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Objective. This study aims at conducting an analysis of data on antibiotic resistance to antimicrobials that
were obtained for the period from April 28, 2018, to December 31, 2019, in a private laboratory in the city of
Kharkiv. Materials and methods. We conducted an investigation into the identification and analysis of
antimicrobial sensitivity for isolates obtained from patients at a private clinic in the city of Kharkiv from 2018
to 2019. Results. The analysis revealed that patients most frequently sought bacteriological examination for
materials from the throat (34.5%) and nose (29.9%), while the least common requests were for examination
of the mucous membrane of the oral cavity (2.3%) and skin (3.4%). The positive results accounted for 94.3%
of the cases. The isolated strains included Staphylococcus aureus (29.4%), Neisseria spp. (16.5%),
Staphylococcus epidermidis (14.1%), Streptococcus spp. of the Viridans group (12.9%), Candida albicans
(5.9%), Moraxella spp. (1.2%), Streptococcus anhaemolyticus, Klebsiella pneumoniae, Escherichia coli,
Pseudomonas aeruginosa (each constituting 3.5%), molds (2.4%), and Streptococcus haemolyticus,
Enterobacter aerogenes, and Enterococcus faecalis (each accounting for 1.2%). The isolated strains
obtained from patients of the private laboratory had a pronounced antibiotic resistance to antimicrobial drugs
of the following groups: beta-lactams, tetracycline, aminoglycosides, and sulfonamides. This should be taken
into account by doctors when prescribing antibacterial therapy. Conclusions. The data indicate disturbingly
high levels of antimicrobial resistance in isolates collected from patients at a private clinic in the city of
Kharkiv.

Keywords: antimicrobial resistance, isolates, strains, antimicrobial agents, Ukraine.
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Introduction

The last decade was marked by a global in-
crease in antibiotic resistance among common dis-
ease-causing bacteria including the causative
agents of hospital infections in all regions of the
world, including Ukraine [1, 2, 5]. Targeting resis-
tant organisms is becoming increasingly difficult,
requiring the use of alternative drugs or higher
doses that can be more costly or more toxic [3, 4].
Microbes resistant to several antimicrobials are
called multidrug-resistant (MR); or sometimes su-
perbugs [6, 11, 12]. Antimicrobial resistance is on
the rise, causing millions of deaths each year Cur-
rently, several infections have become completely
incurable due to resistance [7, 9, 10].

Antibiotic resistance may arise through natural
selection due to random mutations and/or exposure
to the antibiotic [8, 13, 14]. An important aspect is
the capability of microorganisms to transmit antibi-
otic resistance genetic information through horizon-
tal gene transfer, i. e. from a microorganism with a
random resistance mutation to other susceptible
microorganisms, leading to the development of re-
sistance [15, 16]. Moreover, antibiotic resistance of
microorganisms can be created artificially by ge-
netic transformation, which should also be taken
into account.

In order to timely detect microorganisms with
possible new resistance genes to certain antibiot-
ics, it is necessary to constantly monitor microbi-
ological strains of microorganisms circulating
among the population. At the first stage of such
monitoring, simple methods for assessing resis-
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tance patterns, which are cheaper, can be used. In
the future, resistant strains can be studied by mo-
lecular genetic methods. Currently, most antimicro-
bial drugs in the clinical development are modifica-
tions of already-existing classes of antibiotics that
indicates a growing global medical challenge, the
resolution of which is conceivable only through the
assessment of pathogen resistance levels to vari-
ous antibiotics at both regional and national levels.

Limited material resources hinder the compre-
hensive evaluation of the full spectrum of circulating
pathogens and their resistance to antimicrobial
drugs commonly used in medical practice. How-
ever, in Ukraine, individuals can opt for bacterio-
logical examinations in private laboratories without
requiring a prior referral from a doctor. There is an
opportunity for the population to conduct a bacterio-
logical examination in a private laboratory regard-
less of the nosological form and disease severity
that gives an additional opportunity to assess the
extent of the antibiotic resistance problem under the
current conditions in Ukraine [17, 19, 20].

