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Objective. The study seeks to examine how intensive exposure to digital technologies and excessive
information flow affect learners’ cognitive functioning, particularly attention, memory, and processing efficiency,
as well as to evaluate potential risks to academic performance in highly connected learning environments
within the context of the educational transformation under the «Zhana Kazakhstan» program.

Materials and methods. An empirical survey was conducted among 54 adolescents (mainly 17-18 years
old). Data were collected through an 18-item questionnaire covering patterns of digital device use, distraction
frequency, study habits, and self-reported cognitive states (focus, memory, concentration, and fatigue). The
results were analyzed using descriptive statistical techniques to identify general tendencies and relationships.

Results and discussion. The findings indicate intensive daily use of digital devices, with a significant
proportion of respondents (48.1%) spending more than six hours online. Many participants reported regular
interruptions during study sessions and a tendency to switch between tasks. More than half (57.4%)
experienced reduced ability to maintain focus, while a notable share (33.4%) indicated difficulties retaining
recently learned material. Signs of cognitive strain, including tiredness and perceived overload, were also
widespread. These patterns suggest a transformation in cognitive functioning characterized by reduced depth
of information processing and increased fragmentation of attention. Within the framework of the «Zhana
Kazakhstan» program, this creates a tension between digital advancement and the preservation of stable
cognitive functioning.

Conclusion. The results demonstrate that excessive digital exposure is associated with cognitive strain,
including weakened concentration and memory efficiency. However, students’ awareness of these effects
provides an opportunity to promote more conscious and regulated use of technology. Ensuring a balance
between digital innovation and cognitive well-being remains a key challenge for modern education.

Key words: digital environment; information overload; cognitive processes; academic performance;
university students; learning efficiency

INTRODUCTION

In the conditions of rapid digitalization of
the 21t century, the educational environment has
undergone fundamental changes. Modern learning
is inextricably linked with the use of digital platforms,
smartphones, and constant access to global
networks. In the context of the implementation of the
«Zhana Kazakhstan» program, digital transformation
of education is considered a strategic priority aimed
at enhancing human capital and ensuring the
country’s global competitiveness [1]. However, along
with the expansion of educational opportunities, the
problem of information overload has arisen — a state
in which the volume of incoming data exceeds the
adaptive capacities of the human brain, as described
in contemporary research on cognitive load in digital
environments by A. Skulmowski and K. M. Xu [11].
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For students, cognitive processes such as
attention, memory, and critical thinking are basic tools
for mastering a profession. Their stable functioning
determines not only academic performance but
also the ability of the future specialist for continuous
self-education. Within the framework of the «Zhana
Kazakhstan» initiative, the development of these
competencies becomes especially significant, as it
directly relates to the formation of a competitive and
intellectually resilient generation [1]. In this regard,
studying how the digital environment transforms
the cognitive profile of learners becomes a critically
important task.

Previous research in the field of cognitive
psychology and neurosciences confirms that long-
term interaction with digital devices has a dualistic
influence on the psyche. A number of authors point
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to the phenomenon of «digital dementia» and a
decrease in the depth of information processing.
Thus, M. Spitzer, based on an analysis of modern
scientific publications, introduced the concept of
«digital dementia» and showed that excessive use
of digital technologies is associated with a decrease
in cognitive functions, primarily memory, attention,
and thinking. It has been established that excessive
consumption of information and active use of social
networks can act as a risk factor for the deterioration
of cognitive and emotional states, while the key
problem is not the digital environment itself, but its
irrational use [12].

At the same time, studies of the influence of
information overload show that a constant flow of data
and work in multitasking conditions lead to changes
in cognitive processes. In particular, N. Carr notes
that active interaction with the digital environment
reduces the ability for long-term concentration
and deep analysis of information [3], as supported
by empirical findings on media multitasking and
cognitive control received by H. T. Y. Yung, M. A. A.
Bakar, K. A. Ghani et al. [14]. As a result, thinking
acquires a more superficial character, and attention
becomes fragmented, which negatively reflects on
the efficiency of learning [3].

Despite this, the scientific community
recognizes the positive sides of digitalization as well,
such as the development of visual-spatial intelligence
and skills for rapid information search. In particular,
M. Prensky, in his concept of «Digital Natives»,
emphasizes that modern learners possess a unique
ability for parallel processing of heterogeneous data
and a high reaction speed [10]. Furthermore, studies
by J. R. Flynn indicate that interaction with a complex
technological environment is one of the factors of
long-term growth in verbal and abstract intelligence
indicators, known as the «Flynn effect» [5].

Despite the extensive base of research dedi-
cated to general aspects of digitalization, the mecha-
nisms of the influence of information overload specif-
ically on students in the context of their professional
formation remain not fully studied, as highlighted by
W. Tafesse, M. P. Aguilar, S. Sayed et al. in recent
work on digital overload as a cognitive stressor af-
fecting learning efficiency [13]. This gap is particularly
relevant for Kazakhstan, where the «Zhana Kazakh-
stan» program emphasizes the need for a balanced
integration of digital technologies without compromis-
ing cognitive development. There is a deficit of data on
where the line lies between the effective use of digital
resources and the beginning of cognitive degradation
under the influence of an excessive data flow.

In addition, adaptive strategies that learners
develop to maintain cognitive homeostasis in an
oversaturated information environment are insuffi-
ciently studied. The need to fill these gaps and deter-
mine the current cognitive status of modern students
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in the context of the ongoing educational transforma-
tion under the «Zhana Kazakhstan» program led to
the conducting of this study.

The aim of this work was the identification and
analysis of the influence of the digital environment and
information overload on key cognitive indicators of
learners (attention, memory, information processing
speed), as well as an assessment of the risks of
decreased learning efficiency in conditions of hyper-
connectivity.

MATERIALS AND METHODS

The practical part of the study was conducted
using the survey method aimed at studying the
influence of the digital environment on the cognitive
state of learners. For data collection, a survey was
developed, including 18 closed-type questions with
answer options.

Adolescentrespondents (predominantly 16-18
years old) participated in the study. The sample was
formed on the basis of voluntary participation. The
survey was conducted in an online format using digital
platforms, which allowed for covering participants
actively interacting with the digital environment. To
assess the influence of information overload, the
questionnaire included questions for evaluating the
following parameters: the level of digital device use
(time, purposes of use), frequency of distractions
(notifications, checking the phone), features of study
behavior (using the phone while performing tasks),
as well as a subjective assessment of cognitive
functions — attention, memory, concentration,
and the level of mental fatigue. Processing of the
obtained data was carried out using methods of
descriptive statistics, including analysis of the
distribution of answers and identification of trends
characterizing the relationship between the intensity
of digital technology use and subjective indicators of
the cognitive state of learners.

RESULTS

54 respondents took part in the study, the ma-
jority of whom (87%) belong to the age group of 17-18
years, which allows for considering the sample repre-
sentative for students.

An analysis of the time spent in the digital en-
vironment showed a high level of involvement: 48.1%
of those surveyed use digital devices for 6-8 hours a
day, 29.6% for 4-6 hours, and 14.8% for more than 8
hours. This testifies to a significant intensity of inter-
action with the digital environment (Figure 1).

The main purposes of using devices are social
networks (93%) and studies (89%), which indicates a
combination of educational and entertainment activity
(Figure 2).

The results showed that the digital environ-
ment has a noticeable influence on the attention of
learners. Thus, 37% of respondents noted that no-
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How much time per day do you spend
using a smartphone or other digital
devices?

mlessthan2hours ®2-4 hours

Figure 1 — Time spent on smartphones / digital devices

MESSAGING (WHATSAPP, TELEGRAM, ETC.)

GAMING

WATCHING VIDEOS, MOVIES, OR TV SERIES

STUDYING / ACADEMIC PURPOSES

SOCIAL MEDIA (TIKTOK, INSTAGRAM,
YOUTUBE, THREADS) 1

Figure 2 — Purposes of using devices

tifications sometimes distract them during studies,
20.4% — often, and 7.4% — constantly. At the same
time, 46.3% of participants sometimes check the phone
during studies, and 27.8% do this often, which confirms
the prevalence of distracting behavior (Figure 3).

The assessment of concentration showed
that 44.4% of respondents experience difficulties
with concentration (sometimes difficult), 13% — pro-
nounced difficulties, whereas only 31.5% believe that
it is rather easy for them to focus. Despite this, 53.7%

10

W 4-6 hours

m6-8 hours ® Morethan 8 hours

10 20 30 40 50 60 70 80 90 100

of those surveyed indicated that they can concentrate
for more than 40 minutes, however, a significant part
(38.9%) — only 20-30 minutes, which may testify to a
decrease in attention stability.

A subjective assessment of the influence of
digital devices showed that 31.5% of respondents
are sure of a worsening of concentration, and another
27.8% lean toward this opinion. An analogous trend is
observed regarding memory as well: 16.7% noted a
worsening of memorization, 18.5% — rather yes, how-
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DO YOU FIND NOTIFICATIONS DISTRACTING
WHILE YOU ARE STUDYING?

W Never

B Rarely B Sometimes Moften M cinstantly

Figure 3 — Attitude towards notifications when studying

HAVE YOU NOTICED A DECLINE IN YOUR
CONCENTRATION SPAN DUE TO PHONE USAGE?

MYes MRatheryes M Notsure MRatherno MNo

Figure 4 — Connection between phone usage and concentration

ever, 31.5% found it difficult to assess, which indicates
the unconscious nature of the changes (Figure 4).

An analysis of the frequency of forgetting infor-
mation showed that 40% of respondents sometimes
forget recently studied material, and 33.4% — often or
very often, which may testify to a decrease in memory
efficiency.

At the same time, the attitude toward digital
technologies remains ambiguous: 68.5% of those sur-
veyed believe that they help memorization (33.3% —
significantly, 35.2% — rather yes), however, 22.2% do
not note an influence, and 8% believe that technolo-
gies interfere.
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A significant part of the respondents notes
signs of information overload. Thus, 31.5% sometimes
experience mental fatigue, 27.8% — often or very often.
The feeling of information overload is also common:
42.6% experience it sometimes, and 25.9% — often or
very often (Figure 5).

Additionally, difficulties with information percep-
tion were identified: 29.6% of respondents sometimes
experience difficulties when reading long texts, and
18.6% — constantly. Also, 35.2% of participants often
or constantly notice a tendency to switch between dif-
ferent tasks, which indicates the development of multi-
tasking and fragmentation of attention (Figure 6).

11
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Do you experience mental fatigue after
prolonged use of a phone or computer?

m Never mRarely mSometimes mOften mVeryoten

Figure 5 — Connection between phone usage and mental fatigue

IS IT DIFFICULT FOR YOU TO READ LONG-FORM
TEXTS WITHOUT BEING DISTRACTED?

W Not difficultat all M Rather notdifficult M Sometimesdifficult M Difficult WVery difficult

Figure 6 — Reading long-form texts and distraction

Despite this, the majority of respondents real-
ize the problem: 42.6% try to limit device use, and
38.9% do this sometimes. At the same time, 68.5% of
those surveyed believe that excessive use of digital
technologies affects cognitive abilities (29.6% — yes,
strongly, 38.9% — rather yes) (Figure 7).
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Thus, the results of the study confirm that a
high intensity of digital device use is associated with
manifestations of information overload, a decrease
in attention concentration, and signs of worsening
memory, despite the continuing perception of digital
technologies as a useful tool.
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DO YOU BELIEVE THAT EXCESSIVE USE OF DIGITAL
DEVICES AFFECTS COGNITIVE ABILITIES?

M Yes, significantly M Ratheryes

B Not sure

W Ratherno M No

Figure 7 — Influence of excessive digital devices use on cognitive abilities

DISCUSSION

An analysis of the obtained data in the context
of modern neurosciences allows for a deeper look at
the transformation of the cognitive sphere of learners.
Within the framework of the implementation of the
«Zhana Kazakhstan» program, such transformations
acquire particular significance, as the development of
human capital and intellectual potential is defined as
a strategic priority [1]. The fact that almost half of the
respondents experience difficulties when reading long
texts and are often distracted confirms N. Carr’s the-
ory of «fragmentation of thinking», as also supported
by recent studies on digital reading and reduced deep
processing in online environments carried out by R.
N. Delgado, D. E. Allen, M. G. Keefe et al. [4]. N. Carr
emphasizes that the digital environment accustoms
the brain to «fast scanning» and constant search for
new stimuli. As a result, neural pathways responsible
for deep, focused reading weaken, while pathways
responsible for processing scattered data fragments,
on the contrary, strengthen [3]. We observe not just
«laziness», but a physiological adaptation of the brain
to an environment where speed is more important
than depth. From the perspective of the «Zhana Ka-
zakhstan» initiative, this shift represents a potential
contradiction between the goals of digital moderniza-
tion and the need to preserve deep analytical thinking
skills among future specialists.

Confirmation of this is provided by the results
of our survey on the decrease in memory (33% of-
ten forget material). Here it is appropriate to mention
the study by L. A. Henkel on the «photo-taking im-
pairment effect». She proved that when we delegate
the function of fixing information to an external carri-
er (smartphone), the brain stops spending resourc-
es on its consolidation into long-term memory [6].
Our respondents, considering gadgets as helpers in
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memorization, actually fall into the trap of «digital am-
nesia»: information is available in one click, but it is
not incorporated into the structure of their personal
knowledge. In the context of Kazakhstan’s educa-
tional transformation, this phenomenon may limit the
formation of sustainable professional competencies,
which are a key objective of the «Zhana Kazakhstan»
program [1].

The relevance of the problem intensifies when
analyzing information overload. Studies in the field of
cognitive neurobiology (for example, the works of E.
Klingberg [7]) show that the volume of our working
memory is extremely limited. When the flow of in-
coming data (notifications, social networks, studies)
exceeds this volume, a state of «cognitive inhibition»
arises. This explains why 31% of the students sur-
veyed by us experience constant mental fatigue. The
brain spends too much energy on filtering information
noise, because of which practically no resources re-
main for high-quality solution of study tasks. For the
«Zhana Kazakhstan» program, this indicates that
increasing access to digital resources without regu-
lating cognitive load may reduce the overall effective-
ness of educational reforms.

In addition, the identified tendency of respond-
ents toward multitasking (35%) causes particular
alarm. A study by Stanford University (E. Ophir, C.
Nass, A.D. Wagner) showed that people constantly
working in multitasking mode actually cope worse
with filtering unnecessary information and switch
more slowly between real tasks. This confirms our
hypothesis that the “digital dexterity” of students is
only an appearance, behind which lies a decrease in
the quality of cognitive processing [9], as also demon-
strated by F. Kong, S. Meng, H. Deng et al. in their re-
cent studies on media multitasking and attention con-
trol [8]. Within the strategic framework of the «Zhana
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Kazakhstan» initiative, this raises the question of
revising educational approaches: from encouraging
multitasking toward developing sustained attention
and cognitive control.

The novelty of this work lies in fixing the mo-
ment when learners begin to realize their vulnerabil-
ity: 67% recognize the negative influence of technol-
ogies. This awareness is particularly valuable in the
context of the «Zhana Kazakhstan» program, as it
creates a foundation for the implementation of poli-
cies aimed at developing digital self-regulation and
cognitive resilience, as highlighted in recent stud-
ies on digital well-being and self-regulation by M. V.
Abeele [2].

In the future, it is necessary to study methods
of adaptive learning that could use digital tools with-
out overloading working memory. For Kazakhstan,
this means designing educational models that align
with the goals of the «Zhana Kazakhstany initiative —
integrating technology while simultaneously protect-
ing cognitive health. The main challenge for modern
education is to teach the student not to “absorb” in-
formation, but to consciously manage their attention,
protecting it from an excessive flow of data to main-
tain the ability for critical analysis.

CONCLUSION

The findings of this study suggest that the mod-
ern educational ecosystem, despite its technological
advantages, acts as a powerful catalyst in trans-
forming the cognitive profile of students. Within the
framework of the implementation of the “Zhana Ka-
zakhstan” program, which aims to modernize educa-
tion and strengthen human capital, these transforma-
tions represent both an opportunity and a challenge
for sustainable cognitive development. The research
identifies a critical paradox: while digital tools are per-
ceived by learners as essential resources for devel-
opment, their high-intensity use — averaging 6 to 8
hours daily — actually leads to the depletion of the
brain’s adaptive reserves.

The synthesis of the theoretical concepts of
«digital dementia» and the empirical data gathered re-
veals a qualitative shift in thought processes. There is
a documented transition from deep, linear information
analysis toward fragmented, superficial scanning. This
is evidenced by the fact that nearly half of the respond-
ents experience physical difficulty when engaging with
long-form texts, and one-third suffer from a systematic
failure to retain recently studied material. These phe-
nomena point to the development of «digital amne-
sia», where the brain, relying on the instant availability
of data, ceases to construct stable neural connections
within long-term memory. From the perspective of the
«Zhana Kazakhstany» initiative, such cognitive shifts
highlight the necessity of balancing digitalization with
strategies that preserve deep learning and analytical
thinking skills among students.
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Furthermore, the identified prevalence of infor-
mational fatigue is a significant concern. The states
of cognitive inhibition and mental exhaustion reported
by a substantial portion of students are direct conse-
quences of irrational content consumption and con-
stant task-switching. However, the high percentage
of respondents who recognize the negative impact
of gadgets on their cognitive abilities provides a nec-
essary foundation for the development of conscious
“digital hygiene”. This awareness is particularly impor-
tant within the framework of the «Zhana Kazakhstan»
program, as it supports the formation of self-regulat-
ed and cognitively resilient learners.

Ultimately, this work demonstrates that the pri-
mary challenge for the 21s-century student is not a
deficit of information, but a deficit of attention. The
preservation of a future specialist's professional
competence depends directly on their ability to build
cognitive barriers against informational noise. There-
fore, in alignment with the goals of the «Zhana Ka-
zakhstan» initiative, the development of attention
management skills and the protection of cognitive
homeostasis must become an integral component of
modern education, alongside the implementation of
digital technologies.
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BIIUAHME LU®POBOMA CPEObl U MH®OPMALMOHHOW MEPErPY3KM HA KOFHUTUBHOE
COCTOAHME CTYAEHTOB B KOHTEKCTE NMPOIrPAMMbI «XKAHA KA3AXCTAH»

"HAO «KaparaHavHckuii meamumHckmii yHuBepeuteT» (100008, Pecnybnuka KasaxctaH, . Kaparanga, yn.
lorons, 40; e-mail: info@gmu.kz)

*Banepusa AnekceeBHa BypmuctpoBa — HAO «KaparaHguHckuin meguuuHckuin yHuBepcuteT»; 100008,
KasaxctaH, . Kaparanga, yn. lorons, 40; e-mail: valera_b_2004@mail.ru

Llenb. ccnepgoBaHue HanpaBieHO Ha M3yvyeHue Toro, kak MHTEHCMBHOE UCMONb3oBaHME LMEPOBLIX
TEXHOMNOMNM 1 N3BbITOYHLIN MOTOK MHCPOPMAaLIMM BIUSIIOT HA KOTHUTUBHOE (PYHKLIMOHMPOBaHUE oby4atroLmnxcs,
B YaCTHOCTM Ha BHMMaHue, namsitb U 3EPEKTUBHOCTbL 00paboTkn MHOpMauUK, a Takke Ha OLEHKY
noTeHunarnbHbIX PUCKOB ANS akageMUYeckon yCrneBaeMOoCTU B YCITOBUSAX BbICOKOW LIMKPOBOW CBA3AHHOCTU
obpasoBaTenbHOM cpedbl B KOHTEKCTe TpaHcopmaumm obpas3oBaHWa B pamkax nporpammbl «>KaHa
KazaxctaHy.

Mamepuanbl u memoObi. [lpoBeAeHO 3SMMMPUYECKOE MccnegoBaHue cpean 54 NogpocTKoB
(npeumyLLecTBeHHO 17-18 net). CH60p AaHHbLIX OCYLLECTBMSNCA C NMOMOLLLIO aHKETbI, BKIOYaKoLWwen B cebs
18 BONpPOCOB, OXBaTbIBAOLLMX OCOBEHHOCTM UCMONb30BaHMSA LMGPOBLIX YCTPOWCTB, YacTOTy OTBIIEYEHUN,
y4yebHoe noBefeHne N CyObEKTMBHYIO OLIEHKY KOTHUTUBHBIX COCTOSIHUIA (BHUMaHWE, NaMATb, KOHLEHTpaLms,
yTomnsiemocTb). ObpaboTka pe3ynsTaToB MPOBOAUIIACh C NPUMEHEHUEM METOAOB ONMUCATENbHOM CTAaTUCTUKM
C LEnblo BbISIBNEHUS1 00LMX TEHOEHLMIA U B3aMMOCBS3EN.

Pesynbmambl u obcyxx0eHue. orny4YyeHHble OaHHble CBUMAETENbCTBYIOT O BbICOKOW MHTEHCUMBHOCTMU
NCNonb3oBaHMs LUNGPOBLIX YCTPOWCTB: 3HaYUTENbHasi 4YacTb pecnoHaeHToB (48,1%) npoBoauT B ceTu
bornee wecTn 4YacoB B AeHb. MHOMMe y4acTHUKM OTMeYatoT perynsipHble OTBrieYeHnst B npolecce obyvyeHus
N CKIOHHOCTb K MepekriodeHnto Mexay 3agadamu. bonee nonoBuHbl (57,4%) MCMbITHIBAOT CHUXEHWE
CMOCOBOHOCTU K KOHUEHTpauUn BHUMaHWUA, Torga kKak 3ametHast gons (33,4%) ykasbiBaeT Ha TPyAHOCTU B
3aNoMMHaHUN HedaBHO M3YYEHHOro mMartepuana. Takke LUMPOKO pacrnpocTpaHeHbl MPU3HaKM KOTHUTUBHOIO
HaNpPsPKEHUs, BKIlOYasi YTOMISIEMOCTb W OlUylleHWe WHAOPMALNOHHOW neperpyskni. BbisiBNeHHble
3aKOHOMEPHOCTU YKa3bIBaOT Ha TpaHCHOPMAaLMI0 KOTHUTUBHBIX MPOLIECCOB, XapaKTEPU3YHLLYHCHA CHUXKEHNEM
rmyouHbl 06paboTkn MHopMaumm 1 ycuneHnem gpparmeHTaumm BHUMaHusi. B pamkax nporpammbl «>KaHa
KaszaxctaH» 3TO hopMMpyeT NpoTMBOpeYne Mexay LUgpPOBbIM pPa3BUTMEM U COXPaAHEHWEM YCTOMYMBOIO
KOrHUTMBHOIO OyHKLMOHMPOBAaHMS NogpacTatoLLEero NoKoneHns.

Bbigodbi. PesynbraTbl uUccneaoBaHUs OEMOHCTPUPYIOT, YTO 4pe3MepHoe BO3AeNCTBME LMcpOBOWA
cpedbl CBSI3aHO C KOTHUTUBHBLIM HanpsbKeHMEM, BKIOYash CHWKEHME KOHLEHTpauuu BHUMMaHUS W
acphekTUBHOCTM NamsATN. BMecTe ¢ TeM 0CO3HaHME CTyAeHTaMu AaHHbIX 3dEKTOB CO34aET NPEANOCHINKM
ans popmmupoBaHust 6onee 0OCO3HAHHOTO U PEryNMPYEMOro Mcnornb3oBaHus TexHororuin. ObecnedeHne
OanaHca Mexay UUgpPOoBbIMU MHHOBALMSIMU U KOTHUTMBHBIM Griaronony4mMemM OCTaéTcsi KITHOUYEBOWM 3adaden
COBPEMEHHOW CUCTEMbI 0Opa3oBaHuS.

Knoyeeabie cnosa: uudpoBas cpena; MHPOPMAaLMOHHAA Meperpyska; KOrHUTUBHbIE MPOLIECCHI;
akagemMuyeckasl ycneBaeMoCTb; CTYAEHTbI BYy30B; 3(EKTUBHOCTb 00y4YeHNs

B. A. Bypmucmposa'*, 8. M. XKaranmaesa’

«©KAHA KA3AKCTAH» BAFOAPIIAMACHI ASICBIHAA CTYOAEHTTEPAIH KOTHUTUBTIK XXAFOAUBIHA
LNDPNbIK OPTA MEH AKNAPATTbIK APTbIK XXYKTEMEHIH ©CEPI

'«KaparaHobl meamumHa yHusepcuteti» KeAK (100008, KasakctaH, KaparaHabl K., loronb k-ci, 40; e-mail:
info@gmu.kz)

*Banepusa AnekceeBHa BypmuctpoBa — «KaparaHabl megnumnHa yHuBepcuteTi» KeAK; 100008, KasakcTaH,
KaparaHgbl K., loronb k-ci, 40; e-mail: valera_b_2004@mail.ru

3epmmey makcambi. 3epTTey UMGPIblK TexXHonorusnapabl KapkblHObl nanganaHy MeH aknapat
arblHbIHbIH WamagaH Tbic 6onybl GiniM anywbiiapablH KOTHUTUBTIK KbI3BMETIHE, aTan anTkaHda 3eMiHre,
XagblFa XoHe aknapatTbl eHAey TuiMainiriHe kanan acep €eTeTiHiH aHblKTayFa, coHgawn-ak Oinim Oepy
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OpTacCbIHbIH, XOFapbl LUM@pPraHybl XafgavbiHOa akageMusnblK yarepiMre TOHETIH bIKTMMarn Tayekenaepai
«KaHa KasakctaH» Gargapnamachl asdcbiHaarbl 6inim 0epy TpaHcdopmaumsicbl KOHTeKCTiHAe Oaranayra
OarbITTanfaH.

Mamepuandap xoaHe adicmep. 3epTTey bapbicbiHAa 54 xacecnipim (HerisiHeH 17-18 xacTa) apacbiHaa
amnupuKanelk cayanHama xyprisingi. Jepektep 18 cypaktaH TypaTblH cayanHama apKbifbl XuHangsl, on
LMdpnbIK KypbifFbinapabl Nanganady epekweniktepid, anadaayLwbinbIK KUiniriH, oKy MiHEe3-KYIKbIH XeHe
KOTHUTUBTIK >XafgannapgblH, (3eWiH, >xxafpl, WOFbIpnaHy, wapLay) cyobeKkTMBTi 6aFacbiH KamTblabl. AnbIHFaH
HaTWXenep cunarTamanblk CTaTUCTMKa 8A4ICTEPI apKbibl ©HAENIM, Xanmnbl ypaicTep MeH e3apa GavinaHbicTap
aHbIKTanabl.

Hamuxxenep xxoHe markbinay. AnblHFaH HaTWXenep UMdprbIK KypbiFbinapabl nanganaHyabliH, )Kofapbl
OEHreniH KepceTTi: pecnoHaeHTTepdiH, eneyni 6eniri (48,1%) KyHiHe anTbl cafaTTaH acTam yakbITbIH Xenige
eTkizeqi. KatbicywbinapabliH kebi oKy 6apbicbiHOA XMWi anaHOanTbiHbIH XKOHE TancbipManap apacbiHaa
aybIcyFa Gewim ekeHiH atan eTTi. PecnoHaeHTTepaiH XapTbiCbiHaH actambl (57,4%) 3eiHai WoFbipnaHabipy
kabineTiHiH TemeHaereHiH cesiHeai, an egayip 6eniri (33,4%) xkaHa MeHrepinreH matepuvanabl ecte cakrayaa
KMbIHAbIKTapFa Tan 6onaTbiHbIH kepceTTi. COHbIMEH KaTap KOTHUTUBTIK XXYKTEMEHIH 6enrinepi, CoHbIH, iiHae
LapLuay XeHe aknapaTTblK LWaMagaH TbIC XXYKTeny ce3iMi keH TaparnfaH. AHbIKTanfaH YpAiCTep KOrHUTUBTIK
npouecTepaid, TpaHcdopMauusacbiH KepceTeni, on aknapaTTbl eHAey TepeHAiriHiH TemMeHOeyiMeH XoHe
3eMiHHiH hparMeHTaumsACbIHbIH KylleiMeH cunattanaabl. «XXaHa KasakctaH» 6argapnamachkl adcbiHaa 6y
uncpnblik JamMy MeH eckeneH YpraKTbiH TypakTbl KOTHUTUBTIK KbI3BMETIH CakTay apacblHAarbl KanLWbIbIKTb
KanblnTacTbipagbl.

KopbimbiHObI. 3epTTey HoTuXenepi uMdpnblk OpTaHbiH lWaMagaH TbiC 8cepi KOTHUTUBTIK XKYKTEMEHIH
apTybIMEH, COHbIH iLlLiHAE 3eNiHHIH TOMEHAEYIMEH XaHe Xaabl TMIMAINITiHIH ancipeyiMeH GannaHbICTbl EKEHiH
kepcetegni. CoHbIMeH KaTap cTyaeHTTepaiH Oyn acepnepdi TyCiHyi TeXHOnornsnapabl caHarbl )XaHe peTTenreH
TYpAe nanpanaHyra MyMmkiHAik 6epegi. Lindpnblk MHHOBaUMANap MeH KOrHUTUBTIK aM-aykaT apacbiHAarbl
Tene-TeHAiKTi KaMTamMachI3 eTy kasipri 6inim 6epy »yheciHiH Heriari MiHOeTTepiHiH Oipi 6bonbin kana Gepegai.

Kinm ces3dep: undpnblk opTa; aknapaTTblK apTblK XYKTEME; KOTHUTUBTIK MpoLECTep; akageMusnbik
yIirepim; 00 CTy4eHTTepI; OKy TWimaginiri
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POIb KNMWMHUYECKUX ®AKTOPOB, OBPA3A XXU3HWU U OKPYXXAIOLLIEX CPE[Ibl B PA3BUTUN
®PArMEHTALWN OHK CMTEPMATO30110B
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®parmeHTaums HK cnepmato3omaoB ABASeTcs 3Ha4MMbIM (PYHKLMOHANbHBLIM NoKasaTenem MyxXCKon
hepTUNBHOCTN, KOTOPbLIA AOMNOMHAET CTaHOAPTHOE WCCMEeLoBaHWE 3sIKynsaTa U OTpaxaeT noBpexaeHue
reHeTM4eckoro MaTepuana ramer.

Llenb nutepatypHoro o63opa — cuCTEMATM3NPOBAaTb COBPEMEHHbIE [aHHble O OMONornyeckux,
KNUHUYECKUX, NOBEeOEHYECKMX U CpeaoBbiX dhakTopax, acCoOUMMPOBAHHbLIX C MOBbILUEHUEM (dparMeHTauum
OHK cnepmaTo3ongos.

MpoaHanuaupoBaHbl PyKOBOACTBA NpodeccuMoHarnbHbiXx 06LecTB, cuctematnyeckne 00630pbl,
MeTaaHanm3bl N KINOYEBLIE OpUrMHANbHbIE UCCNEenoBaHWs, npeacTtaeneHHble B PubMed, Scopus n Web
of Science. PaccmoTpeHbl HapyLLeHUS PEMOLENNPOBAHMSA XPOMaTUHA, OKUCIIUTENbHbIA CTPECC, anonTo3 U
nedekTbl co3peBaHMst cepMaTo30MaoB, a Takke BNMsiHUe Bo3pacTa, BapukoLene, BocnaneHusi, MHPeKUnn,
MeTabonmMyecKkMx paccTpPOMNCTB, OHKONOrMYECKNX 3aboneBaHunii, NMMXopanku, KYpeHUsl, ankoronsi, OXXUpeHus,
hn3M4ECKON aKTUBHOCTM, MOTOBOIO BO3AEPXKAHUS, TENIOBOIO BO3AENCTBUA U 3arpa3HUTENEN OKpYKatoLLen
cpenpbl.

HaunbGonee nocnenoBartenbHas CBsi3b C NOBLILEHHOW hparMeHTaLmen yCcTaHoBeHa ANst BapukoLene,
BbIPa)XEHHOIO OKUCITUTENBHOIO CTPECCA, KYPEHMS, BO3pacTa U psiia TOKCUYECKMX SKCMO3ULMIA. [eTepOreHHOCTb
nabopaTopHbIX METOAOB W MOPOroBbIX 3HAYEHWI OrpaHMYMBAET MPSIMOE COMOCTaBMEHME WCCREeLOBaHUN.
KnuHnyeckass uHTepnpetauusa nokasatens [OSKHa YYuTbiBaTb METOA aHanusa, aHamMHe3 naumMeHTa U
COBOKYMHOCTb MoanduLmpyeMbix akTopoB pucka. Ocoboe BHUMaHUe yaeneHo pasrpaHnyeHnto oKasaHHbIX

accoumaunin, BepoATHbIX MEXaHU3MOB U OTAEMbHbBIX KITMHUYECKMX NPELANONOXEHWNN.
Knoveesbie criosa: myxckoe ©Oecnnoave; dparmeHtaumss OHK cnepmato3ongoB; OKUCIIMTENBHbIN
CTpecc; BapukoLene; o6pas *n3Hu; penpoayKTMBHOE 300pOBbe

BBEOEHUE
Bbecnnogne octaetca ogHow n3 Haumboree
pacnpoCTpaHeHHbIX MeAUKO-coumanbHbIX Npobnem:
MY>XCKOWN (pakTop CaMOCTOSATENBHO UM COBMECTHO C
YKEHCKUM BbISIBNSIETCS MPUBAM3UTENBHO Y NOSIOBUHBI
nap, obpalyaLLmxcs 3a penpoayKTUBHON NMOMOLLBHO
[1, 2]. CTtaHgapTHasa cnepMmorpamma xapaktepuasyet
KOHLEHTpauuto, NOABWXHOCTb U MOPAONOruio crnep-
MaTO30MAO0B, OOHAKO HEe OTpaXkaeT B MOMHOW Mepe
PYHKUMOHANBHON COXPaAHHOCTW MYXCKOW raMeThbl
[3]. MoaToMy y YacTu MyX4YUH C HOpMO30oCcnepMnen
COXpaHslTCa HeobObACHMMOe OGecnnogue, Heyaauu
BCMOMOraTernbHbIX PENPOAYKTUBHbLIX TEXHOMOMUA |
penpoayKTMBHbIE MOTEPU. B 3TUX KMMHUYECKNX CUTY-
auusx ocoboe 3HayeHve npuobpena oLeHka LernocT-

HocTn OHK cnepmaTto3ongos [4, 5].
Mog dparmentaunen OHK cnepmaTtosongos
MOHUMAIOT HanuuMe OAHOLEMOYEYHbIX WK ABYyLe-
noveyHbIx paspbiBoB Monekynbl JHK 1 cBa3aHHbIX €
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HAMW HapyLleHW ynakoBKM xpomaTuHa [5]. NHaeke
dparmeHTaunn OHK BoipaxaeT gonto cnepmarosoun-
OB C BbISIBNSIEMbIM NMOBPEXOEHMEM FEeHETUYECKOro
matepuana. [loBbllEeHHbIE 3HAYeHWs MnokasaTens
yawe perucTpupytotcs y 6ecnnogHbiX MyXX4YuH, ac-
COLIMUPYIOTCA CO CHWXKEHHOW BEPOSITHOCTbIO ecTe-
CTBEHHOIO 3a4aTusi U MOTYT COMPOBOXAATbCS MOBbI-
LUEHNEM puUCKa HeBblHALLIMBaHUSA GepeMeHHoCTH [6,
7]. BmecTe ¢ TeM Benu4uuMHa accouunauumn 3aBucuT ot
nonynsuMM, Metoga MCCNedoBaHus U BblOpaHHOMO
nopora, NO3TOMY UHAEKC He criegyeT paccmaTpuBaTh
Kak caMoCToATENbHbIM AnarHos [6].

Bronornyeckast ysa3BMMOCTb CNepMaTo3omaoB
onpegensaeTca oco6eHHOCTAMU UX cTpoeHus. B xoge
crnepmoToreHe3a rMCTOHbI MOCneoBaTeNbHO 3ame-
LalTCca nepexogHbiMM Benkamu 1M npoTamuHamu,
Gnarogaps 4emMy reHoM YMMOTHSIETCS U CTaHOBWT-
CA YCTOMYMBBLIM K MOBPEXOAIOLIMM BO3OENCTBUSM.
Ownbkn nNpoTaMMHUPOBAHMWSA, HenonHoe gopMu-
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poBaHve AWNCYNbMUAHBLIX CBA3EN U COXPaHEHWE n3-
ObITOYHOWM JONM MMCTOHOB AEenarT XPOMaTuUH MeHee
cTabunbHbiM [8]. 3penbii cnepMaTo3ong MMeeT Mu-
HUMarnbHbIA 06bEeM LMTOMIa3Mbl, OrPaHUYEHHbIN 3a-
nac aHTMOKCUOAHTHBIX PEPMEHTOB M MOYTU NMLLEH
CrnocobHOCTN MNofHoUeHHO BoccTaHaenmBaTb [OHK.
OpnHoBpeMeHHO ero membpaHa 6orata nofniMHeHachbl-
LLIEHHBIMW XXMPHBIMW KACIOTamMu, YyBCTBUTENbHBIMU
K nepekncHomy okucnenuio [9, 10].

NcToYHMKM NOBpEXAEHNS YCITOBHO pa3gensioT
Ha TEeCTUKYNsApPHbIE W MOCTTECTMKYNSApHble. B Any-
ke paspbiBbl JHK MoryT Bo3HMKaTb npu HapyLleHun
pEMOLENNPOBaHMSA XpOMaTWHa, He3aBepLUEHHOM
anonTto3e n gedekTHOM cnepmartoreHese. Bo Bpe-
MS1 NMPOXOXAEHUS Yepe3 MpuMaaTtoK sAudka M nocne
FAKYNALMM JOMUHUPYIOLLEe 3Ha4YeHne npuobpeTtaeT
OKVMCNUTENbBHBIN CTpecc, obycnoBneHHbIn gucbanaH-
COM MeXay NPoAyKLMen akTMBHbIX POPM KMcrnopoga
N aHTUOKCUAAHTHOW 3aLLMTON CEMEHHON nnasmbl [11,
12]. 3T MexaHn3Mbl B3aMOCBSI3aHbl; BOcnaneHue,
BEHO3HbIA 3aCTOW, rMnepTepmusi, Metabonuyeckne
HapyLleHMs 1M TOKCMYECKME BeLlecTBa CMNOCOOHbI
OOHOBPEMEHHO YCUINMBaTb MPOAYKLUMIO CBOOOAHbLIX
pagvkanoB 1 CHMxaTb 3h(EKTUBHOCTb CO3pEBAHNS
cnepmaTtosongos [13].

KnuHnyeckun unHTEpEC K  TECTUPOBaHUIO
dpparmenTaumm OHK obycrnoBneH He Tonbko Aua-
FTHOCTMYECKON LEHHOCTbIO, HO W MNOTEHUManbHON
obpaTtuMoCTblO YacTu hakTopoB pucka. B otnnuue
OT BO3pacta WM NepeHeCceHHOW roHagOTOKCUYHOW
Tepanuu, KypeHue, U3bbITOK Macchl Tena, TENOoBbIE
BO3OENCTBUS, NMPOLOIIKUTENBHOCTE BO34EPXKaHUSA U
HeKoTOopble NPOdECCMOHarnbHbIE 3KCNO3MLUKN nogaa-
toTCa Koppekuun [14, 15]. Bapukouene, nHgekumm un
3HOOKPUHHO-MeTabonuyeckne 3aboneBaHus MoryT
TpeboBaTb HanpaBneHHoro neyexHus. Crnegosartenb-
HO, BbISIBIIEHWNE MOBbLILIEHHON (bparMeHTauun SOIK-
HO CTAHOBUTBCS Ha4aroM 3TMOFIOrMYECKOro Noucka,
a He OCHOBaHWEM [fis SMMMPUYECKOr0 Ha3Ha4YeHUs
aHTUOKCUOAHTOB 6€e3 OLEeHKN NpUYKH [16].

CoBpemeHHble pekoMeHOauun paccMmaTpuBa-
0T uccrnegoBaHune parMeHTaLmmn Kak AONoMNHUTENb-
HbI TECT NPV MOBTOPHLIX MOTEPSX GEPeMEHHOCTH,
HeoObsicHUMOM Gecnnoamu, Bapukouerne, Heyaadax
BCMOMOTaTeNbHbIX PEnPOAYKTUBHbLIX TEXHOMOMUN U
HanMVuUM 3HaYUMbIX (PAKTOPOB pUCKa, HO He nopd-
OEPXKMBAIOT €ro yHnBepcarnbHOe NpUMeEHEHNe y BCcex
MYXXYMH Ha NepBMYHOM 3Tane obcnegoBaHud. [ns
pauMOHanbHOr0 MCMNonb3oBaHNWs TecTa HeobXoaAnMo
NMOHMMaTb OTHOCUTENbHbIV BKNaA OTAEMNbHbIX PaKTO-
poOB, KayeCTBO COOTBETCTBYHOLUMX OOKaA3aTENbCTB U
BEPOSTHOCTb OOPaTUMOCTN U3MeHeHUn [17].

Llenb nutepaTtypHoro ob63opa — cucrema-
TM3NPOBaTb U KPUTUYECKM OLEHWUTb COBPEMEHHbIE
JaHHble O OMOMNOrMyeckmx, KITMHWYECKUX, MOBEOEH-
YecKunX, NPodECCUOHArbHBIX U CPEOOBbIX PAKTOpPax,
BMMSIIOLLMX HA LLENTOCTHOCTb AE€30KCUPUOOHYKINENHO-
BOW KMCMOTbI CNEpMaTo30Ma0B, a Takke onpeaenvTb
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X 3HayeHne ANnd OMarHOCTUKW, MpOUMakTUKU U
nepcoHann3npoBaHHOIO BEAEHUS MYXYMH C HapyLue-
HUEeM penpoayKTUBHON QOYHKLIMN.

[na nogrotoBkM 0630pa BLIMNOMHEH TemaTtu-
YecKMn nouck nybnvkaumi B 3NEKTPOHHbLIX Oasax
PubMed, Scopus n Web of Science. Vicnonb3oBanu
coyeTaHust TepMmmHoB «sperm DNA fragmentationy,
«DNA fragmentation index», «sperm chromatiny,
«oxidative stress», «male infertility», «varicocele»,
«age», «infection», «microbiome», «smoking»,
«obesity», «heat», «pollution» n cootseTcTBylOLLINE
PYCCKOSI3bl4HbIE TEPMUHBI. [1propuTeT oTgaBanu go-
KymeHTam npodeccuoHarnbHbIX obLecTs, cuctema-
Tn4eckum ob63opam, MeTaaHannaam, MPOCNEKTUBHBIM
uccriegoBaHnsiM M paboTtam, MOCBSALWEHHbIM CTaH-
Japtusaumu nabopaTtopHbiX MeToAoB. BpemeHHoN
OnanasoH noucka oxeaTtbiBan nyonukaumm c 2016
no 2026 r., bonee paHHWe NUCCrEeOOBaHNS BKITHOYanu,
€CI OHW UMENW OCHOBOMOMarawLee 3HavYeHne ang
NMOHMMaHNSi MEXaHW3MOB WUIW Banmamn3aumm TeCTOB.

OT60op MpoBOAUNN MO PENEBAHTHOCTU TEMBI,
NpO3payYHOCTM ONUCAHNS NONYNALMM U METOAA OLIEH-
K/ parMeHTaumm, Hanuyuil rpynnbl CPpaBHEHWUS
N BO3MOXHOCTU WHTEPNPETUPOBAaTh HanpasrieHne
adppekta. Ucknodann coobLueHns O eOuHUYHbIX
HabnoaeHnsaxX, Teancbl 6e3 NoNHOTEKCTOBOW Myonn-
Kauuu, uccrnegoBaHNst UCKIIOYUTENBHO Ha XXMBOTHbIX
6e3 KNMHMYECKOM aKCTpanonsaumm, a Takke paboTsl,
B koTOpbIX noBpexaeHue [OHK He Gbino camoctos-
TeNbHbIM UCXOOOM. B OKOHYaTenbHbI aHanMTU4e-
CKUI KOPMyC BOLUNN MEXAyHapodHble pekomeHaa-
uun, MeToguveckue AOKYMEHTbl, cucTtemaTuyeckune
0030pbl U KIIOYEBbLIE MEPBUYHBIE WCCNEOOBaHUS.
[Ona oueHkn nNOMHOTbI MpeAcTaBneHust (PakTopoB
OOMONHNUTENBHO aHanusmpoBanu 6ubnuorpadguye-
CKMe CMMckn OToBpaHHbIX 0630pOB, OPUEHTUPYACH
Ha MPMHUMMbLI NPO3paYHOro NpeacTaBneHnst otbopa
N OLIEHKM CMCTEMATMYECKON OLLNOKM.

MexaHu3mbl noBpexaeHus JHK
cnepmaTto3onaoB

HapyweHue pemodenuposaHusi xpoMamuHa.
Bo Bpemsa cnepmumoreHesa 6onbluas 4acTb MMCTOHOB
3ameHsieTca npotamuvHamn P1 n P2. IMoaTtomy Bbl-
COKUW WHAOEKC pparMeHTaLun MHOrga OTpaXkaer He
TONBbKO NPUOBOPETEHHOE OKMUCIUTENLHOE MOBpEXae-
HMe, HO U MEPBUYHOE HapyLUeHWe crnepmaroreHe-
3a0M MPOTAMUHWPOBAHUN COXPaHAKTCH  Y4yacTKu
PbIXMIOro XpomaTtuHa, OOCTYMHble HyKneasam M ak-
TMBHbIM bopmam kucriopoga. HapylweHnsi ynakoBku
MOTyT BO3HMKaTb Ha (pOHE reHeTUYECKMX U anureHe-
TMYeckux AedekToB, AUChYHKUMM kreTok Ceptonu,
rmnepTepmMmm 1 Tokcuveckmnx sosgencremn [11, 18].

OkucnumenbHbIli  cmpecc. Pn3MonoaHTUOK-
CMOaHTHas eMKOCTb CEMEHHOW nnasMbl ucyepna-
Ha, OAHOUENOYeYHbleuMTaumm, runepakTmeaumm u
aKpocoMHOWM peakuuun. [laTtonornyeckoe Hakomnne-
HWe CynepoKcua-aHWOHa, NepPeKkMcHM Bogopoaa U rm-
OPOKCUITbHBIX paguvKarnoB 3anyckaeT nepekncHoe
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oKucrneHme membpaHHbix nunugos. Obpasytolimnecs
peakTVBHbIE anbaernabl pacnpoCTPaHST LEeNHy
peakumio M NOBpeXAarT 6enkv, MUTOXOHAPUM U
ocHoBaHusa [HK. OcobGeHHO ysi3BUM TyaHWH, OKMUC-
nieHne KOTOpOro ConpoBoXaaeTrcss (hOpMUPOBAHMEM
8-rngpokcu-2-gesokcuryaHosnHa. Ecnm  aHTMokcu-
OaHTHasi eMKOCTb CEeMEHHOW Mna3mbl ucdepnaHa,
ofHoLEeNnoYeYHble MOBPEXAEHNST NEPexoasitT B MHO-
XKEeCTBEHHbIE pa3pbiBbl U PYHKLNOHAIbHY HECOCTO-
ATENbHOCTb cnepmartosounaa [19, 20].

Anonmos u HykrneasHasi akmueHocmb. B Hop-
Me anomnTo3 OrpaHU4MBaET KOnmM4ecTBO AedeKTHbIX
repMMHATUBHbIX KNETOK. AT MexaHu3Mbl Hanbonee
BEPOSATHbI MPU  BbIPaXEHHOM MOBPEXAEHUN ANY-
Ka, FOPMOHAarbHbIX HapyLIEHWUsIX, OHKOMOrMYeCcKMX
3aboneBaHVsX U BO3AENCTBUM TOHALOTOKCUHOBYHO
acummeTpuio U nospexaenve OHK. JononHutenb-
HbI BKIlag BHOCHAT 3HOOHYKNeEeasbl, aKTUBUPYIOLLU-
€csl MpW HapyLleHWM KanbLWEBOro romeocrtasa. OTu
MexaHM3Mbl Hanboree BepOATHbI MPU BbIPaXKEHHOM
MOBPEXAEHUN ANYKA, TOPMOHANbHBIX HAPYLUEHWUSIX,
OHKorornyecknx 3aborneBaHusSX U BO3OEWCTBUW TO-
HagOTOKCMHOB [21, 22].

lNMocmmecmuckynsipHoe  nospexdeHue. Bo
BpeMs TpaH3uTa Mo MnpuaaTtKky svyka 3aBepLuaoTcs
KOHOEeHcauusi XxpoMaTHa U hOpMUPOBaHNE aHTUOK-
CVAaHTHOM 3alunThbl. JlelkounTbl CnocoBHbI reHepu-
poBaTh 3HaYNTENLHO BonblLue cBOOOAHBIX paauKaros,
yeM cnepmMato3ouibl, MO3TOMY NenKouMTocnepmMums
1 BocnaneHuwe O0GaBOYHbIX MOMOBBLIX Xeres MoryT
yCUnmBaTb NOBpEXOEHMEe faXe Mpu OTCYTCTBMU Bbl-
pakeHHon GakTepuocnepmunbonblue CcBOGOAHLIX
pagvKanoB, Yem crnepMaTto3ongpbl, MO3TOMY FENKOLU-
TOocnepmus 1 BocnaneHne JobaBOYHbIX MOMOBbIX Xe-
ne3 MOryT yCunvBaTb NOBPEXOEHWE Oaxe Npu OTCyT-
CTBWM Bblpa)keHHOW B6akTepuocnepmum [23, 24].

KnuHunyeckue n 6uonornyeckne cpakropbl

Bospacm myxyuHbi. C yBenM4eHneM Bospacta
HaKannMBalTCA OKUCIUTENbHbIE MOBPEXOEHWS, CHU-
Xaetca 9EeKTUBHOCTb aHTMOKCUAAHTHBIX CUCTEM,
N3MEHSIIOTCA FOPMOHASbHBIA NPOMUITb Y MUKPOOKPY-
XXEHMe ceMeHHbIX KaHanbLueB. Cuctematmndeckmne ob-
30pbl NMOATBEPXAAKT BO3pPaCcTHOE YXydlleHne psiga
napameTpoB 3siKynsiTa 1 NOBbILEHWE hparMeHTaLuu,
OOHaKo To4Ka nepernba pasnuyaeTca mexay mccne-
noBaHunsimu [25]. B Hanbonee KpynHoMm obbeamHeH-
HOM aHanuse KIMHUYECKM 3aMETHOE YBENUYEHNE WH-
Aekca 6b1no 0cobeHHo BbipaxkeHo nocne 50 ner [26].

Bapukouene. Bapukouene oTHocuTcst kK Hanbo-
nee M3yyYeHHbIM MOoTeHUMaNbHO 0b6paTUMbIM NpUYK-
Ham nospexaeHns [HK cnepmatosonoB. BeHO3HbIN
pedIioKC 1 3aCTON NOBLILLAKOT TEMMNEPATYPy MOLLIOH-
K/, HapyLalT MMUKPOLMPKYMSLMIO, CnocobCcTByOT
TMMOKCUWN N HaKOMMEeHUI0 MeTabonmToB, akTUBMPYIOT
BOCManeHne 1 OKUCIUTENbHBIN cTpecc. MeTaaHanu-
3bl JEMOHCTpUPYOT Gonee BbICOKUIM MHAEKC dpar-
MEHTaLUN Y MY>XYUH C BapUKOLLENe U ero CHmKeHne
nocrne Xupypruyeckom koppekumm [27].
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HapyweHrus yanesodHoz20 obmeHa. vneprnu-
Kemus ycunmeaeT 06pa3oBaHue KOHEYHbIX MPOAYKTOB
MMYKUPOBaHMWS, MUTOXOHAPUANBHY OUCHYHKLUIO 1
NpOOyKUMIO aKTMBHBIX hopM Kucnopoga. [mabet mo-
XKET COMpOoBOXAATbCS IMNOroHaaM3MoM, HerponaTu-
e, HapyLIeHNEeM 3FKYNALUUN U U3BMEHEHNEM COCTaBa
CEMEeHHOM nnasmMbl. B MeTaaHanuTMyeckoM cuHTe3e
HapyLleHne TONEePaHTHOCTM K IMoKo3e Oblo OgHUM
n3 hakTopoB C Haubonee BblpaXEHHOW pasHULIEN
nHAekca pparmeHTaunn [28].

OxupeHue u memabonuyeckuli cuHopom. N3-
ObITOYHAsA XMpoBas TKaHb U3MEHSIET COOTHOLLEHUE
aHOPOreHOB U 3CTPOreHOB, YCUINMBAET CUCTEMHOE
BOCnaneHve, MnoBbIAEeT TEMNepaTypy MOLLUOHKU U
cnocobCcTByET OKMCIUTENBHOMY cTpeccy. HecmoTps
Ha OGuonormvdeckylo nNpaBgonogobHOCTb, AaHHbIE O
He3aBMCMMOWN CBA3WN MHOEKca Macchl Tena c cpar-
MEeHTauuen HeogHopodHbl. MeTaaHanma mnokasan
YMEpEHHOoe yXyALleHVe nokasaTtensi Nnpyu OXupeHuu,
Torga kak boree LWMPOKMIA aHanun3 He BbISIBWMN KIu-
HUYECKM 3HaYMMOWN cpedHen pasHuubl. BoamMoxHble
NPUYMHBI PacXOXOEHUN — CMELLEeHUe Mo BO3pacTy,
KypeHuto, anabety, hn3my4eckon akTMBHOCTM U pas-
nn4yna B onpegeneHnn oxmnpeHus [29].

OHkoroauyeckue  3abornegaHusi.  Onyxonu
AnYKa cnocobHbl HapywaTb crnepMmaTtoreHes ewe Ao
nievyeHnss BCNEeACTBME JTOKanbHOro BOCMNareHus, aH-
OOKPUHHBIX M3MEHEHUA U CUCTEMHOIO OKUCIUTESb-
Horo cTpecca. [NoBbileHHasa parmMeHTauus Takke
onvcaHa npu numdomMax U nenkosax, XoTa acpdekT
MeHee ycTonumB [26]. Xumunotepanna n nyyesas
Tepanus OOMONHUTENBHO MOBpEexXAalT Aensimecs
CrnepmaTtoroHUM U MOryT OCTaBnATb ANUTENbHbIN re-
HOTOKcMYeckuin crieg. MoaTomy KOHCynbsTMpOBaHWE
Mo coxpaHeHuto hepPTUNBHOCTU U KPUOKOHCEpPBaLUS
crnepmbl JOSMKHbI NMPOBOAMTBLCS OO Hayana roHago-
TOKCMYHOIO fIe4EHNS B COOTBETCTBMM C OHKOMOrnye-
cknumu pekomeHgaumsmm [30].

Jluxopadka u cucmemHbie 3abonesaHus.
CnepmaToreHe3 4yBCTBUTENEH K MOBLILIEHUIO TEM-
nepatypbl Tena. ocne annsoga BbICOKON NTMXOpPaaKM
BO3MOXHbl BPEMEHHOE CHWKEHME KOHLIEHTpauum 1
MOOBWKHOCTU CMEPMAaTo30Ma0B, YXYALIEHNE ynaKoB-
KM XpoMaTuHa 1 yBenmyeHne parmeHTauum, npuyem
MaKCMMyM MW3MEHEHWUI MOXET MPOSBAATLCA 4Yepes
HEeCKOINbKO Hefenb B COOTBETCTBUM C NMPOAOIPKUTENb-
HOCTbIO criepmartoreHHoro umkna. CuctemHoe Bocna-
neHne, TSKenble MHEKUMN, XPOHUYECKas NoveYHas
UNM NeYeHoYHas HeOOCTaTOYHOCTb TakkKe MOryT Aen-
CTBOBaTb Yepe3 LUTOKMHOBBLIN OTBET, FOPMOHAmNbHbIE
HapyLUEeHWS U OKUCNUTENbHbIN cTpecc [31].
MHdbekumn, BocnaneHne n MUKpo6uom 3sikynsata

MHMEKUNOHHO-BOCNAnNUTENbHbIE  MPOLECChI
MY>XCKON penpogyKTUBHOW CUCTEMbI MOTYT MOBPEX-
patb JHK yepes nenkoumtapHyo NpoayKUM0 aKkTUB-
HbIX popM KMcrnopoga, BbICBOOOXKOEHNE LIMTOKMHOB,
npsiMoe B3aMMOLEWCTBME MWKPOOPraHM3MOB CO
crnepmaro3ongamMmu M U3MeHeHne aHTMOKCUOAHTHbIX
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CBOWICTB CeMeHHol nnasmbl. Hanbonee oyeBugHa
CBSA3b MNPV KITMHUYECKOM MpocTatuTe, anuauamumMmuTe
n opxuTe, ogHako GeccumnToMHas OakTepuocnep-
MUS BCTpPEYaEeTCs 4YacTo, a 0bHapy>XeHne MUKPOBHOM
[OHK He Bcerga o3HavaeT NpUYnHHYO HAdbeKuuio [32].

Ona Chlamydia trachomatis, Bupyca nanuvn-
foMbl YernoBeka W Opyrnx uWHdekuni, nepegato-
LLMXCS MOMOBbLIM NyTeM, pe3ynbraTbl HEOAMHAKOBBI.
B o6beanHeHHbIX aHanmM3ax cpegHun adpdekT xna-
MUAOMAHOM W NanuniioMaBUpPyCHOM MHdekuun 6bin
HebonbWNM MMM CTaTUCTUYECKM HEYCTONYMBBIM,
TOrga Kak COBOKYMHOCTb BakTepuanbHbIX MHGEKLMNA
JemoHcTpupoBana 6ornee 3amMeTHyt0, HO reTeporeH-
Hyto accoumaumio [33]. Pasnnums Moryt 3aBuceTb OT
aKTMBHOCTM BOCMAaneHus, 4UTENbHOCTU MHAEKLUN,
COMYTCTBYHOLLEN JTIENKOLMTOCNEPMUN, METOAA BhISIB-
neHus Bo3dyaUTENsa U BpEMEHU MeXOy JeYEHNEM U
nccregoBaHNEM 3sIKynsTa.

MeTareHOMHblE MeTOAbl M3MEHWM NpeacTaB-
fieHne 0 CEMEHHOW Nna3Me Kak O CTepUITbHON cpeae.
OSAKYNAT COAEPXUT HU3KobmomaccHoe MUKpPOBHOe
Co006LLEeCTBO, COCTAB KOTOPOro MOXET ObITb CBSI3aH C
napametpamu cnepmel. [loTeHumansHo Hebnaronpu-
ATHbIE NPOhMIN XapakTepuayTcs yBENNYEHNEM OT-
HOCUTENBbHOW MpPeACTaBEHHOCTU HEKOTOPbIX aHa3-
POBHbIX M YCNOBHO-NATOIEHHbIX TAKCOHOB, TOrga Kak
Lactobacillus B psage uccrnegosaHun accouumpoBarn-
C4 C NyywMMn nokasarensamu. [34].

dakTopbl 06pa3a KU3HU

KypeHue. TabayHbii AbIM COOEPXUT HUKOTUH,
MONMMUUKIMYECKME apoMaTu4eckue yrneBoaopoasl,
TSOKENble MeTanibl U MHOFOYMCIIEHHbIE COEAMHEHMS
C MPOOKCUMAAHTHLIMU U MYyTareHHbIMU CBOWCTBaMW
[35]. BmecTe ¢ TemM peaynbraTbl OTAEMbHLIX UCCre-
JOBaHWI OCTalOTCA HEOLHOPOAHBIMU: B HEKOTOPbIX
NonynsAUnsiX CTaTUCTUYECKN 3HAYNMOW CBA3N MEXOy
KOHLEHTpauusMy KOTUHUHA 1 MeTabonuToOB NonMuu-
KNNYECKNX apoMaTUYECKMX YIMeBOAOPOAOB U cpar-
MeHTaumen HK He BbisiBNneHo [36, 37].

Arnkoeornb. XpoHudeckoe ynotpebneHue an-
Koronsi cnocobHO Hapylwartb runotanamo-runogu-
3apHO-TOHaHy perynduuio, metabonmsm TecTo-
CTEepPOHAa M aHTUOKCUOAHTHYI 3awuTy. TeM He MeHee
obbeanHeHHble AaHHble MO (parMeHTauun MeHee
nocnegoBaTenbHbl, YeM AN KypeHus: cpegHee pas-
nuyne Mexagy noTpeduTensamMu N HemboLWMMKM 4YacTo
HEBENMWKO, a onpeaerneHnss YMEPEHHOro 1 Ype3mMep-
HOro ynoTpebneHns cyLecTBeHHO pasnuyatotces [38].

Hapkomuueckue sewiecmea u aHabonu4eckue
cmepoudsbl. KaHHabuHovabl, onnonapsl, NCUXOCTUMY-
NSATOpbl M aHabonuyeckne aHOpPOreHHble cTepovabl
MOTyT HapyLlaTb MYXXCKYI pPenpogyKTUBHYI (hyHK-
LMo MoCcpeacTBOM BO3AENCTBUSA HA rMNoTanamo-rmno-
hm3apHO-roHagHyl OCb, MUTOXOHOPWANbHYI0 aKkTuB-
HOCTb, OKMCININTENBHO-BOCCTAHOBUTENbLHBIN BanaHc u
ANUreHeTUnYeCcKoe coctosiHme crnepmatosomaoB [39].
YnotpebneHne kaHHabuca accouumpoBanocb C Ha-
pyweHueMm uenoctHoctn OHK, HegocTtaTovHbIM npo-

Meouyuna u sxonoeus, 2026, 3

TaMUHNPOBaHUEM U U3MEHEHUSIMU METUNTMPOBAHMS
IOHK cnepmatosongos [40]. B HebonbLIOM uccneno-
BaHUM MYX4YMH C repOMHOBON 3aBUCUMOCTbBIO UHOEKC
dpparmeHTaumm OHK Gbin CylecTBEHHO Bbille, YeM
B KOHTpornbHon rpynne (41,93% npotus 10,14%),
OOHaKO OrpaHuWYeHHbIi pa3mMep BbIOOPKM He MO3BO-
NAET cyMTaThb 3TN pe3ynbTaTbl OKOHYaTeNbHbIMU [41].
[okasatenbcTBa BO3OEWCTBUS MCUXOCTUMYNSTOPOB
Ha cnepmMmaTtoreHe3 M reHOMHYI LierfoCTHOCTb Chep-
MaTO30MAO0B NPEVMMYLLIECTBEHHO OCHOBaHbI Ha 3KCre-
PUMEHTANbHBIX U HEMHOFOYMCIIEHHBIX KITMHUYECKMX
nccnegoBaHusx [42]. AHabonnyeckne aHapPOreHHble
cTepovabl MOAABMSAT CEKpPeuuto roHagoTPONMHOB
1 BbIpabOTKy BHYTPUTECTUKYISIPHOTO TECTOCTEPOHA,
YTO MOXET NPUBOAUTL K TSXKENOW ONMro3oocnepmmum
unu asoocnepmum [43].

MNMumaHue. PaunoH, 6oraTbii oBowamu, opyk-
Tamu, LenbHbIMM 3riakamu, pbiGon, opexammu 1 NCToY-
HMKaMM HEHaCbILEHHbIX >XWUPHBIX KUCIOT, TEOPETU-
Yeckn MoadEepPKMBAET aHTUOKCUOAHTHYIO 3alLUuTYy.
Huskoe noTpebneHne aHTUOKCMAAHTHbLIX HYTPUEH-
TOB, 30bLITOK NepepaboTaHHOro Msica, TPAHCXKNPOB U
NPOOYKTOB C BbICOKOW IMIMKEMUYECKOW Harpy3Kkom Mo-
ryT ycunusatbe Metabonunyeckoe Bocnanenune. OgHa-
KO MCCnegoBaHUSA NMUTaHus YacTo HabnogatenbHble
M noAaBepXXeHbl OWMOKaM CaMOOT4yeTa, a AaHHble
MMEHHO MO (bparmeHTaumm orpaHnyeHsl [44].

AHmuokcudaHmHble dobasku. ButamuHel C n
E, koaH3um Q10, KapHUTWH, LUMHK, CENEH 1 gpyrue Be-
LLIeCTBa LUMPOKO MPUMEHSIIOTCA NMPU MYy>KCKOM Becrio-
avn. HekoTopble nccnegoBaHms cooOLLaT CHIDKEHNE
MapKepOB OKUCIUTENBHOIO CTpecca u hparmeHTaumm,
OJHaKO CXeMbl, 403bl, ANUTENBHOCTb U UCXOAHbIE Xa-
PaKTEPUCTMKM NaLMEHTOB pa3nuyatotcs. N3bbtouHoe
nogaBfieHne akTMBHbIX (POPM KMCropoga MOXET Bbl-
3BaTb pedyKTUBHbINA CTPECC M HapyLMTb PU3NONorv-
Yyeckune npoLecchl kanauutaumm [45].

Qu3suyeckass akmusHocmb. PerynsipHasi yme-
peHHas aKTMBHOCTb yMy4llaeT YyBCTBUTENbHOCTb K
WHCYNWHY, Maccy Tera M CUCTEMHbIN BOCMNanuTenb-
HbIn npodunb. B paHaomuamMpoBaHHOM WMccrneno-
BaHUWN BbICOKOMHTEHCMBHbIE WHTEPBasibHbIE TPEHU-
POBKM COMPOBOXAANMUChb yIy4dlleHWeM nokasartenemn
OKUCNUTENBHOIO CTpecca U gparmeHTaumm y Gec-
NAOAHBIX MYX4YMH [46]. BMecTe C TeM Ype3mepHble
Harpy3kv, NepeTpeHMpOBaHHOCTb, 0OE3BOXMBAHNE,
npvemMm aHabonuyecknx CcTepouaoB W AnuTenbHas
e3fla Ha Bernocuneae ¢ fokanbHbIM Neperpesom Mo-
ryT OKasblBaTb NPOTUBOMNOMNOXHLIN 3ppekT [47].

CoH u ncuxoamoyuoHasnbHbIlU cmpecc. Hepo-
cTaTovyHasd NpOJOIMKUTENBHOCTE M HU3KOE KayecTBO
CHa, a TakkKe XPOHMNYECKUI MCUXONOTMYECKNIA CTPECC
MOryT HapywaTb perynsuuio runotanamo-runodu-
3apHO-TOHaAHOW OCW, W3MEHSATb CEeKpeLMio KOpTU-
30Ma M TFOHAAOTPOMMHOB, YCUNMBATb CUCTEMHOE
BOCMasneHne, OKUCIUTENbHBIN CTPECC U MUTOXOH-
apvianbHyo guchyHKLMI0 cnepmarto3omaoB. OgHako
JaHHble O HEMOCPEACTBEHHOW CBS3U 3TUX (DAKTOPOB
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¢ parmeHTaumnen OHK cnepmato3ongoB ocTaroTcs
OrpaHuWYeHHbIMY 1 MPOTMBOPEYUBLIMU. B yacTHOCTH,
BbISIBfIEHHAs CBA3b NPOAOSPKUTENBHOCTU CHA C Xa-
pakTepUCTMKaMmn XpoMaTuHa He Bcerga pacnpocTtpa-
HaeTca Ha uHaekc dparmeHTaumm OHK [48]. Kpome
Toro, HabmnogateneHbli xapaktep 6onblUMHCTBA
nccrnegoBaHni  3aTpyAHSIET pas3rpaHUyYeHne camo-
cTodATenbHoro agdhekta cHa M cTpecca OT BNUSHUSA
OXUPEHUS, KYpPEHUsI, CMEHHOW paboThbl, Aenpeccumn u
Opyrux conyTcTByloLWMX hakTopoB [49].
INekapcTBeHHbIe NpenapaTbl U MeAULIMHCKUE
BMellaTenbLCcTBa
loHagoTokcuyeckoe aencTane Hanbonee ybeau-
TENbHO YCTaHOBIEHO ANS LIMTOCTaTU4ECKON U Ny4eBOn
Tepanun. OK30reHHbIN TECTOCTEPOH 1 aHabonnyeckme
aHOpPOreHHbIe CTepouabl MOCPECTBOM OTpULIATENBLHOM
obpaTHOM CBA3M MOJABMSOT CEKPeuuto JIIOTENHW3N-
pytowero 1 onmMKyroCcTUMYUPYHOLLENO FOPMOHOB,
CHVXAKOT KOHLEHTPaLUIO BHYTPUTECTUKYNSIPHOMO Te-
CTOCTepOHaTEeCTUKyNApHoro pesepsa [50].
OK30reHHbIN TecTocTepoH K aHabornuyeckme
aHOpOreHHble CTepouabl NOCpPeacTBOM OTpuuaTerb-
HoM obpaTHOW CBHA3W MOAABNST CEKPEeLuo MTeun-
HU3UPYHOLLErO U (POMMKYNOCTUMYMMPYHOLLIETO FOPMO-
HOB, CHMXKAIOT KOHLIEHTPaLMIO BHYTPUTECTUKYNSPHOTO
TECTOCTEPOHA W1 YrHETaKT cnepmartoreHes [51].

3AKNKOYEHUE

OparmeHTauma OHK cnepmartosovgoB npea-
CTaBnsieT cobon MHOrohakTOpHOE HapylueHue, Ko-
TOpoe MOXeT (POPMMPOBATBCH Ha TECTUKYMSIPHOM,
ANMAMOMMANBHOM U MOCTIsIKYNATOPHOM 3tanax. K
OCHOBHbIM NaTtoM3nNONorM4eckumMm MexaHn3mam oT-
HOCSITCA HapyLUeHNe peMOAeNnnpoBaHus u npoTamu-
HMPOBaHUSA XPOMAaTUHa, He3aBepLUEHHbIA anonTo3
repMMHATUBHbIX KMETOK, akTMBauus 3HOOHYKMeas U
n30bITO4HOE 0Opa3oBaHNeE aKTUBHBIX POPM KUCOPO-
aa. OTn npouecchbl MOryT O6biTb 00YCnoBMneHbl reHe-
TUYECKUMU N BPOXAEHHBIMW HAPYLLUEHNSIMU, BO3pac-
TOM, BapvKouerne, MHEKLUNOHHO-BOCMNANUTENbHbLIMU
3aboneBaHuaAMKU, MeTabonM4YeckumMmu paccTponcTaea-
MU, MPUEMOM NEKAPCTBEHHbIX NpenapaToB, BO3aen-
CTBMEM BbICOKOW TEMMEepaTypbl, TOKCMKAHTOB U ApY-
rmx chakTopoB okpyxatowen cpeabl [1, 52]. O6wmm
naTon3noNorM4eckum 3BeHOM OONbLUMHCTBA NpMo6-
PETEHHbIX BO3AENCTBUIA ABMNSIETCS NPEBbILLEHNE OKUC-
NUTENBHOW Harpy3kn Hag aHTUOKCUAAHTHLIMU BO3-
MOXXHOCTSIMU CMEPMaTo30MA0B U CEMEHHOW MIa3Mbl.

Mupekc dpparmeHTaumm OHK oTtpaxkaeT gonto
Ccrnepmarto3ongoB C MOBPEXAEHHBIM TEHETUYECKUM
mMatepuarniom, HO He onpegensieT MNpPoUCXoXaeHue
nospexaeHusa. OanHakoBoe 3HavyeHne nokasatens y
pa3sHbIX MNaLVMEHTOB MOXET ObiTb CNEeACTBUEM MPUH-
UMMManbHO pPasfMYHbIX MEXaHW3MOB: MEPBUYHOTO
aedekta cnepmatoreHesa, HapyLleHUs YNakOBKM
XpoMaTuHa, BapuvKouerne, BocnaneHusi, metabonu-
Yeckon AUCAYHKUUM OO BHELLHEro OKUCIUTENb-
Horo BosgencTeus. CrnegoBaTenbHO, MOBbILLIEHHbIN
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WHOEKC He OOIMKEH paccmaTpyBaTbCs Kak CaMoCTOos-
TENbHbIV ANarHo3 UIN CIyXMTb OCHOBaHWEM A1 OAu-
HaKoBOW 3MMMPUYECKON Tepanuu BCEM NauueHTaMm.
Ero knuHuyeckoe 3HayeHvie onpenensieTcs METOLOM
nccnenoBaHns, BbIGpaHHbLIM MOPOroBbIM 3HAYEHUEM,
BOCMPOU3BOAUMOCTbLIO pe3yrnbrata U KOHKPETHOW pe-
NPOAYKTUBHOWM cuTyaumen napol [52, 53].

Hanbonee 06GOCHOBaHHLIM SBMSIETCA MNEPCO-
HanM3nMpOBaHHbIN MOAXOA K Ha3Ha4YeHWI0 U UHTEp-
npetaumn TecTupoBaHusi. ViccnegoBaHne LENOCTHO-
ct1 OHK mMoxeT 6bITb NonesHo npu HeoObACHUMOM
unu unguonatmdeckoM Gecnnogun, MOBTOPHbLIX MO-
Tepsix OGepeMeHHOCTH, KIMHUYECKOM BapuKouene,
HanMuMn PakTOpOB pUCKa, a Takke nocre Heygaud-
HbIX MOMbITOK BHYTPMMATO4YHOW WHCEMWHALUW, 3KC-
TpakoprnopanbHOro OMnfo40TBOPEHUS WU MHTpaLM-
TOnMnasmMaTM4eckon MHbEeKUuM cnepmatosomga [52,
54]. Mpwn BbISIBNEHMM NOBbILEHHOrO pesynsraTa Le-
necoobpasHo NogTBEpAWTb ero MNOBTOPHBIM UCChe-
JoBaHveM ¢ cobrogeHneM OguHaKoBbIX NMpeaHanu-
TUYECKUX YCMOBUN, BKIKOYAs MPOOOIDKUTENbHOCTb
MOOBOIo BO3EpXaHWUsl, CPOKU JOCTaBKn obpasua u
OTCYTCTBME HEJABHErO 3MM304a JIMXOPaaKU.

Taknm obpasom, onpegeneHve dparmeHTa-
uun OHK cnegyeT ncnonb3oBaTb HE U30NMPOBAHHO,
a B COYETAHMM C aHaMHe30M, ousmkanbHbIM obcrne-
JOBaHVWeM, CTaHAapTHOM CnepMorpammown, ropmo-
HanbHBIMW U OPYTUMW KIMMHUYECKN OOOCHOBaHHBIMM
nccriegoBaHnsMu. PenpogykTuBHbBIA NPOrHO3 [on-
)KEH OLEHMBATbCS Ha ypOBHE Mapbl C y4ETOM BO3-
pacta 1 oBapuanbHOro pe3epBa XeHLUWHbI, NPoaos-
XuUTenbHOCTM Becnnoams u NpuMeHsieMoro Meroga
neveHuss. CoBpeMeHHble JaHHblE CBUOETENLCTBYIOT
06 accoumauun NoBbILWEHHOW hparMeHTaummn ¢ Me-
Hee BnaronpuUATHBIMK pesyrnbTaTaMmy BCoMoraTenb-
HbIX PEenpoOyKTUBHBIX TEXHOMOIMWIW, OAHAaKO cuna
3TOW CBA3W 3aBMCMUT OT METOAA aHanm3a, MoporoBoro
3Ha4YeHus u uccregyemon nonynsauum [55].
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Sperm DNA fragmentation is an important functional marker of male fertility that complements
conventional semen analysis and reflects damage to gamete genetic material.

This review aimed to summarize current evidence on biological, clinical, behavioral, and environmental
factors associated with increased sperm DNA fragmentation. Professional guidelines, systematic reviews,
meta-analyses, and key original studies indexed in PubMed, Scopus, and Web of Science were analyzed.
Chromatin remodeling disorders, oxidative stress, apoptosis, impaired sperm maturation, and the effects of
age, varicocele, inflammation, infections, metabolic disorders, cancer, fever, smoking, alcohol consumption,
obesity, physical activity, sexual abstinence, heat exposure, and environmental pollutants were considered.

The most consistent associations were identified for varicocele, severe oxidative stress, smoking,
advanced age, and certain toxic exposures. Laboratory and threshold heterogeneity limits direct comparisons.
Clinical interpretation should consider the analytical method, patient history, and modifiable risk factors.

Key words: male infertility; sperm DNA fragmentation; oxidative stress; varicocele; lifestyle; reproductive
health

E. A. lllapanamos’, Y. XaHbbipbekynbi’, A. E. Owmapranu?, A. b. MaxeHos!, H. E. A6duxanues’,
P. K. U36acapos’, b. C. 6paes™*

CNEPMATO30MATAP OHK ®PATMEHTALUACDHI OAMYbIHOAFbI KITMHUKATbIK PAKTOPNAPAbLIH,
OMIP CAJNNTbl MEH KOPLLUAFAH OPTAHbIH POIlI

"Yponorus xeHe aHgponorus kadegpachl, «ActaHa MeguumHa yHuepcuteTi» KeAK (010000, KasakcTaH
Pecnybnukacel, ActaHa K., benbiTwinik k-ci, 49a; e-mail: mail@amu.kz)
FonbiMabl AaMbiTy AenapTameHTi, «AcTaHa MeauuMHa YHUBEPCUTETI»
Pecnybnukacsl, ActaHa K., benbitwinik k-ci, 49a; e-mail: mail@amu.kz)

KeAK (010000, KasakctaH

*Batbip)xaH CabbipxaHynbl U6paeB — Yponorua xeHe aHgponorusi kadegpackl, «ActaHa MeguunHa
yHuBepcuteTi» KeAK (010000, KasakctaH Pecnybnukacbl, ActaHa k., Benbitwinik k-ci, 49a; e-mail:
batyrzhan95@gmail.com

Cnepmatosovarap OHK dparmeHTaumscel — askynaTTbiH CTaHA4APTThl 3ePTTEYiH TONbIKTbIPATbIH XoHe
rameTanapiblH reHeTuKanblk MaTepuanblHbiH, 3aKkbiMAaHYybIH KepPCETETIH epriep hepTunbainiriHiH MaHbI3abl
YHKUMOHaNAbIK KepCceTKiLLi.

WonyabiH makcatbl — cnepmato3dovaTtap OHK dparmeHTaumsachIHbIH, XoFapbinaybiMeH GannaHbICTbl
BGuonorusanbiK, KMMHUKanbIK, MiHE3-KYIbIKTbIK X8He KoplLuaraH opTa dakTopriapbl XeHiHaeri 3amaHayu ge-
pekTepai xyreney. PubMed, Scopus xaHe Web of Science 6a3zanapbiHgarbl Kacibn ycbiHbIMAAP, Xyheni
wonynap, MeTa-Tangayrnap XeHe Heri3ri TynMHyCcKanblk 3epTTeynep TangaHabl. XpoMaTuH pemMoaenaeHyiHiH
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Oy3binbicTapbl, TOTbIFY CTPECCi, anonTo3, CNepMaTo30MATaPAbIH, XETiNy akaynapbl, COHAaN-akK ac, BapuKo-
uene, kabbiHy, MHdeKuuanap, MetTadbonuamaik Oy3binbicTap, OHKONOMMANbIK aypynap, Kbi3ba, Temeki Luery,
ankoronb, ceMi3fiik, AeHe BenceHainiri, XbIHbICTbIK KaTblIHACTaH TEXENYy, Xblly 8Cepi XaHe KopluaFaH opTa
nacTafbiWTapbIHbIH bIKNanbl KAPacTbIpbIIabI.

EH TypakTbl 6arinaHbiCTap BapukoLene, ankbiH TOTbIFY CTPECCi, TEMEKI LLEry, Xac yIiFatobl XXeHe Kenbip
YbITTbl 9cepnep YWiH aHbikTangbl. KnuHukanslk MHTepnpeTaumsga Tangay a4ici, nauMeHT aHaMHesi XaHe
©3repTineTiH Kayin dakTopnapbl eckepinyi Tuic.

Kinm ce30ep: epnep 6epeyniri; cnepmato3omartap AHK dparmeHTauuschl; TOTbIFY CTPECCi; BapuKoLie-
ne; emip canTbl; PpeNPOAYKTUBTIK AeHcaynbiK
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OpHUM 13 MEeTodoB KOPPEKUMM CMacTUYHOCTU MbIWL, Npu UepebpansHoM napanuye (LIM) sasnsetca
onepaTuBHbIA METOA — CeneKkTMBHas gopcanbHas pudotomus (COP). 3ddekTMBHOCTL AaHHOro MeToAa 3a-
BMCUT OT MHOUBMAYanbHON nporpaMmbl nauneHTa (UIMP), cBoeBpeMEHHOCTH, KaYyecTBa U ANUTENBHOCTY pea-
GunuTaumMoHHbIX MeponpuaTuiA. B 063ope npeacTtaesneHa nctopuyeckas cnpaeka pas3sutusa COP, nokasaH mu-
pOBOM OMbIT NpoBeAeHUs peabunuTtauumn nauyneHtam c LN nocne CP, a Takke BblgeneHbl BaXxkHble haKkTopbl,
KOTOpble BIMSAIOT Ha 3EKTMBHOCTL peabunurtaumm nauneHToB. OddektnBHocTe COAP Hanpsimyto 3aBuCUT
OT NpaBuUIbHO Nogo6paHHOM NHAMBUAYANbHOW NporpamMmmbl peabunuraumm, BKIioYawLLen B ceds paHHee Ha-
Yyano un3nMYeCcKon Tepanmun, ONTUMarnbHY MHTEHCMBHOCTb HAarpy3oK U MEXAUCUMNIIMHAPHbIA nogxog. Takke
OTpaXXeHbl OCHOBHbIE 3Tarnbl CTAHOBMIEHVS U Pa3BUTUS METOAA, aHaNM3MPYHTCS COBPEMEHHbIE NMOAXOAbI K
BOCCTAHOBUTENBHOMY JIEYEHMIO, NPUBEAEHBI MPMMEPbLI MEXAYHapOAHbIX MPOTOKOOB, ONpeAensoLmMx YacTo-
Ty, ANUTENBHOCTb M NMOCIeA0BaTENbHOCTE peabunmTaumMoHHbix MeponpusaTuin. Ocoboe BHUMaHWE yaerneHo
3Ha4YeHWo NOCNeonepaLoOHHON KUHe3noTepanum, hunsmorTepanmm, HeMpPopPa3BMBaOLLMX METOAMK M MCUXOIO0-
rMyecKkon nogaepxkm cembu. NokaszaHa HEOOXOAMMOCTb CTaHO4apTM3auMM peabunuTaumMoHHbIX MPOrpaMm u
MOBbILLEHMS NPUBEPXKEHHOCTW NAUMEHTOB K ANUTENBbHOMY nedeHunio. [poBedeHHbIN aHanu3 NoaTBePKAaET,
YTO COYETAHME XMPYPIUYECKON KOPPEKLNM 1 KOMMIIEKCHON peabunuTtaumm obecnedmBaeT Hamnyywme dyHk-
LUMOHarbHbIE MCXOAbl, CMNOCODCTBYET BOCCTAHOBIIEHNIO CAMOCTOSITENBHOCTU, YCTOMYMBOMY MOBbLILLEHUIO Ka-
YecTBa XM3HU U POPMMPOBAHNIO JOKa3aTenbHON 6a3bl AN COBEPLUEHCTBOBAHNS HALMOHAarbHbIX MPOTOKO-
noB peabunuraumm.

Knrouesbie crnoea: uepebpanbHbI Napanvy; cenekTMBHas gopcarnbHas pu3oTomus; duandeckasa me-
AVuMHa; peabunutauus; HeMpoXMpyprms

CeneKkTuBHaA gopcanbHaa pusoTomMus

CenekTnBHasi gopcanbHas pusotomus (COP) —
HENpOXUPYPrMYECKUA METO, KOPPEKUMM CMACTUYHO-
CTW y NAaUMEHTOB C LepebpanbHbiv napanuyom (LM).
CyTb MeTofa 3akrvaeTcs B CENEKTMBHOM Mcceye-
HWUM YyBCTBUTENBbHbBIX KOPELUKOB CMMHHOIO Mo3ra Ans
CHWKEHUSI NHTEHCUMBHOCTM 3dhdpepeHTHOro oTBeTa
onpegeneHHon rpynmnbl MblLLL, YTO B CEACTBUKN NpU-
BOAMT K CHUXXEHMIO MblllevyHoro ToHyca [3, 4, 9, 31,
53]. COP moxeT ObITb NPUMEHEHA KakK Ha LUEeHOM,
Tak U Ha NOSICHUYHO-KPECTLOBOM OTAENe CMUHHOIO
MO3ra, HO 4Yallle BCEro ornepauunio NpoBOAAT Ha KO-
peLlkax NoOSACHUYHO-KPECTLIOBOro OoTAerna CrMHHOro
MO3ra AN1s1 CHUXKEHUS TOHYCA MbILLL, HMXXHUX KOHEY-
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HocTen [4]. CHMXeHne cnacTUYHOCTM MbILLILL HUPKHUX
KOHEYHOCTEN CnocobCTBYET YMny4YLEeHU0 OCHOBHbIX
MOTOPHbIX (PYHKLUIN, OCOBEHHO X0AbObI, YTO B KO-
HEYHOM UTOre NoBbiLIAET 06N YPOBEHb KadecTBa
XWU3HKU naumeHTa [23, 24, 32, 47, 52]. Wccneposa-
Hue K. Tedroff nokasano, 4to 4Yepes 17 net nocne
onepaunn CAP coxpaHsieTcst yCTOMYUBOE CHXKEHUNE
MbILLEYHOrO TOHYCa, HO BOMPOC COBEPLUEHCTBOBA-
HUS U COXPaHEHNS MOTOPHBIX U (PYHKLMIA OCTaeTcs
anckyccnoHHbim [48]. B. Veerbeek B cBoen pabote
roBopmut 06 OTHOCUTENbBHOW COXPaHHOCTM NoKasaTe-
newn noBcegHEBHOM aKTUBHOCTU U (OYHKLMOHASbHOM
MOOMNBHOCTU NauneHToB nepeHeclunx COP 25 net
Hasag [50].
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Nctopua COP Gepet Havano c koHua XIX B.,
korga ObIo BrepBble cka3aHo 06 adhpeKkTMBHOCTM
popcanbHon pusotomun. B 1889 r. R. Abbe n W.
H. Bennett onybnukoBanu pesynbsratel NpoBeOeH-
HbIX onepauun, rage UCCevYeHne KOPELLKOB CMMHHOMO
MO3ra NpYMBOAMIIO K pedykuun 6oneBoro cuHgpoma.
Mo3xe, B 1913 . O. Foerster onybnukoBan pesyrib-
Tatbl 159 onepauuit Ha NauMeHTax co CnacTUYHbIMMU
dopmamm LM, O. Foerster npoBen ToTasnbHyl pe-
3€KUMI0 YyBCTBUTENbBHbBIX KOPELLKOB CMUHHOIMO MO3-
ra Ha ypoeHe L1 — L3, L5 u S1. OcnoxHeHusamu, c
KOTOPbIMW CTOMKHYJIUCb MauUeHTbI, OblNIn HECTOMKOE
CHWXXEHME CMacTUYHOCTU, BbIPAXXEHHOE HapyllueHue
YyBCTBUTENBHOCTU, NOTEPST OMOPHOW (PYHKLNM HDK-
HUX kOHe4YHocTen [13]. dpyron meton npeanoxun C.
Gros. CyTb MeToAa 3akmno4vanacb B HECENEKTUBHOW
pesekummn 80% BOMOKOH KaXKOoro HEPBHOTO KOpELUKa
Ha ypoBHe ¢ L1 — S1 nog KOHTponem MHTpaonepauu-
OHHOro anekTpomuorpacda. ABTOp BrepBble BbICKa-
3ancsa o cynpacerMeHTapHbIX U3MEHEHUSIX, KOTopble
Habntoganuce nocne onepaumy (CHWXeHMe TOoHyca
MbILLUL, BEPXHUX KOHEYHOCTEW, YMyYlleHUEe peyun U
akTa rnotanus) [4, 13, 21]. HoBbIi noBopoT B pas-
Butun CIOP cBsizaH ¢ umeHem V. Fasano, KoTopblii
BMEpBblE CTan MCMONb30BaTb WHTPAOMNEPaLMOHHbIN
HEPOMOHWUTOPWHI ANsi ONpeaeneHns ypoBHS 1 06b-
emMa pesekunn HepBHOro Kopeluka [4]. W. J. Peacock
n L. J. Arens naMeHnnu ypoBeHb ornepaunoHHOro go-
CTyna, CNyCTUBLUNCb Ha YPOBEHb KOHCKOrO XBOCTa, U
TEM cambiM M3bexanu Takmx OCMOXHEHWN, Kak Ha-
pyleHne YHKLMIA KULEYHMKA 1 MOYEBOIO My3bIpsi.
[daHHaa meTogmKa OCTaeTcs O4HOW M3 caMbIX pac-
npocTpaHeHHbIX B Mupe u cerogHsa. T. Park n J. M.
Johnston B cBOW oyepenb NPEANOXMIIM COKPaTUTb
onepauuoHHbIV AOCTYN A0 YPoBHS 1 no3BoHka. One-
paLMOHHBIN 4OCTYM K AOPCalibHbIM KOPELUKaM NpoXo-
OWT Ha ypoBHe TopakontoMbanbHoro nepexoga. Ans
3TOr0 OTKPbIBAETCH WHTEpPraMMHapHOe MpoCTpaH-
ctBo Ha ypoBHe Th XIl =L Iwvam LI1-L1[2, 4, 19].

Hoka3zaHo, yto COP 3pdeKTMBHO YMEHbLUAET
MbILLEYHBIN TOHYC, HO NMPY 3TOM HE OKa3bliBaeT BMMs-
HWSI Ha y>Ke CyLLEeCTBYHOLLME opToneamnyeckue gedop-
MaLMM 1M KOHTpakTypbl [2, 3, 36]. OgHOMOMEHTHOE
nposegenne COP n MHOrOypOBHEBbLIX MArKOTKaHbIX
OpTONeaMYEeCcKUX KOPPEeKUWA He 3apekomeHaoBanu
ceb4d C NoNoXnTEeNbHOM CTOPOHBI, TaK Kak 3To 3aTpya-
HSIET 1 HapyllaeT xo4 peabunutaumu. AHanms nure-
paTypHbIX AaHHbIX MOKasan pasnuyHble NPorpaMmbl
n meTodbl peabvnutauum NauueHToB nocrie onepa-
uun. 3agaum n metogbl peabunutaumm npy COP n
OpTONeAMYECKUX Onepauusix He COrnacyrTCs Mexay
coboMn, YTO NPMBOAMUT K OTCPOYKE peabnnmTaumoHHbIX
MEpPONPUATUA Ha MPOAOIMKUTENbHBIA CPoK. B Kaue-
CTBE MCKITHOYEHNsI MOXET ObITb OnepaLms Koppekuum
3KBUHYCHOIO MOJTOXEHWS CTOMbI, TaK Kak 3KBUHYCHas!
CTOoMa 3HA4YUTENbHO OrpaHUYMBaET BO3MOXHOCTU
peabunutaumm nocne CIP (HapywaeT OMopHOCTb
HWKHUX KOHedHocTel) [3]. PacnpocTpaHeHbl cny4damn
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npoBegeHnsa optoneanyeckux onepaunn nocne CAP,
HO nccrnegoBaHUS nokasanw, Yto nposegexHve COP B
MraglweM Bo3pacTe 3HaYUTENbHO COKpallaeT Komnu-
4YeCTBO OpTONeanYecKnx MaHMnynaumn n 6onee Toro
nepeHocuT Mx Ha Gonee JanbHWIA CPOK. OTO Mod-
TBEPXXOAETCA UccrnegoBaHneMm, B KOTOPOM Habnoga-
nv 3a gByMS rpynnaMuv naumeHTOB C CMacTU4ECKUM
TeTpanape3oMm B TeveHue 5-9 net nocne COP (1
rpynna — 2-5 ner, 2 rpynna — 6-12 net). B pesynsrate
KOnM4eCcTBO opToneguyecknx onepauun 6oino 6onb-
Wwe B cTapuwewn rpynne yyactHukoB (70%), Torga Kak
B MMafLuen rpynne ato Yyncrno pasHsanock 34% [2, 3].

B cucrtemartumdeckom o63ope metog COP Obin
OTHECEeH K MeToaM C BbICOKOM 3(PEKTUBHOCTLIO U
pokasatenbHon 6ason npu nedveHnn LM [10, 36]. Co-
BPEMEHHBIN ONbIT 3apybexHbIX Konmer NogTeepXKaa-
eT acbgekTnBHocTb CAP npu LM kak B gonrocpou-
HOW, TaK N B KpaTKOCPOYHOW nepcnektuse [3, 39, 44].
OpHako peabunuraums SBMASETCS HEOTbEMISIEMbIM
KOMMOHEHTOM B KOMMJIEKCE fe4YeHUs MauMeHTOB C
nocrie CHOP. Tak kak uenbto onepauun COP sensieT-
Csl HE NpsIMOe BO3ENCTBUE Ha MbILLEYHYH CUCTEMY,
a BO3[EeNCTBME Ha HEPBHYH PEryrsuniO MbILLEYHOIO
TOHYCa N MblleyvHyto yHkumo [2, 10, 32, 47]. He-
CMOTpPS Ha gokasaHHy addekTuBHocTe COP B OT-
HOLUEHWMN CHWKEHWUsI CMAacTUYHOCTU U YIyYLLEHUS
PYHKLMOHaNbHbIX MoKasaTernen, onepauus He oOT-
MEHSIET pyUCKa PasBUTUS PaAHHMX W OTAANEeHHbIX OC-
noxHeHw. B cuctematuyeckom o0b63ope, cocTosLeM
n3 30 nccnegoBaHuin, Hamboree YacTo BCTPEYaTCS
CTPYKTYpPHblE M3MEHEHUs MO3BOHOYHMKA (CKOMMO3,
rMneprnopgos, CNoHAMNonu3, Kndos), a Takke HeBpO-
norunyeckue n yHKUMOHanNbHbIe OCIOXHEeHNs [31].

Ewe B Hayane XIX B. O. Foerster otmeTun, 4to
3a cnactuyHocTelo npu LM ckpbiBaeTca MblweyHas
cnabocTb, KOTOpas nocne NpoBeAeHust JopcanbHOW
pU30TOMMM CTaHOBUTCS Oornee BbipaxeHHou [2]. Co-
BPEMEHHas nuteparypa npegnonaraert, YTo ans go-
CTUDKEHMS Hanny4dwmx pyHKUMOHANbHbLIX pesyrbra-
ToB CIIP cneayet coyetaTb C KypcamMy UHTEHCUBHOMN
peabunuTtaumMm B NocrneonepauuoHHbIv Nepunog Ans
ambynaTtopHbIx naumeHTtoB GMFCS | - 111 [10, 22, 33,
36, 39]. No gaHHbIM Health Technology Assessment,
COP B couyeTtaHuu ¢ cmsndecKkon Tepanuen craTtu-
CTMYECKU 3HAYMMO yryyLlaeT ypoBeHb obLien asura-
TENbHOW aKTMBHOCTW MO CPaBHEHUIO C N30NMPOBaH-
HbIM NPYMEHEHNEM METO4OB (PU3MYECKON Tepanuu
[42]. dusmueckasa peabunurtauus nocre onepauum
COP saBnsieTca HEOTbEMIIEMBIM KOMIMOHEHTOM U Ha-
npasreHa Ha UCMNoNb30BaHNe PYHKLMOHaNbHbIX BO3-
MOXHOCTEN, PaCKPbIBLUMXCHA MOCIEe CHWXEeHMs crna-
ctnyHocTu [10].

Ha cerogHsawWwHWA eHb B MUPOBOKW nnTepary-
pe onybnukoBaHbl Pa3nuMyHble pekoMeHAauuu BBe-
OeHus1 peabunuTaumMoHHbIX MEPONPUATUA NauueH-
TOB, NepeHecwmnx onepauunto COP. MhanBmnayanbHble
nporpamMmbl peabunuraumn pasnuyarTcs no Bpe-
MEHW ee Hayana, KOMMIEeKCHOro nogxoda, METo4oB.,
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KpaTHOCTW, MPOAOIMKMTENBLHOCTM Mpoueayp 1 anu-
TENnbHOCTM aKTMBHOIO Mpouecca.
Peabunurtauums

B 2000 r. C. Graubert et al. B pamkax paH-
OOMW3MPOBAHHOIO MPOCMEKTMBHOIO UCCregoBaHns
NPYMEHUNN MNPOTOKON (PU3NYECKON peabunmTaumm
naumeHToB nocne COP. CornacHo KOTopoMy nepsble
4 Hep. WHTEHCMBHOCTb (OM3NYECKOW peabunuTtauum
coctaBnsana 10 yacos B Hegento. lNocneaytwowme 5
MecsILieB KONMMYeCTBO YacoB yMeHbLUMnuM Ao 4-5 va-
COB B HeJerno 1 3aKnioynTenbHble 6 MecsLeB peabu-
NUTaAUUOHHbIE MEPOMPUSATUS NPOBOANIMCH HE MEHEE
1-3 yacoB B Hegeno. [aHHbIN peabunuTaunoHHbIN
MPOTOKON XapakTepuayeTcs UHTEHCUBHBIMK nanye-
CKUMW MEpONpUATUAMN B paHHEM NMocrieonepaumoH-
HOM Mepuoae C AarbHENLMM CHKEHNEM MHTEHCUB-
HOCTM hm3nveckmnx Harpy3ok B TedeHue 1 roga nocne
onepauuun. PeabunmTaumMoHHas nporpaMmma Hanpas-
fNeHa Ha OLEHKY KUHEMaTUYECKNX NapameTpoB XOOb-
Obl 1 COBEPLLEHCTBOBaHME HaBbIKOB X0Ab0ObI [25, 45].
Opyron BapuaHT peabunutaumm nocrie CLOP 6bin
npeacrtaeneH P. van Schie? B KOTOpoOM pekoMeHayoT
NPOBOAMTL 3aHATUSA MO 5 YacoB B HeAEMN B NnepBble
3 mecsiLa nocrie onepauuu U Ha4YMHaTb 3aHATUS C 1
OHs1 nocneonepaumoHHoro nepuoga. C 3 no 6 me-
CAL, 3aHATUI criegyeT CHU3UTb Harpysky 4o 4 yacos
B Hegemnto U c 6 no 12 mecsay peabunutauumn du-
3nyeckasa Tepanuio npooauTb No 30 MUHYT 3 pasa
B Hegent. [NporpaMmMa HanpasreHa Ha ynydlleHve
HaBbIKOB CaMOOOCMY>XNBaHNS U TPEHUPOBKY XOAbLObI
[45, 49].

Mo pekomeHgaumam J. R. Engsberg cdunsnye-
CKUe yrnpaKHeHWs criegyeT NpoBoanTb 4 Yaca B Hefe-
no ¢ 5 gHg nocneonepaumnoHHoro nepmoga o 8 me-
cdua BoccTaHoBUTENbHOro nepmoga. J. R. Engsberg
aKUeHTUpPOBan BHUMaHWE He TOIbKO Ha BOCCTAHOB-
NeHMN xoabObl, HO U Ha KOTHUTUBHBIX CMIOCOBHOCTAX
naumeHTa. PeabunutaunoHHsIMmn 3agadyamu JaHHOTO
NpoTOKONa ABMSAOTCSA yNy4lleHne HaBbIkOB CaMo0b-
CMYXVBaHWA U cO3daHvMe NpaBUIbHOrO NpoToTMNA
noxogku naumeHta [20, 45].

KombuHauuio metogoB peabunutauum du-
3nyeckas Tepanusa + Tpygotepanusa mucrnonb3yet C.
Buckon, ogHako peKkOMeHOylT HauyuHaTb Tepanuio
C 4 OHA nocrieonepaunoHHoro nepuoga. 3a Bpems
npebbiBaHMA NauMeHTa B cTauuoHape dusnyeckas
Tepanus NpoBOAMTCA 2 pasa B AeHb, aprotepanus —
1 pa3 B geHb. [locne BbINUCKU 3aHATUS PU3NYECKON
Tepanuu npoBoadaTt 3-4 pasa B Hepento, 1-2 pasa B
HeLento peKkoMeHZOBaHO 3aHMMaTbCsl C 3prortepa-
NeBTOM B Te4eHUe nepsblx 6 Mecsaues [12, 45].

Wceneposanue 2015 . npeactaBuno nporpam-
My peabunmMTaunoHHbIX MEPONPUATUI C 1 AHA nocne
onepaunn. B nepBble 6 MmecsueB uandeckas Tepa-
nusa nposoguTcs 2 pasa B Hegento no 60 MuHyT. Ja-
nee usnyeckme ynpakHeH s BbINONHATCA 1 pa3 B
HeJento Ha npoTskeHun ewe 18 mecsaues. ABTOpPLI
aKUEHTUPYOT BHUMaHMe Ha paboTe Hag nocTyparnb-
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HbIM KOHTpONeM 1 6anaHcom B pasnuyHbIX MOoXe-
Huax Tena (cugs, nexa, cros) [28].

dusnyeckas peabunutauusa HadymHaetca c 3
OHs nocne COP, no gaHHbIM S. Cawcer, 1 BKIoyaeT
B cebs akTUBHbIE OBWXEHWS, TDEHUPOBKY CUAEHUS 1
BepTMkanusaumio. C 4 gHsa 6ONbLUMHCTBO NauMeHTOB
nepexogaT B 3an usanyeckon aktuBHocTW. [anee
nporpamMma noabvpaeTtca MHAMBMAYaNbHO COrMacHo
peabunuTaumMoHHbIM Lensm nauueHTa [18].

B nccnepgoBaHum S. H. Chan duanyeckyto pe-
abunutauuio Ha4YMHAT Ha 2 AeHb NocreonepaumoH-
Horo nepuoga. 3aHATMSA BKNOYatoT B ceds He TONMbKo
domamyeckme ynpaxkHeHus1, Ho u aprotepanuto [14].

E. Bower et al. npogemoHcTpupoBanu, 4To
KpaTKOBpeMeHHasi (2-3 Hedenu) WHTEHCUBHAsA Te-
panus NpYMBOAMT K KPaTKOBPEMEHHOMY BOCCTaHOB-
NeHunto aBuraTenbHoOM yHKUMKM B Bo3pacTe oT 3 A0
12 neT, B TO BPEMS Kak B TEYEHME LLECTUMECSHYHOIO
nepuoga He ObINO 3aMeTHOM pasHuLbl Mexay bonee
Bbicokol (5 pa3 B Hegento, 1-4acoBon ceaHc) n 6o-
fiee HW3KOW WHTEHCMBHOCTM. duanoTepanesTuye-
ckmx npouenyp [11, 45].

B pabote A. Abd-Elmonem nocne COP npu-
MeHsinacb nporpamma  yHKLMOHANbHOW CUOBOW
TPEHVPOBKM B KOMOWHaUMM C OpPTE3NPOBaHUEM.
Y4acTHUKM nccrnegoBaHUs NpoXoaunu hranyeckyro
Tepanuio no 60 MMHYT 3 pasa B Hedemn B TeYeHue
6 mecsaues [5].

CornacHo gaHHbIM OMNybnMKOBaHHBIX MCChe-
AoBaHuK, naumeHTam nocrie COAP Tpebyercsa MHTEH-
CvBHas buanoTepaneBTuyeckas peabvunuraums, Ko-
Topasi Ha4YMHaeTCHd B MepBble AHM Mocre onepauun
N MOXEeT npogorKkaTeecst 40 ogHoro roga. Npogormku-
TeNnbHOCTb CTaUMOHAPHOro 3Tana peabunurauuu Ba-
pbUPYET B 3aBUCUMOCTW OT NPOTOKOSIa U COCTaBIis-
eT oT 6 gHen no 6 Hegenb [33]. B nccnegoearum C.
Niedzwecki netn nocne COP ctatucTnyeckn 3Hauum-
Mo (p<0,015) 6onee anUTENbLHO HAXOOAUNUCL B OTAE-
NEHUN CTauMOHapHON peabunutaumm no CpaBHEHWIO
C MauueHTamu nocrne OgHOMOMEHTHOW MHOFOypoB-
HeBOW opToneamnyecKkon onepauun u MMmniaHTaumm
WHTpaTekanbHom 6aknodeHoBon nomnbl [34].

KuHe3snoTepanusa nocne onepauun JorkHa
ObITb TwWartenbHa nogobpaHa, BblibpaH agekeart-
HbI PEXUM ONMTENbHOCTU (PUBNYECKMX Harpy3ok U
BKIIOYaTh B ce0S MeTofbl, NO3BONSAOLWME U3MEHUTD
NPUBbLIYHLIN ABUraTenbHbI pexum nauueHTta [10].
KuHeanoTtepanus nocne CIP HaunHaeTcsa B paH-
HUA nocreonepaunoHHbIn Nepuog W BKIOYaeT B
cebs paHHIK MOBMMM3AUMI0 HKHUX KOHEYHOCTEW,
yrpaxHeHus Ans nogaepxaHns oobema OBKEHUI U
no3uumoHMpoBaHne. B TedeHne nepBon Hegenu wc-
MOMNb3YyKTCA pa3fnnyHble NOMOXEHUs Tena, BKyas
MONOXeHWEe fnexa Ha CruHe, XuBoTe, BoKy u cnas
C Pa3orHyTbIMW HWKHUMWU KOHeYHocTaMmU. o mepe
BOCCTaHOBIIEHMS OBUraTeNbHOrO KOHTPOMs nNporpam-
Ma [OOMOSHAETCH YNpaXHEHUSMU ONs YKpenneHus
MbILLL, TPEHMPOBKOW BepTuKanu3aumm n opmMmpo-
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BaHWEM NpPaBUIbHbIX NATTEPHOB CTOSHWS U XOA4bObI.
lMepBocTENEHHO (bM3NYECKNe ynpaXHEHUA Hanpas-
NEHbl Ha TPEHMPOBKY N COBEPLUEHCTBOBAHME MOCTY-
panbHOro KOHTPOMsS Tena WM TOmnbko nocne 2-3 He-
enb, korga 6yoyT oTMeYeHbl COBEPLUEHHbIE HABbIKU
KOHTPOMNs Tena B NpOCTpPaHCTBe, MPUCTYNaroT K CTU-
MynsiumMm xogp0bl. Onsa hopmmnpoBaHus NpaBnnbHOIO
cTepeoTuna Lara KOMMnieKkc pmanyeckux ynparkHeHum
HanpaeneH Ha yKpenneHne 1 akTuBaumio CreayroLmx
MbILLLL: YeTbipexrnaBas Mbiiua 6egpa, nogkoneHHas
MbILLLIA, OTBOASALLME U NpuBOASLME MblwLbl 6egpa.
Takke B nepvog TPEHNPOBKN aKTUBHO NMPUMEHSIIOT J0-
MONHUTENbHbIE CpeacTBa peabunutauun, Takue Kak
HakoneHHukn, KAFO, AFO (opTesbl), KopceTbl, noa-
BECHblE CUCTEMbI, XOA4YHKM, napanogmym u ap. [33].
HoweHune optesa KAFO Ha npoTsbkeHun 16 4acoB
COBEPLLEHCTBYET Ka4eCTBO Luara U CHWXKaeT YacToTy
XOXOEHUSA Ha HocKax K 5 mecsuy peabunuTtauum [45].

