemistry: normalization of ALT (19.86), AST (21.99);
calcitonin 16.0 pg/ ml T.

17.02.2026 Nephrologist’s consultation: CKD C2 (GFR 78.0 ml / min).
Nephroprotective therapy.

02.02.2026 Cardiologist’s consultation: no coronary pathology was detected.
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04.03.2026 PET/CT with 1FF-FDG: positive dynamics - no recurrence in the
thyroid bed, a 2-fold decrease in the metabolic activity of pulmonary
foci.

03.04.2026 Control tests: ALT 12.16, AST 18.29 (normal); calcitonin 16.3 pg/ ml;
UAC is normal.

06.05.2026 Scheduled follow-up examination (PET/CT, biochemistry, calcitonin).

Discussion

Molecular and genetic characteristics of the case. The RET mutation p. C630R (c. 1888T>C)
is an activating missense mutation of exon 11 localized in the cysteine-rich extracellular domain
of the RET receptor. Substitution of cysteine for arginine at position 630 breaks intramolecular
disulfide bonds, which leads to the formation of abnormal intermolecular disulfide bridges, con-
stitutive ligand-independent dimerization, and permanent activation of the RET receptor [28].
The allele mutation rate of 21.14% indicates a significant contribution of the RET-positive clone
to the tumor cell population.

The C630R mutation is rare compared to the most common codon 634 mutations (C634R/
W/Y/F/S/G), but the mechanism of action is similar to them: both groups are associated with
MENZ2A syndrome and constitutive RET activation [29]. According to LIBRETTO0-001, selpercatinib
shows clinically significant activity against a wide range of RET mutations, including cysteine-
rich domain mutations (exons 10-11) [30].

Additionally, the NF1 mutation p.P678Qfs*10 with an allelic frequency of 4.29% can po-
tentially activate the MAPK pathway and indicates tumor heterogeneity. Currently, there is no
specific therapy for NF1-mutated medullary thyroid cancer in international protocols; however,
this fact should be taken into account in further follow-up.

Limitations of first-generation multikinase inhibitors

Vandetanib, the first approved drug for the systemic treatment of medullary thyroid can-
cer, is a multikinase inhibitor that blocks RET, VEGFR, and EGFR. The ZETA clinical trial showed
a significant increase in progression-free survival compared to placebo (median PFS 30.5 vs
19.3 months). However, the non-selectivity of exposure causes a wide and often severe range of
adverse events.

In this case, the toxicity of vandetanib became life-threatening: Stevens-Johnson syn-
drome, double angioedema, and drug-induced hepatitis were recorded. All three complications
are considered undesirable events of 23 degrees of severity on the CTCAE scale and are absolute
indications for drug withdrawal. It should be emphasized that this patient had predisposing fac-
tors - previously documented allergy (to garlic) and hypothyroidism as a predictor of impaired
immune response.

Efficacy and safety profile of selpercatinib

Selpercatinib was developed as a highly selective ATP-competitive RET kinase inhibitor.
Due to the unique structure of the molecule optimized to overcome the steric barriers of the active
site, the drug has a 100-fold higher selectivity for RET compared to multikinase inhibitors [30].

Key efficacy data were obtained in the LIBRETTO-001 (NCT03157128) study [15, 16].

e Inpreviously treated patients with medullary thyroid cancer: objective response (00)
- 69%, median response time - 22.3 months.

e In patients without previous systemic treatment: 00-73%.
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e Median progression-free survival-not achieved with a median follow-up of 20.3 months.
Acquired resistance to selective RET inhibition can develop through RET solvent-front mutations
and should be considered during long-term follow-up [31].

e The incidence of grade 3 adverse events is significantly lower than with vandetanib:
increased ALT/AST in 5-9% of patients (usually grade 1-2), hypertension in 12%, and QTc pro-
longation in 1.7%.

In the presented clinical case, after 3 months of therapy, the following was recorded: no
recurrence by PET/CT, a twofold decrease in the metabolic activity of pulmonary foci, normal-
ization of transaminases (ALT 12.16 U/l, AST 18.29 U/L), stabilization of calcitonin at the level
of 16.3 pg/ml. Tolerability of the drug was good - no adverse events requiring dose reduction
or discontinuation were recorded.

It is also important to take into account the laboratory context: a number of indicators
against the background of previous vandetanib toxicity BangeTanu6aremained unchanged (ALP
121.23 U/1T, CRP 8.98 mg/1T, cholesterol 6.50 mmol/1 T). The increase in alkaline phosphatase
is most likely due to the initial metabolic-associated fatty liver disease (F2 fibrosis) and is not
associated with the progression of the underlying disease. Hypercholesterolemia is corrected by
rosuvastatin. A moderate increase in CRP may reflect the inflammatory component of residual
pulmonary changes.

Monitoring of target organ function during therapy

In accordance with the data of expert consultations, the patient was diagnosed with
concomitant conditions that require multidisciplinary management against the background of
long-term targeted therapy:

e Nephrology (19.02.2026): chronic kidney disease (CKD) C2 (GFR 78.0 ml / min/1.73
m2), chronic pyelonephritis in the acute stage. A nephroprotective diet is recommended (pro-
tein restriction to 120-140 g /day, water regime of 1.2-1.5 1/day), nephroles and adsorbix are
prescribeduedposiec u afcopoUKC.

e Cardiology (02.02.2026): no coronary pathology was detected; echocardiography - EF
64%, LVL type I, no effusion. ECG - incomplete block of the right bundle branch leg. ECG mon-
itoring once every 3 months.

e Endocrinology: postoperative hypothyroidism in the stage of drug-induced euthy-
roidism (TSH 0.71 mIU/], T4 sv. 16.84 pmol/L). Vitamin D - 32.0 ng/ ml (within the normal
range), continue monitoring.

e Gastroenterology (19.12.2025): metabolic-associated fatty liver disease (steatohepa-
titis, fibrosis F2), giardiasis-treated. Continue with ursodeoxycholic acid (ursosan), rosuvastatin.

Conclusion

1. Molecular genetic testing (NGS) is a mandatory component of the diagnosis of medul-
lary thyroid cancer. Detection of the RET mutation p. C630R in the allelic frequency of 21.14%
determined the validity of prescribing a highly selective RET inhibitor.

2. Multikinase inhibitors (vandetanib, cabozantinib) remain an important treatment tool,
but their non-selectivity causes severe toxicity in a significant part of patients. Stevens-Johnson
syndrome, Quincke’s edema, and drug-induced hepatitis are life-threatening adverse events and
are absolute indications for discontinuation of therapy.

3. Selpercatinib provides a high objective response (69-73% according to LIBRETT0-001)
with a significantly more favorable tolerability profile. The dynamics of clinical and laboratory
parameters confirms its effectiveness and safety.
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4. Comprehensive management involving a nephrologist, cardiologist, endocrinologist,
and gastroenterologist is a mandatory component of the treatment of elderly patients with or-
phan cancer.

5. Itis necessary to register selpercatinib in the Republic of Kazakhstan and ensure pa-
tients ‘ access to targeted therapy.
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CennepkatuHUOTi RET p. C630R MmyTanusicel 6ap KaJKaHIIa 6e3iHiH KaTa/laHaTbhIH
MeAy/IAPJbIK KapIMHOMAChIHAA KOJIAAHY: KIUHUKAJIBIK, XKaFaai

Moyser6aes M.C., Maiikenosa A.C.2, Epmek6aesa 5.9.%"

!0nkosiorus kadeapacsol, «ActaHa MmeauiuHa yuuepcuteti» KEAK, Actana, Kazakcran
IKencasasvl MeduyuHaablk opmasvik, Acmama, Kazakcman
Z30Mip TypaJibl FeUIBIMAAP OpTasbiFbl, , National Laboratory Astana, Acrana, Kasakcran

Axpgarna. KasnkaHia 6e3aiH MeayaisapJblK kapuuHoMmackl (KBMK) — kaskaHa
6e3 0OBIPbIHBIH, OapPJIBIK XaFgauaapblHblH, 1-5%-bIH KypaluTbIH NapadoJIUKYJIsSPJIbIK,
C->kacymasiapZiaH IaMUTBIH CUpeK Ke3JeceTiH KaTepJi icik. RET reHiHiH coMmaTHUKaJIbIK
MyTalUsIapbl CIOPAAUAIBIK )KaFganaapabiH 40-50%-biHa Ke3gece i )koHe RET cesieKTUBTI
TeXerimTepi yuiH HbicaHa 60J1biI Tabbl1aAbl. 2020 xbLibl AKII-TbIH A3BIK-TYJIIK K9HE 19pi-
JlopMeK canacblH 6akpliay 6ackapmacel (FDA), an 2021 xbuibl Eyponanslk gapijik 3aTTap
arentTiri (EMA) makyagaras cennepkatuHu6 (RETEVMO, Eli Lilly) kazipri yakbiTTa Kazakctana
TipkenMereH. bys 3eprreyze Kaitananradn KBMK, MolibiH iuMda TyHiHAepi MeH eKIiere
MeTacTa3/aphl, BaHAeTaHUOKe Te3iMci3airi xxaHe pactanraH RET p.C630R myTanusicel 6ap 74
»KacTafbl NallUEHTTeE CeJINePKaTUHUOTIH COTTI KOJIJAaHbLIybl CUNIATTalFaH. [JUarHOCTUKAJIBIK
TeKcepyre rMCTOJIOTUSAJIBIK KoHe UMMYHOTHCTOXUMUSIBIK 3epTTeYJIep, *KaHa OybIH CEKBEHUPJIEYI
(NGS), konTpacTbLibl KOMIbIOTepJiK ToMorpadus (KT), MarHuTTiK-pe30HaHCThIK TOMOrpadus
(MPT), *8F-FDG Ko/1jaHblIFaH HO3UTPOH/bIK-3MUCCUABIK )K9HEe KOMIbIOTEpJiK ToMorpadus
(IT3T/KT), conmai-aK KaJblIJMTOHWH, KAPIIMHOIMOPHOH/IbIK aHTUT€H, KaJIKaHI1a 6€3 TOPMOH/1aphbl
JleHTelJiepiH kxoHe 6ayblp MeH OyHMpeK KbI3METiH 3epTXaHaJbIK 6aKblaay Kip/i. 2KaHa 6ybIH
cekBeHupJieyi (NGS) amnenbaix xuiniri 21,14% 6osatbin 6encengipywi RET p.C630R My TanusiceiH
aHbIKTaZbl. KBUHKe iCiHYiHiH, AapiJiK npenapaTTaH TyblHJaFaH 6ayblp 3aKbIM/JaHYbIHbIH, K9HE
CtuBeHC-/I>KOHCOH CHHAPOMbBIHBIH laMyblHa OalJIaHbICTbI BaHA€TaHUO KaObL1jay TOKTATbII/bL.
KeitinHeH Taysirine 160 Mr g03aza ceJnepKaTUHUG TaFalbIHAAMAbL. YII aiifjlaH KeliH, 2026
XKbLIFbI 4 HaypbI3ga xkyprisiireH [I3T /KT xeprinikTi penjuauB 6enrisiepiH aHbIKTaMa/ibl KoHe
eKne/eri omakTapAblH MeTab0IM3M/AIK OeJICeHAIMITiHIH lIaMaMeH eKi ece TOMeH/eTreHiH KOPCETTI.
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Ka/nbUMTOHUH JleHreli Ka/bIIThIH KOFapFhl LIETiHe )KaKblH TYPAKThI AeHTehae caKTas/bl
(16,0-16,3 nr/mn). EMzeyai ToKTaTy/ibl Tajsal eTeTiH »KaFbIMChI3 dCepJiep TipKeJIreH 0K, aJl
6aybIp MeH OYHpeK KbI3METiHiH KepCeTKIlITepi KalbINThI AeHTele Ka/ibl. Bysl KIMHUKAJbIK
»KaFai 6ipiHii OybIHAFbl MYJbTUKHMHA3A/bIK TeXeTilKe Te3iMci3/iik 60/iFaHHaH KeliH RET-
NO3WUTUBTI KaJKaHIla 6e3/iH MeAy/JISapJIblK KapIIUHOMAChIH eM/iey/ie CeJINepKaTUHUOTIH,
TUIM/JIJIIT] MeH »KaKCbl KeTepiMiIIriH KepceTeai, COHAau-aK oHbl KazaKcTaH/a TipKey/iH )KoHe
NayUeHTTep YIIiH KO/DKETIMAIIITIH apTThIPYAblH OPbIH/AbLJIbIFbIH PaCTaN/bl.

TyHiH ce3aep: KankaHlla 0e3iHiH MeyJaspJbIK KaTepJi iciri, peT MyTalusChl,
ceJiepKaTUHUO, MaKCaTThl Tepamnus, *kaHa 6yblH cekBeHIUsACHI (NGS), BaHeTaHUO, KIMHUKAJBIK,
Xaraau

[IpumeHeHue CeqnepKaTUHNGA NPYU PeUAUBUPYIOIEN MeAY/UIIPHON KapLiUHOME
WUTOBUAHOM Kesie3bl ¢ MyTanued RET p.C630R: k1uHuYecKU# caydyan

Maysner6aeB M.C. !, Maiikenosa A.C.2, Epmek6aeBa B.A.>"

!Kadenpa onkosioruu, HAO «MeauuuHckuil yHuBepcuTeT AcTaHa», ActaHa, KazaxctaH
!MHoronpoduibHbIN MeAULIMHCKUH LleHTDP, AcTaHa, KazaxcTan
Z3]leHTp HayK o0 *ku3HH, National Laboratory Astana, ActaHa, Kazaxcran

AHHoOTanua. MeayanspHas KapiuydHoMa HUToBUAHOM xese3bl (MKIK) — peakas
3JI0KaYeCTBEHHas ONyxoJib Napado UKy IspHbIX C-KJIETOK, cocTaBJstomas 1-5% oT Bcex caydaeB
paka muToBUAHOM xese3bl. ComaTuueckue MyTauuu RET Bctpeuarorcs B 40-50% cnopaguyeckux
CJlydaeB U SBJISIIOTCS MUILIEHSIMHU J1J11 ceJIEKTUBHbIX MHTHOUTOpPOB RET. CenmnepkaTUHHUO
(RETEVMO, Eli Lilly), ono6pennsbiit FDA B 2020 rogy u EMA B 2021 roay, B HacTosiliee BpeMs
He 3apeructpupoBaH B KaszaxcTtaHe. B jaHHOM ucc/ie0BaHUH ONUCHIBAETCS €ro yCHellHOoe
npUMeHeHMe y 74-1eTHero nayuenTa ¢ penuausupyomer MKIIK, meTacTtazamu B elHble
JuMaTHyYeCcKUe y3Jibl U JIETKHeE, HellepeHOCUMOCThI0 BaHAeTaHM0a U IOATBEePKAeHHOW My Taljuen
RET p.C630R. luarHoctuyeckoe o6cyiejoBaHUE BKIOYaAJI0 TUCTOJOTUIO, UMMYHOTHUCTOXUMHUIO,
CeKBeHHMpoBaHue HoBoro nokosienus (NGS), koutpactryio KT, MPT, [I3T/KT c *®F-FDG, a Takxe
JIabopaTOPHbIN MOHUTOPUHT KaJbLIUTOHUHA, KAPLIUHO3MOPHUOHATbHOI'0 aHTUT€Ha, TOPMOHOB
IIMTOBU/IHOM XeJsie3bl, QYHKI WY NeyeHU U nouyek. CekBeHUpOoBaHUe HOBOTo nokosieHus (NGS)
BbIIBUJIO akTUBUpYo1yto MyTanuio RET p.C630R c yactoToit annens 21,14%. [Ipuem BaH eTaHnba
ObLJI IpeKpalleH U3-3a oTeka KBHHKe, JleKapCTBEHHO-UH/YIIMPOBAHHOI'0 IOPAXKEHHUS ITeYeHHU U
cungpoma CtuBeHca-/[>koHcoHa. BiocsiecTBUY OblJ1 HA3HAYEH cesillepKaTUHUO B fj03e 160 mr/
cyTku. Yepes Tpu Mecsaua [13T/KT, BeinosiHeHHas 4 MapTa 2026 rozia, He BbIsiBUJIa IPU3HAKOB
MEeCTHOIO pelH/MBa U oKasaJa Npu6JIU3UTENbHO JBYKPAaTHOE CHIXKeHHE MeTabo/InuecKou
aKTUBHOCTH JIETOYHBIX 0YaroB. YpOBeHb KaJbLIUTOHUHA OCTAaBaJ/ICSA CTAOUJIbHBIM, OJIM3KUM K
BepxHel rpaHule HopMbl (16,0-16,3 nir/mu1). He 6b1y10 3aperucTpupoBaHo N0604YHbIX 3P HEKTOB,
TpeOyIIMX peKpalieHus JedyeHus, a QYHKIMU eYeHHU U T0YeK 0CTaBauCh B HOpMe. ITOT
cay4yau ieMOHCTpUpyeT 3P PEKTUBHOCTD U 6JIaTONPUATHYI0 IEPEHOCUMOCTD CeJilepKaTUHUOa
npu RET-nosutuBHON Mey/I/IIpHON KapLIMHOME LIMTOBU/IHOM KeJle3bl I10CJIe HellepeHOCUMOCTH
MHTUOUTOpPA MYJIbTUKHWHA3 [IEPBOro MOKOJIEHUS U IO TBEPK/Aa€eT 11e1eCO0O6Pa3HOCTb ero
perucTpanuu U yay4leHusl.

KiiioueBble c10Ba: Mey/I/ISIPHBIN paK LIUTOBUAHOM xesie3bl, MyTalus RET, ceanepkaTuHuo,
TapreTHasi Tepanusi, CCKBeHUpoBaHHe HOBOro nokosieHus (NGS), BaHzeTaHu6, KIMHUYECKUI
cy4au.
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JIeKTpOPU3U0/IOrHYeCKUl aHAIU3 yPUHEePrudecKoin
CUTHAJ/IN3ALUU MUKPOIJIMU KaK NOAX0J K U3YYEeHH IO
HMMYHHBIX MEXaHHU3MOB 60JIe3HU AJibLireiiMepa
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, H. HoBocosioBaz (), M.K. Kos1gacoBa3 (2,
, PA. TuHMaTy/inH5*
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AHHOTanus. HeripoBocnasieHue, onocpeloBaHHOE XPOHUYECKOHU
aKTHBallMer MHUKpPOIJIMH, pACCMAaTPHUBAETCHd KaK OJUH U3 BeyLIUX
¢dakTopoB natoreHe3a 6oJie3Hu Asablreiimepa (bA). KitoueByto poJib
B MOAYJISILUHA PYHKIMOHAJIbHOTO COCTOSIHHUSI MUKPOTJINU UTPaeT
NypUHepruyeckas CUrHaJIM3anus, B YaCTHOCTHU penenTopsl P2X4
U P2X7, aktuBrupyeMble BHEKIETOUYHBIM AT®. [loHMMaHWe MOHHBIX
MeXaHM3MOB, 3allyCKaeMbIX ITUMHU pelLeNToOpaMU, He06X0AUMO IJis
IIOMCKa HOBBIX TepaneBTUYEeCKUX MHUILIeHeH, OJHAKO UCCIeJOBaHHEe UX
$YHKIMOHA/NIbHOW aKTUBHOCTU TPeOyeT MpUMeHEeHUsI BbBICOKOTOYHbIX
3JIeKTpoPH3MO0JI0TUIECKUX MeToAoB. B paboTe mpoBeaeHo
nsydyeHue ATO-UHAYIIUPOBAHHBIX MIOHHbIX MEXaHU3MOB B KJIETKaxX
MUKpPOTIJINHY JJUHUU BV-2 c njesibto yriy6JjieHUuss HIOHUMaHUs POJIU
NypHUHEPTUYeCKON CUTHA/IN3aLUd MUKPOIJIMM B HEUPOBOCHAJIEHUHU U
HellpoJiereHepaTHUBHBIX 3ab0JieBaHUsAX, BKIto4as BA. UccaenoBanue
BBINIOJIHEHO HA UMMOPTAJIM3MPOBAHHOM JIMHUHA MUKPOIJINY MbIIIH
BV-2 u knetouHoy inHuu HEK293 (Human Embrionic Kidney 293
HCII0/1b30BaJIach AJis1 ONTUMU3allMY TapaMeTpPOB PerucTpanuu).
J1eKTpoPH31U0JIOTUYECKHE U3MEPEHHUS TPOBOAUINCH B KOHPUTYpALIUU
«enas kjaetka» (whole-cell) npu yaepxxuatouem norenyuase -60 MmB.
AKTHBaLMA NypUHOPELenTOPOB OCYLeCTBJIANACh IIyTeM JIOKaJIbHOU
anmiaukanuu ATO (1 MM). B xoze ucciejoBaHusi 0TpaboTaHbl YCJIOBUS
dopMUpOBaHUSA CTaOUIBHOIO THTAOMHOT0 KOHTAKTa U Ilepexo/a B
koHurypanuw whole-cell g5 keTok ¢ aMé6ouIHON MOPOJIOTHUEN.
YcraHoBeHO, yTO anniMKanusa AT® BbI3bIBaeT BO BCeX UCCJI€J0BAHHBIX
KjeTKax JUHUU BV-2 (n=10) BbeIpakeHHble BXOJsIlHe TOKH CO
cpefHel ammnTyfon 188 + 33 nA. 3aperucTpupoBaHHbIe OTBEThHI
XapaKTepHU30BaJIUCh MeJIJIEHHON KNHETUKOM Pa3BUTHSA U OTCYTCTBUEM
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Inekmpogusuoasozuyeckull aHaaU3 nypuHepauveckoll cueHa u3ayuu Mukpo2auu kak nodxoo
K U3YYEHUI UMMYHHbIX MeXaHU3Mo8 60/1e3HuU Aabyzelimepa

OBICTPOM IeCEHCUTHU3AIMK Ha MPOTSXKEHUH BCETo Mepruo/ia Bo31eCTBUS
aroHucTa. B oTsinuMe OT MepBUYHBIX KYJIbTYp YeJ0BeKa, B KieTKax BV-2
He BBISIBJIEHO KJIaCCUYeCKOU ZiByX$a3HOW KUHETUKH, XapaKTepHOU 15
MOJTHOMACHITAaOHOT0 OTKPbITUS Mopbl P2X7-penentTopa. 3TO MOXET
yKa3bIBaTh Ha NpeBajMpoBaHue nojgruna P2X4 uim Ha 0co6eHHOCTH
peryasnyy NypuHOpeLenTOpoOB B UMMOPTAJIU3UPOBAHHbBIX JIMHUAX.
[TonyyeHHbIe pe3yabTaThbl MOATBEPXK/AAIOT BbICOKYI0 3G PEKTUBHOCTD
MeTo/a patch-clamp g/ oneHKkM PyHKIIMOHAIBHOTO COCTOSIHUSA
MUKpPOT/IUU. BoisiBieHHbIe 0c06eHHOCTU AT®-uH1y1IMpOBaHHBIX TOKOB B
KkJ1eTKax BV-2 mo3Bo/IsIl0T MCN0/1b30BaTh JJAHHYIO IMHUIO KaK a/leKBaTHY0
MO/ieJib /1J1s IEPBUYHOT0 CKPUHUHTA MOAYJISTOPOB MypPUHEPTAYECKOU
CUTHaJIM3al[UH.

KiroueBble c10Ba: MUKPOTJIUS, IyPUHEPTUYECKHE PELENITOPHI,
P2X7, BV-2 knetku, AT®, patch clamp, noHHbIe TOKH, HelpoBOCa/ieHHE,
6oJie3Hb Anblreimepa.

BBeaeHnue

M3yyeHure KJIETOYHbBIX U MOJIEKY/ISIPHBIX MEXaHU3MOB BA BO MHOroM onupaeTcsi Ha Ipu-
MeHeHHUe 3JIEKTPOPU3HUOJIOTHIECKUX MTOAX0A0B. JIeKTPOPU3HOJIOTUS TPEACTABISET COO0U
O/IMH M3 OCHOBHbBIX MHCTPYMEHTOB /JI51 aHa/In3a QYHKIMOHUPOBAHUS U HapyIIeHUH 3/1EKTPH-
YeCKHU BO30YAUMBIX KJIE€TOK U UX ceTell. 0coboe 3HaUeHUe Cpe/ih ITUX METO/,0B UMeeT TeEXHUKaA
patch clamp — BbIcCOKOTOUYHAsA U YHUBepCcaJbHAsA METO/IMKA, I03BOJISIOLIAS HEOCPEACTBEHHO
perucTpupoBaTh MeMOpPaHHbBIN MOTEHIIMAJ U HOHHbIE TOKH, TPOXOASIIHNE Yepe3 KIETOYHYIO
MeM6pany. Hill u coaBTOpBI 0TMeualoT, 4TO 6s1aroAaps CBoel yHUBepCaJlbHOCTH MeTo/, patch
clamp MoxkeT KMcnoJ/1b30BaThCS B Pa3JIMUHBIX KOHUTYpaLUAX. DTO MO3BOJISIET IPUMEHSTD €0
JIJIsl ©3y4eHUsI IUPOKOTO CeKTpa GU3N0I0rHIECKUX TPOLLECCOB — OT PErUCTPALMHY CIOHTAH-
HOM 3JIEKTPHUYECKOM aKTUBHOCTHU KJIETOK B HATUBHbBIX TKaHSX /10 aHa/IM3a KUHETUKU aKTHBa-
I[MU U UHAKTUBAIIMU OT/Ie/IbHbIX HOHHBIX KaHAJIOB, 3KCIPECCUPOBAHHBIX B PEKOMOUHAHTHbBIX
KJIeTOYHBIX JUHUAX [1].

Kondurypanus patch clamp «Ha nesoit kinetke» (whole-cell) cuutaeTtcs ogHoM U3
HanboJiee TOYHBIX METO/IUK PETrUCTPAL[MHU 3JIEKTPUYECKON aKTUBHOCTH OJIMHOYHBIX KJIETOK. ITOT
10/1X0/; 06ecreYrBaeT BbICOKOE MPOCTPAHCTBEHHO-BPEMEHHOE pa3pelleHre NPYU H3MePEHUH
MeMOpaHHbIX TOKOB U NOTEHLUAJIOB, IPEBOCXO/ M0 YyBCTBUTEIBHOCTH U MHPOPMATHUBHOCTH
MHOTHe Apyrue jekTpodusrosornyeckue metobl. Kpome Toro, pexxrim whole-cell npeoctaBssieT
NPSIMOM OCTYT K KJIETOYHON MeMOpaHe U IUTO30JI10, YTO AAET BO3MOKHOCTb KOHTPOJIMPOBATh
COCTaB BHYTPUKJIETOYHOU CpeAibl U [leTaJIbHO aHAJIM3UPOBATh MOJIEKYJIIPHbIE MEXaHU3MBbI
3JIEKTPUYECKOM aKTUBHOCTH KJIETKH [2].

HenocpezacTBeHHas peructpanusi MeMOPaHHOIO IOTEHLMA/IA UMEET KJII0YeBO€e 3HAYEHHE
JIJIs KCCeJOBaHUsl HEUPOHOB U iPYTUX 3JIEKTPUYECKH BO30YJUMbIX KJIETOK U, COOTBETCTBEHHO,
3aHMMaeT LieHTPaJIbHOe MeCTO B HEHPOPHU3HUOJIOTrUU U KapIUoIoTHH [3].

MeTog patch clamp ocHOBaH Ha yCTaHOBJIEHUM IPSIMOTO KOHTAKTa C BHYTPUKJIETOYHOU
Cpezou C NOMOILbIO CTEK/IIHHONM MUKponuneTKU. PopMUpOBaHHEe BbICOKOOMHOTO YIIJIOTHEHUS
MeX/1ly MeMOpPaHOU KJIETKU U MUINETKON CYL[eCTBEHHO CHU)KAeT BJIUSIHUE BHEKJIETOYHBIX I10-
TEHLMaJIOB (PUCYHOK 1), 4TO obGecneyrBaeT BO3MOKHOCTb TOYHOM PEerUCTpaLud BHyTPUKJIe-
TOYHOT'0 MEMOPAHHOIO MOTEHIMaa U HOHHBIX TOKOB [4-5].

B HacTtosiiee BpeMs patch clamp paccMmaTpuBaeTcsi kak HanboJiee YyBCTBUTEbHBIN
MeTO/, BHYTPUKJIETOYHON perucTpanyy, 06ecrednBamIUi BbICOKOE BpeMEHHOE pa3peLieHne
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I’ T Tacibekosa, H. Hosocosno0ea, M.K. 2Kondacoea, A.M. Kycmy6aeea, PA. ['uHuamyaauH

Y ONITUMaJIbHOE COOTHOLIEHUEe CUTHAJI/1IyM NP UCCAeJOBAHUH 3JIEKTPUUECKON aKTUBHOCTH
HENUPOHOB U JIpyTUMX BO30YUMBbIX KJIETOK [6].

PucyHnok 1. Cxematuuyeckoe uzoopaxkeHue metoza whole-cell patch-clamp. [Ipuniun peru-
CTpaIMU UOHHBIX TOKOB Yepe3 MeMOpaHHble HOHHbIEe KaHaJIbl C UCII0JIb30BAHHUEM CTEKJISTH-
HOM MUKPOIUIIETKH, 3al10JIHEHHON BHYTPUKJIETOYHBIM PAaCTBOPOM, M YCUJIUTEJISI C 0OpaTHOHN
CBSI3b10. M306parkeHHe co3/1aHo Cc moMollbio BioRender

HeiipoBocnaseHue npejcTaB/asieT cO60U LIUPOKO pacCIpoOCTPaHEHHOE NAaTOJI0TUYECKOe
COCTOSIHME, 3aTparvBaroliiee MUJJIMOHBI JIIOJ el 10 BCeEMY MUPY, U pacCMaTpUBaeTCs KakK OAVH
U3 BeJylux GaKTOPOB PHUCKA Pa3BUTHS PA3JIMYHBIX HEBPOJIOTUYECKUX HapyLIeHUH, BKJIIoYas
TpaBMaTHYeCKHe, HllleMUyecKre, MHPEKIIMOHHbIE, ICUXUAaTPUIECKUE U HEHPOJiereHepaTHBHbIE
3aboJieBaHud [7-8].

KitoueByto posib B pa3BUTUM HEMPOBOCHAJIEHUS] UTPAeT aKTUBALUsl MUKPOIJIMY, B TOM
yucie 3anyck nuH$ammacombl NLRP3 (NOD-like receptor protein 3) u nocsiezytoiiee BbICBOOO-
K/ eHUe POBOCHaJNTENbHOr0 HUTOKKHA IL-1(. OHUM U3 MOLHBIX TPUITEPOB 3TOTO NpoLecca
SABJISIETCS BHEKJIETOYHbINH AT®, KOTOpbIH HHAYLHUPYET OTTOK MOHOB K* — KpUTHYecKoe cUr-
HaJIbHOE COObITHE, HEO6X0IUMOE JIJIsl aKTUBAI[MU HHpIaMMacoMbl. B cBsA3U ¢ 3TuM K*-nipoHu-
1jaeMble KaHaJIbl MUKpOTJINY, BKtodast AT®-3aBrucumblie kaHaabl THIK-1 (Tandem pore-domain
Halothane Inhibited K+ channel, usniu ren KCNK13) u peuentopsl P2X7, paccMaTpHUBalOTCS KaK
NepCcneKTHBHbIE TepalleBTUYEeCKHe MUIlIeHU. TeM He MeHee UX PYHKIMOHA/IbHOE B3aUMO-
JleliCTBHE U 3HaYeHHUe /i1 NaTOPHU3UO0JI0TUH YeJI0BEYEeCKOI'0 MO3ra OCTAITCSA HEJJOCTATOYHO
M3y4eHHbIMU [9].

B ¢pusunosiornyeckux ycaoBusX MUKPOT/IHS BbINOJIHSET 3aL[UTHYI0 QYHKI[UIO, pacllO3HaBast
NOBpEeX/JEHHbIe KJIETKH U IaTOreHbl U MHULIMUPYS BOCIAJIUTE/NbHbIMA OTBET, HAllpaBJIeHHBIN
Ha JIOKa/IM3al 110 TOBPEX/AEeHUsI U BOCCTaHOBJIeHHe roMeocTasa [10]. OgqHako npu NpoaoKu-
TeJIbHOM WJIM Ype3MEePHOM NaTOJIOTUYECKOM BO3/IENCTBUU MUKPOIJIMS MOXKET NEPEXOIUTH B
COCTOSIHME XPOHUYECKOW aKTUBALMU C Tpeob/i1alaHueM MPOBOCHATUTENbHOTO GEHOTHUIIA, YTO
CHOCOOCTBYET NMpOrpeccupoBaHulo 3abosieBanus [11-12].

Bonesnp Anbureiimepa (BA) — 3To XpoHHUYeCKoe porpeccrupymlee HelpoereHepaTUB-
Hoe 3a60JieBaHUe, [Jis1 KOTOPOTO XapaKTePHO HaKOIJIeHHWe B TKaHSX ['0JIOBHOI'0 MO3ra TOKCHY-
HbIX aMUJIOUAHBIX B-6s1511ek (AfB), a Takke HeMPOPUOPUIIIAPHBIX KJAYOKOB, CQOPMHUPOBAHHbBIX
runep$ocoprUIMpPOBaAHHBIM Tay-0€JTKOM.
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Inekmpogusuoasozuyeckull aHaaU3 nypuHepauveckoll cueHa u3ayuu Mukpo2auu kak nodxoo
K U3YYEHUI UMMYHHbIX MeXaHU3Mo8 60/1e3HuU Aabyzelimepa

Mukporius 3aHUMaeT LieHTpaJibHOEe MeCTO B nmaToreHese BA, npex /e Bcero 6Jarogaps
CBO€eU peaKl|MM Ha aMUJIOUJHble U Tay-arperaTbl. Ha paHHuX 3Tanax 3a60/ieBaHUSI MUKPOTIJIU-
aJibHbI€ KJIETKH C10COOHBI 3 PeKTUBHO GaroLMTUPOBATh U YAAIATh aMUJIOUAHbIE OTIOXKEHUSI.
OfiHaKO NpH AJUMTEIbHON M Ype3MepHOH aKTUBALMU UX 3allUTHble QYHKIMU HApyILAKTCS, 4YTO
CIOCOOCTBYET Pa3BUTHUI0 XPOHUYECKOT0 HEMPOBOCNAJTIEHUS], MOBBILIEHUI0 TOKCUYHOCTHU aMHU-
JIOUJHBIX OJsIlIeK U POPMUPOBAHUIO CAMOIIOAAEPKMBAOILEr0Cs MAaTOJOTMYECKOr0 Kacka/ia,
BOBJIEKAIOILET0 HEMPOHBI, aCTPOLUTHI, COCYUCThIE CTPYKTYPhI MO3ra U APyrrie MUKPOIIUab-
Hble KJeTKH [13].

OZHUMU U3 KJIKOYEBBIX PETYIATOPOB aKTUBALUU MUKPOTJINU ABJIATCA NypUHEPTUIEeCKUe
penenTopbl P2X4 u P2X7 — AT®-3aBucHMble KATHOHHbIE KaHAJIbI, BOBJIeYEHHbIE B BLICBOOO-
»KJeHUe MPOBOCHaINTelbHbIX [UTOKMHOB, aKTHBALUI0 HHPJIaMMacoOMbl ¥ IPOLeCCbl HENpPO-
JlereHepanuu. [loBblllleHHEe KOHLIEHTPALUX BHEKJIETOUHOr0 AT® BhICTynaeT B poJid CUTHa/Ia
OMACHOCTH, UHULUUPYIOILET0 aKTUBALUI0 MYPUHEPTUYECKUX PeLlenTopoB [14].

B nieHTpa/ibHOM HEPBHOM CUCTEMe MypPUHEPruyecKre pelenTopbl XapaKTEPU3YIOTCS
$YHKIMOHAJbHBIM Pa3HOOOpAa3UeM: OHU YYACTBYIOT B HEHPOTPAHCMUCCUU U HEUPOMOAYISLIUY,
O/IHAKO B YCJIOBUSIX MATOJIOTUU MOTYT CII0COOCTBOBATH MOBPEX/AEHUI0 HeMPOHOB. X adpdekT
onpejenseTcss U3M0JOTUIECKUM UJIM ATOJOTUYECKUM KOHTEKCTOM, ypoBHeM AT®, noaTHnom
pelLienTopa U TUIIOM KJIETOK, B KOTOPbIX OHU 3KcIpeccupyrorcs [15-16].

[To3aHee uccne0BaHUSA, BbINIOJHEHHbIE HA IBYX TPAHCTE€HHBIX MO/ZieJisiX 60/1e3HU AJlb-
yrerMepa c skcnpeccueit yesoBedeckoro APP (Mbiiu APP (amyloid precursor protein)/PS1
1 J20), nokasaJ/iy, 4TO NOBbILIeHUe 3KcIpeccuu P2ZX7R B aKTUBMPOBAHHbBIX MUKPOTIJIMAJIbHbBIX
KJIeTKaX KOppeJIUpyeT C porpeccipoBaHueM 3abosieBaHus [17-18].

Mudpsammacoma NLRP3 npejacraBisieT cO60M IUTO30/IbHBIN MyJIbTUOE/KOBbBIA KOMILJIEKC,
bopMupywmui naaTopMy A5 aKTUBALMU Kacnasbl-1, KoTopas obecrieyrBaeT cO3peBaHue
Y BBICBOOOXK/JeHHE MPOBOCIAIUTENbHbBIX IUTOKUHOB IL-13 1 IL-18 [19]. KiitoueBbIM yci0BHEM
aktuBauuu NLRP3 siBJisieTcs BbipakeHHO€e CHIDKeHHe BHYTPUKJIETOUHOU KOHIeHTpauuu K*
— YHUBepCcaJibHOe CUTHa/IbHOE COOBITUE, K KOTOPOMY CXOAATCS pa3/IMyHble AaTOJ0rHYeCcKUe
ctumMyJbl [20-21]. Cpeay HUX BHeK/IeTOYHBbIA AT®, ypoBeHb KOTOPOT'0 3HAYUTEJNBLHO BO3pac-
TaeT NP MOpPaKEHHUAX TOJIOBHOIO MO3ra, pacCMaTPUBaeTCs KaK OJUH U3 HauboJiee MOIIHbIX
9H/IOTeHHbIX CUTHAJIOB ONACHOCTH, 3allyCKAaKUIMX aKTUBALUI0 MUKpOIIuU [22-23].

[lesbto JaHHOM pabOTHI sABJIsJIACk anipobanusa koHurypanuu whole-cell MeTozaa patch-
clamp puig peructpanuu AT®-UHAYLMPOBAaHHBIX MEMOPAaHHBIX TOKOB B MUKPOIJIMAJbHBIX
KJIETKax, a TaK»Ke IpoBeJieHUue MUJIOTHOTO UCCAeL0BaHUSA NyPUHEPTUYECKON CUTHAIM3aL MU B
MUKPOIJIMU. JIONOJTHUTENBbHO CTaBUJIACh 3a/jladya OCBOEHHUS M ONITUMU3aLUK MeTOAMKHU patch-
clamp Ha ksnetouHou inHUKM HEK293 nepey e€ npuMeHeHUEM K KyJIbTypaM MUKPOTJIUH.

MaTepuam,l M MeToAbI
KaemoyHble aunuu uycsnosus KysisomueuposaHus

JlJ1s1 anpo6anu U 0CBOEHUs METOAUKHU patch-clamp rcnoib30Baiu KJIETOYHYO JTMHUIO
HEK293. [locsie onTUMH3a MM NapaMeTPOB PErUCTPALUU IKCIIEPUMEHTHI MPOBOAMUJIU HA
MUKPOTJIMA/TbHbBIX KJIETKAX, BKJIIOUas KJAETOUYHYIO JIMHUIO BV-2 1 nepBUYHbIE MUKPOTJINAJIbHbIE
KJIETKHU JJUKOTO THUIA. Bce K/1eToYHble KyJIbTYphI UCI0JIb30BaJIMCh KaK MOJleJIbHbIe CUCTEMBI
JJ1s1 IEMOHCTpalLMM NpuMeHUMOoCcTH MeToia whole-cell patch-clamp k peructpanuu ATO-
WMH/YIIMPOBAaHHbIX MEMOPAHHBIX OTBETOB. K/leTKM Ky/JIbTUBUPOBAJIM B CTAHJAPTHbBIX YCIOBUSIX
npu temnepartype 37 °Cu 5 % CO, B cpege DMEM (Dulbecco’s Modified Eagle Medium),
fonosHeHHOM 10 % MHAKTUBUPOBAHHOM deTaNbHOU ObIYbel CbIBOPOTKU U aHTUOUOTUKAMU
(neHUIU/IMH /cTpenToMuULMH). Cpe/ly 3aMeHsIM Kax/able 2-3 iHd. [1/151 3/1eKTPOoPU3U0T0THYECKUX
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JKCIIePMMEHTOB KJIETKH BbICEBA/IM Ha NIOKPOBHbIE CTeKJa 3a 24-48 4 1o peructpauuu. [lepeg,
perucrpanyeil MFOHHbIX TOKOB KJIETKU IlepeceBaJid Ha KPyIJible IOKPOBHbIE CTEKJIA JUAMETPOM
6 MM, pa3MellléHHbIE B KyJIbTYPaJbHbIX YalIKaX.

Ilodzomoska pacmeopos 045 patch-clamp

Whole-cell patch-clamp 3anucu npoBoguiu ¢ ucnosib3oBanuem ycuautenss HEKA u
CTEKJITHHBIX 3JIEKTPO/IOB CONPOTHUBJIeHHEM 5-8 MOM, 3aM0/IHEHHbIX BHYTPHUKJIETOUHBIM
pacTBopoM cieaytoiero cocraBa (MM): 135 K-riitokonat, 5 NaCl, 10 HEPES, 2 MgCl,, 1 EGTA,
2 Mg-ATP, 0,25 Na-GTP u 0,5% 6uonuTtuHa. pH koppekTupoBanu Ao 7,3, 0CMOJIIPHOCTb — [10
275-285 mOcMm/ 1.

BHeKJ/IeTOUYHBIH pacTBOP rOTOBUJIM Ha ocHOBe Boibl Milli-Q ¢ 061111M 06b€MoM 2000 mu.
OH copepxan caepytomue komnoHeHTsl: 152 MM NaCl, 5 MM KCl, 10 MM HEPES, 10 MM riitoko03sI,
2 MM CaCl; u 1 MM MgCl,. pH BHekJieTOUHOT0 pacTBOpa JOBOAUIU [0 7,4, OCMOJIIPHOCTh
cocTtaBJidaa 0k0J10 300-330 mOsm.

JeKkTpoduU3rogoruieckue uccaenoBanus (patch-clamp)

Perucrpanyio MOHHBIX TOKOB IPOBOAU/IM MeTOA0M patch-clamp B koHpurypanuu whole-
cell npu yzaepxxuBatouieM noteHuuasne —60 MB. IkcriepuMeHTbI BbINOJIHSJIM C UCNI0JIb30BaHUEM
cuctembl Patchmaster (HEKA Elektronik, l'epmanus), ocHaménnoi ycunurenem EPC10_USB.

Jlas peructpanuu UCnoJib30Baiu 60POCUIMKAaTHblE MUKPOTIUIIETKH C PUJIaMEHTOM
3aBOJICKOI'0 U3rOTOBJIEHHUS NpeABapUTebHOU nosnpoBkoi (World Precision Instruments)
CO CeAYIIIMMHY XapaKTepUCTUKaMU: BHEIIHUN AuaMeTp — 1,5 MM, BHYTpeHHUM AUaMeTp
— 0,86 MM, gsinHa — 10 cM. MUKpONIMIIETKH BBITATWBAJIM C UCII0JIb30BaHUEM IyJljiepa IpU
cienyroiux napamerpax: Pressure — 700, Heat — 22, Velocity — 60, Time — 250. ConpoTuBJieHHE
3amno0JIHEHHBIX MUIIETOK COCTaBJIsAN0 5-6 MQ).

IIpomokoa cmumyasayuu AT®

/11 aKTUBaL UM ypUHEPTUYECKUX PeLleITOPOB UCII0JIb30BaIU aZleHO3UHTpUudocdaT
(adenosine 5'-triphosphate disodium salt hydrate, TCI Chemicals, Inouwusi;; CAS RN: 34369-07-8).
CtokoBbil pacTBop AT® koHueHTpauued 1 MM rotoBuu Ha ocHoBe Bozbl Milli-Q u xpanuiu
npu -80 °C. [lepen skcnepuMeHTamMu AT® pa3Bou/iv BO BHEKJIETOYHOM PAacTBOpPE A0 KOHEYHBIX
koHUeHTpauud 100 MKM u 1 MM. JKcnepruMeHTa/IbHbIM POTOKOJI BKJIIOYAJT:

- 20 c 6a3oBo¥ peructpanmu (baseline);

- 10 c anminkanuu AT®;

- 20 c IpOMBIBKHY BHEKJIETOYHBIM PacTBOPOM.

Pervcrpaiys MeMOpaHHBIX TOKOB OCYIIECTBJISIJIaCh HEMPEPBIBHO HA MPOTSKEHUHU BCETO
IPOTOKOJIA.

Perucrpanus v aHaiu3 JaHHbIX

C60p ¥ aHa/IM3 3JIeEKTPOPU3HUOJIOTUIECKUX JAHHBIX OCYILECTBJISIJIN C UCMI0JIb30BAHUEM
nporpamMMmHoro obecnedeHus: Patchmaster (HEKA Elektronik). Pe3ysibTaThl npeacTaB/ieHbl B BUZE
CpeZHero 3HauyeHUs * cTaHAapTHas omnbka cpegHero (SEM). CtaTucTU4yecKyo 3Ha4HUMOCTh
pa3/iM4uil OlleHUBAJIY C UCNI0JIb30BAaHUEM CTAH/JAPTHBIX METO/0B; PA3/IMUUS CYUTANIN 3HAUUMBIMU
npu p <0,05. IxcnepuMeHTaIbHble UCCIeJ0OBAaHUS MPOBOJUIUCH HAa 6a3e MHCTUTYTa MOJIEKYISPHbBIX
Hayk uMeHHU A. U. BuptaneHna YHuBepcuteta Boctounoit @unasauauu (1. Kyonuo, Qunasuus).

PesybTaThl
OnTtrMuszauus MeToAukU patch-clamp v BUusyanusanus perucrpanuu

Ha nepBoMm aTarne uccienoBaHus Meto patch-clamp B konpurypanuu whole-cell 6611
ONTUMHU3HUPOBAH C UCM0JIb30BaHUeM KJaeTo4yHOou TMHUKM HEK293T. [Tocsie 3TOro Ha MUKpOIJIMaJbHON
KJIE€TOYHOU TMHUU BV-2 6b1/11 0TpaboTaHbl YC10BUSA GOPMHUPOBAHUSI TUTAOMHOTIO YIIJIOTHEHUS U
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nepexoza B KoHpuUrypairo whole-cell, o6ecreyrBaBiiye cTabUJIbHOCTb 6a30BOT0 MEMOPAHHOTO
TOKA U OTCYTCTBHE BbIPAXKEHHbBIX apTe(AKTOB MPU MEXaHUYECKOM KOHTAKTe MUKPOIHUIETKH
C KJIETKOH (PUCYHOK 2).

PucyHnok 2. Ontumusanus patch-clamp perucrpanuu B konpurypanuu whole-cell Ha
KJIeTKaxX IMHUU BV-2: (a) noaBeieHUe CTEK/ISTHHOW MUKPOIIUIIETKU K MeMOpaHe KJ1eTKH; (0)
dbopMHpoBaHUe rTMra0OMHOrO YIJIOTHEHHUS (gigaohm seal). CTpesikaMu 0603HaY€HbI MUKPONUIIETKA,
MeMOpaHa KJIeTKH U 06J1aCTb KOHTAKTa.

[Tocse onTUMHU3aL UK METOAUKH perucTpalysa Obla IepeHeceHa Ha MUKPOTJIMa/IbHble
KJIeTKHU JIMHUU BV-2, aBsistoyecss 0CHOBHbIM 00'beKTOM UCCJIeZJ0BaHHUS. B CBAA3U C MEHBIIMMU
pasMepaMH KJIETOK U MOP(OJI0OTHiecKOl BapruabebHOCTBIO TpeboBalach JONOJIHUTEIbHAA
HACTPOWKa yC/I0BUU 3anucy. TeM He MeHee, IPU ONITUMaJIbHBIX IapaMeTpax yAaBaloCh 110J1y4aTh
crabunbHble whole-cell 3anucy, coxpaHaBIIMecs Ha NPOTSKEHUU BCET'0 IKCIIEPUMEHTAbHOIO
IPOTOKOJIa, BKJIt0Yasi 6a30BYyI0 perucTpanumo, anmivkanuo AT® u nocieayouyo IpoOMBbIBKY.

Mopgonozusi MUKPO2AUANbHBIX KAEMOK AUHUU BV-2

B Ky/nbType MUKpOI/IMaJbHble KJIeTKU JIMHUU BV-2 XxapakTeprU30Ba/INCh BBIPAXKEHHOMN
MOp$0JI0rUYeCcKON HeOJHOPOLHOCThIO. [Ipeobiasatoias 4acTb KJAeTOK UMeJia OKPYIJIYIO UJIH
OBaJIbHO-aMEOOUAHYI0 GOPMY C YETKO OYepUYeHHbIMU KOHTYypaMH IJ1a3MaTH4eCKOW MeMOpPaHBbl.
KileToyHble OTPOCTKU ObLIM €J1a60 BbIpaXKeHbI JINOO OTCYTCTBOBa/IH. /luaMeTp KJIE€TOUYHOTO
TeJla BAPbUPOBAJI B IIpe/iesiaX, XapaKTepHbIX AJI JAHHOW JIMHUU in Vitro.

Kinetku popMupoBaiu airesuBHbIA MOHOCJION, IPU 3TOM B psjie CJlydaeB HabJI04a10Ch
ob6pa3oBaHUe HEOOJIBIIKX CKOMJIEHUH KJIeTOK. LluTonsiasMa oT/im4anack yMepeHHON ONTHYEeCKOH
IJIOTHOCTBIO, A/1pa, KaK IPaBUJIO0, paciio/iarajJruch 3KCLLeHTPUYHO (PUCYHOK 3).

BrisiB/1eHHBIM aMEOOUAHBIN MOP(OIOrHieCKUN PeHOTHI COOTBETCTBYET aKTUBUPOBAHHOMY
COCTOSIHUIO MUKPOIJIMA/IbHBIX KJIETOK B YCJIOBUAX KYJIBTYPBI U ABJISI€TCA TUIIMYHBIM [1JI1 IMHUU
BV-2. [lanHas mopdosiorus obecneynBasa 6/1aronpusTHbIE yCJ0BUSA /15 NpoBeAeHUs patch-
clamp akcrepuMeHTOB, BK/I104asi pOpMHUPOBAHUE CTAOUIBHOIO TMTA0MHOT0 KOHTAKTa MeX1y
MeMOpaHO! KJIETKU U CTEKJIIHHOW MUKPONMUIIETKOH.
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PucyHok 3. Mopdosioruss MUKpOIVIMaJAbHbIX KJIeTOK TUHUU BV-2 B KysibType. CTpesikaMu
00603HauYeHbl OT/ieIbHbIE aMEOOU/JHbIE KJIETKH, CKOIJIEHUS KJIETOK U KOHTYPBbI
nJla3aMaTU4yeckoil MeMbpaHbl. [lokazaH XapaKkTepHbIH AJis1 IUMHUM BV-2 aKTHBHPOBaHHbIN
aMé6ouHbIN GEeHOTHII CO C/1a60M BbIPAXKEHHOCTbBIO KJIETOYHBIX OTPOCTKOB.

AT®D-uHdyyuposaHHble 0meembl 8 MUKPO2AUAIbHLIX K1emoK AuHuu BV-2

Ha cnenyrwoiem sTane 3/1eKTpoPU3U0JI0TUUECKHE UCCAeJ0BAaHUS ObIJIN BBINOJHEHDI
MeToa0M whole-cell patch-clamp Ha yesr0BeuyecKUX MUKpPOT/IMA/IbHBIX KJeTKax JMHUU BV-2 (n
=10). PerucTtpanuto MeMOpaHHbIX TOKOB IPOBOAMJIN IPH YA epKUBaloleM noteHnuasne —-60 MB.
ConpoTuBJIeHUE TUIETOK cOCTaBJIs1i0 5-6 MOM. [IpoTOKOJ 3KCIIeprMeHTa BKJIH0YaJI:

- perrucTpanuio ¢oHOBOM aKTUBHOCTHU B TeueHue 20 c (baseline);

- anmankanuio AT® B Teyenue 10 c;

- IOCJIeAYIOLIYI0 MPOMBIBKY B TedeHue 20 c.

Annnukanusa AT® Bri3biBajia pa3BUTHE BbIPaXXEHHOTI0 BXO/SIET0 TOKA BO BCEX
MCC/leJOBaHHBIX KiaeTKaxX. OTBeT HaYWHaJICA C JIJaTEHTHBIM IEPUO/J0M B HECKOJIBKO CEKYH/]
1ocJle HavyaJia alllJIMKaluy U COXPaHAJICA Ha NPOTSXKeHUHU BCcero BpeMeHu Bo3gencteus ATO
C MOoCJIeyIOLUMM OCTENIEHHBIM CNa/loM B ¢pa3e NIPOMbIBKU (PHUCYHOK 4).

ATD 10 cex
—_—

ATd 15 cek

15 ‘i|3H| 200 pA
15 cex |75 pA

PucyHok 4. XapakTepHas 3anucb AT®-MHAYLIMPOBAaHHOTO BXOAAILETO TOKA B
MUKpPOIVIMAJIbHOM KJIeTKe IMHUU BV-2 npu pukcaiuu noTeHyaaa Ha yposHe —-60 MB.
Annnukauus ATO (10 c¢) BbI3bIBasia yCTOUYMBBIN BXOAALUAN
TOK 6€e3 BhIpa>KEHHOM /leCEHCUTHU3AIUH.

2 Ne3(156 JLH. 'ymunes amvindarsl Eypasus yammulk yHueepcumeminiy XABAPLIBICHI. Buo102usiablk FblabiMOap cepusicyl
V- :yp V- y 4 p cep

/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series

BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



Inekmpogusuoasozuyeckull aHaaU3 nypuHepauveckoll cueHa u3ayuu Mukpo2auu kak nodxoo
K U3YYEHUI UMMYHHbIX MeXaHU3Mo8 60/1e3HuU Aabyzelimepa

XapakTep OTBETOB OTJIMYAJICS MeJlJIEHHBIM Pa3BUTHEM U OTCYTCTBUEM ObICTPOU
JleCEHCUTHU3aLMH, YTO NPOSABJIAJIOCh B COXpAaHEHUHX TOKOB Ha MPOTHAKEHUU BCeU allllJIMKaLUuU
aroHucra. PopMa TOKOB HallOMHHAJIa aKTUBALUI0 HECEJIEKTUBHOW HOHHOU MOPHI.

Amnintyna AT®-uHAyLMPOBaHHBIX TOKOB BapbupoBaJsia oT 100 g0 420 nA u B cpejHEM
coctaBusa 188 + 33 nA (M + SEM, n = 10).

B ksieTkax inHuu BV- npusHakoB feceHcuTusanuu AT® BbI3BaHHbBIX OTBETOB HE ObIJIO KaK
He 6bL/10 U 1Byx}a3HbIX OTBETOB XapaKTepPHbIX [Jist P2X7 peLleTOPOB B APYTUX KJIETKaX, YTO MOXET
CBU/IETEbCTBOBATH O PA3/IMYMAX B IPodUIe HOHOTPOIHBIM PeLeNTOPOB IKCIPECCUPOBAHHBIX B
3TUX KJIETKAX, INOO B pa3IMYHbIX QYHKIMOHAJbHbBIX CBOUCTBAX MyPUHEPTUYECKUX PELIENITOPOB
WJIM ME€XaHU3MaX UX peryJssuyd B UMMOPTaJIM3UPOBAaHHOU KJ1€TOYHOW JIMHUH.

O6cyxaeHue

[1aBHBIM pe3y/bTaTOM JaHHOU PaboThI SABJSETCS AEeMOHCTPAL U BhIpaXKEHHbIX OTBe-
TOB UeJIOBEYECKOU MUKPOIJIMU Ha anmiukanuio AT®, koTopas siBJisieTCs MOIIHbIM NPO-BOCHA-
JINTEJIbHBIM areHTOM, BOBJIEYEHHBIM B natoreHe3 bA. Mbl nokasasny, 4To anmaukauusa ATO
BbI3bIBaJla B MUKPOTIJIMAJIbHbBIX KJIETKaX IMHUU BV-2 pa3BuTHe yCTONUYMBBIX BXOASIIUX TOKOB.
B nocnegHux xapaktep AT®-UHyIMPOBaHHbIX OTBETOB OTJIMYAJICS Me/IJIEHHbIM Pa3BUTUEM,
OTCYTCTBUEM OBICTPOM JIeCEHCUTHU3ALMK U COXPAaHEHUEM TOKA Ha MPOTS>KEHUU BCEro BpeMeHHU
alnmJvKaluy arOHUCTA, YTO yKa3blBaeT Ha BO3MOXKHYIO CJ1a0y10 aKTUBALMI0 HOHHBIX MEXaHU3MOB
C MOp0o06pa3HbIMU CBOMCTBaMU. PaHee ObLJI0 MOKA3aHO, YTO B IEPBUYHBIX KYyJIbTYPax MUKPOTJINHU
yeJioBeKa akTUBauua P2X7-penentTopoB AT® npuBOAUT K Pa3BUTHI0O MeMOPAHHBIX TOKOB,
XapaKTepU3yIUXCcs AByX$a3HOU KHUHETUKOMW, BKJIIOUAIOIel Ha4alIbHbIM ObICTPbIA KOMIIOHEHT
¥ nocnefyromyto ¢paly BpeMeHHOU ¢pacunurtanuu [24,25]. [losydyeHHble B HacTosILel paboTe
OTBEeTHI B KJIETKax JIMHUU BV-2 1eMOHCTPUPYIOT He TOJIBKO CXOAHBIN Me/lJIEHHbIU XapaKTep
pa3BUTUSA U BpeMeHHOU JuHaMUKU AT®-UHAYLIMPOBaHHbBIX TOKOB, HO U OTCYTCTBUE BbIPaKeH-
HOU BTOpOH Pa3bl oTBeTa. TakuM 06pa3oM B UCCIeAyEMbIX UMMOPTAIN3UPOBAHHbBIX KJIeTKax
JUHUM BV-2 npu3sHaku ObICTPOU AeCeHCUTU3aL UK OTCYyTCTBOBaIU. JlaHHOEe pa3inyre MOXKeT
OBITh CBI3aHO C 0COOEHHOCTSIMU 3KCIPECCUU UJIU PETYSALUU NyPUHEPTUYECKUX PELLeITOPOB
B UMMOPTa/IM3UPOBAHHBIX MUKPOTJIMAJbHbIX KJIE€TKaX.

Ba)XHO OTMETHUTB, UYTO MPAKTUUECKHU BCE UCCIelyeMble HAMU KJeTKU oTBe4aau Ha ATD
3HAYUTEJIbHBIM OT aMIIJIMUTY/Ibl OTBETOM, CBU/IETEJNbCTBYS O BAXKHOM POJIU MyPUHEPTUUECKON
CUTHa/IM3aliu B MUKPOTJIMH.

Takum o6pa3om, BbisiBJieHHble AT®-UHAYIIMPOBAaHHbIE TOKHU B KJIeTKaxX JIMHUU BV-2
006J1aZ1al0T PAJ0M XapaKTepPUCTUK, paHee ONMMCAaHHbIX AJs PZX7-onocpeloBaHHBIX OTBETOB
MHUKPOTJIMH, HO U pPa3JIUYUi (OTCYTCTBUE BTOPOTO KOMIIOHEHTA), UTO YKa3bIBaET HA 0COOEHHOCTHU
$YHKLMOHA/TBHBIX CBOMCTB 3TUX KJIETOK U MeXaHW3MOB NyPUHEPrHUYeCKOW CUTHAJIU3aluH B
HUX. OJHUM M3 BO3MOXKHbIX 00'bSICHEHUU MOXKeT ObITh NpeBasinpoBaHue noaTuna P2X4 AT®-pe-
L[N TOPOB, KOTOPbIE HE IEMOHCTPUPYIOT BTOPOU Ppa3bl OTBETA HA ITOT CTUMYI.

