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(96 hours), but the difference was not statistically significant (p=0.059). Exudation lasted longer in groups | and Il
compared to group Il (p=0.044). Sympathomimetic doses were significantly lower in group Il — 5 (4-5) mcg/kg/min
(p<0.001), while the duration of their use was the shortest in group 1l — 48 (24-72) hours (p=0.048). The duration of
hospitalization was also shortest in group Il — 19 (15-24) days, unlike groups | (21 days) and Il (22 days), the difference
was statistically significant (p<0.001). The level of saturation after surgery and at discharge gradually increased from
group | to group lll, with significant differences observed only at discharge (p=0.026). Thus, the most favorable
postoperative course according to most indicators was observed in patients of group I, which manifested itself in
faster extubation, lower CVP, less need for sympathomimetics, and shorter hospital stay. An uncomplicated early
postoperative period was observed in 77% (n=142 patients). The other 23% (n=43 patients) had 56 complications,
distributed as follows: group | — 19 complications in 15 patients, group Il — 14 complications in 13 patients, group IlI
— 23 complications in 14 patients. The average observation period was 58+7 months (from 6 to 192 months). Patient
survival was: after 6 months —98.9%, after 1 year —97.3% and remained stable until the final stage of hemodynamic
correction. The next, or final stage of hemodynamic correction of TCC in the main study group (n=185 patients) was
performed in 140 patients, which is 75.6%. Contact was lost with 7 patients.

The contribution of the SVC flow directly depends on the patient’s age and gradually decreases in older patients,
therefore the clinical effect of BCPA is significantly better when the operation is performed in early childhood (from
1 to 3 years).

Key words: congenital heart defects, single-ventricle heart physiology, decreased pulmonary blood flow, in-
creased pulmonary blood flow, bidirectional cavapulmonary anastomosis, hemodynamic correction.
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The study of the signs and mechanisms of immunosenescence is one of the current research areas of modern
biology and medicine. Among the factors influencing the development of immunosenescence, psychological stress is
indicated. Available studies show an increased level of stress among school teachers caused by martial law factors.
The aim of the study is to determine the presence of changes in the leukocyte formula, as signs of immunosenes-
cence, in education workers of different ages during martial law.

The analysis of the leukocyte formula was carried out in 2023/2024. The control group was formed by students of
2-3 years of the Bohdan Khmelnytsky National University of Cherkasy (40 people). The research group was formed by
60 pedagogical workers of secondary education institutions of the city of Cherkasy and Cherkasy district, who under-
went routine medical examinations. Within the groups, subgroups of the first mature age (26-34 years, 30 people)
and the second mature age (35-52 years, 30 people) were distinguished. The studies were conducted in compliance
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with the rules of bioethics. Leukogram indicators were determined on the Diagon D-cell 60 analyzer (Diagon Ltd,
Hungary). Additional analysis of granulocyte populations was performed using a blood smear stained according to

Pappenheim.

It was established that during the period of martial law, people working in the field of education show signs of
stress, which are manifested by changes in the quantitative indicators of leukocyte populations and their ratio. Some
of the stress-induced changes in natural resistance, especially pronounced among educators of the second mature
age, are signs of mobilization of inflammatory processes and hypersensitivity reactions and can be characterized as

primary markers of immunosenescence.

Key words: immunosenescence, leukocyte formula, psychological stress, martial law, educational activity.

Connection of the publication with planned
research work.

The research was carried out within the scientific
theme of the Department of Cell Biology and Methods
of Teaching Biological Disciplines of Bohdan Khmelnytsky
National University of Cherkasy: “Immunological and
Microbiological Criteria for the Formation of Allostatic
Load” (state registration number 0121U107531).

Introduction.

Immunosenescence, or immune aging, is a universal
and irreversible biological process characterized
by dysfunction of the innate and adaptive immune
response, increased susceptibility to infections,
low efficacy of vaccination, and intensification of
inflammatory, oncological, and autoimmune processes
[1-4]. Research on the relationship between social stress
and immunity has shown that people who experience
chronic psychological stress in a social environment
experience depletion of the T-cell component of
immunity. However, the consequences largely depend
on social determinants such as ethnicity, education
level, and socioeconomic status. In this case, chronic
stress can lead to cortisol resistance and stimulate
the development of inflammatory processes [5-7].
As a result, patients with depressive states and post-
traumatic stress disorders often have elevated levels of
inflammatory markers. A critically important component
is also immune resistance, as an individual feature of the
immune system’s ability to maintain or quickly restore its
functions after negative influences [8]. The presence of
elderly people with a higher level of immune resistance
calls into question traditional ideas about the inevitable
development of immunosenescence in the aging process
[4].

In Ukraine, the first stress among a significant
proportion of the population, in particular, educators,
from the COVID-19 pandemic was supplemented by
stress from the war in 2022. Available publications show
a significantly increased level of stress among school
teachers caused by martial law factors [9-11].

Studies of immune resistance in the aging process
are largely limited to basic immunophenotyping of
common immune populations, cytokine analysis, or
transcriptomic studies of leukocytes. It is believed
that additional studies are needed to correctly assess
immunocompetence and its changes in response to age,
immune problems, or various forms of stress [4].

The aim of the study.

To determine the presence of changes in the
leukocyte formula as signs of immunosenescence in
education workers of different ages during martial law.

Object and research methods.

The examination was conducted in 2023/2024 (the
period of martial law in Ukraine). Blood tests were

performed on 100 people without signs of acute or
chronic diseases. The conclusion on the state of health
was made by medical specialists of the Cherkasy Central
District Hospital of the Chervonoslobodsk Village
Council.

The studies were conducted in compliance with the
rules of bioethics. All examinees gave their consent to
participate in the study, and in the case of professional
examinations — to the analysis of the obtained clinical
data with the observance of anonymity.

The control group was formed by students of the 2nd-
3rd year of the Bohdan Khmelnytskyi Cherkasy National
University (40 people). The research group was formed
by 60 pedagogical workers of secondary education
institutions of the city of Cherkasy and Cherkasy district
aged 26-52 years, who underwent routine medical
examinations on the basis of the Cherkasy Central
District Hospital. Within the groups, subgroups of the
first mature age (26-34 years, 30 people) and the second
mature age (35-52 years, 30 people) were distinguished.
Individuals of the first mature age worked in the industry
for less than 10 years, individuals of the second mature
age — for more than 10 years.

Leukogram indicators were determined on the Diagon
D-cell 60 analyzer (Diagon Ltd, Hungary). Additional
analysis of granulocyte populations was performed on a
blood smear stained according to Pappenheim.

Statistical processing of the material was carried
out using the Microsoft Excel program. The mean value
and its error were determined (Xtm). The difference
between different groups was determined by the
Student t-test (after checking the samples for normal
distribution). When assessing reliability, compliance
with three confidence intervals was taken into account:
P<0.05, P<0.01 and P<0.001.

Research results and their discussion.

It was found that the indicator of the total number
of leukocytes is shifted to the upper limit of the norm
in persons of the first mature age, in persons of the
second mature age there is no such shift. As a result, the
total number of leukocytes does not have a significant
difference with the control in persons of the first age
group and is significantly lower than the control values
in persons of the second age group. At the same time,
there is no significant difference between the groups
divided by age (table). Thus, in both the control and
the experimental groups, a certain mobilization of
leukopoiesis is observed, the least pronounced in
teachers of the second mature age.

