. . . “”l ..
OpuriHanbHi BocnimkeHHs Original research

4-phenyl-5-((pyrimidin-2-ylthio)methyl)-1,2,4-triazole-3-thiol
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The article discusses effective methods for the synthesis of unsymmetrical disulfides, which are important in the development of new
bioactive molecules, pharmaceuticals, and materials for bioconjugation and systemic release.

The aim of the work is to develop a method for the synthesis of unsymmetrical disulfides of 4-phenyl-5-((pyrimidin-2-ylthio)methyl)-1,2,4-
triazole-3-thiols under mild conditions, with high selectivity and wide tolerance to functional groups, including the disulfide fragment as a
promising structural framework for the development of new active pharmaceutical ingredients.

Materials and methods. 'H NMR spectra were recorded on a Bruker AC-500 spectrometer (500 MHz) in DMSO-d. Elemental analysis (C,
H, N, S) was performed using an ELEMENTAR vario EL cube. Melting points were determined using the capillary method.

Results. A new strategy for the synthesis of unsymmetrical disulfides of 4-phenyl-5-((pyrimidin-2-ylthio)methyl)-1,2,4-triazole-3-thiols
using 1-chlorobenzotriazole has been developed, providing high product yields and selective transformation. This method does not
require low temperatures and demonstrates high compatibility with various functional groups, allowing easy modification of molecules
and further research potential. Spectral data confirm the structure of the obtained compounds and indicate the formation of stable
disulfide bonds.

Conclusions. The synthesis of new unsymmetrical disulfides of 4-phenyl-5-((pyrimidin-2-ylthio)methyl)-1,2,4-triazole-3-thiols was success-
fully carried out under mild conditions using 1-chlorobenzotriazole as a selective reagent, resulting in high yields and good tolerance to
functional groups. Their structural similarity to natural antioxidants such as cystine and allicin makes them promising model compounds
for further studies of the mechanisms of redox activity and the development of new drugs to regulate oxidative stress.
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4-cheHin-5-((nipumigun-2-intio)metun)-1,2,4-tpiason-3-tion sk nnatdopma ana cUHTE3y HeCUMETPUYHUX Aucynbdiais
tO. B. Kapnenko, M. O. NaHaceHko

OnucaHo eheKTMBHI METOAMN CUHTE3Y HECUMETPUYHMX ANCYNbMIAIB, LLIO MaOTb 3HAYEHHS NiJ Yac po3pobku HOBUX BiOAKTUBHKX MONEKYIT,
hapmaLeBTUYHMX NpenaparTiB i MaTtepianis Ans GiOKOH'toraLii i CUCTEM KOHTPOIbOBAHOTO BUBIMbHEHHS.

Meta po6oTm — po3pobka MeToay CUHTE3Yy HECUMETPUYHUX AnCYNbdiaiB 4-deHin-5-((nipumignH-2-intio)metnn)-1,2,4-Tpiason-3-Tionis 3a
M’SIKMX YMOB i3 BUCOKOIO CENEKTUBHICTIO Ta LUMPOKOO TONEPAHTHICTIO A0 (PYHKLOHAMNBbHUX rpyn, BKIKYAKYN AUCYNbMIAHWA parMeHT sk
NEePCreKTUBHUIA CTPYKTYPHWI KapKkac Ans po3pobneHHs HOBWUX aKTUBHUX (hapMaLeBTUYHUX IHTpEedieHTIB.

Matepianu i metoau. Cnextpn 'H AMP 3anucaHo Ha cnektpometpi Bruker AC-500 (500 M signosigHo) y AMCO-d,. EnemeHTHuit ananis
(C, H, N, S) apicHunu Ha npunagi ELEMENTAR vario EL cube. Temnepatypu nnasneHHs Bu3Ha4yanu KaninsgpHUM METOLOM.

Pesynikratn. Po3pobneHo HoBy CTpaTerito CUHTE3Y HECUMETPUYHUX AnCynbdiaiB 4-eHin-5-((nipumignn-2-intio)metun)-1,2,4-tpiason-3-Ti-
onis 3a gonomorot 1-xnopobeH3oTpiasony, Lo 3abe3neyye BUCOKMIA BUXIA NPOAYKTIB i CENEKTUBHICTb nepeTBopeHHst. Lien meTon He
noTpebye HN3bKMX TEMMEPATYP i XapakTepu3yeTbCs BUCOKOI CYMICHICTIO 3 Pi3HOMaHITHUMMW (OYHKLiOHaNbHUMK rpynamu, Lo Aae 3Mory
nerko MoamdikyBaT MOMEKYNY, MiABULLYE iXHii NOTEHLian Ans HacTynHUX gocnimkeHb. CnekTpanbHi JaHi NigTBEPAXYOTb CTPYKTYPY
OTPVMMaHMUX CNONYK i BKa3yloTb Ha YTBOPEHHS CTabinbHUX ANCYNbiaHUX 3B'A3KiB.

BucHoBkU. CUHTE3 HOBMX HECUMETPUYHUX Ancynbdiais 4-deHin-5-((nipumignH-2-inTio)meTtnn)-1,2,4-Tpiason-3-Tionie yCnilWHO 34iNCHEHO 3a
M’SIKMX YMOB i3 BUKOPUCTaHHAM 1-Xxnopo6eH30Tpia3ony Sk CENeKTUBHOIO peareHTy, Lo 3abeaneyye BUCOKWIA BUXIf, | 3HAYHY TONepaHTHICTb
[0 cpyHKUioHanbHUX rpyn. CTpYKTypHa NOAIGHICTb O NPUPOAHMX aHTUOKCUAAHTIB, 30KpeMa LIMCTUHY 1 aniuuHy, pobuTb iX NepcnekTuBHU-
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MW MOZENbHUMM CMONyKamu Anst HACTYMHUX JOCTiMKeHb MEXaHi3MiB OKWCHO-BIHOBHOI aKTUBHOCTI Ta pO3pobIieHHs HOBUX Npenapartig,

cnpamMoBaHNX Ha peWJ'ISILI,iIO OKCMaaTnBHOIO CTpecy.

Kntouogi cnoBa: 1,2,4-Tpia3on, HECUMETPUYHI AMCYNbdian, M'siKi YMOBU, BUCOKA CENEKTUBHICTb, NPOTUMIKPOOHA aKTUBHICTb, aHTUOKCK-

[JaHTHa aKTUBHICTb.

AxTyanbHi nuTaHHa hapmaleBTMYHOI | MeaMyHOI Hayku Ta npakTuku. 2025. T. 18, Ne 2(48). C. 123-130

The synthesis of unsymmetrical disulfides has garnered
significant attention in recent years due to their relevance
in developing novel bioactive molecules, pharmaceuticals,
bioconjugation materials, and controlled release systems [1].
Unlike symmetrical disulfides, the synthesis of unsymmet-
rical disulfides requires strict control of reaction conditions
to prevent the formation of homodisulfides, thereby posing
a significant challenge to achieve high chemical selectivity
and efficient preparation. Disulfide bonds play a crucial role
in stabilizing the three-dimensional structure of proteins,
maintaining intracellular redox homeostasis, and enabling the
design of compounds with either prooxidant or antioxidant
properties. In this context, the development of efficient, selec-
tive, and environmentally friendly methods for the synthesis
of unsymmetrical disulfides remains a highly relevant and
timely objective.

Despite notable advances in this area, most existing
methods still suffer from several significant limitations. In
particular, many rely on highly toxic reagents such as bromine
(Br,), thionyl chloride (SOCL,), or sulfuryl chloride (SO,Cl,),
which greatly complicates their practical use — especially
in the context of bio-oriented synthesis. Additionally, these
approaches often require harsh reaction conditions, multi-step
procedures, and prior activation of thiol groups through their
conversion into sulfonyl derivatives or similar intermediates.
Such factors reduce chemical selectivity, lower yields of target
compounds, and ultimately diminish the overall efficiency of
the synthetic process [2].

In medicinal chemistry, the disulfide bond is of particular
interest as a pharmacophoric element capable of modulating
the biological activity of organic molecules. The incorpora-
tion of a disulfide moiety into a compound’s structure can
not only stabilize its three-dimensional conformation but
also serve as a functional group that imparts specific bio-
logical properties, particularly antimicrobial activity. In this
context, the development of new antimicrobial agents based
on unsymmetrical disulfides represents a promising research
direction, especially in addressing the growing challenge of
multidrug-resistant microorganisms.

This hypothesis is supported by natural organosulfur
compounds found in garlic (A/lium sativum), such as S-alkyl-
cysteine sulfoxides, diallyl disulfides, and allicin. Allicin,
in particular, has attracted considerable scientific interest
due to its broad spectrum of biological activities, including
antibacterial, antifungal, and antiviral effects. According to
arecent study [3], allicin’s high reactivity, short intracellular
metabolic pathway, and lack of specificity for protein targets
are key factors that hinder the development of bacterial resist-
ance. The study’s authors highlight that this nonspecific yet
potent mode of action may serve as a foundation for designing

new therapeutics aimed at combating multidrug-resistant
pathogens.

Thus, the disulfide moiety is regarded as a promising
structural motif for the development of novel drug molecules
capable of addressing one of the most critical challenges in
modern pharmacology — antibiotic resistance.

Another promising avenue for the development of novel
unsymmetrical disulfide-containing compounds is the de-
sign of molecules with pronounced antioxidant potential. In
light of the growing interest in therapeutic agents capable of
effectively neutralizing reactive oxygen species (ROS) and
preventing oxidative stress, the targeted synthesis of antioxi-
dant-active structures represents a key objective in medicinal
chemistry. One of the most effective domestic antioxidant
drugs, Thiotriazolin®, is known for its strong cardio- and
hepatoprotective effects, which are attributed to its ability
to stabilize cell membranes, inhibit lipid peroxidation, and
modulate the activity of antioxidant enzymes [4,5].

In this context, the proposed compounds for the syn-
thesis incorporate a functionally significant 1,2,4-triazole-
3(2H)-thione fragment [6] — a key structural motif found
in Thiotriazolin® and various other biologically active
derivatives (Fig. 1). It is anticipated that the combination of
this heterocyclic core with a disulfide bridge will enhance
antioxidant properties, owing to the potential involvement
of the disulfide group in reversible redox transformations.

Additionally, the structural analogy with natural amino
acids, particularly cystine, which contains a disulfide bond
and plays a crucial role in maintaining redox homeostasis
in the human body, is noteworthy. Cystine, a dimeric form
of cysteine, serves as a substrate for the biosynthesis of
glutathione, one of the primary low-molecular antioxidants
in cells. Glutathione exists in both oxidized (GSSG) and
reduced (GSH) forms, and its functions include neutralizing
ROS, maintaining the reduced state of thiol groups in pro-
teins, and detoxifying xenobiotics [7]. Thus, the structural
mimicry or functional replication of the behavior of natural
redox-active compounds offers promising prospects for the
development of novel synthetic antioxidants with potential
pharmacological activity.

The interconversion between the oxidized and reduced
forms of glutathione is catalyzed in the body by the enzyme
glutathione S-transferase. This enzyme belongs to the oxi-
doreductase family and exhibits specific activity towards the
donor thiol group and the acceptor disulfide group.

Considering the above, a pressing challenge is to develop
new methods for the synthesis of unsymmetrical disulfides
that adhere to the principles of green chemistry, offer mild
reaction conditions, high selectivity, and compatibility with
a broad range of functional groups.
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Fig. 1. Strategy for identifying antioxidant activity of disulfide derivatives of 4-phenyl-4H-1,2,4-triazoles.

Aim

The aim of this work is to develop a synthetic method for
unsymmetrical disulfides of 4-phenyl-5-((pyrimidin-2-yl-
thio)methyl)-1,2,4-triazole-3-thiols under mild conditions,
with high selectivity and broad functional group tolerance,
incorporating a disulfide moiety as a promising structural
scaffold for the development of novel active pharmaceutical
ingredients.

Materials and methods

"H NMR spectra were recorded on a Bruker AC-500 spec-
trometer (500 MHz, respectively) in DMSO-d,, using TMS
as the internal standard (Agilent Technologies, Santa Clara,
California, USA). Elemental analysis (C, H, N, S) was carried
out on an ELEMENTAR vario EL cube, with sulfanilamide
as the standard. Melting points were determined using the
capillary method in a Stanford Research Systems Melting
Point Apparatus 100 (SRS, USA). The reagents used were
purchased from Sigma-Aldrich (Merck).

The compounds were synthesized using a known meth-
od [8], and the constants obtained corresponded to the
literature data.

Method for obtaining 1-chlorobenzotriazole. Treat benzotri-
azole with sodium hypochlorite in 50 % aq acetic acid. The
reagent quickly precipitates and is obtained in nearly quan-
titative yield after recrystallization from CH,Cl, / petroleum
ether.

Method for obtaining 3-(R-disulfanyl)-5-(4-R’)-4-phenyl-4H-
1,2,4-triazoles. A solution of 1-chlorobenzotriazole (0.61 g,
4 mmol), 1,2,3-benzotriazole (0.32 g, 0.7 mmol) and trieth-
ylamine (0.03 g, 0.3 mmol) in dichloromethane was cooled
to -25 °C using an insulated ice bath (66 g NaBr + 100 g
ice). To this solution, a solution of 5-R-4-phenyl-4H-1,2,4-
triazole-3-thiol (2.7 mmol) in 2 ml of dichloromethane was
added dropwise. The reaction mixture was stirred for 2 hours
while gradually warming to 10 C. Subsequently, a second
thiol derivative (4 mmol) in dichloromethane was added
dropwise, and stirring was continued at 0 °C for an additional
30 minutes. The reaction was quenched by the simultaneous
addition of 10 ml of an aqueous sodium thiosulfate solution
(0.45 g) and 10 ml of saturated aqueous sodium bicarbonate

under vigorous stirring for 20 minutes. After completion,
the mixture was subjected to liquid-liquid extraction with
dichloromethane (3 x 100 ml). The combined organic layers
were dried over anhydrous magnesium sulfate, filtered, and
concentrated under reduced pressure. The crude products
were purified by recrystallization from hexane.
2-((5-(2,6-dioxo-1,2,3,6-tetrahydropyrimidin-4-yl)-4-phe-
nyl-4H-1,2,4-triazol-3-yl)disulfaneyl)acetic acid (4a). Yield
70 %, yellow crystalline compound, mp 196-198 °C.'H
NMR(DMSO-d,, 500 MHz): & (ppm) 3.73 (s, 2H), 6.15 (s,
1H), 7.37-7.43 (m, 2H), 7.43-7.49 (m, 2H), 7.52-7.59 (m,
1H), 11.29 (s, 1H), 11.83 (s, 1H), 11.89 (s, 1H). Found, %: C
44.51; H2.96; N 18.51; S 17.04. C ,H, N,O,S,. Calculated,
%: C 44.56; H 2.94; N 18.56; S 16.99.
6-(5-((2-hydroxyethyl)disulfaneyl)-4-phenyl-4H-1,2,4-
triazol-3-yl)pyrimidine-2,4(1H,3H)-dione (4b). Yield 95 %,
orange amorphous substance, mp 184-185 °C. '"H NMR(DM-
SO-d,, 500 MHz): § (ppm) 2.94 (t,J= 4.1 Hz, 2H), 3.65 (dt,
J=5.4,42 Hz, 2H), 5.33 (t, /= 5.4 Hz, 1H), 6.15 (s, 1H),
7.37-7.43 (m, 2H), 7.43-7.48 (m, 2H), 7.53-7.59 (m, 1H),
11.29 (s, 1H), 11.83 (s, 1H). Found, %: C 46.21; H 3.74;
N 19.33; S 17.69. C ,H N.O,S,. Calculated, %: C 46.27; H
3.61;N 19.27; S 17.64.
6-(5-((3-hydroxypropyl)disulfaneyl)-4-phenyl-4H-1,2,4-
triazol-3-yl)pyrimidine-2,4(1H,3H)-dione (4¢). Yield 91 %,
yellow crystalline substance, mp 172—173 °C. '"H NMR(DM-
SO-d,, 500 MHz): § (ppm) 1.73 (p, J= 5.5 Hz, 2H), 2.86 (t,
J=5.6 Hz, 2H), 3.57 (q,J=5.4 Hz, 2H), 3.93 (t, /=5.6 Hz,
1H), 6.15 (s, 1H), 7.37-7.43 (m, 2H), 7.43-7.48 (m, 2H),
7.53-7.59 (m, 1H), 11.29 (s, 1H), 11.83 (s, 1H). Found, %: C
47.65; H4.13; N 18.51; S 16.86. C, .H,/N.O,S,. Calculated,
%: C47.73; H4.01; N 18.56; S 16.99.
6-(5-((2-hydroxypropyl)disulfaneyl)-4-phenyl-4H-1,2,4-
triazol-3-yl)pyrimidine-2,4(1H,3H)-dione (4d). Yield 85 %,
yellow crystalline substance, mp 154—155 °C. "H NMR(DM-
SO-d,, 500 MHz): 8 (ppm) 1.32 (d,/= 6.1 Hz, 3H), 2.76 (dd,
J=12.8,4.0 Hz, 1H), 3.03 (dd, /= 12.8, 4.2 Hz, 1H), 4.07
(qdt,J=6.0,4.8,4.2 Hz, 1H), 4.22 (d, /=4.8 Hz, 1H), 6.15
(s, 1H), 7.37-7.43 (m, 2H), 7.43-7.48 (m, 2H), 7.53-7.59
(m, 1H), 11.29 (s, 1H), 11.83 (s, 1H). Found, %: C 47.71;
H 4.11; N 18.45; S 16.73. C, H N.O.S.. Calculated, %: C

1577157 573720

47.73; H4.01; N 18.56; S 16.99.
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6-(5-((4,5-dihydrothiazol-2-yl)disulfaneyl)-4-phenyl-4H-
1,2,4-triazol-3-yl)pyrimidine-2,4(1H,3H)-dione (4e¢). Yield
93 %, white crystalline powder, mp 228-230 °C. '"H NMR(DM-
SO-d,, 500 MHz): & (ppm) 3.39 (dd, J = 4.6, 3.9 Hz, 2H),
3.90-3.94 (m, 2H), 6.15 (s, 1H), 7.37-7.43 (m, 2H), 7.43-7.48
(m, 2H), 7.53-7.59 (m, 1H), 11.29 (s, 1H), 11.83 (s, 1H).
Found, %: C 44.46; H 2.91; N 20.73; S 23.71. C _H N.O,S..
Calculated, %: C 44.54; H 2.99; N 20.78; S 23.78.
2-((4-phenyl-5-((pyrimidin-2-ylthio)methyl)-4H-1,2,4-
triazol-3-yl)disulfaneyl)acetic acid (4f). Yield 74 %, yellow
crystalline substance, mp 225-227 °C.'"H NMR(DMSO-d.,
500 MHz): 6 (ppm) 3.73 (s, 2H), 4.64 (s, 2H), 7.20 (t,J=3.7
Hz, 1H), 7.37-7.44 (m, 2H), 7.41 (s, 2H), 7.52—7.60 (m, 1H),
8.52 (d, J=3.7 Hz, 2H), 11.89 (s, 1H). Found, %: C 46.12;
H3.31; N 17.93; S 24.31. C ,H ,N,O,S.. Calculated, %: C
46.02; H3.35; N 17.89; S 24.57.
2-((4-phenyl-5-((pyrimidin-2-ylthio)methyl)-4H-1,2,4-
triazol-3-yl)disulfaneyl)ethan-1-ol (4g). Yield 86 %, yellow
crystalline substance, mp 168-170 °C. 'H NMR(DMSO-d.,
500 MHz): 6 (ppm) 2.94 (t,J=4.1 Hz, 2H), 3.65 (dt, /=54,
4.2 Hz, 2H), 4.64 (s, 2H), 5.33 (t, J = 5.4 Hz, 1H), 7.20 (t,
J=3.7Hz, 1H), 7.37-7.44 (m, 4H), 7.52-7.60 (m, 1H), 8.52
(d, J = 3.7 Hz, 2H). Found, %: C 47.64; H 4.22; N 18.51;
S 25.37. C,;H N,OS.. Calculated, %: C 47.73; H 4.01; N
18.55; S 25.48.
4-((4-phenyl-5-((pyrimidin-2-ylthio)methyl)-4H-1,2,4-
triazol-3-yl)disulfaneyl)butan-1-ol (4h). Yield 90 %, yellow
crystalline substance, mp 218-220 °C.'H NMR(DMSO-d,,
500 MHz): & (ppm) 1.60 (ttd, J = 7.5, 5.5, 1.0 Hz, 2H),
1.67-1.76 (m, 2H), 2.79 (t, /= 5.1 Hz, 2H), 3.58 (q, /= 5.6
Hz, 2H), 3.77-3.83 (m, 1H), 4.64 (s, 1H), 7.20 (t, J = 3.7
Hz, 1H), 7.37-7.44 (m, 2H), 7.41 (s, 2H), 7.52-7.60 (m,
1H), 8.52 (d, J = 3.7 Hz, 2H). Found, %: C 50.28; H 4.51;
N 17.43; S 23.78. C ,H,,N,OS.. Calculated, %: C 50.35; H
472; N 17.27; S 23.72.
1-((4-phenyl-5-((pyrimidin-2-ylthio)methyl)-4H-1,2,4-
triazol-3-yl)disulfaneyl)propan-2-ol (4i). Yield 88 %, white
crystalline substance, mp 192-193 °C. '"H NMR(DMSO-d.,
500 MHz): 6 (ppm) 1.32 (d, J = 6.1 Hz, 3H), 2.76 (dd,
J=12.8,4.0 Hz, 1H), 3.03 (dd, /= 12.8, 4.2 Hz, 1H), 4.08
(qdt,J=6.0,4.8,4.2 Hz, 1H), 4.22 (d, /=4.8 Hz, 1H), 4.64
(s,2H),7.20(t,J=3.7 Hz, 1H), 7.37-7.44 (m, 4H), 7.52-7.60
(m, 1H), 8.52 (d,J=3.7 Hz, 2H). Found, %: C49.13; H 4.24;
N 17.62; S 24.51. C, H,,N,OS.. Calculated, %: C 49.08; H
4.38; N 17.89; S 24.57.
2-((4-phenyl-5-((pyrimidin-2-ylthio)methyl)-4H-1,2,4-tri-
azol-3-yl)disulfaneyl)-4,5-dihydrothiazole (4j). Yield 96 %,
white crystalline powder, mp 164-166 °C. '"H NMR(DM-
SO-d,, 500 MHz): 6 (ppm) 3.39 (dd, J = 4.6, 3.9 Hz, 2H),
3.90-3.95 (m, 2H), 4.64 (s, 2H), 7.20 (t, J = 3.7 Hz, 1H),
7.37-7.44 (m, 4H), 7.52-7.60 (m, 1H), 8.52 (d, J = 3.7
Hz, 2H). Found, %: C 45.83; H 3.32; N 20.36; S 30.32.
C, H NS .Calculated, %: C45.91;H3.37; N 20.08; S 30.64.
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Results

Considering the aforementioned, it became necessary to
design a rational and selective synthetic strategy for access-

ing this class of potentially bioactive disulfide-containing
compounds [9]. To this end, we analyzed and built upon the
methodologies described by Abe [10] and Hunter [ 11], which
explore thiol activation pathways suitable for disulfide bond
formation. Specifically, Abe demonstrated that N-chlorosuc-
cinimide (NCS) can convert thiols into sulfenyl chlorides,
which, in the presence of triethylamine, undergo further
reaction with succinimide — a by-product of the initial chlo-
rination step — yielding N-sulfenylsuccinimide intermediates.
These intermediates can then react with a second thiol to form
disulfides. However, this approach suffers from a critical
drawback: the highly reactive sulfenyl chloride intermediate
can also undergo direct, non-selective coupling with a sec-
ond equivalent of the starting thiol, leading to the undesired
formation of symmetrical disulfides as major by-products.

To overcome this limitation, Hunter and co-workers
proposed the use of 1-chlorobenzotriazole as a more che-
moselective chlorinating agent. This reagent allows for the
direct conversion of thiols into N-sulfenylbenzotriazole
intermediates, bypassing the formation of unstable sulfenyl
chlorides. More importantly, under carefully controlled
conditions, it becomes possible to selectively generate the
N-sulfenyl intermediate without promoting side reactions
that would lead to homodimer formation. Once formed, this
intermediate exhibits sufficient electrophilicity to undergo
efficient coupling with a structurally distinct thiol, thus
providing a viable route to the targeted unsymmetrical di-
sulfides with improved selectivity and synthetic reliability.
This strategy therefore lays the groundwork for the efficient
and scalable synthesis of novel disulfide-based scaffolds of
pharmacological relevance.

During the course of our investigation, we established that
the synthesis of the target disulfide derivatives of 4-phenyl-
4H-1,2 4-triazoles does not require extremely low reaction
temperatures, as previously assumed. Moreover, the efficien-
cy and reproducibility of the transformation were significantly
improved by the addition of a small amount of triethylamine,
which effectively scavenges the hydrogen chloride released
during the activation step. This adjustment not only simplified
the experimental procedure but also enhanced the overall
yield of the desired products.

The general synthetic strategy employed (Fig. 2) relies on
the in situ generation of 1-chlorobenzotriazole (BtCl) via the
oxidation of 1,2,3-benzotriazole with sodium hypochlorite.
This reagent serves as a selective electrophilic chlorinating
agent that reacts smoothly with the thiol precursor — a 4-phe-
nyl-5-((pyrimidin-2-ylthio)methyl)-1,2,4-triazole-3-thiol — to
afford a key sulfenylated intermediate, namely 1-((5-R-4-phe-
nyl-4H-1,2 4-triazol-3-yl)thio)-1H-benzo[d][1,2,3]triazole.
The resulting intermediate is sufficiently stable under the
reaction conditions and undergoes a chemoselective nucleop-
hilic substitution upon treatment with a second, structurally
distinct thiol. This final step yields the unsymmetrical di-
sulfide product in good yield and with high regioselectivity.

This approach thus provides a concise and operationally
simple method for accessing a variety of functionalized
unsymmetrical disulfides, bypassing the common pitfalls
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Fig. 3. '"H NMR spectrum 2-((5-(2,6-dioxo-1,2,3,6-tetrahydropyrimidin-4-yl)-4-phenyl-4H-1,2,4-triazol-3-yl)disulfaneyl)acetic acid (4a).

of homocoupling and overoxidation, and is particularly
well-suited for structurally diverse thiol partners.

To ensure high selectivity toward the formation of the
target unsymmetrical disulfide, the reaction was quenched
at the appropriate stage by kinetic termination with an aque-
ous solution of sodium thiosulfate, combined with saturated
sodium bicarbonate. This step effectively neutralized any
residual electrophilic intermediates, thereby suppressing
unwanted side reactions.

Discussion

The substances are individual crystalline compounds in the
form of white, light yellow and red colors, insoluble in water,
soluble in organic solvents. The structure of the compounds
has been proven using spectral analysis methods, and their
individuality — chromatographically.

A noteworthy feature of the developed synthetic approach
is the high selectivity observed for the formation of unsym-
metrical disulfide products, with no significant traces of
homodimeric disulfides detected. This conclusion was sup-
ported by thin-layer chromatography (TLC) analysis, which
showed the absence of additional non-target byproducts cor-
responding to homocoupled species. TLC monitoring of the
reaction progress revealed complete consumption of the initial
5-R-4-phenyl-4H-1,2,4-triazole-3-thiol at the first stage, ac-
companied by the appearance of two closely migrating polar

intermediates. These species are attributed to regioisomeric
sulfenylated adducts formed via substitution at the N-1 and
N-2 positions of the benzotriazole ring, respectively.

An additional highlight of this synthetic protocol is the
critical role of triethylamine, which facilitates the N-sulfeny-
lation step by scavenging generated hydrogen chloride and
stabilizing the sulfenyl intermediate. Moreover, from a
sustainability perspective, the procedure offers a valuable
advantage: the 1-chlorobenzotriazole used as an activating
agent can be readily hydrolyzed under basic conditions to
regenerate 1,2,3-benzotriazole. This recyclability underscores
the catalytic-like behavior of the heterocycle in the overall
transformation and aligns well with the principles of green
chemistry.

The successful formation of the desired disulfide deriv-
atives was further confirmed by 'H NMR spectroscopy
(Fig. 3), which clearly demonstrated the disappearance of the
thiol proton signal and the appearance of diagnostic signals
corresponding to the newly formed disulfide linkage, thereby
verifying the structural integrity of the products.

The '"H NMR spectrum of the obtained compound in
DMSO-d, (500 MHz) confirms the structure of the target
disulfide derivative and reveals a well-resolved set of character-
istic signals corresponding to all expected proton environments.

The aliphatic region displays two distinct signals: a triplet
at 8 =2.94 ppm (J = 4.1 Hz, 2H) and a doublet of triplets at
8 =3.65 ppm (J =5.4, 4.2 Hz, 2H), which are assignable to
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the methylene protons of a -CH>—CH>— fragment adjacent
to a heteroatom (most likely sulfur or nitrogen). The triplet
at 0 = 5.33 ppm (J = 5.4 Hz, 1H) corresponds to a methine
proton, presumably located between two heteroatoms, indi-
cating the presence of a—CH—S— linkage within a substituted
triazole ring or adjacent to a disulfide bridge.

Asinglet at 6 =6.15 ppm (1H) likely represents the proton
at position 5 of the 1,2,4-triazole ring, as it appears in the
aromatic region yet is slightly shielded due to the electronic
environment of the heterocycle.

The aromatic region consists of a multiplet between
6 = 7.37 ppm and 7.59 ppm integrating for five protons,
which is consistent with a monosubstituted phenyl ring. The
chemical shift and multiplicity are typical for phenyl protons
that are electronically decoupled from strongly withdrawing
or donating substituents.

Two downfield singlets at 6 = 11.29 ppm and 11.83 ppm
(1H each) are indicative of labile NH protons, most likely be-
longing to amide-like or thiol-like environments, possibly due
to hydrogen bonding interactions with the solvent (DMSO).
Their distinct chemical shifts suggest non-equivalent envi-
ronments, supporting the presence of multiple heterocyclic
or polar functional groups within the molecule.

Opverall, the spectral data are in full agreement with the
proposed structure of the unsymmetrical disulfide bearing
a substituted 1,2,4-triazole core and confirm the successful
formation of the expected product.

In conclusion, the proposed synthetic methodology offers
several compelling advantages in terms of sustainability,
cost-efficiency, and operational simplicity. A key innovation
lies in the use of household bleach (sodium hypochlorite) as a
mild and readily available oxidizing agent, in combination with
benzotriazole (BtH), which acts not only as a ligand precursor
but also as a recyclable mediator of oxidative transformations.

The environmental appeal of this approach is further en-
hanced by the recyclability of BtH, which can be recovered
in high yield using either column chromatography (up to
96 % recovery) or a more accessible acid-base extraction
protocol. In the latter case, post-reaction acidification of the

é‘(’)o n & BtH,"CI”
BtH /"\
DN

__SH

aqueous layer followed by vigorous stirring in the presence of
dichloromethane for 1 hour enabled efficient partitioning of
benzotriazole into the aqueous phase as its hydrochloride salt,
achieving up to 99 % recovery. However, under these condi-
tions, a modest reduction in the isolated yield of the disulfide
product to approximately 70 % was observed, as detailed
in the Experimental Section. Notably, shorter mixing times
resulted in incomplete extraction of benzotriazole, thereby
diminishing overall recovery efficiency and complicating
downstream processing.

This one-pot protocol is also notable for its operational
simplicity, avoiding the need for multiple isolation steps and
minimizing the use of hazardous reagents. The core strategic
features of this disulfide-forming transformation are summa-
rized schematically in Fig. 4.

Further investigations are underway to expand the scope
of this methodology, including detailed mechanistic studies
and its application to the preparation of structurally diverse
disulfide-containing bioconjugates.

Conclusions

1. The synthesis of new unsymmetrical disulfides of 4-phe-
nyl-5-((pyrimidin-2-ylthio)methyl)-1,2,4-triazole-3-thiols
was successfully implemented under mild conditions using
1-chlorobenzotriazole as a selective reagent, which ensured a
high yield of target compounds and good tolerance to various
functional groups.

2. The obtained disulfide derivatives form pharmacophore
active fragments —a disulfide bridge and a 1,2,4-triazole core
— which increases their prospects as discovered biologically
active compounds with antioxidant and antimicrobial effects,
in particular in the context of combating antibiotic-resistant
pathogens.

3. The structural similarity of the synthesized compounds
to natural antioxidants, such as cystine and allicin, allows us
to consider them as model compounds for further studies of
the mechanisms of redox activity and the development of
new drugs aimed at regulating oxidative stress.
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Chromatography-mass spectrometric study of the chemical
composition of Myrtus communis L. leaf essential oil
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Zaporizhzhia State Medical and Pharmaceutical University, Ukraine
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E — critical revision of the article; F — final approval of the article

Myrtus communis is a common species in tropical and subtropical regions. Myrtle is cultivated as an ornamental plant in areas with a
temperate climate, such as Ukraine. It was introduced to the Nikitskyi Botanical Garden in 1967. The pharmacological properties of galenic
preparations derived from Myrtus communis are primarily determined by the presence of essential oils. Galenic preparations from myrtle
leaves have general tonic, antimicrobial (notably demonstrating high bactericidal activity against gram-positive bacteria and antibiotic and
resistant strains, Mycobacterium tuberculosis), analgesic, astringent, expectorant, and anti-inflammatory effects. For a comprehensive
study of this plant, it is essential to investigate the volatile fractions of its raw material.

The aim of the work is to conduct a chromatography-mass spectrometric analysis of the chemical composition of Myrtus communis L.
leaf essential oil.

Materials and methods. The object of the study is the essential oil of Myrtus communis, cultivated at the Department of Pharmacognosy,
Pharmacology and Botany of Zaporizhzhia State Medical and Pharmaceutical University, and obtained through hydrodistillation. Qualitative
and quantitative determination of the essential oil components was carried out using the chromatography-mass spectrometric method on
a high-performance gas chromatograph “Agilent 7890B GC System” (Agilent, SantaClara, CA, USA) with a mass spectrometric detector
“Agilent 5977 BGC/MSD” (Agilent, SantaClara, CA, USA) and a DB-5ms chromatographic column (30 m x 250 ym x 0.25 pm). The
component identification was performed using the NIST14 mass spectral library.

Results. Chromatography-mass spectrometric analysis revealed the presence of 42 key volatile compounds in Myrtus communis leaf
essential oil, three of which were in isomeric forms. The five major components were myrtenyl acetate (24.12 %), linalool (16.73 %),
cyclofenchene (10.37 %), o-xylene (7.85 %) and myrtenol (4.35 %). Terpenes were identified as the dominant group in Myrtus communis
leaves, comprising 72.04 %.

Conclusions. The chemical composition of Myrtus communis leaf essential oil showed some differences compared to literature data that
deal with geographical features (temperature, soil quality, day length), harvesting time and genotype variations. The research findings can
serve as a basis for developing new pharmaceutical and cosmetic products containing myrtle essential oil. Besides, the analysis of the
chemical composition of the essential oil can contribute to improving extraction technology and standardizing essential oils.

Keywords: Myrtus communis, volatile organic compounds, chromatography-mass spectrometry.
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Xpomato-mac-cneKkTpocKonivyHe AoChimKeHHA XiMiyHoro cknagy edipHoi onii nucta Myrtus communis L.
O. €. Maueropoga, B. M. OguHuosa

Myrtus communis — BA, NOLIMPEHWIA Yy TPONIYHKX | CyOTPONIYHMX perioHax. Y perioHax i3 MOMIpHUM KniMaToM, Sk-0T B YKpaiHi, MupT
KYNbTUBYIOTb K [EKOPaTUBHY pOChuHy. IHTpogykoBaHui y Hikitcbkomy 6otaniyHomy cagy B 1967 poui. PapmakonoriyHi BnacTUBOCTi
raneHoByX npenaparis MUPTY 3BMYaNHOTO BU3HAYaOTbCA NEPEAyCiM HasBHICTIO B HUX edipHMX onii. [aneHoBi npenapaTu 3 NUCTS MUP-
Ty XapaKTepuM3yoTbCs 3ararnbHOK TOHI3yBamnbHO, MPOTUMIKPOBHOI (MatoTb BUCOKY BaKkTepuumaHy aKTUBHICTb LLOAO rpaM-no3UTUBHMX
i CTilknX A0 aHTMBIOTVKIB WTaMiB BakTepin, Ty6epKynbo3HOT nanuykm), 3HebGonoBanbHy, B'skydy, BiAxapKyBarbHy, NpotuaanansHy Aii.
[Ins KOMMMEKCHOTO BUBYEHHS LLET POCNMHW LOLINBHUM € AOCRIMKEHHS NETKMX ppaKLii Tl CUPOBUHK.

Meta po6oTu — XxpomaTo-Mac-CnekTpoCcKonivHe AOCHIMKEHHSA XiMiYHOrO cknagy edipHoi onii nuctsa Myrtus communis L.

Matepianu i metogu. O6’ekT gocnimkeHHs — edbipHa onis MUPTY 3BUYaNHOTO, LLO BUPOLLIEHWI Ha kadeapi hapmakorHosii, papmakonorii Ta
6oTaHiku 3anopi3bkoro AepxaBHOMO MeAMKo-hapMaLeBTUHHOrO YHiBepcuTeTy. EdbipHa onis ogepxxaHa MeTozom rigpoaucTunsuii. AkicHe
Ta KiflbKiCHe BU3HAYEHHSI KOMMOHEHTIB eipHOI Ofil 3AINCHWUIN 3 BUKOPUCTaHHAM XPOMaTO-Mac-CNeKTPOMETPUYHOTO METOAY Ha BUCOKO-
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edpekTmBHOMY razoBomy xpomartorpadi Agilent 7890B GC System (Agilent, SantaClara, CA, USA) 3 Mac-CnekTpoMeTpuyHUM AETEKTOPOM
Agilent 5977 BGC/MSD (Agilent, SantaClara, CA, USA) Ta xpomatorpadiyHoto konoHkoto DB-5ms (30 m x 250 mkm x 0,25 mkm). [ins
ineHTudikaLii KOMNOHEeHTIB BUKopucTaHo 6ibnioteky mac-cnekTpis NIST14.

Pesynkrati. Y pesynsrati XpoMaTo-Mac-CreKTPOMETPUYHOTO JOCTIMKEHHS BUSIBNEHO 42 XapakTepHi KOMNOHEHTH NeTkux cnonyk (3 i3
HUX — B i30MEPHOMY CTaHi) B €qpipHil onii IMCTA MMPTY 3BMYANHOTO 3 HAGINbLUMM BMICTOM TaKUX M'ATU KOMMOHEHTIB: MUpTEHinauerar
(24,12 %), ninanoon (16,73 %), umknodenyeH (10,37 %), O-kcunon (7,85 %) Ta mupTeHon (4,35 %). BctaHoBMNM, LLIO OCHOBHA CKNafosa
NACTS MMPTY 3BMYANHOTO — TEPNEHN 3 KinbKicHUM BMiCTOM 72,04 %.

BucHoBkun. BusiBneHo neBHi BigMIHHOCTI XiMiYHOrO cknagy edgipHoi onii MMpTY 3BMYaHOrO NMOPIBHAHO 3 AaHWMK haxoBoi nitepaTtypu.
Lle nos’a3aHo 3 reorpadiyHMM po3TallyBaHHAM (TeMnepaTtypa, SKiCTb IPyHTY, TPUBAMICTb AHS), YacOM 36MPaHHS Ta reHoTUMOM BUAY.
Pesynbsraty gocnigkeHHs MOXyTb CTaT OCHOBO AN po3pobneHHs HOBUX (hapMaLEeBTUYHUX | KOCMETUYHWX Npenaparis, WO MICTATb
edpipHy onito MupTy. AHani3 xiMiyHoro cknagy edipHoi onii Moxe cTaTu NiarpyHTsAM Ans BAOCKOHANEHHs TexHonorii BUaobyTKy Ta cTaH-

AapTusauii edpipHuX onin.

KnroyoBi cnoBa: MMpT 3BUYaNHWIA, NETKI OpraHiyHi CNomnyku, XpoMaTo-Mac-CrnekTpoMeTpis.

AxTyanbHi nuTaHHa hapmaleBTMYHOI | MeaMyHOI Hayku Ta npakTuku. 2025. T. 18, Ne 2(48). C. 131-137

Essential oils are natural secondary metabolites that contain
a complex mixture of volatile compounds with a wide range
of biological activities [1]. They are found in various parts
of plants, including leaves, seeds, flowers, roots, and bark.
Essential oils play a crucial role in plant life, as they contain
compounds that help combat parasites and infections, pos-
sessing antibacterial, antifungal, and antiparasitic properties.
Essential oils are used in perfumery, cosmetics, household
product scenting, beverages, and medicine [2].

Myrtus communis L. belongs to the family Myrtaceae and
is classified as an essential oil-bearing plant. It is a widespread
species in typical Mediterranean flora and grows naturally
in Iran, Spain, France, Greece, Turkey, Algeria, Morocco,
Croatia, Italy, and Montenegro [3]. Although myrtle grows
spontaneously, it is widely cultivated worldwide as an orna-
mental, small, evergreen perennial plant that can reach up to
2 meters in height [4].

In Ukraine, this plant can be successfully grown, but it
requires special care. Myrtus communis L. can be cultivated
only in the southern regions of Ukraine in open ground. In
central and northern regions, it is traditionally grown as an
indoor or container plant, which is placed outdoors during
the summer months.

A literature review highlights the high biological activity of
myrtle leaf essential oil. It is primarily used for the treatment
of bronchitis, tuberculosis, diarrhoea, haemorrhoids, and pros-
tatitis [4]. Notably, myrtle essential oil has nematicidal [5],
biopesticidal [6], insecticidal [7], antimicrobial [8,9], and
fungicidal [ 10] properties. Besides, it possesses antioxidant,
anti-inflammatory, gastroprotective and hepatoprotective
effects [11,12,13,14,15].

Essential oils of Myrtus species primarily consist of mono-
terpene hydrocarbons, oxygenated monoterpenes, simple
ethers, esters, sesquiterpene hydrocarbons, oxygenated ses-
quiterpenes, aliphatic hydrocarbons, alcohols, and phenols,
distributed in varying proportions [16]. Notably, the principal
compounds remain consistent, despite variations in their
relative percentages: myrtenyl acetate, 1,8-cineole, linalool,
and a-pinene [8,9,17].

Although metabolic processes in living organisms are
maintained by deep evolutionary history and exhibit high
stability, they can be influenced by various factors. These

include endogenous factors, such as genetic variations and
development stage, and exogenous ones, such as soil proper-
ties, temperature, day length, humidity, nutrient availability,
light, and geographical location [18]. When environmental
conditions change, plants must adapt through biochemical
pathways and processes. Consequently, populations of
medicinal plants growing in different ecological conditions
may produce a diverse range of active compounds, leading to
variations in both the quantity and quality of these substances.
This variability, in turn, may affect the plant’s therapeutic and
biological activity [19,20].

Since existing references primarily provide information
on Myrtus communis leaf essential oil from plants that
grow spontaneously or are cultivated in other countries,
studying the volatile fractions of Myrtus communis grown
in Ukraine as an ornamental plant, is particularly relevant.
Moreover, Myrtus communis is not in the Ukrainian phar-
macopoeia. Therefore, understanding the composition of
its essential oil is crucial for the further development of
standardization methods. This will ensure the high quality
and stability of products containing Myrtus communis,
such as pharmaceutical preparations, cosmetic products,
and aromatic additives.

Aim

The purpose of the work is to determine the qualitative
and quantitative content of volatile compounds in Myrtus
communis leaf essential oil using gas chromatography-mass
spectrometry.

Materials and methods

The object of the study was Myrtus communis essential oil.
The plant was cultivated under controlled microclimatic
conditions at the Department of Pharmacognosy, Phar-
macology, and Botany of Zaporizhzhia State Medical and
Pharmaceutical University (Ukraine). Myrtus communis
was grown on east-facing windowsills under a tempera-
ture regime of +18 °C to +26 °C and a relative humidity
of 60—75 %, maintained through regular misting. Watering
was performed using soft water: moderately abundant in
summer and limited in winter. The plant material was dried
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in the shade at room temperature for 5 days, then crushed
into pieces of 0.5-1.0 cm. The essential oil was extracted
using the hydrodistillation method [21].

Qualitative and quantitative determination of the com-
ponents of essential oil was performed using the chro-
matography-mass spectrometric method in the Gas
Chromatography-Mass Spectrometry Laboratory of the
Educational and Research Medical Laboratory Center with a
vivarium of Zaporizhzhia State Medical and Pharmaceutical
University.

Standard methods for determining chemical compounds
were applied on a high-performance gas chromatograph
“Agilent 7890B GC System” (Agilent, SantaClara, CA,
USA) with a mass spectrometry detector “Agilent 5977 BGC/
MSD” (Agilent, SantaClara, CA, USA) [22]. The DB-5ms
chromatographic column was 30 m x 250 pm x 0.25 pm. The
carrier gas (helium) flow rate was 1.3 ml/min. The injection
volume was 0.5 ul, with a flow split ratio of 1 : 5. The sam-
ple introduction block temperature was 200 °C — 12 °C/s
— 265 °C. The thermostat temperature was programmed,
starting at 70 °C (with a minute hold) — 10 °C/min — 270 °C
(with a four-minute hold). The GC/MS interface temperature

was 275 °C; the ion source was 230 °C; the quadrupole mass
analyzer temperature was 150 °C. The ionization method was
EI at 70 eV, with a mass range of 30-700 m/z.

The identification of the components was conducted using
the NIST14 mass spectral library. Within the framework of
this study, the experiment was conducted once, following the
preliminary calibration and metrological verification of the
high-performance gas chromatograph.

Results

The essential oil was obtained from dried myrtle leaves
using the hydrodistillation method, with a yield of 0.72 %
relative to the total mass. The essential oil is a mobile, pale
yellow liquid with a fresh, strong, camphor-like, sweet, and
herbaceous aroma and a bitter, pungent taste.

The essential oil is a mobile, pale-yellow liquid with a
fresh, strong, camphor-like, sweet-herbaceous aroma and a
bitter, pungent taste.

The results of chromatography-mass spectrometric analysis
of the qualitative and quantitative composition of volatile
compounds in Myrtus communis L. leaves are in Table 1.

Table 1. Qualitative and quantitative composition of Myrtus communis L. leaf essential oil

Component name Chemical Compound | RT, min. Area sum,
formula class

Myrtenyl acetate* C,,H.:0, 17.963 2412
2. Linalool C,H,O oM 11.674 16.73
3. Tricyclo[2.2.1.0(2,6)]heptane, 1,3,3-trimethyl- CoHis MH 6.81 10.37
4. o-Xylene* C,H,, AH 5.233 7.85
5. Bicyclo[3.1.1]hept-2-ene-2-methanol, 6,6-dimethyl- C,H,O OM 14.315 4.35
6. o0-Xylene* CH, AH 5.715 4.12
7. o0-Xylene* CH,, AH 4.98 3.51
8. Eucalyptol C,,H,s0 oM 9.51 2.86
9. D-Limonene CoHie MH 9.409 2.66
10. | Safrole C,,H,,0, oC 16.865 248
11. | 1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-,Z,2,Z- C.sHy, ocC 21.207 2.32
12. | Methyl eugenol C,H,0, ocC 19.797 1.7
13. | p-Cymene CoHi. AH 9.26 1.52
14. | Caryophyllene C.H,, SH 20.29 1.23
15. | 2-Naphthalenemethanol, 1,2,3,4,4a,5,6,8a-octahydro-a,a,4a,8-tetramethyl-,[2R- C,H,0 oS 26.05 1.2

(20,40,0,80,8)]-
16. | Propanoic acid, 2-methyl-, butyl ester CH,O, oC 6.239 1.13
17. | Butanoic acid, 2-methyl-, 2-methylpropyl ester CH,0, ocC 8.631 1.01
18. | (1R.3E,7E,11R)-1,5,5,8-Tetramethyl-12-oxabicyclo[9.1.0]dodeca-3,7-diene C,sH,,0 (O] 24.961 0.98
19. | Linalyl acetate C,H,.0, oM 15.742 0.96
20. | Propanoic acid, 2-methyl-, 2-methylbutyl ester CH,0, oC 9.008 0.71
21. | Geranyl acetate C,,H,,0, oM 19.209 0.63
22. | Myrtenyl acetate* C,,H.:0, oM 17.018 0.54
23. | Caryophyllene oxide C,sH,,0 (O] 24.299 0.54
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Cont. of table 1.

Component name Chemical Compound | RT, min. Area sum,
formula class %
24. C H MH

y-Terpinene g 10.218 0.53
25. | Isobutyric acid, 2-pinen-10-yl ester C,H,0, oC 21.361 0.52
26. |[(+)-4-Carene CoHis MH 11.005 0.48
27. | 3-Carene* C.oHi MH 8.784 0.46
28. | 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)-,(R)- ((-)- C,,H,s0 oM 13.821 0.43
29. | Isospathulenal C,sH,.0 0S 28.836 0.43
30. | 2-Naphthalenemethanol, 1,2,3,4,4a,5,6,7-octahydro-a,a,4a,8-tetramethyl-,(2R-cis)- C,sH,0 (01} 25.505 0.4
31. | (-)-cis-Myrtanyl acetate™ C,,H0, oM 19.377 0.33
32. | 2-Cyclohexen-1-ol, 2-methyl-5-(1-methylethenyl)-, acetate, cis- C,,H,:0, oM 18.039 0.32
33. | a-Phellandrene CoHi MH 6.54 0.31
34. | 6-acetyl-2,2,4,4-tetramethylcyclohexane-1,3,5-trione C,H.:0, oC 18.674 0.29
35. | 1-Cadinol C,H,0 oS 25.771 0.28
36. | 2-Hexenal, (E)- CH,0 ocC 4.832 0.24
37. | 3-Carene* CooHis MH 9.878 0.24
38. [ (3R.3aR,3bR,4S,7R,7aR)-4-Isopropyl-3,7-dimethyloctahydro-1H-cyclopenta[1,3]cyclo- | C, H,.O MH 22.247 0.24

propa[1,2]benzen-3-ol
39. | Ethyl 2-(5-methyl-5-vinyltetrahydrofuran-2-yl)propan-2-yl carbonate C,.H,0, (O] 10.63 0.23
40. | 1-Bromo-3,7-dimethyl-2,6-octadiene C,H,,Br (O] 8.252 0.17
41. | Bicyclo[3.1.1]heptan-3-ol, 6,6-dimethyl-2-methylene-,[1S-(1a,30,5a)]- C,H::0 MH 12.692 0.15
42. | Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl)- CoHi oM 7.911 0.1
43. | a-Campholenal C,H::0 MH 12.262 0.09
44. | Benzenemethanol,a,a,4-trimethyl- C,H..0 AH 14.118 0.07
45. | 1-(3-Methyl-cyclopent-2-enyl)-cyclohexene C,Hy MH 16.564 0.07
46. | 3-Hexanone, 2-methyl- CH,O oC 3.608 0.05
47. | 1,1,5-Trimethyl-1,2-dihydronaphthalene CHy AH 18.58 0.05
Total identified 100.01
Monoterpene hydrocarbons (MH) 15.6
Oxygenated monoterpenes (OM) 51.38
Sesquiterpene hydrocarbons (SH) 1.23
Oxygenated sesquiterpenes (OS) 3.83
Aromatic hydrocarbons (AH) 17.12
Other compounds (OC) 10.85

*: the compounds are isomers.

Chromatography-mass spectrometric analysis revealed the
presence of 42 key components of volatile compounds, three
of which were in isomeric forms.

During the chemical analysis of the leaves, myrtenyl
acetate was found to have the highest content (24.12 %),
belonging to the class of oxygenated monoterpenes. It also
has two isomers with concentrations of 0.54 % and 0.33 %.
The next ones in quantitative content are linalool (oxygen-
ated monoterpene) — 16.73 %, cyclofenchene (monoterpene
hydrocarbon) — 10.37 %, o-xylene with isomers (aromatic
hydrocarbons) — 7.85 %, 4.12 %, and 3.51 %, and Myrtenol

(oxygenated monoterpene) —4.35 %. It was determined that
the primary constituents of Myrtus communis leaves are ter-
penes (72.04 %), with oxygenated monoterpenes accounting
for 51.38 %. The next ones are monoterpene hydrocarbons
with a content of 15.6 %, oxygenated sesquiterpenes —3.83 %
and sesquiterpene hydrocarbons — 1.23 %. The content of
aromatic hydrocarbons was 17.12 %, while other compound
classes accounted for 10.85 %.

The following compounds were identified on the chroma-
togram of Myrtus communis L. essential oil components:
myrtenyl acetate with a retention time of 17.963 min, lina-
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Fig. 1. Chromatogram of the components of Myrtus communis L. essential oil.

lool — 11.674 min, cyclofenchene — 6.81 min, and myrtenol
—14.315 min (Fig. 1).

Discussion

Some differences in the chemical composition were observed
compared to a literature review on essential oil extracted
from Myrtus communis samples from different countries. The
main compound in the essential oil of Myrtus communis from
Tunisia was a-pinene, with a content of 45.3 % [9].

In contrast, an analysis of Myrtus communis leaf essential
oil, derived from leaves collected during the flowering season
from natural habitats in various locations in Morocco, demon-
strated a significant presence of 1,8-cineole (42.22 %) [17].
Other studies by W. Ouedrhiri et al. concerning myrtle leaves
from the Taonate region (Morocco) identified a different
major compound — myrtenyl acetate (33.67 %) [23]. This
variability in the chemical composition is related to the col-
lection place and geographic origin. All these components
play a crucial role in the plant’s adaptation to its ecology
and environment.

The components of the essential oil were evaluated within
14 samples of myrtle grown under greenhouse conditions.
In the Fars province, the myrtle samples demonstrated sig-
nificant variations in their chemical profile. There were 23
chemical compounds in the analyzed myrtle samples. Most
of the compounds were a-pinene (2.35-53.09 %), linalyl
acetate (0.00-45.3 %), caryophyllene oxide (0.97-21.8 %),
germacrene D (0.00-19.19 %), a-humulene (0.00—18.97 %),
1,8-cineole (0.00—18.0 %), limonene (0.0—17.4 %) and p-cy-
mene (0.0-13.2 %) [24].

Our research findings are consistent with the conclusions of
R. B. Mansour et al., who reported that the main components
of Myrtus communis leaf essential oil were myrtenyl acetate
(30.6 %), linalool (14.9 %) and 1,8-cineole (eucalyptol)
(9.9 %) [13].

Caputo L. et al. investigated the chemical composition
of essential oil from fresh Myrtus communis collected in
Bellosguardo (Salerno, Italy). A total of 59 compounds were
identified, accounting for 98.4 % of the total oil content. Oxy-
genated monoterpenes were the predominant components
(71.7 %), followed by monoterpene hydrocarbons (18.6 %)
and sesquiterpene hydrocarbons (2,6 %). The major constit-
uents were myrtenyl acetate (29.8 %), 1,8-cineole (21.9 %),
a-pinene (14.7 %), and linalool (9.1 %). Other compounds
present in the smaller amount included heptyl isobutyrate
(3.2 %), geranyl acetate (2.6 %), a-terpineol (2.3 %), (£)-car-
yophyllene (1.3 %), and a-humulene (1.1 %) [8].

In Myrtus communis L. leaf essential oil, which was col-
lected in Vila Real, northern Portugal, the main compounds
were ethylmyrtenyl (15.5 %), f-linalool (12.3 %), 1,8-cineole
(9.9 %), ethylgeranyl (7.4 %), limonene (6.2 %), a-pinene
(4.4 %), linalyl aminobenzoate (5.6 %), a-terpineol (2.7 %),
o-terpinenyl acetate (2.2 %), methyl eugenol (1.8 %), and
myrtenol (1.2 %). Other identified compounds included
propanoic acid, 2-methyl-,2- (1.8 %), 7-isopropyl-7-methyl-
nona-3,5-dien-2,8-dione (1.7 %), humulene-1,2-epoxide
(1.2 %) and trans-pinocarvyl acetate (1.2 %). The remaining
volatile compounds were present in amounts below 1 %,
namely 2-hexanal, nonane, f-myrcene, terpinene-4-ol, non-
ane, 2,6-octadecenoic acid, 3,7-dimethyl-, f-caryophyllene,
humulene, and caryophyllene oxide [25].

When comparing myrtle populations grown under green-
house conditions with wild myrtle, the main components
identified were a-pinene, linalyl acetate, caryophyllene
oxide, germacrene D, a-humulene, 1,8-cineole, limonene
and p-cymene. These compounds are likely to contribute to
the potential applications of myrtle essential oil. The myrtle
populations were primarily classified into four groups based
on the dominant essential oil components:

— Group I: caryophyllene oxide / germacrene D / a-humu-
lene / methyl eugenol chemotype;
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— Group II: a-pinene / p-cymene / a-humulene / (E)-f-car-
yophyllene;

— Group III: a-pinene / 1,8-cineole and linalool;

— Group IV: linalyl acetate / y-terpinene / 1,8-cineole / li-
monene.

The essential oil content in myrtle populations was in-
fluenced by various factors, including geographical origin,
environmental conditions, and genetic traits. Selecting myrtle
populations based on their distinct chemical profiles could
help breeders develop targeted breeding strategies to create
new genotypes, ultimately promoting their commercial
cultivation [24].

Conclusions

1. Chromatography-mass spectrometric analysis revealed
the presence of 42 key volatile compounds in Myrtus commu-
nis leaf essential oil, three of which were in isomeric forms.
The five major components were myrtenyl acetate (24.12 %),
linalool (16.73 %), cyclofenchene (10.37 %), o-xylene
(7.85 %) and myrtenol (4.35 %). Terpenes were identified as
the dominant group in Myrtus communis leaves, comprising
72.04 %. The chemical composition of Myrtus communis leaf
essential oil showed some differences compared to literature
data that deal with geographical features (temperature, soil
quality, day length), harvesting time and genotype variations.

2. The research findings can serve as a basis for the de-
velopment of new pharmaceutical and cosmetic products
containing myrtle essential oil. Due to its high content of
biologically active terpene compounds, particularly myrtenyl
acetate, linalool, and myrtenol, myrtle essential oil exhibits
significant potential for pharmaceutical applications, par-
ticularly in antiseptic, anti-inflammatory, spasmolytic, and
antioxidant formulations. In cosmetology, myrtle essential oil
can be incorporated into anti-aging and skincare products to
enhance antioxidant activity, as well as into formulations for
strengthening hair and controlling excessive scalp oiliness.
Owing to its pronounced antimicrobial properties, myrtle
essential oil may serve as an effective component in natural
deodorants, antiseptic lotions, and skincare products designed
for problematic skin.

3. Besides, the analysis of the chemical composition of es-
sential oil can contribute to improving extraction technology
and standardizing essential oils.
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Structure and antibacterial activity relationship of quercetin and rutin
against test and clinical resistant gramm-negative strains of bacteria
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Today, antimicrobial resistance is the number one problem worldwide. According to the latest data, it has found that Acinetobacter baumani,
Pseudomonas aeruginosa, Klebsiela pneumonia and Enterobacter cloacae are predominant among all isolated resistant pathogens. So,
the search of a new antibacterial drug that can deal with antimicrobial resistance is task number one.

Aim. The study aimed to investigate theoretical and practical relationship of structure and antibacterial activity of quercetin and rutin
against test Gram-negative strains: Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, and clinical resistant strains such as
Pseudomonas aeruginosa, Acinetobacter baumannii, Klebsiella pneumoniae, Enterobacter cloacae.

Materials and methods. The research subjects were quercetin and rutin. The theoretical research was carried out using AutoDockTools 1.5.6;
antibacterial effects were evaluated by the well method. Clinical strain of P. aeruginosa, A. baumani, K. pneumonia, E. cloacea were taken
from tracheal aspirate and bronchoalveolar lavage.

Results. Theoretical studies showed that none of the investigated antimicrobial drugs inhibit all “targets” mechanism of antibacterial ac-
tion. Rutin revealed high selectivity to DNA-gyrase, dihydrofolate reductase (DHFR), deacetylase, AHS Rhl, Diguanylate cyclase, unlike
quercetin which revealed low selectivity. Experimental research demonstrated that against P. aeruginosa rutin and quercetin inhibited
growth — 17.0 £ 0.4 mm and 18.0 £ 0.4 mm, against P. vulgaris — 14.0 + 0.5 mm and 16.0 + 0.5 mm, against E. coli— 16.0 + 0.5 mm and
20.0 £ 0.4 mm, respectively. Resistant strain of P. aeruginosa, E. cloacea, A. baumani, K. pneumonia were sensitive to the action of rutin
—23.0£0.3mm, 25.0 £ 0.2 mm, 24.0 + 0.3 mm, 23.0 + 0.3 mm, respectively, while to the action of quercetin resistant strain were low
sensitive —12.0 + 0.6 mm, 14.0 £ 0.5 mm, 12.0 £ 0.6 mm, 12.0 £ 0.6 mm, respectively.

Conclusions. Theoretical studies of “standard” antimicrobial drugs used in infectious disease treatment protocols are not highly selective inhi-
bitors of “target” antibacterial mechanisms of gram-negative bacteria, unlike rutin, which turned out to be a highly selective inhibitor. According
to the results of the theoretical study, it was found that the potential antibacterial activity of rutin exceeds the effect of quercetin by two times.
This pattern is fully confirmed by in vitro studies, where the antibacterial effect of rutin against resistant strains was also two times higher.

