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Abstract

The objective of this work was to study the activity of glutathione peroxidase, glutathione reductase and the level of sulfhydryl groups
in erythrocytes of patients with urogenital trichomoniasis and the effect of metronidazole on the degree of osmotic and peroxide resis-
tance of erythrocytes from healthy donors.

We examined 15 patients with urogenital trichomoniasis and 20 healthy volunteers. We studied native preparations, and also carried out
a culture method using the Johnson-Trussel nutrient medium (CPLM) to identify Trichomona vaginalis. The activity of glutathione re-
ductase, glutathione peroxidase and the level of total sulfhydryl groups were determined in erythrocytes of peripheral blood. The mem-
brane effect of metronidazole was evaluated in in vitro experiment by the degree of osmotic and peroxide resistance of erythrocytes
from healthy people. It has been established that a significant decrease in glutathione reductase and glutathione peroxidase activi-
ties in erythrocytes is observed, which indicates a violation of the antioxidant system in this pathology. It was shown in vitro experiment,
that metronidazole in low concentration (80 umol /) has the ability to inhibit erythrocyte hypotonic hemolysis, and high concentration
(250 umol/l) leads to a decrease in osmotic and peroxide resistance of erythrocytes. Thus, inhibition of the activity of the enzymatic link
of the antioxidant defense is observed in urogenital trichomoniasis, which is one of the mechanisms for the development of pathology
at the cellular level in this disease. It has been shown that the isolated membranotropic action of metronidazole depends on its con-
centration — the drug at low concentration is able to inhibit hypotonic hemolysis of erythrocytes, and high concentration makes them
more sensitive to the osmotic and peroxide hemolysis. The obtained results should be taken into account in the development of com-

plex methods of therapy for urogenital trichomoniasis.
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Therapy of urogenital infections remains a topical and
discussed problem of venereology, obstetrics and gynecol-
ogy, and urology. The main subject of discussion regard-
ing trichomoniasis is the choice of the optimal antipro-
tozoal drug [6]. There is the large arsenal of fast-acting
and effective antiprotozoal agents. All recommended
drugs belong to the nitroimidazole group. The ancestor,
which has not lost its meaning today, is metronidazole (1-
(2’-hydroxyethyl)-2-methyl-5-nitroimidazole) [5, 14].

Metronidazole (MZ) is an effective broad-spectrum chemo-
therapeutic antimicrobial and antiparasitic drug that inhibits
the growth of anaerobic organisms. In addition, it exhibits cy-
toprotective and immunomodulatory properties. MZ can af-
fect various components of innate and acquired immunity [11].

While the mechanism of the antibacterial action of MZ
is well understood, the mechanism of its protective action
is practically not studied. There is reason to believe that
the protective effect of MZ is due to its stabilizing effect on
the structure of the network of hydrogen bonds of water in
the near-membrane region or at the surface of biomacro-
molecules. The result of this is the termination of the ac-
cess of the substance to the membrane, integral enzyme or
receptor. Probably, the protective effect of the drug on the
cells of warm-blooded animals is associated with this [10].
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Analysis of recent literature indicates that oxidative
stress accompanies and /or is one of the pathogenetic links
in the development of many types of infectious pathologies,
including trichomoniasis. It has been shown that the pro-
cesses of lipid peroxidation are enhanced in almost all tis-
sues of the male genitourinary system during this infection,
which leads to the destruction of cell membranes [5, 7, 9].

The objective of this work was to study the activity of
glutathione peroxidase (GP), glutathione reductase (GR)
and the level of sulfhydryl groups (SH-groups) in eryth-
rocytes of patients with urogenital trichomoniasis and the
effect of MZ on the degree of osmotic and peroxide resis-
tance of erythrocytes from healthy people.

Materials and methods

We examined 15 patients with urogenital trichomoniasis.
The study included persons aged 17 to 60 years old who applied
for examination for sexually transmitted infections, including
Trichomonas vaginalis. To identify T. vaginalis, we studied na-
tive preparations [15], and also carried out a culture method
using the Johnson-Trussel nutrient medium (CPLM) [8]. The
control group consisted of 20 healthy donor volunteers.

GR, GP activities and the level of total SH-groups were
determined in erythrocytes.
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Hemolysate was prepared as follows: 1.8 ml of distilled
water cooled to 0 °C was added to 0.2 ml of plasma washed
and packed erythrocytes. 3 ml of precipitating solution was
added to the hemolysate to precipitate proteins, the sam-
ples were thoroughly mixed and after 20 minutes of stand-
ing at 21 °C were filtered through a coarse filter.