The relative and total number of lymphocytes in all
subjects (both in the control and experimental groups)
showed a tendency to shift to the lower value of the
reference range. At the same time, in individuals of the
first mature age, the indicator did not differ significantly
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Table - Leukocyte indices in education workers of different age groups (Xtm)

Indicators / Control group, | Teachers of the first mature age, | Teachers of the second mature age,

normal reference values n=40 n=30 n=30
Leukocytes, x 10°/L / 4.0-9.6 8.64+0.162 8.24+0.329 7.41+0.319 **
Lymphocytes, % / 20-40 21.83+0.582 22.17+0.569 19.27+0.567 */ ##
Lymphocytes, x 10°/L / 1.5-4.0 1.90+0.074 1.86+0.070 1.45+0.077 *** [ ###
Monocytes, % / 4.0-10.0 7.30+0.243 6.87+0.431 11.67+0.517 *** / ###
Monocytes, x 10°/L / 0.2-0.8 0.63+0.026 0.58+0.048 0.87+0.050 *** / i
Neutrophils band, % / 1.0-6.0 6.75+0.223 7.67£0.419 5.20+0.354 *** /[ ###
Neutrophils band, x 10°/L / 0.04-0.4 0.59+0.027 0.63+0.039 0.40 £ 0.037 *** / ###
Neutrophils segm., % / 47.0-65.0 61.48+0.692 55.87+0.990 *** 59.1041.385 ***
Neutrophils segm., x 10°/L / 2.0-6.5 5.29+0.088 4.62+0.217 ** 4.3740.220 ***
Eosinophils, % / 0.5-3.0 1.90+0.128 2.77+0.348 * 2.931£0.262 **
Eosinophils, x 10°/L / 0.05-0.45 0.16+0.012 0.24+0.036 * 0.22+0.024 *
Basophils, % / 0.0-1.0 0.75+0.128 2.0040.173 *** 2.4740.124 *** [ #
Basophils, x 10%/L / 0.00-0.02 0.06+0.010 0.17+0.016 *** 0.16+0.011***

Notes: * — P<0.05; ** — P<0.01; *** — P<0.001 — compared with the indicators in the control group; # — P<0.05; ## — P<0.01; ### — P<0.001 —

compared with the indicators in individuals of the first mature age.

from the control, and in individuals of the second mature
age it was significantly lower than the control values. As
a result, the relative and total number of lymphocytes
in individuals of the second mature age was significantly
lower than in the subjects of the first mature age (table).
In general, a reduced number of lymphocytes, with cases
of exceeding the lower limit of the reference range, as
a recognized biomarker of chronic stress, indicates the
presence of a stress effect for all subjects. A particularly
pronounced effect is observed in educators of the
second mature age.

In all the examined, there is a tendency for the
average relative and total number of monocytes to
shift to the upper limit of the reference values, in
both analyzed age groups of educators, cases of the
indicator exceeding the upper limit were detected. In
the examined first mature age, there is no significant
difference between the indicator and the control, in
the educational workers of the second mature age the
indicator is significantly higher than the control and than
the indicator in the examined first mature age (table).
Thus, with age, mobilization of the monocytic link of
innate immunity is observed as a potential factor in the
formation of pro-inflammatory phenomena.

The relative and total number of band neutrophils
demonstrated a pronounced tendency to shift to the
upper limit of the norm with frequent cases of exceeding
this limit in all examined. Moreover, among persons of
the first mature age, such cases were observed more
often, the indicators in this subgroup did not differ
significantly from the control. In education workers of
the second mature age, the indicators were significantly
lower than in the control group and in the examined
persons of the first mature age (table). Thus, despite
the general tendency to increase the number of band
neutrophils, such an effect is more characteristic of
educators of the first mature age.

In all education workers, both of the first and
second mature age, the relative number of segmented
neutrophils by the average value was within the
recommended limits of the reference range and was
significantly lower than in the control group. There was
no significant difference between the groups divided by
age (table).

The relative and total number of eosinophils in
education workers of both the first and second mature
age were significantly higher than the indicators in the
control group, the relative number by the average value
was shifted to the upper limit of the reference range.
There was no significant difference between the groups
divided by age (table).

Thus, there is a significant mobilization of the pro-
inflammatory fraction of the nonspecific link of cellular
immunity in educators of all age groups in all years of
the study.

The relative and total number of basophils in workers
of the first and second mature age on average exceeded
the upper limit of the reference range and were
significantly higher than the indicators in the control
group. This is due to the indicator exceeding the upper
limit in a significant part of the examined from each
group. In the examined second mature age, the relative
number is significantly higher than in the examined first
mature age (table).

In general, the detected decrease in the number
of lymphocytes in the subgroup of educators of the
second mature age, as a classic sign of a stress reaction,
in the absence of a similar pattern in the subgroup of
the first mature age, can be considered a consequence
of prolonged professional exposure. However, in
educators of the first mature age, a significant increase
in the number of rod-shaped neutrophils (a shift of
the formula to the left) is observed, which, in the
absence of pronounced inflammatory pathologies, can
be characterized as a compensatory reaction to stress
exposure. That is, in both age subgroups of educators
there are signs of stress-induced changes in natural
resistance, but they are implemented by different
mechanisms. Most neutrophils are short-lived cells,
however, they are extremely sensitive to changes in
the physiological state of the organism, as well as its
circadian rhythms, gender and age [12, 13]. One of the
signs of immunosenescence is indicated by structural
changes in neutrophils. Involutional changes in surface
structures and decreased expression of chemokine
receptors inhibit the migratory potential of neutrophils
to inflammatory foci to perform their functions [14-17].
Accordingly, an increased number of neutrophils in the

142

ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunm — 2025 — Bun. 4 (179) / Bulletin of problems in biology and medicine — 2025 - Issue 4 (179)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



KNIHIYHA TA EKCMEPUMEHTA/IbHA MEAULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

peripheral blood, characteristic of stressful conditions,
may also be a sign of impaired migration into the
extravascular space.

A characteristic feature of this phenomenon is
the increase in basic inflammation. This phenomenon
is often called “inflammatory aging”, which, in turn,
affects various parts of the immune system, causing its
remodeling [13, 18, 19]. The aging process of the body
is accompanied by a shift of hematopoietic stem cells
to the myeloid cell lineage. This contributes to the fact
that the size of neutrophil populations in the peripheral
blood of elderly people without concomitant diseases
remains quite stable [20]. An increase in the number
of neutrophils with age is considered evidence of the
risks of age-induced imbalance in the functioning of the
immune system [21]. Environmental factors associated
with aging are likely to affect the dysregulation,
infiltration and activation of neutrophils [13].

One of the classic signs of aging is chronic low-grade
inflammation, which is formed due to the activation
of innate immune factors against the background of
suppression of the adaptive immune response [22]. The
development of a low-level inflammatory process can be
promoted by changes in the interaction of neutrophils
and macrophages [13]. In healthy elderly adults, an
increased number of monocytes in the peripheral
blood is a fairly typical phenomenon [23, 24]. However,
it is generally accepted that monocytes are one of the
central components of inflammation, especially in
elderly people [25, 26].