PaHHUIN peabunuTaunoHHLIN Nepuod HaudnHa-
eTcsi cpa3y Ha 1 cyTku nocne onepauun. Kak npasu-
no, 1-2 CcyTKM NauMeHT HaxoauTCcs B KpoBaTwW, Moro-
XEHMe 3aBMCUT OT pPEeKOMeHAauun OnepurpyloLLero
Bpaya (nosfoxeHue Ha xuBoTe, Ooky, crnvHe). Ha 3
CYTKW MpU OTCYTCTBMM NPOTUBOMOKA3aHUA PEKOMEH-
JOBaHa CMeHa MoNoXeHus B Npegenax KposaTtu — no-
BOPOTbI M paHHAsi NaccuBHas kKuHesnotepanus. C 4-7
CYTOK MocrieonepaumnoHHOro nepuoga criegyer no-
CTEMNEHHO HapallMBaTb MHTEHCMBHOCTb (DU3NYECKNX
YMpa)KHEHUN, pas3peLleHo NpucaxmeaTb MNauueHTa
Ha Kpal KpoBaTW, CTYI, KONACKY, NPOM3BOAUTL BbIXOA
B YETBEPEHbKWN, KPAaTKOBPEMEHHAs BepTUKanv3auus
C NOAAEPXKKOW U OMOPOW, akTUBHAsA TpeHupoBka ba-
naHca Tena v NocTypanbHOro KOHTpons. HaunHas co
2-3 Hegenu paboTta cneuvanucToB HanpasfneHa Ha
oby4eHne npaBuNbHOMY NaTTepHy xoabbbl 1 coBep-
LLIEHCTBOBAHMIO HABbIKOB camoobcnyxusaHus [2].

Konnern n3 yHUBEPCUTETCKOW KIUHUKK Jlio-
onsHbl (CnoBeHWs1) pEKOMEHAYIOT HavyaTb peabunu-
Tauuto ¢ 10-gHEBHOro Kypca cpasy nocre onepauuu.
3arem 90 gHen NpoBOAUTL BOCCTAHOBMUTENBLHOE Ile-
YyeHMe B YCMNOBUSAX peabunmMTauMoHHOro Kpyrriocy-
TOYHOroO CTauuoHapa B TedeHune 1 roga. lNpuyem 90
OHel He NpPOBOAST O4HUM pPa3oM, KypCbl OenAT Ha
HECKONbKO MecsueB. HaunHas co BToporo roga rno-
cne COP kypc peabunuTaumm B rog AOIMKEH COCTaB-
nate 60 gHen [46].

B Kutae peabvnuTtaumoHHas nporpamma, Ha-
npaBrieHHast Ha yKpenneHne Cusbl MbILLL, HUKHUX KO-
HEYHOCTEW, HAUMHAETCA Ha 3 CYTKM Nocre onepauuu.
Ha 8 geHb nobaBnsioTcs ynpakHeHMs O5is Koppek-
LUun 1 yny4eHms KoopauHauum n 6anaHca. ABTopbl
He yKasblBaloT NPOOOIMKUTENBHOCTE peabunuTtaumm
B paHHUI MnocrneonepauyoHHbI nepuog, HO OTMe-
YaloT, YTO amOynaTopHbIN 3Tan peabunuTaunmoHHON
nporpamMmbl HAYMHaETCs Yepes 3 MecsLa nocrie one-
pauuu ¢ nepuoamyHocTbio 1 pa3 B 3 mecsua B Teve-
Hue roga. B uenom kypc peabunutauumn gnmutcs 18
mMecsues [27].
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B KasaxctaHe ObIno npoBegeHo uvccnego-
BaHMEe C yyacTMeM YeTblpex Y4aCTHUKOB, KOTOPbIM
npoeogunu peabunutaumo nocne COP. B nporpam-
My peabunutauum BXoguNM KOMMIEKC (PUINYECKMX
yMpa)KHEHUI HauYMHas CO BTOPbIX CYTOK nocne one-
pauuu, NO3NLMOHUPOBAHME B KOPCETE B MONOXEHNUN
CVASA Ha TPeTbM NMocreonepaunoHHble CyTkn. Beptu-
Kanusauus naumeHTa ¢ MOMOLLbIO AOMOMHUTENbHbIX
cpencts peabunuraumyM npoBoAauniacb Ha BTOPOM
mMecsiue nocrie CIP [1]. B paboTte He oTpaxeHbl AaH-
Hble MO JanbHelwen Herpopeabunutauum B Teye-
HMe NepBOro 1 BTOPOro rofa nocre onepauuvu.

Bonpoc o HeobxoaMMocTy NpoBeaeHUs npeao-
nepauvoHHON peabunuTaummn ABNsIETCA akTyanbHbIM
n cerogHs. lNpegonepaunoHHas peabunurtaums 3a-
KIMo4aeTCcs He TONMbKO B (OU3NYECKOW MOArOTOBKE Mbl-
LLIEYHON CUCTEMBI, HO N B NMCUXOITOTMYECKON FOTOBHO-
CTU K NPeACTOALLIMM U3MEHEHNAM KaK NauueHTa, Tak n
1L, KoTopble ByayT yxaxuBaTb 3a NauMeHToM nocne
npoeeaeHusa CAP. dusnyeckasi NoarotoBka 3aksoya-
€TCA B TPEHMPOBKE MbILLL-pa3rndarenemn HUKHUX Ko-
HEYHOCTEN, pacTsHXKEHUM U paccnabneHny MbiLL-Cru-
fatenen wn npuBOgAWMX Mbiwy, 6Gedpa, Mbiwy
crmbatener KONEHHOIO 1 rOfIEHOCTOMHOIO CYCTaBOB, a
Takke MbIWL, Tena, obecnevmBaroLLmMX NOCTypasnbHbIN
KOHTpOJb 1 BanaHc Tena B NpocTpaHcTBe [2].

KpoMme uandecknx ynpaxHeHurn OnncaHbl
crny4yan NpUMEHeHUs OOMNONHUTENbHbLIX METOAOB pe-
abunutauumn: maccax, aprotepanus, rugporepanus,
urnotepanusi, JNEeKTPOCTUMYNAUUS MbIWL, BuOpa-
UnoHHble nnatdopmbl. OgHako, HEAOCTAaTOYHOCTb
JokasaTtenbHon 6asbl NPUMEHEHUS OAHHbBIX CPEACTB
peabunuTaumm No3BONSET NUWb PEKOMEHAOBATb WX
TONMBbKO B KayecTBe [JOMOMHUTENbHbBIX WHCTPYMEH-
TOB K OCHOBHbIM hbU3NYECKUM 3aHATMAM [2, 4, 10].
Mo gaHHbIM nccneposaHna K. Blatt goMunHupytowmm
mMeToaoM peabunutaumm nocne COP sensetca du-
3udeckas Tepanus (46%), oanee cregyeT MeToavka
HEPBHO-MbILLEYHOIO NepeBocnuTaHus moiwy, (21%) n
TpeHupoBka xoabbbl (8%) [10].

KombrHauusa onepatuBHOW MeTOAWMKM C AOI-
FOCPOYHBbIMU PeabUNUTaLNOHHBIMN MEPONPUATUSMU
3HAYUTENBHO YIyYLLAET MbILLEYHbIA TOHYC C yCOBep-
LLIEHCTBOBaHNEM MOTOPHbIX HaBbIKOB. Tak, uccneno-
BaHWe NoKasarno 3HaYuTeNbHblE N3MEHEHNS MO LLKa-
ne GMFCS nauueHTta nocne COP ¢ V ypoBHs Ha Il
nocrie 8 mMecsiLleB aKTMBHOW peabunutauuun. Takke
ObINO 3amMeyveHo yBenu4yeHne obbema ABWXKEHWN B
KONMEHHbIX WM FONEHOCTOMHbBIX CYCTaBaX HWDKHUX KO-
HeyHocTen. K npumepy, o6beM aedmumTta OBUKEHUS
(akT crmbaHus) B KONEHHOM CyCTaBe COCTaBWI BCErO
10° nocne 8 mecsueB uU3N4eckon Tepanuu, Torga
Kak Ha 1 geHb peabunuTaunoHHOro neyeHus gedu-
umnT crmbaHus coctaeun 40° [45]. dpyras rpynna yye-
HbIX TaKke noATBepauna yTeepxaeHve ob addek-
TMBHOCTM CIP B KOMMNNekce c MpoOoSmKUTENbHON
WHTEHCUBHOW peabunutaumen. YYacTHUKM uccne-
JoBaHWsA Ha npoTshkeHun 10 neT gemMoHCTpMpoBanu
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noBbILEHME YPOBHSA (DYHKLUMOHAmbHbBIX NoKa3aTenen
N CaMOCTOATENBHOCTU B NMOBCEOHEBHON AEATENbHO-
ctn [28]. T. Park npoBen onpoc naumMeHToB, KOTOPbIM
obina npoeegeHa COP 20-28 net Hasag. o pesynb-
Tatam onpoca 91% y4YacTHMKOB OTMETUIIN MOMOXM-
TenbHoe BnusHve COP Ha kayecTBO u3Hu, y 42%
YNYYLWNIUCb MOTOPHbIE HaBblkK [40].
AddektnBHocTe COAP 1 domanyeckon Tepanum
ObINM NOATBEPXAEHbI U Y NauMeHToB bonee mnag-
Ler Bo3pacTHow rpynnbl (2-3 roga). o gaHHbIM KC-
cnegoBaHuns 91% y4acTHMKOB OTMETUIM YrydlUeHne
HaBbIKOB x0abbbl, 92% — cTtanu ny4we crtostb, 89% —
nyJwe cugetb, 65% — cmormnu xoantb 6e3 JOMNONHK-
TenbHoW nomotum, a 43% — ocsounu Ger [41].
KomnnekcHasa koppekunsi cnacTM4HOCTU B CO-
yetaHun CLP u npodormkeHHOW Henpopeabunuta-
UUM yMeHbLuaeT 0onb, yBenuumMBaeT aMmnnnTyay ABu-
XXeHun B cycTaBax [9]. Y ambBynaTopHbIX NauneHToB
(GMFCS | — lll) oTmeyanoch yny4lleHne NoXoaku B
ponrocpoyHon nepcnekTtuse [7, 8, 15, 41]. docTtoBep-
HOe mnporpeccupoBaHMe 5 KOMMOHEHTOB KayecTBa
OBWKEHNs (BblpaBHMBaHWE, KOOpPAMHAUWS, OMCCO-
LUMNPOBaHHbIE ABWXEHUS, CTabubHOCTb N MEPEHOC
Beca) no wkane Quality Function Measure 6bi1o 3a-
dukcuposaHo y naumeHtoB GMFCS Il — Il yepes 1
rog nocrne COP 1 nHTeHcmBHOM peabunuTtauum [16].
Y 6onee Tsxkenbix nauneHtoB (GMFCS IV — V) nocne
CIP oTmevanoch ynydllieHne nokasaTernemn, CBsi3aH-
HbIX C YyXOOOM, MO3ULMOHUPOBAHWEM, OOEBAHUEM,
CHWXeHeM BoNeBon YyBCTBMTENBHOCTU, YTO COMpPO-
BOXJANOCb YIy4LIEHNEM OTAENbHbIX aCreKToB Kaye-
ctBa xusHu [30, 43].
Ponb aHanbresunu B peabunutauymu nocne COP
MaumeHTbl, NnepeHecwune CHOP, B paHHUM no-
CrneonepauvoHHbIA NepUo YacTo >KanyrTcs Ha Bbl-
pakeHHyto 6orb 1 4yBCTBO AuckomdopTa. Nocneo-
nepauuoHHasa 60nb CBA3aHa C MbILLEYHbIM CNa3MOoM,
pasgpakeHWem HEepBHbIX KOPELUKOB M (hakToM ca-
Mo onepauun [6]. IHTeHcuBHas 60nb 3Ha4YUTENBHO
CHMXaeT 3PdEKTMBHOCTb paHHEN peabunurtauum,
OTKNaAblBaeT ee Ha bGonee MoO3gHWIA CPOK, a Takke
MOXET MPMBECTM K PasBUTUIO MOCNeonepaumoHHbIX
OCNOXHeHWN [6, 26, 29, 35, 38]. UmetoTcst 4aHHbIe 06
3(PPEKTUBHOCTU MPUMEHEHUS WMHTpATEKanbHOMO U
anuaypanbHoro mopduHa nocne CLP ans KoHTpons
nocrneonepaunoHHon 6onu [37]. lluTepaTypHble AaH-
Hble MoKa3anwu, YTO HenpepbiBHbIE UHY3UK onvou-
0B SBMNSAOTCS NPeanovTUTENbHbLIM METOAOM Kynupo-
BaHWS nocrneonepauvMoHHONn 6onn B NogaBnsowem
GonbLUMHCTBE LeHTPOB, npoBogsAwmx COP no sBcemy
mupy. J. Hatef npeacraBun mynsruMmoganbHyto anu-
OyparnbHyl0 aHecTe3ulo Kak ansTepHaTuBy Henpe-
PbIBHOMY BHYTPVMBEHHOMY BBEAEHUIO MH(Y3MM OMUO-
nooB y geten ¢ LIINM nocne nepeHeceHHoro CAP [26].
MynesTumMoganeHasi aHanbreavss obnagaert crieqyto-
LMMK CBOWCTBaMW: KynupyeT MOCNeonepauuoHHyo
6onb, CHWXaeT OO3NPOBKY YyMNoTpebrneHuns onuou-
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00B, TEM CamMbIM CNOCOOCTBYET COKpPALLEHWNIO YacTo-
Tbl NOOOYHBLIX 3OGEKTOB OT ONMOMAHON Tepanun u
NPOAOIKNTENBHOCTL NpebbiBaHUA B cTaumoHape. B
KOropTHOM uccrnegosaHum 2024 r. B KayecTBe nocrne-
onepaunoHHo 60pbbbl NPUMEHSANN BHYTPUBEHHYIO
NHpy3no onnonaos (MoprH, eHTaHUIT, OKCUOOH)
n nHdysmm ketammHa. Bo Bpems nccnegoeaHus na-
LUWEHTbI Nnonyyanu peabnnutaumoHHoe neYvyeHne: Ha
3 OeHb oHM cugenu B noctenu nog yrnom 30°, Ha 7
OeHb UM yaanocb NpoBecTU 3aHATUSA B 3ane JIOK.
O6Lwas no3a onMonaoB U KeTaMMHa JOCTUIMa MaKcu-
MyMa Ha 2 nocrieonepaumoHHble CyTKM 1 CBOAMMACh
Ha MMHMMYM Ha 6 cyTku. [JaHHOe uccnegoBaHue no-
Kasarno, 4To MynbTMMOAAarbHbIA Noaxod K aHarbre-
311 MO3BOJISIET KaK MOXHO paHblUe Ha4yaTb Mocreo-
nepaumoHHyo peabunutaumto, cnpaBnUTbCsA ¢ BONbLO
N n3bexarb cepbe3HbiX MOB04YHLIX achdekToB [6].
OTHOLWEeHMe NaLMeHTOB K peabunurtauum

OpHuM 13 kpuTepueB Npu Bblbope KanHauoa-
Ta Ha CIP gBnsieTcss roTOBHOCTb poauTeEnen wnm
ornekyHoB obecneynTb MOMHOLEHHbIA Kypc peabu-
NUTaUMOHHbIX Meponpusitui nocne CAP [33]. Peko-
MeHOauMM CneumanncToB pPasHATCA OTHOCUTENBbHO
NPOAOIKUTENBHOCTN peabunutaumm oT 12-24 me-
csaueB. NccnepoBaHne K. Blatt nokazano Hackormnbko
OTBETCTBEHHO MNaUMEHTbI (OMNeKyHbl/poauTenn) oT-
HOCATCA K BpadebHbIM pekoMeHOauusiM KacaTellb-
HO peabunuTauMoHHoro nederusi nocrie COP npwu
LM. Tak, no gaHHbIM 3TOro mccriegoBaHus, 91,7%
YYaCTHMKOB NPOLLSN MUHUMarbHblE pEKOMEHO0BaH-
Hble Yacbl PU3NYECKON Tepanun AN cTauuoHapHOM
yactu peabunutaumn. B uccnegoBaHum He Obino
3aPMKCUPOBAHO YYaCTHWKOB, KOTOpble MOMNyYnnu
PEKOMEHOOBAHHOE KONMMYECTBO 4YacoB (hMU3NYECKOM
Tepanun gnsi ambynaTopHOro atana peabunurtauum
B nepuop 0-6 mecsaueB nocrne onepawuum unm ooLyto
PEKOMEHOOBaHHYKD [03y KO BTOPOMY rogy mnocre
COP. N Tonbko 16,7% y4acTHUKOB NPOBENM pEKOMEH-
[0BaHHOE KONMMYeCTBO YacoB hM3NYEeCKo Tepanum B
nepuop 6-12 mecaueB n Yyepes 12-24 mecsua nocne
COP [10]. H13kasa npMBEp>XEHHOCTb NauMeHTa u ero
poauTenen Kk peabnnutaumm kak Ha CTauMoOHapHOM,
Tak 1 Ha ambynaTopHOM YpOoBHe obycroBrneHa MHO-
rmmun dpaktopamm n TpebyeT aanbHENLEro n3y4eHns
BOMpoca.

B LWBenuapun nposenu onpoc naumMeHToB Yye-
pe3 2 roga nocne npoeegeHHon COP. OgHum n3 Bo-
npocoB 6bin: «Cuntaete nu Bbl, YTO Nocrneonepaum-
OHHas peabunuTaumsa UrpaeT BaXkHYO Posb B ycnexe
npoBegeHHoN onepaumm?y». BonbLMHCTBO y4YacTHU-
KoB (86%) cormacunucb ¢ AaHHbIM CyxxaeHnem [43].

ViccnepgoBaHue onbiTa geTen u pogurtenen no-
cne COP BbISIBUNO HEOBXOAMMOCTb MHOPMUPOBa-
HUS U BOBMNEYEHMNS NX B MPOLECC NPUHSITUS PELLEHNIA,
a TaKkkKe BaXXHOCTU y4UTbLIBATb NCMXocoumnarnbHble no-
TpebHOCTM B Nepuoa MOAroTOBKWU K ornepaumu U no-
cneaywollen anuternbHom peabunutaumm [17, 51].
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3AKNKOYEHUE

CenekTuBHasi gopcanbHas puU3oTOMUS SB-
nsieTcs BbICOKOA((PEKTUBHBIM METOAOM XMPYpPru-
YeCKOW KOppeKUMM CnacTUYHOCTU Y MaLMEeHTOB C
uepebpanbHbiM napanuyom. Ee npumeHeHue cno-
COBCTBYET 3HAUYNTENBHOMY CHWKEHUIO MbILLIEYHO-
ro TOHyCa, YNyuylWeHuo ABUraTenbHbIX (PYHKUMIA W
KayecTBa XM3HU MaLMEHTOB, YTO MOATBEPXOAETCS
OaHHbIMW MHOTOYMCIIEHHBIX MccnegoBaHun. [loka-
3aHa 3 eKTUBHOCTbL U Be3onacHocTb meTtoaa. CAP
OEMOHCTPUPYET  ANUTENbHBLIN  TEepaneBTUYECKUN
achdekT, cHMKasg cnacTMYHOCTb 6e3 3HaYUTENbHbIX
HeraTUBHbIX MOCHEeACTBUN AN ONOPHO-ABUraTerb-
Horo annaparta. OgHako adeKTMBHOCTb METOAA BO
MHOIOM 3aBMCUT OT CTPOro MHAMBUAYaNbHOrO noga-
xoda npu otbope nauneHToB M UX YHKUUOHAmMb-
HbIX BO3MOXHOCTEW. [OnuTenbHas M WHTEHCUBHas
peabunutaums sSBNAETCSA KITOYEBbIM KOMMOHEHTOM
ycnexa CIP. PaHHee Ha4yano duanyeckon Tepanuu,
ajanTupoBaHHOW Nof ocobGeHHOCTV nauueHTa, no-
3BOMSET MWUHUMMW3NPOBATb OCMIOXKHEHMS U MaKCu-
ManbHO YMyylWwnTb (YHKUUOHAlbHbIE pe3ynbTaThl
B JOnrocpovyHoM nepuoge. ViccrnegoBaHusa OeMOH-
CTPUpYIOT nonoxutenoHoe Bnvsiiue CLOP Ha dyHk-
LUMOHanbHble CNOCOBHOCTU MaUMEHTOB Aaxe yepes
JecaTuneTuns nocne onepauun. Yny4llatTcsl noka-
3aTenu xoabbbl, camoobCnyXnBaHus n MobunbHoO-
CcTU. HecmoTpsa Ha pgokasaHHyo 3hdEeKTUBHOCTD,
OTCYTCTBYET e4WHbI NPOTOKON peabunuTtauun no-
cne COP, yTo 3aTpygHseT co3gaHne OnTUMarbHbIX
nporpamMmm neyenuns. Heobxognmel ganbHenwne nc-
CcrnefoBaHWs, HanpaBneHHble Ha pa3paboTKy CTaH-
0apTM3MPOBaHHbIX MOAXOAOB K WHTEHCUBHOCTH,
NPOAOIDKUTENBHOCTM U MeTogam peabunutauumu.
CouetaHue CIP c Helipopeabunutauuen, ncnxono-
rMMYeCKON NOATOTOBKOM MAaLMEHTOB M UX OKPYXEHWS,
a TakKe MWCMoNb30BaHWE COBPEMEHHbIX METOO0B
dusnyeckon Tepanuu no3BonsdeT AOCTUYb Hambo-
nee 6GnaronpusTHbBIX Pe3ynbTaToB M CHU3UTb PUCK
OCMNOXHEHUN. AKTyarnbHbIM ABNSETCS nogaepKaHune
KOMMnaeHca nauMeHToB K KUHe3noTepanum.

Takum ob6pasom, CLP sBnsieTcs 3Ha4YUMbIM
KOMMOHEHTOM KOMIIEKCHOMO JieyeHus uUepebparnb-
HOro napanu4ya, o6ecneynBaoLWmM yny4lleHne Kave-
CTBa XXM3HM NaUMEHTOB NP1 yCnoBun cobnogeHuns nH-
OVBUAYarnbHOTO Y MEXANCLMNIMHAPHOTO NOAXOLOB.

Bknad aemopoe:

. b. KypmaHoBa — nouck u aHanua nurtepa-
TYpbl, UHTEpPNpeTaunst AaHHbIX, HANMCaHWe cTaTby,
obcyxaeHue.

C. T. TypycnekoBa, B. C. JlucHuk — paspabotka
KoHLenumm, obcyxaeHne, Koppekums.

I A. MyxambeTtoBa — 0GCYyXOeHNE U KOPPEK-
uus ctatbu.

M. P. Pabanguspos, A. A. XKainraHos, I. H.
KaceHoBa — obcyxaeHue.

Meouyuna u sxonoeus, 2026, 3

KoHghniukm uHmepecos:
ABTOpbI 3asIBNAOT 06 OTCYTCTBUM KOHIMKTA
WHTEPECOB.

JINTEPATYPA

1. AkmxkaHosa W.B., KoxxaHosa A.M., Kapunesa
3.K., WakeHoBa A.b., Cannunbaesa LU.E. AHanus agp-
PEKTUBHOCTU CENEKTUBHOW JOPCANbHOW PU30TOMUN
B COYETaHuM ¢ nocrieonepauuoHHon peabnnutaunen
y nauneHToB cO cnacTtuyeckon gpopmon LM ¢ nosum-
umn MK® (nunoTHbid npoekT). BecmHuk Kasaxcko-
20 HayuoHarbHo20 MeOUUUHCKO20 yHugepcumema.
2021; 1: 115-122.

2. KnoukoBa O.A., KonecHukoa E.I., bep-
ounuveBckas E.M., 3umHenko [.HO., Komaposa M.A.
CenekmueHasi dopcarnbHass pusomomus npu LLII:
rpakmu4eckoe pykosoOcmeo no ombopy nayueH-
moe u peabunumayuu. M.: b® «BecHax; 2022: 115.

3. Knoukosa O.A., KonecHukoBa E.T., 3u-
HeHko [.}HO., BbepgnueBckasa E.M. CenekTtuBHas
Jop3anbHas pM3oTOMUS B NIEYEHUU CNACTUYHOCTU Y
NauMeHToB C AETCKMM LepebparnbHbiM napanuyom.
Bonpock! cospemerHoll neduampuu. 2022; 21: 19-
28. https://doi.org/10.15690/vsp.v21i1.2382

4. Komdopt A.B., CemeHoBa XX.b. Cenektue-
Hasi gopcarnbHasi pu3oTOMUst B KOpPpEeKUMM crnacTtu-
yeckoro cuHgpoma y 6onbHbIx OLM: ncropuyeckune
acnekTbl (0630p nuTepatypsbl). Helipoxupypausi u He-
8porioausi emckoao go3pacma. 2016; 3 (16): 75-86.

5. Abd-Elmonem A.M., Ali H.A., Saad-Eldien
S.S. et al. Effect of physical training on motor function
of ambulant children with diplegia after selective
dorsal rhizotomy: a randomized controlled study.
NeuroRehabilitation. 2023; 53 (4): 547-556. https://
doi.org/10.3233/NRE-230098

6. Adams|.G., Jayaweera R., Lewis J., Badawi N.
et al. postoperative pain and pain management following
selective dorsal rhizotomy. BMJ Paediatrics Open. 2024;
8: 1-7. https://doi.org/10.1136/bmjpo-2023-002381

7. Ailon T., Beauchamp R., Miller S., Mortenson
P., Kerr J.M., Hengel A.R., et al. Long-term outcome
after selective dorsal rhizotomy in children with
spastic cerebral palsy. Childs Nerv. Syst. 2015; 31:
415-423. https://doi.org/10.1007/s00381-015-2614-9

8. Archer J., Yaacoub A.P., Angulo-Parker
F. et al. Pre- and Postoperative gait analysis and
video for selective dorsal rhizotomy in spastic
diplegia: 2-dimensional operative video. Operative
Neurosurgery. 2019; 17 (3): 103-104. https://doi.
org/10.1093/ons/opy392

9. Ates F., Brandenburg J.E., Kaufman K.R.
Effects of selective dorsal rhizotomy on ankle joint
function patients with cerebral palsy. Fronties in
Pediatrics. 2020; 8: 75. https://doi.org/10.3389/
fped.2020.00075

10. Blatt K., Lewis J., Bican R., Leonard J.
Selective Dorsal Rhizotomy: patient demographics

35



O030pbI JIMTEpPATYPbI

and postoperative physical therapy. Pediatric
Neurology. 2023;147:56-62. https://doi.org/10.1016/j.
pediatrneurol.2023.07.006

11. Bower E., Michell D., Burnett M.,
Campbell M.J., McLellan D.L. Randomized
Controlled Trial of Physiotherapy in 56 Children with
Cerebral Palsy Followed for 18 Months. Dev. Med.
Child. Neurol. 2001; 43: 4-15. https://doi.org/10.1017/
s0012162201000020

12.  Buckon C.E., Thomas S.S., Harris G.E.,
Piatt J.H., Aiona M.D., Sussman M.D. Obijective
Measurement of Muscle Strength in Children with
Spastic Diplegia after Selective Dorsal Rhizotomy.
Arch. Phys. Med. Rehabil. 2002; 83: 454-460. https://
doi.org/10.1053/apmr.2002.31202

13. Cespedes J., Vidarte OA, Uparela MJ.
at al. History and evolution of surgical treatment for
spasticity: a journey from neurotomy to selective
dorsal rhizotomy. Neurological focus. 2024; 56: 1-10.
https://doi.org/10.3171/2024.3.FOCUS2452

14. Chan S.H., Yam K.Y., Yiu-Lau B.P,
Poon C.Y., Chan N.N., Cheung, H.M., Wu M., Chak
W.K. Selective Dorsal Rhizotomy in Hong Kong:
Multidimensional Outcome Measures. Pediatr.
Neurol. 2008; 39: 22-32. https://doi.org/10.1016/j.
pediatrneurol.2008.03.017

15. Chen B.P, Wang K.K, Novacheck T.F.
Selective dorsal rhizotomy for the treatment of gait
dysfunction in cerebral palsy: a critical analysis
review. JBJS. Rev. 2019; 7 (11): e3. https://doi.
org/10.2106/JBJS.RVW.19.00020

16. Chugh D., Cawker S.P., Katchburian L.,
Carr L.J., Aquilina K., Morgan S., Harding C. Quality
of Movement Changes in Ambulatory Children
with Cerebral Palsy 1 Year after Selective Dorsal
Rhizotomy. Physiother. Can. 2025; 77 (1): 113-121.
https://doi.org/10.3138/ptc-2023-002013

17. Chugh D., Waite G., Harniess P. et al.
«I didn’t know was going to happen»: children’s and
young people’s experiences and their involvement
before and after selective dorsal rhizotomy. Physical
& occupation therapy in pediatrics. 2024; 44 (5): 733-
747. https://doi.org/10.1080/01942638.2024.2323192

18. Cowker S., Aqulina K. Selective dorsal
rhizotomy the perspective of neurosurgeon and
physiotherapist. Paediatrics and Child Health.
2016; 26 (9): 395-399. https://doi.org/10.1016/j.
paed.2016.04.018

19. De Vloo P., Huttunen T.J., Forte D.et al.
Intraoperative electrophysiology during single-level
selective dorsal rhizotomy: technique, stimulation,
thereshold, and response data in a series of 145
patients. J. Neurosurg. Pediatr. 2020; 25 (6): 597-
606. https://doi.org/10.3171/2019.12.PEDS19372

20. Engsberg J.R., Ross S.A., Collins
D.R., Park T.S. Predicting Functional Change
from Preintervention Measures in Selective Dorsal
Rhizotomy. J. Neurosurg. Pediatr. 2007; 106: 282-
287. https://doi.org/10.3171/ped.2007.106.4.282

36

21. Enslin JM.N,, Langerak N.G., Fieggen
A.G. The evolution ofselective dorsal rhizotomy for the
management of spasticity. Neurotherapeutics. 2019; 16
(1): 3-8. https://doi.org/0.1007/s13311-018-00690-4

22. Frankil., Bar-On L., Molenaers G., et al.
Tone reduction and physical therapy:strengthening
partners in treatment of children with spastic cerebral
palsy. Neuropediatrics. 2020; 51: 89-104. https://doi.
org/10.1055/s-0039-3400987

23. Garriz-Luis M., Sanchez-Carpintero
R., Alegre M.,Tejada S. Selective dorsal rhizotomy:
a review of the literature on this technique for the
treatment of spasticity in infantile cerebral palsy.
Revista de Neurologia. 2018; 66 (11): 387-394.

24. Graham D., Aquilina K., Mankad K.,
Wimalasundera N. Selective dorsal rhizotomy:
current state of practice and the role of imaging.
Quant Imaging Med. Surg. 2018; 8 (2): P. 209-218.
https://doi.org/10.21037/qims.2018.01.08

25. Graubert C., Song K.M., McLaughlin
J.F., Bjornson K.F. Changes in Gait at 1 Year Post-
Selective Dorsal Rhizotomy: Results of a Prospective
Randomized Study. J. Pediatr. Orthop. 2000; 20 (4):
496-500.

26. Hatef J., Smith L.G.F., Veneziano G.C.,
et al. Postoperative pain protocol in children after
selective dorsal rhizotomy. Pediatr. Neurosurg. 2020;
55: 181-187.

27. Jiang W., Shuyun Jiang S., Yu Y,
Zhan Q. et al. Improvement of the gait pattern after
selective dorsal rhizotomy derives from changes of
kinematic parameters in the sagittal plane. Frontiers
in Pediatrics. 2022. 23; 10: 1047227. https://doi.
org/10.3389/fped.2022.1047227.

28. Josenby A.L., Wagner P., Jarnlo G.B.,
Westbom L., Nordmark E. Functional performance
in self-care and mobility after selective dorsal
rhizotomy: a 10-year practice-based follow-up study.
Dev. Med. Child. Neurol. 2015; 57: 286-293. https://
doi.org/10.1111/dmcn.12610

29. Lynch M.E., Daniels D.J., Brandenburg
J. Gabapentin as part of a multimodal pain control for
selective dorsal rhizotomy does notimpact percentage
of rootlets transected. Child’s nervous system. 2024;
40 (2): 487-494. https://doi.org/10.1007/s00381-023-
06124-7

30. Meyer-Sauvage J., Krouma M., Klovan
C. et al. The effect of selective dorsal rhizotomy
on the improvement of the quality of life of children
with stage GMFCS IV and V cerebral palsy:
pain, nursing,positioning, and dressing. Child’s
nervous system. 2024; 40 (4): 987-995. https://doi.
org/10.1007/s00381-024-06321-y

31. Mishraa D., Barikb S., Rajb V,
Kandwalc. P. A systematic review of complications
following selective dorsal rhizotomy in cerebral palsy.
Neurochirurgie. 2023; 69: 8. https://doi.org/10.1016/j.
neuchi.2023.101425



0030psbI TUTEPATYPHI

32.  Clinical commissioning policy
statement: selective dorsal rhizotomy for spasticity
in children with cerebral palsy. https://jcc.nhs.wales/
policies-resources/policies/neurosciences/selective-
dorsal-rhizotomy-sdr-for-the-treatment-of-spasticity-
in-cerebral-palsy-in-children-aged-3-9-years-policy-
position-statement-pp245-march-2024-pdf/

33. Nicolini-Panisson R.D., Tedesco A.P.,
Folle M.R., Donadio M.V.F. Selective dorsal rhizotomy
in cerebral palsy: selection criteria and postoperative
physical therapy protocols. Rev. Paul. Pediatr. 2018;
36: 100-108.

34. Niedzwecki C., Barbuto A., Mitchell K.
et al. Comparison of outcomes following surgical
intervention and inpatient rehabilitation stays in
children with cerebral palsy. PM&R. 2023; 16 (5):
449-461. https://doi.org/10.1002/pmrj.13075

35.  Nimmo S.M., Foo I.T.H., Paterson H.M.
Enhanced recovery after surgery: pain management.
J. Surg. Oncol. 2017; 116: 583-591.

36. Novak I., Morgan C., Fahey M., et al.
State of the evidence traffic lights 2019: systematic
review of interventions for preventing and treating
children with cerebral palsy. Curr. Neurol. Neurosci.
Rep. 2020; 20 (3): 1-21. https://doi.org/10.1007/
s$11910-020-1022-z

37. Ostojic K., Paget S.P., Morrow A.M.
Management of pain in children and adolescents with
cerebral palsy: a systematic review. Dev. Med. Child.
Neurol. 2019; 61: 315-321.

38. Pao L.P, Zhu L., Tarig S. et al
Reducing opioid usage: a pilot study comparing
postoperative selective dorsal rhizotomy protocols. J.
Neurosurger. Pediatr. 2020; 25: 303-310. https://doi.
org/10.3171/2019.9.PEDS 19398

39. ParkT.S., Dobbs M.B., Cho J. Evidence
Supporting Selective Dorsal Rhizotomy for Treatment
of Spastic Cerebral Palsy. Cureus. 2018; 10 (10):
€3466. https://doi.org/10.7759/cureus.3466

40. Park T, Liu J.L., Edwards C. et al.
Functional outcomes of childhood selective dorsal
rhizotomy 20 to 28 Years Later. Cureus. 2017; 9 (5):
€1256. https://doi.org/10.7759/cureus.1256

41. Park T.S., Joh S., Walter D.M., Meyer
N.I. Parent-reported outcomes of early childhood
selective dorsal rhizotomy for the treatment of spastic
diplegia. Cureus. 2021; 13 (6): €15530. https://doi.
org/10.7759/cureus.15530

42. PronG.,ChanB.,HaT.etal. Lumbosacral
dorsal rhizotomy for spastic cerebral palsy: a health
technology assessment. Ontario health technology
assessment series. 2017; 17 (10): 1-186.

43. Rasaduraia A., Frankc N., Greuterc L.,
Maria Liccia M. et al. Patient- and caregiver-reported
outcome measures after single-level selective dorsal
rhizotomy in pediatric and young adult patients with
spastic cerebral palsy. Pediatr. Neurosurg. 2023; 58:
128-135. https://doi.org/10.1159/000530748

Meouyuna u sxonoeus, 2026, 3

44. Sargut T.A., Haberl H., Wolter S. et al.
Motor and functional outcome of selective dorsal
rhizotomy in children with spastic diplegia at 12 and
24 months of follow-up. Acta Neurochirurgica. 2021;
163: 2837-2844. https://doi.org/10.1007/s00701-021-
04954-5

45. Shahid J., Kashif, A., Kashif Shahid
M. Enhancing post-operative recovery in spastic
diplegia through physical therapy rehabilitation
following selective dorsal rhizotomy: a case report
and thorough literature analysis. Children (Basel).
2023; 10 (5): 2-14.

46. Spazzapan P., Bosnjak R., Rodi Z.,
Kos N. et al. Selective dorsal rhizotomy: short-
term results and early experiences with a newly
established surgical treatment in Slovenia. J. Integr.
Neurosci. 2022; 21 (3): 90. https://doi.org/10.31083/j.
jin2103090

47. Summers J., Coker B., Eddy S. et al.
Selective dorsal rhizotomy in ambulant children with
cerebral palsy: an observational cohort study. Lancet
Child Adolesc. Health. 2019; 3: 455-462.

48. Tedroff K., Léwing K., Astrém E. A
prospective cohort study investigating gross motor
function, pain, and health-related quality of life 17
years after selective dorsal rhizotomy in cerebral
palsy. Dev. Med. Child. Neurol. 2015; 57 (5): 484-
490. https://doi.org/10.1111/dmcn.12665

49. van Schie P.E.M., Vermeulen R.J,
van Ouwerkerk W.J.R., Kwakkel G., Becher J.G.
Selective Dorsal Rhizotomy in Cerebral Palsyto
Improve Functional Abilities: Evaluation of Criteria
for Selection. Child’s Nerv. Syst. 2005; 21: 451-457.
https://doi.org/10.1007/s00381-004-1105-1

50. Veerbeek B.E., Lamberts R.P., Fieggen
A.G., Verkoeijen P., Langerak N.G. Daily activities,
participation, satisfaction, and functional mobility
of adults with cerebral palsy more than 25 years
after selective dorsal rhizotomy: a long-term follow-
up during adulthood. Disabil. Rehabil. 2019; 9: 1-9.
https://doi.org/10.1080/09638288.2019.1695001

51. Waite G., Chugh D., Cawker S. et
al. ‘Wanting no regrets’: parental decision making
around selective dorsal rhizotomy. Child: care, health
and development. 2023; 49 (2): 382-391. https://doi.
org/10.1111/cch.13056

52.  Weinbrecht-Mischkewitz M., Wittmack
E., Hentschel F. at al. Predictors of outcome in
patients with cerebral palsy following selective
dorsal rhizotomy. Early Human Development.
2024; 200: 106154. https://doi.org/10.1016/j.
earlhumdev.2024.106154

53. Xiao B., Constatntini S., Browd S,
Zhan Q., Jiang W., Mei R. The role of intraoperative
neuroelectrophysiological monitoring in  single-
level approach selective dorsal rhizotomy. Childs
Nerv. Syst. 2020; 36 (9): 1925-1933. https://doi.
org/10.1007/s00381- 019-04408-5

37



O030pbI JIMTEpPATYPbI

TPAHCIIUTEPALUA

1. Akizhanova 1.V., Kozhanova A.M., Karieva
Je.K., Shakenova A.B., Sajlibaeva Sh.E. Analiz
jeffektivnosti  selektivnoj dorsal’'noj rizotomii v
sochetanii s posleoperacionnoj reabilitaciej u
pacientov so spasticheskoj formoj CP s pozicii MKF
(pilotnyj proekt). Vestnik Kazahskogo nacional’nogo
medicinskogo universiteta. 2021; 1: 115-122.

2. Klochkova O.A., Kolesnikova E.P,,
Berdichevskaja E.M., Zinenko D.Ju., Komarova
M.I. Selektivnaja dorsal’naja rizotomija pri DCP:
prakticheskoe rukovodstvo po otboru pacientov i
reabilitacii. M.: BF «Vesna»; 2022: 115.

3. Klochkova O.A., Kolesnikova E.P,,
Zinenko D.Ju., Berdichevskaja E.M. Selektivnaja
dorzal’'naja rizotomija v lechenii spastichnosti u
pacientov s detskim cerebral’nym paralichom.
Voprosy sovremennoj pediatrii. 2022; 21. 19-28.
https://doi.org/10.15690/vsp.v21i1.2382

4. Komfort A.B., Semenova Zh.B.
Selektivnaja dorsal'naja rizotomija v korrekcii
spasticheskogo sindroma u bol'nyh DCP: istoricheskie
aspekty (obzor literatury). Nejrohirurgija i nevrologija
detskogo vozrasta. 2016; 3 (16): 75-86.

5. Abd-Elmonem A.M., Ali H.A., Saad-
Eldien S.S. et al. Effect of physical training on motor
function of ambulant children with diplegia after
selective dorsal rhizotomy: a randomized controlled
study. NeuroRehabilitation. 2023; 53 (4): 547-556.
https://doi.org/10.3233/NRE-230098

6. Adams |.G., Jayaweera R., Lewis
J., Badawi N. et al. postoperative pain and pain
management following selective dorsal rhizotomy.
BMJ Paediatrics Open. 2024; 8: 1-7. https://doi.
org/10.1136/bmjpo-2023-002381

7. Ailon T, Beauchamp R., Miler S.,
Mortenson P., Kerr J.M., Hengel A.R,, et al. Long-term
outcome after selective dorsal rhizotomy in children with
spastic cerebral palsy. Childs Nerv. Syst. 2015; 31: 415-
423. https://doi.org/10.1007/s00381-015-2614-9

8. Archer J., Yaacoub A.P., Angulo-
Parker F. et al. Pre- and Postoperative gait analysis
and video for selective dorsal rhizotomy in spastic
diplegia: 2-dimensional operative video. Operative
Neurosurgery. 2019; 17 (3): 103-104. https://doi.
org/10.1093/ons/opy392

9. Ates F., Brandenburg J.E., Kaufman
K.R. Effects of selective dorsal rhizotomy on ankle
joint function patients with cerebral palsy. Fronties
in Pediatrics. 2020; 8: 75. https://doi.org/10.3389/
fped.2020.00075

10. Blatt K., Lewis J., Bican R., Leonard J.
Selective Dorsal Rhizotomy: patient demographics
and postoperative physical therapy. Pediatric
Neurology. 2023;147:56-62. https://doi.org/10.1016/j.
pediatrneurol.2023.07.006

11. Bower E., Michell D.,
Campbell M.J., McLellan D.L.

Burnett M.,
Randomized

38

Controlled Trial of Physiotherapy in 56 Children with
Cerebral Palsy Followed for 18 Months. Dev. Med.
Child. Neurol. 2001; 43: 4-15. https://doi.org/10.1017/
s0012162201000020

12. Buckon C.E., Thomas S.S., Harris G.E.,
Piatt J.H., Aiona M.D., Sussman M.D. Obijective
Measurement of Muscle Strength in Children with
Spastic Diplegia after Selective Dorsal Rhizotomy.
Arch. Phys. Med. Rehabil. 2002; 83: 454-460. https://
doi.org/10.1053/apmr.2002.31202

13. Cespedes J., Vidarte OA, Uparela MJ.
at al. History and evolution of surgical treatment for
spasticity: a journey from neurotomy to selective
dorsal rhizotomy. Neurological focus. 2024; 56: 1-10.
https://doi.org/10.3171/2024.3.FOCUS2452

14. Chan S.H., Yam K.Y., Yiu-Lau B.P,
Poon C.Y., Chan N.N., Cheung, H.M., Wu M., Chak
W.K. Selective Dorsal Rhizotomy in Hong Kong:
Multidimensional Outcome Measures. Pediatr.
Neurol. 2008; 39: 22-32. https://doi.org/10.1016/j.
pediatrneurol.2008.03.017

15. Chen B.P, Wang K.K, Novacheck T.F.
Selective dorsal rhizotomy for the treatment of gait
dysfunction in cerebral palsy: a critical analysis
review. JBJS. Rev. 2019; 7 (11): e3. https://doi.
org/10.2106/JBJS.RVW.19.00020

16. Chugh D., Cawker S.P., Katchburian L.,
Carr L.J., Aquilina K., Morgan S., Harding C. Quality
of Movement Changes in Ambulatory Children
with Cerebral Palsy 1 Year after Selective Dorsal
Rhizotomy. Physiother. Can. 2025; 77 (1): 113-121.
https://doi.org/10.3138/ptc-2023-002013

17. Chugh D., Waite G., Harniess P. et al.
«I didn’t know was going to happen»: children’s and
young people’s experiences and their involvement
before and after selective dorsal rhizotomy. Physical
& occupation therapy in pediatrics. 2024; 44 (5): 733-
747. https://doi.org/10.1080/01942638.2024.2323192

18. Cowker S., Aqulina K. Selective dorsal
rhizotomy the perspective of neurosurgeon and
physiotherapist. Paediatrics and Child Health.
2016; 26 (9): 395-399. https://doi.org/10.1016/j.
paed.2016.04.018

19. De Vloo P., Huttunen T.J., Forte D.et al.
Intraoperative electrophysiology during single-level
selective dorsal rhizotomy: technique, stimulation,
thereshold, and response data in a series of 145
patients. J. Neurosurg. Pediatr. 2020; 25 (6): 597-
606. https://doi.org/10.3171/2019.12.PEDS19372

20. Engsberg J.R., Ross S.A., Collins
D.R., Park T.S. Predicting Functional Change
from Preintervention Measures in Selective Dorsal
Rhizotomy. J. Neurosurg. Pediatr. 2007; 106: 282-
287. https://doi.org/10.3171/ped.2007.106.4.282

21. Enslin JM.N,, Langerak N.G., Fieggen
A.G. The evolution ofselective dorsal rhizotomy for the
management of spasticity. Neurotherapeutics. 2019; 16
(1): 3-8. https://doi.org/0.1007/s13311-018-00690-4



0030psbI TUTEPATYPHI

22. Frankil., Bar-On L., Molenaers G., et al.
Tone reduction and physical therapy:strengthening
partners in treatment of children with spastic cerebral
palsy. Neuropediatrics. 2020; 51: 89-104. https://doi.
org/10.1055/s-0039-3400987

23. Garriz-Luis M., Sanchez-Carpintero
R., Alegre M.,Tejada S. Selective dorsal rhizotomy:
a review of the literature on this technique for the
treatment of spasticity in infantile cerebral palsy.
Revista de Neurologia. 2018; 66 (11): 387-394.

24. Graham D., Aquilina K., Mankad K.,
Wimalasundera N. Selective dorsal rhizotomy:
current state of practice and the role of imaging.
Quant Imaging Med. Surg. 2018; 8 (2): P. 209-218.
https://doi.org/10.21037/qims.2018.01.08

25. Graubert C., Song K.M., McLaughlin
J.F., Bjornson K.F. Changes in Gait at 1 Year Post-
Selective Dorsal Rhizotomy: Results of a Prospective
Randomized Study. J. Pediatr. Orthop. 2000; 20 (4):
496-500.

26. Hatef J., Smith L.G.F., Veneziano G.C.,
et al. Postoperative pain protocol in children after
selective dorsal rhizotomy. Pediatr. Neurosurg. 2020;
55:181-187.

27. Jiang W., Shuyun Jiang S., Yu Y.,
Zhan Q. et al. Improvement of the gait pattern after
selective dorsal rhizotomy derives from changes of
kinematic parameters in the sagittal plane. Frontiers
in Pediatrics. 2022. 23; 10: 1047227. https://doi.
org/10.3389/fped.2022.1047227.

28. Josenby A.L., Wagner P., Jarnlo G.B.,
Westbom L., Nordmark E. Functional performance
in self-care and mobility after selective dorsal
rhizotomy: a 10-year practice-based follow-up study.
Dev. Med. Child. Neurol. 2015; 57: 286-293. https://
doi.org/10.1111/dmcn.12610

29. Lynch M.E., Daniels D.J., Brandenburg
J. Gabapentin as part of a multimodal pain control for
selective dorsal rhizotomy does notimpact percentage
of rootlets transected. Child’s nervous system. 2024;
40 (2): 487-494. https://doi.org/10.1007/s00381-023-
06124-7

30. Meyer-Sauvage J., Krouma M., Klovan
C. et al. The effect of selective dorsal rhizotomy
on the improvement of the quality of life of children
with stage GMFCS IV and V cerebral palsy:
pain, nursing,positioning, and dressing. Child’s
nervous system. 2024; 40 (4): 987-995. https://doi.
org/10.1007/s00381-024-06321-y

31. Mishraa D., Barikb S., Rajb V.,
Kandwalc. P. A systematic review of complications
following selective dorsal rhizotomy in cerebral palsy.
Neurochirurgie. 2023; 69: 8. https://doi.org/10.1016/j.
neuchi.2023.101425

32.  Clinical commissioning policy
statement: selective dorsal rhizotomy for spasticity
in children with cerebral palsy. https://jcc.nhs.wales/
policies-resources/policies/neurosciences/selective-

Meouyuna u sxonoeus, 2026, 3

dorsal-rhizotomy-sdr-for-the-treatment-of-spasticity-
in-cerebral-palsy-in-children-aged-3-9-years-policy-
position-statement-pp245-march-2024-pdf/

33. Nicolini-Panisson R.D., Tedesco A.P.,
Folle M.R., Donadio M.V.F. Selective dorsal rhizotomy
in cerebral palsy: selection criteria and postoperative
physical therapy protocols. Rev. Paul. Pediatr. 2018;
36: 100-108.

34. Niedzwecki C., Barbuto A., Mitchell K.
et al. Comparison of outcomes following surgical
intervention and inpatient rehabilitation stays in
children with cerebral palsy. PM&R. 2023; 16 (5):
449-461. https://doi.org/10.1002/pmrj.13075

35.  Nimmo S.M., Foo I.T.H., Paterson H.M.
Enhanced recovery after surgery: pain management.
J. Surg. Oncol. 2017; 116: 583-591.

36. Novak I., Morgan C., Fahey M., et al.
State of the evidence traffic lights 2019: systematic
review of interventions for preventing and treating
children with cerebral palsy. Curr. Neurol. Neurosci.
Rep. 2020; 20 (3): 1-21. https://doi.org/10.1007/
s$11910-020-1022-z

37. Ostojic K., Paget S.P., Morrow A.M.
Management of pain in children and adolescents with
cerebral palsy: a systematic review. Dev. Med. Child.
Neurol. 2019; 61: 315-321.

38. Pao L.P, Zhu L. Tarig S. et al
Reducing opioid usage: a pilot study comparing
postoperative selective dorsal rhizotomy protocols. J.
Neurosurger. Pediatr. 2020; 25: 303-310. https://doi.
org/10.3171/2019.9.PEDS 19398

39. ParkT.S., Dobbs M.B., Cho J. Evidence
Supporting Selective Dorsal Rhizotomy for Treatment
of Spastic Cerebral Palsy. Cureus. 2018; 10 (10):
€3466. https://doi.org/10.7759/cureus.3466

40. Park T, Liu J.L., Edwards C. et al.
Functional outcomes of childhood selective dorsal
rhizotomy 20 to 28 Years Later. Cureus. 2017; 9 (5):
€1256. https://doi.org/10.7759/cureus.1256

41. Park T.S., Joh S., Walter D.M., Meyer
N.I. Parent-reported outcomes of early childhood
selective dorsal rhizotomy for the treatment of spastic
diplegia. Cureus. 2021; 13 (6): €15530. https://doi.
org/10.7759/cureus.15530

42. PronG.,ChanB.,HaT.etal. Lumbosacral
dorsal rhizotomy for spastic cerebral palsy: a health
technology assessment. Ontario health technology
assessment series. 2017; 17 (10): 1-186.

43. Rasaduraia A., Frankc N., Greuterc L.,
Maria Liccia M. et al. Patient- and caregiver-reported
outcome measures after single-level selective dorsal
rhizotomy in pediatric and young adult patients with
spastic cerebral palsy. Pediatr. Neurosurg. 2023; 58:
128-135. https://doi.org/10.1159/000530748

44. Sargut T.A., Haberl H., Wolter S. et al.
Motor and functional outcome of selective dorsal
rhizotomy in children with spastic diplegia at 12 and
24 months of follow-up. Acta Neurochirurgica. 2021;

39



O030pbI JIMTEpPATYPbI

163: 2837-2844. https://doi.org/10.1007/s00701-021-
04954-5

45. Shahid J., Kashif, A., Kashif Shahid
M. Enhancing post-operative recovery in spastic
diplegia through physical therapy rehabilitation
following selective dorsal rhizotomy: a case report
and thorough literature analysis. Children (Basel).
2023; 10 (5): 2-14.

46. Spazzapan P., Bosnjak R., Rodi Z., Kos
N. et al. Selective dorsal rhizotomy: short-term results
and early experiences with a newly established surgical
treatment in Slovenia. J. Integr. Neurosci. 2022; 21 (3):
90. https://doi.org/10.31083/j.jin2103090

47. Summers J., Coker B., Eddy S. et al.
Selective dorsal rhizotomy in ambulant children with
cerebral palsy: an observational cohort study. Lancet
Child Adolesc. Health. 2019; 3: 455-462.

48. Tedroff K., Léwing K., Astrém E. A
prospective cohort study investigating gross motor
function, pain, and health-related quality of life 17
years after selective dorsal rhizotomy in cerebral
palsy. Dev. Med. Child. Neurol. 2015; 57 (5): 484-
490. https://doi.org/10.1111/dmcn.12665

49. van Schie P.E.M., Vermeulen R.J.,
van Ouwerkerk W.J.R., Kwakkel G., Becher J.G.
Selective Dorsal Rhizotomy in Cerebral Palsyto
Improve Functional Abilities: Evaluation of Criteria
for Selection. Child’s Nerv. Syst. 2005; 21: 451-457.
https://doi.org/10.1007/s00381-004-1105-1

50. Veerbeek B.E., Lamberts R.P., Fieggen
A.G., Verkoeijen P., Langerak N.G. Daily activities,
participation, satisfaction, and functional mobility
of adults with cerebral palsy more than 25 years
after selective dorsal rhizotomy: a long-term follow-
up during adulthood. Disabil. Rehabil. 2019; 9: 1-9.
https://doi.org/10.1080/09638288.2019.1695001

51. Waite G., Chugh D., Cawker S. et
al. ‘Wanting no regrets’: parental decision making
around selective dorsal rhizotomy. Child: care, health
and development. 2023; 49 (2): 382-391. https://doi.
org/10.1111/cch.13056

52.  Weinbrecht-Mischkewitz M., Wittmack
E., Hentschel F. at al. Predictors of outcome in
patients with cerebral palsy following selective
dorsal rhizotomy. Early Human Development.
2024; 200: 106154. https://doi.org/10.1016/j.
earlhumdev.2024.106154

53. Xiao B., Constatntini S., Browd S.,
Zhan Q., Jiang W., Mei R. The role of intraoperative
neuroelectrophysiological monitoring in  single-
level approach selective dorsal rhizotomy. Childs
Nerv. Syst. 2020; 36 (9): 1925-1933. https://doi.
org/10.1007/s00381- 019-04408-5

Moctynuna 21.11.2025

HanpaeneHa Ha gopaboTky 13.01.2026
MpuHaTa 06.03.2026

Ony6nukoeaHa online 30.09.2026

D. B. Kurmanova®™, S. T. Turuspekova', V. S. Lisnic’3, G. A. Mukhambetova’, M. R. Rabandiyarov?
A. A. Zhailganov® G. N. Kasenova?®

REHABILITATION AFTER SELECTIVE DORSAL RHIZOTOMY IN CEREBRAL PALSY: WORLD
EXPERIENCE IN LITERATURE REVIEW

'NC JSC «Kazakh National Medical University named after S. D. Asfendiyarov» (050012, Republic of
Kazakhstan, Almaty c., Tole bi str., 94; e-mail: info@kaznmu.kz)

2State University of Medicine and Pharmacy named after Nicolae Testemitanu (MD-2004, Moldova, Chisinau c.,
B. Stephen the Great, 165; e-mail: contact@usmf.md)

3Children’s City Clinical Hospital No. 2 (050062, Republic of Kazakhstan, Almaty c., distr. 2, 54; e-mail: dgkb2__
dgkb2@med.mail.kz)

*Dinara Batyrzhanovna Kurmanova — NC JSC «Kazakh National Medical University named after S. D.
Asfendiyarov»; 050012, Republic of Kazakhstan, Almaty c., Tole bi str., 94; e-mail: d.kurmanova368@gmail.
com

One of the surgical methods used to correct muscle spasticity in cerebral palsy (CP) is selective dorsal
rhizotomy (SDR). The effectiveness of this method depends on the patient’s individual rehabilitation program
(IRP), as well as on the timeliness, quality, and duration of rehabilitation interventions. This review presents
a historical overview of SDR development, summarizes global experience in post-SDR rehabilitation for
patients with CP, and highlights the key factors influencing its effectiveness. The success of SDR largely
relies on a well-designed rehabilitation program that includes early initiation of physical therapy, optimal
training intensity, and a multidisciplinary approach. The paper outlines the main stages of SDR evolution,
analyzes current rehabilitation strategies, and provides examples of international protocols defining the
frequency, duration, and sequence of therapeutic interventions. Special attention is given to postoperative
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kinesiotherapy, physiotherapy, neurodevelopmental techniques, and psychological support for families. The
review emphasizes the need for standardization of rehabilitation programs and increased patient adherence to
long-term therapy. The analysis confirms that combining surgical correction with comprehensive rehabilitation
ensures optimal functional outcomes, promotes independence, improves quality of life, and strengthens the
evidence base for developing national rehabilitation protocols.

Key words: cerebral palsy; selective dorsal rhizotomy; physical medicine; rehabilitation, neurosurgery
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Llepebpanabl can aypybiHaa (LLCA) ByniibikeT cnacTuKachiH TY3€TY YLUiH KONAaHblnaTblH XUPYPrusinbIK
apicTepain Gipi — cenekTnBTI gopcanbabl pusotomusa (CLOP) 6onbin Tabbinagbl. byn agicTiH TviMainiri Hayka-
CTbIH Xeke oHanTy 6argapnamacbiHa (XKOB), coHgan-aK oHanTy LiapanapbiHblH yaKTblbIFbIHA, canacbiHa
XoHe y3akTbifbiHa 6arnaHbicTbl. Wonyaa COP saiciHiH gamy Tapuxbl, LICA-MeH aybipaTbiH nauMeHTTepre
onepaumsigaH KeriHri oHanTyablH anemaik Taxipmubeci xxaHe OHaNTy TMiMAiniriHe acep eTeTiH Heriari dakTop-
nap kapacTtblpbinFaH. COP-abiH TabbicTbl 60nybl epTe bacTanfaH prankanbiK TepanusiHbl, OHTanIbl XYKTEME
KapKbIHOBIMbIFBIH XOHE MYNbTUAMCLUMNINMHAPIbLIK TOCINi KaMTUTBIH XXeke oHanTy GafgaprnamMachbiHa Tikenen
bannaxbicThl. Makanaga CIP apgiciHiH kanbinTacy KeseHaepi MeH Kasipri OHanTy cTpaTterusnapbl TangaHbin,
eMAiK WapanapablH Winiri, y3akTbifbl MEH Ke3eHAINIMH aHbIKTanTbIH XarnblkapanblKk XxaTTaMmanapabiH Mbicar-
napsbl kenTipinreH. OnepaunsigaH KeniHri KWHe3noTepanusiHbiH, U3noTepannsiHbiH, HerpogamMy aaiCTepiHiH
X8He oThachkl MyLLenepiHe NCUXonorvanelk KongayablH MaHbi3bl atan etinedi. CoHgan-ak oHanty 6argapna-
ManapblH CTaHAapTTay MeH HayKacTapAblH y3aK Mep3iMai eMre 6eninginiriH apTTbipy KaXKETTiNiri KepceTinreH.
XKyprisinreH Tangay xupyprusnblk Ty3eTy MeH KelleHai oHanTyabl OipikTipy eH XaKcbl yHKUMOHANAbIK HOTU-
XXernepre KoIn XeTki3yre, ToyenciafikTi kannbiHa KenTipyre »xaHe eMip canacblH apTTbipyfa MyMKIHAiK 6epeTiHiH
Janengenai.
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The presented literature review contains data on histomorphological changes in the dermis when us-
ing isotretinoin. The systematic search was conducted for the results of scientific studies published between
January 1980 and January 2026. The analysis included original researches, clinical and morphological work,
experimental studies and review publications on morphological changes in the skin during systemic isotreti-
noin therapy. The result of the relevant search turned out to be 409 articles, of which, after the initial study,
25 articles were selected for final analysis: 19 articles were devoted to the anti-acne effect, the remaining 6
articles — to the involution of signs of photoaging against the background of the use of isotretinoin. Based
on the literature analysis, data were collected on histological changes in the skin during the systemic use of
isotretinoin from both the sebaceous glands and the dermis.

Systemic use of isotretinoin caused a number of changes in the skin, confirmed clinically and histologi-
cally. In particular, sebaceous glands were significantly reduced (up to 90%), and sebocyte differentiation was
inhibited. The structure of the glands became elongated, «cellular» with a small number of sebocytes remain-
ing in the center, on the basal plate. The amount of cytoplasm decreased by 35% compared to the size of the
nucleus. There was a noticeable decrease in the number of immature cells and there was no mitotic numbers.
The number of partially differentiated cells was very small, most of the cells were mature and full of lipid
droplets. Desmosome destruction and disruption of links between keratinized keratinocytes were recorded,
therefore, microcomedones regressed, and sebaceous filaments significantly decreased clinically. Follicular
keratinization decreased by 55-70%. The amount of sebum and bacteria in comedones decreased markedly.

In the context of the effect of isotretinoin on photoaging, the following histological changes were iden-
tified: the significant increase in epidermal thickness, the decrease in elastosis, the decrease in epidermal
p53, the straightening of the papillae of the dermis, the trophism improvement, the decrease in inflammatory
infilirate and in the degree of basophil degeneration of collagen, the increase in its density and concentration.
There was the decrease in the number and changes in elastic fibers: elastic fibers were more tangled and
fragmented before treatment, and more fibrillar and whole after treatment.

Key words: acne, isotretinoin, retinoids, skin biopsy, sebaceous glands, epidermis, sebocytes, kerati-
nocytes

INTRODUCTION

Systemic use of isotretinoin is by far the most
effective method of acne treatment [1]. Isotretinoin
(13-cis-retinoic acid) differs from other drugs for sys-
temic acne therapy in its ability to influence all major
factors in the pathogenesis of the disease, which is
a unique property. The history of the use of systemic
retinoids in the treatment of acne begins in 1909 with
the discovery of vitamin A. It was soon proved that vi-
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tamin A is necessary to maintain vision, reproductive
function, growth process, immune status and homeo-
stasis, as well as to stimulate cell differentiation [2].
In the 1940s, the effect of vitamin A on acne was first
documented, and in 1947, the first synthetic retinol
was obtained. In 1962, trans-retinoic acid (tretinoin)
was discovered. The task of reducing the toxicity of
therapeutic (effective) dosages of the first systemic
retinoids was solved together with the discovery of
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13-cis-retinoic acid (isotretinoin) in 1969, which re-
duced the therapeutic index by 2.5 times compared
with the use of fully trans-retinoic acid. The first large
clinical trial led by G. Plevig with the participation of
19 dermatological centers and 136 patients was con-
ducted in 1981. Isotretinoin itself was registered for the
treatment of severe forms of acne in the USA in 1982,
in Europe in 1983, which was a major breakthrough
in treatment and gave hope to patients against whom
medicine had been powerless until that moment [3].

The widespread use of isotretinoin in world
practice began in the 80s of the 20" century, in the
CIS countries — only since the late 90s, and in Ka-
zakhstan the first steps in the use of isotretinoin be-
gan only in the 21st century (the first isotretinoin was
registered in the territory of the Republic of Kazakh-
stan on November 25, 2016). Despite the extensive
experience of foreign colleagues and the official reg-
istration of the drug, the prescriptions were modest
and were accompanied by phobias of side effects on
the part of both patients and doctors. Fortunately, in
recent years, doctors have become much bolder and
patients more aware of systemic retinoids, which has
significantly increased the frequency of use of this
modern and effective therapy.

The aim of the study was to analyze and sys-
tematize the available data on histomorphological
changes in the epidermis, dermis and appendages
of the skin during systemic therapy with isotretinoin.

MATERIALS AND METHODS

The systematic search was conducted for the
results of scientific research in the international and
national electronic databases PubMed, Scopus, Web
of Science, Embase, Cochrane Library, eLibrary and
Google Scholar, published from January 1980 to Jan-
uary 2026. The analysis included original research,
clinical and morphological work, experimental stud-
ies, and review publications on morphological chang-
es in the skin during systemic isotretinoin therapy.
The following search queries were used: isotretinoin,
13-cis-retinoic acid, histology, biopsy, acne. The in-
clusion criteria were as follows: original articles with
data on histological examination of the skin against
the background of the use of isotretinoin. The exclu-
sion criteria were considered to be the absence of
histological data, animal studies and in vitro cultures.
The result of the relevant search turned out to be 409
articles, of which, after the initial study, 25 articles
were selected for final analysis: 19 articles were de-
voted to the anti-acne effect, the remaining 6 articles
— to the involution of signs of photoaging against the
background of the use of isotretinoin.

The object of the study was scientific publi-
cations devoted to the study of morphohistological
changes in the skin against the background of the
use of systemic isotretinoin.
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RESULTS

In 1982, J. A. Goldstein published the first
study of isotretinoin on 7 male patients, during which
he revealed noticeable histological changes in all pa-
tients in the form of changes in the structure of the
sebaceous glands: before the start of treatment, the
sebaceous glands were well developed with typical
lobules and cells of the sebaceous glands. After 16
weeks of therapy, there was the absence or marked
atrophy of the sebaceous glands. On average, the
decrease was up to 90%, and the amount of cyto-
plasm decreased by 35% compared to the size of the
nucleus. Clinically, this was expressed in the signifi-
cant decrease in sebum production (by 88.4%) [4].

G. L. Peck et al. confirmed the significant re-
duction in the size of sebaceous glands and an ob-
vious inhibition of sebocyte differentiation, howev-
er, histological examination was performed in only
3 out of 33 subjects [5]. K. Dalziel, T. Kingston and
R. Marks noted that the glands became elongated
and «cellular» with a small number of sebocytes,
remaining in the center. The authors did not confirm
the theory of isotretinoin’s anti-inflammatory prop-
erties, although this effect was later proven. In the
publication by the same group of scientists 3 years
later, in addition to monitoring the size of sebocytes,
emphasis was placed on studying changes in enzy-
matic activity, but no significant changes were detect-
ed [6]. A. S. Zelickson (1986) stated that, in addition
to the decrease in the size of the sebaceous glands,
there was the noticeable decrease in the number of
immature cells and no mitotic numbers on the basal
plate during treatment with isotretinoin. The number
of partially differentiated cells was very small, most of
the cells were mature and full of lipid droplets. This
work is valuable because it considered different daily
and therefore cumulative dosages of the drug. Thus,
it was confirmed that with low daily dosages (0.1 mg/
kg), the restoration of the structure and activity of se-
bocytes occurred faster than with high dosages (1
mg/kg) [7]. There was also the perceptible decrease
in sebum and bacteria in the gums. The destruction
of desmosomes was recorded, therefore, the connec-
tion between the keratinized cells was disrupted [8].

G. Plevig investigated combination therapy
with topical tretinoin and systemic isotretinoin in dif-
ferent dosages. During the observation of morpho-
logical changes in the skin of patients with conglo-
bate and papulopustular acne (16 cases), G. Plevig
recorded the decrease in the area and circumference
of sebaceous glands by 35-58%, follicular keratini-
zation — by 55-70%, the decrease in the density of
active sebaceous glands — by 1 cm?, as well as the
complete regression of microcomedones and the sig-
nificant decrease in sebaceous filaments [9].

The search for a less toxic impact of isotreti-
noin led to the search for an answer to the question
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Table 1 — Data from publications studying the effect of isotretinoin on acne skin

patient skin

Year Number Frequency and
Authors Title of of patients time of tissue Morphological changes
issue P sampling
The significant decrease in the
Isotretinoin in size of sebaceous glands, the
the Treatment of Before decrease in sebum production
Acne. Histologic treatment. at (=88%) after 16 weeks of
Goldstein J. A. et al. Changes, Sebum 1982 7 week 16’of treatment. Partial restoration
Production, treatment of sebaceous glands 32 weeks
and Clinical after the end of therapy; classic
Observations evidence of SG atrophy under the
action of isotretinoin
The noticeable decrease in the
The effects of 3 Before size of the sebaceous glands
isotretinoin on biopsies, treatment, and the clear suppression of
Goldstein J. A. et al. follicular and 1982 33 after 6 months, | sebaceous gland differentiation:
sebaceous cell patients in during the the increase in the number of
differentiation total repeat course | peripheral sebaceous cells, which
lack typical cytoplasmic droplets
The significant decrease in the
_The eﬁec_ts of Before vqumg of sebaceous glands in
Isotretinoin on treatment, the dermis at both weeks 4 and 8
Dalziel K. et al. follicular and 1987 17 at week 4, the glands b | ;
sebaceous cell at week 8 of glands become e ongated and
differentiation treatment «cellular» with a s.malll number of
sebocytes remaining in the center
The noticeable decrease in the
number of immature cells and no
mitotic numbers. The number of
Ultrastructural partially differentiated cells was
Changes in Before, after | very small, most of the cells were
Sebaceous 20 weeks, and | mature and full of lipid droplets.
Zelickson A. S. et al. Glands. Following | 1986 15 2 months after A noticeable decrease in the
Treatment of the end of amount of sebum and bacteria
Cystic Acne with treatment was recorded in comedones.
Isotretinoin Desmosome destruction was
noted — the connection between
the keratinized cells was
disrupted
The decrease in the size (area)
ilsjc?tvrve(tjigf)?n Before and circumference of sebaceous
. h glands, the decrease in the
combined with treatment and :
Plewig G. et al. tretinoin is 2004 16 at the end of number of active sebaceous
9 . lands per 1 cm?, the complete
effective to correct the 6-month 9 . f mic d
abnormalities of therapy regression of microcomedones
acne and the S|gn|f|can_t decrease in
sebaceous filaments
Sebaceous-gland Model in
deposition of vitro from
isotretinoin after the skin Before and The concentration of isotretinoin
'Sl'sucphee;r;aT);,oSAfeffen H., topical application: | 1997 of the 16 hours after | in the sebaceous glands ranged
) an in vitro study women application from 0.17 to 1.57 ng/mg of tissue
using human facial parotid
skin zone
Isotretinoin
treatment of severe Before N
Vahlquist A. Rollman acne affects the treatment, Sel;?ﬁs&)#; %?ngﬁiﬁfg?:,ﬁ%her
O., Holland D. B. endogenous 1990 22 after 2, 4 and dihvdroretinol than the epidermis
Cunliffe W. J. concentrations 7 — 11 months y dd 1€ ep
of vitamin Ain of treatment and dermis
sebaceous glands
. The size of the sebaceous glands
Itz%rsgrna?:; Before and 8 decreased by 76% (4.17 times)
Amanda G., Nelson M., requlates distinct 2009 8 weeks after compared to the baseline level
Zhao W., Gilliland K. L. sgts of genes in the start of (P=0.009). After a week, the size
g treatment of the glands decreased by about

49%
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of why topical forms are not effective in severe forms.
The answer to it was given by T. Tschan, H. Steffen,
and A. Supersaxo in 1997 [10]. Histological exam-
ination revealed that the concentration of isotretinoin
in the sebaceous glands ranged from 0.17 to 1.57
ng/mg of tissue. Autoradiography and in vitro fluo-
rescence microscopy have shown that when applied
topically, a significant amount of isotretinoin enters the
sebaceous glands via the follicular pathway, while the
effectiveness of the ethanol gel is not inferior to that of
liposomal or mixed micellar gel. In comparison with the
data of A. Vahlquist, O. Rollman, D. B. Holland, and
W. J. Cunliffe, [11] who measured the concentration of
isotretinoin in the sebaceous glands with oral admin-
istration and obtained values of 0.28-0.44 ng/mg, de-
pending on the duration of treatment, the results were
comparable or even higher, which is at odds with the
clinical effects. The authors explain this discrepancy
by the difference in vascular clearance in the model
in vitro, nuances in the calculation of isotretinoin iso-
mers, and the fact that the distribution of isotretinoin in
the sebaceous glands remains in the lipophilic center
of the sebaceous glands during topical use and is not
transferred to basal sebocytes (target cells), which are
actively affected by systemic isotretinoin, penetrating
through the microcirculation system.

In 2009, G. Amanda, M. Nelson, W. Zhao, and
K. L. Gilliland studied the regulation of the activity of
individual groups of genes in the patient’'s skin with
isotretinoin and confirmed the change in the size of
the sebaceous glands: it decreased by 76% (4.17
times) compared with the baseline level (p=0.009).
After a week, the size of the glands decreased by
about 49% [12].

The described above data are summarized in
table 1.

The occurred changes are recorded by observ-
ing histological changes in the skin, while molecular
biology helps to understand the processes. Indeed,
despite its undeniable effectiveness in acne and seb-
orrhea, the molecular basis of the unique sebostatic
activity of this compound is still not fully understood.
Thus, in the works of R. K. Randolph and M. Simon,
the ability of dermal fibroblasts to metabolize exoge-
nous retinoic acid was proved, thereby regulating its
concentration in the skin. At the same time, fibroblasts
practically do not metabolize retinol itself, which in-
dicates a difference in the processing pathways of
different forms of retinoids. These studies mean that
there is a local mechanism in the dermis to control the
activity of retinoic acid, which can limit or modulate its
biological effects [13].

J. M. Baron, R. Heise, and W. S. Blaner ana-
lyzed the functional activity of fully trans-, 9-cis-, and
13-cis-retinoic acid and their 4-oxo metabolites in
normal human epidermal keratinocytes and dermal fi-
broblasts using gene and protein expression profiling
methods. The study showed that retinol 4-oxometab-
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olites have strong and isomer-specific regulatory ac-
tivity in relation to transcription, and do not represent
only inert end products of catabolism, as previous-
ly thought. Microarray and proteomic analysis have
identified a number of new genes and gene products
that are affected by retinol treatment of keratinocytes
or fibroblasts, including genes for enzymes that cata-
lyze the biotransformation of retinoids, corticosteroids
and antioxidants, as well as genes for structural and
transport proteins that are known to be necessary for
maintaining homeostasis. The results of the study
showed the significant decrease in the expression of
keratins 1, 10, 14 and 17, as well as matrix metal-
loproteinase-10, vascular endothelial growth factor
C, thrombospondin-1, plasminogen activator inhibi-
tor-2, cyclooxygenase-2, psoriasis-associated fatty
acid binding protein, filaggrin. Incubation of dermal
fibroblasts with retinoic acid isomers for 24 hours re-
vealed more significant changes than those observed
with NHEK, including the decrease in the activity of
p-450-dependent enzymes involved in xenobiotic/
endogenous biotransformation, including cytochrome
P450 (CYP)2D, CYP3A7, CYP4A1, corticosteroid
11b dehydrogenase, prostaglandin-endoperoxide
synthase-1, phosphatase-11 with dual specificity,
glutathione S-transferase M1, and transport pro-
teins such as solute transporter family 16 member 1
(SLC16A1) [14].

A. M. Nelson and K. L. Gillland confirmed in
vitro the previously described antiproliferative effect
of isotretinoin on human sebocytes. These authors
attributed part of this decrease to cell cycle arrest
and found sebocyte apoptosis, which was not repro-
duced by alitretinoin or tretinoin. These events were
specific to sebocytes because isotretinoin failed to in-
duce apoptosis in keratinocytes. Isotretinoin-induced
apoptosis was shown to be a mechanism that was
independent of RAR [15]. In 2009, the same group of
authors conducted a transcription analysis and found
that the lipocaine 2 gene (involved in innate immu-
nity) is among the genes whose expression is most
strongly increased by exposure to 13-cis-retinoic
acid, and also confirmed sebaceous gland apoptosis
by TUNEL staining [16].

Isotretinoin affected the expression of many
other genes, which can be roughly divided into three
categories: tumor suppressor genes, genes involved
in protein synthesis, and genes involved in the trans-
fer or binding of ions, amino acids, lipids, or retinoids.
In addition to genes, the role of dissolved substance
carrier proteins is also important in skin biology. The
study revealed the increase in the expression of
proteins of the S100 family, which regulate cell dif-
ferentiation, energy metabolism, interaction of the
cytoskeleton with the membrane, and the cell cycle.
The increased activity of S100 proteins is induced by
oxidative or inflammatory stress, which suggests that
the initial activation of S100 13-cis proteins is respon-
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Table 2 — Data from publications studying the effect of isotretinoin on the skin at the cellular, gene,
and molecular levels

Authors Title ESL gf Material Morphological changes
: : Dermal fibroblasts metabolize
Dermal Fibroblasts Actively >0 )
Randolph R. K., . A . . exogenous retinoic acid,
Simon M. Metabo“ﬁgtFI{'\?etlt?nogl: Acid but 1988 Fibroblast culture thereby regulating its
: concentration in the skin.
The significant decrease in
the expression of keratins,
Retinoic Acid and its 4-Oxo Culture of human matrix metalloproteinase-10,
Baljon J. M., Metabolites are Functionally epidermal keratinocytes vascular endothelial grqwth
Heise R., Active in Human Skin Cells In | 209% | "(NHEK) and dermal | factor-C, thrombospondin-1,
Blaner W. S. Vitro fibroblasts plasminogen activator
inhibitor-2, cyclooxygenase-2,
psoriasis-associated fatty acid
binding protein, filaggrin.
13-cis-retinoic acid causes
Nelson A. M., . L P cell cycle arrest and apoptosis
e 13-cis-retinoic acid induces h
Gillland K. L., apoptosis and cell cycle arrest 2006 Sebocyte culture in SEB-1 sebocytes by a
Cong Z,, in human SEB-1 sebocvtes mechanism independent of
Thiboutot D. M. y RAR, which corresponds to
sebosuppression
Retinoic acid isomers
All-trans-retinoic acid enhanced proliferation At
and 13-cis-retinoic acid: low cell density, but at high
Schroeder M., pharmacokinetics and 2007 Keratinocyte culture with density, they showed an
Zouboulis C. C. biological activity in different high and low density antiproliferative effect in
cell culture models of human normal keratinocytes, and
keratinocytes stimulating effect in HaCaT
keratinocytes.
Amanda G Neutrophil gelatinase- Increased levels of lipocalin
Nelson M.. Zhao associated lipocalin mediates 2, which encodes the protein
W. Gilliland K. L 13-cis retinoic acid-induced 2008 Sebocyte culture lipocalin associated with
Zéénglein AL apoptosis of human sebaceous neutrophilic gelatinase
T gland cells (NGAL).
Amanda G., Early gene changes induced
Nelson M., by isotretinoin in the skin 7 patients before and .
Zhao W., provide clues to its mechanism | 2009 one week after the start Increas?admeif(prcragtsg%r;of S100
Gillland K. L., et of action of therapy yp )
al.
Temporal changes in gene
Amanda G. P . -

’ expression in the skin . 197 genes were significantly
gﬁlasoocvM" of patients treated with 2009 8 patlmetz‘?se;c%treerand 8 activated, 587 were
Gilliland K. L isotretinoin provide insight into significantly suppressed.

T its mechanism of action.
Lumsden K. R, Isotretinoin increases skin- : : :
Nelson A. M., surface levels of neutrophil 15 patients with acne The level of NGAL protein
; h : : : and 15 people in the increased, which triggered
Dispenza M. C., gelatinase-associated lipocalin 2011 -
Gilliland K. L., et in patients treated for severe control group (1-4-8 apoptosis in sebocytes, but
al T P acne weeks) did not directly affect P. acnes
R 27 subjects, the control | o EEEION ELORE S
Dispenza M. C Systemic isotretinoin therapy group (23 persons). innate imm)L,Jne res onsge to
WoF ertE.B. normalizes exaggerated TLR- 2012 Blood before treatment the commensal ba%terium
GiIIiIE)a\nd KL 2-mediated innate immune and at 1-4-8-20 weeks, Propionibacterium acnes b
T responses in acne patients as well as 6 months after d pi TLR-2 'S DY
the end of treatment reducing m On-ocstxepsressmn in
Agamia N. F. Effect of oral isotretinoin on the .
¢ : C 14 patients, control
Hussein O. M., nucleo-cytoplasmic distribution ’ :
Abdelmaksoud R. | of FoxO1 and FoxO3 proteins 2018 Pgrotjp (18 pers%nsf). Ftc_)th) %xgre_sst[ontyv as
E., Abdalla D. M., in sebaceous glands of uncdur?ct |og>sy iore activated by Isotretinoin.
etal. patients with acne vulgaris and after o weeks
Agamia N. F,, Isotretinoin treatment 25 patients, control
El Mulla K. F., upregulates the expression of group (15 persons). :
Alsayed N. M., p53 in the skin and sebaceous 2023 Biopsy with ";?re§§?,? Qgﬁ;iaegﬁ)éprfasﬁé%n
Ghazala R. M., glands of patients with acne immunohistochemistry, P 9
etal. vulgaris ELISA and PCR
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sible for the «acne outbreak» reaction observed in
some patients receiving oral or topical retinoids for
the treatment of acne [17].

After the initial start of apoptosis and the cell
cycle stops in the sebaceous glands, genes charac-
teristic of wound healing are expressed in the skin,
followed by significant regeneration and remodeling,
as evidenced by increased expression of extracellu-
lar matrix proteins. A total of 197 genes were signifi-
cantly activated, 587 genes were significantly sup-
pressed. Most of the genes whose activity decreased
after 8 weeks are associated with the metabolism of
steroids, cholesterol, and fatty acids, which is consis-
tent with the well-known fact that sebum production
decreases under the influence of 13-cis-retinoic acid.
The genes activated at week 8 encode structural
proteins such as collagens and fibronectin, which is
consistent with the known effect of retinoids on extra-
cellular matrix repair [18].

The level of NGAL protein in the skin of patients
taking isotretinoin increases, and this increase pre-
cedes a decrease in sebum production and the amount
of Propionibacterium acnes (P. acnes). These data in-
dicate a temporal relationship in which an increase in
NGAL triggers apoptosis in sebocytes, which leads to
a decrease in sebum production and P. acnes levels.
However, the antibacterial effect of NGAL against P,
acnes has not been confirmed. Consequently, P. acnes
decrease a second time during isotretinoin treatment
after a decrease in sebum secretion, which is a source
of nutrients for P. acnes [19].

M. C. Dispenza et al. demonstrated the de-
crease in TLR-2 expression in monocytes and the
subsequent inflammatory response to P. acnes after
a week of isotretinoin therapy. This effect persisted
for 6 months after discontinuation of therapy, indicat-
ing that TLR-2 modulation may be associated with
the long-term therapeutic effect of isotretinoin. This
proves that isotretinoin has an immunomodulatory ef-
fect on patients [20].

N. F. Agamia et al. analyzed the distribution of
proapoptotic transcription factors FoxO1 and FoxO3
in the nuclear and cytoplasmic compartments of
human sebocytes in vivo before and during acne
treatment with isotretinoin (6 weeks after initiation of
isotretinoin therapy). The results showed a significant
increase in the nuclear-cytoplasmic ratio of nonphos-
phorylated FoxO1 and FoxO3 in the treatment of
acne with isotretinoin, which is involved in proapop-
totic signaling, caused by isotretinoin in sebocytes
and confirms the scientific hypothesis of activation of
FoxO expression under the action of isotretinoin [21].

Against the background of isotretinoin treat-
ment, the expression of the protein and the p53 gene
in the skin significantly increased. The amount of p53
expression was inversely correlated with the severi-
ty of acne and body mass index. In clinical settings,
isotretinoin stimulated the expression of p53, which
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controls many transcription factors involved in the
pathogenesis of acne vulgaris, including FoxO1, the
androgen receptor, and critical genes involved in the
induction of autophagy and apoptosis. The enhance-
ment of the p53-FoxO1 signaling pathway caused by
systemic isotretinoin administration explains the un-
derlying transcript changes that lead to suppression
of sebum production, as well as side effects associat-
ed with systemic isotretinoin therapy [22].

M. Schroeder and C. C. Zouboulis studied the
effect of retinoic acid isomers on keratinocyte prolifer-
ation at low and high densities (imitation of hyperkera-
totic diseases and age-related skin or skin exposed to
steroids). The results of the study proved that at low cell
density, retinoic acid isomers enhanced proliferation,
but at high density, they showed an antiproliferative ef-
fect in normal keratinocytes, and stimulating effect in
HaCaT keratinocytes. The absence of the effect of ret-
inoids on cell proliferation at a high seeding density of
normal keratinocytes may indicate that the normalizing
effect of retinoids in hyperkeratotic diseases such as
acne or psoriasis is most likely due to the modulation
of cell differentiation rather than their growth. On the
other hand, induced keratinocyte proliferation at low
seeding density may serve as an explanation for ac-
anthosis caused by topical application of retinoids to
age-related and steroid-damaged skin [23].

The described above data from publications
studying the effect of isotretinoin on the skin at the
cellular, gene, and molecular levels are summarized
in table 2.

The active use of isotretinoin continued, and in
addition to its sebostatic and anti-acne effects on the
skin, dermatologists observed other changes. So, in
2000, S. Maddin et al. published the study on the ef-
fect of topical isotretinoin on the signs of photoaging.
The study involved 20 dermatology centers with a to-
tal sample of 800 patients. Histological examination
was performed among 120 patients and revealed the
significant increase in the thickness of the epidermis.
There were no obvious changes in skin elastosis, der-
mis thickness, melanin content in the epidermis, fi-
broblast count, melanocyte dysplasia, or keratinocyte
atypia. At the same time, the absence of significant
histological changes in the dermis did not exclude the
possibility of remodeling of its fine structure. It is worth
noting that the clinical changes were more expressed
and manifested themselves in improving the appear-
ance of the photo-damaged skin. Significant reduction
of fine and coarse wrinkles, improvement of texture
and pronounced pigmentation were observed after 12
weeks of daily use of isotretinoin. And within 36 weeks,
the effect of the treatment was further enhanced [24].

C. L. Kalil investigated the effect of systemic
isotretinoin in the treatment of photoaging. 50 wom-
en aged 40-60 years received 20 mg of isotretinoin
3 times a week for 3 months. The decrease in the
signs of photoaging was recorded: straightening of
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Table 3 — Data from publications studying the effect of isotretinoin on skin at photoaging

study

Year Number of "o me! Morphological
. umber o and time orphologica
Authors . of Title patients of tissue changes
Issue sampling
Isotretinoin improves
pr(ijg;;z;aggzlg; 190 bioosi " Before g Re?uc;iotn oflsigns
. iopsies erapy an of photoaging,
Maddin S. et al. 2000 Rrﬁtsjﬁ!tzseg{ear 3d6c;uwti:|—(, from 800 patients after 36 thickening qf the
blind, pla;cebo- weeks epidermis
controlled trial
Straightening of
Before the papillae of the
Use of Oral e
. DA therapy, a dermis, improvement
Kalil C. L. etal. 2008 Pholtsc?at;?rt':gqll'ﬂgr]apy 30 week after the of trophism and
end reduction of collagen
degeneration
The decrease
in inflammatory
infiltrate, the
decrease in
the degree of
basophilic collagen
degeneration, the
Oral isotretinoin in decrease in the
photoaging: clinical Before and number of elastic
Rabello-Fonseca R. M. 2009 and histopathological 30 after 3 months fibers. Elastic fibers
et al. evidence of efficacy of thera were more tangled
of an off-label Py and fragmented
indication before treatment,
and more fibrillar
and whole after
treatment. The
concentration
of collagen
has increased
significantly
The increase in
the thickness of
Low-dose oral the epidermis, the
isotretinoin versus decrease in elastosis
Bagatin E. et al 2014 topical retinoic acid ot?sze(r:\?g:iglﬁéegut afi?fgr;(?rr:?hs and the decrease
’ ) for photoaging: of 24 of thera in epidermal p53,
a randomized, Py the increase in the
comparative study amount of type
1 surface dermal
collagen
Before
Oral isotretinoin in therapy, at the .
photoaging: objective end of the 12- | INoreased densily
Bravo B. S. et al. 2015 | histological evidence 20 week therapy, cotagen and .
. elastic fibers, matrix
of efficacy and and after remodelin
durability* 12 weeks of 9
therapy
The epidermis
thickened by
273%, the granular
layer became
Topical tretinoin homogeneous
. . improves photoaged Before and and more dense
\Iflvee;zsi‘nttcs)ﬁ’JE"'II'S C.N., 1988 skin. A double-blind 30 after 16-week by 118%, the
T vehicle-controlled therapy number of mitotic

figures increased,
hypertrophy and
hyperplasia of
melanocytes
decreased
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the papillae of the dermis, improvement of trophic tis-
sue and reduction of collagen degeneration in 20 pa-
tients. The condition of 10 patients has not changed.
It should be noted that clinical improvement was not-
ed in 79.99% of the subjects. The question remains
whether a longer intake will lead to more pronounced
changes [25].

R. M. Rabello-Fonseca et al. observed 30 pa-
tients with signs of photoaging and registered the
following morphological changes against the back-
ground of oral isotretinoin intake: the decrease in in-
flammatory infilirate and the decrease in the degree
of basophilic degeneration of collagen, the decrease
in the number of elastic fibers and elastic material.
Elastic fibers were more tangled and fragmented
before treatment, and more fibrillar and whole after
treatment, and there was the significant increase in
collagen concentration [26].

E. Bagatin compared topical and systemic
retinol in the context of effects on photoaging. His-
tological analysis revealed the statistically significant
increase in epidermal thickness, the decrease in
elastosis and the decrease in epidermal p53, and the
increase in the amount of type 1 surface dermal col-
lagen in both groups. No significant differences were
found between the groups [27].

B. S. Bravo studied 20 patients with signs of
photoaging using systemic isotretinoin at the dosage
of 20 mg/day 3 days a week. In 65% of patients, there
was the change in the distribution and thickness of
elastic fibers, which can be interpreted as the im-
provement in skin condition. The increase in collagen
density was recorded in 60% of patients from 51.2
to 57.4% (p=0.004). By the end of the 12-week fol-
low-up period, collagen density decreased to 54.7%
(p=0.050). The density of elastic fibers increased from
26.5 to 31.3% (p=0.02), and decreased to 27.5% by
the end of the 12-week follow-up period [28].

In 1988, J. S. Weiss, C. N. Ellis, and J. T. Head-
ington conducted the study on the impact of topical treti-
noin on photoaging symptoms and found the following
changes. The mean thickness of the epidermis rose
by 273%, while the mean thickness of the granular lay-
er in patients using tretinoin increased by 118%. The
count of mitotic figures in seven adjacent high-power
fields was notably higher on the skin of patients treated
with tretinoin. The stratum corneum appeared denser
and more uniform, with an enhanced appearance of
the shiny layer, reduced hypertrophy and hyperplasia
of melanocytes, and less severe epidermal atypia and
dysplasia compared to before therapy. The papillary
layer of the dermis exhibited wider vascular lumens
relative to biopsies from untreated areas. However, the
thickness of the papillary layer of the dermis did not
show a significant increase [29].

Data on morphological changes in the skin
during photoaging with the use of isotretinoin are
shown in Table 3.
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DISCUSSION

Observations of morphological changes in tis-
sues are very scarce: the number of studies is small,
and the samples average 20-30 subjects. Perhaps
this is due to the high injury rate during the sampling
of the material for the study, followed by the forma-
tion of a skin defect, which is especially difficult for
patients with acne. Another factor that reduces the
need for histological data is that only observation
(with the naked eye) and photo documentation are
sufficient to verify the effectiveness of therapy. Never-
theless, research in this direction continues. Howev-
er, the format has changed in recent years. Scientists
are moving from classical histological observations,
which were carried out in the 1970-2000s, to the in
vitro cell biology stage on cultures of sebocytes, ke-
ratinocytes and immune cells (1990-2010), and in the
last decade they have been actively moving to the
genomic and transcriptomic stage. Modern discover-
ies and opportunities allow switching to the molecular
level, while it is worth noting that the work is mainly
carried out outside the human body, in in vitro con-
ditions. This is very important for understanding the
therapeutic mechanisms of isotretinoin. However, the
issue of variability of daily and cumulative dosages in
different population groups, long-term morphological
changes years after completion of treatment, correla-
tion of different dosages and duration of morphologi-
cal changes in tissues remains equally important.

CONCLUSION

The use of isotretinoin systemically causes a
number of changes in the skin, confirmed clinically and
histologically. In particular, sebaceous glands are sig-
nificantly reduced (up to 90%), and sebocyte differenti-
ation is inhibited. The structure of the glands becomes
elongated, «cellular» with a small number of sebo-
cytes remaining in the center, on the basal plate. The
amount of cytoplasm decreases by 35% compared to
the size of the nucleus, there was the noticeable de-
crease in the number of immature cells and there was
no mitotic numbers. The number of partially differenti-
ated cells was very small; most of the cells were ma-
ture and full of lipid droplets. Desmosome destruction
and disruption of communication between keratinized
keratinocytes were recorded, therefore, microcomedo-
nes regressed, and sebaceous filaments significantly
decreased. Follicular keratinization decreased by 55-
70%. The amount of sebum and bacteria in comedo-
nes decreased markedly. It has been confirmed that
when using low daily dosages (0.1 mg/kg), the resto-
ration of the structure and activity of sebocytes after
the end of treatment occurs faster than when using
high dosages (1 mg/kg).

The following histological changes were identi-
fied in the context of the effect on photo-aging: the sig-
nificant increase in the thickness of the epidermis, the
decrease in elastosis, the decrease in epidermal p53,
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straightening of the papillae of the dermis, improve-
ment of trophism, less inflammatory infiltrate and the
decrease in the degree of basophil degeneration of
collagen, an increase in its density and concentration.
There was the decrease in the number and changes
in elastic fibers: elastic fibers were more tangled and
fragmented before treatment, and more fibrillar and
whole after treatment.

Histological changes in the skin when using
systemic isotretinoin are a clear and indicative criteri-
on of the effectiveness of therapy. Given the tenden-
cy to increase cumulative dosages in recent years,
monitoring histological changes in vivo against the
background of isotretinoin use is a promising and
necessary vector for drug research in particular and
acne therapy in general.
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TMMCTOJIONMYECKASA OUEHKA BITMAHUA CUCTEMHOIO UI3BOTPETUHOUHA HA KOXY
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°HAO «KaparaHOouHckmini MeguumHckuin yHuBepcuteT» (100008, Pecnybnvka KasaxctaH, r. Kaparanga, yn.
[orons, 40; e-mail: info@gmu.kz)

3KI'M «MHoronpodunbHas 6onbHuua um. npod. X. XK. MakaxkaHosa» (100008, Pecnybnuka KasaxcTaH, T.
KaparaHga, yn. MykaHoBa, 5/3; e-mail: mbmak@maqajanov.kz)

4Kl «O6nactHasa getckas knuHudeckas 6onbHuua» (100024, Pecnybnvka KasaxctaH, r. KaparaHga, np-T
LLlaxTepos, 83; e-mail: kgp_odkb@mail.ru)

*Kcenna OmutpueBHa BecnnemsaHHaa — HAO «KaparaHguHCKuiA MeauMuMHCKUIA yHMBepcuteTy»; 100008,
Pecnyb6nuka KasaxctaH, r. KaparaHga, yn. l'orons, 40; e-mail: e-mail: xenia.besplemyannaya@mail.ru

B npegcrtaBneHHom 0630pe cobpaHbl AaHHbIE O TMCTOMOPOMOrMYECKUX W3MEHEHWSIX OepMbl Ha
doHe NpUMEeHeHUs M3oTpeTMHOMHAa. [MpoBedeH CUCTEMATU3MPOBAHHBLIA MOWCK Hay4vHbIX MyOnukauvnm B
nepuop ¢ sHBapsa 1980 no saHBapb 2026 r. B aHanu3 BkNoYanucb opuUrMHanbHble UccnegoBaHusl, KINMHUKO-
Mopcponornyeckme paboTbl, 3KCNEpPUMEHTaNbHbIE UCCNEeAoBaHMs U 0630pHbIe Mybrvkaumm, NOCBSLLEHHbIE
MOPPONOTMYECKMM M3MEHEHUAM KOXW MPU CUCTEMHOW TepanuuM U30TPETUHOMHOM. PeneBaHTHbIA MOWCK
Bblaan 409 crtatbu, Nocrne NepBUYHOIO M3yYeHUs] AN UTOFOBOrO aHanm3bl Oblio oTobpaHo 25 ctaten, 19
N3 KOTOPbIX HampaBMeHbl Ha U3y4YeHue aHTu-akHe addpekTa u ewe 6 Habmwganu MHBOMOLMIO NPU3HAKOB
doTocTapeHusi Ha PoHe MPUMEHEHUSA U30TPETMHOMHA. Ha oCHOBaHWMM aHanu3a nuTepaTtypbl CObpaHbl AaHHbIE
O MCTONMOMMYECKNX N3MEHEHNAX KOXM HA POHE MPUMEHEHUS CUCTEMHOIO M30TPETMHOUHA KaK CO CTOPOHBI
carnbHbIX >ernes, Tak 1 CO CTOPOHbI AepMbl. [laHHble ynopsiAoveHbl 1 0popMITIEHbl B €4MHYI0 Tabnuuy.

lMpuMeHeHne N30TPETUHOMHA CUCTEMHO BbI3bIBAET LENbIN PS4 U3MEHEHWUI B KOXE, NOATBEPXKAEHHbIX
KNMHMYECKN U TUCTOMNOrMyeckn. B yacTHoCTW, camnbHble Xernesbl 3HauuMTenbHo pegyuupytotes (4o 90 %),
npoucxoout uHrmbuposaHve auddepeHumauun cebountoB. CTPYKTypa Xenes CTaHOBUTCHA YANMHEHHOMW,
«SYEencTony» C¢ HebomnbLUMM KOnM4ecTBOM ceboLMTOB, OCTalWUXCA B LEHTPe, Ha 6asanbHOW MAacTUHKE.
KonunyecTBo LmTONna3mbl MO CPaBHEHMIO C pa3Mepamu sapa ymeHbluaeTcs Ha 35 %, Habntogaetcs 3ameTHoe
YMEHbLUEHNE KONMYeCTBa He3penbiX KAEeTOK M HUKAKUX MUTOTUYEeCKUX umdpp. KonmnmyectBo YacTU4HO
anddepeHUNpPOBaHHbIX KNETOK O4EHb Marnoe, a GoMnbLIMHCTBO KIETOK 3penble 1 MOMHbIe NIMMUAHBIX Kanenkb.
Bbino 3acdukcnpoBaHo paspyLlUueHne 4eCMOCOM, HapyLLUEHNE CBA3M MeXOy OPOroBEBLUMMU KepaTMHoLUTamu,
cnepoBaTernbHO, MYKPOKOMEOOHbI pEFPECCMPOBArM, a CanbHbIe HATU 3HAYUTENBHO YMEHbLUIAMMCh KITMHUYECKU.
donnukynapHas kepaTuHmMsaumst cHuaunacb Ha 55-70 %. B komegoHax 3aMeTHO YMEHbLLANOCh KONMYECTBO
KOXXHOTO carna u 6aktepui.

B KoHTeKcTe BNusHUSA Ha poTocTapeHme Obinm BbISIBNEHbI CeayoLMe rTMCTONOrMYecKMe N3MEHEHUS:
3HaAYUTENbHOE YBEMMYEHWE TOMWUHbBI ANMAEPMUCA, YMEHbLUEHME 3MacTo3a, CHDKEHWE 3annaepMaribHOro
p53, BbINpsIMIIEHNE COCOYKOB AEPMbI, YryYLLIEHNEe TPOMUKN, YMEHbLUEHME BOCNaNUTENbHOro NHUNsTpara
N CHWXeHne cTeneHn 6a3ounbHON gereHepaummn KonnareHa, yBenmyeHme ero ninoTHOCTU Y KOHLEHTpaLuK.
YMEHbLUEHNE KONMUYeCTBa M U3MEHEHUS] 3NaCTUYHbIX BOMOKOH: 3MacTUYeckue BOJOKHA A0 NeYeHus Obinm
Bonee cnyTaHHbIMU 1 PparMEHTUPOBAHHbIMU, Nocne — 6onee GUBPUNNSPHBIMU U LENbHLIMU.

Knrouesbie criosa: akHe; U30TPETUHOWUH; peTUHOMAbI; BUONCUSA KOXW; carnbHble Xenesbl; aNMaepMuc;
cebounTbl; KepaTMHOLUNTbI
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4«O06nbICTbIK Gananap knuHuKanblk aypyxaHacbl» KMK (100024, KasakctaH Pecnybnukachl, KaparaHapl K.,
LLlaxTepor gaHf., 83; e-mail: kgp_odkb@mail.ru)

*KceHna OmutpueBHa BecnnemsiHHasa — «KaparaHgobl MeguumHanblk yHuBepcuteTi» KeAK; 100008,
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¥cCbiHbIFaH 94ebu Lwony W30TPETMHOWHAI KOongaHy KesiHge gepmagarbl rMCToMOpdonornsinbIK
esrepictep Typanbl aepektepai kamtuabl. XKyreni isgey 1980 Xbinfbl KaHTapaaH 2026 Xbiifbl KaHTapra
OEWNiH XapusinaHfFaH FbinbIMy 3epTTeynep HaTuXKenepi OorbIHLA Xyprisingi. Tangayra xXynenik U3oTpeTUHOMH
Tepanuschl kesiHge Tepigeri MopdonornanbIK e3repictepre apHanfFaH TYMHYCKa 3epTTeynep, KIUHUKanbIK-
MOPMONOrNANbIK XKYMbICTap, 9KCNEPUMEHTTIK 3epTTeynep >KaHe Wony Makananap eHrisingi. lagey
HoTWXeciHae 409 makana aHbiKTangbl, onapAblH ilWiHeH GacTankbl ipikTeyoeH KewiH COHFbl TangayfFa 25
Makarna anbliHabl: onapabiH 19-eyi 6e3eyke Kapcbl acepre, KanfaH 6-eyi — M30TPETUHOMH KondaHy asdcbiHOa
doTokapTato GenrinepiHii Kepi 4amybiHa apHanabl. ©0ebueTtepai Tangay HerisiHae XXynenik M3oTPeTUHOMHAI
KongaHy kesiHgoe maw 6e3gepi MeH fepma TapanbiHaH Tepigeri ’McTonorvsanblK e3repictep Typanbl AepekTep
XUHaKTangbl.

XKyrenik n3oTpeTUHOMHAI KongaHy Tepige KIMHMKarbIK XeHe MMCTONOMMAnbIK TYpFbiAaH O9NenaeHreH
GipkaTap easrepicTepre okenei. Atan awTkaHga, Mam Gesgepi antapnbiktam kiwipenai (90%-ra genin),
an cebountTepaiH avddepeHumaumsicel Texenedi. besgepaiH KypbibiMbl  CO3bINbIHKBI, «KacyLluanbiky
cvnartka ne donbin, oprackiHaa 6asanbabl NNacTMHaga opHanackaH asgaraH cebounTTep faHa caktanagpl.
Lintonnasma meniiepi SA4po kernemiMeH canbicTbipraHga 35%-fa asasgbl. XKeTinmereH >xacylwanap caHbl
ankplH Temenaengi, mutosgap Oarkanmanabl. KapTbinam guddepeHuMsinaHFaH xacywanap eTe as,
XacylianapablH, Kenwiniri >XeTinreH >XoHe nunug TaMmuwblinapbiMeH Tonbl Gonagbl. [Jecmocomanapabii
Oy3binybl XXoHE KepaTMHOEHIEeH KepaTUHOLMTTEP apacbiHaarbl bannaHbIicTapablH ancipeyi Tipkeneai, CoOHbIH
HaTMXXeCiHOEe MUKPOKOMEAOHAAP perpeccusiFa ylwbipansl, an Man xinwenepi KnuHukanbslk TYpFblgaH arikpiH
aszasagbl. Ponnukynapnblk kepatuHudauusa 55-70%-ra TemeHaengi. KomegoHaapaarbl Tepi wen mavbl MeH
OakTepusanap Mernwepi anTapnbikTani asasgbi.

M30TpeTMHOMHHIH (boToKapTatoFa acepi TypFbICbIHAH KEMNeCi MMCTONOMMANbIK e3repicTep aHblKTangpl:
ANUAEPMUC KanbIHObIFbIHBIK €43Yip apTybl, 9NacTo3ablH, a3atobl, anungepmanbabl P53 AeHreniHiH, TomeHaeyi,
OepMaHbIH eMi3iKLLenepiHiH TericTenyi, TpogrKaHbIH XXakcapybl, KaObIHY MHUNBTPATBIHLIH XX8HE KOMNMnareHHiH
6asodmnbai fereHepaumsa OPEXKECiHIH a3atobl, OHbIH ThifbI3AbIFbl MEH KOHLIEHTPaLMACBIHbIH apTybl. COHbIMEH
KaTap, anacTukanblk TanwblKTapdblH, CaHbl a3aribin, KypbifbiMbl ©3repai: eMre AeviH orap LaTtackaH XeHe
dbparmeHTTENrEH Bonca, eMHEH KeniH HeFyprbiM onbpunnapbl XKeHe TyTac Kynre KenreH.

Kinm ce3dep: 6e3ey; M3OTPETUHOMWH; peTvHouAaTap; Tepi buoncuscel; Manm 6e3gepi; anuaepmuc;
cebounTTep; kepaTuHoLMTTEP
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BepmmeydiH makcampbl. CTyOeHT xacTap apacbiHAa 3HepreTukanblK CycbiHAapabl TYTbIHYAbIH, XKYPeK-
KaH TaMblpnap »XyneciHe TUri3eTiH biIkTuMar acepiH baranay.