The level of total SH-groups in the hemolysate was de-
termined using Elman’s reagent [4].

GP activity (EC1.11.1.9) was determined spectrophoto-
metrically. To 0.2 ml of hemolysate add 1 ml of phosphate
buffer of the following composition: 0.3 M phosphate buf-
fer (pH 7.4) with 12 mM sodium azide and 6 mM EDTA,
0.5 ml 2.5 mM reduced glutathione, 0.5 ml of 1.8 mM hy-
drogen peroxide. After 2 minutes, the reaction is stopped
by adding 1 ml of 10% trichloroacetic acid. The hemolysate
is replaced with 0.2 ml of distilled water in the control sam-
ple. The tubes are centrifuged for 15 minutes at 3000 rpm.
The transparent supernatant is poured off and the mea-
surement is carried out on an SF-46 spectrophotometer at
a wavelength of 260 nm relative to the control sample [4].

Measurement of GR activity (EC1.6.4.2) was carried out
spectrophotometrically on SF-46 at 340 nm. The reaction
rate was judged by the drop in optical density as a result of
NADPH oxidation. 1.5 ml of a 0.1 M solution of potassium
chloride, 0.5 ml of 0.2 M phosphate buffer (pH 7.4), 0.25
ml of 0.08 M EDTA solution, 0.05 hemolysate, 0.1 ml of 2
mM NADPH, solution. The unit of activity (E) was the
amount of the enzyme catalyzing the formation of 1 umol
of the reaction product in 1 min at 25 °C [4].

Membranotropic action of MZ was assessed in vitro by the
degree of osmotic and peroxide resistance of erythrocytes of
10 healthy people. In the experiments, erythrocyte suspen-
sions obtained from donor blood stabilized with 0.109 M so-
dium citrate solution were used by washing three times in
physiological solution (Darnitsa, 0.15 M NaCl solution, pH
7.4) for 10 min (OPn-3 centrifuge, 3000 rpm). The initial
suspension of erythrocytes was obtained by adding the cell
pellet to physiological saline 1:10. We used intact erythro-
cytes and preincubated for 15 minutes with metronidazole
at a concentration of 250 pmol/l and 80 pmol/l in the ex-
periment. 50 pl of the initial suspension of erythrocytes was
introduced into 1.0 ml of NaCl solution (77 mmol /1 and 60
mmol/1) for 15 min, then centrifuged at 3000 rpm for 3 min.
The degree of hemolysis was estimated by the optical den-
sity of the liquid obtained after sedimentation non-hemo-
lyzed erythrocytes, and expressed as a percentage in compar-
ison with the optical density of samples in which hemolysis
of erythrocytes was caused by distilled water (100% he-
molysis). Osmotic hemolysis of erythrocytes was recorded
on a spectrophotometer SF-46 at a wavelength of 543 nm.

The resistance of erythrocytes to the action of perox-
ide was determined by the method of S.S. Mikhailov et al.
[3]. The method for determining the peroxide hemolysis
of erythrocytes was carried out as follows: 0.1 ml of 2.2%
hydrogen peroxide solution was added to the erythrocyte
suspension, the samples were incubated for min at 37 °C
with constant shaking. The degree of hemolysis was judged
by the optical density E.,,, which directly reflects the con-
centration of hemoglobin. The measurements were carried
out on an SF-46 spectrophotometer.