Another sign of mobilization of inflammatory
processes is increased eosinopoiesis in the bone marrow,
which leads to an increase in the number of mature
eosinophils in the peripheral blood [27]. Eosinophils play
an important homeostatic role in the body’s immune
reactions. At the same time, they play a pathological role
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in diseases characterized by pronounced inflammatory
phenomena. Therefore, an elevated blood eosinophil
count is a reason for further investigation [28].

Eosinophils modulate immune responses through
their interactions with various immune cells. Therefore,
in the clinic, parallel assessment of the number of
eosinophils and neutrophils in the blood is important
to characterize inflammatory processes and identify
important clinical manifestations [29].

Persistent inflammation, which is a classic sign of
immunosenescence, is often a consequence of chronic
stress and the resulting accumulated damage [30, 31].
These signs can be associated with both chronological
and biological age. Biological age is quite variable and
can depend on many factors, in particular, environmental
influences [4, 32]. Such factors for educators in Ukraine
at this time can be both the conditions of long-term
professional activity and the stress factors of martial law.

Conclusions.

Thus, during the period of martial law, individuals
working in the field of education show signs of stress,
manifested by changes in the quantitative indicators
of leukocyte populations and their ratios. These
changes have their own characteristics depending
on age and duration of work in the field. Some of the
stress-induced changes in natural resistance, especially
pronounced among teachers of the second mature age,
are signs of mobilization of inflammatory processes and
hypersensitivity reactions and can be characterized as
primary markers of immunosenescence.

Prospects for further research.

An assessment of indicators taking into account the
gender factor, as well as an analysis of the subpopulation
composition of peripheral blood Iymphocytes, is
planned.

O3HAKW IMYHOCEHECLLEHLLIT HA PIBHI IEAKOTPAMM
B OCBITAH PISHOIO BIKY Y MNEPIO4 BOEHHOIO CTAHY

YepKacbKa meauyHa akagemia (m. Yepkacu, YKpaiHa)
2YepKaCbKUii HaLioHaNnbHUI yHiBepcuTeT imeHi borgaHa XmenbHuubkoro (m. Yepkacwu, YkpaiHa)
sokolenko@ukr.net

Bug4eHHA 03HOK mMa MeXaHi3mie iMyHoceHecUueHyii € 0OHUM 3 aKMyasnbHUX HANpPAMI8 00C1iOHeHb Cy4acHoi
bionoezii ma meduyuHu. Ceped ghakmopis, Uj0 8MaAUBAIOMb HA PO3BUMOK iMyHOCEHECUeHii, BKA3yomb rcuxosoaiyHul
cmpec. HasasHi docnidnceHHs, AKi nokasyome nidsuweHull piseHb cmpecy ceped y4umenis WKis, 8UKAUKAHUU
Ghakmopamu 80€HHO20 cmaHy. Mema 00cniOxeHHs — 3’acysamu HAsSBHICMb 3MiH AeliKoyumapHoi hopmynu, K
03HAK iMyHOCeHecueHUii, y npayisHuKie 2asay3i oceimu pi3Ho20 8iKy y nepiod 80EHHO20 CMAHY.

AHani3 nelikoyumapHoi hopmysu nposodusnu 8 2023/2024 pokax. KoHmposnbHy epyrny cghopmysanu cmydeHmu
2-3 Kypcie YepKacbKo2o HayioHaaAbHO20 yHisepcumemy imeHi boedaHa XmenbHuybKoezo (40 ocib). [ocnidHy epyny
cpopmysanu 60 nedazoziyHuUX NpayisHUKie 3aknadie cepedHboi ocaimu m. Yepkacu ma YepkacoKkozo palioHy, Kompi
npoxodusu naAaHosi Medu4vHi 02aa0u. B mexcax epyn eudinuau nidepynu nepuwozo 3pino2o 8iky (26-34 pokis, 30 ocib)
ma Opyao2o 3pinoeo 8iky (35-52 pokis, 30 o0cib). [ocnidiceHHA npPo8oouaUCa 3 O0MPUMAHHAM Npasusa bioemuku.
loKka3zHuKu nelikoepamu 8u3Ha4yanu Ha aHanizamopi Diagon D-cell 60 (Diagon Ltd, YeopuwuHa). lodamkosuli aHani3
nonynayili 2paHynoyumie nposoousu 30 Ma3KoM Kposi, papbosaHum 3a NanneHzelimom.

BcmaHosneHo, wo 8 ocib, Kompi npayrromes 8 2asay3i oceimu, 8 nepiod 80EHHO20 CMAHy criocmepiearomecs
03HAKU CMPecos8ozo 8raAusy, fAKi rnpoAensomsca 3MIHAMU KiflbKiCHUX MOKA3HUKie nonynaauil nelikoyumie ma ix
cnisgioHoweHHA. OKpemi 3i cmpec-iHOyKO8aHUX 3MiH NMpupoOHOi pe3ucmeHmHocmi, 0cobauso supaxeHi ceped
oceimaH Opy2020 3pinoz2o GiKy, € 03HAKamu Mobinizauii 3ananbHUX npouyecie ma peakuili einepyymausocmi i
MOXYMb XapaKmepu3yeamucs AK NepeuHHi MapKepu imyHOCeHeCUeHyii.
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Knro4voei cnosa: imyHoceHecyeHyis, nelikoyumapHa gopmysna, ncuxono2ivyHuli cmpec, B0EHHULU CMAH, 0C8iIMHA

0ianbHicMe.

3B8’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-A0CAIA-
HUMM poboTamu.

JocnigeHHA BWKOHYBANMCb B MeXKax HayKoBOi
TeMM Kadeapu KNiTMHHOT Bionorii Ta MeToaMKn BUKNa-
AaHHA 6ioNoriYHMX AMcumMnaiH YepKacbKoro HaljioHanb-
HOro yHiBepcuteTy imeHi borgaHa XmenbHULUbKOrO:
«IMyHooriuHi Ta MikpobionoriyHi KpuTepii popmyBaHHA
aNNOCTAaTUYHOTO HaBAHTAXKEHHA» (HOMep Aep’KaBHOI
peecTtpauii 0121U107531).

Bcryn.

