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THE INFLUENCE OF CERIUM OXIDE NANOCRYSTAL (NANOCERIA)
ON FULL-THICKNESS WOUND HEALING PROCESS IN RATS

This work examines the effect of Cerium Dioxide Nanocrystal (Nanoceria) on healing process of full-thickness excisional
wounds in rats. Rapid and effective wound healing requires a coordinated cellular response. Wound healing is a complex pro-
cess in which the skin repairs itself after injury and replacing of devitalized and missing cellular structures, and tissue layers
takes place. In the absence of underlying disease, almost every full-thickness wound will heal with minimal intervention; howev-
er, the process can be enhanced by judicious wound management and knowledge of wound healing principles and practices.
Wound care encourages and speeds wound healing via cleaning and protection from re-injury or infection. Timing is important to
wound healing. Critically, the timing of wound reepithelization can affect the outcome of the healing. Selection of an appropriate
and efficient wound dressing material plays a key role. We have shown that a simple topical application of Nanoceria significantly
reduces the timing of the healing process comparing to the untreated rats. In the present study, cerium oxide (CeO,) nanoparti-
cles were incorporated into Carbopol / gelatin films in order to develop a potential wound dressing material. The wound dress-
ings were prepared by electrospinning. The film containing 0.05 % CeO, (dissolved in 0.5 % Carbopol) nanoparticles was chosen
as the optimal dressing for the in vivo study on full-thickness excisional wounds of rats. The study showed that after 2 weeks the
wounds treated with the CeO, nanoparticle-containing dressing achieved a significant closure to nearly 100 %. In the model of
full-thickness skin wound, the complete wound closure in the control group of animals occurred on the 23.0 £ 0.8 day while in
experimental group the time of full repair decreased by 13.0 % compared to the control and was equal to 20.0 * 0.5 day. Thus, our
results provide evidence supporting the possible applicability of CeO, nanoparticle-containing wound dressing for a successful
wound treatment as it accelerates complete wound closure and reduced wound area in comparison with non-treated animals.

Key word: Cerium dioxide nanocrystal, full-thickness Wound.

Introduction. Wound healing is an innate process that
re-establishes the integrity of skin as quickly as possible.
Renovation of the skin is crucial due to the skins significance
in survival through the prevention of infection, fluid loss and
other vital functions [1]. Wound repair in adult skin begins
with an acute inflammatory phase and ends with the for-
mation of a permanent scar. In contrast, early gestation fetal
wounds (first and second trimester) heal in a near perfect
fashion, rapidly and without the production of a scar [1, 2].
Often there are also obstacles of scar-degenerative origin in
the area of wound — hypertrophic and keloid scars; scar re-
strictions (contractions) of movements scar hernia and dia-
stase on the basis of muscle atrophy, sores and rarely —
tumours [2, 3]. Despite the great progress in dressings in-
vention, wound treatment stays a serious problem of regen-
erative medicine [4]. One of the main requirements to wound
dressing is the establishment and preservation of the ideal
conditions for potent healing. Modern fashions in the tech-
nologies of local treatment are based mainly on the headway
and evolution of cell medicine. However, because of high
biological activity of prospective products, it is vital to study
their effects on wound reformation. For example, the bio-
medical application of cerium oxide nanoparticles
(nanoceria) is a focal point of research for a few years, Ceri-
um Dioxide (Nanoceria) seems to be a promising tool due to
its ability to regulate redox processes in biological tissues.

Depending on the size of the nanoparticles, Nanoceria dis-
plays oxidative and reductive properties, which is paralleled
by changes in its toxicity [5]. The neuro- and radio-protective
effects of Nanoceria are described [6-8]. Cerium salts are
utilized in the treatment of burn wounds [9].

The antioxidant property of cerium oxide nanoparticles
(Nanoceria) has been investigated recently; nanoceria
were noticed to salvage superoxide radical [10, 11], hydro-
gen peroxide [12], hydroxyl radical [13] and nitric oxide
radical [14]. Therefore, Nanoceria have been tested in bio-
logical systems wherein they can defend tissues against
radiation induced damage [15], defend against laser-
induced retinal damage [16], increase life span of photore-
ceptor cells [17], decrease spinal injury [18], reduce chronic
inflammation [19] and elevate angiogenesis [20].

Cerium is a rare earth element that exhibits the ability to
change in the oxidation state of Ce between Ce®" and Ce**
depending on the oxygen partial pressure in the surrounding
atmosphere [21]. Such mixed valence state enables CeO2
nanoparticles (CeO2NPs) to have excellent catalytic activi-
ties and to act as free radical scavengers [22] (Fig. 1)

For example, hydroxyl radical which is one of the strong-
est oxidants and most biologically active free radicals and
nitric oxide radical that is gaseous free radical that exhibits
multifaceted biological effects, both beneficial and damaging.

Free Radical Scavenging

Ce,0,+ 2 [OH]=+2Ce0, +H,0

2

d D

H,0,—2 [oH]

Recovery by surface chemical reaction

H(aq)

1

ZC&D? — CG:,OJ * EO;‘

Fig. 1. Schematic representation of the proposed regenerative properties of CeONP and probable mechanism
of the CeONP free-radical scavenging property and autocatalytic behaviour. (Copyright 2007, Elsevier)
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Another important advantage CeO2NPs can hydrolyze
phosphate ester bonds which is crucial for regulation of
protein activity, for energy transfer molecules, and for the
stability of DNA and RNA. Recent studies suggested that
CeONP are able to hydrolyze phosphate ester bonds of
many biologically relevant molecules [23-25] Qian and
colleagues [24] found that CeONP could effectively inter-
cede the dephosphorylation of phosphopeptides.

Cerium exists in two oxidation states, i. e., +3 and +4,
which provides it to represent two different oxide forms CeO2
(Ce**) or Ce203 (Ce®) depending on the environment [23]
(Fig. 2). The nanoparticle form of cerium oxide has been
found to be highly superior to cerium oxide. The reduction /
oxidation switch is responsible for observed antioxidant
properties of nanoceria by giving rise to a number of oxygen
vacancies on the surface of nanoparticles [24].

Fig. 2. Redox cycles between Ce* and Ce* oxidation states

Attendance of these oxygen vacancies makes
nanoceria an intense antioxidant for therapeutic applica-
tions. It has superoxide dismutase (SOD) (Fig. 3), [25] and

catalase-mimetic activity (Fig. 4) [26] and also has capacity
to salvage nitric oxide radicals [27].
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Fig. 3. A model of the reaction mechanism for the dismutation of superoxide by cerium oxide nanoparticle (CeONP) [31].
(Copyright 2011, Royal Society of Chemistry)
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Fig. 4. A model of the reaction mechanism for the complete dismutation of hydrogen peroxide
by cerium oxide nanoparticle (CeONP).
(Copyright 2011, Royal Society of Chemistry)

Nanoceria has earned attention as catalytic antioxidant
in biological model systems. Due to its unbeatable ROS
scavenging properties is considered as one of the im-
portant candidates for treatment of conditions involving
oxidative stress. Apart from this, Nanoceria also has its
impact in cancer therapy by enforcing cytotoxicity [28] and
sensitizing the cancer cells to radiation therapy without
modifying normal healthy cells [29]. In addition, it also has
anti-angiogenic property [30].

The management of full-thickness wounds is a common
part of dermatologic practice. The healing of these wounds
is a complicated, interconnected series of events that even-
tually lead to both a structurally and functionally decent
result. The initiation of this process is indicated by a haem-
orrhage to the tissues, whether due to an unintended trau-
ma, such as abrasions, excoriations, blisters, burns, hypo-
thermic injuries, ischemia, or numerous other etiologies, or
a defect that has been planned, such as a surgical incision
or piercing. The sequence that follows leads to the repair
and restoration of the site in question. Generally, there are
4 stages seen in the healing of any wound: haemostasis,
inflammation, proliferation or granulation, and matrix for-
mation or remodelling [31-34]. A comprehension of this
process permits the clinician to optimize wound healing.
These stages are not presently chronologically exclusive,
but rather a dynamic and integrated coordination of specific
processes. These stages can be allowed to proceed ongo-
ing, as in healing by secondary intention, or influenced by
primary closure with sutures, staples, or adhesives; appli-
cation of medications or topical products; or placement of
various traditional or synthetic dressings. As healing pro-
ceeds, tensile strength of the wound ameliorates. In human
cases, Wounds have minimal strength during the first week
or so of healing, approximately 30 % to 50 % in 4 to 6
weeks and 60 % at around 6 months.7 Tensile strength
slowly increases after this point but usually only reaches a
maximum of 80 % that of normal, undisrupted skin. The
duration and percentages noted are general guidelines for

the time frame and performance expected based on prior
studies. Variation does occur due to the type, location, and
size of the defect. Clearly, the less invasive, more superfi-
cial insults will conclude the entire process more rapidly.

In this study, we seek the potential therapeutic effect of
Nanoceria in an animal model of wound healing.

Materials and Methods

1. Preparation of Nanoceria solution

The wound dressings were put together by electro-
spinning. The film comprising 0.05 % CeO:2 (dissolved in
0.5 % Carbopol) nanoparticles was elected as the optimal
dressing for the in vivo study on full-thickness excisional
wounds of rats. A peerless feature of these nanocrystals
is that they can be applied multiple times: over weeks,
cerium (1V) rich particles leisurely turn over to their initial
cerium (lll) content. In approximately all cases, the parti-
cles subsist colloidally firm (e. g., non-aggregated) and
could be applied multiple times.

2. Animal Model

Research was administered on white laboratory male
rats weighing 200-250 g, which were divided into three
groups. Before the experiment, the rats were retained in
quarantine and were marked by given them notches on
ears. Before performing the full-thickness wound model,
animals were anesthetized by sodium thiopental (Biochemie
GmbH/Austria), at a dosage of 50 mg/kg. The animals of
experimental group were treated with "Nanoceria-Gel"
which contains 0.05 % CeO:2 (dissolved in 0.5 % Carbopol)
nanoparticles for wound dressing. In the intact series
wound healing happened without drug and only Carbopol
while the control group was remained untreated.

3. Skin Wound Model

Before the experiment epilation was carried out on the
back area after anesthetizing rats and one full-thickness
wounds of 1x1 cm? was formed in the skin of each rat us-
ing surgical scalpel and forceps. Rats were treated with
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Nanoceria solution applied directly to the wound site once
daily until healing.

Statistical analysis of data was carried out by the "Statis-
tica 8.0" software package. Shapiro-Wilk's W criterion was
used for the investigation of the data distribution type. Post-
hoc analysis included Student's t-test for parametric data.

Results and Discussion. On 3rd, 6th, 9th, 14th day
and after complete wound closure 8 rats from each group
were sacrificed, photos were made, and exact area of the
wound was measured.

120

100

[ais]
o

.
=)

Wound area, %
(o)
=

2
[«

0 3 6

Time (days)

9 14 20 23

Fig. 5. The surface of full-thickness wound area with Nanoceria application ( % of the original size),
M+m (n=8 in each group of animals)
1 — Group without drug;
2 — Group without drug and only Carbopol;
3 — Group treated with Nanoceria

* — p<0,05 compared with control group

In the model of full-thickness skin wound, it was shown
that complete wound closure in the control group of animals
occurred on the 23.0 £ 0.8 day (Fig. 5, 6). In experimental
group, the time of full repair decreased by 13.0 % (p<0.05)
compared to the control and was equal to 20.0 £ 0.5 day. On
6, 9 and 20" day of experiment Cerium dioxide treated
wounds areas were by 20.1 % (p<0.05), 19,8 % (p<0.05)
and by 34.0 % (p<0.05) accordance decreased in compari-
son with control. In other time periods, the rate of healing
was approximately the same. On the 9th and 14th day of the
experiment in the above mentioned group healing was more
intense compared with the control group.

As mentioned above Cerium oxide nanoparticles can
scavenge superoxide with a catalytic rate greater than cel-
lular superoxide dismutase [35]. It was recently reported
that Nanoceria enter cultured keratinocytes via clathrin-
mediated endocytosis and are then distributed to multiple
subcellular compartments including the cytoplasm, mito-
chondria, endoplasmic reticulum and nucleus [36]. We,
therefore, specified whether Nanoceria applies biological
actions on cells involved in wound healing.

According to recent studies, it was demonstrated that
engineered Nanoceria with 3-5 nm size at low micromolar
concentrations enhances the proliferation and migration of
keratinocytes and fibroblasts, and accelerate the migration
and tube-forming ability of vascular endothelial cells [37].
Daily topical application of Nanoceria to full-thickness der-
mal wounds catalyzed healing without modifying the nor-

mal cellular remodeling involved in the healing process.
Previous studies demonstrated that Nanoceria possess
superoxide dismutase activity [38] and can prevent the
generation of nitric oxide and inflammatory cytokines in
cultured macrophages [39]. Consistent with an antioxidant
mechanism of action, we found that Nanoceria attenuated
the accumulation of HNE- and nitrotyrosine- modified pro-
teins in the wound tissue [37].A previous study shown a
mechanism by which Nanoceria can boost angiogenesis;
Nanoceria exerts a controlling influence to the intracellular
oxygen environment so as to stabilize hypoxia inducing
factor 1a and increase the production of VEGF [20].

Additional data in the subsequent study suggest that
the surface reactivity of CNPs and facile oxygen transport
elevate angiogenesis. We found that Nanoceria treatment
achieves the reduction in markers of oxidative stress in
cultured vascular endothelial cells. The available data,
therefore, indicates Nanoceria boosts angiogenesis by a
mechanism inducting decreased levels of ROS including
nitric oxide. We assume that Nanoceria decreases the oxi-
dative stress in wounded region and defends regenerative
tissue [5]. Basically, nanoceria due to its dual oxidation
state could promote wound healing activity when compared
to standard drug by salvaging ROS from the location of
injury and protecting the native tissue by helping in produc-
ing high amount of collagen which is a marker for effective
wound healing [10, 11].
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Fig. 6. Appearance of the full-thickness wound surface from control
and experimental groups at the different time points (days) of experiment

It was recently suggested that Nanoceria can be admin-
istered intravascularly to rat with no apparent side effects,
and with a therapeutic advantage to photoreceptor cells in
a rat model of genetically determined retinal degeneration
[40]. The capability of topical application of Nanoceria to
enhance wound healing in an animal model brings up a
principium to expand this technology for use in humans
affected by traumatic injury, diabetes, and burns.

Conclusion. In summary, we have shown that a simple
topical application of water soluble Nanoceria speeds up the
healing of full-thickness dermal wounds in a rat model. This
study indicates the therapeutic potential of Nanoceria parti-
cles for topical treatment of wounds and need for further
research to establish the mechanisms of the obtained re-
sults. According to the results, we consider nanocrystal Ce-
rium dioxide as a perspective drug for further investigations.
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HHL, "IncTuTyT Gionorii Ta MeanumnHn",

KuiBcbkuit HauioHanbHUM yHiBepcuteT iMmeHi Tapaca LleBueHka, KuiB, YkpaiHa

BNnuB HAHOKPUCTANIYHOIO Aalokcuay LUEPIKO HA PAHO3AIOKOKOYUU NPOLEC Y WLYPIB

HocnidxeHo ennue HaHokpucmaniyHo2o diokcuHy yepito (Nanoceria) Ha npoyec 3a20€HHS1 NIOWUHHOT paHU y wypis. Llleudke U eghekmusHe
3a20€HHS1 paH euMa2ae CKOOpOUHO8aHOi KIIMUHHOI peakuyil, 3any4eHHs1 ¢pibpobnacmie, kepamuHoyumie ma eHoomenianbHUX KAimuH cyOuH
(VECs), wjo cmasio oCHO8HOI MpuYyuHoto eukopucmaHHsi Nanoceria 3aedsiku (ioco 6azamopa3oeuM epaxkarodum hyHKUissM (npomu3ananbHitl,
aHmuokcudaHmHili, 3axucm wkipu ma knimuH 8id ynbmpaghionnemoeux npomeHie — ceimsio, oHkomepaniss mow;o). TeapuHam docnidHoi epynu,
MoYyuHarYu 3 HaCMynHo20 OHs1 nicssi MOOesTI8aHHS NIOUWUHHOIT paHU, KOXXHO20 OHS1 eNPOJ08XK YCiX mepMiHie criocmepexeHHs1 HAHOCUJU Ha pa-
Hoey noeepxHto 0,05 % CeO: (po3yuHeHul y 0,5 % kap6ornosi) 3a 00NoMo200 Memasieeo20 wnamess. YHikanbHOK ocobsiugicmio yux HaHOKpuc-
manie € me, Wo ix MOXHa 3acmocoeyeamu Kinlbka pa3sie: npomsi2oM OeKinbKox muxHie 36a2a4yeHi yepieM 4acmku noeinbHo noeepmaromscsi 3o
esuxiOHo20 cmaHy yepito. Maiixe 8 ycix eunadkax YyacCmuHKU 3asuwialombcsi KOSI0iOHO cmabinbHUMu (Hanpro, He azpe208aHi) i MOXXymb 3acmoco-
syeamucs Oekinbka pasie. [JocnidxeHHs in vivo nokasyroms, ujo HaHo4acmuHku Nanoceria Onsi mkaHuHU wypie € Henamoz2eHHUMU. Beaxaembcsi,
wo HaHoYyacmuHku diokcudy yepito dobpe noznuHarombcs wkiporo. [locnidxeHHs1 Moka3anu, Wo nicsisi 2 MuxHie paHu, o6pobieHi HaHOKpucmiiy-
HuMm diokcudom uepito, docsi2iu 3HaY4HO20 3a20€HHS Npubnu3Ho do 100 %. Hawi pe3ynsmamu nokasanu, w0 euKopucmaHHsi HAaHOKpUcmarsni4YyHo20
diokcudy yepito 8 niKyeaHHi paH € ycrniwHUM i nepcrieKmueHuUM 0Onsi Nodanbwo20 O0CiOKEHHS, OCKiNIbKU MPUCKOPIOE MOBHE 3a20€HHSI paHU ma
3meHuwye ii dinsiHKy nopieHsiHO 3 Heo6pobieHuMu GinsiHKaMu WKIPU MeapuH.

Knroyoei cnoea: HaHokpucmaniyHuli diokcud yepiro, NIoWUHHa paHa.
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BNMUAHUE HAHOKPUCTAJINTMYECKOIO OQUOKCUOA LEPUA HA PAHO3AXUBIAIOLWMN NMPOLECC Y KPbIC

B pabome uccnedoeaHo enusiHue HaHoKpucmasnnuyeckozo duokcufa uyepusi (Nanoceria) Ha npoyecc 3axuesieHuUsi MIOCKOCMHOU paHbl y
Kpbic. Bbicmpoe u aghdpekmueHoe 3axuesnieHue paH mpebyem ckoopAuHupoeaHHoOLU Kriemo4Hol peakyuu, npuenedeHusi pubpobnacmoe, kepamu-
Hoyumoe u aHoomesnuasnbHbIX Kiemok cocydos (VECs), ymo cmaso ocHo8HOU npuyuHol ucnosb3osaHusi Nanoceria 6nazodapsi e2o0 MHO20Kpam-
HbIM eneyamnsilowum yHKUusIM (MpomueoeocnanumesibHasl, aHmuokcudaHmHasl, 3aujuma KoXxu U KiiemoK om ynbmpadguosiemosbix jydei —
ceem, oHKkomepanusi m. 9.). JKueomMHbIM OnbIMHOU 2PYnbl, Ha4YUHasi co credyrouje2o OHS1 nocsie ModeslupPOoBaHUsI paHbl, KaX0blli OeHb Ha Mpo-
msKeHUU ecex CPokoe HabsmoOeHUs1 HaHOCUNIU Ha paHesyl noeepxHocmb 0,05 % CeO:; (pacmeopeHHbIli e 0,5 % kap6onosie) ¢ MOMOWLIO Me-
mannu4yeckoeo wnamens. YHUKkanbHol 0COGEHHOCMbLIO 3MUX HaHOKPUCMAIo8 siefisiemcsi mo, Ymo UX MOXHO MPUMEHSsIMb HECKOJIbKO pa3: e
meyeHue HecKosibKux Hedesb o602aujeHHble yepueM Yacmuy4ku MedsIeHHO eo3epaujalomcsi K UCXOOHOMY cocmosiHuto yepusi. [Toumu eo ecex
crlyyasix Yacmuybl 0CMaromcsi KosuIouOHO cmabusibHbIMU (Harp., He a2pe2upoeaHHbIe) U MO2ym MPUMEHSIMbCSl HECKO/IbKO pa3. UccnedoeaHus in
vivo nokasbiearom, 4mo HaHo4acmuubl Nanoceria Onsi mkaHu KpbIC siefisiemcsi Henamoz2eHHbIMU. C4umaemcsi, Ymo HaHo4Yacmuubl duokcuda
yepusi xopowo noznouwjaromcesi koxel. UccnedoeaHusi nokasasnu, Ymo nocse 2 Hedeslb paHbl, 06pabomaHHble HaHOKPUCMIITUYEeCKUM AuokcudomMm
yepusi, docmuanu 3Ha4umesibHO20 3aKpbimusi npumepHo do 100 %. Hawu pe3ynbmambi noka3asu, 4Ymo ucrnosib308aHuUe HaHOKPUCMaIu4ecKo2o
duokcuda yepusi 8 s1Ie4eHUU paH s18JIsiemcsi ycrnewHbIM U nepcrekmueHbIM 0ns1 anbHeliwie2o uccredo8aHusi, MOCKOJIbKY YCKopsiem MoJsiHoe 3aXu-
8JleHuUe paHbl U yMeHbWwaem ee y4acmok o cpasHeHuto ¢ Heo6pabomaHHbIMU y4acmKaMu KOXU XXUSOMHbIX.

Kntroyeenie crnoea: HaHokpucmannu4eckuli Guokcud yepusi, NJ1I0CKOCMHasi paHa.

YOK: 577.27; 618.14-006.363.03- 07:612.017.1
M. MakapeHko, A-p Mea. Hayk, P. BopoHa, acucr.,
|. Cokon, acuct., B. BepectoBui, acucrt., 1. loBceeB, KaHA. MeA. Hayk,
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HauioHanbHoro meguyHoro yHiBepcuteTty iMmeHi O.0. Boromonbus, Kuis,
A. Morpi6Ha, kaHA. 6ion. Hayk, O. KopHentok, a-p 6ion. Hayk, M. FpoM, Mon. Hayk. cniBpo6.,
IHcTUTYT MonekynspHoi Gionorii i reHeTukn HAH Ykpainu, Kuis

AOCHNIAXEHHSA PIBHIB ABTOAHTUTIN KIIACIB IGG TA IGM
A0 BAKTEPIANIbHOIO AHAJNOIA HSP60, TUPO3UN-TPHK CUHTETA3MU
TA il OKPEMUX AOMEHIB Y XIHOK 13 ®IBPOMIOMOIO MATKM

®i6pomioma (netiomioma, mioma) — Ao6posikicHe HOBOYMEOPEHHsI MioMempisi, Wo epaxae 6inbwicmb XiHOK penpodykmue-
HO20 8iKYy, ajle Npu YbOMy MexaHi3mMu (i020 po3eumky docnidxeHi HeAocmamubo. Tupo3un-mPHK cuHmemasa ma Hsp60 — 6inku
domawHbo20 2ocrnodapcmea, ki MoXXymb 6ymu y pi3Hul crnocibé 3any4yeHi 0o namozeHe3y psidy 3axeoprogaHb. Mema po6omu
usHa4umu pieHi aemoaHmumin 8o Hsp60, mupo3un-mPHK cunmema3su (TupPC) ma ii okpemux AdomeHie (MiHi-TupPC ma
C-kiHYyeeo20 domeHy) y cupoeamui Kpoei iHOK i3 ¢pibpomiomoro. Mamepianu i Memodu: pieHi asmoaHmumin knacie IgM ma IgG
0o 6inkie Hsp60, TupPC, miHi-TupPC i C-kiHyeso20 doMeHy e cupoeamkax 5 30opoeux AoHopie ma 25 XiHok i3 ¢hi6pomiomoro do
noyamky JiKkyeaHHs, W0 eu3Ha4asnocb Mmemodom meepdoghasHozo iMmyHoghepMmeHmMHoz2o aHanidy (I®A). CneyugpiyHicmsb peakyii IgG
asmoaHmumin npomu 6inkie Hsp60 ma miHi-TupPC nepeegipeHo 3a dornomozor0 eecmepH-610m mecmy. Cmamucmu4Huil aHasni3
OaHux 30ilicHeHO 3a 00NOMO20H0 npo2pamHoz20 3abesneyeHHs1 STATISTICA 10.0. (StatSoft, CLLUA). HenapamempuyHi OaHi nopie-
Hroganuck y mecmi ManHa-YimHi (Mann-Whitney U-test). Peaynbmamu: He Yacma nosiea nideuwjeHux pieHie aemoaHmumin kna-
cy IgM 0o ycix 4 6inkie sik y KOHMPObHIl, mak i docnioHil 2pynax 6e3 6ydb-sikoi 3aKkoHOMipHOCcmi. Y 2pyni 30opoeux OOHopie
Kpoei He eusiesieHO 0CObuH 3 nideuuwjeHuUMu pieHIMuU aemoaHmumin IgG do o0Hoz20 3 docnidxyeaHux 6inkie. Ceped XiHOK 3
gi6pomiomoro 6ynu cepono3umuegHi do MiHi-TupPC 19 i3 25 (76 %), do Hsp60 — 18 i3 25 (72 %). Mpu ybomy 17 3pa3kie docnidHoi
epynu (68 %) 6ynu no3umueHi 0o 060x aHmMuzeHie NopieHsIHO 3i 30oposumu doHopamu. PieeHb aemoanmumin Ao MiHi-TupPC y
XiHOK i3 ¢pibpomiomoro 6ye suujum 8id pieHsi 30oposux doHopie y 1,7 pa3a, dna Hsp60 makuli noka3Huk cmaHoseue 2,1 pa3sa.
llideuweHHs pieHie aemoaHmMumin nNpomu KoxHoa2o 3 2 6inkie 6ys10 cmamucmuyHoO 3Ha4uMumu 3i cmyneHem docmoeipHocmi
p<0,01. Peaynomamu eecmepH-611o0m aHanizy niomeepdunu OaHi I®A dns Hsp60, ane He Ansi MiHi-TupPC. BucHoeok: Bucoki
pieHi asmoaHmumin do miHi-TupPC ma Hsp60 y xiHOK i3 ¢pi6pomioMmoro eka3yromb Ha OaHi Giflku siKk Ha NepcreKmMueHuUX y4acHu-
Kie KOMIJIeKCHOI MapKepHOI naHesli MOHIMOpPUHay 3ax80PrO8aHHSI.

Knrovoei cnoea: Hsp60, TupPC, ¢hibpomioma, asmoanmumina.

Bctyn. ®iGpomioma (neromioma, mioma) — gobposiki- BiKy [5]. HesBaxaloum Ha BUCOKY 4acTOTY BUSABMEHHS HO-
CHE HOBOYTBOPEHHSA MIOMETPIs, L0 3a Pi3HUMU CTaTUCTU- BOYTBOPEHHS, MONEKYNSAPHI YAHHUKM BUHUKHEHHS Ta po3-
YHUMUK JaHuMu Bpaxae 60—70 % XiHOK penpoayKTUBHOIO BUTKY MiOMW BUBYEHi HegocTaTHbO [5]. MpoTarom ocTaH-

© MakapeHko M., BopoHa P., Cokon |., BepectoBuii B.,
FoBceeB [., MorpioHa A., KopHentok O., F'pom M., 2018
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HiX gecaTuniTb 6yno nokasaHo, wo 6araTo 6inkiB gomalu-
HbOrO rocnogapcTea, Aki y HOpMi 3abe3nevyoTb romMmeoc-
Tas KNiTUHW, MOXYTb BUKOHYBaTKW 1 iHWI OYHKLIT, 30kpema
npu po3BuTKY pi3HMx nartonorin [14]. Tupo3aun-tTPHK cuh-
TeTasa Ta Hsp60 BHYTPILWHLOKNITUHHI Binkn oMaLIHBOro
rocrofapcTsa, ki 3a yMOB CTPecy 3MiHIOOTb CBO JTOKa-
ni3auito, eKCMOoHYITbCSl Ha MOBEPXHK KMiTUHU Ta/abo y
MDKKMITUHHWIA NPOCTip Ta MOXyTb ByTW 3any4yeHi 4o naTo-
reHesy pisHuMuM cnocobamyn — BNNMBaTU Ha nepegady
KNITUHHWUX CWUrHaniB, CNPWYUHATU aBTOIMYHHI peakuil,
3[iMICHIOBATM NPOAHriOreHHy Aito.

Tuposnn-TPHK cuHTeTasa Hanexmutb 40 amiHoaumn-
TPHK cuHTeTas — rpynu koHcepBaTUBHUX PEPMEHTIB, SKi
BiflirpatoTb KNOYoBY porib y GiocuHTesi Binka, a Takox
OepyTb yyacTb Yy TpaHCKpunuii, TpaHcnauii, cnnancuHry,
3ananbHUX peakuisx, aHrioreHesi, anontosi. [ToBHOPO3Mmip-
HUN (DepMEeHT HeaKTUBHUI Yy nepeaadi KNiTUHHOro curHa-
ny, ane 3a ymoB cTpecy bepMeHT Moxe ByTu ekckpeTo-
BaHWUM Y MiKKNITUHHUA NPOCTIp i po3wenneHnin Ha OBa
okpeMi Binku, KoXeH 3 sK1MX Mae BRacHi UMTOKIHOBI Bnac-
TmBoCTI [12]. Lle nosicH0eTbCA 0COBMMBOCTSAMM CTPYKTYpU
6inka. AMIHOKMCNOTHI NOCNiAOBHOCTI, LLO BignoBigaoTb 3a
LUMTOKIHOBI byHKLiT 060X [AOMEHIB y MOBHOPO3MipHOMY
BinKy nNpocTOopoBO HEAOCTYMHi, HAaTOMICTb NpW po3Luen-
NEHHI CUHTETa3n BOHW eKCMoHylTbecs. 3okpema, C-
KiIHLEBUIN JOMEH CUHTETa3n 3aBAsIKA CUTHaNbHOMY renta-
nenTuay € NoTYXXHUM XeMOaTPaKTaHTOM ANS NEVKOLUTIB i
MOHOUMUTIB, CTUMYIIOE MPOAYKLiD TKaHWHHOro chakTopa,
Mienonepokcuaas Ta paktopa HeKpo3y MyXMNH O, a TaKoX
CMPUYUHSE QAHTOreHHUA BMAMB Pi3HOI  CNPSIMOBAHOCTI
[12]. N-kiHueBun gomeH (MiHi-TupPC) MiCTUTL amMiHOKMC-
notHy nocnigosHicTb Glu-Leu-Arg — ELR-moTtuB, nogi6-
HUM go Takoro y IL-8, wo gossonsie ctumynioBatu Mirpa-
uito nonimopdosiaepHUx KniTuH i 3abeanedyBaTtu NpoaHri-
OreHHi BNacTMBOCTI hepMeHTy [6, 12].

Hsp60 € LwanepoHoM, SikMin y MiITOXoHApisX 3abe3nedvye
npaBurnbHe 3ropTaHHs 6inkiB, 3anobirae ix arperauii Ta
AeHaTypaduii, y uuTonnasmi BWKOHYE aHTUaNOMTUYHUN
Bnnue [1]. LlanepoHn € BMCOKO KOHCEepBaTUBHUMMK Ginka-
MW, @ caMe: aMiHOKMUCNOTHa nocnigoBHiCTb Hsp60 noguHu
Ta 1oro BaktepianbHoro aHanora E.coli (GroEL) Ha 50—
60 % igeHTnyHa. Mig gieto cTpecoBux dakTopis OiNok ak-
TMBHO EKCMPEeCYeTbCSA Ha NMOBEPXHi KMiTUHHOT MembpaHu, a
TakoX NoTpannse B N03akniTMHHWUI NPOCTIP Y BUMMAAI Binb-
HMX Morekyn abo y ninigHux Beaukynax [2]. MNo3akniTMHHWI
Hsp60 € BaxnMBOK CUrHarbHOK MOMEKYrow, WO 3aaTtHa
aktusyBatu T- Ta B-nimcounTtn, makpodaru, HenTpodinu,
a Takox iHgykyBaTu nponidepadito B-nimgouunTie, cekpe-
uito mepiatopis 3ananeHna — IJ1-6, -10, -12, -15, TNFa,
I®H-g, akTMBHMX popm KMCHIO, npoTeas Towo. LllanepoH
Moxe 3B'asdyBatn TLR2 i TLR4 Ha T-nimcoumnTax, wo go-
3BOnse MoandiKyBaTW aKTUBHICTb KIITUH BPOMXEHOro Ta
HabyToro imyHiTeTy. Okpim TOro, Hsp60 Gepe ydyactb B
aHrioreHesi, NyxnuHHIN iHBa3ii Ta MmeTacTasyBaHHi [1].

PiBHi TupPC Ta Hsp60, a Takox aBTOaHTUTIN OO0 HUX
3HaAYHO 3MIHIOTBCA NpY PidHMX natonoriax [7, 1]. MeTowo
AaHoi poboTtu Byno 3'acyBatu, YM BiOpI3HSATLCSA PiBHI aB-
ToaHTUTIn Ao Hsp60 i Tmpo3un-TPHK cuHTeTasm Tta ii ok-
peMMX OOMEHIB y CMpOBAaTLi XiHOK i3 dibpomiomoro — Haa-
3BMYaHO reTeporeHHNM A06POSKICHAM HOBOYTBOPEHHSIM,
PO3BUTOK SKOFO XapaKTepu3yeTbCA Mpo3ananbHUMKU peak-
LisMM Ta HaAMIpHOIO BacKynspusaLieto.

Martepianu i metoau. 3abip 3paskie. ObcTEXEHO
30 xiHok: 5 kniHiYHO 3a0poBUX i 25 XxiHOK i3 hibpomiomotro oo
onepadii, sikum 6yno nposegeHo nabopaTopHi Ta iHCTpyMeH-
TanbHi gocnigkeHHst 3rigHo 3 Hakasom MO3 Ykpainm Big
15.07.2011 p. Ne 417 "Mpo opraHi3aLito ambynaTopHoi aky-

LLIEPCLKO-TIHEKOMOTiYHOI Aornomorn B YKpaiHi" Ta oTpyMaHo
noiHopMoBaHy 3rofy Ha AOCHIMKEHHS 3rigHO 3 pPilleHHsM
Komicii 3 nuTaHb BioeTUYHOT eKCnepTM3n Ta eTUKU HayKOBMX
pocnigkeHb  npu HMY  imeHi  O.O. boromonbus  Big
10.02.2017. Ocobu koHTponbHOI Ta AocnigHoi rpynu Gynu
crniBCcTaBHi 3a BikoM: 45,1+2.7 Ta 42,8+5,3 poku BianoBigHo.

OmpumaHHsi pekombiHaHmMHux 6inkie. PekoMOGiHaHTHI
Ginkn Guyayoi noBHopo3MipHOi Tnpo3un-TPHK cuHTeTasm
Ta il OKpeMux Moaynie OTpUMyBanu sik onucaHo B [8]. Pe-
KoMGiHaHTHWI Binok GroEL oTpuMyBanu 3rigHo 3 [9] i3 He-
3Ha4YHMMKU moaudikauiamn: ana renb-inbTpauii Ta ioHo-
0o6MmiHHOT  xpomartorpacpii  BukopuctoByBanu TSK-GEL
Toyopearl HW-65F, DEAE-Toyopearl 650M BignosigHo.

YnucTtoTy oTpMmaHux OinkiB KOHTpOMOBaNu MeToAoM
enekTpocopesa B [JeHaATypyrunx ymoBax 3 BUKOPUC-
TaHHAM rpagieHTa noniakpunamigHoro renw 7—-22 %.
KoHueHTpauito pekombiHaHTHOro Ginka BM3Hayanu cnek-
TPOOTOMETPUYHO.

ELISA. PisHi aBToaHTuTIN knacis IgM ta IgG npotu pe-
KoMbiHaHTHUX GinkiB GroEL, a Ttakox Tmpo3mnn-TPHK cuh-
TeTasn Ta il OKpeMux OOMEHIB y cupoBaTKax 340pPOBUX
[OOHOPIB i MaLieHTOK A0 noYyaTKy MiKyBaHHS BM3HA4Yanu me-
TogoM ELISA, sk onucaHo B [7]. Cepono3nTuBHOKO BBaXa-
nn cupoBaTky, ONTWYHA rycTMHA SIKOi nepesullyBana ce-
pPeaHI0 BENUYUHY ONTUMYHOI TYCTMHWM 3paskiB CUPOBAaTKM
KpoBi 3gopoBux goHopis (M) Ha ABa cTaHAapTHWUX Bigxu-
neHHs (sd) — (M+2sd).

Becmept-6iom aHanis. CneumdivHicte peakuii 1gG
aBToaHTuTIN npotn GroEL Ta miHi-TupPC nepesipanu me-
TOAOM BeCTepH-6noT aHanidy 3rigHo 3 [7]. Pesynbtatu
peakuii dikcyBanu enekTpoxemintoMiHiCLeHTHUM MeToa0M
Ha PEHTIEeHIBCbKy MiBKY.

Cmamucmuy4Ha obpobka OdaHux. CTaTUCTUYHMI aHa-
ni3 gaHuWx 3gincHIoOBanu 3a 4ONOMOro MporpamMHoro 3a-
6e3neyeHHa STATISTICA 10.0. (StatSoft, CLLUA) Hena-
paMeTpu4dHi gaHi nopisHoBann B TecTi MaHHa-YiTHi
(Mann-Whitney U-test).

Pe3ynbTatn T1a ix o6roBopeHHsA. CrvpoBaTku KpoBi 5
300poBMX OOHOPIB Ta 25 xiHok i3 dibpomiomoto o onepa-
TMBHOTO BTPYy4aHHs 6yno npockpuHoBaHo metodom |PA Ha
HasiBHICTb aBTOaHTWUTIN knacie IgG Ta IgMpo 4 O6inkis:
GroEL, TupPC, MiHi-TupPC Ta C-kiHueBOro JOMeHy TUpO-
3MHOBOI CUHTETA3W.

MigBuweHi piBHi aBToaHTUTIN KNacy IgM go Bcix 4 6in-
KiB TPAnNNSAnmMCb He YacTo SK Y KOHTPOMbHIW, TaK i AOCHIAHIN
rpynax 6e3 sikoicb 3aKOHOMIPHOCTI (OaHi He NpeAcTaBneHi).
Taki pesynbTatin 6ynu nepeabavyBaHUMM, OCKINbKM BUCOKI
piBHi iMmyHOrnobyniHiB knacy M Bka3yloTb Ha roctpy dasy
3anarneHHs, HamyacTiwe iHPEKUIMHOro MOXOMKEHHS, To4i
K ANS MIOMW XapakTepHi XPOHiYHi 3ananbHi npouecy.

Y KOHTPOIbHI rpyni 300poBUX AOHOPIB KPOBi He Gyno
BMSIBIIEHO OCOOWH 3 MiABULLEHVMMMW PIBHSIMWU aBTOAHTMTIN
IgG po opHoro 3 gocnigkyBaHux GinkiB. Cepep XiHOK i3
ibpomiomoto 19 3 25 (76 %) nauieHTiB Oynm cepono3nTu-
BHi go MiHi-TUpPC, 18 3 25 (72 %) po 6akTepianbHoro wa-
nepoHiHa. Mpu ubomy 17 pgocnigHnx 3pa3skis (68 %) Gynu
No3nNTUBHI 00 060X aHTWUreHiB MOPIBHSHO 3i 340pPOBMMM
AoHopamu. PiBeHb aBTOaHTWTIN A0 MiHi-TupPC 6yB Bu-
MM, HiXX Y 300poBUX AoHopiB y 1,7 pasa, ana GroEL Ta-
KW nokasHWK cTaHoBuB 2,1 pasa. [igBuLLeHHs piBHIB aB-
TOAHTUTIN MPOTU KOXHOro 3 2 6inkiB 6yno crtaTMCTUYHO
3HayumMme 3i ctyneHem goctosipHocTi p<0,01.

HaTtomicTb piBHi imyHorno6yninis 1IgG go 6inkis TupPC
Ta ii C-KiHLEBOro JOMEeHyY CTaTUCTUYHO 3HAYMMO He Bigpis-
HSIMUCb Y TPYNN XKiHOK i3 ¢pibpoMioMoto Big, KOropTy 340po-
BUX AoHopiB. Jo noBHopo3mipHOi TupPC 7 3 25 (28 %)
XiHOK i3 chibpomiomoro Bynu cepono3nTUBHI, TaKOX CTaTuC-
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TUYHO 3HauMMO nigBuLeHi piBHI aBToaHTUTIn go C-
KiHueBoro gomeHy 6yno BigMideHo y 4 3 25 (16 %) naujen-
TOK. 3ayBaXknmo, Lo niaBuLLeHi piBHi aHTuUTIin go TupPC i
C-KiHUeBOro OoMeHy Oynu BUSIBIEHi Y Naui€eHTOK, WO Ta-
Ko 6ynu cepono3ntuBHnmMu o MiHi-TupPC T1a GroEL.

Cnip ckasaTwu, WO y XiHOK 3 chibpomiomoro Bynu nia-
BULLIEHI piBHi aBTOQHTUTIN 4O OOQHOro AOMEHY CUHTETasu
(MiHI-TpPC) 3HayHO u4acTiwe, Hix pfo iHworo (C-
KiHueBoro) — 76 % nopiBHAHO 3 16 %. Ak Bxe Oyno 3a-
3HaA4YeHO, BBAXAaETbCs, WO MOBHOPO3MipHMIA bBinok pos-
LenmnoeTbCca Yy UMTonnasmi Ha ABa mMoayni, BignoBigHO,
CNiBBIQHOLLIEHHSA JOMEHIB Mae 6yTu oguH 0O ofHoro. Bu-
XOASYM 3 LIbOrO, MOXHa 3pOOMTU NPUMYLLEHHS, WO MiHi-
TupPC € 6inbl iIMyHOreHHUM, HiXK iHLUWA OMEH, NpuHan-
MHi, ANsi 06CTeXeHNX NaLieHToK, agxe paHiwe Hamu Oy-
1o nokasaHo, WO npu paky npocTtatu Ginblly aBTOpeak-
TUBHICTb BUKNMKaB C-kiHUeBMI gomeH: 46 % ceponosu-
TUBHUX NauieHTiB NopiBHAHO 3 30 % MO3UTUBHUX OO0 MiHi-
TupPC [6]. MoxnuBo, iCHYIOTb i iHLWI, BinbL TOHKI MexaHi-
3Mun ekckpeuii TupPC abo ii okpeMux mogynie 3 KIiTUHW,
WO [O03BOMATb BUBIMBbHATU 3 KNITUHM OOMH YM iHWKNA
OOMEH CUHTEeTasu Npu pi3HUX CTaHax, aKe LUUTOKIHOBI
YHKLUIT UMX Monekyn, xoya i noAibHi, ane He iAeHTUYHI.

MomipHa aBTOpeakTMBHICTb OO NOBHOPO3MipHOiI Tu-
pPC (28 %) y xiHOK 3 hibpomiomoto moxe OyTu nos'sasa-
Ha 3 NepexpecHOolo peakTusHicTio Ao MiHI-TupPC. Ha ko-
PUCTb TaAKOro NPUMYLLEHHSA CBIAYUTb Te, WO BCi 7 XIHOK,
y sikux 6ynu nigBuLeHi piBHi aBTOaHTUTIN OO MOBHOPO3-
MipHOro 6inka, TakoX OynuM Cepono3vMTUBHI [0 MiHi-
TupPC. BogHouac Taki BUCHOBKM He BUKITIOHAKOTb MOX-
NNBOCTI HASIBHOCTI NEBHWUX aHTUTEHHUX [OEeTEePMiHaHT,
Bnactmeux came TupPC.