Keywords: rutin, quercetin, multi-drug resistant, Gram-negative strains, molecular docking.
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3B’A30k 6ya0BM 11 aHTUOAKTEpianbHOI aKTUBHOCTI KBEPLIETUHY Ta PYTUHY NPOTU TECTOBUX i KNiHIYHO PE3NCTEHTHUX
rpamHeraTUBHUX LWTaMiB OakTepin

O. t0. Macnos, M. A. Komicapetko, C. B. MoHomapetko, |. [. AHgpeesa, T. 1. Oconoguetko, C. B. KonicHuk

Pe3ncTeHTHICTb [0 aHTMBIOTMKIB € OAHIEl 3 NPOBIAHUX NPOBreM y BCbOMY CBITi. 32 OCTaHHIMM AaHUMW, CEPEA YCIX BUAINEHNX pe3unc-
TEHTHUX NaToreHis nepesaxatotb Acinetobacter baumannii, Pseudomonas aeruginosa, Klebsiella pneumoniae Ta Enterobacter cloacae.
BiaTak, nowwyk HoBux aHTMGaKTepianbHUX Npenaparis, 30aTHUX NOAONATU PE3UCTEHTHICTb 10 aHTUGIOTHKIB, € NEpLIOYEProBUM 3aBAAHHSIM.

MeTta po60TyH — BUBYEHHSI TEOPETUYHMX i NPAKTUYHMX acnekTiB 3B’s13Ky MiXk CTPYKTYPOO Ta aHT1OaKTepianbHOK akTUBHICTIO KBEPLIETUHY i
PYTVHY LLOAO TECTOBMX rpaMHeraTvBHuX WwramiB Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, a Takox KniHiYHUX pe3unc-
TeHTHUX LWTamiB Pseudomonas aeruginosa, Acinetobacter baumannii, Klebsiella pneumoniae, Enterobacter cloacae.

Martepianu i metoan. OB’ekTU JOCNIMKEHHS — KBEPLETWH i pyTUH. MonekynsipHuiA [oKiHr BukoHanu 3a gonomoroto AutoDockTools 1.5.6,
a aHTbakTepianbHi BNAaCTMBOCTI OLiHIOBanu MeToaoM nyHok. KninivHui wram P. aeruginosa, A. baumannii, K. pneumoniae, E. cloacae
B3ATO 3 acnipaTy Tpaxei Ta OBpoHX0anbBEONSPHOTO NaBaxy.
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OpueiHaribHi 0oCidxeHHs!

PesynkraTtu. TeopeTuyHi foCnimKeHHs fanu 3Mory BCTAHOBMTM, LLO XXOAEH 3i CTaHAapTHUX aHTUMIKPOGHMX NpenapatiB He NpUrHivye BCi
«MiLLeHi» aHTubakTepianbHoi Aii. PyTuH mMaB BUCOKy cenekTuBHicTb Ao OHK-ripasu, gurigpodonatpeaykrasu, geauetunasu, AHS Rhl
Ta AuryaHinaTumknasu, Ha BioMiHy Bif KBEPLIETWHY, KA MaB HU3bKY CENEKTUBHICTb. EKCnepuMeHTanbHi JOCNimKeHHS noka3anu: pyTuH
i KBepUeTUH npurHivyeanu pict P. aeruginosa — 17,0 £ 0,4 mm 1a 18,0 + 0,4 mm, P. vulgaris — 14,0 £ 0,5 mm 12 16,0 + 0,5 mm, E. coli —
16,0 £ 0,5 mm Ta 20,0 + 0,4 mm BignosigHo. PeancTeHTHi Wwramu P. aeruginosa, E. cloacae, A. baumannii, K. pneumoniae 1ytnusi fo
PYTUHY, LLO NOKa3aB 30HM NpurHiveHHs 23,0 £ 0,3 mm, 25,0 £ 0,2 mm, 24,0 + 0,3 mm, 23,0 + 0,3 mm BignosigHo. KBepLUeTH MaB 3Ha4HO
MEHLLY aKTUBHICTb NPOTW pe3ncTeHTHux wramis: 12,0 £ 0,3 mm, 14,0 £ 0,5 mm, 12,0 £ 0,3 mm, 12,0 £ 0,3 MM BignoBsigHo.

BucHoBku. TeopeTnyHi AOCNIMKEHHS «CTaHAAPTHUX» aHTUMIKPOOHMX Npenapartis, ki BUKOPVUCTOBYOTb Y MPOTOKOMNAaXx NikyBaHHS iHek-
LiNHMX 3aXBOPOBaHb, Aianu 3mMory 3poGUTI BUCHOBOK, LLIO BOHW HE € BUCOKOCENEKTUBHUMY iHribiTopaMu aHTUbaKTepianbHUX MexaHiamis
rpaMHeraTMBHUX BakTepiit. Ha BigmiHy Bif HUX, PYTUH XapakTepu3yBaBCs BUCOKOK CENEKTUBHICTIO. 3a pesyrnbTaTamMmu TEOPETUHHOIO AOCTTi-
[DKEHHS, MOTeHLiNHa aHTMbakTepianbHa akTUBHICTb PYTUHY BABIYI NEPEBULLYE aKTVUBHICTb KBEpLETVHY. Lis 3aKoHOMIpHICTb NiaTBepaxeHa

nig vac in vitro gocnipxeHb, Ae aHTMbakTepianbHWiA ehekT PYTUHY NPOTU PE3UCTEHTHUX LUTAMIB TAKOX yABIYi BULLMWA.

KntoyoBi crioBa: pyTuH, KBEPLETUH, MyNbTUPE3NCTEHTHICTb, FPAMHEraTuBHi WTaMy, MONEKYNAPHWNA LOKIHT.

AKTyanbHi nuTaHHA hapmaLeBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2025. T. 18, Ne 2(48). C. 138-147

Antimicrobial resistance is one of the greatest hazard in 21st
century. The most sensitive to this threat are less economically
developed countries. Based on statistical studies, infections
caused by antimicrobial resistance led to a staggering 4.95
million deaths worldwide in 2019. This mortality rate from
antibiotic-resistant bacteria significantly surpasses the an-
nual global deaths from tuberculosis (1.5 million), malaria
(643,000), and HIV/AIDS (864,000) [1]. The World Health
Organization (WHO) has a prognosis that without any
intervention in this problem the global deaths of antibiotic
resistance could reach 10 million annually by 2050 [2]. The
WHO was marked six main multidrug resistant pathogens
that could be a great threat for health care: Escherichia coli,
Staphylococcus aureus, Klebsiella pneumoniae, and Entero-
bacter faecalis (ESKAPE) [3].

Nowadays the main strategy to avoid antimicrobial resist-
ance is based on restriction of antibiotics application with
a wide spectrum of action in treatment of influenza, sore
throat, second one, decrease application of antibiotics in plant
agriculture, and in food-producing animals [4]. As animals’
bacteria resistance can be transferred to humans through the
consumption of food [5]. The other way to inhibit antibio-
tic resistance spreading is to use a new substance or their
combinations as antimicrobial agents to inhibit the growth
of resistance bacteria. In our view, the most perspective sub-
stances could be derivatives of flavonols such as quercetin
and its glycosides (rutin, hyperoside).

Quercetin is a 3,3"4',5,7-pentahydroxyflvanone that be-
longs to a flavonol. The name has been applied since 1857,
and is derived from quercetum (Oak forest) [6]. Quercetin
is an aglycone, it has a yellow color, crystal structure and
entirely insoluble in water, but quite well soluble in alcohol,
for pharmacy solubility of quercetin in water is a challenge
number one [7]. Whereas, rutin is a quercetin glucoside that
is formed by attaching a glycosylic group (glucose and rham-
nose) as a replacement for OH group at third position. The
glycosylic group at third position can change the solubility
adsorption and pharmacological effects [8] (Fig. 1).

Quercetin is the most widespread flavonoid, it was iso-
lated from onions, grapes, tomatoes, and so on. Moreover,
quercetin and rutin are highly dominated in medicinal herbs
as Ginkgo biloba, Hypericum perforatum, Sophora japonica,

Fagopyrum esculentum [9]. Quercetin and rutin possesses a
variety of pharmacological activity such as anti-inflamma-
tory, antiallergic, antiviral, hypolipidemic, antiplatelet, and
antihypertension effects [10,11,12,13].

Aim

The study aimed to investigate theoretical and practical re-
lationship of structure and antibacterial activity of quercetin
and rutin against test Gram-negative strains: Escherichia coli,
Pseudomonas aeruginosa, Proteus vulgaris, and clinical re-
sistant strains such as Pseudomonas aeruginosa, Acinetobac-
ter baumannii, Klebsiella pneumoniae, Enterobacter cloacae.

Materials and methods

Compounds: rutin (>98.0 %, Sigma Aldrich), quercetin
(>98.0 %, Sigma Aldrich); gentamycin (>98.0 %, Sigma
Aldrich); chloramphenicol (>98.0 %, Sigma Aldrich).

Preparation solution of quercetin. A 0.0755 g (exact mass)
of quercetin was gradually dissolved in 20 mL of aqueous
solution of dimethyl sulfoxide (5 % out of total volume) with
constant stirring on magnetic stirrer, after that solution was
transferring in a measuring flask with volume 25.0 mL, and
solution was made up to the mark with the same solvent.

Preparation solution of rutin. A 0.150 g (exact mass) of
quercetin was gradually dissolved in 20 mL of aqueous
solution of dimethyl sulfoxide (5 % out of total volume)
with constant stirring on magnetic stirrer, after that solu-
tion was transferring in a measuring flask with volume
25.0 mL, and solution was made up to the mark with the
same solvent.

Pseudomonas aeruginosa 18, Acinetobacter bauman-
nii 150, Klebsiella pneumoniae 18, Enterobacter cloacea 17
were provided by the State Institution “I. Mechnikov Institute
of Microbiology and Immunology National Academy of
Medical Sciences of Ukraine”. All strains are stored and ac-
cepted by the Head of Museum of strains — O. G. Peretyatko.

Test strains of P. aeruginosa ATCC 27853, E. coli ATCC
25922, P. vulgaris NTCS 4636 were chosen for research.

The method of diffusion of the drug into agar was carried
out using the method of “wells” [14,15]. Table 1 shows in-
terpretation criteria for microbial sensitivity.
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A molecular docking study was conducted using the tool
known as AutoDockTools 1.5.6 [16].

The structures of DNA-gyrase (PDB ID: 1K1J), DHFR
(PDB ID: 1RX3), deacetylase (PDB ID: 3UHM), acyl-ho-
moserine lactone synthase (AHS) Lasl (PDB ID: 1ROSY),
acyl-homoserine lactone synthase (AHS) RhI (PDB ID:
1KZF), and diguanylate cyclase (PDB ID: 3BRE) were
obtained from the PDB database [17]. The resolution of
1K1J was 2.30 A, 1IRX3 -2.20 A, 3UHM - 2.20 A, IRO5 —
2.30 A, 1IKZF — 2.20 A, and 3BRE — 2.40 A. For docking
experiments, protein structures are selected if their resolu-
tion is above 2 A. Therefore, all the mentioned proteins are
suitable for the experiment. The ligand structures of rutin
(CID_5280805), quercetin (CID_5280343), gentamycin
(CID_3467), and chloramphenicol (CID 5959) were re-
trieved from the PubChem database [18]. The binding site of
the docked proteins was determined utilizing the Computed
Atlas for Surface Topography of Proteins (CASTp) [19].

Results

Theoretical assessment of antibacterial activity of quercetin
and rutin was provided by method of molecular docking
of the crucial enzymes of gram-negative bacteria such as
DNA-gyrase, DHFR, Deacetylase, AHS Lasl, AHS RhI and
Diguanylate cyclase. For comparison analysis it was taken
following antimicrobial drugs: gentamycin, ciprofloxacin,
levofloxacin, ceftriaxone, chloramphenicol, clarithromycin,
azithromycin and metronidazole, ornidazole. It was applied
following classification of selectivity to active site of enzyme
[20]: IC50 < 0.001 mM (high selective); 0.05 > I1C50 > 0.01
(medium selective); IC50 > 0.05 mM (low selective).

Active center of DNA-gyrase was consisted by amino
acids: Arg75, Lys102, Argl35, Asp80. Trp387, Lys109,
Asp72, Thr166. Table 2 shows that clarithromycin, azith-
romycin, rutin and levofloxacin had high selectivity, in the
case of ciprofloxacin, chloramphenicol — medium selectivity,
whereas ornidazole, quercetin, ceftriaxone, metronidazole
and gentamycin — low selectivity. Comparing the level of
affinity of rutin and quercetin it was observed that binding
energy with active center of DNA-gyrase of rutin was in two
times higher than quercetin.

The next crucial enzyme that was assessed by molecular
docking was DHFR. The active center of enzyme was con-
taining of NADP, Tyr110, Asp30, Ile8, Phe34, Ile104, Arg55,
Arg60. Table 3 shows that clarithromycin, azithromycin,
rutin and levofloxacin had high selectivity, in the case of
ciprofloxacin, chloramphenicol, gentamycin, ceftriaxone,

Table 1. Microbial sensitivity

1A

1B

Fig. 1. Chemical structure of quercetin (A) and rutin (B).

quercetin — medium selectivity, whereas ornidazole, metro-
nidazole — low selectivity. Comparing the level of affinity
of rutin and quercetin it was observed that binding energy
with active center of DHFR of rutin was in two times higher
than quercetin.

The active center of deacetylase was represented by the
following amino acid: Thr190, Lys238, Gly92. Phel91,
Leul8, Ala206. According to the obtained results of the
study it was established that clarithromycin, azithromycin,
rutin and levofloxacin had high selectivity, in the case of
ciprofloxacin, gentamycin, chloramphenicol, ceftriaxone
—medium selectivity, whereas quercetin, ornidazole, metro-
nidazole — low selectivity. Comparing the level of affinity of
rutin and quercetin it was observed that binding energy with
active center of DHFR of rutin was in two times higher than
quercetin (Table 4).

Sensitivity Retardation zone, mm

High sensitivity >25
Sensitive 15-25
Low sensitivity 10-15
Not sensitivity <10
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Table 2. Affinity of quercetin, rutin and antimicrobials drug with the DNA-gyrase

AGbind, kcal/mol* Ki, mmol* Selectivity
Clarithromycin -11.59 0.00000001087 High selective
Azithromycin -10.29 0.00000061435 High selective
Rutin -10.45 0.00002184 High selective
Levofloxacin -8.69 0.00042853 High selective
Ciprofloxacin -8.06 0.00123 Medium selective
Chloramphenicol -6.38 0.02114 Medium selective
Ornidazole 5.0 0.19214 Low selective
Quercetin -5.00 0.21618 Low selective
Ceftriaxone -4.61 0.41631 Low selective
Metronidazole -4.54 0.46734 Low selective
Gentamycin -4.08 1.03 Low selective

*: free-binding energy; #: inhibition constant, IC50, mmol.

Table 3. Affinity of quercetin, rutin and antimicrobials drug standards with the DHFR

Ligand o ]
T N " R

Clarithromycin -16.78 0.000000000504 High selective

Azithromycin -14.50 0.00000002336 High selective

Rutin -10.72 0.00001379 High selective

Levofloxacin -8.98 0.00026376 High selective

Ciprofloxacin -8.44 0.00064808 Medium selective

Chloramphenicol -7.97 0.00143 Medium selective

Gentamycin -6.78 0.01073 Medium selective

Ceftriaxone -6.36 0.02164 Medium selective

Quercetin -6.32 0.02329 Medium selective

Ornidazole -4.95 0.23625 Low selective

Metronidazole -4.28 0.72416 Low selective

*: free-binding energy; #: inhibition constant, IC50, mmol.

The next crucial enzyme that was evaluated by molec-
ular docking was AHS Lasl. The active center of enzyme
consisted of amino acids: Thr190, Lys238, Gly92. Phel91,
Leul8, Ala206. Table 5 shows that chloramphenicol had high
selectivity, in the case of quercetin, ceftriaxone — medium
selectivity, whereas ornidazole, metronidazole, levofloxacin,
ciprofloxacin — low selectivity. While gentamycin, rutin,
azithromycin and clarithromycin were inactive. Comparing
the level of affinity of rutin and quercetin it was observed
that only quercetin was active against this enzyme while its
glycoside was not binding.

The active center of AHS Rhl was represented by following
amino acids: Glu254, Asp48, Tyr54, Met42. Leu63, Leu56.
Table 6 shows that clarithromycin, rutin, azithromycin had
high selectivity, ciprofloxacin, levofloxacin, quercetin,

chloramphenicol — medium selectivity, while ornidazole,
metronidazole, ceftriaxone — low selectivity as well as gen-
tamycin had inactive. Comparing affinity of quercetin and
rutin to active center it was observed that rutin in two times
higher active than its aglycone form.

The next crucial enzyme that was evaluated by molecular
docking was diguanylate cyclase. The active center of enzyme
consisted of amino acids such as Glu254, Glu253, Glu252,
Lys327, Arg331, Thr262, Argl198, Argl94. Tauble 7 demon-
strates that clarithromycin, chloramphenicol, ciprofloxacin
had medium selectivity, levofloxacin, ceftriaxone, metronida-
zole, rutin, quercetin, ornidazole, gentamycin, azithromycine
— low selectivity. Comparing affinity of quercetin and rutin
to active center it was observed that rutin and quercetin had
approximately the same value of binding energy.
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Table 4. Affinity of molecular docking of the quercetin, rutin and antimicrobials drug standards with the deacetylase

AGbind, kcal/mol* Ki, mmol* Selectivity
Azithromycin -14.04 0.000000051 High selective
Clarithromycin -13.98 0.000000057 High selective
Rutin -10.47 0.000021 High selective
Levofloxacin -8.34 0.00077565 High selective
Ciprofloxacin -7.51 0.00313 Medium selective
Gentamycin -7.45 0.00346 Medium selective
Chloramphenicol -7.19 0.00536 Medium selective
Ceftriaxone -6.09 0.03444 Medium selective
Quercetin -5.81 0.05541 Low selective
Ornidazole -5.32 0.12638 Low selective
Metronidazole -5.20 0.15555 Low selective

*: free-binding energy; #: inhibition constant, IC50, mmol.

Table 5. Affinity of quercetin, rutin and antimicrobials drug standards with the AHS Lasl|

Ligand
e S R

Chloramphenicol -10.76 0.00001304 High selective

Quercetin -6.70 0.01223 Medium selective

Ceftriaxone -6.56 0.01561 Medium selective

Ornidazole -5.83 0.05331 Low selective

Metronidazole -5.38 0.113 Low selective

Levofloxacin 4.1 0.97221 Low selective

Ciprofloxacin -2.41 16.98 Low selective

Gentamycin - - Inactive

Rutin - - Inactive

Azithromycin - - Inactive

Clarithromycin - - Inactive

*: free-binding energy; #: inhibition constant, IC50, mmol.

The next step of our research was to sum up the obtained
data mentioned before. All antimicrobial drugs and rutin,
quercetin were divided into two categories. To the first cat-
egory belong compounds that had high selectivity, whereas
to the second one belong compounds that had medium and
low selectivity.

Table 8 demonstrates that there was not present any of
antimicrobial drugs or biological active compounds that
inhibited highly selective all six mechanisms. Results show
that clarithromycin and azithromycin inhibited four out of six
enzymes of the “first line of defense” and biofilm formation,
except AHS Lasl and diguanylate cyclase. Levofloxacin
inhibited only enzymes of “first line of defense”, whereas
targets of biofilm formation were not sensitive to action of
levofloxacin. Comparing the selectivity of quercetin and

rutin it was found that quercetin cannot effectively inhibit
any of target enzyme, whereas rutin inhibited five out of six
enzymes, except diguanylate cyclase.

Rutin, quercetin and antimicrobial drugs were used to eval-
uate bacterial activity against test gram-negative strains such
as E. coli, P. vulgaris and P. aeruginosa (Table 9). Against
E. coli quercetin was more active (20.0 = 0.4 mm) than its
glycoside form (16.0 + 0.5 mm). The highest value of retar-
dation zone had ciprofloxacin (29.0 + 0.2 mm), levofloxacin
(31.0 £ 0.2 mm), ceftriaxone (27.0 £ 0.2 mm), gentamycin
(27.0 £ 0.3 mm).

We found that quercetin inhibited the growth of P. vul-
garis stronger (16.0 + 0.3 mm) than rutin (14.0 = 0.5 mm).
Comparing with antimicrobial drugs it was established
that the P. vulgaris was the most sensitive to action of gen-
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Table 6. Affinity of quercetin, rutin and antimicrobials drug standards with the AHS Rhl

AGbind, kcal/mol* Ki, mmol* Selectivity

Clarithromycin -18.54 0.0000000000253 High selective
Rutin -10.90 0.00001053 High selective
Azithromycin -10.16 0.00003572 High selective
Ciprofloxacin -7.84 0.00178 Medium selective
Levofloxacin -6.62 0.01408 Medium selective
Quercetin -6.20 0.02877 Medium selective
Chloramphenicol -5.88 0.04912 Medium selective
Ornidazole -5.20 0.15405 Low selective
Metronidazole -5.11 0.18023 Low selective
Ceftriaxone -4.48 0.51643 Low selective
Gentamycin - - Inactive

*: free-binding energy; #: inhibition constant, IC50, mmol.

Table 7. Results of molecular docking of the quercetin, rutin and antimicrobials drug standards with the diguanylate cyclase structure

Ligand Diguanylate cyclase

Clarithromycin -8.03 0.00131 Medium selective
Chloramphenicol -6.59 0.01488 Medium selective
Ciprofloxacin -6.31 0.02356 Medium selective
Levofloxacin -5.32 0.12516 Low selective
Ceftriaxone -5.19 0.15567 Low selective
Metronidazole -4.94 0.23835 Low selective
Rutin -4.88 0.2660 Low selective
Quercetin -4.73 0.3420 Low selective
Ornidazole -4.72 0.34569 Low selective
Gentamycin -4.49 0.51373 Low selective
Azithromycin -2.79 8.97 Low selective

a: free-binding energy; b: inhibition constant, IC50, mmol.

tamycin (26.0 = 0.3 mm), levofloxacin (30.0 £ 0.2 mm),
whereas the lowest one to metronidazole and ornidazole
(growth).

Against P. aeruginosa the zone of retardation of quercetin
and rutin were 18.0 + 0.4 mm and 17.0 + 0.4 mm. The high
sensitivity had ciprofloxacin (30.0 £ 0.2 mm), ceftriaxone
(30.0 £ 0.2 mm), levofloxacin (29.0 £ 0.2 mm) and genta-
mycin (26.0 £ 0.3 mm), while the low sensitive were clar-
ithromycin (14.0 £ 0.3 mm), metronidazole and ornidazole
(12.0 £ 0.3 mm).

We evaluated antibacterial activity of rutin, quercetin
and some of antimicrobial drugs against resistant strains
of P. aeruginosa, E. cloacae, A. baumannii and K. pneu-
moniae. Resistant strain of P. aeruginosa was sensitive
to rutin (23.0 £ 0.3 mm) and low sensitive to quercetin

(12.0 £ 0.6 mm) and chloramphenicol (12.5 £ 0.3 mm).
Against E. cloacae rutin had the strongest inhibition effect
as well as antimicrobial drugs such as chloramphenicol
(19.5 £ 0.5 mm), levofloxacin (23.5 £ 0.5 mm), ceftriaxone
(23.0+0.2 mm), and gentamycin (22.0 + 0.2 mm) had medi-
um antibacterial activity. In the case of A. baumannii, resistant
strain was only sensitive to the action of rutin (24.0 + 0.3 mm)
and quercetin (12.0 + 0.3 mm). Against K. pneumoniae rutin
had the highest value of retardation zone, while quercetin
had lower inhibition property (12.0 + 0.3 mm), in the case
of antimicrobial drugs levofloxacin (20.5 £ 0.5 mm), cef-
triaxone (19.5 + 0.5 mm), gentamycin (17.5 = 0.5 mm),
metronidazole and ornidazole (16.0 = 0.2 mm) as well as
ciprofloxacin (15.5 £ 0.5 mm) had the medium inhibition
property (Table 10).
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Table 8. Schematic classification of antimicrobial drug standards alongside quercetin and rutin into two categories

Compound DNA- Deace- | AHS Lasl Digua- No. of inhibition No. of inhibition
gyrase tylase nylate enzymes of “First enzymes of
cyclase | line of protection” | “Biofilm”

Antibacterial | Clarithromycin v v v # v # 3 1

dru

star?dards Chloramphenicol’ # # # v # # 0 1
Ciprofloxacin # v # # # # 1 0
Levofloxacin v v v # # # 3 0
Ceftriaxone # # # # # # 0 0
Metronidazole # # # # # # 0 0
Ornidazole # # # # # # 0 0
Gentamycin? # # # # # # 0 0
Azithromycin v v v # v # 3 1

Biological Quercetin® # # # # # # 0 0

active

compounds | Rutin® v v v v v # 3 2

v': high level of selectivity; #: lower and medium of selectivity.

Table 9. Antibacterial effect of quercetin and rutin against test strains of E. coli, P. vulgaris and P. aeruginosa

Concentration, mM

Diameter of the growth retardation zone, mm * SD

Rutin 0.003 16.0+£0.5 14.0+£0.5 17.0£04
Quercetin 0.003 20.0+0.4 16.0+0.5 18.0+04
Clarithromycin 0.003 220+0.3 140403 14.0+0.3
Azithromycin 0.003 25.0x0.3 21.0+04 21.0x0.3
Chloramphenicol 0.003 16.0+0.3 15.0+0.3 16.0+0.3
Ciprofloxacin 0.003 29.0+0.2 29.0+03 30.0+0.2
Levofloxacin 0.003 31.0+0.2 30.0+0.2 29.0x0.2
Ceftriaxone 0.003 270£0.2 240+0.3 30.0£0.2
Metronidazole 0.003 15.0+0.5 Growth 120+0.6
Ornidazole 0.003 15.0+0.5 Growth 12.0+ 0.6
Gentamycin 0.003 270+03 26.0+03 26.0+0.3
Aqueous solution with 5 % of dimethyl sulfoxide - Growth Growth Growth

SD: standard deviation, n = 3.

Discussion

The high antimicrobial resistance of bacteria is caused
by widespread application of antibiotics in the treatment
diseases with non-bacteria origin as well as uncontrolled
application of antibiotics in agriculture, above all, in live-
stock breeding [21].

The multidrug resistant bacteria are also called superbac-
teria. According to WHO the suberbacteria are represented
by A. baumannii, K. pneumoniae, P. aeruginosa and E. cloa-
cae [22]. According to temporary aspects to inhibit the growth
of any resistant bacteria, antibacterial drug has to inhibit six
main mechanisms: above all, “the first line of defense”, there
are DNA-gyrase, DHFR and inhibition of membrane forma-

tion, the second group of enzymes is responsible for biofilm
formation: acyl-homoserine-lactone synthetize Lasl and Rhl,
cyclic di-guanylate monophosphate (c-di-GMP) [23].

DNA gyrase is an enzyme responsible for the temporary
division of bacterial DNA into two strands, subsequently
the replication stage begins. The next important enzyme is
DHFR; this enzyme is responsible for the formation of folic
acid, which is necessary for the existence of bacteria [23].
A key protective mechanism in bacteria is their membrane,
and gram-negative strains are no exception. The membrane
of these bacteria contains a unique lipopolysaccharide that
triggers an immune response and fever. The enzyme UDP-3-
O-(R-3-hydroxymyristoyl)-N-acetylglucosamine deacetylase
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Table 10. Antibacterial effect of quercetin and rutin against resistance strains of P. aeruginosa, E. cloacae, A. baumannii and K. pneumonia

5
Rutin 0.003 23003 25002 24003 230+0.3
Quercetin 0.003 12.0+0.3 14.0+0.5 120+0.3 12.0+0.3
Clarithromycin 0.003 Growth Growth Growth Growth
Azithromycin 0.003 Growth Growth Growth Growth
Chloramphenicol 0.003 125105 195105 Growth Growth
Ciprofloxacin 0.003 Growth Growth Growth 155+0.5
Levofloxacin 0.003 Growth 23.5+0.5 Growth 20505
Ceftriaxone 0.003 Growth 23.0+£0.2 Growth 19.5+0.5
Metronidazole 0.003 Growth Growth Growth 16.0+0.2
Ornidazole 0.003 Growth Growth Growth 16.0+0.2
Gentamycin 0.003 Growth 220+0.2 Growth 175+05
Aqueous solution with 5 % of dimethyl sulfoxide - Growth Growth Growth Growth

SD: standard deviation, n = 3.

plays a crucial role in the biosynthesis of this lipopolysaccha-
ride. Notably, this enzyme is exclusive to bacteria, as it lacks
homologs in both humans and other mammals.

However, the problem of resistant bacteria is their abi-
lity to form biofilm. The biofilm is a structure of bacteria
colony that prevent penetration antimicrobial drugs into
the bacteria. The main mechanism of formation biofilm
is the activation of a quorum system. The quorum system
is a type of cellular signaling that relies on the production
and perception of chemical signaling molecules called
autodoctors. The signal molecules in resistant bacteria are
acyl-homoserine-lactone synthetize Lasl and Rhl. More-
over, the formation of biofilm requires a stage of cell adhe-
sion of resistant bacteria to the surface, a protein c-di-GMP
is responsible for this stage of formation biofilm. c-di-GMP
is coordinated the transition of the bacterial lifestyle from
motile to immobile [22].

Results of research showed that none of the antimicrobial
drugs highly selective inhibit all “targets” mechanisms. How-
ever, rutin showed high value of selectivity of DNA-gyrase,
DHFR, deacytelase (formation membrane), AHS Lasl, and
AHS Rhl, whereas quercetin was not highly selective against
all six “targets” mechanisms. We can make a conclusion that
glucoside of quercetin has higher antibacterial potential than
its aglycone. In our view, it can be related with the presence of
glucose and rhamnose at third position that radically change
an antibacterial potential of quercetin.

In the research of A. Ragunathan et al. [24] antibacterial the-
oretical potential of rutin and quercetin by molecular docking
was studied. Comparing with our results binding energy of
quercetin in our research was lower 10.8 % of DNA-gyrase,
and DHFR, respectively. Whereas, binding energy of rutin in
our research was higher 50,30 % of DNA-gyrase and DHFR.
Ragunathan A. et al. [24] showed that binding energy of
quercetin and rutin were approximately at the same level. In

our opinion such difference can be related with the different
model of enzymes, or as well as with the fact, that another
active center was chosen.

To evaluate the antibacterial activity, we prepared solutions
of rutin, quercetin, and antimicrobial drugs in one molar con-
centration. Why did we give the concentration in moles, and
not, for example, as usual, in percent or mg/mL? According to
the textbook “Analytical Chemistry” [25], mole is the amount
of a substance containing the same number of structural units
(atoms, molecules) as atoms contained in 12 g of carbon-12,
thus 1 mole contains 6.022 x 10 particles (Avogadro’s num-
ber). Therefore, when we compare substances in one molar
dose, the number of particles in all studied solutions of the
substance will be the same, and then we can freely take and
compare their antibacterial action. In the case when we take
in one concentration in percent, or mg/mL, the number of par-
ticles of substances will be different everywhere, since each
substance has a different molecular weight. Thus, comparison
of their antibacterial effects is impossible.

Comparing theoretical studies with practical results, we
can state a certain pattern of the connection and structure of
the action of rutin and quercetin. According to the results of
molecular docking, it was shown that the binding energy of
rutin in 5 of 6 mechanisms exceeded the binding energy of
quercetin by two times. Experimental results of the antibac-
terial activity of rutin and quercetin against resistant strains
showed the same pattern, that rutin has an antibacterial effect
two times higher than quercetin. However, we cannot estab-
lish such a pattern in the case of gram-negative test strains.
The results showed that the action of rutin and quercetin are
almost the same. In our opinion, this may be due to the fact
that the test strains lack a number of proteins or enzymes
that would be highly sensitive to the action of rutin, unlike
resistant strains, for example, proteins or enzymes responsible
for the formation of biofilm.
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We can also note that no antibiotic inhibited all resistant
strains of bacteria. This fact indicates the need for mandatory
studies of combinations of antimicrobial drugs and rutin,
quercetin or extracts (which contain a high concentration
of rutin and quercetin). An antimicrobial drug is not able to
inhibit all 6 key enzymes, but only with the addition of, for
example, rutin, they will have the ability to actively suppress
the growth of resistant strains. Because all “target” targets
of bacteria responsible for the vital activity of bacteria will
be suppressed.

Conclusions

1. Theoretical studies of “standard” antimicrobial drugs
used in infectious disease treatment protocols are not highly
selective inhibitors of “target” antibacterial mechanisms of
gram-negative bacteria, unlike rutin, which turned out to be a
highly selective inhibitor of the following enzymes: DNA-gy-
rase, DHFR, deacetylase, AHS Rhl, Diguanylate cyclase.

2. Theoretical research demonstrated the potential anti-
bacterial activity of rutin that exceeds effect of quercetin by
two times. This pattern is fully confirmed by in vitro studies,
where the antibacterial effect of rutin against resistant strains
was also 2 times higher.

3. It was shown that none of the “classic” antimicrobial
drugs inhibited all resistant gram-negative strains. Based on
the results obtained, we came to the conclusion that the next
necessary stage of our research is to study a combination of
antimicrobial drugs and rutin, quercetin or herbal extracts
that contain a high content of these individual compounds.
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OocnigxeHHA hapmakonoriyHoro noteHuiany noxiaHux N-((5-ceHin-
6,11-aurigpo-[1,2,4]rpiaszono[1’,5°:1,6]nipnao[3,4-blinaon-2-in)MmeTun)
OeH3aminy

C. O. depoto™@*P, A, C. lNouynaEF

3anopisbkuii fepkaBHUA MeaVKo-thapMaLeBTUYHNIA YHiBepcuTeT, YkpaiHa

A — KOHUenUis Ta An3aitH gocnipxkeHHs; B — 36ip aaHux; C — aHanis Ta iHTepnpeTauis fgaHux; D — HanucaHHs cTaTTi; E — peparyBaHHs cTartTi;
F — ocTaTouHe 3aTBepmKEHHSA CTaTTi

PaujioHanbHe NpoekTyBaHHSA HOBKX BIONOMYHO aKTUBHUX CNOMNYK 6a3y€eTbCs Ha BUKOPUCTaHHI €PEKTUBHUX CTPYKTYPHUX PparMeHTis, Lo
MOXYTb 3a6e3neyyBaTi BUCOKY HiocropigHeHiCcTb, CpusaTvBi hapMakoKiHETUYHI BNACTMBOCTI Ta HanexHuin npodins 6e3nexku. Ocobnvse
MicLe 3-NoMiX HUX MocigatoTb ckadonam Ha ocHoBi 1,2,4-Tpiasony Ta iHAOMY, WO € KOMNOHeHTaMu (hapMaKomnoriYHo akTUBHUX MOreKyn
BHACMIQOK 34aTHOCTI GpaTi yyacTb y Pi3HOMAHITHUX TUMax MOMeKynsapHUX B3aemopii. MNMoeaHanHs 1,2,4-Tpia3onoBoro Ta iHAOMNbLHOMO
hparmeHTIB y Mexax OfHiei MOneKynu cnpusie CTBOPEHHI KOH'OTOBaHUX CUCTEM i3 NMOTEHLINHO 6araTogyHKLOHANbHOK aKTUBHICTHO, LLO
PO3LLMPIOE MOXMMBOCTI B OAEPXaHHI HOBKX NiKapCbkux areHTiB. Komm'loTepHe NporHo3yBaHHS TOKCUKOMOTIYHUX | (hapMakoKiHETUYHUX
BIIACTMBOCTEMN Ha paHHix eTanax po3pobku € KNYOBOKO CTpATErieto Ans ONTUMi3aLlii npoLecy CKpuHIHry. 3acTocyBaHHs in silico meTogis aae
3MOry CBOEYaCHO oLiHNTM 6e3neyHicTs, ADME-npodins i GionoriyHniA noTeHLian cnonyk Ao 34iNCHEHHS eKCNEPUMEHTAIbHUX JOCTIiAKeEHb.

Meta po6oTtu — in silico oujiH0BaHHS TOKCHKoNorivHKX BnactmBocTen, ADME-napameTpiB i pe3ynsTaTiB MONeKynspHOro AOKIHTY MPOEKTHUX
cnonyk pagy N-((5-tbeHin-6,11-gurigpo-[1,2,4]tpiazono[1’,5":1,6]nipnao[3,4-bliHoon-2-in)meTun)6eH3amiais Ans 0brpyHTyBaHHS AOLNbHOCTI
iX CUHTE3y Ta HAaCTYNHOTO CTBOPEHHS OpUTiHaNbHOI 6IONOriYHO aKTUBHOI Cy6CTaHLT.

Matepianu i MmeToau. MNpoekTyBaHHA MONEKYNAPHUX CTPYKTYP ANS in Silico [ocnimxeHb 34iINCHANM HA OCHOBI KPUTUYHOO aHanidy AaHux
HayKoBOI MiTepaTypu Ta hyHAaMeHTanbHUX NPUHLMMIB OpraHivHoi Ximii. Lie gano amory pauioHanbHo iHTerpyeaTu Biomi dhapmakoopHi
€neMeHTN y KOMMaKTHI MonekynsapHi kapkacy. MporHodyBaHHS npodinto 6e3nekn Ta NOTEHUINHUX TOKCUKOMOTYHUX PUSKKIB 3LINCHUNK,
3acrtocyBaBLwu nnatpopmy TEST (Toxicity Estimation Software Tool). ®isvko-ximiuHi BnacTMBOCTI Ta hapMaKoKiHETUYHY NOBEAIHKY Cno-
YK OLiHIOBaNM 3a JOMOMOro oHnaiiH-pecypcy SwisSADME. CyyacHi MeToauki MomnekynsipHOro JOKIHIY BUKOPUCTAHO AMsl BUSIBIIEHHS
MOTEHUHNX CaTiB 3B'A3YBaHHA 3 MOLAEMbHUMI €H3UMaMK, @ TaKOX A9 XapaKTEPUCTUKN eHepreTUYHUX | NPOCTOPOBMX 0COBNMBOCTEN
B3aemogii niraHg — milweHb. CTpykTypy nirangis nobyayeanu 3a gornomorot nporpam MarvinSketch 6.3.0, HyperChem 8 ta AutoDock
Tools 1.5.6, a migrotoBKy 6inKOBMX MilleHen 3aiicHUKM 3 BukopuctaHHam Discovery Studio 4.0 Ta AutoDock Tools 1.5.6. JokiHroBe
MOZENIOBaHHSA BUKOHaHO 3a gonomoroto AutoDock Vina, wo 3abe3nevye TouHe NPOrHO3yBaHHS B3aEMOMIN NiraHg — GiNnok Ha OCHOBI
€HepreTUYHOI Ta CTePUYHOI CYMICHOCTI.

Pesyneratu. Moxiani N-((5-cbenin-6,11-gurigpo-[1,2,4]-tpiazono[1’,5":1,6]nipnao[3,4-blinaon-2-in)meTnn)beH3amigy xapakTepuayoTbes
BiporiaHO NOMipHOK abo HM3bKOK TOKCUYHICTIO LWOAO BOAHWX opraHiamiB (Daphnia magna, Pimephales promelas), He matoTb MyTa-
reHHOro noteHuiasny. MporHo3oBaHi 3Ha4eHHs nepopasnbHoi TokeudHocTi (LD,) y wypis ctaHosunn 470-990 mr/kr, Wo CBiAYNTL Npo
BigHOCHO 6e3neyHuin npodinb cnonyk. ®apmMakokiHETUYHUIA aHani3 f4aB 3MOry BCTAHOBUTY BUCOKY apOMaTUYHICTb, HU3bKUIA CTYMiHb
HaCcWYeHOCTi ByrneLeByux 3B'a3KiB i BapiabenbHy BOLOPO34MHHICTb. Cepea AOCNIMKEHUX CTPYKTYP HaWbinbLL CNpUATIMBI BNACTUBOCTI
manu 2-6pom-4-crop-N-((5-peHin-6,11-gurigpo-[1,2,4]piasono[1’,5’:1,6]nipuao[3,4-bliHaon-2-in)metun)beHsamig, 2-6pom-N-((5-ce-
Hin-6,11-gurigpo-[1,2,4]tpiasono[1’,5":1,6]-nipnao[3,4-blingon-2-in)metun)beHsamig, 4-dptop-N-((5-denin-6,11-agurigpo-[1,2,4]Tpiaso-
no[1’,5":1,6]nipnpo[3,4-blinaon-2-in)metun)beHsamig ta N-((5-cenin-6,11-gurigpo-[1,2,4]tpiazono[1’,5:1,6]nipnao[3,4-blinaon-2-in)
meTun)-TiodpeH-2-kapbokcamia. Lli cnonyku BU3Ha4eHo sik HainepcnekTUBHILLI KaHaMAATW Ans nofanblioro cuHTe3y Ta 6ionoriyHoro
[OCHIAKEHHS.

BucHoBku. Komn'loTepHe mogentoBaHHS nokasano, Wo Hu3ka 3mogenboBaHux noxiguux N-((5-dpenin-6,11-gurigpo-[1,2,4]tpiaso-
no[1’,5":1,6]-nipnao[3,4-bliHoon-2-in)MeTun)6eH3amigy xapakTepu3ayeTbCs BifHOCHO 6e3ne4HNM TOKCUKONOTiYHUM NpodiineM i CnpusiTivBuMm
hapMaKoKiHETUYHUMMW BNACTUBOCTAMU, HE MAE MyTareHHOro noteHuiany. Ha 0CHOBI KOMNAEKCHOTO in Silico OLiHIOBaHHS ANS HACTYMHUX
eKcnepuMeHTanbHNX JOCTiIKEHb PEKOMEHI0BAHO YOTMPY CMOSYKK, L0 BU3HAYEHI Sk HAabinbL nepcnekTvBHi 3 nornsaay 6e3neyHocTi
Ta NOTEeHLiHOI BioaKTUBHOCTI.

KntouoBi cnoea: noxigHi 1,2,4-Tpiasony, ingonbHe s4po, in silico ouiHoBaHHS, ouiHka 6e3ne4HoCTi.
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OpueiHaribHi 0oCidxeHHs!

Evaluation of the pharmacological potential of N-((5-phenyl-6,11-dihydro-[1,2,4]triazolo[1’,5’:1,6]pyrido[3,4-b]indol-2-yl)methyl)
benzamides

S. O. Fedotov, A. S. Hotsulia

The rational design of new biologically active compounds is based on the use of effective structural fragments, capable of ensuring
high biosimilarity, favorable pharmacokinetic properties and an appropriate safety profile. Among them, 1,2,4-triazole and indole cores
occupy a special place, being widely represented in pharmacologically active molecules due to their ability to participate in various
types of molecular interactions. The combination of 1,2,4-triazole and indole fragments within a single molecule promotes the creation
of conjugated systems with potentially multifunctional activity, thereby expanding the opportunities for the discovery of new therapeutic
agents. Early-stage computer-based prediction of toxicological and pharmacokinetic properties remains a key strategy for optimizing the
screening process. The application of in silico methods allows timely assessment of the safety, ADME profile and biological potential of
compounds prior to experimental investigations.

Aim. This study aimed to perform an in silico assessment of the toxicological properties, ADME parameters, and molecular docking profiles
of newly designed compounds belonging to the N-((5-phenyl-6,11-dihydro-[1,2,4]triazolo-[1",5:1,6]pyrido[3,4-blindol-2-yl)methyl)benzamide
series, in order to substantiate their synthesis and guide further experimental validation.

Materials and methods. Molecular structure design for in silico studies was guided by a critical analysis of the scientific literature and
fundamental principles of organic chemistry, allowing the rational incorporation of established pharmacophoric elements into compact
molecular frameworks. Safety profiles and potential toxicological risks were predicted using the TEST (Toxicity Estimation Software Tool)
platform. Physicochemical properties and pharmacokinetic behaviors were evaluated through the SwissADME online resource. Advanced
molecular docking techniques were employed to identify potential binding sites with model enzymes and to characterize the energetic and
spatial features of ligand-target interactions. Ligand structures were generated using MarvinSketch 6.3.0, HyperChem 8, and AutoDock
Tools 1.5.6, while protein targets were prepared with Discovery Studio 4.0 and AutoDock Tools 1.5.6. Docking simulations were conducted
with AutoDock Vina, enabling accurate modeling of ligand-protein binding based on energetic and steric complementarity. This integrative
in silico approach facilitated the early-stage evaluation of biological potential and safety profiles prior to experimental validation.

Results. The investigated N-((5-phenyl-6,11-dihydro-[1,2,4]triazolo-[1’,5":1,6]pyrido[3,4-b]indol-2-yl)methyl)benzamide derivatives exhibited
statistically significant moderate to low toxicity towards aquatic organisms (Daphnia magna, Pimephales promelas) and lacked mutagenic
potential. The predicted oral toxicity values (LD, ) in rats ranged from 470 mg/kg to 990 mg/kg, indicating a relatively safe profile for the
compounds. Pharmacokinetic analysis revealed high aromaticity, a low degree of carbon bond saturation, and variable water solubility
among the studied compounds. The most favorable properties were observed for 2-bromo-4-fluoro-N-((5-phenyl-6,11-dihydro-[1,2,4]
triazolo[1’,5":1,6]pyrido[3,4-b]-indol-2-yl)methyl)benzamide, 2-bromo-N-((5-phenyl-6,11-dihydro-[1,2,4]triazolo-[1’,5":1,6]pyrido[3,4-b]indol-
2-yl)methyl)benzamide, 4-fluoro-N-((5-phenyl-6,11-dihydro-[1,2,4]triazolo[1’,5:1,6]pyrido[3,4-blindol-2-yl)methyl)benzamide and N-((5-
phenyl-6,11-dihydro-[1,2,4]triazolo[1’,5:1,6]pyrido[3,4-blindol-2-yl)methyl)-thiophene-2-carboxamide. These compounds were identified
as the most promising candidates for further synthesis and biological evaluation.

Conclusions. Computer modeling demonstrated that a series of designed N-((5-phenyl-6,11-dihydro-[1,2,4]triazolo[1’,5":1,6]pyrido[3,4-b]
indol-2-yl)methyl)-benzamide derivatives is characterized by a relatively safe toxicological profile, absence of mutagenic potential and
favorable pharmacokinetic properties. Based on comprehensive in silico evaluation, four compounds exhibiting the most promising
characteristics in terms of safety and potential bioactivity are recommended for further experimental studies.

Keywords: 1,2,4-triazole, indole core, in silico evaluation, safety.
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CTBOpEHHS HOBHX CITOJYK 13 3aTy9IECHHAM TeTePOIHKITITHITX
CHCTEM 3aJTUIIAETHCS OJHUM i3 KITFOUOBHX HAIPSIMIB Cydac-
HOl MeaW4HOI XiMii. [HIONBHI (hparMeHTH 3aBISKU CBOIN
CTPYKTYpPHIH PI3HOMAHITHOCTI Ta 3HAYHOMY O10JIOTIIHOMY
MOTCHITIATy MOCITA0Th BAXIIUBE MICIIE 3-TIOMIX TPHBiIe-
HOBaHMX CKEJETIB 010aKTUBHUX MOJICKYI [ 1,2,3,4]. Pa3om i3
THM, 1,2,4-Tpia3osbHe s1po crpusie OpMyBaHHIO LIIHPOKOTO
criekTpa (hapMaKoJOTiYHUX aKTHBHOCTCH: aHTHMIKPOOHOT,
MIPOTUTPUOKOBOT, IPOTHBIPYCHOT, aHTHOKCUIAHTHOI Ta

MeTa po6otu

In silico omiHIOBaHHS TOKCHMKOJIOTIYHHUX BJIACTHMBOCTEM,
ADME-napameTpiB 1 pe3ynbrariB MOJICKYJISIPHOTO JOKIHTY
MIPOEKTHUX croiyK psiny N-((5-¢enin-6,11-murinpo-[1,2,4]
Tpiazomno[1°,5”:1,6]mipuno|3,4-b]inmon-2-i1)MeTHI)0eH3aMi-
JUB JUIst OOTPYHTYBaHHS JIOLLIBHOCTI IX CHHTE3Y Ta HACTYITHO-
TO CTBOPCHHS OPUTTHAIBHOT O10JIOTTYHO aKTUBHOI CyOCTAHITIT.

TpaHKBLIi3yr04oi. L{e poOHuTh HOro nepcreKTHBHUM i1 4ac
PO3pOOKH HOBHX TEpalleBTUYHHX areHTiB [5,6,7,8,9,10].

Inest MonekymsipHOi riOpuaM3aliii, Mo MOoJiArae B pario-
HaIBbHOMY 00’€HAHHI 0i0aKTHBHHX (parMeHTiB B ONHIM
MOJIEKYIIi, € TIEPCIIEKTUBHOIO CTPATETIEI0 IS CTBOPEHHS
CIOJTYK i3 pO3IIMPEHNM 200 TIOCHIICHUM O10TOT9HAM TIPOdi-
yieM. 30KpeMa, KOH Forallis iHIoIsHOT0 Ta 1,2,.4-Tpia3onsHo-
TO IIUKJTiB B O/THIH CTPYKTYPi BIIKPHUBA€E HOBI MOYKITHBOCTI JUTS
OJIepKaHHS MOJICKYJ i3 MYJBTUMILIICHEBOO I€F0, STKi MOXKYTh
BIUTBATHU Ha IIPOLECH KJIITHHHOTO IUKITY, (pepMeHTaTnBHOI
AKTHBHOCTI Ta CHTHAIBHUX [UISIXIB.

Marepianu i MeToau gocnimKkeHHs

BipryanbHy 010mioTeKy crioiyk uis in silico TOCHiIKeHb
chopMyBaH Ha OCHOBI aHAJi3y JaHHX i3 HAYKOBUX JKEPEd,
Oepyuu JI0 yBaru OCHOBHI NPUHIMITK opraHiyHoi ximii. Lle
3a0e3MevmIo pamioHabHy IHTErpamilo BiJoMuX (apmako-
(hOpHHX eIEeMEHTIB y CTPYKTYpHO KOHIEHCOBaHI IIJIHOBI
CHCTeMH (puc. 1).

JIs oriHIOBaHHS O€3MeKH Ta MOTEHIIIHHOI TOKCHYHOCTI
CTIONYK 3MiHCHEHO in silico IPOTHO3YBaHHS 3 BUKOPHUCTAH-
HsiM iporpamHoro 3abe3neyenns TEST (Toxicity Estimation
Software Tool, Bepcist 5.1.2) [11]. Lle#i iHCTpyMeHT IpyHTY-
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Puc. 1. CTpykTypa cnonyk, obpanvx Ans in silico focnigxeHb.

€TBCS HAa 3aCTOCYBaHHI METO/IB KUTBKICHOTO aHAJIi3y B3ae-
MO3B’ 13Ky MIX CTPyKTypoto Ta aktuBHIcTIO (QSAR), ananizi
CTPYKTYpPHHX AHAJOTIB JUIA NepeadadeHHs MyTarcHHOTO
TMOTEHIlialy pe4oBHH. MyTareHHHUil OTEHIIial OLiHIOBAIIH
IIJISTIXOM BUSIBJICHHSI XapaKTEPHHUX CTPYKTYPHUX ()parMeHTiB,
10 MOXKYTh 1HIYKyBaTH TeHeTHYHI MyTatii. Ha mactymmHo-
My eTari BH3HA4YaJM BIUIMB CIIOIYK Ha BOIHI €KOCHCTEMH
IIJISIXOM ITPOTHO3YBaHHSI IXHBOT TOKCHYHOCTI o0 Daphnia
magna ta Pimephales promelas. PiBeHb TOKCHIHOCTI Kib-
KiCHO XapakTepu3yBaJji 3a J0IOMOroro nokasnukis LC_, a
MPOTrHO30BaHi 3HAYECHHS FOCTPOI TOKCUYHOCTI HABEICHO SIK
LD, (Mr/kr i MOJIB/KT).

Jist aHATi3y MOXXJIMBUX MOJIEKYJISPHUX MEXaHI3MiB
B3a€MOIIT CHIONYK i3 OLTKOBUMH MIIIICHSMH 3IiHICHEHO MO-
JIEKYJISIpHE JOKIHTI'YBaHHs. BHOIp MOJEKyISIpHUX MillleHen
OOTrpyHTOBaHMH NMPOTHO30BAaHUMHM HarpsiMaMu O10JIOrTYHOT
AKTUBHOCTI CITONYK, CTPYKTypa SKUX MICTHTH (apMaKo-
¢dopHi (pparMeHTH, 110 aCOIifOBaHI 3 BiIIOBIIHOO JI€FO0.
Tak, nukinookcurenasza-2 (LIOI'-2) e xirogoBuM (pepMeH-
TOM y PO3BHUTKY 3allaJIbHOTO MPOIIECY, TOMY ii 1HTi0yBaHHS
BH3HAUAIOTh SIK MMOKAa3HHMK IOTEHIIHOI MpOoTH3anaibHOT
aktuBHOCTI. JlanocTepon 140-nemermiasa, o oepe yJacTb
y GlocHHTE31 eprocTepoily B KIITHHAX TPUOIB, € MIIIICHHIO
Jutst TpoTUrpuOKoBrX npenaparis. [lentuana nedopminaza
6axrepiit Escherichia coli ta Staphylococcus aureus —
YKUTTEBO HEOOX1MHUN (pepMeHT Jutst OLIKOBOTO CHHTE3y Ta
(YHKI[IOHYBaHHST MIKpOOpraHi3MiB, TOMy ii iHriOyBaHHS

CBITYHTH PO MOJKIIMBY aHTUMIKPOOHY aKTHBHICTH. KiHazy
aHAIUTACTHYHOI JTiM(OMH, 110 BiAIrpac BaXKJIUBY POIIb Yy
PO3BHTKY OKpeMUX (OpM 3JIOSKICHHX IyXJIHH, 00paHO 5K
MIIIIEHb JUIS1 OIiHIOBAHHS OTEHIIIHHOT IPOTHITYXJTMHHOT Mii.

Mogeni JiranziiB moOyJJ0BaHO 3a JOMOMOTOK TPOrpaM-
Horo 3a0e3neuennst MarvinSketch 6.3.0, HyperChem 8 ta
AutoDock Tools 1.5.6, a maroToBKy CTPYKTYp CH3UMIB
3aiiicHeHo 3 BukopucTtanHsMm Discovery Studio 4.0 Ta
AutoDock Tools 1.5.6. MonekynsipHHii TOKIHI BUKOHAHO 3
BHUKOpUCTaHHIM porpamu AutoDock Vina, o 3a6e3meaye
BHCOKOTOYHE MOJICIIOBAHHS B3a€MOJIN JIiraum — OiI0OK y
TpuBHMipHOMY TipocTopi [12,13,14].

Amnarti3 (i3uKo-XiMITHIX BIACTUBOCTEH 1 TporHo3 (hapma-
KOKIHeTHYHUX MapaMeTpiB CIIONYK 3IIHCHHUIN, BUKOPUCTO-
Bylo4uH oHJIaitH-pecypc SwissADME.

PesynkraTtn

Toxcukosoriuni xapaxrepucruku. 3nauennst LC, nst Daphnia
magna cranopuin 5,01-6,21 (-log, , Moib/I), a OToxe cHomyKH
TIOBHHHI MaTH IIOMipHY TOKCHYHICTb Y BOJHOMY CEPEIOBHILII.
st Pimephales promelas snadennst LC, | BapitoBany B Me-
xkax 6,85-7,77 (log, Monb/1), TOOTO AOCHIKEH] PEHOBUHM
MalOTh XapaKTEePU3yBaTHCsl HU3bKUM PIBHEM TOKCHYHOCTI
0710 I1i€i MOMENTBHOT TiIpoOiOTH.

MyTareHHHii NOTEHIiaN YCIX CIOIYK HU)KYHH 32 TTOPOTrOBe
3Ha4eHHs 0,5, TOMy MPUITYCKAEMO, IO BOHU HE BHSBJIATH-
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Ta6nuus 1. In silico oUiHOBaHHSI TOKCUYHOCTI CMOMNYK

(Daphnia magna), 48 rog,

log,, Monb/n / mrin

LC,, (Pimephales promelas), 96 rop,

MyTareHHicTb LD,, (wypw, nepopanbHe BBeAEHHsl),
mr/kr [ Monb/kr

LC,, ]
-log,, monb/n / Mrin
1

6,21/0,32 777187 x10° 0,28/- 990/2,41
2 6,11/0,41 7,61/1,31x10? 0,10/ 800/2,61
3 6,03/0,47 7,61/1,22 x 10 0,24 /- 7301277
4 5,44 /1,59 7,34/2,00 x 10 0,24 /- 550/3,15
5 547/1,50 7,30/2,17 x 10 0,28/- 520/3,29
6 545/1,55 7,28/2,30 x 102 0,27/ - 540/3,23
7 5,76/0,86 7,16/3,36 x 10 0,24/~ 620/2,96
8 501/4,14 6,85/5,41 x 102 0,45/- 480/3,78
9 5,04/4,03 6,88/5,23 x 102 0,32/~ 470/3,84
10 5171/2,85 7,15/2,95 x 10 0,30/ 600/ 3,07

Ta6numus 2. Qisnko-XiMivHi NapaMeTpy [OCTIMKEHNX CIONYyK

Cnonyka

N ) Y N O O N O T OO

M, r/monb 516,36 528,40 498,37 437,47 437,47 498,37 488,34 498,37 439,53 419,48
KBA 34 35 33 33 33 33 32 33 32 32
KABA 26 26 26 26 26 26 25 26 25 26
Csp® 0,12 0,15 0,12 0,12 0,12 0,12 0,12 0,12 0,16 0,12
03 5 6 5 5 5 5 5 5 5 5

AB3 4 4 3 4 4 3 4 3 3 3

B3 2 2 2 2 2 2 2 2 2 2

MP 130,27 136,80 130,31 122,57 122,57 130,31 122,57 130,31 125,45 122,61
nnmn, A2 75,60 84,83 75,60 75,60 75,60 75,60 88,74 75,60 103,84 75,60

MyTh MyTareHHoi akTupHocTi. OGpaxoBaHi 3HaueHHs LD,
JUTs 1y piB cranoBm 470-990 mr/kr. Ha mizcTaBi nux gaHux
3pOOMIIM BUCHOBOK, 1110 CITOJYKH MalOTh XapaKTepHU3yBaTHCh
BIZIHOCHO HU3BKOIO TOCTPOIO TOKCUYHICTIO (710 1).
ADME-anamni3. BijbIIicTh TOCIIPKEHUX CHOIYK MAaOTh
MOMIPHO BHCOKY MOJICKYJIDHY Macy, IO XapaKTepHa st
GionoriyHo akTUBHUX MoJeKy:l. [lepesumennst 500 r/mMoib,
3adikcoBane 1yt cionyk 1-3, 6 1 8, Moke HerarMBHO Mo3HAYa-
THCS Ha TIepopasIbHiN 010M0CTYTHOCTI 3a rpaBuiioM JIImiHCEKI.
Yei cTpyKTypH XapaKTepH3yIOThCS BUCOKOIO apOMATHYHICTIO
(KiTIBKICTh apOMaTHYHMX BaXKKHX aToMiB, KABA = 25-26)
Ta HU3BKKUM cTyrneHeM HacuueHocti (Csp® = 0,12-0,16). Ile
CBIIUUTH NPO IepeBa)KaHHs IUIAHAPHUX M-KOH IOTOBAHMX
cucrem. ITigsummennst Csp® 1o 0,16 y cronyku 9 3ymMoBieHe
HAsIBHICTIO METHJIBHOI IPYIHX B TiIOhEeHOBOMY (pparMeHTi, 110
MOJKE BIUIMBATH Ha PO3UMHHICTb | MEMOpaHHY ITPOHHUKHICTb.
CTpyKTypHa CKJIAIHICTh MiATBEPIYKEHA 3araIbHOIO KiTbKICTIO
Bakkux atomiB (KBA = 32-35). Binbuiicts cioyk Maroth 5
00eproBux 3B’s13kiB (O3), 1110 3a0€3Me4Yy€e THYYKICTh, a CIIOJTY-
Ka 2 i3 6 O3 xapaKkTepu3yeThest OUIBIIOI KOH(POPMALITHOO
aJlanTUBHICTIO. JJOHOpHO-aKIenTopHUi Podiik (2 ToHOPU

BoziHEBHX 3B’s13KiB (JIB3) 1 3—4 akuenTopis BOJHEBUX 3B’ I3KIB
(AB3)) cripusie crienmdivniii B3aemozii 3 OioMoeKynamu.
3naueHHst MossipHoOi pedpakuii (MP) (122,57-136,80) cBin-
YaTh PO BUCOKY IMOJISIPU30BAHICTH 1 JIIITOMUIBHICTS MOJIEKYII.
Tonomnoriuna rutonwHa nossipaoi nosepxui (TIITIIT) st Gib-
IIOCTI CHONYK cTaHoBIIA 75,60-84,83 A2 moe CIPUATIMBUM
Ju1st abcopOLIii Ta MPOHUKHEHHS Yepe3 reMaToeHIe(aniaHnuit
6ap’ep (TEB). Jlume cromyka 9 (103,84 A%) moxe matu
00MEKeHy 3aTHICTh MPOHHUKATH [0 IIEHTPAITBLHOI HEPBOBOT
CUCTeMH (maon. 2).