IMyHOCeHecLeHLis, abo iMyHHe CTapiHHA, € yHiBep-
Ca/lbHUM | HeBiABOPOTHMM biosnoriyHMM nNpouecom,
AKUIN XapaKTepU3YETbCA AUCPYHKLIED BPOANKEHOI Ta
a4anTMBHOI iIMYHHOI BigNOBIAi, NiABULLEHOK YyTAWBI-
CTIO A0 iHdeKLUil, HN3bKO epeKTUBHICTIO BaKUMHaLl
Ta iHTeHcUOIKaLED 3anasibHUX, OHKO/IOMYHUX Ta ay-
ToiMyHHUX npoueciB [1-4]. docnigxeHHs 3B’A3Ky MiXK
CoLjianbHMM CTPECOM Ta iIMYHITETOM MOKa3ano, Wo y
Ntofen, AKi 3a3HaOTb XPOHIYHOTO MCUMXONOTIYHOrO CTpe-
CYy B YMOBax COL|ia/IbHOro cepefoBuLLa, CMOCTEPIraETbCA
BUCHAXKEHHA T-KNITUHHOIT NaHKKU imyHiTeTy. MNpoTe, Ha-
CNiAKM 3HAYHOK MIpOIO 3a/1eXKaTb Bif, TaKMX couiaNbHUX
LETepPMiHAHT, AK eTHIYHA HaJIeXHICTb, piBEHb OCBITH,
coLiaNIbHO-eKOHOMIYHKI cTaTyc. MpU LLbOMY XPOHIYHUNI
CTpec MoXe NPU3BEeCTN 0 PE3UCTEHTHOCTI 4O KOPTU3O-
Ny | CTUMYNHOBATU PO3BMTOK NPOLECIB 3ananeHHs [5-7].
AK HacnigoK, y NauieHTiB 3 AeNpecMBHUMM CTaHAMK Ta
NOCTTPaBMAaTUYHMMM CTPECOBMMM pPO31aJaMn  YacTo
CNOCTEPIraeTbCA NiABULLEHNI PiBEHb 3anNaibHUX MapKe-
piB. KPUTUYHO BaXK/NIMBMM KOMMNOHEHTOM € TAKOX IMYH-
Ha CTiKicTb, AK iHAMBIAyaNbHA 0COBAMBICTbL 34aTHOCTI
iMyHHOI cMcTemm NigTpMMyBaTH abo WBUAKO BiAHOBIO-
BaTK cBOI QYHKL,i nicns HeraTuBHUX BnAmBiB [8]. Hass-
HicTb 0Cib NOXMNOro BiKy, AKIi MatoTb BULLMIA PiBEHb iIMYH-
HOI CTIMKOCTi, CTaBUTb Mifg, CYMHIB TPAAMULiNHI yBNEHHA
NpPO HEMMHYYMIN PO3BUTOK iIMyHOCEHEeCLeHLT B npoLeci
CTapiHHA opraHismy [4].

B YKpaiHi neplimnii cTpec cepen 3Ha4YHOi YacTKM Ha-
CeneHHs, 30Kpema, ocBiTAH, Big naHaemii COVID-19 po-
NOBHMBCA CTPECOM Big, BiviHW y 2022 poui. HasiBHi ny6i-
Kaw,ii, AKi NOKa3yoTb iCTOTHO NiABULLEHWUI pPiBEHb CTPecy
cepes yYuTeniB LWKiA, BUKIMKaHUI GaKTOpamMn BOEHHO-
ro ctaHy [9-11].

JocniayKeHHA iMyHHOI CTIMKOCTI y npoueci CTapiHHA
OpraHiaMmy 3Ha4YHO Mipoto 0bMeKyTbCcA 6a30BUM iMmy-
HOMEHOTMNYBAaHHAM MOLMPEHUX IMYHHUX NONyAAuin,
aHani3omMm UMTOKiHIB abo TPAHCKPUNTOMHUMMK [OCAI-
OXEeHHAMW NnerKkoumuTie. € AyMKa, Wo AAa NpaBUAbHOI
OLLIHKM iIMYHOKOMMNETEHTHOCTI Ta il 3MiH y BignoBigb Ha
BiK, iMyHHi Nnpo6iemu un pi3Hi dopmu cTpecy HeobxigHi
004aTKOBI gocnigxeHHa [4].

Merta gocnigKeHHs.

3’AcyBaTU HAABHICTb 3MiH NelikouuTapHoi dopmynn,
AK 03HaK IMyHOCEeHeCUEeHLLiT, y MpaLiBHUKIB ranysi ocBiTu
Pi3HOro BiKy y nepiog BOEHHOrO CTaHy

O6’eKT i meTOAM AOCNIAXKEHHA.

O6cTeskeHHa nposoanamn y 2023/2024 pokax (nepiog,
BOEHHOrO CTaHy B YKpaiHi). AHani3 nokasHWKiB Kposi
nposegeHo y 100 ocib 6e3 03HaK rocTpUX YM XPOHIYHUX
3axBOpPIOBAHb. BMCHOBOK Mpo cTaH 340poB’s pobuan

meanyHi daxisui KHIM «YepKacbka LieHTpasbHa palioHHa
NikapHa» YepBoHOCN06iACbKOI CinbCbKOi paau.

JocnigxeHHA nNpoBoAMAUCA 3 AOTPUMAHHAM npa-
BUAN B6ioeTuKN. Bci obcTerkeHi gaBanu NOroA)KeHHA Ha
y4yacTb B AOCNIAXKEHHI, @ y BUNaaKy npodecinHux orna-
AiB — Ha aHa.i3 OTPUMAHMUX KAIHIYHUX AaHUX 3 A0TPU-
MaHHAM aHOHIMHOCTI.

KoHTponbHy rpyny cpopmysanm cTyaeHTn 2-3 Kypcis
YepKacbKoro HaluioHanbHOro yHiBepcuTeTy imeHi boraa-
Ha XmenbHuubKoro (40 ocib). OocnigHy rpyny chopmy-
Basin 60 neaaroriyHMX NpaLiBHUKIB 3aKNa4iB cepeaHbol
0CBiTM M. YepKacu Ta YepKacbKoro pamoHy Bikom 26-52
POKiB, KOTPi MPOXOAWAM MNAHOBI MegMyHi ornagu Ha
6a3i KHIM «YepKacbKa LLeHTpanbHa paioHHa NlikapHa». B
MeXax rpyn BUAIAMAW NiATPYNW NepLIoro 3pinoro Biky
(26-34 pokis, 30 ocib) Ta gpyroro 3pinoro Biky (35-52
pokis, 30 oci6). Ocobu neplioro 3pisoro Biky NpawoBa-
v B ranysi meHwe 10 pokiB, ocobu gpyroro 3pinoro Biky
— Binbwe 10 pokis.

MOKa3HWKKN NerKorpammn BM3Ha4a/ M Ha aHani3aTopi
Diagon D-cell 60 (Diagon Ltd, YropuwmHa). [logaTkoBuit
aHani3 nonynAuii rpaHy/10UMTIB NPOBOAMAN 332 Ma3KOM
KpoBi, papboBaHMM 3a ManneHreMmom.

CTaTUCcTUYHY 06PO6KY MaTepiany 34ilicHIOBaNM 3 40~
nomoroto nporpamm Microsoft Excel. BusHayanu cepeg-
HE 3HAYEHHS Ta MOro NOXMOBKY. PisHULIO MiX pisHUMMK
rpynamu BmsHavyanu 3a t-kputepiem CTbtogeHTa (nicns
nepesipky BMBIPOK Ha HOpManbHICTb po3noginy). Mpwn
OUHL AOCTOBIPHOCTI BpaxoByBa M BigMNOBIAHICTb TPbOM
[0BipyYnm iHTepsanam: P<0,05, P<0,01 ta P<0,001.

Pe3ynbTati pocniaKeHHA Ta ix 06roBopeHHs.