The objective of this study is to evaluate the an-
tibiotic resistance of pathogens isolated in biological
samples collected from clients of private laborato-
ries in Ukraine. Knowledge of the spectrum of anti-
biotic resistance in circulating strains can help in
the selection of antibacterial drugs for the treatment
of patients [18, 21, 22].

Material and methods

In Ukraine, antibiotic resistance monitoring is
carried out in accordance with the Order of the Min-
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istry of Health (MoH) of Ukraine dated August 3,
2021 No. 1614 "On the organization of infection
prevention and infection control in health care insti-
tutions and institutions/institutions providing social
services/social protection of the population". The
results of bacteria culture tests of biological sam-
ples collected from patients of a private laboratory
in the city of Kharkiv from 24 March 2018 to 31 De-
cember 2019 were examined. The samples com-
prise 30 throat culture specimens, 26 nose culture
specimens, 5 urogenital culture specimens, 8 ear
culture specimens, 13 urine culture specimens, 3
skin culture specimens, and 2 oral cavity culture
specimens, totaling 87 samples. According to the
Clinical & Laboratory Standards Institute (CLSI)
guidelines, a total of 82 strains of opportunistic
pathogens were isolated. Antibiotic resistance lev-
els were assessed using the agar disk diffusion
method, involving 15 groups of antimicrobial
agents.

The analysis of statistical data was performed
using Microsoft Excel.

Inclusion criteria: The study included adult pa-
tients who applied to the private laboratory of
Kharkiv with suspicion of bacterial infection during
March 24, 2018, to December 31, 2019. Exclusion
criteria: repeated bacteriological culture obtained
from the same patient.

Microbial analysis. In this study, bacterial spe-
cies identification was performed with standard mi-
crobial methods. Antibiotic susceptibility testing of
bacteria was determined by Kirby—Bauer disc diffu-
sion test according to the protocol of the European
Committee on Antimicrobial Susceptibility Testing
(EUCAST) (http://eucast.org).

Ethics. Ethical considerations including privacy
of personal data were considered during all steps of
the research.

Results

Over the study period, there were 82 (94.2%)
positive results, while 5 (5.8%) laboratory tests re-
sults were negative.

The analysis revealed that most often bacterio-
logical examinations were carried out of the mate-
rial taking from the throat (34.5 %) and nose
(29.9 %), and less often from the oral mucosa
(2.3 %) and skin (3.4%).

Analysis of the positive culturing results showed
that the strains of Staphylococcus aureus (29.4 %)
were mostly isolated. In addition, the strains of
Neisseria  spp. (16.5 %), Staphylococcus
epidermidis (14.1 %), Streptococcus spp. of viri-
dans group (12.9 %), Candida albicans (5.9 %),
Moraxella spp. (1.2 %), Streptococcus anhaemo-
lyticus, Klebsiella pneumoniae, Esherichia coli,
Pseudomonas aeruginosa (each amounted to 3.5
%), Moulds — 2.4 %, Streptococcus haemolyticus,
Enterobacter aerogenes and Enterococcus faecalis
(each 1.2 %) were isolated. The structure of the cul-
turing samples is shown in (Table 1,2).

Out of 14.9 % of urine samples analyzed, 5
samples (38.5%) were negative, while pathogens
were isolated in 8 samples (61.5%). The isolates of
E. coli (33.3 %) and P. aeruginosa (22.2%) made
up the largest proportion, as well as the strains of
S. epidermidis, K. pneumonia, E. faecalis,
E. aerogenes each accounted for 11.1 %. In one
culture, an association of E. faecalis and
K. pneumonia. was detected. Studying susceptibil-
ity of the isolates from urine samples showed that
E. coli was resistant to tetracyclines (tetracycline,
doxycycline), beta-lactams (amoxicillin, amoxiclav,
cefazolin, cefpodoxime), and sulfanilamides (co-
trimoxazole).

Table 1.

Distribution of pathogens isolated from biological samples taken
in the clients of a private laboratory in Kharkiv from March 24,
2018, to December 31, 2019.