Amnani3 pozanHHOCTI crioyK 1-10 y Bozi mokazas, 110 0ib-
ITiCTB 13 HUX MalOTh HU3BKY BOIOPO3YNHHICTE; 1€ KOPEITIOE 3
TXHBOIO BUCOKOIO MOJIEKYJISIPHOIO MACOI0, BUPAXKEHOIO apo-
MAaTHYHICTIO Ta OOMEXEHOIO KUIBKICTIO HACHYCHUX aTOMIB
KapOoHy. 3a pe3yJabTaTaMH MOJEIIOBAHHS 3a J0IOMOTO0
mogeni ESOL, ciosykwu 4, 5, 6 1 10 MaroTh HAHOLIBIITY IMOBIp-
HICTB IPOSIBY NOMIPHOT BOZIOPO3YMHHOCTI; 3HaueHHs LogS —y
JianasoHi Bij -5,42 1o -5,58, 1110 Bi/IOBI1a€ pO3YUHHOCTI BiJ|
1,16 x 107 mr/mui 1o 1,59 x 107 Mr/mi1 i Bkasye Ha IOTEHIA
JUIsl €(DEeKTUBHOTO MEPOPAITBEHOTO 3acTocyBaHHA. CIIOTyKH
1,2, 3,7 ta 8, Ha BiIMiHY BiJl HUX, XapaKTECPU3YIOThCS MCH-
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Tabnuus 4. NinodinbHicTb cronyk

1 2 3 4 5 6 7 8 9 10
Log P, (iLogP) 345 3,38 3,04 3,00 2,86 2,73 3,12 3,01 323 3,00
Log P, (XLogP3) 5,09 4,96 4,99 4,40 4,40 440 472 431 471 4,30
Log P, (WLogP) 5,40 4,85 4,84 4,64 4,64 4,64 443 414 445 4,08
Log P,,, (MLogP) 425 3,55 3,88 3,68 3,68 3,68 2,72 294 3,15 3,32
Log P, (SILICOS-IT) | 5,31 495 4,89 463 463 463 4,27 4,85 5,37 422
Kocercyc Log P, 470 4,34 433 4,07 4,04 4,02 3,85 3,85 418 3,78

Tabnuus 5. PapmakokiHeTUka Cronyk

Cnonyka MoponaHHs P-gp CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 Log Kp,
r'EB cybeTpar iHridiTop iHridiTop iHri6iTop iHridiTop iHridiTop cmlc

Bucoka -5,84
2 Bucoka |- T - & + + + -6,00
3 Bucoka |- + - + + + + -5,80
4 Bucoka |- + - + + + - -5,84
5 Bucoka |- + - + + + - -5,84
6 Bucoka |- T T w T T ¥ -5,93
7 Bucoka |- + + + + + + -5,93
8 Bucoka |- & - & 0 & & -5,80
9 Bucoka |- + - + + + + -5,64
10 Bucoka |+ + - + + + + -5,81

10I0 IMOBIPHICTIO 3a/10BITbHOI po3unHHOCTI Y BoAi (LogS
y Mexax Bif -6,09 1o -6,48), mo nae 3mory xiacudikyBaru
X SIK MAJIOPO3YHHHI.

Merton Ali miaTBepAWB IFO TEHICHIIIO: CIIONYKH 4, 5, 6
i 10 Mayu BUIIy WMOBIPHICTD HPOSIBY KpAIUX PO3YHMHHHX
BJIACTUBOCTEH TOPIBHSIHO 3 IHIIMMH MOJeKyIamu. Pe3yib-
taru moneni SILICOS-IT Bka3yroTh Ha 3arajbHy HU3BKY
PO3YHMHHICTE YCiX CIIONYK, a Croiyka 1 XapaKTepu3yeThes
0COO0JIMBO HU3bKUMH NPOrHO30BaHNMHM 3HaYeHHAMH (LogS:
-10,13), mo cBiguuTh Tpo ii Maike HEPO3UMHHHUI Yy BOI
xapakrep (mabn. 3).

Amnari3 3nauesb Log P (oxTaHON/BOma), 0OpaxoBaHuX 3a
momensmu iLOGP, XLOGP3, WLOGP, MLOGP i SILICOS-
IT, cBimunTh IO BHpaXKEHY JTMOMITBHICTD YCIX JOCIiIKE-
Hux cnonyk. Koncencycui Log P cranosmsits 3,78—4,70, o
CBIIYHTB PO 3HAYHUH TTOTEHIII AN 10 TiAPO(OOHNX B3aEMO-
I y Gionoriyamx cucremax. Haiisuty sinoguisHicTs Mana
cnomyka 1 (Log P=4,70), mo miaTBepmKkeHo MaKCUMaITbHH-
MU 3HAYCHHSIMH 32 BciMa Metonamu. Crioiyku 2 i 3 Takok
Maim BHCOKI 3HadeHHs Log P — 4,34 ta 4,33 BigmoBinHo.
Cnonykn 4-6 manu nemo Hwk4i nokasuuku (4,02-4,07),
ayle 3aJIMINANKCS B MeXaxX BHCOKOI JinogineHoCcTi. Cepen
cnonyk 7-10 maiiMenm ninodineHoro Oyna criomyka 10
(Log P = 3,78), a conyka 9 (Log P = 4,18) mana Bummit
ToTeHmia J1o rizpodoOHNX B3aeMoil (mabn. 4).

Bucoxkuii piBeHb MPOTHO30BAHOI IITYHKOBO-KHUIITKOBOT
abcopbuii (IHKA) cBigunTh 1po xopomry Oi0fOCTYIHICTS,
a Hu3bKi 3HaueHHs Log Kp (Bix -6,00 1o -5,80 cm/c) — mpo
00MeXeHy TpaHCIepMalIbHy IPOHHUKHICT. YCi CHOIYKH,
kpim crnionyku 10, He mponukarots uepe3 ['EB, me crpusie
3MCHIICHHIO PU3WKY BIUIMBY Ha IICHTPAJIbHY HEPBOBY
cucremy. Crionyka 10 morenuiiino 3narHa 10 I'EB-niponuk-
HEHHsI 1 TOTpedye MPOJOBKEHHS BUBUCHHS OLIHIOBAHHS. YCi
CTpyKTYpH — cyOctparu P-riiikonporeiny (P-gp), mo moxe
3HIDKYBATH IXHIO Oi0IOCTYITHICTB 1 CIIPHYMHATH JIKapChKi
B3a€EMOJIil.

Mertabomniuauii mpodine mokasas iHridysanas CYP2C19,
CYP2C9 i CYP2D6 ycima cniomykamu, a takoxx CYP1A2
(cmonyxu 11 7) Ta CYP3A4 (cnonmyxu 2, 3, 7-10). Haro-
Micth crioyku 11 4-6 ne inridyrots CYP3A4. Lle cipusie
3MEHIIICHHIO PHU3HKY MOPYIICHHS METaboIi3My CYIyTHIX
npenaparis (maon. 5).

3a pesymnbraramu in silico MOZIEITFOBAHHSI, TOCIIHKEH] CTIo-
JIKH MaJI BUCOKHH MOTEHIIias1 JTIKOOAIOHOCTI 32 KpUTEPIsSIMU
nipasw JlimiHCeKi, Toy3e, Bebepa, Irana Ta Miorre. binpmmicts
cronyk (2-10) TIOBHICTEO BiJIITOBI QM MpaBwuTy 1 stk JIimiHCEKI
a00 Manm He3Ha9HI BIAXWIICHHS: cronyka 1 mokasanma mepe-
BUILIEHHsI MOJeKymsipHOi Macu Ta MLogP >4,15, a cnonyka
2 — nuTie MONEKyYISIpHOT MacH. 3a paBiyIoM [ 0y3e mopyIeHHs
BUSIBIIEHI U1 crionyk 1-3 Ta 7 (Hammmok macu abo MP), a
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OpueiHaribHi 0oCidxeHHs!

Tabnuus 6. MikonoaiGHicTb cnonyk

- + + + + + + + +

®inbTp JiniHcbKOro -

®inkTp MNo3e - - - + + + - - + +
®inbtp Bebepa + + + + + + + + + +
®ineTp IfaHa + + + + + + + + + +
®inbtp Myrre - - + + + + + + + +
BiogocTynHicTb 0,17 0,17 0,55 0,55 0,55 0,55 0,55 0,55 0,55 0,55

crionykd 4-6 ta 8-10 moBHICTIO BiANOBigaaM BUMOTaM. Yci
CITOJIYKH BiIOBIayi nipasmiiaM Bebepa Ta Irana; nopynies-
Hl MpaBiyia MIorTe BCTAHOBJICHO JIHILLIE st crioyku 1 depes
migBrieHy rigpogodHicts (XLOGP3 >5). TIporrHo3oBanmit
MOKa3HKK OI0MOCTYHOCTI [yIst crionyk 2-10 cranosus 0,55, a
OTKE BOHH XapaKTEePH3YIOThCS TIOMIPHOO IMOBIPHICTIO XOpO-
1101 opatbHOI 6iomocTymHOCTI. [t cromyku 1 11eif TIoKa3HuK
surkennit (0,17), 111 1aHi 30iraloThes 3 MONepeIHIMH 07O i
YHCJICHHUX MIPOTHO30BaHUX BIIXHJICHD (maobi. 6).

AHati3 MeANKO-XIMIYHOTO ITPO(MLIIO 1aB 3MOT'y BCTAaHOBH-
TH, IO BC1 TOCTIKEH1 CIIOTYKHU MIiCTSTh OWH CTPYKTYPHHHA
curnan PAINS, nos’s3anwmii 3 iHIoIBHUM (hparMenToM. Lle
MOXE CBIJUUTH MPO PU3UK HecrelnudiuHOi aKTUBHOCTI.
@inbrp Brenk Tokcuko(popHUX (parMeHTiB He BHUSBUB. 3a
kputepisvu lead-likeness Oumpmicts ciomyxk (1-5, 7-10) mamu
BIAXWJICHHS 4Yepe3 MEepeBUILICHHS MOJIEKYIIPHOI MacH Ta
rigpooOHOCTI, a croyiyKa 6 XapakTepu3yBajiacsi MiHiMallb-
HUMH [OPYLICHHSIMH.

Mosexynspuuii fokinr. JIOKiHT CIOTYK 10 aKTHBHOTO
caitry [IOI'-2 maB 3MOTry BH3HAYUTH MIHIMAJIbHY C€HEPTitO
KoMILIeKkcoyTBOpeHHs (E ) Ta BUABUTH IIMPOKUH CIIEKTP
B3aeMoilt (mabn. 7, 8). Ha 3aransHoMy (OHI TOCITIIKEHIX
CIOITYK 0COOMMBO BUPi3HAETCS 3-(hTopo-N-((5-dhenin-6,11-
nuriapo-[1,2,4]rpiazono[1°,5’:1,6]-mipumo[ 3,4-biHmon-2-i1)
MeTri)0eH3amif (5), 110 yTBOPIOE 3 aKTHBHUM CalTOM IbOTO
SH3UMY 7-aJIKLJI B3aeMOJii 3 3aimmikamu aprininy (ARG A:
121), Baminy (VAL A: 524), netitmny (LEU A: 353 ta 532),
npoiiry (PRO A: 529), 7-0-38’513KH 3 3aJIMIIKAMH aJaHIHy
(ALAA: 528) ta Baniny (VAL A: 89), 7-aHIOHHY B3a€EMO/IiIO 3
3aJIMIIKaMX KHCIIOTH ITyTaminoBoi (GLU A: 525), ranorenHi
B3aemoii 3 3ammmkamu minuHy (GLY A: 527), 7-noHOpHI
H-38’s13ku 3 3anumikamu Tupo3uny (TYR A: 356). [Tocusro-
I0Th BU3HAY€HI B3a€MOJIii MDKMOJIEKYJISIpHI BOIHEBI XiMiuHI
38’513k 3 3asnmkamu cepuny (SER A: 120 Ta 354) i Baniny
(VAL A: 350), a Takox BaH iep Baanbcis 3B 5130K i3 3aHIIIKa-
mu Batiny (VAL A: 117), netitmny (LEU A: 360), meTioHiHy
(MET A: 523), nponiny (PRO A: 86), cepuny (SER A: 531),
tupo3uHy (TYR A: 116 Ta 386) ta ¢deninananiny (PHE A:
519) (puc. 2). Pazom i3 TuM, 3Ha4eHHsA E . mipuBepTac yBary
1o N-((5-dbenin-6,11-gurigpo-[1,2,4]tpiazono-[1°,5:1,6]
nipuno-[3,4-blinnon-2-im)Mermin)riopen-2-kapookcaminy
(8) (mabn. 7).

3Ha4YHy pe3yNIbTaTHBHICTh ITOKa3alia JOKIHTOBA B3a€EMOIIS 3
naHocrepon 14a-1emMerniasoro. Y 1boMy aclekTi 0coOIMBo
TIEPCTIEKTHBHOIO € CTIoyKa 6 3a 3HadeHHsam E . Ta criomy-

ku 5 1 8 3a mpupomor0 Ta KiMBKICTIO XIMIYHUX B3a€MOJIii
(mabn. 9, 10, puc. 3).

PesynbraTn MOKIiHTY 0 aKTUBHOTO CaWTy MENTHIHOI Je-
bopminasu Escherichia coli (E. coli) narots 3MOTy 3a3HAYUTH
NIeBHY OOMEKEHICTh B KOHTEKCTI PI3HOMAHITTSI XIMIYHHX
3B’a3KiB. Pazom i3 TuM, 3Hadenns E . € nepcrneKTMBHUMU
US| BUSIBIICHHSI Cepe/T IOCIIPKEHUX CTPYKTYP MOTSHIIHHIX
AHTUMIKPOOHMX areHTiB. Hampukiam, Takor pEeY4OBHHOO
Moxe OyTtu cionyka 9 (maén. 11, 12, puc. 4).

BinbIn nepcreKTHBHUMY BBAYKAEMO PE3yIIBTaTH JIOKIHTY 710
aKTUBHOTO LIEHTPY NenTuHoi nedopminazu Staphylococcus
aureus (S. aureus). TleBHMIA TOTEHIIIAT BU3HAYCHO YIS CIIO-
nyku 6 (maobn. 13, 14, puc. 5).

PevoBunu 4 1 7 MOBUHHI MaTH 34aTHICTh 10 (POPMYBaHHS
TIPOTHUPAKOBOI aKTHBHOCTI, OCKIJIBKH, 32 Pe3yJasTaTaMH J10-
KIHTY I0 aKTUBHOTO CalTy KiHa3¥ aHAIDIACTHYHOT TIM(OMH,
BOHU BUSIBIUIHCH HAHOUTBII ITEPCIICKTUBHUMI (mabn. 15, 16).

O6roBopeHHs

3a pe3ysbraraMy KOMIT TOTEpPHOTO MOJICITIOBAHHS BCTaHOB-
JICHO, 11O JOCIIJDKEHI CHIOJIYKH MarOTh BUSIBJISTH TIOMIpHY
TOKCHUYHICTb 111010 Daphnia magna Ta HU3bKy TOKCUYHICTb
mono Pimephales promelas. YKomHa 31 cronyk He TOBUHHA
MaTH MyTareHHOTO MOTEHIIIaNy, 1 e CBITYATH IO IXHIO
WMOBIpHY TEHETHYHY OC3MEUHICTb.

IIporuo3oBaHi 3HaYE€HHS TOCTPOI NEpOPaIBLHOT TOKCHY-
HocTi ans mypis (LD y mexax 470-990 mr/kr) narors
MiZICTaBU 3pOOMTH BUCHOBOK, IO CHONYKH 8 1 9 MaroTh
HaJIe)KaTH 710 3 KJIacy TOKCHYHOCTI (TTOMipHO TOKCHYHI),
a IHII PEYOBHUHMU CIiJ BUHAYHUTHU 10 4 KIIaCy TOKCHIHO-
CTi, TOOTO MalOTh XapaKTEPU3yBaTHUCS HU3BKUM PiBHEM
TOKCHYHOCTI.

Amnaiiz ADME-napamerpiB 1nokasas: O1IbIIICT CIOIYK
XapaKTEepPU3YIOThCSI BUCOKOI MOJICKYJISPHOIO Macoro,
3HAYHOIO APOMATHUYHICTIO Ta HU3BKOIO YACTKOI0 HACHYEHHX
aromiB Kap6ony. Taki CTpyKTypHi 0COONHUBOCTI CIPUSIIOTH
e(heKTHUBHIN B3a€MOIT 3 Oi0JOTIYHIMHE MIIICHSIMHU Yepe3
T-T-B3a€MOJI1, X04a MOXYTh BIUIMBATH Ha 0i0m0CTYyII-
HiCcTh. PO3UMHHICTB TOCITIKCHUX CIOJIYK BapiroBalia BiJl
noMipHoi 10 Hu3bKoi. Criosryku 4—6 ta 10 Manu BiTHOCHO
Kpallli MOKa3HUKH BOJIOPO3YMHHOCTI 32 Mozemio ESOL,
0 € MO3UTUBHUM (PaKTOPOM sl (hapMameBTHIHOTO
3aCTOCYBaHHSI.

Pe3ynpraTn MOJEKyISIPHOTO JOKIHTY CBiq4aTh, IO J0-
CJIIJDKEH1 CITOJIyKH TIOBMHHI MaTH BHCOKY CIIOPiJHEHICTh
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ARG
A:171
TYR
A:386 .
SER
A’S31 " VAL
HoOALL7
Y
- TYR
A116
TYR
A:356 Eon
A'534 e
. LEU €0 *
A353 GLU .
LEU f‘&;??ﬁ JAD
MET 6T A:360 A:89
A:523
A:519 PRO
ARG
Interactions

[ van der waals

[_] pi-Donor Hydrogen Bond

I Conventional Hydrogen Bond B ri-sigma
D Halogen (Fluorine) - Pi-Pi T-shaped
I Fi-anion [ Pralky

Puc. 2. Pe3ynbrat MonekynsipHoro AokiHry cnonykv 5 o aktueHoro Lextpy LIOr-2.

Tabnuus 7. EHeprist MixmonekynsipHux B3aemogii cnonyk iz LiOr-2

1

7.2 3 -75 5 9,7 7 9,7 9 -8,0
2 -4,9 4 7,2 6 -8,6 8 -10,5 10 -8,9
Llenekoken6 |-13,4 -

E_..: MiHiManbHa eHeprist KOMMIEKCOYTBOPEHHS, Kkasn/Morb.

Tabnuusa 8. Mpupoaa Ta TUNKM B3aeMOoAin JocnimkeHnx cTpykTyp i3 LIOr-2

m Mpupoaa amiHOKUCNOTHMX 3anuLLKiB

1 m-ankin: LEU A: 93, ALAA: 528, VALA: 350; m-0: VALA: 117; mixxmonekynsipuuii H-38'si3ok: TYR A: 356, SER A: 120; C-H 38’s3ok: GLU A:
525; T-goHopHuii H-38'si3ok: GLU A: 525

2 m-ankin: LEU A: 532, ALAA: 528, VALA: 350, LEU A: 93; m-0: VALA: 117; mixmonekynsipHui H-38’sa3ok: SER A: 120; C-H 3B'azok: TYR A:
356, PRO A: 86

3 m-ankin, ankin: VALA: 89, LEU A: 93, ALAA: 528, VALA: 350; m-0: VALA: 117; mixmonekynsiphuii H-38’si3ok: SER A: 120; C-H 38's130k:
TYRA: 356, GLU A: 525; m-goHopHuin H-38's30k: TYR A: 356, GLU A: 525

4 m-ankin: VALA: 350, ALAA: 528, VALA: 89; m-0: VALA: 117, LEU A: 93; C-H 3B'a3ok: TYR A: 356; T-goHopHuiA H-38's30k: TYR A: 356;
TI-aHioHHWiA 38'30k: GLU A: 525; enektpoctatuyna: GLU A: 525

5 BaH Aep Baanbcis 38's330k: TYRA: 386, SERA: 531, MET A: 523, PHE A: 519, LEU A: 360, VALA: 117, TYRA: 116, PRO A: 86; tr-ankin:
VALA: 524, LEUA: 353, LEUA: 532, PROA: 529, ARG A: 121; m-0: ALAA: 528, VALA: 89; m-goHopHui H-38'sa30k: TYR A: 356;
MixxmonekynspHui H-3s’sasok: VAL A: 350, SER A: 354, SER A: 120; mr-aHionHwit: GLU A: 525; ranorennuii (F): GLY A: 527

6 m-ankin: ARG A: 121; BaH gep BaansciB 38'si3ok: LEU A: 93, SERA: 120, LEU A: 532, LEU A: 360, HIS A: 90, VALA: 524, VALA: 350,
SERA: 354; m-0: VALA: 117, VALA: 89, ALAA: 528; mixmonekynspHuii H-38'a3ok: ARG A: 514, TYR A: 116; T-goHopHuii H-3B'a3ok: TYR A:
356; ranoreHHun (F): GLU A: 525, PRO A: 86

7 C-H 38'si3ok: SER A: 354, TYRA: 356; T-goHopHuit H-38'a3ok: SER A: 354, TYR A: 356; m1-0: VAL A: 524, LEU A: 353; amig-T cTekiHr: LEU A:
353; m-ankin: ALAA: 528, VALA: 350

8 C-H 38'si3ok: SER A: 354, TYRA: 356; T-goHopHuii H-38's3ok: SER A: 354, TYR A: 356; m1-0: VAL A: 524, LEU A: 353; amig-T ctekiHr: LEU A:
353; m-ankin: ALAA: 528, VALA: 350

9 m-0: LEU A: 360, LEU A: 532, VALA: 350, ALAA: 528; T1-S 38'a3ok: MET A: 114; mr-ankin, ankin: LEU A: 93, VALA: 89, VALA: 117, VALA:
524, LEU A: 353; m-goHopHuin H-3B'a3ok: TYR A: 356; Tr-aHioHHuin: GLU A: 525

10 m-ankin: PROA: 529, LEU A: 532, ARG A: 121, LEU A: 353, VALA: 350; -0: ALAA: 528, VALA: 89; m-goHopHui H-38’sa3ok: TYR A: 356
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OpueiHaribHi 00CiOKeHHs

Interactions

[] carbon Hydrogen Bond I Fi-pi T-shaped
I Fi-Cation ] Pi-Alkyl

B Fi-sigma

Puc. 3. Pe3ynbrati MonekynsipHoOro AOKIHry cronyku 5 4o akTMBHOTO LIEHTPY laHocTepon 14a-gemetvnasi.

Tabnuus 9. EHeprist MixXMoneKkynspHux B3aeMogiil OCTigXeHWX CTPYKTYP i3 naHocTepon 14a-4emeTunasot

1

-10,5 3 -10,7 5 -11,6 7 -10,8 9 -11,4
2 -10,4 4 -10,7 6 11,7 8 -9,8 10 -11,5
®nykonason |-10,9 -

E, .. MiHiManbHa eHeprist KOMNIEKCOYTBOPEHHS, Kkar/MOb.

Ta6nuus 10. MNMpupoaa Ta TMNK B3aemogiii 3 naHocTepon 140-aeMeTnnason

m Mprpoaa aMiHOKMCNOTHMX 3anuLLKIB

1 MixmonekynsipHuii H-38'a3ok: CYS A: 394, ARG A: 96; T-goHopHuii H-38's3ok: THR A: 260; T-0: LEU A: 321; mr-ankin: MET A: 79; T-1
T-nopibHun 38’a3ok: PHE A: 255, TYR A: 76

2 C-H 38’szok: HIS A: 392, THR A: 260, PHE A: 387; T-goHopHuid H-38’'s3ok: HIS A: 392, THR A: 260, PHE A: 387; m-ankin: ALAA: 256,
LEU A: 321, MET A: 79; 1-Tr T-nogi6Hui 38’a3ok: PHE A: 255, TYR A: 76; mixmonekynsipHuin H-3s'a3ok: CYS A: 394, GLY A: 396, ARG A: 96

3 m-ankin, ankin: LEU A: 321; 1-S: CYS A: 394; 1-0: ALAA: 256; 1-0: LEU A: 321, THR A: 260; Tr-ankin: ALA A: 256; T1-11 T-nogiGHuMin 38'530K:
TYRA: 76; C-H 38’'si30k: CYS A: 394

4 TI-KaTioHHW 38's30k: ARG A: 96; T-ankin: LEU A: 100, MET A: 79, LEU A: 321, LEU A: 152; r-a: LEU A: 105; T1-1r T-nogibHuin 38’930K:
PHE A: 255, TYR A: 76, PHE A: 399; C-H 38’si3ok: ALA A: 256

5 C-H 3B'si3ok: GLY A: 396; Tr-kaTioHHui 38'330k: ARG A: 96; Tr-ankin: LEU A: 105, MET A: 79, LEU A: 321; 1-0: ALA A: 256; ranoreHHui (F)
3B'a30k: LEU A: 100, HIS A: 101; -1 T-noaibHui 38’asok: PHE A: 255, TYR A: 76

6 m-ankin, ankin: LEU A: 321; T1-S: CYS A: 394; m-0: ALAA: 256, LEU A: 321, THR A: 260; Tr-ankin: ALA A: 256; T1-T1 T-nofibHuMi 38’A30k:
TYRA: 76; C-H 38’s3ok: CYS A: 394

7 MixmonekynspHuin H-3s'a3ok: ARG A: 96; Tr-ankin: ALA A: 256; C-H 3B’asok: GLN A: 72, CYS A: 394; T-goHopHuit H-3'a30k: GLN A: 72,
CYS A: 394; mr-1r T-nomi6Hum 3s’a3ok: PHE A: 255, TYR A: 76, HIS A: 259; T1-1r cTekiHr: PHE A: 255, TYR A: 76, HIS A: 259

8 MixmonekynsipHui H-3B'sa3ok: ARG A: 96; T-ankin: ALAA: 256, MET A: 79, VAL A: 434, LEU A: 321; C-H 3B'a3ok: GLN A: 72, CYS A: 39%4;
TI-AoHopHUiA H-38'a30k: GLN A: 72, CYS A: 394; 11-1r T-nogi6Hui 38'sa3ok: PHE A: 255, TYR A: 76, HIS A: 259, PHE A: 78; T1-T1 CTekiHr:
PHE A: 255, TYR A: 76, HIS A: 259, PHE A: 78

9 -1 T-nopibHuin 38’s3ok: PHE A: 83, TYR A: 76; m-ankin, ankin: LEU A: 152, LEU A: 100, ALAA: 104, LEU A: 105, MET A: 79, LEU A: 321; 1-o:
ALAA: 256

10 TI-kaTioHHUM 38's30k: ARG A: 96; r-ankin: LEU A: 100, LEU A: 105, MET A: 79; Tr-a: ALAA: 256, LEU A: 321; T-11 T-nogibHumi 38'a3ok: TYR A: 76
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Interactions

- Conventional Hydrogen Bond - Pi-Sigma
I Fi-cation [ Alkyl
I Fi-Anion [ Pi-Alkyl

Puc. 4. Pe3ynbratv MonekynsipHoro AoKiHry cronykv 9 4o akTMBHOTO LieHTpy Aedopminasu E. coli.

Tabnuus 11. EHepris MixXMOneKynsipHUX B3aeMOZIi BOCTIMKEHNX CMIONYK i3 nenTuaHoto Aecopminasoto E. coli

1

72 3 71 5 -7.8 7 -7.8 9 -8.3
2 -7.0 4 74 6 -8.1 8 -6.7 10 -8.1
AKTIOHIH -6,7 -

E_..: MiHiManbHa eHeprist KOMMIEeKCOYTBOPEHHS!, KKan/Morb.

Ta6nuus 12. Mpupoaa Ta TMNW B3aeMogiit SOCHIZXEHUX CrOMyK i3 aMiHOKUCMOTHUMU 3anuLLkaMy nenTuaHoi aedopminasm E. coli

m Tunu B3aEMopin Ta aMiHOKUCNOTHI 3aNULIKK

1 ranoreHHuii (F) 38’asok: GLU B: 95; C-H 3B’a3ok: GLU B: 41; m-ankin: LEU B: 161; m-aHioHHWi1 38’30k: ASP B: 162

BaH Aep Baanbcis 38'a30k: CYS B: 90; amig-1r cTekiHr: GLY B: 89
C-H 3B'szok: GLU B: 41; mixmonekynapHuii H-3s’asok: GLU B: 95; m-ankin: PRO B: 94, LEU B: 161

B lw N

m-ankin: PRO B: 94; Tr-aHioHHWi, TT-kaTioHHwit 38'30k: ARG B: 97, GLU B: 41, GLU B: 42; C-H 38'asok: GLU B: 41; mixmonekynsipHuin H-38'30k:
GLU B: 41; ranorenHui (F) 38’a3ok: GLU B: 41

5 anoreHHui (F) 38'a3ok: GLU B: 87; C-H 38'si30k: GLU B: 42; Tr-aHioHHWiA, TT-kaTioHHWiA 38'a30k: ARG B: 97, GLU B: 41; -0 ILE B: 86; r-ankin:
LEU B: 91, LEU B: 125, PRO B: 94

6 BaH Aep Baanbcis 38's30k: CYS B: 90; m-goHopHuii H-38's30k: GLY B: 89; ranorenHuii (F) 38'a3ok: LEU B: 91, GLU B: 41; mixkmonekynsipHui
H-3s'asok: ARG B: 97; m-ankin, T-o: ILE B: 44

7 TI-kaTioHHWi 38’a30k: ARG B: 97; mixmonekynsapHun H-3s’a3ok: GLY B: 89; m-ankin, m-o: ILE B: 44

8 TT-kaTioHHWi 38'a30k: ARG B: 97; mixmonekynspHuin H-3s'a3ok: GLY B: 89; m-ankin, 1-0: ILE B: 44

9 TI-aHIOHHWIA, TI-kaTioHHMI 3B'A30k: ARG B: 97; m-ankin, T-0: ILE B: 44; mixmonekynsapHuin H-3g8’a3ok: CYS B: 90

10 m-ankin: ILE B: 86, LEU B: 125, PRO B: 94; Tr-aHioHHUI, TT-kaTioHHWiA 38’s30k: GLU B: 41
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Puc. 5. Pesynbrati MonekynspHoro JOKiHry crnonyku 9 o akTMBHOTO LeHTpY Aedopminasu S. aureus.

Tabnuus 13. EHepris MbKMONekynspHUX B3aeMOAiN JOCiMKyBaHUX CMONYK i3 NenTuaHo Aedopminasoto S. aureus

1

-8,5 3 -84 5 9,1 7 -79 9 94
2 -8,0 4 -9,6 6 -9,8 8 1,7 10 -9,6
AKTIOHIH -6,7 -

Emin: MIHIManbHa eHeprisa KOMN1eKCOYTBOPEHHH, KKkarn/monb.

Tabnuus 14. Mpupoaa Ta TMNW B3aeMogii SOCTIIKEHNX CMOMYK i3 aMIHOKUCMOTHUMM 3anuLLKkaMu NenTuaHoi aedopminasu S. aureus

m Tunu B3aEMopin Ta aMiHOKUCIOTHI 3anULIKK

1 lanoreHHui (F) 3B'a3ok: GLU A: 185; -1 T-noaibHuii 38’s3ok: HIS A: 154; mr-ankin: VALA: 151, VALA: 59

2 m-ankin: VAL A: 151, VAL A: 59; -1 T-nogi6Huii 38's3ok: HIS A: 154; mixxmonekynspHuii H-38'asok: GLY A: 110

3 MixmonekynsipHuii H-3g’sa3ok: GLY A: 110; -1 T-nogibHuii 38'a3ok: HIS A: 154; m-ankin: VAL A: 151

4 m-ankin: VAL A: 59, LEU A: 112; m-0: VAL A: 151; amip-1r cTekinr: GLY A: 110; enektpocTatiiHa B3aemopis: GLU A: 185; mixmonekynsipHuii
H-38’a30k: SER A: 57; C-H 3B’a30k: SER A: 57

5 m-ankin: LEU A: 112, VALA: 59, VAL A: 151; BaH fiep Baanbcis 38's30k: ASN A: 111; C-H 38’asok: PRO A: 78, GLY A: 58; MixmonekynsipHuii
H-3B's30k: TYR A: 147; ranoreHHun (F) 38’s3ok: HIS A: 186; amig-1r ctekiHr: GLY A: 110; -1 T-nogi6Hmi 38’s3ok: HIS A: 154

6 m-ankin: LEU A: 112, VAL A: 59; C-H 3B's3ok: GLY A: 58; ranorenHuii (F) 38'sa3ok: HIS A: 186, GLU A: 185; Tr-aHioHHwin 38'a3ok: GLU A: 109; T1-0:
VALA: 151

7 C-H 38’'sizok: THR A: 107, ASN A: 117, GLU A: 109; -goHopHuin H-38'a3ok: THR A: 107, ASN A: 117, GLU A: 109; TT-aHiOHHWIA 3B’A30K:
GLU A: 185; mr-ankin: VAL A: 59; 1r-r T-nogi6Hwi 38’s3ok: HIS A: 154

8 C-H 38’'sizok: THR A: 107, ASN A: 117, GLU A: 109; T-goHopHuin H-38'a3ok: THR A: 107, ASN A: 117, GLU A: 109; TT-aHiOHHWIA 3B’A30K:
GLU A: 185; mr-ankin: VAL A: 59; 11-r T-nonioHui 38’s3ok: HIS A: 154

9 m-ankin: LEU A: 112, VAL A: 59; C-H 38’a30k: GLY A: 58; amia-1r ctekiHr: GLY A: 110; T-aHioHHui 38’a30k: GLU A: 109; T-0: VAL A: 151

10 m-ankin: LEU A: 112, VAL A: 59, PRO A: 78; amig-tr ctekiHr: GLY A: 110; C-H 38’a3ok: GLY A: 58; -1 T-noajioHui 38’asok: HIS A: 154; 11-0:
VALA: 151
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Tabnuus 15. EHeprisi MbXMONeKynsipHUX B3aEMOAiN JOCTIIKEHNX CNOMYK i3 KiIHA30K0 aHannacTUyHoi nimgomu

1

9,5 3 -9,2 5 -8,7 7 -10,1 9 -8,9
2 -8,6 4 -10,1 6 -8,5 8 -9,0 10 94
Kpun3oTuHio -9,4 -

E_..: MiHiManbHa eHeprist KOMMIEKCOYTBOPEHHS, KKasn/Morb.

Tabnuus 16. Mpupoaa i TMNK B3aeMogiii i3 kiHa30t0 aHannacTUYHoI fimgomu

m Tunu B3aEmogii Ta aMiHOKUCIOTHI 3anULLKK

1 [anoreHHuin (propuaHuit) 38’s3ok: ARG A: 1253; mr-ankin: VAL A: 1130; C-H 38’asok: GLY A: 1269; m-0: LEU A: 1122

2 MixmonekynapHui H-3g’a3ok: LEU A: 1122; 1-0: LEU A: 1122; mr-ankin: VAL A: 1130

3 m-ankin, ankin: LEU A: 1256, VAL A: 1130; C-H 3s'a3ok: GLY A: 1269; m-0: LEU A: 1122

4 m-0: LEU A: 1256; T-ankin: LEU A: 1122, ALAA: 1126, LYS A: 1150, ALAA: 1148, VAL A: 1130, LEU A: 1196

5 m-ankin: VALA: 1130, ALAA: 1148, LEU A: 1256; ranorenHuii (dpropuaHun) 3s’asok: ASN A: 1254, ARG A: 1253; mixmonekynspHui H-3B'a30k:
MET A: 1199; m-0: LEU A: 1122; Tr-aHioHHui 38'a30k: ASP A: 1203

6 m-ankin: VAL A: 1130, ALAA: 1148, LEU A: 1256; ranorexHni (cpropuanunit) 3s’asok: MET A: 1199; C-H 3s’asok: GLY A: 1202; -0: ARG A: 1253

7 m-ankin: LEU A: 1256, ALAA: 1148, LEU A: 1122; Tr-aHioHHui1 38'a30k: ASP A: 1203

8 m-ankin: LEU A: 1256, ALAA: 1148, LEU A: 1122; r-aHioHHuI 38's30k: ASP A: 1203

9 m-ankin: LEU A: 1256, ALAA: 1148, LEU A: 1122 (1r-ankin); mbxmonekynspHun H-38’a3ok: ASP A: 1203; m-kaTioHHui 38'a3ok: LYS A: 1150

10 C-H 38's3ok: MET A: 1199; m-ankin: LEU A: 1198, VAL A: 1130, LEU A: 1196; mixmonekynsipHuin H-3s'a3ok: ALA A: 1200; T-o: LEU A: 1122;
m-ankin: ALAA: 1148, LYS A: 1150

JI0 JaHOCTEpOII-140-neMeTunas3y, NenTUAHOI e opminazu
(E. coli Ta S. aureus), a TakOX KiHa3W aHAIJIACTHYHOL
nimpomu. IIporHo3oBaHi 3HaueHHS Eni, HaroTh 3Mory
3pOOHUTH BHCHOBOK, IIIO CIIOJIYKH MAalOTh IEMOHCTPYBAaTH
CHJIbHI MIDKMOJICKYJISIPHI B3a€MOJIT Ta MOXKYTh BUSBISITH
MMOTEHIIWHY 1HI10yBalbHY aKTHBHICTH IIOI0 3a3HAYCHHUX
MiIIeHEH.

HaiiBumny criopiTHeHICTh 110 JaHOCTepoI- 1 40-1eMeTrna-
3H, 3TIIHO 3 Pe3yJIbTaTaMU MOJICKYJISIPHOTO JIOKIHT'Y, MAtOTh
BUSIBIIATH CTIONYKH 5, 6, 9 1 10, 3HAUCHHS Emin U151 IKHUX CTA-
HOBWIH Bif -11,4 kxan/monb 10 -11,7 kxan/mons. Li piBHi Te-
PEBUILYIOTH BIAMOBITHIH MOKAa3HUK uTst (orykoHazoy (-10,9
KKaJI/MOJIb), a OT>KE Ha3BaH1 CIIOITyKH NOTEHIIIHO e(heKTHBHI
sk CYPS1-iuri6itopu. llomgo mentumuoi aedopminazu
E. coli, conmyxu 6, 9 1 10 MaroTh JEMOHCTPYBATH 3HAYHY CIIO-
PLIHEHICTB, OCKUTBKY TXHi 3HA4eHHS Enin (Bix -8, 1 Kkai/Monb
110 -8,3 KKaJI/MOJIb) € KPAIUMH 32 Ti, 0 BCTAHOBJICHI IS
pedepenTHOT crioyKH akTioHIHY (-6,7 KKaJ/MOJIb).

MopnemoBaHHS niependadae HasBHICTh 3HAYHOI KITBKOCTI
BOJTHEBHUX 3B’S3KiB 1 TiIpoPOOHUX B3a€MOIIH i3 KITFOYOBH-
MU aMiHOKHCJIOTHHUMH 3QJIUIIIKAMUA B aKTHBHUX IICHTPax
(bepmenris. s nmentuaaoi aedopminazu S. aureus Haii-
OLTIBII TePCHIEKTUBHUMH MaroTh OyTH cromyku 4-6, 9 i 10
(Emin CTAaHOBHTS BiJT -9,1 KKaJI/MOJB 110 -9,8 KKaJl/MOJIb), IO
BKa3y€e Ha MOXJIMBY aHTHOAKTepialbHy aKTHBHICTH MO0
IpaMIIO3UTHBHUX MaroreHiB. OKpeMi CHONyKH, 0COOIMBO
4 i 7, MalOTh BUSIBIISITH BHCOKY CIIOPIAHEHICTH J0 KiHA3u
ararutacTuaHoi MiMpomu (Emin — 10 -10,1 kKKan/mons), mo
TIepEeBUIIY€ 3HAYCHHs ISl KpH3O0THHIOY (-9,4 KKay/MoJb),

1 MOXYTh OyTH MOTCHUIHHUMHU OGaraTo(QyHKI[IOHATbHUMHI
IHTI0ITOPaMH Ha3BAHUX MIIIICHEH.

BucHoBKuM

1. Ha ocHOBI TOTIepeAHFOTO TEOPETIHYHOTO JTOCIiHKSHHS
cTpykTyp HOBUX N-((5-¢enin-6,11-murigpo-[1,2,4]rpiazo-
no[1°,57:1,6]mipuno[3,4-b]iHa0m-2-11)-MeTHIT)OCH3aMiTiB
OOIPYHTOBAHO JOLIIBHICTh CHHTE3y HaWOLIbII MepCrek-
TUBHHX 13 HUX. 3aCTOCYBaHHSI in Silico METOMIB TAJIO 3MOT'Y
OLIIHUTH TOKCHKOJIOTT4HI Ta (hapMaKOKiHeTH9HI XapaKTepu-
CTHKH JIOCTI/PKCHIX PEYOBHH. BCTaHOBIEHO, 110 CIIOTYKH
XapaKTepU3yIOThCS OMIPHOIO a00 HHU3BKOIO TOKCHYHICTIO
II0/I0 BOJTHUX OPraHi3MiB i HE MalOTh MyTareHHOTO IOTEeH-
miany. [IporHo3oBaHi 3Ha4€HHs rOCTPOI TOKCHYHOCTI JIJIst
IIypiB BKa3yIOTh Ha BiHOCHO Oe3medHuid mpodias y pasi
TIEpOPAILHOTO BBE/ICHHS.

2. Ananiz ADME-napaMeTpiB BUSBUB BHCOKY apOMaTHi-
HICTh 1 HU3BKHI PIBEeHb HACHYCHHs aroMiB KapOoHy, 1o
crpusie aiHHOCTI 0 OiOMIIICHEH, X0ua MOXKE BIUTUBATH
Ha PO3YMHHICTH 1 6iomocTymHicTh. Halikpari mokasHUKH
MIPOTHO30BAHOI BOJJOPO3UMHHOCTI MaJTH CTIONYKH 4, 5, 6 1 10.

3. 3a pe3ynbraraMy KOMILIEKCHOTO OLIIHIOBaHHST, HAHOLIBIIT
TIEPCTICKTUBHUMH TSI TIOJAIBIINX JOCIIKEHb BU3HAYCHO
crionyku 1, 3, 6 1 8. Pesysbrary KomIr roTepHOTO MOJIEITIO-
BaHHS MOKAa3aJM: I[[i PEYOBHHU MAIOTh BHSBISTH BHUCOKY
CTIOPiAHEHICTH A0 HI3KH MOJICKYJSIPHIX MillICHEH, 30KpeMa
nTa"ocTepoi-14o-geMernnasy, nenTuaHol nedopminazu
(E. coliTa S. aureus) Ta KiHa3n aHAIUIACTHYHOI JIIM(OMH.
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CnektpodhoToMeTpUYHE BU3HAYEHHA MENTOKCUKaMy
B NiKapCbKKX npenaparax

C. O. BactokCE, A. C. Kopxosa(=ABDF

3anopisbkuil AepxaBHU Meayko-hapMaLeBTU4HUIA yHIBEpcUTET, YkpaiHa

A — KOHLUenUis Ta an3aitH gocnimxkeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTi;
F — octaTouHe 3aTBepmKEHHS CTaTTi

MeTa po6oTu — po3pobneHHs i BanigaLlis cnekTpooTOMETPUYHNX METOAMK KiflbKICHOTO BU3HAYEHHS MENOKCUKaMy B Nikapcbkux npena-
paTtax 3a peakuieto 3 giasonem 4epsoHum 2)K.

Martepianu i meToaw. [ins aHanisy BUKkopyUCTaHO: CybCTaHLit0 Menokcukamy dhapmMakoneHoi YMCToTK; nikapebki npenapatn — «Menokcukam»
Tabnetku no 0,0075 r, «Menokcukam» Tabnetku no 0,015 r, «Menokcukam-TeBay» po3dnH Ans iH'ekuii 15 mr/ 1,5 mMn; peareHT — giasonb
YyepBoHun 2K kBanidikauii «yga»; po3unHHukm — 1,4-giokcaH kBanigikauii «4aa» Ta Boda OunLLeHa; aHaniTuyHe obnagHaHHs — cnek-
TpochotomeTp Specord-200 (Analytic Jena AG, HimewuunHa), Barn nabopatopHi enektpoHHi RADWAG XA 210.4Y, 6aHto ynstpa3sykoBy
Sonorex Digitec DT100H, mipHuit nabopaTtopHuii nocyz knacy A.

Pe3ynkratn. Po3pobneHo HoBi, NPOCTi CNeKTPOOTOMETPUYHI METOAMKM KiflbKiICHOMO BU3HAYEHHS MEMOKCHKaMy B NikapCbKux npenaparax
3a peakujeto 3 giazonem YepeoHUM 22K. MakcumyMm nornmHaHHa — npu 350 HM. [MignopsiakyBaHHS OCHOBHOMY 3aKOHY CBITIONOMMUHAHHS
30INCHIOETLCA Y Mexax KoHueHTpauin 1,2-2,4 mr/ 100 mn. Mexa BusiBneHHs: cTaHoBKTb 1,09 MKr/M1, WO CBIAYUTL NPO BUCOKY YYTNMBICTb
peakuii. BignosigHo fo Bumor [lepxasHoi hapmakonei Ykpainu, Ans po3pobneHnx MeToamnk BU3HA4YEHO Taki BanifauiHi XapakTepucTuky,
K NiHINHICTb, MeXa BUSIBNEHHS, MeXa KinbKICHOro BU3HA4YEHHS!, [jiana3oH 3aCTOCyBaHHs, NPeLUu3iiHiCTb, NPaBUIbHICTb | pobacHicTb.

BucHoBku. Y pesynstati 4OCILKEHHS po3pobneHo Ta BanifoBaHo CnekTpoOTOMETPUYHI METOAMKY KiNlbKICHOTO BU3HAYEHHSI MENOKCU-
Kamy B nikapcbkux npenapatax. MeTogukv € npocTMMu, JOCTYNHAMM Ta BiAMOBIAA0TL BUMoram [lepxxaBHoi chapmakonei Ykpainu, Tomy
MOXYTb ByTV pekOMeHA0BaHI ANs 3aCTOCyBaHHSA B nabopaTopisix 3 KOHTPOIHO SKOCTI MikapCbkux 3acobiB.

KntoyoBi cnoBa: menokcvkam, cnekTpooToOMETPIs!, Aia3onb YepBOHUN 2)K, KinbKiCHe BU3HAYEHHS, Banigauis.
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Spectrophotometric determination of meloxicam in medicinal products
S. 0. Vasyuk, A. S. Korzhova
Aim. To develop and validate methods for spectrophotometric determination of meloxicam in drugs by reaction with diazole red 2G.

Materials and methods. The following was used to perform the experiment: meloxicam substance pharmacopoeial purity; pharmaceutical
drugs — “Meloxicam” tablets 0.0075 g, “Meloxicam” tablets 0.015 g, “Meloxicam-Teva” solution for injection 15 mg / 1.5 ml; as reagent
— diazole red 2G of a reagent grade purity; solvents — 1,4-dioxane of a reagent grade purity and purified water; analytical equipment —
spectrophotometer Specord-200 (Analytic Jena AG, Germany), scales laboratory electronic RADWAG XA 210.4Y, bath ultrasonic Sonorex
Digitec DT100H, laboratory glassware of class A.

Results. New simple spectrophotometric methods for the quantitative determination of meloxicam in pharmaceuticals by reaction with
diazole red G have been developed. The absorption maximum is recorded at 350 nm. The basic law of light absorption is followed in the
concentration range of 1.2-2.4 mg / 100 ml. The limit of detection is 1.09 ug/ml, indicating a high sensitivity of the reaction. Linearity, limit
of detection, limit of quantification, range of application, precision, accuracy and robustness were determined according to the requirements
of the State Pharmacopoeia of Ukraine.

Conclusions. As a result of the study, spectrophotometric methods for the quantitative determination of meloxicam in medicinal products
were developed and validated. The methods are simple, affordable and comply with the requirements of the State Pharmacopoeia of
Ukraine, so they can be recommended for use in drug quality control laboratories.

Keywords: meloxicam, spectrophotometry, diazole red 2G, quantification, validation study.
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OpueiHaribHi 0oCidxeHHs!

MenokcukaM HaJIEKUTh A0 HECTEPOINHUX NPOTU3aIajlb-
HUX 3ac00iB, 1[0 HIMPOKO BUKOPHUCTOBYIOTH Yy MEIUIIMHI
JUISL TIOJIETTIICHHsT OO0 Ta 3MEHIICHHS 3amajieHHs [1].
Kpim 3HE0010BaIBHOTO, MEITOKCHKAM Ma€ BHPa)KeHUH
YKApPO3HIDKYBaJIBHUH 1 mpoTm3anansHuid edexru. [1npoke
3aCTOCYBaHHsI MEJIOKCHKaMy B MEIMLHUHI 3yMOBIIOE J0-
LUTBHICTH PO3POOJICHHS HOBUX CEJIEKTUBHUX, YyTINBUX
Ta EKOHOMIYHMX METO/IB HOro KiJIbKICHOrO BH3HAYEHHS Y
JKapChKUX (hopMax.

MernokcukaM y cyOcTaHilii, 3riqHo 3 €BporeichKoro hap-
MaKoIIe€l0, BU3HAYAIOTh METOJIOM HEBOJHOTO THTPYBaHHS
3 MOTEHIIOMETPUYHUM (HIKCYBaHHIM TOYKH €KBIBaJCHTHO-
cti [2]. BignosinHo no [lepkaBHoi dapmaxorei Ykpainu
(J1DY), kinbkicHe BU3HAYEHHSI MEJIOKCHKaMy B TaOJeTKax
3IIICHIOIOTH METOJIOM BHUCOKOS(EKTUBHOI PiIMHHOI XPO-
matorpadii (BEPX) 31 cekTpodoTOMETpUIHUM JIETEKTO-
poM [3]. AHasI0rYHO BU3HAYaIOTh MEJIOKCHKAM Yy IIperaparax
3a @apmaxomneero CIHA [4].

VY ¢axoBiii niTeparypi ONMHUCaHO METOIUKH KUJIbKICHOTO
BH3HAUEHHS MEJIOKCHKAaMy IEPEBAXXHO CIEKTpodoToMe-
TPUYHKUM 1 XpomaTorpadivHuMHu MeTogamu. Po3pobiieHo
BEPX-MeTomukw 3i CTIeKTpo(OTOMETPHIHIM 1€TEKTYBaH-
HSIM JUIsl KUTBKICHOTO BU3HAYEHHSI MEJIOKCHKaMy B HaHO-
Karicynax [5], ¢papMareBTHUHUX MOHOMpemnapaTax [6,7,8],
KoMOiHOBaHMX mpenaparax [9], y miasmi kposi [10,11].

Bigoma MeToauka BU3HAYEHHS MEJIOKCHKAMY METOIOM
TIIX micist KUCIOTHOTO 200 JTY’KHOTO T1IPOIIi3y 3 HACTYII-
HHUM JICHCUTOMETPUYHNAM BU3HAUCHHsM [ 12].

Basu S. K. & Sanchita M. S. po3pobuiu 1Bi METOIMKH
BU3HAUCHHS MEJIOKCHKaMy B TaOJleTKax: METOJOM MpsMOi
Y®-criekrpodoTomMeTpii B METAHOITI Ta 32 PEaKIIE0 3 3ai1i3a
aMoHiro cymedarom [13].

OnmcaHo METOINKY BU3HAYCHHS MEJIOKCHKaMy B TabJeT-
Kax MeToioM Y®-crekrpodoToMeTpii 3a JOBKHHHU XBHII
346 um B 0,1 M po3unni HCl y meranomi [14]. 3anpornoHo-
BaHO TAKO)K METOJIMKY BU3HAYECHHS MEJIOKCHKaMy B JIiKap-
CBKHX TIperaparax 3a peaxiiero 3 N-OpoMOCYKIIMHIMIIOM SIK
OKHCHUKOM. Y TBOPCHHUH CHHIN MPOIYKT PeaKiii criekpogo-
TOMETPYIOTh 3a MOBKMHH XBumi 610 uM [15].

[HilicEKI BYCHI 3ampPOIIOHYBAIH KiTbKa METOIUK, OJHA 3
SIKUX TIOJISITA€ Y BUKOPHCTAHHI METOY TIpsiMoi YD-crieKTpodo-
TomeTpii B cepenonuii 0,1 M po3urHy HaTPirO TiJPOKCHTY 32
JOBKUHU XBUIT 269 HM, iHIIIA iependavac IIpoBeICHHS PeaKIIil
3 3aJ1i3a XJIOPHU/IOM, BHACIIIZIOK YOT'O YTBOPIOEThCS 3a0apBJie-
HUH TIPOAYKT 13 MAKCHMYMOM TIOTITHHAHHS TipH 476 1M [16].

HayxkoBui 3 PymyHil 3anponoHyBaiym METOMKY BU3HAYEH-
HS MEJIOKCHKaMYy 3a PEaKIIi€ro 3 XJIOPUIOM aJFOMIHIIO B Me-
TAHOJII 3 yTBOPEHHSIM MPOAYKTY 3 MAKCUMYMOM ITOTTHHAHHS
mpu 375 um [17].

€rurnerchbKi BYCHI 3aIpoIioHyBaJI METOJIUKY OTHOYaCHOTO
BU3HAYCHHS MEJIOKCHKaMYy i OyTiBakaiHy B IIpenapari MeTo-
JoM YO-criekTpodoTomeTpii mpu JOBKHUHI XBUIIb 274,6 HM
Ta 374,6 HM 3a IepIIOIO MOXixHOO [18].

OmnucaHo crekTpo(oTOMETpHYHE BU3HAUCHHS MEJIOKCH-
KaMmy Micisl HOro OKMCHEHHS Kallifo TIepMaHTaHaToM y
CEpEeNIOBHUIII HATPIIO TiIAPOKCHIY 1 BUMIPIOBaHHS a0bCcopOITii
32610 um [19].

Donchenko A. et al. 3anpororyBai METOANKY BU3HAYCHHS
MEIIOKCHKaMy B TaOlleTKaX, M0 IPYHTYEThCS Ha YTBOPCHHI
10HHOTO acorriaTy 3 OpoMTUMONIOBHM cHHIM [20].

HesBaxkatouu Ha Te, 110 10 CHOTOIHI PO3POOICHO YUMAIO
METOJIUK, aKTYaJIbHUM 3QJTUIIAETHCS BIPOBAPKEHHS IIPOCTi-
IIAX, EKOHOMIYHIIINX IIIX0MIB 13 MIHIMAJbHAM BILIMBOM
Ha JOBKULIS.

MeTta po6otu

Po3pobienns i Basmiaarist CieKTpopOTOMETPUIHIX METOTUK
KUTBKICHOTO BU3HAYCHHS MEJIOKCHKaMY B JIIKAPCHKUX Mpera-
parax 3a peakii€ro 3 miazoneM yepBoHnM 2XK.

Marepianu Ta metoam

Yei 3acTocoBaHi XiMiUHI pEYOBUHH Ta PEareHTH — aHATI THIHO-
ro 200 (hapMarieBTHIHOTO KIacy. st JOCIiHKeHHS BUKOPH-
craHo: cyOcraHIiito Menokcukamy (Derivados Quimicos, S.A.,
Spain (series No. 269001 T01D)); «Menokcrkam» TaOIETKH 110
0,0075 1 (AT «JIexxim», Ykpaina); «MeloKcuKam» TabeTKH
mo 0,015 r (AT «Jlexxim», Ykpaina); «Menokcukam-TeBay
po3unH Juist inekmin 15 mr / 1,5 mi (Teva Pharmaceutical
Industries Ltd, I3painb). Pearent — niazons uepsonuii 22K. Yei
pearenTH — KBasTi(ikamii «ua». Ik po3YMHHUK BUKOPHCTOBY-
Bay 1,4-ntiokcan kBastiikariii «4ia» i BOmy OYHILEHY.
Amnanituuse o0naHaHHs: criekTpodoromerp Specord-200
(Analytic Jena AG, Himeuunna), Baru 1a00paTopHi el1eKTpo-
HHi RADWAG XA 210.4Y, Gans ynpTpa3BykoBa Sonorex
Digitec DT100H, mipauit 1aboparopHuii mocys kiaacy A.

Pesynkratu

MeTomoIoriro AOCIIIKCHHS HABeICHO Ha puc. 1.

ExcrieprMeHTaIbHO BCTAHOBIICHO, 1110 MEJIOKCHKAM pearye
3 fiazoneM 4epBoHUM 2)K y BOTHO-/1i0KCAHOBOMY CEpEIIOBH-
1111 3 YTBOPESHHSIM 320apBJICHOTO MPOAYKTY peakiil. Y mporieci
PO3pOOJICHHST METOAUKN BCTAHOBJICHO ONTHUMAJIbHI YMOBH
nepeOiry peakilii MeJIOKCHKaMy 3 fia3ojeM uepBoHuM 20K,

Bubip po3unHHuka i miei peakiii oOrpyHTOBaHUMA
JIAHUMH TIPO PO3UMHHICTh MEJIOKCHKaMYy Ta J1ia30IIt0 4epBO-
Horo 2)K. MenokcrkamM MaJlOpO3uYMHHHIN Y BOJII, METaHOII,
eTaHoIIi, MpoTe A00pe posuuHHHU B 1,4-miokcani. Tomy
BHKOPHUCTAHO JTIOKCAHOBHIA PO3YMH MEIOKCHKAMY 1 BOTHHUI
PO3UMH pEarcHTy.

[ BuOOpy ontuMaibHOTO 00’ eMy pearenty mo 1,00 mi
0,03 % pozunHy MenokcukaMmy B 1,4-7iokcaHi momaBaiu
1,00 mi1, 2,00 Mz ta 3,00 M1 pearenTy. Peakmifiny cymim B
ko101 MicTKicTIO 25,00 M TOBOAMIIN BOIOIO 0 MO3HAYKH.
OntumanbHA 00’ €M peareHTy, BU3HAYCHUH 32 MAaKCHMAaITh-
HUM 3Ha9CHHSM ONTHYHOI TYCTHHH, cTaHOBHUTH 2,00 Mt 0,1 %
po3umHy (puc. 2).

CrexTp NMONTMHAHHS, BUMIPSHUH 32 ONTHMAIBHUX YMOB
MIPOBENICHHS peakilii, HaBeAeHO Ha puc. 3. OTpuMaHuit
3a0apBIICHUI MPOMYKT peakmii cTabiIbHUI MoHaMeHTIIe
npotsirom 30 XB.

OO0paxoBaHO Taki IapaMeTpH, K MOJSPHHN MOKa3HUK
noruHanHs 1,62 x 10% 1-mone!-em™!, koedinient Cenena
—0,0217, mexa BusiBienHs — 1,09 mxr/mi. Ha mifgcrasi mux
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MeTononorisi gocnigkeHHs

_[

AHarni3 HayKoBUX NiTepaTypHUX Jxepen

* BUGIp PO3UMHHMKA;

Mip6ip ymoB NpoBeAeHHs peakLyii:

* BU3HAYEHHS KinNbKOCTi peareHTy;
* BU3HAYEHHS MOKa3HWKIB quJ'IIABOCTi;
* pOSpOGﬂGHHﬂ METOAMUKM KifIbKICHOrO BU3HAYEHHS

KinbkicHe BU3HAYEHHS MeMoKcukamy B Nikapcbkux npenaparax:
» Menoxkcvkam Tabnetku no 0,0075;

* Menokcukam Tabnetkm no 0,015 ;

» Menokcvkam-TeBa po3duH ans iv'exuinn 15 mr/1,5 mn

NiHINHICTb;
MeXa BUSIBMEHHS;

NPEeLM3INHICTD;
NpaBUIbHICTb;
pobacHicTb

Banigauist po3apobneHoi METOAWKM KifbKiICHOrO BUSHAYEHHS! METNOKCUKaMY:

MeXa KinbKiCHOro BU3HAYEHHS;
[ianasoH 3aCTOCyBaHHS;

Puc. 1. MeTogonoris AOCiKEHHS KiNbKICHOrO BU3HAYEHHS MENOKCHKaMy B MiKapCbKuX npenaparax.
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Puc. 2. 3anexHicTb ONTUYHOI ryCTUHM NPOAYKTY peakLii Bif KiNbKOCTi peareHTy.

JTAHUX 3pOOIITH BHCHOBOK IIPO BHCOKY YyTIUBICTH PEaKIii
MEIIOKCHKaMy 3 AiazoieM uepBoHuM 20K.

3arajbHa MeTOMKA BU3HAYEHHS METOKCHKAMY

Ilpucomyeannsa po3uuny NOpPiGHAHHA MENLOKCUKAMY.
0,0450 r cyOcraHLii MeJIOKCMKaMy PO3YUHSIM B MipHIil
ko011601 Ha 100,00 M1 y 1,4-nioKcaHi, TOBOIIIH J0 TO3HAYKU
Ta repeMilryBaiii. 3 oTpuMaHoro pozunHy opamu 1,00 Mo i
TIEPEHOCHITH 110 MipHOT Korton Ha 25,00 M, momasam 2,00 M
0,1 % pozunny niasomo yepBoHOTo 22K y BOMI OUMINEHIH,
JOBOZVIIH BOZIOIO OYHIIICHOIO 10 MTO3HAYKH.

IIpuecomyesanns komnencayiinoeo pozuuny. JJo mipHoi
k05161 Ha 25,00 mu1 BHocwu 2,00 mit 0,1 % po3uuny miazo-
10 yepBoHoro 22K y Bojti OYHIICHIH, TOBOIIIIH IIUM CaMHM
PO3YMHHHKOM JI0 TIO3HAYKH 1 IEPEMINTyBaIIH.