Mamepuandap »xoHe adicmep. 3epTTeyre >Xofapbl OKy opbiHAapbiHAa okUTbiH 200 CTyOeHT epikTi
TypAae katbicTbl. YKvHanfaH gepektep Statistica v.10 GargapnamacbiHaa TangaHgbl. KaTtbicywbinap xac
epekLuenikTepiHe kapan 18 — 22 xac apanbifbl (1-wwi Tomn) )aHe 23 — 27 ac apanblifbl (2-wi Ton). Yrinepain
e3apa Tayencia cunatbl MeH AepekTephiH KanbinTbl TapanmayblH ecKepe OTbIpbin, ToMTap apacbiHOafbl
anblpmaLlbIbIKTapabl canbicTbipy yiiH Mann—Whitney U TecTixkaHe Cramér’s V koachumumeHTi KongaHbingbl.

Hamuesxenep xeHe marnkbiiay. HaTuwkenep aHepretvkanblk CyCbiHOAPAbl TYTbIHY XMWifiri MeH Xac
TONTapbl apacblHAa CTaTUCTUKanblK TYpfFbldaH MaHpl3abl GavinaHbic Gap ekeHiH kepceTTi (x*(3)=24,96;
p<0,001). KpamepgiH V kepceTkiwi 0,39 6onabl, Oyn KanbiNTbl KATbIHACTLI XOHE >Xac TONTapbl apacbiHOaFbl
TYTbIHY 8AETTEPIHIH, arblpMaLLbIfbIFbiH KepceTeni. 18 — 22 xac apanbifblHAafbl CTyaeHTTep 23 — 27 XacTafbl
TOMMEH canbICThIpFaHA4a SHEepreTuKanblKk CycbiHOapAbl Kebipek TyTblHATbIHbI aHblKTangbl. OHepreTukanbIK
cycblHOapAbl Xui TyTblHaTbiH cTygeHTTepaiH 30%-bl >XyYpeK COFbICBIHbIH, XUineyiHiH GenrinepiH anTkaH.
ArHn, cvpek nanpanaHaTblH Hemece Mynge kongaHbaraHgap apacbiHga MyHaanm warbivaap Tek 10%
(p<0,01) Gankangpl. Kiwi xxacTtafbl CTygeHTTep apacbliHAa Taxukapaus 2,78 ece xui kesgecedi. MyMKiHAIK
koadppumumeHTiH ecentey (OR=3,5) 18 — 22 xac apanbifblHAafrbl CTyAEHTTepAe TaxnkapausiHbl AaMbITy Kayni
epecek XacTarbl CTygeHTTepre kaparanga 3,5 ece ofapbl €KeHiH kepceTTi. X?=4,48 >xoHe KpUTUKanblK MaH
3,84 (p<0,05) cTatucTmkanblk MaHbl3abl 6onbIn caHanaabi.

KopbimbiHObI. HaTuxenep asHepreTukanblK CyCcbiHOAPAbl WamMadaH ThiC XaHe Oakblnaycbl3 TYTbIHY
CTyOeHTTepaiH, acipece 18 — 22 xac apanblfblHAafbINapablH, XKYpeK-kaHTaMbIp XXyNeciHe Tepic acep eTETiHIH
KepceTeqi.

Kinm ce30ep: cayanHama; SHepreTukanblK CyCbIHOAP; XYPEK-KaH Tamblp XYWeci; Taxmkapaus; xac
TonTapsbl

KIPICINE

OHepreTukanblk CycbiHAAp KypaMblHAa kode-
WH, KaHT, TaypuH, BUTaMUHOEP CUSIKTbI CTUMYNATOP-
nap Gap ankoroneci3 cycbiHAap ToOblHA xaTagbl.
XKactap meH xacecnipimgep apacbiHOa YWKbl ally,
ceprekTik 6epy makcaTbiHOA SHEpPreTuKarnblK CyCblH-
aapabl (OC) TyTbIHY COHFbI OHXbINAbLIKTA KEH Tapany-
na. Kenbip 3eptteynepre cearikec, AKLL xxacecnipim-
aepiHiH - wamameH 30%-bl  xaHe Eyponagarbl
xacecnipimaepain 70%-fa geviHi aHepreTukanbik cy-
cbiHOapabl TYpakThl Typae nanganaHagbl [1, 5, 7, 8].
KaHTTbl cycbiHOapAbl, COHbIH iwiHae OC, wamagaH
TbIC TYTbIHY CEMI3iK, KAHT AnabeTi, )Kypek-kaH TaMbIp
aypynapbl cekingi cosbinmansl 4epTTepaiH AaMyblHa
biknan eteqi [2, 10]. QHepreTukanblk cycbiHAApAbI

Meouyuna u sxonoeus, 2026, 3

XWi KOMAaHy YMKbICbI3ablK, ©6ac aypybl, apTepusanblk
KaH KbICbIMbIHbIH >KOFapblfnaybl CUSIKTbl XKafbIMCbI3
acepriepiHe 6arnaHbICTbl KBNTEereH enaepae xacrtap-
OblH, 3HepreTukanblK CycbiHAapAbl NarpanaHybiHa
WwekTeynep eHrisinyae [3, 4]. byn eHimaep KypamblH-
Oa KodeuH, TaypuH, ryapaHa, kaHT oHe backa ga
CTMMYNATOpap Xofapbl Meriepae KesgeceTiHAik-
TEH, onap agaMHbIH XYpeK-kaH Tamblpriap XymneciHe
Tikenen acep eTyi MyMKiH. XKactapablH AeHCaynblfbiH
cakTay KofaMHbIH MaHbI3dbl MiHOETTEpiHIH Gipi 6o-
nbin Tabblnaabl, ®MTKEHi O8N ockl XXacTa bonaluakra
eMip Cypy canacblHa acep eTeTiH KenTereH aferrep
Kanbintacagbl. [ereHMeH, 3HepreTukanblk CyCblH-
JapablH HakTbl PU3MONOrUANbIK acepnepi Typarnbl
fblnbiMK AepekTep KasakcTaH arganbiHoa a3 3epT-
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TenreH, an xactapgblH e3gepi 6yn cycbiHOapAblH
bIKTUMan 3usiHblH eckepe OGepmengi. OcbiraH Gain-
NaHbICTbI, SHEepreTrKanblK CycbiHAapabl TYTbIHY MEH
XKYPEK-KaH Tamblpnap Xyneci apacbiHgarsl 6arinaHbl-
CTbl 3epTTey ©3eKTi Macene 6onbin Tabbinagb.

3epTTeyAiH MakKcaTbl — CTyAEHT acTap apa-
CblHOA@ 9HepreTvKanblK CycbiHAapAbl TYTbIHY XWini-
FiHIH XKYpPeK-KaH Tamblprap XyMeciHe TUri3eTiH bIKTU-
man acepiH baranay.

MATEPUWATOAP XXOHE 9ICTEP

KengeHeH kMmManbl cunattamansl 3epTTey (ca-
yanHamara HerisgenreH). 3epTtTey GapbicbiHoa cay-
anHama Xypridy, U3NONoruanbIK ernwieyrnep XaHe
anbliHFaH ManiMeTTepre CTaTMCTUKanblK Tangay Kor-
OaHbinabl. Kaparandbl KanacblHOafbl KOFapfbl OKY
opblHAapbiHaa okutbiH 200 cTygeHT (kacbl 18 — 27)
epiKTi Typae 3epTreyre katbicTbl. 3epTTey 2024/2025
OKY KbIfbIHbIH Ka3aH-Cayip apanblifbiHAa STMKanbIK Ta-
nanTapfa caw Xyprisingi: 6apnbik KaTbICyllbIFa 3epT-
Tey MakcaTbl TYCiHAipinin, kasbalua Kernicim anbiHabl.

KaTbICyLublnap »ac epekLleniktepiHe Kapawn exi
Tonka GeniHai: CTyAeHTTIK Ke3eHHiH pr3nonorvsnbik,
MCUXOBNEYMETTIK XX8HE eMip CanTbiHa TOH epeKLUeriK-
Tepai eckepy MakcaTbiHaa 18 — 22 xac (1-Lwi Ton) xxaHe
23 — 27 xac (2-wi Ton) apacbiHAa xyprisingi. 18 — 22
)Kac apanbifbl epTe CTYOeHTTIK Ke3eHdi cvnatTtangel,
Oyn yakpITTa ar3aHbliH XaHa OKy XXyKTemeciHe Gewim-
aenyi, NCUxXoamoumnoHanablK Kyn3enicTiH apTybl, YIKbI
PEXUMIHIH, TYpaKCbI3Oblfbl XX8He CTUMynaTopnapgpl,
COHbIH, iLliHAE 3HepreTuKanbIK CycbiHAapabl TYTbIHyFa
GenimainikTiH xorapbl 60onybl 6akanagpl. An 23 — 27
)Kac aparnblifbl Kell CTyOeHTTIK Ke3eHai Hemece epe-
CEeKTiKke eTnerli Ke3eHai kamTuabl, Oyn acTa XKyunke
XKOHE XYpeK-KaHTaMblp KYMEeCiHiH dyHKUMOHaNAbIK
peakTuBTINir, CcoHOan-aK AeHcayrnblkka >Kayarnkep-
LWinik geHreni esrelle cunat anagbl. QHepreTukarnbIk
CycCblHAapAbl TYTbiHY €epeKlenikTepi MeH onapablH
aF3afa bIKTMMan acepriepiH canbiCTbipMmanbl Typae
Tangayga sHepreTukanblk CyCblHOAPAbI TYTbIHY XUiniri
MeH onapablH 9cepiH Oaranay yLUiH aTanfaH xac apa-
NbIKTapbl OHTanbl AeN TaHbINAbI.

CayanHama: cayanHama cypakrapbl CTyOeHT-
TepaiH, 9HepreTuKkanblK CyCblHAbl TYTbIHY KWifiriH
(kyHaenikTi, anTacbiHa OipHeLle peT, anTacbiHa 1 per,
anbiHa 1 — 2 peT He mynge iwnengi), 6ip pette opTa-
lWa KaHwa Merswepae iWeTiHiH, Ka Mapkagafbl Cy-
cbiHObI Xui TarganTbiHbIH (Flash, Red Bull, Monster,
Gorilla >xxaHe T. 6.), TYTbIHY cebenTepiH (YMKbIHbI cep-
riTy, KyL-KyaT XX1uHay, o4eTke arHany, A9MiHiH yHaybl)
kaMTbigbl. COHbIMEH KaTap, 3HepreTukanblk CyCbiHAbI
TYTbIHFAHHAH KeNiH Ce3iHEeTiH acepnep (KYpek Kafybl-
HbIH Xuineyi, 6ac anHany, keHin-KynaiH esrepyi xxeHe
T.6.) x8He OCbl CyCblHOAPAbIH AEHCayNblkka 3USAHbI
Typanbl xabapgapnblk AeHreni (OineTini/GinmMenTiHi)
cypangbl.

MeauvumHanbelk Tekcepy: op KaTbICYLUbIHbIH
Heri3ri XXypek-kaH Tamblp >XyWeci kepceTKilTepi en-
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LWeHAi: KanbINTbl XXaraanaarbl (TbIHbILWTHIK KyriHAeri)
xypek cory xuiniri OKCXK, cof/MuH) xeHe apTepu-
ANbIK KaH KbicbiMbl. COHOaNn-aK, aHaMHe3AiK ManimeT-
Tep MeH LlWarbiMaap >XUHaKTangbl: CTyOAeHTTepaeH
Xni 6ac aypybl, keyge TyCbiHOA ayblpCbiHY, >XYPEK
COFbICbIHbIH Ce3inyi CUSAKTbI cMMNTOMAAapAbliH Oap-
XKOFbI cypangpl.

Cananblk agictep: aHObIK MoniMeTTEPMEH Ka-
Tap, CTYAEHTNEH KypbinbiMAaanfaH cyxbart eTkisingi.
Cananblk cyxbaTTap aHepreTuMkanblk CycblHOApfa
KaTbICTbl CTYAEHTTEPAIH Ke3KapacblH, TYTbIHy ceben-
TepiH TepeHipeK TyCiHyre aHe onapAblH OCbl CYCbIH-
napra bGavnaHbICTbl KaHOaw kKayinTepdi Ce3iHEeTiHiH
aHblKTayFra barbiTTangpl.

CratucTukanblK Tangay: XuHanfaH AepekTep
Statistica v.10 cTatucTukanblk 6GargapnamacbiHa
eHrisinin Tangadgbl. Cunattamanbl cTaTUcTUKa afi-
CTepi KOonaaHbInbIN, CaHOblK e3repMerninep oprawla
M8H * cTaHAapTTbl aybiTKy TypiHAe, an KaTteropu-
ANbIK KepCEeTKILTep nanbi3beH Gepingi. TapanyabiH
KanbinTbinbiFbl KorimoropoB — CMUPHOB aHe LLlanu-
po — Bunk kputepuinnepi apkbinbl 6aranangbl. 2 Ton-
Tbl CanbICTbIPY YLiH ynrinepaid Tayencia cunatbiH
)KOHe onapaarbl AepekTepAiH TapanyblHbIH KamnbInThbl
eMecTiriH eckepe oTblpbin, Mann — Whitney U Tecri,
Cramér’s V koachbduumneHTi KongaHbinabi.

HOTUXXENEPI XKXOHE TAIIKbIITAY

3eptTey HoTuxkeciHae Flash xaHe Gorilla cbik-
Obl Mapkanap CTy4eHTTep apacbiHAa eH TaHbiman 60-
NbIN WhIKTbl. ATanfaH Mapkanapgbl CONKeciHwe CTy-
OeHT xactapablii 30% xeHe 25% TaHaaraH. Red Bull
cycbiHapbl TyThiHyWbIap 20%-abl, Monster — 15%-apl
Kypadbl. «backa» caHaTbiHa (10%) Burn, Adrenaline
Rush, Dizzy cuakTbl eHimaepai TaHgaraH pecroH-
OeHTTep Kipai. 3epTTeyre KaTbiCKaH CTyAEHTTEepaiH
80,5%-bl aHepreTukanbIK CyCcblHAAPAbl TYpaKTbl Typ-
e XOHe OKTbIH-OKTbIH TyTbiHaAbl, an kanfaH 19,5%
Mynge iwnengi (1 kecte).

ArFHun, 3epTTey HaTMXenepi KepceTkeHaen, CTy-
OeHTTepaiH anTapnbiktanm 6eniri (80,5%) aHepreTuka-
NbIK CycblHAAPAb! TYTbIHATBIHBIH XOHE OHbIH, XYPEK-
kKaH TaMblp XXYyMeciHe Tepic aceprepiH KepceTTi.
Eyponapgarbl »acecnipim »xacTtapablH 70%-Fa geniHri
Geniri aHepreTukanbIK CycbiHAapAbl TyPaKTbl TyTbiHa-
TbiHbl XabapnaHfaH [2], saFHM enimisgeri >kargan
XahaHAblK YPAICTEH TbIC eMeC — CTYAEHTTEpP Kaybl-
Mbl 3HepreTuKanblk CycbiHAapAbl Wi NanganaHaTbiH
XXOHe onapgblH KOrmKeTiMAiniri )ofapbl Ton peTiHae
cvnartTanagsbl.

PecnoHageHTTepaiH 17,5%-bl  3HepreTukanblk
CyCblHObI antacblHa Oip peTTeH cupek TYTbIHCa,
38,5%-bl anTacbiHa 2-3 peT, 24,5%-bl KyH caliblH
(anTacblHa 5 — 6 kyH) TyTbiHagbl. YKac epekwienikrepi
OonbiHWa TangafaHda cayanHamara >kayan bepreH
ctyaeHTTepaiH 70,7%-bl 18 — 22 xac apanbifbiHAa,
29%-bl 23 — 27 xac apanbifblHga 6ongel. CypayHa-
MaHbIH, Keneci cypakTapbl 6ovbiHWa TyTbiHY ceben-
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1 KecTe — 3epTTey ToNTapbIHbIH KypaMbl XXaHe )ac TonTapbl 60MbIHLIA dHepreTUKarnblK CycbiHAapAbl TYTbIHY

Xuiniri
18 — 22 (I To6bI) 23 - 27 (Il TobbI) Abc. %
Kacebl
abc. % abe. % 200 100%
N/caHbl
Kabbinpay xwuiniri 143 70,7 57 29 49 24,5
YHemi 28 19,5 21 36,8 77 38,5
AnTacbiHa 2-3 peT 62 43,4 15 26,3 35 17,5
AliblHa 2 peT 26 18,2 9 15,7 39 19,5
Myngem iwnengi 27 18,9 12 21,1 - -
2 kecTe — DHepreTukanblk CycbliHAapAbl TYTbIHY cebenTtepi
>Kac TonTapsl
18 — 22 xac apanbifbl | 23 — 27 xac aparnblifbl Abc. %
TyTbIHY cebenTepi
abc. % abc. %
116 72,1 45 27,9 161 100
LWapwayabl 6acy yLiH 53 45,6 18 37,5 71 43,2
[omi yHanabl 39 33,6 12 31,25 51 32,9
YpeHLwikTi ageT 16 13,7 9 20 25 15,2
Typni cebentep 8 6,9 6 12,5 14 8,5
3 kecTe — DHepreTMKanbIk CYCbIH iLUKEHAE anaTbiH acepi
XKacTtapebl
Bapnbifbl
CypayHama cypakTapsbl 18 —22 23-27
abc. % abc. % abc. %
OHEePrusiHbIH KenTiriH cesiHeai 35 30,2 15 31,25 50 30,5
Kypek corybl xuinengi 31 26,7 12 26,6 43 28,04
KaH KblCbIMbl KeTepingi 23 19,8 13 27,1 36 21,9
Ewkanpan acep Gankamagpl 27 23,3 5 10,4 32 19,5

TepiH TankpinaraHaa 6aceiM Oeniri wapwaygbl 6acy
YLUiH ilweTiHiH (43,2%), Aomi yHanTbIHbIH (32,9%), y1-
PEHLIKTI 84eT peTiHae TYTbiHaTbIHbIH (15,2%) xaHe
backa cebenTepai (8,5%) atagbl (2 kecte).

Byn HeTwxenep aHepreTukanblkK CycbiHAApOb!
TYTbIHYObl PETTEY X8HEe KacTap apacblHAa AeHcay-
NbIKTbl KOpFay LWapanapblH KYLWENTY KaKeTTiriH Kep-
ceTeqi. QHepreTuKanbIK CyCblH iLUKEHAE KaHOawm acep
anaTblHbl Typanbl cypakka pecnoHgeHTTepgiH 30,5%
3HEepPrusiHbIH KenTiriH cesiHeai, 19,5% elwwkanaan acep
bankamangpl, 28,04% XXypek COFYbIHbIH XXWiNEreHiH,
21,9% kerige KaH KbICbIMbIHbIH, KOTepinyiH GankaraH
(3 kecte).

YKannbl 161 pecnoHOeHTTI kKamMTbiFaH Tangay
HOTWXecCiHAEe CyObLEeKTMBTI husmonoruanblk acep-
nepaiH Kenwiniringe eH Xui TipKenreH acep- aHep-
MMSAHbIH, KONTiriH Ce3iHy, an eH cupek - ellkaHaawn
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acepaiH 6onmaybl (x?=6,21; df=3; p<0,05). x* TecTi
acepriepaiH Tapanybl cTaTtUcTUKanblK TypFblaaH bip-
Kenki emec ekeHiH kepceTTi, Oyn 3epTTeneTiH dak-
TOpAbIH,  PU3MONOrMANbIK >KayanTapAblH, cunaTbiHa
blkNan eTeTiHiH anrFakTanabl. YKypek-kaH Tamblipnap
XyneciHe acepiH 6aranay yLUiH TbIHbILWTbIK KyAiHAET
YKCXX MeH apTepusnblK KaH KbiCbiMbl erieHgi. Ap-
TEePUSANbIK KaH KbICbIMbI >XWi TYTbIHYLbIIapAa cratu-
CTMKanblK MaHbI3gbl Typae kofapbl 6onabl (opTawa
cuctonanblk 13015, guactonanbik 85+12 MM CbiH.
Oaf., an TyTbiHOAMTbIHOAApAA cucTonanbik 118+11,
onactonanblk 7610 mm cbiH. Garf.). Byn kepcet-
KilUTep SHepreTmKanblK CyCbIHOAPAbIH, XXYPEK-KaH Ta-
Mblpriap XyreciHe 6enceHai acep eTeTiHIH pacTangpl.
CtyneHTTepain 28%-biHOa SHepreTukanblk CyCbiH-
hapaaH KemiH XXypek KafblCbIHbIH Xuineyi, 15%-biHga
6ac aypybl, 10%-blHAa@ YMKbIHbIH, Oy3blNybl CUSKTbI

57



JKOJIOTUA U TUTHCHA

4 kecTe — XKypek COfbICbIHbIH XMiniri aHbIkTangbl

OC TyTbIHY CaHbl Négﬁt: J|-|r,z|:|,e|3|“ XKC xwineyi 6ankanfaH oK
KU

abc. % abc. % abc. %
YHeMmi TyTbiHab! 49 24,5 14 28,6% 35 71,4
Myngem 0
TYTbIHGaabI 39 19,5 4 10,2% 35 89,7

XarbiMcbI3 acepnep Tipkendi. CoHbIMEH KaTap, cay-
anHamara katbicywbinapabiH 35%-bl cycbiHOapObIH
MYMKIH 3UsiHbI Typarbl XXeTKIiNiKTi aknapaTtka ne emec
ekeHAiriH kepceTTi. 3epTTey GapbicblHOa pecnoH-
OeHTTepaiH iWwiHae aHepreTukanblk CyCblHOblI YHEMI
TYTbIHaTbIH CTyOeHTTepAiH 28,6%-biHOa ThIHbILWTHIK
KesiHaeri Xypek cory xuiniri MuHyTeiHa 100 corynaH
)KOFapbl TaxMKapaus aHblKTangbl, an aHepreTMkanblk
CycblHOapAbl Mynae KkongaHbanTbIH CTyaeHTTep apa-
cbiHOa Taxukapaust Hebapi 10,2%-biHOa aHbliKTangbl
(p=0,003) (4 kecTe).

Kypek COfbICbIHbIH, >KUiNiriMeH aHepreTuka-
NbIK CyCblHOAPAbl TYTbIHY PETTiNiNiri 6oMbiHWA cTa-
TUCTUKAnNbIK MaHbI3Abl anbipMaLUbIbIK aHbIKTanabl
(x?=4,48). OHepreTvKanblK CyCblH YHEMI illeTiHaep
TOObIHAA >XYPEK COFbIChI XMiNiri anTapnbikTam xofa-
pbl 6onapl, an anbiHa 2 pPeT XXoHe MYNAEM iLUNenTiH-
Oepae Xypek cofbicbl 6ankanmagbl. byn HaTuxenep
HepreTUKanblK CcycbiHAapObl TYTbIHY AeHreni MeH
XKYPEK COfbICbIHbIH Nanaa 0onybl apacbiHAa Thifbl3
OannaHbICTblH 6ap eKeHiH KepceTTi. AFHW, yHeMi
3HepreTUKanblk CycblHOAp TyYTbiHATbIH adamaap-
Ja Xypek COfybIHbIH Xuiney kayni 2,8 ece xofapbl
(OR=3,5). (x>=4,48; p=0,034). Ochbinawnwa, aHepre-
TUKanblK CycblHAAPAbl YHEMI TYTbIHY >XYPEK COFybl
Xuineyi CUSKTbI XafFbIMCbI3 @cepriepdin nanga 6ony
KayniH apTTbipybl MyMKiH. COHbIMEH, 3HEpreTuKarnbIK
CyCblHOApAbl Kemn TYTbIHY KaH KbICbIMbl MEH >Xypek
COFY XMIMIMiH TypaKTbl XOFapbinaTbIM, XYPeK-KaH Ta-
MbIpP XYMECIHE TYCETIH XYKTEMEHI KYLUENTETIHIH caH-
OblK TypFblaa ganengenai. Onemaik gepekrepre cym-
€HCeK, aHepreTukarnblk CycblHAapAbl LWamMagaH TbIC
TYTbIHFAHHAH KeWiH eH Xwui GalikanfaH Oenrinepre
XYPEeK COFbICbIHbIH XMineyi, XXyYMKenik Kosy, asik-Kkon-
OblH TPEMOPbI XXOHEe acka3aH-ileK >XOmbiHbIH Oy-
3blnbICTapbl atagel [6, 9]. bisaiH 3epTTey HaTexue-
nepimisgeH ge aHepreTukanblk CycbiHOapAbl TYPaKThl
TYpOe TyYTbIHAaTbiH CTYAEHTTEPAIH XXYPEK-KaH Tamblp
XyheciHae aTtanfaH Kenbip XafbiMCbI3 e3repicTepi
aKenreHi 6ankanabl.

YXKac 6omblHLWa 3HepreTuKanblk CyCbiHAbI TYTbl-
HyOaH KeWiH aHbIKTanfaH 3epTTeynepain HaTuxecige
Mann-Whitney U TecTi crtatucTtukanblK MaHbI3abl
anbipMawwbINbIKTel kepceTTi. (U=1968; p<0,05). byn
KepCeTKiLl »ac epekLenikTepiHe GannaHbICTbl 3HEp-
reTvkanblK CycblHOAPAbIH aF3afa acep €Ty cunarbl-
HblH arblpMalLbIbIFbIH kepceTeqi. Cramér’s V Koad-
ULMEHTIH ecenTey HaTMXeCiHAEe XKac TonTapbl MeH
3HepreTUKarnbIK CyCblH acepriepi apacbiHaarbl 6arina-
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HbIC opTalla AeHrenge ekeHi aHnbiktangsl (V=0,39).
Byn HaTwke 3HepreTukanblk CycbiHOApObl TYTbIHY
aceprepiHiH nanga 6onybiHAA XacTblK (PAaKTOPbIHbIH
Oenrini Gip pen aTtkapaTbiHbIH KepceTeai. Atan an-
TKaHOa, 23 — 27 XacTafbl CTYAEHTTepAe XypeKk-KaH-
TaMblp XXyWeciHe GannaHbICTbl XafFbIMCbI3 acepriep,
COHbIH iLWiHAE KaH KbICbIMbIHbIH XOFapblnaybl Xuipek
bavikanca, 18 — 22 xacTafbl CTyAeHTTepae aHepre-
TUKanblK CyCblH kabblngaraHHaH KeWiH anKblH acep
OankamaraHgapablH, yeci Xofapbl 6onabl.

KOPbITbIHAbI

CayanHama HaTwXKernepi 3HepreTukanblk Cy-
CblHOApAbIH OeHcayrnblkka TUM3eTiH bIKTUMan Tepic
acepnepi Typanbl xabapgapnblK OEHrewiHiH KeT-
KiNnikci3 ekeHiH kepceTTi. CTygeHT Xactap apacbiHaa
3HepreTUKanblK CycbliHAapabl TYTbIHY KeH TaparfaH,
XoHe onap KebiHece ceprekTik AeHreniH apTTbipy
MEH Llapllayabl TOeMeHAEeTY MakcaTbiHOA KondaHbl-
napbl. XyprisinreH 3epTTey KepceTkeHOen, aHepre-
TUKanblK CycblHAapAbl TypaKTbl TYTbIHY XXYPEK COFy
XKWINIriHiH )XaHe apTepusanblK KaH KblCbIMbIHbIH, XKOfa-
pblnayblHa aKenin, >Xypek-kaH Tamblpriap XYMecCiHiH
KYKTEMECIH apTTbipybl MYMKiH. YXypeKk COFbIChIHbIH,
XWiniriMeH saHepreTukanblK CycbiHAapabl TYTbIHY peT-
Tininiri 6oMbIHIWA CcTaTUCTUKanbIK MaHbI3Obl anblp-
MaLbINbIK aHbikTangpl (x2=4,48). ArHu, yHeMi aHep-
reTvkarnblK CycblHA4Ap TYTbIHATbIH agamaapaa Xypek
COFYbIHbIH, Xuiney kayni 2,8 ece xorapbl. (OR=3,5).
(x*=4,48; p=0,034). OeHcaynblk cakray opraHgapbl
MeH Oinim Gepy mMekemenepi aHepreTukarblK CyCbiH-
OapablH KypaMblHAAFbl CTUMYNSTOPIapAbliH, bIKTUMAar
3nsiHOapbl Typarnbl KeH Kenemai aknaparTblK XXyMbl-
CTap >Xypridyi eHe TyTblHyObl PETTey LiapanapbiH
KorFa anybl KaxeT. AnblHFaH ManiMeTTep 3HepreTu-
Kanblk CyCblHAApPAbIH >KYPEeK KbI3METIHE bIKTUMan-
Obl 9cepiH kepceTedi xaHe Gonawak 3epTreynepae
XKYPEK-KaH TaMblprapbl XyMeciHe biKnanbiH O4aH api
3epTTey KaxXeTTiniriH Herisgenai. byn HeTuxenep xac
epeKLUENIKTEpPiH, TYTbIHY XMWiNiriH xaHe 6acka biknan
eTywi daktopnapibl eckepeTiH npodunakTukanblk
Wwapanapgbl a3ipneyre fblfibIMW Heri3 0onbin Tadbl-
nagsbl.

AemopOobIH yneci:

XK. A. CeninxaHoBa, |. ©. ©6gimayneH — 3epT-
TeyaiH TyXKblpbiMaaMachl MeH An3aliHbl.

|. ©. ©6agimayneH, A. A. MawmbitoB, H. O.
AnblleBa — matepuangapabl XuHay XeHe eHaey.
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C. T. MeHngiban, M. M. BelicekoBa — ctaTucTtu-
Kanblk eHaey.

XK. A. CennxaHosa, ¢. M. LWansaguHa,
|. ©.86aimayneH — makanaHbl »aay.

XK. A. CennxaHosa, ¢. M. LWansaguHa,
C. T. MeHgiban — pegakuusinay.

Myddenep KaKkmbIFbICbI:
ABTOpnap myagenep KakTbIfbICbIHbIH OPbIH ar-
MaFaHObIfbIH MaTiMaenai.
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Aim. To evaluate the potential effects of energy drink consumption on the cardiovascular system among
university students.

Materials and methods. The study voluntarily involved 200 students enrolled in higher educational
institutions of Karaganda city. All participants were divided into two age groups: 18 — 22 years (group 1) and
23 — 27 years (group 2). Data were collected using a questionnaire survey. Statistical analysis was performed
using Statistica v.10. Given the independent nature of the samples and the non-normal distribution of the data,
the Mann — Whitney U test and Cramér’s V coefficient were used for group comparisons.

Results and discussion. A statistically significant association was found between the frequency
of energy drink consumption and students’ age (x3(3)=24.96; p<0.001). Cramér’s V coefficient was 0.39,
indicating a moderate strength of association. Students aged 18 — 22 years consumed energy drinks more
frequently than those aged 23 — 27 years. Among frequent consumers of energy drinks, 30% reported
symptoms of palpitations, whereas among rare or non-consumers this figure was 10% (p<0.01). Tachycardia
occurred 2.78 times more often in the younger age group. The odds ratio (OR=3.5) showed that the risk of
developing tachycardia in students aged 18 — 22 years was 3.5 times higher compared with the older group.
The differences were statistically significant (x*=4.48; p<0.05).

Conclusions. The obtained data indicate that excessive and unregulated consumption of energy drinks
has a negative effect on the cardiovascular system of students, especially those aged 18 — 22 years.

Key words: questionnaire; energy drinks; cardiovascular system; student; tachycardia; age groups
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OLIEHKA BITUAHMA NOTPEBJIEHNA SHEPTETU4ECKMUX HAMUTKOB HA COCTOAHME CEPAEYHO-
COCyaAnCTOUN CUCTEMbI Y CTYAEHTOB
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*aHap AnnbicbaeBHa CennxaHoBa — HAO «KaparaHavHCkuiA MeguuMHCKUI yHuBepcuteTy; 100008,
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Llenb. OueHnTb BNUsIHUE 3HEPreTUYECKMX HanMUMTKOB Ha COCTOSIHWE CEepAeqYHO-COCYAUCTON CUCTEMbI
CTYL,EHTOB MONO4Ooro Bo3pacTa.

Mamepuanbi u MmemoOdbl. B nccnegoBaHum gobpoBonbHO NpuHAny ydactie 200 ctyaeHToB, oby4ato-
lwmxcsa B By3ax I Kaparangpbl. Bce yyacTHMKkM Obinm pasgeneHbl Ha ABe Bo3pacTHble rpynnbl: 18 — 22 roga
(1 rpynna) n 23 — 27 net (2 rpynna). Co0op AaHHbIX OCYLLECTBSACSA C MOMOLLbI0 aHKeTupoBaHus. O6paboT-
Ka pesynbratoB Obifla NpoBeAeHa C MCMoMb3oBaHMeM nporpammbl Statistica v.10. YuntbiBas He3aBUCUMBbI
Xapaktep BbIOOPOK 1M HEHOpMarbHOe pacnpeaeneHe AaHHbIX, ANs CpaBHEHMS rpynn ObivM NCNONb30BaHbI
U-kpuTepuit MaHHa — YUTHU 1 KoadppuumneHT accoumaunn V Kpamepa.

Pesynbmamel u obcyx0eHue. YCTaHOBMNEHa CTaTUCTUYECKM 3HAYMMas 3aBUCUMOCTb MEXAY 4YacToTon
ynoTpebrneHns 3HepreTUYeckMx HanmuTKoB M Bo3pacTtoM cTyaeHToB (X3(3)=24,96; p<0,001). KoadpdmumeHT
Kpamepa V coctaBun 0,39, 4To ykasbiBaeT Ha YMEPEHHYI0 cTeneHb cBA3n. CTyaeHThl B Bo3pacte 18 — 22 net
yNnoTpebnsanm aHepreTnyeckme HanmTkM Yawe, Yem nuua 23 — 27 net. Cpegn YacTo ynoTpebnsiBLunx aHepre-
Tnkn 30% OTMETUNIM CUMMNTOMbI yYaLLleHHOro cepauebrneHuns, Torga kak cpegu pegko unu He ynotpebnsasLumx
nogo6Hble cuMmnToMmbl Bbinn 3apernctpmpoBatbl y 10% (p<0,01). Taxukapgus B MnagLuen Bo3pacTHON rpynne
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BCTpeyanach B 2,78 pasa vauwle. OTHoweHue waHcoB (OR=3,5) nokasano, 4To puUCK pasBuUTUS Taxukapanm
y cTygeHToB 18 — 22 net 6bin1 B 3,5 pasa Bbille MO CpaBHEHMIO CO CTapLUen rpynnon. Pasnuumsa aesnsnuch
CTaTUCTUYECKM 3HaUYMMbIMK (X?=4,48; p<0,05).

Bbigo0kl. Tlony4veHHble faHHblE CBUOETENMLCTBYIOT O TOM, YTO YpEe3MEpPHOE U Heperynupyemoe yno-
TpebreHne aHepreTMYecKMx HaMMTKOB OKa3biBAeT HEraTUBHOE BIMSIHUE HA CEPAEYHO-COCYAMCTYI CUCTEMY
CTYyAEHTOB, 0COBEHHO B BO3pacTHoM rpynne 18 — 22 ner.

Knrouesbie crioga: aHKeTa; aHEepreTMyeckme HanuTKkn; cepaeyHo-cocyancTas CUCTeMa; CTyAEHThI; Taxu-
Kapaus; Bo3pacTHble rpynnbl
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PA3PABOTKA U BAITMOALUA AHKETbI A5A 300POBbIX LUAXTEPOB-YIOlbLLMKOB
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Llenb. PagpabotaTb, BanvampoBaTtb 1 anpobrnpoBaTk aHKETY ONS BbisiBNeHUs (DakTOpPOB pucka pasBu-
TUS XpOHM4Yeckor obCcTpykTnBHOM BonesHun nerkmx (XOBJ1) n cBsA3aHHbIX COCTOSIHUIA Y 300POBLIX LUAXTEPOB
YrONbHOW MPOMBILLIIEHHOCTH.

Mamepuarnbl u MemoObi. AHKkeTa cocTosina u3 5 6nokoB (71 Bonpoc): counanbHo-gemMorpadguyeckme
N KUNULLHO-ObITOBBIE ycnoBus (16), BpeaHble NpuBbIYKK (5), COCTOsIHME 340POBbSA U €0 N3MEHEHMS B NPO-
uecce Tpyaa (19), xapaktep paboyen oeATeNnbHOCTU 1 BpedHble NPOU3BOACTBEHHLIE hakTopbl (19), TsKECTb
N HanpshKeHHOCTb TpygoBoro npouecca (12). JononHUTeneHO BN MCNonb3oBaHbl CTaHAAPTU3MPOBAHHbIE
wkansl: WHOQOL-BREF, PHQ-9, TecT AnseHka, nHaekc BonteHko, Tect MioHcTepbepra. Beina npoBeaeHa
A3bIKOBas aganTauums, dKCnepTHasi OLeHKa, NMUIoTHoe TecTupoBaHve Ha 102 300poBbIX LWaXTEpPax-yronbLym-
Kax Myxckoro nona (cpegHui BospacTt 37,2+6,0 net). KoHCTpyKTHasi BannaHOCTb OLEHMBanacb MeTogoM
rMaBHbIX KOMMOHEHT, HAAEXHOCTb — ko3 urumeHToM a KpoHbaxa. Ctatuctudeckas obpaboTka Obina Bbinon-
HeHa B IBM SPSS Statistics 13 n STATISTICA 10.

Pesynbsmamel u obcyxdeHue. CpegHee BpeMs 3amnofHEeHWUs1 aHKeTbl COCTaBuino 7-8 MuH. Bonpochl
ObINM NOHATHBI BOMNBLUMHCTBY PECNOHAEHTOB; Nuwb 5% K3 HKMX noTpeboBanoch pasbscHeHne. PakTopHbIe
Harpy3ku 611okoB Haxoannucb B ananasoHe 0,639-0,871. 3HaveHus a KpoHbaxa no 6riokam coctasuro 0,520
(coumnanbHo-gemorpaduyeckun), 0,855 (BpegHble npusblykK), 0,785 (cocTosiHue 300poBbs), 0,757 (ycnosus
Tpyaa), 0,657 (TsbkecTb M HanpshkeHHOCTb TpyAa). MNMokasatenu cBuaeTensCTBYOT 06 yoOBNETBOPUTENBHOM
KOHCTPYKTHOW BanunOHOCTM 1 NPUEMITEMON/XOPOLLEN BHYTPEHHEN COrNacoBaHHOCTU 6oMbLUIMHCTBA BOKOB.

Bbigodbl. PaspaboTaHHas aHKeTa AEeMOHCTPUPYET AOCTaTOYHY HAOEeXHOCTb M BanMAaHOCTb AMst UC-
MONMb30BaHUSA B HAy4HbIX Y ANUAEMUOSOTMYECKMX NCCNEAOBAHMSX, a Takke B NPaKTUYeCcKon npodumnakTmye-
ckon paboTe cpean LWaxTEPOB-YronbLUMKOB. MonyyYeHHble AaHHbIE MO3BONAT BbIABMAATEL FPYNMbl MNOBbILLEH-
Horo pucka pa3sutua XOBJT n nnaHupoBath Lenesble NpodunakTMieckme MeponpusitTus.

Knoyeabie crioga: waxtepbl-yronblunkn; XOBJI; dhakTopbl pucka; aHkeTa; Banuaauns; KoadpuumMeHT a
KpoHbaxa; nbinesble 3aboneBaHus nerknx; npodeccrnoHaneHas natonorus

BBEOEHUE
MbineBble 3aboneBaHus nerkmx B KazaxcraHe
LUMPOKO pacrnpOCTpaHeHbl B permoHax ¢ pasBuUTbiMu
ropHoO06bIBaKOLWEN, YrONbHON U MeTarnypruieckom

HOCTbIO, M B Mpouecce 3JKCnyaTtauum akTUBHO 3a-
rPA3HAT aTMocdepy MENKOAUCMNEPCHON YrofbHOWM
Nbinblo. BabixaHne menkogmcnepcHom Nbinv npu go-
Oblye yrns NpUMBOAWT K pyOLIEBaHMIO NIErOYHON TKa-

npombliwnieHHocTen [1]. YronbHble waxTtbl Kaparak-
OVHCKOrO pernoHa xapaktepusyoTcsa gobblyen yrns
C Bbicokor rmybuHon (oo 820 M) n mMeTaHOOOWUb-
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HU 1 pasBUTUIO MPOod)eCcCHMOHarnbHbIX DonesHewn, Ta-
knx kak XOBJ [2, 3, 4]. Ana adpdekTnBHOM 6opbObI
C MblfieBbIMU 3aboneBaHMAMU NErknx Heobxoammo
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obbeanHeHne ycunuin rmobanbHbIX U MECTHbIX CTpa-
Ternn, NCNonb30BaHNE COBPEMEHHBIX MEANLIMHCKNX
TEXHOMOIMN 1 METOA0B NPOUNAKTUKKM, a Takke Mo-
CTOSIHHOE BHUMAaHWE K YIyYLLIEHNIO YCITOBUIA Tpyaa v
30pOBbS LIAXTEPOB YronbLNKOB [5].

BrnnsHme komnnekca BpeaHbIX U ONacHbIX Npo-
N3BOACTBEHHbIX (hakTOpoB BMECTE C HebnaronpusT-
HbIMW couManbHbiMK akTopamMun MPUBOAAT K CHU-
XEHUIO 340POBbSA M BO3HWMKHOBEHMWIO 3aboneBaHun.
Ponb BO3OencTBust OaHHbIX (DaKkTOPOB MOXET ObITb
YyCTaHOBIEHa MO AaHHbIM aHKETHOro onpoca, Ha oc-
HOBaHMM KOTOPbIX BO3MOXHa pa3paboTka npodunak-
TUYECKNX MeponpuaTi [3, 6].

Llenb pabotbl — paspaboTka, Banugauus u
anpobauusi aHKeTbI 411 BbIIBNEHUSA hakTOpOB pUcka
pa3suTua XOBJ1 1 cBA3aHHbIX C 3TUM COCTOSIHUM Y
300POBbIX LLIAXTEPOB YroSbLUMKOB.

MATEPUAIbI U METOObI

AHKeTa pa3paboTaHa aBTopamu Ha OCHOBE 13-
y4yeHus cdbakTopoB pucka passutmust XOBJ1 n cesazaH-
HbIX C 3TUM COCTOSIHUI Y 300POBbIX LUAXTEPOB Yrofb-
LLMKOB M cchopMmMpoBaHa M3 OCHOBHbIX 5 Gnokos: 1
Onok — coymnanbHo-gemMorpaduyeckme (nacrnopTHbIE)
OaHHble N XUNMLWHO-6bITOBLIE ycnoBusa (16 Bonpo-
coB); 2 Brnok — BpeaHble nMpuBbIYkK (5 BonpocoB); 3
ONoK — OLeHKa COCTOSIHWUSI 300POBbSA U U3MEHEHUE
COCTOSIHMS 300POBbS B NpoLiecce Tpya4oBon aedTenb-
HocTu (19 BonpocoB); 4 GNOK — OUEHKa xapakTepa
pabo4yeln oeaTenbHOCTU U BpeaHble NpOn3BOLCTBEH-
Hble cbakTopbl paboyen cpenpbl (Bonpoco); 5 Grok —
OLEHKa TSKECTU U HaMpsXKEHHOCTW TPy4OBOro mpo-
uecca (12 Bonpocos).

Kpome TOro, Kk aHkere ObiNM NPUKPEMEHbI
CTaHOapTHble OMPOCHUKM [ANs OUEHKU KadecTBa
xm3um (WHOQOL-BREF), oueHkn [enpeccuBHO-
ctn (PHQ-9), oueHkn Tvna HEpPBHOW cucTeMbl (TecT
An3eHKa), OLEeHKM Temna cTapenus (no BowTeHko)
N OLUEHKN COXPaHHOCTU KOTHUTMBHbIX (PYHKUMIA (MO
MioHcTepbepry).

Mpoueaypa vccnegoBaHus BKoYana B cebs
NpoBeAeHNe UHTEPBLIONPOBAHUSA 300POBbIX LUaxXTe-
poOB.

WccnepoBanue 6bino ogobpeHo PelueHnem
JlokanbHoOM KomMuccum no 6moatuke (npotokon Ne10-
2024 ot 18.10.2024 r.) PecnybnukaHcKkoro rocyaap-
CTBEHHOTO MpeanpusaTMs Ha MpaBe XO3SNCTBEHHOIO
BegeHus «Hay4Ho-nccnegoBaTenbCkUn MHCTUTYT Ky-
pPOPTONOrMN N MEQULUHCKON peabunmTtaummy.

Bce pecnoHaeHTbl Oblnn 03HAKOMIEHbI C Lie-
Nbio, NOPSIAKOM M CPOKaMu MpoBedeHVs nccnegosa-
HWs1, Nognucany NMUCbMEHHbIE cornacust Ha Jobpo-
BONIbHOE Yy4acTWe W WUCMOoMNb3oBaHue WHGOopMaLuu,
nony4YeHHoON B xo4e uccrnenoBanus. [lo npoBeneHus
CTaTUCTMYECKOrO aHanM3a MpoBOAUIIOCH 06e3nuyu-
BaHWe JaHHbIX.

Banugaumsa aHkeTbl Bktoyana B cebs A3bIko-
BYIO afjanTtauuio, 3KCnepTu3y, NUIoTHOe TECTMPOBa-

Meouyuna u sxonoeus, 2026, 3

HWe n bopmmpoBaHue OKOHYaTeNbHON Bepcun. boin
NnpoBedeH cucTtematudeckun ob3op nuTepaTtypbl B
fasax OaHHbIX MEeOWUMHCKMX U BUOoMnormdyeckux ny-
onukauun 3a 2021 — 2025 rr., Gnarogaps KOTOpoMy
Oblna JononHeHa v paclumMpeHa CTpyKTypa aHKeTbl.

Mpouecc NMMHIBMCTMYECKON aganTauumn onpo-
CHMKa cOoCTosAn 13 cnegyowux atanos: 1 atan — co-
30aHME MPOMEXYTOYHON BEPCUU aHKETbI, B pe3yrb-
TaTe Obina co3gaHa NPOMEXYTOYHas BEPCUS aHKETbI
(Bepcus 1). Ha 2 atane akcnepTHOM rpynnon 6binm
paccMoTpeHbl 1 Bepcrs aHKEThbl U OLLeHEeHa Mo CeMaH-
TUYECKOW, WOMOMaTUYECKOW, 3JKCNepuMeHTarnbHON
N KOHLEeNTyarnbHOW 3KBMBANEHTHOCTU. JKcrnepTamu
ObIN JOCTUTHYT KOHCEHCYC MO BCEM MYyHKTAM aHKETbI
1 npencraeneHa Bepcus 2. Cneagyowmm atanom Ba-
nMaaunn aHKeTbl SBUMITOCb MUMOTHOE TECTUPOBaHUE
— npoBegeHo aHkeTupoBaHue 102 340pOoBLIX LaxTe-
POB-YronbLUUKOB MY>CKOro nona. K kaxgon aHkete
ObINO MPUKPENNeHo MHGOPMMPOBAHHOE cornacue
pecnoHOeHTa C yKasaHWeM Lenu aHKeTUpOBaHus 1
cornacusa gobpoBonbHOro yyactus. 3agaden 3 atana
SIBMAANAcb OLEHKA MOHMMaHMs BONPOCOB aHKETbI, Bbl-
SIBMEHNEe HeJoCTaTKOB (POPMYnMpOBaHMsS BOMPOCOB.
Mo pesynbratam 3 aTana GbINO MpPoBedEHO YcCTpa-
HeHne ownboK N BHECEHME HEOOXOAMMbIX NMPaBoOK B
hOpPMYNMPOBKY BOMPOCOB aHKETbI. KOHCTpyKTUBHaA
BanMaHoCTb Obina onpeaeneHa npyu NOMOLLM aHanu-
3a PaKTOPHOWM CTPYKTYPbl aHKETbI METOAOM [MaBHbIX
KOMMOHEHT [7].

HageXHOCTb aHKeTbl OCHOBbIBanach Ha OLEeH-
Ke BHYTPEHHEWN COrnacoBaHHOCTM, KOTOpas paccyu-
TbiBanacb Ha OCHOBE BblMUCIIEHUST KO3 pMLMeEHTa
a KpoHbaxa, KOTophbI cyMTaeTca npuemnembiM npwm
3HayeHuu Bbiwe 0,7, YTO COOTBETCTBYET XOPOLLUEMY
YPOBHIO BHYTPEHHero noctosiHcTea [8, 9]. Coaepxa-
TenbHas BanMAHOCTb OLEHMBanacb Ha OCHOBaHMU
OLEHOK 3KCMEPTHOM KOMWUCCMU U MHEHUI PECTOH-
OEHTOB Npu TecTupoBaHun. CTaTUCTUYECKMI aHanm3
NPOBOAMIICS C MCMOMNb30BaHWEM NPOrpaMMHbIX Nake-
ToB IBM SPSS Statistics 13 n STATISTICA 10.

PE3YIIbTATbI U OBCYXXOEHUE

JInHrBmcTuyeckasa agantaums He BbisiBUNa Cy-
LLLECTBEHHbIX pasnuuynii B NEepBOW BEPCUN aHKETHI.
HecyllecTBeHHblE KOPPEKTMPOBKU Obii BHECEHDI
AKCMEePTHOM KoMUCcHen B OOPMYMPOBKM BONMPOCOB
ansa obneryeHvst NOHUMaHKS BONPOCOB.

Mpu aHkeTMpoBaHUM BbINO YCTAaHOBMEHO, YTO
pPeCNOHOEHT B CpeAHEeM TpaTuT 7-8 MVH Ha 3anorHe-
HMe onpocHuKa. Takke pecnoHgeHTamu bbina oTme-
YeHa MpPOoCTOoTa M NOHATHOCTb POPMYITMPOBOK BOMPO-
coB. Jluwb 5 (10%) pecnoHgeHTaMm noTpeboBanoch
pasbsiCHEHNE 3HAYEHMST HECKOMBbKNX BOMPOCOB aHKe-
Tbl. PasbscHeHne BonpocoB notpeboBanock Lwaxre-
paM, 3aHATbIM Ha BCMoOMoOraTenbHbiX pabounx mpo-
doeccusix, Yel ctax paboTbl coctaBun bonee 15 net
B NoA3eMHbIX ycroBusix. CpegHuin Bo3pacT pecnoH-
neHToB coctaBun 37,2+6,0 net (OU 36,0 — 38,4).
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Tabnuua 1 — NokasaTenu HageXXHOCTU aHKEThI

MokasaTtenb (610K) n dakTopHas Harpyska a KpoHbaxa
CoumanbHo-gemorpaduyeckue(nacnopTHble) AaHHbIe

N XKUIULLHO-ObITOBbBIE YCNOBUS 16 0,746 0,520
BpeaHbie npyBbIYKK 5 0,639 0,855
OueHka COCTOSHUSA 300POBbSA M U3MEHEHNE COCTOSHUS

3[,0pOBbsi B NpoLiecce TPyAOBOW AeATENbHOCTM 19 0,769 0,785
OueHka xapakTepa paboyen AeaTenbHOCTH

1 BpegHble Npon3BOACTBEHHbIE hakTopbl paboyer cpeapl 19 0,743 0.757
OueHKa TSHKeCTU 1 HanpsXKeHHOCTM TPYAOBOro npolecca 12 0,871 0,657

Bbinn npoaHanuanpoBaHbl pesynbraTel dak-
TOPHOrO aHanuaa aHKeT, B MUITOTHOM TECTUPOBaHUU
nNpuHANM ydactue 50 300pOoBbIX LLAXTEPOB-YroONbLLU-
koB. KoadpdbmumeHT a KpoHbaxa 6bin paccuntaH ans
Kaxgoro Oroka MccnegoBaHUs M BapbMpoBarcst oT
0,520 go 0,855 (Tabn. 1).

CornacHo Tabn. 1 6rok, BkntoYaoLnin B cebs
coumnanbHo-AemMorpadmyeckne nokasateny u xapak-
TEPUCTUKUN KUMULLHO-ObITOBbIX YCINOBWUA, NPO4EMOH-
CTpVpOBan O4YeHb XOPOLIY (PaKTOPHYH Harpysky
(0,746), uTo NogTBEPXKAAET €ro BKMNag B CTPYKTYPY Bbl-
SABMEHHOro hakTopa CoLManbHO-CPELOBbIX YCITOBUNA.
[ns 6noka coumanbHoO-geMorpadmnyecknx 1 XMUnmL-
HO-ObITOBLIX MOKa3aTernen BHYTPEHHSIS COrMacoBaH-
HOCTb LLKarbl XapakTepusoBanach kak ymepeHHas (a
KpoHbaxa = 0,52), 4To MOXeT oTpaxaTb MHOFOKOMIMO-
HEHTHbIV XapakTep OLEHMBAEMOrO NokasaTensi.

3HaveHne dakTopHon Harpysku 0,639 ceuge-
TENbCTBYET O TOM, YTO MokKas3aTenu, oTpakarwoLime
BpeaHble NpYBbLIYKK, (POPMUPYIOT OOLLMIA NaTEHTHbIN
KOHCTPYKT, NPW YMEPEHHOW CTEMNeHn B3aMMOCBA3M
mMexay oTaenbHbIMU dopMmamu nosegeHus. Ons 6no-
ka «BpegHble NpyBbIYKM» ObINO NOMYyYeHO 3HaYeHne
a KpoHbaxa 0,855, 4To yKka3biBaeT Ha BbICOKYHO BHY-
TPEHHIOK COrMMacoBaHHOCTb U HAOEXHOCTb LUKarbl
NPy OLIEHKe MNoBedeHYeCcKMX (hakTOpoB pucka Ans
300poBbs (Tabn. 1).

dakTopHbIN aHanM3 nokasarn, 4To 6nok «Ouex-
Ka COCTOSIHWSI 300pOBbS U U3MEHEHWE COCTOSHUS
300pOBbsi B MPOLIECCE TPyOOBOW AeATENbHOCTUY
Umen BbICOKY dhakTopHyto Harpysky (0,769), uto
CBUAOETENLCTBYET O TECHOW CBA3M NOKa3aTernewn ¢ Bbl-
OerneHHbIM NaTeHTHbIM (DaKTOpPOM M MoaTBepXKaaeT
KOHCTPYKTHYHO BanunAHOCTb AaHHOro pasfena aHKeThbl
(tabn. 1). bnok «OueHKka COCTOAHMSA 300POBbSA U U3-
MEHeHMe COCTOSHMSA 300POBbS B NPOLIECCE TPYLOBOM
OEeATENbHOCTM» NPOAEMOHCTPMPOBAN MPUEMIIEMYIO
BHYTPEHHIOK COrMAacOBaHHOCTb: KO3(MULMEHT O
KpoHbaxa coctaeun 0,785, 4To CBMAETENBLCTBYET O
HaEXHOCTW LUKanbl U COrMacoBaHHOCTU BKITHOYEH-
HbIX B HEE MnokasaTtenen.

3HaveHne dakTopHon Harpysku 0,743 nog-
TBEPXXOAET, YTO MOKasaTenu, ONUCbIBaKOLLNE Xapak-
Tep Tpyda v BO3AENCTBME BPEAHbIX NPOVN3BOACTBEH-
HbIX (pakTopoB, OPMUPYIOT €AUHbIN NaTeHTHbIN
KOHCTPYKT 1 00nagalT XOpoLuen KOHCTPYKTHOW Ba-
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nuaHocTblo. [Ins pasgena, oueHUBaroLero xapakrep
paboyeri OeATEeNbHOCTM W BO3OENCTBME BPEAHbIX
NPOVN3BOACTBEHHbIX DAKTOPOB, ObINI0 NOMYyYEHO 3Ha-
yeHve a Kponbaxa 0,757, 4TO COOTBETCTBYET MNpu-
eMIIEMOMY YPOBHIO HAAEXHOCTU MPU U3YyYEHUN KOM-
MNIIEKCHOWN XapaKTeEPUCTUKKM ycrioBui Tpyaa (tabn. 1).

3HaveHne daktopHon Harpy3ku (0,871) noa-
TBEpPXXAaeT, 4YTO BOMPOCHI, XapakTepusylolime Ts-
XKeCTb M HanpsPKEHHOCTb TPYAOBOro npotecca, dop-
MUPYIOT eOMHBIN NaTeHTHbI akTop u obnagatoT
BbICOKOW KOHCTPYKTHOWM BanuaHocTbio. bnok «Ouex-
Ka TSHKeCTW 1 HanpsiKeHHOCTU TPyAOBOro npoueccar»
NPOAEMOHCTPUPOBANT YMEPEHHYIO BHYTPEHHIOI CO-
rnmacoBaHHoCTb (a KpoHbaxa = 0,657), 4To oTpaxaet
Pa3HOPOAHOCTb BKIHOYEHHbIX B HEro nokasarenew,
XapakTepusyoLmMX pasfnyHble acnekTbl TPyAOBOW
Harpy3ku (Tabn. 1).

[MunoTHoe TecTMpoBaHWe MO3BONUIO OLEHUTb
MOHVMaHWe BOMPOCOB aHKETbl PEeCMnoHAeHTamu,
nocrneaoBaTeNbHOCTb U COrNacoBaHHOCTb BOMPOCOB,
aKTyanbHOCTb M MPaKTUYECKYI 3HAYMMOCTb JAaHHOW
aHKeTbl.

3AKINKOYEHUE

Takum o6pasom, NpoaHannsnMpoBaHHble pe-
3ynbTaThl (DAKTOPHOrO aHanmaa aHKeTbl CBUAOETEeNb-
CTBOBanNM O Xopollei 060CHOBaHHOCTU U hakTo-
pVpyemMocT MaTpuubl Koppensaumn. KoaduuueHTt
o KpoHbGaxa ykasblBaeT Ha [OCTaTOYHbIA YpOBEHb
BHYTPEHHEN COornacoBaHHOCTU BbIGPaHHbIX haKTo-
poB. OTO CBMAETENBLCTBYET O TOM, YTO BKITIOYEHHbIE B
aHKeTy BOMpPOChI B3aMOCBSI3aHbl U B COBOKYMHOCTU
HaOeXHO OTpakaloT BMUsIHWE YCMOBUIA Tpyaa, Coum-
anbHbIX U NoBedeHYeckmx hakTopoB pUcka Ha 300-
POBbE LIAXTEPOB — YronblLUMKOB. [aHHbIA ypoBEHb
HaOEXHOCTW CYMTAETCA NpUeMIeMbIM AN HayYHbIX
1 3NMOEMMUOIOrMYECKNX UCCed0BaHWi, a WKana Mo-
)KET MCMOosb30BaTbCA A1 aHanusa rpynnoBbiX pas-
NMYUIA U BbISIBNIEHMS! OBLLMX TEeHOEHLWA.
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Aim. To develop, validate, and pilot-test a questionnaire for identifying risk factors for the development
of chronic obstructive pulmonary disease (COPD) and associated conditions among healthy coal miners.

Materials and methods. The questionnaire consists of 5 sections (71 questions in total): socio-
demographic and living conditions (16 questions), harmful habits (5 questions), health status and its changes
during occupational activity (19 questions), nature of work and harmful occupational factors (19 questions),
and assessment of the severity and intensity of the labor process (12 questions). Additionally, the following
standardized instruments were attached: WHOQOL-BREF (quality of life), PHQ-9 (depression), Eysenck
Personality Questionnaire (type of nervous system), Vaytenko aging index, and Minsterberg test (cognitive
functions). Linguistic adaptation, expert review, and pilot testing were conducted on 102 healthy male coal
miners (mean age 37.2+6.0 years). Construct validity was assessed using principal component analysis, and
reliability was evaluated by Cronbach’s alpha coefficient. Statistical analysis was performed using IBM SPSS
Statistics 13 and STATISTICA 10 software.

Results and discussion. The average time to complete the questionnaire was 7—8 minutes. The
questions were understandable to the majority of respondents; only 5% required clarification of certain items.
Factor loadings across the sections ranged from 0.639 to 0.871. Cronbach’s alpha values by section were as
follows: 0.520 (socio-demographic and living conditions), 0.855 (harmful habits), 0.785 (health status), 0.757
(working conditions and occupational hazards), and 0.657 (severity and intensity of labor). These results
indicate satisfactory construct validity and acceptable to good internal consistency for most sections.

Conclusions. The developed questionnaire demonstrates sufficient reliability and validity for use in
scientific and epidemiological studies as well as in practical preventive work among coal miners. The obtained
data enable the identification of groups at increased risk of developing COPD and the planning of targeted
preventive measures.

Key words: coal miners; chronic obstructive pulmonary disease (COPD); risk factors; questionnaire;
validation; Cronbach’s alpha; dust-related lung diseases; occupational pathology
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OEHI CAY KOMIP eHAIPYLWIINEPTE APHANFAH CAYAITHAMAHDI ©3IPJIEY XXOHE BAINMUOALUANAY
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KYKbIFbIHOAFbl pecnybnukanblk MemnekeTTik kacinopHbl (010000, KasakctaH Pecnybnukackl, AcTaHa K.,
HocTbIK k-ci, 13/3; e-mail: sanborovoe@mail.kz)

S«KaparaHabl MmeavumHanblk yHuBepcuTeTi» KeAK (100008, KasakctaH Pecny6nvkackl, KaparaHabl K., Foronb
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3epmmeydiH makcambl. Kemip eHepkacCibiHiH cay KeHLUinepiHae eKneHiH co3biiMarnbl OOCTPYKTUBTI
aypybliHbIH (©COA) >xaHe OHbIMEH GannaHbICTbl XaFaannapablH, Aamy KayriHiH pakTopnapbiH aHbIKTay YLUiH
cayanHamaHbl a3ipriey, Banugauusnay XaHe CbiHaKTaH eTKi3y.

Mamepuandap xoHe adicmep. CayanHama 5 6rioktaH Typagbl (71 cypak): eneymeTTik-gemorpadpumsnbIk
KeHe TypfblH YN-TYPMBbICTbIK aFgannap (16), xkamaH agettep (5), AeHcaynblK affgarbl XXoHe OHbIH, eHOek
npoueciHgeri esrepictepi (19), XXyMbIC KbI3METiHIH, cMnaTbl XaHe 3usaHAbl eHAipicTik dakTopnap (19), eHbek
MPOLECIHIH ayblpnblfbl MeH wwuerneHici (12). CoHbIMEH KaTap CTaHgapTTalnfFaH LKananap KongaHbingbl:
WHOQOL-BREF, PHQ-9, AiiszeHk TecTi, BonteHko wuHgekci, MioHcTepbepr TecTi. Tingik Genimgeny,
capanTtamarnblk 6aranay, 102 cay ep keMmip eHipywinepge nNUNOTTbIK TECTiNey XXyprisingi (oprtawa xachbl
37,2+6,0). KypbinbiMAbIK XapaMabifblK Heri3ri KOMMNOHEHTTep aAiciMeH GaFanaHApbl, CEHIMAINIK a KpoHbax
KoadppuumeHTiveH GaranaHgbl. Ctatuctukanblk engey IBM SPSS Statistics 13 xeHe STATISTICA 10
Xymnenepinge opbiHAangbl.

Hamuxenep xsHe marnkbinay. CayanHamaHbl TONTbIpYAblH OpTalla YyakbiTbl 7-8 MUHYTTbl Kypabl.
Cypaktap pecnoHaeHTTepaiH KenwliniriHe TyCiHikTi 6ongbl; Tek 5%-bl TyciHAipyai KaxeT eTTi. bnokrapablih
dakTopnblk xykTemenepi 0,639-0,871 apanbifbiHga 6ongbl. KpoHbGaxTblH o MaHAepi Ornoktap GonblHLIA:
0,520 (eneymertTik-gemorpadusansik), 0,855 (>kamaH agetTep), 0,785 (oeHcaynblk xarganbl), 0,757 (eHbek
Xargavnapsl), 0,657 (eHbek ayblpnbifbl MEH LWKMerneHici). KepceTkilwTep KaHaraTTaHaprblK KypbibiMObIK
KapamabInbIKTbl XKeHe Konannbl—kenTtereH 6rokTapablH XKaKehbl iLKi yIAneciMAainiriH kepceTTi.

KopbimbiHObinap. ©3ipneHreH CayanHama fbinbiMy xaHe annaemMmnonorusnbIk 3epTreynepae, CoHaan-
aK KeMip eHAipyLlinep apacbliHaarbl IpakTUKanblk NpounakTukanbIk )XymMmblcTapaa nanganady YLUiH KeTKIniKTi
ceHimainik neH »xapamabibIKTbl kepceTteni. HaTmwkenep ©COA gamy kayni Kofapbl TONTapAbl aHbIKTayFa XXaHe
MakcaTTbl angblH any LapanapblH )Xocnapnayfra MyMKiHAIK 6epegi.

Kinm cesdep. kemip eHaipywinep; COPD; kayin dakTtopnapbl; cayanHama; Banvaauusi; o KpoHb6ax
KO3 (PULIMEHTI; OKNEHIH, LaH aypyrnapbl; kacibn natonorus
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Aim. To characterize the longitudinal relationships of baseline ACE2 and within-patient ACE2 change
with complement components C3 and C4 and the hypoxia-related biomarker HIF-1a between 3 and 6 months
after SARS-CoV-2 infection.

Materials and methods. This prospective longitudinal observational study included 69 patients with
paired plasma samples collected at 3 and 6 months after COVID-19. Plasma concentrations of ACE2, C3,
C4, and HIF-1a were quantified using enzyme-linked immunosorbent assays. Longitudinal changes were
evaluated using paired analyses and random-intercept mixed-effects models. Secondary analyses included
baseline-adjusted regression, change-score associations, Pearson and Spearman correlations, and ACE2
trajectory evaluation. Robustness was assessed using raw and log-transformed variables, influential-observa-
tion analyses, alternative trajectory thresholds, and exploratory nonlinear ACE2 models. False-discovery-rate
correction was applied to prespecified hypothesis families.

Results and discussion. ACE2, C3, C4, and HIF-1a showed distinct longitudinal patterns between 3
and 6 months. Time-by-baseline-ACE?2 interactions differed across the three biomarkers, with C4 showing
the strongest ACE2-related signal, followed by C3 and HIF-1a. Although the linear interaction terms did not
remain statistically significant after false-discovery-rate correction, complementary baseline-adjusted and
change-score analyses indicated differentiated complement and hypoxia-related responses. Sensitivity anal-
yses identified C4 as the leading candidate for a complex ACE2-associated longitudinal pattern, including
evidence of nonlinearity, whereas HIF-1a showed pronounced temporal change with comparatively limited
ACE2-centered association.

Conclusions. Complement and hypoxia-related biomarkers displayed distinct longitudinal behavior in
relation to ACE2 during long COVID recovery. C4 showed the most prominent evidence of a potentially com-
plex ACE2-associated pattern, while C3 and HIF-1a demonstrated different longitudinal profiles. These find-
ings indicate that post-COVID biomarker evolution is pathway specific and cannot be fully represented by a
single uniform linear ACE2-centered mechanism.

Key words: ACE2; C3; C4; HIF-1a; complement system; hypoxia signaling; long COVID; longitudinal
analysis; mixed-effects model; biomarker dynamics

INTRODUCTION

Long COVID, characterized by the persistence
or development of symptoms beyond the acute
phase of SARS-CoV-2 infection, represents a major
challenge for global healthcare systems due to its
heterogeneous clinical manifestations and complex
biological mechanisms [1, 2]. Although many patients
gradually recover after acute infection, a substantial
proportion experience persistent clinical and biolog-
ical abnormalities, highlighting the need to identify
biomarkers that reflect underlying recovery trajecto-
ries and disease heterogeneity [3, 4].
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Accumulating evidence indicates that long
COVID involves persistent endothelial dysfunction,
immune dysregulation, complement activation, and
altered metabolic responses [5, 6, 7, 8]. The renin-an-
giotensin system, particularly angiotensin-converting
enzyme 2 (ACE2), has attracted considerable atten-
tion because of its dual role as the cellular receptor
for SARS-CoV-2 entry and as a critical regulator of
vascular homeostasis, inflammation, and tissue re-
pair [9, 10]. During SARS-CoV-2 infection, ACE2
dysregulation may contribute to endothelial injury,
inflammatory imbalance, and persistent pathological
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signaling through disruption of the ACEZ2/angioten-
sin-(1-7)/Mas receptor axis [11, 12]. However, the
longitudinal behavior of ACE2 levels during recovery
and its relationship with downstream immune and
stress-response pathways remain incompletely un-
derstood.

The complement system is a key component
of innate immunity and has been implicated in per-
sistent inflammatory activation, endothelial injury, and
thromboinflammatory responses following COVID-19
[13, 14]. Complement components C3 and C4 repre-
sent central elements of complement activation and
regulation, with altered levels reflecting changes in
immune homeostasis and inflammatory status [15].
In parallel, hypoxia-inducible factor 1-alpha (HIF-1a)
functions as a major regulator of cellular adaptation
to hypoxic and metabolic stress and interacts with
inflammatory pathways involved in persistent im-
mune activation [16, 17]. The biological connections
between ACE2, complement regulation, and hypox-
ia-related signaling suggest that these biomarkers
may represent interconnected components of long-
term post-COVID recovery.

Previous studies have demonstrated per-
sistent inflammatory abnormalities, complement dys-
regulation, and heterogeneous biomarker signatures
in long COVID; however, the longitudinal relation-
ships between interconnected biological pathways
remain incompletely characterized [18, 19, 20]. Indi-
vidual biomarker analyses are valuable for identifying
concentration changes but may not fully characterize
whether different biological pathways follow coordi-
nated or distinct recovery patterns. Therefore, investi-
gating ACE2-centered longitudinal relationships with
complement and hypoxia-related biomarkers may
provide additional insight into the biological organiza-
tion of long COVID recovery.

In this study, we hypothesized that ACE2 lev-
els is associated with distinct longitudinal patterns of
complement and hypoxia-related biomarkers during
the recovery phase of COVID-19.

We aimed to characterize the longitudinal dy-
namics of ACE2, C3, C4, and HIF-1a between 3 and
6 months after SARS-CoV-2 infection and to evaluate
whether baseline ACE2 levels and ACE2 changes
were associated with subsequent biomarker trajecto-
ries. Understanding these pathway-specific longitudi-
nal patterns may provide a foundation for more com-
prehensive systems-level approaches to investigate
persistent biological remodeling in long COVID.

MATERIALS AND METHODS

Study design and participants
This prospective longitudinal observation-
al study included adults who had recovered from
PCR-confirmed COVID-19 and were evaluated at two
predefined follow-up points: 3 and 6 months after in-
fection. Participants were recruited in Karaganda, Re-
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public of Kazakhstan, between May and August 2021
after discharge from infectious disease hospitals.

The present investigation was derived from
the same longitudinal post-COVID cohort previously
examined through a broad multilayer analysis of bio-
logical and clinical interaction networks [21]. Where-
as that study characterized system-wide correlation
structures, conditional dependencies, and temporal
network remodeling, the current study addressed a
distinct and more focused question: whether baseline
ACE2 and longitudinal ACE2 change were associat-
ed with the trajectories of complement components
C3 and C4 and the hypoxia-related marker HIF-1a.
This targeted analysis was designed to character-
ize pathway-specific ACE2-centered dynamics as a
foundation for broader systems-level interpretation.

The final analytical cohort consisted of 69
participants with complete paired measurements of
ACE2, C3, C4, and HIF-1a at both follow-up points.
Eligible participants were adults older than 18 years
who had recovered from mild, moderate, or severe
COVID-19. Exclusion criteria included pregnancy or
lactation, immunocompromised status, including HIV
infection, and active malignancy. No healthy control
group was included because the study was designed
to evaluate within-patient biomarker changes and lon-
gitudinal associations during post-COVID recovery.

Clinical data

Clinical information related to the acute phase
of COVID-19 was obtained from electronic medical
records. Acute COVID-19 severity was classified ac-
cording to World Health Organization clinical guid-
ance as mild, moderate, or severe [22]. These data
were used to characterize the clinical background of
the cohort but were not included as primary predic-
tors in the present ACE2-centered analysis.

Blood sampling and biomarker measurement

Venous blood was collected at the 3- and
6-month follow-up visits into EDTA-containing tubes.
Samples were centrifuged at 1500-2000 xg for 10-15
min at 4° C, and the separated plasma was aliquoted
and stored at —80° C until laboratory analysis.

Plasma concentrations of ACE2, C3, C4,
and HIF-1a were measured using commercial en-
zyme-linked immunosorbent assay kits according to
the manufacturers’ instructions. Optical density was
measured at 450 nm, with reference-wavelength cor-
rection where required, and concentrations were cal-
culated using four-parameter logistic standard curves.
Standard calibrators and control samples were includ-
ed in each assay, and the available intra-assay and in-
ter-assay coefficients of variation did not exceed 10%.

Data preparation

The 3-month assessment was defined as
baseline and the 6-month assessment as longitudinal
follow-up. Within-patient change was calculated as
the 6-month value minus the corresponding 3-month
value.
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Table 1 — Longitudina characteristics of ACE2, C3, C4, and HIF-1a in the paired cohort (n=69)

‘ Direction

Biomarker rﬁerggr:hssl,:) rgerggrlthssb cw::ge 21'12(::1'32 Esfifze(;:t adjEBde pa?t?éi(:)zsnts
69

ACE2 (UIL) 002 | 15500 | +13668 | +0.047 | 1.000 | <0.001 | noreased
decreased

69

C3 (mgfdL) 1S71% | 80868+ | i49108 | +a4.t97 | 2470 | <0001 | Inoreased
decreased

10

C4 (mg/dL) Toios | 0013% | 0800 | -0686 | -0.936 | <0.001 | Moreased
decreased

69

HIF-1a (pgim) | G002 | 0095% | w0052 | +0.037 | 1000 | <0001 | Mnereased:
decreased

Note: Values are presented in original laboratory units. ACE2 and HIF-1a were compared using Wilcoxon signed-rank tests; C3 and C4
were compared using paired t-tests. Effect sizes are those reported by the analytical pipeline. FDR adjustment was applied across the

four paired longitudinal comparisons

Original laboratory values were retained for
descriptive summaries and paired longitudinal com-
parisons. Baseline ACE2 was standardized before
inclusion as the principal predictor in the longitu-
dinal models, allowing its coefficient to represent
the expected outcome difference associated with a
one-standard-deviation higher ACE2 level at base-
line. C3, C4, and HIF-1a were treated as the prespec-
ified outcome biomarkers.

Statistical analysis

Continuous variables were summarized us-
ing means and standard deviations and medians
and interquartile ranges, as appropriate. Longitudi-
nal changes between 3 and 6 months were evalu-
ated using paired-samples -tests when within-patient
differences were approximately normally distributed
and Wilcoxon signed-rank tests when the normality
assumption was not satisfied.

The primary analysis used random-intercept
linear mixed-effects models to determine whether
standardized baseline ACE2 was associated with dif-
ferent longitudinal trajectories of C3, C4, and HIF-1a.
Separate models were fitted for each outcome and
included time, standardized baseline ACE2, and the
time-by-baseline-ACE2 interaction. The interaction
term was the principal parameter of interest because it
evaluated whether biomarker changes between 3 and
6 months differed according to baseline ACE2 level.

Secondary analyses included baseline-adjust-
ed regression models, associations between ACE2
change and changes in C3, C4, and HIF-1a, and
Pearson and Spearman correlation analyses. Het-
eroscedasticity-consistent HC3 standard errors were
used for the secondary regression models. Sensitivity
analyses examined raw and log-transformed values,
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influential observations, alternative ACE2 trajectory
thresholds, and exploratory nonlinear ACE2 terms.

The Benjamini — Hochberg false discovery rate
procedure was applied separately within prespecified
hypothesis families to account for multiple testing
[23]. All statistical tests were two-sided, with p<0.05
considered nominally significant. Principal interpreta-
tion was based on FDR-adjusted results, while un-
adjusted results were used to characterize explorato-
ry signals. Analyses were conducted using Python
3.10.12 with pandas, NumPy, SciPy, statsmodels,
scikit-learn, and Matplotlib.

Ethical statement

The study was conducted in accordance with
the Declaration of Helsinki [24] and was approved
by the Bioethics Committee of Karaganda Medical
University, Republic of Kazakhstan, Protocol No. 18
dated 14 April 2021. Written informed consent was
obtained from all participants before enroliment.

RESULTS
Longitudinal Changes in ACE2, C3, C4,
and HIF-1a
The longitudinal analysis included 69 partici-
pants with complete paired measurements at both 3
and 6 months after COVID-19. The four biomarkers
followed clearly differentiated temporal patterns, indi-
cating that endothelial/RAS, complement, and hypox-
ia-related pathways did not evolve uniformly during
follow-up.
ACE2 increased markedly from 0.639+0.251
U/L at 3 months to 14.307+8.270 U/L at 6 months.
C3 also increased substantially, from 1.371+0.516
to 50.568+23.183 mg/dL. In contrast, C4 decreased
from 1.413+0.440 to 0.613£0.421 mg/dL. HIF-1a in-
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Within-patient change in ACE2
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Figure 1 — Within-patient ACE2 trajectories between 3 and 6 months after COVID-19. Individual lines represent

paired observations for each participant

Table 2 — Primary mixed-effects models for the time-by-baseline-ACE2 interaction

Interaction o . FDR-adjust-
Outcome coefficient (B) SE 95% ClI Nominal p edp Result pattern
_ -8.856 to Weak negative in-
c3 3.514 2.726 1.829 0.197 0.296 teraction estimate
~0.301 to Strongest prima-
C4 -0.158 0.073 20016 0.030 0.089 ry ACE2-related
) signal
-0.019to Limited interaction
HIF-1a 0.011 0.015 0.040 0.482 0.482 estimate

Note: Separate random-intercept models were fitted for each outcome. Baseline ACE2 was standardized. The coefficient shown corre-
sponds to the time [T.short] x baseline ACE2 contrast used in the primary output; therefore, its sign must be interpreted according to that
coding. FDR correction was applied across the three prespecified interaction tests

creased from 0.042+0.164 to 0.095+0.287 pg/mL. All
four longitudinal changes remained statistically sig-
nificant after false-discovery-rate correction (Table 1).

The direction-of-change analysis showed that
ACE2, C3, and HIF-1a increased in all 69 partici-
pants. C4 decreased in 59 participants and increased

Meouyuna u sxonoeus, 2026, 3

in 10. Thus, the observed group-level differences
reflected broadly distributed within-patient changes
rather than differences between unrelated cross-sec-
tional samples. The individual ACE2 trajectories are
shown in Figure 1, while Figure 2 presents the paired
changes in all four biomarkers.
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Within-patient biomarker changes from 3 to 6 months
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Figure 2 — Paired longitudinal changes in ACE2, C3, C4, and HIF-1a between 3 and 6 months after COVID-19

Table 3 — Integrated secondary ACE2-centered findings

ACE2-
change

Baseline

Outcome ACE2 B

FDR p

FDR p

Comparative

Pearson r pattern

Spearman p

C3 -1.077 | 0.234 1.525

0.092

Strongest
baseline-adjusted
ACE2-change
signal

0.132 0.153

C4 -0.037 | 0.234 0.053

0.107

Strongest direct
change-to-change
correlation

0.220 0.158

HIF-1a 0.006 0.581 -0.013

0.428

Distinct,
comparatively
weak ACE2-
centered pattern

-0.092 -0.143

Note: Baseline-adjusted models included the corresponding 3-month outcome, standardized baseline ACE2, and standardized ACE2
change, with HC3 robust standard errors. FDR values for baseline ACE2 and ACE2 change were calculated within separate hypothesis

families. Correlations are based on within-patient change scores

Baseline ACE2 and longitudinal biomarker
trajectories
The primary mixed-effects analysis examined
whether the longitudinal trajectories of C3, C4, and
HIF-1a differed according to baseline ACE2. Sep-
arate randome-intercept models were fitted for each
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outcome, and the time-by-baseline-ACE2 interaction
was the principal parameter of interest.

The interaction estimates differed across the
three biomarkers (Table 2). For C3, the interaction
coefficient was -3.514 (95% CI: —8.856 to 1.829),
indicating a weaker longitudinal increase at high-
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Baseline ACE2 modification of longitudinal biomarker trajectories
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Figure 3 — Forest plot of the time-by-baseline-ACE2 interaction estimates for C3, C4, and HIF-1a

Table 4 — Robustness and model-form comparison

Primary . .
. Raw-scale | Log-scale | Influential-case | Quadratic | Integrated result
Outcome IlneaLFDR B (p) B (p) result ) pattern
Weak linear
3.514 -0.001 Unchanged; no evidence;
c3 0.296 (0.197) (0.953) exclusions 4.359 (0.036) exploratory
nonlinear signal
) Strongest but
C4 0.089 (8823) (82471'% Un:;;sgiii,sno ( <Od109081) scale-sensitive
' ' ) complex pattern
Limited linear
HIF-10 0.482 -0.011 -0.035 | Unchanged; no -0.005 and nonlinear
: (0.482) (0.236) exclusions (0.653) ACE2-centered
evidence

Note: Raw- and log-scale sensitivity coefficients use the long-minus-short contrast and therefore have the opposite sign from the primary
table, which reports the short-minus-long contrast. Nonlinear models were exploratory and were not used to replace the prespecified

primary linear models

er baseline ACE2 values under the model contrast;
however, the confidence interval included zero and
the FDR-adjusted p-value was 0.296. HIF-1a showed
a small positive interaction coefficient of 0.011 (95%
Cl: -0.019 to 0.040; FDR-adjusted p=0.482), indicat-
ing comparatively limited differentiation of its trajecto-
ry by baseline ACE2.

C4 produced the strongest primary ACE2-relat-
ed signal. Its interaction coefficient was -0.158 (95%
Cl: -0.301 to —0.016), with a nominal p-value of 0.030

Meouyuna u sxonoeus, 2026, 3

and an FDR-adjusted p-value of 0.089. Although this
result did not cross the prespecified FDR threshold,
its magnitude and narrower confidence interval distin-
guished C4 from C3 and HIF-1a. The estimates and
their uncertainty are visualized in Figure 3.
Complementary ACE2-Centered Associations
Secondary baseline-adjusted models eval-
uated whether baseline ACE2 and within-patient
ACE2 change were associated with 6-month C3, C4,
and HIF-1a after accounting for the corresponding
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Association between changes in ACE2 and C3
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Figure 4 — Associations between changes in ACE2 and changes in (a) C3, (b) C4, and (c) HIF-1a between 3
and 6 months after COVID-19. Solid lines represent linear regression fits, and dotted horizontal and vertical

lines indicate zero change

3-month biomarker value. This analysis separated
the potential contribution of the initial ACE2 state from
the contribution of ACE2 evolution during follow-up.
These findings are summarized in Table 3.

Baseline ACE2 showed negative coefficients
for C3 and C4 and a small positive coefficient for HIF-
1a, but none remained significant after FDR correc-
tion. ACE2 change produced more prominent posi-
tive coefficients for both complement components.
The strongest baseline-adjusted change signal was
observed for C3 ($=1.525; FDR-adjusted p=0.092),
followed by C4 ($=0.053; FDR-adjusted p=0.107).
HIF-1a showed a small negative coefficient for ACE2
change (= —-0.013; FDR-adjusted p=0.428).

Direct change-score correlations showed the
same pathway distinction. ACE2 change was posi-
tively correlated with changes in C3 and C4, with the
largest Pearson correlation observed for C4 (r=0.220),
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whereas the relationship with HIF-1a change was
weakly negative (r= —-0.092). Pearson and Spearman
estimates were similar in direction, suggesting that
the overall pattern was not dependent on a single
correlation method. The three change-score relation-
ships are illustrated in Figure 4.
Robustness and Exploratory Nonlinear Patterns
Sensitivity analyses assessed whether the pri-
mary findings depended on measurement scale, influ-
ential observations, or model form (Table 4). The in-
fluential-observation analysis identified no participants
requiring exclusion; consequently, estimates from the
complete-cohort and exclusion models were identical.
Transformation sensitivity was most evident
for C4. In the raw-scale model using the long-minus-
short contrast, the time-by-baseline-ACE2 coefficient
was 0.158 (p=0.030), whereas the corresponding
log-scale coefficient was 0.048 (p=0.677). C3 and
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Sensitivity of primary interaction estimates to biomarker transformation
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Figure 5 — Sensitivity of the time-by-baseline-ACE2 interaction estimates to raw and log-transformed

biomarker values

HIF-1a also showed attenuation or changes in mag-
nitude after logarithmic transformation. These results
indicate that the strength of the simple linear associ-
ation depended partly on the analytical scale, partic-
ularly for C4.

Exploratory nonlinear models provided a
complementary pattern. Significant quadratic time-
by-baseline-ACE2 terms were observed for C3
(B=4.359; p=0.036) and C4 ($=0.198; p<0.001), with
the strongest evidence again observed for C4. No
comparable nonlinear pattern was identified for HIF-
1a (p=0.653). These exploratory results suggest that
complement-related longitudinal behavior may vary
across the baseline ACE2 distribution rather than fol-
lowing one uniform straight-line relationship. Figure 5
summarizes transformation sensitivity.

DISCUSSION

The present study delineates a heterogeneous
pattern of longitudinal biomarker remodeling during
post-COVID recovery. Although ACE2, C3, and HIF-
1a increased between 3 and 6 months whereas C4
decreased, the principal finding extends beyond
these temporal shifts: the relationships of C3, C4,
and HIF-1a with ACE2 were not concordant across
the analytical framework. C4 was distinguished by
the time-by-baseline-ACE2 interaction and by the ex-
ploratory nonlinear analysis; C3 was distinguished in
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the baseline-adjusted analysis of ACE2 change; and
HIF-1a exhibited substantial temporal variation with
comparatively limited ACE2-centered association.
Taken together, these findings indicate that post-
COVID biomarker evolution is organized in a path-
way-specific manner rather than according to a single
uniform ACE2-centered trajectory.

The longitudinal increase in circulating ACE2
is relevant to the persistent involvement of the re-
nin—angiotensin system and vascular endothelium
after acute SARS-CoV-2 infection. ACE2 occupies a
central position at the interface of viral entry, vascu-
lar homeostasis, and inflammatory regulation, while
contemporary evidence continues to implicate endo-
thelial dysfunction and endothelial inflammatory sig-
naling in long COVID and post-COVID organ injury
[25,26]. In the present cohort, however, the increase
in ACE2 was accompanied by divergent responses
in complement and hypoxia-related biomarkers. This
dissociation argues against interpreting circulating
ACE2 as a uniform index of biological recovery and
instead supports its evaluation within the context of
specific downstream pathways.

The complement findings further underscore
the heterogeneity of post-COVID biomarker remodel-
ing. C3 and C4 evolved in opposite directions during
follow-up, demonstrating that individual complement
components need not exhibit parallel longitudinal be-
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havior within the same participants. The divergent
longitudinal behavior of C3 and C4 is concordant with
the growing body of evidence implicating persistent
complement dysregulation in long COVID. Activation
of classical, alternative, and terminal complement
pathways in association with thromboinflammatory
abnormalities has been documented in active long
COVID [27], and complement-associated inflamma-
tory signatures have also been identified across dis-
tinct clinical phenotypes [28, 29]. At the same time,
systematic evidence indicates substantial heteroge-
neity across studies evaluating complement-related
biomarkers [30]. The present paired longitudinal data
add to this literature by demonstrating that C3 and
C4 can follow divergent trajectories during the same
interval of post-COVID recovery.

C4 showed the clearest evidence of a base-
line-ACE2-related longitudinal pattern. In the primary
mixed-effects analysis, C4 was the only outcome for
which the time-by-baseline-ACE2 interaction reached
nominal statistical significance, although the associ-
ation did not remain significant after FDR correction.
The sensitivity analyses further demonstrated atten-
uation of the linear signal after logarithmic transfor-
mation, whereas the exploratory quadratic model
identified a significant nonlinear time-by-ACE2 term.
This combination of findings indicates that the ACE2—
C4 relationship is not adequately represented by a
single scale-independent linear effect. The appropri-
ate interpretation is therefore not one of established
ACE2-C4 coupling, but of an analytical pattern that
warrants further investigation of nonlinear endotheli-
al/RAS—complement relationships.

C3 exhibited a different pattern. In the base-
line-adjusted secondary analysis, the ACE2-change
term for C3 yielded the lowest FDR-adjusted p val-
ue within the corresponding prespecified hypothe-
sis family, whereas the direct change-score anal-
ysis showed a positive ACE2—-C3 relationship and
the largest Pearson correlation was observed for C4.
These results distinguish the information contained in
baseline ACE2 from that contained in its within-patient
change. For C3, the analytical pattern places great-
er emphasis on concurrent ACE2 evolution than on
the ACE2 concentration measured at the beginning
of follow-up. Although the secondary association did
not satisfy the FDR-adjusted significance criterion, it
provides a coherent change-related signal that com-
plements the baseline-ACE2 findings observed for C4.

HIF-1a was differentiated from both comple-
ment components. Despite a significant longitudinal
increase, neither baseline ACE2 nor ACE2 change
showed a substantial association with its trajecto-
ry. The dissociation between the marked temporal
increase in HIF-1a and its limited association with
ACE2 indicates that temporal biomarker evolution
and ACE2-centered organization represent distinct
biological dimensions. HIF-1a is positioned at the
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intersection of hypoxic, metabolic, and inflammatory
signaling, and its temporal behavior therefore reflects
a biological dimension that is at least partly distinct
from the endothelial/RAS axis. The weak negative
change-score relationship for HIF-1a, in contrast to
the positive directions observed for C3 and C4, fur-
ther reinforces this separation.

Viewed collectively, the findings support a mod-
el of post-COVID recovery characterized by differen-
tiated, time-dependent organization across intercon-
nected biological pathways. The contribution of the
present analysis lies not solely in documenting lon-
gitudinal concentration changes, but in demonstrat-
ing that the relationship of each outcome biomarker
with ACE2 depends on both the biological pathway
and the analytical dimension examined. This inter-
pretation is concordant with the broader systems-lev-
el analysis of the same cohort, which demonstrated
temporal reorganization of immune, endothelial/RAS,
oxidative-redox, and hypoxia-related interactions, to-
gether with relative stability of the psychometric—au-
tonomic cluster and marked changes in C3-C4 and
ACE2-C4 relationships [21]. Together, these comple-
mentary analyses support an integrated view of long
COVID in which recovery is defined by evolving in-
terrelationships among biological systems rather than
by isolated biomarker trajectories or a single common
linear mechanism.

Limitations. The findings should be interpret-
ed within the scope of the present longitudinal obser-
vational design. The study focused on circulating bio-
marker dynamics and ACE2-centered associations
during post-COVID recovery; therefore, mechanistic
interpretation remains limited to the biological path-
ways represented by the measured variables. Further
studies incorporating additional molecular and clinical
dimensions would help extend and validate these lon-
gitudinal patterns.

Novelty of the study. The principal novelty of
this study lies in its analytical design, which evalu-
ates ACE2 simultaneously as a baseline modifier of
longitudinal biomarker trajectories and as a dynamic
within-patient variable. By integrating paired biomark-
er change, time-by-baseline-ACE2 interactions, and
associations between ACE2 change and subsequent
biomarker behavior, the study provides a focused
framework for distinguishing pathway-specific longi-
tudinal relationships that are not captured by conven-
tional cross-sectional or single-time-point analyses.
An additional contribution is the direct comparison of
baseline-dependent and change-dependent ACE2
relationships within the same cohort and follow-up
interval, allowing these two dimensions of biological
variation to be evaluated separately rather than treat-
ed as interchangeable. The inclusion of sensitivity
analyses and exploratory nonlinear modeling further
extends the framework by testing whether observed
ACE2-centered patterns remain consistent across
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alternative model specifications. Together, this de-
sign provides a more refined longitudinal approach
for investigating heterogeneous biomarker regulation
during post-COVID recovery.

Translational significance. From a transla-
tional perspective, the findings support further eval-
uation of longitudinal endothelial/RAS-complement
interactions in long COVID. Complement-related
pathways remain clinically relevant because comple-
ment activation markers have been associated with
active long COVID and have been investigated as po-
tential therapeutic targets [27, 29, 31]. However, the
present findings are not sufficient to support diagnos-
tic, prognostic, or treatment-selection use of ACE2,
C3, C4, or HIF-1a. Future studies should determine
whether these longitudinal patterns improve clinical
phenotyping, prognostic stratification, or identification
of biologically defined patient subgroups.

CONCLUSIONS

The present study demonstrates that longitudi-
nal post-COVID biomarker dynamics are character-
ized by differentiated relationships between ACE2,
complement components, and HIF-1a rather than by
a uniform pattern of change. The findings distinguish
baseline-dependent and within-patient ACE2-related
effects across these pathways and indicate that com-
plement and hypoxia-associated responses evolve
according to different biological trajectories during
follow-up.

The results further emphasize the impor-
tance of analytical context in interpreting longitudi-
nal biomarker behavior. The C4 pattern indicates
that ACE2-related complement dynamics are not
adequately represented by a simple linear relation-
ship, while the C3 findings highlight the relevance
of within-patient ACE2 change. In contrast, HIF-1a
follows a more distinct temporal course with limit-
ed ACE2-centered association. These differences
reinforce the concept that post-COVID recovery in-
volves pathway-specific biological remodeling rath-
er than synchronized evolution across all measured
systems.

Collectively, the study refines the understand-
ing of ACE2-centered post-COVID biology by demon-
strating that the biological significance of ACE2
depends on both the pathway examined and the
longitudinal dimension considered. This framework
provides a more precise basis for interpreting post-
COVID biomarker evolution and for identifying biolog-
ically distinct patterns that may not be evident from
single-time-point measurements alone. Further longi-
tudinal studies should extend these findings across
broader patient populations, incorporate additional
clinical and molecular dimensions, and evaluate their
prognostic and translational relevance over longer
periods of follow-up.
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ACE2-LLEHTPUPOBAHHAA MNPOAOOJZIbHAA OWHAMWUKA  KOMMOHEHTOB KOMIMIIEMEHTA
N r’MnoKcuAa-ACCouMMPOBAHHbIX BUOMAPKEPOB MNMPU ANIUTEINIbBHOM COVID
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Llenb uccnedosaHusi. N3yunTb cBA3b mcxopgHoro ypoBHA ACE2 n ero M3meHeHun B OuHaMuke C
N3MEHEHNSIMWN YPOBHEN KOMMOHEHTOB KomnnemeHTa C3 n C4 n runokcmsi-accoummpoBaHHOro buomapkepa
HIF-1a B nepuog ¢ 3 no 6 mecsau nocne nHgpekumn SARS-CoV-2.

Mamepuanel u memodsl. B npocnekTuBHOE NpogonbHOe HabniogatenbHoe uccrnenoBaHne OGbinm
BKITIOYEHbl 69 NauMeHTOoB, Y KOTOpbIX obpasubl Nna3mbl KpoBWM Obinn nonyyeHsl yepe3 3 n 6 mec. nocne
COVID-19. KoHueHTpaummn ACE2, C3, C4 n HIF-1a B nna3me onpegensnu mMetogqoM MMMYHOEPMEHTHOrO
aHanusa. NameHeHus nokasartenen B AMHAMWKE OLLEHMBANW C UCMONb30BaHNEM METOOO0B aHanu3a napHbIX
OaHHbIX W MoAenen cmellaHHbIX 3dEKTOB CO CryyYalHblM WHTEpcenToM. [OnonHUTENbHbIA aHanus
BKItoYan B cebsi perpeccuoHHble MOAENW C MonpaBKOM Ha MCXOAHblE 3HAYEeHUs, aHanu3 B3anMOCBA3EN
Mexay WM3MEHeHWsSMU MnokKasaTenen, KOppensumoHHbi aHanu3 [upcoHa n CnupmeHa, a Takke OLEHKY
TpaekTopmint ACE2. YCTONYMBOCTb pesyrnbTaToB NPOBEPSSIN C UCTIONb30BaHNEM UCXOOHbIX U FTorapudMmnyeckm
npeobpasoBaHHbIX 3HAYEHUIN, aHanu3a BNUATENbHbIX HabnaeH, ansTepHaTUBHbBIX NOPOrOBbIX 3HAYEHWN
TpaeKkTopui 1 nccregoBaTensCkuxX HennHenHolx mogenen ACE2. [1ns 3apaHee onpeaeneHHbIX rpynn runotes
NMPUMEHSANM KOPPEKLMIO HA MHOXECTBEHHbBIE CPABHEHWS C KOHTPOMEM YacTOTbl NTOXKHbIX OTKpbITMI (FDR).

Pesynbmambi u obcyxdeHue. B nepvog ¢ 3 no 6 mecauy ACE2, C3, C4 n HIF-1a gemoHcTprpoBanu
pasnuyHylo AuHamuky. Xapaktep B3avMOAENCTBMS BpeMeHn 1 ncxogHoro yposHs ACE2 pasnuuanca ans
Tpex GuomapkepoB: Hanbonee BbipaxeHHbIN curHan ceasm ¢ ACE2 Habntoganca gna C4, 3atem ana C3 u
HIF-1a. Xota nocne FDR-koppekunn nuHenHble 3@ ekTsl B3aMMOLENCTBUSA HE COXPaHANM CTaTUCTUYECKON
3HAYUMOCTW, LOMOSTHUTENbHbIE aHanu3bl C MOMPAaBKOW HAa MCXOOHbIE 3HAYeHWss U aHanu3 W3MeHeHWi
rnokasaTenen ykasbiBanu Ha pasnuyms mexagy AMHaMUKON KOMMOHEHTOB CUCTEMbI KOMMIIEMEHTA U MNOKCUS-
accoummpoBaHHOro buomapkepa. AHanM3 4yBCTBUTENBHOCTY NOKasari, YTo Hanboree BblpaXeHHbIe NPU3HaKK
CMOXHOW, B TOM Yucne HenvHenHon, ceasn ¢ ACE2 xapakTepHbl Ana C4, Torga kak HIF-1a gemoHcTpupoBsan
BblPaXXEHHbIE U3MEHEHNSI BO BPEMEHU NPpU CpaBHUTENbLHO criabown ceasu ¢ ACE2.

Bbigodbi. KOMNOHEHTbI CUCTEMbI KOMMAEMEHTA U TUMNOKCUSA-acCoLMMpoBaHHbIn Guomapkep HIF-1a
XapakTepmnsoBanucb pPasnuUYHoON AUHAMUKOW U HeoguHakoBon cBasbio ¢ ACE2 B nepuog BOCCTaHOBMEHMS
nocne gnutensHoro COVID. Hanbonee BblpaxeHHble NPU3HAKM NOTeHUMarnbHO crnoxHon cessn ¢ ACE2
6b1nu BoisiBreHbl Ana C4, torga kak C3 n HIF-1a geMoHCcTprpoBanu nHble BapuaHTbl AUHaMuKkn. PesyneraThbl
CBUAOETENLCTBYIOT O TOM, YTO U3MEHEHUss BUOMapKepoB B MOCTKOBUAHbLIN Nepuod 3aBUCHAT OT KOHKPETHOTO
B1ONorM4eckoro NyT1 1 He MoryT BbITb MOMHOCTLIO O6BbACHEHbI eAnHbIM NMHENHbIM ACE2-LieHTpMpOBaHHbIM
MeXaHU3MOM.

Knouessbie cnosa: ACE2; C3; C4; HIF-1a; cuctema KOMNMNEMEHTa; TUMOKCUYECKUN CU2HanuHe;
anuteneHbii COVID; npoaonkeHbI aHanus; MoAernb CMeLlaHHbIX aghghekmos; duHamuka buomapkepos
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3epmmeydiH makcambl. SARS-CoV-2 uHdeKumsicbiHaH keniHri 3—6 an apanbifbiHga ACE2-HiH
DacTankbl AeHreni MeH OHbIH e3repicTepiHiH koMnneMeHTTiH C3 xxaHe C4 KOMMOHEHTTEPI KOHE NMMNOKCUSIMEH
BannanbicTbl HIF-1a GuomMapkepi AeHrennepiHiH earepyiMmeH GannaHbICbiH 3epTTeY.

Mamepuandap xoHe adicmep. MNpocnekTnBTi Gonnblk Gakbinaynblk 3eptreyre COVID-19-gaaH keniH
3 xeHe 6 anga nnasma ynrinepi anbiHFaH 69 naumeHT eHrisdingi. NMnasmvagarel ACE2, C3, C4 xeHe HIF-1a
KOHLIeHTpauusanapbl MMMYHOEPMEHTTIK Tangay aficiMeH aHblkTanabl. KepceTkilTepaiH yakblT 6ombiHLa
e3repicTepi XynTanfaH OepekTepai Tangay oficTepi kaHe Kesgencok uHTepcenTi Gap apanac aceprep
mMogenbaepi apkbinbl OaranaHgbl. KocbiMwa Ttangay OacTtankpl MeaHAepre Ty3eTiNreH perpeccussblk
MoOenbAepai, KepceTkiluTep e3repicTepiHiH e3apa GawnaHbicbiH Garanaygbl, [NupcoH xaHe CnuMpmeH
Koppenauusanblk TangaybiH, coHpam-ak ACE2 TpaektopusinapblH Oaranaygbl kamTblabl. HaTwxenepain
TYPakTbIbIFbl 6acTankpl xxaHe norapudMaik TypreHaipinreH MaHaepai, biknanabl 6akpinaynapabsl Tangayabl,
TpaekTopusinapablH 6anamarnb! WeKTi MaoHAepPiH xaHe ACE2-HiH 3epTTeyLUinik CbI3bIKTbIK eMec MoAernbaepiH
KongaHy apkbinbl Tekcepingi. AngbiH ana 6enrineHreH rmnoTte3anap TonTapbl YLWiH XarnfaH alubiibiMaap
XuiniriH 6akpinay (FDR) agicimeH KenTik canbiCTbipyriapFa Ty3eTy eHrisingi.

Hemusxenep xoHe marikbinay. 3 xeHe 6 ain apanbirbiHga ACE2, C3, C4 xaHe HIF-1a kepceTkiluTepiHiH
OVHamuKackl apTypni 6onabl. YakblT neH ACE2-HiH 6acTankbl AeHreniHiH e3apa acepi yw 6uomapkep yLliH
epekwenengi: ACE2-meH GannaHbICTbl eH ankbiH 6enri C4 ywiH, oaaH kewiH C3 xxeHe HIF-1a ywiH 6arikangbl.
FDR-Ty3eTyiHEH KeliH CbI3bIKTbIK ©3apa ocepriep CTaTUCTUKamnbIK MaHbl3OblfbifblH CakTaMaraHbIMEH,
BacTankbl MaHOepre Ty3eTireH KocbiMLLa Tangaynap MeH KepceTKiluTep e3repicTepiH 6aranay KOMNIemMeHT
XXYMeci MeH runokcusira bannaHbICTbl OMoOMapkep MHaMUKACbIHbIH epeKlleneHeTiHiH kepceTTi. CesiMTanablk
Tangaybl C4 ywiH ACE2-meH kypaeni, COHbIH, ilWiHae CbI3bIKTbIK eMec OalnnaHbICTbIH €H aliKbliH benrinepi
aHblkTagbl, an HIF-1a yakbIT 6oMbIHIWA alikbIH e3repreHiMeH, oHbiH ACE2-mMeH GannaHbicbl canbiCTbipmarbl
Typae anci3 6ongsbl.

KopbimbiHObI. KOMNNEMEHT KOMMOHEHTTEPI MeH runokcusira GannaHbicTbl HIF-1a Guomapkepi y3ak
COVID-TeH keliHri kannbiHa Keny ke3eHiHae apTypni AnHamuka xxaHe ACE2-MeH apTyprni 6annaHbIC kepceTTi.
ACE2-meH bIKTUMan kypgeni 6amnaHbiCTbiH, eH alikbiH Genrinepi C4 ywiH aHbikTangbl, an C3 neH HIF-1a
facka guMHaMuKanblK epeklenikTepMeH cunattangbl. HaTuxenep nocTKOBUATIK KeseHaeri bvomapkepnep
©3repiCTepiHiH HaKTbl OMONOruANbIK XKonFa GannaHbICTbl EKEHIH XxaHe ornapabl OipbiHFan Cbi3blKTblk ACE2-
opTanbIKTaH4bIPbISIFAaH MEXaHU3MMEH TOMbIK TYCIHAIPY MYMKiIH €MeCTIriH KepceTes,.

Kinm ce3dep: ACE2; C3; C4; HIF-1a; koMnneMeHT XyMeci; rmnokecusinblk curHan 6epy; ysak COVID;
bonnblk Tangay; apanac acepnep mogeni; buomapkepnep AMHamukachl
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Lenb. OueHnTb KIMMHUKO-NaTONOMMyeckne n MoneKynsipHole pakTopbl, acCoLMMPOBaHHbIE C peumamn-
BOM ManuIinsipHoro paka LW1TOBUAHON Xenesbl Y NoApPOCTKOB U MOSOAbIX B3POCHbIX NaUMEHTOB.

Mamepuanbi u Mmemodbi. nzanH nccnegoBaHnsa — MynbTULEHTPOBOE PETPOCMNEKTUBHOE MccneqoBa-
Hue. B nccnegoBaHmne Obinn BKITOYEHbI 246 NaUMEHTOB C NanUNsSpHbIM PakoM LLMTOBUAHOM Xenesbl, pas-
OerneHHbIX Ha ABe BO3pacTHbIe rpynmbl: MOAPOCTKU 1 MoroAble B3pocnble (15 — 39 neT) n naumneHTbl cTapLie
39 ner.

Pesynbmamel u obcyxdeHue. Y nNogpoCTKOB M MOMNOAbIX B3POCIbIX OTMEeYanucb GonbLUon pasmep
nepeuYHOM onyxonu, 6ornee BbICOKasi YacToTa MeTactas3oB B nmdaTtnyeckme yanol (43,8 npotue 23,4%;
p=0,007) n peunameos (8,9 npotue 2,0%; p=0,035). MyTtaumns BRAF V600E BcTpeyanach pexe y nogpocTKoB
n monoabix B3pocnbix (52,6 npotmus 76,1%; p=0,001). B rpynne nogpoCTKOB M MOMOAbIX B3POCIbIX peun-
OB ObIN accounmpoBaH C MeTacTasamu B numdartmyeckmne yanbl, 6onee BbICOKON kaTeropuen T, MyTaumen
TERT-p u couetannem BRAF V600E/TERT-p.