BctaHOBNEHO, WO MOKa3HUK 3arajibHOi KinbKOCTI
NEeNKoUUTIB 3MILLEHNI A0 BEPXHbOI MeXKi HopmM B OCib
nepLloro 3pisioro Biky, B 0Ci6 Apyroro 3pinoro Biky Take
3MiLlLEeHHA BiACYTHE. AK HACNiOK, 3aranbHa KiNbKicTb
NenKouuTiB He Ma€ AOCTOBIPHOI Pi3HULi 3 KOHTpOAEM
B 0Cib 3 nepLuOi BiKOBOT rpynu i 4OCTOBIPHO HU¥XKYA Bif,
KOHTPO/IbHUX 3Ha4YyeHb B OCib 3 Apyroi BiKOBOI rpynu.
Mpu LbOMy MiX rpynamu, po3aineHnMm 3a Bikom JOCTO-
BipHa pi3HMUA BigcyTHA (Tabn.). TakMM YMHOM, | B KOH-
TPOANbHIN, | B AOCAIAHMX Fpynax CNOCTepiraeTbCA NeBHa
MobinisaLis nelikonoesy, HaiMeHLLe BUPaXKeHa B OCBI-
TAH A4PYroro 3piforo BiKy.

BigHOCHa Ta 3aranbHa KinbKicTb AimdpounTis B yCix
obcTexeHux (i B KOHTPOAbHIN, | B AOCNiAHIN rpynax) ae-
MOHCTPYBana TeHAEHLiI0 3MilLEeHHA A0 HUXHbOTO 3Ha-
YeHHsA pedepeHTHOro Aiana3oHy. Mpu Lbomy B ocib nep-
LIOro 3piNoro BiKY NOKa3HMK He Bigpi3HABCA A4OCTOBIPHO
BiZ, KOHTpPOAO, a B 0Ci6 Apyroro 3pinoro BiKy 6yB A0-
CTOBIPHO HUXKYMM Bifl, KOHTPONBHMX 3HaYeHb. AK Hacni-
[OK, BifiHOCHA Ta 3arasibHa KifibkicTb nimdouunTie B 0ocCib
OpYroro 3pinoro Biky 6y/na AOCTOBIPHO HUMKYOMD, HiX B
obcTexkeHMx nepworo 3pisoro BiKy (Tabn.). 3aranom,
3HMKEHA KiNbKiCTb nimdoumnTie, 3 BUNaAKaMKU BUXOLOY
32 HUXKHIO MeXy pedepeHTHOro AianasoHy, AK BU3Ha-
HUI BiomapKep XPOHIYHUX CTPECOBUX BM/IMBIB, CBIAYNTb
Npo HanABHICTb CTpecoBoro edekTy A1 BCiX 0BCTEKEHMX.
0c06/11MBO BUPAXKEHNI ePeKT CNoCTepiraeTbea y OCBITAH
APYroro 3pinoro BiKy.

B ycix obcTexeHMUxX crnocTepiraeTbca TeHAEeHLiA 3Mmi-
LWEHHA CepeaHboro NOKasHMKa BiAHOCHOI Ta 3arasbHOI
KiNbKOCTI MOHOUMUTIB A0 BEPXHbOI MeXi pedepeHTHUX
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3HauyeHb, B 060X aHai30BaHMX BIKOBMUX rpynax OCBITAH
BUAB/IEHO BUMAAKM BUXOAY MOKA3HMKA 32 BEPXHIO MEXY.
B ob6cTexkeHnx nepLuoro 3pinoro BiKy BiACYTHA AOCTOBIp-
Ha Pi3HULLA NOKA3HMKA 3 KOHTPOAEM, Y NPAL,iBHUKIB OCBI-
TW APYroro 3pifioro BiKy MOKAa3HUK AOCTOBIPHO BULLUIA
BiZL KOHTPO/IIO i BiZ, MOKa3HMKa B 0BCTEXEHUX NEPLUOro
3pinoro BiKy (Tabn.). TakMm yMHOM, 3 BiKOM cnocTepira-
€TbCA MOBiNi3auia MOHOUMTApPHOI NaHKN BPOAMKEHOTO
iMyHiTeTy, K noTeHuUjiiHoro ¢akTopa GopMyBaHHSA Npo-
3anasibHUX ABULL,

BigHOCHa Ta 3aranbHa Ki/IbKiCTb NaMYKOALEPHMUX
HelnTpodinis AEMOHCTPYBAIN BUPAXKEHY TEHAEHLLIIO 3Mi-
LLEeHHA [0 BEPXHbOI MeXi HOPMUM 3 YaCTUMMK BUMAZAKaMM
BMXOAY 3a L0 MeXKY Y BCix obcTexkeHux. Mpuyomy, cepes
ocib nepworo 3pinoro Biky Taki BUNaaKu cnocrepiranmca
yacTiwe, NOKa3HWKM B Uil nigrpyni He Biapi3HAAMcA go-
CTOBIPHO Bif, KOHTPONO. Y NpaLiBHUKIB OCBITM Apyroro
3pifIoro BiKy MOKa3HMKM BYIv 4OCTOBIPHO HUMKUYMMMU, HixK
B KOHTPO/bHIN rpyni i B 06CTEXKEHMX NepLIoro 3pinoro
BiKy (Tabn.). TakMM YMHOM, NONPW 3arasibHy TEHAEHLL1O
00 NiABULEHHS KiNbKOCTI Na/fIMYKOSAEPHUX HEUTPOdi-
NiB, TakWi epeKT binblue XxapaKTepHUn ANA OCBITAH nep-
LIOrO 3pPiNoro BiKy.

Y BCiX NpaLiBHMKIB OCBITK, AK NepLloro, TaK i gpyro-
ro 3pifioro BiKy, BiAHOCHA Ki/IbKiCTb CErmeHTOALEPHUX
HenTpoodinis 3a cepeaHiM 3HaYeHHAM nepebysana B pe-
KOMEeHA0BaHMX MmeXax pedepeHTHOro aianasoHy i byna
O0CTOBIPHO HUXKYOLO, HiXK B KOHTPOAbHIN rpyni. Mix rpy-
namm, posdineHMmM 3a BiKOM, AOCTOBIPHOI Pi3HMLi He
BMABAeHO (Tabn.).

BigHocHa Ta 3arasibHa KinbKicTb eo3nHodinis y npa-
LLiIBHMKIB OCBITM i nepLloro, i 4pyroro 3pinoro BiKy fo-
CTOBIPHO BULLi BiZ, NOKa3HMKIB B KOHTPOJIbHIW rpyni, Bia-
HOCHa KiNbKiCTb 3a cepegHiM 3HauyeHHAM byna 3milleHa
00 BEpPXHbOI MexXi pedepeHTHOro gianasoHy. Mix rpy-
namu, po3aiieHMMM 3a BiKOM, LOCTOBIPHOI Pi3HUL He
6yno (taba.).

TaKMM YMHOM, CMOCTEPIraeTbcA iCTOTHa Mobinisauin
npo3anasibHoi ¢paKLii HecneundivyHoi NaHKKU KNITUHHO-
ro iMyHIiTeTy B OCBITAH YCiX BIKOBMX rpyn B yCi pOKKN J0-
CNigXKeHHs.