Microorganism Fr(enq:ugesn)cy Perc;?/:)tage

Gram-positive cocci

St. aureus 25 294
St. epidermidis 12 14.1
Streptococcus spp. 11 12.9
Strept. anhaemolyticus 3 3.5
Enterobacter faecalis 1 1.2
St. haemolyticus 1 1.2
Gram-negative bacilli

E. coli 3 3.5
Enterobacter aerogenes 1 1.2
Neisseria spp. 14 16.5
Moraxella spp. 1 1.2
Klebsiella pneumoniae 3 3.5
Pseudomonas aeruginosa 3 3.5
Candida albicans 5 5.9
Fungi 2 2.4
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Table 2.

Antimicrobial Resistance in the Most Common Gram-Positive Isolates

from Patients' Biological Samples in a Private Laboratory in Kharkiv: March 24, 2018, to December 31, 2019, n=85

Microorganisms
' N S'(::_Iril)ls S. epidermidis
Antmicrobal medicine (n=12)
Resistance Resistance

(%) (%)
benzylpenicillin 64.3 75
oxacillin 85.7 75
amoxicillin 78.6 81.2
Amoxiclav 78.6 81.2
cefazolin 85.7 93.7
cefpodoxime 92.8 81.2
cefuroxime 35.7 25
cefoperazone 14.3 0
amikacin 0 6.2
gentamicin 7.1 6.2
tobramycin 7.1 6.2
norfloxacin 71 6.2
tetracycline 85.7 75
doxycycline 57.1 43.7
clarithromycin 7.1 18.8
azithromycin 42.8 50
clindamycin 78.6 37.5
chloramphenicol 35.7 6.2
levofloxacin 0 6.2
rifampicin 71 6.2
lincomycin 28.6 18.8
roxithromycin 28.6 18.8
spiramycin 28.6 18.8

The P. aeruginosa strains demonstrated resis-
tance to antibiotics of the tetracycline group (tetra-
cycline, doxycycline), beta-lactams (amoxicillin,
amoxiclav, cefazolin, cefpodoxime, cefuroxime, cef-
triaxone, meropenem), and sulfanilamides (co-
trimoxazole).

The E. faecalis isolates were resistant to beta-
lactams (cefazolin, cefpodoxime, cefuroxime, ce-
fepime), aminoglycosides (amikacin, gentamycin,
tobramycin), quinolones (gatifloxacin, ofloxacin, pe-
floxacin, norfloxacin), and tetracyclines (tetracy-
cline, doxycycline).

The isolates of E. aerogenes were resistant to
beta-lactams (amoxicillin, amoxiclav, cefixime, ce-
fazolin, cefpodoxime, cefuroxime), aminoglycosides
(gentamycin, tobramycin), quinolones (gatifloxacin,
ofloxacin, pefloxacin, norfloxacin, ciprofloxacin,
levofloxacin), and tetracyclines (tetracycline, doxy-
cycline).

The S. epidermidis strains  demonstrated
marked resistance to beta-lactams (benzylpenicillin,
oxacillin, amoxicillin, amoxiclav, cefazolin, cefpo-
doxime) and tetracyclines (tetracycline).

The isolates of K. pneumonia were resistant to
beta-lactams (amoxicillin, amoxiclav, cefixime, ce-
fazolin, cefpodoxime, cefuroxime, cefoperazone,
ceftriaxone, cefepime), aminoglycosides (amikacin),
quinolones (gatifloxacin, ofloxacin, pefloxacin,
ciprofloxacin, levofloxacin, norfloxacin), and tetra-
cyclines (tetracycline, doxycycline).

Thus, the examination of urine cultures has de-
monstraetd that all isolated strains possessed the
highest resistance to antimicrobial drugs of the tet-
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racycline group (100 %) and beta-lactams (100 %),
and the resistance to the sulfanilamides was
33.3%, to aminoglycosides and the quinolones
amounted to 50%.

Out of 5.7 % samples taked from the urogenital
tract during bacteriological examination, 7 patho-
gens were isolated, of which the strains of
S. epidermidis  (28.5%),  Streptococcus  spp.
(28.5%), Candida albicans, Streptococcus an-
haemolyticus, S. aureus, each amounted to 14.3%.
The antimicrobial resistance was expressed to
beta-lactams and tetracyclines.