BusiBneHnHs aBToaHTUTIN npotn Hsp60 i TupPC Ta ii
dparMeHTiB HEMPSAMO CBIAYUTbL MPO EKCMNaHOBAaHICTb LMX
BinkiB y MKKNITUHHOMY MPOCTOPI. AK LanepoHiH, Tak i Ok-
peMi JOMeHU cuHTeTa3n BepyTb y4acTb y pO3BUTKY 3ana-
NEHHs1 Ta aHrioreHHUX nepebynoBax, siki € XxapaKTepHUMHN
ONs pocTy i po3BuTKYy MioMu [3], @ oTKe, MOXyTb ByTK 3a-
nyyeHi abo go possuTky natornorii, abo go i enimiHauii
opraHiamom. [locnimkeHHst poni gaHux GinkiB, aBTOAHTUTIN
00 HUX Ta iXHbOI B3aEMOZIi Npu po3BUTKY MiOMW A0O3BONUTb
OLHUTKM POrb LMX MOMEKyN y Nporpecii naTonorii.

Pesynbtatn I®A Ha aBTOaHTMTING Knacy IgG go Ginkis
GroEL Ta miHi-TupPC 6yno nepeBipeHo MeToooM Bec-
TepH-6noTy. [laHi imyHo6noTuHra nigTBEepaunu pesynera-
T I®A ansa aBToaHTUTIN yTBOpeHux o GroEL, ane He oo
MiHi-TupPC (puc. 2). BignosigHicTb pesynbTatiB aHanisis
anga aestoaHTuTin Ao GroEL ysrogxyetbca 3 nitepatyp-
HAMW JaHMMK Ta CBigYWUTb MPO MNEepeBaXHe YTBOPEHHS
aHTMTIN OO MiHINHOI aHTUreHHoi AeTepmiHaHTK (abo Kinb-
KOX niHinHuX enitonis) [15, 4]. MNpu I®A aBToaHTUTINA 3
CUPOBATKMN MPUELHYIOTHCS OO HATMBHOrO Ginka y TpPeTuH-
Hil CTPYKTYpi, KOMM Ha noBepxHi binka eKCnoHOoBaHi Sk
NiHiNHI, TaK i NPOCTOPOBI aHTUreHHi AeTepMiHaHTK, To4i 9K
npu iMyHoO6noTi GinkvM po3ginsaTe y noniakpunamigHomy

reni Npu geHaTtypylunx ymosax, konu 6inok nepebysae y
pPO3ropHYyTOMY CTaHi, ToMy 36epiraloTbCsi TiNbKW MiHiNAHI
enitonu. Pesynbtatn I®A Ta iMyHOBNOTMHIY AN aBTOaH-
TUTIN NPOTK MiHi-TUPPC y3rogxytoTbCsl HE B YCiX 3pa3Kax.
Lle MOXHa NOSICHUTWU YTBOPEHHSIM aBTOAHTUTIN npu ¢ib-
pomiomi [o pi3HMX eniToniB Ha noBepxHi BGinka. Moxnueo,
y 3paskax ans Akux pes3ynbTaTu OTpUMaHi pisHUMU MeTo-
JamMu aHanisiB CcniBCTaBHi, NepeBaxawTb aHTUTINa Jo
NIHINHMX aHTUreHHUX AeTepMiHaHT, a y 3paskax, pesynb-
TatM ans sakux BigpisHsaoTbes B I®A Ta BecTepH-6noTi —
aHTUTINa 4O NPOCTOPOBMX EMiTOMIB.

CTaTUCTUYHO 3Ha4MMe MiOBULLEHHSA pPIiBHIB aHTUTIN
npotu GroEL Ta MiHi-TupPC y cuposartui 6inbLlIoCTi XiHOK
i3 hibpomiomot (72 Ta 76 %, BiANOBIAHO) MOPIBHAHO 3i
3[,0pOBMMU [OHOpPaMWU KpOBi [03BONSAE po3rnsgatv OaHi
MONEKYNu SIK NePCNEKTUBHI AiarHOCTUYHI Ta NPOrHOCTUYHI
mMapkepu. Pi3HMMM aBTOpamMy NOKa3aHO MNPOrHOCTUYHY
ponb 3MiHu ekcnpecii HSP60 abo aBToaHTUTIN 4O AaHOro
LIanepoHiHy Npu paky LWWAKW MaTKK, paky npoctaTtu, npu
KONMOPEKTanbHOMY paky, paky MOMoYHoi 3ano3u [11].
X. Zhou 3i cniBaBTOpamn posrnsgatTs TupPC Ak noten-
LiHUA HEeiHBa3MBHWI MapKep afdeHOKapuUHOMMK fereHb
[16]. Y poGorTi [7] 6Gyno noka3aHO NiABULLEHHS PIBHIB aB-
ToaHTuTin go C-kiHueBoro gomeHy Tnpo3un-TPHK cuHte-
Tasm Npu paky npoctaTtu. binkosi Mapkepun ans giarHoc-
TyBaHHs pibpoMioMn He NOTPIGHUIA, agKe NyXIMHU BUSAB-
nawTe abo 3aBASiKM BMPA3HUM THEKONOTYHUM CUMMTO-
mam, abo BuMNagkoBo, Npu ynbTpacoHorpadiyHomy abo
pagionoriyHomMy o6CTexXeHHi. HaTomiCTb BUKOpPUCTaHHS
NMPOrHOCTUYHUX MapkepiB Ans  MOHITOpUHra naTtonorii
nicns xipyprivHoro BTpy4YaHHs abo Aons ouiHkM edekTmnB-
HOCTi MEAMKOMEHTO3HOI Tepanii miom Moxe 6yTu 3pyuy-
HMM HeiHBa3MBHWUM METOAOM MNpW BeAeHHi nauieHTiB 3
AaHoto natornorieto. 3a BiACYTHOCTI cneundivyHmx Ta Ha-
OiiHMX mapkepiB npu ¢ibpomioMmi My posgingemo nor-
nagn Levi ma iH. [10] wono nepcnekTMBHOCTI BUKOPUC-
TaHHS MapkepHoi naHeni 6inkis.

Cnig 3asHaunTy, WO Hamu Oyno obcTexeHo ABa Oo-
Hopu, siki 6ynn no3unTtueHi go GroEL, a oaumH 3 Hux 6yB
no3anTneHuM 0o MiHi-TupPC. Mo3nuTtuBHa peakuisa Ha Gro-
EL moxe 6yTv nosicHeHa Onis OQHOro JOHOpa HasiBHICTHO
y ciMenHomy aHaMHesi Mo MaTepuHCbKIW MiHii apTepianb-
HOI rinepTeHsii, ANA APYroro aBTOIMyHHUM TUPEOIANTOM,
npu 9KMX NoKasaHo NiABWULLEHI PiBHI aBTOAHTUTIN OO UMX
oinkis [13, 2, 8].

OTxe, posrnagatyum aBToaHTUTIina npotu GroEL Ta
MiHi-TUpPC €K nNOTEHUiNHIi Mapkepu Ans MOHITOPUHrY
CTaHy natonorii y XiHok 3 chibpomiomoto, HeobxigHO Bpa-
XOBYyBaTW Te, WO HasIBHICTb aHTWUTIN 4O uMx GinkiB y cu-
poBaTui KpoBi MOoxe OyTW noB'sidaHa i 3 iHWMMK ycknaa-
HEHHAMW aHamMHe3y. HaToMmicTb, MOXINNBO came BUMKOPUC-
TaHHA GinblW WKWpOKOI naHeni mapkepHux GinkiB, BUSIB-
NEeHHSA 3MiHU CMiBBIOHOLWEHHS MK OKPEMMMM MOKa3HWKa-
MW, AO3BONUTb BiNbLlU TOYHO BU3HAYaTK 3MiHWN Y PO3BUTKY
[aHoi naTtonorii.
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Puc. 1. PiBHi aBTOQHTUTIN NpoTH MiHi-TupPC (A, B) i GroEL (B, I') y cupoBaTui KpoBi XiHOK i3 piGpomiomotro
Ta 340pOBUX [OHOPIB. Buile mapkepHoi niHii (A, B), Aka YncensHO AOPIBHIOE CepeAHbOMY 3HA4YEHHIO NIIOC 2 CTaHQAPTHI
BiAXUIeHHA BiANOBiIAHOI AOHOPCLKOI rpynu, po3TawoBaHi NO3UTUBHI 3pa3ku cupoBaTku. Mpadikm (B, ') Bino6paxalTb cepeHe,
MaKcumarbHe Ta MiHiMmanbHe 3Ha4YeHHs, a TaKoX Aiana3oH y AKoMy 3HaxoauTbcs 50 % 3HayYeHb Ans KOXHOI BUGIpKu
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Puc. 2. IMyHOpeaKTUBHICTbL CUpPOBaTKN 300POBUX AOHOPIB KPOBI (3pa3ku 1-5) i xiHok i3 piGpomiomotro oo onepaTuBHOro
BTpy4aHHs (3pa3ku 6-30) no GroEL (A) Ta miHi-TupPC (B) 3a pe3synbTtatamu BeCcTepH-65110T aHanisy

BucHoBku

TakMM YMHOM, BUCOKI pPiBHI aBTOAHTUTIN 4o MiHi-TupPC
Ta GroEL y xiHok i3 (hibpomioMoto Bka3yloTb Ha AaHi binku
AK Ha NepCcnekTUBHMX YYACHMWKIB KOMMIEKCHOI MapKepHOi
naHeni 4Ns MOHITOPUHIY 3aXBOPIOBaHHS.
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HaumoHanbHoro meauumMHckoro ynusepcuteta umenn A.A. Boromonbua, Kues, YkpauHa,
A. Norpe6Has, kaHa. 6uon. Hayk, A. KopHentok, A-p 6uon. Hayk, M. Fpom, mn. Hay4H. coTpyaA.,
WUHcTuTyT MonekynsipHoi 6uonorum n reHetukn HAH YkpauHbl, KueB, YkpanHa

WCCNEOOBAHUE YPOBHEW AYTOAHTUTEN KITACCOB IGG U IGM K BAKTEPUATNIbBHOMY AHANOI'Y HSP60,
TUPO3UN-TPHK CUHTETA3E U EE OTAEJIbHbIM JOMEHAM Y XXEHLUNH C PUBPOMUOMOU MATKHU

QPubpomuoma (netiomuoma, Muoma) — dob6pokayecmeeHHoe Hogoobpa3zosaHue MUOMEMPUSs, KOMOopPoe fnopaxaem 60JIbWUHCMEO XEHUWUH pe-
npodykmueHO20 eo3pacma, 0OOHaKO MexaHU3Mbl e20 pa3eumusi usy4yeHbl Hedocmamo4Ho. Tupo3un-mPHK (TupPC) cuHmemasa u Hsp60 — 6enku
domawHezo xo3silicmea, Komopbie Mo2ym 6bimb 808/1e4eHbI 8 namoaeHe3 psida 3abosiesaHull pa3iuyHbIMU criocobamu. Ljenbro daHHOU pabombl
cmarno onpedeneHue ypoeHeli aymoaHmumen k Hsp60, TupPC u eé omdenbHbiM domeHaMm (MuHu-TupPC u C-koHe4YHOMYy GOMeHy) 8 cbieopomke
Kpo8U XeHuuH ¢ ¢gpubpomuomoli. Mamepuanbl u Memodsbi: ypoeHU aymoaHmumen knaccoe IgM u IgG k 6enkam Hsp60, TupPC, muHu-TupPC u
C-KkoHe4YHOMY OOMeHY 8 cbigopomke Kposu 5 300poebix A0OHOPOo8 U 25 )eHWuH ¢ gpubpomuomoli Ao Hayana sie4eHusl, Ymo onpedensnsanockL mMe-
modomM meepdoghazHo20 UMMyHOhepMeHMHo20 aHanu3sa (MPA). CneyuguyHocms peakyuu aymoaHmumen knacca IgG ¢ 6enkamu Hsp60 u MuHu-
TupPC npoeepsinock npu nomMmowu eecmepH-6s10m mecma. Cmamucmuyeckuii aHanu3 0aHHbIX MpoeedeH NMpu MoMouju NpPo2paMmMHO20 obecreye-
Husi STATISTICA 10.0. (StatSoft, CLUA). Henapamempu4eckue OaHHble cpasHueanucb 8 mecme MaHHa-YumHu (Mann-Whitney U-test). Pe3ynb-
mamebl: noebiweHHbIe ypoeHU aymoaHmumen knacca IgM k kaxdomy u3 4 usyyaembix 6enkoe udenmughuyuposasnu He 4acmo Kak 8 KOHMpOoJib-
Hol, mak u onbimHol 2pynne 6e3 onpedeneHHol 3aKkoHoOMepHocmu. B 2pynne 3dopoeux doHopoe He 6bilu 06HapyXeHbl 06pa3ybl C NOBbIWEH-
HbIMU ypo8HsiMu aymoaHmumen IgG Hu Kk o0HoMYy u3 uccrnedyembix 6esnkoe;cpedu XXeHWUH ¢ pubpomuomoli 6biu cepono3umueHbl K MUHU-
TupPC 19 u3 25 (76 %), a k Hsp60 — 18 u3 25 (72 %). lMpu amom 17 o6pa3yoe onbimHol 2pynnb! (68 %) 6biTu MO3UMUEHbLI K 060UM aHmMu2eHam o
CpasHeHUl0 ¢ makKumu y 300poebix OOHOPOo8. YpoeeHb aymoaHmumen Kk MuHu-TupPC 6bin1 noebiweH y XeHWuH ¢ ¢pubpomuomoti 8 1,7 pa3 no
cpaeHeHuro co 30opoeumu oHopamu, Ons1 6enka Hsp60 coomeemcmeyroujuli nokasamens cocmaeun 2,1. [loebiweHue ypoeHeli aymoaHmumern K
MuHU-TupPC u Hsp60 6b110 cmamucmuyecku 3Ha4YuMbIM CO cmeneHbio docmoeepHocmu p<0,01. Pesynbomambl umMmMyHo6r1oma noomeepounu
OaHHble UPA Onsi Hsp60, Ho He Onsi MuHu-TupPC. Bbieod: ebicokue ypoeHuU aymoaHmumen k MmuHu-TupPC u Hsp60 y xeHWuH ¢ ¢pubpomuomoli
ceudemenbcmeyrom o nepcrekmueHocmu uccriedyembix 6es1K08 Kak y4acCmHUKO8 KOMIT/TIEKCHOU MapKepHOU naHeslu MOHUMOpUHaa 3abosiesaHus.

Knroueenie cnoea: Hsp60, TupPC, gpubpomuoma, aymoaHmumena.
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THE INVESTIGATION OF LEVELS OF IGG AND IGM AUTOANTIBODIES AGAINST BACTERIAL ANALOG OF HSP60,
TYROSYL-TRNA SYNTHETASE, AND ITS SEPARATED DOMAINS
IN SERA OF WOMEN WITH UTERINE LEIOMYOMA

Uterine leiomyomas are common gynecologic tumor in reproductive-aged women. The molecular mechanisms behind the origin of leiomyomas
are still relatively unknown. Tyrosyl-tRNA synthetase (TyrRS) and Hsp60 are housekeeping proteins that could be involved into different patholo-
gies in various ways. The aim of the study was to investigate the levels of antibodies to Hsp60 and TyrRS and its distinct domains: mini-TyrRS and
C-terminal domain in sera of patients with uterine leiomyoma (UL). Materials and methods: Specific IgG and IgM autoantibodies in sera of 25 women
with UL before therapy and 5 healthy subjects were measured by ELISA. The specificity of the reaction of IgG autoantibodies against the Hsp60 and
mini-TyrRS proteins was checked using a western blot assay. Statistical analysis was performed using the STATISTICA 10.0 software. (StatSoft,
USA). Non-parametric data were compared in the Mann-Whitney U-test. Results: The elevated levels of IgM autoantibodies against all the proteins
studied occur frequently neither in control nor in experimental cohort. In the group of healthy donors, individuals with elevated levels of IgG autoan-
tibodies against any of the proteins studied were not detected. Meanwhile 19 of 25 (76 %) and 18 of 25 (72 %) women with UL had significantly in-
creased serum levels of autoantibodies to mini-TyrRS and Hsp60 respectively. Intriguingly, 17 of 25 samples from women with uterine fibroids
(68 %) were positive against mini-TyrRS and Hsp60 analog simultaneously. The levels of autoantibodies to mini-TyrRS in sera of women with UL
were 1.7 times higher than in sera of healthy donors, for Hsp60 the corresponding index was 2.1. Increasing levels of autoantibodies against each
of the two proteins was statistically significant with a degree of reliability of p <0.01. The data obtained by ELISA were confirmed by western-blot
analysis for Hsp60 but not for mini-TyrRS. Conclusion: We propose that elevated levels of autoantibodies to Hsp60 and mini-TyrRS in sera of per-
sons with UL may serve as element of panel of protein markers for monitoring of pathology.

Key words: Hsp60, TyrRS, uterine leiomyoma, autoantibodies.
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|. AMUTpeHKo, KaHA. 6ion. Hayk, |. [sarenb, A-p meAa. Hayk,
XK. MiHuyeHko, a-p 6ion. Hayk, 3. MapTiHa, kKaHA. Men. HayK,
B. ®enopeHko, kKaHA. MeA. Hayk, T. LLnaxTuyeHko, KaHA. MeA. Hayk,
B. Lonowko, kaHA. 6ion. Hayk, O. MUTpPeHKO, KaHA. Gion. Hayk,
OepxaBHa yctaHoBa "HauioHanbHUMA HayKOBUM LIEHTP
paaiadiiHoi MeauumHun HAMH Ykpaiuu", KuiB, YkpaiHa

MPOrHOCTUYHI ®AKTOPMU BiANOBIAI HA TEPANIIO IHFBITOPAMU TUPO3UHKIHA3
B YKPAIHCbKIA KOrOPTI MALIEHTIB I3 XPOHIYHOIO MIENOIAHOIO NEUKEMIEIO

MopieHsiHo AuHamiky pedykuyii BCR/ABL-no3umueHo20 K/IOHy y nauyieHmie i3 xpoHi4yHoto MiesoidHoro nelikemiero (XMJ1) npu
mpueaniti mepanii imamuri6om (IM) i Hinomuri6om (HI) i chpopmoesaHo KomnneKc iHiyianbHUX NPo2HOCMUYHUX ¢hakmopie, w0
enyiuearomb Ha pedyKuyiro JielikeMiyHO20 KJIOHY i mpueanicmb xxumms xeopux Ha XMJ1. I3 3azanbHoi koecopmu 1095 xeopux Ha
XMJ1, o6cmexeHux 3a nepiod 2002—2018 pp., y 937 nayieHmie Ha mepanii IM ma 72 nauyienmie Ha mepanii HI oyiHeHO e¢hekmue-
Hicmb mepanii 3a piesHem ekcnpecii 2eHa BCR/ABL1 ma noka3Hukamu ewkueaHocmi. [ns eusHa4YeHHs1 IPO2HOCMUYHUX ¢hakmo-
pis, acouilioeaHux 3 Kpauwjoro 8idnogidd0 Ha mepanio ma euxueaHicmb, euKkopucmaHo memod pezpecii Kokca. Ha 12-i mic.
mepanii eidcomok nayieHmis, siki docsianu pedykuyii NyxsIUHHO20 KITIOHy 00 pieHs eesnukoi MosiekynsipHoi eidnoeidi (BMB), 6ye
icmomH+o euwum e 2pyni nayieHmie, siki ompumyeanu Hl, Hix e epyni nayienmie Ha mepanii IM (61,0 % vs 23,7 %, p<0,001). Ha
24-my mic. mepanii 3HUXeHHs1 pieHs1 ekcrnipecii 2eHa BCR/ABL1 do pieHsi 21ub6okoi MmonekynsipHoi eidnoeidi (MB4) 6yno 3apeecm-
poesaHo y 38,3 % nauieHmie, siki ompumyeanu Hl, i nuwe y 12,4 % nauyieHmis, siki nikyeanucs IM (p < 0,001). MediaHa 4yacy docse-
HeHHs1 BMB i MB4 6yna meHwoto Onsi nayieHmie, siki ompumyeanu Hl, nopieHsiHo i3 nayieHmamu Ha IM (p<0,001). JoeedeHo, w0
8idmiHHocmi e egpekmusHocmi IM i HI supaxanucst minbku e duHamiui eionoeidi, ane He 8 Noka3HuUkKax ewxueaHocmi. Hal6inbw
erniueo8uUM YUHHUKOM Mpo2pecii, 3a2anbHoi ma 6e3nodiliHol euxueaHocmi eusieunacsi mpueasicms nepiody JikyeaHHsi 0o rno-
yamky mepanii IM ma HI. HinomuHi6 o6ymoentoe anubwy i weudwy pedyKyiro myxsIuUHHO20 KiToHy. [fpome 3ampumaHHs 3i ceoeyvac-
HUM npu3Ha4YeHHsIM mepanii iH2ibimopamMu mMupo3uHkKiHa3 npu3eodumb 00 3HU)XEHHST egheKmueHocmi mepanii sk iMamuHi6omM, mak
i HinomuHi6om.

Knroyoei cnoea: XMJ1, iH2i6imopu mupo3uHkiHa3, mepMiH nepednikoeaHocmi, egpekmueHicmb meparnil.

BcTyn. XpoHiyHa MienoigHa neikemis (XMJ1) — knoHarnsHe
MienonponicepaTvBHe 3aXBOPIOBaHHSA, sike cTaHoBUTb 20 %
ynepLue AiarHOCTOBaHMX BUMaAKiB newnkemin y gopocnux. Y
KpaiHax €Bponu i MiBHIYHOT AMEPUKM Le 3axBOPHOBaHHSA 3a
4acTOTOK 3arMae TpeTe Miclle cepen nevikemin (nicns rocrt-
pYX NENKeMIn i XxpoHi4Hoi nimcpobnacTHoi nevikemii).

3a paHumu peectpy EUTOS (Europian Treatment and
Outcome Study), wo Bkntovae 2904 nauieHTV 3 giarHO3oM
XMIJ1, yctaHoBneHum B 2008—2012 pp., 3axBOptoBaHIiCTb Ha
XMI y kpaiHax €sponu konusaeTbes Big 0,69 Ha 100 Tuc.
HaceneHHs, B MNonbuwi, ITanii go 1,39 Ha 100 Tuc. [1]. Kinb-
KicTb Bunagkis XMJ1 3pocTtae 3 BikoM. MegiaHa Biky Ha 4ac
BCTaHOBNeHHs giarHody XMJ1 B kpaiHax €Bponu B cepefn-
HbOMY AopiBHIOE 56 pokis [1].

3ripHo 3 '"lMokasHuMKaMu [AisiNbHOCTI  remMaTonorivyHoi
cnyx6u Ykpainm B 2016 poui” npoTsirom ocTaHHbLOro Aecs-
TUpivua B YkpaiHi 3axBoptoBaHicTb Ha XMJ1 ctaHoBuna
0,93-1,11 Ha 100 TMc. HaceneHHs. Y 2016 p. B YkpaiHi
Brepwe giarHoctoBaHo XMJ1 y 279 nauieHTiB, a 3aranbHa
yYncenbHicTb XBOpux 6yna 2323. [2].

Pos3kputta monekynsapHoro natoreHedy XMJT cnpusno
pO3BUTKY TapreTHOI Tepanii i3 3acTocyBaHHAM creundiy-
HKX iHribiTopiB TMpoanHkiHa3 (ITK). Mepwwi kniHiYHi BUNpO-
OyBaHHs iMaTuHIOY y xBopux Ha XMJ1 noyanucsa y 4epBHi
1998 p. Ix pesynbTaT BUSIBUNMCA HACTIMLKM MEPEKOHMM-
BMMMU, LLO BXe B TpaBHi 2001 p. npenapat 6yB 403BONEHUI
ONS LUMPOKOro BUKOPWUCTaHHSA. Ha cborogHi 3a pgaHvmu
MibkHapogHoro pocnigxeHHs IRIS 3aranbHa BuXMBaHICTb
nauieHTiB Ha 8 pokiB Tepanii imaTtuHibom nepesuiuye 80 %
[3], To6TO TpMBanicTb xuTTA nauieHTiB 3 XMJ1, aki oTpumy-
toTb Tepanito ITK, cTana NnopiBHAHHOI 3 TPMBAMICTIO XUTTS
340pOBUX Ntoaen.

MosiBa ITK 2-ro i 3-ro nokoniHb e GinbLie po3wmpuno
MoxnusocTi Tepanii XMJ1. BoHW Bigpi3HAOTLCA CNEKTPOM
KiHa3, sk iHribyoTb, a Takox BinbLU BUCOKOK adiHHICTIO [0
BCR/ABL-T1po3uHkiHa3n. Y CcBiTi Ha CbOrogHi NpownLnun
KNiHiYHi BUNpoOyBaHHS i BUKOPUCTOBYIOTLCS B MPaKTUL
n'atb ITK: iMaTuHib, HINOTWMHIO, ga3aTmHib, 603yTuHIO Ta
NOHaTUHIOG.

© OmutpeHko L., Oarens l., MiHyeHko X., MapTiHa 3.,
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B YkpaiHi ana tepanii XMJ1 cxBaneHo 3acTocyBaHHSA
iMmaTnHIOy Ta HiNoTuHIBy. IMaTWHIG nepLi nauieHTn oTpu-
manu 3 2002 p. B mexax nporpamu Glivec International
Patient Access Program (GIPAP). HinotnHi6o (ITK 2-ro no-
KOMiHHs1) OyB 3apeectpoBaHuin B 2008 p., sk Tepaniqa
2-i niHii gns nauieHTiB, pe3aMCTEeHTHMX A0 iMaTuHiby, a 3
2012 p. — Ak npenapart 1-i ninii Tepanii.

Ha cborogHi gaHi npo edektuHicTb Tepanii ITK npea-
CTaBrneHi B OCHOBHOMY pe3yrbTaTaMu KNiHiYHUX BUNpoby-
BaHb [4, 5]. OgHak y peanbHin KNiHiYHIN NpakTuui Hemae
KPUTEPIiB BKITHOYEHHS Ta BUKIIOYEHHS. | XO4a OuiHKa Bigno-
Bigi Ha Tepanito ITK npoBoguTbCA BiANOBIAHO A0 MiXHapo-
OHNX pekomeHaauin [6, 7], edheKTUBHICTb NikyBaHHSA Garato
B YOMY BM3HAYaETbCH iHiLjanbHUMK hakTopamu, OO SKUX
Hanexartb KhiHiko-nabopaTopHi MOKa3HWMKW, Ha MiacTa.i
SIKUX BCTAHOBIIOETLCA AiarHo3, cTaTb, BiK, TPUBanIcTb Mo-
nepeaHbLOI Tepanii.

MeTta pocnipxeHHs. [lopiBHATU AuHamMiky peaykuii
BCR/ABL-no3uTnBHOro knoHy y nauieHTis i3 XMJ1 npu Tpu-
Banin Tepanii iMaTuHIOOM i HiNOTUHIOOM Ta cdopmyBaTh
KOMMJIEKC iHiLianbHUX NPOrHOCTUYHMX (PaKTopiB, LLO BNSIK-
BalOTb Ha peayKLUito NTENKEMIYHOro KMOoHY i TPUBaniCTb XUT-
T5 XBopux Ha XMIJ1.

MaTtepianu Ta meTtogu. Y gocnigXeHHst 6yno 3anyde-
Ho 1095 nauieHTiB i3 XMJ1, siki nepebyBanu nig Harnsgom
abo Ha KOHCynbTaTMBHOMY NPUIOMI Y BiAAINEHHI pagiauin-
HOI OHKOremaronorii i TpaHcnnaHTauii cToBbypOBMX KNiTWH
IHCTUTYTY KniHiYHOI pagionorii HauioHanbHOro HaykoBOro
LEeHTpY pagiauinHoi meauumMHu 3a nepiog 3 2002 no
2018 p. 3a yMOBM HafgaHHA iH(POPMOBAHOI 3roan Ha BUKO-
pucTaHHs ix GiomaTepiany onsa gocnimkeHHs. 13 Hux 523
(47,8 %) 4vonosika Ta 572 (52,2 %) xiHkM. MepgiaHa Biky
nauieHTiB Ha Yac BCTAHOBMEHHS JiarHo3ly CTaHoBWMa
42 poku (Big 18 po 82 pokis).

da3dy 3axBOPIOBaHHA Ha 4ac OOCTEXEHHA BM3HaYanu
3rigHo 3 pekomeHaauismm ELNet 2013 [6]. [nsa nauieHTiB i3
XPOHiYHOW drasoro XMJ1 npu BCTaHOBMEHHI AiarHo3y OLiHI0-
Banu rpyny pusuky 3a gonomroto iHaekciB Sokal, Hasford
(Euro), EUTOS Ta ELTS [8—10]. YacTuHa naujeHTiB oTpumy-
Banu nornepegHe nikyBaHHA pisHUMKU npenapatamu (rigpok-
cuceyoBuHa, BycynbgaH, iHTepdepoH) [0 Npu3HaYeHHs
iHribiTopiB TMposuHkiHaa (ITK). Tpueanicte nepegnikosaHo-
cTi ctaHoBuna Big 1 4o 268 mic. y (meaiaHa 9,8 mic.).

ImaTnHi6 oTpumyBanu 1019 nauieHTiB. CTapToBa CTaH-
AapTHa gosa craHosuna 400 mr Ha goby. Y BMnagky Heado-
CAMHEHHs1 onTuUMarnbHOI BignoBigi abo BTpaTu OOCArHYTOI
LMTOreHeTUYHOI UM MOMEeKynsipHOI BianoBsigi Ao3y npena-
paty 36inbwysanu go 600-800 mr Ha poby. HinotuHi6
oTpumyBanu 76 nauieHTiB y Ao3i 600 mr Ha poby. Y
234 nauieHTiB iMaTuHIO OyB HeedeKkTUBHUM, i BOHWM Bynu
nepesefeHi Ha nikyBaHHS HinoTuHibom y gosi 800 mr Ha
noby. MauieHTn otpumyBanu Tepanito ITK y pisHux rema-
TOMOriYHMX BigAINeHHAX YkpaiHu. TpuBanictb crnocTtepe-
KEHHS 3a nauieHTamy Ha Tepanii iMaTWHIOOM cTaHoBMna
33,3 mic. (1,5-196,0) mic., a Ana nauieHTiB, Ski oTpUMyBa-
nn HinoTuHI6 — 30,8 mic. (3,5-90,2) mic.

MonekynsapHui MoHiTopuHr metogom PT-MJ1P 3 getek-
Ljeto y peanbHOMY Yaci BUKoOHyBanu B 3, 6 Ta 12 mic. Tepa-
nii ITK, gani koxHi 6 mic. 3rigHo 3 ELNet pekomeHgauisimm
[6]. PiBeHb TpaHckpunta reHa BCR/ABL1 Huxye 1 % BBa-
Xanu ekBiBaneHTOM MOBHOI LWTOreHeTU4YHoi Bignosiai
(MLUB). Ak KOHTPONBLHUI reH BUKOpUCTOBYBanu reH ABLT.
Benvka monekynspHa Bignosigb (BMB) Bu3Havanach sk
piBeHb ekcnpecii BCR/ABL1-TpaHckpunty < 0,1 %. mun6o-
Ka monekynsipHa Bignosigb (MB4) BusHavyanacbk sik piBeHb
ekcnpecii BCR/ABL1-tpaHckpunty < 0,01 % npu KinbkocTi
ABL1 xonin He meHwwe 10 000 [6].

[nsa nopiBHSAHHA €hEKTUBHOCTI iMaTUHIOY Ta HINOTUHIOY
sk ITK-tepanii 1-i niHii ouiHioBanu BignoBigb Ha Tepanito Ha

12 wmic. 3a kputepismu ELN 2013 [6], socarHeHHst rnmnbokoi
MOIEKYNSAPHOI BiAnoBigi Ha 24 mic. Tepanii, AMHamiky Oo-
CSITHEHHS1 MOBHOI LIMTOrEHEeTUYHOI, BEMNUKOT MONEKYNSIPHOI
Ta rmunbokoi MonekynspHi BiAMOBIAl, a TakoX 5-TupiduHy
3aranbHy, 6e3noifHy BKMBAHICTL | BUXKMBAHICTL 6e3 npo-
rpecii B rpynax naujieHTis i3 XMJ1, siki oTpumyBanu iMaTuHio
Ta HINOTMHIG. PisHMU0 MK MnokasHukamu oOLiHioBanu 3a
[10MOMOTOt0 X2-TECTY | TOUHOro KpuTepito dilepa ans kate-
ropianbHux 3miHHuMx Ta U-Tecty ManHa-YiTHi ans 6e3anepe-
PBHMX 3MiHHMX. IMOBIpHICTb 3aranbHoi BuxmBaHocTi (OS),
BxkuBaHocTi 6e3 nporpecii (PFS) i 6esnoginHoi BuxunBea-
HocTi (EFS) pospaxoByBann 3a metogom Kaplan-Meier
[11]. PFS Bu3Hauyanu sik BMXMBaHICTb 6€3 03HaK nporpecii
(TpaHcdopmalii y cdasy akcenepauii abo 6nactHoro kpu-
3y). Mogieto npu po3paxyHKy KMoBipHOcTi EFS BBaxanu
cMepTb Big Byab-AKMX NpUYMH, NPOrpecito i BTpaTy Aocsr-
HyToi IMLIB abo BMB. Mogieto npu po3paxyHky OS BBaxa-
nu cmepTb Ha Tepanii ITK 1-1 niHii. BigmiHHOCTI mix rpyna-
MU ouiHOBanu 3a gonomoroto log-rank Tecty [11]. Kymyns-
TMBHY MMoBIpHicTb MLUB, BMB i MB4 ouiHoBann metogom
Kaplan-Meier 3a nepiog Big no4atky Tepanii 4o 4acy nocs-
rHeHHs Bignosigi. MNMpu ubOMy AaHi NPO nauieHTIB, AKi He
oTpMManu agekBaTHOI BiaMoBiai, 6ynu nepeBefeHi Ha iH-
wuin ITK, nomepnun abo cnporpecysanu, LeH3ypyBanu 3a
OCTaHHbOI 4ATOK CMOCTEPEKEHHS.

[ns BM3Ha4YeHHs NPOrHOCTUYHMX (hbaKTopiB, acouioBa-
HUX 3 Kpallow BigMOBIOAK Ha Tepanio Ta BMXKMBAHICTIO,
BMKOPUCTOBYBanNu aHania ogHoakTopHux Ta baratodak-
TOPHMX MoAenen nponopuinHnx iHTeHcmBHocTen Kokca
(perpecito Kokca). CtaTuCTUYHO 3HauyLli ¢hakTtopu, OTpu-
MaHi 32 [OMOMOrow OoaHOaKTOPHOHO aHanisy, BUKOpUC-
TOBYBanu sk 3MiHHIi B GaraTodakTopHin Mogeni nponop-
LiHuX iHTeHcuBHocTen Kokca. ®aktopw, WO 3anvanucs
3Ha4vyLMMK y 6araTtocpakTopHOMY aHanisi, iHTepnpeTtyBanu
AK He3anexHi nporHocTuyHi cdaktopu [12]. CtaTucTUyHUm
aHarni3 NpoBOAWIM 3 BUKOPUCTAHHSM NakeTa CTaTUCTUYHKX
nporpam SPSS for Windows (Bepcia 20.0) [11, 12]. Po36i-
XKHOCTi MiX mapameTpamu, WO MOPIBHIOBANMCs, BBaxanu
CTaTUCTUYHO 3Ha4yLwwmmmn npm p < 0,05.

Pe3ynbTaTti Ta ix o6roBopeHHs. Y 1009 (92,2 %) na-
LiEHTIB Ha Yac OOCTeXeHHS1 BCTAHOBIIEHO XPOHi4HY a3y
3axBopioBaHHA. Pasa akcenepauii Ta 6nacTHOro Kkpusy
peectpyBanucs y 68 (6,2 %) Ta 18 (1,6 %) nauieHTiB, Bia-
noBigHoO. Y 3B'A3Ky 3 TUM, WO cepen nauieHTiB i3 dason
akcenepaLuii Tinbku 4 oTpUMyBanu HinoTuHIO, a BCi nauieH-
TV 3 BNacTHUM KPM3OM OTPMMYyBanNu iMaTUHIO, NOPIBHSAHHSA
edekTMBHOCTI Tepanii iMaTuHIGoM i HinoTuHIGoM nNpoBoau-
NN TiNbKW B rpynax nauieHTiB i3 XpoHiyHow dhasoo XMIJ1
(937 nauieHTiB, siki oTpumyBanu iMaTuHiO, Ta 72 nauieHTa,
SIKi OTPUMYBANM HINMOTUHIO).

IHiLianbHi KniHiKo-nabopaTopHi XapakTepucTUKM nauieH-
TiB i3 XpoHiyHOWO pasoto XMJ1, ki oTpumyBanu Tepanito
imaTMHIOOM Ta HiINoTUHIOOM, HaBegeHo B Tabn. 1. ObcTe-
XeHi rpynu nauieHTiB He BiApi3HANWUCh 3a cTaTTio, BiKOM, Ta
KNiHIKO-reMaTonoriYHMMKN XapakTepucTmkaMn Ha yac BCTa-
HOBIEHHSA AiarHo3dy. Po3nogin 3a rpynamu pusuky 3a Cuc-
Temamun Sokal, Hasford, EUTOS ta ELTS 0yB nopiBHsiH-
HMM B 060X rpynax.

MegiaHa cnocTepexeHHst 3a nauieHTamu, sKki OTpUMy-
Banu Tepanito iMaTMHIGOM Ta HiNoTuHIGom cTtaHosuna 33,6
(2,0-196,2) mic. Ta 32,1 (3,5-90,2) mic., BignosigHo. Mpo-
TArOM BCbOrO Mepiogy CnOoCTepeXeHHs B rpyni nauieHTis,
SKi OTpUMMYyBanu Tepanito HINoTUHIBOM, NOBHOI LMTOreHe-
TnYHoI Bignosigi gocarnu 83,1 % nauieHTiB, BENUKOiI Mone-
KynspHoi Bignosigi — 67,1 % Ta rnnbokoi MomneKkynspHoi
Bignosiai — 46,4 % nauieHTiB, WO CTAaTUCTMYHO 3HauyLle
nepesuLLyBano Ui NOKa3HUKW Yy rpyni nauieHTiB, ski oTpu-
MyBanu Tepanito imatuHioom (59,3 %, 41,1 % Ta 24,4 %,
BignosigHo, p < 0,001 Ans BCiX NOPIBHSHb).
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Ta6nuys 1. 3aranbHa XxapakTepucTUKa NauieHTIB i3 XpoHiuHo chazoro XMI,
fIKi OTPMMyBanu Tepanito iMaTUHIGOM Ta HiNOTUHIGOM
Mepuwa ninis ITK-repanii Pisens .
MokasHuk 3HayvywocrTi, p
ImaTtuHi6 (n = 937) HinotuHi6 (n =72)
Bik, pokn megiaHa (gianasoH) 43 (18 — 80) 42,5 (21-82) 0,983
Cratb Yonosiku n ( %) 445 (47,5) 35 (48,6) 0,607
PiBeHb remornobiny, r/n megiaHa (gianasoH) 118 (60 — 193) 123,5 (78 — 163) 0,338
Kinbkictb neikouutis, 10° /n megiaHa (gianasoH) 107,2 (4,3 -860) 100,0 (17,7 — 336,2) | 0,384
Kinbkicte TpomGouuTis, 10° /n MeaiaHa (mianasoH) 347,5 (100 — 2100) 284 (110 — 1500) 0,158
KinbkicTb 6nacTis, % megpiaHa (gianasoH) 1(0-14) 1(0-18) 0,769
KinbkicTb eosuHodinis, % mMeaiaHa (gianasoH) 2(0-15) 25(0-13) 0,724
KinbkicTb 6asodinis, % mMeaiaHa (gianasoH) 2(0-16) 25(0-10) 0,960
Po3amip cenesiHka, cM 3-nig kpato pebepHoi Ayrv MediaHa (gianasoH) 3(0-40) 2 (0-20) 0,390
Sokal iHgekc
HU3bKUIA pU3nK, % 38,8 47,2
NPOMIXHUIA pU3mnK, % 41,2 37,5 0,669
BUCOKUI pn3uK, % 20,0 15,3
Hasford iHoekc
HU3bKUIA pU3mK, % 51,7 41,6
NPOMDKHUIA pU3MK, % 36,7 47,2 0,643
BUCOKUI pU3uK, % 11,6 11,2
EUTOS iHaekc
HU3bKUA pu3mK, % 87,5 94,4 0349
BUCOKWIA pu3uK, % 12,5 5,6 ’
ELTS ingekc
HU3bKUIA pU3nK, % 59,8 59,7
NPOMIKHUIA pU3NnK, % 27,7 20,8 0,531
BUCOKUI pU3uK, % 12,5 19,5
Yac go noyatky Tepanii ITK, mic. megiaHa (gianasoH) 9,0 (0 — 268,0) 13,0 (0,3 - 177,0) 0,792
Yac cnoctepexeHHsi, Mic. MediaHa (giana3oH) 33,6 (2,0 — 196,2) 32,1 (3,5-90,2) 0,178

lMpumimka: ITK — iHriGiTOpn TUPO3UHKiIHA3.

OuiHka edekTnBHOCTI Tepanii 3a kputepismun ELN 2013
nokasana, Lo Bxe Ha 12 mic. Tepanii BigCOTOK naLjieHTiB,
AKi AOCArNM BENUKOI MOMeKynapHOoi BignoBiai (onTumaneHa
BignoBsiab 3a kputepiamn ELN 2013) 6yB 3HauvyLle BULLMM
B rpyni nauieHTiB, siki OTPMMyBanNu HiNoTMHIO, HixX B rpyni
nauieHTiB Ha Tepanii imaTuHiGom (61,0 % vs 23,7 %,
p<0,001). Okpim TOro, 4YacTka nauieHTiB 3 peaykuieo nyx-
TNIMHHOTO KIOHY TiMbKW [0 PIiBHSA MOBHOI LMTOrE€HEeTUYHOT
BignoBigi Ha 12 mic. Tepanii (rpyna "cnoctepexeHHs" 3a
kpuTepiammn ELN 2013) 6yna MeHwa Takox cepef naieH-
TiB, WO nikyBanucs HiNOTMHiIOoM, NOpPIBHSAHO i3 nauieHTamu,
AKi oTpumyBanu imatuHi6 (8,5 % vs 20,7 %, p<0,001).
Binbwa edeKkTUBHICTb HINOTUHIOY BMABMNACSA TakoX Mpu
aHanisi rmubokoi monekynsipHoi Bignosigi. Ha 24 wmic. Te-
panii 3HWkeHHs1 piBHA ekcnpecii reHa BCR/ABL1 0o piBHs
<0,01 % (MB4) peectpyBanocs y 38,3 % nauieHTiB, SKi
OTpMMyBanu HiNOTWHIO i nuwe y 12,4 % nauieHTiB, Aki ni-
KyBanucsi imatunioom (p < 0,001).

BigcoTok BunaakiB 4OCArHEHHS MOBHOI LIMTOreHeTUYHOT
Ta BENVKOI MOMeKynspHoi Bignosigi 6y BUWMUM y nauieH-

TiB, SKi OTpPMMYyBanu HiNoTuHIG, NOpIBHSAHO 3 nauieHTamu,
SKi OTpUMyBanu iMaTuHi6, Ha 3, 6 Ta 12 mic. Tepanii (3 mic.
Tepanii: MUB 50,0 % vs 20,9 % Tta BMB 53,3 % vs 2,5 %
BignoBiaHo; 6 mic. Tepanii: MUB 57,9 % vs 24,6 % ta BMB
55,5% vs 8,3 % BignoeigHo; 12 wmic. MUB 69,0 % vs
45,0 % Ta BMB 60,3 % vs 23,8 %, BignosigHo).

