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HEMOLYTIC ACTIVITY OF SKIN SECRETIONS
OF AMPHIBIANS THAT INHABIT THE UKRAINE TERRITORY

Secretions derived from amphibian skin glands serve as a potential reservoir of various valuable active molecules. Currently, the
multiple substances with diverse therapeutic activities among the components of glandular secretions of different species of
amphibians have been found. It has been proven that they have antibacterial, antifungal, antiprotozoal, antidiabetic, antineoplastic,
analgesic, and sleep-inducing properties. Taking this into consideration, to get the basic knowledge about the properties of the
components of skin secretions of some Anura species that inhabit the territory of Ukraine is crucial for further investigation of the
most potential ones. The red blood cell hemolysis assay is a prevalent test to study the cytotoxicity of studied samples. The aim of
the present study was to analyze the hemolytic activity of skin secretions of Bombina bombina, Bombina variegata, Bufotes viridis,
Rana temporaria, Pelophylax ridibundus, and Pelobates fuscus, and to obtain the primary data on the possible mechanism of their
toxicological action on the blood cells membranes. The skin secretions of six amphibian species mentioned above were incubated
with erythrocyte suspension in different concentrations. Eminently active B.variegata skin secretions, having the HD HD50 value at
0.5 ug/ml, were taken for the subsequent researches, where the effects of osmotic protectants, divalent cations, antioxidants,
chelating agent, and serine protease inhibitor on the cell lysis ability of B. variegata skin secretions was studied. All studied cations
inhibited the hemolytic activity of B. variegata secretions in a dose-depend manner. While the serine protease inhibitor,
phenylmethylisulfonyl fluoride (PMSF), markedly decreased the hemolytic activity of studied skin secretions. We can assume that the
bioactive peptides in these skin secretions have an enzymatic mechanism of action.

Keywords: biologically active molecules, amphibians, hemolytic activity, skin gland secretions.

Introduction. The Amphibians skin provides a rich
source of bioactive molecules (peptides, proteins, steroids,
alkaloids, opiods) that have some effective therapeutic
potencies, such as: antibacterial, antifungal, antiprotozoal,
antidiabetic, antineoplastic, analgesic and sleep-inducing
properties [1]. Isolation and identification of novel
metabolites from amphibian skin secretions could be a
promising course to create efficient drugs with valuable
therapeutic and pharmaceutical potential [2, 3, 4].
Nevertheless, the composition and the mechanism of
action of biologically active compounds from amphibian
skin secretions are not fully investigated by this time.

Toxicity of an active molecule is a key factor during
drug design, and the hemolytic activity represents a useful
starting point in this regard. It provides the primary
information on the interaction between molecules and
biological entities at cellular level. Hemolytic activity of any
compounds is an indicator of general cytotoxicity towards
normal healthy cells. On the other hand, some proteins that
affect the biological membranes might induce the formation
of pores or channels in natural and model bilayer lipid
membranes [5, 6]. Thus, hemolytic activity that is induced
by these protein toxins could be used as a sensitive
toxicological tool to investigate the targeting and
attachment of proteins to the cell membranes.

Thus, the aim of this work was to study the hemolytic
activity of skin secretions of amphibians prevalent on the
territory of Ukraine, such as Bombinabombina,
Bombinavariegata, Bufotesviridis, Rana temporaria,
Pelophylaxridibundus, and Pelobatesfuscus, and to get the
basic information on the possible mechanism of their
toxicological action on the blood cells membranes.

Materials and Methods. Adult specimens (both sexes)
of B. bombina, B. variegata, B. viridis, R.temporaria,
P. ridibundus and P.fuscus were collected and
authenticated by the Department of Zoology and Ecology of
Taras Shevchenko National University of Kyiv, Ukraine. All
animal procedures followed the European Directive
2010/63/EU (EC, 2010) on protecting animals used for
experimental and other scientific purposes. All manipulations
were approved by the Ethical Committee of Educational and
Scientific Centre "Institute of Biology and Medicine", Taras
Shevchenko National University of Kyiv, Ukraine.

The crude skin secretions were collected after a short-
term mechanical irritation of amphibian skin. The secret was
washed with a small amount of distilled water, filtrated,
lyophilized (Testar Lyo Quest, Spain) and stored at 4 °C until
use. Before each experiment dried material was dissolved in
phosphate-buffered saline (PBS), pH 7.2, that contained
137 mM NaCl, 1.5 mM KH2PO4, 2.7 mM KCI and 8.1 mM
Na2HPO4. Further, the suspension was centrifuged at
2500 g for 10 min and the supernatant was collected and
used in the study. Bradford method [7] was used to measure
the concentration of total protein in the samples.

Rabbit blood was collected from the ear artery in the
tubes containing 3.8 % sodium citrate in ratio of 9:1 to
prevent coagulation, and centrifuged at 500 g for 10 min at
4 °C. Plasma was removed carefully and the erythrocytes
were washed for additional three times in 5 volumes of PBS,
pH 7.2. Washed erythrocytes were stored at 4 °C and used
within 6 h for the hemolysis assay. For the experiment
2 % (v/v) erythrocyte suspension was prepared by mixing
0.1 ml of packed red blood cells with 4.9 ml of PBS, pH 7.2.

For the preliminary study of hemolytic activity of the
skin secretions of six studied amphibian species,
erythrocyte suspension was incubated with various
concentrations of these secretions (the final concentrations
of total protein were 0.5, 5 and 50 ug per 1ml of
erythrocyte suspension) at 37 °C for 30 min and then
centrifuged at 2500g for 6 min. The absorbance of
supernatant was measured at 541 nm to establish the
amount of hemoglobin released due to erythrocytes lysis.
Two controls were prepared (both without frog secretions):
negative control contained only PBS, and positive control —
1 % Triton X-100 that was taken as 100 % cell lysis. The
most active B. variegata skin secretion, which had HDso
value 0.5 yg/ml, was used for further research to establish
basic information on its toxicological properties. For this
purpose we investigated the effects of different factors on
the skin secretion hemolytic activity, including osmotic
protectants — 25 mM D-glucose and 25 mM D-lactose;
divalent cations, such as Mn?*, Mg?, Ca?*, Zn?* in
concentration range from 1 to 100 mM, Fe?* in
concentration range from 10to 50 yM, and Cu?* in
concentration range from 1 to 100 pM; antioxidants — 2 mM
ascorbic acid and 2 mM cysteine; chelating agent — 2 mM
EDTA, serine protease inhibitor — 2 mM PMSF.

© Kyriachenko Y., Oskyrko O., Udovychenko ., Halenova T., 2020
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Each of these was added to erythrocytes suspension
followed by addition of B. variegata skin secretion (the
final concentration of total protein in all experiments was
0.5 ug per 1 ml of erythrocytes). After incubation at 37 °C
for 30 min, the hemolytic activity was determined as
described above.

Data analysis was performed using Student's t test to
evaluate the statistical significance of experimental groups.
The results were recorded as means M+SD. p<0.05

Results and Discussion. Granular glands (also called
serous glands or poison glands) of amphibian skin produce
a large variety of bioactive substances, including
antimicrobial peptides [8], neurotoxic peptides [9], gastric
disturbance peptides [10], and alkaloids [11]. In the middle of
the grand the granules with active peptides are located.
When the animal is injured or alarmed, the content is
released through skin secretions [12]. Despite the immense
richness of wild amphibians in Ukraine, current knowledge
about the presence of bioactive molecules and mechanisms
of their action is limited to only few species. The literature
data on the biological activity of peptides isolated from
amphibians indicates that skin secretions could be an
attractive source of new therapeutic candidates. Although,
the therapeutic potential of many active molecules from
amphibian skin secretions is limited due to their high
hemolytic activity against human erythrocytes.

Taking into account that skin secretions, which are used
for isolation and purification of bioactive molecules, have to
be evaluated for their potential hemolytic activity, in this
study we examined the effect of skin secretions from six
amphibian species widespread on Ukrainian territory —
B. bombina, B. variegata, R. temporaria, B. viridis, P. fuscus
and P. ridibundus on the red cell membrane integrity.

The hemolytic activity of the amphibian crud skin
secretions was tested at three protein concentrations 0.5, 5
and 50 ug per 1 ml of erythrocytes suspension (Table 1).
According to the obtained results, the skin secretions of
R. temporaria and B.viridis had no effect on the
erythrocytes integrity even at the highest level of tested
concentrations (50 pug/mL), while skin secretions of other
studied species with various intensity induced the
erythrocyte lysis. As follows, the skin secretion of
P. ridibundus showed significant hemolytic values (76 %)
only at the concentration of 50 ug/mL, while at the lower
concentration no negative influence on the red blood cells
was observed. B. bombina, P. fuscus and B. variegata skin
secretions showed strong hemolytic effect in a
concentration-depend manner. As demonstrated in the
Table 1, the most harmful effect on the erythrocytes was
observed while studying the B. variegata skin secretion,
which caused 50 % of cell lysis even at the lowest
concentration — 0.5 pyg/ml. The skin secretion of this
species therefore has been chosen for further experiment
to investigate the possible mechanism of its action.

Table 1. The degree of erythrocyte lysis (%) caused by skin secretions of studied amphibian species

Total protein concentration
Species (ug per 1 ml of erythrocyte suspension)
0.5 5 50

B. variegata 48 + 5* 72+ 7 76 + 6
P. fuscus 17 £ 3* 42 + 5* 66 + 6*
B. bombina 5+3 18 £ 3* 63 + 5*
P. ridibundus 4+2 5+3 76 + 4*
B. viridis 3+2 4+3 9+4
R. temporaria 3+2 4+2 6+4

*p < 0.05 the difference is comparable to the effect of PBS (negative control)

To evaluate the HDso value — the concentration of
secretion causing 50 % hemolysis of red blood cells —
erythrocyte suspension was incubated with various
concentrations of B.variegata skin secretion (the final
concentrations of total protein were 0.25, 0.5, 1, 2.5, 5,
10, 25 ug per 1 ml). The HDso value of B. variegata skin
secretion was found to be 0.5 pg/mL (Fig. 1). Thus, the

degree of hemolysis caused by this concentration of
B. variegata skin secretions was used as the reference
value in our following experiments, which were carried out
to investigate the effects of different factors, such as
osmotic protectants, divalent cations, antioxidants, EDTA,
and serine protease inhibitor (PMSF) on skin secretion
hemolytic activity.

100
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2 60
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o 40
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Fig. 1. Dose-response curve of the B. variegata skin secretion hemolytic activity

All the results are expressed as the mean + SD (n = 3);

*p < 0.05 the difference is comparable to the effect of PBS (negative control)
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The influence of cations on the hemolytic activity of
B. variegata skin secretion was determined using divalent
cations Mn?*, Mg?*, Ca?*, Zn?*, Cu?, Fe?" at different
concentrations. Cations were incubated separately with
erythrocyte suspension and skin secretion at the final
concentration of total protein of 0.5 ug/mL for 30 minutes,
centrifuged and the absorbance of supernatant was
measured at 541 nm.

As shown in Fig. 2, all cations decreased the hemolytic
activity of B. variegata skin secretion in dose-depend
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manner, but with different intensity. The lowest effect had
Mg?* which at its highest concentration decreased the
hemolytic effect only to 29+2 %. Ca?* at low concentrations
(1-10 mM) enhanced the cell lysis to 69+7 %, but inhibited
it at highest studied concentration (100 mM) to 26+3 %.
Mn2* showed full inhibition effect on hemolytic activity at
concentration of 50 mM, while Cu?* and Fe?* had the same
effect at concentration of 50 uM. Zn?* at concentration
ranging from 1 to 100 mM completely inhibited the
hemolytic activity of B. variegata skin secretion (Fig. 2).
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Fig. 2. Effect of six metal ions (Mg?*, Ca?*, Mn?*, Zn?*, Cu?*, Fe?*) on the hemolytic activity of B. variegata skin secretions

All the results are expressed as the mean + SD (n = 3);

*p < 0.05 the difference is comparable to the basal level which is equal to the degree of erythrocyte lysis (%) caused by

B. variegataskin secretion at the concentration of 0.5 pg/mL

The effects of osmotic protectors, antioxidants, EDTA
and PMSF on hemolytic activity of B. variegata skin
secretion are summarizes in Table 2. The degree of
erythrocyte lysis (5013 %) caused by B. variegata skin
secretion at the concentration of 0.5 ug/mL was taken as
the reference value for this experiment (control). The
percentage of inhibition was calculated having regard to
the control (without agent) which was defined as "100 %".

Glucose and lactose had no significant effect on
hemolytic activity of B. variegata skin secretion. The
antioxidants ascorbic acid and cysteine, as well as EDTA,
also showed no remarkable outcome. In contrast, a serine
protease inhibitor, phenylmethylsulfonyl fluoride (PMSF),
substantially inhibited hemolytic activity of frog's skin
secretion (Table 2).

Table 2. Effect of different agents on the hemolytic activity of B. variegata skin secretion

Agent Hemolysis (%) Inhibition (%)

control (without agent) 50+ 3 no effect
25mM D-glucose 49+3 no effect
25mM D-lactose 585 no effect
2mM ascorbic acid 51+4 no effect
2mM cysteine 5112 no effect
2mM EDTA 50+3 no effect
2mM PMSF 3+2* ~ 95

*p < 0.05 the difference is comparable to the basal level which mean the degree of erythrocyte lysis (%) caused by B. variegata skin

secretion at the concentration of 0.5 pg/mL
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Based on our results, as the hemolytic activity of
B.variegata secretions was inhibited by PMSF, we can
suggest, that the mode of action of bioactive peptides in this
secret was enzymatic. Our results are proved by other
literature data. Thuswise, in the late 1980s and early 1990s,
certain studies described the peptidases discovered in the
cutaneous secretion of Xenopus laevis [13, 14]. The recent
study showed, that the skin secretions of several amphibians
contained a wide variety of proteins (molecular weight from 8
to 150 kDa), which exhibited proteolytic activity with selective
effects on different substrates [15]. In addition, Jilek et al.
found, that skin secretion of B.variegata contains the
protein, which catalyzes the conversion of L-lle to D-alle at
position 2 of a model peptide with the N-terminal sequence
of bombinin H. It approves the fact, that amphibian skin
secretions have various enzymes in their content [16].
However, further investigations are needed to better
characterize the active peptides of this secretion and to
clarify their biochemical functions.

Conclusion. In this study, we examined the effects of
osmotic protectants, cations, and antioxidants on
erythrocyte hemolysis stimulated by the skin secretions
from the frog B. variegata. We observed that serine
protease inhibitor — PMSF — completely inhibited the
hemolytic activity of studied secterion. Consequently, an
assumption was made, that this skin secretion induced
erythrocytes lysis by catalytic way. This hypothesis should
be explored in more depth in future studies.
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KuiBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LLleBueHka, KuiB, YkpaiHa
FEMONITUYHA AKTUBHICTb CEKPETIB LUKIPHUX 3AN0O3 AM®IBIA, MOLUMPEHUX HA TEPUTOPII YKPATHU

BudineHHs1 wKipHuUx 3an03 am@ib6ili € momeHyiliHuM GxxepesioM pi3HOMaHiMHUX YiHHUX 6ioakmueHux mosiekysn. Ha cc0200Hi ceped KOMMOHEH-
mie wkipHux cekpemie pi3Hux eudie pody Amphibia 3Hali0eHO eesnuKy KinbKicmb pe4o8uH, siki 80/100il0mMb pPi3HOMaHIMHUMU MmepanesmMuYHUMU
akmueHocmsimu. [Toka3zaHo, ujo 8oHuU eonodirtomb aHmubakmepianbHUMU, MPOMU2PU6KO8UMU, aHMUMPOMO30UHUMU, aHmudiabemu4YHUMU, aHMu-
HeonsacmuYyHuMu, 3He60JIIOIYUMU ma CHOOIlIHUMU ejlacmueocmsiMu. Ypaxosyryu ye, ompumMamu OCHOBHY iH¢hopmayiro npo enacmueocmi
KOMIMOHeHmMie wKipHUXx cekpemie desikux eudie 3eMHOB0OHUX, sIKi Hacesisslomb mepumopito YKpaiHu, € nepedosum 3agl0aHHSAIM Cy4acHoOi Gioximii
0ns1 nodanbuwio2o 0ocidxeHHs1 Halbinbw nepcnekKMuUeHuUX i3 HUX. AHani3 2eMonizy epumpoyumie € nowupeHUM MemodoM rnepeesipku LUMOMOK-
cu4Hocmi docnidxyeaHux pedoeuH. JlioginizoeaHi wkipHi eudineHHs, ujo cknadaromscs i3 pi3HoMaHimMHuUX 6ioakmueHuUX pe4yoeuH, 6ynu nepeei-
peHi Ha mokcu4Hicmb. Memotro ybo2o AocnidxeHHs1 6yno npoaHasnizyeamu 2emMoslimu4Hy akmueHicmb wkipHux eudineHb Bombina bombina,
Bombina variegata, Bufotes viridis, Rana temporaria, Pelophylax ridibundus ma Pelobates fuscus i ompumamu daHi npo Moxnueuli MexaHi3Mm ix-
HbOI mokcukoJ102i4Hoi 3ii Ha Mem6bpaHu KnimuH kpoei. Cekpemu wecmu eudie amgpibili, 3a3Ha4eHux euwie, iHKy6yesanu i3 cycrneHsicto epumpouyu-
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mie y pisHuUx KkoHueHmpauisx. LUkipHi eudineHHs1 B. variegata, siki xapakmepu3yeanucsi Halieuwjoro akmuenicmro (HD50 = 0,5 mx2/mn), 6ynu euko-
pucmadi 0ns nodanbuiux docnidxeHb, de eu3Ha4anu 6MUE OCMOMUYHUX NPpomekmopis, dsogasleHMHUX KamioHie, aHmuokcudaHmis, xenamyo-
4020 azeHma ma iHzibimopa cepuHosux npomeas Ha 30amHicmb docnidxyeaHo20 cekpemy 00 ni3ucy KnimuH. Yci docnioxeHi kamioHu iH2i6ysanu
2eMonimuy4Hy akmueHicmb cekpemy B. variegata 3anexHo eid do3u, modi sik iH2i6imop cepuHoeoi npomea3su, gheHinmemuncynbgpoHingpmopud
(PMSF), nomimHo 3Hu3ue 2emosniimu4Hy akmueHicme AocnidxyeaHo20 wkipHo2o cekpemy. MoxHa npunycmumu, wjo 6ioakmueHi nenmudu cek-
pemy wkipHux 3an03 B. variegata martomb ¢hepmeHmamueHuli MexaHi3m Oii.

Knroyoei cnoea: 6ionoziyHo akmueHi Monekynu, amgpi6ii, 2eMonimu4yHa akmueHicmb, ceKpemu WKiPHUX 3as103.

E. KupbsueHko, cTya.,

A. Ockupko, cTya.,

W. YpoBuueHko, acn.,

T. FaneHoBa, kaHA. Guon. Hayk,

KneBckui HaumoHanbHbIV yHuBepcuteT umeHu Tapaca LlleBuyeHko, Kues, YkpanHa

FEMOJIMTUYECKAA AKTUBHOCTb CEKPETOB KOXHbIX XXENE3 AM®UBUN,
PACIMPOCTPAHEHHbLIX HA TEPPUTOPUU YKPAUHDI

BbideneHusi KOXHbIX ene3 amgpubull s18715910MCs MOMeHYuanbHbIM UCMOYHUKOM pa3Hoo6pa3HbIX UeHHbIX 6uoakmueHbIx Monekyn. Ha cezo-
OHs1 cpedu KOMIMOHEHMO8 KOXHbIX CEeKpemoe pa3iu4Hbix esudoe poda Amphibia HalideHo 6osbWoOe Kou4yecmeo eeujecme, obnadarowyux pasauy-
HbIMU Mmepanesmuyeckumu akmueHocmsimu. [TokazaHo, ymo oHu o6nadarom aHmu6akmepuasnbHbIMU, NMPOMUEo2PUGKO8bLIMU, aHMUNPOMO30Ui-
HbIMU, aHmuduabemuyecKuMuU, aHmuHeonnacmu4yeckumu, o6esz6onuearOUUMU U CHOMEBOPHbLIMU ceolicmeamMu. Yyumsbieasi 3mo, noay4ums oc-
HOGHYI0 UHGhopMayuto o0 ceolicmeax KOMIMTOHEHMO8 KOXHbIX CEeKPemos HeKomopbix UG08 3eMHOB00HbIX, HACesIIIoWUX MeppuUMopuUro YKkpauHsbl,
sensiemcs nepedoebiM 3adaHueM coepeMeHHOU 6uoxumuu Ons danbHeliweao uccredosaHusi Haubosee nepcrneKmMuUeHbIX U3 HUX. AHanu3 2emMosu-
3a apumpoyumose siesisiemcsi pacrnpocmpaHeHHbIM MemodoM MpPo8epKU UumomoKcuyHocmu uccrnedyembix eewyecms. JluogpunuszuposaHHbie
KOXHbIe ebldesieHuUsi, cocmosiuue u3 passiuyHbiXx 6UOaKMUEHbIX eeujecms, 6biU MPo8epeHbl Ha UX MOKCU4YHOCMb. Llesibio amoao uccrnedosaHusi
6b110 NpoaHanu3upogamb 2eMOIUMUYECKY0 aKMUBHOCMb KOXHbIX ebldesieHuli Bombina bombina, Bombina variegata, Bufotes viridis, Rana
temporaria, Pelophylax ridibundus u Pelobates fuscus u nony4ums AaHHble O 803MOXHOM MeXaHU3Me UX MOKCUKoJlo2u4ecko2o delicmeusi Ha
Mem6paHbl Kiemok Kpoeu. Cekpemsb! wecmu eudoe amgpubuli, yKka3aHHbIX 8blwe, UHKy6upoeanu c cycrneH3uel 3pumpoyumoe 8 pa3/iudHbIX KOH-
yenmpauyusix. KoxHble ebideneHus B. variegata, komopble xapakmepu308asiuchb 8bicokoli akmueHocmbto (HD50 = 0,5 mx2/mn), 6binu ucnonb3oea-
Hbl Ons1 anbHelwux uccredosaHull, 20e onpedesissiu 8JIUHUE OCMOMUYECKUX MPOMEeKMopos, d8yxe8asleHMHbIX KAMUOHO8, aHMuUoKcudaHmos,
Xenlamupyrouje2o azeHma u uHaubumopa cepuHoeux rnpomeas Ha crocobHocmb uccriedyeMo20 cekpema K siusucy kinemok. Bece uccnedoeaHHbie
KamuoHbl UH2ubuposaslu 2eMOJIUMUYECKYI0 aKmueHocmb cekpema B. variegata @ 3asucumocmu om 003bi, moada KaKk UH2ubumop cepuHo8bIx
npomeas, gpeHunmemursncynbgpoHungpmopud (PMSF), 3amemHo cHU3UsI 2eMOTUMUYECKYH0 aKmMUBHOCMb Ucc/iedyeMo20 KOXHO20 cekpema. MoxHo
npednosnoxums, Ymo 6uoakmueHble nenmudbl ceKkpema KOXHbIX esne3 B. variegata umerom ¢ghepmeHmamueHbIli MexaHU3M delicmeus.

Knroyeenie crnoea: 6uonozuyecku akmueHble MOIeKy bl, amgubuu, 2eMosIumuYeckasi aKmueHOCMb, CeKpembl KOXHbIX JKese3.
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THE EFFECT OF COMPOUND DM509 ON KIDNEY FIBROSIS IN THE CONDITIONS
OF THE EXPERIMENTAL MODEL

Kidney fibrosis is a key event in the development of chronic kidney disease, leading to end-stage renal failure. Unfortunately,
there are now few drugs capable of preventing fibrosis in the kidneys, which is accompanied by the progression of chronic
kidney disease in the terminal stage of renal failure. The results show the effectiveness of the use of a new dual-acting agent
DM509 in the prevention of renal fibrosis using a model of unilateral obstruction of the ureter in mice. DM509 is both a farnesoid
X-receptor agonist and a soluble epoxyhydrolase inhibitor. In this study, there were 8-12 week old C57BL/6J males undergoing
surgery, which led to the development of unilateral ureteral obstruction and a control group. Mice received DM509 (10 mg/kg/day)
or DM509-free solution together with drinking water for 10 days the day before surgery. Samples of kidney and blood tissues
were collected at the end of the experiment. In the unilateral ureteral obstruction group, kidney dysfunction was detected, which
was accompanied by increased urea nitrogen content in the blood compared to the control group (63 7 vs. 34 * 6 mg/d). The
reduction of urea nitrogen in the blood by 36 % in mice with unilateral ureteral obstruction treated with DM509 is shown
compared to mice with this pathology without treatment, which in turn proved the effectiveness of DM509 in preventing renal
dysfunction. In mice with unilateral ureteral obstruction, which did not receive DM509, the development of kidney fibrosis with a
high content of hydroxyproline in the kidneys and also increased collagen content in histological sections of the kidneys were
detected. In the DM509 group, the renal and collagen hydroxyproline content were 34-66 % lower, indicating the effectiveness of
this agent in the treatment of renal fibrosis. Thus, we have shown that the new DM509 is effective in preventing renal dysfunction
and renal fibrosis using a murine model of unilateral ureteral obstruction.

Keywords: soluble epoxide hydrolase inhibitor, farnesoid x receptor agonist, kidney fibrosis.

Introduction. Renal fibrosis is considered as critical
pathophysiological event in the development and
progression of chronic kidney disease (CKD). Progressive
CKD results in end-stage renal disease (ESRD), which is
the common clinical end point for all progressive renal
diseases [3]. The common CKD etiologies and the
consequent ESRD include diabetes, hypertension,
glomerulonephritis, acute kidney injury, and chronic
pyelonephritis. ESRD is a major burden to the health care

system and a large percentage of the patients are
inevitably placed on dialysis and ultimately require
transplantation [3, 16]. The ESRD burden on health care is
caused largely due to the lack of an effective anti-fibrotic
agents that can target CKD.

Indeed, little success has been made over the past
decade in developing agents or therapies that can
prevent renal fibrosis to slow the progression of CKD to
ESRD [23]. Currently, angiotensin-converting enzyme
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inhibitors and angiotensin Il receptor blockers are used to
reduce proteinuria and slow CKD progression [6].
Nevertheless, these renin-angiotensin system drugs have
incomplete efficacy in preventing renal fibrosis and CKD
progression. Clinical trials targeting other mechanisms
have failed, including the nuclear factor E2-related factor 2
inducer bardoxolone [4]. and the endothelin receptor
blocker avosentan [17].

We recently developed a bifunctional molecule DM509,
that concurrently acts as a farnesoid X receptor (FXR)
agonist and soluble epoxide hydrolase inhibitor (sEHi) and
demonstrated its marked anti-fibrotic action in liver disease
models [10]. FXR is a ligand activated transcription factor
and is a member of the nuclear receptor superfamily that is
highly expressed in liver and kidney [19, 22]. Several
recent studies demonstrated anti-fibrotic action for FXR
agonists in liver and kidney disease models [7, 16, 21]. A
strong renal anti-fibrotic action is also known for sEHi in
several published studies [2, 12, 13, 14]. Considering the
promising anti-fibrotic action in liver disease and potential
to treat kidney fibrosis, we determined anti-fibrotic action
for the novel bifunctional FXR agonist and sEHi, DM509, in
a mouse renal fibrosis model.

Materials and methods. This study was approved and
conducted according to guidelines of the Institutional Ani-
mal Care and Use Committee of the Medical College of
Wisconsin. The Biomedical Resource Center at the
Medical College of Wisconsin housed animals with free
access to water and food and a 12/12h light-dark cycle.
Male C57BI/6J mice (8-10 weeks old) were purchased from
Jackson Laboratories, Bar Harbor, ME. Mice were
administered 2.0 % isoflurane to induce anesthesia prior to
UUO surgery. UUO surgery was conducted by obstructing
the left ureter proximal to the renal pelvis using a 6-0 silk
tie [14, 19]. Mice with sham surgery went through the same
procedure as the UUO mice except that the ureter was not
ligated. An experimental protocol was designed to
investigate if our novel molecule DM509 can prevent the
development of renal fibrosis. Mice went through UUO
surgery 24 hours after the start of DM509 treatment
(10 mg/kg/d, p.o., n =6) or vehicle (n =6) and blood and
kidney tissue were collected 10 days following UUO
induction. A schematic of the experimental protocol is
shown in Fig. 1. DM509 drinking solution was prepared
with a mixture of DMSO (0.05 %) and cyclodextrin (0.5 %).
The vehicle was combination of DMSO (0.05 %) and
cyclodextrin (0.5 %) given to mice in drinking water. At the
end of the experimental protocol, mice were euthanized for
blood and kidney tissue collection. The kidney tissue was
processed for biochemical, histology, and gene expression
analysis. Serum was separated from the blood and used
for biochemical analysis of blood urea nitrogen (BUN). Kid-
ney hydroxyproline levels were measured using a commer-
cially available kit (Sigma Aldrich, USA). BUN was meas-
ured using a kit from Arbor Assay, USA and monocyte
chemoattractant protein-1 (MCP-1) was measured using kit
from R&D Systems, Inc., USA. Renal mRNA expression of
several fibrotic [fibronectin, a- smooth muscle actin
(a-SMA)] and inflammatory (TNF-o, IL1B3, IL-6) were
studied by Real Time-PCR (RT-PCR) analysis. RNeasy
Mini Kit (QIAGEN, CA, USA) was used according to the
manufacturer's protocol and messenger RNA (mRNA) was
prepared from each sample homogenate. The mRNA sam-
ples were quantified spectrophotometrically and 1 ug of
total RNA was reverse-transcribed to cDNA using iScript™
Select cDNA Synthesis Kit (Bio-Rad, Hercules, CA, USA).
Gene expression was quantified by iScript One-Step RT-
PCR Kit with SYBR green using the MyiQ™ Single Color
Real-Time PCR Detection System (Bio-Rad Laboratories,

Hercules, CA, USA). Dissociation curve analysis was ac-
complished with iQ5 Optical System Software, Version 2.1
(Bio-Rad Laboratories, Hercules, CA, USA) and each am-
plified sample analysed for homogeneity. Denaturation was
done at 95 °C for 2 min followed by 40 cycles conducted at
95 °C for 10s and at 60 °C for 30s. All samples were run in
triplicate and fold change in gene expression compared to
controls determined by comparative threshold cycle (Ct)
method. Target gene expression levels were determined by
normalizing Ct values to two housekeeping genes. Statisti-
cal analyses were carried out using six samples from each
experimental group and comparing to the control group.
Renal tissues were fixed in 10 % formalin, sectioned a
4 uym thickness, mounted on slides, and stained with
Picrosirius Red (PSR) (Alfa Aesar, Tewksbury, MA) for
histological examination at a 200x magnification using NIS
Elements AR version 3.0 imaging software (Nikon instru-
ments Inc., Melville, NY, USA). PSR stained kidney tissue
sections was used to determine collagen-positive renal
interstitial fibrosis levels. Histopathological changes were
scored as published previously and scores presented as a
percentage area-fraction relative to the total area analysed.
Kidney interstitial fibrosis (PSR-collagen positive areas)
scoring was performed in a blinded fashion by two observ-
ers. All data are expressed as mean + S.E.M. GraphPad
Prism® Version 4.0 software was utilized to conduct a one-
way ANOVA followed by Tukey's post-hoc test to establish
statistical significance between groups (Graph Pad Soft-
ware Inc, La Jolla, CA, USA). Two-tailed unpaired Stu-
dent's t-test was applied to determine statistical signifi-
cance between groups. A P < 0.05 was deemed significant.

Results and discussion. In the present study we
determined the ability of our novel dual acting molecule,
DM509, to prevent kidney dysfunction in a mouse renal
fibrosis model. We assessed renal dysfunction by
measuring the BUN level. BUN is considered an
important marker for kidney dysfunction. BUN measures
urea in the blood and urea is the primary metabolite
derived from dietary protein and tissue protein turnover.
Urea is freely filtered at the glomerulus but not secreted,
and it is reabsorbed by the renal tubules. In addition, as
urine flow rates decrease, more urea is reabsorbed [1].
Therefore, BUN levels are inversely correlated with the
decline of kidney function. The results of the current study
demonstrate that there is kidney dysfunction with a 2-fold
higher BUN level in the UUO mice compared to sham
(63 £ 7 vs. 34 £ 6 mg/dL). Interestingly, DM509 prevented
BUN level elevation and it was 36 % lower in the DM509
treated mice compared to the mice treated with vehicle
(40 £ 8 mg/dL). These finding indicate that DM509
prevents kidney dysfunction in the UUO renal fibrosis
model. It is important to note that sEH inhibitors and
farnesoid receptor agonists are known to have beneficial
effects on kidney function. The protective effects of sEH
inhibitor have been reported in renal fibrosis [13, 14]
hypertensive kidney injury and diabetic kidney injury
models [5, 10]. Similar kidney protective effects are also
reported for farnesoid receptor agonists in renal fibrosis
[15], diabetic nephropathy [21] and renal ischemia
reperfusion injury [7]. The present study demonstrates the
novel finding that the dual acting molecule that
simultaneously act as sEH inhibitor and farnesoid
receptor agonist, DM509, prevents renal fibrosis
progression in the UUO mouse model. Renal fibrosis is
the clinical hallmark for CKD and considered the most
important predictor of long-term CKD prognosis [16].
Renal fibrosis progression is the result of an excess
accumulation of connective tissue, primarily collagen. In
the present study, we have used quantitative method to
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determine kidney collagen content by measuring tissue
hydroxyproline levels. The spectrophotometric-based
hydroxyproline assay is one of the few that allows for
actual quantitation of collagen content. The assay is
based on the fact that all collagens contain globular
domains and share the common structural motif of triple
helical segments. This triple helical structure is composed
of three a—(polypeptide) chains and each chain consists
of a repeating triplet amino acid sequence containing
hydroxyproline. Hence, based on the absolute
hydroxyproline quantitation, the collagen amount and
concentration in tissues can be detemined [8]. As such, in
the present study, we measured kidney hydroxyproline
content in the experimental groups. We found that the

UUO mice developed marked kidney fibrosis with
elevated kidney hydroxyproline content (213 £ 11 vs.
49 + 9 yg/mg protein) and DM509 treatment prevented
the elevation of hydroxyproline level by 34 %
(140 = 9 ug/mg protein). The effect of DM509 treatment
on kidney fibrosis was further assessed using a semi-
quantitative histological method. Our data found that
DM509 treatment prevents kidney fibrosis by reducing
collagen positive kidney fibrotic area in UUO mice. The
vehicle treated UUO mice had higher collagen positive
area compared to sham (13+2 % vs. 1.1 £ 0.1 %) and
DM509 reduced the collagen positive area by 66 %
(4.4 £0.7 %) (Fig. 1).

DM 509 treatment (10 mg/kg/d) in drinking water/Vehicle in drinking water
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Fig. 1: A schematic describing the experimental precool (A).
Semi-quantitative measurement of collagen positive fibrotic kidney area in different experimental groups (B).
A representative photomicrograph depicting collagen positive kidney fibrotic area (black arrows) in different experimental groups (C).
*P vs. Sham-Control; *P vs. UUO-Control, N = 5-7

Prevention of renal fibrosis has been demonstrated by
sEH inhibitors in several experimental disease models
including UUO renal fibrosis models [11, 13, 14]. Anti-
fibrotic action for farnesoid x receptor agonists has also
been reported in several disease models including UUO
renal fibrosis model [15, 21]. In the present study we
provide novel evidence that the dual acting molecule that
acts as a sEH inhibitor and farnesoid x receptor agonist,
DM509, has excellent ability to prevent renal fibrosis in
UUO mice model.

In the present study, we assessed kidney fibrotic
mediators and inflammation in UUO mice treated with
DM509. Fibrotic marker genes express several critical
proteins that form the extracellular matrix in the kidney. It

is important to note that kidney extracellular matrix
formation is an important event in the kidney fibrotic
process [16]. We found that the vehicle treated UUO mice
had 2-3-fold higher kidney expression of o-smooth
muscle actin (¢-SMA) and fibronectin compared to sham,
and DM509 treatment reduced expression of these
fibrotic genes in the UUO mice by 40-60 % (Fig. 2). We
also found that UUO mice had higher kidney expression
of several pro-fibrotic inflammatory markers (TNF-o, IL18,
IL6) in the vehicle treated UUO mice compared to sham,
and DM509 treatment prevented inflammatory gene
expression in the UUO mice (Fig. 2).
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Fig. 2: Kidney mRNA expressions of inflammatory marker genes in different experimental groups (A-C).
Kidney mRNA expressions of a-smooth muscle actin (¢-SMA) and fibronectin in different experimental groups.
*P vs. Sham-Control; *P vs. UUO-Control, N = 5-7

These findings are consistent with previous studies
demonstrating sEH inhibitors [13, 14] and farnesoid x
receptor agonists [7, 15, 21] prevent gene expression of
fibrotic markers and pro-fibrotic genes in several kidney
disease models.

Conclusion. In the present study, we present exciting
data on a novel molecule that simultaneously acts as a
sEH inhibitor and farnesoid x receptor agonist, DM509.
We provide convincing evidence that this novel dual-
acting molecule, DM509, can prevent renal fibrosis
development in the UUO renal fibrosis model. Overall,
DM509 has potential to be developed as a novel kidney
anti-fibrotic agent to treat CKD and prevent progression to
ESRD and dialysis.
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IHCTUTYT chapmaLeBTUYHOI XiMil,

®paHkdypTCbLKUIA YHiBepcuTeT iMm. FeTe, ®paHkdypT-Ha-MaiHi, HimeyunHa

BMNJIMB CNOJTYKX DM509 HA ®IBEPO3 HUPOK
B YMOBAX EKCMEPUMEHTANbLHOI MOAENI

@Pi6bpo3 HUPOK € K/1H0408010 M0Ji€0 8 PO38UMKY XPOHIYHO20 3aX80PIOBaHHSI HUPOK, W0 npu3eodums Ao mepMiHanbHOi cmadii Hupkogoi Hedo-
cmamHocmi. Ha anb, 3apa3 maso nikapcbkux 3acobie, 30amHux 3anobizamu ¢i6po3y e HUpKax, Wo cynpoeodXyembCsl MPo2pecicro XPOHiYHO20
3axeoprosaHHs HUPOK ¥ mepMiHanbHil cmadii Hupkoeoi HedocmamHocmi. OmpumaHi pe3ynbmamu 3 UKOPUCMaHHsIM Modesli 0GHOCMOPOHHbLOT
o6cmpykuii ce4oeody e muweli nokasyroms eghpekmueHicmb 3acmocyeaHHsI HO8020 azeHmy nodeiliHoi 0if DM509 ons 3ano6izaHHSI HUPKOBOMY
¢i6po3y. DM509 € odHoyacHO a2oHicmoM ¢hapHe30i0H020 X-peyenmopa ma po34yuHHO20 iH2i6imopa enokcudzioponasu. Y ybomy O0cCiOKeHHi
6yno e3samo 8-12-muxHeeux camyie C57BL/6J, sikux niddanu xipyp2i4yHOMy empy4aHHI, WO nNpu3eodusio 3o po3euUmMKy OOHOCMOPOHHLOI 06-
cmpykuii ce4oeody, ma koHmposbHy 2pyny. Muwi npomsizom 10 dHie ompumyeanu DM509 (10 m2/k2/006a) abo po34uH, ujo He Micmums DM509,
pa3oM i3 numHor 000t 3a deHb Ao onepauyil. 3pasku mkaHuUH HUPOK i Kpoei 6ynu 3i6paHi e KiHyi ekcnepumeHmy. Y 2pyni 3 0OHOCMOPOHHBLOK
o6cmpykuieto ceyoeody 6yna eusienieHa QUchYHKUisi HUPOK, WO cynpoeodxyeanacsi nideuweHUM eMicImom a3omy ce4o8UHU 8 Kpoe&i MopieHsIHO 3
KOHmMposibHoto 2pynoto (63 7 vs. 34 x 6 me/d). [MokazaHO 3HWXKEHHS1 eMicmy azomy ce4oeUHU 8 Kpoei Ha 36 % y muweli 3 0OHOCMOPOHHLOI 06-
cmpykuiero ceqoeody, siki ompumyeanu DM509, nopieHsiHo 3 Muwamu 3 daHoro namorsnogzieto 6e3 nikyeaHHsi, Wo, y ceoro yepay, doeodusio eghek-
mueHnicmb DM509 dns 3ano6izaHHs HUpKoeili ducgyHKuii. Y muweli 3 00HOCMOpPOHHLOK 06cmpyKyieto ceyoeody, wyo He ompumanu DM509, 6yno
8usIeIeHO Po38UMOK hi6po3y HUPOK 3 NideUW,eHUM 8MiCIMOM 2uGPOKCUMNPOJIUHY 8 HUPKaxX i nideuwieHuli emicm KonazeHy e 2icmoso2iqyHux 3pizax
HuUpoK. Y epyni, ujo ompumana DM509, emicm 2udpoKcunposiuHy 8 HUpKax i konazeHy 6ynu Ha 34-66 % Huxx4e, ujo0 8Kkalye Ha eheKmueHicmb Ybo-
20 azeHmy 8 slikyeaHHi HUpKogoz2o pi6po3y. Takum YUHOM, MU noka3sanu, wo Hosuli DM509 egpekmueHuli Ans 3anobizaHHA OUCYHKYIT HUPOK i
Hupkoeomy ¢hi6po3y 3 sUKOPUCMaHHAM MUWUHOT MOOesli 3 0OHOCMOPOHHbLOI 06CcMpYyKyieto ce4o80dy.

Knro4oei cnoea: po3yuHHull iH2i6imop enokcidzidpona3su, acoHicm ¢ghapHe30i0HUX X-peyenmopis, pi6pPo3 HUPOK.
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WUHcTuTyT dhapmanieBTUHECKOW XMMUm,

®paHkdypTCckuit yHuBepcuteT uMm. Méte, ®paHkdypT-Ha-MaiiHe, FepmaHus

BNMUAHWE COEAWHEHUS DM509 HA ®UBPO3 NOYEK
B YCNTOBUAX 3KCNEPUMEHTAJIbHOW MOAENN

QPubpo3 noyek sinsIeMCs KI0Ye8bIM COGbIMUEM 8 pa3sumuuU XpPOHUYECKO20 3abosieeaHusi novek, Ymo npueodum K mepmuHanbHol cmaduu
noyeyHoli Hedocmamo4Hocmu. K coxaneHuro, celivyac masno siekapcmeeHHbIx cpedcme, crnocobHbIx npedomepawams hubpo3 e noykax, conpo-
soxdarowulicsi npoepeccuell XPOHUYECKO20 3abosieeaHuUsi MoYeKk 8 MmMepMuHasibHOU cmaduu rnoyeyHol HedocmamoyHocmu. [lony4eHHble pe-
3ysbmambl ¢ UCnonb308aHueM Modesiu 0OHOCMOPOHHel 06CMPYKYUU MOYemMoOYHUKa y Mbiwel nokasbleaom 3ghgheKkmusHocmb HO8020 a2eHma
deoliHozo Oelicmeusi DM509 dnsi npedomepaujeHusi noye4yHoeo ¢hubpo3za. DM509 sienssemcsi oOHOBPEMEHHO a20HUCMOM ¢hapHe30udHo20 X-
peuenmopa u pacmeopumMo20 uHaubumopa enokcudzaudponasbsl. B amom uccnedoeaHuu 6binu e3simbi 8-12-HedesnbHble camybl C57BL/6J, komo-
pble nodeepanuck XupypauyeckomMy emewamesibcmey, Ymo npueoodusio K pa3eumuro 0OHOCMOPOHHel 06cmpyKyuu Mo4emoYyHuKa, U KOHMpPOJb-
Has epynna. Mbiwu e meyeHue 10 OHeli nony4yanu DM509 (10 me/ke/cymku) unu pacmeop, He codepxawjuli DM509, emecme ¢ numbeeol eodoli 3a
OdeHb 9o onepayuu. O6pa3ybl mkaHeli MoYeK U Kpoeu 6biniu cobpaHbl 8 KOHYe 3KcrnepumeHma. B epynne ¢ odHocmopoHHeli o6cmpykyueli Moye-
movyHuka 6bin1a o6HapyXeHa GUCYHKUUSI MOYeK, CONMpoeoXxoarousasicsi MoebIWeHHbIM codep)kaHUeM a3oma MOo4Ye8UHbI 8 KPpO8U M0 CPagHEeHUIo C
KoHmposbHoU 2pynnoli (63 £ 7 vs. 34 * 6 m2/c). [TokazaHo CHUXKeHUe codepiKaHUsi a3oma Mo4YeeUHbl 8 Kposu Ha 36 % y Mbiweli ¢ 0OHOCMOPOHHeU
o6cmpykyueii MOYemoYHuUKa, komopable nosnyy4anu DM509, no cpasHeHuto ¢ Mblwamu ¢ OaHHOU namosozueli 6e3 1e4YeHusl, Ymo, 8 ceoro o4epedb,
0doka3sbieasno agpgpekmueHocmb DM509 e npedomepawseHuu nov4e4Hol AuchyHkyuu. Y mbiweli c 0OHOCMOpPOHHel o6cmpykyueli MOYeMOYHUKa,
He nony4uswux DM509, 6b110 o6HapyxeHO pazsumue ¢hubpo3a noyek ¢ MoebiWeHHbIM codep)XxaHueM 2uGPOKCUINPOJIUHa 8 MoYKax U MoebIWeHHoe
codepxaHue KoJisla2eHa 8 2ucmoJio2u4ecKux cpesax noyek. B epynne, nonyqyuesweti DM509, codepxaHue 2uGpoKcunposiuHa 8 noyYykax u KosnazeHa
6b110 Ha 34-66 % Hu)ke, YMO yKa3bieaem Ha 3¢hheKmueHOCMb 3IMO20 azeHma 8 Jie4eHUU noYyeyHoz2o pubposa. Takum ob6pa3om, MbI rokKasanu,
4ymo Hoesblli DM509 aghgpekmueeH dns npedomepauwjeHusi ducgyHKyUU MoYeK U MoYe4yHo20 ¢hubpo3a c ucnosib308aHUEM MbIWUHOU Modesnu ¢
odHoCcmopoHHel o6cmpykyueli MOYeMOYHUKa.

Knroyeenie cnoea: pacmeopumsbiii uH2u6umop anokcudaudpona3sbl, a20HUCM ¢hapHe30UOHbIX X-peyenmopoe, pubpo3 novex.
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MOKA3HUKM OEAKMX KOMMOHEHTIB CUCTEMU AKTUBALLII NNA3MIHOMEHY
MPU PAKY CEHOBOIo MIXYPA

Pak ceyoeozo mixypa (PCM) npodoexye 6ymu 3axeoprogaHHsIM 3 8UCOKUM MOKa3HUKOM cmepmHocmi. Pak ceyoeozo mixypa
€ wocmum Ons qosoeikie ma ciMHadussimum Onsi XiHOK 3a 4acmomoro 3/105IKICHUM YMeOpPeHHsIM y 8cboMy ceimi. IHeasis ma
Memacma3syeaHHs1 3JI0SIKICHUX MyXJIUH 3yMoeJieHi nmocniidosHicmio npouyecie, ceped siKUX — empama KJIIimUHHO-KIiMUHHOT
ma/a6o KnimuHHO-MampuKcHoI adze3ii, mpomeosiz ma iHOyKYist aHziozeHe3y. Pi3Hi cucmemu npomeas 3adisiHi 8 yux npouyecax,
ocobnueo 8 npoyeci iHeasii ma pozsumky memacma3sie. O9Hiero 3 makux cucmem rnpomeas € cucmema akmusauii nnasmiHoze-
Hy (All) abo ¢hi6puHoni3zy. 3miHu e 6anaHci cucmemMu akmuseayii nna3miHozeHy docnidxeHi npu 6azamboXx munax 3J105IKiCHUX
HOB0YymMeEOopeHb i MOXymb He MifbKu ceidqyumu npo hyHKyioHy8aHHs yiei cucmemu, ane i Mamu MPo2HOocCMuYHe 3Ha4yeHHs. pu
3/105IKiCHUX HOB0YMBOPEeHHAX KOMIMOHeHmu uyiei cucmemu 6epyms y4acmsb y pocmi, iHeasii ma Memacma3syeaHHi nyx/uH, ennu-
e8aroyu Ha npoyecu KNimuHHOI Migpayii ma aHziozeHe3y. OCHOBHUM i exxe dobpe AocidXKeHUM KOMIMOHEHMOM cucmemMu aKkmu-
eauii nna3miHozeHy € cepuHoea npomeiHa3za — akmueamop rna3mMiHo2eHy ypokiHa3Ho2o muny (urokinase-type PA), ckopo4yeHo
uPA. Ha eidmiHy eid uPA, akmueamop nna3miHo2eHy mkaHuHHoz2o muny (tPA) xapakmepu3yembcsi eucokoro agpiHHicmro 0o
pi6bpuHy i 6epe yyacmb y mpom60s1i3i. Y mkaHuHax nyxsiuH cuHme3syromscsi o6udea munu akmueamopie niasmiHozeHy: tPA ma
UPA. Hali6inbwe 3Ha4YeHHs1 ceped iH2ibimopie ¢ibpuHoni3y mae iH2i6imop akmueamopa nna3mMiHo2eHy nepwozo muny (PAI-1),
3anyyeHuli 0o namozeHe3y 6azambox cepyeso-cyOUHHUX 3axe0pto8aHb, @ MaKoX 00 3/105IKICHUX OHKOJ1I02iYHUX HO80YMEBOPEHb.
Memoro daHoz2o docnidxeHHs1 6yno euseumu 3MiHU eMicmy akmueamopa fnia3MiHo2eHy mkaHuHHozo muny tPA ma PAI-1 y
nna3mi kposi xeopux Ha PCM npu pi3Hux cmadisix 3axeoproeaHHsi. Y docnideHHi 6panu yyacmb 40 4osoeikie, y sikux 6ye ee-
pudbikoeaHutli diaczHo3 — PCM. Bmicm tPA ma PAI-1 y nepedonepayiliHiti nna3mi kposi eusHa4anu iMyHoghepMeHmHUM MemodomMm
y modudbikauii ELISA. Y xo0i docnidxeHHs 6yno ecmaHoeneHo 3miHu emicmy tPA ma PAI-1 y nna3mi kpoei Ha pisHux cmadisx,
w0 Moxxe xapakmepu3syeamu picm ma iHeasilo nyxsiuH i nonoeHuUMu icHyro4i eidomocmi w000 3axeopro8aHHs.

Kmo4oei cnoea: pak ce4oeo20 Mmixypa, tPA, PAI-1, cucmema akmuseauii nna3miHo2eHy.

BcTtyn. Pak ceuoBoro mixypa (PCM) € woctum ans 4o-
JOBIKIB Ta CIMHaAAUATUM OS5 XKIHOK 3a 4acTOTOK 3M0SKic-
HUM YTBOPEHHSAM y BCbOMy CBITi [21]. Cepen 3nosKiCHUX
HOBOYTBOPEHb CevyocTaTeBOl CUCTEMU BiH € HanlyacTilumMMm
nicns paky npoctatu. lMaTonoriyHa ricTonoris cBig4YnTbL NPo
Te, wo 6Ginbwe 90 % PCM € kapuuMHOMOW nepexigHoro
enitenito. binbw TOro, 4acrora BWHUKHEHHS PCM vy
3-4 pasu BuLLa B YOMOBIKIB, aHiX y xiHok [11, 21].

IHBa3is Ta MeTacTaszyBaHHS 3MOSAKICHUX MyXJIMH 3yMOB-
NeHi NOoCNiAOBHICTIO NpoUeciB, cepeq SKUMX — BTpaTta Kiii-
TUHHO-KNITUHHOI Ta/abo KNiTMHHO-MaTPUKCHOI aaresii, npo-

Teoni3 Ta iHAyKuia aHrioreHedy [3, 8]. Pi3Hi cuctemun npo-
Teas 3agisfHi B LMx npouecax, ocobnmeo B Npoueci iHBasii
Ta po3BMTKY MeTacTasiB. OgHielo 3 Takux cucTem npoteas
€ cuctema aktuBalii nnasmiHoreHy (All) abo cibpuHoniay.
ATl KOHTPOMIOE He TiNbkuM BMICT pibpuHY B cyamHax, ane
Oepe yyactb y bGaratbox isionoriyHMX i NaTonorivyHMX
npouecax. Npu 3nosiKiCHUX HOBOYTBOPEHHSX KOMMOHEHTU
uiei cuctemm 6epyTb yyacTb Yy poCTi, iHBasii Ta meTacTasy-
BaHHI NyXNWH, BNAMBa4YM Ha Npouecu KNiTMHHOI Mirpauii
Ta aHrioreHedy. 3MiHM B H6anaHci cuctemm akTmBauii nnas-
MiHOreHy gocnigpkeHi npu Garatbox TUNax 3rosiKiCHUX HO-

© OmuTtpuk B., CaBuyk O., AAkosnes M., 2020
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BOYTBOPEHb i MOXYTb He TifbKM CBIAYMTN NPO PYHKLIOHY-
BaHHSA i€l cuctemn, ane n matu NPOrHOCTUYHE 3HAYEHHSI.
Ekcnpeciss KOMNOHEHTIB cucTemMun akTueadii nnasmiHoreHy
MOZYNIOETbCA UMUTOKIHAMKM Ta dhakTopamu pocTy, GanaHc
OCTaHHiX MOPYLUEHWI MPWU OHKOSOTYHUX HOBOYTBOPEHHSIX.
YnepLue 3anexHicTb Mixx cuctemoto ibpuHonidy Ta 3nos-
KiCHMM HOBOYTBOpEHHAMM Byna npunyLieHa A0CHiAHUKOM
Tprocco [20]. Ponb cuctemu aktuBauii nnasmiHoreHy npu-
BEpPHyna yBary JOCNigHMKIB HE TiNbKW 3 NOrnsiay natoreHe-
3y yCKnagHeHWX KpOBOTEY Mpu 3MOSIKICHNX HOBOYTBOPEH-
HSX, ane 1 3 nornagy nporpecyBaHHs nyxnuH [13].

OcHoBHUM Ta Bxe gobpe AOCNIAKEHWM KOMMOHEHTOM
CUCTEMM aKTUBALi Nra3miHOreHy € cepuHoBa npoTeiHasa —
aKkTMBaTop Nna3miHoreHy ypokiHasHoro Tuny (urokinase-type
PA), ckopouyeHo UPA. Ha BigmiHy Big uPA, aktuBaTop nnas-
MiHOreHy TkaHuHHOro Tuny (tPA) xapakTtepusyeTbcsi BUCO-
KO adiHHicTI0 Ao hibpuHy | Bepe yyacTb y Tpombonisi. Y
TKaHWHaxX MyXfuH CUHTE3YylTbCA 00MABa TUMKM akTUBaToOpIB
nnasmiHoreHy: tPA ta uPA. Hanbinble 3HayeHHs cepen
iHriGiTopie chibpuHonizy mae PAI-1, 3anyyeHuin oo natoreHe-
3y baraTbox CepLeBO-CYAUHHWNX 3aXBOPHOBaHb, @ TakoX OO0
3rOSIKICHUX OHKOJFOMYHNX HOBOYTBOPEHb. AKTUBHICTb CUCTe-
MW akTuBauii nna3viHoreHy Moxe OyTu HelTpanizoBaHa
OBOMa OCHOBHMMMW cneuudidHumm iHridiTopamu: PAI-1 Ta
PAI-2 [3, 17]. DocnimKeHHs Npu pisHNX OHKOMOTYHMX 3aXBO-
ptoBaHHAX BKa3ylOTb Ha MiABULLEHWUI BMICT KOMMOHEHTIB
cUCTeMM aKkTMBaLii nna3miHoreHy [6, 9, 12, 16, 18].

MeToto gaHoro gocnigxeHHs 6yno BUABUTM 3MiHW BMi-
cty tPA Ta PAI-1 y nnasmi kpoBi xBopux Ha PCM Ha pi3Hnx
cTagisix 3axXBOPIOBAHHSA.

Marepianu i metoam. Y pocnigkeHHi Opanu y4yacTb
40 naujieHTiB (4onoBikn) BikoM 52—76 pokiB, AKi oYikyBanu
Ha XxipypriyHe BTpyYaHHs ans nikysaHHa PCM. pyny KOHT-
ponto ctaHoBunn 10 340poBUX JOHOPIB TOro X BiKy. Mauje-
HTW Ta AOHOpW Bynu nNpoiHgopmoBaHi NPo yyacTb y Aocni-
[PKEHHI Ta nignucanu BiANOBIAHWA LOroBip. Yci nauieHTn
niggaBanuca cTaHgapTHIN nepegonepauinHing nepesipui,
fika BKrovyana 3aranbHUI aHani3 KpoBi, cedi, GioxiMiuyHui
aHania Kposi, iMyHorpamy, Komn'toTepHy Tomorpadiio 3
KOHTpacTyBaHHAM A7 JOCNIOKEHHST PO3MIpIB MyXNWMHK Ta
MeTacTasyBaHHs. [Ina xapakTtepusyBaHHsS cTafii BUKOpUC-
ToByBann TNM knacudpikauito AJCC, 8 BupaHHsa. Hocni-

[PKEeHHS y3rogxeHe 3 eTudyHuM komitetom HHL [HcTuTyTy
Gionorii Ta meanumHn (Kuis, YkpaiHa). NepeponepadiiHi
3pasku Kposi 6ynu 3ibpaHi BpaHui nepen onepadieto. Kpos
y nauieHTiB Bigbupann Hatwecepue. LlinbHy KpoB 3 aHTu-
KoarynsHToMm ueHTpudyrysanu npu 3000 06/xe npu 4 °C,
3amopoxyBanu Ta 36epiranu npu -20 °C.

Bwmict tPA Tta PAI-1 Bu3Hayanu imyHopepMeHTHUM Me-
Togom y moamudikauii ELISA [10]. Y nnawkun ansa imyHode-
PMEHTHOrO aHanisy HaHoCMNu nonepeaHb0 PO3BEAEHY B
10 pasiB nnasmy Ta 3anuwanu Ha Hi4 npu Temneparypi
4 °C. MNicns NpOMMBKM Ha MnawkyM HaHocunun 5 %-Be 3He-
XVpeHe Cyxe MOJIOKO Ta iHKyOyBanu npotsrom 1 rog npwu
Temnepatypi 37 °C, nicna 4oro 3HoBYy npomwmBanu. [licns
iHKybauii npotarom 1 rog npu 37 °C 3 BignosigHUMK nep-
BMHHMMM aHTUTINaMu NpOTU BiAMNOBIAHUX aHTuUreHiB (tPa Ta
PAI-1) nnawku npommnanu Ta iHky6ysanu npoTsirom 1 rog
npu 37 °C 3 BiANOBIAHUMU BTOPUHHUMW aHTUTINAMWU, KO-
HIOrOBaHMMM 3 nepokcuaasor xpoHy. [licna 4deprosoi
npomuekM Bynu godaHi cybcTtpaTn Jo nepokcugasu Xpo-
Hy. Peakuito 3ynuHanu gogaesanHsam 2,5 H H2SO4. Moka-
3HUKM OMTUYHOI LWINBHOCTI OTpMMyBanu 3a [OMOMOroH
BignosigHoro pigepa Aang mikponnawok (MQuantTM,
BioTekInstruments, Inc) npu goexwuHi xBuni 492 Hm. Cta-
TUCTUYHY 0OpOOKY OTpUMaHMX pe3ynbTaTiB NpoBOAUNN 33
JOMNoMOrol0 MeToAiB BapiauiiHOI CTaTUCTUKM 3 BUKOPUC-
TaHHAM Komn'toTepHoi nporpamu Excel.