The isolates of S. epidermidis demonstrated re-
sistance to beta-lactams (benzylpenicillin, oxacillin,
amoxicillin, amoxiclav, cefazolin, cefpodoxime) and
tetracyclines (tetracycline, clindamycin).

The strains of Streptococcus spp. were resistant
to beta-lactams (cefazolin, cefpodoxime), aminogly-
cosides (amikacin, gentamycin, tobramycin), and qui-
nolones (gatifloxacin, ofloxacin, pefloxacin, ciproflox-
acin, levofloxacin, gemifloxacin, norfloxacin).

The isolated strain of Streptococcus anhaemo-
lyticus was resistant to cephalosporins (cefazolin,
cefepime), macrolides (azithromycin, clarithromy-
cin), and amphenicols (chloramphenicol).

The strains of S. aureus showed resistance to
beta-lactams (benzylpenicillin, ampicillin, oxacillin,
amoxicillin, cefixime, cefazolin), and tetracyclines
(tetracycline, doxycycline). The isolates of Candida
albicans were resistant to antifungal agents (flu-
conazole, itraconazole, nitroxoline, amphotericin).

The Neisseria spp. strains isolated from the oral
cavity were resistant to beta-lactams (cefazolin,
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cefpodoxime, cefuroxime), quinolones (gatifloxacin,
ofloxacin, pefloxacin, ciprofloxacin, levofloxacin,
norfloxacin), macrolides (azithromycin), and tetra-
cyclines (tetracycline, doxycycline).

In the bacteriological culture obtained from the
skin in three analyses, five pathogens were iso-
lated: S. aureus, Streptococcus anhaemolyticus,
Candida albicans.

The resistance of S. aureus isolates was de-
tected to beta-lactams (benzylpenicillin, oxacillin,
amoxicillin, amoxiclav, cefazolin), tetracyclines (tet-
racycline, doxycycline), cephalosporins (cefazolin,
cefpodoxime), macrolides (azithromycin, roxithro-
mycin, spiramycin), lincosamides (clindamycin, lin-
comycin), and sulfanilamides (co-trimoxazole).

In Streptococcus anhaemolyticus strains, resis-
tance was observed against cephalosporins
(cephalosporin, cefazolin, cefpodoxime, cefu-
roxime), aminoglycosides (amikacin, gentamicin,
tobramycin), macrolides (azithromycin, roxithromy-
cin, spiramycin), and lincosamides (clindamycin,
lincomycin).

The strains of Candida albicans showed resis-
tance to antifungul agents (nystatin, itraconazole,
amphotericin, nitroxoline).

Eight pathogens were identified in the bacterial
culture tests from the ear: S. aureus (25%),
K. pneumonia (25%), S. epidermidis (25%), Strep-
tococcus haemolyticus (12.5%), and P. aeruginosa
(12.5%). Also, in two analyses, mould fungi resis-
tant to antifungal agents (fluconazole, itraconazole,
clotrimazole, amphotericin, nitroxoline) were iso-
lated. The isolated strains of K. pneumonia were
resistant to beta-lactams (amoxicillin, amoxiclav,
cefazolin, cefixim, cefpodoxime), tetracyclines (tet-
racycline, doxycycline), cephalosporins (cefazolin,
cefpodoxime, cefuroxime), macrolides (azithromy-
cin), lincosamides (lincomycin), and sulfanilamides
(co-trimoxazole). The strains of S. aureus were re-
sistant to beta-lactams, cephalosporins, tetracy-
clines, macrolides, and lincosamides. The isolates
of S. epidermidis were resistant to beta-lactams,
and tetracyclines. The strains of Streptococcus
haemolyticus were resistant to beta-lactams, tetra-
cyclines, cephalosporins, macrolides, lincosamides,
and sulfanilamides. The isolates of P. aeruginosa
were also resistant to beta-lactams, tetracyclines,
cephalosporins, carbopenems, amphenicolams,
and sulfanilamides.