BigHOCHa Ta 3arasibHa KifbkicTb 6asodinis y npa-
LiBHWKIB NepLworo n Apyroro 3pinoro Biky 3a cepegHim

3HAYEHHAM BUMILLAN 3@ BEPXHIO MeXY pedepeHTHOro
Aiana3oHy i 6ynn fOCTOBIPHO BULLMMM Bif, MOKA3HWMKIB B
KOHTPO/IbHIM rpyni. Lle 3ymoB/iieHO BUMXOAOM MOKa3HMUKA
33 BEPXHIO MEXY Y 3HAUYHOI YaCTUHM OBCTEKEHWUX 3 KOXK-
HOI rpynu. B oBCcTeXKeHNX 4pyroro 3pinoro Biky BifHOCHa
KiZIbKICTb 4OCTOBIPHO BULLLA, HiXK B 0O6CTEKEHUX NEPLLOTO
3pinoro Biky (Tabn.).

3aranom, BUABNEHE 3HUKEHHSA KiNbKOCTi impouunTis
B NiArpyni OCBiTAH APYroro 3pinoro BiKy, AK KaacuMyHa
03HaKa CTPecoBoi peaku,i, Npu BigcyTHOCTI noaibHoI 3a-
KOHOMIPHOCTI B MNiArpyni NepLoro 3pinoro Biky, MOXHa
BBaKaTW HacnigKom Tpmsanoro npodeciiHoro Bnausy.
MpoTe, B OCBITAH NepLUOro 3pifIoro BiKy CNOCTEPIraeTbCA
iCTOTHE MigBULLEHHA KiNbKOCTI MaZIMuKOAAEPHUX HeM-
Tpodginis (3cys dopmynu BNiBo), AKe, NP BiACYTHOCTI BU-
pa*keHWx 3ananbHUX NATOJMIOFIN, MOXHa CXapaKTepu3y-
BaTW AK KOMNEHCATOPHY PeaKLito Ha CTPecoBUit BNAUB.
TobT0, B 060X BiKOBMX Migrpynax ocBiTAH HafABHi O3Ha-
KN CTpec-iHAYKOBaHUX 3MiH MPUPOAHOI Pe3nNCTEHTHO-
CTi, afie BOHW Peani3yoTbCa 3a PiSHUMM MexaHizsmamu.
BinbwicTb HENTPOINiB € KOPOTKOKNBYUUMMU KNITUHAMMU,
npoTe, BOHW HaA3BUYAMHO YyTAMBI A0 3MiH di3ionoriy-
HOrO CTaHy OpPraHi3amy, a TaKoX MOro LMpKagHUX PUTMIB,
cTarti Ta BiKy [12, 13]. OaHi€to 3 03HaK iMyHOCEHecUeHLji
BKa3ylTb CTPYKTYPHi 3MiHWM HelTpodinis. IHBONIOLiMHI
3MiHM NOBEPXHEBUX CTPYKTYP i 3HUMKEHHA eKcnpecii xe-
MOKIHOBMX peLenTopiB raibMye MirpauinHmMn noTeHLuian
HenTpodinis [0 ocepeaKiB 3ananeHHA ANA BUKOHaHHA
CBOiX QyHKUi [14-17]. BignosigHo, MiABMLLEHA KiNb-
KicTb HelTpoodinis y nepudepiiiHiin KpoBi, xapakTepHa
O CTPECOBUX CTaHIB, MOXKe BYTM TaKOX O3HAKOK Mo-
pyLeHHA Mirpauii y no3acyamHHUM NpocTip.

XapaKTepHOO 03HAKOIO TAKOro ABWULLA € MOCUIEHHA
6a30Boro 3anaseHHs. Lle sBuLLe 4acTo Ha3nBaKTb «3a-
NasbHUM CTapiHHAM», BOHO, CBOEK Yeprow, BM/IMBAE
Ha pi3Hi IAHKK iIMYHHOI CUCTEMM, BUKUKAE Ti pemoae-
noBaHHA [13, 18, 19]. Mpouec cTapiHHA opraHiamy cy-
NPOBOAKYETHCA 3MILLLEHHAM reMaToONoeTUYHUX CTOBOY-
POBUX KAITUH 40 MIENOIAHOI KNITUHHOI AiHii. L, cnpuae
TOMY, WO PO3Mip nonynsauii HenTpodinis y nepudepin-
Hil KpOBI NiITHIX Ntogen 6e3 cynyTHiIX 3aXBOPOBaHb 3a/K-
LWAETbCA A0CUTb CTabinbHUM [20]. 36iNbLUEHHSA KiNbKOCTI
HelTpodiniB 3 BIKOM BBa)alOTb CBiAYEHHAM PU3UKIB

Tabnuua — JleiiKouMTapHi NOKa3HUKM Yy NPALLIBHUKIB OCBITU Pi3HUX BiKoBUX rpyn (Mim)

MoKasHMKM / KoHTponbHa I'lpau.iBHme OCBi'I:VI nepworo rlpaLl,iBHVIt(M ocaiTM

PedepeHTHi 3HaYeHHA HopMu rﬁzzg’ 3p|n::g(;3my, p,pyroro:fé%oro BIKY,
NeiikounTw, x10°/n / 4,0-9,6 8.64+0.162 8.24+0.329 7.41£0.319 **
Nimdouutn, % / 20-40 21.83+£0.582 22.17+0.569 19.27+0.567 */ ##
Nimdouutn, x10%/n / 1,5-4,0 1.90+0.074 1.86+0.070 1.45+0.077 *** / ##4
MoHouuTw, % / 4,0-10,0 7.30+0.243 6.87+0.431 11.67£0.517 *** / #it#
MoHouuTn, x10°/n / 0,2-0,8 0.63+0.026 0.58+0.048 0.87+0.050 *** / ###
Hentpodinu nan., %/ 1,0-6,0 6.75+£0.223 7.67+0.419 5.2040.354 *** / ###
Heiitp. nan., x10°/n / 0,04-0,4 0.59+0.027 0.63+0.039 0.40 £ 0.037 *** / ###
Heiitpodinu cerm., % / 47,0-65,0 61.48+0.692 55.87+0.990 *** 59.1041.385 ***
Heiitp. cerm., x10°/n / 2,0-6,5 5.29+0.088 4.6210.217 ** 4.37£0.220 ***
EosuHoodinu, % / 0,5-3,0 1.90+0.128 2.77+0.348 * 2.93+0.262 **
EosuHoodinum, x10°/n / 0,05-0,45 0.16+0.012 0.2440.036 * 0.22+0.024 *
basodinm, % /0,0-1,0 0.75+0.128 2.00£0.173 *** 2.47+0.124 *** | #
Basodinu, x10°/n / 0,00-0,02 0.06+0.010 0.174£0.016 *** 0.16+0.011%**

Mpumitkn: * — P<0,05; ** — P<0,01; *** — P<0,001 — y NopiBHAHHI 3 NOKa3HMKaMM B KOHTPOAbHIN rpyni; # — P<0,05; ## — P<0,01; ### — P<0,001 -y

NopiBHAHHI 3 NOKa3HMKamu B 0cib NepLIoro 3pinoro Biky
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iHAYKOBAHOTIO CTapiHHAM AucbanaHcy y poboTi imyHHOT
cuctemn [21]. CynyTHi cTapiHHIO eKosoriuHi dakTopu,
MMOBIpHO, BMN/IMBaOTb Ha MOPYLWEHHA perynau,i, iHdinb-
Tpauii Ta akTuBaLii HelTpoddinis [13].