ITH JaHHbIE COOTBETCTBYIOT BICOKOW M3MEHYMBOCTH MUKPOTJIMAJIbHBIX KJI€TOK, KOTO-
pble TPaHCPOPMUPYIOT CUTHANU3ALMI0O B 3aBUCUMOCTH OT OKPY>KEHUS U JPYTUX CUTHAJIbHbBIX
Y MeTab0JIMYEeCKUX MPOLECCOB.

3ak/iloueHue
B HacTos1eM ucciegoBaHUM MeTo/, patch-clamp 6b1j ycriemHo anpo6HUpoBaH U

ONTHMHU3HPOBaH Ha kyeTkax HEK293T, nocsie yero npuMeHéH /sl perucTpainuyu MeMopaHHbIX
TOKOB B MUKPOTJIMAJIbHBIX KJeTKax TUHUU BV-2. [lokazaHo, yTo annyinkauus AT® Bbi3bIBaeT
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pasBUTHE YCTOWYUBBIX BXOAAILIUX TOKOB B KJleTKax JTUHUU BV-2, 3apeructprupoBaHHbIX
MeToa0M whole-cell patch-clamp npu yaepxuBatoiem notennuase —-60 mB. Xapaktep ATO-
MH/YIMPOBAaHHbIX OTBETOB, BKJIIYAKIIMN Me/lJIEHHOE Pa3BUTHE U OTCYTCTBUE BbIPAaXKEHHOM
JleCeHCHUTH3allM1, YKa3bIBaeT Ha C/1aby10 aKTHBALUI0 MOHHBIX MEXaHU3MOB C IOPO06Pa3HbIMHU
CBOMCTBaMHU U IEMOHCTPUPYET CXO/CTBO C paHee ONMMCAHHbIMUA NYPUHEPTUYECKHMHU OTBETAMU
MUKpPOTJINY YeJI0BeKa. ITO MOXKET yKa3blBaTh HA MaJIOBbIpa*KEHHbIE MPO-BOCHAIHUTENbHbIE
MEeXaHU3Mbl Y MUKPOTIJIMM B 3TUX YCJ0BHUSX, TAK KaK BbIpaKEHHOE OTKPbITHE 6O0JIbIION MOPHI
CBU/JeTeJbCTBYET O IPOBOCHAIUTENbHOM NIpoduie 3TUX KaeToK. [IpeacTaBisieT uHTepec
NPOBECTU NOJ00OHbIE UCC/IEJOBAHUS B YCIAOBUAX CTUMYJISILIMU BOCMIAJIUTEbHBIX peaKLUi C
nomoinbto LPS (lipopolysaccharide), koTopblii, Kak Mbl 06Cy>kjlaeM B HallleM 0630pe [26], cTUMy-
JIUpyeT NPOBOCHAJUTEJbHbIE IPOLecchl B Mo3re y 60/bHbIX BA [27-30]. [losryueHHbIe jaHHBIE
NOATBEPKJAIOT NePCNEKTUBHOCTb UCN0JIb30BaHUS MUKPOTJIMAJIbHOMN KJIETOYHOU JiIMHUU BV-2
B KaueCTBe 5KCIIepUMEHTAJIbHOW MOJeJIU JJI UCCJIe;,OBaHUA IypUHEPTUYECKOW CUTHAIM3aluU
MHUKPOTIJIMU METOAAaMU 3J1eKTpoPu3n0JIoruu. B To ke BpeMs [i1g 60Jiee AeTaTbHOTO IOHUMaHUS
MOJIEKYJIIPHBIX MeXxaHU3MOB AT®-UH/IyLIMpOBaHHbBIX TOKOB Y UX PYHKIIMOHAJILHOMN POJIH B
naToreHe3e Helpo/JiereHepaTUBHbBIX NPOLLECCOB HEOOXOAUMBI Jla/ibHEHIIMe UCCIeJOBAHHUS C
VCII0JIb30BAaHHUEM CIleLMa/IM3UPOBAHHbIX KJIE€TOYHbIX MOJieJiel, BK/II04Yash MOJiesiu 60JIe3HU
Anbrrermepa.
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penenTopJiapbl MaHbI3/bl peJ aTKapaZbl. OCbl peyenTopJap iCke KoCaTblH UOH/BIK MeXa-
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Inekmpogusuoasozuyeckull aHaaU3 nypuHepauveckoll cueHa u3ayuu Mukpo2auu kak nodxoo
K U3YYEHUI UMMYHHbIX MeXaHU3Mo8 60/1e3HuU Aabyzelimepa

KOJIAaHyAbl Tasan eTefi. 2KyMbICTbIH MaKcaTbl — BV-2 MUKpOTIJ/INA )Kacylla JUHUACBIHAAFbI
AT®-neH UHAYKUUSATIAHFAaH UOHbIK MEXaHU3M/ep/i 3epTTey apKblJibl HEUPOKAOBIHY MEH Hell-
poJereHepaTUBTI aypy/lapAaFbl, COHbIH, illiHAe AA Ke3iHJeri MUKPOTJIUSHBIH TyPUHEPTUSLIIBIK,
CUT'HaAJIM3aLUACBIHBIH POJIiH TepeHipeK TYCiHy. 3epTTey *XyMbICbl UMMOpPTA/IU3aLMAJIaHFaH
BV-2 Mukporius xkacymasnbslK JUHUSACBIHAA )koHe HEK293 xacyia nuHusiceinga (Tipkey na-
paMeTpJiepiH OHTalJaHAbIPY ViUiH NalJalaHbLI/Abl) )KYPri3iazi. D/1eKTpoPHU3U0I0TUSIIBIK
eJseMep «0yTiH xkacyma» (whole-cell) kondurypanusiceinaa -60 MB yctan Typy noTeHuu-
asblHAa opblHAaAAbL. [IlypruHopenenTopaapasl 6esncenaipy 1 MM AT® epiTingiciH »kepriyikTi
alnmIvKanusaay apKblibl )Ky3ere acblpbl/ibl. 3epTTey 6apbICbIHAa aMe6oUThl MOPPOTOTHUACHI
6ap »kacyiajapAa TYpaKTbl TUTA0M/bIK KOHTAKT TY3y »koHe whole-cell kondurypanusacoeiHa
Kelly lWapTTapbl )eTingipingi. BV-2 1uHusCbIHBIH 6apJibIK 3epTTeJreH )acylanapbiHza (n=10)
AT® annuiMkanuscel opTaiia aMmianTygacel 188 + 33 nA 60J1aThIH allKbIH Kipic TOKTapAbl
TYFbI3aThIHbI aHbIKTa/1bl. TipKeJireH xayanTtap 6asy AaMy KHHeTHKACbIMEH KoHe arOHHUCT acepi
6apbIChIH/A XbLJ1/IaM JleCeHCUTU3alMSIHbIH 00JIMaybIMEH CUNIATTaJIibl. AJaMHbIH 6acTanKbl
»KacyLIaJIblK JIMHUAJAPbIHAH aublpMallblIbIFb], BV-2 xacymanapbeigga P2X7 penenToOpbIHbIH,
nopaJiapblHbIH TOJIBIK alllblJIyblHA TOH KJIACCUKAJBIK, €Ki ¢pa3asibl KWUHETHKA 6alKaJiMa/bl.
Bys P2X4 peuenTopJiblK KOCasJKbl TYPiHiH 6acbIM 60JIybIH HEMECe UMMOpTaln3alusaHFaH
KeJliJiepZieri MypyUHOpeLenTop/ap peTTe/yiHiH epeKlle/liKTepiH KepceTyi MyMKiH. AJIbIHFaH
HOTHXKeJIep MUKPOTJIUAHBIH QYHKLMOHANABIK KYHiH 6aFasayza patch-clamp aaiciHiH »kofapsl
TUIMAiNITiH pacTaiabl. BV-2 xacywmanapbingarel AT®-uHAyKLIMATIaHFAaH TOKTapAblH aHbIKTaJIFaH
epekKuIesiikTepi Oy »KeJiHi MIypUHePrUusiiblK CUTHAJIU3aLMA MOAYASTOPJAAPbIH 6OacTanKbl
CKPUHHUHITE KOJIZJaHyFa MYMKiHAiK 6epei.

Ty#iH ce3aep: MUKpPOIJIMS, MyPUHEPTUSJIBIK penenTtopsaap, P2X7, BV-2 xacyiwanapsi,
AT®, patch-clamp, HOHABIK TOKTap, HEUPOKAObIHY, AJbLreiiMep aypybl.

Electrophysiological analysis of purinergic signaling of microglia as an approach to
studying the immune mechanisms of Alzheimer’s disease

G.T. Tasibekova?, N. Novosolova?, M.K. Zholdasova?,
A.M. Kustubayeva*, R.A. Giniatullin®*

134 Al-Farabi Kazakh National University, Department of Biophysics, Biomedicine,
and Neuroscience, Almaty, Kazakhstan
2'5University of Eastern Finland, A. I. Virtanen Institute of Molecular Sciences, Kuopio, Finland
34 Al-Farabi Kazakh National University, Brain Institute, Almaty, Kazakhstan

Abstract. Neuroinflammation mediated by chronic microglial activation is considered
a key factor in the pathogenesis of Alzheimer’s disease (AD). Purinergic signaling, particularly
P2X4 and P2X7 receptors activated by extracellular ATP, plays an important role in modulating
microglial function. Understanding the ionic mechanisms triggered by these receptors is essen-
tial for identifying therapeutic targets and requires high-precision electrophysiological meth-
ods. The aim of this study was to investigate ATP-induced ionic mechanisms in BV-2 microglial
cells to better understand the role of purinergic signaling in neuroinflammation and neurode-
generative diseases, including AD. The study was performed on the immortalized BV-2 mouse
microglia line and HEK293 cells, used to optimize recording parameters. Electrophysiological
measurements were performed in the whole-cell configuration at a holding potential of -60 mV.
Purinergic receptors were activated by local application of ATP (1 mM). Conditions for stable
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gigaohm seal formation and transition to the whole-cell configuration were optimized for cells
with amoeboid morphology. ATP application induced inward currents in all BV-2 cells studied
(n=10), with a mean amplitude of 188 + 33 pA. Responses showed slow development kinetics
and no rapid desensitization during agonist exposure. Unlike primary human cultures, BV-2 cells
did not exhibit the classic biphasic kinetics associated with full opening of the P2X7 receptor
pore. This may indicate predominance of the P2X4 subtype or specific regulation of purinergic
receptors in immortalized cell lines. The results confirm the effectiveness of patch-clamp for
assessing microglial functional state and support BV-2 cells as a model for primary screening of
purinergic signaling modulators.

Keywords: microglia, purinergic receptors, P2X7, BV-2 cells, ATP, patch clamp, ionic cur-
rents, neuroinflammation, Alzheimer’s disease.
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Anma araubiHOaFbl yumocnopos aypyblH QUaeHOCMUKAAAYFA APHAAFAH 31eKMPOXUMUSLAbIK 6uoceHcop adici

Kipicne

JlyHue xKy3iHJe eH Kol ecipisieTiH »keMicTepZiH 6ipi 60161 Tabbl1aThIH aiMaHbl (Malus
domestica Borkh.) TyTbIHY OHZIAaFbI KOPEKTIK 3aTTap MEH OMOAKTHUBTI KOCBLJIBICTAP/bIH KOMTiriHe
6alIaHBICTHI exKes1JieH 6epi bIHTa/IaHbIPbLIFaH. AJIMaAaFbl Naijaibl KOMIIOHEHTTED dpTypJii
eJllepAiH, alMaKTap/blH HeMece KOHTHUHEHTTeperi TypJ/iep HeMece copTTap iuliHze TabyFa
60J1aThIH TYpi MeH MeJillepi 60MbIHIIA 63repe/ii; )koHe KypaMbl KaFbIHaH 66JlikTepMeH (>keMic
YKyMCaFbl, KaOBbIK, )KaNlblpaK, TYKbIM >koHe TaMbIp) epekiuesneHesi [1-3]. lerenmeH, xkeMicTep
(acipece animMa) ajlamMap/ibl 9PTYPJii aypy/ap/iaH cakTai/ibl, 6ipak osiap/blH 63/epi NaToreHAiK
VMHBa3usIapFa 6eiiM koHe canacbl MEH 6HIMIH KOFa/ITyFa 9KeJIeTiH apTypJii aypyJiap/iaH
3apfan wereni. PuronaToreHzep, acipece naToreH/i cagblpayKy/aakKTap, 6yKiJ ajieM 60HbIHIIA
3KOHOMHUKAJIbIK MaHbI3/1bl ayblIIIapyallblIbIK AaKbLIAAPbIHbIH aUTapJIbIKTal 3aKbIMAa1ybIHA
»K9He JKOFaJlyblHA 9KeJIeTiH apTypJii eciMiik aypyapbiH TyAblpabl [4,5]. ConapablH, intiHge
Cytospora TypJiepi K03/1bIpaThIH UTOCIOPO3 OYKiJI 91eM 60MbIHIIA a/IMa OH/IiPiCiH lIeKTeNTiH
aJiMa afalliTapbIHbIH €H XOWKbIH CaHbIpayKyJlaK aypy/JlapbIHbIH 6ipi 60s1b10 Tabbl1aAbI [6,7].
byrinri kyHi mamamen 150 Cytospora Typaepi ayHue xy3ingeri 130-gad actam afall TeKTec
eciMZliKTepAiH 6yTaKTapAarhl icik »kapasapsl (cankers) MeH eJsiyiHe 9KeJieTiHi XxabapJ/ianraH [8,9].

Ko3bIpFhIL ajiMa aFalllbIHBIH ChIPTKDI aypy OeJrijsiepi 6aiiKaJIMalThIH yananapbliH/ja Aa
’KaChIPbIH CaKTaJIybl MYMKiH, 6yJ1 UH)EKIMAHbI epTe MOJIEKYJIa/IblK aHbIKTaY/blH MaHbI3/1blJIbIFbIH
apTTbhipazbl [10,11].

Aypyabl 6aKbliay/iblH KoJialJibl JeHreliHe XeTy YIIiH KebiHece pyHTULUATED
KoJ1AaHbLI1a/bl. [lereHMeH, QyHTULUATEPA] Y3aK HEMeCe apThIK KOJIJIaHy CaHbIpayKyJlaK,
nonyasnysijiapblHAa 6eriji 6ip acep eTy pexKUMiHe TO3IM/AIIKTIH KOFapbliaybl HeMece
ce3iMTaJIIbIKTbIH TOMeH/eyiHe aKesie/ji. COHABIKTaH OHTaNJIbl XMMUSHBI aJ1JjbIH aj1a TUIMAipeK
KOJIIaHy Y1IiH ce6enili KO3 AbIpFbIIITAPAbI 1971, Ce3iMTaJl 2KoHE KbLJIZIaM aHbIKTayFa KOMEKTeCeTiH
KypaJiapAbl »kacay eTe MaHbI3bl [12]. By, 63 Ke3eriHje, eTicTik )KyheciHAeri XMUMUSAIBIK,
KOJIJaHY/IbIH, KQ>KeTCi3 CaHbl MeH MeJIILepiH a3alTa/ibl, OCbIAKIIA TAaTOTeHIK oMYAl UAIapAaFbl
TaHJaMaJibl KbICbIM/IbI )KoHe KopLIaFaH OpTaFa bIKTUMaJl KahTaJlaMa acepJiepi a3zaluTazbl
[13-15]. Kasipri 6ipHele MoJIeKyJISpJIbIK JUAaTHOCTUKAJBIK 9iCTEP 6CIMAIK KO3 bIPFbILIbIH
aHBbIKTayFa CaJbICTbIpMaJibl TYPJE Ce3iMTaJl XKoHe CeJIEKTUBTI TaclepAl YCbIHCa 13, 0J1ap
KypJesi yiariHi JaibiHay ajicTepiMeH, YaKbITThl KQXKET eTeTiH TaJjay/lapMeH KoHe KbIMOaT
Ta Kyp/eJi )kabAbIKTap MeH peareHTTep/li KoJiJaHyMeH 1iekTesneni [12,16-18].

CoHFBI 93ipJsieMesiep 3JIEKTPOXUMUSJIBIK CUTHAJIAbI aHBIKTAY apKbLJbl XKaJlaH aJThIH
anekTpos 6eTingeri JHK agcop6uuschiH Tikesel eslieyiH ap3aH, CEHiMAI xkoHe ce3iMTan
JIMarHOCTUKAJIBIK TaJAay/lapAbl 93ipJieyre ajeyeTi 6ap eKeHiH KkepceTe/i. JJeKTPOXUMHUSIBIK
JHK-6uoceHcop.iap x0oFaphbl ce3iMTalbIFb], CaJbICTBIPMaJibl TYPZe XKblIJaM TalJay MyMKiHAIT
»KoHe bIKLIaM KypblLJIfblJIapMeH yilJieciM/iiliriHe 6aiJIaHbICThI TATOTE€H/IePAl aHbIKTAyFa apHaIFaH
nepcrneKTHBasbl IaaTdopmasap 6osbin Tabblaaabl [19-21]. llbiubiHAA A3, Tikenen JJHK-anTbiH
aZlcopO1MAChIHA HeTi3/lesIreH OipHelle 3/1eKTPOXUMHUSJIBIK 6M0CEHCOPJIbIK TaaAayaap KaTepJi
icik ;uarHoCTUKAChIHAA COTTI KoJiaHblaFaH. [lIbiHbIHAA A3, Tikesed JHK-aaThIH afcopO61iysichbl
Oap GipHele 3/1IeKTPOXUMHUSIBIK, OMO0CEHCOPJIBIK TaslAay/1ap KaTepJli icik JuarHOCTUKAaCbIHA CATTI
eHrisingi [22-24]. By xkyienep JIHK MeH anTbiH 6eTi apacbiHAarbl apdUH/AL apeKeTTecyiHe
HeTi3/ieJITeH KoHe 3JIEKTPOCTAaTHKAJBIK 9peKeTTecyiepai, ruipodo6Thl KymTepai xkane JHK/
aJITbIH MOJIEKYJ1aJlapbIHbIH XUMUSJIBIK 6alJIaHbICBIH KOCa aJIFaH/1a, OipHellle KOBaJIeHTTi eMec
KYIITEP/iH KaTbICyblHA HeTi3enreH. by Tacia/jig, 6acTbl apThIKUIbLIbIFbI 6UOCEHCOP dAICTi
»obasiay YLIiH Kyp/ZeJijliK TyAbIpybl MYMKiH Ke3 KeJIFeH KOCbhIMIIa OyAaHacThIpy KaJaM/AapblH
6osbIpMay MYMKIiHAIri 6osbin Tabbiagb! [25]. 2Kymbicta JJHK MoJsiekysiacbiHBIH, aJjiaH,
anThIH OeTiMeH adpdUH/I ©3apa d9peKeTTeCyiHiH MexaHU3Mi koHe OHbIH 6MOCeHcopJapAa
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K. [locembaes, A. Cnanbaes, []. Ymeyauesa, I Canxoxcaesa, 3. Ymup6baesa, C. Haekoaa,
I! Mykusinosa, K. Tynezenosa

KOJIJaHY MYMKIH/ITT KapacThIpbLJIFaH. OCIMAIK MaToreHepiH aHbIKTay4a [a 3JIEKTPOXUMHUSAJIBIK
ToCIIAepAiH THIMAIIITT KepceTiireH. Mbicasibl, aATbIH HAaHOOBJIIIEKTEPiH, CTPENTABUIUHMEH
KalTa/faH MarHUTTiK MOHIIAKTapAbl xkaHe AU depeHuanibl UMIY/IbCTIK BOJIbTAMMETPHSHbI
6ipikTipeTiH ajic ecimzik yarinepinaeri matoren JJHK-cbiH aypy 6esrisiepi maija 6osfaHFa
JlefiiH aHbIKTayfa MYMKIiH/ik 6epreH [25].

By 3epTTey aMaZiaFbl UTOCIOPO3 aypyblH epTe AuarHocTukasnay yuid JIHK-anteiara
Tikesiet adPuH/i opeKeTTecyiHe HeTi3/[e/ireH aMIInPUKAIHSChI3 3JEKTPOXUMHUSIIIBIK OMOCEHCOP
dJIiCiHiH aca/IFaHbIH CUNIATTaUbl. JJIEKTPOXUMHUSJIBIK CUTHAJI AU depeHIna bl UMNYJIbCTIK
BosibTMeTpus ([JVIB) keMeriMeH aHbIKTa//bl. YChIHBIIFAH 9/1iC KOXKETTi AajablK BaJuAalusjad
KeliH ajiMa 6aKTapbIHAAFbI IUTOCIOPO3/bl EPTE XKIHE CAHAbIK aHBIKTayAa AJCTYPJli 3epTXaHAJIbIK,
dJlicTep/i TONBIKThIPAThIH NepCeKTUBAJIbI Kypasi 60J1a asiajibl.

3epTTey MaTepUaJaAapbl MeH djicTepi

Mamepuanadap xcaHe 30HO du3atiHbl

Ocbl 3epTTeyAe NakjaJaHblIFAH 6apJbIK XUMUSIbIK peareHTTep Sigma Aldrich (FepmaHus)
KOMMNaHMSACbIHAH caThlN aJbiHFaH. Taxipube 6apbicbina Ultra-Pure H,0 (Thermo Fisher Scientific,
AKIII) cybl KoAaHbLIAbL. BUOTHHUIIIEHTeH YCcTay 30H/bIHbIH KypFaK aJUuKBOTbIH (AC-27_DP)
Integrated DNA Technologies (KopasiBusi, AKII) a3ipsiered. AC-27_DP 30HAbIHBIH, Ti36eri Cy-
tospora sorbina AC-27 A30JATbIHBIH TPAHCAALUAIBIK Y3apTy ¢akTopsl 1-a reHine (GenBank
Kocbliy HeMipi: PP860571) komnieMenTap bl 30 HYK/1€0TUATEH KypacThlpbliFaH. COHbIMEH
KaTap, 30HAThIH yibiHa 6M0oTUH OekiTinai: GTG ATA CCA CGC TCA CGC TCG GCC TTC AAT /3Bio/.

Caybipaykyaak Ky1emypaaapbsl #aHe 2eHomMoblk [JHK skempakyusicol

ByJ1 3epTTeyae 6ypbIH 6i3/iH FhIIBIMHU ToN [9] aHbIKTaFaH Cytospora TypJepiHiH
6apJsibirbl 11 U30s4T Naiananblibl. U3oaTTap AIMaThl 06JIBICBIHBIH, 5 asiMa 6aKTapblHAAFbI
IIUTOCIOPO3/bl iCik aypybIMeH 3aKbIMAaaFaH OyTaKTaphbl peTiHgeri 113 yarigen 6esiHin
anblHAbl. KasakcTaHJaFbl KeHiHri 3epTTey/iep Ae ajiMa aFallTapblH/Aa OipHelle naToreH Al
Cytospora TypJiepiHiH Ke3/leCeTiHiH )XoHe aJiMa COPTTAPbIHBIH, 0JIapFa Ce3iMTaJAbIFbl 9PTYPJli
60J1aTBIHBIH KepceTTi [26]. OKuay/1aHFaH U30JITTAap CTePUJb/I Ta3apThIJIFAaH Cy/a arap
TBIFBIHZAPBI KypaMblHAa 4°C TeMnepaTypaZa cakKTaabl. CagblpayKyJaK U30J9TTapblHAaH
reHomabiK JJHK ksaccukasnibik peHosr-xaopodopM aici [27] apKblibl 6esiHai xkoHe JJHK
TasasblFbl NanoDrop ND-1000 UV-Vis cnektpodotomeTrpimen (Thermo Fisher Scientific, AKIH)
anbiKTaaabl. JJHK TyTacTeirbl RedSafe™ Hyk/euMH KbIKbLIBIH 605y epiTiHAiciMeH (Thermo
Fisher Scientific, AKIII) 605y apkplibl arapo3a (1%) resib asieKTpodopesi apKbl/ibl aHbIKTAbI
#oHe YK TpancusromuHaTopbiH/a (Bio-Rad, AKI) Busyangel Typze kepcetingi. JHK menepi
Invitrogen Qubit 4 piroopomeTpimen (Thermo Fisher Scientific, AKII) esnmeni. Yaricia 6akbiiay
peTiHge emwkanaau JIHK yurici KocbliMaraH Tasay Kocnachl ananaHbl1/bl.

AHK-HbIH MazHUMMIK OKWayAaHybl HaHe aambuiH 31eKkmpod 6emindezi adcopbyus

Bacrankbiga 10 Mk Tasa caHpipaykysiak JJHK, 15 Mk 10 MKM 6MOTHHJIEHTEH yCTay
30H/bI )kaHe 10 Mmka 5X Ty3abl-HaTpuli nutpathl (SSC) 6ydepi (pH 7) mukpouenTpudyra
TYTiriHZe apaiacThIpbLIAbI )kaHe 95°C TeMnepaTypaza 3 MUHYT 00#bI KbI3AbIpbLIAbL. KelliHHEH
MakcaTThl 6ip Tiz6ekTi JJHK MeH Tycipy 30HbIHBIH apacbiHja OyAaHAacTblpyFa MYMKiHAIK
6epy yLIiH Kocnackl TepMoMukcepze (300 aitH/MUH) 66/1Me TeMnepaTypacbiHAa 30 MUHYT
601 bl MHKYOalUsIaHbl. BYpbIH XybIJIFaH 5 MKJI cTpenTaBUJUHMEH TaHOalaHFaH Dynabeads
MyOne ctpentaBuaut C1 (Invitrogen, ABcTpasivs) MarHMuTTiK MOHIIAKTapbl MaKCaTThl 30H[,
KellleHiHe TacbIMaJlaHbll, 6MOMAarHUTTIK KaObIKIIaMeH »Ka0bICThIPBIIYbIH XXeHiJIAeTy YIUiH

102 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



Anma araubiHOaFbl yumocnopos aypyblH QUaeHOCMUKAAAYFA APHAAFAH 31eKMPOXUMUSLAbIK 6uoceHcop adici

6eJsiMe TeMInepaTypacbiHja TepMmoMukcep/e (300 aitH/MuH) 30 MUHYT 60¥Hbl MHKYOALUSIAaH/b.
MarHuTTiKk MOHIIAKTap MeH MaKCcaTThl 30H/, KellleHi Co/laH KeWiH MarHUTTIiK ThIpMaHbIH,
KeMeriMeH OKLIayJIaH/ bl xkoHe 2X 6aliJIaHbICThIPY KoHe XKyy 6ydepiMeH ylI peT XKybLI/bl 2KOHE
10 MKJ1 yabTpa Ta3a cyAa KarTa cycneH3usianbl. Kocna 95 °C TeMmnepaTtypaza 3 MUHYT OOMbI
KbI3/IbIPBL/I/bI )XoHe 60caThlIFaH MakKcaTThl 6ip TizbekTi JHK 6ap cynepHaTaHTTBIH 5 MKJI
MarHUT apKbLIbl JUHAMUKTEP/I OKllay1ay/jaH KeliH fepey xxuHaajbl. CofaH KeliH 60caTblIFaH
6ip Tiz6ekTi JHK-Fa 15 Mk 5X SSC 6ydepi (pH 7.0) Kocblabl )koHe api Kapal naigaiaHFaHIIa
4 °C TeMnepaTtypaZia CaKkTaa/bl.

BUOTUH/E/NTEeH HYKJIEWH KbIIIKbIIJAPbIH CTPENTABUAMHMEH KallTaJFaH MarHUTTIK
MOHIIAKTap apKbLibl 66JIil1 aly »KoHe KbI3AbIpy apKbljbl 60caTy Tacili 6ypbIH eciMIik
naTtoreH/epiHiy JJHK-cbIH 3/1eKTpOXMMUSAIBIK aHbIKTayAa KoJAaHbLIFaH [19].

I/1eKMpoxXuMusAblK Kepcemkiul

J/IeKTPOXUMHUSJIBIK 6J111eyep 3KpaHMeH 0achll WbIFapbIIFaH alTbhiH 3jieKTpoATa (SPGE)
YIL 3JIEKTPOATHI KyHeci (a/IThIH }KyMbIC 3J1eKTPO/bIHaH, cOHAal-aK Ag/AgCl pebepeHTTi xoHe
aJITbIHFA Kapchl ayieKkTpoATapaaH Typazbl) 6ap CH1040C noteHpoctaThiHbIH (CH Instruments,
AKIII) keMerimeH opbiHAanabl. by epiTiHAiHiH 10 MK kesieMi SPGE-HiH »KyMbIC 3JIEKTPOAbIHbIH,
6eTiHe Tikesiel kaFbLaAbl )koHe 30 MUHYT 60¥bI MHKYbOauusaaaabl (TepmoMukcep, 300 aitH/
MUH, 66JiMe TeMIlepaTypacbiHaa). ColaH KeHliH 3JIeKTPOJ, 3JIEKTPOXUMHUSJIBIK KOPCeTKIll
apkpLibl Tanzgay anabiHaa 10 MM pocdat 6ydepiniH Ty3ab! epiTingiciMen (pH 7,4) xKybLiabl.
SPGE-re Kypambinga 2,5 MM [Fe (CN),],/ [Fe (CN),], (1:1 kaTeiHacbinza) koHe 0,1 M KCl 6ap 10
MM ¢ocdat 6ydepinin epitinaicinen (pH 7) TypaTbiH 50 MKJI 3/1eKTpoaUT 6ydepiHiH Kesemi
KocbL1bl. DPV curnangapel uMnynbcTik ammantygacsl 50 MB xxeHe uMmnysibc eHi 50 Mc 60/1aThIH
-0,2 B-taH 0,5 B-Ka zeliH xa3blibl. JubdepeHnnanabl MMOYJbCTiK BOJIbTAMMETPUS KoHE
beppunuanu/depponaHug pesoKc-Kyobl HYKJIEWH KbILIKbLIJAPbIHbIH 3J1EKTPO/, 6eTiHe
6alIaHbICyblHAaH TYBIHAAUTBIH 3JIEKTPOXUMHUSJBIK 63repicTep/i ce3iMTasl aHbIKTAy YIIiH
KeHiHeH KoJsiZjaHbLiajbl [21,28].

AFbpIMZaFbI 3Kayal e3repiCiHiH ManbI3bl MbIHA TEHJEY apKblJbl €CENTe/i:

% arbIMaFbl xKayan esrepici = [(i,, -1 Aﬁcopwﬂ) /i...] %100

MyHparbl i, koHe i AGcopbis CoMKecCiHlle kaJiaH 3J1eKTpo/ xkoHe JIHK dyHKknoHanjanFaH
3JIEKTPOJ, YILiH TOK ThIFbI3/bIFbI 60JIbIN TAObLIA b

ddic cenekmusminizi MeH ce3iMmasndbiFol

Kasnbel anranza, 93ipJieHreH 9iCTiH CeJIeKTUBTIITH aHbIKTAY YILIiH OCbl 3epTTeyze
aJIMaHbIH TOPT TYpJii caHbIpayKyJlaK NaToreHzepi Koaaaubligbl: Cytospora typJepi (Cytospora
sorbina, Cytospora parasitica, Cytospora pruinopsis xaHe Cytospora chrysosperma), Eutypa lata,
Alternaria alternata xaHe Fusarium graminearum. Ce3iMTa/AbIK CbIHAaFbIHA KeJIeTiH 60JICaK,
6ip Cytospora parasitica uzonateiHaH (AC-106, Anmatsl, KasakcraH) anbiuFaH reHoM/bIK JJHK
93ipJieHIreH 3JIeKTPOXUMHUSAJIBIK, OMOCEHCOp d/iCiHIH ce3iMTa/IAbIFbIH TeKcepy YIliH 10 Hr-HaH
1 ¢r-ra gelinri AuanasoHja cepusiablK Typ/e 10 ece cyHbIIThIIFAH.

HoaTumxesiep xoHe TaJIKbLIAY

AJiMa aFallbIHbIH, IUTOCIIOPO3 aypPybIHbIH epTe JUAarHOCTUKAChI YIIiH 93ipJieHreH
agictiH Heri3ri npuHnuni JIHK MeH anTbiH 6eTi apacbiHAaFbl apPUH/I dpeKeTTecy apKblJibl
3JIEKTPOXUMMUSJIBIK, 9ZiCTI Ialla/IaHa OTBIPBII, OKLIAy/IaHFaH KoHe Ta3apTbliraH JJHK-HbI
aHbIKTayFa Herizze/reH. KpicKalla alTKaH/ia, 8/iic GMOTHH-CTpeNTaBUANH dpeKeTTecy1epi apKblibl
MakcaTThl /IHK TizberiHe cesieKTUBTI TypAe 6ailslaHbIcaTbIH CTPeNTaBUJUHMEH KallTaJlfaH
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MarHUTTiK MOHILIAKTapFa OeKiTi/ireH 6MOTUH/ENTeH KOMILJIEMeHTap /bl QYHKLIMOHAJIbIK YCTay
30H/TApbIH NauasaHyabl KaMTyuabl. YcraiaraH [JHK HblcaH[aphl coflaH KeUiH MarHUTTIK KYyy
KaZlaM/Jiapbl apKblJibl Ta3apThLIa/bl )KoHE KbI3/bIPY apKbLJIbl YCTAy 30HATapbIHAH 60CAThIIA/IbI.
[sirapeiirad JHK Tiz6eri JHK MeH anTbiH 6eTi apacbiHarbl addUH/II apeKeTTecyi apKblJibl
SPGE-HiH kasiaH a/aTbIH OeTiHe Tikesiel agcoponusaaanabl. CogaH kerin makcaTthol JJHK
meJimiepi [Fe (CN) ]*/* TOTBIKCBI3JaHABIPFbILI YOl apKbL/IbI TY31/Ir€H TOKTbI 6J11Iey apKbLIbl
aHbIKTa/AAbl. MyHAal peloKC-KYIIThIH CUTHaJ/IbI 3jieKTpoA 6eTinaeri JIHK Mesiepi MeH KabaT
TBIFbI3/IbIFbIHA TAYeAi, COHAbIKTaH 0J1 JHK rubpuausanusicblH HeMece afcOpOLUACHIH }KaHaMa
6araJsiayra MYMKiHJik 6epezi [20,28].

OchkIFaH yKcac 9IiCTiH »Kacasybl OCbIFaH AeHiH cunaTTajafaH 60/aThbiH [22,24]. Bya
sepTTey/ep/in aBTopsaapsl [Fe (CN),]*/* ToTbIKChI3iaHy *YyleciH aaTbiH 6eTiHe 6eKiTiiren
HYKJIEUH KbIIIKbLJIJapbIHbIH, CAHbIH 6JILIEY YILiH KOJI/JaHyFa 00/1aTbIHbIH KOPCETTI. 3epTTey/aepae
KaTepJi icikke KaTbicTbl MRNA >xoHe HOTAIR IncRNA 6uomapkepJiepiH aHbIKTayFa apHaJ/IFaH
3JIEKTPOXUMUSJIBIK 6HMoceHcop aiicTepi a3ipsiereH. by agictep [ITP KoaiaH6ali-ak HeMece
uHtepdeiicti abduH/i ©3apa sapekeTTeCyTe Herizzein, 6uoMapkepepAi 6uoy.risiepaeH xKofapbl
ce3iMTa/IAbIKIIEH XK9He Jie TUIM/I Typ/ie aHbIKTayFa MYMKiH/iK 6epin oThIp. backa 3eptTey [20]
[Fe (CN),J*/* xyleci Tepic 3apsaTa/aFaH HyKJIeMH KbIIIKbLIbI MEH 3JIEKTPO/, 6eTi apachIH/aFbI
Kepi uTepy/ii, acipece HyKJIEMH KbILIKbLJIBIHbIH ThIFbI3/|bIFbl TOMEH 00JIFaH Ke3/ie TUIM/] xKeHe
asaTbIHbIH XabapJazpl. 2Kymbicta JJHK rubpuusanusacbl apKbLibl aATbIH 3J1eKTPOATAPbIHbIH,
3JIeKTPOKaTaJIUTHUKAJBIK OeJICEH/IIJIITIH KOCY MYMKIH/IT1 3epTTeJIil, 0J1 3/1eKTPOATAP/bIH OeTiHe
oexitinren JIHK 30HATapbl MeH HblcaHa-/IHK-HbIH ru6pu/iM3aLUsaChl KOJIJJAHbLIbII, Talja 60/1FaH
©3repic 3JIeKTPOXUMHUAJIBIK HeEMeCe 3JIEKTPOKAaTaJIUTHUKAJIbIK CUTHAJI apKbLJIbl aHbIKTAJIFaH.
flFHU, aNTBIH 3J1IEKTPOJ, CUTHAJIIb] KYIIEUTETIH 3/IeKTPOKaTaJIMTUKAJIBIK 1aTdopMa peTiHze
nangajaHblIFaH.

Bi3ziH 61oceHCcop/bIH eH KaKChl aHATUTUKAJIBIK 6HIMIJTiriHEe KOJI XKeTKi3y YIlIiH aZicopouus
yaKbITbIH Koca asnfaH/a, JJHK-anTbiH afcopbuysa KUHETUKAChIHA 9Cep eTETiH dpTYypJli lapaMeTpJiep
OHTalJaH/bIpbLIAbL. MHKYOaIMs yaKbIThIH OHTAaW/IaHABIPY acipece MaHbI3/bl, Ce6ebi y3aFbIpakK,
YaKbIT 3JIEKTPO/, 6€TiHiH KaHbIFYbIHA 9KeJIyi MYMKiH.

JluarHocTHUKaJbIK KoJ1laHb6asiapJa 6U0CeHCOpAbIH 6ip-6ipiMeH ThIFbI3 6alJIaHbICTbI
HbICAaHZapAbl aXKbIpaTybl 6Te MaHbI3/bl. byJl MYMKIHAIKTI TeKcepy YIUiH 9/iCTiH eHIMAiIIr]
6ipAeil wapTTap/a 6aKbliay S9KCIIepUMEHTTEPIH KYPTi3y apKblibl CEJEKTUBTI/IIKKE OaFaaH/ibl.
BacTtankplZa aIiCTiH iCKe »KapaMAbLIBIFbIH aHbIKTAyY YiUiH MakKcaTThl JIHK yuariciHiy opHbIHa
docdat 6ydepiHiH epiTiHAiciH nakganaHy apKblibl QYHKIMOHANABIK/yaricis 6akbiiay (NTC)
3KCriepUMeHTI opbIHAaAb], HoTHXKeCiHAe NTC yiliH TOK ThIFbI3AbIFbIHbIH MUHUMAJI /bl PeaKL M Chbl
anbiHAbl (Cypet 1A-B).

Cypet 1A HoTuxesepi MakcatThl JIHK 60siFaH xaFgalija XpoHOAMIIEPOMETPHUSABIK
TOoKTbIH NTC 6aKbliaybIMeH caJibiCTapa KapacTbIpFaH[a alKbIH TOMEHAEUTIH/ITiH KepceTesi.
Bk makcatTbl JIHK-HBIH anThiH 3/1eKTpoA 6eTiHe TUIM/AI aicOpOLUANIaHbII, TePiC 3apsaTalFaH
JHK meH ¢eppunmanuns/depponmanug pefokc }Kyieci apacblHAaFbl KyJ0H/bIK Tebily acepiHeH
3JIEKTPOHAAPAbIH TaCbIMa/IJaHYbIHbIH TeXeyiMeH TyciHAipineni. Cypet 1B-ae kepceTinrenaey,
MakcaTTbl JJHK yiuiH canbicThipMasbl TOK xayabbl iamamMeH 100 %-ra xketce, NTC yuaricinze 6y
KOpCETKIII HeJITe )KybIK MOHIH/le CaKTasa/ibl, OJ1 [leTeH aJIiFaH OH CUTHaJ/I/ibIH 6alKaJiMaFaHbIH
naJienaenai.

3epTTeyneH ajJblHFaH HaTHXKeJsiep 6uoceHcopAblH MakcaTThl JHK-Fa xofapsl
CeJIEKTUBTIJIIKIIEH Kayaln OepreH/iriHiH xkoHe IMarHOoCTUKAaJbIK Tajiay Ke3iHjae ceHimMai
QXKbIpaTy KabisieTiHe Me eKeHiH pacTanabl.
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Cyper 1. 9icTiH icke xkapam/blLiablFbl. (A) MakcaTTsl JJHK xaHe yuricis ceinak (NTC)
yuiin /IMB arbiMaaFbl kayanTtapsbl. (B) MakcaTtbl JIHK >xoHe NTC y1uiH colikec KeseTiH
aFbIM/IaFbl »kayan e3repicTepi. KaTe »koJiaKTaphbl Yl TEXHUKAJBIK KalTa/1ayiblH
CTaHJAPTThI aybITKYbIH 6inzipesi.

Copan ketiH makcaTThl JIHK TizberiMmeH Koca 6acka fia yu aiMa caHblpayKyJak
KO3/bIpFhIIITAPbIHbIY, (Eutypa lata, Alternaria alternata »aue Fusarium graminearum)
9pKaMChICbIHAH 1 HT COHFBI MeJIlIep/ie aJblHFaH 6alIaHbICChI3 )K9HEe KOMIlJIEMEHTapPJIbl eMec
reHoM/ibIK /IHK Tiz6ekTepi KoAaHbLIAbI 2K9HE aJIbIHFaH aFbIM/IaFbl JKayal e3repici HaTxenepi
canbicTeIpbLIbL (CypeT 2A-B). CypeT 2A-aa makcaTThl Cytospora JIHK yuiricine coiikec TOKTBIH,
aWKbIH KOFaphbl JleHTelJe caKTaJfaHbl, ajJ koMiieMeHTapJbl eMec JIHK yuarinepinge Tok
MoH/epiHiH 6ipTiHgen TemeHpen, NTC geHreliHe xxaKplHAal 6acTaraHbl 6aiiKanazbl. Cypet 2B
HOTHXKeJiepi OyJ1 allbIpMalIbLIBIKThI CAaH/IbIK TYp/e pacTai, Cytospora yJricin/ie casblCTbIpMasibl
arbIM/IaFbl kayanThiH wiaMaMeH 100% -fa »keTkeHiH, an Eutypa lata, Alternaria alternata
*oHe Fusarium graminearum yJirijiepiHzie OHbIH 6Te TOMEH JleHren /e KaJFaHblH KOPCEeTTI.
Ocpliaiina, MaKcaTThI )KoHe KoMIieMeHTapJ bl eMec JIHK yurinepi apacbiHaaFbl alKbIH CUTHA
albIpMalIbLIbIFbl 0MOCEHCOPABIH XKOFapbl CEJIEKTUBTI/ITIH koHe Cytospora KO3/1bIPFbIIIbIHbIH,
JAHK-cbIH 6ackKa ajiMa aFallbIHBIH IAaTOreH/i caHblpayKyJaKkTapbiHblH JHK-cbiHaH TuiMai
@XbIpaTy MYMKIH/JITIH ga/1enen .
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Cypert 2. 9zic cenextunTiiri. (A) MakcattsiH JHK Tis6eri ywin /JUB arbiMjaFbl )xayantaphbl:
Cytospora TypJiepiH 6acka Yl ajiMa caHblpayKyJlaKTapbIMeH casibICThIpFaH/a: Eutypa lata, Al-
ternaria alternata >xane Fusarium graminearum. (B) TepT canbipaykyJiak JJHK Tiz6ekTepi yuin
CoMKecC KeJIeTiH aFbIM/aFbl 3kayall e3repictepi. KaTe »xo/1aKTapsbl yiI TEXHUKaJbIK KalTalay/blH,
CTaHJAPTThI aybITKYbIH OinAipesi.

Ocsbl yu1 koMmnieMeHTapJbl eMec JIHK yuiin canbicteipmansl IUB aFbiMaFbl xkayadbl
(%i ) 4%-nan a3 6o01b1, 6y MakcaTThl JIHK yinin anbinran JIMB xayabbiMeH casnbICThIpFaH/ja
mwamaMet 20 ece TeMeH 60J1/1bl. MaHbI3/1bIChI, OCbl KOMIIJIEMEHTAPJIbl €eMeC HbICAHAAp/aH aJIbIHFaH
»kayanTtap NTC-re ykcac 6osabl, 6y aaicTiH makcaTTbl JJHK-HbBI aHbIKTay YIIiH KeTKIIIKTI
CeJIeKTUBTIJIITi 6ap ekeHiH KepceTe/|.
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Cyper 3. CesiMTanblK AepekTepid Tanzay. (A) 10 ur-HaH 1 ¢r-ra gentinri JHK-HbIH
6acTankpl Wiamasapsl yiriH JIMB arbiMaaFbl kayanTapsbl. (B) AubikTay 1ieri 1 ¢r 601aThIH
ce3iMTasIJbIK CbIHAFbI YIIIiH »KacajifaH cCTaHAApPTTbl KUCbIK. NTC yirici3 cblHaKTbI 6isipe/i.
KaTe »o0/1aKTaphl Yl TEXHUKAJIBIK KalTaslay/|blH CTaHapTThl aybITKYbIH Oi1ipeai.

OJicTiH ce3iMTanApirbl 10 Hr-HaH 1 gr-Fa AeliHri apTypIii MeJiLieperi Ta3a caHblpayKyJlaK
JHK-cb1H Tangay apkblibl 3eptTeni. MakcatTbl JJHK canbl yiraiiFaH cailbiH, 3J1eKTPOJ, OeTiHAeTi
Tepic sapaaTanrad JHK-MeH Kysnon/bIK apekeTTecy HaTxkecinge [Fe (CN) ]*/3 kepi utepinyi
6aiikanapbl. bysn Cypet 3A-B kepcetinrenzei, NTC-meH canbicTeipFaHia PapaasiblK TOKTHIH,
TOMeH/leyiHe )KoHe aFbIM/IaFbl Kayall e3repiCTepiHiH XKOFapbllayblHa 9KeJs1Ji. ATaJIMBbIII 9iC
YLUI T3YeJICi3 3KCIIepUMeHT YIUiH 7%-/aH a3 caJbICTbIpMaJibl CTAHAAPTTHI aYBITKYMEH KaKChl
KalTajJlaHy MYMKIiH/iriH kepceTTi. COHZlali-aK, *kaHa 3/ic 1 ¢r aHbIKTay L1eriH KepceTTi, 6y
mamameH 2.48x107 reHoM/ibl KeLIipy caHbIHA TEH. Byl HOTHXKe eciMAiK maToreHiepiH aHbIKTAy
YIIiH OCbIFaH AeliH a3ipyieHreH cauAablK [ITP Herisinzeri apicTepre Kkaparanaa 100 ece cesiMmTan
[29-31]. ConabikTaH, 1 ¢r eH TeMeH aHbIKTaaTblH KOHILEHTPALMsICbl 6ap 6y 6UoceHcop aaici
[IMTOCIIOPO3 KO3/AbIPFBIIITAPbIH €pTe aHbIKTAy YLIiH ceHiMAI KypaJs 60J1a ajafpbl.

KopbITBIHABI
ByJs 3epTTey ajiMa aFalITapblH 3aKbIMJAAUTBIH LLUTOCIOPO3 KO3/ bIPFBILITAPBIH €pTe

YKOHE CaH/bIK aHbIKTAy YILUIH AdCTYpPJIi JUATHOCTUKAJIBIK dicTeMesiepAi aIMacTblpy MyMKIHZAIT]
6ap 3JIEKTPOXHUMHUAJIbIK OMOCEHCOP 9/1iCiH cunaTTalAbl. JJIEKTPOXUMHUSAJIBIK M1aTdopma

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 107
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu



K. [locembaes, A. Cnanbaes, []. Ymeyauesa, I Canxoxcaesa, 3. Ymup6baesa, C. Haekoaa,
I! Mykusinosa, K. Tynezenosa

TEXHOJIOTHSJ/Iaphl )KOFAPhI Ce3iMTa/IbIK TIEH TOMEH OaFaFa 6aiJIaHbICThI )KOFAPhI CYpaHbICKA
ve. /lereHMeH, 9iCTiH, »KeH /Il MeH CeJIeKTUBTLIITH OHTaWJIaHAbIPY YLIiH aJ1i e KOCbIMILa
3epTTeyJiep XKYprizinyi KaxkeT. OJiCTiH, MHKyOalisl yaKbIThIHbIH, >KaKCcapyblHa K9HE KOFaphbl
ce3iMTaJIAbIFbIHA KapaMacTaH, »aJIlbl TaJ1[ay YaKbIThIH KbICKAPTY K9He aHbIKTay OHIMIITIHIH,
KYpZAeJinirid 6osblpMay YLIiH MarHUTTIK OKLIAYJ/Iay )K9HE 3JIeKTPOJ, OeTiH ©3repTy KaJlaMAapblH
OHTalJaHAbIPY KaxKeT. By/laH 6ackKa, 93ipJieHreH 3/71eKTPOXUMHUSIJIBIK, 6MOCEHCOP 9/ iCiHiH,
CeJIEKTUBTLJITiHIH >KOFaphbl IeHTeliH KaMTaMachI3 €Ty YIIiH KOMMepIHUsJIbIK 6aKTapAa IUTOCIOPOo3
KO3/IbIpFBILITAPbIMEH KaTap TaObLIAThIH ajiMa aFalllbIHbIH, CAHbIpayKyJ/laK NaTOTeH/epiHiH
KeHipeK naHeJliHAe KOCbIMIIA CbIHAKTAp »Kacay »KoclnapJiaHyza.

ABTOpJ/1apABIH, Y1eci

K.[I. - MaTiHHiH 6acTankpl HycKachiH *ka3y; C.H., [I.Y.- skcnepuMeHTTepai xKyprisy; 3.,
II.A., I.C,, - sxcnepuMeHT HaTUXeJsepiH Tanzgay; K. ., .M., - 3epTTeyaiH Ty>KbIpbIMAaMachl
MeH Au3arHbIH a3ipJsey; M.T. - 2KyMbICTbI 6acKapy, MaKa/laHbIH MAOTiHIH peJlaKLiusiay KoHe
COHFBI TOJIBIKTAY.

Kapxsbl1aHasipy
Bys 3eptTeyai Kasakcran Pecniy6simkace! FblibIM »kaHe K0Fapbl 6i/1iM MUHUCTPJIITIHIH
FBIJIBIM KOMUTETI Kap>KblJIaHAbIpAbI (rpaHT NeAP19680152).

Myazaesiep KaKThIFBICHI
ABTOpJsiap MyaJesiep KaKThIFbICbIHbBIH, *KOKTBIFbIH MaJIiMENU/].

ITUKAJIBIK CTaHJAPTTAap/bl CAKTay.

ABTOpJIAap )XYMBICTbIH, 6apJibIK Ke3eH/Jlepi MeH aclleKTisiepiHe »kayalnThl, COHbIMEH KaTap
Ke3 KeJIr'eH 66eJIiriHiH AYPhICTBIFbl MEeH TYTACThIFbIHA KAThICThI TybIHAAFaH MaceJieiep/i
KapacThIPBIII, HIENTY 3K0JIJTapbIH KAMTaMachI3 eTe/i.
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AHHoOTanus. {61014 IB/ASETCSA OHUM U3 HauboJlee UPOKO BbIpalllMBAEMbIX I1J10/10BbIX
JlepEBBEB, a UTOCIOPO3 — 3TO 3a60JI€BaHHE, BbI3bIBAKOLIEE ONyXaHHUE U OTMUPAHUE BETBEM.
JleyeHue 3TOro 3a60/1€BaHUSI B OCHOBHOM MPOBOJUTCS C HOMOILbI0 GyHrUIuA0B. OHAKO
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OKpY’KaIoLIyIo Cpejly, a TaKKe 3IKOHOMHUYECKU HEBBITOJHO J1JIsl CTPaH C HeOGO/IbLIUM IPOU3BOACTBOM
A6s10K. [Ipo6JieMy MO>KHO peliuThb, pa3paboTaB CTpATErUI0 YIpaBJeHUs, OCHOBAaHHYIO Ha
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Anma araubiHOaFbl yumocnopos aypyblH QUaeHOCMUKAAAYFA APHAAFAH 31eKMPOXUMUSLAbIK 6uoceHcop adici

CBOEBpPEMEHHOU AMArHOCTHKeE 3a00/IeBaHHUs ¥ IPEOTBPAILEHUH ero pacnpocTpanenus. [loatomy
CYLIECTBYeT NOTPEeGHOCTD B HAZIEXKHOM W HEJIOPOI'OM IUarHOCTUYECKOM UHCTPYMEHTE, KOTOPBIH
MO>XHO UCIOJIb30BATh /IJIsl pAHHET0 OOHAPYKEHHUsI U KOJIMYEeCTBEHHOU OlleHKHU MaTOreHa.
XoTs1 AJ151 3TOM 1|eJIM UMeEeTCsl HECKOJIbKO OObIYHBIX JIAOOPATOPHBIX TECTOB, UM HE XBATAET
IPOCTOTHI U CEJIEKTHUBHOCTH, a CaMOe IJIaBHOE, OHU TPeOYIOT 06y4eHHOTO epcoHasia. B aToit
CTaTbe ONMHChIBAETCS Pa3pabOTKa 3IEKTPOXUMHUYIECKOT0 GOCEHCOPHOTO METO/a, KOTOPbBIH
MOXXET 3aMEHUTDb 0ObIYHbIE MOJIEKYJISIPHBIE METO/Ibl OOHAPYKEHHsI. ITOT METO/, B CTO pas
YYBCTBUTEJIbHEE CYLIECTBYIOIUX KoindyecTBeHHbIX [TL[P MeTo0B.

KioueBble c10Ba: IUTOCNOPO3, 16/10K0, AUATHOCTHKA 3a00JI€EBAHUH, 3JIEKTPOXUMUYECKUH
6uocencop, JIHK-3os0T0€E adpduHHOE B3auMoeiicTBUE

An electrochemical biosensor assay for diagnostics of Cytospora canker disease
in apple trees

K. Dyussembayev?’, A. Spanbayev?, D. Uteulieva3, G.Salkhozhayeva®*,
Z. Umirbayeva®, S. Naekova®, G. Mukiyanova’, Zh. Tulegenova®*
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168 National Center for Biotechnology, Astana, Kazakhstan
3 M. Utemisov West Kazakhstan University, Uralsk, Kazakhstan
5 Yessenov University, Aktau, Kazakhstan
7 Shakarim University, Semey, Kazakhstan

Abstract. Apple is one of the most widely grown fruit trees, and Cytospora canker is a
disease that causes branch canker and dieback. The treatment of the disease is mainly carried
out by using fungicides. However, excessive use of chemicals has a significant impact on fruit
quality, as well as on the environment, and is also economically unprofitable for countries with
small apple production. The problem can be solved by establishing a management strategy based
on timely diagnosis of the disease and preventing its spread. Therefore, there is a need for a
reliable and inexpensive diagnostic tool that can be used for early detection and quantification
of the pathogen. Although there are several conventional laboratory tests for this purpose, they
lack simplicity and selectivity, and most importantly, require trained personnel. This article de-
scribes the development of an electrochemical biosensor method that can replace conventional
molecular detection methods. This method is a hundred times more sensitive than existing
quantitative PCR methods.

Keywords: Cytospora canker, apple, disease diagnostics, electrochemical biosensor, DNA-
gold affinity interactions
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AHparna. Plasmopara halstedii ooMmu1eTi KyHOAFbICTBIH, XKa/IFaH aK
YHTaK MHQEKLHUACbIHbIH, KO3/bIPFBILLbI, 0J1 PacablK UAeHTUPUKaLUsIAY,
Ka3aKCTaH/AbIK KYHOAFbIC Oy/laH/lapbIHbIH KO3/ bIPFbIIIKA TO3IMAIIriH
6araJjiayzia YJKeH peJi aTKapabl. 3epTTeY/AiH 63eKTiJiri aypyabIH,
»KOFapbl 3USIH/bLIbIFbIHA K9HE KO3/ bIPFbILI MOMYJISUSACbIHBIH pacaJiblk
KYpaMbIHbIH, ©3reprimririHe 6aianbicTbl. KapTon-ritoko3sasbl
arapfa KyHOaFbIC KellleTTepPiH KOCHII, in vitro »kKaFanblHaa ecipy
apKbLJbl, KO3AbIPFBILITHI 66J1iN aly Ky3ere acblpbliAbl. MoJieKynablK,
uaentudukanus [ITP xxoHe o/1aH KeliHTi cekBeHUpJIeyi KosijaHa
oTbipsln, 28S p/IHK y4yackeciH Tasgay Herisinge »yprisisiai. Pacanbik
nJaeHTUHKaLMA 6aKblJIaHATBIH XKaFAauaapaa audpdepeHiiuastibl
KYHOAaFbIC JIMHUSJIAPbIH )KacaH/bl TYPAE *KYKTbIPY 9/liCiMEH aHbIKTaJ/Ibl.
Mopdos10THUSANBIK >KoHE MOJIEKYJ/IabIK-TeHEeTUKAJbIK TaJJay/IblH,
HOTHXKeJiepi U3o/sATThIH PL halstedii TypiHe *kaTaTbIHAbIFbIH PACTaAbI.
JuddepeHnpaniblK JUHUSAIAP/bIH peaKIUsAChl HETi3iH/e 3epTTeliHreH
n30s4aT 330-pacacbiHa )KaTaTbIHbI aHbIKTAJ1bl. CKDUHHUHT HOTHXKECIHE
Ka3aKCTaH/JbIK ceseKLUSaHbIH 70 KyHOaFbIC OylaHbIHBIH, illiHAE ce3iMTa
reHOTUNTEP/iH 6achiM 60J1ybl k9He TO3iMAi popMasiap/iblH CAaHbIHbIH,
HIeKTeyJi eKeHi aHbIKTaAbl. AJIbIHFaH HOTHXeJiep Pl halstedii-JiH
330-pacaceinbiy HIbiFbic KazakcTaH 06J1bICBIH/IA TapaJFaHbIH KoHe
TYPaKTbl GUTONATOJIOTHUAIBIK MOHUTOPHUHT XYPTri3y KaXKeTTiJiriH
KepceTTi. AHbIKTaJ/IFaH TO3iM/li FeHOTUIITep KYHOAFbICThIH JKAY aypybiHa
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Comparative analysis of morphological characters of nivicolous myxomycetes of the family Physaraceae in Katon-
Karagay and Ille-Alatau State National Nature Parks

TO3IMAIJIIriH apTThipyFa 6aFbITTa/lIFaH CeJIeKLUANBIK 6aFgapiamMmanap
YLIiH DpaKTUKaJIbIK KbI3bIFyLIBLIbIK TYJbIPa/bl.

TyiiH ce3aep Plasmopara halstedii, kyn6arbic, KasifaH aK YHTaK,
330-pacacsl, MOJIEKYIA/NbIK UAeHTUDHKALMS, TO3IMAiTIK, KYHOAFbIC

OoynaHaapsbl.

Kipicne

KyHn6arbic (Helianthus annuus L.) - asieMJieri keTeKIli Malbl JaKblJap/blH 6ipi, 01
YKOFapbl eHIMAIIriMeH xoHe Mal/bLIbIFbl 60%-Fa lefiH )KeTeTiH KypaMbIMeH epeKllesleHe i
[1-3]. KazakcTanga KyHOaFbIC 6Cipy/i KEHeUTY *KeprilikTi arposKoJIOrUsIbIK XKaFaliapra
6elim/iesireH )KOFapbl 6HIM/I 6yIaH apAbl eHri3yi Tanan eteni [4]. JlereHMeH, Ui ke3ieceTiH
dbuTonaTroreHAik aypysaap eCiMAiKTiH reHeTUKAJIbIK dJeyeTiH alTapJblKTal Texen/i, aTan
alTKaH/la KYHOAFbICTBIH €H »XOWKbIH aypyJiap/blH 6ipi — YKasiFaH aK YHTaK aypyblIH Ty blpaThlH
Plasmopara halstedii (Farl.) Berl. and de Toni o6iuratTbl 6MOTPOPTHI 0OOMUIIETI [5].