In 34.5 % throat cultures, 35 pathogens were
isolated: S. aureus (40%), Neisseria spp. (34.3%),
Streptococcus spp. (17.1%), and Candida albicans
(8.6%). The strains of Neisseria spp. were the most
resistant to the group of beta-lactams (cefazolin)
and tetracycline (tetracycline). The isolates of
Streptococcus spp. were resistant to aminoglyco-
sides (amikacin, gentamycin, tobramycin) and qui-
nolones (gatifloxacin, ofloxacin, pefloxacin). The
marked resistance in S. aureus isolates was ob-
served to the groups of tetracyclines (tetracycline)
and beta-lactams (oxacillin). The strains of Candida
albicans were resistant to antifungals (fluconazole,

amphotericin).

During the study of 29.9 % nose cultures, 20
pathogens were isolated, namely S. epidermidis
(80%), Streptococcus spp. (15%), and Moraxella
spp. (5%), which were resistant to beta-lactams
(cefazolin, benzylpenicillin, oxacillin, amoxicillin,
amoxiclav, cefazolin, cefpodoxime), aminoglyco-
sides (amikacin, gentamycin, tobramycin), qui-
nolones (gatifloxacin, ofloxacin, pefloxacin, cipro-
floxacin, levofloxacin), and tetracyclines (tetracy-
cline, doxycycline).

Out of all 87 strains isolated, 27% of the isolates
were resistant to antiseptics, of which Streptococ-
cus haemolyticus, Streptococcus anhaemolyticus,
K. pneumonia,  P. aeruginosa, S. epidermidis,
S. aureus were resistant to miramistin (52%), ec-
tericid (39%), and chlorophyllipt (8%). Resistance to
antiseptics was predominantly evident in 68% of S.
aureus isolates: 32% to miramistin, 32% to ecteri-
cid, and 4% to chlorophyllipt.

Summarizing all the results, it is evident that the
obtained isolates demonstrated resistance to vari-
ous groups of antimicrobial agents. The highest re-
sistance was observed in the cephalosporin group,
accounting for 17.5%, with cefazolin being the most
resistant at 38.95%, followed by cefpodoxime at
34.9%, and cefuroxime at 15.7%. In the quinolone
group, resistance was noted at 14.2%, with norflox-
acin showing the highest resistance at 17.98%, fol-
lowed by pefloxacin at 17.3%, and ofloxacin at
16.5%. Tetracycline group resistance stood at
11.9%, with higher resistance to tetracycline at
53.8% and doxycycline at 39.3%. The macrolide
group exhibited a resistance rate of 6.1%, with
azithromycin at 53.3%, roxithromycin at 18.3%, and
spiramycin at 18.3%.

Antibiotic resistance to the group of linco-
samides was 4.6%, more pronounced to clindamy-
cin at 71.1%. In the aminoglycoside group, it was
4.7%, most of all to gentamycin reaching 34.8%,
and to amikacin and tobramycin, reaching 32.6%
each.

The resistance was expressed in the group of
antifungal agents, composed 2.9%, of which to ni-
troxoline made up 21.4%, to fluconazole, itracona-
zole and amphotericin achieved 17.9% each. Re-
sistance to the sulfanilamides was 7.4%; it is note-
worthy that resistance to the co-trimoxazole
reached up to 100%.

Resistance to antiseptics was 4.2%, mostly to
miramistin reaching 46.3%, etericid at 34.1%. Re-
sistance to the bacteriophages amounted to 7.5%,
of which to the polyvalent pyobacteriophage reach-
ing 58.1% and to staphylococcal bacteriophage,
at 25.7%.

Discussion

Resistance of the main opportunistic pathogens
emphasizes the need for constant microbiological
monitoring of the formation and circulation of
hospital strains in order to improve the tactics of
using antibacterial drugs.
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Conclusions

In the city of Kharkiv, opportunistic pathogens
isolated from patients in the private laboratory such
as the strains of Staphylococcus aureus, Neisseria
spp., Staphylococcus epidermidis, Streptococcus
spp of the viridans group were identified. The
highly-resistant bacteria were resistant to the such
group of antimicrobial drugs as beta-lactams,
tetracyclines, aminoglycosides, sulfanilamides.