OLHI€I0 3 KNAaCUYHUX O3HAK CTAPiHHA € XPOHiYHe 3a-
naneHHs HU3bKOrO CTyNeHs, Ake GOPMYETLCA YHACIAOK
aKTUBaLii GaKTopiB BPOAKEHOrO iMyHITETY Ha GOHI Npu-
rHiYeHHA afanTMBHOI iMyHHOI Bignosiai [22]. Po3BuUTKY
HU3bKOPIBHEBOrO 3anasibHOro MPOLECYy MOXKYTb Cnpu-
ATM 3MiHW B3aemogia HelTpodinis i makpodaris [13]. Y
3[0,0POBUX AOPOCAUX NtOAEN MOXMNOrO BiKy NiABULLEHA
KifIbKiCTb MOHOUMTIB y NepudepiliHiii KpoBi € LOCUTb TU-
nosmm asuwem [23, 24]. MNMpoTe, 3ara/ibHOBU3HAHO, L0
Came MOHOLUTU € OAHUM i3 LEeHTPaSIbHUX KOMMOHEHTIB
3ananeHHa, 0cobaneo, B ocib noxmaoro Biky [25, 26].

LLle oaHieto o3HaKow Mobinisauii 3ananbHUX npo-
LeciB € MOCWUIEHHA €03MHOMoe3y B KiCTKOBOMY, LUO
npu3BoAMTb A0 36iNblUeHHS KiNbKOCTI 3piINX eo3nHo-
diniB y nepudepiliHin kposi [27]. Eo3nHodinn Bigirpa-
I0Tb BaXK/IMBY FOMEOCTAaTUUYHY POAb B IMYHHUX peaKL,iax
opraHismy. BogHo4ac BOHM YMHATb MATONOFIYHY POJb Y
3aXBOPIOBAHHAX, LLO XapPaKTepPU3YIOTbCA BUPANKEHUMMU
3ananbHUMK ABUWAMKU. TOMY MiABULLEHUI piBEHb €o-
3MHOOINIB Y KPOBI € MiAgcTaBoto A5 AoAaTKOBMX obcTe-
KeHb [28].

EosnHodinn mogyntooTb iMyHHI Bignosigi uyepes
IXHIO B32aEMOZI0 3 PIBHUMM IMYHHUMU KNITUHAMKU. Tomy
B K/iHiLi BaXXAMBa napanesnbHa OUiHKa KibKOCTI eo3n-
HooINiB Ta HeNTpodiniB y KPOBi ANA XapaKTepUCTUKU

3anafibHUX NPOLECIB i BUABNEHHA BAXAUBUX KATHIYHUX
npossis [29].

CTillKe 3ananieHHs, WO € KNACUYHOI 03HAKOK IMYHO-
CeHecLeHL,i, YacTo € HacNiAKOM XPOHIYHOro CTpecy Ta
HaKOMUYEHNX YHACcNigoK Hboro nowkoaxeHb [30, 31]. Ui
03HAKW MOXKYTb aCOLLtOBATUCA AK 3 XPOHOJIOTIYHUM, TaK
i 3 6ionoriyHMM BiKOM. BionoriyHMI BiK LOCKTb BapiaTuB-
HWI | MoXKe 3anexaTw Big 6araTbox GpakTopiB, 30KpeEMa,
BM/IMBY HaBKO/IMLWIHLOIO cepenosuua [4, 32]. Takumm
daKkTopamu Ana ocBiTAH B YKpaiHi Ha Lel Yac MOXKyTb
6yTV AK ymoBM TpuBanoi npodeciiHoi AiAaNbHOCTI, TaK i
cTpecosi paKTOpM BOEHHOTO CTaHYy.

BucHoBKM.

TaKMM YMHOM, B OCib, KOTpi NpaLotoTb B ranysi ocBi-
TV, B Nepiog, BOEHHOTO CTaHy CMOCTEpPiraloTbCA O3HaKMU
CTPECcOoBOro BMN/IMBY, WO NPOABAAITLCA 3MiHAMM KifibKiC-
HMX NOKA3HUKIB NonynaAuin nemMKkoymTie Ta ix cnisBigHoO-
WweHHs. Lii 3miHK matoTb cBOi 0COBAMBOCTI 3a1€XKHO Bif,
BiKy Ta TpuBasnocTi poboTtu B ranysi. Okpemi 3i cTpec-iH-
[AYKOBaHMX 3MiH NPUPOLHOI Pe3nCcTeHTHOCTI, 0ocobamBo
BUpPAXKeEHi cepes OCBITAH APYroro 3pifioro BiKy, € 03Ha-
Kamu mobinisauyii 3ananbHMX NPOLLECiB Ta peakui rinep-
YYT/IMBOCTI | MOXYTb XapaKTepu3yBaTUCA AK NEPBUHHI
MapKepu imyHOCeHecCLeHLi.

MepcnekTMBM NOAANBLUNX AOCNIAMKEHD.

MepenbayeHo OLHKY MOKAa3HUKIB 3 ypaxyBaHHAM
cTateBoro GakTopa, a TaKOX aHani3 cybnonynauinHoro
cknagy niméeoumTis nepudepinHoi KPoB.i.
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O3HAKWU IMYHOCEHECLIEHLLIT HA PIBHI IENKOrPAMM B OCBITAH PI3BHOIO BIKY Y MEPIOA, BOEHHOIO CTAHY

Kob6anb I. B., CokoneHko B. /1.

Pestome. OAHUM 3 aKTyanbHUX HaNpsAMiB AOCNiAKeHb cydacHoi biosorii Ta meguMUMHU € BUBYEHHS O3HaK Ta
MeXaHi3MiB iMyHOCeHecUeHLii — npoLecy, AKUN XapaKTepn3yeTbca ANCOYHKLIED BPOAKEHOT Ta aAanTUBHOT iMyHHOT
BiZANOBIAi, NiABMLLEHO YYTAMUBICTIO A0 IHPEKLiN TOLLO. Ha pO3BUTOK iMyHOCEHECLLEHIT MOXKYTb BNIMBATU YNCIEHHI
baKTopu, 0OOHUM 3 AKUX € NCUXONOTIYHUIA cTpec. B YKpaiHi cTpec Big naHaemii COVID-19 fonoBHUBCA CTPECOM Bif,
BiliHM y 2022 poui. YncneHHi gocnigKeHHA MOKasyTb 3HAYHO MiABULLLEHUI piBEHb CTPECY cepesq, yYUTeniB WKif,
BUKNMKAHUI GaKTOPamMM BOEHHOIO CTaHYy.

MeTa gocniaskeHHaA — 3’acyBaTh HAABHICTb 3MiH IeiKounTapHOi GOpPMyNN, K 03HaK IMyHOCEHEeCLEHLLT, y NpaLiB-
HWKIB ranysi OCBITWU Pi3HOro BiKYy Yy Nepios, BOEHHOIO CTaHy.