The results were statistically processed using the
Statistica software. The significance of differences in the
mean values was assessed using parametric (Student’s t
test) and nonparametric (Wilcoxon’s t test) tests [13].
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Results and their discussion
Glutathione and glutathione-dependent enzymes play a
significant role in the antioxidant defense system and redox-
dependent regulation. Glutathione, as a cofactor, is part of
the enzymes of the glutathione system, which destroy hydro-
gen peroxide (GP), maintain the pool of reduced glutathi-
one (GR), providing complex antioxidant protection [1, 12].
Thiols occupy an important place among tissue antiox-
idants, since SH-groups are highly reactive, being easily
oxidized, they protect cell components from damage, ex-
hibiting both antiradical and antiperoxide effects. The per-
formed determination of the level of common SH-groups in
the blood of patients with trichomoniasis showed that this
indicator does not undergo pathological changes (Table 1).
The study of the activity of glutathione-dependent enzymes
GP and GR in erythrocytes showed that patients with urogen-
ital trichomoniasis have a significant decrease in the activity of
these enzymes. The activity of GP in the erythrocytes of pa-
tients was reduced by 1.13 times (p <0.05), and GR — by 1.46
times (p <0.05) (Table 1) compared with the group of healthy
people. At the same time, the level of SH-groups remains at
the level of the control values, which is insufficient to neutral-
ize the hyperproduction of reactive oxygen species (ROS).
GP is of paramount importance in protecting the cell from
the generated hydrogen peroxide [1, 12]. It participates simul-
taneously in two lines of enzymatic protection of cells: on the
one hand, from oxidative stress, and on the other hand, in the
detoxification of the lipid peroxidation (LPO) products, fatty
acid hydroperoxides and peroxides of other substances. GR is
the supplier of reduced glutathione in the cell and works in an-
tiphase with GP, plays a crucial role in protecting cell mem-
brane structures, especially from exogenous damage. Probably,
the observed decrease in the GR activity in the blood of pa-
tients with trichomoniasis is associated with the functional
use of this enzyme in blood cells to replenish the content of re-
duced glutathione, which is intensively consumed by cells. At
the same time, it can be assumed that changes in the activity
of glutathione-dependent enzymes are a consequence of the
modifying action of ROS and may indicate the involvement
of the glutathione system in the mechanisms of pathology de-
velopment in urogenital trichomoniasis at the cellular level.
It is known that the use of antimicrobial drugs in the treat-
ment of inflammatory processes is accompanied by the mani-
festation of antibiotics of various non-antibacterial effects [2];
therefore, the choice of the drug must be carried out taking
into account its available antimicrobial and non-antibacte-
rial properties. Some authors consider MZ to be a pro-drug
because by itself, it does not exhibit bacteriostatic action and
does not affect the state of polynucleotides in higher organ-
isms. It regulates the level of pro- and anti-inflammatory cy-
tokines, has an anti-inflammatory effect, inhibits the forma-
tion of ROS, and affects delayed-type hypersensitivity [11].

Table 1. Activity of GP and GR in erythrocytes of patients with
trichomoniasis and healthy donors (M = m, Student’s test)

Subjects
Examined groups Level of -
SH-groups, | P2Vt | Gp activity, E/
mmol/I
mmol/|
Healthy donors, n=20 88,37 + 4,66 6,65 + 0,31 33,33+ 1,02
Patients with urogenital 5,88 +0,30* | 22,75+ 1,92*
trichomoniasis, n=15 86,80 £ 5,97 p<0,05 p < 0,001

Note: * the difference is significant relative to the group of healthy donors.
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Taking these facts into account, we studied the effect of
different doses of MZ in vitro on the state of osmotic re-
sistance of erythrocytes from healthy donors. Two con-
centrations of a hypotonic NaCl solution were selected
for a quantitative assessment of the hypotonic stability of
erythrocytes: 77 mmol/I, which corresponded to the on-
set of the development of the hemolytic process, and 60
mmol/l, which corresponded to approximately 50% hemoly-
sis. Erythrocytes preincubated with MZ at concentrations of
80 umol/l and 250 pmol /1 were added to hypotonic media.

Table 2 shows that the MZ dose of 80 umol/l protects
erythrocytes from destruction, it demonstrates a mem-
brane-stabilizing effect. In the same time an increase in
erythrocyte hemolysis occurs at the MZ concentration of
250 umol/1 in the incubation medium. A similar picture is
observed at both concentrations of hypotonic media.

MZ, due to its amphiphilic nature, is able to integrate into
the erythrocyte membrane and, according to the authors of [ 10,
11], the basis for the manifestation of the antihemolytic activ-
ity of amphiphilic substances is probably their ability to disor-
ganize the erythrocyte membrane when embedded in it, and
this can prevent the formation of a hemolytic pore. The isolated
action of MZ at concentrations of 5x10-¢ and higher causes
a decrease in the hemolytic resistance of erythrocytes [16].

A significant increase in erythrocyte peroxide hemolysis oc-
curs (experimental tests — (8.36 = 0.34)%; control samples —
(6.13 £ 0.70)%, p <0.05) with the isolated action of MZ at
a concentration of 250 umol /1. It should be noted that per-
oxide hemolysis under the action of MZ increases by 36%,
while under similar conditions, osmotic hemolysis — by 76%.