AHanis guMHamikn pepykuii NyXAMHHOrO KIOHY MeTo-
nom Kaplan-Meier nokasas, WO nauieHTn, ski OTpuMyBa-
1NN HINOTWHIO, gocarany NOBHOI LMUTOreHEeTUYHOI, BENUKOI
MOMEKynspHOi Ta rmubokoi MonekynsipHoi BignoBigi wemna-
e, HiX nauieHTn Ha Tepanii imaTuHibom (Tabn. 2). Megai-
aHa 4Yacy AOCSArHEeHHS BENnWKOI MONEKYNspHOI BiAnoBiai Ta
rnnbokoi MonekynspHoi Bignosiai Oynma MeHwow Ans
nauieHTiB, aki oTpumyBanu HinotuHi6 (13,8 Ta 38,4 wmic.
BiOMNOBIAHO) MOpPIBHAHO 3 nauieHTamMn Ha iMaTuHIObI
(78,2 mic.i mepiaHa He pocdArHyta BignosigHo). Biporia-
HiCTb gocsarHeHHs BMB ta MB4 y pi3Hi 4acoBi npomixku
Oyna BuLLE y NaUieHTIB HA HINOTUHIGI NOPIBHSAHO 3 NaLieH-
Tamu, Lo oTpumyBanu imatuHid (p<0,001).

Ta6nuys 2. Qunamika gocsarHeHHs MLUB, BMB ta MB4 y nauieHTiB i3 xpoHiuyHoto ¢hasoro XM/,
fAIKi OTPUMyBanu Tepanito iMaTUHIGOM Ta HiNOTMHIGOM

MoKasHNK Mepwa ninis ITK-trepanii BigHoWweHHA pusukiB PiBeHb

IMaTunHi6 (n = 937) | HinotuHi6 (n =72) (95 % Al) 3HavywocrTi, p
MepiaHa Yacy pocarHeHHs MUB, mic. (95 % A1) (17 11%22 0) (5 76;67 5) 0,35 (0,25 -0,51) < 0,001
MegiaHa yacy gocsrHeHHst BMB, mic. (95 % [l) He pocsrnyta © 1332 9) 0,30 (0,19 — 0,46) < 0,001
Megiana Yacy gocarHenHs MB4, mic. (95 % [l) He pocsrHyta 38,4 (33,56 -43,4) 0,27 (0,17 - 0,43) < 0,001

lMpumimka: ITK — iHri6iTopn TMpo3uHkiHas, [l — gosipuun iHTepsan, MNLB — noBHa uMToreHeTuyHa BignoBiab, BMB — Benvka monekynsi-

pHa BignoBiab, BM4 — rnnboka monekynsipHa BianoBiab.

[nsa ouiHkM OOBroCTPOKOBMX MOKAa3HWKIB BignoBidi Ha
Tepanito ITK nopiBHoBanu nokasHuku 5-tupivyHoi 6esnogin-
HOI, 3aranbHOI BUXMBAHOCTI Ta BUXMBaHOCTI 6e3 nporpecii
y MauieHTiB, ki OTpMMyBanu Tepanito iMaTuHIOOM i HinoTn-
HiGbom (Tabn. 3). 3a Becb Nepioa CNOCTEPEXEHHS Nporpe-
cito y cpasy akcenepauii Ta/abo 6nacTHoro kpuay 3adikco-

BaHo y 14,3 % (134 3 937) nauieHTiB, ki OTpUMyBanu ima-
TUHIO, Ta Y O4HOrO NauieHTa Ha Tepanii HINOTMHIOOM. YCbo-
ro 3a nepiog crnocrepexeHHsa nomepro 13,3 % (125 3 937)
nauieHTiB, ski OTpMMyBanu iMaTuHIO, Ta OOWH NaLieHT,
AKWUIA NiKyBaBCSA HINOTUHIOOM.
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Ta6nuys 3. JoBrocTpoKOBi NOKa3HUKU Bignosigi
Ha Tepanilo iMaTUHIGOM Ta HINOTUHIGOM

MoKazHMK Mepwa ninisa ITK-Trepanii BigHowweHHA pusunkiB PiBeHb
IMaTnHi6 (n = 937) HinotuHib (n =72) (95 % Al) 3Ha4yLwocTi, p

Po3paxyHkoBa BiporigHicTe 5-TupidHO1 70,1 91,2 3,93 0011
6e3noginHoi BmkuaHocTi (EFS), % (95 % Al) (66,0 — 74,2) (82,5 -100,0) (1,25 - 12,29) ’
Po3paxyHkoBa BiporigHICTb 5-TUpiYHOI 81,3 97,6 8,57 0.01
BukuBaHocTi 6e3 nporpecii (PFS), % (95 % OI) (78,0 — 84,6) (92,9 - 100,0) (1,2 -61,33) ’
Po3spaxyHkoBa BiporigHicTb 5-TupidHOT 81,7 97,7 7,34 0020
3aranbHoi BuwknsaHocTi (OS), % (95 % [I) (78,2 — 85,2) (91,9 - 100,0) (1,02 — 52,17) '

lMpumimka: 1TK — iHriGiTopn TMpo3uHkiHas, [ — nosipuui iHTepean, PFS — BuxuBaHicTb 6e3 nporpecii, EFS — 6e3nogiiiHa Buxu1BaHicTb,

OS - 3aranbHa BUXMBaHICTb.

5-TupiyHa pospaxyHkoBa BipOrigHiCTb 3aranbHOl BU-
xuBaHocTi (97,7 % Ta 81,7 %, p = 0,02), BmxusaHocTi 6e3
nporpecii (97,6 % ta 81,3 %, p = 0,01) Ta 6e3noginHoi
BuxmBaHocTi (91,2 % T1a 70,1 %, p = 0,011) 6yna BuLioto
B rpyni nauieHTiB, Aki nepebyBanu Ha Tepanii HINOTWHI-
60M, Lo CBiAYMTL MPO MOro BULLY €EKTUBHICTb NOPIBHSA-
HO 3 iMaTuHIGOM.

[na BU3Ha4YeHHSA BNMMBY iHilianbHUX KIiHiko-nabopa-
TOpHUX Ta AemorpadpiyHmx hakTopiB pM3nKy, a Takox BUO-

paHoro ITK (imaTuHiby abo HinoTuHIOy) Ha edeKTUBHICTb
Tepanii BUKOpMCTaHO meTon nobydoBu Ta aHanisy ogHo-
dhakTopHMX MoAenen NponopuinHuX iHTeHcnsHocTen Kokca
(ogHOakTopHMI perpeciiiun aHani3 Kokca). OuiHioBanu
BMNNMB KOXHOMO hakTopa Ha KyMymnsaTUBHY BIpOrigHIiCTb A0-
CArHEHHs1 BENUKOi MONeKynsipHoi BignoBigi, rmmbokoi Mo-
nekynsipHoi BignoBigi Ta 3aranbHy, 6e3nogiiHy BuXMBa-
HIiCTb | BMXXMBaHICTb 6e3 nporpecin. PedynbTatn po3paxyH-
KiB HaBefeHo B Tabn. 4 Ta 5.

Ta6nuys 4. OuiHka chakTOpiB PM3NKY AOCATHEHHS BENIMKOI MONEKYNAPHOI Bianosiai
Ta rnmMbokoi MoneKynsapHOi BiANOBiAi y nauieHTiB i3 xpoHiyHoto chasoro XM
3a pe3ynbTaTammu ogHodaKTOpHOro perpecinHoro aHanisy Kokca

OocsarHeHHs BMB DocsarHeHHs MB4
Moka3Huk BigHowweHHs pusmkis BigHowweHHs pusmkiB
(95 % [il) P (95 % [il) p
Bik 1,0 (0,99 — 1,0) 0,524 1,01 (0,99 — 1,02) 0,113
Cratb 1,1(0,8-1,41) 0,682 0,87 (0,64 — 1,19) 0,401
PiBeHb reMorno6iHy,r/n 1,0 (1,0 - 1,02) 0,152 1,0 (0,99 — 1,02) 0,128
KinbkicTb newikou., 10%/n 1,0 (0,99 - 1,0) 0,071 0,997 (0,995 — 0,999) 0,008*
KinbkicTb Tpom6ou,., 10%/n 1,0 (0,99 — 1,0) 0,523 1,0 (1,0 — 1,001) 0,104
Kinbkictb 6nactis, % 0,83 (0,75 -10,93) 0,002* 0,84 (0,74 — 0,95) 0,007*
KinbkicTb eo3nHodinis, % 1,01 (0,95 - 1,09) 0,690 0,89 (0,80 — 1,0) 0,041*
Kinbkicte 6asoqinis, % 0,93 (0,86 — 1,02) 0,138 1,02 (0,95 -1,11) 0,564
Po3amip cenesiHku, cm 0,95 (0,92 — 0,99) 0,009* 0,94 (0,9 — 0,98) 0,005*
TepMmiH NepeanikoBaHOCTI, MiC. 0,96 (0,95 - 0,97) <0,001* | 0,97 (0,96 — 0,98) <0,001*
Sokal inaekc;
HIASBKIN VS IPOMBKHWI Ta 1,49 (0,97 — 2,27) 0,065 | 1,71 (1,1-2,67) 0,016*
BUCOKMIA PU3MK
Hasford iHoekc
HU3bKUI Ta MPOMDKHUIA PU3UK VS BUCOKUA PU3UK 3,23 (1,01 — 10,24) 0,036* 0,72 (0,29 — 1,81) 0,487
EUTOS iHoekc
HU3bKUI VS BUCOKUIA PU3MK 1,08 (0,52 — 2,27) 0,831 0,96 (0,41 —2,23) 0,916
ELTS iHgekc
HU3bKUI Ta MPOMIDKHUIA PU3UK VS BUCOKUA PU3UK 3,2(1,17 - 8,77) 0,017* 1,91 (0,77 — 4,76) 0,158
Tepanis ITK, iMaTuHI6 vs HINOTUHIG 0,3 (0,19 — 0,46) <0,001* | 0,27 (0,17 — 0,43) <0,001*

lMpumimka: * — cTaTUCTUYHO 3HauyLi po3bixHocTi, BMB — Benuka monekynsipHa Bianosigb, MB4 — rnnboka monekynsipHa Bignosiagb, [l

— OOBipYMIA iHTepBarn.

PesynbTaT ogHOMaKTOPHOro perpeciiHoro aHanisy no-
Kasanu Lo HasBHICTb OnacTiB y nepudepnyHin  Kposi
(p=0,002), cnneHomerania (p =0,009), TpuBanuin TepMiH
nepepnikosaHocTi (p < 0,001), rpyna BMCOKOro pu3uky 3a
cuctemotro Hasford (p = 0,036), Ta ELTS (p = 0,017) i Tepa-
nist iIMaTMHIOOM 3HWXYHOTb BipOriAHICTb JOCATHEHHS BENUKOI
MoneKynspHoi Bignosigi Ha Tepanito ITK y xsopux Ha XMI1.

AHanis BnnmMBy TUX camux akTopiB Ha KyMyNATUBHY
BipOrigHICTb JOCSITHEHHST TMMGOKOT MONEKynspHoI BiANOBIAi

BMSIBUB, L0 MPOrHOCTUYHO CMpUSTNMBUMYK hakTopamm
woao gocsrHeHHs MB4 € kniHiYHi 03HaKU paHHbOI XPOHiy-
HOi ha3n Ha Yac BCTAHOBIIEHHS AiarHo3y (HU3bKWUA piBEHb
nenkoumTiB 'y nepudepunyHin kposi (p = 0,008), HM3bKUNIA
BiCOTOK GnacTiB y nepudpepunyHin kposi (p = 0,007), H13b-
KMA  BIOCOTOK €03MHOQINIB Yy NepudepuyHin  KpoBi
(p = 0,041), BiocyTHicTb cneHomeranii (p = 0,005)), a Takox
KOPOTKMIA TepMiH nepeanikoBaHocTi (p < 0,001) i 3acTocy-
BaHHS HINOTUHIOY sk Tepanii 1-i ninii ITK (p < 0,001).
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Ta6nuys 5. OuiHka hakTopiB pM3KKy, WO OGYMOBNIOTL BiporigHicTb BUXUBAHOCTI 6e3 nporpecii,
6e3noAifHOI Ta 3aranbHOI BUXXKMBaHOCTI IMMGOKOI MONEKYNsipHOI BiANOBiAI y NauieHTIiB 3 XpoHiuyHow dasoro XMJ1
3a pe3ynbTaTamu ogHodaKTOpHOro perpeciHoro aHanisy Kokca

PFS EFS oS
Moka3Huk BigHowweHHs1 pusunkis BigHowweHHs pusmkis BigHowweHHs1 pusunkis
(95 % A1) p (95 % A1) p (95 % A1) P
Bik 1,02 (1,0 - 1,03) 0,010* 1,01 (0,995 — 1,02) 0,310 1,02 (1,006 — 1,03) 0,004*
Cratb 0,95 (0,68 — 1,34) 0,781 0,88 (0,67 —1,15) 0,348 0,95 (0,67 — 1,36) 0,790
PiBeHb remornobiny, r/n 0,99(0,98 —1,01) 0,202 0,99 (0,98 — 1,0) 0,158 0,99 (0,98 — 1,01) 0,353
KinbkicTb nenkouy., 10%/n 0,1(0,99-1,0) 0,492 1,0 (0,998 -1,0) 0,842 1,0 (0,998 -1,003) 0,622
Kinbkictb Tpom6ou,., 10%/n 1,0 (1,0 —1,001) 0,329 1,00 (1,00 — 1,001) 0,045* 1,0 (1,00 — 1,001) 0,172
KinbkicTb 6nacTis, % 1,06 (0,96 — 1,18) 0,249 1,02 (0,93 — 1,12) 0,680 1,07 (0,96 — 1,19) 0,251
KinbkicTb eo3nHodinis, % 1,1(0,99 - 1,22) 0,082 1,10 (1,12 - 1,20) 0,019* 1,06 (0,94 - 1,2) 0,340
KinbkicTb 6a3oqinie, % 1,11 (1,02 - 1,22) 0,016* 1,11 (1,04 — 1,19) 0,003* 1,11 (1,01 —1,22) 0,030*
Po3awmip cenesiHku, cm 1,07 (1,04 -1,1) <0,001* 1,04 (1,02 —1,07) <0,001* 1,07 (1,04 -1,1) <0,001*
TepMiH nepeanikoBaHOCTi, Mic. 1,01 (1,01 —1,02) <0,001* 1,01 (1,01 =1,013) <0,001* 1,02 (1,01 1,02) <0,001*
Sokal iHaekc;
HU3bKWUIA Ta 0.44
I'IpOMi)KI:WIVI Vs (0,24 i 0,79) 0,006* 0,56 (0,35-10,9) 0,015* 0,44 (0,24 —0,81) 0,008*
BWCOKUIN PU3NK ’ ’
Hasford inaoekc
HU3bKWUA Ta
NPOMIXXHWUIA PUBMK VS 0,35 " . .
BUCOKMIA PUAVIK (0,16 — 0,77) 0,009 0,51 (0,25 -1,04) 0,065 0,36 (0,15 -0,83) 0,017
EUTOS iHgekc
HU3bKWUA VS 0,31 . . .
BMCOKUIA PU3HK (0,15 - 0,67) 0,003 0,4 (0,21 -0,77) 0,007 0,33 (0,15-10,73) 0,007
ELTS inoekc
HU3bKWUIA VS 05
I'IpOMi)KI:WIVI Ta (0,23 B 0,91) 0,022* 0,65 (0,41 —1,03) 0,067* 0,51 (0,27 — 0,94) 0,030*
BUCOKUWN PU3NK ’ !
Tepania ITK, imaTuHi6 vs 8,57 " 3,93 " 7,34 .
HINOTUHIG (1,2-61,33) 0,032 (1,25 - 12,29) 0019 (1,02 - 52,57 0,047

lMpumimka: ITK — iHriGiTopm Tpo3uHkiHas, [l — gosipuun iHTepBan, PFS — BmxuBaHicTb 6e3 nporpecii, EFS — 6e3noaiiHa BUXnBaHICTb,

OS — 3aranbHa BWKMBAHICTb.

OpHodakTopHMIM perpecinHuid aHania Kokca BusABMB
BMMUB Ha 3aranbHy BMXKBaHICTb Biky (p = 0,004), BigcoTky
6asoginis y nepudepunyHin kposi (p = 0,030), TepmiHy no-
nepegHbLOro nikyBaHHs (p < 0,001), rpyn pusuky 3a cucte-
mamu Sokal (p = 0,008), Hasford (p = 0,017), EUTOS
(p =0,007), ELTS (p = 0,03) i o6paHoro iHribiTopa (0,049).

Mpu noganbliomy aHanisi 6aratoakTopHMX Moaenemn
NpOMopUiHMX iHTeHcuBHocTen Kokca ans Bubopy Hawi-
GinbLl 3HAYYLWMX NPOrHOCTUYHMX PaKTOPIB LWOAO AOCHAr-
HEHHs1 BENUKOT MOMEeKynsipHOT BignoBiAi, rmmnbokoi Moneky-

NSApHOI BiANOBIAI Ta 3aranbHOi BMXMBAHOCTI MaLieHTIB Ha
Tepanii ITK 6ynn oTpumaHi pe3ynbTaTn, HaBedeHi B
Tabn. 6-8.

Y pesynbTati 6araToakTOpHOro perpeciiHoro aHanisy
HanbinbW  3HaYyWMMK  iHibiansHMMK  ddakTopamu, Lo
BMIMBaNu Ha JOCATHEHHS BENMMKOT MONEKYNAPHOI BignoBigi
Ha Tepanito ITK, BusiBunuca kinbkicte 6nactie y nepude-
PWYHIV KpOBI, po3mip cenesiHku 3-nig kpato pebepHoi ayru,
TpuBanicTb NikyBaHHA [0 npuaHadveHHs ITK, a Takox BWG-
panuii ITK (tabn. 6).

Ta6nuys 6. PesynbTatn 6aratocakTtopHoro perpecinHoro aHanisy Kokca ans ouiHku chaktopiB pusmky
[OCATHEeHHs1 BeJNIMKOi MorneKynsipHoi BianoBiAi Ha Tepanito ITK y nauieHTiB i3 XxpoHiyHoto dhazoro XM

NMokasHuK CTaTUCTU4YHA 3HAYYLLiCThb, P BigHowweHHs pu3ukKiB 95 % [l
Kinbkictb 6nacris, % 0,013 0,77 0,63 -0,95
Po3mip cenesiHkn, cm 0,040 0,90 0,82 - 0,99
TepmiH nepeanikoBaHoOCTI, MicC. <0,001 0,87 0,82 -0,91
Tepanis ITK: imatuHi6 vs HINOTUHIO 0,002 0,25 0,10 - 0,59

Mpumimka: x? mopeni = 52,44, p < 0,001. 1l — gosipuni iHTepsan, ITK — iHriGiTopy TUPO3MHKiIHAS.

Cepeg iHiuianbHMX bakTopiB, siKi 3yMOBMOBanNu peayk-
Lil0 NYXAMHHOIO KMOHY A0 PiBHA rMUBOKOT MONeKynsapHoi
BiAMoBidi, 3rigHO 3 pes3ynbTatammu 6HaratogakTopHOro

perpecivHoro aHanisy Hanbinbl 3Havywumun Gynu Tpu-
BanicTb NikyBaHHA A0 npusHayeHHs ITK, a Takox Bubpa-
Hun ITK (Tabn. 7).

Ta6nuys 7. PesynbTatn 6aratocaktopHoro perpeciiHoro aHanisy Kokca ans ouiHku caktopis pusmky
[OCSArHEeHHA rMUboKoi MonekynspHoi BignoBigi Ha Tepanito ITK y nauieHTiB i3 xpoHiuHoto cdazoro XMJ1

Moka3HukK CTaTUCTUYHA 3HAYYLLiCTb, P BigHoLWweHHsA pu3ukiB 95 % Al
TepMmiH nepeanikoBaHOCTI, MiC. <0,001 0,87 0,82 -0,91
Tepanis ITK: iMmatuHI6 vs HINOTUHIG 0,002 0,25 0,10 -0,59

Mpumimka: x? mogeni = 44,09, p < 0,001. A1 — gosipuwii intepsan, ITK — iHriGiTopy TMPO3WHKIHA3.

MopibHuii GaraTtodpakTopHWA perpeciiiin  aHania 6yB
NpoBeAeHWIn ANs BUAINEHHS HaWBINbL BNNMBOBUX iHiLjianb-

HUX (paKTopiB, SIKi 3yMOBMIOIOTE 3ararnbHy BUXXMBAHICTb Madli-
€HTIB, siki oTpuMytoTb Tepanito ITK. BusasneHo, o HanbinbLu
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3HaYyLLMMU iHilianbHUMKU chakTopamu Bynu KinbKicTb TPOM-
boumnTiB Yy nepndepunyHiin KpoBi Ha Yac BCTAHOBIEHHS Ajar-
HO3Y, HasABHICTb crineHomerarnii Ta TpuBanicTb MikyBaHHA 00

npuaHadeHHs giarHosy. Mpu ubomy Bug ITK He BM3HavaBcs
AK He3aneXHW NPOrHOCTUYHUIA hakTop, SKMN OBYMOBIIOE
3ararnbHy BUXMBaHICTb NauieHTiB (Tabn. 8).

Ta6nuys 8. Pesaynbtatn 6aratocpaktopHoro perpeciniHoro aHanisy Kokca ansi ouiHku caktopiB,
Wo 06yMOBNIOIOTL 3aranbHy BUXUBAHICTb NaLUi€HTIB i3 XpoHiyHOW da3oro XM, ski oTpumytoTb Tepanito ITK

MokasHuK CtaTUCTUYHA 3HaAYYLWiCTb, P BigHoOLWEeHHsA pU3ukKiB 95 % Ol
KinbkicTb Tpom6oumTie, 10%/n 0,011 1,002 1,000-1,003
Po3mip cenesiHku, cm 0,024 1,14 1,02 -1,28
TepMiH nepeanikoBaHoOCTi, Mic. <0,001 1,04 1,02 - 1,05

Mpumimka: x? mogeni = 55,89, p < 0,001. [l — nosipuni iHTepsan.

EdekTmBHICTb iMaTUHIOY i HINOTMHIOY sik NepLuoi NiHii Te-
panii XMJ1 go6pe BrBYeHa B Mexax KniHIYHUX OoChigKeHb
[3-5, 13]. OgHak gaHi, oTpumaHi B OpraHi3oBaHux LOCHi-
[XKEHHSX, He 3aBXau BigobpaxalTb pesynbTatu Tepanii B
peanbHin KMiHiYHIM NpakTuui. barato B YoMy Lie MOACHIOETb-
CSl HASABHICTIO B KNiHIYHMX AOCHISKEHHSX KPUTEPIiB BKIO-
YEHHSA—BUKIIOYEHHS, siKi 3a6e3neYyoTb OOQHOPIOHICTb rpynu,
ane BogHo4Yac HiBemnTb 0COGNMBOCTI NOKanbHOI KOropTy,
sIka MOXe iCTOTHO BMMUHYTM Ha edEeKTUBHICTb NpoBeaeHol
Tepanii. Y HawoMy AOCMiMKEHHI CMCTeMATU30BaHO AaHi,
oTpumaHi npu Tpusanin Tepanii xgopux Ha XMJ1 3 Bukopuc-
TaHHAM iMaTUHIOY 1 HiINOTWHIOY, Ta mpoaHanisoBaHO Npo-
FHOCTUYHE 3HAYeHHN iHiLjanbHUX KiHiKo-nabopaTopHux i
AeMorpadiyHUX YMHHUKIB LLOAO AMHAMIKA pedyKuii nyxInH-
HOrO KIMOHY Ta BUXMBAHOCTI NauieHTiB i3 XMJ1.

PesynbTaTv NnpoBeaeHOro oChimxeHHs nokasanu binbLu
BUPaXeHY eEKTUBHICTb HINOTUHIOY NOpPIBHAHO 3 iMaTWHI-
OoM, L0 Y3rodXyeTbcs 3 pesynbTatamu GaraToLeHTPOBUX
paHaoMi3oBaHux gocnigkeHb [13]. Mpu ubomy pegykuis
NyXMMHHOIO KNOHy (gocarHeHHs MNLUB, BMB i MB4) Bin6ysa-
nacs rmubwe i paHiwe y nauieHTiB, siKi OTpUMyBanu HinoTi-
Hi6. KinbkicTb BUNagkiB nporpecii 4o gasn akcenepadii abo
OGracTtHoro Kpuay, BTpPaTW [OOCArHyTOI BigMOBI4j, a Takox
CMepTi Bifj 3aXBOPIOBAHHS, Takox Oyra Hux4e B rpyni navjieH-
TiB, SIki nepebyBatoTb Ha Tepanii HINoTUHIGOM.

3a pgonomoroto 6araTtodhakTopHOro aHaniay YMHHWUKIB,
WO BMNAMBAalTb Ha [OCATHEHHS BENWKOI MOMEKynspHOi
BignoBiai i rMnbokoi MonekynsipHoi BiAMOBiQi, Noka3aHo
3HauMMicTb obpaHoro iHribiTopa nopsg 3 KhiHiko-
nabopaTtopHuMy napameTpamu, WO BigobpaxalTb Bax-
KiCTb 3axBoOptoBaHHs (KinbkicTio GnactiB y nepudepuyHoi
KpoBi, po3MipoMm cenesiHku 3-nig kpato pebepHoi ayru), a
TakoX TpMBanicTio nonepenHeoi Tepanii Pazom 3 Tum 6yno
[OBeAEeHo, WO BiAMIHHOCTI B e(eKTUBHOCTI iMaTuHIOy i
HINOTUHIOY BMpaxanuca TiNbKM B AMHaMiILi Bignosigi, ane
He B MOKa3HMKaX BUXMBAHOCTI. Hanbinbw BNAMBOBMM YMH-
HWKOM $IK LLIOAO CTYMNEHs peayKuii MyXMMHHOIO KIOHY, Tak i
BiHOCHO MMOBIPHOCTI Mporpecii, 3aranbHoi Ta 6e3noginHoi
BVDKMBAHOCTI BUSBMUMAcs TpyBanicTb nepiogy nonepeaHbLo-
ro nikyBaHHs go noyatky Tepanii ITK.

3akno4eHHs. TakMMm YMHOM, OTpUMaHi AaHi ceigyaTb,
wo Bubip ITK obymoBntoe WBMAKICTE peayKuii NyXNMHHOMO
KrnoHy. Ane Hambinblu BNAMBOBMM MPOrHOCTUYHUM Mapke-
poM cepep iHiuianbHUX KniHiko-nabopaTopHMx Ta Aemo-
rpadiyHMX MOKasHWKIB € TepMiH nepennikoBaHOCTi 40 Mo-
yatky Tepanii ITK. Lieii nokasHuK MiHiMi3ye He Tinbku nNpo-
FHOCTUYHUIA BNAMB iHiLianbHMX KriHiko-nabopaTopHux no-
Kas3HWKIB Ha edekTuBHiCTb Tepanii ITK, a 1 3Ha4yeHHsA Bu-
6opy ITK 1-i ninii Tepanii (imaTuHIOy 4n HINOTWHIOY), AKLLO
NOeTbCst NPO NPOrHO3yBaHHS LOBrOCTPOKOBMX MOKA3HUKIB
edeKTMBHOCTI Tepanii — MOoKasHWKIB BWXMBaHOCTI. To6TO
3aTpUMaHHA 3i CBOEYacHUM npu3HaveHHam Tepanii ITK
Npu3BOANTb [0 3HWKEHHS €PEKTUBHOCTI Tepanii iMaTuHi-
O0M Ta HINOTMHIGOM, WO BMpaXaeTbCs Y 3HMXKEHHI NMOBIp-
HOCTi AOCArHEHHs onTUMarnbHOI BignoBigi Ha 12 mic. Tepa-
nii ITK, ynoBinbHEHHA peaykuii NyXNMHHOMO KIOHY, NiaBu-

LLleHHi BiporiaHOCTi BTpaTW OOCArHYTOI LUMTOreHeTUYHO! Ta
MOINEKyNApPHOI BigMNOBIgi Ta Nporpecii 3axBOpOBaHHS.

ABTOpPM  BUCMOBMIOKTL  NOASAKY  BCIM  fikapsaMm-
remartosfioramMm, opraHisatopam OXOPOHW 340pOB'A Ta 6naro-
AinHomy choHay nauieHTiB "Kpannsa kposi" 3a gornomory B
opraHisauii 4iarHOCTUKN i MOHITOPUHIY NaLieHTIB i3 XPOHiy-
HOK MIENOIAHOI NENKeMIto.
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W. OMuTpeHKo, kaHA. 6uon. Hayk, U. Oarunb, A-p mea. Hayk, XK. MuH4eHko, A-p 6uon. Hayk, 3. MapTuHa, KaHA. MeA. Hayk,
B. ®enopeHko, kaHA. Mea. Hayk, T. LLnsaxTuyeHko, kaHA. Mea. Hayk, B. LLlonoiko, kaHA. 6uon. Hayk, E. AIMUTpeHKo, KaHA. 6uon. Hayk,
FocypapcTBeHHoe yupexaeHue "HaumoHanbHbIN HayYHbIN LIeHTP paanaumoHHon meauumHbl HAMH YkpauHbl”, KueB, YkpavHa

MPOrHOCTUYECKUE ®AKTOPbI OTBETA HA TEPANUIO MHTMBUTOPAMU TUPO3UHKUHA3
B YKPAUHCKOM KOIroOPTE NALUMEHTOB C XPOHUYECKOU MUENTOUAHOU JIEMUKEMUEN

IMpoeedeHo cpasHeHue OuHamuku pedykyuu BCR/ABL-nonoxumesibHO20 K/IOHa y nayueHmoe ¢ XpoHu4yeckol muesioudHol nelikemuel (XMJI)
npu dnumenbHoU mepanuu uMmamuHub6om (UM) u HunomuHu6 (HU), a makxe cghopmuposaH KOMIMIIEKC UHUYUAIIbHbIX MIPO2HOCMUYeCKUX ¢hakmo-
poe, enusirowux Ha pedyKyutro selikeMUu4ecKo20 KJIOHa U npodosnkumesibHoCMb xu3Hu 6onbHbix XMJ1. U3 o6uwieli kocopmbi 1095 60nbHbIX XMJT,
obcnedosaHHbIX 3a nepuod 2002-2018 22., y 937 nayueHmoe Ha mepanuu UM u 72 nayuenmoe Ha mepanuu HU oyeHeHa aghgpekmusHocmb mepa-
nuu no ypoeHr 3kcrnpeccuu 2eHa BCR /ABL1 u nokazamensiM ebbxueaemocmu. [nsi onpedesieHuUsi Mpo2HOCMUYecKux ¢hakimopos, accoyuuposaH-
HbIX C JIY4WUM OMeemoM Ha meparuro U 8bKU8aeMOCmbHo, UCMOIb308aH Memod pezpeccuu Kokca.

Ha 12 mec. mepanuu npoyeHm nayueHmos, docmuawux pedyKyuu Oryxoseeo20 K/IoHa 00 YpoeHsi 60/1bWIO20 MOJIEKYJIIPHO20 omeema
(BMO), 6611 cywecmeeHHO eblwe 8 epynne nayueHmos, nosay4aswux HU, yem e epynne nayuenmoe Ha mepanuu UM (61,0 % vs 23,7 %, p <0,001).
Ha 24 mec. mepanuu cHuXxeHue ypoeHsi akcrpeccuu 2eHa BCR/ABL1 0o ypoeHsi 2n1y60k020 MosnekynsipHo2o omeema (MO4) peczucmpupoeasnocs y
38,3 % nayueHmoes, nonyyaswux HU, u monbko e 12,4 % nayueHmos, ne4duewuxcss UM (p <0,001). MeduaHa epemeHu docmuxkeHusi BMO u MO4
6bl1a MeHbWe y nayueHmos, nony4aswux HU, no cpaeHeHuro ¢ nayueHmamu Ha UM (p <0,001). Joka3zaHo, ymo pa3snu4usi e aghgpekmueHocmu UM
u HET ebipaxanucb mosbko 8 QuHaMuke omeemose, HO He 8 roka3amessix ebkueaemocmu. Haubonee enusimenbHbIM ¢hakmopom npozpeccuu,
obuwel u 6eccobbimuliHOl 8bhKUBAaEMOCMU OKa3aslacb NPodo/mKumesibHocms rnepuoda sieyeHusi 0o Hayana mepanuu UM u HU.

Hunomunu6 o6ycnaenueaem 2ny60kyto u 6bicmpyto pedyKyuro OMyxosieeo020 K/10Ha, OOHaKo 3adep)XKa CO ceoeepeMeHHbIM Ha3HayeHuem
mepanuu uHaubumopamu Mupo3UHKUHa3 Npueodum K CHWKeHUI0 3ghhekKmusHOCMU mepanuu KaKk UMamuHuboM, mak u HUITOMUHU6oM.

Knroyeenie cnoea: XMJ1, uH2aubumopbl mupo3uHKUHa3, AnumesibHoCcCMb npedsied4eHHocmu, 3ghghekmueHocms mepanuu.

|. Dmytrenko, Ph. D., I. Dyagil, M. D., Zh. Minchenko, D. Sci., Z. Martina, Ph. D., V. Fedorenko, Ph. D.,
T. Shlyakhtychenko, Ph. D., V. Sholoyko, Ph. D., O. Dmytrenko, Ph. D.,
State institution "National Scientific Center for Radiation Medicine of NAMS of Ukraine", Kyiv, Ukraine

PROGNOSTIC FACTORS OF THE TYROSINKINASE INHIBITORS THERAPY RESPONSE IN UKRAINIAN COHORT
OF PATIENTS WITH CHRONIC MYELOID LEUKEMIA

To compare the dynamics of BCR/ABL-positive clone reduction in patients with chronic myeloid leukemia (CML) during long-term treatment
with imatinib (IM) and nilotinib (NI) and to make a complex of initial prognostic factors that influence the reduction of leukemia clone and survival in
CML patients.

The therapy efficacy by the level of BCR/ABL1 gene expression and survival rates was evaluated in 937 patients on IM and 72 patients on NI
therapy from the total 1095 CML patients cohort examined during the period 2002-2018 years. The Cox regression was used to determine the
prognostic factors associated with the best response to therapy and survival.

At 12 months of therapy the rate of patients who achieved reduction of tumor clone to the level of major molecular response (MMR) was
significantly higher in the group of patients on NI than in the group of patients on IM (61.0 % vs 23.7 %, p <0.001). At 24 months of therapy the
reduction of BCR/ABL1 gene expression to the level of deep molecular response (MR4) was revealed in 38.3 % of NI patients and only 12.4 % of IM
patients (p <0.001). The median of the time to MMR and MR4 was less in patients treated with NI in comparison with patients with IM (p <0.001). It
was proved that differences in the efficiency of IM and NI refered only to the dynamics of responses, but not to survival rate. The most significant
factor of progression, overall and event free survival was the duration of the period between diagnosis and the initiation of IM and NI therapy.

Nilotinib causes deep and rapid reduction of the tumor clone. However, the delay with the timely appointment of tyrosinekinases inhibitors
leads to decline of efficiency imatinib as well as nilotinib.

Key words: CML, tyrosine kinases inhibitors, pretreatment, therapy efficiency.
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BIMJINB LLIUTPATY BAHAAIIO HA AKTUBHICTb NAKTATAEriAPOreHA3um
B EPUTPOLIMTAX KPOBI TA TKAHUHAX LLYPIB 3 EKCNMEPUMEHTAINIbHUM OIABETOM

HocnidxeHo ennue yumpamy eaHadiro Ha akmueHicmb f1TakmamaoeziopozeHa3u 8 epumpoyumax Kpoei ma mKkaHuUHax neyiH-
KU, HUPOK i CKeslemHo20 M3y cmeaHa slabopamopHux wypie 3 iHOykoeaHUM yykpoeum diabemom. TeapuHu 6ynu po3dineHi Ha
n'ams epyn: | — koHmponsHa, Il , lll, IV i V — docnidHi. Y meapuH ycix docnidHux 2pyn ekcriepumeHmanbHo iHOyKyeanu diabem e
pe3ynibmami esedeHHs1 anokcaHy. Okpim mozo, meapuHu lll, IV i V e2pyn cnoxueanu po34uH yumpamy eaHadilo e Kinbkocmi
0,125, 0,5 i 2,0 mk2 V/mn eodu. BusHa4yeHHs1 akmueHocmi slakmamadezidpozeHa3u 8 epumpoyumax ma mkaHuHax 30ilicHrosanu
cnekmpoghomomempuyHUM MemodomM, w0 6a3yembcsi Ha 8UKOPUCMAHHI CIIPSKEHUX CUCMEM OKUCHEHHSI HIKOmUuHamiOHUX KOeH-
3umie. lNMpu ekcnepumenmanbHomy diabemi ciocmepizanocs eipo2ioOHe 3pocmaHHsi akmueHocmi nnakmamaoezidpoz2eHa3u e epu-
mpoyumax Kposi, CKeslemHux M'3ax ma HupKax, oOHaK y ne4iHyi — eipo2ioHe 3HUXXeHHS1 aKmueHOCMi eH3uMy, u,000 KOHMPOIJIIo.
llidsuweHHss akmugHocmi nakmamaoeziopozeHa3u 8 epumpoyumax npu diabemi 3ymossieHe iHmeHcugikayiero npoyecie aiiko-
ni3y. 3pocmaHHs1 akmueHOCMi Yb0O20 eH3UMY 8 M'i3ax CpuU4YUHsi€ ayudo3 MOJIOYHOIO Kucsiomoro. Bucokuli piseHb 2moko3u ma
2inepmeH3is eidizparompb 20/108HY posib y po3sumkKy diabemuyHux Heghponamili ma 3pocmaHHs aKmueHocmi nakmamaoeziopo-
2€Ha3u 8 HUpKax. 3HU)XXeHHsI akmueHOoCcmi eH3uMy & ne4viHyi npu diabemi 3ymoesieHe 8UHUKHEHHSIM OKCUOamueHo20 cmpecy, W0
3ymortoe il MowkoOxeHHs1. BunoreaHHss yumpamy eaHadilo wypam 3 ekcriepumeHmasibHUM diabemom crnpusie Hopmasnizayil
akmueHocmi eH3umie o6MiHy eyaneeodie, 30kpema asikonisy. lumpam eaHadito Hopmanisye pieeHb 2/1I0KO3U € Kpoei, cnpusim-
Jlueo enyiueae Ha epumpornoes, npuweudwye Oo3pieaHHs epumpouyumie, NMOCUJIIOE aHMUOKcUGaHMHUU 3axucm y KjiimuHax
MKaHUH op2aHi3My, wo cnpusie HopMaJsi3ayii akmueHocmi fakmamaAezidpo2eHa3u y mKaHUHax ma epumpouyumax i3 Habsu)xeH-

HSIM NokKa3HuKie i akmueHocmi 0 KOHMPOJIbHUX 3HaY€eHb.

Knroyoei cnoea: yumpam eaHadiro, nakmamadeziopozeHa3a, epumpoyumu, mKaHuHu, diabem, wypi.

Bceryn. Llykposun giabet (LI) xapaktepusyetbes rinep-
rnikeMieto Ta HU3KOK iHLWKUX MeTaboniyHMX po3nagis, Lo
BiAOyBaloTbCsl BHACNIAOK NaHKpeaTUYHOI iHCYniHOHegoCTa-
THOCTI i AedekTiB peuenTopiB iHCYNiH-YyTNUBOI TKaHWHW.
MopyweHHs ByrneBogHOro O0OMiHY nNpuM3BOAUTL OO
po3nagiB KiHLEBOI JTaHKM aHaepoBHoro rmikonisy [1].

BaxnuBe 3aBAaHHs, Ske 3apa3 CTOITb Nepea HaykoB-
UsMU, — MOLWYK anbTepHaTUBHUX TepaneBTUYHMX 3acobiB
ONnsi NikyBaHHS LbOro 3axBoptoBaHHsA. [puyomMy 3ocepe-
OXY€ETbCA yBara Ha rinornikeMiyHivi aii aeskux Mikpoene-
MeHTiB. 3okpema, 3 1980 p. cnonyku BaHagilo posrnsga-
NNCb §IK MOTEHUiMHI TepaneBTUYHI areHTM 3a LyKpOBOro
piabety | [2] Ta Il Ty [3]. Bigomo, Wwo cnonykn BaHagito i3
OpraHiYyHMMK niraHgamy BONOAi0Tb BUCOKOK BionoriyHo
aKTUBHICTIO, BOHM Binbll edhekTUBHI i 6e3neyHi, HixX Heop-
raHiyHi coni [4]. BaHagito BRacTMBMr riNOrMikeMi4YHUN
edekT, WO CTUMYNoE aBToOCHOPUIOBaHHSA peLenTopis
iHCYniHY, CNpUsiE 3POCTaHHIO aKTUBHOCTI TUPO3WHKIHa3N [5].
OpHak goci He 3HaraeHo Crnonyku BaHagito, epeKTUBHICTb
aKkoi 6yna 6 poBegeHa Ansa TpyBanoro NikyBaHHA Ta Npo-
inakTUKN UbOro 3axXBOPIOBaHHS Yy ntogen [6].

Y niTepaTypi HasiBHI AaHi Npo Te, WO B iHCYNiHYYTIMBUX
TKaHUHaX, TakMX K MeYiHKa Ta XupoBa TkaHuHa, meTabo-
ni3aM BaHagilo MoXe npUCKoptoBaTUCL. Y NaToOMOriYHUX
ymMoBax (pak, iHpekuist Yi 3ananeHHs) BaHadin Hakonuyy-
€TbCA B MEYiHLi, HUpKaX, NereHsx, XXMpoBii TKaHuHi, cepui,
KicTkax i 3ybax [7]. Lie mikpoenemeHT Hopmanisye Byrne-
BOAHWUIA OOMIH 3a paxyHoK imiTauii gii iHcyniHy Ta perynsuii
aKTUBHOCTI eH3MMIB, 30kpema nakrtataerigporenasu (J14r).
LLnpoknin cnekTp aHTMaiabeTuyHoI Aii cnonyk BaHagito in
VivOo 3yMOBIIEHUI iX 34aTHICTO BNAMBaTM Ha MeTaboniam
BYrneBoais, ninigie ta Ginkie, a TakoX NpoLecu, Lo KOHT-
POMIOOTL EKCMNPECI0 KIMOYOBUX FEHIB, siki 6epyTb yvacTb y
uux metaboniyHmx wnsaxax. [deski aBTopy BBaxarlTb, LLIO
BaHafi pereHepye B-KMiTMHW OCTPIBKOBOro anaparty nifL-
NYHKOBOI 3251031 y TBapuH 3 giabetom [8].

MeToo Hawoi po6oTn Oyno: BM3HAYUTU aKTUBHICTb
JIAr y romoreHaTax TKaHWH Ta epuTpoumTax KpoBi LypiB 3
eKkcrnepvMeHTansHum giabetom Ta gOCNiAUTY BMMUB Pi3HKX
KOHUEHTpaUin uMTpaTy BaHagilo Ha el eH3UM.