The emergence and spread which must be
considered by doctors when prescribing
antibacterial therapy.

The study conducted showed the relevance of
the microbial resistance issue to the action of
antimicrobial drugs and allowed us to outline the
direction for further improvement of the antibiotic
resistance preventive measures.

Thus, the identification of the emergence and
spread of antimicrobial resistance strains
necessitates further microbiological monitoring of
the antibiotic-resistant strain circulation based on
the special programs (e.g. WHONET) using
molecular epidemiology. high frequency of carrying
out such studies will allow to resolve the problem of
rational antimicrobial therapy and adequately
regulate the administration of antibacterial drugs in
the outpatient practice, thereby improving the
results of treating infections and introducing the
correction of existing therapeutic regimens for
diseases.
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OULIHKA YYTJIMBOCTI 4O AHTUMIKPOBHUX MPEMAPATIB I30JIATIB, BUAINEHUX B MPUBATHIV TABOPATOPII B YKPAIHI

PannsaH M.B.1, YymayeHko T.O.1, Paiinst .M.

Kntouosi cnoea. €auHe 300poB’si, aHTUMIKpOOHa Pe3UCTEHTHICTb, i30MATH, LITaMK, NPOTUMIKPOBHI NnpenapaTtu, YkpaiHa.
MeTta. MeToto gocnigxeHHs 6yno npoBecTn aHani3 Ppe3nCcTEHTHOCTI A0 aHTUMIKPOOHMX npenapaTiB naTo-
reHis, siki 6ynun otpumani 3a nepiog 3 28 ksiTHA 2018 poky no 31 rpyaHs 2019 poky B npuBaTHii nabopatopii

B M. XapKoBi.

Matepianu Ta metoan. NpoaHanizoBaHo pe3ynbTaTh igeHTUdIKaLii Ta aHani3 YyTnnBOCTi A0 aHTUMIKPO-
OHUX npenapartiB i30M4TiB, OTPMMaHUX Bif MauieHTiB NpMBaTHOI KNiHikn M. Xapkosa 3a 2018-2019 pp. Pe-
3ynbTati. AHani3 nokasas, L0 Han4yacTile XBopi 3BepTanuca ang 6akrepionoriyHOro JocnigXeHHs maTtepi-
any 3iey (34,5 %) Ta Hoca (29,9 %), pigwe — onsa AoCniaXeHHs1 CNM3oBOi 0B0MOHKN POTOBOT NOPOXKHMHM (2,3

%) Ta wkipn (3,4 %).

Tom 24, Bunyck 1 (85)

Mutoma Bara no3anTMBHWX pesynbTaTiB ckrnana 94,3%.
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Staphylococcus aureus (29,4 %), Neisseria spp. (16,5 %), Staphylococcus epidermidis (14,1 %),
Streptococcus spp. rpynu Viridans (12,9 %), Candida albicans (5,9 %), Moraxella spp. (1,2 %),
Streptococcus anhaemolyticus, Klebsiella pneumoniae, Esherichia coli, Pseudomonas aeruginosa (ctaHo-
Bunn no 3,5 %), nnicHasn — 2,4 %, Streptococcus haemolyticus, Enterobacter aerogenes i Enterococcus
faecalis (no 1,2 %). Bugineni wramu, oTpMMaHi BiA nauieHTiB NPMBATHOI KNiHIKA, Manu BUpaXXeHy aHTUbioTu-
KOPE3NCTEHTHICTb A0 aHTUMIKPOOHMX npenapartiB rpyn: 6eTa-nakramu, TETPaUUKIiH, aMiHOIMIKO3nauW, Cynb-
daHinamign. Lle noBuHHI BpaxoByBaTW Nikapi Npu npusHaveHHi aHTnbakrepianbHoi Tepanii. BucHoBkn. OaHi
cBigYaTb NPO 3arpo3nMBO BUCOKI pe3yrbTaTh PEe3NCTEHTHOCTI A0 aHTUMIKpOOHMX npenapartisB y i3onaTis,
OTPMMaHUX Bif NauieHTiB NpuBaTHOI KNiHik1 MicTa XapkoBa.