A number of authors believe that damage to erythrocytes sur-
face properties plays a decisive role in the mechanism of damage
to erythrocyte membranes when modifying MZ [10, 11], since
MZ easily gives up a radical anion, which causes the destruc-
tion of DNA, RNA and other vital cellular macromolecules
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Table 2. Influence of metronidazole on the level of hypotonic
hemolysis of erythrocytes of healthy donors (M + o, Wilcoxon test)

Osmotic hemolysis, %
LU ED 77 mmol/I NaCl 60 mmol/I NaCl
solution solution

Intact erythrocytes (control) 6,11+0,73 45,80 + 5,77
Erythro_cytes + 80 pumol/l 464+ 0,96% 35,50 + 513"
metronidazole

Erythro_cytes + 250 umol/I 10,76 + 2,27* 65,40 + 9,07*
metronidazole

Note: * p < 0.05 relative to intact erythrocytes.

[11]. The obtained data (Table 1) and literature data indicate
that inhibition of the activity of the antioxidant system and
activation of peroxide processes are observed in patients with
urogenital trichomoniasis [5, 7, 9]. All this indicates the need
to improve the therapy of urogenital trichomoniasis with the
use of drugs that reduce the nonspecific effects of MZ.

Conclusions

1. It was shown that inhibition of the activity of the en-
zymatic link of antioxidant protection is observed in uro-
genital trichomoniasis — the activity of GP and GR in the
erythrocytes of patients is significantly reduced, which is
one of the mechanisms of the development of pathology at
the cellular level in this disease.

2. Tt has been established that in vitro MZ causes struc-
tural modifications of plasma membranes: the drug at low
concentration is able to inhibit hypotonic hemolysis of
erythrocytes, and high concentration makes them more
sensitive to the osmotic and peroxide hemolysis.

The obtained results must be taken into account when
developing or improving complex methods of therapy for
urogenital trichomoniasis.
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COCTOSIHUE AHTUOKCUOAHTHOWM CUCTEMbI NPU YPOTrEHUTAJIBHOM TPUXOMOHUASE
U MEMBPAHOTPONMHOE AEMCTBUE METPOHUOA3O0JIA

A.K. Kougakosa, I'.A. Cemko, E.B. Jleeuykas, B.H. Liumban
'Y «MIHcTutyT Aepmatonorum n seHeposnorum HAMH YkpanHbi»

Pesiome

Lenb paboTbl — n3y4eHne akTMBHOCTY [J1yTaTUOHNEPOKCUAA3bI, [JTyTaTUOHPEAYKTa3bl U YPOBHS Cy/IbOruapybHbIX FPYIM B 3PUTPO-
ymTax 60sIbHbIX YPOreHUTaabHbIM TPUXOMOHUA30M U B/INSIHVSI METPOHWAA30/1a Ha CTerneHb OCMOTUYECKOM Y MePEKNCHO PE3UCTEHT-
HOCTV 3PUTPOLIMTOB 340P0BbIX JOHOPOB.