MaTtepianu Ta metoam pocnimxeHHs. [ocnigkeHHs
6yno npoeneHo Ha 40 nabopaTopHuUX Liypax, SKUX yTpu-
MyBanu y BiBapito IHcTuTyTy Gionorii TBapuH HAAH, macoto
Tina Big 100 go 120 r. TeapuHu Gynu po3gineHi Ha nN'aATb
rpyn: | rpyna — koHTponeHa, 1, Ill, IV i V — gocnigHi. LWypam

| Ta Il rpyn gaBanu nutn 4mcTy Bogy 6e3 OOMILLOK, a TBa-
puHam I, IV i V rpyn npotarom micausi 4O NUTHOI BOAU
JogaBanu po3udvH uMTpaTy BaHagilo B kinbkoctax 0,125,
0,5 i 2,0 mkr V/mn Bogn. Yepes Tpu TWXHI Big noyaTtky no-
CTaHOBKW Aocnigy, TBapyMHaM YCiX AOCHiAHUX rpyn Ha Tni
24-roAVHHOrO rofiofyBaHHS iHOYKYBanu ekcrnepumeHTanb-
HWUIA UykpoBui giabet (EL) WnsixoM BHYTPILUHbOYEPEBHO-
ro BBedeHHa 5 % po3unHy anokcaH moHorigpaty ("CuH-
6iac") y kinbkocTi 150 mr/kr macu Tina. [luHamiky 3miH piBHS
rIOKO3M BUSIBNSANM, Bigbuparyn KpoB i3 XBOCTOBOI BEHMU,
3a gonomorol nopTatuBHoro rnokomeTpa ("Gamma M").
Ha 40-s8y noby pocnigkeHb npoBOAMnuM 3abvTTa nig ner-
KMM Hapko3oM. Bu3HauyeHHs akTMBHOCTI nakTtataerigpore-
Ha3u (1A, KO 1.1.1.27) npoBoannn B eputpoumuTax Kposi,
romMoreHaTax nedviHk1, CTEerHOBOro M'Ady Ta HWPOK, Crek-
TPOPOTOMETPUHHUM METOLOM, Lo 6a3yeTbCs HA OKUCHEH-
Hi yn BigHoBneHHi NAD-koeHaumis [9].

Pe3ynbTatn pocnigxeHb Ta ix o6roBopeHHs. Jlak-
TaTAerigporeHasa € Hao4YHWM [iarHOCTUYHUM MOKa3HWKOM
npouecy 3ananeHHsi, sike BiabyBaeTbca 3a Aiabety. Le
LUMTONMNa3MaTUYHUA €H3WMM, MNPUCYTHIN MPaKTUYHO Y BCIiX
cucTeMax opraHiamy. 30BHILUHbOKIITUHHI Ta BHYTPILLHBO-
KNITUHHI 3MiHW akTuBHOCTI JIOI curHanisyoTe Npo MNOLUKO-
[DPKEHHS1 KNiTUHM abo KNiTUHHY cmepTb [1].

Hawi pocnigxeHHs npogemoHcTpyBanu (Tabn.), Wwo ak-
TuBHicTb JIAI B eputpoumTax kposi wypis Il rpynn 3pocta-
na Ha 37 % (p<0,001) wopo | rpynu (KOHTPONbLHOI).
Ockinbku rnioko3a € ronoBHUM eHepreTuyHum cybecTpaTom
epuTpoLmTIB, TO 3pOCTaHHS ii KiNbKOCTi 3a giabeTy npu3so-
OUTb OO0 aKTuBaLii rnikonidy Ta NigBULLEHHS aKTUBHOCTI
Nar. Kpim uporo, Bigomo, wo 3a giabety 36inbLuyeTbes
KINbKiCTb MONOAMX €epUTPOLMTIB, ANA SKUX XapaKTepHe
nepeBaxaHHs isocpopm JIAM3, JIAr4 ta A5, wo cnpuse
3pocTaHHIo 3aranbHoi aktusHocTi JIAI B eputpouutax [10].
BunotoBaHHS uuTpaTy BaHagilo Lypam 3 eKCcrnepuMeH-
TanbHUM fiabeTom cnpusno AOCTOBIPHOMY 3HVDKEHHIO aK-
TmeHocTi JIAI B epwutpoumTax kposi TBapuH llI-, IV- Ta
V-i pgocnigHux rpyn, BignoeigHo Ha 23,0 % (p<0,001),
34,5 % (p<0,001) Ta 45,0 % (p<0,001) BigHOCHO Il rpynu 3
eKkcrnepuMeHTanbHUM fiabeTom. Take 3HMXKEHHS aKTuB-
HocTi JIAI moxe 6yTu 3ymoBreHe BNacTMBICTIO BaHazilo
YMHWUTU CMPUATIIMBUIA BMIIMB HA €PUTPONOE3 Ta 403piBaH-
HS  KMiTUH, NPUWBMALIYBATU pereHepalito  4epBOHUX
KPOB'stHUX KMiTuUH [11].

© Knumeus I., Ickpa P., 2018
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Ta6nuys. AKTUBHICTb NakTaTaerigporeHasu B epuTpoLMTax KPoBi i TKaHMHaX LWypPiB 3 ekcnepumeHTanbHUM giabetom (I1-V)
Ta 3a Agii yuTpaTty BaHagilo B KinbkocTtsx 0,125 mkr/mn (1ll), 0,5 mkr/mn (IV) i 2,0 mkr/mn (V), MkMonb/xBXxMr npoTteiHy (Mtm, n=8)

Fpyna Eputpountun TKaHUHHK
MeviHka M'a3un Hupkun
|-KOHTpOnbHA 6851,0+53,4 4017,5+38,1 2212,1+£31,69 4,61+0,37
|l-gocnigHa 9365,0+102,7*** 3373,04426,2** 4420,34+28,2*** 10,16+0,91***
lll-gocnigHa 7209,33+157,8*### 3947,1+33 5 2558,74+81,2**### 10,074+0,72**
I\V-gocnigHa 6129,97+202,68**### 3256,61+21,6* 2566,61+109,35**# 8,234+0,69***
V-gocnigHa 5146,40£258,2***### 3283,99+16,8 ** 3129,56+313,24**## 4,981+0,32%##

Mpumimka: *p<0,05, **p<0,01, ***p<0,001 — BiporiaHo BigHOCHO | rpynu, #p<0,05, #p<0,01, ##p<0,001 — BiporiaHo siaHocHo Il rpynu.

Y neviHui wypis Il rpynu 3 ELL BiobyBaeTbca 3HMXEH-
He aktmeHocTi JIOI Ha 16,04 % (p<0,001) CTOCOBHO KOHT-
ponto. NMeyviHka — OCHOBHWUIA OpraH, SIKUN aTakyeTbCs akTUB-
HUMU (POpPMaMM OKCUreHy, LLIO HAaAMIpPHO NMPOAYKYTLCS 3a
piabety [12; 13]. MNapeHximanbHi KNITMHX NEYiHKN nepLuo-
Yeproeo MiaAalTbCA MOLUKOAXEHHAM MpU OKCUAATUBHOMY
CTpeci, WO 3yMOBIIOE BUXiO LbOr0 €H3UMYy 3 LMTO3010
KNITUH NeYiHKM B KPOB'stHE PYCro, SIK HACMIAOK aKTUBHICTb
JIAI B uboMy opraHi 3HWKYyeTbCs [14]. BHUXKEHHS aKTUBHO-
cTi neviHkosoi JIOI Takox moxe OyTM HacnigkoMm rniky-
BaHHS €H3VMY, WO CMPUYMHSAE 3MiHW Yy MOro CTPYKTYpi Ta
dyHKUiT | Npn3BoANTL A0 NaToi3ioNnoriyHnX ycknagHeHb
3a uykpoBoro aiabety, mMoamdiKye iMyHOMNOriYHi yHKLUIi
JNAr Ta ii aktneHicTb [15].

Y neviHui TBapuH llI-i rpynn BigOyBanocb 3pocTaHHs
aktmsHocTi J1AI Ha 17 % (p<0,001), B Tow yac gk y V-1 i
V-1 rpynax BiporigHWx 3miH He cnocTepiranocs, nuwe He-
3Ha4yHe 3HWXEHHS ii akTuBHOCTI Ha 3,45 % Ta 2,64 % Big-
noBigHo ctocoBHo |l rpynu. Bigomo, wo BaHagin mogyntoe |
Ta Il chasy renatomeTabonisylounx €H3UMIiB Ta MOCUIIOE
aHTMOKCMOAHTHWIA cTaTyc neviHkn [16], wo cnpusie Habnu-
XeHHto aktusHocTi JIA y uin TkaHuKi TBapwH Il rpynn o
KOHTpOnbHOI. Kpim LbOro, € NoBiAOMMEHHS, O BKa3ylTb
Ha BIACTUBICTb AHTUMOKCWMAAHTIB iHribyBaTW rMiKyBaHHS
eH3nmiB [17]. Mpn HM3bKMX KOHLEHTpAaUifX Cronyku BaHa-
4it0 JiloTb 3a aHTMOKCUMAAHTHUM MEXaHi3MOM, L0 3yMOB-
noe ctabinisauito aktmeHocTi JIAI B gocnigHux rpynax
yepes Npu3ynnHEHHs Npouecy il rmikyBaHHA. Takox Bigomo,
LLIO CMOYKM BaHafilo NoKpaLLytoTb MEYIHKOBY YyTNMBICTb A0
iHCyniHy. € faHi, sKki nokasyloTb, O BaHaaun cynbdar 3y-
MoBmnoe 20 %-e 3HWKEHHST KOHLEHTpaLii rmioKo3un HaTLle, a
TaKOX MPUrHiYye BUXiA rMOKO3WM i3 NMEeYiHKM 3a rinepiHcyniHe-
Mii [18], Wwo npu3BoaAMTbL 4O HOpMarisaii eH3MMIB BYrneBo-
[OHOro 06MiHy Y KpOB'ssSHOMY pycrii Ta NeviHLi.

CkeneTHi M'A31 € OCHOBHOI MILLEHHIO ANS iHCyniH3a-
NEXHOI yTunisauii rnioKo3n 3 KpoBi. Y Ui TKaHWHI iHCYNiH
iHOyKye  po3MmilleHHs  Ginka-TpaHcnopTepa  MoKO3M
(GLUT4) 3 BHYTpILWWHbOrO cepenoBuLLia KIiTUHU OO NMoBep-
XOHb Mna3maTU4HUX MembpaH, Lo Npu3BOAUTbL A0 NiaBu-
LLEHHS PIBHA TMIOKO3M Y M'A30BUX KIiTUHaX. 3pOCTaHHS
eksountody GLUT4 y Bignosigb Ha iHCyniH crnpauboBye
Yyepes curHanisauilo peuentopa iHCYMiHY, SKWW iHOYKYE
aKTUBALi0 MOro curHanbHUx wnsaxis [19].

AkTusHicTb JIAI y m'asax TtBapuH Il rpynn gocToBipHO
3pocTtana BABiMi BiAHOCHO KOHTPOIM0. 3POCTaHHA akTUBHO-
cti JIAI y m'Aasax Moxe 3yMOBMOBATM aunao3 MOJSIOYHOH
KMCMOTOM, SKe CnpuyMHAE MeTaborniyHi ycknagHeHHs 3a
uykpoBoro giabety [20].

Y wypis lll-, IV-i V-i rpyn Biabynocb 3HMWXEHHS aKTuB-
HocTi J1OI y m'asax, signosigHo, Ha 42,11 % (p<0,001),
41,94 % (p<0,01) Ta 29,2 % (p<0,001) ctocosHo Il rpynu.
IHcyniHono#ibHUA edekT BaHafilo NPOSABMSETLCA CTUMY-
NAUielo NOrMUHaHHA Ta BUKOPUCTaHHSA rMOKO3N nepudepu-
YHUMW TKAHUHaMK, TaKUMKU SIK MediHka Ta M'a3u Ans niar-
PYMaHHS HOPMarbHOrO PIiBHS TMOKO3M B KPOBIi. Y pesyrib-
TaTi NigTPUMaHHA HOPMasnbHOrO PIiBHSA [MHOKO3M B KPOBI
BinbyBaeTbca crabinisauia aktusHocti JIAI y m'A3ax TBa-
puH V- i V-i rpyn [21].

AxTueHicTtb JIOI B HMpkax wypis Il rpynn 3 ELA 3poc-
Tana B 2,2 pa3sa (p<0,001) CTOCOBHO KOHTPOI. 3pocTaHHs
PiBHSI TMIOKO3M B KPOBi Ta HEOOXiQHOCTI iHTEHCUBHILWOro
CNPUIAHATTS Ta eKckpeLil il HupkaMmu 3a LlyKpoBoro giabety
nopywye yHKUIOHYBaHHS HUPOK, 3HWKYE edEeKTUBHICTb
LMX OpraHiB i 3ymoBsoe niasuweHy aktmsHicts JIAI [22].
Bucoknin piBeHb rmnoKo3n Ta rinepTeHsia BigirpatoTb rosioBHY
pornb y po3BuTKy AiabeTuyHux Hedponartii. HagmipHe npo-
OyKyBaHHS1 cevi OiabeTMyHMMK LypamMu MOXe CHpUYMHUTU
BTPaTy XWUTTEBO BaXXITMBUX ENIEMEHTIB, LLO MOXe MPU3BECTU
00 ANcdyHKLUIT Linoro opraHiamy. CUCTEMHWUIA OKCUAATUBHUI
cTpec 3a aiabeTy, siKk BBaXaloTb, Bifirpae BupilLansHy porb
y natodisionorii 3axsoptoBaHb HUPOK [23].

LintpaT BaHagailo cnpusas Hopmanisauii aktusHocTi JIAT
B HMPKOBI/ TKaHWHI, 30KpeMa CroCTepIranocb 3HWKEHHS i
aktuBHocTi y IV-i rpyni — Ha 18,96 % i V-n — Ha 51 %
(p<0,001), ctocoBHo Il rpynu. BunotoBaHHS untpaTty BaHa-
4ito Wypam crnpusie Hopmanisauii akTUBHOCTI eH3uMiB 0b-
MiHy BYrneBoiB Ta MOKpally€e 3aranbHUA CTaH OpraHiamy
[24]. MpoBeneHi gocnigxeHHA cBigdYaTe MNPO BIACYTHICTb
nobGiyHmx epeKTiB Ha HMPKOBY TKaHUHY y TBapuH 3 ELL, ski
oTpumyBanu cnonyku saHagito(lV) y komnnekci 3 BitamiHOM
A [25]. IHWKMMK aBTOpamm BCTAHOBIEHO, WO BaHafin cy-
nbat HerTpanisye LWKoady, sIKOi 3a3HalTb KIITUHU HUPOK
BHacnigok okcuaaTuBHOro cTpecy [26].

BucHoBku

Y WwypiB i3 ekcnepumeHTanbHum giabetom cnocTepira-
nochb BiporigHe 3poctaHHsa aktusHocTi IO B eputpoumuTax
KPOBI, CKeNeTHUX M'A3ax Ta HUpKax, a B neviHui — BiporigHe
3HWXKEHHS 1T aKTMBHOCTI, CTOCOBHO KOHTpOnio. BunotoBaHHA
untpaty BaHagito wypam i3 EL] cnpuano Hopmanisauii
aktusHocTi JIAI B eputpoumnTax i TkaHMHax Ta Habnwxysa-
110 NOKa3HWKW Ti aKTUBHOCTi 10 KOHTPOJbHNX 3HAYEHb.

Cnu1coK BUKOPUCTaHUX axepen

1. Lehninger A. Principles of Biochemistry / A. Lehninger, D. Nelson,
M. Cox, 2002. — Worth Pub.— 3rd ed.

2. Absorption, transportand  insulin-mimetic  properties  of
bis(maltolato)oxovanadium (IV) in streptozotocin-induced hyperglycemic
rats by integrated mass spectrometric techniques / T. Iglesias-Gonzalez,
C. Sanchez-Gonzalez, M. Montes-Bayon et al. // Anal. Bioanal. Chem.,
2012. — Vol. 402. — P. 277-285.

3. Vanadium treatment of type 2 diabetes: a view to the future /
K. Thompson, J. Lichter, C. LeBel et al. // Inorg. Biochem., 2009. — Vol. 103.
— P. 554-558.

4. The vanadium compounds: chemistry, synthesis, insulinomimetic
properties / E. Fedorova, A. Buriakina, N. Vorob'eva, N. Baranova // Bio-
med. Khim., 2014. — Vol. 60, Ne4. — P. 416-429.

5. Possible mode of action for insulinomimetic activity of vanadyl(IV)
compounds in adipocytes / K. Kawabe, Y. Yoshikawa, Y. Adichi, H. Sakurai
/I Life Sci., 2006. — Vol. 78. — P. 2860-2866.

6. Makinen M.W. The Structural Basis of Action of Vanadyl (VO2+)
Chelates in Cells / M.\W. Makinen, M. Salehitazangi // Coord. Chem. Rev.,
2014. - Vol. 279. - P. 1-22.

7. The anti-obesity effect of natural vanadium-containing Jeju ground
water / S. Park, C. Youn, J. Hyun, H. You // Biol. Trace Elem. Res., 2013. —
Vol. 151, Ne 2. — P. 294-300. doi: 10.1007/s12011-012-9557-8. Epub 2012.

8. Bolkent S. Protective effect of vanadylsulfate on the pancreas of
streptozotocin-induced diabetic rats / S. Bolkent, R. Yanardag, S. Tunali //
Diabetes Res. Clin. Pract., 2005.— Vol. 70. — P. 103-109.

9. Laboratory methods of research in biology, veterinary medicine: a
guide / V. Vlizlo, R.Fedoruk, I. Ratych et al.; red. V.V. Vlizlo. — Lviv:
SPOLOM, 2012. — 764 p. (In Ukrainian).

10. Xue Q. Variability of intracellular lactate dehydrogenase
isoenzymes in single human erythrocytes / Q. Xue, E. Yeung // Anal. Chem.,
1994. — Vol. 66, Ne7. — P. 1175-1178.



~ 26 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka ISSN 1728-3817

11. Chekman I. Vanadium: clinic, pharmacological and toxicological
properties / I. Chekman, V. Kaplunenko, K. Haiduk // Ukrainian Medical. J.,
2016. - Vol. 1, Ne 111. — P. 28-32.

12. Effect of oral administration of diphenyl diselenide on antioxidant
status, and activity of delta aminolevulinic acid dehydratase and isoforms of
lactate dehydrogenase, in streptozotocin-induced diabetic rats / I. Kade,
V. Borges, L. Savegnago et al. // Cell. Biol. Toxicol., 2009. — Vol. 25 —
P. 415-424.

13. Role of oxidative stress and molecular changes in liver fibrosis: A
review. / V. Sanchez-Valle, N. Chavez-Tapia, M. Uribe, N. Mendez-Sanchez
/I Curr. Med. Chem., 2012. — Vol. 19. — P. 4850-4860.

14. Lott J. Determination of reference ranges for serum enzymes via a
large interlaboratory survey / J. Lott, D. Tholen, C. Massion // Arch. Pathol.
Lab. Med., 1987. — Vol. 111, Ne1. — P. 9-15.

15. Estimation and characterization of glycosylated carbonic anhydrase
| in erythrocytes from patients with diabetes mellitus / T. Kondo,
K. Murakami, Y. Ohtsuka et al. // Clinica Chimica Acta, 1987. — Vol. 166. —
P. 227-236.

16. Chakraborty A. Differential modulation of xenobiotic metabolizing
enzymes by vanadium during diethylnitrosamine-induced hepatocarcinogenesis
in Sprague-Dawley rats / A. Chakraborty, S. Selvaraj // Neoplasma, 2000. —
Vol. 47, Ne 2. — P. 81-89.

17. Davie S. Effect of vitamin C on glycosylation of proteins / S. Davie,
B. Gould, J. Yudkin // Diabetes, 1992. — Vol. 41 — P. 167-73.

18. Effects of vanadyl sulfate on carbohydrate and lipid metabolism in
patients with non-insulindependent diabetes mellitus / G. Boden, X. Chen,
J. Ruiz et al. // Metabolism, 1996. — Vol. 45. — P. 1130-1135.

19. Kanzaki M. Insulin receptor signals regulating GLUT4 translocation
and actin dynamics / M. Kanzaki // Endocr. J., 2006. — Vol. 53 — P. 267-293.

20. Trigonella foenum graecum (fenugreek) seed powder improves
glucose homeostasis in alloxan diabetic rat tissues by reversing the
altered glycolytic, gluconeogenic and lipogenic enzymes / J. Raju,
D. Gupta, A. Rao et al. // Molecular and Cellular Biochemistry, 2001. —
Vol. 224, Ne 1-2. — P. 45-51.

21. Hypoglycemic properties of oxovanadium (IV) coordination
compounds with carboxymethyl-carrageenan and carboxymethyl-chitosan in
alloxan-induced diabetic mice / H. Zhang, Y. Yi, D. Feng et al. // Evidence
Based Complement Altern Med., 2011. — Vol. 69, Ne1. — P. 67-70.

22. Karihaloo A. Anti-fibrosis therapy and diabetic nephropathy /
A. Karihaloo // Curr. Diab. Rep., 2012. — Vol. 12. — P. 414-422.

23. Evaluation of trace elements and oxidative stress levels in the liver
and kidney of streptozotocin-induced experimental diabetic rat model /
D. Ozcelik, M. Tuncdemir, M. Ozturk, H. Uzun //. Gen. Physiol. Biophys.,
2011. - Vol. 30. — P. 356-363.

24. Investigation of trace element concentration in diabetic rat's tissues
/ J. Kowalska, M. Kro$niak, R. Grybos$, W. Kwiatek // Acta Phys. Polon A,
2009. - Vol. 115. — P. 556-560.

25. Synthesis of a new insulin-mimetic antidiabetic drug containing
vitamin A and vanadium(lV) salt: Chemico-biological characterizations
International / A. Adam, A. Naglah, M. Al-Omar, M. Refat // Journal of
Immunopathology and Pharmacology, 2017. — Vol. 30, Ne 3. — P. 272-281.

26. Effects of vanadium on oxidative stress and electrolytes balance of
dyslipidemic male rats treated with simvastatin / S. Eweda, N. Rezk, A. Ahmed,
0. Rezk // African Journal of Pharmacy and Pharmacology, 2018. — Vol. 12,
Ne 7. — P. 87-96.

References (Scopus)

1. Lehninger A., Nelson D., Cox M. Principles of Biochemistry, third ed.,
Worth Pub. 2002.

2. Iglesias-Gonzalez T., Sanchez-Gonzalez C., Montes-Bayon M.,
Llopis-Gonzalez J., Sanz-Medel A. Absorption, transportand insulin-mimetic
properties of bis(maltolato)oxovanadium (IV) in streptozotocin-induced
hyperglycemic rats by integrated mass spectrometric techniques. Anal
Bioanal Chem. 2012; 402:277-285.

3. Thompson K., Lichter J., LeBel C., Scaife M., McNeill J., Orvig C.
Vanadium treatment of type 2 diabetes: a view to the future. J Inorg
Biochem. 2009; 103:554-558.

4. Fedorova E., Buriakina A., Vorob'eva N., Baranova N. The vanadium
compounds: chemistry, synthesis, insulinomimetic properties. Biomed Khim.
2014;60(4):416-29.

5. Kawabe K., Yoshikawa Y., Adichi Y., Sakurai H. Possible mode of
action for insulinomimetic activity of vanadyl(IV) compounds in adipocytes.
Life Sci. 2006;78:2860-6.

I'. Knumewn, acn., P. Ickpa, a-p 6uon. Hayk,
WHcTuTyT Guonorumn xbiBotHbix HAAH, llbBOB, YkpauHa

6. Makinen M., Salehitazangi M. The Structural Basis of Action of
Vanadyl (VO2+) Chelates in Cells. Coord Chem Rev. 2014;.279:1-22.

7. Park S., Youn C., Hyun J., You H. The anti-obesity effect of natural
vanadium-containing Jeju ground water. Biol Trace Elem Res.
2013;151(2):294-300. doi: 10.1007/s12011-012-9557-8.

8. Bolkent S., Bolkent S., Yanardag R., Tunali S. Protective effect of
vanadylsulfate on the pancreas of streptozotocin-induced diabetic rats.
Diabetes Res Clin Pract. 2005; 70:103-109.

9. Vlizlo V., Fedoruk R., Ratych I. et al. (red. Vlizlo V.V.). Laboratory
methods of research in biology, veterinary medicine: a guide. Lviv:
SPOLOM, 2012. 764 p. (In Ukrainian).

10. Xue Q., Yeung E. Variability of intracellular lactate dehydrogenase
isoenzymes in single human erythrocytes. Anal Chem. 1994;66(7):1175-1178.

11. Chekman |I., Kaplunenko V., Haiduk K. Vanadium: clinic,
pharmacological and toxicological properties. Ukrainian Medical J.
2016;1(111):28-32.

12. Kade |., Borges V., Savegnago L., Ibukun E., Zeni G., Nogueira C.,
Rocha J. Effect of oral administration of diphenyl diselenide on antioxidant
status, and activity of delta aminolevulinic acid dehydratase and isoforms of
lactate dehydrogenase, in streptozotocin-induced diabetic rats. Cell Biol
Toxicol. 2009;25:415-424.

13). Sanchez-Valle V., Chavez-Tapia N., Uribe M., Mendez-Sanchez N.
Role of oxidative stress and molecular changes in liver fibrosis: A review.
Curr. Med. Chem. 2012;19:4850-4860.

14. Lott J., Tholen D., Massion C.. Determination of reference ranges
for serum enzymes via a large interlaboratory survey. Arch Pathol Lab Med.
1987;111(1):9-15.

15. Kondo T., Murakami K., Ohtsuka Y., Tsuji M., Gasa Sh., Taniguchi N.,
Kawakami Y. Estimation and characterization of glycosylated carbonic
anhydrase | in erythrocytes from patients with diabetes mellitus Clinica
Chimica Acta. 1987,;166:227-236.

16. Chakraborty A., Selvaraj S. Differential modulation of xenobiotic
metabolizing enzymes by vanadium during diethylnitrosamine-induced
hepatocarcinogenesis in Sprague-Dawley rats. Neoplasma. 2000;47(2):81-89.

17. Davie S., Gould B., Yudkin J. Effect of vitamin C on glycosylation of
proteins. Diabetes. 1992;41:167-73.

18. Boden G., Chen X., Ruiz J., Van Rossum G., Turco S. Effects of
vanadyl sulfate on carbohydrate and lipid metabolism in patients with non-
insulindependent diabetes mellitus. Metabolism. 1996;45:1130-1135.

19. Kanzaki M. Insulin receptor signals regulating GLUT4 translocation
and actin dynamics. Endocr. J. 2006;53:267-293.

20. Raju J., Gupta D., Rao A. et al. Trigonella foenum graecum
(fenugreek) seed powder improves glucose homeostasis in alloxan diabetic
rat tissues by reversing the altered glycolytic, gluconeogenic and lipogenic
enzymes. Molecular and Cellular Biochemistry. 2001;224(1-2):45-51.

21. Zhang H., Yi Y., Feng D., Wang Y., Qin S. Hypoglycemic properties
of oxovanadium (V) coordination compounds with carboxymethyl-
carrageenan and carboxymethyl-chitosan in alloxan-induced diabetic mice.
Evidence Based Complement Altern Med. 2011;69(1):67-70.

22.Karihaloo A. Anti-fibrosis therapy and diabetic nephropathy. Curr
Diab Rep. 2012; 12:414-422.

23. Ozcelik D., Tuncdemir M., Ozturk M., Uzun H. Evaluation of trace
elements and oxidative stress levels in the liver and kidney of
streptozotocin-induced experimental diabetic rat model. Gen Physiol
Biophys. 2011;30:356-363.

24. Kowalska J., Krosniak M., Grybos$ R., Kwiatek W. Investigation of
trace element concentration in diabetic rat's tissues. Acta Phys Polon A.
2009;115:556-560.

25. Adam A., Naglah A., Al-Omar M., Refat M. Synthesis of a new
insulin-mimetic antidiabetic drug containing vitamin A and vanadium(IV) salt:
Chemico-biological characterizations International Journal of
Immunopathology and Pharmacology 2017; 30(3):272-281.

26. Eweda S., Rezk N., Ahmed A., Rezk O. Effects of vanadium on
oxidative stress and electrolytes balance of dyslipidemic male rats treated
with simvastatin. African Journal of Pharmacy and Pharmacology. 2018;
12(7):87-96.

Hapivwna npo peakonerii 05.02.2018
OTpumaHo BunpaBneHun BapiaHt 12.03.2018
MNianncaHo po Apyky 12.03.2018

Received in the editorial 05.02.2018
Received a revised version on 12.03.2018
Signed in the press on 12.03.2018

BIUAHUE LUMTPATA BAHAOUA HA AKTUBHOCTDb JIAKTATOAErMAPOINEHA3bI B 3PUTPOLIMTAX KPOBU
N TKAHAX KPbIC C 3KCNEPUMEHTAJIbHbIM AUABETOM

HccnedoeaHo enusiHue yumpama eaHadusi Ha aKmueHOCMb slakmamaAe2udpozeHa3bl 8 3PUMPOYUMAXx KPO8U U MKaHSX rMe4YeHu, MoYeK u cKe-
nemHol Mblwybl 6edpa 1a6opamopHbIX KPbIC ¢ UHOYYUpPo8aHHbIM duabemom. XXueomusbie 6biu pa3deneHbl Ha namb 2pynn: | — kKoHmponbHas, I,
I, IV u V — uccnedoeamensckue. Kpbicam I-i u ll-i epynn daeanu numes yucmytro eody 6e3 dobaeok, a xueomHbiM lll, IV u V epynn e numsesyto
e0dy dobaesisiniu pacmeop yumpama eaHadusi 8 konuyecmee 0,125, 0,5 u 2,0 Mmk2 V/mn eodbl. OnpedesieHUe akmueHoOCcMu Jlakmamaoe2udpo2eHasbl
8 apumpoyumax u MmKaHsIX OCyw,ecmesisisiu CrneKmpogpomomempu4ecKuMm MemoAoM, OCHOBaHHLIM Ha UCIMOJIb308aHUU COMPSKEHHbLIX cucmem
OKucJ/lIeHUsi HUKOMuHaMudHuUx KoaH3umos. lMpu akcnepumenmansHom duabeme Habniodanocb docmoeepHoe MoebiWeHUe aKmueHOCMU JlakK-
mamadezudpozeHa3bl 8 3pUMPOUUMax KpoeuU, CKeslemHbIX MbIWyax U noYykax, 0OHaKo e rne4yeHu — AocmoeepHoe CHUWXeHUe aKmueHoCmu 3H-
3uma omHocumesnibHo KoHmposs. [loebiweHue akmueHocmu nakmamoezudpoz2eHa3bl 8 apumpoyumax npu duabeme o6ycs108/1€HO UHMEHCU-
¢ukayueli npoyeccoe 2aukonusa. Pocm akmueHocmu 3moz2o 3H3uMa 8 MblWyax ebi3bieaem ayudo3 MosI04YHOU Kucomou. Bbicokuli ypoeeHb
2J110K03bl U 2unepmeH3usi uzparom 2s1aeHyto posib 8 pazeumuu duabemuyvecKkux Hegpponamuii U pocm aKmueHocmu slakmamaodezudpozeHasbl 8
noykax. CHUXeHue akmueHocmu 3H3uma e ne4eHu npu duabeme o6ycri08/1eHO 803HUKHOBEHUEM OKCUudamueHo20 cmpecca, Ymo npueooum K
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ee noepexdeHuro. Bbinolika yumpama eaHadusi KpbicaM C 3KcriepuMeHmasnbHbiM duabemom crnoco6cmeyem HopManu3ayuu aKkmueHocmu
3H3umoe obmeHa yasieeodoe, 8 yacmHocmu 2aukosiuza. umpam eaHadusi Hopmanusyem ypoeeHb 2J1H0K03bl 8 Kpoeu, 651a20MpusimHo enusiem
Ha 3pumponoa3, ycKkopsiem co3peeaHue 3pumpoyumos, ycunueaem aHMUOKcUOaHMHy 3awumy e Kiemkax mkaHel op2aHu3Ma, Ymo cro-
co6cmeyem HOpManu3sayuu akmueHocmu slakmamoe2udpozeHa3bl 8 MKaHsAX U 3pumpoyumax ¢ npubsiwxkeHUeM rokasamersieli ee aKmueHo-
CMu K KOHMPOJIbHbLIM 3Ha4YeHUsIM.

Knroyeenie cnoea: yumpam eaHadusi, nakmamoeaudpozeHa3sa, apumpoyumsl, mkaHu, duabem, KpbIChbl.

H. Klymets, Ph. D. stud., R. Iskra, D. Sci.
Institute of Animal Biology NAAS, Lviv, Ukraine

INFLUENCE OF VANADIUM CITRATE ON LACTATDEHYDROGENASE ACTIVITY IN BLOODY ERYTHROCYTES
AND TISSUES OF RATS WITH EXPERIMENTAL DIABETES

The influence of vanadium citrate on the activity of lactate dehydrogenase in erythrocytes of blood and liver, kidney and skeletal muscle tis-
sues of the experimental rats with induced diabetes was studied. Animals were divided into five groups: | — control, Il, lll, IV and V — experimental.
Rats of the 1st and 2nd groups were given pure water without additives to drink, and animals of the groups I, IV and V were given drinking water,
to which the solution of vanadium citrate in the amount of 0,125, 0,5 and 2,0 ug V/ml of water was added. The determination of lactate dehydrogen-
ase activity in erythrocytes and tissues was carried out by spectrophotometric method, based on the use of conjugated oxidation systems of nico-
tinamide coenzymes. Under experimental diabetes, a significant increase in lactate dehydrogenase activity was observed in blood erythrocytes,
skeletal muscles and kidneys. However, in the liver, a significant decrease in the enzyme activity was observed according to the control. The in-
crease in lactate dehydrogenase activity in erythrocytes under diabetes is due to the intensification of glycolysis processes. The increase in this
enzyme activity in muscles causes lactic acidosis. High levels of glucose and hypertension play a major role in the development of diabetic
nephropathies and increase in lactate dehydrogenase activity in kidneys. The decrease in the enzyme activity in the liver under diabetes is due to
the occurrence of oxidative stress, which leads to its damage. Watering vanadium citrate to experimentally diabetic rats promotes normalization of
the activity of carbohydrate metabolism enzymes, particularly glycolysis. Vanadium citrate normalizes glucose level in the blood, favorably affects
erythropoiesis, accelerates the maturation of red blood cells, enhances antioxidant defense in the cells of body tissues, which promotes normaliza-
tion of lactate dehydrogenase activity in tissues and erythrocytes with the approximation of its activity indicators to control values.

Key words: vanadium citrate, lactate dehydrogenase, erythrocytes, tissues, diabetes, rats.
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HEWPOOUWHAMIYHI BJIACTUBOCTI
TA NMCUXONOrIYHI XAPAKTEPUCTUKU CMTIOPTCMEHOK BUCOKOI KBANI®IKALLI
3 PIBHUM CTAXEM CMOPTUBHOIO TPEHYBAHHA

Memoto docnidxeHHs1 6yn10 NopieHsAHHSA HelipoOuHaMiYyHuUX i iHOUidyasibHO-MuUMoJI02iYHUX 8flacmueocmell memMmnepamMeHmy
Yy criopmcMeHOK 8UCOKO20 KJlacy 3 Pi3HUM cma)keM CITIOpmueHo20 mpeHye8aHHs1, Wo creyiasisysanucs y eecnysaHHi Ha 6alidap-
Kax i kaHoe. [nsi eu3Ha4eHHs1 HelpoOUHaMiYHUX XapakKkmepucmuk, rncuxodgizionoziyHux enacmueocmel Hepeogoi cucmemu
sukopucmosyeasnu diazHocmu4Huli komnnekc "fiaeznocm-1" (M.B. MakapeHko, B.C. Jluzoay6); dnsi eusHa4eHHs1 iHOugidyanbHo-
munosnoeiyHux enacmueocmeli memrnepameHmy 3acmocoeaHo mecm [I. AlizeHka. [lepeeaxHa 6inbwicmb CrIOPMCMEHOK-
KaHOicmokK xapakmepu3yeasacb cepedHbOI (hYHKUiOHa/IbHOK PyXsiuicmio HepeoeuX rMpouyecie i HU3LKOK CUJIO Hepeoeoi
cucmemu, 3HUXeHOH egheKmueHicmioo ceHcomMomopHoi dissnbHocmi, modi sik 6inbwicmb crropmcMeHOK, wo crneyianizyeanucs y
eecslyeaHHi Ha 6alidapkax — euuje cepedHbOi (hYHKYiOHaIbLHOIO pyxsiusicmro Hepeoeux npouecie i cepedHbOK CUIIO HEP8OB8OT
cucmeMu ma eucokoro/euule cepedHbOi eheKmueHicmro ceHCOMOMOopHoOI disimbHOCMI. Y 2pyni cnopmcMeHoK 3 6inbwum criop-
mueHUM cmakeM (8ecslyeaHHs1 Ha 6ali0apKax) eusiesieHO rnpeeasllo8aHHs1 PecrnoHOeHMOK i3 Xofepu4YHUM i caH28iHiYHUM murnom
memMnepamMeHmMy, HU3bKOIO ma cepeOHbOI eMOUiliHoro cmilikicmro. Ceped crnopmMcMeHOK-KaHOICIMOK eusiesIeHO repeeaXkaHHs!
eMoUuiliHo Hecmilikux pecrroHOeHMOoK i3 xonepu4HUM munom memmnepameHmy. binbw eucokull ncuxodgizionoziyHuli cmamyc (3a
nokasHukamu yHKUYioHaslbHOI pyxsiueocmi i cunu Hepeosux npoyecie ma eghekKmueHocmi ceHCoMomopHoi disilibHocmi) npo-
deMoOHCcmpyeanu crnopmcMeHKU 3 6inbwum crropmueHUM cmaxem (8ecslyeaHHs1 Ha 6alidapkax) NMopieHsIHO 3i cmopmcMmeHKaMu-
KaHoicmkamu, siKi Manu MeHwWuUl cmax cropmueHo20 mpeHyeaHHsl. BusieneHi eiominHocmi iHOueidyanbHo-mumnonoz2iyHux ena-
cmueocmeli suuux giddinie yeHmpanbHOi Hepeoeoi cucmemu y criopmMcMeHOK-8ecslyeanbHUUb 3 Pi3HUM pieHeM adanmauii do
doezompusasux hi3u4HUX HaeaHMa)xeHb NesHo20 muny (kaHoe/6alidapka) MOXymb Mamu NMPO2HOCMUYHY UiHHiCmMb i eukopu-
cmoeyeamucsi 05151 onmumi3ayii cnropmueHo20 yOoCKOHasleHHs1 8 OaHOMy eudi criopmy.

Knroyoei cnoea: cnopmcmeHKu sucokoi keanigikayii, eecnyeaHHs Ha 6alidapkax i kKaHoe, meMnepamMeHm, HelpoOuHaMiYyHi
eslacmueocmi.

Betyn. 3a cy4aCcHMMM YABNEHHAMW KOHCTUTYLA (CO-
MaTOTUM) € CYKYMHICTI0O MOPPONOriYyHMX i OYHKLiOHaNbHUX
(y T. 4. NncuxiyHUX i NnoBediHKOBMX) OCOBNMBOCTEN OpraHis-
My, sika cknanacs Ha 6asi cnagkoBoi nporpamu nig Bhnu-
BOM MOAMMIKYIOUMX YMHHUKIB CEpefoBMILLA iICHYBaHHS, LLO
hOpMy€E MOro peakTUBHICTb (KOHCTUTYUiA: reHoTun — ce-
HOTMN — peakTuBHiCTb) [20]. OkpiM TOro, KOHCTUTYLS BU-
3Hayae aganTauiriHi 0cobnmMBOCTI OpraHiaMy, CBOEPIOHICTb
nepebiry disionoriyHnx, GioximiyHMx i naTonoriYHUx nNpoue-
CiB, @ TaKOX CXMIbHICTb 4O MEBHMX COMATUYHMX XBOPODO, Yy
T. 4. NCUXiyHOI i noBediHkoBoil natonorii [1, 10, 22, 25]. Ha
CbOrOAHI MOHATTA KOHCTUTYLIi MICTUTb He TiNbku Mopcdoro-
riyHi, ane 1 gisionorivHi, NCMXONOoriyHi Ta NOBEeaiHKOBI 0CO-
6rMBOCTI opraHi3amy, MOro peakTUBHICTb, OMIPHICTb 4O XBO-
POBOTBOPHMX YMHHMKIB, OCOONMBOCTI NpoLeciB 0OMiHy, siKi
NnoB'aA3aHi 3 BMIIMBOM HEPBOBOI Ta E€HAOKPWUHHOI CUCTEM
[20]. MMpu uboMy akTyanbHOKW 3anuaeTbCs AyMKa

I.M. MaBnoea, wWo "TemnepaMeHT € BaXXNMUBOK 4YaCTUHOIO
KOHCTUTYLII" [26]. OTXe, TN HEPBOBOI CUCTEMU SIK HEWPO-
MopdponoriyHy i HempogisionoriyHy OCHOBY TeMnepameHTy
MOXHa BBaXaTW B LiiNOMY BaXXIMBOK CKIaJ0BOK KOHCTU-
Tyuii (comaToTuny) NOANHN.

3a3HauMMo, WO MOHITOPUHI (PYHKLIOHANbHOrO CTaHy
LeHTpanbHOI HEPBOBOI CUCTEMM CMOPTCMEHIB Y B3aEMO3B's-
3Ky 3 iX iHAMBIAYanbHO-TUNOMOMNYHUMW XapakTEPUCTUKaMM €
OOHVM i3 METOAIB NPOrHo3yBaHHA HaAIMHOCTI Ta YCNiLLUHOCTI
CrnopTuBHOI AisnbHocTi [6, 11, 16, 27]. Bigomo, wo y cnopt-
CMeHiB, SKi perynsipHo 3aviManucs ogHVWM i3 BUAiB CNopTy,
MOKa3HUKN BIACTMBOCTEN OCHOBHUX HEPBOBUX MPOLECIB,
MCUXOMOTiYHi XapaKTepUCTUKM PIBHATBCH, WO CBIAYMTL NPO
Y3ro4KeHiCTb, afleKBaTHICTb PO3BUTKY BNACTMBOCTEN OCHOB-
HMX HEPBOBWX MPOLIECIB, MCUXONOMNYHUX SKOCTEN XapaKTepy
isnyHMX HaBaHTaxeHb [11, 15, 16, 23]. JoBeaeHo, Wo pe-
3yNbTaTUBHICTb Yy BMAax CMOPTY Ha BUTPUBAnICTb 3anex-
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HWUTb Bif cunu (NpawLe3gaTHOCTI FONIOBHOMO MO3KY) HEPBOBUX
npoueciB, TOAi K pe3ynbTaTUBHICTb Y LUBUAKICHUX, CUIMOBUX,
LLUBUAKICHO-CUIIOBUX Ta irpoBMX BuAax — Bif LUBMAOKICHMX
npoueciB Yy HepBOBiA cuctemi crnoptcmeHiB [12]. TMpote
3HaHHA MPO B3aEMO3B'A3KM TWMOMOrMYHMX BIACTUBOCTEWN
OCHOBHVX HEPBOBUX MPOLECIB, MCUXOMOTOPHUX (YHKLIA 3
0COONMUBOCTAMM 3aHSITb Pi3HUMW BMAAMM CMOPTY HepocTart-
Hi, He 3a40BOMbHAIOTbL MPaKTUYHI BUMOrKM dpaxisuis. MNoaa-
nblle OOCHiMKeHHs1 0cobnmMBoCTEN (hopMyBaHHSI HeMpoau-
HaMiYHUX YHKUIA, Y T.4. i iHAMBIAYanbHO-TUMOMOMYHMX
BMacTMBOCTEN, OCHOBHMX HEPBOBWX NPOLIECIB CMOPTCMEHIB Y
B32EMO3B'A3KY 3 YCMILLHICTIO CMOPTUBHOI AiSNbHOCTI, piBHEM
apanTauiii 4o AoBroTpmBanmx cneundivHmx isnyHNx Haea-
HTaXXeHb 6e3yMOBHO Mae He nulle TeOopeTUYHWUIA iHTepec,
ane n NpakTnyHe 3Ha4veHHs [11, 12, 24].

Ha pasi akTyanbHMM cTae Bu3Ha4yeHHSA ocobnusocTen
HeMpoaMHaMIYHUX XapakTepuUCTUK i iIHAMBIAYanbHO-TUMOSO-
riYHUX BNAcTUBOCTEN TEMNEPAMEHTY CMOPTCMEHOK BUCOKO-
ro Knacy, Lo cnewianiaytoTbCH y BeCnyBaHHi Ha kaHoe (ro-
PiBHAHO 3 BecnyBanbHUUAMM Ha Garigapkax), OCKinbKu Len
BWAO CMOPTY Y XIHOK HEeLWOoOaBHO BKMKYEHO [0 OoniMnin-
CbKMX BMAIB CMOPTY.