Pe3ynbTatn Ta obroBopeHHs. [lerpagauis 6inkis no-
3aKNITMHHOTO MaTpukcy Ta 6asanbHoi MembpaHu € Heob-
XiGHUMKW yMOBaMK Ans iHBa3ii Ta MeTacTadyBaHHSA 3M0siKic-
HMX HOBOYTBOPeHb. OfHieto i3 cuctem, wo bepe yyactb y
MOLLUKOXKEHHI MO3aKMiTUHHOIO MaTpuKCy, € CUCTEMA aKTU-
BaUii nnasmMiHoreHy. PA katanisyeTbcs cepuHOBUMU NpoTe-
iHazamu. OCHOBHMM iHriGiTOpOM cucTEMU akTuBaLii nnas-
MiHoreHy € PAI-1. JocnigpkeHHsa PAI-1 nepeBaxHo ccoky-
COBaHi Ha y4yacTi B TPOMOOYTBOPEHHI, ane OCTaHHIM Yacom
[ocnigHvkv npueepTaloTb Ginbwe yBarn o ydacti PAI-1
npu Pi3HMX NaTONMOrYHMX CTaHaXx, Tak1X K CEPLEBO-CYAUHHI
3aXBOPIOBAHHS, OXMPIHHSA, MeTabomniyHUn CUHAPOM, i npu
pi3HMX TUNax 3MosKICHUX HOBOYTBOPEHbL [6, 12, 15].

Hamu 6yno gocnigxeHo cTaTUCTUYHO LOCTOBIPHI 3MiHN
BmicTy PAI-1 y nna3mi kpoBi nauieHTiB, xBopmx Ha PCM,
3anexHo Big CcTafil 3aXBOPIOBaHHA MOPIBHAHO 3 MOKa3HU-
KaMun B KpOBi 340pOBMX AOHOPIB (puc. 1).

PAI-1

200

100 I
50
0

KoHTponb

Ctapial

1 H

CTapia 2 Ctapia 3 Ctapia 4

Puc. 1. BmicT PAI-1(%) B nepeponepauiiiHii nna3mi kpoBi nauieHTiB, xBopux Ha PCM, 3anexHo BiA cTagii 3axBoptoBaHHsA. M + m,
n =10; *~ p < 0,05 gocToBipHO BiAHOCHO 3Ha4YeHb KOHTpono. # — p < 0,05 BigHOCHO cTaaii 1 PCM
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HesBaxaloum Ha nNpoTUpakoBi BNAcTUBOCTI Npu AeKinb-
KOX TMNax OHKOMOTIYHMX 3aXBOPIOBaHb, HaMpWKNag npu paky
niaLWwnyHKoBOI 3ano3u, nopylleHHs Bmicty PAI-1 kopenioe 3
noraHMM NoJanbLUMM MPOrHO30M MPY TakUX 3M10SKICHUX HO-
BOYTBOPEHHSIX, SIK pak MOITOYHOI 3a5103u1, paK LUMAYHKY Ta pak
sS€YHuKiB [6, 9, 12, 16, 18]. binbLw TOro, HOBI JOCHIAKEHHS
BKa3yloTb Ha KroyoBe 3HayveHHsA PAI-1 y npouecax KniTuH-
HOi Mirpauii, iHBasii Ta B Nnpoueci aHrioreHesy, Lo MOXe Yac-
TKOBO BKkasyBaTh Ha yyacTb PAI-1 y nporpecyBaHHi 3noskic-
HMX HOBOYTBOPEHb NPU AEAKUX TUMax OHKOMOMYHMX HOBO-
yTBOpEHb [7, 12, 14]. Y perynsuii PAI-1 6epyTb y4acTb pis-
HOMaHITHI CUrHarnbHi MOMEKynu, NepeBaxHo akTopu pocTy,
LIMTOKIHWM, TOPMOHM Ta Aeski dpakTopu, SKi BNAvBaKTb Ha
cepeposuLLe, Hanpuknag rinokcis [7, 12].

Mwu pocnigunu 3mibn Bmicty (%) PAI-1 y nepeponepa-
LiMHIn nnasmi kKposi nauieHTiB, xBopux Ha PCM, Ha pi3HuX
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ctagisx. Onsa nauieHTiB 3i ctagieto 1 Bmict PAI-1 6yB Bu-
wmm y 1,26 pasa NopiBHAHO 3 MOKa3HUMKaMWU KPOBi 340pO-
BUX OOHOPIB. Y nauieHTiB 3 2, 3 Ta 4 cragieto Bmict PAI-1
oys Buwmm y 1,33, 1,76 Ta 1,78 pasa, BignosigHo, nopie-
HSIHO 3 MOKa3HWKamu y nna3mi KpoBi 340POBUX AOHOPIB.

Ha BigMiHy Big 6araTbox iHWWX opraHiamiB (bakTepii,
rpnbiB Ta geskux ccaBuiB), ANs NMIOOUHN XapaKTepHi BCbO-
ro 2 aktmeatopu PA: akTuBaTtop nnasmiHOreHy TKaHWHHO-
ro Tuny — tPA [1, 4]. tPA — ue rnikonpotein (70-kDa),
KU 3a Pi3ioNOriYyHNX YMOB CMHTE3YETbCA eHaoTenianb-
HUMM KNITUHAMX ANS NiATPUMaHHA NPOXigQHOCTI CyAWH Ha
BignoBiaAb A0 chopmyBaHHs iGPUHOBOro 3rycTtky B cyam-
Hax. Bwmict tPA B nnasmi KpoBi € HEBUCOKMM, ane Moxe
36inblWyBaTUCS NpU pi3HMX naTonoriyHux crtaHax [13].
IHWKM akTuBaTopoM PA € akTmBaTop nnasMiHOreHy ypo-
KiHasHoro Tuny — uPA (puc. 2).

Ea ‘8

CTapia 2

tPA

Ctapia 3 Ctapia 4

Puc. 2. BmicT tPA (%) y nepeaonepadirHin nna3mi KpoBi nauieHTiB, xBopux Ha PCM, 3anexHo Bia cTagii 3axBOpOBaHHSA.
Mz m, n=10; *~ p < 0,05 gocTOBiIpPHO BiAHOCHO 3Ha4YeHb KOHTponto. # — p < 0,05 BiaHOCHO cTagii 1 PCM

Mwu gocnigunu Bmict (%) tPA B nepegonepadivinin nna-
3Mi KpoBi naujieHTiB, xBopux Ha PCM, npu pisHux cTtagisax
3axsoptoBaHHS. [laHi npeacTtasneHi Ha puc. 2: BmicT tPA y
nnasmi KpoBi nauieHTiB 3i cTagieto 1 PCM MaB 3HayeHHs1 B
1,41 pasa BuLe, aHK 3HA4YEeHHS B Nfa3Mi KpoBi 340pOBUX
OOHOpIB, y nauieHTiB 3i cTagieto 2 BmicT tPA 6yB Buwmnm y
1,67, ctagieto 314 —y 1,73 Ta 1,54, BignoBigHO, NOPIBHAHO
3 NokasHvKkamMu B Nnasmi KpoBi 300pOBUX JOHOPIB.

Omxe, Hamn 6yno gocnigxeHo BmicT tPA Ta PAI-1 y
nnasmi kposi xBopux Ha PCM pisHux cTtagin. JocnigxeHHs
BKa3ye Ha 3MiHy BMICTYy KOMMOHEHTIB CMCTEMM akTuBaLii
nnasmiHoreHy npu PCM 3anexHo Big ctagii. OTtpumaHi
AaHi npy PCM y3roaxytoTbCsa 3 JaHUMM iHLIMX aBTOpPIB Mpu
iHLIMX OHKOMOrYHUX OOCRIAXEHHSAX | MOXYTb LOMOBHUTU
iCHYIOYI faHi B XapaKTepuCTULi 3aXBOPIOBaHHS.
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A. CaBuyk, A-p 6uon. Hayk,

KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHMn Tapaca LlleBueHko, KueB, YkpaunHa,

M. flkoBneB, kKaHA. MeA. HayK

HauunoHanbHbIN MeauUUHCKUIA yHUBepcuTeT umeHun A. A. Boromonsua, Kues, Ykpanna

NOKA3ATENN HEKOTOPbIX KOMMNOHEHTOB CUCTEMbI AKTUBALIUM MITASMUHOIEHA
NPU PAKE MOYEBOI'O NY3bIPA

Pak mo4esozo ny3wips (PMI1) npodomkaem 6bimb 3a6oneeaHueM ¢ 8bICOKUM roka3amesieM cMepmHocmu. Pak Mo4ego20 ny3bips siensemcsi
wecmabIM 07151 My)XYUH U ceMHaduyambiM OJisl JXeHWUH 10 Yacmome 3/10Kka4ecmeeHHbIM obpa3osaHueM 80 eceM mupe. MHea3uss u Memacma3supo-
8aHue 3/10Kka4ecmeeHHbIX ornyxoJsieli 06ycroesieHbl nocsedosamesibHOCMbIO MPOYECCO8, CPedU KOMOPLIX — MoMmepsi KIemo4Ho-K/1emoyHou u/unu
KJIemo4YHo-MampuKcHol adze3uu, nMpomeosiu3 U UHOyKyusi aHauozeHe3a. Pasnu4Hble cucmeMbl npomea3 3adelicmeoeaHbl 8 3mux Mpoyeccax,
0Cco6eHHO 8 npoyecce UHBa3uu u pazsumusi Memacma3sos. OOHOU U3 maKux cucmeM rfpomeas siefisemcsi cucmema akKmusayuu nna3MuHo2eHa
unu ¢pubpuHonusa. U3meHeHus1 8 6anaHce cucmeMbl aKmueayuu n1a3mMuHo2eHa uccriedoeaHb! MPU MHO2UX MuUax 3/10Ka4YecmeeHHbIX Ho800bpa-
308aHull u Mo2ym ceudemesibcmeogamb He MOJIbLKO O (hYHKYUOHUPO8aHUU 3mOll cucmeMbl, HO U UMemb Mpo2HocmuYyeckoe 3HavyeHue. llpu 3no-
KavyecmeeHHbIX HO8006pa30eaHUsIX KOMIMOHEeHMbI 3moli cucmeMbl MPUHUMaKOM yvyacmue 8 pocme, UH8a3uu U Memacma3suposaHuu omnyxosnel,
e/nusisi Ha Npoyecchl KIemo4Hol Mu2payuu u aHauoz2eHe3a. OCHOBHbLIM U YyXe Xopowo uccrieoe8aHHbIM KOMITOHEHIMOM cucmeMbl akmueayuu
nia3MuHo2eHa sieJiiemcsi cepuHoeasi mpomeuHasa — aKmueamop nia3MuHo2eHa ypokuHa3Ho2o0 muna (urokinase-type PA), cokpaweHHo uPA. B
omnuyue om uPA, akmueamop nna3mMuHo2eHa mkaHeeo2o muna (tPA) xapakmepu3yemcsi ebicoKol agppuHHOCMbIO K ¢hubpuUHy U y4acmeyem e
mpom6onu3uce. B mkaHsix onyxoseli cuHme3upyromcsi o6a muna akmueamopoe niasMuHozeHa: tPA u uPA. Hau6onbwee 3HavyeHue cpedu UHau-
6umopoe ¢ubpuHonusa umMmeem uHaubumop akmueamopa nnasmMuHoz2eHa nepeozo muna (PAI-1), 3adelicmeoeaHHbIli 8 Namoz2eHe3e MHO2UX cep-
deyHo-cocyducmbix 3abosiesaHuli, a makxe 3/710Ka4ecCmeeHHbIX OHKOJIo2U4ecKux Hogoobpa3oeaHuli. Llenbto daHHO20 uccnedosaHusi 6bI10 8bl-
seums usMeHeHue codepXXaHusl akmueamopa nia3mMuHo2eHa mkaHeeo2o muna tPA u PAI-1 e nnasme kpoeu 6onbHbix PMIT npu pa3nu4Hbix cma-
Ousix 3abonesaHusi. B uccnedosaHuu npuHumanu yyacmue 40 My>X4uH, y Komopbix 6b11 eepuguyuposaH duaeHo3 PMI1. CodepxaHue tPA u PAI-1
8 npedonepayuoHHOU Mn1a3mMe Kpoeu onpedesnsiiu UMMyHoghepMeHMHbIM Memodom e Mmodugukayuu ELISA. B xode uccnedoeaHusi 6bi1u ycma-
Ho8J1eHbl u3MeHeHus1 codep)xaHusi tPA u PAI-1 e nna3me Kpoeu Ha pa3/iudHbIx cmadusix, Ymo Mo)xem xapaKmepu3oeamb pPoCm U UH8Aa3UH OfyXxo-
neli u nonosTHUMB cyujecmeyroujue ceedeHusi o 3abonesaHuu.

Knroyesnie crnosa: pak moyesozo ny3bipsi, tPA, PAI-1, cucmema akmusayuu nna3muHo2eHa.

V. Dmytryk, Ph.D. stud.,

0. Savchuk, Dr. Sc.

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,
P. Yakovlev, Ph.D.

0. Bogomolets National Medical University, Kyiv, Ukraine

CHANGES IN THE CONTENT OF SOME COMPONENTS OF THE PLASMINOGEN ACTIVATION SYSTEM
IN THE PLASMA OF BLADDER CANCER PATIENTS

Bladder cancer (BC) continues to be a disease with a high mortality rate. Bladder cancer is the sixth for men and seventeenth for women in the
incidence of malignancy worldwide. The invasion and metastasis of malignant tumors are caused by a sequence of processes, including loss of
cell-cell and / or cell-matrix adhesion, proteolysis, and induction of angiogenesis. Different protease systems are involved in these processes,
especially during the invasion and development of metastases. One such protease system is a plasminogen activation system or fibrinolysis
system. Changes in the balance of plasminogen activation systems have been investigated in many types of malignancies, and these changes may
not only indicate the functioning of this system but may also have prognostic significance. In malignancies, the components of this system are
involved in the growth, invasion, and metastasis of tumors, affecting cell migration and angiogenesis. The main, but a well-studied component of
the plasminogen activation system is serine proteinase — urokinase-type plasminogen activator (uPA). In contrast to uPA, tissue-type plasminogen
activator (tPA) is characterized by a high affinity for fibrin and is involved in thrombolysis. Both types of plasminogen activators are synthesized in
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tumor tissues: tPA and uPA. The largest player among the inhibitors of fibrinolysis is the plasminogen activator inhibitor type 1 (PAI-1), involved in
the pathogenesis of many cardiovascular diseases, as well as in cancer. The purpose of this study was to detect changes in the content of
plasminogen activator tissue type tPA and PAI-1 in the blood plasma of patients with BC at different stages of the disease. The study involved 40
men who were verified with a diagnosis of BC. The content of tPA and PAI-1 in preoperative blood plasma was determined by enzyme immunoassay
in ELISA modification. In our study, changes in the tPA and PAI-1 content of the blood plasma at different stages were identified, which can
characterize tumor growth and invasion and can supplement existing disease information.

Keywords: bladder cancer, tPA, PAI-1, plasminogenactivation system.

YOK 616.8-003.98; 57.571.27
DOI: https://doi.org/10.17721/1728_2748.2020.80.19-25
XK. OninHuk, acn.,
H. CeHuuno, kaHA. Gion. Hayk,
T. OoBOMHYYK, KaHA. Gion. HayK,
C. CtenaHeHKo, CTyA.
KuiBcbkui HauioHanbHUI yHiBepcuTeT iMmeHi Tapaca LLleB4yeHka, KuiB, YkpaiHa,
M. l'y3uk, kaHA. 6ion. Hayk
IHcTUTyT Gioximii im. O. B. ManaagiHa HAH Ykpainu, KuiB, YkpaiHa

PEAKTUBHUM ACTPOIrnIo3 Yy WWYPIB
I3 INC-IHAYKOBAHOIO XBOPOBOIO NAPKIHCOHA

Po3eumok acmpoeanio3y mpueasnull 4ac noe's3yeasiu i3 npoyecamu 3axucmy HelUpPOHie ma peKOHCMPYKUil mKaHUH MO3KYy
nicns llo2o mpaeMamu4HoO20 ypaxkeHHs1 abo nepeHeceHo20 iHcynbmy. OOHaK Ha CbO0200HIWHIlU 0eHb ompuMaHi YucsieHHi 0oKa3u
mo2o, wo 3a NMesHUX yMO8 peaKmueHi acmpoyumu MOXymb rfocusiroeamu Helpo3ananeHHsi i 6pamu yyacmb y npoyecax
HelipodezeHepauil. Xeopoba [MapkiHcoHa (XI1) — odHe 3 Halbinbw nowupeHux Helipode2eHepamueHUX 3axeOpro8aHb, W0
cmaHosumb gaxxsiuey Meduko-coyianbHy npobnemy. lpozpecusHuli nepebiz 3axeoproeaHHsi nompebye 6e3nepepeHoi meparnii,
Ha ni3Hix cmadisix euknukae iHeanidusayito nayieHma, wo crpu4yuHsie HeobxiOHicmb nocmitiHo2o 00251510y Ui 06yMoesntoe 3HaYHI
ekoHoMiyHi empamu. [MamodgpizionoziyHi ocHoeu XI1 3anuwarombcsi 00 KiHUsI He 3'sicOeaHUMU, W0 YHEMOXXJIUBJIOE PaHHIO
diazHocmuky xeopobu, npoz2Ho3yeaHHs1 ii nepebicy i po3pobkKy namozeHemu4yHux memodie JlikyeaHHsi. [IposidHuM
namozeHemu4HUM YuHHUKoM XI1 Ha cb0200HIWHIl OeHb 88axaembcsi Helipo3anasieHHsl 1oJliemios102i4YHO20 2eHe3y, y PO38UMOK
SKO20 3any4eHi knimuHu Mikpo- ma acmpoenii. lpu ybomy ¢yHKyioHanbHUll cmaH acmpoeanii 8 ymMoseax po38UmKy
Heliponamonnogii 3anuwaemscs HalimeHw sus4yeHum. Memotro po6omu 6yno AocnidxeHHs1 hyHKYioHanIbLHO20 cmaHy acmpoanii
20J108H020 MO3KY wWypie 3a ymoe po3sumky X[, indykoeaHoi 6akmepianbHUM ninononicaxapudom (JIMC-XI1). YcmaHoeneHo, u,o
po3seumok JIMIC-XI1 y wypie cynposodyembCsi peakKmueHUM acmpoaslio3oM i3 Hadekcripecieto anianbHo20 ¢hibpunspHozo
kucnozo npomeiHy (GFAP) ma npodykmie lio2co dezpadayii acmpoyumamu einokamnasnbHOi OifsiIHKU 20/1086HO20 MO3KY.
Hadekcnpecis GFAP acouilioeaHa 3i 36inbweHHsIM pieHs1 ocHO8HO20 npomeiHy mieniHy (MBP) y 2omozeHamax MO3Ky ma

3HUXKEHHSIM pieHs1 HelipoHanbHoi NO-cunmasu.

Knroyoei cnoesa: xeopoba [lMapkiHcoHa, acmpoaio3, ¢i6punapHuli kucauli npomeiH, OCHO8HUU nNpomeiH Miesnidy, HelipoHa-

nbHa NO-cuimasa.

Bctyn. XBopob6a MMapkiHcoHa (XI1) — nporpecytoyde
MyNbTUCUCTEMHE 3aXBOPHOBaHHSA, WO 3anydyye godami-
HepriyHy, HopagpeHepriyHy, CEPOTOHIHEpPriYHY Ta XorfiHe-
priyHy CUCTEMMW, i3 LUMPOKMM CMEKTPOM SK PYXOBUX, TaK i
HepyxoBux  (BeretatuBHUX, CEHCOPHWX,  HEpPBOBO-
ncuxivHmx) npossis [22]. HuHi kinbkicTb xBopux Ha X[y
CBIiTi Haniyye 6nu3bko 6 MNH ocib. 3a NporHo3amu ekcne-
pTie BOO3 go 2030 poKy OYiKyETbCHA 3pOCTaHHS KiNbKOCTI
xBopux o 9 mnH ocib, a go 2050 poky — 36inbLueHHSA
KiNbKOCTI XBOpUX y 4oTupu pasu [2]. CouianbHa 3Ha4y-
wicte Xl BM3HAYaETbCS HEYXWUMBbHUM NPOrpecyBaHHAM
xBopobu i HeMuHy4olo iHBanigm3adieto xsopux [11].

Y 3B'A3Ky 3 TakKMM CTaHOM CrnpaB NpuMBEPTaETLCH yBara
00 HeobXiAHOCTI CBOEYaCHOI AiarHOCTUKM 3aXBOPHOBAHHS
Ta edekTMBHOro nikyBaHHs nauieHtiB i3 XI. MNpu ubomy
naTorHOMOHiIYHMX cumnTomiB XI1 Hemae. [diarHo3 BCTaHOB-
TIOETBCSA 3@ CYKYMHICTIO KMiHIYHUX NPOSIBiB, a NpoBeAEeHHs
NiKyBaHHA € BUKIMIOYHO cuMnToMatuiHuM [34]. MexaHiamu
HeWpoHanbHOi fereHepauii B ymoax X[ 3anuvwarTbes
He3'ACOBaHUMM, L0 YHEMOXIMBMOE CTBOPEHHSA NaToreHe-
TUYHUX NiKyBanbHUX 3acobiB i po3pobKy naToreHeTUYHUX
MeToaiB Tepanii uiei xsopobu. KnoyoBrM acnektom narto-
disionorii Xl € Herpo3anarneHHs, y sike 3anyyeHa akTusa-
uis actpouuTie [15]. Byno nokasaHo, WO NO3aKMiTUHHWUIA O-
CMHYKNEIH Y BMWCOKMX KOHLIEHTpaUifX, XapaKTepHux Ans
X, ingykye TLR4-3anexHy 3ananbHy Bignosigb y NnepBuH-
HUX KynbTypax actpoumTis [21].

AcTpounTn € HambinbL YACNEHHOK nonynsuieto rnia-
NbHUX KNiTWUH Y UeHTpanbHin Hepsosin cuctemi (LIHC).
BoHu ctaHoBnsTh 6nnsbko 60 % Herpornii Ta € ogHUMK i3
KINIOYOBUX ernemMeHTiB Y disionorii HepsoBoi cuctemu. [oc-
NiOKEHHS1 OCTaHHIX OBOX AECATUNITb NEPEKOHNNBO HAaBO-
O9Tb OOKa3W Woao0 3HAYHOI (PYHKLiOHANbHOT reTeporeHHo-
CTi acTpouuTiB, NOKani3oBaHWX Y Pi3HUX AiNsHKax MO3Ky

[25]. BuainstoTb nnasmaTuyHi aCTpoUUTU — KNITUHM 3 KOPO-
TKMMW, ane TOBCTMMW BiAPOCTKaMK, AKi MICTATbCSA B Cipin
PEYOBMHI FONIOBHOIO MO3KY, i BONIOKHUCTI (hibpo3Hi) acTpo-
UUTK — KIITUHW 3 TOHKUMW JOBrMMW BigpOCTKaMW, LLIO Mic-
TATbCA B 6inin peyosuHi LIHC. BonokHucTi actpounTtu pos-
TaLIOBYKTLCA MiXK TiIOM HEMpOHa i KPOBOHOCHOK Cyau-
HOI, a NnasMaTuyHi — MK HepBOBMMMK BOMOKHamu [5, 9].
DyHKUT acTpoLMTIB NonsAraloTb y cekpeuii TpodidHMx dak-
TopiB, 3abe3neyeHHi eHepreTU4Hoi NIATPUMKN HEWNPOHIB,
perynsuii ioHHOro Ta BogHoro o6MiHiB, NiaTpuMLi remartoe-
HuecdbaniyHoro 6ap'epy Ta y4yacTi y cMHanToreHesi, peryns-
Uil pyHKUIOHANbHOI aKTUBHOCTI iHLWWX KNITUH LeHTpanbHOI
HepBOBOI cucTemm ToLo [3, 29, 30].

3'acyBaHHA hakTy PyHKUiIOHANbHOI reTeporeHHoCTi ac-
TPOUMTIB [J03BONSIE MO-HOBOMY MOMMSHYTU Ha MaToreHes
3axBOpOBaHb HEPBOBOI cucTeMu. B ymoBax HerpogereHe-
paTUBHUX NpoLeciB BiAOYyBaOTLCA peakTUBHI 3MiHU B acT-
pornianbHi nonynauii, siki € YaCTUHOK rMio3y — OAHOrO 3
KIMOYOBMX KOMMOHEHTIB MaToreHe3dy HempogereHepaTtus-
HWX 3aXBOPOBaHb, ¥ Tomy uncni 1 XI1 [6]. AcTpornios pos-
rMAAAETLCA K TpUrepHnii YmHHMK XTI i akTMBHO BMBYaEThL-
Csl 3 BUKOPUCTAHHSIM YUCMEHHUX EKCMepPUMEHTarnbHUX MO-
nenew uiel natonorii [29]. OgHak, He3BaXkaloun Ha BU3HAH-
HA pakTy acoujauii acTporniosy 3 po3BUTKOM JaHOi naTo-
norii, Moro ponb y natoreHesi 3aXBOPHOBaHHS 3anuLLaeTbCcs
OCTaTOYHO Hes'acoBaHo. BrukopucToByloun gaHi, oTpuma-
Hi Ha TBapuHHUX Mogensax X[, yacTuHa OocnigHUKIB BBa-
XalTb, L0 aKTMBOBaHiI aCTpPOLUMTU € [XXepenom MeaiaTopis
3ananeHHs M y Takuin cnoci6 6epyTb yyactb y 3arnbeni
nodamiHepriyHmMx HenpoHie [6, 26, 30]. IHwWi BBaXkatoTb, LLO
aKTMBOBaHi acTpornianbHi KMiTUHWU BUKOHYIOTb HENPOMpo-
TEKTOpPHY dyHKLjt0, 3abe3nedyoun nokanisadito 3ananeH-
HS, iHILiMOBaAHOro 3ananbHOK akTMBauie Mikpornii [26].
Mpy UbOMYy 3BEPTAETLCS yBara Ha Te, L0 XapakTep akTu-
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BaUii acTpouuTiB Npy HenposananeHHi 3anexuTb Big Tuny
0o6paHoro iHaykTopa XBOPOOM i MOXe BiApi3HATUCS 3anex-
HO Bi BMKOPWUCTOBYBaHOi Mozeni xsopobu [10].

OcobnuBuii iHTEpeCc y OOCHIOXEHHSX O-CUHYKIEIHO-
natin BuknukatoTb JINC-iHgykoBaHi mogeni X[, Ockinbku
[OO03BOSATb HANBINbL afeKBaTHO OLHUTU 3anarbHy KOM-
NMOHEHTY B PO3BUTKY 3axBOptoBaHHS. Lli mogeni BukopucTo-
BYIOTbCA Yy [AOCNIMKEHHAX, LWO CTOCYITbCA eTionorii Ta
natoreHesy XI1, a Takox MOLIYKYy NaTOreHeTUYHUX Tepane-
BTUYHMX nigxoais [13].

MeToto pgaHoi pobotu 6yno pocnigXeHHs yHKLioHa-
NBHOrO CTaHy acTporrii rofloBHOrO MO3Ky LUypiB 3a YMOB
po3BUTKY xBOpobu [MapkiHCOHa, iHOyKOBaHOI GakTepianb-
HUM ninononicaxapugom (NMC-XTMT).

Martepiann i metoau pocnigxeHb. [ocnigkeHHs
nNpoBOAUNN Ha Lypax-camusix niHii Bictap (220-250 r) po-
3BefdeHHs BiBapito Y "lHCTUTYT ekoririeHn i Tokcukonorii
im. J1. I. Megeeaa HAMHY". licna paHgomisauii TBapyH 3a
Barow BoHW Oynu noginexi Ha Tpu rpynu no 10 TBapuH y
KOXHIi: iHTaKTHi, xubHoonepoBaHi (XO) Ta TBapuHM i3
JINC-XT1. eminapkiHCOHI3M MoAentoBany LWNAXOM CTe-
peoTakcuyHux MikpoiH'ekuin 10 mxr JINC (Sigma, CLUA),
po3unHeHoro y 2 mkn ctepunbHoro 0,9 % NaCl (3AT "Ik-
dysia", YkpaiHa) [18]. XubHoonepoBaHUM TBapuHaM BBO-
annn 2 mkn ctepunsHoro 0,9 % NaCl. AsToncito TBapuH
npoBoaunu Ha 28 noby nicna moaentoBaHHs XI1. Po3suTok
Xl BM3Hayanu 3a pesynbTatamu MoBeiHKOBUX TeCTiB Ta
iMYHOrICTOXIMIYHOrO  OOCMIQKEHHA CTyneHs pPyNHyBaHHSA
aodbamiHepriyHMx HenpoHiB substantia nigra 3a piBHem
TMPO3UHOBOI rigpokcunasu [37]. Pikcauitio TKaHUH MO3KY Y
LypiB AnNs iMyHOrCTOXiMIYHMX [OChiAXeHb BWKOHyBanu
MeToAOoM TpaHckapaianbHoi nepdya3ii-cpikcadii (whole body
perfusion) nig nerkum edipHMM Hapko3oM. [ns uboro Bu-
KOPWUCTOBYBanNu TpaHcKapdianbHy nepgysitlo renapuHiso-
BaHMM @pidionoriyHMm po34vmHom (8 op renapuny/mn 0,9 %
po3unHy NaCl, pH 7,2) o6'emom 6numsbko 50-70 mn. Oani
nposoaunu nepdysito 4 % po3unHoMm napadopmanbaeri-
ay y oisionoriyHoMy po3syuHi (120-150 mn/wypa Baroto
200 r). Micnsa nepdysii BMaansanu Mo3ok Ta dikcyBanu
noro y 10 % HentpanbHoMy copmaniHi (Ha docgaTHomy
Ooydepi, PBS, pH 7,2). ®ikcoBaHi dpoHTanbHi TKaHUHU
3HeBOAHIOBaNM i 3aknodanu y napannact (Leica
Surgipath Paraplast Regular). [erigpatadito 3giicHioBanm
nocnigoBHo 3a gonomorot etaHony (Big 70 go 100 %
pPO34UHY eTaHony), JiokcaHy, Kkcunony, Kcu-
non/napannacty (1:1; 37 °C), napannacty (56 °C). Na-
padiHOBi 3pi3n rONOBHOrO MO3KY TOBLLMHOK 6 MKM BUro-
TOBNANM Ha Mmikpotomi Thermo Microm HM 360 [8].

Ona pgetekdii mapkepy acTporniody — rmianbHoOro
GidpunsapHoro kucnoro npoteiHy (GFAP) — 3pasku npomu-
Banun 4 pa3n PBS Ta iHkybyBanu 60 xB 3a KiMHaTHOI TeM-
nepatypu 3 gogasaHHaM FITC-koH'toroBaHux cneundidHnx
aHTuTin (Abcam, BenukobputaHnis). JogaTkoBo 3pi3n dap-
6ysanu dnyopecueHTHUM GapBHuMkomM Hoechst-33342
(Sigma) gnsa Bisyanisauii agpa knituH. OuiHKy iMyHOtoo-
pecueHLUii MpoBoANIM MiKPOCKOMilOBAaHHAM 3 BMKOPUCTaH-
HAM Mikpockona Carl Zeiss LSM 510 Meta (Carl Zeiss,
HimeyunHa), nicna 4oro AaHi 06pobnanu 3 BUKOPUCTaAHHAM
nporpamHoro 3abesneyeHHs Imaged.

BusHaveHHsa BmicTy npoteiHiB (GFAP, ocHoBHoro npo-
TeiHy mieniHy (MBP, myelin basic protein) Ta
HelipoHanbHoi NO-cuHTasn, nNOS) y 3paskax npoBoaWnu
meTtogom BectepH 6noT aHanidy [23]. BnoTuHr npoTeiHiB i3
noniakpunamigHoro rento (MAAlN) Ha HiTpoUENONO3HY
MeMbOpaHy (Amersham Bioscience) npoBogunu B anaparti
Mini Trans-Blot Cell (BIO-RAD, LWBeuis) y 6ydepi ansa ne-
peHeceHHs1, wo Mictme: 25 mmonb/n Tpuc-HCI, pH 8.3,
20 % meTtaHon, 192 mmone/n raiuvH, 0.1 % ACH (oogeumn-
ncynedart HaTpito). Mo 3akiH4eHHI0O MemBpaHn npoMuBanu
OVUCTUNBOBaHO Bogok Ta dapbysanu 1 % po3yMHOM
6apBHuka Ponceau S, npurotoBaHoro Ha 3 % TXO (Tpu-

xnopoutosin kucnoti) 5-10 xB. BinbHi LeHTpK 3B'A3yBaHHS
Ha MemOpaHi 6nokyeanu BnpogoBx 1rog 5 % po3ynHoM
cyxoro 3HexupeHoro Moroka (Genesee Scientific Inc.,
CWA) y PBS i3 pogaBaHHaMm 0,1 % TsiH 20. MembpaHu
iHKyOyBann no4eproBo i3 UiIbOBUMU MNEPBUHHUMWU aHTUTI-
namm (Abcam, BenukobpuTaHis), a noTiM — BTOPUHHUMMU
aHTuTinamn y 6ydepi ana 6nokyBaHHA NPOTArOM HOYi Npu
4 °C i3 HacTynHMM npommBaHHAM PBS. Ak BTOpWHHI aHTu-
Tina (AT) BukopucToByBanu aHTMBuaoBi AT, KOH'toroBaHi 3
nepokcmaasolo xpoHy (Abcam, BenukobputaHis). Bisyani-
3alit0 aKTMBHOCTI NepokcMaasv NPOBOAMIN KONbOPOBOH
peakuieto, BUKOPUCTOBYLOYM  3-AmamiHOGeH3uanHTeTpa-
xnopua (OAB) (Dako Cytomation, Oanis). deHcuTtomeTpu-
YHUN aHani3 pobwnu nporpaMHUM  3abesneyeHHs M
TotalLab TL120 (Nonlinear Inc, CLUA), e BmicT npoTeiHis,
HOpPMOBaHWI 3a piBHEM TyOyniHy, NpeAcTaBnsnuM B yMOB-
HUX oamHUUaX (ym. of.). KoHueHTpauitio Ginka y 3paskax
BM3Ha4Yanu i3 BUKOPUCTaAHHAM KOMepLinHoro Habopy
Modified Lowry Protein Assay Kit (Thermo Scientific, CLLUA)
3rigHO 3 IHCTpYKLUieo BUPOOHUKa [24].

CratuctnyHa obpobka gaHWx npoBedeHa BiAMoBiOHO
go sumor AdY [1]. Ana ctatuctmyHoi 06pobkn gaHux Bu-
KopucTtaHo nporpamy Statistica v. 10. Pesynbtatu geHcu-
TOMETPUYHOro aHanisy 6notorpam npeacTaBneHi y Burnsgi
cepefiHboro 3HaveHHs (M) Ta cepeHbOro KBaapaTUYHOTO
BioxuneHHs (xSD). CtatuctnyHa obpobka faHUX BUKOHaHA
3 BMKOPUCTaHHSM HenapameTpuyHoro U-kputepito MaHHa
— YiTHi. BigMiHHOCTI MK rpynamu BBaXanu CTaTUCTUYHO
3HavyLwmmum npwm p < 0,05.

Pe3ynbTaTtn Ta ix obroBopeHHs. BeeaeHHs JIMNC cy-
NPOBOXKYBaNocsi PO3BUTKOM FeMinapkiHCOHI3MY, KU pe-
€CTpyBanu 3a NpOrpecuBHMM 3POCTaHHSAM LUBUAKOCTI pPo-
TauiiHUX pyxiB TBapuH B anoMopdiHOBOMY TecTi, Lo Bigo-
Opakae 3pocTarye YLIKOAKEHHS HEMPOHIB YOPHOI cybcTa-
Huii. Lnaxom aHanidy rictonoriyHMx MikponpenapartiB
pOoHTanNbHMX 3pi3iB rONIOBHOMO MO3KY BUSIBIIEHO OereHe-
pauilo HEeMpOoHiB YOpHOI cybCTaHLUii y AOCNIAHNX TBapWH,
SIKy OLiHIOBanu 3a 4OMOMOrol iMyHoricToxiMiyHoro 3abap-
BMNEHHS aHTUTiNaMm 40 TUPO3MHOBOI riApoKcunasu (aaHi He
npeacraeneHi). 3a pesynbTatamy  iMyHOriCTOXiMiYHOrO
aHanisy Ta AeHCUTOMETPUYHOro aHanisy énortorpam y 3pa-
3kax MO3Ky LypiB rpynu XIT BCTaHOBMNEHO 36iNbLUeHHS
BmicTy GFAP [12]. GFAP € ronoBHUM iMyHOLMTOXIMIYHUM
mMapkepoMm actpoumtapHoi rmii [14]. Bmict GFAP Bukopucto-
BYETbCH SK CNEeUUIYHMI | YyTNMBUIA MOMNEKYNSPHUI Mapkep
PYHKLIOHaNbLHOrO CTaHy LeHTpanbHOi HepBOBOI CUCTEMU
[19]. KinbkicHe Bu3HayeHHs GFAP BxoguTb 40 nepeniky
0060B'A3KOBNX TECTIB HA HEMPOTOKCUYHICTL MPU NMPOBEAEHHI
OOKIIHIYHMX BMNPODYBaHb NiKapCbkux npenaparib.

MopiBHSAHO 3 XMGHOONEPOBAHMMM Ta iIHTAKTHUMMK TBa-
puHamn BMICT HeperpagoBaHoro GFAP 36inblmBcsa y
2 pasu npu JIMNC-iHgyKoOBaHHOMY reminapKiHCOHi3Mi B eKc-
nepumMeHTanbHUX TBapuH (puc. 1). BMiCT HM3bKOMOMEKY-
napHux gerpagosaHux noninentuais GFAP y TBapuH rpy-
nu X 6yB Ginbwum B 11 pasis, Hix y rpyni XO wypis, iy
2,2 pasa BUWMM 3a MOKa3HUK iHTAKTHUX TBapuH. Cnig
3a3Ha4MTK, WO piBeHb AaerpagoBaHunx gopm GFAP y XO
TBapuMH OYyB 3HAYHO HMXYMM, HIXK Y IHTAKTHUX LLYpIB.
3 nitepatypu Bigomo, wo gerpagauis GFAP BinbyBaetb-
Csl B YMOBaX OKCMAATUBHOIO CTPECY i NiABULLEHOrO PiBHSI
peakTUBHUX (OPM KWUCHIO, 3aBOSKM YOMY pO3rnsiaaeTbes
SIK 0O3HaKa 3anarneHHs i HempoaereHepaTUBHUX NPOLIECIB,
acouinoBaHux i3 peakTMBHUM actpornio3om [4]. OTpumaHi
HaMn pes3ynbTaTyu NIATBEPOKYIOTb Ui NiTepaTypHi AaHi.
SHWKEHUA MNOPIBHAHO 3 IHTAKTHMMKM TBapMHaMu pPiBEHb
perpaposaHux popm GFAP y XO TBapuH moxe 6ytu Ha-
cnigKkom akTmBauii penapaTUBHUX MPOLECIB, BUKITMKAHUX
XipypriYHMM BTPYYaHHSM, i MOB'A3aHOr0 3 LIMM NMOCUIEHHS
npoueciB ckaBeHOXUHry (scavenging). OpgHak nigTeep-
[PKEHHS BMCMOBMNEHOrO MpunyLLeHHss notpebye gopaTko-
BUX OOCNiOXEHb.
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Puc. 1. Bmict GFAP Ta npoayKTiB 1A0ro npoTteoniTU4HOI Aerpaaalii B romoreHaTax ronoBHOro Mo3ky uypis i3 JINC-XM.
A - penpeseHTaTUBHI 6noTtorpamu; b — pesynbtatn aeHcuTomeTpii 6rnotorpam (M * SD), n = 10 y KoXHiW rpyni TBapuH

MpumiTkn: * — p < 0,05 NOpiBHAHO 3 iHTaKTHUMKU TBapuHamu; # — p < 0,05 nopiBHsAHO i3 XO TBapyHamMu.

Y uinomy cnig 3a3Ha4mTy, WO iCTOTHE 3pOCTaHHS KiNbKOCTi acTpornianbHOro MapKkepy 3ananeHHs Ta HA3bKOMOIEKynsp-
Hux noninentugis GFAP cBiguntb npo nepebir peakTMBHOrO acTpouMTO3y BHACMIAOK PO3BUTKY 3ananbHWX NPOLECiB, iHAY-
KoBaHMX BBeAeHHAM JIMC. ACTpornio3 € XxapakTepHOK NaTosoriyHo 03Hako XI1, BaXXNMBUM MNiOTBEPOXKEHHSAM PO3BUTKY
HenposananbHKX NPOLECIB Ta a4eKBaTHOCTI CTBOPEHOI ekcnepumeHTanbHoi mogeni [28].

IMyHOricTOXiMi4HMI aHani3 3pisiB ronoBHoro Mo3ky Lwypis i3 JNIMC-XI BMABMB nepeBaxkHy nokanisauitlo peakTMBHUX acT-
poumTiB y rinokamni (puc. 2), y TO Yac SK B iHLWMX AiNsiHKaX MO3KY iCTOTHUX 3MiH BUSIBIIEHO He Byno. OTpumaHi faHi Bkasy-
I0Tb Ha Te, WO caMe acTpouMTU rinoKkamnanbHOI OiNsSHKMA 3any4eHi y po3BUTOK peakTUBHOIo acTporniosy, acouinoBaHoro 3
po3sutkom JMNC-iHaykoBaHoi XI. 3 ornsay Ha Te, L0 rinokamn € BaXUBMM OpraHom Nim6iuHOi cuctemm i 3anyyeHunn y
KoHconigauito nam'aTi [7], MOXXHa 3poOUTU MPUNYLLEHHS, WO acTPOrmio3 Y rinokamni € BaXXMMBUM KOMMOHEHTOM naToqisio-
norii KOrHiTMBHMX po3nagis 3a ymoB po3sutky JINC-XT1.

Hoechst 33342 Anti-GFAP-FITC Hoechst 33342
Anti-GFAP-FITC

KoHTpone

X0

ANc-Xxn

Puc. 2. ImyHoricToxiMi4yHUI aHani3 3pi3iB ronoBHOro Mo3ky wypis i3 JINC-XI (rinokamnanbHa AinsiHka),
n = 10 y koxHil rpyni TBapuH. KonTponb — iHTakTHi TBapnHu; XO — xubHoonepoBaHi TBapuHu; 3 — JINC-XMN - JINC-iHaykoBaHUn
reminapkiHCoHi3M. 3pi3n o6pobneHi aHTutinamm npotu GFAP gopgatkoBum chapbyBaHHAM sinep Hoechst-33342,
KoHdpoKanbHa Mikpockonis (wkana macwTaby — 50 Mkm)
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[nsa ouiHOBaHHA CTaHy MieniHisauii HepBOBUX BOJTOKOH
3a ekcnepumMeHTanbHux ymos po3sutky JIMNC-XI y wypis
MeTogom BecTepH-6noT aHanisy npoBeeHo OOCNILKEHHS
MBP. MBP Bigirpae BaxnuBy porb B opraHisadiii, 36opui ta
NiATPUMUI CTPYKTYPHOI UinicHOCTI MieniHy. BnacTtmBocTi
MBP fo3BonsoTe Noe'a3atv NOpyLUEHHs Moro metabonis-
My 3 PO3BUTKOM Mpouecy AemieniHisauii. BUsHauyeHHs Kinb-
KicHoro BMicTy MBP Ta noro noninentugHoro cknagy y
TKaHWHi TONIOBHOMO MO3KY BUKOPWUCTOBYETbCS ONS1 OLiHIO-
BaHHA CTyneHa AemieniHisauii HeripoHiB [36]. PossuTOK
anbda-cuHykneiHonaTin  CynpoBOMKYETLCA PYWHYBAHHAM
MBP i npouecamu gemieniuisauii [16].

MBP mo3ky wypiB npeacraBneHun asoma gyHKLio-
HanbHO BaXnMBUMKU opMamu, SKi BiApi3HAOTbLCA 3a
i3nKO-XiMiYHUMWN BNACTUBOCTSAMU: BMCOKOMOMEKYNAp-
HAMK noninenTuaamMy y AianasoHi MOMEKYNspHWX Mac
95-110 ka, ki € cknagoBMMKU MeMOpaH LIBaHIBCbKUX
KNiTWH, i MOHOMepHOW ¢opmoto 17 k[la, 9ka mae nepe-
BaXXHO LMTO30MbHY Nnokanisauito. IMyHOXiMiYHa AeTekuis
MBP nokasana 36inbLUeHHsI piBHS BUCOKOMOIEKYNSAPHUX
noninentugis y 1,8 pasa y tBapuH i3 JINC-XI nopiBHAHO
3 iHTaKTHUMK TBapuHamu i B 1,5 pasa — nopisHsHO i3 XO
wypamu (puc. 3).
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Puc. 3. PesynbTatn geHcutomeTpii 6rnororpam Bmicty MBP y 3pa3kax romoreHaTiB ronoBHoro Mo3ky wypis i3 JINMC-XMN (M £ SD),
n =10 y KOXHiW rpyni TBapuvH.

MpumiTtkun: * — p < 0,05 NopiBHAHO 3 iHTAKTHUMK TBapuHamu; # — p < 0,05 nNopiBHAHO 3 XMBHOONEPOBaHUMY TBapUHaAMM

Oewmieninisauia Bnactuea nisHiM ctagism po3sutky Xr1.
Takox gosefgeHa 3gatHicTe MBP Buknukatu nponidepa-
uito actpouutis [32]. 3 ornsaay Ha ue 36iNbLUeHHs BMICTY
MBP MoxHa posrnsgaT SK OOuH i3 TPUrepHUX YUHHUKIB
peakTUBHOIO acTporniody B yMOBax Henpo3anarneHHsi, Bu-
KINMKaHOTO BBEAEHHSIM EHOOTOKCUHY.

NO-cvHTasa Ta NpoayKoBaHWiA y pesynbTarti ii akTuBauii
NO matloTb BaXknmBe 3Ha4YeHHs y isionorii ronoBHOro Mo3ky
i naTodisionorii HeMpogereHepaTMBHUX NPOLECIB. 3 OAHOrO
OOKy, HITpO3aTMBHUIA CTpPeC, pa3oM 3 OKCUAATMBHUM

1,2 4

HopmoBanmii pigeHs OLIKY, YM.OL

IHTAKTHI

CTPECOM, € MOTYXXHUMU YMHHWKaMW PyNHyBaHHs godamiHe-
priYHUX HEWpPOHIB 4OpHOI cybeTaHuii. Monimopdiam Lporo
depMeHTy NOB'A3YI0Tb i3 FEHETUYHO OETEPMIHOBAHOK CXUIMb-
HICTIO 0 PO3BUTKY CUHYKNeiHonaTin, y T. 4. X[ [38]. 3 iHworo
Ooky, HelLloAaBHO BUsBNeHa npoTekTneHa pornb NO B ymoBax
PO3BUTKY Herpo3ananeHHs Ta WOoro HeMpoTpaHCMITTepHa
dyHKLIS, WO Bigirpae BaXnmBy porib Y KOTHITUBHUX MpoLiecax
[6]. Po3BuToK acTporniody y TBapuH i3 JINMC-XI cynpoBomxy-
BaBCH 3HWKEHHSIM MOKa3Huka BMICTy HerpoHanbHoi NNOS y
1,2 pa3a NopiBHSHO 3 iIHTAKTHUMW TBapuHamMu (puc. 4).

X0 JINC-XI1

Puc. 4. PesynbTatn geHcutomeTpii 6nororpam 3a nokasHukom nNOS
y romoreHaTax rornoBHoro Mo3ky wypis i3 JINC-XMN (M = SD), n =10

Mpumitku: * — p < 0,05 NopiBHAHO 3 iHTaKTHUMK TBapuHamu; # — p < 0,05 nNopiBHAHO 3 XMBHOONEPOBAHUMY TBApUHaAMM
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Barato gocnigHukiB HaronowyloTb Ha TOMY, LIO B Hep-
BOBIll TKAHWHI NPOAYKOBAHWI Yy pe3ynbTaTi akTmBaLii Hew-
poHanbHoi NO-cuHTasn NO BukoHye, nepLu 3a Bce, YHKLUi
HerpomMepfiaTopa i Bifirpae BaXnuBy pofib y KOHTPONi Oc-
LMNATOPHOI aKTUBHOCTI HEWPOHIB Ta KOHTPOSi TOHYCY Cy-
avH [39]. 3 ornsgy Ha ue 3HWKeHHs BMiCTy NNOS moxe

OyTU MPUYMHOK 1 O3HAKOK MOPYLUEHHSI HEPBOBOI Aisifb-
HOCTi, BnacTtmeoro po3sutky XI1.

BucHoBok. Possutok JIMC-XI cynpoBoaxyeTbcs pe-
aKTUBHUM acTpornio3om 3 Hagekcnpecieto GFAP Ta npo-
OYKTiB iOro gerpagadii y ronoBHOMY MO3Ky, HanbinbL Bu-
pasHuM y AingHui rinokamny. Lle ssuie nigTBepaxye xa-
pakTepHy nartonoriyHy o3Haky nepebiry XI1 i Bkasye Ha
BUVKIOYHY POrb rinokamnanbHUX peakTUBHUX acTPOLMTIB Y
natodisionorii JINMNC-XT. BupasHun npouec gemieniHesauii
y TBapwH i3 JINC-XI kopentoe 3i 36inbLieHHsam piBHa GFAP
i 3acBigyye yyactb MieniHy B acTpormniosi.
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KneBckui HaumoHanbHbIW yHUBepcuteT uMmeHu Tapaca LleBuyeHko, Kues, YkpauHa,

M. y3uk, kaHa. 6uon. Hayk

WUHcTuTtyT 6Moxmmum um. A. B. MannaguHa HAH YkpauHbl, KueB, YkpauHa

PEAKTUBHbIN ACTPOININO3 Y KPbIC
C NNC-MHAYLUNPOBAHHOW BONE3HbLIO MAPKMHCOHA

Paszeumue acmpozanuo3sa dnumenbHoe epeMsi ces3biéasiu ¢ fnpoyeccaMu 3auyumsl HelipOHO8 U PEKOHCMPYKUuu mkaHel Mo32a rocse e2o
mpaemamu4ecKo20 MopaxeHusl Uu rnepeHeceHHo20 UHcynbma. OOHaKo Ha ce200HsIWHUU GeHb MoslyYeHbl MHO204UC/IeHHbIe dOKa3amesibcmea
mozo, Ymo npu onpedesieHHbIX YC/I08USIX peaKkmueHble acmpoyumsl MO2ym ycusiueams HelipogocnasieHue U yyacmeoseams & npouyeccax Helipo-
OezeHepayuu. bonesHb lMapkuHcoHa (BI1) — 00HO u3 Haubosiee pacnpocmpaHeHHbIX HelipodezeHepamueHbIx 3abosiesaHuli, kKomopoe npedcmae-
nisiem coboll eaxHyl0 MeduKo-coyuanbHyro npobnemy. lMpoepeccusHoe mevyeHue 3abosieeaHusi mpebyem Henpepbi@HOU mepanuu, Ha Mo30HUX
cmadusix ebi3bleaem uHeanudu3layuro nayueHma, a makke Heo6xo0uMocmb MOCMOsIHHO20 yxoda u obycroenueaem 3HayumesibHble 3KOHOMuUYe-
ckue nomepu. Mamogusuonozuyeckue ocHoebl XIT ocmaromcsi o KOHYa He 8bISICHEHHbIMU, YMO Aeslaem He803MOXHbIM PaHHIO uazHOCMUKY
6os1e3HU, MPO2HO3UpPOBaHUE ee meyYyeHuUs1 U pa3pabomky namozeHemuyeckux Memodoe sie4eHusi. OCHO8HLIM nMamozeHemu4yeckum ¢pakmopom XI1
Ha ce200HsIWHU OeHb cHumaemcs HelipoeocrnasieHue MoJIu3MuosIo2UYeCcKo20 2eHe3a, 8 pa3eumue Komopo20 e08Jie4eHbl KIlemKu MUKpo- U acm-
poanuu. lMpu amom ¢hyHKYUOHaIbHOE COCMOsIHUe acmpo2sluu 8 yCc/I08UsIX pa3eumusi Heliponamosio2uu ocmaemcsi HauMeHee u3y4eHHbIM. Ljenbto
pabomsi 6bin10 uccnedosaHue hyHKUUOHaIbHO20 COCMOSIHUS acmpo2siuu 20/1086HO20 MO32a KpbIC 8 ycroeusix pazeumusi X[, uHOyyupoeaHHoU
6akmepuanbHbIM sunonosucaxapudom (JIMC-XT1). YemaHoeneHo, ymo pazeumue JIIC-XI1 y kpbic conpoeoxdaemcsi peakmueHbIM acmpoasiuo30M
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¢ Hadakcnpeccuel 2nuanbHO20 ¢ubpunnspHo2o Kucsoz2o npomeuHa (GFAP) u npodykmoe ez2o dezpadayuu acmpoyumamu 2urioKkamnasabHO20
yyacmka 205108Ho20 Mo32a. Hadakcnpeccusi GFAP accoyuupoeaHa ¢ yeesiuyeHueM ypoeHsi OCHO8HO20 npomeuHa muenuHa (MBP) e comozeHamax
MO32a U CHU)XXeHUEM ypo8Hsi HelipoHanbHol NO-cuHmassl.

Knroyeenie cnoea: 6onesHb lMapkuHcoHa, acmpoanuo3s, ¢ubpunnsipHbIl Kucnbili MPomeuH, OCHO8HOU MPOMeuH MuesluHa, HelpoHalnbHasi
NO-cuhmemasa.

Zh. Oliynyk, Ph.D.,

N. Senchylo, Ph.D.,

T. Dovbynchuk, Ph.D.,

S. Stepanenko, stud.

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,

M. Guzik, Ph.D.

Palladin Institute of Biochemistry of the National Academy of Sciences of Ukraine (NASU)

REACTIVE ASTROGLIOSIS IN RATS
WITH LPS-INDUCED PARKINSON'S DISEASES

The astrogliosis was considered as a beneficial process to protect neurons and repair the tissue after CNS insult for a long time. However,
numerous study indicate that under some specific conditions, reactive astrocytes can exacerbate neuroinflammation and tissue damage.
Parkinson's disease (PD) is one of the most common neurodegenerative diseases that is a major medical and social problem. The progressive
course of the disease requires continuous therapy, in the later stages it causes a disability of the patient, which entails the need for constant care
and causes significant economic losses. The pathophysiological bases of CP remain unclear, making it impossible to diagnose the disease early,
predict its course, and develop pathogenetic treatments. Neuroinflammation of polyetiological genesis, whose development involves micro- and
astroglial cells, is considered to be a leading pathogenetic factor of CP. However, the functional state of astroglia in the conditions of development
of this neuropathology remains the least studied. The aim of the study was to investigate the functional state of astroglia in rats with PD induced by
bacterial lipopolysaccharide (LPS-PD). It has been established that the development of LPS-PD in rats is accompanied by reactive astrogliosis with
overexpression of glial fibrillar acidic protein (GFAP) and products of its degradation by astrocytes of the hippocampal region of the brain.
Overexpression of GFAP is associated with an increase in the level of myelin basic protein (MBP) in brain homogenates and a decrease in the level
of neuronal NO synthase.

Keywords: Parkinson's disease, astrogliosis, glial fibrillary acidic protein, myelin basic protein, neuronal NO synthase.
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3AKOHOMIPHOCTI CMOHTAHHOIO KBAHTOBOIrO BUBIJIbHEHHA FMYTAMATY
B CUHANCAX HEUPOHIB NEPBUHHOI KYNIbTYPU FINMOKAMMNA
NP OOBroTPUBANIN AENPECII CAHANTUYHOI NEPEQAMI

lpedcmaeneHi pesynsmamu enekmpodgbizionoziyHux AocnidxeHb, MpucesiyeHUX aHanizy ocobnueocmeli K8aHMO8020
eueinbHeHHs 2/lymamMamy e cuHarcax HelipoHie 2inokamna npu doszompuearniti denpecii cuHanmMu4Hoi nepedavi.

Ansa npoeedeHHs1 docnidxeHb suKopucmosyeasnu rnepeuHHy Kynbmypy 2inokamna wypa. 3a donomozor0 MemoduKku "nemdy-
knemn" y pexumi ¢pikcayii momeHyiany 6yno eusHa4yeHo yacmomu U amriaimyou 36y0)Kyr4ux CIOHMaHHUX MoCMCcUHanmuyHux
cmpymie (cl1CC), npoaHanizoeaHo ixHi po3nodinu ma po3paxoeaHO OCHOEHI keaHMoei Nnapamempu e KoHmposni i 3a ymoe doe-
2ompuseaJsioi denpecii cuHanmMu4Hoi Heliponepeoavi.

Hoezompueana denpecis cunanmu4Hoi nepedayi docsizanacsi memaHi4YHOK CMUMYSIYiEl0 aKCOHa NpecuHanmMuYHol Kiimu-
Hu npomsizcoM 5 xe i3 Yyacmomoro cmumynsyii 5 'y. CnoHmaHHuli cmpym npu denpecii peecmpyeaecsi yepe3 20-30 xe nicssi
memaHi4yHoi cmumynsyii.

lMokaszaHo, wo npu doezompueaniti denpecii cuHanMu4yHoOi nepedayi 3MeHWyMbCS MOKa3HUKU aMmmlimyOHux po3nodinie
cl1CC, 3apeecmposaHux y HelipoHax 2inokamna. BusieneHo, ujo 8 KOHmMpoJsi 3a3gu4all 8UBINIbLHIOOMbLCSI 08i 8€3UKY/IU Helpo-
mediamopa odHoYacHO, a nid yac doezompueasioi denpecii cuHanmuyHoi nepedayi — oGHa, Mo6mo 3MeHWyembCsl KinbKicmb
CMOHMAaHHO 8UBINbHEeHUX 8e3UKy/. [Jo mo20o X 3MeHWUIUCs MoKa3HUKU cepedHbOi 8esIUYUHU K8aHMa ma KeaHImoeozo emicmy.
Le eka3ye Ha ensue npecuHanmMu4yHUX MexaHi3mie y ekcnipecii doezompueasioi denpecii cuHanmu4Hoi Heliponepedayi Mix
HelipoHamMu 2inokamna e Kynbmypi. 3a ymoe doe2ompueaisoi denpecii docmoeipHo He 6yso ausiesieHo 3MiH y yacmomi cl1CC.

AHasi3 KeaHmoeux rnokasHukie npu doezompueaniti denpecii 21rymamamepziyHoi cuHanMu4HoI nepedayi MiX HelipoHaMu €
saxiueum 0Onsi popmyeaHHs 6inbW NOBHUX ysiesleHb MPO MexaHi3Mmu, siki eidizpatomb hyHOaMeHMarnbHy pPoJsib y HOPMalbHOMY
¢yHkyioHyeaHHi LJHC i po3eumkKy HelipoHa/lbHUX MepPEeX.

Knroyoei cnoea: HelipoHu 2inokamna, cuHanmuyHa nepedaya, 2iymamam, keaHmoeull aHasi3, doe2ompuearna denpecis.