AHani3 nevikoumTapHoi popmynn nposoauan 8 2023/2024 pokax y 100 ocib 6e3 03HaK rocTpmx 4m XPOHiYHMX 3a-
XBOPIOBaHb. KOHTPOAbHY rpyny chopmyBanu CTyAeHTH 2-3 KypciB YepKacbKoro HaLioHa/IbHOTO YHIBEPCUTETY iIMeHi
BorgaHa XmenbHuubkoro (40 ocib). JocniaHy rpyny cdopmysanm 60 nearoriyHMX NpaLLiBHUKIB 3aKN1a4iB cepeaHboi
OCBiTM M. YepKacu Ta YepKacbKoro palioHy, KOTpi Npoxoauaun NAaHoBi meauyHi ornsan. B mexax rpyn BUAiAvam
niarpynu nepuioro 3pinoro Biky (26-34 pokis, 30 ocib) Ta Apyroro 3pinoro Biky (35-52 pokis, 30 oci6). JocnigxKeHHs
NpPoBOAUANCA 3 AOTPMMAHHAM Npasua 6ioeTUKK. Bei ob6cTexeHi gaBaiv NOroAKeHHA Ha y4acTb B AOCAIAMKEHHI, a y
BMNAAKY NPodecinHNX OrNAAiB — Ha aHani3 OTPUMAHMX KNIHIYHUX AAHWX 3 AOTPUMAHHAM aHOHIMHOCTI. MOKa3HMKK
NenKorpammu BM3Ha4yanAu Ha aHanizatopi Diagon D-cell 60 (Diagon Ltd, YropwuHa). JoAaTKOBMIA aHani3 nonyaauii
rPaHyNoLMTIB NPOBOAMAMN 32 Ma3KOM KpoBi, dapboBaHuM 3a ManneHreimom.

BcTaHoBNEHO, WO B OCi6, KOTPi NPaLLOIOTb B ranysi OCBiTH, B Nepiog, BOEHHOIO CTaHy CMOCTEepiratoTbCA 03HAKM CT-
pPecoBOro BnAMBY, AKi NPOABAAOTLCA 3MIHAMM KiJIbKICHMX MOKA3HWKIB NONYAALiN NeMKOLMTIB Ta iX CNiBBIAHOLWEHHSA.
Lli 3miHK maloTb CBOi 0COBAMBOCTI 3a/1€XKHO Bif, BiKy Ta TpMBaiocTi poboTn B ranysi. OKpemi 3i cTpec-iHaAyKOBaHUX
3MiH NPUMPOAHOI PE3NCTEHTHOCTI, 0COBIMBO BUPANKEHI cepes, OCBITAH APYroro 3pinoro Biky, € 03Hakamu mobinizauii
3anaNbHMX NPOLLECIB Ta peaKLii rinepyyTAMBOCTI i MOXYTb XapaKTepM3yBaTUCA AK NMEPBUHHI MapKepu iMyHoceHec-
ueHu,ii.

Knto4oBi cnoBa: imyHOCeHecLeHL, s, elikounTapHa popmyna, NCUXONOTIYHUIA CTPEC, BOEHHUI CTaH, OCBITHA 4i-
ANbHICTb.

SIGNS OF IMMUNOSENESCENCE AT THE LEVEL OF THE LEUKOGRAM IN TEACHERS OF DIFFERENT AGES DURING
THE PERIOD OF MARTIAL LAW

Kobal I. V., Sokolenko V. L.

Abstract. One of the current research areas of modern biology and medicine is the study of the signs and
mechanisms of immunosenescence — a process characterized by dysfunction of the innate and adaptive immune
response, increased susceptibility to infections, etc. The development of immunosenescence can be influenced
by numerous factors, one of which is psychological stress. In Ukraine, the stress from the COVID-19 pandemic was
supplemented by the stress from the war in 2022. Numerous studies show a significantly increased level of stress
among school teachers caused by martial law factors.

The aim of the study is to determine the presence of changes in the leukocyte formula, as signs of
immunosenescence, in education workers of different ages during martial law.

The analysis of the leukocyte formula was carried out in 2023/2024 in 100 people without signs of acute or chronic
diseases. The control group was formed by students of 2-3 years of the Bohdan Khmelnytsky National University of
Cherkasy (40 people). The study group was formed by 60 pedagogical workers of secondary education institutions
of the city of Cherkasy and Cherkasy district, who underwent routine medical examinations. Within the groups,
subgroups of the first mature age (26-34 years, 30 people) and the second mature age (35-52 years, 30 people) were
distinguished. The studies were conducted in compliance with the rules of bioethics. All examined gave consent to
participate in the study, and in the case of professional examinations — to the analysis of the obtained clinical data
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with respect for anonymity. Leukogram indicators were determined on the Diagon D-cell 60 analyzer (Diagon Ltd,
Hungary). Additional analysis of granulocyte populations was performed on a Pappenheim-stained blood smear.

It has been established that during the period of martial law, individuals working in the field of education show
signs of stress, which are manifested by changes in the quantitative indicators of leukocyte populations and their
ratios. These changes have their own characteristics depending on age and duration of work in the field. Some of the
stress-induced changes in natural resistance, especially pronounced among educators of the second mature age, are
signs of mobilization of inflammatory processes and hypersensitivity reactions and can be characterized as primary
markers of immunosenescence.

Key words: immunosenescence, leukocyte formula, psychological stress, martial law, educational activity.
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MODULATING EFFECT OF MOLECULAR HYDROGEN ON THE GLYCEMIC PROFILE
IN RATS WITH METABOLIC SYNDROME

I. Horbachevsky Ternopil National Medical University (Ternopil, Ukraine)
kravchuk_ius@tdmu.edu.ua

Metabolic syndrome (MS) is a complex metabolic disorder in which carbohydrate metabolism disorders and insu-
lin resistance play an important role in its pathogenesis. Molecular hydrogen is considered a promising modulator of
metabolic processes, capable of influencing carbohydrate metabolism and the body's adaptive responses. The aim
of the study was to evaluate the effect of water enriched with molecular hydrogen on carbohydrate metabolism pa-
rameters in rats with experimentally induced MS. The MS model was reproduced by prolonged feeding of a high-cal-
orie diet. Some of the animals received water containing 0.6 ppm hydrogen. Blood serum glucose, insulin, HOMA-IR
index, fructosamine, and glycated hemoglobin levels were determined; assessments were performed after 6, 12,
and 20 weeks. Rats with MS showed a progressive increase in glucose, insulin, and HOMA-IR, reflecting increased
insulin resistance, as well as an increase in fructosamine and HbAIc in the later stages of the experiment. The use of
hydrogen-enriched water was stage-dependent. In the early period (6 weeks), no corrective effect was observed. At
week 12, a moderate decrease in insulin and HOMA-IR was recorded. The most significant changes were observed at
week 20: a decrease in glucose, insulin, HOMA-IR, and HbA1c concentrations compared to uncorrected animals, indi-
cating a reduction in insulin resistance and partial stabilization of metabolic status. Thus, long-term use of molecular
hydrogen contributes to a moderate improvement in carbohydrate metabolism and a reduction in insulin resistance
in MS, although it does not completely normalize metabolic disorders. The results confirm the potential of molecular
hydrogen as an auxiliary metabolic modulator.

Key words: metabolic syndrome, carbohydrate metabolism, molecular hydrogen.
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Introduction.

Metabolic syndrome is a complex metabolic disorder
processes under the influence of exogenous toxicants that includes insulin resistance, abdominal obesity, dys-

search work.
The work is part of the SRW “Features of metabolic
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