MeTolo pocnigxeHHsi Gyno MOPIBHSAHHS HeWpoaWHa-
MiYHMX XapaKTEPUCTUK i iHAMBIQyanbHO-TUNOMOrMYHNX BNa-
CTMBOCTEN TEMMEPAMEHTY CMOPTCMEHOK BMCOKOrO Knacy 3
Pi3HMM CTaXXeM CMOPTMBHOIO TPEHYBaHHs, LLIO crewianiay-
Banucs B LUKIIYHOMY BUAi CMOPTY, @ came: BECINyBaHHS Ha
Oanpapkax i kaHoe.

O6G'ekT i MeToAM pocniaXeHb. Y focnigkeHHi 6panu
y4yacTb 12 CnoOpTCMEHOK BMCOKOTO Kracy (MawcTpu cropTy,
MancTpu CnopTy MDKHAPOAHOro Knacy i 3acnyxeHi MancT-
pu cnopTy) XiHoYoi cTaTi, BUA4 CNOpTy — BECMyBaHHA Ha
Ganpgapkax i kaHoe, y Biui 19—24 pokis. [na BU3HaYeHHS
HepOAMHaMIYHNX XapaKTepUCTMK CMOPTCMEHOK BMKOPUC-
TOBYBanu OiarHoOCTUYHUI KOMIeKc "MiarHocTt-1"
(M.B. Makapenko, B.C. INuzory6) [13, 14, 18]. Ons Bu3Ha-
YEeHHS iHAMBIAYanbHO-TUMONOTYHNX BNACTUBOCTEN TeMne-
paMeHTy OBCTEeXEeHMX CMOPTCMEHOK 3aCTOCOBYBaBCS TECT
I". Ai3eHka (3 BUAINEHHAM OaHUX 3a LUKarow HenpoTuamy,
L0 BUSIBMSIE PiBEHb EMOLIIMHOI CTIKOCTI iHaMBIAa) [2, 4, 7].
CrtatuctuuHy obpobKy OaHuX NpoBOAMNM 3a AOMNOMOroH
METOAIB HenapameTpuyHoi ctatnuctmki. OTpumaHi pesyrnb-
TaTn 0o6pobnanu metTogamMy CTaTUCTUYHOrO aHanisy 3a
aornomoroto komn'totepHoi nporpamu STATISTICA 6.0.

Mpy npoBeaeHHi KOMMNMEKCHUX GionoriYHMX AocniakeHb
3a y4acTio CMOPTCMEHIB 3rigHO 3 npuHUunamu 6ioeTrku go-
TpumyBanucsa po3pobrieHoi B naboparopii Teopii i MeToaukm
CMOPTUBHOI MIArOTOBKU i pe3epBHUX MOXITMBOCTEN CNOPTC-
meHiB HOl HY®BCY "lMporpamu komnneKkcHoro Gionori4Horo
JocnigpkeHHs1 ocobnueocTelt (hyHKUOHANbHUX MOXIMBOC-
TEeW CrMOpPTCMEHIB", @ TakoX 3aKkoHOAaBCTBa YKpaiHu npo

OXOPOHY 340poB'A Ta enbciHcbKoi Aeknapadii 2000 p., av-
pekTuBu €Bponericbkoro ToBapucTea 86/609 wopo yyacrTi
nogen y meauko-6ionoriyHnx gocnigpkeHHsx [18]. Pobota
BMKOHAHa BIgMNOBIOHO A0 AepXOKmMKEeTHOI  HayKoBO-
pocnigHoi Temyn "TexHonoris NPorHO3yBaHHS €MOLLIAHOrO
CTpecy B yMoBax HanpyxeHoi aisnbHocTi" (Ne aepxpeect-
pauii 0117U002385) MiHicTepcTBa OCBITH i Haykn YKpaiHw.

Pe3synbTatu Ta ix 06roBopeHHs. Y rpyny obcrexe-
HUX YBINLIMAW CMOPTCMEHKMW, WO 3aMaloTbCa LMKITIYHUM
BWAOM CMOPTY, SKUA XapaKTepu3yeTbCA MOBTOPEHHAM
OOHUX i TUX CaMMX PYXOBMX aKTiB i BMCOKOI (YHKLiO-
HanbHOK CTIMKICTIO LEHTpanbHOi HEepBOBOI CUCTEMMU
(UHC) Do MOHOTOHIl, WO CTOCYeETbCA BECMyBaHHS Ha
banpapkax i kaHoe Ha gosri guctaHuii (10 000 m). Cneui-
anbHa BUTPUBAnMICTb Y LMKMIYHMX BUAaAx cnopTy, K Bigo-
MO, 3anexuTb Bigd AOBXMHM AucTtauii [19, 21]. Becny-
BaHHs Ha gucTtaHuii 500-1000 M xapakTepusyeTbCcs Ha-
BaHTaXXeHHAMWN aHaepobHO-aepoOHOro xapaktepy i CTin-
kicTto UHC o HegocTaTHbOro KMCHEBOro nocrtadaHHs [5,
21]. Kpim Toro, po6oTa Ha BUTpuBanicte hOpMye BUCOKY
ctinkicte LUHC go nepewwkog. Ocobnuea 3aaTHiCTb 40O AOBro-
TPUBaANMX UMKMTIYHUX HaBaHTaXEHb MpUTaMaHHa CropTcMme-
HaM 3 CUIbHOK BPIBHOBAXKEHHOK HEPBOBHO CUCTEMOIO | HEBU-
COKUM piBHEM PyXNMBOCTi (dornermatukam) [21].

BignosigHo oo meTtu poboTu gocnigxyBanucsa Bnactu-
BOCTi HEpBOBOi cucTemu (y T. Y. doyHKUiOHanbHa pyxnu-
BiCTb HepBoBMX npoueciB — PPHIT i cuna HepBOBUX MpO-
uecis — CHI), edekTuBHICTE CEHCOMOTOPHOI AiNbHOCTI,
iHOMBIQYanNbHO-TUMONONIYHI  BNACTUBOCTI  TeMNepameHTy
CMNOPTCMEHOK, Lo Bynun po3noaineHi Ha Agi rpynu: | rpyna —
CMOPTCMEHKN, SiKi CreujanidyBanucsa y BeclyBaHHiI Ha Ka-
Hoe (n=5) i Il rpyna — cnopTcmeHKw, SKi cneuianisyBanucs y
BecrnyBaHHi Ha Garigapkax.

3a BiKOM i 3aranbH1M CMOPTUBHUM CTaXXeM BUAINEHI rpyni
He BigpIi3HANMCh, ane cTax y BeCrnyBaHHi i cneuiansH1i crnop-
TUBHUIA CTax (KaHoe/banpapka) 6yB 3HavyLle pisHUM y obc-
TEXEHUX criopTcMeHok (Tabn. 1): y Il rpyny (BecnyBaHHs Ha
Ganpapkax) notpanunu BinbL 4OCBIOYEH] COPTCMEHKN.

3a BUMIPIOBaHMMY NCMXOQIZIONOMNYHMIN  MOKa3HUKaMM
BWAIMNEHi rpyny CMOPTCMEHOK BiAPI3HANMCH HE TiNbKu 3a noka-
3HUKaMM  PYHKLiOHaNbHOT PyXIMBOCTI HEPBOBMX MPOLIECIB,
CWnM HEPBOBUX NPOLIECIB, ane i 3a YacoM MiHIManbHOI eKkcro-
3ULi CUrHaniB y pexvMi 3BOPOTHOMO 3B'A3KY, LLO XapaKTepu-
3yBaB e(PeKTUBHICTb CEHCOMOTOPHOI AidnbHocTi (Tabn. 1). 3a
OTpYMaHUMKN pesynbTatamMmu nepeBaxHa OinbLUicTb crnopT-
CMEHOK | rpynn (BecrnyBaHHsi Ha KaHOE) XapakTepu3yBaracb
cepeaHbolo (DYHKLOHANbHOK PYXMMBICTIO HEPBOBWX MpoLie-
CiB | HU3bKOK CUIIOK HEPBOBUX MPOLIECIB, TOAI SIK BinMbLUiCTb
cnoptcmeHok Il rpynu (BecnyBaHHa Ha Ganpgapkax) — BuLLE
cepenHboi ®PHIM i cepegHboto CHIM.

Ta6nuys 1. NcuxodisionoriyHi NOKa3HUKU CNOPTCMEHOK-BeCcyBanbHULb 3 Pi3HMM piBHeM aganTauii
Ao aoBroTpusanux ¢isvyHMx HaBaHTaxeHb (N=12), Me [25 %, 75 %)]

Moka3Hukun

| rpyna (kaHoe), Il rpyna (6anpapka),
n=5 n=7

MokasHuK dyHKLIOHaNbHOI pyxnmMBOCTi HepBoBMX nMpouecis (PPHIM), T1, c

71,00 [69,00; 75,007

62,00 [59,00; 66,00]

MiHiManbHWI Yac ekcnosuuii curHanis, Mc

160,00 [140,00; 160,00]*

80,00 [60,00; 100,00]

Yac BMxogy Ha MiHiManbHy ekcnosuuito, ¢

48,00 [36,00; 56,00]

34,00 [33,00; 41,00]

Moka3HWK cyunn HepBOBUX NpoueciB (TecT 5 XB), KiNbKiCTb NoApa3HuKIB

558,00 [551,00; 602,00]**

678,00 [660,00; 795,00]

MokasHuk PPHI (tect 5 xB), T2, C

72,50 [69,17; 72,93]**

62,14 [58,59; 62,28]

MiHimanbHWI Yac ekcnosuuii curHanie (Tect 5 xB), MC

100,00 [80,00; 120,00]*

40,00 [20,00; 80,00]

Yac Buxoay Ha MiHiMarnbHy ekcrnosuuito (Tect 5 xB), ¢

112,00 [91,00; 158,00]

135,00 [103,00; 202,00]

MokasHuk ®PHI (pexvm HaB'A3aHOro puTMY), CUTH/XB.

90,00 [90,00; 100,00]

90,00 [90,00; 110,00]

MoKa3HMK CUIU HEPBOBUX MPOLIECIB (PEXXMM HAB'S3aHOrO pUTMY), % MOMMUIOK

23,17 [18,23; 25,72]*

13,46 [12,61; 17,89]

[Moka3HWK cunm HEPBOBKX MPOLIECIB (PEXMM HaB'A3aHOTO PUTMY), KiNbKiCTb MOMMITOK

136,00 [107,00; 151,00]*

79,00 [74,00; 101,00]

Bik, poku

19 [19; 21]

22 [21; 23]

CneuianbHWI CNOPTUBHUIA CTax (kaHoe/6avigapka), poku

6,00 [5,00; 6,00

12,00 [11,00; 13,00]

CropTVBHUIA CTaX (BeCnyBaHHS), POK/

9,00 [7,00; 10,00]*

12,00 [11,00; 13,00]

3aranbHui CNOPTUBHUIA CTaX, POKK

16,00 [9,00; 18,00]

15,00 [11,00; 17,00]

lMpumimku: * p<0.05, ** p<0.01 — 3Ha4yLwi pi3HuUi Mix | i Il rpynamun 3a Tectom MaHHa-YiTHi.
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3aranom, 3a nNcuxodisionoriyHUMU  NOKa3HMKaMu
crnoptmeHku Il rpynu (6avigapka) npoaeMOHCTpyBanu 3Ha-
yywie Buwi pesynbtatn (p<0.05, p<0.01). Ak 6yno 3a3Ha-
YeHOo, CTaX Yy BecnyBaHHi i crneuianbHUA CIOPTUBHUN CTax
(kaHoe/0anpapka) OyB 3Hauylle Ppi3HUM Yy OOCTEXEeHMX
crnoptcMeHok: B Il rpyny notpanunu 6inbl [ocCBigYeHi
cnopTcMeHkn, To6To Ginbll aganToBaHi 40 AOBroOTpMBanNmX
crneundivHnX @isnYHUX HaBaHTaXeHb. TOMYy MOXHa CTBep-
OXXKyBaTW, LLO BECINyBaHHS 3araniomM Crpusie po3BUTKY, BAO-
CKOHaNEeHHK iHOMBIQYaNbHO-TUMNOMONYHMX BNACTUBOCTEWN
LeHTPanbHOi HEPBOBOI CUCTEMM, LLO LifKOM Y3ro[KyeTbCs
3 BiJOMMMU fniTepaTypHUMKU JaHUMK NPO BNAUB GDiSUYMHUX
HaBaHTaXXeHb | 3aHATb Pi3HNUMK BUAaMu CnopTy Ha hopmy-
BaHHS i CTaH uux Brnactmeocten [11, 12, 15, 16].

Cepepn iHOMBIAYanbHO-NMCUXONOTNYHUX SKOCTEW, SIK OC-
HOBW edEKTUBHOCTI AisNbHOCTI Gyab-SKOro CrnopTcMeHa,
30KpeMa BecnyBarbHuKa, YinbHe Micle 3anMatoTb Ti, KOTpi
3a CBOEI0 CYTHICTIO HanexaTb A0 FEHEeTUYHO 3YMOBIEHMUX
BNacTUBOCTEN (HEMPOAMHAMIYHI, NCUXOMOTOPHI, Temnepa-
MeHTanbHi) [3, 4, 7, 8]. 3a pesynbTatamu TecTy . An3eHka
BECb KOHTUHIeHT obcTexxyBaHnx GyB po3aineHuin 3a TUMom
TemnepameHTy (XonepuK, caHrBiHik, donerMaTmk, MenaHxo-
niK), @ TakoX 3a piBHEM eMOL|iIiHOI CTIMKOCTi (HEMpoTU3Ma):

1-10 6aniB — emoUiiHO CTilki cnopTcmeHku, 11-12 Ganis —
CMOPTCMEHKN 3 CcepefdHboi eMoLUinHo  CTinkicTio, 13-
14 6aniB — eMoUiiHO HecTinki, 15-24 6anie — 3 BMCOKOK
€MOLLIAHOI0 HECTIlKICTI0. 3a TMNOM TeMnepameHTy Bei 06c-
TEXEHi CMOPTCMEHKM pO3NOAINMIINCA TakuM YMHOM: Xone-
pukn — 41,7 %, caHrBiHiku — 25,0 %, menaHxonikn —
16,7 %, dnermatukm — 8,3 %, i npomixHi Tunu: 8,3 % (can-
reiHiku-cpnermaTtukm). BignosigHo Ao pes3ynbTaTiB 3a LUKa-
Mo eKkcTpaBepcii CMOPTCMEHKM PO3NOAINuInCa Takum
ynHoM: 58,3 % ekctpaBepriB, 16,7 % ambisepTis, 25,0 %
iHTPOBEPTIB; 3a LUKaNoOK eMOUINHOI CTIKOCTI: CMOPTCMEHKM
3 BMUCOKOI eMoLiiHOW cTinkicTio — 33,3 %, i3 cepeaHboO
eMouiiHolo cTinkicTio — 8,3 %, 58,3 % cnopTCMEHOK BU-
SIBUNOCS €MOLIMHO He CTiikux. 3a BUMIpOBaHUMKU Temne-
pPaMEHTHUMW XapaKTepuUCTUKaMU BWAINEHI rpynu cropT-
CMeHoK (kaHoe/Gavigapka) 3a Tectom MaHHa-YiTHi He Bigpis-
HANMCh (Tabn. 2). Y rpyni CNOPTCMEHOK 3 BULLMM piBHEM aaa-
nTawii 40 JOBroTpmBanux isnvHMX HaBaHTaxeHb (BecryBaH-
Hs Ha DGanpapkax) BUSBNEHO MpeBantoBaHHA PECMOHAEHTOK 3
HW3bKOK Ta CepeaHbO0 EMOLINHOI CTINKICTIO, XONEPUYHUM i
CaHrBiHIYHMM TUMOM TemnepameHTy. Cepen CMOPTCMEHOK-
KaHOICTOK BUSIBNEHO NepeBaXkaHHA eMOLMHO HECTINKUX pec-
MOHAEHTOK 3 XONEPUYHUM TUIMOM TEMMEPAMEHTY.

Ta6nuys 2. lHguBigyanbHO-TUMOSOriYHI BNACTUBOCTI TeMNepaMeHTy CMOPTCMEHOK
3a TectoM . AirzeHka (n = 12), Me [25 %, 75 %]

Moka3Hukn

| rpyna (kaHoe),
n=5

Il rpyna (6anpapka),
n=7

MoKa3sHuWK LKanu NnpaBauBOCTI

5,00 [2,00; 6,00]

4,00 [3,00; 5,00]

NokasHuk Wwkanu "Ekctpasepcisa”

11,00 [9,00; 15,00]

15,00 [13,00; 16,00]

MNokasHuK wkanu "EmMouiiHa CTinkicTb"

15,00 [7,00; 17,00]

14,00 [9,00; 15,00]

Mawxe Bci gocnigXyBaHi BnacTMBOCTI ncuxodisiono-
riYHMX PYHKLIN 0B6CTEXEHMX CMOPTCMEHOK BynM NoB'sA3aHi 3
BiKOM i CMOPTUBHUM CTaXeM, OKpiM AWHAMIYHOCTi HepBO-
BMX MpPOLIECIB, sika BM3Ha4anacb 3a 4acoM BMXoAy Ha MiHi-
MarbHYy €eKCno3suLilo B pexuMi 3BOPOTHOro 3B'si3ky. [uHa-
MiYHICTb HEpPBOBMX Mpolecis Oyna B3aemonos'sidaaHa 3 Mo-
Ka3HVMKOM 3a Lwkanow npasamsocTi (7, =-0,73, p<0.01) 3a

TectoM [. An3eHka, WO BU3Ha4yae piBeHb OEMOHCTpaTuB-
HOCTi NOBefiHKN  OPIEHTOBAHOCTI Ha coujianbHe CXBareH-
HS: YUMM BULLOK BUSIBUBCS pPiBEHb [OEMOHCTPaTUBHOCTI
CMOPTCMEHOK, TUM LUBMALLE BOHU AOCHArany MakCMmarnbHOI
e(EKTUBHOCTI CEHCOMOTOPHOI AiANbHOCTI B PEXMMi 3BOPO-
THOrO 3B'A3KY BMNPOLOBX 5 XB.

OTpuMaHi aaHi niaTBepoXyloTb pesynbTaTn HGaraTbox
BITYM3HSAHUX | 3apybiXHMX JOCNIOHMKIB NPO BiKOBY AMHaMI-
Ky BNacTMBOCTEW HEPBOBWUX MPOLECIB i CEHCOMOTOPHMX
dyHkuin [8, 9, 12, 17]. Okpim Toro, BigOMO, WO Ha opmy-
BaHHS Ta CTaH UMX BNacTMBOCTEW Y Pi3Hi BikOBi nepioau
MOXYTb BMNUBaTK (Di3NYHI HABaAHTaXXEHHS, 30KpeMa 3aHAT-
75 cnoptom [11, 15, 16, 27].

BusaBneHi  BigMiHHOCTI  iHOMBIQYaNbHO-TUMNOMNOMNYHMUX
BACTMBOCTEN BULLMX BigAiNiB LEeHTpanbHOI HEPBOBOI CUC-
TEMU Yy CMOPTCMEHOK-BECINYBalNbHULL 3 Pi3HUM piBHEM
apjanTtaudii 4o gosroTpmBanux isaMyHMX HaBaHTaXeHb NeB-
Horo Tuny (kaHoe/6Gangapka) MOXYTb MaTuh MPOrHOCTUYHY
LiHHICTb i BUKOPUCTOBYBATUCA ANA ONTUMI3aLii CNOPTUBHO-
ro yAOCKOHarneHHs B JaHOMy BUAi CMOpTY.

BucHoBku. binbLu BUCOKMiA NcMxodisionoriyHni ctaTyc
(3a nokasHMkamy pyHKLiOHaNbHOI PYXMMBOCTI HEPBOBUX
npouecis, CUNIM HepBOBUX MpoLeciB i eheKTUBHOCTI CeH-
COMOTOPHOI AiSiNbHOCTI) MPOAEMOHCTPYBanu CnopTCMEHKN,
AKi cnevianisyBanucs y BecrnyBaHHi Ha Gangapkax, nopis-
HAHO 3i cnopTCMeHKamMu-kaHoicTkamu. Y rpyni cnopTcme-
HOK 3 GinNbLUMM CNOPTUBHWUM CTaXeM (BecnyBaHHA Ha Gan-
Japkax) BUSIBMIEHO NpeBaritoBaHHsS PECrNOHAEHTOK i3 xone-
PWYHMM | CaHIBiHIYHMM TUMOM TEMMepameHTYy, HU3bKOIO Ta
cepefHbol eMoLinHow cTirkicTio. Cepel CMOPTCMEHOK-

KaHOICTOK BMWSIBMIEHO NepeBaXKaHHS €MOLINHO HECTINKMX
PECMOHAEHTOK i3 XOMNEePUYHUM TUMOM TemnepameHTy. Bu-
SBNeHi BiAMIHHOCTI iHAMBIAYanbHO-TUMOMOrYHUX BNAcTU-
BOCTEN BULLMX BigAiniB LEHTpanbHOi HepBOBOI CUCTEMU Y
CMOPTCMEHOK-BECnyBanbH1Lb 3 pi3HUM piBHEM apganTtadii
00 OoBroTpmBanux isMyHMX HaBaHTaXEeHb MEBHOro TUMy
(kaHoe/6angapka) MOXyTb MaTWM MPOrHOCTUYHY LiHHICTb i
BMKOPUCTOBYBATMCA ANS ONTMMI3aLii CNOPTUBHOIO YAOCKO-
HaneHHs B AaHOMy BUAi CMOPTY.

MNepcnekTuBM nopanblmMX [OCHIAXKEHb Yy AaHOMY
Hanpami. LlikaBum € noganslue JOCAigKEHHS 3 NpoBeaeH-
HAM MOPIBHAMBHOrO aHanidy NcuMxonoridyHux i ncuxodisio-
NOriYHUX NOKa3HWKIB Y CMNOPTCMEHIB, O CnewianiayloTbcs B
pi3HMX BMAax CnopTy Ta B npoueci NpodecinHoi AisinbHOCTI
3a3HaloTb BMMMBY HABaHTaXeHb Pi3HMX TUNIB.
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C. ®epopuyk, kaHA. 6uon. Hayk, O. JluceHko, a-p 6uon. Hayk,

HaumoHanbHbIM YHUBepcuUTeT (h1M3nyecKoro BOCNUCTaHUA U cnopTa YkpauHu, KuiB, YkpauHa,
B. PomaHIok, kaHA. 6uon. Hayk

PoBHeHCKMI rocyaapCTBEeHHbIN r'yMaHUTapHbIA yHuBepcuTteT, POBHO, YkpanHa

HEWPOOUHAMUYECKUE CBOUCTBA U NCUXONOIMMYECKUE XAPAKTEPUCTUKN CMOPTCMEHOK
BbICOKOW KBANTU®OUKALIUN C PA3NTUYHBLIM CTAXXEM CNOPTUBHOW TPEHUPOBKU

Lenbto uccnedoeaHusi 6b1710 cpasHeHuUe HelipoOuHaMu4ecKux u uHoueudyasibHO-MUIMosI02UYeCcKUX ceolicme memMrepamMmeHma y criopmcmMeHoK
8bICOKO20 K/lacca € pa3HbIM CmaxKeM CropmueHOlU MPeHUPO8KU, creyuanusuposasuwuecsi 8 2pebne Ha 6alidapkax u KkaHo3. [ns onpedeneHus
HelipoOUHaMUYeCcKuUX XxapakKmepucmuk, Mcuxoghu3uosio2udecKux ceolicme HepeHOU cucmeMbl UCMOIb308asiu QuacHOCMUYECKUl KOMIIIEeKC
"AuazHocm-1" (M. MakapeHko, B. Jluzoay6) dnsi onpedeneHusi uHOusudyasibHO-MUNoI02uYyecKkux ceolicme memnepameHma — mecm I". Al3eHka.
lModasnsroujee 60bWUHCMBO CIOPMCMEHOK-KaHOUCMOK Xapakmepu3oeanachb cpedHeli hyHKUUOHanbHOU MoO8UXKHOCMbLIO HEPBHbIX MPOYECCO8
U Hu3Kol cusoli HepeHOU cucmembl, MOHUXEHHOU 3¢h¢heKMmU8HOCMbLIO CEHCOMOMOPHOU desimenbHOCMU, Mo20a KaK 60JIbWUHCME8O crropmcme-
HOK, crieyuanusupyroujuxcsi 8 2pebsie Ha 6alidapkax, — eblwe cpedHel (hyHKYUOHaNIbHOU M0G8UXHOCMbLIO HEPBHBLIX Mpoyeccoe, cpedHell cunol
HepeHol cucmeMbl U 8bicoKol / ebiuie cpedHell aghghekmueHOCMBLIO CEHCOMOMOPHOU OdessmenbHocmu. B 2pynne cnopmcmeHok ¢ 6onbwum
cropmueHbIM cmaxeM (2pebnsi Ha 6alidapkax) ebisie/IeHO npesanuposaHue PecrioHGeHMOoK C X0/IepuU4YecKUM U CaH28UHUYECKUM muromM memiie-
pameHma, HuU3kol u cpedHell 3MOYUOHasbHOU ycmoliyueocmbto. Cpedu cropmcMeHOK-KaHOUCMOK ebisiesIeHo npeobnadaHue 3MOUUOHaslbHO
Heycmoli4uebiX pecrnoHOeHMoK C XoJsiepu4yecKuM murom memnepameHma. Bonee ebicokuii ncuxogpusuonozuyeckuii cmamyc (Mo Moka3aHuUsiM
pyHKYUOHanbHOU Mode8UXHOCMU U CUJlbl HEPBHbIX NPOYEeccos, a makxe 3ghghekmueHocmu ceHCOMOmMopHoLU desimesibHOCMU) NPOGeMOHCMPUPO-
easiu crropmcMeHKu ¢ 60/1bWUM CopmueHbIM cmaxem (2pebnisi Ha 6ailidapkax) Mo cpasHEHUIo ¢ CMOPMCMeHKaMu-KaHoUCmKaMbl, KOmopbie ume-
U MeHbWUl cMa) cropmueHol mpeHUpoekKuU. BrisieneHHble paznuyus uHAueudyasbHO-MUMOI02UYECKUX C80liCMe 8bicWux omaesioe yeHmpa-
JIbHOU HepeHOoU cucmeMbl y CIOPMCMEHOK C pas/ludHbIM ypoeHeM adanmauyuu K dosi208peMeHHbIM hu3u4ecKkuM Hazpy3okam ornpedesieHHO20
muna (kaHo3s/6alidapka) MO2ym umemb NPO2HOCMUYECKYI0 UeHHOCMb U UCMOo/Ib308ambCsi Ofisi onmuMu3ayuu crropmueHo20 co8epuleHCmeaosa-
Husi 8 daHHOM eude cropma.

Knroyeenie croea: cnopmcmeHKu ebICOKOU Keanugukayuu, 2pebnsi Ha 6alidapkax u kaHo3, memMnepamMeHm, HelipoOuHaMu4ecKux ceolicmea.

S. Fedorchuk, Ph. D., O. Lusenko, D. Sci.

National University of Physical Education and Sports of Ukraine, Kyiv, Ukraine,
V. Romanyuk, Ph. D.

Rivne State Humanitarian University, Rivne, Ukraine

NEURODYNAMIC PROPERTIES AND PSYCHOLOGICAL CHARACTERISTICS
OF HIGH QUALIFICATION SPORTSHIPS WITH DIFFERENT SPORTS TRAININGS

The purpose of the study was to compare the neurodynamic and individual-typological properties of temperament in high-class athletes with a
different experience of sports training specializing in kayaking and canoeing. Diagnostic complex Diagnostic-1 was used to determine neurodynam-
ic characteristics, psychophysiological properties of the nervous system (MV Makarenko, VS Lyzohub); to determine the individual-typological
properties of temperament — the test H.J. Eysenk. The overwhelming majority of athletes-kayaks were characterized by the average functional mo-
bility of the nervous processes and the low strength of the nervous system, the reduced efficiency of sensorimotor activity, while the majority of
athletes specializing in kayaking — above the average functional mobility of the nervous processes and the average strength of the nervous system
and high / above average efficiency of sensorimotor activity. In the group of athletes with a great athletic experience (kayaking), the prevalence of
respondents with choleric and sanguine type of temperament, low and average emotional resistance was revealed. Among the athletes-kanoists the
predominance of emotionally unstable respondents with a choleric type of temperament was revealed. The higher psycho-physiological status (on
the indicators of functional mobility and the strength of the nerve process and the efficiency of sensorimotor activity) was demonstrated by athletes
with a large athletic experience (kayaking), as compared to athletes-kanoists who were less experienced in athletic training. The revealed differ-
ences in the individual-typological properties of the higher parts of the central nervous system in athletes with different levels of adaptation to long-
term physical activity of a certain type (canoe / kayak) can have a predictive value and are used to optimize sports improvement in this sport.

Key words: athletes of high qualification, kayaking, canoeing, temperament, neurodynamic properties.
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A. Nehelia, Ph. D. stud., V. Nikulina, Ph. D.,
N. Senchylo, assist. prof., le. Torgolo, Ph. D.,
L. Garmanchuk, D. Sci.
ESC "Institute of Biology and Medicine", Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

ADHESIVE, MIGRATION AND LACTATE DEHYDROGENASE ACTIVITY
IN BREAST CANCER CELLS UNDER ACTIVATION TLR -LIGAND TEICHOIC ACID

Toll-like receptors are cell receptors, the ligands of which are mostly antigens of bacteria and viruses. Their activation
triggers multiple cascades that cause the body's immune response. The atypical location of toll-like receptors is often observed
in various types of tumor diseases. In view of this, various approaches to the combination of antitumor therapy with the
activation of the toll-like receptors are considered. In particular, one of the most common is toll-like receptor type 4, which
activator is teichoic acid. In a previous study, it was shown that teichoic acid and PO244 combined therapy increases the
apoptotic level of LLC cells and reduces the number of cells in a proliferative pool of cell cycle.One of the most important
indicators of tumor diseases is the ability of tumor cells to migrate, which characterizes the extent of their degeneration and
affects the ability to vascularisation and invasion. This ability is directly dependent on the adhesive properties of tumor cells.
Another feature of tumor cells is the change in biochemical properties, in particular, increased glucose consumption and
excessive activation of glycolysis, followed by its fermentation to lactate.In the conditions of 3D and 2D growth, the effect of TLR
ligand teichoic acid on migration, adhesive and lactate dehydrogenase activity of MCF-7 mammary gland cancer cells was
investigated. A nearly two-fold increase in the population of MCF-7 attached cells was detected under the influence of teichoic
acid. Also more than double increase in the rate of attachment of cells in unfed culture conditions was demonstrated, indicating
an increase in the adhesion characteristics of MCF-7 tumor cells under the action of teichoic acid. Under the influence of teichoic
acid the tumor cell migration was reduced 1.5 times, which may be a sign of a metastatic decreasing and inactivation of lactate
dehydrogenase, indicating biochemical changes in the whole cell.

Keywords: teichoic acid, MCF-7 cells, adhesive properties, LDH-activity

Introduction are cell wall biopolymers of gram-positive microorganisms
Ligands of Toll-like receptors (TLRs) are often used Staphylococcus aureus — teichoic acids (TA). They play a
as adjuvants in order to enhance the immunogenicity of significant role as immunomodulators. Nowadays agents
vaccines in the therapy of lung cancer [1-5]. Such ligands possessing in addition to the specific effect on cellular
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and molecular targets of tumor growth and ischemia, and
the ability to inhibit angiogenesis, are promising for
therapeutic  angiogenesis-dependent  correction  of
pathological states of vascular-dependent outcome [5].
Influence of teichoic acid from S. aureus on metabolic
activity of macrophages and cytotoxic activity of
splenocytes of mice bearing Lewis lung carcinoma.

In previous results, a combination of TA and PO244 was
found to result in 2-times increasing of LLC cells apoptotic
level in comparison with primary LLC cells (without co-culture)
and LLC cells under the condition of co-cultivation with
macrophages from mice without therapy. TAs+P0244 therapy
decreased the population of LLC cells in the proliferative pool
(G2/M+S phase) to 40 %, whereas control numbers were
65 % in LLC cells without co-culture and 60 % LLC cells with
macrophage co-culture from mice without therapy[3.5] As the
adhesive potential inversely correlates with cell ability to
migration, these in vitro data presumed that migration and
tumor infiltration could be activated when the tumor growts in
vivo. We have shown it in combined therapeutic scheme
application of TA and PO244 on LLC. Monotherapy by TA
stimulates tumor infiltration by lymphocytes insignificantly,
whereas TA combined with PO244 caused this parameter to
increase 2.4 times (p<0.05) [5].

The 3D growth model of tumor cells is considered more
appropriate in studying the mechanisms of the formation of
the primary metastatic node since it reproduces all the
growth zones and metabolic manifestations in the tumors
formation [6—10].

According to preliminary results, we have been found
that Teichoic acid modulates the adhesive properties of
MCF-7 tumor cells.

The purpose of this study was to test the effect of TA
on the adhesive and metabolic characteristics of tumor
cells. For this purpose, MCF-7 mammary gland cancer
cells were used in a model of spheroid growth (3D culture).

Materials and methods

Cells line

The adhesive cell line MCF-7 of human breast
adenocarcinoma, obtained from cancer cells bank
(Sigma, USA) was used as an experimental model. These
cells have an epithelial like morphology, a karyotype of
2n=46 with 0.6 percent polyploidy. Oncogenicity has
been confirmed in nude mice. In MCF-7 cells, receptors
to estrogens are present, estradiol is synthesized. For,
long-term cultured under standard conditions (37 °C,
100 % humidity, 5% CO?) in DMEM medium with the
addition of 10 % fetal bovine serum (FBS), 2 mmol L-
glutamine, and 40 pg/ml gentamicin. For the generation of
MCF-7 spheroids the carboxymethylcellulose (Sigma,
USA) was used as described previously [7-9]. The
medium components were not changed during the long-
term culturing. The multicellular spheroids were
generated, and their sizes were measured daily (after
addition of studied compounds) by measuring their areas,
in order to observe the growth dynamics under conditions
of activation of TLR by teichoic acid derived from
Staphylococcus aureus culture [7, 8].

Determination of adhesive properties of cells

To evaluate adhesive properties of MCF-7 cells under
the influence of studied compounds the method of
measuring adhesive abilities of macrophages was adapted.
After incubation of cells with tested compounds, the culture
medium was removed, and the layer of adherent cells was
washed thrice with the normal saline solution (pH 7.4). The
cells were fixed for 30 min with the addition of 100 pl 96 %
ethanol to each well. Then ethanol was removed, and the
plates were thoroughly dried. The staining solution (Crystal

Violet) was added to the fixed cells, 100 ul per well, and
incubated for 15 min at 20 °C. After incubation, the staining
solution was removed, and the cells were thrice washed
with the normal saline solution. To the layer of stained cells
per each well 100 I of dimethyl sulfoxide was added and
incubated for 15 min at 37 °C.

After full dissolution of the stain, the optic density (OD)
of solution was determined in each well at 570 nm using
the spectrophotometer (BioTek mQuant MQX200,USA).
The results were represented as adhesion index (Al) units,
calculated as follows:

Al = E¢/Ec-100 %, [ %],
where E. is the extinction of sample, measured in the
presence of studied compounds, Ec: is the extinction of
sample in control wells.

The cells were incubated for 15, 30, 45, 60, and 120
minutes with TA to evaluate the rate of attachment of cells
under the influence of TA. Following each incubation
period, the quantity of attached cells was checked by
measuring the intensity of colorimetric absorption after
dissolution of the Crystal Violet, as described above [11].

Determination of tumor cell migration

For this purpose, the cells were planted at the same
concentration on a 10 cm Petri dish and glass plates with a
specific size placed in cups. Once the cells reached almost
100 % monolayer, glasses moved into separate cups and
incubation was performed with TA. The observations were
carried out for 4 days by defining the area of cell migration
using Axio Vision software (Carl Zeiss, Germany).

Determination of lactate dehydrogenase activity

Determination of lactate dehydrogenase activity in the
culture medium of MCF-7 cells was performed using the
commercial diagnostic kit "Filicit-Diagnostics” (Ukraine)
designed to determine the total activity of lactate
dehydrogenase isoforms (LDH1, LDH2, LDH3, LDH4,
LDH5). The method is based on the optimized standard
method according to the LDG requirements and modified
according to manufacture recommendations. The
determination was carried out in accordance with the
protocol of the manufacturer, for this purpose, 1 ml of
reagent was added to 20 pl of the test medium and
spectrophotometrically measured the optical density of the
solution at 340-365 nm. Data were calculated in units of
enzymatic activity pkat/l.

Statistical analysis of the results was carried out using
the statistical software Microsoft Excel 2010. To assess the
statistical significance of the detected changes Student t-
test applied; results were declared statistically significant if
P < 0.05.

Results and discussion

In many types of tumor cells, TLR hyperexpression
has been detected [1-4, 12-14]. The role of TLR
signaling in the norm is particularly relevant in cells with
inherent migration activity. Also, TLR activation results in
epithelial-mesenchymal transition and activation of matrix
metalloproteinases. This pattern is implemented under
conditions of acidosis associated with a violation of
metabolic function with a pronounced glycolytic
phenotype and the accumulation of lactate in the
microenvironment of tumor cells. In previous experiments,
we identified a modification of the adhesion potential of
MCF-7 tumor cells in the case of activation of these cells
by the teichoic acid. Therefore, on models of 3D growth of
MCEF-7 cells, we tested the effect of TA on the adhesive
characteristics of these cells. As shown by the data
(Fig. 1), TA activated the transition of cells from spheroid
growth to the adhesive fraction.
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Fig. 1. Adhesive characteristics of MCF-7 (in 3D growth conditions) in presence of teichoic acid

In control, 20 % of cells in the adhesive fraction were
detected, while for the incubation of cells with teichoic
acid, almost 40 % of the cells were detected in the
adhesive fraction.

This fact, on the one hand, can suppress the migration
of tumor cells, and on the other, effects on the "sticking" of
tumor cells to the endothelial cells and their penetration
into the vessels and subsequent migration to metastatic
zones. To determine the impact of TA on migration an

Control $=96,5+7,3 mm?

original method was applied — the migration of cells from
the glass plates. For this purpose, cells were cultured in
standard conditions prior to the formation of the monolayer
and then moved under conditions of the influence of TA
and in standard conditions (control). Under these
conditions, they cultivated for 4 days and determined the
area of migration of cells from the glasses. It has been
shown that TA inhibits the migration of MCF-7 cells by
1.5 times compared to control (Fig. 2).

4

TA S=63,3t6,1 mm?*

Fig. 2. The area of cell migration of the MCF-7 line under the influence of teichoic acid
(4 days of incubation on full-cell monolayers).
M £ m, * p< 0,05, compared to control
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Consequently, the results of the migration test indicate
that the MCF-7 substrate cell migration was reduced by 1.5
times (p<0.01) under the action of TA, as compared to the
control. Such a pattern of influence can indirectly testify to
the inhibition of metastasis under the action of TA, which is
directly related to inhibition of invasion in the vasculature.

It is known that the microenvironment of cells,
particular, in acidosis, may affect various processes in
tumor cells [15]. The tumor microenvironment has profound
effects on cancer development, progression, and
therapeutic response. The metabolism of cancer cells is

reprogrammed from that of normal cells. In the early
twentieth century, Otto Warburg observed that cancer cells
preferentially utilize glycolysis, instead of oxidative
phosphorylation, for energy metabolism even in the
presence of oxygen (now known as the "Warburg effect")
[16]. Glycolytic metabolism of glucose results in lactic acid,
which can acidify the tumor microenvironment after being
expelled by cancer cells [17]. Therefore, the next step was to
determine the lactate dehydrogenase activity in the medium
of incubation of MCF-7 cells under the action of TA.

0,1

0,08

0,06 A

0,04 1

LDH activity (ukat/l)

0,02 1

Control

B 2D growth

TA

3D growth

Fig. 3. LDH activity in cells cultured in a medium with addition and without addition of TA (* p <0.05)

The activity of LDH in cells cultured in 3D was twice
lower in control compared to cultivation in 2D growth
conditions (p<0.05, Fig. 3). The activity of LDH under the
action of TA was lower in both 2D and 3D growth conditions.

Thus, 3D models have potential to bridge the gap
between 2D cell culture and whole animal models by
mimicking in vivo tumor features.

A significant effect of TA on the adhesion characteristics
of tumor cells was revealed in the study of the rate of cells

attached to the substrate in unfed culture conditions for 2
hours. As shown in Fig. 4., under the incubation of MCF-7
cells with teichoic acid the attachment of cells increased
substantially from the period of incubation for 30 minutes,
which confirmed by the intensity of optical absorption after
coloring the attached cells with Crystal Violet. This indicator
remains 2—2.5 times higher than the corresponding control at
all time points of incubation.
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Fig. 4. The rate of attached MCF-7 cells in condition of unfed culture and under the influence of TA (1 ng/ml)
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The results of experimental studies on the model of
cultured mammary carcinoma MCF-7 cells in conditions of
2D and 3D growth indicate a significant effect of TA as a
suppressant inhibitor of substrate-independent growth. This
effect confirmed by an increase in the fraction of adhesive
cells in half as compared to the control. Also, the TA
modifying action appears in increasing of the attachment
rate and the fraction of adhesive cells. Perhaps this effect
also associated with inhibition of cell migration to the
substrate as compared to the control. Also, a significant
modifying effect of TA appears on the metabolism of lactate.
Currently considered that metabolic reprogramming is an
essential component of the progression of tumor growth.
One of the keyframes in this process is the transition of cells
to anaerobic glycolysis resulted from lactate dehydrogenase
activation, lactate accumulation in the microenvironment of
tumor cells and inhibition of the pyruvate formation and
tissue respiration. On the other hand, accumulation of lactate
suppresses proapoptotic signaling. That is also one of the
components of progressive tumor growth.

Conclusions

Thus, the results indicate the modifying effect of the
TLR TA ligand on the adhesion, migration and metabolic
activity of the MCF-7 mammary tumor cells.