BuzHaueHHsI MeJTOKCHKAMY B JIIKApChKHX Mpenaparax

[Tin gac anamizy po3unHy i iH’ekuii «Menokcukam-Te-
Ba» 1,00 Mt sikapcpKoi hopMH ITOMIIIAIH 10 MipHOT KOJIOH
MicTKicTIO 25,00 M 1 JOBOAWIIH 10 HO3HAYKH 1,4-110KCaHOM;
1,00 M1 o1epykaHOTO PO3YHHY IEPSHOCHITN 10 MipHOT KOJION
MicTKicTiO 25,00 ML

Jisa anamizy tabmetok «Memokcukam» 0,015 T (0,0540—
0,0660), «Memoxcukam» 0,0075 r (0,0268-0,0332) Touny
HABaXKy PO3TEpPTOi TaOICTKOBOT MacH BHOCHIIM 10 MipHOT
koo mictkictio 100,00 min, momasamu 10—15 M 1,4-mi-
OKCaHy, HarpiBaJIy Ha yJIbTPa3ByKOBiH OaHi (11 PO3YUHCHHS
JUFOYOT PEUYOBUHH ), OXOJIOIKYBAJIH Ta JJOBOIWIH 1,4-Ti0KCa-
HOM JI0 TIO3HAYKH, PeTeNbHO mepeminryBanu. OpiepxaHnit
Ppo34uH (HUIBTPYBaAIH, IepLi nopLii GiIkTpary Bigknaam, a
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Tabnuus 1. O6paxyHoK NOBHOI HEBU3HAYEHOCTi METOAWKM KifbKiCHOrO BU3HaYeHHst Tabnetok «Menokcukamy» 0,0075 r

Onepadis npo6oniArotToBKu MapameTp pospaxyHkoBoi hopmynm

DocnigxyBaHui po3unH

1 B3aTtTA HaBaxku TabneTkoBoi Macu m 0,20 mr/ 60 mr-100 = 0,33
2 [oBeneHHs 06’emy B MipHili konbi Ha 100,00 mn 100 0,12
8 BaatTs aniksotu ninetkoto Ha 1,00 Mn 1 0,74
4 [oBeneHHst 06’eMy B MipHil konbi Ha 25,00 mn 25 0,23

Po3unH nopiBHAHHSA

5 B3saTTs HaBaxkn Menokcykamy m 0,20 mr /45 mr-100 = 0,44
6 [oBeneHHst 06’emy B MipHilt konbi Ha 100,00 mn 100 0,12
7 BaatTa aniksotu ninetkoto Ha 1,00 Mn 1 0,74
8 [oBeneHHst 06’eMy B MipHil konbi Ha 25,00 mn 25 0,23

[oBHa HEBM3HAYEHICTb aHaNITUYHOI METOAUKM CTaHOBUTD:
Ms= N+ N, = 1,242+ 0,702= 1,42 %.

ASP = (0,337 + 0,122 + 0,742 + 0,237 + 0,447 + 0,122 + 0,742 + 0,23%) = 1,24 %

Tabnuus 2. NoBHa HEBU3HAYEHICTb METOAVK KiNbKICHOrO BU3Ha4YeHHS MenoKCyKamy B JiKapcbkux dhopmax

«Menokcukam» Tabnetku no 0,0075 r 1,24 1,42
«Menokcukam» Tabnetkm no 0,015 r 1,36 1,53 1,6
«Menokcvkam-TeBay posunH Anst iH'ekuin 15 mr/ 1,5 mn 1,42 1,58 3,2

3 HacTymHUX Opanm 1,00 M1 i mepeHOCHITH 10 MipHOi KOJIOH
MictkicTro 25,00 mut. J{ani gomasanu o 2,00 M HACHYCHOTO
po3urHy mia3oiro depBoHoro 2XK y Bomi ouumieHii. Peak-
LiifHy CyMIII TOBOJVIIN BOAOIO OYHIIICHOIO 10 ITO3HAYKH Ta
nepeminryBainu. ONTHYHY TYCTHHY BHMIpIOBaJIM Ha (OHI
KOMITCHCAIIHOTO PO34MHY 32 IOBKHHH XBrITi 350 HM. Kinb-
KiCHHH BMICT TIpemnapaTy 00paxoByBaId 3a 3aTaTbHOBI TOMOIO
(dhopmyoro.

Bianosigao no sBumor DY, m1st po3po0aeHIX METOIMK
BU3HAYCHO BaJigamiiiHi XapaKTepUCTHKHU: JiHIHHICTB,
MEXKY BUSBICHHS, MEXKY KUIBKICHOTO BHU3HAUCHHSI, Ji-
ama3oH 3aCTOCYBaHHS, MPEHM3IHHICTb, TPABHIBHICTD 1
pobacHicTs [3].

IIporHo3 noBHOI HEBU3HAYEHOCTI METOIUK

J1u1st OLIIHFOBAaHHSI KOPEKTHOCTI BIATBOPEHHS PO3POOICHUX
METO/IMK 00paxyBajy MOBHY HEBU3HAYEHICTb, 110 Ma€ OyTH
MEHIIIOK 33 MaKCHMAaJIbHO JOMYCTUMY HCBU3HAYCHICTH
(maxA, ). [ToBHy HeBH3HAYEHICTH aHamisy (A, ) 00paxoBy-
FOTB SIK CyMY HEBH3HAYEHOCTI MPOOOIMIATOTOBKH Ta HEBU3HA-
YCHOCTI KIHIICBOI aHAITHYHOT OTepaltii:

= V(AL AL »

FAO

e Asp — HEBU3HAYEHICTh MPOOOIIiATOTOBKH;

A, — IPOTHO30BaHa HEBU3HAYEHICTH KIHIIEBOI aHAIITHY-
HoOi omepartii.

Ilig gac oOpaxyHKy HEBH3HAYEHOCTi MPOOOMIATOTOBKH
BpaxoByBaJM BUMOTH JleprkaBHoi (hapmakoriel YKpaiHu miono

TPaHUYHO TPUITYCTUMHUX TOXUOOK /IS MIPHOTO MTOCYTY, Bar
i mprnamiB. SIK mpUKIIaa HaBEIEHO 0OpaXyHOK HEBH3HAYE-
HOCTI JUTS KiJTbKiICHOTO BU3HAYEHHS TaOJIETOK METTOKCHKAMY
o 0,0075 t (maén. 1, puc. 4).

3a maHWUMH, IO HaBEAEHO B mabauyi 1 i Ha puc. 4, oc-
HOBHHI BHECOK Y HEBH3HA4EHICTh poOHTH mineTka Ha 1,00 M
—omeparnii 31 7.

IToBHY HEeBH3HAYEHICTh YCIX METOJMIK aHAJII3y MEITOKCHKA-
My B JIIKapCHKUX IIpenaparax HaBeIeHO B mabnuyi 2.

JIiHiIHICTh BUBYAIN 3 BUKOPHCTAHHIM 9 MOICIBHHX
po3uuHiB i3 BMicToM Big 80 % mo 120 % Big HOMiHAJB-
HOTO BMICTY aHaJIi30BaHOI PEUOBMHU METOJOM CTaHIApTY.
OpnepxaHi pe3yJbTaTd CTATUCTUYHO OIPAIFOBAIH METOIOM
HAMMEHIIIUX KBaAPaTiB, 3riaHo 3 BuMoramu JADY (mabn. 3).
Kaniopysanpuuii rpadik moOyayBaiu B HOpMai30BaHHX
KOOpJMHATAX (puc. 5).

3a JaHuMH, 1110 HaBeICHI B mabauyi 3, METOIMKA BiIIOBI-
JIa€ yCiM BUMOTaM I[O/I0 MapaMEeTPiB JIiHIIHOT 3aI€KHOCTI,
TOOTO JIIHIWHICTH METOIMKH ITiATBEPPKEHO HAa BCHOMY Jlia-
T1a30Hi KOHIeHTpalii. Po3paxoBani mexa BusieieHus (MB) i
Mexa KijbKicHoro BusHaueHHs (MKB) cBiggars rpo Benkuii
«3arac MIIHOCTI» PO3pOOIEHOT METOIUKH:

MB =33 xS /b=3,3x0,9289 /1,001 = 3,062 %,;
MKB =10 xS /b=10x0,9289 /1,001 = 9,280 %.

Jliama3oH 3acTOCYBaHHS MCTOIMKH CTAHOBUTH HE MCHIIIC
Hix 80—120 %, mo Biamosinae Bumoram JJOV.
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Puc. 3. CnekTp nornnHaHHs NpoAyKTy peakLiii Menokcykamy 3 Aiasonem 4epBoHum 2)K.
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Puc. 4. Posnogin HeBM3Ha4eHOCTi Npo6oniAroToBKM 3a onepaLisiMv Anst KinbkiCHOro BU3HaveHHsi Tabnetok «Menokcukam» no 0,0075 r.

Puc. 5. Mpadpik 3anexHOCTi ONTUYHOI NYCTUHM Bif KOHLIEHTpaLii MEnlokcukamy B HOpManizoBaHUX KOOpAWHaTax.
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OpueiHaribHi 00CiOKeHHs

Tabnuus 3. PesynbraTv BUBYEHHS! NiHIMHOCTI METOAMKY KiNlbKICHOTO BU3Ha4EHHS MENOKCYKaMy

KyToBuit KoediLlieHT NiHINHOI 3anexHOCTi b 1,001

CraHpapTHe BigxunexHs S, 0,009213 - -

BinbHui YneH nininHoI 3anexHocTi a -0,03667 <t (95 %, 7)-S, BUKOHYETLCA
<1,89 x 0,9289 = 1,756

CraHpapTHe BiaxuneHHa S, 0,9289 - -

3anuiKkoBe CTaHAapTHE BiAXMNEHHA S 0,3192 <A, (%) 11(95 %, 7) BUKOHYETLCA
<1,60/1,89 = 0,8466

KoedpiuieHT kopenauii metogukm R 0,9998 >0,9981 BUKOHYETLCS

Ta6nuus 4. OuiHOBaHHS NPeUM3IAHOCTI pe3ynbTaTiB KiNbKiCHOro BUSHAYEHHS! MENOKCUKaMy B NikapCbKux npenaparax

(n=9,p=0,95)

«Menokcukam» Tabnetku no 0,0075 r
Z,, % 100,3
BigHocHe cTaHgapTHe BigxuneHHs S, % 0,9757
BigHocHWiA poBipumi iHTepBan (oaHOBIYHMI) 1,815
=S, %195 %,n-1)=S,x 1,86

KputdHe 3HaueHHa Ana sbixHOCTi pesynbratis maxA, , % (B =7,5)<1,82% <24 % 24
«Menokcukamy» Tabnetku no 0,015 r

w70 100,5
BinHocHe cTaHpapTHe BigxuneHHs S, % 0,7770
BigHocHwit aoBipumii iHTepean (0gHOGIHHWIA) 1,445
Az=S,x%95%,n-1)=S,x 1,86
KputnyHe 3HaueHHs ans 3bixHocTi peaynbratie maxA, , % (B =5)<1,45%<1,6 % 1,6
«Menokcukam-TeBa» po3uuH Ans iH’ekuin 15 mr/ 1,5 mn
Z,, % 95,95
BinHocHe ctaHgapTHe BigxuneHHs S, % 1,311
BigHocHwiA poBipumi iHTepBan (oaHOBIYHMI) 2,438
Az=S, xt(95%,n-1)=S, % 1,86
KputdHe 3HaueHHA ana 3GikHoCTi pesynbtatie maxA, , % (B =10)<2,44 % <3,2 % 3,2

[penm3iitHicTs BUBYaNM Ha piBHI 30DKHOCTI. 71 11bOTO
3 TPhOX HABKOK TOTYBAIM TPU PO3YHMHH, 3 SIKHMH BHKO-
HYBaJIM 110 TPU NapajesbHi BUMiptoBaHHs (Bchoro 9). 3a
pe3ynbTaTamM, M0 OAepKaIHd, 00paxOBaHO METPOJIOTIUHI
XapaKTEePUCTUKH (mabi. 4).

O0paxoBaHi BEIMYMHY CBIT4aTh PO TOYHICTH METONIUK B
00paHuX Jiarma3oHax KOHIIEHTPaIii, OCKUTBKH OTHOOIIHHI
JIOBIpYMH IHTEpBAI HE TIEPEBHIILY€ MAKCHMAaJIbHY JIOIYCTHMY
HEBH3HAUCHICTH aHATI3Yy.

IIpaBwibHICTE PO3POOJICHUX METOAUK KIIBKICHOTO BH-
3HAYCHHSI MEJIOKCHKaMy B CKIaJi JIKapChKUX IMpernaparis
Bu3Havamm 3a J{®Y meromom mob6aBok. J{ist IbOTo 10 TPHOX
OJIHAKOBUX HABAXKOK JIIKAPCHKOTO TIpenapary A0aBaji pizHi
KUTBKOCTI PO3YHMHY MOPIBHSIHHS MEIIOKCHKAMy Ta aHAIi3y-
Bayy Tpuyi. OTprMaHi 3HAYCHHS HABEJCHO Y BIJICOTKAX B[
TEOPETHYHOT0, 00paxoBaHo cepente Z,  (maon. 5).

3a maHuMH, 10 HaBEAEHO B mabauyi 5, CUCTEMAaTH4HI
MOXNOKM HE NMEePeBHIIYIOTH KpUTepiiB HezHauymocTi. Lle
CBITYUTH ITPO HPABIIIBHICTD PO3POOIICHNX METOIVK.

OcTaToYHM BHCHOBOK TPO MPABWIBHICTh PE3YIIBTATIB
PpOOWIIH, TTOPIBHIOIOYX Oflep KaHi 3HAYCHHS CHCTEeMATHIHOL
MTOXUOKH 3 MaKCHMAJBHO MPUITYCTUMOIO HEBH3HAUCHICTIO
anamisy |2, —100] < 0,32 maxA,  (ma6x. 5).

PoGacHicTp omiHIOBaIM Ha eTari po3poOJIeHHS METOAUK.
Jl7ist bOTO BMBYAIIM BIUIMB KUTLKOCTI peareHry Ta cradiib-
HICTb aHaJTI30BaHUX PO3YMHIB Y yaci.

O6roBopeHHs

[MizcymyBaBIIM aHami3 BiJOMOCTEH HAayKOBOI JTepaTypu
110/I0 METO/IiB aHAJIi3y MEJIOKCHKaMy B O10JIOTYHUX piHAX
1 JiKapchKux (opMax, MIHIUIA BUCHOBKY, IO 3alPONOHO-
BaHi xpomarorpadiuni meronu [10,11] € BubGipkoBuMU 1
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Tabnuus 5. BusHaueHHsi NpaBUIbHOCTI KiNbKICHOrO BUSHAYEHHS! MENOKCUKaMy B MiKapChbKux NpenapaTax Metofom fo6aBok

«Menokcukam» Tabnetku no 0,0075 r

Z,, % 99,09
Cucrematnyra noxutka & = 2, —100| 0,01
KpuTepiit He3HauyLLOCTi cucTeMaTU4HOT MOXMBKK BUKOHYETLCS
&< maxd = 0,32:maxA, = 0,32 x 2,4 =0,77

0,01 % <0,77 %

«Menokcukam» Tabnetku no 0,015

Z,, % 100,4
Cuctematuyra noxubka & = |2, - 100] 0,4

KpuTepiit He3HauyLLOCTi cucTeMaTUYHOT NOXMOKY BUKOHYETLCSA
&< maxd = 0,32 x maxA, = 0,32 x 1,6 = 0,51

0,4 % <0,51%

«Menokcukam-TeBa» po3umH ans iv’ekuiv 15 mr/ 1,5 mn

Z,, % 95,75
Cuctemaruyra noxubka & = |Z,, - 100] 0,25
KpuTepiit He3HauyLLOCTi cucTeMaTU4HOT MOXWBKK -

&< maxd = 0,32 x maxA, = 0,32 x 3,2=1,02

0,25 %< 1,02 %

YyTIIMBUMH, ajie MOTPeOYIOTh TPUBAJIOI MPOOOIIiIrOTOBKHY,
JIOpororo o0iajHaHHS Ta BUTpAaTHUX MarepianiB. Okpemi
CTIEKTPOPOTOMETPUYHI METOANKH HEJJOCTATHHO CENICKTUBHI
a0o moTpedyI0Th TPUBAJIOTO Yacy Julsi BUKOHaHH: [ 19].

Tomy po3poOneHHS MPOCTOi, eKOHOMIYHOI Ta YyTIUBOT
CIEKTPO()OTOMETPUIHOT METOIMKH KiTbKICHOTO BI3HAYCHHS
MEJIOKCUKaMYy B JIIKapChbKHX (hopmax, 0e3yMOBHO, € aKTyaJlb-
HHM JUJT51 BIIOCKOHAJICHHS] KOHTPOJTIO SIKOCTI (hapMaIleBTHIHUX
Tipernaparis.

ITix yac mocmipKeHHs BCTAHOBJIEHO TaK1 BaJIiJariiiai xa-
PAKTEePUCTHKHY, SIK JIIHIHHICTh, MEXa BUSBIICHHS, MEXa KiJTh-
KICHOTO BU3HAYECHHS, TPABUIIBHICTh, TOUHICTH 1 POOACHICTH.
Pozpobnena MeTorKka 4y TiMBa, eKCIIpecHa Ta cTablIbHa 10
HE3HAYHUX 3MIH YMOB CepelIoBHIIA. AMpoOallist MCTOIUKH,
3ilCHEHA Ha TPHOX JIKAPCHKHX IIpEnaparax, MiaTBepIKye
MIPaBHJIBHICTD 1 TOYHICTH OTPUMAHUX PE3YJIbTaTiB.

HenomnixoM po3po61eH0i METOTUKH B aCTEKTi «3eJIeHO»
XiMii € BuKopucranus 1,4-mi0KcaHy Ui pO3UMHEHHS Me-
Jokcukamy. IIpore B crieKTpoh)OTOMETPOBAHOMY PO3YHHI
BMICT JIIOKCaHY HEBEITUKHIA 1 CTAaHOBHUTH 4 %.

BucHoBKku

1. Po3po0ieHo Ta BastiIoBaHO MPOCTI, Uy TIHBI, EKOHOMITH1
CIEKTPOPOTOMETPUYHI METOUKH KiTbKICHOTO BU3HAYCHHS
MEJIOKCHKaMy B JIIKAPCHKHX Mperaparax 3a Peakiii€ero 3 aia-
3051eM uepBoHUM 27K.

2. 3a TaKUMH BaJIIAIIHHAMH XapaKTePUCTHKAMH, SIK JIi-
HIMHICTB, MEKa BUSBIIEHHS, MEXKa KIJIbKICHOTO BU3HAYEHHS],
Jiara3oH 3aCTOCYBaHHs, MPELU3iiHICTh, PaBUIBHICTD 1
pobacHicTs po3po0IeHI METOIUKH BaJIiIHI Ta BiIIOBIIAIOTH
Bumoram Jleprxkanoi apmaxornei Ykpainu.
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Bu3HayeHHA TepMiHy NpuaaTHOCTI aKTUBHOro papMmaueBTUYHOIO
iHrpeaieHTa MmopdoniHin 2-(4-(2-metokcudeHin)-5-(4-nipnaun)-4H-
1,2,4-tpia3on-3-in)tio)ayerarty

A. T. KannaywweHko™AEF C. O. BactokAEF A |, ABpameHko™@BCPE M. XK. Koiues® P

3anopisbkuil AepxxaBHU Meayko-hapMaLeBTU4HUIA yHIBEpcUTET, YkpaiHa

A — KoHLenNUis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauis gaHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — ocTatouHe 3aTBepaXeHHs cTaTTi

Mip yac focnimKeHHs BU3HA4YUNW TEPMIHY NPUAATHOCTI aKTUBHOTO hapmaLeBTnYHoro iHrpeaieHTa (A®l) mopdoninin 2-(4-(2-meTokeude-
Hin)-5-(4-nipugun)-4H-1,2,4-tpiason-3-in)Tio)aueTary LUNSXOM OLiHIOBaHHS AOTO KiNbKICHWX MOKa3HWKIB Npu 36epiraHHi.

Meta po6oTu — BU3HaunTu TepmiH npuaatHocTi APl mopdoniHiin 2-(4-(2-meTokcndeHin)-5-(4-nipuaun)-4H-1,2,4-tpiason-3-in)Tio)auetary
METOAOM MPUCKOPEHOTO CTapIHHSI.

Marepianu i meToau. BukopuctaHo ¢hisvko-xiMiYHUIn METOA, MPUCKOPEHOTO CTapiHHSA, @ TakoX MeTod CnekTpodoTomeTpii B YP-obnacTi
(npunag SPECORD 200-222U214) onst BCTAHOBMNEHHS KiNbKiCHWX nokasHukis ADI nig yac 36epiraHHs. XapakTepucTukm NiHiAHOT 3anex-
HOCTI Ta MeTpororiyHi xapaktepuctukn YO-CO-mMeToanku BUSHaUUNKM, 3aCToCyBaBLUM METOAMN MaTeMaTUyHOI ctaTucTukv. Haeaxku AdI
Gpanu 3a gonomoroto Bar aHaniTuiHux KERN ABT 120-5DM.

Pesynkratu. BctaHoBneHo, Lo nicns 3akiHYeHHs1 TepMiHy ekcnepumMeHTanbHoro 36epiranHs (npu 40 °C), Wwo Bignosigae TepmiHy npu-
[ATHOCTI 2 poku (36epiraHHs 3a KiMHaTHOI TemnepaTypu), akTMBHUA hapMaLEBTUHHUI iHTPEiEHT, a came MopdoniHiesa Cinb 2-(5-(4-ni-
puaun)-4-(2-metokcuderin)-4H-1,2,4-tpiason-3-in)Tio)aLeTaTHoi KMCNOTK BiANOBIAae BUMOraM TMMYacoBOi hapMakonenHoi CTaTTi.
Ha uin nigcTasi B NpoekTi 3a3Ha4eHO TEPMIH NpuAATHOCTI 2 poku. Buxoasum 3 Toro, wo mopdoninin 2-(5-(4-nipuonn)-4-(2-meTokcude-
Hin)-4H-1,2,4-tpiason-3-in)Tio)auetat mae atom Cynbdypy (Il), Skuit Moxe OKUCHIOBaTHCh, 36epirat npenapati Ha OCcHOBI Liboro AdI
HeOoOXigHO B 3aXMLLEHOMY Bif CBiTNa MicLyj.

BucHoBku. Pesynsrati ocnigKeHHs 0OrpyHTOBYIOTb TEPMiH 36epiraHHs MopdhoniHii 2-(4-(2-meTokeudenin)-5-(4-nipuaun)-4H-1,2,4-1pi-
ason-3-in)Tio)aueTaTy 3a KiMHaTHOI TeMnepaTypy NPOTATOM HE MEHLLE HixX 2 pokiB 6e3 BTpaTh AKOCTI.

KntouoBi crnosa: TepMiH npuaaTHocTi, MopdoniHii 2-(4-(2-meTokendenin)-5-(4-nipuaun)-4H-1,2,4-Tpiason-3-in)Tio)awueTart, npuckopeHe
CTapiHHS Nikapcbkux npenaparis.
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Determination of the shelf life of the APl morpholinium 2-((4-(2-methoxyphenyl)-5-(4-pyridyl)-
4H-1,2,4-triazol-3-yl)thio)acetate

A. H. Kaplaushenko, S. O. Vasyuk, A. I. Avramenko, M. Zh. Koichev

This study determined the shelf life of the active pharmaceutical ingredient (API) morpholinium 2-(4-(2-methoxyphenyl)-5-(4-pyridyl)-4H-
1,2,4-triazol-3-yl)thio)acetate by determining its quantitative storage characteristics.

Aim. The aim of the work was to determine the shelf life of the API morpholinium 2-(4-(2-methoxyphenyl)-5-(4-pyridyl)-4H-1,2,4-triazol-3-
yl)thio)acetate using the accelerated aging method.

Materials and methods. The work used the physicochemical method of accelerated aging, as well as the method of spectrophotometry
in the UV region (SPECORD 200-222U214 device) to establish quantitative indicators of the API during its storage, the characteristics of
the linear dependence and metrological characteristics of the UV-SF method are given using the method of mathematical statistics. API
samples were taken using analytical balances KERN AVT 120-5DM.

Results. It was established that after the completion of the experimental storage period (at 40 °C), which corresponds to a shelf life of two
years (storage at room temperature), the active pharmaceutical ingredient, namely the morpholinium salt of 2-(4-(2-methoxyphenyl)-5-
(4-pyridyl)-4H-1,2,4-triazol-3-yl)thio)acetic acid, complies with the requirements of the temporary pharmacopoeial monograph. Based on
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this, the proposed shelf life in the project is set at two years. Considering that morpholinium 2-(4-(2-methoxyphenyl)-5-(4-pyridyl)-4H-1,2,4-
triazol-3-yl)thio)acetate contains a divalent sulfur atom in its structure, it may be susceptible to oxidation. Therefore, medicinal products

based on this API should be stored in a place protected from light.

Conclusions. The study results provide a basis for asserting that morpholinium 2-(4-(2-methoxyphenyl)-5-(4-pyridyl)-4H-1,2,4-triazol-3-yl)
thio)acetate can be stored at room temperature for at least two years without loss of quality.

Keywords: drug shelf life, morpholinium 2-(4-(2-methoxyphenyl)-5-(4-pyridyl)-4H-1,2,4-triazol-3-yl)thio)acetate, accelerated aging of

medicinal products.
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dapmaneBTHYHa PO3pOOKa JIIKAPCHKUX 3aC00iB BKIIOYAE
KOMIDIEKC JIOCIIKEHb, IO TNepe0ayaloTh CHHTE3 aKTHB-
HUX (hapmarieBTHIHUX iHrpenieHTiB (ADI), BuB4eHHS IXHIX
(i3UKO-XIMIYHUX BJIACTUBOCTEH, MiATBEP/KECHHS OyIOBH
Ta {HIWBITYaIbHOCTI, BU3HAUCHHS MOTCHIIIHOI (papMako-
JIOTTYHOI aKTHBHOCTI Ta BCTAHOBJICHHS ITOKa3HHUKIB TOKCHY-
Hocri [1,2,3].

[Ticnst nepuroro erary BuBueHHst ADI mpoxomuTs crairo
MOTNIMOJICHOTO JOKJIIHIYHOTO BUBYEHHS. [lepes mouarkom
peecrpaliii He0OXiTHO TaKOX ITPOBECTU EPBUHHY CTaHIAP-
TH3alil0 NOTEHLIHHOI cyOCcTaHmii Ta BU3HAYUTH KIIFOYOBI
ACIIEKTH MOTEHIIHHOT JTiKapchkoi popmu. Yinmaganus «Me-
TOJIiB KOHTPOITIO SIKOCTI» TIOTEHLIHHOT cyOcTaHIii Ta JiKap-
cbKoi (hopMH nepetdauae BU3HAYEHHS TEPMIHY IPHIaTHOCTI
ADI [4,5,6,7].

Y pe3ynerari JOCIIKEHHS KIHCTUYHIX 3aKOHOMIPHOCTEH
nepe0iry pisHOMaHITHHX ITPOLIECIB BCTAHOBJICHO: MPOLEC
30epiraHHst aKTUBHOTO (hapMalleBTHYHOTO 1HIPEAIEHTA, 10
CYIIPOBOIKYETHCS XIMIYHOIO BH03MIHOIO JIFOYOI pedo-
BUHH, TIIOPSIIKOBY€ETHCSI KIHETHYHUM 3aKOHOMIPHOCTSIM
nporeciB mepmoro mopsaaky [8,9,10,11]. Busnauenns
TEpMiHY MPUJIATHOCTI JIIKAPCHKOTo 3ac00y B YKpaiHi YiTKO
periameHToBaHo [12].

3ayBa)KMMO, 1110 TaKi JIOCII/PKEHHSI MOXKHA 3/1iHCHIOBa-
TH JIBOMa METOJaMU: METOJOM IPHCKOPEHOTO CTapiHHS,
KOJIM aKTUBHUH (hapMaleBTHYHUIT IHIPEMieHT 30epiraeThb-
csl TIpM MiZBMIIEHIH Temreparypi IpoTaroM 6 MicsiiB, a
TaKoX METO/OM 30epiraHHs Ipu 3BUYANHIN Temiepary-
pi[13,14,15,16,17].

VY po0oTi HaBeEHO TEOPETHYHE Ta MPaKTUYHE OOIpyH-
TYBaHHS BU3HaYCHHs1 TepMiHy npuarHocTi ADI mopdominiit
2-(4-(2-meToxcudenin)-5-(4-nipunnn)-4H-1,2,4-rpiazon-
3-in)Tio)arieraTy METOJOM HMPUCKOPEHOTO CTapiHHS, IO
3HAQYHO CKOPOYYE TPHBAIICTH JOCIHIKEHHS, CIIPHUSIOUN B
TaKui croci0 3MEHIICHHIO BUTPAT Ha IPOLEC peecTpaii
cyOcTaHIIii.

MeTa po6otu

Busnaunru repmin mpunarnocti ADI mopdoniniii 2-(4-(2-me-
Tokcudenin)-5-(4-nipuann)-4H-1,2,4-tpiazon-3-in)rio)are-
Tary METOJJOM IPUCKOPEHOTO CTapiHHSI.

Marepianu i MeTogu gocnimpkeHHA

[poanasizyBai HOpMAaTHBHY JJOKYMEHTAIIO0 i BU3HAYAIIH
Cy4acHi TEHJICHIII1, 110 CYIPOBOUKYIOTh ITPOLIEC BUBUCHHS
aKTUBHUX (hapMalleBTUYHHX IHTpelieHTiB. 30KpeMa 30cepe-

JITMCS Ha IUTaHHI 100 BU3HAYSHHSI TEPMiHY ITPUIATHOCTI
A®I Ta MOTEHIIIHUX JIIKapCHKHX 3aC00iB.

Jnst Bu3HaueHHst tepminy npuaarnocti AT mopdoniniit
2-(4-(2-meTokcudenin)-5-(4-nipuamn)-4H-1,2,4-tpia-
30J1-3-1T)TiO)arieTaTy BUKOPHCTAHO METOH TIPHCKOPEHOTO
CTapiHHs, a TAKOXX METOJI crieKTpodoromerpii B YD-o0mnacTi
TSl BCTAHOBJIEHHS KIIbKICHUX ITOKa3HUKIB ADI it yac fioro
30epiranHsa. MeTpornoriuai xapakTepucTuku YO-CD-me-
TOIMKHA BU3HAYMJIM, 3aCTOCYBABILIM METOAM MaTeMaTHYHOT
CTaTHUCTHUKH.

3anpornoHoBaHa METOANKA XapaKTEPU3YETHCS JHIIHOIO
3aJIEKHICTIO MTOKA3HUKIB CBITJIONMOITIMHAHHS Bl KOHIIEH-
Tpauii po3unHy. YD-criekTpy BUMIpIOBAIIM 32 JTOIIOMOTOFO
npwiagy SPECORD 200-222U214 (HimeuunHa) B KBap-
IIOBHX KIOBETAX i3 TOBIIMHOIO pobodoro mapy 1 cm. Y Beix
BUIIa/IKaX BUKOPHCTAHO PO3UMHHMKH, 1110 MaJI{ aHAJITHYHY
KBaTi(iKaIiF0 «XIMIYHO YHCTI.

CriekTpy NOTIMHAHHSA, IO OTPUMaHi B pe3ysbTaTi eKc-
NEePUMEHTY, ONpaIfOBaIM, BUKOPUCTABIIH JIILEH30BaHE
niporpamue 3abe3nedenus WinASPECT 2.2.1.0.

Mopdominiit 2-(4-(2-metoxcudenin)-5-(4-mipummn)-4H-
1,2,4-tpiazon-3-i1)Ti0)aleTaT 3BaXKyBaJld Ha aHATITHYHHX
tepe3ax KERN ABT 120-5DM.

Meronuka excriepumenTy: 2,50 ma 1,0 % (a6o 1,00 v
2,5 %) po3uuHy AiF040i peYOBUHH, a came MopdoniHiit
2-(4-(2-meTokcudenin)-5-(4-nipuamn)-4H-1,2,4-tpia-
3011-3-11)Ti0)areTaTy BHOCATH y MipHY Kooy Ha 100,0 M,
JIOBOJIATH BOJIOIO OYMIIIEHOIO IO MITKH, MEPEeMIIIyIOTh. Y
konOy Ha 25,00 mit iepeHocsTh 2,00 M1 0epKaHOTro PO3UHHY,
3HOBY JJOBOJISITH BOZIOIO OUHIIIEHOIO JI0 MITKH, TIEPEMIIITYIOTh.

OnTuyHy TyCTHHY OEPXKAHOTO PO3UMHY Ha (poHI BOIH
OYHILIEHOT SIK KOMIIEHCAI[IHHOTO PO3YHHY BUMIPIOBAJIN TIPH
275 um 3a gonomororo npunaxy SPECORD 200-222U214.
BusHaueHHS 301ICHIITN METOZIOM CTaHIAPTY.

Jns nmopiBusiHHs Bukopuctano 2,00 mu 0,025 %
po3unHy Mopdominii 2-(4-(2-meTokcudenin)-5-(4-mi-
punnn)-4H-1,2,4-tpia3on-3-im)rio)anerary. MacoBy KOH-
HEHTPAILIIO JIF0Y0T PEYOBHHU 00paxyBasu 3a (GOpMyJIO:

C,, = (Ax C,x 1000 x 25)/ (A, p x 2 x 1),

Jie A — ONITHYHA TYCTHHA PO3YHHY MOpQoiHi 2-(4-(2-me-
tTokcudenin)-5-(4-nipuaun)-4H-1,2,4-tpiazon-3-ina)rio)
anerary; A, — ONTHYHA TYCTHHA PO3YMHY MOPiBHAHHS;
C, — MonsipHa KOHUeHTpais pozunHy nopisasaues (0,002
A®I y 100 M1 BOIU OYHIICHOT); p — TOYHA HABAKKA [IFOUYOT
peuoBunH (ADI), r; | — TOBIIMHA MIAPY PiAMHM, CM.
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Puc. 1. CnekTp nornunHaHHs po34nHy MopdoniHin 2-(5-(4-nipuaun)-4-(2-meTokeudeHin)-1,2,4-tpiason-3-inTio)-auetary B Y®-obnacri.

Pe3ynkratn

[pouenypa BU3HAYEHHS TEPMiHY ITPUIATHOCTI JIIKAPCHKOTO
3aco0y pernamenToBana «HacTaHOBOIO 3 BUPOOHHIITBA TO-
TOBHX JiKapcbkux 3aco0iB» (CT-H MO3 42-3.4:2020), o
3aTBeppkeHa HakazoM MO3 Vkpainu. 3a BU3HaYCHHAM (a-
XiBIIiB €BpONEHCHKOT MEIITYHOT aTeHITi1, TepMiH IPHIATHOCTI
TIPOMHCIIOBOT cepil JTIKapCHKOTo 3ac00y CITijl BiJpaxoByBaTH
BiJl JaTH HOTO BHITYCKY, aJie SKIO MPOMIXKOK MiX JaTOIO
BUPOOHUIITBA Ta JIATOI0 BHITYCKY mepesuuiye 30 1HiB, TO
BiJl 1aTH BUPOOHHUIITBA.

HuBineHMi Komeke Yipaian (cT. 251-254 1. 18) micTuth
TaKe ITOJI0XKEHHS: «TePMiH — 16 KOHKPETHHUI MOMEHT B 4aci, 3
SKAM TIOB’s3aHa J1ist 00 MOIist, 110 Mae IOpUANYHY Bary. Bin
MO>Ke Oy TH BCTaHOBJICHHH KaJICHAAPHOIO JIATOI0 a00 TIpHB’si-
3aHMH J10 N1, sika 000B’I3KOBO HacTaHe. Biiik TepMiHy
CTapTy€e 3 HACTYITHOTO JAHS ICIs 3a3HAYEHOI KaleHIapHOl
JIaTH YU TiCJIs HACTAHHS BiAMOBIMHOT mofii. Skimo Tepmin
BU3HAYEHO Y MICAIIIX, BiH 3aKIHUYETHCS Y YHCIIO OCTAHHBOTO
MICSIISL TAHOTO TIEPIOy».

ITix yac jocmimKeHHs 301MCHIIN AKICHE Ta KIJIbKICHE BU-
3HaueHHSI ADI Mmopdominiit 2-(4-(2-meTokcneHin)-5-(4-1i-
punun)-4H-1,2 4-tpiazon-3-in)Tio)arerary.

SkicHi peaktii Ha TOTEHIIWHY cyOcTaHIi0 MOphomiHii
2-(4-(2-meTokcudenin)-5-(4-nipuamn)-4H-1,2,4-tpia-
30J1-3-11)TiO)ateTary.

Y npobipky nomimarors 0,1 T mopdominiit 2-(4-(2-me-
TokcudeHin)-5-(4-nipuann)-4H-1,2,4-rpiazon-3-in)rio)are-
TaTy, JOJAfOTh | MJI BOAW OYHIIEHOI (200 BHKOPHCTOBYIOTH
3azpnaseriap npurotosati 1,0 % ado 2,5 % BojiHI po3uuHH).
Cymim HarpiBaroTh 10 KumiHHA. CTaHIapTHAHN JTaKMYCOBHI
Tiartip, 3MO4YeHHH BOJIOI0, CHHIE HaJl TAPAMH, 1110 BUXO/ATH 3
npobipku (MopdotiH).

IIpu HarpiBaHHI B TOIyM 1 Ta30BOTO MATBHUKA TIATIIp, IO
3Mouenuii pozurHom [IimromOym (11) auerary H, B mapax, mio
BUXOJIATH 3 0OTBOPY IP0o0OipKu, HaOyBae Oyporo 3abapBIeHHS,
a 3rogioM crae yopHuM (Cynbdyp).

VY dapdoposiit yammni Bunaporytots 0,1 © MopdoniHiii
2-(4-(2-metoxcudenin)-5-(4-nipuaun)-4H-1,2,4-tpia-
3011-3-11)TiO)arerary (abo 5 MII 3a3/1aeriib IPUTOTOBAHOTO
1,0 % um 2,5 M1 2,5 % po3unHy) 1 BUCYIIYIOTh Ha MOBITPI,
CYXHI 3aJTHIIIOK ITOMIIIAIOTh Y IPOOIPKY, 10/AI0Th TPUOIN3-
HO 0,1 T IuMeTnnaminoben3apaeriny P, 2 Mt cymimi aneran-
rigpuny P i 2 M kucnotn anerarxoi P (1 : 1), HarpiBaiots.
OtpumaHuii pO34MH 3a0aPBIIOETHCS B SICKPABO-CYHUYHUIMA
xorip (ADI).

VY npobipky momimamTts 0au3bko 0,1 T gociiKyBaHOT
pedoBuHM, noaroTh | M Bomm oummeHoi (5 mia 1,0 %
yn 2,5 Mt 2,5 % poszuuny), 1 mu pozunny Kynpym (II)
cynmsdary. BinOyBaeTscst BUnaiiHas ocaay OIaKUTHOTO KO-
1b0py (2-(4-(2-metokcudenin)-5-(4-nipuaun)-4H-1,2,4-1pi-
a30J1-3-im)Tio)arerar).

YV mpo0bipky nomimarots omm3bko 0,1 T mocmimkyBaHOT
pe4yoBUHH, nonaroTh 1 Mi Boxu oumiieHoi (5 mia 1,0 % un
2,5 M1 2,5 % po3unny), 1 mit posunny Pepym (11I) xmopumy.
BinOyBaeTbcst yTBOPEHHS 0caly OBTOTO KOJILOPY (MOp¢o-
ninil 2-(4-(2-metoxcudenin)-5-(4-mipuamn)-4H-1,2,4-Tpi-
azosn-3-Ln)Tio)amerar).

V mpobipky nomimmarots 0,1 T A®I, nogarots 1 Mt Boau
ountenoi (5 it 1,0 % um 2,5 mn 2,5 % posunny), 1 Mt peax-
tuBy Byriapna. BinOyBaerbcest BUnaiiHHs 0ca/ry KOpU4HEBOTO
koJpopy (ADI).

KinbkicHe Bu3HaueHHs AQI 37ificHUIN HAa OCHOBI IO-
TIMHAHHS CBITJIA B YIbTPadioneToBill OUISHIN CHEKTpa,
XapaKTepHOTro /Uil pedoBHHU. BosHi po3unHu MopdodtiHiit
2-(4-(2-metokcudenin)-5-(4-nipuaun)-4H-1,2,4-Tpia-
3011-3-1T)TiO )alieTaTy XapaKTepu3yIoThCs HasBHICTIO iHTECH-
CHBHOTO MKy Tipu 275 HM (puc. 1).

BcranoBunm BiAMOBiMHICTE 3akoHY bepa st miamazony
KOHLIeHTparliii Mopdosiniit 2-(4-(2-meTokcudeHin)-5-(4-mi-
punun)-4H-1,2,4-tpiazon-3-in)rio)anerary. Pesynpratn
eKCIIEPUMEHTAIILHUX JIOCII/DKeHb HaBeJeHO B mabnuyi 1.
O06paxoBaHi mapaMeTpH JiHIIHOCTI BiqmoOBinaroTh [leprkas-
Hilt papmakonei Yipainu [12]. JliniiiHy 3a1eXHICTh MiX Be-
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Tabnuus 1. XapakTepucTuki NiHiHOT 3anexHocTi ceiTnonornHanHs AdI

Amax, Hm 275

Al 299
lMipnopsiakoBaKicTb 3akoHy bepa, mr/ 100 mn 1,2-3,6
PiBHsIHHS perpecii A=bxC+a
KyToBuii koediLieHT b 0,2952
BinbHwiA uneH a 0,008200

Sa 0,005400

Sb 0,002200
KoediuieHT kopensuii r (n = 5) 0,9999

RSD (%) 0,646

Tabnuus 2. PeaynsTaTi KinbKicCHOTO BU3Ha4eHHs MopdponiHin 2-(4-(2-metokeudpeHin)-5-(4-nipuann)-4H-1,2,4-Tpiason-3-injTio)auerary B 1,0 % 1a 2,5 %

po34MHax

1,0 % posunH

2,00 0,966 x=0,956

2,00 0,967 $2=7,78 x 10°
2,00 0,948 S=8,82x10°
2,00 0,954 RSD = 0,922 %
2,00 0,956 Ax =227 x 102
2,00 0,946 €=237%

2,5 % po34mnH

1,00 2,37 x=2,37

1,00 2,36 $2=3,07 x 10*
1,00 2,38 S$=1,75x10?
1,00 2,36 RSD = 0,738 %
1,00 2,39 Ax =450 x 102
1,00 2,34 €=1,90 %

JIMYMHOIO ONTUYHOI TYCTHHH Ta MOJISIPHOIO KOHIIEHTPALII€I0
BHTOTOBJIEHOTO TOYHOTO PO3YMHY MOpdomiHiil 2-(4-(2-me-
Tokcudenin)-5-(4-nipunnin)-4H-1,2,4-rpiazon-3-in)Tio)
anerary onucye pisasHHA: A = 0,2952C + 0,0082.
Pesynbraru kinmbkicHOTO BrzHa4eHH: 1,0 % 12 2,5 % po3un-
HiB ADI HaBeneHO B mabauyi 2. Iloka3HUKY, 10 ONIEPIKaHO,
XapaKTepU3yIOThCs HU3bKUM 3HadeHHsAM RSD. Ha mincrasi
LUX JIAHUX 3pOOKIIM BUCHOBOK ITPO 301KHICTh METO/IUK.
Pe3ynbrat OpraHoNICNTUYHOTO aHAJI3y Ta KiTbKICHOTO
BuMmiptoBanHs ADI 2-(4-(2-metoxcudenin)-5-(4-mipuawn)-
4H-1,2,4-tpiazon-3-i1)Tio)anerary HaBeeHO B mabauyi 3.

O6roBopeHHs

BcraHoBieHO, 1110 MTICIs 3aKIHYCHHS TEPMiHY €KCIIEPUMCH-
TaJBHOTO 30epiraHHs MPH MiABUIICHIH Temmeparypi y 40 °C
TIOTEHLIHUH JIIKapchKHi 3aci0 BiIIOBia€ BAMOI'aM TUMYa-

COBOI (hapMaKOTIEHHOI CTATTi, 0 PENIAMEHTY€E JBOPITHUH
TEpMiH NpuAaTHOCTI. Ha 1iif micTaBi B MPOEKTI 3a3HAYECHO
TEPMiH MPUAATHOCTI 2 POKH.

Buxonsan 1o Toro, mo 10 CKIamy JKapchbKOTo 3aco0y
BxoauTh ADI, sIKHit MiCTUTH aToM 1BOBasIeHTHOTO Cymb(ypy
(iMOBIpHICTh OKHCHEHHST), 30epiraTy rmpernapar HeoOXiHO B
3aXHUILEHOMY BiJ] CBITIIA MiCLIi.

Tepmin npunarnocti C npu Temmeparypi 30epiranus
(t° = 20 °C) moB’s13aHMM 3 EKCIIEPUMCHTATBHUM TEPMIHOM
npuaarHocti Ce pH MiABUILCHIN TEMITepaTypi eKCIICPHMEH-
TanpHOro 30epiranHs (t° =40 °C) HacTynHOO HaOIIKEHOIO
sanexxnicTio: C = [Jo x Ce.

Koedirtient Bimmosiguocti K mpwm (t°
CTaHOBUTD 4.

KinbkicHuit anani3z mopdominiii 2-(5-(4-mipumn)-4-(2-me-
Tokcudenin)-1,2,4-Tpiazon-3-1Tio)anerary nokasas, IO
BTPATy JAiF040i PEYOBUHH Y MPOLIEC] IPHCKOPEHOTO CTAPiHHSI

—t°

CKCII. 30ep

) =20 °C
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Tabnuus 3. Pesynsrati aHaniay poadnHy mopdoniHii 2-(4-(2-meTokeudeHin)-5-(4-nipuann)-4H-1,2,4-tpiason-3-in)tio)auetaty 1,0 % ans iH'ekuiit y npoueci

30epiraHHs 38 METOOM NPUCKOPEHOTO CTapiHHS

Moka3Huk siKoCTi
KinbkicHui BmicT gitovoi | MeTponoriyHi 30BHiLUHI BUTNAL
peyoBUHM B 1 Mn XapaKTepuCTUKU

TepmiH ekcnepumeHTy — 60 fib, ekBiBaneHTHUI TepMiH 36epiraHHs — 240 fi6

BucHoBok npo
nNpuaaTHicTbL

| 7,0 0,0102 X =0,00102 Mpo3opa pignHa Mpuaathnii
0,0101 §,=223x10° XKOBTYBATOrO KOMbOPY,
I 7.0 0,0102 S=545x10° MO3NTUBHI peakLii
0,0102 Ax=1,41x%10* Ha Aito4y pevoBMHY
I 70 0,0103 Ax =574 x 10°
' €=0,295%
TepmiH ekcnepumeHTy — 120 fi6, ekBiBaneHTHUIA TepMiH 36epiraHHs — 480 a6
| 7,0 0,0102 x=0,0100 lMpo3opa piavHa MpupatHuit
0,0101 S, =396 x10° )KOBTYBATOrO KOMbOPY,
I 7,0 0,00997 S$=971x10° MO3NTUBHI peakLiii
0,00997 Ax =249 x 10* Ha [ito4y pevoBUHY
’ 0,0100 €=1,02 %
Tepmin ekcnepumeHTy — 180 1ib, exsiBaneHTHWUI TepMiH 36epiraHHs — 720 ai6
| 7,0 0,00923 x =0,00926 [Mposopa pignHa Mpuaathnii
0,00930 S, =6,52x10° )KOBTYBATOrO KOMbOPY,
I 71 0,00959 S=1,73x10* MO3UTUBHI peakLii
’ 0,00929 Ax = 4,247 x 104 Ha Aito4y PEYOBUHY
0,00920 Ax =1,60 x 10+
1l 7,0 0,00903 €=173%
0,00916

Temnepatypa gocnigy — 40 °C; Bua ynakoBku — amnynv no 5 mn 3i ckna mapku HC-3.

nipu 40 °C uepes 180 1i6 He 3adikcoBano. He BusiBIIeHO 3MiHI
pH nocmimpkeHnx po3unHiB YCiX Cepii.
BusHaueHHS TepMiHY TPUAATHOCTI:

C=46 x 16 =736 1i6 = 2 poxw.

OTtxe, TepMiH npupatHocTi cyOcrannii Mopgoininii
2-(5-(4-mipumun)-4-(2-metoxcudenin)-1,2,4-rpiazon-3-in-
Tio)aneTary npu HomiHanbHIA Temneparypi (20 °C) — He
MEHIIIC HIXK 2 POKH.

BucHoBKku

1. BigmoBizHO 10 YMHHOI HOPMATHUBHOI 0a3W BH3HAYIIIN
TEPMIiH TPHUIATHOCTI aKTMBHOTO (hapMaleBTUYHOIO iHIpe-
nienra mopdominiit 2-(5-(4-nipunun)-4-(2-metokcude-
Hin)-1,2,4-Tpiazon-3-intio)anerary.

2. BecranosieHo, 1o Mopdominiit 2-(5-(4-mipumnm)-4-(2-
MeTokcupenin)-1,2,4-rpia3on-3-11Tio)arerar Moxe 30epi-
raTHcs 3a KIMHATHOI TEMIIEpaTypH MPOTSTOM HE MEHILE HIXK
2 POKiB.

®diHaHCyBaHHA
[ocnipkenHs 3aiicHeHo 6e3 diHaHCOBOI MIATPUMKY.

Mopsku

ABTOPY LUMPO ASKyl0Tb 30poiiHNM cunam YkpaiHu Ta pefakuii HaykoBoro
XKypHany 3a MOXIMBICTb 3l iCHIOBATY JOCHIMKEHHS Ta My6nikyBaTyt iXHi
pesynbTaTu.
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OocnigxeHHs iHpopmaLinHO-6e3nekoBoro cepenoBuila
chapmaueBTUYHUX OpraHi3auii B ymoBax TpaHcdopmauii
dapmMaLeBTUYHOI NPAKTUKK

H. O. TkaueHkoPACEF C. C. Muctopa®B.cP

3anopisbkuil AepxaBHU Meayko-hapMaLeBTU4HUI yHIBEpCUTET, YkpaiHa

A — KOHUenUis Ta an3aitH gocnimkeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTatouHe 3aTBepaXeHHs cTaTTi

HaBeneHo pesynstatv focnipxeHHs iHdopmauinHo-6esnekosoro dhapmauesTuyHoro cepeposuwa (IBOC) B ymoBax TpaHcdopmalii
hapmaLeBTUYHOT NPaKTVKK B YKpaiHi.

Meta pobotn — gocniautn knacudikauii cyb’extis IBOC 3a HanexHicTio [0 BHYTPILIHBOrO abo 30BHILIHLOTO CEPEAOBHLLA Ta BUSIBUTH
BMIIMB COLianbHO-eKOHOMIYHNX XapaKTEPUCTUK Ha CMIPUNHATTS (hapMaLeBTUYHOO CMiMbHOTO LX CyD eKTiB.

Marepianu i metogu. EmnipuuHy 6a3y ctaHOBUNM pe3ynbraTii aHKETHOrO ONuUTYBaHHS 228 thaxiBLiB (hapMaLeBTUHHOTO CEKTopa (Hayko-
BO-NefaroriyHnx NpauiBHKKIB, NPaLiBHUKIB anTeYHUX 3aKnagis i hapmaueBTUYHMX koMnaHin). ONUTyBaHHS 3AiCHEHO 3a aHKETO, WO
cchopmoBaHa 3a pesynsTaTamMmu HapaTWBHOTO Ornsidy HaykoBoi nitepatypu. CTaTMCTUYHMIA aHani3 nepegbaqas obpaxyHok koedillieHTa
anbga Kpinnengopda Ans oUiHIOBaHHS y3rofmKeHOCTi AyMoK, GyTcTpan-aHania Ans nepesipku cTabifbHOCTI pe3ynbTaTiB, a Takox X2-Kpu-
Tepiv ANs BUSBMEHHS 3a5eXHOCTi KnacugikaLinHux cyoxeHb Big NpOMeCinHNX XapakTepUCTUK PECMOHAEHTIB.

PesynkTatn. BcTaHOBNEHO HU3bKWIA 3aranbHuii piBeHb y3romxkeHocTi knacudikauii cy6’eTis IBOC, wo cBigunTb Npo BiaCyTHICTb eAnHOT
npodeciHoi no3uuii. HaiBwLLy y3rogkeHicTb Manu HaykoBo-neaaroriyHi npauisHukm (a = 0,55), pesynsraTi skux BUKOPUCTaHO sik 6asuc
A5t 0CcTaTouHOI Knacudikauii. AHanis x>-kpuTepito nokasas, Lo Krnacudikalis icTOTHO 3anexwuTb Bif nocaau Ta focBiay poboTh pecroH-
aentiB. OctatoyHy mogens IBPC nobygoBaHo 3a AaHUMM GaraTopiBHEBOTO OLIHIOBAHHS: 3aranbHKX BiACOTKOBMX OLLIHOK, CTabinbHOCTI
AYMOK Y niarpynax i pe3ynbratiB HayKoBO-NeAaroriyHyx npawiBHuKIB.

BucHoBku. [locnigxeHHs fano aMory BUSIBUTW IMOOKY reTepOoreHHICTb y cnpuiHATTi cTpykTypn IBOC cepen npodecioHanis hapmave-
BTUYHOI CChepy OXOPOHM 300POB'S, LU0 NoTpedye hopMyBaHHS CMiNbHOIO PO3yMiHHS poneii i dyHKL cy6’ekTiB y LMpoBOMY CEPEaOBMLL.
OTpvmaHi faHi MoxyTb BYTN BUKOPUCTaHI ANst BAOCKOHANEHHS ynpaBniHCbKMX cTpaTerii y hapmalii Ta iHTerpauii npuHupmnis iHdhopmaLinHoi
Ge3nekun Ha BCix piBHAX OpraHisauii (hapmaLleBTUYHOI JONOMOTU.

KntouoBi cnoea: iHopmaliiiHa Be3neka, iHpopmaLiiHi cuctemn y dapmalii, eKCnepTHUIA KOHCEHCYC, LndpoBe 300poB’s, Lnudpose
(hapmaLeBTMYHE CepeoByLLE, OpraHisaLiiHe cepefoBuLLE.
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Research of the information security environment of pharmaceutical organizations in the context of the transformation
of pharmaceutical practice

N. O. Tkachenko, S. S. Mysiura

The article presents the results of a study of the information security environment of the pharmaceutical sector (ISEP) amid the transfor-
mation of pharmaceutical practice in Ukraine.

The aim of the work was to investigate the classification of ISEP entities based on their affiliation with internal or external environments
and to identify the influence of socio-economic characteristics on the perception of these entities by the pharmaceutical community.

Materials and methods. The empirical basis of the study consisted of a survey of 228 pharmaceutical sector specialists, including academic
staff, employees of pharmacy establishments, and pharmaceutical companies. The survey was based on a questionnaire developed through
a narrative literature review. Statistical analysis included the calculation of Krippendorff’'s alpha coefficient to assess the consistency of
opinions, bootstrap analysis to test the stability of the results, and the x2-test to reveal the dependence of classification judgments on the
respondents’ professional characteristics.
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Results. A generally low level of agreement in the classification of ISEP entities was found, indicating a lack of a unified professional
position. The highest level of agreement was demonstrated by academic staff (a = 0.55), whose results served as the basis for the final
classification. The x?-test analysis revealed that the classification significantly depended on respondents’ positions and work experience.
The final ISEP model was constructed based on a multilevel assessment approach, considering general percentage evaluations, the
stability of opinions within subgroups, and the results provided by academic staff.

Conclusions. The study revealed deep heterogeneity in the perception of ISEP structure among pharmaceutical professionals, highlighting
the need to develop a shared understanding of the roles and functions of entities in the digital environment. The obtained data can be
utilized to improve management strategies in pharmacy practice and to integrate information security principles at all levels of pharma-
ceutical care organization.

Keywords: information protection, pharmacy information systems, pharmaceutical information, expert consensus, digital health, digital

pharmaceutical environment, organizational environment.
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[pouecu Tpanchopmarii Ta 1pdpoBizaLii cHCTeMH OXOPOHU
37I0POB’s1 CTBOPHJIM HOBI MOMKJIMBOCTI JIJIsI 3a0€3IICUCHHS J10-
CTYITHOCTI MEANYHOI Ta (hapMarieBTHIHOI JoroMoru. OpHak
BOJHOYAC TIPH3BEINH JI0 3pOCTaHHS PH3HKIB iHPOpMAIIiitHOTO
Xapaxrepy. 3anpoBa/pKeHHs TeleMeaniriu, e-Health, enex-
TPOHHOTO PELICTITY, OHJIAHH-KOHCYJIBTYBaHHS, PI3HOMaHITHHX
(apmarieBTHUHIX IUTaTopM (Harmpukitam, tabletki.ua, apteki.
ua, liki.net.ua, eliky.in.ua.) popmye HOBe iH(pOpMaITiiTHO-OC3-
niexose cepenosuie (IbC) dapmaneBTnaHux opraHizamiit
(DPO), sixe MOTpeOy€e KOMIUIEKCHOTO BUBYCHHS Ta HAYKOBOTO
OOTPYHTYBaHHS.

Bcecsitnst opranizatiis oxoponu 310pos’st (BOO3) pazom
13 MixxHapoHoro dapmareBTuaHO0 Geneparieto (FIP) ra-
TOJIONIYFOTh, 10 OE3MeKa MAIIEHTIB € OHUM 13 KITFOUOBHX
OpieHTHUPIB (hapMaIEeBTHYHOI IIPAKTHKH i Ma€ TPYHTYBATUCS
HE JIUIIE Ha IPaBIIIBHOMY BHOODI JTiKapchkoro 3aco0y [ 1,2],
asie i1 Ha Oe3neYHOMY YNPaBJIiHHI JaHUMH, KOMYHIKaIli€ro
Ta iHQOpPMAIIHHIMH TMPOI[eCcCaMy, MO BiIOyBAIOTHCS B
iHpopmauiitnomy cepenosuini ®O [3,4,5]. Jlocin kpain
€C, Kanamu, CILIA cBiguuTh, 110 OUTBIIICTE KPUTUIHUX
MOMHJIOK, MOB’SI3aHUX 13 JIKApCHKUMH 3ac00aMH, BUHH-
KaIOTh BHACJIIOK IIOE€HAHHS JIIOICHKOTO (hakTopa i Tex-
HOJIOTIYHUX HEJOJIKIB iHpopMaLiitHoT cucTeMu (30KpeMa,
eNEKTPOHHOTO pPeleNTyBaHHS a00 JOTICTUKH JTiKapChKHUX
3aco00iB) [6,7].

VY Takomy opmari npakTUuHOI (apmarii ajs narieH-
TiB BUHHKAIOTH HOBI BUKJIMKH: HEIOCTATHS BepU(iKaIlis
ocobu, 0OMeKeHa MOMKJIMBICTH KOHCYJIbTAIll MMiJ dac
JIMCTAHIIHHOTO BiJITyCKY JIIKAPCHKOTO 3ac00y, HEHAIEKHE
iH(hOpMyBaHHSI OO IPU3HAYCHD, & TAKOK PU3UKH BUTOKY
MEPCOHAIBHUX MEIMYHUX JaHUX, PU3UKH 1010 aBTOHOMIT
TIalieHTa Ta CIIJIBHOTO YXBaJICHHS PIlIeHb B CHCTEMI OXO-
pouu 3m0poB’s [8,9]. Kpim Tor0, 3 SBISIOTHCS BUKIUKH W
Juist hapMarieBTiB 1 JKapiB, a camMe BUCOKHH piBeHb LH(-
POBOTO HAaBaHTAKECHHsI, OTPAIUIIHHS y 30HY IOPUIUYHOT
BIJIITOBINATEHOCTI y pa3i MOMIUIKH, sIKa 3aTPOXKY€E 370POB IO
TaieHTa, PU3UK HECAHKIIOHOBAHOTO JIOCTYITY JI0 CUCTEMH,
ITiIBUIIICHA BPA3IHMBICTh JIO (QIITUHTOBHX aTaK a0o MipoOKH
eIIeKTPOHHOTO Tiamucy Tomo [8,9,10].

B yKpaiHCBbKHX peatisix 11l BUKIIMKH 3ar0CTPIOIOTHCS BHACITI-
JIOK BIffHH, HECTaOLIBHOT IHPPACTPYKTYpH, 30UIBIIIEHHS YacT-
KU TeIEMEINIHIX 1 IICTAHIIHHNX CEPBiCiB, HEPIBHOMIPHOTO
JIOCTYITy 710 IM(POBHUX pillieHb y pi3HuX perioHax [11,12,13].
BonHouac BicyTHICTB YiTKOT cHcTeMH ypaBIliHHS iH(opMma-

LiIHOI0 OE3MEeKOI0 B anTeKaxX, HOPMATUBHOI 0a3H MO0 3aXH-
CTy JaHuX y (hapMaIleBTUUHOMY KOHTEKCTI, HU3bKUI PIBCHb
TTITOTOBKH (papManieBTiB y cdepi i poBoi Oe3neku i om0
MMUTaHb METIaKOMITETEHTHOCTI CTBOPIOIOTH CHCTEMHI PH3HKH
Jutst Beiei papmanieBTHaHOT tonomoru [ 14,15].

Tomy nochimkenus IbC @O akTyanizyloTbesi B HanpsiMi
TTiIBUTIIEHHA SIKOCTi 00CITyTOBYBaHHS, IKOCTI (hapMarieBTH-
HOT iH(opMallil B CHCTEMi OXOPOHHU 370POB’sl, 30epEeIKSHHS
JIOBIpH TIAIIIE€HTIB Ta 3aXUCTy MpodeciiHoi AisubHOCTI (ap-
MAIeBTiB y HOBUX IU(POBHX peaisx.

MeTa po6otu

Hocmigntu knacudikartii cyo’exris IbOC 3a HaTexKHICTIO 10
BHYTPIIITHBOTO 200 30BHINIHBOTO CEPEIOBUINA Ta BUSBUTH
BIUIHAB COIIAJIbHO-CKOHOMIYHUX XapaKTCPUCTUK HA CIPHIi-
HATTS (papMaIieBTHYHOIO CIUTBHOTOIO IIUX Cy0’ €KTIB.