Bbi1o 0bcnenoBaHo 15 naumeHToB C yporeHnTasibHbIM TPUXoMoHa3om 1 20 340p0BbIX AOHOPOB. [ns aeHTugukaumm Trichomonas vag-
inalis nccnenoBaiv HaTUBHbIE MPenapartsbl, a TaKKe MPOBOAVIIN KYJbTypPaslbHbIi METOL C NCMOJIb30BaHNEM cpeabl [DKOHCOHa — Tpaccesns
(CPLM). B aputpoumtax nepugepnyeckori KpoBm Onpeaensisivi akTuBHOCTb I71yTaTUOHPEAYKTa3bl, rJ1yTaTMOHNepPOoKCcYAa3bl 1 YPOBEHb 00-
LMX CYyNbGruapvbHbIX rpynn. MembpaHOTPOnHoe AeViICTBUE METPOHUAA30/1a OLIeHBAJIA B SKCIIEPUMEHTE in Vitro ro cTerneHy ocMoTu-
4eCKOW 1 MePeKnCHON Pe3nNCTeHTHOCTY 3PUTPOLMTOB 340P0BbIX JINL. YCTaHOBIEHO, YTO y B0JIbHbIX YPOreHUTabHbIM TPUXOMOHUAa30M
HabsIrAaEeTCS 3HAYNTEIILHOE CHUXXEHUE aKTUBHOCTU [JTyTaTUOHPEAYKTa3bl U rJ1yTaTUOHNEPOKCHAA3b! B 3PUTPOLMTAX, YTO CBULETEb-
CTBYET O HapyLUEHUN aHTUOKCUAAHTHOV CUCTEMbI [PV aHHOM naToioriv. B akcnepumeHTe in vitro nokasaHo, 470 MeTpoHuAa30/1 B Ma-
JIbIX KOHLIEHTpaumsx (80 MKMOJIb/1) 06iaaaeT criocobHOCTbIO G/I0KMPOBaTL MMITOTOHUYECKMI FeMOJING 3PUTPOLIMTOB, a B BbICOKOV (250
MKMOJ1b/J1) — PUBOANT K YCUIIEHWIO MMIMTOTOHUYECKOro M NepekncHOro reMonm3a 3puTpoLmMToB. Takum 06pa3oMm, rpu yporeHuTaabHOM
TPVIXOMOHMA3e HabtoAAETCs yrHETEHNE aKTUBHOCTY (PePMEHTATUBHOIO 3BEHA aHTUOKCYAAHTHOM 3aLLMTBI, HTO SIB/ISIETCS OAHUM U3 MEXa-
HW3MOB Pa3BUTUS NATOSIOMMU Ha KJIETOYHOM YPOBHE rpy AaHHOM 3aboneBaHun. [loka3aHo, 4To 30/1MpoBaHHOe MeMOPaHOTPOIHOE Aeli-
CTBYE METPOHUAA30/1a 3aBUCUT OT €r0 KOHLIEHTPALIMN: B MaJI0Vi KOHLIEHTpaLmy npenapar 6710kupyeT OCMOTUYECKUIA FeMOJTN3, & BbiCO-
Kasi KOHLUEHTPaLMS IPUBOAMT K MOBBILLEHWIO YyBCTBUTE/IbHOCTU 3PUTPOLIMTOB K OCMOTUYECKOMY U NEPEKUCHOMY remosinay. [1ony4eHHble
pesynbTaTbl HEOOXOAMMO YHUTHIBATL MPY Pa3paboTKe KOMIMTIEKCHbIX METOA0B Tepanuy yporeHUTaabHOro TPUXOMOHMA3a.

KnioueBble CnoBa: yporeHuTasibHbili TPUXOMOHMAS, aHTUOKCUAAHTHaAs CUCTEMA, OCMOTUYECKUIT reMOING, NePEeKUCHBIV reMOon3,
MEeTPOHMUAA30/1.

CTAH AHTUOKCUOAHTHOI CUCTEMMU NPU YPOTEHITAJIbBHOMY TPUXOMOHIA3I
TA MEMBPAHOTPOMHA AI4 METPOHIOA30J1Y

I.K. Kongakosa, I.0. Cemko, O.B. Jleeuubka, B.M. Liumban
AY «IHcTutyT fepmaroriorii Ta BeHeposiorii HAMH Ykpainn»

Pesiome

MeTta pob0oTu — BUBYEHHSI aKTUBHOCTI I/1yTaTioHNepokcuaasu, rinyTaTioHpeaykTasu 1a piBHS Cyb@riapuibHUX rpyr B epPUTPOLIMTax
XBOPUX HA YPOreHiTasibHUi TPDUXOMOHIA3 Ta BrJiuBYy METPOHIAA30J1y Ha CTYriHb OCMOTUYHOI Ta NepeknCcHOi Pe3nCTEHTHOCTI epUTPO-
UMTIB 310pOBUX [JOHOPIB.