An increase in the population of attached cells was found
to be 40 % for TA, compared to 20 % in control. The 1.5-fold
decrease in cell migration and LDH activity inhibition under the
action of TA revealed, especially in 3D growth conditions.
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KuiBcbkoro HauioHanbHoro yHiBepcuteTy imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

ALTE3IA, MITPALIS TA NTAKTATOEINAPOrEHA3HA AKTUBHICTb KNITUH PAKY MONTOYHOI 3ANO3HU
3A YMOB AKTUBALII TLR-IIITAHOAOM TEMXO€EBOIO KUCJTOTOIO

Tonn-naiik peuenmopu — ue peyenmopu KIimuH, nizaH0amu sikux 30e6inbLwoz0 € aHmuzeHu 6akmepiti i gipycis. IxHs akmueauis 3anyckae MHOXUHHI
Kackadu, Wo Crpu4uHsilomb iMyHHY peakuyito op2aHiaMy. Amunoee po3maulyeaHHs mosui-nalik peyenmopie 4acmo criocmepizaemscsi npu pizHUX munax
nyXJIUHHUX 3axeoploeaHb. 3 0271510y Ha ye, po32/1sIHYMo pisHoMaHimHi nidxodu 0o NoedHaHHs NPOMUNyx/IUHHOI meparnii 3 aKmueayieto mosn-natk peye-
nmopie. 3okpema, 0OHUM i3 HalimowupeHiwux € mons-nalk peyenmop 4 murny, aKmueamopoM siko2o € melixoega Kucsoma. Y nonepedHbomy Ao-
cnidkeHHi 6ys10 NokasaHo, wjo kombiHosaHa mepanisi TA ma PO244 nidsuwye anonmuyHuli pieeHb knimuH LLC ma 3HWXye Kinbkicmb KnimuH nponighepa-
mueHo20 nysy KimuHHO20 yuksy. OOHUM i3 Halieakiusiluux roka3HuKie Myx/IUHHUX 3axeoproeaHb € 30amHicmb KIiMuH nyxsauHu 0o Mizpauii, wo xa-
pakmepu3ye cmyniHb ix nepepodxeHHs i ennueae Ha 30amHicmb Ao eacKynsipu3sayii ma iHeazueHocmi. Lisi 30amuicmb HanpsiMy 3anexums eid adze3us-
Hux ecnacmueocmel nMyxJIUHHUX KnimuH. Lje odHieto ocobueicmio NyxsIuUHHUX KiMUH € 3MiHa 6GioximidyHuXx enacmueocmetl, 30kpema nidsuwieHe Crioxu-
8aHHs1 2/1I0KO3U Ma HadMipHa akmueayisi a2nikonizy 3 nodanbwum 36podxxyeaHHsM ii do nakmamy. Locnidxyeaecs egpekm TLR-nizaHOy melixoeeoi Kuc-
Jn1omu Ha miepayito, adzesiro ma nakmamadezidpozeHa3Hy akmueHicmb pakosux kiimuH MCF-7 MmonoyHoi 3ano3u 3a ymoe 3D ma 2D kynbmueyeaHHsi. Byno
ausiesieHo Malike 08OKpamHe 3pocmaHHs1 nonynsyil npukpinneHux knimuH MCF-7 nid ennueom melixoeegoi kucriomu. Takox 6yno npodeMoHCMpo8aHO
6inbuwe Hixx d8oKpamHe 3pocmaHHs WeUOKOCMIi NMPUKPIN/IeHHs1 KIimuH 3a ymoe doe2ompueasno2o KynbmueysaHHsi 6e3 3amiHu cepedosuuwja, wjo ceidyums
npo nidcuneHHs1 ad2e3UHUX Xxapakmepucmuk MyxsauHHUX kinimud MCF-7 nid dieto metixoeeoi kuciomu. [1id ennueom melixoegoi kucsiomu 6yso susiesne-
HO 3HUXeHHS1 nnow,i mizpayii nyxnuHHUX KnimuH y 1.5 pasa, ujo Moxe 6ymu nposieoM 3HUXEHHs1 30amHocmi 00 Memacma3syeaHHsl, ma 3MEeHWEHHS aK-
mueHocmi slakmamaAezidpozeHa3u, Wo eka3ye Ha 6ioxiMidHi 3MiHU KITiMUH e yinomy.

Kmoyoei crnioea: melixoeea kucrioma, knimuHu MCF-7, adze3ueHa enacmueicmb, LDH-akmueHicmb

A. Herens, acn., B. HukynuHa, kaHg.6uon.Hayk, H. CeHuYnno, ooueHT.,

E. Toprano, kaHa.6uon.Hayk, J1. FapmaHuyk, A-p 6uon. Hayk

YHU "UHcTuTyT 6MOonorum Ta MeauumHbl”

KueBckuit HaumoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko, KueB, YkpaunHa.

AOFE3NA, MUTPALUNA N NAKTATOErTMOPOINEHA3SHAA AKTUBHOCTbD KITETOK PAKA MOJIOYHOW XENE3bI
B YCNOBUAX AKTUBALIMUN TLR-IUTAHOOM TEMXOEBOU KUCIOTbI

Tonn-nalik peyenmopbl — 3Mo peyenmops! KIemok, uzaHoamMu KOmopbiX 8 OCHOBHOM sie/isilomcsl aHmuz2eHbl 6akmepull u eupycos. Ux ak-
mueayus 3anyckaem MHOXecmeeHHble Kackadbl, KOMopbIe 8bI3bI8aloM UMMYHHYIO peaKyuro op2aHu3Ma. Amunu4Hoe pacriosioxxeHue mosnn-naik
peuyenmopoe Yacmo Habrodaemcsi NpuU pa3uYHbIX Munax ornyxosieebix 3abonesaHull. Y4yumsieasi 3mo, paccMampuearomcsi pasuyHbie nodxo-
Obl K coYemaHuro npomueoonyxoJsiegoli mepanuu ¢ akmueayuel monn-naik peyenmopos. B yacmuocmu, 0OHUM U3 caMbIX pacrnpocmpaHeHHbIX
senssemcsi monn-nalik peyenmop 4 muna, aKmueamopoM KOmopozo sienisiemcsi melixoeeasi kucsioma. B npedbidyujem uccnedosaHuu 6b110 noka-
3aHo, Ymo KkoMb6uHupoeaHHasi mepanusi TA u PO244 noebiwaem anonmuyeckuii ypoeeHb kiiemok LLC u cHu)xaem Konu4yecmeo Ksiemok npoJsiuge-
pamueHo20 rnyna KiemoYyHo2o yukna. OGHUM u3 eaxHelwux rnokazameriel onyxoseebix 3a6oseeaHull siesissiemcsi cioco6HOCMb KIIeMOoK oryxosiu
K Mu2payuu, xapakmepu3supyrouwul cmerneHb UX repepox0eHusi u enusiem Ha crloco6HOCMb K 8acKyrnsipu3ayuu u uHeasueHocmu. 3ma crnoco6-
HOCMb HanpsiMyro 3agucum om adze3usHbIX ceolicme ornyxosieabix Krnemok. Euje o0HOlU 0co6eHHOCMbIO OMnyXxosieebiX KIIemoK siefisiemcsi uame-
HeHue 6uoxumuyeckux ceolicme, 8 YacmHOCMU MoebiuweHHoe nompe6rieHue 2/110K03bl U Ype3MepHasi akmueayusi 2/1uKonu3a ¢ nocredyrowum
cbpaxxusaHuem ee Kk nakmamy. Uccnedosasncs agpgpekm TLR-nuzaHda melixoesol Kucsombl Ha Mugpayuro, ad2e3uto U 1akmamaoeaudpozaeHa3Hyo
akmueHocmb pakoebix Kiiemok MCF-7 MonoyHoli xene3bl 8 ycnoeusix 3D u 2D kynbmueupoeaHusi. bblno ebisiesieHo noYymu deyKpamHbili pocm
nonynsyuu nNpukpenseHHbIx knemok MCF-7 nod enussHuem melixoeeol kucnomsl. Takke 6b1710 MPodeMOHCMpPUpPosaHo b6osiee yeM A8yKpamHbIl
pocm ckopocmu rnpuKpernsieHus! Kiemok e ycnoeusix unfed culture, ymo ceudemenscmeyem o6 ycuneHuu ad2e3ueHbIX Xapakmepucmuk ornyxosie-
8bix kriemok MCF-7 nod delicmeuem melixoeeoli kucsomsl. [100 enussHueM melixoeeol Kucsomsl 6b110 8bIsSI8/IEHO CHUXeHUe naowadu muzpayuu
ornyxoneebix kiemok e 1.5 pasza, Ymo moxem 6bIMb NPOsI8IEHUEM CHWKeHUs1 croco6HOCMU K Memacma3supoeaHulo, U yMeHbWweHue akmueHocmu
nakmamaAeaudpozeHasbl, YMo yKa3bieaem Ha 6uoxumuyecKue UMeHeHUsl KITemoK 8 UesIoM.

Knroueenie cnoea: melixoeeasi kucnoma, knemku MCF-7, adze3ueHasi cnocob6Hocmsb, LDH-akmueHocmb
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EKCMNPECIAl FEHA PTGS2 Y KNITUHAX XPALWOBOI TKAHUHMU
KOJNMIHHOIO CYIrnobA LYPIB 3A YMOB OCTEOAPTPO3Y
TA NP BBEAEHHI BIONON4YHO-AKTUBHUX PEYHOBMH

Ocmeoapmpo3 — deceHepamueHo-ducmpogiyHe 3axeoprogaHHs cyanobie, cnpu4duHeHe pisHUMuU ¢hakmopamu. Ha cb0200Hi
Hemae egheKmueHO20 JliKyeaHHsl, sike 6 3abe3neyyeasio noeHe oldyxaHHs ei0 apmpo3y. XOHOPONPOMeKMopuU 3acmoco8yrmbscs
8 MeduyuHi NPoMsi20M Mmpueasio20 Yacy, ajle CUPOBUHOK OJi1 HUX € CYMiul MOJIEKYJ1 XOHOPOIMUHcyibghamy 3 pPi3HOH G0eXu-
HOIO ma eapiauissiMu e noJIoKeHHI cynbhamHux 2pyn, sika Ma€ pi3Hi pieHi OYUWeHHS, W0 CMPUYUHIOE YacoM Pi3HOMaHIimHi
HebaxaHi egpekmu. Memoro po6omu 6yno npoaHanizyeamu iHmeHCU8HIiCMb 8iNlbHO-paduKasibHUX NMPouecie ma eKcripeciro 2eHa
— mMediamopa 3ananbHoi eionoegidi — Ptgs2 y xpsawoeili mkaHuHi wypie 3 iHOykoeaHUM MOHoliodoauemamom Hampiro apmpo3om
ma npu eeedeHHi 6ion102iYHO-aKMUBHUX PEeYO8UH: XOHOPOIMUHcynbthamy, MmenaHiHy (nonigpeHonbHa crnonyka 3 aHMUOKCU-
daHMHUMU ma npomus3anaabHUMuU ejslacmusocmsiMu) ma ix kombiHauii. Po6omy 6yno eukoHaHO Ha 6inux HesiHiGHUX wypax.
BukopucmaHi memodu: eu3Ha4eHHs1 KOHYeHmpauii opzaHiyHux eidponepokcudie, 3T-IJ/IP y peanbHOMYy 4aci, cmamucmu4Hi
mMemodu. MonekynsapHo-6ioximidHull aHani3 xpssuieeol mKkaHUHU wypie 3 iHOykoeaHUM MOHoliodoayemamoM Hampilo apmpo3om
eusieue nidsuuwieHHs1 pisHs1 ekcnpecii 2eHa Ptgs2 y 8,1 pa3a (p < 0,001), nocusneHHs1 8inbHO-paduKkanbHUX npouyecie (36inbwWeHHs
emicmy opeaHiyHux 2idponepokcudie y 2 pa3sa (p < 0,001)) nopieHSIHO 3 KOHMPOJILHOIO 2PYMNOI0 MEapuH, WO eKa3ye Ha Nopy-
weHHs1 pedokc-6anaHcy KMimuH, pO38UMOK OKUCHO20 cmpecy ma akmueauito 3anarbHux ma decmpyKmueHUX npouecie y mka-
HuHi. lpu eukopucmaHHi npenapamy Ha ocHoei XOHOpoimuHcynbghamy, menaHiHy ma komb6iHauyii yux 6ios02iYyHO-aKmueHuUx
PeYo8UH 3a MUX caMux YMOE pieeHb eKcrpecii Ub020 2eHa ma eMicm op2aHi4YHuUx 2ioponepokcudie Habnuxanucb 0 KOHMPO-
NIbHUX 3Ha4YyeHb, WO eKa3ye Ha npomus3anasbHi U aHMuokcudaHmMHi eslacmueocmi 3a3HavyeHux rnpenapamie, ma npo douyinb-
Hicmb cninlbHO20 3acmocoeyeaHHsI XOHOPOIMuUHcynbghamy ma MesiaHiHy 3a yMoe ocmeoapmpo3y wypie, wo, y Ceor 4Yepay,
cnpusie 6inbw weudkoMy eiOHOEJIEHHIO CMPYKMypuU Xpsiujeeoi MKaHUHU ma rnamepHy eKcripecii neeHUx 2eHie, 2anbMyeaHHIO
dezpadayii, 8inbHO-padukanbHUX NMPoYecie i MepeKucHo20 OKUC/IeHHS Jlinidie ma npuaHiyye 3ananeHHs.

Knroyoei cnoea: xpsiwj, ocmeoapmpos, uypu, xoHdpoimuHcynbgham, Ptgs2, 3ananeHHsl.

Betyn. OuiHka XxapakTepy ekcnpecii reHis [o3Bonsie I0Tb Y KMiTUHAaX opraHiaMy 3a TUX YU iHWWX NaToMOoriYHUX
PO3LUNPUTM YSIBNIEHHS CTOCOBHO MEXaHi3MiB, L0 BUHKKA- CTaHiB. AgXe peanisauis 3MiH reHHOI ekcnpecii B KNiTuHax

© OpaHuuumHa A., Bnoxina O., Kopotkun O., iBopeHko K., OctanyeHko J1., 2018
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YHacnigoK MOLUKOMXKYYOro BNAUBY BUMarae NeBHOro vacy
i € HacnigkoMm TpuBanoi aii ctumynsaTopa [1-3].

OcteoapTpos (Big aHrn. osteoarthritis) — ue XpoHiyHe ae-
reHepaTuBHO-AMCTPOMIYHE 3aXBOPIOBaHHA cyrnobis, cnpu-
YMHEeHe pisHMMK dakTopamu [3-4]. Lisa xBopoGa xapaktepu-
3yeTbCA 3ananeHHsM CUHOBIanbHOI OGOMOHKK, epo3ieto
xpsiLa Ta pe3opbuieto cydxoHapanbHoi KicTku. [lereHepauis
Xpsila novnHaeTbes 3 biomexaHivyHmx i GioximiyHMX naTtono-
rYHMX 3MiH: TpaBMU, M'A30BOI CrabKOCTi, OXKMPIHHS, reHeTU-
YHOI CXWMbHOCTI, BXMBAHHA €CTPOreHiB, akTueaLii BinbHO-
pagvkanbHUX npouecis Towo [4-5]. Taki daktopn MOXyTb
Npu3BECTV A0 HaASMLLKY CUHTE3y Npo3anarnbHUX LMTOKIHIB,
Hanpwvknag, iHTepnenkiHy-1-6eta (I/1-1B) Ta dhakTopa Hekpo-
3y nyxnvHn (TNFa, ©HIM), wo, y cBok 4epry, CTUMYIOE
E€KCMNPECI0 YNCIIEHHUX XEMOKIHIB [3], @ TakoX ogHoro 3 no-
TY)XHUX Mpo3anarnbHux reHis — Ptgs2, akun kogye epmeHT
uuknookcureHasy-2 (COX-2) i noro npogykT — npocrarnaH-
avH E2 (PGE2) [3, 6]. Metabonitn n depmeHTn kackagy
apaxigoHoBoI kucnotu, y Tomy umcni COX-2, sk Bigomo, €
BaXMBMMUW MefiaTopamu 3ananbHoi peakdii [2, 7]. MNokasa-
HO LUBMAKY 3MiHY piBHS ekcnpecii Ptgs2 i BMICTy npo3anarb-
HUX UWTOKIHIB Y CUHOBIOLMTax Ta XOHApOUMTaxX NOAUHW B
paHHbOMY nepiodi po3BUTKY ocTeoapTpuTy [8].

Ha cborogHi Hemae edeKTMBHOro nikyBaHHs, sike 6 3a-
6e3nevyBano NoBHe ofyXaHHs Big apTpo3y. [is GinbLocTi
npenapariB HanpaerneHa nuLle Ha NoserweHHs CUMNTOMIB.
Tomy cborogHi Benuka yeara npuainaerbCcsa noLuyKy pevo-
BVH, AKki © BigHOBMOBanNu piBHOBary MpoLECiB CUHTE3y 1
aerpagauii 3 MiHiMmansHUMK NOGIYHUMKN echekTamm [12—14].
HecTepoigHi npoTusananbHi npenapaTty, iMyHOCYMNpPeCHBHI
3acobu Towo nocnabnoTb akTuBHicTb PGE2, ane B Hux
BiJCYTHI enemeHT aHTUokcuaaHTHoI Tepanii [15]. Bigomo,
L0 Ha no4aTky 3aXBOPIOBAHHS B XOHOPOLMTaX aKkTUBYHOTb-
Cs1 BiNbHO-paaukanbHi npouecu, 36inbLUYyeETbCA YTBOPEHHSI
akTMBHUX opM kucHio (APK), 3Ha4YHO NMOCUNIOKTLCA MPO-
LeC OKMCHEHHS, O MNpM3BOAUTL OO0 PO3BUTKY OKMCHOrO
ctpecy — OC (30kpema, NepeKncHe OKUCHEHHsT ninigiBs —
MOJT), ski nopywytoTe MeTaboniam KnituH [16], yLWKOmXKy-
10Tb (PEPMEHTN i CTPYKTYPHI BiNnkn XpsLLOBOI TKaHUHM, LLO
npu3BoAUTbL A0 3armbeni xoHApoumuTiB i cnHosiounTiB [15,
17]. OCHOBHVMW CTPYKTYPHUMU BinKammn XpsILLLOBOT TKaHWHM,
AKi MOONQIKYIOTLCS B OKUCHUX peakuisx € npoTeornikaHu.
Bigomo, wWo 3acTtocyBaHHs npenapaTiB Ha OCHOBI XOHOPOI-
TUHY, SKi MICTATb Y CKnagi CTPYKTYPHi KOMMOHEHTU npoTe-
ornikaHiB, CNpusi€ BIOQHOBMEHHIO CTPYKTYPU TKaHWHW, rarnb-
MyBaHHIO MpoLeciB Aerpagalii i MEePeKUCHOr0 OKUCIEHHS
ninigis Ta NpurHiyye 3ananeHHs. XoHAPONpoTeKTOpK 3acTo-
COBYIOTbCSl B MEAWLMHI NPOTAroM TpUBanoro 4acy, ane cu-
POBVHOIO AN HUX € CYMiLl MOMEKYN XOHAPOITUHCYNbMaTy 3
Pi3HOI0 OOBXWHOO | BapiauisiMM B NOMOXEHHi CynbgaTHMX
rpyn, sika Mae pisHi PiBHi OYULLEHHS, WO CMIPUYMHIOE Pi3HO-
MaHITHi edpekTn, Yacom 30BCiM HebaxaHi [12—14].

MenaHiHW — NirMeHTW WKipKW, BONOCCSH, pangyxku, 4o-
pHOi cybcTaHuii Mo3ky Towo. Bigomo, wo ui nonicdeHonb-
Hi CMOMykn BWSIBNATb penapaTuBHY, aHTUOKCUAAHTHY,
npoTusananbHy, paHo3arolyy, iMyHOMOAYIolYy Ta npo-
TUNYXNuHHY BnacTtmeocTi [18, 19]. Y nonepegHix gocni-
OXEeHHsIX Hamu Byno nokasaHo, WO MenaHiH, NpoayLeH-
TOM SIKOFO € aHTapKTUYHI YOPHI ApiKAXenodibHi rpubn
Nadsoniella nigra, wtam X1-M, BucisHi i3 3paskis BepTu-
KanbHWX ckenb ocTtpoBa aniHges (YkpaiHcbka aHTapKTu-
YHa cTaHuis "Akagemik BepHaacbkuin"), Bonogie Bupaxe-
HOI LMTONPOTEKTOPHO Ai€l0 Ta CNPUSIE LIBUOKOMY 3aro-
€HHIO paH pisHoi eTionorii [5, 6, 20].

3 ornagy Ha Buwe3asHaveHe MeTolo poboTn Gyno npo-
aHanisyBaTu iHTEHCUBHICTb BiNbHO-pagukanbHUX MNpoLeciB Ta
eKcrnpecito reHa — MefiaTopa 3ananbHoi Bignosigi — Ptgs2 B
XPALLOBIN TKaHWHI LLYPIB 3 iHAYKOBaHMM MOHOMOAOAaLEeTaToM

HaTpito apTPO30M Ta NpW BBEAEHHi GionoriYHO-aKTUBHUX pe-
YOBWH: XOHOPOITUHCYNbAaTy, MenaHiHy Ta ix kKomMBiHaLljii.

Marepianu i Mmetoan. Poboty Gyno BukoHaHO Ha Ginmx
HeniHinHuX Wwypax obox craten macoto 180-240 r, wo ytpu-
MyBanucb Ha CTaHOAPTHOMY pauioHi BiBapito. MNpu poboTi 3
TBapuHaMu OOTPUMYBANWCh 3arasibHUX €TUYHMX HOPM Mpo-
BEOEHHsI eKCMIePMMEHTIB Ha TBapuHax BignoBigHoO 4o "€Bpo-
NeCbKOI KOHBEHLiT NPO 3aXMUCT XPeOETHNX TBApWH, LLIO BUKO-
PVCTOBYIOTECS Af1sl HAYKOBUX EKCMEPUMEHTIB abo B iHLUMX
HaykoBuX Uinsx". Mo3WTMBHUIA BUCHOBOK BiOETMYHOI KOMICHT
OTPUMaHO Ha 3acigaHHi GioeTndHoi komicii HHL "lHcTuTyT
Gionorii Ta MeaMumHn" KWMIBCbKOro HaLioHanbHOro yHiBepcu-
TeTy imeHi Tapaca LLleByeHka Big 29 nuctonaga 2017 p. Kox-
Ha rpyna Bkro4ana no 12 TBapuH KOXHOI CTarTi.

EkcnepumeHT npoBOAMNKM 33 CXEMOW: $IK KOHTPOMb
(nepwa rpyna) BUKOPUCTOBYBanNu LUypiB, SKMM B MNepLumin
neHb B obuaBa KomiHa Kpi3b KOMiHHY 3B'I3KY KOMOMu no
50 Mkn i3po3unHy; TBapuvHW ApYroi rpynu crnyryBanu siK
HeraTMBHUIM KOHTPOMb il npenaparty, iMm BBoAUNM i3pos-
YMH Tak camo, SIK i KOHTPOMbHMM TBapWHaM, i 4OAATKOBO 3
8 [OHS eKkcrnepyvMeHTYy 3acTOCOBYBanu BHYTPILLHbOM'A3€BO
1 mn npenapaty "Opacton” ("ApTpagon" TOWO; akTUBHA
peyoBMHa: XOHAPOITUHCYNbdAaT HaTpito — 100 Mr) 1 pa3 Ha
noby npotarom 14 fi6; TpeTs rpyna — Liypw, CryryBanu sik
HeraTUBHUIN KOHTPOSb Aii MenaHiHy, iM BBOAMNMN i3po3ynH
TaKk camo, §K i KOHTPONbHMM TBapuHaM, i OOaTKoBO 3 8
OHS eKCnepuMeHTy BBOOWMIW MepopanbHO PO3YMHEHUI Y
BOAI MenaHiH (NPOAYLEHTOM SKOro € aHTapKTUYHI YOPHI
opixmkenodioni rpmbu Nadsoniella nigra, wtam X1-M;
0,3 mr/kr) — 1 pa3 Ha poby npotsrom 14 gi6; yeTBepTa rpy-
na — TBapuHW, SIKUM y NepPLUMIA AeHb BBOAWIMN B MpaBe Ko-
niHo 3 Mr MoHoropgoauetaTy HaTpito (monosodium
iodoacetate — MIA), posunHeHoro B 50 MKkn pisposuumHy, y
nise koniHo — 50 MK i3pO34YNHY Kpi3b KOMiHHY 3B'A3KY; Y
TBapwH N'ATOI rpynM oCTeoapTpo3 MOAEentoBanu Tak camo,
AK | B 4eTBepTii rpyni wypis, i BBOgUnu npenapat "[pac-
TON" aHanoriyHo Apyrii rpyni TBApuH; y LYpPIB LWOCTOI rpy-
nM OCTE0apTpO3 MOAENoBaNM Tak camo, K i B YeTBEpTIN
rpyni, i BBOAUNM MenaHiH aHarnoriyHo TPeTiv rpyni TBapwH;
y TBapvH CbOMOI FpynyM OCTE0apTpo3 MoAEmNBanu Tak
camo, §IK i B YeTBepTiV rpyni wypis, i BBoAunu npenapat
"OpacTon" Ta MenaHiH aHanoriyHo Apyrii Ta TpeTin rpyni
wypis. Mpn pospaxyHKy [o3u npenapaTty Ans TBapwH BU-
KopucTtoByBanu koedilieHTn nepepaxyHky [o3 (mr/kr) i3
opraHiaMy TBapvHW Ha opraHiam noanHn [21]. 3abin wypis
npoBoaunu Ha 29 geHb nicns noyatky ekcnepumeHty. Oa-
pasy Buaansinu rianiHosi XpsLwi KoniHHMX cyrnobis i 36epi-
ranv npu — 20 °C go noyatky AoCnigKeHb.

BusHayeHHA KOHLeHTpauii opraHiuHuX rigponepok-
cuaiB. BusHayeHHs BMicTy rigponepokeugis y GionoriyHo-
My MaTepiani 6a3yeTbcs Ha 3gaTHocTi H202 Ta opraHiuHmx
rigponepoKcuAiB Npu B3aeMogii i3 copbiTonom nepeTsopto-
BaTUCb Ha MEPOKCWUIbHUI pagukan, SKui, y CBOI 4Yepry,
koHBepTye Fe?* y Fe®* 3a kucnux sHaveHb pH. Y posuuHi
cynbgaTtHoi KucnoTu ioHn Fed* yTeopiotoTb 3abapsreHuii
KoMnnekc i3 6apBHUKOM KCUIEHOMOBMM MOMapaH4eBuM,
SKUA Mae Nik NornMHaHHA B AgianasoHi A = 540-580 Hm [22,
23]. BwmicT 6inka BumiptoBanu 3a metogom Jloypi [24].

KinbkicHa 3T-MJIP y peanbHomy 4aci. PHK oTpumy-
Banu 3a metogom Chomczynski [25]; CuHTes kAHK Ta ki-
NbKiCHY noniMmepasHy NaHUIroBy peakuilo B peanbHOMY
yaci (Real-time quantitative RT-PCR, gqRT-PCR, «IlJP)
NpoBOAUNM 32 JOMOMOrol koMepuirHoro Habopy "Thermo
Scientific Verso SYBR Green 1-Step qRT-PCR ROX Mix"
("Thermo  Scientific", JluTBa), BMKOpPUCTOBYIOUM MO
0,4 MKMONb/N KOXHOro nparimMepa, NpOBOAWUMNN 3a TaKuXx,
pekoMeHOoBaHMX  ipMOIO-BUPOOHMKOM, TemnepaTypHUX
ymos: cuHTe3 k[AHK 50 °C — 30 xB; iHiuiloloya geHaTtypadis
95 °C — 15 xB; gani 40 uwmknis: geHatypauis AHK 95 °C —
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15 c; ribpmamsadis nparimepis 50°C — 35 c; nobygosa naH-
yrora 72 °C — 30 c.; enoHrauis amnnidgikatis 72 °C — 5 xs.

Y peakuisix 6yno BUKOPUCTaHO Taki MOCMIAOBHOCTI Npan-
MepiB (nigibpaHo 3 BukopucTaHHaM Primer-BLAST): ans
Ptgs2 — npamuin — TGCTGTTCCAACCCATGTCA Ta 3BOpO-
THUM — TGTCAGAAACTCAGGCGTAGT; pna Actb (reH
[B-aKkTuHy, 1O BUKOPUCTOBYETBCHA SIK BHYTPILLUHIA KOHTPOMb
peakuii 3aBAsiIKM KOHCTUTYTUBHIN eKkcnpecii) — npsMun —
TGGGACGATATGGAGAAGAT Ta 3BOPOTHUM -
ATTGCCGATAGTGATGACCT. BigreoptoBaHicTb pesyrb-
TaTiB amnnidikauii 6yno nepesipeHo B napanenbHuX ekcne-
pumeHTax wnaxom nosTopeHHA KIMJIP Ha 3paskax PHK ycix
TBapPWH, i3 KOXXHUM NpanMepoMm He MeHLUe Tpbox pasiB. [ic-
NS KOXHOro UMKy amnnidikauii 3untyBanacb gnyopecLeH-
uis 6apsHunka SYBR Green |, a no 3akiH4eHHi peakuii 6yay-
Banacb KpvBa MnaBfieHHs1 Ans KOHTPOSO YTBOPEHHS AMMeE-
piB npariMmepiB Ta cneundivyHOCTI peakuii. BioHOCHY KinbKiCTb
MPHK o6paxosyBanu 3a nopisHansHum Ct metogom "AACT
Method", edektusHicTe [MJIP peakuin Oyna ogHakoBO
(Ex = (10~"slore)_1), slope < 0,1. BigHOCHUIN piBEHb EKCrpecii
3a3HayeHux reHis Hopmanisysanu o MPHK Actb [26].

CtatuctnyHa obpobka pe3ynbTaTiB [OCHiAKEHb.
MaTtemaTuyHy Ta ctaTUCcTM4Hy 06pobKy pesynbTaTiB Aoc-
nigkeHb NPoOBOAMIM Ha KOMM'IOTEpi 3 BUKOPUCTaAHHSAM Npo-
rpamHoro naketa "GraphPad Prism 5.04" ("GraphPad
Software Inc.", CLUA). ix nepesipsanu Ha HopMaribHe pos-
nogineHHst 3a gonomoroto Tecty Wanipo-Yinka. MNoganbLue
obuncneHHsa 34ivcHoBanu 3a AOMNOMOrOK OAHOCMPSIMOBa-
HOro gucnepcinHoro aHanisy (one-way ANOVA) i3 nocT-
TectoM Tyked. OTpumaHi pe3ynbTaTh HaBedeHi y BUMMAI
cepefHboro apudMmeTM4HOro + cepefHbOKBagpaTUYHE
BioxuneHHs (aucnepcis) — SD. Pe3ynbTtaT BBaXanu 3Ha-
yywmmm npu p < 0,05.

Pe3ynbTatn gocnigXeHb Ta iXx o6roBopeHHs. Y pe-
3ynbTaTi NPOBEAEHUX HaMW eKcrepuMeHTanbHUX [ocChi-
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[KeHb Oyno nokasaHo, WO BMICT OpraHidHuX rigponepok-
CUAIB Y XPALOBIN TKaHUHI TBapWH 3 eKcrepumeHTanbHUM
apTpo3om 6yB BuwmM y 2 pasu (p < 0,001) nopiBHAHO 3
KOHTponem. PiBHi ekcnpecii uboro reHa B NepLuini, Apyrin ta
TpeTin rpynax Lwypis AOCTOBIPHO He BiapisHANMCS. Y wypis,
npu ogHo4vacHomy BBefdeHHi 3 MIA npenapaty "OpacTton”
BMIiCT 3a3HayeHoro nokasHuka OyB y 1,4 pasa HWX4UM
(p <0,001), Hixx y TBapWH YeTBepTOI rpynu. Y rpyni TBapuH,
SKUM ogHoyacHo BBoavnu MIA Ta menaHiH BMIiCT opraHiy-
HKX rigponepokcugis 6ys y 1,6 pasa Hwkuum (p < 0,001),
HiDK Y TBapWH 4eTBeTpoi rpynn. Y LWypiB, SKMM OQHOYACHO
BeBoaunnu gk MIA, Tak i "Opacton” Ta MmenaHiH, BMICT 3a3Ha-
YeHoro nokasHuka 6ys B 1,8 pasa Hwxunm (p < 0,001), Hix
y TBapwH YeTBEPTOI rpynu.

Binomo, 10 ocTeoapTpo3 CynpoBOAXYETLCS iHTEHCU-
dikauieto MON y pisHUX TkaHWHax opraHiamy [2, 4, 5].
Takox Hamy Gyno BUSIBNEHO iCTOTHE NiABULLEHHSI KOHLe-
HTpaLii NepBMHHNX, BTOPUHHMX i KiHUeBnX npoaykTis MO/
Yy XPAWEBIA TKaHWHI LWYpiB MpU eKcnepuMeHTanbHoOMY
0OCTE0apTPO3i i 3HMKEHHS LUX MOKa3HWKIB Mpu ogHoYac-
HoMy BBefeHHi 3 MIA npenapaTty "Opacton" [27]. Takum
YMHOM, Ha nepLioMy eTani AocnigkeHHs Oyno nokasaHo
aKTMBYBaHHSA BiNbHO-paaMKanbHUX MpPOLUECIB Yy TBapWH
npy KOmiHHOMY OCTeoapTpo3i, Tak caMO §K i LIBMAKiLE
HabNMXeHHs BMICTY OpraHiYHUX rigponepokcuaie A0 KOH-
TPOMbHUX 3Ha4YeHb came Mpu ChifbHIN Aii XoHAPONpPOoTeEK-
TOpY Ta MenaHiHy 3a TUX caMmx yMOB.

Y pesynbTaTi noganblUnX eKcriepuMeHTanbHUX OocHi-
keHb Oyno nokasaHo, WO piBeHb eKcrpecii reHa Ptgs2 y
rpyni TBapuvH 3 nartonoricto 6yB Buwmm y 8,1 pasa
(p=0,001) nOpIBHAHO 3 KOHTPONBHUMK TBApUHaMMU
(puc. 1). PiBHi ekcnpecii uboro reHa B nepLui, Apyrin Ta
TpeTin rpynax LwypiB 4OCTOBIPHO He BiApi3HANMUCS.

skokck

Puc. 1. PiBeHb ekcnpecii MPHK reHa Ptgs2 B kniTuHax xpsiLLOBOi TKaHMHU KOMiIHHOro cyrno6a wypis
3a YMOB OCTeoapTpo3y Ta Npu BBeAeHHi 6ionoriyHo-akTMUBHUX PE4YOBUH.
1 — KOHTpOnb; 2 — "OpacTon”; 3 — menaHiH; 4 — MIA; 5 — MIA + "[Opacton”; 6 — MIA + menaHiH; 7 — MIA + "[pacton" + MenaHiHx;
*** — p < 0,001 BiGHOCHO KOHTPONbHUX TBapwH; ##H# — p < 0,001 BigHOCHO TBapwH, sikum BBOAMNU nuwe MIA; +++ — p < 0,001,
++ — p < 0,01 BigHOCHO TBapwuH, sikum BBoaMnu MIA + "Opacton”; # — p < 0,05 BiaHOCHO TBapwH, Skum BBoaunu MIA + menaHiH
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BoagHouac npu ogHoyacHomy BBeaeHHi 3 MIA npenapa-
Ty "OpacTton" piseHb BignosigHoi MPHK 6yB y 2,1 pasa
Hx4mm (p < 0,001), HiX y TBapuH TpeTboi rpynu, nporte
3anvwmece nigeuweHm B 3,9 pasa (p < 0,001) nopiBHsHO
3 KOHTponem. Y rpyni TBapwviH, SiKUM OOHOYacHO BBOOWUMU
MIA Ta menaHiH piBeHb ekcnpecii Pigs2 6yB y 2,5 pasa
HWx4Mm (p < 0,001), Hixx y TBapuH 4eTBepTOi rpynu, ane
nvwaecs nigsuwennm y 3,3 pasa (p < 0,001) nopisHaHO 3
KOHTPONbHUMK TBapuHaMu. Y LWypiB, SIKUM OfHOYaCHO
Beogunn MIA, "[dpacton” i MenaHiH, piBeHb 3a3Ha4yeHoro
nokasHuka 6ys B 3 pa3u Hwxk4uMm (p < 0,001), HiX y TBapuH
YeTBETPOI Ipynu, OAHAK 3anuWMBCA MNiOBULLEHUM Y
2,7 pa3a (p < 0,001) NOPIBHSAHO 3 KOHTPOSTBHUMUN 3HAYEHHSMM.
PiBHi ekcnpecil reHa Pfgs2 y 5-7 rpynax TBapuH 3Hauylle
BigpisHsnucs mMix coboto (p < 0,001, p < 0,01, p < 0,05).

OTxe, BCTaHOBNEHI HaMu 3MiHW ekcnpecii reHa Ptgs2
y XpsSILAX KONiHHOro cyrnoby LypiB 3a yMOB O0CTE0apTpo-
3y CBigyaTb NpO PO3BMTOK NATOMOriYHWX MPOLECIB Yy Xps-
LLOBIN TKaHWHI, 30kpeMa AereHepadii Ta 3ananeHHs. Boa-
Houyac Mpu 3acTOCyBaHHi MpenapaTy Ha OCHOBI XOHAOPOI-
TUHCYNbaTy, MenaHiHy Ta komOiHauii umMx GionoriyHo-
aKTMBHMX PEYOBMH 3a TUX CaMUX YMOB piBEHb eKCnpecii
3a3HaYeHOro reHa HabnuxaBcsa 0O KOHTPO, 0cobnuBo
npwu cnineHin Aii npenaparis.

[OaHi nitepatypm cBigyaTb, WO B CYrnoGOBI NOPOXKHMHI
MOLLKOKEHWNIN | HEKPOTUYHWUIA XPsiLL, a TaKOX KiCTKOBI hpar-
MEHTM nigaarTbcs darouuTosy nerkoumMTaMmm npu BUBINb-
HEeHHi MepiaTopiB 3ananeHHs: APK (cynepokcuaHuiA aHioH
(Oz2°), rigpokcunosuin pagukan (*OH), nepekuc BogHto (H202)
TOWO Ta nisocoManbHUX (PEPMEHTIB, WO KIiHIYHO BUSABMS-
I0TbCSl 3ananeHHsM cyrnoba Ta po3BUTKOM iMYHOSOMYHMX
peakuin Ha npodyktn posnagy [4, 5, 28]. Y xoHgpouuTax
A®K perynioloTb BHYTPILLUHBOKNITUHHI MONEKYNnu curHani-
3auii, Taki gk peuenTopHi TWpo3uHkiHa3n, MAP-kiHa3n
(ERK1/2, JNK, p38), ninigHi wnsxu (docdoninasu, PKC i
PI3-kiHaza/Akt curHanbHui WNsx), docdatasm Ta dakropu
TpaHckpunuii (agepHuii daktop-kanna B (NF-kB), p53 Ta
AP-1), Wwo 6epyTb y4acTb Y CUrHanbHUX LUNSAXax, siki pery-
NI0Tb CUHTE3 Ta Aerpagadiio xpsawosoi matpuui. AGK mo-
XyTb CMPUSATU MOCUIEHHIO aKTUBHOCTI NEBHOI perynsTopHol
CITKM LUMSIXOM 3BOPOTHOI iHaKTMBaUii crneumdivHmx cocda-
Ta3. 36inbleHHs piBHs ADK, y cBOO Yepry, Moxe akTuByBa-
Tn kaTaboniyHy curHanisadito, cnpuunHat OC i npurHivyBea-
T aHabonivHi CUrHambHi LWNAXW 32 PaxyHOK iHribyBaHHSA
IGF-1 —3anexHoro cuHTe3y npoTeorsikaHis [28, 29].

Moka3aHo, L0 NOCUNEHHA TpaHCKUPMLUii reHis, BionoB.i-
panbHux 3a cuHtes COX-2, cuHTasm okcuay asoty (NO
CMHTa3n), Benukoi KinbkocTi xemokiHiB (CXCL1, CXCL2,
CCL2 (C-C motif ligand 2, xemokiH niiraHg 2) Towo), IJ1-6 ta
iHLIMX reHiB, 3anyyeHnX y Kackag 3anarnbHuX peakuin, mo-
xe peryniosatucs IM-1f3, HagnMLWOK CHTE3Y AKOro, y CBOI
yepry, 3yMOBMEHUA Pi3HUMU YNHHUKaMK, Y ToMy yucni OC
(BUsiIBNEHe HamMy 3pOCTaHHS BMICTY OpraHiYHuX rigponepo-
KCuaiB), Hanpuknag, npu gereHepauii XpsLWOBOi TKaHUHU
Ta po3BUTKY 3ananeHHs [3].

Mpu ubomy BiobOyBanocs BUBINbHEHHS Npo3ananbHUX
LMTOKIHIB Y XoHApouuTax, 3okpema -2, IJ1-8, ®HI1, dak-
Topa akTuBaLii TpomGounTie (PAF) TOLWO Ha TNi 3HWKEHHS
npotu3anansHoro 11-10 [3, 28, 29]. BuwesasHa4veHi umto-
KiHM IHOYKYIOTb CMHTE3 MOoneKyn KniTuHHOi agresii (MKA)
Ha nnasMaTu4Hin MeMmbpaHi HenTpoiniB i eHgoTeniouuTiB,
LLO Npu3BOAUTL A0 Mirpauii HeMTPogIniB i3 MikpoLMpPKyns-
TOpHOro pycna B xoHapouuTu [1-3]. AkTuBauia HenTpodi-
niB obymoBntoe noganblue 306inbleHHS BUPOONeHHs npo-
3ananbHUX LMTOKIHIB | npocTarnaHauHiB, 3pOCTaHHs CUH-
Tesy MKA, nigBuLeHHS NPOHWMKHOCTI CyaouH i reHepadii
ADK y xoHgpouuTax. BuBINbHEHHS UWTOKIHIB i 3pocTaHHSA
cuHTedy MKA cnpustoTb nogansLuin mirpauii HemTpodinis,
PEKPYTYBaHHIO B-KNiTUH Ta akTMBOBaAHWUX T-KMITWH, WO 3y-

MOBIIOE LMKI 3ananeHHs!, HacnigkoM 4Yoro ctae rnocuneHa
reHepauia A®K, possutok OC, 3miHa meTaboniamy XoHA-
poumnTiB i 36inblEeHHA ekcnpecii paay reHis, 3anyyeHux y
PO3BUTOK 3ananeHHs, Ta TuX, WO KOAYITb MaTpPUKCHI Me-
TanonpoteiHasu, (MMP)-1, -8, -13 [1-3, 30]. Takox npwu
LbOMY MNpWrHiYyBanacb ecnpecis MaTpUKCHUX TeHiB, Ha-
npuknag, COL2A1, akun kopye konareH Il Tuny. Byno
3pobneHo npunywienHs, wo Bnnue J1-1B Ha ekcnpecito
BMLLE 3a3HaYEHUX reHiB MoXe BiabyBaTucs 3a 4ONOMOroH
HaCTYNHUX (PaKTOpPIB TPaHCKPWMLIi: MiOUUT-eHXaHcep, Lo
3B'a3ye daktop-3 (MEF-3), CCAAT/eHnxaHcep-3B'a3youni
6inok (C/EBP) Ta NF-kB [3].

Bigomo, Wo XOoHAPOITUHCYNbdAT € OCHOBHUM KOMMO-
HEHTOM NPOTEOrNikaHiB, CKMaZoBOK XPALLOBOI MaTpuLi.
Lle cynbdatoBaHui rriko3amiHornikaH, KU cknagaeTbest
3 [0BrMX HeposranymiXeHWx naHLUoriB, WO MOBTOPITL
3anuwku N-aueTnnranakrosamiHy Ta ritoKypoOHOBOI KUCHO-
™. Binbwicte aueTtunranakrosdamiHy MatTb N-cynbga-
TOBaHi 3anuwikn B 4-my Ta 6-my nonoxeHHsx. Monekynu
XOHOPOITUHYCYNnbgaTy 6epyTb y4acTb y npouecax TpaHc-
nopTy BOAWM, aMiHOKMCHOT i ninigiB y 6e3cyanMHHNX 30Hax
xpswa [13-15, 31]. Ha gesknx TBapuHHUX MOLENAX XPOHi-
YHOro OCTeoapTupTy Oyno nokasaHo, Wo npu Tepanii 3
BMKOPUCTaHHAM XOHAPOITMH ynbdaTy 3HWXKyBanacb eKc-
npecisa Ta cuHte3 COX-2 i CCL2, npurHidyBanacb iHQINbT-
pauist iMyHHUMU KNiTUHaMKU CUHOBIANbHOI OBO0MOHKK | 3me-
HLWYBaBCs CTYyNiHb nponidepalii B CMHOBIanNbHin MembpaHi
[15]. Takox geski JocnigXeHHs in vivo nokasanu, Wwo npu
BBEJAEHHI XOHAPOITMHCYNbdATy B CUHOBIanNbHy TKaHWUHY
3HMXKyBanacb koHueHTtpauia I/1-18 [32] Ta iHwux megdiato-
pie 3ananenHs (IJ1-6, NO cuHTasy, npoctarnaHgunH E2),
KpiM TOro, npurHiyyBanacb iHOyKOoBaHa ekcrnpecia maT-
pukcHux MetanonpoteiHas (MMP)-3, -9, -13 y xoHapouu-
Tax [33]. XoHOponpoTeKTOpY 3axuatTb KIiTUHW, iHribyto-
UM SIK OKUCINEHHS OinkiB i NinigiB, Tak i CMHTE3 BiNbHUX pa-
Aukanis, nepeLuKopKaoymM anonTtody xoHgpouutis [17].
CTOCOBHO MOXIMBMX MOJNEKYNAPHUX MeXaHi3MiB BMMBY
XOHAPOITUHCYNbdATy Ha NaTepH eKCnpecii NMeBHUX reHiB
Oyno BMSBMEHO, L0 BiH MPUrHiYye akTuBaLilo Ta SiAepHY
TpaHcnokauito daktopa NFkB y xoHapouuTax i cuHoBioUm-
Tax. NFkp, 3B'A3yt0umnChb i3 NpOMOTOPOM BiAMOBIAHOMO reHa,
aKTUBYE TpaHCKpunuilo nposananbHux uuTokiHie, NO cuH-
Ta3n, COX-2, docconinasn A2, MaTpuKCHUX MeTanonpo-
TeiHas, Lo, y CBO 4epry, Nornubnioe pywHiBHI npouecu B
nedopMoBaHNX 0OCTeoapTpuTom cyrrnobax. XoHOpOiTUH-
cynbgat npurHivye ekcnpecito RANKL i aktuBye cuHTE3
OCTEeONpOoTEreprHy, perynoym TakKuM YMHOM pPEMOJENto-
BaHHs cybGXxoHapanbHoi KicTku [34, 35].