Bbigodbl. Pesynbratbl CBUOETENBCTBYIOT, YTO Y NOAPOCTKOB M MONOAbIX B3POCIbIX NanUMMASpPHbIN pak
LUMTOBMAHOW Xene3bl XapakTepuayeTcs bonee arpecCrBHbIM JTOKOPErMOHAPHbIM TEYEHNEM, YTO 0BOCHOBbI-
BaeT HeobxoaNMOCTb KOMMMEKCHOW KITMHMKO-MOJEKYNSPHOW OLEHKN pyUCKa peunanBa.

Knirouessie crioga: nanumnmnsipHbIA pak WMTOBUOHOW Xernesbl; NOAPOCTKM 1 MONoAble B3pOoCrble; peLm-
ouB; ctpatudmkaums pucka; TERTp

BBEOEHUE

Pak wutoBmaHom xenesbl (PLLPK) saensetcs
Hambonee pacnpoCTpaHEHHbIM 3M0KaYeCTBEHHbIM
HOBOOOpa3oBaHMEM SHOOKPVMHHOW CUCTEMbI, MpU
3TOM Ha gonto nanunnspHon dopmbl (MPLLXK) npu-
xogutca 0o 85% Bcex OMarHoCTUpyeMblxX CIlyyYaes.
HecmoTpst Ha GnaronpusATHBLIA NPOrHo3, 3abonesae-
MOCTb PakoMm LLUTOBUOHON Xene3bl NPO4oSKaeT yBe-
NNYMBaTLCA BO MHOIMMX cTpaHax mupa [1, 2]. Ocoboe
3HayeHVe JaHHas TendeHuust npuobpetaer cpegu
NnoAapocTKkoB 1 Monoabix B3pocnbix (MMVB) ¢ MPLK.
CornacHo aHanuay Global Burden of Disease 2021,
YMCINO HOBBIX CITyYaeB paka LUMTOBWAHOW Xenesbl
cpeav Monogbix B3pOCrbIX MALUEHTOB BO BCEM MUpe
yBenuumnnock Ha 150% (c 19 268 cny4aes B 1990 r.
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00 48 203 B 2021 r1.), NpyYeM Y XXEHLLMH YPOBEHL 3a-
©oneBaemMoCcTu B TpU pasa BblLLE, YEM Y MY>X4MH [1].

HecmoTpsi Ha BbICOKYlO 0OLlyl0 BbhKMBae-
MOCTb NMauUMEeHTOB MOJIO40ro BO3pacTa, pa3BuTue pe-
unavea 3aboneBaHMs OCTaeTCs OOHOM N3 OCHOBHbIX
npo6nem npu MNPLPK [3, 4]. Puck peunanea 3abone-
BaHUS ONpefenseTcsd COBOKYMHOCTBI KITMHUYECKMX
N MOPMONOrMYECKNX XapaKTEPUCTUKK, BKIOYas pas-
MEp U pacnpoCTPaHEHHOCTb MEPBUYHON OMyXonw,
9KCTPaATUPEOUNTHYI0 MHBA3NO, NTMMAOBACKYISIPHYHO
WHBA3MI0, Hanm4me n pacnpocTpaHeHHOCTb MeTacTa-
TMYECKOrO NopaXeHus MMM aTMyecknx y3nos, a Tak-
Ke MOMEKYNAPHbIN NPodusib onyxonu [5].

OpHum 13 Haubonee pacnpoCTPaHEHHbIX MO-
nekynsipHbix nameHeHuin npu MNPUPK asnaetca Ha-
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MaumeHTbL ¢ BospactHas
NanuUANSPHbIM PakoM CTRaTHMKaLMS
ILMTOBMAHON Xenesbl

(n=246)

MonpocTku 1 Monoable
B3pocnbLe (15-39 ner)

CpaBHUTENbHbLIA aHanU3
KNUHWKO-NaTONOrMYeCKUX

Crapluas BO3pacTHas 1 MONEKYNSAPHbLX AaHHbLX

rpynna (>39 ner)

PucyHok 1 — Cxema pacnpegeneHus naunenToB ¢ [NPLLPK no Bo3pacTHbIM rpynnam

Tabnuua 1 — CpaBHI/ITeJ'leaH XapaKTepucTtnuka KIMHUKO-NaTormorm4eCcknx n MoOneKyrnapHbIX ocobeHHocTen

MPLPK no rpynnam

MokasaTtenb I Fpynna i p

MegnaHa pasmepa onyxonu, mm (MKP) 19,5 [14,0 — 30,0] 15,0 [10,0 — 20,0] 0,024
Pasmep onyxonun >20 MM 31/80 (38,8%) 37/165 (22,4%) 0,012
MeTacTasbl B nMM@aTtnyeckme yanbl 28/64 (43,8%) 29/124 (23,4%) 0,007
Peunaus 7179 (8,9%) 3/150 (2,0%) 0,035
BRAF 41/78 (52,6%) 124/163 (76,1%) 0,001
TERT-p 4/75 (5,3%) 12/155 (7,7%) 0,591
BRAF/TERT-p 3/36 (8,3%) 9/43 (20,9%) 0,207

lNMpumeyaHue: MKP — mexkBapTunbHbii pasmax; BRAF — myTtaumns BRAF V600E HesaBucvmMo oT Hanuuusi MyTauum npomotopa TERT;
TERT-p — myTaumsa npomotopa TERT He3sasucumo ot ctatyca BRAF V600E; BRAF/TERT-p — codetanne mytaumn BRAF V600E n my-

Taumm npomotopa TERT

nnune mytauun BRAF V600E n myTaumm npomoTtopa
reHa TERT (TERTp). AkTnBaums tenomepasbl Cro-
cobcTByeT nogdepxaHuo AnvHbl TenoMep 1 nprob-
PETEHMIO OMYyXONeBbIMU KNeTKkaMu noTeHumana Heo-
rpaHu4eHHon nponudepauun.

KomnnekcHas oueHka TpaauUMOHHBLIX KIUHW-
Ko-naTonorm4yeckux pakTtopoB COBMECTHO C More-
KynspHeiMu mapkepamn BRAFVG600E n TERTp mo-
XeT cnocobcTBoBaTh Boree TOYHOM CTpaTUdUKaLmMm
pucka peumamsa MNMPLPK y nogpocTtkoB n Monoabix
B3pocnbix [6, 7]. U3yueHune aTnx B3aumocssasen B Ka-
3axCTaHCKOM MonynsauMn npeacraensercs ocobeHHo
aKkTyanbHbIM BBMAY HEOQOCTaTOMHOW NpeacTaBreHHo-
ctn LeHTpansHon Asumn B MeXAyHapoaHbIX Uccneqo-
BaHWUSX U NOTEHUMAanNbHbIX permoHarnbHbIX 0COBEHHO-
cTen monekynspHoro npoduns MPLLPK y nogpocTkos
N MOMOAbIX B3POCIbIX MaUUEHTOB.

Llenb nccnenoBaHus — OLEHUTb KMMHUKO-Na-
TOMnornyeckme n MornekynsipHole akTtopbl, accoumm-
poBaHHble ¢ peumaneoM MNPLXK y nogpocTkoB 1 Mo-
NoAbIX B3POCIbIX NauNeHTOB.

MATEPUAIbI U METOAbI

MynsTMUueHTpoBOE PETPOCMEKTUBHOE WUCche-
AosaHuve 6bIno npoBedeHO cpeaun naumeHToB ¢ Noa-
TBepXAeHHbIM gnarHosom MNPUPK. Ons nposegeHus
aHanusa BbINn NCNoNbL30BaHbl KNMHUKO-NaTonoruye-
CKWe U MOneKynsipHble AaHHble, KOTopble bbinv nony-
YeHbl 13 06pa3LOB ONyXoNeBomn TkaHn 246 NaLneHTOB.
O6pasubl 61N cobpaHbl 3a nepuog 2016 — 2020 rr.
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n3 Tpex oHkomnorudecknx 6onbHuy Pecnybnuku Ka-
3axcTaH: KasaxctaHckui HauuoHanbHbIM uccneno-
BaTeNbCKUN MHCTUTYT OHKOMOrMnm u paguonoruun (r.
Anmarbl), LleHTp agepHoOn mMeauumHbl U OHKOMOruu
Y3 O6bnactn Abaw (r. Cemen) n MHoronpounbHbIN
LEHTP OHKOMorMm u xupypruu (r.Ycre-KameHoropck).
CraTtnctunyeckuin aHanus 6bin NnpoBegeH ¢ UCMornb30-
BaHWeMm nporpammbl R software (Bepcus 4.5.1).

PE3YINbTATbI

B wuccnepgoBaHme Obinv BKNKOYEHbl [aHHbIE
KITMHWKO-NATONOrM4eCKOro U MOMEeKynspHOro ncene-
nosaHusa 246 nauweHTos ¢ MNMPLUPK. MNMauneHTsl 6binn
pacnpefeneHbl Ha ABe BO3pacTHble rpynnbl: | — noa-
pocTku 1 monogsle B3pocnole (MMB) B Bospacte 15 —
39 nert; Il — naumeHTLI cTapLlen BO3pacTHOM rpynnbl
(>39 ner).

KnuHuko-naTonormiyeckue n MoseKynsipHblie
XapaKTepuUCcTUKU NaumMeHTOB NOAPOCTKOBOIO U
MOJI0A0ro B3pOCIIOro Bo3pacTta U NnauMeHToB
cTaplwen BO3pacTHOW rpynnbl

HecmoTpsi Ha 6onee Mmonogon Bo3pacT, y nauu-
€HTOB rpynnbl | oTMevanucb npusHaku donee arpec-
CVIBHOTO fTOKanbHOro Te4eHUs 3abonesaHunsi No cpae-
HeHuo ¢ naumeHTamu rpynnel Il. MegvaHa pasmepa
Onyxonv y nauneHToB rpynnbl | Bbinia ctatuctTuieckn
3Ha4mMmo 6onblie n coctaBuna 19,5 mm [14,0 — 30,0]
npotme 15,0 mm [10,0 — 20,0] y naumeHTOB rpynnbl
Il (p=0,024). AHanorn4Ho, onyxonu pasmepom 6onee
20 MM CTaTMCTUYECKM 3HAYMMO Yalle BbISBASMUCH
B rpynne |: 38,8% npotuB 22,4% COOTBETCTBEHHO
(p=0,012) (Tabn. 1).
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Tabnuua 2 — KnuHuko-natonormyeckme u MONEKYINAPHbIE XapakKTEPUCTUKN, aCCOLUMNPOBaHHbIE C PAa3BUTUEM

peuvanBa y nauneHToB rpynnbi |

MokasaTtenb C peungusom bes peunanea p

My>kckor non 3/7 (42,9%) 10/72 (13,9%) 0,083
xﬂefg;"“a pasmepa onyxoni, MM 22,0 [17,5 — 37,5] 17,5 12,8 — 30,0] 0,161
Pasmep onyxonu >20 MM 4/7 (57,1%) 26/72 (36,1%) 0,417
MeTtacTtasbl B numMdaTnyeckue yanbl 6/7 (85,7%) 21/56 (37,5%) 0,036
MaTtonornyeckas kateropua T 2,0[2,0-3,0] 1,0[1,0-2,0] 0,018
BRAF 4/7 (57,1%) 37170 (52,9%) 1,000
TERT-p 3/7 (42,9%) 1/67 (1,5%) 0,002
BRAF/TERT-p 2/4 (50,0%) 1/31 (3,2%) 0,029
Ki-67, %, meanana (MKP) 3,0[1,0-9,0] 4,0[3,0-7,0] 0,525
AYTOUMMYHHbIA TUPEOUANT 1/6 (16,7%) 16/28 (57,1%) 0,175
Cocyauncras nHeasns 0/6 (0,0%) 18/71 (25,4%) 0,326

lMpumeyaHue: MKP — MexKBapTUMbHbIN pasmax; natonornyeckas kateropus T — KaTeropms NnepBUYHOM OMyXOmnn B COOTBETCTBUU C Kac-
cudpukaument TNM; BRAF — mytaunst BRAF V600E HesaBucumo ot ctatyca TERT-p; TERT-p — myTauus npomotopa TERT HesaBucumo
ot ctatyca BRAF V600E; BRAF/TERT-p — covetanne mytaumn BRAF V600E n myTtaunm npomotopa TERT; Ki-67 — nnaekc nponvdepa-

TUBHOM akTUBHOCTY Ki-67; AUT — ayTOMMMYHHbIN TUpeouanT

MeTtactaTuyeckoe nopaxeHne numdaTu-
YEeCKMX Y3roB Yy NauuMeHToB rpynnbl | BbIABAANOCH
noyTu B Ba pasa 4alle, Yem y naumeHToB rpynnsi |l
(43,8% npotuB 23,4%; p=0,007). Peunane 3abone-
BaHMs Takke Habntogarncs 6onee 4yem B YeTbIpe pasa
Yawle cpegm naumeHToB rpynnbl |: 8,9% npotus 2,0%
cooTBeTcTBEHHO (p=0,035).

KnuHuko-natonornyeckme n MoneKkynsipHbie
npeauKTopbl peunavBa y nauueHToB
NoApPOCTKOBOIo U MOJIOA0ro B3pOCIIOoro
BOo3pacTa

C uenbio BbISABNEHNA PaKTOPOB, acCoOLMMPO-
BaHHbIX C Pa3BUTMEM peLuMavBa Y NauneHToB MOSo-
OOro Bo3pacTa, OblfiM COMOCTaBIEHbI KITMHUKO-NA-
TONMOTMYECKME U  MOFEKYMSIPHbIE XapPaKTEPUCTUKM
naumMeHToB C peumameBom 1 6e3 peunamnea B rpynne
| (tabn. 2).

Y naumeHToB rpynnel | ¢ peungnsom 3abone-
BaHMS OTMeYanucb npusHaku Gonee pacnpocTpa-
HEHHOro MECTHO-PErMOHaPHOro OMyXoNneBoro npo-
Lecca no cpaBHEHUO ¢ naumeHTamun 6e3 peunguea.
MeTactasbl B numdatuyeckme yanbl BbISBMSNNCH
y 85,7% nauneHToB ¢ peumamsom u 'y 37,5% nauum-
eHToB 6e3 peuungmsa (p=0,036). Kpome Toro, y na-
LMEHTOB C peuuaMBoM OTMevanacb CTaTUCTUYECKN
3Ha4yMMo Ooriee BbicoKasi naToriornyeckasi kKateropust
T (p=0,018).

Cpenun MomnekynsipHbIX MapkepoB Haubornee
Bblpa)keHHasl accouunauust ¢ peunansoM Obina BbisiB-
neHa gns mytauun npomotopa TERT: oHu onpege-
nanuckb y 42,9% naunMeHToB C pPeLMONBOM U TOSNbKO
y 1,5% nauneHToB 6e3 peungmea (p=0,002). Covera-
Hne mytauun BRAF V600E n TERT-p Takke BCTpe-
Yyanocb CTaTUCTUYECKU 3HAYMMO Yalle Yy NauMeHTOB
c peumamsom 3abonesanus (50,0% npotme 3,2%;
p=0,029).

B TO Xe BpeMsi Hanmune n3onMpoBaHHON My-
Taumm BRAF V600E He nosBonsano gudpdepeHum-
poBaTb MaUMEHTOB C peuuavMBom K 6e3 peuungunsa
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(57,1% npotue 52,9%; p=1,000). Myxckon non u
pa3mep onyxonu 6onee 20 MM HECKOMNbKO 4Yalle OT-
MeYanucb y NauneHToB C peumanBoM, O4HAKO pas-
nnyna He JoCTWrany CTaTUCTUYECKOW 3Ha4YMMOCTMW.
CratucTnyeckn 3HauMMbIX accoumaumin ¢ UHOEKCOM
Ki-67, ayTOMMMYHHbIM TUPEOUOUTOM N COCYAUCTOM
NHBa3Nen Takke BbISBMEHO He BbIno.

OBCYXOEHUE

Pesynbrathl nccnegoBaHns CBUAETENbCTBYHOT
0 3HaAYMTENbHbIX BO3PACTHbIX Pa3NUYMsAX B KIUHW-
KO-MaTornormyeckmx M MOMEKYNSAPHbIX XapakTepu-
CTUKaX ManumnspHOro paka LUMTOBUAHOW >Kenesbl
(MPLLK). HecmoTps Ha BGonee mornogow Bo3pactT, Y
NOAPOCTKOB M MOMOAbIX B3POCbIX Habrtoganocs 60-
nee BbIPAXEHHOEe OKOperMoHansHoe pacnpocTpa-
HeHne 3aboneBaHVs: MedvaHa pasMepa NepBUYHON
onyxonu bbina cTaTUCTUYECKN 3HAYMMO BbiLLE, OMy-
xonu pasmepom 6ornee 20 MM BCTpeyanucb valle, a
YacToTa MeTacTasoB B nuMmdarmyeckue y3nol bbina
MoYT! B ABa pasa Bhbllle, YeM Y NauueHToB cTapLue-
ro Bospacta. QT XapaKTepuCTUKN yKasblBaloT Ha TO,
4YTO MOMOJOW BO3PacCT NpW NanuisipHOM pake Luu-
TOBUAOHOW Xene3bl, HECMOTPS Ha ero TpaguLMOHHO
GnaronpuaTHYIO MPOrHOCTUYECKYI0 POfb B OTHOLLE-
HMM BbPKMBAEMOCTW, CBA3AHHOWM C OMyXOrbko, HE UC-
KrntoyaeT KnuHuyeckn bornee arpeccuBHOrO Nokarb-
HO-PEerMoHapHoOro TedeHns 3abonesaHus.

Hy>XHO OTMETUTb, YTO HaLUW AaHHbIE cornacy-
toTcsa ¢ pesyneratamu uccnegosaHus V. P. T. Nguyen
n Op., B KOTopoM 6Obino npoaHanuanposaHo 1 677
nauneHToB ¢ MNMPLPXK, B Tom uncne 400 naumeHToB B
Bo3pacte oT 15 go 39 ner. Y naumenTtos c MNPLWX cTa-
TUCTUYECKN 3HAYMMO Yalle Habnganucb onyxonu
pa3vepowm bornee 2 cm (27,0% npotus 18,9%), num-
daTnyeckas nHBasus, a Takke KIMHUYECKM BbISIBNS-
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emMble 1 Mopconornyeckn NOATBEPKAEHHbIE MeTac-
Tasbl B perMoHapHble numdaTtnyeckme yanbl. ABTOpPbI
TakKe OTMETUIIN 3HAYMMble BO3PACTHbIE Pa3NU4Ms
B MONeEKynsaApHOM npodure onyxornen. Takum obpa-
30M, coveTaHue bonbLuero pasmepa NnepBUYHON Ony-
xonu n 6ornee BbICOKOW YacTOTbl METACTa3npOBaHMWs
B numMdarmdeckue y3nbl, Habnogaemoe B uccneno-
BaHWUW, COrmacyeTcs C AaHHbIMU KPYMHOW KOropThl Nna-
LLMEHTOB TOW k€ BO3pacTHOWM Kateropum [2].

AHanornyHbele pesynesrartbl ObIny nonyyeHsb L.
Wang v ap. npu cpaBHeHun 463 naumeHToB ¢ [TMB 1
MPLLPK 1 489 nauneHToB B Bo3pacTe ctaplue 39 net.
Y Gonee mornofpix MauUWEHTOB OTMevyanucb Gonb-
LWMe pa3mepbl NepPBMYHON ONyxonu, 6onee BbiCOKast
YyacToTa MHBa3WW B Karncyny LMTOBUOHOW Xenesbl,
MeTacTasbl B LieHTpanbHble NuMdaTnyeckue yanel, a
Takke GorbLUee KONMYECTBO MOPaXKEHHbIX LieHTparb-
HbIX NIMMpaTUYECKNX y3roB. ABTOPbI MPULLINN K BbIBO-
ay, uto MPLPK npu NMMB nveeT 6onee BbipaXKEHHYH
CKITOHHOCTb K WHBa3uu NEPBUYHON OMyXonu U MeTa-
CTa3npoBaHM1IO B LUENHble nuMdaTnyeckue ysnbl [5].
OTOT pe3ynkraT cornacyercsi ¢ pesynsratamu npose-
OEHHOrO 1ccrneaoBaHus, CormacHo KOTOpbIM MeTacTa-
3bl B nuMdatnieckme y3nbl 6binm BoisiBrieHs! y 43,8%
naumeHToB ¢ NNMB no cpaBHeHuto ¢ 23,4% naumneHToB
B CTapLuen Bo3pacTtHon rpynne (p=0,007).

OpHako BaXHO MPOBOAUTH pasnuyne mexagy
nokarnbHO-pernoHanbHon arpeccuBHocTbio [PLLPK
N ee BNUSHNEM Ha OOMNTOCPOYHbINA MPOrHO3. Y MOso-
ObIX naumneHToB bonee BbiCOKas 4acToTa NopaXKeHus
pervoHapHbIX NMMdaTU4EeCKnx y3roB He obs3aTtenb-
HO COMpoOBOXAAeTCA NPOMOPLUMOHANBHBLIM yBENuye-
HMeM onyxonecneuumdguyeckorn cmeptHocTu. Kpome
TOro, AaHHble HedaBHWX WCCMEeLOBaHUN yKasbiBaloT
Ha HEeNVHEenHy 3aBMCMMOCTb MEXAy BO3pacToM U
puckoMm peuungmea. H. Huang v gp., npoBeas aHanms
obwmpHor koropTbl naumeHToB c [MPLK, npoge-
MOHCTpupoBanu U-o6pasHyto 3aBUCUMOCTb MeXay
BO3PacTOM Ha MOMEHT MOCTAHOBKM AnarHo3a v Bepo-
SATHOCTbIO peunanBa, npuiemM HebnaronpusaTHbIe No-
KasaTtenu BbbKMBaemocTu 0e3 peumavea Habnwoga-
NCb HEe TOMbKO B CTapLUMX, HO U B CaMbIX MOMOAbIX
BO3pacTHbIX rpynnax [8].

Mpwn BHYyTpUrpynnosom aHanuie NMB Hanbo-
nee BbIPAXEHHbIE KMMHUKO-NaTonorniyeckne pasnu-
4Yns Mexagy naumeHTamum ¢ peuvavBoM n 6e3 Hero
ObINM CcBA3aHbl C PacnpOCTPAHEHHOCTLIO MEPBUYHO-
ro onyxonesoro npouecca. Metactasbl B numdaru-
yeckune yanbl Habnoganucb y 85,7% nauneHToB C
peunagnuBoM no cpaBHeHuto ¢ 37,5% naumeHToB 6e3
peunguea (p=0,036), a maTonornyeckas Kateropus
T Oblna cTaTUCTUYECKM 3HAYMMO BbILE B rpynne ¢
peungueom (p=0,018). DT gaHHbIe NoaTBEPXAAOT
MPOrHOCTMYECKOE 3HAYEHME PEervoHapHbIX MeTacTa-
30B Y Monoabix nauynenTos ¢ MNMPUPK. B nccnegosa-
Hum M. Tian n gp., NOCBSILLEHHOM OETAM, NOAPOCT-
KamMm M MONogbiM B3pOCIbIM, HanuyMe MeTacTas3oB
B NMM@aTtnyecknx yanax sBnsAfocb He3aBMCHMMbIM
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hakTopoM pucka MnocrneonepaLmoHHOro peunanea
(Exp[B] = 6,818; p=0,009). Gonee TOroO, HanNM4Ne me-
TacTasoB, NopaxeHue nATu n bonee NUM@aTn4ecKnx
y3M0B, a Takke VX narteparnbHas fokanusauus obinm
CBSI3aHbl C XyALlen BbbKMBaemocTbio 6e3 peunansa
[9]. Takum 0Bpasom, Hannyme MeTacTasoB U CTENEHb
MOpa)KeHWs1 PErMoHapHOro IMMAaTUYECKOro KOMmmnekK-
Topa MOryT MMETb MPUHUMNUANbHOE 3HavYeHue Onis
OLIEHKW p1CKa peumanBa y MorogbixX NauneHToB.

Haunbonee 3HauyvMMble pasnuuunsa mexagy nauu-
€HTaMu C peunanBMpyoLLIMM U HEPELMOVNBMPYHOLLMM
MPUPK B Hawem uccnegoBaHUn Gbinv BbISIBIEHDI
npu aHanuse TERT-p. Mytauum npomotopa TERT
Obinn oGHapyXeHbl y 42,9% nauneHToB C peuu-
aveom 1 nuwb y 1,5% naumeHToB 6e3 peuugmea
(p=0,002). HecmoTpsi Ha Hebonbloe abcontoTHoe
yncro TERT-p-nonoxutenbHbIX onyxonen, macwtab
pasnuyMin yKkasblBaeT Ha BbICOKYH MOTEHLMANbHYHO
MPOrHOCTUYECKYI 3HA4YMMOCTb 3TOr0 MOMEKYNAPHO-
ro cobbITva B uccriegyemon rpynne. dTa  KapTuHa
cornacyetcsi ¢ COBPEMEHHbIMW AaHHbIMKU O Hebna-
FONPUSITHOM MPOFHOCTUYECKOM 3HAYeHuM MyTauumn
npomotopa TERT npu MPUWPK. B nccnepgosannmn M.
J. Kim n gp., kotopoe oxBaTtuno 6ornee 10 000 na-
LUMEHTOB C AOCTYMHbIMW OaHHLIMU MOMEKYNAPHOIO
npocdunupoBanus, TERT-p BcTpevancs peako; og-
HaKO ero HanuymMe accoummpoBanocb ¢ bonee HW3-
KO 4acTOTOM MOMOXUTENBHOIO OTBETA Ha NEYeHNe,
fonee BbLICOKOW 4aCTOTOM CTPYKTYPHO HEMOSHOro
OTBETA, peuUMavMBaMy U Xydlewh BbDKMBAEMOCTbIO
©e3 nporpeccunpoBaHns 3aboneBaHus. CBsA3b C He-
BnaronpuaTHBIM MCXOOOM COXpaHanach gaxe nocne
COMOCTaBMEHNST MAUMEHTOB Ha OCHOBE MWCXOOHbIX
KrMHMKO-NaTonorndyecknx xapaktepuctuk [10]. Ta-
Knm 00pasomM, HM3kas pacnpocTpaHeHHoCcTb TERT-p
B 00Lwen nonynaumm naumeHToB ¢ MNPLLPK He ncknto-
YaeT ero BbICOKOW MPOrHOCTUYECKOM LIEHHOCTU Y OT-
OenbHbIX NaLUeHTOB.

B npoBegeHHoM uccriegoBaHuM Obina BhISB-
neHa ewé 6ornee BbipaXeHHasi CBsI3b NpY CoMETaHMU
myTaumin BRAF V600E n TERT-p: aBonHasa myTauus
6bina obHapyxeHa y 50,0% naumenToB ¢ MB, y
KOTOpbIX Habntogancs peunams, v nuwb y 3,2% na-
umeHToB 6e3 peumamea (p=0,029). CoBpeMeHHble
JaHHble NoATBepXxAaltT HebnaronpusiTHoe Guono-
MMYecKoe 3Ha4YeHMe COYETaHUs 3TUX MOMEKYNSPHbIX
nameHeHnn. C. Deng u gp. B xoge aHanusa 756 na-
LMEHTOB MoKasarnu, YTo OMyxosin ¢ OAHOBPEMEHHBIM
Hannymem myTtauun BRAF V600E n TERT-p xapak-
Tepu3oBanucb 60MbLWMMK pa3MepamMm, 3HAYNTENBHO
fonee BbICOKOW 4aCTOTOM 3KCTPaTUPEOUOHOro pac-
NPOCTPaHEHUS, BbICOKOW METacTaTU4eCcKoW Harpys-
KOW Ha nMdartn4eckune y3anbl U 3HaYNTENBHO XyALLIEN
BbbKMBaeMocTblo 6e3 peunanea. bonee Toro, ctartyc
OBOWMHOW MyTauMu OKasaricsd cambIM CUIbHbIM He3a-
BMCHMbIM (DaKTOPOM, CBA3aHHbBIM C BHELLUTOBUOHBLIM
pacnpocTpaHEHNEM M MacCUBHbBIM MOPaXXEHNEM pe-
rMMOHapPHbIX NMMMdaTUyecknx yanos [7].
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AHanm3 BbISIBUI XapaKkTepHbIE KITMHUYECKNE U
MorekynsipHble ocobeHHocTn MPLK y nogpocTtkoB
U Mornogpbix B3pocrbix. [lonyyeHHble gaHHble noa-
TBEPXKOAKT Lenecoodpa3HOCTb KOMMIIEKCHON OLEH-
KM KNMHWYECKNX, NaTONOMMYEeCKnX M MOMNEKYNSPHbIX
xapaktepuctuk MPLPK y nogpocTkoB M Monogbix
B3pOCIbIX MaUMeHTOB U 0BOCHOBbLIBAOT Heobxoau-
MOCTb AanbHewnwero ndyvyeHms TERT-p B kadecTtBe
NoTeHUManbHOro Mapkepa HebrnaronpusiTHoro Teve-
HWs1 3aboneBaHns B 3TON BO3PACTHOW rpynne.

BbIBOAbI

Ha ocHoBaHUM NpoBEAEHHOIO aHanm3a MOXHO
3aKIT4YNTb, YTO Y NOAPOCTKOB M MOMNOAbIX B3POCIbIX
MPLK xapaktepusoBancsa 6onee BblpaXeHHbIM J10-
KanbHO-pernoHanbHbIM pacnpocTpaHeHeM n 6onee
BbICOKOM 4acTOTOM peunanBoB MO CPaABHEHUIO C Na-
UMeHTaMmn crapwero BospacTta. Haubonee 3Haum-
MbIMK MpeguKkTopaMy peumamBa OblM MeTacTasbl
B nNuMmdaTtudeckme yanbl, 6ornee BbiCOKast Kateropus
T, myTaums npomotopa TERT n kombuHaumns BRAF
V600E/TERT-p, Toraa kak cama no cebe myTtauus
BRAF V600E He Gbina cBsizaHa C peunguBom. OTu
OaHHble MOATBEPXOalT LenecoobpasHoCcTb NpumMe-
HEeHUS1 KOMMMEKCHOW KIMHUYECKON U MOSEKYNAPHOWN
cTpaTudmkaumm pucka y nogpocTKOB U MOSOAbIX
B3POCIbIX NALMEHTOB.
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Aim. To evaluate the clinical, pathological and molecular factors associated with recurrence of papillary

thyroid carcinoma in adolescents and young adults.

Materials and methods. The study design was a multicentre retrospective study. The study included 246
patients with papillary thyroid carcinoma, divided into two age groups: adolescents and young adults (aged

15 — 39 years) and patients over 39 years of age.

Results and discussion. Adolescents and young adults were found to have larger primary tumours, a
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higher incidence of lymph node metastases (43.8% versus 23.4%; p=0.007) and a higher rate of recurrence
(8.9% versus 2.0%; p=0.035). The BRAF V600E mutation was less common in adolescents and young adults
(52.6% versus 76.1%; p=0.001). In the group of adolescents and young adults, recurrence was associated with
lymph node metastases, a higher T stage, the TERT-p mutation, and the BRAF V600E/TERT-p combination.

Conclusions. The obtained results indicate that in adolescents and young adults, papillary thyroid
carcinoma is characterized by a more aggressive locoregional course, which justifies the need for a
comprehensive clinical and molecular assessment of the risk of relapse.

Key words: papillary thyroid carcinoma; adolescents and young adults; recurrence; risk stratification;
TERTp
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3epmmey makcamei. YKacecnipimgep MeH xac epecekTepae nanunnsapnbl KankaHwa 6esiHiH, kaTepni
iCiriHiH KanTanaHybIMeH 6annaHbICTbl KNMHMKAIbIK, MATONOMMANbIK XXoHe MONeKynspnblk dpakTopnapabl bara-
nay.

Mamepuandap xeHe adicmep. 3epTTey An3ariHbl: Ken opTasnblKTbl PETPOCNEKTUBTI 3epTTey. 3epTTe-
yre nanunnsipnbl KankaHwa 6esiHiH, katepni iciri 6ap 246 Haykac eHrisingi, onap eki »xac TobbliHa GeniHai:
)acecnipimagep MeH xxac epecektep (15 — 39 xac) xeHe 39 xxacTaH ackaH HaykacTap.

Hemuxenep xeHe markbinay. XXacecnipimgep MeH Xac epecekTepae OacTtankbl icikTepgiH YIikeH
kenemi, numda TyniHaepiHe meTacTas TapaybIHbIH Xuiniri xxofapbl (43,8% kapcbl 23,4%; p=0,007) xaHe pe-
unamnBTIH Nanga 6ony xuiniri xorapbl (8,9% kapcbl 2,0%; p=0,035) ekeHi aHbikTangbl. BRAF V600E myTa-
LMSChI Xacecnipimaep MeH xxac epecektepge cupek kesgecTi (52,6% kapcbl 76,1%; p=0,001). XKacecnipim-
Oep MeH xac epecektep TobblHAa peumamB numda TyhiHOEepiHiH MeTacTa3gapbiMeH, Xofapbl T caTbICbIMEH,
TERTp myTaumsiceiMeH xaHe BRAF V600E/TERT-p komOnHaumacebiMeH GannaHbiCTbl 6ongbl.

KopbimbiHObI. AnblHFaH HOTUXKENEp XacecnipiMaep MeH Xac epecekTepae kankaHwa 6esiHiH nanun-
nsApnbl 06bIpblI arpeCccuBTi XEPTiNiKTi anMakTbiK TapanyFa 6eniMm aFbIMMeEH cunatTanaTbiHbiH KepceTeai, oyn
peunaueTiH Narga 6ony kayniH KeweHai Typae KNUMHUKanbIK xxaHe Morekynanblk 6aranay KaXeTTiniriH Heris-
aenai.

Kinm ce3dep: nanunnapnbl KankaHwwa 0esiHiH kaTepni iciri; »xacecnipiMaep MeH XXac epecekTep; peuu-
OuB; Tayekenaepai ctpatudukaumanay; TERTp
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Introduction. Rheumatoid arthritis is a prevalent, disabling disease in which early diagnosis is crucial.
The onset of the disease is generally associated with multiple risk factors; however, its etiology remains not
fully understood. Currently, increased patient awareness and broad access to laboratory diagnostics for this
condition enable timely detection and subsequent administration of appropriate treatment in accordance with
clinical guidelines.

Aim. To evaluate patterns of rheumatoid arthritis manifestation based on clinical presentation in patients
at an early stage of the disease, and to determine the association between risk factors, the status of antibod-
ies to cyclic citrullinated peptide, disease activity (Disease Activity Score 28).

Materials and methods. A cross-sectional study was conducted on 48 patients with early-stage rheu-
matoid arthritis between 2025 and 2026 to identify patterns in the manifestation of the disease. Patients were
surveyed, including identification of affected joint groups and associated risk factors. Disease activity was
assessed using the DAS28, and patients were divided into groups with low, moderate, and high. Spearman’s
correlation was used to determine the relationship between anti-CCP status and DAS28 scores.

Results and discussion. Disease activity was low in 10.42% of cases, moderate in 68.75%, and high in
20.83%. Patients with a positive anti-citrullinated peptide (anti-CCP) antibody test had lower DAS28 scores com-
pared to those with a negative anti-CCP antibody test. Spearman’s correlation analysis demonstrated a statisti-
cally significant weak negative correlation between anti-CCP status and DAS28 scores (rs = —0.28; p = 0.048).

Conclusion. Thus, in this study of 48 patients, most individuals with early-stage rheumatoid arthritis
exhibited moderate disease activity, which was associated with a high prevalence of anti-cyclic citrullinated
peptide (anti-CCP) antibody positivity. Laboratory testing for the presence of antibodies to cyclic citrullinated
peptides in patients with manifestation of articular syndrome may have potential clinical value in the preclini-
cal stages of rheumatoid arthritis.

Key words: arthritis, rheumatoid; risk factors; anti-citrullinated protein antibodies, DAS-28, early rheu-
matoid arthritis

INTRODUCTION

Rheumatoid arthritis (RA) is a multifactorial,
systemic disease reflecting the autoimmune nature
of its progression in the clinical presentation. To date,
substantial evidence has been accumulated, allowing
for an expanded understanding of the pathogenesis
of this condition as well as the development of vari-
ous therapeutic approaches. In the clinical presenta-
tion of this disease, manifestations are predominantly
characterized by articular syndrome, as well as mus-
culoskeletal features such as stiffness in muscles
and ligaments, reflecting impaired function of affected
joints. However, a preclinical phase has been iden-
tified by researchers and described in 2012 by the
European Alliance of Associations for Rheumatology
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(EULAR), representing an important stage in under-
standing disease development. During this phase,
alterations in RA-related serum markers occur long
before the appearance of initial clinical signs [1]. In
the pathogenesis of the disease, a key role is attribut-
ed to autoimmune mechanisms, particularly involving
macrophages and neutrophils.

Recent studies increasingly highlight the in-
terplay not only of genetic predictors, environmental
factors, and lifestyle, but also of the gut microbiota [2,
3, 4, 5] and oral microbiota [6, 7, 8]. In this context,
probiotics and dietary interventions are being consid-
ered among contemporary therapeutic approaches.
At the same time, an important research focus is the
variability in disease prevalence, with a predomi-

89



Kiaunanyeckass MeIuIMHA

nance observed in women. Accordingly, the influence
of female sex hormones on the development of the
pathological process must be taken into account,
as supported by numerous studies and reviews [9,
10]. It is also important to recognize that this disease
leads to a reduced quality of life and an increased
risk of cardiovascular diseases [11]. Evidence sug-
gests that patients with anti—cyclic citrullinated pep-
tide (anti-CCP)-negative status tend to exhibit less
pronounced clinical manifestations than those with
anti-CCP-positive status [12].

Current research trends emphasize the distinct
identification of a preclinical stage characterized by
laboratory abnormalities in blood markers (anti-CCP,
rheumatoid factor (RF), and C-reactive protein (CRP).
During this stage, the clinical presentation is typically
oligosymptomatic, which complicates early diagnosis.
This contributes to the «blurred» nature of the true
clinical picture and disease activity, often resulting in
delayed initiation of pathogenetic therapy, including
the use of alternative treatments. Antibodies to the
anti-cyclic citrullinated peptide are a standard diag-
nostic test for RA and often indicate a more severe
course of the disease. However, data regarding the
early stages of the disease and its association with
serological and clinical status remain controversial.

In the clinical presentation of the disease, in-
volvement of peripheral joints predominates, charac-
terized by swelling and the presence of morning stiff-
ness. Until 2010, the 1987 classification criteria for
rheumatoid arthritis were used, which included key
parameters such as morning stiffness, arthritis affect-
ing three or more joints, arthritis of the hand joints,
symmetry, the presence of rheumatoid nodules, a
positive rheumatoid factor test, and characteristic
erosive radiographic changes. The diagnosis was
considered confirmed if at least four of these criteria
were present for a duration of at least six weeks [13].
However, under these criteria, rheumatoid arthritis
was often diagnosed at a later stage, when erosive
changes and rheumatoid nodules had already devel-
oped, which is typical of established and advanced
disease. In 2010, the classification criteria were re-
vised, placing particular emphasis on the number and
size of affected joints (large or small joints), laboratory
findings (anti—cyclic citrullinated peptide (anti-CCP),
rheumatoid factor, erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP), disease dura-
tion (at least six weeks), as well as the specification
of joints excluded from assessment [14].

Timely diagnosis and treatment allow patients
to slow disease progression and improve quality of
life, including both physical and psychological health
outcomes. Studies have demonstrated an associa-
tion between rheumatoid arthritis and an increased
prevalence of depression and anxiety, which may ex-
acerbate the course of the underlying disease [15].
Modification of risk factors in individuals with genetic

90

a predisposition (particularly smoking cessation and
adherence to dietary recommendations) can contrib-
ute to improved treatment outcomes [16, 17].

Aim of the study was to evaluate patterns of
rheumatoid arthritis manifestation based on clinical
presentation in patients at an early stage of the dis-
ease, and to determine the association between risk
factors, the status of antibodies to cyclic citrullinated
peptide, disease activity (Disease Activity Score 28).

MATERIALS AND METHODS

A cross-sectional study design was conducted
in patients with early rheumatoid arthritis between
2025 and 2026. Data were collected through in-per-
son interviews with patients. Before the survey, re-
spondents were informed about the purpose of the
study and data confidentiality. Informed consent was
obtained. The first phase involved a questionnaire.
The second phase involved assessing Anti-CCP sta-
tus and disease activity (Disease Activity Score 28). A
standardized questionnaire, adapted based on litera-
ture data on risk factors, was used for data collection.
The questionnaire included 7 questions with binary
«YES» or «NO» responses. Laboratory results (An-
ti-CCP status) and clinical indicators (disease activity
as measured by DAS 28) were then assessed. The
questionnaire was not validated and was developed
based on the scientific literature. The contents of the
questionnaire are provided in Appendix 1. Based
on laboratory test data, the laboratory indicator (an-
ti-CCP) was assessed according to medical records.
Disease activity was assessed using DAS 28 and pa-
tients were divided into groups with low (£3.2), mod-
erate (3.2-5.1), and high (>5.1). The study involved
48 patients from Karaganda region.

Inclusion criteria. The study included pa-
tients diagnosed with rheumatoid arthritis (RA) in
accordance with the 2010 classification criteria of
the American College of Rheumatology/European
Alliance of Associations for Rheumatology (ACR/EU-
LAR). The age of the participants ranged from 20 to
60 years. Patients with a disease duration of up to
one year were enrolled, corresponding to the early
stage of RA.

Exclusion criteria comprised: RA diagnosis
not confirmed by laboratory data, rheumatic diseas-
es, disease duration exceeding one year, absence of
acute conditions (heart failure, renal failure, liver fail-
ure, decompensated psychiatric or neurological con-
ditions), history of oncological diseases, pregnancy
and lactation.

Clinical history was assessed to identify pat-
terns of disease manifestation, the nature of joint in-
volvement, and associated risk factors.

The relationship between risk factors, anti-cy-
clic citrullinated peptide (anti-CCP) antibodies, and
disease activity was evaluated using the Disease
Activity Score 28 (DAS28), including an assessment
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Gender Household Exposure Coronavirus Infection
No household
Mo history
COoVID-19
Household
Smoking Status Family History

Man-smoker

Mo
Smoker

Figure 1 — Characteristics of the study sample by risk factors

Stress Anti-CCP Status
Mo 54.17% MNegative 25.00%
Positive 75.00%
0 10 20 3 40 50 &0 70

Disease Activity

High

Moderate 68.75%

10 20 30 a0 50 60

‘6!.

Figure 2 — Psychosocial and immunological factors

of the number of painful and swollen joints. Informed receiving standard antirheumatic therapy, primarily
consent was obtained from all participants. At the methotrexate at a dose of 10-12.5 mg per week last-
time of enrollment in the study, some patients were ing no more than 3 months.
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Table 1 — Assessment of disease activity according to risk factors

n % 95% ClI n % 95% ClI n % 95% CI
Factors
I (low) Il (moderate) [l (high)
(n=5) (n=33) (n=10)
Anti-CCP
Negative - - - 8 | 24,24 | 11,09 —-42,26 4 40,00 | 12,16 —-73,76
Positive 51 100,00 | 47,82—-100 | 25 | 75,76 | 57,74 — 88,91 6 60,00 | 26,24 — 87,84
Stress
No 3| 60,00 134’16?3_ 16 | 48,48 | 30,80 — 66,46 7 70,00 | 34,75-93,33
Yes 2| 40,00 |5,27-85,34| 17| 51,52 | 33,54 — 69,20 3 30,00 | 6,67 —65,25
Household exposure
r':lgusehold 51 100,00 | 47,82—-100 | 23 | 69,70 | 51,29 — 84,41 4 40,00 | 12,16 —-73,76
Household - - - 10 | 30,30 | 15,59 — 48,71 6 60,00 | 26,24 — 87,84
Smoking status
Non-smoker | 5| 100,00 | 47,82 -100 | 27 | 81,82 | 64,54 -93,02| 10 | 100,00 | 69,15- 100,00
Smoker - - - 6 | 18,18 | 6,98 — 35,46 - - -
Coronavirus infection
No history 4| 80,00 |28,36-99,49 | 27 | 81,82 | 64,54 — 93,02 7 70,00 | 34,75-93,33
m}ztgtz:f 1| 20,00 | 0,51-71,64 | 6 | 18,18 | 6,98-3546 | 3 | 30,00 | 6,67—-6525
Sex
Male - - - 8 | 24,24 | 11,09 -42,26 3 30,00 | 6,67 —65,25
Female 51 100,00 | 47,82—-100 | 25 | 75,76 | 57,74 — 88,91 7 70,00 | 34,75-93,33
Family history
No 4| 80,00 |28,6—-99,49|30| 91,91 | 75,67 — 98,08 9 90,00 | 55,50 -99,75
Yes 1| 20,00 |0,51-7164| 3 9,09 1,92 — 24,33 1 10,00 | 0,25-44,50
Inflections
No 51 100,00 | 47,82-100 | 31| 93,94 |79,77-99,26 | 10 | 100,00 | 69,15-100,00
Yes - - - 2 6,06 0,74 — 20,23 - - -
Statistical Analysis. For the description of RESULTS

event frequency, proportions were calculated with
95% confidence intervals (Cl). Confidence intervals
for proportions were estimated using the Wilson
method. Statistical analysis was performed using the
Epi Info software package (version 7). Quantitative
variables are presented as mean * standard devi-
ation (SD). Normality of distribution was assessed
using the Shapiro — Wilk test. Comparisons between
two groups were conducted using the independent
samples t-test. Differences were considered statisti-
cally significant at p<0.05. The Spearman correlation
coefficient was used to assess the relationship be-
tween variables. Statistical significance was estab-
lished at p<0.05.
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A total of 48 patients were included in the study
(fig. 1), of whom 77.08% were female and 22.92%
were male. Anti-CCP antibodies were positive in 75%
of patients and negative in 25%. The presence of
household-related exposures was reported in 16 in-
dividuals (33.33%; 95% CI1 20.40 — 48.41%), while 32
patients (66.67%; 95% CIl 51.59 — 79.60%) reported
no such exposure. A history of coronavirus infection
was indicated by 10 patients (20.83%), and smoking
by 6 patients (12.50%). A family history of autoim-
mune diseases (including rheumatoid arthritis and
others) was identified in 5 patients (10.42%; 95% CI
3.47 -2 2.66%). The main characteristics are shown
in fig. 1.
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Table 2 — Comparison of DAS28 according to anti-CCP status

Anti-CCP Status n Mean SD Student’s t p-value
Negative 12 4,62 0,7

” 2,55 0,017
Positive 36 3,97 0,9

Table 3 — Localization of pain symptoms in joint groups

Onset: joint localization Number of patients
Shoulder joints 4

Elbow joints 1

Wrist joint 9

Hand joints 17

Hip joints 0

Knee joints 15

Ankle joints 0

Foot joints 2

The absence of stress was reported by 26 pa-
tients (54.17%; 95% CI 39.17 — 68.63%), while 22
patients (45.83%; 95% CI 31.37 — 60.83%) reported
experiencing stress. Anti-cyclic citrullinated peptide
(anti-CCP) negativity was identified in 12 patients
(25%), whereas 36 patients (75%) were anti-CCP pos-
itive. Regarding disease activity, low activity (grade
I) was observed in 5 patients (10.42%; 95% CIl 3.47
— 22.66%), moderate activity (grade Il) in 33 patients
(68.75%; 95% CI 53.75 — 81.34%), and high activity
(grade lll) in 10 patients (20.83%; 95% CI 10.47 —
34.99%). Thus, the majority of the sample demonstrat-
ed grade Il (moderate) disease activity (fig. 2).

Among patients with grade Il (moderate) dis-
ease activity (n = 33), a predominance of anti-cy-
clic citrullinated peptide (anti-CCP) positivity was
observed. Specifically, 25 patients (75.8%; 95% CI
57.74 — 88.91%) were anti-CCP positive, highlighting
the significance of this marker in assessing disease
course (table 1).

Psychosocial factors also played a notable
role. Specifically, stress was reported by 17 patients
(51.5%; 95% CI 33.54 — 69.20%), which may indicate
an influence of emotional state on disease activity. The
presence of household-related exposure in the group
with moderate disease activity was reported by 10 indi-
viduals (30.30%; 95% CI 15.59 — 48.71%), suggesting
a potential association between socio-environmental
conditions and the clinical course of the disease.

In the group with grade Il (high) disease activity
(n=10), the impact of household-related exposure was
even more pronounced: 6 patients (60%; 95% CI
26.24 — 87.84%) reported its presence. This may indi-
cate that, at higher levels of disease activity, social and
domestic burdens become a significant factor influenc-
ing both the perception and progression of the disease.

Comparative analysis of mean DAS28 values
between groups with different anti-cyclic citrullinat-
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ed peptide (anti-CCP) status revealed a statistically
significant difference (t=2.55; p=0.017), indicating an
association between anti-CCP status and the level of
disease activity (table 2).

To further investigate the nature of this relation-
ship, a correlation analysis was conducted. The re-
sults showed a statistically significant weak negative
correlation between the level of anti-cyclic citrullinat-
ed peptide (anti-CCP) and DAS28 scores (rs = —0.28;
p=0.048). This indicates that a higher level of CCP
antibodies was associated with a slight decrease in
DAS28 scores, which may suggest a more severe
clinical presentation, timely treatment, and early di-
agnosis of the disease.

Although the strength of the association was
weak, the coefficient of determination showed that
anti-CCP levels accounted for approximately 8.2% of
the variability in DAS28 (r>=0.082).

When evaluating the variability of clinical man-
ifestations, all patients reported a sudden onset and
high intensity of joint pain. Twelve respondents de-
scribed a migratory pattern of pain, which complicat-
ed diagnostic evaluation in the outpatient setting. Pa-
tients presenting with predominant fibromyalgia-like
symptoms (n=10) were unable to clearly localize the
most affected joint groups. Most patients reported
severe pain, accompanied by an increased use of
nonsteroidal anti-inflammatory drugs, particularly in
the evening. Notably, 19 patients reported progres-
sive loss of working capacity, including limitations
in self-care activities. One patient presented with a
persistent contracture of the third metacarpophalan-
geal joint. Forty out of 48 patients reported reported
experiencing morning stiffness. Additionally, 11 pa-
tients reported disease onset characterized by joint
pain and swelling with unilateral and asymmetrical
involvement. The location of the affected joint groups
in the early stages of the disease is shown in Table 3.
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DISCUSSION

Rheumatoid arthritis (RA) is a multifactorial
disease, the development of which is associated with
a wide range of contributing factors. Several studies
have demonstrated a causal relationship between
COVID-19 infection and the subsequent develop-
ment of RA [18, 19, 20]. Other predisposing factors
include genetic susceptibility, smoking, infections,
and environmental influences [21, 22].

In the present study, the pattern of disease
manifestation was evaluated, showing that the wrist
joints, hand joints, and knee joints were most com-
monly affected at disease onset, which is consistent
with findings reported by other authors [12]. The re-
sults also demonstrated a predominance of anti-cyclic
citrullinated peptide (anti-CCP) positivity, indicating a
more pronounced clinical presentation characterized
by joint pain syndrome. This may contribute to earlier
healthcare-seeking behavior, timely diagnostic evalu-
ation, and prompt initiation of treatment. Symmetry of
joint involvement was reported in 58.33% of patients,
which is consistent with findings reported by L. Weman
et al. [23]. Despite early detection of initial manifesta-
tions, disease activity in the majority of cases (n=33)
was classified as moderate. This observation may re-
flect the presence of a preclinical (laboratory) stage,
during which pathogenic mechanisms are already
affecting the joints without clear clinical expression.
In this study, an association between early-stage dis-
ease, disease activity, anti-CCP levels, and risk factors
was identified. Despite the relatively short disease du-
ration, patients were able to clearly describe patterns
of disease progression, including the nature of joint
involvement (symmetrical vs. asymmetrical) and char-
acteristics of pain (persistent or migratory).

Upper limb joints were most frequently involved
at disease onset (n=31). It is important to emphasize
that anti-CCP positivity and the presence of risk fac-
tors have prognostic value for early diagnosis and
disease activity. The relationship between anti-CCP
status and subsequent disease progression has also
been reported in other studies [24, 25]. Notably, an-
ti-CCP positivity at disease onset may serve as a pre-
dictor of an unfavorable disease course, character-
ized by a pronounced clinical picture.

The clinical manifestation of rheumatoid arthri-
tis (RA) in most cases is characterized by involve-
ment of the ligamentous—articular apparatus, partic-
ularly affecting the small joints of the hands and feet,
as demonstrated in prospective studies and consis-
tent with our findings [12, 26]. Daily domestic and oc-
cupational routine physical and household burden in
at-risk individuals may also negatively affect the joint
structures, potentially contributing to disease pro-
gression and earlier onset [27, 28].

Psychosocial factors likewise play an im-
portant role in disease manifestation by triggering
a cascade of biochemical reactions that disrupt the
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balance between pro-inflammatory and anti-inflamma-
tory cytokines, impair self-regulatory processes, and
contribute to higher disease activity [29]. The results
of the correlation analysis between anti-cyclic citrul-
linated peptide (anti-CCP) levels and DAS28 scores
(rs =—0.28; p=0.048) suggest that seronegative status
may influence the aggressive course of the disease,
as assessed by clinical characteristics [30]. It should
be emphasized that anti—cyclic citrullinated peptide
(anti-CCP) antibodies have high prognostic value for
the early diagnosis of RA and are considered an es-
sential biomarker in the presence of joint pathology,
given the systemic nature of the disease and the risk
of subsequent disability, which significantly impacts
patients’ quality of life.

CONCLUSION

The results of this study are consistent with the
current understanding that immunological markers
reflect certain aspects of the pathogenesis of RA but
do not fully reflect the clinical activity of the disease.
This underscores the need for a timely, comprehen-
sive approach to assessing patients’ condition, incor-
porating both clinical and laboratory data. Thus, in
our study, most patients with early-stage rheumatoid
arthritis had moderate disease activity, which was
associated with a high frequency of positive results
for anti-CCP antibody positivity. Psychosocial factors
(stress), previous coronavirus infection, smoking, and
working on agricultural land may be associated with
disease development, but further research is needed.
In our study, an Anti-CCP positive status was asso-
ciated with lower DAS-28 scores, which may reflect
a clear clinical presentation, diagnostic investigation,
and timely initiation of therapy. Further investigation
into the approach to timely diagnosis and the assess-
ment of the clinical profile remains relevant and war-
rants further study.

Limitations. A small sample size, and the fact
that some patients were receiving baseline therapy,
which could have influenced disease activity as mea-
sured by DAS-28. The questionnaire was developed
for a specific study based on existing data in the sci-
entific literature; however, no preliminary validation
was conducted.
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BesedeHue. PeBmaTongHbIN apTpUT ABNSETCS LUMPOKO pacnpoCcTpaHeHHbIM 3aborneBaHeM, NPUBOASLLNM
K WHBanNuOHOCTW, MpM KOTOPOM pellalllee 3HadeHMe MMEEeT paHHAA AuarHocTuka. BosHukHOoBeHue
3aboneBaHusl, Kak NpaBuro, CBA3aHO C MHOXECTBOM (hpakTOpPOB pucKa; OAHAKO €ro 3TMONornst 4O CUMX nop
He [0 KOHUa u3dy4veHa. B HacTosdlee BpeMsi MOBbILLEHNE OCBEAOMIEHHOCTM NALMEHTOB M LUMPOKUIA JOCTYN
K nabopaTopHOV AMarHocTuke 3Toro 3aboneBaHus NMO3BOMSAKT CBOEBPEMEHHO BbISIBMSATb €r0 U HasHa4vaTb
COOTBETCTBYIOLLEE NTEYEHNE B COOTBETCTBMMN C KIMHUYECKUMUN PEKOMEHZALMAMMU.

Llenb. OueHnTb 0COBEHHOCTM NPOSIBIIEHNST PEBMATONOHOMO apTpyTa Ha OCHOBE KITMHUYECKOW KapTuHbI
y NauMEHTOB Ha paHHen cTagum 3aboneBaHus, a Takke onpedennTb B3anmMocBa3b Mexay dpakTopamm pucka,
YPOBHEM @HTUTEN K LIMKIINYECKOMY LUTPYIINIMHUPOBAHHOMY MENTUAY M aKTUBHOCTbIO 3aboneBaHus DAS-28
(MHOEeKC akTMBHOCTM 3aboneBaHus 28).

Mamepuarnbl u MemoObi. B 2025 — 2026 rT. ObI510 NpoBeAEHO NOMNEPEYHOE UCCIegoBaHME C y4acTUeM
48 MauneHToB C peBMaToMAHbIM apTPUTOM Ha PaHHeEN CTaauMu C LEenblo BbISIBIEHUS 3aKOHOMEPHOCTEW
nposiBrieHnsi 3aboneBaHus. Bbin NpoBegeH OMpPOC MNAaUMEHTOB, BKMKOYas OnNpederneHve MopaKeHHbIX
rpynn CycTaBOB W COMYTCTBYHLMX (PakTOpOB pucka. AKTMBHOCTb 3aboneBaHUs OLEHMBANM C MOMOLLbHO
wkanbl DAS28, n naumeHTbl 6bINM pasgeneHbl Ha rPynnbl C HA3KOW, YMEPEHHOW N BbICOKOW aKTUBHOCTbIO.
[na onpepnenenns B3ammocBs3nM mexay aHTM-CCP crtatycom u nokasatensmu DAS28 wcnonb3oBanu
KoacbduumeHT koppensaunm CnvpmMeHa.

Pesynbmambl u 06cyx0eHue. AKTMBHOCTb 3aboneBaHust Obina Huskom B 10,42% cnydyaes,
ymepeHHon — B 68,75 %, Bbicokor — B 20,83%. Y naumeHTOB C MOMOXWUTENbHbIM pe3ynsTaTtoM TecTa Ha
aHTUTENa K UUTPYMIMHMPOBaHHbIM nentugaMm (aHTu-CCP) nokasatenn DAS28 6binn Hwke, 4vem y
NauMeHToB C oTpuuaTenbHbiM pe3ynsrtatoM Tecta Ha aHTU-CCP. KoppensiumoHHbIn aHanm3 no CnvpmMeHy
NPOOEMOHCTPMPOBAN CTaTUCTUYECKM 3HAYMMYHKO Criabyto OTpMLATENbHYH KOPPEnsAuMio Mexay YPOBHSMM
aHTU-CCP u nokasarensmm DAS28 (rs = —-0,28; p=0,048).

BaknoueHue. Taknm o6pasom, B MCCNedoBaHMU C yyacTeM 48 nauMeHToB Yy GonblLUMHCTBA N
C peBmMatougHbiM apTpPUTOM Ha paHHEN cTaguu Habmganacb ymepeHHask akTUBHOCTb 3aboneBaHusi, YTo
ObIN0 CBA3aHO C BbICOKOM pacnpoOCTPaHEHHOCTbIO NMONOXUTENbHbIX PE3YNETAaTOB Ha aHTUTENa K LMKITMYECKUM
UNTPYNIMHUPOBaHHbIM nentugam (aHTu-CCP). JlabopaTopHOe uvccnegoBaHMe Ha HanmuuvMe aHTuTen K
UMKIMYECKMM LUTPYIITMHUPOBAaHHBIM NENTUAaM y NauMeHTOB C NPOSIBNEHUSAMY CYCTaBHOIO CUHAPOMa MOXET
NUMETb NOTEHUMANbHYI0 KIMHUYECKYH LLIEHHOCTb Ha AOKITMHUYECKOW CTaany peBMaToMaHOro apTpuTta.

Knrouessbie crioga: peBMaToOMAHbIV apTpuUT; (DaKTopbl pucka; aHTUuTena K UuTpyniaMHUpOBaHHbIM 6enkam;
DAS-28; paHHWIA peBMaTOUAHLIN apTpUT
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2«KaparaHabl meamumHa yHuBepcuteTi» KeAK, nHdopmaTuka xeHe Guoctatuctmka kadeapackl (100008,
KasakctaH Pecnyonukacskl, KaparaHabl K., loronb kew., 40; e-mail: info@gmu.kz)

*Onbra AnekcaHgpoBHa [lMokpaweHko — «KaparaHgbl meamumHa yHuBepcuTeTi» KeAK, iwki aypynap
kadbegpacel, 100008, KazakctaH Pecnybnvkachl, Kaparanapl k., loronb kew., 40; e-mail: Vasilchenko@qmu.kz

Kipicnie. PesmaTtonatbl aptput (PA) — KkeH TaparnfaH, eHOekke KabineTTinikTiH TeMeHOeyiHe >XoHe
MYredeKTikke aKenyi MyMKIH co3blriMarbl ayTouMMYHAbI aypy. Aypyabl epTe guarHocTukanay tuimai emai aep
KesiHae 6acTtan, oHbIH yAeyiH basiynatyra MyMKiHAIK 6epepi. PA-HbIH gamybl GipHelle Kayin dpaktopnapbIMeH
BannaHbICTbl DONFaHbIMEH, OHbIH 3TMOMNOMUACHI TOMNbIK aHblKkTanvaraH. Kasipri TaHga xanbIKTblH MegUUUHanbIK
cayaTTblbIfbIHbIH apTybl X8HEe 3epTxaHarnblK AWarHOCTMKAaHbIH, KOMKETIMAiNr aypydbl epTe aHbIKTan,
KIMHUKanbIK YCbIHbIMAAPFa CaNKeC eM Xypridyre MyMKiHAIK Oepegi.

3epmmeydiH makcamel. EpTe caTblgarbl peBMaToMATbl apTpuTi 0ap HaykacTapgafbl aypyablH
KNuUHWKanblK KepiHicTepiH Oafanay xaHe kayin dakTopnapbliHbiH, LMKNGI UATPYNNUHAENreH nentuake
kapcbl aHTuaeHenepaiH, (anti-CCP) mepTtebeci meH aypy Gencenginiri (Disease Activity Score 28 — DAS28)
apacbiHAafFbl 6arnaHbICThl aHbIKTay.

Mamepuandap xoHe adicmep. 2025 — 2026 Xbingapbl epTe caTbigafbl peBMaTtonaTbl apTPUTIEH
ayblpaTtbiH 48 HaykacTblH KaTbICybIMEH KerngeHeH 3epTTey Xyprisingi. Haykactapra cayanHama »xyprisinin,
3akbiMaanfaH OyblHAAp, aypydblH KIMHMKAnNbIK epeklwenikTepi )oHe kayin daktoprapbl 6aranangbl. Aypy
oencenginiri DAS28 vHaekci 6oMbiHWA aHbIKTanbiM, Haykactap TOMeH, opTalla »XoeHe Xofapbl 6enceHainik
TonTapbiHa GeniHai. Anti-CCP geHrennepi meH DAS28 kepceTkiliTepi apacbiHaarbl 6annaHblc CNMpMEHHIH,
paHrifnik Koppenauusnblk Tangaybl apkbiibl aHbikTangbl. CoHgan-ak kayin dakTtoprapbiHbiH xaHe anti-CCP
MapTebeciHiH aypy 6enceHainiriveH dannaHbicbl 6aranaHgbl.

Hamuxxenep xoHe markbinay. DAS28 GovibiHwa aypy 6enceHginiri 10,42%-biHOa TemeH, 68,75%-biHaa
optaLua xoHe 20,83%-biHOa orapbl AeHrenae anblkTangbl. Anti-CCP oH HaykacTtapga DAS28 kepceTkiwi an-
ti-CCP Tepic HaykacTapra kaparaHaa TeMeH 6onabl. CnMpMeHHiH Koppensaumanbik Tangaybl anti-CCP geHrelii meH
DAS28 kepceTkilli apacbiHaa cTaTucTMKarnblk MaHbI3Obl 851Ci3 Tepic koppensauusiHbl kepceTTi (rs = —0,28; p=0,048).

KopbimbiHObI. 3epTTeyre eHrisinreH 48 epte catblaarbl peBMaTouaThl apTpuTi 6ap HaykacTapablH 6ackiv
Kenwliniringe aypyablH opTawa 6encenginiri aHbikTangbl. CoHbiMeH kaTap, anti-CCP aHTugeHenepiHiH ol
MapTebeci xoFapbl Xuinikte keagecTi. byblH cuHapombl 6ap HaykacTapaa anti-CCP aHTugeHenepiH aHbikTay
peBMaTouaThl apTpUTTi epTe OuarHoCTuKanayga >kaHe aypyAblH KIMHMKanbIK epeklwenikrepiH baranayga
MaHbI34bl 3epTXaHanblK KOpCeTKiLL Bonybl MYMKIH.

Kinm ce30ep: peBMaTouaThl apTpuT; kayin chakTopnapbl; UMKNAI UWATPYNMHOENreH NenTuake Kapchbl
aHTugeHenep (anti-CCP); DAS-28, epTe peBMaTtonaTbl apTpuUT

Appendix 1

Patients were asked to answer the following questions listed below. The answer options are binary:
YES/NO

1. Do you have a history of a laboratory-confirmed coronavirus infection (COVID-19)? YES/NO

2. According to your medical history, have you had an infectious disease (bacterial or viral) in the past
9 months that was followed by significant joint pain? YES/NO

3. Current smoking status: smoker/non-smoker? YES/NO

4. Does any of your first-degree relatives have a history of rheumatic diseases? YES/NO

5. Regular contact with soil while working on agricultural land: YES/NO

6. Significant stress experienced by the patient in the last 9 months (based on the respondent’s subjec-
tive feelings): YES — stress was present; NO — there was no stress

7. Gender indicated: Female/Male

*Patients who answered YES smoke daily. Patients who answered NO have never smoked.
The survey was conducted in Russian
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Aim. To estimate the allele frequencies of single nucleotide polymorphisms (SNPs) associated with the
risk of colorectal cancer (CRC) in the Kazakh population of Central Kazakhstan and compare the obtained
results with international reference data.

Materials and methods. The study included 97 apparently healthy individuals with no diagnosed CRC
or family history of malignant neoplasms, who self-identified themselves, their biological parents, and their
maternal and paternal grandparents as Kazakh. Genotyping was performed using the TagMan OpenArray
platform. Following missingness control and assessment of genotype distributions for Hardy-Weinberg equi-
librium, the data were harmonized with the 1000 Genomes Project Phase 3 reference dataset. The population
position of the local group was assessed using principal component analysis and hierarchical clustering. For
each SNP, absolute differences in allele frequencies between the local group and the Eurasian reference su-
perpopulations were calculated, and the closest reference superpopulation was identified. Statistical outliers
were excluded using Tukey’s fences. A total of 55 SNPs were included in the further analysis.

Results and discussion. Principal component analysis showed that the local group occupied an inter-
mediate position within the Eurasian genetic space, predominantly between the European and East Asian
superpopulations. In hierarchical clustering, the local group was represented in all four clusters, with most in-
dividuals distributed between two clusters of mixed population composition. The allele frequency profile of the
analyzed SNPs showed pronounced locus-dependent variability. For 29 of the 55 SNPs (52,7%), the absolute
allele frequency difference from the closest reference superpopulation did not exceed 0,025, whereas for 12
variants (21,8%) it was greater than 0,05. The closest reference superpopulation was EAS for 19 SNPs, EUR
for 18 SNPs, and SAS for 18 SNPs.

Conclusions. The findings are consistent with the established understanding of the admixed genet-
ic structure of the Kazakh population and demonstrate locus-dependent mosaicism in the allele frequency
profile for the analyzed SNP panel. The nearly equal distribution of similarity across the Eurasian reference
superpopulations indicates that no single reference superpopulation is the closest to the local group across
the entire panel of variants. That should be taken into account while transferring findings from genome-wide
association studies, applying polygenic risk scores, and planning medical genetic studies.

Key words: colorectal cancer; single-nucleotide polymorphisms; allele frequencies; Kazakh population

INTRODUCTION
According to worldwide GLOBOCAN estimates

neoplasms (12,1% of all new cases) and third in terms
of mortality from cancer (10,5% of all deaths) [1].

for 2024, colorectal cancer (CRC) ranks third among
all malignancies by the number of newly diagnosed
cases. In the Republic of Kazakhstan, CRC is also
one of the most common oncological diseases, rank-
ing second in terms of morbidity among all malignant
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About 75% of CRC cases are sporadic, occur-
ring in patients without a hereditary predisposition or
family history of the disease [2]. The development of
sporadic CRC is caused by the sequential accumu-
lation of genetic and epigenetic abnormalities lead-
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ing to the transformation of normal colon epithelium
into adenocarcinoma, which in most cases takes 10-
15 years [3]. Early stages of tumor transformation
are usually associated with inactivation of the APC
gene and activation of the WNT/B-catenin signaling
pathway, while the accumulation of alterations in the
TP53, KRAS, PIK3CA genes, components of the
TGF-B signaling pathway and other molecular regu-
lators accompanies further progression [2, 3]. CRC
is considered a molecularly heterogeneous disease,
the formation of which is determined by the interac-
tion of genetic changes, epigenetic alterations, the
tumor microenvironment and immune response [3].
In addition to somatic molecular disorders, a signifi-
cant contribution to the development of sporadic CRC
is made by low penetrance hereditary predisposition
and numerous environmental factors [4, 5]. The ex-
isting two-stage CRC screening program in the Re-
public [6] is based on fecal occult blood test results,
followed by colonoscopy when indicated. This facili-
tates the detection of CRC cases in early stages of
the existing tumor process, but does not take into ac-
count the molecular-genetic mechanisms underlying
the sporadic forms’ development.

Active search for common genetic variants
associated with disease risk is conducted primarily
using genome-wide association study (GWAS) meth-
odology to identify genetic susceptibility loci [3]. Over
the almost last 20 years, large GWAS and interna-
tional meta-analyses have consistently identified new
single nucleotide polymorphisms (SNPs) associated
with CRC. As sample sizes increased from thou-
sands to tens of thousands of cases and controls, the
number of known risk loci expanded significantly, and
pooling results from independent studies allowed the
identification of variants with small effects that were
undetectable earlier [7, 8, 9, 10, 11, 12, 13, 14, 15,
16]. It is also necessary to take into account the ge-
netic architecture features of complex traits and the
limited ability of GWAS to detect rare variants. All this
complicates the generalization of accumulated infor-
mation and its use for the creation of clinical diagnos-
tic panels and the formation of polygenic risk scores.
The development of such tools is necessary for the
implementation of personalized preventive measures
and the stratification of CRC development risk.

Most of the signals detected in the GWAS are
not represented by direct causal variants, but by index
(lead) or marker (tag) SNPs that are only statistically
related to the corresponding locus. As a result, follow-
ing studies usually involve fine mapping and functional
validation aimed at locating the true causal variants,
elucidating the molecular mechanisms of their action,
and independently replicating them in different popula-
tions [7, 8, 10, 12, 13, 15, 17, 18, 19, 20].

Approaches aimed at solving the above-men-
tioned problems were outlined at the early stages
of the genome-wide studies development. Possi-
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ble measures include, for example, increasing the
sample size, expanding the coverage of genotyped
variants, using direct sequencing of loci identified by
the GWAS, and taking into account the evolutionary
characteristics of genetic variants, including their fre-
quency, origin, and age [21].

Subsequent studies have shown that many risk
loci are replicated in different populations, but popu-
lation-specific variants that are characteristic for res-
idents of East Asia, Latin America, Northern Europe
and other ethnic groups have also been identified.
These results suggest that the genetic architecture
of CRC susceptibility includes both loci common to
different populations and variants whose prevalence
and contribution depend on population structure [17,
22, 23, 24, 25, 26]. Despite the high reproducibility of
many associations, differences in the genetic struc-
ture of populations can alter the observed strength
and, in some cases, the direction of associations.
One of the reasons for this is the interpopulation dif-
ferences in allele frequencies and the overall genetic
structure that determine the genetic background on
which the locus effect is realized. As a result, the im-
pact of the same causal variant may vary depending
on the genetic environment, including the distribution
of other genetic variants and features of the genome
architecture [7, 10, 12, 13, 15, 18, 25, 26, 27, 28, 29].

In addition, the transferability of the results is
determined by the features of the structure of linkage
disequilibrium (LD). Interpopulation differences in LD
change the degree of statistical relationship between
the index SNP and the causal variant, so the same
genetic marker may reflect the influence of the caus-
al variant unevenly in different populations. This can
lead to a change in the observed strength of the as-
sociation, decrease the reproducibility of the results,
and complicate the localization of causal variants [7,
10, 12, 13, 15, 25, 29, 30].

When combining GWAS results from differ-
ent ethnic populations, heterogeneity between stud-
ies becomes an additional problem [31]. A possible
solution [30] is the use of transethnic GWAS analy-
sis, which allows for the simultaneous associations
reproducibility assessment in different populations
and takes into account differences in their genetic
structure for more accurate mapping of causal vari-
ants. Transethnic analysis of admixed populations
is further complicated by the need for appropriate
adjustments, the lack of which can lead to spurious
associations and reduce the transferability of results
between populations. The authors [32] note that a
significant proportion of GWAS have been performed
in populations of single ancestry, while admixed pop-
ulations remain underrepresented in genetic studies.
To address this issue, broader inclusion of mixed
populations in GWAS, the use of methods that take
into account the origin of study participants, including
population and principal components, and the devel-
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opment of specialized approaches for the analysis of
genetically mixed groups are proposed.

Further development of transethnic approaches
has shown that heterogeneity between populations is
associated not only with differences in allele frequen-
cies, but also with differences in the size of allele ef-
fects [33]. The authors note that the allelic effects of
individual SNPs can vary between populations, and
such heterogeneity often correlates with the origin of
the samples studied. The reasons may be differences
in the structure of LD, the interaction of causal variants
with environmental factors, and the features of the im-
putation quality in different populations.

For many diseases, transethnic genetic cor-
relation is significantly less than one, which limits the
transferability of GWAS and polygenic risk assess-
ment results between populations. However, existing
methods typically estimate a single transethnic ge-
netic correlation for the entire genome and make it
virtually impossible to determine why the effects of
causal variants differ between populations [34]. Re-
garding this, it is of interest to study transethnic ge-
netic correlation in various functional categories of the
genome and to identify areas where causal effects
are more population-specific, which contributes to a
better understanding of the biological mechanisms of
these differences and the improvement of transethnic
genetic research.

The mentioned problems of transferability of
GWAS results are of great importance for the main
ethnic group of Kazakhstan, given its admixed genet-
ic background [35, 36]. Data obtained using whole
genome sequencing show a high level of genetic ad-
mixture and an intermediate position of the Kazakh
population between European and East Asian popu-
lations, but the number of participants in these stud-
ies is rather small.

The research results obtained in Kazakhstan
agreed with published data on the Kazakh population
in Xinjiang (China). Studies using panels of ancestry
informative markers of 165 SNPs [37] and 56 InDels
[38] independently showed an admixed genetic struc-
ture with a predominance of the East Asian compo-
nent over the European one. Similar results are pre-
sented in a genome-wide study [39], which concludes
that there is no division into two genetically distinct
populations when compared with previously pub-
lished genotypic data on a limited number of samples
from Kazakhstan [40].

There are limitations in the study of genetic
predisposition to CRC related to the transferability of
identified associations between populations of differ-
ent origins, which is especially relevant for the multi-
ethnic population of Kazakhstan, characterized by a
complex population structure. Due to the heterogene-
ity of genetic effects and the underrepresentation of
genetically mixed populations in existing studies, the
frequency characteristics of known SNPs associated
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with CRC in the Kazakh population remain insuffi-
ciently studied.

Aim of the study was to estimate the allele fre-
qguencies of single nucleotide polymorphisms associ-
ated with the risk of colorectal cancer in the Kazakh
population of Central Kazakhstan and compare the
results with published international reference data.

MATERIALS AND METHODS

This study used materials obtained within the
framework of the scientific and technical program
0.0821 «Personalized approach in the management
of a number of significant diseases», carried out at
the Karaganda Medical University, the Regional On-
cology Dispensary, and polyclinic organizations in
Karaganda. The study was approved by the local
bioethics committee of the Karaganda Medical Uni-
versity (decision No. 305 dated May 19, 2017). All
study participants signed a written informed voluntary
consent to participate in the study and to the use of
biological material for scientific purposes before in-
clusion.

For further analysis, the local group included
apparently healthy individuals without established
CRC and a family history of malignant neoplasms
among the relatives of the first, second, and third
degree of kinship. All participants were examined
as part of the national CRC screening program. The
analysis included only individuals of Kazakh nation-
ality who identified themselves, their biological par-
ents, and their maternal and paternal grandparents
as Kazakhs. In total, the local group included 97 par-
ticipants: 37 women and 60 men. The median age
was 48 years (Q25-Q75: 40-57 years).

For the molecular-genetic study, genomic DNA
isolated from peripheral venous blood samples col-
lected in EDTA tubes was used. DNA extraction was
performed using the GeneJET Genomic DNA Purifi-
cation Kit (Thermo Scientific, USA) according to the
manufacturer’s protocol. The quality and concentra-
tion of DNA were controlled spectrophotometrically
using an Implen P330 nanospectrophotometer (Im-
plen, Germany), after which the samples were stored
at —20°C until genotyping.

For genotyping, a panel of single nucleotide
polymorphisms associated with the risk of developing
CRC according to published studies was used. Ge-
notyping was performed using TagMan® OpenArray®
technology on the QuantStudio™ 12K Flex Real-Time
PCR System platform (Applied Biosystems, USA) ac-
cording to the manufacturer’s protocol. Primary pro-
cessing of the results was carried out using Thermo
Fisher Cloud software, after which automatic determi-
nation of genotypes and visual control of allelic signal
clustering were performed.

Information on published GWAS [7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 19, 20, 22, 23, 24, 25, 26,
41] for the SNPs included in this study was obtained
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Table 1 — Sex distribution in reference superpopulations

Superpopulation Females Males Total
AFR 342 319 661
AMR 177 170 347
EAS 260 244 504
EUR 263 240 503
SAS 229 260 489
Total 1271 1233 2504

from the NHGRI-EBI GWAS Catalog [42]. Obtaining
information in batch mode was carried out through
the web interface of the OpenCRAVAT platform [43].
In the case of a multiallelic variant, only the allelic pair
corresponding to local samples was used. Function-
al annotation of SNPs was performed using the VEP
ENSEMBLE web interface [44].

Missingness control in genotypic data was per-
formed using PLINK software version 1.9 [45], avail-
able at https://www.cog-genomics.org/plink/. All sam-
ples and SNPs included in further analysis passed
the missingness thresholds of 10% (--mind 0.10,
--geno 0.10). The conformity of the genotype distri-
bution with the Hardy-Weinberg equilibrium was as-
sessed in the local group using the test implemented
in PLINK 1.9 (--hardy). SNPs with a significance level
of p<0,05 were excluded from subsequent statisti-
cal analyses (rs16869961, rs647161, rs12682374,
rs4948317, rs174537, rs4572213 and rs12953717).

For comparative population analysis, data from
the 1000 Genomes Project (Phase 3) [46] were used,
which included representatives of five superpopu-
lations: African (AFR), Admixed American (AMR),
East Asian (EAS), European (EUR) and South Asian
(SAS). Data on the sex distribution and size of su-
perpopulations are presented in Table 1. The 1000
Genomes Project does not provide information on the
age of participants; it only uses the inclusion criterion
of “age over 18 years”. After quality control, the local
sample was combined with reference data to form a
single set of genotypes. Before comparative analysis
of the population structure, the orientation of alleles
in the local sample was harmonized with the refer-
ence data by converting the A1/A2 designations to a
single system, which ensured comparability of allele
frequencies between populations.

Allele frequencies (AF) were calculated using
PLINK v1.9 (--fregx) for the local group and the ref-
erence superpopulations EUR, EAS, and SAS. The
similarity measure of allele frequencies from each
reference Eurasian superpopulation for each SNP
was estimated by the absolute difference between
the allele frequency in the local group and the cor-
responding frequencies for the reference superpop-
ulation (ABS AAF). For each SNP, the closest refer-
ence superpopulation was determined as having the
minimum allele frequency difference. The threshold
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for detecting statistical outliers of minimal differences
in allele frequencies was determined using Tukey’s
fences as the sum of the distribution’s third quartile
value and 1.5 times the interquartile range, where
the interquartile range was the difference between
the third and first quartiles (Q3 — Q1), calculated
from SNPs that passed the Hardy-Weinberg criterion.
Based on the results of applying this criterion, four
variants (rs9929218, rs11196172, rs2189261 and
rs10774214) were identified and excluded, as their
values exceeded the established threshold for statis-
tical outliers. A total of 55 SNPs were included in the
subsequent analysis.

To assess the population structure, principal
component analysis (PCA) was performed in PLINK
v1.9 (--pca) for two data sets obtained by combining
the local group with all reference populations and with
the Eurasian reference superpopulations (EUR, EAS,
SAS). For the Eurasian subsample, hierarchical clus-
tering was performed using a Ward minimum variance
method based on the values of the first ten principal
components using Euclidean distance. The resulting
clusters were used to assess the position of the local
group relative to the reference populations. All statis-
tical calculations were performed in the RStudio en-
vironment (version 2025.5.1.513; Posit Team, 2025).

RESULTS AND DISCUSSION

To assess the position of the local group rela-
tive to the major global superpopulations, a principal
component analysis was performed on the pooled
sample. Figure 1 shows the first two components
(PC1 and PC2), which explain 13,6% and 9% of the
total genetic variance, respectively.

Along the plane of the first two principal com-
ponents, the African superpopulation was separated
from the other groups. The East Asian and Europe-
an superpopulations were located in opposite direc-
tions along the second principal component, while the
South Asian superpopulation occupied an intermedi-
ate position between them. The American superpop-
ulation overlapped significantly with the European
and South Asian superpopulations. The local group
occupied an intermediate position in the Eurasian ge-
netic space, mainly between the European and East
Asian superpopulations, with substantial overlap be-
tween the distribution areas of EUR, EAS, and SAS.
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Figure 1 — Results of principal component analysis for

After assessing the position of the local group
relative to the global reference superpopulations,
the analysis was restricted to the Eurasian genetic
space, including the EAS, EUR, and SAS super-
populations, as well as the local group. To assess
the internal structure of this pooled sample, hierar-
chical clustering was performed using the first ten
principal components of the PCA. The number of
clusters was set to four, based on the assumption
of the possible formation of separate groups corre-
sponding to three reference superpopulations and
a local group, the results of the cluster analysis are
shown in Figure 2.

The local group was located predominantly in the
overlapping area of the reference Eurasian superpopu-
lations, without forming a visually distinctive cluster.
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The composition of the obtained clusters is
presented in Table 2; all of them were characterized
by different population composition. In the first clus-
ter, representatives of EUR prevailed, while cluster
2 mainly included representatives of EAS and SAS
(289 and 333, respectively). At the same time, clus-
ters 3 and 4 had a distinctly mixed composition. The
local group was represented in all four clusters, with
the largest number belonging to clusters 2 and 4.
Thus, the local sample did not form a separate clus-
ter and was distributed among several components of
the Eurasian population structure.

The results of the cluster analysis are consistent
with the position of the local group on the principal com-
ponent plot and with published data on the admixed ge-
netic structure of the Kazakh population [35, 36].



TeopeaneCKaﬂ H IKCIICPUMEHTAJIbHAA MEAULIMHA

0.08 1

0.04 -

-0.04 4

-0.04

0.00
PC1 (12.0%)

Superpopulation

HCcluster |1 |2] [3] |4

A |ocal group

EUR

reference

Figure 2 — Results of hierarchical cluster analysis for the Eurasian reference superpopulations and the local

group, superimposed on the plane of 1 and 2 principal components

Table 2 — The results of a hierarchical cluster analysis of Eurasian reference superpopulations and the local

group
Cluster EAS Local group SAS EUR
1 18 19 33 199
2 289 38 333 81
3 82 9 56 108
4 115 31 67 115

The population gradients of the A1 allele
frequency distribution are shown in Figure 3. The
rs36053993 variant was characterized by an almost
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monomorphic distribution in all the populations stud-
ied. For the SNPs studied, pronounced interlocus
variability in frequency differences between the local
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Figure 3 — Population gradients of A1 allele frequencies for 55 SNPs in the local group and the EAS, SAS,
and EUR reference superpopulations. SNPs are sorted by A1 allele frequency in the local group
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group and reference superpopulations was observed.
At the same time, the A1 allele frequency was close
to that of various Eurasian superpopulations.

Given the identified intermediate position of
the local sample within the Eurasian genetic space, a
comparison of allele frequencies was then performed

between the local group, represented by apparent-
ly healthy individuals, and the reference superpop-
ulations EAS, SAS, and EUR. For each SNP, allele
frequencies (AF) and the absolute allele frequency
difference (AAF) relative to the reference populations
were calculated and presented in Table 3.

Table 3 — Allele frequencies (AF A1) for the local group and reference superpopulations, absolute differences
in allele frequencies between the local group and each of the reference superpopulations (ABS AAF), name
of the closest superpopulation (Min ABS AAF) and results of the functional annotation of SNPs: functional

consequence (FC) and gene symbol (GS)

ﬁf AF | AF | AF | ABS | ABS | ABS | Min
Nr SNP | A1 A2 | AT AT | A1 | A1 | AAF | DAF | AAF | ABS | FC Gs
EAS | EUR | SAS | EUR | EAS | SAS | AAF
group

1 2 34| 5 6 7 8 9 10 | 11| 12| 13 14

1 rs1035209 T C 0,129 | 0,179 | 0,195 0,094 0,066 | 0,050 | 0,035 SAS :4% -

2 rs10411210 T C 0,160 | 0,192 | 0,097 0,353 0,062 0,033 | 0,193 EAS InV RHPN2
InV,

3| 1510505477 | A | G | 0438 | 0389 | 0479 | 0505 | 0,041 | 0049 | 0067 | EUR | CASCS
n

4 rs10506868 T 0,160 | 0,288 | 0,032 0,207 0,128 | 0,128 | 0,047 SAS InV VTI1A

(51075232 0,068 | 0,152 | 0,043 | 0,021 | 0,025 | 0,084 | 0,046 | EUR | Igv -

InV,

6 | rsi0795668 | A | G | 0358 | 0368 | 0320 | 0,211 | 0,038 0010 | 0,147 | EAS | | LOCI05376400
n

7 rs11064437 T C 0,083 | 0,277 | 0,008 0,014 0,075 0,193 | 0,069 SAS SpAV SPSB2

8 | rs11190164 | G | A | 0,163 | 0,230 | 0,281 | 0,141 | 0,118 | 0,067 | 0,022 | SAS | lgv -

rs11224824 A G 0,129 | 0,118 | 0,113 0,193 0,016 | 0,011 | 0,064 EAS InV TRPC6

10 rs11255841 A T 0,345 | 0,362 | 0,309 0,242 0,036 | 0,017 | 0,103 EAS gV -
InV,

11| 1511903757 | C | T | 0073 | 0,067 | 0170 | 0,077 | 0097 | 0005 | 0,004 | SAS | | LOC124908062
n

12 rs12241008 C 0,165 | 0,300 | 0,100 0,218 0,065 0,135 | 0,053 SAS InV VTI1A

13 rs12309274 G 0,158 | 0,124 | 0,142 0,190 0,015 0,034 | 0,033 EUR InV WNK1
InV,

14 rs12412391 G A 0,359 | 0,439 | 0,285 0,198 0,073 0,081 | 0,160 EUR TV LINC01475
n

15 rs12603526 C T 0,242 | 0,199 | 0,011 0,014 0,231 0,043 | 0,228 EAS InV NXN

16 | rs13129679 | A | G | 0,015 | 0,004 | 0,013 | 0,027 | 0,003 | 0,011 | 0,011 | EUR | Inv FAM193A

17 rs13170463 A G 0,148 | 0,075 | 0,046 0,014 0,103 0,073 | 0,134 EAS gV -

18 | rs1321311 | A | C | 0,170 | 0,169 | 0,217 | 0,330 | 0,047 | 0,001 | 0,160 | EAS | Igv -

19 rs1665650 T C 0,284 | 0,329 | 0,259 0,224 0,024 | 0,046 | 0,060 EUR InV HSPA12A

20 | rs16892766 | C | A | 0,041 | 0,001 | 0,090 | 0,085 | 0,049 | 0,040 | 0,044 | EAS | DsgV | LOC105375712

21 rs16941835 C G 0,220 | 0,327 | 0,211 0,162 0,009 0,108 | 0,058 EUR RRV -

22 | rs16944613 | A | G | 0,400 | 0,402 | 0,242 | 0,268 | 0,158 | 0,002 | 0,132 | EAS | Inv CRTC3

23 rs17094983 A G 0,057 0 0,121 0,117 0,065 0,057 | 0,060 EAS 4% -

24 rs17679617 T C 0,094 | 0,066 | 0,137 0,154 0,043 0,027 | 0,061 EAS InV CDH13

25 rs17817050 G A 0,054 | 0,125 | 0,041 0,175 0,013 0,071 | 0,121 EUR UsgV TMEM238L

26 rs1912804 C G 0,237 | 0,262 | 0,128 0,368 0,109 0,025 | 0,131 EAS InV WWOX

27 | rs2128382 | T | c | 0,201 | 0,103 | 0,167 | 0,143 | 0,034 | 0,098 | 0,058 | EUR | Igv -
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Table 3 — Allele frequencies (AF A1) for the local group and reference superpopulations, absolute differences
in allele frequencies between the local group and each of the reference superpopulations (ABS AAF), name
of the closest superpopulation (Min ABS AAF) and results of the functional annotation of SNPs: functional
consequence (FC) and gene symbol (GS) (continuation)

ﬁ'; AF | AF | AF | ABS | ABs | ABS | Min
Nr SNP At A2 | AT A1 | A1 | AT | AAF | AAF | DAF | ABS | FC Gs
EAS | EUR | SAS | EUR | EAS | SAS | AAF
group

1 2 3lal| 5 6 7 8 9 10 | 11| 12] 13 14

28 rs2427308 T C 0,180 | 0,150 | 0,234 0,176 0,053 | 0,031 | 0,005 SAS InV CABLES2
InV,

29 rs254563 A G 0,348 | 0,238 | 0,407 0,440 0,059 | 0,110 | 0,092 | EUR TV PITX1-AS1
n

30 rs3217810 T C 0,103 | 0,011 | 0,121 0,077 0,018 | 0,092 | 0,026 | EUR InV CCND2
MV,

31 rs36053993 T C 0 0 0,009 0 0,009 0 0 EAS SRV MUTYH
InV,

32 rs3802842 C A 0,304 | 0,398 | 0,269 0,171 0,035 | 0,094 | 0,133 | EUR TV COLCA1
n
InV,

33 rs3824999 G T 0,359 | 0,421 | 0,524 0,319 0,165 | 0,062 | 0,040 SAS TV POLD3
n

34 rs4711689 G A 0,211 | 0,198 | 0,461 0,221 0,250 | 0,013 | 0,010 SAS RRV -

35 rs4779584 C T 0,485 | 0,189 | 0,795 0,556 0,311 | 0,295 | 0,072 SAS gV -

36 rs4813802 G T 0,196 | 0,230 | 0,318 0,480 0,122 | 0,034 | 0,284 EAS RRV -

37 rs4919687 A G 0,237 | 0,253 | 0,298 0,095 0,061 | 0,016 | 0,142 EAS InV CYP17A1

38 rs4924045 T C 0,170 | 0,118 | 0,119 0,226 0,051 | 0,052 | 0,056 | EUR UsgV GOLGAS8B

39 rs4939567 G A 0,428 | 0,438 | 0,551 0,291 0,123 | 0,010 | 0,136 EAS InV SMAD7

40 rs4939827 T C 0,281 | 0,311 | 0,532 0,281 0,251 | 0,029 | 0,000 SAS InV SMAD7

41 rs6061231 A C 0,278 | 0,156 | 0,304 0,392 0,026 | 0,123 | 0,113 EUR RRV -

42 rs6065668 T C 0,299 | 0,469 | 0,247 0,274 0,052 | 0,170 | 0,025 SAS gV -

43 rs6066825 G A 0,344 | 0,289 | 0,378 0,563 0,034 | 0,055 | 0,220 EUR InV PREX1

44 rs658191 G C 0,124 | 0,176 | 0,027 0,042 0,097 | 0,052 | 0,082 EAS InV MACF1

45 rs6687758 G A 0,274 | 0,204 | 0,222 0,129 0,052 | 0,069 | 0,145 EUR gV -

46 rs6691195 A C 0,284 | 0,204 | 0,222 0,131 0,062 | 0,079 | 0,153 | EUR DsgV LINC02474
InV,

47 rs7014346 A G 0,306 | 0,286 | 0,335 0,338 0,029 | 0,021 | 0,032 EAS TV CASC8
n

48 rs704017 G A 0,433 | 0,279 | 0,562 0,417 0,129 | 0,154 | 0,016 SAS RRV -

49 rs72647484 C T 0,036 | 0,001 | 0,084 0,027 0,048 | 0,035 | 0,009 SAS DsgV LOC107985377
InV,

50 rs7315438 C T 0,500 | 0,643 | 0,447 0,545 0,053 | 0,143 | 0,045 SAS TV LOC105370003
n

51 rs73208120 G T 0,052 0 0,084 0,027 0,033 | 0,052 | 0,025 SAS InV NOS1

52 rs7758229 T G 0,247 | 0,246 | 0,319 0,288 0,072 | 0,001 | 0,041 EAS InV SLC22A3

53 rs812481 C G 0,366 | 0,208 | 0,441 0,334 0,075 | 0,158 | 0,032 SAS InV LRIG1

54 rs847208 C A 0,366 | 0,323 | 0,382 0,551 0,016 | 0,043 | 0,185 | EUR RRV -

55 rs961253 A C 0,227 | 0,107 | 0,361 0,299 0,134 | 0,120 | 0,072 SAS UsgV CASC20

Note: IgV — intergenic variant; InV — intron variant; nCTV — non coding transcript variant; SpAV — splice acceptor variant;
DsgV — downstream gene variant; RRV — regulatory region variant; UsgV — upstream gene variant; MV — missense vari-
ant; SRV — splice region variant
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The similarity of the allele frequencies of the
local group with the reference superpopulations
showed pronounced locus-dependent variability. For
29 of 55 SNPs (52,7%), the absolute frequency differ-
ence with the closest reference superpopulation did
not exceed 0,025, while for 12 variants (21,8%) it was
greater than 0,05.

At the same time, the closest reference su-
perpopulation varied depending on the locus: for 19
SNPs, it was EAS, while for EUR and SAS, it was
18 each. The virtually equal distribution of variants
according to their closest reference superpopulations
indicates the absence of a single reference super-
population closest to the local group based on the
frequency profile of the entire investigated panel.

Limitations of the study. The relatively small
sample size and the inclusion of participants primarily
from Central Kazakhstan limit the generalizability of
the obtained frequency characteristics to the Kazakh
population as a whole.

The analysis covered a limited set of previous-
ly described SNPs associated with CRC; as a result,
the identified features of the frequency distribution re-
late directly to the studied panel of variants.

CONCLUSION

The obtained results are consistent with modern
concepts about the admixed and complex multicom-
ponent genetic structure of the Kazakh population.

For the studied panel of CRC-associated SNPs,
a locus-dependent mosaicism of the allele frequency
profile is observed, characterized by an almost equal
distribution of similarity in allele frequencies with ref-
erence superpopulations, which must be taken into
account while transferring the existing GWAS results
across populations, applying polygenic risk scores,
and planning medical genetic studies.

Authors’ contributions:

A. A. Turmukhambetova, D. Zh. Taizhanova,
N. A. Kabildina, |. A. Kadyrova, I. V. Korshukov —
conceptualization, methodology.

D. Zh. Taizhanova, N. A. Kabildina, S. I.
Kolesnichenko, Y. A. Kolesnikova, I. A. Kadyrova, I.
V. Korshukov — data curation, investigation.

I. A. Kadyrova, |. V. Korshukov — formal
analysis, software, visualization.

I. A. Kadyrova, I. V. Korshukov — original draft
writing.

A.A. Turmukhambetova, D. Zh. Taizhanova, N.
A. Kabildina, S. I. Kolesnichenko, Y. A. Kolesnikova, .
A. Kadyrova, I. V. Korshukov — review & editing.