Bctyn. CvHanTM4Ha nNNacTUYHICTb BBaXaETbCsl OCHOB-
HMM MexaHi3MoM, Lo 3abesnedvye npouecn nam'aTi Ta HaB-
YaHH4, LUe BNacTuBiCTb, fka abo 36inbliye, abo 3meHLye
CMHaNTU4Hy CUNy Yy BIOMNOBiAb Ha MoOnNepeH CTUMYMSLLo
[1, 2]. Lis BNacTuBiCTb BUSIBNSIETLCS B KOXHOMY 3 rnyTama-
TepriYHMX CUHAaNCiB TPUCMHANTUYHOMO LWNAXY rfinokamna i €
NepeBaXkHO [BOHAMNPAaBIEHO: SKLWO B pe3ynbTaTi nogpas-
HEHHS1 BiAOYBaETbCA 3HWKEHHS CUHAMTUYHOI CUMKW BIQHOCHO

KOHTPOSbHOIO 3HA4YeHHs!, TO BOHa Ha3WBaETbCS OOBroTpU-
Banoto pgenpecieto (OT[) cuMHaNTMYHOI Helponepenadyi.
HaBnaku, skwo BiabyBaeTbCa 30inblUEHHST CUHANTUYHOI
cunu, TO Uue poeroTpuBana noTeHuiauia (OTI), ska €
dyHKuUioHaneHo npotunexHicTio ATA. Kpim Toro, dyHKuio-
HanbHa CUMHaNTM4YHa NNAacTUYHICTL MoXe OyTn He Tinbku
[OBroTpMBarow, a N KopoTkoTpuBarsot. KopoTkoTpuBana
NNacTUYHICTL MOXe TpuMBaTW Big MiNiCeKyHO, A0 AeKinbKox

© YepHuwerko K., KonecHuk O., BecenoBcbkum M., 2020
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XBUINWH, a OOBroTpyBana — Big KiNbKOX rogvH OO OHIB i
GinbLe. Lli 3mMiHM BnnuBatoTb Ha OyHKLiOHaNbHICTL cUHancis
i BUHMKaOTb 3anexHo Bid IHTEHCMBHOCTI Ta TpWBarnocTi
30yaKeHHSA CuHanciB y rinokamni. Takum YMHOM, perynsuis
CUHaNTUYHOI CUNU € HeobxiaHOW BracTMBICTIO Ans 3abes-
NeYeHHst TaknMx NPOLECIB, K Nam'aTb | HaBYaHHSA [3, 4].

OpHvM i3 ronoBHMX 30yAXylOuMX MegiaTopis € rnyTa-
maT [2]. 3a gonomorow BUAINEHHS rnyTaMaTy B rinokamni
nepenarnTbCAa OCHOBHI iH(popmauiiHi noTtoku. MNigBuLLEeHHSA
BUBIMbHEHHS rMyTamaTty BUMHWKaE Mpu iLlemidyHOMY Kackagi
1 acouinoBaHe 3 iHCYNbTOM, a TakoX crnocTepiraeTbCs npu
Takux 3axXBOPHOBAHHSAX, SIK OiYHUIA amMiOTPOiYHMIA CKNepos,
nartipusm, aytusm, gesiki popmMu po3ymoBOI BigcTanocTi,
xBopoba Anburenmepa [3]. HaToMicTb 3HMXXEHHSI BUBINb-
HEHHS  rnytamaTy CrocTepiraeTbCAa  Npu  KNacu4Hin
deHINKeToHypil, Lo NpM3BOAUTL A0 MOPYLUEHHS eKchpecii
rnytamaTtHux peuenTtopis [4].

BignosigHO A0 KBaHTOBOI Mogeni rnyrtamar i3 npecu-
HaNTUYHOI TepMiHani BUBINbHIOETLCA AUCKPETHUMWU MOpP-
LigMn — kBaHTamu [5]. Y XiMiYHMX CcuMHaMNcax nopuis Hermpo-
Me[iaTopa acouiloeTbCs 3  KiMbKIiCTIO MegiaTopiB, £Ki
MICTATbLCA B OfHIN Be3ukyni. [nsa onucy WMOBIPHOCTI
BUBIMIbHEHHS  HelpomeiaTopiB  3aCTOCOBYKOTb  MPOCTY
GiHomianbHy ctatuctuky. Ekcnpecis OTO moxe 3anydatu
AK MOCTCUMHAMTUYHI, Tak i npecuHanTu4Hi MexaHiamu. [o
NOCTCMHANTUYHMX BIOHOCATb 3MiHW B TepMiHani nocTcu-
HaNTUYHOTO HEWpOHa, a [0 MPECUHANTUYHUX — 3MIHU B
npecuHanTUYHiN TepMiHani akcoHa [2].

HoBi 3HaHHs1 NPO MexaHi3aMu, Lo nexaTb B OCHOBI KBaH-
TOBOrO BUBINIbHEHHS TMyTamaTty B HeMpoHax rinokamna, ma-
10Tb (PyHAAMEHTaNbHE 3HAYEHHS | MOXYTb 3pOOUTN BHECOK
Y PO3yMiHHS OCHOBHUX (DEHOMEHIB HaBYaHHS i Nam'aTi.

MaTtepianu Ta metoau. [Ina oTpMMaHHS KynbTypu Bu-
KOPUCTOBYBanucb HOBOHapOMKeHi Lwypu niHii Bictap. Tea-
pWUH OekaniTyBanu, TrOMOBHMW MO30K BMillyBanun B
MiHiManbHe cepeposuule Irna ("Sigma", CLUA) 3 nogasaH-
Ham 20 mmonb/n 6ycdepa HEPES, 25 oa/mn HaTpieBoi coni
GeH3unneHiuuniHy Ta 25 MKr/mn cTpenTomiluunHy cynbdarTy.

lnokamn BigokpemnoBanu 3a AONMOMOro ckanbnens Ta
Hapi3anu Ha nonepeyHi cMyxku 1-2 Mm 3aBTOBLUKM. Pep-
MeHTaTnBHY 00pobky 3givicHioBarim 0,05 %-M  po34MHOM
Tpuncuny (Tun 11, "Sigma", CLUA) npu KiMHaTHIA TemnepaTypi
(23-25 °C) npotgarom 7 xB. [1oTiM TkaHWHY npomwBanu ABa
pasn po34YMHOM N5l KyNbTUBYBaHHSA, 0O CKNagy SIKOro BXO-
annu: MiHimanbeHe cepegosuwe Irna, KiHCbKa cupoBaTtka —
10 %, iHcyniH — 6 mkr/mn, GikapboHaTHU Bydep NaHCO3
2,3 mr/mn, HaTtpieBa cinb 6eH3unneHiumnivy — 25 oag/mn i
cynbdar CTPenToMiUmHy — 25 MKr/mn.

CycneHsilo KniTUH OTpuMMyBanu 3a AONOMOrow Me-
XaHiyHOi Aucouiauii HabopoM nacTepiBCbKMX MINEeTOoK i3
JiameTpaMmy  KiHYMKiB, $Ki MOCNIOOBHO 3MEHLUYBanuChb.
Knitnin BucapxyBanu B 4Yawky [leTpi, ska Gyna none-
peaHbo 06pobrnieHa noni-L-OpHITMHOM. Y CKMsiHE KinbLie
diameTpoM 6 MM, sike obmexxyBano nnoly nocagkv, Aoaa-
Banu 200 mkn cycneHsii. Yawku [leTpi i3 cycneHsieto

nomiwysanu B iHkybatop ("Jouan", ®paHuis) 3 KOHTPONbLO-
BaHWM BMicTOM aBookucy Byrneuto (5 % CO2) B noBiTpsiHO-
rasoBin cymiwi 3 TemnepatypHum pexumom (37 °C) i
MOCTINHMM NacMBHUM 3BONOXEHHAM. Ha TpeTio Aoby Kynb-
TUBYBaHHA AN nNpurHiyeHHs nponidpepadii rnianbHUX
KNiTUH y cepefoBuvle [ogaBanv UMTO3uH-B-D-apabiHo-
dypaHosung (5 mkmons/n).

Pexum obpobku KynbTypu 3a AOMOMOrOK OCTaHHLOIO
nigbupann Takum 4YvMHOM, oG MpUrHITUTM nponidepauito
rnianbHUX KNITUH Ha Takil cTagii, KOnn KinbkiCTb acTpo-
uuTiB 6yna [oCTaTHLOK AN YTBOPEHHS rMianbHOro MOHO-
wapy. MoBTOPHY NOBHY 3aMiHy PO3YMHY ONSA KyNbTUBYBaH-
HSA npoBOAMIM Yepes 24 roa.

3 BukopucTaHHAM MeTogy patch-clamp y KoHgirypauii
"uina kniTMHA" peecTpyBany CMOHTaHHI MOCTCUHAMNTUYHI
ctpymu (cl1CC) y HenpoHax rinokamna.

EkcnepumeHTanbHUA - Qi3ioNoriYHMA - po3YnH  MIiCTUB
(mmone/n): NaCl — 140; KCI — 3; CaCl2 — 2; MgCl2 — 2;
rnoko3a — 10; HEPES - 20; pH 7,4 (nosegeHo NaOH).
BHYTpPILWHLOKNITUHHUIA pPO34YnH Yy patch-nineTkax Mictue
(Mmonb/n): kanito rmtokoHaty — 155; EGTA — 0,2; MgClz —
2; HEPES - 20, K2ATP — 2,5; pH 7,4 (noBeaeHo KOH).

KiHeTuyHi napameTpy  NOCTCMHAMTUYHMX  CTPYMiIB
BMU3Ha4Yanucsa 3a gornomoroto nporpamHoro nakety Clampfit
9.0 (Axon Instruments, CLUA). Noganblia obpobka i npea-
CTaBneHHs pe3ynbTarTiB, BKMOYa4YM CTaTUCTUYHUIA aHanis,
npoBOOUNNCL 3@ [OMOMOIOK  E€MeKTPOHHUX  Tabnuub
Microsoft Excel Ta aHanituuHoro nakety Microcal Origin.

BenuuvHun B TekcTi npeactaeneHi y Burnsagi "cepegHe
3HayeHHs" + "cTaHgapTHa noxmubka cepegHboro (S.E.M.)",
nicna 4oro B AyXKax HaBedeHO po3Mip BUOIpKM, 3a sIKOHO
NpPOBOAUIIOCE YCEPEOHEHHS.

Pe3synbTaTtu Ta ix 06roBopeHHsi. CnoHTaHHi rnytama-
TepriyHi noctcmHanTuyHi ctpymu (clCC) y koHTponi BigBo-
Ounu Big HEMpOHIB rinokamna npv NigTpYMyBaHOMY MOTEH-
uiani -70 mB. EkcnepumeHTn nposogunun npu 20-22 °C.
Mpu peectpauii rmyramatepriyHmx cl1CC ranbmiBHy nepe-
nady OnokyBanu [oAaBaHHSAM Y MO3aKMiTUHHUA PO34YMH
cneuundpivHoro 6nokatopa FAMK peuenTopiB: OikykyniHy
meTioamay 10 mkmons/n (puc. 1, A, B).

Y OGaratbox cTpyktypax LIHC BuMBINbHEHHS Helpo-
MefiaTopiB Y MPKHEMPOHHUX CUHancax Moxe nianopsgko-
ByBaTMUCA GiHOMianbHin ctatucTvui [6—8]. [Ans cnoHTaHHMX
rnyramaTepriyHMx noctcuHanTuyHux cTpymis (clCC), 3a-
PEECTPOBaHMX Y LIECTN Pi3HUX HeWpoHax rinokamna, Gynu
nobyaoBaHi po3nodini amnnityg, y sikux crocTepiranucst
oaHa-oBi [Oobpe BidyanbHO iAeHTUMIKOBAHMX  MOAW;
po3nodinyM 3afoBiNbHO anpoKCUMYBanMCA CYMOK  KPUBUWX
[aycca (puc. 1, B, IN). AMnniTyga noctcuHanTU4HOI Bignosiai
B AaHOMy BuUMNagKy Bigobpaxye Cymy KBaHTOBUX BUKUAIB
MegiaTopy B YCiX 30Hax BMBINbHEHHS B cuHanci. CepegHsi
BenM4YMHa NOOAMHOKOI KBAHTOBOI MOAii, NOB'A3aHOI 3 BUKU-
[OM rryTamaTty y KOHTponi, cTaHoBuTb 35 + 5 nA, npu gos-
roTpvBanin genpecii cMHanTuyHoi nepegavi — 25 + 4 nA.
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Puc. 1. Mpuknag peectpauii CNOHTaHHUX rAyTaMaTepriyHMx nocTcuHanTu4Hux ctpymis (clCC)
y HepoHax rinokamna v amnniTyaHun po3nogin rnyramarepriuinx clICC:
A — cl1CC y koHTponi; b — cl1CC npu goBroTpusanin genpecii cuHanTu4Hoi nepegadvi; B —amnnitygHun posnoain cl1CC y koHTponi;
" — amnnityaHuin posnogin cfNCC npu goBroTpmBanin Agenpecii cMHanTUYHOI Nnepeaadi
(niHisA nokasye anpokcumalito kpveuMu Maycca po3noAiny amnniTyd CroHTaHHWUX MOCTCUHANTUYHUX CTPYMIB)

MonimoganbHicTe  amnnityaHux posnoginis  clMCC,
o4yeBUAHO, Bijobpaxye KBaHTOBE BUBINbHEHHS B AEKirb-
KOX CUHarncax i3 KinbkomMa 30HamMu BUBINbHEHHS, LLIO Xa-
pakTepusye Takun BuUKMAL sik GaraTtokBaHToBuMA [9—11].
Cynepnosuuis ycepeaHeHUX noniMoaanbHUX amMniliTyaHuX
posnoainie clCC nigTBepaxye no Lwectu KniTMHax Biac-
TaHb MiX OKpeMuMmu mMogamu posnofinis amnnityg. lNep-
LUMIA NiK IHTEPNPETYETbCA AK BeNnuynHa edeKTy BUBINbHEH-
HA OOHOro KBaHTa Helpomepgiatopa (puc. 2, A). Takum
YMHOM, HaNBaXNMBILLMM NapaMeTpoM BUKIMKAHOI cuHan-
TWYHOI NOAIT € NMOBIPHICTb BUBINbHEHHSA KBaHTIB HEWpo-

Megiatopa. BeaxaeTbcs, WO npouec NOro BUBISIbHEHHS B
OKpeMMuX CcuHancax, SIKLWO BpaxyBaTu Bapiauilo KinbKOCTi
KBaHTIB, BMBINbHEHWX Y BiAMNOBIAb HA MpPeCUMHaNTUYHUN
MO, 3agoBonbHAE CTaTUCTUYHUI 3akoH [lyaccoHa [5].
Takox ©Oyno noGyaoBaHO po3nodinu 4acTtoT rnytama-
TepriyHmx cl1CC, HOPMOBaHMX Ha MakCUMaribHe 3Ha4YeHHs
(puc. 2, B), i po3paxoBaHO NOKa3HWKU PO3MOAINIB YacToT
clCC, 3apeecTpoBaHuX y HEWpoOHax rinokamna nig yac
KOHTPOIO Ta Mpu OOBroTpuBanin genpecii CMHanTUYHOI
HeWponepeadi (tabn. 1).
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Puc. 2. A — cynepno3suuisi ycepeaHeHUx nonimopanbHUX amniiTyaHux posnoainie clICC y koHTponi Ta npu AoBroTpuBanin
penpecii (kinbkicTb (N) noai, HopMoBaHMX Ha MakcuMarnbHi 3Ha4eHHA; N/Np.x).
BepTukanbHi niHii Bka3yloTb Ha cepefiHi 3Ha4eHHA Mo4 aMnniTyaHuUX rictorpam. b — ycepenHeHi po3noginu yactot cllCC,
HOpPMOBaHi Ha MakcumManbHe 3Ha4eHHSA (N/Npax)

Ta6nuys 1. NMoka3HWUKM PO3MOAINIB YacTOT rnyTamMmaTepriYHUX CIOHTaHHMX NOCTCUHANTUYHUX cTpyMiB (M),
3apeecTpoBaHUX y HepoHax rinokamna (M = m, n = 6)

MoKa3HWUKKu KoHTponb Mpu goBroTpuBanin genpecii
CepepgHe 3HayeHHs, My 299 306
Mogaa, Ny 218 17+ 6
MegiaHa, 'y 14+5 14+3

[locToBipHO HEMaE pPi3HWL MOPIBHSHO 3i 3HAYEHHSIMU B KOHTpPOTi 3a t-kpuTepiem CTblogeHTa (p > 0,95)

3a ymoB J0BroTpuBarnoi genpecii 4OCTOBIpHO He Oyrno
BMSIBMEHO 3MiH y YacToTi cl1CC.

Bynu po3paxoBaHi NokasHVKU amMnniTygQHUX PO3noAinis
CMOHTaHHUX MOCTCUHANTUYHWUX CTPYMIB, 3apEECTPOBAHUX Y
HelrpoHax rinokamna Ans KOHTPOro Ta Npu A4OBroTpusanin
Jenpecii: cepefHe 3HayYeHHs amnniTyau, mMediaHa, moda
(puc. 3, A) i ksaHTOBMIA BMICT (puc. 3, b, Tabn. 2). 3Haven-

HS CcepedHbOro KBaHTOBOrO BMICTY po3paxoByBanu Sk
BiaHoweHHs1 cepeaHboi amnnityan MCC (lcep) 4O cepenHb-
Oi BENMYMHM NOCTCUHANTMYHOI BiAMOBIAi, eKBiBaneHTHOT
BMKMAOY MOOAMHOKOro KBaHTa Megiatopa (q). PospaxoBa-
HUA KpuTepin X-kBagpaT nigTBepAuMB CTaTUCTUYHO [O-
CTOBIPHY Pi3HULIKO MiXK AaHUMM.

75+ 251 *

-45 4

o
1

——

-30 4

Awmnnityaa, nA

KBaHTOBMI BMiCT
>
L

0 T T T

cepefHe MefiaHa Moaa
3HaYEHHs 00 '

A )

Puc. 3. A — noka3Huku amnnityaHux posnogainis clICC, 3apeecTpoBaHMX y HeMpoHax rinokamna; b — kBaHTOBUI BMicCT:
1 — KOHTpOnb; 2 — 3a ymoB goBroTpuearnoi genpecii (*P < 0,05)

Ta6nuys 2. NokazHukn amnnityaHux po3snoAinie clICC, 3apeecTpoBaHUX y HelipoHax rinokamna (M £ m, n = 6)

Moka3HUKu KoHTponb Mpu poBroTpuBanin genpecii PizHuus, %
CepefHe 3Ha4yeHHs1, NnA -56+7 -36 + 5* 306
MegiaHa, nA -49+7 -31+4* 29+8
Moga, nA -41+6 -26 + 3* 30+9
KBaHTOBWIA BMIiCT
(mzhﬁ) 1,9+02 1,2+0,1* 2748

*CTaTUCTUYHO AOCTOBIPHA Pi3HULIS MOPIBHAHO 3i 3HAYEHHAMM Y KOHTpori 3a t-kputepiem CtblogeHTa (P < 0,05)
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3meHweHHs amnnityau cl1ICC obymMoBneHO 3MeHLUEeH-
HAM KBaHTOBOro BMICTy. PesynbTatu cBigyatb, WO Te-
TaHiyHa ctumynsuis 5y npotarom 5 xB Npu3BOAMTL 00
3HMKEHHS edEeKTUBHOCTI OaraToBe3VKynsapHOro BUKWUAY
rnytaMaTy B HEMPOHHMX Mepexax rinokamna.

OujHtoroum napameTpu kBaHToBOro BMicty clCC, skui
y koHTponi ctaHoBuB 1,9 + 0,2, a npu gosroTpusanii ge-
npecii cMHanTu4Hoi nepegadi — 1,2 + 0,1, Ta amnniTygHUn
posnoain cl1CC, MmoxHa BBaxaTu, L0 B KOHTPONi 3a3BM4yan
BUBIMbHIOIOTLCA OBi BE3WKYNU Herpomeiatopa ogHoyac-
HO, a nig Yac AOBroTpuBanoi Aenpecii CMHaNTUYHOI nepe-
Aadi — ogHa, To6TO MMOBIPHICTb BMKMAY CTae MeHwoto. Lle
BKa3y€e Ha BNIMB MPECUHaNTUYHUX MEXaHi3MiB y eKkcrnpecii
[OBroTpMBarnoi genpecii cMHanTUYHOI Helponepeaadi Mix
HeWpoHamu rinokamna B KynbTypi.

BucHoBku. OxapakTepu3oBaHa KBaHTOBa Mpupoaa
BMBINbHEHHS HeWpomediatopa rnytamaty B CuHancax
HEWpOHiB rinokamna. 3a [JOMOMOrol MEeToAuKM "neTu-
knemn" y pexumi dikcauii noteHuiany 6ynn sapeecTpoBaHi
30yO>Kytodi CMOHTAaHHI NOCTCMHANTUYHI CTPYMU, BU3HA4YeHO
YUCMOBI XapaKTepPUCTUKN PO3MOAINIB YacToT i amnnityg
rnytaMaTepriyHux 30y[Kylumx CMOHTaHHWX CTpyMiB Ta
po3paxoBaHi iXHi KBaHTOBI NapameTpu.

MokazaHo, Lo cepeHs BEnUYMHa KBaHTa, WO XapaKTe-
pu3ye BUBINIbHEHHSI rryTaMaTty B KyfbTUBOBaHUX HEMPOHaX
rinokamna, 3a KOHTPOSibHUX YMOB CTaHoBUTb 35+ 5nA, a
npw gosroTpueanin genpecii — 25 £ 4 nA (n = 6).

3a pgonomorol GiHoMianbHOT CTAaTUCTUKN BUSIBNEHO
3MEHLUEHHS KBAHTOBOIrO BMICTY, SIKMI y KOHTPOIi CTaHo-
Bue 1,9+ 0,2, a nmig 4ac pgosroTpuanoi penpecii —
1,2+0,1 (n=6).

MokasaHo, Wo nicna TeTaHiyHoI cTUMynsauil nNpyu AoB-
roTpvBanin genpecii 3aMeHWNNNCb NOKa3HWUKN aMnmiTyaHUX
posnoginis c[1CC, 3apeecTpoBaHMX Yy HEMPOHaX rinokamna:
cepegHe 3HayeHHs — Ha 30 1+ 6 %, megiaHa — Ha 29 £ 8 %,
moga — Ha 30 £ 9 %.

3a ymoB OOBroTpuBanoi genpecii 40CTOBIpHO He Byno
BUSIBNEHO 3MiH Y YacTtoTi clCC.

OTXKe, 3MEHLUEHHA TakuxX KBaHTOBWUX MapaMeTpiB
BMBINbHEHHS rMyTamary, KK BENMYMHA KBaHTa, KBAaHTOBUM
BMICT, i nokasHukiB amnnitygHux posnoginis cl1CC ykasy-
I0Tb Ha Te, WO OO0 eKCnpecii JoBroTpmsanoi genpecii cu-
HaNTUYHOI Hewrponepeaadvi MK HeMpoHamu rinokamna B
KynbTypi 3any4eHi npecnHanTUYHi MexaHiamu.
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KueBckuit HaumoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko, KueB, YkpaunHa,

O. KonecHuk, kaHa. 6uon. Hayk,
H. BecenoBckui, A-p 6uon. Hayk

WUHcTutyT donamonorum umenun O. O. Boromonbua HAH YkpauHbl, KueB, YkpanHa

3AKOHOMEPHOCTHU CMMOHTAHHOIO KBAHTOBOI'O BbICBOBOXAEHUA NMYTAMATA
B CUHANCAX HENPOHOB NEPBUYHOM KYNbTYPbI FTUMMOKAMIMA
NPU ANUTENLHOW OENPECCUM CUHANTUYECKOW NEPEQAYN

lMpedcmaesneHbi pesynbmambl 371€KMPOghu3uosIo2U4ecKuUx uccredogaHull, NocesiWeHHbIX aHanu3ly ocobeHHocmeli K8aHIMOB8020 8bIC8O6OXK-
OdeHusl 2llymamMama 6 cuHarcax HelipoHO8 a2urnnokamna npu dnumesnibHoU denpeccuu cuHanmuyeckoul nepedayu.

HAns npoeederusi uccnedosaHuli ucnosb3o8asnu NepeuvHyro Kynbmypy aunmnokamna Kpbic. C moMow,bio Memoouku "namy-knemMn” e pexume
¢ukcayuu nomeHyuana 6binu onpedesieHbl Yacmomal U amnaumyobl 8036y)xdarowux CrIoOHMaHHbIX MocmcuHanmuYyeckux mokoe (clICT), npo-
aHanu3upoeaHbl ux pacrnpedesieHusi U pacc4YumaHbl OCHO8HbIe K8aHMoe8bIe napamempsl.

HonzoepemenHasi denpeccusi cuHanmu4eckoli nepedayu docmuzanacb MyméM memaHu4Yyeckoli CMuMynsyuUU aKCoHa MpecuHanmuyeckol
KJlemKu 8 meyeHue 5 MuH ¢ yacmomol cmumynayuu 5 N'y. CnoHmMaHHbIli Mok npu denpeccuu peaucmpupoeascs yepe3 20-30 MuH nocse mema-

Hu4eckol cmumynsyuu.

IMokaszaHo, ymo npu AnumensHoli denpeccuu cuHanmMu4yeckol nepedayu YMeHbWUSIUChL MOKa3amesiu amnaumyOHbix pacnpedenenull cliCT,
3apeaucmpupoeaHHbIx 8 HelipoHax a2unnokamna. bbuio o6HapyXxeHo, Ymo 8 KoHmMposie o6bIYHO ebidesisiromcsi 0se 8e3uUKysbl Helipomeduamopa
00HOoepeMeHHO, a npu dnumesnbHoU denpeccuu cuHanmu4eckol nepedayu — oOHa, MO ecmb 8ePOSIMHOCMb 8bICEO60XOEeHUs1 cmaHoeumcs
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meHbwe. K momy e yMeHbWunuck nokazamesnu cpedHeli 8eflu4UHbI K8aHMa U K8aHMO8020 codepkaHusi. IMO yKa3bleaem Ha e/lusiHue npecu-
Hanmu4yecKux MexaHU3Moe 8 3Kcrpeccuu onumesibHol denpeccuu cuHanmuyeckoli Helipornepedayu mexdy HelipoHaMu 2unrnokamna e Kysibmype.
B ycnosusix dnumenbHol denpeccuu AocmoeepHoO He 6bi/10 8bisiesieHo u3meHeHuli 8 yacmome clICT.

AHanu3 keaHmoebIx nokasameJeli npu onumesnbHol denpeccuu aaymamamepauYyeckoll cuHanmuyveckol nepedayu mexdy HelipOHaMu 8axeH
onsi popmupoesaHusi 6osiee MosIHbIX NpedcmaesieHuli 0 MexaHu3Max, Komopsbie uzparom ¢hyH0aMeHmanbHy posib 8 HOPMaslbHOM (OYHKUUOHUPO-
eaHuu LJHC, u pazeumus HelipoHanbHbIX cemedl.

Knroyeenie cnoea: HelipoHbI 2unnokammna, CuHanmu4yeckasi nepedaya, 2iymamMam, KeaHmoesbll aHanu3, dnumenbHasi denpeccus.

K. Chernyshenko, stud.

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,

0. Kolesnyk, Ph.D.,

N. Veselovskiy, Dr. Sc.

Bogomoletz Institute of Physiology of NAS of Ukraine, Kyiv, Ukraine

THE ANALYSIS OF QUANTAL CHARACTERISTICS OF SPONTANEOUS EVOKED EXCITATORY POST SYNAPTIC
POTENTIAL SIN LONG-TERM DEPRESSION OF GLUTAMATERGIC NEUROTRANSMISSION
BETWEEN CULTURED HIPPOCAMPAL NEURONS

The results of electrophysiological studies of the quantal release features of glutamate in hippocampal neurons' synapses in long-term
depression of synaptic transmission are presented.

To research the topic, weused the primary culture of the rat hippocampus. Using the patch-clamp technique, the frequencies and amplitudes of
excitatory spontaneous postsynaptic currents (EPSCs) were determined, theirdistributions were analyzed and the basicquantal parameters were
calculated.

Long-term depression of synaptic transmission was achieved by tetanic stimulation of the axon of the presynaptic cell for 5 minutes with a
stimulation frequency of 5 Hz. Spontaneous current in depression was recorded 20-30 min after tetanic stimulation.

It has been shown that the amplitude of the EPSCs registered in hippocampal neurons decreased in the long-term depression of synaptic
transmission. It has been found that two neurotransmitter vesicles are usually released in the control at the same time and one during the long-term
depression of synaptic transmission.It means that the probability of release decreased. In addition, the average quantalamplitude and quantum
content decreased. It indicates the effect of presynaptic mechanisms in the expression of long-term depression of synaptic neurotransmission
between hippocampal neurons in culture.In the conditions of long-term depression, no significant changes were found in the frequency of EPSCs.

The analysis of quantum parameters in long-term depression of glutamatergic synaptic transmission between neurons is important for the
formation of more complete ideas about the mechanisms that play a fundamental role in the normal functioning of the CNS and the development of
neural networks.

Keywords: hippocampal neurons, synaptic transmission, glutamate, quantum analysis, long-term depression.
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BNJIUB KOrHITUBHOINO HABAHTAXEHHA
HA NPOSAAB EMOLIIMHOIO E®EKTY CTPYNA

EmouiiiHuli epekm Cmpyna (EEC) € pe3ynbmamom 6inbwoi 3ampuMKu npu Ha3ueaHHi KOJIbOPY, SKUM HanucaHi eMouyiliHi
crioea, HiX KONbOpy, AKUM HanucaHi HelmpasibHi cjsioea, 3a paxyHOK Mepek/lo4eHHs1 yea2u Ha eMOUiliHO 3Havyywy iHgop-
mayiro. EEC nepesaxHo 3acmocogyembcsi 8 o6cmexeHHsIX rncuxornamosiozil, afne nepcrneKmueHUM € l020 8UKOPUCMAaHHS i
ons po3e‘sa3aHHs1 NpuKiadHUX rncuxogizionoziyHux 3aedaHb, 8i0 npogheciliHo2o e8idbopy i HelipomapkemuHay 0o demeKkmy-
8aHHs1 6pexHi ma eusiesieHHs 3a2po3 i3 60Ky eMoyiliHo HecmabinbHux iHAuegidie. Ockinbku EEC yymnueuil do ymoe mecmy-
8aHHsl, mo docnidxyeanucb pi3Hi mModudgikayii emoyiliHoeco mecmy Cmpyna (ETC). Y mexax cybmecmie Hasodunuchb
HelmpanbHi ma emMoUyiliHi (3 HecamueHuM 3abapeneHHAM) cnoea. Bkno4eHHss @ cybmecmu ducmpakmopie (2anbmieHuXx ciiie,
Ha3e pOocCJIuUH i meapuH, Ha siki He Nompi6bHO peazyeamu HamucKaHHSIM Kiaeiw) yckinadH€E 8UKOHaHHS 3ae80aHHs, W0 eusie-
siIsiembCs1 y 3Ha4YHOMY N0A0BXeHHI Yacy peakuil. Y eunadky eUKOHaHHS 3ae@0aHHS 3i 3HaYHUM KO2HIMUBHUM HaeaHMaXXeHHsIM
niea pyka peaz2ye Ha eMouiliHi cmumynu doewe, Hix npaea. OmpumaHi pe3ysibmamu MOXymb yKazyeamu Ha ¢hopMyeaHHs
ocobnueoi cucmemu 06pobsieHHs1 eMouyiliHoi iHghopmauii y npaeili niekyni, modi sik niea niekyns 3ocepedxeHa Ha 8UKOHaHHI
KO2HimueHo20 3aedaHHsl. IMOgipHO, WO y eunadKy MOCUsIeHHsI KO2HIMUBHO20 KOHMposa nidcucmemu 06pPO6IIEHHS
eMoyiliHoi ma koeHimueHoi iH¢popmayii npayroromb 8iOHOCHO aeMOHOMHO, MiXMieKy/nbHa e3aeModis Mnocusremscs, a
¢yHKYyioHanbHa acumempiss 3MeHWYyembCcsi. 3i 3MeHWeHHSAIM KO2HiImueHO20 MUCKy 3pocmae (pyHKUYioHasbHa acumempis,
iMogipHO, 3MeHWYyembcsi MiXnieKynbHa e3aeModliss, a EEC He susiensiembcsi. OmpumaHi eenuyuHu nameHmHux nepiodie pe-
aKyii Ha eMmouiliHo 3Havyw,i ma HelimpasbHi NModpasHUKU MOXymb 6ymu eukopucmaHi Onsi po3pobku wkan i kpumepiie
ouyiH8aHHs eMouiliHUX peakyil 1lOOUHU 3a mompebu ix eusiesIeHHsI.

Knroyoei cnoea: emouyiliHuli egpekm Cmpyna, nameHmHi nepiodu peakuii, MixxniekynbHa acumMempisi, MEMaKOHMPOJIb.

BcTtyn. Mo30ok ntoavMHM MNOCTIMHO BIACTEXYE 3HaYyLLy
iH(bopmallito, ska anpiopi € emouinHoto, i 060B'A3KOBO Me-
peknioyae pecypcu yBarv y BWNagKy ii HaOXOOXKEHHS.
Emouiinni edpext Ctpyna (EEC) € pesynbtatom GinbLuoi
3aTPUMKM  MPW  HasMBaHHI  KONbOPY, SKUM  Hanucadi
€MOLiHI CnoBa, HiXX KONbopy, SIKUM HanucaHi HenTparnbHi
cnosa. EEC nepeBaxHO 3aCTOCOBYETLCS i rapHO BUSB-
NSETLCS1 B OOCTEXEHHAX HWU3KM MCMXOMATOMOrIN, Takux siK
TPUBOXHICTb, 06CECMBHO-KOMMYNbCUBHI po3nagun, nocT-
TpaBMaTUYHWUIA CUHAOPOM, Aenpecisi, couianbHa ¢obis.
Y BocnigpKeHHAX 340p0oBUX NoAen Len epekT YacTo MEHLL
BUpaxeHuh. NpuHanMHi YacTnHa NonynspHOCTI eMOLiHO-
ro tecty CTpyna noOsiCHIOETLCH MOro O6'EKTMBHOK MPUPO-

[OK, TUM, WO BiH HEe 3aCHOBaHWM Ha CaMO3BITIi Ta He €
HaB'a3nNMBMM (TOOTO He BTPYYaETbCA Y BHYTPILIHINA CBIT
ob6cTexyBaHoro). Kpim Toro, eMouiiHi cnosa MoxyTb 6yTn
nigibpaxi Tak, wob BignoBiAaTM KOHKPETHIN natonorii abo
NOTOYHIN Npobnemi o6cTexysaHoro [4]. MNMonpu BennyesHy
KiNbKiCTb JOCMiAXEHb HEMPOHHUX MeXaHi3miB 06pobneHHs
€eMOLiHOT iHpopMaLil, yHacnigok CKnagHoCTi i 3any4eHHs
LUMPOKNX Henpomepex Ao il obpobku, NUTaHHs npo Te,
SKMMU CUCTEMAMM MO3KY 3[iNCHIOETLCA KOHTPOIb 3a MoTo-
KamMy emMouinHoi iHopmauii, yce wWe daneke Big po3B's-
3aHHS. Bigomo, wo Ao BuHMkHeHHst EEC 3anyyeHi nepegHsi
CUCTEMM yBarn Ta eMOLOreHHi CTpykTypu Mo3ky [6, 9, 8].
IMOBIpHO, WO 3a MexaHiaMaMu BUHUKHEHHS EEC 6nm3bkui

© KyueHko T., 2020
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[0 opieHTyBanbHoro pedmnekcy [3]. MoxHa npunyctutu,
WO Npv LbOMY BEMMKY poNnb Mae BifirpaBatn TakoX
MiXniBKynbHa YHKLiOHanbHa acuMeTpis Ta B3aeMogis.
JocnigxeHHs MexaHi3aMiB eMOoUiMHUX npoueciB CTaHOBUTb
He nuLle CyTO TEeOPETUYHUN, ane i NPakTUYHWA iHTepec.
YCTaHOBMNEHHA | 3acTocyBaHHA napameTpiB peakuii Ha
NeBHi MOApa3sHWUKKW, Yy Meplly 4Yepry naTeHTHUX nepioais
(JIM) peakuii, Mmoxxe MaTh NpaKTUYHE 3HAYEHHS AN Uinoi
HU3KK cdep AiSnbHOCTI NtoanHKW, Big npodecinHoro Bindo-
py i HEipoMapKeTUHry OO0 OEeTeKTyBaHHs OpexHi Ta BusiB-
JNIeHHs 3arpo3 i3 OOKy eMOLiiHO HecTabinbHMX iHAMBIAIB.
Mpwn BCiA, 3gaBanock 6u, npoctoti ETC BMHMKae Garato
TpyAHoLLiB, NOB'A3aHMX i3 BUOOPOM napameTpiB i pexumis
TEeCTyBaHHS, WO Haknagae BiAOWMTOK Ha OTPUMaHHsA pene-
BaHTHOro pesynbtaTy (BnacHe EEC) [4]. TectyBaHHs EEC
OyXKe YyTnvBe [0 Pi3HMX AeTarnen: opanbHO Yu MaHyarnbHo
HajalTbCcA BignoBigi, GnokamMmyM 4M 3MmillaHo NoJalTbes
HeWTpanbHi Ta eMOLiNHi cnoBa, AOBXWHA camux cnie, ce-
MaHTWUYHI nons, i3 SKMX BOHW nigidpaxi Towo. Ona npak-
TUYHOrO 3aCTOCYBaHHS BaXMMBO MaTtu BiAHOCHO MpOCTI,
3py4YHi B 3aCTOCyBaHHi Ta Hedopori METOOUKA BUMIpIOBaH-
HA eMOUMHUX peakuin. Y 6inblocTi AOoCnigXKeHb, ki
BuMiptotoTh JIT peakuii Ha Ti YM iHWi CTUMYNK, BUKOPUCTO-
BYETbCHA OOMIHAHTHa pyka, i Ue LifKoM BipHO, OCKiNbKu
peakuii came uiei pykn nepebyBatoTb nig TOYHIWMM MeTa-
KOHTponem (MNopiBHAHO 3 HeAOMIHAHTHOK pykow) 3 Boky
LeHTParnbLHOro npowecopa, Ha posb AKOro HambinbLie npe-
TeHaye poHTo-napieTanbHa cuctema nisoi niBkyni. Ane
KONMn MoTpiObHO BMABUTM EMOLiHI peakuii, siki CBIJOMO 4K
NiACBIAOMO NPUrHIYYIOTLCS, caMe peakuii HeaoMiHaHTHOI
pyKM, sika cnablue CBiLOMO KOHTPOSMIOETLCS, MOXYTb AaTu
LiHHY iHdopMauito Npo 06pobKy eMOLiNHMX NoApPa3HUKIB.
36inblUeHHs1 KOTHITUBHOTO HaBaHTa)XeHHs1 BigBonikae pe-
cypcu yBaru, cnpusiodum npossy nigcsigoMmux peakuin [10].
HoBunaHa npegcrtaBneHoro B poboTi JOCNISKEHHSA nonsrae
Yy MOPIBHSIHHI pexuMiB TecTyBaHHA EEC i3 pisHuM piBHEM
KOTHITUBHOrO  HaBaHTaXXEHHS, a TaKoX  OLiHIOBaHHI
yHKUiOHanbLHOI acumeTpii MO3Ky npu BukoHaHHi ETC 3a
nopisHaHHAM J1 peakuii Ha noapasHuku ans o6ox pyk.
06'eKkT Ta MeTOAM AochnigXeHb. B o6cTexeHHi 3acTo-
coBaHuii emouinHui Tect Ctpyna (ETC), skun 6yB po-
3pobneHnit Ha kadpedpi disionorii nOAWHW | TBapWH
HHL, "lHcTuTyT Gionorii Ta MmeguumHn" KHY imeHi Tapaca
LeByeHka [1]. Y TecTi nogatTbCs SK CroBa, WO MakTb
eMoLifiHe HaBaHTaXeHHSA (HeraTMBHO eMoLiiHO 3abapBrie-
Hi cnoBa, Hanpuknag "kpos", "abopT", "3paga" Towo), TaK i
3aranbHOBXMBaHI, 9Ki, 3a NpUNyLEeHHAM, He eMOoUiHI Ans
nepeBaxHOi OinbwocTi nogen. Yci cnoea nigibpaHo Tak,
wob iXHA OOBXWHA [OOpiBHIOBana n'atu nitepaM i BOHM
BXMBanucb y nobyToOBOMY CMiMKyBaHHi 3i CXOXO 4acTo-
Toto. OBcTexxyBaHoMy nopaBanaca cepiqa i3 240 cnis, no
120 gnsa KOXHOT pyKW, SKi eKCNoHyBanuchb y ncesgoBunag-
KOBOMY nopsagky. Y nepwin moaudikauii  emouiiHo-
3HayyLli, eMoUifHO-HenTparnbHi crnosa Ta Ha3BWM POCIUH i
TBapWH (ranbMiBHWUIA NoApasHUK, AUCTPaKTOP) nogaBanucs
no LeHTpy ekpaHa. Ha ekpaH MOHiTOpy KoMmmn'toTepa BMUBO-
annacs iHCTpyKuis: "AKWo crnoBo, sike 3'9BUTbCA Ha eKpaHi,
3eM1eHOr0 KONbOpy — HaTUCHYTW knasiwy "Q" (niBa pyka),
AKLO YEepBOHOIO — HaTUCHyTM "P" (nNpaBa pyka), SKLIO
Ha3Ba pocnnHM abo TBapVHWU — Ha KnaBili He HaTuckaTh".

BBegeHHsA ranbMiBHWUX NOAPA3HUKIB (AUCTPaKTOpPIB) CMOHY-
Kae CBigOMO YMTaTu croBa, ki NoAalTbCs, | Le Nocunoe
KOTHITUBHE HaBaHTaXeHHs. BukopucTaHHa ranbMiBHOroO
noapasHuka pasom i3 HeobxigHICTIo cniBBIAHOCUTU KOMbO-
pu, SIKUMW HanucaHi croBa, 3 peakuissMy npaBoi Ta NiBoi
PYKM, 3Ha4YHO 3axONstoe yBary oGCTeXyBaHOrO i BigBorikae
BiJ eMoUiHoro 3HaveHHs cnis. AHanisysanuce Il peakuin
KOXHOI PYKM Ha eMOLINHO 3HadyLli Ta HenWTparbHi crosa.
Bignosigi obcTexyBaHMx oboma pykamu CTBOPIOWOTbL AN
060X NiBKyNb OAHAKOBI MOXIMBOCTI pearyBaHHA i [O3BO-
NSATb OLHUTY NPOSIB MiXNIBKYNbHOI acUMeTpil Npy BUKO-
HaHHi ETC. [dpyra mogudikauia TecTiB aHanoriyHa, ane
03HaKol, Ky noTpibHO AudepeHuiloBatM, € CTOpOoHa
npeg'sBneHHs crnosa — niBopyd 4m npasopyy. Crosa
HanucaHi Ginum KONbOpOM Ha YOpHOMY Tni ekpaHa. Big
o6CTexyBaHOrO BMMaraeTbCcsi HaTuckatu knasiwy Q
(niBoto), P (npaBoto pykoto) abo 30BCiM He HaTUckaTu npu
npen'sBNeHHi Ha ekpaHi crnoea nisopy4 abo npaBopyu,
BignosigHo. B o6ox moaudikauisax KoxkHa nomwunka cy-
NPOBOAXYETLCA HEroNOCHMM KOPOTKMM 3BYKOBUM CUrHa-
nom. Pag cnis cdhopmoBaHmii BUNagkoBo i € dhikcoBaHUM
Ons BCiX BapiaHTIB TecTy. Y gaHOMy OOCTEXEHHi B3anu
y4yacTb 63 cTyaeHTu Bikom Big 18 go 23 pokis, 39 xiHok Ta
24 vonosikn. Tectn Gynu npongeHi B TakOMy MOPSIAKY:
KpuTEpin — Konip, 3 ranbMiBHUM NOAPa3HUKOM (OMCTpaK-
TOPOM); KPUTEPIA — CTOPOHA, 3 ranbMiBHUM NOLPA3HUKOM;
KpuTepin — konip, 6e3 ranbMiBHOro NOApasHMKa; KpUTepin
— cTopoHa, 6e3 ranbMiBHOro noapasHuka. TecToBi 3aB-
[aHHSA nodaBanucb yKpaiHCbko abo poCilicbKo MOBOHO,
3a baxxaHHsSM 06CTeXYyBaHOrO.

CratucTuyHuin aHania pesynbTaTiB NPOBOAUBCS 3a A0-
nomoroto nakety STATISTICA 6.0 (Statsoft, USA, 2001).
Yci BennunHm edpekTiB, partial eta squared (np?), 6ynu po-
3paxoBaHi 3 BukopuctaHHsM ANOVA. [  peakuin
aHanisyBanucb 2*2*2*2*2 NOBTOPHUMWU BUMIPHOBaHHAMU
ANOVA 3 chaktopamun CtaTb (>kiHKM NPOTKU YonoBikiB), Auc-
TpakTtop ("3 Auctpaktopom" npoTu "6e3 guctpaktopa"),
3aBaaHHs (konip nMpoTn cTopoHu), MNoapasHuk (emouiiHniA
npoTu HewTpanbHoro), Pyka (npaea npotu nisoi). Kputny-
HWI piBEHb 3HAYyLLOCTi NPU NepesipLi CTaTUCTUYHMX Tino-
Te3 npunmancs pisHum p = 0,05.

Pe3ynbTatn Ta ix obroBopeHHsA. JI[1 peakuii BusBu-
nMcb  OOBWMMKM Yy TecTax i3 aucTpaktopoMm (929 mc)
nopiBHAHO 3 TecTamu 6e3 aguctpaktopa (473 mc),
(1, 62) = 777,70, p = 0,0000, np?= 0,926; npu pearyBaHHi
Ha komip (779 MC) nOpIBHAHO 3i CTOpOHOK (623 Mc),
F(1, 62) = 242,98, p =0,0000, np?=0,796; niBolo pykow
(708 mc) nopiBHsiHO i3 npaBoto (693 mc) F(1, 62) = 22,109,
p =0,00001, np? = 0,263. Bnnue cTaTti He Aocsar piBHA CTa-
TUCTMYHOI 3HAYYLLIOCTI.

BusiBneHo edekT B3aemofii MK TUNOM 3aBOAHHSA
(komip/cTopoHa) i TMNOoM  nodpasHuka  (HemTpanbs-
Hu/emouiviHni): F(1, 62) = 7,7602, p = 0,00708, np*= 0,111,
SAKUA Nokasye, Wwo BigMmiHHOCTI JII peakuin Ha emouinHi Ta
HenTpanbHi cTumMynu (emouiiHnn ecpekt CTpyna) ocobnmeo
BUpakeHi npu obpobneHHi cknagHilwoi iHgopMauii — aude-
pEeHLiOBaHHI KOMbOPY MOPIBHAHO 3 BU3HAYEHHSIM CTOPOHW, 3
SIKOT 3HAX0AMTBLCSA NoapasHukK (puc. 1).
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C*EM; Unweighted Means
Current effect: F(1, 62)=7,7602, p=,00708
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Puc. 1. AHaniza ANOVA naTeHTHUX nepioAiB peakuii Ha HeMTpanbHi Ta eMoUiliHi cnoBa y Tectax
i3 HeoGXigHicTIO AMdepeHUiOBaTK Konip Nnoapa3HUKa abo cTopoHy Npea’sBneHHA noapasHuka (n = 63)

KopoTtwwi MM peakuii Ha CTOpoHY Npea'sBneHHs Noa-
pasHuka nosicHweTbea edektom lNoddeHbepra. 3rigHo 3
aHaTomivyHoto mogennto MNoddeHbepra (1912), konu BUKO-
PUCTOBYETLCH pyKa 3 Ti€l camoi CTOPOHM, WO i naTepaniso-
BaHWN CTUMYI, BUSIBNEHHS CTUMYINY i MOTOpPHa BiAnoBiab
06'eqHy0TbCS B OAHIN i Ti camii niBkyni (Henepexpelie-
HWM Wnsx). Ha npoTueary, KonM BUKOPUCTOBYETLCH pyKa,
npoTUMeXxHa [0 CTOPOHU MPeA'siBNEeHHs CTUMYyny, BUsIB-
TNIeHHs curHarny i BignoBiab Ha HBOro MakTb BYTU 06'€QHaHI

MK NIBKYNSAMW 4Yepe3 Mo30nucte Tino (nepexpeLueHun
wnsax). Llev goswui WwWNax mae noBinbHILLMI Yac peakui,
wo i 6yno BusBneHo MNoddeHbeprom Ta Garatbma iHLWMMU
gocrnigHukamn  [5, 7]. Y Hawomy Bunagky BUKOPUCTO-
BYBaBCS HEMepexpeLLeHn, Nerwmni LWnsx.

BusiBneHo Takox edekT B3aeMoAii MK TMNOM 3aBAaHHS
(komip/cTopoHa) Ta pykoto (niBa/npaea): F(1, 62) = 4,0755,
p =0,04784, np* = 0,062, sk nokasye, WO fiBa pyka AOB-
e pearye Ha obvaea TMnu nogpasHukie (puc. 2).

C*H; Unweighted Means
Current effect: F(1, 62)=4,0755, p=,04784
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Puc. 2. AHaniz ANOVA nateHTHuX nepioAiB peakuii NiBoto i NpaBoIo pyKor y TecTax
i3 HeoGXigHicTIO gudbepeHUilOBaTK KOMip Nnogpa3Huka abo CTOpoHy npea’'ssBNeHHA nogpasHuka (n = 63)



ISSN 1728-2748

BIONOrIA. 1(80)/2020

~ 33 ~

OTpumaHi pesynbTaTt MOXYTb ykadyBaTu Ha hopmy-
BaHHA cuctemm obpobneHHa emMouinHoi iHdopmauii y npa-
Bil niBKyni, ToAdi 9K niBa 3anyyeHa OO OBPOGREeHHsA Ko-
rHITUBHOI iHdopMaLii (BUAINeHHs AucTpakTopa, kaTeropu-
3auis konbopy cTumyna). Yce Ginblle gocnigkeHb CBia-
YaTb Ha KOPUCTb aCMMETPUYHOrO NepeHeceHHs iHopMmaLlii
Mk ABOMa niBKynsamu [2, 71].

OTpumaHo edekT B3aemMopii Mixx TMNomM TecTy (3 Auc-
Tpaktopom /6e3 pgucTpaktopa), TMMNOM 3aBAaHHSA

(konip/cTopoHa) i TMnOmM noppasHuka  (HewWTpanb-
HU/eMoLiiHWIA) F(1, 62) = 5,2704, p = 0,02509,
np?= 0,078, 3a sakum BigmiHHOCTI y JIM peakuigx Ha
€MOUiNHI Ta HeWTpanbHi CTUMyNuM (emouiiHuMn edekT
Ctpyna) ocobnuBo BUpaXKeHi Npu BUKOHaHHI Hancknag-
HilLOro 3aBAaHHs i3 BMKOPUCTAHHAM ranbMiBHOro mno-
OpasHuKa Ta HeobxigHicTio andepeHuiauii konbopy mno-
apasHuka (puc. 3).

DIS*C*EM; Unweighted Means
Current effect: F(1, 62)=5,2704, p=,02509
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Puc. 3. AHanis ANOVA nateHTHuX nepioAiB peakuii Ha HeMTpanbHi Ta eMoLiliHi cNoBa y TecTax i3 BUKOPUCTAHHAM
a6o 6e3 BUKOpUCTaHHA AUCTpaKTopa (ranbMiBHOro noapasHuka) i HeobxigHicTio AndepeHUioBaTH Konip noapasHuKa
abo cTopoHy npea'siBNeHHs1 noapasHuka (n = 63)

Mo3ok BiacTexye emouiiHy iHpopmalito, Wo BUABNS-
€TbCH Yy 3aranbHOMY CMOBiNlbHEHHI 06pObNeHHs cTumynis
Npu BKIOYEHHI B HUX €MOLINHMX CriB.

BucHoBku. EMouinHi cnoBa o006pobnsoTbea OoBLUeE,
HK HenTparnbHi, WO HaWkpawe BUSABNSAETLCS NPU BUKO-
HaHHi BaXX40ro 3aBAaHHs — 3 QUCTPAKTOPOM i HEOOXiaHICTIO
andpepeHuitoBat konip. Y BUNaaKy BUKOHAHHSA 3aBOaHHS
3i 3HAYHMM KOTHITUBHUM HaBaHTaXEHHSM fiBa pyka pearye
Ha eMOLiHi cTMMynu pJoBlue, Hix npasa. OTpumaHi pe-
3ynbTaT¥ MOXYTb yka3yBaTu Ha ¢hbopmyBaHHS OCOGnMBOI
cucteMn 0OpobneHHs emouinHol iHdbopmauii 'y npasin
niBKyni, ToAi SK niBa MNiBKyNa 30cepea)keHa Ha BWMKOHAHHI
KOTHITMBHOIO 3aBAaHHs. IMOBIpHO, WO y BUNaaKy NoCUneH-
HS KOTHITMBHOrO KOHTpOM nigcucremu o6pobneHHs
€MOLIHOT Ta KOrHITUBHOI iHbopMmaLii NpauTb BiAHOCHO
aBTOHOMHO, MiXMNiBKyNbHa B3aemofis MNOCUMIOETbCS, a
acMMeTpis 3MeHLWYeTbCA. 3i 3MEHLUEHHSIM  KOTHITUBHOrMO
TUCKY 3pocTae yHKUiOHanbHa acumeTpid, iMOBIpHO,
3MEeHLIYeTbCA (PyHKUiOHaNbHa B3aeModisi, a eMOoUinHUA
edekt CTpyna He BUSIBNSIETHLCS.
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T. KyueHko, kaHA. 6uon. Hayk, Aow,.
KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleBueHko, KueB, YkpaiHa

BNMUAHUE KOTHUTUBHOW HATPY3KU
HA NMPOABJIEHUE DMOLIMOHAJIbHOIO 3®®PEKTA CTPYMNA

SmoyuoHanbHbIlU 3ghghekm Cmpyna (33C) sies 51 pe3ysib )M 60s1bwel 3a0ep)KKu NpuU Ha3bieaHUU yeema, KOMopbIM HanucaHbl 3Mo-
YuoHanbHbIe cJ108a, YeM yeema, KOmMopbIM HanucaHbl HelimpasbHbie C/108a, 3a cYem MepektoYeHUss HUMaHUs Ha 3MOYUOHaIbHO 3Ha4YUMYH
uHghopmayuro. 33C npeumywecmeeHHo nNpumeHsiemcsi 8 ob6credogaHusIX rcuxonamosiozauti, Ho NepcreKMueHbIM s18J11emcsi e20 UCnosib308aHue
u Ons1 peweHusi NPUKIadHbIX McuxoghusuosIo2uYecKux 3aday, om npogeccuoHarbHo20 ombopa u HelipoMapkemuHaa 0o emeKyuU JKU U 8bisie-
JIeHUs1 y2po3 CO CMOPOHbI 3MOUUOHaIbHO HecmabunbHbIX uHOueudos. lMockonbKy IIC yyecmeumersieH K yc/i08ussM mecmupoeaHusl, mo uccrie-
doeasnuchk pasnudyHbie MoOugukayuu 3MOYyuoHasibHo20 mecma Cmpyna (ETC). B pamkax cybmecmoe npedbsienisinuchk HelimpanbHble U 3MOYUO-
HanbHble (¢ HezamueHoU OKpackoli) csoea. BknrovyeHue e cybmecmsbi ducmpakmopoe (MopMO3HbIX €108, Ha3eaHUll pacmeHull U XUBOMHbIX, Ha
Komopble He HY)XXHO peazupoeamb HaXkamueM Kiasuul) 3ampydHsiem ebinosIHeHue 3adayqu, NposiesIiemcsi 8 3Ha4umesibHOM yO/IUHEHUU 8PeMeHU
peakuyuu. B cny4yae ebinonHeHuUs1 3adaHusi CO 3Ha4umesibHOU KO2HUMUBHOU Haz2py3Koll sieeasi pyka peazupyem Ha 3MOUUOHaslbHble CMUMYIIbl
dosnbuwe, yem npasasi. lonyyeHHble pe3ynbmambel MO2ym yKa3bleamb Ha ¢hopmuposaHue ocoboli cucmembl 06pabomku 3MOYUOHaNbHOU UHGOP-
Mayuu e npaeom noslywapuu, mozda Kak sieeoe rnosiyuiapue cocpedomoyeHo Ha 8bIMNOJIHeHUU Ko2HUMueHoUl 3ada4u. BepossmHo, Ymo & cny4ae
ycurneHusi KO2HUMUBHO20 KOHMPOJIsi nodcucmemMbl 06pabomku 3MOYUOHasIbHOU U KO2HUMUEHOU uHgopmayuu pabomarom omHocumesibHO as-
MOHOMHO, MeXroJlywapHoe e3aumodelicmeue ycunusaemcsi, a hyHKYUOHaNIbHasi acummempusi ymeHbwaemcsi. C yMeHbWeHUeM KO2HUMU8HO20
OdaesieHUs1 8o3pacmaem yHKYUOHa/IbHasi acUMMempusi, 8€POSIMHO, YMeHbWaemcsi MexrnoslywapHoe e3aumodelicmeue, a 39C He o6Hapyxuea-
emcsi. lMony4eHHble eeslUYUHbI TaMeHMHbIX Nepuodoe peakyuu Ha 3MOUUOHAasIbHO 3Ha4YuMble U HelmpalnbHble pa3dpaxumenu mo2ym 6bimb
ucrnosib308aHbl 0711 pa3pabomKu WKa U Kpumepuee oyeHKU 3MOYUOHaIbHbIX peakyuli yesioeeka npu Heo6xo0uMocmu ux o6HapyXeHusl.

Knroueenie crnoea: amoyuoHanbHbIl aghhekm Cmpyna, 1ameHmHbIe nepuodbl peakyuu, MeXnoJslywapHasi acuMMempusi, MeMakoHmMpOoJb.

T. Kutsenko, Ph.D.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,

INFLUENCE OF COGNITIVE LOAD ON THE EXPRESSION
OF THE EMOTIONAL STROOP EFFECT

The Emotional Stroop Effect (ESE) is the result of a greater delay in naming colours of written emotional words than colours of written neutral
words, because of shifting attention to emotionally meaningful information. ESE is mainly used in psychopathology surveys, but its application is
also promising for solving applied psychophysiological problems, from professional screening and neuromarketing to detecting lies and detecting
threats from emotionally unstable individuals. Because the ESE is sensitive to testing conditions, various modifications to the Emotional Stroop
Test (EST) have been investigated. Within the subtests, neutral and emotional (negatively coloured) words were presented. The inclusion of distrac-
tors in subtests (target words, names of plants and animals that were not required to be answered by keystrokes) complicates the task, which mani-
fests itself in a considerable extension of the reaction time. When performing a task with significant cognitive load, the left hand responds to emo-
tional stimuli longer than the right. The results obtained may indicate the formation of a special system for processing emotional information in the
right hemisphere, while the left hemisphere focuses on the cognitive task. It is likely that in the case of increased cognitive load, the subsystems for
processing emotional and cognitive information operate relatively autonomously, inter-hemispheric interaction is enhanced, and functional asym-
metry is reduced. As cognitive pressure decreases, functional asymmetry is likely to increase inter-hemispheric interaction, and ESE is not detect-
ed. The obtained values of latent periods of reaction to emotionally significant and neutral stimuli can be used to develop scales and criteria for
evaluating a person's emotional reactions when it is needed.

Keywords: emotional Stroop effect, latent periods of reaction, hemispheric asymmetry, metacontrol.