Marepianu i meToau gocnigxeHHs

Emnipuuny 0a3y 0CHiPKEHHS! CTAaHOBWJIN PE3yIbTaTH
AQHKETHOTO OIMTYBAaHHs MPEICTABHUKIB (apMarieBTHIHOI
CIUJIbHOTH, 30KpeMa HAyKOBO-IIEIarOriYHUX MPAI[iBHUKIB
3aKJIajiB BUIOI OCBITH (papMalleBTUYHOTO CIIPSIMyBaHHS,
SIKI BUKJIAIAIOTh AUCIUILTIHE YIPaBIiHCHKO-OpTraHizaIiii-
HOTO XapakTepy Ta MaloTh (papMarieBTH4HY OCBITY, a TAKOX
(axiBLiB, SKI PAIIOIOTH B aTEYHNX 3aKJIaJax Ta ONTOBUX
(hapMareBTHIHIX KOMIAHISX.

[Tin yac poGOTH BUKOPHCTAHO TaKi METOIM: aHKETYyBaH-
HS NIPEJICTABHUKIB (hapMalieBTUYHOI cijibHOTH (n = 228);
HapaTUBHHUI OIS HAYKOBOI JITEparypH Juisi (OopMyBaHHS
iH(pOpMaIIiiiHOT 0a3u aHKETH; CTATUCTUYHHIA aHAII3 TaHUX
13 BUKOPHUCTaHHSIM KpuTepito anbha Kpinnengopda (maxe-
TH irr, readxl, ggplot2 y cepemoBumii R) st ominroBaHHA
Y3TO/DKEHOCTI KiacuikaniiiHuX CykeHb; OyTcTpar-aHai3
(1000 irepaniit) ;s nepeBipky CTabLIBHOCTI KOS(ILi€HTIB;
Y2-KpHTEPIii 1 >-KPUTEPIii 3 TIOMPABKOIO Ha TPABIOMOIIOHICTh
y cepenosuiii IBM SPSS 23.0 mist nepeBipKu TinoTe3 oo
BIUIUBY COILiaJIbHO-€KOHOMIYHUX XapaKTepPHUCTUK (Iocasa,
CTaX, OCBiTa) Ha Y3TOLKEHICTh TYMOK PECTIOH/ICHTIB.

Jlyis mepeBipKM CHCTEMaTHYHOI Y3TOJKEHOCTI JyMOK
BUKOpUCTaHO Kputepiil anbda Kpinmengopda anst Homi-
HaJIbHUX JaHuX. OOpaxyHKH BHKOHAHO B NPOTPAMHOMY
cepenoBul R, Bukopucramu makeru irr, readxl, ggplot2,
3a popmymnoro:a = 1 —D_/ D , ne Do — BusBiena nucnepcis
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mmmm [ligrovoBumit eTan

« anpo6aLlis aHkeTn

* HapaTUBHWIA OTNsiA HAYKOBOT NiTepaTypy Ans 06r'pyHTYBaHHS! KOHTEHTY aHKeTU;
* po3pobka 6riokoBOT CTPYKTYpKM ONMTYBanbHUKa (coliogemorpadis, knacudikallis cyd’eTis
Ta ob'exTiB IBOC, npobnemun hapmaii y nnowmHi iHhopmaLliiHoi 6e3nekw);

OnuTyBaHHA

penpeseHTaTUBHOI BUBIPKY;

Ta 06’ekTiB

* aHKeTyBaHHS NPeaCcTaBHUKIB hapMaLeBTUYHOI chepy (n = 228) 3a cTpaTerieto MMOBIPHICHOT

* arperavjis JaHnx y opmarti YacToTHUX Tabnuup 3a 03Hakamu knacudikauii cy6'exTis

e AHaniTM4HMK eTan

(HaykoBO-neaarorivHi npaLiBHUK)

* 0BYMCNEHHS 3aranbHOi Ta rpynoBoi Y3rogQXkeHoCTi YMOK 3a A0NOMOroto kputepito anbda Kpinnergopda;
* BU3HAYEHHS PIBHSA BNMBY COLianbHO-KOHOMIYHWNX YMHHWKIB Ha BapiaTUBHICTb OLHOK;
* knacudpikauist cy6'ekTiB Ta 06'exTiB IBOC Ha OCHOBI HAWMBMLLOTO PIBHS Y3ro4XKEHOCTi Cepes PECOHAEHTIB

m  IuTepnpeTauin pesyneratis

[0 CepeaoBuLLa;

* (hopMyBaHHS y3aranbHeHoi Tabnuui knacudikauii cy6'exTis IBOC;
* BU3HAYeHHs nepeniky 06'exTiB 3 HanGINbLL CTIKMMU XapaKTepUCTUKaMI HaNeXHOCTI

* (hopMyBaHHS MigrpyHTS Ans po3pobku mogeni IBGC

Puc. 1. Cxema eTtaniB npoBefeHHs! LOCTIimKEHHS.

(observed disagreement), TOOTO (haKTHUIHUI CTYITiHb HE3TOIU
MiX oIiHIOBadamMu;, De — ouikyBaHa mucmepcia (expected
disagreement), T00TO mepenOadyBaHUN CTYIIHb HE3TOMIH,
SIKOM OIIHKY OYJTH BUIAIKOBHMH.

IIpu upoMy BpaxoByBauy, 10 o = 1, TOOTO iCHy€e IMOBHE
TTOTO/HKEHHS MK OI[IHIOBaYaMH — BCi TOCTaBHJIA OHAKOBY
OIIIHKY JUIs BCiX 00’€KTiB; 0. = 0 — HEMA€e TOTOPKCHHS MK
OI[IHIOBaYaMH, TOOTO TXHi OLIIHKY BUIAAKOBI; ot < () — 3HAYHa
HEBIIMOBIIHICTh, HABITH OLTBINA, HIXK TPU BUMAJIKOBOMY
o3IO OIIHOK (HaAMipHHUI piBeHb HE3Tom! abo IIe MOXKe
OyTH [TOB’S13aHO 3 IOMIJIKOKO B JIaHHX ).

[paxruuna inTepnperartis 3nadens: 0,81-1,00 — BigMiHHE
noromxkenns; 0,61-0,80 — xopowue noromxenss; 0,41-0,60 —
cepenne noromkeHss; 0,21-0,40 — cirabke mMOTOMKEHHS;
0,00-0,20 — my>xe cabKe MOTOMHKEHHS; BiZl’€MHI 3HAYCHHS
— HEBIJANOBIIHOCTI HACTIILKY 3HAYHI, 1110 HABITH BUITAIKOBI
OIiHKH TPHU3BOJATH JI0 OUTBIIIOTO MTOTOKEHHS.

[ oriHIOBaHHS CTaOUIBHOCTI OTPUMAHOTO 3HAUYEHHS
anbda Kpinnennopga Bukonano Oyrcrpan-anaiiz i3 1000
TTOBTOPCHB, SIKHIA JTa€ 3MOTY OLIHUTH JIOBIPYU iHTSPBAJ IS
koe(iIieHTa y3ropKeHOCTI Ta BU3HAYUTH CTIHKICTh PiBHS
3TO/IM €KCTIEPTIB.

JocmimkenHs nependavano Kijdbka eTariB, 110 HaBeACHI
Ha puc. 1.

Iaopmaniitno-Oe3nekoBe (hapMarieBTUYHE CEpeJOBHIIE
(IB®C) mpoexTyBany Ha MiICTaBi Pe3yIITaTiB ONUTYBAHHS.
CrerianbHO po3po0JIeHO aHKETY, 1110 BKITIoYaa Kijibka 0J10-
KiB 3anuTaHb. [lepia yacTrHa onuTyBaJbHUKA JlaJia 3MOTY
chopMmyBaT comianbHO-AeMorpadiuny XapaKTepHUCTHKY
pecnoHaeHTiB, npyra — posnoninutu cyo’extn [BOC 3a
HAaJIXKHICTIO /10 BHYTPIIIHBOTO / 30BHILIHBOTO CETMEHTA Ta
3’sicyBaTH OCHOBHI 1poOsieMu Qapmartii y ronmHi iHpop-
Maniitaoi 6esnexu (IB), Tpetst — poznoninury 06’ extn IBOC
3a HAJIG)KHICTIO 10 BHYTPIIIHHOTO / 30BHIITHHOTO CETMEHTA.

Po3po0iii aHkeTH repe/yBaB HapaTHBHHIA HAYKOBHH OIS
BITUM3HSHHX Ta IHO3EMHHMX TIpallb 3 HOPYIIEHOTO MUTAHHSI,
SIKA JJaB 3MOTY 310paty iHpopMaiitHUi KOHTEHT, Ha SIKOMY
6azyBaimcs muTaHHsA aHKeTH. KpiM Toro, Apyra Ta TpeTs Ja-
CTHHA aHKETHU BKJIIOYAITH PO3’ ICHIOBATLHUI Marepiall oo
TIOHSATH «iH(OpMarliifHa Oe3reka, «(papMarleBTHIHHI CEKTOp
OXOPOHH 3JJ0POB’51», «30BHIIIHE CEPEIIOBUILEY, «BHYTPILIHE
CepeIOBHUINEY, «KOH(DIACHITIHHA iHpOpMaIisny, «iHpopMaris
npo GizudHy 0Co0y».

Hanpuxnan, inpopmariiiny Ge3rnexy BU3HaYalM sIK CTaH
3aXHIIEHOCT] iHPOPMAIIHOTO CepeIOBHUINA OCOOH, IiTIPH-
€MCTBA, CyCITUTECTBA 200 AEPKABH, JUIS SIKOTO BiMOBIIHUI
KOMIUIEKC 3aXO/iB 3aro0irae mosiBi HEraTUBHUX HACIIIIKIB
BIUIMBY Ha iH(oOpMarliiiHe cepesoBHILe Ta Oro CKIIa/IoBI PH
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YMHCHHX, HECAHKITIOHOBAHNX Ta HEYMICHUX MaHIITyJIAIIISIX
3 iH(pOopMaIIi€ro.

dapMaleBTHYHUIA CEKTOP OXOPOHH 3I0POB’S — CYKYII-
HICTh MIATIPUEMCTB, OpTaHi3amiil i ycTaHOB (Cy0’ €KTH
— IopuanYHi i (i3HgHI 0CO0M), 3aHATHX y MPOIIECi CTBO-
PeHHS, BUPOOHUIITBA, peati3alii JiKapchbKUX CyOCTaHIIiH,
npenaparis i MEANYHUX BUPOOIB, 3a0e311e4eHHST KOHTPOJIIO
TXHBOT SIKOCTI, @ TAKOX IIITOTOBKHU Ta MEPEMiIrOTOBKU Ka-
JpiB; 1€ BIIKPUTA CUCTEMA, HA Ky BIUIMBAIOTH 30BHIIIHI
(axropm.

30BHIIIIHE CEPEIOBHUILE TPSMOT0 BILUTMBY BKIIIOUA€E (PAKTO-
PH, 1110 6E3M0CEePEHBO BILTMBAIOTD Ha AisUTbHICTH CY0 €KTIB
i caMi 3a3HalOTh 3BOPOTHOI'O BIUIMBY: CIIO)KHBadi, 11OCTa-
YaJbHUKN PECYPCIB, 3aKJIQJIH OXOPOHU 37I0POB’sl, 3aKOHU 1
JIep>KaBHI OpraHu TOIIO. SIK 30BHIITHE CEPEAOBUIIE HETIPSI-
MOTO BIDTABY CIIiJT PO3yMITH (DaKTOpH, 5IKi O€3M0CcepeTHbO HE
BIUTMBAIOTH HA ISUTBHICTH (DapMaIleBTHYHIX OpraHi3allii, aie
TaK ¥ iHaKIIIe Ha Hill T03HAYAFOTHCS: TIOMITHYHI, COITIOKYITh-
TypHI YAHHHUKH, CTAH CKOHOMIKH, MKHAPOHI TTOI] TOIIIO.

Jo ampoOanii aHKeTH 3aJIy4eHO HayKOBO-TIEAAarOri9HUX
npaniBaukiB (HIIIT) xadenpu opranizamii Ta eKOHOMIKH
¢apmanii JIbBIBCHKOTO HAI[lOHAIFHOTO MEANYHOTO YHIBEp-
curery imeni Jlanmia anunpkoro.

JocnimkeHHs 30IHCHIIN, JOTPUMYIOUHCH IMOJIOKEHb
Ienbeinchkoi neknapartii BeecBiTHROI MeMYHOT OpraHizarii
«ETHYHI PUHIMIN MEMYHUX JOCIIHKEHB 32 YUacTIO JIFOIH-
HH y SKOCTI 00’ €KTa gocimkeHHs» [ 16]. AHKeTy moronmia
KOMICisl 3 TUTaHb OI0CTHKH 3aropi3bKOro IePKaBHOTO Me-
JMKO-(hapMareBTH4HOro yHiBepeuTeTy (mpotokon Ne 8 Bif
18.10.2023 p.). AHKeTyBaHHS 3IIHCHHUIN MTPOTIATOM JIFOTOTO
— koBTHS 2024 poKy.

Pesynktatu

Jns XapakTeprCTHKH TeHEePaIbHOI CYKYIMHOCTI (PaxiBIiB y
(hapmarieBTHIHOMY CeKTOpi YKpaiHu copmyBaiy HMOBIp-
HiCHY penpe3eHTaTHBHY BHOIpKY (n = 228) IUIIXOM IPOCTOTO
3BHUYAHOTO BiOOpPY (mabn. 1).

PecrnionenTam mmicias o3HAHOMIIEHHS 3 IOBIAKOBOIO 1H-
(opMartiero 0 Ipyroro po3midy aHKETH 3alpOIIOHOBAHO
posnonimty cyo’extiB IbAPC 3a HaneXHICTIO 10 BHYTpIMI-
HBOTO / 30BHIIIHBOTO CETMEHTA CUCTEMH a00 He BKJIFOYATH
1o IB®DC. VYzaranbHeH] pe3ynbTaTH JTyMOK aHKETOBaHHUX
3a 4acTOTaMH BiJl 3arajbHOi KUIBKOCTI HaBEAEHO B mab/iu-
yi 2. BeranosieHo, 1110 10710 Outbmocti «cy6’extiB IBOCy
PECIIOH/ICHTH HE IOCAraroTh HaBiTh 50 % y3romkeHoCTi, a
TIOJICKOJIM PI3HHUII MIXK BIICOTKOBHM PO3IIOILJIOM Bi/IITOBICH
nemae (HITIT 3axmaniB ocBiTH (hapMarieBTHIHOTO i MEIMYHOTO
CrpsiMyBaHHs1) a00 BOHA € HEe3HAYHOIO (3100yBaui (hapmare-
BTHYHOT OCBITH).

Jnst mepeBipkH CHCTEMaTHYHOI y3TOKEHOCTI TyMOK 1
MiATBEP/UKEHHS OTPUMAHHUX 3HaYECHb 00PaxOByBaJll Koe-
¢inient anpda Kpinmennopda mist HOMiHATHPHAX JaHUX,
a JUIA OIiHIOBAaHHS CTaOiTBHOCTI OTPHUMAHOTO 3HAYCHHS
3niicHum OyTcTpen-ananis i3 1000 moBTopens. Ha kox-
HOMY eTarti OyTCTpen-anamisy (mabn. 3) Opaiu BUMIAAKOBY
BHOIPKY 3 TIOBTOPEHHSIM Cepell 00’ €KTIB OIIHIOBAHHS 1
cepest pECIIOH/ICHTIB-EKCIIEPTIB, sl KOXKHOT Oy TCTper-pe-

rikamii oourcmoBann koedimient anbda Kpinmenmnopda.
3a pesynbraramu 1000 cumyssiii 00YHCICHO KBAHTHII
(2,5 %, 50,0 %, 97,5 %), Axi BU3HAYAIOTH NOBipUHil
iHTEepBaJI, Ta JJISl YHAOYHEHHS PE3yJbTaTiB MOOYJ0BaHO
TicTOrpaMu.

J171s1 OLIiHFOBaHHS Y3TrO/IKEHOCTI BAKOPUCTAHO KOS(ILlIEHT
anpa Kpinmengopda, 3HauCHHS SKOTO BapilOlOTh Bif -1
1o 1, ne 1 o3Hauae moBHY 3roxay, a 0 — BiACYTHICTb 3TOMH.
3aranom, 3a TaHUMHU mabauyi 3, U1 BCIX PECTIOH/ICHTIB
Y3TOIKCHICTh TYMOK € jIysKe ¢i1aokoro (0,063), 110 CBiIIHUTh
PO ICTOTHI pO301KHOCTI Y BU3HAYCHHI MEX CEPEIOBHIIIA.
ToGTo T00aNbHA Mipa y3rofKEHOCTI, 10 BPaxoBY€E BCi
00’€KTH JTOCITIHKEHHS, YCIX SKCIepPTiB i BCi KaTeropii Bif-
TIOBIJIeH ITi]] Yac OIIHIOBAHHS CTa0IBHOCTI pe3yJIbTaTIB, HE
mepetHyna Mexy 0,1. HaliBUIIy y3romKeHicTh BUZHAYCHO
cepex HIIIT (0,381), xoua i 11 ki1acu(ikyroTh sik ciia0ky. Lle
T IKPECITIOE TeTEPOTeHHICTh YSIBJICHb PO iH(OopMaLiiiHy
6e3mnexy y ¢apmareBTuuHii chepi. Tomy, 3Bakarodn Ha
3HAYYIII YaCTOTHI BiMIHHOCTI, IO BCTAHOBJICHI ITiJ[ Yac
3araJTbHOBHOIPKOBOTO OIIHIOBAHHS OUTBIIOCTI Cy0’ €KTIB
(110 akTHYHO HE J1a€ 3MOTU OJIHO3HAYHO BCTAHOBHUTH
HAJIEXKHICTh Cy0’€KTa J0 MEBHOTO CEPEIOBHIIA), a TAKOK
BPaXOBYIOUH 3araibHOBHOIpKOBHH KoedimieHT anbda Kpin-
TieH10pQa, BUPIIININ OLIHUTH PiBEHbD Y3TOMKEHOCTI JYMOK
PECTIOHJICHTIB 11040 Kiacudikarii cy0’ekTiB y miarpymnax
3 HACTYITHUM OOPaHHSM SIK KITacuQikaIiifHoro 6a3ucy Bia-
MOBIJICH THX PECIOH/IEHTIB, koedimienT Kpinnenaopda B
SIKMX Ma€ HaiO1/Ibllle 3HaueHHs. 3a JaHUMHU, 110 HaBCACHI
B mabOauyi 3, HAHOIIbII CUCTEeMaTHYHUMH B OLIIHKAX OysH
HIIIT: mix gac mepeBipku CTabLTBHOCTI pe3yabTraTy Koe-
¢iuient Kpinnennopda nocsras 3HaueHus 0,55 (cepenHe
noropkeHHs ). OTxe, pesynsrarn onntyBanHs HIIIT crann
KJTFOUOBUM KPUTEPIEM ISt ONAITBINOT Kilacudikailii cyo’ ex-
TiB 3a CEPE/IOBUILEM.

OCKIJIbKM OTpUMaHI1 3aralibHi Ta MiATPYTIOBI Pe3yJbTaTH
Y3TOJDKEHOCTI BKa3ylOTh Ha T€TEPOreHHICTh JyMOK PECIIOH-
JIEHTIB, HaJaJ1l BUBYAJIH, 1110 CAMe€ BILIMBAE HA OaueHHs MICILIS
Ha3BaHMX 00 €KTIB y cucTeMi Oe3MekH (BIUIMB COIiaIbHO-
eKOHOMIYHHX (DaKTOpiB: IOCaja, OCBITa TOIIO).

Jlst IepeBipKH TiMOTE3H II0A0 BIUIMBY HA Y3TOIKEHICTh
JYMOK COILIaTbHO-€KOHOMIYHOTO CTaTycCy (haxiBIliB BHKOPH-
CTaHO KPHUTEPIiH >

JList IbOT0 BU3HAYEHO HYJTbOBY Tinmotesy H (po3mosin my-
MOK / piBEHb y3TO/DKEHOCTI HE 3aJISKUTB BiJ] rpynH (axiBLiB
3a COIaTbHO-eKOHOMIYHUM CTaTyTOM (PO3MOILT BHUITAIKO-
BMi1)) Ta anbTepHaTUBHY rinoresy H, (posnoxin sanexuts
BiJ] rpymH (haxiBILiB).

Takox 00paxyBaJH ’ i3 MOMPABKOIO Ha MPaBIONOIOHICTh
Yepe3 HasBHICTh OUiKyBaHHUX YacTOT MEHIIIE HiXK 5 Y TaOMHIIi
CIIPSDKEHHSI, MAJTH pO3Mip BUOIPKH Ta 3HaYHY BapiaTUBHICTh
TaHuX (mabi. 4). 3acToCyBaHH 1€ TOTPaBKH POOUTH TECT
OUTbII HATIMHUM 1 3a0e3Meuye KOPEKTHY 1HTEPIPETALIiio
pe3yIIBTaTIB.

[I{ogo 6iAbMIOCTI CyO’€KTIB BU3HAYCHO 3aJICKHICTH
kiacudikarii BiJf TOCaau Ta JOCBIILYy pOOOTH OIUTYBAHUX,
TOOTO BCTAaHOBWJIU MPO(dECiiiHy Pi3HUIIIO 33 CIIPUHUHATTIM
cy0’exriB. Pax He MaB 3HAYHOTO BIUIMBY Ha Y3TOKEHICTb
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Tabnuus 1. CouianbHo-gemorpadivyHa xapaKkTepucTuka peCcrioHAEeHTIB

Bik [o 25 poki 136
Biz 25 no 34 pokis 42
Bin 35 no 44 pokis 19
Bin 45 no 54 pokis 16
55 pokis i cTaplue 15
lMocapa HaykoBo-negarori4Hui npaLisHUK 39
MeHemxep hapmaLeBTUYHOI KOMMaHii 6
3aBigyBay anTeku 29
dapmavesT 72
AcvCTeHT hapmaLesTa 48
[Hwe 34
Crax pobotu 3a haxom [o 5 pokis 147
5-10 poki 24
11-15 pokis 17
16-20 pokiB 8
MoHag 20 pokiB 32
Cratb KiHoua 207
Yonosiva 21

Tabnuus 2. Posnoainu cyb’exTiB 3a HanNeXHICTIO A0 pisHNx cermerTis IBOC

Jlikapi Ta iHLUMIA MeanYHNA NepcoHan 57,02 % 27,19 % 15,35 %
®apmaLeBTUYHI NpaLiBHUKK 28,95 % 51,32 % 19,30 %
MNavjieHtn 64,91 % 22,81 % 11,84 %
Poawui nauieHTis 60,96 % 26,75 % 11,84 %
[pys3i navjexTis 67,98 % 17,11 % 14,47 %
HIIM 3aknagis ocBiTY hapMaLEBTUYHOIO | MEANYHOTO CPSIMYBaHHS 42,98 % 42,98 % 13,60 %
3po6yBaui hapmaLeBTUYHOI OCBITH 42,11 % 43,42 % 14,04 %
3n06yBavi MeauyHoI oCBiTU 46,49 % 37,72 % 15,35 %
Po3po6Hukm LmdpoBux TexHomorii (isnyHi ocobu) 45,61 % 42,98 % 10,96 %
OpraHisaLji — po3poBHYKM LdPOBUX TEXHOMOTIN 54,39 % 35,53 % 9,65 %
Opranisauii, Lo chopmytoTb i peanisyioTb iHthopmaLiiHo-aHaniTniHe 47,37 % 36,84 % 15,35 %
3abe3neveHHst hapMaLEeBTU4HOI AiSnbHOCTI
3akoHozaBYi opraHu Bnagu 61,84 % 28,95 % 8,77 %
BukoHaBui opraHu Bnagu 66,67 % 23,68 % 9,21 %
MixHapogHi opranisaii (BOO3, OOH, FIP) 57,46 % 23,68 % 18,42 %
3aknagm ocBiT hapmMaLeBTUYHOrO CpsIMYyBaHHS 31,14 % 52,19 % 16,23 %
3aknagn 0XopoHY 300poB’st (KpiM anTevHuX) 34,65 % 51,32 % 13,60 %
dapmaLeBTUYHI NigNpYeMcTBa — BUPOBHWKN 37,28 % 42,54 % 19,74 %
®dapmaLeBTUYHI NignpueMcTBa — aUCTPUG toTopu 39,04 % 36,84 % 23,68 %
AnTeyHi 3aKnagu 32,02 % 35,09 % 32,46 %
HaykoBo-gocniaHi ycTaHoBM dhapmaLeBTU4HOro npodinio 39,47 % 42,54 % 17,54 %
pomapchki opraHisaLii thapMaLeBTU4HOTO CrIpMYBaHHS 32,46 % 52,19 % 14,91 %
pomapchki opraHisalii, L0 OniKyKTbCS MUTaHHAMY OXOPOHU 30O0POB'S 44,30 % 42,98 % 12,28 %
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Tabnuus 3. PesynbraTy OLHIOBaHHS y3romKkeHOCTi AymMok (koediLieHT anbda KpinneHgopda)

Ipyna

PECNOHAEHTIB

KoedinjeHT anbda
Kpinnenpopda

[oBipuni iHTepBan
a=0,05

KoediuieHT anba
Kpinnengopda
(6yTcTpan-aHanis)

Pesynbratn cumynsuii

Yci pecnioHgeHTn 0,063 0,035-0,099 0,063
(n=228)
1000 Bmhw Simulated Results.
HAn 0,381 0,25-0,55 0,385
(n=39)
1000 Bootstrapped Simulated Results
\
ol
1
1
i
N
B
1
MeHemxep 0,055 0,011-0,452 0,182
(n=6)
jwu Bootstrapped Simulated Results
"
|
&
|
"l
1
3asigyBay anTeku 0,037 0,008-0,127 0,059
(n=29)
dapmavest 0,034 0,015-0,081 0,042
(n=72)

1000 Bootstrapped Simulated Results
g

ISSN 2306-8094

AKTyarnbHi nuTaHHs (hapMaLeBTUYHOT | MeANYHOT Hayki Ta npakTuki. 2025. T. 18, Ne2(48) 179



Original research

MpopoBxeHHs Tabnuui 3.

Ipyna

PECNOHAEHTIB

KoediujieHT anbda
Kpinnengopda

[oBipuni iHTepBan
a=0,05

KoediuieHT anba
Kpinnengopda
(6yTcTpan-aHanis)

Pesynbratn cumynsuii

AcuCTeHT 0,036 0,012-0,102 0,048

¢hapmaLieBTa

(n = 48) - jwﬂ Bootstrapped Simulated Results i
[Hwa 0,077 0,032-0,178 0,094

(n=34)

1000 Bootstrapped Simulated Results
am{

0
%!
0]
o
o s 0 s

Ta6nuus 4. OLiHIOBaHHS BNNMBY COLlianbHO-EKOHOMIYHIX XapaKTEPUCTUK PECTIOHAEHTIB Ha Y3roKEHICTb lyMOK 3@ pesyrikTatamu BUKOPUCTaHHS KpuTepito X2

Cy6’ekr

OuiHoBaHHA BNNNBY nocaau OujiHtoBaHHA BNNKBY chaxy OuiHoBaHHsA BNMBY AOCBIAY po6oTy

X X2 i3 nonpaBKoto Ha ¥ i3 nonpaBKoto Ha
npaBgonoAibHicTL npaBAonoAibHicTL

X? i3 nonpaBKoto Ha
npaBAoNoAibHICTL

Jlikapi Ta iHWKiA MeguuHuin | 2= 35,50, G =33,45, X2= 3,53, G=3,75, X2=23,19, G =30,81,
nepcoHarn p =0,00010, p =0,00023, p=0471,df=4, |p=0,440,df=4, |p=0,003,df=8, |p=0,000,df=8,
df=10,a=0,05 df=10,a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
dapmaLieBTYHI NpaLliBHKK | X2= 54,47, X2=45,21, X2=2,74, G =347, X2= 23,67, G=2242,
p=0,000, df =10, |[p=0,000,df=10, |p=0,607,df=4, |[p=0,491,df=4, |p=0,003,df=8, |p=0,004,df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
MNauieHTn ¥2= 16,08, X2=20,33, X2=3,41, G =476, X2=6,63, G =767,
p=0,097,df =10, |p=0,026,df=10, |p=0,493,df=4, |[p=0,313,df=4, |p=0,576,df=8, |p=0,465,df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
Pomyui naujextis ¥2=15,27, ¥2=17,27, ¥2=1,33, G =210, ¥2= 11,36, G =179,
p=0,122,df=10, |[p=0,068, df=10, |p=0,855df=4, |[p=0,716, p=0,182,df=8, |p=0,161,df=8,
a=0,05 a=0,05 a=0,05 df =4, a=0,05 a=0,05
a=0,05
[pya3i nauieHTis ¥2=9,68, ¥2=11,22, X2=4,14, G =4,26, X2= 2,06, G =2,05,
p=0,469,df=10, |p=0,340,df=10, |p=0,387,df=4, |p=0,372,df=4, |p=0,979,df=8, |p=0,979,df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
HIMMN 3aknapjs ocsiTh ¥2=39,31, x2= 37,80, X?=6,19p=0,185, | G=7,480 X2= 32,90, G =30,22,
(hapMaLeBTUYHOTO i p =0,000, df =10, |p=0,000,df=10, |df=4,a=0,05 p=0,099,df=4, |p=0,000,df=8, |[p=0,000,df=8,
MELMNYHOTO CrpSMyBaHHS a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
3n06yBavi hapmaLeBTUuHoi | x2= 35,03, X2= 33,35, X2=3,38, G =3,95, X2= 26,64, G =25,31,
OCBITH p=0,000,df=10, |[p=0,000,df=10, |p=0,496,df=4, |p=0412,df=4, |p=0,001,df=8, |p=0,001,df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
3n06yBavi MeauyHoi ocBiTM | x2= 43,63, x2=52,87, ¥2=1,80, G =2,96, X2= 24,32, G =25,84,
p=0,000,df=10, |[p=0,000,df=10, |p=0,771,df=4, |[p=0,563,df=4, |p=0,002,df=8, |p=0,001,df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
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MpopoBxkeHHs Tabnuui 4.

OuiHIoBaHHA BNNMBY chaxy

OuiHI0BaHHA BNAMBY AOCBigY po6oTu

Cy6’ekr OuIHIOBaHHH BNNMBY NOCaau
X2 i3 nonpaBKolo Ha X2 i3 nonpaBKoio Ha ¥? i3 nonpaeKoio Ha
npaBpAonoAioHiCTb npaBAoNoAioHICTb npaBponoAioHICTb

Po3pobHukm umndpoBmx ¥2=40,29, X2= 41,86, ¥2=5,74, G =6,08, X2=19,27, G=2111,
TEXHONOriN p=0,000,df=10, |p=0,000,df=10, [p=0,219,df=4, |p=0,193,df=4, |[p=0,013,df=8, |p=0,007,df=38,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
OpraHi3aLji-po3po6Hukm ¥2= 39,35, X2=42,23, ¥2= 3,56, G=431, X2= 20,62, G =20,24,
LMHPOBUX TEXHOSOTIlA p=0,000,df=10, |p=0,000,df=10, [p=0,468,df=4, |p=0,366,df=4, |[p=0,008df=8, |[p=0,009, df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
OpraHizauii, o dopmytots | X2= 49,01, X2=45,62, ¥2=2,18, G=259, X2= 23,54, G=21,70,
i peanisytotb p=0,000,df=10, |p=0,000,df=10, [p=0,702,df=4, |p=0,628,df=4, |p=0,003,df=8, |p=0,005 df=8,
iHhopmaLinHo- a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
aHaniTMyHe 3abe3neyeHHs
(hapMaLEeBTU4HOI AisnbHOCTI
3akoHopaeui opranu Bnagn | x2= 16,37, X2=17,22, ¥?=2,63, G =344, X2=17,26, G=17,76,
p=0,089,df=10, |p=0,069,df=10, [p=0,620,df=4, |p=0,487,df=4, |[p=0,509,df=8, |p=0,456,df=38,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
BukoHaBui opraHu Bnagy ¥2=9,74, ¥2=10,52, ¥2=3,03, G =4,95, X2=17,57, G =8,15,
p=0,463,df=10, |p=0,396,df=10, |p=0,552,df=4, |p=0,292,df=4, |[p=0483,df=8 |p=0,419df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
MixHapogHi opraHisauyji ¥2=14,31, X2= 16,18, ¥?=5,79, G =594, X2= 23,08, G=27,52,
(BOO3, OCH, FIP) p=0,159,df=10, |p=0,095df=10, [p=0,215,df=4, |p=0,204,df=4, |[p=0,003,df=8, |p=0,000,df=S8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
3aknaay ocBiTn ¥2=52,50, X2 = 52,56, ¥2=1,77, G =253, X2= 46,43, G =47,74,
hapmaLeBT1YHOrO p=0,000,df=10, |p=0,000,df=10, [p=0,777,df=4, |p=0,639,df=4, |[p=0,000,df=8, |p=0,000,df=38,
CrpsIMyBaHHs! a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
3aKraay OXopoHu 30opoB’'s | X2= 44,78, X2= 54,40, ¥°= 8,37, G=777,p=0/1 X2= 8,67, G =9,23,
(kpim anTek) p=0,000,df=10, |p=0,000,df=10, [p=0,079,df=4, |df=4,a=0,05 p=0,370,df=8, |p=0,323,df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
dapmaveBTUYHI ¥2=21,55, X2=19,52, ¥2=1,44, G=222, X2=21,92, G =22,78,
nignpuemcTsa — BUpobHukn | p = 0,018, df =10, |[p=0,034,df=10, |p=0,837,df=4, |[p=0,695df=4, |p=0,005df=8, |p=0,004,df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
dapmaLeBTUyHi ¥2= 20,66, X2= 21,56, ¥2=2,37, G=3,12, X2= 22,85, G =26,95,
nignpueMcTsa — p=0,024,df=10, |p=0,017,df=10, [p=0,667,df=4, |p=0,538,df=4, |[p=0,004,df=8, |[p=0,001,df=8,
AvcTpuG'toTopy a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
AnTeyHi 3aknaan ¥2=17,94, X2= 18,66, ¥2=2,79, G=3,17, X2= 14,62, G =18,68,
p=0,056,df =10, |p=0,045df=10, [p=0,593,df=4, |p=0529,df=4, |[p=0,067,df=8, |p=0,017,df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
HaykoBo-gocnigHi yctaHoBu | x%= 46,05, X2= 44,68, ¥2= 3,08, G =3,64, X2= 27,93, G=25,74
¢hapmaveBTryHoro npodinto | p = 0,000, df =10, |p=0,000,df=10, [p=0,543,df=4, |p=0456,df=4, |p=0,003,df=8, |[p=0,001,df=8,
a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
pomagcbki opraHisauii ¥2=29,93, X2 = 32,40, ¥2=2,37, G = 3,66, X2= 8,53, G=7,46,
thapmaLeBT1YHOrO p=0,000,df=10, |p=0,000,df=10, [p=0,667,df=4, |p=0,454,df=4, |[p=0,383,df=8, |p=0,487,df=8,
CnpsiMyBaHHs a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05
poMapchki opraHisallii, ¥2=29,15, x2= 30,47, ¥2=1,76, G=241, X2= 38,24, G=41,18,
Lo onikyroTbCs MUTaHHsMK | p = 0,000, df =10, |p=0,000,df=10, (p=0,779,df=4, |[p=0,660,df=4, |p=0,000,df=8, |p=0,000,df=38,
OXOPOHY 30POB’SA a=0,05 a=0,05 a=0,05 a=0,05 a=0,05 a=0,05

IIYMOK Y BCiX Tpymnax ormuTaHux. OTKe, COIiaabHO-eKOHO-
MivHI (pakTOpH, SK-OT MOcana i T0CBim, (GOPMYIOTH pi3Hi
TorIsiiM Ha iHdopMaliiiny Oesneky y (apmaneBTHUHIH
coepi. st cy6’€exTiB, y SKUX )}’ BHSIBHUBCS CTATHCTHIHO
HE3HAYYIIUM, MOKHA BBaXKATH, 1110 Kiacudikailis cyd’ekra

Jnst ocraTognoi Kitacuikarii cy0’ €KTiB 3a IXHBOIO HaJIeXK-
HICTIO JI0 CEPEIOBHINA YKIIAACHO maodnuyio 5, 1o IPYHTY€Th-
CsI Ha CYKYITHOCTI JTAaHUX, STKi BKITFOYAIOTh 3aralibHi BiICOTKOB1
O30T yMOK PECTIOH/ICHTIB, OL[IHIOBAHHS CTIHKOCTI KITa-
cuikarii 3 ypaxyBaHHSIM COLaIbHO-EKOHOMIYHHUX XapaKTe-
PHCTHK PECTIOHICHTIB (32 TPHOMA TOATKOBAMH KPHTEPIsIMH )
Ta BiIcOTKOBI po3noainu gymok HITIT, asist sikux BU3HaueHO
HaWBHIINH piBeHb y3ro/pkeHocTi. OTke, y TaOIuIli HaBEeAECHO

€ CTIHKOFO 3-ITOMIK CTICIIIaJTiCTiB, III0 MOXKE ITiATBEPIKYBaTH
1l 00’ ekTHBHICTB. TOOTO 00’ €KT AIMCHO JIOTIYHO 1 IPABUIIBHO
BU3HAYCHO JIO NICBHOT KAaTEropii 4u cepeIOBHUILA.
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Tabnuus 5. Octatounuii poanogin cy6'exTiB IBPC 3a pesynbratamu ONMUTYBaHHS Ta OLHIOBAHHS! CTINKOCTI knacudikawii

Cy6’ekT cepegoBmILa KnacudikoBaHo CrinkicTb CrinkicTb CrinkicTb KnacudikoBaHo
[0 cepenoBumLla knacudikauii Knacudikauii Knacudikauii [0 cepeaoBuLa
3a pesynbraTtamu cy6’ekTa 3a cy6’ekTa 3a cy6’ekTa 3a 3a pesynbraTamu
3aranbHUX pe3ynsratamu pe3ynsratamu pe3ynsratamu ouiHok HIM
BiACOTKOBMX OLIIHOK | OLiiHOBaHHSA OLliHIOBaHHSA OLliHIOBaHHSA
PECNOHAEHTIB KpuTepito X2 KpuTepito X2 KpuTepito

3anexHo Bif Nocaau | 3anexHo Bif haxy | x* 3anexHo

pecnoHgeHTa pecnoHfeHTa Big Aocsigy

(Tak/-) (Tak/-) pecnoHgeHTa
(Tak/-)

Jlikapi Ta iHLUMIA MeanYHNA NepcoHan 30BHiLLHE - Tak - 30BHiLLHE
cepenoByLLe cepenosuLLe

dapmaLeBTUYHI NpaLliBHUKN BHyTpiluHE - Tak - BHyTpiluHE
cepefosuLLe cepefosuLLe

MNavieHtn 30BHilLHE Tak Tak Tak 30BHilLHE
cepenosuLLe cepefosuLe

Poaudi nauieHTis 30BHilLHE Tak Tak Tak 30BHiLLHE
cepefosuLLe cepefosuLe

[pya3i navjieHTis 30BHiLLHE Tak Tak Tak 30BHiLLHE
cepenoByLLe cepefosyLe

HIMM 3aknagis ocBiTH 30BHiLLHE - Tak - BHyTpilHe

thapmaLieBTUYHOTO | MEANYHOrO cepefoByLLe cepefosyLLe

CrpsiMyBaHHs!

3p06yBavi dhapmaLieBTU4HOI OCBITH BHyTpiluHE - Tak - BHyTpiluHE
cepenosuLLe cepefosuLe

3p06yBavi MeguyHoI oCBiTU 30BHilLHE - Tak - 30BHilLHE
cepefosuLe cepefosuLe

Po3po6Hukm LmdpoBmMx TEXHOMOTIN 30BHiLLHE - Tak - 30BHiLLHE

(dhianyi ocobm) cepenosyLLe cepenosuLe

OpraHisaLji — po3pobHuKY UdpoBrX | 30BHILLHE - Tak - 30BHiLLHE

TexXHomorin cepeqosyLLe cepeosyLLe

OpraHizauii, Lo dopmyrTh 30BHiLLHE - Tak - BHyTpiHe

i peanisytoTb iHhopMmaLliiHo-aHaniTU4He | cepenoBuLLE cepenosyLLe

3abesneyeHHs hapmMaLeBTUYHOI

JisnbHOCTI

3akoHozaBYi OpraHu Bnagu 30BHiLLHE Tak Tak Tak 30BHiLLHE
cepefosuLLe cepefosyLLe

BvikoHaBui opranv Bnagu 30BHiLLHE Tak Tak Tak 30BHiLLHE
cepenoByLLe cepefosyLLe

MixHapogHi opraHisauii 30BHiLLHE Tak Tak - 30BHiLLHE

(BOOS, OCH, FIP) cepenosuLLe cepefosyLLe

3aknagm ocBiTV hapMaLeBTUYHOrO BHyTpiluHe - Tak - BHyTpiHe

CrpsiMyBaHHs! cepenoByLLe cepefosyLLe

3aknazu 0xopoHy 300poB’s (Kpim BHyTpiluHE - Tak Tak 30BHiLLHE

anTeyHuX 3aknagis) cepeosyLLe cepeosyLLe
dapmaLeBTUYHI nignpyemcTea — BHyTpiuHe - Tak - BHyTpiHe

BUPOBHMKM cepenoByLLe cepefosuLLe

®apmaLeBTUYHI nignpremcTaa — 30BHiLLHE - Tak - BHyTpilHe

[mcTpub'toTopm cepefoBuLLe cepefosyLLe

AnTeuHi 3aknagu BHyTpiluHe Tak Tak Tak BHyTpiHe
cepenosyLLe cepenosyLe

HaykoBo-gocnigHi yctaHoBu BHyTpiluHE - Tak - BHyTpiluHE

thapmaLeBTUYHOrO Npoddino cepenosuLLe cepefosyLLe

pomapachbki opranisauii BHyTpiluHe - Tak Tak ByTpiHe
thapmaLeBTUYHOTO CNPSIMYBaHHS! cepenoByLLe cepefosyLLe
pomapchki opraisalii, Lo onikylTbes | 30BHILLHE - Tak - 30BHiLLHE

MUTaHHAMU OXOPOHYU 30POB'S cepenoBiLLe cepefosyLe
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OpueiHaribHi 0oCidxeHHs!

3aknaau

OXOPOHM 30POB'S
(kpiM @anTeyHmx)

MixHapogHi
opraHisavji

Jikapi Ta iHwwui
MeANYHUIA NepcoHan

[ )

(BOO3, OOH, FIP)

AnTeuHi 3aknagm

3po6yBavi
¢hapmaLLeBTNYHOI OCBITH

\I

dapmaLeBTUYHI
npaLiBHUKK

)

BuvikoHaBui
opraHu Bnagu

3akoHoaaBui
opraHu Brnagu

HIMM 3aknaais ocBiTM
chapmaLEeBTUYHOrO
i MeyyYHOro CnpsiMyBaHHs!

|

. . e )
pomapcbki opraHisaii
(hapmaLEeBTUYHOIO
CrpsIMyBaHHs

OpraHi3auii, wo gopmytoTb
i peanisytoTb iHhopMaLinHo-
aHaniTM4He 3abe3neyeHHs

(hapMaLEBTUYHOI AiSNbHOCTI

OpraHisauii —
PO3POBHUKM

LmMchpoBMX
TEXHOMOTIN

-

dapmaueBTUYHI nignpremcTea —
ancTpub’toTopu

-

.

dapmaueBTMYHI nignpuemcTea —
BUPOBHUKM

-

g

Poau
nauieHTis
3aknaay ocBiTU

ﬂPy3i )
(hapMaLeBTUYHOrO CrPSIMYBaHHS nauleHTIB

HaykoBo-gocnigHi
yCTaHOBU
hapmaLeBTUYHOTO
npodinto

3pobyBaui
MeanyHoi ocBITU

Po3pobHuku
LIMEPOBMX TEXHOMOTIN
(chisnuHi ocobu)

pomapcbki opraHisaii,
LLIO OMiKYKOTBCS MUTAHHAMM
OXOPOHY 300POB'st

BHyTpiluHe cepenoBuLLe |

| 30BHiLLHE cepesoByLLE

Puc. 2. CxematnyHa mogens IBOC (BnacHa po3pobka),

KOHCOJTIZIOBAHY TIO3HIIIO 100 MICIST KOXKHOTO Cy0’ €KTa y
BHYTpimHi# abo 30BHimHIK cTpykTypi IBOC, BpaxoByroun
CTaTHCTHYHY 3HAYYIIICTh i CTIHKICTh KJIacH(iKallii B KOXKHIN
rpymi pecrionieHTiB. Cy0’€KTH, 0710 SIKUX OLTBIIICTB pec-
TIOH/ICHTIB BUCJIOBHJIN OJJHO3HAYHY [TO3MIIiI0, KJIacu(iKoBaHi
IO BIJIOBIAHOTO CepemoBHia 0e3 3MiH. SIKIO BUSBICHO
Ppo30LKHOCTI, KITacudikarito o0rpyHToByBaH Aymkoro HITIT.

O6roBopeHHs

BpaxoByioun pe3ysbTaTH J0CTiIKEHHS, TPOEKTYBAHHS
(puc. 2) 30BHIIHBOTO Ta BHYTpimHboro cermenta IbdC
311MCHIOBAJIN TAK:

— IUISL €JIEMEHTIB-Cy0’ €KTIB, 100 SIKUX BIAMOBIAI pec-
MOHEHTIB BUABUINCS CTIMKAMH O COIIAILHO-EKOHO-
MigHUX ocoOnuBocTel (3 13 3 MOKa3HMKIB CTIHKOCTI abo
2 i3 3 MOKa3HUKIB CTIMKOCTI), a TAKOX 3arajbHOBHOIpKOBa
kiacudikaiis y3ropkysaiacs 3 kiaacudikamiero HITIT,
MIPUIMAITH SIK «OTHOTOJIOCHOY Ta BHOCHIJIH JI0 BI/ITIOBIJIHOTO
cermenta IbOC;

— TSI BCIX 1HIMX Cy0’€KTiB 00paHO pe3ylbTaTH KIacH-
¢ixarii HIIIT.

Sk 3aranbHI IPUHIKIH (HOPMYBAHHS KJIFOUOBHX CY0’ €K-
TiB BHYTpPIMIHBOTO 1 30BHIMHBOTO cepenosuimna [bOC
BU3HAYEHO:

— po3moniT Ha OCHOBI B3aemoii Ta BIumBy — [bOC kia-
CU(]IKYIOTh y BHYTPIIIHE Ta 30BHILIHE CEPEJIOBHIIE IS
PO3MeKyBaHHS Cy0’€KTIB, IO OE3MOCepeHBO 3AITyUCHI 10
(hapMarneBTUYHOI JiSTIBHOCTI, Ta THX, XTO BIUIMBA€ Ha Hel
330BHI;

— BpaxyBaHHS y3rOJPKEHOCTI JIyMOK — (hopMyBaHHS cepe-
JIOBHUILA BPAXOBYE TYMKH MPEJICTABHUKIB (hapMareBTHIHOT
CIUIBHOTHU LIOJI0 HAJIKHOCTI PI3HUX CYO’€KTIB JI0 Pi3HUX
CErMEHTIB;

— BU3HAUCHHS KJTFOUOBHX Cy0 €KTIB, 0 (hopmyroTh IBDC,
Ta IXHBOI podIi B 3a0e3nedeHHi iHdopmariitHoi 6e3nexn. Bay-
TPIIIHE CEPEIOBUILE BKIIIOUAE Cy0 €KTH, 110 Oe3110CepeIHbO
3IICHIOIOTE (papMaIleBTHYHY JisUTHHICTD 1 320€31euyIoTh ii
(dyHKIIOHYBaHHS: (papMalleBTHYHKX IPAlliBHUKIB, alTEeYHI
3aKiIany, papMareBTUYHI MiIIPUEMCTBA (BUPOOHUKH Ta
JIMCTPHO TOTOPH), 3aKJIaN OCBITH (papMalleBTHIHOTO CIIPsi-
MyBaHHS, HayKOBO-IOCTIi/IHI YCTAaHOBH (PapMaIieBTHYIHOTO
nipohinnto, rpoMajIChKi opraHizanii ()apManeBTHYHOTO CIIpsi-
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MyBaHHS, pO3POOHUKIB H(POBUX TeXHONMOTIH (piznmaHmX
0ci0), oprasizaitii, o GOpPMYIOTB i peati3yroTh iHpOpMaIii-
HO-aHAITHYHE 3a0e3redeHHs (hapMareBTUIHOI TisITBHOCTI,
3700yBadiB (hapMaIleBTUYHOT OCBITH. 30BHIIITHE CEPEIOBHUIIEC
OXOILTIOE Cy0’€KTH, IO HE € YaCTHHOIO (papMarleBTUIHOL
oprasizariii, ajie BIUIMBAIOTh Ha 1i AisUIbHICTB, iH(OpMariiiHi
TIPOLIECH Ta SKICTh (PYHKITIOHYBaHHS CHCTEMH (Y TOMY YHCITi
HaJlaHHs (papMaleBTHYHOI JOIOMOTH): MALiEHTIB, JIiKapiB
Ta HIINHA MEANYHUH MEepCOHAI, 3aKJIad OXOPOHH 3710POB’s
(KpiM anTeyHuX), 3aKOHOJIaBYl Ta BUKOHABYI OPraHy BJIajiu,
MbkHaposHi opranizanii (BOO3, OOH, FIP), pomudis i apy3iB
Tali€eHTIB, OpraHizamii — po3poOHUKH IM(PPOBHUX TEXHOJIOTIH,
37100yBadiB MEIUYHOI OCBITH, TPOMAJICHKI OpraHizarii, mo
OMIKYIOTHCSI IMTAHHSIMH OXOPOHH 3/I0POB’S.

Y pesynbTari 10CiKeHHs] BCTAHOBJICHO ICTOTHY TeTepo-
TeHHICTh TIONIS/IIB MPEACTABHUKIB (DapMaleBTUIHOT CIIiJTb-
HoTH oA0 Bu3HaueHHs Mexx [BC ®@O. Harnpukiazn, Hemae
€JIMHOI JTyMKH TPO T€, Y1 BKJIFOYATH JI0 [[bOTO CEPEeIOBHUIIA
TIaIi€enTiB, JiKapiB, IT-po3poOHUKIB, PeryiIsaTOpHi OpraHu
TOWIO 1 B AKIA pomi (BHYTPIIIHI YU 30BHINIHI Cy0’ €KTH).
Le cBimuuTH PO HEJOCTATHIO CPOPMOBAHICTH CHUIHLHOTO
PO3YMIHHS KIIFOYOBHX T'paBLiB (Cy0’€KTiB), IXHBOI pOIIi B
cucteMi iH(popMmariitHoi 6e3nekn dapmarii, 1110 € KPUTHIHO
BaKJIMBIM T epeKTHBHOTO (hyHKIIoHYBaHHSI PO B yMOBax
nudpooi Tpanchopmarii.

[NopiBHIOIOUN PE3YIBTATH LBOTO JTOCITIKEHHS 3 TAHUMHI
MOTICPE/THIX, 1110 3IHCHEHI B YKpaiHi, 3ayBaKHMO: TIPOOIEeMy
Ib y (apmarneBTHIHOMY CEKTOpPi BHCBITICHO TMEPEIyCiM Y
KOHTEKCTI 3arajibHIX BUKIIMKIB HU(POBOI TpaHchopmaril
CHCTEMH OXOPOHH 370pOB’s. 30KpeMa, aKIEHTOBAaHO Ha
pH3HKax, NOB’s3aHMX 13 BIPOBA/KEHHSIM EJIEKTPOHHUX pe-
LIEMNTIB, TEIEMEIMIINHN Ta OHJIAHH-TUIAT(OPM, 10 KOPEITIOE
3 BHCHOBKaMHM L[bOTO JOCHIJKEHHS I0J0 HEOOXITHOCTI
4iTKOro Bu3Ha4eHHs cy0’ekTiB IbC B yMOBax po3mmpeHHs
U(poBHUX KaHAIIIB B3a€MOIil.

OpnHak, Ha BiIMiHY BiJ] 3araJIbHAX OTJISIIB, I1€ JOCIiKCH-
HS c(pOKyCOBaHO Ha PO3OIKHOCTSX Y COPUHHATTI Cy0’ €KTiB
IBC pizanmu rpynamu (apManeBTHIHUX (axiBIiB, BHUSB-
JISIFOYM BIUIMB iXHBOI TTOCAAH Ta JOCBily POOOTH Ha ysB-
nenHst. Lle € BaXXIIMBUM BHECKOM Yy PO3YMIHHS BHYTPIIIHIX
YrHHUKIB, O (popmytors IBC PO B Yipaini. Kpim Toro,
TIO/IT HAa BHYTPILIHE Ta 30BHIIIHE CEPEIOBHUILA € IIEBHUM
CTIPOIIEHHSIM CKJIaIJHOI CHCTEMH B3a€MOIIi MK Cy0’ €KTaMi
(bapMaleBTHYHOT AiSUTBHOCTI, 110 MOYKE TIPU3BECTH JI0 BTPaTH
BaKJIMBHX HIOAHCIB 1 3B’ 3KiB.

AHai3yroul MDKHAPOAHUN TOCBIA, MiJICYMYyBaJId, IO
nuransst 1b y ¢apmanii po3mianaoTs y MHUPOKOMY KOH-
TEKCTI 3aXMCTy TepcoHaNbHUX AaHux nauieHtiB (GDPR) i
3a0e3neueHHs KibepOe3rnekn KPpUTHIHOI iHPPACTPYKTYPH.
JlocmikeHHsT 4acTo HaroJoIyloTh Ha HEOOX1THOCTI iHTe-
rpauii cucteMm b y Bci acriekTr (hapMarieBTH9HO1 AiSUTHHOCTI,
BKJIFOYAF0YH BUPOOHHUIITBO, TUCTPUOYIIIFO Ta Bi Ty CK JIiKap-
chKuX 3aco0iB [15,17,18].

B Vkpaini Gokyc MOKH 1110 3MIIIECHUI Ha eTal po3apioHOT
peaizamii Ta nuGpoBUX MmIAT(HOPM, 10 MOXKE OyTH OB’ sI-
3aHO 3 OUIBIII AKTHBHUM BITPOBaKeHHsIM e-Health cepsicis
camMe Ha I[bOMY PiBHI.

OpHak pe3yabTaTd JOCTIHKEHHS IMiIKPECIIOI0Th He0O0-
xigHicTh BKJItOUeHHS 70 IBC mmpimoro xona cy0’ekTiB:
BUpPOOHUKIB, qucTpu6 toTopis, HIII i po3poOHuKIB M-
poBux TexHoJOTIH. Lle BinmoBigae TeHACHITISIM TTPOBIIHNX
€BPOICHCHKUX JTOCIIIKCHb.

BucHoBKkuM

1. BcTaHOBIEHO 3HAYHY TETEPOTCHHICTH MOTISIIB
NPE/ICTABHUKIB BITUU3HIHOI (papMalleBTHYHOI CIIUIbHOTH
[0/I0 BU3HAYCHHS MEXK Ta 0cHOBHUX cy0’ektiB IBOC. 1le
CBIIUUTH TPO JOIIIBHICTh Y3TOMKCHHS ITiIXOIIB A0 PO-
3yMIHHSI KIIFOUOBHX €JIEMEHTIB CUCTEMH iH(pOpMaIiitHoT
Oe3rexu. BinxMiHHOCTI, 1110 HUHI €, MOXYTh IPU3BOAUTH
JI0 HEY3TOLKEHOCT] B MOJITHKAX 1 MpaKTHKaxX iHpopMa-
niffHOi Oe3mexw, 3HIKYIoUH i edekTuBHICTE. Tomy Bax-
JIMBO PO3POOUTH YiTKi BU3HAYCHHS T4 HACTAHOBH, 11100 yCi
cy0’ekTH (papMareBTUIHOI TisTTFHOCTI OTHAKOBO BH3HAYAIIH
TOHATTSA PO iH(opMaIiiiHO-0e3meKoBe (hapMaleBTHIHE
CepeloBHILE.

2. Ha xnacudikanito cy6’exTiB iHpopManiino-oe3-
TIEKOBOTO CepeqoBHINa (apMaIleBTHUYHUX OpTraHi3amiit
BILUIMBAIOTh COI[IaJIbHO-CKOHOMIYHI (pakTopu (mocana,
JocBia podoTn). Le minTBep/ukye BaXIMBICTh BpaxyBaHHS
mpodeciftHIX BiIMIHHOCTEH i/ 9ac po3pOOKH CcTpaTeriit
yrpasiiHHS iH(GOPMALIiFHOO Oe31eKk0r0. MOKIMBO, TOTPIO-
Hi pi3HI MIXOIU IO HAaBUAHHSI Ta IMiIBUIICHHS 0013HAHOCTI
mpo iHdopMariifHy Oe3reKy A pi3HUX rpyn Qapmare-
BTHYHUX (haxiBIIiB.

3. Jlocnimkenns iH(opMaIliiiHO-0e3IEKOBOrO CepeIOBHU-
ma (apMaleBTUYHUX OpraHizamiii B YKpaiHi moTpeOyroTh
PO3LIMPEHHS NEPCHEKTHBY, BPAXOBYIOUH MIKHAPOIHUI
JIOCBIJI: TOCHI/pKeHHsI iH(popMaliiiHoi Oe3nekn y gapmarii
YacTo 30Cepe/KeH] Ha po3/piOHIN TOpPriBii Ta HUPPOBUX
mwiaTgopMax, SK-0T OHJIAiH-anTekd. [IpoTe KoMIUTeKCHUH
MIJIX1]1 JACTh 3MOTY TOYHIIIIE OI[IHUTH PU3UKH Ta PO3POOHUTH
e(eKTHBHI cTparerii 3axucTy (apManeBTUIHOI iHpopMarii
1 Uit (hapMareBTUYIHOTO CEKTOpa 30KpeMa, 1 I OXOPOHH
3II0POB’ ST 3aTrajioM.

[lepcnekTHBH mojanbINX gocaimkenb. HactynHi gocoi-
JDKEHHSI MOXKYTh OyTH CHPSIMOBaHI Ha BU3HAYEHHS KITIOUO-
Bux 00’ekTiB IBOC i po3pobieHHs Monmenelt yrnpaBiIiHHSA
iHdopmariiiHoi 6e3nekn y papMaleBTHYHNX OpraHi3alisx,
BpPaxoBYIOUH BCTAHOBJIEHI PO301KHOCTI y CHPHHHSTTI
Cy0’€KTiB, a TAKOXK Ha aJaNTaIlil0 €BPOIIEHCHKOTO OCBITY
JI0 YKpalHChKUX peajiid.

®iHaHCcyBaHHA
[ocnimkeHHs 3giicHeHo 6e3 diHaHCOBOI NATPUMKM.

Mopsika

ABTOpPU CTaTTi BUCMOBMIOKTL BASAYHICTE 36pOiHAM cunam Ykpaitu

3a MOXITVBICTb MpaLoBaTy, 3AINCHIOBATW JOCHIMKEHHS Ta nybnikyBaTy
iXHi pe3ynbraty.
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OpwriHanbHi gocnigxeHHs “ Original research

OuiHtoBaHHA poni Ta yyacTi hapmaueBTUYHUX MpauiBHUKIB
y HagaHHi naniaTMBHOI AONOMOrK

O. I. MaHaceHko@ACF A, C. louyna@PE T, M. 3apiyna®8C, T. C. bputaHoBa2BCcP

3anopisbkuil AepxaBHUI Meayko-hapMaLeBTUYHUI yHIBEpCUTET, YkpaiHa

A — koHLUenuis Ta gu3aiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauis aaHux; D — HanucaHHs ctatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepKEHHA CTaTTi

MeTa po60TH — BUBYEHHS NOMSAAIB (hapMaLeBTUYHUX NPALIBHYKIB LLOAO iXHbOTO MiCLs Ta Pofi Y HaZaHHi naniaTMBHOI 4ONOMOTM NavieHTam
i3 TAXKKMMU aB0 HEBWITIKOBHUMM 3aXBOPHOBAHHSIMM.

Marepianu i metogun. Matepian ana fOCnimKeHHs — pe3ynbTaTii OHNanH-aHKeTyBaHHsA hapMaLleBTUYHNX NPaLIBHUKIB PI3HUX anTeyHnX
3aknagis, Lo 3aiicHeHe 3 BukopuctaHHsm Google Forms. Mig yac onpautoBaHHs pesynsTaTiB 3acTocyBanu CoLionoriYHui, CUCTEMHO-
aHaniTMYHUIA, MaTeMaTUKO-CTaTUCTUYHWUIA METOAM Ta METOZ, NOPIBHANBHOIO aHanidy. 3aranom npoaxaniaysanu 51 aHkery.