Ak 6yno 3a3HaveHo BULLE, MeMNaHiHM 3axuULLalTb opra-
Hi3M Big ynbTpadioneToBoro Ta PEeHTreHiBCbKOro ornpomi-
HEHHS1, BOMNOAiTb LIMTOMNPOTEKTOPHOK, CTPECOMPOTEKTOP-
HO, aHTUOKCUOAHTHOK Ta NpoTu3anansHow aieto [18-20,
36]. MNMpoayueHToM MenaHiHy, BMKOPUCTaHOMY B HalLOMy
OOCTigXeHHI, € apiXopKenodibHi rpndu, sKi XMBYTb B €KCT-
pemMarnbHUX yMoBax AHTapKTUYHOro NiBOCTPOBY Ta BUKOPWU-
CTOBYIOTb MeMnaHiH Ans 3axXucTy Bif WKiANMBOro ynbTpadi-
ONEeTOBOrO BUMPOMIHIOBAHHS, MEPETBOPIOKOYM EHEPrilo Ha
Ge3neyHy KinbkicTe Tenna. 3aBAsikv Uik BNacTMBOCTI Me-
naHiH nornuHae go 99,9 % yneTpacpioneTy, nonepeaxae
YTBOPEHHS BiNlbHWX pajukanis Ha MiHiManbHOMY piBHi i
MOXe OyTu OinblU MOTY>XKHMM pagionpOTEKTOPOM, aHTUOK-
CYAAHTOM TOLLO MOPIBHAHO 3 iHWMMM MenaHiHamm [18, 36].
CTOCOBHO MOXIUBMX MEXaHi3MiB BMMMBY MenaHiHy siK ro-
nipeHonNbLHOI CMOMYKN Ha EeKCnpecito npoaHarnisoBaHoro
reHa 3a ymoB OCTeoapTpo3y, NnepLu 3a Bce, chif 3a3HaunTu
MNOro BUpaXKeHy LIMTOMPOTEKTOPHY Aito: BiH 3HUXKYE aKTUB-
HICTb MpoLEeciB NEepeKNCHOro OKUCHEHHs ninigis, 36inbLye
aKTUBHICTb (DEPMEHTIB aHTUOKCUAAHTHOI cucTemu, 3anobi-
ratoun nowkomkeHHo OHK; BnnuBae Ha npoaykuito LMTO-
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kuHiB: TNF-a, I1-6, VEGF TowWwo 3a paxyHOK BNNuBY Ha
ekcrnpecito agepHux peuentopis PPAR [37]; nocunioe ekc-
npecito eNOS Ta BuAiNeHHs npoTu3ananbHUX LIMTOKIHIB
ONS 3HWKEHHS IHTEHCMBHOCTI 3ananenHst [2, 18—20, 36].

Takum 4YMHOM, OTPMMaHi Hamu pes3ynbTatv MOXYTb
CBiAYMTW NPO AOLIMbHICTb CNifIbHOrO 3aCTOCOBYBAHHSA XOH-
OPOiTUHCYNbMaTy Ta MenaHiHy 3a YyMOB OCTe0oapTpo3sy
LypiB, WO, y CBOIO Yepry, cnpusie 6inbL LWBWAKOMY BigHO-
BMIEHHIO CTPYKTYPU XPSILLEBOT TKAHWHU Ta NaTepHy ekcrpe-
Cii neBHUX TeHiB, ranbMyBaHHIO Aerpagadii, BifbHO-
pagukanbHMUX MPOLECiB i NePEKMCHOrO OKMCMEHHA niniais
Ta NPUrHiYye 3ananeHHs.

BucHoBKW. Moka3aHO 3pOCTaHHA piBHS ekcrpecii reHa
Ptgs2 y kniTMHax XpsAWOBOi TKaHUHM KONIHHOro cyrrnoba
LIypiB 32 YMOB €KCMepMMEeHTanbHOro ocTeoapTpo3dy Ha Thi
aKTMBYBaHHS BiNbHO-paguKanbHUX MpoLeciB (3pOCTaHHs
BMICTY oOpraHiyHux rigponepokcugis). NMpu BUKOPUCTaHHI
npenapaTty Ha OCHOBI XOHAPOITUHCYNbdAaTy, MenaHiHy Ta
KombGiHaUii umx GionoriyHo-akTMBHUX PEYOBMH 3a TUX Ca-
MMX YMOB PiBEHb EKCMPECIi LbOro reHa Ta BMICT OpraHiyHmx
rigponepokcuaiB Habnmxanuce A0 KOHTPOSbHUX 3HAYeHb,
Lo BKa3ye Ha npoTu3ananbHi  aHTMOKCUAAHTHI BNacTUBO-
CTi 3a3HayveHux npenapartiB, Ta ix 6inbw edekTuBHY Ailo
npw cnifibHOMY 3aCTOCYBaHHi.
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KneBckui HaumoHanbHbIW yHUBepcuteT umeHu Tapaca LlleBuyeHko, Kues, YkpauHa

3KCNPECCUA MEHA PTGS2 B KINETKAX XPALLEBOW TKAHU KONEHHOIO CYCTABA KPbIC
NMPU OCTEOAPTPO3E U NPU BBEAEHUN BUOJNTOMMYECKU AKTUBHbIX BELLECTB

Ocmeoapmpo3 — dezeHepamueHo-ducmpoguyeckoe 3abosesaHue cycmaeos, ornocpedosaHHoe delicmeueM pa3nu4HbIX gpakmopos. Ha ce200Hs
Hem 3ghghekmueHO20 JieyeHus1, komopoe 6bi obecreqyusaso rnosiHoe 8bI300poesieHue om apmpo3a. XoHOPONPoMmMeKMopkbI NPUMeHsIIoMCcs1 8 MeduyuHe
8 meyeHue AnumesnibHO20 8PeMeHU, HO CbIPbEM OJIs1 HUX SI8JIsIemCsi CMeCb MOJIEKYJ1 XOHOPOUMUH cysibghama ¢ pa3Hol OnuHoU u eapuayusiMu e ro-
JI0)KeHUU cynbghamHbIX 2Py, Komopasi uMeem pas/iuYyHble ypO8HU OYUCMKU, 8bi3bieaem rnopol pas/iuyHbie Nob6oyHble aghghekmol. Ljenbro pabomsi
6b1710 NpoaHanu3uposamb UHMEHCUBHOCMb c80600HO-paduKanibHbIX MPOUECCO8 U IKCMPeccuro 2eHa — meduamopa eocnanumesnibHo20 omeema —
Ptgs2 e xpsiwegoli mKaHU KpbIC C UHOYYUpO8aHHLIM MOHOU0doauemamom Hampusi apmpo30oM U npu eeedeHuUU 6UOI02UYECKU aKMUBHbIX eeujecms:
XOHOPOUMUH cynbghama, MeslaHuHa (nosugheHosIbHoe coeOUHeHUEe C aHMUOKCUOaHMHbLIMU U MPOMueoeocnanumesibHbIMU ceolicmeamu) U UX KOM-
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6uHayuu. Paboma 6bina ebinosiHeHa Ha 6enbix HenuHelHbIX Kpbicax. Ucnonb3oeaHHble Memodbi: onpedesieHUe KOHUeHmMpayuu op2aHu4ecKux au-
dponepokcudos, OT-NILP e peanbHOM 8peMeHu, cmamucmu4eckue MemoOdsl. MosnekynsapHo-6uoxumuyeckuli aHanu3 xpsiujeeoli MKaHu KpbIC C UHOY-
yuposaHHbIM MOHOUI0OOOayemamoM Hampusi apmpo3oM O6GHapy)KuJsl NMosbIlWeHUe yPO8HS1 3Kcrpeccuu 2eHa Ptgs2 e 8,1 pasa (p < 0,001), ycuneHue
c80600HO-paduKanbHbIX poyeccoes (yeenu4deHue codepxaHusi op2aHU4ecKux 2udponepokcudoe e 2 pa3sa (p < 0,001)) no cpagHeHUr0 ¢ KOHMPOJIbHOU
2pynnoli )XUBOMHbIX, YMO yKa3bieaem Ha HapyweHue pedokc-6anaHca K/1emok, pa3gumue OKUC/IUMe/IbHO20 cmpecca U aKmusayuro eocrnanumersb-
HbIX U OecmpyKmMueHbIX npoyeccoe 8 mkaHu. llpu ucnonb3oeaHuu npenapama Ha 0OCHo8e XOHOPOUMUH cyrnbghama, MesaHuUHa u KoM6UHayuu amux
6uosio2u4ecKU aKMuBHbIX 8eu4ecme pu Mex e yC/i08UsIX ypo8eHb IKCMPECCUU 3Mmo20 2eHa U codep)kaHue op2aHuU4ecKux audpornepokcudos npub6-
JNUKanucb K KOHMPOJIbHbIM 3HaYeHUsIM, YMO yKa3bigaem Ha npomueosocnanumesnbHble U aHmuokcudaHmHble ceolicmea amux npenapamos, U o
yenecoobpa3HoOCmMu COBMECMHO20 MPUMEHEHUsI XOHOPOUMUH cynbghama u MenaHuHa npu 0cmeoapmpo3e KpbIC, 4mo, 8 ceoto o4epedb, crrocobem-
syem 6onee 6bICMPOMY 80CCMaHOBIIEHUO CMPYKMYpPbI Xpswesoll MKaHU U nammepHa 3Kcripeccuu ornpedesieHHbIX 2eHO8, MOopPMoXKeHuu dezpa-
Odayuu, ce0600HO-paduKanbHbIX MPOUECCo8 U MepeKUCHO20 OKUc/eHus nunudoes, u nodaeJsisiem eocnaseHue.

Knroueenie crnoea: xpsiwj, ocmeoapmpo3, KpbICbl, XOHOpoumuH cynbgham, Ptgs2, eocnaneHue.
A.Dranitsina, Ph. D., O. Blohina, Ph. D., stud., O. Korotkiy, Ph. D.,
K. Dvorshchenko, D. Sci., L. Ostapchenko, D. Sci.
ESC "Institute of Biology and Medicine", Taras Shevchenko National University of Kyiv, Kyiv,Ukraine

EXPRESSION OF PTGS2 GENE IN RAT KNEE CARTILAGE CELLS UNDER CONDITIONS OF OSTEARTHRITIS
AND WITH ADMINISTRATION OF BIOLOGICALLY ACTIVE SUBSTANCES

Osteoarthritis — degenerative-dystrophic cartilage disease, caused by various factors. To date, there is no effective treatment that would
provide a full recovery from arthrosis. Chondroprotectors have been used in medicine for a long time, but the raw material for them is a mixture
of chondroitin sulfate molecules of varying lengths and variations in the position of sulfate groups, which has different levels of purification,
which sometimes causes various undesirable effects. The purpose of the work was to analyze the intensity of free radical processes and the
expression of the inflammatory response mediator gene — Ptgs2 in cartilage tissue of rat-induced sodium monoiodoacetate arthrosis and the
administration of biologically active substances: chondroitin sulfate, melanin (polyphenolic compound with antioxidant and anti-inflammatory
properties), and their combination. The work was performed on white nonlinear rats. Used methods: determination of concentration of organic
hydroperoxides, RT-PCR in real time, statistical methods. The molecular-biochemical analysis of cartilaginous tissue of rat-induced sodium
monoiodoacetate by arthrosis showed a 8.1-fold increase in the expression of the Ptgs2 gene (p < 0.001), an increase in free radical processes
(2-fold increase of organic hydroperoxides content (p < 0.001)) in comparison with a control group of animals, indicating a redox cell imbal-
ance, the development of oxidative stress and the activation of inflammatory and destructive processes in the tissue. When using chondroitin
sulfate, melanin, and combinations of these biologically active substances under the same conditions, the level of expression of this gene and
the content of organic hydroperoxides approached the control values indicating the anti-inflammatory and antioxidant properties of these
drugs and the appropriateness of the joint use of chondroitin sulfate and melanin under conditions of osteoarthritis in rats, which, in turn, pro-
motes a faster restoration of the structure of the cartilage tissue and the pattern of expression of certain genes, inhibited degradation of free-
radical processes and lipid peroxidation and inhibits inflammation.

Key words: cartilage, osteoarthritis, rats, chondroitin sulfate, Ptgs2, inflammation.
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CKOPOTJIMBI TA PENAKCALIIMHI XAPAKTEPUCTUKM M'A3IB
Y BUCOKOKBANI®IKOBAHUX CMTOPTCMEHIB-®PICTAUJICTIB

OOHuM 3 Hanpsimie nideuweHHs cneyianbHoI (i3uyHol NpayezdamHocmi crnopmMcMeHie 3 YHUKHEeHHSIM cropmueHo20 mpae-
Mamu3my Moxxe 6ymu po3pobka npuHyunie cneyianbHo20 MiopenakcauyiliHo2zo mpeHyeaHHs1. llleudkicmb miopenakcayii, moé6mo
po3criabrieHHs1 cKeslemHUX M'A3ie, € He MeHW 8aXKJIUBUM MOKa3HUKOM (byHKUiOHy8aHHs1 Hepe8oeo-M'si308020 anapamy i ¢pyHKuio-
HanbHUX MoOX/ueocmell op2aHi3My, HiX ckopomuuei xapakmepucmuku m'sizie. Memoro Hawoi po6omu 6ys10 O0CNiOKeHHsI CKO-
pomsiueoi ma penakcauyitiHoi 30amHocmi mM'sizie y 2pyni eucokokeasnighikoeaHux criopmcmMeHie, siki 3alimarombcsi ¢ppicmaiisiom,
3a donomozor Memody noeepxHeeol eslekmpomiozpagpii. [Jocnidxyeanu ckopomnuei ma penakcauyiliHi enacmueocmi m'sizie
HUWXHBLOI KiHUieKU — nepeOHbO20 8e/TUKO20Minkoeoz20 m'a3y (m. tibialis anterior, TA) ma namepasnbHoOi 20/1i6KU JITUMKOB020 M'A3y
(m. gastrocnemius lateralis, GL) npu 8ukoHaHHi ix MaKkcuMasibHO20 O08i/IlbHO20 CKOPOYEHHSI 8 i3oMempPuU4YHOMY pexumi. BusHa-
Yanu eeslu4UHU MaKcumMasibHo20 008inbHo20 ckopo4yeHHs1 (MC), weudkocmi doginbHo20 ckopoyeHHs (LUAC) ma weudkocmi
doeinbHozo po3scnabnexHs (LUAP) m. tibialis anterior npu cnpo6i munbHo20 32uHaHHs1 cmonu i m. gastrocnemius lateralis npu
cnpo6i i nidowoeHo20 32uHaHHA. Busieunu neeHi cmamucmu4Ho 3Hayyuw,i eiOMiHHOCMI euujeeka3aHuUX MokKa3HUKie, a came:
eenuyuHu LAP TA 3 nieo2o 6oky mina ma LUAP GL 3 o6ox 6okie mina 6ynu meHwumu, Hix eidnoeioHi eenuyuHu LWAC (p<0,05).
Kpim ybozo, WUAC GL 3 nieozo 60Ky 6ys10 cmamucmuyHo 3Hayyuje (p<0,05) 6inbwe, Hix 3 npasozo. Taki pe3ysnbmamu MOXymb
ceid4umu npo nepeeaxaHHs1 36ydxyeanbHUXUX npoyecie Had 2asibMieHUMU 8 Hepeoeili i M'a30eili cucmemax daHoi 2pynu oci6,
a makox npo cneyugiyHy aGanmauyiro Hepeoeo-M'sI308020 arnapamy mecmoeaHuXx CriopmMcMeHie, noe'sizaHy ¢ ocobnueocmsimu
MiXM'A3080i kKoopAuHauii Npu eukoHaHHIi pyxie y ¢gppicmalini. IcHye Heob6xiOHicmb PO3pPO6KU i enpoeadXXeHHs1 y MpeHyeasibHuUl
npouec crieyiasibHUX penakcayiliHux enpae, CnpsiMogaHux Ha nidsuweHHs1 egpekmueHocmi criopmueHoi nidczomoeku ma 36epe-
JKeHHs1 300poe st criopmcMeHis.

Knroyoei cnoea: weudkicmb AoeinnbHO20 CKOPOYEeHHs1 M'A3ie, weudkicmb A08iNbHO20 po3csiabrieHHs1 M'A3ie, MakcuMmarnbHe
doeinbHe CKOPOYEeHHs1 M'sA3ie.

Bceryn. AganTauis ao ¢isavyHMx nepeBaHTaXeHb B eKc-
TpemanbHUX YMOBaXx CMOPTUBHOI AiSANbHOCTI HanexuTb 00
HanBInNbL akTyanbHUX Npobnem cyyYacHoi cnopTUBHOI i-
sionorii i megnumHKn. LUnaxu nigBuLLeHHs cneuianbHoi oi-
3MYHOI Npaue3naTHOCTi CMOPTCMEHIB I'PYHTYIOTBCSA rOfoB-
HMM YMHOM Ha 36inbLUeHHi 06'eMy Ta IHTEHCUMBHOCTI TPEHY-
BalnbHUX i 3MaranbHWX HaBaHTaxeHb. [1poTe 3i 36inblueH-
HSIM HaBaHTaXeHb CMOCTEPIraeTbCs 3pOCTaHHSA CMOPTUBHO-
ro TpaBmaTtnamy. OyeBngHa HeOOXIAHICTb NOLIYKY NPUHLK-
NMOBO HOBWX LUMSAXIB ANS1 OQHOYACHOrO BUpILLEHHS npobne-
MU [OOCSArHEeHHs HamBULLMX PIBHIB cneLlianbHOl i3nyHol
npauesgaTHocTi | npobnemun 36epexxeHHs 300poB'st CropT-
cmeHiB. OgHMM i3 HanpsaMiB Moxe ByTn po3pobka NpUHLIK-

niB crnewianbHOro MiopernakcauinHOro TPeHyBaHHS, Crps-
MOBaHOro Ha NiABULLEHHA ePeKTUBHOCTI NpoLecy niaroto-
BKW CMOPTCMEHIB Ha YCix eTanax pO3BUTKY CMOPTUBHUX
HaBmyok [2]. LUeuakicTe miopenakcauii, To6To0 po3cnab-
NEHHSI CKENETHUX M'A3IB, € HE MEHLL BaXXNVMBUM MOKa3HW-
KOM (pyHKLiOHYBaHHS HEPBOBO-M'AAI30BOro anapaty i yHK-
LioHanbHNUX MOXITMBOCTEN OpPraHiaMy, HiXK CKOpOTNMBI Xa-
pakTepuCcTukn m'asie [4]. AKTMBI3aUis ranbMiBHUX CUCTEM
nig, BNAMBOM creuianbHUX Bnpas NPU3BOAUTb OO0 3HWDKEHHSI
piBHSA 30yaXXeHHS B LIeHTpanbHin HepBoBi cuctemi (LIHC)
i wBMAkin nikeBigauii HeraTMBHUX HacnigkiB MigBULLLEHOT
30yanmMBOCTi. BHMXKYIOTBCS MCUXOEMOLIIHA HanpYyXeHICTb
i rinepToHyC ckeneTHUX M'A3iB, i B pe3ynbTaTi NOKpaLly-

© Konocosa O., XansaBka T., 2018
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I0TbCA perynsauis, koopauHauisd, GiomexaHiyHa CTpykTypa
pyxiB, 3pOoCTaloTb X EKOHOMIYHICTb i e(eKTUBHICTb, 3poc-
Tae LWBWAOKICTb, BUTPUBAMICTb, TEXHiYHAa MaNCTEpPHICTb,
nokpawlyeTbCca cneuianbHa @isnyHa npauesgaTHicTb i
CMOPTUBHI pe3ynbTaTn [2—4].

[na BMBYEHHS MexaHi3miB perynsadii i koopauHadii go-
BifTlbHUX PYXiB, KOHTPOSMIO 32 CKOPOTSIMBUMM i penakcauin-
HUMWU XapakKTepUCTUKaMU CKeNeTHUX M'A3iB, yHKUioHanb-
HUM ctaHoMm LUHC i HepBoBO-M'i30BOro anapaTty nepcnek-
TUBHUM MOXe OyTn O0oCNioKEHHSI 3 BUKOPUCTAHHSAM MEeTO-
Ay nosepxHeBoi enektpomiorpadii (EMI) [1, 6, 7]. MNo3u-
TUBHOIO SKICTIO MEeTOAy € NOro HeiHBasMBHICTb, NpocToTa
OOCNIAXEHHS, MOXNUBICTb CyMapHOI OLHKWM OfHOYacHO
OEKiNbKOX M'A3iB (aroHiCTiB i aHTaroHicTiB) y npoueci pyxy
abo i30METPUYHOro CKOPOYEHHS. [laHy MeToauKy LUMPOKO
BMKOPUCTOBYIOTb Y PIi3HMX CUCTEMAx aHanisy pyxy, Ans
OUiHKM TpemMopy, B AMHaMILi BiAHOBIIOBAbHOIO fiKyBaHHS
npu TpPaBMaTUYHUX YpaKeHHSAX KiHuiBok [5, 8—11]. Ocob-
NVBOI yBaru 3acnyroByloTb JOCMISKEHHS 3 BUKOPUCTAHHAM
nosepxHeBoi EMI, 3okpema 3 BU3HAYEHHSAM LUBWUAKOCTI
[OOBiNbHOro poscnabnenHs M'ssis (LWAP), wo gosoasTtb
YHiKanbHi BMacTUBOCTI ranbMiBHUX | MiopenakcauinHmx
npouecis. LUP posrnsgaetbcsa Sk nokasHMK TEPMIHOBOT Ta
OOBroTpMBanoi aganTadii, Sk napameTp koopauHaLii pyxis,
MiHimi3auii eHeprosaTpart i LBMAKOCTI BigHOBIOBAIbHMX
npouecis. BusBNeHO CTaTUCTUYHO 3HAYYLLMA MO3UTUBHUIA
B3aemo3B'asok LWAP 3 ranbMiBHUMM i HEraTtMBHMiA — 3i 36y-
xyBanbHUMK npouecamn y LIHC [3, 4].

MeToto Hawwoi poboTu Gyno AOChiOXXEHHSI CKOPOTNUBOI Ta
penakcauifiHoi 30aTHOCTI M'A3IB HVDKHBOI KiHLIIBKM BUCOKOKBA-
NicpikoBaHMX CMOPTCMEHIB, SKi 3aMmaloTbCa (hpicTansnom, 3a
AO0MNOMOrot0 MeToay NOBEPXHEBOI enekTpomiorpadii.

Marepianu i meTogn

B enektpomiorpadiyHmnx (EMIT) pocnigxeHHax B3anu
yyacte 10 cnopTcmeHiB BuCOKOi kBanidikauii (manctpm
CropTy Ta ManucTpy CNopTy MiXKHApOAHOro Knacy), siki cre-
uianisytoTbesa y dpictanni, Bikom 18—27 pokie. ObcTexyBa-
Hi HE Manu HeBPOIOriYHMX 3aXBOPKOBaHb B aHaMHE3i i 03-
HaK HeBPOSIOriYyHOI NaTonorii Ha MOMeHT obCcTexeHHs. Bci
yyacHvku Bynu o3HanoMrieHi 3 Npoueaypoto TecCTiB | Haga-
M nucbMoBy 3rogy. Bci obctexyBaHi ocobu manu npasi
nepeBaxaroui BEpPXHI0 Ta HWXHI KiHUiBK1. BukopucTtoByBa-
nvn meToamky nosepxHesoi EMI [1, 6, 7]. BusHavanu Benu-
YMHM MaKCMMarbHOro [JOBiNbHOrO ckopoyveHHs (MAC),
LIBUAKOCTI AO0BIiNbHOro ckopoyeHHst (LLUAOC) Ta wBmAaKoCTi
OOBiNbHOro poacnabnenHs (LWAP) mM'A3iB HUKHBOT KiHLIBKM
— NepefHbOro  BENUKOroMinkoBoro Mm'ady (m. tibialis
anterior, TA) npn cnpobi TUMBLHOrO 3rMHaHHA CTONW Ta na-
TepanbHOi roniBKA NWUTKOBOro M'sidy (m. gastrocnemius
lateralis, GL) npw cnpobi ii NigoWOBHOro 3rMHaHHs.

PeecTtpauito enektpomiorpadiyHmx curHanis npoBoau-
N 3a gonomoroto HenpogiarHoctTuyHoro komnnekcy Nicolet
Viking Select (CLWA-HimeuuunHa). MNpoTtarom Tecty cnopt-
CMeH nepebyBaB Yy MOMOXEHHI CUAAYM, MOCTaBUBLLUM MO
Yepsi NpaBy Ta NiBY CTYMHi B HENTParibHOMY MOSOXEHHI Ha

XKOPCTKO 3aKpinneHy nefanb. Y BUXIGHOMY MOMOXEHHi Ao-
cnigxyBaHi M'A3n nepebyBanu B po3cnabneHomy cTaHi.
TecT cknagaBscs i3 TpbOX eTaniB: nepLni — MakcumarnsHO
LWBKUAKE AOBINbHE HanpyXeHHs M'AsiB (nepexig i3 craHy
CMOKOK Y CTaH MakCUMarnbHOro AOBINIbHOrO CKOPOYEHHS),
OpYriA — YTPMMaHHA MaKCMMarnbHOro Hanpy)XeHHs NpoTs-
rom 5 ¢ Ta TpeTin — MakcumarnbHO LWBUAKE AOBIfbHE PO3C-
nabneHHa M'A3iB (nepexig i3 cTaHy MakcMmarnbHOro A0Bi-
NBbHOrO CKOPOYEHHS y CTaH Cnokot). KoxHui eTan no4yu-
HaBcA NO KomaHAi ekcnepumeHTatopa. O6CTexyBaHUM
HagaBanu iHCTPYKLii HanpyxyBatu Ta poscrnabniosaTtu
M'SI3M MaKCUMarbHO LUBWAKO, @ TaKoX HanpyxXysBaTu m'a3un
3 MakcumarnbHOK CUIOK Ha Apyromy eTani Tecty. [1poso-
Ounu Tpu TecToBi cnpobu 3 nepepBolo 5 xB, ANA aHanisy
obvpanu HavBuwWi nokasHukn ammnityan MAC, WAOC Ta
LWWAP. Peectpauito EMIM-curianis npoBoannm B 4acTOTHOMY
nianasoHi 10 My — 5 klMu. Micng uboro EMIM-curHanu nigpa-
Banu NoBHOMY (4BOHaMiBNEPIOAHOMY) BUMNPSMIIEHHIO, a Mo-
TiM 3rnafpKyBaHHIO 3 KOHCTaHTow Yacy 100 mc. WAC pospa-
xoByBanu sik BigHoweHHss AMnC go YacC, npe AmnC — pis-
HUUa amnnityg enektpomiorpamu (EMI) y craHi cnokoto
nepeg TeCTOM Ta MaKCUMarbHOI amnmiTyau OUHaMiYHOro
komnoHeHTy EMIT Ha nouvaTky BukoHaHHss MAOC, a YacC —
yac 3pocTaHHs amnnityau EMI™ Big miHiMymy 4o Makcumymy
Ha nouaTky Tecty. LWWAP (MB/c) po3paxoByBanu sik BigHO-
weHHa AMnP go YacP, ge AMnP — pisHnusa MakcumansHoi
amnniTyan GUHaMiYHOro KOMNoHeHTy EMI™ y KiHUj BUKOHaHHA
MIOC Ta amnnityau enekTpomiorpamy y CTaHi Crokow nicns
po3cnabneHHs M'a3a, a YacP — yac 3HWKeHHs amnniTyaum
EMTI Big Mmakcumymy A0 MiHIMYMY Y KiHLi TECTY.

Pe3synbTaTy Ta ix 06roBopeHHs

AHaniz oTpMMaHux pesynbTaTiB Nokasas, Lo aMnmniTy-
AN MaKcumarbHOro JOBIfbHOIO CKOpoYeHHs m. tibialis an-
terior Ta m. gastrocnemius lateralis B cepegHbOMY Mo rpyni
HEe MalTb 3HAYyLMX BiAMIHHOCTEN ANSA pi3HMX M'A3iB Ta
ans pisHmx 6okie Tina (puc. 1).

BusBneHo Takox, WO BEenMYMHU LLIBUAKOCTI AO0BINbHOroO
CKOPOYEHHS — MOKa3HMKa CKOPOTNuBMX (T. 3B. BUOYXOBMX)
SIKOCTEW, i WBMAKOCTI AOBINbHOrO po3crabneHHs — nokas-
HUKa MiopenakcauinHUX MOXMUBOCTEN M'A3iB HUMXKHBOI KiH-
LiBKM B cepeqHbOMY MO rpyni MarTb CTAaTUCTUYHO 3HAYYLL
BigMiHHOCTI. Hanpuknag, sennumuun LWWOP m. tibialis anteri-
or 3 niBoro 6oKy Tina Ta m. gastrocnemius lateralis 3 060x
6okiB Tina meHwi, Hix WAC (puc. 2). Taki pe3aynbtat Mo-
XyTb CBiAUMTM MpO nepeBaxaHHsi 30yKyBanbHUX MpoLie-
CiB Haj ranbMiBHUMM Yy HEpPBOBIN Ta M'A30BiN cuctemax
paHoi  rpynu  TectoBaHnux. Kpim uboro, WAC m.
gastrocnemius lateralis 3 niBoro 60Ky CTaTUCTUYHO 3HAYY-
we (p<0,05) Ginblue, Hix 3 NpaBoro. BpaxoBytoun TeHAEH-
uito ao 36inbweHHs BenuuuH MAC m'si3iB niBoro 6oky Tina
(puc. 1), MOXHa BBaXaTu Taki AaHi O3HaKoK cneuundivHol
apjanTtauii HepBOBO-M'I30BOr0 anaparty TeCToBaHWX CrnopT-
CMEHIB, NOB'sI3aHy C OCOBNUBOCTAMM MiXKM'SI30BOi KOOPAM-
Hauil Npy BUKOHaHHI pyxiB y dopicTanni.
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Puc. 2. NopiBHsAHHA ckopoTnuBux (LUAOC) Ta penakcauinHux (LUOAP) xapakTrepucTuK M'AA3iB HUKHbLOI KiHLiBKU
y CMOPTCMEHIB, Lo 3aMatoTbes dpictamnom. (Mpumimka: *p<0,05 npu nopiBHSAHHI BignosiaHnx 3HaveHs WAC Ta WAP)

Cnig 3a3HauMTy, WO OTPWMMaHi AaHi Y3romxyrTbcs 3
pesynbTaTtaMmu JocnigXeHb iHWWx asTopiB [3], 3a AKMMM
BEMUYMHM LUBMOKOCTI AOBINBHOrO po3crnabneHHs 4oTupu-
rofioBOro M'a3a crerHa obox HWXKHIX KiHLiBOK BUSIBUNUCS
HWKYMMM MOPIBHAHO 3 BENUYMHAMMW LUBMAKOCTI iX AOBIiMb-
HOrO CKOpOYeHHs. [JO Toro >, OOCRIMXKEHHS 3B'A3KY MiX
PiBHEM CMOPTMBHUX [OCArHeHb Ta BenuuuHamm MIOC,
WAC ta WAOP BusiBuno, Wo WBNAKICTb po3crabneHHst M'a-
3iB Oyna eauHOI0 SKICTIO, sIka CTaTUCTUYHO 3HadyLle Bhu-
Ba€ Ha Mporpec CnopTUBHWX pesynbTaTiB Ha eTani BULLOI
CMOpTUBHOI MancTepHocTi [3, 4].

Takum umHOM, 3a gonomorot EMI-gocnigxeHHs Hep-
BOBO-M'AA30BOr0 anapaTta MOXHa BU3Ha4UTWM CKOPOTUBI 1
penakcauiiHi sKkocTi M'a3iB, WO 0O03BONSIE OUiHUTU B6anaHc
30yKyBanbHUX i ranbMiBHUX MPOLECIB Y HEPBOBIM Ta M's-
30Bil cMctemMax nguHu.

BucHoBku

1. BusiBneHo, wWo Yy rpyni BUCOKOKBanicikoBaHMX
CMopTCMEHIB-ppICTaNNICTIB BEMUYNHM LUBUOKOCTI OOBINb-
HOro po3cnabneHHsa NnepegHbOro BENMMKOrOMINIKOBOroO M'sidy
(m. tibialis anterior) Ta natepanbHOI rOMiBKM JNUTKOBOrO
M'a3dy (m. gastrocnemius lateralis) HWKHBOT KiHUIBKM CTaTu-

CTMYHO 3HauyLle MeHLi, HX BENMYMHM WBWAKOCTI iX OOBiI-
NBHOrO CKOPOYEHHS.

2. TepeBaxaHHs 36yOKyBanbHUX NpoUeciB Hag ranb-
MIBHUMUW y HEPBOBI Ta M'A30BIN cUCTemMax CMOPTCMEHIB-
picTannictis cBiguMTL NpPo HeobXigHICTb po3pobkn Ta
BMNPOBaAXEHHS y TPeHyBanbHWIN Npouec cneuianbHUX pe-
nakcauifiHmx Brnpas, CNpPAMOBaHMX Ha MigBULLLEHHS ediek-
TUBHOCTI CMOPTMBHOI NIArOTOBKN Ta 36epexxeHHs1 300poB's
CMOPTCMEHIB.

MepenbayaeTbCsi NPOBEAEHHS NOAASLLIOMO AOCHIAXKEHHS
CKOPOTNMBUX Ta penakcauiiHnMx SKoCTern M'A3iB y criopTcMme-
HIB pi3HOro piBHA aganTauiji 40 TpuBanoro isnyHOro HaBaH-
TaXeHHs, PisHOi KBanidpikauii Ta pisHWX BUAIB CMOPTY.
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E. KonocoBa, couckartens., T. XansBka, KaHA. XUM. HayK,
HaumoHanbHbIM YHUBepcUTeT (hM3nyecKoro BOCNUTaHus u cnopta YkpauHbl, Kues, YkpanHa

COKPATUTENbHbIE U PENIAKCALUMOHHLIE XAPAKTEPUCTUKWU MbILLIL}
Y BbICOKOKBANMN®ULIMPOBAHHbLIX CMOPTCMEHOB-®PUCTAUITUCTOB

OdHuM u3 HanpaesneHuli moeblweHuUs1 creyuanbHol gusuyeckoli pabomocnocob6Hocmu cropmcmeHoe 6e3 pocma cropmueHo20 mpasmamusma
Moxem 6bimb pa3pabomka NPUHYUNoe creyuanbHOU MuopesakcayuoHHOU mpeHupoeku. Ckopocmb Muopesiakcayuu, mo ecms paccrabneHusi cke-
JIemHbIX MbIWY, 516JISIeMCs1 He MeHee 8aXKHbIM MoKazamesieM OyHKUUOHUPOBaHUSI HEPEHO-MbIWEYHO20 annapama u (YHKYUOHaNbHbIX 803MOXHOC-
meli opz2aHu3ma, 4eM cOKpamumesibHble XapaKmepucmuku Mbiwy. Llenbto Haweli pabombl 6bl10 uccredogaHue COKpamumesbHbIX U penak-
CayUOHHbIX crmocobHocmell MbIWY, 6 2pyrine 8bICOKOK8aIuuUYUpPo8aHHbLIX CIIOPMCMEHO8, KOMOopbIe 3aHUMalomcsi (hpucmaiisioM, ¢ NoOMouwbio Me-
moda noeepxHocmHol 3anekmpomuozpaguu. Uccnedoeanu cokpamumesbHble U peslakcayuoHHble ceolicmea MbIWY HUXHel KOHeYHocmu — m.
tibialis anterior (TA) u m. gastrocnemius lateralis (GL) npu ebinosHeHUU ux MakcuMaslbHO20 MPOU380JIbHO20 COKPaW,eHUsI 8 U30MEMPUYECKOM Pexu-
Me. Onpedensanu eenu4UHbI MaKCUMalslbHO20 MPou3e0sIbHO20 cokpaweHusi (MC), ckopocmu npou3eonbHo20 cokpaweHusi (CIC) u ckopocmu npou-
380/1bHO20 paccnabneHusi (CIP) m. tibialis anterior npu nonsimke mbiIbHO20 caubaHusi cmonkl U M. gastrocnemius lateralis npu nonsimke ee nodow-
8eHHO20 caubaHusi. Boisseunu onpedesieHHble cMamucmu4ecKu 3Ha4uMbie OMIUYUs 8blWeyKa3aHHbIX nokazameneli. Tak, eenuyuHbl CIP TA c neeoii
cmopoHbl mena u ClP GL ¢ o6eux cmopoH mena MeHbWe, 4eM coomeemcmeyroujue eenuyuHbl CIC (p<0,05). Kpome amoeo, CI1C GL c¢ neeoli cmo-
POHbLI cmamucmu4ecku 3Ha4umo (p<0,05) 6onbwe, Yem c npasoli. Takue pe3ynbLmambsl MO2ym ceudemesib.cmeosamb O rpeobnadaHuu 8036yxdaro-
wux npouyeccoe Ha0 MOPMO3HbIMU € HepeHOU U Mbiwe4YHOoU cucmemax GaHHOU 2pynnbl mecmupyeMbix, a Mmakxe o crneyudguyeckol adanmayuu
HeP8HO-MbIWEYHO20 arnapama CriopMCcMeHO8, Cesi3aHHYI0 C 0CO6EHHOCMSAMU MEXMbIWEeYHOU KOOPOUHauuuU npu ebINnoJIHeHUU deuxeHul eo ghpuc-
maiine. Cyujecmeyem Heo6xo0uMocmb pa3pabomku u 6 HeOPEHUs1 8 MPEHUPOB8OYHbIL MPOUECC creyuanbHbIX peslakcayUuoHHbIX ynpaxHeHul, Hanpa-
8J1eHHbIX Ha rnosbiWeHue 3¢hgheKmueHOCMuU cropmueHol Mod20MoeKU U CoXpaHeHUs1 300pP08bsi CITIOPINICMEHO8.

Knrouyeenie cnoea: ckopocms Mpou3eosibHO20 COKpawjeHuUsi MbiWwl, CKOPOCMb MPOoU380JIbHO20 pacciabeHusi MblWy, MaKcCuMasbHoe Mpou-
380/IbHOE COKpaujeHue MbIWy,.

0. Kolosova, asp.. Khalyavka, Ph. D.,
National University of Physical Education and Sport in Ukraine, Kyiv, Ukraine

MUSCLE CONTRACTILE AND RELAXATION INDICES
IN QUALIFIED FREESTYLE ATHLETES

Adaptation to physical stress in the extreme conditions of sports activity is one of the most actual problems of sports physiology and medi-
cine. Development of the principles of special muscle relaxation exercises can be one of the ways to improve the special physical capability of
athletes without increasing number of sports injuries. Muscle relaxation velocity is as important indice of neuromuscular system functioning and
capacities of the human organism as muscle contraction one. The objective of the study was to assess contractile and relaxation muscle properties
in qualified athletes, specializing in freestyle. Ten athletes, 18-27 years of age, took part in this EMG-study. The method of supefrficial
electromyography was used. Muscle contractile and relaxation characteristics of leg muscles — m. tibialis anterior and m. gastrocnemius lateralis
during isometric maximal voluntary contraction were investigated. The magnitudes of muscle voluntary contraction (MVC), voluntary contraction
velocity (VCV), voluntary relaxation velocity (VRV) in m. tibialis anterior (TA) and m. gastrocnemius lateralis (GL) were assessed during dorsiflexion
and plantar flexion, respectively. Some specific significant differences of above mentioned indices were determined. It was found that VRV of the
TA left side and VRV of GL both sides were significantly (p<0,05) less than corresponding VCV. This might be due to predominance of excitatory
processes over inhibitory ones in the neuromuscular system of this tested group. Besides this, VCV of the GL left side was significantly higher than
of the right one (p<0,05). This might be the evidence of specific adaptative reactions of neuromuscular system to physical activity, associated with
the peculiarities of muscle coordination during freestyle athletes movements. Apparently, there is a necessity of developing special relaxation ex-
ercises and introducing them in the training process to improve the effectiveness of athletic training while keeping athletes health.

Key words: muscle voluntary contraction velocity, muscle voluntary relaxation velocity, maximal voluntary contraction.
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M. YepHux, ctya., |. 3uma, o-p 6ion. Hayk,
HHU "IHcTuTyT Gionorii Ta meauuuHn",
KuiBcbkui HauioHanbHUM yHiBepcuTeT iMeHi Tapaca LLleBuyeHka, Kui

BMJIUB NOTOYHOIO KOHTEKCTY,
CTBOPEHOIO CNIPUUHATTAM EMOLLIMHO 3ABAPBJIEHUX BUPA3IB OBJINY,
HA TAPFETHE NPEQ'AABNIEHHA HEUTPAJIbHUX 30POBUX OEPA3IB

BueyeHHs1 ensiusy nomo4HO20 KOHMeKCMmY, cmeopeHo20 CrpuliHimmsiM eMoyiliHo 3abapenieHux eupasie o6nuy, Ha map-
2emHe nped’siesieHHss HelmpaJsibHUX 30posux obpa3sie. B ekcniepumeHmi e3sinu y4acmb 30 cmydeHmig-0o6poeosnbyis, IKUM
6yno npodeMoHcmposaHo 2 cepii 306paxeHb i 3apeecmpo8aHO romeHuyianu, nos's3aHi 3 nodieto. Enoxa aHanisy do cmumyny
cmanHoeuna 150 mc., nicnssi cmumyny — 800 mc. PidkicHi cmumynu (HelimpanbHi 3a eafieHmMHicmro) deMoHcmpyeasnucsi 3a 008ilnb-
HUM namepHOM, 8 sIKOMy UiMogipHicmb nosieu pidkicHozo cmumyny cmaHoesuna 30 %, mpueanicms cmumyny — 500 mc. O6po6ka
ompumaHux OaHux 6yna nposedeHa 3a GOMNOMO20I0 NPo2pamMHO20 nakema Eeglab. [linaHkamu i3 cmamucmu4yHo docmoeipHuMu
8iOMiHHOCMAMU amnimyOHUX xapaKmepucmuk eeaxkasu maki, ons sikux p<0.05 (3 imnnemeHmauyieto kpumepiro FDR). Qocni-
dxyeanucs 3MiHU amMnimyOHUX xapakmepucmuK makux komrnoHeHmie kpueoi [I1[1, sk N200, komnoHenumy P300 (ma tio2o cy6-
kommnoHenmie P3a ma P3b), xeunb nizHb020 nozumueHo2o nomeHyiany (LPP) ma ni3Hboi 3a0Hboi HezamueHocmi (LPN). lMopie-
HsIIbHUU aHani3 cepedHbO- i doe2onameHmHux komnoHenmie [l eusieue 6inbw cymmeeul eniue KOHMeKcmy, cCmeopeHo20
He2zamueHUMU eMoyiliHumMu cmumynamu. Buxodsiyu 3 aHanizy ompumaHux pesysbmamie, a makox daHux Jjlimepamypu, MOXHa
3pobumu 8UCHOBOK, W0 MO3UMUBHUU eMOyiliHuli KOHMeKCM CNPUYUHIOE 8UHUKHEHHS1 6inbwux mpydHoujie Onsi po3pi3HEeHHS
giOMiHHOCmMel MiX yinboeuUMU ma KOHMeKcmyalbHUMU cmuMy/faMu ma Oss eidHoesieHHs1 o6pa3y cmumysy 8 nam'ami, moémo
cnpuliHamms HelimpasibHUX obsiuY 8 makomy KoHmekcmi eidbyesaemncsi padwe xoslicmu4Ho, 3a cyeHapiem bottom-up. BodHo-
4ac € Moxnueicms npunyckamu, w0 HelimpasibHi 0651U4Ysl 8 He2amueHOMY KOHMeKcmi o6pobsirombcsi 3a yyacmi MexaHiamy
top-down. binbwe mozo, 8 YboMy eunadky MOCUIIOEMbCS 38'A30K MK XapakmepucmuKkamMu cmumMysy, yea2oro ma nam'smmio,

36inbwyembcsi egpekmueHicmb 06po6ku exiOHOT iHghopmayii ma cmeopeHHsI MeHmMasibHUX obpasis.