ISSN 1728-2748 BlONOoris. 1(80)/2020 ~35~

YOK 612.35:616.36
DOI: https://doi.org/10.17721/1728_2748.2020.80.35-40
B. KpaBueHko, kaHA. 6ion. Hayk
KuiBcbkui HauioHanbHUI yHiBepcuTeT iMmeHi Tapaca LLleByeHka, KuiB, YkpaiHa,
K. DemmnpoBa, kaHA. 6ion. Hayk
HauioHanbHun meanyHun yHiBepcuteT imeHi O. O. Boromonbus, KuiB, YkpaiHa

BAPIATUBHICTb CEPLEEBOIro PUTMY
NPU NEPErNAAl EMOUINHO 3ABAPBIIEHUX 30BPAXEHD Y XIHOK
Y PI3HI ®A3N MEHCTPYAJIbHOIO LIUKNY

HocnidxeHo ocobnueocmi duHamiku cnekmparsibHUX Moka3HuUkKie eapiamueHocmi cepyeso20 pummy ma yacmomu OuxaHHsI
y 32 xiHok 17-23 pokie npu nepeansdi emoyiliHux 306paxeHb IAPS (International affective picture system) y pi3Hi ¢pazu meH-
cmpyanbHo2o yukny. lokasaHo, wjo eiOmiHHocmi e pea2ynsyii cepyeeo2o pummy, noe'sa3aHi 3 nepeanssoom emMouyiliHux 306pa-
JKeHb Pi3HO20 Muny, eUsI8IISIOMbCSI MepPe8aXxKHo y honikynsapHy ¢hasy yukny. Y ueli nepiod 3Havyywi eiOmiHHocmi npu nepe2nsadi
eMouiliHux 306paxeHb pPi3HO20 muny eusiensnucsi 8 abconromHill i ei@HocHiIl nomyxHocmi dyxe Hu3bko- (VLF) ma eucokoy4a-
cmomHozo (HF) komnoHeHmie cnekmpa. Y ¢ha3y oeynsayii yymnueum o muny emouyili Mapkepom 6ysia mnomyxHicmes HU3bKOYa-
cmomHoz20 komrnoHeHma crnekmpa (LF), wjo sidobpaxye ennue cumnamu4yHo20 €id0diny Hepeoeoi cucmemMu Ha cepyesuli pumm.
Hali6inbwe 3Ha4YeHHs1 yel Noka3HUK Mae npu nepeansioi HermpueMHUX 306paxeHb MOPI8HSIHO 3 MPUEMHUMU U epomuYyHUMU 8i3y-
anbHUMU cmumynamu. BHecok cumnamuy4Hoz2o 8iddiny e peaynsiyito cepyeso2o pummy eusiesisiecs Nnpu nepeansioi HecamueHUX
i HeimpanbHux 306pakeHb, i nuwe nepeansio 306paxeHb epPOMUYHO20 XapaKmepy xapakmepu3yeaecsi 3pocmaHHsIM napacum-
namuyHoi akmueHocmi, W0 eusiensinack y 36inbweHHi momy)XHocmi eucokoyacmomHo20 KomroHeHma cnekmpa HF, 3HUXeHHi
qacmku LF/HF i yacmomu duxaHHs1. [Moka3aHo, ujo enpodoex MeHcmpyasnbHO20 YUK/ly ee2emamueHull 6anaHc 3cyeaembcs 8
6iKk nepeeaxaHHs1 cUMMamMu4HO20 pe2ysIlo8aHHs1 Cepyeso20 pummy, sike docsizae MaKCuMyMmy e siromeiHogy ¢pa3y. Y 38'a3Ky 3
yumM cmyniHb aKmueHoOCcmi cuMnamu4Hol NTaHKU, SIKy peecmpyeasnu 3a MomyxHicmr HU3bKOYacmomHo20 koMnoHeHma LF nio
Yac nepeasisidy HennpueMHUX 306paxeHb, 6yna HaliMeHWor y honikynsipHy ¢pasy, a Halibinbworo — y nromeiHoey. He eusienieHo
3Havyywux eiOMiHHOcmel Mix criekmpasnibHUMU MoKa3HUKamu eapiamueHocmi kapdioinmepeasie nid 4ac nepeasnsidy eMoyiliHux
306paxeHb y momeiHogy ¢ha3y, wio ceidyums nNpo masny iHgpopmamueHicmb Ubo20 nepiody Yuky Onsi oyiHeaHHs1 ocobnueo-
cmel eMOUiliIHO20 pea2yeaHHSs XIHOK Ha OCHO8I aHaJli3y cepyeeo20 pummy.

Knroyoei cnoea: ¢gpasu meHcmpyanbHo20 Yukiy, 306paxeHHs1 IAPS, emouii, eapiamueHicmb cepyeeoz2o pummy, eezema-

mueHuli 6anaHc.

Bctyn. AHania BapiabenbHOCTi cepueBOro putMy
(BCP) € BigHOCHO HecknagHWM iHCTPYMEHTOM OLLiHIOBaHHS
OYHKLIOHANbHOro CTaHy foaUHKU, SKUMIR CbOrofHi 3acToco-
BYIOTb Y Pi3HUX cpepax, Bid MOHITOpYBaHHS pPO3BUTKY
CTPECOPHOro CTaHy Ha BMPOOHWMUTBI [1] A0 BUKOPUCTaHHSA
nokasHukis BCP sk iHOukaTopiB po3BMTKY €MOLi pi3HOro
3Haky [2]. MonynsipHoCTi Len MeTon HabyB 3aBOsikM TOMY,
Lo, OTpMMaBLUM 3anuc NOCNIAOBHOCTI kapaioiHTepBanis 3
opHoro BigBeaeHHs EKI Ta 3acTtocyBaBLlUM KOMM'OTEPU3O-
BaHi anropuTMy MaTemaTU4yHOro aHanisy TpuBarnocTi
R-R-iHTepBaniB, MOXHa OOCRIAUTM B3aEMOLi0 HEPBOBMX i
rymoparnbHUX BMMUBIB Ha CEpLEBUI PUTM, LLIO 3a rpamoT-
HOI iHTepnpeTauii A4a€ MOXMUBICTb 3a3MPHYTU B MOTOYHUN
YHKUIOHaNbHWIA CTaH Ta OUiHUTK CTYNiHb NCUXOEMOLINHOT
Hanpyrn obcCTexyBaHOro. YCKMagHE BUKOPWUCTAHHS MO-
ka3HukiB BCP Te, Lo B cy4acHin nitepaTypi 3ycTpivaloTbes
0o 30 pisHMX NokasHWKIB, po3paxoBaHNX HaA OCHOBI TpuBa-
nocTen KapgioiHTepBani, 6arato 3 skux ayoniowTb OgHe
ofHoro. ToMy akTyanbHUM € MOPIBHATU, SKi 3 NMOKa3HMWKIB
BCP € 6inbl 4yTnuBuMKM OO0 CTaHiB, WO BUHMKAKOTb MpK
nepernagi emouinHo 3abapsneHoro marepiany Ans Toro,
wob6 Hagani BMKOpUCTOBYBaTW X nepLiodeproeo. Bigomo,
wo BCP cuHXpoHizoBaHa 3 pUTMOM AWMXaHHS, WO BUSIB-
NAETbCA B ABULLI pecnipaTopHOI CUHYCHOT apUTMil — BKOPO-
YeHHi R-R-iHTepBany Ha BAWXY Ta NOOOBXEHHI Ha BUANXY.
3pOoCTaHHA guxanbHOI CUHYCHOT apuTMii po3rnsagaeTbes sk
OOMH 3 MOKa3HUKIB TOHyCy Onykato4oro Hepsa, xova Me-
XaHi3aMy UbOro siBvwa He ogHopigHi [3]. 3MmiHu 4vactoTn
AnxaHHA MoaynioloTb BupaxeHicTb BCP i Takox 3anexartb
Bi piBHA yBarm Ta eMOUiAHOro 30Yy[IXKeHHs, ToMmy
OLJiHIOBaHHS LIbOro NpOCTOro NokasHuka MoXe AaTtu Joaat-
KOBY iH(popMaUito LWoAO0 NCUXOEMOLIMHOMO CTaHy NMIOANHW,
0co06nMBO B iHTepnpeTadii pa3om i3 nokasHukamu BCP.

LLle ogHe nuTaHHA, SKOMY He NPUAINAETbCA yBara npu
npoBeAeHHI AOCNIMKEHb 3a Y4aCTHO XIHOK, NOMSArae B HEB-
paxyBaHHi MOXMUBUX BiAMIHHOCTEN MOKa3HMWKIB, 3yMOBe-
HUX TOPMOHaNbHUMW KOMMBAHHSIMW BMPOJOBX MEHCTPY-
anbHoro umkny. 3assuyan asa UMKy He KOHTPOIETLCA
AocnigHMKaMy, xoda AaHi nitrepatypyu NepekoHNMBO CBIA-
YyaTb MpPO iCHyBaHHA pa3oBuX BIOMIHHOCTENM HK Yy KO-
FHITMBHIN, Tak i eMOoLUinHIn chepax. Bigomo, Wo 3miHM piBHA

CTaTeBMX FOPMOHIB Y XXIHOK YNpOOOBX MEHCTpYyarbHOro
UMKITY BNAMBAKOTb Ha XapakTep IXHbOro pearyBaHHS siKk Ha
OionoriyHo, Tak i couianbHO BaXnuBi NogpasHuku [4, 5] i
3[aTHi CyTTEBO 3MiHIOBATK PiBEHb TPUBOXHOCTI, 60MLOBY
YyTNMBICTb Ta MPAKTUYHO BCi KOTHITUBHI OYHKLUIT, BKMOYato-
4YM 30aTHICTb OO HABYaHHSA, NaM'saTb, PiBEHb yBaru Towo [6,
8]. Lle nosicHioeTbCS TUM, LLO CTaTeBi FOPMOHMK, AitoYn Ha
crneuundiyvHi 4O HUX peuenTopu y MUrganuHi, rinotanamyci,
rinokamni, NnepegHin NOSACHIN 3BMBUHI, 30aTHI Yepes3 reHom-
Hi W HereHOMHi MexaHi3aMu 3MiHBaTN (YHKUIOHaNbHUI
CTaH LMX MiAKOPKOBUX CTPYKTYP, SiKi, y CBOK 4epry, 3aaTHi
3MiHIOBaTW (DYHKLiOHANbHY aKTUBHICTb Pi3HMX AiNAHOK KO-
pwv [4, 7, 8]. Baxnueum € Takox Te, O NiAKOPKOBI CTPYKTY-
py, SIKi € MilLeHsIMW Ansi CTaTEBUX FOPMOHIB, YTBOPIOKTL Y
MO3KOBi cuCTeMY (popMyBaHHsSI €MOLIHUX Bignosigen Ha
Oynb-aki nogpasnuku [9]. Ha Tni donykTyauii ctateBmx rop-
MOHIB  YNpPOOOBX MEHCTPyarnibHOro LMKy 3MiHIETLCS
YHKLIOHANbHMI CTaH LMX CTPYKTYpP, Y pe3ynbTaTi 4oro Ti
cami nogpasHukMm B Ppi3Hi (hasm MeHCTpyarnbHOro UMKy
CnpuiMatoTbCs Mo-pisHOMY. 3aBaaHHAM poboTun Gyno Ao-
cnigntTn ocobnuBOCTi BapiaTMBHOCTI CEpLEBOro puTMy Ta
YaCTOTU OUXaHHSA XIHOK MpU CNPURHATTI €MOLUIMHMX CTU-
MyniB y pi3Hi a3 MeHCTpyanbHOro LMKy 3a nokasHuKa-
MU crnekTpanbHoro aHanisy BCP i BusBuTu Hanbinbw yyt-
NUBI 0O eMOLINHUX CUrHaniB MapKepu CepLEeBOro puTmy.
Marepiann Ta metoam. B ekcnepumeHTax sk obcte-
XyBaHi Opanu ydactb 32 ctyaeHTkn KuiBCbkOro Hauio-
HanbHOro yHiBepcuTeTy iMeHi Tapaca LLleBueHka BikoM Big
17 po 23 pokiB. Yci obcTexyBaHi 6ynu 3g00poBi, TO6TO Ha
MOMEHT AOCHIMKEeHHs He BXMBanu nikis, He XBOPINM Ha
HEBPOJOTiYHi YM NcKxidHi 3axBoptoBaHHs. XKiHKuM, Wo 6panu
yyacTb y €eKCrnepuMeHTax, Manu perynsipHMn ynpoaoBX
POKY MEHCTpyanbHUI UMK TpuBanictio 27-35 gHiB Ta He
BXWBaNu ropmMoHanbHi npoTtusannigHi npenapatu. KoxHa
obcTexyBaHa xiHka bpana yvacTb y AOCHIIAXEHHI Tpudi: y
donikynspHy dasy (2-4 geHb uukny); dasy oynsuii (12-
16 geHb uukny) Ta y noTeiHOBY ha3y MeHCTpyanbHOro
uukny (21-25 peHb umkny). HasBHicTb | 4Yac oBynauii y
KOXXHOI 3 0OCTeXyBaHUX OLiHIOBanu 3a XapaKTepoM Kpwu-
cTanisauii CrMHU Npu BUKOPUCTaHHI TecT-Mikpockona "Ap-
oop" (peecTtpauiiHe ceigoutBo M3 Ykpainn Ne 817/2002).

© KpaBueHko B., lemngoBa K., 2020
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MeTton 3acHoBaHui Ha ToMy, LIO Mig 4Yac OBynsuii, Konu
KOHLIEHTpaLisi eCTPOreHiB y KpOBi XiHKM CTae Makcumarnb-
HO0, Y CMVHI Nig MiKPOCKONOM BUSIBMSIETLCA KpUcTanisauis
y BUrMAAi XxapakTepHux "nucTkis nanopoTi". Y npeacTasne-
HOMY LOCHIIKEHHI XIiHKM nepLunin pa3 opanu ydactb y Te-
CTyBaHHi y pi3Hi dasu uukny. Tak, y donikynspHy dasy
Briepwe 6panu yyacTb y gocnigxeHHi 12 xiHok, Bopyre —
8, BTpeTe — 12 xiHOK; y (hady oBynsuii Bnepiue — 11 XiHOK,
Bapyre — 13, BTpeTe — 8 XiHOK; y noTeiHoBY hasy BnepLue
— 9 xiHok, Bapyre — 11, BTpete — 12 xiHoK. Bunagkosun
BMOip nepworo pasy TecTyBaHHs OyB cnpsiMoBaHWA Ha
3MEHLUEHHS BMMUBY Ha pe3ynbTatu AOCMiAKeHHS ocobnu-
BOCTEW pearyBaHHsi Npu NOBTOPHUX TECTYBaHHSX.

Y BCiX Y4YaCHMWKIB €KCMepVMEHTIB YNPOAOBX KOXHOro
obcTexeHHs peectpyBanu EKI i nHeBMorpamy 3a cxemoto:
y CTaHi cnokoto (3akpuTi oyi) — 3,5 xB; Npu Npe'saBneHHi Ha
eKkpaHi MoHiTopa komn'toTepa cepii 306paxeHb, WO 3aaTHi
BUKNUKATKM NO3UTMBHI emMouii — 1,5 XB; Npu npen'siBNeHHi
HelTpanbHuX cTumyniB — 1,5 xB; Npu npeg'saBneHHi 3o06pa-
XeHb epoTUYHOro xapaktepy — 1,5 xB; npu npea'siBNeHHi
306paxeHb, Lo 30aTHI BUKNUKATK HeraTueHi emouii — 1,5 xB;
y CTaHi crnokoto (3akputi o4i) — 3,5 xB. Nepen nepluoto Ta
MiXX KOXXHOK HacTYMHOK Cepieto npea'siBneHb 300paxeHsb i3
NO3UTUBHUM, HEraTUBHUM, EPOTUYHUM YU HEWTpanbHUM
amictom peectpyBanm EKIC i nHeBmorpamy (1,5 xB) npu
npen'siBneHHi cepii 6e33MiCTOBHNX 306paXkeHb CIporo Kosb-
Opy ABOX TMMIB, SIKi MO4EProBo 3MiHIOBaNy ogHe OOHOrO.

AK CTUMYNbHUIA MaTtepian BUMKOPUCTOBYBanucsa oTo-
rpadii MixHapogHoi cuctemn adeKkTUBHMX 300paxeHb
(IAPS) [10]. I3 yboro psgy 306paxeHb 6ynu BigibpaHi yo-
TUPU rPYNn CTUMYIIB: HENTparnbHi, NO3UTUBHI, HEraTUBHI Ta
epoTuyHi. Mepwi Tpn rpynn Gynu BigibpaHi 3a HopmaTue-
HUMMW 3HAYEHHSIMU OLLIHKM €MOLN y XiHOK 3a 9-6anbHoto
LUKanow pPiBHA MPWEMHOCTI, WO ANS HeuTpanbHMX 306pa-
XeHb ctaHoBunu 4,5 — 5,5 6anie, AnA NO3NTUBHUX — Binb-
we 7,6 6anis, onsa HeraTuBHUX — meHLle 2,0 6aniB. 3 KoX-
HOi rpynu 6yno ccopmoBaHo no 3 pisHi Habopu cTumynis
(no 15 306paxeHb) ANs NOCnigOBHUX eTaniB AOCMIAKEHHS,
AKi MiICTUNN OHAKOBY KiNbKiCTb 306paXeHb 3 NeBHOI TeMa-
TMKW. Yac npep'siBneHHs okpemoro 3o6paxeHHs (coTo-
rpadii) B cepii cTaHOBUB 6 C.

Ons pocnigpkeHHs BapiaTUBHOCTI CepLEeBOro puUTMmy
(BCP) peectpyBanu kapgiorpamy B MnepegHbOMY BiaBe-
AeHHi no HebBy 3a gonoMOorotw AiarHOCTUYHOrO KOMMIEKCY
"Moni-CnekTp". O6pobka EKIN npoBoannacs 3 BUkopucTaH-
HAM nporpamu "MMoni-CnekTp" Ta moaynsa aHanidy Bapia-
TMBHOCTI putmMy cepus "Moni-Cnektp-Putm". MatemaTtuyHa
o6pobka MacuBy KappioiHTepBaniB y BKa3saHili nporpami
BionoBigae pekomeHgauisMm ctaHgapTy "BapiabenbHicTb
putmy cepusi. CTaHgapT BUMIpPHOBaHHSA, (i3ioNoriYHOI iH-
TeprnpeTauii i KNiHIYHOrO BUKOPUCTaHHA", IO NPUNAHATUA Y
1996 poui rpynoto ekcnepTiB €BPONENCLKOro KapAionoriy-
Horo ToBapuctBa i [MiBHIYHOAMEPUKAHCLKOrO TOBapuUCTBa
enekTpocTumynsuii i enektpodisionorii [11].

AHanidy nignsrany nokasHWKM CTaTUCTUYHOIO (4acoBO-
ro) aHanisy kapgioiHTepBaniB: cepefHsi TpuBanicTb Tak
3BaHMX "HopmanbHux" (normal-normal un NN) iHTepBanis
R-R (RRNN, mc), Tob6T0 BCiX kapgioiHTepBanis, KpiM eKc-
TpacucTon i KOMNEeHcaTopHUX nays, Lo ChiaylTb 38 HUMMN.
BuBuanucs  nokasHUKM  cnekTpanbHOro  (4acTOTHOro)
aHanisy: TP (Mc2) — noBHa MOTYXHICTb CNeKTpa KonvBaHb
cepueBoro putmy, HF (Mc2) — noTyxHicTb cnekTpa cepue-
BOro putMmy B obnacti Bucokux 4actot (0,15-0,4 I'u),
LF (MC2) — MOTYyXHiCTb CnekTpa CepueBOro putMmy B 00-
nacti HM3bkux yactot (0,04—-0,15'y), VLF (Mc2) — noTyx-
HICTb CreKTpa cepueBoro putMy B obnacTi "ayxe" HU3bKMX
yactot (0,003-0,04 lNu), LF/HF — cniBBigHOLLEHHA NOTYX-
HOCTEW CnekTpa CepLeBoro putMy B 006nacTi HU3bKMX i BU-
cokmx yactoT. Kpim abcomTHMX MOTYXXHOCTEN, BM3Ha4Ya-
NNCSA TaKoX BiAHOCHI 3HAYEHHS 3a3HaYeHUX CrneKTpanbHUX
komnoHeHTiB (HF %; LF %; VLF %).

CTaTuCTU4YHMIA aHani3 NpPOBOAMBCS 3a [OMOMOrol na-
kety STATISTICA 10.0 (Statsoft, USA, 2011). ns onucy
BMOGIpKOBOro po3nofiny BkasyBanu mefiaHu Ta MiKKBap-
TunbHu poskng (Me [25 %; 75 %]). Mpu nopiBHAHHI 3a-
nexHux BMOBIpOK 3acTocoByBanu KpuTepin ®pigMaHa ans
OMCMNEepPCINHOro aHanisy MoBTOPHMX BUMIPIB, MIiCNS 40Oro
BMKOPUCTOBYBaNN HenapameTpuyHni T-KpuTepi 3HaKoBUX
paHrie BinkokcoHa. [1na nOpiBHAHHA He3anexHux BMbipok
BUKOPUCTOBYBanNu kputepin ManHa — VYiTHi. KputnyHui
piBEHb 3HAYYLLOCTi MDKFpynoBuMx BigMIHHOCTEW Mpu ne-
peBipLi CTaTUCTMYHOI rinoTe3un npuimasca pisHum p = 0,05
y BUMAAKy napHux nopiBHsHb i p = 0,0085 3 ypaxyBaHHAM
nonpasku BoHMepPOHi ANt MHOXUHHUX MOPIBHSHb.

Pe3ynbTaTth Ta ix 06roBopeHHA. Y HaykoBili nitepa-
Typi 3 BUKOpuCTaHHAM aHanidy BCP 3yctpivatotecs go 30
Pi3HMX MOKa3HWKIB, pO3paxoBaHMX Ha OCHOBI TpuBanocTen
KapaioiHTepBanis. Mu Hamaranucsa 3'acyBaTtu, siKi 3 HUX
Hanbinbw iHopMaTUBHI ANS  OUiHIOBAHHA €MOLIHMX
CTaHiB, W06 3BY3UTM KOMO MOTEHUIHUX NapameTpiB Ans
nodanblioro aHanisy. Y uin poboTi Mu npeacraBnseMo
parMeHT aHanisy cnekTpanbHUX MOKa3HWKIB CepLeBoro
pUTMy, SIKi 4O3BONATbL Ha OCHOBI LUBUAKOIO NEPETBOPEH-
HA Dyp'e BUAINUTM KiNbka YaCTOTHUX CKMagoBuKX i3 cymap-
HOi puTMorpamu. Tak, 3aranbHa NoTyXHIiCTb criekTpa (total
power, TP) cknagaeTtbes i3 TPbOX YaCTOTHWX Aianas3oHiB, a
caame: ayxe HusbkoyacTtoTHoro (VLF) i3 mexamu Big 0 go
0,04 'y, HmsbkoyactoTHoro (LF) i3 mexamu Big 0,04 go
0,15 Ny Ta BucokoyactoTHoro (HF) i3 mexamu Big 0,15 go
0,4 ly. 3rigHoO i3 cyyacHMMM yABNEHHAMMW MPO perynsauito
CepLEeBOro pUTMy KOXEH i3 LUUX KOMMOHEHTIB CNeKTporpamm
BinoOpaxye BHecok pi3Hux Bigainie AHC y roro perynsuito
[12]. MocuneHHa noTyxHocTi VLF iHTepnpeTyloTb SK ak-
TUBHICTb HAACErMeHTapHMX BigAinis, 3okpema rinotanamo-
ridoo3apHO-HaAHMPKOBOT OCi, i pO3rnaaloTb SIK MapKep ncu-
XOEMOLINHOro HanpyXeHHs pi3HOro reHesy. 36inbLUeHHS
NOTYXXHOCTi HN3bKOYACTOTHOI cknagosoi LF iHTepnpeTyoTh
SIK BHECOK cumnatuyHoro Bigainy AHC y perynsuito cepue-
Boro putmy [13], @ 30inblUEHHS YaCTKM BMCOKOYACTOTHMX
konueaHb HF Bigobpakae 36inblUEHHsI TOHyCy napacumna-
TUYHOI CUCTEMW, NpUTamMaHHOrO po3criabneHomy CcTaHy.
Kpim TOro, Ha BapiaTMBHICTb CepLeBOro PUTMY BenuKuin
BN/IVB Ma€ NaTepH AMXaHHS, TOMY MU BKIHOYUNM 4O aHanisy
MOKa3HWUKW, O XapaKTepu3ytloTb CTaH L€l cucTemm K no-
TEHUIVHO YyTNMBOrO iHAMKaTOPa 3MiHN €MOLINHOIO CTaHy.

[na BUSIBNEHHS 4yTNMBUX OO €MOLIAHOro 36yaKeHHs
MapKepiB CepLeBoro putMy My nepesipunu, Yu Bigpi3HATK-
MyTbCSl cnekTpanbHi nokasHuku BCP nig yac BisyanbHoro
CMPUAHATTS eMoUiiHO 3abapBneHux 300paXKeHb Pi3HOro
CTyneHs NpUEMHOCTI Ta akTueauii. [ns signosigi Ha ue nu-
TaHHA Oyno npoBegeHO AUCMNEPCIMHWIA aHami3 MOBTOPHUX
BMMIpPIB 3a HenapameTpuyHum kputepiem PpigmaHa cnek-
TpanbHUX MNOKa3HWKIB, OTPMMaHNX NpU nepernsgi YoTUpbox
TUNiB acpekTnBHUX 306pakeHsb i3 kapToTekn |IAPS (npuemHi,
HenTparnbHi, epoTUYHI, aBepPCUBHI), LLO OO3BOMSE BUSBUTU
HasBHICTb CTATUCTUYHO 3HAYYLLOI Pi3HULI Y 3HAYEeHHAX Mo-
kasHvka BCP Ha 4oTupbOXx 3ragaHux etanax. bymo npo-
aHanisoBaHO HasIBHICTb YW BIACYTHICTb PIi3HMLI MOKa3HWKIB
npu nepernsai 3obpaxeHb y pisHi a3y MeHCTpyanbHOro
umkny obcTexxyBaHmx. PesynbTtaTv aHanidy npeacrasneHo B
Tabn. 1 y TpeTin konoHui. MepLue, Wo npuesepTae yeary, ue
Te, WO OGinblWicTb BigMIHHOCTEN cnekTpanbHUX MOKa3HWUKIB
BMSABNANaca npu nepernsgi 3obpaxeHb IAPS obGcrexysa-
HUMUK Yy pOniKyNApHIN dasi MeHCcTpyanbHoro umkny. Ak Bua-
HO 3 npeacTaBneHnX AaHux, y onikynapHy gasy 3HadyLui
BIAMIHHOCTI MDK eTanamu BUSIBMANUCb Y BCIX MOKa3HMKax
BCP, okpim 3aranbHoi noTyxHocTi cnektpa TP. Hanbinbw
YyTNUBMM [0 TUMY NPE3EHTOBaHMX 300pakeHb BUSIBUBCSH
nianasoH "ayxe" Hu3bkux vactoT VLF, sik abcontoTHa, Tak i
BiJHOCHa MOro MNOTYXHiCTb. BigHocHa noTyxHicTb "gyxe"
HM3bKMX 4YacToT Oyna 3Hadylle Hwk4a npu nepernsgi
XIHKaMy epoTUYHUX 306paXkeHb MOPIBHAHO 3 MO3UTUBHUMMU,
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HeraTMBHUMW Ta 3 MEHWWM piBHEM 3HadywocTi (p = 0,04)
HelTpanbHMX cTMMyniB. Llen nokasHuk 3a3Buuan iHTepnpe-
TYETbCA SK BiJOOpPaXeHHs LieHTpanbHUX HagcerMeHTapHUX

BMMUBIB Ha CepueBUA PUTM, i NPU CIPUNRHATTI €POTUYHMX
CTUMYNIB LEeHTpanbHa perynsuis cepueBoro putmy B 00-
CTexyBaHux nocnabntosanacs.

Ta6nuys 1. MokazHUKM cneKTpanbHOro aHanily BapiaTUBHOCTI cepLieBOro puTMy Ta 4acToTU AUXaHHA B XIHOK
nig yac npea’saBneHHA 3o6paxeHb IAPS y pisHi ha3m meHcTpyanbHOro uukny, megiana (25 %; 75 %), n = 32

MokazHuK ®aza unkn Kputepin Mo3nTuBHiI HenTpanbHi EpoTuyHi HeratuBHi
unkny ®pigmana x> CTUMynK CTUMYnK CTUMynu CTUMynu
. 4,200000 3647 3693 2909 3868
Ponikynsipra p = 0,24066 (2205; 4753) (2582; 5012) (2466; 4986) (2683; 5834)
— OBy 4,312500 2979 4004 3548 3713
' ynau p = 0,22964 (2113; 5442) (1961; 6606) (2614; 4506) (2530; 7229)
Noreinosa 4,480000 3153 * 3455 2983 4314
p = 0,21408 (2063; 4491) (2234; 4504) (2006; 4964) (3082; 6025)
10.23871 788" 768* 535 * 895 *
®donikynsapHa = ’0 01664 (441; 1183) (447; 1439) (195; 993) (492; 1862)
p=5 [Ep p=0,007] [Ep p=0,017] [N, H, A] [Ep p=0,002]
VLF, mc? P 1,425000 965 631 598 723
ynau p = 0,69969 (557; 1552) (286; 1636) (318; 1368) (529; 1253)
Noreinona 1,012500 463 857 556 908
p = 0,79823 (310; 1167) (345; 1295) (338; 1347) (349; 2081)
29* 25* 20 * 31*
®onikynspHa G (17; 36) (17; 37) @: 31) (18; 43)
p=" [Ep p=0,001] [Ep p=0,04] [N, H, A] [Ep p=0,004]
VLF, % PN 1,387500 33 20 21 24
ynau p = 0,70847 (11; 49) (11; 44) (11; 38) (12; 39)
N 1,081505 23 28 20 26
Tioreikosa p = 0,78154 (13; 29) (16; 38) (12; 37) (14; 38)
Sonikunoma 4,238710 964 1098 776 866
ynap p = 0,23682 (460; 1246) (701; 1660) (443; 1222) (506; 1455)
749* 900* 1289*
LF, mc? Osynswis S 09990 (437; 1271) © 419727027) (533; 1217) (728: 2185)
p=9 [A p=0,0016] : [A p=0,0009] [E, ]
Moroinons 4,462500 775 989 795 1473
p = 0,21566 (535; 1204) (555; 1483) (675; 1583) (596; 1894)
SonivnanHa 3,116129 27 31 26 25$ #
ynsp p = 0,37407 (17 32) (25; 35) (17 32) (16; 32)
26 *
. 34* 25* 29*
LF, % OBynsuin p8='40‘°’(7)§‘7’39 [H(LZ’O?’J} g (20; 43) (19; 34) (24; 41)
[A p=0,01] [ [A p=0,025] [Ep]
- 2,212500 29 31 32 32
Tioteikosa p = 0,52949 (21; 37) (24; 39) (24; 38) (24; 42)
1730
1487 * 1329+
i 10,27742 1228 (722; 2239) , X
®donikynsapHa p = 0,01635 (883; 2259) [Ep p=0,011] (837f|-|2:|584) (889[,H?)570)
) [A p=0,03]
HF, mc p— 3,865204 1134 1287 1276 124
ynau p =0,27639 (661;1949) (583;2207) (808;2482) (789;2160)
Noreinona 1,950000 1547 1152 1342 1379
p = 0,58285 (752; 2039) (752; 1685) (776; 1936) (927; 2529)
48* 43* 49+ a2+
®onikynspHa S an (39; 54) (27; 55) (37; 63) (31; 50)
p=9 [Ep p=0,04] [Ep p=0,003] [AB p=0,007] [Ep p=0,007]
HF, % OsvraLis 2,040752 39 34 47 39
ynay p = 0,56399 (23; 64) (20; 53) (28; 65) (22; 52)
N 3,282132 46 38 44 39
Tioreinosa p = 0,35014 (36; 61) (25; 53) (29; 59) (27, 51)
0,64* 0,48 * 0,60*$
®onikynsipHa e o o 79) (0,51; 1,32) (0,31; 0,81) (0,38; 0,97)
p=> AL [Ep p=0,004] [A, H] [Ep p=0,036]
LF/HF S 6,225000 0,64 1,05 0,56 0,80
ynau p=0,10116 (0,35; 1,05) (0,37; 1,54) (0,33; 1,19) (0,52;1,73)
Moroinons 5,962500 0,67 0,78 0,63 0,86
p =0,11345 (0,40; 1,05) (0,51; 1,55) (0,48; 1,37) (0,55; 1,51)
18* 18* 17 18
®onikynspHa e (17; 19) (16; 19) (16; 18) (16; 20)
=5 [Ep p=0,02] [Ep p=0,01] [N, H, A] [Ep p=0,02]
YacrtoTa 18" 17 7" 18
AnxanbHUX . 10,10000
) OBynsyin _ (17; 19) (16; 20) (15; 19) .
pyxiB, /xB p =0,01774 [Ep p=0,009] [Ep p=0,011] [N, H] (16; 19)
- 3,472340 18 17 17 18
Tioteikosa p = 0,32437 (16; 19) (16; 18) (16; 19) (16; 19)

MpuMiTKKN: * — 3HaYyLLi BiAMIHHOCTI WOAO iHLIOro TUNYy 306paxeHb y Ty X dhasy umkny (piBeHb 3HAYYLLOCTi Ta TUN yKa3aHi y kBagpaT-
HUX OYXKax | BUAINEH XXNPHUM WpUTOM);

$ — 3HauyLi BigMIHHOCTI Npy Nepernsaai ogHOTUNHMX 306paxeHb Mk onikynsipHoto dasoto i oBynsuieto (p < 0,05);

# — 3Ha4yLi BIAMIHHOCTI Npy Nepernagi ogHOTUMHNX 306paxkeHb MK honikynsipHoto Ta nioTeiHoBot dasamu (p < 0,05);

A — aBepcuBHi (HeraTuBHi), Ep — epoTuyHi, M — no3uTneHi, H — HenTpanbHi.
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MopsAa i3 UMM Yy HM3bKO- Ta BUCOKOYaACTOTHOMY Adiana-
30Hax CrekTpa TakoX ikcyBanucb 3HauyLli BiAMiHHOCTI
MK pisHUMKM Tunamyn 3o6paxeHb. [pu nonapHomy
NOPIBHAHHI MiX Pi3HMMKU 306paXKeHHsIMK 3'iCyBanochb, L0
cnekTpanbHi nokasHukn BCP BigpisHaTbCS Big ycix iH-
Wwux TuniB 3006paxeHb Npu nepernagi epoTUYHUX CTu-
MyniB: 32 LMX YMOB pEECTpyBanu HalMeHLly abCcomnmoTHy
Ta BigHOCHY noTyxHicTb VLF pgianasoHy, Hamsuily
BiIHOCHY MOTYXHICTb BMCOKOYACTOTHOI cknagosoi (HF %)
Ta HanmeHwy YacTtky LF/HF nopiBHsiHO 3 HelWTpanbHUMuK
Ta HeraTMBHUMM 300paxeHHaAMU. Lle o3Havae, wo nig yac
nepernagy epoTudHux 3o06paxeHb y 06CTexyBaHMX ne-
peBaxanu napacvmMmnaTtuvyHi BNAVBU Ha CEPLEBUNA PUTM i
HanpyxeHHs1 6yno MiHiMmansHUM.

Mig yac oBynsAuii Takox 6yNo BUSIBNEHO CTAaTUCTUYHO
3HauyLi BiAMIHHOCTI, ane nuwe Ans HU3bKOYaCTOTHOI
cknagoBoi cnektpa LF. ABcontoTHa noTyxHicTb LF Gyna
MaKkcumarbHOK Mpu nepernsgi aBepCcuMBHUX 300paXeHb,
3HaJyLi BIAMIHHOCTI 3apeecTpoBaHO MOPIBHAHO 3 ne-
pernsiaoM No3uTUBHUX Ta ePOTUYHUX CTMMYNiB. BigHocHa
NOTYXHICTb HW3bKOYaACTOTHOrO KomnoHeHTa LF % mana
TEHAEHUII0 [0 3HauyylWmx BiAMIHHOCTEN (3BaXawyu Ha
MHOXWHHi MOPIBHAHHA YOTMPbLOX Pi3HMX CTUMYIB, PiBEHb
p npuimascs 3a 0,008, a He 0,05) — Byna meHwe npu
nepernagi  MNO3NTUMBHMX  300paxeHb  MOPIBHSAHO 3
HeWTpanbHUMK Ta HeraTMBHWMMW, @ NpW Nepernsai epo-
TUYHMX Byna HyX4Ye, HiXK Npy aBepCrBHMX. 3Baxatrouu, Lo
LF BigoOpaxye BHECOK CMMMNATUYHOroO Bigdiny B peryns-
Lil0 cepueBoro puTMy, MOXeMO 3pOOMTU BUCHOBOK, LU0 Y
hasy oBynAUil XiHK/ CWMbHIlLE pearylTb Ha HEenpueMHI
300paXkeHHs akTuBaUield cumanToagpeHanoBoi CUCTEMU
NOPIBHSAHO 3 iHWMMK hasamu.

MpuBepTaTb yBary 3miHM CNekTpanbHUX MOKa3HMKIB
BCP npwu nepernsiai 306paxeHb €poTUYHOrO Xapakrepy,
YITKO BMpaXeHi y OMiKynapHy Ta MEHLUO MIipol — Y
OBYNATOPHY pas3n. 3Baxkarounm Ha cneumdiky Takmx CTu-
MyniB Ta iX 34aTHICTb BUKNUKATK CeKkcyarnbHe 30yaXKeHHs,
MM OYiKyBanu Hambinbll BUpaxeHi aBTOHOMHI peakuii Ha
Ui noapasHuKu came y ponikynsapHy dasy, Konu 3pocTae
MNMOBIPHICTb 3annigHeHHs. Y niTepaTypi nokasaHo, LWo y
donikynapHy ¢asy BUABNATbL 30iNblUEHY aKTMBHICTb Y
MO3KOBWX CTPYKTypax, a came opbiTodpoHTanbHi Kopi,
npv nepernagi ¢goto npuBabnueux vonosikiB [19]. Takox
OOCHNIMKEHO, WO amnnityga KOMMOHEHTa BUKMMKaHWX
noTeHuianis, WO NOB'A3aHa 3 peakuiclo Ha CTUMYNN Cek-
cyanbHOro 3MmicTy, npornopuiiHa [0 piBHA eCTporeHy B
cnuHi [21]. B iHWoOMYy gocnigxeHHi 6yno npoaeMoHCTpo-
BaHO, WO Mig 4Yac nepernsay aygioBidyanbHOro CeKcy-
anbHOro KOHTEHTY B XIHOK 3pOCTaB piBEHb €CTPOreHy i
TECTOCTEPOHY, MNPUYOMY 3pOCTaHHA ecTporeHy OyB
Hanbinbwwni y donikynapHy ¢asy [20]. 3Baxawum, LwWwo
€CTpOreHn BMNMMBalTb Ha aKTUBHICTb CTPYKTYp rinotana-
MO-Tinodi3apHO-HaAHUPHMKOBOT CUCTEMW, 3LINCHIOIYM
aHKCIONITUYHMI BNAKMB [17], ue TakoX NOSACHIOE 3HUXKEHHS
CUMNATUYHOT aKTUBHOCTI Mpu nepernsagi epoTnyHux 306-
paxeHb y chonikynsapHy casy uukny.

Wopo ntoTeiHoBOI hasn, TO BOHa BusiIBUNACb Han-
MeHW  iHpOpMATMBHOK  ANA  OUiHIOBAHHA  BMMMBY
€MOLNHOro KOHTEHTY — 3rigHo i3 kpuTepiem ®PpiamaHa,
KOAEH MOKa3HUK CTaTUCTUYHO 3Hayylle He Bigpi3HsiBCA
npu nepernsgi 3ob6paxeHb pi3HOro TMny B Uto asy. Akou
BCi 06CTEXyBaHi Npoxoannu nNpoueaypy eKCnepumeHTy 3a
cXeMol: nepwuin etan — donikynapHa asa, apyrum
eTan — OBynsuia, TPHTIW eTan — nioTeiHoBa asa, TO
MOXHa 6yno 6 npunycTUTK, WO BiACYTHICTb BiAMIHHOCTEN
cnekTpanbHux nokasHukis BCP nosicHioeTbcst MiHiManb-
HOK HOBW3HOK O0OCTaHOBKM OOCTEXEeHHs, WO BeAe A0

3HWKEHHSA Hanpyru perynatopHux cuctem. Ane ausaiiH
eKkcnepumeHTy OyB iHakwuin, obcTexyBaHi npoxoawnnu
eKCMepuMMEeHT yrneplue HesanexHo Big Toro, ska came
dasa MeHCTpyanbHOro LKy B HUX dikcyBanacb, To6To
TpeTuHa XIiHOK Mana neplle TecTyBaHHS came nig 4ac
noTeiHoBoi da3n. ToMy NOACHEHHSA BiACYTHOCTI 3Hauvy-
LMX BiAMIHHOCTEN Mpu nepernagi emouiiHo 3abapBneHnx
306paxeHb y noTeiHoBy hasy cnif wykaTtn y cneuundiui
MO3KOBMX peakUill Ha Tni BUCOKOrO PiBHA B LeW nepiof
nporectepoHy. HAk nokasaHo B gocnigxeHHi [16], xapak-
Tep pearyBaHHS Ha €MOLiHi cUrHanu Ta piBeHb aKTUB-
HOCTIi KIIOYOBMX MO3KOBMX CTPYKTYP Ha HUX BiOpi3HAETbCA
B pi3Hi da3n umkny. AsTopamu Byna npogemMoHCTpoBaHa
Oinblua akTMBaUia ronoBHOro MO3Ky NMpu nepernsagi Hera-
TUBHUX 300paxeHb Yy onikynspHy ¢asy nopiBHAHO 3
NIOTETHOBOID, 30KPEMa CUMbHILLY akTMBaLil0 MUTOANWHM i
Kpale posnidHaBaHHA emouin y donikynapHy daasy, a
TaKkoX HeraTuBHi Kopensuii piBHA NpOrectepoHy i
BiQNOBIAEN MWUrAANMHN Ha 3arpo3nuBi, CyMHi 1 HeATpanb-
Hi 0bnuyysa. PO3rnsHyTMA y €BOJIOLIAHOMY KOHTEKCTI,
Takuii BNNUB PiBHA FOPMOHIB Ha eMoLiiHy oBpobky, Ha
OYMKY BYEHWX, MOXe CTBOPIOBaATN MOXNMBICTb Ansa Ginb-
LWOT YYTNUBOCTI XIiHOK A0 couianbHUX CTUMYNIB Mig 4ac
donikynsapHoi dasn, Wwo nonerwye couianbHi B3aemogii,
AKi 3a3BUYaln NepeayloTb peanisauii ctaTeBoi NOBeAiHKN.
lMpoTe B gaHoMy JocnifXeHHi He BMBYanNUCs eMOLUiNHi
npouecu nig vyac osynsii.

MopiBHsAHHA nokasHukiB BCP npu nepernagi ogHoTumn-
HUX 306paxeHb |APS y pi3Hi dasu uukny BUsIBUNO 3Ha-
YyLi BigMIHHOCTI nuwe npu nepernagi 306paxeHb 3 Hera-
TMBHMM 3MIiCTOM (KOMipku B Tabnuui BigMiveHi cipum ko-
neopom). 30Kkpema, CniBBigHOLEHHSA MOTY>XHOCTEN HU3b-
KO- Ta BUCOKOYACTOTHUX KOMMOHEHTIB cnekTpa LF/HF npu
nepernsagi HeNpuUeMHUX 306paxeHb Oyno 3Hauylle MeH-
LWKM nig yac onikynapHoi ¢asu NopiBHAHO 3 OBYNSLI€t,
IO TaKoX NIATBEPAXYE Halle NPUMyLLEeHHS LWOoAOo 3CyBY
cuMmnaTo-BaranbHoro GanaHcy B 6ik nepeBaxaHHs
BMMMBIB CUMMMNATMYHOI cucTeMu nig 4ac osynsauii. Kpim
TOro, BiAHOCHA MOTYXHICTb HU3bKOYACTOTHOINO KOMMOHEH-
Ta cnektpa LF %, a omTxe, i aKTMBHICTb CUMNATU4HOrO
Bigainy, 6yna Ginbwoto nig 4ac oBynsauii Ta NOTEIHOBOI
da3n uukny nopiBHAHO 3 POMiKynapHOW nig 4ac ne-
pernagy 3o6paxeHb 3 HEraTUBHOK BarieHTHICTIO, y TOM
yac Ak npu nepernagi iHWWX 3o00pakeHb BigMIHHOCTEWN
BCP wmix chazamu He Gyno BusiBneHo. Lle osHavae, wo
came HeraTUBHI eMOLiMHI CTUMYNU CNPUIManunCcA XXiHkamm
BiAMIHHO B pi3Hi da3n umkny, i MiHiIManbHWN piBeHb
HanpyxeHHs Ha Hux ByB nig yac conikynapHoi dasu. Ha
CbOrOAHI  HAKOMWYEHO YUMano  eKcrnepMMeHTanbHUX
nigTBEPAKEHb  TOMY, WO  LMPKYMIOYi  €CTPOoreHu
3AiACHIOIOTb PErynATOPHUA BNNUB Ha BUAINEHHS TOPMOHIB
rinotanamo-rinodisapHoO-HagHMPKOBOI OCi 4Yepe3 ecTpo-
reHoBi GeTa-peuentopu, siKi eKCnpecylTbCA B rinoTa-
NnaMiyHUX TFOPMOHMPOAYKYUYMX HeupoHax [7], i Ha
BMBINbHEHHA HOpaZpeHaniHy B NobHi kopi. BBaxaeTbcs,
WO B TakUi cnocib 3A4iNCHIETLCS aHKCIONiTUYHUIA BNNVB
€CTPOreHiB, WO Nonsdrae y 3MeHLIEeHHI BUOINEHHA Hopaga-
peHaniHy i NOBEAIHKOBUX peakuiin, XxapakTepHux pAns
ctpec-Bignosiai. Tak, y poboti [17] came B noTeiHOBY
dasy cnoctepiranaca Hambinblwa cTpec-iHoykoBaHa ak-
TUBHICTb rinoTanamo-rinodisapHoi oci. Y Hawux Ao-
cnimkeHHsix [18] Takox ©Oyno BusBNEeHO 36inblueHui
piBEHb CUMMNATUYHOI aKTUBHOCTI 3a nokasHukamu BCP y
CTaHi CMOKOK caMe B NOTEIHOBY hba3y MeEHCTpyasibHOro
umkny. Tomy MoXemo 3pobuTM BUCHOBOK, WO Y QOSiKy-
napHy dasy eMouinHi curHanu pisHOro 3Haky Kpatie po-
3Pi3HATLCA 3a BeretTatMBHUMK NPOsiBaMu, NpoTe Crpui-



ISSN 1728-2748

BIONOrIA. 1(80)/2020

~ 39 ~

HATTS HEraTMBHWX €MOLUINHUX curHanie nepebirae 3 mMeH-
IO CUMNaTUYHOK aKTMBAaLIE NOPIBHAHO i3 APYrow no-
TNOBUHOK MEHCTPYarbHOro LMKIy.

TakMM 4YMHOM, y Hawii poboTi Oyno nokasaHo, Lo B
Pi3Hi a3y MeHCTpyanbHOro UMKIY YyTAMBMMMK A0 3HaKy
€MOLiNHNX CTUMYNIB € Pi3Hi nokasHuku BCP. Y donikynsp-
Hy asy 3Hauylli BiAMIHHOCTI nNpu nepernsagi eMouinHuX
300pakeHb pI3HOro TUMy BUSBNANMCA B abCONIOTHIN Ta
BiQHOCHIN MOTY>XHOCTI Ayxe Hu3bko- (VLF) Ta Bucokoua-
ctotHoro (HF) komnoHeHTiB cnekTpa. Y dasdy oBynsuii
YYyTAMBMM OO TUMNY eMmouii mMapkepom Oyna MOTYXHiCTb
HM3bKOYACTOTHOrO KommnoHeHTa cnektpa (LF), wo Bigo6-
paxye BMMvMB CMMMNaTUYHOro BigAiny HepBOBOI CMCTEMU Ha
cepueBuii putM. Hanbinblue 3Ha4YeHHs Lel NokasHWK MaB
npu nepernsgi HENpUEMHWX 300paxeHb MOPIBHAHO 3
NPUEMHUMW N €POTUYHMMU  BidyanbHUMU  CTUMYMamu.
Y noTeiHoBy ha3y koAeH 3i CrnekTpanbHUX MOKa3HUKIB
BCP He BigpisHaBca npu nepernagi  eMOUNHMX i
HeuTpanbHUX 300paxeHb, WO CBig4YMTb Mpo Many iHdop-
MaTUBHICTb LbOro nepiogy ANns OUiHIOBaHHS €MOLiMHOro
BMMAMBY CTUMYIIB 3a CriekTpanbHUMK nokasHukamu BCP.

BucHoBku

1. BusBneHi BiAMIHHOCTI CReKTparnbHUX MOKa3HUKIB
BapiaTMBHOCTI CEpPLIEBOro pUTMY Ta YacTOTU AWMXaHHS Npu
nepernsgi emouinHo 3abapBneHnx 3o00paXkeHb pi3HOro
TUNY XiHKaMu nig 4ac onikynsapHoi pa3n MeHCTpyarnbHOo-
ro LuKny.

2. Mepernsaa epoTuyHMX 300paxkeHb y OniKynsapHy
hasy CynpoBOAXYBaBCH MNEepeBaKaHHAM napacumnaTny-
HWX BNMMBIB HA CEpLEBUM PUTM, @ TaKOX MEHLUOK 4acTo-
TOK OUXaHHSA MOPIBHAHO 3 NepernsagoM NO3NTUBHUX i Hera-
TMBHUX 3006paxeHb.

3. AHani3 nokasHukie BCP cBiguntb npo 3cyB Bereta-
TMBHOro ©GamnaHcy B 6ik nepeBaxaHHs CUMMNATUYHOIO
BigAiny B perynsuii cepueBoro putMy B XIHOK y ApYrii no-
NOBWHI MEHCTPYanbHOro LMKIY.

4. TMepernsg 306paxeHb i3 HeratTMBHMM €MOLIAHUM
3MICTOM CYNpOBOAXKYETbCA MEHLLIOK aKTUBHICTIO cuUMMa-
TUYHOI HEPBOBOI cUCTEMW Y APONIKYNAPHY dhasy MOPIBHSAHO
3 iHWKUMK hasamn MEHCTPYarbHOTO LUKITY.

5. Y nioTeiHoBy ha3dy MeEHCTpyanbHOro LMKy BigMiH-
HOCTEM MK CnekTpanbHUMK MOKa3HWKaMu BapiaTUBHOCTI
cepueBoro puTMy nig Yac nepernsgy emouiiiux 3o6pa-
XEeHb Pi3HOro TUMNy He Big3Hayanocsd, WO CBiAYMTb Mpo
Many iHpopmaTMBHICTb LbOro nepiogy Ans aHanisy ocob-
NMBOCTEN pearyBaHHA Ha €MOLiVHI CUrHanu Ha OCHOBI
BapiaTUBHOCTI KapAioiHTepBaniB.
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BAPUATUBHOCTb CEPAEYHOIO PUTMA
MPU MPOCMOTPE 3MOLIMOHATIBHO OKPALLUEHHBIX U3OBPAXEHUI
Y XEHLUWH B PA3NIUYHBIE ®A3bl MEHCTPYAJIbHOIO LIMKNA

N3yyanucb oco6eHHOCMU OUHaMUKU crieKmpasbHbIX Moka3amenel eapuamueHocmu cepde4yHo20 pumma y 32 xeHuwuH 17-23 nem npu npo-
cMompe 3MoyuoHasbHbIXx usobpaxeHuil IAPS (International affective picture system) e pa3Hble ¢hasbl MeHcmpyasibHo20 yukna. lokaszaHo, ymo
pasnuyusi 8 pe2ynsyuu cepd0eyHo20 pumma, cesi3aHHble C MPOCMOMPOM 3MOUUOHaIbHbIX U306paxeHuli pa3iu4HO20 muna, npPosiesssromcsi npe-
umMyuwiecmeeHHo e hosIUKynsipHol ¢haze MeHCcmpyasbHO20 yukna. B amom nepuod 3Hayumbie pa3nuyusi Npu MPOCMOMpPe 3MOYUOHASIbHbIX
usobpaxeHull pa3nu4HO20 murna obHapyxueanucb 8 abcosIromHolU U OmHocumesibHol MOUWHOCMsIX o4YeHb Hu3ko- (VLF) u ebicoko4acmomHo20
(HF) komnoHeHmoe cnekmpa. B ¢ha3y osynsyuu YyecmeumenbHbIM K muny 3Moyuli MapkepoM 6bis1a MOUWHOCMb HU3KOYacmomHO20 KOMMOHeHma
cnekmpa (LF), omo6paxarowasi enusiHue cumnamu4ecko2o omaesia HepeHol cucmembl Ha cepdeydHblli pummM. Haubonbwee 3HayeHue amom no-
Kazamesib UMeJs1 PU NMPOCMOMpPEe HenpuUsiIMHbIX U306paXKeHull Mo CPaBHEHUIO C NMPUSIMHLIMU U 3pOMuYeckuMu 8usyasbHbiMu cmumynamu. Bknad
cumMnamu4ecko2o omadena e peaynsiyuro cepdeyHo20 pumma 6bin ebipaXkeH Npu NPocMompe He2amueHbIX U HelimpasbHbIX U3obpaxeHul, u mo-
JIbKO MpocMomp u3obpaxeHull 3pomuyecKo20 xapakmepa xapakmepu3oeasicsi POCMOM napacumnamu4eckoli aKmueHOCmu, Ymo Nposieisiyiocb &
yeeslu4eHUU MOUWHOCMU 6bICOKOYacmomHo20 KoMnoHeHma cnekmpa HF u cHuxeHuu 4acmomsl ObixaHusi. B uccredogaHuu rnokasaHo, 4mo e
meyeHue MeHCmpyaslbHO20 YukKia ee2emamusgHbil 6anaHc cdguzaemcsi 8 CMOPOHY npeobnadaHusi CUMNamMu4YecKo20 pe2ysiupoeaHusi cepoeyHo-
20 pumma, komopoe docmuaaem MakcuMyma 6 JilomeuHosyio ¢hasy. B cesi3u ¢ amumM cmeneHb aKMUEHOCMU CUMMamMuUYyecKo20 38eHa, Komopyro
peaucmpupoeasnu o MOWHOCMU HU3KO4YacmomHo20 komnoHeHma LF, npu npocMompe HenpusimHbIXx uzobpaxeHul 6bina HauMeHbwel e ghosnu-
KynsipHoU ¢pa3e, a Hau6onbweli — 8 sromeuHosol. He ebisignieHo 3Ha4uUMbIX pa3nu4uii Mexdy cnekmpasnbHbIMU MOKa3amesissMu eapuamueHocmu
KapOuouHmepesasios npu MPOCcMompe 3MOUUOHasIbHbIX U306paxeHull e romeuHosyo a3y, ymo ceudemesniscmeyem o masoli UHghopmMamueHo-
cmu amozo nepuoda yuksna 0s1s OyeHKU 0cob6eHHOcmel 3MOYUOHaIbHO20 pea2uposaHUs XeHUWUH Ha OCHO8e aHa/lu3a cepdeyHo20 pumma.

Knrouesble crioea: ¢hasbi MeHCmpyanbHO20 Yukna, usobpaxeHusi IAPS, amoyuu, eapuamueHocms cepdeyHo20 pumma, eezemamuseHbili 6anaHc.

V. Kravchenko, Ph.D.

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,
K. Demidova, Ph.D.
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HEART RHYTHM VARIATION DURING AFFECTIVE PICTURES VIEWING
IN WOMEN IN DIFFERENT PHASES
OF THE MENSTRUAL CYCLE

The peculiarities of the dynamics of the spectral indices of cardiac rhythm variability in 32 women 17-23 years of age while viewing emotional
IAPS (International affective picture system) images in different phases of the menstrual cycle were studied. It is shown that the differences in the
regulation of the heart rhythm associated with viewing emotional images of different types are manifested mainly in the follicular phase of the men-
strual cycle. During this period, significant differences in viewing emotional images of different types were found in the absolute and relative power
of the very low-frequency (VLF) and high-frequency (HF) component of the spectrum. In the ovulation phase, emotion-sensitive markerwas a low-
frequency spectrum component (LF), reflecting the effect of the sympathetic nervous system on cardiac rhythm. This indicator was significantly
higher when viewing unpleasant images compared to pleasant and erotic visual stimuli.The contribution of the sympathetic division to the
regulation of cardiac rhythm was observed during viewing of negative and neutral images, and only the viewing of erotic images was characterized
by an increase in parasympathetic activity, which was accompaniedwith the increased power of the high-frequency component of the spectrum
(HF) reducing the proportion of LF/HF and respiratory rate. The study shows that during the menstrual cycle, the autonomic balance shifts toward
the predominance of sympathetic regulation of the heart rhythm, which reaches a maximum in the luteal phase. In this regard, the activity level of
the sympathetic link recorded by the power of the low-frequency (LF) component while viewing unpleasant images was the lowest in the follicular
phase and the highest in the luteal one. No significant differences were found between the spectral indices of cardio-interval variability when
viewing emotional images in the luteal phase, indicating that this period of the cycle was low informative to assess the characteristics of women's
emotional response based on heart rate analysis.

Keywords: menstrual cycle phases, IAPS image, emotions, heart rate variability, autonomic balance.
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NEPEKUCHE OKUCHEHHSA NMINIAIB Y XPALWOBIA TKAHUHI LWYPIB
3A YMOB EKCNEPUMEHTAJIbHOIO OCTEOAPTPMUTY
TA NPN BBEAEHHI MYNIbTUNMPOBIOTUKA

Ocmeoapmpum (OA) € po3noectodXeHUM 3axeOprOB8aHHSIM, sIKe I08'A3aHO 3 IMOPYWEeHHSIM OMOPHO-PYyX080i cucmemu.
Ocmeoapmpum — ye XpoHiYHe de2eHepamueHe 3axeopro8aHHs, ke npuzeodumsb o ckymocmi, 6010 y cyan06ax ma nodasb-
womMy po3eumky iHeaniOHocmi. Posib einbHopadukasibHO20 OKUCHEHHS Jlinidie 3pocmae npu namosio2iyHux npoyecax. 3mMiHa
iHmeHcueHocmi einbHopadukanbHUX Npouyecie Mo)e ceidyumu npPo Po38UIMOK Namosiozii, 8 MoMy paxyHKy rnoe's3aHoi 3 3ana-
JIeHHsIM y cyanobax.

Memoro po6omu 6yno docnidumu dito Mynbmunpobiomuka Ha eMicm NpPodykmie nepeKucHo20 OKUCHEeHHS finidie y xpsiujo-
8ili mkaHuHi wypie 3a ymoe MoHoliodayemam-iHOyKoeaHO20 ocmeoapmpumy.

HocnidxeHHs1 npoeedeHi Ha 6inux HeniHiliHUX cmameeo3pinux wypax-camuysix macoto 180-240 e 3 dompuMaHHAM 3a2aflbHUX
emu4Hux NpuHyumnie ekcriepuMeHmie Ha meapuHax. Ycix meapuH po39insnu Ha Yomupu eKkcriepuMeHmarnbHi 2pynu: KOHMPOJb,
KOHMposib Ha 8eedeHHs1 Mynbmunpobiomuka, Modeslb eKcriepuMeHmasbHO20 ocmeoapmpumy, ocmeoapmpum + Mynbmunpobi-
omuk. BuzHayeHHs1 Noka3HuUKie npoeodusu y xpsiuyoeili mkaHUHI KOsliHHUX cyanobie ulypie. Bmicm dieHoeux KOH'to2zamie eau3Ha4anu
8 2enmaH-i3onponaHosIbHOMY eKcmpakmi crnekmpoghomomempuyHUM Memoodom, wugghosux ocHOe — ¢hsryopuMempuyHUM Me-
modom. Bmicm TBK-akmueHux crioslyk eu3Hayvanu 3a peakuyieto 3 mio6ap6imypoeoro kuciomoro (TBK). KoHueHmpauito 6inka
eu3Hayanu 3a memodom Jloypi. Cmamucmuy4Hy o6po6Ky pe3ynbmamie 0ocnidxeHHs1 npoeodusiu 3a2asbHOMNPUUHAMUMU Memo-
damu eapiauiliHoi cmamucmuku.