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

REFERENCES
1. Sung H., Filho A.M., Laversanne M. Global
cancer statistics 2024: GLOBOCAN estimates of inci-

Meouyuna u sxonoeus, 2026, 3

dence and mortality worldwide for 34 cancers in 186
countries. CA A Cancer J. Clinicians. 2026; 76 (4):
€70090. https://doi.org/10.3322/caac.70090

2. Yamagishi H., Kuroda H., Imai Y., Hiraishi
H. Molecular pathogenesis of sporadic colorectal
cancers. Chin. J. Cancer. 2016; 35 (1): 4. https://doi.
org/10.1186/s40880-015-0066-y

3. Li J., Ma X., Chakravarti D., Shalapour S.,
DePinho R.A. Genetic and biological hallmarks of
colorectal cancer. Genes Dev. 2021; 35 (11-12): 787-
820. https://doi.org/10.1101/gad.348226.120

4. Matsuda T., Fujimoto A., Igarashi Y. Col-
orectal cancer: epidemiology, risk factors, and pub-
lic health strategies. Digestion. 2025; 106 (2): 91-99.
https://doi.org/10.1159/00054 3921

5. Sawicki T., Ruszkowska M., Danielewicz A.,
Niedzwiedzka E., Artukowicz T., Przybytowicz K.E. A
review of colorectal cancer in terms of epidemiology,
risk factors, development, symptoms and diagnosis.
Cancers. 2021; 13 (9): 2025. https://doi.org/10.3390/
cancers13092025

6. [lpukaz MuHucmpa 30pasooxpaHeHus
Pecnybnuku KasaxcmaH om 16 wmapma 2011
2o0a Ne145. «O eHeceHuu U3MEHeHUl 8 rpuKa3
u. 0. MuHucmpa 3dpasooxpaHeHusi Pecrnybnuku
Kasaxcman om 10 Hos6psi 2009 eoda Ne685
«06 ymeep>x0eHuu lpasun rpoeedeHusi
poghunakmu4yeckux  MeOUUUHCKUX — OCMOMpOo8
uerneebix epynn HaceneHusi». https://adilet.zan.kz/
rus/docs/V1100006902

7. Cui R, Okada Y., Jang S.G. Common vari-
ant in 6g26-q27 is associated with distal colon cancer
in an Asian population. Gut. 2011; 60 (6): 799-805.
https://doi.org/10.1136/gut.2010.215947

8. Peters U., Jiao S., Schumacher F.R. Identi-
fication of genetic susceptibility loci for colorectal tu-
mors in a genome-wide meta-analysis. Gastroenterol-
ogy. 2013; 144 (4): 799-807. https://doi.org/10.1053/j.
gastro.2012.12.020

9. Jia W.H., Zhang B., Matsuo K., Shin A.,
Xiang Y.B., Jee S.H., Kim D.H., Ren Z., Cai Q., Long
J., et al. Genome-wide association analyses in East
Asians identify new susceptibility loci for colorectal
cancer. Nat. Genet. 2013; 45 (2): 191-196. https://doi.
org/10.1038/ng.2505

10. Zhang B., Jia W.H., Matsuda K., Kweon
S.S., Matsuo K., Xiang Y.B., Shin A., Jee S.H., Kim
D.H., Cai Q., et al. Large-scale genetic study in East
Asians identifies six new loci associated with colorec-
tal cancer risk. Nat. Genet. 2014; 46 (6): 533-542.
https://doi.org/10.1038/ng.2985

11. Al-Tassan N.A., Whiffin N., Hosking F.J. A
new GWAS and meta-analysis with 1000Genomes
imputation identifies novel risk variants for colorec-
tal cancer. Sci. Rep. 2015; 5 (1): 10442. https://doi.
org/10.1038/srep10442

12. Schumacher F.R., Schmit S.L., Jiao S.
Genome-wide association study of colorectal cancer

109



TeopeaneCKaﬂ N IKCIICPUMCHTAJBHAA MEJIUIUHA

identifies six new susceptibility loci. Nat. Commun.
2015; 6 (1): 7138. https://doi.org/10.1038/ncom-
ms8138

13. Zeng C., Matsuda K., Jia W.H. Identifica-
tion of susceptibility loci and genes for colorectal can-
cer risk. Gastroenterology. 2016; 150 (7): 1633-1645.
https://doi.org/10.1053/j.gastro0.2016.02.076

14.  Schmit S.L., Edlund C.K., Schumacher
F.R. Novel common genetic susceptibility loci for col-
orectal cancer. Journal of the National Cancer Insti-
tute. 2019; 111 (2): 146-157. https://doi.org/10.1093/
jnci/djy099

15. Law PJ., Timofeeva M., Fernan-
dez-Rozadilla C., et al. Association analyses iden-
tify 31 new risk loci for colorectal cancer suscepti-
bility. Nat. Commun. 2019; 10 (1): 2154. https://doi.
org/10.1038/s41467-019-09775-w

16. Hofer P, Hagmann M., Brezina S., et al.
Bayesian and frequentist analysis of an Austrian ge-
nome-wide association study of colorectal cancer and
advanced adenomas. Oncotarget. 2017; 8 (58): 98623-
98634. https://doi.org/10.18632/oncotarget.21697

17. Tanikawa C., Kamatani Y., Takahashi
A., et al. GWAS identifies two novel colorectal can-
cer loci at 16924.1 and 20q13.12. Carcinogenesis.
2018;39(5):652-660. https://doi.org/10.1093/carcin/
bgy026

18. Fernandez-Rozadilla C., Timofeeva M.,
Chen Z., et al. Deciphering colorectal cancer genet-
ics through multi-omic analysis of 100,204 cases and
154,587 controls of European and East Asian an-
cestries. Nat. Genet. 2023; 55 (1): 89-99. https://doi.
org/10.1038/s41588-022-01222-9

19. Lu X, Cao M., Han S., Yang Y., Zhou
J. Colorectal cancer risk genes are functionally en-
riched in regulatory pathways. Sci. Rep. 2016; 6 (1):
25347. https://doi.org/10.1038/srep25347

20. Montazeri Z., Li X., Nyiraneza C., et al.
Systematic meta-analyses, field synopsis and global
assessment of the evidence of genetic association
studies in colorectal cancer. Gut. 2020; 69 (8): 1460-
1471. https://doi.org/10.1136/gutjnl-2019-319313

21. Lachance J. Disease-associated alleles
in genome-wide association studies are enriched for
derived low frequency alleles relative to HapMap and
neutral expectations. BMC Med. Genomics. 2010; 3
(1): 57. https://doi.org/10.1186/1755-8794-3-57

22. Wang M., Gu D., Du M., et al. Common
genetic variation in ETV6 is associated with colorec-
tal cancer susceptibility. Nat. Commun. 2016; 7 (1):
11478. https://doi.org/10.1038/ncomms11478

23. Schmit S.L., Schumacher F.R., Edlund
C.K,, et al. Genome-wide association study of col-
orectal cancer in Hispanics. CARCIN. 2016; 37 (6):
547-556. https://doi.org/10.1093/carcin/bgw046

24. Tanskanen T., Van Den Berg L., Valima-
ki N., et al. Genome-wide association study and
meta-analysis in Northern European populations rep-

110

licate multiple colorectal cancer risk loci. Intl. Jour-
nal of Cancer. 2018; 142 (3): 540-546. https://doi.
org/10.1002/ijc.31076

25. Lu Y, Kweon S.S., Tanikawa C., et al.
Large-scale genome-wide association study of East
Asians identifies loci associated with risk for colorec-
tal cancer. Gastroenterology. 2019; 156 (5): 1455-
1466. https://doi.org/10.1053/j.gastr0.2018.11.066

26. LuY., KweonS.S., CaiQ, etal. Identifica-
tion of novel loci and new risk variant in known loci for
colorectal cancer risk in East Asians. Cancer Epidemi-
ology, Biomarkers & Prevention. 2020; 29 (2): 477-486.
https://doi.org/10.1158/1055-9965.EPI-19-0755

27. Wong M.C., Ding H., Wang J., Chan
P.S., Huang J. Prevalence and risk factors of colorec-
tal cancer in Asia. Intest. Res. 2019; 17 (3): 317-329.
https://doi.org/10.5217/ir.2019.00021

28. Park S.L., Cheng I, Haiman C.A. Ge-
nome-wide association studies of cancer in diverse
populations. Cancer Epidemiology, Biomarkers &
Prevention. 2018;27(4):405-417. doi:10.1158/1055-
9965.EPI-17-0169

29. He J., Wilkens L.R., Stram D.O., et al.
Generalizability and epidemiologic characteriza-
tion of eleven colorectal cancer GWAS hits in mul-
tiple populations. Cancer Epidemiology, Biomark-
ers & Prevention. 2011; 20 (1): 70-81. https://doi.
org/10.1158/1055-9965.EPI-10-0892

30. Marigorta U.M., Navarro A. High
trans-ethnic replicability of GWAS results implies
common causal variants. PLoS Genet. 2013; 9
(6): e1003566. https://doi.org/10.1371/journal.
pgen.1003566

31. Hong J., Lunetta K.L., Cupples L.A,,
Dupuis J., Liu C. Evaluation of a two-stage approach
in trans-ethnic meta-analysis in genome-wide asso-
ciation studies. Genetic Epidemiology. 2016; 40 (4):
284-292. https://doi.org/10.1002/gepi.21963

32. Lin M., Park D.S., Zaitlen N.A., Henn
B.M., Gignoux C.R. Admixed populations improve
power for variant discovery and portability in ge-
nome-wide association studies. Front Genet. 2021;12:
673167. https://doi.org/10.3389/fgene.2021.673167

33. Magi R., Horikoshi M., Sofer T., et al.
Trans-ethnic meta-regression of genome-wide as-
sociation studies accounting for ancestry increases
power for discovery and improves fine-mapping res-
olution. Human Molecular Genetics. 2017; 26 (18):
3639-3650. https://doi.org/10.1093/hmg/ddx280

34. Shi H., Gazal S., Kanai M., et al. Pop-
ulation-specific causal disease effect sizes in func-
tionally important regions impacted by selection. Nat.
Commun. 2021; 12 (1): 1098. https://doi.org/10.1038/
s41467-021-21286-1

35. Seidualy M., Blazyte A., Jeon S., et al.
Decoding a highly mixed Kazakh genome. Hum. Gen-
et. 2020; 139 (5): 557-568. https://doi.org/10.1007/
s00439-020-02132-8



TeopeaneCKaﬂ N IKCIICPUMCHTAJIbHAA MEIUIIUHA

36. Kairov U., Molkenov A., Sharip A., et
al. Whole-genome sequencing and genomic variant
analysis of Kazakh individuals. Front Genet. 2022; 13:
902804. https://doi.org/10.3389/fgene.2022.902804

37. Xie T, Shen C., Liu C., et al. Ancestry
inference and admixture component estimations of
Chinese Kazak group based on 165 AIM-SNPs via
NGS platform. J. Hum. Genet. 2020; 65 (5): 461-468.
https://doi.org/10.1038/s10038-020-0725-y

38. LiuQ., LuolL., Liang Q., et al. Efficiency
of ancestral inference and characterization of genetic
structure of Chinese Kazakh group with a novel InDel
panel. J. Mol. Evol. 2025; 93 (5): 682-697. https://doi.
org/10.1007/s00239-025-10275-3

39. LeiC,, LiuJ., Zhang R., et al. Ancestral
origins and admixture history of Kazakhs. Molecular
Biology and Evolution. 2024; 41 (7): msae144. https://
doi.org/10.1093/molbev/msae144

40. Raghavan M., Skoglund P., Graf K.E., et
al. Upper Palaeolithic Siberian genome reveals dual
ancestry of Native Americans. Nature. 2014; 505
(7481): 87-91. https://doi.org/10.1038/nature12736

41. Phipps A.l., Passarelli M.N., Chan A.T,,
et al. Common genetic variation and survival after
colorectal cancer diagnosis: a genome-wide analysis.
CARCIN. 2016; 37 (1): 87-95. https://doi.org/10.1093/
carcin/bgv161

42. Buniello A., MacArthur J.A.L., Cerezo
M., et al. The NHGRI-EBI GWAS Catalog of pub-
lished genome-wide association studies, targeted
arrays and summary statistics 2019. Nucleic Acids
Research. 2019; 47 (D1): D1005-D1012. https://doi.
org/10.1093/nar/gky 1120

43. Pagel KA., Kim R., Moad K., et al. In-
tegrated informatics analysis of cancer-related vari-
ants. JCO Clinical Cancer Informatics. 2020; 4: 310-
317. https://doi.org/10.1200/CCI1.19.00132

44,  McLaren W., Gil L., Hunt S.E., et al. The
Ensembl Variant Effect Predictor. Genome Biol. 2016;
17 (1): 122. https://doi.org/10.1186/s13059-016-0974-4

45. Purcell S., Neale B., Todd-Brown K., et
al. Plink: a tool set for whole-genome association and
population-based linkage analyses. The American
Journal of Human Genetics. 2007; 81 (3): 559-575.
https://doi.org/10.1086/519795

46. 1000 Genomes Project Consortium;
Auton A., Brooks L.D., Durbin R.M., Garrison E.P,,
Kang H.M., Korbel J.O., Marchini J.L., McCarthy S.,
McVean G.A., Abecasis G.R. A global reference for
human genetic variation. Nature. 2015; 526 (7571):
68-74. https://doi.org/10.1038/nature 15393

TRANSLITERATION
1. Sung H., Filho A.M., Laversanne M.
Global cancer statistics 2024: GLOBOCAN estimates
of incidence and mortality worldwide for 34 cancers
in 186 countries. CA A Cancer J. Clinicians. 2026; 76
(4): e70090. https://doi.org/10.3322/caac.70090

Meouyuna u sxonoeus, 2026, 3

2. Yamagishi H., Kuroda H., Imai Y., Hirai-
shi H. Molecular pathogenesis of sporadic colorectal
cancers. Chin. J. Cancer. 2016; 35 (1): 4. https://doi.
org/10.1186/s40880-015-0066-y

3. Li J., Ma X., Chakravarti D., Shalapour
S., DePinho R.A. Genetic and biological hallmarks of
colorectal cancer. Genes Dev. 2021; 35 (11-12): 787-
820. https://doi.org/10.1101/gad.348226.120

4, Matsuda T., Fujimoto A., Igarashi Y. Col-
orectal cancer: epidemiology, risk factors, and public
health strategies. Digestion. 2025; 106 (2): 91-99.
https://doi.org/10.1159/00054 3921

5. Sawicki T., Ruszkowska M., Danielewicz
A., Niedzwiedzka E., Artukowicz T., Przybytowicz
K.E. A review of colorectal cancer in terms of epide-
miology, risk factors, development, symptoms and
diagnosis. Cancers. 2021; 13 (9): 2025. https://doi.
org/10.3390/cancers13092025

6. Prikaz Ministra zdravoohraneni-
Jja Respubliki Kazahstan ot 16 marta 2011 goda
Ne145. «O vnesenii izmenenij v prikaz i. 0. Minis-
tra zdravoohranenija Respubliki Kazahstan ot 10
nojabrja 2009 goda Ne685 «Ob utverzhdenii Pravil
provedenija profilakticheskih medicinskih osmotrov
celevyh grupp naselenija». https://adilet.zan.kz/rus/
docs/V1100006902

7. Cui R., Okada Y., Jang S.G. Common
variant in 6q26-q27 is associated with distal colon
cancer in an Asian population. Gut. 2011; 60 (6): 799-
805. https://doi.org/10.1136/gut.2010.215947

8. Peters U., Jiao S., Schumacher F.R.
Identification of genetic susceptibility loci for colorec-
tal tumors in a genome-wide meta-analysis. Gas-
troenterology. 2013; 144 (4). 799-807. https://doi.
org/10.1053/j.gastro.2012.12.020

9. Jia W.H., Zhang B., Matsuo K., Shin A.,
Xiang Y.B., Jee S.H., Kim D.H., Ren Z., Cai Q., Long
J., et al. Genome-wide association analyses in East
Asians identify new susceptibility loci for colorectal
cancer. Nat. Genet. 2013; 45 (2): 191-196. https://doi.
org/10.1038/ng.2505

10. Zhang B., Jia W.H., Matsuda K., Kweon
S.S., Matsuo K., Xiang Y.B., Shin A., Jee S.H., Kim
D.H., Cai Q., et al. Large-scale genetic study in East
Asians identifies six new loci associated with colorec-
tal cancer risk. Nat. Genet. 2014; 46 (6): 533-542.
https://doi.org/10.1038/ng.2985

11.  Al-Tassan N.A., Whiffin N., Hosking F.J.
A new GWAS and meta-analysis with 1000Genomes
imputation identifies novel risk variants for colorec-
tal cancer. Sci. Rep. 2015; 5 (1): 10442. https://doi.
org/10.1038/srep10442

12.  Schumacher F.R., Schmit S.L., Jiao S.
Genome-wide association study of colorectal cancer
identifies six new susceptibility loci. Nat. Commun.
2015; 6 (1): 7138. https://doi.org/10.1038/ncomms8138

13. Zeng C., Matsuda K., Jia W.H. Identifi-
cation of susceptibility loci and genes for colorectal

111



TeopeaneCKaﬂ N IKCIICPUMCHTAJBHAA MEJIUIUHA

cancer risk. Gastroenterology. 2016; 150 (7): 1633-
1645. https://doi.org/10.1053/j.gastro0.2016.02.076

14.  Schmit S.L., Edlund C.K., Schumacher
F.R. Novel common genetic susceptibility loci for col-
orectal cancer. Journal of the National Cancer Insti-
tute. 2019; 111 (2): 146-157. https://doi.org/10.1093/
jnci/djy099

15. Law PJ., Timofeeva M., Fernan-
dez-Rozadilla C., et al. Association analyses iden-
tify 31 new risk loci for colorectal cancer suscepti-
bility. Nat. Commun. 2019; 10 (1): 2154. https://doi.
org/10.1038/s41467-019-09775-w

16. Hofer P., Hagmann M., Brezina S., et
al. Bayesian and frequentist analysis of an Austrian
genome-wide association study of colorectal can-
cer and advanced adenomas. Oncotarget. 2017; 8
(58): 98623-98634. https://doi.org/10.18632/oncotar-
get.21697

17. Tanikawa C., Kamatani Y., Takahashi
A., et al. GWAS identifies two novel colorectal can-
cer loci at 16924.1 and 20q13.12. Carcinogenesis.
2018;39(5):652-660. https://doi.org/10.1093/carcin/
bgy026

18. Fernandez-Rozadilla C., Timofeeva M.,
Chen Z., et al. Deciphering colorectal cancer genet-
ics through multi-omic analysis of 100,204 cases and
154,587 controls of European and East Asian an-
cestries. Nat. Genet. 2023; 55 (1): 89-99. https://doi.
org/10.1038/s41588-022-01222-9

19. Lu X,, Cao M., Han S., Yang Y., Zhou
J. Colorectal cancer risk genes are functionally en-
riched in regulatory pathways. Sci. Rep. 2016; 6 (1):
25347. https://doi.org/10.1038/srep25347

20. Montazeri Z., Li X., Nyiraneza C., et al.
Systematic meta-analyses, field synopsis and global
assessment of the evidence of genetic association
studies in colorectal cancer. Gut. 2020; 69 (8): 1460-
1471. https://doi.org/10.1136/gutjnl-2019-319313

21. Lachance J. Disease-associated alleles
in genome-wide association studies are enriched for
derived low frequency alleles relative to HapMap and
neutral expectations. BMC Med. Genomics. 2010; 3
(1): 57. https://doi.org/10.1186/1755-8794-3-57

22. Wang M., Gu D., Du M., et al. Common
genetic variation in ETV6 is associated with colorec-
tal cancer susceptibility. Nat. Commun. 2016; 7 (1):
11478. https://doi.org/10.1038/ncomms11478

23. Schmit S.L., Schumacher F.R., Edlund
C.K., et al. Genome-wide association study of col-
orectal cancer in Hispanics. CARCIN. 2016; 37 (6):
547-556. https://doi.org/10.1093/carcin/bgw046

24. Tanskanen T., Van Den Berg L., Valima-
ki N., et al. Genome-wide association study and
meta-analysis in Northern European populations rep-
licate multiple colorectal cancer risk loci. Intl. Jour-
nal of Cancer. 2018; 142 (3): 540-546. https://doi.
org/10.1002/ijc.31076

25. LuY., Kweon S.S., Tanikawa C., et al.
Large-scale genome-wide association study of East
Asians identifies loci associated with risk for colorec-
tal cancer. Gastroenterology. 2019; 156 (5): 1455-
1466. https://doi.org/10.1053/j.gastro.2018.11.066

112

26. LuY., KweonS.S, CaiQ, etal. Identifica-
tion of novel loci and new risk variant in known loci for
colorectal cancer risk in East Asians. Cancer Epidemi-
ology, Biomarkers & Prevention. 2020; 29 (2): 477-486.
https://doi.org/10.1158/1055-9965.EPI-19-0755

27. Wong M.C., Ding H., Wang J., Chan
P.S., Huang J. Prevalence and risk factors of colorec-
tal cancer in Asia. Intest. Res. 2019; 17 (3): 317-329.
https://doi.org/10.5217/ir.2019.00021

28. Park S.L., Cheng |., Haiman C.A. Ge-
nome-wide association studies of cancer in diverse
populations. Cancer Epidemiology, Biomarkers &
Prevention. 2018;27(4):405-417. doi:10.1158/1055-
9965.EPI-17-0169

29. He J., Wilkens L.R., Stram D.O., et al.
Generalizability and epidemiologic characteriza-
tion of eleven colorectal cancer GWAS hits in mul-
tiple populations. Cancer Epidemiology, Biomark-
ers & Prevention. 2011; 20 (1): 70-81. https://doi.
org/10.1158/1055-9965.EPI-10-0892

30. Marigorta U.M., Navarro A. High
trans-ethnic replicability of GWAS results implies
common causal variants. PLoS Genet. 2013; 9
(6): e1003566. https://doi.org/10.1371/journal.
pgen.1003566

31. Hong J., Lunetta K.L., Cupples LA,
Dupuis J., Liu C. Evaluation of a two-stage approach
in trans-ethnic meta-analysis in genome-wide asso-
ciation studies. Genetic Epidemiology. 2016; 40 (4):
284-292. https://doi.org/10.1002/gepi.21963

32. Lin M., Park D.S., Zaitlen N.A., Henn
B.M., Gignoux C.R. Admixed populations improve
power for variant discovery and portability in ge-
nome-wide association studies. Front Genet. 2021; 12:
673167. https://doi.org/10.3389/fgene.2021.673167

33. Magi R., Horikoshi M., Sofer T., et al.
Trans-ethnic meta-regression of genome-wide as-
sociation studies accounting for ancestry increases
power for discovery and improves fine-mapping res-
olution. Human Molecular Genetics. 2017; 26 (18):
3639-3650. https://doi.org/10.1093/hmg/ddx280

34. Shi H., Gazal S., Kanai M., et al. Pop-
ulation-specific causal disease effect sizes in func-
tionally important regions impacted by selection. Nat.
Commun. 2021; 12 (1): 1098. https://doi.org/10.1038/
s41467-021-21286-1

35. Seidualy M., Blazyte A., Jeon S., et al.
Decoding a highly mixed Kazakh genome. Hum. Gen-
et. 2020; 139 (5): 557-568. https://doi.org/10.1007/
s00439-020-02132-8

36. Kairov U., Molkenov A., Sharip A., et
al. Whole-genome sequencing and genomic variant
analysis of Kazakh individuals. Front Genet. 2022; 13:
902804. https://doi.org/10.3389/fgene.2022.902804

37. Xie T, Shen C., Liu C., et al. Ancestry
inference and admixture component estimations of
Chinese Kazak group based on 165 AIM-SNPs via
NGS platform. J. Hum. Genet. 2020; 65 (5): 461-468.
https://doi.org/10.1038/s10038-020-0725-y

38. LiuQ., Luo L., Liang Q., et al. Efficiency
of ancestral inference and characterization of genetic
structure of Chinese Kazakh group with a novel InDel
panel. J. Mol. Evol. 2025; 93 (5): 682-697. https://doi.
org/10.1007/s00239-025-10275-3



Teopeanecxaﬂ N IKCIICPUMCHTAJIbHAA MEIUIIUHA

39. LeiC,, LiuJ., Zhang R., et al. Ancestral
origins and admixture history of Kazakhs. Molecular
Biology and Evolution. 2024; 41 (7): msae144. https://
doi.org/10.1093/molbev/imsae144

40. Raghavan M., Skoglund P., Graf K.E., et
al. Upper Palaeolithic Siberian genome reveals dual
ancestry of Native Americans. Nature. 2014; 505
(7481): 87-91. https://doi.org/10.1038/nature12736

41.  Phipps A.l., Passarelli M.N., Chan A.T,,
et al. Common genetic variation and survival after
colorectal cancer diagnosis: a genome-wide analysis.
CARCIN. 2016; 37 (1): 87-95. https://doi.org/10.1093/
carcin/bgv161

42. Buniello A., MacArthur J.A.L., Cerezo
M., et al. The NHGRI-EBI GWAS Catalog of pub-
lished genome-wide association studies, targeted
arrays and summary statistics 2019. Nucleic Acids
Research. 2019; 47 (D1): D1005-D1012. https://doi.
org/10.1093/nar/gky 1120

ants. JCO Clinical Cancer Informatics. 2020; 4: 310-
317. https://doi.org/10.1200/CCI1.19.00132
44. McLaren W., Gil L., Hunt S.E., et al.
The Ensembl Variant Effect Predictor. Genome Biol.
2016; 17 (1): 122. https://doi.org/10.1186/s13059-
016-0974-4
45. Purcell S., Neale B., Todd-Brown K., et
al. Plink: a tool set for whole-genome association and
population-based linkage analyses. The American
Journal of Human Genetics. 2007; 81 (3): 559-575.
https://doi.org/10.1086/519795
46. 1000 Genomes Project Consortium;
Auton A., Brooks L.D., Durbin R.M., Garrison E.P,,
Kang H.M., Korbel J.O., Marchini J.L., McCarthy S.,
McVean G.A., Abecasis G.R. A global reference for
human genetic variation. Nature. 2015; 526 (7571):
68-74. https://doi.org/10.1038/nature 15393
Received 10.01.2026
Sent for revision 28.02.2026, 12.04.2026

43. Pagel KA., Kim R., Moad K., et al. In-
tegrated informatics analysis of cancer-related vari-

Accepted 25.07.2026
Published online 30.09.2026

n. B. Kopwykog', U. A. Kaodbiposa’, E. A. KonecHukoea? C. W. KonecHu4yeHko®, H. A. KabunoduHa',
M. XK. TalxaHosa', A. A. Typmyxambemoea*

AINENbHbLIE YACTOTbl OAHOHYKNEOTMOHbLIX MONMMMOP®U3MOB, ACCOLIMMPOBAHHbIX
C KOJNNOPEKTAIbHbIM PAKOM, B KA3AXCKOW NONYNAUUU LEHTPAITIbBHOIO KA3AXCTAHA

"HAO «KaparaHamHckuii meauumHckuii yHuBepeutet» (100008, Pecnybnuka KasaxctaH, r. KaparaHga, yn.
[orons, 40; e-mail: info@gmu.kz)

2depepanbHoe rocydapCTBEHHOE aBTOHOMHOe OOpasoBaTenbHOE YYpeXaeHue BbicLero o6pasoBaHUs
«Poccunckuin HaumoHanbHbI UCCreqoBaTENbCKUA MEAULUMHCKMI yHMBepcuteT umeHn H. W. Tuporosa»
(117513, Poccuiickaa ®epepaums, r. Mocksa, yn. OctpoButsHoBa, 1; e-mail: kolesnikova_eab@rsmu.ru)
SYHMBEPCUTETCKUI rocnuTanbHbIn LeHTp CeHT-XKIoCTUH, nccnenoBaTenbCckuii LeHTp, YHuBepcuTeT MoHpeans
(QC H3S 2G4, KaHaga, r. MoHpeans, yn. Kot-CeHT-KatpuH, 3175; e-mail: svetlana.kolesnichenko@umontreal.
ca)

*HAO «MepgmumnHckmin yHuBepcuteT ActaHa» (010000, Pecnybnvka KasaxctaH, r. ActaHa, yn. Benbitwinik,
49a; e-mail: mail@amu.kz)

*Unba BacunbeBuy KopwykoB — HAO «KaparaHgmHckun meguumHcekuin yHnsepeutet»; 100008, Pecnybnvka
KasaxctaH, . Kaparanga, yn. lNorons, 40; e-mail: Korshukov@gmu.kz

Llenb. OueHnTb annenbHble YacTOTbl OAHOHYKNEOTUAHbIX nonumopduamos (OHIT), accoummnpoBaHHbIX
C puckoMm pasBuTusa KonopektanbHoro paka (KPP), B kasaxckon nonynauuu LleHTpansHoro KaszaxcTtaHa u
COMOCTaBUTb NOMNyYeHHbIE pe3ynbTaThl C MeXAyHapPOoaHbIMU pedepeHCHbIMU AaHHBIMU.

Mamepuanel u memodsl. B wnccnepoBaHve 6binn BkMoYeHbl 97 YCNOBHO 340pPOBbLIX nul 6es
ycTaHoBneHHoro KPP n cemeltHoro aHamHesa 3nokayecTBeHHbIX HOBOOOpa3oBaHui, onpeaensislune cebs,
cBoux Buonorudecknx poamtenen, a Takke 6abyllek n geaylwek No MaTePUHCKOM M OTLOBCKOM NMMHUM Kak
ka3axoB. [eHoTUNMpoBaHue BbinonHANn metogom TagMan OpenArray. [Nocne KOHTponst IPONYCKOB AaHHbIX U
NpoBEPKN COOTBETCTBUS pacnpefeneHns reHoTUNoB 3akoHy Xapaun — BanHbepra nposogmnm rapmMoHu3aLmio
¢ naHHbiMmn 1000 Genomes Project Phase 3. [NonynaunoHHoe NonoXxeHue nokansHon BbIGOPKM oLieHMBanu
METOZOM aHanm3aa rnaBHbIX KOMMOHEHT 1 nepapxudeckon knactepmsaumu. na kaxagoro OHIN paccunTteiBanu
abconoTHbIE Pa3HOCTM YaCTOT annenen nokaneHON rpynnbl OTHOCUTENBHO peddepeHCHbIX Cyneprnonynsauun
EBpasuu u onpegenanu bnuxanyto pecepeHcHyto cynepnonynsumio. Ctatuctudeckme Bbldpochkl UCKoYanm
no npasuny Tbiokn. B ntoroBbin aHanns 6binu BkntoveHsl 55 OHI.

Pesynbmambi u obcyx0eHue. AHann3 rnaBHbIX KOMMOHEHT nokasan MpOMEXYTOYHOE MONOoXeHune
NoKansHOW rpynmnbl B €BPpasMNCcKOM reHeTUMYECKOM NPOCTPaHCTBE, NPEUMYLLECTBEHHO MeXay €BpOonenckomn
U BOCTOYHOA3naTtckon cynepnonynauuamu. [pu mnepapxmyeckon knactepusauuu nokanbHas rpynna
Oblna npeacTaBneHa BO BCEX YEThIpex kKnactepax, NpevMyLleCcTBEHHO pacnpefensisicb Mexay OBYMS CO
CMeLLaHHbIM MOMYNSAUMOHHBIM COCTaBoM. YacToTHeIM npodune uccnepoBaHHbix OHIT xapakTepusoBancs
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BbIPaXXEHHOW FOKyC-3aBucumMon BapuabenbHocTelo. Ona 29 n3 55 OHIN (52,7%) abcontoTHoe pasnuuuve
yacToT ¢ bnivkanwen pedepeHcHon cynepnonynsiunen He npesbiwano 0,025, Torga kak gns 12 BapnaHToB
(21,8%) oHo cocTtaBnsno 6onee 0,05. Hanbonee 6nuskon cynepnonynsuven ana 19 OHI aenanacek EAS,
ana 18 — EUR v ana 18 — SAS.

Bbigodbl. Pesynbratbl cormacyloTcd C NPEeOCTaBMEeHUSMW O CMELLUAHHOM XapakTepe Ka3axCKon
nonynsaunmM U AEMOHCTPUPYHOT JTOKYC-3aBMCHMMYI0 MO3aUYHOCTb YaCTOTHOIO Npoduist UCCNEA0BaHHOW NaHenNm
OHIT. lMpakTuyeckn paBHOe pacnpedeneHne CxXoacTBa C €BPa3vMACKUMKU CyneprnonynsuusiMyi yKasbiBaeT
Ha OTCYTCTBME €OWHCTBEHHOWN peddepeHCHON cyneprnonynsaumm, Hanbonee 6rnv3kon K rokanbHowm Bbibopke
Mo BCEeW NaHenu BapuaHTOB, YTO HEOOXOOUMO y4MTbIBaTb NPW NEpPEHOCEe pe3ynbTaToB MCCEeLOoBaHUM Mo
MOSTHOFEHOMHOMY MOWCKY accouuaumii, UCMOoMNb30BaHMM MONMIEHHBIX LWKan pUcka 1 NNaHupoBaHUM MeguKo-
rEHETMYECKUX UCCregoBaHNN.

Knroueesbie crioga: KonopekTanbHbIN pak; OAHOHYKNEOTUAHbIE NONMMOPMU3MbI; anmnefbHble YacToThbl;
Kasaxckas nonynsiyms
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3epmmeydiH makcambi. OpTanblk KasakCTaHHbIH Kasak nonynsuMscbiHga KornopekTangbl obbipabiH
(KPO) mamy kaynimeH accoumaumsinadran bipHykneotnaTi nonumopduamaepain, (BHIM) annenbgik kuinikrepiH
Oaranay >xaHe anblHFaH HaTWXKenepai xanblkapanblk pedepeHCTiK AepekTepMEH CanbICTbIPY.

Mamepuandap xoHe adicmep. 3eptTreyre KPO gnarHo3bl KOMbINIMaraH XaHe 0TOachINblk aHaMHe3iHae
KaTepnixxaHa Tysinimgep 6onmaraH, e3iH, OMoNornanbIK ata-aHanapbliH, COHAAN-aK aHacbl MEH 9KECi XaFblHaH
aTa-oXenepiH kasak Aen KepCeTKeH WapTThbl Typae AeHi cay 97 agam eHrisingi. FfeHotuntey TagMan OpenArray
apicimeH xyprisingi. lepektepaeri eTki3din anbiHFaH MaHAepre Gakbinay XXypridinin, reHoTUNTep TapanybiHbIH
Xapau-BanHbepr Tene-TengiriHe cenikecTiri TekcepinreHHeH keniH gepektep 1000 Genomes Project Phase 3
aepekTepimeH yunectipingi. >KeprinikTi ipikTeMeHiH nonynauusanbIk OpHbl HEri3ri KOMNOHEHTTepAi Tangay aaici
)KOHE nepapxusarnblk knacrteprey apkpinbl 6aranangbl. ©p6ip BHIT yLwiH XXeprinikTi TONTbIH annernb Xuiniktepi
MeH EypasusHbiH pedepeHCTik cynepnonynaumsanapbiHgarbl annenb XUiniktepi apacbiHgarbl abCcomnoTTi
ambipMalUbIbIKTAP €eCenTerin, €H >XakKblH pedepeHCTiK cynepnonynauns adbiktangpl. CTatucTukanbik
aybITKbIManbl MaHAep TbiokM epexeci 6onbiHLa anbiHbIn Tactangbl. KopbiTeiHabl Tangayra 55 BHI eHrisingi.

Hamuxenep xoHe mariKkbinay. Herisri KOMMOHEHTTEpAi Tangay >XeprinikTi TOMTblH, eypasussnbik
reHeTmKarnblK KeHICTIKTE, HEri3iHEeH eyponarnblK XoHe LbIFbICa3nsAnbiK Cynepnonynaunsnap apacbiHaa apanblk
OpbIH anaTblHbIH KepceTTi. epapxusanblk Knactepriey HoTWbKeCiHOe XKeprifikTi Ton 6aprnbiK TepT knacrepae
YCbIHbINbIN, HEri3iHEH MOMyNsAUMANbIK Kypambl apanac eki knactep apacbiHga 6eniHgi. 3epttenreH BHI-
napAblH Xuinik npoduni Nokycka Tayenai avikbiH BapuabenbginikneH cunarttangbl. 55 BHIM-HbIH 29-biHOa
(52,7%) eH >xakblH pedepeHCTik cynepnonynauMsaMeH annernb XWinikTepiHiH abcontoTTi anbipMaLlbinbIfbl
0,025-teH acnagbl, an 12 Hyckana (21,8%) 6yn kepceTtkiw 0,05-TeH xofapbl 6onabl. 19 BHIT yLwiH eH XakpIH
cynepnonynauusa EAS, 18 BHIM ywin EUR >eHe 18 BHIT ywiH SAS 6ongbi.

KopbimbiHObiniap. AnblHFaH HBTUXENEepP Kasak NnonynsumnsCbiHbIH apanac cunathbl Typarnbl KanbinTackaH
TYCiHiKTEpre coenkec kenegi >xaHe 3eptrenreH BHIT naHeniHiH >KuWinik ApoduniHiH nNokycka Tayenai
MO3auKanbifblFbiH - KepceTeni. Eypasunanbik cynepnonynsuMsanapMeH YKCacTbIKTbIH iC XKy3iHOe Oipkenki
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OeniHyi HyckanapgblH Oykin naHeni GowvbiHLIA >XeprifikTi ipikTemMere eH XakblH OipblHFan pedepeHCTik
cynepnonynauusiHbiH XOK eKeHiH kepceTeni. byn xarfganabl reHom OGoMbIHIWIA accounauuanapabl isgey
3epTTeynepiHi{ HaTXKenepiH nonyndauuanap apacbiHga Kewlipy KesiHae, NonureHgik kayin LwkananapbiH
nanganaHyga xxasHe MeavuMHanblK-reHeTKanblK 3epTTeynepai Kocnapnayna eckepy Kaxer.
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Aim. To evaluate the neuroprotective effects of Urtica dioica L. oil on oxidative stress and inflammatory
responses in the brains of rats exposed to ionizing radiation alone or in combination with hexavalent chromium.

Materials and methods. Sixty-five white adult male rats were randomly assigned to five groups (n=13/
group): control, irradiation, irradiation + Urtica dioica L. oil, irradiation + Cr(VI), and irradiation + Cr(VI) + Ur-
tica dioica L. oil. Seven days after irradiation, brain tissue was collected for biochemical analysis. Levels of
malondialdehyde (MDA), reduced glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), tumor
necrosis factor-a (TNF-a), and interleukin-6 (IL-6) were determined.

Results and discussion. Exposure to ionizing radiation, particularly in combination with Cr(V1), signifi-
cantly impaired antioxidant defenses and increased lipid peroxidation and inflammatory cytokine levels in
brain tissue. Pretreatment with Urtica dioica L. oil significantly increased SOD, CAT, and GSH levels while
reducing MDA, TNF-qa, and IL-6 compared with the corresponding untreated exposed groups (p<0.05).

Conclusions. Urtica dioica L. oil attenuated oxidative stress and neuroinflammation induced by ionizing
radiation alone or combined with hexavalent chromium. These findings suggest that nettle oil has promising
neuroprotective potential through enhancement of endogenous antioxidant defenses and suppression of in-
flammatory responses.

Key words: ionizing radiation; brain; oxidative stress; inflammation; nettle oil; Urtica dioica L.

INTRODUCTION Among medicinal plants, Urtica dioica L.,

Medicinal plants have historically served as
a fundamental component of healthcare systems
worldwide. Beyond their traditional use as remedies,
many plant species are also consumed as food ingre-
dients and spices, providing a rich source of bioactive
compounds for pharmaceutical research. In recent
decades, plant-based nutraceuticals and functional
foods have attracted considerable scientific attention
due to their potential protective effects against dis-
eases associated with modern lifestyles and environ-
mental factors, including inflammation, hypercholes-
terolemia, atherosclerosis, endothelial dysfunction,
and cancer progression.
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commonly known as stinging nettle, has attracted
considerable scientific interest due to its wide range
of biological activities. Urtica dioica L. is a perenni-
al herbaceous plant belonging to the genus Urtica,
characterized by serrated leaves covered with sting-
ing hairs. Its leaves contain a rich composition of nu-
trients and bioactive compounds, including dietary
fiber, essential fatty acids (linoleic, linolenic, palmitic,
stearic, and oleic acids), essential amino acids, and
pigments such as B-carotene, lutein, and other ca-
rotenoids. In addition, nettle is abundant in antioxi-
dant compounds, including polyphenols (kaempferol,
quercetin, caffeic acid, coumarins, and other flavo-
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noids). It also contains numerous minerals such as
calcium, zinc, magnesium, sodium, iron, phospho-
rus, cobalt, potassium, nickel, and molybdenum, as
well as vitamins A, C, K, and B-complex vitamins.
Due to this balanced nutritional composition and high
content of bioactive compounds, stinging nettle has
gained increasing recognition as a valuable medicinal
and functional plant [1].

Numerous studies have demonstrated that
Urtica dioica L. exhibits a broad spectrum of phar-
macological properties, including antioxidant, anti-in-
flammatory, antiproliferative, analgesic, immunomod-
ulatory, antihypertensive, anti-infective, and anti-ulcer
activities. Moreover, nettle has been suggested to
contribute to the prevention of cardiovascular and
neurodegenerative diseases [2].

Oxidative stress plays a central role in the
pathogenesis of many neurological disorders. During
incomplete reduction of molecular oxygen (O-), reac-
tive oxygen species (ROS) such as superoxide an-
ion (O2*"), hydroperoxyl radical (HO.¢), and hydroxyl
radical (HO-) are generated [3]. These highly reactive
molecules can damage lipids, proteins, and DNA,
thereby disrupting cellular homeostasis. ROS-mediat-
ed oxidative stress can activate multiple intracellular
signaling pathways, including the nuclear factor kap-
pa-B (NF-kB) pathway. Activation of NF-kB promotes
neuroinflammation, microglial activation, neuronal
apoptosis and necrosis, and secondary neuronal
damage. Furthermore, it stimulates the transcription
of genes encoding pro-inflammatory cytokines such
as interleukin-1f (IL-1pB), interleukin-6 (IL-6), and tu-
mor necrosis factor-a (TNF-a) [4].

Reactive oxygen species particularly affect
polyunsaturated fatty acids in cellular membranes,
initiating lipid peroxidation chain reactions that ul-
timately lead to the formation of malondialdehyde
(MDA), a widely recognized marker of oxidative
damage [5]. To counteract oxidative stress, the body
relies on endogenous antioxidant defense systems,
including enzymatic antioxidants such as superoxide
dismutase (SOD), glutathione peroxidase (GPx), cat-
alase (CAT), and glutathione reductase (GR), as well
as non-enzymatic antioxidants such as reduced glu-
tathione (GSH), cysteine, coenzyme Q, and vitamins
A, C, and E, metals (Se, Zn) [6].

Plant-derived compounds have attracted sig-
nificant attention for their ability to modulate oxidative
stress and inflammatory responses. Herbal extracts
may exert anti-inflammatory effects by targeting var-
ious cellular signaling pathways or endogenous en-
zymes involved in inflammatory processes. In partic-
ular, extracts of Urtica dioica L. have been reported to
modulate the inflammatory cascade by inhibiting cy-
clooxygenase enzymes (COX-1 and COX-2), thereby
reducing the synthesis of inflammatory prostaglan-
dins, and by suppressing mast cell tryptase activity to
prevent degranulation [7].
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In addition to these mechanisms, bioactive
compounds present in nettle, such as rutin, kaemp-
ferol, and vitamin A, have been shown to possess
strong antioxidant and anti-inflammatory properties.
The phenolic and flavonoid constituents of Urtica dio-
ica L. contribute to the scavenging of reactive oxygen
species and the inhibition of lipid peroxidation, there-
by protecting cells from oxidative damage [8].

Despite the growing body of evidence support-
ing the biological activities of Urtica dioica L., further
research is needed to identify its active phytochemi-
cals, clarify their mechanisms of action, and evaluate
their therapeutic potential in conditions associated
with oxidative stress and inflammation.

Therefore, the study aimed to investigate the
effects of Urtica dioica L. oil on oxidative stress and
inflammatory responses in the brain following com-
bined exposure to ionizing radiation and hexavalent
chromium, two environmental factors known to in-
duce severe oxidative and inflammatory damage in
neural tissues.

MATERIALS AND METHODS

White adult male rats (170-190 g) were ob-
tained from the vivarium of the Scientific and Practical
Center of NC JSC «Marat Ospanov West Kazakhstan
Medical University» (Aktobe c., Republic of Kazakh-
stan). Prior to the experiment, the animals underwent
a 14-day acclimatization period.

All experimental procedures were approved
by the Institutional Animal Ethics Committee of NC
JSC «Marat Ospanov West Kazakhstan Medical Uni-
versity» and were conducted in accordance with the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

A total of sixty-five rats were randomly as-
signed to five experimental groups (n=13/group):
group | — control group; group Il — rats exposed to a
single total-body y-irradiation dose of 4 Gy; group Il
— rats treated daily with Urtica dioica L. oil at a dose
of 2.5 mL/kg body weight for 14 days, followed by
total-body y-irradiation (4 Gy); group IV — rats ad-
ministered potassium dichromate (K.Cr.O-) in drink-
ing water at a concentration equivalent to 180 mg/L
Cr(VI) for 14 days, followed by total-body y-irradia-
tion (4 Gy); group V — rats administered potassium
dichromate (K.Cr.O-) in drinking water at a concen-
tration equivalent to 180 mg/L Cr(VI) and treated with
Urtica dioica L. (2.5 mL/kg body weight) for 14 days,
followed by total-body y-irradiation (4 Gy).

Seven days after irradiation, animals were euth-
anized under light anesthesia by cervical decapitation.

The brain was rapidly excised and placed in
ice-cold buffer containing 10 mM Tris-HCI (pH 7.4).
Brain tissue samples were centrifuged, and the su-
pernatants were stored at —20 °C until biochemical
analysis.
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Lipid peroxidation was evaluated by measur-
ing MDA levels using the spectrophotometric method
described by H. H. Draper and M. Hadley [9]. Under
acidic conditions and high temperature, MDA reacts
with 2-thiobarbituric acid to form a colored complex
with maximum absorbance at 532 nm. The molar ex-
tinction coefficient was 1.56x10° M~"-cm~'. MDA con-
centrations were expressed as nmol/g tissue for brain
samples.

GSH levels were determined according to G.
L. Ellman method [10] with modifications by D. J. Jol-
low et al. [11], which is based on the formation of a
yellow color upon the addition of DTNB (5,5-dithio-
bis-2-nitrobenzoic acid) to a sample containing SH
groups. Briefly, 3.0 mL of 4% sulfosalicylic acid was
added to 0.5 mL of tissue homogenate, followed by
centrifugation at 1600xg for 15 min. Ellman’s reagent
was added to 0.05 ml (50 pL) of the supernatant, and
absorbance was measured at 412 nm after 10 min.
Results were expressed as nmol/mg protein.

CAT activity was measured using the method
of M. Koroliuk et al. [12]. The reaction was initiated by
adding 2 ml of 0.03% H,O, to 0.1 ml of supernatant
and terminated after 10 min by the rapid addition of 1.0
ml of 4% ammonium molybdate dissolved in 12.5 mM
H,SO, and 1 ml of 125 mM H,SO,. All samples were
centrifuged at 3 000 g for 10 min. The absorbance of
the sample was measured at 410 nm. CAT activity was
expressed as pmol H.O. min~' mg™" protein.

SOD activity was assessed according to
C. Beauchamp and |. Fridovich [13]. This meth-
od is based on recording changes in the rate of ni-
troblue tetrazolium (NBT) reduction in the presence
of reduced nicotinamide adenine dinucleotide and
phenazine metasulfate. Optical density was mea-
sured at 560 nm. One unit of SOD activity was de-
fined as the amount of enzyme required to inhibit
NBT reduction by 50%. Results were expressed as
U/mg protein for brain tissue.

Protein concentration in tissue fractions was
determined by the method of O. H. Lowry [14].

Levels of inflammatory cytokines, including
IL-6 and TNF-qa, in brain homogenates were mea-
sured using rat-specific ELISA kits (Cloud Clone
Corp., Katy, TX, USA) according to the manufactur-
er’s instructions.

Statistical analyses were performed using R
Studio (version 2024.12.1+563). Data distribution
was evaluated using the Shapiro — Wilk test. Be-
cause the data were not normally distributed, inter-
group differences were assessed using the nonpara-
metric Kruskal — Wallis one-way analysis of variance
(ANOVA). When significant differences were detect-
ed, pairwise comparisons were conducted using the
Mann — Whitney test with Bonferroni correction. Ef-
fect sizes were calculated using Cliff's delta with 95%
confidence intervals (cliff.delta() function, “effsize”
package). According to J. Romano et al. [15], |9] val-
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ues were interpreted as follows: <0.147 — nonsignif-
icant effect; 0.147-0.33 — small effect; 0.33-0.474 —
medium effect; 20.474 — large effect. Relationships
between variables were evaluated using Spearman’s
rank correlation coefficient. P-value<0.05 was con-
sidered statistically significant.

RESULTS AND DISCUSSION

To assess the effects of nettle oil on antioxidant
status and inflammatory responses, we analyzed bio-
chemical parameters in rat brain tissue following com-
bined exposure to ionizing radiation and hexavalent
chromium. As shown in Figures 1 and 2, the Mann
— Whitney test with Bonferroni correction was applied,
and Table 1 presents the effect size estimates calculat-
ed using Cliff's delta. Administration of nettle oil exerted
a pronounced protective effect on the brain’s antioxi-
dant system. Seven days after treatment, rats subject-
ed to either isolated irradiation or combined exposure
demonstrated a significant increase in SOD activity (&
= -0.899, p=0.0005; & = —-0.840, p=0.0013), CAT ac-
tivity (0 = -0.734, p = 0.007; & = -0.651, p=0.024),
and GSH levels (& = —0.964, p=0.0001; & = —0.846;
p=0.0012) compared with the corresponding intoxicat-
ed groups. Concurrently, reductions were observed in
MDA levels (& = 0.698, p=0.0029; 6=1.0; p<0.0001),
TNF-a (6=0.728, p=0.0078; 6=1.0, p<0.0001), and
IL-6 (6=0.852, p=0.0009; 5=1.0, p<0.0001), indicating
attenuation of oxidative stress and inflammatory re-
sponses in the brain.

Overall, the Cliff's delta values confirm a strong
protective influence of nettle oil under both isolated
radiation exposure and combined radiation-chemi-
cal stress. Positive effect size values for antioxidant
enzymes indicate restoration of antioxidant capacity,
whereas negative values for MDA and pro-inflamma-
tory cytokines reflect a decline in oxidative damage
and inflammatory activity.

As illustrated in Figure 3, Spearman’s correla-
tion analysis was performed to examine relationships
among key indicators of antioxidant function, lipid per-
oxidation, and inflammation. Strong and statistically
significant associations (p < 0.0001) were identified
between antioxidant parameters and markers of lipid
oxidation and inflammatory responses, underscoring
the close interplay between reduced antioxidant po-
tential and the intensification of oxidative and inflam-
matory processes in brain tissue.

In summary, the findings demonstrate that
nettle oil effectively restores antioxidant defenses
and mitigates inflammatory reactions under radia-
tion-chemical exposure, providing protection in both
isolated ionizing irradiation and combined irradiation
with hexavalent chromium.

The study provides new evidence that nettle oil
exerts a pronounced protective effect on the brain un-
der radiation-chemical stress, improving antioxidant
defenses and attenuating inflammatory responses.
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MDA — malondialdehyde; SOD — superoxide dismutase; CAT — catalase; GSH — glutathione; C — control; R —
ionizing radiation; R + Ud — ionizing radiation + Urtica dioica L. oil; R + Cr — jonizing radiation + chromium; R
+ Cr + Ud — jonizing radiation + chromium + Urtica dioica L. oil; *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001

Figure 1 — Comparative evaluation of antioxidant status and lipid peroxidation in the brain of rats subjected to

ionizing radiation and chromium exposure and treated with Urtica dioica L. oil

Table 1 — Effect size analysis of antioxidant, lipid peroxidation and inflammatory parameters in the brains of
rats exposed to ionizing radiation and chromium and corrected with Urtica dioica L. oil

Parameter C-R C-R+Cr R - R+Ud R - R+Cr R+Cr - R+Cr+Ud
MDA -0.864 -1.0 0.698 -1.0 1.0

SOD 0.775 1.0 -0.899 0.757 -0.840

CAT 0.698 1.0 -0.734 0.964 -0.651

GSH 0.692 1.0 -0.964 0.740 -0.846

TNF-a -1.0 -1.0 0.728 -1.0 1.0

IL-6 -1.0 -1.0 0.852 -1.0 1.0

Note: C — control; R — jonizing radiation; R + Ud — fonizing radiation + Urtica dioica L. oil: R + Cr — ionizing radiation + chromiunt;, R + Cr

+ Ud — ionizing radiation + chromium + Urtica dioica L. oil; SOD — superoxide dismutase, CAT — catalase, GSH — reduced glutathione,
MDA — malondialdehyde, TNF-a — tumor necrosis factor-a, IL-6 — interleukin-6
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Figure 2 — Comparative evaluation of inflammatory markers in the brains of rats exposed to ionizing radiation

and chromium and treated with Urtica dioica L. oil

These findings are consistent with previously pub-
lished data on the biological activity of Urtica species,
which are known for their antioxidant, anti-inflamma-
tory, and neuroprotective properties.

In earlier research, Wistar rats with streptozo-
tocin-induced diabetes demonstrated a significant el-
evation of antioxidant enzymes (GPx, SOD, CAT) as
well as GSH levels in hippocampal tissue following
daily oral administration of Urtica dioica L. leaf extract
at a dose of 50 mg/kg for six weeks, compared with
untreated diabetic animals. Concurrently, marked re-
ductions were reported in lipid peroxidation (MDA) and
in the pro-inflammatory cytokine IL-13. These findings
highlight the strong antioxidant and anti-inflammatory
potential of Urtica dioica L. and support its relevance
for mitigating neuroinflammatory alterations in the hip-
pocampus [16]. It has also been shown that the eth-
anolic extract of Urtica dioica L. suppresses the se-
cretion of the pro-inflammatory cytokines TNF-a and
IL-1B in LPS-stimulated human whole blood by 50.8%
and 99.7%, respectively, demonstrating a pronounced
dose-dependent anti-inflammatory effect [17]. In a
scopolamine-induced memory impairment model, Urti-
ca dioica L. extract reduced MDA levels and increased
SOD activity in brain tissues, indicating a pronounced
antioxidant effect [18].

Researchers recorded behavioral disturbanc-
es, as well as changes in redox homeostasis, in the
cerebellum and liver of rats exposed to KBrOs at a
concentration of 2 g/L in drinking water. The animals
showed increased MDA levels and decreased activi-
ty of antioxidant enzymes, CAT and SOD, indicating
the development of oxidative stress. Administration of
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Urtica dioica L. had a significant therapeutic effect,
reducing MDA levels and increasing SOD and CAT
activity in the cerebellum and liver, indicating its an-
tioxidant properties and ability to attenuate KBrO:-in-
duced redox imbalances [19]. The radioprotective
properties of Urtica dioica L. were demonstrated in
an experimental study on rats exposed to 5 Gy of ion-
izing radiation. Treatment with Urtica dioica L. result-
ed in significant increases in the activities of SOD,
CAT, and glutathione peroxidase (GSH-Px), GSH
levels, and a decrease in MDA concentrations. The
obtained results indicate a pronounced antioxidant
and radioprotective effect of Urtica dioica L., associ-
ated with the ability to enhance endogenous antioxi-
dant protection and limit lipid peroxidation processes
[20]. Our results are consistent with a clinical study
in which the use of a hydroethanol extract of nettle
leaves was associated with a significant increase in
the activity of the antioxidant enzyme SOD (p=0.002)
and an improvement in quality of life in patients with
inflammatory bowel disease. The authors concluded
that nettle extract has promising therapeutic poten-
tial as an adjuvant treatment, but further research is
needed to confirm its clinical efficacy [21]. Treatment
with Urtica dioica L. extracts demonstrated a signifi-
cant antioxidant effect against scopolamine-induced
neurotoxicity, with a significant reduction in MDA lev-
els and an increase in GSH concentrations. These
results indicate the ability of Urtica dioica L. to reduce
oxidative stress and support the brain’s endogenous
antioxidant defenses [22]. The data obtained in the
present study are confirmed by the results of other
experimental works, in which the use of ethanol ex-
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Figure 3 — Spearman’s rank correlation analysis between antioxidant parameters, lipid peroxidation, and

inflammatory markers in rat brain tissue

tract of Urtica dioica L. contributed to an increase in
the activity of antioxidant enzymes SOD and CAT in
the tissues of the brain and cerebellum of rats, which
indicates a pronounced neuroprotective and antioxi-
dant potential of the plant [23]. A number of studies
have also shown that the use of Urtica dioica L. ex-
tract is accompanied by a decrease in MDA levels
in hippocampal tissue, indicating a reduction in ox-
idative stress and may underlie its neuroprotective
effects, including the protection of hippocampal neu-
rons, slowing premature aging, and preventing cogni-
tive impairment [24].

CONCLUSION
The study demonstrates that nettle oil effec-
tively attenuates oxidative stress and neuroinflam-
matory responses induced by ionizing radiation alone
or in combination with hexavalent chromium expo-
sure. Treatment with nettle oil restored antioxidant
defenses by increasing SOD, CAT, and GSH levels
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while reducing lipid peroxidation and pro-inflamma-
tory cytokine production in rat brain tissue. These
findings suggest that the neuroprotective effects of
nettle oil are mediated through the enhancement of
endogenous antioxidant capacity and suppression of
inflammation. Therefore, nettle oil may represent a
promising natural therapeutic agent for reducing ra-
diation- and chromium-induced brain injury, although
further mechanistic and clinical studies are required
to confirm its translational potential.
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3ALLMUTHOE OEUCTBUME MACIIA KPAMNUBbI HA OKUCIIUTENIbHbIA CTPECC U BOCHMAJEHUE
B rONNOBHOM MO3T'E KPbIC MOCNE BO3OEACTBUA FAMMA-U3INTYYEHUSA U LLECTUBAJNIEHTHOIO
XPOMA
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Llenb. OueHnTb HenponpoTekTopHoe Aenctene macna kpanuebl (Urtica dioica L.) Ha okMcnvTenbHbIN
CTpecc 1 BocnanuTernbHble peakumm B rofToBHOM MO3re KpbIC, MOABEPILUNXCSH BO3AENCTBUIO MOHU3NPYIOLLErO
N3nyYeHnsi OTAENbHO UMK B COMETAHUM C LUECTMBANEHTHBIM XPOMOM.

Mamepuarnbsi u Memodekl. ecTbaecaT NATb 6enbiX B3pOCbIX CamLUOB KPbIC Bbinv crnyvarHbiM obpasom
pacnpegeneHsl Ha nATb rpynn (n=13/rpynna): KOHTporbHas, obnyyeHue, obnyvyeHne + Macno KpanuvBsbl,
obnyyerne + Cr(VI) n obnyyernne + Cr(VI) + macno kpanuebl. Yepe3 cemb gHen nocne obnyvyeHus Gbina
cobpaHa TkaHb roNoOBHOrO Mo3ra And GuoxmMmmyeckoro aHanusa. bbinu onpegeneHbl YpoOBHU MaroOHOBOMO
ananbgervga (MOA), BocctaHoBneHHoro rmyTtatuoHa (GSH), cynepokenpamcemyTassl (CO[), katanasel (KAT),
dakTopa Hekposa onyxonen-a (PHO-a) n nHtepnerikuHa-6 (LJ1-6).

Pesynbmamsl u obcyxdeHue. Bo3gencTBme MOHU3MPYHOLLErO U3ny4eHusi, ocobeHHO B COYeTaHMU C
Cr(VI), 3HauMTenbHO ocrnabuno aHTMOKCMOAHTHYKO 3aliuTy, YCUMMIO MEePEeKUCHOE OKUCIIEHWE NUNMAO0B U
00yCroBWO NOBLILLEHNE YPOBHS BOCNANUTENbHbLIX LIUTOKMHOB B TKAHW rONIOBHOro mMo3sra. NpeasaputensHas
obpaboTka MacrnoMm KpanuBbl 3HAYMTENbHO CTUMYyNUpoBana nosbiweHne yposHen COL, KAT u GSH c
OOHOBPEMEHHbIM CHuxeHuem yposHen MOA, ®PHO-a n UJ1-6 no cpaBHEHMIO ¢ COOTBETCTBYOLLIMMUN rpynnamu,
He nogBeprasLnMuUcs BosgencTamio (p<0,05).

Bbigodbl. Macno kpanubl ocnabumno OKACIUTENbHBIA CTPECC W HEWpPOBOCMANEHWE, BbI3BaHHbIE
VNOHM3UPYIOLLUM M3MNyYEHNEM KaK OTAENbHO, TaK Y B COMETAHWM C LLUECTMBANEHTHBIM XPOMOM. 3TN pe3ynbraThbl
CBUOETENLCTBYOT O TOM, 4YTO Macfo KpanvBbl 0bOMagaer MHOrooGeLlarowyM HenponpoTEKTOPHBLIM
MOTEHLMANoOM 3a CYET YCUNEHUS SHOONEHHOW aHTMOKCUAAHTHOW 3aluuThl U NoAaBMEHMS BOCMANUTENbHbIX
peakuun.

Knrouesbie crioga: VOHU3MPYIOLLEE U3MyYeHWe; MO3r; OKUCITUTENbHbIA CTPECC; BOCManeHue; mMacrno
kpanwmebl; Urtica dioica L.
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3epmmeydiH makcambi. VloHOaylwbl cayneneHygdiH Xeke acepi Hemece anTbl BaneHTTi XPOMMEH
OiprneckeH acep eTyi XaraanbliHOa ereykynpblk MUbIHAAFbI TOTbIFY CTPECCi MeH KabbIHy peakumnsanapbiHa kapcbl
Kanakarn MalblHbIH HEMPOMNPOTEKTOPSbIK cepiH baranay.

Mamepuandap xeHe adicmep. Epecek ak aTanblk TykbIMObl 65 ereykympblik keaaencok Typae dec Tornka
GeniHgi (n=13/Ton): Gakbinay, cayneneny, coyneneHy + kanakam marnbl, cayneneHy + Cr(VI), coyneneny +
Cr(VI) + kanakan mawbl. CoyneneHyaeH KemiH XeTi ToynikTte BUoXUMUANbIK Tangay XKypridy ywiH Mu TiHaepi
anbiHabl. ManoHabl guanbgerng (MOA), rmytatmoH (GSH), cynepokcupgancmytasa (COL), katanasa (KAT),
icik Hekpo3bIHbIH, hakTopbl-a (TNF-a) xxeHe nHTepnelikun-6 (IL-6) aeHrennepi aHbIKTanabi.

Hemuxenep xoHe marnkbinay. WoHgaywbl ceyneneHy, acipece Cr(VI)-meH Oipre acep eTkeHge,
aHTMOKCUOAHTTbIK KOPFaHbICTbI anWTaprbiKTam amcipeTin, MannapgblH, ackblH TOTbIFYbIH XX8HEe MW TiHIiHAer
KabblHy LMTOKMHAEPIHIH AeHreniH )ofapbinaTTel. Kanakan manbiMeH angbiH ana eHaey CO[, KAT »xeHe GSH
OEeHrennepiH antTapnbikTam apTTbipbin, CONKEC eM KabbingamaraH TonTapMeH canbicToipfanga MOA, TNF-a
oHe IL-6 geHreninepiH egayip TemenaetTi (p<0,05).

KopbimbiHObInap. Kanakanm maribl oHOayLUbl CoyNeneHydiH XXeKke 8CepiHeH ae, anTbl BaNeHTTi XPOMMEH
OipiKTipinreH acepiHEH Ae TyblHOaFaH TOTbIFY CTPECCi MEH HEMPOKAObIHYAbI SNCipeTTi. AnbIHFAH HaTMXKENep
Kanakan ManblHbIH 9HOOreHAi aHTUOKCUAAHTThIK KOPFAHbICTbI KYLLUENTY XoHe KabblHy peakunsnapbiH Texey
apKblSibl HEMPONPOTEKTOPIIbIK KACUETKE Me EKEHIH KepceTeai.

Kinm ce3dep: nongayLuibl cayneneHy; M1; OKCMaaTMBTI CTpecc; kabblHy; kanakanm Mavibl; Urtica dioica L.
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Nanoparticles (NPs) synthesized by the green synthesis approach have appeared as an environmen-
tally friendly and sustainable strategy in the past decade. In this process, the bark extract of Terminalia arjuna
(T. arjuna) functions as a reducing and capping agent for synthesizing silver nanoparticles (AgNPs). Different
bioactive compounds, such as saponins, tannins, and flavonoids from bark extract, play an essential role in
nanoparticle synthesis and stabilization. The appearance of a dark brown color in the solution visually con-
firms the nanoparticle formation. Furthermore, an absorbance peak at 410 nm wavelength confirms the bio-
synthesis of AQNPs. Moreover, process parameters (temperature, stirring time, and silver nitrate concentra-
tion) for nanoparticle synthesis were statistically optimized by using the response surface methodology (RSM)
tool. The maximum synthesis of nanoparticles was achieved at 5 mM silver nitrate, 80° C temperature, and 40
minutes of stirring time. The spherical structure of AgNPs, with a size range of 10-120 nm and an average par-
ticle size of 36 nm, was discovered from transmission electron microscopy (TEM). Also, the X-ray diffraction
(XRD) technique indicated the crystalline nature of synthesized AgNPs. Moreover, the antibacterial potential
of silver nanoparticles was tested against Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus),
which exhibit significant inhibition zones and advocate using AgNPs against antibiotic-resistant strains. This
study reveals the capability of T. arjuna bark extracts in the biogenic synthesis of NPs with high antibacterial
potential, which can be employed in different biomedical applications.

Key words: green synthesis; silver nanoparticles; terminalia arjuna; response surface methodology;
antibacterial activity

INTRODUCTION

Nanotechnology has attained notable consid-
eration in the past few decades, especially in the re-
search of metallic nanoparticles, as they exhibit great-
er physiochemical and biological properties than their
bulk analogs [1]. Amongst metallic nanoparticles, sil-
ver nanoparticles (AgNPs) are extensively explored in
various disciplines, such as biomedical, electronics,
food, catalysis, imaging, and sensing [2]. There are
numerous conventional approaches for synthesizing
silver nanoparticles, but these approaches are ener-
gy extensive and use toxic chemicals and reagents
that are hazardous to the environment. Due to this
limitation, there is a need for a process that is more
sustainable, greener, and safer [3].

Green synthesis is a process in which a bio-
logical source (plants, microorganisms) is used to
synthesize nanoparticles. Green synthesis uses
plant and microorganism metabolites as stabilizing,
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reducing, and capping agents [4]. In the study, Ter-
minalia arjuna (T. arjuna) bark extract is used as it
contains biomolecules, for instance, phenols, tan-
nins, flavonoids, and alkaloids, which facilitate the
silver ion reduction and stabilize the formed NP [5].
Furthermore, Response Surface Methodology (RSM)
is also used to optimize essential process conditions
such as temperature, silver nitrate concentration, and
stirring time [6]. Furthermore, the characterization of
T. arjuna NPs was done by utilizing TEM, XRD, and
UV-visible spectroscopy. Moreover, the antibacterial
potential of synthesized NPs was checked against S.
aureus and E. coli.

The aim of the study was to examine a green,
sustainable, and eco-friendly method for producing
AgNPs using T. arjuna bark extract, exploiting its
biomolecules as a stabilizing, capping, and reducing
agent. The process parameters for synthesis were
also optimized with the help of Response Surface
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Table 1 —Design strategy and factor boundaries utilized for process parameter optimization (Central Composite

Design) for T. arjuna nanoparticles

Level
Process parameters :
(-1) low (+) high
Silver nitrate concentration (mM) 1 5
Temperature (°C) 30 80
Stirring time (min.) 4 80

Table 2 — CCD for optimizing process parameters [factors: (A) silver nitrate conc., (B) temperature, and (C)

stirring time] for T. arjuna AgNPs

Run Silver nitrate concentration Temperature Stirring time Weight of nanoparticles (mg/
(mM) (°C) (min.) ml)
1 3 55 26.3641 29.5
2 6.36359 55 60 40.9
3 5 80 40 33
4 5 30 80 35.8
5 5 30 40 24.3
6 1 80 80 10.3
7 3 55 60 21.4
8 3 55 60 20.8
9 1 30 80 8.2
10 3 55 93.6359 24.3
11 3 55 60 19.7
12 1 30 40 7.7
13 3 12.9552 60 24
14 3 55 60 32
15 3 55 60 36
16 3 55 60 34
17 1 80 40 30
18 0.363586 55 60 16
19 5 80 80 20
20 3 97.0448 60 22

Methodology (RSM) to ensure maximum yield for Ag-
NPs. Lastly, the antibacterial activity of AQNPs was
evaluated against selected bacteria to discover the
potential of AQNPs as an alternative to antibiotics.

MATERIALS AND METHODS
Materials required

Silver nitrate (AgNO,) (99.9%,ACS, 169.87mw)
and sodium hydroxide (NaOH) (97%, ACS, 40mw)
were procured from Sisco Research Laboratories, In-
dia. T. arjuna bark was purchased from the local mar-
ket; it was thoroughly washed, dried, and ground into
fine powder. Deionized water was prepared in the lab
itself. S. aureus and E. coli strains were attained from
the Department of Life Sciences, Sharda University
(India). Ethanol (99.9%, ACS) was acquired from a
local supplier.
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T. arjuna bark extract preparation

The extract was made by adding 10 g of T. ar-
juna bark powder to 100 ml of deionized water, heat-
ed for 15 min, and let to cool at room temperature.
The solution was filtered, and the extract was stored
at 4 °C until further use.

Synthesis of T. arjuna bark extract mediated
AgNPs

For the formation of AgNPs, different concen-
trations of AGNO, solutions were taken, and the con-
centration with the most favorable was selected. To
synthesize AgNPs, 10 ml of bark extract was added
dropwise to TmM of 100 ml of AgNO, solution. 1M
NaOH solution was used to maintain the pH at 9. The
solution was then heated for 60 minutes at 60 °C to
enhance the production of nanoparticles. A brownish
pellet was obtained after centrifuging at 10000 rpm,
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Figure 1 — T. arjuna extract and salt mixture before NPs formation (a) and extract and salt mixture after NPs

formation (b)

[Sample ahsorbance speh
T T 1

0 30 400 450 500 550 600 650 700 750
Wawvelength nm

Figure 2 — UV-Vis spectrum T. arjuna extract medi-
ated synthesized AgNPs

washed with 80% ethanol, and dried at room tem-
perature.
Characterization

In the present study, UV-visible spectroscopy
was used to find the maximum peak absorbance of
AgNPs. The scan range was set at 200nm — 800nm
wavelength. TEM was utilized to study the structure of
AgNPs at high magnifications. Finally, the crystalline
nature of AGNPs was determined by employing XRD.
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Figure 3 — XRD patterns of the synthesized silver
nanoparticles

Optimization of process parameters

The central composite design (CCD) under
the response surface methodology (RSM) approach
was utilized to optimize process parameters. The
factors were taken as silver nitrate concentration
(A), temperature (B), and (C) stirring time. Table 1
depicts all three parameters of T. arjuna — mediated
synthesis of nanoparticles at two levels, high (+1)
and low (-1). A series of 20 experiments were car-
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Figure 4 — TEM image of the AgNPs at 25KX (a) and 40KX magnifications (b)

ried out, and the weight (mg) of nanoparticles pro-
duced as a response (R1) was recorded. Table 2
shows the central Composite Design for optimizing
process parameters. Statistical analysis, model fit-
ting, and 3D response surface plots were generated
using Design Expert (version 13).
Assessment of the antibacterial potential

The antibacterial potential of produced AgNPs
was studied using the agar well diffusion method.
Firstly, the 100ul culture was spread on nutrient agar
media containing petri plates. Four bores of 6mm
were bored on agar plates with the help of a borer.
Distilled water was filled in well 1 as a blank, the wells
marked as 2 were filled with 50mg/ml amoxicillin, and
3 and 4 were filled with synthesized silver nanopar-
ticles with concentrations of 50 mg/mL and 150 mg/
mL. Plates were incubated at 37°C, and the size of
the zone of inhibition (mm) was determined.

RESULTS AND DISCUSSIONS
Synthesis

Adistinct color shift was observed from reddish
to brownish (Figure 1 a, b) because of the reduction
of the metal ions contained in the precursor salt, in-
dicating the creation of nanoparticles. The surface
plasmon (SPR) peak was observed at 410 nm in the
UV-visible spectroscopy analysis (Figure 2).

Characterization of synthesized AgNPs
X-ray diffraction (XRD)

An X-ray diffraction (XRD) graph was used
to find the crystalline nature of the nanoparticles.
The noticeable peaks at 38.47°, 44.29°, 64.13°,
and 77.21° (Figure 3) correspond to the pure silver
planes, with h, k, | values 111, 200, 220, and 31. This
confirms that the AgNPs are crystalline and have a
silver composition [7].

Transmission electron microscopy (TEM)

As revealed by TEM, AgNPs were spherical
(Figure 4 a, b), having a size distribution of 10-120
nm and a mean particle size of 36 nm. Minor agglom-
eration was also seen due to the effective capping
and stabilization of phytochemicals in the T. arjuna
extract [8].
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Optimization

The Optimization of process parameters was
done by utilizing central composite design (CCD). The
p-value (p <0.05) indicates that the three variables
(silver nitrate concentration, temperature, and stirring
time) strongly influenced nanoparticle synthesis. Table
3 illustrates the fit summary of different models; Table
4 shows ANOVA for the 2FI model. 3D-surface graphs
of varying process parameters were revealed by Figure
5a,b,c.

The optimal conditions for synthesizing Ag-
NPs were silver nitrate concentration of 5 mM, tem-
perature 80 °C, and stirring time of 40 minutes. The
nanoparticle’s experimental weight was 22mg/ml af-
ter synthesizing AQNPs under optimized conditions.

Antibacterial potential

Significant antibacterial activity (figure 6 a, b)
was observed against both E. coli (Gram-negative)
and S. aureus (Gram-positive). Inhibition zones of 16
mm and 10 mm were seen for S. aureus and E. coli
at 150 mg/ml of AQNPs. The mechanism involved in
antibacterial activity is the disruption of bacterial cell
membranes and generating reactive oxygen species
(ROS) [9]. Table 5 shows the observed inhibition zone
against E. coli and S. aureus.

DISCUSSION

This current study portrays a green, sustain-
able, and safer approach for synthesizing AgNPs us-
ing T. arjuna bark extracts. The SPR peaks around
410 nm, and the color shift from reddish to brown
signifies the formation of T. arjuna AgNPs, with bio-
molecules present in the extract acting as reducing,
capping, and stabilizing agents.

The optimization utilizing response surface
methodology showed that the process parameters
significantly influenced nanoparticle yield, with optimal
parameters such as temperature 80 °C, AgNO, con-
centration of 5 Mm, and stirring time of 40 minutes.

Characterization techniques such as TEM and
XRD disclosed that the AgNPs were spherical and
averaging 10-120nm in size. Moreover, the synthe-
sized AgNPs featured significant inhibition zones, in-
dicating their potential use in biomedical applications.



TeopeaneCKaﬂ H IKCIICPUMEHTAJIbHAA MEAULIMHA

Table 3 — Fit summary of models of optimization of T. arjuna AgNPs

Source Sequential p-value Lack of Fit P-value Adjusted R? Predicted R? Remark
2FI 0.00422 0.8267 0.5758 0.237 Suggested
Linear 0.0159 0.5241 0.3665 0.1491 -
Cubic 0.9643 0.8394 0.5692 0.2841 -
Quadratic 0.4600 0.8394 0.5692 0.2841 -
Table 4 — ANOVA for 2FI model of T. arjuna AgNPs
Source Sum of Squares df Mean Square F value P value Remark
Model 1205.09 6 200.85 5.30 0.0058 Significant
Silver nitrate 714.43 1 714.43 18.85 0.0008 -
Temperature 14.22 1 14.22 0.3752 0.5508 -
Stirring time 63.49 1 63.49 1.67 0.2181 -
BC 249.76 1 249.76 6.59 0.0234 -
AB 124.03 1 124.03 3.27 0.0927 -
AC 39.16 1 39.16 1.03 0.3280 -
Lack of fit 215.31 8 26.91 0.4850 0.8267 Not significant
Residual 492.80 13 37.91 - - -
Pure Error 277.49 5 55.50 - - -
Cor Total 1697.89 19 - - - -
(A) (B)

50 50

40 40
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Figure 5— Response surface plot for (a) weight of nanoparticles (mg/ml) vs. silver nitrate conc. vs. temperature,
(b) weight of nanoparticles (mg/ml) vs. silver nitrate conc. vs. stirring time (c) weight of nanoparticles (mg/ml)
vs. temperature vs. stirring time
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Table 5 — Inhibition zone against E coli and S. aureus

. I AgNPs
SNO Bacteria Amoxicillin (50 mg/ml)
100 mg/ml 150 mg/mi
1 E. coli 14 mm 9 mm 10 mm
2 S. aureus 12 mm 6 mm 16 mm

B
-

CONCLUSION

This study successfully establishes a straight-
forward, greener, non-toxic, and environmentally
friendly approach for synthesizing AgNPs using T.
arjuna plant extract. This process used biomolecules
present in the extract as reducing, capping, and sta-
bilizing agents [10]. Optimization of process parame-
ters has tremendously increased the yield of AQNPs.
At the same time, characterization techniques such
as TEM and XRD have conformed to forming spheri-
cal, crystalline, and stable nanoparticles [11].

Lastly, AgNPs showed antibacterial potential
against Gram-positive and Gram-negative bacteria,
showing their potential in biomedical and healthcare
applications [12].
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CUHTE3 W ONPEAOENEHUE XAPAKTEPUCTMK HAHOYACTUL CEPEBPA HA OCHOBE
OKCTPAKTA KOPbl TEPMWUHAIIUX  APOXYHbl: ONTUMUSALUNA  TEXHOJNOIMMNMYECKUX
NMAPAMETPOB C UCMNONb3OBAHMEM METOOOJIOMMU NMOBEPXHOCTU OTKIUKA U OLIEHKOM
AHTUBAKTEPUAIIbHOWU AKTUBHOCTU

'Kachenpa 6GruoTtexHonornm, Tanapckui MHXeHepHO-TexHonormvyecknini MHCTUTyT (147004, UHgus, MNeHgxao,
Matnana, bxagcoH-poya, 32; e-mail: admissions@thapar.edu)

2Kacbegpa Guonoruyveckmnx Hayk, LLkona Guonornyecknx Hayk n TexHonorun Wapga, YHueepcutet LWapaa
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*Moxut Kymap — Kadegpa OGuonorumdeckux Hayk, Lkona ©uonormdeckmx Hayk u TexHonorui LWapaa,
Yuusepcutet Wapaa; 2013-10, Nnauns, YTTtap-MNpagew, bonbwas Honga, Mapk 3HaHun I, 32-34; e-mail:
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HaHouwacTtuubl (NPS), cuHTesuMpoBaHHble C MOMOLLbD MeToda 3erieHoro CuHTesa, B nocnefHee
AecatuneTme cTany paccMaTpmBaTbCs Kak 9KOMOrM4eckn Ynctas n ycrondmsas crparerus. B atom npouecce
9KCTPaKT KOpbl TepMUHanuMn apaxyHol (T. arjuna) OEencTByeT Kak BOCCTAHaBNMBAOLLMN U YKYNOPUBAIOLLNIA
areHT Anga cuHtesa HaHovacTul cepebpa (AgNPs). PasnuyHbie 6Guonornyeckn akTMBHbIE COEAMHEHUS, Takue
Kak canoHuHbI, AybunbHble BewecTBa U (briaBOHOMAbI U3 3KCTPaKTa KOpbl, UrpaloT BaXKHYI pPOrb B CUHTE3E
n cTabunuaaumm HaHovacTuy,. NosiBneHne TEMHO-KOPUYHEBOTO LiBETA B paCcTBOPE BMU3yanbHO NogTBEpXKAaeT
obpasoBaHune HaHo4yacTuL,. Kpome Toro, nuk nornoLleHust npu anvHe BonHel 410 HM noaTeepaaet GMocuHTes
AgNPs. Kpome Toro, napameTphbl npouecca (TemnepaTtypa, BpemMs NnepemMeLLnBaHns 1 KOHLEHTpaunus HiTpara
cepebpa) Oona cuHTesa HaHoyacTuy Oblnn CTaTUCTUYECKM OMTUMWU3MPOBAaHbI C MOMOLLBI METO4OoMNormm
noBepxHocTun oTknmka (RSM). MakcmanbHbIN CUHTE3 HaHOYaCcTUL, BbIN AOCTUTHYT NpK 5 MM HUTpaTa cepebpa,
Temnepatype 80 °C n 40-mmHyTHOM nepemewmBaHun. Cdepuveckas ctpyktypa AgNPs ¢ gnanasoHom
pa3mepoB 10-120 HM 1 cpeagHNM pasMepoM YacTul, 36 HM Gbina obHapy)XeHa C MOMOLLIbK NPOCBEYMBAIOLLIEN
3NEKTPOHHOM MUKpockonuu. Kpome Toro, meton peHTreHoBCckor andpakumm (XRD) nokasan Kpuctannimyeckyro
npupoay cuHTesmpoBaHHbIXx AGNPs. Kpome Toro, aHTnbakrepuanbHbii noTeHLman HaHo4yacTul cepebpa Obin
npoTecTtupoBaH NpotuB Escherichia coli (E. coli) n Staphylococcus aureus (S. aureus), KOTopble NoKasanu
3Ha4YUTENbHbIE 30HbI MHTMBUPOBaHUSA, YTO CBUAETENBCTBYET O BO3MOXHOCTM Mcnonb3oBaHnst AQNPs npotus
LITAMMOB, YCTONYMBbBIX K aHTMONOTUKaM. OTO UccrnegoBaHne packpbiBaeT CNOCOOHOCTb SKCTPAKTOB Kopbl 7.
arjuna k 6uoreHHomy cuHTesdy AgNPs ¢ BbICOKMM aHTMOaKTepuanbHbIM NOTEHLMANOM, KOTOpble MOryT ObiTh
NCMOMb30BaHbl B PasnunyHbIX GIOMegULMHCKNX LensX.

Knouesbie criosa: 3eneHbli CUHTE3; HaHodacTuubl cepebpa; Terminalia arjuna; metogonorus
NMOBEPXHOCTUN OTKNMKA; aHTMOaKTepuarnbHas akTUBHOCTb
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Xacbin cuHTes apicimeH cuHTesgenreH HaHobenwektep (NPS) COHfbl OHXbINAbIKTa 3KOMOMMANbIK
Tasa XeHe TypaKTbl cTpaTerus peTiHae KapacTbipbina 6actagbl. byn npouecte ApaXyHa TepMUHanbIHbIH
(T. arjuna) kabbiK CbIFbIHObICHI KYMiC HaHOOeILWEKTEPIH CUHTE3AeY YLUIH KannbiHa KENTIPETiH XXaHe XabaTbIH
areHT (AgNPs) kbiameTiH aTkapagbl. CanoHuHOep, TaHMHOEP >XaHe KabblK CbIfbIHOBICbIHAH arblHFaH
dnaBsoHoMATap CUSAKTBI 9pTYypni Bruonormanblk 6enceHgi KocbinbicTap HAaHOOeNLWeKTepai CUHTe3aeyae KaHe
TypakTaHablpyda MaHbi3abl pen atkapanbl. EpiTiHaigeri kapa KoHbIp TYCTiH nanga 6onybl HaHObenwWweKTepaiH,
navga 6onyblH ke30eH pacTtanabl. CoHbiMeH kaTap, 410 HM TOMKbIH Y3bIHAbIFbIHAAFB! XKYThIMY LWbIHBI agnps
BurocuHTesiH pactangbl. CoHbIMEH kaTap, HaHobenLweKTepai CMHTe3aeyre apHarfFaH NpoLecTiH napaMmeTpriepi
(TemnepaTtypa, apanacTbIpy yaKbITbl )K8HE KYMiC HATPaTbIHbIH KOHLEHTPaLMAChI) )kayan 6eTiHiH agicTemeciMeH
(RSM) cratuctukanblk OHTamnanablpbiiabl. HaHoGenwekTepaiH Makcumangbl CUHTE3iHE 5 MM Kymic
HuTpatbl, 80 °C TeMnepartypaga xaHe 40 MUHYTThIK apanacTbipy KesiHae kon »eTkisingi. 10-120 HM eniwem
AnanasoHbl xaHe 36 HM GenLiekTepaiH opTalua enwemi 6ap agnps cdeparnbik KypbirbiMbl TPAHCMUCCUSATBIK
3NEKTPOHAbI MWKPOCKONUSA apkbinbl aHbikTandbl. CoHbIMEH KaTap, peHTrengik amdpakumsa (XRD) agici
CVHTe3genreH agnps-TiH KpucTanablk cunatbiH kepceTTi. COHbIMEH KaTap, KymiC HaHoOerLekTepiHiH
Baktepusira kapcbl noteHumansl Escherichia coli (E. coli) xaHe Staphylococcus aureus (S. aureus) cbiHanapl,
ornap anTapnblKTan TeXerny aiMakTapblH KepceTTi, Oyn aHTMbnoTukTepre TesiMmai Wtammaapra kapcbl AGQNPs
KongaHy MyMKiHAIrH kepceTeai. byn 3eptTey T. arjuna KOPTEKC ChIfbIHAbINAPbLIHBIH SPTYPIi OMoMeanUMHanbIK
MakcaTTapga KongaHyra 6onaTbiH ofapbl bakTepusiFra kapcel noTeHumansl 6ap agnps buoreHaik cuHTesgey
kabineTiH KkepceTeai.

Kinm ce3dep: xacbin cuHTE3; KyMmic HaHobGenwekTepi; Terminalia arjuna; »kayan OGeTiHiH aaicTemMeci;
DakTepusiFa Kapcbl apekeT
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3epmmeydiH makcambl. KalblH, OypLUIKTEPIHEH anblHFaH KypFak SKCTPaKT HeridiHae kancyna TypiHaeri
XXyMcak anypeTturkanblk acepi 6ap gapinik npenapatTbiH, TEXHONOMMACHIH a3iprey.

Mamepuandap xoHe adicmep. JKCNepuMeHTTiK 3epTTey bapbicbiHga 70% aTaHon KongaHa oTbIpbir,
KaliblH OYpLUIKTEPIHEH KypFaK SKCTPaKT any TexXHonoruscol agipnenai. Matepuangplk 6anaHc ecentenin, Tex-
HOMOIUAMbIK XX8He annapaTypanblk cbi3ba Kypbligbl. OKCTPaKUMs LWapTTapblH OHTaWnaHObIpFaHHaH KemiH
KaTTbl O9pinik hopma — kancyna Kypambl )acanbin, Kancynatop KypbifFbiCbiHAa AanbiHAANabI.

Hamuxxenep xoaHe marikbinay. QKCTPaKUMsIHbIH OHTalNMbl LWAaPTTaphbl: LUMKI3aT NEeH SKCTPAareHTTiH apaka-
ThiHacbl — 1:1; epiTiHgi — 70% ataHon; Temneparypanblk pexuM — 45-50 °C. AnblHFaH KypFak 9KCTPaKT Kerneci
KypammeH kancynara eHrisingi: 0,300 r kariblH, OypLUIKTEPIHIH KypFak aKCTpakTbicbl, 0,195 r kapTon Kpaxmarnsbl,
0,003 r aspocun A-380, 0,002 r kanbuwmii cteapaTbl. bapnbik ynrinep Kasakctan PecnybnukacbiHbiH Memne-
KeTTiK papmakonesicbl TananTapbiHa CoNKec 3epTTeng,.

KopbimbiHObINap. KalibiH OypLUiKTEPIHEH KYpFaK 9KCTPAKT NMEH OHbIH HETi3iHAe Kancyna TypiHaeri 4apinik
npenapaTtTbl any TEXHONMOIMSACHI 83iprieHin, Taxipnberik 3epTTey HoTUXKeNepiMeH Herigenai.
Kinm ce30ep: xypek XeTKinikciaairi; yrnnek kanbiH, (Betula Pubescens Ehrh.) GypLuiri; KypFak aKCTpakT;

Kancyna; gapinik ecimaik LWukisaTbl

KIPICNE

CoHFfbl OHXbINAbIKTApAa onemMae XYPeK >XeT-
kinikcizgirivii (PKXK) ayblpTnaneifbl apTbin kenedi, oyn
XanbIKTbIH, KapTatobIMEH XXoHe XXYPek-KaH Tamblpnapbl
MeH KapavomeTabonukaneik aypynapbl 6ap HaykacTap-
OblH eMip Cypy Y3aKTbIFbIHbIH, apTybIMEH GannaHbICTbl
[1]. Cosbinmansl xxypek xeTkinikciaairi (CHOK) kenTtereH
XXYPEK aypyrapblHbIH COHfbl caTbiCbl 60nbin Tabbina-
Obl. XKypek >xeTkinikcisgirii dpapmakonoruanslk emae-
yOeri TepaneBTiK >XETICTIKTepre KapamacTtaH, >Xypek
XKeTKinikciaairi 6ap HaykacTap ywiH 1 Xbin iwiHae enim
aeHrevii oni e 40%-fa >xakpiHOan kenegi XeHe ecypi
XanfFacTtelpyga [2, 3, 20]. CosbinManbl Xypek >XeT-
Kinikciagiri 88% >xarpanaa Al 59% XXypeKTiH, uemu-
AnNbIK aypybl cangapbiHaH Aamugbl. ARKbIH KIMHMKa-
nblk CHKOK Eypona engepiHge xoHe AKLU-ta 0,4 neH
2,5%, Pecenn meH TM[ engepinge wamameH 5%, Xblir-
ObIK eniM kepceTkilli wamameH 12% [4, 21, 22].

Ornemae Xypek-kaH TaMmblprapbl aypynapbiHaH
(XKKA) xbin canbiH 6acka MHeKUMAnbIK eMec aypy-
napra kaparaHaa kebipek agam kanTbic 6bonagbl. Ca-
panwbinapabiH, 6aranaybl GoMbIHLLIA, OYHUEXY3iHAOE
550 munnuonra xyblk agam XKA-meH emip cypegi,
an 135 MuUNnNMoHHaH actaMbl — aTepoCKepo3beH
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ayblpatblH HaykacTap [5]. 2022 xbinbl KasakctaHaa
XXYpek-kaH Tamblpnapbl aypynapbiHbiH (PKKA) Tapa-
nybl 100 MblH agamfa wWakkaHda 2759,6 xarganabl
Kypagbl, Oyn aypynapmeH en xankbiHblH 5,7 %-bl 3ap-
Jan weregni, cypet 1 kepcerTinreH [6, 23].

Bip xafbiHaH, XK 6ap HaykacTapgblH npodu-
nakTukacbl aypyabl 6ackapyqblH TMiMai agicTepi eH-
riinreHiHe kapamacTaH, aIi e e3eKkTi Macene 6onbin
kana 6epepi [7, 8]. EiHLLUi XaFblHaH, COHFbI Xblnaapbl
HOK-HiH angbiH any xeHe XK cangapbiHaH 6onaTbiH
aypyxaHara xaTKbl3blny xaffanbl TMiMAi 49pinik 3aT-
Tap MeH agictep a3iprneHy ecebiHeH asatoga [9, 29,
30]. ereHmMeH, cMHTETUKAnNbIK npenapaTtTap Xypek
XKeTKiniKci3airi aypyblHbIH acKblHY KaymniH a3anTyaarbl
TUiMAINIriHe KapamacTaH, Xui runepkannemMms, XXypek
anHybl, NATONOTUANbIK YMKbILWbLINAbIK, Tepi 6epTne-
nepi, reMaTonornsnbIK e3repictep xaHe baybIpiLLiniK
XorecTas CUsIKTbl ayblp >kaHama aceprnepmeH Oipre
xypeai. OcbifaH GannaHbICTbl XYPEK KeTKinikciagi-
riHiH gaMy KayniH asanTbin KaHa KoWman, aHama
aceprnepai asavTaTblH Kayincia xaHe TuiMAai uTo-
npenapaTTapabl 83iprey e3ekTi Macenere anHanyaa.

ByriHri TaHoa dpapmaueBTUKa eHepkacibiHae
TabuFn LWKKI3aTTaH eHiM a3ipney e3ekTi macene 0o-
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1 cypeT — KasakctaH PecnybnukacbiHoa )Xypek-kaH Tamblprapbl aypynapbiHblH, CbipkaTTaHYLLUbIMbIK XoHe

eniM-XiTiM guHaMuKachbl

nbin Tabbinagbl, 6yn OHbIH GUOMNOrMANbLIK 9CEpPIHIH
KeH aykbiMbiMeH OannaHbicTbl. KentereH 3epTtTe-
ywinepain, nikipiHwe, Taburn Herisgeri oTaHabIK npe-
napatTapAbl KOngaHyablH 3KOHOMWKanbIK TUiMAINIri
CVYHTE3aenreH npenaparrapgbl XXacayMeH canbiCTbl-
pranga >ofapsbl [10, 24, 25]. Con cebenTteH, epekiue
KOMMOHEHTTEPAEH TypaTblH, TabufKn, Oapinik eciMaik
LWMKi3aTTapblHaH, atan anTkaHga Ynnek KanblH
(Betula Pubescens Ehrh.) 6ypwiri emaik-npodmnak-
TUKanbIK Kancyna KypamblH xacay e3€eKTi.

Ynnek kaunblH (Betula Pubescens Ehrh.) 6yp-
LUiriHiH Heri3ri TepaneBTMKarnbIK 8cepi AnypeTmKanbIk,
aHTUcenTUKanblK, XornepeTukanblk, KabblHyFa Kapchbl,
Xapanapabl eMOenTiH, KakblpblK TYCIpeTiH, aHTuC-
nasmMartvkanblk, AnadopeTukanblk, aHTUNMpeTuKa-
NbIK, CEPriTETiH, XKannbl HblFankTaTbiH acepre ne [11,
12, 13, 14, 15, 16]. Icikke Kapcbl (Co3binMarnbl XXypek
XeTicneywiniri, 6yripek aypynapsbl) 6encenginiri 6ap
KOCbINbICTapAblH, MaHbI3abl ToObl — dhnaBoHonAaTap,
acipece naBoHAapAblH METOKCUMAEHreH TyblHAbI-
napsl [17, 18, 19]. ANKbIH gnypeTuKanblk 9CEepiHiH
ecebiHeH Tayerci3 npodmnakTukanblk areHT peTiHae
KelleHAi Tepanusaga KongaHyFa apHarfaH.

KancynaHblH OHTalmnbl KypaMbliH aHbIKTay Mak-
caTbliHOa Heri3ri 6ec mogenb a3ipneHai. Kypamaac
GenikTepai ipiktey GapbicbiHga GipkaTap MaHpbl3gbl
dapmavueBTMKanblK dakToprap eckepingi: acep
eTyLi 3aTTbiH Menwepi xoHe pH opTacekl. byn dak-
TopnapabiH Gapnbifbl  6enceHgi  3aTThiH,  Kancyna
HerisgepiHeH Gocan LWbIFy >KblNAaMAblfbiHA, OHbIH
TonblKk GeniHyiHe eHe CiHipiny Tuimainirive antap-
nblKTanm acep eteai.

3epTTeyAaiH MakcaTbl — YNnek kawblH, (Betula
Pubescens Ehrh.) OypuikTepi HerisiHge kancyna-
napgblH KypaMblH TaHZay MeH any TeXHONOrMsiCcbiH
asipriey, coHgan-aK onapablH, canacblH hapmakones
CTaHAapTbiHa cankec baranay.

MATEPUWATOAP XXOHE 9[0ICTEP
3epTTey >KYMbICbIHbIH HETi3r HbICaHbl PETiH-
e [apinik eciMaik wukisaTtel — Ynnek KanbiH (Betula

Meouyuna u sxonoeus, 2026, 3

Pubescens Ehrh.) xep ycti Geniri, 6ypwiri TaHga-
NblHAbl. 3epTTey Heri3iHeH CTaHAapTTbl XMMUAIbIK,
dapMaKko-TEXHOMOMNANbIK dAaicTep »kaHe dapma-
Konesnblk aficTemMenepMeH XXyprisingi. 3eprtreyaiH
OipiHLWi Ke3eHiHAe KypFak SKCTPaKT any YLUiH nepko-
nauMs aaici KapacTbIpbifibiMn, 3KCTPaKUMS WapTTapbIiH
OHTaWnaHablpy Xyprisingi. KeniH aKCTpakTTbIH Ken-
Tipy npoueci Tepmonabunbai buonorusaneik 6encexai
KOocChbInbICTapabl caktay MakcaTblHAa OakblnaHaTbiH
TemnepaTypanblK-bifiFangbiiblk napameTtpnepi 6ap
BaKyyMAbIK KEMTipy KamepacblHAa XXy3ere acblpbifi-
Obl. Herisri cana kepceTkiluTepiH aHbIKTay Xyprisingi.

Cananbik manday. ®nasoHouaTepaiH, co-
HblH iWiHOE KBEpLETWHHIH, OOonyblH aHbiKTay YLUiH
KasakctaH Pecnybnukacel ®apmakonescbliHblH Ta-
nantapbiHa cankec 3%-ablk antomuuni (1) xnopwu-
i epiTiHgiciveH cananblk peakumnsa xyprisingi. byn
aAic dnaBoHonATEpPai, acipece onapablH deHonablK
KypbInbIMAAPbIH, antOMUHUIA MOHBIMEH KELLUEH Ty3y
kabineTiHe HerizgenreH. 3epTTeneTiH ynrire 3%-ObIK
antomuHui (111) xnopwmai epiTiHAici KOCbINFAHHaH KewniH
epiTiHAIHIH capbl-xacbin Tycke 6osnybl GarkanFaHbl
CYPET 2 KepceTinreH [26].

CanbicmbipMarnbl MbifbI30blK. 3epTTENETIH
KavblH OYPLUIKTEPIHIH 3KCTPaKTbIH LMAMHAPre KyhbiM,
OHbIH, TemnepaTypacbkl 20 °C ©GonfaHga, Tas3a xaHe
KypfaK apeoMeTpdi MYKUSIT CYMbIKTbikka OaTbipa-
Obl. ApeomeTp LwKanacbiHga 6omkamapbl TbiFbi3OblK
M&Hi KapacTblpblnaabl. ApeoMeTp ToNbIKTan Kankbin
LbIKKaHFa AeWiH XXaHe TYPaKTbl KYIre XXeTKeHLe, OHbl
KornMeH yctan Typagbl. byn pette apeomeTp LUUNUH-
OpAaiH kabbipranapbiHa Hemece TybiHe Tumeyi Twuic.
Ornuwey HOTWXKECIH any YLWiH apeoMeTp 3KCTpaKTka
BaTblpblfiFaHHaH KeMiH 3-4 MUHYT KyTingi, HOTMXECiH-
[e TeMeHri MeHuckire cevikec wkana 6ovbiHLa Kep-
ceTkiw — 43 TeH Gonybl cypeT 3 KepceTinreH [27]

CaHObIK aHbiKkmay. KOMMNOHEHTTIK Kypamapl
3epTTey rasgblk xpomartorpadgums >XeHe Macc-Crnek-
TpomeTpusanelk getekumst  (7890A/5975C)  apici
apKbInbl XKyprisingi, 6yn caHablK Tangayfa MyMKIHAIK
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2 cypet — Ynnek kawvblH (Betula Pubescens Ehrh.)
OypLUiKTEPi 3KCTPaKTbICbIHbIH, 3%-AblK anomuHun (1)
Xnopuai epiTiHaici peakumnsacbiHaH KeniH epiTiHaiHIH ca-
pbl-Xacbln Tycke 6oanybl

4 cypeT — OKCTpaKTiHiH pH MaHiH aHbIKTay

5 cypeT — Kyprak aKCTpaKTTblH CyCbiManbisibifbiH
aHbIKTay
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3 cypet — Ynnek kaublH (Betula Pubescens
Ehrh.) OypLuikTepi 3KCTPAKTbICHIHbIH
canbiCTbipManbl  ThIfbI3AbIFbIH - APEOMETP
apKbINbl aHbIKTay

Oepgai. Tangay wapTTapsbl: yiri kenemi — 0,5 mkn, yn-
riHi eHrizy Temnepartypacsl — 280 °C, afbiHAbI 6enycis.
BeniHy npoueci xpomaTtorpadusnblk KanunnsaprbIk
DB-WaxEtr konoHkachb! (y3bliHAbiFbl — 30 M, iWwki gu-
ameTtpi — 0,25 mm, nneHka kanbiHabiFel — 0,25 MKm)
apKbISbl XXy3ere acblpbinabl, TacbiMangayLlbl ra3ablh
(renun) TypakTbl Xbingamgbifbl — 1 Mi/MuH. Xpomaro-
rpadovsnbIK TangayabiH Temneparypanbik 6argaprnava-
cbl: bacTankel TemMnepatypa — 40 °C, Kbi3gbIpy Xbingam-
abiFbl — 5 °C/MuH, conrbl Temnepartypa — 300 °C (yctany
yakbITbl — 5 MuH). XKannbl Tangay yakbitel — 57 MUHYT.
Oetekuna SCAN m/z 34-750 pexumiHae Xyprisingi.
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6 cypeT — Ynnek kanblH (Betula Pubescens Ehrh.) GypLuiri KypFak SKCTpaKTbIHbIH XpoMaTorpammacs!

[a3gblk xpomartorpadus xyneciH 6ackapy, anblHFaH
HoTWXenepai Tipkey eHe eHaey yuwiH Agilent MSD
ChemStation (Hyckacel 1701EA) OGargapnamarnbik
KamTamacbld eTyi KongaHoingbl. [epektepai  eH-
ey npoueci yctay yakbITTapbiH, LWbIH, aygaHOapbiH
aHbIKTaydbl, CoHOan-aK Macc-CrnekTpoOMETpUsnbIK Ae-
TEKTOPAaH anblHFaH CrekTpangblk aknapatTel eHaeyai
KamTblgbl. AnblHFAH Macc-CnekTprepai corkecTeHaipy
ywiH Wiley 7th edition >xeHe NIST'02 kiTanxaHanapbl
nanganaHbingbl (Kannbl cnekTp caHbl — 550 MbIHHaH
actam). KomnoHeHTTik KypambiHaa: Verbenol (10.68%),
Aromadendrene oxide-(2) (15.83%), Spathulenol
(2.40%), Squalene (2.28%), 9,12-Octadecadienoic
acid, methyl ester (0.57%), 9,12-Octadecadienoic acid,
ethyl ester (3.58%), 9,12,15-Octadecatrienoic acid,
ethyl ester (Z,Z,Z) (0.62%), 9-Octadecenamide, (Z)-
(0.72%), Cholestan-3-ol, 2-methylene- (3.01%), Ethyl
oleate (3.60%), Phenol, 2,4-bis(1,1-dimethylethyl)-
(0.87%), Heptadecane, 2,6,10,15-tetramethyl- (0.74%),
Pentacosane (0.34%), Dodecane, 2,7,10-trimethyl-
(0.38%), Humulene epoxide 2 (0.92%), Cadinol
(0.46%).

Cymekmik kepcemkiw. ©Onweynep 6ipgew
Temnepatypaga, 20 °C-taH 25 °C-ka gemniHri apa-
nbikTa xyprizingi. Kypangbl kanuin rugpodptanatbl
Oydepnik epiTiHaiciMeH (bacTankbl CTaHOapT) XaHe
Backa pH meHi 6ap 6ip Bydepnik epiTiHgIMEH kanu-
6pneHai. OpTtawa pH maHiHe ne ywiHwi 6ydepnik
epiTiHal YWIiH KypangblH, KepceTKilTepi oCbl epiTiH-
AiHiH pH mMaHiHeH 0,05 pH GipniriHeH apTbIK aybITKbI-
Maybl KEpeK. ANeKTpoaTapAbl 3KCTpaKThiFa 6aTbipbIM,
pH enweynepiH Oydepnik epiTiHainep ywiH Konga-
HbiNFaH LWapTTapMeH Oipaoen »xafgamga »kyprisingi,
HOTWMXeCi CypeT 4 KepCeTinreH.

CycbimandbuibiFbl. KypFaK SKCTPaKTTbIH, Cy-
CbiMangpbifblfbl BOPOHKA (AvameTpi 5 MM) apkbinbl
CycCblniManapbinbIK TEKCEPY 84iCiMEeH YL peT enweHai.

Meouyuna u sxonoeus, 2026, 3
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7 cypeT — Ynnek kanblH (Betula Pubescens Ehrh.)
OypLuiri KypFak aKCTPaKThbl

10 r yHTaKTbIH, afFy yakbiTbl: 4,2 ¢, 4,5 ¢ xaHe 4,3 c.
Oprtawwa maHi — 4,33 ¢, cypeT 5 kepceTinreH) [28].

KOPbITbIHObI XXOHE TAJNKbINNAYITAP

Ynnek kKamnblH (Betula Pubescens Ehrh.) 6yp-
Liri HerisiHAeri Kyprak 9KCTPaKTTbIH cananblk Tangay
HaTWXeNepiH canbICTbIpy MakcaTbiHAa BUONOrnAnbIK
OenceHpi 3aTtTappblH, >xeke TonTapbl OOMbIHLIA CaH-
OblK Tangay kyprizingi. 3epTtrey gapmakonesinbik
CTaHpapTTapfra Calkec opblHAAnbIM, HbiCaHanbl KO-
CbinbICTapAblH Merwepi rasablk Xpomarorpadusi
)KOHE MacC-CNeKTPOMETPUANbIK AeTekUns aaiciMeH
(7890A/5975C) aHbikTanabl. Hatumxeci cypet 6, ke-
cte 1 kepceTinreH. byn agic aKCTPaKTTbIH CaHAObIK
KypaMmblH on aHbIKTayFa XeHe OHbIH 6enrineHreH ta-
nanTapfa CoOMKeCTIriH pacTtayfa MyMKiHAiK 6epgi.

Ynnek kambiH, (Betula Pubescens Ehrh.) 6yp-
LLiri KypFaK SKCTPaKTbICbl OpraHonenTuKanblk kKacueT-
Tepi: KOHbIP-CapFbILL TYCTi, MUKPOKPUCTaNMAbl YHTaK,
e3iHe TaH wici bap, AaMi TyTKbIpray eHe Lanbipsbl
kenreH. OpraHonenTukanbIlK KacueTTepi cypeT 7 Kep-
ceTinreH. Cyaa KublH epyai, CNUPTTE Xakcbl epuai.
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1 KecTe — Ynnek kawnblH (Betula Pubescens Ehrh.) OypLuiri Kyprak 3KCTpaKTbIHbIH XpoMaTtorpadusnbik Tangay
HaTWXenepi

¥;TZ};H Kocblnbicta NaeHTndukaums MpoueHTTiK
l)\lm'; ' P bIKTUManabinbiFbl, % menwwepi, %
20,57 5-Hepten-2-one, 6-methyl- 91 0,44
25,59 Dodecane, 2,7,10-trimethyl- 86 0,38
32,71 Heptadecane, 2,6,10,15-tetramethyl- 87 0,74
33,91 Pentadecane 88 0,24
36,82 9,12-Octadecadiynoic acid, methyl ester 77 0,57
37,07 1,8-Cyclopentadecadiyne 79 1,57
37,48 1-Oxaspiro[2,5]octane, 5,5-dimethyl-4-(3 82 075
methyl-1,3-butadienyl)- ’
39,64 Phenol, 2,4-bis(1,1-dimethylethyl)- 91 1,61
40,97 Cyclopentanone, 3-[3,5-decadienyl]-, (E,E)- 79 0,99
42,25 2,6,10-Dodecatrienal, 3,7,11-trimethyl-, (Z,E)- 82 11,44
42,70 Octadecane 86 0,24
43,51 Humulene epoxide 2 83 0,60
43,84 Cadinol 87 1,21
44,01 Muurolol 85 0,96
4427 Alloaromadendrene oxide-(1) 84 30,04
44,52 a-Cadinol 90 4,10
45,33 Verbenol 80 10,68
45,48 Aromadendrene oxide-(2) 83 15,83
46,89 Spathulenol 81 2,40
48,59 1-Cyclohexanone, 2-methyl-2-(3-methyl-2- 71 074
oxobutyl) ’
48,74 Benzene, (1 methyldodecyl)- 70 1,73
49,05 Lanceol 72 0,66
50,07 Caryophyllene oxide 82 3,64
50,20 Cholestan-3-ol, 2-methylene-, (33,5a)- 77 3,01
52,82 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9 87 034
diene-2,8-dione ’
54,82 Ethyl Oleate 80 0,53
55,23 9,12-Octadecadienoic acid, ethyl ester 88 0,59
55,88 9,12,15-Octadecatrienoic acid, ethyl ester,
(2.2.2)- 87 0,27
56,72 Ethyl 9,12,15-octadecatrienoate 86 0,73
62,33 9-Octadecenamide, (Z)- 86 0,72
67,81 Squalene 94 2,28

OKCMepUMEHT Xypridy BapbiCbiHAa KypFak 3KC-
TpakT 10, 15 MM grMameTpni BopoHkanapaaH Aipincia
cebinyi 6avikanmagbl. SKCTPaKTTbIH binFangbisibifbl —
2,34%. Kypfak aKCTpakTTbIH TabUFK Kynbiny OyphbiLbl
— 43,5°, 0yn maTtepuangblH epkiH Kynbiry KacueTiHiH,
HallaprbifblH XeHe OenLekTepdiH, enwemi MeH
niwiHiHiH{ Gipkenki emecTiriH kepceTeni. Kancyna
MaccacbIH any TeXHONOorusachl GapbiCbiHAa 3KCTPaKT
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TYRipwiktenin kanagbl. TeXHONOrnsAnblK oaHe u-
3UKanbIK-XUMUAMNBIK ~ cunaTtTamanapipbld, — KenTipin-
reH MaHAepi CyCbIManbIfbIKTbIH, bififan KypamMblHbIH
XoHe bpakumnanblK KypamblHbIH OHTaWnbl KepceT-
KiluTepiH KaMTamMachl3 €Ty MakcaTbliHAa Kancynanay
yWwiH Ynnek kanblH (Betula Pubescens Ehrh.) Gypuuiri
MaccacblIH a3ipney kesiHae, CoHOan-aK KaxeTTi yRiHai
KenemiH xacay YLUiH CbIfblHAbIHbIH XOFapblga cunat-
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KecTe 2 - Yninek kawnbiH (Betula pubescens Ehrh.) GypLuiriHeH anblHFaH KypFak 3KCTPaKTTbiH cana napameTpriepi

Cana kepceTkilTepi

AybITKY HOpManapbl

3epTTey Tocingepi

CunaTttamacsl

KbI3FbINT — KOHbIPKa TYCTi, ©3iHe ToH Wici

KP M®, | 1., xannbl

bap Makana «QKcTpakTblinap»
_If_lgs:gn@wkaum CypbMa xnopua epiTiHgici, capfbil-Xacblin KP M I T, 2.3
Alloaromadendrene oxide-(1) TycKe Gosnybl
Ayblp meTangap 0,01%-gaH acnaybl kepek (100 mnH™") KPM®I1T1,24.8

KenTipy kesiHgeri MaccaHbIH
XoFanybl

5%-naH acnaybl Kepex,
X=3,14%

KP Mo I T,28.17

MuKpoBuonoruanbIik Tasanblk

CaHpblK aHblKTay
Alloaromadendrene oxide-(1)
< 30,04 %

4-kamez2opus.

A3po6Tbl Mukpoopranunamaep: <10° KOE/r
Hemece M
CaHpipaykynakrap: <10° KOE/r Hemece mn
OHTepobakTepusanap xeHe rpamrtepic
bakTtepusnap: <10° KOE/r Hemece mn
Escherichia coli: 6onmaybl Tuic (1 r/mn)
Salmonella spp.: 6onmaybl Tmic (10 r/mn)

20%-paH kem emec, 30%-0aH ken emec

KP M® |, 1. 1,5.1.4,
4 caHam

KP Mo [, 2.2.28

KbI3FbINT — KOHbIP TYCTi LWbIHbI ThiFbI3

dapmakonoruanbik acepi

Kantay ThIfbIHAAFAH KyTbifa KanTanagbl MeMCT 17768-90
- LWIKKi3aT aTtaybl;
- opbip KeMeKLUiHiH aTbl MEH CaHbl 3aTTapbl;
TaHbanay -6enceHi 3aTTapablH Kypambl XXeHe/Hemece KP N('%LET ”;?(J:Eﬁ-:aMiKana
OacTankbl MaTepuangblH anblHFaH 3KCTpaK- P P
TKa KaTblHaChbl.
Cakray 15-25 °C temnepatypaga, aya eTki3benTiH KP M® IT. annsl Makana

KOHTeNHepriepae, KapaHfbl Xepae
cakranagbl.

OunypeTukanelk, icikke kapcbl

«QKCTpakTbinap»

HK-fa cankec

3 kecTe — KypambiHaa Ynnek kanblH, (Betula Pubescens Ehrh.) Gypuuiri HerisiHaeri Kyprak SKCTPaKTTbIHbIH,
AKCMEPUMEHTTIK MOAeNbAEPAiH Kypambl

_ Ynri
Kypambi dJyHKumo:aaTrlljlj,bm Mak 1 5 5 y :
Ynnek kanblH, (Betula
Pubescens Ehrh.) 6ypuuiri bencengi 3at 0,300 0,300 0,300 0,300 0,300
KypFaK aKCTpaKThbl
KapTton kpaxmansl [esnHTterpaHT 0,183 - 0,179 0,100 0,195
Aapocun (A-380) AncopbeHT - 0,008 - 0,005 0,003
JlakTo3a moHormapatbl TonTbIpfbiLw - 0,019 0,019 - -
Kanbuun cteapatsl TypakTaHabIpFbILL 0,002 0,002 0,002 0,002 0,002
Tanbk TypakTaHabIpFbILL 0,015 0,171 - 0,093 -
Bapnbifbl: 0,500 0,500 0,500 0,500 0,500
Meouyuna u sxonoeus, 2026, 3 139
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1 ynei

4 ynai

2 ynei

3 ynei

5 ynei

8 cypeT — OpTypni kypambl 6ap Kancyna mogenbaepiHiH Kypambl MEH cunaTTaManapsi

TanfaH cunaTTamanapblH XakcapTaTblH Kocarnkbl 3aT-
Tapabl KOCy opbiHAbI eKeHiH kepceTeai [30].

Kyprak aKcTpakT canacblH baranay dapmako-
nes TananTapblHa CAMKEeC XYPridinin, cananblk Kep-
CeTKILUTEpPI aHbIKTan HOTMXKECI KeCTe 2 KOpCETINreH.

Kypfak SKCTpakT cTaHgapTusauusinaHFaHHaH
KeniH KancynanapblH, KypamMbl a3iprneHgi, oyn pette
cycblManablfbl XoHEe TEXHOMOrMANbIK cunaTTamana-
pbl OOMbIHIWA epeKLeneHeTiH 6ec 3KCNEpPUMEHTTIK
MoZenb KapacTblpbinabl.

KypambiHga Ynnek kanmblH (Betula Pubescens
Ehrh.) ©ypuiri akcTpaTbICbl kancynanapbiHbIH Kypa-
MbIH 93iprey MakcaTblHAa 3-kecTefe YCbIHbIfFaH
6ec KypaMm ycbiHbINFaH. KancynanapablH onTuManpl
KypamblIH KecTe 3 KOpCETINreH.

KancynanapgblH onTumanabl KypaMbiH Tanaay
MaKcaTblHAA YCbIHbIIFAH Kypamaapabl Karncyrnara
cany YLWiH MaccanapgblH TEXHOMOrMANbIK cunatTa-
Manapbl CypeT 8 KepCeTinreH.

OKCNEpUMEHTTIK Kancyna KypaMaapblHbIH TEX-
HOMOrMANbIK cMnaTTamanapbiH aHbIKTay HOTUXENepi
GonbiHWa, Ne1, Ne2 xkeHe Ne3 kypampaap (faktosa MeH
TanbKTbl KaMTUTbIH MoZenbAep) CycbiManabisbifbl
TeMeH 6onbin, Kancyna cycbiManablfbiH aHbIKTay
Ke3iHae BOpOHKara abbicbin kanybl 6ankangbl. Ocbl
YIrinepain, TeMeH CycbiManapinbifbl, OriapablH api ka-
paviFbl 3epTTeynepae KonaaHbinybiH WeKTeq,.
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1 ynei. AwWbIK Cyp TYCTi, €H >XOFapbl EHILITIK
OypbiwbiHa ne (42°), cycbimangbifbl TeMeH (3 r/c)
)KOHEe €H y3akK epy yakbiTbiHa e (41 ¢), Oyn oHbl nan-
JanaHyga blHFancbl3 eTeqi.