Pesynkratn. AHani3 nokasas, Wwo nuwwe 8,1 % tapmaueBTUYHKX NpaLiBHUKIB perynsapHo, a 24,3 % enizoguMyHo onpauboByoTb 3anuTu
OO0 HafaHHA nopapj i3 naniatmeBHOro nikyBaHHs. BogHouac 70,3 % pecnoHAeHTiB BU3HaNK, WO MakoTb HeJOCTaTHIl piBeHb 0bi3Ha-
HOCTI LWOAO HapaHHs naniatueHoi fonomoru. MNpy LbOMy BUHWKAKOTb Taki TPYAHOLL: BiACYTHICTb NPOTOKOMIB i3 HAAAHHS NaniaTuBHOI
ZJ0nomory, HegocTaTHs 0Bi3HaHICTb LOAO CMiNkyBaHHS 3 ManiaTMBHMMM NalieHTaMu Ta YneHamu ixHix ciMen, oOMeXeHicTb y HaaaHi
MeaVKaMeHTOo3Hoi fonomor. Jluwe 2,7 % onuTaHux oTpumyBanu iHopmauiio 3 Liei TeMaTvku nig vac crnewianizoBaHux TpeHiHris. Mig
4ac KOHCYNbTYBaHHS naniaTMBHKUX nauieHTis 78,4 % npauiBHUKIB HagaBany pekoMeHaaLii Woao [03yBaHHS Ta PeXUMY NPUAMaHHS NikiB.
CBoto roTOBHICTb A0 POBOTM 3 NaniaTMBHUMY NaLieHTaMu Ha cepegHboMy piBHi ouiHMK 51,4 % yyacHukiB onuTyBaHHS. 3rigHoO 3 pesynb-
TaTamu onuTyBaHHs, 86,5 % onuTaHux BBaXakTb ponb hapmaleBTa AOAATKOBOK, XO4a 1 BaXJIMBOK B CUCTEMI HaAaHHS nasniaTUBHOI
[I0MOMOTH.

BucHoBku. PapmaLeBTYHI NpaLiBHVKY BU3HAKTL CBOK POIb Y NaniaT!BHil JONOMO3i BaXKIMBOH), ae KPUAWYHO HeLOCTaTHLO BU3HAYEHOI.
Cepep 0CHOBHYIX MPOBNeM, LLIO BU3Ha4atoTb hapMaLieBTUYHI NpaLiBHKKY Nig Yac poboTy i3 naniaTMUBHUM XBOPUMM, — BiACYTHICTb MPOTOKONIB,
06MexeHiCTb MeaMKaMeHTO3HOT NIATPUMKM Ta HeLLOCKOHaNa MiAroToBKa A0 KOMYHikawii 3 nauieHTaMu Ta iXHiMW poauHamu. Yo0CKoHaneHHs!
3aKOHOAABYOrO PErynioBaHHs pori hapmaLeBTiB, OpraHi3aLisi cnewianiaoBaHUX HaB4aNbHUX NPOrpam, PO3LLUMPEHHS 3aCTOCYBaHHS TeNemMe-
AUUMHY Ta Tenedapmalii, a TakoX NOKpaLLeHHs 3abe3neveHHs nikamm MOXyTb 3HaYHO NOCUITTY €OEKTUBHICTb hapMaLeBTIB y naniaTuBHii
Z0MNoMO3i.

KntoyoBi cnosa: naniatBHa gonomora, posb hapmaleBTa, hapmaLleBTUyHa eTuka.

AKTyanbHi nUTaHHA hapmaLeBTUYHOI | MeguYHoOI Hayku Ta npakTuku. 2025. T. 18, Ne 2(48). C. 186-192

Assessment of the role and participation of pharmacists in the provision of palliative care
O. I. Panasenko, A. S. Hotsulia, T. P. Zarichna, T. S. Brytanova

The aim of the study was to investigate the position of pharmacists regarding their place and role in providing palliative care to patients
with serious or terminal illnesses.

Materials and methods. The data from a survey of pharmacists from various pharmacies conducted through an online survey in Google
Forms were used for the analysis. The results were processed using sociological, systematic and analytical, mathematical and statistical
methods and the method of comparative analysis. A total of 51 questionnaires were processed.

Results. The analysis showed that only 8.1 % of pharmacists regularly, and 24.3 % occasionally, face requests for advice on palliative care.
At the same time, 70.3 % of respondents admitted that they have insufficient awareness of palliative care. There are certain difficulties:
lack of protocols for palliative care, insufficient awareness of communication with palliative patients and their families, limited medical
care. Only 2.7 % of respondents received information on this topic during specialized trainings. When counseling palliative care patients,
78.4 % of employees provided recommendations on the dosage and regimen of medications. Their readiness to work with palliative care
patients was assessed as average by 51.4 % of the survey participants. It was found that 86.5 % of respondents consider the role of a
pharmacist to be additional but important in the palliative care system, while legally insufficiently defined.
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Conclusions. Pharmacists recognize their role in palliative care as important, but legally insufficiently defined. The main problems include
the lack of protocols, limited medication support, and imperfect preparation for communication with patients and their families. Improving
the legislative regulation of the role of pharmacists, organizing specialized training programs, expanding the use of telemedicine and
telepharmacy, and improving the supply of medicines can significantly increase the effectiveness of pharmacists in palliative care.

Keywords: palliative care, role of pharmacist, pharmaceutical ethics.
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[NamiaTuBHA JOTIOMOTA € HEBIJI' €EMHOFO CKJIAJIOBOO Cy4acHOI
CHCTEMH OXOPOHH 3/10pOB’sl, 1110 CIIPSIMOBaHA Ha IOJICTIICHHS
CTaHy MAIi€HTIB i3 HEBHJIIKOBHUMH XBOpOOaMH Ta MOKpa-
LIEHHS SKOCTI IXHBOTO YKUTTSL.

3a BU3HauCHHSAM BcecBITHBOI OpraHisallii 0XOpOHH 370~
POB’sl, majliaTMBHA JIOTIOMOTa — 1€ HU3Ka KOMIUICKCHUX 1
CHCTEMHHX 3aXOJIiB, METa SIKUX IOJISIrae B TOMY, 11100 Mak-
CHMAaJIbHO 3a0€3IEUUTH SIKICTh KHUTTSl HEBHITIKOBHO XBOPHX
Ta iXHiX pigauX. Lleil KoMIUIeKC 3ax0/iB Mependavae paHHe
BUSIBJICHHSI 1 TOYHY JIarHOCTHKY MPUYHH OOJIIO Ta ITOPYIIEeHb
(YHKIIH pI3HUX CUCTEM OpraHiB, IPU3HAYEHHs HEOOXIAHOTO
JIKyBaHHSI, CAMIITOMATHYHY TEpPaIlito, HAISKHUH OIS, a
TaKOX HaJaHHS COIIANILHOI, ICUXOIOTTYHOI, MOPAIBHOT Ta
IyXOBHOI mATPUMKH [ 1]. YV pamMKax maniaTHBHOT JOTIOMOTH
TIAII€HTH 3 HeBIJIIKOBHUMHE XBOpOoOaMH Ta IXHi piHI MatOTh
IIpaBO Ha OTPUMAHHS HEOOXiTHUX JTIKapChKUX 3ac00iB [2].

3a pimenHsaM komiteTry OOH 3 eKOHOMIYHHX, COIIaTBHAX
1 KyIIBTYpHUX TIpaB, JAepKaBH 3000B’s13aH1 3a0€3MEINUTH J0-
TPUMAHHSI [IPaBa JIOIMHI HA OXOPOHY 310POB’sI, TApaHTYIOUN
JUTS BCIX PIBHUH TOCTYTI 10 PO ITAKTHYHIX, TIKYBaJIbHHUX 1
namiatuBHEX ociyT [3]. Croromni B YKpaiHi mpaBo XBOPHX
Ha KOMIUIEKCHY [TaJIiaTUBHY JOTIOMOTY Ha JIep>KaBHOMY PiBHI
3a0e3IeueHo HeIOCTaTHRO. [ BUpIICHHS 11i€i pooIeMu
HEOOXiTHO BKUTU TCPMIiHOBUX 3aXOiB, & TAKOXK BHPIIIUTH
HU3KY 3aKOHO/IaBYMX, OpraHi3aliiiHuX, (iHaHCOBHX 1 MeaH-
KO-COIliaJIbHUX MUTaHb [4]. OfuH i3 MeXaHi3MiB BHPIIICHHS
1i€i mpodnemu nossirae y GopMmyBaHHI TPOQECiHHIX KOMaH/
KBauTi(hikoBaHMX (haxiBIIB, BKIIOYAIOUYN (hapMaleBTiB, IS
HaJIaHHs TTATIAaTUBHOI JIOTIOMOTH.

KyGapesa 1. B. i cmiBaBt. mocmimwmm norisian (axiBIiB
OXOPOHH 37I0pOB’s Ha poiib 1 (QYHKIIT (hapManeBTHYHUX
TPaLiBHUKIB Y Cy4acHIl cUcTeMI HaJlaHHsl [aJTiaTHBHOT JI0T10-
MOTH. Y pe3yibrari BUSBICHO CEpe/IHii piBEeHb y3rOIKEHOCTI
o0 poii Ta (yHKIIH (apMaleBTUUHHUX MPALiBHUKIB Y
HaJIaHHI MaTiaTUBHUX MOCIYT, @ TAKOXK BU3HAYCHO OCHOBHI
HanpsiMU criBOpaii (GapManeBTiB 3 iHIIUMHA METHYHUMH
(baxiBIsiMu TS €(PEKTUBHOTO BIPOBAKCHHSI MaiaTHBHOT
normomoru [5]. Kpim Toro, 3midcHUIM JOCTiKEeHHS, 110
Majo Ha METi BUBYCHHS JYMOK 1 MOTISANIB EKCIEPTIiB 3
HaJaHHS NaJlaTUBHOI JOIIOMOTH JITAM IHOIO JOIUJIBHOCTI
BKJIFOYEHHSI ()apMalleBTUYHOTO MpaliBHUKA O CKIaLy
MYJIBTHIUCIMIUTIHAPHOT KOMAaHAN Ta OOTPYHTYBaHHS HOTO
poti i gyHKIii [6]. V pe3ynbTaTi BU3HAYEHO BAYKIIUBY POIIb
(hapMareBTHYHIX MPAIiBHUKIB Y KOHCYJIFTYBaHHI (haxiBIIiB
13 HaJliaTUBHOI JOIIOMOI'M Ta CIMEH MAI[i€HTIB, MiABHUILECHHI
piBHSI 00i3HAHOCTI MO0 3MiH Y (apMaIleBTHIHOMY 3aKO-
HOIABCTBI, KOHTPOJIi ACOPTUMEHTY i BU3HAYCHHI IIOTPEOH B
JIKapChKUX 3ac00ax, a TAKOXK Y HaIaHHI peKOMEeHIaIliH o710
TIPaBHJT 3aCTOCYBaHHS, MOHITOPHHTY TTOOIYHHX e(DEeKTiB Ta
IHIIMX (YHKIIH, TOB’SI3aHUX 3 00IroM JIKapChbKHX 3ac00iB.

Oco0nuBuii iHTEpEC BUKIIMKAIOTH JOCITI/PKEHHS, Y SIKHAX
MIPOaHaJi30BaHO CIenu(iKy HaJaHHS MaTiaTHBHOI JOMO-
MOTH BJIOMa, PO3IJISTHYTO POJIb MEAWYHUX NPAliBHUKIB y
3a0e3IeueHHi SKICHOTO MOTIIAY, a TAaKOK aKIIEHTOBAHO Ha
BO)XJIMBOCTI MYJIBTHANCIMIUIIHAPHOTO ITXOMY AJIS 3810~
BOJICHHS (Di3UYHUX, IICUXOJNOTIYHUX 1 COIIaIbHUX MOTPEO
MAIIEHTIB 1 iXHIX poauH [7].

BTim, ponb 1 Micie (papManeBTUYHHX MPAIiBHUKIB Y
cUCTeMi HaJlaHHS MajiaTUBHOI JOMOMOI'H 3aJIUIIAI0THCS
HEJIOCTATHBO JIOCHIKEHUMH.

MeTta po6otu

BuBuenHs oA apManeBTUYHMX MPaiBHUAKIB 1010
IXHBOTO MICIIS Ta POJIi Yy HaJIaHHI MaJIIaTUBHOI IOTTOMOTH
MamieHTaM i3 TSHKKAMH a00 HEBWJIIKOBHUMH 3aXBOPIO-
BaHHSIMH.

Marepianu i MeTogu gocnimkeHHA

[IpoananizyBanu qaHi aHKET (papMaIeBTUIHUX MPAIiBHUKIB
anTeyHux Mepex, 30kpema TOB «Anrteka-Marnomis (AHL,
anteka «Komiitka», antexa «IIIAPA»), rpynu xommaHiit
«ITopopoxuuxy, [I® «'ama-55», TOB «®apmactop» Ta
TOB «Men Cepgic rpym». OHnaifH-aHKeTyBaHHS ITPOBEACHO
3 BukopucTanusam Google Forms. OnuTyBaibHUK YMOBHO
TTOUJICHUI Ha IT’ITh TEMaTHYHUX OJOKIB: 3HAHHS Ta JOCBI Y
cdepi namiaTHBHOT JOMOMOTI'H; OLIIHFOBAHHS POJTi (hapMarieBTa
B IIbOMY IPOLIEC]; IPAKTUYHI aCEKTH i TPoOIeMH; HaBYaHHST
Ta MpoQeCIHHUI PO3BUTOK, a TAKOK 0cOOMCTa iH(OPMAITisL.

J131st oTpatitoBaHHs pe3yIIbTariB aHKETyBaHHS 3aCTOCYBAIIN
COIIIOJIOTIYHHH, CHCTEMHO-aHATITHYHUH, MaTeMaTHKO-CTa-
THUCTHYHUI METOAM Ta METOJ] OPIBHJILHOTO aHaJIi3y. 3ara-
JIOM OIpanboBaHo 51 aHKeTy.

Pesynbratu

AHaJi3 pe3ynbTaTiB aHKeTyBaHHS JaB 3MOTY BH3HAYHUTH
npogeciitHuil piBeHb PECIIOHIICHTIB (mabi. 1).

PesynbraTu anaisy BiIIOBiIeH Ha 3aITUTaHHS, K1 yBIHTII-
JIM JI0 TepHIoro ONOKY (3HAHHS Ta JOCBIX y MagiaTHBHIN
JI01IoMo31) rokazainu: 62,2 % ¢apmarneBTiB 4acTKOBO 0013HaHi
11010 KOHIIEIIIT MaaTuBHOI forromMoru; 24,3 % He 3HaioMi
3 1i€10 KOHLIEMLIEO (puc. 1).

Takox BcTaHOBIEHO, 110 TibKH 10,8 % (hapmaneBTHaHNX
TpaLiBHUKIB MAIOTh JIOCBIJ pOOOTH 3 aiaTUBHUMH IAIli€H-
Tamu, y mpakTuii 18,9 % pecrioHeHTIB IHKOIH TPATUIIIACS
Taki Bunaaku. bumbmricts pecrionaenTis (70,3 %) He Manu
TaKoTO JIOCBITY (puc. 2).

3rijHo 3 pe3ynbraramu onutyBanHs, 54,1 % dapmarieBris
oziep>kaity iH(opMalliro po naniaTHBHY JIOIIOMOTY BiJl KoJler
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Tabnuus 1. MpodeciiiHnii piBeHb PECMOHAEHTIB 3aMnekHO Bif CTaxy poboTH Ta cnewianisavii

Crax poboTtn y hapmaLeBTUYHiIi cdepi MeHwwe Hix 1 pik 21,6
1-3 poku 27,0
4-5 pokis 24,4
BinbLue Hix 5 pokis 27,0
Cneuianisauis dapmauest 56,8
Monoguwumit papmanest 40,5

62,2 %

e Tak, nobpe obizHaHWi(a)
Tak, yacTkoBo 06i3HaHwiA(a)
o Hi

Puc. 1. [liarpama BignoBigen pecrnoHaeHTiB Lwogo 06i3HaHOCTi 3 NMTaHb NaniaTuBHOI 4ONOMOTH.

2

18,9 %

o Tak, perynspHo
Tak, ane pigko
o Hi

Puc. 2. [liarpama BignoBigen pecnoHAeHTIB Loao AocBigy poboTy 3 naniaTBHUMM NaLieHTamu.

a00 MeJMYHUX NPaLiBHUKIB; 48,6 % pecroHIeHTIB 3100yaH
11i 3HaHHS 3 JiTeparypu abo oHnmaiH-pecypcis. Jlnume 2,7 %
ONMTAaHUX OTPUMAIH iHPOPMALiI0 HA CIELiaTi30BaHUX
TPEHIHrax (puc. 3).

3anuTaHHs Apyroro OJIOKy CIIPSIMOBAHI Ha OIIHIOBAHHS
poui (dapmarieBTa B MajiaTuBHIA 10momo3i. BeraHosieHo,
10 OUIBLIICTH YYaCHUKIB onuTyBaHH: (86,5 %) BBaXKaIOTh,
o (apMareBT Biairpae MOAATKOBY, aje BAXKIHBY POJb Y
cHCTeMi HaJaHHs namiaTuBHOI gomomMord. Jlume 10,8 %
ONMUTaHUX BU3HAYMIH POJIb (papMarieBTHYHOIO MpaliBHUKa
SIK He3HAYHY B 1ill cuctemi (puc. 4).

PesynbraTy BiANOBi/IEH Ha 3aNIMTaHHSI ITPO Te, SIKi PYHKIIT
(hapMareBTiB € HAWOLTBI BaKIMBUMHE IS TTaJliaTHBHUX
TALiEHTIB, TaKi: KOHCYNBTAL 11010 JI03YBaHHS Ta PEXKUMY
npuiiMaHHs ipenapartis — 78,4 %; HagaHHA iHpOpMaIii Tpo
no6ivHi aii sikiB — 70,3 %; miadip JikapchKux 3aco0iB —
67,6 %; nomomora B yrpaBJiHHI B3aeMoiero JikiB — 35,1 %
(puc. 5).

3anuTaHHsA TPETHOTO OJIOKY CIPSIMOBaHI Ha BUBUCHHS
MPAKTUYHHUX aCHeKTiB i mpobieM y cucTeMi HaZaHHS Ia-
JaTHBHOI J1oroMory (papMalleBTHYHUMH TIpaniBHUKaMU.
BinmoBii Ha 3amUTaHHsI PO TE, YU 3BEPTAIOTHCS MAI[IEHTH
a00 wieHH IXHIX ciMel 3a ImopajaMu MO0 MaiaTHBHOTO
JIKYBaHHsI, CTpyKTypoBaHi Tak: 8,1 % ¢apmatesTiB mia-
TBEP/AWIN TTOCTINHI 3BepHEeHHs, 24,3 % — HecucTeMaTHyHi
3BepHeHHs; 27,1 % PeCrOHICHTIB 3a3HAYIIIH, 1110 J0 HUX
3BepTaroThCs pinko; 40,5 % dapManeBTHIHNX NpaIliBHUKIB
3ayBayKMJIM, L0 10 HUX HIKOJIM HE 3BEPTAJIUCS 3 TAKUM
3aIuToOM (puc. 6).

[ix yac onuTyBaHHS BUSIBICHO OCHOBHI TPYIHOIII, IO
BHUHUKAIH Yy (hapMarieBTUIHNX MPALiBHAUKIB TTi]T 9ac poO0oTH
3 MaJiaTUBHUMM TAI[l€HTaMU: HEOCTaTHIM piBeHb 3HAHBb
3 mamiatuBHOI momomoru — 48,6 %; HemMae CTaHTapTHHX
TIPOTOKOJIIB poOoTH — 48,6 %; TPYHOII B CITIJIKyBaHHI 3 T1a-
JIIaTUBHUMH TAIll€EHTaMH Ta YICHAMH iXHiX cimeit — 45,9 %;
HEMae HeOOXiTHHX JTiKapchKuX 3aco0iB — 32,4 % (puc. 7).
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OpueiHaribHi 00CiOKeHHs

3
CnevjianiaoBaHi TPEHiHMM i
Koneru abo MeaunyHi npeacTaBHUKN

Jlitepatypa abo oHnaiiH-pecypcu

He otpumysas (na) iHcpopmauyii m 12 (32,4 %)

5

0

127 %

)

18

(48,6 %)

10 15 25

Puc. 3. [liarpama BignoBige peCcnoHAeHTIB LLOAO Axepen iHdopmaLii Npo naniatueHy LOMOMOTY.

4

86,5 %

e Kntoyosa ponb

[HopatkoBa,
ane BaxnvBa porb

® HesHayHa pornb

SN 2,7 %

Puc. 4. [liarpama BignoBige peCnoHAEHTIB LLOAO OLiHIOBaHHS posli (hapMaLeBTa y naniaTvBHil LOMOMO3I.

5
Mipbip onTmaneHnx
nikapcbknx 3acobis

KoHcynbrauii oo fo3yBaHHs
Ta pexvmMy npunomy npenaparis

HapanHs iHcbopmadii
npo nobiyHi edpekT nikie

[Jonomora B ynpaeniHHi
B3aeMofi€eto nikis

|HWwe

1(2,7 %)

25 (67,6 %)

29 (78,4 %)

26 (70,3 %)

13 (35,1 %)

10 20 30

Puc. 5. [liarpama Bignosigen pecrnoHAEHTIB LWOAO HaWBaXIUBILLIMX PYHKLIA AN NaniaTUBHWUX MaLieHTiB.

KpiM Toro, y BitkpuTiii BiAmoBiai apMarieBTH4Hi partis-
HUKH 3a3HAYIIIH, 10 U1 €(eKTUBHOI pOOOTH 3 TTaJTiaTHBHU-
MU NalieHTamMu Opakye CTaHIapTHHUX MPOTOKOJIB POOOTH,
JoKepen iH(popMaltii, Z0CBiy poOOTH, 3HaHb 1 IIPAKTHYHUX
HAaBUYOK.

YerBepTnii 670K BKIIFOYAB 3alIMTAHHSI 11010 HABYAHHS Ta
PO3BUTKY IPAaKTHYHUX HABHYOK JUIsi pOOOTH 3 MAIli€HTaMH,

SIK1 TIOTPeOYIOTh MaNliaTUBHOI foroMory. Ha 3armTaHHs Ipo
Te, 91 TIPOXOAVITH (papMarieBTHYHI MPaIliBHAKH CIIEITiaTi30Ba-
HE HABYaHHsI 3 AIIATHBHOI T0TOMOTH, 89,2 % PeCrOHICHTIB
BiJIITOBLITN HeraTHBHO, 10,8 % 3ayBaKiuTH, 0 TUIAHYIOTH IIe
3pobutH (puc. §).

Takox 83,8 % (hapmarieBTHIHUX NpaliBHUKIB, sIKi Opaiu
y4acTh B ONMUTYBaHHI, BBAXKAIOTh, MO IS (hapMaleBTiB
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e Yacto
IHoAj
Pinko

o Hikonu

./

24,3 %

Puc. 6. [liarpama BignoBifen pecrnoHAeHTIB LIOA0 3BEPHEHHS NaniaThBHUX NaLieHTiB abo UneHiB ixXHix ciMel 3a nopagamv 4o dapmMaleBTiB.

7

HepocTarHiii piBeHb 3HaHb

; : 18 (48,6 %)
3 naniatuBHOI gonomorn

12 (32,4 %)

Hemae HeobxiaHuX nikis
abo ix gediunt

He po3pobneHo cTaHzapTHi 18 (48,6 %)
MPOTOKOMM POBOTH i
CknapHicTb KOMyHiKaLii

. /T KOMYHIK 17 (45,9 %)
3 nauleHTamMu 1a IXHIMA CIM AMU

|HWwe

0 5 10 15 20

Puc. 7. liarpama BignoBige peCNOHAEHTIB LLOAO OLIiHIOBAHHS OCHOBHUX TPYAHOLLIB MiA Yac poboty.

8
o Tak
Mnanyto npoiTn
e Hi
10,80 %
Puc. 8. [liarpama BignoBigen pecnoHAEHTIB LWOA0 HaBYaHHS 3 NaniaTMBHOI OMOMOTH.
9
o Tak
o Hi

Puc. 9. [liarpama BignoBigen pecnoHAeHTiB Lwoao noTpeby npoBeaeHHs Ans hapMaLeBTiB TPEHIHTIB i3 NUTaHb NaniaTMBHOI LOMOMOTU.
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OpueiHaribHi 0oCidxeHHs!

HEOOXiTHO TIPOBOAWTH PETYISPHI TPEHIHTH 3 MalliaTUBHOT
JIOTIOMOTH (puc. 9).

PecrioHneHTH OWiHWIN CBilf PiBEHb TOTOBHOCTI IO PO-
00TH 3 MaJiaTHBHUMH TaIlieHTaMu sk ceperiit (51,4 %) i
Hu3bKHi (48,6 %). Ha BigkpuTHii 3aUT MO0 TIPOTTO3HIIIH
3 MiBUIICHHS e()eKTUBHOCTI (papMarieBTHYHOI JJOIIOMOTH
TAJTIaTUBHUAM ITaI[iEHTaM PECIIOH/ICHTH 3aIlPOIIOHYBAJIH TaKi
3aXO0/I1: YI0CKOHAJIEHHS 3aKOHO/IaBY01 0a3H 3 I[bOr0 MUTAHHS,
CIPOILEHHS OPSAKY OTPUMaHHS 3HEOO0IIOBaJIbHUX 3aC00IB,
BITPOBA/KCHHS CYYaCHHUX TCJICKOMYHIKAIIHHUX TEXHOIOTIH
(TenemenuuHa, Teaedapmartis), a TAaKOXK 301TBIICHHS KiJb-
KOCTI TPEHIHT'IB 3 MMTaHb TaJTiaTUBHOI JIOTIOMOTH.

O6roBopeHHs

3rigHo 3 HakazoM MO3 VYkpainu «IIpo ynockoHaieHHs
oprauizaiii HajaHHs MajxiaTUBHOI JIOMOMOTrH B YKpaiHi»
Bix 04.06.2020 p. Ne 1308, omHi€r0 3 OCHOBHUX CKJIQJIOBHX
[aJiaTHBHOT JONIOMOTHY € MEJUYHa, 10 CKJIaLy SIKOi BXOIHTb
MenuKaMeHTo3Ha Teparis [§]. CreniamizoBaHy MaliaTHBHY
JIOTIOMOTY HaJla€ MyJIBTHANCLUILTIHApHA KOMaH/Ia, JI0 CKIIa Ty
SIKOT BXOISITH MEIMYHI MPAIliBHUKA 1 (axiBIli pi3HHUX cIie-
LiabHOCTEH, 30KpeMa JIiKapi, MeAWYHI CECTPH, COMiaNbHI
TIPAI[iBHUKY, TICHXOJIOTH Ta (papMarieBTH. Takuif TmiIxi qae
3MOT'Y KOMIUTIEKCHO 33JJOBOJIEHUTH (Di3H4HI, IICHXOJIOTIUHI Ta
COIiaJIbHI MOTPEOH TIAIli€HTIB.

3a pe3yabTaTaMy aHai3y 3apyODKHUX HayKOBHX ITyOri-
Kariit [9,10,11] 1 qocmipkeHb BITYM3HSIHUX HAyKOBIIB [5],
(apmanieBTHYHI (haxiBLi € BOKITMBUMH YWICHAMU MYJIBTHIHC-
LUIUTIHAPHOT KOMaH/H, sIKa HaJa€ MaiaTHBHY JOIIOMOTY, i
YXBAaJIIOIOTB PIIICHHS CAMOCTIIHO B MeXax CBOIX mpodeciii-
HUX TPaB | KOMITETEHIIH.

Pa3om 3 TUM pe3ynbTaTH OMUTYBaHHS (aHKETyBaHHS:)
(bapManeBTUYHUX MPAIiBHUKIB 3acBimumid, mo 8,1 % 3
HUX TIOCTIHHO, a 24,3 % HECHUCTEMaTHYHO ONPaIbOBYIOTh
3aIHTH 010 HaJaHHS MOPaJ i3 MaiaTUBHOTO JIIKYBaHHS.
JocBin poGoTH 3 mamiaTHBHUMH MAIliEHTAMH MAfOTh JIATIIC
10,8 % pecnoHeHTiIB.

dapmarieBTHYHI MPaLiBHUKH BU3HAYMIH HU3KY IPOOIIEM,
110 BUHUKAIOTH ITiJT 9aC pOOOTH 3 TTATIiaTHBHIMHU TTAI[IEHTAMHU
Ta WICHAMH iXHIX CiMeH, 30KpeMa BiJICYTHICTb CTaHAAPTHUX
IPOTOKOJIIB HA/IaHHSI JIOTIOMOT Y (ME/IMKaMEHTO3HO] Ta IICHXO-
JIOTTYHOT) JUISI IUX XBOPHX, TPYAHOILI ITiJ1 4ac CITIJIKYBaHHS
3 Mali€eHTaMM, a TAaKOK OOMEXKEHHH JOCTYI JI0 OKPEMHX
JIKAPCHKHX 3aC001B, SIK-OT 3HCOOTIOBATEHUX.

3riiHo 3 pe3yibTaraMy ONUTYBaHHS, OLIbLIICTH dap-
MalEeBTUYHHUX NpaniBHUKIB (86,3 %) BBaXKalOTh CBOIO
POJIb Y CUCTEMI MaJiaTUBHOI JOMOMOTH J0AaTKOBOIO, ajie
BaxJinBow. [lepeBakHa Oinburicts onutanux (83,8 %)
PECTIOH/IEHTIB BBAXKAIOTH JOIIIBHUMH PETYISIPHI TPEHIH-
rH a5 (apMarneBTiB i3 TUTaHb MaliaTUBHOI TOTIOMOTH,
OCKIUTBKH 0araTboM i3 HUX Opakye HEOOXiTHHX 3HaHb 1
NPAaKTHYHUX HABHYOK.

CBiii piBeHb TOTOBHOCTI /10 pOOOTH 3 MATiaTUBHUMH TIalli-
€HTaMH Ta WICHaMH IXHiX ciMel 56,4 % apmareBTHaHIX
MIPAI[iBHUKIB OIIHIJIH K CePeIHIH.

Omnurani (hapMareBTH TAKOXK ITKPECIMIN BaXKIUBICTh
YITKIIIOTO BU3HAYCHHS IXHBOTO MICIS Ta POJi B IpoLeci

HaJIaHHA TaTiaTUBHOI gomoMord. Lle macte 3mory mokpa-
IUTH e(PeKTUBHICTH POOOTH Ta 3a0e3MeunTH OLIBII KOMII-
JICKCHUM MIAX1M 10 JIKYBaHHS 1 TODIATY 32 MajiaTHBHUMH
MarieHTaMu.

Tax, (apmareBTH 3arpornoHyBail po3pOOUTH HiTKi IIPO-
TOKOJIU Ta CTAHIAPTH, 110 OYyTh PEryJIOBATH IXHIO Y9acTh
y BUOOPI JIKapChbKHUX 3aCO0IB, & TAKOXK Y HAJIAaHHI KOHCYJIb-
TaIlii MO0 T03YBaHHSI, TOOIYHNX e()EKTIB 1 B3aEMOIIi JIIKiB.
Taki iHIIIIaTHBY COPUATHMYTH YIOCKOHAJICHHIO CHCTEMHU
MAJTIATUBHOT JIOTIOMOTH Ta 3a0€3MCYCHHIO BHCOKOTO PIBHS
MATPUMKH [UTS TTAIIIEHTIB 1 IXHIX pOAWH.

BucHoBKu

1. dapMmaneBTHYHI NPaNiBHUKA BU3HAYAIOTH CBOIO POJIh
y TaJiaTUBHIN J0TOMO31 SIK BayKIIMBY, ajie FOPHINYHO BOHA
3aJIMIIAETHCSA HEJOCTATHBO perlaMeHToBaHoto. Jlume 8,1 %
(hapMareBTiB PEryIIpHO OTPUMYIOTh 3aIUTH Bif MATiaTHB-
HUX MAII€HTIB, a 70,3 % ONMUTaHNX 3ayBaYKIJIA HECTAUy 3HAHb
1 MPaKTUYHUX HABUYOK IS POOOTH 3 TAKUMH XBOPHMHU.

2. Cepen OCHOBHHUX MpOOIIEeM Ha3BaHO BiJCYTHICTH CTaH-
JApPTHHUX MPOTOKOJIIB, OOMEKEHHS B MEIUKAMCHTO3HIN
MIATPUMII Ta HEAOCTATHIO MIATOTOBKY JO KOMYHIKaIlii 3
MaIieHTaMu Ta IXHIMU POJMHAMHU.

3. YnockoHaJeHHsl 3aKOHOJABYOTO PEryJIOBaHHS POl
(hapMarieBTiB, oprafizamis CIICIiaTi30BaHINX HAaBYATBHUX
nporpam, MOIIUPEHHS 3aC00iIB 1 MiAXO/IIB TEJICMEAUIMHHI Ta
Tenedapmariii, a TAKOXK MOKpaIICHHS 3a0€3MCYCHHS JIIKaMU
MOXYTh 3HAYHO TTiJIBUIIATH €(PEKTUBHICTh TISITBHOCTI (hap-
MAIICBTIB y MAJIaTHBHIN TOMTOMO3I.

ETuyHe cxBaneHHs

YCi y4acHUKN Haganu ncbMOoBY iHCDOPMOBAaHY 3rofdy Ha y4acTb

y pocnimxkeHHi. Komicist 3 nutaHb BioeTukn 3anopisbkoro AepaBHOroO
MeauKo-thapMaLeBTUYHOTO YHIBEPCUTETY fjana 3rofy Ha 3MiINCHEHHS
nocnimkeHHs (npotokon Ne 4 sig 03.04.2025 poky) Ta niaTeepauna,
LU0 CTaTTS He MICTUTb AaHWX, ki CynepeyaTb Cy4acHAM BUMOraMm
6i0eTVKM Ta MOPanbHO-ETUMHIM HOPMaM.

®iHaHCyBaHHA
[ocnipkenHs 3aiicHeHo 6e3 diHaHCOBOI MIATPUMKY.
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P-cenekTuH i sST2 Ak nporHocTU4Hi 6iomapkepu cepLeBO-CyANHHUX
NOAiN Yy Naui€HTIB i3 MHOXUHHOK MIENOMOIO NicnA NPOTUNYXIIUHHOI
Tepanii Ta Taxkoro nepediry COVID-19

B. B. Camypa®@ACPLEF M. O. MNaHaceHko@BCPE T, O. Camypa®BC, |. B. YopHaDCcP

3anopisbkuil AepxaBHUN Meayko-apMaLeBTUYHUI yHIBepcuTeT, YkpaiHa

A — KoHUenNUis Ta Au3aitH gocnigxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTartTi; E — peparyBaHHs cTartTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTTi

PoarnsHyTo Bnnue Tspkkoro nepebiry COVID-19 Ha cepueBO-CyAUHHUIA PU3KK y NaLEHTIB i3 MHOXWHHOIO MIENIOMOIO, siki nepebyBatoTb y
CTaHi pemicii micns NpoTUNYXIIMHHOI Tepanii. AKTyanbHICTb TEMW 3yMOBIIEHa 3pOCTaHHAM YacTOTU KapAiOBaCKyNSAPHUX YCKNaAHEHb Y Ll
KOTOpTi NaLjeHTIB, Lo 3yMOBIoe NOTPedy y MOLyKy HagiiHux 6iomapkepiB Ans paHHbOI cTpaTudikaLlii puauky.

MeTta po60T¥ — OLIHUTW NPOTHOCTUYHY 3HAYYLLICTb PiBHIB SST2 i P-cenekTnHy sik MapKepiB cepLeBO-CyAMHHIX MOAIN Yy XBOPWX HA MHO-
XWHHY Mienomy nicns COVID-19.

Marepianu i meTogu. [lo gocnimxeHHs 3anyyeHo 125 nauieHTiB i3 MHOXUHHOK MIENOMOL0 B CTaHi YacTkoBoi abo NOBHOI pemicii. Yci na-
LieHT nepebyBanu nig cnocTepexxeHHsM NPOTAroM 12 MICALIB; peecTpyBany kapAioBacKynsipHi NoAii, BKIovaouy iHpapKkTy Miokapaa,
iHCYnbTW, apuTMIi Ta cepLieBy HepoCTaTHICTb. PiBHI SST2 i P-cenekTuHy BusHayanu metogom ELISA.

Pesyniratu. Y 29 (27,1 %) nauieHTiB 3apeecTpoBaHo LLOHAWMEHLLIE OfHY CEpLEBO-CYANHHY NOAjt0. BCTaHOBMNEHO JOCTOBIPHO BULL PiBHI
sST2 (48,6 Hr/mn nopiBHsAHO 3 28,6 Hr/mn) Ta P-cenekTuHy (74,1 Hr/Mn nopiBHsiHO 3 58,05 Hr/mn) y nauieHTiB 3 ycknagHeHHsmu (p < 0,05).
ROC-aHani3 nokasas xopoLuy AiarHOCTUYHY LiHHICTb 060x Giomapkepis: AUC anst sST2 craHosuna 0,813, a ans P-cenektuny — 0,737.
KombiHosaHa mogenb (sST2 >28,5 Hr/mn i P-cenekTuH >67,0 Hr/mn) nokasana HamBuLLy NPOrHOCTUYHY TOYHICTb.

BucHoBku. lMigBuileni piBHi sSST2 i P-cenekTuHy € HagiiHUMM NpeaukTopaMu CepueBO-CyAMHHUX MOAIN Y NaUiEHTIB i3 MHOXWHHO0
mienomoto nicns COVID-19. Pesynbratv 4OCHIAXEHHS CBIQYaTh NPO AOLINbHICTL BNPOBAMKXEHHS MyNbTUBiOMapkepHOro niaxody Ao kap-
[IOMOHITOPUHTY B OHKOreMaTornoriyHii npakTuui. Lie gacTb 3mory cBoe4acHo iaeHTu1ikyBaTh NaLjieHTiB BUCOKOrO puU3uKy i agantyBaTu
TepaneBTWYHY CTpaTerito.

KntouyoBi crnoBa: MHOXWHHa Mienoma, COVID-19, sST2, P-cenekTuH, kapaioBackynsipHi nogii.

AKTyanbHi nuTaHHA hapmaueBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2025. T. 18, Ne 2(48). C. 193-196

P-selectin and sST2 as prognostic biomarkers of cardiovascular events in patients with multiple myeloma following
anticancer therapy and severe COVID-19

B. B. Samura, M. O. Panasenko, T. O. Samura, I. V. Chorna

This study investigates the prognostic value of sST2 and P-selectin as biomarkers for cardiovascular risk in patients with multiple mye-
loma (MM) who are in remission following anticancer therapy and have experienced severe COVID-19. The topic is of increasing clinical
relevance due to the growing incidence of cardiovascular complications in this patient population, highlighting the need for reliable tools
for early risk stratification.

The aim of the study was to assess the prognostic significance of sST2 and P-selectin levels as markers of cardiovascular events in
multiple myeloma patients after COVID-19.

Materials and methods. The study included 125 patients with MM in partial or complete remission. All participants were followed for 12
months, during which cardiovascular events — including myocardial infarction, stroke, arrhythmias, and heart failure — were recorded.
Serum levels of sST2 and P-selectin were measured using ELISA.

Results. Cardiovascular events were observed in 29 (27.1 %) patients. Patients who experienced such events had significantly higher
median levels of sST2 (48.6 ng/mL vs. 28.6 ng/mL) and P-selectin (74.1 ng/mL vs. 58.05 ng/mL) compared to those without complications
(p <0.05). ROC analysis demonstrated good diagnostic performance, with an AUC of 0.813 for sST2 and 0.737 for P-selectin. A combined
biomarker model (sST2 >28.5 ng/mL and P-selectin >67.0 ng/mL) yielded the highest predictive accuracy.
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Conclusions. Elevated serum levels of sST2 and P-selectin are independent predictors of cardiovascular events in patients with MM after
severe COVID-19. These findings support the use of a multi-biomarker approach in cardio-oncohematological monitoring to facilitate the
early identification of high-risk patients and personalization of therapeutic strategies.

Keywords: multiple myeloma, COVID-19, sST2, P-selectin, cardiovascular diseases.
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MHOXHHHA Mi€JIoMa € JIPYTUM 32 MOIIUPEHICTIO FeMaToio-
TIYHKM 3JIOSKICHUM 3aXBOPIOBAHHSIM ITiCIIsT HEXOKKIHCHKHIX
niMmpom. 3a manumu BcecBiTHROT opraHizaiii 0XOpOHH
3710pOB’sl, IOPIYHA 3aXBOPIOBAHICTH HA MHOKHHHY Mi€JIOMY
CTaHOBHTH MOHAJ 160 THCSY HOBHX BHIIQJIKIB, a MOIINpE-
HicTb — moHax 350 tucsty mamieHTiB y cBiti [1]. CygacHa
TIPOTHUITYXJIMHHA TEPaITisi, 30KpeMa 3aCTOCYBaHHS IHTi0ITOpIB
IpOTEacoM, iIMyHOMOIYIIATOPIB i MOHOKIIOHATEHIX aHTHTIIL,
ICTOTHO TOKpaImuia pe3yabTaTH JiKyBaHHS 1 ITiIBUIIHIIA
TPUBAIICTH KUTTS MaIieHTiB [2,3].

PazoM 3 TUM 11i METOAM JIIKYBaHHSI MOB’si3aHi 3 PU3H-
KOM KapJiOTOKCHYHOCTI, @ OT)KE ITiJABHUIIYIOTh YacTOTY
BUHUKHEHHSI CEPLEBO-CYIMHHUX MOJiH, 30KpemMa cepLeBoi
HEJIOCTATHOCTI, apUTMiii 1 TpoMOOeMOoiii [4]. V mamieHTiB
13 MHO)KHUHHOIO Mi€JIOMOIO, OCOOJIMBO MOXHUJIOTO BIKY, BXKE
HasiBHI (DaKTOPH PH3HMKY CEPLEBO-CYAMHHUX 3aXBOPIOBAHb
MOXKYTh TIOCHJTIOBATHCS IiJT BIUTMBOM Teparlii, 110 ToTpedye
MYJTBTHIACIIHIUTIHAPHOTO MOHITOPHHTY Ta CTpaTtuikarii
PpU3HKIB [5].

Curyanis yckmagaunacs B ymosax naggemii COVID-19,
KOJIM y TAIi€HTIB 3 IMyHOCYIIPECi€l0 BU3HAYAIN TSKKHAN
nepedir XxBOpoOH 3 BUCOKUM PHU3UKOM TPOMOOTHUIHHUX
yCKJIaJHeHb Ta ypakeHHs Miokapaa. SARS-CoV-2 indikye
eHJioTeliaNbHI KiIiTuHN yepe3 perentop ACE2, o crpu-
yuHsIE TUC(YHKIIIO SHIOTEeNil0, CUCTEMHE 3arajeHHs Ta
AKTHBALII0 KOATYIAIIHHOrO Kackany [6,7]. Lle ocobnuBo
HeOEe3MEeYHO ISl OHKOTEMATOJIOTIYHUX XBOPHX [8].

¥V 3B’513Ky 3 IIUIM 0COOJIMBOT aKTyalIbHOCTI HaOyBa€ BUBUCH-
HS KapIiOMapKepiB 1 Mpo3araibHuX MATOKIHIB, [0 MOXKYTh
CTIPUSITH paHHIN cTpaTrdikarii prsuKy cepreBo-CyInHHIX
TIOMIN Y TAIIEHTIB i3 MHOKHHHOIO MI€JIOMOIO ITICIIS TIepe-
Hecenoro COVID-19. [ani ocranHix gocmimkeHs [9,10]
CBiUaTh MPO MEPCIEKTUBHICTH iHTETpallii TakKuX OioMapke-
PIB Y CTaHAAPTHY KIIIHIYHY MPAKTHKY VISl IPOTHO3YBaHHS
YCKJIJIHEHb 1 KOPEKIiT TepareBTHYHOI CTparerii.

MeTa po6otu

OuiHUTH MPOTHOCTHYHY 3HaYyIIicTh piBHIB sST2 i P-cenek-
THUHY SIK MapKepiB CEpIEBO-CyIMHHUX IOAIH Y XBOPUX Ha
MHOXHHHY MierxoMy micist COVID-19.

Marepianu i MeToau pocnimkeHHA

J10 IpOCTIEKTHBHOTO AOCIKEHHS 3aTy4eHo 125 mamienTiB
13 MHO)KUHHOIO MI€JIOMOI0, 5IKi repeOyBain y CTaHi OBHOT
a00 4acTKOBOI peMicii micist npoTUIyXJIMHHOI Tepartii. [1ix
Yac CIIOCTEPEKEHHS YiTKO JOTPUMYBAIIMCH yCIX BUMOT ILIOJI0
KJIHIYHHUX JOCII/KEHb.

XBOpHX MOALTMIN HA TPYIH 3aJIEKHO BiJi BUHUKHEHHS
Kap/1i0BacKyISIPHUX TTOAIH BIIPOJIOBXK YChOTO TEPIOy CIIO-

cTepexeHHs. J[iarHOCTUKY Ta CTaIiFOBaHHS 3aXBOPIOBAHHS
3OIMCHWIN BIAITOBIHO IO YMHHUX KIIIHIYHMX HACTAHOB.
[NanienTH OTpUMYyBaJH JIIKyBaHHS 332 CXeMaMH, 1110 BKIIIO-
yau 00opTe30Mil, JICHAIIOMIJI, IeKCaMeTa30H, MesidaaH,
nuKIodocdamia Ta aHTPAIUKIIIHOBI MTPEnapaTH.

SIKII0 B MAII€HTIB IarHOCTOBAHO apTepialibHY TilepPTCH-
3110, IPU3HAYAJIHN JTIKyBAaHHS 1HT101TOpaMH aHT10TeH3UHIIEpe-
TBOPIOBAJILHOTO (hepMEHTY 200 aHTaroHiCTaMH PELEITopPiB
no aHrioreHsuny II, anTuarperanramu, craTuHaMu. Met-
(hopMiH IPH3HAYCHO MAIIEHTY 3 I[yKPOBUM J1ia0eTOM 2 THITY.
VY rpyni XBOpuX 3 KapAiOBacKyJISIpPHUMH TIOJISIMH YacTile
3aCTOCOBYBAJIH 1HTIOITOPY aHTI0TEH3UHIIEPETBOPIOBAILHOTO
(hepMeHTY, IiypeTHKH.

V 35 narieHTiB B aHaMHe31 3a()iKCOBaHO TSHKKUI riepedir
COVID-19, mo niarBepmkeno Buminennsm PHK SARS-
CoV-2 meTonoM moriMepasHoi JIAHITIOTOBOT PeakIlii 3 HoCo-
I0TKOBOTO cin3y. Li manienTy norpeOyBany rocmitasmizanii
Ta KACHEBOI ITiATPUMKH.

VYei y4acHUKM JOCIIJDKEHHS repeOyBaiy 1ij| crocTepe-
JKSHHSIM 1TpoTsiroM 12 micsiis. ITix yac mux Bi3uUTIB (ikcy-
BaJIM KapIiOBAaCKYJAPHI IMOMil: KOPOHAPHI imemigHi momii
(indapkT Miokapa, HecTablIbHA CTEHOKAP/Iist), TPAaH3UTOPHA
imeMivyHa aTaka, iHCYJbT, CMEPTh YHACTIIOK OyIb-IKOi
MIPUYUHH; CMEPTh YHACHTIZOK KapAiOBACKYIISIPHOI IPUYNHH,
TOCIHITaNI3aIlisl Yepe3 KapIiOBaCKyJSIPHI MPUYUHU, CEpIICBa
HEJIOCTATHICTBh, 110 BCTAHOBJIEHA BIIEpIIE, MPOrPECYBaHHS
MHOKAHHOT Mi€JIOMH, 1HCYJIBTH, IO TiTBEPKEHI KOMIT F0-
TEPHOI0 TOMOrpadieto.

PiBHi sST2 i P-cenexTrHy BU3HAYaN B CHPOBATII KPOB1
MeTozioM iMyHo(epMeHnTHoro anaiizy (ELISA).

SIK TIepBUHHY KiHIIEBY TOYKY BM3HAYEHO BHUIIAJIKH Cep-
LIEBO-CY/IMHHUX YCKJIQJIHEHb, 30KpeMa apuTMii, iH(papKTy
MiOKap/ia, iHCYJIBTY, CEpLIEBOT HEZIOCTAaTHOCTI Ta TPOMOOEM-
OOJIIYHUX TTOMIH.

CraTUCTUYHUN aHalli3 BUKOHAM, BUKOPUCTABIIN IPO-
rpamy SPSS mist Windows v. 17.0 (SPSS Inc., Chicago, IL,
CILIA).

VYei nmanieHTH Hajanu MUChMOBY iH(OpPMOBaHY 3rogy Ha
y4acTh y MOCIIDKCHHI Ta MyOiiKal(ifo aHOHIMI30BaHHUX
JIAHUX, OTPUMAHMX MiJl Yac HHOTO, BIATIOBIAHO J0 3aKOHY
VYkpainu «IIpo 3axucT nepcoHambHUX AaHux». Kowmicis 3
MUTaHb 010€THKH 3aMoPi3bKOTO JIEP>KaBHOTO MEUKO-(papma-
LIEBTHYHOTO YHIBEPCUTETY PO3IIISIHYIIA MaTepiaiii, HaBeACHi
y CTarTi, Ta MOCTAHOBHJIA, 1110 JOTPHUMAHO BCIX HOPM IIIOIO
0IOETHKH MM Yac MEIWYHUX TOCIIKEHD, 3A1HCHEHNX 3a
yuacTro Joauau (1potokoit Ne 4 Bix 03.04.2025 poky).

Pe3ynbratu

ITpotsirom nepioxy crioctepesxeHHs y 29 (27,1 %) namieHTis
3a(hikcoBaHO 3arajoM 65 cepreBO-CyINHHUX MOJIH.
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OpueiHaribHi 0oCidxeHHs!

VY rpyni marieHTiB i3 mOmiIMH MemiaHHUKA piBeHb sST2
cTaHOBUB 48,6 HI/MII, a y TpyTi 0e3 yCKIIatHeHb — 28,6 Hr/Mi
(p<0,05). 11 P-cenexTrHy BiIImOBiAHI 3HAYCHHS CTAHOBUITI
74,1 ur/mn nopiBHsHO 3 58,05 Hr/mi (p < 0,05).

Amnariz ROC-kpuBHX TOKa3aB, 0 ONTHMAaJIbHE IOPOTOBE
3Ha4eHHA sST2 11 MPOTrHO3yBaHHS CEPLEBO-CYIMHHHUX
yCKIIagHeHb cTaHoBUTH 28,5 Hr/mn (AUC = 0,813), a ms
P-cenexkruny — 62,5 ur/mi (AUC = 0,737).

KombinoBana momens, mo BkIrodana piBHI sST2 >28.5
Hr/mi ta P-cenextuny >67,0 HI/MII, Maja HaHBHIIY TPO-
THOCTUYHY €()eKTUBHICTB.

O6roBopeHHs

3rimHO 3 pe3ynsTaTaMu J0CITiDKSHHS, i ABHIIeH piBHI SST2
i P-ceniekTrHy 10CTOBIPHO KOPEIIOIOTH 13 TiJIBUIIEHUM PH-
3UKOM CEpIICBO-CYIMHHIX ITO/IIH y TIAII€HTIB 13 MHOKHHHOIO
Miesiomoro micast COVID-19. 1i 6iomapkepu € moKa3HHKa-
MH aKTHBAIlil 3alajeHHs, CHAOTeNanpHoi qucyHKii Ta
¢bi0po3y miokapna.

Panimre sST2 BH3HA4YCHO K HE3AJICKHHU MPEITUKTOP
HECIIPUSTIIMBOIO MPOrHO3Y MPU CEPLEBii HEJOCTATHOCTI,
TOCTPHUX KOPOHAPHUX CHHIPOMAX 1 3arajbHiil CMEpTHO-
cti [11,12,13]. 3a maHuM# 06araTorEHTPOBUX JOCIIIKCHb,
piBenb sST2 >35 Hr/mi1 TOB’ I3aHMH 13 M ABUILICHIM PH3UKOM
rocmiTaiizalii Ta cMepTi Bij ceprieBoi HemocTaTHOCTI [14].
V kontekcti COVID-19 Bucokuii piBeHb sST2 acoriroeTsest
3 TSOHKKUM TIepebiroM XBOpOOH, JIETEHEBUM YPaXXCHHSM 1
BHCOKHM PIBHEM CHCTEMHOTO 3arayieHHs [ 15,16].

P-cemexTuH, sIK TOKa3aHO B HU3III IOCTIKEHb, Oepe y9acTh
y maroreHesi TpoMOOYTBOPEHHSI Yepe3 aKTHUBAIII0 TPOM-
OorutiB Ta enporeniro [17,18]. V mamientiB i3 COVID-19
IiIBUIICHHS PIBHIB P-CENEKTHHY acOIiFOBATIOCS 3 TSHKYUM
niepediroM XBOpoOH Ta BHIIIOI0 YaCTOTOK TPOMOOEMOOITid-
HUX yCKJIaaHeHb [19]. YV remaronoriynux mariieHTiB P-ce-
JIEKTHH TaKOK BU3HAYAIOTh SIK TIOTEHITIHHITI MapKep pU3HKY
CYIMHHUX YCKJIaJHEHb Ticiist XiMierepartii [20,21].

OTke, pe3yIbTaT! HAIIoro JOCHTIHKEHHs 30iraroTbes 3
JIAHUMH CBITOBOI HayKOBOT JIITEpaTypy Ta MiITBEPIKYIOTh
3HAYYIIiCTh BUKOprcTaHH: sST2 i P-cemexTrny sk mporHoc-
TUYHUX MapKepiB HE TUIbKU B 3arajibHiid Kap/AiojoriyHii
MPaKTHIl, aje ¥ y CrenudivgHil MomymsIii maIieHTiB i3
MHO)KHHHOO Mi€JIOMOI0, siki iepenecin COVID-19.

i maHi MOXKYTB CIIPHSATH PO3POOIICHHIO ITEPCOHAITI30BAHIX
anropuTMiB crparudikailii pU3HKy, paHHBOTO BTPYYaHHS Ta
TPUBAJIOTO Kap/liOMOHITOPHHTY, III0 MOKE Oy TH IHTEIPOBAHO
B MYJIBTHIUCIMIUTIHAPHE BEICHHS OHKOTEMAaTOJIOTIYHUX
XBOPHX.

BucHoBKku

1. Ilinsuiennst piBHiB sST2 i P-cenekTHHy € npenuKTo-
pamM# CepIrieBO-CYAMHHUX IO Y MAI[EHTIB 13 MHOKHH-
HOI0 Miesomoro micns Tspkkoro COVID-19 HaBiTh y crani
pemicii.

2. KombinoBana monentb sST2 >28,5 ur/mi ta P-cenextnny
>67,0 HI/MJI TTOKa3aja HAMBHIIY MPOrHOCTUYHY I[IHHICTB,
MOJKE CTaTH OCHOBOIO JUISl IIEPCOHANII30BAHOTO MOHITOPHHTY.

3. Pegympratu miATBEPIIKYIOTH AOIUIBHICTE MYIBTHOI0-
MapKepHOTO MiAXOAY B KapIiOOHKOJOTIi Ta BaKIUBICTh
iaTerpanii COVID-19 B olliHIOBaHHS PH3HKIB.

[lepcneKTHBH MOJATBIINX A0CTIAKEHb TOJATATh Y HPO-
JIOB)KCHHI BUBUCHHSI IIPOTHOCTUYHOI posti OiomMapkepiB y
OLIPIINX KOTOpTax IMAali€HTiB, BPaXOBYIOYX THII Teparlii Ta
CYITyTHI 3aXBOPIOBaHHS. Pe3ysibTaTy inX JOCIIHKEHb CIIPH-
SITUMYTBh BaJTi/allii 3alpONOHOBaHOT MOJIEITI.
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The relevance of searching for new active compounds among 1,2,4-triazole derivatives is determined by their potential effectiveness in
treating various diseases such as cancer, inflammation, microbial infections, and antioxidant disorders. Studies show that these compounds
can inhibit the proliferation of cancer cells, exhibit anti-inflammatory properties, demonstrate activity against pathogenic microorganisms,
and neutralize free radicals, which is important for preventing oxidative stress. Therefore, the study of 1,2,4-triazole derivatives may lead
to the development of new effective drugs, which is extremely relevant in modern medicine.

The aim of the work is to summarize recent scientific advances in the study of 1,2,4-triazole derivatives, particularly their antitumor, anti-
microbial, anti-inflammatory, anticonvulsant, and antioxidant activity, to substantiate their potential as multifunctional therapeutic agents
in modern medicine.

Results. The literature review confirmed that 1,2,4-triazole derivatives exhibit significant biological activity across various therapeutic areas.
Studies revealed high antitumor efficacy of hybrid compounds, particularly the derivative 5-((4-(6-fluorobenzo[d]isoxazol-3-yl)piperidin-1-yl)
methyl)-4-(4-nitrophenyl)-4H-1,2,4-triazole-3-thiol, which demonstrated notable activity against breast cancer cells (MCF-7), as confirmed
by DFT and molecular docking methods. In antimicrobial therapy, derivatives combined with norfloxacin showed higher efficacy compared
to standard antibiotics against both Gram-positive and Gram-negative bacteria while maintaining good biocompatibility. Research on an-
ticonvulsant properties found that 4-amino-4H-1,2,4-triazole derivatives effectively interact with the GABA-A receptor, outperforming the
standard drug phenytoin in in vivo models. In anti-inflammatory studies, compounds containing a 1,3,4-thiadiazine fragment achieved 91 %
inhibition of edema, surpassing ibuprofen (82 %), and reduced key inflammatory biomarkers. The antioxidant properties of brominated
[1,2,4]triazolo[1,5-a]pyridine derivatives were particularly pronounced, with maximum activity observed at a concentration of 150 pg/mL.
These results highlight the broad therapeutic potential of 1,2,4-triazole derivatives, making them promising candidates for the development
of novel drugs to combat oncological, infectious, inflammatory, and neurodegenerative diseases, as well as for oxidative stress prevention.

Conclusions. 1,2,4-Triazole derivatives exhibit a wide range of biological activity, including antifungal, antimicrobial, anticancer, antibac-
terial, anticonvulsant, anti-inflammatory, and antioxidant properties. This indicates their potential as versatile agents for the treatment of
various diseases.

Keywords: derivatives 1,2,4-triazole, biological activity.
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CyuacHi HanpsiMu gocnipxeHb GionoriyHoi akTMBHOCTI noxigHux 1,2,4-Tpiasony (ornsa nitepatypm)
|. M. Binaw, B. |. Qapin, A. B. Xinbkoseup, A. |. binan

AKTyanbHICTb MOLLYKY HOBUX aKTUBHWX CMOMYK y NOXiaHMX 1,2,4-Tpia3oniB 3yMOBMEHa iXHbOK NOTEHLNHOK eeKTUBHICTLO Mid Yac NikyBaHHs
NaLjieHTIB i3 PisHUMM CTaHaMU: OHKOMOFYHUMU NpoLecamMit, 3ananeHHsaM, MiKpOOHUMY IHGEKLSIMM Ta NOPYLIEHHSIMW aHTUOKCUAAHTHOT
cuctemu. 3rigHo 3 pesynbratamy LOCTIAKeHb, Ui CoMykM MOXYThb iHribyBaTy nponichepalliio pakoBUX KIiTUH, MatoTb NpoTu3anasbHi
BI1aCTWUBOCTI, aKTUBHICTb NPOTU NATOreHHUX MIKPOOPraHi3miB i MOXYTb HeATpani3yBaTy BinbHi paguKkarnu, Lo BaXIMBO AN NPOMinakTukm
okcupatusHoro ctpecy. OTxe, BUBYEHHS NOXigHWX 1,2,4-Tpia3oniB MOXe CrpusaTi PO3POBNeHHI0 HOBMX eheKTUBHIX Nikapcbkux 3acobiB,
LU0 € HaA3BMYaHO aKTyanbHUM Y Cy4YacHi MeauLMHi.

MeTa po6oTu — y3aranbHEHHSI OCTaHHIX HayKOBWX AOCATHEHb Y AOCIMXEHHI noxigHux 1,2,4-Tpiaonis, 30kpema LLoA0 NPOTUMYXIMHHOI,
aHTUMIKPOBHOI, NPOTM3anarnbHoi, NPOTUCYAOMHOI Ta aHTMOKCUAAHTHOI @KTUBHOCTI, ANs 0BrpyHTYBaHHS iXHbOrO noTeHuiany sk 6araTo-
yHKLIOHaNbHKUX TepaneBTUYHUX areHTiB y Cy4acHin MeauLnH.