BcmaHoeneHo, wjo npu MoHolioGayemam-iHOyKoeaHOMy ocmeoapmpumi y Xpsuw08ill mKaHuUHi wjypie 3pocmae emicm npo-
dyKmie rnepeKucHoO20 OKUCHEHHS Jiinidie (dieHosux KoH'toczamie, TBK-akmueHux crnonyk, wugghosux ocHos). [lokazaHo, wjo npu
eesedeHHi Mynbmunpobiomuka meapuHam 3 MOHoliodayemam-iHOyKkogaHUM OCImeoapmpumomM euljeeKka3aHi Moka3HUKU eiOHo8-
JN1r0eanuch.

Knroyoei cnoea: MmoHolioGauemam-iHOyKoeaHuli ocmeoapmpum, My/1bmunpo6iomuk, nepekucHe OKUCHEHHSs ninidie, xpsw.

Bctyn. Cepen 3axBoptoBaHb cyrnobiB Baxnuee MmicLe
3anmatoTe octeoaptputn (OA). Tak, y niogen crapue
65 pokiB OA posBuBaeTbcs y 90% HaceneHHs, y 4acTuHu 3
HUX Le Npu3BOAMTbL A0 PO3BUTKY iHBanigHocTi. Kpim Toro,
3poctae puank po3sutky OA 3a yMOB MeXaHiYHMX TpaBM,
iHGheKUiiHMX 3axBopoBaHb Ta MeTabonivYHNX NopyLUeHb [1-
3]. Cepen pocnigkeHb OCTaHHIX POKiB 3'ABMAKOTHCA AaHi
npo MoTeHUianbHMI B3aEMO3B'A30K Mk po3suTkom OA Ta
cTaHoOM Mikpodniopu TpaBHOi cuctemu [4, 5]. Ockinbku
ancbio3 KMLIKOBOI MiKpobioTK TiCHO MOB'A3aHWiA 3 naTore-
He30M Aesikux MeTaboniyHMx Ta 3ananbHUX 3axBOPHOBaHb,
Bi4NOBIAHO BiH MOXe OyTu 3apisHui y po3suTok OA. Tomy
aKTyanbHUM NUTAHHAM CTa€E AOCNIAXEHHS y4acTi KALWIKOBOI
MiKpOhIIopU y pO3BUTKY 3aXBOpOBaHb CyrnobiB.

MpoBegeHu Hamu aHani3 gaHvx nirepatypu Ta 6e3no-
cepeaHbO OTPYMMaHi HaMy pe3ynbTaTtu cBig4aTh, WO edek-
TMBHUM NpOGIOTMYHUM MpenapaTtoM € MynbTUnpobioTukK
"CumbiTep®", skuii 3gateH niaTpuMysaTyi Ta BiAHOBMOBATY
HOpMOGio3 LUNYHKOBO-KULLKOBOrO TpakTy (LLUKT) Ha pisHux
eKkcrnepvMeHTanbHux mogensx [6, 71.

BaxnuBy ponb y po3BUTKy Ta MporpecyBaHHi 3ananeH-
HS y cyrnobax Bigirpae iHTeHcudikauia BinbHOpaauKanb-
HWX npoueciB, B pe3ynbTaTi Yoro BiaOyBaeTbCs MOLLKO-
OXXEHHSI CMHOBIanbHUX KNITUH, AECTPYKLUA XPSLLIOBOi TKa-
HWHW, epo3sis KICTOK Ta cyrnoboBmx NoBepxoHsb [8, 9].

Tomy MeTOr Hawoi poboTn Oyno gocnianTy it Mynb-
TMNPOKIOTMKA Ha BMICT NPOAYKTIB NEPEKUCHOTO OKUCHEHHS
ninigiB y XpsALWOBIN TKaHWHI LUypiB Npy ekcnepMMeHTanb-
HOMY OCTE0apTpUTI.

OO6'exT Ta MmeTOoAMN AochiAXeHb. YCiX TBapuH po3ains-
N Ha YOTUPWU eKcnepuMeHTanbHi rpynu. lNepwa rpyna —
KOHTpOmnb: TBapuMHaM B MNepLUMiA AeHb BBOAUIM B KOJMiHHY
3B'asky 0,05 mn 0,9% po3unHy NaCl Ta WoaeHHO NpoTsrom
14 pi6 3 8-oi no 22-ry noby BBOAMNM nepracTpansHo 1 mMn
NUTHOI BOAM B MepepaxyHKy Ha 1 kr macu Tina TBapuvHW.
Opyra rpyna — mynbTunpobioTuk: TBapMHaM B NepLUnNi AeHb
BBOAMNM B KONiHHY 3B'A3ky 0,05 mn 0,9% po3unHy NaCl ta
woaeHHo npotarom 14 gi6, 3 8-oi no 22-ry noby BBoAWnM
nepractpanbHo MynbTUnpoGioTuk "Cumbitep® ("Mporicok”,
YkpaiHa) y nosi 140 mr/kr, po3BegeHuii B 1 Mn nUTHOT Boau
Ha 1 kr Mmacu TBapuHWu. TpeTs rpyna — MoZenb ocTeoapTpu-

Ty: Wypam B NepLUUA AeHb BBOAUNN B KOMiHHY 3B'A3Ky 1 Mmr
MoHolioaauetaty Hatpito (MWA), posunHeHoro y 0,05 mn
0,9% posunHy NaCl [10] Ta woaeHHo npotsarom 14 ai6 BBO-
Ovnu nepractpansHo 1 Mn NUTHOI BOAM B NepepaxyHKy Ha
1 kr Macu TBapuHUW. YeTBepTa rpyna — octeoapTpuT + Mysb-
TUMNPOBGIOTMK: TBApMHAM BBOAWMMW B NEPLUNIA AEHb B KOMiHHY
3B'A3ky 1 Mr MoHoMogaueTaTy HaTpilo, PO3YMHEHOTO Yy
0,05 mn 0,9% po3unHy NaCl Ta nepracTpanbHO MynbTUNPO-
GioTuk y nosi 140 mr/kr, po3segeHui i B 1 M NUTHOT BOAW Ha
1 kr macu TBapuHW. TBapuH ymepTenamu Ha 30 goby nicns
noyaTky eKCNepuMeHTY 3rigHO NPOTOKOITY €TUYHOro KOMITETY,
nicnsi Yoro LWBMAKO pobunu 3abip XpALOBOI TKAHWHU KOIHHO-
ro cyrno®y. 3aranbHa KinbKiCTe TBapyH, 3ary4yeHnx 4O eKcne-
pUMEHTarbHNX AocnimxeHb, cTaHoBuna 20 0CobuH.

Y romoreHaTi XpsiLLOBOI TKaHWUHW BU3HAYanu HacTymHi
nokasHukn. Bmict 6inka BumiptoBanu 3a metogom Jloypi
[11]. BMicT gieHoBMX KOH'loraTiB BM3HayanuM B renTtaH-
i30MpOMaHoNbHOMY  €KCTPaKTi  CNekTpohOTOMETPUYHUM
MeToAoM, WNEPEHOBUX OCHOB — (PIIYOPUMETPUYHUM METO-
gom [12, 13]. BmicT TBK-akTMBHUX NpoAyKTiB BU3Ha4anu 3a
peakuieto 3 TiobapbiTyposoto kucrnotoro (TBK) [14]. CtaTtu-
CTU4HY 0OpobKy pe3ynbTaTiB [AOCHiAXEeHHS MpoBOAWUIU
3aranbHOMPUNHATMMUW MeToA4aMu BapialinHOT CTaTUCTUKK.

Pe3ynbTaTtu Ta ix o6roBopeHHs. OgHuM 3 Hacnigkie il
BiNIbHUX paguKaniB Ha KOMMOHEHTU KNiTUHU € OKUCHEHHSI
ninigie. Moro oujHo0Tb 32 BMiCTOM NPOAYKTIB NEePEKNCHOro
OKMCHEHHS ninigiB — AieHOBUX KOH'tOraTiB (NepBUHHI NpoayK-
Th), TBK-akTMBHMX CNONyK, OCHOBHNUM KOMMOHEHTOM SIKUX €
ManoHOBWI Aianbaerif (BTOPUHHI NpoaykTh) Ta wnddoBmx
OCHOB (KiHUEBI MpoaykTn). 3 niTepaTypHUX OaHWX BigoMO,
IO y CWHOBIanbHin piguHi xBoprx Ha OA BMICT NpoaykTiB
NMepeKkMCHOro OKUCHEHHS ninigis 3pocTtae B Kinbka pasis [15,
16]. 3po3ymino, wWo nogibHi npouecn NoBuHHI BiobyBaTUCh
TaKOX Y TKaHMHax cyrnoby, 30kpemMa, XpALLOBiV TKaHWUHI.

BcTaHoBneHo 3pocTaHHsa BMICTy npoayktie MO y
XPSALWOBIA TKaHWHI LypiB Npv BBeAeHHI MOHowoaaueTaTty
HaTpIl0 3pOCTae BMICT AiEHOBKX KOH'loraTiB y 2 pasu, BMICT
TBK-akTnBHMX NpoaykTiB — B 2,3 pasa, BMICT wnddoBmx
OCHOB — B 2,1 pa3sa BiHOCHO KOHTposto (Tabn. 1).

BusiBneHo, wo npu BBeAeHHI MynbTUNpobioTvka TBa-
pUHaMm 3 ekcnepMMeHTanbHUM OCTE0APTPUTOM Y CMPOBaTLi

© KopoTkuin O., Kot J1., ABopLueHko K., 2020
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KPOBI piBEHb MPOAYKTIB NiNiAHOI Nnepokcuaauii 3HWKYETbCS:
fieHoBuMX KoH'toraTiB i wuddgosnx ocHoB B 1,9 pasa Ta
TBK-akTnBHMX NpoaykTiB — B 1,7 pasa BiQOCHO rpynu TBa-
puH 3 OA (tabn. 1).

BusiBneHe 3HmxeHHSA npoaykTie MOJ1 y XpsAWOoBIiA Tka-
HUHI WypiB 3 ekcnepumeHTanbHUM OA npu 3acTOCyBaHHi

MynbTUNpPobioTMKa BKa3ye Ha aHTMOKCUMAAHTHWUA edpekT
naHoro npenapaty. [Mpu BBeAeHHI MynbTMNpobioTrka iHTa-
KTHUM LLypaMm JochigXyBaHi MOKa3HUKM 3anuiiarTbCcs B
MeXaxX KOHTPONbHUX 3HAYEHb.

Ta6nuys 1. BMicT npoAyKTiB NepeKMCHOro OKUCHEHHs NiniAiB y XpsALWOoBii TKaHUHI KONIHHUX cyrnobGiB LWypiB
npu octeoapTputi (Mtm, n=10)

Fpynu TBapuH LieHoBi KOH'loraTu, TBK-akTUBHI npoayKTH, LndcpoBi ocHoBM,
MNoka3Huk HMOfb X Mr Ginka™ HMOfb X Mr Ginka™ yMm. og. x Mr Ginka™
KoHTponb 279,88 + 18,27 65,21 +6,18 8,06 + 0,72
MynbTunpobioTuk 271,67 + 15,35 61,07 +5,73 7,84 £ 0,68
OcteoapTput 570,14 + 22,81 149,97 + 12,36 16,91 + 0,68"
OcTe0apTpuT + MynbTUNPOBIOTUK 294,41 + 21,39* 87,42 + 8,05™ 8,85+ 0,76

* —p < 0,05, BigHocHO koHTponio; # — p < 0,05, BiaHOCHO rpynu wypis 3 OA.

3rigHO NpoBeaeHUX eKcnepuMeHTanbHUX AOCHimpKeHb By-
110 BCT@HOBIIEHO, LU0 NpY EKCEPUMEHTarNbHOMY OCTeOapTpu-
Ti Y XPALWOBIA TKaHWHI iHTEHCMiKyOTbCA npouecy ninigHoT
nepokcuaadii, Npo Lo cBigYUTb 30iNbLUEHHS PIBHS OiEHOBUX
koH'toraTiB, TBK-akTnBHuX NpoaykTiB Ta WndOoBMX OCHOB.

MopibHi pesynbTaty 6ynn oTpMMaHi iHWKUMKW OOCRIgHW-
kamu. MokasaHo, wo B xoHAapouuTax in vitro npn OA 36i-
NbLUYETLCH BMICT NPOAYKTIB NEPEKUCHOTO OKUCMAEHHSA Nini-
4iB, a came, MarnioHOBOrO anbAeriay Ta rigpoKCMHOHEHAIO
[17]. Cyrno6oBuin xps, He Mae B CBOEMY CKNafi CyAuH, a
O0TXe, HAaOXOOXKEHHS KUCHI0 obmexeHe. | xoua meTaborniam
KniTH gobpe npucTocoBaHUI A0 rinokcii, 6yno BMABMEHO,
O XOHAPOUMTM YyTNMBI OO KUCHIO. B gocnigXeHHi xoHa-
poumTiB in vitro 6yno nokasaHo, WO FiMOKCIA CNpusae eKc-
npecii XoHOAPOreHHoro eHoTUNy i hopMyBaHHIO crneuundi-
YHOIO XpSILLIOBOrO MaTpUKCy, LUO BKa3ye Ha BaXIMBICTb
NiATPMMKMA MEBHOrO PIiBHA NapujianbHOro TUCKY KUCHIO B Ky-
nbTypi KNiITKH. KpiM BNAnBY camoro KUCHIO, akTuBHi dopmu
KVCHIO BiflirpatoTb BaXNMBY POSib B perynsuii psgy OCHOBHMX
BMAIB MeTaboniamy, Takmx sk akTUBaList KNiTUH XOHAPOLMTIB,
nponidepauia i pemogentoBaHHa maTtpukcy. [lpoTe, konu
reHepauis A®K nepeBullye aHTUMOKCHMAAHTHMA nNOTeHUian
KNiTUHW, PO3BMBAETLCA OKUCHUI CTPEC, LLO NPU3BOAUTbL A0
CTPYKTYPHUX Ta (PYHKUiOHaNbHMX YLIKOXKEHb Xpslia, Ta-
KX sIK 3arnbenb KniTuH i gerpagadii matpukca [18, 19].

Ha mopeni in vitro nokasaHo, L0 ManoHOBUI anbaeria,
AKAN € MPOAYKTOM MEPEKUCHONO OKUCHEHHS ninigis npu
OKVMCHOMY CTpecCi 3gateH okucrnioBaTy Binkum xpswoBoro
MaTpUKCy, WO Npu3BoauTb A0 3MiH GioximiyHMX Ta Giodi-
3MYHUX BNACTMBOCTEN XPALLOBOT TKaHUHK [20].

Y cuHOBianbHUIA pignHI NaLieHTiB, XBOPUX Ha ocTeoap-
TPUT BUSBMSIOTb PO3BMTOK OKMCHOIO CTPecy, L0 CYMNpoBO-
OXYETbCA NiABULLEHO NPOJYKLIEI aKTUBOBAHNX KUCHEBUX
meTaboniTie (H202, NO°) i akTBaLieto NepekncHoro okmnc-
neHHs1 ninigis (ManoHoBoro avaneaeriay) Ha doHi ancba-
naHcy i iHribyBaHHsi KOMMOHEHTIB aHTUOKCUAAHTHOI cucTe-
MUK (cynepokcnaancmyTasu, Katanasw, rnyTaTioH-S-TpaHc-
cepasn, rnyTaTioHnepokcnaasu, 3HMWKEHHS BMICTY BigHOB-
NEHOro rnyTaTioHy). IHTeHcudikauia BinbHOpaaMKanbHOro
OKMCIEHHS | MOCUIMEHHS MPOOKCUAAHTHO BNACTUBOCTEN CU-
HOBianbHOI PIOVHN XBOPWX Ha OCTEOApTPUT 3anexanu Big
BMPaXKEHOCTi NaTONOrYHOro NpoLecy, THKKOCTI OnepaTnBHO-
ro BTPYYaHHs1 Npy apTpockonii i cnpusny nornmbnexHHo ae-
CTPYKTUBHO-ANCTPOMiYHMX 3MiH cyrnoboBoro xpswa i nig-
BULLEHHIO PiBHA anonTo3y i HEKpo3y xoHapouuTis [21, 22].

BusBneHe 3HWKEHHA YTBOPEHHSA NpPOAYKTIB MimigHOI
nepokcuaauii y XpsiLLoBil TKaHWHI cyrnoba LwypiB 3 ekcne-
pumeHTansHum OA npu BBeAeHHi MynbTunpobioTuka cBia-
YATb MPO AaHTMOKCMAAHTHI BNactTuBOCTi npenapaty. Lle
NoB'A3aHO 3 LUMPOKUM CNEeKTpoM 6ionoriYHoi akTMBHOCTI
MynbTUnpobioTvka "CumbiTep®": 3oaTHICTL edPekTUBHO Bif-
HOBIIOBATK MOPYLUEHUA MikpoeKornoriyHni 6anaHc Ta 3me-
HLWYyBaTW PO3BUTOK 3ananbHUX NpoueciB B opraHiami. Ta-

KOX BaknvBe 3HaYeHHS Y BiAHOBMEHHi roMeocTasy opraHi-
3My Bifirpae 3gaTHiCTb OakTepianbHMX WTaMiB y cknagi
MynbTunpobiotrka "CumbitTep®' cuHTesysatu 6GionoriyHo
aKTUBHI MeTaboniTv (BiTaMiHW, KOPOTKOMaHLIOIrOBi >XUPHI
KMCMNOTW, aHTMOKCMAAHTN Ta iMyHoMoAaynaTopw) [23-26].
BucHoBku. BcTtaHoBneHo, WO npu MoHonopaueTar-
iHOYKOBaHOMY OCTEOapTPUTI ¥ XPALLOBIA TKaHWHI KONIHHOIO
cyrnoby LypiB 3pocTae BMICT NPOAYKTIB NEPEKNUCHOrO OKM-
CHEHHs ninigie, WO CBiAYMTb NPO akTMBaLilo BinbHOpaau-
KanbHuX npouecie. [pw BBeAeHHi MynbTUNpobioTUKa
"CumbBiTep® wypam 3 eKCrepuMeHTanbHOK MOZEeNo
OCTEe0apTPUTY CMOCTEPIraeTbCA YaCTKOBE 3HUXEHHS BMICTY
NpoAyKTiB MNiNiAHOI nepokcuaauii y XpsILLOBIN TKaHUHI KO-
niHHOro cyrnoBy, LWo MOXe CBigYMTU NPO NpOoLEeCcH BiAHOB-
NEeHHS NOopPYLUEHOro OKUCHO-aHTUOKCUAAHTHOrO 6anaHcy.
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A. KopoTkuit, kaHa. 6uon. Hayk, J1. KoT, kaHa. 6uon. Hayk, E. [iBopLueHko, a-p 6uon. Hayk
KneBckui HaumoHanbHbIV yHuBepcuteT umeHu Tapaca LlleBuyeHko, Kues, YkpanHa

NEPEKWCHOE OKUCHEHME NUMNUAOB B XPALWEBOW TKAHU KPbIC
NP KCNMEPUMEHTAJIbHOM OCTEOAPTPUTE U NPU BBEOAEHUN MYJIbTUNPOBUOTUKA

Lenbto paboms! 661510 ucciiedoeams delicmeue Mynbmunpobuomuka Ha codepxaHue npodyKmoe NnepeKucHo20 OKucseHus1 aunudoe e Xxpsi-
wesoli mKaHu KpbIC npu MoHoliodauyemam-uHOyyupo8aHHOM ocmeoapmpume.

Uccnedoeanus npoeedeHbl Ha 6esbix HeMUHEUHbIX M0/10803pefbiX Kpbicax-camyax maccoli 180-240 2 ¢ cobnrodeHueM o6WUX 3MUYECKUX
MPUHYUMNOE 3KCIIePUMEHMOB Ha XUBOMHbIX. Bcex ueomHbix pa3densanu Ha Yembipe 3KcnepuMeHmarnbsHbie 2pynnbl. [epeasi 2pynna — KOHMPOSb:
JKUBOMHBbIM 8 nepebili 0eHb 8800USIU 8 KOsleHHYto cesi3ky 0,05 mn 0,9% pacmeopa NaCl u exxeOHeeHo Ha npomsikeHuu 14 cymok c¢ 8-o020 no 22-pol
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OeHb 8eodusnu nepaacmpanbHo 1 M numsbeeoli 800bI 8 nepepacyeme Ha 1 k2 Macchbl mena xueomHoz2o. Bmopasi epynna — Mynsmunpo6uomuk:
JKUBOMHBbIM 8 nepebili OeHb 8800UsU 8 KosleHHYto cesi3ky 0,05 mn 0,9% pacmeopa NaCl u exedHeeHo Ha npomsixeHuu 14 cymok ¢ 8-o020 no 22-pol
deHb €e800unu nepaacmpanbHo Mynsmunpo6uomuk "Cum6umep® ("lMponucok”, YkpauHa) e dose 140 mz/kz, pazeedeHHbIl € 1 M numbeeoll
800b! Ha 1 K2 Maccchl XXueomHoz2o. Tpembsi 2pynna — Modesib OCMeoapmpo3a: KpbicaM e nepebili deHb 8800USTU 8 KOJIeHHY cesi3Ky 1 M2 MOHoUo-
dauyemama Hampusi, pa3zeedeHHozo0 & 0,05 mn 0,9% pacmeopa NaCl u exxeAHeeHO Ha npomsikeHuu 14 cymok eeodusnu nepa2acmpasasbHo 1 M numb-
eeoli 800bI 8 nepecyeme Ha 1 K2 Macchl XueomHoz20. Yemeepmas 2pynna — ocmeoapmpo3+ My/1bmurnpo6uomuk: XueomHbiM e8odusiu e nepebili
OeHb 8800UJIU 8 KOJIEHHYIO c8513Ky 1 M2 MOHoUodayemam Hampusi, pacmeopeHHoz20 8 0,05 mn 0,9% pacmeopa NaCl, u nepaacmpasnbHO Mynbmunpo6u-
omuk e do3e 140 m2/k2, pa3zeedeHHblli 8 1 M numbeesoli 800bI Ha 1 k2 Macchkl xueomHozo. XueomHbix ymepmesnsiiu Ha 30 cymku rnocsie Havana
3KCMepumMeHma co2/1acHoO MPOMoOKosiIa 3MU4YHO20 KOMUmMema, rocsie 4e2o 6bicmpo denanu 3abop xpsiwjel. CodepxaHue AueHOBbIX KOHbO2amoe orpe-
denisinu 8 2enmaH-u3onponaHosIbHOM 3KCmpakme criekmpogomomMempuyeckumM MemodoM, wuggoebix ocHo8aHUll — ¢hylyopuMempu4yHbIM Me-
modom. CodepxxaHue TBK-akmueHbix coeduHeHul onpedensinu no peakyuu ¢ muobapbumypoeoli kucriomol (TBK).

YcmanoeneHo, ymo npu moHoliodayemam-uHOyKkoeaHOM ocmeoapmpume 8 xpsiujeeoli mkaHuU eo3pacmaem codep)xaHue nPodyKmoe mne-
PeKUCHO20 OoKucsieHus1 nunudoe (QueHoebIx KOHbo2amoes, TEK-akmueHbix coeduHeHul, wudgghoebix ocHoeaHuli). [lokazaHo, ymo npu dnume-
NIbHOM 88eJeHHUU Mynbmunpobuomuka XXUeomHbIM € MOHoliodayemam-uHAyKo8aHbIM OCMeoapmpumoM ebiwe yKa3aHHble fokazamenu
eoccmaHaenueasnucs.

Knroyesnie crnosa: MoHoliodayemam-uHAyyuposaHHbIl ocmeoapmpum, My/ibmunpo6uomuk, nepekucHoe oKuc/ieHue nunudos, Xpsu.

0. Korotkyi, Ph.D., L. Kot, Ph.D., K. Dvorshchenko, Dr.Sc.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

LIPID PEROXIDATION IN RAT CARTILAGE UNDER EXPERIMENTAL OSTEOARTHRITIS AND ADMINISTRATION
OF MULTIPROBIOTIC

The aim of the study was to investigate the effect of multiprobiotic on the content of lipid peroxidation products in rat cartilage during monoio-
doacetate-induced osteoarthritis.

The study was carried out on white non-linear, sexually mature male rats (weight 180-240g), according to general ethical principles of experi-
ments on animals. All animals were divided into four experimental groups. The first group — Control: animals got injection into knee ligament 0.05
ml of 0.9% NacCl solution on the first day of the experiment and then got intragastric administration 1 ml of drinking water per 1 kg of the animal
weight daily for 14 days from the 8th to 22nd days. The second group — Multiprobiotic: animals got injection into knee ligament 0.05 ml of 0.9% NaCl
solution on the first day of the experiment and then got intragastric administration 140 mg / kg of multiprobiotic Symbiter® (Prolisok ", Ukraine)
diluted in 1 ml of drinking water per 1 kg of animal weight. The third group, MIA-induced OA: animals got injection into knee ligament 1 mg of sodi-
um monoiodacetate, dissolved in 0.05 ml of 0.9% NaCl on the first day of the experiment and then got intragastric administration 1 ml of drinking
water per 1 kg of the animal weight daily for 14 days from the 8th to 22nd days. The fourth group — MIA-induced OA + Multiprobiotic: animals got
injection into knee ligament 0.05 ml of 1 mg of sodium monoiodacetate, dissolved in 0.05 ml of 0.9% NaCl on the first day of the experiment and
then got intragastric administration 140 mg / kg of multiprobiotic diluted in 1 ml of drinking water per 1 kg of animal weight. All animals were killed
on day 30 of the experiment, according to the protocol of the ethics committee with rapid blood sampling. The content of the products of oxidative
modification of proteins (OMP) and oligopeptides was determined by the level of carbonyl derivatives that were detected in reaction with 2,4-
dinitrophenylhydrazine. The content of diene conjugates was determined in the heptane-isopropanol extract by the spectrophotometric method,
and of Schiff bases — by the fluorimetric method. The content of TBK-active compounds was determined by reaction with thiobarbituric acid.

It has been established that MIA-induced OA the content of lipid peroxidation products (diene conjugates, TBK-active compounds, schiff
bases) increases in the cartilage. It was shown that with the administration of multiprobiotic in animals with MIA-induced OA, the above indica-
tors were restored.

Key words: monoiodoacetate-induced osteoarthritis, multiprobiotic, lipid peroxidation, cartilage.
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OCOBJIUBOCTI POCNMHHOI CYKLIECIi Y KAP'EPI LLEFTENbHOI0 3ABOAAY
B C. HOBUM TIK (PIBHEHCBKA OBJIACTb)

lMpunuHeHHs1 ekcninyamauii Kap'epie € NPUYUHON MoOcesieHHs1 MIOHEePHUX POC/IUH, U0 OCE8OMIOMb 8iJIbHi 8i0 POC/UHHO-
rpyHmoeoeo nokpugy OinsiHKu 8 neeHil nocsidoeHocmi, siki Hazusarome cykyecismu. Teopemu4Hi ocHO8U 8iOHOBHUX POC/IUH-
HUX CYKuecill y kap'epax po3pobreHi noku ujo 8iOHOCHO crnabko, xo4a eMnipu4yHux AocridxeHb, Npuces4eHux yili npobrema-
muyi, 6azamo. O6'ekmom Hawoeao AocidXeHHs € Kap'ep yezeslbHO20 3a800y, WO Micmumbcsi Ha cxiOHil okonuyi c. Hoeul Tik
(demudiecbkuli palioH, PieHeHCbKka o6nacms) y yeHmparnbHil YacmuHi BonuHcbKoi euco4uHu, 3a 27 KM Ha niedeHb 8id M. JTyybkK.
13 2008 poky, 3 MOMeHmYy NpunuHeHHs1 byHKYiOHy8aHHs1 ye2eslIbHOo20 3ae800y, y Kap'epi si0byeaembcsi nepeuUHHa POC/IUHHA CYK-
yecisi, wjo Hapa3si nepebysae Ha cmadii Moslodocmi ma xapakmepu3yembcsi CMPIMKUM 3pocmaHHSAM 6iopisHomaHimms. CmaHoMm
Ha ociHb 2019 poky eu3Ha4eHo 72 eudu pocsuH, 3 sikux 6 eudie — depeea, 1 eud Kywie ma 65 eudie mpae. BionoeidHo do cu-
cmemamuy4yHO20 aHanisy ceped eusiesieHux eudie nepesaxaroms rnpedcmaeHUKU poOuH Asteraceae ma Fabaceae. BuzHayeHo
nepesaxarodi eKkos1020-6i0/102i4Hi 2pynu pocsiuH y Kap'epi: 8iOHOCHO OceimyieHHs1 nepeeaxaromp 2esliogpimu; eionosidHo do
mepmiyHO20 pexxumy Halibinbwy Yacmky cmaHoesiime eudu NMOMiPHO-Mens020 KiiMamy; y pOC/IUHHOMY MOKpU8i Ha cy4acHOMy
emani cykyecii 3azasioM nepesaxaromb yeHmpasnbHoesponelcbki eudu. Ha ocHoei aHanizy 3aceneHHsi POCIUHHUMU
acoyiayigsmMu ma nosieu Mixxeudoeoi ma e HympiuwHbL08uA080I KOHKYPEHUii ecmaHo8/1eHO, W0 POC/IUHHA CyKyecis 8 docidxysa-
HoMy Kap'epi nepebysae Ha cmadii Monodocmi. Takox eusie/ieHO 2emepoXPOHHICMb Ma MiKpPO3oHasbHy dudgepeHyiayiro npo-
yecie cykuyecii e pisHux dinsiHkax kap'epy. BioMiHHicmb npoxodxeHHsi cmadili cykyecil 3anexHo eid ocobnueocmeli penbegy
835IMO 3a OCHOBY OJis1 MIKPO3OHYy8aHHSs1 Kap'epy. YcmaHoeseHo, w0 Ha cy4acHoMy emarni pOC/IUHHOI cyKUecii eusHavyanbHUM
ghakmopomM siIKicHo20 ma KinbKicHo20 cknady ¢himouyeHosie € abiomu4Hi ghakmopu kap'epy, ocobnueo mopghosoezisi i QuHamika
penbegy, a makox nimonoz2o-cmpamuzpagiyHa 6ydoea eidknadie. BusieneHo iHiyianbHy cmadito rpyHmoeoi cykyecii, ujo cma-
J1a MOXXJ1UBOHO y 38'A3KY i3 HAKOMUYEHHSIM 3Ha4YHOI KilbKOocmi Mopmmacu 8 ocmaHHi PoKu.

Knroyoei cnoea: pocnuHHa cykyecisi, pimoyeHo3, 2nuHsHUl Kap'ep, 2emepoxpoHHicMb.

BceTyn. MNpunuHeHHs ekcnnyaTauii kap'epiB € MPUYnHO
noceneHHs MIOHEPHUX POCIIMH, LWO OCBOKITL BiNbHI Big
POCIIUHHO-IPYHTOBOIO  MOKPWUBY  OiNSIHKA Yy NEBHIN
NOCnigOBHOCTI, SIKi Ha3MBalTb CyKUeciaMmu. Y npoueci po-
3BUTKY POCMMHHI CyKLUECii He nule XapakTepusylTbCs
YCKNaAHEHHAM BHYTPILLHBO- i MiXBUOOBOI KOHKYypPeHUii Ta

nartepanbHoi opraHisauii giToueHo3iB, a n TpaHchopmy-
I0Tb CBOE CEPENOBULLE MPOXMBAHHA. Y pesynbTaTti KOM-
NMEeKCHOI  TpaHcopmauii  KOMMNOHEHTIB  €KOCUCTEMM
Kap'epy BigOyBaeTbCsl YTBOPEHHsSI BMAacHOro naHawadTy,
HabnuxkeHoro Ao )OHOBOro, OAHaK i3 NEBHWMM BigMiHHO-
CTAMU, SKi 0OYMOBMEeHi nepeBaXxHO 0COBNMBOCTAMMU perb-
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edy. PocnuHHi cykuecii MiCTATb KOMNAEKCHY iHpopmaito
npo 0coGnUBOCTI WBMAKOCTI Ta HanpsiMKM 3aceneHHs poc-
TNIMHHOCTI Ha NEepPBUHHUX AinsHKax, wo byae KopucHUM ans
npoBefeHHs  hiTopekynbTMBauii  MOPYLIEHWX 3eMeflb.
3Bigcu MoXHa no4vepnHyTM iHGOpMaLilo MpPo LWBMAKICTb
pereHepadii diToueHo3y, akTopy BMMMBY Ha NPOXOLXKEH-
HA cTajin pocnuHHOI cykuecii Towo. KoxeH okpemuin Tun
Kap'epy CTBOPIOE BMaCHi €KOmorivyHi ymoBu, TOMy aganTtauis
POCMVH 0O TWUX YK IHLIMX NapameTpiB cepegoBula Biaby-
BaTUMETbCS AeLlo No-pisHOMY.

TeopeTnyHi OCHOBW BIOHOBHWX POCMAMHHUX CYKLUECIA Y
Kap'epax po3pobnieHi MOKM WO BIOHOCHO crnabko, xoya
eMNIpUYHMX AOCHiMKEHb, NPUCBSYEHNX L npobnemarui,
6araTto. [NepeBaxHO NPOBOAWNUCS AOCNIOKEHHS POCITUHHNX
cykuecin 6ypoByrinbHux [8], kam'aHoByrinbHUX [10], cipyaHmx
[1], niwannx [5, 13, 20, 7], BanHskoBux [18, 21] Ta rpaHiTHWUX
[15, 22] kap'epiB. MpoTe BUBYEHHSI POCIUMHHWUX CYKLECIA Y
kap'epax i3 BUOoOyTKy FMMHUCTOI (NeCOBOI) CMPOBUHU ONA
BUPOGHMUTBA LernvM (akTUYHO He Mano Micud. Y necosmx
Kap'epax cnig odikyBaTu 30BCiM iHLIOrO TpeHAY POCIIUHHMUX
CyKLeCin, afgxe necosi Nopoam 3a3suyan nepeLlapoByoTbCs
i3 BUKOMHUMW I'PyHTaMW, SiKi MatoTb MiABULLIEHWI BMICT rymy-
Cy Ta iHLWWX opraHo-MiHeparnbHWX Cronyk. Y pesynbTarti Lbo-
ro MOXHa nNPUNYCTUTK, LLO POCAMHHI CyKUeCii y Takmx
kap'epax OyaoyTb NPULLBUALLIEHMMWU, LLO, Y CBOK Yepry, CTu-
MynoBaTUME iHiLianbHUin negoreHes.

MaTtepianu i metoau. [JocnigxysaHuin kap'ep uerenb-
HOro 3aBoAy 3HAaXO0OUTLCS Ha CXiaHin okonuui c. Hoeui Tik
Oemungiscbkoro parioHy PiBHeHcbkoi obnacti (25°12°E,
50°29°N) y ueHTpanbHii YacTuHi BONMMHCLKOT BUCOYMHM, 3a
27 kM Ha nisgeHb Big M. Jlyubk. BiH posTawoBaHun y npu-
6opTOoBIl YacTuHi gonuHu p. BepectoBa — NpaBoi NPUTOKM
p. Ctup. AbcontoTHa BucoTa OpiBku Kap'epy CTaHOBWUTb
204 m. 13 2008 poky kap'ep He ekcnnyatyetbes. 3 1994 no
2008 poku nepebyBaB y npuBaTHIn BNAcHOCTI, y Lien Yac
npoBOAUBCSA BMAODOYTOK MiHEpanbHOi CUPOBUHW ANS BUrO-
TOBMEHHSA Uernn. 3 MOMEHTY MPUMUHEHHST ekcnnyaTauii
Kap'epy B HbOMY poO3royarnacs poCiMHHa CYKUeCis, sika €
06'ekTOM AocnigXeHHs Uiei cTaTTi.

BuBYeHHs poCnMHHOI CyKUecii y kap'epi nposogunucs
ynpogoBx 2015-2019 pp. ®PiTOLEHOTUYHI  [OCNIMKEHHS
nepegyciMm nepenbayanu 36upaHHs repbapito, meta sikoro
nongarana y BU3HA4YeHHi B kamepanbHUX YyMOBax BUAOBOMO
CKrnagy POCIUHHOCTI Kap'epy Ha Pi3HUX eTanax CYKLECIi.
Fepbapusauiss 3paskiB npoBogunaca 3a METOOUKOH
A. K. CkeopuoBa [12]. BusHauyeHHs1 BUAiB NpoBoAUIOCH 3a
AOMOMOro Takux npaub, sik "®nopa CCCP", "®nopa Kas-
ka3y", "®nopa esponeiickon yactu CCCP", "Onpepenu-
Tenb BbICWUMX pacTeHui YkpauHbl", "Ekocprniopa Ykpainu",
"Flora Europaea" [4, 6, 9, 14, 23, 24]. HomeHknaTtypa Tak-
COHiB nogaHa BignosigHo o "Vascular plants of Ukraine: a
nomenclatural Cheklist" [19] 3 ypaxyBaHHSM Cy4YacHiLLInX
npaub [16, 23]. BignosigHo oo wkanu . EneH6epra [17],
ska nepegbayae GanbHy OLHKY €KONOriYHMX YMOB 3pOC-
TaHHA pocnuH (OCBITNEHICTb, TemnepaTtypa, KOHTUHEH-
TanbHICTb, BOMOrCTb, KUCIOTHICTb, MOXWBHI PEYOBUHU Yy
I'PYHTI), YCTAHOBIMEHO HamneXHiCTb NPaKTU4HO BCiX BUAIB
pOCNVH Kap'epy OO Pi3HUX €EKOMOriYHUX rpyn. XKuUTTeEBi
dopMmu pocnnH yctaHosneHo 3a Cepebpskosum [11].

Okpim LpOro, y nepLumn pik cnocrepexeHb BnbpaHo 30
NepCneKkTUBHUX i penpeseHTaTUBHUX OiNAHOK nnoleto 1 m?2
ANs nodanbLIoro AOCNiMKEeHHA TeMniB Ta ocobnusocTten
okynauii cdiToueHo3amMu TepuTopii kap'epy. OinsHku 3akna-
Janucs BiANOBIAHO OO KOMMIEKCY KpuTepiiB: ocobnmeo-
cTen piToLeHo3iB, eKcrnoauuii Ta reoguHamiku cxuny, nito-

noriyHoro cknagy nopiga, a TakoX rigponoriyHoro pexmmy
Teputopii. Y Mexax KifbkOX eKCnepuMeHTanbHUX OiNsgHOK
3aKnageHo NpUKOMKK Ans BUBYEHHSA FrEHETUYHOro npodinto
iHilianbHUX I'pyHTIB Ta NiToNnoriYyHoro cybcTpary, Ha sikomy
pO3BMBAETLCH POCMMHHA CyKuecid. Y n'aTu npukonkax 3a
[ornomMoroto aBToMaTuyHoro npuctpoto AMSTAT BusHade-
HO KMUCMOTHICTb MPYyHTY 3 TouyHicTio go 0,1 pH, a Takox Bu-
KOHaHO rpaHyrnoMeTpu4HuiA aHania nitonoriyHoro cybcrtpa-
Ty 3a meTogom KauuHcbekoro [3].

PesynbTaTy gocnigxeHb

A6iomuy4Hi ¢hakmopu pocnuHHOI cykuecii. [o-
CnigXyBaHUA Kap'ep pPO3KpMBaE recoBO-I'PyHTOBY bop-
MaLilo BEPXHbOrO Ta CEpPeaHbOro MNIencTOoLEeHy, i3 ropu-
30HTamy GankoBoro anwogito. [Hule kap'epy po3apiszae
NYYHUN CcepefHbONMenCcToUEeHOBUA I'PYHT 3aBafdiBCbKOro
KNiMaToniTy, SIKMM XapaKkTepusyeTbCsl NiaABULLLEHUM BMICTOM
rymycy Ta CepenHbOCYINMHKOBUM TpaHyrioMeTpUYHUM
cknagom. Y uinomy Bigknagu, WO 3andraloTb B OCHOBI
Kap'epy, cepedHbO- Ta BaXXKOCYIMWHKOBI (BMICT dbpakuii
mMyny pocsarae 32 %). Buwie 3ansrae ToBwa negoceau-
MEHTIB NPUyLIbKOro Ta KangaubKoro KriMaToniTie cyniwa-
HOro MexaHiYyHoro cknagy, siki nepeLapoByroTbCS i3 niwa-
HAMW ropu3oHTaMuM 0GankoBoro antoBito. BepxHin nito-
NOriYHUA KOMMMEKC npeacTaBneHuin nepeayciMm noTyXXHO
TOBLUEK NErko- Yn CepenHbOCYINMHKOBUX NeconomiGHmx
CYIMUHKIB, kKapOOHaTHUX, i3 BEPTUKANbHOK OKPEMICTIO, LLO
pobuTb X niggaTtnMBMMKU OO €pO3iiHMX Ta rpasiTauiiHMX
reomopdonoriyHmx npouecis [2]. PoskpuTTa kap'epom ro-
PU30OHTIB BUKOMHMX I'PYHTIB i3 NigBULLEHNUM BMICTOM rymycy
(mo 0,6 %) neBHOW MipoH0 OGYMOBIHOE MPULLBUAOLLIEHWN
TEMN PO3BUTKY POCAMHHOI CyKLECHT

BigHocHO nerkui rpaHynomMeTpuyHWUiA cknag Bigknagis
BEPXHbOI NiTOMNoriYyHoi TOBLLi Ta niBAEHHa ekcnosuuis
CcxuniB Kap'epy BM3Ha4al0Tb BUCOKY AMHaMIKy reomopdo-
noriyHnx npouecis (06Banu, ocunu, niHinHa Ta NNOLMHHA
epoasisi, ocyBu). Came penbedoTBOpYi NpoLECHU € ronos-
HUM NIMITYHOUYMM DaKTOPOM PO3BUTKY POCITMHHOI CYKLIECIT.
Mpote B oOCTaHHi poku BigbyBaeTbCa MOCTyMNoBa
cTabinizauia reomopdonoriyHnx npouecis, y pesynbraTi
4YOro CTano MOXMMBUM MOCENEHHS OKPEMMUX Fpyn poCiuH
HaBiTb Ha KpyTUX cxunax. Y OHWLi kap'epy Ha cepefHb-
OCYIMMHKOBUX Mopofdax i3 HW3bKMMM  MOKa3HUKaMu
iHinbTpauii HaBecHi oOpMylOTbCA TUMYacoBi BOAONMMU,
AKi nepecuxaroTb nuLle y nepios 3 YepBHHA MO cepneHb. Y
CHIXKHI pOKM BCe JHuWLlEe Kap'epy 3aTOMMIOETbCH TanvMmu
CHiroBUMM BOgamu.

BusHaueHo KMCMOTHICTb mniTonoriyHoro cybcrpaTty, Ha
OCHOBI 4YOro BCTAHOBIIEHO, WO Y AHULLI Kap'epy nopoau Ta
iHiLianbHi r'pyHTM kucnoTHi (Tabn. 1). Lle obymoBneHo
CE30HHMM CTOSIHHSIM TyT BOJSIOrM Ta PO3BUTKOM MpOLIECIB
orneeHHs. Ha cxunax kap'epy Ta y ppoHTanbHin 4acTuHi
KOHYCiB BMHOCY peakuia cepegosuwa cnabokucna,
HenTpanbHa i HaBiTb cnabonyxHa (pH =6,2-7,3), wo
NnoB'sA3aHo i3 KapOoHaTICTIO rOPU3OHTIB NeciB, AKi Bigcno-
HIOIOTbCA Ha cxunax. ®OoHOBWI I'PYHT (YOpPHO3EM TUMO-
BUIA) XapakTepu3yeTbCcs CriaboKMCMo peaklielo cepeao-
sBuwa (pH = 6,5).

BusHauyeHO rpaHynoMeTpuyHUn cknag iHiuianbHMX
r'pyHTiB Y Kap'epi (Tabn. 1). YcTaHoBneHo, Wo rpaHyno-
METPUYHWMIA CKnag iHiliansHUX r'pyHTIB nerwui Big nito-
noriyHoro cy6eTtpaty. 3okpema, OinblWicTb iHiLianbHUX
I'PYHTIB MalTb KPYMHOMUITYBaTO-NErKOCYrMMHKOBUA Me-
XaHIYHWIA cknag i3 nNiaBMLWEHUM BMICTOM dopakuin apidHO-
ro nicky B poskoni Ne 1 Ta cepeHbO3epHUCTOro NiCKy — Y
po3koni Ne 4.
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Ta6nuys 1. [paHynoMeTpUYHUIA CKNaA Ta KUCNOTHICTb iHiLianbHUX FPYHTIB y OHULI Kap'epy

. paHynomeTpu4HUi cknap: dppakuii Mmm
Poskon Kucnorhicts, pH >0,25 0,05-0,25 [ 0,05-0,01 [ 0,01-0,005 [ 0,005-0,001 [ <0,001
Poskon 1. Cyxe gHuLle Kap'epy 53 6,59 % 47,63 % 17,15 % 9,84 % 16,83 % 1,96 %
Poskon 2. MNpontoBianbHui wnend 6,2 9,46 % 15,49 % 53,05 % 10,75 % 4,45 % 6,8 %
Poskon 3. lepioauito satonio- 50 234% | 1714% | 5001% | 14,82% 14,9 % 0,79 %
BaHe gHuue kap'epy
Poskon 4. Cyxe gHuLle Kap'epy 52 25,31 % 6,14 % 51,94 % 4,57 % 4,24 % 7,8 %

Cxunun kap'epy XapakTepuayloTbCsi MIBOEHHOK €eKCrno-
31LiE0, TOMY MOKa3HWKW iHCONsAUil € AOCUTb 3HAYHUMWU,
Y3UMKY rmMMbuHa NpoMep3aHHs He3HayHa, a HaBecHi Bidy-
BaETbCA LUBMAKE TaHEHHS CHiry. BigcyTHiCTb MoCTinHOro
3aTiHKy 0byMOBItoe abCONOTHE NepeBaxaHHs reniodiTtie y
POCMAVHHOMY MOKPMBI. Y AHWLLI Kap'epy nopsa i3 pOCnuvH-
HOW cyKuecielo BigbyBaeTbcsi (hOpMyBaHHS iHiLianbHMX
I'PYHTIB, NMOTYXXHICTb SKUX HE NepeBuLLYE MOKWN WO AeKinb-
KOX CaHTMMeTpiB. B OCHOBI CxuniB yTBOPIOIOTLCA aKymyns-
TUBHI (HaMWTI) NegoniTU i3 MOTYXHILUMM TFeHEeTUYHUM
npodoinemM, OinblMM BMICTOM OpraHiYyHMX pedqoBuMH. Ha
TaKuX I'pyHTax yacTile nocenanTbCa MOXU Ta eBTpodu. Y
Mexax MepioanyHO 3BONOXEHUX AiNAHOK (OpPMYHTHCA
iHiLianbHi rigpoMopdHi 'PyHTN 3 emMOpioHanbHUMK O3Ha-
KaMu OrfeeHHs Ta nceBaooniasoneHHs. Ha cxunax rpyH-
TOYTBOPEHHSI LLIe He po3noyarnocs.

Budoeuli cknad ¢gpimoyeHo3sie. BuByeHHs1 pocnnHHOI
cykuecii y kap'epi nposogunocsa ynpogosx 2015-2019 pp.
Y nepwwuin pik gocnigpkeHb Oyno  igeHTudikoBaHo
25 TakcoHiB, 3 akux 6 Buais gepes, 1 Bua kywis i 18 Buais
TpaB. CtaHoM Ha ociHb 2019 poKy y kap'epi 3apeecTtpoBa-
HO 72 BUAWN POCAVH, 3 HUX:

1) 5 BupiB pepes: Pinus sylvestris L., Betula pendula
Roth., Salix caprea L., Salix fragilis L.ta Pyrus communis L.

2) 2 Bugm varapHukiB: Swida sanguinea (L.) Opiz Ta
Salix triandra L.

3) 65 BugiB TpaB, 3 skux 48 BuAiB TPaB'SIHUCTUX
nonikapnukis, 15 BMAIB TpaB'AHUCTUX MOHOKAPMNUKIB i
2 BAW 3€MHOBOAHMX TPaB.

CtaHom Ha 2019 pik POCAUHHWIA MNOKPUB Kap'epy
npegctaBneHuin 24 poguHamu, 3 SKUMX SOMiHyBanu BUAuU
Takmx poauH, sk Asteraceae (37,5 %), Fabaceae
(13,9 %), Apiaceae (5,6 %), Salicaceae (4,2 %), Poaceae
(4,2 %), Onagraceae (4,2 %), Plantaginaceae (4,2 %) Ta
iH. Takun BMOoBWUA cknag BigoOpa)kae MOLIMPEHHS poc-
JINH i3 LUMPOKOK EKOMOoriYHo amnniTyaoto, wo 3abesne-
yye iX noceneHHs HaBiTb Ha cybcTpaTax i3 HU3bKUM
BMICTOM MOXWBHUX PEYOBUH.

3a 4 poku cnoctepexeHb Yy kap'epi 3'sBunocs 47 HOBUX
BMUOiB TpaB, siki GiNbLUO Mipol0 NpeAcTaBrieHi oniroTpo-
damu. 3a uer nepiog Biabynoca He nuvwe 3pPOCTaHHSA
Biopi3HOMaHITTA MioHepHWX iTOLEHO3iB, @ N MOCTynoBa
oKynauis pocrnvMHamu reoguHamidHux opM pernbedy, 30-
Kpema npontoBianbHO-AentoBianbHOro Lwnendy, Bigsanis,
cxuniB TOWoO. Y UinoMmy AepeBa Ta YarapHuWKU 3pocTaroTb
nepegycim y OHuLI kap'epy, ocobrnMBO Ha Mepe3BOroXe-
HUX [insHkax, ToAi $K TpaBu OKynywTb AentoBianbHO-
NpostoBianeHi Wnendn, cyxe gHuwle kap'epy, a OCTaHHIM
YaCcoM — TaKOX CXUIW.

EkonoeiuyHi epynu pocnud. [poaHanisoBaHO Mono-
XEHHS KOXHOro Buay pocnuH y wkani Enenbepra (puc. 1),
Lo Aarno 3Mory 3'sicyBaTh €KOMOriYHY Hillly KOXXHOrO TaKco-
Hy BIi4NOBIOHO 4O MEBHUX abiOTUYHMX EKOMNOriYHMX hak-
TOpiB (OCBITNEHICTb, TEPMIYHUIA PEXUM, KOHTUHEHTANbHICTb
KnimaTy, 3BONOXeHHs, pH peakuisi cydocTpaTy, BMICT a3oTy
B cybcTpari Towo).

3a nokasHUKOM oc8imiaeHocmi NpPakTU4HO BCi BUAM
HanexaTtb Ao renioditie. Cepen CBITNOMWOHWMX POCMAWH
MOXHa 3a3Ha4uTU Taki, 9Kk Artemisia absinthium L., Achillea
millefolium L. Ta Oenothera biennis L. Takox He3Ha4yHO
npeacTaBneHi TiHEBUTPMBanNi POCMWHW:  30Kpema, Ha
nepioguyHoO  3aTonnioBaHin  AiNAHUi  Kap'epy yTBOpHOE

acouiauii Salix fragilis L. JomiHyBaHHs reoniodiTiB y poc-
TNIMHHOMY NMOKPWBI NMOSICHIOETLCS SK NIBAEHHOK EKCro3unLieto
Kap'epy, BiOCYTHICTIO 3aTiHEHWX Q[insHOK, Tak i crnabko
chOpMOBaHNM AePEBHMM MOKPUBOM.

3a mepMidHUM pexumoM NpaKTU4YHO BCi BMAM Hare-
XaTb A0 iTOBIOTM MOMIPHOro Ta MOMIPHO-TENMOro Krima-
Ty. Hanbinblly 4YacTky CTaHOBNSATb yCe X BMOU MOMIpHO-
Tennoro knimaty, cepepn skux Artemisia absinthium L.,
Pyrus communis L., Knautia arvensis (L.) Coult., Trifolium
hybridum L. Ta iH. Jewo pigwe 3ycTpiyaloTbca BUAN, LIO
3pOCTal0Thb NEPEBAKHO Y NOMipHOMY KrimaTi — Salix fragilis L.,
Phragmites australis (Cav.) Trin., Swida sanguinea (L.)
Opiz.) Ta iH. OgHaK TakoX HasiBHI NPeACTaBHUKX TEMnoro
(Oenothera biennis L.) Tta npoxonogHoro (Verbascum
thapsus L.) knimaty. 3aranom BUAOBUIA CKNag POCANHHOCTI
3a TEPMIYHUM PEXMMOM LIMKOM KOPEMIETLCS i3 TUMOM
KnimaTy uiel Teputopii.

3a nokasHUKOM KOHMUHEeHmasbHoCcmi y kap'epi 3poc-
TalTb POCMMHU §K CyBOKeaHiYHOro, Tak i CyOKOHTUHEH-
TanesHoro knimaty. lNMepuwi y reoboTaHiyHOMY acnekTi npea-
CTaBneHi BuAaMM LIEHTPanbHOEBPOMEWCHKOI  MNPOBIHL,
Takumm sik Senecio jacobaea L., Tussilago farfara L., Salix
caprea L., Knautia arvensis (L.) Coult. Ta iH. PocnuHu cy6-
KOHTMHEHTANbHOIO Ta NEpPEexifgHOro 40 KOHTUHEHTAaNbHOro
knimMaTy B Kap'epi MaloTb NigpsaHe 3HadYeHHs | npeacTa.-
neHi Takumn Bupamu, sk Achillea millefolium L., Pinus
sylvestris L., Artemisia absinthium L. To6TO y pOCIIMHHOMY
MOKPMBI Ha Cy4acHOMy eTani cykuecii Binblie ueHTpanb-
HOEBPONENCHKNX BMAIB, aHK CXiAHOEBPOMENCHKMX.

3a nokasHUKOM 380/10)XKeHOCmi Yy Kap'epi 3pocTaloTb
0OCUTb PIZHOMaHITHI rpynu pocrnvH. Y nepes3BorioXeHOMY
OHULWi Kap'epy, Ae B Nepiof CHIroTaHeHHs i YacTux AoLwiB
YTBOPIOIOTLCH TUMYacoBi BOAOVMM, YTBOPKE 3HAYHi 3a
nnoweto acouiadii rigpodit Phragmites australis (Cav.)
Trin. ex Steud. Mopspa i3 HUM hopmyOTb €AUHI yrpynyBaH-
Hs rirpodiTn Salix fragilis L. Ta Salix triandra L. He3Baxa-
04U Ha Ue, Hanbinblue BUSBMNEHO POCIMH CyXMX MicLespo-
cTaHb, Takux sik Crepis tectorum L., Medicago Sativa L.,
Verbascum thapsus L. Ta iH. TpanndawTbCs TakoX Kce-
podit Achillea millefolium L., Helichrysum arenarium (L. )
Moench., Artemisia campestris L., siki 3pocTaloTb Ha Aobpe
OpeHOBaHMX cxunax niBAeHHOT eKCno3uLii.

3a nokasHWKoM KucrromHocmi cybcmpamy 3pocTalTb
BMAM SIK HA MOMIPHO KMCIIOMY, TaK i Ha NMyxHoMy cybcTpari.
OpHak HanbinbLua KinbKicTb BUAIB 3pocTae Ha egadoTonax
i3 HEMTpanbHO peakuieto. Y AHWLWI Kap'epy, Ae B iHilianb-
HUX CepeaHbOCYINMHKOBUX 'PYHTaX akTUBHUMU € MpPOLIECU
NnceBAONIA30MEHHS Ta OFfIEEHHHA, 3pOCTalTb POCIMHU
NMOMIPHO KUCIMX FPYHTIB, Taki sk Epilobium angustifolium L.,
Artemisia campestris L. A Ha cxunax kap'epy, e Bigcno-
HIOITbCA KapbOoHaTHI neconogibHi CyrnyMHKK, TPannsAlTbCA
BMOMW, WO 3pocTalTb Ha cnabonyxHomy cybcTparTi:
Tussilago farfara L., Echium vulgare L. Ta iH.

3a nokasHukom 3b6azayveHHsi cybcmpamy a3omom 3po-
CTalTb POCIMUHM, AKi NOTpebyoTb AocTaTHBOro abo BMCO-
koro BMmicTy asoTy. Lle Taki Bugn, sik Taraxacum officinale
(L.) Weber., Verbascum thapsus L., Phragmites australis
(Cav.) Trin. Ta iH. Y TOM Xe 4ac y kap'epi 3pocTaloTb BUAM
pPOCIVH, siKi NpuTamaHHi ans ayxe 6igHux i Bkpan BigHMX
micuespocTtaHb (Achillea millefolium L. Ta Helichrysum
arenarium (L.) Moench.), BignosigHo.
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Puc. 1. CniBBiAHOLWEHHS Pi3HMX €KONMOriYHUX rpyn pocnuH 3a wkanow EneH6epra

FemexpoHHicmb ma npocmopoea OughepeHuyiayisi.
lMpoBeaeHi gocnigkeHHs AalTb MiACTaBM BBaXaTtw, LLO
POCMVHHAa CyKUecis AocnigXyBaHOro kap'epy 3apas, Hamsi-
porigHiwe, nepebyBae Ha cTagii MONoOAOCTi, ika XapakTe-
pU3YETLCS PI3KMM  3POCTAHHAM BMOOBOMO Pi3HOMAHITTS
iTOLLEHO3IB Ta YCKNagHEHHSAM MiKBUOOBUX DITOLEHOTUY-
HUX 3B'A3KiB. [1poTe pocnnHHa CyKUecia Y pisHUX YacTuHax
kap'epy BiobyBaeTbCA No-pizHOMY, WO 0OyMOBNEHO 0cob-
NMBOCTAMW KOMMIEKCYy abioTU4YHMX (hakTopiB ycepeauHi
Kap'epy, 3 AKUX BU3HaYanbHUMK € penbed Ta NiTonoriYHUNn
cybetpat. OcTaHHi BU3Ha4aloTb reTEPOXPOHHICTb CYKLECI,
TOOTO NepebyBaHHA CyKUeCii Ha pisHUX hasax Ta cTagisx,
a TakoX OOYMOBIIOOTL MOLUMPEHHST BiAMIHHMX RiTOLLEHO-
TUYHUX TPYN Y Pi3HUX YacTnHax Kap'epy. 3 MeTow BUaineH-
HS1 ofHopigHoro Habopy iToLEeHO3iB NPOBEAEHO YMOBHE
30HYBaHHSA Kap'epy 3a pernbedom, reogmHamiko Ta o0cob-
NNBOCTAMU POCINMHHUX CyKUEeCiA. BugineHo Taki 30Hu:

|. BigBanu: nosutusHi copmn penbedy, CKnapeHi ce-
PEAHBLONNENCTOLLEHOBUMU BaXKMMU Ta CepenHiMun CyrimH-
Kamu i3 Hu3bkuMm BMicToM rymycy (0,2-0,3 %), 3a3HaioTb
npouecie AedoKLii (3CyBaHHS MaTepiany), ToMy 3acerneHi
POCIUHHICTIO We Ayxe Mano. TyT 3pocTalTb NepeBaHO
aepesHi Buau (Pinus sylvestris L., Betula pendula Roth), sii
€ HeBMbarnMBMMK 3a TPOMHICTIO | MaloTb MILHILLY KOpPEHEBY
cucTemy, CTiMKy 0o npouecis gedpntokuii. OgHak B OCTaHHI
POKM CMOCTEPIraeTbCs MOCTYNOBE 3apPOCTaHHsI MiBHIYHMX
cxunis (Tussilago farfara L., Carex sp., Melilotus officinalis
(L.) Pall Ta iH.), wo, iMmoBipHO, OBYMOBNEHO MEHLL BUpPa3HU-
MU LKnamm HabyxaHHS-ycafkv rmMHUCTOro cyberpary.