[TaToreH kep 6eTiHJ€e KeH TapaJiblll, pacajapAblH TYpillliJlik e3reprillTiriHiH »oFapbl
JleHreliH kepceTeni. COHFbI JlepeKTepre CyHeHCeK, oJ1ap/blH CaHbl T€3 6CiN KeJie/i KaHe Oy
KO3/IbIPFBIII MOMYJS U CIHBIH 3BOJIIOLUAIBIK CepIiHAl AaMybIH KepceTei [6]. YKui e3reprimtik
MHPEeKLUAMEH KYPeCyAi KUbIHAATHIN, 6CIMIKTIH aypyFa TO3IMAi/IIriH aHaFypJibIM TOMeH/ieTe i
[7]. OcpiHBIH canfapblHaH COHFBI Xbl1apbl Eypona enfepinze aca KayinTi HOTOTHUI pacanapblHbIH,
caHbl alTapJbIKTak apTThl [8, 9]. ¥Kcac kaFganiap/ablH, 6i3/1iH esnje e 6aliKaaybiHa ce6ebi
- UIMIOOPTTHIK OyAaHAap/bl ecipy esieri naToreH nonyJjslUsaCbIHbIH, KYpaMblH 63TepTil,
OYpBIHFbI YCTEeM O0JIFAH pacajapZblH bIFbICYbIHA biKNaJ eTyi [10]. AybliapyalibLibIFbIHAA
aybICMaJibl €TICTIH )KeTKIJIIKCI3/Iiri casijlapblHaH, NIaTOTEH 3BOJIFOLMSACHI YILIiH KOJIailJIbl KaFAan
TYbIH/AYbI 2KaHa BUPYJIEHTTI NaTOTUNTEP/IH Te3 Makaa 6oJybiHa anbln Keseni [11, 12]. By
TYPFbIJa, aypy/lapMeH KypecyAiH eH THiIM/JI dici peTiHAe KyHOaFbIC OyaHAapblH TYPaKThl
TYp/le 9@3ipJieyai alTyFa 60s1a/1bl.

Byrinri Tagaa kyH6arbicThIH 2KAY aypybiHa Tesimai renzepin (P1) anbikramn, osapzbl
eciM/liK leHeCiHe eHTi3y MOoJIEKYIa/IbIK OMO0JIOTUsSIJaFbl €H TUIM/ )KeTICTIK peTiH/e celeKLUANbIK
OaFmapJsiaMasiapFa )kaHa MyMKiHAiKTep amazel [13-16]. Anaitaa Pl halstedii 061uraTThl 6GUOTPOPTHI
00JIFaH/IbIKTaH, OHbIH U30JIATTAPbIHbIH MOJIEKY/IAJIbIK CUIIaTTaMaJ/lapbl MeH KO3/bIPFbILITHIFbI
KeTKIJIKCI3 leHrei/ie 3epTTereH, 6y JUarHoCTUKaIAy/bl XKoHEe Pe3UCTEHTTINIKTI CKpUHUHI TeYAI
KubIHaTazpb! [1]. Cos cebenTi M30aATTApP/ bl MOJIEKY/IAIBIK HIeHTUPUKALMSIAY )KoHE 6CIMAIKTIH,
TO3IMAIITIH KapacThIpy KYpAeJi 3epTTey/iepAi KaXXeT eTe/i.

PL halstedii-niH aca BupynenTTi 330-pacacel KazakcranHbiH LIbIFbIic ayMaKTapblHAA
ecipijieTiH KYHOaFbIC OyAaHapbIHbIH 6acbIM 66JIiriH 3aKbIM/IayFa KabijleTTi JereH 6o/nkaM 6ap.
Byu1 3epTTeyzig MakcaTel Plasmopara halstedii i305TbIH MOJIEKY/IA/BIK UeHTUUKALUsLIAY
YK9He KyHOarbIC 6yAaHAapbiHbIH 330-pacaceiHa Te3iMAiIIriH 6aFaay.

3epTTey MaTepUaJAapbl MeH djicTepi

3epmmey HbicaHdapbl

3epTrTey HbicaHbl peTiHze lIbiFpic KazakcTaH 06/1bICbIH/A ©CIpITeH, 3ap/an leKKeH
eciMZiiKTep/ieH OeJiHiN a/IbIHFaH KYHOAFbICTBIH, XaJIFaH aK YHTAK aypybIHbIH KO3/AbIPFbILIbI —
Plasmopara halstedii-ziiH, U301 ThI aJbIHABL. OciMAiK MaTepHasbl peTiH/e aypy 6esrijiepi 6ap
KYHOaFbIC NaiiZjasaHblibl. AypyFa Te3iMainikTi 6aranay yuiH lleireic Kasakcran xane XKeTicy
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06JIbICTApbIHBIH, AybLI lIapyallblIbIFbl YHBIMAAPbI YCbIHFAH Ka3aKCTaH/AbIK CeJeKIUsHbIH 70
KYHOaFbIC OyJaH/lapbl 3epTTe /.

Pacanbik ugentudukanusaay B.C. [lycToBoUT aTbiHAaFb! ByKinpecelik Mal/ibl AaKblagap
FbIIBIMU-3epTTey UHCTUTYThiHaH (BHUHWMK) asnbiHFaH KyH6aFbICThIH 9 nuddepeHpnanibl
JIMHUSAJIapbIHAH TYPaTbIH XaJIblKapaJblK CTAaHAAPTTHI XKUBIHTBIFbIH NaiJasaHa OThIPbIN
Kyprisingi [17]. 3epTTeysep 6apbicbiH/ia CTaHAAPTTHI KOPEKTIK opTajlap MeH peakKTUBTEpP
KOJIJAHbLI/IbI: KapTon-rJitoko3asibl arap (KI'A), KyH6aFbIC 6CKiH/EPiHiH bIPbIHBI, TY3/bI
epitingi (0,9 % NaCl), 50 % rinuepuH epiTtingici, congait-ak JHK okiuaynay peareHTTepiHiH,
»KUbIHTBIFBI (TES-6ydep, CTAB, NaCl, usonponanoJi, ataHoJ1, XxJ10podopM Kocnachl: M30aMHJ1
cnupTi 24:1) »xaHe I1TP xypriay.

JKCIlepUMEHTTIK 3epTTeyJiep TepMocTarT, ueHTpudyra, [ITP-amnindukarop, anexkrpodpopes
KYHeci, reJib-Ky»KaTTay Kyieci MeH clieKTpopoTOMeTp/Ai Koca aJiFaH/a, CTaHAAPTThI 3epTXaHaJbIK,
»KabAbIKThI MakiJalaHa OThIPbIN, “YATThIK 6uoTexHos0rusa optasbirbl” KIIC (AcTaHa K,)
eCIM/IIKTep/iH reHeTUKa/IbIK MHKEHEPUSIChI 3epTXaHaCbIH/A OpPbIHAAbI

IlamozeHdi 6e.1in aay KHcaHe ecipy wapmmapbsl

Pl halstedii n30iATHIH 66JIil aay KYHOAFbIC JaKbl/1apblHAa BereTallMsAJIbIK Ke3eH/e
XKYprisizireH ¢uTonaTosorusaablK 3epTTeyep Heridinge 2KAY aypybiHa ToH Oerisiep 60ibIHILIA
Kyprisingi. bBacTankbel ke3eHJepae 6CiMAIKTEP/iH epreXXenijiri, BereTaTUBTI MYllIeJIEPAiH
JlaMbIMayhbl, dJIcCipereH cabak, ;koHe XJIOp03 aliMaKTaphbl 6ap KillkeHTal alblpaKTap/blH Naija
60J1ybl eckepiifi. MaHbI3Abl AUATHOCTUKAJIBIK OeJITire xanblpak TaKTaCbIHbIH TOMEHTI )KaFbIH/AA
TBIFbI3 aK KaObIHHBIH, (CrIopa) 60J1ybl KaTa/ibl.

OciMAikTep JaMybl 6apbICBIH/A OCYAiH 6asyaaybl, *)KOFapFbI »KalblpaKTapblH, allKbIH
XJIOPO3bl, OybIHapaJIbIKTAPbIHbIH, KbICKAPYbl, COH/AM-AK, XKeTiJIMereH TYKbIMJaphl 6ap ycak
cebeTTepAiH naia 6oaybl aTan eTiafi. KeliHri keseHaep/ie reHepaTUBTI opraHiapAbIH,
flebopMalUsChl ;K9HE reJIMOTPONM3MHIH TeMeHAeyi Tipkenai. besceni cnopynsanusa 6enrinepi
6ap »kanblpaKTap TaHJaJbll, 6CIMAIKTIH ipiKTey KYHi, OpHBI )KoHe T€HOTUIIi KepcCeTiJreH
KaFa3 nakeTTepre caJblH/bl. 3epTXaHaJbIK XaFAanja eciMiKk MaTepuasbl crepuibli [leTpu
tabakwasapbiHga 0,9 % NaCl epiTinaiciMeH cysnanfaH QuUIBTP KaFa3blHa OPHAJIACThIPbLIbIII,
yJrisiep CYUBIKTBIKIIEH TiKeJiel xKaHAacMaWThIHAAW eTin uHKyOauusjaHAbl. UHKyb6anusa
6eJiMe TeMIlepaTypacblHJa KO3/ bIPFbIIIThIH CIOPaJIaHybl OeJICEHIeHTe AeliH XKypri3iaji.
Bactankbel MaTepuaJs peTiHge “Maiibl JaKblIAapAblH TaXiprubeik mapyamblabiFbl” 2KIIC
ericTikTepiHzie ipikTesreH cnopaJsibl KyYHOaFbIC KanblpaKTapbl KOJAAHbLIAbL. A/ bIH-a/1a
»KacaJIFaH MUKPOCKOMUSJIBIK d/jiCTep apKbLJIbl CllIOpaJiapAblH 60/ybl pacTaaibl. UHeKUUANDBIK,
MaTepHraJs/bl caKTay YlliH maibiAbLiap (Ne1-5 cMbeiBel) anbinblidn, -20°C TemnepaTtypaza 50%
[JIMLIEPUH epITiH/ICIHEe cCaKTasbll, UHOKYJIIOM peTiH/e naialaHbl1/bl.

KT'A KopeKTik opTachl eHAipYIlIiHIH HYCKay/lapblHa colikec gaubiHAaaAbl (40 r/i),
COJlaH KeWiH 3apapchI3aHAbIpbl/bl kaHe [leTpu TabaKTapbiHa KyibLaAbL. [laTOreHHiH ecyiH
BIHTAJIaH/bIPY YLIIH OpTaFa KYHOAFbIC 6CKiHePiHiH WbIPpbIHbI KOCbLIABL. [lIbIpbIH cTepUIbAi
»KaFganga eHreH keuettepai KMnO, epiTiHgiciMeH eHJen, AUCTUIJEHTEH CYMEH KYY KoHe
romMmoreHusanusijay (keweTTepiH y3bIHAbIFBI 10 cM-/eH acafibl) apKpLibl aJblHAbL. AJIBIHFaH
wbipblHHAH 100 MJ1 KOpeKTik opTafa 2 MJ1 MeJiiepiHe Kocbliabl. UHokynsauus 25 mka PL hals-
tedii 1Al bIH/bI CyCIIEH3UsICbIH KOPEKTIK OPTaHbIH 6eTKi KabaThIHA €HTi3y apKblJibl )KYPTi3iifi.
Jakbligap 6esMe TeMnepaTypacblHa 3 KyYH 60Mbl HHKyOalusiIaH/bl.

Pl halstedii-0diy MoseKyaaablK udeHmugpukayusicol
Pl halstedii n30aATBIHBIH OeJITiji 6ip Typre »KaTaTbIHAbIFbIH pacTay yliH. 28S
pZIHK aiiMaFbiH ceKBEHUPJIEY apKbL/Ibl MOJIEKYJIA/bIK-TEHETUKAJIBIK, UAeHTUPUKaLUsIay
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Comparative analysis of morphological characters of nivicolous myxomycetes of the family Physaraceae in Katon-
Karagay and Ille-Alatau State National Nature Parks

Kyprisingi. bBactankbl MaTepras peTiH/le KYHOAFbIC KOllleTTePiHiH MbIpbIHbIH KOCblIFaH KI'A-
Jla 6CKeH Ta3a NaToreH/ik Ky/abTypa KoagaHbuiabl. l'eHomablk JIHK Mmogudukanysaianran
CTAB (rekcagenuATpuMeTUIaMMOHUN OpOMU/Ii) d/1iciMeH oKuIay/1aHbIM ajabIHABL XKacyiia
MaTepuasbl 65°C npoTenHasa KocbliFad TES 6ydepinge sn3ucke yubipar, cogaH keiid CTAB/
NaCl epiTingiciMmeH eHen/ii. IKCTpaKL U XJ0poPOPM KocracbIMeH KYPTi3isi/i: ©30aMuJI CIUPTi
(24:1), copan kelin JIHK n3onponaHosiMeH TYHAbIpbLIAbI, 75% 3TaHOIMEH XKybL1Abl )koHe TE-
oydepinge epitiagi.

JHK KoHI1eHTpalusCchl MEH Ta3aJ/IbIFbl CIEKTPOPOTOMETPUSJIBIK aicneH (NanoDrop)
aHbiKTanAbl; A260/A280 KaTbiHack 1,8-2,2 nuanasoHbiHAA 60J1/b1 XkaHe yiriiep -20°C cakTaajpl.
28S p/IHK aiimafrbiH amminduKalysaaay cnendpuKkanbiK npaiMepep/i KogaHa oteipbi, [ITP
aAicimMeH xyprisingi. Peakyus kocnacbiHa (»kannsl kesieMi 23 MkJ1) 6ydep, dNTP, npaiimepaiep,
JHK nosnnmepasaxoHe M/JHK kipgai. [ITP TepMonukaepze craHapTThl 6aFfapaaMa 60MbIHIIA
Ky3ere acbIpbLaabl (94°C - 3 MmuH; 35 nuka: 94°C - 40 cek, 63°C - 40 cek, 72°C - 1 MUH; COHFbI
asioHrauus — 72°C, 5 MuH).

Pacanavik udenmugukayusiaaydsl aHblkmay xHcaHe ecimdikmepdi 3a.1a.10aH0bIpy

Kynb6arbic eciMiikTepiH xkacaHapl 3ananaauzpipy Pl halstedii-fiH 06114raTThl JaMyblHA
6aiiaHbICTbl UTOTPOHHBIH 6aKblJIAaHATBIH KaFAalbIHAA XKYprisingi. UHokytoM peTiHge
NaTOTeHHIH Ta3a KyJIbTypacblHaH aJiblHFaH 300CM0pa CyCleH3UsChl KOJAaHbL1bl. KyH6aFbIC
TYKbIM/ZAphl aJ1I/IbIH aJia XKYbLJIbII, >KacaH/1bl 2KapblK aCTbIH/A blIFa/llaHFaH QUIbTpP KaFa3blH/a
[leTpu TabakwanapbiHga eH/i. TaMbeipbl 1,5-2 ¢M, TMIIOKOTU/IZIEP MEH TYKbIM>KapHaKTaphl
KaJIbIIIThI JAMbIFaH KelleTTep ipikTen ayblH/AblL. KelleTTep cTepub/i cydbcTpaThl (KYyM MeH
TONBIPAK KOCIachkl) 6ap HayasiapFa OTbIPFbI3bLI/bI.

Op 6CiMJIKTiH acTblHa 300CNIOpa CYCIEeH3UsIChIH KYI0 apKbl/Ibl 3as1a/1ay Kyprisiazi (6ip
yiarire 150 mu). UHOKy M JaH KeliH eciMaikTep KyHAi3 23-25°C TeMnepaTypazia *kaHe TYH/e
mwamaMeH 18°C TeMnepartypaga 7-8 KyH 60/bl )KOFaphbl bIFANABLIBIKTA 6Cipini. CHOpy/IsLUAHBI
MHAYKUMAIAY YIIiH 6ciMiKTep KOCbIMIIA bLIFAJJaH/bIPbLIbIIN, 16-18 caraT 60iibl TOMEH
TeMIiepaTypaja (16-18°C) koFapbl bIFAIABLIBIK XKaFAalbIH/A CaKTasAbl. KeiHHEH 3asanzany
JleHredi 6arananjpl. Pl halstedii n3on9TbIH uAeHTUGUKALUSAIAY XaJblKapaJblK CTaHAAPTTHI
nuddepeHan bl KyHOAFbIC IMHUSAIAPBI >KUbIHTBIFbIH KOJIZIaHA OThIPbIII, KacaH/[bl UHeKLHsIay
dJliciMeH »Kyprisinzi. 3epTTey 6apbicbiHAa 9 TMHUSA KoJdaHbLIAbL: Suscept, RHA-265, RHA-274,
PM-17,803-1, DM-2, HA-R4, HA-R5, )xone HA-335, onap B.C. [lyctoBouT aTbingarel BHUMMK-
TeH aJbIHABI [17].

JuddepeHnnan bl JUHUANAPABI 3a/1a1/ay OYPbIH CUNIAaTTa/IFaH d/jic 60MbIHILA 300CTIOpa
CYCIeH3USIChIH KOJIZJaHy apKbLJIbl XKy3€ere acblpbLI/ibl. UHOKYISALUALAH COH TYKbIMXKapHaKTap
MeH Ha¥fbI3 XKalblpaKTap/ia cnopasap 6alKa/faHFa AeliH ecipinfi, ’koHe cOFaH 6ailJIaHbICThI
beHOTHUNTIK peakLMsFa 6arasay Kyprisingi. UHbekusaabiK 6esriep 6alKaafaH eciMIiKTep
cesimTau (C), an cnopynsinus 6esrisepi Kok ecimaiktep Te3imzai (T) peTinge xikTeninai
[17]. U3019TThIH pacablK UAeHTUPHUKALUACKHI aTaaFaH guddepeHMaNibl JUHUAIAPAbIH
peakLUsIapblHa CyHeHe OThIPbIN aHbIKTal/bl.

KyH6arbic 6ydaHdapbiHbIH CKPUHUHRI

Hudekuusra TesiMainikrti 6aranay yuin lsireic KazakcTaH »aHe XKeTicy 06JibIcTapbl
ayblJ lIapyallblIbIFbl YUBIM/IapbIHAH aJIbIHFaH Ka3aKCTaH/AbIK ceJleKLUSAHbIH 70 KyHOaFbIC
OyzaHzapsl anblHAbL bapJblk yirinep 1-geH 70-ke feliHri xkeKeslereH HoMipJiepMeH KO Tal/bl, Oy
KOHU/IeHLIIMA/AbLIBIKThI CAKTay MaKcaTbIH/a 3epTTEYAiH 6apJiblK Ke3eHjepiH/ie FeHOTUNITEPAiH
AHOHMM/JIITIH KaMTaMachI3 eTTi. BacTankblga cunaTTa/faH a/iCTi KOJIZJaHa OThIPbII, MaTOTeHi
300CIOpa CyCleH3UsAChl apKblibl OaKblJIaHATBIH KaFfanaap/a eciMikTepi UHPeKusaaay
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Kyprizingi. UHoKy sy aH coH eciMikTep 6esrisi 6ip TeMiepaTypa MeH bLJIFaJAbLIbIK
»KaFJalblHJa CUMITOM/Aap nanza 6oJsiFaHFa JeniH ecipingi. bakbliay HaTHxKeiepi 60UbIHIIA
6apJibIK yJarisep cesimtan (C) »kaoHe Te3iMai (T) aen eki Tonka 6esiHA].

HaTu:xkesiep

I[lamozeHdi 66.1in aay KHcaHe MOAEKYAANbIK UDeHMUPUKAYUAAAY

KyHb6a¥fbIC JaKblIJapbIHbIH TI'yJaJeHy caTbicblHAA PL halstedii nHGeKLASCBIHBIH
CUMITOM/apbl 6ap 6CiMAIKTEepP TaHAAJbIN albIH/bL. [pikTey eCiMAiKTIH BereTaTUBTI MylliesiepiHe
GaliKaJiFaH MaHbI3/lbl JUATHOCTHUKAJIbIK CHMIITOMAApPFa CYHeHe OThIPHII, AaJaJIbIK KaFgan1a
naTOreHHiH 6acTanKbl aHbIKTaMaCblH KAMTaMachI3 eTTi.

Wudekyusra mwanblKKaH eciM/IiKTep cay eciM/IikTepre KapaFaH/a, 6asy ecyiMeH oHe
JlaMYbIHBIH, TeXeJyiMeH, 6MoMaccacblHbIH a3al0bIMeH XKoHe MopdoreHes3iHiH 6y3blIybIMeH
cunaTTaAbl. OCIMAIKTIH )KOFapFbl O6JIiriHAEeT XanblpaKTap/a XJ10p03 XaHe TYCCi3JeHy 6alKaabl.
CoHBIMEH KaTap, »KalblpaK TaKTACbIHbIH TOMEHTI O66JIiriH/ie ThIFbI3 aK abblH naiza 60Jybl,
BereTaTUBTI MyllleJiep/liH 63reprillTiri, cabaKThIH XXOFapFbl 66JliriH/eri 6yblHapaJiblKTapAblH,
KbICKapybl )KoHe TeHepaTUBTI KYPbLJIbIMap/AblH KaJbINTAaCybIHAA aKay/iap 6arkaaazabl. TinTi
»KeTiJIMereH TYKbIM/Iap/laH TYpaTbIH KilllkeHTall cebeTTep naiijia 60/1/bl. [eIMOTPONU3MHIH,
dJIcipeyi HeMece KOFasybl cajilapblHAaH HHPEKIMSIHBIH XKYHeJliK TYp/ie TapasiFaHbl OaliKaiazbl

(cypet 1).

Cyper 1. )KAY aypy 6esrinepi 6ap KyH6aFbIC 6CiMAIri

Ocpnl 6esrisiep HeriziHge 3aKbIMAaJ/IFaH 6CIM/iK MaTepyua/Aaphl ipikTesin, ogaH api
KyJIbTUBUPJIEY K9HE MOJIEKYJIaJIbIK UeHTHUUKaLaaay MaKcaTbiHAa PL halstedii-pin, 6ip
M30JISThI 66J1iHIN aNbIHABL [IaToreH KyAbTypachiH any 6apbicbiia K['A-Fa KyHOaFbIC 6CKiHAEPiHIH,
LIbIPBIHBIH KOCBII, COHJa UHKyOalMsiJlaHFaH NaTOreH/iK ciopaJjiap/blH LaubIH/blIaPbI
KOJIZIaHbLI/1bl. BesiMe TeMnepaTypackiHAa Y TOYJIK illliHe MHKYbalUa/4a KOPEKTIK OpTaHbIH,
6eTiHAe MUKPOOHOJIOTUSJIBIK MaTepHaJIIbIH AaMybl 6alKanabl (cypeT 2).
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Cyper 2. 3 KYHHeH KeWiHri KopeKTik opTaaa PlL halstedii m1aliblH/blJIapPbIHbIH,
MHKyO6auuscel (a-r - Ne1-5)

MUKpPOCKONUAJIBIK 3€epTTEY HITUXKECI MAaTOTeHre TOH MUI NN K9He CIOPaJbIK
KYPbLIbIMJAPAbIH 60J1YbIH KOPCETTI. AJIbIHFaH JiepeKTepre cyheHce, KYHOAFbIC KOlleTTePiHiH,
eckiHgepi KocbiFaH KI'A-Hbl HHOEKIMAIbIK MaTepHalbl CaKTay »K9He >KUHAKTAy VIIiH
KoJilaHyFa 6os1a/bl. OKlIayIaHbIl aJbIHFaH JaKblaAblH ueHTUPUKanuschl [ITP xane 28S p/[HK
alilMaFblH CEKBEHUpJIeY ceKini aficTepMeH pacTtaipl. KynbTuBupsey 6apeicbinga Pl halstedii-re
MOPOJIOTHABIK COMKeC KeJIeTiH KYPhLIbIMAAP aJbIHAbL. U30/ATThIH UAeHTUDHUKAILUACBIH
pacray yuiH 28S p/IHK aiimarbin amniaudukayusiaan, [ITP-rangay xkyprisingi.

dnexktpodoperpammaza (Cypet 3) kyTisneTin enwmemzeri /IHK ¢parmenTTepi kepinezi,
OyJ1 HbICaHaJIbl aHMaKTBhIH, COTTI TypAe aMIIMUKaLUsJIaHFAaHbIH CUITATTAN/bl.

Cyper 3. Cnenudukansbik 28S p/IHK npaiimepnepi Herizinge [ITP Tangays! apKbliabl
Pl halstedii-ni Mosnekynanblk uaeHTUUKaLMsaay. CoJi )KaKTa HyKJIEOTU/, XKYTTTapbIHbIH,
caHbl (bp), >KoFapFbl XKaFbIH/IA YT HOMipJepi.

3eptrenred yarinep PL halstedii-fin 28S p/JHK ¢parMeHTiHiH Y3bIH/bIFbIHA COMIKeEC
KeJIeTiH cnenMpuKaabIK aMIIMKOHapAblH 6ap eKeHiH kepceTTi. backa 6elicnenupuKaibIk
’OJIaKTap/blH HEMeCe dJICi3 CUTHA/IAAPAbIH 60/IMaybl IpaliMepJIepAiH, }KoFaphl crelurKaabIFbIH
koHe 6erae [JHK-MeH esneyii slacTaHy bIH )KOKTBIFbIH cuniaTTai/ibl. CEKBEHUPJIEY aJIbIHFaH
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AMIIMKOHAAPABIH HYKJIEOTHUATIK Ti36eriH aHbIKTay MaKcaTbhIH/A Xypriziazai. HoTmxkecinae
3epTTeJITeH YJITiHIH HyKJIEOTUATIK peTTiJiri KyHO6arbIcThiH 2KAY aypybIHbIH, KO3/ bIPFbILIbI,
arHU Pl halstedii-re colikec KeJIeTiHi aHbIKTa//IbI.

Pl halstedii-diy 330 pacacbin udenmugpukayusaay

3epTTey 6apbICbIH/ia KYHOAFbICTBIH AU depeHLHaibl TUHUSAIAPBIH XKacaH/bl TYpJe
UHPeKIUAIay XKoHe eCiMAiKTep/iH GeHOTUNTIK XayaOblH KaJlaFaay HOTHKeCiH/ie KapacThIPbLIbII
OTBbIPFaH U30JIAAT KAl pacara »KaTaTbIHbIH aHbIKTayFa 00J1aThIH JepeKTep aJblH/bl. baranay
eCiM/IiKTep/iH TYKbIM>KapHaKTapbl MeH HaFfbI3 XKallbIpaKTapblH/a Cllopa Ty3ilyiHe 6aiIaHbICThI
Kyprisiazi. 3epTTey HoTHKeepiH Tangay reHoTunTepAiy C xkaHe T TonTapFa HaKThI 66J1iHETiHIH
KepceTTi, 6yJ 83 Ke3eTiH/e aJlbIHFaH HOTHKeJlep/li KOJILaHbICTaFbl pacajiblK KOATAY XKyHeciHe
colKec TYCiHZipyre MyMKiHAik 6epAi (kecte 1).

Kecte 1
Pl halstedii pacasapbiMeH 3a/1a/1JaHAbIPbUIFAaH KYHOAFbIC JudPepeHnpaTop-
JIMHUAIAPbIHBIH, Q€HOTUNTIK peaKIMsAChI

Tpunet HeMipi Ne JInHusg l'en Pacanap
330

1 D1 Suscept - C
D2 RHA-265 Pl C
D3 RHA-274 PL, Pl P, T

2 D4 DM-2 Pl C
D5 PM-17 ? C
D6 803-1 Pl T

3 D7 HA-R4 PI T
D8 HA-R5 Pl T
D9 HA-335 Pl T

Eckepty: T - Tesimai; C - CesimTan

JuddepeHnman bl TUHUANAPABIH QeHOTUNTIK peaKLUAJIapbIHbIH XKUBIHTbIFb] HETi3iH/e
3epTTeJreH U3oaaTThIH Pl halstedii-fin 330-pacacbiHa )aTaTbIHbl aHBIKTa//Abl. AJIBIHFaH HOTHKE
KasakcTaH ayMarblH/a aTa/IFaH pacaHblH Tapa/iFaHbIH KepceTe/l. YJTIHIH LIBIFY TeriH eckepe
oThIpbln, OHbIH LbIFbic Ka3akcTaH 06J1bICBIH/A Tapa/lybl MyMKiH eKeHiH 60J/KayFa 60J1a/bl.

Kyn6aruic 6ydandapuimbiy Pl halstedii-ee me3imdinik deHeeliiH cKkpuHuHz2mey

KasakcTaH/bIK, cesieKldsiFa kaTaTblH 70 KyHOaFbIic 6yAaHbIHbIH, PL halstedii-re
TO3IM/I/IIriH CKpUHUHITEY OAapbIChIHAA YJTIEP/iH MATOTEHTre Ce3iMTalibIFbl O0MbIHINA AaUKbIH
JuddepeHIMALUSACH] aHBIKTaA/bI (cypeT 4).
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Cyper 4. Pl halstedii naToreHiMeH KyHOaFbIC 6CKiH/lepPiH HHOKYJILUsIAY:
a) ipikTesreH ecKiHzep; 9) MUKPOCKOI aCTbIHJaFbl UHOKYJ/IIOM.

YKacauppl 3anangaHablpyZiaH )koHe UHPEKIUSIHBIH, JJaMyblHa KOJIAalJIbl KaFaauaap
»KacaJIiFaHHaH KeWiH eciMJiKTepze apTypJi Aapexesie aypy CUMITOM/aphl 6aiiKanibl. PeHOTUNTIK
peaknusicbiHa 6alJIaHbICThI 6APJIbIK OyjaH/ap eKi kaTeropusra 6esinai: cesimraun (C) xoHe To3iMai
(T). CesimTaun yarisiep »anbIpak xJ0p03bl, 6CYiHiH Texeyi }KoHe KanblpaK TaAKTACbIHbIH aCThIHFbI
6eTiHze cCIopYJISILUSHbBIH 60JIybl CUSKThI 3aKbIM/IaHY/AbIH THUNTIK OejrijiepiMeH cunaTTa/l/ibl.
An Te3imai 6yaaHapFa aypy CUMIITOMAAPHI MyJiJie 6aiiKaiMaibl HeMece CIOPYJISLUACHI3 9JICI3
Gesirisiep FaHa TipkesaJi (kecrte 2).

Kecre 2
Ka3zakcranablK 70 KyHO6aFrbIC 6ygaHbIH 330-pacackiHa TO3iMAlliri 60MbIHIIA
TONTACTBIPY HITHXKeJ1epi

Yuri HeMipi Teszimainik Youri Hemipi | Tesimaiiik Yuari nemipi | Tesimaitik
HOTHXKeJIepi HOTHXKeJIepi HOTHXKeJIepi
1 T 25 C 49 C
2 T 26 C 50 C
3 T 27 C 51 C
4 T 28 C 52 C
5 T 29 C 53 C
6 T 30 C 54 C
7 T 31 C 55 C
8 C 32 C 56 C
9 C 33 C 57 C
10 C 34 C 58 C
11 C 35 C 59 C
12 C 36 C 60 C
13 C 37 C 61 C
14 C 38 C 62 C
15 C 39 C 63 C
16 C 40 C 64 C
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Yari HeMipi Tesimainik Yuri Hemipi | Tesimpaimik Yuari Hemipi | TesimMainik
HOTHKeJepi HOTHXKeJepi HOTHXKeJepi

17 C 41 C 65 C

18 C 42 C 66 C

19 C 43 C 67 C

20 C 44 C 68 C

21 C 45 C 69 C

22 C 46 C 70 C

23 C 47 C

24 C 48 C

Eckepry: T - Tesimai; C - CesimTan

3epTTey HOTHXKeJIePiH TaAay 6apbICbiHAA OyAaHAApP/AbIH Kenl 06eJIiri ce3iMTasl eKeHiH,
aJs1 Te3iM/ii yariziepiy yJeci mekTeysi 60JFaHbIH KOPCETTi. AHBIKTAJIFaH TO3iM/ji TEHOTHUIITED
KYH6aFbICTbIH XKAY aypybIHa TO3iM/i/iriH apTThIpyFa 6aFbITTaIFaH CeJEeKIUAIBIK OaFaapiaMaap
YIIiH NpaKTUKaJIbIK MaHbI3Fa He.

TanksLiay

MouJiekynanblK-reHeTUKaJbIK capanTaMasiap HOTHKeCiH/ e 6eJ1iHIN a/ibIHFaH U30JISITThIH,
KYHOaFrbICThIH YKaJsiFaH aK YHTaFbIHbIH KO3/ bIPFbIlbI, IFHU Plasmopara halstedii TypiHne
»kaTaTbIHbI pacTanjbl. 28S p/IHK 6e.irin aMmnindukanusiay *koHe 0/laH KeUiHTi ceKBeHUpJIey
MOPGOJIOTHUSIBIK Ta/lay HOTHKEJIePiH JiaJe/ien, KO3 bIPFbILI JUAarHOCTUKAChIHbIH, PACThIFbIH
KepceTTi. /IaJ1 0Cbl MOJIEKYIAJIBIK TOCI/IIED KOFaPhI CrieliuGUKAIbIFbI MEH J2J1/[iriHe 6alIaHbICTbI
Pl halstedii-ni upeHTudUKaLuusaay YilliH KeHiHeH KosgaHbliaabl [1, 5]. Byran genin ge [1TP-
TecTisieyAiH eciM/jik CbIHaMaJlapblH/A OCbl NAaTOTeH/Ai aHbIKTAay MEH TapaJiyblH 6aKblIay/a
TUiIMZIri KepceTinreH [5, 18, 19]. Congaii-ak, 28S p/JHK aiimarbl Plasmopara TybICbl 6KilJiepiHiH,
dusoreHeTUKaJIBIK Ca/JbICThIpy/apblHAA TUIM/AI KoIJaHbIC Taybl, PL halstedii keuieHi iminaeri
TYBICTBIK, 6aiiJlaHbICTap/ibl Taj1/lay MEH MOJIEKYIAJIbIK UeHTUDUKALUS Kacay[a »KOFapbl
aKnapaTTblIbIK MaHre ue [20].

330-pacaHbl aHbIKTay/|blH IPaKTUKaJIbIK MaHbI3bl 30p, 6UTKEHI NaTOreH MOMY/IALUAChIHBIH,
pacaJsiblK KypaMbl CeJIEKIUSIBIK KbICbIM 9CEpPiHEH YHeMI e3repin oTbipaZbl. BypbiH THiM/i 60/1FaH
OyAaHap/blH Te3iM/IiiriHiH 6y3blaybiHa Pl halstedii-AiH KapKbIHABI TYpilliik e3repriliTiriHiy,
KecipiHeH nai/a 060JiFaH kaHa BUPYJIEHTTI pacaJsap biKnaJ etei [8]. MyHzal pacasiblK Kypam
e3repictepi Eyponansiy 6ipkaTap eagepinge [8, 9, 21-23] xoHe Pecelt ®enepanusicbl aymarbiHAA
6aikasaabl [10, 11, 24].

XKyprisinren septreysnepaeH anbiHFad HaTHKesep IIKO-aa 330 pacaHblH 6ap eKeHiH
pacTar, K03/bIpFbIllKa GUTONATOIOTUSJIBIK 6aKbLIaY/bl )KaJIFACThIPY MaHbI3/|bLIBIFbIH KOpPCETE].
KasakcTanzpbik 70 kKyH6aFbIC 6y/jaHbIH TEKCepy GapbICbIHAA YaTiNepiH ken 6eJiri 330-pacacbiHa
ce3iMTaJl eKeHiH aHbIKTaJl/bl, a1 TO3IM/Ii/IiK TeHOTUNITEP/iH TeK 6ipa3 6eJiirinae aHbIKTa/bl.
Bys1 HoTUXKesiep 3epTTe/reH ceJIeKIUAIBIK MaTeprasaZa Te3iMAiJiK reHjepiHiH, XeTKIJIIKCi3
JleHreiiJie TapaJfaHblH kepceTTi. Kasipri yakpiTTa KyH6arbicThl 2HKAY-TaH KOpFay/iblH €H THIM/i
TacCAepiHiH 6ipi — Pl-reHiepi MeH os1apAblH 9pTYpJli KOMOUHaLMsIapbIH NakAanany [13-16].
Pl halstedii-re Te3iM/ii KenTereH reH/iep aHbIKTaJblI, KApTaJaHFaH, COHbIMEH KaTap oJiapAbl
cesJieKLMs/la KOJIlaHyFa MYMKIiH/IiK 6epeTiH MoJIeKyJ/l1a/blK MapKepJiep a3ipJieHreH [14, 15, 25].
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Bynan 6eJek, 330-pacaFa Te3iMAi/iK reHi Kypze/ii reHeTUKaJbIK KYpPbLJIbIMFa He GipHellle TeHHiH,
6ip-6ipiMeH apeKkeTTecyiHiH HOTHXeci 60J1ybl MYMKiH eKeHi KkepceTiireH [26, 27]. Undekyusara
TO3iM/i/iKk NaTOTeHHiH KOHCepBaTUBTI 3¢ PeKTOop bl 6eJI0KTapbIH TaHY apKblIbl KAMTaMachl3
eTi/lyi MYMKiH eKeHi aHbIKTaJIFaH, 6yJ1 y3aK Mep3iM/i, 9pi TYpaKTbl UMMYyHUTETKE He OyAaH ap/ibl
»Kacayfa MyMKiH/Jik 6epepi [16]. Ocbl 3epTTeyze aHbIKTa/IFaH TO3IM/li reHOTUNITEP HoJialIaKTa
ceJIeKLIMA YIIiH NPaKTUKaJIbIK KbI3bIFYLIBLIbIK TYAbIpabl.

AnbiaraH masimetTep PL halstedii-fiiH, KazakcTaH/jaFbl pacasblK KypaMblHA TYPAKThI
TYpZAe 6aKbliay »KyMbICTaPbIH XKYPri3y KaXKeT eKeHiH kepceTe/i, cebebi BUPYJIEHTTI pacayiap/iblH,
Ke3/leHCOoK Tapasybl Te3iM/i KyHb6aFbIC Oy/laHAapbIHbIH, TUIM/IIITiH alTap/bIKTal aJicipeTei
[28, 29]. )KAY aypybl AaKbl/IFa 3UsIH KeJTipeTiH eH KayinTi aypy/sapblHbIH KaTapblHA KaTaAbl,
0J1 8CiMAIKTepAi XKyieJli 3aKpIM/iall, 6CYiHiH TexeJyiHe, fedpopMalMsilaHFaH ce0eTTEePAIH,
KaJIbIITaCyblHa XK9He 6HIM/IIIKTIH ToMeH/eyiHe akesyi MyMKiH [1, 4, 30]. KyH6aFbIcC ericTikTepiHiH
YJIFAIObI KoHe OeJsiceH/1i OHAipiIeTiH )aHa OyAaHAap/blH KEHiHEH TapasiFaH pacajapfa Te3iM/iIirin
YyaKTbLIbI 6aFasiay aca MaHbI3/bl. OCbiFaH 6alJIaHbICThI, a14aFbl 3epTTeyep PL halstedii pacanbik
9PTYPpJIiJIiriH 3epTTeEyTe, COHAAN-AK, CeNIEKIUAbIK OaFjapaaMasiapFa }kaHa Te3iMilik ke3iepin
i3leHyre 6aFbITTANYbI THIC.

KopbITBIHBI

3epTTey KyMbICcTapbl O6apbICcblHAA KyHOarbicTa KanfaH aK YHTaK aypyblHbIH
KO3/bIPFhILIbI - Plasmopara halstedii 305 ThI OKLIayJIaHBII aJIbIHbII, MOJIEKYJIA/BIK JeHTrene
ugeHTudukanusaaangbl. [ITP-tectiney xone 28S p/IHK aliMaFbiH cEeKBEHHPJIEY HOTHXKesIepi 6y
M30JIATTBIH, [[9J1 OCbl TYpre XaTaTbIHbIH pacTa/bl. XaJblKapasblK AU depeHnanbl JUHUAIAD
YKUBIHTBIFbIHAH TYPAaTbhIH KYHOAFbIC yJrisiepiHiH ¢eHOTUNTIK OerisiepiH 6aranay apKblbl
3epTTeJIiHIl OTbIpFaH U30JATThIH 330-pacacbiHa )KaTaTbIHbI aHbIKTa/1/bl. AJIIHFAH JepeKTep
6yJ1 pacanbiH KazakcTaHHbIH L bIFbIC 00/1BICBIHAAFDI €TiC a/IKaNTapblH/A Ke3/eCeTiHIH HAKThI
JaJienpeni.

OTanabiK 70 KyHGaFbIC Oy/laHbIH CKPUHUHITEY GapbIChIHAA ce3iMTaJl, api Te3iMAai
reHOTHUIITEP aHbIKTaJ/I/Jbl, IeTeHMEH 3epTTeJIreH yariiepAid kenwiiiri 330 pacaceiHa ce3iMTasn
OO0JIbIN WBIKTHI. AJIZIaFbl yaKbITTa aHbIKTAJIFaH TO3iM/1i OyAaHAap KyH6arbIcThiH XKAY aypybiHa
TO3IMAIMIriH KylleiTyre 6aFbITTAJFAH CEJEKLIUSIBIK OaFAapaaMaiapAa oJaH api KoJIJJaHy YIIiH
NPaKTUKAaJIbIK KbI3bIFYIIBIIBIK TYAbIPaJbl.

AnbiHFaH KOpbITbIHABLIAP PL halstedii Ko3AbIpFBILIBIHBIH paca/blK KypaMblHa YHEMI
GaKblyiay XKyprisy »KoHe THIMAI Te3iMiJliK Ke3/epiH i3/ieyre 6aFbITTa/IFaH 3epTTeY/Iep CAaHbIH
apTTBIPY KEPEKTIriH KepceTex|.

ABTOpJIapABIH, y/1eci

M.IO.C. - 3epTTey TY>KbIpbIM/laMachIH 93ipJiei xkaHe oHbl 6ackap/bl; T.C.X., ’K.P.K,,
A.M.C,, xaHe I.C.T - 3epTxaHaJibIK xkyMbICThI XKypri3ai; B.C.K., M.I0.C. xxone HI.A.M. - 3epTTey
HaTwxKesepiH TankKpuiagbl; T.C.X., HK.P.K. xxoHe I'.C.T - MaKasiaHbIH Heri3ri MaTiHiH ka3b1; E.A.C.
- yariziepai ipikren, 3eptTey MaTepuaaaapbiH ycbiH/bL; M.IO.C. )xoHe II.A.M. - MaKa/ia MaTiHIH
pefakuusaaabl. ABTOpJiap MaKaJIaHblH TYIIHYCKACbIMEH TAHBICHIII, OHBI XKapuUajiayFa KeJiciM
6epAi >koHe YCbIHbIJIFaH FhLJIIMU HOTHKeJIep YIIiH TeH Adpexe/e xKayanThl 001l TaObLIaAbI.
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TPaHTTBIK KapKblJIaHbIPY K00achl asicbIH/A )Ky3ere acbIpbliabl: UPH AP26198457 «GBS x«ane
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GWAS aaicTepiH Kos1JaHy apKbl/Ibl KyHOGAFbICTBIH Ka/IFaH aKyYHTaK aypybiHa (Plasmopara hals-
tedii) Te3iMAiNiK MapKepJiepiH i3/iey xKoHe MoJIeKy1alblK-TeHETUKA/BIK 3epTTey». 2KoOaHbIH,
FBIIBIMM JKeTEKIIICi - KaybIMAacTbipbLIFaH npodeccop, PhD Cytyna M.IO.

Myazaesiep KaKThIFbICHI
ABTOpJIap OChI 3epTTeyre KaTbICThl KaP>KbLJIBIK, KOMMEPIUSJIBIK HeEMece 6acKa aa
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MounekyasipHast uaeHTUPUKauua usossara Plasmopara halstedii u oneHka
yCTOMYMBOCTH TMOGPHU /0B NOJICOJIHEYHHMKA K pace 330 B Ka3axcTaHe

T.C. Xocuytaunosat?’, ’K.P. Kaaut2, I.C. TamkenT6aesat3, IIILA. Mana6aeBa4,
B.C. Kusan5, A.M. CmarynoBaé, E.A. CyneiimenoB7, M.10. Cytyna*8

148 Jlabopamopusi ceHemu4ecKoll UH}CeHepuu pacmeHutl,
HayuoHanwbHbill yeHmp 6uomextosozuu, 2. Acmaua, Kazaxcmax
23 Egpasutickull HQYUOHA/bHbIl yHusepcumem um. JLH. ['ymunesa, 2. AcmaHa, Kazaxcmau
56 /labopamopusi 6Uopa3Ho06pa3usl U 2eHeMmu4vecKux pecypcos,
HayuoHanwbHbill yeHmp 6uomextosnozuu, 2. Acmaua, Kazaxcmax
’OnbimHoe X0351cme8o MACAUYHbIX KyAbmyp, 2. Yemb-KameHnozopck, BocmouHbili Kazaxcma
19mu aemopul 8Hecau pasHblil 8k1ad 8 daHHYH pabomy

AnHoTanus. Oomuliet Plasmopara halstedii siBasieTcst BO36yauTe/IeM JIO)KHOW MYYHUCTON
POCHI IOACOJTHEYHHMKA, @ TAKXKe UTPaeT BaXKHYIO poJib B UIeHTUQUKALUU PaC, OLleHKe YCTOUYUBOCTH
Ka3aXCTaHCKUX TMOPU/I0B MO/ICOJIHEYHUKA K JAHHOMY MaTOreHy. AKTyaJIbHOCTb UCC/Ie/IOBaHUs
006ycJIOoBJIeHA BbICOKOW MAaTOT€HHOCThIO 3a60JIeBaHUS U U3MEHYHUBOCTbBIO PACOBOr0 COCTaBa
NONyJsALKUU Bo30yauTeis. [laToren 6b11 BblZesieH NyTeM KyJbTUBUPOBAaHUS In vitro Ha
KapTodebHO-TJIIOKO3HOM arape ¢ 06aBJeHreM COKa IPOPOCTKOB O/CONTHEYHMKA. MoJieKyisipHas
naeHTUHUKAIMS TPOBOAUIACH HA OCHOBe aHaJsM3a yyacTka 28S p/IHK c ucnosb3oBanvem
[1LIP v mocsienyolero cekBeHUpoBaHus. PacoBast NprHaAJIeXKHOCTD ONpeJiesisijlacb METOL0M
MCKYCCTBEHHOTO0 3apakeHus AudPpepeHLMaibHbIX JUHUHN MOJICOJTHEYHUKA B KOHTPOJIUPYEMbIX
yca10BUAX. Pe3ysibTaTbl MOP$00THYECKOT0 U MOJIEKYJIIPHO-T€HETUYECKOT'0 aHa/IM3a NOATBEPAUIU
NpUHAJJIEXKHOCTD U30J5Ta K BUAY Pl halstedii. Ha ocHoBaHuU peakiuu AudpdepeHnaabHbIX
JINHUY YCTAHOBJIEHO, YTO UCCJIeAyeMbli U30JAT 0THOCUTCA K pace 330. CkpuHUHT 70 ru6pU0B
M0/ICOJTHEYHMKA Ka3aXCTaHCKOM CeJIeKLIMH BbISIBUJI Ipeo6JiaJlaHue BOCIPUMMYMBBIX T€HOTUIIOB
Y OTpaHUYEHHOE YHCJIO YCTOMYUBBIX PopM. [losiyyeHHble JaHHbIE CBUETENBCTBYIOT O
pacnpoctpadeHnuu pacbl 330 PL halstedii B BoctouHo-Ka3axcTaHcko# 06/1aCTH M HEOOXOUMOCTH
peryjisipHoro GUTONaTOJ0TMYECKOTO MOHUTOPHHTIA. BbIsSIBJIeHHBIE yCTONYHMBbIE T€HOTHUIIbI
Npe/iCTaBJSAIT NPAaKTUYECKHUI UHTEPEC JJISl CeJIEKIIMOHHbIX IPOrpaMM, HallpaBJIeHHBIX Ha
NOBBIIIEHHE YCTOMYUBOCTH MO COMHEYHUKA K JIMP.

KnwueBble caoBa: Plasmopara halstedii, noaconHedyHUK, JIoXKHass MydHHCTasi poca, paca
330, mosiekyisipHas U eHTUPUKALUS, YCTOUMYMBOCTD, THOPHUABI IO/COJTHEUYHHKA.

Molecular Identification of a Plasmopara halstedii Isolate and Assessment
of Sunflower Hybrid Resistance to Race 330 in Kazakhstan

T.S. Khosnutdinovat?, Zh.R. Kalit?, G.S. Tashkentbayevat3, Sh.A. Manabayeva*,
V.S. Kiyan5, A.M. Smagulova®, Y.A. Suleimenov’, and M.Y. Sutula*®

148 Laboratory of Plants Genetic Engineering, National Center for Biotechnology,
Astana, Kazakhstan
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Comparative analysis of morphological characters of nivicolous myxomycetes of the family Physaraceae in Katon-
Karagay and Ille-Alatau State National Nature Parks

23 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
%6 Laboratory of Biodiversity and Genetic Resources, National Center for Biotechnology,
Astana, Kazakhstan
’Experimental Farm of Oilseed Crops, Ust-Kamenogorsk, East Kazakhstan
'These authors contributed equally to this work

Abstract. The oomycete Plasmopara halstedii is the causal agent of sunflower Downy mildew
and plays a key role in identifying races and assessing the resistance of Kazakhstan’s sunflower
hybrids to this pathogen. The relevance of the research is due to the high pathogenicity of the
disease and the variability of the pathogen’s racial composition. The pathogen was isolated by
in vitro cultivation on potato-glucose agar supplemented with sunflower sprout juice. Molecular
identification was performed based on the analysis of the 28S rDNA region using PCR followed by
sequencing. Race identification was carried out by artificial inoculation of differential sunflower
lines under controlled conditions. The results of morphological and molecular-genetic analyses
confirmed that the isolate belonged to the species Pl. halstedii. Based on the reaction of differ-
ential lines, the studied isolate was identified as race 330. Screening of 70 sunflower hybrids of
Kazakhstani breeding revealed a predominance of susceptible genotypes and a limited number
of resistant forms. The obtained data indicate the distribution of Pl. halstedii race 330 in the
East Kazakhstan region and highlight the necessity of regular phytopathological monitoring. The
identified resistant genotypes are of practical interest for breeding programs aimed at improving
sunflower resistance to downy mildew.

Keywords: Plasmopara halstedii, sunflower, Downy mildew, race 330, molecular identi-
fication, resistance, sunflower hybrids.

References

1. Gascuel Q, Martinez Y, Boniface M(, et al. The sunflower downy mildew pathogen
Plasmopara halstedii. Mol Plant Pathol. 2015;16(2):109-22. d0i:10.1111/mpp.12164

2. Radanovic¢ A, Cveji¢ S, Jockovi¢ M, et al. Conventional and molecular breeding for sun-
flower nutrition quality improvement. In: Raina A, Wani MR, Laskar RA, et al., editors. Advanced
crop improvement. Volume 2: Case studies of economically important crops. Cham: Springer
International Publishing; 2023. p. 351-91. https://doi.org/10.1007/978-3-031-26669-0_13

3. Park CS, Marx GD, Moon YS, et al. Alternative uses of sunflower. In: Sunflower technol-
ogy and production. 1997. p. 765-807. doi:10.2134 /agronmonogr35.c17

4. Spring O. Transition of secondary to systemic infection of sunflower with Plasmo-
para halstedii - an underestimated factor in the epidemiology of the pathogen. Fungal Ecol.
2009;2(2):75-80.d0i:10.1016/j.funeco.2008.12.003

5. Martinez A, Quiroz F, Carrera A. Detection of Plasmopara halstedii in sunflower seeds:
a case study using molecular testing. ] Saudi Soc Agric Sci. 2021;20(6):395-400. doi:10.1016/j.
jssas.2021.04.007

6. Gunacti H. Sunflower diseases and downy mildew (Plasmopara halstedii) in Adana. ]
Plant Sci Phytopathol. 2023;7(2):66-68. https://doi.org/10.29328 /journal.jpsp.1001107

7. Spring O. Spreading and global pathogenic diversity of sunflower downy mildew: re-
view. Plant Prot Sci. 2019;55(3). https://doi.org/10.17221/32/2019-PPS

8. Viranyi F, Gulya TJ. Inter-isolate variation for virulence in Plasmopara halstedii (sunflower
downy mildew) from Hungary. Plant Pathol. 1995;44(4):619-24. d0i:10.1111/j.1365-3059.1995.
tb01685.x

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 127
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu


https://doi.org/10.29328/journal.jpsp.1001107
https://doi.org/10.17221/32/2019-PPS

Z. Azirakhmet, O. Shchepin, M. Schnittler, G. Ainagulova, R. Bersimbay

9. Shindrova P. New nomenclature of downy mildew races in sunflower (Plasmopara
halstedii Farl. Berlese et de Toni) in Bulgaria (race composition during 2000-2003). Helia.
2005;28(42):57-64. https://doi.org/10.2298 /hel0542057s

10.Iwebor M, Antonova T, Saukova S. Changes in the racial structure of Plasmopara halstedii
(Farl.) Berl. et de Toni population in the South of the Russian Federation. Helia. 2016;39(64):113-
21.doi:10.1515/helia-2016-0008

11.Starina A, Dmitrenko N, Moskaleva N. Rasovyj sostav Plasmopara halstedii v uslovijah
Central'noj jeksperimental’'noj bazy VNIIMK [Race composition of Plasmopara halstedii under
conditions of the Central Experimental Base of VNIIMK]. Kronos. 2022;7(11):78-82. doi:10.5281/
zenodo.7106907. [in Russian]

12.Ramazanova SA, Badyanov EV, Savichenko VG, et al. Ocenka sceplenija gena PlArg,
kontrolirujushhego ustojchivost’ k lozhnoj muchnistoj rose u podsolnechnika, i mikrosatellitnyh
lokusov DNK [Assessment of linkage between the PIArg gene controlling resistance to downy mil-
dew in sunflower and microsatellite DNA loci]. Maslichnye kul'tury. 2022;(3):14-23. [in Russian]

13.Franchel ], Bouzidi MF, Bronner G, et al. Positional cloning of a candidate gene for
resistance to the sunflower downy mildew, Plasmopara halstedii race 300. Theor Appl Genet.
2013;126(2):359-67. https://doi.org/10.1007/s00122-012-1984-6

14.Qi LL, Foley ME, Cai XW, et al. Genetics and mapping of a novel downy mildew resistance
gene, P118, introgressed from wild Helianthus argophyllus into cultivated sunflower (Helianthus
annuus L.). Theor Appl Genet. 2016;129(4):741-52. DOI 10.1007/s00122-015-2662-2

15.Qi LL, Talukder ZI, Hulke BS, et al. Development and dissection of diagnostic SNP mark-
ers for the downy mildew resistance genes PlArg and P18 and marker-assisted gene pyramiding
in sunflower (Helianthus annuus L.). Mol Genet Genomics. 2017;292(3):551-63. https://doi.
org/10.1007/s00438-017-1290-8

16.Pecrix Y, Buendia L, Penouilh-Suzette C, et al. Sunflower resistance to multiple downy
mildew pathotypes revealed by recognition of conserved effectors of the oomycete Plasmopara
halstedii. Plant ]. 2019;97(4):730-48. https://doi.org/10.1111/tpj.14157

17.Iwebor MV, Antonova TS, Saukova SL, et al. Lozhnaja muchnistaja rosa podsolnechnika
na juge Rossii [Downy mildew of sunflower in the south of Russia]. Zashchita i karantin rastenij.
2019;(10):29-33. [in Russian]

18.1o0s R, Laugustin L, Rose S, Tet al. Development of a PCR test to detect the downy
mildew causal agent Plasmopara halstedii in sunflower seeds. Plant Pathol. 2007;56(2):209-18.
doi:10.1111/j.1365-3059.2006.01500.x

19.Bouzidi MF, Badaoui S, Cambon F, et al. Molecular analysis of a major locus for re-
sistance to downy mildew in sunflower with specific PCR-based markers. Theor Appl Genet.
2002;104(4):592-600. doi:10.1007/s00122-001-0790-3

20.Molinero-Ruiz ML, Melero-Vara JM, Dominguez J. Inheritance of resistance to two races
of sunflower downy mildew (Plasmopara halstedii) in two Helianthus annuus L. lines. Euphytica.
2003;131(1):47-51. https://doi.org/10.1023/A:1023063726185

21.Drabkova Trojanova Z, Sedlarova M, Pospichalova R, Lebeda A. Pathogenic variability
of Plasmopara halstedii infecting sunflower in the Czech Republic. Plant Pathol. 2018;67(1):136-
44.doi:10.1111/ppa.12722

22.Ban R, Kovacs A, Nisha N, et al. New and high virulent pathotypes of sunflower downy
mildew (Plasmopara halstedii) in seven countries in Europe. ] Fungi. 2021;7(7):549.

23.Spring O, Miltner F, Gulya TJ. New races of sunflower downy mildew (Plasmopara halste-
dii) in Germany. ] Phytopathol. 1994;142(4):241-44. https://doi.org/10.1111/j.1439-0434.1994.
tb00018.x

128 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu


https://doi.org/10.2298/hel0542057s
https://doi.org/10.1007/s00122-012-1984-6
https://doi.org/10.1007/s00438-017-1290-8
https://doi.org/10.1007/s00438-017-1290-8

Comparative analysis of morphological characters of nivicolous myxomycetes of the family Physaraceae in Katon-
Karagay and Ille-Alatau State National Nature Parks

24.Iwebor M, Antonova T, Saukova S. Occurrence and distribution of races 713, 733 and
734 of sunflower downy mildew pathogen in the Russian Federation. Helia. 2018;41(69):141-51.
https://doi.org/10.1515/helia-2018-0015

25.Ramazanova SA, Badyanov EV, Guchetl SZ. Molecular markers of genes P16, P113 and
PlArg for sunflower breeding on resistance to downy mildew. Oil Crops. 2020;(3):20-27.

26.Choi Y], Beakes G, Glockling S, et al. Towards a universal barcode of oomycetes - a
comparison of the cox1 and cox2 loci. Mol Ecol Resour. 2015;15(6):1275-88. d0i:10.1111/1755-
0998.12398

27.Molinero-Ruiz ML, Melero-Vara JM, Dominguez J. Inheritance of resistance to race 330
of Plasmopara halstedii in three sunflower lines. Plant Breed. 2002;121(1):61-65. doi:10.1046/
j-1439-0523.2002.00654.x

28.Gilley MA, Gulya TJ, Seiler GJ, et al. Determination of virulence phenotypes of Plasmopara
halstedii in the United States. Plant Dis. 2020;104(11):2823-31. d0i:10.1094/PDIS-10-19-2063-RE

29.Pecrix Y, Dvorak E, Labbé F, et al. Phylogenomics of Plasmopara halstedii reveals ge-
nomic regions associated with the breakdown of sunflower downy mildew resistance genes. Mol
Ecol. 2026;35(4). doi:10.1111/mec.70270

30.Humann RM, Johnson KD, Wunsch M], et al. Evaluation of oxathiapiprolin for the
management of sunflower downy mildew. Plant Dis. 2019;103(10):2498-504. d0i:10.1094/
PDIS-11-18-2045-RE

ABTOpJIap TypaJibl MAJIIMeTTep:

TaTbsaHa CepreeBHa XOCHYTAUHOBA — »KapaThLIbICTAHY FbIIBIMJAPbIHBIH MarucTpi, YJATTBIK
OGHOTEXHOJIOTHUSI OPTAJIbIFbIHBIH OCIMIKTEeP/iH reHETHKAJIbIK MHXXeHEePUsIChl 3epTXaHaCbIHbIH
FbIIBIMU KbI3MeTKepi, KopFamkbiH Tac xoJibl, 13/5, 010000, Actana K., KazakcTaH.

KanHa Pycaankbi3sl Kaau - JI.H. 'ymusieB aTbiHAaFbl EBpasus yATThIK YHUBEPCUTETIHIH,
6akanaBpuar ctygeHTi, K. Cotnaes keueci, 2, 010008, ActaHa, KasakcraH.

I'ymxaman CamkapoBHa TamkeHT6aeBa - JI.H. 'ymuseB aTbiHgaFbl EBpasus yaTThIK
YHUBEpPCUTETIHIH Maructparypa ctygeHTi, K. Cotnaes kewueci, 2, 010008, ActaHa, KazakcraH.