DOI 10.31718/2077-1096.24.1.134
Y[K: 616.67:577 + 175.67:599.343.5
Cmeuyk €.B., lllenimbko B.l., 3anopoxeub T.M., lNporiHa O.M., Bopyma H.B.

BINJINB KBEPLEETUHY HA NPOAYKLUIIO PEAKTUBHMX KUCHEBO-A3O0THUX
®OPM Y CTPYKTYPAX IHTEPCTULLINHOIO NPOCTOPY CIM'AHUKIB LLIYPIB
NP TPUBANIN AII TPUNTOPEJIIHY

MonTaBCcbkMN AepXKaBHU MeanMYHUIA yHiIBepcuTeT, M. [NonTtaea, YkpaiHa

KeepuemuH - uye nowupeHul ¢ragoHoid, npupodHul niemeHm, skul npucymHil y ckrnadi 6azambox ppyK-
mie, oso4ie ma HaciHHS. ®ragoHoidu doromazarome YHUKHYMU PO38UMKY X80pob cepueso-cyOUHHOI cuc-
memu, 3HUWXYoMmb PU3UK BUHUKHEHHS1 0e2eHepamueHUX Mpoyecie y 20/108HOMY MO3KY ma OHKOJ102i4HUX 3a-
X8oprosaHb. Sk 8idomo, ueHmparsbHe 6r10Ky8aHHSI CUHME3Y JIIOMEIHI3yt04020 20pMOHY rpu38o0Ums A0 pPo3-
B8UMKY OKUCHO20 cmpecy 8 rneuiHuyi, cepyi, CIUHHUX 3ano3ax wypie. Memoto 0aHo20 OocnideHHs1 6y1o ouj-
HUMU 3MiHU iHMepcmuuitiHo20 rnpocmopy CiM’ssHUKI8 wypig, susHadumu Oxepena npodyKuii okcudy asomy
ma iHmeHCcUBHicmb okcudamueHO20 Cmpecy 8 CiM’ssHUKax wypie rid yac doezompugario2o ekcriepumMmeHma-
JNIbHO20 UeHmparsbHo20 b6r10Ky8aHHSI CUHMe3y fIromeiHi3yro4o20 20pMoHy mpurnmopeniHom. [ocnidu 6ymnu
npoeedeHi Ha 15 6inux cmameso3apinux 6inux wypax — camysix. TeapuHu 6ynu nodineHi Ha 2 epynu. lNepwa
epyna (KoHmpornbHa) ompumyeana nidwkipHo iH'ekuito 0,9% po3quHy Hampito xropudy. Y Opyeiti epyni mea-
PUH (ekcriepumeHmarnbHa) Mooes8anoch UeHmparbHe 6710Ky8aHHS CUHME3Y IIOMEIHi3yl4020 20pMOHY,
wirisaxom nidGwWKipHoOT iH'ekuii mpunmoperniHy e 003i 0,3 me/ke dito4oi peyosuHu npomsicom 365 OHig, 3 0OHO-
yacHum 0o0asaHHsM y palUioH xap4yeaHHs KeepuemuHy, sKuli 68o0USCsT nepopasibHO, 3a 00IOMO_20K 2ac-
mparnbHo20 30HOy mpudi Ha OeHb. 3azarnbHy npodyKuito okcudy azomy OUiHI8asu 3a 3a2alilbHOK aKmuUeHI-
cmio NO-cuHmas (gNOS). lpo akmusHicmb gNOS cydunu 3a ripupocmom Himpumig (NO2-) nicrisa iHky6auii
8 mpuc-6ycbepHomy po3quHi. KoHUeHmpauito Himpumis eusHadasnu 3a doriomoeoro peakmusy [puca-Inoceas
Ha 0oexuHi xeuni 540 HM. Takox eusHadanu akmueHicmb iHOyyubenbHoi (iINOS) ma KoHcmumymueHuUXx
(cNOS) izogpopm, sukopucmosyrodu cenekmusHul iHeibimop iINOS - amiHoeyaHiOuH eidpoxrnopudy. basosy
nPoOyKU,ito cyrnepoKkcuOHO20 aHioH-padukany (O2--) susHa4yanu 3a rpupocmom dughopmasaHy, ymeopeHo20
8 peakyii O2+- 3 HiImpocuHiM mempa3sosiem nicns iHKybauii 8 6yghepHoOMy pPO34UHI, W0 Micmume 2i0poKcud
Hampito. BeeGeHHs1 keepuemuHy 3MeHWye HezamueHUl ernaue mpunmopeniHy, wo rnpu3godums 0o cmpy-
KMYPHO - (byHKUIOHanbHUX 3MiH y 6y008i criofydHOmMKaHUHHUX KOMIMOHEHMI8 CiM’sHuKie wypie Ha 365 o6y
CrIOCMEPEXEHHS | Xapakmepu3yrmbcsi 03Hakamu pibpo3y 3 nopyweHHaIMU npolyKyii okcudy a3omy KOH-
cmumymueHumu isogpopmamu NO-cuHma3su.