Pesynitatn. MNoxigHi 1,2,4-Tpia3onis xapakTepuayTbCs 3HAYHOK BIOMOriYHOI aKTMBHICTIO Pi3HWX TEPaNeBTUYHUX HAaNPAMIB. Y pesynbrari
[OCTiAXeHb BUSIBMEHO BUCOKY NPOTUMYXMNMHHY eheKTUBHICTb ribpuaHKMX cnonyk, 3okpema noxigHoi 5-((4-(6-cpropbenso[d]icokcason-3-in)
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ninepuanH-1-in)metnn)-4-(4-Hirpotenin)-4H-1,2,4-tpiazon-3-Tion, WO YMHWUNAA 3HAYHY aKTWBHICTb NPOTU KNITUH paKy MOMOYHOI 3anosn
(MCF-7). Lie nizTBepmkeHo metopgamu DFT i monekynsipHoro aokiHry. LLlono aHTMMikpoGHOI akTMBHOCTI BCTAHOBMEHO, LLO NOXIiAHI, NOEAHaHi
3 HOpEhroKCcaLMHOM, Manm BULLY €DEKTUBHICTb NOPIBHAHO 3i CTAHAAPTHUMM @aHTUBIOTYKaMK1 NPOTY rPamMno3UTUBHKX, FPaMHEeraTuBHIX bakTe-
piit i 36epiranu xopoLuy GiocymicHicTb. Iig Yac LOCNIMKEHHS! NPOTUCYAOMHUX BNIACTUBOCTEN BUSIBUIW, LU0 NOXiaHi 4-amiHo-4H-1,2,4-Tpiasony
edheKkTMBHO B3aeMOLi0Tb i3 peLienTopoM GABA-A, cnpusinu Kpalyym pesyrnbsratam NikyBaHHs NOPIBHAHO 3 PEHITOIHOM y MoZensix in vivo.
£k 3acobw ons npoTusananeHoi Tepanii cnonyku 3 pparmenTom 1,3,4-TiagiasuHy cnpusnu iHridysanHio Habpsky (91 %), nepesepLumBLIK
edekTnBHICTb ibynpodeHy (82 %), a Takox 3HU3WUNK PIBEHD KITOYOBYMX 3anarnbHux GiomapkepiB. AHTMOKCUAAHTHI BNAacTUBOCTi GpoMoBaHMX
noxiaHux [1,2,4]tpiasono[1,5-anipuanHy BupaxeHi ocobnmneo, MakcumarbHa akTUBHICTb 3adpikcoBaHa npu koHueHTpauii 150 mkr/mn. Lli
pes3ynbraTii CBigvaTh NPO LUMPOKWIA TEPANEBTUYHUIA NOTEHLian noxiaHux 1,2,4-Tpia3onis, Wo pobuTs iX NepcnekTMBHUMM KaHaMAaTaMu Ans
pO3p0o6KM HOBUX MiKaPCbKMX 3acOBiB AN1s NiKyBaHHS NALEHTIB 3 OHKOMOTYHUMMU, IHGDEKLINHUMM, 3anarnbH1MK Ta HeMpoAereHepaTMBHUMM
3aXBOPIOBAHHAMM, @ TaKoX ANs NpodinakTNk1 OKCUAATUBHOMO CTPECY.

BucHoBku. MoxigHi 1,2,4-Tpia3onis xapakTepuayTbCs LUMPOKUM CMEKTPOM GioNoriYHOi akTUBHOCTI: NPOTMIPUOKOBO, MPOTUMIKPOBHOIO,
NpOTMPaKoBO, aHTMbaKTEpianbHOK, MPOTUCYAOMHOLD, NPOTHU3ananbHOK Ta aHTWOKCWUAAHTHO. Lle cBiguuTh Npo iXHil noTeHuian sk

yHiBepcanbHux 3acobiB ANns NiKyBaHHS Pi3HNX 3aXBOPHOBAHb.

Kntouogi cnoBa: noxigHi 1,2,4-Tpiasony, 6ionoriyHa akTUBHICTb.

AxTyanbHi nuTaHHa hapmaleBTMYHOI | MeaMyHOI Hayku Ta npakTuku. 2025. T. 18, Ne 2(48). C. 197-205

Derivatives of 1,2,4-triazoles attract considerable attention in
modern chemistry due to their diverse biological properties
and potential for medical use [1,2]. These compounds have
proven to be effective in treating various diseases, such as
cancer, infectious diseases, inflammatory processes, and
diseases of the cardiovascular system. Current research
highlights their antibacterial, antiviral, anti-inflammatory,
and cytostatic activity, making them promising candidates for
the development of new drugs [3,4]. In addition, most repre-
sentatives of this class are low-toxic or practically non-toxic
substances, which is also their significant advantage [5,6]. A
successful example of this is Thiotriazoline, which is known
for its antioxidant, hepatoprotective, and cardioprotective
properties. It is widely used in medicine for the treatment
of liver diseases, cardiovascular disorders, and conditions
associated with oxidative stress.

Due to the variety of synthetic approaches and the ability
to modify the structure of 1,2,4-triazoles [7,8], an objective
assessment of their biological activity is crucial for the de-
velopment of effective drugs. The literature review will not
only analyze the results already achieved, but also point out
knowledge gaps that require further study.

The literature review on current trends in the study of the
biological activity of 1,2,4-triazole derivatives is important
for systematizing existing knowledge and identifying di-
rections for further research. Currently, there are numerous
publications describing new synthetic methods, mechanisms
of action, and clinical trials of triazole derivatives, but it is
necessary to summarize these data and identify key trends
in this area [9,10].

Therefore, the study of current trends in this area is an
important contribution to pharmaceutical science, which will
contribute to the development of new therapeutic strategies.

Aim

The aim of the work is to summarize recent scientific advan-
ces in the study of 1,2,4-triazole derivatives, particularly their
antitumor, antimicrobial, anti-inflammatory, anticonvulsant,
and antioxidant activity, to substantiate their potential as
multifunctional therapeutic agents in modern medicine.

The review aims to identify major research trends, identify
knowledge gaps, and formulate recommendations for further
experimental studies to develop new therapeutics based on
these compounds.

Materials and methods

The study employed the following methods: analytical, infor-
mation search, descriptive, and generalization. The sources
of materials included data from domestic information and
scientific databases, as well as scientometric platforms such
as Scopus, Web of Science, and PubMed over the past five
years. The literature search was conducted using the following
selection criteria: peer-reviewed publications investigating
the biological activity of 1,2,4-triazole derivatives. Articles
were screened based on titles, abstracts, and keywords, with
additional filters applied for publication year, full-text avail-
ability, and study type.

Results

Today, the search for antitumor agents is due to the growing
prevalence of cancer worldwide [11,12]. Traditional treat-
ments, such as chemotherapy and radiotherapy, are often
accompanied by serious side effects and tumor resistance to
therapy. Therefore, there is an urgent need to develop new
drugs that can provide more effective treatment with minimal
side effects.

A joint group of Chinese and Indian scientists [ 13] synthe-
sized and investigated a series of six new hybrids of 1,2,4-tri-
azole and the aromatic fragment of benzisoxazole. The
compounds were subsequently studied for antitumor activity,
namely against MCF-7 cells (breast cancer cells). To evaluate
the antitumor activity of derivatives, the Alamar Blue assay
method was used on a well-characterized MCF-7 cell line,
which is widely used in scientific research. The compounds
were tested in various concentrations up to 100 microns for
72 hours. Of the six compounds, 5-((4-(6-fluorobenzo[d]
isoxazol-3-yl)piperidin-1-yl)methyl)-4-(4-nitrophenyl)-4H-
1,2,4-triazole-3-thiol (Fig. 1) demonstrated a high activity
against the studied cells. To confirm and explain the obtained
results, the Density functional theory method and molecular
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Fig. 2. Derivatives containing 5-(2-chlorophenyl)-2,4-dihydro-1,2,4-triazole-3-thione.
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Fig. 3. (4-(3,5-Dimethoxyphenyl)piperazin-1-yl)(5-methyl-4-phenyl-4H-1,2, 4-triazol-3-yl)methanone.

docking were also used. They showed that this molecule is
characterized by a small energy gap value, which indicates
its high reactivity.

For the same purpose, M. R. Aouad, H. M. Al-Moham-
mad et al. invented a convenient and efficient regioselective
synthesis of a series of S- and S,N-bis-acyclonucleoside
derivatives containing 5-(2-chlorphenyl)-2,4-dihydro-1,2,4-
triazole-3-thion, as well as direct synthesis of triazolothiazines
(Fig. 2) [14]. Scientists analyzed the obtained compounds for
cytotoxicity against three types of human liver cancer cells
(Hep G2, MCF-7, HCT116). To obtain detailed data on the
mechanism of action, EGFR analysis and tubulin inhibition
analysis were performed for the most active compounds. Ac-
cording to the results, it was found that some of the obtained
substances exhibit a significant anti-cancer effect.

A group of scientists [15] synthesized several 5-methyl-4-
aryl-3-(4-arylpiperazine-1-carbonyl)-4H-1,2,4-triazoles and
studied their antiproliferative and inhibitory effects on tubulin

polymerization. According to the results of the study, it be-
came known that some compounds of the series showed mod-
erate activity in vitro against three cancer cell lines SGC-7901,
A549 and HeLa. The compound (4-(3,5-dimethoxyphenyl)
piperazine-1-yl)(5-methyl-4-phenyl-4H-1,2 4-triazole-3-yl)
methanone (Fig. 3) found the highest efficacy against three
cancer cell lines).

Around the world, many new strains of microorganisms
have recently been discovered that show resistance to an-
timicrobial agents, which poses a serious threat to health.
Improving existing and creating new effective synthetic
drugs against microbes and fungi is one of the priorities of the
modern pharmaceutical industry. For this purpose, derivatives
of 1,2,4-triazoles are actively studied [16,17].

Scientists have obtained a series of new “1,2,4-triazole-nor-
floxacin” hybrids (Fig. 4). The resulting compounds showed
higher antibacterial activity compared to norfloxacin against
both Gram-positive and Gram-negative bacteria [18]. It was
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Fig. 4. New “1,2,4-triazole-norfloxacin” hybrids.

5

OH

N\N/H
/ /N\
| N N)\s/\( _ﬁ
N o/ T g

Fig. 5. 1-((4-Ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)thio)methyl)-4 H-1,2,4-triazol-3-yl)thio)propan-2-one.
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Fig. 6. 1-(4-Methoxyphenyl)-2-((4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)thio)methyl)-4 H-1,2,4-triazol-3-yl)thio)ethanone.

found that hemolysis is not observed at a concentration of
64 micrograms/ml, which indicates good biocompatibility of
the molecules. According to the results of molecular dock-
ing, the lowest binding energy varies from 9.4 kcal/mol to
9.7 kcal/mol.

Scientists of Zaporizhzhia State Medical and Pharmaceu-
tical University [19] obtained and investigated several new
S-substituted 1,2,4-triazole-3-thiols from 2-aryl-2-oxoethane-
1-yl substitute. Further research focused on their antibacterial
and antifungal activity. Strains of Staphylococcus aureus
ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, and Candida albicans ATCC 885-
653 were used as test cultures. Activity was evaluated by
the method of double serial dilutions in a liquid nutrient
medium, which was optimal for the growth of the studied
cultures, at a concentration of 106 cells/ml. The minimum
inhibitory concentration was determined by the absence of
visible growth in vitro at the lowest concentration of the test
sample. The highest activity was demonstrated by compounds
1-((4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)
thio)methyl)-4H-1,2,4-triazol-3-yl)thio)propan-2-one and

1-(4-methoxyphenyl)-2-((4-ethyl-5-(((3-(pyridine-4-yl)-1 H-
1,2 ,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-yl)thio)
ethanone (Fig. 5, 6). The results show that these substances
are promising for further research.

The search for new synthetic compounds with anticon-
vulsant activity remains an important direction in modern
pharmaceutical science. Among the reasons for this are the
high level of resistance to traditional anticonvulsants, signi-
ficant side effects of existing drugs, and the need for therapies
that could be more effective in treating various forms of
epilepsy [20,21]. Research of new molecules can not only
expand the arsenal of therapeutics, but also understand the
mechanisms of convulsive seizures, which can contribute to
the creation of targeted and personalized treatment strategies.

A team of Indian scientists [22] obtained new derivatives
of 4-amino-4H-1,2,4-triazole using various arylaldehydes
and ketones (Fig. 7). The resulting compounds were tested
for anticonvulsant activity and their neurotoxicity in vivo.
Two compounds from a number of those obtained showed
better results compared to the control agent phenytoin. The
direct structure-action relationship was studied, in one case
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Fig. 7. Derivatives of 4-amino-4H-1,2,4-triazole.
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Fig. 8. 5-Aryl-4-(chloroacetylamino)-3-mercapto-1,2,4-triazole.

due to the existing electron — acceptor group of halogens,
in the second — heterocyclic aromatic indole. Thus, it was
found that the nature of functional groups is crucial for an-
ticonvulsant activity.

Another team of Indian scientists, Rupshee Jain et al. [23],
used organic synthesis methods to obtain several derivatives
of 5-aryl-4-(chloracetylamino)-3-mercapto-1,2,4-triazole
(Fig. 8). For detailed study and analysis, the researchers used
methods for predicting pharmacologic activity, the in silico
molecular docking method, and experimental in vivo mod-
els: maximum electric shock-induced seizures (MES) and
pentylenetetrazole-induced seizures (scPTZ). Phenytoin and
carbamazepine were used as standard drugs to assess the
anticonvulsant activity of synthesized compounds. Molecular
docking was performed to evaluate binding affinities to the
GABA receptor and qualitatively substantiate their anticon-
vulsant activity. Molecular dynamics modeling revealed
the structural stability of the GABAA ligand complex in
a dissolved medium. Among the synthesized compounds,
thiazole and 1,2,4-triazole derivatives showed high results.
These compounds may even be considered potential thera-
peutic candidates in preclinical and clinical trials as effective
antiepileptic drugs.

Inflammation is an important process that significantly af-
fects the development of many diseases, in particular autoim-
mune disorders, cardiovascular diseases and cancer. Studying
the mechanisms of inflammation helps to create effective
treatment strategies that aim to reduce the inflammatory

N——N—/—=C Cl
H

O’ HN NH * HN

response [24,25]. Most nonsteroidal anti-inflammatory drugs
affect the synthesis of inflammatory mediators, in particular
arachidonic acid metabolites, by inhibiting cyclooxygenase
activity. However, there is another pathway — lipoxygenase,
which involves the sequential interaction of different subtypes
of lipoxygenases. As a result, various subtypes of leukotrienes
and lipoxins are formed from arachidonate.

Shahid W. et al. actively studied the inhibitory activity of
newly synthesized S-alkyl/aralkyl derivatives of 2-(4-cthyl/
phenyl-5-(1-phenylcarbamoylpiperidine)-4H-1,2,4-triazole-
3-yl-thio)esther against lipoxygenase (Fig. 9) [26]. In the
course of the work, a number of methods were applied, in
particular in vitro, in silico, MTT analysis and flow cytometry,
which gave interesting results. For some compounds, strong
inhibitory properties were found against the human enzymes
15-sLOX and 5-LOX human (5-hLOX), and they also showed
maximum cell viability of lymphocytes and effects on cells in
the late apoptosis stage. Based on the obtained data, work was
continued on the search for an active anti-inflammatory agent.

Neelakanth M. Jeedi et al. [27] conducted a few interesting
studies on the analgesic and anti-inflammatory activity of
newly synthesized 1,2,4-triazole derivatives (Fig. 10). The
anti-inflammatory properties were tested with carrageenan
and formalin-induced rat paw edema, and the twists caused
by acetic acid were also investigated. Peripheral and central
analgesic effects were evaluated using the hot plate method.
Diclofenac and pentazocine were used as comparison tools.
The compound (5-(4-nitrophenyl)-1-phenyl-1H-1,2,4-tri-
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Fig. 11. Compounds (S)-1-(4-amino-5-mercapto-4H-1,2,4-triazol-3-yl)ethanol and (S)-1-(6-phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazine-3-yl)ethanol.

azole-3-(2H)-one demonstrated strong analgesic and anti-in-
flammatory activity in nociceptive and inflammatory models.
This effect is due to a decrease in the sensitivity of nociceptors
and blocking potential-dependent ion channels. It was noted
that the studied compound significantly reduces the level of
inflammatory biomarkers and reduces the formation of edema
caused by formalin, by inhibiting the level of neuropeptides,
histamine and proteinoids.

Pakistani scientists T. Azim et al. [22] approached the
study of anti-inflammatory activity in their synthesized
derivatives of 1,2 4-triazole with a fragment of 1,3,4-thiadi-
azine (Fig. 11) by determining anti-inflammatory, analgesic
and antipyretic activity. Swiss albino mice and Wistar rats
of both sexes were used for this purpose. Anti-inflammatory
studies were evaluated on an animal model of acute inflam-

matory pain using the carrageenan paw edema model and
the egg albumin-induced paw edema method. These models
initiate two-phase release of inflammatory mediators. The
antinociceptive activity of the synthesized compounds was
also studied in several models: under the action of acetic
acid (snag reflex), a model of heat-induced nociception, and
formalin. The antipyretic activity of the compounds was
evaluated by modeling hyperpyrexia in animals using yeast.
The comparison drug in all cases was ibuprofen. According
to the results, it was found that the studied compounds ex-
hibit significant anti-inflammatory, analgesic and antipyretic
activity. It was found that the maximum edema inhibition
for the compound (S)-1-(4-amino-5-mercapto-4H-1,2,4-
triazole-3-yl)ethanol is 91 %, compared with the reference
drug ibuprofen 82 %, while (S)-1-(6-phenyl-7H-[1,2,4]
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Fig. 12. Derivatives of [1,2,4]triazolo[1,5-a]pyridine: 7-bromol[1,2,4]triazolo[1,5-a]pyridine-2-amine and 5-bromo[1,2,4]triazolo[1,5-a]pyridine-2-amine.
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Fig. 13. 6-(((4-Amino-5-mercapto-4H-1,2,4-triazole-3-yl)methyl)amino)-1,3-dimethylpyrimidine-2,4(1H,3H)-dione.

triazolo[3,4-b][ 1,3,4]thiadiazine-3-yl)ethanol showed equi-
potential results than ibuprofen 81 %.

A considerable amount of literature data indicates signifi-
cant antioxidant activity of 1,2,4-triazole derivatives [28,29].

For example, a group of domestic researchers studied
the antioxidant activity of a series of [1,2,4]triazolo[1,5-a]
pyridine derivatives. Which were obtained through the
cyclization of intermediate products from the interaction of
2-aminopyridines and ethyl isothiocyanate carbonate [30].
The antioxidant activity of the substances was determined
by inhibiting epinephrine oxidation under artificial oxidative
stress in vitro. The intensity of free radical lipid oxidation
was estimated spectrophotometrically by the formation of
TBC-active products. Among the studied objects, the highest
activity was found for 7-bromo[1,2,4]triazolo[1,5-a]pyri-
dine-2-amine and 5-bromol[1,2,4]triazolo[1,5-a]pyridine-2-
amine (Fig. 12). Based on the research results, interesting
structure-action dependencies have been established.

AL-Tamimi M. B. et al. synthesized heterocyclic deriva-
tives containing fragments of 6-amino-1,3-methyluracilum
and 1,2,4-triazole [31]. The antioxidant activity of the
stable free radical DPPH was also studied for the obtained
compounds. The synthesized compounds were determined
at three different concentrations of 50, 100, and 150 micro-
grams/ml. The total antioxidant capacity was evaluated
using the phosphomolybdenum method. This method is
based on the reduction of colorless Mo (V1) to blue Mo (V)

and the subsequent formation of green molybdenum phos-
phate (V). In both cases, ascorbic acid was used as a control.
Quite positive results were obtained for all the synthesized
compounds. But the highest activity was observed for
6-(((4-amino-5-mercapto-4H-1,2,4-triazole-3-yl)methyl)
amino)-1,3-dimethylpyrimidine-2,4(1 H,3H)-dione (Fig. 13).
It has also been proven that the effectiveness decreases with
a decrease in concentration, so the best result was observed
at a concentration of 150 mcg/ml.

Discussion

The obtained results indicate a significant influence of the
chemical structure of 1,2,4-triazole derivatives on their
biological activity, particularly their antitumor, anticon-
vulsant, antioxidant, antibacterial, and antifungal effects.
Analysis revealed that the presence of electron-donating or
electron-withdrawing substituents in the aromatic core sig-
nificantly enhances the antitumor activity of the compounds.

The most promising among the studied compounds was
5-((4~(6-fluorobenzo[dJisoxazol-3-yl)piperidin-1-yl)methyl)-
4-(4-nitrophenyl)-4H-1,2 4-triazole-3-thiol, which showed
high activity against MCF-7 cells. DFT and molecular
docking methods established a low energy gap, indicating its
high reactivity. Studies of S- and S,N-bis-acylated nucleoside
derivatives demonstrated that certain compounds exhibit sig-
nificant cytotoxicity against Hep G2, MCF-7, and HCT116
liver cancer cells. Their mechanism of action is associated
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with EGFR inhibition and tubulin polymerization suppres-
sion. Among a series of 5-methyl-4-aryl-3-(4-arylpiperazin-1-
carbonyl)-4H-1,2 4-triazoles, the most potent antiproliferative
activity was demonstrated by (4-(3,5-dimethoxyphenyl)
piperazin-1-yl)(5-methyl-4-phenyl-4H-1,2,4-triazol-3-yl)
methanone, which effectively inhibited tubulin polymeriza-
tion and showed activity against SGC-7901, A549, and HeLa
cancer cell lines.

In studies on the anticonvulsant activity of 4-amino-4H-
1,2,4-triazole derivatives, it was found that the presence
of electron-withdrawing groups, such as halogens, and
heterocyclic aromatic fragments (e. g., indole) significantly
enhances their effectiveness. Two compounds from this se-
ries outperformed the standard drug phenytoin, emphasizing
the importance of structural features for pharmacological
properties.

Investigations of 5-aryl-4-(chloroacetylamino)-3-mer-
capto-1,2,4-triazole derivatives revealed their high anti-
convulsant activity, as confirmed by molecular docking
and molecular dynamics simulations. These compounds
effectively interacted with the GABA-A receptor, explaining
their mechanism of action. These findings suggest that these
compounds are promising candidates for further studies as
antiepileptic drugs.

The antioxidant activity of [1,2,4]triazolo[1,5-a]pyridine
derivatives and other heterocyclic compounds also depends
on their chemical structure. The highest activity was observed
in 7-bromo- and 5-bromo-[1,2,4]triazolo[1,5-a]pyridines,
highlighting the importance of specific substituents in en-
hancing the antioxidant effect. The optimal concentration for
achieving maximum activity was 150 pg/mL, indicating the
need for precise dosage selection.

In studies of the antibacterial activity of ““1,2,4-triazole-nor-
floxacin” hybrid compounds, it was found that they surpassed
norfloxacin in effectiveness against both Gram-positive and
Gram-negative bacteria. Molecular docking confirmed their
optimal interaction with biological targets, with binding ener-
gies ranging from 9.4 kcal/mol to 9.7 kcal/mol. Additionally,
the compounds did not induce hemolysis at a concentration
of 64 pg/mL, demonstrating their good biocompatibility.

The antifungal and antibacterial activity of S-substituted
1,2,4-triazole-3-thiols also depended on the structure of the
substituents. The most active compounds contained pyridine
fragments and triazole rings, confirming the importance of
these structural elements in enhancing biological activity.

Thus, the obtained results confirm that the chemical
structure of 1,2,4-triazole derivatives plays a crucial role in
determining their pharmacological properties. Optimization
of molecular structures enables achieving high efficacy in
combating various diseases, opening new prospects for the
development of effective drugs.

Conclusions

1. Several structure-activity relationships have been estab-
lished based on the analyzed literature sources.

2. It has been proven that 1,2,4-triazole derivatives exhibit
a broad spectrum of biological activity, including antifungal,

antimicrobial, anticancer, antibacterial, anticonvulsant, an-
ti-inflammatory, and antioxidant effects.

3. Their potential as universal agents for the treatment of
various diseases has been identified.

Prospects for further research. Due to their versatility, triazole
derivatives can become the basis for the development of new
drugs that can fight antibiotic resistance and infectious dis-
eases, as well as provide support in the treatment of cancer.
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AKTyanbHiCTb CTBOPEHHSI HOBOIrO KOMGIHOBaAHOIO NiKapCbKOro 3acoby
AN NiKyBaHHA KOrHiITUBHUX NOPYLUEHb

N. 1. KyqepeHkoAPEF B, T CnobogsHmk&ABCD

3anopisbkuii AepaBHUIA MeayKo-apMaLeBTUYHUIA yHIBepcuTeT, YkpaiHa

A — KOHUenNUig Ta AnsaitH gocnimkeHHs; B — 36ip aanux; C — aHanis Ta iHTepnpeTauis gannx; D — HanucanHs cTatTi; E — peparyBanHs cTarTi;
F — ocTaToyHe 3aTBepaXeHHs CcTaTTi

KOrHITUBHI MopyLUEHHS — ofHa 3 HalaKTyarnbHilKMx Npobnem cyvyacHoi MEAWLMHU, OCKIMbKM iXHS MOLUMPEHICTb HEYXWUIbHO 3pOCTaE B
yCbOMY CBITi. LI TeHAEHUiA 3yMOBMeHa HWU3KO mobanbHUX akTopiB, 30KpeMa CTapiHHSAM HaceneHHsl, ypbaHisauieto, NoWMpPeHHAM
XPOHIYHMX 3aXBOPOBaHb, a Takox BnnvBoM naHaemii COVID-19. OcobnmBy porb y NOWMPEHHI KOTHITUBHWX PO3naziB BidirpaloTb CTPECOBI
Ta couianbHi hakTopu, Lo OCTaHHIMM pOKamMu 3HA4YHO NOCWUUIK CBIli BNNMB Ha HaceneHHst. B Ykpaiki npobnema korHiTuBHUX nopyLueHb
CTana HaranbHOK BHaCMigOK coLianbHO-eKOHOMIYHMX BUKMMKIB i HACNiaKIB BiMCbKOBOI arpecii pocincbkol deaepadii. MNocTinHui cTpec,
BTpaTh Gnn3bKyX, BUMYLLEHE NEPEMILLEHHS Ta 3aranbHe BiguyTTs Hebe3neku iCTOTHO BNMMBAKOTb Ha KOTHITWUBHI (OYHKLi: NaM’sTb, KOH-
LieHTpaLilo yBary Ta 34aTHiCTb A0 MnaHyBaHHsA. PO3yMiHHS OCHOBHMX MEXaHi3MiB PO3BUTKY KOTHITMBHUX MOPYLUEHb € KIOYOBUM ANS
pO3pobneHHs ePekTUBHUX TEPANEBTUYHMX MIiAXOAIB. Y CydacHUX AOCMIMKEHHAX NOKa3aHO: KMYOBUMM NAaTOreHETUYHUMI (hakTopaMu €
HerpoaereHepauisi, CyauHHI poanaau, MetaboniyHa aucdyHKLis Ta BNAMB XpoHiYHoro cTpecy. Lle nigkpecntoe HeobxiaHICTb CTBOPEHHS
HOBMX KOMBIHOBaHMX Npenapartig, Lo MOrnm 6 KOMNEKCHO BNAMBATY Ha KinbKa NaToreHeTUYHUX NaHoK.

Meta po6oTu — aHani3 i cuctemaTmsalis Cy4acHUX 4aHUX NPO MEXaHi3MM PO3BUTKY KOTHITUBHKX NOPYLLEHb, & TAaKOX BU3HAYEHHS Nepenek-
TWUBHWX HaNPsMiB Ans po3po6neHHst HOBUX NiKapCbKUX NPenaparis, Lo NPU3HaYeHi ANs BiGHOBMNEHHS Ta NILTPUMKM KOTHITUBHUX (DYHKLN.

Matepianu i meToan. Ak maTepian Ans AOCIMKEHHS BUKOPUCTAHO AaHi 3 Axepen haxoBoi NitepaTypu, BKITKOYEHNX A0 MixXHapoaHuXx 6i-
GniorpadiuHnx 6a3 (Web of Science, Scopus, PubMed, Chemical Abstracts). 3actocoBaHo MeToau CUCTEMHOTO aHaniay, iHdhopmMaLinHoro
nowuyky. MNig yac po6oTu BUKopmcTaHo GibniocemaHTUYHWIA NigXia Ans aHanisy 38'a3Ky Mix KIHOYOBUMYM TEMamM Ta HanpsiMamu JOCTiAXKEeHb,
a TaKoXX METOAM OMMCOBOTO 1 y3ararbHEHOro aHanidy Ans hopmMyBaHHA BUCHOBKIB NPO CTaH i NEPCNEKTUBHI HAaNpsiMy po3pobneHHs npe-
napariB Ans nikyBaHHS KOTHITUBHUX NOPYLUEHb.

Pesynkrati. IcTOTHE 30inbLUEeHHS KiNbKOCTi BUNAZKIB KOTHITUBHWX MOPYLIEHb Yy CBITi N YkpaiHi NoB’a3aHe 3 rmobansHuMK daktopamm
CTapiHHSA HaCeNeHHs, CTPECOBUMM YMHHUKAMU Ta HeipodereHepaTMBHUMM 3axBOproBaHHAMK. B YkpaiHi us npobnema nocuntoetscst co-
LianbHO-eKOHOMIYHUMI YMOBaMu Ta Hacrnigkamu 36poiiHoT arpecii. BcTaHOBNEeHO Kno4oBi MEXaHi3MM KOrHITUBHUX MOPYLLEHb, BKIKOYA0UM
HerpoaereHepauito, CyauHHi ponaau Ta meTtabonivHy AucdyHKLil. Ha OCHOBI X JaHWX BU3HAYEHO NEPCNEKTUBHICTb PO3POGNEHHS
KOMGIHOBaHOrO nikapcbkoro 3acoby, Lo MICTUTb HATpIl CyKUMHAT | AMMeTUnaMiHoeTaHon, Ans edheKTUBHOTO BNAMBY HA NATOreHETHYHI
MeXaHi3Mu, Ans NOKpaLLeHHs! HeMPONPOTEKLIi Ta NIATPUMKM KOTHITUBHMX (DYHKLIINA.

BucHoBku. Y pesynbtati ornsigy HaykoBol fiTepaTypu NiATBEpIAXXEeHO akTyarbHICTb AOCNIMKEHb WOAO0 NPUYUH KOTHITUBHUX po3nagis. Y
HU3Lli HAYKOBUX MpaLb aKLEHTOBAHO Ha BaXIMBOCTI NOLLYKY e(heKTUBHILLIKX NiAXOAiB [0 BifHOBIEHHS KOTHITUBHUX (DYHKLIN, LLO MiAKPeCnioe
BVCOKWIA NOTeHLian po3pobneHHs HOBUX TepaneBTUYHUX 3acobiB. Lie OBOAMTb NEPCNEKTUBHICTL CTBOPEHHS KOMOIHOBaHWX Npenapartis,
AKki Mornu 6 BNAMBaTK Ha Kinbka KMioYOBMX MEXaHI3MIB, L0 CMIPUYMHSAIOTL PO3BUTOK KOTHITUBHUX NOPYLUEHD.

KntoyoBi cnoBa: KOrHITUBHI (DYHKLT, KOTHITUBHI NOPYLUEHHS, KOMOIHOBaHMIA Npenapar, HaTPil CyKUMHAT, AUMETUNaMiHOETaHOS.
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The relevance of creating a new combination drug for the treatment of cognitive disorders
L. I. Kucherenko, V. H. Slobodianyk

Cognitive impairment is one of the most pressing problems of modern medicine, as its prevalence is steadily increasing worldwide. This
trend is due to several global factors, including population aging, urbanization, the spread of chronic diseases, as well as the impact of
the COVID-19 pandemic. Stress and social factors play a special role in the growth of cognitive disorders, which in recent years have
significantly increased their impact on the population. In Ukraine, the problem of cognitive disorders has become even more acute due
to socio-economic challenges and the consequences of the military aggression of the Russian Federation. Constant stress, loss of loved
ones, forced displacement and a general sense of danger significantly affect cognitive functions, such as memory, concentration and
planning ability. Understanding the basic mechanisms of the development of cognitive disorders is key to developing effective therapeutic
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approaches. Current research demonstrates that key pathogenetic factors include neurodegeneration, vascular disorders, metabolic
dysfunction, and the effects of chronic stress. This emphasizes the need to develop new combination drugs that could comprehensively
affect several pathogenetic links.

Aim. Analysis and systematization of current data on the mechanisms of development of cognitive disorders, as well as determination,
based on the results of the analysis, of the most promising directions for the development of new drugs aimed at restoring and supporting
cognitive functions.

Materials and methods. Data from sources of professional literature presented in international bibliographic databases (Web of Science,
Scopus, PubMed, Chemical Abstracts) were used as the object of research. Methods of system analysis and information search were
used. In the process of work, a bibliosemantic approach was used to analyze the relationship between key topics and research areas,
as well as descriptive and generalized analysis methods to form conclusions about the current state and promising directions for the
development of drugs for the treatment of cognitive disorders.

Results. Trend analysis showed a significant increase in cases of cognitive disorders both in the world and in Ukraine, which is associ-
ated with global factors of population aging, stress factors and neurodegenerative diseases. In Ukraine, this problem is exacerbated by
socio-economic conditions and the consequences of armed aggression. Key mechanisms of cognitive disorders have been established,
including neurodegeneration, vascular disorders and metabolic dysfunction. Based on these data, the prospects for the development
of a new combined drug containing sodium succinate and dimethylaminoethanol for an effective impact on pathogenetic mechanisms,
improving neuroprotection and supporting cognitive functions have been determined.

Conclusions. The review of current scientific literature devoted to the study of the causes of cognitive disorders reflects the current state of
research in this area. A few scientific works emphasize the importance of finding more effective approaches to restoring cognitive functions,
which emphasizes the high potential for the development of new therapeutic agents. This proves the promise of creating combination

drugs that could affect several key mechanisms contributing to the development of cognitive disorders.

Keywords: cognitive functions, cognitive disorders, combination drug, sodium succinate, dimethylaminoethanol.
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KornituBHi (yHKIIT BigirpaioTs (GyHIAMEHTAIBHY POJH
y 3a0e3MeueHH] KUTTEISUTLHOCTI JIIONUHH, JTAF0YH 3MOT'Y
e(eKTUBHO cripuiiMaTy, 00pOOIIATH i BUKOPUCTOBYBATH iH-
(dopmaitiro. J[o OCHOBHHX CKJIaJOBHX KOTHITUBHOI TiSUTBHOCTI
HaJIe)KaTh [1aM’ Th, yBara, MUCJICHHS, 31aTHICTh YXBaJIFOBATH
piteHHs! i BupinryBaru rpodnemu. [lopyiieHHs ipx QyHKI{iH
MOXXYTh MaTH pi3HE MOXOKEHHSI, 30KpeMa MOXYTb OyTH
HACTIIKOM HeHpoaereHepaTHBHIX 3aXBOPIOBaHb (XBOpoba
Aunbureiivepa, [lapkincoHa), iHGEKIIHHUX ypaKeHb LIEH-
TpaJbHOI HEPBOBOI CHCTEMH, HEHpo3amanbHUX IMPOIIECiB,
CYMHHHX I1aTOJIOTIH, TPaBM.

VY cydacHill Haylli BU3HAYAIOTh TEHICHIIIIO O MOCH-
JIaHHS IHTEepecy J0 BUBYECHHsS Naro(di3ionoriyHux mexa-
HIi3MiB, IO JIEKaTh B OCHOBI KOTHITHBHHX MOPYIICHb. Le
3yMOBJICHO 1 JieMorpadiuyHUMU 3MiHaAMH (301JbIICHHIM
TPUBAJIOCTI XKUTTS T4 YACTOTH BIKOBUX HeWpopaereHepa-
THBHUX XBOPOO), | HOBUMH BUKJIMKAMHU, SIK-OT ITAHAECMI€I0
COVID-19. Tak, ingexkuis SARS-CoV-2 mana icrorHuit
BIUIMB Ha IIEHTPAJIbHY HEPBOBY CUCTEMY, CIIPHUUHSIE TAKI
BiJIaJIeH] HACIIJIKH, SIK «MO3KOBUI TyMaH», HOPYIICHHS
mam’siTi, 3HWKCHHA KOHIICHTpAIlii yBaru Ta iHIII KOTHi-
TUBHI nopymeHHs. OcTaHHI JOCTIDKEHHS CB114aTh, 110
COVID-19 moxe 3yMOBITIOBAaTH Helpo3amnaibHi MPOLIECH,
OKCHJIATUBHHI CTPEC 1 TIOKCi0, 1[0 pa30M MOCHIIIOIOThH
HelpoHabHi nucdynkii [1,2].

B Vkpaini npo0siema KOrHITHBHHX MOPYIIECHb HaOysa
0COOJTMBOTO 3HAYECHHS y 3B SI3KY 3 BIMHOIO, SIKA CIIPUYUHSIE
XPOHIYHHMH CTpeC, TPUBOTY, BTPATy JIOMY Ta OJHM3bKHX, a
TaKOX 1HIII comiaNbHO-eKOHOMIUHI TpyaHoIi. [locTTpaBma-
tranui ctpecoBuit poznan (ITTCP) — cknamna mpobnema, 1o
MOsKe BUHUKHYTH y 20 % 1071, SIKi ePeKHITN TPaBMATHIHY
TOJ1if0, HaBITh 03 (hizuuHoro TpaBmyBanus [3]. [ITCP moxe
3yMOBIIIOBATH IIMPOKHH CIIEKTP HACIIIJIKIB — Bil EMOIIIHHUX

(mempecisi, TpuBOTa) IO KOTHITHBHUX (TIOPYIICHHS YBarw,
mam’sITi, YXBaJICHHS PIIIICHb).

BoiioBuii cTpec 3anuirae mMMOOKKH CIIiJT Ha ICUXITHOMY
CTaHi BIiCKOBOCITY>k00BIIB. [TocTiitHe Hanpy keHHs, CTpaXx,
HACHJIbCTBO Ta HeNepe10adyBaHiCTh CUTYaIlii MOXKYTh IIPH-
3BECTH JI0 Pi3HUX rcuxonoriynux posnazis: [ITCP, nenpecii,
TPHUBOXKHOCTI, TAHIYHHX aTakK i MPoOIeM i3 KOHIIEHTPALIIETO,
nam’stTio. Li po3nany MoKy Th 3HAYHO BIUTMHYTH Ha JKUTTS
BiHiCEKOBOCITYKOOBIIA ITiCIIS BIFHU, CIIPHIHHSIFOYH TPOOIIeMU
y ciM’i, Ha poboTi, B cycnibHOMY KHUTTI [4]. ToMy Bakim-
BO 3a0€3MEeYNTH JOTOMOTY BifCHKOBOCIYKOOBIISIM, 1100
TIOM’ SIKITUTH HACIIIKK OOHOBOTO CTpecy Ta JOMOMOTTH iM
aJIaNTyBATUCS 10 MUPHOTO KUTTSL.

3 oy Ha aKTyalbHICTH NMPOOIEMH, PO3BUTOK iHHO-
BallifHUX METOIIB JIKyBaHHS KOTHITUBHUX IOPYIIEHB €
NPIOPUTETHUM 3aBJIaHHSAM. [lepCrieKTHBHUM HarpsMoM €
CTBOPEHHs KOMOIHOBaHUX IpeTapariB, 110 MOIIN O BIUTMBATH
Ha KUTbKA KIIFOYOBUX MEXaHI3MIB rarosiorii. Takuil miaxizn
CHIpUATHME e(EKTHBHIILIOMY JIIKYBaHHIO KOTHITUBHUX IIO-
PYILICHB, 30KpeMa B YMOBAX CYy4aCHUX BUKIIUKIB, III0 CTOSITh
riepes; YKpaiHoio Ta CBITOM.

MeTa po6otu

AHami3 i cucTeMaTH3allis CyJacHUX JaHUX PO MEXaHi3MH
PO3BHUTKY KOTHITUBHHX ITOPYIICHB, & TAKOXK BU3HAYCHHSI [IEP-
CTIEKTHBHHUX HAITPSIMIB JUISl pO3POOJICHHS HOBUX JTIKAPCHKUX
TIpenaparis, IO MPU3HAYEH] TS BiTHOBICHHSA Ta MATPUMKH
KOTHITUBHUX (DYHKIIIH.

Marepianu i MeTogu pocnimkeHHA

Sk marepiait 1y1st AOCITIKSHHS BUKOPUCTAHO JaHi 3 [Kepet
(haxoBoi JiTeparypH, BKIIOUYCHUX J0 MDKHApOIHUX 01011i0-
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rpadiuanx 6a3 (Web of Science, Scopus, PubMed, Chemical
Abstracts). 3acTOCOBaHO METOTM CHCTEMHOTO aHaJIi3y, iHpOp-
MariiHoro momryky. i Bimdopy AKepern BUKOPHUCTOBYBAITH
TaKi KITFOYOBI CJT0Ba Ta X KOMOiHaIIii: «cognitive impairment
treatment», «combined drug therapy», «neuroprotectiony,
«novel pharmaceutical formulations» Tomo. Ilix gac ana-
J1i3y OyJ10 BpaxoBaHO sIK €KCIIEpHMEHTaIIbHI, TaK 1 KIIHIYHI
JIOCIIJDKEHHS, 110 BUCBITIIIOIOTH €(hEeKTHBHICTH, OE3MeKy
Ta MEXaHI3MH Jii MOTCHIIHHUX KOMOIHOBAaHHX MPEIapariB.
Oxpemy yBary OyJI0 MpU/ILICHO BUBYEHHIO HATPIIO CyKIIMHA-
TY, Oro (hapMaKoJIOTiYHUX BIACTHBOCTEH Ta NOTEHLIIITHOTO
3aCTOCYBaHHS y CKJIa/li KOMOIHOBAHMX JIIKAPCHKUX 3ac00IB
JUTSL KOPEKITii KOTHITUBHUX MTOPYIICHbB. Y Pe3y/IbTarTi Big0oopy
B oIS OYJI0 BKIIFOUEHO 52 HayKOBI JpKeperia, Omy0IikoBaHi
B niepion 3 2015 mo 2024 pik. ITix gac poOOTH BUKOPUCTAHO
6107Ti0CceMaHTIHYHAH IiAXI1T T aHATI3Y 3B’ SI3KY MIXK KITFOYO-
BUMH TEMaMH Ta HaIPSIMaMH JIOCIIJDKEHb, 8 TAKOK METOIH
OTIMCOBOTO  y3aralbHEHOTO aHaJi3y g POpMYyBaHHS
BHCHOBKIB PO CTaH i IEPCIIEKTHBHI HAIIPSIMU PO3POOIICHHS
TIpernapariB [UIs JIiIKyBaHHS KOTHITUBHUX MTOPYIICHb.

Pe3ynkratn

AHayi3 HayKOBUX MyOIiKaliid IMOKa3aB, M0 MOPYIICHHS
KOTHITHBHUX (PYHKIIH € II00adpHO0 MPOOIEMOI0, siKa
CTOCYETBCSI BCIX BIKOBHX TPYH 1 Ma€ CKJIaJHI cOLialibHI
€KOHOMIYHI HACIIIIKH.

30UTBIIICHHS TPUBATIOCTI KUTTS € BKIUBUM JOCSITHCHHSIM
Cy4acHOI MeJIMIIMHH. BTiM BUHUKITM HOBI BUKJIMKH, [IOBsI3aHi
3 BIKOBUMH 3MiHAMH Ta ITOTIPIICHHSM 3[[0POB’ s, 30KpeMa KOT-
HiTHBHI TIOpy1eHHS. OJIHIEIO 3 KITFOYOBHX [IPUYHH MOPYIIICH
KOTHITHBHUX (DYHKIIIH y JTIONIeH IOXMIIOTO BIKY € Helipoyiere-
Hepallisi — TIOCTYIIOBE PYHHYBaHHSI HEHPOHIB y T'OJOBHOMY
MO3Ky [5]. XBopoOa AublirefiMepa Ta iHII (GOpMH JEMEHII|
TI0B’s13aHi 3 BHYTPIITHHOHEHPOHAIEHIM HAKOIIITICHHSAM aMi-
noimaux B (AP) omiromepis, 1o Mepeye MOsBi aMiOiTHIX
OOk 200 HeHPOiOPIUTAPHIK KITyOKIB 1 € HEHPOTOKCHIHIM
[6,7]. KpiM Toro, ipu XxBopoOi AJbIreiiMepa 9acTo peecTpy-
FOTh TIIBHIIEH] PiBHI KOPTH30IIY, III0 HETATHBHO BIUIABAE HA
KOTHITHBHI (DYHKIII1, TOCHITFOIOYX TIPOTPECYBAHHS 3aXBOPIO-
BaHH1. [IokazaHo, 1110 pK BUCOKOMY PiBHI KOPTH30ITY IIPOLIECH
BiIHOBJICHHS] HSHPOHHMX 3B’SI3KIB Ta HABYAHHSI CIIOBUIBHIO-
I0TBCS, 1 I1e HETaTHBHO MO3HAYAEThCS HA TIaM sITi, 31aTHOCTI
JI0 KOHIICHTpAIIii Ta BUpIIICHHS poOsieM. Y MaIlieHTIB i3
XBOpPOOOIO AlbIreiiMepa 11e IPH3BOUTH J0 MPUCKOPESHOTO
TIOTIPIIEHHS KOTHITUBHUX (QyHKiH [§].

3 BIKOM 3pOCTa€ PU3HK CEPLEBO-CYIMHHUX 3aXBOPIOBAHb,
1110 MOXKYTb TOTIPIIyBaTH KPOBOIIOCTa4aHHsI MO3KY. [HCYI1b-
TH, TPAH3UTOPHI IILIEMIUHI aTaKK Ta XPOHIYHA HEIOCTATHICTh
MO3KOBOTO KPOBOOOITY TaKOXK BIIITPAIOTh BAKIIMBY POJIb Y
BUHWUKHEHHI KOTHITUBHUX ITOPYIIICHB, OCKLITEKH MO30K 3a3HAE
neinuTy KACHIO Ta TIOKUBHUX PEYOBUH, HEOOXITHIX UIS
HOpPMaJEHOTO (DYHKITIOHYBaHHS HEHpoHiB [9].

B VYkpaini y 2023 poti KiTbKiCTh iHCYIBTIB 30UTbIIAIACS
Ha 16 % i cranoBmia 132 926 BumaakiB. BHacmiToK iHCYIBTY
BUHHMKAE KACKAJ MATOJOTTYHUX PEaKIlii, M0 BKIKOYAIOThH
HEKpO3 Ta arrorTo3 HeHpoHiB. 3aru0eb KIITHH CyTPOBOIDKY-
€THCSl AKTUBALIIEF0 MIKPOIIIil Ta BUBUILHCHHSIM 3alaJIbHAX

LOUTOKIHIB (HANIPUKIIAJ, IHTEPICHKIHIB i (aKTopa HEKPO3y
ITYXJIMH-0L), 110 ITOCHJTIOE MOIIKO/PKEHHS TKAHHH 1 TIEPEIIKO/I-
’Ka€ BiTHOBJICHHIO CHHANTHYHUX 3B’ 3KiB [ 1 0]. [HCYnBT cipr-
YHHSIE 3HIKEHHS 3[aTHOCTI MO3KY JI0 HEHPOIIACTHYHOCTI, 1
11e HETaTUBHO [T03HAYAETHCS Ha KOTHITUBHOMY BiTHOBIICHHI,
30KpeMa B Malli€HTIB MOXWIIOTo BiKy. [licist iHCYIbTy MOXe
PO3BHUBATHUCS XpOHIUHA Tirmorepdy3is B TKAHHHAX MO3KY,
MOCHJIIOIOUYM KOTHITUBHI MOPYIIEHHS, 0COOIUBO TPH I10-
IIKO/PKEHHI 017101 PEYOBHHH, IO BiIrpa€e KIFOYOBY POIb Y
KOMYHIKaIIiT MiXkK PI3HUMH Bigaiiamu Mo3Ky [11].

TpaH3UTOpHI iMIEMiUHI aTaKu XapaKTePH3YIOTHCSI KOPOT-
KOYaCHHMM MOPYIIEHHSIM MO3KOBOTO KPOBOOOIry 0e3 CTiiKol
3aru0esni HeHpoHiB. BTiM, HaBITh KOPOTKOYACHI €Ii30/11
imemMii MOXXyTh BUKJIMKATH MIKPOCTPYKTYpHI 3MiHH, IO
BIUIMBAIOTH HA KOTHITHBHI QyHKIi. Tpan3uTopHi imemMivHi
aTaky, 110 OBTOPIOOTHCS, MOXKYTh IIPU3BOAUTH 10 MHOXKUH-
HUX MIKpOiH(ApKTIB 1 OPYLIEHHS CTPYKTYpPH 01101 pedoBH-
HU. L{i MIKpOCTPYKTYpHI 3MiHH HETaTWBHO BIUTUBAIOTH HA
LIBUIKICTH 00p0OKH iH(popMaIlii, poOody mam’sITh Ta yBary,
0COOJMBO SIKIIO BOHU JIOKATI3YIOTHCS B IEPHBEHTPUKYJILIP-
HUX 1 MiIKIPKOBHX 30Hax [12].

XpoHiuHa HEAOCTATHICTH MO3KOBOTO KPOBOOOITY Xapak-
TEPU3YETHCS MOCTIHHUM JIe(BIIIUTOM KHUCHIO Ta IJTFOKO3U
y TKaHHHAaX MO3KY, IO MPU3BOIHUTH 1O IOCTYIIOBOIO IIO-
mKo/keHHs. OZIHUM 3 OCHOBHUX MEXaHI3MIB KOTHITHBHHX
TOPYIIEHb TIPH XPOHIYHIN Tinonepdysii € ypakeHHs 01101
PEUYOBHHH, 1110 ITPOrPECYE Ta NEPELIKOKAE HOPMAITBHIH KO-
MyHiKalii Mi>k HeipoHHUMH Mepexami [ 13]. Lle BUsBnsaroTs
3a 3HMKEHHSIM KOTHITHBHUX 3/1I0HOCTEH, 30KpeMa 3MEHIIIeH-
HSIM IIBHUIKOCTI KOTHITHBHOI OOPOOK, TTaM’ATi Ta yBar.

BikoBi 3MiHM Oprani3my IMoB’si3aHi 3 HAKONHUYECHHSIM
BUTHHUX PAIHUKANTIB i 3HIDKCHHSAM ¢(DEKTHBHOCTI aHTHOKCH-
JAHTHOT CHCTEMH 3aXHCTy. Y MpoLeci CTapiHHS piBEHb
AQHTUOKCHJIAHTIB: CYNEpPOKCHANCMYTa3u, KaTajla3u Ta
[IYTaTiOHY — 3HHMIXKYETBCS, TIOCHIIIOIOYN OKCHUIATHBHUI
cTpec i 30UTBIIYI0YM IMOBIPHICTH IMONIKOKCHHS KJIITHH,
BKJTIOUatoun Heiiponu [ 14]. Lle Mo)ke CIpUYIHHSATH PO3BUTOK
HelpoJereHepaTUBHIX 3aXBOPIOBaHb, 30KpeMa XBOPOOH
Ampireiimepa ta [Tapkiacona [15,16].

Kpim Toro, merabostivHi MOpyIIeHHs, 30KpeMa IlyKpOBHH
miaber 2 THITy, TaKOXK ICTOTHO BIUIMBAIOTh Ha KOTHITHBHI
¢ynkuii. Bucokuii piBeHb IIIIOKO3M B KPOBI MOXKE TIPH3Be-
CTH JI0 TIOIIKOKEHHS CYJMH MO3KY (MiKpOaHTiomarii), o
TIOTipIITy€ KPOBOMOCTAYaHHsI, OPYIIY€E JOCTABKY KHCHIO Ta
TTOKUBHUX PEYOBHH JI0 HEHPOHIB. 3HIKEHHS €HEPTeTHIHOTO
MeTaboJ1i3My MO3KY, 3yMOBJICHE 1HCYJIIHOPE3UCTCHTHICTIO Ta
TOPYIIEHHAM KIIITHHHOTO MeTa00ITi3My IJIFOKO3H, CIIPHINHSIE
nedinur eneprii Ayl MATPUMKH HOPMaJIbHOT aKTHBHOCTI
HEHPOHIB, PU3BOAIYH 0 KOTHITUBHHUX MOPYIICHB i TTOTIip-
nreHHst mam’siti [17].

OTxe, BIKOBI Ta METaOOJIIYHI 3MIHH CTBOPIOIOTH CIIPHAT-
JIMBI YMOBH JIJIsl OKCHIOBAJIHOTO CTPECY Ta 3allaJISHHS], 1110
CIIPUYHHSE CTPYKTYPHI Ta QYHKITIOHATIBHI 3MiHA B HEPBOBIH
cHucTeMI Ta 301IbLIye PU3UK HEHPO/IEreHEepaTHBHIX 3aXBO-
PpIOBaHb.

[{ikaBUM € 3B’SI30K MiXk BTPaTOIO CIYXy 1 30py Ta M-
BHIIEHUM PU3HMKOM 3HW)KEHHSI KOTHITUBHHX 3110HOCTEH
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1 pH3UKOM PO3BHUTKY AeMeHIii. [IpuauHy 1p0r0 3B’S3KYy
He 3’5ICOBaHO, ajie AOCIHIJHUKH MPHUIYCKAalOTh, 10 1€
3yMOBJICHO TO€IHAHHSAM 3aralbHUAX (i3i0NOTIYHAX MPH-
YMH 1 BIUIMBOM BTPATH YyTJIMBOCTI Ha (haKTOpPH CHOCOOY
JKUTTS, [0 TIO3HAYAIOTHCS HAa KOTHITHBHOMY 3/I0POB’I,
BKJIIOYAIOUM COLaJIbHY aKTUBHICTB, JIeNpecito Ta (i3uy-
Hy akTHBHICTH [18]. € BimoOMOCTI PO KOMITEHCATOPHUH
PO3MOiT HEHPOHHUX PECYPCIB, 1110 BKa3y€ Ha KOTHITUBHY
KOMIIEHCAIII0, STKa MOYKE iICTOTHO BIUTMBAaTH Ha KOTHITHBHE
¢yHxiionyBanss [19].

[Margemist COVID-19 ictoTHO BrummHysa Ha CBIT y BCIX
chepax KHUTTSA — Bil OXOPOHU 3I0POB’S 10 CKOHOMIKH.
Xoua royarkoBa yBara Oyia 30cepepkeHa Ha TocTpiit (asi
XBOpOOM Ta il BIUTMBI Ha JUXaJbHY CHUCTEMY, 3 PO3BUTKOM
TIAHJIEMii CTaJI| B YacTiie pikCyBaTH BiIIalICHI HACTIIKA
COVID-19, mo npooBxKyoTh BIUIUBATH HA 37I0POB’SI THX,
XTO IIEPEXBOPIB.

OnuH 13 HAWOTBIT TPUBOXKHUX aCTIEKTiB — BIUIUB KOPOHA-
Bipycy Ha KOrHITHBHI (yHKuil roguuu [20]. Liew dpenomen
3100yB Ha3By TpuBaimit COVID (long COVID). Bussnmmy,
1110 HOTO CUMITTOMH MOXKYTh BKJIOYATH POOIEMH 3 I1am’ sIT-
TIO, KOHIICHTPALIIE€I0 YBarn, 00poOKoro iHpopMarlii Ta HaBITh
PO3BUTOK JCTIPECUBHHUX YU TPUBOXKHHUX cTaHiB [21,22].
COVID-19 moxe npu3BOANUTH A0 KOTHITHBHUX TTOPYIIEHB
4yepe3 KilbKa PI3HUX MEXaHI3MIB, OB’ 3aHUX 1 3 BIUIMBOM
Bipycy SARS-CoV-2 Ha oprasi3m 3arajiom, i 3 Horo BILTHBOM
Ha [IEHTPaJIbHy HEPBOBY CUCTEMY 1 FOJIOBHUIT MO3OK:

1. V mamienTiB i3 TsokkuM niepedirom COVID-19 gacto
BU3HAYAIOTH TIIEPIUTOKIHEMIIO — PI3KHI BUKH/I IATOKIHIB,
1110 MOYXKYTB ITOIIKOKYBAaTH TKAHUHHU OPraHi3MYy, BKIIFOUar0qH
MO30K [23]. LluToKiHM MOXYTb IIPOHUKATH YePEe3 reMaToeH-
uedaniaamnii 6ap’ep (3aXUCHY 000IOHKY MiXK KPOBOHOCHOIO
CHCTEMOIO T2 MO3KOM) 1 CIIPUYMHSITH 3aIlaIeHHs Y TKAHMHAX
MO3KY, ITOPYILIYIOYH HOPMaJIbHY POOOTY HEHpOHIB [24];

2. Tsoxki Bunajgxu COVID-19 yacto cynpoBOIKYIOTHCS
npoOIeMaMy 3 TMXaHHSIM, 3HIDKEHHSIM PIBHS KHCHIO B KPOBI
Ta TIOPYIICHHAMH UXaabHOI (GyHKIIi. Hefiporu Ha3Bryaii-
HO Yy TJIHBI [0 Tirokcii [25]. TpuBaie KUCHEBE roIOyBaHHS
MOJKE IPU3BECTH JI0 TTOIIKOKEHHS KJIITHH T'OJIOBHOTO MO3KY.
HagiTh y maIlieHTIB, sIKi HE MaJld BUPAKCHUX TUXAITBHIX
mpobitem mig gac roctpoi gpazu COVID-19, moke BUHUKATH
JIETKA TITOKCIs, 110 HEraTHBHO IT03HAYAETHCS HA KOTHITHBHUX
¢byHKISX [26];

3. Beranosuiy, mo SARS-CoV-2 moxe 6e3mocepeHbo
1H(IKYBaTH KIITHHA TOJOBHOTO Ta CIIMHHOTO MO3KY. OnuH
13 MOYKJIMBUX IIUISIXIB IPOHUKHEHHS BIPYCY JI0 LIEHTPAILHOT
HEpPBOBOI CHCTEMH — Yepe3 HIOXOBI HepBH [27]. YpakeHHS
LIX HEPBIB MOXKE TIOSICHUTH BTPATY HIOXY B OKPEMUX Ialli€H-
TiB, @ TAKOXK € MOYKJIMBAM IIUISIXOM JUTSl IPOHUKHEHHS BIpyCy
B MO30K. X04a JIOKa3H MPsIMOTO IIPOHUKHEHHS BIPYCY B MO30K
Joci 0OMEXeHi, € JaHi, 0 y JESKUX MAIli€HTiB BUSBIIN
CJIiJIM BIpYCY B CIIMHHOMO3KOBIH pi/INHI 200 TKAHMHAX MO3KY.
[H}ixyBaHHI MO3KY MOJKE CIIPUYHHSTH 3aITaICHHS, HAOPSIK 1
MOPYIIEHHS HOPMAJIbHOI (DYHKITIT HeHPOHIiB;

4. COVID-19 Takox XapaKTepH3yeTbCs IMiJBUIICHUM
PHU3HMKOM TPOMOOYTBOPEHHSI Ta MOIIKODKEHHIM CyauH. Lle
MO>KE IIPU3BECTHU JIO MIKPOIHCYIIBTIB 200 1HIIMX Mpo0iieM i3

KPOBOOOIrOM y MO3KY, IO TIOPYIITY€ IIOCTAa4aHHs HOTO KITITHH
KHCHEM 1 TO)KUBHUMH peuoBUHAMH. Taki 3MiHH MOXKYTb BU-
KIJTMKATH KOTHITUBHI ITOPYIIEHHS, OCOONNBO Y MAIIEHTIB, ¥
SIKAX YK€ € CyIMHHI 3aXBOPIOBaHHsI, 200 Yy JIFOeH TTOXHIIOr0o
BIKY, Y SIKHX CYJHHH MO3KY MOXyTb OyTH MEHIII €JTaCTHIHIMH
1 CXMJIBHUMH JI0 TIOIIKO/KeHB [28];

5. IcToTHMIA BIUTMB MarOTh MICHXOJIOT1YHI (PaKTOPH, TTOB’ -
3aHi 3 maHjeMiero Ta 3axpoproanHsiM COVID-19. Tpusanuit
cTpec, TpUBOTa i Aenpecis, 10 BUHUKAIOTH Yepe3 XBOPoOy,
130JISI1110 T2 HEBU3HAYCHICTh, HETAaTUBHO BILUTMBAIOTH HA KOT -
HiTHBHI (yHKIT. [ICHXOMOTiYHAI THCK MOXe TTOCHITIOBATH
npoOJieMHU 3 KOHIICHTPAILIIE0 yBaru Ta mam’sattio [29,30].

Hes3Bakaroun Ha 3HAYHUI PO3BUTOK BAaKIUH NPOTH
COVID-19 Ta nosiBy MetoniB JtikyBaHHs1, Bipyc SARS-CoV-2
TIPOIOBXKYE UPKYIIOBATH y cBiTi. OTXKe, 11e Oararo Jironeit
MalOTb PH3HUK 3apaXKeHHsI, | TOMY aKTyalIbHIMH 3aJIUIIA0THCST
MUTAHHS [TPO BiUIaJICH] HACII KU iH(eKIiT 1t 310poB’si. ba
6inpire, Bipyc SARS-CoV-2 nponoBxye MyTyBaTH, CIpUIH-
HSIOYM MOSIBy HOBUX mTamiB. OKpeMi 3 HUX MOXKYTh Marh
OLIBITY 31aTHICTH 10 OMUPEHHS 200 3yMOBITIOBATH TSHKIMI
niepe0ir xBopoou. [TosiBa HOBUX MyTalliif 301IbIIYE HMOBIp-
HICTB TOTO, 1[0 TIOPYIICHHS KOTHITUBHUX (DYHKIIH MOXYTh
BUSIBJISATH Y 11I¢ OLIBIIOT KUTBKOCTI MAIIEHTIB, HABITH SKIIIO
BOHH TIEPEHECIH XBOPOOY B JIETKIH Gopmi.

OcTaHHIMHE pOKaMU 3’sBJSETHCS BCE OUIBINE JOKA3iB,
10 OOTPYHTOBaHI B €IMiAEMIiONOTIYHUX TOCIIHKEHHAX, SKi
OB’ SI3yFOTh BIUIUB 3a0PY/IHCHHS MOBITPS 3 HEBPOJIOTTYHUMHU
po3namaMu, IHCYABTOM 1 3MiHAMU KOTHITUBHHUX (DYHKITH Yy
nitel ta ocid moxwioro Biky [31,32].