2 ynei. AWbIK PEHKTI, eHiTiK Oypbiwbl (46°),
cycbimangbinbiFbl (5 r/c) xaHe epiriwTik (38 ¢) H6arika-
napgpl, 6ipak OHbIH, aFbIMAbINbIFLI 911i Ae 9NCi3.

3 ynai. AwbIK cyp TYCTi, eHilwTik OypbibIMEH
(44°), opTawa cycbiManabinbikneH (4 r/c) xxaHe epi-
riwTik (38 c) bankanagbl, 6ipak napameTtpnepi 6oin-
blHWa Gacka ynrinepaeH TOMeH.

4 ynei. KOHbIp TYCTH, eHiwTik 6ypbiwbl (38°),
cycbimangbinbiFbl (7 r/c), an epiriwTik (33 ¢) 6arikana-
Obl, 6yn OHbl KONJaHyFa biHFaWmbIpak eTeqi.

5 ynei. AWbIK KOHpIP TYCTi, EHILITIK OypbillbIHA
ne (30°), eH >xorapbl cycbiMangpinbikneH (10 r/c) >xaHe
€H, )KaKCbl epy XblngaMabifbiMeH (29 ¢) epekweneHes;,
Oy OHbl YCbIHbINFaH YNrinepain ilwiHaeri eH y3ajri eteai.

Ocbl kepceTKil BoMbIHLIA ONTUMangbl HOTUXe
Ne4 >xoHe Ne5 kypampapga KepiHic TanTbl, an Tex-
HOMOrUAMbIK KAaCUEeTTepP TYPFbICbIHAH €H TuiMAaici —
KypaMblHAa Tanbk oKk Ne5 mogenb 6onabl. Taburm
cakTtay wapTTapbiHga Ne4 mogenbaiH kancyna mac-
cacbl bifFangaHy HaTWXeciHOEe KOHrmomepar Tysin,
OHbIH, OYHKUMOHaNAbIK kKacueTTepiHe Kepi acep eTTi.
Ocbinanwwa, coHfbl Hycka peTiHge Neb kancyna kypa-
Mbl TaHOanabl.
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KOPbITbIHAObI

Ynnek KarnblH OypLUiriHiH KypfakK 3KCTPaKTbl-
HbIH, (PU3NKO-XNMUSATBIK XXOHE TEXHONMOMNANbIK Kacu-
eTTepiH 3epaeney HaTwxeciHae, 6ec Typni kancyna
Mogdeni cblHanabl. TeiFbI3AblKThl enwey KesdiHge pH
MaHi Bydepnik epiTiHOINepMeH canbiCTbipbifia OTbl-
pbin enweHai xxeHe optawa 4.48+0.05 pH geHren-
iHae 6ongbl. KancynanapablH epy YakbITbiH 3epTTey
HaTWXenepi Tek 5-mogenbAdid Tananka can ekeHiH
kepceTTi (£30 MuH), on 29 MUHYTTa TOnbIK epigi, an
kanfaH moaenbaep Oyn KepceTKiluTeH acbin KEeTTi.
KopbITblHObINan Kene, 5-moaenb eH, Konaumnbl gen
TaHbINAbl, 8BUTKEHI OHbIH KypaMblHOaFbl KOMIMOHEHT-
TEpAiH KancynaHblH KaXeTTi KacMeTTepiH kamTama-
CbI3 eTeqi.

AemopnapdbiH yneci:

L. 1. KacbimoBa — 3epTTeyaiH Ty KbipbiMaama-
Cbl MEH Ou3aliHbl.

P. b. Atonosa, LW. [1. KackimoBa — maTepuangpl
XMHay XXeHe eHaeYy.

J1. H. Knekbaesa, I. C. bagynnaesa — ctatu-
CTUKanbIK eHaey.

L. 0. Kacbimoea, I. C. MUbagynnaesa — MaTiHAi
Xaay.

I. C. MbagynnaeBa — pegakuusnay.

Myddenep KaKkmbIFbiICbl:
Mynaenep KakThbIFbIChI XKapusinaHbaraH.
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DEVELOPMENT OF THE COMPOSITION AND TECHNOLOGY OF CAPSULES FROM OF BETULA
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Aim. To develop the technology of a medicinal product in capsule form with mild diuretic activity based

on dry extract of birch buds.

Materials and methods. During experimental research, a technology for obtaining dry extract from

birch buds using 70% ethanol was developed. A material balance was calculated, and a technological and
equipment flow chart was created. After optimizing the extraction conditions, the composition of a solid dosage
form (capsule) was developed and prepared using a capsule-filling machine.

Results and discussion. Optimal extraction conditions were identified: raw material to extractant ratio — 1:1;
solvent — 70% ethanol; temperature — 45-50 °C. The obtained dry extract was incorporated into the capsule
formulation as follows: 0.300 g of dry birch bud extract, 0.195 g of potato starch, 0.003 g of Aerosil A-380,
and 0.002 g of calcium stearate. All samples were studied in accordance with the requirements of the State
Pharmacopoeia of the Republic of Kazakhstan.

Conclusions. A technology was developed for obtaining a dry extract from birch buds and a capsule-
form medicinal product based on it, substantiated by the results of experimental research.

Key words: heart failure; downy birch bud (Betula Pubescens Ehrh.); dry extract; capsule; medicinal
plant raw materials
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PA3PABOTKA COCTABA U TEXHOIOIMW KAMNCYN U3 3KCTPAKTOB NOYEK BEPE3bl MYLUUCTOW
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Llerib. PaspaboTka TeXHONOrMm nekapcTBEHHOro npenaparta B hopme Kancyn ¢ MArkum gnypeTu4eckum
OeViCTBMEM Ha OCHOBE CyXOro 3KCTpakTa 6ept3oBbix Movek.

Mamepuaribl u MemoObl. B xoge aKcnepuMMeHTanbHOro uccrieqoBaHnst obina paspaboraHa TeXHOmo-
rsi MONyYEeHNs CyXoro aKCTpakTa 13 6ept3oBbix Noyek ¢ ncnornb3oBaHnem 70% ataHona. beinv paccunTaHbl
MaTepuanbHbii 6GanaHc, cocTaBneHa TEXHONMOMMYecKkas 1 annapartyparnbsHas cxema. [locne ontummsauum yc-
NOBUI 3KCTpaKLMKM Obin pa3paboTaH cocTaB TBtPAOW NeKapCTBEHHOW hopMbl (Kancyrbl), OCYLLECTBIEHO ee
N3roTOBMEHNE Ha KancynvpytoLem o6opyaoBaHmn.

Pesynbmambl u o6cyx0eHue. ONTUMAarnbHbIE YCITOBUS 3KCTPaKUMU: COOTHOLUEHME Cbipbs U 3KCTpa-
reHTa — 1:1; pactBoputens — 70% aTaHon; TemnepaTypHbin pexum — 45-50 °C. Mony4eHHbIN CyXOn IKCTpaKT
ObIn BKIHOYEH B COCTaB Kancynbl B cnegytowem cooTHoweHnn: 0,300 r cyxoro akcTpakTa 6epesoBbiX MOYEK,
0,195 r kapTodenbHoro kpaxmana, 0,003 r aspocuna A-380, 0,002 r cteapata kanbuus. Bce obpasLbl 6binn
nccrefoBaHbl B COOTBETCTBUM € TpeboBaHusiMu MocygapcTBeHHon hbapmakonen Pecnybnvku KasaxcraH.

Bbigo0bl. PazpaboTaHa TEXHOMNOrMs NonyyYeHns Cyxoro aKkCTpakTa n3 6epe3oBbix NOYeK U NieKapCTBEH-
HOro npenapara Ha ero ocHoBe B (oopme Kancyrn, 060CHOBaHHas pe3yrnbraTaMmy 9KCnepMMeHTanbHOro nccne-
OOBaHus.

Knroueablie criosa: cepaedHasi HeAoCTaTOMHOCTb; NovkM Gepesbl nywucton (Betula Pubescens Ehrh.);
CYXOW 3KCTPaKT; Karncyna; fieKapCTBEHHbIE pacTUTENbHbIE BELLECTBA
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KeAK (KasakcTaH

Byn 3epTTeyne SKCTpakuMs NPOLECiHIH TUMIMAINiriH apTThipyFa, COHAal-aK arnbiHaTbiH OMOMNorusanbIK
OenceHpi 3aTTapablH canacbkiH angblH ana dormkay xaHe onapabl CTaHgapTTay MyMKIHAIrH Herisaeyre 6aFbIT-
TanfaH keweHai 3eptreynep xyprisingi. Ocbl makcatTa Dasiphora parvifolia aspinik eciMaik LMKi3aTbIHbIH,
eHAey KesiHAe MaHbI3abl pen aTkapaTblH TEXHOMNOMNASbLIK NapameTpriepi enken-Tenkenni saeptrengi. Atan am-
TKaH4a, LWKMKI3aTTblH MEHLUIKTIK canmarbl, kenemMmaik canmMarbl, cebiny canmarbl, KeyeKTiniri, SKCTpakunsanbik
kabaTTblH 60C Kenemi, CoOHOan-aK 3KCTPAreHTTi CiHipy KO3 MULMNEHTI aHbIKTanbIM, onapAablH 3KCTpaKuus npo-
ueciHe acepi 6aranaHgbl.

CoHbIMeH KaTap, 3epTTey bapbiCcbiHAa 6CiMAiK MKi3aTbIHbIH BipkaTtap dapMakonessblk cana KepceT-
KiluTepi aHbikTangbl. Onapfra aKCTPaKTUBTI 3aTTap MerLepi, KenTipreHaeri Macca LUbIFbIHbI, Xanmnbl Kyn Men-
wepi xaHe 10% Ty3 KbIWKbIbIHAA €PIMENTIH Kyn XaTtagbl. ATanfaH KepceTKiTep Aapinik ecimaik Lwukisa-
TbIHbIH canacbliH Garanayga »eHe OHbl api kapan dapMaLeBTMKanbIK eHAeYre xapaMabinbIfblH aHbIKTayaa
MaHbI30bl MaHre ne.

TexHonorusanbIK XxeHe papMakonesinblk cunatTaManap OOoMblHLIA anblHFaH 3KCMEePUMEHTTIK Oepek-
TepaiH XUbIHTbIFbI BrUonornanblik 6encenai 3attapabl anyablH OHTaNbl SKCTPaKLMATAy 94iCiH FbINTbIMU TYPFbl-
na borkayfa, CoHOan-aK anblHFaH eHIMHIH SKCTpPaKT peTiHAEeri canacbiH cTaHgapTTayFa MyMKiHAIK 6epeni.

3eptTey HaTwxenepi Dasiphora parvifolia ecimairi HeridiHaeri aKkCTpakTapabl ©HEepKacinTiK AeHrenge
OHAIpY TEXHONOIMSACHLIH a3ipreyae, coHAam-aKk HOPMaTUBTIK-TEXHUKAIbIK KykaTTapAbl, COHbIH, illiHOe TEXHO-
NornanbiK pernaMeHT NeH cana cneumndukauusaicbiH garbiHaayaa npakTukanblk TYpFblgaH KongaHbinatbiH 60-
nagbi.

Kinm ce30ep: pepinik ecimaik; Aopinik eciMAiK LUMKi3aT; SKCTpareHT; SKCTPareHT KOHLEHTpauusiChbl;
LUMKi3aTTbIH ycakTanybl; Dasiphora parvifolia; TexHONornsinbiK KepCeTKILITEP; CaHAbIK KOPCETKILLITEP

KIPICNE

XanblK MeguuuHacbiHOa KeHiHeH KorngaHbina-
TbiH KasakcTaH donopachbliHblH kabavbl eCceTiH Typ-
NepiHiH apacbiHaH Guonorusanblk 6enceHai 3arTap-
OblH, XXaHa eciMAik Ke3aepiH i3gey kasipri 3amaHfbl
hapmavueBTMKa FbifbIMbl MEH ToXIipUOECiHIH, MaHbI3-
Obl MiHOeTTepiHiH Bipi [1, 2]. dapinik ecimaik wukisaT-
TapblHa X8He onapfa HerisgenreH Ospinik 3attapra
KoMbInaTblH cana TananTapbiHblH YHEMI apTybl MEM-
NeKeTTiK cTaHAapTTay XXYWEeCiH YHeMI XeTingipyai Kka-
xet eteqi. [apinik ecimaik WuKizaTTapbl MEH eciMAIK
TeKTeCc npenaparTapdbl CTaHgapTTay onapablH ca-
nacblHa keningik 6epeai »xeHe onapabl KongaHyabiH
TMIMAIRNIr MeH KayinciagiriH kamTamachI3 eTeai.

146

OciMaiK LWuKi3aTTapblHAH €eKiHWInik meTabo-
nuTTEpAi anyablH OHTaWnbl NapameTpnepiH TaHaay
MaHbI3abl MiHAET, HOTWXKECIHAE anblHFaH AKCTpaKTTa
ovonoruanblk 6encenai 3aTTapablH XKoFapbl eHiMAini-
riH KaMTamMachbI3 eTeqi. ©cimaik WukisaTTapbiHaH 6uo-
norusnblk 6encenai 3attapgbl G6enin any yaepiciH-
0e TexHonoruanblKk onepauuanapgblH, TuiMaginiriH
apTTbipyMeH KaTap, KONAaHbllybl 3KOHOMMKaIbIK
TYPFbI4aH OpbIHAbI peareHTTepai nanganaHy Kaxer-
Tiniri TybiHgangp! [3, 4, 5]. ©aebn nepektepre cam-
Kec buonorusnblk 6encenai 3attap kesiHe 6al, ekiH-
Wwinik metTabonuTTEPAiH NepcnekTnBarbl Ke3i- Kypun
woni (Dasiphora parvifolia) webiHeH aKkcTpakTap
any YWiH OHTaunbl napameTpriepai 3epTTey XKoHe
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1 cypet — Dasiphora parvifolia xep ycTi 6eniriHii
ycaKTanfaH Lum1Ki3aThbl

ipikTEY FbINbIMM KbI3bIFYLWbINbIK Tyablpaabl. Kypun
wewi (Dasiphora parvifolia) WwwkKi3aTblHaH 3KCTpak-
LuMAnbIK npenapatTapAbl any kesiHge Tek dapma-
KOFHOCTMKarbIK >XaHe Ouonorusanblk 3epTreynepai
faHa eMecC, COHbIMEH KaTap LUMKI3aTTblH TEXHOMO0-
rMAnbIK NapameTprnepiH e aHblkTay kaxeT. Kypun
wewi (Dasiphora parvifolia) xep ycTi Geniktepi-
HeH Ouvonorusanblk 6enceHai 3aTTap KeweHiH 6enin
any TuimginiriHe TeXHOMNOrusnblK napameTpnepaiy,
9CEepiH aHbIKTay aca MaHbI3abl.

KyMbICTbIH MakcaTbl LUMKI3aTTbIH cana-
CblH cunaTtTanTbiH dapmakonesanblk caHablK Kep-
CeTKILTEepAi XaHe MakcaTTbl eHiMAi anyablH TUiMAI
SAICIH »acay YLWiH KaXeTTi TEXHONOrnanbIK napame-
Tprepai aHbIKTay.

MATEPUWATOAP XXOHE 9[0ICTEP

3epTTey HbicaHdapbl peTiHae KaparaHopl 06-
nbicbl, Kapkapanbl aygaHbl — armMarblHbliHaH 2025
XKbiNAblH, TamMbl3 anblHOA KUHAMFaH Kypun LWaKiHIH
(Dasiphora parvifolia) xep yciTi 6eniri (1 cypeT) nan-
danaHbingbl.

LLnkizaTTbl XXnHay Kypfak aya-panbiHga, berge
KocrnanapablH TyCyiHe or ©epmewn, KONMEH Xyp-
risingi. LWwukisaT angbliH-ana aya-kerneHke aficiMeH
MeTann TOPMEH KanTarnfaH pamanapbl 6ap apHawbl
cepenepge kenTipinreH. Kypun weni ecimMaik wukisa-
Tbl CanacblHbIH, TEXHOMOTUANbIK NapaMeTpriepi MeH
CaHOblK KOpCEeTKILITEPiH aHblKkTay OoMbIiHLWA 3epTTe-
ynep KeAK KaparaHgbl MeanuuHa YHUBEPCUTETIHIH
3epTxaHacblHOa Xyprisinai.

Kenbip caHgblk kepceTkilwTep Gerge kKocna-
nap (KP M® 1 tom 2.8.2), xannbl kyn (KP M® 1 Tom
2.4.16), 10% xropcyTeK KblLLKbIMbIHAA €PIMENTIH Kyn
(KP M® 1 Tom 2.8.1), kenTipreHaeri macca LbIFbIHbI
(KP M® 1 tom 2.2.32) KasakctaH Pecnybnukacebl
MemnekeTTik dapmakonescbiHbIH apHarbl TananTa-
pblHa can Xyprisingi [6].

TexHonorvsAnelK  napameTpnepai  ycakrany
popexeci (KP M® 1 Tom 2.2.8), aKCTpakTUBTI 3aTTapAbl
(KP M® 1 Tom 2.2.8), MEHLUIKTiIK canmvarblH, kenemMaik
canmarbl, cebiny canmarbl, KEyekTinik, kabaTTbiH, 60cC
Kenemi >oHe 3KCTpareHTTi CiHipy KO3dhdUUNEHTIH
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aHbIKTay HOPMaTUBTI KyKaTTapra XoHe aaebuettepae
KenTipinreH agictepre CoMkec Xyprisingi.

Kypfak LMKi3aTTblH ~ MEHLWIKTIi  MaccacblH
aHblKTay YLWiH wamameH 5,0 (HakTtbl enwem) 100 mn
NMUKHOMETPre KOWbINAbl, an LWuKi3aT KenemHiH 2/3
DeniriHe TazapTbiiFaH CyMeH KyWbINAbl )KoHe KalHaraH
Cy BaHHacblHAa 2 caraT yctangbl. CogaH KewiH konba
OeriMe TemnepaTypacbiHa [AeWiH cankbiHOATbIbIM,
TazaptbliiraH 44 cymeH 50 mn-re OewiH KeTkising,.
KonbaHbl eciMaik LuuKi3aTbIMEH XoHe TasapTbiFaH
cymeH ernwenMis. Cy KyibinFaH KonbaHblH Maccachl
angplH-ana aHblktangbl. MeHwikti macca (dY, r/cm?®)
TemeHgeri dopmyna GolbiHLWa ecenTengi, r/cm®:

dy=Pd/P+G-F (1),

MYHOaFbl,

P — abcontoTTi Kyprak eciMAiK LUMKi3aTbIHbIH,
mMaccacsl (r);

G — cymMeH TonThIpbINFaH MMKHOMETP Maccachl
(r);

F — cymeH >aHe wwwuKi3atneH TONTbIPbISIFaH
NMKHOMETPAiH Maccacsl (r);

d — cyabiH TbiFbI3AbIFbl (r/cm®) (d=0,9982, r/
cmd).

Cycbimanbl macca (dH) Tabuu binFangbinbikTa
ManganaHfaH LKKi3aT MaccacblHbIH LUKUKI3ATTbIH, TO-
NnblK keneMiHe KaTblHAacblH kepceTedi. BDaicTemMeci:
ManganaHfFaH ecCiMAiK LUMKi3aTblH ernLwlerill LWruH-
apre canblin, asgan warkan Terictenmis, cogaH KeniH
LIMKi3aT anaTtbiH TomnblK kenem enieHai. Cycbimansbl
macca (dH, r/cm®) TemeHgeri cdopmyna GonbiHLIA
aHbIKTanabi:

dH = PH/VH (2),

MYHOaFbl,

PH — Oenrini Oip binfangbinblKkTa ereHin
ycakTarnfaH LnKi3aTTbiH Maccachl (r);

VH — wwukizaT anatbiH kenem (cm?®).

Kenemgaik MaccaHbl aHblkTay. ¥cakranmaraH
10,0 r (HakTbl enwem) eciMAik LIMKi3aTbl angblH-ana
canmarbl enLeHreH enweriw uunuHgpre canosin, 50
MI Ta3apTblfFaH Cy Kyibinapbl, TE3AETIN apanacTbIpbim,
Kenemi aHblkTangbl. LiunnHapaeri wukisat canbiHFaH-
HaH KeniHri anaTblH Kenem enweHei e, kenem anbip-
MaLUbInbIFbl aHblkTangbl. Kenemaik macca (dO) (r/cm®)
keneci doopmyrna 6orbIHLLIA ecenTenes;:

dO = Po/Vo (3),

MYHOaFbl,

Po — Genrini Gip buFangbinblk XarganbliHOa
erLEeHreH ycakTarnfaH LWKKi3aTTbiH Maccachl (r);

Vo — eciMaik LWukKi3aTbl anatbliH kenem (cm®).

LWwnkizaTTbiH KeyekTiniri (Mw) — 6enwekTepaiH,
iwiHgeri 6oc opblIHAApPAbIH CaHbIH cunatTanapl. LLnki-
3aT XeHe MEHLUIKTI ayblpnblK (TOMbIK) MEH Kernemaik
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1 kecte — Dasiphora parvifolia WebiHiH caHObIK kKepCeTKiLLTepi

KepceTkiwTepi, %

Dasiphora parvifolia webi

Hopma, %

berge kocnanap

KapawraH Oenikrepi

2% apTblk eMec

OpraHukanblk kocnanap -

1% apTblk emec

epiMenTiH Kyn

MwHepangbl kocnanap 0.015+0.011 1% apTblk emec

KenTipreHgeri macca LWblfbIH 4.153+1.095 12.0%apTbiK emec
Kannbl kyn 3.816+0,980 10.0% apTblk emec
10% Xxn1opcyTeK KellKelnblHAa 0.4600,078 2.0% apTbiK emec

2 Kecte — Dasiphora parvifolia LunkisaTblHbIH TEXHONOMMAMbIK NapaMeTpnepi

TexHukanblk kepceTkiwTep, %

HakTbl HaTUXenep, r/cm®

Ycakray gapexeci, MM 3-5
MeHuwikTi macca (dY), ricm® 0,1218+ 0,0025
Cebiny macca (dH), r/cm® 0,15+0,02
Kenemgik macca (dO), ricm® 0,074+0,0045
KeyekTinik (Mw) 0,310,059
BenexTinik (Mx) 0,7040,005
LwnkizaT kabaTbiHbIH 60C Kenemi (V) 0,40+0,035

3 KecTe — OKCTPareHTTiH CiHy KO3MMULIMEHTTEPI XXOHE SKCTPAKTMBTI 3aTTapAblH, Kypambl

OKCTpareHTTiH CiHipy koadduumneHTTepi, Mn/r

TasapTbinFaH cy 30% aTaHon

50% aTtaHon

70% ataHon 90% aTtaHon

5,13+0,12 4,11£0,09

3,89+0,17

3,7+£0,13 2,71+0,07

OKCTPaKTUBTI 3aTTapabliH Kypambl, %

TasapTbinfFaH cy 30% aTaHon

50% ataHon

70% aTaHon 90% aTaHon

29,02 27,05

29,3

35,5 30,4

Macca apacbliHAafbl anblpMaLUbIIbIKTbIH KaTblHACbI
peTiHae aHbikTanagbl. LWukizaTTeiH KeyekTiniri ecen-
Tenepqi: ycakranfaH ecimiik LMKi3aTbIHbIH OenikTepi
apacblHOaFbl ©60C opblHOAPAbIH Merllepi XaHe on
Kenemgik Macca MeH Kernempgik Mmacca apacblHaarbl
arblpMaLLbIfbIKTbIH, Kenemiik mMaccafa KaTblHachl
peTiHae kerneci hopMynamMeH aHblKTanagpl:
Mw = dY — dOo/dy (4),

MYHOafbI,

dY — Wwwki3aTTblH MEHLWUIKTI Maccachl (r/cmd);

dO — wwuki3aTTbIH KenemMaik Maccachl (r/cmd).

LLnkizaTTbIH 6enekTiniri (M) wukizat 6enwek-
TepiHiH iWKi 60C KeHicTiriHiH MenLepiH cunatTangbl
XKOHe LUMKi3aTTblH, Kenemaik macca MeH cycbiMarbl
Macca Tbifbl34blfbl apacbiHAarbl anbipMaLUbISTbIKTbIH,
OHblH Kenempaik canmarblHa KaTblHacbl pPeTiHOE
aHblkTanagpl. benexTinik (Mx) 5 dopmyna GonbiHWa
ecenTtenai:
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Mk =dO — dH/dO (%),

MYHOafbl,

dO - kenemgik macca (r/cmd);

dH — cyceimansl macca (r/cm®).

LwukisaT kabaTbiHbIH 60Cc kenewmi (V) — wwwki-
3aT kabatblHbiH Oipniringeri 6oc opblHAApAblH ca-
NbICTbIpManbl Kenemi xaHe MeHLUIKTIi Maccacbl MeH
cycbiMarnbl Macca apacblHAaFbl ariblpMallbInbIKTbIH
MEHLLIKTI Maccara kKaTblHacbl peTiHae aHblkTanagsbl.
LLinkisaT kabaTbIHbIH 60C KeneMiH ecenTtey dopmyna-
Cbl TEMeHAaeriaen:

V=dY —-dH/dy (6),

MYHOafbl,

dY — Wwwki3aTTblH MEHLUIKTI Maccachl (r/cmd);

dH — wwki3aTTbIH cycbiManbl maccachbl (r/cm?).

OKCTpareHTTi CiHipy koaddumumeHnTi (X) — Oyn
LWmMKi3aTTarFbl JKacyllaaparnblk TecCiKTepAi, BaKyorb-
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Oepai, aya KyblCTapblH TONTbIpaTbIH >X8He LIPOTTaH
anbliHOaraH epiTkiwTiH Menwepi. £0,01 r geniH en-
weHreH wamameH 5,0 r ycakTtanfaH LWuMKi3aT, en-
Wweyilw uMnuMHAapre canblHbIN, 3KCTpareHT (Cy MeH
ataHon) kymbinael (dtaHon 30%, 50%, 70%, 90%).
Ocblnaviwa, WukisaT TonblFbIMEH xabbinbin, GipHeLue
caraTka kangplpbigbl. CogaH KewiH LuKi3aT Karas
cyarici apkpinbl cysingi. dunerpat 6acka enweyiw
LUITMHOPre canblHbIM, OHbIH Kenemi 6ekitingi.

OKCTpareHTTiH,  CiHipy  KO3dbdUUMEHTTEPIH
ecenTtey dopmMynacsi:
X=(V-V1)P (7),

MYHAafbl,
V — WuKi3aTTbl M TOATbIPATbIH 3KCTPAreHTTiH
Kenewi;
V1 — 3KCTpareHTTi WukKisaTneH (M) CiHipreH-
HEeH KeWiH KarfaH 3KCTpareHTTiH Kenemi;
P — ycakranfaH wukisaTTblH, Maccach! (r).
Kypun weiii webiHeH aKCTpakTMBTI 3aTTapabl
aHbiktay KP M®, 1 1., Jopinik eciMaik LMKi3aTbIH
cblHay agicTepiHe (564 6.) can xyprisingi.

HOTUXEJEP XXOHE TAJIKbIITAY

dapmakonesnbik cana napameTpnepiH
aHblkTay: xannol kyn, 10% Ty3 KbIlKbIMbl €epiTiH-
niciHoe epiMenTiH Kyn, Gerae kocnanap, kenTipinreH
Macca WhifblHbl KasakcTaH PecnybnvkacbiHbiH Mem-
nekeTTiK dhapmakonesicbiHAa KepceTinreH aaictepre
camnkec xyprisingi [6]. 1 kectege Dasiphora parvifolia
webi apmakonesnbik cana napameTpriepiH aHbIKTay
HaTWXenepi KenTipinreH.

TexHonorusnblk napameTpriep 3KCNepUMEHT-
TiK QOepektep HerisiHge aHblkTangbl. Dasiphora
parvifolia LUMKi3aTbIHbIH 3KCTpareHT CiHipy Koaddu-
LUMEeHTI LUKKI3aTTbIH, YHTaKTany gapexeciHe Tikenewn
BavnaHbICTbl. ¥HTaKTany Aspexeci HeFypribiM Xorfa-
pbl 6onca, CiHipy KOaddULMEHTI COFyprbiM XOFapbl
oonagbl. 2-kectene Dasiphora parvifolia wwvkisaTtbi-
HbIH TEXHOMNOMNANbIK NapaMeTpriepi YCbIHbITFaH.

[apinik ecimaik WKMKi3aTbIHbIH, SKCTPaKLUASbIK
Kypambl Guonorunsnblk 6encenai 3aTTapablH Kanmnbl
MerLepiH cunatTangbl. 3-kectefe KenTipinreH HaTu-
xernep Kypun wawi xep ycTi 6eniriHiH aKCTpaKUMAnbIK
Kypambl aTaHonga (70%) >xorapbl — 33,5%), an Tasap-
ThiniFaH cyga xaHe (90%) sTaHonga SKCTpaKunAnbikK
Kypambl colikeciHwe 29,02% xoHe 30,4% Kypaigbl
OereH KOopbITbIHAObI XXacayFa MyMKiHOiK Gepegi. Ta-
3apTblIFaH CyAbl 3KCTpareHT peTiHae nanganaHyabi
wekTeyrnepi 6ap, enTkeHi oHOaA KenTereH nonsipnbl
eMec 3aTTap Hallap epwui, coHgan-aK on OipkaTtap
KOCbINbICTapAblH, MMAPONUTUKANbIK biAblpayblH TYbIH-
AaTtybl MYMKiH.

KOPbITbIHAbI
dapmakonesnblk cana napameTpnepi  aKc-
NepUMEHTTIK AepeKkTep HerisiHae: KenTipy KesiHaeri
WhiFblH — 4.153%, xannbl kyn — 3.816%, 10% HCI
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epiTiHgiciHage epimenTiH kyn — 0.46%. WenTik wwuki-
3aTka KombinaTbliH hapMakonesnblk cana TananTta-
pbl OenrineHreH HOpMaTMBTIK CTaH4apTTapFa calkec
Kenegi.

Dasiphora parvifolia webiHiH wWwKi3aTbIiHaH
3KCTPaKT anyAdblH OHTaWnbl TEXHOMOMUSACLIH Xacay
XoHe TuiMAi 9KCTpakumanay npoueciH aHblKkTay Mak-
caTblHAA Keneci KepceTKilTep aHblKTangbl: MEeHLUiK-
Ti canmarbl 0,1218 r/cm®, cebiny macca -0,15 r/cv®,
kenemaik canmarbl — 0,077 r/cm?®, keyekTiniri — 0,31 r/
cm?, 6enekTiniri — 0,70 r/cm®, WwWinkisaT KabaTbIHbIH, 60C
kenemi — 0,4 r/cm®.

OKCMEPUMEHTTIK >KyMbICTapAblH HaTUXernepi
OOMbIHLLIA, SKCTpaKLManay KesiHge SKCTPaKTUBTI 3aT-
TapablH eH ken WwolFbiMbl 70% 3TaHONMEH 3KCTpaKUm-
anay 6apbicbiHaa 6arikanagbl.

AnbiHFaH gepektep Dasiphora parvifolia web6iH
HerisiHae 3KCTpakuMsAnbIK npenapatTapabl any Mak-
caTblHOAa TEXHOMOIMANbIK NpoLecTe, HOPMaTUBTIK Ky-
xattapabl (TEXHONOrMAnbIK pernamMeHT, cana cneum-
dukaumnackiH) JanbiHaayaa KongaHbinatbiH 6onagbl.

AemopnapdbiH yneci:

M. 3. Opasbaea, M. 0. NwmypaTtosa, [1.
BenbHsK — 3epTTey TYKblpbiMAAMaCh! )XoHe AN3aHbl.

A. M. OcepoBa, A. T. MegeluoBa — matepuangbl
XWHay xaHe Tanaay.

A. T. Mepewosa, A. M. 3ceposa, 1. 3.
OpasbaeBa — MaTiH a3y, MaTiHAi eHaey.

Myddenep KaKkmbIFbiCbl:
Myaaenep KakTbIFbiChl XapusinaHbaraH.
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STUDY OF TECHNOLOGICAL AND PHARMACOPEAN INDICATORS OF THE MEDICINAL PLANT RAW

MATERIAL DASIPHORA PARVIFOLIA
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This study presents a comprehensive investigation aimed at improving the efficiency of the extraction

process, as well as predicting and standardizing the quality of the obtained biologically active substances.
For this purpose, the processing parameters of the medicinal plant Dasiphora parvifolia, which significantly
influence the extraction process, were thoroughly examined. In particular, the true density, bulk and tapped
density, packing weight, porosity, free volume of the extraction bed, and the extractant absorption coefficient
were determined.

In addition, several pharmacopoeial quality parameters of the plant raw material were evaluated,
including the content of extractive substances, loss on drying, total ash, and ash insoluble in 10% hydrochloric
acid. These parameters are essential for assessing the quality of medicinal plant raw materials and their
suitability for further pharmaceutical processing.

The experimental data obtained from the technological and pharmacopoeial characteristics make
it possible to scientifically substantiate the selection of an optimal method for obtaining biologically active
compounds and to standardize the quality of the resulting product in the form of an extract.

The results of this study can be applied in the development of production technologies for Dasiphora
parvifolia plant extracts, as well as in the preparation of regulatory and technical documentation, including the
technological regulations and quality specifications.

Key words: medicinal plant; medicinal plant raw material; extractant; concentration of extractant;
fineness of raw material; Dasiphora parvifolia; numerical indicators
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WCCNEQOBAHME TEXHONMOIMMYECKUX N ®APMAKOMEWHbIX MOKA3ATENEW NEKAPCTBEHHOIO
PACTUTENIbHOI O CbIPbA DASIPHORA PARVIFOLIA

"HAO «KaparaHamHckuii meauumHckuii yHuBepeutet» (100008, Pecnybnuka KasaxctaH, r. KaparaHga, yn.
[orons,40; e-mail: info@gmu.kz)

2HAO «KaparaHOuHCKMIA HaLmMoHanbHbIN UccrneqoBaTenbCKUn yHuBepeuteT um. E. A. Byketosa» (100024, Pe-
cnybnuka KasaxcrtaH, r. Kaparanga, yn. YHuBepcutetckas, 28, kopn. 3; e-mail; office@karnu-buketov.edu.kz)
SMeamuuHckmin yHnsepcutet JlrobnuHa (20-059, Monblwua. r. Jio6bnux, np-T An. Paunasuukue, 1; e-mail: ukr@
umlub.pl)

*Anryn TypabixaHKkbi3bl MegewoBa — HAO «KaparaHanHCckuin MeguumHckuin yHuBepcnteTy; 100008, Pe-
cnybnuka KasaxcraH, r. Kaparanga, yn. lNorons, 40; e-mail: Medeshova@qgmu.kz

B xone paboTbl 6bI1 NpoBeAeH KOMMMEKCHbBIA aHanusa, HanpaeneHHbIV Ha NoBbieHne 3EKTUBHOCTH
npoLecca aKCTpakuum, a Takke Ha MPOrHO3NpPOBaHME Ka4ecTBa U CTaHAapTM3auumio nonyyvyaembix bruonornye-
CKW aKTMBHbIX BelecTB. C aTow uenbio Obinn AeTanbHO M3ydeHbl TEXHOMNOorMYeckme napameTpbl nepepabot-
KV NeKapCTBEHHOro pacTUTENbHOro cbipbs Dasiphora parvifolia, oka3biBaloLme CyLeCTBEHHOE BIUSHUE Ha
3KCTPaKUMOHHBIN npouecc. B yacTHoCTK, onpeaeneHbl yaeneHasi Macca, HacbinHasa U 00beMHas NIoTHOCTb,
Macca 3achbInkun, NOPUCTOCTb, CBOOOAHBIN OOBbEM IKCTPAKLMOHHOMO Crosl, a Takke KoaduUUMEHT nornoLle-
HWSI 9KCTpareHTa.

Kpowme TOro, B xoge nccnegosaHus 6binv onpegeneHbl OCHOBHbIE dapMakoneriHbie nokasartenu Kade-
CTBa PaCTUTENBHOIO ChIPbS, BKITHOYAsA COAEPKAHNE SKCTPAKTMBHBLIX BELLECTB, MOTEPH B Macce npu BbICYLUU-
BaHUM, O6OLLYI0 30MIbHOCTb M 301y, HepacTBopuMyto B 10% pacTBope ConsgHONM KUCMOThl. [JaHHble nokasaTenu
MMEIOT BaXXHOE 3Ha4YeHue Ansi OLEeHKM KavyecTBa NIEKapCTBEHHOIO pacTUTENBHOIO Chipbs U €ro NPUrogHOCTU
OnNs ganbHenwen apmaueBTUieckon nepepaboTku.

COBOKYMHOCTb 3KCMEepUMEHTarbHbIX AaHHbIX, MOMYyYEHHbIX MO TEXHOMOrMYECKUM U dapMakoneHbIM
XapaKTepucTnkam, No3BonsieT Hay4yHo 060CHOBaTh BbIOOP ONTMMANbHOIO MeToAa nonyveHus buonornyeckn
aKTMBHbIX BELLECTB, a Takke CTaHO4apTU3MPOBaTh Ka4eCTBO MOSTyYEHHOro NpoaykTa B hopme aKkcTpakTa.

Pesynbrathl uccnegoBanust 6yayT ncnonb3oBaHbl Npu pa3paboTke TEXHONOrMU NPOM3BOACTBA AKCTPaK-
TOB U3 pacteHusi Dasiphora parvifolia, a Takke npy NOArOTOBKE HOPMAaTMBHO-TEXHUYECKOW AOKYMEHTALMM,
BKITHOYAs TEXHOMOTMYECKUI pPernamMeHT 1 cneumdukanmnio KayecTsa.

Knrouesbie crioga: NnekapCTBEHHOE pacTeHNE; NeKapCTBEHHOE PACTUTENbHOE Chipbe; IKCTPareHT; KOH-
LeHTpauus SKCTpareHTa; M3Menb4eHHOCThb Chipbsi; Dasiphora parvifolia; uncnoBble nokasatenu
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Makanaga >ofapbl TemnepaTtypaga KbllKbiNAaHFaH CyAbl any apkbifbl XanoH codopachkiHbIH
(Styphnolobium japonicum) ryngepiHeH p-BuTamuHai donaBoHOMATApPAbl any MYMKiHAIN cunatTanfaH. byn
Xymnene cy peareHT peTiHae fe, epiTkiw peTiHae ae Gip yakblTTa apekeT eTefi. YCbIHbIFaH Tacin ynbl op-
raHuKanblK KOCblnbICTapAbl NanganaHygbl Kosabl, 3KCTpakumst MeH rmaponua kesengdepiH OipikTipeni xeHe
TasapTyablH COHFbl KE3EHIH XeHinaeteni. ¥CbiHbinFaH agic 6enrini agictepmMeH canblCTbipFaH4a 3KONMOrusinbIK
Tasa Gonbin Tabbinagbl xaHe Genrini 4acTypni aAicTepMeH canbiCThipFaHda eHiMAi any yakbiTbiH GipHelle
ece KbiCkapTyFa MyMKiHAIK Oepegi.

KBEpLETUH aHTUOKCUAAHTbIH anyablH MHHOBAUMANbIK 84iCi MUHepanabl KbllKbigap KOCbINFaH Cynbl
opTaja XanoHablk codopa rynaepiH Xofapbl TeMmnepaTtypaga eHaeyre HerizgenreH. byn TexHonornsanbiy
TaCiN KbIMOAT >XaHe Yrbl OpraHuKarnblk peareHTTEPAiH, KaXKEeTTINirH xosabl. QKCTPaKLUSA XaHe rmaponm3 Ka-
AamaapblH 6ip npouecke BipiKTipy >KyMbIC LUKIIH OHTanaHablpagbl XXeHe MakcaTThbl OHIMAEpai KeMiHHEH Ta-

3apTyabl XKeHingerteai.

Kinm ces30ep: KBepLETUH; anoH codopachl; driaBoHOMATApP; SKCTpaKLUMsay; aHTUOKCUAAHTTap; To-

ThIKTbIPfbILL CTPECC

KIPICTE

KopLuaraH opTaHblH apTypri hakTopnapbIHbIH
Konancbl3 acepi 60C pagvkangapabliH, WamanaH Tbic
Ty3inyiHe anbin Kenyi MyMKiH, COHbIH, HOTMXECiHAe
TOTbIFy CTpecci Aamuabl. TOTbIFy CTpecci KenTereH
aypynapgblH epLuyiHe biknan eTin, Xannbl arF3aHblH
KapTato ygepicTepiH xbingamaartagbl. Kasipri yakbiT-
Ta 60Cc pagvkangapablH  Makpomonekyrnanapablih
3aKblMAaHybl MEH afjam aF3acbliHa apTypni acepriep
KesiHOe >kacylwanapdblH, eniMiHe akenygeri >xeTekLi
peni fenengexreH [1].

®eHonabIK KocbinbicTap (Tokodepongap, dna-
BOHOMATAP, KO3H3UMAeEp, KymapuvHaep xoHe T. 6.)
Tipi aFsanapablH TabUfu aHTUOKCUOAHTThIK KOPFaHbIC
Xynecinge, coHgamn-aK TOTbIfy CTPECCiHIH AaMybIMEH
GavinaHbICTbl Co3blnManbl aypynapablH angblH any-
Aa MaHbI3gbl OpbliH anagbl [2]. dnaBoHouAaTapabiH
Bacbim Beniri 6oc pagukangapablH Ty3inyiHiH Tisbek-
Ti peakumsanapbiH y3y apKblfbl TOTbIFY CTPECCIHIH Aa-
MybIH Texxenai [1].

dnaBoHOMATAPAbIH  AHTMOKCUAAHTTLIK  Gen-
ceHgainiri oTTeriHiH 6enceHai TypnepiH xxaHe NMNNATIK
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pagvkangapabl MHrMbupney kabinetiHe ©GannaHbl-
cTbl. ®naBoHouaTap KyaTTbl TabUFKM aHTMOKCUMAAHT-
Tap peTiHge 60C paguvkangblk TOTbIFy YAEpiCTepiH
Texenai, ar3agarbl aHTUOKCUMOAHTTbIK acepi Gap
3aTTapdblH, MernLepiH apTTblpyfa biknan eTedi XoHe
xacywanslk MembpaHanapgbl nunuatepaid ackbiH
TOTbIFybIHaH KopFanabl [3].

dnaBoHOMATaAPAbIH aHTMOKCMAAHTThIK 6encex-
4iniri onapdplH MonekynanblK KypblibiMbIMEH (apo-
MaTTblK CakMHanapga koc GannaHbiCTap MeH gyHK-
unoHanablk TonTapablH 6onyel) katap, Guonormanbik
MeMbpaHanapMeH e3apa apekeTTecy kabinetiHe ae
BannaHbiCcTbl [4]. dnaBoHomaTap oTTeriHiH 6enceHai
TYpRNepiHiH Ty3inyiH TemeHgeTedi, 6oc pagukangap-
Obl reHepaumananTbiH dhepmMeHTTepaiH 6encenainiriy
Texenai, 6encenai oTTeriHiK Ty3inyiH KaTannsgenTiH
eTneni mMetangapablH MOHOAPbIH XenaTtTanabl, COH-
Jan-aK nunuaTepaid, ackblH TOTbIFYbIHbIH, Ti30EKTI pe-
akumsanapbiH y3eai [5].

CoHfbl  XblNgapgafbl  KenTereH MeavuuHa-
NbIK-6ronorvanelk 3epTreynep NUNUATEPAH TOTbIFybI-
HbIH, 6enceHainiri aypynap MeH naTonornanbIK >xaraan-
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1 kecTte — XKanoH CO(*)OpaCbI rynwaHakTapbiHaH alriblHfaH KBepLUETUH LblfbIMbl

Epimiuw konuenTpascn | o (RS L | PO | et %
BacTankbl wwukizaTt - - 4,2
KyKipT KblWwKbIbIHbIH 0,1% 180 30 71,8
KykipT KblWwKbIbIHBbIH 0,1% 180 45 76,7
KykipT KblwKbIbIHbIH 0,1% 180 60 80,9
KyKipT KblWKbIbIHbIH 0,25% 180 30 87,4
KykipT KblWwKbIbIHbIH 0,25% 180 45 90,1
KykipT KblLKbINbIHbIH, 0,25% 180 60 89,0
HacTtypni apic — - 91,4

napablH, KeH, CNekTpiHiH nanga 6onysl MeH AamybiHa
XayanTbl ambeban naTtoreHeTukanblk chakTop Gornbin
TabbINaTbIHbIH aliKbIH kKepceTTi [6]. Byn aHTMOKCUOaHT-
Tap4bl angblH any xeHe A8pinik Kypanaap peTiHae naw-
JanaHyablH, kKeH MyMKIHAIKTEPIH arifakTangpl.

AtanfaH 3atTap TOObIHbIH €H alKblH ©kif-
OepiHiH Oipi — P TOObIHbIH AapymeHOepiHe xaTa-
TblH KBepuUeTMH 6Oonbin  Tabbinagbl. KeBepueTuH
(3,3',4',5,7-neHTarngpokcnugnaBoH) — anKblH Ou1o-
norusnblk GenceHainirive 6annaHbICTbl apmaueB-
TUKanblK, TafaM >X8HE KOCMETMKarsblKk eHepKecinTe
KeHiHEeH KonaaHbinaTblH (briaBoHOMATAPAbIH, ayKbIM-
Obl ToOblHa kaTtaTblH eciMiik TekTec nonudeHorn.
KBepueTuH kanunnapnapabl HblfanTaTblH, aHTUOKCU-
OaHTThIK XXeHe renaTtonpoTeKTopnbIK acepre ve [1, 2].

KeepuetnHai any kesi petiHae OHTYCTIK-
LUbiFbic A3nsiga keH, TapanfaH, coHgan-ak Pecengin
OHTYCTiK ammakTapbiHga, OpTtanblk A3usga XoHe
KasakcTtaHHbIH OHTYCTIiriHAE ecCipineTiH XanoH codo-
pacbiHbIH (Styphnolobium japonicum) rynwaHakrapbl
nargananbinabl.

©cimaik TekTec wWukizaTTaH doriaBoHonaTapabl
Genin any yLwWiH, MUKO3NATEPAI SKCTPAKLUANAY XaHe
rmgponusaey catbinapbiH KaMTUTbIH, 8pTypni ekica-
ThiNbl BAICTEP d3ipneHin, kongaHbinagel [7]. ©gette
gactypni Genin any Tacingepi 70-95% aTtaHon He-
Mece MeTaHOm CUSAKTbI YbITTbl 9pi ©pT Kayni >XOoFapbl
opraHvikanblk epiTKilTepai KongaHy apkbinbl XKy3e-
re acolpbinagel [8, 9], 6yn TeXHONOrMAMNbIK yOepiCTi
efnayip Kkypaenenaipin, kopLuaraH opTafa TYCETiH 9KO-
NOrnAnbIK XXYKTEMEHI apTTbipaabl.

KBepueTnH conaBoHOUAbIH anyablH KOIDKETiMA
TocingepiHiK Oipi PYTUMHHIH KbIWKbINAbI TMAPONNSI
fonbin Tabbinagbl. ©HepKacinTik Xargamga pyTUH
ecimaik wwukizatelH 125-130 °C Temnepatypaga
bICTbIK CYMEH 3KCTpakuusnay apkbifbl, KeniHHEeH
AKCTPaKTThbl cy3y xaHe 18-20 °C pgewniH cankbiHOaTy
KesiHOe KpucTangaHablpy apkbifbl anbiHagbl. Tex-
HUKanbIK PYyTUHAI dapmakonesnblK pyTUHre AeuiH
TasapTyAdbl 3TUN CNUPTIHEH KanTa KpucTangaHablpy
aAiciMeH xypriseni, coga epiTiHAICIMEH aHe aTaHor-
MeH Xyaabl. KBepueTnHai any yLwiH pyTUH ruaponuai
cy epiTiHainepiHae 2,5% KyKipT KblLKbINTbIMEH KaliHa-
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Ty XOMNbIMEH Xy3ere acblpbinagbl, keriHHeH 70% aTa-
HondaH eHimai Genin LWbiFapy XeHe KawTa KpucTan-
OaHabIpy apKbifbl XKy3ere acblpbinagpl.

Xymbic makcaTbl — >XanoH codopacbiHbIH
ryrnaHakTapbliHaH  KbllWKbINAaHAbIPbINFAH — Cyabl
XOfapbl Temnepartypaga KongaHy apkbinbl pyTUH-
Oi 9KCTpaKkuusanay XeHe rmaponuagey HaTuxkeciHae
KBEpLETVH any yaepiciH 3epTTey.

MATEPUWAIOAP XXOHE S[ICTEP

KanoH coopachkliHbIH ryrnaHakTrapbl MambIp
amblHAa ryngey angbiHaa kuHangbl. 2Kymbicta pyTuH
(Tasanbifbl 96,6%), kBepueTuH (Tasanbifbl 298,2%),
KYKIpT KbILWKbINbl (85%, wW. 4. a.), Ty3 KblwKbinbl (36%,
Ww. A. a.) navpganadbingbl. KeBepueTuHAai caHabIK
aHblKTay Tangamanelk Oargap peTiHae Konpadbina-
ToiH MEMCT P 57990-2017 6o¥blHLa Xyprisingi.

KeepuemuH anydbiH 6GipiHwi meacini. XanoH
cobopachbl rynlaHakKTapbliHaH KBepueTuHai any
O9CTYpri a4icneH eki caTblfa XYprisinreH:

—anoH copopachIHbIH rynliaHakTapbiHaH op-
raHvKanblk epiTKiLUTEPMEH 3KCTpaKumsinay apkbinbl
PYTUH any xaHe TasapTy;

— OpraHvKarnblK epiTKilTep MeH MuHepanblk
KblLLKbINAAPpAb! KongaHa oTbIpbin, PYyTUHAT KBEPLETUH-
re AeniH ruaponusaey XaHe anblHFaH eHiMAi TasapTy.

KanoH codhopachkliHbIH, Maccackl 100 r rynwa-
HakTapblH 500 Mn 70% aTun cnupTiMmeH 1 carat 6oibl
AKCTpaKumsanangbl. KCTPaKLUMs asiKTanfaHHaH Ken-
iH NarganaHbInfFaH eciMAik WNKi3aTbIH CY3Yy apKblnbl
Genepi. AnblHFaH 3KCTPAKTTbl BaKyyMm xafganbiHaa
Cy MOHLUacbiHAa a3 kenemre AewiH KolonaHabIpbIM,
cofaH CoH kenTipeai. beniHin anbiHFaH pyTUHAI Gen-
riLl BOpOHKara aybICTbIpbIN, KOcnanapgaH Tasanay
YLWiH eki peTTeH 40 mn Auatun apupiMeH xaHe aTu-
nauetatneH eHaenai, kevid 20 mn 6yTun cnupTiMeH
aKcTpakumanangbl. Pytungi, kenemi 20-25 mn 6o0-
natblH nopuuanapmeH, kamHan typfaH 70% atun
CMMPTIMEH 3KCTpakuusinay apkbinbl G6enin anagpl.
ArnblHFaH 9KCTpakKTTbl ounbTpren, punsrtpaTttsel 10-
12 caraT GoWbl cankbiHOATy apKbiibl KpUcTangaH-
OblpyFa Kosiabl, HOTUXeCIHAEe PYTUH KpucTangapbl
Ty3ineai. OcblgaH keniH 70% aTun cnUpTiH KongaHa
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1 cypeT — KBepueTuHAI KbILLKbINAaHABIPbINFaH CYMEH aKCTpakumsnay apKbifbl any XpoMatorpaMmmacsl
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OTbIpbIN KaTa KpUcTanganablpy Xyprisinegi. PyTuH
KpuctangapbiH 15 mn 70% atun cnupTiHge epiTin,
KarHan TypfaH Cy MOHLUACbIHAA BaKyyM XXargamnblH-
4a kbizablpagbl. KavHay 6actanfaHga pyTWH TonbiK
epireHre geniH bictblk 70% aTun cnupTiH 5 mn nop-
umsinapMeH KocbiMLia eHriseni. OgaH api epiMenTiH
Kocnanapgbl Genin any yLwiH karas cyari apkpinbl
bICTbIK (OUIbLTPRey Xyprisineni; 6yn peTtTe BOPOH-
kaHbl angbiH ana 100 °C Temnepatypaga kenTipy
wkadbiHaa 15-20 M1H Gobl Kbi3ablpaabl. AnblHFaH
UnbTpaTThl PYTUH KpUCTangapblHbliH Ty3inyi yLiH
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kaTagaH 10-12 carat GoKbl cankpiHAATy apKbinbl
KpucTangaHabipyfa Kosabl.

EkiHwi keseHge 1,0 r pytuHai 20 mn 80% me-
TaHonga epiteqi XaHe 2,5 Mn KOHUEeHTpauusanaHraH
Ty3 KblWKbIbIH Kocagbl (TeiFbi3gblFbl 1,179 r/cm).
Kpiwkbinaslk ruaponuagi 100 °C Temneparypaga 45
MUH OoWbl Xypriseai. ['Maponua npoueci askTanfaH-
HaH KeRiH Ty3inreH KBepLETUHHIH TyHOacbiH cy3eni,
pH 7 GeliTapan MaHiHe XXeTKkeHre AeniH TazapTbifFaH
cyMmeH xyapbl xaHe 80 °C Temnepatypaga 2-3 carat
KenTipeai.



Kiaunnuyeckas papmakosiorusi u papmanus

KeepuemuH aryObiH eKiHWwi maciri. ¥CbIHbINFaH
TEeXHoMNornsi 6onbiHLIA anoH codopacbIHbIH, ryra-
HaKTapblHaH KBEPLETMH any yAepici CbibIMAbINbIFbI
100 mn GonaTblH peakTopAa >Kofapbl TeMnepaTtypa-
Aa xyprisingi. 1,0 r wwkisatka 0,1 xaHe 0,25% KykipT
KbILLKbINbIHBIH Cynbl epiTiHginepiHeH 70 mn kocbin,
peakumMsanblK KOCNaHbl repMeTuKarnblK ThiFbI3 Xabblna-
TbIH peakTopfFa OpHanacTbIpbIM, N30TEPMUSAIILIK Kbl3-
ablpyFa kenTipriw wkadTta 100-180 °C temnepartypa-
na 30-60 muH Gonbl yctangpl. NMpouecTiH CoHbIHAA
peakTop 6ernme TemnepaTypacbiHa AeliH Cy MOHLa-
cbiHAa cankbiHaaTbabl (15 MuH). PeakTopabiH, iwiH-
Jeri eHiM caHablK Typae karas dpunbstpre Kewipinin,
Cy3inreH coH, pH MaHi 7 aeniH TasapTbifiFaH cymeH
XKybInapbl; ocblgaH KeniH punsTpaeri kanfaH Kangablk
80 % osTaHonga epitingi. KBepueTUHHIH MerepiH
aHblKTay YLWiH, Tangay >Xyprisep angbiHaa anblHFaH
epiTiHAiHiH cbiHamanapbl TOCT P 57990-2017 ctak-
[apTbliHa Calkec Tangay YLiH KaXKeTTi KOHLeHTpauu-
sFa geniH cyrbinTbingbl. OgaH api anbiHFaH 3TaHoM-
OblK epiTiHAi KenTipinin, Kypfak ynrigeri makcaTTblK
KOMMOHEHTTiH MerLIepi aHbIKTanabl.

HOTWUXXENEP XXOHE TAJIKbINAY

BipiHWIi Ke3eHnae 3epTTeneTiH ynrigeri pyTuH
MEH KBEPLETUHHIH Mereprepi 3TaHONMEH 3KC-
Tpakuusinay apkbiibl aHbikTangpl. »KanoH codopachl
rynwaHakTapblHbiH, 1 T KypambiHaa (4,2 1 wukisaTka
WwakkaHga) 1 Mr pyTuH xaHe 192,8 mr kBepueTuH 6ap
eKeHi aHblkTangbl. 'Moponua npoueciHiH cbi3bacbIH
Heridre ana oTbipbin (1 cypeT), 192,8 Mr pyTUHHEH
anblHybl MYMKIH KBEPLETUHHIH eH ken menwwepi 95,45
Mr Kypangbl. bactankbl wukisatTa 6ap 4,2 Mr kBep-
LEeTVHAI eckepe OTbIpbin, KBEPLETUMHHIH €H >XOFapbl
wblFbiMbl 1 T WwWrkizatka 99,65 mr kypangbl.

Ty3 KbILWKbINbIH KONAaHa OTbIpbIN €Ki caTbibl
afic GoMblHWA anblHFAH 3KCTPaKTTbl TMAPONN3aereH-
HEeH KeWiH epiTiHAiAeri KBepLUEeTUHHIH anmnbl MesLwepi
1 r wukisaTka karta ecentereHge 91,25 mr kypagbl,
Oyn MyMKiH BonaTbiH eH ofapbl Menwepaid 91,4 %
ColKec Kenep,.

¥CbIHbINFaH 8aicTi NaganaHa oTbipbIn, KBepLe-
TUHHIH, WbIFbIMbIHA PYTUH 3KCTPaKUMACHI MEH rMapo-
Nn3i NpoLecTepiHiH TeMnepaTypachl MEH Y3aKTbIFbIHbIH,
acepi 3eptTengi. 3eptrey 100-180 °C Temnepartypa
OnanasoHblHAa xyprisingi. Temnepartypanbib 180 °C
OeniH Xofapnaybl KBEPUETUHHIH, WbIFbIMbIHBIH 89,95
Mr/r apTaTblHbl [OONENAEHreH, OHbIH TMAPONM3iHe
OannaHbICTbl PYTUHHIH KOHLEHTPaUMsiCbl ToMeHOeN-
ni. lereHMeH, ofaH api Kbl3ablpy MakcaTTbl OHIMHIH,
biablpaybiHa oakenedi. KbllKbingaHablpbiiiFaH cyabl
XOFapbl Temnepartypaga kongaHy apkbifbl KBepLe-
TUHHIH, MakcumMangbl eHIMAINIri TeopusnblK MaHHIH
90,1% kypagbl.

KBepUETWH LWbIFbIMbIH apTTbIpy YLWiH Cyrbl
opTara ecenTenreH KyKipT KbIWKbifbl  KOCbINAbI.
AnblHFaH gepektep 1 kecteade KepceTinreH.

Meouyuna u sxonoeus, 2026, 3

Toxipnbenik manimeTTepre cevikec, KywTi Mu-
Hepanbl KblLKbINAapAbl KONAaHy eHIMHIH WbIFbIMbIH
apTTbipagbl. Peakums xargannapbliHbIH 9CEPIH 3epT-
TeYy KYKIPT KbILKbIMbIHbIH, KOHUeHTpauuscel 0,25%
(cynbl opta), Temneparypacbl 180 °C >xaHe eHaey
yakbiTbl 45 MuH ©OonfaHga, KBEPUETVMH  LUbIFbIMbI
90,1% kyparaHbIH KepceTTi. byn HaTwke gecTypni
apicTiH HaTwxeciHe TeH. 180 °C TemnepaTypaga Tep-
MusanblK acep eTyai 30-gaH 60 MuHyTKa OeniH y3apTy
KBEPLETUH LWhifbiMbIH 89,0 Mr/r geniH TeMeHOeTTi.
Byn ypaic makcaTTbl KOMMNOHEHTTIH TEPMUANbIK blabl-
payblHa OannaHbICTbl €KEHiH KepCeTTi. ¥CbIHbIFaH
XoHe [ocCTypni apicTemenepaid TWimMAginiriH canbl-
cTbipy kepceTkeHgen, 180 °C Temnepartypaga KywwTi
MUHepangblK KbllKbiNgapablH Cynbl  epiTiHAginepiH
KonaaHy aparnblk caTbinapabl anbin Tactay ecebiHeH
KBEPLETMH anyfa KeTETiH yaKbIT LWbIFbIHOAPbIH €49Yip
KbICKapTyabl kaMTamMachi3 etefi, Oyn peTTe LblFbiM
Mernwlepi O9CTypri a4icTeMeMEH canbiCTbipMarnbl
[eHrenge cakranagbl.

Eki agicneH ge anbiHFaH KBEPLETUHHIH CnvpT-
Tik epiTiHAiNepi kenTipinAi. AnNbiHFaH KypFak eHiM cyaa
€pUTiH KocnanapgaaH CyMeH XYYy apKbinbl Ta3apTbii-
Obl. Xpomartorpammanapgbl canbicteipy (1, 2 cypet-
Tep) eki xarganaa aa eHimaepaiH Tasanbifbl bipoen
€KEeHiH KepceTTi.

KOPbITbIHAbI

1. AHTUOKCMOAHT KBEpPUETUMHAI anyablH, MHHO-
BaUUANbIK agicTeMeci a3ipreHai. TeXHONornsachl xa-
NoH codpopachkl ecimMairiHiH, rynwaHakTapbiHaH MUHe-
pangblik KbILUKbINAAP KOCbIMFaH Cynbl opTaga Xofapbl
Temnepatypaja eHaeyre HerisgernreH.

2. byn TexHonorusanbelk ToCin KpiMbaT XeHe
yNnbl OpraHvKanblk peareHTTepre AereH KaXeTTiniKTi
Xosiabl. QKCTpaKuus XeHe rmaponuns keseHaepiH 6ip
npouecke OIpiKTipy >XYMbIC LUMKMIH OHTannaHgblpa-
Obl XX8He MakcaTTbl eHiMaepaiH KewiHri TasapTybiH
XeHingeten,.

AemopObIH yneci:

P. C. TawmeHos, P. M. AHapbaeBa — 3epTTey
TYXKblpbiMAaMachl MEH On3ariHbl.

H. Y. Kamanoga, XK. b. KangbibekoBa — maTte-
pvanabl XXuHay xaHe eHaey.

H. Y. Kamanosa, XX. A. banmypartoBa — ctatu-
CTUKanblK eHaey.

P. M. AnapbaeBa, XK. C. TokcaHbGaeBa — MaTIH
Xaay.

P. C. TawmeHoB — pegakuusnay.

Myddenep KakmbIFbICbI:

ABTOpnap myaaenep KakTbifbICbIHbIH OPbIH ar-
MaraHAbIFbIH ManiMaenai.
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The article describes the possibility of obtaining P-vitamin flavonoids from Japanese sophora
(Styphnolobium japonicum) flowers by extraction with acidified water at high temperature. In this system,

156



Kiaunnuyeckas papmakosiorusi u papmanus

water acts both as a reagent and as a solvent. The proposed approach eliminates the use of toxic organic
compounds, combines the extraction and hydrolysis stages, and facilitates the final stage of purification. It has
been established that the proposed method is more environmentally friendly than the known ones and allows
several times to reduce the production time compared to the known traditional methods.

The innovative method of obtaining the antioxidant quercetin is based on high-temperature treatment
of Japanese sophora flowers in an aqueous medium with the addition of mineral acids. This technological
approach eliminates the need for expensive and toxic organic reagents. Combining the extraction and
hydrolysis steps into one process optimizes the work cycle and simplifies the subsequent purification of the
target products.

Key words: quercetin; Japanese sophora; flavonoids; extraction; antioxidants; oxidative stress
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CPABHUTENbHbLIA AHANW3 METOOOB BbIAENEHUA P-BUTAMWUHHbBIX ®ITABOHOUOOB U3
PACTUTENIbHOIO CbIPbA CO®OPbI ANOHCKOW

AO «HOxHo-KasaxcTtaHckas MmeguumHckas akagemusi» (160019, Pecnybnuka KasaxctaH, r. LUbIMKeHT, nno-
wagb Anb ®apabwu, 1/1; e-mail: medacadem@rambler.ru)

°HAO «HOxHo-KasaxcTtaHckuin yHuBepcuteT um. M. Ayazosax» (160019, Pecnybnuka KasaxcraH, r. LLUbIMKeHT,
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B cTatbe onncaHa BO3MOXHOCTb NoMny4yeHns P-BUTaMUHHbIX (DNTaBOHOMAOB M3 LBETKOB cOhOpbl ANOH-
ckon (Styphnolobium japonicum) MeTOAOM 3KCTPaKL MK MOOKUCITIEHHOW BOAOW NpuY BbICOKON Temnepartype. B
3TON cMcTemMe BoAa OOHOBPEMEHHO AENCTBYET U KaK peareHT, U Kak pacTtBopuTernb. Npeanaraembii nogxoq
WCKIOYaET MCMOMNb30BaHNE TOKCMYHBLIX OpraHUYecKnX coedvHeHu, codeTaeT B cebe cTagmm aKcTpakumm u
rMaponuaa, a Takke obrnerdaer 3akMioYUTENbHbIA 3Tamn OYUCTKU. YCTaHOBMEHO, YTO MPEANioXKEHHbIN MeToq
saBnsieTcs 6ornee 3KONOrMYHbIM MO CPAaBHEHMIO C U3BECTHLIMU M MO3BOMSAET B HECKOIbKO pa3 CoKpaTUTb BpeMS
nonyyYeH1s NpoayKUMM No CPaBHEHWUIO C U3BECTHLIMU TPAOULMNOHHBIMU METOAAMM.

MHHOBaUMOHHas MeToaMKa NonyYeHns aHTUOKCUAaHTa KBepLeTUHa OCHOBaHa Ha BbiICOKOTEMNepaTyp-
HOM 0OpaboTKe LBETKOB COOpbl AMOHCKOM B BOAHOW cpede ¢ Ao0aBNeHMeM MUHeparbHbIX KACMOT. Takown
TEXHONMOMMYECKNA NOAXOA YCTPaHAET HEOOXOAMMOCTb B JOPOrOCTOSLLMX M TOKCUYHBIX OPraHUYeCcKnX peareH-
Tax. OObegMHEHVE 3TaNOB SKCTPAKLMU 1 TMOponM3a B O4MH NpoLecc onTMMM3upyeT pabounii LMk 1 ynpo-
LLaeT nocreayroLLyto O4YMUCTKY LieneBbIX NPOAYKTOB.

Knrouesbie criosa: KBepLETVH; codopa sinoHcKas; (onaBoOHOMAbI; 3KCTPaKUMS; aHTUOKCUAAHTbI; OKUC-
nUTEenbHbIN CTpecc
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Llenb. Pa3paboTka n Teopetnyeckoe 060CHOBaHNEe KOMOUHATOPHOIO An3anHa KIOHOMTEHHOro aHanmaa
AN ONTUMU3aUMM CKPUHWMHIA pacTUTENbHbIX SKCTPAKTOB, a Takke KONMMYeCcTBEeHHas oueHka ero agpdekTvB-
HOCTM MO CPaBHEHUIO C KNaCcCUYECKMM NOAXOAOM.

Mamepuanbi u memodbi. BbINONHEHO TeopeTvyeckoe MoZenMpoBaHWe MpPOBEeOEHUs! KITOHOreHHOro
aHanusa gnsa 6ubnuotekn 13 10 pacTUTENbHBIX 3KCTPaKTOB C UCMONb30BaHNEM ABYX KMETOYHbIX JIMHUIA paka
npoctatbl (DU145 1 LNCaP) u Tpex noBTopHOCTeN. [1poBeaeHO cpaBHEHUE KNAcCUYeCcKoro MHAMBUAyanb-
HOro TECTMPOBAaHWS C NPeaIoKEHHbIM NepapXnMyecknMm KOMOMHATOPHbLIM AM3aiHOM, OCHOBaHHbIM Ha nocrne-
AoBaTeNnbHOM pasferneHnn SKCTPakToB Ha Mynbl C NocreayoLwen AeKoHBomumen pesdynsratoB. BeinonHeH
pacyeT He0BXOAMMOrO YMCra IKCNEPUMEHTASbHbIX 3TAMNOB, NMAHLETOB M 3(PEKTUBHOCTU KaXJ0ro noaxoaa.

Pesynbmambi u obcyx0eHue. YCTaHOBMEHO, YTO Npu uccnegoBaHun 10 pacTUTENbHBIX 3KCTPAKTOB
Knaccuyeckui nogxop TpebyeT BbinonHeHnss 60 NnaHWeToB, TOrAa Kak NpMMEHeHWe nepapxmuyeckoro KoM-
OUHATOPHOrO Au3ariHa NO3BOMSET COKPaTUTb UX KONMMYECTBO A0 36, YTO COOTBETCTBYET CHWDKEHUIO Ymcna
aKcnepumeHTanbHbIX eanHuy Ha 40%. MNMokasaHo, YTo aPPEKTMBHOCTb NPeaIOKEHHOIO MeToA4a Bo3pacTaeT
¢ yBenuyeHnem obbema 6ubnmoteku: npu aHanuse 100 o6pa3uoB akoHOMUs gocTuraeT 86% Mo cpaBHEHUIO C
TpaguUMOHHBIM NoaxogoM. NpeanoxeHHasa cTpaTernsi NO3BONSIET COKPaTUTb Pacxon peareHToB, YMEHbLUNTb
NPOJOMKNTENBHOCTb 3KCNEPMMEHTA M NOBbICUTb MHAPOPMALIMOHHYIO NITOTHOCTb CKPUHMHIA 6€3 yMeHbLLEHNS
ymcna NoBTOPHOCTEN N NOTEPU CTAaTUCTUYECKON HAAEXHOCTU pesynbraToB. [1pu aTom MeToa Hanbonee ac-
dheKkTUBEH ANs BbISBNEHUSA Hanbonee akTMBHOIO aKCTpakTa u TpebyeTt nocneayowen sepudmkaumm npm aHa-
NN3€ HECKONbKUX aKTUBHbLIX KOMMOHEHTOB UITN CUHEPTreTUYECKNX B3anMOAENCTBUN.

Bbigodbi. Vlepapxmyecknii KOMOUHATOPHbIA AM3alH NpeacTaBnsaeT cobon appekTUBHBLIN NHCTPYMEHT
ONTUMM3aLUN KIOHOTEHHOrO aHanu3a, MO3BOMSIOWMA CYLLECTBEHHO COKpPaTUTb KONMMYECTBO 3KCMNeprMeH-
TanbHbIX MOCTAHOBOK, BpEMEHHbIE Y MaTepuarnbHble 3aTpaThl MPU COXPaHEHUN JOCTOBEPHOCTM NOMyYaeMbIX
pesynbraTtoB. [peanoXeHHbIN NOAX04 MOXET ObiTb MCMONb30BaH B KAYeCTBe 3Tana NepBUYHOIO BbICOKOMNPO-
N3BOANTENBHOIO CKPMHUHIA PacTUTENbHBIX 3KCTPAKTOB M APYIrMX BUONOrMyeckn akTMBHbIX COEAMHEHMWI C NO-
crnegyloLwmM npoBedeHemM OeTann3npoBaHHbIX UCCNegoBaHun Hanbonee nepcneKkTMBHbIX 06pasLoB.

Krniroueebie crioga: KIMOHOMEHHbIN aHanms; KOMOMHATOPHbIN AM3aniH; MYMVHI; BbICOKONPOU3BOAUTENb-
HbI CKPVMHUHT; pacTUTENbHbIE 9KCTPAKTbI; LLUTOTOKCUYHOCT; (OUTOXMMUYECKNI CKPUHWUHT

BBEOEHUE

CKPUHWHI BMOaKTUBHBIX COEQUHEHWIA NPUPOa-
HOMO MPOUCXOXKAEHNSA ABMSAETCS KIOYEBLIM 3TANOM B
pa3paboTke HOBLIX TeparneBTUYeckMX areHToB. Tpa-
OVUMOHHO TaKMe WCCReqoBaHUsi NPOBOAATCS MyTeM
WHOVBMAYANbHOIO TEeCTUPOBaHWUS SKCTPAaKTOB WM
COEAMHEHWIA, YTO, HECMOTPS! Ha BbICOKYIO TOYHOCTb,
XapaKTepU3yeTcsi 3HAYUTENbHLIMU BPEMEHHBIMU U
PecypCHbIMU 3aTpaTamu.
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lMokasaTenbHbIM MNPUMMEPOM SIBASIETCS Mac-
wTtabHoe uccneposaHue |. B. Suffredini et al., nocss-
LLIEHHOE CKPWHUWHTY pacTUTENbHbIX 3KCTpPakToB Ama-
30HCKOro pernoHa [1]. B pamkax gaHHOro npoekta
ObIno npoTtectMpoBaHo 2 280 3KCTpaKTOB, MOMyYeH-
HbIX U3 139 BMOOB pacTeHWUn, C LENb0 BbISBNIEHUSA
AHTMMUKPOOHON akTMBHOCTU. HECMOTPSA Ha BLICOKYHO
Hay4HyI0 LLleHHOCTb pe3ynbraToB, AaHHas paboTta 3a-
HsAna okoro 15 mert, 4YTo HamsgHO OEeMOHCTpUpYeT
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Tabnuua 1 — Bo3aMoXxHble BapuaHTbl aHalin3a HECKOJIbKMX SKCTPAKTOB, X NMpenmyLiecTsa U HegoCTaTKuN.

Mpumepsbl
Moaxopn MpenmywiecTtBa HepoctaTtku .
nccnegoBaHun
. MeaneHHbIn (Mano
OAMHOYHBIN MpocToTa, nerkas .
WHOEKCMPOBaH), CraHgapTHbIi HTS
3KCTpaKT OeKoHBONOUNS M
pecypcoemMKmin

CMeLlaHHbI nyr YCcKOpSAET CKPUHWHT (00

Macku poBaHne aKTUBHOCTMU,

TpebyeT nocnenyroLlen B. Castillo et al. [2]

(MynwuHr) N-pas), 3KOHOMWSI peareHToB
OEKOHBONIOLNN
. . OonTummnsaumsa CnoxHee nnaHnpoBaThb, .
Mixture-ansanH . ! P - M. Nouioua et al.
(DOE) nponopLmi, ynaesnveaet HY>X€H CTaTUCTUYECKNIA 4]
B3aMMOOencTBus aHanuna
BubnunoTeka [oporas/oonras nogrotoBka
. YuncToTa KOMMNOHEHTOB,
dhpakumin . dpakumm, ynpoLieHue 0O630p HTS NP [7]
. MeHbLUEe UHTepdepeHUun
(prefractionated) XUMMYECKOro aHanuaa

orpaHnyeHHy 3 EeKTMBHOCTb KIacCMYecKoro nog-
X0[a, OCHOBAHHOIO Ha MOcnegoBaTeNlbHOM TECTUPO-
BaHUM MHOMBMAYaNbHbIX 06pasLoB.

OCHOBHOM MNPUYMHON CTOMb  3HAYUTEMbHbIX
BPEMEHHbIX 3aTpaT ABNAeTCA UCMOoNb30BaHWe Tpaau-
LMOHHON CTpaTerMm CKPpUHUHIA, Npu KOTOPOWN KaxKabIn
3KCTPaKT aHanM3npyeTcs OTAernbHO, 6e3 NpUMeHeHUs
METOLO0B MOBbILIEHMS MPOMYCKHOW cnocobHocTu. Ta-
KON NOAxXod He y4MTbiBaET BO3MOXHOCTU COBPEMEH-
HbIX TEXHOMOMMI, HaNPaBMEHHbIX HA YCKOPEHNe OTOO-
pa OMONMOrMYeckn akTUBHBLIX COELUHEHWUN, BKITHOYast
BbICOKOMPON3BOAUTENBHBIN  CKPUHWUHT,  KOMOWHaTOp-
Hble meToabl, in silico — mogenuposaHve 1 aBToma-
TM3aumo. B ycnoBusix pocta obbema uccnegyembix
NpupoaHbIX BUBMMOTEK CTAHOBMTCS O4E€BUOHON HEO6-
XOOMMOCTb nepexoaa k bonee acdeKTUBHbLIM CTpaTe-
rMAM, NO3BOMSIOLLMM CYLLIECTBEHHO COKPaTUTb BPEMS
N pecypchbl, 3aTpaynBaeMble Ha NEPBUYHBIA CKPUHUHT.

CoBpemeHHble TeHAeHUMM B obractu BbICO-
KonpoussoauTensHoro ckpuHuHra (High-Throughput
Screening (HTS) HanpaBneHbl Ha NOBbILEHUE WH-
POpMaLMOHHOW MMAOTHOCTM aKcnepumMeHToB. OgHUM
13 Hamborniee NepcrnekTUBHbLIX MOOXOOO0B SBMSAETCA
MCMNornb30BaHne KOMOWMHATOPHbIX CTpaTerum, OCHO-
BaHHbIX Ha OObeOMHEHUN HEeCKONbKMX 0bpasuoB B
pamMKax ogHOro Tecta (MynuHr) u nocnegyloLlen ge-
KOHBOIMIOUUN pe3yrbTaTos.

NHTepec k nogobHbIM nogxonam obycrnosneH
TeM, YTO NPUPOLHbIE MPOAYKTbl M3HAYanbHO npea-
CTaBNAT COOON CNOXHbIE CMECU COEAUHEHUN, U UX
fbuonornyeckasi akTMBHOCTb 4aCTO ONpPeaenseTcs co-
BOKYMHbIM JENCTBMEM KOMMOHEHTOB. B page uccne-
O0BaHWI NOKa3aHo, YTO UCMOMb30BaHME CMELLaHHbIX
OMBNMOTEK 3KCTPAKTOB MO3BOSISIET HE TOMBbKO YCKO-
pUTb CKPUHWHI, HO W BbISBMATL CUHEPreTU4ecKkne
ahbdekTbl, HEAOCTYMHbIE NPY UHOMBUOYASNIbHOM Te-
ctmpoBaHun [2, 3, 4, 5, 6, 7, 8]. OcHoBHble noaxoabl
npeactaeneHsbl B Tabnuvue 1.

Tak, B pabote B. Castillo et al. 6bino npoge-
MOHCTPUMPOBAHO, YTO 06beanHEHNE 0 6 SKCTPaKTOB
B OJHOW JTyHKE He MPMBOAWT K NoTepe BOCMpPOU3BO-
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aumMocTun pesyneratoB (Z'=0.6), 4To noaTeepxxgaet
npUMeHMMOCTb nynuHr-nogxoga ans HTS [2]. B
uccnegosaHun A. Rodriguez et al. BbisiBNneHo, 4To
okono 22% KOMOMHAUMI pacTUTENbHbIX 3KCTpakK-
TOB MpPOSBMSAT CUHEpreTMyeckMe unuv agamtmBe-
Hble 3(PdEeKTbl, YTO NOAYEPKMBAET BaXHOCTb aHa-
nn3a cmecen [3]. M. Nouioua et al. nokasanu, 4To
onTMMMU3aunss cocTaBa CMECU C MCMONb30BaHUEM
CYMMIEKC-peLleTyaToro nnaHa no3BonseT A0CTUYb
MaKkcMManbHOW B1MONOrMYecKon akTMBHOCTH 3a cHeT
B3aUMOOEeNCTBUS KOMNOHEHTOB [4].

KnoHoreHHbI (KonoHMeobpasyoLwmin) aHanus
SABNAETCA OOHUM W3 30MOTbIX CTaHAApTOB OLIEHKU
OONrOCPOYHON BbIKMBAEMOCTM KIIETOK MOCne BO3-
OEeVCTBUS LMTOTOKCMYECKUX (DaKTOPOB, BKIOYas Xu-
MUoTepaneBTUYECKne npenapartbl U MOHU3NpYyLoLLee
nanyyenne. Ero npvHuun ocHOBaH Ha CNocobHOCTU
OTAENBbHOWM >KWU3HEeCNocobHOW KneTkM nocne obpa-
60TKM chopmMMpoBaTh KOMOHUIO, COCTOSILLYHO KaK MU-
HUMYM 13 50 KNEeToK, YTO COOTBETCTBYET NpUbNM3u-
TenbHO 5-6 umknam genennsa [9, 10]. Meton BaxeH
TEM, YTO NO3BONSET BbIABMATb Kak HENOCPeACTBEH-
HYIO KNETOYHYH rmbenb, Tak U penpogykTUBHYO M-
Benb: COCTosHME, MPU KOTOPOM KIETKU COXPaHsHT
MEeTaboNMYecKyt0 aKTMBHOCTb, HO YTpayMBaloT Cro-
cobHocTb k nponudepaunn. NoapobHbIe NPOTOKOSbI
BbIMOMHEHNA aHanu3a, BKMoYasi aTanbl NoAroTOBKU
KNeTOK, MHKyDaLmMmn 1 oKpalumBaHus, NPeLCcTaBreHbl,
B YacTHocTu, B paboTe X. Yang et al. [9], ocHoBaHHOM
Ha knaccuyeckon metoguke N. A. Franken et al. [10].

Mpn KNOHOreHHOM aHanuse Heobxoanmo
yunTbiBaTb PS4 KPUTUYECKM BaXHbIX (DaKTOpPOB,
BMMSIIOLLMX Ha BOCMNPOM3BOAUMOCTb M TOYHOCTb pe-
3ynbraToB. [pexae Bcero, BeIGOP KMETOYHON Mofae-
N UrpaeT KIYEBYHO porib: 0ObIMHO MCMOMb3YHTCA
onyxoresble nNnHuK, Takne kak HCT-116, MCF-7 nnn
HepG2, B coyeTaHuUn C HoOpMarnbHbIMW KreTkamu
(Hanpumep, dmbpobnactamn nnn anuTenuanbHeIMU
KneTkamm) s OLEeHKM CENeKTUBHOCTM LENCTBUSA UC-
cnegyembiX coeguHeHu. Takonm nogxon no3BonsieT
paccunTbiBaTbh MHOEKC CENEKTUBHOCTMU, KaK 3TO NokKa-
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3aHo B pabote A. H. Alghamdi et al., rae B kayecTBe
KOHTpons ucnonb3oBanacb nuHmust MRC-5 [12].

He mMeHee BakHbIM 3TarnoM SBMSIETCA nogro-
TOBKa KIeToK kK nocesy. KneTkn guccoummupyoT o co-
CTOSHMS OOMHOYHbIX KINETOK, Kak NpaBuso C UCMorsb-
30BaHveM TpuncuHa u EDTA, nocne 4ero BbicenBatoT
npuv KparHe HWU3KOoW NIoTHOCTU (06bI4HO 50-200 kne-
TOK Ha NyHKY B 6-nyHo4yHOM nnaHwerte) [13]. 370
Heobxoanmo anst obecneyeHns Toro, YTobbl Kaxaas
chopMMpOBaBLIAACHA KONMOHUSA npoucxoauna mus og-
HOW MCxogHOW kneTku. MNnoTHocTb noceBa TpebyeT
TWaTenbHOW ONTUMM3auuK, NOCKOMbKY M3BbbITOYHAsA
NNOTHOCTb MPUBOAUT K CIIMSIHUIO KONOHUN, a HU3Kas
NNOTHOCTb NOBMMSET HA NONyYaeMbli pe3ynbrar.

Mocne wuHkyGaumu, kotopas obblYHO NpoAdori-
xaetcsa 10-14 cyT, KONOHUN PUKCUPYIOT 1 OKpaLuMBa-
IOT, YalLLe BCEro C UCMONb30BaHNEM KPUCTAmNMYECKOro
b1onNeToBoro, a 3aTeM NPoOBOAAT UX NOACHET — BPYY-
HYIO MIKU C NMPUMEHEHMEM aBTOMATU3MPOBAHHBLIX CU-
cteMm. CTaHOapTHbIM KPUTEPMEM CHUTAETCSA Hanuune
He meHee 50 knetok B ogHow konoHum [9, 11]. OcHoB.-
HbIM KOMNMYECTBEHHbLIM MoKasaTtenemMm SABfsieTcs OOoMs
BbDKMBLUMX KITETOK, KOTOPasi paccYMTbIBAETCH Kak OT-
HOLLEHME YuMcra KONMoHUM nocrne obpaboTkm K noca-
[O4YHON 3P PEKTUBHOCTM KOHTPOBbHOW Fpynnbl. Takomn
noaxof NO3BOMSIET yYMTbIBATh Pas3nuyms B MCXOQHON
CrMocoBHOCTM KINETOK kK 06pa3oBaHuto KornoHui [14].

HecMoTpsi Ha BbICOKYHO MHPOPMAaTUBHOCTL Me-
ToAa, KNOHOMEHHbI aHanu3 CONPSPKEH C PSIAOM Tex-
HUYecknx cnoxHocTen. OgHOM N3 pacnpocTpaHEHHbIX
npobnem sIBNsieTCs arperaunsi KNeTok, NpuBoasiLas
K UCKakeHuto pesynbraToB nogcyetra. Kpome Toro,
KpUTUYECKOe 3Ha4YeHne MMeeT BbIOOp BPEMEHWU WH-
Kybaummn: HegocTaTovHasi NPOOOIMKUTENBHOCTE MO-
XET NPUBECTU K HEAOPA3BUTUIO KONOHWIA, NPU AOMNTON
WHKyBauum moryT obpasoBaTbCsl BTOPUYHbIE CKOMMe-
HUA KneTok. [lononHuTenbHbIM (GakTOPOM SABMSAETCH
3(pPEKT KNETOYHOro B3aUMOAENCTBUS, MPU KOTOPOM
npy BbICOKON MIIOTHOCTU NOCeBa KMNETKU MOryT CTu-
MynmMpoBaTb POCT APYr Apyra, YTO CHWXaeT TOYHOCTb
OLIEHKMN nocagovHon adpeKTMBHOCTU. [ANa MUHMMK-
3auum aTux aPHEKTOB PEKOMEHOYETCS ONTUMU3NPO-
BaTb YCNOBWsI NOCEBA, UCNOMb30BaTb aBTOMATU3NPO-
BaHHble METOAbI MOACYETa U CTPOro KOHTPONMPOBaTh
napameTpbl KynbTUBUPOBAHMS.

YunTbIBas BbICOKYIO TPYOOEMKOCTb, CTPOroCTb
napamMeTpoB KyNbTMBUPOBaHUSA N 3KOHOMUYECKUE 3a-
TpaTbl KIOHOrEHHOro aHanm3a, BaXKHO OMTUMU3NPO-
BaTb AaHHYI METOAMKY, MO BO3MOXHOCTU YCKOPSS U
yaeLeBnss ee npy 60nbLMx o6bemax uccregyembix
obbekToB. B Oygyliem Mbl nnaHMpyem TecTupoBatb
9KCTPaKTbl Ha HanNMyne UUTOTOKCMYHOCTU. YuuTbl-
Basl, YTO Hac He WHTEPEecyeT MEXaHW3M WU WHble
Guonorvyeckme CBOWCTBA NOSy4aeMblX SKCTPAKTOB,
Ba)XHO OpraHn3oBaTb NYJUHI TakuM obpas3om, YToObl
YMEHbLUNTb KONMMYECTBO UCMOSb3YyEMOr0 pacxogHoro
MaTepuana n yckopuTb npoBedeHue metoauku. ly-
TEeM MofcyeTa KONMoHWIi 1 Bbibopa Hanbonee akTuB-
HOrO Myna MOXHO HaWTW SKCTPaKT C CaMOW BbICOKOM
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LIMTOTOKCMYHOCTBIO, a TakkKe OLEeHWTb usbupatenb-
HOCTb MOSy4Y€HHbIX 9KCTPaKTOB.

Lenb paboTbl — pa3paboTka 1 TeopeTuyeckoe
060CHOBaHWe KOMOVHaTOPHOro AM3aiHa KIOHOreH-
HOro aHanm3a, a Takke KoNM4yecTBeHHasi oLleHKa Bbl-
UrpblLLa Mo CPaBHEHUIO C KIACCUYECKUM MOAXOLAOM.

MATEPUAIbI U METOObI

B paboTte paccmoTpeH MoaenbHbIN 3Kcnepu-
MEHT, BKIovawoLwmn B ceba 6mbnmnoteky M3 aecatu
pactuTenbHblX 3kcTpakToB (N=10), OBe KneTouHble
nnHum paka npoctatel DU145 1 LNCaP (L=2) n npo-
BeJeHWEe KIMOHOreHHOro aHanmsa ¢ MCnonb3oBaHMeM
Tpunnetos (r=3). Mpu knaccnyeckom nogxoge 06-
LLee 4Yncno TeCcToB onpeaenseTca npoussegeHnem
yncna obpasyos, Yncna NMHUN U Yucna NOBTOPEHUN
no coopmyne:

N=NxLxr (1).

NoactaHoBka 3HauyeHur gaet 60 nnaHLWETOoB,
HeobXoaMMbIX OS1 MOCTAHOBKW 3KCMEpPUMEHTa Ha
9KCTPaKT KaXdoro pacTeHus Tpunnetamu Ha aBe
nMHUKM paka. B ycnoBuax akcnepumeHTa Ha gonor-
HUTENBHBIX NIMHMSAX paka MOITOYHOW Xene3abl, Kak Mbl
nnaHvmpyem B Byayuiem, KONMYECTBO HeOOXOAMMbIX
nnaHweToB MoxeT Bo3pacTtn oo 120.

B kayecTBe ansTepHaTVBbI NPEAIOXKEH nepap-
XNYECKUI (OUXOTOMMYECKU) KOMOMHATOPHLIA Au-
3aiH. Ha nepsom atane Bce 10 aKCTpaKToOB AensTcs
Ha ABa nyrna no nsatb obpasuos (P1: E1 — E5 n P2:
E6 — E10), koTopble TeCTUpyOTCA B 3af@aHHbIX YCno-
BusX. Mo pesynsratam BbibnpaeTcs 6onee akTUBHbIN
nyn, KOTOPbLIA Ha cneayoLLlem dTane AenuTcs Ha ABa
noanyna (Hanpumep, 2 n 3 3KCTpakTa), nocne 4yero
npoueaypa noBTopsieTCA [0 nokanusauum ogHoro
Hanbornee akTMBHOIO 3KCTpakTa. Haw nToroBbIv Nnpo-
Lecc COCTOUT M3 Tpex nocrnegoBaTeribHbiX 3Tanos
pa3bueHus. Npu aTOM pacyeT KonmyecTBa HeobXxo-
OUMbIX 3TANOB OCYLLECTBAETCS No hopmyrne:

logP (n)  (2),

roe P — konvyecTBO nynoe., MCNonb3yemMblX UC-
crnegoBaTtenem, a N — KonM4yecTBo 06pasuoB. Takum
obpa3om anga pacyera HeobOXxOoMMOro Konm4yecTsa
atanoB ans 100 o6pa3uoB Npu yCroBUK pasaeneHus
nx Ha aBe cmecu no 50 o6pa3sLoB B KaXXA0OM, Nony4ya-
eM cdopmyny log2 (100) = 7 sTanos.

Ymncro TecToB Ha KaxgoM dTane onpegensier-
Csl Kak

N, =PxLxr

stage

3),

roe P — konuyectBo nynos, L — Konm4ecTBo
KNETOYHbIX NIMHUI U I — KONNMYeCTBO NoBTOpeHUn. Cym-
MapHOoe YMCIo TECTOB Afs TPEX 3TarnoB COCTAaBISET:

Nya=3%@2xLxr) (4).

total
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10 obpasuoB 20 o6pasuos

e K naccuyecknii noaxomq,

40 o6pasuos 100 O6pa3uoB

NynanHr

PucyHok 1 — 3aBncnmocTb 9hpeKTUBHOCTM KOMBMHATOPHOro MeToda OT konnyectsa obpasuos

Mpn L=2 1 r=3 aTo gaet 36 nnaHLweToB AN4 Te-
CTUPOBAHUS ABYX KIETOYHbLIX NMMHUA. Mbl HE YMEHb-
LAEeM 4YMCMO MOBTOPEHUN, HO YMEHbLUAEM KOnunye-
CTBO YCOBMWIA, OCTUras onTMMm3aLmm.

O hekTMBHOCTL METOAA OLIEHNBAETCA KakK OT-
HOLLIEHME YKncra TEeCTOB (MW MaHLWETOB) MpU Knac-
CMYECKOM MOAXOAE K COOTBETCTBYOLLEMY YNUCITY NpU
KOMOUHaTOpHOM au3ainHe. [Npu HeobxogmMMocTn Mo-
XKET YUNTbIBATLCSA OOMONHUTENbHBINA 3Tan Bepuduka-
LK (OeKOHBOMNOUMK) 5151 NOATBEPXKOEHUS pe3ynbTa-
TOB Ha YPOBHE OTAENbHbLIX 3KCTPAKTOB.

PE3YIIbTATbI U OBCYXXOEHUE

lMpoBeneH cpaBHUTENbHbIV aHanM3 Knaccu4e-
CKOTO 1 nepapxm4eckoro KOMOMHaTOPHOIo NOAXOAO0B.
Mpn nHaMBMAYyanbHOM TECTUPOBAHMUN BCEX IKCTpaK-
TOB B TpunneTax obLiee YMCno aKCnepnMeHTanbHbIX
eavHnL, coctasndeT 60 nnaHweToB. [NMpeanoXxeHHbIn
nepapxm4eckmin gmsanH TpedyeT BbINOMHEHUST 3 Mo-
crnepoBaTeribHbIX 3TanoB, Ha KaX4oM M3 KOTOpbIX Te-
CTMpYIOTCA ABa Myna, YTO CyMMapHO NpvBOAMWT K 36
nnadHweram

Taknm o6pa3om, UCMONb30BaHUE Uepapxu-
YeCcKOro Mnogxoda MO3BOMSET CHU3WUTb KONMMYECTBO
nnaHweToB Ha 40% MO CpaBHEHMIO C KITACCUYECKUM
avsanHom. [lpy aTOM npenmyLiecTBO NogoGHOro
nogxona HaudMHaEeT NPOSIBMNATLCS C yBENNYEHNEM KO-
nnyecTBa 06pasLOB A4S CKPUHMHIA, YTO MPOOEMOH-
CTPUPOBAHO Ha pucyHke 1.

B TO Bpemsi Kak KONMMYECTBO WCMONb3yeMbIX
NNaHWeToB MNPV UCMOMb30BaHMU MeToda AByX My-
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NIOB OCTaeTCs NPEXHUM, 3PPEKTUBHOCTE HAYMHAET
pes3ko BO3pacTaTb C yBENMYEHWEM KonmyecTBa 006-
pa3suoB. Tak, npu 100 obpa3uax NynmMHr CTaHOBUTCSA
achdpekTmBHee yxe Ha 86%, 4To NovTn B 2 pasa ad-
dekTnBHEe No cpaBHeHuto ¢ 10 obpasuamu.

WHTepnpeTaums pe3ynstatoB MOKa3bIBaET, YTO
NPeanoXeHHblh Nogxoa 3ddekTMBeH Ons 3agad,
OPVEHTMPOBAHHbBIX Ha BbISABNEHNE OOMWHUPYIOLLETO
Mo aKTMBHOCTW 3KcTpakTa. [Mpn aToM mMeToq He npea-
Ha3Ha4eH A4S BbISIBNEHUA MHOXECTBEHHbIX aKTUBHbIX
KOMMOHEHTOB WM aHanmM3a CUHEepreTUYeckux B3au-
MOZENCTBUN, YTO CregyeT y4nTbiBaTb NpU NAaHUPO-
BaHWMM JanbHeNLWMX 3TanoB nccneqosanus. B uenom,
MONyYeHHbIE OLIEHKN OEMOHCTPUPYIOT MPaKTUYECKYHD
NPUMEHMMOCTb NepPapXnu4ecKoro KOMOUHaTOPHOro Au-
3anHa onsg oNTMMU3auuy CKPMHUHIOBBIX SKCNEepUMEH-
TOB C OrpaHM4yeHHbIMW pECYpPCaMmn UM BPEMEHEM.

C TOYKM 3peHMsT MPaKTUYECKOrO MPUMEHEHMS
JaHHOrO MeTofa, CHUXKEHWE Yucra MraHLEeToB npu-
BOOUT K YMEHbLUEHUIO pacxoda peareHToB, COKpa-
LLIEHMIO BPEMEHN noceBa M 00paboTkM M obuiemy
YCKOPEHWIO BPEMEHU MPOBEAEHMS IKCnepuMeHTa. B
YCINOBMSX KMOHOTEHHOIO aHanu3a, rae aKCnepuMeHT
anutes 1-2 Hegenu, 3T0 0COBEHHO BaXHO NpW CO-
OntogeHun CTpormx BPEMEHHbIX Pamok.

B cny4yae ncnonb3oBaHWsi METOOOB, IAe BaxHa
OLEeHKa Kagoro otgenbHoro obpasua, a He Haxox-
JeHve Havbonee cunbHOro addekra, NepcnekTmB-
HbIM OCTa€Tcs MPUMMEHEHWE anropUTMUYECKUX Me-
TopgoB (MAPS, CRowS) 1 MallMHHOro o0y4yeHnsa ans
MOBbILLEHMS TOYHOCTU AEKOHBOSIOLINN.
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BbIBOObl

1. KombuHaTopHble nogxodbl, paccmarpu-
Baemble B paboTe, AEMOHCTPUPYIOT 3HAYUTENbHbIN
noTeHuman Ans onTummsaumn GUonormyeckmx 3Kc-
NepuMeHTOB, OCODEHHO B YCMOBUSX BbICOKOW Tpy-
OOEMKOCTU U ONIUTENBHOCTU KIOHOTEHHOTO aHanmaa.
lMpoBeOeHHbIN TEOPETUYECKMI aHanNu3 nokasarn, 4Tto
nepexof OT KNaccu4eckoro MHAMBUAYarnbHOMo TeCTu-
pOBaHWSA 3KCTPaKTOB K MepapXu4eckomy KOMOWHa-
TOPHOMY [M3ariHy NO3BOSISET CYLLIECTBEHHO CHU3UTb
KONMMYeCcTBO  HEODOXOAMMbIX  3KCMEepPUMMEHTanbHbIX
eavHuy, 6e3 moTepu CTaTUCTUYECKOW HaOEXHOCTU
pesynbratoB. B yacTHocTW, Ons mMogenbHoOW cucTe-
Mbl M3 10 SKCTPaKTOB MOKa3aHO CHWXEHWE 4ucra
ncnonb3yemblx nnaHweTtos ¢ 30 go 18, yTo cooTBeT-
cTByeT akoHomun nopsigka 40%. lNpu yBenuuenun
yucna uccnegyembix 00pasuUoB AaHHbI adhdhekT
CTaHOBUTCS elle Gonee BblpaXXeHHbIM, YTO genaet
NpensioKeHHbIV Noaxon 0cobeHHO akTyanbHbIM A
MacLUTabHbIX PUTOXUMUYECKNX CKPUHUHIOB.

2. TpuHUMNUanbHO BaXKHO, YTO AOCTUIHyTas
ONTMMM3aUUSA OCHOBAHa He Ha CHWXEHWM Yucrna no-
BTOPEHWUI, @ HA YMEHbLLUEHUN KONMMYeCTBa TecTmpye-
MbIX YCIIOBUI 3a CYET pauuoHarnbHOW OpraHu3aumm
aKcrnepumeHTa. OTO NO3BOMSET COXPaHMTb OOCTO-
BEPHOCTb pPe3ynbTaToB M KOPPEKTHOCTb CTaTUCTU-
YECKOM MHTepnpeTauun, YTo ABNSETCH KPUTUHECKUM
TpeboBaHMeM npu paboTe c OGMONOrMYecKUmMmn cu-
ctemamu. Takum obpas3om, KOMOUHATOPHbLIV MOAX04
MOXHO paccMaTpmBaTh Kak MHCTPYMEHT MOBbILLEHNS
MHOPMALIMOHHOW MNJIOTHOCTU 3KCMEPUMEHTA, Mpu
KOTOpPOM Kaxk[asi NOCTaHOBKa AaeT bonbluee konuye-
CTBO 3HAYMMOW MHAOPMALIMM MO CPABHEHMIO C Kriac-
CVMYECKUM OM3aNHOM.

3. [ononHuTenbHbIM NPeNMyLLIECTBOM Npea-
TNOXEHHOW CTpaTerum SBMSETCS COKpaLleHe BpeMEH-
HbIX 3aTpaT Ha MPOBEOEHME 3KCNepuMeHTa. Tak Kak
KIMOHOreHHbI aHanus, B cpegHeM, Tpebyet anutenb-
Horo nepuoga uHkybauumn (go 10-14 cyT), ymeHbLUe-
HVe Yrcna napannenbHbIX MOCTaHOBOK MPUBOAWT K Cy-
LLIECTBEHHOMY YCKOPEHMIO BCETO NCCIeoBaTenbCKOro
umkra. Oto ocobeHHO BaXXHO NMpw paboTe C HeCKOMb-
KAMUW KIMETOYHBIMU FIMHUAMW WU NP paclUMpeHnm
3KCMEpPUMEHTA Ha [OMOMHUTENbHbIE MOAENW OMyXO-
nen, rge 3atpaTtbl BPEMEHWN U PEecypcoB BO3pacTalT
NPOMNOPLMOHANBLHO YUCITY YCITOBUA.

4. B 1O Xe Bpems HeobxooUMO OTMETUTb
orpaHudeHus NpeanoX)eHHoro nogxoda. Nepapxude-
CKUA OW3alH OPUEHTMPOBAH MPEUMYLLECTBEHHO Ha
BbISIBNieHWe Hauboree akTMBHOIO KOMMOHEHTa U He
MO3BOJISIET B MOTHOW MEpe aHann3MpoBaTb CUHepre-
TUYECKUE UMM aHTaroHUCTUYECKUEe B3aMMOOENCTBMIS
Mexay aKCTpakTamu. B cBA3M ¢ 3TuM ero npMmeHe-
HMe uernecoobpasHo paccMaTpvBaTb Kak atan nep-
BMYHOIO CKPUHWHIA, 32 KOTOPbIM AOIMKHbI CliefoBaTh
bonee geTann3vMpoBaHHbIE UCCIEQOBaHUS, BKIOYas
WHAMBUOYyanbHOE TECTUPOBAHWE U aHanm3 KoMOVHa-
unn. B 9TOM KOHTEKCTE nMepcrnekTUBHBIM Hanpasre-
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HUEM SIBNSIETCA COYEeTaHMe nepapxmyeckoro noaxoaa
c bonee crnoXxHbIMM MeTogamMK MynuHra, a Takke uc-
norb30BaHWe anropuTMUYECKUX CTpaTernin 4EKOHBO-
TNIOUUN 1 METOA0B MaLLUMHHOIO 0ByYeHus.

5. B uenom, npeanoXeHHbI NOAXO4 npea-
cTaBnsieT cobor NpocToe N BOCNPOM3BOAMMOE peLlie-
HMe, KOTOpOe MOXET ObITb Nerko BHeApEHO B nabdopa-
TOPHY0 NPaKTUKy 6e3 HEOBXOAMMOCTM 3HAUUTENBHbBIX
TEXHOMOMMYECKUX M3MeHeHu. Ero npumeHeHne no-
3BOMSIET HE TONbKO COKPaTWUTb 3aTpaTbl PECYPCOB U
BPEMEHWN, HO M MOBLICUTL 00LLYI0 3EKTUBHOCTD
nccrnegoBaTenbCckoro npouecca. ATo genaeTr kombu-
HaTOpHbIE CTpaTernn NepcneKkTUBHbLIM MHCTPYMEHTOM
ONs AanbHenwero passutus GUTOXMMNYECKUX U BUO-
MEeONLMHCKUX MCCNEAOBaHUN, HanpaBIieHHbIX Ha Mo-
NCK HOBbIX NMPOTUBOOMYXOSEBbLIX areHTOB.
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Aim. To develop and theoretically validate a combinatorial clonogenic assay design for optimizing
the screening of plant extracts and to quantitatively evaluate its efficiency compared with the conventional
approach.

Materials and methods. A theoretical model of a clonogenic assay was developed for a library of 10
plant extracts using two prostate cancer cell lines (DU145 and LNCaP) with three biological replicates. The
conventional individual screening approach was compared with a hierarchical combinatorial design based on
sequential pooling of extracts followed by deconvolution of positive pools. The required number of experimental
stages, culture plates, and the overall efficiency of both approaches were calculated.

Results and discussion. The conventional approach required 60 culture plates to evaluate 10 plant
extracts, whereas the proposed hierarchical combinatorial design reduced this number to 36 plates,
corresponding to a 40% reduction in experimental workload. The efficiency of the proposed method increased
with library size, reaching an 86% reduction in the number of experimental units when screening 100 samples.
The proposed strategy decreases reagent consumption, shortens experimental time, and increases screening
efficiency while maintaining the number of replicates and statistical reliability. The method is particularly effective
for identifying the most active extract but requires subsequent validation when multiple active compounds or
synergistic interactions are expected.

Conclusions. The hierarchical combinatorial design is an effective approach for optimizing clonogenic
assays by substantially reducing the number of experimental procedures, time, and material costs while
preserving the reliability of the obtained results. This strategy can be applied as a primary high-throughput
screening tool for plant extracts and other biologically active compounds before detailed validation studies.

Key words: clonogenic assay; combinatorial design; pooling; high-throughput screening; plant extracts;
cytotoxicity; phytochemical screening
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3epmmeydiH makcambl. ©CiMAIK 3KCTPaKTINepiH CKPUHUHITEYA OHTaNNaHabIpy YLUiH KNOHOreHaik Tan-
[ayablH KOMOMHATOPMbIK AM3aiHbIH 93ipriey XeHe TeopusnblK TYPFblaaH Herisgey, CoHAaan-ak OHbIH TUiMaini-
riH 4acTypni agicneH canbicThipMansl Typae Garanay.

Mamepuandap xeHe adicmep. DU145 xxoaHe LNCaP KyblkacTbl 0€3i 06bIpbIHbIH €Ki XacyLUarnbIK >XesiCiH
XeHe yw buonorvanbik kantanaHbiMabl Nnanganada oTbipbin, 10 ecimaik aKCTpakTiciHEH TypaTbiH KiTanxaHa
YLWIiH KMOHOreHAiK TangayablH Teopusanbik Moaeni xxacangbl. JacTypni XeKe CKPUHWHI aAici SKCTpaKTinepAai
Ke3eH-ke3eHiMeH nyngapfra OGipikTipyre keHe OH HOTWXenepAi KewiHri 4eKOHBOMLUMsaayFa HerisgenreH me-
papxusanblk KOMOMHaTOPMbIK AM3aNHMEH canbICTbIpbINAbI. EKi TOCin yLWiH 3KCNEPUMEHTTIK Ke3eHaepaiH, NnaH-
LeTTepPAiH caHbl XXaHe Xannbl TMiMainiri ecenteni.