Il. ®poHTanbHa 30Ha: cknageHa ApibHMMK BigBanamu,
Kyrnamuy BMPOGHUYOro CMITTS, crnifamMy HaropTaHHsi, BiagXo-
namMu HesikicHoi uernu. Taki OinsiHKM noyanu 3acensatucs
Le nig Yac yHKUIOHYBaHHS LierenbHOro 3aBoay, ToMy TyT
POCMVHHI YrpynyBaHHS XapaKTepu3yloTbCd HanbinbLummm
noKasHMKamy MPOEKTUBHOIO MOKPUTTA, @ B POCMMHHOMY
MOKPVBI JOCUTb BUCOKY YacTKy CTaHOBMSATb MPEeACTaBHUKM
CUHAHTPOMHOT POCAMHHOCTI.

IIl. AHnwe kap'epy, Ha Hawy OyMKY, AOLIMbLHO NOAINUTH
Ha TpU Nig30HW.

1. TlepiognMyHo 3aToNmMoBaHi  AiNSHKM  OXOMNIOKTh
niBAEHHO-3axigHy YacTUHY OHWLWA Kap'epy, XxapakTepusy-
IOTbCA BaXKKMM TPaHYrIOMETPUYHUM CKIagoM MiACTUIbHUX
nopig, rigpoMoOpdHUM iHiLianbHUM 'PYHTOYTBOPEHHSM,
nepiognyHNM 3aTOMNNEHHSM Yy BECHSIHWM nepiof CHiroTa-
HEeHHS i nig Yyac 3NUBOBUX AOLIB Y NITHIN nepiod. Ans uiei
nig30HNW TUMOBOK € Trirpo- Ta rigpodiTHa POCMAUHHICTb
(Phragmites australis (Cav.) Trin. ex Steud., Salix fragilis L.,
Salix triandra L.) Ta BUCOKi NOKa3HNKW NPOEKTUBHOIO NMOKPUTTS.

2. Cyxe gHulle 3anmae LeHTpanbHy YacTuUHy Kap'epy, y
CHiXKHi POKM 3aTOMMOETLCA TanmuMW CHIrOBUMW BoOZaMu
HaBECHI, Y HanpsiMKy CXury Big0OyBaeTbCsl MOCTiiHA aKkyMy-
nAauia  gentosianbHO-NPostoBianbHUX BigKMagis, 3MUTUX 3i
cxunis. [HuLLe kap'epy po3KpuvBaE Ny4YHUIN FPYHT cepedHb-
Oro MNNEenCcToLEHy, SIKUA XapaKTepu3yeTbCs MiABULLEHUM
BMICTOM Tymycy, WO O6YMOBMIOE HaMWBMALWY OKynauilo
TepuTopii eBTpodhamu. [lepeB BigHocHO Hebarato (Pinus
sylvestris L., Betula pendula Roth.).

3. MpontoBianbHa nig3oHa po3TalloBaHa y CXigHin Ya-
CTMHI Kap'epy i npuypodeHa [O MOXOBaHOi 6Ganku,
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BMMNOBHEHOI  comnidnioKLinHO-AentoBianbHUMKU  neconogit-
HUMMW CyrfMHKamu, SKi gyxe nigaatnuei 4O eposiiHMX npo-
ueciB. PoCnuHHICTb Ui€l Mia3oHM y 3B'A3Ky i3 AMHAMIYHOK
ceguMeHTaLiero CYrmnHKIB Y OHULLI BIQHOCHO po3pigKeHa,
BMCOKY pOSb BidirpaloTb gepesHi nopoan Pinus sylvestris L.
Ta Betula pendula Roth.

IV. 3oHa WTy4YHOI Tepacu, yTBOpPEeHOi y pe3ynbTaTi BU-
0OOYTKY  BEpPXHbOMMENCTOLEHOBUX CYrMUHKIB. Tepaca
niaoBULLYETbCA Hag piBHEM AHMWA Ha 4-7 M. Xapaktepu-
3yeTbCA AOCTAaTHBO BUCOKOK CTIMKICTIO penbedyy. Lie aymo-
BUMIO MEpLUOYEpProBe 3acerieHHs Tepacu POCIMHHICTIO.
OpHak NpOeKTUBHE MOKPUTTS Tepacu He3HadHe, Yy 3B's3KY
i3 BiZHOBNEHHAM BUMAobyTKy MiHepanbHOi CMPOBMHU MicLe-
BVMM HacCemNeHHsIM B OCTaHHi POKM.

V. 3oHa cxuniB kap'epy XapaKTepusyeTbCsi BUCOKOIO
ONHaMIKOI0, HU3KOK reoMopdonoriyHMX npouecis (ocunu,
o6Banu, ocyBu, 3CyBW, NiHilHa Ta MMOLWMHHA epo3is). Y
3B'A3KY i3 BiAMiHHMM NITONOMYHMM CKNagoM KOXHOro cTpa-
TUrpaciyHOro ropmM3oHTy MiKpopenbed CXuny € CKrnagHuMm:
i3 MikpoTepacamu, ycknagHeHun eposinHuMKn copmamu
penbedy Ta NOTYXHUM AentoBianbHUM Wengom B OCHOBI.
PocnvHmn Ha KpyTuMx cxumnax 3pocTaiTb Ha GinbLi-MeHL
cTabinbHUX AinAHkax. Binbll 3aceneHMMmn € 3axigHa 4va-
CTUHa Kap'epy Ta MicLs BUXOAY Ha OEHHY MOBEPXHIO Tymy-
COBaHWX BUKOMHUX I'PYHTIB.

VI. 3oHa OpiBku kap'epy posTallioBaHa i3 TUIOBOI Ya-
CTUHM Kap'epy. BoHa xapakTepusyeTbca nNeBHUMU BUPOG-
neHumn dopmamu  penbedy (HEBEMUKMMU BUTATHYTUMMU
3arnuobneHHaMu mnbmHow A0 2-3 M), 3HaA4Hi MNnowi He
Oynn TpaHcchopmoBaHi. 3arnnbneHHs y CxigHin YacTuHi €
MicLleM BUTOKY eposiiHux 60po3H, TOMy BOHM AOCi 3ace-
neHi noraHo. Lla 3oHa € GydepHOl0, TOMY TYT POCHMMHHI
CyKuUecii HanwBmaLle nNpoxoaaTb cTadii po3BUTKY, a BUAO-
BWN CKNag AyXe CUIbHO Habnukaetbcss 40 (POHOBOro
nangwadTy. 3HayHy YacTky 3ariMaloTb NPeacTaBHUKW Cu-
HaHTPOMHOT POCIMHHOCTI.

BucHoBku. 3a nepiog nN'ATUPIYHMX CNOCTEpexXeHb
YCTaAHOBNEHO Taki 0COBNMBOCTI POCMMHHOI CyKLECii B O0-
cnigxyBaHoMy Kap'epi:

PocnuHHa cykuecia nepebyBae Ha cTafii MoOnogocTi.
3a n'aTupiyHMIA nepiog JocnigxeHb BiabyBcs nepexig Big
iHilianbHOT cTagdil, KONMM POCIUWHHI  YrpynyBaHHs Cro-
cTepiranuca y BUrnsgi i3onNbOBaHMX OCEPEOKiB Yy OHWLLI
Kap'epy, 0O cTagii monogocTi, konu 6Ginblle NonoBUHU
Kap'epy 3aceneHo pPOCNUHHUMK acoujauisMyi 3 MOosIBOK
MiX- Ta BHYTPILLHbOBUOOBOI KOHKYPEHLT.

2. AHOManbHO LWBMAKE 3aceneHHs Kap'epy POCIMHHICTIO.
CraHom Ha xoBTeHb 2019 poky B Kap'epi BUSIBNEHO 72 Tak-
COHW POCNUH, 3 siKMX 6 BUAiB Aepes, 1 BMA KyLLiB Ta 65 BMAiB
TpaB (48 Buaie nonikapnukie, 15 BUAIB MOHOKAPMNUKIB i
3 B1am 3eMHoBOAHMX Tpas), Togi sk y 2015 poui 6yno BusBe-
NEeHo BCbOro 25 BMAIB POCMMWH, 3 KMX TUX e 6 BMAiB Aepes.,
1 Bug kywie Ta 19 BuaiB TpaB. Hanbinblia Kinbkictb BMAiB
HanexwuTb 0O poauH Asteraceae i Fabaceae, ki xapakTepu-
3YlIOTbCA LUMPOKOK EKOSoriyHo  amnnitTygot. HacTinbku
LIBMOKE 3aceneHHsl Kap'epy POCIMHHICTIO MOB'A3aHe ne-
peayciM i3 posKpUTTAM Kap'epOM TOPU3OHTIB MOXOBaHWX
I'PYHTIB MMENCTOLEHyY, SIKi XapakTepuayTbCs BiAHOCHO BU-
COKMM BMICTOM MOXMBHUX PEYOBUH.

3. eTepOXpOHHICTb CyKuecii — y BiAMIHHUX YacTuHax
Kap'epy cykuecis nepebyBae Ha pisHUX cTagisx. 3okpema, y
OHVLWI Kap'epy POCNMHHA CyKuecia nepebyBae Ha cragii
MOSOAOCTi 3 HaMBINbLUIMMKN NOKa3HMKaMK BUOOBOIO Pi3HO-
MaHITTSl, MPOEKTUBHOIO MOKPUTTSI Ta PSCHOCTI, @ TaKOX
BMCOKOH y4yacTio AepeB y diToueHo3ax (Pinus sylvestris L.,
Betula pendula Roth., Salix caprea L. Ta iH). Y Tol xe yac
O0Ci akTUBHI reomMopdonorivyHi Npouecy Ha cxunax yHemo-
XMNMBMIOTb POPMYBaHHS TYT NOCTINHMX ITOLEHO3IB.

4. Mikpo30oHanbHICTb POCMMHHOI CyKUEeCii, Wwo obymo-
BfieHa npocTopoBo AndepeHuiauieto abioTudHux dak-
TOpiB ycepeavHi kap'epy. BuaineHo Taki mMikpo3oHu poc-
NIMHHOT CyKuecii: BigBanu, poHTanbHa 30Ha, AHuLWE
Kap'epy (NepioanyHO 3aTONMOBaHI AiNsiHKU, cyxe AHWULE,
nporntoBianbHUIA Wend), aHTponoreHHa Tepaca, CXunu,
OpiBka kap'epy.

5. Pi3HOMaHIiTTA €eKomnoriYHMx rpyn POCAUHHOCTI Yy
Kap'epi. KOHTpacTHiCTb reomopdonoriyHux Ta egadidyHux
yMOB Yy Kap'epi 0GyMOBneHa MOLUMPEHHSM BiAMIHHUX €KO-
MOriYHMX FPYyN POCNMHHOCTI Ha Cy4aCHOMY eTari CyKLecii.
3a OCBITNEHICTIO MOBHICTIO AOMiHYOTL renioditv; 3a
TEPMIYHUM PEXMMOM YCi POCNNHU HanexaTb A0 TuX, WO
3pocTalTb y MOMIPHOMY Ta MOMIpPHO-TENoOMY KriMari.
Hambinblwa pgudepeHuiadis  ekomnoriyHMx rpyn  crno-
cTepiraeTbCs 3a BONOrICTIO (Big KcepodiTiB A0 riapodiTis),
a TakoX 3a BMICTOM a30Ty B cyGcTparTi (Big GigHUx Ha asoT
Micue3pocTaHb 00 6araTtux Ha a3oT AinsiHOK).

CnuCcoK BUKOPUCTaAHUX AxXepen:

1. BinoHora B. M. lNMepBuHHI cyKuecii TeXHOreHHUx naHawadTiB cipya-
Hux pogosuw, / B. M. BinoHora, A. K. ManuHoBcbkuin // Mpaui HaykoBoro
ToBapucTBa iM. LeByeHka. — 2001. — Ne 7. — C. 75-82.

2. BoHukoBebkuit O.C. HoBuit Tik — HOBMIA pO3pi3 NecoBo-I'pPyHTOBOT
cepii HeonnevicToueHy BonuHcbkoi BucoumHn / O.C. BoHYKoBCbKMiA //
®isnyHa reorpadis Ta reomopdororis. — 2015. — Bun.3 (79). — C.77-89.

3. BagtoHnHa A. MeTtoabl uccnenoBaHus nsnMYecknx CBOMCTB MOYB U
rpyHTOoB / A. BaatoHuHa, C. KopyarnHa. — Mocksa : Bbicwas wkona, 1961.

4. 'poccreiim A. A. ®nopa Kaskasa / A. A. 'poccreiim. — Baky : U3a-Bo
A3®AH, 1939. — 564 c.

5. l'yceB A. N. HayanbHble cTagum CyKLeccum Ha necqaHblX TEXHOIKO-
Tonax B  LUMPOKOSIMCTBEHHO-TIECHOM W  HOXHOTAeXHOM naHAwadTax
/ A. . Tyces, . B. BecenkuH // BecHuk BAY. — 2015. — 5(89). — C. 41-46.

6. Exodnopa Ykpaitu /pea. A. M. fiayx. — KuiB : ®itocouioueHTp,
2000. — 284 c.

7. KopoHaToBa H. I'. Cykueccusi putoLEHO30B Npu 3apacTaHumn Bbipa-
60OTaHHbIX KapbepoB B MOA30He CeBepHol Taurn 3anagHon Cwubupwu
/ H. T. KopoHaTtoBa, E. B. Munsiesa // Cubupckuin 3Konorm4eckuin xypHan. —
2011. - Ne 5. — C. 697-705.

8. MotopuHa J1. B. CpaBHuUTenbHas XxapakTepucTuka pacTUTenbHOro
NoKpoBa Ha OTBanax OTKPbITbIX pa3paboTok Byporo yrnsi U xenesHow pyapbl
/ 1. B. MoTtopuHa, T. W. WxeBckas // PacTeHuss 1 npoMbllineHHas cpepa. —
Ceepanosck : Mag-Bo Ypl'Y, 1980. — [C6. 7]. — C. 80-87.

9. OnpegenuTenb BbicLMX pacTeHuit YkpavHel / pea.: KO. H. MpokyanH
n ap. — Kues : HaykoBa gymka, 1987. — 548 c.

10. Monosuny B. B. ®iTomeniopauis 3racaioumx TepUKOHIB JIbBiBCbKO-
BonuHcbkoro ByrinbHoro 6aceiy / B. B. Monosud // Nbeis : JIAY BX[, 2014.

11. CepebpsikoB WN. . XKnsHeHHble (hOPMbl BBICLUIMX PACTEHUA U KX
n3yyenne / W. T. CepebpsikoB // MoneBasi reob6otaHuka. — M. ; J1.: Hayka,
1964. — Ne 3. — C. 146-205.

12. CksopuoB A. K. lepbapuiri. Mocobne no meToamMke U TeXHWKe
/ A. K. CkBopuoB. — Mocksa : Hayka, 1977. — 199 c.

13. ®eceHko O. C. JlokanbHo-kaTacTpodmyeckme CyKLEeCCUn fecHomn
pacTUTENbHOCTM B 30HaX pacLUMpeHus LWaxTHbIX nonen 3anagHoro oHbaca
/ O. C. ®eceHko // BicHuk [HinponeTpoBcbkoro yHiBepcuteTy. Bionoris. —
2006. — Ne 38. — C. 180-182.

14. dnopa esponevickorn Yactn CCCP / peq. ®. depoposa. — J1. : U3a-
Bo "Hayka", JleHuHrpagckoe otaenenwue, 1974. — 404 c.

15. XnusiHa H. B. JliTodinbHi cykuecii B ckenbHWX ekoTonax BiaBanis
ripHnyosbaravyBanbHMX kombiHaTiB Kpusbacy / H. B. XnusiHa
// TpyHTo3HaBcTBO. — 2007. — Ne 8. — C. 57-65.

16. LiBenes H. KpaTkuit KOHCNEKT COCYAMUCTBLIX CMOPOBbLIX pacTeHnin Bo-
cTouHo EBponbl / H. Lienes // HOBOCTM cuCTEMaTUKU BbICLUMX PACTEHWIA.
—2005.-C. 7-32.

17. Ellenberg H. Zeigerwerte der Gefasspflanzen Mitteleuropas
/ H. Ellenberg // Gottingen : Goltze, 1974. — P. 97.

18. Khater C. Application of restoration ecology principles to the
practice of limestone quarry rehabilitation in Lebanon / C. Khater, M. Arnaud
/I Lebanese Science Journal. — 2007. — Ne 1(8). — P. 19-28.

19. Mosyakin S. Vascular plants of Ukraine. A nomenclature checklist
/' S. Mosyakin, M. Fedoronchuk. — Kiev : XXIV, 1999.

20. Rahmonov O. Relations between vegetation and soil in initial
succession phases in post-sand excavations / O. Rahmonov, A. Szymczyk
/I Ekologia. — 2010. — Ne 4(29). — C. 412-429.

21. Spontaneous succession in limestone quarries as an effective
restoration tool for endangered arthropods and plants /R. Tropek,
T. Kadlec, P. Karesova et al. // Journal of Applied Ecology. — 2010. — Ne 47.
—P. 139-147.

22. Trnkova R. Spontaneous succession of vegetation on acidic
bedrock in quarries in the Czech Republic /R. Trnkova, K. Rehounkova,
K. Prach // Preslia, 82. — 2010. — P. 333-343.

23. Tutin T. Flora Europaea. Second edition / T. Tutin, V. Heywood,
N. Burges // New York, 1993.



ISSN 1728-2748

BIONOrIA. 1(80)/2020

~ 49 ~

24. Tutin T. Flora Europeae /T. Tutin, V.Heywood, N.Burges
/I Cambridge : At the university press, 1964.

Reference:

1. Bilonoha M., Malynovskyi K. Primary successions of man-made
landscapes of sulfur deposits, Proceedings of the Shevchenko Scientific
Society, 2001; 7: 75-82.

2. Bonchkovskyi O.S. Novyi Tik — a new section of the Neo-Pleistocene
loess-soil formation of Volyn Upland. Physical Geography and
Geomorphology, 2015; 3 (79): 77-89.

3. Vadyunina A., Korchagina S. Methods of studying the physical
properties of soils and rocks. Moscow: Higher School, 1961.

4. Grossgeym A. Caucasus Flora. Baku: AzFAN Publishing House,
1939: 564.

5. Gusev A.. Veselkin D. Initial succession stages on sand
technoecotopes in broad-leaved forest and south taiga landscapes. Vesnik
VDU, 2015; 5(89): 41-46.

6. Didukh Y. Ecoflora of Ukraine. Kyiv: Phytosociocenter, 2000: 284.

7. Koronatova N., Milyayeva E. H. I'. Succession of phytocenoses
during overgrowing of quarries in the northern taiga subarea of Western
Siberia. Siberian Ecological Journal, 2011; 5: 697-705.

8. Motorina L., Izhevskaya T. Comparative characteristics of vegetation
cover on open-cast mine openings of brown coal and iron ore. Plants and
industrial environment. Sverdlovsk: Publishing house of USU, 1980; 7: 80-87.

9. Prokudin Y. Key to Higher Plants of Ukraine, Kiev: Scientific Opinion,
1987: 548.

10. Popovych V. Phytomelioration of the extinguished heaps of the
Lviv-Volyn coal area: LDU BZD, 2014.

11. Serebryakov |. Life forms of higher plants and their study. Field
geobotany. Moscow: Science, 1964; 3: 146-205.

14. Fedorova F. Flora of the European part of the USSR. Leningrad:
Nauka Publishing House, 1974: 404.

15. Khlyzina N. Lithophilic successions in rock ecotopes of dumps of
mining and processing enterprises of Kryvbas. Pedology, 2007; 8: 57-65.

16. Tsvelev N. A brief synopsis of vascular spore plants in Eastern
Europe. Systematics news of higher plants, 2005: 7-32.

17. Ellenberg H. Zeigerwerte der Gefasspflanzen Mitteleuropas.
Gottingen: Goltze, 1974: 97.

18. Khater C., Arnaud M. Application of restoration ecology principles to
the practice of limestone quarry rehabilitation in Lebanon. Lebanese
Science Journal, 2007: 1 (8); 19-28.

19. Mosyakin S., Fedoronchuk M. Vascular plants of Ukraine. A
nomenclature checklist. Kiev: XXIV, 1999.

20. Rahmonov O., Szymczyk A. Relations between vegetation and soil
in initial succession phases in post-sand excavations. Ekologia, 2010: 4
(29); 412—-429.

21. Tropek R., Kadlec T., Karesova P. and other. Spontaneous
succession in limestone quarries as an effective restoration tool for
endangered arthropods and plants. Journal of Applied Ecology, 2010; 47:
139-147.

22. Trnkova R., Rehounkova K., Prach K. Spontaneous succession of
vegetation on acidic bedrock in quarries in the Czech Republic. Preslia, 82,
2010; 333-343.

23. Tutin T., Heywood V., Burges N. Flora Europaea. Second edition.
New York, 1993.

24. Tutin T., Heywood V., Burges N. Flora Europeae. Cambridge: At
the university press, 1964.

Hapivwna po peakonerii 22.01.2019
OTpumaHo BunpaBneHun BapiaHt 24.02.2019

12. Skvortsov A. Herbarium. Manual on a technique and equipment.
Moscow: Science, 1977: 199.

13. Fesenko O. Local-catastrophic successions of forest vegetation in
the expansion zones of mine fields in western Donbas. Bulletin of
Dnipropetrovsk University. Biology, 2006: 38; 180-182.

NianncaHo po Apyky 24.02.2019

Received in the editorial 22.01.2019
Received a revised version on 24.02.2019
Signed in the press on 24.02.2019

A. BoHuKOBCKMNA, CTYA.,
O. BeacmepTHas, kaHA. 6Guon. Hayk
KueBckuit HaumoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko, KueB, YkpanHa

OCOBEHHOCTU PACTUTENBHOMN CYKLIECCUU B KAPLEPE KMPMUYHOIO 3ABOJIA B C. HOBbIV TOK
(POBEHCKAS OBJACTb)

lMpekpaweHue aKcny {UU Kapbepoe s18/Isiemcs NPUYUHOU MocesieHUs1 NUOHePHbIX pacmeHul, Komopble oceausarom ceo600HbIe om pac-
mumesibHO-M04Y8€HHO20 MOKPO8a y4acmku e onpedesieHHoOU rnociedosamenibHOCMU, KOmMopble Ha3bleaom cykyeccusimu. Teopemuyeckue OCHO-
8bl 80CCMaHO8UMEIbHbLIX PacmMumesibHbIX CyKyecculi 8 kapbepax pa3pabomaHbl MoKa 4mo omHocumesibHo c1abo, Xomsi aMNUPUYECKUX uccre-
doeaHuli, nocesiwjeHHbIx amoli npobnemamuke, MHo20. O6bEeKMoOM Hawe2o uccriedoeaHusi siefisiemcsi Kapbep KUPMNUYyHO20 3asoda, KOmMophbili
Haxodumcsi Ha eocmo4Hol okpauHe c. Hoesll Tok (Jemudoeckuii palioH, PoeeHckasi o6nacms) e yeHmpasnbHol Yacmu BonbIHCKol 8038bIWEHHO-
cmu, e 27 kM k to2y om e. Jlyyk. C 2008 200a, ¢ MOMeHMa npekpaweHus1 hyHKUUOHUPOBaHUsI KUPNUYHO20 3a800a, 8 Kapbepe umeem Mecmo rnep-
e8uUYHasi pacmumesibHasi cCyKyeccusi, komopas celiyac Haxodumcsi Ha cmaduu monodocmu u xapakmepu3yemcsi pocmom 6uopa3Hoobpa3susi. Mo
cocmosiHUto Ha oceHb 2019 2oda e kapbepe onpedesnieHbl 72 euda pacmeHuli, 8 mom 4Yucne 6 eudoe depeenes, 1 sud KycmapHukoe u 65 eudoe
mpas. Mcxodsi u3 pesynbmamoe cucmeMamu4yecKo20 aHasiusa, cpedu ebisie/leHHbIX eudoe mnpeobnadarom npedcmasumenu cemelicme
Asteraceae u Fabaceae. OnpedeneHbl npeo6nadaroujue 3Kos1020-6uosio2uyeckue 2pynnbi pacmeHull 8 Kapbepe: Mo OMHOWEHUIO K 0C8eWeHUr
npeo6nadarom 2enuogumsl; 8 OMHOWEHUU K MePMUYeCKOMY peXuMy Haubosnbuwyio 6os0 cocmaesisiiom eudbl YyMEePEeHHO-Merns1020 Kiumama; e
pacmumesibHOM MOKpPo8e Ha CO8PeMeHHOM amare cyKyeccuu e yesiom npeobnadarom yeHmpanbHoesponelickue sudbl. Ha ocHoge aHanu3a 3ace-
JleHUs1 pacmumesibHbIMU accoyuayusiMu U rosiesieHusi mexeudosol u eHympueudo8oli KOHKYPEeHUUU ycmaHOo8J/IeHO, Ymo pacmumesibHasi CyK-
yeccus e uccnedyeMoM kapbepe Haxodumcsi Ha cmaduu monodocmu. Takke o6HapyKeHbl 2eMepPOXPOHHOCMb U MUKPO30HaslbHasi dughgpepeHyu-
ayus npoyeccoe CyKyeccuu e pa3Hbix yHacmkax kapbepa. Omsu4due npoxoxadeHusi cmadull CyKyeccuu e 3agucumocmu om ocobeHHocmel pesb-
e¢ha 839mo 3a 0cHoey Osisi MUKPO3OHUPOBaHUsI Kapbepa. YCmaHo8/IeHo, Ymo Ha CO8peMeHHOM 3marne pacmumesnbHoli cyKyeccuu onpedernsito-
wumu ¢hakmopamMu Ka4ecmeeHHO20 U KOJIU4eCcmeeHHO20 cocmasa ¢humouyeHo308 siensiromcsi abuomuyeckue ¢hakmopbl Kapbepa, 0CO6eHHO
mopgponozusi u QuHaMuka penbegha, @ makKxe JIUMOI020-cMpamuzpaghudeckoe cmpoeHue omsioXxeHull. BbisieneHa uHuyuanbHasi cmadusi noy-
8eHHOU cyKueccuu, 4mo cmaJsio 803MOXHbLIM 8 C8513U C HaKon/ieHuUeM 3Ha4umesibHO20 KoJluyecmea Mopmmacchl 8 nocsedHue 200bl.

Knrouyeenie cnoea: pacmumenbHasi cykyeccusi, (pumoyeHo3, 2/IUHsHbIU Kapbep, POXPOHHOCMb.

A. Bonchkovskyi, stud.,
0. Bezsmertna, Ph.D.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

FEATURES OF VEGETATION SUCCESSION IN THE LOESS QUARRY OF THE BRICK FACTORY
IN NOVYI TIK VILLAGE (RIVNE REGION, UKRAINE)

Termination of quarries is the reason for the settlement of pioneer plants, which exploit "free" areas of soil in a certain sequence, called
successions. The theoretical foundations of restorative plant successions in the quarries are still relatively poorly developed, although there is
much empirical research on the subject. The object of our study is the quarry of a brick factory located in the eastern outskirts of the village.
Novy Tik (Demydiv district, Rivne region) in the central part of Volyn height, 27 km south of Lutsk. Since 2008, when the brick factory ceased to
function in the quarry, there has been a primary plant succession, which is now at a youth stage and is characterized by an increase in
biodiversity. As of autumn 2019, 72 plants spices have been identified in the quarry, including 6 species of trees, 1 species of shrubs and 65
species of grasses. According to the results of the systematic analyze, the Asteraceae and Fabaceae families predominate. The prevailing
ecological groups of plants in the quarry are determined: in relation to lighting prevail heliophytes; in relation to the thermal regime, the
largestproportion is made up of temperate-warm climate species; in the vegetation cover at the present stage of succession, Central European
species prevail. Based on the analysis of the population of plant associations and the appearance of interspecific and intraspecific competition,
it is established that plant succession in the studied quarry is at a youth stage. Also, heterochrony and microzonal differentiation of succession
processes in different parts of the quarry are found. The difference in the passage of succession stages depending on the features of the relief
is taken as the basis for the quarry microzoning. It has been established that at the present stage of vegetation succession, the determining
factor in the qualitative and quantitative composition of plant communities is abiotic quarry factors, especially morphology and relief dynamics
and lithological-stratigraphic structure of deposits. The initial stage of soil succession was revealed, which became possible due to the
accumulation of a significant amount of mortmass in recent years.

Keywords: vegetation succession, plant community, loess quarry, heterohronism.
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MORPHO-FUNCTIONAL STATE OF RATS PANCREAS
UNDER MELATONIN ADMINISTRATION DURING OBESITY DEVELOPMENT:
CHRONOTHERAPEUTIC APPROACH

Overweight and obesity often cause some comorbidity like insulin resistance, diabetes type 2, cancer, cardio-vascular
pathology etc. Pancreas is the important organ in carbohydrate metabolism and insulin signaling, that under obesity conditions
undergo pathologic changes. For diminish adverse effects of obesity in the role of therapeutic agent is considered melatonin —
pineal gland pleiotropic multifunctional molecule. In view of development precision medicine, which include processing
personalized data of whole genome sequencing, microbiome, individual day/night regime etc., time selection of drug
administration for maximize efficacy and minimize side effects to each patient in according of private organism circadian rhythm
is the main goal of chronotherapy approach. The aim of our study was to determine morpho-functional state (morphology
characteristic of exocrine and endocrine part; morphometric parameters: areas of pancreatic islets, acini and acinar cell nucleus)
of pancreas in rats with high-calorie (high fat) diet-induced obesity after melatonin administration in determined time of the day
(evening and morning). Melatonin was administered daily by gavage for 7 weeks in dose 30 mg/kg 1 h before lights-off (ZT11,
evening) or 1 h after lights-on (ZT01, morning) rats with high-calorie diet (HCD). Rats with HCD had morbid changes in pancreas
cells morphology of exocrine and endocrine part, which manifested in presence of macrophage and leukocyte infiltration of
islets, vacuolization and lipid droplets in acinocytes cytoplasm, while areas of islets, acini and acinar cell nucleus decreased.
Obese rats with melatonin administration demonstrate amelioration of HCD-associated changes in pancreas. Namely, in rats with
development obesity melatonin administrations increased area of pancreatic islets in comparison to HCD group, moreover
pancreas acini area reach control values. Also were observed difference between time-of-day interventions of melatonin on
acinar cell nucleus area parameters: evening administration showed more strong action in increased to control level direction.
Together, is suggesting about melatonin ameliorative role on morpho-functional state of pancreas exocrine and endocrine part
under HCD-induced obesity conditions, additionally evening administration 1 h before light-off displayed more beneficial

influence compared to morning.

Keywords: melatonin, obesity, chronobiology, pancreatic islets, high-fat diet, pancreatic acinar cells.

Introduction. Obesity is one of the major diseases in
the modern world. It is a multifactorial disease associated
with several metabolic disorders, including insulin re-
sistance, hyperglycemia, dyslipidemia and high blood
pressure, which exacerbate each other [1]. They increase
the risk of cardiovascular disease and type 2 diabetes,
and their combination is called metabolic syndrome. Fac-
tors of metabolic syndrome include dysglycemia, athero-
genic dyslipidemia, insulin resistance, hypertension and,
in fact, obesity [2].

Worldwide, about 3.4 million people die from obesity
every year, which is more than from underweight at the
same time [3]. For every 5-unit increase in BMI above 25
kg/m2, overall mortality increases by 29 %, vascular pa-
thology mortality by 41 %, and diabetes-related mortality by
210 % [4]. According to the World Health Organization
(WHO), obesity in Europe affects between 20 % and 30 %
of adults, while in Ukraine, obesity are harmed 16 % of
men and 26 % of women, whereas among children and
adolescents, obesity expanded by 11.1 % [5].

One of the organs most affected by obesity is the
pancreas, while disorders in its work affect the whole body
and cause various diseases. Obesity is accompanied by
ectopic fat accumulation, which leads to pancreatic steato-
sis, which in combination with metabolic syndrome is called
non-alcoholic fatty pancreas disease (NAFPD). It is also
possible to replace acinar cells with adipocytes. NAFPD is
accompanied by infiltration of organ tissues by adipocytes
and can develop into nonalcoholic fatty steatopancreatitis
(NASP). Ectopic fat-related oxidative stress and adipocyte-
produced adipocytokines lead to inflammation and organ
dysfunction [6]. All of this is likely to increase the risk of
pancreatitis, pancreatic cancer and B-cell dysfunction.
Studies in Europe and America indicate that obesity, ac-
companied by acute pancreatitis of different etiologies,
promotes severe pancreatitis, increases the risk of compli-
cations and increases mortality [7].

Nowadays the problem of acute pancreatitis is one of
the most complex and unresolved in modern pancreatolo-
gy, which often linked with increased body mass index
(BMI) and mediated through elevated triglycerides [8]. The
incidence of acute pancreatitis according to WHO is 20-80
cases per 100,000 population per year. The severe form
accounts for about 15 % of all cases of acute pancreatitis.
In necrotic pancreatitis, the mortality rate reaches 20-40 %.
High lethality is associated with excessive activation of
proteolysis, severe endotoxicosis, and purulent-necrotic
complications caused by both the lesion of the pancreas
itself and parapancreatic area [9].

Today, one of the remedies for correcting pancreatic
function is melatonin (MT), a hormone that was isolated
from the pineal gland in 1958 by Aaron Lerner, but the
link between the pineal gland and carbohydrate metabo-
lism was established 75 years ago [10]. Since then, many
studies have tested the effects of melatonin on carbohy-
drate metabolism, blood glucose and insulin secretion,
and many conflicting results have been obtained, alt-
hough all animals have elevated blood levels of melatonin
at night and decreased in the afternoon, the physiological
processes may be different depending on the lifestyle and
modes of administration. Although melatonin receptors
have been found in the pancreas, the role of melatonin in
the pancreas has not yet been fully established [11]. In
addition, although many studies have been devoted to the
antioxidant effect of melatonin and its metabolites, there
are doubts about the efficacy of melatonin as an antioxi-
dant at physiological concentrations [12].

Thus, the aim of our study was to evaluated influence
of melatonin different time (morning and evening) admin-
istration on pancreas morpho-functional state in rats with
high-calorie diet-induced obesity.

Materials and methods. White nonlinear male rats
weighing 100-120 g were used in this study. The light cycle
was 12-h light and 12-h darkness, with lights-off at 19:00 h
(ZT12). All experiments on animals were carried out in
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compliance with the international principles of the Europe-
an Convention for the Protection of Vertebrate Animals
used for experimental and other scientific purposes (Euro-
pean Convention, Strasburg, 1986), Article 26 of the Law of
Ukraine "On the Protection of Animals from Cruelty"
(No. 3447-1V, February 21, 2006) as well as all norms of
bioethics and biological safety.

During the first week, all animals received standard
rodent chow. On the 8" day, the animals were random-
ized into 2 groups: control animals received standard
chow (15,27 kJ=g™") for 10 weeks and experimental rats
received high-calorie diet (HCD) (28,71 kJg™") consisting
of standard chow (60 %), lard (10 %), eggs (10 %), sugar
(9 %), peanut (5 %), dry milk (5 %) and vegetable oil
(1 %) [13]. Food and water were available ad libitum. To
confirm the development of obesity the animals were
weighed one times a week until the average body gain
reached a significant difference of at least 30 % between
the two groups and the respective animals were classified
as having the normal body mass (Control) and those with
development of obesity (HCD). Rats of HCD group were
divided into two subgroups: one subgroup received MT
(group HCDzto1) in the morning 1 hour after light-on; ani-
mals of the second subgroups obtained MT administra-
tions 1 h before light-off (group HCDzr11). Thus, the ex-
perimental four subgroups are indicated below as: normal
body mass (control), HCD, HCDzto1, HCDzT11.

Melatonin (Alcon Biosciences, USA) was administered
daily by single peroral by gavage introductions for 7 wk
(30 mg/kg). Melatonin treatment was begun at 6th week of
study after obesity is developed.

On the last day of the experiment, the animals were
decapitated, and then the pancreas was isolated.

Histological examination was performed to characterize
the morphology and functional status of pancreas. Frag-
ments of pancreas in the size of 1x1 cm were fixed in 4 %
of paraformaldehyde in 0.1 M phosphate buffer for
72 hours, after which they were dehydrated and embedded
into paraffin according to a standard procedure. From the
paraffin blocks, 5 um sections were performed and stained
with Bemer's hematoxylin and eosin. Further examination
of sections was performed using a light microscope BX41
(Olympus, Japan). Microphotographs were taken using the
DP20 (Olympus, Japan) digital camera and the Quick-
PHOTO MICRO software (Promicra, Czech Republic).

The cross-sectional area of the acinar cell nucleus and
the pancreatic acini were used as criteria for assessing the
morphology and functional status of the pancreas exocrine
part; and the cross-sectional area of the pancreatic islets
was used to evaluation the state of the pancreas endocrine
part. All parameters were measured using the Image
J software (National Institutes of Health, USA).

Statistical data analysis was performed using the Sta-
tistica 6.0 (Stat- Soft, USA) and Microsoft Excel 2010 soft-
ware (Microsoft, USA). The distribution of values was esti-
mated using Shapiro-Wilk W-test. Since the deviation of
these values distribution of from the normality was minor,
to evaluate the differences between the values we used
Student's t-test with a posteriori Bonferroni test. The differ-
ences with probability of the null hypothesis p < 0.05 were
considered significant. The obtained results are presented
as the mean + standard error of mean.

Results and discussion. During the experiment, mor-
phological changes in the histological structure of the pan-

creas in a group which receive a high-calorie diet were
recorded (Fig. 1 A, B). In the exocrine part of the pancre-
as, along with normal tightly packed acini containing acino-
cytes in which there is pronounced acidophilia on the apical
part and basophilia on the basal part of the cell, containing
a rounded or oval nucleus (Fig. 1 C); was appeared baso-
philic cells (Fig. 1 A, asterisk), that can be may be acino-
cytes with impaired mechanism of synthesis and excretion
of enzymes (that characterize reduced to absent zymogen
granules and interstitial fibrosis [14]), or possibly macro-
phages, the accumulation of which is often accompanied
by inflammation [15]. Macrophage infiltration may accom-
pany interleukin-13 secretion and decreases insulin secre-
tion [16]. In the cytoplasm of some acinar cells were indi-
cated vacuolization (Fig.1 A, arrow) with structures that
resembles lamellar bodies and which appear during activa-
tion of autophagy process [17]. In some acinar cells were
explored lipid microvesicular droplets in apical side
(Fig. 1 B, arrowheads) that is evidenced about fatty dystro-
phy in exocrine part of pancreas [18]. Pancreas of groups
that received melatonin (both HCDzro1 and HCDzr11) mostly
did not demonstrate acute pathologic changes (Fig- 1 D) in
exocrine part of pancreas and resemble to morphology pan-
creas of control group. Distinguish features between
HCDzro1 and HCDzr11 did not observe.

Besides was marked changes in endocrine part of pan-
creas under conditions of HCD (Fig. 2 A): in pancreatic
islets were destroyed (that can be caused by apoptosis of
B-islets cells with followed fibrosis [19]), in some cases
were observed leukocytes infiltrate in peripheral part of
islets (Fig. 2 A arrow), that may also include macrophage
with stimulation of inflame [20]. While in control group
(Fig. 2 C) nucleus in cells of pancreas islets were light with
good visible nucleolus and heterochromatin, in HCD group
nucleus were dark with low synthetic activity, that resulting
in falling acidophilic features of cytoplasm (Fig. 2 B aster-
isk). Groups that received melatonin (both HCDzrto1 and
HCDzr11) mostly did not demonstrate acute pathologic
changes (Fig. 2 D) in endocrine part of pancreas and re-
semble to morphology control group. Distinguish features
in morphology of pancreatic islets between HCDzro1 and
HCDzr11 did not observe.

The changes we described in HCD group accord with
data of other HCD obesity model within 3 and 6 months,
namely: lesions of the endocrine part in which some pan-
creatic islets were fibrotic and disorganized, in the tissues
of the pancreas were signs of inflammation, contained
macrophages and lymphocytes [21].

The morphometric assay denote on negative influence
of HCD on the pancreas. The average area of the pancre-
atic islets for the HCD group decreased significantly by
55 % in compared to control (Fig. 3). Reduction of islets
was shown also in high fat diet [22] and that can impact on
insulin signaling destructions. In the HCDzto1 group with
morning melatonin administration, the average area of
pancreatic islets decreased by 35 % in compared to control
group and increased by 45 % in compared to HCD group.
In the HCDzr11 group with evening melatonin administra-
tion, the average area of the islets decreased by 24 % in
compared to control group and increased by 69 % in com-
pared to HCD group. However, no significant difference
between HCDzro1 and HCDzr11 groups in the areas of the
pancreatic islets is observed.
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Fig. 1. Microphotographs of rats' pancreas exocrine part sections: A, B — HCD group; C — control group;
D — HCDzr14 group; hematoxylin-eosin staining; scale bar 30 um. Notes:
arrow — cytoplasmic vacuolization of acinar cells, asterisk — basophilia of apical cytoplasmic part in acinar cells,
arrowheads — microvesicular lipid droplet inclusions in the cytoplasm of acinar cells

Fig. 2. Microphotographs of rats' pancreas endocrine part sections: A, B— HCD group; C — control group;
D — HCDzr14 group; hematoxylin-eosin staining; scale bar 30 pum. Notes: arrow — leukocyte infiltration,
asterisk — low acidophilic color of cytoplasm
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Fig. 3. The morphometric analysis data of the rats' pancreatic islets area.
C - control, HCD - obesity, HCDzr¢1 — morning melatonin administration to rats with HCD,
HCD_z111 — evening melatonin administration to rats with HCD

Notes: * — a significant difference between the control and experimental groups, p < 0.05; # — a significant difference between the HCD

and experimental groups, p < 0.05

In exocrine part of pancreas were analyzed cross-
section areas of acini and acinar cell nucleus (Fig. 4). In
the HCD group the acini area decreased by 30 % com-
pared to control. At the same time, in the HCDzro1 group
with morning introduction of melatonin the acini area in-
creased by 33 %, in HCDzr11 increased by 47 % compared
to HCD. Pancreatic acini area of melatonin treatment
groups had reached control level and did not significant
differ between each other group.

During obesity development area cross-section of aci-
nar nucleus (Fig.4) in HCD group decreased by 22 %
compared to control. Decreasing acini areas as well as

Area cross-section of acinar cell nucleus
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acinocyte nucleus areas may indicate about diminish in
protein synthesis in these cells. In the HCDzto1 group, the
nucleus area increased by 9 % compared to the HCD
group, while compared to the control its level decreased by
21 %. In the HCDzr11 group area of acinar nucleus
increased by 21 % compared to the HCD group, but still by
11 % less than the corresponding parameter in the control
group. In this case, a significant difference was found
between the results obtained in the morning and evening
administration: the average nucleus area at the HCDzr11
group increased by 10 % than in the HCDzro1.
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Fig. 4. The morphometric analysis data of the rats' pancreatic exocrine part. C — control, HCD - obesity,
HCDzr¢1 — morning melatonin administration to rats with HCD, HCDzr11 — evening melatonin administration to rats with HCD.
Notes: * — a significant difference between the control and experimental groups, p < 0.05;
# — a significant difference between the HCD and experimental groups, p < 0.05;
& - a significant difference between the HCDzry1 and HCDzr14, p < 0.05

Thus, in the high-calorie diet group abnormal changes
in the exocrine and endocrine parts of pancreas due to
obesity development were detected. Our sections con-
tained signs that obesity leads to ectopic accumulation of
fat in cells, which is accompanied by inflammation. Obesity
inflammation is observed in the liver, muscles, adipose
tissue and pancreas. Obesity leads to organ infiltration by
macrophages that produce proinflammatory cytokines [23].
Such macrophages were found in the morphological analy-
sis of pancreas sections. A particular role in the onset of

inflammation is put on IL-1B, which stimulates the produc-
tion of a number of proinflammatory factors. IL-13 itself is
probably produced in response to the prolonged action of
high concentrations of free fatty acids and glucose, which
lead to cell damage and apoptosis. In addition, adipocytes
also have the ability to synthesize cytokines and chemo-
kines. Prolonged inflammation leads to a decrease in the
pancreatic parenchyma mass and the fibrosis appearance
[24], which we also observed on drugs.
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Other animal studies have also shown that a high-fat
diet leads to fibrosis. Obesity-induced insulin resistance,
inflammation and lipotoxicity lead to pancreatic endocrine
dysfunction and can cause decreasing 3-cell number and
thus diminished islet area [25]. Studies in mice have shown
that a high-calorie diet with fat and carbohydrates leads to
an increase in B-cell apoptosis, while a high-carbohydrate
diet over the same period (12 weeks) moderate to an in-
crease in B-cell mass and insulin secretion [26].

In humans, clinical studies suggest that there is a
link between obesity and impaired endocrine pancreatic
function, but most clinical studies do not find apparent
abnormalities of exocrine pancreatic function in over-
weight individuals [27].

The melatonin usage in obesity development conditions
partially retained the morpho-functional state of the pan-
creas. This is due to its nonspecific effects (antioxidant,
anti-inflammatory) and specific effects on carbohydrate
metabolism (MT1 and MT2 receptors have been detected
in B-cells and a-cells). Also, with intraluminal administra-
tion, melatonin strongly stimulates the secretion of pancre-
atic enzymes, which is probably related to its effect on the
digestive tract receptors [28].

Studies in mice using pinealectomy have shown that it
leads to insulin resistance and leptin resistance. Exoge-
nous administration of melatonin returned glucose metabo-
lism back to normal level. In addition, a study in mice fed a
high-fat diet showed that administration of melatonin cor-
rected the reduced insulin sensitivity. In a mouse experi-
ment with a genetic model of obesity, melatonin was shown
to reduce inflammation and obesity-induced alteration of
adipokine levels. Experiments indicate the lipolytic action of
melatonin, which is achieved by stimulating the sympathet-
ic nervous system [29]. Melatonin is known as an insulin
synthesis inhibitor that can protect -cells from damage by
over-insulin synthesis during obesity.

A study in pigs with acute pancreatitis showed that the
group receiving melatonin had less pronounced acinar and
fat necrosis [30]. There are experiments that suggest the
possibility of mitigating induced hyperglycemia obesity
through the use of melatonin. This study showed the detri-
mental effect of smoking on the pancreas, which manifest-
ed in the reduction of pancreatic islets. Melatonin in this
study reduced inflammation and apoptosis levels f-cells,
improved the status and function of B-cells, and also in-
crease insulin secretion [31].

Thus, the results of this experiment do not contradict
the results of such experiments except those where a high
carbohydrate diet was used.

Also in this experiment, a significant difference in the
cross-sectional area of acinocyte nuclei was detected, de-
pending on the time of melatonin administration. In the
study of other parameters with the evening administration
of melatonin, the results obtained were also closer to those
in the control group. This difference may be related to the
circadian rhythm of the body. Circadian rhythm is controlled
at the level of the body — the pacemaker and the molecular
clock at the cellular level. The central mammalian pace-
maker is the suprachiasmatic nucleus (SCN) of the hypo-
thalamus, and there are also peripheral pacemakers. The
pacemaker is guided by an auto-transcriptional / transla-
tional feedback loop provided by clock genes. Interestingly,
the pancreas has its own pacemaker rhythm. Thus, alt-
hough insulin and glucagon secretion are dependent on
food intake, experiments have shown the existence of cir-
cadian rhythm in their levels [32]. The main regulators of

circadian rhythm are CLOCK and BMALA1, they form a het-
erodimer and bind to an enhancer that regulates the ex-
pression of rhythm-related PER and CRY genes. The het-
erodimer formed by PER and CRY is directed to the nucle-
us, where it inhibits the expression of CLOCK and BMALA1.
In B-cells of rats with knockout BMAL1, insulin levels are
lower, suggesting that these genes are linked to carbohy-
drate metabolism [33].

SCN affect the synthesis of melatonin, and melatonin,
in turn, regulates the functions of SCN, especially at dawn
and at dusk. This is done at the expense of MT1 and MT2.
There is evidence that the density of these receptors has a
circadian rhythm: there are studies showing an increase in
the density of MT1 receptors in SCN during dusk [34].

Melatonin exerts its specific effect on cells via MT1 and
MT2 receptors. Thought MT2 receptors melatonin medi-
ates the effect on insulin secretion with the activation of
phospholipase C. MT2 inhibition experiments have shown
a decrease in the effect of melatonin on insulin secretion.
MT1 inhibition showed no such effect. There is evidence
that MT2 receptors are more represented in B-cells and
MT1 in a-cells [34].

Conclusions. Thus, it has been established that obesity
induced high-calorie diet leads to significant changes in the
morphological structure of pancreas exocrine and endocrine
part. It has been shown that daily administration of melatonin
in a dose of 30 mg / kg for 7 weeks to obese rats leads to
improvement of the pancreas morpho-functional state. Ob-
served a tendency of greater efficiency during evening mela-
tonin administration more (1 hour before light-off) than morn-
ing (shown significant difference in area of acinar cell nucle-
us, and other parameters save this direction).
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KuviBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LLleBueHka, Kui, YkpaiHa

MOP®O®YHKLIOHANbHUA CTAH NIALLNYHKOBOI 3ANO3U LWYPIB MPU BBEJEHHI MENIATOHIHY
nia YAC PO3BUTKY OXWUPIHHA: XPOHOTEPAMNMEBTUYHUW NIAXIAQ

3aliea eaza ma oXupiHHS Yacmo eukluUKaromb maki cynymHi xeopobu, sik iHcyniHopesucmeHmHicms, diabem Apy2o2o0 muny, pak, cepyeso-
cyOuHHi namonoeii mowo. lMidwnyHkoea 3ano3a 2pae saxsugy posb O0nsi 8y2reeo00H020 06MiHYy ma cuaHanbHUX wisxie iHCyniHy, wo e ymosax
OXUPIHHS 3a3HalOMb MamoJsIo2iYHuUX 3MiH. [nsi 3MeHWeHHs1 Hecrnpusimiueux Hacidkie oXuUpiHHsSI @ posli mepaneemMuYyHO20 aceHma po3ansidacmeb-
cs1 MeslamoHiH — 6aezamogbyHKYioHanbHuUll 20PMOH enighiza. 3 02110y Ha PO38UMOK MOYHOI MeOUYUHU, sIKa 8K/Ito4ae o6pobKy nepcoHanbHuUx da-
HUX Mpo nocridoeHicmb 2eHOMy opaaHi3My, Mikpobiomy, iHOugidyanbHull pexxum OHsi/HOYi mowo, nNid6ip Yyacy npuliomy nikie 0nsi MaKkcumasnbHOI
egekmueHocmi ma MiHimizauii no6idyHuUx egpekmie Onsi KOXXHO20 nayieHma eidnoeidHo Ao yupkadHo2o pummy iHOueidyanbHO20 op2aHi3aMy cma-
HO8UMb OCHOBHY Memy y XpoHomeparnesmu4yHoMy nidxodi. Tomy memoro Hawoao AocidXeHHs1 6yno eu3Ha4eHHs MOpghopyHKYiOHaNIbLHO20 cma-
Hy (3MiHU cmpyKmypu K/limuH ek30- ma eHOOKPUHHOI YacmuH; MopghoMempuy4Hi napamMempu: naowi nonepeyHo20 nepepizy ocmpieyie JlaHzepza-
Hca, ayuHycie ma si0ep ayuHapHUX KimuH) nidwsyHKoe8ol 3a/103u y ujypie 3 OXUpPiHHSM, iHOYKO8aHUM 8UCOKOKasIopiliHO (3 8UCOKUM 8Micmom
JXupy) diemoto, nicnsi eeedeHHs1 MeslamoHiHy y eu3Ha4yeHuli Yyac 0obu (yeeyepi abo epaHyi). MenamoHiH eeodunu w,00eHHO NPomsi2oM 7 MuXKHie
do3oro 30 me/ke 3a 1200 Ao eumkHeHHs1 ceimna (ZT11, yeeyepi) abo 1 200 nicnsi eknroYeHHs1 ceimna (ZT01, ypaHyi) wypam, siki nepebysanu Ha
esucokokanopiliniii diemi (BKL). LWypu i3 BK[] manu namonoziyxi 3miHu e 6ydoei knimuH nidwyHKoeol 3a5103u eK30- ma eHOOKPUHHOI YacmuH, wo
eusiensANuUChL y HasisHocmi Makpogbazie, nelikoyumapHoi iHghinbmpauii ocmpieuyie, eakyonizayii ma ninioHux kpanens y yumonna3smi ayuHoyumis;
y moli e yac po3mipu nnouwji nonepe4yHo20 nepepizy ocmpieyie, ayuHycie ma s10ep ayuHapHuUx KiimuH 3meHwyeanucs. LLypu 3 OXupiHHAM, SKUM
eeodusiu MeslamoHiH, 0eMoHCcmpyeasiu 3MeHWeHHs1 eusigy rnamoJsio2iYyHux 3MmiH, noe'szaHux i3 ennueom BK[] Ha nidwnyHkoey 3ano3sy. A came,
36inbwunacb niowa ocmpieuyie niownyHkoeol 3as103u nopieHsHo 3 epynoto BK[; kpim mozo, nnowa ayuHycie nidwiyHkoeoi 3ano3u docsiena
KOHMPOJsIbHUX 3Ha4YeHb. Busisunu pi3HUYt0 Mix paHkoeuM i eeqipHiM eeedeHHsIM MenlamoHiHy 3a napamempamu riowi ss0ep ayuHoyumis: eevipHe
8sedeHHs1 ausiensno 6inbw eghekmusHy dito 8 AocsicHeHHi KOHMPOJILHO20 Pi8HS. Y CyKynHOCMi MenamoHiH YuHUmMb amesiiopamueHy Oito Ha Mop-
¢ogpyHKYyioHanbHUli cmaH ek30- ma eHOOKPUHHOI YacmuH MiOwI1yHKO8OI 3a/103U 8 yMo8ax PO38UMKY OXUPIHHS, cnpu4yuHeHo2o BK/. lMpu4domy
nicns eevipHbo20 88e0eHHs1 MeslamoHiHy (3a 1 200 Ao 8UMKHEHHs1 ceimiia) cnocmepizaembcsl Kpawya meHOeHyiss 00 8iOHOBIIEHHS1 3MiHEHUX napa-
mempie nidwnyHkoeor 3a5103u 30 KOHMPOJIbLHO20 PieHs1 MOPI@HSIHO 3 PaHKOBUM.

Knro4oei crnoea: menamoHiH, oxupiHHsi, XxpoHobionozisi, ocmpisyi JlaHzepaaHca, sucokokasnopiliHa diema, ayuHapHi KnimuHu niownyHkoeoi
3ano3u.
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KneBckui HaumoHanbHbIV yHuBepcuteT umeHu Tapaca LlleBuyeHko, Kues, YkpanHa

MOP®O®YHKLIMOHANIbHOE COCTOAHUE NOMXENYAOYHOW XENE3bI KPbIC
NP BBEOEHUU MENATOHUHA NPU PA3SBUTUN OXKUPEHUA: XPOHOTEPANMEBTUYECKUM NOOXOA

JluwHuli 8ec u oxupeHue 4acmo ebi3biearom makue conymcmeyrowue 60s1e3HU, KaK UHCYJIUHOPe3UCMeHmMHocmb, duabem emopoao muna,
pak, cepde4Ho-cocyducmsbie namosnoauu u m. n. [TodxenydoyHas xene3a uzpaem 8axHyIo posib Onsl y251e800HO20 06MeHa U cu2HaslbHbIX nymel
UHCYNUHa, KOmopbIe 8 yCJI08USAX OXUPEHUs1 ucnbimbiéalom namosio2uyeckue usMeHeHusi. [ns ymeHbweHusi HebnazonpusimHbix nociedcmeull
O)XXUPEHUs1 8 PoJlu meparneemuy4yecKko20 azeHma paccMampueaemcsi MeslamoHUH — MHO20QhYHKYUOHalIbHbIU 20PMOH 3nugu3a. Yyumsbieasi pa3eu-
mue moyYyHoU MeOUYyuHbIl, Komopasi eK/to4aem ob6pabomky nepcoHasnbHbIX GaHHbIX O NocsedoeamesibHOCMU 2eHOMa op2aHu3Ma, MUukpobuoma,
uHOueuUdyanbHbIl PeXxum OHs/HOYU u m. n., Nod6op epeMeHU npuema siekapcme 0N MaKkcumanbHoU 3ghghekmueHoCMU U MUHUMU3aYUU No6oy-
HbIX aghghekmoe Onsi Kaxx0020 nayueHma e coomeemcmeuu ¢ YupkadHbIM PpUMMOM UHOUBUOYanlbHO20 Op2aHU3Ma cocmaesisiem OCHOBHYH Ueslb
npu xpoHomepaneemu4eckom nodxode. [Toamomy uenbio Hawe20 uccnedosaHusi 6bu10 onpedesieHue MOPEHOPYHKUUOHANILHO20 COCMOSIHUS
(usMeHeHuUs1 cmpyKmypbI KIeMOK 3K30- U 3HOOKPUHHOU Yacmeli; MopghoMempuyecKkue napamempsbi: naoujadu nornepeyHo20 cevyeHusi OCMpPOB8KO8
JlaHeepaaHca, ayuHycoe u si0ep ayuHapPHUX KI1€mokK) nooxesiy0o4yHoU xese3bl ¥ KPbIC C OXUPeHUeM, UHOYYupo8aHHbIM 8bICOKOKa/opuliHoU (¢
8bICOKUM codepikaHueM xupa) duemoll, nocsie eaedeHusi MeslamoHuUHa e onpedesieHHOe epeMsi CYmok (eeyepom unu ympom). MenamoHuH eeodu-
nu exe0He8HO 8 meyveHue 7 Hedesb 8 do3e 30 me/ke 3a 14 0o ebiknto4YeHuss ceaema (ZT11, eeyepom) unu 14 nocne eknovYeHusi ceema (ZT01,
ympom) KpbicaM, Komopbie Haxo0unucb Ha ebiCOKoKasopuliHol dueme (BK[). Kpbicbi ¢ BK[] umenu namosnozuyeckue usMeHeHUsi 8 cmpyKkmype
KJ1emok nooesny0o4yHol xesne3bl 3K30- U 3IHOOKPUHHOU Yacmeli, KOmophble NPOsI8ANUCL 8 Halu4Yuu Makpogazoe, nelikoyumapHol uHgunbmpa-
Yuu ocmpoeKos, 8aKyonu3ayuu U NUNUOHbIX Kanesb 8 yumornsa3mMe ayuHoyumos; 8 mo xe epemsi Mopgpomempudeckue daHHble nnowadu none-
Pe4YHO20 Ce4YeHUsi OCMPOBKO8, ayuHycos U s10ep ayUHapHUX K/IemoK yMeHbwanuck. Kpbickl ¢ oxupeHueM, KOMopbIM 8800UIU Me/TamoOHUH, de-
MOHCmpupoeanu yMeHbuleHuUe HacmyrnyieHusi NamoJsio2u4eckux UsMeHeHul, cesi3aHHbIx ¢ enusiHueM BK[] e nodxenydoyHol xenese. B yacmHo-
cmu, yeenu4unachk niaouw,adb ocmpoeKoe nodxesy004yHol xesne3bl Mo cpasHeHuto ¢ epynnol BK[]; kpome mozo, nnowjadb ayuHycoe rnooxesy-
0doy4Holi xene3bl docmuaana KOHMPOJIbHbIX 3HaYyeHul. O6Hapyxunu pasHuyy mMexoy ympeHHUM U ee4YepHUM eeedeHUeM MeslamoHUHa Mo napa-
mMempam nnow,adu sidep ayuHoyumoe: eeyepHee ssedeHue umesio b6osee aghghekmuesHoe Oelicmeue 8 OOCMUXEHUU KOHMPOJIbHO20 YypOeHs. B
COBOKYNHOCMU MeJlamoHUH OKa3bleéaem amesiuopamueHoe delicmeue Ha MOpPghOopyHKYUOHa/IbHOe COCMOsIHUE 3K30- U 3HOOKPUHHOU Yacmel
noodxesy0o4yHol xese3bl 8 YC/I08USIX pa3eumusi O)XXupeHusl, ebi3eaHHo20 BK[]. Mpu4yem nocrie seyepHe2o esedeHusi MesiamoHuHa (3a 1 4 do enbi-
KnoYyeHus1 ceema) Habnrodaemcsi nyquwiasi MmeHOeHUUs1 K 60CCMaHOB/IEHUI0 USMEHEHHbIX napamMempoe 1nodxesiy0oyHol xese3bl 00 KOHMPOIILHO-
20 YPOBHSI 10 CPaBHEHUIO C YMpPeHHUM egedeHueM.