Byno ob6¢cTexeHo 15 nauieHTiB 3 yporeHitaabHUM TPpUxXoMoHia3oM i 20 340poBux 4oHOpIB. s ineHTuikawii Trichomonas vaginalis go-
CAiAXyBaM HaTUBHI Npenaparuy, a TakoxX MPOBOAUIIN KYJIbTYPaIbHUA METOA 3 BUKOPUCTAHHSIM MOXUBHOIO cepeoBumila IKOHCOHa —
Tpacens (CPLM). B eputpoumTax nepmndepmnyHoi KpoBi BU3Ha4aam akTMBHICTb ryTaTiOHPeayKTaau, riyTaTioHrnepoKcuaasu Ta piBeHb
3aranbHux cynbrinpuabHux rpyn. MemopaHOTPOHY Aito METPOHIAAa301y OUIHIOBaIV B €KCIIEPUMEHTI in Vitro 3a CTyrneHem ocMoTnY-
HOI Ta NepeknNCcHOIi pe3nCTeHTHOCTI EPUTPOUMTIB 340P0BUX IOHOPIB. BCTaHOBJIEHO, L0 Y XBOPUX HA YPOreHITalbHWV TPUXOMOHIa3 crio-
CTepiraeTbCs 3Ha4YHe 3HVIXXEHHS aKTUBHOCTI I1yTaTiIOHPEAyKTa3uv 1a rJyTaTioHnepoKeuaasv B epuUTpoLmMTax, Lo CBIAYNTL PO Mopy-
LUEHHS1 aHTUOKCUAAHTHOI CUCTEMU MPU UiV naTosiorii. B ekcriepyuMeHTi in vitro nokasaHo, Lo MEeTPOHIAAa301 y Maiux KOHLEHTPAaLlsX
(80 MKkMoOnb/11) Ma€e BAacTuBICTb GI0KYBATU riMOTOHIYHUY reMO1i3 epUTPOLIUTIB, @ y BUCOKI (250 MKMOJIb/N1) — Npu3BOANTbL A0 M0-
CUJIEHHS] MMOTOHIYHOIr0 Ta NEPEKUCHOIO reMosli3y epuTpoLMNTIB. Taknum YUHOM, rpu ypPOreHiTaibHOMY TPMXOMOHIa3i CrocTepiracTsCs
MPUrHIYEHHS1 aKTUBHOCTI (PEPMEHTATUBHOIO NIAHLIIOra aHTUOKCUAAHTHOIO 3aXUCTY, LLIO MOXe OYTY OAHUM i3 MexaHi3aMiB PO3BUTKY na-
TOJ10rii MpM TPUXOMOHIa3i. [Toka3aHo, L0 i30/1b0BaHa MeMOPaHOTPOIHA is METPOHIAAa301y 3a1eXUTb Bif MOro KOHLeHTpaujii: B Ma-
Nivi KOHUEeHTpauii npenapar 6710Kye OCMOTUYHWIA reMO1i3, @ BUCOKa KOHLEHTPAaLs NpyU3BOAUTb A0 MiABULLEHHS YyTIMBOCTI epuTpo-
LMTIB JO OCMOTUYHOIO | NepekncHoro remonizy. OpepxaHi pe3ynbtati HeobXiaHO BPaxoByBaTH oy PO3PO6LIi KOMIMIEKCHUX METOLIB
Teparii yporeHitaabHOro TPUXoOMOHIasy.

Knto4oBi cnoBa: yporeHiraabHui TpMXOMOHIa3, aHTUOKCUAAHTHA CUCTEMA, OCMOTUYHWY reMOo1i3, NEPEKNCHUI reMoi3, MeTPOHIAa30/1.

BiaomocTi npo aBTOpiB:

KonpakoBa MNaHHa KocTaHTUHIBHA — kaH4. 6iosl. Hayk, 3aBiayBay nabopatopii Gioximii Y «IHcTuTyT nepmatonorii Ta BeHeposorii
HAMH Ykpainn», e-mail: anakondak@gmail.com

ORCID ID: https://orcid.org/0000-0002-7739—-1922

Cemko MNanuHa OnekcaHapiBHA — kaH4. 6ios1. Hayk, CT. HayK. criBpo6. naboparopii 6ioximii Y «IHCTUTYT Aepmatosnorii Ta BeHepo-
norii HAMH Ykpainn», e-mail: semkogalina@ukr.net

ORCID ID: https.//orcid.org/0000-0002-9465-224X

JNleBuubka OneHa B’auecnagiBHa — MoJs1. Hayk. cniBpo6. nabopatopii Gioximii Y «IHcTuTyT Aepmatonorii Ta BeHeposorii HAMH
Ykpainn», e-mail: elena.vyacheslavovna.e@gmail.com

ORCID ID: https://orcid.org/0000—0002—9774-2179

Lum6an Biktopis MukonaigHa — Mos1. Hayk. cniBpo6. naboparopii Gioximii Y «IHcTuTyT nepmatonorii Ta BeHeposorii HAMH YkpaiHu»,
e-mail: viktorya.zmbl@gmail.com

ORCID ID: https://orcid.org/0000-0002—-6673-3835

JEPMATOJIOI'IA Ta BEHEPOJIOTIA 11
Ne 2 (92) 2021 | ISSN 2308-1066