Illyra AckapoBHa MaHa6aeBa - 6M0JI0THS FbLJIbIMAAPbIHbIH, KAHAWAAThI, Ipodeccop,
YJATTBIK OUOTEXHOJIOTHS OPTaJbIFbIHbIH, OCIMJiKTEp/iH reHeTUKaJbIK, UHXKEHEPHUSIChI
3epTxaHaCbIHbIH MeHrepyiuici, KopFamkbiH Tac »xoJbl, 13/5, 010000, ActaHa K., KazakcTaH.

Baagumup CepreeBrd KusiH - PhD, npodeccop, ¥ATTbIK 6MOTEXHOJIOT WS OPTaJIbIFbIHBIH,
BuOoapTYpIIiJIiK :K9HE reHeTUKAJIBbIK peCypcTap 3epTXaHaCblHbIH MeHrepyuici, KopFamkbiH Tac
koJsibl, 13/5, 010000, ActaHa K., KazakcTaH.

Avinypa MypaTtoBHa CMmaryjoBa - 610JI0THS FbIJIBIM/IAPbIHbIH KaHAUAATbI, YJITTHIK
OMOTEXHOJIOTUSI OPTAJIbIFbIHBIH BUOSPTYpIisiK koHEe reHeTUKAJbIK, peCcypcTap 3epTXaHaChIHbIH,
afa FbIbIMM KbI3MeTKepi, KopFamkbiH Tac xoJibl, 13/5, 010000, ActaHa K., KazakcraH.

EpMmek Ackep6ekysbl CyjieMMeHOB - Malbl JaKbladapAblH TaXipubesik
IIapyallblIbIFbIHBIH, CeJIEKIIUS KoHe TYKbIM LIapyallblIbIFbl 66J1iMiHiH )keTeKwuici, CoiHeYHOoe
aybLibl, Mupa keueci, 2a, 070518, OckemeH K., llIbiFbic KazakcTan 06.1., KazakcTaH.

Makcum IOpbeBud CyTysia - xaT-xabap aBTopsl, PhD, KaybiMaacTeipbliFad npodeccop,
YATTBIK OUOTEXHOJIOTHS OPTaJbIFbIHbIH, OCIMJiKTEpP/iH reHeTUKaJbIK, UHXKEHEPHUSIChI
3epTXaHAChIHbIH, KeTeKIIi FbIIBIMU KbI3MeTKepi, KopramkbiH Tac xoub1, 13/5,010000, Actana
K., KazakcraH.

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 129
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu


https://doi.org/10.1515/helia-2018-0015

Z. Azirakhmet, O. Shchepin, M. Schnittler, G. Ainagulova, R. Bersimbay

CBeaeHuUs 06 aBTOpax:

TaTbsaAHa CepreeBHa XOCHYTAUMHOBA — MarucTp ecTeCTBEeHHbIX HayK, HAYYHbIN COTPYJHUK
JIabopaToOpUU reHeTUUECKON NHXKeHepUU pacTeHUH, HaloHabHbIN IEHTP OMOTEXHOJIOTHH,
KopramxuHckoe mocce, 13/5, 010000, r. Actana, KazaxcTaH.

Kanna PycinaHkbi3bl Kanu - ctyaeHT 6akanaBpuaTa, EBpa3uiickui HaliMOHaAbHbIN
yHuBepcuteT UM. JL.H. 'ymunesa, yiu. K. Catnaesa, 2, 010008, r. ActaHa, KazaxcTraH.

I'yykamas CaHkapoBHa TamikeHTGaeBa — CTyieHT MaructTpaTypbl, EBpasuiickui
HalMoHaJbHbIK yHUBepcuTeT UM. JL.H. 'ymuseBa, yi. K. Catnaesa, 2, 010008, r. Actana, Ka3axcraH.

Illyra AckapoBHa MaHa6aeBa - KaHZuJjaT 610JIOTUYECKUX HayK, Tpodeccop, 3aBe[yI0LUn
JlabopaTopHrel reHeTU4eCKOM HHXKeHepUH pacTeHUi, HaljoHaIbHbBIN 1eHTP 6UOTEXHOJIOTHH,
KopramxuHckoe mocce, 13/5, 010000, r. Actana, KazaxcTaH.

Biaaaumup CepreeBud KusH - PhD, npodeccop, 3aBeayromuil jabopatopuei
6uopa3zHo0Opa3usa U reHeTUUYECKUX pecypcoB, HaljmoHa/bHbIN [IEHTP GMOTEXHOJIOTHH,
KopramxuHckoe mocce, 13/5, 010000, r. Actana, KazaxcTaH.

Aiinypa MypaTtoBHa CMarysioBa - KaHAu/JjaT 6M0JIOTMYeCKUX HAayK, CTApLUIMKA Hay4YHbIN
COTPYAHUK JJabopaTOpUM 6MOPa3HOOOPaA3Usl U TeHeTUYEeCKUX pecypcoB, HaljoHa/lbHBIN LIEHTP
6uoTtexHosioruu, Kopramkunckoe mocce, 13/5,010000, r. Acrana, KazaxcraH.

Epmek Ackep6ekyibl Cy/1eiMeHOB - pyKOBO/JIUTEJb OT/eJa CEJIEKI[UU U CEMEHOBO/ICTBA,
OnbITHOE X035MCTBO MAaCJAMYHBIX KyJAbTYp, cesio CosiHeYHOe, Y. Mupa, 2a, 070518, r. YcThb-
KameHoropck, BoctouHno-Ka3axcraHckas 06J1., KazaxcTaH.

Maxkcum IOpbeBuy CyTyna - aBTop-KoppecnoHzieHT, PhD, acconurpoBanHbii mpodeccop,
BeJIyLIMI HayYHBIN COTPYJHUK JJAOOPATOPUU TeHETHYECKOW NHXKeHepUU pacTeHuH, HaljnoHabHbIA
eHTp 6uoTexHosoruy, Kopramkuuckoe mocce, 13/5,010000, r. Acrana, KazaxcraH.

Authors’ information:

Tatyana Sergeevna Khosnutdinova - Master of Science, Research Scientist, Laboratory
of Plants Genetic Engineering, National Center for Biotechnology, 13/5 Korgalzhyn Highway,
010000, Astana, Kazakhstan.

Zhanna Ruslankyzy Kali - Bachelor’s student, L.N. Gumilyov Eurasian National University,
2 Satbayev St., 010008, Astana, Kazakhstan.

Guljamal Sanjarovna Tashkentbayeva - Master’s student, L.N. Gumilyov Eurasian Na-
tional University, 2 Satbayev St., 010008, Astana, Kazakhstan.

Shuga Askarovna Manabayeva - Candidate of Biological Sciences, Professor, Head of the
Laboratory of Plants Genetic Engineering, National Center for Biotechnology, 13/5 Korgalzhyn
Highway, 010000, Astana, Kazakhstan.

Vladimir Sergeevich Kiyan - PhD, Professor, Head of the Laboratory of Biodiversity
and Genetic Resources, National Center for Biotechnology, 13/5 Korgalzhyn Highway, 010000,
Astana, Kazakhstan.

Ainura Muratovna Smagulova - Candidate of Biological Sciences, Senior Research Scien-
tist, Laboratory of Biodiversity and Genetic Resources, National Center for Biotechnology, 13/5
Korgalzhyn Highway, 010000, Astana, Kazakhstan.

Yermek Askarbekuly Suleimenov - Head of the Breeding and Seed Production Depart-
ment, Pilot Farm of Oil Plants, 2A Mira Street, Solnechnoye Village, 070518, Ust-Kamenogorsk,
East Kazakhstan Region, Kazakhstan.

Maxim Yurevich Sutula - Corresponding author, PhD, Associate Professor, Leading Re-
search Scientist, Laboratory of Plants Genetic Engineering, National Center for Biotechnology,
13/5 Korgalzhyn Highway, 010000, Astana, Kazakhstan.

130 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



JL.H. TymuneB aTbiHgarbl Eypasus yaTThiK yHUBepcuTeTiHIH XABAPIIBICHI.
BULLETIN of L.N. Gumilyov Eurasian National University.
BECTHUK EBpasuiickoro HanjmoHa/bHOro yHuBepcuTeTa Menu JI.H. 'ymuieBa.

.I. ISSN: 2616-7034. eISSN: 2663-130X

IRSTI 76.29.49 https://doi.org/10.32523/2616-7034-2026-156-3-131-141
Scientific article

Personalized Approach to Therapy Selection in a Patient
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Abstract. Anaplastic lymphoma kinase-positive non-small cell
lung cancer (ALK-positive NSCLC) is a molecularly defined subtype of
lung cancer in which the optimal sequencing of systemic therapy is es-
sential for achieving long-term disease control. Progression involving the
central nervous system (CNS) represents a particular clinical challenge,
as intracranial disease control becomes an independent and important
treatment objective. The aim of this study was to demonstrate the po-
tential of an individualized approach to treatment selection in a patient
with ALK-positive NSCLC who received several consecutive lines of ther-
apy with ALK inhibitors, including lorlatinib after CNS progression. The
clinical case was described using data from the patient’s medical history,
computed tomography and magnetic resonance imaging, morphological,
immunohistochemical, and molecular genetic examinations, multidis-
ciplinary team decisions, and information on systemic and radiation
therapy. A 40-year-old patient was diagnosed with ALK-positive NSCLC of
the lower lobe of the right lung, stage I1IB (T4N2MO). Following disease
progression after platinum-based chemotherapy, sequential targeted
therapy with crizotinib and ceritinib was administered. When multiple
brain metastases developed, the patient received symptomatic radiation
therapy followed by chemotherapy. In February 2024, treatment with
lorlatinib was initiated. This therapy resulted in clinical improvement,
stabilization of the pulmonary lesions, and positive radiological dynam-
ics according to follow-up brain MRI. The presented case highlights the
importance of timely molecular profiling, regular assessment of CNS
involvement, multidisciplinary decision-making, and personalized se-
lection and sequencing of ALK inhibitors. Lorlatinib may provide effec-
tive systemic and intracranial disease control after progression during
previous lines of treatment.
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Introduction

Non-small cell lung cancer (NSCLC) remains one of the leading causes of cancer morbid-
ity and mortality. The identification of molecular subtypes of NSCLC has changed approaches
to systemic treatment: tyrosine kinase inhibitors play a key role in the presence of driver rear-
rangements, including the rearrangement of the anaplastic lymphoma kinase (ALK) gene [1].
For patients with ALK-positive disease, it is especially important not only to control the systemic
process, but also to prevent or treat metastatic CNS damage [2].

Brain damage in ALK-positive NSCLC is common and can determine a patient’s prognosis,
functional status, and quality of life [2]. Therefore, when choosing therapy after progression on
early ALK inhibitors, it is necessary to take into account the activity of the drug against intracra-
nial foci, previous therapy, tolerability and dynamics of the disease according to imaging data [3].

Lorlatinib is a next-generation ALK/ROS1 inhibitor designed to cross the blood-brain
barrier [4]. The presented clinical example illustrates the practical importance of consistent use
of ALK inhibitors and the transition to lorlatinib in a patient with confirmed progression in the
central nervous system.

The aim of the study was to demonstrate the possibilities of an individualized approach to
the choice of therapy in a patient with ALK-positive non-small cell lung cancer with the consistent
use of ALK inhibitors, including the appointment of lorlatinib after the progression of the disease
in the central nervous system.

Materials and methods

The material was prepared on the basis of a presentation clinical example containing in-
formation about the patient, examination data, decisions of a multidisciplinary group, conducted
systemic and radiation therapy, as well as the results of control CT and MRI studies.

Patient information: Patient P, a 40-year-old male, non-smoker, has been observed since
2021. Diagnosis: malignant neoplasm of the lower lobe of the right lung, stage I1IB, T4N2MO;
ALK-positive NSCLC. No metastatic brain damage was detected at the time of initial follow-up.
The complaints included headaches, weakness, and periodic dizziness. In November 2020, the
patient had a history of interstitial pneumonia on the right, associated with COVID-19.

Primary diagnosis: A CT scan of the chest organs from 05.01.2021 revealed signs of a
malignant neoplasm of the right lung with multiple foci up to 35 mm, after which the patient
was referred to an oncological center for further examination. Fibrobronchoscopy on 02.02.2021
showed no pathological changes. According to chest X-ray data from 02.02.2021, a focal formation
in the right lung is described, requiring a differential diagnosis.

According to the decision of the multidisciplinary group dated 02/03/2021, surgical
treatment is recommended. Diagnostic thoracotomy was performed on 04/15/2021. According
to the data from an immunohistochemical study dated 04/23/2021, bronchiol-alveolar cancer,
M8252/3, was established. A molecular genetic study dated 04/30/2021: no mutation of the
epidermal growth factor receptor was detected; ALK 3+, PD-L1 expression was noted.

Treatment and dynamics of the disease: Palliative chemotherapy followed by a CT scan of
the chest organs was recommended at the meeting of the multidisciplinary group on 05.27.2021.
The patient received 4 courses of chemotherapy according to the pemetrexed + platinum drug
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scheme. CT scan of the brain from 10/19/2021 revealed no pathological changes, but CT scan
of the chest organs from 10/19/2021 showed the progression of the tumor process (Figure 1A).

A b

Figure 1. Patient P, a 40-year-old man, diagnosed with malignant neoplasm
of the lower lobe of the right lung, stage I1IB, TAN2MO; ALK-positive NSCLC: A - baseline study
(2021); B - control study (2024).
Source: photo of the authors

After the progression to platinum-containing chemotherapy on 10/27/2021, it was decided
to prescribe targeted therapy with crizotinib. After the first courses of treatment, according to
CT scans of the chest organs from 03/24/2022, signs of a malignant process of the lower lobe of
the right lung and carcinomatosis of the right lung persisted without obvious negative dynam-
ics; MRI of the brain from 03/26/2022 revealed no pathological changes. At the meeting of the
MDG dated 04/05/2022, the condition was assessed as stabilization, and it was recommended
to continue crizotinib.

After 5 courses of crizotinib, according to CT scans of the chest organs from 06/07/2022,
progression of the process was recorded. At the meeting of the MDG dated 06/20/2022, a change
of targeted therapy to ceritinib was recommended. After 3 courses of ceritinib, CT scan from
09/29/2022 showed positive dynamics in relation to malignant neoplasm of the lower lobe of
the right lung, CT signs of right-sided hydrothorax were also described. The follow-up course was
completed on 10/26/2022; the patient was subsequently treated inpatient for duodenal ulcer.

Progression with damage to the central nervous system. In April 2023, there were com-
plaints of headaches. CT scan of the brain from 04/20/2023 revealed multiple pathological for-
mations in the brain substance on both sides, more than 10 foci, with a maximum size of up to
21x22 mm in the left temporal region, peripheral contrast enhancement and zones of perifocal
edema. The conclusion corresponded to a secondary metastatic brain lesion.

According to the decision of the MDG dated 04/20/2023, the patient was recommended a
symptomatic course of remote gamma therapy/radiation therapy; the patient was hospitalized
in the radiation therapy department, where a symptomatic course of treatment was carried
out. In the future, according to the decision of the MDG dated 06.06.2023, platinum-containing
chemotherapy with a follow-up examination is recommended. The patient received 7 courses
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of chemotherapy. The CT scan from 08/14 /2023 was regarded as without dynamics, and the CT
scan of the brain from 08/10/2023 showed a partial response to treatment.

Lorlatinib therapy. Targeted therapy with lorlatinib has been launched since February 2024.
The treatment was well tolerated. According to CT scans of the chest organs from 10/23/2024,
in comparison with the study from 03/18/2024, stabilization of the malignant process in the
lower lobe of the right lung was noted (Figure 1B). An MRI scan of the brain from 02.10.2024
showed a positive trend in the form of a decrease in the size of foci.

A CT scan of the brain from 06/21/2024 described a secondary lesion of the temporal lobe
of the left hemisphere of the brain of a metastatic nature without visible dynamic changes com-
pared to CT scans from 12/01/2023; previously described formations in other departments were
not contoured during contrast-free examination. Collectively, the data from the control studies
corresponded to the stabilization of the process and positive dynamics against the background
of continued therapy with lorlatinib.

Safety and laboratory monitoring. Against the background of lorlatinib therapy, the pre-
sented material indicates the absence of clinically significant adverse reactions in the lipid profile.
The total cholesterol level was: October 2024 — 4.2 mmol/L; November 2024 — 5.4 mmol/L;
December 2024 — 3.6 mmol/L; January 2025 — 5.3 mmol/L.

Biochemical blood test from 02/17/2025: total protein — 65 g/I, urea — 3.56 mmol/L,
creatinine — 93 mmol/L, total bilirubin — 9.2 mmol/], ALT — 15.45 units/l, AST — 8.75 units/],
glucose — 5.00 mmol/L. The obtained indicators did not require discontinuation of therapy
according to the data presented.

Results

As a result of consistent application of systemic approaches — platinum-containing
chemotherapy, early—generation ALK inhibitors, radiation therapy for CNS progression, repeated
chemotherapy and subsequent administration of lorlatinib - clinical improvement, stabilization
of the process in the lungs, and positive dynamics from the side of metastatic foci of the brain
were achieved. According to the patient’s profile, a total of 4 courses of primary chemotherapy,
5 courses of crizotinib, 5 courses of ceritinib, 7 courses of subsequent chemotherapy, and 15
courses of lorlatinib were performed. The full timeline of the clinical case is shown in Table 1.

Table 1
Timeline of a clinical case

Date/period Key event

November 2020 Interstitial pneumonia on the right associated with
COVID-19.05.01.2021

05.01.2021 chect CT: signs of malignant tumor of the right lung, multiple foci up to
35 mm

15.04.2021 Diagnostic thoracotomy.

23-30.04.2021 [HC: bronchiol-alveolar cancer; MGI: epidermal growth factor receptor
negative, ALK3+, PD-L1 expression.

May-October 2021 | 4 courses of chemotherapy nemeTpekcenwith pemetrexed + platinum;
further progression by CT OGK.
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October 2021-
June 2022

Targeted crizotinib therapy; initial stabilization, then progression after
5 courses.

June-October
2022

Change of therapy to ceritinib; after 3 courses - positive dynamics on
CT.

20.04.2023

brain CT: multiple brain metastases; a symptomatic course of radiation
therapy was performed.

June-August 2023

Platinum-containing chemotherapy; partial brain CT response.

February 2024 Lorlatinib therapy has been initiated.

21.06.2024 CT: metastatic focus with no visible negative dynamics; some of the
previously described foci are not contoured.

02.10.2024 Brain MRI: positive dynamics, reduction in the size of foci.

23.10.2024 Chest CT: stabilization of the process in the lower lobe of the right lung.

17.02.2025. Biochemical control without significant deviations that require
discontinuation of therapy according to the presented data.

Discussion

This clinical example highlights the need for early molecular genetic testing in patients
with NSCLC. In this case, it was the identification of the ALK-positive status that determined the
possibility of switching from standard chemotherapy to consistent targeted therapy.

The initial use of crizotinib provided a period of stabilization, but further systemic pro-
gression was noted. The change of therapy to ceritinib was accompanied by positive dynamics,
reflecting the importance of consistent use of ALK inhibitors while maintaining the dependence
of the tumor on the ALK signaling pathway. However, the subsequent progression with multiple
brain damage required a review of treatment tactics.

CNS damage is one of the key clinical problems in ALK-positive NSCLC. In this case, the
development of multiple brain metastases was accompanied by clinical symptoms and required
radiation therapy. After that, the patient received additional chemotherapy with a partial response
according to the CT scan of the brain.

The appointment of lorlatinib in February 2024 has led to stabilization of the systemic
process and positive dynamics according to brain MRI data. This is especially important given
the previous therapy with two ALK inhibitors and the confirmed damage to the central nervous
system. The clinical example demonstrates that when choosing the next line of therapy, it is nec-
essary to take into account not only the fact of systemic progression, but also the localization of
progression, primarily intracranial foci.

Security monitoring is of particular importance. Lorlatinib is characterized by potential
adverse reactions from the lipid profile, nervous system, body weight and peripheral edema.
There was no clinically significant hypercholesterolemia in the presented material; biochemical
parameters from 02/17 /2025 remained without significant deviations. Nevertheless, in real
practice, patients on lorlatinib require regular assessment of their lipid profile, neurological and
cognitive status, body weight, edematous syndrome, and the need for dose adjustment.

Our results are consistent with data from international studies, which also show that lorlat-
inib controls brain tumors well in patients who have already received first- and second-generation
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ALK inhibitors [5, 6]. For example, Bauer et al. It was noted that the drug gives a noticeable and
long-lasting effect even with metastases in the central nervous system. This is explained by the
fact that it penetrates well through the blood-brain barrier [5]. Compared with ceritinib and cri-
zotinib, lorlatinib provides at least no worse, and often more pronounced, control of intracranial
manifestations. This is confirmed by both clinical data and meta-analyses [7, 8]. However, due
to the nature of the undesirable effects of lorlatinib, including possible cognitive impairment,
the work of a team of specialists is especially important. This approach should include regular
monitoring of lipids and cognitive state in order to adjust treatment in time, if necessary, and
maintain a good quality of life for the patient [5, 6].

The evidence base for targeted treatment of ALK-positive NSCLC developed from the
identification of the EML4-ALK fusion and the initial demonstration of clinical activity with cri-
zotinib [9, 10], followed by randomized trials that established crizotinib as an effective systemic
treatment [11, 12] and studies confirming the efficacy of ceritinib [13, 14]. Subsequent phase III
trials demonstrated improved systemic and intracranial disease control with alectinib [15, 16],
brigatinib [17, 18], and ensartinib [19], while the global phase II study of lorlatinib confirmed
clinically meaningful activity after previous ALK inhibitors, including in patients with CNS me-
tastases [20]. Molecular studies have shown that resistance may arise through secondary ALK
mutations, compound mutations, and bypass signaling mechanisms [21-23], and clinical obser-
vations emphasize the prognostic importance of brain metastases in this population [24]. Addi-
tional studies support the systemic and intracranial activity of brigatinib [25, 26] and alectinib
[27-29] after crizotinib failure. Current molecular-testing recommendations and international
clinical guidelines therefore support timely biomarker testing and biomarker-directed treatment
selection for advanced NSCLC [30-32].

Conclusion

This clinical example well demonstrates how important an individual approach is in the
treatment of ALK-positive NSCLC. Step-by-step systemic therapy, timely detection of progression,
control of CNS damage, and the transition to lorlatinib made it possible to improve the patient’s
condition, keep the disease in the lungs under control, and achieve positive changes in brain
metastases.

To successfully manage such patients, molecular testing, regular CT and MRI monitoring,
discussion of therapeutic tactics in a team of specialists, and careful monitoring of the undesirable
effects of targeted therapy are especially needed.
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ALK - mo3uTHBTI Killi >kacymaJjibl eMec 6KIie 06bIpbl 6ap HayKacTa TePpanusHbI
TaHJayAarbl JKeKe TICL/I: KIMHUKAJIBIK JKaraai

Bekimena AT.!, AkbunkanoBa FE.2, OnkaeB @.C.3"
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AHgaTtna. ALK-no3uTuBTI ycak »kacyiasbl eMec eKie 06bIpbl (OYXKEQ) — ekie 0ObIPbIHBIH,
MOJIeKYJIa/bIK TYPFbIJaH aHbIKTa/IFaH KOCAJIKbI TYpi. by xarpania aypyZbl y3aK Mep3iMAai
OaKpbLIayFa KOJ1 XKeTKi3y YILiH XKyHeJliK TepanusHbIH OHTal/bl peTTi/iriH TaHAay aca MaHbI3/Ibl.
OpranblK xyike )yheciniy (0XKXK) 3aKbIMJaHybIMEH XXYPETiH aypy/blH YAeyi epeKilie KAMHUKAbIK
KUBbIH/IBIK TYFbI3a/ibl, BUTKEHI MHTPAaKpaHHUaNbIK OlIaKTap/bl OaKbliaay eM/eyAiH Aepbec api
MaHbI3/1bl MaKcaTblHA allHa/1aZbl. 3epTTeyAid MakKcaTbl — OXKIK-ze aypy yaereHHeH KeuiH
JIOPJIATHHUOTI KoJIAaHyAbl Koca aaFraH/a, ALK TexerimTepiMeH GipHellle A9WeKTi Tepanus
kesticiH anrad ALK-no3utusTi O¥Y2KEO 6ap manueHTTe eM/li )KeKe TaHJay/iblH MYMKIHAIKTepiH
KOpCeTYy.

KnuMHMKaNbIK )KaFal NalMeHTTiH aHaMHe31, KOMIIbIOTEPJIIK )KoHE MarHUTTIK-PE30HAHCThIK
TOMOrpadus HaTUKeJiepi, MOPPOJIOTUSAIBIK, UMMYHOTHCTOXUMHUSJIBIK, )K9HE MOJIEKYIAJbIK-
reHeTUKaJIbIK 3epTTey/iep, MyJbTUAUCLIUIIIMHAPJIBIK TONTHIH, WelliM/epl, COHAaN-aK )Kyprisisires
YKYMEJIiK K9He CayJieJliK Tepanus TypaJsibl MaJliMeTTep HeTi3iHge cunaTTtanbl. 40 »kacTarbl
NalnMeHTKe OH, eKmneHiH TeMeHri 6eiridiH, ALK-mo3uTusTi O¥2KEO nguartossr Konbliasl: 111B
catbicbl (T4AN2MO). KypaMbiH/Zia 1aTUHA 6ap XUMUOTepanus asgKTaJfaHHaH KeliH aypy
YAereHiKTeH, KpU30TUHUOIIEH )KoHe LIEpUTUHUOIEH A9MEeKTi TapreTTiK Tepanus Xyprisiaji.
Muja kentereH Metacrasgap nanja 60JiFaH Ke3/ie MallMEHT CUMIITOMATUKaJIbIK CoYJIEJIiK
Tepanus/iaH, KeliHHeH XuMUoTepanusiZiad eTTi. 2024 KbLIFbl aKNaH/a JOPJaTHUHHUOIEH eM/IEY
6acTtasabl. EM HoTHXKeCiHAe KIMHUKAJBIK )KaKcapy, oKMeleri omaKTapAblH TYPaKTaHYbl )KoHe
MUbIH 6akbliiay MPT nepekTepi 60ibIHILIA OH PEHTTEHOJIOTUSABIK JUHAMUKA 6alKaJlbl.
YChIHBLIFAH XaFJall yaKTblIbl MoJieKyaanbIK npoduabaeyaid, OXKXK 3akbiMIaHybIH KyHei
6afaJsiay/iblH, MyJbTH/AUCIUIIJIMHAPJIBIK, LIelliM KabbliAay/blH, COHAaN-aK ALK Texerimtepin
»KeKe TaHJay MeH 91 eKTi KoJIJaHy/blH MaHbI3blIbIFbIH KepceTesi. JIop/1aTUHUG alAbIHFbI
Tepanus XKeJliJlepiHZe aypy YAereHHeH KeliH THIM/I )KyHeJliK 2)KoHe MHTPaKpaHHUaIAbIK
6aKbl1ay/bl KAMTaMachI3 eTyi MYMKiH.

Tyiin ce3aep: ALK-nosutuBTi NSCLC, ekneHiH ycak »kacyliaJjibl eMec KaTepJi iciri,
JIOPJIATUHUO, KPU30TUHUO, IEPUTUHUO, MU MeTacTa3japhbl, MaKCaTThl TEPANHUSI.

UHaMBUAYa/IbHBIN NOAX0A B BbIOOpE TepanuM y nanueHTa ¢ ALK-no3uTUBHBIM
HeMeJIKOKJIETOYHBIM PAKOM JIETKOro: KIUWHUYEeCKUH cay4dau
Bekumesa AT.}, AkbunkanoBa ILE.Z, OmxaeB @.C.3"

1 Kadenpa onkosnoruy, HAO «MeaunuHckuil yHuBepcuteT ActaHa», ActaHa, Kazaxctan

1 MHoronpoduIbHBIA MeJUIMHCKUN IeHTp, AcTaHa, KaszaxcTaHn
2, 3LleHTp Hayk o »ku3HHU, National Laboratory Astana, ActaHa, Kazaxctan

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 139
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu



A.T Bekisheva, G.E. Akylzhanova, ES. Olzhayev

AHHOTanusA. ALK-1o/10’kMTeIbHbI HEMeJIKOKJIETOUHbIN pak jiérkoro (HMPJI) npejcraBasieT
Cc000¥ MOJIEKYJISIDHO ONpe/ieIEHHbIM MOATUII pakKa JIEFKOTo, IPpYU KOTOPOM ONTUMaJIbHas
N0C/IeJ0BATEJbHOCTh CUCTEMHOM TEPANIMK UMeEeT BAXKHOE 3HAYeHHUe IS JOCTUKEHUS JAJIUTEbHOTO
KOHTpOJ151 3a60sieBaHUsA. OCOOYI0 KIMHUYECKYIO CI0XKHOCTb IPEICTaB/sIeT IPOrpecCHpoBaHe
C IopakeHHeM LieHTpaibHOM HepBHOU cucTeMbl (L{HC), mockosibKy KOHTPOJIb BHYTPHUYEpPENHbBIX
04YaroB CTAHOBUTCS CAMOCTOSTEJIbHOM U BAaXKHOM LieJIblo JiedeHUs. llesib uccieoBaHusa —
IPOEMOHCTPUPOBATH BO3MOXKHOCTH UHAUBUYAJTU3UPOBAHHOI0 MI0/IX0/a K BbIGOPY Tepanuu
y nauuenTa ¢ ALK-nosoxkutenbHbiM HMPJI, nocsefoBaTe/ibHO 10OJIy4YaBIIero HECKOJbKO
JUHUHU Tepanuu ALK-uHru6utopamu, BKJro4as JIOpJaTUHHUO MOCJe NPOrpeccCupoBaHUs
3a60s1eBaHus B LIHC. OnrcaHue KIMHUYECKOTO C/1yyasi OCHOBAHO Ha JJAHHbIX aHAMHe3a NalMeHTa,
pe3yJsibTaTaXx KOMIbIOTEPHOW U MarHUTHO-PE30HAHCHOU ToMorpaduu, MOopPpoJI0OTUYecKoro,
MMMYHOTUCTOXHUMUUYECKOTO U MOJIEKYJIIPHO-TEHETUYECKOTr 0 UCCJIeJOBAHUU, PEllIeHUAX
MYJIbTUAUCLHUIJIMHAPHOU KOMaH/bl, a TAKXKe CBeJleHUAX O IPOBeJEHHON CUCTEMHOM U JIy4eBOU
Tepanuu. Y naiyueHTa B Bo3pacte 40 sieT 6611 guarHoctupoBaH ALK-nosoxutenbHbii HMPJI
HWXKHEH J10J11 TpaBoro JiErkoro, ctajus [1IB (T4AN2MO). [Tocsie nmporpeccupoBaHus 3a60/1€BaHUS 110
3aBeplleHUHU MJIATUHOCOAepKallel XMMUOTepaNuU 6bl1a Moc/e[0BaTeNbHO IPOBe/leHa TapreTHas
Tepanus KpU30TUHUOOM U LlepUTUHUO0M. [Ipy pa3BUTUU MHOXKECTBEHHBIX METACTA30B B TOJIOBHOM
MO3re MalyeHT M0JIYYUJ CAMIITOMAaTUYECKY0 JIYYeBYIO TePAINUIO C OCAeAyI0llel XUMUOTepanuen.
B ¢peBpasie 2024 roga 6b1/1a HayaTa Tepanus JOpJaaTUHUO0M, KOTOpasi pHUBeJia K KIMHUYECKOMY
YJIy4lIeHHWI0, CTAOMIM3all ¥ 0YaroB B JIETKUX U NI0JI0KUTEJbHON PEHTTeHOJI0TUYeCKOW IMHAMUKeE
110 JAHHBIM KOHTposibHOU MPT rosioBHoro mosra. [IpeacraBiieHHbIN cy4an NOLAYEPKUBAET
BaXKHOCTb CBOEBPEMEHHOTO MOJIEKYJISIPHOTO NPOQUINPOBAHUS, PETYISPHON OLIEHKU NOpaXKeHHUs
HC, MysbTUAMCUUNIZIMHAPHOTO NPUHATHSA PELIEHUH, a TAKXKe [TepCOHAIM3UPOBAHHOT0 BbIOOpa
Y nocJjefoBaTe/ibHOro npuMeHeHus ALK-UHruo6utopos. Jlops1aTUHUG MOXeT 0b6ecrieduBaTh
3¢ $eKTUBHbBIN CUCTEMHBIN U BHYTPUYEPETHOM KOHTPOJIb 3a60J1eBaHUS NOCJIe IPOTrPECCUPOBAHUS
Ha [pe/lleCTBYIOUIMX JIMHUAX TEPANUHU.

KiroueBsbie ciioBa: ALK-no3utuBHbii HMPJI, HeMe/IKOK/IeTOYHBIN paK JIETKOTO,
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Abstract. Kidney cancer is one of the most heterogeneous malig-
nant tumors of the urinary system. Despite the development of imaging
techniques and the improvement of surgical approaches, there remains
a high frequency of late diagnosis, recurrence, and the formation of
drug resistance. In recent years, special attention has been paid to the
epigenetic mechanisms of carcinogenesis, primarily DNA methylation,
which is considered as an early, stable, and potentially reversible process
of tumor transformation. The aim of the study is to systematize current
data on the role of epigenetic markers and epigenetically modified genes
in kidney cancer and identify promising areas for their use in diagnosis,
prediction, and personalization of treatment using machine learning
methods. This systematic review of scientific publications for the period
2008-2026 was performed using the databases PubMed, Scopus, Web of
Science, TCGA, and GEO. The analysis includes studies on DNA methyla-
tion, CpG signatures, epigenetic markers, as well as the use of machine
learning algorithms (Random Forest, LightGBM, XGBoost). It has been
shown that epigenetic changes in genes regulating the processes of dif-
ferentiation, angiogenesis and immune response have high diagnostic
and prognostic significance. The integration of DNA methylation data
with machine learning algorithms makes it possible to generate com-
pact CpG signatures that are promising for early diagnosis, recurrence
prediction, and evaluation of the effectiveness of antitumor therapy.
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Epigenetic markers of kidney cancer and machine learning in their clinical application: literature review

The use of epigenetic markers in combination with machine learning
methods opens up new opportunities for personalized oncourology,
providing more accurate stratification of patients and optimization of
treatment tactics.

Keywords: kidney cancer, DNA methylation, machine learning,
personalized oncology, relapse prognosis.

Introduction.

Kidney cancer is one of the most serious problems of modern oncourology, being one of the
ten most common cancers in developed countries [1]. According to data for 2020-2025, renal cell
carcinoma accounts for about 2% of all global diagnoses and deaths from malignant neoplasms,
while in developed countries the incidence has more than doubled over the past half century
[2]. In Russia and Eastern European countries, morbidity rates remain among the highest in the
world, which requires the search for new approaches to early diagnosis [1].

From a clinical and molecular biological point of view, kidney cancer is an extremely het-
erogeneous disease. Its biological behavior ranges from indolent, randomly detected formations
to extremely aggressive forms with early systemic metastasis [3]. Clear cell renal cell carcinoma
(CCCC) dominates the incidence structure, accounting for 75-80% of all cases [4]. Despite the
fact that more than 50% of tumors are now detected accidentally by ultrasound or CT, about 25-
30% of patients already have a metastatic stage at the time of diagnosis, with a five-year survival
rate of only 12-12.3% [4].

Traditional prognostic systems such as TNM staging, Furman score, and creatinine clearance,
although they remain the “gold standard”, are often unable to account for the internal molecular
variability of the tumor [5,6]. The introduction of targeted therapy and checkpoint inhibitors
into practice has significantly improved the prognosis for patients with advanced stages, but
the problem of developing resistance remains unresolved [6]. This highlights the urgent need
to develop a new generation of biomarkers capable of not only diagnosing the disease, but also
predicting the response to therapy.

Between 2008 and 2026, the focus of research shifted from genetic mutations to epige-
netic changes. Epigenetics studies the mechanisms of regulation of gene expression that do not
affect the DNA nucleotide sequence itself, but critically affect the cellular phenotype [6]. The key
process here is DNA methylation, the attachment of a methyl group to cytosine in CpG dinucle-
otides. Aberrant hypermethylation of the promoter regions of tumor suppressor genes leads to
their “silencing”, which is one of the earliest events of carcinogenesis [7].

Inactivation of the VHL (von Hippel-Lindau) gene plays a special role in the pathogenesis
of ccRCC. In addition to somatic mutations, hypermethylation of the VHL promoter is observed in
10-15% of cases of sporadic kidney cancer, acting as an alternative mechanism for gene inactiva-
tion at the earliest stages of tumor transformation [7]. In addition to DNA methylation, changes
in microRNA profiles (for example, miR-210 and miR-34a) are involved in pathogenesis, which
regulate the processes of angiogenesis and apoptosis [6].

The advantage of epigenetic markers is their high stability and the possibility of detection
in biological fluids (blood plasma, urine) by liquid biopsy, which opens the way to non-invasive
screening [2]. However, the high dimensionality of the data obtained using modern sequencing
and methylation arrays (Infinium Human Methylation 450K/EPIC) makes it impossible to analyze
them using traditional statistical methods.
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This is where artificial intelligence technologies come to the fore. Over the past decade,
machine learning methods such as Random Forest, Gradient Boosting, and LASSO regression
have become a key tool for finding meaningful biomarkers among thousands of CpG sites [5].
The use of ML makes it possible to create complex multigenic signatures (for example, from 31
CpG sites) that demonstrate an accuracy of predicting survival and classifying tumor subtypes
exceeding 95-99% [8-9].

Thus, the purpose of this review is to systematize data on the most significant epigenetic
markers of kidney cancer identified between 2008 and 2026, and to analyze the effectiveness
of machine learning methods in creating predictive and diagnostic models that can change the
paradigm of patient management towards personalized medicine.

Materials and methods

Objective

To systematize current data on the role of epigenetic markers and epigenetically modified
genes in kidney cancer and to identify promising areas for their use in the diagnosis, prediction,
and personalization of treatment using machine learning methods.

The present study provides a systematic review of scientific publications devoted to the
study of molecular and epigenetic biomarkers of kidney cancer, with an emphasis on their clinical
application and integration with machine learning methods.

The search for relevant sources was conducted in the international electronic databases
PubMed, Scopus and Web of Science, as well as using the resources of The Cancer Genome Atlas
(TCGA) and Gene Expression Omnibus (GEO). The search time interval covered the period from
2008 to 2026. The following keywords and their combinations were used to identify publications:
“renal cell carcinoma”, “kidney cancer”, “DNA methylation”, “epigenetics”, “CpG islands”, “biomark-
ers”, “machine learning”, “Random Forest”, “XGBoost”, “LightGBM". The process of identification,
screening, and inclusion of sources is shown in the PRISMA 2020 flowchart (Figure 1).

The inclusion criteria included the selection of peer-reviewed studies based on human
clinical material, which evaluated the genetic and epigenetic markers of kidney cancer, includ-
ing changes in DNA methylation patterns, features of gene expression regulation, as well as the
results of the use of proteomic, metabolomic, and liquid biopsy methods. The analysis included
publications containing a quantitative and/or qualitative assessment of the diagnostic, prog-
nostic, or therapeutic significance of the biomarkers under study, as well as papers on the use
of machine learning methods for analyzing molecular data.

The exclusion criteria were studies with a small sample size, lack of correct statistical
processing or insufficient reproducibility of the results, as well as publications without clinical
interpretation of the identified molecular changes. Additionally, duplicate papers and studies
that did not contain original data or significant methodological contributions were excluded.

The initial search allowed us to identify 92 publications. After removing duplicates and
analyzing annotations, a full-text selection was performed, according to the results of which 41
studies were included in the final review. Of these, 35 presented original clinical, laboratory and
molecular studies, and 6 presented review papers on the mechanisms of epigenetic regulation
of the tumor process.

Most of the included publications (n = 38) were in English, while 3 sources were presented
in Russian. When there were several papers with identical or overlapping datasets, priority was
given to later studies with greater methodological completeness and analytical depth.
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Figure 1. Flowchart of the PRISMA 2020 publication selection process. Source:
compiled by the authors

The analysis of the selected publications was carried out using qualitative data synthesis
with the identification of key areas: the diagnostic significance of epigenetic markers, their pre-
dictive value, as well as the possibility of using machine learning algorithms to build predictive
models for kidney cancer.

Results

The analysis of the studies included in the review showed that molecular and epigenetic
biomarkers occupy a key place in interpreting the mechanisms of initiation and progression of
kidney cancer and have significant potential for clinical use. Modern research demonstrates a
steady transition from the assessment of individual molecular parameters to the use of complex
multigenic and epigenetic signatures. This is due to the pronounced biological heterogeneity of
renal cell carcinoma and the limited informative value of single markers, which often do not take
into account the variability of the tumor microenvironment [2-4].

The greatest attention in the analyzed publications is paid to the ccRCC, which accounts
for up to 80% of all cases of the disease. This subtype is characterized by a wide range of epige-
netic disorders, primarily aberrant DNA methylation in the promoter regions of genes involved
in the control of the cell cycle, hypoxic response, and angiogenesis [3]. Studies confirm that these
changes occur at the earliest stages of tumor transformation, often preceding morphological
changes in the tissue [10, 11].
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Among the most studied molecular factors, the VHL (von Hippel-Lindau) gene occupies
a special place. The violation of its function in ccRCC can be caused not only by structural mu-
tations or loss of heterozygosity, but also by epigenetic inactivation. Hypermethylation of the
VHL promoter region is detected in 10-15% of cases of sporadic kidney cancer [10, 11]. This
mechanism leads to stabilization of hypoxia-induced factors (HIF-1a and HIF-2a), which triggers
transcription of target genes responsible for neoangiogenesis, glycolysis, and cell growth [12,
13]. The combination of genetic and epigenetic VHL disorders, according to large-scale TCGA
studies, correlates with a more aggressive course of the disease and a significant decrease in
overall survival [14].

In addition to VHL, considerable attention is paid to the genes RASSF1A, CDKN2A, SFRP1
and GSTP1. They show a high frequency of hypermethylation in tumor tissue (from 23% to 60%)
compared with unchanged renal parenchyma [15].

@ RASSF1A: This gene is involved in cell cycle regulation and microtubule stabilization. Its
hypermethylation is closely associated with advanced stages according to the TNM classification
(T3-T4) and the presence of distant metastases [16]. Machine learning models identify RASSF1A
methylation as one of the most stable predictors of an unfavorable outcome [6, 16].

® CDKNZ2A (p16): changes in this locus are considered as an indicator of increased prolif-
erative activity. Methylation of the CDKN2A promoter leads to loss of control over the G1/S point
of the cell cycle, which correlates with a high score on the Furman scale and a poor prognosis [17].

@ SFRP1: epigenetic suppression of the expression of this gene leads to hyperactivation of
the Wnt/B-catenin signaling pathway. This contributes not only to invasive growth, but also to the
epithelial-mesenchymal transition, which is critical for the metastatic spread of the tumor [18].

@ GSTP1: methylation of this gene is often associated with cell protection from oxidative
stress. In the context of kidney cancer; its inactivation can serve as an early diagnostic marker
found in biological fluids [19].

The performance of machine learning algorithms applied to epigenetic data for predicting
clinical outcomes in kidney cancer is summarized in Table 1.

Table 1
Performance of machine learning algorithms for the analysis of epigenetic
data in kidney cancer

Algorithm type | Input data Forecast Accuracy (AUC /
C-index)
Random Forest | DNA Methylation Risk of Metastasis | 0.88
XGBoost Epigenetic and Clinical Overall Survival 0.92
Data
Neural Networks | Multi-Genome Profiles Response to 0.85
Therapy
Light GBM CpG sites (ctDNA) Early relapse 0.90

Source: compiled by the authors based on data from [6,15-19]

The results of the analysis indicate a significant increase in interest in the development of
compact CpG signatures that include a limited number of the most informative methylation sites.
Such panels are selected using advanced statistical methods and machine learning algorithms,
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which makes it possible to minimize data redundancy and identify the most stable markers
[19-22]. According to the analyzed studies, multilocus signatures are significantly superior to
single biomarkers in their diagnostic and prognostic effectiveness, since they are able to take
into account the internal heterogeneity of the tumor.

In particular, compact panels comprising 7 to 15 specific CpG sites demonstrate excep-
tional accuracy of differentiation of tumor tissue and normal renal parenchyma, reaching AUC
values above 0.90 [5]. To solve more complex clinical problems, such as long-term prognosis
of survival, advanced models using sets of 25-40 CpG sites are used [19]. The stability of these
models is confirmed by the results of external validation on independent samples (for example,
data from the GEO repository), where they show reproducible results [22].

The biological significance of such models is supported by the fact that most of the selected
CpG sites are localized in regulatory regions of genes critically important for carcinogenesis. These
are the genes responsible for neoangiogenesis, metabolic restructuring, and the formation of a
suppressive immune microenvironment of the tumor [23]. The integration of these signatures
into clinical practice can significantly improve the accuracy of stratification of patients by risk
groups (Table 2).

Table 2
Characteristics of key CpG signatures in kidney cancer (2008-2026)

Biomarker Sample Sensitivity/specificity Application
type

SHOX2 Blood 81% / 95% Monitoring of recurrence after
plasma nephrectomy

SEPT9 Blood 68% / 89% Early screening and diagnosis
plasma

RASSF1A Urine 72% / 90% Non-invasive screening of risk

groups

ctDNA-panel Blood >85% (combined Detection of minimal residual

plasma sensitivity) disease

Source: compiled by the authors based on data from [5, 22-23]

Machine learning methods are currently widely used to analyze high-dimensional epige-
netic data. In research from 2008 to 2026, Random Forest, Support Vector Machine, XGBoost,
and LightGBM became the most popular algorithms for constructing classification and predic-
tive models [12, 13, 21-23]. These approaches make it possible to efficiently process arrays of
methylation data (big data) and identify complex nonlinear relationships between epigenetic
features and clinical outcomes, which often escape when using classical statistics [24].

The greatest predictive power is demonstrated by models that include multi-stage pre-se-
lection of the most informative features (feature selection) and mandatory external validation
on independent patient samples [24]. Additionally, it was found that the integration of DNA
methylation profiles with gene expression data allows for deeper consideration of the biologi-
cal heterogeneity of the tumor, identifying prognostically significant subgroups of patients who
require different surveillance strategies [12, 23].

In most of the analyzed works, such models reach AUC values (area under the curve)
above 0.85, which confirms their high diagnostic reliability. In separate studies using optimized
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CpG signatures and deep learning, an AUC of 0.99 is reported [25]. The stability and accuracy of
these models are confirmed by validation on independent cohorts, which makes them promising
for implementation in medical decision support systems [126]. It is noteworthy that many prog-
nostically significant CpG sites are localized outside of traditional CpG islands, which indicates
the critical role of methylation in broader regulatory regions of the genome.

The results of the review also indicate a marked increase in interest in the use of epigenet-
ic markers in the framework of liquid biopsy technologies. Compared with traditional invasive
methods, the analysis of biological fluids provides the possibility of dynamic monitoring of the
tumor process, which is especially critical for patients with high operational risk or advanced
forms of the disease [27].

Studies show that the analysis of circulating tumor DNA (ctDNA) methylation in blood
plasma makes it possible to identify the tumor process at an early stage and monitor the presence
of minimal residual disease after surgery [28]. ctDNA epigenetic signatures are characterized by
high stability and frequency of occurrence compared to somatic mutations, which significantly
increases their diagnostic value with a low volume of tumor load [29].

Special attention is paid to the hypermethylation of the promoter regions of the RASSF1A4,
VHL, and APC genes. These markers are consistently detected in the blood plasma of patients
with renal cell carcinoma, and their concentration correlates with the stage of the disease and
the risk of metastasis [15-17]. The inclusion of these indicators in combined multigenic panels
can significantly increase the sensitivity of liquid biopsy (Table 3).

Table 3
Epigenetic markers of liquid biopsy in kidney cancer (2008-2026)
Panel Name Number of Markers Data Type Accuracy
CpG Signature 126 126 sites Methylation Array 0,94
Diagnostic Panel 7 7 genes Q-MSP 0,89
Survival Signature 31 31 sites NGS / array 0,91
Integrative Omics Methylation + RNA Multiplatform analysis 0,96

Source: compiled by the authors based on data from [21, 25-29]

An analysis of modern publications from 2008-2026 has shown that epigenetic regulation
involving microRNAs (miRNAs) and long non-coding RNAs (Inc RNAs) plays a fundamental role in
the pathogenesis of kidney cancer. These molecules are considered as one of the most promising
sources of new biomarkers, as they have high stability in biological fluids and tissues [30-33].
Disruptions in the expression of non-coding RNAs have a systemic effect on gene networks that
regulate the cell cycle, neoangiogenesis, and modulate immune responses in the tumor microen-
vironment, which together contribute to aggressive growth and metastatic disease progression.

A number of studies convincingly prove that a marked decrease in the expression of mol-
ecules such as miR-141, miR-200c and miR-30a is a key trigger of the epithelial-mesenchymal
transition. This leads to a loss of intercellular contacts and a sharp increase in the invasive and
metastatic potential of tumor cells [34, 35]. At the same time, the overexpression of oncogenic
microRNAs, primarily miR-21 and miR-155, significantly correlates with an unfavorable prognosis,
low response to targeted therapy, and an overall decrease in patient survival [33, 35].

Of particular interest for precision oncourology is the data on the cross-interaction of
different levels of epigenetic regulation. It has been established that the expression of many
microRNA suppressors is suppressed not due to mutations, but as a result of hypermethylation
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of their own promoter regions [34, 35]. For example, the methylation of a group of microRNA
genes makes it possible to predict the risk of developing distant metastases with high accuracy
(sensitivity up to 68-75%), even at clinically localized stages [36, 37]. The combined analysis of
miRNA profiles and DNA methylation patterns (an integrative omix approach) makes it possi-
ble to create predictive models with AUC above 0.92, which is significantly more accurate than
traditional morphological assessment systems [38].

Clinically significant microRNAs associated with the progression of renal cell carcinoma
are systematized in Table 4.

Table 4
miRNAs associated with the progression and prognosis
of kidney cancer (2008-2026)
miRNA Character of Mechanism of action Clinical effect
changes
miR-21 Overexpression PTEN inhibition Reduction of overall
survival
miR-155 | Overexpression Modulation of the immune Aggressive course of
response the disease
miR-200c | Reduced expression | Induction of epithelial- High risk of
mesenchymal transition (EMT) metastasis
miR-30a | Reduced expression | Activation of the Snail / Slug Short relapse -free
pathway period
miR-141 | Reduced expression | Regulation of cell differentiation | Specific subtype
marker

Source: compiled by the authors based on data from [32-38]

The results of the analysis indicate that a significant part of modern research is aimed at
developing comprehensive epigenetic models for predicting the clinical course of kidney can-
cer and individually assessing the response to therapy. It has been established that the use of
quantitative data on DNA methylation in combination with key clinical parameters (TNM stage,
Furman scale score) makes it possible to form precision prognostic scales. Such scales demon-
strate significantly higher accuracy compared to traditional clinical and pathological models,
as they objectively reflect the biological potential of the tumor at the molecular level [39, 40].

A number of representative publications have shown that specific epigenetic signatures
can reliably predict the risk of recurrence after radical nephrectomy, as well as overall and dis-
ease-free survival rates [38, 39]. The most important feature of models based on DNA methylation
patterns is their independent predictive significance. This means that the epigenetic status of
the tumor retains its predictive power even after statistical correction for the stage of the tumor
process and the degree of its differentiation [5, 16]. For example, methylation markers make it
possible to effectively stratify patients within the same risk group (for example, Stage I according
to TNM), identifying those who need more intensive adjuvant monitoring [41].

Special attention in the studies of 2020-2025 is paid to the predictive role of epigenetic
markers in the context of systemic treatment. It has been shown that certain patterns of methyl-
ation of promoter regions of genes associated with angiogenesis and metabolism are associated
with sensitivity to vascular endothelial growth factor receptor inhibitors [41, 42]. In addition,
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epigenetic predictors of response to immune checkpoint inhibitor therapy are being actively
studied. Methylation patterns in the loci regulating T-lymphocyte activity and expression of
PD-L1 molecules open up prospects for personalized selection of the most effective antitumor
treatment regimen and minimizing toxicity [42, 43].

The main characteristics of modern predictive and predictive models are presented in
Table 5.

Table 5
Epigenetic models for predicting and predicting kidney cancer (2008-2026)
Algorithm type | Input data Forecast Accuracy (AUC /
C-index)
Random Forest | DNA Methylation Risk of Metastasis | 0,88
XG Boost Epigenetic and Clinical Overall Survival 0,92
Data
Neural Networks | Multi-Genome Profiles Response to 0,85
Therapy
Light GBM CpG-sites (ctDNA) Early relapse 0,90

Source: compiled by the authors based on data from [5, 16, 38-46]

A comparison of data from domestic and foreign studies demonstrates a high degree of
consistency in the results regarding key epigenetic disorders characteristic of kidney cancer.
Despite the differences in the design of the papers and the analytical approaches used - from
targeted PCR panels to genome-wide sequencing - most authors agree on the high clinical promise
of epigenetic markers for both early diagnosis and prediction of disease outcomes [6].

At the same time, there is a significant variability in the results obtained. This is due to the
pronounced biological heterogeneity of the cohorts studied, differences in technological platforms
for methylation analysis (for example, using arrays of different densities), and the variability of
statistical methods and machine learning algorithms used. These factors indicate the urgent
need to unify methodological approaches and conduct large-scale multicenter studies involving
independent groups of patients in order to standardize the data obtained.

It has been proven that epigenetic models can be considered as a reliable clinical tool only
after passing through the stage of strict external validation and confirmation of reproducibility
in various populations [44]. Despite the existing barriers, the rapid development of high-per-
formance sequencing methods and the improvement of bioinformatic analysis contribute to the
gradual overcoming of these limitations. This opens up real opportunities for the full integration
of epigenetic biomarkers into personalized medicine systems, allowing them to be combined with
traditional clinical and pathological variables to increase the specificity of the prognosis [45].

In recent years, the research focus has shifted towards the development of marker panels
associated with the risk of metastasis and survival of patients receiving antiangiogenic therapy
[45, 46]. Nevertheless, experts emphasize the need for further validation of potential markers
in prospective studies to definitively determine their clinical significance [44]. The key condi-
tion for the introduction of these technologies into routine practice remains the development
of standardized methylation assessment protocols and the definition of clear cut-off values for
interpreting the results [45].

150 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



Epigenetic markers of kidney cancer and machine learning in their clinical application: literature review

Discussion: Summarizing the results of modern research shows that molecular and epi-
genetic biomarkers play a fundamental role in understanding the mechanisms of formation,
progression and clinical manifestation of kidney cancer. Unlike genetic mutations, which are
irreversible changes in the primary sequence of nucleotides, epigenetic aberrations are charac-
terized by potential reversibility. This plasticity makes them extremely promising objects both
for the development of early population screening systems and for the creation of innovative
therapeutic strategies aimed at the “epigenetic reprogramming” of tumor cells [46].

The data obtained confirm the pronounced epigenetic heterogeneity of clear cell renal
cell carcinoma (ccRCC). Aberrant hypermethylation of promoter regions of classical suppressor
genes such as VHL, RASSF1A, CDKN2A, and SFRP1 is considered not only as a specific diagnostic
sign of tumor transformation, but also as a potential therapeutic target [16-18]. The biological
reversibility of these disorders opens up wide possibilities for the use of DNA methyltransferase
inhibitors and other demethylating agents. Such drugs are able to restore the normal expression
of cell cycle regulatory genes and apoptosis mechanisms, significantly reducing the invasive and
metastatic potential of the tumor [4, 12].

Epigenetic inactivation of the VHL gene plays a key role in the pathogenesis of ccRCC, which
triggers a cascade of pseudohypoxic response even under conditions of normal tissue oxygen
saturation. This leads to pathological stabilization of HIF factors and activation of a powerful
angiogenic response [5]. Studies show that the combination of structural mutations of the VHL
gene with epigenetic disorders of its regulation is associated with the most aggressive clinical
phenotypes and a significant decrease in overall survival [7, 15]. This fact highlights the urgent
need to implement complex molecular profiling protocols to accurately stratify patients into
risk groups [8-10].

CpG signatures, which include a panel of several of the most informative methylation sites,
are of significant interest for clinical practice. In conditions of high intracellular heterogeneity of
renal cell carcinoma, it is precisely such multigenic panels that demonstrate significantly higher
diagnostic and prognostic accuracy compared to the analysis of single markers [11, 18]. Their
integration into the diagnostic algorithm allows not only to perform reliable differential diag-
nosis of neoplasms, but also to assess the individual risk of recurrence after the surgical stage
of treatment with high sensitivity [41, 45].

An important technological stage in the development of this area was the active introduc-
tion of machine learning methods, including Random Forest, XGBoost, and LightGBM algorithms.
These tools have significantly expanded the possibilities of bioinformatic analysis of high-dimen-
sional omix data [8, 9, 13, 21]. Mathematical models capable of identifying complex nonlinear
relationships between epigenetic profiles and clinical outcomes demonstrate the best predictive
power (AUC > 0.85) when validated on independent patient samples [10, 11, 19].

The parallel development of liquid biopsy technologies allows the use of circulating tumor
DNA (ctDNA) methylation patterns for highly accurate noninvasive monitoring [47]. Dynamic
assessment of ctDNA methylation levels in blood plasma or urine provides a unique opportunity
to track tumor evolution in real time, detect minimal residual disease, and identify early signs
of metastasis long before their clinical and radiological manifestation [41, 47]. For example, hy-
permethylation of the SHOX2 locus in plasma after surgery is a proven independent risk factor
for recurrence, independent of the classical stage of TNM [46].

An additional contribution to the complex system of regulation of carcinogenesis is made
by microRNAs and long non-coding RNAs, the aberrant expression of which directly correlates
with the progression of the disease and its resistance to therapy [41, 45]. The synergy of DNA
methylation data and non-coding RNA profiles within a single analytical platform makes it pos-
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sible to create the most advanced predictive models, providing a fundamental basis for precision
patient management [1, 2].

Despite the obvious progress, the widespread introduction of these biomarkers into the
routine practice of oncourologists is currently limited by the lack of internationally accepted
standardized protocols, the variability of results between laboratories, and the high cost of tech-
nological solutions [48]. In addition, most innovative models still need large-scale multicenter
prospective studies [49]. Nevertheless, in the long term, the integration of epigenetic data with
genomic and transcriptomic landscapes (a multiomic approach) can fundamentally change
kidney cancer diagnosis and treatment strategies, making personalized medicine a reality [50].

Discussion

A systematic analysis of the current scientific literature (2008-2026) convincingly demon-
strates that epigenetic changes and, first of all, aberrant DNA methylation play a fundamental role
in the pathogenesis of renal cell carcinoma. Methylation of the promoter regions of key suppressor
genes, such as VHL, RASSF1A, CDKN2A, and SFRP1, was found to be not just a concomitant trait,
but a critical driver of tumor progression and metastasis. The use of these epigenetic markers
allows clinicians to more accurately assess the biological features of a particular tumor, effectively
stratify patients by risk groups, and predict the clinical course of the disease with an accuracy
that significantly exceeds the capabilities of traditional staging systems.

The integration of high-dimensional epigenetic data with advanced machine learning
techniques has been a major technological breakthrough of the last decade. This contributed to
the formation of precision prognostic models that demonstrate high diagnostic strength (AUC
in the range of 0.85-0.92). Such signatures, which include panels of specific CpG sites, open up
fundamentally new opportunities for a personalized approach: from individual selection of tar-
geted therapy to predictive assessment of the response to checkpoint inhibitor immunotherapy.

Additional and extremely promising prospects are associated with the rapid development
of liquid biopsy technologies. Detection of methylated circulating tumor DNA in blood plasma
and urine enables highly sensitive non-invasive monitoring. This allows us to solve the problems
of early detection of relapses, identification of minimal residual disease, and evaluation of the
effectiveness of surgical treatment without the need for repeated traumatic biopsies. Monitoring
of hypermethylation of the SHOX2 gene, which has proven to be a reliable independent biomarker
of the risk of disease progression, is of particular clinical importance.

At the same time, despite the obvious success, a comprehensive work on standardization of
methodological approaches is necessary for the large-scale introduction of epigenetic biomarkers
into the routine clinical practice of oncourological centers. Key challenges remain the need to
unify pre-analytical sample preparation protocols, conduct international multicenter prospective
studies, and strictly confirm the reproducibility of results in independent population cohorts.