Kntoyeenie cnoea: menamoHuH, oxupeHue, XxpoHobuosoausi, ocmpoeku JlaHzepaaHca, ebICOKOKaiopuliHasi duema, ayuHapHble Kiemku rnoo-
JKes1yOoYHOU Kene3bl.
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IHCTUTYT GioeHepreTuYHUX KynbTyp i uykpoBux 6ypsikie HAAH, KuiB, YkpaiHa

MIKPOBIOJIOIYHA AKTUBHICTb FPYHTY 3A BUPOLLYBAHHSA COI
3 PI3HUMU BAPIAHTAMU OBPUB

Memoro po6bomu 6yna nopieHsiibHa xapakmepucmuka Mikpo6ionoziyHux npoyecis, ujo 8iobysarombcsi y r'pyHmi ma puso-
cohepi 3a supouyysaHHs1 coi 8 yMogax KOpomKopomauiliHoi cie03MiHU 3 euKopucmaHHsIM pi3HUX cucmem ydobpeHHs1. Mikpob6io-
Jslo2iYHUMU Memodamu eu3Ha4vanu emicm y rpyHmi ma e pu3socghepi aMoHighikyroqux, aminonimu4yHux, nedompogHux, osizom-
pogHUX MiKpoop2aHi3Mie, YyucenbHicmb Hecriopoeoi Mikpogsiopu ma mikpomiyemie. CnpsiMmosaHicmb Mikpobionoa2iyHux npouye-
cie rpyHmy ma pu3socghepu po3paxoeyeanu 3a doromMozot0 KoedpiyieHmie MmiHepanizauyii-immobinizayii, onizcompogHocmi ma
nedompoghHocmi. Y eapianHmax ekosio2iyHoi ma 6ionoziyHoi cucmem yGo6peHHsT YucesibHicmb aMOHigiKyro4ux MiKpoopaaHiamie
y ¢hasy 6ymoHizauyii coi 36inbwyeasnacsi nopieHsIHO i3 NPOMUCII0800 cucmemMoro yOobpeHHs1. 3acmocyeaHHs1 UKJTIOYHO MiHepa-
JIbHO20 YyOO6PEHHS COi IuWe cCymmeeo Mocusiusio Po38UMoOK MiKpoop2aHi3Mie, uj0 suKkopucmosyroms a3om MiHepanbHUX Cro-
JIyK. YcmaHoesieHo, w0 YucesibHicmb onli2ompogHUX MikpoopaaHi3mie 6yna Halisuuwjoro, w0 ceidyums NPo euyYyeprnaHHs 3a-
nacie siezkodocmynHUX MOXUBHUX eJleMeHmie i nocusieHHs1 2ymighikayiliHux npoyecie. 3a ekosio2iyHoi cucmemu yOo6peHHs
koegpiyieHm miHepani3zayii-immob6inizayii asomy 6ye Ha pisHi 0,72-0,83, a 3a 6ionoziyHoi cucmemu 6ye HaliHux4um, 0,60-0,99,
wo niomeepdxye 3pisHoOBa)XeHHs1 npoyecie MiHepanisayii ma immob6inizayii. Koegiyienmu onicompogHocmi ekonoeiyHoi ma
6ionoeiyHoi cucmem yodobpeHHs y ha3u 6ymoHizayii ma no6ypiHHA 606ie ceidyamb npo docmamHio 3abesneyeHicmb rpyH-
moeoi Mikpobiomu nezko3aceoroeaHUMU op2aHiYHUMU pe4yosUHaMu. 3acmocyeaHHs1 eKoJ102i4HOi cucmemMu y0o6peHHs 3i 36a-
JlaHcO8aHUM rnoeOHaHHAM MiHepaslbHUX ma opa2aHiyHux dobpue i 6iono2iyHoi cucmemu yOo6peHHst i3 cyyacHUMU op2aHiYHUMU
dobpueamu ma 2ymamamu crnipusie 36inbweHHO akmueHocmi Mikpobiomu rpyHmy ma noninweHHro nepebicy npoyecie mpaHc-

ghopmauii opa2aHiYHUX CrIONYK.

Knroyoei cnoea: Mikpo6Hi npoyecu, cucmema yo0obpeHHs1, cosi, 'pyHmoesa Mikpobioma.

BcTyn. 'pyHTOBa Mikpo6ioTa € OgHWUM i3 HaBaXIMBI-
LIMX YMHHUKIB, LLO BM3Ha4aloTb npouecn hopMyBaHHsI Ta
GionoriyHi BNacTMBOCTI rPYHTY, i NO CyTi € CKNagHOK Mik-
pobionoriyHoto cuctemoto, agxe 3a AaHumu Matukm B. TM.
[1] BMiCT MikpoopraHi3miB B 1 r rpyHTY CTaHOBUTb Minbspau
KNiTUH. A oT Ha aymky Aislabie J. A. Ta Deslippe J., pi3Ho-
MaHITHICTb I'PYHTOBOI MiKpodrnopu Taka, wo B 1r rpyHTY
MicTuTbCsa 6rmabko 4000 BuaiB MikpoopraHriamis [2]. Mikpo-
OHi yrpynoBaHHS 3HAYHOK MIPOO BM3Ha4alTb POAIOYICTb
I'PYHTY, @ TaKOX PICT i PO3BUTOK CiflbCbKOrOCNOAaPChKMUX
pocnvH, 6epyyn yvacTb y TakMx BaXnMBMX Mnpouecax, sK
TpaHCOPMYBaHHS POCIIMHHUX PELUTOK Ta (OpMyBaHHS
rymycy, 3abeaneyvyeHHsi pOCIMHHOIO OpraHiamMy MOXWBHUMM
peyoBuHamMu Ta cpakTopamu pPocCTy, Kornoobir GioreHHux
enemeHTiB TOowo [3]. BaraTo HaWCepnosHilLMX 3axBoplo-
BaHb CiNbCbKOrOCNOAAPCbKNX POCAMH MNOB'A3aHi came 3i
3MiHaMu I'pyHTOBOI MiKpoGioTw.

Cknag i umncenbHiCTb MIKPOOHMX yrpynoBaHb I'PyHTY
3a3HalTb OMHAMIYHMX 3MIH YNpoA4oBX poKy. BapTo 3a-
3HAYUTU, LLO YUCENBHICTb MIKPOOHWX NOMYNsLUiA y I'pyHTI
BU3HAYAETLCHA HE TiMbKM CE30HHUMWU KONMMBAHHAMU efa-
divHUX dpakTopiB (BMICT €NeMeHTIB XUBMEHHs, TeMmnepa-
Typa rpyHTY, HasiBHICTb AOCTYNHOI BOMOrK TOLWO), a W
BMPOLLYBaHNUMWN  CifMTbCbKOTOCMOAAPCLKMMMU  KyNbTypamu
[4]. OpHak KinbKicHWIA cknag rpyHTOBOI MIKpobioTu He €
NOKa3HMKOM POAKYOCTI I'PYHTY, agXe B MEBHi MPOMIXKKM
yacy HabyBalTb iIHTEHCMBHOIO PO3BUTKY MiKpOOPraHiamu,
O 3aCBOIOITb OpraHidyHUM as3oT, MiHepanbHi noro dgop-
MU, LLentono30pynHiBHI MiKpoopraHiamu Ta npeacTaBHUKK
iHLWKX ekonoro-TpogidyHmMx rpyn. Ak Hacnigok 3amicTb
30iNbLIEHHA poaKYOCTi IPYHTY MOXE CrnocTepiraTucb
3HWXKEHHSA BMICTY MiHepanbHUX (hOpM a3oTy Ta WOro Ha-
KOMUYEHHSA Y MIKPOOGHMX KNiTUHax. 3a TakMx yMOB MiKpO-
OopraHiaMy MOXyTb CTaBaTW KOHKYpeHTaMu POCINWH 3a
akTopn MiHeparnbHOro XUBMeHHs [5, 6].

HecTayy enemMeHTiB XWBMNEHHSA y I'PYHTI noguHa Tpa-
AVLIAHO HamaraeTbCsl CKOPWUryBaTu 3a paxyHOK 3acTocy-
BaHHS BinbLunx ix kinbkocten. Lo, y cBot yvepry, Bege oo
opmMyBaHHSA BiNbLUOro PiBHA aHTPOMOreHHOro HaBaHTa-
XKEHHSA I'PYHTIB, NOripLyro4YmM iX arpoxiMivHi Ta GionorivHi
XxapakTtepuctuku. Tak, nig BnAMBoM OinblUMX HOPM [006-

PUB CYTTEBO 3MIHIOETHLCSI KOMMIIEKC MiKpOBionoriYHmMx no-
KasHukiB, BiaobyBatoTbCs 3MiHM, nepegyciMm, GiopisHoma-
HITTS Ta CTPYKTYPWU OCHOBHUX (Pi3ionoriyHMX rpyn Mikpoo-
praHiamis, WO TiNbkW noripwye nepebir mikpobionoriyHmx
npoueciB y rpyHTi [7, 8, 12].

OcHoBOIO Cy4acHunx cuctem 3emnepobcTBa € iHTEHCKB-
Hi TeXHOMorii BUPOLLYBaHHS CiNbCbKOroCnoAapCbKuX Kyrb-
TYp B yMOBax KOPOTKOPOTaUiNHWX ciBO3MiH. [lpoBigH1Um
HanpsiMOM pO3BMUTKY iHTEHCUBHOro 3emriepobcTBa, crps-
MOBaHMM Ha 30epexxeHHs MPUPOLHOro NoTeHUjiany rpyHTis,
€ 1noro ekonorizauig. OgHiero i3 OCHOBHMX YMOB €KOJori3a-
uii 3eMnepobcTBa € palioHanbHe 3acTocyBaHHs J0OpUB y
ciBO3MiHi 3i 36epexeHHsIM Giopi3HOMaHITTS 'PYHTOBOI MiK-
pobioTu Ta ii ¢hisionoriyHMx BNacTMBOCTEN.

MeTol agocnigxeHb Gyno BCTAHOBEHHS 3aKOHOMIp-
HocTen nepebiry mikpobionoriyHux npouecis, Wwo Biabysa-
HOTbCS Y I'PYHTI Ta pu3ocdepi 3a BUPOLLYBaAHHA COi B YMO-
Bax KOPOTKOPOTALiNHOI CIBO3MiHN 3 BUKOPUCTAHHSAM Pi3HUX
CUCTEM yA0BPEHHSI.

MeToauka npoBeAeHHA pocnimkeHb. [docrigpkeHHs
nposoaunu snpoaosx 2016-2019 pp. Ha Binouepkischb-
Kil gocnigHo-cenekuiiHin ctaHuii IHcTuTyTy GioeHepre-
TUYHUX KynbTyp i uykpoBux 6ypsakisB HAAH Ykpainu
(BUOCC), aka posTtawoBaHa B LleHTpanbHoMmy JlicocTte-
ny YkpaiHu, y 30Hi HEecCTIikoro 3BOJIOXeHHs. Knimat —
NOMiPHO-KOHTUHEHTaNbHUA.

JocnigxysaHa HamMu KOopoTKopoTauiHa CiBO3MiHa Mae
YOTUPMPIYHUIA LIMKN poTaLii Ta nepenbdavyae BUPOLLYBaHHS
TaKMX KynbTyp: COsi — MWEHULS 03umMa — Bypsiku LyKpOBi —
KYKypy43a Ha 3epHo.

Ak KOHTPONbHWI BapiaHT BMKOPUCTOBYBamnM CyyacHy
NPOMMCIIOBY CUCTEMY YOOOPEHHs KynbTyp, WO nepeadayae
3aCTOCYBaHHSA IHTEHCUBHMX TEXHOMOTi BUPOLLYBaHHA Ta
npiopuTeT 3acTOCYBaHHA MPOMUCIIOBMX 3acobiB yooOpeHHs
[OOCTYMHNUX Ha PUHKY (nepeBaxHO MiHepanbHux [obpus). B
€KOMOTiYHin cnctemi yaobpeHHs BMKOPUCTOBYBanu 3b6anaH-
coBaHe MOeAHaHHS MiHepasnibHUMX Ta opraHiYHux Jo6puB Y
€KOMOriYHO pernameHToBaHUX Hopmax. 3a 3acTOCyBaHHS
GionoriyHoi cuctemn yaobpeHHs, Ana yaobpeHHsA KynbTyp
CiBO3MiHW, BMKOPWCTOBYBaNM BUKITKOYHO Cy4acHi OpraHiyHi
[obpuBa, POCNUHHI peLwwTkn Ta rymatu (tTadn. 1).

© l'yasb C., CkiBka J1., MpucsxHiok O., LiBen £1., 2020
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Ta6nuys 1. Cuctema yno6peHHA coi B KOPOTKOPOTALIiNHIN CiBO3MiHi

Ne BapiaHT cuctemmn MepennocisHe Ypo6peHHs no
OcHOBHe yao6peHHsA
3\n YAOOpPEHHsA yAOOpPEeHHsA BereTauii
1 Bionoriuna NOXHWBHI pewTku Kykypyasu (8-12 t/ra) + Biorymyc | KeaHtym — T[YMAT,
(Bepmukomnoct) "OKOYYOO" 200 kr/ra 1n/ra
2 EkonoriyHa NOXHMWBHI peLuTku KyKypyasmn (8-12 1/ra) + P3oKsg nig, KynbTmeauito Nso -
3 [Mpomwncnosa PeoKso nig KynbTueauito Ngo -

I'pyHT AocnigHoro nons, Ae 6ynu 3aknageHi KopoTKopo-
TaUinHi CiBO3MiHW, — Le YOPHO3EM TUMOBUI, rMMBOKUA, Ma-
NOTYMYCHWW,  KPYNHOMWNYBaTO CEePeAHbO  CYrMUHKOBUN:
BMiCT rymycy — 3,5 %, 3aransHoro asoty — 0,31 %,; rigponi-
TUYHA KUCMOTHICTb — 2,41 Mr-eKB., KUCNOTHICTb Onu3bka A0
HenTpanbHOi, BMICT nerkorigponisoBaHoro asoty (N) -
13,4 mr/100 r rpyHTy, P205 — 27,6 mr/100 r r'pyHty, K20 —
9,8 mr/100 r rpyHTY, CTyniHb HacuyeHocTi ocHoBamn — 90 %.

KnimaTuyHi yMOBM B pOKM NpOBeAEeHHS AoChigxeHb Oy-
Ny XapakTepHUMK AN 30HW HECTIMKOro 3BONOXeHHS LieH-
TpanbHoro Jlicocteny YkpaiHu i cnpuaTnMBumMu Ans BUPO-
LLlyBaHHSA YCiX KyNbTyp KOPOTKOPOTALiHOI CiBO3MIHWN.

Binbip 3paskiB rpyHTy 3 4OCNIAHUX AiNSHOK KOPOTKOPO-
TauivHoi ciBo3MiHM npoBoaunu 3 wapy rpyHty 0-20 cm Ta
pusocdepu pocnvH [9].

[ns ouiHIOBaHHA CTaHy 'PYHTOBOI MiKpobioTn Ta nepebi-
ry OCHOBHMX MIKpOGIONOriYHNX MpOoLECiB BUKOPUCTOBYBamNM
3aranbHOMNPUIHATI Y I'PYHTOBIN Mikpobionorii meToam [9-12].

Onsa mikpobionoriyHmx aHanisis Bigbupanu no 10 r rpyHTY
3 KOXHOro BapiaHTa gocnigy, AOCMian NpoBOAMNM Y TPbOX
noBTopax. HaBaxku nepemilLlyBanu y cTepunbHi CTynKu i au-
cnepryBanu MikpoopraHiamu metogom [. 3esriHuesa. [ecs-
TUKpaTHi PO3BEAEHHS BMXIOHOI IPYHTOBOI CyCreH3ii BUKOpUC-
TOBYBanu Ans BUCIBaHHS Ha CENEKTUBHI cepenoBuLLa.

YucenbHiCTb  MiKPOOPraHiamiB  OCHOBHWMX  €KONOro-
TPOiYHUX | TaKCOHOMIYHMX Fpyn BU3HA4Yanu MeTOAOM
BUCIBaHHSA I'PYHTOBOI CyCneH3ii Ha cTaHOapTHI MOXMBHI
cepefoBuLla: aMoHidikytodi bakTepii — Ha M'sconenToH-
Homy arapi (MIA), ctpenTtomiueTn i 6akTepil, Wo BUKOpU-
CTOBYKOTb MiHEpPanbHUN HITPOreH (amMinonitmyHi) — Ha
KpoxManb-amiadyHomy arapi (KAA), negotpodHi — Ha rpy-
HToBOMY arapi (pA), mikpomiueTn — Ha cepeposuLli Ya-
neka, oniroTpodHi MikpoopraHiamm — Ha roriogHoOMy arapi
(FA) (komnanisi-BupobHKK cepenosu "TITAN BIOTECH LTD",
IHpis), HecnopoBi GakTepii — Ha kanycTsaHomy arapi (KA)
(BurotoBneHo camocTinHO). licns 3aciBy NOXWBHUX ce-
pepoBuly ix iHKybyBanu npu TemnepaTtypi 28 °C ynpo-
noBx 5-14 pi6 (3anexHo Big WBWAKOCTI POCTY MIKpoop-
raHiamis nesHux rpyn) [9, 11].

KornoHii, wo Bupocnu Ha cepegoBuLLax, MigpaxoByBanv,
NPUMNYCKaro4n, Lo 3 KOXKHOI XUTTE30ATHOI KMITUHU (POpMYETh-
ca ogHa KomnoHid. KinbkicTb MikpoopraHiaMis Bupaxanu B Ko-
noHieyTBoptotoumx oamHuuax (KYO) Ha 1 r abcontoTHO cyxoro
rpyHTy. [INsi 4bOro TepmMocTaTHO-BaroBUM METOAOM BM3HaYa-
v BONOTICTb 3pa3ka I'PyHTY, B3ATOro Ans gocnigy, i nepepa-
XOBYBanu OTPUMaHy KinbKiCTb KOMOHIN 3 ypaxyBaHHAM Koeqoi-
LjieHTa BOMOroCTi Ta pO3BEAEHHST I'PYHTOBOI cycneHsii. [Jocni-
OV NpoBOAUNN y TpbOX noeTopax. OTpumaHi AaHi 06pobnsanu
MeTo4aMm1 AMCMEPCINHOro aHanidy, po3paxoByto4n HaNMeHLLY
iCTOTHY Pi3HMLI0 MO OCHOBHUX rpynax MikpoopraHiamis i3 Bpa-
XyBaHHSIM JaHUX POKIB Ta cxemu gocniay.

CnpsiMoBaHiCTb MiKpoGiONnoriYHMX NpPOLECiB Yy T'PYHTI
BM3Ha4anu 3a BignosigHumu koediuieHtamm [10, 11]:

KoebiuieHm miHepanizauii-immobinisauii po3paxoByBa-
N 3a BiOHOLLEHHSIM KinbKOCTi MiKpOOpraHiamis, Lo iMMOGi-
ni3yloTb MiHeparnbHi OpMU HITPOreHy, A0 YMCENbHOCTI
opraHoTpodiB..

KoeagbiuieHm onizcompogpHocmi po3paxoByBanu 3a Bia-
HOLLEHHSIM YMCENbHOCTI MiKpoOpraHiamiB, LLO 34aTHi 3acBO-
H0BaTU €NIEMEHTU XUBMNEHHS 3 AYXE PO3PIOKEHUX PO3YMHIB,
[0 3aranbHOT YNCENBbHOCTI EBTPOMHMX MiKPOOPraHi3MmiB.

KoegpiuieHm nedompoghHocmi po3paxoByBanu 3a Bia-
HOLUEHHSIMW  KifbKOCTi  MiKpOOpraHiaMmiB Ha rpyHTOBOMY
arapi A0 KiNbKOCTi MIKpOOpraHiamis, WO BMPOCAM Ha
M’sicCOnenTOHHOMY arapi.

CratucTyHUn aHani3 pesynbTaTiB OOCMiAXeHb BUKO-
HyBanu MeToAOM AMCNEPCIMHOro aHamnidy B KOMM'toTePHMX
nporpamax Excel Ta Statistica-6.0 [13].

Pe3ynbTaTtn gocnigxeHb Ta ix 06roBopeHHs. fk no-
Kasanu pesynbTatu 06niKy arpoHOMIYHO KOPWUCHMX rpyn
MiKpOOpraHi3miB, X YNCenbHICTb 3MiHIOBanach 3anexHo Big
cucTeMy yooGpeHHst JOCNigKyBaHUX HAaMU CirbCbKOrocno-
[apCbKUX KynbTyp. YCTaHOBMEHO, WO 3aCTOCYBaHHS ene-
MeHTIB Gionorisauii ygobpeHHsi 3a BUPOLLYBaHHS COi 00y-
MOBIIOBANO 3POCTaHHSI YNCENbHOCTI MikpobioTu, 3agisiHoi
y umkni 6ioTpaHcdopmalii opraHiyHoOT peqoBuHM (Tabn. 2).

Ta6nuys 2. AuHamika YncenbHOCTiI FPYHTOBUX MiKpoopraHi3miB y arpoditoreoueHo3ax coi 3a pi3HUX cucteM yao6peHHs,
cepepgHe 3a 2016-2019 pp. (YmcenbHiCTb MikpoopraHiamis, MiH KYO/r rpyHTy)

®da3u pocTy coi Fpynu mikpoopraHismiB (cepenoBuLie) npoMACHoBa (Kog::gﬁsa y‘q:z)’;?;i:ﬁa Gionoriuna HIPg,05
AmoHidikytodi (MMA) 3,77 5,25 4,64 0,23
Awminonitnyni (KAA) 5,73 4,36 2,80 0,41
Cxopum MepoTpodpHi (MA) 4,73 5,39 6,73 0,38
OnirotpodHi (FA) 6,06 5,99 7,32 0,40
MikpomiueTn 19,72 21,20 26,24 0,87
AmoHidikytodi (MMA) 5,15 8,35 7,41 0,41
Awminonitnyni (KAA) 7,07 6,04 5,23 0,39
ByToHizauis MepoTpodpHi (MA) 8,51 13,16 14,84 0,43
OnirotpodpHi (FA) 5,22 4,53 3,86 0,51
MikpomiueTn 34,31 40,41 50,01 0,92
AmoHidikytodi (MMA) 8,39 8,01 8,79 0,32
Awminonitnyni (KAA) 13,02 11,16 8,70 0,87
MobypiHHa 606iB | MegoTpodHi (MA) 6,70 9,35 9,51 0,55
OnirotpodpHi (FA) 7,92 6,75 4,19 0,63
MikpomiueTn 36,94 49,96 55,9 0,94

AHani3 3MiHM YMCenbHOCTI Ta OUHaMIKM MiKpOOpraHis-
MiB pi3HUX rpyn y r'pyHTi nig Yac BereTauii coi Jo3Bonse
3a3HauYNUTK, WO MaKCMMarbHa iX YMCENbHICTb crnocTepira-
nacb y casy nobypiHHsi 606iB sk Taky, WO € HaWbinbL i-

3i0M0r4YHO aKTUBHOK 3 Mornsgy ocobnmueocTel pocTy Ta
PO3BUTKY KynbTypu. Takox BapTO HAaronocuTn Ha TOMy, LLO
3apeeCcTPOBaHi  3aKOHOMIPHOCTi 30iNbLUEHHS YMCENBHOCTI
MiKpOOpraHiamiB came y Len NpoMiXKOK Yacy BU3HaA4aTbCs
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ONTUMarnbHUMK 3HAYEHHSIMU FiPOTEPMIYHMX YMOB, @ OCO-
6nMBO HasIBHICTIO AOCTYMHOI BOMOMM B I'PYHTi, OCKiNbKM Y
a3y OyToHi3aLii BOAOCNOXMBAHHS Ta MOIMUHaHHA ene-
MEHTIB XMBMEHHS 3 I'PYHTY Y POCIIUH COI MakcumarsibHi no-
PiBHsIHO 3 ¢ha3oto NobypiHHA 006iB.

Mepebir mikpobionoriyHnx NpoueciB y rpyHTI xapakTte-
pU3yeETLCS NepeayciM akTUBHICTIO Ta KiNbKiCTIO aMOHidika-
TOpiB, WO MiHEepani3ylTb OpraHiyHi pe4oBuHM rpyHTy. Tak,
NOPIBHAHO 3 MakCUMarnbHO XiMi30BaHOK MPOMUCIIOBOD
cuctemoto yoobpeHHs y BapiaHTax gocnigy, wo nepenba-
Yanu 3acToCyBaHHSI €KororiyHoi Ta OionoriyHoi cuctem
yOOOpPEHHS, YMCENbHICTE aMOHigiKyoUMX MiKpOOpraHiamis
Oyna Ginbwoto Ha 39,3 Ta 23,1 %, BignoBiaHo. Y ¢asy by-
TOHi3aLjii COi YMCenbHICTb aMOHIiKYOUMX MIKPOOPraHi3mis
Oyna 6inbLoto Ha 62,1 Ta 43,9 %, BiANOBIAHO, MOPIBHSHO 3
NPOMUCIIOBOK CUCTEMO YA0OPEHHS.

3a poku npoBefdeHHs AOCNiAXEeHb HanMBULLA YucCenb-
HiICTb nNoNynsAuin MiKpOOpraHiamis, WO BUKOPUCTOBYIOTb
opraHiyHui a3oT, 6yna cpopmoBaHa 3a obmexeHHsa abo
X BiAMOBM Big 3acTtocyBaHHs 3acobiB ximizauii, BTineHux
y €eKomnoriyHin Ta GionoriyHin cuctemax yaobpeHHs, iy
¢asy nobypiHHA 606iB cTaHoBMNa 8,35 mnH KYO/r rpyHTY
Ta 7,41 mnH KYO/r r'pyHTY, BiANoBiAHO, ToAi K 3a NpoMu-
cnosoi cuctemn — 5,15 mnH KYO/r rpyHTy. IMOBipHOIO
NPUYNHOIO MOXe OyTU BMCOKUIA BMICT nerkorigponisoBa-
HUX OpraHiYHMUX PE4OBWH.

Y TOW e Yac BapTo 3a3HauuTu, Wwo y dasy nodypiHHA
006iB umMcenbHICTb aMoHidikylounx MikpoopraHiamiB 3a
eKkornoriyHoi  cuctemn  yaobpeHHs 6yna  MiHiManbHo
(8,01 MnH KYO/r rpyHTY) NOPIBHSAHO 3 iHWIXMW BapiaHTamu
cucTeM yaobpeHHs, Lo, Ha Hally AyMKY, NOB'A3aHO 3 KOM-
GiHOBAHOIO CUCTEMOIO XXMBMNEHHS, afpke NerkorigposisoBaHi
OpraHiyHi peyvoBUHM 3Ha4HOK Mipol Oynu BMKOpUCTaHI
pocnvHamu Coi AN pocTy Ta PO3BUTKY.

3aranom pesynbTaTaMu HalwmMx OOCHiSKEeHb NigTBep-
IKEHO nonepefHbO BCTAHOBIEHI 3aKOHOMIPHOCTI, BUCBIT-
neHi y npausx ManuHoscbkoi |. M. [14], wo akTtueBHe 3a-
CTOCYBaHHsi JOOPUB CMPUYUHSE 3POCTAHHSI YMCENBHOCTI
aMOHiikytoUnx, aMinoniTUYHNX Ta NegoTPOdHMX GakTepil.

3acTtocyBaHHsA MiHepanbHUX AoOpMB CyTTEBO MOCUNU-
10 PO3BUTOK MIKpPOOPraHi3miB, LIO BMKOPUCTOBYIOTb a30T
MiHepanbHux cnonyk. Tak, yCTaHOBMNEHO, WO 3a 3acToCy-
BaHHs1 OGionoriyHoi cuctemMun yaobOpeHHst y TpyHTI OyB
npeacTaBneHnin MikpoOHUI LeHo3, 36igHeHMn Bugamm,
34aTHUMU YTUNi3yBaTuM MiHepanbHi Crnonyku asoTy, OcCKi-
NbKW aMminoniTUYHi MikpoopraHiamMu rocTpo pearylTb Ha
AediumT MiHepanbHOro asoTy, WO, ¥ CBOK Yepry, Crnpusie
MEHLUIN KOHLUEHTpauil BMICTy HiTpaTHOro Ta aMOHINHOro
asoTy Y 'pyHTOBOMY CEpPeaOoBULL.

YCTaHOBMEHO, WO 3a EKOJOrYHOI cMcTeMn yaoObpeHHS
COI YMCENbHICTb aMminoniTMYHMX MIKpoopraHiamis y asy
cxopiB KynbTypu 6yna meHwor Ha 23,9 %, y dasy 6yToHi-
3auii — Ha 14,6 % Ta y da3y nobypiHHs 606iB — Ha 14,3 %
NOPIBHAHO 3 NMPOMMCIIOBOIO CUCTEMOK YAOOPEHHS. AHarno-
riyHi pesynbtatv OynuM OTpMMaHi Hamu 3a 3aCTOCYBaHHS
GionoriyHoi cuctemmn yoobpeHHs: YnmcenbHICTb Mikpoopra-
Hi3MiB, L0 3aCBOIOIOTb @30T MiHepanbHMX Cronyk, byna Ha
51,1, 26,0 Ta 33,2 % MEHLUO, HiX Y KOHTpOni. AK Biomo,
HanBInNbL CNPUATAMBI YMOBWN ANA PO3MHOXEHHS Ta (PyHK-
LLioOHYBaHHS NegoTPOdHMX MIKpOOpraHiamis cknagatTbes y
BUNaAKy HasiBHOCTI B I'PYHTI AOCTaATHBOI KiNbKOCTI OpraHiy-
HUX 0o6pMB. Y Npoueci BUBYEHHST 3aKOHOMIPHOCTEN 3MiHM
YMCENbHOCTI MiKpoopraHiamiB y arpoditoLeHo3ax coi Hamu
Oyno BCTaHOBMEHO, WO 3Ha4yHa 4ncenbHa nepesara 6Gak-
Tepii AaHOi eKkonoro-TpodiyHOI rpynu Oyna 3a eKonoriyHo-
ro Ta 6ionoriyHoro BapiaHTiB yaobpeHHs. Tak, y ¢asy cxo-
4iB coi Ha AaHuxX cucTemax yoobpeHHst negoTpodHUX Mik-
poopraHiamie 6yno Ha 14,0 Ta 42,3 % 6inbLue, HiXX Ha Npo-
MUCIOBI cuctemi ynobpeHHs, y dady OyToHisauii — Ha
54,6 Ta 74,4 %, a y a3y nobypiHHs 606iB — Ha 39,6 Ta
41,9 %, BignosigHo.

BogHouac BapTo 3a3HauMTy, WO YMCENbHICTL NEAOTPO-
bHUX MikpoopraHiamiB y ¢asy cxogie Gyna MiHiManbHO0
[Onsi BCix BapiaHTIB yaobpeHHs, a y a3y byToHisaLii — mak-
cumanbHa. Y dasy nobypiHHA 606iB coi mikpobHe obcive-
HIHHS CYTTEBO 3MeHLlyBanocb Ta craHoBuno 6,70-
9,51 KYO/r rpyHTy. Taki 3aKOHOMIPHOCTi pO3BUTKY Mikpobio-
TW Ha MoYaTKy BereTauinHOro nepiogy NoB's3aHi 3 He3Hau-
HMMW 3anacamu 'pyHTOBOI BOMOrK, WO OCOBMNMBO CUIbHO
obmexxyBana po3BUTOK MIKPOOPraHiamiB B OKpPEMi pOKM Mpo-
BeAEHHSA AocnigkKeHb. 3MEHLLIEHHS YMCeNbHOCTI NegoTpod-
HUX MiKpOoOopraHi3aMiB HanpuKiHLi nepiogy BereTauii KynbTypu
BMKIUKaHe 30igHEHHAM BMICTYy OpraHiyHOI peyvyoBUHM, siKa
ONst HUX € CyBCTpaTHUM I)KEPENOM XUBIEHHS Ta eHepril.

YuncenbHIiCTb  OniroTpodpiB  BU3HAYaETbCst  BionoriYHnmm
0COGNMBOCTAMM AaHOI rpyny MiKpoopraHismis. Tak, Bigomo,
LLIO BOHM iHTEHCMBHO PO3BMBAIOTLCA Ha 30iOHEHUX IpyHTaX,
Wo obymoBreHO iX TPoivHOK cneumndidHICTIO Ta BiaCyTHIC-
TIO KOHKYpeHLT, i CPOMOXHI iCHYBaTV B yMOBaXx HecTadi mxe-
pen eHeprii Ta XUBMeHHsA. A O0TXe, ONiroTpodHi MiKpoopraHi-
3MM BMCTYMNaktoTb CBOEPIOHUMM iHOMKaTOpaMu HecTadi nerko-
OOCTYMHUX €NTEMEHTIB XXUBIEHHS!, a)Ke BOHW 3a0BOMbHATb
CBOi TPOiYHi NOTPEOU MIKPOKINBKOCTAMM MOXUBHUX PEHOBYH.
3 ormnsaay Ha ue YncernbHiCTb OMIroTPOMHMX MiKpOOpraHiamis
HalBuLLol0 Gyna npy 3acToCyBaHHI MPOMWCIIOBOI CUCTEMM
yoobpeHHsl. BusiBneHi 3akoHOMIpHOCTI cBig4aTb Npo Bu4dep-
NaHHs1 3anaciB NEerkogoCTYMHMX MOXWBHUX ENEMEHTIB Ta no-
CUNEeHHs rymicpikauinHux npouecis.

[OaHi, otpumati MpuuaeHko 3. M., Monogpwuroto O. B., ni-
OKPECIoTb 3HAYEHHS MIKPOCKOMiYHMX rpunbiB y npouecax
I'PYHTOYTBOPEHHSA Ta Kpyroobiry asoTy. Aoke BOHW € ydyac-
HVMKamMu aMoHidikauii Ta cuHTe3y GIONOriYHO aKTUBHUX peYo-
BWH: aHTUBIOTMKIB, aMiHOKMCIOT, nonicaxapuais, epMeHTIB,
BiTamiHiB [16]. Takox BiOOMO, WO 3arasibHa YUCENbHICTb
MiKPOMILIETIB 3aneXuTb Bi BOMOroCTi I'pyHTY Ta 3abeaneve-
HOCTi NOXUBHUMW peyoBuHamu [15]. A ToMy oTpumaHi HaMu
OaHi nigTBEepaXytoTb 3aKOHOMIPHOCTI, YCTaHOBIEHI iHWIMMK
BYeHVMU. Tak, aHani3 3aranbHOi KiMbKOCTi MIKPOCKOMIYHMX
rpubiB nokasas, WO Yy AOCMiAXYBaHOMY HaMu IpyHTi 3ara-
NIOM  MICTUTbCA 3Ha4Ha KinbkicTb MikpomiueTiB  (19,72-
55,9 Tuc. KYO/ r r'pyHTy). B ymMOBax 3acTocyBaHHS €KOmoriy-
HOI Ta GionoriyHoi cuctem ygobpeHHst pocnuH Coi iX Yumce-
NBHICTb MakcvMMmarnbHa MOPIBHSAHO i3 MPOMMWCIIOBOIO CUCTe-
MOK. Taki 3aKOHOMIPHOCTI MOXHA MOSICHUTU HasIBHICTIO Yy
I'PYHTI POCIIMHHUX PELUTOK 3 BMCOKMM BMICTOM KMITKOBWHM,
LLO | CTUMYIHOE PO3BUTOK FPUBHOI MiKpOGIOTK.

JocnigkeHHamn 6araTboX yY4eHUX OOBEAEHO L0 BULL
POCMVHN aKTMBHO BMNMBaKTb Ha MiKpOOIOTYy arpoLeHosiB
3a paxyHoK, y NepLuly Yepry, KOpeHEBUX BMAiNeHb, a 6060Bi
KynbTypu — wWe 1 cumbiody. Tak, KOpeHeBi BUAINEHHS € Anst
MiKpOOpPraHi3MiB J)keperioM eHeprii, Wo Cnpusie ix po3BuT-
Ky Ta HaKonun4eHHo y pusocdepi Ta pusonnaHi [14].

OcHoBHa KinbKicTb pusocdepHmx GakTepin HanexuTs o
retepoTpodis, L0 NOTPeOYOTb NErKOAOCTYMHUX OpraHivyHMX
cnomnyk BYrneBoAiB, amiHOKMCNOT Towo. Y poboTax
Tate R. L. poBegeHo, WO AOCTYNHa opraHika B 'pyHTi CUMb-
HilLe BNNMBae Ha PO3BUTOK MIKPOBIOTH, HiXX TUM r'pyHTY [2].

Tomy, 3Baxaroun Ha Te, Lo BaXMBUM haKTOPOM, KU
Xapaktepu3dye OcCOoGnMBOCTI BMNMAMBY MIKPOOPraHiamiB Ha
piCT Ta pO3BUTOK POCMVWH COi, € iX YNCENBbHICTb Y pu3ocde-
pi, HACTYNHUM 3aBAaHHsIM poboTU Byno BU3HAYEHHSI OCHO-
BHUX arpOHOMIYHO KOPWUCHMX Fpyn puU3ocdepHUX MiKpoop-
raHiamiB 3anexHo Big a3 po3BUTKY KyNnbTypu Ta cucTem
yBobpeHHs (Tabn. 3).

Y POCMWH COi Ha Yac NPOPOCTaHHSA YTBOPIOKTHCH FNOKO-
TUINbHI KOpPeHi Ta BiAOyBaeTbCA BUMHECEHHSI CiM'sgonen Ha
MOBEPXHIO I'PYHTY, TOMY pr3ocdepn SK Takoi Ha Yac cxoaiB
coi Hemae. BignosigHo My He igeHTUdIKyBanu MikpoopraHi-
3MM HaBKOSO TFiMOKOTUSIbHOIO KOPIHUSA COI, amXe OCHOBHI
NOXWBHI pe4OBMHM NepebyBaloTb y CiM'AA0NsAX, a KynbTypa
3a JOBOMi KOPOTKMI NPOMIXOK Yacy He 3Morna cpopmysaTu
MiKpOOIOTY, BigMiHHY Bif, 3aranbHOi MiKpOGIOTU I'PYHTY.



~ 60 ~

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

Ta6nuys 3. QuHamika YncenbHOCTI FPYHTOBUX MiKpoopraHi3miB y pusocdepi coi 3a pi3HMX cucTeM yA06peHHs,
cepeaHe 3a 2016-2019 pp. (YncenbHicTb MikpoopraHiamis, MnH KYO/T rpyHTy)

. . - Cucrtema yaobpeHHs
®asu pocry coi Mpynu mikpoopraHismis npomucnoBa (KOHTPOsb) ekonorivyHa GionorivyHa HIPo.05
AmMoHigikytoui (MIMA) - - - -
Awminonitnyni (KAA) - - - -
Cxoagmn MepoTpodpHi (MA) - - - -
OnirotpodHi (FA) - - - -
MikpomiueTtun (Maneka) - - - -
AmoHidikytodi (MIMA) 15,00 27,20 15,90 0,44
Awminonitnyxi (KAA) 28,00 21,90 18,90 0,75
ByToHisauis MepotpodpHi (MA) 20,10 25,80 28,30 0,64
OnirotpodHi (F'A) 28,20 22,00 18,40 0,39
MikpomiueTtun (Maneka) 22,11 57,80 44,10 0,78
AmoHidikytodi (MMA) 12,80 19,90 15,90 0,47
Awminonitnyni (KAA) 26,00 27,70 13,10 0,53
MobypiHHA 606iB | MegoTpodHi (MA) 24,00 29,20 25,90 0,55
OnirotpodHi (FA) 9,70 3,39 3,20 0,48
MikpomiueTn (Maneka) 45,72 66,20 71,24 0,93

Cnig HaronocuTn Ha TOMY, IO BUBYEHHSI AMHAMIYHUX
3MiH pu3ocdepHoi MikpoGioTK coi € BaXXNUBUM NUTAHHSAM,
OCKiNbKK 1i KOpeHeBa cucTeMa XapakTepusyeTbCs BUCO-
KO @Pi3iONOriYHOK aKTUBHICTIO He TifNbKM 3 nornggy cum-
GioTnyHOI asoTdikcauii, a 1 3gaTHOCTI A0 CniBiCHYBaHHS 3
I'PYHTOBMMM MikpoopraHiamamun. Ha ocHOBi npoBeaeHux
OOCnioKeHb MOXHa CTBEpPAKYBaTH, LLO Y I'PYHTI Npukope-
HEBOT 30HM CMOCTepiranocb CyTTEBE 3POCTAHHS YMCenb-
HOCTi MikpoGioTu.

3aranom Hamy BCTAHOBMEHO, WO LWiNbHICTb MIKPOOHMX
KNiTMH B oauHuLi 06'emy pusocdepHoro rpyHTy coi 6yna
BULLOIO MOPIBHAHO 3 X 3aranbHOK YMCENBHICTIO B I'PYHTI.
Taki 3aKOHOMIPHOCTi BUSABMSANNCH CTOCOBHO BCiX AOCHIOXKY-
BaHWX €Komnoro-TpodiyHMX yrpynoBaHb Ta 3aKOHOMIPHO
36epiranuce y guHamui BereTadii.

YcTaHOBMEHO, L0 Y BapiaHTax Aocnigy 3 eKOroriyHow Ta
GionoriyHolo cuctemamm yaoOpeHHs! YMCENbHICTb KOJOHii
aMoHidikytounx MikpoopraHiamiB y ¢pasy OyToHizauii 6yna
Ginbwoto Ha 81,3 Ta 6,0 %, a y dasy nobypiHHA 606iB — Ha
55,5 Ta 24,2 %, BIigNOBIOHO, MOPIBHAHO 3 MPOMMCITOBOH
cucTemMoro yao6peHHs. IMoBIpHO, Taka IHTEHCUBHICTb PO3BU-
TKy amoHidpikaTopi 3abesnedyBanacb 3a paxyHOK BUCOKOroO
BMICTY MerkorigponisoBaHnx opraHidyHux peyoBuH.

YCTaHOBMEHO, O 3a eKOrorivyHoi cuctemmn yoobpeHHs
COi YNCENBHICTb aMInOMITUYHUX MIKpOOpraHiamis y dasy
OyToHi3auii coi 6yna meHwot Ha 21,8 % nopiBHSAHO 3 Npo-
MMWCMOBOK CUCTEMOI yAOOpPEHHS, 3a GionoriyHoi cuctemm

ynobpeHHst — Ha 32,5 %, a y da3y nobypiHHa 606iB — Ha
49,6 % NOPIBHSIHO 3 TaKOK Y KOHTPOTi.

MakcumanbHa YMcenbHICTb NefoTPOHNX MiKpOOpraHi-
3MiB y pu3ocdpepi Coi crnocTepiranachb 3a eKosioriYyHoro Ta
GionoriyHoro BapiaHTiB yaoOpeHHs. Tak, y ¢asy OyToHisa-
YMOB NMPOMWCIIOBOI CUCTEMU YAOOpPEHHs, a y dasy noby-
piHHS 606iB — Ha 21,7 Ta 7,9 %, BignosigHo.

YCTaHOBMEHO, WO YNCENbHICTL ONIrOTPOMHNX MiKpOOp-
raHiamis HariBuLow Gyna npy 3acTocyBaHHi MPOMUCMOBOT
cucTeMn yaobpeHHs, Lo CBigYMTb NPO 0OMeXeHICTb 3ana-
CiB NErkogoCTYNMHUX €MNeMEHTIB >XUBIEHHS Ta MOCUINEHHS
rymicikauinHmMx npoLecis.

AHanoriyHo [0 BMICTY MIKpOMILETIB Yy TPYHTi, Y
pu3ocdepi coi 3a yMOB eKkomnoriyHoi Ta GionoriyHoi cuctem
yOOOPEHHS iX YncenbHICTb Byna 3Ha4YHO BULLOK MOPIBHSIHO
3 MpomMuCroBOl cuctemot: Ha 1614 T1a 99,5 %,
BignoBsigHo, — y da3y OyToHizauji Ta Ha 44,8 i 55,8 % — y
a3y nobypiHHA 606iB. [10 HecnopoBux GakTepin I'pyHTY
Hanexatb Pi3HOMaHITHi MiKpoopraHiamm pogais
Pseudomonas, Arthrobacter, Cytophaga, Mycobacterium,
O MiHepani3yloTb y IPYHTI POCAUHHI peLuTku, Lentonosy
Ta MOXYTb BUCTYNaTU y posi NaToreHis pocnvH.

OaHi gnHamikm 4mcenbHOCTI HecnopoBoi MikpobioTh
I'PYHTY B arpodpiToueHosax i pusocdepi coi 3a pisHUX cuc-
TeM yaoOpeHHs1 HaBefeHi B Tabn. 4.

Ta6nuys 4. AvHamika YncenbHOCTi HecnopoBoi Mikpodnopu rpyHTy B arpodiTtoueHo3ax i pusocdepi coi
3a pi3HuX cucteM yao6peHHs, mnH KYO B 1 r rpyHTy, 2016-2019 pp.

Cucrtema yaobpeHHs
®da3u pocTy KynbTypu npomucnosa eKonorivyHa GionoriyHa
I'PYHT pusocgepa I'PYHT pusocdepa I'PYHT pusocdepa
Cxoamn 0,42 - 0,40 - 0,43 -
ByToHisauis 2,21 7,53 6,21 12,60 3,61 5,72
MobypiHHA 606iB 7,38 11,50 2,21 13,60 5,02 14,50
HIPg 05 0,14 0,69 0,12 0,43 0,10 0,82

Hecnoposi GakTepii — Le AoBoni HecTillka A0 BNAVMBY
HecnpuaTAMBUX YMOB rpyna rpyHToBOI Mikpodpriopu, a To-
My 3a3Buyain y pusocdepi BOHU po3BUBalOTLCS Oinblu ak-
TUBHO, afyKe KOpeHeBa CUCTeEMa POCINHMN MOKPaLLye YMOBU
HaCTiNbKK, Lo AornomMarae HecrnopoBnM BakTepisim BUXUTK
y CKMagHMX eKonoriYyHnx ymosax. 3a pesynbtatamu Aochi-
OXeHb CrocTepiranocb nepeBaXaHHs YNCENbHOCTI Hecno-
pOBMX MiKpoOOpraHiamiB y pu3ocdepi Coi NOPiBHAHO 3 Takowo
y I'PYHTi 3@ pi3HUX cMcTeM yooOpeHHs. 3aranoMm Makcuma-
NbHa YUCENbHICTb HECMOPOBUX MIKPOOPraHiaMiB criocTepi-
ranacb y pusocdepi coi y casy nobypiHHA poCnvH 3a eko-
noriyHoi Ta GionoriyHoi cucteM ygobpeHHs, wo Ha 18,3 Ta
26,1 % BuWLEe NOKa3HMKIB KOHTPOSTLHOIO BapiaHTa.

Mikpo6ionoriyni koedilieHTM L03BOMSTL y3aranbHUTU
npotecy, Wwo BiabyBalTbCs Y I'PyHTI, Ta nokasaTtu ix cnps-
MOBaHICTb. Tak, BUCOKi 3Ha4eHHS KoedpiuieHTa MiHepanisa-
uii-immobinisadii a3oTy cBigyaTe NPO NepeBaXkaHHs MPOLECIB
[OECTPYKLii OpraHiyHOi pe4oBWHN Hag Ti CUHTE30M. 3HUXKEHHSI
KoedoilieHTa NegoTPOdHOCTI CBIAYUTL MPO 3MEHLLUEHHS aK-
TUBHOCTI PO3KMNagaHHs OpraHiyHOI PeYOBWHN I'PYHTY, 30Kpe-
Ma rymycy, a KoedilieHT omniroTpodHOCTi BKadye Ha 3HU-
YKEHHS1 BMICTY B I'PYHTi IOCTYMHMX NOXMBHUX PEYOBMH.

OaHi MikpobGionoriyHnx koeqilieHTiB iHTEHCUMBHOCTI ne-
pebiry rpyHTOBO-bionoriyHux npotecis B arpoditoreoLeHo-
3ax Coi 3a pPi3HNX cucTeM yaoOpeHHs HaBeaeHO B Tabn. 5.

Bucoki 3HauyeHHs koedpiudieHTa MiHepanizauii-immobi-
nizauii asoty (1,37-1,55) cBigyatb Npo nepeBakaHHSA Npo-
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LueciB AeCTpyKuii opraHiyHOi pevYoBWHW HaL CUHTE3OM Y
BapiaHTi NPOMMCNOBOI cucTeMu yoobpeHHs 3a Bcix Aocri-
OXKyBaHUX a3 po3BUTKY POCAWH COi. Y BapiaHTi ekonoriy-
HOi cucTemm yoobpeHHs MoKasHuKn koedilieHTa 6ynu 3Ha-
YHO Hwkuumm (0,72-0,83), i nuwe y asy nobypiHHs 606iB
crnocTepiranacb OeCTpyKuisi opraHiyHoi pe4voBuHu (1,39).
3a 3acTtocyBaHHs GionoriyHoi cnctemu yoobpeHHs nokas-
HUKKN KoedpiuieHTa MiHepanisauji-immobinizauii asoty 6ynu
HanHwk4mm (0,60-0,99), Wwo ceiguMTb NPO 3pPIBHOBaXEHHS
npoueciB MiHepanisauji Ta iMmo6inisadii.

3a 3acTocyBaHHs MPOMMWCMOBOI CUCTEMU YOOOPEHHS
nokasHukn koeqilieHTa negoTpodiHocTi 6ynu aosoni Bu-
cokumm y chasy cxogiB Ta OGyToHizauii (1,25 Ta 1,65), i nu-
we y dasy nobypiHHa 606iB 1ioro napameTpu Gynu MeH-
wumMm oamHmui (0,80), Wwo cBigunTb NPO 36iNbLUEHHS iHTEH-
CVIBHOCTi pO3Knagy OpraHiyHOi peyoBMHU I'PYHTY, 30Kpema
rymycoBmuX cnomnyk. 3a 3actocyBaHHS eKonoriyHoi Ta Giono-
riYHOI cMcTeM yaoBpeHHst BNPOAOBX OHTOreHe3y Coi noka-
3HUKM KoedpilieHTa negoTpodHocTi ctaHoBunu 1,03-2,00, 3
MaKCMMYMOM Yy Mepio aKTUBHOMO CMOXWUBAHHS MOXMBHUX
peyoBuH pocnMHamu — chasa byToHi3aLii.

Ta6nuys 5. MikpoGionoriyHi koedilieHTU iHTeHCUBHOCTI Nnepe6iry FpyHTOBO-6ionoriyHux npoueciB B arpodiToreoueHo3ax coi
3a pi3HUX cuctem yao6peHHs, 2016-2019 pp.

Cucrtema yaobpeHHs
. . - npomucriosa (KOHTPOIb) | eKonorivyHa | GionoriyHa
MikpoGionoriuHi aan POCTy KyTbTYPH
KoedilieHTn - a311 POCTY KyNbTyp - -
. .| noBypiHHA .. | noBypiHHsa .. | NOBYPiHHA
cxoamn | ByToHizauin 6068 cxoam | GyToHisauis 6068 cxoam | ByToHizauis 606iB
MiHepanisauii-immobinisauii
asoty (KAAIMIA) 1,52 1,37 1,55 0,83 0,72 1,39 0,60 0,71 0,99
MNepoTpodpHocTi (MA/MIMA) 1,25 1,65 0,80 1,03 1,58 1,17 1,45 2,00 1,08
OnirotpodpHocTi (TA/MMA) 1,61 1,01 0,94 1,14 0,54 0,84 1,58 0,52 0,48

MakcumanbeHi 3HayeHHs1 koedoilieHTa negoTpPOdHOCTI
Oynun 3acdpikcoBaHi y BapiaHTi GionoriyHoi cuctemun ynoo6-
peHHs y ¢asdy byToHisauii pocnuH — 2,00. AKWwo X GinbLu
AeTanbHO po3rnsAaTyv 3aKOHOMIPHOCTI 3MiHM 4aHOro Moka-
3HUKa, TO MIABULLEHHA WMOro 3HA4YeHHs1 CBigYMTb Mpo 306i-
NblUEHHS IHTEHCMBHOCTI pPO3Knagy OpraHiyHOi pevyoBUHM
I'PyHTY, ogHak GionoriyHa cuctema yaobpeHHst 6asyeTbes
BMKIMIOYHO Ha oOpraHiyHomy [obpuBi. A OTXe, y OaHoMy
BUNagky koediuieHT NeaoTPoHOCTI CBIAYNTL NPO aKTUBHE
po3KnagaHHs MiKpoopraHiaMamMu opraHiyHux 4obpwvB, BHe-
CeHWX y I'pyHT Ansa 3abeaneveHHs notpeb pocnuH B erne-
MEHTaXx XUBIEHHSI.

£k 3a3HayveHo BMLLE, BUCOKI 3HaYEHHS KoediLlieHTa ori-
roTpOOHOCTI BKa3yloTb HA 3HWXKEHHSI BMICTY B I'pyHTi no-
XMBHUX peyoBuH. BapTo 3a3HauuTu, Wo y dasy cxonis
3HaYeHHs1 AaHoro koediuieHTa nepebysanu B mexax 1,14-
1,61 no Bcix BapiaHTax cuctem ynobpeHHs coi. AHanis
NorogHUX yMoOB no4vaTtky BeretauinHoro nepiogy pokis npo-
BeJeHHA JocnifXeHb nokasas gediumT BOMorM B r'pyHTi Ha
Yac MpPOPOCTaHHA COi (AaHi He npeacTaBneHo). A OTxe,
HaBiTb 32 YMOBM 3aCTOCyBaHHSI MiHeparnbHUX E€rneMeHTIiB

XKVBMEHHS1 BOHW MOrnun OyTu HeJOCTYMHUMMK SIK pPOCIMHaM,
Tak i MikpoopraHiamam 3a paxyHOK HecTadi BOrOry rpyHTy.

MokasHMKM KoedilieHTa oniroTPOdHOCTI eKOMOorivYHOI Ta
GionoriyHoi cucTteM yaoOpeHHsA Ha eTanax OyToHisauii Ta
nobypiHHa 606i8 (0,52-0,84) ceigyaTb Npo xopouly 3abe3ne-
YeHiCTb I'PYHTOBOI MiKPOBIOTU NErko3acBoOBaHUMMK OpraHiy-
HYMW pevyoBUHaMK Ta POPMYBaHHS ONTUMAaNbHUX YMOB Ansi
PYHKLIIOHYBaHHS! 'PYHTOBOrO MIiKPOGHOIO KOMMMEKCY.

AHani3 MikpobionoriyHux koediuieHTiB ansa pusocdep-
HOI MIKpOGIOTM TaKOX BUSIBUB iCTOTHI BiAMIHHOCTI iX 3Ha-
YeHb ANS Pi3HMX cMCTeM yAoOpeHHst (Tabn. 6).

MopiGHo pmo rpyHTy, y pmusocdepi coi y BapiaHTi npo-
MUCOBOI cUCTeMn yaobpeHHs Hamu Byno oTpumaHo Bu-
COKi 3HayeHHs koediuieHTa MiHepanisauii-immo6inisauii
(1,87-2,03), wWo cBiguMTbL MNpPO MnepeBaxaHHA MnpoLecis
OecCTpyKUiT opraHiyHOT peyvyoBWHW Hag CUMHTE30M 3a BCiX
gocnigxyBaHux a3 po3BUTKY POCNUH coi. Y BapiaHTi
€KororiyHoi cuctemn yoobpeHHs nepeBakaHHs NpoLeciB
OEeCTpyKUii Hag CUMHTE30M crnocTepiranocb nuwe y dasy
nobypiHHa 606iB, a 3a GionoriyHoi cuctemun yaobpeHHsa —
y chasy 6yToHisauii (1,19).

Ta6nuys 6. MikpoGionoriyHi koediLieHTU iIHTeHCMBHOCTI NepeGiry I'PyHTOBO-GionoriuHUx npoueciB y pusocdepi coi
3a pi3HUX cuctem yao6peHHs, 2016-2019 pp.

Cucrtemu yno6peHHs
npoMucrnosa (KOHTpons) | eKonorivyHa BionorivyHa
MikpoGionoriyHi koedilieHTH dasu pocTy KynbTypu
OyToHi3auis nogggli:Hﬂ OyToHi3auis nogggli:Hﬂ GyToHi3auisa nogggli:Hﬂ
MiHepanizauii-immobinisauii asoty (KAA/MIMA) 1,87 2,03 0,81 1,39 1,19 0,82
MepoTpodpHocTi (MA/MIMA) 1,34 1,88 0,95 1,47 1,78 1,63
OnirotpodHocrTi (TA/MIMA) 1,88 0,76 0,81 0,17 1,16 0,20

MokasHuKM KoedilieHTa NegoTPodHOCTI By BUCOKMMM
y QinaHui pusocdepu coi y asy byToHisauii Ha npomucno-
Bili Ta Gionoriynii cucremax (1,34 Ta 1,78), a y cbasy 6yToHiI-
3aLii — 32 YMOB 3aCTOCYBaHHS BCiX CUCTEM yA0OPEHHS.

YcTaHoBMEHO, WO, BiANOBIOHO A0 KoediuieHTa oniroT-
podoHocTi, y da3y GyToHisauii pocnuH coi fobpe 3abesne-
YEHHS1 Ierko3acBOKBaHUMW OPraHiYHUMKU  pevoBMHAMU
Oyno 3a ekornoriyHoi cuctemun ynobpenHsa (0,81). Y dasy
nobypiHHa 606iB 3a NPOMMCNoOBOI, ekonoriyHoi Ta Gionoriy-
HOI cucTem yaobGpeHHs crnocTepiranacb xopola 3abesne-
YeHICTb 'PYHTOBOI MiKpOGIOTM NErko3acBoOBaHMMU OpraHi-
YHUMW pevyoBMHaMU. YCTaHOBMEHI 3aKOHOMIPHOCTI BignoBi-
AalTb i3ionoriYyHMM BMMOram poCivH col, ampxke y asy
nobypiHHsi 606iB NoTpeba B eneMeHTax XUBMeHHSA Habara-
TO MEHLUA, HiX Y dhady byToHisaLii.

BucHoBku. MpoBeaeHi gocnigXeHHsa nokasanu, Wwo 3a-
CTOCYBaHHSI ANsi BUPOLLYBAHHA COi B YMOBaX KOPOTKOPO-
TaUiNHMX CiBO3MiH eKomnoriyHoi cuctemu ynobpeHHs 3i 36a-
NaHCcoBaHWM MOEAHaHHAM MiHEepanbHUX Ta OpraHiyHuX
nobpuB i GionoriyHoi cucTemMn yLoGPEHHs i3 Cy4acHMMM
opraHiyHumn gobpueamu Ta rymatamu crnpusie 36inbLueH-
HI0O YMCENBbHUX MOKa3HWKIB MIKpPOOIOTM TFPyHTY Ta nonin-
WeHHo nepebiry npoueciB TpaHcdopmadii  opraHivyHuX
CMonyK MOpiBHAHO 3 MPOMMCIIOBOK CUCTEMOIO YA0OPEHHS,
HaCM4eHOo MiHepanbHUMK obpreamm.