Kmoyoei cnoea: emouii, EET, I, o6nuy4ys.

BcTyn. Po3nizHaBaHHSs, CNPUAHATTSA Ta KOTHITUBHA 00-
pobka noacbkux 06nMY € NEPBUHHUM i OQHUM i3 BUpilLa-
NbHUX hakTopiB B npoueci hopmMyBaHHA cTparterii couia-
NbHOI MOBEAIHKA BULUX MPUMATIB Ta NIOAWMHKU, OCKINbKN
06nunyYsa € cknagHUM MynbTUBUMIPHUM CTUMYITOM.

[oTtenep He iCHye €AMHOI TOYKM 30pY LLOAO TOro, UM €
30aTHICTb [0 PO3pi3HEHHs 06Ny NpeacTaBHUKIB CBOMO
BUAY BPOMKEHO OCOOMUBICTIO, UM BOHA BUHMKAE B NpoLie-
Ci OHTOreHe3y yepes MOCTiMHY eKCno3uLito 40 NoApasHuKa,
npoTe BCTAHOBIMEHO, L0 0COBMMBOCTI KOrHITUBHOT 06p06KM
o6nuy 3anexaTb BiA nonepegHbo Habytoro pocsigy [1].
OTpumaHi gaHi BUCTYNawlTb Ha NiOTBEPKEHHSI TinoTesun
npo Te, L0 MO30K Ma€ BHYTPILLIHIO MOAENb HABKONMULLHBOrO
CBIiTY, sika (pyHKUiOHYe 3a npuHUMnom barecoBcbkoro oi-
NbTPYy ANA BXIiQHOI CEHCOPHOI iHpopMaLii, BUKIMKaO4u
BiQNOBiAb, 3acHOBaHy Ha akTyanbHOMYy focsigi [2]. OAns
TOro, wob onTMManbHO nepeabaunTy i B3aemogiaTu 3 BXi-
OHVMU CEHCOPHUMMW CUTHanamu, MO30K akTyarisye kartero-
pii 3 nonepeaHbLOro AocBigy, siki MaloTb ChiflbHi pUCK 3 HO-
BO iHGhopMaLLi€to.

KoHuenuii KOrHiTMBHMX NpOLECiB, SKi fexaTb B OCHOBI
Bri3HaBaHHA 06nu4y, 3aranom 3asHanu 3Ha4yHOro BNNMBY
ceMiHanbHoi Teopii bptoca Ta Axra [3]. 3rigHo 3 uiet Mo-
Aennio posnisHaBaHHA obnuyus BigbyBaeTbcs nicnst Toro,
SIK NPOXOAUTb MEPBUHHA CTaAis BidyanbHOro po3ni3HaBaH-
HS1, Yepes3 NoCTYMNOBMWI JOCTYN A0 Bi3yNbHO-CTPYKTYPHUX Ta
Bi3yNbHO-CEMAHTMYHMX KOAIB B [AOBroTpMBanin nam'sri.
CTpyKTYypHi koau, siki MiCTATb B c06i AgaHi Npo isnyHmin
BUMMSAA BCIX BigOMWX iHOMBIAY obnudy 3 iHdopmalieo npo
dopMy puc 0bnmyysi, a TakoX iXHIO NMPOCTOPOBY KOHAIry-
pauito, 36epiraeTbCsi B OAMHMLUAX PO3Ni3HaBaHHA 06Ny
(FRUs). Ui ognHuui nam'ati BBaxatoTb cneundivyHummn ca-
Me ans cgepu obnuy sk cybetpaty ons obpobku. Bepba-
NbHO-CEMaHTUYHI KoaW cniBBigHOCATL GiorpadivHy iHdop-
MaLilo (KOHTEKCT, B SIKOMy mMoAvHa 3a3sBuyan 6auntb ue
06nunyus) 36epiraetbea y By3nax iaeHtudikauii (PINs), ski,
B CBOIO Yepry, NoB'sA3aHi 3 BepbanbHUMK kogamu Ans Big-
noBiaHMX iMeH. lNocnigoBHa iHTEpaKTUBHA akTMBaLis KOM-
NOHEHTIB KoHUenuii bptoca Ta AHra y pobo4mx cumMynaTmB-
HUX MoAensix A03BONvna BiATBOPUTM Taki eMnipuyHi ABu-
a, K CeMaHTU4He NpanMyBaHHS, MOBTOPHE NpanMyBaH-

HSl, KpOCC-MOAaribHe CMPUMHATTA Ta PO3Pi3HEHHA 06nny
nig Yac Bni3aHaBaHHS.

MepsuHHe npunywieHHa B mogeni Bpioca Tta Axra ro-
BOpuTb NMpo Te, Wwo FRUs, PINs Ta iMmeHHi Koan akTuBYyOTb-
csl CTpOro nocnigosHo. NpocTo noBHa MoAenb BKMYaE B
cebe pekinbka napanenbHUX LWNSXiB, AKi BUHMKAKOTb Micns
NEPBUHHOIT Bi3yarnbHOI igeHTUdiIKaLil, KOXKHUI 3 SKUX Bigno-
Bigae obpobui iHWwmnx TuNiB iHdopmauii npo o06nnyys. Ho-
Billli MCWMXOMOriYHi Ta HEWPOMNCUXONONiYHI  AOCHIOKEHHS
BHOCUNM Mopaudikauii abo cnpoctoByBanM Mofenb, ane
KoHUenuis bpioca Ta AHra TMM He MeHLW nsirana B OCHOBY
OinbLlocTi gocnigpkeHb 3 BUKOpUCTaHHAM meToauku MMM B
OCTaHHi AecsaTunittTa. 3ayBaxumo, LIO BCi KoHUenuii 3a-
3Ha4yalThb, WO BENMKa KifbKiCTb Pi3HMX TUMIB KOAIB nam'aTi
(PUCYHKOBUWI, CTPYKTYpamnbHWUA, €MOLINHWUIA, coLianbHUIA,
CeMaHTU4YHUI, enizoanyHuiA, BepbarnbHUiA TOLWO) NOB'A3aHi
3 KOXKHUM 3HANOMMM OBSINYYSIM.

3paTHicTb po3nisHaBaT 06NMYYst — ronoBHa HaBUYKa,
sika 0OyMOBMIOE Hally coujanbHy nosediHky. Ha cborogHi
Oarato yBary npuainsaeTbCca AOCMIIKEHHIO eMOLIMHUX BU-
pasiB, NPOTE MUTAHHS AOCHIMIXEHHS BMIIUBY KOHTEKCTY Ha
po3nidHaBaHHA Ta OUiHKY Bupasy obnuuds pocnigxeHe
HeJoCTaTHbO. Psp cydacHux pobiT cBigunTb Npo Te, Lo
KOAyBaHHsI Ta BMidHaBaHHA 06nuY 3 eMoLiiHO 3abapene-
HUM BUPA3OM MOLYMHOKTLCA HEraTUBHUMM KOHTEKCTyarlb-
HUMK BUpasamu [4]. O6nuyys i3 Wacnmeum Ta 3arposnu-
BMM BMPa30OM BUKNUKaOTb 36inbLieHHs amnnityan niky N
170 Ta nisHboOro nNo3uTmeHoro niky (LPP) nopiBHsHO 3 eMo-
LiIHO HENTpanbHUM Bupasom [5].

Bigomo, wWwo cnpuiHATTA 0bnmnyysa 3anyckae Taki ABa OC-
HOBHI NpoLiecu, SK kaTeropusadis Ta BnisHaBaHHA. B ubomy
OOChiMKEHHI MM (pboKycyBanuncs nepeBaxHO Ha npoueci po-
3pi3HeHHs (iHavBigyauii), NoB'A3aHOMY 3 BMi3HaBaHHAM, Ta
CTPYKTYPHOMY KOAYBaHHi NpeacTaBneHoro obnmydsi. Takox
iCHYIOTb AaHi, WO 06pobka HeraTuBHMX (CTPaLUHUX, CYMHMX,
OMMAHUX) OBNNY CMPUYMHIOE MOSIBY KOMMOHEHTIB NOTEHLUia-
niB, nos'azaHunx 3 nogieto (M), BiAMIHHMX OCTaHHIX, SKi
BMHVKaIOTb NPU AeMOHCTpaLii NO3UTUBHUX 06nnY.

Kpim Toro, icHytoTb npunyLeHHs, wo obpobka nosutu-
BHMX 00nuy BigbyBaeTbca 3a cueHapiem bottom-up, wo
NoOB'A3YI0Th 3i LWBUAKOK BidyanbHOW igeHTuUdikauien Bxig-

© YepHux M., 3uma l., 2018



ISSN 1728-2624

MPOBJIEMMU PErynsiuli ®1310f10rYHUX ®YHKLUIN. 1(24)/2018

~47 ~

HOI CEHCOpHOI iHhopmalii, ska He noTpebye cnpsiMOBaHOI
Ta getanbHoi 06pobku. Ha npoTuBary ubomy, CNpUAHATTSA
HeraTMBHMX OOMMY 3anyckarTb KOTHITUBHI Mpouecu 3a
cueHapiem top-down, wWo Bignosigae cniBBigHECEHHIO HO-
BOro CTUMYY 3 iCHYHOUOI BHYTPILLUHLOI FNOTE30l0 Ta Oui-
KyBaHHAMUW, aKTUBAaLlii CNpsMOBaHOi yBaru Ta hopmyBaHHIO
MOTUBALi (4OCArHEHHsT 200 YHUKHEHHS) [6]

MeTolo OaHoro gocnigkeHHst O6yno BUBYEHHSI BNMBY
NMO3UTMBHOIO Ta HEraTUBHOIO €MOLIHOTO KOHTEKCTY, CTBO-
pEHOro eKcrnosuuielo BigNoBiAHMX 300paeHb 06nnY, Ha
CMPUIAHATTS LiNbOBUX 30pOBMX CTUMYNIB — 0Bnn4Y 3 emo-
LiNHO HenTpanbHUM BMpa3oM. [ns uboro My okycysanum-
cs Ha 3MiHax Takux komnoHeHTiB kpusoi [, sk N200,
P300 (ta oro cybkomnoHeHTiB P3a Ta P3b), xBunb ni3HbO-
ro no3utueHoro noteHuiany (LPP) Ta ni3Hboi 3agHbOi He-
ratuBHocTi (LPN).

MeTtoam Ta martepianu. Y gocnigxeHHi Ha [o6poBinb-
HUX 3acagax B3snu ydacTb 30 340poBUX OGCTEXYBaHUX
Bikom Big 18 po 24 pokiB, 3 skmx 18 xiHoyoi cTaTti Ta
12 yonosiyoi.

Mpouenypa neMoHcTpaLii 306paxeHb i 3annc BUKNU-
KaHOi aKTMBHOCTI KOpW FOMOBHOrO MO3Ky NpPOBOAWMNCSH
3a [JOMOMOrow  MporpamMHo-anapaTHOro  KOMMMeKcy
"Henpokom" (XAl Meguka, m. Xapkis, YkpaiHa) 3a cneui-
anbHO CTBOPEHUM wwabnoHoM. HaknagaHHsa enekTpofis
Ha cKanbn MNPoOBOAMNOCA BIANOBIQHO A0 MiXHapoOAHOI
cuctemn "10-20 %".

B OusanH ekcnepumeHTy BXxoaunu AOBi cepii 306pa-
XeHb TpuBanicTio 10 XB, KOXHIN nepeayBaB 3anvc enekr-
poeHuedanorpamm B CTaHi CMOKOK i3 3aKpUTUMKU OYMMa
(3 xB) i BigkpuTMMKM o4mma (3 xB). MMig Yac gemoHcTpauii
cepin 306paxeHb Oyno 3anucaHo 30pOBi KOTHITUBHI BU-
knukaHi noteHuianu (P300). Ak ctumynu 6yno obpaHo
300paxeHHss 3 MixHapogHoi cuctemMn adeKkTUBHMX 30-
6paxeHb (International Affective Pictures System) [7].

B nporpami ctumynsuii sik yacTi ctumynu 6yno obpaHo
oTorpadii No3anTMBHO (CcepenHi 3HaYEeHHsT eMOLINHOI Ba-

neHtHocti: Mean=6.94 (SD=142) po Mean=8.03
(SD=1.13)) i HeraTuBHO (CepefHi 3Ha4YEHHS eMOLiiHOI Ba-
nentHocti  Mean=4.22 (SD=1.64) po Mean=5.84

(SD=1.62)) emouinHo 3abapBreHnx obnuy. PigkicHMMK
ctumynamu Oyno Bu3Ha4eHO 300paXkeHHst obnndy, emoLin-
Ha BareHTHICTb SKMX BapitoBanacb B Mexax Mean=4.22
(SD=1.64) po Mean= 5.84 (SD=1.62).

Enoxa aHanizy o ctumyny cradosuna 150 mc., nicns
ctumyny — 800 mc. PigkicHi ctTumynn (HelTpanbHi 3a Ba-
NEHTHICTIO) AEMOHCTPYBanNucs 3a AOBiNbHAM NaTEPHOM, B
AKOMY MMOBIPHICTb NOSIBA PiAKICHOro CTUMYIy CTaHOBWNa
30 %, TpmBanictb ctumyny — 500 mc., nepioa cnigyBaHHSA-
3 c.t 30 %. 3apaHa KinbKiCTb pigKiCHMX CTUMYnNiB ANg
opHiei cepii — 100.

O6pobka oTpumaHux AaHux byna npoBegeHa 3a Aono-
Moroto nporpamHoro naketa Eeglab. [linaHkamu i3 ctatuc-
TUYHO AOCTOBIPHUMU BiAMIHHOCTAMU aMNIliTyOHUX Xapak-
TEPUCTUK BBaxanu Taki, ansa skux p<0.05 (3 imnnemeHTa-
uieto kputepito FDR).

Pesynbtatn Ta ix obroBopeHHs. KipkoBi AinNsHKu,
skum Oyna npuaineHa ocobnmea yBara B npoueci aHanisy
oTpuMaHux gaHux (puc. 1-3), 6yno BM3HA4YeHO 3rigHO 3
OaHUMK Npo iXHI0 pornb y npouecax o6pobkn BidyarnbHOro
CTUMYynbHOro matepiany. Bigomo, wo TiM'sHi ginsHkn ro-
FNIOBHOTO MO3KYy BiAMnoBigalTb BTOPUHHUMU | TPETUHHUM
KOpTWKanbHMM acouiaTMBHUM MOMsIM 30pOBOrO aHanisaTto-
pa. JIo6Hi ginsiHkm BiANOBIAaOTE 3@ BUNYYEHHSA 3MICTY Kap-
TUHW, NOro OLUiHKY, hOpMyBaHHSA pPO3yMOBMX 0OpasiB Ta

iXHI0 akTyanizauito. CKpOHEBi 30HU BBaXaloTbCH AiNsSHKaMn
KipKOBOrO MpeAcTaBneHHs NiMBiYHOI cuctemmn, TOMy akTmB-
HICTb B HMX MOB'A3YI0TH 3 Npouecamn opMyBaHHSA Nam'sTi,
CMPUMAHATTAM Ta BiATBOPEHHSAM €MOLiN.

N200 (180-250 mc)- cneuundpivHmin KoMNoHeHT BT, skuni
BMHMKAE B NpoOUECi CNpuMHATTS obnuy [8]. BiH BMHUMKae B
npoLeci AOBINbHOI KOTHITMBHOI 0BPOOKM CTMMyNiB, KOMu
cyb'ekT cenekTVBHO 3BepTae yBary Ha Aesiauii pigkicHoro
ctumyna (y dopmi abo 3HadeHHi) Big 4acToro cCTumyny.
CybkoMnoHeHT N2b, nos'sizaHuin 3 TpygHoOLLaMN PO3Pi3HEH-
HS1 OCTOBIPHMX BigMIHHOCTEW ANsl LinbOBOro ctumyny, 6yno
3apeecTpoBaHO y LieHTpanbHMX NoOHMX AinsHkax kopu (F3,
F4) (puc. 1, A, B). Voro amnnityaa 6yna aaranom 6inblua
ONs HeMTpanbHUX CTUMYNIB Yy MO3UTUBHOMY KOHTEKCTI
(A2.8 pV y npasiv niBkyni i A2.1 yV y nisiv niBkyni).

BeaxatoTb [9], WO, Ha BiAMIHY Big HeraTMBHOI Hey3ro-
mxeHocTi, N2b-cyOKOMMNOHEHT BUHMKAE Npy AeBiauisax pia-
KicHoro ctumyny y opdporpadii, poHonorii abo cemaHTULi
Hapsgy 3 BidyanbHMMM abo CryxoBUMM BigMiHHOCTSMU. B
ekcrnepMMeHTax 3 ogbon-napaguMrmoro, konu cyb'ekt mae
aKTMBHO BiAMNOBIigAaTW Ha AeBiaHTHI CTUMYMMW, BUHUKHEHHS
koMmnoHeHTy N2b xapakTepusyBanocs MeHWUMW amnniTy-
[amy nig vac npea'siBNeHHs CTaHOapTHUX CTUMYINIB MNpu
nponyLeHHnX AeBiaHTHMX. Lle Moxe cBiguntu npo Te, WWo
xapaktepuctnkn amnnityan N2b sanexutb He Big posni-
3HaBaHHS AeBiaHTHOrO LiNbOBOro CTUMYIyY SIK Takoro, a Bif
OOCTOBIpHOCTI AndbepeHuiadii uini. Y 3aBaaHHsaX 3 po3pis-
HEeHHAM BidyanbHUX cTumyniB, amnnityaa N2b npsmo ko-
pentoBana 3 TpyAHOLLAMWN PO3PI3HEHHS.

CTaTUCTUYHO JOCTOBIPHMX BIOMIHHOCTEW AN1S1 KOMMOHE-
HTYy P300 (280-350 Mc) B Halmx OOCTEXEHHSIX BigMi4eHO
He Oyno, xoya TpeGa 3a3HauMTW, WO Y (PPOHTANbHUX Ta
TemnopanbHux BigeeaeHHsx (puc. 1 A, B; puc. 2 A, B) cno-
cTepiranocs BWHWKHEHHsI cneundiyHoro CcyOGKOMMOHEHTY
P3b-, a came noro noB'a3yoTb 3 NOCMIAOBHOW akTUBALED
pecypcis nam'aTi, yBaru Ta OUIHKM XapakTepucTuk CTumyny
[10]. BBaxaeTbcs, WO MOro reHepatopu nokanisoBaHi y
CKPOHEBIN AinaHui Ta rinokamni [11].

Hanbinbll oxapakTepu3oBaHUM KOMMOHEHTOM  XBWSi
MMN e came P3b a6o "knacuunnin P300", sakuin, Ha BiaMiHy
Bin P3a, xapaKkTtepusyeTbCA MEHLUMMW NaTEeHTHOCTAMW Ta
(opoHTanbLHO fokanizoBaHoto Tonorpadieto. OgHa 3 MOXuU-
BUX iHTepnpeTauii P300 ctBepaxye, Wo uen nik Bigobpa-
)Kae po3ni3HaBaHHA B LUMPOKOMY PO3YMiHHI Ta nMpoLecy OHO-
BIEHHS Nam'ATi, y ToW Yac sk cybkomnoHeHT P3b BBaxatoTb
BiAoOpaXkeHHsIM peakuii Ha 36ir/po3biKHICTL i3 iCHYOUMM
cnigpom B pobouii nam'aTi, sikuin 36epiraeTbcs CBIOOMO, a
P3a- cybkomMnoHEeHTOM NacuBHOrO NOPIBHAHHSA [12].

Y cydvacHin nitepaTtypi HakonuyeHi gokasu, Lo Xapak-
TepuaytoTb P300 Ak YacTuHy nisHaBanbHOI Npoueaypu, ska
nigTpumye OOPMYMOBaHHS BHYTPILLUHBOI MOAENi HAaBKOMNM-
WHLOro cepefoBuLLa, B AKiM cnig ouiHlBaTM CTUMYN: Ha-
npuknag, rinotesa OHOBMEHHA KOHTeKCTy. Lia koHuenuis
NiAKPINAETLCA NPAMUM 3B'A3KOM MK nateHTHicTio P300
Ta 4acom peakuii cyb'ekta B ekcnepumeHnTax. Oliver-
Rodriguez Ta 1ioro koneru, BigLITOBXYO4YMChH Bi eKcnepu-
MEHTIB, B SKUX SIK CTUMYINbHWUI MaTepian BUKOPWUCTOBYBa-
nucek nodceki 06nuyus, npunyckaTb, wo P300 mapkye
NMoYaToK NPOLECIB OHOBIEHHSA KOoHTekcTy [13]. Kpim Toro,
Teopisi 3aKPUTTS KOHTEKCTY, sika BUHUKNA 5K anbTepHaTuBa
Teopii MopaepHi3auii KOHTEeKCTy, Bigobpaxae AyMmKy, LWO
P300 Bigobpaxkae akTvBauito cnigy B nam'siti nicns BUsIB-
NEHHS UinboBoro nogpasHuka [14].
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Puc. 1. YcepeaHeHi KpuBi noTeHuianis, NoB'A3aHUX 3 NOAiEI, 3apeecTpoBaHUX y nepefHix (A, B)
i 3agHix (C,D) dopoHTanbHUX BigBeAEHHAX.
JNaTeHTHOCTI, ANs AKMX 3apeecTPoBaHO AOCTOBIPHO BigMiHHI amnniTtyau komnoHeHTiB MMM, BigMiveHi Ha oci X (p<0.05).
1. BianoBiab Ha HenTpanbHi 06NMNY4Ys B NO3MTUBHOMY KOHTEKCTI;
2. BignoBigb Ha HeWTpanbHi 06NMYYA B HeraTUBHOMY KOHTEKCTi

A B

Puc. 2. YcepenHeHi KpuBi noTeHuianiB, NoB'A3aHUX 3 NOAIEI0, 3apeE€CTPOBaHNUX Yy NepeaHbOMY niBomy (A)
i nepegHboMy npaBomy (B) napieTanbHUX BiaBeAEeHHAX.
TNaTeHTHOCTI, ANA AKX 3apeecTPOBaHO AOCTOBIPHO BiAMiHHI amnnityan komnoHeHTiB MMM, BiamiyeHi Ha oci X (p<0.05).
1. BignoBigb Ha HeUTpanbHi 06NMUYYA B NO3UTUBHOMY KOHTEKCTi;
2. Bipnosigb Ha HeWTpanbHi 06NMYYA B HeraTUBHOMY KOHTEKCTI
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Puc. 3. YcepeaHeHi KpuBi noTeHuianis, NoB'si3aHUX 3 NoAi€to, 3apeecTpoBaHMX y nepeaHbLOMY niBomy (A)
i nepegHboMy npaBomy (B) TeMnopanbHux BioBeAeHHAX.
JlaTeHTHOCTI, ANs AKMX 3apeecTPoOBaHO AOCTOBIPHO BigMiHHI amnnityau komnoHeHTiB MMM, BigMiveHi Ha oci X (p<0.05).
1. BianoBiab Ha HenTpanbHi 06NMNY4Ys B NO3MTUBHOMY KOHTEKCTI;
2. BignoBigb Ha HeWTpanbHi 06NMYYA B HeraTUBHOMY KOHTEKCTi

3ayBaxumo, WO naTeHTHOCTI KomnoHeHTiB MMM pos-
noainsatTe Ha ABi Pi3Hi kaTeropii: macuBHI Ta aKkTUBHI, B
3anexHoCTi Big4 napagurMu ekcrnepuMmeHTy. llacusHi nate-
HTHOCTI, Ha BigMiHY BiO aKTUBHWX, CMOCTEpPIralTbCs, KOMnu
AEeMOHCTpaLia pigkicHoro ctumyny B ogbon-napagurmi He
notpebye Bignosiai cy6'ekta. MonepegHimmn pobotammn go-
BeJEeHO, WO aKTUBHI Ta nacueHi nateHTHocTi ansa P300 e
NOPIBHAHHMMM, WO [03BOMSE MPUNYCTUTK, LLO BUKOPUC-
TaHHS EKCMEPUMEHTIB 3 Bi3yarnlbHUM CMOCTEPEXEHHSIM B
AiarHOCTUYHUX Linsix Moxe 6YTn KOPUCHUM HaBiTb ANs TUX,
XTO He Mae 34aTHOCTI 4O PYXOBOI peakuii Ha ctumyn [15].

Mi3Hin no3utmBHuiA noteHuian (400-600 mc) — xBuns
kpueoi MMM, gka cunbHO MOAYMIETLCS €MOLINHUMU CTU-
Mynamu [16]. 36inbweHHa amnnitygn (A2 uV y nepegHix
CKpoHeBux AinsaHkax (puc. 3, A, B) i A0.9 pV 3agHix nisnx
nobHux ginaxkax (puc. 1, B)) ans HenWTpanbHUX cTUMyniB y
HeraTMBHOMY €MOLAHOMY KOHTEKCTi MOXe CBiguMTu npo
akTuBauito npouecis 06pobku BxigHoI iHdopmauii 3a cue-
Hapiem top-down. 3 UMM NPUNYLWIEHHAM HE PO3XOAWUTHLCS
BVMHWKHEHHS Mi3HbOi HeraTneHOi xBuni (SWN) 3 npubnuato
Takow X narteHTHicTio (400—-600 mc) y TiM'AHMX 30Hax
(puc. 2, A, B). TMi3HIO NO3NTUBHY XBUIKO MOB'A3YIOTL 3 MiA-
cuneHHsM  edekTMBHOCTI npoueciB 06pobku, nobynosu
MeHTanbHNx obpasiB, a TaKoX BUKITUKAHHAM B Nam'aTi BXxe
icHytouMx WabnoHiB Ana nogibHux ctumyniB i napagurm
[17]. MexaHi3m top-down 06pobkn ceHcopHOT iHbopmauii
XapaKTepuayeTbCsl CNpPsiIMOBAHOK YBarow, BUKITMKAHOK
cniBBiQHECEHHAM HOBOro CTMMYyINYy i3 nonepegHbo cdop-
MOBAHO0 TiMOTE3010 i OYikyBaHHAMKU. Ha npoTuBary cue-
Hapito bottom-up, skomy npuTamaHHa wWBMAKa BidyanbHa
ineHTudpikauia, top-down cueHapihi xapakTepusyeTbes
aKTUBAUIE KOrHITMBHMX MPOLECIB, MOB'A3aHNX i3 BU3Ha-
YEHHSAM Linen Ta MoTUBaLin.

Po6ototo Moradi [18] npogemMoHCTpoBaHo, Lo amnniTy-
Oa Ta naTteHTHicTb LPP-koMnoHeHTy 30inbluyeTbes nig vac
top-down 06po6ku BxigHOI iHdopmauii. [daHi pesynbratu
Y3rofXXytoTbCsl 3 MoNepeaHiMM JOCNIOKEHHAMM, LLO CBigYaTb
npo Micue OaHMX KOMMOHEHTIB nig 4ac Oinbly peTenbHol
06pobKN ckNagHilUMX Ta HEOAHO3HaYHIWMX cTumynis [19,
20]. MpoTe BapTO 3a3HauMTU, WO B CBOI poboTi Moradi
aKkueHTyBaB yBary TakoX Ha komnoHeHTi P100 — cneundiy-
H/M KOMMOHEHTOM [Af1si MPOLUECIB CNPUNHATTA 06nny, Ak

reHepyeTbCcs B AiNsIHKAX eKcTpacTpiapHOi 30poBOi Kopu i €
cneumiyHM Ana CNpURHATTSE eMOLINHUX BMpasiB obnny B
HenTpanbLHOMY KOHTEKCTI [21, 22].

MpoTe, xo4ya eMoUiiHi nNoapasHuku 3a3Bu4ail 0bpob-
naTbca Oinblw  ePEKTMBHO, BOHW 4YacTO MOripLUyOTh
CMPUIAHATTS OAHOYACHO MpeACTaBNEeHUX HewTpanbHUX
CTUMYTIB, KON BOHWN nepebyBaloTb Yy MPOCTOPOBIN KOHKY-
peHuii [23]. Kpim Toro, Bocanegra i Zeelenberg [24] neper-
nspalTb akTu, WO 3a NEeBHUX OOCTaBUH NOAaHHA eMo-
LiHUX NogpasHUKiB Moxe nocrnabuTy CnpurHATTS HacTyn-
HOro HEMTPanbHOro CTUMYIY, AKLWIO ABa NOAPa3HVKN Npea-
cTaBrneHi 6e3 3Ha4HOro YacoBOro po3pi3HEHHS. Takum 4u-
HOM, 3aXOMMEHHS yBarM eMOLiNHMMW NOAPa3HMKaMM MOXe
CynpoBOAXYyBaTUCA rMobanbHUM  ranbMyBaHHAM  iHLIMX
penpeseHTaui B kopi, a LPP moxe Bigobpaxatu ue rno-
6anbHe ranbmyBaHHs. Lis rmobanbHa rinotesa ranbmyBaH-
Hs1 LPP y3roaxyeTtbcst 3 poboTtoto Birmbauer Ta oro koner,
AKi CTBEPOXYIOTb, HA OCHOBI 6iO0di3NYHUX aprymeHTis, Lo
NOBINbHI KIpKOBI NO3UTKBHI xBwUni, Taki gk JIII, maTb Bi-
[obpaxaTu 3HWXKeHY KopTuKanbHy 30yanmeicTb [25].

AmnniTyga nisHbOi  3agHbOi  HeraTtmBHocTi  (800—
1000 mc) 3aranom Oyna GinbLiow ANs UiNbOBUX HenTpa-
NbHUX CTUMYNIB Y NO3UTUBHOMY KOHTEKCTi (OOCTOBIpHI BiA-
MiHHOCTI Gynu 3apeecTpoBaHi y NpaBoMy CKPOHEBOMY Bifl-
BefeHHi (A2 pV, puc. 3, A). JlaTeHTHiCTb i1 BUHMKHEHHS
3biranacsa 3 BEnMKOK HEraTMBHOK XBWUME B NOOHMX Bia-
BeAEHHSAX (QOCTOBIpHi BigMiHHOCTI Oynn 3apeecTpoBaHi
ans npaeBux nNobHux (A2 yV B nepepHix (puc. 2, b) i A3 pVv
B 3agHix (puc. 2, IN). Li gaHi gaoTb 3mory npunycTuTi, Wo
NMO3UTMBHUIA KOHTEKCT 3yMOBMIOE TPYAHOLLi Yy NMOHOBIEHHI B
namM'aTi UinboBUX HEWTpanbHUX CTUMYIIB, CEMaHTUYHUMM
npouecamu. B po6oTi Herron [26] noka3aHo, Lo ni3HA 3aa-
Hs1 HeraTuBHicTb (LPN) 6yna noB's3aHa 3 MOHITOPUHIOM
Jin, 3aBOaHHAM "HEBU3HAYEHOCTI" Ta KOHTEKCTHUM MoLuy-
KOM, @ XapaKkTepucTuku ii amnniTyau 3anexanu Big Toro,
HaCKifbkn BinNbHO Cy6'ekT MOXe BiATBOPUTW B nam'aTti 06-
pa3 ctumyny. B 3aBoaHHAX 3 npea'sBNeHHsSM CTUMYIbHOro
MaTepiany y BUrnsai cnis, cnoctepirany MeHLwwy amnnitygy
LPN (600-1200 mc), konu npuragyBaHHA cTumyny ©6yrno
npocTilwum anga cyb'ekTa, i rpagyanbHe HAPOCTaHHS, KOMu
BiATBOpPEHHSA obpa3sy CcTumyny B nam'aATi yTpyaHioBarnocs.
BapTo 3a3HaunMTu Takox, Lo nonepeaHb0 HabyTux AaHux
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CTOCOBHO komnoHeHTiB MMM 3 Takoo BENUKOK NaTeHTHi-
CTIO B €KCMEepMMEHTax 3 BMKOPWUCTaHHAM OBnnY sik CTUMY-
nbHOro mMatepiany, 3HangeHo He Gyno, LWo 003BoMsiE Teo-
peTusyBaTu NpO 3HAYEHHAX LMX KOMMOHEHTIB B MpoLecax
KOTHITMBHOI 06pO0KM NOACLKMX 065INY.

3aranom BapTO 3a3HAYUTW, LWIO OTPMMAHI AaHi MOXHa
TpakTyBaTW 3 TOUKM 30pYy ABOGAKTOPHOI Teopii emouin [27].
[iBohbakTopHa Teopis eMoLin NOCTYMIE, WO iCHYIOTb ABI
He3anexHi XapakTepUCTMKN €MOLIOreHHOro CTUMYIY: 3HaK
(ymoBHO nntoc abo MiHyc) i 36yaKeHHs (piBeHb akTuBaLii
abo ranbmyBaHHS, SIKi BUHMKAKOTb Nifg Yac reHepadii emo-
uii). TakMM YMHOM, iCHYIOTb [Bi CMCTEMM aHanidy BXigHOI
iHdbopmalii: ogHa BignoBigae 3a eMouUiHy akTMBaLilo He-
3anexHo Bi BaneHTHOCTI Ta NoKani3yeTbCa B 3a4HiX napi-
€TanbHUX AinsHKax BENUKMX NiBKyNb (NepeBaXHO NpaBoi
niBkyni), a poboTa iHWOT MOAYMNETECA EMOLIHUM 3HaKOM
i noB'A3yeTbcs 3 NOOHUMWU 30HaMu. |HWMMK crioBamu B
3afHix TiM'SAHUX 30Hax BM3HA4YaETbCA eMOLiMHUIA epayan, B
TOW 4Yac sK redoHiYHi CKnagoBi MOB'A3aHi 3 akTuBaUier
paglle nepeaHix, HiX 3agHix QinsHoK.

Takum YMHOM, BUXOASIYM 3 aHanidy oTpUMaHux pesyrb-
TaTiB, @ TAKOX AaHWX niTepaTtypu, MOXHa 3pobuTn BUCHO-
BOK, IO MO3UTUBHUA €MOLINHUA KOHTEKCT CMPUYUNHIOE BU-
HUKHEHHS BinblUMX TPYAHOLIB ANSA PO3PI3HEHHS BigMIHHO-
CTel MiX LiNbOBUMW Ta KOHTEKCTyanbHNMK CTUMyNnamu Ta
ONnst BiAHOBMEHHs o06pa3dy crtumyny B nam'ati. To6To
CMPUIAHATTS HenTpanbHNX obnuny B TakOMy KOHTEKCTi Bid-
OyBaeTbCA paflle XOriCTUYHO, 3a cueHapiem bottom-up.
BogHouac € MOXNMBICTb MPUNYCTUTK, LLO HENTparnbHi 06-
NNYYst B HEraTUBHOMY KOHTEKCTI 00pobnsatTbecsa 3a yyacTi
MexaHiamy top-down. bBinblie Toro, B LbOMY BMNagky no-
CUIMIOETBCS 3B'SI30K MiXXK XapakTepucTukamu CTUMyrny, yBa-
roro Ta nam'aTTio, 30inblyeTbcss edeKTUBHICTE 0OpPOOKM
BXifHOT iHpopMaLii Ta cTBOpeHHs1 MeHTanbHNX obpasi..

BucHoBku. EmouiinHo 3abapBneHi o6nnyys € komnnek-
CHMM cyGcTpaToMm, kM noTpebye akTuauii YMcenbHUX
npouecie nig 4yac obpobkM BXigHOT CEHCOPHOI iHdopMaLii
ronoBHMM MO3KOM. BamneHTHIiCTb CTumyniB, Siki CTBOPIOKOTH
€MOLIHWUI KOHTEKCT ANS UiNbOBUX HEUTPanbHUX CTUMYNIB,
30IACHIOE aKTUBHWUA BNNMB HA MPOLECU CMAPURHATTSH, LO
BUPAXAETbCA Y MOAynAuii piBHS yBaru Ta npouecie dop-
MyBaHHS nam'aTHux cnigis. NopiBHANBHWIA aHanis cepepn-
HbO- i goBronaTeHTHMX KoMnoHeHTiB MMM BuaABMB OinbLu
CYTTEBUMA BMIIMB KOHTEKCTY, CTBOPEHOrO HeraTMBHUMWU
€MOUiiHUMM CTUMyNnamu, a came: HEeraTUBHUN KOHTEKCT
crpusie akTUBYe npouec obpobkn BXiAHOI CEHCOPHOT iH(O-
pmauii 3a cueHapiem top-down, Wwo Bkrtoyae B cebe nocu-
TNIEHHS aKTMBAUii MEXaHi3MiB 3anam'aTOBYBaHHA, CEreKkTu-
BHOI yBaru, y TOM 4ac $K Ti caMi HeTpanbHi CTUMynu B
NO3UTUBHOMY KOHTEKCTi CNpUAMaloTbCst BinbLL XOMiCTUYHO.
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M. YepHbix cTya., UN. 3uma, A-p 6uon. Hayk,
YHU "UHcTuTyT GMOnorum 1 MmeauuuHbI”,
KueBckuit HaumoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko, KueB, YkpanHa

BIMUAHUE TEKYLLUEIO KOHTEKCTA, 3
CO30AHHOIo BOCMNPUATUEM SMOLIMOHAITIbHO OKPALLEHHbIX BbIPAXXEHUW NAL,
HA TAPFETHOE NMPEOBbABNEHUE HEUTPAIbHbIX 3PUTENIbHBIX OBPA30B

N3yyeHue enusiHusi meKkyuje2o KOHmMeKcma, co30aHHO20 6OCMPUSIMUEM 3MOUUOHa/IbHO OKpaweHHbIX ebipaXKeHull Jluy, Ha mapaemHoe
npednbsieneHue HelimpanbHbIX 3pumesnibHbIX 06pa3oe. B akcnepumenme npunsinu yyacmue 30 cmydenmos-0o6poeosibyes, KOmopbIM 6b1y10 Mpo-
deMOHCMpuUpo8aHo 2 cepuu u3obpaxkeHull u 3ape2ucmpupoeaHo NomeHyuasnbl, cesi3aHHble ¢ cobbimueM. 3noxa aHanusza 0o cmumMysna cocmae-
nsna 150 mc. Mocne cmumyna — 800 mc. Pedkue cmumynbl (HelimparnbHbie Mo eajleHMHOCcmu) eMOHCMPUPOo8asuch Mo MPou3eosIbHOMY nammep-
HY, 8 KOMOPOM 8ePOSIMHOCMb NosiesieHuUs1 pedkoz2o cmumyna cocmasnsina 30 %, npodomkumenbHocmb cmumysa — 500 mc. O6pabomka nonyyeH-
HbIx GaHHbIX 6blia NpoeedeHa ¢ MOMOWLIO NMPO2PaMMHO20 nakema Eeglab. Yyacmkamu co cmamucmuyecku ocmoeepHbIMU pa3iudusiMu amn-
IumMyOHbIX XapakmepucmuK cHYumanucb makue, 0ns komopbix p <0.05 (c ebinonHeHuem kpumepusi FDR). Uccnedoeanucb usmMeHeHuUsi amnnu-
myOHbIX XxapaKmepucmuk makux KoMrnoHeHmoe kpueolii l1CC, kak N200, komnoHeHma P300 (u ezo cy6komnoHeHma P3A u P3b), eonH no3dxezo
nosumueHozo nomeHyuana (LPP) u no3dHel 3adHeli HeecamuaHocmu (LPN). CpaeHumenbHbIli aHanu3 cpedHe- u ONIUHHOIAMeHMHbIX KOMMOHEeH-
moe [ o6Hapyxun 6onee cyusecmeeHHoe 8JlusiHUe KOHMeKcma, co30aHHO20 He2amueHbIMU 3MOYUOHaNIbHbIMU cmumynamu. Acxods u3 aHanu-
3a noslyYyeHHbIX pe3ysibmamos, a makxe GaHHbIX lumepamypbl, MOXHO cdeslamb 8bI800, YMO MO/IOKUMeENbHbIU 3MOYUOHAsIbHbIU KOHMeKcm
ebi3bigaem 803HUKHO8EHUe 60nbuwux mpyodHocmel Onsi o6HapyxeHusi pasnu4quli Mexdy yesesbiMu U KOHMeKCMmyanbHbiMU cmumMynamu u ons
soccmaHoenieHusi o6paza cmumyna e 1. Cnedo NbHO, eocnpusimue HelimpasibHbIX JIUY 8 MaKoM KOHMeKcme rnpoucxodum ckopee
Xxonucmudecku, no cyeHaputo bottom-up. B mo xe epemsi ecmb 803MOXHOCMBL npednosazamb, Ymo HelimpanbHble luya 8 He2amueHOM KOH-
mekcme obpabamsbiearomcs ¢ y4acmuem mexaHusma top-down. Bornee mozo, 8 amom cryyae ycunueaemcsi ces3b Mexdy xapakmepucmukamu
cmumyna, BHUMaHuUeM U namsimb|o, yeesnuyueaemcsi aghgpekmueHocmb o6pabomku exodsiweli uHghopmayuu u co30aHusi MeHmarsnbHbIX 06pa3os.

Knroueenie cnoea: amoyuu, 33r, M1, nuyo.

M. Chernykh stud., I. Zyma D. Sci.
ESC "Institute of Biology and Medicine",
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

INFLUENCE OF THE CURRENT CONTEXT CREATED BY THE PERCEPTION
OF EMOTIONAL FACIAL EXPRESSIONS ON THE TARGET PRESENTATION OF NEUTRAL VISUAL IMAGES

Study the influence of the current context, created by the perception of emotional facial expressions, on targeted presentation of neutral
visual images. 30 volunteer students participated in the experiment. Two series of images were demonstrated and event-related potentials were
registered. The epoch of analysis before the stimulus was 150 ms, after the stimulus — 800 ms. Rare stimuli (neutral in valence) were
demonstrated in an arbitrary pattern, in which the probability of a rare stimulus was set at 30 %, the duration of the stimulus was 500 ms. The
processing of the data was carried out using the Eeglab software package. Sites with statistically significant differences in amplitude
characteristics were those for which p <0.05 (with the FDR criterion). The changes in the amplitude characteristics of such components of the
ERP curve as N200, component P300 (and its subcomponent P3A and P3b), waves of late positive potential (LPP) and late back negativity (LPN)
were studied. A comparative analysis of the medium- and long-latent components of the ERP curve revealed a more significant effect of the
context created by negative emotional stimuli. Based on an analysis of the results obtained, as well as literature data, it can be concluded that a
positive emotional context causes greater difficulties in detecting differences between target and contextual stimuli and in restoring the
stimulus image in memory. That is, the perception of neutral faces in this context is more holistic, according to the bottom-up scenario. At the
same time, it is possible to assume that neutral facial expressions in the negative context are processed according to the top-down
mechanism. Moreover, in this case, the relationship between the characteristics of the stimulus, attention and memory is strengthened, the
efficiency of incoming information processing and mental images creation is increased.

Key words: emotions, EEG, ERP, face.
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