Thus, further development of epigenetic and multi-genomic approaches in combination
with modern bioinformatic technologies is the most promising vector for the development of
modern oncology. The synergy of fundamental knowledge about the epigenetic landscape of the
tumor and the capabilities of artificial intelligence can significantly improve the effectiveness of
diagnostics in the coming years, radically change the treatment strategies for kidney cancer, and,
ultimately, significantly improve the survival rates and quality of life of patients.

152 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



Epigenetic markers of kidney cancer and machine learning in their clinical application: literature review

Author Contributions
A.M,, A.Zh. - conceptualization; A.B., U.K. - project administration; A.Zh., A.K. - investiga-
tion; A.Zh., A.B. - interpretation of results; A.Zh., D.B., A.M. - manuscript preparation.

Funding: This study was funded by the Science Committee of the Ministry of Science and
Higher Education of the Republic of Kazakhstan (Grant No. BR24992841).

Conflict of interest: The authors declare no conflict of interest.

Compliance with ethical standards

This article is a literature review and does not involve studies with human participants or
animals performed by any of the authors. Therefore, ethics committee approval and informed
consent were not required.

References

1. Padala S, Barsouk A, Thandra KC, et al. Epidemiology of renal cell carcinoma. World ]
Oncol. 2020;11(3):79-87. d0i:10.14740/wjon1279

2. Rossi SH, Klatte T, Usher-Smith JA, et al. Epidemiology and screening for renal cancer.
World ] Urol. 2018;36(9):1341-1353. doi:10.1007/s00345-018-2286-7

3. Shanmugasundaram K, Block K. Renal carcinogenesis, tumor heterogeneity, and reac-
tive oxygen species: tactics evolved. Antioxid Redox Signal. 2016;25(12):685-701. doi:10.1089/
ars.2015.6569

4. Tang W, Cao Y, Ma X. Novel prognostic prediction model constructed through machine
learning on the basis of methylation-driven genes in kidney renal clear cell carcinoma. Biosci
Rep. 2020;40(7):BSR20201604. doi:10.1042/BSR20201604

5. Zhang D, Wang Y, Hu X. Identification and comprehensive validation of a DNA meth-
ylation-driven gene-based prognostic model for clear cell renal cell carcinoma. DNA Cell Biol.
2020;39(10):1799-1812. doi:10.1089/dna.2020.5601

6. Weaver C, Bin Satter K, Richardson KP, et al. Diagnostic and prognostic biomarkers in
renal clear cell carcinoma. Biomedicines. 2022;10(11):2953. doi:10.3390/biomedicines10112953

7. Robinson CM, Lefebvre F, Poon B, et al. Consequences of VHL loss on global DNA meth-
ylome. Sci Rep. 2018;8(1):11042. d0i:10.1038/s41598-018-21524-5

8. Deng Q,Du Y, Wang Z, et al. Identification and validation of a DNA methylation-driven
gene-based prognostic model for clear cell renal cell carcinoma. BMC Genomics. 2023;24(1):124.
doi:10.1186/s12864-023-09416-z

9. Yuan T, Edelmann D, Fan Z, et al. Machine learning in the identification of prognostic
DNA methylation biomarkers among patients with cancer: a systematic review of epigenome-wide
studies. Artif Intell Med. 2023;143:102589. doi:10.1016/j.artmed.2023.102589

10.Faleiro I, Ledo R, Binnie A, et al. Epigenetic therapy in urologic cancers: an update on
clinical trials. Oncotarget. 2017;8(7):12484-12500. doi:10.18632 /oncotarget.14226

11.Joosten SC, Smits KM, Aarts M], et al. Epigenetics in renal cell cancer: mechanisms and
clinical applications. Nat Rev Urol. 2018;15(7):430-451. d0i:10.1038/s41585-018-0023-z

12.Dewa G, Munier CML, Ballouz S, et al. Machine learning approaches for biomarker
discovery using single-cell RNA sequencing. Front Bioinform. 2026;6:1767362. doi:10.3389/
fbinf.2026.1767362

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 153
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu



A. R. Zhanymbetova, D.A. Begimbetova, A.M. Kukanova, U.Y. Kairov, A.K. Makishev

13.Panwoon C, Seubwai W, Thanee M, et al. Identification of novel biomarkers to distin-
guish clear cell and non-clear cell renal cell carcinoma using bioinformatics and machine learning.
PLoS One. 2024;19(6):e0305252. doi:10.1371 /journal.pone.0305252

14.Vekariya V, Passi K, Jain CK. Predicting liver cancer on epigenomics data using machine
learning. Front Bioinform. 2022;2:954529. doi:10.3389/fbinf.2022.954529

15.Wang Y, Chen L, Ju L, et al. Epigenetic signature predicts overall survival of clear cell
renal cell carcinoma. Cancer Cell Int. 2020;20:292. d0i:10.1186/s12935-020-01640-x

16.Chen G, Zhang |, Fu Q, et al. Integrative analysis of multi-omics data for liquid biopsy.
Br ] Cancer. 2023;128(4):505-518. d0i:10.1038/s41416-022-02048-2

17.Chen ]. Perspective chapter: an update on renal cell carcinoma. In: IntechOpen; 2023.
doi:10.5772 /intechopen.112633

18.Chen W, Jia Z, Wang P, et al. DNA methylation-based classification and identification
of renal cell carcinoma prognosis-subgroups. Cancer Cell Int. 2019;19:81. doi:10.1186/s12935-
019-0900-4

19.Cinque A, Minnei R, Floris M, et al. The clinical and molecular features in the VHL renal
cancers: close or distant relatives with sporadic clear cell renal cell carcinoma? Cancers (Basel).
2022;14(21):5352. d0i:10.3390/cancers14215352

20.Nam HY, Chandrashekar DS, Kundu A, et al. Integrative epigenetic and gene expres-
sion analysis of renal tumor progression to metastasis. Mol Cancer Res. 2019;17(1):84-96.
doi:10.1158/1541-7786.MCR-17-0636

21.Joosten SC, Deckers IAG, Aarts MJB, et al. Prognostic DNA methylation markers for
renal cell carcinoma: a systematic review. Epigenomics. 2017;9(9):1243-1257. doi:10.2217/
epi-2017-0040

22.Lommen K, Vaes N, Aarts M]J, et al. Diagnostic DNA methylation biomarkers for renal cell
carcinoma: a systematic review. Eur Urol Oncol. 2021;4(2):215-226. d0i:10.1016/j.eu0.2019.07.011

23.Zhuang Q, Chen Z, Shen ], et al. RASSF1A promoter methylation correlates development,
progression, and poor cancer-specific survival of renal cell carcinoma: trial sequential analysis.
Onco Targets Ther. 2019;12:119-134. d0i:10.2147 /0TT.S183142

24.Cao Z, Wei L, Zhu W, et al. Meta-analysis of CDKN2A methylation to find its role in
prostate cancer development and progression, and also to find the effect of CDKN2A expression
on disease-free survival (PRISMA). Medicine (Baltimore). 2018;97(12):e0182. doi:10.1097/
MD.0000000000010182

25.Grammatikaki S, Katifelis H, Farooqi AA, et al. An overview of epigenetics in clear cell
renal cell carcinoma. In Vivo. 2023;37(1):1-12. d0i:10.21873 /invivo.13049

26.Awakura Y, Nakamura E, Ito N, et al. Methylation-associated silencing of SFRP1 in renal
cell carcinoma. Oncol Rep. 2008;20(5):1257-1263. d0i:10.3892 /or_00000138

27.Arslan E, Schulz |, Rai K. Machine learning in epigenomics: insights into cancer bi-
ology and medicine. Biochim Biophys Acta Rev Cancer. 2021;1876(2):188588. doi:10.1016/j.
bbcan.2021.188588

28.El Khoury LY, Fu S, Hlady RA, et al. Identification of DNA methylation signatures asso-
ciated with poor outcome in lower-risk Stage, Size, Grade and Necrosis (SSIGN) score clear cell
renal cell cancer. Clin Epigenetics. 2021;13:8. d0i:10.1186/s13148-020-00998-z

29.Wisman GBA, Wojdacz TK, Altucci L, et al. Clinical promise and applications of epigen-
etic biomarkers. Clin Epigenetics. 2024;16(1):192. d0i:10.1186/s13148-024-01806-8

30.Rauschert S, Raubenheimer K, Melton PE, et al. Machine learning and clinical epi-
genetics: a review of challenges for diagnosis and classification. Clin Epigenetics. 2020;12(1):8.
doi:10.1186/s13148-020-00842-4

154 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



Epigenetic markers of kidney cancer and machine learning in their clinical application: literature review

31.Ignatiadis M, Sledge GW, Jeffrey SS. Liquid biopsy enters the clinic: implementation
issues and future challenges. Nat Rev Clin Oncol. 2021;18(5):297-312. do0i:10.1038/s41571-
020-00457-x

32.Chin R], Chen K, Usmani A, et al. Detection of solid tumor molecular residual disease
(MRD) using circulating tumor DNA (ctDNA). Mol Diagn Ther. 2019;23(3):311-331. d0i:10.1007/
s40291-019-00390-5

33.Lo YMD, Han DSC, Jiang P, et al. Epigenetics, fragmentomics, and topology of cell-free
DNA in liquid biopsies. Science. 2021;372(6538):eaaw3616. doi:10.1126/science.aaw3616

34.Klein EA, Richards D, Cohn AL, et al. Clinical validation of a targeted methylation-based
multi-cancer early detection test using an independent validation set. Ann Oncol. 2021;32(9):1167-
1177.d0i:10.1016/j.annonc.2021.05.806

35.Shen SY, Singhania R, Fehringer G, et al. Sensitive tumour detection and classifica-
tion using plasma cell-free DNA methylomes. Nature. 2018;563(7732):579-583. doi:10.1038/
s41586-018-0703-0

36.Wang B, Wang M, Lin Y, et al. Circulating tumor DNA methylation: a promising clini-
cal tool for cancer diagnosis and management. Clin Chem Lab Med. 2024;62(11):2111-2127.
doi:10.1515/cclm-2023-1327

37.Bogustawska ], Grzanka M, Poptawski P, et al. Non-coding RNAs secreted by renal can-
cer include piR_004153 that promotes migration of mesenchymal stromal cells. Cell Commun
Signal. 2025;23(1):3. doi:10.1186/s12964-024-02001-1

38.Pajares MJ, Alemany-Cosme E, Gofii S, et al. Epigenetic regulation of microRNAs in cancer:
shortening the distance from bench to bedside. Int ] Mol Sci. 2021;22(14):7350. doi:10.3390/
ijms22147350

39.Apanovich NV, Loginov VI, Apanovich PV, et al. CoBMecTHOe onipe/iesieHre 3KCIIpeCcCUU
Y METUJIMPOBAHHS F'eHOB JJisl JUAarHOCTUKHU CBETJIOKJIETOYHOIO IOYE€YHO-KJIEeTOYHOr0 paKa
[A joint determination of gene expression and methylation for the diagnosis of clear cell renal
cancer]. Onkourologiya. 2018;14(4):16-21. Russian. doi:10.17650/1726-9776-2018-14-4-16-21

40.Apanovich NV, Loginov V], Filippova EA, et al. MeTusupoBaHue rpymnmnbl reHoB MUKpoPHK:
MapKephl MPOrHO3a MeTacTa3UPOBAHHS MOYEUYHO-KJIeTOYHOro paka [Methylation of a group of
microRNA genes: markers of renal cell carcinoma metastasis]. Onkourologiya. 2020;16(4):32-38.
Russian. doi:10.17650/1726-9776-2020-16-4-32-38

41.Alvarez-Errico D. Perspectives on epigenetics and cancer immunotherapy: a preface
to special issue. Cancers (Basel). 2021;13(6):1452. d0i:10.3390/cancers13061452

42.Yin X, Zhou Z, Xue Y, et al. A multi-omics framework reveals tumor heterogeneity and
predicts therapeutic targets in renal cell carcinoma. Int ] Mol Sci. 2026;27(10):4456. d0i:10.3390/
ijms27104456

43.Andersson-Evelonn E, Vidman L, Kéllberg D, et al. Combining epigenetic and clinicopath-
ological variables improves specificity in prognostic prediction in clear cell renal cell carcinoma.
] Transl Med. 2020;18(1):423. do0i:10.1186/s12967-020-02608-1

44.1Li Q, Zhang Z, Fan Y, et al. Epigenetic alterations in renal cell cancer with TKIs resis-
tance: from mechanisms to clinical applications. Front Genet. 2021;11:562868. doi:10.3389/
fgene.2020.562868

45.Liu X, Ju L, Chen C, et al. DNA methylation-based panel predicts survival of patients with
clear cell renal cell carcinoma and its correlations with genomic metrics and tumor immune cell
infiltration. Front Cell Dev Biol. 2020;8:572628. d0i:10.3389 /fcell.2020.572628

46.Biittner T, Zarbl R, Krausewitz P, et al. Hypermethylated SHOX2 in circulating cell-free
DNA post renal cell carcinoma surgery as TNM-independent biomarker for recurrence risk. Am
] Transl Res. 2024;16(1):304-313. d0i:10.62347/Q0OBT7285

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 155
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu



A. R. Zhanymbetova, D.A. Begimbetova, A.M. Kukanova, U.Y. Kairov, A.K. Makishev

47.Lee MS, Min NY, Kwon H]J, et al. Revolutionizing non-invasive biomarker discover-
ies: the power of methylation screening analysis in cell-free DNA liquid biopsy. Open ] Genet.
2023;13(1):48-74. d0i:10.4236/0jgen.2023.131003

48.Taryma-Les$niak O, Sokolowska KE, Wojdacz TK. Current status of development of
methylation biomarkers for in vitro diagnostic [VD applications. Clin Epigenetics. 2020;12(1):82.
doi:10.1186/s13148-020-00886-6

49.Wagner W. How to translate DNA methylation biomarkers into clinical practice. Front
Cell Dev Biol. 2022;10:854797. do0i:10.3389 /fcell.2022.854797

50.Pang], Liang B, Ding R, et al. A denoised multi-omics integration framework for cancer
subtype classification and survival prediction. Brief Bioinform. 2023;24(5):bbad304. doi:10.1093/
bib/bbad304

BylipeK KaTepJii iciriHiH anureHeTUKaJIbIK, MapKepJiepi »koHe oJi1apAbl KIMHUKAJIBIK,
KOJIJaHyAaFbl MALIUHAJIBIK OKBITY: 9 e0HeTTepre Moy
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SKencasabl MeduyuHaabIK opmanvslk, Acmaua, Kasakcman

Anparna. byiipek KaTepJi iciri — 39p mbIFapy »XYHecCiHiH eH reTeporeH/i KatepJi
iciktepiHiH 6ipi. beliHesey afjicTepiHiH AaMyblHA }KoHe XUPYPTrUSIbIK TICIIAEPAIH XKeTiAipinyine
KapaMacTaH, Kelll JUarHOCTUKAaHbIH, KaWTaJIaHY/blH *XoHe Japire Te3iMAiMIKTIH »KOFapbl
UiJiri caktanyzga. COHFBI XKbl1apbl KAHLEPOTreHe3/[iH 3MTeHEeTUKAJIbIK MeXaHU3M/epiHe,
eH, a/I/ibIMeH, icik TpaHCPOpMaLUSACBIHbIH epTe, TYPAKThI KdHe bIKTUMaJl KauThIM/ bl poLeci
peTtiHze KapacTtelpbLiaThiH JIHK MeTu1ieHyiHe epeKiie Ha3ap ayJapblijbl. 3epTTeyAiH MaKCcaThbl
- 6yipek KaTepJi icirineri anureHeTUKa/bIK MapKepJiep MeH 3SNMreHeTUKAJIbIK TYpJieHAipiareH
reHziep/iH peJii TypaJbl 3aMaHayHy JiepeKTep/i xKyHreJsiey »KoHe oJ1ap/bl MalllUHAJIBIK OKBITY
d/licTepiH KoJI/laHa OTBIPHII, AUATHOCTHUKA/IA, 60J1Kay/a )KoHe eM/ley/li )KeKeJleHAipy/ie Ko1AaHy
YLIiH epcrneKTHUBaJbl aiMaKTapAbl aHbIKTay. 2008-2026 bligap apajiblFbIHAAFbl FBIJIBIMU
»KapUsiJlaHbIM/lapFa ochl kyHedti oy PubMed, Scopus, Web of Science, TCGA kone GEO
JlepeKKopJIapbIH Nakjanana oTelpbin xkyprisingi. Taagay IHK MeTungenyin, CpG KosTaH6anaphbiH,
3NMreHeTUKaJIbIK MapKepJepAi 3epTTeyAi, COHZlal-aK MalllMHa/IbIK OKbITY aJITOPUTM/EPiH
(Random Forest, LightGBM, XGBoost) naiigananybl KaMmTuzpsl. lupdepeHnuanms, aHruoreHes
»KoHe UMMYH/IbIK »Kayall IPOLieCTepPiH peTTEeNUTIH reHiep/eri SIUreHeTUKAJIbIK 63repicTepAiy,
JINAaTHOCTUKAJIBIK *KoHe 60J1’KaM/IbIK, MaHbI3bI )KOFapbl eKeHiri gasennedai. IHK metunaeny
JlepeKTepiH MallMHAJBIK OKbITY aJITOPUTM/IepiMeH OipiKTipy epTe JUarHOCTUKA, peliuIUBTePAi
60J1Kay >KoHe iCiKKe Kapchl TepalyAHbIH TUIM/IJIIriH 6aFanay yiuiH nepcrnektuBasnbl CpG
KOoJITaHOaslapblH XKacayfa MYMKIiH/iK 6epe/ii. JIUTreHeTUKaJIbIK MapKepJiep/i MalluHaJbIK,
OKBITY d/licTepiMeH bOipre KoJsJaHy NallMeHTTeP/iH, /191 CTpaTUPUKALUSACHIH XXoHEe eM/ley
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TaKTUKaCbIH OHTaWJIaHAbIPYZbl KAMTAMaChI3 €TeTiH eKeJIeHAIPlJITeH OHKOYPOJIOTUAHBIH,
»KaHa MYMKIHZIKTepiH ala/bl.

Ty#iH ce3aep: 6yiipek KatepJi iciri, JHK MeTuneHyi, MaliMHa/IbIK OKBITY, >KeKeJleHipiJireH
OHKOJIOTUSl, KahTaJlaHy 60/KaMBbl.

dnureHeTu4eckKkye MapKepbl paka NOYKU U MalIMHHOE 06y4YeHHe B UX KIMHUYE€CKOM
NpUMEHEeHUM: 0630 JIUTEPATYPHhI

*ausim6eToBa A.P.}, Berum6eroBa /I.A.%", Kykanosa A.M.3,
Kaupos Y. E.*, Makumes A.K.®

135 Kadeapa onkosnoruu, HAO «MeAMLMHCKMI yHUBepcUTeT AcTaHa», AcTaHa, Kasaxcran
! UIHCTUTYT MHHOBALMOHHOM MeJULMHbI, AcTaHa, Kasaxcran
23 TabopaTopusl MOJIEKY/IAPHOM OHKOJIOTUH, LIeHTp HayK 0 KHU3HH,
National Laboratory Astana, ActaHa, KazaxcTan
*JlabopaTopusa 6MOMHPOPMATUKU U CUCTEMHOM 6MO0JI0THH, LIeHTp HayK 0 XU3HH,
National Laboratory Astana, ActaHa, KazaxcTan
> MHOronpoduILHBIA MeJULMHCKUH IleHTp, AcTaHa, KasaxcTan

AHHOTanMs. Pak noyku sIBJsIeTCS OJHOM U3 HauboJiee TeTEPOTEHHbBIX 3/10Ka4YeCTBEHHbBIX
OIyX0JIEd MOYEBBIJEJNUTENbHONU cUcTeMbl. HecMOTps Ha pa3BUTHE MeTOL0B BHU3yaM3alii1
Yl COBEpLIEHCTBOBAaHUE XUPYPruieCcKux NOoAX0/I0B, COXpaHSEeTCs BbICOKAsl 4acTOTa Mo3Hel
JIMaTHOCTHKH, pelJUIUBOB U GOPMUPOBaAHUS JIeKAPCTBEHHON YCTOMYHUBOCTH. B mociiegHue
roJibl 0c060e BHUMaHUE y/e/s1eTCs SNUTeHETUYeCKUM MeXaHH3MaM KaHIeporeHesa, B IepBYI0
ouepesb MeTuaupoBaHuio JJHK, koTopoe paccMaTpuBaeTcs Kak paHHUH, CTaOUJIbHBIN U
NOTEeHIMaJbHO 06pPAaTUMbIH NpoLeCcC 0MMyxoJieBor TpaHcdopmanuu. Llesbio uccienoBaHus
SIBJISIETCSI CUCTEMAaTH3alMsl COBpEMEHHbIX JAHHBIX O POJIM SIUT'eHETUYECKUX MAapPKEPOB U
3NMUreHeTU4YeCKU MOAUGULIMPOBAHHbBIX I'€HOB IMPU paKe MOYKH U BbIsIBJIEHHE NEPCIEKTUBHbBIX
o6J1acTe AJ151 UX MUCM0JIb30BAaHUS B JUATHOCTHKE, IPOrHO3UPOBAHUU U TepCOHAIU3ALUU JIeUeHUs]
C UCI0JIb30BaHHWEM METO/I0B MAlIMHHOTO 06y4YeHusl. HacTosmui cucteMaTUyeCKUi 0630p HayYHbIX
ny6sinkanui 3a nepuoa 2008-2026 rr. 66171 IPOBE/IEH C MCMOJIb30BaHHEM 6a3 AaHHbIX PubMed,
Scopus, Web of Science, TCGA 1 GEO. AHasiiu3 BKJIt0YaeT B ce6s1 MCC/IeIOBaHUSI METUIMPOBaHUS
JAHK, CpG-curHaTtyp, anureHeTU4eCKMX MapKepoB, a TAKXKe UCI0JIb30BaHUE aJITOPUTMOB
MalrHHOro 06y4yeHusa (Random Forest, LightGBM, XGBoost). /lokazaHo, 4To anUreHeTUYECKHUE
M3MeHEeHHs B reHaX, peryJupyouux npoeccol JupdepeHIMpoBKY, aHTMOreHe3a U UMMYHHOT0
OTBETA, UMEIOT BbICOKOE JUATHOCTUYECKOE U MPOTHOCTUYECKOe 3HaYeHUe. MHTerpauus JaHHbIX
o MmetuaupoBanuu JIHK c anropurmMamMmu MalilMHHOTO 00y4€eHUs M03BOJISIET FTeHEPUPOBATh
KoMnakTHble CpG-CUTHATYPbI, KOTOPBIE SBJSIOTCSA NEPCHEKTUBHBIMU /1S PAHHEW IUArHOCTUKH,
NPOTHO3UPOBAHUS PELIMANBOB U OlleHKH 3G GEeKTUBHOCTU NMIPOTHBOOIYX0J€BOM TEpPAINHUH.
Hcnosib30BaHMe 3NUTeHETUYECKUX MAapPKEPOB B COYETAHUU C METOJaMH MAalIMHHOTO 00y4eHus
OTKPBIBAET HOBbIE BO3MOXXHOCTH /[IJI51 IEPCOHA/IM3MUPOBAHHON OHKOYPOJIOTUH, 06ecreynBas
60Jiee TOUHYIO CTPATH(PHUKAIUIO MALMEHTOB U ONTHUMHU3AIUI0 TAKTUKHU JIeUeHHs.

KiwueBble cjo0Ba: pak noyku, MetuarpoBaHue /JIHK, maminHHOe oGy4dyeHuUeE,
NepCoOHAJIM3UPOBAHHAsA OHKOJIOTUS, IPOTHO3 pel U/ UBa.
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DNA Methylation and microRNA regulation of the IL-33/TSLP-Th2
Axis in Virus-Associated Asthma
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Abstract. Bronchial asthma is a heterogeneous chronic inflam-
matory disease of the airways that results from a complex interaction
between genetic predisposition and environmental factors. Among these,
respiratory viral infections—including rhinovirus, respiratory syncytial
virus, influenza virus, and SARS-CoV-2—are recognized not only as the
leading cause of asthma exacerbations but also as major contributors to
persistent airway inflammation. A central role in virus-induced immune
responses is played by the epithelial alarmin axis comprising interleu-
kin-33 (IL-33) and thymic stromal lymphopoietin (TSLP), whose activation
drives Th2-mediated inflammation, resulting in eosinophilic infiltration,
airway hyperresponsiveness, and bronchial remodeling. The aim of the
present review is to examine the relationship between the epithelial
alarmins IL-33 and TSLP and epigenetic modifications, particularly
DNA methylation and microRNA expression, in asthma pathogenesis,
with special emphasis on respiratory viral infections as triggers of these
molecular events. Current evidence on the mechanisms by which respi-
ratory viruses modulate IL-33- and TSLP-dependent signaling through
epigenetic regulations are summarized. Particular attention is given to
DNA methylation and microRNA-mediated regulation of genes encoding
epithelial alarmins and their downstream signaling pathways. Aberrant
epigenetic regulation contributes to persistent Th2-driven inflammation,
enhanced production of pro-inflammatory cytokines, and increased
susceptibility to recurrent viral infections and non-infectious triggers. In
addition, microRNAs can regulate the expression of epithelial alarmins
and serve as potential biomarkers of asthma activity and response to
treatment. Studying their role in the interaction between viruses and
epigenetic mechanisms broadens our understanding of the pathogenesis
of asthma and opens up new possibilities for precision therapy.
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Introduction

Asthma is one of the most common chronic non-communicable diseases among children
and adults, the diagnosis of which presents significant challenges [1]. Currently, it is considered a
heterogeneous condition encompassing various phenotypes and endotypes, triggered by factors
such as allergens, weather changes, and respiratory viral infections [1-3].

Respiratory viruses can act as a contributing factor to asthma exacerbations. The most
common viruses include rhinovirus, respiratory syncytial virus, influenza virus, parainfluenza
virus, adenovirus, coronavirus, human bocavirus, and metapneumovirus. These viruses play a
significant role in the development of wheezing, bronchiolitis, and asthma. In children under 12
months of age, rhinovirus accounts for approximately 20-40% of bronchiolitis cases or acute
wheezing episodes in the emergency department, second only to respiratory syncytial virus [4].
Severe bronchiolitis is associated with a high risk of developing asthma in the future [5]. Long-
term follow-up studies have shown that patients who experienced respiratory infections caused
by respiratory syncytial virus exhibited airway hyperreactivity and persistent airway obstruction
lasting up to 30 years later [6].

A key molecular link between viral injury to the airway epithelium and the development
of asthmatic inflammation is represented by the epithelial-derived alarmin cytokines IL-33 and
thymic stromal lymphopoietin (TSLP). Following viral infection, epithelial cells release IL-33
and TSLP, which activate group 2 innate lymphoid cells (ILC2s), dendritic cells, and mast cells,
thereby initiating a Th2-mediated inflammatory cascade characterised by the production of IL-
4, IL-5, and IL-13. This pathway is widely recognized as a central mechanism connecting acute
viral insult to persistent allergic inflammation in the bronchial mucosa. For many years, asthma
was regarded predominantly as a Th2-driven disease, characterised by elevated IgE levels and
eosinophilia in response to allergen exposure [7]. For many years, asthma was considered pre-
dominantly a Th2-driven disease, marked by elevated IgE levels and eosinophilia after allergen
exposure. Excessive Th2 cytokine production may partly reflect selective infiltration of T cells
with a Th2 functional phenotype, but asthma is now known to involve additional T-helper sub-
sets, including Th1, Th9, and Th17 cells [8].

In parallel with growing insights into the role of cytokines and IL-33/TSLP signalling
pathways, considerable interest has emerged in epigenetic regulatory mechanisms — most no-
tably small non-coding RNAs (microRNAs) and DNA methylation. MicroRNAs are endogenous
single-stranded molecules of approximately 22 nucleotides in length that mediate post-tran-
scriptional gene regulation by binding to the 3’ untranslated region (3’'UTR) of target messenger
RNAs, resulting in translational repression or transcript degradation [9,10,11]. Evidence indi-
cates that viral infections, including those caused by respiratory syncytial virus and rhinovirus,
are capable of reprogramming microRNA expression profiles and DNA methylation patterns in
bronchial epithelial cells, thereby altering the responsiveness of these cells to IL-33 and TSLP
and consolidating a pro-inflammatory phenotype on a long-term basis.

The aim of the present review is to examine the relationship between the alarmin cytokines
IL-33 and TSLP and epigenetic modifications, specifically DNA methylation and microRNA ex-
pression, in the pathogenesis of asthma, with particular emphasis on respiratory viral infections
as initiating stimuli for these molecular events.
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IL-33/TSLP-Th2 axis in asthma and viral infections

The IL-33/IL-25/TSLP-Th2 mechanism plays a key role in the development of bronchial
asthma, particularly in virus-triggered exacerbations. The airway epithelium not only provides
protection but also actively participates in immune responses [12, 13]. When exposed to aller-
gens or viruses, epithelial cells release “alarmins” — IL-33, IL-25, and TSLP — which trigger a
Th2-type immune response. [14, 15, 16, 17].

IL-33 is considered one of the earliest mediators of respiratory epithelial damage. It is
released from epithelial and endothelial cells following viral infection or cellular stress and
binds to the ST2 receptor — a member of the IL-1 receptor family expressed on the surface of
type 2 innate lymphoid cells (ILC2Zs), mast cells, eosinophils, and Th2 cells [18]. ILC2s represent
a population of innate immune cells capable of rapidly producing large amounts of IL-5 and
[L-13 without involvement of an antigen-specific immune response. Activation of the IL-33/
ST2 signaling pathway leads to enhanced production of IL-5 and IL-13, promoting eosinophilic
inflammation, mucus hypersecretion, and bronchial hyperreactivity [19, 20]. The role of IL-33
is particularly pronounced in respiratory viral infections, including rhinovirus and influenza
virus, where elevated IL-33 levels are accompanied by enhanced Th2 inflammation and airway
remodeling [20,21,22,23].

IL-25 (IL-17E) is likewise produced by epithelial cells in response to viruses and allergens.
[ts primary function is the activation of ILC2s and the support of Th2 cells [24]. IL-25 enhances
the synthesis of [L-4, IL-5, and IL-13, promotes eosinophil migration, and increases IgE produc-
tion by B lymphocytes. It is particularly important in the early stages of allergic sensitization
and can amplify chronic inflammation in asthma, notably by potentiating ILC2 activity during
viral infections [25].

TSLP (thymic stromal lymphopoietin) is an interleukin-7-like cytokine produced by
epithelial cells. TSLP is primarily expressed in the lungs, skin, and stroma and bridges innate
and adaptive immunity. Under the influence of viruses and allergens, it activates dendritic cells,
thereby promoting the differentiation of naive T lymphocytes into Th2 cells. TSLP also sustains
ILC2 activity [26,27]. In the airways of asthmatic patients, TSLP is markedly elevated and corre-
lates with disease severity and eosinophilic inflammation. During viral infections, TSLP amplifies
the production of IL-4, IL-5, and IL-13, thereby contributing to asthma exacerbations [27, 28].

A key link in the IL-33/IL-25/TSLP-Th2 cascade is represented by ILC2Zs (Figure 1). These
cells respond rapidly to alarmins and synthesize IL-5 and IL-13 in the absence of an antigen-spe-
cificimmune response [29]. IL-33 is a potent activator of pulmonary ILC2s, TSLP sustains their
survival, and IL-25 amplifies their activity. Together, these mediators establish and maintain
persistent Th2 inflammation in asthma [30].

In respiratory viral infections, activation of this axis becomes particularly critical. Viruses
such as rhinovirus, and influenza damage the airway epithelium and activate pattern-recognition
receptors, leading to rapid release of alarmins, including IL-33, IL-25, and TSLP. This amplifies
eosinophil recruitment, ILC2 and Th2 cell activation, mucus production, and airway hyperreac-
tivity, thereby making viral infections frequent precipitants of asthma exacerbations [30, 31, 32]

Furthermore, alarmins drive chronic airway remodeling. IL-13 stimulates goblet cell
hyperplasia and fibrosis, IL-5 sustains eosinophil survival, and IL-4 increases IgE production.
Thus, the IL-33/IL-25/TSLP-Th2 axis not only initiates inflammation but also perpetuates the
chronic course of asthma [33].
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Figurel. The IL-33/IL-25/TSLP-Th2 signaling cascade in bronchial asthma
(https://sci-draw.com/ru)

Current research identifies IL-33, IL-25, and TSLP as promising therapeutic targets. Agents
directed against TSLP and IL-33 have shown reductions in asthma exacerbation frequency and
attenuation of Th2 inflammation. Of particular interest is TSLP blockade with tezepelumab,
which appears capable of suppressing a broad range of Th2 responses regardless of asthma
phenotype. [30].

Methylation of TSLP in Asthma

Epigenetic modifications play a key role in regulating the activity of genes that are specific
to particular tissues and developmental stages. They can also serve as mediators of gene-envi-
ronment interactions, influencing the onset and progression of various diseases [34]. Asthma
is a complex disease that develops from a combination of genetic and environmental factors
[35,36]. Research has shown that both inherited traits and external influences play a role in the
development of atopic asthma. A key player in this process is DNA methylation, an epigenetic
mechanism that helps bridge genetic and environmental interactions [37]. This process can
affect how prone individuals are to allergic conditions like asthma. DNA methylation influences
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how T-helper (Th) cells develop, steering them towards either the Th1 or Th2 type, which in
turn impacts immune responses linked to asthma [38]. In mammals, DNA methylation is driven
by enzymes called DNA methyltransferases (DNMTs) — specifically DNMT1, DNMT3A, and DN-
MT3B. These enzymes work together to create, maintain, and regulate the methylation patterns
across the genome, which are vital for proper cell function and a balanced immune system [39].

Previous studies have demonstrated that, in asthmatic mice, the mRNA levels of DNMT1,
STAT3, IFN-y, and IL-6 in lung cells, tracheal tissue, and bronchoalveolar lavage fluid are signifi-
cantly reduced compared with those in healthy controls, whereas the expression of SOCS3, IL-4,
and IL-5 is markedly increased [40].

DNA hypomethylation and overexpression of TSLP have been identified in skin lesions from
patients with atopic dermatitis, with promoter hypomethylation shown to contribute directly to
this overexpression [41]. Consistently, in asthmatic airway epithelial cells, DNMT1 mRNA and
protein levels are markedly decreased compared with controls, while TSLP mRNA and protein
expression are significantly elevated, accompanied by demethylation of the TSLP promoter,
collectively suggesting that DNA demethylation plays a key role in driving TSLP overexpression
in asthma [42]. Some studies have also confirmed that DNMT1 is essential for the regulation,
differentiation, proliferation, and survival of T cells [40, 43].

Prenatal tobacco smoke exposure has been shown to alter DNA methylation levels at the
TSLP gene, with TSLP methylation levels negatively correlating with TSLP protein expression
[44]. Similarly, exposure to benzyl butyl phthalate (BBzP) in settled dust may increase respira-
tory symptoms in children through decreased TSLP methylation, suggesting that BBzP exposure
should be minimized, particularly in children with existing allergic diseases [45]. Furthermore,
phthalate exposure was found to shift the TH1/TH2 cytokine balance toward TH2 responses,
with in vivo evidence indicating that phthalate in combination with FITC may trigger TSLP pro-
duction via activation of the NF-kB signaling pathway [46].

Regarding T-cell differentiation, naive CD4+ T lymphocytes can differentiate into Th1 or
Th2 lineages, with Th2 cells expressing IL-4, IL-5, and IL-13, cytokines implicated in asthma. In
naive cells, the DNA at the IL-4 and IL-13 loci is predominantly methylated, whereas Th2 differ-
entiation is accompanied by the appearance of DNase I hypersensitive sites and CpG demethyl-
ation at regions coinciding with binding sites for the Th2-specific transcription factor GATA-3,
indicating that chromatin remodeling and DNA demethylation are tightly coupled to cytokine
gene activation in a tissue-specific manner [47]. Pendrin expression is upregulated in pathological
respiratory conditions such as asthma and COPD, contributing to inflammation and mucus pro-
duction [48,49,50, 51,52, 53]. This upregulation is mediated by phosphorylated STAT6, activated
by IL-4, which binds to a functional N4 GAS motif in the pendrin promoter. Accordingly, IL-4 has
been shown to induce site- and cell-specific CpG demethylation of the human pendrin promoter
in primary bronchial epithelial cells, with methylation at CpG sites 90 and 90bis proposed to
influence the magnitude and speed of the pendrin mRNA response to [L-4 [54].

Together, these findings suggest that epigenetic dysregulation may play a critical role
in aberrant TSLP expression; however, the precise molecular mechanism responsible for TSLP
overexpression in asthma remains incompletely understood.

MicroRNAs Regulating the IL-33/TSLP Axis

IL-33 represents a pivotal “alarmin” mediator that initiates the inflammatory cascade in
asthma. The mechanisms of post-transcriptional regulation of its expression — particularly those
involving microRNAs - are of considerable interest as potential therapeutic targets.

The most direct evidence for microRNA-mediated regulation of IL-33 has been obtained
for the miR-200 family [55]. miR-200b and miR-200c directly bind to the 3’ untranslated region
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(3'UTR) of IL-33 mRNA in bronchial epithelial cells. Both microRNAs were significantly down-
regulated in the bronchoalveolar lavage fluid of young adults with bronchial asthma compared to
healthy controls; an analogous pattern was reproduced in two distinct murine models of allergic
airway inflammation [56]. Reduced expression of miR-200b/c relieved inhibitory constraints on
the IL-33 3'UTR, resulting in elevated IL-33 levels and augmented type 2 inflammation. The down-
regulation of the miR-200 family in asthma is further corroborated by additional data: decreased
expression of family members was also detected in vesicular fractions of bronchoalveolar lavage
fluid and exhaled breath condensate from allergic asthmatic patients, with investigators attrib-
uting this finding to impaired epithelial-to-mesenchymal transition and airway remodeling [56].

MicroRNA miR-146a exerts a predominantly anti-inflammatory role in asthma and mod-
ulates IL-33 expression through several mechanisms. miR-146a-deficient mice demonstrated
exacerbated airway inflammation and enhanced Th2 responses in a house dust mite-induced
asthma model [56]. In humans, a polymorphism within the miR-146a gene has been associated
with susceptibility to asthma [56].

From a clinical perspective, miR-146a is upregulated in plasma and serum of asthmatic
patients and correlates with markers of poor disease control, including the Asthma Control
Questionnaire (ACQ) score [57]. Furthermore, miR-146a has been shown to suppress cyclooxy-
genase-2 and IL-1f expression upon induction by inflammatory stimuli in airway smooth muscle
cells [56], thereby reducing the substrate for potential epithelial injury and subsequent IL-33
release. In bronchial epithelial cells, miR-146a has been reported to potentiate the anti-inflamma-
tory effects of glucocorticoids [57], which may serve to attenuate IL-33-mediated inflammation
in treated patients. Notably, miR-146a is consistently included in both diagnostic panels and
asthma severity-risk assessment panels [57], underscoring its significance in the regulation of
the IL-33-dependent inflammatory cascade (Figure 3).

MicroRNA-21 (miR-21) is among the most extensively investigated microRNAs in the con-
text of asthma. It is upregulated across a variety of biological fluids and tissues, augmenting the
Th2 inflammatory response in synergy with IL-33. miR-21 modulates the Th1/Th2 balance by
suppressing IL-12p35 expression, thereby attenuating IFN-y production and promoting Th2 cell
differentiation [56]. Furthermore, miR-21 directly induces Th2 differentiation by upregulating
GATA-3 and IL-4 expression [57], converging on the same pro-inflammatory pathway activated
by IL-33(Figure 3).

In asthmatic children, plasma levels of miR-21-5p are positively correlated with IL-13 con-
centrations and the percentage of eosinophils, and inversely correlated with pulmonary function
as assessed by forced expiratory volume in one second (FEV;) [58]. Given that IL-33 promotes
IL-13 production by ILC2s and Th2 cells, while miR-21 amplifies the Th2 response, a functional
synergism between miR-21 and IL-33 may be postulated: IL-33 activates immune effector cells,
whereas miR-21 sustains their pro-inflammatory phenotype. In airway smooth muscle cells,
miR-21 additionally suppresses PTEN, thereby activating the PI3K signalling pathway [58] - the
same pathway engaged in downstream IL-33 signal transduction.

A notable direct regulator of IL-33, specific to asthmatic airway and nasopharyngeal
inflammation, is miR-181a-5p. Experimental evidence reviewed by Gu et al. demonstrates that
miR-181a-5p directly targets IL-33 mRNA and suppresses the IL-33/ST2/p38 MAPK axis in nasal
epithelial cells (RPMI-2650 cell line), thereby exerting an anti-inflammatory effect [59]. This
finding is of considerable therapeutic relevance, as it describes a mechanism by which a single
microRNA can simultaneously inhibit both IL-33 expression and its downstream signal transduc-
tion. The p38 MAPK pathway is of critical importance in asthma, regulating IL-33 expression in
the airway epithelium particularly during viral infections that precipitate disease exacerbations
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[59]. Downregulation of miR-181a-5p in nasopharyngeal inflammation and asthma may thus
permit unrestricted activation of the IL-33/ST2/p38 MAPK signalling cascade.

A novel mechanism of IL-33 production regulation involving miR-206 has recently been
described. The miR-206/CD39/ATP axis governs the expression of [L-33, IL-25, and TSLP in the
airways under conditions of type 2 inflammation [59]. CD39, an ectonucleotidase responsible
for the degradation of extracellular ATP, activates purinergic receptors on epithelial cells, there-
by mediating IL-33 release. miR-206 is capable of modulating CD39 expression, consequently
influencing extracellular ATP levels and the purinergic stimulation of IL-33 secretion. Elevated
extracellular ATP activates purinergic receptors to promote IL-33 secretion, whereas reduced
ATP levels suppress the release of IL-33, IL-25, and TSLP, as well as downstream ILC2 expansion
[59]. This mechanism represents an indirect yet functionally significant pathway through which
microRNAs regulate IL-33 expression.

Members of the let-7 family are downregulated in asthma and function as regulators of
[L-13 — a key downstream effector of the IL-33 signalling pathway. let-7 microRNAs have been
shown to directly target the 3'UTR of IL-13 mRNA, with IL-13 levels in T cells inversely correlat-
ing with let-7 abundance [56]. In murine models of allergic asthma, let-7 family members were
downregulated, whereas intranasal administration of let-7 mimics reduced IL-13 expression
and promoted resolution of allergic airway inflammation [56]. In clinical studies, downregula-
tion of the let-7 family has been detected in bronchoalveolar lavage fluid, serum, exhaled breath
condensate, and lymphocytes of asthmatic patients [57]. Since IL-33 is a potent inducer of IL-13
production via ILC2 and Th2 cell activation, the reduction in let-7 potentially amplifies the IL-
33-initiated inflammatory cycle by sustaining elevated IL-13 levels.

MicroRNA-145 (miR-145) is upregulated in the airway wall in asthma, stimulating IL-5
and IL-13 secretion by Th2 cells and contributing to eosinophilia, mucus hypersecretion, and
bronchial hyperresponsiveness [56,58]. Its inhibition in murine models attenuated allergic in-
flammation and since IL-33 promotes Th2 differentiation and ILC2 expansion, the upregulation of
miR-145 in asthma likely reflects IL-33-driven inflammatory changes that miR-145 itself mediates
[56]. In airway smooth muscle cells, miR-145 regulates proliferation via the EGFR pathway [58],
while IL-33 signalling may additionally contribute to airway remodelling and smooth muscle
hypertrophy in severe asthma.

The microRNA-mediated regulation of TSLP is closely linked to that of IL-33, together
forming a coordinated molecular network that governs the alarmin cascade. The most detailed
experimental evidence for direct microRNA-mediated regulation of TSLP has been obtained for
miR-19b. Ye et al., employing an ovalbumin (OVA)-induced murine model of asthma, demonstrat-
ed that TSLP constitutes a direct target of miR-19b, as confirmed by bioinformatic analyses and
dual-luciferase reporter assays [60].

A fundamentally novel mechanism of indirect TSLP and IL-25 regulation via purinergic
signalling was described by Zhang et al. Microarray profiling of bronchial epithelial microRNAs
identified differentially expressed microRNAs between patients with type 2-high and type 2-low
asthma [61]. miR-206 emerged as the most highly expressed microRNA in the bronchial epithe-
lium of type 2-high asthma relative to type 2-low asthma; however, its levels were reduced in
both subgroups compared to healthy subjects. CD39, an ectonucleotidase responsible for extra-
cellular ATP degradation, was identified as a direct target of miR-206 and exhibited upregulated
expression in asthma. Allergen exposure of cultured human bronchial epithelial cells induced
rapid extracellular ATP accumulation, which was accompanied by downregulation of miR-206
and upregulation of CD39, forming a negative feedback loop directed at the elimination of excess
extracellular ATP [61].
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In vivo studies employing allergic rhinitis models demonstrated that miR-375 enhances
ILC2 function through regulation of TSLP [62]. Although the majority of relevant investigations
have been conducted in allergic rhinitis models, the underlying mechanism retains its significance
for bronchial asthma, given that both conditions engage the same ILC2 and TSLP-dependent
pathways. These findings suggest that miR-375 may potentiate TSLP-dependent ILC2 activation,
thereby representing a potential therapeutic target in upper and lower airway diseases sharing
a common pathogenic mechanism.

A further important aspect concerns the participation of mast cells in TSLP-ILC2 crosstalk.
miR-103a-3p, markedly upregulated in extracellular vesicles (EVs) derived from FceRI-aggregated
mast cells, was shown to enhance IL-5 production by human ILC2s in co-culture experiments,
acting through arginine methylation of GATA3 residues [62]. This mechanism represents an in-
direct pathway whereby mast cells, in response to IgE-mediated signalling, may augment ILC2
function via miRNA-loaded EVs in a manner synergistic with TSLP-mediated priming.

Bioinformatic analysis conducted using the miRNet platform, a set of microRNAs capable
of targeting the IL-33 and TSLP genes in the context of asthma was identified on the basis of
HITS-CLIP, microarray, and RNA-Seq experimental datasets derived from exosomal and periph-
eral blood samples. The analysis revealed 8 microRNAs predicted to regulate IL-33 (hsa-miR-
146a-5p, hsa-miR-9-5p, hsa-miR-148b-3p, hsa-miR-21-3p, hsa-miR-221-5p, hsa-miR-148a-3p,
hsa-miR-152-3p, and hsa-miR-34a-5p) and 3 microRNAs predicted to regulate TSLP (hsa-miR-
34a-5p, hsa-let-7b-5p, and hsa-miR-155-5p). Notably, hsa-miR-34a-5p was identified as a shared
regulatory target of both genes simultaneously (Figure 2).

Figure 2. MicroRNA-target gene interaction network for IL-33 and TSLP in asthma
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Figure 3. Epigenetic regulation of the IL-33/TSLP axis by microRNAs
in bronchial asthma (https://app.biorender.com)

Viruses and Epigenetic Regulation of Asthma

Viral infections are closely associated with epigenetic mechanisms that can alter both the
intensity and character of the host inflammatory response. Such mechanisms include DNA meth-
ylation, histone modifications, and non-coding RNA-mediated regulation; viruses are capable of
exploiting these processes to attenuate innate and adaptive immunity and thereby modify the
course of inflammation [63].

Epigenetic regulation is of particular importance because inflammatory activity depends
not solely on the genetic programme of the cell, but also on the accessibility of chromatin regions
for transcription. During viral infection, this can result either in the suppression of antiviral genes
or, conversely, in the sustained hyperactivation of inflammatory pathways. Consequently, the
inflammatory response may become either insufficient — thereby facilitating viral persistence
— or excessive, leading to amplified tissue injury [63, 64].

Respiratory viruses, including coronaviruses and influenza viruses, exemplify this phe-
nomenon, as they can influence antigen presentation and immune response regulation through
alterations in DNA methylation and histone modifications. Such epigenetic shifts modify the ex-
pression of genes involved in inflammation and may contribute to more severe disease courses
[63].

Herpesviruses also actively interact with the host epigenome. In the context of human cy-
tomegalovirus (HCMV) and Epstein-Barr virus (EBV) infection, viral and cellular proteins engage
chromatin-modifying complexes, influencing viral latency, reactivation, and the inflammatory
background of infection. This is of particular relevance in chronic infections, wherein prolonged
inflammation sustains tissue damage and may increase the risk of complications [63, 64].
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From a translational perspective, elucidating these processes opens avenues for epigenetically
targeted therapy. The conceptual basis of such an approach involves acting upon chromatin-reg-
ulatory enzymes to correct virus-induced inflammation, attenuate viral replication, and reduce
pathological inflammatory activity. This strategy is regarded as a promising therapeutic direction
for a number of viral diseases, including HIV, HCMV, HBV, HCV, and herpesvirus infections [64].

Viral infections are capable of inducing epigenetic alterations in airway epithelial cells,
including disruption of DNA methylation patterns and changes in microRNA expression profiles.
These processes lead to upregulated expression of pro-inflammatory genes and activation of IL-33/
TSLP-dependent Th2 inflammation. Virus-induced alterations in miRNA profiles further amplify
the production of IL-4, IL-5, and IL-13, sustaining chronic airway inflammation and remodelling
in asthma. Moreover, virus-induced epigenetic mechanisms may impair epithelial barrier function
and heighten airway susceptibility to allergens and infectious agents [65, 66,67,68].

In viral infections, the inflammatory response is mainly shaped by the balance among Th1,
Th2, and other immune pathways, with microRNAs serving an important regulatory role. Among
the microRNAs most relevant to Th2 immunity are miR-21, miR-27, and miR-128: elevated miR-
21 promotes Th2 differentiation, whereas miR-27 and miR-128 inhibit the production of the Th2
cytokines IL-4 and IL-5 by activated CD4+ T cells. This implies that viruses may indirectly affect
allergic or anti-inflammatory immune responses by changing microRNA expression patterns [69].

Virus-induced inflammation is also associated with activation of Toll-like receptor (TLR)
signalling, which triggers the expression of several microRNAs that regulate the duration and
intensity of the inflammatory response. Among these, miR-155 amplifies the pro-inflammatory
response, while miR-146a, miR-132, miR-9, miR-21, and miR-147 participate in its attenuation
or transition to an anti-inflammatory phase. In the context of Th2 immunity, alterations in the
levels of these microRNAs may shift the immunological balance towards more pronounced in-
flammation or, alternatively, towards a more controlled response [69].

Viral infections, including SARS-CoV-2, are capable of inducing epigenetic changes in air-
way epithelial cells, including disruption of DNA methylation and altered microRNA expression.
These changes result in upregulation of pro-inflammatory gene expression and activation of
[L-33/TSLP-dependent Th2 inflammation. Furthermore, viruses can alter the miRNA profiles of
both epithelial and immune cells, accompanied by increased production of IL-4, IL-5, and IL-13,
thereby sustaining chronic airway inflammation in asthma. In SARS-CoV-2, elevated expression
of IL-33 and TSLP is associated with augmented inflammatory responses, epithelial barrier
disruption, and airway remodelling. Impairment of the antiviral interferon response further
amplifies the activation of IL-33 and TSLP signalling pathways, contributing to the development
of virus-induced asthma exacerbations [70, 71, 72, 73, 74].

In SARS-CoV-2, changes in DNA methylation have also been observed that may influence
the duration and character of airway inflammation. During the acute phase of infection, numerous
differentially methylated regions were identified in SARS-CoV-2 patients: hypomethylated regions
involved genes associated with immune regulation, while hypermethylated regions affected genes
related to epithelial ciliary function. This is of direct relevance to asthma, as disruption of the
epithelial barrier and persistent inflammation may exacerbate bronchial hyperresponsiveness
and impair disease control [64, 75]

For patients with bronchial asthma, SARS-CoV-2 may act as a factor that intensifies the
epigenetic reprogramming of the immune response, rendering inflammation more prolonged or
more severe. Thus, DNA methylation serves as a mechanistic link between SARS-CoV-2 infection
and exacerbation of asthmatic inflammation, particularly in airway tissues.
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Conclusion

Epigenetic mechanisms thus constitute a form of molecular memory of prior viral ex-
posure and may account for inter-individual differences in susceptibility to, and severity of,
bronchial asthma. MicroRNAs and DNA methylation actively participate in the regulation of the
[L-33/TSLP-Th2 inflammatory axis, and dysregulation of these epigenetic marks offers poten-
tial for their application as biomarkers for disease diagnosis and therapeutic monitoring. Given
the pharmacological reversibility of epigenetic modifications, a deeper understanding of these
mechanisms holds direct relevance for the development of targeted therapeutic strategies in
asthma. Nevertheless, the role of epigenetic regulation of the IL-33/TSLP signalling pathway
in the context of respiratory viral infections remains insufficiently characterised and warrants
further investigation.
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Bupycnen 6aiyianbicTbl actmMagarbl IL-33 /TSLP-Th2 ocining,
JAHK MeTuigenyi xxoHe MUKpoPHK peTtrenyi

A.Jl. lllahumypaTora®, Llll.CansikoBaZ?, 0.B. Byarakosa®, A.A.Kycannosa*,
P.U.Bepcim6aii®, A.A.ApunoBa*®

123456 )Ka bl GUOJIOTHS KoHEe reHOMHKa Kadepachl,
JL.LH. 'ymunes ateiHgarsl Eypasuda yaTTeiK yHUBepcuTeTi, ActaHa, KazakcraH

AHHOTanuAa. bpoHxX AeMikmeci - reHeTUKaJbIK 6eHiMAiNIK MeH KopliaFaH opTa
dakTOopJIapbIHBIH KYp/eJli e3apa apeKeTTeCyiHeH TYbIHAAWTbIH ThIHBIC a1y YKOJIJapPbIHbIH,
reTeporeH/ii Co3bliiMaJjibl KabbIHY aypybl. Oyiap/iblH, illliH/le pPUHOBUPYC, peCIUPATOPJIbIK
CHUHUUTUAJIbABI BUPYC, TyMay BUPYCHI )koHe SARS-CoV-2 cUAKTBI peciupaTopJiblK BUPYCTHIK
VH}eKLYAIap aCTMaHbIH 6pIIYiHiH Heri3ri ce6ebi FaHa eMec, COHbIMEH KAaTap ThIHbIC a1y
»KOJIAPBIHBIH TYPaKThbl KaObIHYBIHBIH, HeTi3ri pakTopJ/iapbl peTiHze e TaHblIabl. Bupyc
TYJAbIPpAaTbIH UMMYH/bIK peakuusiapaa uHTepaedkud-33 (IL-33) xoHe TUMYC CTpOMaJibAbl
auMdonoatuHiHeH (TSLP) TypaTbiH anuTenni 1abbla 0ci OpTabIK peJ aTKapazbl, 0J1ap/blH,
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6escenainiri Th2 apkblibl KAObIHYABI TYABIPA/ibl, 0y 303MHOPUIb/I UHPUIBTPALMSFA, THIHBIC
aJly »KOJIAAPbIHbIH TUIIEPPEaKTUBTIJIIrIHE }KoHEe OPOHXTAapAbIH KaliTa KYpblJIyblHA 9KeJe|.

Ocbl MaKasIaHbIH, MaKcaThbl — aCTMa naTtoreHesinjeri anureauii naboLi oci IL-33 xkaHe TSLP
MeH 3MUreHeTHKaIbIK Mo uKkanusaap, acipece JHK meTungenyi men MukpoPHK skcnpeccusicel
apacblH/aFbl 6aUJIaHBICTBI 3€PTTEY, aCipece pecCnIupaTOpJibIK BUPYCTHIK UHPEKLUsIapFa 0Cbl
MOJIEKYJIAJIBIK OKUFaIapAblH KO3/AbIPFBIIITAPbl PeTiHAEe epeKlle Ha3ap ayZapy. ThIHbIC any
BUpycTapbiHbIH IL-33 xoHe TSLP-Tayenii curHasn 6epy/li snMreHeTUKAJbIK PETTEYJIep apKbLIbl
MoAy/sLYsAIay MeXaHU3M/Jepi TypaJibl Ka3ipri AaJjieniep KOPbITbIHbLJIAHFaH. JIUTEJNUN
JlabbL1apblH KOATAUTHIH reHaepain JIHK MeTunenyine xxoHe MUKpoPHK apKbLibl peTTenyine
»KoHe 0JIap/iblH CUTHaJI 6epy »KoJ1lapblHa epeKlie Ha3ap ayAapbliajbl. JIUTeHeTUKabIK PeTTeY/AIH
6y3blaybl Th2 TyabIpaThIH KaObIHY/IbIH TYPaKThl JaMyblHa, KAObIHYFa KapChl LUTOKUHAEP/IH,
eH/IipislyiH apTThIpyFa KoHe KallTa/laHAaTblH BUPYCTbIK UHEKIUsIAap MeH UHPEKLUAIBIK,
eMeC TpUrrepJepre ce3iMTa/lbIKTbIH apTyblHa bIKnaJ eTesi. COHbIMeH KaTap, »KMHaKTa/FaH
Janenzaep HakTbl MUKpOPHK-s1ap/ibiH aniuTe Mt Aa0blIbIHBIH 9KCIIPECCUSIChIH PETTEUTIHIH XKoHe
aypy 6eJiceHAi/Iiri MeH TepanusiJIbIK XayanTblH ce3iMTaJl KepceTKilTepi peTiH/e KbI3MeT eTyi
MYMKiH eKeHiH kepceTe/i. TbIHbIC aly BUPYCTaphl, SNUTENNHN Aa0blIjapbl 2KoHE SNUTeHEeTUKaJbIK,
MexXaHHM3M/iep apacblHJaFrbl 63apa 9peKeTTeCy/li aHbIKTay acTMa NaToreHesi TypaJibl xKaHa
TYCiHiKTep 6epefi »koHe MUKpOPHK-HbI nepcneKkTHBasibl JUarHOCTUKAJIBIK XKoHe 00KaM/bIK,
6uoMapKepJiep, COHJIal-aK, 431 MeJUIMHA MEeH MaKCaTThl aCTMa TePaNUsAChI YLIiH 9JieyeTTi
TepanusJbIK HblCaHalap peTiHJe KepceTe/i.