Hamuxxenepi xoHe marKkbinay. 10 ecimaik aKCTpakTIiCiH 3epTTey KesiHae oacTypni agic 60 nnaHweTTi
KaXXeT eTce, YCbIHbIIFaH Mnepapxussblik KOMOUHATOPIbIK An3anH Oy kepceTKilTi 36 nnaHweTKke aeliH asan-
ThbiMN, 3KCNepuMeHTTik kenemai 40%-fa kbickapTTbl. KiTanxaHa kenemi ynfairaH calblH YCbIHbINFAH SA4iCTiH,
Trimainiri aptein, 100 yAriHi CKPUHUHITEY Ke3iHA4e 3KCNepuUMEHTTIK BipnikTep caHbIHbIH 86%-Fa KbickapyblHa
MYMKIHAiK ©epeTiHi kepceTinai. ¥CbiHbINFaH CTpaTerMsl peareHTTep LUbIFbIHbIH a3anTagbl, 3epTTey yaKbITbIH
KbiCkapTadbl XoHe KauTanaHbiMAap caHbl MeH CTaTUCTUKanblK CEHIMAINIKTI cakTal OTbIPbIM, CKPUHUHITIH
TMiMAiniriH apTTbipagbl. ©aic eH 6enceHAai SKCTpakTiHi aHblkTayga TuiMai 6onFaHbiMeH, GipHelue GenceHai
KOCbINbIC HEMECE CUHEepPrusanblk acep KYTINEeTiH XaFganga KocbiMLia pactayabl Tanan eTeai.

KopbimbiHObIL. Wepapxusnblk KOMOWHATOPMbIK Ou3aiH KIOHOreHAiK Tangaydbl OHTainaHAablpyabiH
TMiMAi Tacini Gonbin Tabbinagbl XoHe 3KCMEPUMEHTTEP CaHblH, YakblT NMeH MaTepuangpblk LWbIiFbIHAAPAbI
enayip asanTyra MyMKiHOIK ©epepni, COHbIMEH KaTap arblHFaH HaTWKeNnepaiH CeHiMainiriH cakramgbl. Ycbl-
HbIfIFaH Tacingi eciMaik aKcTpakTinepi MeH 6acka ga duonorusanblk 6encenai KocbinbiCTapAbl eNKeN-TENKeN i
3epTTeyre geniHri 6acTankpl XXorapbl 6HIMAI CKPUHMHT Ke3eHiHAe KongaHyfa 6onagbl.

Kinm ce3dep: knoHoreHaik Tangay; KOMOMHATOPIbIK AN3aliH; Nynaay; XKofapbl eHIMAI CKPUHUHT; eciMaik
3KCTPAaKTINepi; UUTOYBITTbIbIK; PUTOXUMUSATIBIK CKPUHUHT
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Aim. To analyse working conditions, labour relations, and the system of professional development of
nursing personnel in Kazakhstan in the context of the requirements of International Labour Organization (ILO)
Convention No. 149 and ILO Recommendation No. 157. The study examines international approaches, the
regulatory and legal framework, and the results of a sociological survey of nurses, which make it possible to
identify key challenges and directions for their resolution.

Materials and methods. The study employed a mixed-methods approach, combining quantitative, qual-
itative, and comparative-analytical methods to assess working conditions, labour relations, and the system of
professional development of nursing personnel in the Republic of Kazakhstan.

Results and discussion. International practice demonstrates that effective management of healthcare
systems is not possible without taking into account the condition of human resources and the working con-
ditions of healthcare workers. In EU and OECD countries, monitoring systems are used to assess workforce
availability, workload, and the impact of working conditions on the quality of healthcare services. Similar ap-
proaches are applied by the WHO and ILO in assessing the sustainability of healthcare systems.

Conclusion. The study results demonstrate that ensuring the sustainability of the healthcare system in
the Republic of Kazakhstan requires a transition from a purely quantitative approach to workforce manage-
ment to a comprehensive model that takes into account working conditions, occupational risks, and human
resource development. The implementation of the proposed measures will reduce the workload on healthcare
workers, improve their quality of working life, and ensure the effective functioning of the healthcare system in

the long term.

Key words: occupational safety and health; health of healthcare workers; nursing personnel; working
conditions; occupational risks; quality of working life; healthcare system; sustainability

INTRODUCTION

Working conditions of nursing personnel in
Kazakhstan are characterized by high workload and
limited opportunities for professional development,
which negatively affect the quality of working life and
the sustainability of the healthcare workforce. Institu-
tional constraints have been identified, including in-
consistencies in regulatory frameworks and the insuf-
ficient implementation of advanced nursing practice.
The need to improve the regulatory framework and
organizational mechanisms for the management of
nursing activities is substantiated [1, 2, 3, 4].

The modern healthcare system operates under
conditions of increasing workload on healthcare per-
sonnel, where issues of workers’ health, safety, and
well-being are becoming a priority [5, 6, 7, 8]. Nurs-
ing personnel play a key role in ensuring the acces-
sibility and quality of healthcare services, with their
number in the Republic of Kazakhstan exceeding 190
thousand. At the same time, the transformation of the
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healthcare system is accompanied by the expansion
of nurses’ functions and increasing requirements for
their professional performance.

A key challenge remains the mismatch be-
tween working conditions and labour relations and
the contemporary requirements for the development
of nursing practice. High workload, professional burn-
out, insufficient implementation of advanced nursing
practice, and inconsistencies in regulatory legal acts
limit the effective utilization of nurses’ potential and
reduce the overall efficiency of the healthcare sys-
tem. The absence of a systemic approach to regulat-
ing these issues hinders the provision of decent work-
ing conditions and the sustainability of the healthcare
workforce [9, 10].

In international practice, ensuring decent work-
ing conditions for healthcare workers is considered
one of the key factors for the sustainability of health-
care systems [11, 12, 13]. International Labour Or-
ganization (ILO) Convention No. 149 and ILO Rec-
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Table 1 — Number of nursing personnel in the republic of kazakhstan by region for 2020 — 2024 (persons) [18]

Region 2020 2021 2022 2023 2024
Republic of Kazakhstan 185 757 188 800 191 302 190 644 191 728
Abai* - 6 916 6789 6 644
Akmola 6 497 6 557 6 438 6 344 6 244
Aktobe 8 150 8108 9523 9513 9 597
Almaty region 16 276 17 290 10 692 10 624 11 025
Atyrau 6 117 6 248 6 283 6 344 6 303
West Kazakhstan 7 094 7 207 7198 7138 7 142
Zhambyl 11 535 12 105 12 470 12 373 12 445
Zhetysu* - - 6616 6716 6 604
Karaganda 14 034 14 033 11 695 11 323 11 133
Kostanay 7141 6 998 6 816 6 800 6 567
Kyzylorda 10 601 10 721 10 854 11 238 11 346
Mangystau 7412 7518 7 629 7430 7 904
Pavlodar 7174 7107 7078 7074 6913
North Kazakhstan 5839 5713 5544 5429 5230
Turkestan* 20 036 20 292 21048 21163 21 650
Ulytau - - 2153 2322 2399
East Kazakhstan 15707 15 297 8 240 7 821 7713
Astana city 12 557 13 078 13 564 13794 13 688
Almaty city 19 477 19 987 19 659 19 353 19 920
Shymkent city 10 110 10 541 10 886 11 056 11 261

ommendation No. 157 establish requirements for
employment conditions, working time, social protec-
tion, and professional development of nursing person-
nel, emphasizing the need to create a safe and sup-
portive working environment. However, in Kazakhstan,
a number of institutional and organizational constraints
remain, hindering the full implementation of these ap-
proaches, which necessitates further research and the
development of practical recommendations.

The aim of the stydy was to analyse working
conditions, labour relations, and the system of profes-
sional development of nursing personnel in Kazakh-
stan in the context of the requirements of ILO Con-
vention No. 149 [1] and ILO Recommendation No.
157 [2]. The study examines international approach-
es, the regulatory and legal framework, and the re-
sults of a sociological survey of nurses, which make it
possible to identify key challenges and directions for
their resolution.

MATERIALS AND METHODS
The study employed a mixed-methods ap-
proach, combining quantitative, qualitative, and com-
parative-analytical methods to assess working condi-
tions, labour relations, and the system of professional
development of nursing personnel in the Republic of
Kazakhstan.

Meouyuna u sxonoeus, 2026, 3

The quantitative analysis was based on data
from a sociological survey of nurses (n=3,320), as
well as official statistics reflecting the number of
healthcare personnel, workforce availability, and per-
formance indicators of the healthcare system. De-
scriptive statistical methods, including the calculation
of proportional indicators and comparative analysis,
were used for data processing. This made it possible
to identify key characteristics of working conditions,
including workload, working time arrangements, and
occupational risk factors.

The qualitative component of the study in-
cluded expert interviews with representatives of the
healthcare system, including healthcare workers,
managers of healthcare organizations, and nurs-
ing specialists. These interviews made it possible
to identify institutional barriers related to regulatory
frameworks, the distribution of functions, and the im-
plementation of advanced nursing practice.

The study also incorporated elements of case
study analysis based on the practices of healthcare
organizations, enabling the assessment of the orga-
nization of nursing work, the distribution of functional
responsibilities, and the level of nurses’ involvement
in the delivery of healthcare services. The names of
the organizations are not disclosed due to confidenti-
ality considerations.
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Table 2 — Dynamics of population coverage by nursing personnel by region in the Republic of Kazakhstan per

10,000 Population for 2020 — 2024 (compiled by the author based on sources [18, 19])

Region 2020 2021 2022 2023 2024
Republic of Kazakhstan 100 100 98 96 96
Abai* - - 113 111 109
Akmola 88 89 82 81 79
Aktobe 92 91 104 102 102
Almaty region 117 122 72 71 72
Atyrau 95 95 92 92 90
West Kazakhstan 108 109 105 104 103
Zhambyl 102 106 103 102 102
Zhetysu* - - 95 96 95
Karaganda 122 122 103 100 98
Kostanay 82 81 82 82 79
Kyzylorda 132 132 132 135 135
Mangystau 106 104 102 97 100
Pavlodar 95 95 94 94 92
North Kazakhstan 107 105 103 102 99
Turkestan* 99 99 101 100 101
Ulytau - - 97 105 108
East Kazakhstan 216 211 112 107 106
Astana city 110 110 105 102 96
Almaty city 101 101 94 90 89
Shymkent city 97 98 94 93 92

Comparative analysis was applied to compare
the actual working conditions of nurses with interna-
tional requirements established by ILO Convention
No. 149 and ILO Recommendation No. 157. This
made it possible to identify key gaps between nation-
al practices and international standards.

The regulatory analysis included a review of
the legislation of the Republic of Kazakhstan gov-
erning the healthcare sector and labour relations, as
well as strategic documents defining sectoral devel-
opment.

The integrated application of statistical analy-
sis, expert assessment, and comparative approaches
made it possible to develop a comprehensive meth-
odological framework for the study aimed at identify-
ing factors affecting the health of healthcare workers
and the sustainability of the healthcare system.

RESULTS AND DISCUSSION

International practice demonstrates that effec-
tive management of healthcare systems is not possi-
ble without taking into account the condition of human
resources and the working conditions of healthcare
workers [14, 15]. In EU and OECD countries, monitor-
ing systems are used to assess workforce availabili-
ty, workload, and the impact of working conditions on
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the quality of healthcare services. Similar approaches
are applied by the World Health Organization and the
International Labour Organization in assessing the
sustainability of healthcare systems [16, 17].

In the Republic of Kazakhstan, nursing per-
sonnel represent the largest category of healthcare
workers, which determines their key role in ensuring
access to healthcare services. In 2024, the number of
nursing personnel amounted to 191,728 individuals.
The dynamics of personnel numbers for the period
2020-2024 are presented in Table 1.

According to the data presented in Table 1,
the total number of nursing personnel in the country
demonstrates a slight increase, rising from 185,757
in 2020 to 191,728 in 2024. At the same time, the
regional analysis reveals an uneven distribution of
the workforce. The highest numbers are observed in
Turkestan region (21,650), Almaty city (19,920), and
Astana city (13,688), which can be explained by high-
er population density and the concentration of health-
care infrastructure.

At the same time, a decline in personnel num-
bers is observed in several regions. For instance,
in Karaganda region the number decreased from
14,034 to 11,133, while in East Kazakhstan region it
declined from 15,707 to 7,713. These changes are
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Table 3 — Distribution of wages by location of healthcare organization

L . Cities of
Salarylovel | Total Ruel | Coter | egonal) | cemer | etonal
of tenge)

abs. % abs. % abs. % abs. % abs. % abs. %
99 5 0,2 4 1,7 0 0 0 0 1 0,1 4 04
100 - 149 22 0,7 10 4,3 2 0,6 4 0,4 8 1,0 4 0,4
150 - 199 451 14,4 92 39,8 | 22 6,9 169 | 18,5 76 9,8 174 | 19,3
200 - 249 1243 | 39,6 81 351 | 118 | 37,1 | 428 | 46,8 | 347 | 44,7 | 258 | 28,6
250 - 299 852 | 27,1 30 13,0 | 102 | 32,1 | 205 | 22,4 | 231 | 29,7 | 233 | 25,8
300 — 349 366 11,6 11 4.8 53 16,7 | 74 8,1 75 9,7 134 | 14,9
350 — 399 144 4,6 1 04 16 50 28 3,1 26 3,3 63 7,0
400 - 449 34 1,1 2 0,9 2 0,6 2 0,2 7 0,9 22 24
450 - 499 14 04 0 0 2 0,6 2 0,2 4 0,5 4 04
o00:000and | 44 | 04 | 0| 0 | 1| 03| 2]02|2|03| 6 |07
Total 3142 | 100,0 | 231 | 100,0 | 318 | 100,0 | 914 | 100,0 | 777 | 100,0 | 902 | 100,0

Table 4 — Distribution of wages by type of healthcare organization

Salary level T Primary . Hospital Other
otal Dispensary . . healthcare

(thousands healthcare (inpatient care) organizations
of tenge)

abs. % abs. % abs. % abs. % abs. %
99 5 0,2 2 0,2 0 0 3 0,2 0 0
100 - 149 22 0,7 11 0,9 2 1,2 8 0,5 1,2
150 - 199 451 14,4 308 249 17 10,5 117 7,0 9 10,8
200 - 249 1243 39,6 563 45,6 77 47,5 572 34,4 31 37,3
250 - 299 852 27,1 216 17,5 43 26,5 568 34,2 25 30,1
300 — 349 366 11,6 90 7,3 17 10,5 247 14,9 12 14,5
350 -399 144 4,6 31 2,5 5 3,1 105 6,3 3 3,6
400 - 449 34 1,1 9 0,7 1 0,6 23 1,4 1 1,2
450 - 499 14 0,4 4 0,3 0 0 10 0,6 0 0
282;2300 and | 4y 0,4 2 0,2 0 0 8 05 1 1,2
Total 3142 100,0 1236 100,0 162 100,0 1661 100,0 83 100,0

largely associated with administrative-territorial re-
forms and the establishment of new regions (Abai,
Zhetysu, Ulytau), which led to the redistribution of hu-
man resources.

Despite the relative stability of the absolute
number of personnel, the data presented in Table 2
indicate a decline in the level of population coverage
by nursing personnel. Overall, the national indicator
decreased from 100 to 96 workers per 10,000 popu-
lation over the period 2020 — 2024. This suggests that
population growth has outpaced the expansion of the
healthcare workforce.

The most significant decline in population cov-
erage is observed in Akmola region (from 88 to 79),
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Karaganda region (from 122 to 98), and Astana city
(from 110 to 96). A substantial decrease is also re-
corded in Almaty region (from 117 to 72), which can
be explained by both demographic factors and ad-
ministrative-territorial redistribution.

At the same time, a high level of coverage is
maintained in certain regions, particularly in Kyzy-
lorda region (135 per 10,000 population in 2024), as
well as relatively high levels in West Kazakhstan and
Turkestan regions.

The decline in population coverage, despite
the relative stability in personnel numbers, reflects an
increasing workload on healthcare workers. In 2024,
on average, one nursing professional accounts for
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approximately 96 individuals. This trend indicates an
intensification of labour and the emergence of addi-
tional occupational risks, including physical and psy-
chosocial strain.

Thus, the results of the analysis of Tables 1
and 2 demonstrate the presence of an imbalance be-
tween the number of nursing personnel and the needs
of the population. The current situation requires the
improvement of workforce planning mechanisms,
as well as the consideration of factors related to the
working conditions of healthcare workers, in order to
ensure the sustainability of the healthcare system.

The results of the sociological survey com-
plement the statistical analysis and allow for the as-
sessment of qualitative characteristics of the working
conditions of nursing personnel. A total of 3,142 re-
spondents participated in the study, with an average
age of 43.27 years and an average length of service
exceeding 20 years.

Despite a high level of job satisfaction (82,8%),
the majority of respondents (67,6%) report dissatis-
faction with wage levels. The average salary amounts
to approximately 198,000 tenge, with higher levels
observed among those satisfied with their working
conditions.

The analysis of Table 3 shows that the most com-
mon wage level falls within the range of 200,000 - 249,000
tenge. In rural areas, there is a higher proportion of
workers with below-average incomes (150,000 —
199,000 tenge), whereas in cities of national signif-
icance, a higher share of workers receive higher in-
comes. At the same time, despite higher wage levels in
urban areas, the level of job satisfaction remains low,
indicating the influence of additional factors, including
high labour intensity and the cost of living.

The data presented in Table 4 indicate that
wage levels are higher in hospital (inpatient) set-
tings compared to primary healthcare; however, it is
in hospital settings that higher workload and labour
intensity are observed. In primary healthcare, despite
lower wage levels, a significant proportion of workers
continue to receive low incomes, which reduces the
attractiveness of this sector.

In addition, 57.1% of respondents reported
staff shortages in healthcare organizations, while
44 1% indicated that they finance their continuing
professional development at their own expense, re-
flecting insufficient institutional support for profes-
sional development.

The analysis of survey results revealed a
number of systemic challenges, including low wage
levels, high workload, staff shortages, inadequate
material and technical resources, and a high level of
psychosocial stress. Respondents also reported a
high prevalence of occupational diseases, including
musculoskeletal disorders, respiratory and infectious
diseases, as well as emotional burnout.

The identified staff shortages, declining work-
force availability, and high workload among health-
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care workers necessitate a revision of the organi-
zational model of nursing services. In particular, a
transition to a model of interprofessional collaboration
is justified, in which nurses and physicians function
as equal participants in the diagnostic and treatment
process, with shared responsibility for outcomes.

An additional direction involves improving the
economic mechanisms underlying the functioning
of nursing services. The findings on dissatisfaction
with wage levels and the mismatch between remu-
neration and actual workload support the feasibility
of introducing differentiated pay systems, as well as
considering the direct tariffing of nursing services as
an independent category of healthcare services.

The analysis of survey results also highlights
the need to strengthen the institutional role of nursing
personnel. In this regard, the introduction of coordi-
nating positions in nursing at the healthcare system
level is justified, along with expanding the participa-
tion of nurses in management and decision-making
processes.

The development of the system of professional
education and qualifications is of critical importance.
Given the identified challenges related to access to
training and career development, there is a need to
harmonize the sectoral qualifications framework with
international standards, including the formalization
of competency levels, the development of advanced
nursing practice education programs, and the expan-
sion of access to educational opportunities through
public funding.

The study findings also confirm the need to
improve working conditions. In particular, respon-
dents emphasize the importance of equipping work-
places with modern equipment, personal protective
equipment (PPE), and improving occupational safety
and health (OSH) conditions, including lighting, ven-
tilation, and thermal comfort. In addition, significant
attention should be given to reducing administrative
workload through the digitalization of processes and
the optimization of documentation flows.

Another important direction is the development
of human resources capacity through the implemen-
tation of mechanisms for retaining specialists within
the healthcare system, including mandatory service
requirements for graduates, the provision of social
benefits (such as housing and incentives), as well
as the development of motivation and professional
growth programs.

An important aspect is also the advancement of
evidence-based nursing practice and the implemen-
tation of international standards, including classifica-
tions of nursing diagnoses and interventions, which
will contribute to improving the quality of healthcare
services and standardizing nursing activities.

In addition, there is a need to improve the reg-
ulatory and legal framework, including the updating
of professional standards, the revision of qualification
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requirements, and the development of mechanisms
for the participation of professional associations and
trade unions in the regulation of labour relations.
Thus, the results obtained demonstrate that
the identified challenges are complex in nature and
require the implementation of integrated measures
aimed at improving organizational, economic, and
institutional mechanisms of nursing service function-
ing. The proposed directions are based on empirical
research findings and are aligned with international
approaches to healthcare workforce development.

CONCLUSION

The conducted study confirmed that the cur-
rent system of nursing personnel management in the
Republic of Kazakhstan is characterized by structur-
al imbalances between workforce numbers, popula-
tion coverage, and working conditions. Despite the
relative stability in the number of nursing personnel
(191,728 in 2024), the coverage indicator decreased
from 100 to 96 per 10,000 population, indicating that
the growth in demand for healthcare services is out-
pacing the development of workforce capacity. Signif-
icant regional disparities were identified, along with
a high workload on personnel (an average of 96 in-
dividuals per worker), contributing to an increase in
occupational risks and a decline in the sustainability
of the healthcare system.

Theoretical significance. The study expands
the scientific understanding of healthcare system
sustainability by integrating quantitative indicators
of workforce provision with a qualitative assessment
of working conditions and occupational risks. It is
demonstrated that the effectiveness of healthcare
system performance is determined not only by the
number of personnel but also by the balance between
workload, working conditions, and institutional sup-
port. The findings contribute to the development of a
comprehensive approach to the analysis of nursing
personnel management, taking into account the re-
quirements of ILO Convention No. 149 and ILO Rec-
ommendation No. 157.

Practical significance. The findings of the study
indicate that improving working conditions and en-
hancing workforce management mechanisms can
significantly improve the quality of healthcare ser-
vices and the sustainability of the healthcare system.
It is established that reducing workload, increasing
wage levels, and developing professional capacity
directly contribute to staff retention, a reduction in
professional burnout, and improved performance of
healthcare organizations.

Practical recommendations for the healthcare
system and healthcare organizations:

—implement evidence-based workforce plan-
ning mechanisms, taking into account regional spe-
cifics, demographic pressures, and the actual volume
of healthcare services;
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—develop and introduce workload standards
for nursing personnel, including the optimization of
the nurse-to-patient ratio and the redistribution of
functions through the development of junior medical
staff;

—improve remuneration systems by introduc-
ing differentiated mechanisms that account for labour
intensity, working conditions, and the level of occupa-
tional risks, including additional payments for hazard-
ous and psychosocial factors;

—ensure access to continuing professional ed-
ucation through state and employer support, includ-
ing the development of advanced nursing practice
programs and the harmonization of qualification re-
quirements with international standards;

—improve working conditions by strengthening
occupational safety and health (OSH) systems, en-
suring the provision of personal protective equipment
(PPE), modern equipment, and ergonomic workplac-
es;

—reduce administrative workload through the
digitalization of processes and the optimization of
documentation flows in healthcare organizations;

—expand the participation of nursing personnel
in management and decision-making processes at
both the organizational and system levels;

—improve the regulatory and legal framework,
including the development of professional standards,
support for professional associations, and the adop-
tion of international models of nursing practice.

Overall, the study results demonstrate that en-
suring the sustainability of the healthcare system in
the Republic of Kazakhstan requires a transition from
a purely quantitative approach to workforce manage-
ment to a comprehensive model that takes into ac-
count working conditions, occupational risks, and hu-
man resource development. The implementation of
the proposed measures will reduce the workload on
healthcare workers, improve their quality of working
life, and ensure the effective functioning of the health-
care system in the long term.
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Llenb. AHanus ycrnoBui Tpyda, TPYAOBbIX OTHOLIEHUM U CUCTEMbI MPOECCUOHANTbHOMO Pa3BUTUS
CeCTpuHCKOro nepcoHana B KasaxctaHe B koHTekcTe TpeboBaHuin KoHBeHuun MOT Ne149 n Pekomergauum
MOT Ne157. B paboTe 6bin paccMOTpeHbl MEXAYHapPOAHbIe NoAXoAbl, HOpMaTMBHO-NpaBoBas 6a3a, a Takke
pesynbraThl COLMONOrMYECKOro onpoca MeguULMUHCKMX CecTep, YTO NO3BOMSIET BbIABUTL KIoYeBble Npobnembl
1 onpeaenuTb HanpaBIieHNst UX PeLLEeHNs.

Mamepuanbi u memodsl. B nccnegosaHmm Obinl MCNONb30BaH KOMMMEKCHBIN (CMELLaHHbIN) nogxos,
00beaUHSIIOWNIA KONMYECTBEHHbIE, KAYeCTBEHHbIE M CpaBHUTEMNbHO-aHanUTU4eckne MeTodbl O OLEHKU
YCINOBUN TpyAa, TPYAOBbLIX OTHOLUEHUIN 1 CUCTEMbI NPOECCUOHANBHOIO Pa3BUTUSA CECTPUHCKOIO nepcoHana
B Pecnybnvke KasaxcTaH.

Pesynbmamel u 0bcyxdeHue. MexayHapoaHas npakTrka nokasblBaeT, YTo 3hheKTUBHOE ynpaBneHme
cMcTeMamu 34paBOOXPaHEHNST HEBO3MOXHO 6e3 yyeTa COCTOSHUSA YenOoBEeYEeCKMX PECYPCOB U yCITOBUIA Tpyda
MeguumMHCkux paboTHukoB. B ctpaHax EC n O3CP ucnonb3yloTcsi CUCTEMbl MOHUTOPMHIa AN OLEHKM
obecne4yeHHOCTN Kagpamu, YPOBHS Harpy3ku U BrMSIHWS YCOBUWA Tpyda Ha KavyeCcTBO MELULMUHCKMX YCIyT.
AHanornyHble noaxogbl NpUMeEHsOTC BcemupHoOW opraHusaumen 3sgpaBooxpaHeHus u MexagyHapopHou
opraHu3auven Tpyga npuv oueHKe yCTOMYMBOCTY CUCTEM 30paBOOXPaAHEHMS.

BaknoueHue. Pesynbtatbl UCCNeqoBaHUs CBUOETENbCTBYOT O TOM, YTO obecneyeHme yCTOMYMBOCTU
cucTembl  3apaBooxpaHeHuss Pecnybnukn  KasaxctaH TpebyeT nepexoga OT  MPEMMYLLECTBEHHO
KONMMYEeCTBEHHOTO MOAX04a K YNpaBrieHVo KagpoBbIMM pecypcamu K KOMMMEKCHOW MOLENW, YYUTbIBAIOLLEN
yCNoBus Tpyaa, NpodeccuoHarbHbIE PUCKM U pa3BUTHNE YENOBEYECKNX PeCYPCOoB. Peanm3aums npeanoXeHHbIX
Mep MO3BOMUT CHU3WUTb Harpy3Ky Ha MeaWUMHCKMX pabOTHMKOB, MOBLICUTb KAQ4E€CTBO MX TPYAOBOW XNU3HU U
obecneunTb achdekTMBHOE (PYHKLMOHMPOBAHME CUCTEMBI 30PaBOOXPaHEHMS B 4ONTOCPOYHON NepCrekTuBae.

Knrouesbie criosa: oxpaHa Tpyda M TexHuka 06e30nacHOCTW; 300POBbE MEAULMHCKUX PabOTHUKOB;
CECTPUHCKMI MepcoHarn; ycroBust Tpyaa; NpodeccrMoHanbHble PUCKW; KAa4eCTBO TPYAOBOW XU3HU; cucTeMa
30paBOOXPaHEHNst; YCTOMYNBOCTb
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3epmmeydiH makcamebl. KasakcTaHaarbl Menipreprnik nepcoHanabiH eHbek >kargannapbliH, eHbek
KaTblHACTapblH X8He kacibu gamy kymeciH Xanbikapanblk eHbek yibiMbl-HbiH Ne149 KoHBeHUMACHI XoHe
Ne157 ¥cbIHbIMblI TananTapbl TYpFbiCbiHAH Tangay Oonbin Tabbinagpl. 3epTTey GapbicbiHOA Xanblkaparnblk
Tocingep, HOPMAaTUBTIK-KYKbIKTBIK ©asa, coHaan-ak Mmeniprepriep apacbiHAa >KYpris3inreH COoLVonornsanbik
cayarniHama HaTWKenepi kKapacTblpbISbIN, HEri3ri Macenenep MeH onapAbl ey 6aFbiTTapbl arkbiHOAanagbl.

174



Opranmaunﬂ H JKOHOMHUKA 3/IPABOOXPaHCHUSA

Mamepuandap xsHe adicmep. 3epTTeyge caHAblK, canarblk XeHe canblCTbipMarbl-Tangamarnbik
apicTepai bipikTipeTiH KelweHAi (apanac) Tacin konganeingbl, 0yn KasakctaH PecnybnukacbiHaarsl Meriprepnik
nepcoHangblH eHOeK XargannapbiH, eHbek KaTbIHacTapblH XaHe Kacibn famy XKyneciH baranayFa MyMKiHAIK
Oepeqi.

Hemusxenep xxoHe marikbinay. Xanbikapanblk Taxipnbe aeHcaynblk cakray XymenepiH Tnimai 6ackapy
aflaM pecypcTapblHbIH, Xal-Kyni MeH MeaunuMHa KbiaMETKepriepiHiH eHOeK »afgannapbiH eckepmMein MyMKiH
eMecTiriH kepceteqi. EO xoHe Jbl¥ engepiHoe kagpnapMeH kamTamachbl3 €TinyiH, eHOeK >XYKTeMEeCiH
XeHe eHbek xaraannapbiHblH MegMUUHanNbIK KbI3MET canacbkiHa acepiH b6afranay yLiH MOHUTOPWHT Xynenepi
KongaHbinaabl. ¥kcac Tacingep OyHuexysinik geHcaynblk caktay yibiMbl XxaHe Xarnblkapanblk eHOeK YbIMbl
TapanblHaH JeHCcaynbIK CakTay XyWenepiHiH TypakTbibliFbiH OaFranay kesiHae Ae nanganaHbinagbl.

KopbimbiHObInap. 3epTTey HaTwkenepi KasakctaH PecnyGnvkacbiHbIH OeHCaynbIK cakTay »XYWeCiHiH
TYPaKTbIbIFbIH KAMTamMachI3 €Ty YLWiH Kagprapabl 6ackapyablH TeK caHAbIK ToCiniHeH eHbek xafgannapbiH,
Kocibn Toyekenaepai xeHe adam pecypcTapblH OaMbITyAbl €CKEPETIH KelleHAdi MOoAenbre Kewy KaeTTiriH
KepceTeqi. ¥CbIHbIIFaH Wapanapabl icke acbipy MeauunHa KbI3METKePepiHiH XXYKTEMECIH azanTyFa, onapablH
eHOeK eMipiHiH, canacbiH apTTbipyFa XXeHe AeHcaylblK cakTay XXYWEeCiHiH y3aKk Mep3iMai TUiMAI XKYMbIC iCTeYiH
KamTamacbI3 eTyre MyMKiHAik 6epeai.

Kinm ce3dep: eHDEKTI Kopfay; MeauuuHa Kbl3METKEpPNepiHiH AeHcaynbifbl; Menipreprik nepcoxarn;
eHbeK Xaraannapbl; kacion Tayekengep; eHoek eMipiHiH canachbl; AeHcayIblK cakTay XXYWeCi; TypaKTbinbIK
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AOBYCTOPOHHEE YPETEPOLENE C ®OPMUPOBAHUEM KPYNMHOI0 KAMHA MOYETO4YHUKA
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yHuBepcuteT ActaHay; 010000, Pecnybnvka KasaxcTaH, r. ActaHa, yn. benbutwmnuk, 49a; e-mail: nurislam.
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B coBpemMeHHOI yponormyeckom npakTuke aHoManmm pasButust MOYEBbIOENUTENbHON CUCTEMBI, Takue
Kak ypeTepouerne, Hepeako CTaHOBATCS 3TUONOMMYecKM hakTOpPOM pasBUTUS TSHKemNbIX POPM MOYeKaMeH-
HoW Gone3Hn. KnvHudecknii cnydan 42-neTtHei naumMeHTKN ¢ ABYCTOPOHHMM ypeTepoLlerie, OCNOXHEHHbIM
KPYMHbIM KOHKPEMEHTOM MOYETOYHUKA Ha hOHEe OOCTPYKTMBHOM yponatuu, AEMOHCTPUPYET BO3MOXHOCTM
COBPEMEHHOW ManoVHBa3NBHOW XUPYPIW B NTEYEHNN PELAKUX BPOXOEHHbIX NATONOr1in y B3pOCHbIX.

B 2025 r. B yponornyeckom otaenenun Kl Ha MXB «opoackasi MHoronpodunbHas 6onbHuua Ne2»
(r. ActaHa, Pecnybnvka KasaxcTtaH) 6biria ycneLHo BbiNofHeHa CMMyrbTaHHas 3HAOCKONMYecKasi onepauus:
nasepHasi HUM3Ks ypetepoLerne ¢ o6enx CTOPOH B COMETaHUM C KOHTaKTHOW na3epHon nutoTpuncruen. Qu-
arHOCTMYECKUI anropuTM, OCHOBAHHbIN Ha MPUMEHEHUN MYMBTUCTIMPANbHON KOMMBIOTEPHOW ToMorpaduu,
MO3BONWI AeTanbHO BepuuumMpoBaTb aHaTOMUYeCckMe 0COBEHHOCTN NMOpPOKa 1 NAOTHOCTb KOHKpPeMeHTa. He-
CMOTPS! Ha CMOXHOCTb CMMYJIBTAHHOTO BMELLATENbCTBA, ONepaLus xapakrepusoBanacb MUHUManbHON MHBa-
3MBHOCTbIO M OTCYTCTBMEM MHTPAOMNEPaLMOHHbIX OCIIOXKHEHUI. B nocneonepauymoHHbI neproa Habnoganach
MonoXuTenbHas AMHaMyKa: JOCTUIHyTa NOMHas EeCTPYKUMS KaMHSl, BOCCTaHOBIEHa afeKBaTHasi ypoaMHaMmumka
N cTabunmanpoBaHa yHKLMS NoYek (CKopocTb knyboukoBon dounstpauun 86-89 mn/mun/1,73 m?). MauuneHTka
Obina BbINUCaHa B yAOBNETBOPUTENIBHOM COCTOSIHUM, YTO NOATBEPXKAAET BbICOKYH 3(p(PEKTMBHOCTbL BblOpaH-
HOW TaKTUKMW.

AHanm3 npMBeaeHHOro crny4vasi 3 NpakTUKN B KOHTEKCTE COBPEMEHHOWN NUTepaTypbl MOKa3bIBAET, YTO
CMMyrbTaHHbIe Na3epHble BMeLLaTeNbCTBa NO3BOMSIOT CYLLECTBEHHO COKPATUTb CPOKM CTaLMOHAPHOrO Jieye-
HUS,, MUHUMN3MPOBATb aHECTE3MONOMMYECKYI0 Harpy3Kky 1 n3bexarb aTanHOCTU onepauuii. Takor Noaxoq He
TONBbKO CHUXKAET PUCK Pa3BUTUS ATPOrEHHbIX OCITOXXHEHWI, HO M CMOCOOCTBYET CKOpelLlel counanbHO-TPYAO-
BOW peabunuTaumm naumeHToB. [NpeacTaBneHHbI KINMHUYECKUIA Crlydar NoAYepKMBaET, YTO TpaHcypeTparb-
Hasi la3epHasi ypetepotomus siBnsieTcst 6e3onacHbIM, 3KOHOMUYECKN ONPaBAaHHBIM U 30M10TbIM CTaH4APTOM
nedeHuns ypetepouene, obecrneunBas HagexHy NpounakTuky peumamBoB 06CTPYKLMN U COXpaHEHnEe Mno-
YeYyHOoro pesepsa.

Knrouesbie criosa: ypetepouerne; ModekaMeHHas 0onesHb; nasepHasi ypeTepoTOMuUS; KOHTaKTHas nu-
TOTPUNCUS; KNMMHUYECKUI Cryyan

BBEOEHUE

YpeTepouene npeacrtasnsier cobon BpoXaeH-
HYI0 aHOMarnui pasBUTUS MOYEBbLIAENUTENBHOW CU-
CTEMbI, XapaKTepu3yLLyCcs KNCTOBUAHbIM pacluu-
peHMEeM UHTPaMyparibHOro CerMeHTa MOYETOYHMKA C
nponabupoBaHMeM ero CTEHKU B MOMOCTb MOYEBOIO
ny3bips [1, 9]. AKTyanbHOCTb AaHHOW NpobremMbl 0by-
CMOBfeHa He TOMbKO aHaTOMUYEeCKUM AedEKTOM, HO
N KackaZoM BTOPUYHbIX NATONOMMYECKNX U3MEHEHN.
B3pocnas nonynsums nauuMeHTOB CTarnkmBaeTcs C
ypetepouere 3Ha4YuMTeNbHO pexe, Yem neguarpude-
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ckasl, mpu4yeM ABYCTOPOHHEE MopaxeHne opToTonu-
Yyeckoro Tvna (B npegenax Moveny3blpHOro Tpeyrosb-
HuKa) guarHocTupyetca nuwb B 10-12% cnyyaes [2].

[MaToreHeTnyeckn ypetepouene npuBOAUT K
BbIPa)XEHHOW OOCTPYKLUMM MOYEBBIX NMyTeW, HapyLle-
HUIO MaMVMHaPHOIO TOKa MOYU U €€ XPOHUYECKOMY
ctasy. CornacHo AaHHbIM NUTepaTypbl, 3TO CTaHO-
BUTCA TpUrrepoM Ans POPMUPOBaHUSA BTOPUYHBIX
KOHKpeMeHToB (yporuTunasa) B 39% HabnwogeHun.
KpynHble KamMHK1, NTOKann3oBaHHblIe BHYTPU MOMOCTM
ypeTepouene, co3gatnT addekT KnamnaHa, 4To npo-



Hao0uronenus U3 NpakTUKH

PucyHok 2 — MCKT kapTuUHa KOHKpPEMEHTa HWKHEWN TPETW NIEBOIO0 MOYETOYHMKA pasmepoM 8,3x7,7x9,4 Mm
(peHTreHonormnyeckasa nnotHoctb 1213 HU)

BOLMPYET pasBuUTUE rMapoypeTepoHedpo3a, XPOHU-
4yeckoro nuernoHedpuTa U, B KOHEYHOM UTOre, Mpo-
rpeccupyroliee CHMXKEHNE CKOPOCTU KiyBO4KOBOM
dunstpaumm (CK®). Hecmotps Ha mHoroobpasue
XUPYPruyecknx MoaxodoB, TpaHcypeTpanbHasa na-
3epHas MHUM3MSA OCTaeTcs MeTodom Bbibopa Gnaro-
napsa Co4YeTaHUK paaunkanbHOCTU U MWUHUMaIbHOM
WHBa3MBHOCTK [3].

B ctaTbe Ha ocHOBE COBCTBEHHOIO KIMMHUYECKO-
ro onbliTa NPeacTaBrieH cryyan yCrnewHoro CUMyrnsTaH-
HOro 3HOOCKOMMYECKOrO BMELLATENbCTBA — Na3epHOu
MHUN3UNN N KOHTaKTHOM JINTOTPUNCUN Y NMaALMNEHTKN C
OBYCTOPOHHUM YypeTepoLene, OCNOXHEHHbIM Kpym-
HbIM KOHKPEMEHTOM MOYEeTOYHUKKA.

Meouyuna u sxonoeus, 2026, 3

KNMWHUWYECKOE HABIIOOEHUE

MaumnenTka K., 42 r., 6bina rocnutanuanpoBaHa
B yponoruyeckoe otaenexve KM Ha MXB «lopoa-
ckasi MHoronpodunbHasa donbHuua Ne2» (r. ActaHa,
Pecnybnuka KasaxctaH) B nnaHoBom nopsigke. Mpu
NoCcTynneHnn npeabsasnsana xxanobbl Ha nepruognye-
Ckue Howwme 6onm B NeBow NOSCHNYHOM obractu ¢
nppaguaumern no xogy MOYETOYHUKa B MaxoByo 06-
nacTb, a Takke Ha 3aNM304bl 3aTPYAHEHHOTO, yYalleH-
HOro MOYENCMYCKaHUS.

AHamHe3 3aboriesaHusi: yKka3aHHble arnobbl
Becnokonnun nauMeHTKy B TedeHne nocnegHux 6 mec.
MauneHTka camMOCTOATENbHO MNpUHMMana cnasmo-
NUTUKM C BPeMEeHHbIM adpdekTom. Npn ambynaTop-
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& 1470 g vt
PucyHok 3 — YcTaHoBKa ABYX BHYTPEHHUX CTEHTOB-
kaTeTepoB B 06a MOYETOYHUKaA

HOM oOcrnefoBaHUM MO [OaHHbIM YINbTPa3BYKOBOMO
nccriegoBanns (Y3WM) Obino 3anogo3peHo Hamuudve
KMCTO3HOro obpasoBaHus B 06racTu LWENKN MOYEBO-
ro ny3bIpst U KOHKPEMEHT FIEBOr0 MOYETOYHUKA, YTO
MOCMY>XUO0 OCHOBaHWEM ANsi HAaNpaBMeHUs Ha cTa-
LMOHapHOE feYveHne.

O6bekmuegHbIl cmamyc: COCTOSIHUE MauueHT-
K ygosnetBoputenbHoe. CMMATOM MOKoNaYnBaHus
cnabononoxutenbHbI - cneBa.  MoyencnyckaHue
cBobogHoe, Oe3bonesHeHHoe. JlabopaTopHo: ypo-
BEHb kpeaTuHuHa cocTtaBun 71,88 mkmonb/n (CK®
113,2 mn/mun/1,73 m? no cbopmyne CKD-EPI), nen-
KOUMTYpUM 1 BakTepmypmm Ha MOMEHT MOCTYNIEHNS
He BbISIBMEHO.

UHcmpymeHmaneHass OuazHocmuka: Kiode-
BbIM 3TanoM BepuduKaLuun guarHosa crana Myrb-
TMcnupanbHas KoMmnbloTepHasa Tomorpadums (MCKT)
OpraHoB GPIOLLHON NOMOCTM 1 Maroro Tasa C KOHTpa-
CTMpoBaHueM. Ha cepusix Tomorpamm 66110 BU3yanu-
3MPOBaHO: CnpaBa — ypeTepoLene OpTOTONMYECKOro
TMNa, BbI3blBaKOLLEE paclIMpeHMe MOYETOYHMKA 40
10 mMm; cneBa — MaccuBHOE ypeTepoLierne, B MOfocTu
KOTOpPOro fOKanu3oBaH MfOTHbIA KOHKPEMEHT pas-
mepom 8,3x7,7x9,4 MM (peHTreHornornyeckas nmnot-
HocTb 1213 HU). Beiwe mecta o6cTpykumm Gbina
3apervcTpupoBaHa Bblpa)XeHHasi ypeTepoaKTasms o
14 Mm; gononHMTENbHOOLINA BbIsIBNIEeHa NpoCcTas Ku-
cTa npaBou noyku (Bosniak 1) guameTtpom 22 mMm, He
TpebytoLasa onepaTMBHOIO BMeLLATENbLCTBA.

YunTbiBag Hanvune OBYCTOPOHHEW OOCTpyK-
UMW, BBLIPAXEHHYIO YPETEPO3KTa3nk W Hamu4dme
KPYMHOro KOHKpeMeHTa, Obino MPUHATO pelleHne o
npoBeAeHNN OOHOMOMEHTHOW (CMMYMLTAHHOW) 3H-
JocKonuyeckon Koppekuuu. Nog cnuHanbHoOW aHe-
cTesven B NMMTOTOMUYECKOM MONOXEHNW BbINOMHEHDI
crnegyloLime atanbl:
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— UwucTockonus. Mpu ocMoTpe Nonoctun mo-
YeBOro My3bIps ObiNY BU3yanu3npoBaHbl ABa Xapak-
TepHbIX NponabupyoLmx obpa3oBaHns B MPOEKLMN
npaBoro 1 NneBoro ycTbeB. JleBoe ypeTepouene 6bino
3HAYUTENBHO HaMPsPKEHO U AePOPMNPOBAHO 3a CHET
hMKCMPOBAHHOIO B HEM KOHKPEMEHTA.

— IasepHas ypetepotomus. C uvcnonb3oBa-
Hnem ronbmmeBoro nasepa (Ho:YAG, napameTpbi:
aHeprus 1.2 [k, yactota 15 'y) Obina ocyllecTene-
Ha Mpeuu3noHHasi nonepevyHasl MHUM3NS NepemHnX
CTeHok 06oux ypetepouerne. ocne BCKpbITUA NOMo-
CTun cnesa bObin BU3yanuanpoBaH KPYMHbIA MUIMEHTU-
POBaHHbIV KOHKPEMEHT MIIOTHOW CTPYKTYPHI.

— KoHTtakTHas nwutoTpuncus. bbina Bbinon-
HeHa bparMeHTauusi KaMHs feBOr0 MOYETOYHMKA B
BblCOKOYacTOTHOM pexume Dusting (pacnbineHve B
Nbib) A0 Menknx dpakumi. OcTaTouHble KpyMHble
bparmeHTbl GbINM YCNELWHO 3BaKyMpoOBaHbl C MOMO-
L BE3KOHYMKOBOWM KOP3WHbI-MOBYLLKM N3 HATUHONA.

— [OpennpoBaHue. lNocne JOCTWXEHWSA Mon-
HOM CaHauuM MOYEBbLIX MyTEM U BU3yarnbHOrO Mofd-
TBEPXKAEHWUST MPOXOAMMOCTM 006oOMX YCTbeB, onepa-
uns Obina 3aBepLUeHa YCTaHOBKOW OBYX BHYTPEHHMX
cTeHT-kaTeTepoB Tuna Double J (pa3mep Ch 6, anu-
Ha 26 cMm) B 06a Mo4yeTouHMKa. [JaHHas MaHunyns-
LMS BbIMOMHEHa C Lenbio NpodunakTukyi nocneone-
PaLMOHHOIO PEeaKTMBHOIO OTeka, MpedynpexneHus
pybLoBon aedopmaumm (pecteHosa) ycTbeB n obe-
crneyeHns GecnpensaTCTBEHHOrO naccaxa MoYM B
paHHeM nocrneonepaLloHHOM nepuoge.

MpoJomKMTENBHOCTL OMEpaTMBHOIO BMeLla-
TenbcTBa coctaBuna 60 MWH, M3 KOTOpbIX Ha 3Tan
nasepHon ypetepoTtommnn ¢ 0benx CTOpoH noTpebo-
Banocb 25 MUH, Ha KOHTaKTHYH MUTOTPUMNCUIO U NATO-
aKcTpakumio cnesa — 35 MuH. O6bem nHTpaonepawm-
OHHOW KpPOBOMOTEPU BbIN MUHUMAIBHBIM Y COCTaBUI
okono 20 Mn, YTO UCKMYNIO HEOBXOAMMOCTb reMOo-
TpaHcdy3nun. MaHmnynsaumMm NnpoBOAUIMCH B €4MHOM
NIUTOTOMUYECKOM MOJTOXKEHMM, YTO NO3BONMIO n3be-
aTb JOMOMHUTENBHOW TpaBmaTM3aunm U CoKpaTUTb
BpeMS HaxXOXOeHWs NauMeHTa Nnog aHecTeanen

B paHHMI nocneonepauroHHbIi Nepmog oTMeda-
nack NonoXuTenbHast UHaMKKa; COCTOSHUE NaumMeHT-
KM ocTaBarnocb CTabunbHbIM, 6€3 NpM3HaKoB CUCTEM-
HOW BOCMANUTENbHON peakuMm U remopparnyeckmx
OCMNOXHEHUA. B cOOTBETCTBMM C NpUHLUMNAMN paHHEN
peabunutaumn, akTMBM3aUmUsi NauMeHTKU B npegenax
nanatel Gbina Hadata cpasy mnocrie MorHOro BOCCTa-
HOBSIEHNS MOTOPHON N CEHCOPHON (PYHKLMIN Ha (boHe
KynmpoBaHus acpdbekTa permoHapHON aHeCTE3NN.

MoueBol kaTeTep, YCTAHOBMIEHHLIW WHTpa-
onepaumoHHo, Obin yaaneH Ha 1 cyT, nocne 4ero
BOCCT@HOBUIIOCb CaMOCTOSTENbHOE afeKBaTHOE MO-
yeucnyckaHue. JlabopaTopHLIN KOHTPOMb Ha 2 CyT
NPOOEMOHCTPMpOBan CTabunbHOCTb MoKa3aTenen
asoTmuctoro obmeHa (KpeaTUHWH — 72,4 MKMOnb/n,
MouyeBMHa — 4,8 MMOMb/N), YTO MOATBEPXKOANo CO-
XPaHHOCTb QYHKLMKN MOYEK Nocne yCcTpaHeHus OBy-
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CTOPOHHeW obcTpyKkumn. Tepanusa Bkntoyana B cedsd
KpaTKOBPEMEHHbIN KypC aHTubakTepuanbHOW Mpo-
dunaktnkm (uedanocnopuHbl 1l nokoneHus), He-
CTEepOoVAHble MPOTMBOBOCNANUTENbHBIE CPEACTBa C
Lenbio aHanbre3ny 1 agekBaTHY BOAHYHO Harpysky.
Ha 3 cyt no pesynsratam Y3W 6Gbinno OTMEYEHO 3Ha-
YUTENbHOE COKpalLeHWe MOMOCTHLIX CUCTEM 0Beunx
noyek, TeHW CTEHTOB BM3yanu3vMpoBanucb B NMPOEK-
LM MOYETOYHMKOB 6e3 Np13HaKoB AUCOKaLMM.

Ha coHe neveHns otmevanocb MofHoe Kynu-
poBaHve 6oneBoro CMHAPOMa 1 AU3ypUYEeCcKUX sBre-
HUA. Ha 5 cyT nocne BmellaTenbcTBa NauueHTka B
YOOBMNETBOPUTENBHOM COCTOSIHUM Oblna BbiNMcaHa
nog ambynaTtopHoe HabntogeHue yporora no me-
CTy XuTenbcTBa. Yepes 4 Heq. B MNaHOBOM nopsig-
Ke ObINo BbINOMHEHO yAaneHne CTEHTOB-KaTeTepoB.
KoHTponbHoe ob6cnenoBarne Yepes 14 cyT nocre ge-
CTeHTUpoBaHus (pesynsratbl Y3W opraHoB Mo4yeBom
CUCTEMbI 1 NabopaTopHOro MOHUTOPWHIa) NOATBeEp-
OWNo OTCYTCTBME pe3nayarbHbiX KOHKPEMEHTOB U
MPV3HAKOB 3KTa3uM YalleyHO-TIOXaHOYHOW CUCTEMBI
¢ obeux cTopoH. [NonHoe BOCCTaHOBMNEHME ypoanHa-
MUKM N cTabunbHas OYHKUMS NOYeK MoaTBepAvnv
BbICOKYI0 3(PPEKTUBHOCTb U ©6€30NacHOCTb BblOpaH-
HOW CMMYFBLTaHHOW TaKTUKU NEeYeHns.

OBCYXOEHUE

[IBycTOpOHHEE ypeTepoLene y B3pOoChbIX — 3TO
PELKUIA KNMHUYECKUA (heHOMEH, YacToTa KOTOPOro He
npesbiwaetr 10-15% Bcex crnyyaeB gaHHOW aHOMa-
nmn. OCHOBHas OMacHOCTb 3aKM4YaeTCsl B CKPbITOM
NpOrpeccupoBaHnn XpOHNYECKON DONe3Hn noyek ma-
3a MOCTOSHHOTO BbLICOKOIO AaBfieHMs1 B BEPXHMX MO-
yeBbIX NyTaX [5].

B npegcraBneHHoOM criyqae npoaeMOHCTPUPO-
BaHO KIlacCuM4eckoe OCMOXHEHNE — BTOPUYHbIVA YpO-
nutnas. Cta3 Moun B NMONOCTU ypeTepoLene co3gaeT
naeanbHble YCMOBUSA AN KpucTannmsauum n pocta
KaMHel, KOTopble B CBOK ovepedb ycyryonsior ob-
cTpykumto. MNMnoTtHocTb kKoHkpemeHTa (1213 HU) yka-
3blBania Ha ero okcanaTHy Npupoay, YTo Aenano He-
BO3MOXHbIM KOHCepBaTMBHOE M3rHaHue. CpaBHuBasi
MOMyYeHHbIA ONbIT C AaHHBIMW NMTepaTypbl, HaMpu-
mep, nccriegoaHmamm O. N. Atta [3] u K. Ghanem
[1], cnegyeT OTMETUTL, YTO CUMYFbTaHHbIA MOAX04,
(ogHOBpEMeEHHas KoppeKLmsa obenx CTOPOH) ABNsAeT-
Csl 3KOHOMUYECKUN N KITMHUYECKM OMpaBAaHHbIM. JTO
CHWXAET KONMMYECTBO KypCOB aHTUOMOTMKOTEPANu n
06LLYI0 aHECTE3NONMOrMYECKYH0 Harpy3ky Ha naumeH-
Ta. Vicnonb3oBaHme na3epHbIX TEXHONOMMI NO3BOMM-
no [obUTbCS BbICOKOW TOYHOCTU paspesa (MHUu3nm)
C OOHOBPEMEHHbBIM FEMOCTa30M, YTO KPUTWMYHO AN
NpodUnakTUkK nocneonepaumoHHbIX CTPUKTYP [3].

[ononHnTenbHO MONyYeHHbIe pesynbraThl Co-
rnacytotcs ¢ gaHHbiMu A. A. Shokeir et al., koTopble
NoAgYepKmMBatoT, YTO 3HOOCKOMUYecKkas OeKoMMpec-
cus ypetepouene y B3pocnbix B 90% criyyaes npu-
BOOWT K HEMEOJIEHHOMY YIyYLLEHNIO (OYHKLUM MOYEK U
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NCYE3HOBEHMNIO CUMMTOMOB 06CTpYKUMK. B oTnnyme ot
neguaTpuyeckon NpakTukW, rae valle Tpedyetca pe-
KOHCTPYKUWMS, Yy B3pOCIbIX TpaHCypeTpanbHasi UHLM-
3151 ABNSETCH OKOHYaTENbHBbIM METOAOM feveHus [4].

Wccneposanus C. A. D’Ancona Takke nof-
TBEPXOAloT, YTO UCNONb30BaHME rONbMUEBOrO Nase-
pa NPeBOCXOAUT 3MEKTPOXUPYPrUYECKYHD pe3eKunto
B BOMpocax TOYHOCTN (POPMUPOBAHUSA HOBOTO YCTbSI
MOYEeTOYHUKA [5]. MuHMManbLHoe Tepmuyeckoe Mo-
BpeXOeHne TKaHel npu na3epHOM BO3AENCTBUM,
OTMEYEHHOE B MPUBEOEHHOM KIMHUYECKOM Cryyae,
Koppenupyert ¢ BbiBogamu B. K. Somani o cHumxeHun
pucka ny3blpHO-MOYETOYHUKOBOTO pediniokca n crte-
HO3a B oTAaneHHoM nepwuoge [7].

Bonpoc ABYCTOPOHHEro ApeHMpOoBaHuWs, Npu-
MEHEHHOTO Y MauMeHTKN, HaxoauT NoAdEepPXKY B pa-
oote D. Borchert et al., B KOTOpoW aBTOpPbI YKa3biBatOT
Ha HeoOXOoAMMOCTb BPEMEHHOIO CTEHTUPOBAHMS MO-
Crne CUMyInbTaHHbIX onepaumi Ha 06oUX MOYETOYHM-
kax. OTo No3BonseT n3bexatb TPaH3UTOPHOWM aHypumn
n3-3a OTeka Crm3ncTomn B 3oHe BMmeLuaTensctea [10].

MoHuTopuHr CK® nokasan BpeMeHHOE CHU-
XeHue dyHkumm (go 86 mn/muH/1,73 M?) yepes me-
CAL, YTO CBA3aHO C NMepuoaoM adanTauuy No4Ye4HoOm
NapeHXuMbl K W3MEHVBLUENCS BHYTPUIIOXaHOYHOMN
OVHaMVKe U Hann4mem UHOPOAHbIX Ten (CTEHTOB) B
NpoCBETE MOYETOYHMKOB. OOHAKO KynMpoBaHWE Iu-
OpoypeTtepoHedposa no gaHHbiM Y3/ cBugerternb-
CTBYeT 0 BriaronpmMaTHOM 4ONTOCPOYHOM NPOrHO3e.

BbIiBOAbI

1. MCKT-yporpacusas  gBnsieTcss  30510TbIM
CTaHOApPTOM AMarHOCTUKM ypeTepouene, No3Bonsio-
LWMM He TONbKO BepuduUMpoBaTh aHOManuio, HO 1
OLEHUTb (PYHKLMOHANbHOE COCTOSIHME MOYeK U Xxa-
PaKTEPUCTUKM COMYTCTBYIOLLNX KOHKPEMEHTOB.

2. JlasepHasi nHUM3MA ypeTepoLene B code-
TaHWM C KOHTaKTHOW nuTOTpuUncuen obecnedmBaeT
MUHUMarbHYI0 WHBA3WBHOCTb MNPW MakCUManbHON
KIMHMYecKon 3P eKTUBHOCTN, NO3BONASA JIMKBUOM-
poBaTb ABYCTOPOHHIOK OOCTPYKLIMIO 3a OOUH 3Tan.

3. [0BYCTOpPOHHEE CTEHTMPOBAHWE SIBMSET-
Csl NaToreHeTU4eckn O0OOCHOBAHHLIM 3aBEepLUEHNEM
onepauun, npegoTBpalLaloWmMM pasBuUTUEe oTeka
yCcTbeB 1 obecnedmBaowum NPOoOUNaKTUKY peumam-
Ba 06CTpyKLUN.

4. CBoeBpeMeHHOe BbIsIBNIEHNE U XUpypruye-
CKoe fnedyeHne ypeTtepoLene y B3pOcChbiX NO3BoOMseT
OCTaHOBWUTb Jderpagaumio nodYeyHom pyHKUMM u ns-
fexaTb pas3BUTUS TEPMWUHANbHOW MOYEYHON Heno-
CTaTOYHOCTW.

Bknad asmopoes:

0. I MNak -
nccnenoBaHus.

E. P. XXneHbaeB, A. M. MyxamepmxaHynbl —
cbop n obpaboTka maTepuana.

H. E. Abanxanves, E. C. BekmypaTtoB— cTatu-
cTuyeckas obpaboTtka.

KOHUenumMsa u AunsanH
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H. E. Abguxanues, E. A LLlapanatoB — Hanuca-
HUe TekcTa.

H. E. A6anxanues, E.A LlapanaTtoB — pegak-
TMpOBaHMe.

KoHgpnnukm unmepecos:
KOHGRMKT MHTEpPEeCcoB He 3asiBreH.

lMpo3payHocmb uccriedoeaHus:
ABTOpbI YTBEPXKAAIOT, YTO MOSTHOCTLIO OTBEYa-
l0T 3@ coAepaHue cTaTbu.
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Yu. G. Pak’, A. Mukhamedzhanuly’, E. S. Bekmuratov’, K. T. Beisenov? E. A. Sharapatov? N. E. Abdikhaliyev®*

CLINICAL CASE OF A BILATERAL URETEROCELE WITH FORMATION OF A LARGE URETERAL
CALCULUS

'SME on REM «Municipal multidisciplinary Hospital No. 2» (Z05K7MO, Republic of Kazakhstan, Astana c., T.
Ryskulova str., 6; e-mail: gmb2_office@astanaclinic.kz)

2Department of Urology and Andrology, NC JSC «Astana Medical University (010000, Republic of Kazakhstan,
Astana c., Beibitshilik str., 49a; e-mail: mail@amu.kz)

*Nurislam Abdikhaliyev — Department of Urology and Andrology, NC JSC «Astana Medical University;
010000, Republic of Kazakhstan, Astana c., Beibitshilik str., 49a; e-mail: nurislam.abdi2000@gmail.com

In modern urological practice, anomalies of the urinary system development, such as ureterocele, often
become an etiological factor for severe forms of urolithiasis. This clinical case of a 42-year-old female patient
with bilateral ureterocele complicated by a large ureteral stone amidst obstructive uropathy demonstrates the
capabilities of modern minimally invasive surgery in treating rare congenital pathologies in adults. In 2025,
at the urological department of the SME on REM «Municipal multidisciplinary Hospital No. 2» (Astana c.,
Republic of Kazakhstan), a simultaneous endoscopic operation was successfully performed: bilateral laser
ureterocele incision combined with contact laser lithotripsy.

The diagnostic algorithm, based on multispiral computed tomography, allowed for a detailed verification
of the anatomical features of the malformation and the density of the calculus. Despite the complexity of
the simultaneous intervention, the operation was characterized by minimal invasiveness and an absence of
intraoperative complications. A positive clinical trend was observed in the postoperative period: complete stone
destruction was achieved, adequate urodynamics were restored, and renal function was stabilized (glomerular
filtration rate 86-89 mL/min/1.73 m?). The patient was discharged in satisfactory condition, confirming the high
efficiency of the chosen strategy.

Analysis of this case within the context of current literature shows that simultaneous laser interventions
significantly reduce the duration of inpatient treatment, minimize the anesthetic burden, and avoid staged
surgeries. This approach not only reduces the risk of iatrogenic complications but also facilitates the rapid
socio-occupational rehabilitation of patients. The presented clinical case emphasizes that transurethral laser
ureterotomy is a safe, cost-effective, and gold standard treatment for ureterocele, providing reliable prevention
of recurrent obstruction and preservation of the renal reserve.

Key words: ureterocele; urolithiasis; laser ureterotomy; contact lithotripsy; clinical case.
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1O. T MNak’, A. MyxamedxaHynbli', E. C. bekmypamos’, K. T. beliceHog? E. A. LLlapanamoe? H. E. A6Ouxanuee®*

COJNXAKHECEMAFAPObIH IPI TACbIMEH ACKbIHFAH EKDKAKTbI YPETEPOLIENEHIH KITUHUKANBIK
YXAFOANBI

'«Ne2 kananblk kenbeniHai aypyxaHa» LXK MKK (Z0O5K7MO, KasakctaH Pecny6nuvkackl, ActaHa K., T.
PbickynoB k-ci, 6; e-mail: gmb2_office@astanaclinic.kz)

2Ypornorusi xeHe aHaponorus kadenpachl, «ActaHa meavumHa yHuBepcuTeTi» KeAK (010000, KasakctaH
Pecnybnukacbl, ActaHa K., benbitwinik k-ci, 49a; e-mail: mail@amu.kz)

*Hypucnam EpkanueBu4y AbguxanueB — Ypororus xxeHe aHgpornorust kacdegpachl, «AcTaHa MeauumHa
yHuBepcuteTi» KeAK; 010000, KazakctaH Pecnyonukachkl, ActaHa K., benbiTwwinik k-ci, 49a; e-mail: nurislam.
abdi2000@gmail.com

Kasipri yponorusanblk Texipubene ypetepouene CUsKTbl 39p LUbIFapy XYWECiHIH AaMyblHAafbl aybITKy-
nap kebiHece yponUTUSIHBbIH ayblp TYPrEpiHiH, 4aMYybIHbIH, 3TUoNoruanelk daktopbiHa anHanagbl. O6CTpyk-
TUBTI yponaTus asicblHOa HecenarapbliH YIIKEH KOHKPEMEHTIMEH acKblHFaH €Ki XakTbl ypeTepoueneci 6ap
42 xacTafbl HayKacCTblH KIMHUKanbIK XXaFgavibl epecekTepaeri cupek Tya OiTkeH natonorusinapgbl emaeyae
3amMaHayu a3 MHBa3UBTI XMPYPrusiHbIH MYMKIHAIKTEPIH KepceTes,.

2025 xbinbl «Ne2 kananblk kercanansl aypyxaHa» LXK MKK yponorusanbeik 6enimiweciHge (ActaHa
K., KasakctaH Pecnybnvkachl) CMMynbT 3HOOCKONUSAMbIK onepaums CoTTi OpblHAANAbl: KOHTaKTiNi nasepriik
NUTOTPUMNCUSMEH YLUTACTbIpa OTbIPbIN, €Ki XXaKTaH ypeTepouene nasepnik nHumausacel. Mynstucnvpanbgbl
KOMMbIOTEPIiK TOMOrpadumsiHbl KongaHyFa HerisgenreH AuMarHOCTuKanblK anroputM akaynapgbliH aHaToMu-
ANbIK epeKLEeniKTEPIH XXaHe KOHKPEMEHT ThIFbI3AbIFbIH ENKEN-TENKENNI Tekcepyre MyMKiHAIK 6epai. Cumyns-
UMSnbIK apanacyqblH, Kypaeninirive kapamacTtaH, onepaunst MMHMMarabl UHBA3MBTINIKMEH XaHe onepauus
iWwinik ackbiHynapablH 6onmaybiMeH cunattangbl. OnepaunsiaaH KeniHri kesenge oH, AvHaMuka Garkangbl:
TacCTbIH, TONbIK XXOWbINYbIHA KO XETKi3ingi, ageksatTbl ypoAnHaMMKa KanmnblHa KenTipingi xkeHe Oynpek Kpl3-
MeTi TypakTaHablpbingbl (roMepynspnblK cy3y XbingaMmablifel 86-89 mn/muH/1,73 M?). Haykac kaHaraTTaHap-
NbIK Xafganga woeirapbingbl, Oyn TanganfaH TakTUKaHbIH XXOFapbl TUIMAINITH pacTangbl.

Kasipri ooebunettep KOHTEKCTIHAET TaXipnbeaeH KenTipinreH xxarganabl Tangay CMMynsaunsanbik nasep-
niKk apanacynap crauuoHapiblk eMmaey yakbITbiH e4ayip KblCKapTyfa, aHEeCTE3MONOrvssbIK XXYKTEMEHI a3an-
TyFa XXeHe onepauusanap kesenginirin bongbipmayra MyMKiHOK 6epeTiHgiriH kepceTteqi. byn Tacin atporengik
ackblHynapablH Aamy KayniH azanTbin KaHa KonMangbl, COHbIMEH KaTap nauneHTTepai Tesipek aneymMeTTiK-eH-
OekTik oHanTyfa biknan etedi. ¥CbIHbIFaH KNMHMKanbIK Xafgan TpaHcypeTpanbabl na3eprik ypeTepoToMus
ypetepouenai emaeyain kayincia, 9KoOHOMUKanbIK TYPFblAaH HEri3genreH XaHe anTbiH cTaHaapTel 6onbin Ta-
Gbinaabl, 6yn 06CTPYKUUSAHBIH KanTanaHybiHbIH CEHIMAI angbiH anyabl xkaHe OypeK KOpbIH cakTayabl KaMTa-
MachbI3 eTeqi.

Kinm ce3dep: ypeTepoLene; Hecen-Tac aypysbl; Ta3epnik ypeTrepoToMusl; KOHTaKTiNi IMTOTPUNCUS; K-
HUKanbIK >xafgamn
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Hedpobnactoma siBnsieTcss Hanbornee 4acTol BbICOKO3ITOKA4eCTBEHHOM SMOPUOHANBHOW OMyXOSbto
MOYENOoBOro TpakTa y AeTer. YuUnTbiBasi, HapyLLleHWe NpoLeccoB HedporeHesa, criegyeT nonaratb YTo
Ba)XHOE 3Ha4YeHne cpeam NatoreHeTMYECKUX MexaHM3moB (opMUpoBaHMs HeppobnacToMbl UMEET BPOXKOEH-
HbI NOYEYHBIN OU33MOpuoreHes. TpurrepoM OnMyxoeBoro NPoLecca MOryT CIYXUTb 3NEMEHThI O4aroB Auc-
NNacTUyYecKMX CTPYKTYp B BUAE MPUMUTUBHBIX TyBYNSIpHBIX CTPYKTYP U MeTaHe(POreHHON TKaHW y AeTen 13
rpynnbl pUcka, POXXAEHHbIE OT MaTepen C OTATOLEHHbIM TeYeHNeM BGEPEMEHHOCTM U HanM4MeM comatmye-
CKOW MaTonorny noyex.

B cTtatbe npuBegeH criyvyan mopgosniormiyeckon Bepndmkaumm KIMHUYEeCKoro anarHosa y naumneHTkn 8
neT. [laHHbIN KNMHUYECKUI Crly4Yar AEMOHCTPUPYET, YTO NPy NOCTaHOBKE KMMHUYECKOro AMarHo3a Heobxoau-
MO NPOBOANTb TLLATENbHbIN COOP aHaMHe3a 3aboneBaHust, BbISCHUTbL CPOK rectaLum 1 0COBEHHOCTN TeYEHMS
BepemMeHHOCTH, Hanmume PakTOPOB PUCKa, YTO MOTIO Obl OKa3aTb BNNSIHUE HA 0OCOBEHHOCTH BHYTPUYTPOOHO-
ro pasBuTWs N104a U HOBOPOXAEHHOIO, Y TMCTOrEHE3 NoYeK. YUnTbiBasi KOMMMEKCHbIVM NOAXOA Npy npoBeae-
HUM anddepeHunanbHOM ANarHoCTUKU NaToorMyeckoro npouecca Heobxoaumo 4aThb OLEHKY pesynbratam
COBPEMEHHbIX METOAOB Ny4eBOW ANAarHOCTUKM 1N OOMNONHUTENBHBIX METOAOB NCCIeA0BaHus.

OnucaHHbIN KITMHUYECKWIA CryYan B oMepedHO pas foKa3biBaEeT TO, YTO MPU MOCTAHOBKE KITMHUYECKO-
ro AvarHosa JOImKeH ObITb MPYMEHEH MYNbTUANCUMNIIMHAPHBIA, KOMMIEKCHbIN noaxog. MNpu mopdonormnye-
CKOW BepudMKaLuumn KIIMHUYECKOro AMarHo3a uMeeT 6ombluoe AMarHOCTUYECKOe 3HaYeHne NpoBeaeHne Um-
MYHOIMCTOXMMMWUYECKOrO NCCeaoBaHns C Lenbio onpeaenenns eHotnna v nponndepaTtuBHON akTMBHOCTU
OnyXonw.

Knrouesbie crosa: HecppobnacTtoma; amGproHanbHas onyxosb; onyxonb Bunemca; mopdoreHes; mop-
donornyeckasa Bepdurkaums; KOMNIIEKCHbIA NOAX04

BBEOEHUE

Hedpobnactoma (onyxonb Bunbmca) sasnsert-
Cs1 BbICOKO3IT0Ka4eCTBEHHON 3MOPUOHANBHON OMyXo-
NbI0 NMOYEK N pasBMBAETCS M3 TPEX MCTONMOMMYECKNX
3rneMeHToB: bractembl, CTPOMbI U 3NUTENNANbHOIO
KomnoHeHTa. Yactota onyxonu Bunbmca 1:100 000
aeten B Bo3pacte o 14 nert (5,4%), Jalle BcTpeya-
eTcsa 40 5 neT ¢ 0gUHAKOBOW YacTOTOM Yy Manb4yuMKoB
n gesodvek. OgHako, BO3MOXHA y AETen cTapLuero
BO3pacTa 1 pedKko y B3pochnbix ¢ bonee Hebnaronpu-
ATHBIM TeveHnem. Onyxonb Bunbmca coctaBnsger
okorno 6% cnydaeB paka y geten go 15 nert. lpo-
LEecC MOXET HOCWUTb OAHOCTOPOHHWWA WX OBYCTO-
POHHUIM XapaKTep, CUHXPOHHbIE OMyXOnu BCTpeva-
oTCS NPUMeEpPHO Yy 5% BONbHbIX. YUnTbiBas eauHbIn
mMopdporeHes, onyxonb Bunbmca 4yacto covetaetcs ¢

Meouyuna u sxonoeus, 2026, 3

BPOXXAEHHLIMM aHOManusMmn pasBuTusl, B TOM Yncne
N CTPYKTYpPHbIMW. B naToreHe3e CTaHOBIEHUS OmMy-
XOJEeBOro Npouecca BaXkHYt Porib UMEKT reHeTu4e-
ckue aHomanuu, B 1-2% cny4aeB CBSI3aHO C ceMel-
HbIM HacnegosaHuem [1, 2, 3].

M3BecTHO, 4TO BGonbLUoe BIMSIHNE Ha MpoLec-
Cbl reCTaLMOHHOIO CO3PEBaHUS TKAHN NOYEK BO BHY-
TPUYTPOOHOM Mepuoae MMEET COCTOsIHME 300POBbS
MaTepu U OCODEHHOCTU TedeHusi bepemeHHocTn. B
YaCTHOCTW, YCTAHOBMEHO, YTO MO3OHME TOKCUKO3bI
OepeMeHHbIX, XPOHUYECKNIA NMenoHedpuT y Matepu
N aHeMunsi GepeMeHHbIX TSKENOW CTeneHu cryxart
TpUrrepammn pasBuUTUST CTPYKTYPHOro Ou3ambpuo-
reHesa rnovek B BMAE NaTONOrMYECcKOM He3pernocTu,
4YTO MPOSABNSETCA BO3pacTaHMEM 4YacTbl AUCNasum,
oopMMPOBaHMEM BPOXAEHHbIX rnomMepynonaTui u
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Tybynonatun. Tak, npyn MO3gHMX TOKCMKo3ax bGepe-
MEHHOCTX MaToriornyeckasl He3perocTb [OCTUraet
no 74,0£5.0 %, yactota gucnnasun go 13,0+4,0%
B BuAe Hanmumsi TyOymspHbIX CTPYKTyp, Mpeactas-
NEHHbIE MPUMUTUBHBIMK KaHanbLamMu, He3pernbiMu
Knyboykamm M odyaramu MeTaHePOreHHOW TKaHW.
Mopdornoruyecknini Takke BbISBAANUCL OYaroBble
rmomepyrnonatum ¢ MembpaHO3HO3HBIMU U MEM-
OGpaHo3HO-NponudepaTMBHEIMN  U3MEHEHUAMWU [0
11,0+3.0%, HapyLlaeTrcsi CUHXPOHHOCTb (POPMUPO-
BaHUS1 COCYAWCTOrO W 3MUTENMANbHOIO KOMMOHEH-
TOB HedpoHa. lNMpu oTHocUTENbHO GraronpUSTHOM
TeyeHnn OepemMeHHOCTU U OTCYTCTBUM IKCTpareHu-
TanbHOW NaToONorMM y MaTepu AucniacTuyeckme
CTPYKTYpbl 0bHapyxuBanucb B 3,0+2%. Mpu xpoHu-
YeCcKOM nuernoHedpuTe y MaTepu B NoyKax niogos u
HOBOPOXAEHHbIX OTMEYEHO MPENMYLLECTBEHHOE MO-
pakeHNe MHTEPCTULMANbHOIO KOMMOHEHTa, Hanm4dme
NepurnoMepyrnsipHOro CKrneposa, a natonornyeckas
He3penocTb Habntoganock B 56,7+5% crniyyaes. [Mpu
OOHOLLEHHOW BepeMeHHOCTM recTaumoHHasi Hespe-
noctb guarHoctuposaHa B 30,8+4% [4, 5].

Hedpobnactoma BM3yanbHO, Kak nNpaBuso,
npegcTaBneHa ConuTapHbIM, 4OCTaTOMHO O4HOPOA-
HbIM Y3TOM MSFKOM KOHCUCTEHLMN pa3mepoM OKOMo
12,0 cm, maccom o1 60,0 go 635,91 (B cpegHem — 550
r). Ha pa3pese noBepxHOCTb 06pa3oBaHNst HECKOMbKO
BbIbOyxaeT, 6enecoBaToro UM po3oBO-Ceporo LBeTa,
Kak nMpaBuio, YETKO OTrpaHMYeHa MnceBOoKarncynon
OT OKpyXalLWmx TkaHen. Onyxonb Mynstunobynsp-
HOW CTPYKTYpbl C (hOpMUPOBaHMEM CENT, KMCTO3HbIX
0bpa3oBaHuii, BO3MOXHbI TakkKe o4ary Hekpos3a U
KpoBOU3NuUAHWiA [6, 7].

lMpn rucTonormyeckom uWCcnegoBaHUM AOns
onyxonu Bunbmca xapaktepHa Tpexda3HoCTb CTpo-
eHusi, KoTopas npeacTtaeneHa 3 KOMMoHeHTamu: 1)
HeanddepeHUNpoBaHHble OracTeMHble KNeTku, 2)
CTpOMarnbHbIe KNETKM B BUOE HE3PErbIX BEPETEHO-
BMAHbIX 31IEMEHTOB ME3EHXUMbI U MMaAKOMbILLEYHbIX
KNeToK, XpsLia, ocTeonaa unu xmpa, 3) anutenuanb-
Hble KMNeTKM KIyOOYKOB U KaHanbLEBbIX CTPYKTYP.

B 3aBucuMmMocTn OT npeobnagaHus ogHOro u3s
NnepeyncrieHHbIX KOMMOHEHTOB BbIAENAT 3 BapuaH-
Ta HedopobracTomsl:

e OnacTemHbIi BapuaHT, Korga onyxofb
COCTOUT rMaBHbIM 06pa3oM U3 rHe3g MenKMx TEMHO-
OKpaLUEeHHbIX MPUMUTUBHBLIX HeanddepeHUnpoBaH-
HbIX KNeTok 6nacTtHoro psiga 6e3 obpasoBaHus TyOy-
NSAPHbIX CTPYKTYP;

e  JMMTENMAanbHbI BapuaHT, NPy KOTOPOM
Oonyxonb NpeAcTaBrneHa NpeMMyLLecTBEHHO Tybynsp-
HbIMW CTPYKTYpamu, BbICTIIAaHHBIMA MPUMUTUBHBIM
anuTENMEM, MOXOXMMU Ha HedpPOHblI 3aMOpMOHanb-
HOWM MOYKM U pasnuyHble CTagun roMepyroreHesa;
B MocrneayLwem BO3MOXHa KUCTO3Has TpaHcopma-
LSl ONyXxoneBoro npoLecca;

e  Me3eHXVMMarbHbIN UM CTPOMarbHbIN Ba-
pWaHT, Korga onyxofb COCTOUT U3 NMPENMYLLECTBEHHO
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CTPOMasbHbIX ANIEMEHTOB B COMETAHUUN C MPUMUTUB-
HOW HedpobnacTU4eckor TKaHbl B BUAE HE3PErbIX
BEPETEHOBUAHbBIX KINETOK COEAMHUTENbHOW TKaHW,
rMaAKOMbILLEYHbIX KITETOK, BO3MOXHO, TaKke OCTEo-
naa vunu xupa.

lmcTonornyeckasa cTpykTypa HeppobnacTombl
pas3Hoobpa3Ha M 3aBUCUT OT TOrO, M3 KaKOro KOM-
MOHEHTa OMyXxofb BO3HWKIIA, CTEMEHW 3pernoctu U
anddepeHUNPOBKM OMyXOMNeBbIX KIETOK, YTO UMEET
CYLLECTBEHHOE 3Ha4YeHne Npy onpeaerneHnn TakTUKn
neveHus, Bolbopa Tepanum 1 OLeHKe NporHo3a.

B KnuHMYeckon npakTuke NCnonb3yeTcs Krac-
cvdmKaLmsa onyxoneBoro npouecca no ctagusm po-
cTta: | ctagns — onyxonb orpaHuyeHa NoOYKon 1 nor-
HOCTblO yganeHa; Il ctagma — onyxonb BbIXOAWT 3a
npegens! Kancynbl NOYKW, HO yoaneHa pagukanbHO;
Il cTagusa — onyxosnb BbIXOAUT 3a npegesnbl NOYKn, 1
ee yganeHve He NpeacTaBnsnocb BO3MOXHbIM, reMa-
TOreHHble MeTacTasbl He BbisiBrieHsbl; IV cTagmsa — Ha-
nMyMe remMaToreHHblX MeTacTasoB (Nerkue, neyeHb,
KocTu); V cTagust — OBYCTOPOHHSAS onyxonb Bunemca.

[Mpun mopdhonornyeckon BepudukaLmm KrmHu-
YecKoro guarHosa npu Hedpobrnactome OCHOBbIBa-
IOTCA Ha TUCTONOrMYECKMX OCOBEHHOCTSAX OMyXOnu
B 3aBMCMMOCTU OT CTEMEeHW 310Ka4eCTBEHHOCTU U
BbISIBIIEHHbIX CTPYKTYPHbIX U3MEHEHWI, U BbIOENSAOT
crnegywoLine Buapl:

e HecbpobracToma HM3KOW CTEMEHU 3roKade-
CTBEHHOCTM (GnaronpusaTHOE rMCTONOrM4Yeckoe CTpo-
eHue) BKIo4vaeT B cebs 3 Tvna KneTok: bnacreMHble
KNeTkW, npeacTaBneHHble HeauddepeHUMpoBaH-
HbIMW KIeTKamu; CTPOMarbHble KINETKN — He3penble
BEPETEHOBUAHbIE KINETKN MPOU3BOAHBLIX ME3EHXUMbI
(coeguHUTENBbHOTKAHHbIE KMETKM, CKEMNETHble MbIL-
Ubl, XpsALWMW, OCTEOMA WNM KWUP); SnNUTEnuanbHble
KNeTKM — 3remMeHTbl KnyboYKOB 1 KaHanbLEB;

e Hecbpobrnactoma cpegHen (MnM MNPOMEXyY-
TOYHOW) CTENEHM 3MOKa4eCTBEHHOCTU (CTaHOapTHOe
TMCTONOMMYECKOE CTPOEHME);

e He(bpobracToma BbICOKOW CTEMEHU 3r10Kaye-
CTBEHHOCTW XapaKkTepuayeTcs HebnaronpusTHbIM ru-
CTOMNOrMYECKMM CTPOEHUEM U3 aTUMNYECKNX Heand-
hepeHUNPOBaHHbIX KIETOK.

B HacTtosilee BpeMs KnNMHMYecKash mpakTvka
OCHOBbIBAKOTCS Ha ructonorndyeckon anddepeH-
unaumm no knaccudumkauum MexgyHapogHoro o6-
LecTBa geTckonm oHkororum (Société Internationale
d’Oncologie Pédiatrique — SIOP), koTopas Bblaens-
eT criegytoLume Buabl onyxonu Bunbmca no crenexHu
3110Ka4eCTBEHHOCTH:

I. Onyxonu HU3KOW CTEMEHW 3MoKaYeCTBEHHO-
ctu (okono 10%) («brnaronpusaTHbIE») U ee BapuaHTbl:

- KUCTO3Hasl, 4YacTuyHo AuddepeHLpoBaH-
Hasi HecbpobracToma;

- Hedpobractoma ¢ hmbpoageHoMaTO3HOMO-
OOOHbIMU CTPYKTYpamu;

- Hedbpobnactoma ¢ BbicokoandpepeHLmpo-
BaHHbIM 3nuTenmanbHbIM TUMOM
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- me3obnacTtuyeckas Hedpoma.

Il. Onyxonu cpeaHen CTeneHn 3noKavyecTBeH-
HocTu (75-80%) («cTaHOapTHoEe»):

- Hecbpobractoma ¢ nnoxo auddpepeHLmpo-
BaHHbIM 3nuMTenmanbHbIM TUMOM;

- HedppobnacToma C perynspHon unm Hepery-
nsapHoun bnactemuen;

- HecbpobnacToma ¢ npeobrnagaHnemM CTPOMbI
(Bkrtovas dpeTanbHbIA pabaoMMOMaTO3HbIN TUM).

Ill. BblcokosnokadecTBeHHble onyxonun (10-
15%) («HebnaronpusTHbIEY):

- HecbpobnacToma ¢ aHannasuen;

- HecbpobnacToma ¢ capkoMaTO3HOM CTPOMO;

- CBETIOKIIETOYHAs CapKoMa MOYKK.

IV. Heknaccudpumumpyemblie HedhpobrnacTombi:

- HebpobriacToma Npu KOTOPOW HEKOTOPbIE Xa-
PaKTEPUCTUKN COXPaHEHbI;

- TMOMHOCTbI HEKPOTU3NPOBaHHast Hedpob-
nactoma.

V. [pyrue 3rnoka4yecTBEHHbIE OMyXOu:

- MOYEYHO-KIETOYHBIN pak;

- pabgovgHas onyxone;

- 3flokadecTBeHHas numdoma [8, 9].

MMepBMYHO KapUMHOUAHbLIE OMYyXOMNM MOYEK Y
neten mnaglwero Bospacta n go 10 net BCcTpeyatoT-
cs KpanHe pegko. Cnegyer OTMETUTb, YTO aHanorny-
Hbl€ U3MEHEHWST ANUTENUanNbHOr0 KOMMOHEHTA MOryT
HabntogatbCca Mpu  atunuyeckon Hedpobnactome
Cc npeobragaHveM 3nuUTENManbHOro KOMMOHEHTA.
lMpn 3TOM XapakTepHO HanuyMe NPUMWUTUBHBIX Ty-
OynsApHbIX CTPYKTYpP C KWUCTO3HOW TpaHcdopmaum-
en, hopmupoBaHMe COnMMOHbBIX CTPYKTYp, KOTOpble
pasgeneHbl cenTaMmy BOSTIOKHUCTOW COeANHUTENbHON
TKaHwu. MNMporHo3 onyxonu Bunbmca 3aBUcKT OT MMCTO-
FOrM4YeCcKoro BapmaHTa, CTagum OMyxomnv Ha MOMEHT
MOCTaHOBKM AMarHo3a v Bo3pacta nauveHTta. Vcxog
Ons aeTen, kKak npaBuro, 6naronpusaTHbIN, MNOXUITON
Xe BO3pacT accouumpyeTcsl C MIOXMM MPOrHO30M.
YacToTa nsneveHnst Ha HavarnbHbIX CTagusix 3abone-
BaHWUS C NoKanusauuern B NoYke BapbupyeTcs B npe-
aenax 85 — 95%. [na HecbpobnacToMbl XxapakTepHO
remMaToreHHoe M NMMJOreHHoe MeTacTasvMpoBaHueE,
npy 3TOM NMMAOreHHble MeTacTasbl SABMSTCA paH-
HUMW. XapaKTepHO MopaxeHne nMMEOy3rnoB B BO-
poTax Moyek, mevyeHun, napaaopTarnbHbie NMMEOY3-
nbl, BO3MOXXEH OMyXoneBbii TPOMO B HUXKHEWN MOMON
BeHe. [emaToreHHOe MeTacTa3npoBaHue Yalle BbIsiB-
nsieTcs B Nerkux, pexe — B neveHu. MNpu nepsryHoOn
anarHocTuke y 20-25% 6onbHbIX Hedpobnactomon
BbISIBNSieTCA MeTacTta3npoBaHue B nerkve (10%), ne-
yeHb (MeHee 5%), nepudepunyeckme 3abpHOLLNHHBbIE
numdoyanel (10%) [10, 11].

CnegyeT OTMETUTb, YTO CYLLECTBYHOT 2 Bapu-
aHTa HedpobracTombl BHEMOYEYHONW JTOKanM3auum:
nepBbll — MeTacTas M3 NMOYKW, BTOPOW — KOrga ony-
xonb Bunbmca coyeTtaeTca unm BxoguT B cocTaBse
TepaToMmbl, KOr4a UMEEeT MEeCTO He3peras TepaTtoma
C Hannunem HedpobnacToMaTo3HOro KOMMOHEHTA.

Meouyuna u sxonoeus, 2026, 3

VHorga BbIOEnAT TPEeTUd Knaccudeckuin BapuaHT
6e3 anemMeHTOB TepaTOMbl MPU OTCYTCTBMU Hedpob-
NacToMbl B MOYKaXx.

Cpeaon [OWarHOCTMYECKUX MapKepoB OMyXo-
n Bwnbmca wvmeeT puarHoctudeckoe 3HadeHue
MMMYHOTMCToXnummudeckoe uccrnegosanme (UIMX) c
WT1, gaHHbIi MapKep 3KCNPeCcCcupyeTcsl He TOSMbKO
B 3MMTENMU, HO U B BnacteManbHOM U CapkoMaTo3-
HOM KOMMOHeHTax. B anuTenvanbHOM KOMMOHEHTe
peakumsi ¢ WT1 HabntogaeTca NperMMyLLEeCTBEHHO B
NPUMUTUBHBIX Tpyboukax n knybodkax. Kpome Toro,
B anuTenuanbHOM M BnactemManbHOM KOMMOHEHTax
OMNyXxomnu ornpeaensieTcs CunbHas sgepHas peakuus
c PAX2 — cneuudomyecknin mapkep, aKcnpeccupy-
towmnca B 97% cnyvaeB Hedpobnactomel. BaxHo
NOMHUTb, 4TO PAX2 MOXET TakKe aKcnpeccupoBaTtb-
cs B uMTOonMnasme pabgoMvMobnacTtoB TepaToMaHOW
HedpobnacTtombl. OgHoBpemMeHHo ¢ WT1 B onyxonu
onpegensieTcst ovaroBasi IKkCnpeccus AecMyHa.

BnactemanbHbI KOMNOHEHT YacTO NO3UTUBEH
¢ NSE, CD56, MCK, HO umeeT oTpuuaTenbHyto pe-
akuuto ¢ CD99. PoseTkonogobHble CTPYKTYpbl peLu-
OVIBHOW OMyXOSN MMEIOT MONOXUTENBHYH peakLuio ¢
CD99, S100, NSE, xpomorpaHuHoMm A. B cTpomarb-
HoM komnoHeHTe WT1 Hepegko akcnpeccupyertcs
Bcl-2. B 16,7% cnyyaeB kneTkv HechpobnacTombl 3KC-
npeccupytot TTF-1. XapakTepHa sgepHasa akcnpec-
cua PAX2 B GnacteMansHOM KOMMOHEHTE, o4arosas
peakumsi ¢ WT1 B BrnacteManbHOM M CTpOMaribHOM
KoMmnoHeHTax. OMA — aHTuUTena K anuTenuanbHoMYy
MeMOpaHHOMY aHTUreHy pacro3HalT rpynny Myuu-
HoB. Ki-67 crny>xuT Mapkepom nponudpeparmm KrneTok
1 MCNOMb3yeTCS Kak MPOrHOCTUYECKUIA KpUTEPUIA MPO-
nudpepaTnBHOM aKTUBHOCTU onyxonu [12, 13].

KNMMHUWYECKOE HABINIOOEHUE

MpmBogum cnyyam mopdonorn4eckon Bepu-
dvKauuM KNMHUYECKOTro AuarHosa y naumeHTtkn A.,
2015 ropga poxaeHus (8 net). AKTUBHbIX Xanob Ha
MOMeHT obcnegoBaHust He 6bino. Co crnoB mambl
19.11.2023 r. nosiBMNUCL ©ONM B XMBOTE, BbI3BamNu
CKOPYK MEeOMUMHCKYH MOMOLLb, obpaTtunmucb B ro-
pOACKYH0 OeTckyto 6onbHuuy, rae no Y3U BeisiBreHo
obpa3oBaHVe NEeBOW MOYKM U HaMpaBrieHbl K ypOosiory.
3akntodeHre no pesynsratam KT opraHoB GptoLLHOW
nonoctu (30.11.23 1.): 3nokayecTBeHHOE HOBOOOpaso-
BaHWe NEeBOW MOYKKU, renatocniieHoMeranusi, B CBA3M
C YeM nauueHTka Obina HanpaerneHa Ha KOHCynbTa-
LU0 K OHKOMoOry B ycrnoBusix LleHTpa martepuHcTBa 1
petctea KopnopartusHoro poHaa «University Medical
Center» (r. ActaHa, Pecnybnuka KasaxctaH), no uto-
ram KOTOpou nauneHTke Oblna pekoMeHA0BaHO rocnu-
Tanusauus B otaeneHune oHkonornn-4 KopnopatmeHo-
ro dpoHga «University Medical Center» ¢ 19.12.2023
r. no 02.02.2024 r. C yyeTom aHaMHe3a 3aboneBaHus,
nosiBreHnst bonew B XXMBOTE, AaHHbIX MarHUTOPE30-
HaHcHon Tomorpadun (MPT), KOMMbIOTEPHOW TOMO-
rpacoumn (KT) n pesynsratoB ocMOTpa 3aBefyHLero
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PucyHok 1 — lNouka naumeHTkn A. HapylieHve HedporeHesa: KUCTbl CyOKancynspHOW 30HbI, NPUMUTUBHbIE
Knybou4kM 1 KaHanbLbl (a, 6); KNCTO3HO pacLUMpeHHble KaHarbLbl C CEPO3HLIM coaepunmbiM (B). Okp.: rema-

TOKCUITMHOM 1 303MHOM. YB.: X200

PucyHok 2 — T[loyka naumeHTkn A. [ducnnactuyeckne CTPYKTYpbl C MPUMUTUBHBIMW KaHanbLaMu,
3afieMeHTaMn MeTaHepPOreHHOW TKaHW, He3perbIX CTPOMaribHbIX CTPYKTYp (a, 6, B), rmannHo3 rnoMepyn v
o4arn MmetTaHedpPOreHHow TKaHu (r), MPUMUTMBHbIE KaHamnbUbl (), 3NEeMEHTbI NOYEYHOro AU3reHesa B BUae
MHOroKamepHbIx obpa3oBaHuii 1 apkag (e). Okp.: reMaTOKCUMITMHOM M 3031HOM. YB.: a, 6, B, T, e x100; g x200

NporpaMMoNn CONUAHBLIX OMyxornen nauneHTke Obin
BbICTaBrneH guarHo3 «Hedpobnacroma» un nNpuHATO
pelleHne HavaTb npenonepaumoHHble Kypcbl Monu-
xumuoTepanun (MXT) B TedyeHne 6 Hed., cornacHo
KMMHWYECKOMY MpOTOKOMy feveHns «Hedpobnacrto-
Ma y feteny». Ha ocHOBaHUM aHTPOMOMETPUYECKMX
napameTpoB nauueHTkn (Bec 23,0 kr, pocT 125 cm,
nrowaab noBepxHocTu Tena — 0,88 m?) 6bino HasHa-
YeHo ne4veHue: BuHkpucTuH 1,5 mr/m? B pa3oBoit fose
(PO) 1,3 mr, B cyTodHom gose (CH) 7,8 mr (26.12.2023
r, 02.01.24 r, 09.01.24 r, 16.01.24 r,, 23.01.24 r,
30.01.24 r.) JokcopybuumnH 50 mr/m? — P, 44 wmr, CQ1
88 mr (26.12.2023 r., 23.01.2024 r.) AKTUHOMWLMH 45
mkr/kr — PO 1 035 mkr, CO 3 105 mkr (26.12.2023 r.,
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23.01.2024 r.). lNNeyeHne ocyLlecTBNANOCL Ha doHe
aZlekBaTHOW COMPOBOAMTENBHOW Tepanuu.
Pesynbratel KT opraHoB rpygHOW KNeTku ¢
KoHTpacTMpoBaHuem (29.01.2024 r.): KT-npusHaku
nHeBMounbPO3a HXKHEN 40MM NEBOIO NErkoro, o4a-
roBOr0 YNroOTHEHUS BepxXHeW JOonu NeBOoro nerkoro,
KanbLMHaTa B BEpXHeWn Jorne npaBoro fnerkoro, yme-
peHHoV nogMbllledHor numdageHonatumn. B cpas-
HEHMW C JaHHbIMK OT 22.12.2023 1. 6e3 M3MEHEHUIA.
Pesynbratel MPT opraHoB GproLLHOM NOMOCTH
3a0pIOLLNMHHOIO NMPOCTPaHCTBa C KOHTPACTUPOBaHM-
eMm (31.01.2024 r.): MP-npusHakn obbemHoro obpa-
30BaHus neBoW nouku. JlumdageHonatus napaa-
opTanbHbIX, MNOAB3AOLWHbLIX NUMAAaTUYECKUX Y3roB
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PucyHok 3 — Noyka nauneHTkn A. Onyxonesble CONMAaHblE CTPYKTYPbl pasaeneHbl LUMPOKOWN 30HOM rpy6oBo-
FIOKHWUCTOW COeAMHUTENBHON TKaHu (a, O, B); KUCTO3HblE CTPYKTYPbl Pa3fnmyHbIX pa3MepoB C OCITM3HEHMEM U
Cepo3Ho-remopparm4ecknum cogepxXmmbiM (I, 4, XX), KNCTo3Has TpaHcdopMauums (3), KapunHoOnoaoOHbIe CTPYK-
Typbl (4, K). OKp.: reMaTOKCUIMHOM 1 303MHOM. YB.: X200

(mts?). YmepeHHas renatocnneHomeranus. EguHmny-
Hble KUCTbl BEPXHEro nomtca neson noyku (Bosniak
I). 3acTonHble ABNEHNA B xen4yHom nysbipe. B cpas-
HeHun ¢ gaHHbIMK MPT 0T 21.12.2023 1. — ymepeHHoe
YMeHbLLEHNE pa3MmepoB 06pas3oBaHnsi NEBOW MOYKM.

[wnarHo3 HanpasuBLlen opraHmdauun: C64 —
3ri0Ka4yecTBEHHOEe HOBOOOpa3oBaHWe NeBOW MOYKMU,
KpOMe MoYeyHou noxaHku. KapuvHoma neBon mnou-
KM C MeTacTaTM4ecKkuM MnopakeHWeM NeBOoro nerko-
ro, napaoptanbHbIX, MOAB3OOLLHbIX NMMEOY3NOB.
T1N1M1. I'pynna Bbicokoro pucka. CocTosiHue nocne
npegonepaunoHHblx KypcoB MNMXT (6 Head.). CocTos-
Hue nocne onepauum 05.02.2024 r..

[OunarHo3 3akntouunTtensHbli. OcHoBHoM: C64 —
3ri0Ka4yecTBEHHOE HOBOOOpasoBaHWE MOYKM, Kpome
noyeyHon noxaHkn. KapumHoma nesow noyku. Co-
cTosHMe nocne onepauun ot 05.02.24 1.

MpoBegeHa  onepaums  (05.02.2024 )
08:55/11:05 ZZ0682 WHTY6ALMOHHBLIA  HApKO3.
05.02.2024 08:55/11:05 55.50 lNonHas HedpaKkTO-
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mMus. CpeguHHas nanapotomus. TymopoHedpype-
TepakToMusa cnesa. Jlnmdognccekums. OpeHnposa-
Hne GPIOLLHON NOMOCTH.

Makpockonuyeckoe uccnegoBaHue onepauu-
OHHOro MaTepuana TkaHu noyvku. Makponpenapat
Ne1 — neBasi nodyka, pasmep 7,0x4,5x3.7 cm, mMoye-
TOYHMK anvHon 3,0 cm, npoceeT npoxoamMm. Kancyna
nerko CHMMaeTCsi, MOBEPXHOCTb CEporo LBeTa, rnag-
Kas, Ha paspese B CpefHEM CErMeHTe onpeaensieTca
obpasoBaHue okpyrnon opmsbl, pasmep 2,5x2,2 cwm,
ofHopoAHoe, cepo-benecoBaToro LBeTa, C YeTKUMHU
rpaHyLiaMmn OT OKpY>KaoLLLEN TKaHW, MArKO-aractmye-
CKOW KOHCUCTEHUUKN, MecTamMun ONpeaenstoTca oyaru
OunanenesHoro kKposousnuaHus. KopkoBow crow Ton-
wwmHon 0,2 cm, MO3roBon crnon GrnegHo-KOPUYHEBO-
ro useta. Makponpenapat Ne2 — napaaopTarnbHble
numdoyanel. Makponpenapat Ne3 — napakaBarbHble
nMmdoysnbl  0BOMAHON POPMbI, MSArko-anactude-
CKOW KOHCUCTEHUMK, ceporo uBeTa. bruomarepunan Ha
nccnegoBaHue Obin JOCTaBMNEH B NITACTUKOBOM KOH-
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PucyHok 4 — Noyka nauneHTkn A. B coeauHUTENBHOTKAHHBLIX CENTax NPUMUTUBHbIE TYOYNsiPHbIE CTPYKTYPbI
C pO3eTKOOOpa3oBaHMEM, KINETKM C TMNEPXPOMHbIMU siapamu (a, 6, B); anemMeHTbl MeTaHepOreHHoOM TKaHu,
NPUMUTUBHbIE MENKUe TyOynsipHble CTPYKTYPbI C KNCTO3HOM Tpacdopmaumen (r, 4, €). OKp.: reMaToKCUIIMHOM

1 303nHOM. YB.: X200

TenHepe B 3abycepeHHoM 10% HenTpanbHOM ¢hop-
ManuHe. MaTepran npoBoauncs no obLLEenpUHATON
MeTOoAMKe ANs FMCTONOrM4YecKkoro MccnegoBaHus C
nocrnegyroLwen 3anvMBkon B napaduvH, usrotasnvea-
NUCb Cpe3bl TOMLUHOM 5 MUKPOH. MeToamka okpacku
MUKponpenapaToB — reMaTOKCUITMHOM M 303UHOM.

Mpn 0630pHOM TMCTOMNOrMYECKOM MUCCRenoBa-
HAM Ha CEePUNHBbIX Cpe3ax TKaHu Noykn mbposHas
Kancyna Obina npeacTtaBneHa BOMIOKHUCTOW coeam-
HUTENbHOW TKaHblO, BblAensanca 6ecknybovKkoBbI
cnown, anddepeHUnpoBKka Ha KOPKOBbLIA U MO3rOBOWA
cnon Gbina CTPYKTypupoOBaHa, Knybo4vku n kKaHamnb-
ueBas cucrtema 6binM B OCHOBHOM 3perbiMu, COOT-
BETCTBOBaNM rectaynoHHomy BoapacTy. OgHako B
OTAEnNbHbIX cpe3ax (30Ha OonMyxonu) Mpu COXPaHHO-
CTU OOLlen TMCTOCTPYKTYpbl B KOPKOBOM CrlO€ BU-
3yanuanpoBanucb rpynnbl HE3pernblX NPUMUTUBHbIX
KaHanbLeB OKPYrbiX QOPM C HU3KUM 3MUTENMEM,
HEKOTOpble ObININ KUCTO3HO-paCLUMpPEHbl, MMEeNUch
OLMHOYHbIE CEpo3Hble KUCTO3Hble 0bpasoBaHus,
fornbLue B cybkancynsipHomn 3oHe. Mnu xxe oHn 6binm
pacnonoXeHbl rpynnamMv B BUAE KWCTO3HO-pacLUu-
PEHHbIX MPUYYANMBLIX KaHamnbLEBbIX CTPYKTYp pas-
TNNYHBIX pa3MepoB 1 hOPM B KOPKOBOM CIIOE MOYEK.
BcTpevanuck dhopmupyolmecsa knybouku ¢ oByx- u
MHOrononacTHbeIMy rmomepynamu (puc. 1).

B Apyrux yyactkax Ha CEpUNHbBIX cpe3ax TKaHu
MOYKN Ha POHE COXPaHHOW ObLLEen MMCTOCTPYKTYpPbI
BCTpeYanucb ovaru KaHanbLEeBOW MU KaHamnbLEeBO-Kn-
CTO3HOW pAucnnasvu. [ucnnacTuyeckme CTPYKTypbl
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ObInM npeacTaBneHbl rpynnoBbiMU 0Opa3oBaHUAMMN
M3 NPYMUTMBHBLIX KaHamnbLeB, C Hanuunem aedop-
MUPOBAHHbLIX U POPMUPYIOLLMXCH KITyOOYKOB, KO-
Topble pacnonaranncb Ccpeau BepeTeHOO0BpPasHbIX
BOJSIOKOH COEAMHUTENBHOWM TKaHW, a Takke BU3yanu-
3UPYHOTCS 3NEMEHTbl B MeTaHe(POreHHON TKaHu B
BMOE O4aroBbIX CKOMMEHUA U3 TEMHbIX YANMHEHHbIX
N HENpPaBUITbHbIX OKPYIMbIX OPM KNMeToK. B HekoTo-
pbIX oYarax Avcnnasny obHapyxuBanucb aremMeHTbl
He3penoro rmanuMHOBOro Xpsillia, rrnagKoOMbILLIEYHbIX
KNeToK, BCTPeYanucb eauHUYHbIe rManvHU3MpoBaH-
Hble rIoMepyrnbl, MPUMUTUBHbIE KaHamNbLIEBbIE CTPYK-
Typbl (puc. 2 a, 6, B, I, 4). B Mo3roBom crnoe TkaHu
novek Onuxe K BOPOTHOW 30HE PErmcTpupoBarnochb
Takke (OPMMPOBaHNE MHOFOKaMEPHbIX TyOYnsapHbIX
CTPYKTYP, CTEHKUN KOTOPbIX Oblnv NpeacTaBneHbl LWu-
POKOW 30HON TPyOOBONOKHUCTON COEAUHUTENbHOM
TKa@HW WU TOHKOCTEHHbIMW apKagHbIMU CTPYKTypa-
MW, YTO CMYXUT MOPCONOrMYECKUM IKBUBANIEHTOM
MOYEYHOro AmucreHesa, B TOMLIE CTEHKU apKagHbiX
06pa3oBaHuii ObINU BbISIBNEHbI NPUMUTMBHbIE Ka-
Hanbubl 1 KNy6oyku (puc. 2 e).