YcTaHOBMEHO, WO MiHepanbHe yA0OpeHHst coi CyTTEBO
NocUNMNO Po3BUTOK MIKPOOPraHiamiB, siki BUKOPUCTOBYHOTb
a30T MiHeparnbHKX CMoMykK, a OT 3a eKosoriYHoi Ta Gionori-
YHOI CUCTEM YyOOOPEHHS YMCENbHICTE aMiNONiTUYHNX MiK-
poopraHiamie Oyna MEHLUOK MOPIBHAHO 3 MPOMWCIOBOI
CUCTEMOIO YAOOPEHHS. Y TOM Xe Yac YMCEenbHICTb OniroT-
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podHMX MikpoopraHiamie Gyna HanBULLOK MpWU 3acToCy-
BaHHi NPOMUCIOBOI CUCTEMU YAOOPEHHS, IO CBIAYUTL NPO
HecTady NerkogoCTYMHWUX €NeMEeHTIB XWUBMEHHSA Ta mnocu-
NeHHs1 rymidikauinHmnx npouecis. OTpumaHi Hamn koediui-
€HTM MiHepani3auii-immobinisauii asoTy, negoTpodHOCTI Ta
oniroTpopHOCTI NiATBEPAMAN BU3HAYEHi 3aKOHOMIPHOCTI
npouecis MiHepanisauii Ta immobinizauii a3oTy Ta gocTyn-
HOCTi Nerko3acBoBaHMX OPraHiYHUX PeyoBUH Yy I'PYHTI 3a
pi3HUX cMCTEM yao0OpeHHs.
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MICROBIOLOGICAL ACTIVITY OF SOILS BY SOYBEAN WITH DIFFERENT VARIANTS OF FERTILIZATION

The aim of the study was comparative evaluation of microbiological processes occurring in the soil and rhizosphere during the soybean cultivation
in the conditions of short-term rotation with the use of different fertilizer systems. Methods.The content of ammoniating, amylolytic, pedotrophic, oligo-
trophic, asporousmicroorganisms, and micromycetes was determined. The soil and rhizosphere microbiological processes were characterized by min-
eralization — immobilization, oligotrophism, and pedotrophism coefficients. The use of ecological and biological fertilizer systems was accompanied by
the increase of ammoniating microorganisms in the soybean budding phase. The use of exclusively mineral fertilizers of soybean has only significantly
increased the development of microorganisms which use nitrogen of mineral compounds. The number of oligotrophic microorganisms was the highest,
indicating that the stocks of readily available nutrients were depleted and that humification processes were intensified. For the ecological system of
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fertilizers, the coefficient of nitrogen mineralization-immobilization was 0.72-0.83, and for the biological system was the lowest 0.60-0.99. It confirms the
equilibrium of the processes of mineralization and immobilization. The oligotrophic coefficients for the ecological and biological fertilizer systems at the
stages of budding and browning of beans indicate the good availability of soil microbiota with easily digestible organic substances. The use of an eco-
logical fertilizer system with a balanced combination of mineral and organic fertilizers and a biological fertilizer system with modern organic fertilizers
and humates increases the activity of soil microbiota and improves the processes of organic compound transformation of.

Keywords: microbial processes, fertilizer system, soybean, soil microbiota.
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MUKPOBUOINOIMM4YECKAA AKTUBHOCTb NMO4BbI NMPU BbIPALLLMUBAHUKX COU
C PA3JIMMHbIMUA BAPUAHTAMU YOOBPEHUA

Lenbto pabomsi 6bina cpasHUMesnbHasi oyeHKa MUKpo6uo102u4ecKUX Mpoyeccos, npoucxodsuux e no4yee u pusocgepe npu ebipawjusaHuu cou
8 yCJ108UsIX KOPOMKOPOMAaUUOHHbLIX CE80060POIMOE C UCMOIb308aHUEM Pa3ludHbIX cucmeM yoobpeHusi. Onpedensiiu codepxaHue e Nnoyee u e pu-
30c¢hepe aMMOHUGDULUPYIOWUX, aMUTONIUMUYEeCKUX, NedompogHbIX, 05IU20MPOPHbLIX MUKPOOP2aHU3MO8, YUC/IEeHHOCMb Hecrnopoeoll MUKpogiopbI
u Mukpomuyemos. HanpaeneHHOCMb MUKPO6UOI02UYECKUX MPOUECCO8 M0Y8bl U pu3ocghepbl paccyumsiganu ¢ MOMoubio Ko3ghguyueHmos MuHe-
panusayuu-ummobunusayuu, onuzompogHocmu u nedompogHocmu. Ha eapuaHmax akonoauveckol u 6uoso2uyeckoli cucmem yOo6pPeHUsT YUCIIEH-
HOCMb aMMOHUGUUUPYOWUX MUKPOOp2aHU3Moe 8 ¢ha3y 6ymoHu3ayuu cou yeesiuyueasnach 1o cPagHEeHUIo € MPoMbIWIeHHOU cucmemol ydo6peHusi.
lMpumeHeHuUe UCKTIOYUMENTLHO MUHEPaibHO20 YyA06peHUs1 COU MOJILKO CYWeCmEeeHHO yCuUuIo pa3eumue MUKpPOOp2aHU3MOo8, UCMOoNIb3yowux asom
MUHepanbHbIX COeOUHEeHUl. YcmaHOoesIeHo, Ymo YUC/IeHHOCMb 0JIu20mpoghHbIX MUKPOOP2aHU3Moe Oblna ebicoKkol, Ymo ceudemesniscmayem 06
ucyeprnaHuu 3anacoe s1e2ko8ocmynHbIX nuMamesbHbIX 3/IEMEHMO8 U ycuieHuu 2ymughukayuoHHbIX npouyeccos. 1o akonoauyeckoli cucmeme ydo6-
PeHus1 KoaghhuyueHm MuHepanusayuu-ummobunusayuu azoma 6bu1 Ha ypoeHe 0,72-0,83, a no 6uonoz2uyeckoli cucmemMe — caMbiM Hu3kum, 0,60-0,99,
4mo nodmeepxdaem ypasHoeewueaHue MPOYeccos8 MuHepanusayuu u ummobunusayuu. KoaghgpuyueHmsi onuzompogpHocmu 3konozauyeckol u
6uosiozuyeckoli cucmem yAobpeHusi Ha amanax 6ymoHu3ayuu u nobypeHusi 606oe ceudemesnibcmeyom o xopouweli obecrneyeHHoCMmu Mo4YeeHHou
MUKpO6UOMBbI Jle2KoyCceosieMbIMU Op2aHuU4eckumu eeujecmeamu. [lpumeHeHue 3Kosoz2u4eckol cucmembl yOobpeHusi co cbanaHcupoeaHHbIM coYe-
maHueM MuHepasibHbIX U op2aHu4deckux ydobpeHull u 6uonoauveckoli cucmemMb! YOO6PEHUsT C COBPEMEeHHbIMU Op2aHUYecKuMu yOobpeHuUsiMu u ay-
Mamamu criocob6cmeyem yeenu4eHuro akKmueHoCmu MUKpobuomal NoYesbi U yiy4ueHUro rpoyeccoe mpaHcgopMayuu op2aHuU4ecKux coeduHeHul.

Knroyeenie crnoea: MukpobHble npoyecchl, cucmema y0obpeHusi, cosi, 2pyHmoeasi Mukpobuoma.
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BMNJIMB EHOAONEHHUX NPOCTAHOIAIB HA )KXOBYUOCEKPETOPHY ®YHKLIIIO Y LYPIB
PISBHUX BIKOBUX reyn

X oeyocekpemopHy hyHKUito 8 ymoeax 610kadu npupoOHO20 akmueamopa cuHme3y npocmazaaHouHie YUKITOOKCcU2eHa3u
esedeHHsIM auyemursicaniyunoeoi kuciomu (100 mk2/k2 Macu mina meapuHu, eHympiwHbornopmarsbHo) docnidxyeanu Ha 30 He-
NiHiGHUX 6inux wypax-caMysx mpbox eikoeux 2pyn: reeHinbHoi (maca 130-175 2), 3pinoi (maca 200-250 &) i cmapoi (maca 6i-
nbwe 300 2) 8 ymosax 20cmpoz2o ekcriepumeHmy. flocnioxeHo 3MiHU 06°'eMHOI weudKocmi 084YOYMEBOPEHHSI 8 20CMPUX eKcrle-
pumMmeHmax ma 6ioximi4yHo20 cknady xoe4yi MemoOdoM MOHKoWapoeoi xpomamozpadii.

XpomamoepaghidyHo 3 HacmynHor AeHcumomempieto susHa4aecs 8iOHOCHUll eMicm xoJsieeoi, xeHode30KcuxoJsieeol, maypo-
XoJ1eeoi ma 2J1ikoxosieeoi X084YHUX Kucsiom y cekpemi ne4viHku wypie. [ebim xoe4yHux Kucsiom po3paxoeyeasnu sk MHOXUHY
KOHUeHmpauii )Xxoe4YHUX KUC/iom, MOMHOXeHOI Ha 06'eM cekpemoeaHoi Xoeui 8 00Hil 8idnoeidHili mpudusimuxeusnuHHil npooi.
Koedpiyienmu koH'ro2auyii po3paxoeyeasnu 0 KOXXHOI mMpulusimuxeusiuUHHOI npobu.

YcmaHoeneHo, w0, iMogipHO, eHO02eHHI MPOcMaHoidu NMPU2HiYYyIMb X084YOCEKPEemMoOPHY (BYyHKUit0 neYviHKu, OCKinbKku 6510-
Kada ix cuHme3y cnpuyuHsiia nideuuw,eHHs1 xonepe3y Ha 42,2-112,5 % y wypie ycix docnidHux eikoeux 2pyn 8iGHOCHO KOHMPO-
10, Y xoeyi wypie 3pinoi ma r0eeHinbHOI 8ikosux 2pyn eHOO2eHHi NpocmaasiaHOuHU, iMOgiIPHO, NPU2HiYyrMb NMPOUEecU KOH 'to-
2ayii Ha 117-189,1 % nopieHsiHO 3 KoHmMposieM, modi Ik y cmapoi 8iKogoi spynu Ui pesysnssmopu ennuealomb Ha npouyecu
3'eOHaHHS 0BYHUX KucJIom i3 2/1iyUHOM MPOMUJIEXXHUM YUHOM. AHaJli3 crieeiOHOWeHHSI KOH'F0208aHUX i 8ilIbHUX XXO8YHUX KUC-
Jsiom y cekpemi ujypie 3a3Ha4eHux 2pyrn rnoka3ae, o 3MiHu sikicHo20 cknady xoed4i y wypie 3a ymoe 6510kadu YUKIIOOKCcUu2eHa3u
g8idbyearombCsi MepesaXHo 3a pPaxyHOK MOCUJIeHHSI CUHMe3y 8iNlbHUX X084HuUXx kucnom de novo. BidnoegidoHo eHOoz2eHHiI npo-
cmaHoiou crnpu4yuHsiomMb npomusnexHul ennue. Omxe, eHO02eHHi NpocmaznaHOUHU YUHSMb pi3HOCNpsMoeaHull enaue Ha
JKO8YOCEKPEeMOpPHy hyHKUil0 wypie pi3HuUx eikoeux 2pyn, ujo 0ae 3Mo2y 2080pumu nNPo HeoGHO3Ha4Hy pPoJib yux 6ionozi4Ho
aKmueHuUXx crioslyK y peaynsiyii xonepe3sy Ha pi3Hux cmadisix OHmMo2eHemu4yHo20 PO38UMKY.

Knroyoei cnoea: xonepe3; npocmazanaHOUHU; rneYiHka; xoseea, xeHode30Kcuxosieea, a/likoxosiega, maypoxosieea }084Hi Ku-
criomu; eik; wypu.

BcTtyn. EViko3aHoign y pisHUX crniBBigHOLWEHHAX Oynn
BUSABIEHI NPaKTUYHO Yy BCiX TKaAHWHaXxX i opraHax ccasLiB.
TOHKI MexaHi3aMu perynsilii CMHTe3y Ta LUMPOKa PO3MOBCHO-
DKEHICTb B OpraHiamMi Jo3Bonsie LM GionoriyHoO akTUBHUM
peyoBMHaM 34iNCHIOBATU PI3HOCMPAMOBAHUIA BNAVWB Ha
perynaTopHi npouecu y kniTmHax. 3a nitepatypHumu ga-
HUMKM Jocnigm in vivo, in situ Ta in vitro nokasysanu Heod-
HO3HauHi pe3ynbTaTti Woao edekTiB npocTaHoigis [1].

KuBuUin opraHiaMm Mae CBOi OCOBNMBOCTI XKUTTEQIANBHOCTI
Ha pi3HMX eTanax OHTOreHeTWYHOro po3BuTKy. Lle, 6esymos-
HO, CTOCYETbCHA BHYTPILLUHLOKMITUHHOI, BHYTPILLUHEOTKAHUHHOI

Ta cUcTeMHoI perynsuii GionoriyHux npouecis. 3 BikoM 3MiHto-
€TbCA KiNbKiCHe CMiBBIAHOLUEHHS Myny npocTtarnaHguvHie, pi-
BEHb EKCrpecii peLenTopiB 4O HMX Ta aKTUMBHICTb hEPMEHT-
HUX CMCTEM, SKi BigMoBidaloTb 3a CMHTE3 NpOoCTarfaHavHIB B
yCiX TkaHWHax opraHiamy [1-4]. Bnnue npoctarnaHgvHiB Ha
YKOBYOCEKPETOPHY (PYHKLiO nediHku Ta GioxiMidHMA cknag
YKOBYi HA CbOrofHI € HegoCcTaTHLO AocnimpkeHnmm [5, 6]. Oco-
6nmMBO BUMyckalTbCA 3 yBaru BikOBi OCOONMBOCTI edbekTiB
NpoCTaHoIAiB Ha MeTaboniyHi npouecy y neviHui. Kpim Toro,
BMOIp TeMaTukv JaHOro AOCNMKEHHS CMOHYKano BCe LwypLie

© NaweHko T., 3aBropogHin M., XXuguk M., NMorpe6Ha A., Becenbcbkui C., Llanexko I1., 2020
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3aCTOCyBaHHS NpoTMU3ananbHUX PeYOBUH HECTEPOIAHOI rpynu
B Cy4acHivi papmaLeBTUYHI NPOMUCIOBOCTI.

MeTot Hawoi poboTn cTano AoCniaXeHHs BNNBY €H-
AOFEHHNX NPOCTaHOIAIB Ha XOBYOCEKPETOPHY YHKLiD Y
LLypiB pPi3HMX BIKOBMX rpynm.

MeToau Ta maTtepianu. XKoB4ocekpeTopHy yHKLiO B
ymoBax 6nokaav NpUpOAHOro akTusaTopa CUHTe3y Mpo-
cTarnaHavHIB LUKNOOKCUreHasn BBEAEHHSM aueTturncani-
LUunoBoi kucrnoTu gocnigxysanu Ha 30 HeniHiHux B6inux
Lypax-caMuax TpbOX BIiKOBWX Fpyn: OBEHiNbHOI (Maca
130-175 ), 3pinoi (maca 200-250r) i crapoi (maca 6i-
nbwe 300r) B ymoBax rocTporo ekcnepumeHTty [7]. Yci
eKCnepyMMeHTV Hag TBapuHaMy BUKOHYBanu 3 JOTPUMaH-
HAM BUMOr €BpPONENCbKoi KOHBEHLIT i3 3axucty xpebet-
HUX TBapuH Ta 3akoHy Ykpaiin Ne 3447 IV "po 3axuct
TBapWH Bif, XXOPCTOKOro NOBOAXEHHS".

3a poby [0 noyaTtKy ekcrnepuMEeHTY TBapWHWU 3HaXOAM-
nMcb B YMOBax Xap4oBOi AenpuBalii, goctyn no Boau Oys
BiNbHUM. KOXHy BIKOBY rpyny po3ginunu Ha OBi O4HAKOBI:
ogHa Oyna KoHTponbHO (n=5), a iHwa — agocnigHot
(n =5). AueTuncaniunnoBy KUCMOTY BBOAUNM Y BOPITHY Be-
Hy go3oto 100 MKr/kr macm Tina TBapuHW. Yepes TOHKy nnac-
TMKOBY KaHoM 36mpanu >oBY i3 BignpenapoBaHoi *0BYHOT
npotoku. Mig Yac ekcnepuMeHTy KaHons byna npue's3aHoto
[0 NpoTOKM. YKoBY 36Mpanu KoXxHi TpUALATb XBUMUH, PEECT-
pytoum 06'eMHy LUBMAKICTb xorecekpeuii (Mkn/r macu Ti-
na/xe). TBapyHam KOXHOI AocnigHoi rpynu 4epes 30 xB mic-
NSt NovaTKy eKCNepMMEHTY BHYTPILLUHbOMOPTANbHO BBOAWIN
auetuncaniyunosy kucnoty  ("Sigma", CLUA) posoto
25 mkr/100 r macw Tina. KoHTponbHum rpynam yepes 30 xB
nicnst noyaTky €eKCNepMMEHTY BBOAMNN BHYTPILLUHLOMOP-
TansHo 0,9 % po3unH NaCl y o6'emi 0,1 mn Ha 100 r macu
Tina TBapuHu. [ani BnpogoBX 2,5rog Bu3Hadanu o6'em
CEKPETOBAHOI XKOBYi Y KOXHI TPUALUATUXBUIMHHIN NpoGi.

Y KOXHii TPUOUATUXBUINNHHIA Npobi BM3HAYanu KoHue-
HTPAaLito Ta BMICT XOBYHUX KMCIOT METOAOM TOHKOLLAPOBOI
xpomatorpadii [5]: 0,1 mn »xoB4i gogasanu go 1,8 mn oxo-
NOAXEHOI eKCTparyyoi CyMilli eTaHon — aueToH — Boga y
cnieeigHowweHHi 1: 3 : 1. Mpobu oxonomxysanu BNPOLOBX
30 xB, micna 4yoro ueHTpudyrysanu 10-12 x8 npu 3000-
4000 06./xB. EkcTpakT BuMCyllyBanu npu Temnepartypi
37 °C po cyxoro 3anuuky. Cyxui 3anuoK PO3YUHSNU Y
50-100 mkn cymiwi etaHon-eoga (6 :4). 5 mkn npobamu
HaHocunu 15—-20 Mkn Ha nonepeaHbO PO3MiYeHi XpomMaTo-
rpadpiyHi apkywwi. XpomatorpadiyHuin po3noain BiflbHUX i
KOH'OrOBaHUX >KOBYHMX KUCIOT 34ilNCHI0Banu y cymilli ani-
noBwuii edip OLTOBOI KMCNOTU — Tonyon — GyTaHon — ouTo-

Ba KuMcnoTa — BoAa y cniBBigHoweHHi 3:1:1:3:1 Ha
nnariskax "Silufol" (Yexia). BusHadyeHHA okpemmnx dpakuin
)KOBYHMX KUCNOT MPOBOAMMM 3a [OMOMOro CcTaHaapT-
TUTPIB i Pi3HOKONBLOPOBOI hryopecueHuii B Y®-aianasoHi
npv akTuBauii NnaTiBok cipyaHo KucrnoTor. XKoBYHi Kuc-
notu posnoginsanucsa Tak: TaypoxoneBa (TXK), cymiw
TaypOXeHOOEe30KCMXONeBoi  Ta  TaypoAe30KCMXOneBoil
(TXOXK + TOXK), rnikoxonesa (MXK), cymiw rnikoxeHoge-
3okcmxoneBoi Ta rnikogesokcuxonesoi (MXOXK + MOXK),
xonesa (XK), cymil xeHoOe30KCMXomneBoi Ta [e30KCUXOo-
nesoi (XOXK + OXK). Ons KinbKicCHOro BU3HaYeHHS BMICTY
YKOBYHMX KMCMOT xpomartorpacm nonepeaHLo obnprckysa-
nn ©GapBHuKamu: 15 mMn nbogsiHOI ouTOBOi kucrotn, 1r
ocdhopHomonibaeHOBOI KUCNOTK, 1 MA CipYaHOi KUCMOTW.
MposiBnann xpomatorpadpm npu TemnepaTypi 60-70 °C
BMNPOAOBX 5 XB, MiCNsi YOro BU3Ha4anu BMICT XXOBYHUX KUC-
not Ha geHcutomMeTpi JO—1M (A = 620 HM).

[ebiT XOBYHUX KUCNOT pO3paxoByBamnu SK MHOXUHY
KOHLIEHTpaUil >KOBYHMX KMUCIOT, OTPUMaHOI MeTOAOM
TOHKOLLAPOBOi xpoMaTtorpadii OKpemo Ans KOXHOI >KOB-
YHOT KMCIMOTU, MOMHOXEHOI Ha 06'eM CEKpeToBaHOI XOB-
Yi B OOHIN BigMNOBIOQHIN TpUOLATUXBUNUHHIA npobi. Koe-
diuieHTn KoH'torauii po3paxoByBanu AN KOXHOI Tpu-
OUSTUXBUNUHHOI Npobu.

CratnctuyHy obpobKy oTpMMaHux pesynbTaTiB 3fiic-
HIOBanM 3a [JOMOMOrol MakeTy MNpuKNnagHuMX nporpam
STATISTICA 10.0 ("Stat Soft", CLLUA). Bubipku nepesipsnm
Ha HopMarbHicTb 3a TectoM LWanipo — Yinka, HopManbHO
po3noAineHi faHi obpaxoByBanu 3 BUKOPUCTAHHAM KpuTe-
pito t CTblogeHTa. 3HavyL UMK BBaXKanu 3MiHW MiXK KOHTPO-
nem i gocnigom npu P < 0,05 [8, 9].

Pe3ynbTaTtn Ta ix o6roBopeHHs. Hawi gocnigxeHHs
rnokasanw, Lo 3acToCyBaHHsi briokaTtopa CUHTE3y eHOOreH-
HUX NpocTarnaHAMHIB Yy LWYpIB FOBEHINbHOI BiKOBOI rpynu
BMKNMKaNo 3Havywe 30inblieHHA (y CcepegHbOMy Ha
112,5 %) o6'emHoi wBMAKocTi xoByosugineHHsa (P < 0,05)
B YCIX TPUOUATUXBUITMHHUX Nepiogax nicns BBeAEHHS 6ro-
katopa (puc. 1 a). MoxHa npunycTuTy, WO rinepxonepeTu-
YHUI edeKkT 3a yMOB Gnokagu CUHTE3y €HOOreHHMX Mpo-
CcTaHoifiB Bigobpaxae NPUrHivyl4Min BNMB OCTaHHIX Ha
XKOBYOCEKPETOPHY (PYHKLIO MEYiHKM Y IOBEHIMbHUX LLYpIB.
Y 3pinoi gocnigHoi rpynu cnocrepiranocb 3Hauvylle 36inb-
LEHHS O0'eMHOI LWBMAKOCTI xonepe3y (y cepeaHbOMy Ha
52,3%) 3 1 no 5 TPUAUATUXBUNUHHWIA NEPIOA BKIHOYHO
(P < 0,05) nicna BHyTpiWHbONOPTaNLHOIO BBEAEHHS aue-
Tuncaniyunosoi kucnotu (puc. 1 6).
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Puc. 1. O6'eMHa WBKAKICTb XXOBYOBUAINEHHS Y LYypiB OBEHINbHOI (a), 3pinoi (6) Ta cTapoi (B) BikoBUX rpyn:
(M £m, n=10): 1—koHTponb, 2 — gocnig. * P < 0,05 nopiBHAHO 3 KOHTpPONEeM
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BHyTpiWwHbOMOpPTanbHe BBeAEHHsI Orokatopa CUHTE3y
NpOCTaHOIAIB y 3pinNuX LLypiB BUKIMKaE AOCTOBIPHWUIA rinep-
XonepeTuyHun edeKkT ynpoaoBX YCbOro EKCNepUMEHTY.
MpocTarnaHanHK, iMoBIpHO, BNNBAOTb Ha 06'eMHY LUBMA-
KICTb XOBYOBMAINEHHS OMNOCEPeAKOBaAHO — 5K BA3OKOHCT-
PUIKTOP: 3HUXYETHCH PiBEHb KPOBOMOCTaYaHHA NEYiHKOBMX
YaCTOYOK i, BiANOBIAHO, 3HWXYETLCS piBEHb Xonecekpeuii.
Lli paHi ysrogxyloTbes 3 iHWuMn gxepenamu [1, 11], y
SIKMX CTBEPOXYETbCH, WO €eHAOreHHi npocTarnaHanHu
MatoTb FiNOXONepeTUYHUI BNUB Ha NeYiHKy, TOAI Ak 6ro-
Kada LMKNOOKCMreHasn BUKNUKae 3Hadylle 36inblieHHs
piBHSA Xonepesy. Y cTapoi AoCnigHoi rpynu Mmn crnocTepi-
ranM TeHAeHLilo OO0 3pOCTaHHs PiBHA Xxonepesy nicns
BBEJEHHSA YHiBepcanbHoro 6nokaTopa LUMKNOKCUreHasu,
3Havywe 36inblweHHsA Ha 42,2 % Gyno nuvwe y TpeTboMy
TpuauaTnxsmnuHHomy nepiogi (P < 0,05) (puc. 1 B). Bigno-
BiQHO y CTapuXx LUypiB eHAOreHHi NpoCcTaHoiAN MOXYTb BU-
KIMMKaTU 3HWKEHHS1 06'EMHOI LUBMAKOCTI Xonepesy, ane He
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B TaKOMY CTYMEHi, SIK Y I0BEHINMbHUX | cTaTeBospinux. OTxe,
BMXOOAYN 3 OTPUMaHUX HaMu pesynbTaTiB, MOXHa CTBep-
OKyBaTu, WO eHAOreHHi NpocTaHoiaun, iMOBIPHO, Yy Pi3HOMY
CTYNeHi NPUrHiYyloTb Xonepes y LWypiB YCix BiKOBUX rpym,
OCKiMbKM 3aCTOCYBaHHS aueTuncaniynioBoi KUCNOTU BU-
KIMKae rinepxonepeTnyHum edekT.

Byno npoBegeHo GioximMiYHMI aHani3 >xoB4Yi 3 METO
BU3HAYEHHS BMMMBY €HOOrNEeHHUX NPOCTaHOIAIB Ha CUHTES i
0BMiH XOBYHMX KUCIOT, SIKi € BaXIMBUMW areHTamm XOoBui 3
ornsay Ha iX emynbrytodi Ta perynsatopHi Wwono xonepesy
BrnacTuBocTi. Hawwi gocnigkeHHs nokasanu, wo AebiT »oB-
YHUX KMCMOT Micns BBeAeHHs BriokaTtopa LMKIOOKCMreHasun
Yy HOBEHIMbHIN JOCMigHIN rpyni MaB nepeBakHO TeHAEeHLUil
00 3pocTaHHsA. Tak y TaypoxoneBol Ta rnikoxonesol XoBY-
HMX KucnoT AebiT 3Hadvylle 3pocTaB (y cepedHbOMYy Ha
84,6 i 94,9 %), Nno4MHauM 3 NepLIoro Ans TaypoKoH'tora-
TIB | TpeTbOro TPUALUATUXBUIMHHOIO nepiogy AN rniko-
KoH'toraTiB i go kiHuda gocnigy (P < 0,05) (puc. 2 a, 6).
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Puc. 2. [le6iT TaypoxoneBoi (a), rnikoxonesoi (6), xoneBoi (B) Ta CyMmilli XeHOAE30KCUXOEeBOI i e30KCUXoneBoi (r) KUcnoT
Y )KOBUYi LWypiB HOBEHINbLHOI AOCHiIAHOI rPynu NOopiBHAHO 3 KOHTponeM (M £ m, n = 10): 1 — KoHTponb, 2 — gocnia

* P < 0,05 nopiBHSAHO 3 KOHTPONEM

OTmxe, MOXHa 3pOOWUTM MPUNYLLEHHS, WO EHOOreHHi
npocrarnaHguHy MpUrHivyTb Npouecu KoH'torauii >KoBY-
HUX KUCMOT i3 TaypuHOM i IMiLMHOM Y XOBYi tOBEHINbHUX
wypis. Lle ysromkyeTbca 3 niTepaTypHUMW OaHUMW, SKi
cBig4aThb Npo Te, WO npocTarnaHauHu 3MiHTL GioXiMiy-
HWI cknag xo.ui [10, 11]. MNpoTe, iMOBIpHO, WO Le He eau-
HWIA edhbeKT eHaoreHHNX NPOCTaHOIAIB Y AaHiv BIKOBIN rpyni,
OCKiNbkM AebiT BiNbHMX xonaTiB TeX 3HadyLle 3pocTaB (Xo-
NeBOI KUCIOTU — B cepeaHboMy Ha 334,4 %, XeHO4e30KCH-
XOneBoi Knucnotn — Ha 295,2 %, BignoBigHo) y BCix Tpuaus-
TUXBUNMMHHMX nepiogax (P < 0,05) (puc. 2 B, r). Lle HawTo-
BXY€E Hac Ha OyMKy, IO €HOOreHHi npocTarnaHavHn npur-
HIYYIOTb CUHTE3 BIiNMbHUX XXOBYHUX KWUCMOT Y HOBEHIMbHUX
wypis. [ligcymoBytoun BCi pesynbTaTu, SKi CTOCYHOTbCS
IOBEHINbHOI rpynu LLYypiB, MOXHa BUAINUTM Taki MOXIMBI
0CoBNMBOCTI BNMMBY €HOOrEHHVX NPOCTaHOIAIB Ha XOBYO-
CeKpeTopHY PyHKUi0: AaHi GionoriyHO aKkTUBHI PEeYOBUHMU

MOXYTb BMMMBATU Ha CUHTE3 XXOBYHWUX KUCIOT AK MPSAMO,
TakK i, IMOBIpPHO, onocepeaKkoBaHO Yepes 3MEHLLEHHS iHTe-
HCMBHOCTI KPOBOMOCTaYaHHS NeYiHKOBOI YacTOUKM. Y 3B'A3KY
3 UMM MOXe 3MIHIOBaTUCS He NNLLE KiNlbKiCTb CUHTE30BaHMX
YKOBYHMX KUCNOT, ane 1 CniBBiAHOLWIEHHS MK HUMM, LLO 3a
nitepaTtypHUM/ AaHNMK HE € CTanok BENTMUMHOK 3a Pi3HOro
piBHSI KPOBOMOCTaYaHHA neviHky [4, 12].

[ebiT XOBYHMX KMCNOT Y 3pinin AocnigHini rpyni wypis
3MiHIOBaBCSl Micnsi BBeOEHHA OGnokagu LMKIOOKCUreHasn
nonibHo [0 toBeHinbHOI gocnigHoi rpynu. 3okpema, aebit
TaypOXOmneBoi KUCMOTK 3HaYyLLe 3pOCTaB Yy CepefHbOMY Ha
51,1 % (P < 0,05) gna nepwoi, TpeTbOl, YeTBepTol Ta n's-
TOi TpUAUATMXBUNMHHUX nNpob pgocnigy (puc. 3a). lMpu
ubomy AebiT cymili rnikokoH'toraTiB Tex 3Hadylle 3pocTaB
(y cepegHbomy Ha 188,3 %) y BCiX TpUALATUXBUNMHHUX
nepiogax mnicns BHYTPILUHbOMNOPTaNbHOIO BBEAEHHS aue-
Tuncaniyunosoi kucnotu (P < 0,05) (puc. 3 6).
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Puc. 3. 3miHu gebity TaypoxoneBoi KNCNoTu (a), cymilli rnikokoH'toraTiB (6) i cymilli BinbHMX XXOBYHUX KUCNOT (B)
Y )KOBUi LWypiB 3pinoi gocnigHoi rpynuy nopiBHsiHO 3 KOHTponeM (M £ m, n = 10): 1 — KOHTponb, 2 — gocnia

* P < 0,05 nopiBHSAHO 3 KOHTPONEM
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OTxe, eHOoreHHi NpocTaHoian y 3pinux Lypis, iMOBIp-
HO, MPUrHIYYIOTb MpoLEecu KOH'lorauii XXOBYHMX KWCIOT i3
aMiHOKMCIIOTaMM, OCKINbKN MU BUSIBUNN 3POCTaHHS AOebiTy
CyMiLLi rniko- Ta TaypokoH'toraTiB nicns 6rnokagum cuHTesy
€eNKo3aHoIAIB, WO TeX € apryMeHTOM Ha KOPUCTb LbOro
npunyLeHHs. Ane ebit rnmikoxonesoi KACNOTU MaB AesiKy
TEHAEHLI0 A0 3HWXKEHHS BNPOLOBX EKCMepUMEHTY, Lo
niaTBEPAXYE BWUCYHYTE HaMu MPUNYLEHHs LWOAO BMMUBY
€HAOreHHMX NPOCTaHOIAIB Ha CRiBBIAHOLLEHHSA MiXK dbpaKu,i-
AMU >KOBYHMX KUCMOT — SAK KOH'foratamu, Tak i BinbHUMMU,
O MM CrOCTepiranu N y oBeHinbHIA gocnigHin rpyni. LWo-
00 [ebiTy BinbHUX xonariB, TO Takui 3HaYylle 3pocTaB Yy
cepegHboMy Ha 103,4 % y Cymili XxeHOO4Ee30KCUXONEeBOi Ta
Aaesokcmxonesoi kucnot (P < 0,05) (puc. 3 B) i MaB TeHae-
HUii 4O 3pocCTaHHA y xoneBoi kucrnotu. OTxke, MoXHa npu-
NycTUTW, IO Y 3pinuX LUYpiB eHOOreHHi NpocTaHoian npur-
HiYYIOTb SIK CUHTE3 BiNbHUX X0NnarTiB, TaK i iX Npouecu KoH'-

torauii 3 amiHokucnotamu y 3pinoi gocnigHoi rpynu, Lo
Oyno nokasaHo TakoX Ha HBEHINbHUX LLypax.

Mpouecu cTapiHHA opraHiaMmy i NeyiHkn 3okpema nos-
HavalTbCA Ha QYHKUiAX 1 KNITUHHUX enemeHTiB. Mu
pocnigunu Bnnue GrnokaTopa eHOOreHHWX npocTarnaH-
OVHIB Ha GioXiMi4HWIA cknap KOBYi y LWYpiB cTapoi Biko-
BOI rpynu W oTpumanu Taki pesynbtatu. 3miHu pebity
XKOBYHMX KMUCMOT y CTapoi AocnigHOoi rpynu nicnst 6rnoka-
an Ol Manu iHWwwniA xapakTep, aHiX Taki y IoBEHINbHOT
Ta 3pinoi gocnigHux rpyn. 3okpema, oebit cymiwi rniko-
KOH'loraTiB MaB TeHAEeHLit0 0O 3MeHLUeHHs, Toai K AeoiT
TaypoxoneBoi CyMilli TaypoxonaTiB He3Hauylle 36inb-
wysaBcsa. 3Hadvywi 3miHn (P < 0,05) 6yno BusiBneHo y
BMICTi rnikoxoneBoi kucnotu: ii ebiT 3HMXyBaBcsa B ce-
pegHboMy Ha 50,9 % y neplmx ABOX TPUAUSATUXBUIMH-
HUX nepiogax (puc. 4 a).
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Puc. 4. [le6iT rnikoxoneBoi (a), TaypoxoneBoi (6) i cyMilli BinbHUX XXOBYHMX KUCNOT (B) Y cTapii AOCAiAHIA rpyni NOpPiBHAHO
3 KoHTponem (M £ m, n = 10): 1 — KOHTponb, 2 — gocniA.

* P < 0,05 nopiBHSAHO 3 KOHTPOMEM

CnpaBoXytoTbCs Halli NPUNYLLEHHS NPO HeOoOHO3Hau-
HUA BNMB €HOOrEHHWX MPOCTAHOIAIB HA CMIBBIQHOLUIEHHSI
MK ppakuisiMn >XOBYHUX KUCNOT i Ans ctapoi gocnigHoi
rpynu. Mpu UbOMY €HOOreHHi MpocTarnaHguHu y cTapux
LLypiB NOCUNIOIOTE MpoLecu KoH'torauii, 3okpema i3 rniuu-
HoM. [1e6iT BiNbHUX XOBYHWX KWCIOT y CTapii AOCHiaHIn
rpynu 3a pii 6nokatopa cMHTE3y eHOOreHHUX MPOCTaHOoIAIB
3poctaB (P <0,05) sk y xoneBoi (y cepegHbOMy Ha
157,3 %), Tak i y cymiLli XeHOAEe30KCUXONEBOT Ta AE30KCU-
XOmneBoi kucnot — y cepegHbomy Ha 57,1 % (puc. 4 6, B).
MigcymoByloUM OTpMMaHi pesynbTaTi, MOXHa NpuMycTUTH,
O Yy CTapin BIKOBi rpyni eHOOreHHi npocTarnaHgnHu

CMpUSIOTb YTBOPEHHIO KOH'MOrOBaHMX i3 FMILUHOM >XOBYHUX
KMCNOT i/abo MpUrHivyloTb CUMHTE3 BiNbHWX XonaTiB Ta iX
KOH'torauito i3 TaypvHOM.

3a niTepaTypHMMK gaHuMMW, i3 BIKOM Y LLypiB noripLy-
I0TbCA npoLecu KoH'toradii, TOMy naHka NpocTaHoidiB Moxe
perynoBaTy KOHLLEHTPALLit0 KOH'IOroBaHWX >KOBYHMX KMUCIOT Y
cekpeTi [13]. Tomy Hamu 6yno BupaxyBaHO KoedilieHT
KOH'toraujii Anst KoXHoi BiKOBOI rpynu. Y toBeHinbHoI gocnia-
HOi rpynu 3a pfji 6nokatopa UMKIOOKCUreHasm crocTepira-
nocb 3Hauywe 3HwkeHHsa (P < 0,05) koediuieHTa KoH'torauii
nig vac ycboro gocnigy, y cepeaHbomy Ha 190,2 % (tabn. 1).

Ta6nuys 1. KoediuieHT koH'torauii 3a Aii 6rnokaTopa LMKNOOKCUIeHas! y LWypiB pPi3HUX BiKOBUX rpyn

Yac, lOBeHiNbHI Wypun 3pini wypwm CTapi wypu

XB KOHTPOIb pocnig KOHTPOJb gocnig KOHTPOIb gocnig
10 43,47+2,01 13,55+0,56* 10,91+0,80 11,65+0,73 26,86+0,53 10,63+0,61*
20 43,32+2,69 13,88+0,41* 10,82+0,78 10,53+0,30 24,74+1,57 10,11+0,69*
30 37,56+3,61 14,65+0,38* 11,09+0,81 12,14+0,36 22,01+1,28 10,09+0,80*
40 40,06+3,93 14,91+0,59* 11,90+1,12 10,71+0,25 19,57+1,87 10,19+0,31*
50 42,81+2,16 14,60+0,12* 11,14+1,19 9,60+0,56 18,45+1,30 10,43+0,61*

* P < 0,05 nopiBHSAHO 3 KOHTPOEM

Lle moxe cBigunMTy nNpo Te, WO Yy HBEHINbHUX LLYpiB
NaHKa €eHOOreHHUX MpPOCTaHoIdIB, IMOBIPHO, MOCUIIOE
npouecu KoH'torauii. Y 3pinoi gocnigHoi rpynu 3miH koe-
diuieHTa koH'torauii BusiBneHo He Gyno (tabn. 1), Togi
SIK y CTapoi gocnigHoi rpynu 3a Aii aueTuncaniymnoBoi
KUCMNOTU cnocTepiranocb 3Havyuwle 3HmwkeHHsa (P < 0,05)
KoedilieHTa KoH'lorauii BNpoOoOBX YCiX TpuAUATUXBU-

NWHHMX nepiodiB y cepegHbomy Ha 123 % (tabn. 1).
IMOBiIpHO, WO noXxigHi apaxigoOHOBOI KMCMOTU y CTapux
LypiB BigYYTHO MOCWUIIOKTL Mpouecu KoH'torauii, gk iy
LLYpiB OBEHINbHOro Biky. MNpoTe AaHe NUTaHHSA He MoXe
OyTV OCTaTOYHO 3aKPUTMM, OCKIfbKW € NiTepaTypHi AaHi,
AKi cBigyaTh, WO 3 BIKOM Yy OBYi 30inblUyeTbCA BMICT
BifTbHOrO XOnecTepony BHAaCNIAOK 3HWXEHHS aKTUBHOCTI
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7-a-rigpokcunasmn, ska 3anyyae Xornectepon y CuHTes
XKOBYHMX KMUCINOT — a LUe MOXEe MO3HA4YUTUCA Ha BMICTI
KOH'lOraTiB XXOBYHUX KUCMOT Yy XOBYi, CEKpEeTOBaHi cTa-
pumu wypamu [15]. LLlogo npakTMYHO HE3MIHHOro cnis-
BiAHOLWEHHS MiX BiNbHUMM Ta NOB'A3@aHUMM i3 TMILUHOM i
TaypyvHOM Y >XOBYi LLYpiB 3pinoi rpynu, MoxHa 3pobutu
NpUNyLLEHHSA NPO AOCTaTHbO AOCKOHany i nabinbHy KoM-
neHcaTopHy 3[4aTHICTb PerynsitTopHNX NaHoK HeMporymo-
panbHOi perynauii xonepesy y TBapWH AaHOl BiKOBOI
rpynu, KoTpa € e HeOPO3BMHEHOK Y IOBEHIMbHUX i
"BUpo6GneHo" y cTapux WwypiB. [yxe uikaBuM i 3HaYHUM
€ TOW haKT, WO LypWn BAAUBAKOTb Ha BCi MaHKU XOBYO-
CEKPETOPHOT (PYHKLIiT NeyviHKM, 3MIHIKYM He TiNbKu pi-
BeHb 00'EMHOI LUBMAKOCTI Xonecekpeuii, a N BNvMBaw4u
Ha NpoLLeCU CUHTE3Y BINTbHUX KOBYHUX KMCIOT Ta iX KOH'-
torauito 3 amiHOKMCnoTamu, Lo He MOXe He Biasepkanu-
TUCHA Ha eMynbrauifHin Ta NiTOreHHin BNacTUBOCTAX CeK-
peTy, TOGTO eliko3aHoian 3MiHIOKTb Xornepes K PyHKLIL.

3 ycbOro BMLLEONMCAHOrO BapTO 3a3HauMTW, WO Ha
CbOrofHi Hemae niTepaTypHUX AaHuX, SKi cBigyaTb Npo
perynsuito npoctarnaHgnHaMmu ChiBBIOHOLWEHHST MK rpy-
namy BiNbHUX | KOH'IOrOBaHUX XOBYHUX KUCIOT. ToMy Le
nuTaHHA noTpebye noganbLlioro 3'scyBaHHsA. 3aranom mo-
XHa 3pobWTN BUCHOBOK, LLIO Pi3HOCNPSMOBAHWIA BNVB €H-
OOreHHUX NPOCTarnaHAMHIB Ha XXOBYOCEKPETOPHY YHKLIIO
y pi3HUX BiKOBMX rpynax notpebye 6Ginblw nornnbneHux
aocnigxkeHb. HeobxigHO OUiHWMTK, SIK KOPEenioTh 3i 3MiHa-
MU BiOXiMIYHOrO CcKragy >KoB4i 3MiHM Nyny Pi3HKUX rpyn npo-
CTarnaHauHIB y PisHUX KNITUHHUX eneMeHTax neydiHKn i
renatouutax 3oKkpema, [AOCMhiaMTU BIKOBi 0COGNUBOCTI
BMMMBY OKPEMMX Fpyn MPOCTaHOIdIB Ha YXOBYOCEKPETOPHY
dyHkuito. Lle gacTb 3Mory CTBOPEHHSI i 3aCTOCYBaHHA Yy
KNiHiLi npenapaTiB Ha OCHOBI LIMX perynaTopis.

Cnuncok BUKOpUCTaHUX axepen:

1. Varfolomeev S. Prostaglandins — new type of biological regulators
/' S. Varfolomeev // Sorov oboz zh. — 1996. — 1(1): 42-7. [Russian].

2. Fennekohl A. Differential expression of prostanoid receptors in
hepatocytes / A. Fennekohl, G. Puschel // J. Hepatol. — 1999. — 30: 38-47.

3. Prostaglandin E1 protects human liver sinusoidal endothelial cells
from apoptosis induced by hypoxia reoxygenation /H. Yang, P.Majno,
P. Morel et al. // J. Gastr and Liv Physiol. — 2002. — 456: 364-452.

4. Callery M. P. Kupffer cell prostaglandin-E production is amplified
during hepatic regeneration /M. P. Callery, M. J. Mangino, M.W. Lye
/I Hepatol. — 1991. — 14(2): 368-72.

5. Bile secretion changes by prostaglandin F2a influence in rat liver
/ O. A. Mozheitova, P. K. Tsapenko, T. P. Lyaschenko et al. // Naukov. Visn.
Volin. Derzh. Univ. im. L. Ukr. — 2006. — 6: 33-6. [Ukranian].

6. Fuchs M. Regulation of bile acid synthesis: past progress and future
challenges / M. Fuchs // Am. J. Physiol Gastrointest Liver Physiol. — 2008. —
284:43-9.

7. Zapadnjuk |. P. Laboratory animals. Breeding, maintenance, using in
experiments / |. P. Zapadnjuk. — Kiev : Vyshha shkola. — 1983. [Russian].

8. Filimonova N. B. Statistical analysis of the data according to the
principles of science-based medicine. Initial analysis of quantitative data,
experimental results presentation / N. B. Filimonova, 1. O. Fil,
T. S. Mykhailova // Med. Railw. Transp. Ukr. — 2004. — 4: 30-8. [Ukrainian].

9. Filimonova N B. Statistical analysis of the data according to the
principles of science-based medicine. Comparison groups in quantitative
terms / N. B. Filimonova, I. O. Fil // Med. Transp. Ukr. — 2005. — 4: 86-93.
[Ukrainian].

10. Tolman K. G. Eicosanoids and the liver / K. G. Tolman // Prostagl.
and oth. Lipid Mediat. — 2000. — 61: 163-74.

11. Morita |. Prostaglandin-synthesizing system in rat liver /. Morita,
S. Murota // Eur. J. Biochem. — 1978. — 90: 441-9.

12. Ganitkevich J. V. Role of bile and bile acids in organism physiology
and pathology / J. V. Ganitkevich. — Kiev : Naukova dumka, 1980. [Russian].

13. Boyer J. L. Bile formation and secretion /J. L. Boyer // Compr.
Physiol. —2013. — 3(3): 1035-78.

14. Hardison W. Micellar theory of biliary cholesterol excretion
/' W. Hardison, J. T. Apter // Amer. J. Physiol. — 1972. — 222(1): 61-7.

15 Distribution of constitutive (COX-1) and inducible (COX-2)
cyclooxygenase in postviral human liver cirrhosis: a possible role for COX-2
in the pathogenesis of liver cirrhosis / N. A. Mohammed, S. A. El-Aleem,
H. A. El-Hafiz, R. T. McMahon // J. Clinic. Pathol. — 2009. — 57(10): 350-4.

16. Vane J. R. Inhibition of prostaglandin synthesis as a mechanism of
action for aspirin-like drugs / J. R. Vane // Nature — New Biol. — 1977. — 25: 232-5.

17. Reduction of bile secretion by prostaglandins in the rat in vivo
/ H. Weidenbach, J. Scheibner, E. F. Stange et al. //Life Sc. — 2006. —
58(18): 1531-8.

18. Influence of cholesterol feeding on bile acid metabolism in young
and aged germ-free rats /K. Uchida, T. Satoh, T. Chikai et al. // Jpn J.
Pharmacol. — 1996. — 71: 113-8.

Reference (Scopus):

1. Varfolomeev S. Prostaglandins — new type of biological regulators.
Sorov oboz zh. 1996; 1(1): 42—7. [Russian].

2. Fennekohl A., Puschel G. Differential expression of prostanoid
receptors in hepatocytes. J. Hepatol. 1999; 30: 38—47.

3. Yang H., Majno P., Morel P., Toso C., Triponez F., Oberholzer J.,
Mentha G., Lou J. Prostaglandin E1 protects human liver sinusoidal
endothelial cells from apoptosis induced by hypoxia reoxygenation. J Gastr
and Liv Physiol. 2002; 456: 364—452.

4. Callery M. P., Mangino M. J., Lye M. W. Kupffer cell prostaglandin-E
production is amplified during hepatic regeneration. Hepatol. 1991; 14(2):
368-72.

5. Mozheitova O. A., Tsapenko P. K., Lyaschenko T. P., Veselskyy S. P.,
Makarchuk M. Y. Bile secretion changes by prostaglandin F2a influence in
rat liver. Naukov. Visn. Volin. Derzh. Univ. im. L. Ukr. 2006; 6: 33-6.
[Ukranian].

6. Fuchs M. Regulation of bile acid synthesis: past progress and future
challenges. Am. J. Physiol Gastrointest Liver Physiol. 2008; 284: 43-9.

7. Zapadnjuk I. P., Zapadnjuk V. |., Zaharija E. A., Zapadnjuk B. V.
Laboratory animals. Breeding, maintenance, using in experiments. Kiev:
Vyshha shkola. 1983. [Russian].

8. Filimonova N. B., Fil . O., Mykhailova T. S. Statistical analysis of the
data according to the principles of science-based medicine. Initial analysis
of quantitative data, experimental results presentation. Med. Railw. Transp.
Ukr. 2004; 4: 30-8. [Ukrainian].

9. Filimonova N. B., Fil I. O. Statistical analysis of the data according to
the principles of science-based medicine. Comparison groups in quantitative
terms. Med. Transp. Ukr. 2005; 4: 86-93. [Ukrainian].

10. Tolman K. G. Eicosanoids and the liver. Prostagl. and oth. Lipid
Mediat. 2000; 61: 163-74.

11. Morita I., Murota S. Prostaglandin-synthesizing system in rat liver.
Eur J Biochem. 1978; 90: 441-9.

12. Ganitkevich J. V. Role of bile and bile acids in organism physiology
and pathology. Kiev: Naukova dumka. 1980. [Russian].

13. Boyer J. L. Bile formation and secretion. Compr. Physiol. 2013;
3(3): 1035-78.

14. Hardison W., Apter J. T. Micellar theory of biliary cholesterol
excretion. Amer J Physiol. 1972; 222(1): 61-7.

15 Mohammed N. A., El-Aleem S. A., El-Hafiz H. A., McMahon R. T.
Distribution of constitutive (COX-1) and inducible (COX-2) cyclooxygenase
in postviral human liver cirrhosis: a possible role for COX-2 in the
pathogenesis of liver cirrhosis. J Clinic. Pathol. 2009; 57(10): 350—4.

16. Vane J. R. Inhibition of prostaglandin synthesis as a mechanism of
action for aspirin-like drugs. Nature — New Biol. 1977; 25: 232-5.

17. Weidenbach H., Scheibner J., Stange E. F., Adler G., Beckh K.
Reduction of bile secretion by prostaglandins in the rat in vivo. Life Sc.
2006; 58(18): 1531-8.

18. Uchida K., Satoh T., Chikai T., Takase H., Nomura Y., Nakao H.,
Takeuchi N. Influence of cholesterol feeding on bile acid metabolism in
young and aged germ-free rats. Jpn J Pharmacol. 1996; 71: 113-8.

Hapivwna po pepakonerii 23.01.2019
OTpumaHo BunpaBneHuin BapiaHT 24.02.2019
NianucaHo po Apyky 24.02.2019

Received in the editorial 23.01.2019
Received a revised version on 24.02.2019
Signed in the press on 24.02.2019



~ 68 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka ISSN 1728-3817

T. NlaweHko, kaHA. Gion. Hayk,

H. 3aBropoanun, cTya.,

M. Xuabik, cTya,.,

A. NMorpe6Ha, acn.,

C. Becenbckuit, A-p 6uon. Hayk

KneBckui HaumoHanbHbIV yHuBepcuteT umeHu Tapaca LlleByeHko, Kues, YkpanHa
M. LlaneHko, Hay4. coTp.

WUHcTtutyT donamonorum umenu O. O. Boromonbua HAH Ykpauubl, Kue, YkpanHa

BITUAHUE SHOONEHHbLIX NMPOCTAHOMAOB HA XXENYECEKPETOPHYIO ®YHKLUIO Y KPbIC
PA3HbIX BO3PACTHbIX F'PYIMN

XenyecekpemopHyro hyHKyuto 8 ycroeusix 6510kadbl akmueamopa cuHme3sa npocmaznaHouHo8 YUK/T0OKcUu2eHa3bl eeedeHUeM ayemuricanu-
yunoeol kucnomsi (100 Mk2/k2 Maccbl mesna xueomHo20) usyyanu Ha 30 6esbix Kpbicax-camyax mpex 803pacmHbIX 2pynn: eeHunbHol (Macca
130-175 2), 3penoii (macca 200-250 2) u cmapoli (macca 6osiee 300 2) 8 ycroeusix ocmpo2o 3KkcrnepumeHma. U3yyeHbl U3MeHeHUsl YPOBHS xosiepe3a
in vivo u 6uoxuMu4yecko20 cocmaea esl4yu MemodoM MOHKoc/olHOU xpomamozpaguu. Xpomamozpagudecku ¢ nocnedyroujeli deHcumomem-
pueli usyyasocb oOmHocumeslbHoe Kosiu4ecmeo xosieeoli, XxeHoO0e30KcuxoJsiegoli, maypoxosieeoli U 21uKoxosieeoll Xe4HbIX KUC/IOm 8 cekpeme
ne4eHu Kpbic. [lebum Xen4HbIX KUC/IOM Nepecyumsl8asnu, yMHOXasi UX KOHUeHmpayur Ha 06bLeM cekpemuposaHHOU ennyu 8 o0Hol mpudyamu-
MuHymHol npo6e. KoeghpuyueHmsl KOHbIO2ayuu nepecyumsieanu Os1s1 Kaxxool npoo6abl.

B ocmpbix aKkcnepuMeHmax Ha HesluHelHbIX 6e/lbiX KpbiCax mpex 803pacmHbIX 2pynn usy4Yanau U3MeHeHUsi 06beMHOU CKopocmu cekpeyuu
JKes14u npu eHympurnopmasnbHoM eeedeHuu 6510kamopa ¢hepMeHma cuHmesa npocmaanaHOUHO8 YUKITOOKCU2eHa3bl — ayemursicanuyunoeol Kuc-
nomsl. UccnedoeaHbl usMeHeHUs1 YpOBHsI xosiepesa in vivo 8 ycrioeusix ocmpoa2o eKcriepuMeHma u 6UOXUMUYECKO20 cocmasa xen4u Memooom
moHkKocoliHoli xpoMamozpadghuu. YcmaHoesieHo, 4mo, 8eposimHo, 3HA02eHHbIe MPOCMaHoudbl y2Hemarom xen4ecekpemopHyio byHKYUr nede-
HU, mak Kak 6/10KkupoeaHue Ux cuHme3sa 8bI3bI8asio noebiuieHue xosnepe3a Ha 42-112,5 % y KpbIC 8cex 803pPacMHbIX 2pynn OMHOCUMEIbLHO KOH-
mpons. B xenqu Kpbic 3pesnol U 8eHUIbHOU 803PacMHbIX 2pynn 3HOO2eHHbIe MpocmazanaHOuHbl, 8ePOSIMHO, y2Hemarom KoHbro2ayuro Ha 117-
189,1 % omHocumesnibHO KOHMPOJIs 8 OMJIUYUE OM XUBOMHbLIX CMapoli o3pacmHol 2pynnbl, 20e 3mu pe2yssimopbl 8/1UsIFOM Ha MPoyecchl Co-
eOUHEeHUs1 KeJTYHbIX KUC/TOm C 2/IUYUHOM MPOMUeEOrooXHbIM 06pa3oM. Cesi3bieaHue 3HOO2eHHbIX MPOCcMazaHOUHO8, 8ePOSIMHO, YCUUJIO MPo-
yeccbl KOHblO2aUUU y HecoeepweHHO/IeMHUX KpbIC, mo20a Kak @ cmapoli 3KcriepuMeHmarsnbHol 2pynne ayemurscanuyunoeasl kuciioma 6bina
3HayumesibHO CHUXeHa 8 cpedHeM Ha 123 %. AHanu3 cooMmHoWweHUs1 C80600HbIX U KOHBIO2UPOBaHHbIX XeJTYHbIX KUCIIOM 8 ceKkpeme rne4yeHu KpbIC
pa3HbIX 803PacmHbIX 2pynn MoKa3as, Ymo U3MeHeHUsl Ka4ecmeeHHO20 cocMmaea Xes4yu y Kpbic npu 650kade YUK/IOOKcU2eHa3bl npoucxodsm e
OCHOBHOM 3a cYem ycuJsieHusi cCuHme3a c80600HbIX Xe4HbIX Kucsom de novo. CnedosamesnibHO, EHOO2EHHbIEe npocmaHoudb! delicmayrom npo-
mueonosoxHbIM o6pa3om. dHA02eHHbIe NpocmazaHOUHbI OKa3biearom Pa3HOCMOPOHHEE 8JIUSIHUE HA XKeJ14eceKpemopHy hYHKUUI KpbIC pa3-
HbIX 803PacmHbIX 2Py, 4YMo Moxem ceudemesibCmeos8ams 0 HEOOHO3Ha4YHOU posiu amux 6uosio2uyeckUu aKmueHbIX eewyecmes 8 peaynsayuu
XoJiepe3a Ha pa3iudHbIX cMadusix OHMo2eHe3a.

Knroyeenie cnoea: xonepes; npocmaznaHOuUHbI; Ne4eHb; xosieeasl, XeHoOe30KcuxoJsieaasi, maypoxosieaasl, 2/lUKoxosieeasl Xes4Hble KUcIomabl;
803pacm; KpbICbl.
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ENDOGENOUS PROSTANOIDS INFLUENCE ON BILE SECRETION
IN DIFFERENT GROUPS OF RATS

In acute experiments on different age group of 30 white wild-type rats: juvenile (weight 130-175 g), mature (weight 200-250 g) and old (weight
300 g and more) we were investigated the changes in the volume rate of bile secretion with cyclooxygenase inhibition by acetylsalicylic acid
(100 mkg/kg weight of animal) which is a blocker of the prostaglandin synthesis enzyme.

We were explored the changes of the level of choleresis and bile biochemical components by thin-layer chromatography In vivo. The relative
abundances of cholecycle, henodeoxycholic, taurocholic and glycocholic bile acids in the liver of rats were determined by chromatography, with
the subsequent densitometry. The biliary acid flow rate was calculated as the sum of the bile acid concentration multiplied by the volume of
secreted biliary in one relevant thirty-minute sample. The conjugation coefficients were calculated for each thirty minute sample.

Reduction of bile secretion by endogenous prostanoids was shown, because inhibition of prostaglandins synthesis caused the
hypercholeresis on 42-112,5 % in different rat age groups, compared to control. Endogenous prostaglandins suppressed the processes of
conjugation in old and juvenile age group on 117-189,1 %, in contrast these regulators have no significant effect on bile acids association with
glycine and taurine in mature rats. The binding of endogenous prostanoids probably increased the conjugation processes in juvenile rats, whereas
in the old experimental group acetylsalicylic acid was significantly reduced by 123 % on average. Analysis of changes in free and conjugated bile
acids in the rats of different age groups showed that the ratio of qualitative changes in structure of the liver bile in rats with the cyclooxygenase
blockade is mainly due to enhanced synthesis of free bile acids de novo. Therefore, endogenous prostanoids affect in the opposite way. There are
have multi-directional impact on bile secretion in different age groups of rat that means ambiguous role of these drugs in liver function regulation at
different stages of ontogenesis.

Keywords: choleresis; prostaglandins; liver; cholic, chenodeoxycholic, taurocholic, glycocholic bile acids; age; rats.
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