KinT cesaep: 6poHxX AeMikieci, anutenuit nabbviagapsl, [L-33, TSLP, anureHeTuka,
MUKpPOPHK, ThIHBIC a/1y BUpyCTaphl

MeTtuiupoBanue JHK u perynsauusa mukpoPHK ocu IL-33 /TSLP-Th2
IIPHU BUPYC-aCCOLMMPOBAHHOM acTMe

A.Jl. llaxumypaTora’, LLII.CanbsikoBa?, 0.B. Bysirakosa3, A.A.KycannoBa*,
P.U.Bepcum6Gaen®, A.A.ApunoBa*®

123456 Kaghedpa obweli 6uosozuu u 2eHomuku, Eepasutickuii HayuoHabHbIl yHUSepcumem
umeHu JIL.H. I'ymunesa, AcmaHa, KazaxcmaH

AHHOTanuA.bpoHxUanbHasa acTMa 3TO reTeporeHHOe XPOHUYEeCKOe BOCHaJIUTeIbHOe
3aboJieBaHUe AbIXaTeJNbHbIX IyTeW, BOSHUKAOILlee B pe3y/bTaTe CJI0XKHOT0 B3aUMO/leCTBUS
MeX/Jly TeHeTU4eCKOW peJpacnoio)KeHHOCThI0 M paKTopaMU OKpy»arlleil cpegbl. Cpeau HUX
pecnupaTopHble BUPyCHble MHEKIUY, BK/I0Yasi pPUHOBUPYC, peCIUPATOPHO—CHUHIIMTHAJIbHbBIN
BUpyc, BUpyc rpunmna u SARS-CoV-2, npr3sHaHbl He TOJIbKO OCHOBHOW MPUYMHON 060CTPEHUN
acTMbl, HO U OCHOBHbIMHU $paKTOpaMH, CIOCOOCTBYIOUIMMH NOCTOSSHHOMY BOCIaJIEHUIO
AbIXaTeJbHbIX NyTel. LleHTpasbHY10 pOJib B UMMYHHBIX peaKLUAX, BbBI3BAHHBIX BUPYCOM,
UrpaeT 3MUTeNUaTbHas aJlapMUH-CUCTEMA, BKJIto4atouasi MHTepaelkruH-33 (IL-33) u TuMycHbIN
cTpoMaJsibHbI# JMuMonoaTuH (TSLP), akTuBanusa koTopbix Bbi3biBaeT Th2-onocpesoBaHHOe
BOCIIaJIeHHE, TPUBO/AILEE K 303MHOPUIbHON HHPUIBTPALUY, TUIIEPUYBCTBUTEJNbHOCTHU
JbIXaTeJIbHbIX NyTeU U peMoeIMPOBaHHI0 OPOHXOB. llesibio HacTos1ero 063opa ABAsSETCA
M3y4YeHHe B3aMMOCBSI3U MeX/y SIUTeNHa/IbHbIMU alapMUuHaMHu [L-33 u TSLP v snurenetTnyeckumu
MoAUPUKAIIMSAMH, B YacTHOCTU MeTuanpoBanueM JIHK u skcnipeccueit MukpoPHK, B maToreHese
acTMbI, C 0COOBIM aKLEHTOM Ha pecnyMpaTOpHble BUPYCHbIE UHPEKIUU KaK TPUTTEPDI ITUX
MOJIEKYJIIPHBIX COOBITUN. B 0630pe 0606111eHbI COBpeMeHHbIE JaHHble 0 MeXaHHW3MaX, I0CPeICTBOM
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KOTOPBIX pecliupaTopHble BUPYCbl MOAYIUPYIOT IL-33- 1 TSLP-3aBrucuMytO Ilepeady CUTHAI0B
yepes anUreHeTU4ecKyto peryiasuu. 0coboe BHUMaHue yaenseTcs MeTuanpoBanuo JJHK u
onocpeoBaHHOU MUKpPOPHK perynsnuu reHoB, KOAUPYIOLIUX SNUTENIHAIbHbIE aJJTADMUHBI, U
VX HWXKECTOSILUX CUTHAJIbHBIX yTel. INUreHeTU4eCKre CO0M MPOBOLUPYIOT XPOHUYECKOE
Th2-BocnaneHnue, noBbilas 4yBCTBUTEJNbHOCTb K MHQEKLMAM U BHEIIHUM TpUrrepam. Posib
MUKpOPHK B perysissuuu snuTesnaabHbIX aJIapMUHOB M03BOJISET UCIIOJIb30BAaTh UX B Ka4yeCTBe
BbICOKOTOYHBIX HHJMKAaTOPOB aKTUBHOCTH 3a60JieBaHUS U OTBETA Ha IPOBOJUMYI0 TepaNHIO.
M3y4yeHne B3aMO/|eICTBUM MeX Y peCIMpaTOPHbIMU BUPYyCaMHU, INUTEMATbHBIMU aJlapMUHAMHU
Y 3MIUreHeTUYEeCKUMHU MeXaHU3MaMH OTKPbIBAaeT HOBbIE ePCIEKTUBBI B TIOHUMaHUU NTaTOreHe3a
acTMbl U BbiiBAsseT MUKpPOPHK kak nepcnekTUBHbIE JUAarHOCTUYECKUE U IPOTHOCTUYECKHE
O6uoMapKephbl, a TAKXKe MOTeHLHa/IbHble TepaleBTUYeCKUe MUILEHH /1JI1 IepCOHAIU3MPOBAHHOU
MeJULUHBI U LleJIeHallpaBJIeHHOU Tepanuy acTMBlI.

KiiloueBble c/10Ba: 6poHXUaIbHAA aCTMa, SNMTe/IMabHble afapMuHbl, IL-33, TSLP,
anureHetrka, MUKpoPHK, peciupaTopHsble BUpyCHI.
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Abstract. Plant viral infections pose a serious challenge to agri-
culture and plant research, as they can cause significant yield losses and
negatively impact plant growth. Unlike bacterial or fungal pathogens,
plant viruses are not controlled by standard chemical pesticides once
they have infected. As a result, researchers are increasingly interested in
finding alternative ways to reduce viral infection or limit viral replication
in plant tissues. One of the most promising areas of plant pathology is
the study of inexpensive and environmentally friendly chemicals that can
enhance plant resistance or inhibit viral infection processes. Chemicals
that have generated interest in this area include organic acids. Acetic
acid is an inexpensive organic acid that has been reported to promote
stress adaptation and defense responses in plants. This study examined
the effect of acetic acid on Nicotiana benthamiana infection with tomato
bushy stunt virus (TBSV). Plants were treated with acetic acid solutions
(5,10, and 20 mM) by spraying the leaves and then infected with TBSV.
These findings suggest that acetic acid may serve as an effective inducer
of plant defense responses and could potentially enhance resistance
against pathogen infection. Plants must cope with stress-related varia-
tions, such as oxidative stress, to survive. Catalase activity, an important
indicator of antioxidant defense, was analyzed by native polyacrylamide
gel electrophoresis. Virus-infected plants exhibited higher catalase activity
than control plants, indicating activation of antioxidant responses during
infection. In contrast, treatment with 5 mM acetic acid alone reduced
catalase activity. When combined with virus infection, catalase activity
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Effects of acetic acid on plant responses to Tomato bushy stunt virus infection

increased, remaining higher than that of acetic acid-treated plants but
lower than that of virus-infected plants. These results suggest that acetic
acid modulates oxidative stress responses associated with TBSV infec-
tion and may contribute to improved redox homeostasis and antiviral
defense in N. benthamiana.

Keywords: Nicotiana benthamiana, TBSV, acetic acid, Catalase,
plants

Introduction

Plant viruses are important phytopathogens that cause significant losses in agricultural
production worldwide by reducing both crop yield and quality [1]. Their genomes consist of
single-stranded or double-stranded DNA or RNA molecules with different polarities, enclosed
within a protein capsid [2]. Due to their limited coding capacity, plant viruses rely on the host
cellular machinery to complete their infection cycle. Transmission of plant viruses occurs mainly
through vectors, pollen, and seeds, although contaminated soil, water, and plant debris may also
contribute to virus spread. The emergence of new viral species and variants, changes in agricul-
tural practices, and the effects of global climate change continue to complicate the management
of plant viral diseases [3].

Among the various plant viruses used in research, Tomato bushy stunt virus (TBSV) has
become one of the most extensively studied experimental systems [4]. TBSV was first identified
in tomato plants in 1935 and has subsequently been detected in numerous other plant species
[5]. Depending on the host, infection can result in symptoms ranging from mild growth retar-
dation and systemic mosaic to severe disease manifestations [6]. TBSV possesses a remarkably
broad experimental host range, infecting more than 120 plant species from 20 different fam-
ilies, which makes it a valuable model for fundamental and applied virological studies [7]. In
addition, TBSV has been successfully developed as a biotechnology platform for heterologous
gene expression, functional genomics studies, and the delivery of genome-editing components
[8]. TBSV belongs to the family Tombusviridae and produces non-enveloped icosahedral viri-
ons with T=3 symmetry. The viral particles are approximately 33 nm in diameter and consist
of 180 coat protein subunits with a molecular mass of about 42 kDa [9]. Structurally, the virion
contains approximately 17% ribonucleic acid and 83% protein. The viral genome is composed
of a positive-sense single-stranded RNA molecule of approximately 4.8 kb that lacks both the 5’
cap and the 3’ poly(A) tail characteristic of eukaryotic messenger RNAs [10]. The TBSV genome
contains five open reading frames (ORFs). ORF1 encodes a 33 kDa accessory replication protein
(p33), while ORF2 encodes a 92 kDa RNA-dependent RNA polymerase (p92) produced through
translational readthrough of the p33 stop codon. The remaining ORFs encode the coat protein
(p41), amovement protein (p22), and a suppressor of virus-induced gene silencing (p19). These
proteins collectively mediate viral replication, movement, encapsidation, and suppression of host
antiviral defense mechanisms [6].

Nicotiana benthamiana is one of the most widely used model plants in plant biology and
virology [11]. This species belongs to the Solanaceae family and is native to Australia [12]. Ow-
ing to its high susceptibility to numerous plant viruses, N. benthamiana has become a preferred
experimental host for investigating virus-plant interactions [13]. The species is highly amenable
to genetic transformation, transient protein expression, and virus-induced gene silencing, mak-
ing it particularly suitable for studies of protein localization, protein-protein interactions, and
functional genomics [14]. The combination of TBSV and N. benthamiana represents a powerful
experimental system for studying viral replication, host-virus interactions, and plant defense
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responses. Consequently, this model has become an indispensable tool in modern plant virology
and biotechnology research [15].

Acetic acid (CH3COOH) is a simple organic compound widely known as the main com-
ponent of vinegar and has recently attracted considerable attention as a plant stress-protective
agent. Numerous studies have demonstrated that exogenous application of acetic acid enhances
plant tolerance to adverse environmental conditions through the modulation of physiological
and biochemical processes. Acetic acid treatment promotes abscisic acid (ABA) accumulation,
regulates stomatal aperture, reduces transpiration rates, and improves plant water status under
stress conditions [16]. Furthermore, foliar application of acetic acid has been shown to increase
plant survival under drought stress by reducing transpirational water loss without causing
phytotoxic effects [17]. Recent studies also revealed that acetic acid alleviates the detrimental
effects of drought, salinity, and heavy metal toxicity by enhancing photosynthetic performance,
chlorophyll biosynthesis, nutrient-use efficiency, and antioxidant defense systems [18]. In addi-
tion, acetic acid induces the expression of the jasmonic acid biosynthesis gene AOC3, leading to
increased jasmonic acid accumulation and activation of stress-responsive defense mechanisms
[18]. These findings suggest that acetic acid may serve as an effective inducer of plant defense
responses and could potentially enhance resistance against pathogen infection.

Plants must cope with stress-related variations, such as oxidative stress, to survive. Cata-
lase (EC 1.11.1.6) is a tetrameric heme enzyme that metabolizes stress-induced reactive oxygen
species and regulates their effects on cellular metabolism and activities [19]. CAT, found mostly
in peroxisomes, catalyzes dismutation reactions without the need for a reductant [20].

CAT, initially refined and crystallized from high-purity bovine liver, has now been isolated
and described from numerous sources, including plants [21]. CAT, an iron-containing enzyme,
can be inhibited by cyanide. CATs from different sources have identical subunits, molecular
weight, and prosthetic groups. The enzyme is a tetramer with four subunits of 54-59 kDa and
a total molecular mass of around 240 kDa [20]. Small gene families typically encode plant CAT
proteins. For instance, three members of the CAT family in Arabidopsis have distinct but relative-
ly overlapping expression patterns in various tissues. Pollen and seeds are the main sources of
CAT1 expression, green tissue is home to CAT2, the primary photorespiratory form of CAT, and
vascular tissue and senescending organs are the main sources of CAT3 expression [22].

Catalase, a plant enzyme, plays an important part in plant defense mechanisms [22, 23].
Catalase is an antioxidant enzyme that aids in the conversion of hydrogen peroxide into water
and oxygen [24]. Hydrogen peroxide is formed as a byproduct of many metabolic processes in
plants and can be hazardous if not controlled. Catalase functions as a defensive mechanism by
efficiently digesting H,O,, preventing its buildup and reducing oxidative stress in plant cells.
Catalase is also involved in the detoxification of various reactive oxygen species, which can help
plants’ overall antioxidant defense system. Catalase contributes to cellular homeostasis by scav-
enging and neutralizing ROS, as well as protecting plants from oxidative damage caused by both
biotic and abiotic stressors [23].

Infection of Nicotiana benthamiana with Tomato bushy stunt virus increased hydrogen
peroxide (H,0,) levels compared to mock-inoculated plants, suggesting an oxidative burst dur-
ing the infection process [25]. Analysis of antioxidant enzyme activities demonstrated that virus
infection boosted catalase (CAT) activity in N. benthamiana roots and leaves. Notably, two more
CAT isoforms were activated in leaves after viral inoculation. Overall, these findings suggest that
TBSV infection dramatically alters the activity of enzymes responsible for maintaining the equi-
librium of reactive oxygen species buildup in plant tissues, indicating a coordinated antioxidant
response to pathogen attack [26].
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Effects of acetic acid on plant responses to Tomato bushy stunt virus infection

The present study investigated the potential effect of acetic acid on Tomato bushy stunt virus
(TBSV) infection in Nicotiana benthamiana plants. Acetic acid was applied as an aqueous foliar
spray at concentrations of 5, 10, and 20 mM. Since acetic acid has been reported to enhance plant
stress tolerance through the modulation of physiological and biochemical processes associated
with defense responses, it was hypothesized that its application could influence the development
of viral infection. Therefore, the aim of this study was to evaluate whether exogenous acetic acid
treatment affects the progression and spread of TBSV infection in N. benthamiana plants and to
assess the plant response to viral challenge under different acetic acid concentrations.

Materials and research methods

Growth conditions

Nicotiana benthamiana plants were grown from seeds under controlled environmental
conditions. Seeds were initially germinated in a common pot under dark conditions. After 72
h, the cover was removed, and seedlings were exposed to light. Seven days after sowing, the
seedlings were transplanted individually into 250 mL pots containing approximately 110 g of
universal soil supplemented with 0.8 g of vermiculite as a drainage material.

The substrate was enriched with an organic fertilizer containing essential macro- and
micronutrients. The fertilizer contained 100 mg L™* total nitrogen (N), 50 mg L™* phosphorus
(P,0s), 200 mg L™ potassium (K;0), and 30 mg L™* magnesium (MgO). In addition, it contained
iron (0.8-2 mgkg™), zinc (0.2-3 mg kg™*), copper (3.0-5.0 mg kg™*), manganese (8-40 mg kg™),
molybdenum (0.1-0.4 mg kg™"), and boron (0.4-1.6 mg kg™"). The fertilizer had a moisture con-
tent below 60%, a humic compound content of 13%, and a pH ranging from 5.5 to 6.5.

Acetic acid solutions were prepared from glacial acetic acid. A 20 mM stock solution was
obtained by dilution with distilled water and subsequently diluted to prepare 10 mM and 5 mM
working solutions. Fifteen-day-old plants were treated daily with 5 mL of acetic acid solutions
(5 mM, 10 mM, 20 mM) using a foliar spray application for seven consecutive days.

Plants were cultivated in a growth chamber under long-day conditions (16 h light/8 h dark)
at 22-27°C and 75-80% relative humidity. [llumination was provided by lamps with spectral
outputs of 2700 K and 6400 K arranged alternately. All plants were watered daily with 20 mL of
distilled water. Thirty-day-old plants were used for subsequent experiments.

Plant virus infection

TBSV was mechanically injected into Nicotiana benthamiana plants that were one month
old. Before inoculation, phosphate buffer and viral material were combined in a 1:1 ratio. A total
of 100 pL of the inoculum was applied to each plant. For inoculation, the fifth and sixth leaves
from the apical meristem were chosen. 50 pL of the inoculum was applied to each leaf. The rub
method was used for mechanical inoculation. To help the virus enter the plant tissues, the inoc-
ulum was gently rubbed over the leaf surface using Celite as an abrasive. A week after infection,
materials were collected for further research.

Plants were also inoculated by mechanically infiltrating the viral solution into leaf tissue.
For this reason, a disposable syringe with no needle was utilized. The syringe tip was gently placed
against the leaf’s abaxial (bottom) surface, and 100 pL of viral suspension per plant was precisely
injected using mild pressure. This allowed the suspension to penetrate the leaf mesophyll via
stomatal openings and intercellular gaps. The infiltration was done to prevent causing severe
mechanical injury to the leaf tissue. Treated leaves were visually inspected to ensure effective
infiltration, which was indicated by small local darkening in the infiltrated region.
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Agarose gel electrophoresis

Nucleic acids isolated from plant samples were analyzed using agarose gel electrophore-
sis, which also determined the presence of viral nucleic acids. This approach separates nucleic
acids based on their size and allows for viewing under ultraviolet light following staining with
an intercalating dye.

A 1% agarose gel was made by dissolving 0.6 g agarose in 60 mL of TAE buffer (Tris-Ac-
etate-EDTA). The mixture was heated until the agarose had fully dissolved and the solution was
clear. After cooling slightly, 3 uL of ethidium bromide was added to the solution to see nucleic
acids under UV light. The gel solution was poured onto a casting tray with a comb inserted to
make wells, then allowed to harden at room temperature.

TAE buffer was utilized for both gel preparation and electrophoresis. The buffer provides
appropriate ionic strength and keeps the pH steady during nucleic acid separation. Before load-
ing, samples were mixed with loading dye to improve visibility and density. For each sample, 5
uL of plant extract was combined with 1 pL of purple loading dye and injected into the agarose
gel. Electrophoresis was done in TAE buffer until the nucleic acids were sufficiently separated.
Following electrophoresis, the gel was examined under ultraviolet light to detect nucleic acid
bands, which allowed the presence and relative quantity of viral nucleic acids in the samples to
be estimated.

Determination of nucleic acid concentration and purity

A NanoDrop spectrophotometer was used to determine the concentration and assess the
purity of nucleic acids isolated from plant samples. Prior to measurements, the measurement
pedestal was cleaned by applying 3 pL of nuclease-free deionized water, and any remaining liquid
was carefully wiped away with a lint-free lab tissue. The instrument was calibrated, and a base-
line (blank) measurement was performed using the same nuclease-free water. For the analysis
of each sample, a 2 pL aliquot of the plant extract was loaded onto the measurement pedestal.
The software recorded optical density values at wavelengths of 260 nm and 320 nm to calculate
the quantitative nucleic acid content and perform background scattering correction.

Preparation of samples for experiment

To prepare samples, fresh leaves of seven-day-old seedlings were harvested and immedi-
ately processed to prevent enzymatic degradation. Leaf material was thoroughly homogenized
using a pre-cooled mortar and pestle with the addition of extraction buffer. The extraction buffer
was freshly prepared and contained 250 mM sucrose, 3 mM EDTA (pH 8.3), 250 mM Tris-HCI,
L-cysteine, molybdenum solution, dithiothreitol (DTT), and DDW. This composition was chosen
to stabilize proteins and enzymes, prevent oxidation, and maintain the structural integrity of
biomolecules during homogenization. The homogenate was transferred to pre-cooled centrifuge
tubes and centrifuged at 10,000 rpm for 25 minutes at 4°C. Centrifugation at low temperature
was used to reduce the risk of protein denaturation and enzymatic activity. After centrifugation,
the supernatant, which contained soluble proteins and metabolites, was gently separated from
the pellet, which consisted mainly of cellular debris and intact tissue. The obtained supernatants
were immediately used for further biochemical analysis. Protein concentration was measured
using the Bradford method.

Bradford protein assay

Protein concentration was determined in a 96-well cell culture plate using the Bradford
assay. Samples were analyzed in technical triplicates across three consecutive rows of the plate,
with each well containing 20 pL of the diluted sample and 200 pL of Bradford reagent [27]. The
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Effects of acetic acid on plant responses to Tomato bushy stunt virus infection

absorbance was measured at 595 nm using a Biochrom Asys Expert 96 microplate spectropho-
tometer. This normalization procedure was employed to standardize the protein concentrations
across all samples prior to subsequent enzymatic activity assays.

Determination of catalase activity in gel

Denaturing electrophoresis was performed using a 7,5% vertical polyacrylamide gel [28].
For 5 minutes, the gels were submerged in a solution containing 0.03% H,0.. Two falcons were
created: the first falcon contained 0.6 g of iron (III) chloride per 30 ml of distilled water, whereas
the second falcon contained 0.6 g of potassium ferricyanide (III) per 30 ml of distilled water. The
contents of the two falcons were added to the gel and thoroughly mixed for 1 minute. Finally, the
gel was carefully washed with distilled water [29].

Statistical analysis

All experiments were repeated at least three times to confirm the reliability of the results.
Data from three independent replicates were converted to numerical values (£SD), and Image/
was used to quantify enzyme activity intensity.

Results and Discussion

Optimizing the experimental design. At the beginning of the study, it was required
to select the best experimental design for the timing of acetic acid treatment in relation
to viral infection. Two options were considered: treating plants with acetic acid before
viral infection or treating after infection. Two pilot plantings were undertaken. Based on
preliminary findings and previously published research, acetic acid doses of 5 mM, 10 mM,
and 20 mM were chosen for testing. These doses were chosen since they did not kill plants
while eliciting noticeable physiological reactions. The following experimental groups were
set up: K (untreated control), V (virus-infected plants without acetic acid treatment), 5
(5 mM acetic acid), 5V (5 mM acetic acid+virus TBSV), 10 (10 mM acetic acid), 10V (10
mM acetic acid+virus TBSV), 20 (20 mM acetic acid), and 20V (20 mM acetic acid+virus
TBSV). In the first experiment, plants were injected with the virus and treated with acetic
acid by foliar spray (Figure 1 A). In the second pilot experiment, plants were treated with
acetic acid before viral injection (Figure 1 B). The second strategy revealed that acetic
acid therapy after viral infection did not increase plant survival. Following infection, a
considerable number of plants perished, leaving very little plant material available for
further study. Because of the low survival rate and inadequate viable plant material, this
experimental technique was deemed insufficient for future study.

As a result, the first experimental design (viral inoculation followed by acetic acid treat-
ment) was chosen for further experiments.
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Figure 1. Nicotiana benthamiana plants infected with virus and then treated with acetic acid
(A) and plants treated with acetic acid and then virus (B), top and side views. C - control
plants; V - virus-infected plants; 5, 10 and 20 - plants treated with 5, 10 and 20 mM acetic
acid, respectively; 5V, 10V and 20V - virus-infected plants treated with the corresponding
acetic acid concentrations

Isolation and verification of tomato bushy stunt virus. A hydroxyapatite column was
used to purify viral material extracted from infected plant tissue in order to eliminate bio-
logical impurities and produce fractions enriched in viral particles. Because hydroxyapatite
chromatography can selectively bind proteins and nucleic acids based on how they interact
with calcium phosphate, it was used to purify biological macromolecules. A hydroxyapatite
column was filled with the crude plant extract containing viral particles, which then flowed
through the matrix. While fractions containing virus particles were gathered in different
tubes, contaminants such as plant proteins and cellular debris were partially retained by
the column material throughout the procedure. 3 fractions in all were gathered in 1.5 mL
Eppendorf microcentrifuge tubes.

The spectrophotometric analysis showed that the collected fractions’ nucleic acid concen-
trations varied. Following blank calibration with nuclease-free water, measurements were made.
Nucleic acid concentration was automatically determined by the instrument software using the
standard formula based on absorbance at 260 nm. Several fractions had far greater nucleic acid
contents than the rest, according to the research, suggesting that these samples were enriched
with viral genetic material. Thus, these fractions were chosen for additional examination and
testing. Picture 2 shows the absorbance of viral material as detected by a spectrophotometer.
Table 1 illustrates the concentration of nucleic acids in viral material.

Table 1.
Concentration of nucleic acids in viral material
Sample Nucleic acid concentration (ng/uL)
Control 580
1 1593
2 2056
3 1887
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Then, agarose gel electrophoresis was used to assess the presence of vi-
ral nucleic acids in the 4 samples (Figure 2). Nucleic acids segregated by size may
be seen. The spectrophotometric results were supported by the acquired electro-
phoretic profiles, which verified the presence of nucleic acids in the chosen samples.
[t should be mentioned that while agarose gel electrophoresis makes viral nucleic acids visible,
it does not directly detect viral particles. Thus, the presence of viral RNA linked to the virus-con-
taining samples was revealed by the presence of nucleic acid bands in the examined fractions.

The lanes in the gel showed visible nucleic acid bands, indicating the presence of nucleic
acids in the examined materials. The most visible bands were found in lanes 1, 2, and 3, indicat-
ing that these samples contained more nucleic acids than the rest. The bands in lanes 1-3 were
found in identical places on the gel, indicating that the nucleic acids in these samples were of
similar size. Samples 2 and 3 were used to inoculate the plants.

Figure 2. Agarose gel electrophoresis of viral material isolated from Nicotiana benthamiana

The fractions with the highest concentration of viral nucleic acids (samples
2 and 3) were used to inoculate two Nicotiana benthamiana plants in order to ver-
ify that the recovered viral material remained physiologically active. To confirm
that the virus preparation was infectious, mechanical inoculation was carried out.
The plants were observed for virus-related symptoms after inoculation (Figure 3A and 3B). The
development of distinctive symptoms demonstrated a successful infection and verified the virus
preparation’s continued infectiousness.

Figure 3. Nicotiana benthamiana plants infected with a syringe (A) and mechanically (B) be-
fore and 7 days after infection, side and top views. C - control plants;
V1 - plants infected with a syringe; V2 - plants infected mechanica
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Agarose gel electrophoresis was used to examine plant samples in order to confirm viral
replication in the infected plants (Figure 4). These findings showed that physiologically active
viruses that may infect Nicotiana benthamiana plants and multiply within plant tissues were
present in the chosen fractions.

The absence of detectable viral nucleic acids in healthy plant tissue was demonstrated by
the electrophoretic analysis, which revealed that the control sample (K) had no visible nucleic acid
bands. On the other hand, the samples taken from plants infected with the virus showed distinct
nucleic acid bands. In comparison to the control sample, these bands were noticeably stronger,
indicating that the infected plant material contained viral nucleic acids. Both inoculated plants
were successfully infected and had measurable amounts of viral genetic material, as shown by
the comparable band patterns shown in lanes V1 and V2.

Figure 4. Agarose gel of test plants for virulence testing. C — control plants; V1 - plants
infected with a syringe; V2 - plants infected mechanically

Symptoms of Nicotiana benthamiana exposed to virus and acetic acid. The visual condi-
tion of plants treated with various concentrations of acetic acid was assessed and compared to
healthy control plants and virus-infected plants that were not treated. As indicated in Figure 5,
the healthy control plants (K) had regular growth and well-developed green leaves. In contrast,
virus-infected plants that were not treated (V) demonstrated evident indications of infection,
such as reduced growth and leaf deformation.

Plants treated with acetic acid at doses of 5 mM and 10 mM showed no significant obvious
alterations from untreated infected plants. The general plant morphology and symptom devel-
opment appeared reasonably similar, implying that these doses did not cause significant observ-
able changes in plant condition. However, plants treated with 20 mM acetic acid appeared to be
slightly healthier than other infected plants. These plants had slightly improved leaf development
and overall growth, which could imply a favorable effect of greater acetic acid concentration on
plant condition during viral infection. Overall, acetic acid treatment did not result in significant
obvious changes in plant shape, while plants treated with 20 mM acetic acid appeared slightly
healthier than the other infected plants.

186 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



Effects of acetic acid on plant responses to Tomato bushy stunt virus infection

Figure 5. Nicotiana benthamiana plants exposed to acetic acid and a virus, top and side views.
C - control plants; V - virus-infected plants; 5, 10 and 20 - plants treated with 5, 10 and 20
mM acetic acid, respectively; 5V, 10V and 20V - virus-infected plants treated with the corre-
sponding acetic acid concentrations

When the leaves were examined attentively, tiny damaged regions were seen on plants
treated with 20 mM acetic acid (Figure 6). They are highlighted in red in the image. These ap-
peared as small, pale, dry patches on the leaf surface, similar to minor burn symptoms. Such
symptoms are consistent with chemical phytotoxicity, which is frequently seen as small burnt
or bleached areas on leaves following chemical application.

One probable reason for this effect is the unequal dispersion of acetic acid solution over
the leaf surface. Some droplets may have collected while spraying, resulting in bigger drops that
remained on the leaves for prolonged periods of time. Because acetic acid operates as a contact
chemical, damaging plant tissues immediately at the site of contact, continuous exposure in
certain locations may result in small necrotic or dehydrated spots on the leaves.

Figure 6. The effect of treating Nicotiana benthamiana leaves
with a 20 mM acetic acid spray
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Catalase activity. Catalase activity was measured in plant samples after various
treatments using native polyacrylamide gel electrophoresis. The electrophoretic pattern
of catalase activity is shown in Figure 7. Catalase activity bands were found in all of the
materials tested, as shown on the gel. The control sample (C) exhibited a distinct band
matching catalase activity in healthy plants. The band intensity in the virus-infected sam-
ple (TBSV) was higher than in the control, showing that catalase activity increased during
viral infection. The increase in catalase activity in infected plants is likely due to increased
formation of reactive oxygen species (ROS), in particular hydrogen peroxide (H,0;), which
is a common component of plant defense responses against pathogens [30-32]. Viral infec-
tion often induces oxidative stress, resulting in elevated ROS accumulation. Catalase plays
a crucial role in detoxifying H,0,, thereby protecting cellular structures from oxidative
damage [33]. Therefore, the stronger catalase activity observed in virus-infected plants
may reflect an adaptive response aimed at maintaining cellular redox homeostasis.

Plants treated alone with acetic acid produced weaker bands than both the control and
virus-infected samples. The 5 mM treatment (5) showed a weak band, indicating lower catalase
activity. A similar trend was seen for the 10 mM (10) and 20 mM (20) treatments, with the band
intensity being quite low. This suggests that acetic acid reduced endogenous ROS formation,
thereby reducing the need for H,0, scavenging by catalase. It is also possible that low concen-
trations of acetic acid may function as signaling molecules capable of inducing stress adaptation
mechanisms without significant oxidative damage. Interestingly, when acetic acid treatment
was combined with viral infection (5V, 10V and 20V), catalase activity increased compared to
the corresponding treatments with acetic acid alone. This result indicates that viral infection
remained a strong inducer of antioxidant responses even in the presence of acetic acid. The
increased catalase activity observed with the combined treatment may be due to the activation
of defense mechanisms triggered by pathogen invasion, leading to increased ROS production
and subsequent induction of antioxidant enzymes. At the same time, catalase activity in infect-
ed plants treated with acetic acid did not appear to exceed that observed with virus treatment
alone, suggesting that acetic acid may partially mitigate the oxidative stress associated with
viral infection. This effect may be due to the activation of plant defense responses by acetic acid,
allowing plants to more effectively respond to pathogen-induced stress while limiting excessive
ROS accumulation. Therefore, the observed pattern of catalase activity supports the hypothesis
that acetic acid modulates the antioxidant response during viral infection and helps maintain
the redox balance in infected plants. The native PAGE data show that catalase activity increased
in virus-infected plants compared to untreated plants, whereas treatment with acetic acid alone
reduced enzyme activity. However, catalase activity was generally higher in virus-infected plants
treated with acetic acid than in plants treated just with acetic acid.

Figure 7. Native PAGE of catalase activity in Nicotiana benthamiana leaves after various
treatments. C - control plants; V - virus-infected plants; 5, 10 and 20 - plants treated with 5, 10
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and 20 mM acetic acid, respectively; 5V, 10V and 20V - virus-infected plants treated with the
corresponding acetic acid concentrations

Using Image] software, the activity was converted into a percentage and is shown in Figure
8. The proportion of activity differed amongst the examined samples based on virus infection
and acetic acid treatment.

The control sample had an activity level of 18.98%. In contrast, the virus-infected sample
without treatment had a higher value of 22.34%, showing an increase in activity in response to
viral infection.

Treatment with 5 mM acetic acid (5) yielded a much lower value (7.15%) than the control.
When virus infection was paired with this medication (5V), activity increased to 11.87%, but it
remained lower than the control value. When comparing pairs 5 and 5V, virus-infected plants
outperformed plants treated just with acetic acid.

Figure 8. Percentage activity of catalase. K - control plants; V - virus-infected plants; 5,
10 and 20 - plants treated with 5, 10 and 20 mM acetic acid, respectively; 5V, 10V and 20V - vi-
rus-infected plants treated with the corresponding acetic acid concentrations

These results indicate that viral infection promotes catalase activation as part of the plant
antioxidant response, whereas treatment with acetic acid alone reduces catalase activity, likely
due to reduced ROS accumulation. The intermediate catalase activity observed with 5V treat-
ment suggests that acetic acid may modulate virus-induced oxidative stress and contribute to
the maintenance of cellular redox homeostasis. This effect is consistent with the proposed role
of acetic acid as a priming agent that enhances adaptation to stress while preventing excessive
activation of oxidative stress responses.

Conclusion

In conclusion, this study demonstrated that acetic acid influences the antioxidant response
of Nicotiana benthamiana plants during infection with tomato bushy stunt virus (TBSV). Analysis
of catalase activity revealed that viral infection stimulates the antioxidant defense system, as
evidenced by increased catalase activity compared to healthy control plants. This response is
likely related to increased formation of reactive oxygen species and the need to maintain cellular
redox balance under pathogen-induced stress. Treatment with acetic acid alone resulted in a
decrease in catalase activity, suggesting that acetic acid did not induce severe oxidative stress
and may contribute to maintaining a more balanced physiological state of the plants. When acetic
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acid treatment was combined with TBSV infection, catalase activity increased compared to plants
treated with acetic acid but remained lower than in virus-infected plants without treatment.
These results indicate that acetic acid modulates the response to oxidative stress induced by viral
infection and may partially mitigate the negative consequences of pathogen-induced accumula-
tion of reactive oxygen species. Overall, the results indicate that acetic acid has the potential to
act as a modulator of plant defenses, contributing to improved redox homeostasis during viral
infection. Further research is needed to elucidate the molecular basis of these responses and
evaluate the potential of acetic acid as an environmentally friendly agent for enhancing plant
resistance to viral infections.
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1234567891011 1 H. ['ymusnes ambiHdaFsl Eypasus yimmulk yHU8epcumemi,
Acmana, KazakcmaH

AnpaaTna. OciMiKkTepAiH BUPYCTBIK MH(EKLUAIAPDI aybl/ LIapyallblIbIFbl MEH 6CIMAIK
3epTTeyJiepiHe YyJIKeH Kayin TeHaipe/i, cebebi osiap eHiMHiH alTap/bIKTal »KoFalyblHa
»KoHe eCIMAIKTep/AiH ecyiHe Kepi acep eTyi MyMKiH. BakTepUaJIbIK HeMece CaHbIpayKyJaaK,
naToreH/epiHeH alblpMallbLIbIFb], 6CIM/IIK BUPYCTapbl MHPEKLMAAAH KEWiH CTaHAapTThl
XUMUSJIBIK IECTULIMITEPMEH GaKbliaH6aibl. COHABIKTAH, BUPYCThIK MHPEKLUSHbI a3aNUTY/AbIH,
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HeMece eCiMAIiK TiHepiH/ie BUPYCThIH K6OEIiH EeKTeYAiH 6a1aMa XoJ1JapblH TabyFa 6aFbITTaJFaH
3epTTeyJiep 6apFaH cailblH MaHbI3/bl 60JbIN Kesiei. PUTONaTOJOTUSHBIH €H epCIeKTHBaIbl
caJslaJiapblHbIH 6ipi BUpYCKa Kapchl acepi 6ap ap3aH KaHe 3KOJOTUsI/IbIK Ta3a XUMUSJIbIK 3aTTap/bl
3epTTey. OpraHrvKaJbIK KbILIKbLIAAD epeKile KbI3bIFYIIbLIBIK TYAbIpaZbl. CipKe KbIIIKbIJIbI
eciMJIiKTeperi cTpecc aF/jaljapblHa 6eiliMzesly MeH KOPFaHbIC peaKHsaIapblH KYLIEUTyTe
KabiseTTi, KeH KO/KeTiM/li OpraHUKaJIbIK KbIIIKbLIAAP/bIH 6ipi peTiH/ie KapacTblpblaa/ibl. by
3epTTey cipKe KbIIKbLIbIHBIH Nicotiana benthamiana nHeK1usicbiHa KbI3aHAK, Oy TAaCbIHbIH CTPECTI
BupycbiMeH (TBSV) acepiHn 3epTTeitfi. OcimikTep cipke KbIIIKbIIBIHBIH epiTiHZinepiMeH (5, 10
koHe 20 MM) kanbipaKTapFa 6ypKy apKblibl eHes /i, cojiaH KeiliH TBSV xyKTbipbLabl. By
HOTUKeJIep CipKe KbIIIKbIJIBIHBIH 6CIMAIKTep/iH KOPFaHbIC peaKLUsAJIapbIHbIH TUIM/I UHAYKTOPBI
peTiH/ie KbI3MEeT eTe aJlaTbIHbIH YKoHe MaToreH/ ik UHQEKIMsIFa TO3IMAIIKTI apTThIpa aslaThbIHbIH
KepceTezi. OCIMAIKTep aMaH KaJly YLIiH TOTBIFY CTPeCCi CUAKTHI CTPECCTIK e3repicrepre TeTen
6epyi kepek. AHTHOKCUAAHTTbIK KOPFAHbICTbIH, MaHbI3/[bl KOPCETKIIlli 60JIbIN TaObIJIAThHIH
KaTaJsia3a 6eJsiceH/JIiri HATUBTI MOJIMAaKPUJIAMHUATI TeJib 3J1eKTpodopesi apKbl/ibl TaJlJaH/bl.
Bupyc ’KyKTbIpFaH ecCiMAiKTepAe KaTasa3a 6esiceHAiniri 6aKpliay eciMiKkTepiHe KapaFaH/a
»KOFapbl 60J1/1bl, 0yJ1 HHPEKIMs Ke3iH/e aHTHOKCUJAHTThIK peaKlUUsiIapAblH 0eJiceHAipiireHin
kepceTesi. Kepicinie, Tek 5 MM cipke KpIILIKbLIBIMEH eM/ley KaTaJsla3a 6eJIceH/iIiriH TOMeHeTTi.
BupycTbik MHpeKLMsMeH GipiKTipi/ireH Ke3/ e kaTaja3a 6esICeH/iiJIiri apTThl, CipKe KbIIIKbLIbIMEH
eH/IeJITeH 6CIMIKTepre KapaFaH/1a »KoFapbl 60J1/b], 6ipaK TeK BUPYC )KYKTbIpFaH eciMAiKTepre
KapaFaH/ia TeMeH. AJIbIHFaH HOTHKeJlep CipKe KbIIIKbLIbIHbIH TBSV nHpekuusacpIiHaH TybIHAANTBIH
TOTBIFY CTPeCiHe ayall peaKlusilapblH MOAYAAIUANIAUTbIHBIH XaHe Nicotiana benthamiana
eCIMJiKTepiH/e TOTBIFY-TOTBIKChI3[JaHy TOMEeOCTa3blH TYPAKTAHAbIPYFa }oHe BUPYCKA KapChl
KOPFaHbIC MEXaHU3M/IEPiH KYIIEUTYre acep eTyi MyYMKIiH eKeHiH KepceTe/|.
Tyuin ce3aep: Nicotiana benthamiana, TBSV, cipke KpIIIKbLJbI, KaTaa3a, 6CIMIiIKTeD

BiMsiHMe YKCYCHOM KHUC/I0ThI HA PeaKI M0 pacCTeHU! HA 3apakeHUue BUPYCOM
Kap/IMKOBOCTH TOMaTa

M. Mam6eToBa', M.K. BeiicekoBa?, A.B. Kypman6aesa®, A. XK. Ak6acoBa®,
A.K. BeKTypOBas, M.T. Mblp3a6aeBa6, K. E. )Kanacogra’, C.B. ’Kaurazun®,
A.A. Magupos®, X.K. Macaiumos®*, H.H. Ukcar'*

1234567891011 Eenqautickutl HAYUOHA/IbHbIU yHUSepcumem
um. JL.H. 'ymunesa, AcmaHa, KazaxcmaH

AHHoOTauMsA. BupycHble MHGEKLUY pacTeHUH NPeJCTaB/IAIT CO60! cepbe3HYI0 yrpo3y A1
CeJIbCKOI'0 X031 CTBA U HAY4YHbIX UCCJI€JOBAHUH, IOCKOJIbKY OHU MOTYT BbI3bIBATh 3HAYUTE/IbHbIE
IOTEPU ypOrKasg U HETaTUBHO BJIMATH HA POCT KyJAbTYp. B oT/iMune oT 6aKTepUasbHbIX UIH
IPUOKOBBIX IATOT€HOB, BUPYChI pAaCTEHUH He KOHTPOJIMPYIOTCS CTaHJAPTHBIMU XUMUYeCKUMU
necTULIUAAMHU NI0C/Ie 3apaXkeHusl. B pe3ysibTaTe Bce 60Jiee akTya/IbHBIMU SBJIAIOTCS UCCJIeJOBAHUS
HalnpaBJIeHHble Ha IOMCK aJIbTePHAaTUBHbIX CIOCOO0B CHMXKeHUSI BUPDYCHOU MH(EKLIUU UJIH
OrpaHUYeHus pelIMKalU1 BUPYCOB B TKaHAX pacTeHUi. OJHUM 13 HauboJiee epcrneKTUBHBIX
HallpaBJeHUN QUTONATOJIOTUHN SAABJSAETCSA U3yYeHHe HeJJOPOTHUX U IKOJIOTUYECKH YUCThIX
XMMHUYECKHX BELECTB, 00/1ajal0UX aHTUBUPYCHbIMU 3¢ dekTaMu. Tak 0coObIN HHTEpEC
NpeJCTaBJIAIT OpraHuYecKre KUCJI0ThL. YKCyCHasA KUCJI0Ta 3TO caMas JJOCTyIIHasA OpraHuyeckas
KHCJI0Ta, KOTOpasd, KaK CO001aeTcs, COCOOCTBYET aJlallTALlMM K CTPECCY U 3alliUTHBIM peaKLUsM y
pacTeHuy. B 3TOM Hccnef0BaHUM M3y4YaeTcsd BIAUSHUE YKCYCHOM KMC/IOThI Ha 3apaxeHue Nicotiana
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benthamiana BUpPycOM KyCTHUCTOM KaparuKoBocTH ToMmaTa (TBSV). PacTeHust o6pabaTbiBaivCh
pacTBOpaMu yKCycHOM KUcaA0THI (5, 10 u 20 MM) nyTeM onpbICKMBaHUS JIMCTHEB, a 3aTEM
uHouuupoBaaucek TBSV. Tu pe3yanbTaThl N03BOJAIOT NPEAIOI0XKUTh, YTO YKCYCHAsA KUCJI0Ta
MOET CJAYKUTb 3P PeKTUBHBIM UHAYKTOPOM 3alUTHBIX peaKI Ml pacTeHUH U NOTEHUAJIbHO
NOBBILIATh YCTOMYUBOCTD K 3apaKeHUIO NaToreHaMu. PacTeHus1 JOJKHBI CIPaBJIATBHCA CO
CTPECCOBbIMU U3MEHEHUSMHU, TAKUMHU KaK OKUCIUTEbHBIN CTPECC, YTOObI BBDKUTh. AKTUBHOCTb
KaTaJla3bl, BA>KHbIU N0OKa3aTeJlb aHTUOKCUJAaHTHOM 3alUThl, aHAJIM3UPOBAJIU METOL0M
anekTpodopesa B HATUBHOM IOJIMAKPUJIAMUIHOM reJie. Y pacTeHUW, UHPULMPOBAHHBIX
BUPYCOM, aKTUBHOCTb KaTasia3bl Oblja BbllllE, Y€M Y KOHTPOJIbHBIX PACTEHUH, YTO yKa3bIBaeT HA
aKTUBAILMI0 aHTUOKCUAAHTHBIX peakl il Bo BpeMsi uH$eKuuU. HanpoTus, 06paboTKa TOJBKO 5
MM yKCyCHOM KMCJI0TOM CHMKaJsla akTUBHOCTD KaTaJsa3bl. B coueTaHuu c BUpycHOU MH)eKIMel
aKTUBHOCTb KaTaJia3bl YBeJIMYUBAJIACh, OCTABASICh BhIIIE, YEM Yy paCTEHUH, 06pabOTaHHbIX
YKCYCHOM KUCJIOTOH, HO HUXKE, YEM Yy pacTeHUH, UHPULIMPOBAaHHBIX BUPYCOM. JTH pe3ybTaTbl
NO3BOJIAAIOT NPEAINOJI0KUTD, YTO YKCYCHAsl KUCJIOTA MOAYJIUPYET PeaKliuu OKUCJIUTETbHOTO
cTpecca, cBsizaHHble ¢ UHekIel TBSV, u MoxeT cnoco6CTBOBATH YIYUYLIEHHIO OKUCTUTENBHO-
BOCCTAaHOBUTEJIbHOI'0 FOMe0CcTa3a U MPOTUBOBUPYCHOM 3auThl Y Nicotiana benthamiana.
Kirouessle cioBa: Nicotiana benthamiana, TBSV, ykcycHast KMc10Ta, KaTajla3a, paCTeHUS

ABTOpJIap TypaJibl MaJliMeTTep:

Mam6eToBa MaauHa - *KapaTblIbICTaHy FbLIbIM/AapblHbIH 6akaiaBpsl, JI.H. 'ymuiaes
aTbiH/aFrbl Eypasus yJITThIK YHUBEPCUTETIHIH OUOTEXHOJIOTUS XXoHE MUKPOOUOJIOTHS
kadeapacbiHbIH 2 Kypc Maructp ctygeHnTi, 010000, Actana, Kazakcras. https://orcid.org/0009-
0008-1758-6155

BeiicekoBa Mosiaup Kyauap6ekoBHa - TeXHHUKA FbLJIbIMAAPbIHbIH MarucTpi,
noctaokTopaHT JI.H. T'yMmusieB aTbiHgarbl Eypasus yATThIK YHUBEPCUTETiIHIH 6MOTEXHOJIOTUS
»K9He MUKpob6uosiorus kadepacbiHbiH ara oKpITyLIbIChl, 010000, Actana, Kazakcran. https://
orcid.org/0000-0003-4097-4507

Kypmano6aeBa Acbli1aii baktei6aeBHa - PhD, JI.H. 'ymusieB aTbiHaafFbl Eypa3us yaTThIK
YHUBEPCUTETIHIH OMOTEXHOJIOTHSA }KoHe MUKPOOH0JI0TUs KadeApachlHbIH KaybIM/JaCThIPbLIFaH
npodeccopsl, 010000, Acrana, KazakcraH. https://orcid.org/0000-0001-5770-6352

Ak6acoBa Asnya dKoagac6aeBHa - PhD, JI.H. 'ymusieB aTbiHAaFbl Eypasus yATTHIK,
YHUBEPCUTETIHIH O6MOTEXHOJIOTHA XXoHe MUKpobuoJiorusa kapegpacbidbiH goueHnti, 010000,
Acrtana, KazakcraH. https://orcid.org/0000-0002-2741-8664

BekTtypoBa Acemrysb ZKam6ynoBHa — PhD, JI.H. l'ymuneB AtbiHgarsl Eypasus YATTBIK,
YHUBepcUTETIHIH, OUOTEXHOJIOTUS K9HEe MUKPOOUO0JIoTHsA KadeapacbiHbIH AoueHTi, 010000,
Acrtana, Kasakcras. https://orcid.org/0000-0002-3518-858X

Mbip3a6aeBa Masiuka TesieHAiKbI3bl — PhD, JI.H. 'ymMuneB aTbiHaFbl Eypa3us yATTBIK,
YHUBEPCUTETIHIH >Ka/nbl 6M0JIOTHSA )KoHe reHOMUKa KadeapachiHbIH ara oKpITyLbIckl, 010000,
Actana, Kasakcras. https://orcid.org/0000-0002-7108-8578

Kypanait EpkunoBHa ’KanacoBa - PhD, JI.H. 'ymuneB ATeiHgarbl Eypasus YATTBIK,
YHUBepCcUTETIHIH OUOTEXHOJIOTUS K9HEe MUKPOOH010TUSA KadeApacbIHbIH aFa OKbITYLIbICHI,
010000, Actana, KaszakcraH. https://orcid.org/0000-0002-3848-9679

Kanra3uH CasaH BepukoBu4 - PhD, JI.H. 'ymusieB aTbiHAaFbl Eypasus yJaTThIK
YHUBEPCUTETIHIH O6MOTEXHOJIOTHSA XXoHe MUKpobuoJiorusa kapegpacbiHbiH gouenTi, 010000,
Actana, KasakcraHs. https://orcid.org/0000-0002-5813-8331

MaaupoB AsiMac - )KapaTblIbICTaHY FhIIbIMAAPbIHbIH Maructpi, JI.H. l'ymuieB aTeiHAaFbI
Eypasus yJITThIK yHUBEPCUTETIHIH OMOTEXHOJIOTHS )XoHEe MUKPOOHO0I0THA KadeApacbIHbIH,
noktopanThbl, 010000, Actana, Kasakcran. https://orcid.org/0000-0001-7485-6950

194 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



Effects of acetic acid on plant responses to Tomato bushy stunt virus infection

MacasumoB Xakcbliblk Kap6eKkoBHY - XaT-Xabap aBTOPbI, 6U0JIOTHUS FhIIbIMAAPbIHbIH
kanaugatel, PhD, JL.H. TymuneB atbiHgarsl Eypa3us yITThIK yHUBEPCUTETIHIH OMOTEXHOJIOTUS
YK9HEe MUKPOO6U10J10TUA KadepacblHbIH KaybIM/AACThIPbIIFaH NPOQeccophbl :KaHe MeHrepyILici,
010000, ActaHna, KaszakcraH. https://orcid.org/0000-0003-3033-3888

Hyprysa HypKaHaTtkbi3bl UKcaT - xaT-xabap aBTopsbl, PhD, JL.H. 'ymusieB aTbiHaFbl
Eypasus yJATThIK YHUBEPCUTETIHIH OMOTEXHOJIOTHS )KoHEe MUKPOOHOI0THSA KadeapachbIHbIH,
Mm.a.goueHTi, 010000, ActaHa, KazakctaH. https://orcid.org/0000-0003-1278-5207

CBeeHusd 06 aBTOpax:

Mamo6eToBa MaaguHa - 6aKajlaBp eCTeCTBEHHBIX HayK, MarucTpaHT 2 Kypca Kadepbl
O6HMOTEXHOJIOTUH U MUKpOOHo0oruv EBpasuiickoro HaiMoHa/ibHOTO YHUBepcuTeTa uM. JL.H.
['ymunesa, 010000, AcraHa, KazaxcraH.

BeiicekoBa Mosiaup Kyausap6eKkoBHa - MarucTp TeXHUUYECKHUX HAyK, TOCTAOKTOPAHT,
CTaplIW{ npenojgaBaTesab Kadpegpbl OMOTEXHOJIOTUH U MUKpOOHosioruu EBpasuiickoro
HalMoHasbHOro yHUBepcuTeTa UM. JL.H. l'ymuieBa, 010000, ActaHa, KazaxcraH.

Kypman6aeBa Acbuiaii BakThi6aeBHa - aBTOp-KoppecnoHaeHT, PhD, accoijunpoBaHHbIM
npodeccop kadeZpbl 6MOTEXHOJOTUU U MUKPOOUOI0ruU EBpa3uiicKoro HaliMoHaJIbHOTO
yHuBepcuteTta uM. JL.H. 'ymuneBa, 010000, Actana, KazaxcraH.

Ako6acoBa Anya XKoaagac6aeBHa - PhD, acconuupoBaHHbIf npodeccop Kadeaphl
O6HMOTEXHOJIOTUH U MUKpOOHo0oruv EBpasuiickoro HaiMoHa/ibHOTO YHUBepcuTeTa uM. JL.H.
['ymunesa, 010000, AcraHa, KazaxcraH.

BekTypoBa Acemryiab ’KamoysnoBHa - PhD, noueHT kadeapbl 6MOTEXHOJIOTHUH U
MUKpoO6Uoa0ruu EBpasuiickoro HanoHanbHoro ynusepcutera uMm. JL.H. 'ymunesa, 010000,
Actana, Ka3axcraH.

Mbip3a6aeBa Maauka TesieHAiKbI3bI - PhD, cTapiiuii npenogaBatesib kKadeapbl 00111el
6H10JIOTMU U TeHOMUKHU EBpasuiickoro HauuMoHa/sbHOro yuuBepcurtera um. JIL.H. 'ymusnesa,
010000, Acrana, KazaxcraH.

Kypaunaii 2KanacoBa - PhD, crapumuii npenogaBaTesib Kadpegpbl 6MOTEXHOJIOTHUH U
MUKpoO6Uoa0ruu EBpasuiickoro HanuoHanbHoro ynusepcutera um. JI.H. 'ymunesa, 010000,
Actana, Ka3axcraH.

KanrasuH CasaH BepukoBu4 - PhD, acconuupoBaHHbiii npodeccop kKadeaphl
OHMOTEXHOJIOTUU U MUKpOOHo0oruv EBpasuiickoro HajMoHa/ibHOTO YHUBepcuTeTa uM. JL.H.
['ymunesa, 010000, AcraHa, KazaxcTaH.

MagupoB AjIMac - MarucTp ecTeCTBEHHbIX HayK, IOKTOPAHT KadeApbl 6MOTEXHOJIOTUH
¥ MUKpobuosioruu EBpasuiickoro HanjmoHanibHOro yuuBepcutera uM. JIL.H. T'ymunesa, 010000,
Actana, KazaxcraH.

MacaaumoB akcbliblk Kaup6eKoBHY - aBTOP-KOPPECIOHAEHT, KaHAUAAT
ouosiorndeckux Hayk, PhD, accouunpoBanHbii npodeccop, 3aBeAyoiui kadpe poil 6MOTEXHOIOTUU
Y MUKpobuosioruu EBpasuiickoro HanMoHaibHOro yuHuBepcuteTta uM. JILH. T'ymunesa, 010000,
ActaHa, Ka3axcraH.

Hyprya HypkanaTkpi3bl UKcaT - aBTOp-KOppecnoHaeHT, PhD, u.o. fouenTa kadpeapsoi
6MOTEXHOJIOTUU U MUKpPOOUoJioruu EBpa3niickoro HaiMoHaJ bHOTO yHUBepcuTeTa UuM. JL.H.
['ymunena, 010000, Acrtana, Kazaxcras.

Authors’ information:

Mambetova Madina - Bachelor of Natural Sciences, 2" year master’s student, Department
of Biotechnology and Microbiology, L.N. Gumilyov Eurasian National University, 010000, Astana,
Kazakhstan. https://orcid.org/0009-0008-1758-6155

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 195
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu



M. Mambetova, M.K. Beisekova, A.B. Kurmanbayeva, A.Zh. Akbassova, A.Zh. Bekturova, M.T. Myrzabayeva,
K. Zhanassova, S.B. Zhangazin, A. Madirov, Zh.K. Masalimov, N.N. Iksat

Beisekova Moldir Kudiyarbekovna - MSc, postdoctoral student, senior lecturer at the
Department of Biotechnology and Microbiology, L.N. Gumilyov Eurasian National University,
010000, Astana, Kazakhstan. https://orcid.org/0000-0003-4097-4507

Kurmanbayeva Assylay Baktybaevna - Corresponding author, PhD, Associate Professor,
Department of Biotechnology and Microbiology, L.N. Gumilyov Eurasian National University,
010000, Astana, Kazakhstan. https://orcid.org/0000-0001-5770-6352

Akbassova Alua Zholdasbaevna - PhD, Associate Professor of the Department of Bio-
technology and Microbiology of the L.N. Gumilyov Eurasian National University, 010000, Astana,
Kazakhstan. https://orcid.org/0000-0002-2741-8664

Bekturova Assemgul Zhambulovna - PhD, Associate Professor of the Department of
Biotechnology and Microbiology of the L.N. Gumilyov Eurasian National University, 010000,
Astana, Kazakhstan. https://orcid.org/0000-0002-3518-858X

Malika Tolendykyzy Myrzabayeva - PhD, senior lecturer at the Department of General
Biology and Genomics, L.N. Gumilyov Eurasian National University, 010000, Astana, Kazakhstan.
https://orcid.org/0000-0002-7108-8578

Kuralay Zhanassova - PhD, senior lecturer at the Department of Biotechnology and
Microbiology of the L.N. Gumilyov Eurasian National University, 010000, Astana, Kazakhstan.
https://orcid.org/0000-0002-3848-9679

Sayan Berikovich Zhangazin - PhD, Associate Professor of the Department of Biotech-
nology and Microbiology of the L.N. Gumilyov Eurasian National University, 010000, Astana,
Kazakhstan. https://orcid.org/0000-0002-5813-8331

Almas Madirov - MSc, PhD student at the Department of Biotechnology and Microbi-
ology, L.N. Gumilyov Eurasian National University, 010000, Astana, Kazakhstan. https://orcid.
org/0000-0001-7485-6950

Masalimov Zhaksylyk Kairbekovich - corresponding author, candidate of biological
sciences, PhD, Associate Professor, head of the Department of Biotechnology and Microbiology
of the Eurasian National University named after L.N. Gumilyov, 010000, Astana, Kazakhstan.
https://orcid.org/0000-0003-3033-3888

Nurgul Nurkanatkyzy Iksat - corresponding author, PhD, Associate Professor of the De-
partment of Biotechnology and Microbiology of the L.N. Gumilyov Eurasian National University,
010000, Astana, Kazakhstan. https://orcid.org/0000-0003-1278-5207

196 Ne3(156) JLH. 'ymunee amviHdarst Eypazus yammuik yHueepcumeminiy XABAPIIBICHL. Buo102usinblK FolabiMoap cepusicol
/2026 BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. ['ymunaesa. Cepust 6uosozuieckue HayKu



JL.H. TymuneB aTbiHgarbl Eypasus yaTThiK yHUBepcuTeTiHIH XABAPIIBICHI.
BULLETIN of L.N. Gumilyov Eurasian National University.
BECTHUK EBpasuiickoro HanjmoHa/bHOro yHuBepcuTeTa Menu JI.H. 'ymuieBa.

.I. ISSN: 2616-7034. eISSN: 2663-130X

IRSTI 68.35.31 https://doi.orq/10.32523/2616-7034-2026-156-3-197-210
Research article

Qualitative composition and dynamics of soybean varieties of various
ecological groups during pre-sowing treatment with trace elements
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Abstract. The article presents the results of studies on the effect
of trace elements on the qualitative composition and development of
varieties of different ecological groups of soybeans (Glycine max (L.)
Merrill). The purpose of the work was to evaluate the effectiveness
of various trace elements in the pre-sowing treatment of seeds. The
experiments were conducted in 2022-2024 on experimental plots of
the department of leguminous crops of the Kazakh Scientific Research
Institute of Agriculture and Crop Production (KSRIACP, Almaty region)
in light chestnut, loamy, and rarely sandy loam soils. The study used
microelements of balanced complexes (Mo+"B”+"Zn"+"Co”). It was found
that the use of trace elements had a positive effect on field germination,
physiology, phenology and grain quality indicators. Kazakh (Zhansaya,
Ivushka) and North American (Dawson, Supra) ecotypes are the most
adaptive and responsive to pre-sowing microelement treatment in the
foothill zone of southeastern Kazakhstan (KSRIACP). Treatment with trace
elements ensures a steady increase in grain productivity by 16.0-18.0%
due to an increase in the mass of 1000 seeds and lacustrine content,
as well as increases the protein content of grain by 1.5-2.1%. Thus,
pre-sowing treatment with trace elements has shown high efficiency and
can be recommended for integrated environmentally friendly soybean
cultivation technologies.

Keywords: soybeans, microelements, pre-sowing seed treatment,
phenology, germination, flowering, yield
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Introduction

Soybeans are one of the most important leguminous crops in the world, including in Ka-
zakhstan. The Government of the Republic of Kazakhstan has recently attached great importance
to it as a strategic crop, and a significant phased expansion of its acreage has been planned and
launched. So, in the early 2000s, soybeans occupied 40 thousand hectares in the republic, and
by 2030 it is planned to expand soybean crops to 500 thousand hectares to ensure production
of up to 1 million tons. In this regard, the task has been set to promote soybeans to the North
and East of the country. For the introduction of new crops into new growing conditions, targeted
scientific research is needed to identify the most adapted varieties and lines [1,2,3,4].

Pre—sowing treatment of soybean seeds with trace elements is one of the most effective
and economically justified elements of agricultural technology. Since the seed is in direct contact
with nutrients from the moment of swelling, trace elements stimulate metabolism at the earliest
stages of ontogenesis [5,6,7].

Soybean (Glycine max (L.) Merrill) is a culture with high sensitivity to the daily photo-
period and temperature regime. The ecological adaptability of varieties of various geoclimatic
origin determines the reaction of their genotype to growing conditions. In the foothill zone of
southeastern Kazakhstan, the key limiting factors are the continentality of the climate and the
deficiency of mobile forms of trace elements (boron, molybdenum, zinc, cobalt) in the soil during
the initial phases of organogenesis [8,9,10,11,12,13].

Pre-sowing treatment of seeds with trace elements is a catalyst for physiological and
biochemical processes. However, the nature of the impact of trace elements on the pace of indi-
vidual development (ontogenesis), the establishment of generative organs, and the formation of
elementary productivity varies significantly among representatives of different ecotypes [14].