Mpn 0630pHOM MCCNEeaoBaHUN TKaHW NoYeK Ha
oHEe COXPaHHOMN MMCTOCTPYKTYpPbI Obir BbISIBNEH aTy-
MUYECKMIA NPOLIECC NOKANbHOro Xapaktepa, KOTopbIl
3aHMMan orpaHMYEHHYH YacTb KOPKOBOIO 1 MO3rOBO-
ro Cnos 1 He BbIXxoaun 3a npeaensl oMbpo3HOM Kancy-
nbl opraHa. BusyanusunpoBanocb dopmupoBaHve
pa3HoobpasHbIX Mo hopme AYEUCTbIX MHOMOMNOMOCT-
HblIX 0BpasoBaHWii, NpeacTaBneHHble TyOynspHbIMU
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PucyHok 5 — I'X-uccnenosaHne matepuana Hepobuoncmm (MMMyHHOEHOTUNMPOBaHWe onyxonu Bunsm-
ca). CD10 (a, 6), CD56 (B, r), CD57 (r, a), Vimentin no hem (e, x) — T-no3ntneHas peakuus; PAX-8 (3, n) —
AN dPY3HO-NO3NTUMBHASNA peakums B pasdHblx 3oHax onyxonu; WT1 — auddysHas nosautuBHasa peakums: saep-
Hoe okpawwmBaHue B briactemHbix kretkax (K, 11); EMA (E29) no hem — oyarosas peakumsi B anutenmnanbHbiX
KomnoHeHTax (M, H); Cytokeratin AE1/AE3 (0, n) — NO3MTUBHAA peakums B anuTenmnanbHbIX KOMMOHEHTax

OMNyXOneBoWn TKaHu

CTPYKTYpaMm 13 NPUMUTUBHBIX KaHamnbLUEB, B APYrux
y4yacTKaxX — U3 KUCTO3HO M3MEHEHHbIX NMPUYyAnnBbIX
opM [0 3HAUMTENBHO PACLUMPEHHBIX TYyOYNAPHbLIX
CTPYKTYpP C HEOOHOPOAHO MEHUCTbIM COAEPXUMbIM
B VX MPOCBETax, B HEKOTOPbIX — C NMPUMECHIO KPOBM.
dopmupytoliMecs sYenctble obpasoBaHus  Gbinn
YeTKO pasgeneHbl Mexay coGo LMPOKMMU NPOCHOi-
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Kamu rpyGOBOSNOKHUCTON COeaMHUTENBHON TKaHu, B
TOMLIE KOTOPbIX BbISABMSAMMCH o4varv MPUMUTUBHBIX
TYGYNAPHbIX CTPYKTYP MEMKMX OKPYIMbIX hOpM, 3nu-
TENUIA B HMUX GblN BaKyonM3npoBaH C rMnepXpoMHbIMM
anpamu. BcTpeyanuce MUTO3bI, UMENINCb OAUHOYHbIE
rpynnbl U3 MENKUX NMPUMUTUBHBIX PO3ETKOOBPA3HbIX
KaHanbLeB, MecTaMy B KUCTO3HbIX CTPYKTypax Gbinu
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PucyHok 6 — T[loyka naumeHTkn A. WIX-uccnegosaHue. [lponudepaTtnBHas aktuBHocTb Ki-67: B
aHannasnpoBNPOBaHbIX y4acTkax — Bblcokasi (a, 6); B CTpOManbHbIX M anMTennanbHbIX KOMMNOHEHTax — HA3Kas

HepaBHOMepHas (B). ¥YB.: a, 6 x200; B x100

CHOPMMPOBaHbI YKOPOYEHHbIE MaNUANsPHO-No4o6-
Hble N3MEHEHMS!, B HEKOTOPbIX y4acTkax — KapLMHO-
Nofo6HbIE M3MEHEHMS U3 MENKUX TYOYNAPHbIX CTPYK-
Typ (pvc. 3).B Tonwe cTeHoK cent, NpeacTaBneHHbIX
N3 XaOTUYECKN PacMoNOXXEHHOW BONTOKHUCTOW TKaHW,
ObINM BbISBMEHbI 04arM U3 rpynn Menkux npumMuTmB-
HbIX TYOYNsApPHbIX 3NIEMEHTOB C PO3ETKOOOpa3oBaHu-
em, sgpa ObInyM MMNepXpoOMHbLIMU, LMTona3ma Baky-
Onn3npoBaHa, HeKoTopble TyOynsipHble CTPYKTYpbI
KMCTO3HO U3MeHeHBbI (puc. 4).

TKaHb MOYETOYHMKA M YalleYHO-NTOXaHOYHOM
30HblI Oblla C COXpPaHHOW TUCTOCTPYKTYPOW, Npo-
pacTaHus OMyXONieBOM TKaHW BbISIBIIEHO He Oblino.
Mpu rucTonornyeckom wKccrnegoBaHMM MaTtepuana
numdarnyeckoro yana obuias rmctocTpyktypa bbina
coxpaHeHa, oTMevanach runepnnasusi MMMGQONLHOM
TKaHW ¢ hopMupoBaHveM NMMAOnaHbIX (OMNNKYIoB
OKpyMbIX hOpM pasnnyHbIX pasmMepoB 0e3 4YeTkon
anddepeHumaumMm MaHTUAHOW 30HbI U LIEHTPOB pas-
MHOXEHMWS. ONeMEHTOB METacTa3MpoBaHUs B JaHHOM
maTtepuvane He ObiO 3aperncTpupoBaHo. BbisiBneH-
Has Mopdponornyeckasi KapTMHa COOTBETCTBOBara rm-
nepnnasum NMMdOonaHON TKaHU (MMMdoageHonaTus).

Ha ocHOBaHUM TMCTONMOMMYECKUX W3MEHEHUN
MOXXHO ObINTIO KOHCTATMPOBaTb HanMumMe TpexdasHou
onyxonu nodvek (Hedpobnactoma) C NPUCYTCTBMEM
MeTaHe(POreHHON TKaHW CO CTpOMarlbHO-3NUTENU-
anbHbIM KOMMOHEHTaMK ¢ hbopMmpoBaHem prbpoa-
OEeHOMaTO3HONOAOOHBLIX CTPYKTYP C KUCTO3HOW TpaHC-
cdopmaumen, nornocTn KOTOpbIX Obin  3amnorfHEHbI
MYLIMHO3HbLIM COAEPXXMMbIM, HEKOTOPbIE — C MPUMECHI0
apuTpounToB. Pedb naet o | ctagum — onyxonbe orpa-
HMYeHa MOYKON M NOMHOCTLIO yaaneHa. bbin BeisBNeH
TakKkKe NoYeYHbIV AMCTeHes, 0 YeM CBUOETENBCTBOBANN
BM3yanu3npoBaHHbIE OYarM KaHanbLEBO-KUCTO3HON
AVcnnasmn, OQMHOYHbIE U MECTaMU MHOXECTBEHHbIE
KUCTbI B KOPKOBOM C0€ MOYeK C yHacTKkaMu MHOroKa-
MEPHOWN KNCTO3HOW TpaHcdopmaLmn.

Takum obGpasom, obocHoBaHME Mopdororu-
YecKomn BepudmrKaumm KIMHNYECKOro AnarHosa 6bino
OCHOBaHO Ha BbISIBMIEHHbIX MCTOMOMMYECKUX M3Me-
HEHUsIX, e UMENO MECTO Hanuyme TaKOW BPOXKOEH-
HOWM MaToMNOrMmM NMoYek, Kak MOYEYHbIN AMCreHes, YTo
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XapakTepu3oBarno HapyLLeHue npoLecca co3peBaHus
TMCTOCTPYKTYPbI B BUAE COXPAHHOCTW HE3penbIX, Mpu-
MUTMBHbIX KaHamnbLEB W [MTOMeEpPYI, o4araMu KaHarb-
LieBO-KNCTO3HOWM ANCMNA3MKN N3 NPUMUTUBHBIX 3MBpUO-
HamnbHbIX TYOYNAPHbIX CTPYKTYP U IMIOMepYyr, KOTopble
MOITIN CAYXWUTb NPEANKTOPOM PasBUTUSA IMOpPUOHarb-
Hol HecbpobriacTuyeckon onyxonu Kkak HedopobnacTto-
Ma C anuTenuanbHO-CTPOMarbHbIM KOMMOHEHTOM C
KMCTO3HOM TpaHcdopmaLmen u hopmmpoBaHmemM u-
Opo3HOa4EHOMATO3HOMOAOOHbBIX CTPYKTYP.

[N yTOYHEHUSA TMCTONOMMYECKOro Tuna onyxo-
nn Bunbmca n gndpdepeHumnanbHoOn AnarHoCTUKN C
OpYyrvMMM BMAaMM HOBOOOPA3oBaHWU MOYEK y AeTen
ObINo NpoBEAEHO UMMYHHOTMCTOXMMUYECKOE Uccre-
OOBaHVE C OCHOBHbIMW MapKepamu, NCNoMb3yeMbIMM
Onst Mopdponornyeckon BepudunkaLmm.

Pesynbratbl uccregoBaHuWst nokasanu, 4To
mapkepbl PAX8, ALR ultra, panCK (MCK) npoge-
MOHCTpMpoBanu Anddy3HO-MO3UTUBHYO peakuuio,
WT1 — andpdpy3sHyro NO3UTUBHYIO peakuuio ¢ saep-
HbIM OKpalLMBaHMeM B brniacteMHbix knetkax. CD10,
CD57, CK7 — nosutuBHyto peakumto, CD58, Cyclin
B1 (CCNB1), Vimentin no hem, EMA — o4aroBo-no-
3UTUBHYI. B anutenunanbHbIX KOMMOHEHTax OMyxo-
nesow TkaHn Cytokeratin AE1/AE 3 npogeMoHcTpu-
poBan no3unTueBHys peakumto, EMA (E29) no hem
— ovaroByto peakumto (puc. 5). Mapkep p40 nokasarn,
YTO UMEET MECTO O4aroBas NIIOCKOKMETOYHasA MeTa-
nnasus aNMTeNus B pacLUMPEHHbIX KaHanbLax.

[Npn oueHke nponudepaTMBHONW aKTUBHOCTU
OMNyXONeBOW TKaHW OTMEYEHa HepaBHOMEpHas CcTe-
neHb aktmeHocTU Ki-67 (B npegenax ot 10 go 45%).
Mpn 3TOM BbICOKas aKTUBHOCTb perncTpupoBanach
B aHannasMpoBUPOBaHbIX Yy4YacTKax CTpOMarbHbIX
CTPYKTYp (puc. 6 a, 6), B anutenuanbHbIX KOMMOHEH-
Tax Habnwpanacb HuW3Kas HepaBHOMEpHasi Nponu-
dhepaTnBHasi akTuBHOCTb Ki-67 (puc. 6 B).

YuutbiBasa, 4to WUIMX-uccneposaHve B npen-
CTaBMeHHOM HabMnAeHU MPOBOAUIOCH NOCKe Nomnu-
XMMmoTepanum CpokoM 6 Hep. (CormacHO MpOTOKOMy
nedyeHus HedpobnacTombl y geten), cnegyert nona-
raTb, YTO HEKOTOpble MapKepbl MOryT AEMOHCTpU-
poBaTb Kak JNTOXHO-MO3UTMBHYIO, TaK U JNTIOXHO-Hera-
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TMBHYIO peakLuu, YTO Heobxogumo y4uTbIBaTb Mpu
nNpoYTEHMM U MOponorndeckon BepugukaLmm Knm-
HMYEeCKOro AnarHosa.

Mpn KOMMIIEKCHOM OUEHKEe KIMHWUKO-nabo-
paTopHbIX OAHHbIX, Pe3ynbraToB peHTreH-, KT- u
MPT-uccnegoBaHuii, TMCTONMOMMYECKON  KapTUHBbI
BbISIBIIEHHbIX M3MEHEHWA B TKaHW MOYEK, a Takke
UMMYHO(EHOTUNNPOBaHMS  credyeT, OnpeaeneHo
HanuuMe TPEXKOMMOHEHTHON HedpobnacTmyeckom
onyxonu C MNPevMMyLLEeCTBEHHbIM MpeobrnagaHnem
3NUTENMAnbHO-CTPOMAITbHOIO KOMMOHEHTa C KUCTO3-
HOW TpaHcdopmaumern n metaHedporeHHon Ona-
cTembl. MOXHO MPUATK K BbIBOAY, YTO TPUITEPOM B
naToreHese OMyxorieBoro npowecca MOr MOCIYyXWUTb
BbISIBIIEHHbIA MOYEYHbIN OU3reHe3 C oyaramu guc-
NNacTUYecKnX CTPYKTYP.

BbIBOObl

1. B peTtckom Bo3pacTe uvalle BCTpedvaeTtcs
aMOpuoHanbHas onyxonb — Hedobnactoma (ony-
xonb Bunbmca), BapuaHTbl 1 popmbl ructonormye-
CKOW KapTWHbI MOTYT BapbUpOBaTh B 3aBUCUMOCTH OT
npeobnagaHnsa ogHOro U3 KOMMOHEHTOB (MeTaHed-
pOreHon TKaHW, KaHanbLEeBbIX CTPYKTYP WX Npoun3-
BOOHbIX ME3EHXMMBbI).

2. Ha ocHoBaHWKM JaHHbIX KNHWKK 3aboneBa-
Hus, KT-, MTP- uccnegoBaHuii 1 Mopdonorn4eckom
Bepudmkaumm, B NnpuBedeHHOM KITMHUYECKOM Criyyae
MOXHO KOHCTaTUpOBaTb HanMyne TPEXKOMMOHEHT-
HOW 3MBpHoHanbHoON HedpobnacTUYeCcKon onyxonm —
onyxonv Bunbmca. NepBbit KOMMOHEHT — BriacTeMHble
KNeTkn MeTaHedpOreHHon TKaHW; BTOPOW — CTPO-
MarnbHble CTPYKTYpbl B BUAE BEPETEHOBUAHLIX KIle-
TOK HEe3pernon BOMOKHUCTON COEAUHUTENBHOW TKaHu,
rMagKOMbILLEYHbIX KIETOK, 3NeMEHTbl MManvMHOBOro
Xpsilla; TPeTUh — anuTenuanbHbli KOMMOHEHT U3
NPYMUTUBHBIX KaHanbLEBbIX CTPYKTYP C KMCTO3HOM
TpaHcdopmaumen ¢ dopMmmpoBaHneMm ubposHoa-
OeHOMaTOo3HOMoA4OOHbIX CTPYKTyp. B coeauHutens-
HOTKaHHbIX cenTax ObInn BbISIBASIOTCS NPUMUTUBHbIE
TybynsipHble CTPYKTYpbI.

3. Mo pesynsratam WIX-nccnegoBaHus
Mapkepbl PAX8, ALR ultra, panCK (MCK) npopge-
MOHCTpUpoBanu A dy3HO-NO3UTMBHYK pPeaKkLuio,
WT1 — gnudodpy3Hyto NO3UTUBHYIO peakumo ¢ aaep-
HbIM OKpalLMBaHMeM B OnacTeMHbix knetkax. CD10,
CD57, CK7 — nosuTtuBHyto peakumto, CD58, Cyclin B1
(CCNBH1), Vimentin no hem, EMA — oyaroBo-no3ntme-
Hyto. B anuTenmanbHbIX KOMMOHEHTax OMyXOfeBOM
TkaHu Cytokeratin AE1/AE 3 npogeMoHCTpupoBarn no-
3uTuBHYtos peakumto, EMA (E29) no hem — ouaroByto
peakuuto. Mapkep p40 nokasan, YTO MMEeEeT MeCTo
ovaroBasi NNIOCKOKIIETOMHAsA MeTannasus annTenns B
paclIMpeHHbIX KaHanbuax. OTMevyeHa HepaBHOMEp-
Hasa nponudepaTtuBHast aktmBHocTb Ki-67 (ot 10 go
45%) B pasHbIX 30HaxX OMyXONeBON TKaHU.

4. B onncaHHOM KITMHUYECKOM Cly4ae BbIsiB-
NIEHO TaKKe Hanuime BPOXAEHHON MaTonornym novek
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(noYeyHbIV OncreHes), YTo UMero NaToreHeTuYeckoe
3HayeHue B pasBUTUN IMOPUOHANBLHONW OMyXOosu.
MopdonorMyecknm 3KBMBANIEHTOM MOYEYHOro Aunc-
reHesa Nocny>unu BbisiBMEHHblE Ha (POHE COXpaHHO-
CTV TMCTOCTPYKTYPbl AMUCNNACTUYECKNE SMEMEHTLI B
BMOE NPUMUTMBHBIX KaHanbLEB, HanuMune MmetaHed-
pOreHHoW GrnacTeMbl, HE3PENnoro rmasniMHoOBOro Xps-
Wa, rnagKkoMbILEYHbIX KMETOK U MyYKOB He3pernoW
BOMTOKHUCTOW COeAMHUTENBHON TKaHW.

Bknad asmopoe:

M. M. Tycyn6ekoea, b. A. N6panumos, J1. M.
CtabaeBa — KoHuUenuus, AusanH, cbop, aHanus,
WHTepnpeTauus pesynsTaToB.

B. A. Mbpanwmos, J1. M. Crabaesa, . M.
LLlanmapgaHoBa — HanuMcaHue TeKcTa, KpUTUYECKUn
NepecMoTp ero CoaepXKaHusl.

J1. M. CrabaeBa, . M. lWanmapgaHosa, M. C.
YceeBa — yTBEpXXOEHWE OKOHYaTENbHOrO BapuaHTa
cTatby ans nyonukauumu.

I M. WanmapgaHosa, M. C. YceeBa — nsydeHue
N peLleHne BONPOCOB, CBA3aHHbIX C JOCTOBEPHOCTLIO
AaHHbIX UMW LLeNoCTHOCTBLIO BCEX YacTel pyKonucu.

KoHdbnnukm uHmepecoe:
KOHGNMKT MHTEPECOB He 3asBrEH.
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Nephroblastoma is the most common high-grade embryonic tumor of the genitourinary tract in children.
Considering the violation of the processes of nephrogenesis, it should be assumed that congenital renal
dysembriogenesis is important among the pathogenetic mechanisms of nephroblastoma formation. The
trigger of the tumor process can be elements of foci of dysplastic structures in the form of primitive tubular
structures and metanephrogenic tissue in children at risk born to mothers with a complicated pregnancy and
the presence of somatic kidney pathology.

The article presents a case of morphological verification of a clinical diagnosis in an 8-year-old patient.
This clinical case demonstrates that when making a clinical diagnosis, it is necessary to carefully collect the
medical history of the disease, find out the gestation period and features of the course of pregnancy, the
presence of risk factors that could affect the features of the intrauterine development of the fetus and newborn,
and the histogenesis of the kidneys. Taking into account the comprehensive approach to the differential
diagnosis of the pathological process, it is necessary to evaluate the results of modern methods of radiation
diagnostics and additional research methods.

The described clinical case proves once again that a multidisciplinary, integrated approach should
be applied when making a clinical diagnosis. In the morphological verification of the clinical diagnosis, it is
of great diagnostic importance to conduct an immunohistochemical study to determine the phenotype and
proliferative activity of the tumor.

Key words: nephroblastoma; embryonic tumor; Wilms tumor; morphogenesis; morphological verification;
integrated approach
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Hedpobnactoma — 6ananapgafbl HECEN-XbIHbIC KOMNAAPbIHbIH, €H, KeN TapariFaH >Xofapbl katepni am-
OpuoHanbapl iciri. HedpporeHes npouecTepiHiH Oy3biyblH eckepe oTbipbIn, HedpobnacTtomaHbiH nanga 6o-
NybIHbIH NaToreHeTuKanblk MexaHuamaepi apacbiHga Tya GiTkeH Oylipek av3embpuoreHesi MaHbI3gbl gen
caHay Kepek. ICik MpoLecCiHiH, Tpurrepi XYKTIiNIKTiH ayblp afbiMbl XxaHe OYMPEKTiH comaTuKarblK NaTonormsichbl
Oap aHanapgaH TyblniFaH, Toyeken TobbiHAaFbl 6ananapgarel kapabarbip TyOynapnbIK KypbinbiMgap MeH me-
TaHedporeHaik TiH TypiHAeri gucnnacTykanbiK KypbiibiIMAapablH OLaKTapblHbIH 311eMeHTTepi 60nybl MyMKIH.

Makanaga 8 xacTafbl HayKacTa KnMHUKarnblk AnarHo3abl Mopdonorsablk TEKCEpY XKarFaarbl KenTipin-
reH. byn KNMHUKanbIK Xxafganm KIMHUKanbIK AuarHo3 Kok KesiHae aypyablH aHaMHE3iH MYKUAT XUHAY, XKYKTIfiK
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Mep3iMi MEH XYKTIifMiK afbIMblHbIH, €PEKLIENIKTEPIH, YPbIKTbIH XoHe XaHa TyFaH HOPECTEHIH, XaTbIpiLllinik gamy
epeKLLenikTepiHe »aHe Bypek MrcToreHesiHe acep eTyi MyMKiH Kayin dakTtopnapbiHbIH 60MNybIH aHbIKTay Ka-
XKEeT eKeHiH KepceTeqi. [NaTonormanelk NnpouecTiH, auddepeHumanibl OMarHOCTUKAChIH XYPridyaeri KeweHai
TocCingi eckepe OTbIpbIM, Caynenik AMarHOCTUKaHbIH, 3aMaHayn adicTepi MEH KOCbIMLUIA 3epTTey SAiCTEepPiHiH
HoTWXenepiHe Oara 6epy KaxeT.

CvinatTanfaH KnMHUKanbIK Xafgan KnuHuKanblk QuarHo3 KoK KesiHAe Kerncanarnbl, KeleHai Tacin Kor-
OaHbInybl KepeK eKeHiH Tafbl Oip peT ganenaenai. KnuHukanblk gnarHosnbl Mopdonormsanbik TEKCepy KesiHae
iCiKTiH, dbeHoTMNi MeH nponudepaTnBTi 6enceHAiniriH aHbIKTay YLiH MUMMYHOTUCTOXUMUSITILIK 3€PTTEY XKYpPridy-
OiH OMarHocTuKarnbIKk MaHpl3bl 30p.

Kinm ce3dep: HeppobnacToma; ambproHanbbl icik; Bunbmc iciri; MopdoreHes; Mopdonornsnbik Bep-
durKaums; kewweHai Tacin
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Pak monoyHon xenesbl (PMXK) 3aHMMaeT nuanpyoLLyo NO3nLMIO Cpeam BCeX OHKONOrmyeckmnx 3abo-
nesaHun. ExerogHo peructpupyetca 6onee 2,3 MIIH HOBbIX Cly4aeB, a CMEPTHOCTb npesbIwaeT 670 ToiC.
B Pecnybnuke KasaxctaH 3aboneBaemMocTb HeYKIMOHHO pacTeT (B 2024 r. nepBuyHasl 3aboneBaeMocTb CO-
ctaBuna 204,8 Ha 100 Tbic. HaceneHus), npu atoM 94,3% cny4vaeB BbisBnAOTCA Ha | — Il ctagusax, a 82%
3ab0neBLUMX COCTaBNAOT XEHLLUMHbI aKTUBHOMO TpygocnocobHoro Bo3pacta (4o 65 net), 4To nogyepkuBaeT
coLmManbHO-3KOHOMUYECKYHO 3HAaYMMOCTb COXPaHEHUS KadeCTBa XU3HW.

PapukanbHasi MacTaKTOMUSI OCTaeTCs CTaHO4APTOM XMPYPrUYEcKoro neveHusi, obecnevnBasi OHKOMNOru-
yeckuii pagvkanvam. OgHako noTepsi MOMOYHOM XKenesbl (opraHa, onpedensoLLEero XXeHCKYH MAEHTUYHOCTb)
NPMBOAUT K NCUXO3MOLMOHANBHBIM PACcCCTPONCTBaM U coumanbHon cturmatmudaumm. OQHOMOMEHTHAsA PEKOH-
CTPYKUMS MMMNIAaHTaTOM NO3BONSAET COBMECTUTb PafMKanmam M 3CTETUKY, yrydllas rncUxXorormyeckoe CocTo-
SIHME MaUMEHTOK U CHWXas MHBanuam3aumio. KnroueBbiM dhakTopoM ycnexa siBrsieTcsi BbIoop oUKCUMpYOLLETO
Matepuana ansa ykpenneHus HUXHero nontoca umnnaHTtarta. VIMeHHO oT 3Toro 3aBUCST YacToTa M TAXeCTb OC-
NOXHEHUN (CepoMa, UHAEKLMSI, HEKPO3 KOXKHOIO NOCKYTA, KancynspHas KOHTpakTypa, noTepst umnnadTara), 4o-
cturatowme 20-35%. TpagmumoHHas akcunnapHas numdoguccekums (A1) npu onepaTtnBHoM nedveHun PMXK
accoummpoBaHa € BbICOKMM puckoM numdenemsl (20-40%), UTO CyLLECTBEHHO BMUSIET HA KAYECTBO XXU3HMU.

B cTtaTtbe onucaH KIMHUYECKWIA criyvar naumeHtkun 34 net ¢ niomuHanbHbeiM B, HER2/neu-otpuua-
TenbHblM noatunoMm PMJK, nony4vasllen HeoaabloBaHTHYO XuMuoTepanuio. Mpu xmpypruyeckom rnedeHum
npoBefeHa pagnkanbHash MacTaKTOMUSA C OAHOMOMEHTHOW PEKOHCTPYKLUMEN MMMMaHTOM U CETKOW, a Takke
BbINONHEHa npodunakTnieckas numdarmndeckas pekoHcTpykumsa Bo Bpemsa AJl[. MNocneonepauynoHHbIn ne-
pviog npoTekan 6e3 oCroXHEHWIN, NPU3HAKOB Numdenemsl B AuHaM1U4eckom HabnogeHum (6 mec.) BbisiBne-
HO He Obino. Criyyan AeMOHCTPUPYET MHTErpaLmio COBPEMEHHbIX NOAXOAOB: NauueHTke 6bino npoBedeHo
onepaTVBHOE BMeLLATENbCTBO (MNOAKOXHAS pagukanbHast MacTaKTOMUSA C OQHOMOMEHTHOW PEKOHCTPYKUMen
WUMMNAHTOM, YKIMENSIEHWE HWKHEro Monca MMMaHTa MNonunponmuineHoBON CETKOW, BhINOMHEHWe Guoncum
CUrHaneHoro nMMdoysna n nHTpaonepaumoHHoe ctagupoBaHue (N-ctatyca) ¢ npumeHeHvem |ICG-numdo-
rpacdun), ganee no nokasaHuam Gbina BbINOMHEHA pacluMpeHHas nuMmdoanccekumnsa 1-3 nopsiaka, ogHOMO-
MEHTHOE HarnoxeHve NMMMAOBEHYMNSPHOrO aHacTomMo3a C Lenbio NpodunakTuku numdenemei.

OnucaHHbIN KOMMIEKCHBIN NOAXon B NiedeHumn naumneHTok ¢ PMXX BaxeH ansa Pecny6nuku KasaxcraH,
roe HabrogaeTcsa pocT Yncna monofgbix naumeHTok ¢ PMXX n orpaHnyeH JocTyn K peKOHCTPYKTUBHBIM U MU-
KPOXMPYPrMYeCKUM TEXHOMOTUSIM.

Kntouessbie criosa: pak MOMOYHOW Xenesbl; OHKONOMS; PEKOHCTPYKLUSA MONOYHOW XXenesbl UMMNNaHTOM;
nnmdocTas; MIMMQOBEHYNAPHbLIA aHAaCTOMO3

BBEOEHUE 3aboneaHui [1, 2]. Mo gaHHBIM MMPOBOWM CTaTUCTU-

Mo AaHHBIM MMPOBOW U OTEYECTBEHHOW CTaTU- KU, PErUCTPUPYETCH OKOMO 2,3 MIH HOBbIX CNyyaeB
CTUKW, pak MonoyvHom xenesbl (PMXX) 3aHnmaeTt nu- PMX B rog, a no pesynstataM OT€YECTBEHHbIX UC-
OVPYIOLLYIO MO3ULMIO B CTPYKTYpE OHKOMornmyeckux cnepoBaHui 3a 2023 r. 6bino 3apernctpupoBaHo 5
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505 HoBbIX cny4yaes, 4To Ha 334 cny4yas bonbLue Yem
B 2022 r. [2, 3].

PMXX Hepeagko npoTekaeT arpeccuBHO, 4TO
TpebyeT wHAMBMOYyaNn3MpoBaHHOrO Bblbopa Tak-
TUKKN nedveHus [4]. B ocHoBe BbiGopa cTtouT nogbop
onTuManbHOro GanaHca Mexay pagvkanuamom one-
PaTUBHOIO JIEYEHNS] U COXPAHEHNEM €CTECTBEHHOMN
acTeTukn opraHnsma. CoBpeMeHHbIe UcCneaoBaHms
MoKasblBalT, YTO yTEeps BTOPMYHbLIX MOMOBLIX MpU-
3HAKOB HEraTMBHO BMMSIET HAa 3MOLMOHANbHOE CO-
CTOSIHME MAaUMEHTOK N MOXET NPMBECTU K couuarnb-
HoW cTurmaTtmnsaummn. Micxoast 3 aton notpebHocTn B
PYTVHHYIO MPaKTVKy OHKOMaMMOIIOrOB BHEOPSIETCS
PEKOHCTPYKLMSA MOMOYHOW XKernesbl C NCMONb30BaHU-
eM umMmnnaHTa [5, 6, 71.

OpyrMm BOMpOCOM, 3acryXuBalLWUM BHMMa-
HUS, SBNSIETCA BOMNPOC BTOPUMYHOW nNuMdenemsl no-
cne pagukanbHon numdoanccekumn [8]. Ons npo-
(PUNaKTUKM OaHHOro MNaToNOrM4Yeckoro COCTOSAHMS
Takke BHegpsieTcsl GUoncms CTOPOXEBBLIX NMMAOy3-
noB (BCIY) [9]. OgHako cyLiecTBYET psig COCTOSIHUMN,
Korga nokasaHa pagvkanbHas onepauus (akevmnnsp-
Has numdoanccekums), a TaKke MMEeHTCs rpynnbl
naumMeHToB C MEpPBUYHOM crnabocTbio numdarmye-
CKOW CUCTEMbI, KIMHUYECKOW MaHudecTaumm KoTo-
pov cnocobCcTByET NoTepst AaKe eAUHUYHBIX NMMda-
TUYECKUX Y3I10B.

[na HuBenupoBaHus nuMmdocTasa B HacTos-
Lee BpeMsi NPMMEHSIETCA NpodunakTnyeckoe Haro-

PucyHok 1 — NauuenTtka K., PMX, 0o onepauun
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XeHune nMMdoBeHYNSApHbIX aHacTomo3oB [10]. OgHako
JaHHas onepaums sIBNSETCA peCcypcoemKon, TpebyeT
cneumanbHo oby4YeHHbIX cneunanmcToB B obnacTu cy-
NEPMUKPOXMPYPIUN U HE MMEET LUMPOKO pacnpocTpa-
HeHusi Ha TeppuTopumn Pecnybnuku KasaxcrtaH.

KMMHNUYECKOE HABNIOOEHUE

MaumenTka K., 34 r., noctynuna B NnNaHoOBOM
nopsigke B LleHTp xeHckoro 3gopoBbs TOO «Ha-
LMOHAIbHbIA HayYHbIA OHKOMOrMYeckun LeHTp» (L.
AcTtaHa, Pecnybnuka KasaxctaH). lNpu 06bEKTUBHOM
OCMOTPE MOJOYHbIE Xenesbl CUMMETPUYHbBIE, COCKU
He BTSHYTbl. [1pn nanbnauun — B FIEBOW MOSOYHOM
Xerese B BEpPXHE-HAaPY>XHOM KBafpaHTE WMENOCb
obpaszoBaHue 2,0x3,5 cM, C HEYETKUMW KOHTypamu,
NSOTHON OEPEBAHUCTON KOHCUCTEHLUMMU, HEeNnoaBUX-
HOe, CMasiHHOe C OKpyXawwumu TkaHamu. [Mepu-
thepudeckme nNUM@Oy3snbl NanbNatopHO He umenwu
N3MEHEHWUI.

l'mcTonorudeckoe 3akntoyeHne (22.11.2024 r.):
WMHBa3UBHAas KapLMHOMa MOJTOYHON Xernesbl Hecnew-
ndunyeckoro Tuna, cpegHemn cTeneHn 3rnoKavyecTBeH-
HocTh, GIl. Pesynbratbl MMMYHOTMCTOXMMUYECKOTO
nccneaoBaHus: peuenTopbl acTporeHa — 8 6annos,
peuenTopbl nporectepoHa — 0 6annoe, HER2/neu —
oTpuuartenbHbii, Ki-67 — 40%. o aaHHbIX ocTanb-
HbIX WCCMeagoBaHMN NAaTONMOMMYECKUX U3MEHEHUMN,
CMOCOBHBIX MOBNWATL HA TaKTUKY U pe3ynbraT neve-
HUS U UCCNeAoBaHus, He Obino.

08.07.2025 r. B cteHax HHOL] nposeaeHo 3a-
cefaHve MynbTUAMCUMNIMHAPHOW rpynnbl, MO pe-
LLIEHMIO KOTOPOro NauneHTke ObiNo pekoMeHOOBaHO:
1) onepatuMBHOE reyeHne B oOObeMe: MOAKOXHAas
MacCT3KTOMUSI C OOHOMOMEHTHOW pPEeKOHCTPYKUUen
umnnaHTom cnesa, BCIY ICG numdorpadguen cne-
Ba; 2) npu N+ agbloBaHTHast nyyesas Tepanus; 3)
aabloBaHTHasi ropMOHOTEpanus B TedyeHne 5-7 net.

—

PucyHok 2 — lMauueHnTka K., nocne pagukansHomn
MacTaKTOMWUK C NiMMmdpoauccekumnen cnesa ¢ OAHOMO-
MEHTHOW PEKOHCTPYKLUMENn MMNNaHToOM, BUA cnepeau
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PucyHok 3 — lNMauueHTtka K., nocne pagukans-
HOW MacT3KTOMUM C NUMAOaNCCEKLMEN crneBa C
O[JHOMOMEHTHOWN PEKOHCTPYKLMEN WMMNNAHTOM,
BuA cOOKy

Ta6bnuua 1 — O6bem oTAENAEMOro No ApeHaxy

PucyHok 4 — lNMauneHTtka K., nocne pagmkansHOM MacTak-
ToMMM € nNumdoanccekumen crneesa ¢ OAHOMOMEHTHOW
PEeKOHCTPYKUMENn UMNNaHToM. nnHa okpyXHOCTU KOHeY-
HocTeln 6e3 n3MeHeHun

nosg::;(: 1cyT 2 cyT 10 cyT 1 mec. 3 mec. 6 mec.
0 mn 0 wmn
Al 90 mn 75 mMn 50 mn (gHTﬂ)T Ha 10 ( aHL-liheM;QI/I) (oaHHbIE | (OaHHbIE
Y A Y3U) Y3u)
Net Ne1 BepxHWit 1-2 mn
Ne1 BepxHWUA | BEpPXHUN — 1 - P (no Y3W,
. . —10 mn (cHAT HA 7
MmnnaHT ~40 M, 50 mn; cyT); «cnenel 0 mn 0 mn
Ne2 HWXHUM — Ne2 - XKNOKOCTU
40 mn HWXKXHUIA — NQ(ZC :::K:;V'I](;;OTI)\AH BOKypr
40 mn y nMmnnaHTa)
Tabnuua 2 — [InvHa OKpY>KHOCTM KOHEYHOCTH
KoHe4yHOCTb 1cyT 2 cyt 10 cyT 1 mec. 3 mec. 6 mec.
JleBas 23 cm 23 cm 22 cm 22¢cm 21 cm 21 cm
MNpaBas 22 cm 22 cm 21 cm 21 cm 21 cm 21 cm

15.07.2025 r. naumeHTKka Gbina rocnUTanuau-
poBaHa B cekTop Mammornorun HHOLL, rge 6bina oc-
MOTPEHa nccneaoBaTenbCKON rpynnon, Aana corna-
Cue Ha yyacTue B nccnegosaHum (puc. 1).

16.07.2025 r. nauMeHTKe B pamkax uccreno-
BaHUs Oblna npoBedeHa onepauusi B crieqyloLlem
obbeMe: pagukanbHas MacTaKTOMMS ¢ numdoguc-
ceKkumen cnesa ¢ OAHOMOMEHTHOW PEKOHCTPYKLMEN
UMMNAAHTOM M MOMUMPONUNEHOBON CETKOW M Hamo-
XKEHMeM NpoUNaKTUYECKNX  NUMGOBEHYNSAPHBLIX
aHacToMo30B. B xope onepauun naumeHTke Obin
YCTaHOBMEH UMMNAHT MOMOYHON Xene3bl CUNTMKOHO-

Meouyuna u sxonoeus, 2026, 3

Bbln Polytech (FfepmaHus) ¢ MUKPONONUypeTaHOBOW
nosepxHocTblo Mete MHS — High Profile o6bemom
280 mn, 3aBepHYTLIM B YaCTUYHO paccacbkiBaloLLyo-
cs1 komno3suumoHHyto cetky ULTRAPRO® 30 x 30 cm
(«Ethicon», Johnson & Johnson), ans npodunaktukm
MUrpaummn nMmnnaHTa n opMMpoBaHNS KancynspHom
KoHTpakTypbl. [ocne AJI nytem npokpalumBaHusi
nuMmdaTUyYecKmx NPoOTOKOB MHAOLMAHUHOM 3efeHbIM
6bIN0 HanoxeHo 3 NMMEOBEHYNSAPHBIX aHAacTOMOo3a
HuTtbto Dafilon® 11/0 («B. Braun», FepmaHus), ans
NpounNakTUkM numdeaemsl 1 numdoppen ns one-
paunMoHHOM paHbl (puc. 2, 3).
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[anbHelwee HabnogeHne 3a NaUUEHTKOWN
OCYLLECTBIIANOCh B TedeHne nepuoga rocnuranmsa-
umm kaxgple 24 4., Ha 10, 30 cyT, yepe3 3 n 6 mec.
nocne BbIMUCKN N3 CTauuoHapa COrfiacHO NPOTOKOIy
uccriegoBanus. C cdukcaunen cnegylowmx napame-
TpoB: 0o6Liee cocTosHMe, ypoBeHb 60nM no BM3yarnb-
HO-aHaroroBoW LWKarne, COCToAHME paHbl (Hanunyne/
OTCYTCTBME HarHoeHusi U/MnnM pacxoXgeHws), KoTo-
pble OCTaBanMcb CTabubHLIMU B TE4EHNe Habnoge-
HWS1, KONMYECTBO OTAENSAEMOrO MO APEeHaXaMm, CPOKM
yOaneHus OpeHaken, ANvHa OKPYXHOCTU BEPXHUX
KOHEYHOCTEN Ha yPOBHE: OCHOBaHWe 2 nanbLa, HUX-
HSI, CpenHss, BepxHsas 1/3 npeanneybs n nneva.

O6bem oTgensemoro no gpeHaxy B obractu
numdoanccekuumn gOcTur makcumyma (70 mn B cyT),
nocteneHHo cHmauncs go 40 mn/cyT n 6bin yaaneH
Ha 10 cyt. O6bem oTaensemoro no gpeHaxy B 06-
nacTv yCTaHOBKW MMMMaHTa 4OocTur makcumyma (50
Mn/cyT), nocteneHHo cHuauncs go 40 mn/cyT n 6bin
yaaneH Ha 9 cyt (Tabn. 1).

MauneHTka Gbina BbINUCaHa U3 cTauMoHapa Ha
6 cyT nocrne onepauun. 3a nepuod HabnogeHnss npu-
3HAKOB PacCXOXOEHWUsl, MHPMLMPOBaHNS KpaeB paHbl
He ObIno. [InMHa OKPY>KHOCTU KOHEYHOCTEW 3a Nepuog
HabrtogeHus He nameHunack (Tabn. 2, puc. 4).

CyObeKkTMBHO MNauMeHTka He owyuiana Aauc-
KomdopTa, 06beM ABMKEHUIN B BEPXHEN KOHEYHOCTM
Ha CTOpPOHE MepeHeCceHHOW onepauuyv He U3MEHUI-
ca. CocTosiHne obnacty NacTuKK Tak e He UMENo
NaTonorMyecknux N3MeHeHu 3a Becb nepuog Haobno-
aeHns (puc. 2).

OBCYXOEHUE

B mMypoBoOI npakTuke 0OOHOMOMEHTHasi PEKOH-
CTPYKUMSI MOJTOYHOW Xenesbl UMMNaHTOM 1 npodu-
NakTU4YecKoe HanoXeHne nMMEOBEHO3HOIO aHaCTo-
MO3a MOCTEMNEHHO HAa4YMHaKT BXOAWUTb B PYTUHHYHO
npakTuKy. Takoe codeTaHue METOAMK HanpaBreHo He
TONBbKO HA BOCCTAHOBMIEHME aHAaTOMMYECKON LernocT-
HOCTU, HO 1 Ha NPOUNAKTUKY NMMMdEeaeMbl BEPXHEN
KoHe4yHocTwn [10, 11].

HecmoTps Ha akTyanbHOCTb JaHHOIo Noaxoaa,
ero LLIMPOKOe NPUMEHEHNE OCTAETCA OrpaHNYEHHbBIM
B Pa3BUBAOLLMXCS CTpaHaX, B YaCTHOCTU Ha Teppu-
Topun Pecnybnukn KasaxctaH. 3To 0bOycrnoBreHo
HeobXOAMMOCTbLIO MCMOMb30BaHMSA AOPOroCTOSALLENO
obopynoBaHus (onepaumoHHbBIN MUKPOCKON, CUcTe-
Mbl PIIHOOPECLEHTHONW BM3yanusauun, UMNaHThbl), a
TaKkKe BbICOKOM TEXHUYECKOW CIIOXHOCTbIO BMeLla-
TenbCcTBa, TPEOYHOLLEN COOTBETCTBYHOLLEN NOATOTOB-
Kn n kBanudukauyum xmpypros [10, 11, 12].

CornacHo gaHHbiM F. Bucher n P. M. Vogt,
37,6% nauneHTOK CTankmMBalTCA C OCIOXHEHUAMMU,
TpebyLWwUMN 3aMeHbl NN yaaneHusa MMMnaHTa, B
TeYyeHne nepBoro MONyrogus Mnocrne onepaTuBHO-
ro smewartensctea [13]. [pn 3TOM ANUTENBHOCTb
rocnuTanu3auum y QaHHOW KaTeropumv MauueHToK
pocturaet 10-14 cyt [12, 13]. OnucaHHbI cry4van
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nokasblBaeT Hann4yne COCToATENbHOW NNacTUKN B Te-
YeHve neproga HabnogeHusl, ¢ OTCYyTCTBMEM Xanob
CO CTOPOHbI MMMIaHTa 1 NAacTUKN B LIENOM.

HeobxogMmMo OTMETUTb, YTO MNOAMbILIEYHas
NMMAOONCCEKLMA MOXET NPOBOLMPOBaThL ANUTENb-
Hyl0 NTMMAOpPPEI C MOCTENEHHbIM Pa3BUTUEM NNM-
docTasa. [py aTOM cpegHsas ANUTENBHOCTb CTOSTHUS
OpeHaxa cocTtaBndet 7,9+3,3 cyT, ANUTENbHOCTb ro-
cnvtanudauun — 11,4+3,3 cyT [14, 15]. OnucaHHbIn
KITMHWYECKMIA CcnyyYan npogeMoOHCTpupoBan 6 cyT
NpebbIiBaHMSA NALUEHTKN HA CTAaLUMOHAPHOM feveHny,
yoaneHve gpeHaxa Ha 10 cyT m nonHoe coxpaHe-
HWEe ONMHa OKPYXHOCTM KOHEYHOCTEW, B TO BPEMS
Kak nMTepaTypHble UCTOYHWKN OMMCLIBAKOT pasBuTue
numdenembl y 22,9% naumeHToK B Te4eHME NeEPBOrO
nonyrogusi nocne onepauun [14, 15].

Takum 00pa3oM, OMUCaHHbBIA  KIMHUYECKUIA
cryyan, WnMCTPUPYET TEXHUYECKYHD BO3MOXHOCTb
BbIMOMHEHNS [AHHOrO Moaxoda B OTEYECTBEHHbIX
ycnosusix. Heobxognmo OTMETUTb, YTO OMUCAHHOE
onepaTMBHOE BMeELLATENbCTBO ObINO  BbIMNOMHEHO
cotpygHukamu TOO «HaumoHanbHbIA Hay4HbIA OH-
konormnyeckun ueHtp» (HHOL) (r. Actana, Pecny-
6nuka KasaxctaH) B pamKkax wuccregoBaHui, Ha-
MpaBreHHbIX HA ONTMMM3aUMIO Ne4eOHON TaKTUKK 1
BHEOPEHMNE COBPEMEHHbIX PEKOHCTPYKTUBHbLIX TEX-
HOMOrun. YKasaHHble MCCIeLoBaHUSA peanuayrTcs
B pamkax [lporpaMMHO-LeneBoro oMHaHCMpOBaHS
BR24992950-0T-24 «Co3gaHne n BHegpeHne UHHO-
BALMOHHbIX METOAMK JIEYEHUSI OHKONOMMYECKUX 3a-
GoneBaHWin», NPEAOCTABNEHHOIO C LENblo pa3BuTUS
NMPUOPUTETHBLIX HanpaBIieHWA OHKOJTOMMYECKOW Mo-
moLm B Pecnybnvke KasaxctaH. [Mocne okoH4YaHus
MporpamMmHo-LeneBoro MHaHCMPOBaHNUS MMaHUpy-
€TCsl BHEAPEHNE OMMCaHHOW METOAMKN B PYTUHHYIO
npaktuky HHOLL ¢ nocnepytowen TpaHcnsuven B
pervoHanbHble LEHTPbI.

BbIBOObI

1. TexHuyeckasi  8bIMOSIHUMOCMb  KOM-
rrekcHoeo nodxoda. MNMpencTtaBneHHbIN KINMHUYECKUIA
cny4dan OeMOHCTPUPYET TEXHUYECKYHD BO3MOXHOCTb
N 6e30nacHOCTb OAHOMOMEHTHOIO BbIMOJTHEHNS pa-
OVKanbHOMW MacT3KTOMUM C PEKOHCTPYKUMEN MOJI0oY-
HOW >Kernesbl C UCMOSb30BaHNEM MONUMNPONUITEHOBOM
CETKM N UMMMaHTa B COYETAHUM C MpodounakTnye-
CKMM HanoXeHnem nmMMOBEHYISAPHBIX aHaACTOMO-
30B B YCINOBUSIX OTEYECTBEHHOIO OHKOJTIOMMYECKOro
LeHTpa.

2. lNonoxumernbHble paHHUE pe3yribma-
mbl. Tlocne pacluMpeHHOro XMpypruieckoro BMeLLa-
TENbCTBA Yy MaUWEHTKM ObINIo OTMEYEHO OTCYTCTBUE
NMPU3HaKOB KamncyrsipHOM KOHTPakTypbl, MUrpaumm
UMMNIIaHTa, a Takke WHM(EKLMOHHBIX OCIOXHEHUNA.
[peHaxn 13 30HbI PEKOHCTPYKUMM U aKCUNNSPHOM
anccekummn obinn yaaneHsl Ha 10 cyT, 4TO COOTBET-
CTBYyEeT CpefHUM MMPOBbLIM Mokasartensam. Onutenb-
HOCTb CTaLUMOHapPHOrO fieYeHnst cocTaBuna 6 cyT.
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3. BAbbekmusHocmb npogburiakmuku
numgpedembi. [lpyMeHeHne CynepMUKPOXMpYpPru-
YECKON TEXHWKU HanoXeHus nMMAOBEHYMSIPHbIX
aHaCTOMO30B MO3BOMWIIO NPEeAoTBpPaTUTL pa3BuUTUE
numdenemsl BepxHen KOHEYHOCTM B paHHUI NOCneo-
nepaumoHHbIN nepunoa (Cpok HabrntogeHus — 6 mMec.).
O6bem oneprMpoBaHHON KOHEYHOCTU OCTaBarsica cTa-
OWNbHBbIM, CYOBLEKTMBHBIX Xanob Ha guckoMdopT
UK OrpaHnyeHne OBWKEHNA HE OTMEYEHO.

4. lNepcnekmuebl  8HedpeHus.  OnbIT
YCMELUHOIO MPUMEHEHUS OMUCAHHOIO KOMIMITEKCHOIO
XUpypruyeckoro nogxoda OOOCHOBLIBAET LENeco-
06pasHOCTb ero JanbHenWero U3y4YeHus B pamkax
3annaHMpoBaHHbIX Hay4HbIX WCCNegoBaHWA W Mo-
crnefywoLlero BHEAPEHNsSI B PYTUHHYIO KITMHUYECKYHO
NpaKkTUKy He TOMbKO B CMeuuanu3MpoBaHHbIX LIEH-
Tpax, HO U B PEervoHarnbHbIX OHKOMOrMYECKNX Y-
pexaeHusax Pecnybnuku KasaxctaH. 310 mossonut
YMyYLWUTb OHKOMOrm4eckue n pyHKUMoHanbHbIe pe-
3ynbraThl IeYEHNS MOMOAbIX NaLMEHTOK C pakoM MO-
FNIOYHOMN Kene3abl, MOBbICUB UX Ka4eCTBO XXU3HW.

Bknad aemopoe:

B. b. ©Hanua, A. K. Ouran — KoHUenuus u
Ou3aliH nccneaoBaHus.

A. K. Ouran, A. K. CagBakacosa, A. A. EpekeLy,
A. B. Orusbaea — cbop n obpabotka matepmana.

B. B. ©Hanug, A. K. CagBakacoBa — HanucaHue
TekcTa.

A. B. OrnsbaeBa — pegaktnpoBaHue.

KoHndbnnukm uHmepecoes:
ABTOpbLI 3asBNSAOT 06 OTCYTCTBUM KOHNMKTA
WHTEPECOB.

3asienneHue 06 amuke:

3akntoyeHne nokanbHON KoMuccumn no 61MoaTu-
ke TOO «HaumoHanbHbIA Hay4HbIA OHKONOrMYEeCKNiA
ueHTp» (Ne27 ot 24.04.2024 r.).

UHgopmupoeaHHOe coanacue:

MNMucbMeHHOE WHOPMUpPOBaHHOE —cornacue
nauueHTa 6biy1o NONy4YeHo Ha NyonuKauuio OaHHOW
CTaTby O KIMHUYECKOM Crlyyae M nobbix npunarae-
MbIX U30GPaKEHWIA.

OzpaHu4eHusi:

Ha atane nccnegoBaHms NpoTMBOMNOKa3aHNeM
K MPUMEHEHN0 SBNSATCS GepeMeHHOCTb, BO3pacT
0o 18 u crapwe 63 neT, a Takke nHanBuayanbHas
HEeNnepeHOCMMOCTb K UMMITAHTY U CETKE.

¢UHchupoeaHue:

JleyeHne oHKOMOrMyeckMx NauueHToB B pam-
Kax UTCccrieqoBaHnA OCyLLEeCTBITIAETCA UCKITIOHUTESb-
HO 3a CYET rocygapcrea. B nepunoa nposeaeHna mnc-
cnegoBaHnda r|pV|06peTeHV|e MMIMJ1aHTOB N CETOK AJ1A
OCyulecTBneEHNA onepatnBHOro BMeLlaTeNbCTBa,

Meouyuna u sxonoeus, 2026, 3

OMMCaHHOTO B MPUBEOEHHOM KIMHUYEeCKOM Habnoae-
HWW, OCYLLECTBIIANOCh B pamkax MporpaMmmHo-Lerne-
Boro chmHaHcmpoBaHus BR24992950-0T-24 «Co3saa-
HWe 1 BHe4peHVE NHHOBALVOHHbIX METOAMK Ne4eHnst
OHKOJITOrMYecKnx 3abonesaHniny.

be3zonacHocmsb:

VMicnonb3oBaHHbIE B XOAEe MCCRNeaoBaHUs U3-
Oennsa MeauuUMHCKOro HasHayYeHust UMenu ceptudn-
Kauuio 1 perncTpaumio HaumoHanbHoOro LeHTpa aKc-
NnepTu3bl NIEKAPCTBEHHbIX CPEACTB M MeOMLIMHCKUX
n3genun.
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Breast cancer (BC) occupies a leading position among all oncological diseases. More than 2.3 million
new cases are registered annually, and the death rate exceeds 670 thousand. In the Republic of Kazakhstan,
the incidence is steadily increasing (in 2024, the primary incidence was 204.8 per 100,000 population), while
94.3% of cases are detected at stages | — Il, and 82% of cases are women of active working age (up to 65
years), which emphasizes the socio-economic importance of maintaining the quality of life.

Radical mastectomy remains the standard of surgical treatment, ensuring oncological radicalism.
However, the loss of the breast (the organ that defines female identity) leads to psychoemotional disorders
and social stigmatization. Simultaneous implant reconstruction allows combining radicalism and aesthetics,
improving the psychological state of patients and reducing disability. The key success factor is the choice of a
fixing material to strengthen the lower pole of the implant. This is what determines the frequency and severity
of complications (seroma, infection, necrosis of the skin flap, capsular contracture, implant loss), reaching 20-
35%. Traditional axillary lymphodissection (TAL) in the surgical treatment of breast cancer is associated with
a high risk of lymphedema (20-40%), which significantly affects the quality of life.

The article describes a clinical case of a 34-year-old patient with luminal B, HER2/neu-negative
subtype of BC, who received neoadjuvant chemotherapy. During surgical treatment, a radical mastectomy
with simultaneous reconstruction with an implant and mesh was performed, as well as preventive lymphatic
reconstruction during TAL. The postoperative period was uneventful; the signs of lymphedema were observed
dynamically (6 months) and were not revealed. The case demonstrates the integration of modern approaches:
the patient underwent surgery (subcutaneous radical mastectomy with simultaneous reconstruction of the
implant, fixation of the lower pole of the implant with a polypropylene mesh, biopsy of the signal lymph node
and intraoperative staging (N-status) using ICG lymphography), then, according to the indications, an extended
lymph dissection of 1-3 orders was performed, simultaneous application of lymphvenular anastomosis for the
prevention of lymphedema.

The described comprehensive approach in the treatment of patients with breast cancer is important for
the Republic of Kazakhstan, where there is an increase in the number of young patients with breast cancer
and access to reconstructive and microsurgical technologies is limited.

Key words: breast cancer; oncology; breast reconstruction by implant; lymphostasis; lymphovenular
anastomosis
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CyT 6e3iHiH kaTepni iciri (CBK) 6apnblk OHKONMOrMAnbIK aypynapablH apacbiHaa XKeTeKLi opblH ana-
abl. XKbin canbiH 2,3 MH-HaH acTaM XaHa Xafgan Tipkenegi, an enim-xitim 670 mblHHaH acagbl KasakctaH
PecnybnukacbiHaa cblipkaTTaHyLbINbIK TypakTbl ecyae (2024 xbinbl 6actankbl cbipkaTTaHywbinbik 100 MbiH
TypFbiHFa Wwakkanga 204,8 kypagbl), 0yn peTTe xargannapgbib 94,3%-bl | — Il keseHaepae, an HaykacTapabliH
82%-bl BenceHai eHbekke kabineTTi xacTarbl avienaep (65 xacka gewiH), Oyn emip canacbliH cakTayablH ane-
YMETTiK-3KOHOMMKAIbIK MaHbI3ObINbIFbIH KepceTei.

Pagunkangbl MacTaKTOMUSI OHKONOTUANbIK pagukanuaMai kamTamachI3 eTETIH XMPYPrusinblk emaey CTaH-
napTbl 6onbin kana 6epepni. Ananga, cyT 6e3iHiH XXorFanybl (aenaiH )eke 6acbiH aHbIKTAaWTbIH OpraH) NCMUxoa-
MoLMoHanabl Oy3binynapra XeHe aneymeTTik cTurmatmsaumsara akenegi. MimnnantTel 6ip Mesringe kannbiHa
KenTipy paguvkannam MeH 3CTeTuMKaHbl DipikTipyre, nauneHTTepaiH NCUXONOrvAnbIK XXafdanblH KakcapTyFa
)KOHEe MYrefeKTiKTi a3anTyra MyMKiHOiK 6epeai. TabbICTbIH, Heri3ri aKkTopbI-MMMNNAHTTbIH, TOMEHTi MOMCiH
HbIFaUTy ywWiH 6ekiTy MaTepuanbiH TaHgay. 20-35% >XeTeTiH acKbIHyNnapAblH, XWiniri MeH aybIprbiFbl (CcepomMa,
NHeKLMS, Tepi KaMbINFbICbIHbIH HEKPO3bl, Kancyrnarnblk KOHTPaKTypa, UMMNMaHTTbIH XKOFanybl) ocbifaH 0an-
naHbicTbl. acTtypni akcunnspnsl numdoanccekums (OAIT) PMXK-Hbl xupyprusanblk emaeyne numdeaemMaHbiH
XoFapsbl kaynimeH 6annaHbicTbl (20-40%), 6yn emip canacbiHa anTapnbikTan acep eTefi.

Makanaga HeoaOblOBaHTTbI XMMUOTEpPANUAMEH eMmaenreH 34 xactarbl noMmuHanbeabl B, HER2/neu-
Tepic CBK kiwi Typi 6ap HaykacTbiH, KIMHUKANbIK Xafganbl cunattanfaH. Xupyprusnblk emaey kesiHoe um-
NnaHT NeH TopAabl Oip Mesringe kannbiHa KeNTipyMeH pagukangbl MacTaKTOMUS xacangbl xeHe [JAJl kesiHae
npodunakTukanblk numda pekoHCTpyKUMSAchl xacangbl. OnepaunsigaH KeniHri ke3eH acKblHyCbI3, AUHAMU-
Kanblk b6akbinayga numdenema oenrinepiHcia eTTi (6 al.) aHbIKTanfaH oK. Ic 3amMaHayu Tecinaepain WH-
TerpauusiCbiH KepceTei: NauneHTKe XUpyprusnblk apanacy (MMnnaHTTbl Gip mMesringe kamTta KypymMeH Tepi
acTblHOafFbl pagukangbl MacTIKTOMUSA, UMMIAHTTbIH TOMEHTI MOSOCIH NONUMNPONUIIEH TOPbIMEH OKLIaynay,
curHanabik numda TymiHiHiH buoncusicbiH opbiHaay *oHe ICG-numdorpadursiHbl KongaHa oTbipbIn onepauus
iwinik keaeHaey (N-ctaTyc) xyprisingi, byaaH api kepceTkilwTep 6olbIHIWA 1-3 KEHENTINreH NMMgoancceKLmns
opblHAanabl nMMmdaHbiH, 6ip Mesringe KongaHbinybiMMdenemMaHblH angbliH any mMakcaTbiHAa BeHYIspribiK
aHacTomos.

CBK 6ap naumeHTTepai emaeyae cvnatTanfaH kewengi Tocin KasakcraH ywiH maHbi3abl, myHaa CBK
0ap >xac NauMeHTTep CaHbIHbIH 6cyi bankanagpbl XXeHe PEKOHCTPYKTUBTIK XKOHE MUKPOXUPYPIUSIIbIK TEXHONO-
rmsnapra KormKeTiMAINIK wekTeneq.

Kinm ce30ep: cyT Gesi kaTepni iciri; OHKOMNOrnsi; UMNNaHTNeH CyT Oe3iH KannbiHa KenTipy; NuMdocTas;
NUMAOBEHYNSIPIIbIK aHAaCTOMO3
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TPEBOBAHMUA

TPEBOBAHUA K PYKOINMUCAM, NPEACTABIAEMbIM
B PEOAKUUIO EXXEKBAPTAJIbHOIO PELLEH3UPYEMOI'O
HAYYHO-NPAKTUYECKOI'O XXYPHAIA «MEOULIMHA U SKOJOInNA»

1. O6wasn nHcgpopmayma

B >xypHane «MeguuuHa 1 akonormsa» nyonmkyoTcst CTaTby, NOCBALLEHHbIE Pa3NMyHbIM NPOBIeMamM KIMHUYECKON,
NPaKTUYECKOW, TEOPETUHECKON U IKCNEPUMEHTANBHON MEANLMHBI, UCTOPUU, OpPraHM3aLmn 1 SKOHOMUKM 30paBoOOXpa-
HEHUS, 3KOMOTMM U TUTMEHBI, BOMPOCaM MEAMLIMHCKOro 1 hapMaLleBTUYecKoro obpasoBaHns Pykonucu moryTt ObiTb
npeacTaBneHbl B pa3nuyHbIX XaHpax Hay4HOW CTaTbu: 0630p, OpUrMHanbHasi ctaTbsi, HabniogeHe U3 NPakTUKL U T. M.

MpeactaBnsemMbii MaTepuan AomkeH GbITb OpUrMHaNbHbLIM, paHee He ony6nMuMKoBaHHbIM. [1py BbIsSIBNEHUN
hakTa HapyLLeHWs AaHHOrO NoNoXeHus (AyonvpytoLas nybnvkauus, nnarvar, caMmonnarvar v T.n.), pegakumst octas-
nsieT 3a cobor NpaBo oTKkasaTb BCEM COABTOpPaM B AalibHENLLEM COTPYOHUYECTBE.

Pepakuus He orpaHudvBaeT aBTOpoB B 0bLiem obbeme npeacTaBnseMon pykonucu (Bkntodas 6ubnuorpaduye-
CKWI CMWCOK, aHHOTaL M0, Tabnuubl 1 NOANUCKU K pUcyHKam). Pykonucy, nMmetowime HecTaHgapTHYIO CTPYKTYpPY, MOryT
ObITb NpeaAcTaBreHbl A1 PACCMOTPEHUS NOCe NPeaBapUTENbHOIO COrNacoBaHUs ¢ peaakumen xxypHana.

PaboTbl AomkHbI ObITb 0POPMITIEHEI B COOTBETCTBUM C YKa3aHHbIMMK Aanee TpeboBaHuamu. Pykonmcu, odbopmieH-
Hble He B COOTBETCTBUM C TPEOOBAHUSIMU >XypHana, a Takke onybnukoBaHHblE B APYrMX U3OaHUsAX, K PACCMOTPEHUIO
He NpYHUMatoTCS.

Mpy ocbopMneHnn pykonucen pedakums pekoMeHayeT aBTopaM npuaepxmBaTbes Takke EAnHbIx TpeboBaHMi K
pykonucsam MexayHapogHoro kommTeTa peaakTopoB MeauumnHekmx xxypHanos (ICMJE). MonHoe cobniogerne Tpebo-
BaHWI 3HAYUTENBHO YCKOPUT PaCCMOTPEHUE U MyBrMKaLuio cTaTel B XypHare.

ABTOPbI HECYT MOSIHYIO OTBETCTBEHHOCTL 3@ COAEPKaHNe NpeacTaBnsieMblX B peAakLmio MaTepuranos, B TOM YMce
Hanuuusi B HUX MHpoOpMaLK, HapyLIaoLEe HOPMbl MEXAYHapOAHOro aBTOPCKOro, MAaTEHTHOO UMM UHBLIX BUAOB NpaB
Kaknx-nmbo hmanyeckmx unum ropuamdecknx nuu. NpencraesnexHve aBTopamm pykonucu B pegakumto xxypHana «Meau-
LMHa 1 3KOMOrusi» ABNSIETCS NOATBEPXKAEHNEM rapaHTMPOBAHHOIO OTCYTCTBUS B HEW YKa3aHHbIX BbllLE HapYLUEHWIA. B
crnyyae BO3HWKHOBEHUSI MPETEH3UIN TPETbUX ML, K ONyOnMKOBaHHbLIM B XXypHarne aBTOPCKUM MaTepuanam Bce Cropbl
peLuatTcsl B yCTAHOBNEHHOM 3aKOHOAATENIbCTBOM NOPSiAKE MEXAY aBTopaMu U CTOPOHON OBBUHEHUS, MPU 3TOM U3b-
ATUA pegakumen matepuana, ABnsALLLEerocs NpegMeTom cropa, U3 onyonmnMkoBaHHOIO NeEYaTHOro TMpaxa He OCyLLeCT-
BnsieTcs. M3baTtve matepuana, sBNsIOLWErocs npeaMeToM cropa, U3 3nekTPOHHOW BEpCUM XKypHana BO3MOXHO Mpu
YCrNOBUM NOMHOWM KOMMEHCaLUM MOpasibHOro 1 MaTepuansHoro yulepba, HaHeCEHHOTO pefakLmm aBTopamu.

Penakums octaBnsieT 3a cobov NpaBo pefakTUpPOBaHUS CTaTel U UBMEHEHUSI CTUINS U3IOXKEHNS, HE OKa3bIBaOLLMX
BMUSHMA Ha codepxaHune. Kpome Toro, pefakums octaBnser 3a cobor npaBo OTKIMOHSITb PYKOMWUCK, HE COOTBETCTBY-
IOLLIME YPOBHIO XXypHarna, Bo3BpallaTb pykonucu Ha gopaboTtky. Pegakuma moxeT notpeboBaTb OT aBTOopa NpeacTas-
NEHUS UCXOOHbIX AaHHbIX, C MCMOSIb30BAHMEM KOTOPbIX ObINM MonyyYeHbl ONUCbIBaeMble B CTaTbe pe3ynbraThbl, AN
OLIEHKMN PELIEH3EHTOM CTEMEHN COOTBETCTBUS UCXOAHbIX AAHHbBIX U COQEPXaHUS CTaTb.

Mpwn NpeacTaBneHnn pykonucu B pefakumio xxypHana «MeguumHa n akonorusa» aBtop (-bl) nepedaert (-1oT) Uckmto-
YnTenbHblE UMYLLECTBEHHbLIE NMPaBa Ha UCMOMb30BAHME PYKOMUCU U BCEX OTHOCSLUUXCS K HEW COMPOBOAUTENbHbIX
MaTepuanos, B TOM YMCIle HA BOCMPOM3BEAEHME B NeYaTh U B CETU VIHTEPHET, Ha NepeBo PyKONMUCKU HA MHOCTPaHHbIE
A3bIKK U T.A. YKa3aHHble NpaBa aBTop NepefaeT pefakuum xypHana 6e3 orpaHnyYeHns cpoka Ux AeNCTBUsSt 1 Ha Teppu-
TOpWM BCEX CTPaH Mupa 6e3 UCKIIYEHMS.

2. Mopspok npeacTaBrneHUs PyKONucu B XXypHan

ExxekBapTanbHbIi peLeH3npyeMblii Hay4yHO-NpakTUYeckuin xypHan «MeguuuHa M 3Kororusi» MUCnornb3yeT OH-
narH-cMcTeMy nogayn u peleHsnpoBaHus ctaten — hitps://medecol.gmu.kz/jour. 3Ta cuctema obnervyaet npegocras-
NieHne pyKonucei oT aBTOPOB, YNPOLLAEeT NpoLecc peLeH3npoBaHus 1 nybnukauun. Bonante B cuctemy, Bbibepute
KHOMKY «OTNpaBuUTb CTaTblo» U CEAYNTE MHCTPYKLUMAM.

[ns npeacTaBneHust ctaTby aBTOPbI AOMKHbI MOATBEPAUTL HUXKECHeayoLme NyHKTbl. Pykonvck 6yaeTt Bo3BpalLe-
Ha aBTOpaM, ECIN OHA UM HE COOTBETCTBYET:

« CraTtbs He Gblna onybnukoBaHa paHee, a Takke He Oblfa npedcTaBrneHa Ans PacCMOTPEHUs U Nybnukauum B
OPYrom XypHane.

+ dann oTnpaeBnsemon ctatby npegcrasneH B opmate gokymeHta Microsoft Word.

* [NpuBeneHbl NonHble nHTepHeT-agpeca (URL) gnsa ccbinok Tam, rae 3To BO3MOXHO.

 TekcT HabpaH ¢ ABOVHBbIM MEXCTPOYHBLIM UHTEPBATIOM; UCTONb3YETCS Kerrb WpudTa B 14 NyHKTOB; ANS Bblaene-
HWSI UCNOMb3YETCsl KYPCUB, @ He NogvYepKMBaHUE (3a UCKMOYEHNEM MHTEPHET-a4PECOB); BCE UNNIOCTpaLMK, rpadmkm
1 Tabnuubl MMEIT Ha3BaHUS! U PacNONOXeHbl B COOTBETCTBYIOLLNX MECTaX B TEKCTE, a HE B KOHLIE JAOKYMEHTa.

» TekCT COOTBETCTBYET CTUIUCTUYECKMM U Brbnuorpaduyecknm TpeboBaHNAM, ONUCAHHBIM B

PykoBoacTBe A5isi aBTOPOB, pacnofioXeHHOM Ha cTpaHuue «O xxypHane».

BbinonHeHb! TpeboBaHMsA K 06ecneveHnto CNenoro peLeH3MpoBaHms (JOKYMEHT, COOTBETCTBYOLLMIA 3TUM TpeboBa-
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HUAM HEOOXOOMMO NPUKPENUTL B CUCTEME OHMAaNH-NoL4a4YM cTaTen OTAENbHbIM Daniom).

CTpyKkTypa pykonucu cooTBeTCTBYET 06pasLly (AOKYMEHT, COOTBETCTBYOLLMI 3TOMY TpeboBaHMIo Heo6xoaMMO nNpu-
KPENUTb B CUCTEME OHITANH-NoAa4Yn cTaten otaenbHbIM haninom).

B obLien cnoXxHOCTW npu 3arpy3ke PyKOMMCK B CUCTEMY OHManH-nodavn ctaten aBTop AOSMKEH npukpenutb 3
OTAENbHbIX 00A3aTenkbHbIX hanna (NPUM.: KONMYECTBO HeobA3aTeNbHbIX (DANIIOB 3aBUCUT OT XKEeNaHUA aBTOPOB Npea-
CTaBWUTb B pedakLmio AOMNOMNHUTENbHbIE MaTepuansl):

* TOTOBbIN BapuaHT pykonucu, opopMneHHbIN Mo obpasLy.

* BapwaHT PyKonucK, NOAroTOBMEHHbIN ANS CEnoro peLeH3npoBaHuns.

* COMpPOBOAMTENbHOE MUCHMO.

ConpoBoaunTenbHOE NMCbMO Ha UMS FMaBHOMO pefakTopa C MOAMUCHI0 BCEX aBTOPOB M MevaTbio yypexaeHus
0opMIIIETCS B MPOM3BOIbHOM (DOpPME, HO AOMKHO CoAepXaTb CneaytLme NyHKTbl (CONpOBOAUTENBHOE MUCLMO He-
06x0aMMO MPUKPENUTL B CUCTEME OHManH-Nodayuun ctaten otaensHbIM annom):

1) 3asiBNeHne 0 TOM, 4YTO CTaTbs NpoymTaHa n ogobpeHa BCceMn aBTopamu, YTO BCe TpeboBaHMSA K aBTOPCTBY CO-
6rtodeHbl 1 YTO BCe aBTOPbI YBEPEHbI, YTO PYKONUCH OTpaXKaeT AeViCTBUTENbHO NpoaenaHHyto paboTy;

2) nms, agpec n TenedOoHHbI HOMEP aBTOpa, OTBETCTBEHHOIO 3a KOPPECMOHAEHLMIO U 3a CBA3b C APYrMMU aB-
TOopamu no BONpocaM, KacatoLymMes nepepaboTku, NCnpaBneHus N okoH4YaTernlbHOro ofobpeHns NPO6GHOro OTTUCKA;

3) cBegeHns O cTaTbe: TN PyKONucK (opurMHanbHasi cratbs, 0630p 1 Ap.); KONMYECTBO NevaTHbIX 3HAaKOB C NpPo-
6enamu, Bkniodas Gubnmorpadunyecknii CNMCOK, aHHOTaLMI, Tabnuubl U MOANUCK K PUCYHKaM, C yKasaHWeM getanu-
3aumMK Mo KONMMYEeCTBY NeYaTHbIX 3HAKOB B CreAyLIMX pa3aenax: TeKCT cTaTby, aHHOTaums (pyc.), aHHoTaums (aHrr.),
aHHoTaums (Ka3.); KONMM4eCcTBO CCbINIoK B Brbnuorpacduyeckom cnmcke nutepaTtypbl; KONMYECTBO Tabnull; KONNMYecTBO
PWCYHKOB;

4) KOHMNUKT MHTepecoB. HeobxoamMMo yka3aTb UCTOYHUKM (DMHAHCMPOBAHMS CO34aHUS PYKOMUCU U MPeALLEeCTBY-
IOLLEro en nccrnenoBaHns: opraHu3aumMmn-pabotogatenu, CoHCOpbl, KOMMepYecKkasi 3auHTEPECOBAHHOCTb B PYKOMUCH
TEX MW UHBIX KPUANYECKUX N/MNN DU3NYECKUX UL, 0ObEKTLI NAaTEHTHOro MW ApYrMx BUOOB NpaB (KpOMe aBTOPCKO-
ro);

5) bamunun, umeHa n oT4yecTBa BCEX aBTOPOB CTaTbW MOMHOCTLIO. Pykonucu, nMetoLme HecTaHaapTHYHO CTPYKTY-
py, KOTOpasi He COOTBETCTBYET NPEAbSABNAEMbIM XXypHanom TpeboBaHusiM, MOryT BbITb NpeAcTaBneHbl Ansi paccMmo-
TPeHWs nocne npeaBapuUTEnbHOrO COrNMacoBaHNs ¢ pedakumert no anekTpoHHow novte Serbo@gmu.kz.

[nsa nonyyeHns paspeLleHunsi pegakumm Ha nogady Takon pyKonmMcu HeobXxoaumo npeaBapuTenbsHO NpeacTaBuTb B
peAakumio MOTUBMPOBAHHOE XOAATaNCTBO C yKasaHWeM NpUYnMH HEBO3MOXHOCTY BbIMOSIHEHNS OCHOBHbLIX TpeboBaHui
K pykonucsim B xxypHane «MeguumHa u akonorus». B cnyyae, ecnv aBTopbl B TEHEHWE ABYX HEAENb C MOMEHTa OTNpaBs-
KV CTaTbW He NOMy4YMnu oTBeTa — NMCbMO He NONy4YeHo peaKonfernen u cneqyet NoBTOPUTL €ro OTMPaBKY.

3. Tpe6oBaHUsA K NpeAcTaBnsieMbIM PYKOMUCAM
CobntogeHve ycTaHOBNEHHbIX TpeGOBaHUIA NO3BONUT aBTOpaM MPaBuUIbHO MOATOTOBUTL PYKOMUCH K NpeacTasrne-
HUWIO B peaakumio, B TOM Yncne vyepes online-cuctemy.

3.1. TexHMYeckue TpebGOBaHUSA K TEKCTY pyKonucu

MprHUMalOTCA PYKONMCK Ha Ka3axCKOM, PYCCKOM U aHITIMACKOM A3blkax. TeKCT CTaTby JOMmMKeH ObiTb HaneyaTaH B
nporpamme Microsoft Word (dannel RTF n DOC), wpudT Times New Roman, kernb 14 pt, 4epHoro ugeTa, BbipaBHU-
BaHMWE MO LUMPVHE, MEXCTPOYHbIN MHTEPBAN — ABOVHON. [lonsi cBepxy, cHM3y — 2 cM, cnpaea — 1,5 cm, cnesa — 3 cwm.
CTpaHuLbl 4OMKHbI BbITb MPOHYMEPOBaHbI NOCeAoBaTeNbHO, HaYMHas C TUTYNLHOW, HOMEP CTPaHWLbl AOMKEH ObiTb
oTnevataH B NPaBOM HVDKHEM Yy KaXX4ow CTpaHuLbI.

MHTepBanbl mexay ab3auamu oTcyTcTBYHOT. [NepBas cTpoka — otcTyn Ha 1 cm. WpudT ona nognucen K pucyHkam
1 TekcTa Tabnuy gomkeH 6biTb Times New Roman, kernb 14 pt. O603Ha4YeHsaM eanHNL N3MEPEHNST Pa3NUYHbIX BENKW-
YMH, COKpaLLEeHUsIM TUNa «r.» (roA) AOrMKeH NpeALIecTBOBaTh 3HaK Hepa3pbIBHOMO Npobena, oTMeYatoLLnii HanoxeHne
3anpeTa Ha OTpbIB UX MPW BEPCTKE OT OMNpeaensieMoro MMu Yvcra Unm crosa. To e camoe OTHOCUTCS K Habopy MHU-
umnanos u damunuii. MNMpu NCNONb3OBaHUM B TEKCTE KaBblYeK MPUMEHSAOTCSA Tak Ha3blBaeMble TUnorpadckme KaBblYKu
(« »). Tnpe 0603Ha4YaeTCA CUMBOIIOM «—»; AeUC — «-».

CtpykTypa odopmneHus ctaten: 1) YOK (o6a3atenbHO), 2) 3asBnseMblii TUM cTaTby (OpurnHaneHas ctatbs, 063op
n ap.), 3) enumansl n paMmnmMn BCex aBTOPOB B CTPOYKY C MHOEKCaLMen acTepMCcKoM aBTopa, OTBETCTBEHHOMO 3a
nepenuncky, 4) HasBaHue ctaTtbu, 5) NoNHOe HasBaHWe yYpexaeHus, agpec n e-mail ¢ MHAeKcauven Kaxagoro asTopa
B 3aBMCMMOCTM OT adpdunuaumm, 6) nmsi, ammnms, oT4eCTBO aBTopa, OTBETCTBEHHOIO 3a NEePENUCKY, 1 ero AaHHbIe
(mommKHOCTb, 3BaHWe, MecTo paboThkl, NOMNHLIM aapec MecTta paboTsl, e-mail), 7) aHHOTaUMSA Ha A3blke CTaTbU C yKa-
3aHMEM KITOYEBbIX CIIOB Ha A3bIKe CTaTbK, 8) TEKCT pykonucy (C pa3aeneHrem Ha pasaernbl B 3aBUCMMOCTM OT XaHpa
Hay4yHou ctatbu), 9) Bknag aBTopos, 10) KOHPNUKT MHTepecoB, 11) NpucTaTterHbIi Gubnuorpaduydecknii cnmcok, 12)
TpaHcnMTepaums npuctatenHoro bubnuorpaduyeckoro cnucka, 13) aHHoTaums Ha 2 A3blkaxX C yKa3aHWEM KIHYEBbIX
CMoB, T. €. ECN A3bIKOM CTaTbW ABMAETCA PYCCKUN, TO aHHOTALMSA Ha Ka3axCKOM W aHMMUACKOM A3blkax; ecrn A3bl-
KOM CTaTby SIBMSIETCS aHIMUACKUIA , TO aHHOTaLMs Ha PYCCKOM U Ka3axCKOM S13blkax; €Crnv si3bIKOM CTaTby SIBMSIETCS
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Ka3axCKui, TO aHHOTaLMS Ha aHITIMNCKOM M PYCCKOM A3blkax. AHHOTaUMS Ha 2 A3blkax NPUMBOAMTCSA C 06a3aTernbHbIM
yKa3aHueMm MyHKToB 1-6, NpMBeAEHHbIX BbILLE.

3.2. NoaroToBKa TeKcTa pyKonucu

CrtaTbu 0 pesynbratax nccrnegoBaHus (OpUrmHanbHble CTaTbi) OOMKHBI COAEpXKaTb NOCNeAoBaTENbHO cregyLune
pasgenbl: «YOK», «AHHOTauus Ha s3blke ctaTbu», «BBegeHune», «Uenby», «Matepuansl u metogbl», «PesynsraTtbly,
«Obeyxaenne» (ponyckaetca «Pesynbratel U obcyxaeHne»), «3aknodeHne» unu «BeiBogbl», «Bknag aBTopoBy,
«KoHMnukT nHTepecoB», «JluTepatypay», «TpaHcnuTepauusa», «AHHOTaumsy, «AHHoTaumsa». Ctatbu gpyroro tvna
(o630pbIl, Nekumm, HabnaeHNs U3 MPaKTUKLA U T. M.) MOTYT UMETb Apyrue pasaernbl. Takke OOMNyCcKaeTcs yKasaHue
Takux pasfenos, kak «bnarogapHocTtb» n «dnHaHcMpoBaHMe» Npyu HEOOXOAMMOCTH.

3.2.1. Ha3BaHue pykonucu

HasBaHne [OMmKHO OTpaxaTb OCHOBHYIO Lienb cTtaTbu. [nsa 60onblUMHCTBA CyYaeB ANvMHA TEKCTa Ha3BaHWs orpa-
HunyeHa 150 3Hakamu ¢ npobenamun. HeobxoanMOCTb yBENMYEHNS KONMYeCcTBa 3HAKOB B HA3BaHWM PyKOMMUCU AOIMKHA
ObITb cormacoBaHa C pefakumen.

3.2.2. AHHoTauuA

AHHOTauus (Ha pyCcCKOM, Ka3axCKOM 1 aHIMUCKOM A3blkax) AormKHa o6ecneynTb NOHMMaHWe rMaBHbIX NOMOXEeHWN
ctatbu. [pu HanpaBneHUn B peakumio MaTepranoB MOXHO OrPaHNYMTbLCH HECTPYKTYPUPOBAHHOM aHHOTaUMeR ¢ onu-
CaHVMEeM OCHOBHbIX MOMOXEHWI, pe3ynsTaToB M BbIBOAOB, HO MCMOMb30BaHUE CTPYKTYPUPOBAHHOW aHHOTauuu npeg-
noytutensHee. O6bem aHHOTaUUKM JormkeH ObITb He MeHee 1500 3HakoB ¢ npobenamu n He 6onee 300 cnos. MNepen
OCHOBHbIM TEKCTOM aHHOTaLMKN Ha 2 A3blkaxX B KOHLIe PyKONMcKM HeOOXOAMMO MOBTOPHO yKa3aTb aBTOPOB, Ha3BaHWe
cTaTbu 1 adpmnmanmio (B CHET KONMMYECTBA 3HAKOB HE BXOAUT). B KOHLE aHHOTaL MM HEOBX0AMMO yKa3aTb KItoYeBble
cnosa. >KenatenbHO UCMOMb30BaTh OOLLENPUHATLIE TEPMUHDI KIHOYEBBLIX CIOB, OTPAXEHHbIE B KOHTPONUPYEMbIX Me-
AVLMHCKMX crnoBapsix, Hanpumep, http://www.medlinks.ru/dictionaries.php

3.2.3. BBegeHue

BBefeHve oTpaxaeT OCHOBHYIO CyTb OMUCbIBAEMON NPOBEeMbI, COAEPXKUT KpaTKUA aHann3 oCHOB

HbIX NTUTEPAaTYPHbIX NCTOYHMKOB MO nNpobrieme. B KoHLUe pa3gena HeobxoomMMo ChopMynMpoBaTh OCHOBHYHO LIENb
paboTbl (ANa cTaTew o pesynsratax uccrnefoBaHus).

3.2.4. Uenb pa6otbl
Mocne pasnena «BeegeHne» onuckiBaeTcs Lienb CTaTby, KOTOpas AOMKHaA ObITb YETKO chopMynupoBaHa, B op-
MynupoBkKe Lenun paboTbl 3anpeLlaeTcs NCNonb3oBaTh COKPALLEHUS.

3.2.5. MaTtepumanbl n metoabl

B atom pasgene B goctatoyHoMm ob6bemMe formkHa ObITb NpeacTtaBneHa uHopmaums o6 opraHusaumm ncenegosa-
HUsi, OObeKTe nccneaoBaHus, uccregyeMon BblIOopKe, KpUTEPUSAX BKIOYEHWUS/MCKIIOYEHUS), METOAAX UccreaoBaHus
1 06paboTkM nonyyeHHbIX AaHHbIX. OB6a3aTenbHO yKasbiBaTh KPUTEPUM pacnpeneneHms 00beKToOB NCCrnegoBaHus no
rpynnam. Heobxogumo nogpobHo onvcaTh MCNOoMb30BaHHY0 annapaTypy Y ANarHOCTUYECKYH TEXHUKY C yKa3aHneM ee
OCHOBHOW TEXHUYECKOWN XapaKTEPUCTUKN, Ha3BaHUA HabopoB AN FOPMOHANBHOIO 1 GUOXMMUYECKOTO NCCregoBaHUN,
C yKasaHveM HopMarbHbIX 3Ha4eHU AN OTAeNbHbIX nokasatenew. MNpy ncnonb3oBaHMM OBLLENPUHSTHIX METOAOB
nccnenoBaHus Heo6XoaAMMO MPUBECTM COOTBETCTBYIOLLME NMTEPATYPHbIE CCbINKK; yKasaTb TOYHblE MEXAyHapoaHble
Ha3BaHWUS BCEX MCMOMb30BaHHbIX NTEKAPCTB M XMMUYECKNX BELLECTB, 403bl 1 CNOCcobbl NpUMeHeHUs (MyTu BBEAEHUS).

YYacTHUKM MccneaoBaHUs OOMkHbl OblTb O3HAKOMINEHbI C LENsIMA U OCHOBHBIMW MOMOXEHUSIMU UCCNEAOBaHNS,
nocre 4ero AOSMKHbI NOANMCATb MMCbMEHHO OOPMIIEHHOE corflacue Ha yyacTue. ABTOPbl LOSMKHbI NPegoCcTaBUTb
JeTanu BbllLeyKkasaHHOW npoLeaypbl Npu onucaHuK NpoToKorna UcCnefoBaHust B pasgene «MaTepuanbsl n MeTogbl»
N yKasaTb, YTO OTUYECKUA KOMUTET og4o0pun NpoTokon uccnegosaHus. Ecnu npoueaypa uccrnegoBaHns BKIKOYAET B
cebs1 peHTreHonorM4eckne onblThbl, TO KenaTenbHO NPUBECTU UX ONMCaAHWE U A03bl SKCNO3Muun B pasgene «Matepua-
nbl 1 MeToAbl». ABTOPbI, MpeacTaBnsowme 0630pbl NUTEPaTypbl, JOMKHbI BKIOYMTL B HAX pasgen, B KOTOPOM OMUChI-
BalOTCSl METOAbI, UCMOMb3yeMble AN HAXOXAeHUs, 0Tbopa, NonyyYeHus MHpopmaLmn 1 CUHTE3a AaHHbIX. AT MeToAbI
TakKkKe OOMMKHbI ObITb NPUBEAEHbI B aHHOTALMN.

Cratuctuyeckme mMetoabl HEOOXOOUMO ONMUCHLIBATh HACTONbKO AEeTarbHO, YTOObI FPAMOTHbIV YUTaTENb, UMEHLLNIA
[OCTYM K UCXOOHbBIM AaHHbBIM, MOT NPOBEPUTL MNOMyYeHHble pe3yrnbTaThbl. [10 BO3MOXHOCTU, NOyYEeHHbIE AaHHbIE JOMK-
Hbl BbITb MOABEPrHYThI KONMYECTBEHHOWN OLEHKE M NPEACTaBEHbI C COOTBETCTBYHOLLMMM NOKa3aTensiMm oLIMGoK nsme-
peHns 1 HeonpeaeneHHoCTH (TakMMK, Kak AoBepuUTenbHble MHTEPBanbI).

OnucaHuve npouenypbl CTaTUCTUYECKOrO aHanm3a sBnsieTcst HeoTbeMIIEMbIM KOMMOHEHTOM pa3sgena «Matepuansl
1 MeToAbI», MPU 3TOM CaMy CTaTUCTUYeCKyto 06paboTKy AaHHbIX criedyeT paccMaTpyBaTh HE Kak BCMOMOraTerbHbIv, a
Kak OCHOBHOW KOMMOHEHT uccrenoBaHus. Heo6XxoamMmMo npnBecTy NOMHbIN NepeveHb BCEX UCMOMb30BaHHbLIX CTaTUCTU-

Meouyuna u sxonoeus, 2026, 3 205



TpedoBanus

YeCKMX METOLOB aHanm3a v KpUtepueB NPOBEPKM rMnoTe3. HegonycTnmo mncnonb3oBaHue pas Tuna «Ucnosnb3oBa-
N1Cb CTaHAApTHbIE cTaTUCTUYEeCKne MeToabl» 6e3 KOHKPETHOro KX ykasaHusa. ObasaTenbHO yKka3blBaeTCst NPUHATLIV B
AaHHOM MCCrneaoBaHNM KpUTUYECKUI YPOBEHb 3HAYMMOCTU «p» (Hanpumep: «Kputnyeckuii ypoBeHb 3HaYMMOCTU Npur
NpoBepKe CTaTUCTUYECKUX MMNoTe3 NpuHUMancs pasHbiM 0,05»). B KaXQoM KOHKPETHOM Criyyae xenaTernbHO YKasbl-
BaTb haKTUHECKYH BEMUYUHY JOCTUTHYTOrO YPOBHSA 3HAYMMOCTU «P» AN UCMOSb3yeMOro CTaTUCTUYECKOTO KpUTEPUSI.
Kpome Toro, Heo6xoAMMO yKasbiBaTb KOHKPETHbIE 3HAYEeHUS NOMYyYEeHHbIX CTaTUCTUYECKX KpuTepues. Heobxoammo
AaTb onpeferneHve BCEM WUCMOMb3yeMbIM CTaTUCTUYECKUM TEPMUHAM, COKPALLEHWSM U CUMBONUYECKUM 0603Ha4ve-
HVAM, Hanpumep, M — BbibopoyHoe cpeaHee, m — owmbka cpegHero n Ap. [lanee B TekcTe HeO6X0AMMO yKasbiBaTb
06bem BbIGOPKM (N), NCNOMNB30BAHHOIO 41151 BEIYUCIIEHNSA CTaTUCTUYECKUX KpUTepueB. Ecnn ncnonb3yembie cTatncTu-
YecKkune KpUTEPUM UMEIOT OrpaHNYeHUst Mo UX MPUMEHEHNIO, YKaXuTe, Kak NpoBepSnNCh 3TN OrpaHUYeHNs N KakoBbl
pe3ynbTaThbl AaHHbIX NPOBEPOK (HanpuMep, kak noaTeepxaancs akt HopManbHOCTW pacnpegeneHusi Npu Ncnonb3o-
BaHWM NnapameTpuyecknx MeTodoB ctatuctuku). Cnepyet ndberatb HEKOHKPETHOIO MCMOMb30BaHNSA TEPMUHOB, UMe-
IOLLMX HECKOIbKO 3Ha4YeHune (Hanpumep, CyLecTBYET HECKOIbKO BapMaHTOB KoadhduumeHTa koppensauun: MNupcoHa,
Cnupmenra u ap.). CpeaHune Benn4mHbl He cnedyeT NpMBOAWTL TOYHEE, YeM Ha OAMH AeCATUYHBIN 3HAK MO CPaBHEHMIO
C UCXOOHBbIMY AaHHbIMW. ECniu aHanua gaHHbIX NPOM3BOAMIICS C UCMOMNb30BaHWEM CTaTUCTUYECKOTO NakeTa nporpamMm,
TO Heo6X0AMMO yKa3aTb Ha3BaHWe 3TOro nakeTa n ero BepCuio.

3.2.6. Pe3ynbTathbl M 06CcyXaeHue

B naHHOM pasgene onucbiBalOTCA pesynsTaThl MPOBEAEHHOTO UCCNeA0BaHUS, MOAKPENsieMble HarmnsaaHbIM UIHo-
CTpaTVBHbLIM MaTepuanom (Tabnuupl, pUcyHkn). Henb3s NOBTOPSITb B TEKCTE BCE AaHHble 13 Tabnuw, U pUCYHKOB;
HeobXx0aVMMO BbIAENUTb Y CYMMUPOBATb TOMbKO BaXKHblE HABNO4eHS.

Mpw obcyxaeHun pesynsTaTtoB UCCNEefoBaHNS JONYCKaOTCHA CCbINKM Ha paboTbl APYrmx aBTOPCKUX KOMNMEKTUBOB.
Heobxogumo BblAENUTbL HOBbIE U BaXHbIE acMeKTbl UCCNEAOBaHMWs, a Takke BblBOAbI, KOTOPbIE U3 HUX crieqyloT. B
pasgene HeobxoArMo 0bCyaAnTb BO3MOXHOCTb MPUMEHEHNS MOMYYEeHHbIX Pe3ynsTaToB, B TOM Y/iCHe Y B AanNbHENLLNX
nccnegoBaHusix, a Takke UX OrpaHnyeHus.

Heobxognmo cpaBHWUTL HabrogeHus aBTOpoB CTaTbW C OAPYrYMU UCCMEAOBaHMAMM B AaHHOW obrnacTtu, cBsA3aTb
CAenaHHbIe 3aKIoYeHns ¢ LensiMmn UCCrnefoBaHunsl, ogHako creayeT usberatb «HEKBanMuLMpoBaHHbIX», HEOBOCHO-
BaHHbIX 3asBNeHU 1 BbIBOAOB, HE MOATBEPXAEHHbIX MOMHOCTLI0 hakTamu. B yacTHOCTW, aBTopam He crieqyet de-
naTbh HUKaKMX 3asiBNIEHWNI, KacatoLLMXCA SKOHOMUYECKOW BbIrOAbl U CTOMMOCTW, €CIM B PYKOMUCU HE NpeacTaBreHbl
COOTBETCTBYHIOLLME IKOHOMUYECKME AaHHble 1 aHanu3bl. HeobxoanmMo n3bexarb NpeTeH3nn Ha NPUOPUTET U CCbINOK
Ha paboTy, KoTopas eLle He 3aKkoH4YeHa. DopMynMpoBaTh HOBbIE MMMNOTE3bl HYXKHO TOMbLKO B CIlyYae, Korga 3To onpas-
AaHHO, HO YeTKo 0603HayaTh, YTO 3TO TONbLKO rMMNoTesbl. B aTOT pasgen moryT BbiTh Takke BKAOYEHbl 060CHOBaHHbIE
pekoMeHaauuu.

3.2.7. 3aknroyeHune
[aHHbIN pa3gen MoxeT ObiTb HanucaH B BUAe obLLEro 3akmoyeHnst, Unn B BUAE KOHKPETU3MPOBaHHbIX BbIBOL4OB B
3aBMCMMOCTM OT cneuundmkn cTaTbu.

3.2.8. BeiBoAabI
BbiBOAb!I AOMKHBI ObIT NPOHYMEPOBaHbI, YETKO CHOPMYNMPOBaHb! U CreaoBaTh NOCTABEHHON LIENN.

3.2.9. Bknap aBTOpOB

B maHHOM pasgene HeobxoouMO ykasaTb BKIag Kak4oro aBTopa B paboTy Hap ctateen. Bknag B paboTy Hag
cTaTben — 3T0 MHTennekTyansHoe BnoXxeHne, 6e3 KOToporo YacTb paboTbl Unn pabota B LEenom He morna 6biTb 3a-
BepLUEHa unun crtatbsi HanucaHa. B cooTtBeTcTBUM ¢ pekomeHaaumsamm MexayHapogHoro Komuteta Pegaktopos Me-
AVUMHCKMX XKypHanoB aBTopamMu ctaTbu MOryT BbITb n1ua, Yei Bknag B paboTy OCHOBaH Ha CReayoLmnX KpUTepusix:

— CYLLECTBEHHbIN BKMNazA B KOHUENUMIO Uy Au3ainH paboTel; cOop, aHanmns unm uHTepnpeTtauuns pesynsratoB pabo-
Thl;

— HanMcaHne TeKCTa U/Mnn KpUTUYECKMIN NEPECMOTP €ro CoAepXaHus; — yTBEPXXAeHNe OKOHYaTeNbHOro BapnaHTa
cTatbun Ang nybénukaumu;

— corracue HecTu OTBETCTBEHHOCTb 3a BCe acnekTbl paboThl, Haanexalee nsydeHre u pelleHme Bonpocos, CBs-
3aHHbIX C JOCTOBEPHOCTLIO AaHHbIX UMW LIENOCTHOCTbLIO BCEX YacTew CTaTb.

3.2.10. KoHdpnukT nHTEepecoB

B naHHOM pasgene HeobxoouMMOo ykasaTtb Nobble (PMHAHCOBbIE B3aMMOOTHOLLEHNS, KOTOPbIE CMOCOOHbBI MPUBECTU
K KOH(NMKTY MHTEPECOB B CBA3M C NPeACTaBMeHHbIM B PyKONMUCK MaTepuanoM. Ecnun KoHMnMKTa MHTepecoB HET, TO
nuwetca: «KOHMNUKT MHTepecoB He 3adBrneHy». Heobxoanmo Takke ykasaTb MCTOYHUKM (hMHAHCMPOBaHUS paboThbl.
OCHOBHbIe NCTOYHMKM (hMHAHCUPOBaHWUS AOMKHBI ObITh YKasaHbl B 3arofioBke CTaTby B BUAE opraHusauui-paborona-
Tenew B OTHOLLEHUN aBTOPOB pykonucu. B TekcTe ke HeobxoamMmo ykasaTtb Tvn orHaHCMPOBaHUSA opraHu3aLms mupa-
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6otoparensamu (HUP n gp.), a Takke npyv HeOGX0ANMMOCTU NPEAOCTaBUTb MHAPOPMALUS O AOMOSNTHUTENbHBIX NCTOYHU-
Kax: croHcopckas noaaepxka (rpaHTbl pasfnmyHbiX POHAO0B, KOMMEPYECKUE CMOHCOPbI).

B paHHOM pasgene Takke ykasblBaeTCsi, €CNM 9TO NPUMEHUMO, KOMMEpPYECKas 3auHTEPECOBAHHOCTb OTAENbHbIX
DU3NYECKNX N/MNW IOPUANYECKMX UL, B pedynbTatax paboThbl, Hanmyme B pyKonucu onucaHun obbLekToB NaTeHTHOro
unu noboro Apyroro Buaa npae (kpome aBTopckoro). NogpobHee o noHATUM «KOHMNUKT MHTepecoB» Yntante B Equ-
HbIX TpeboBaHui k pykonmcam MexayHapogHoro Komuteta Pegaktopos MeguumHckmx XypHanos (ICMJE).

3.2.11. bnarogapHocTu

[anHbin pasgen He aBnsieTca obsidaTenbHbIM, HO €ro HanMume XenatenbHO, ecnv 3To npuMmeHuMo. Bce yyacT-
HUKW, HE OTBeYawLMe KpUTEPUSIM aBTOPCTBA, AOMKHbI ObiTb NepeyncreHbl B pasgene «bnarogapHoctuy. B kave-
CTBE NPUMEPOB TEX, KOMY CreayeT BblpaxaTb 6naro4apHOCTb, MOXHO MPUBECTU NNL, OCYLLECTBISIOLMX TEXHUYECKYHO
NOAAEPXKKY, MOMOLLHMKOB B HAMMCaHWW CTaTbW UMW PyKOBOAMTENS noapasaeneHus, obecneynsatoero obLuyto noa-
aepxky. HeobxoamMmMo Takke BblpaxkaTb NPU3HATENbHOCTb 3a (OMHAHCOBYHO M MaTepuarnbHyo noaaepxky. Mpynnbl nu,
y4yacTBOBaBLUMX B paboTe, HO Ube y4acTue He OTBeYaeT KpUTEPUsIM aBTOPCTBA, MOTyT ObITb NEPEYMCIIEHbI KaK: «KMu-
HUYecKMe nuccregoBaTtenm» UNn «y4acTHUKU uccriefoBaHusiy. Mx yHKUMs gomkHa 6biTe onmncaHa, HanpuMep: «y4va-
CTBOBasnu Kak Hay4Hbl€ KOHCYNbTaHTbI», KKPUTUYECKN OLEHMBANW LENn UccriefoBaHus», «cobupanu gaHHbIe» Unu
«MPUHMMAnM y4actue B fie4eHnn NaLMeHTOB, BKIOYEHHBIX B UCCreaoBaHmey. Tak kak yMtateny MoryT (hoopM1MpoBaTh
cobCTBEHHOE MHEHME Ha OCHOBaHMM NPEACTaBMEHHbIX OAHHbLIX M BbIBOAOB, 3TN LA AOMKHbI AaBaTb NMCbMEHHOEe
paspeLueHne Ha To, YTOObl ObITb YNOMSHYTEIMW B 3TOM pasgerne (06bem He 6ornee 100 cnos).

3.2.12. NlutepaTtypa

Pepakuus He orpaHMyvMBaeT aBTOPOB B KONMMYECTBE MCMOSb3yeMbIX NUTEPATYPHbIX MCTOYHUKOB, HO MPOCUT aBTO-
POB paynTeNnlbHO OTHOCUTBLCSI K (PMHAHCOBBLIM M BPEMEHHBIM pecypcam pefakumMm U BHOCUTb TOMbKO HeobxoauMble
ccbinkn. CebIfkn Ha NUTepaTypHble UCTOYHUKN OOMKHbI OblTb 0603Ha4YeHbl apabckummn uudpammn 1 ykasbiBaTbCs B
TEKCTe pPyKOMNuUCK B KBaApaTHbIX CKOOKax.

MpucTtaTelHbin Gubnmuorpadmyecknii CNMCoK AoMKeH ObiTb NpUBeaeH B andaBUTHOM NOpsiAKe U 0OPMIIEH B CO-
oteetcTtBum ¢ FOCT 7.1-2003 «Bnbnunorpacdurdeckas 3anuce. bubnuorpadudeckoe onucaHune. O6wme TpeboBaHms n
npasuna coctaBneHuns». Bce NCTOHYHUKM NPUBOASITCA HYMEPOBaHHbBIM NOCHe0BaTeNbHO CNMCKOM, NEPEYNCIIAIOTCS NO
andaeuTy — cHayana UCTOYHUKM Ha KUpWUInMLe, 3aTem Ha natuHuue. VICTOYHMKM NPUMBOASATCA Ha A3blke opuriHana.
Mpu odopMneHnn Ha3BaHMIM NHOA3bIYHBIX PAbOT COXpaHAEeTCA pacCTaHOBKA 3arnaBHbIX U CTPOYHbIX OYKB.

3.2.13. TpaHcnuTepauus

Mpwn cocTtaBneHun cnucka dmMbnuorpadnUHecKmMx CCbINTOK PYCCKOA3bIYHbIE UCTOYHUKN HEOBXOOMMO TpaHCnmMTepu-
poBaTb, @ MHOCTPaHHbIE UCTOYHMKM MPUBECTU B COOTBETCTBME TpeboBaHNsIM TpaHcnuTepauun. Bece TpaHcnutepupo-
BaHHble UCTOYHUKM JAKTCsi HYMEpPOBaHHbIM MOCNeaoBaTeNlbHO CMMCKOM, B COOTBETCTBUM C MOCIEen0BaTENIbHOCTbLIO
NCTOYHMKOB M3 cnucka «Jlutepatypa.

[nsi nonyyeHus TpaHCIMTEPUPOBAHHOIO CMCcKa NUTepaTypbl MOXHO BOCMOSb30BaTLCSl MPOrpaMMON TpaHCcnuTe-
paLmmn pyccKoro Tekcta B natvHuuy Ha canTte http://translit.ru

3.2.14. 'pachuuecknin matepuman

O6bem rpacmyeckoro marepmana — MMHUMansHoO Heobxoaumeln. Ecnv pyucyHku Obinv onyGnukoBaHbl paHee, He-
06x0aMMO yKa3aTb OpUrMHanbHbIN UCTOYHUK U NPeACcTaBUTb MUCbMEHHOE pa3pelleHne Ha UX BOCNpousBedeHne ot
[Aepxkatensi npaea Ha nybnukauuio. PaspelueHne TpebyeTcst He3aBMCUMO OT aBTOPCTBA UMW U3gaTensi, 3a UCKMYeH-
eM JOKYMEHTOB, HE OXPaHSIIOLLMXCS aBTOPCKMM NPaBoM.

PucyHkn n cxembl B anekTpoHHOM Buae Heobxoammo npeactaBuTb ¢ pacwmperHem JPEG, GIF unu PNG (paspe-
weHne 300 dpi). PucyHkn MOXHO NpeacTaBnsTb B pasfMyHbIX LIBETOBbIX BapuaHTax: YepHobenblid, OTTEHKM Ceporo,
uBeTHble. LIBeTHble puUCYHKM ByayT npeacTaBneHbl B LBETHOM MCMOMHEHNM TONBbKO B 3NEKTPOHHOW BEPCUU XypHana,
B NnevaTHOW Bepcum xypHana oHn 6yayT nybrnmkoBaTbCcs B OTTEHKax ceporo. MukpodoTorpacdum 4OmKHbI UMETb MeT-
KM BHYTpeHHero macwitaba. CumBOrbl, CTPENKM unm ByKBbl, UCNOMNb3yeMble Ha MUKPOOTOorpadmsax, OMMKHbI ObiTb
KOHTPaCTHbIMW MO cpaBHeHUto ¢ poHoM. Ecnn ncnonbaytotea doTorpadum nogen, To 3tn ngn nmbo He JOMKHbI
ObITb y3HaBaembiMy, NMMBO K TakMM POTO AOIMKHO ObITb NPUNOXEHO MUCbMEHHOE pa3peLleHne Ha ux nybnvkauuio.
N3meHeHune dopmaTa pUCYHKOB (BbICOKOE paspeLleHne 1 T. 4.) npeaBapuTenibHO cornacyeTtcs ¢ pegakumnen. Pegakums
OCTaBrsieT 3a coboV NpaBo OTKa3aTb B pa3MeLLEHUN B TEKCTE CTaTbW PUCYHKOB HECTaHOAPTHOrO KayecTsa.

PrcyHkn gomxkHbl 6bITb NPOHYMepoBaHbl NocrneAoBaTelbHO B COOTBETCTBUM C MOPSAKOM, B KOTOPOM OHW BNepBble
yrnoMuHarTcs B TekcTe. [logrotaBnuBaroTcs NOAPUCYHOUHbIE NOANUCY B NOPSIAKE HYMepaLm PUCYHKOB.

3.2.15. Tabnuubl

Tabnuubl OOMKHBI MMETb 3arofioBOK M YeTKO 0B03HaveHHble rpadbl, yaobHble ansa yteHus. Wpndt ans Tekcrta
Tabnuy gomkeH 6biTb Times New Roman, kernb He meHee 10pt. Kaxagas tabnuua nevataetcsa vepes 1 vHTepBarn.
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doTOo-TabnKLbl HE MPUHUMAKOTCA.

Hymepynte Tabnuubl nocnegoBaTtenbHO, B MOPSIAKE UX NEPBOro YNoMWHaHWSA B TekcTe. [JanTe KpaTkoe Ha3BaHue
Kaxxgon n3 Hux. Kaxgpii ctonbel, B Tabnuue OOMmMKEH MMETb KOPOTKUI 3arofoBoK (MOXHO Mcnonb3oBaTh abbpesna-
Typbl). Bce pasbacHeHus cnegyeT noMellaTs B npuMeYaHmsax (CHockax), a He B Ha3BaHuM Tabnumupbl. Ykaxute, Kakue
CTaTUCTUYECKME MEPBI MCMOSb30BaNMUCh ANS OTPaXKeHUs BapuabenbHOCTUN AaHHbIX, HanpuMep CTaH4apTHOE OTKITOHe-
HWe unu owmnbka cpegHein. Ybeanutech, YTO Kaxaasa Tabnvua ynoMsiHyTa B TEKCTE.

3.2.16. EAUHULLI N3MepeHns N COKpaLLeHus

MamepeHus npusogatcsa no cucteme CU un wikane Llenbcus. CokpalleHnst oTaenbHbIX CNoB, TEPMUHOB, KpoMe 06-
LLeNpUHATBIX, He AonyckatoTcs. Bce BBoaMMbIE CokpalleHMs paclumdpoBbIBAOTCS MOMHOCTLIO MPU NEPBOM yKa3aHWUM
B TEKCTE CTaTbW C MOCneayrLmnm ykasaHMeM COKpalleHus B ckobkax. He cnepgyet vcnonb3oBatb abbpeBuartyphbl B
Ha3BaHWUW CTaTbW U B aHHOTaLWK.
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