KntoyoBi cnoBa: ciM’ siHMKky, iHTepcTulinHi engokpuHountn, NO-cuHTasa, iNOS, L-apriHiH, cynepokeugancmyrtasa, TpunTopenit,
KBEpLETUH, hibpos.

JocnidxeHHs1 € hpaeMeHMoM HayKkoeo20 npoekmy «EkcrnepumeHmanbHo-MopghornozidHe sugyeHHs Oii dughbeperiHy, emaHony ma 1%
Memakpus10801 KUCIOMU, KPIOKOHCEpP8Oo8aHUX mpaHcriaHmamie rninayeHmu Ha MopgoghyHKUioOHanbHUlU cmaH psidy 8HympiluHiX opaa-
Hig» Ne depxaeHoi peecmpauii 0119U102925.

Beryn KOPENnIETLCH 3 PO3BUTKOM HU3KM XPOHIYHMX 3aXBO-
ptoBaHb, cepef AKUX LyKpoBuI giabeT, pak Ta cep-
ueBo-cyauHHi natonoril [9,14,15]. BueHi nposenu
Cepilo eKCNepUMEHTIB Ha Llypax Ta CBUHSX i JoBe-
nn, WO OCHOBHWIA PO3NoAin KeepueTuHy BiodyBa-
€TbCS Y NereHsax, TOBCTiM KMLWLj, HAPKaxX Ta neviHLi,
HaTOMICTb B TKaHMHaxX MO3KY BUSIBIMSIOTLCA HUKYI
piBHI MeTaboniTiB Ui€l peqoBUHW. pn HaaXOAXKEHHI
uboro draBoHoIda nue 3 NpogykTamun xapvyBaH-
Hsl, TO B MNna3Mi BiH BUSIBNISIETLCS Y HAHOMOISPHO-
My JdianasoHi, BogHo4ac npuiomM gobaBokK y BUrnagi
arnikoHy abo rniko3ungis 003BONSAE NiIABULLNTU KOH-
LeHTpaLito 0O HU3BbKOro MIKpOMOMSPHOro Aianaso-

KBepueTuH - ue nowumpeHuin cnaBoHoiId, npu-
POAHWI NIrMEHT, KU NPUCYTHIN y cknagi 6araTbox
pyKTiB, 0BOYIB Ta HaciHHA [23]. dnaBoHoian Ao-
nomMararoTb YHWKHYTU PO3BUTKY XBOpPOO cepLeBo-
CYOMHHOT CUCTEMMW, 3HWKYIOTb PU3SNK BUHUKHEHHS
AereHepaTMBHUX MPOLIECIB Y rONOBHOMY MO3KY OH-
KOMOriYHMX 3axBOploBaHb[16]. Takox Ui pedyoBuHU
MaloTb aHTUOKCMOAHTHI BNAacTUBOCTI, AonomaralTb
OopraHiamy 3axucTutucs Big arpecil BifbHWUX pagu-
Kanie, NOB'A3youM Ta HeNTpanisyouu Li HecTabinb-
Hi monekynu [18]. MNpoBegeHi gocnigXeHHA noka-
3yl0Tb, WO arpecvBHWUA BNAMB BiflbHWX paaukanis
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