The purpose of the study: To study the qualitative composition of various ecological
and geographical groups of soybeans and to evaluate the effect of pre-sowing treatment with a
complex of trace elements on their growth dynamics, the passage of phenological phases, mor-
phogenesis, and seed productivity at the Kazakh Scientific Research Institute of Agriculture and
Crop Production LLP hospital.

Materials and research methods

The research was conducted in 2022-2024 at the experimental field of Kazakh Scientific
Research Institute of Agriculture and Crop Production LLP (KSRIACP, Almalybak village, Almaty
region). The soil is light chestnut, with a humus content of 2.2-2.5%, pH 7.4-7.6 [15].

Objects of research (Qualitative composition by ecological groups): Varietal material sys-
tematized into 5 ecological and geographical groups (ecotypes) was studied as an object:

1. Kazakhstan group (Domestic ecotypes): Varieties Zhansaya, Ivushka, Almaty, Perizat. They
are characterized by high drought resistance and adaptability to the local hydrothermal regime.

2. North American ecological ecotype: Varieties Dawson, Supra, Evans, Meridian. They are
characterized by high technological efficiency, determinant and semi-determinant growth types,
and high attachment of the lower bean.

3. Eastern European ecological ecotype: Varieties Harmony, Romance, Podyaka, Smena.
They are characterized by high cold resistance at the germination stage and plasticity.

4. Western European ecological ecotype: Varieties Rana, Sepia, Estofita, Turijskaja masna-
ja. They belong to the precocious and ultra-ripe groups (000, 00) with a short growing season.
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5. East Asian ecological ecotype: Varieties of local breeding in China and the Far East.
They are characterized by an indeterminate type of growth, high foliage, and responsiveness to
moisture supply (Figure 1).

Figure 1. Qualitative characteristics of ecological and geographical soybean
groups at the KSRIACP hospital

The experimental scheme:

Option 1 (Control): Sowing without treatment with trace elements.

Option 2 (Pre-sowing treatment): Soaking seeds with a solution of trace elements (Mo-
0.05%, B-0.02%, Co-0.01%, Zn-0.02%) 24 hours before sowing.

Sowing is in the first decade of May; the sowing method is wide—row (row spacing 25 cm),
three-fold repetition. The calculations were carried out according to the international classifier
of the Fehr & Caviness Scale (VE-R8) [16,17,18].

Results

The analysis and evaluation of the main features of adaptivity (flowering time, bean
formation time, bean filling time, ripening time), morphophysiology (plant height, attachment
height of the lower bean, number of lateral branches), yield components (number of productive
nodes, number of beans per plant, weight of 1000 seeds, weight of seeds per plant and weight
of seeds from the plot) and seed quality (protein and fat content).

The flowering time is one of the key agronomic signs for soybeans, as it directly affects the
duration of the growing season and the adaptation of the plant to various climatic conditions.
Proper flowering time can promote better pollination and ripening of beans, which increases
yields and improves seed quality. It is important for breeders to take this trait into account when
developing new varieties so that they are adapted to specific climatic conditions, demonstrating
stable results in different growing regions [18]. A comparative analysis of the cultivation results
showed that the samples of the studied collection of varieties with pre-seed priming bloomed
faster than those without treatment, which confirms the influence of trace elements on plant
growth and development.

Pre-sowing treatment of seeds with trace elements had a significant stimulating effect on
germination and the initial phases of development (ND-v2) in all ecological groups. Molybdenum
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and zinc activated respiratory enzymes, which accelerated the emergence of seedlings by 2-3
days (Table 1).

Table 1
Duration of interphase periods in varieties of different ecological groups
(KSRIACP, on average for 2022-2024)

Ecological Experience |Sowing - Germination - | Flowering Total
group variant Germination | Flowering (V1- - Ripening | growing
(VE), days R1), days (R1-R8), season,
days days

Kazakhstan | Control 11,2 38,9 67,4 117,5
With 8,9 36,1 68,2 113,2
treatment

North Control 12,0 36,2 64,3 112,5

American With 9,4 33,9 65,1 108,4
treatment

Eastern Control 10,5 34,6 58,1 103,2

European | with 8,1 32,1 59,0 99,2
treatment

Western Control 10,8 36,8 55,2 102,8

European With 8,5 34,5 56,0 99,0
treatment

East Asia Control 12,8 45,0 72,5 130,3
With 10,1 42,8 73,1 126,0
treatment

The greatest reduction in the “Germination- Flowering” period was observed in the Kazakh
(-2.8 days) and Eastern European (-2.5 days) groups. This allowed the plants to form a powerful
layer of leaves before the onset of the summer air drought (July).

Plant height is one of the key characteristics of soybeans. The optimal height of the plant
is important for efficient harvesting; it is in the range of 95-105 cm, since plants that are too
low can complicate mechanized harvesting, leading to grain losses. At the same time, plants that
are too tall may be prone to lodging, which reduces their stability and makes harvesting more
difficult [19,20,21].

In this regard, plant breeders strive to find the optimal balance between plant height and
other important characteristics, such as lodging resistance, drought resistance, and the ability
to maintain high productivity in a variety of climatic conditions [21]. Plant height is a critically
important parameter that directly affects yield, ease of harvesting, and resistance to mechanical
stress.

Studies conducted as part of the analysis of collection samples for 2022-2024 have shown
that the lowest plant heights are observed in the ultra-ripe group of varieties, which indicates
the genetic characteristics of these samples, which are adapted to a short growing season. As
the length of the growing season increases, there is a regular increase in plant height, which is
confirmed by the growth of both average and extreme (maximum and minimum) values of this
parameter.
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As aresult of a comprehensive analysis of the soybean collection for 2022-2024, varieties
with optimal plant height indicators were identified, which combine high resistance to lodging,
good productivity, and adaptation to the conditions of the region, which makes them promising
for further use in breeding programs (Table 2).

Table 2
Changes in the morphological parameters of varieties under
the influence of trace elements

Ecological | Height of | Height of Height of | Heightof |Number |Number
group the plant | the plant attachment attachment | of lateral | of lateral

(Control), | (with of the of the branches | branches

cm treatment), | lower bean | lower (Control), | (with

cm (Control), |bean (with | pcs. treatment),
cm treatment), pcs.
cm

Kazakhstan | 88,1 97,4 (+9,3) | 14,2 17,1 (+2,9) 2,4 3,1
North 82,2 89,5 (+7,3) |13,1 154 (+2,3) 1,8 2,2
American
Eastern 66,9 74,3 (+7,4) 11,2 13,8 (+2,6) |1,5 1,9
European
Western 89,6 96,1 (+6,5) | 14,5 16,8 (+2,3) 2,1 2,5
European
East Asian | 85,4 92,0 (+6,6) | 13,8 15,9 (+2,1) 3,2 3,8

The development of the vegetative sphere (height of plants, branching) under the influ-
ence of boron and cobalt, it became more active due to increased symbiotic nitrogen fixation.

The Kazakhstan group showed the maximum growth response to trace elements: the
height of plants increased by 9.3 cm, and the height of attachment of the lower bean reached a
technologically optimal 17.1 cm.

The number of seeds per plant is an important indicator of soybean productivity and one
of the key factors determining the overall yield. This feature has a direct impact on the economic
profitability of growing a crop, since a larger number of seeds from a plant leads to an increase
in gross yield per unit area. In addition to the overall increase in yield, the number of seeds per
plant affects the quality of the final product, including seed size, protein, and oil content. More
productive plants can compensate for possible fluctuations in external factors such as drought
or stressful conditions. This feature is also important for breeding, as it allows us to develop
varieties that will be more resistant to adverse conditions and at the same time maintain a high
level of yield [22,23,24].

An analysis of the results of the phenotypic assessment based on the number of seeds per
plant revealed that the samples of the studied collection showed the highest rates with pre-seed
priming of seeds with trace elements. I would especially like to note the year 2023, when the
entire collection averaged more than 60 seeds per plant (Figure 2). Also, with pre-seed priming,

JLH. T'ymunes amviHdarsl Eypaszus yammuik yHugsepcumeminiy XABAPIBICHI. Buo/io2usinblK FblAbIMOap cepusicobl Ne3(156) 201
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series /2026
BECTHHK Espasulicko2o HayuoHa/abHo20 yHusepcumema umeru JL.H. l'ymunaesa. Cepust 6uoso2uieckue HayKu



G.K. Kabylbekova, S.V. Didorenko, Sh.Ye. Arystanova, B.U. Sharipova, N.P. Akhmetova, G.Zh. Khamitova, Z.A. Alikulov

there was strong variability depending on the year of cultivation, while without treatment, the
average values for the collection were more stable (Table 3).

Table 3
Elements of productivity and quality of soybean grain by ecological groups
Ecological Number of | Weight of Protein 0il content, Yield from
group beans per 1000 seeds, |content, % | % (Control/ the plot, g
plant, pcs. |g (Control/ | (Control/ |Priming) (Control/
(Control/ Priming) Priming) Priming)
Priming)
Kazakhstan 28,4 /341 |175,0/186,4 40,2 /42,3 19,8/19,5 165,4 / 195,2
(+18,0%)
North 26,1 /308 |182,0/190,1 |39,0/40,5 20,5/20,3 152,0 /178,0
American (+17,1%)
Eastern 21,5/256 183,3/191,5 [385/40,1 |21,0/20,8 128,5/150,3
European (+17,0%)
Western 29,1/33,5 |1753/184,2 |39,2/41,0 20,2/20,1 144,1 /168,6
European (+17,0%)
East Asian 258/299 |188,5/196,0 40,1/418 [19,2/19,0 138,2 /160,3
(+16,0%)

The weight of 1000 seeds reflects the completeness of the ripening and filling of the beans.

Although it does not always have a direct correlation with yield, with the same number of seeds
per plant, preference is given to samples with larger seeds [25]. The importance of this feature
also lies in its effect on nutritional value, since larger seeds often have a higher protein and fat
content, which makes them more in demand in the food and feed industry [26,27].

In general, in 2022-2024, samples grown with pre-sowing seed priming had higher rates
than samples without treatment (Figure 2).

Pre-sowing treatment with boron contributed to better ovary preservation (reducing
flower abortion in phases r3-r4), and molybdenum stimulated protein accumulation in seeds.

Treatment with trace elements resulted in an increase in the weight of 1,000 seeds in all
ecological groups by 7.5-11.4 g and an increase in protein content by 1.5-2.1%.
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Figure 2. Comparative yields of ecological and geographical soybean
groups during pre-sowing seed treatment

An analysis of the seeds of the 2022-2024 harvest in the Almaty region revealed high
parameters in samples grown with pre-sowing seed priming. Thus, in the first two years of the
study (2022-2023), the average protein content with pre-seed priming exceeded 40%.

The protein content in soybean seeds is one of the key agronomic features that deter-
mine the value of this plant for the food and feed industry. The high protein content makes soy
an important source of plant protein for humans and animals, which is especially important in
the context of global demand for healthy and sustainable food sources. The protein content is
associated with the commercial attractiveness of soy products, as the protein component affects
their nutritional value and market value [28]. The oil content in soybean seeds is also one of the
key qualitative, economic and technological indicators that determine the value of the crop and
the direction of its processing [29,30].

Discussion

Seed treatment with trace elements directly accelerates and stabilizes the passage of
vegetative and reproductive stages:

1. Sowing phase — Germination (VE):

- Increases germination energy and laboratory/field germination (by 3-8%).

- Seedlings appear 2-4 days earlier, forming an even and friendly stem.

2. Vegetative growth (V1-V4):

- The formation of a powerful root system and the primary formation of nodules are ac-
celerated (already by the phase of 1-2 triple leaves).

- Plants pass the critical period faster when the supply of nutrients in the seed is exhausted,
and the root system has not yet begun to fully feed from the soil.

3. Flowering and bean formation (R1-R4):

- Due to boron and molybdenum, the shedding of buds and ovaries is reduced.

The active flowering phase is more intense and coordinated.

4. Maturation (R7-R8):

- The grain filling process is carried out evenly. Depending on the composition of micro-fer-
tilizers (for example, with a high content of boron and zinc), the growing season can be shortened
by 3-6 days, which is critically important for the northern regions of soybean cultivation.
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Pre-sowing treatment with trace elements builds productivity potential at the germination
stage (Table 4).

Table 4
Impact on structural elements and overall yield
Elemental structure | Effect of the use of trace elements
yield
Parking lot The survival rate of plants for harvesting increases by 5-10%.

Number of beans per | Itincreases by 12-25% due to a decrease in abortivity of the
plant ovaries.

Weight of 1000 seeds | It increases by 4-8% due to a more active outflow of assimilates.

Product Quality The protein content in seeds increases by 1.0-2.5%, and the oil
content increases by 0.5-1.2%.

The use of complex micro fertilizers (especially combinations of Mo+B+Co) for seed
treatment ensures stable yield growth in the range of 2.0-5.5 kg/ha (10-20% of the control,
depending on the initial availability of soil).

Two—factor analysis of variance showed that the contribution of the “Genotype (Ecolog-
ical group)” factor to the variation in yield was 54.2%, and the “Pre-sowing treatment” factor
was 32.8% at p<0.001.

The high responsiveness of the varieties in the Kazakh group (Zhansaya, Ivushka) and the
North American group (Dawson, Supra) was revealed. They demonstrated the greatest increases
in the number of beans and the weight of seeds per plant, which is explained by the better synergy
of trace elements with local conditions of insolation and agricultural technology.

Practical recommendations for use compatibility with inoculants. Molybdenum and
cobalt are synergistic with bacterial preparations (Bradyrhizobium). However, tank mixtures
should be prepared immediately before sowing, or specialized forms of micro-fertilizers should
be used that are pH-neutral so as not to inactivate live bacterial strains. Follow the regulations
for use — excess trace elements (especially boron and copper) on seeds can cause toxicity and
delay germination. Microelements are successfully combined with fungicidal and insecticidal
seed protectants.

Conclusion

In the course of the analysis, the interrelation of the main features of adaptivity, morpho-
physiology, components of yield and quality of soybean seeds with pre-sowing seed priming
was evaluated. Promising varieties and lines for breeding in the southeastern and northern
regions have been identified. Significant negative correlations were observed between yield
characteristics and seed quality, which emphasized the need for careful selection of varieties in
order to achieve a balance between quantity and quality of harvest. These results underline the
importance of breeding work aimed at creating varieties adapted to specific climatic conditions
and having high potential both in terms of yield and quality characteristics of seeds.

Thus, the study of the qualitative composition of soybean varieties of 5 ecological and
geographical groups showed differences in the dynamics of development: the shortest growing
season is typical for the Western European and Eastern European groups (99-103 days), the
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longest — for the East Asian group (126-130 days).

Pre-sowing treatment with trace elements (Mo, B, Co, Zn) optimizes the rate of ontogenesis:
it accelerates the appearance of seedlings by 2-3 days and shortens the period before flowering
by 2.2-2.8 days.

Under the influence of trace elements, the varieties of the Kazakh group showed a max-
imum increase in plant height (+9.3 cm) and the height of attachment of the lower bean (+2.9
cm), which increases their suitability for mechanized harvesting.

Treatment with trace elements ensures a steady increase in grain productivity by 16.0-18.0%
due to an increase in the mass of 1000 seeds and the lacustrine content, as well as an increase
in the protein content of grain by 1.5-2.1%.

Kazakh (Zhansaya, Ivushka) and North American (Dawson, Supra) ecotypes are the most
adaptive and responsive to pre-sowing microelement treatment in the foothill zone of south-
eastern Kazakhstan (KSRIACP).

These results are characterized by high scientific novelty, as the soybean collection was
simultaneously studied for the first time in the field with pre-seed priming, with the ultimate
goal of studying patterns of increasing soybean yields.
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MuKpo3jieMeHTTepMEH celOy a/l1bIHAAFbl OHJEY Ke3iHAe 9PTYPJIi IKOIOTHUSIJIBIK,
TONTapPAbIH, COSl COPTTAPbIHBIH, CallaJIBIK, KypaMbl MeH AaMy JUHAMMUKACHI

Ka6bi16exoBa LK. *, ingopenko C.B.%, Apbicranoga IILE.3, [llapunosa B.Y.%,
AxmeTosa H.I1.°, XamuTtoBa I)K.%, Aiukysos 3.A.7

T 96inkac CarbiHo6 ambiHOaFsl KaparaHdbl mexHUKa/bIK yHUBepcumemi,
Kaparanowl, KazakcmaH
137 JL.H. Tymusnee amviHdarsl Eypasus yammeulk yHugepcumemi, AcmaHa, Kasakcmat
‘«Kasak e2iHWinik dHcaHe 6CiMOIK WaAPyaWbIAbIFbL FolablMU-3epmmey uHcmumymoi» XKIIC,
Aamamul, Kazakcmau
456111, Yanuxanoe amviHdarbl Kexwemay yHusepcumemi, Kexwemay, Kazakcmat

AHjgaTna. MakKasiaia CoHbIH 9PTYPJIi 3KOJOTUSIBIK TONTapbIHbIH (Glycine max (L.) Merrill)
COpPTTapbIHBIH CcaNaJjblK KypaMbl MeH JJaMyblHa MUKPO3JIEMEHTTEP/IiH dCepiH 3epTTey O0MbIHIIA
HOTHKeJlepi KeaTipisireH. JKyMBICTBIH MaKcaThl TYKbIM Ce0y a/libIHAAFb] OHJeY Ke3iHze apTypi
MHUKpO3JIeMeHTTep/liH, TUIMIiiriH 6aFasay 60J1bl. Toxkipubenep 2022-2024 xbingapbl «Kasak,
eriHLIIIK k9He eciM/IiK LIapyallbLIbIFbI FBLIBIMU-3epTTey UHCTUTYThI» 2KIIC, 1oHAi-0ypLIaKThI
Jakblagap 6esiMiniy (KasEOF3H, AnMaThl 06/1bICkl) ToxipUbelik yuackesiepiH/ie alllblK KallTaH,
ca3/ibl, CHpeK KyM/bl Ca3/ibl TONbIpAKTap/Aa *KYpri3iiji. 3epTTeyae TeH4eCTipiireH KelleHAep/iH,
MHUKpO3JIeMeHTTepi KoAaHbLIAbl (Mo+»B»+»Zn»+»Co»). MUKpo3asieMeHTTepAi KO1JaHy
JlasiaJiblK eHTIIITiKKe, pu3noiorusara, GeHOJIOTHsFa )KoHe aCThIK CallaCblHbIH KOpCeTKillTepiHe
OH,dcep eTKeHi aHbIKTa1bl. Ka3aKCcTaHHbBIH OHTYCTIiK-LIBIFbICBIHAAFBI Ty 66KTEpiHAeri alMak,
(Ka3EOT3H) xkaFmaiibiH/a eric anAblHAaFbl MUKPO3JIEMEHTTepP/i 6HAeyre 6apbiHiIa 6eliM/ieireH
YK9He »kayan 6epeTiH KasakcTaHAbIK (HKaHcas, UByiuka) »xoHe CoanTycTik AMepuka (Dawson,
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G.K. Kabylbekova, S.V. Didorenko, Sh.Ye. Arystanova, B.U. Sharipova, N.P. Akhmetova, G.Zh. Khamitova, Z.A. Alikulov

Supra) akoTunTepiHiH copTTaphl 60JbIN TabblIaAbl. MUKPO3JIEMEHTTEPMEH 6H/EY aCThIK,
eHiMziiriniH 1000 TYKbIM MaccacbiH K9He eHIM/1IIriH yirauTy ecebineH 16,0-18,0% TypaKThl
6CyiH KaMTaMachlI3 eTe/li, COHJail-aK acThbIK aKybI3blH 1,5-2,1% - Fa apTTbhipaabl. Ocbli1aiiia,
MMUKPO3JIEMEHTTEPAI ery ajaJblHAaFrbl 6HJEY *KOFapbl TUIMIIKTI KOPCETTI »KaHe cos 8CIpyAiH
VMHTerpalysjaHFaH 3K0JIOTUSAIBIK Ta3a TEXHOJIOTUsJIAPhI YIIiH YChIHbIIYbl MYMKIH.

Ty#HiH ce3aep: coss, MUKPO3JeMeHTTeD, TYKbIM CeOy alblHAaFbl 6HJeY, PeHOJIOTUs,
OHY, I'YJIJeHY, OHIMA1JIIK

KavyecTBeHHbI! COCTAaB ¥ AMHAMMKA Pa3BUTHS COPTOB COU pPa3/IMYHbBIX
3K0JIOTMYeCKHUX rpynn Npy NnpeanoceBHONM 06padb0oTKe MUKPO3JIeMEHTaMHU

Ka6ni16exosa IK.**, lugopenko C.B.%, Apsicranosa IILE.3, lllapunosa B.Y.%,
Axmetosa H.IL.°, XamurtoBa [K.%, Anukysos 3.A.7

'KapazanduHckull mexHu4eckuli yHugepcumem umeHu Abwlikaca CazuHosa,
Kapaezanda, Kazaxcmau
137 HAO «Eepa3sulickulli HayuoHa/bHbIl yHugepcumem um. JL.H. ['ymuaesa»,
Acmana, Kazaxcman
2TOO «Kazaxckuli Hay4Ho-uccsiedogsameabCckull UHcmumym 3emaedenust
u pacmeHuegodcmasa», Aamamol, Kazaxcmau
“55Kokwemayckutl ynugepcumem umeru Ill. Yaauxarnosa, Kokwemay, KazaxcmaH

AHHOTanus. B cTaThbe npeAcTaB/ieHbl Pe3Y/IbTaThl UCCAEJ0BAHMUM 10 U3YUEHHUIO BAUSHUS
MHKpPO3JIEMEHTOB Ha Ka4eCTBEHHBIM COCTaB U pa3BUTHUE COPTOB PAa3HbIX 3KOJIOTHYECKHUX
rpynn cou (Glycine max (L.) Merrill). Llenb paboTsl 3akJitoyasiach B oLieHKe 3P PEeKTUBHOCTU
pasJIMYHbIX MUKPOO3JIEMEHTOB NPH MPEANOCEBHON 06paboOTKe ceMsIH. JKCIIEPUMEHThI
npoBoAuIKCh B 2022-2024 IT. Ha ONBITHBIX yYacTKaX OTAeJia 3epHO06060BbIX KyabTyp KasHUN
3emuenenusa u PacrenueBogcrBa (KasHUWU3uP, AnmaTrHCckas 06J1acTh) B YCI0BUSX CBETJIO-
KallTaHOBBIX, CYTJIMHUCTBIX, pEXKe CylecyaHbIX MOYB. B Mccieq0BaHUU UCNIOJIb30BATHCh
MUKpPO3JIEMEHThI 6aJlaHCUPOBAaHHbIX KOMILJIEKCOB (Mo+»B»+»Zn»+»Co»). YCTaHOBJIEHO, YTO
IpUMeHeHVe MUKPO03JIeMEHTOB 0Ka3bIBaJIO N0JIOXKUTEIbHOE BJIUSHUE Ha M0JIEBYI0 BCXOXKECTb,
dusuosioruto, GeHOJIOTUIO U MOKa3aTeJM KadyecTBa 3epHa. HauboJsiee aflanTUBHBIMU U
OT3bIBUMBBIMH Ha MPEJIIOCEBHYI0O MUKPO3JIEMEHTHYIO 06paboTKy B YCJI0BUSX NPEATrOpHOU
30HbI Oro-Boctoka Kasaxcrana (KasHUU3uP) aBastoTca copta Kazaxcranckoro (PKaHcas,
Heywka) u CeBepoaMmepukaHckoro (Dawson, Supra) skotunoB. 06paboTka MUKpPO3JIEMEHTAMU
obecrneyrBaeT yCTOWYMBBIM POCT 3epHOBOM NpoAyKTUBHOCTH Ha 16,0-18,0% 3a cyeT yBeMyeHuUs
Maccbl 1000 ceMsiH 1 03epHEHHOCTH, a TaK»Ke MOBbILIAET 6eJIKOBOCTh 3epHa Ha 1,5-2,1%. Takum
o6pa3oM, npejinoceBHasi 06paboTka MUKpO3JieMeHTaMH1 IT0Ka3aJia BbICOKYI0 3G PEeKTUBHOCTD U
MOKeT ObITh pEKOMEH/J0BaHa /J1si MHTETPUPOBAaHHbIX 9KOJIOTMYECKH 6e30MacHbIX TEXHOJOTUH
BO3/leJIbIBAaHUS COHU.

KilroueBble c/10Ba: cosl, MUKPO3JIEMEHTHI, Ipe/inioceBHast 00paboTKa ceMsiH, peHOJIOTHS,
BCXOXKeCTbh, [JBETEHHE, YPOXKAHHOCTh

ABTOpJIap TypaJibl M3JIiMeT:

Ka6b116ekoBa l'ayxap KaibIpkeHKBI3bI — XxaT-xabap aBTopbl, «JI. H. ['yMuieB aTbIH/jaFbl
Eypasus yatTeiK yHUBepcuTeTi» KEAK fokTopaHThl, 96iiKac CaFblHOB aThIHAAFbl KaparaHzbl
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Hay4Had ctaTbda

Icuxosiornyeckue pecypcbl 1 GpaKTOpbl pUCKA aJanTalui K BOEHHOM
CJIyK6e Y BOEHHOCIY>KAIUX C Pa3/IMYHbIM CPOKOM CJIYKOGbI M Y4aIUXCS
BBINYCKHBIX KJIACCOB

PK. TataeBa** (¥, ILb. C1amxanoBa** ), JK.K. Kopikyn3(®,
A.C. Koitibi6an®*

! Eepasuiickuil HayuoHaabHuill yHueepcumem um. JLH. ['ymunesa, Acmana, Kazaxcman,

2 Egpasutickuil HayuoHabHbLil yHusepcumem um. JLH. T'ymuneea, Acmawna, Kazaxcman,

3 Pecny6.aukaHckoe zocyoapcmeenHoe yupedscderue «Bolickosas vacmo 31775»
Munucmepcmea o6opoHbl Pecnybauku Kazaxcmau

* Egpasutickuil HayuoHabHbLil yHusepcumem um. J1.H. T'ymuneea, Acmana, Kazaxcman,

E-mail: *'rktastana23@mail.ru,**gaayhaars12@mail.ru, *jkarykul0@gmail.com,
*satanaizhan0904@gmail.com

AHHOTauMA: AjjanTanys K BOEHHOU ciy:x0e npe/cTaBseT co60U
CJIOXKHBIH MpoLecc, TpeOYyIUKA MOOUIM3aL MK TUYHOCTHBIX PECYPCOB
Y CIIOCOGHOCTH CIPABJISATHCS C IMOLIMOHA/TbHBIM U CTPECCOBBIM Hampsi-
»keHUeM. llesiblo HacTOALLEro UCCAeJOBaHUS SIBJISIETCS BbISIBJIEHHE
IICUXOJIOTUYECKUX PEeCYPCOB U OTEHMaTbHBIX GaKTOPOB pHUCKa afall-
TalMU y4allencs MOJIoJeXH K BOeHHOM ciyx6e. O1leHUBaIMCh oKa3a-
TeJIM HebsiaronpusiTHOTo AeTckoro onbiTa (ACE-10), )KU3HECTOMKOCTH
(PVS III-R), amonpuonanbHoro cocrosiHus (DASS-21), TpaBMaTHU4€CKOTO
CTpecca, aJal TalMOHHOTO NOTeHMajla U 0COOEHHOCTEN MEXKIUYHOCT-
HOT'O B3aMMOJ,eUCTBUS Y BOEHHOC/IYKalLUX CPOYHOU CJyKObl. Bbico-
KHU YPOBEHb BOBJIEUEHHOCTHU OTMedasica y 69,6% BOeHHOCAYKalux
CO CPOKOM BOWHCKOM CJAYX6bl NMATh MecsAleB Uy 63,6% - co cpokoM
cayx06b1 12 mecsueB. [lokazaTesid BBICOKOTO YPOBHSI KOHTPOJIS, KaK U
IIPUHATHUSA PUCKA, B 3TUX PyIIax COBNAJU U cocTaBuIu — 60,9% u
63,6% cOOTBETCTBEHHO.

Bbicokuil ypoBeHb 001 el )KU3HECTOUKOCTHU BBISIBJIEH Y
13,0% BoeHHOCyKallUX B IePUOJ, CJYKObI AT MecsAneB U 22,7% y
NPOCTYKUBUIUX FO/J], TPY 3TOM B 06€UX IpyInax npeobJsazas cpeJHUN
YPOBEHb 00111e }KU3HECTOMKOCTU. HU3Ku ypoBeHb HEGIArONPUSATHOTO
JIeTCKOT'0 OTbITA BbIsABJIEH Y 95,7% BOEHHOC/TYKaLUX CO CDOKOM CJTYKOBbI
NATh MECSILEB U Y BCEX UCCIelyeMbIX CO CPDOKOM CIY»KObI 12 MecsiLieB.

Y yyamuxcs BbIIYCKHBIX KJIaCCOB NPU Npeo61a/laHUu CpeJHETO
YPOBHS *XU3HECTOUKOCTHU (61,5%), BBICOKUN YPOBEHbD JleNPeCCUU
BbIsiBJIeH V 43,5%, TpeBoXHOCTH — y 39,1%, cTpecca — y 13,0%.
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[Ipu 3TOM CpeHUI YPOBEHB CTpecca 0OTMedeH Y 69,6% onpolieHHbIX.
[TosyyeHHbIe pe3ybTaThl 060CHOBBIBAIOT HEO6XOAUMOCTb PAHHETO
MCUXO0JIOTUYECKOTO CKPUHUHTA U PAa3BUTHS CTPECCOYCTONUYUBOCTH,
3MOLMOHAJILHOM CaMOperysiliuy U JPYTrUX a/lalTallMOHHbIX PECYPCOB
Ha 3Tare JONPU3bIBHOU MOATOTOBKU MOJIOJEXU.

KioueBble c10Ba: cpouHasi BOeHHas C1y»0a, 2)KU3HECTOHUKOCTb,
TPEBOXXHOCTb, CTPECC, HEOJIATONPUSATHbBIN JeTCKUU ONBIT, PaKTOPhI
PHCKa, J0NPU3bIBHAS MOJIO/E€¥Kb.

BBeaenue

BoeHHas ciyx6a npejcTaB/iseT c060M 0COOYI0 COLUATBbHYIO CPEAY, XapaKTEePU3YIOLIYIOCS
BbICOKUM YPOBHEM perjaMeHTalM{, CTPOrol uepapXxuieckoil CTpyKTypoH, HE0O6X0AMMOCTbIO
COOJIIO/IeHMA YCTAHOBJIEHHBIX HOPM U alallTallMU K HOBBIM YCJIOBUAM XU3HeesaATeJbHOCTH.
JlJ1s1 BOEHHOCJIy>KallluUX CPOYHOM CJ1yKObI JaHHBIM epUOJ, COIPOBOX/AEeTCS CMEHOU NPUBBIY-
HOU collMa/IbHOM Cpe/ibl, U3MeHeHHeM 00pa3a >KU3HU 1 BKJIIOYEHHEM B HOBBIH KOJIJIEKTUB, YTO
TpebyeT 3HaUYUTeJIbHBIX ICUX0JIOTMYECKUX PECYPCOB U CIOCOOHOCTHU 3G PEKTUBHO CIIPABIATHCS
CO CTPecCOBBIMU BO3zelcTBUAMM [1, 2]. KpoMe Toro, ciy>x6a B apMUH, KakK IPaBUJIo, CONpPO-
BOXJaeTcsl 60/1b1I0M GU3NYeCcKod Harpy3koil. HeocTaTOYHOCTb aZla TALlMOHHBIX PECYPCOB
MOXXeT NPUBOAUTD K 3MOLIMOHAJIbHOMY He0/1IaronoJy4uIo, TPYAHOCTAM MeXJIUYHOCTHOTO
B3aMMO/eMCTBHUA U pa3/IMYHbIM NPOSABJEHUAM IICUX0JIOTUYECKOH Ae3ajanTanui [3].

HecMoTps Ha coBeplIeHCTBOBAHHE CHUCTEMbI MOPA/IbHO-IICUX0JI0IMYeCKOro 0becreyeHus],
B BOEHHOMU cpe/ie NpoJoJKaloT GUKCUPOBATHCS CIy4Yau IICUX0J0TUYECKOH le3a/jallTalluy U ay-
ToarpeccuBHoro nosejenus. [lo fanHbIM ['eHepabHOM IpoKypaTyphl Pecniy6mku Kasaxcras,
€ 2020 roza B Boopy»XeHHbIX CHJIax 3aperuCTPUPOBaHO 89 ciydyaeB CyUIUabHOTO [TOBeeHUS
CO CMepTeJIbHbIM MCXO0Z,0M, IPU 3TOM exerofHo ¢ukcupyetcs oT 10 g0 20 nofo6HBIX c/lydyaeB
[4]. 3HauMTe/IbHASA YaCTh TAKUX NPOUCILECTBUM IPUXOAUTCS HA BOEHHOC/TYXKALUX 110 KOHTPaK-
TY, OZJZHAKO OT/leJIbHbl€e CJlydau PeruCTPUPYIOTCA U CPeIM BOEHHOCIYKalllUX CPOYHOM CJIY>KOBI.
B 6osIbLIMHCTBE CUTYal Ui IPUYHWHBI IPOU301IEIIEero OCTAOTCA HeyCTAHOBJIEHHBIMHU, YTO
yKa3blBaeT Ha HE0OXOAMMOCTD Ja/IbHENIIEro U3y4eHHUs ICUX0JIOTHYeCKUX paKTOPOB pUCKa
Y 3allUTHBIX PECYpPCOB JIMYHOCTH. 3apybeKHble UCCIe,0BAaHUs IOKA3bIBAIOT, YTO PUCK Ay TO-
arpecCMBHOTO N0OBeJleHUS Yy BOEHHOC/IY>KalllUX CBA3aH KaK C MHAWBUAYAJIbHBIMUA QpaKTOpaMHU
ys1I3BUMOCTH, CGOPMUPOBABIINMHUCSA 10 IPU3BIBA, TAK U C BO3MOXXHOCTSAMM LieJIeHaNpaBJIeHHOT 0
YKpeIlJleHusl afjallTallMOHHBIX pecypcoB [5, 6]. CoxpaHsAw1asacs 4yacToTa NOA0OHBIX C1yyaeB
CBU/IeTeJIbCTBYET O HE0OOXOMMOCTH U3yY€eHHsI He TOJIbKO BHEIIHUX YCJI0BUK BOEHHOU CI1yXO0Bbl,
HO Y MH/AUBU/Iya/IbHO-IICUX0JOTUYECKUX GPaKTOPOB, ONpee/a0IUX YCIeIHOCTb aJjlanTaluu
BOEHHOCJIy>KalllUX K BOeHHOH cpefie [7, 8].

OZHUM U3 3HAaYMMBbIX HallpaBJIeHUH U3y4YeHHUS IICUX0JIOTMYeCKOH aZjallTalluy ABJISETCS
aHaJIU3 3MOLIMOHAJIbHOI'O COCTOAHUSA IMYHOCTH. [lenpeccus, TPeBOXKHOCTb U CTPeCC OTPAXKaIT
pasJiMyHble CTOPOHBI SMOLIMOHAJbHOTO GYHKIIMOHUPOBAHHUA U MO3BOJIAIOT OLeHUTb CTeNleHb
IICUXO0JIOTUYECKOT 0 HaNPSXKeHHUS B YCIOBUAX NpeAbsABJsAeMbIX Tpe60BaHUM. [loBbIlIeHHAsA
TPEBOXXHOCTb MOXeT CONPOBOXKAAThC BHYTPEHHUM HaINps>KeHUeM U OLlyllleHueM HeollpeJe-
JIEHHOCTH, JlellpeCcCUBHbIe NIPOSBJIEHNUS — CHMW)KEHHEeM MOTHUBALlMK U 3MOLIMOHAJIbHOTO (OHa,
TOI/la KaK CTPecC OTpa)kaeT BbIPaXKeHHOCTb IICUX0(PU3MO0JI0TMYECKOT0 HaNlPS>)KeHUsl B OTBET Ha
BO3elcTBUe BHelIHUX pakTopoB [9, 10, 11]. Yka3aHHble XapaKTepUCTUKHU UMEIOT 3HaYeHUe
He TOJIBKO /IJI1 BOEHHOCJIYKallMX, HO U /IS MOJIOAEXH JONPU3BIBHOIO BO3PACTa, NOCKOJIBKY
IepuoJi OKOHYAHHMA LIKOJIbI CBSA3aH C BBICOKOM Y4eOHOM Harpy3koM, Npo¢dpeCcCUOHaJIbHBIM Ca-
Moomnpe/ie/leHueM U He00X0MMOCThI0 alalTalliu K HOBBIM COLMAJIbHbIM yca0BUAM [12, 13].
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Hapsazay c sMonmoHa/IbHBIM COCTOSIHUEM BaXKHYI0 pOJIb B aZlallTAllMU UTPAIOT IMYHOCTHBIE
pecypcbl. OHUM U3 Haubo0J1ee U3yYEeHHBIX ICUX0JI0TUYECKUX PECYPCOB SIBJSETCA KU3HECTOM-
KocTb. CorsiacHO KoHLenuuu S. Maddi, oHa BK/ItoUaeT BOBJIEUEHHOCTb, KOHTPOJIb U IPUHATHE
pucKa, o6ecrnedrBasi ClIOCOOGHOCTb IMYHOCTH COXPAHATh YCTOMYMBOCTb U aKTUBHO JIeCTBOBATh
B YCJIOBHSIX HEONIpeJleJIEeHHOCTHU U cTpecca [14]. [[puMeHHTeIbHO K BOEHHOU Cpejie aBTOPOM
KOHILIENIMHU OT/eJIbHO PACCMaTPUBAJIUCh BO3MOXKHOCTH OLIEHKH U 1eJIeHapaBJeHHOTI'0 Pa3BUTHUS
YKU3HeCTOUKOCTH [15]. BbIcOKUH ypOBEHb )KU3HECTOMKOCTH CIIOCOOCTBYET 60oJiee 3P PEeKTUBHO-
My IPe0/0JIEHUIO0 TPYAHOCTEH, CHUYKEHUIO HETATUBHOTO BO3/1€HCTBUS CTPECCOBBIX PAaKTOPOB U
COXpaHEeHMIO ICUX0JI0TUYeCcKOoro bJaronoydus. UccieoBaHUA NOKAa3bIBAIOT, YTO KU3HECTOM-
KOCTb CBfI3aHa C yCNEIHOCThI0 a/lanTallii, SMOLUOHAJbHON YCTOMYMBOCTbIO U CIOCOOHOCThIO
JIMYHOCTHU 3¢ PeKTUBHO QYHKLIMOHUPOBATH B YCIOBUSX NOBbIILIEHHBIX TpeboBaHui [16, 17-19].

BMecTe c TeM ncuxoJioruyeckas afanTalus K BOEHHOU ciyx6e He 00513aTeJIbHO NpeJ-
CTaBJIsIET COOOM JIMHEUHBIN POLECC, IPH KOTOPOM yYBeJIUYEHUE MPOAOKUTENbHOCTH CIYKOBI
aBTOMAaTU4eCKH IPUBOJUT K [10CJIe10BATEIbHOMY NOBBILIEHUIO ICUX0JI0TUYECKON YCTOUYHUBOCTH.
Ha pa3HbIx 3Tanax cay»0bl BOEHHOCIYKallMK CTAaJIKUBAETCS C pa3/IMYHbIMU TPEOOBAHUSMU: OT
IEPBUYHOT0 OCBOEHUS PeXHMMa U HOPM BOEHHOM Cpe/ibl 10 HAKOIIJIEeHUs ONIbITa B3aUMOJENCTBUSA
C KOJIJIEKTUBOM, BBIIIOJIHEHHS CIY>KEOHbIX 00513aHHOCTEN Y CAMOCTOSITEJIbHOTO IIPE0/I0JIEHUS
BO3HUKAKIIUX TPYTHOCTEN. B CBSI3U € 3TUM COOTHOLIEHHE JTUUHOCTHBIX PECYPCOB U IMOILIMO-
HaJIbHOT'O HAMPSHKEHUS MOXKET U3MeHSAThCsl HepaBHOMepHO [20, 21].

Oco6b1il UHTEpeC Npe/CTaB/IsIeT CPABHEHUE NICUXOJ0TMYECKOT0 CTaTyca BOEHHOCTYKa-
IIMX, HAXOAAIMXCS Ha Pa3JIMYHbIX 3Tallax CPOUHOM cyK6bl. Takoe conocTaB/ieHHE TO3BOJISIET
OnpeseuTb, CONPOBOXKAAETCS JIK YBEJUYEHHUE NPOL0KUTETbHOCTH CTYKObI CylleCTBEHHBIMU
M3MeHEeHHUSIMU IICUX0JIOTUYeCKUX XapaKTePUCTHK JIMO0 OCHOBHbIE 0COOEHHOCTH aJjalTal{MOH-
HOT'0 MPOQuJIsi COXPAHSIOTCS OTHOCUTENbHO CTAOUIbHBIMU. [Ipy 3TOM BbIsIBJIEHHE HEOOBLINX
pas3JIMuMUM TaKKe UMeeT 3Ha4eHUe, IOCKOJIbKY MOXKET CBHU/IeTe/IbCTBOBATh O TOM, YTO afanTanusa
CBSI3aHa He CTOJIbKO C 00IIMM yBeJIM4eHUEM YPOBHS ICUXOJI0TUYECKON YCTOMYMBOCTH, CKOJIBKO
C U3MEHEeHUEM OT/ie/IbHbIX €6 KOMIIOHEHTOB U CIIOCOO0B pearvpoBaHusl Ha CTpecc.

YcrewHOCTh alanTalluy ONpeJesisieTcsl He TOJIbKO aKTyaJbHbIMU YCJIOBUSIMU CYKObI, HO
u pakTopamMu, cOPpMUPOBABUIMMHCS 3340JT0 A0 Npu3biBa. OJHUM U3 NOTEHIMAJIbHO 3HAYU-
MbIX GAKTOPOB pUCKA SABJISIETCS HeOJIArONPUATHBIN e TCKUU OMNbIT, BKJIOYAIOLUN pa3/INuHble
dopMbl Hacuus, peHebpexxeHre NOTPEOHOCTSAMU pebeHKa, ceMeiiHble KOHQJIUKTBI U pyrue
cTpeccoBble coObITHS. COrJIaCHO COBpEMEHHBIM UCC/Ie0BAHUSIM, HAKOTJIEHHE HEO/IarONPUSATHOTO
ONbITA JAETCTBA CBSI3aHO C MOBBIIIEHHBIM PUCKOM 3MOIIMOHAbHbIX HAPYILIEHUN, CTPECCOBBIX
peakUi U CHMXKEHHEM a/lallTalluOHHBIX PeCYypPCOB JIMYHOCTHU [22, 23]. OTae/ibHble pabOThI
YKa3bIBaIOT Ha TO, YTO PACIPOCTPAaHEHHOCTb HEOIArONPUATHOIO AEeTCKOTO OMNbITa CPeAy JIUL]
C OIIBITOM BOEHHOU CJY>KObl MOXKET OTJIMYATHCS OT OOILENONYAAIMOHHOM, YTO JeJ1aeT JaH-
HbIM PpaKTOp 0CO6EHHO 3HAUUMbIM UMEHHO /1J1s1 BOEHHOT'0 KOHTHUHTeHTa [24]. B cBs3U ¢ aTUM
M3y4yeHUe JaHHOTo paKTopa N03BOJIIET YUUThIBATh HE TOJIBKO HENOCPECTBEHHOE BJIUSHUE
BOEHHOM Cpe/ibl, HO U MHAUBU/YaJbHbIH [ICUX0J0TMYeCKUN POH, C KOTOPBIM MOJIOJI0M YeT0BeK
BCTYIAeT B IEPUOJ, CJIYKOBbI.

He MeHee BaxkHY10 poJib B aJlaliTaljy UTPAET COLUA/IbHO-IICUX0JI0TUYecKasi Cpe/ia BOMH-
CKOI'0 KOJIJIEKTUBA. XapaKTep MeXJIUUHOCTHBIX OTHOILEHUH, yPOBEHDb COLIMAIbHOM MO EPXKKHY,
CTeleHb BKJIKYEHHOCTH B IPYINY U TOTOBHOCTb K B3aUMO/IeICTBHIO MOT'YT OKa3bIBaTh BJAUSHUE
Ha 3MOLIMOHAJIbHOE COCTOSIHME U a/jallTallMOHHbIe BO3MOXXHOCTU BOeHHOCayXauero. [loaaepxu-
BaOLMe OTHOLIEHUS C COCAY>KHUBIAMHU CIOCOOCTBYIOT CHU?KEHH IO IMOLIMOHA/IbHOI'0 HAalPSXKeHUs
¥ pOPMUPOBAHHUIO YYBCTBA 6€30MIaCHOCTH, TOI/Ia KaK COLMaIbHasA N30/ U KOHPJIMKTHbIE
B3aUMMO/,eMCTBUSA MOTYT BbICTYNATh JJONOJHUTENbHBIMU CTPECCOTEHHBIMU paKTOpaMHu [25,
26]. B cBAI3U € 3TUM OpHUeHTal Mg Ha B3aUMOJEeNCTBHUE MOXKET pacCMaTPUBATbCA KaK OJUH U3
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NoKasaTeJiel COLMaIbHO-IICUXO0JI0TUYECKOW ajallTallii BOEHHOCIYKalllero.

Oco60e npakTHUYeCcKoe 3HaYeHUe UMeeT U3yYeHHe NICUX0J0TUYECKUX XapaKTEPUCTHUK
MOJIOZIEXH ellle 10 HauaJsla BOEHHOU CIy»KObl. Yualuecs: BbIMYCKHbIX KJIaCCOB HaXOAATCS Ha
JTamne, NpeAUIeCTBYIOIEM BO3MOKHOMY IIPU3bIBY, U OAHOBPEMEHHO CTAJIKUBAKOTCA C PALOM
3HAYMMBbIX [ICUXOJ0TUYECKUX HAarpy30K, CBS3aHHbBIX C y4€OHOU AeaTeJIbHOCThIO, 3K3aMeHaMU,
npodeccruoHaJbHbIM CAMOOIpe/ie/IeHHeM U HeoNpe/ieJIEHHOCThIO Jla/IbHENILEr0 )KU3HEHHOT0
nyTtu [13, 27]. [Ipu 3TOM popMHUpPOBaHHE TOTOBHOCTHU JIONPHU3BIBHON MOJIOAEKHU K CIyKOe pac-
CMaTpHBaeTCs KaK caMOCTOsITe/IbHas 3aZjada ICUX0JI0r0-NeJJarOTMYeCcKOT0 COMIPOBOX/eHUS
[28]. [loaTOMY BhISIBJIEHUE Y HUX XapaKTEPUCTUK, KOTOPbIe MOTEHI[UAJbHO CBSI3aHbI C OCJIe-
AYOUIMMU TPYAHOCTSIMU afalTalluy, MOXKET UMETb NPOPUIAKTUIECKOE 3HAUEHHUE.

MaTepuaabl 1 METOABI

B ucciefoBaHuy NpUHAIM yyacTre 98 pecioHeHTOB, pa3/ie/IEHHbIX Ha TPU CPYIIIHI.
[lepBy1o rpyIny cocTaBUJIN BOEHHOCIYXallllie CPOUHOM C1y>K6bl BOMHCKOM YyacTu Ne31775 Ka-
paraH/JMHCKOM 06J1aCcTH, IPOXOsiIHe CAyKOy B TeueHUe NSITH MecsleB (n=33). Bropyo rpynmny
COCTaBUJIK BOEHHOCJ/Iy>Kallre TOM Ke 4aCTH CO CPOKOM BOUHCKOM cy0bl 12 MecaueB(n=27).
TpeThio rpynmny cocTaBUJIU y4alllyMecs BbIMYCKHBIX KJIAaCCOB 00111e06pa30BaTe/IbHbIX IIKOJI T.
Actanbl (n=38). Bo3pacT y4acTHHUKOB HCCIeJOBAaHUSI COCTaBUJ OT 16 70 20 JieT.

Jl151 oLjeHKU He6JIaronpUsTHOTO AeTCKOTr0 OMNbITa UCI0JIb30BaJICs ONPOCHUK Adverse
Childhood Experiences (ACE-10) [29, 30], no3Bo/isit0LU# BbIIBUTb HAJIMYKeE TPaBMaTUYECKHUX
COOBITUN U HEGIArONPUATHBIX YCJI0BUN B IETCKOM BO3pacTe. YPOBEHb XXKU3HECTOMKOCTH ompe-
JleJIs1JICsl C IOMOIbIO TecTa XXU3HecToukocTU Personal Views Survey (PVS III-R) [31] B aganTa-
uuu /I.A. JleoutbeBa v E.W. Paccka3oBoW, BK/IIOYAKOLIETO LKaJIbl BOBJIEYEHHOCTH, KOHTPOJIS U
NPUHATUA pUCcKa. [lokazaTes M ICUX03IMOLMOHAIBHOTO COCTOSIHUSA OLeHUBAJIUCh C UCII0JIb30Ba-
HUEM LIKaJbl Aenpeccui, TpeBoru U crpecca DASS-21 [32, 33]. [l u3y4yeHHs BIPa>KEHHOCTHU
CHMIITOMOB TPaBMaTU4YECKOT0 cTpecca npuMeHsica ONPpOCHUK TpaBMaTHUYECKOI'0 CTpecca
(OTC) [34]. OueHka alanTaliMOHHOTO MOTEHI[UaJIa JUYHOCTHU MPOBOAUIACH C UCIIOJIb30BAHUEM
MHOTOYPOBHEBOTO JIMYHOCTHOTO ONPOCHUKA «AfanTuBHOCTb» (MJIO-AM) [35]. OcobeHHOCTH
MEXKJIMYHOCTHbBIX OTHOLIEHUH U MIOJIOXKEHUS JIMYHOCTH B rpyIine U3y4aaruch NOoCpeCTBOM MO-
JAUPUIIMPOBAHHOM COLIMOMETPHUYECKON MeTOAUKHN «OpreHTalus Ha B3aUMOJ,eCTBUEY.

O6paboTKa JaHHbIX IPOBOJUJIACH C UCN0JIb30BaHHWEM MTaKeTa CTATUCTUYECKUX IPOTPaMM
SPSS Statistics. Ha nepBoM 3Tane BbINOJIHAJICA ONUCATEJNbHBIN aHAJIU3 NI0Jy4Y€HHbIX JAHHBIX,
BKJIIOUABLIMU PACY€T CpeIHUX 3HAYEHNUH, CTaHJAPTHBIX OTKJIOHEHWH U YaCTOTHOTO pacnpejeJie-
HUS NI0Ka3aTeJser M0 YPOBHSAM BbIpa>kKeHHOCTHU. C y4€TOM HEHOPMaJIbHOI0 pacnpeiesieHus psajaa
YCC/lelyeMbIX OKa3aTeJsel /i OLeHKHU pa3jiMiui Mex/1y AByMs He3aBUCUMBIMH IpPynnaMu
BOEHHOCJIY>KalllUX, Pa3/IM4a0LUMHUCS 110 NPOJOKUTENbHOCTH CIYKObl, NpuMeHsiicst U-Kpu-
Tepu MaHHa—YUTHU. JJaHHBIN KPUTEPUN UCTII0JIb30BAJICA [JI CONIOCTABJIEHHUA [I0Ka3aTeen
BOEHHOC/IY>KAIIMX CO CPOKOM CJIYKObI MSATh MECSALEB M OJJUH T'0Ji 110 OCHOBHBIM HCCJIEAYEMbBIM
XapaKTepUCTHUKAaM.

Jlis onipefiesieHMs B3aUMOCBSI3el MeX/1y oKa3aTeJJsIMU He6J1aronpusTHOTO JeTCKOT0
OIBITA, )KU3HECTOUKOCTH, ICUXO03MOLIMOHAJIBHOT'O COCTOSIHUSA, TPAaBMaTU4YECKOTO CTpecca U
aJlanTallMOHHOTO MOTeHIMala IpUMeHsIcs K03GPULIMEeHT paHroBOM Koppessnuu CnupMeHa.
CTaTUCTHYECKU 3HAYUMbIMU CYUTAIUCH PA3/IMYUS U B3aUMOCBSI3Y IPU YPOBHE 3HAUMMOCTHU P
<0,05.

C uesiblo BblsiBJIeHHS! GAaKTOPOB, IOTEHIIMaIbHO CBSI3aHHbBIX C afaNTalel K YCI0BUSAM
BOEHHOU C/1y>K0bl, OCHOBHOM KOPpeJISALIMOHHbIN aHAJIU3 IPOBOJUJICS HA BbIOOPKE BOEHHOCY-
»KalllUX CPOYHOU cayk06bl. [lo/lydeHHbIe B3aUMOCBSI31 MO3BOJIUJIU ONPE/IEJUTh COOTHOILIEHUE
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Effects of acetic acid on plant responses to Tomato bushy stunt virus infection

IICUXOJIOTHUYECKHUX PecypcoB U GaKTOPOB pUCKa afanTayuu. /lonoJHUTebHOE pa3/ie/leHue
BOEHHOCJIy>Kall[UX [0 MPOJOKUTETBHOCTH CIY>KObI TO3BOJIUJIO OLIEHUTh 0COOEHHOCTH ICU-
X0JIOTUYEeCKOro mpodu/is Ha pa3/IMYHbIX 3Tanax NpebbIBaHUs B BOEHHOMU cpejie. Pe3ynbTaThl,
N0JyYeHHble y BOEHHOCIYKallUX, lajlee CONMOCTaBJIAINCh C TOKa3aTe MU YYalMXCs BbITYCKHBIX
KJIACCOB /1J151 BbISIBJIEHUS] IOTEHIIMa/IbHO 3HAYUMbIX (pAKTOPOB PHUCKA HAa JONPHU3bIBHOM 3Talle
Y ompe/ieJieHUsI HalpaBJeHUH NpoduIaKTUIEeCKON TCUX0JI0TUYECKON pabOoThI.

Pe3ybTaThl

Iloka3aTesiu He6G/IaronpuATHOrO AeTcKoro onbiTa (ACE-10). Pe3yabTaThl OLlEHKH
Heb1aronpuUsATHOTO JeTCKOT0 ONbITAa MNOKa3aJjy, YTO B 00eUX rpynnax BOeHHOCTYXKalllux npe-
o6J1azias1 HU3KUHM ypoBeHb noka3aTeseld ACE-10. Cpeiu BoeHHOCIYXKalLMX CO CPOKOM CJIYKObI
IATb MecsleB HU3KUI yPOBEeHb HEOIArONMPUSATHOTrO IeTCKOI'0 OMbITa BbisiBJeH y 95,7% ob6cie-
JIOBaHHBIX, cpeAHUN — Yy 4,3%, NIpy 3TOM BBICOKUH ypOBEHb He 3aperucTpUpoBaH. B rpynne
BOEHHOCJIYKAIUX, TPOXOSIUX CIYXKO0Yy 0KoJio ogHoro roja, 100% o6cyiejoBaHHBIX UMEU
HU3KUU ypoBeHb ACE-10; cpelHUI ¥ BBICOKMU YPOBHH HE BbISIBJIEHDI.

Ta6una 1.
PacnpegesieHne BOeHHOC/Iy KallUX [0 YPOBHAM NOKa3aTe el He6/1aronpusaTHOrO
Aetckoro onbiTa (ACE-10)

HeG 1aronpuAaTHbIN JeTCKUA BoeHHoOC/y>)Kalue, CPOK BoeHHoCy)kalue,
onbIT (ACE-10) cIyK6b1 12 mec. (n=27) CPOK CJIykKOBbI 5 Mec.
(n=33)
Huskuii yposeHb (0-1 6as1a) 100% 95,7%
Cpennuii ypoBeHb (2-3 6asia) 0% 4,3%
Brbicokuil ypoBeHb (24 6as11a) 0% 0%

TakrM 06pa3oM, BbIpaXKeHHbIX pa3/JIMuUN MeX/ly BOEHHOCIY>KalllUMU Ha pa3HbIX 3Tanax
CAY>0bI 110 MOKa3aTeJ/ 10 HEGIarONPHUSITHOTO AETCKOTO ONbITA He BhIsIBJeHO. B 06eux rpynnax
npeo6JiajlaeT HU3KUU ypoBeHb nokasaTtesierl ACE-10, 4To cBUIeTE/IbCTBYET 06 OTCYyTCTBUU Y
60/IbIIMHCTBA 00C/e/I0BaHHBIX BOEHHOC/IYKallMX 3HAaYUTEJIbHOI'0 HAKOIJIEHUs Heb1aronpu-
STHBIX COOBITUH Z€TCTBA.

0Cco6eHHOCTH MEKJIMYHOCTHOT0 B3aUMOAeMCTBUAA BOEHHOC/IYKAIlUX CPOYHOH
CJYXKOBI. /[/151 O1leHKM 0COOGEHHOCTEN MEeXJIUYHOCTHOT'O B3aUMO/IeiCTBUSA UCI0JIb30Balach
MoAUPUILIMPOBaHHAs COLIMOMETPHUYECKass MeTOAUKA, HallpaBJieHHasl Ha U3y4eHHe YPOBHS
OpHEeHTAaLlM{ Ha B3aUMO/JeCTBUE B YCJIOBUSX BOMHCKOI0 KOJIJIEKTUBA. Pe3ysibTaThl NOKa3aJy,
YTO y BOEHHOCJIY>KalllUX CO CPOKOM CJIY»KObl 12 MecsilieB HU3KUW YPOBEHb OpHMEHTAlMU Ha B3a-
nMozercTBye BoisiBeH y 45,0%, cpegauit — y 25,0%, Beicokuit — y 30,0% pecnoHieHTOB. B
rpyIie BOEHHOCIYKalUX CO CPOKOM CJIy>KObI IATh MeCSLeB BbICOKUW yPOBEHDb OTMeYaJICs y
56,5%, cpeanuit — y 34,8%, Hu3kuil — y 8,7% BoeHHOCayXKalUX (Tabaua 2).

TakuM 06pa3oM, Mexxy rpynnamMmu HabJiro1aeTcs pa3JiMuMe B pacnpeeieHuy YpPoOBHEN
OpHEHTALlUY Ha B3aUMOJEUCTBHE: CPeIU BOEHHOCIYKAL[HUX CO CPOKOM CJIY>KObI ISTh MECSLEB
3HAYMTEJIbHO Yallle BCTPeYaeTcsl BbICOKUM YPOBEHb OpUEHTAIUM HA B3aUMO/JeCTBUE, TOTAA
KaK Cpeid BOEHHOCAYKallMX, IPOCAYKUBIIKX OJUH I'0Ji, BbIllle [0Jisi PECIIOHIEHTOB C HU3KUM
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ypoBHeM. [losiyyeHHbIe pe3y/ibTaThl YKa3bIBAIOT HA Pa3JIMuMs B BbIPAXKEHHOCTH OpUEHTAIUU
Ha collMa/IbHOEe B3aUMO/IEMCTBHE HA pa3HbIX 3Tanax CJAyKObl U MOTYT UMETb 3HaYeHHE NIPU
pPaccCMOTpPEHUH 0COOEHHOCTEH COIUAaIbHO-TICUX0JIOTUYECKOU alali TAllUH BOEHHOCIY KAl UX.

Ta6suna 2.
YpoBHU OpHeHTALMIM HA B3aUMOJ e CTBHUE
YpoBeHb OpUeHTal My Ha BoeHnHocCayXxalue co BoeHnHocayxamue
B3aUMMOJelCTBHE CPOKOM CJIy>KO0bI 12 CO CPOKOM CJIY>KOBbI
MecsaLeB (n=27) 5 mecsauneB (n=33)

Huskuii ypoBeHb 45,0% 8,7%

CpenHuii ypoBeHb 25,0% 34,8%

Bbicokuli ypoBeHb 30,0% 56,5%

Iloka3aTesiu >)KU3HECTOMKOCTH Y BOEHHOCIYKAI{UX CPOYHOM CJIY>KOBbI. Pe3y/ibTaThl
McCJieJOBaHUS MTOKa3aJ/Id, YTO Y BOEHHOCIYXKAIIUX CPOUYHOH CJIYKOBI MO OT/IeJIbHBIM KOMIIO-
HEHTAaM XU3HEeCTOMKOCTH B 11€JI0M OTMeuYaeTcsl JOCTaTOYHO BbICOKasi BbIPa>KEHHOCTb ITOKa3a-
TeJsiel. B 06111ei BbI60pKe BbICOKME YPOBHHU ObLJIM Haub0Jiee XapaKTEPHbI /11 BOBJI€YEHHOCTHU
(78,6%), xkouTpous (73,2%) v npuHsaTHUA pucKa (62,5%). BMecTe ¢ TeM 10 HHTErpajbHOMY
NoKa3aTeJIt0 0611el )KU3HECTOMKOCTH Y 60JIbIIMHCTBA 00C/1e/J0BAaHHBIX BOEHHOCIYKallluX
npeo6Jazian cpeJHUM ypoBeHb (67,9%); BbICOKMU YpOBeHb BbisABJIeH ¥ 12,5%, HU3KUK — ¥
19,6% pecnioHzeHTOB ( TabJ1. 3).

[Ipy cpaBHEHHWHM BOEHHOCJIY KalllMX Ha pa3HbIX 3TalaX CPOUYHOM C/1yKObl BbISIBJIEHbI
onpejeéHHble PAa3JIMUUS B BHIPAKEHHOCTH OTAE/JbHbIX KOMIIOHEHTOB. Y BOEHHOCJIYKaIIUX CO
CPOKOM CJIyKObl ISITh MECS1eB CpeJJHUM 0Ka3aTe/b BOBJIEYEHHOCTH COCTaBUI 43,4 6a11a, UTo
HECKOJIbKO BbIIIIE, YeM Y BOEHHOCAYKALUX, TPOXOASIIUX CAY>KO0Y B TeueHUe roja (41,7 6asia).
B TO ke BpeMsl Yy BOEHHOCJIY>KAIllUX CO CPOKOM CJIYKObI OJUH o/l OTMeYaJuCh 60Jiee BbICOKHE
nokasaTreJsiu KoHTpoJisi — 38,6 6assia npotus 37,5 6assia U NIpUHATUS pUcka — 21,4 npoTUB
18,9 6ass1a. UHTerpasibHbIN oKa3aTe b 0011eH )XKU3HECTOMKOCTU TaKKe OblJ1 HECKOJIbKO BbIIIIE
y BOEHHOCJY>Kall[UX C IePUOZoM CJIyk06bl oguH roa — 101,8 6assa, Toraa Kak y BOEHHOCTY-
KalllUX CO CPOKOM CJY>KObI SITh MecsleB OH cocTaBuJI 99,8 6asnna.

Takum 06pa3oM, pas3Iudrsa MeXK/y BOEHHOC/IY>KalllMMU Ha Pa3HbIX 3Tanax CJay»K0Obl
BbIpa)KeHbl yMepeHHO. boJiee paHHUM aTan Cay»6bl XapaKTEPU3YeTCsl HECKOJBKO 6O0JIbIIEN
BOBJIEYEHHOCTBIO B IPOUCXOASAINE COOBITHS, TOT/]A KAaK K KOHILY IIEPBOTO rofja CJIYKObI OTMe-
yaeTcsl TEH/IEHLUSA K 60Jiee BbICOKON BbIPaXKEHHOCTH KOHTPOJISI M NPUHATHUSA pUcKa. [Ipy aToM
pas/iMuus B MokKa3aTeJie 0611el >)KH3HECTOMKOCTHU OCTAITCS HEGOJIBLUIUMHU, YTO CBUIETEJb-
CTBYeT 00 OTHOCUTEJIbHOU CTa6UIbHOCTH HHTErPAJIbHOTO JIMYHOCTHOT'O pecypca B TeYeHHe
paccMaTpUBaeMOro Nepruoja Cayxobl.

OTzesibHOTO BHUMaHHUs 3aC/1yKMBaeT COOTHOLIEHHe MToKa3aTesel OTAebHbIX KOMIIOHEH-
TOB M 001Iel )KU3HECTOMUKOCTU. HecMOTps Ha npeo6.1aJlaHue BLICOKOTO YPOBHS BOBJIEYEHHOCTH,
KOHTPOJISl U IPUHATUS PUCKA, 00111251 2)KU3HECTOUKOCTb Y 60JIbIIMHCTBA BOEHHOCYKallUX CO-
OTBETCTBYET CPEIHEMY YPOBHIO. ITO He SIBJISIETCS IPOTHBOPEUYHEM, TOCKOJIbKY HHTErpabHbIN
NOKa3aTeJsib OTPAXKAET COBOKYIHY BbIPAXKEHHOCTh BCEX KOMITOHEHTOB KU3HECTOUKOCTH.
Bbicokasi BbIpaXKEHHOCTb OJJHOT'0 MJIM HECKOJIbKMX KOMIIOHEHTOB He 03Ha4aeT aBTOMAaTUYEeCKU
BbICOKOT'0 YPOBHS 0011leH 2)KU3HECTOUKOCTH, ECJIU OCTAJIbHBIE COCTABJISIIOLIME BbIPAXKEHBI MEHEE
PaBHOMEPHO.
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Effects of acetic acid on plant responses to Tomato bushy stunt virus infection

Ta6smna 3.
Iloka3aTeJy }KM3HECTOMKOCTH Y BOEHHOCTYKALlUX CPOYHOH CJIY>KObI
Iloka3zaTesun BoeHHoOCyXalue, BoeHHoOcCayxalmue,
’KU3HECTOMKOCTH | mpocayxupumue 12 mecses NPOC/IYKMBILINeE 5 MecALeB
(n=27) (n=33)
YpoBeHb Huskun | Cpepgnuit | Beicokuk | Huskun | CpegHuit | Boicokui
BoBJ1e4éHHOCTh 0% 50,0% 50,0% 0% 34,8% 65,2%
KoHTpoJsib 0% 45,0% 55,0% 0% 43,5% 56,5%
[IpuHATHE pUCKa 5,0% 40,0% 55,0% 4,3% 39,1% 56,5%
O6uiaa 40,0% 40,0% 20,0% 34,8% 52,2% 13,0%
KU3HECTOUKOCTh

TakuM 06pa3oM, noJiyyeHHble pe3y/abTaThl I03BOJISIOT TOBOPUTb O HAJIMYUM Y BOEH-
HOCJ/IY>KaIUX OTJeJIbHbIX JOCTAaTOYHO CGOPMUPOBAHHBIX JTUYHOCTHBIX PECYPCOB aflaN TalMy,
CBSI3aHHBIX C BKJIIOYEHHOCTBIO B IPOUCXOASALIME COOBITHS, OLILyIleHUEeM KOHTPOJIS HaJi COOCTBEH-
HOM KM3He/lesTeJIbHOCTbIO U FTOTOBHOCTBIO BOCIIPUHUMATh U3MEHEHUs U TPYAHOCTH KaK 4acTb
»KU3HEHHOTO OoMbITa. BMecTe ¢ TeM npeob6saZjaHue CpeIHET0 YPOBHS 0611el }KU3HECTOMKOCTH
yKa3bIBaeT Ha TO, UTO JlaHHbIEe pecypchl y 60JIbIIMHCTBA BOEHHOCAYKALIMX HE 00pa3yoT MaK-
CHUMaJIbHO YCTOMYMBOM UHTErpaJbHOM CUCTEMBI, UTO JleJIaeT LjeJecCO0Opa3HbIM UX JlajibHelliee
pa3BUTHE B NPOLeCCE NCUXOJOTMYECKOT0 CONPOBOXKEHUSI BOEHHOCTY KA UX.

IlokasaTeu Aenpeccuy, TPEBOTU U CTPecca Y BOEHHOC/YKAaliUX CPOYHOH CIIYXK-
6bl. Pe3ysibTaThl UCC/IeJ0BaHUSA TOKA3aJIH, YTO IMOLMOHATIbHOE COCTOSIHUE BOEHHOCIY>KalluX
pasJ/inyajIoCch B 3aBUCUMOCTHU OT MPOJO/KUTENBHOCTH CAYKObI. Y BOEHHOCIYKAIUX CO CPO-
KOM CJIYyKObI 12 MecsilleB HU3KUW ypOBeHb Jenpeccru BoisiBjaeH y 70,0%, TpeBOXXHOCTU — Y
65,0%, ctpecca —y 70,0% pecnonzeHToB. CpegHul ypoBeHb genpeccuu coctaBui 30,0%,
TpeBoxkHOCTH — 30,0%, ctpecca — 30,0%. Beicokuii ypoBeHb TPeBOXKHOCTHU BbIsiBJIEH Y 5,0%
BOEHHOCJIY>KalllUX, P 3TOM BbICOKHE YPOBHH JieIPECCUH U CTpecca He 3apeTruCTPUPOBAHBI.

B rpynmne Jiu1, ¢ BOMHCKOM CIyK00H AT MecsLeB HU3KUH YPOBEHb JlelIPeCCUU BbIsSIBJIEH
y 56,5%, TpeBoxkHOCTU — ¥ 39,1%, cTpecca — y 43,5% o6cnenoBaHHbIX. CpeiHUN YPOBEHD
Jfenpeccuu coctaBu 43,5%, TpeBoxkHocTu — 60,9%, ctpecca — 56,5%. Boicokue ypoBHHU Jie-
NPeCCUU U CTpecca He BbISIBJIEHbl, BHICOKMIM YPOBEHb TPEBOXHOCTH TaK)Ke He 3aperMCcCTPUPOBaH.

Takum 06pa3om, HauboJIiee 3aMeTHbIE Pa3IUYHA MeX/1y rpynnaMu HabGJI0AaNKCh 110
NOKa3aTeJsIM TPEBOXKHOCTU U CTpecca. Y BOEHHOCIYKalllMX CO CPOKOM CJIYKObI NATh Mecs-
1l€B 3HAYMTEJIbHO Yallle BbISIBJISAJICS CpeJJHUH ypOoBeHb TpeBoKHOCTH (60,9% npotus 30,0%)
u cTpecca (56,5% npotus 30,0%), Torza Kak cpeZijd BOEHHOC/IYKallluX, TPOXOAALUX CIYKOY
OKOJIO I'0/13, Yallle PEruCTPUPOBAINCh HU3KHE YPOBHU TPeBOXKHOCTH (65,0% npoTus 39,1%) u
ctpecca (70,0% npotus 43,5%). [lo nokasaTessiM lenpeccuy TakXe OTMedasiachb aHaJOTMYHas,
XOTs1 MeHee BblpaXKeHHasl TeH/IeHIUs: HU3KUU ypoBeHb BbIsiBJIeH Y 70,0% NpocayKUBIIUX O UH
rof; 1y 56,5% BOeHHOCIYXKalLMX CO CPOKOM CIAY>KObI IATb MeCSLEB.
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Ta6suna 4.

Iloka3aTesu Jenpeccum, TPEBOTH U CTpecca
Yy BOEHHOCJIY>KALUX CPOYHOM CITYKObI.

IlokasaTesn BoeHHOC/y>Kalye, CpOK BoeHHOC/Iy>Kaye, CPOK CIyKObI
cIyx6b1 12 mec (n=27) 5 mecsanesB (n=33)
YpoBeHb Huskun | Cpegnuit | Beicokuin | Huskui | CpegHuit | Boicokuy
Jlenpeccusi 70,0% 30,0% 0% 56,5% 43,5% 0%
TpeBoXXHOCTH 65,0% 30,0% 5,0% 39,1% 60,9% 0%
Crpecc 70,0% 30,0% 0% 43,5% 56,5% 0%

[losiyyeHHBIe pe3y/ibTaThbl NO3BOJIAKOT NPEANIOJ0XKUTD, YTO HA PAaHHEM J3Talle CIyKObI
3MOLIMOHAJIbHOE HaNPshKeHHEe BhIpaXKeHO HECKOJIbKO CUJIbHEE, TOT/Ia KaK K KOHIy TepBOro rojaa
CYy>0bl OKa3aTeH TPEBOXKHOCTH U CTPecca XapaKTepu3yoTcs 6oJiee 6J1aronpusTHbIM pac-
npegeseHreM. [Ipy 3TOM OTCyTCTBUe BBICOKUX YPOBHEH JleIpeCcCUU U CTpecca B 06eUX rpynmnax
yKa3bIBaeT Ha OTCYTCTBHE BbIPAXKEHHOTO 3MOIIMOHAILHOTO HEGJIar0MoJIy4uns B 06C/1eJl0BAHHON
BbIOOpKE

Iloka3aTe/iM TPAaBMaTH4Y€CKOI'0 CTPeCcCca y BOEHHOC/IYKAalMX CPOYHOM CIY>KOBI.
Pe3ysibTaThl Ucc/ie0BaHUs MTOKAa3aJ/Iy, YTO BbIPAXKEHHOCTh MOKa3aTeJsell TpaBMaTHUYECKOTr 0
cTpecca pa3JjiM4aeTcsl B 3aBUCMMOCTHU OT NPOJO0KUTEJNbHOCTH CAY»K0b1. B rpymnne BoeHHOCTy-
KalllUX CO CPOKOM CJIYKObI IAATh MecAL,eB BBICOKUHU YPOBEHb CBEPXOAUTETbHOCTH BbISIBJIEH Y
83,3% pecnoHAeHTOB, cpeJHUU — Yy 16,7%, HU3KUN YPOBEHb He 3aperucTpUpoBaH. B rpymnne
BOEHHOCJIY>KaIllUX, TPOXOASIIUX CJYKO0y OKOJIO OJJHOTO T0/ia, BbICOKHU YPOBEHb CBEPXO/IUTEb-
HOCTH BbIsIBJEH ¥ 57,1%, cpeauuit — y 38,1%, Hu3kui — y 4,8% o6cae10BaHHBIX.

[lo nokasaTesit0 arpecCUBHOCTHU Pa3/Inyus Mex /1y IpyIaMu ObLJIA MeHee BbIpaKEHHbIMHU.
Bricokuil ypoBeHb oTMevasicsl y 41,7% BOEHHOCIY>KallX CO CPOKOM CJIy>KObl ATh MeCALEB U
y 33,3% BOeHHOCIyKaluX, pocaykuBux 12 MecaneB. CpeJHUN YpPOBEHb COCTABUJ COOTBET-
cTBeHHO 45,8% u 57,1%, Huskuut — 12,5% u 9,5%.

Kak nokasaHo Ha TabJu1ie 5, 10 UHTerpajbHOMY [TOKa3aTeJ 0 00111ero TpaBMaTUYECKO-
ro cTpecca B 06eUx rpynmnax nperuMyliecCTBeHHO BbISBJISJICA CpeHUN ypoBeHb. Cpesiu JinL, C
BOUHCKHUM CPOKOM CJIY>KObI NSITh MeCSALEB 3TOT [OKa3aTeJb cOCTaBuJ 62,5%), Toraa Kkak cpeau
BOEHHOCJIYKAIIlUX CO CPOKOM CyKOb112 MecsineB — 47,6%. Hu3kuil ypoBeHb OblJ BbISIBJIEH
cooTBeTCTBeHHO Y 33,3% u 47,6% pecnioHZeHTOB. BbICOKHH YpOBeHb 00111er0 TpaBMaTU4ECKOT0
cTpecca BCTpeyaJicsl peZiKo U ObLI BbIsABJIEH Y 4,2% cO CPOKOM BOMHCKOM CTyKObI NAATh MeCALeB
1y 4,8% BOEHHOCYXKAlIUX C [IEPHUOJIOM CJYKObI 12 Mecs1eB.
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Effects of acetic acid on plant responses to Tomato bushy stunt virus infection

Ta6suna 5.
IlokasaTe/s M TPAaBMAaTU4Y€CKOr0 CTPECCA Y BOEHHOC/IYKaLUX CPOYHOM CIyKOBbI.
[lokasaTenn Cpok ciayxo6b1 12 MecsaneB Cpok ciayx6b1 5 mecaneB (n=33)
(n=27)
YpoBeHb Huskuu Cpeanunn | Beicokui | Hudkum | CpegHuul | Boicokui
CBepx6aUTEb 4,8% 38,1% 57,1% 0% 16,7% 83,3%
HOCTb
ArpeccuBHOCTb 9,5% 57,1% 33,3% 12,5% 45,8% 41,7%
O61wui 47,6% 47,6% 4,8% 33,3% 62,5% 4,2%
TpaBMaTHU4YeCKUI
ctpecc (OTC)

TakrM 06pa3om, HauboJiee 3aMeTHBIE pa3/IMYUs MeX/y I'PYINaMHy BbisiBJI€HbI 10 CBEPXO-
JUTEJIbHOCTU: CPeIU BOEHHOC/IY>KAIllUX CO CPOKOM CJIYKOBI IAATh MECALLEB [10J1S1 PECIIOH/IEHTOB
C BBICOKUM YpOBHeM Obljla 3HaYUTeAbHO BhilIe (83,3% npotuB 57,1%). [Ipu aTOM 1o 061ieMy
TPaBMaTUYECKOMY CTPeCCY B 00eUX Ipymnax npeobsaziai cpeJHUN ypoOBEeHb, a BBICOKUH YPOBEHb
BCTpeyvasica efUHUYHO. [losiydyeHHbIe pe3ysbTaThl MO3BOJIAIOT NPEANOJI0XKUTD, YTO Ha Oosee
paHHeM 3Talle C/1yK0bl OBbILIEHHAS HACTOPOXKEHHOCTb U IMOIMOHA/IbHAsl TOTOBHOCTD K IIOTEH-
[[UAJIbHBIM CTPECCOBBIM BO3/IEMCTBHUAM BbIpaXKe€HbI CUJIbHEE, OZJHAKO 3TO HE CONMPOBOXK/AAETCs
CTOJIb XK€ BBICOKOM pacpOoCTPaHEHHOCTHIO BbIPAXKEHHOTO 0011[ero TpaBMaTU4YeCKOro cTpecca.

Iloka3saTe M aAanTalMOHHOI'O MOTEHIMa/Ia BOEHHOC/IYKalMX CPOYHOH C1yKObI.
CorslacHO pe3y/abTaTaM MCCAe0BaHUsA, TOKa3aTeJr ICUXUYECKON afjallTallMOHHOW YCTOUYU-
BOCTHU (MTOBeJeHUECKON PErY/IsIMU) Y BOEHHOCTYXKalMX 06eUX rpyni ObL10 cX0HbIM. HU3KHi
ypoBeHb BbIsiBJeH ¥ 75,0% BOeHHOCAYKallMX KaK CO CPOKOM CJIy»KObl OJUH TOJ, TaK U NATb
MecsieB. Cpeguuil ypoeHnb coctaBua 25,0% 1 12,5% COOTBETCTBEHHO, TOT/IA KaK BbICOKHM
ypOBeHb BbIsiBJeH ¥y 12,5% BoeHHOC/yKalLUX CO CPOKOM CIY>KObI IAITh MeCSALIEB U He 3aperu-
CTPUPOBAH y NPOCAYKUBIINUX 12 MecsALEeB.

[To 1IKa/ie KOMMYHHUKATUBHOTO NMOTEHIMaJ/a Y BOEHHOCAYKAIUX CO CPOKOM CJIY>KObI
OJIUH roJ npeobJsajas cpeJHUN ypoBeHb (62,5%), HU3KUM ypoBeHb BhIsiBJIeH Yy 25,0%, Bbico-
kud —y 12,5%. Cpeiv BOeHHOCy>KaIlUX C IEPHUO/OM CJIYKObI NATh MECSLEB CPEJHUN YPOBEHD
coctaBua 75,0%, Huskut — 12,5%, Bbicokuii — 12,5%. TakuM o6pa3om, B nepBOM IpyIie Bo-
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€HHOCJIy>KallluX 0TMeYyaeTcsl HeCKOJIbKO 60Jiee 6/1aronpusATHOe pacnpe/e/ieHue oKasaTeslel
KOMMYHHUKaTHBHOIO NOTEHIMala.

[To mokasaTes1t0 MOpaJIbHOM HOPMATHUBHOCTH Pa3/IMuUsa MexAy IpylnamMu 661U 6osiee
BbIpa)KeHHBIMHU. Y MPOCAYKUBILIKX 12 MecsleB CpeJHUM ypOBEeHb BhIsIBJIEH ¥ 62,5%, HU3KHUI —
y 25,0%, Bbicokuid — y 12,5%. B rpynne BoeHHOC/Iy>KalllMX CO CPOKOM CJIY>KObI NATh MeCALeB
CpeAHUM ypoBeHb cocTaBuI 37,5%, BbICOKUM — 62,5%), IPU 3TOM HU3KUH YPOBEHD He BbISIBJIEH.

TakuM 06pa3oM, HanboJiee BbIpaXKeHHbIe MEXKTPYIIIOBble pa3/IM4yus HAa6JII0JaIUCh N0
MOpaJIbHOM HOpPMaTUBHOCTH U KOMMYHUKAaTUBHOMY NIOTEHL{MaJly, TOI/la KaK N0Ka3aTeJIy IoBe-
JleH4eCKOW pery/siliuyi B 06eux rpynmnax pacnpezeisjnch NpakTUYeCKH 0JUHAKOBO. B nesom y
BOEHHOCJIY>Kall[MX CO CPOKOM CJ1yKObI IATh MecALeB 0OTMe4YaeTCs HeCKOJIbKO 6oJiee 6s1aronpu-
SATHOe pacnpezie/ieH’e OTAe/bHbIX I0Ka3aTeJed alalTallMOHHBIX CIOCOOHOCTEH, IPeX/ie BCero
KOMMYHHUKAaTUBHOI'O IOTEHIMa/Ia ¥ MOPaJIbHOM HOPMAaTHUBHOCTU. [Ipy 3TOM HalM4yne HU3KUX
IoKa3aTeJ/iel I0OBeJleHYeCKOW perysaliuy B 06erx rpylnax ykasblBaeT Ha HE00X0AMMOCTb
YYUTBIBAaTh UHAUBUAYAJIbHbIE 0COOEHHOCTH aJlalTallMi BOEHHOCIYKalluX IPpYU OpraHUu3aLuu
IICUXOJIOTUYECKOI'0 CONPOBOXAEHMUS.

Ta6suna 6.
[loka3aTe/u aAanTalMOHHOTO NOTEHIMa/Ia BOEHHOCYKALUX CPOYHOH CJIYKOBbI.

ITokasaTesn BouHcKasd ciayx6a 12 mec BouHcKas ciy»k6a 5¢ mecsAneB
roga (n=27) (n=33)

YpoBeHb Huskuit | Cpeguuit | Beicokui | Huskuit | CpegHuil | Beicokui

[ToBejeHUeCKas 62,5% 25,0% 12,5% 62,5% 12,5% 25,0%

peryasuus (I1P)

KommyHukaTuBHbId | 25,0% 62,5% 12,5% 12,5% 37,5% 50,0%

noteHuuas (KII)

MopaJsibHast 25,0% 62,5% 12,5% 0% 37,5% 62,5%

HOPMaTHUBHOCTD

(MH)

JINYHOCTHBIA 75,0% 12,5% 12,5% 62,5% 12,5% 25,0%

aJlanTalMOHHbIN

noTteHnuyan (JIAID)

KoppensanuoHHbIi aHa/M3. Pe3ybTaTbl KOPPEJISLIMOHHOTO aHA/IM3a 10 KPUTEPHIO
CnupMeHa BhISIBUJIM P/l CTATUCTUYECKU 3HAYMMbIX B3aUMOCBSI3el MEX/AY UCCIeyeMbIMHU
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Effects of acetic acid on plant responses to Tomato bushy stunt virus infection

NoKa3aTesIMHU (PUCYHOK 1). YcTaHOBJIEHO, YTO ICUX0JIOrHY€eCKasi YCTOMYMBOCTb OTPULIATENbHO
cBsizaHa co ctpeccoM (rs=-0,345; p=0,007), cBepx6auTebHOCTbIO (rs=-0,421; p=0,001), arpec-
CUBHbIMH peaknuaMi (rs=-0,386; p=0,002) 1 0611MM ypOBHEM TpaBMaTU4YECKOTO cTpecca (rs=-
0,547; p<0,001). TakuM 06pa3oM, CHM>KEHHE NTCUXOJIOTUYECKON YCTOMYUBOCTH COMTPOBOXKAETCS
yBeJIMYEHUEM BbIPA)KEHHOCTU CTPECCOBBIX U TPAaBMAaTHUYECKUX PeaKL UK.

KpoMe Toro, BbisiBJIEHA NOJIOXKUTEJIbHAs CBSI3b MeX/ly HEOJIaroNpPUATHBIM JEeTCKUM
ONBITOM U ypOBHEM TpaBMaTHyeckoro ctpecca (rs=0,418; p=0,001), a Tak>ke oTpHULlaTebHasI
CBSI3b MeX/ly HE0GJIarONPUATHBIM JeTCKUM ONBITOM U IICUX0JIOTUYECKON YCTOUUMBOCTBIO (Is=-
0,338; p=0,008).

PucyHok 1. Pe3yibTaThl KOppesIMOHHOIO aHA/IM3a NOKa3aTesen
MCHUX0JIOTMYECKOro COCTOSAHHUA U aaNTallMOHHBIX peCypcoB
BOEHHOCJ/IY>KALUX CPOYHOH CJIYKOBbI

[Tony4eHHbIe pe3yabTaThl CBU/IETEJIbCTBYIOT O TOM, YTO HAKOIJIEHHME HEOIarONMPUATHbBIX
COOBITHH B IETCKOM BO3pacTe CBSI3aHO C 60JIbIleH YI3BUMOCTbIO K CTPECCOBBIM BO3/I€UCTBUSIM
Y CHI>KEHUMEM a]allTallMOHHBIX PECYPCOB JIMYHOCTH.

Haub6oJiee cusibHast oTpULaTebHast CBSA3b Obljla BbIIBJIEHA MEX/Y MTCUX0J0TUYECKOU
YCTOMYMBOCTBIO U TPaBMaTU4eCKUM ctpeccoM (rs=-0,547; p<0,001), yTo no3BoJsieT paccMma-
TPUBATD »KU3HECTOMKOCTb KaK OJIMH M3 KJIIYEBbIX ICUXOJOTUYECKUX PECYPCOB afjanTaliuu
BOEHHOCJIY>KalllUX CPOYHOM CIY>KObI K YCJIOBUSIM BOEHHOU Cpe/ibl.

CpaBHUTEJ/IbHBIN aHAJIM3 JAHHBIX BOEHHOCIYKALHX C Pa3JIMYHON MPOAOKUTETBHOCTHIO
CPOYHOU c/1yk0bI € ucnosib3oBaHueM U-kpuTepusi MaHHa—YUTHU N0OKa3as, YTO B OOJIbLIINHCTBE
MccielyeMbIX IICUX0JIOTUYECKUX NTOKa3aTeel CTaTUCTUYEeCKH 3HAUMMbIX Pa3JIUuUUN MeXIy
IpynnaMy He BbISIBJIE€HO. ITO KacaeTcs 061el )KU3HECTOUKOCTH, JAeNpPecCuH, TPEBOXKHOCTH,
CTpecca, arpecCMBHOCTH, 00111ero TpaBMaTU4YeCKOT0 CTPecca, TIMYHOCTHOTO a/lalTaljMOHHOI0
NOTeHIMasIa U HebJIaronpusTHOTrO AeTckoro onbiTa (p > 0,05).

EfMHCTBEHHOE CTaTUCTUYECKH 3HAYMMOE Pa3JiMiMe YCTAaHOBJIEHO M0 MOKa3aTeJ o
ceepx6autenbHocTy (U=160,0; p=0,036): y BOEHHOCAY>KAIllUX CO CPOKOM CAY>KObl MATh Mecs-
11eB, €€ BbIpa)KEHHOCTb BblIlie, YeM Y BOEHHOCIYKAIUX, TPOXOASAIIMNX CIYKOY oKoJ10 roja. [Ipu
3TOM OIKCaTe/IbHbIe JaHHbIE TAKXKe YKAa3bIBAIOT HA 60Jiee BHICOKYIO /10JIF0 BOEHHOC/IYXKAIUX
C BBICOKMM YPOBHEM CBEPXOAUTENBbHOCTU Ha paHHEM 3Tarne cayx06bl (83,3% npotus 57,1%).
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TakuM 06pa3oMm, pe3ysibTaThl He MO TBEPKAAIOT MPe/IN0oJI0XKeHUE 0 JTMHENHOM U3MeHe-
HUM [ICUX0JIOTUYECKUX pecypcoB U GaKTOPOB PUCKA 10 Mepe yBeJIMYeHHUS PO 0J/KUTENbHOCTH
CYKObl. BOJILIIMHCTBO XapaKTEPUCTUK COXPAHSAIOT OTHOCUTEBbHYIO CTaOU/IBbHOCTD, TOT/Ia KaK
HauboJiee YYBCTBUTENbHbBIM K 3Taly CAY>KObl 0Ka3aJ/ICcsl MOKa3aTesb CBEPX6UTENbHOCTH. ITO
MI03BOJISIET pacCCMaTPUBATh PaHHUM NIEPUO/] CJ1y>KObl KaK 3Tall IOBbILIEHHOW HACTOPOXKEHHOCTHU
Y TOTOBHOCTH K pearnipoBaHUI0 Ha BHEIIHHE BO3/IEUCTBUS, IPU 3TOM BbIPAX>KEHHOT0 yBeJIMYEeHUS
00111ero TpaBMaTHUYECKOT0 CTPeCca WX YXYAILIEHUs SMOLIMOHANbHOTO COCTOSIHUSA K JJ]AHHOMY
NIepUOAY He BbISIBJIEHO.

B KOHTeKCTe Ja/JibHEeNIIero aHaar3a y4alluXcsl BbIMYCKHbIX KJIAaCCOB MOJIyYeHHbIE pe-
3yJIbTAThI TO3BOJISIIOT paCCMAaTPHUBATh HMEHHO COBOKYITHOCTh GAaKTOPOB PHCKA U 3aLUTHbBIX
pecypcoB, a He OT/leJ/IbHbIH I0Ka3aTeJsb, KAK OCHOBY [1JISl OLLleHKHU IOTEeHLUaJIbHOM TOTOBHOCTH
MOJIO/I€KU K aJIallTalluU K YCJIOBHUSIM BOEHHOMU CJIYKOBI.

Ta6suna 7.
Pe3y/ibTaThbl CPaBHUTE/IBHOTO aHAIM3a
Iloka3saTenu Meauana MeaunaHa U p
~1rop 5 Mmec.

0611129 )KU3HECTOHKOCTb 96,5 103,0 256,5 0,946
Jenpeccus 0 0 225,5 0,488
TpeBOXHOCTH 0 1 188,0 0,119
Ctpecc 0 2 195,5 0,170
CBepX6UTEJbHOCTD 3,0 3,4 160,0 0,036
ArpeccuBHOCTb 2,75 2,81 214,5 0,397
061Kl TpaBMaTUUECKHUM cCTpecc 2,02 2,26 185,0 0,130
(0TC)

JIATI 25,5 31,5 18,5 0,172
ACE-10 0 0 213,0 0,552

Iloka3aTe/H >KM3HEeCTOMKOCTH U SMOLLUOHA/IBHOI'O COCTOSTHUSA YYAaLUXCHA BbINMYCK-
HBIX KJIACCOB

Jl151 OLleHKH NCUX0JIOTUYEeCKON YCTOMYUBOCTH U 3MOLMOHAJIBHOT'O COCTOSIHUSA y4allluX-
sl BBIIYCKHBIX KJIACCOB OBbLJIM UCIO0JIb30BaHbl TecT xku3HecTokocTH (PVS III-R) 1 onpocHuk
DASS-21. PesyabTaThl HCCeJOBaHUSA IOKa3aJ/Iy, YTO ¥ O0JIbIIMHCTBA y4alluXcsl Obl BbIsIBJIEH
CpeAHUM YPOBEHD MCUXOJO0TUYECKON YCTOUUYMBOCTHU (61,5%), BBICOKHI YPOBEHb 3apErUCTPH-
poBaH y 34,6%, a HU3kul — y 3,8% pecnoH/leHTOB (PUCYHOK 2).

AHa/M3 3MOLIMOHA/IBHOTO COCTOSIHUSA N0Ka3aJl, YTO BbICOKUH YPOBEHb JlePeCcCUuU Obl
BbIsABJIEH Y 43,5% y4daluxcsi, BBICOKUH YPOBEHDb TPEBOXKHOCTU — Yy 39,1%, TOrJa Kak BbICOKUH
ypoBeHb cTpecca 3apeructpupoBaH y 13,0% pecnonzeHToB. [Ipy 3TOM /1151 60/IBbLIMHCTBA LIKOJIb-
HUKOB OblJI XapaKTepeH cpeAHUMN ypoBeHb cTpecca (69,6%). Hu3kue nokasaTesy JleNpeccuy,
TPEBOXXHOCTH U CTpecca 6b1/1M BbisiBJEeHbI Y 8,7%), 17,4% u 17,4% y4aumuxcsi COOTBETCTBEHHO.
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[losydeHHBIe pe3yJbTaTbl CBUAETENbCTBYIOT O TOM, YTO, HECMOTPA Ha JOCTATOYHO
6/1aronprUATHBIN yPOBEHb IICUXOJOTUYECKON YCTOMYUBOCTH Y OOJIBLIMHCTBA 00CIeL0BaHHbBIX
y4aluxcs, 3Ha4uTeJbHas 4acTh LIKOJbHUKOB JIeMOHCTPUPYeET NOBbIIIEHHbIe I0Ka3aTeJu
TPEBOXXHOCTH U JleIPeCCUBHBIX NlepeXxUBaHUI. BeposATHO, 3TO CBA3aHO € BbICOKOH y4eOHOHN
Harpy3KoH, oAr0TOBKOM K BBIIIYCKHBIM 3K3aMeHaM, He00X04UMOCTbIO IPO(eCcCUOHANbHOI0
caMoollpeJie/IeHHUsl ¥ Heollpe/leJIeHHOCTBIO OTHOCUTE/IbHO JaJIbHEUIero )KU3HEHHOT O My TH.

Y4uTbIBad, 4TO y4aliecs BbIIYCKHbIX KJIACCOB AABJISIOTCA NOTEHLMAJIbHBIM JONIPHU-
3bIBHBIM KOHTUHI'€HTOM, BbIsIBJIEHHbIE [I0Ka3aTeJIM 3MOLMOHAJIbHOI'0 HEGJIAroNnoay4us U
HeJJ0CTaTOYHOM MCHUXO0JOrMYeCKON YCTOMYMBOCTHU MOTYT pacCMaTPUBATbCA KaK GaKTOPHI,
Tpebylolie BHUMaHUs Ha 3Tale MOATOTOBKU K BOSMOXXHOW BOEHHOM cJ1y»k6e. B cBA3U ¢ 3TUM
11eJ1eC000pa3HO BKJIK0YATh 3JIEMEHTHI [ICUX0JIOTMYECKOI0 CKPUHUHTIA B CUCTEMY JONPU3bIBHOU
HOZATOTOBKH MOJIOZEXH, yies1s1s1 0C060e BHUMaHMe Pa3BUTUIO CTPECCOYCTOMYUBOCTH, HABbIKOB
3MOLIMOHAJIBHOW CaMOpEery/IALMU U JPYTUX aZlallTALlMOHHBIX PECYypPCOB JIMYHOCTH.

PucyHok 2. [loka3aTeJu >)KU3HECTOMKOCTH U IMOLUOHAIBHOTO
COCTOSIHUS YYAIIUXCS BbINMYCKHBIX KJIACCOB

O6cyxaeHue

[Tony4yeHHbIe pe3ysbTaThl M03BOJISIOT pacCMaTPUBATh aZjallTALMI0 K BOEHHOH CJIyK0e Kak
HeOJHOPOJHbII MPOLeCC, NP KOTOPOM yBeJIMYeHHUe MPOJ0KUTEbHOCTU CIY»KObl He 00513a-
TeJIbHO CONIPOBOX/AAeTCSA IMHEMHBIM POCTOM IICUXOJ0TUYECKOW YCTOMYHUBOCTH. B inTepartype
YKU3HECTOMKOCTb PaCCMaTPUBAETCS KaK O/IUH U3 KJIIOUEBBIX PECYPCOB aZlaliTalluy, TO3BOJISIOLIUN
COXpaHATb 3G PEeKTUBHOCTb PYHKIIMOHUPOBAHUSA B YCJIOBUSAX CTPecca U NOBbIILIEHHbIX Tpebo-
BaHuM [14, 17, 19]. B HacTos1eM HCCaeJ0BaHUU He 0OHAPYKEHO CTATUCTUYECKU 3HAUMMbIX
pas/MYUi N0 001el >KU3HECTOMKOCTHY MeX/y BOEHHOCIYKaLUMU CO CPOKOM CJIYKObI IAATh U
12 mecsaueB (U=256,5; p=0,946). BMecTe c TeM y BOEHHOCJIyKaIllUX CO CPOKOM CJIYKObI OJJUH
ro/ HECKOJIbKO Bblllle ObIJIM MOKa3aTe/d KOHTPOJISA, IPUHATHUS PUCKA U UHTErpaibHbIM MOKa-
3aTeJib XKU3HECTOMKOCTH, UTO MOXKET OTPaXKaThb Ilepepaciipesie/ieHre OTAeJbHbIX KOMIOHEHTOB
JINYHOCTHOTO pecypca Py COXpaHEHUH ero 001 ero YpOBHs.

Haunb6oJiee 3HaYMMOe pasjrdyue BbIsIBJeHO Mo cBepxoauTesbHOCTH (U=160,0; p=0,036):
BbICOKMU ypoBeHb oTMevascs y 83,3% BOeHHOCIYKalllUX CO CPOKOM CJIY>KObI IATh MeCSLEB U
y 57,1% BOeHHOCJIyKalllUX CO CPOKOM CIy»Ob112 MecaneB. HacTosmui pe3ynbTaT coriacyeTcs
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C IMTEepaTyPHbIMHU JAHHBIMHU O CBI3M BOEHHOM CpeJibl C MOBBIIIEHHOW HACTOPOXKEHHOCTBIO U
CTPEeCCOBbIMM peaklusiMHu [3, 7, 8]. O4HAKO BbICOKMM 0OIIUN TpaBMaTHUYECKUH CTpecc BCTpe-
yasicsl pefiKo B 00eux rpynmnax, a CTaTUCTUYEeCKHA 3HAaYUMbIX Pa3/IMYMi 10 HEMY He BbISIBJIEHO
(U=185,0; p=0,130). CiexoBaTeibHO, IOBBIIIEHHAs CBEPXOAUTENBHOCTb HA 60Jiee paHHEM 3Tarle
CIy>KObI He 00513aTeJIbHO CBU/€TEIbCTBYET 0 COOPMUPOBAHHOM TPaBMaTHU4YECKOM CTpecce U
MOXKET OTPaXKaTh MOBBIIIEHHY0 TOTOBHOCTh K pearupoBaHUI0 Ha TpebOBaHUSA HOBOU Cpeibl.

Cxo/iHas TeHAeHIMs HabJl0jasach B 3SMOLIMOHAILHOM COCTOSIHUM. Y BOEHHOC/IY>KallUX
NepBOM TPYIIHbI Yallle BbISIBJISJIMCh CpeiHUE YPOBHU TpeBoKHOCTH (60,9%) u ctpecca (56,5%),
TOT/]a KaK Y BOEHHOC/IY>KalllUX BTOPOM IPyIIbl Yallje pEruCTPUPOBAIUCh HU3KHUE YPOBHU ITUX
nokasaTtesied — 65,0% u 70,0% cooTBeTcTBeHHO. O/JHAKO CTaTUCTHYECKH 3HAYUMbIX pPa3Jiu-
YUU 110 TPEBOXXKHOCTH U CTpecCy He ycTaHoBJieHO (p>0,05). CireayeT yYuThIBATh, UYTO LIKAJbI
DASS-21 oTpakaroT CBsiI3aHHbIE, HO Pa3JIMYUMble aClleKThl IMOLIMOHABHOTO He61aronoyuus,
B CBfI3U C YEM OTCYTCTBUE Pa3/IMUYUN 10 UHTETPAJIbHOU BbIPA)KEHHOCTU He UCKJ/II0YaeT u3Me-
HEHHWU B OT/EeJIbHbIX KOMIIOHEHTAX 3MOILIMOHa/IbHOro pearupoBaHus [10, 11]. Takum o6paszom,
pe3y/IbTaThbl COMVIACYIOTCS C NPeJCTaBJI€HUEM O MOBBILIEHHOM 3MOIIMOHA/JIbHOM HaNpsi>)KeHUU
Ha 60Jiee paHHUX 3Tanax CJayK0bl, HO He MO3BOJISIOT YTBEPXKJATh O CTATUCTUYECKH 3HAYHUMOM
ero CHWXXeHUHU C yBeJINUeHUEeM NPOJO0/KUTETbHOCTH CIYKOBI.

[ToslyyeHHbIE JaHHBIE 10 HEOJIATONMPUSITHOMY J€TCKOMY OMNbBITY B LIEJIOM HE BbISIBUJIU
pasIMyui MeX1y rpynnamMmu: HU3KMU ypoBeHb nokasaTtesieit ACE-10 otmevasica y 95,7% BoeH-
HOCJIy>KallUX CO CPOKOM CJIYKObI AT MECSALIEB U Y BCEX BOEHHOC/YKAUUX, MPOCIY>KUBLINX
onuH rop (U=213,0; p=0,552). BMmecTe c TeM KoppesisiliMOHHbBIN aHa/IU3 NOATBEP/ I 0JI0XKEHUS
JIUTepaTypHOro 063opa [22, 24]: He61aronPUATHBIN JeTCKUHM ONBIT OblJ CBSI3aH CO CHHXKEHUEM
IICUXO0JI0TUYeCcKOM ycToruuBocTH (rs=-0,338; p=0,008) 1 noBbilIeHNEM TPaBMaTHU4YECKOTO CTPEC-
ca (rs=0,418; p=0,001). CieoBaTeibHO, OTCYTCTBHE MEXKTPYINOBbIX PA3JIUYUIN HE UCKJIIOUAET
ero 3HaueHUs Kak UHJUBU/YaJIbHOT0 GaKTOpa ySA3BUMOCTH.

Oco6b1i MHTEpeC NpeACTaBISAET CONOCTABAEHME MOJyYeHHbIX pe3yJIbTaTOB C IaHHBIMU
y4allluxcsl BbIMYCKHbIX KJ1accoB. Kak OblJI0 OTMEUY€EHO BbIllle, JONPU3bIBHbINA IEPUOJ, MOXET
COINPOBOX/AAThCA 3HAYMTE/IbHOW IICUX0JIOTUYECKON HAarpy3Kou, CBA3aHHOM C 3K3aMeHaMH,
npodeccroHaJbHBIM CaMOOIpe/ieJIEHUEM U HeoNpeAeIEHHOCThIo oyayiero [12, 13, 27]. B Ha-
IIeM UCC/IeJOBAaHUHY NIPY IPEUMYILECTBEHHO CPeIHEM YPOBHE XKU3HECTOMKOCTH Y IIKOJIbHUKOB
(61,5%) 6bL1M BbISIBJIEHBI BbIpaXKeHHbIE 3MOLIMOHA/IbHbIE PAaKTOPbI pUCKa: BBICOKUHM YPOBEHb
penpeccun —y 43,5%, TpeBoxkHOCTH — Y 39,1%, ctpecca — y 13,0%; cpejHUM YpOBEHb CTpecca
oTMeyvasica y 69,6% ydamuxcs.

TakuM 06pa3oM, pe3y/bTaThbl 00C/Ie40BaHMS BOEHHOCIYKALMX [I03BOJISIIOT ONPeIeUTh
He CTOJIbKO KOHKPEeTHBIN «[IpodUJIb OYAylero BOEHHOCYKallero», CKOJIbKO COBOKYITHOCTb
XapaKTePUCTHUK, UMEIOLIMX 3HAYeHUE /i a/lalTallMU: )KU3HECTOUKOCTb, 3MOLIMOHAJIbHOE COCTO-
sIHUe, CBepX6UTEbHOCTb U UHAMBUYa/lbHble PaKTOPbI prucKa. Haiuuue y 4acTu LIKOJbHUKOB
BbIpa>XeHHBIX TPEBOKHO-/|e[IPECCUBHBIX U CTPECCOBBIX MPOSABJIEHUN IPU OTCYTCTBUU HU3KOU
YKU3HECTOMKOCTH MOKA3bIBAET, YTO Ol[€HKA TOTOBHOCTU MOJIOZIEXKHU K BOEHHOH CJIyK0€e He JI0JTK-
Ha OrpaHUYMBATbHCS TOJIbKO OKa3aTeJsIMU IICUX0JIOTUYECKON ycTOMUUBOCTH. LlesiecoobpasHo
YYUTBHIBATh TaK>Ke 3MOLMOHA/IbHOE COCTOSIHME U MOTeHHa/IbHble GAaKTOPhI YI3BUMOCTH yKe
Ha JI0NPHU3bIBHOM 3Tarne. [I[py 3TOM HaKOIJIeHHbIN ONbIT IPUMEHEHUS IPOrPaMM pPa3BUTUS
YKU3HECTOMKOCTU B BOEHHOM KOHTEKCTe NM0Ka3bIBaeT NPUHLUIIUAIBbHYI0 BO3MOXKHOCTb LieJie-
HalpaBJeHHOTO GOPMHUPOBAHUS aJlalTALLMOHHbBIX PECYPCOB, YTO JieJlaeT paHHee BbIsIBJIEHUE
TaKUX XapaKTePUCTUK NIPaKTUYEeCKU 3HAaYUMbIM [15].

[Ipy 5TOM noJIydeHHbIe pe3yabTaThl CJelyeT UHTEPIPETUPOBATD C Y4€TOM OrpaHU4YEHU M
vccieloBaHusl. Bo-nepBbIx, BbBIOOpKA BOEHHOCAYKAlMX OblJ1a OTHOCUTEJNLHO HEOOIBIIOH, a
10 OT/le/IbHBIM MEeTOJUKaM KOJIMYeCTBO BaJIU/IHbIX OTBETOB JIOMOJHHUTEJNBHO COKPALAI0Ch.
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Bo-BTOpBIX, HCCle,0BaHHe HOCHUJIO TOTIepeYHbI XapaKTep: CPAaBHUBAIMCh pa3Hble BOEHHOCIY-
’alue Ha 5-M 1 12-M Mecsiliax c/1yK0bl, I03TOMY BbIsIBJIE€HHbIE PAa3/IM4YMsl HeJlb3s1 0ZlHO3HAYHO
CBSI3bIBATh UMEHHO C BJIMsSIHUEM BpeMeHHU CyK6bl. KpoMe Toro, 06¢c/1e[0BaHrE BOEHHOCTYKa-
I{MX, HAXOJSAIIUXCA y>Ke Ha NIATOM Mecslie C/1yK0bl, He I03BOJISIET HENTOCPeJCTBEHHO OLEHUTb
HauboJiee paHHUN nepuo afantayuu. HakoHel, Hcrnoib30BaHHble METOAUKHU OCHOBaHbI HAa
CaMOOTYETE, UTO B YCIOBUAX BOMHCKOTO KOJIJIEKTHBA MOXKET IPUBOJUTh K HEJIOOIEHKE BbIpa-
»KEHHOCTH 3MOLMOHAJIbHBIX IPOSIBJIEHUH.

3ak/iloueHue

TakuM 06pa3oM, pe3ysibTaThl UCC/IEJOBAHHUS TOKA3bIBAIOT, YTO aAANTALMsI K BOEHHOU
cnyk6e He COTPOBOX/AAETCS OJJHO3HAYHBIM U JIMHEWHBIM YBEJUYEHHUEM MCUXOJIOTUYECKUX
pecypcoB Mo Mepe NPOAOKUTENbHOCTH CAYKObI. Y BOEHHOCTYKAILUX C pa3JIMYHbIM CPOKOM
CJIY?KObI 60JIIIMHCTBO U3yYEeHHbIX T0Ka3aTeseld He UMeJIO CTATUCTUYECKH 3HAaYMMbIX pa3Jiu-
YU, IPU 3TOM eJUHCTBEHHOE CTAaTUCTUYECKH 3HAUUMOE pa3J/Inyre BbISBJEHO M0 IT0Ka3aTe 0
ceepx6auTenbHocTH (U=160,0; p=0,036), ypoBeHb KOTOPOU ObIJI BhIllIE Y BOEHHOCTYKAI[UX HA
6oJiee paHHEM 3Talle CAY>K6bl. ITO MOXKET CBHU/IETEJIbCTBOBATH 0 60JIbIlIeN HACTOPOXKEHHOCTH
¥ TOTOBHOCTH K pearipoBaHHI0 Ha BHENTHHUE BO3/IeMCTBUS B IepBble MeCSAIbl MpeObIBAaHUSA B
BOEHHOM cpeje.

BMecTe c TeM BbIsIBJIEHHbIE B3aUMOCBSI3U MEX/1Y *KU3HECTONKOCTbIO, CTPECCOM, CBepX6-
JUTEJbHOCTbIO U HEOIATONPHUSATHBIM JIETCKUM OIBITOM MOATBEPK/AAIOT 3HAYMMOCTb COYETa-
HUS JIMYHOCTHBIX PECYpPCcOB U GaKTOPOB pUCKa NIPU OLIEHKE ajalTallMOHHbIX BO3MOXKHOCTEN
BOeHHOC/IYKalUX. [loslydeHHble pe3y/ibTaThl MO3BOJISIIOT NPEAIIOJI0XKUTD, YTO K MSTOMY Me-
CALLy CAY»KObI y 60/IBLIIMHCTBA BOEHHOCIYKAIIUX y>Ke cGOPMHUPOBAH OIpe/ieIeHHbIN yPOBEHb
npucnoco6JieHus K Tpe60BaHUSM BOEHHOMW Cpe/ibl, I03TOMY CPaBHEHHE YYaCTHUKOB C ['0JJ0BOU
CJIyKO0UM OTpakaeT CKopee OTHOCUTEIbHYI0 CTA6UIBHOCTb IICUX0JIOTUYECKOT0 NpoduJis, yeM
caM npoLecc NepBUYHON aZjanTaluH.

ComocTaBJieHHe C yYallMMHUCS BbIITYCKHBIX KJACCOB MOKa3aJ/10 MPAaKTUYECKYI0 3HAUUMOCTh
JIONIPU3BIBHOTO 3Tana. HecMoTpsi Ha MpeuMy11eCTBEHHO CpeJHUN YPOBEHb KU3HECTOUKOCTH Y
IIKOJIbHUKOB (61,5%), y 3HauUTeIbHOU 4aCTH BbISIBJIEHbI IOBBIILIEHHBIE TI0Ka3aTeJIU JeNpeccuu
(43,5%), TpeBoxkHOCTH (39,1%) U cTpecca (13,0%). B cBsA3M ¢ 3TUM OLleHKA CHUX0JIOTUY€eCKON
TOTOBHOCTH MOJIOJIEXKU K BOEHHOM CJ1yk6€ J0/’KHA YYUThIBATh HE TOJIBKO YPOBEHb )KU3HECTOH-
KOCTH, HO ¥ IMOIIMOHAJIbHOE COCTOSIHHE, CTPECCOBbIE PEAKLIUU U UHUBU/IyaIbHbIE PAKTOPHI
ySA3BUMOCTH. BbIsiBJIeHHEe TaKUX XapaKTEPUCTUK 0 MPU3bIBAa MOXKET CO3/1aTh BO3MOXKHOCTH
JlJIs1 CBOeBpeMEeHHON MPeBEHTUBHOM U NCUXOJIOTUYECKOU MOATOTOBKH.

B cBfi3U € 3TUM JasbHENIIEe HCCIe0BaHUSA 1e/1ecO06pa3HO MPOBOAUTDL HA 60Jiee MHO-
rOYKUCJIEHHOUN BBIOOPKE U C BKJIIDOUEHUEM BOEHHOCIY>KAIllUX HEMTOCPEICTBEHHO B MOMEHT MPHU-
3bIBa U B IlepBble HeJlesu C1yK0bl. Hanbosiee vHGOPMaTUBHBIM OYAET JIOHTUTIOHBIN JU3alH C
o6cie[0BaHMEM 10 TPU3BIBA, CPa3y MOC/E NOCTYIJIEHUS HA CAYKOY M Ha MOC/IeAYOLINX ITANaXx.
JTO MO3BOJIUT NPOCIEJUTh PeajlbHyI0 JUHAMUKY aJlalTalluy U ONpeJe/IuTh, KaKHe XapaKTepu-
CTUKH, BbISIBJIEHHbIE Y IONPU3bIBHON MOJIOJIEXKH, I€MCTBUTEBHO CBSI3aHbI C NOC/TIEAYOIIUMHU
TPYAHOCTSIMH afjanTanuu. TakxKe nepcrneKTHBHO pacliMpeHue AUarHoCTUYeCKOT0 KOMILJIeKca
3a CYeT MEeTOJUK OL€HKH KOMMHT-CTPAaTEerui, SMOLMOHATIbHON pery/siliiy, COLlMaJIbHON MO -
JIEP>XKU 1 MOTHUBALMH K CJIYKOe.
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IpTYpJli KbI3MeT 6Tey Mep3iMi 6ap d9CKepH KbI3MeTKepJiep
MEH >KOFapFbl ChIHBIN OKYIIbIJIAPbIHBIH, 9CKePH KbI3MeTKe 6eiiMe 1yiHiH,
IICUXO0JIOTUAJIBIK, pecypcTapbl MeH TayeKeJl paKTopJiaphl

PK. Tataesa'’, I.B. Cramxanosa®’, K.K. Kapikyn?, A.C. Koiibi6ai*

IJL.H. T'ymunee amoiHdarsl Eypasus yimmbikK yHusepcumemi, Acmana, Kasakcmau
2JL.H. 'ymuses amvindarul Eypasus yammeulk yHugepcumemi, Acmata, Kazakcmat
3Kazaxcman Pecny6aukacel Kopraubic Munucmpaieiniy «31775 ackepu 6eaimi»
pecnybauKablk MemaeKkemmik Mekemeci
*JL.H. 'ymunes amviHdaFsl Eypasus yammeulk yHugepcumemi, Acmata, Kazakcmat

AHJaTna. 9cKepH KbI3MeTKe 6eliMeNy — XeKe TYJIFAIbIK peCcypcTap/bl *KYMbLIbIPY b,
COH/IaM-aK 3MOILIMOHAJIABIK IIMeJIeHiC TeH CTpeccTi eHcepe 6isy KabiseTiH Tasan eTeTiH Kypaesi
npouecc. 3epTTeyAiH MaKCaThbl — 9CKePH KbI3METTIH apTYpJii Ke3eHiHeri Mep3iMAi KbI3MeTTerl
9CKepHU KbI3MeTLIIepAiH 6eliMiesyiHe 6allJIaHbICThI ICUXOJIOTUSJIBIK pecypcTap MeH Kayin
dbakTopIapbIH aHBIKTAY, COHbIMEH KaTap O6i/1iM a/yIibl >kacTap apachlHAAFbl bIKTUMAJ Kayil
dakTopJsIapbIH alKbIH/AAY 60J1/bl. 3ePTTey 6apbIChIHAA 6alasbIK [AaKTaFbl XaFbIMChI3 TXKipHbeaep
(ACE-10), Tesimainik (PVS III-R), amoumoHan bl xxkaii-kyd (DASS-21), TpaBMaTHKaJbIK CTPeECC,
6elimM/esy aJieyeTi )KoHe TyJIFaapasibIK 63apa apeKeTTecy CUIaTTaMaJlapblHbIH KepceTKilTepi
6afrasiaH/ibl. MiHJIEeTTI 9CKepH KbI3MeT Mep3iMi 6ec ail 6osiraHAapAbIH 69,6%-bIH/a )XoHE OH eKi
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M. Mambetova, M.K. Beisekova, A.B. Kurmanbayeva, A.Zh. Akbassova, A.Zh. Bekturova, M.T. Myrzabayeva,
K. Zhanassova, S.B. Zhangazin, A. Madirov, Zh.K. Masalimov, N.N. Iksat

aMl KbIBMeT eTKeH/JlepAiH 63,6%-bIH/a )KOFaphl JieHrei/jeri 6epiireH ik 6alKaaapl; TUIiCiHIIE,
aTtanraH Tontap/biH 60,9% xoaHe 63,6%-bIH/ja 6aKblIayblH )KOFaphl JeHreki, an 60,9% xoHe
63,6%-bIHa ToyeKe i KabblilayAblH KOFaphbl eHreli aHbIKTaaAbl. XKainbl Te3iMAiMIKTIH,
»KOFaphbl JleHreli 6ec ait ackepu Kpi3MmeTtTerisiepZiH 13,0%-bIH/a KoHe 6ip *KbIJ1 KbI3MET
eTKeHzepAiH 22,7 %-bIH/la aHbIKTaJFaHbIMEH, €Ki TOITa Ja »KaJlllbl TO3IMIJIIKTIH OpTalla JeHreui
6acbIM 60J1/1bl. DCKePH KbI3MET Mep3iMi 6ec all KbiIaMeTKepJiepiH, 95,7%-bIH/1a )KoHE OH eKi
ail KbI3MeT eTKeH/lep/iiH 6apJibIFbIHAA 6aJIaJbIK IAKTaFbl XKaFbIMChI3 TRXKipubeaep/iiH ToMeH
JleHreii aHbIKTanibl. MekTen 6iTipy1ui TyJleKTep apacblHAa TO3IMAIMIKTIH opTalia AeHreni 6acbiM
6osiraHbIMeH (61,5%), okyumbliapabig 43,5%-biHAa fenpeccus, 39,1%- Ma3acbI3/bIK, K9HE
13,0%- cTpeccTiH k0Faphbl AeHTeli, an 69,6%-bIHAA CTPECCTiH opTallla JieHreli aHbIKTalAbl. by
HOTIXKeJIep XKacTap/bl 9CKepre LaKbIpy alibIHAAFbI 1asiPJbIK Ke3€eHiH/le epTe MCUXOJIO0TUSIIBIK,
CKPUHUHT XYPri3y/iH, COHZau-aK CTpeccKe TO3IMAIIIKTI, SMOLUAJIBIK 63iH-031 peTTey i )KoHe
6acka Jja 6eiiMmzaesy pecypcTapblH AaMbITY/bIH, KaXKeTTIIiriH alKbIHJal 1bl.

Ty¥iH ce3aep: Mep3iM/li 9CKEPU KbI3MET, ICUXO0JI0TUSIJIBIK, TYPAKTbIJIbIK, Ma3aCbI3/IbIK,
cTpecc, 6asasbIK lAKTaFbl »KaFbIMChI3 TR KIpUOE, ToyeKkes GpaKTopaapbl, 9CKepre HaKbIPbLIyFa
JlediHri »kacrtap.

Psychological resources and risk factors of adaptation to military service among
military personnel with different lengths of service and graduating students

R.K. Tatayeva'*, G.B. Slamkhanova?’, Zh.K. Karikul?, A.S. Koilybay*

IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
*Republican State Institution “Military Unit 31775” of the Ministry
of Defense of the Republic of Kazakhstan
*L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Abstract: Adaptation to military service is a complex process requiring the mobilization
of personal resources and the ability to cope with emotional and psychological stress. The aim of
this study was to identify psychological resources and risk factors associated with adaptation to
military service among conscripts with different lengths of service and to determine potential risk
factors among students. The study assessed adverse childhood experiences (ACE-10), hardiness
(PVS III-R), emotional state (DASS-21), traumatic stress, adaptive potential, and interpersonal
interaction. A high level of commitment was observed in 69.6% of servicemen after 5 months
of service and in 63.6% after 12 months. High levels of control were found in 60.9% and 63.6%,
respectively, while high levels of risk acceptance were observed in 60.9% and 63.6%. A high
level of overall hardiness was identified in 13.0% of servicemen after 5 months of service and
in 22.7% after one year; however, a moderate level of overall hardiness predominated in both
groups. Low levels of adverse childhood experiences were identified in 95.7% of servicemen
after 5 months and in 100% after 12 months of service. Among final-year students, a moderate
level of hardiness predominated (61.5%). High levels of depression, anxiety, and stress were
identified in 43.5%, 39.1%, and 13.0% of students, respectively, while a moderate level of stress
was observed in 69.6%. The findings highlight the need for early psychological screening and
the development of stress resilience, emotional self-regulation, and other adaptive resources
during pre-conscription training.
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