Bimomo, mo 3abpynHeHe TOBITPsS ICTOTHO BIUTMBa€E Ha
korHiTuBHI GyHKIii Jroquun [33]. Le noB’s3aHo 3 Tum, 1110
NpiOHI YaCTHHKY 3a0pyIHIOBAJIBHUX PCYOBHUH, IK-0T PM2.5
(4acTKM PO3MIpOM 10 2,5 MIKPOMETPIB), MOXKYTh IIPOHUKATH
Yyepes3 IUXalbHI IIUIIXH Y KPOB 1 HABITH Y MO30K, CIIPUYHHS-
104H 3anajieHHs i OKUCHIOBanbHUH cTpec. Lli mpomuecu mno-
PYILYIOTh HOpMaJIbHY pOOOTY HEPBOBOI CHCTEMH TA MOXKYTh
TIPU3BECTH JI0 TIOTIPIIICHHS T1aM ’sITi, YBaru Ta 31aTHOCTI JI0
HaBYaHHs. Y pe3ynbrari AOCIHiDKEHb ITOKa3aHO: TpUBaa
Iis 3a0pyIHEHOTO TOBITPS MiABHIIYE PU3UK PO3BUTKY
HelpofiereHepaTUBHIX 3aXBOPIOBaHb, 30KpeMa XBOPOOH
AupIreiivepa i nementii [34].

3a0py/HIOBaIbHI PEYOBHHHU MOXKYTh TTOIIKOAUTH FeMaro-
eHnedanigHuil 6ap’ep — 3aXUCHUIN MEXaHi3M, 1110 3armodirae
TIOTPAIUISIHHIO TOKCHHIB Y MO30K. Y pa3i HOTo MOIIKO/KEHHS
TOKCHHHM Ta 3alaibHi KJIITHHA TPOHUKAIOTH Y MO30K, IPH-
CKOpIOIOUH TIporiecu Heiponereneparii [35]. Kpim Toro,
3a0pyIHIOBAEHI PEYOBHHH ITOTIPIITYIOTH POOOTY €HAOTEIII0
Ta CIPUYMHSIOTH OKHCHIOBAJIBHUM CTpPEC, L0 YIIKOIKYE
KIIITHHHA CTIHOK cyauH. L{e mpru3BoAnT 0 XpOHIYHOI iTeMmii,
HOTIpIICHHS MOCTa4YaHHs 0 MO3KY KHCHIO Ta MOXXUBHHX
PEYOBHH, CIIPUYMHSIOUN KOTHITHBHI nopymieHHs. Lle oco-
0JIMBO HEOE3MEUHO JUISl JIFOJIeH 13 TeHETUYHOI0 CXUIIBHICTIO
110 XBopoOu Anbirerimepa [36].

Biitna B Ykpaini nocuinna npoonemy 3a0py/iHEeHHs MOBi-
Tpsi. JleToHaist cHapsi/iB Ta aBiaboMO, OXKeKi, pyHHYBaHHS
3aBOJIiB, BUOYXH Ha)TOOA3 Ta iHIINX 00’ €KTIB TPOMHCIOBOT
iH(pacTPyKTypH PU3BOAATH JI0 BUKUTY MIKIAJIMBUX PedO-

ISSN 2306-8094

AKTyarnbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOT Hayku Ta npakTuku. 2025. T. 18, Ne2(48) 209



Review

BUH: YaJHOTO Ta3y, OKCUMAIB a30Ty, MJIOKCUAY CIPKH, CIpKO-
BOJTHIO, CIIOJIYK XJIOPY Ta (TOpY, (hopMaiberiay, CBUHIIIO,
kaaMito i pTyTi [37]. [TopyiieHHs mocTauaHHs eeKTpOSHEP-
rii Ta iHI IHPPACTPYKTYpHI MPOOIEMH 3MYIIYIOTh JIFOACH
BHUKOPHCTOBYBATH MEHII €KOJIOT1YHI [HKEpena eHepril, iK-0T
JIM3ENIbHI TeHEepaTopH, IO IiJABUILYE PIBEHb 3a0pyAHEHHS
moBiTps. OTxe, BIUIMB BilfHW Ha 3a0pyIHEHHS TOBKLULIL €
CKJIAJIHOO ITPOOJIEMOF0, OCOOIIHBO ISl HACCIICHHS, 110 YKHUBE
B 30HaX aKTUBHUX OOMOBUX M.

Brim, 11e He €TUHMIT HACTIIOK POCIHCHKOT 30poitHOT arpecil
npoTy Ykpainu. BifiHa Y4nHATS MMOOKNH BIJIMB HA KOTHITHB-
Hi QYHKLIT JTIOMHK Yepe3 CTPECOBI, IICHXOIIOTTUHI Ta (hi3n4Hi
(axTopu, 3yMOBJICHI 00HOBUMH JisIMH 1 TIEPEKUBAHHSIMH.

[ITCP — onuH i3 HalMOIMMPEHIIINX HACIIIKIB BOEHHUX
JIiA, 1110 TOB’SI3aHUH 13 MOPYIIEHHSMH KOTHITHBHHX (yHK-
uiit. Maibxe 8 % 4omnoBikiB 1 20 % XiHOK, SKi MEPEKMIN
tpaBmarnyHi nofii, matots [ITCP [38]. ¥V pesynbrari gocii-
JUKEHHS 3a ydacTio 129 ocib Bikom 18—60 pokiB, *KuTemniB
JICOKYTIOBAHUX 1 TIOCTPaXKIAIUX BiT OOHOBHX JTii1 HACETICHUX
myHKTiB YepHiriBebkoi, Cymcbkoi, J{HIMponeTpoBCchKoi Ta
XapkiBchKOT oOnactei, mokasaHo, mo nomupenicts [ITCP
cranosmia 49,6 % [39].

JIromu 3 IITCP MOXXyTh MaTH MOCTIMHI HAB A3JIUBI CIIOT AN
PO TpaBMATHYHI TOMii, 1 e 3HIWKYE 3TATHICTh 30CEPEIH-
THCS Ha ToTouHKX 3aBaaHHsx. [ITCP takox noB’s3aHui i3
TilepaKkTHBAIli€I0 MUTIAICTIONIOHOTO TiJla — IIEHTPY CTPaxy,
10 YCKJIAHIOE PETYIIIOBAHHS SMOIIIH Ta YXBaJCHHS pawio-
HaBHUX pimens [40,41].

BoenHi i cynpoBo/pKye TOCTiiHE Bia4yTTs] HEOC3MEeKH
Ta 3arpo3, 10 CIPUYHHSE aKTHBAIIII0 cucTeMu crpecy. Lle
MIPU3BOJIUTH JI0 HAJIMIPHOTO BHKHK/1Y KOPTH30Jy — FOPMOHA
crpecy. XpOHIYHHUI BUCOKUH PIBEHb KOPTU3OITY YIIKOMKYE
TriIOKaMIT — CTPYKTYPY MO3KY, III0 BIAMOBIIA€E 3a aM’sTh 1
HapuaHHs1. Lle Morke pu3BecTH /10 po0IIeM i3 3aram’ sIToBy-
BaHHSM, KOHIICHTPAIII€I0 YBaru Ta HaBYaHHAM [42].

®di3nuHi TpaBMH, 0COOIMBO KOHTY3I11 Ta YepEITHO-MO3KOBI
TpaBMH, HEPIAKO TPAIUIIOTHCS B YYaCHUKIB OOMOBHX JIiH.
B Vkpaini 1o HoBHOMAacIITaOHOrO BTOPTHEHHS KiJIbKICTH
YepeTHO-MO3KOBHX TpaBM cTaHoBmiIa 120 THC. BUMAAKiB
Ha piK, a yepe3 aKTHBHI 0O0HOBI i Taki MOKa3HUKH 3pOCIH
BABiYi; 73 % BUMAAKIB O0HOBUX TPaBM CYNPOBOIKYIOTHCS
KOHTY3i€10 TOJOBHOTO MO3Ky [43]. Ilix wac mocimimkeHHs
HEBPOJIOTIYHUX YIIKOKEHb y 145 OiitmiB 30poiHNX CHI
VYkpainu Ta 100pOBOIBIMX OaTaJIbHOHIB, IKUX ONEPYBaJIH B
KuiBcbkoMy IHCTHTYTI TPaBMATOJIOT 11 Ta OPTOTIEiT 3 IPHBOIY
TpPaBM KiHI[IBOK, KOHTY31}0 TOJIOBHOI'O MO3KY JiarHOCTOBaHO B
64 ocib, mocTTpaBMaTHIHI CTpecoBi po3naau —y 23 [44]. i
TPaBMH IPU3BOSATH JI0 MOLIKOKEHHS HEHPOHIB, 0COOIMBO
B IEPEHIX BiTaX MO3KY, BKIIOYAIOUH TPEPPOHTAIBHY
kopy. OCKIJIbKH ITpepoHTaTbHA KOpa 3HAXOIUTHCS B J1000-
BUX YacTKaX, BOHA YacTO NPUHMAE 3HAUHy YacTHHY yZiapy.
MexaHivHe MOIIKO/DKCHHS HEHPOHIB Ta aKCOHIB MOPYILYE
3B’S30K MK PI3HUMH BiJIiIaMH MO3KY, ITOCITa0I0I0uN
KOTHITHBHI (DYHKIIT: 1am’sITh, yBary Ta 3[aTHICTh JI0 CTPHU-
MYBaHHSI IMITyJIbCIB [45].

TpuBora, aenpecis Ta iHIII €MOIHI po3Iaau, CrpHu-
YMHEHI NEepeXMBAHHAM BiliHM, BIUIMBAIOTH HAa KOTHITHBHI

3aibHoCTi. TpUBOXKHI PO3Maan MOXKYTHh 3HIKYBATH yBary,
MOTIPINYBAaTH POOOYY TaM’sTh 1 3aBa)KaTW KOHLICHTpAIii
[46]. Hempecis yckmamHioe 00poOKy iHpOpMarIii Ta 3HIKYE
LIBUJIKICTH KOTHITHBHHUX TporieciB [47]. BiiicbKoBi aii Takoxk
Y4acTo CyNPOBOIDKYIOTh IIOPYLICHHS CHY. XpOHIYHA HecTada
CHY HETraTMBHO ITO3HAYA€ThCsl Ha KOTHITUBHHUX (DYHKIISX,
30KpeMa Ha yBa3i, TaM’ STi Ta 3[JaTHOCTI yXBalllOBaTH pi-
meHHsl. HegocunanHs noripirye eMoliifHe perysIioBaHHs,
MOCHITIOIOYH CTPEC 1 TPUBOXKHICTD 1 CTBOPIOIOYH TTOPOYHE
KOJIO KOTHITHBHHX MOpYIIEHb [48].

KorHiTHBHI NOPYILEHHS, 0 BUHUKAIOTh Ha T/ CY4aCHHX
BUKJIMKIB, MOTPEOYIOTh PO3POOJICHHSI HOBUX TEparieBTHY-
HuX 3aco0iB. TpaauIiiiHi METON JTIKyBaHHS TaKUX CTaHIB
HEJI0CTaTHhO e(DEKTUBHI 3 KITLKOX PHYHH, 30KpeMa 4epes
CKJIaJTHICTB 1 6araro()akTOpHICTh Ypa)keHHsI, 3Ha4HI1 T001uHi
e(heKTH, BKITI0Yat0u1 TOKCHIHICTb JUIS TIEYiHKH Ta HUPOK, 110
00MeXye TpUBaje 3acTOCYBaHHs IMX 3aco0iB. Kpim Toro,
Tpernapary, SKi BUKOPHUCTOBYIOTh y KIIiHIUHIN MPaKTHII,
SIK TIPaBHJIO, CIIPSIMOBAHI Ha BY3bKi aCHEKTH HaTOreHe3y
KOTHITUBHUX INOPYIIEHb, HE BIUIMBAIOTh Ha KOMILIEKCHI
MeXaHI3MU HeHpo3anaieHHs, OKHCHIOBAIBHOIO CTpPecy Ta
MITOXOH/IpianbHOI TUCc(YHKIIIT, 10 JIeKaTh B OCHOBI Oara-
THOX HEHpPOJIETeHEPAaTUBHUX TPOIIECIB.

OcTaHHIMH pOKaMH 3pOCTa€ iHTEpeC A0 BUKOPUCTAHHSI
KOMOIHOBaHMX TIpenaparis, 110 BKIIOYAIOTh aHTHOKCHJIaH-
T [49]. Taka cTpareris ga€ 3MOTy HE TUTBKH PO3IINPUTH
CIICKTp BIUTMBY HAa MOJICKY/ISIPHI MEXaHi3MH (OHOYACHO 3MCH-
LIyBaTH Helpo3anaieHHsl, 3aXUILATH KIITHHH BiJl OKHUCHIO-
BJILHOT'O CTPECY Ta MiATPUMYBATH (YHKIIIFO MITOXOH/IPIi),
110 6epyTh y4acTh Y PO3BUTKY KOTHITHBHUX MOPYILIEHb, aJie
1 3HU3UTH PU3UK TOOTYHKX edekTiB. KorHiTHBHI HOpYyILIeHHS
YacTo ITOB’13aHi 3 OKCHJATUBHUM CTPECOM, KM YIIKOIDKYE
KIITHHA MO3KY Ta IMPUCKOPIOE HEHpOmereHepaiiro. AHTU-
OKCHJIaHTH JIOTIOMAraroTh HEHTpaizyBaTH BUIbHI panKain
Ta 1HII aKTHBHI (JOPMHU KHCHIO, 3MEHIITYIOYH YIIKODKEHHS
HeiiponiB [50].

Hemomixu mikapcbkux 3aco0iB, SKi 3aCTOCOBYIOTh Y CY-
YacHIN KJIHIYHIN MPaKTHUI, TOPIBHSHO 3 KOMOIHOBAaHMMH
npernapaTamu:

1. By3bkuii cniektp aii. MoHO(YHKIIOHATBHI Tperapa-
TH (TPOJITOHOBI HOOTPONIH YU XOJIHEPTiUHI PEIOBUHH)
JUIOTH JIMIIE Ha TIeBHUN MexaHi3M. Hampukiian, paneramu
TTOKPAIYIOTh METa00Mi3M 1 HEHPOTPaHCMICIIO B MO3KY, aie
HE BIUTMBAIOTh Ha TaKi CyIyTHI MPOIECH, SIK OKCHAATHBHUI
CTpec 9u cyauHHI nopymerHHs. Lle oOmexye ixHIO edek-
TUBHICTh y TAIIEHTIB 13 KOMIUICKCHUMHU KOTHITHBHUMH Yd
HEBPOJIOTIYHUMH TTopyIeHHsME. KomOiHOBaHi 3aco0u, o
MalOTh KiJlbKa MEXaHI3MiB Jiil, MOKYTh OJJHOYACHO yCYBaTH
KiJTbKa TIPUYUH MaTOJOT 1,

2. Bucokwuii pusuk nodiunux edekriB. MoHominecnpsi-
MOBaHI TperapaTy YacTille CIPUIUHIIOTE TOOIYHI peaKiii
yepe3 BHCOKHH piBeHb crienudivynocti. Tak, iHridiTopu
aIeTIIIXOJIIHECTepa3d MOXKYTh 3yMOBIFOBATH ITOOIYHI [il:
HY/IOTY, M’s130Bi Cria3Mu ab0 OpaiuKapIito — yepe3 HaIMipHe
HaKOIMYCHHSI alleTHITXOMiHY. MOTyIIsITOpH [Ty TaMaTepriqHol
cucremH, 30kpema aroictt AMPA - au NMDA -penenitopis,
MOXXYTh MaTH HEHPOTOKCHUYHICTD y pa3i HeNPaBHILHOTO JI0-
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3yBaHHs. Y KOMOIHOBAaHHX IpenapaTax MOXKJIMBE 3HUKEHHSI
JI03 KO)KHOTO KOMITOHEHTA, 1110 MiHIMi3ye Mo0ivHi eexTy;

3. TpyznHoIIi 3 T03yBaHHSM 1 TPUBATICTIO JIIKyBaHHs. Yu-
MaJto MOHOIIPENapaTiB MOTPeOyIOTh TOYHOTO T03YBAHHS IS
JOCSTHEHHSI ONTUMAIILHOTO e(DeKTY, 1 1€ YCKITQIHIOE X BUKO-
pHCTaHHA B KIJIHIYHIN npakTuii. Hanpukinaza, XoniHeprivyxi
PEUOBHMHH y BUCOKHX /103X MOKYTb OyTH I'€[IaTOTOKCHYHUMH
YW 3yMOBJIOBATH iHII CHCTeMHI opyteHHs. KomOiHOBaH1
3aco0m 3a3BMYail MAIOTh CTAaHAAPTH30BaHi J03YBaHHS, II0
CIIPOILILYE€ iX 3aCTOCYBaHHS;

4. O0MerxeHa e(eKTHBHICTh y XBOPHX 13 MOIIMOPOI/IHi-
ctro. [TamieHTH 3 KiNbKOMa CYMYTHIMH 3aXBOPIOBAaHHSIMH
9acTo MOTPeOYyIOTh MPEnapariB i3 MHMPOKAM CHEKTPOM JIii.
Tak, nepebpaibHi Ba30UIaTaTOPH MOKPAIYIOTH MO3KOBHH
KPOBOOOIT, ajie He BIUIMBAIOTh Ha HEHPOHAIbHY aKTHBHICTb
a00 KOTHITHBHI (QyHKIi. Y TaKuX BUIAJKax KOMOIHOBaHi
TIperapary, 10 MOETHYIOTh Ba30IMIIaTaTop 1 HEHpOIpOoTeK-
TOp, MAIOTh CYTTEBY TIEpEBary;

S. BigcyTHicTb cuneprizMy. MoHoTepartist 4acTo He Bpaxo-
BY€E CHHEPIeTHYHOT Aii, IKy MOYKHa JIOCSTTH B KOMOIHOBaHHX
npenaparax. Hanpukian, moetHaHHS aHTHOKCHIAHTIB 3
aKTHBAaTOpaMU METa00Ii3My MO3KY Y CKJIaJli OJTHOTO 3ac00y
JIa€ 3MOTY OJTHOYAaCHO 3MEHIIIMTH OKHUCHIOBAJIBHHUN CTpeC i
MATPUMaTH eHEepreTHYHUN Oalianc;

6. dapmakokiHeTHYHI Ta (papMakogMHAMIYHI 0OMEKEHHSI.
PeuoBnHM OnHI€T Py MOXKYTh MaTH KOPOTKHH Iepiof
HaIliBBUBEJCHHS, III0 3yMOBIIO€ HEOOXITHICTh 4aCTOTO
NpUiiMaHHs Ta Moke OyTH He3py4YHUM [ maiieHTiB. Tax,
POJTIZIOHOBI HOOTPOIU NOTPEOYIOTh TPUBAJIOTO IIPUHOMY
JUTSL TOCSATHEHHS cTilikoro edekry. KomOiHOBaHI npemaparu
9acTO pPO3POOIISIOT, BPAXOBYIOYH ONITHMATBEHIH (hapMako-
KIHeTHYIHUH TPOQ1IITh.

7. Bucoxka Bapricth TpuBaioi Teparii. TpuBasie BUKOpH-
CTaHHs KUJIBKOX MOHOIIPENapaTiB MO)ke OyTH €KOHOMIYHO
HEBWTTHIM TIOPIiBHSHO 3 OTHUM KOMOIHOBaHUM MIperapa-
ToM. Lle 0cobMMBO BaXXITMBO IS TIALIIEHTIB 13 XPOHIYHAMHA
3aXBOPIOBAHHSIMH, SIKI TOTPEOYIOTh TPHBAJIOTO JIIKYBaHHSI.

OpnuH 13 MEePCIEKTUBHUX HAIMPSIMIB JOCIIIKEHb — KOMOI-
HOBaHE 3aCTOCYBAaHHS HATPIIO CYKIMHATY Ta ANMETHIaMiHO-
€TaHOIY SIK TIOTEHIIHHNX e(PEeKTHBHUX JTiKapChKUX 3aC00iB
JUTSL 3ar100IraHHs ¥ JTIKyBaHHsI KOTHITHBHUX PO3JIa/IiB.

Harpi#f cykiuHaT € moxiiHuM OypIITHHOBOI KHCJIOTH
(puc. 1), sika Bigirpae BaxJmBy ponb y mukii Kpebca —

CHj

N
ch/ \/\OH

KJIFOYOBOMY METa0O0JIIuHOMY HpOLECi, 10 BiAOyBa€eThCs B
MITOXOH/PIsSIX, 32a0€e3Me4y 04N KJIITHHH EHeprieto. 3HIKEH-
HS1 aKTUBHOCTI MITOXOH/IPif € OTHUM 3 OCHOBHUX (DaKTOpiB
PO3BUTKY OKCHIATHBHOTO CTPECy B MO3KY, OCOOIUBO i
4yac CTapiHHA, IPH TIOCTTPABMATUYHUX CTaHaX 1 BIPYCHUX
iHpexuisx (Hanpukiaa, COVID-19). Harpiit cykunHar
MOKpaniye (QYHKIIF0 MiTOXOHJPil, 3HHXKYE PIBCHb aKTHB-
HUX ()OPM KHCHIO Ta 3a100irae MOMIKOIKSHHIO KIIITHH BiJl
OKHCHIOBAJIHOTO CTpECy, M0 POOUTH HOTO e(heKTHBHUM
aHTHOKCcHJAHTOM [51].

Harpiii cykumHar Takox crpusie peryisiii poooTH Hew-
pONTiabHUX KIJIITHH, IO J0TIoMara€e 3MEHIIHNTH 3allaleHHs
Ta MMOKPAITUTH KOTHITHBHI (yHKIIi. 3aCTOCYBaHHS HATPilO
CYKITUHATy MOK€ OyTH OCOOJIMBO KOPUCHHUM TIiJ] 9ac Ji-
KyBaHHS MAI€EHTIB 31 CTaHAMH, IO CYMPOBOIKYIOTHCS
Helipo3anajeHHsIM Ta MITOXOH/PIiaJbHOIO JUCHYHKIIEIO: 3
XBOpO0O0I0 AnblreiiMepa, 4epernHo-MO3KOBOIO TPABMOIO Ta
xorHiTHBHAME HacaiakamMu COVID-19. Kpim Toro, HaTpiit
CYKIIMHAT MOXKE IiJIBUIIYBaTH CTIHKICTh HEHPOHIB /IO Ti-
TIOKCIT, 1110 0COOJIMBO BaYKIIMBO IPH HEMpo3anaibHUX CTaHaX,
SIK1 TIOB’s13aH1 3 KOPOHABIPYCHOKO 1H(EKITI€10, YePEITHO-MO3-
KOBOIO TPAaBMOIO Ta CTAPiHHSIM.

JlMMeTHIIaMiHOETaHOJ € TIPEKYPCOPOM aleTHIXOIIHY —
HelpomeiaTtopa, 10 Bifirpae KIKYOBY POJib Yy Mpoliecax
mam’sTi Ta yBaru. IIpernaparu Ha OCHOBI AMMETHIIAMIHO-
€TaHOIly CTUMYJIIOIOTh CHHTE3 AllETHIIXOMIHY B TOJIOBHOMY
MO3KY, III0 MOYKEe TTOKPAIIUTH KOTHITHUBHI (YHKINI Mg 9ac
CTapiHHs Ta HeHpoJereHepaTHBHUX 3aXBOPIOBaHb. JliMe-
THJIAMIHOETAHOJ 3JIaTHUH CTadUIi3yBaTH KIITHHHI MeMO-
paHy, 3MEHIIYIOYH 1X YIIKO/PKCHHS ITiJ] BIUIMBOM BUIBHUX
panukanis [52]. Y moeaHaHHI 3 iHITUMA aHTHOKCHIAHTaMH,
30KpeMa HaTPir0 CyKIIMHATOM, AUMCTHIIAMIHOCTAHO MOXKE
TIOCUITUTH HEHPOIPOTEKTOPHI €()eKTH Ta MONINIIUTH KOTHi-
THBHI (pyHKII.

KombinoBanwmii ikapchKuii 3aci0 i3 HATPIEM CYKIIMHATOM
1 TUMETHUIIaMIHOCTAHOJIOM € TIEPCIEKTHBHIUM JUIS TO0JaH-
HSl BUKJIMKIB, IIO CTOAThH MEpeN Cy4acHOI0 MEIUIMHOIO.
[loenHaHHs HATPiO CyKIMHATY 1 TUMETHJIAMiHOETAHOITy
IPYHTYETHCS Ha KOMIUIEMCHTapHOCTI MEXaHi3MiB IXHBOT JIii:
HATpPii CYKIMHAT CTUMYJIIOE€ MITOXOH/IPiabHy aKTHBHICTD,
a IMMETUIIaMIHOETaHOJI TIOKPAIIly€e HEHPOXIMIUHY TIepeaaTy
LIJISIXOM CUHTE3Y alleTHIIXOJiHY; OOM/IBI pEYOBUHH 3MEHIITY-
10Th OKCHIATUBHHUI CTpec, MPOTe Ha Pi3HNX PIBHAX (HATpiil
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CYKITHAT — Ha PiBHI MITOXOH/IPiH, a TIMETHIAMIHOCTAHOT
— Ha piBHI KJIITHHHUX MeMOpaH); HaTpii CyKIMHAT CIIpUsIE
perenepartii HelpOHiB MICIIS TIMTOKCHYHOTO TOIKOHKESHHS,
a JMMeTHIIaMiHOeTaHo I 3a0e3reuye iXHIo (DYHKIiOHAJIbHY
AKTHBHICTB.

O6roBopeHHs

HuHi y cBiTi BU3HAUAIOTh TEHACHINIO 10 301TBIICHHS Kilb-
KOCTI 0Ci0, KOTP1 MaroTh KOTHITHBHI ITOPYILEHHs. 3a JaHHU-
MU BcecBiTHROT opraHizaii 0XOpOHH 3I0pOB’sl, KITBKICTh
TAIIEHTIB 13 HEWPO/EreHEPaTUBHUMHU 3aXBOPIOBAHHSIMHU
TaKOX TIPOJOBXKYE CTPIMKO 3pOCTaTd. PaHHS MiarHOCTHKA
1 eeKTUBHE JIIKYBaHHS IIMX 3aXBOPIOBaHb MOXYTh HE
TUTBKH TIOKPAIIUTH SKICTh JKUTTS TAII€HTIB, alle i CYyTTEBO
3HU3UTH HABAHTAKCHHS Ha TXHIi CIM’T Ta CHCTEMY OXOPOHHU
310poB’si. OTKe, pO3yMIHHS IIPUYHH MOPYLICHb KOTHITUBHHX
MIPOIIECIB, a TAKOXK PO3POOJICHHS METOIB iX MPOQITAKTHKH
Ta JIKyBaHHSI € aKTYaTbHUM 3aBIaHHAM Cy9acHOT METULIHH,
BiJI BUPIILICHHSI SIKOT 3aJI€KUTB 1 30pOB’ s Hallii, 1 collianbHe
OMAronoyvyst CyCIilbCTBa 3araJIoM.

CyuacHi cTpec-npoTeKTOPHI, AHKCIOMITHYHI Ta HOOTPOITHI
TIperapary He 3B/ BiAMIOB1Ial0Th BUMOTaM JIIKapiB uepe3
HU3KY oOMexeHb. [lo-Tiepiie, Ynmaio 3 HUX MaloTh BHpa-
KeHi 110014HI epeKTH (COHIIMBICTD, 3HHKEHHS KOHIIGHTpaLlil
Ta 3aJIEKHICTh), MO0 O0OMEXY€E iX TpUBaje 3aCTOCYBaHHS.
[To-npyre, fesiki npenapary MalOTh BUCOKY TOKCHYHICTb ITPH
TPHUBAJIOMY BUKOPHCTAHHI, IO POOUTH iX HEOS3MeUHIMH TSI
BPA3JIMBUX TPy TMAIi€HTIB, HAIIPUKIIAJ, JIFOACH MOXUIIOTO
BiKy a00 THX, XTO Ma€ XpOHi4Hi 3axBoproBanHs. Li pakTopn
3yMOBITIOIOTH JIOIUTBHICTH PO3pOOKH Oe3MeyHIINX Ta edek-
TUBHIIINX JIIKAPCHKAX 3aCO0IB.

VY cyuacHiil MeIM4HIl IPaKkTHI KOMOIHOBaHI IIperapary,
1110 BKJIIOYAIOTh OCHOBHY JiF04y PEYOBHHY i aHTHOKCHIAHTH,
BHUKOPUCTOBYIOTb IS JIIKYBaHHS KOTHITUBHUX HOPYIIEHb
3aBJISKH IXHBOMY CHHEPIeTHIHOMY e(eKTy. AHTHOKCHIAHTH
JIOTIOMAraroTh 3aXUCTUTH KITITHHH MO3KY BiJl OKCHIATHBHOTO
cTpecy, KU 4acTo CyNpPOBOIDKYE KOTHITHBHI PO3JIaJIH, MO-
KpalLlyI0uH HEHPONPOTEKTOPHHUI e(heKT OCHOBHOT Ait040T pe-
4OBUHM. TaKui Miaxix qae 3MOTY iIBUIIUTH €(EKTUBHICTh
JIKYBaHHS1, 3HU3UTH PU3UKH [IPOTPECYBAHHSI 3aXBOPIOBAHHS
Ta MiHIMI3yBaTH MOOI4HI e(peKTH, 10 0COOINBO BAYKIIUBO Y
pasi TpuBaJIoi Tepartii.

Harpiii cykipHaT MoKparye KIiTHHHAA eHepreTHIHIN 00-
MiH 1 YUHUTh AaHTHOKCHIAHTHY JIif0; ¢ CIIPHUSIE 3aXUCTY HEH-
POHIB BiJl MTONIKO/KEHb. [IMMETHIIAMIHOCTAHOI CTUMYJIIOE
BUPOOJICHHS alleTHIIXOJIIHY — BaXKIIMBOTO Helpomesiaropa,
0 TIOKpaIlye KOTHITUBHI (yHKIIi, 30KpemMa mam’siTb Ta
yBary. KomOiHaIist HaTpiro CyKIMHATy Ta JUMETHIIaMiHOeTa-
HOJTy MOKe OyTH e(DeKTUBHOIO JUTSl JIIKYBaHHS KOTHITHBHHX
MOPYIIEHb, IO POOUTH ii MEPCHEKTUBHOIO I HACTYITHHX
JIOCIIKEHD.

BucHoBKkuM

1.V pe3ynmbrari onsiay akTyadbHAX HAYKOBUX IPAIh, IO
MPUCBSYEHI BUBUYCHHIO PO3JIaJiB KOTHITUBHUX (PYHKIIIH,
ITOKA3aHO BaXITMBICTh HACTYITHHUX JOCIIPKEHB Y il cepi.

2. IligTBepmKeHO MOUITBHICTH PO3POOIICHHS HOBUX
TepaneBTHYHUX 3ac001B JUIsl JIIKyBaHHS AI[IEHTIB 13 KOTHi-
THBHHMH PO3JIaJaMH.

3. AHaii3 JaHuX Ja€ MiACTaBU 3pOOMTH BHCHOBOK IIPO
TIePCIICKTUBHICTH PO3POOKH KOMOIHOBAHOTO ITpeNapary, 1o
MICTHTh HATpill CYKIIMHAT i AUMETHIaMiHOCTaHO. Takuit
JKapchKHii 3aci0 MOXKe CTaTh e(heKTUBHIIIMM 1 Oe3MeUHIIM
MOPIBHSHO 3 IperapaTamy, IO BXe € Ha (papMalleBTHIYHOMY
PHHKY.

[lepcreKTHBH MOAANBIINX 0CHITAKEHb MOJATAIOTH Y T10-
TIHOIEHOMY BUBYCHHI KOMOIHOBaHOTO BIJIUBY HaTPifo
CYKIIMHATY Ta AMMETHIaMIHOCTAaHONy Ha JIIKyBaHHS KOTHi-
THBHHX [OPYILICHb, 8 TAKOXK CTBOPEHHI HOBOT KOMOIHOBaHOT
JKapChKOi (hopMHM, 110 MATHME HOOTPOIIHI BJACTHBOCTI Ta
TIpU3HaYeHa JUIs 3aCTOCYBAaHHS ITPU TOPYIICHH] IPOIECiB
CHY TICII CTpecCy, IUIA JIIKyBaHHS CHHAPOMY XPOHIYHOT
BTOMH, a y CKJIa/li KOMOIHOBAHOI Tepartii — [Isl MMiBUIIICHHS
e(eKTUBHOCTI aHTUACTIPECAHTIB.
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AKTyarnbHiCTb CTBOPEHHAA HOBOro KOMGiHOBaHOro opTanbLMONOriYHoOro
nikapcbKoro npenapary npoTtu3ananbHoi, aHTMOaKTepianbHOI Ail

1. 1. KyyepeHkoAPEF 1. B. Okonb3iH@ABCD

3anopisbkuin AepxaBHUI Meayko-thapMaLeBTUYHUIA YHIBEPCUTET, YKpaiHa

A — KOHUenNUis Ta au3aiiH gocnimkeHHst; B — 36ip ganux; C — aHani3 Ta iHTepnpeTauis aanux; D — HanucaHHs ctatTi; E — pegaryBaHHs cTarTi;
F — ocTaTtouHe 3aTBepmKEHHS CTaTT

B ymoBax noBHomacLuTabHOro BTOPrHEHHS pocii B YkpaiHy 3Ha4HO 3pocna KinbKiCTb TpaBM Ta OMikiB OKa, LU0 € OAHIE 3 HaWCKNaaHiLMnX
npo6bremM cy4acHoi LMBINbHOI Ta BilicbkoBOi MeauumHu. MNoBepxHs oka, ctaHoBnsum nuwe 0,3 % Big 3aranbHoi NoBepxHi Tina, € Hag-
3BMYaNHO YyTNMBO, | Ha Hel npunagae noHag 13 % ycix yWKomKkeHb Nig yac 60ioBMX Ain. 3HaYHy 3arpo3y CTaHOBMNATL i NPOECIHI
YPaXeHHs1 04eN y NMpaLiBHUKIB CiNbCbKOTOCNOAAPCHKOrO Ta METaNypriiHOrO CEKTOPIB, SKi YaCTO MatkoTb CKNaAHi HacniaKkW, ax 4o BTpaTu
30py ab0 3HAYHOrO 0r0 3HWXKEHHS. TOMY akTyanbHUM € CTBOPEHHS HOBKX KOMGIHOBaHKX 0(pTanbMOnOoriYH1X npenaparis Ans NikyBaHHs
TpaBM Ta onikiB opraHiB 3opy. HeobxigHo po3pobutyn 3acobw 3 npoTusanansHUMKM, aHTMbakTepianbHAMK | NPOTUrPUBKOBUMI BNACTUBOC-
TSAIMU, OCKIfbKM IHGEKUIT Ta 3ananeHHs, WO BUHWUKAaTb NiCNS TpaBM, € OQHUMMW 3 OCHOBHUX YCKIMaAHEeHb, L0 MOXYTb CyTTEBO NOMpLUNTH
NPOrHO3 MiKyBaHHS | NPU3BECTU O BTPATH 30py.

Meta po6oTu — 06r'pyHTYBaHHS HEOBXigHOCTI PO3pPO6KM HOBOrO KOMBIHOBAHOIO MiKapCbKOro npenapary Ans oTansMonorii, Wo YUHUTL
npoTu3anarnbHy, aHTubakTepiansHy Ta NpoTUrpUGKoBY Aii.

Matepianu i meTogn. Ak 06’€KT AOCTIMKEHHS BUKOPUCTAHO AaHi 3 Axxepen (haxoBoi NiTepaTypu, BKIKOYEHNX A0 MixXHapoaHux bibniorpa-
dhiuHux 6a3 (Web of Science, Scopus, PubMed, Chemical Abstracts). 3actocyBanu Mmetogm CMCTEMHOrO aHaniay, iHOpMaLiiHOrO NOLLIYKY.
Y npoueci poboTu BrkopucToByBanu 6ibnioceMaHTUYHWIA Niaxiza Ans aHanisy 38’a3Ky MiX KIlOHOBUMM TEMaMU Ta HanpsiMamu JOCHiaKeHb,
a TaKoXX METOAW OMUCOBOTO 11 y3ararnbHEHOro aHaniay.

Pesynkratu. MpoaHanisoBaHO CyyvacHWii CcTaH papmMaueBTUYHOMO PUHKY OdhTanbMororiyHux 3acobis, 3okpema aHTubakTepianbHuX,
NpOTUrpUBKOBMX i NPOTMBIPYCHMX. [JeTanbHO PO3rnsiHYTO MexaHiam fii Ta 0coBrMBOCTI 3aCTOCYBaHHSI OCHOBHUX Fpyn npenaparis: aH-
TMBIoTUKIB (xnopamdeHikon, umnpodnokcauuH, ToMednokcaLuH, ornoKkcaLmH, TeTpaumKiH, reHTamiunH, TobpamiuyH, epuTpOMILMH,
MOKcUpriokcaLyH), cynbgaHinamiais (cynbdaramig), aHTMcenTukiB (MipaMiCTVH) i npoTU3ananbHuX Mikapcbkux 3acobiB (TMHOKOKOPTUKOIAN
Ta HeCTepOiaHi MpoTU3ananbHi Mikapcbki 3acobw).

BucHoBku. HeaBaxkatoum Ha LLIMPOKMIA aCOPTUMEHT npenapartis, iXHil NikyBanbHWUI eheKT YacTo 3anuLLaeTbCs HEAOCTATHIM NPU CKNagHWUX
TpaBMax oka, 0CobnMBO OTPUMaHMX Mig Yac boroBux Ain. binbLuicTb 3aco6iB OpiEHTOBaHI Ha NiKyBaHHS CTaHAAPTHUX 3anarnbHWX NPoLeciB
abo okpeMux TUNiB iHADeKLiN, a kKoMMeKcHi 6oMoBI TpaBMKM NOTPebyTb BinbLUOi hapMakonoriyHoi Aii Ta pisHonnaHoBoi Tepanii. O6rpyH-
TOBaHO HEOOXiAHICTb PO3pOGNEHHst HOBOrO KOMBIHOBAHOTO NikapCbkoro 3acoby 3 0AHOYACHO NPOTM3ananbHo, aHTMbakTepianbHO Ta
npoTurpubKoBoto Aiamu. Takuii npenapat Mae 3abe3neqnTu BNMB Ha Kinbka NaToreHETUYHUX MEXaHi3MIB, LLO CPUATUME CKOPOYEHHIO
TPMBANOCTi 3ar0EHHS TKAHWH OKa, 3HU3UTb PU3UK IHEDEKLIHUX YCKNaaHEHb | PO3BUTKY iHBanNigHOCTI y NOCTpaxaanux BHACMiAOK BiiCbKOBUX
[iR | HeLacHUX BUNaaKiB.

KntoyoBi cnoga: odranbmonoris, kombiHOBaHi nikapcbki 3acobu, 6onoBi TpaBMu Oka, aHTWbakTepianbHi npenapaty, NpoTuaananbHi
nikapcbki 3acobu, NpoTMrpubKoBi Npenapaty, O4Hi kpanni, aHTMBIoTUKKM, cynbdaHinamign, ctaHgapTv3aalia nikapcbkux 3acobis, hapma-
LieBTUYHaA po3pobka, NikyBaHHs O4eil, TpaBMW opraHa 30py.
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The relevance of creating a new combined ophthalmic drug with anti-inflammatory and antibacterial effects
L. I. Kucherenko, D. V. Okolzin

In the conditions of the full-scale invasion of the Russian Federation into Ukraine, the number of eye injuries and burns has significantly
increased, which is the biggest problem of modern civilian and military medicine. The surface of the eye, constituting only 0.3 % of the
total body surface, is extremely sensitive, and it accounts for more than 13 % of all injuries during hostilities. Occupational eye injuries
in workers in the agricultural and metallurgical sectors also pose a significant threat. These injuries often lead to serious consequences,
including loss of vision or a significant decrease in its functions. In addition, due to hostilities, the number of such injuries and burns has
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significantly increased, and the medical system is facing new challenges in the treatment of eye injuries. In such difficult circumstances,
there is an urgent need to create new combined ophthalmic drugs for the treatment of injuries and burns of the organs of vision. There-
fore, it is necessary to develop drugs with anti-inflammatory, antibacterial and antifungal properties, since infections and inflammation
that occur after injuries are one of the main complications that can significantly worsen the prognosis of treatment and lead to vision loss.

Aim. Substantiation of the need to develop a new combined drug for ophthalmology that causes anti-inflammatory, antibacterial and
antifungal effects.

Materials and methods. Data from sources of professional literature presented in international bibliographic databases (Web of Science,
Scopus, PubMed, Chemical Abstracts) were used as the object of research. Methods of systematic analysis and information search were
used. In the process of work, a bibliosemantic approach was used to analyze the relationship between key topics and areas of research,
as well as methods of descriptive and generalized analysis.

Results. The article analyzes the current state of the pharmaceutical market of ophthalmic drugs, antibacterial, antifungal and antiviral
agents. The mechanism of action and features of the use of the main groups of drugs are considered in detail: antibiotics (chloramphen-
icol, ciprofloxacin, lomefloxacin, ofloxacin, tetracycline, gentamicin, tobramycin, erythromycin, moxifloxacin), sulfonamides (sulfatamide),
antiseptics (miramistin) and anti-inflammatory drugs (glucocorticoids and non-steroidal anti-inflammatory drugs).

Conclusions. It was found that with a wide range of available drugs, their therapeutic effect often remains insufficient in complex eye injuries,
especially those received during combat operations. Most of available drugs are aimed at treating standard inflammatory processes or
certain types of infections, while complex combat injuries require greater pharmacological action and diverse therapy. The need to develop
a new combined drug with simultaneous anti-inflammatory, antibacterial and antifungal effects is substantiated. Such drug should provide
an effect on several pathogenetic mechanisms, which will reduce the healing of eye tissues, reduce the risk of infectious complications
and disability in victims of military operations and accidents in workers in the agricultural and metallurgical sectors.

Keywords: ophthalmology, combined drugs, combat eye injuries, antibacterial drugs, anti-inflammatory drugs, antifungal drugs, eye drops,

antibiotics, sulfonamides, drug standardization, pharmaceutical development, eye treatment, eye injuries.
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[lig gac 00MOBHUX Aiif, CHPUYNHEHNX MOBHOMACIITAOHUM
BTOPTHEHHSIM pocii B YkpaiHy, KiJIbKICTh TPaBM Ta OIIKiB
OKa 3HA4YHO 3pOCIIa, 1 e CTAJIO OAHIEI0 3 HaraJbHUX IIPO-
O1eM cy4acHOl IMBIIBHOI Ta BiiicbkoBOT Memunuuu [1,2].
Oui — oauH 13 HalOLIBIIT BPA3JIMBUX OPTaHiB, YaCTO 3a3HAIOTH
YIIKO/DKEHb BiJT yJIaMKiB, BUOYXOBOT XBUII Ta IHIINX HEOE3-
neqnux (axropis [3,4]. TToBepxHs oka, Xoua i CTAHOBHUTH
same 0,3 % Bif 3aragpHOI TOBEPXHI Tijla JIIOIMHH, € HAI3BH-
YailHO Yy TJIMBOIO, TOMY ITOHAX 13 % yciX yIIKOIKEHb ITiJ
gac OOMOBHX JIiif IPHUIIAAalOTh caMe Ha opraH 30py [1,5,6].
OnHak He JIUIIIE BICHKOBI J1ii CTAHOBJISATH 3arpo3y IS OYCH.
DaxiBIli CLTHCHKOTOCIIONAPCHKOTO CEKTOpa Ta POOITHUKI Me-
TaJIypriiHOT MPOMKCIIOBOCTI LIOJIHS 3a3HAIOTH HIKIJIMBOTO
BIUTABY IMUITY, OpyIy TOIIO, SKi, TOCTIHHO MOTPATUISIOYH B
04, CIIPUYUHSIIOTH Pi3HI O TAILMOJIOTTYHI 32aXBOPIOBAHHSI TA
TTIBUIIYIOTh PU3HK YCKIIaJHEHb. TaKi YIIKOPKEHHS 4acTo
MPU3BOISTH 0 TSUKKUX HACIIZKIB, &K 10 BTPATH 30py abo
3HAYHOTO HOTO MOTIpPIICHHS.

‘YHaciigok 60HOBHX [TiHi KUTBKICTH TPaBM Ta OITIKiB OpraHa
30py 3Ha4HO 30UTBIIMIIACS, i Tepes] (axiBISIMH ITOCTAIOTh
HOBI, CKJIAHINI KJIiHIYHI BHMAaJKH O(PTAIbMOIOTIIHHX
YIIKOKEHb [7,8,9].

Came 1IIMH CKJIaTHIMHA YMOBaMH OOTpYHTOBaHA akTy-
QJIBHICTH PO3POOJICHHSI HOBUX KOMOIHOBAaHUX C(PEKTUBHHUX
o(ranEMOTOTi9HIX 3aC001B TS JIIKYBaHHS TPABM Ta OITIKiB
opraiB 30py. JOIJIbHO PO3POOKTH TPENapaTu 3 MPOTU3a-
MATFHOI0, aHTHOAKTEPiaJIbHOIO Ta IIPOTUTPHOKOBOFO TTiSIMH,
OCKIBbKY 1H(EKIIisI Ta 3amajcHHs, 1110 BUHUKAIOTh MiCIs
TpaBM, € OJIHUMH 3 OCHOBHHUX YCKJIQJIHEHb, SIKi MOXYTh
3HAYHO MOTIPIIMTH MPOTHO3 JIIKYBAaHHS Ta MPU3BECTHU JIO
IHBJIITHOCTI Uepe3 BTpary 30py.

[Ipu pisHOMaHITHHUX O(GTAIBMOJIOTIYHUX 3aXBOPIOBAH-
HSIX, 30KpeMa iH(EeKIIHHO-3aaIbHOTO XapaKTepy, CKIIaJHO

nibpary mpernapar, KU OJHOYaCHO Ma€ IPOTH3AIajIbHY,
aHTHOaKTepiaabHy, MPOTUTPHOKOBY, PaHO3aTrOIOBAIBHY,
IMyHOMO/IYITIOBaJIbHY i MeMOpaHocTabimizyBanbHy il [10].

MeTa po6otu

OOrpyHTYBaHHS HEOOXiTHOCTI pO3pOOKH HOBOTO KOMOIHOBA-
HOTO JTIKapCHKOTO TIperiapary Uit O TaTbMOJIOTi, 0 YHHUTH
NpOTH3AIANbHY, aHTHOAKTEpiaIbHY Ta MPOTUIPUOKOBY JIil.

Marepianu i MeTogu gocnimkeHHs

SIx 00’ eKT HOCTIPKEHHS BUKOPHUCTAHO JIaHi 3 [pKepen (haxoBoi
JITEpaTypH, BKIFOYCHUX 0 MDKHAPOIHHUX 010miorpadiaHux
6a3 (Web of Science, Scopus, PubMed, Chemical Abstracts).
3acTOCOBYBAJIM METOM CUCTEMHOI'O aHaJIi3y, iHpopMarii-
HOTO TIOMIYKY. Y TIporieci poOOTH BUKOPUCTOBYBAIH 0i01io-
CEeMaHTHYIHUH MIX1] U aHATi3y 3B 3Ky MUK KITFOUOBHMHU
TeMaMH Ta HAITPSIMaMH J0CIIJPKEHb, a TAKOK METO/IH OITHCO-
BOTO i y3araJlbHEHOTO aHaIIi3y /111 (POpMYBaHHs BUCHOBKIB.

Pesynbratu

[onax 50 pokiB TOMy 3’SBHIHCA TEpIIi 0(TaITEMONOTIUH]
npernapary 3 aHTHOaKTepiaJbHOI0 Ta MPOTHU3ANaIbHOI0
akTuBHICTIO. CyyacHH eTam po3BUTKY OQTanbMOJIOTI{
XapaKTePU3y€EThCS 3HAYHUM MPOTPECOM Y PO3pOOIICHHI
KOMOIHOBAaHHX 3ac00iB /IS JTIKyBaHHS TALlIEHTIB i3 3aXBO-
PIOBaHHSIMU OpraHa 30py.

ACOPTHMEHT JIIKapChKUX 3aco0iB, sSIKi BUKOPHCTOBYIOTh
ITiJ1 9ac JIIKyBaHHS MAIIEHTIB 3 0P TaIbMOJIOTTYHUMH 3aXBO-
PproBaHHSAMH, TOCUTH mupokuii [ 11]. [Ipote 3-momixk Takoro
PI3HOMAHITTSI ITPEnapariB BUPI3HSIIOTH NOPIBHSIHO HEBEITHKY
rpyIy 3aco0iB, Jisl IKUX CHPsIMOBaHa Ha €(EKTHBHE JIKY-
BaHHS OakTepiajbHUX 1 TPHOKOBUX 1H(EKIIH, 3MEHIICHHS
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3amayieHHs 1 IPUCKOPEHHS pereHeparii TKaHuH. AOH JTiKa-
Ppi-IIpaKTHKK BBa)KaJI HOBUH O(TIIbMOJIOTIYHHH Iperapar
OIITHMAJILHUM, BiH Ma€ BiJINOBIIaTH TAKAM BIMOTaM: BHCOKO
e(peKTUBHUN NPOTH IIMPOKOTO CIIEKTpa OakTepiajbHUX i
TpUOKOBUX 30YTHHKIB; HE TOAPA3HIOE TKAHMHU OKa; MOXKE
IIBHU/IKO 3MCHIIYBAaTH 3aaJICHHs; HE TOKCHYHHN; CTAO01Ib-
HICTB 1 CYMICHICTh KOMITOHEHTIB; TIPOCTOTA BHKOPHCTAHHS
Juts marfienTa [12].

Ha »xanb, >xozieH i3 cyJacHUX TpernapariB He BiAMOBiTae
LIMM BMOT'aM ITOBHOIO Mipoto. binbIiricTs cydacHux 3aco0iB
€(eKTUBHO BILUTMBAIOTH JIMIIIE HAa OKPEMI ITaTOreH: ad0 MatoTh
obmexxeHuit cnektp Aii. Okpemi npenapari, sik-0T aHTHOaK-
TepiaibHi, e(heKTUBHI TPOTH OakTepiasibHUX 1H(EKIIH, ane
MaJioe()eKTHBHI MPOTH IPHOKOBHX 200 BIPYCHUX 30y/THUKIB.
[IporuBipycHi Ta MPOTHTPHOKOBI ITpENapaTi MOKYTh BILIN-
BaTH JIMIIIE HA By3bKe KOJIO TIATOTE€HIB 1 HE MAaIOTh HAJIEKHOT
[IPOTH3ANAIbHOT aKTHBHOCTI.

Xoua cydacHi KOMOIHOBaHi 3aCO0M MICTATH KiTbKa aKTHB-
HHX KOMITOHEHTIB, Ipo0JIeMa IXHbOT CyMiCHOCTI 3aJIIITAETHCS
AKTyaJIbHOIO, OCKITBKH 1€ MOKE 3HIKYBAaTH €(eKTUBHICTh
1 miABMIYBaTH PU3UK NoOiyHMX peakuid [13]. Kpim Toro,
Jesiki KOMOIHOBaHI IpernapaTé MOKYTb ITOIPA3HIOBATH IyT-
JIMBI TKAHUHU OKa, 1 116 00MEXy€e BUKOPUCTaHHS IIMX 3aC00iB,
HAIMpHKIIA, ¥ AiTei ab0 MaIlieHTIB 13 XpOHIYHUMH OYHIMH
3axBOpIOBaHHSIMHU. CaMe TOMY ITPOIOBKEHHS! JOCIIDKEHb Y
EOMY HaIPsIMi € BOKIUBUM IS pO3POOKH HOBOTO TTIOKOJIiH-
HSl KOMOIHOBaHHUX O()TaILMOJIOTIUYHHX IIPENapariB, 31aTHIUX
3aI0OBOJIGHUTH BCi BUMOTH 110 O€3IeKu, ePEKTHBHOCTI i
YHIBEpCAIBHOCTI [Ii1.

OTXe, CTBOPEHHST HOBOTO KOMOIHOBaHOTO O(TaIbMOJIO-
TYHOTO JIKapCHKOTO 3ac00y, SIKMH MaTHMe MPOTH3aIaIbHY,
aHTUOAKTEepiabHy 1 MPOTUTPUOKOBY Hil, € aKTyabHUM
3aBIaHHsIM JJIsI Cy4acHoOl (papMalrtii Ta MEIUITHHH.

Po3pi3HAIOTE Taki rpyny OPTaTEMOIOTTYHUX JIIKAPCHKUX
3aco0iB, 110 HaifuacTille 3aCTOCOBYIOTh IPU TpaBMax i
3aMalibHUX TPOIECcax OKa: MPOTHMIKPOOHI, IIPOTHTPUOKO-
Bi, MpoTHU3anaibHi (TITIFOKOKOPTHUKOCTEPOiTH, HECTEPOIaHI
MIpOTH3aNaibHI 3aC00H).

3-1OMiK MPOTUMIKPOOHHX 3aC00iB, 1[0 BUKOPHCTOBYIOTh
B 0(hTaIIbMOJIOT 11, 32JISKHO BiJI TUITY 30Y/JHUKA, TIPOTH SIKOTO
BOHH CIIPSIMOBaHI, Ta MEXaHi3MY JIii pO3pi3HAIOTH TaKi mpemna-
paru: aHTuOaKTepiaibHi, aHTHOIOTHKH, cydaHimamiau [14].

Antndakrepianbhi 3acodu. [lig wac OakrepiadpbHUX iH-
(ekuiit ouei HaifyacTille NpU3HAYalOTh aHTHOAKTEPiaJIbHI
3aco0M MiCIIeBO1 [ii, 3a3BHYail y (pOpMi OYHUX Kpamelnb i
Ma3zeil. Y pasi cepeTHbOTIKKUX 1 TSDKKMX BHY TPIITHBOOYHHX
TH(EKIii MOKIIMBI aTBTEPHATHBHI METOAN BBEACHHS JIiKap-
CBKHX 3aC00iB, SIK-OT ITiIKOH TOHKTHBAJIbHI, Tapalyap0apHi,
peTpoOys0apHi, iHTpaBiTpeaIbHI Ta TapeHTEePATBHI iH €KITIi.
00’eM nipenapary Mmpu TaKOMY CItoco0l BBEIACHHS 3a3BUYal
He nepeputnye 0,5—1,0 M. 3aBasaKy iH €KIIHHOMY METOIY
BBEJICHHSI JI0CSTAIOTh 3HAYHO BUIIOI KOHIICHTPAILIIT [pernapary
B TKaHMHAX OKa MOPIBHSAHO 3 iHCTHWILAISAMA. [TinKkoH FOHK-
TUBAJIBHI Ta napadyipOapHi 1H €K1 3aCTOCOBYIOTH TiJ] Yac
JIKyBaHHS TATOJIOTIH IEPEIHBOTO BIUIUTY OKa: CKIICPHTY,
KepaTuTy, ipuIONUKIITY Ta nepudepuaHoro yBeity. Petpo-
OynbOapHi iH €Kil IPU3HAYAIOTH TP 3aXBOPIOBAHHAX 3a-

JTHBOTO BTy OKa, 30KpeMa CiTKiBKH, CYIIHHOI 000JIOHKH,
30pOBOTO HEepBa abo ckIonoAioHoro Tia [15].

AHTHOIOTHKH BiJirparoTh BaXJIHBY POIb Yy Cy4acHii
o(ransMoIIorii, cripusiour epeKTHBHOMY JIIKYBaHHIO Oax-
TepiambHUX 1H(EKIiH odeil Ta iXHIX MPUAATKIB. 3aBIAKH
371aTHOCTI LIBU/KO HEHTpasi3yBaTd MaroreHHi Mikpoopra-
Hi3Mu 200 TIPUTHIYYBATH iX PICT, Il IpemapaT 3MEHIITYIOTh
3artajieHHsl, 3ar00IrafoTh YCKIIATHEHHSIM 1 CIIPHUSIOTh BiJHOB-
JICHHIO HOPMAaJIGHHX (DYHKIIIH OpraHa 30py.

Kitac aHTHOIOTHKIB BKJIFOYAE Pi3HI Mperapary, Mo Bif-
PI3HSFOTHCS 32 MEXaHI3MOM JIii, CIIEKTPOM aHTHMIKPOOHOT
AKTHBHOCTI Ta XiMiUHOIO CTPYKTYpOIO. IX BUKOpHMCTaHHS
IPYHTY€ETHCSI Ha MPUHIMIIAX PAIiOHAIBHOI aHTHOI0THKOTE-
partii, sika BpaxoBy€e MPUPO/TY 30yIHUKA, TSHKKICTh IHPEKIT i
IHIMBITyalTbHI XapaKTepUCTUKY NanieHTa. B odramsmornorii
AHTHOI0THKY 3aCTOCOBYIOTH ITEPEBAYKHO SIK MiCIIEB1 JIIKAPCHKi
(opmu, sIK-0T OuHI Kparuti Ta Masi. e mae 3mory nocsartu
BHCOKHX KOHIICHTpAIill Ipemapary y Miclli ypakeHHS Ta
MiHIMI3yBaTH CUCTEMHI MOOI4HI eeKTh. Y pasi TSKKHX
iH(EKIiH MOXXITBE BUKOPUCTAHHS CHCTEMHUX a0o0 iH’€K-
LiHHUX (OpPM, 110 MAIOTh MaKCHMaJlbHY €()eKTHBHICTb ITiJ]
Yac JTiKyBaHHS MAIi€HTIB i3 BHYTPIITHEOOYHUMH 1H(PEKITis-
Mu. BuOip anTn6iotrka B oQranbMoinorii o0rpyHTOBaHMI
YYTIUBICTIO MIKPOOPTaHi3MiB J0 Tpemapary, XapakTepoM
iHdexii Ta JoKamizamicto ypaxkeHHs. Takuid miaxiz crpusie
OINITUMAJIbHIM TEPATIEBTUYHUM PE3YIbTATaM 1 3MEHIIIEHHIO
PHU3MKY BUHHUKHEHHS aHTUOI0THKOPE3UCTEHTHOCTI [16].

Xnopampenikon (JleBomineTHH) € mpemnapaTtoM BHOOPY
JUISl JTIKyBaHHSI TOBEPXHEBUX 1H(EKIIIH ouel 3aBAsSKU LIH-
POKOMY CIIEKTpY aHTHOAKTepiallbHOI aKTHBHOCTI, y pasi
MICIIEBOT'0 3aCTOCYBAHHSI HE CIIPUYMHSIE TOKCHYHUX €(DEKTIB,
1 IaIieHTH 3a3BHYail JOOpE HOTo IepeHOCATh. JIeBOMIIleTHH
BUCOKOC(EKTUBHHI MPOTH OaraTbox I'pamIo3UTHBHUX 1
TpaMHETraTHBHUX OaKTepill, pUKETCIH, CIIpOXET, a TaKoX
30y/IHMKIB TPAaXOMH Ta MCUTaKo3y. MexaHi3M Jii Xiopam-
(beHiKoITy MOJISITae B IOPYIICHH] CUHTE3Y OUIKIB y KIIITHHAX
MIKpOOpTaHi3MiB, 110 3abe3mnedye Horo 6akTepiocTaTHIHAN
edekT. 3a3Bnyail Horo 3acTOCOBYIOTH SIK O4YHI Kparui, 1o |
Kparnti Tpudi Ha JeHb TpoTsaroM 5—15 nuiB. Hespaxaroun
Ha Te, 1110 TIpenapar MaljieHTH 3a3BH4ail NepeHoCsTh 00pe,
MOXJTMBI TTOOIYHI peakIii: MiCLIeBi aJlepridfi MposiBH, TO-
JIOBHU# 0116 200 3amamopodeHHs. Haifuacrimie B MeuyHii
TIPaKTHUL BUKOPUCTOBYIOTE 0,25 % pO34MH OYHUX Kparieib
y ¢maxoHni [17].

[HmmMi BakTUBUH Tpenapar — MUIPOGIOKCANNH, IO
HANKHUTB 10 IPymH (GTopxiHonoHiB. Moro GakrepuimHa
nist 3ymoBineHa inridyBanHsaM JIHK-ripasu, mo mopymrye
perutikanito JJHK y 6akrepiii Ta cipiunHsie iXHIO 3aruoesb.
[unpodokcanus epeKTHBHUI MPOTH IIMPOKOTO CHEKTpa
rpaMHEraTMBHHMX OakTepiil, Bkitouarouu Pseudomonas
aeruginosa, a TaKoX acpoOHHMX T'PAMITIO3UTHBHHUX OpraHi3-
MiB, SIK-0T Staphylococcus aureus. TIpenapar 3acTOCOBYIOTh
MIPU BHUpPA3KaX POTIBKU Ta MOBEPXHEBUX IH(QEKIIISAX OYCH.
CranyapTHa cxema JIiKyBaHHs repei0adae iHTeHCHBHE 3a-
KpalTyBaHHs y TIepIII J{Hi Tepartii 3 TOCTyOBIM 3MEHIICHHAM
4acTOTH BBeJIeHHs1. Haliyacriire B MeTUIHii MPaKTUITl BUKO-
pucToBytoTh 0,3 % po3unH O4HUX Kparnens y duakoHi [18].
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JloMedrokcarH — TakoK OJMH 13 HaHIIMpIE 3aCTOCOBY-
BaHUX 3ac00iB B odramororii. [Ipenapar mae GakrepuumHy
AKTUBHICTH 3aB1sKH iHTi0yBanHio JIHK-ripasu (Tomoizomepa-
3u 1I), o mopytrye mporiec Moty OakTepialbHUX KITITHH.
JlomedokcarH e(heKTUBHHIA MPOTH IIHPOKOTO CIEKTpa
rpamMno3utuBHUX (Staphylococcus epidermidis, S. aureus)
i rpamHeratuBHUX Oakrtepiét (Haemophilus influenzae,
Klebsiella, Pseudomonas aeruginosa). Bin Tako)X aKTHBHHIA
010 aHAePOOHUX OaKTepil, IK-0T Propionibacterium acnes.
Onnaxk no npenapary pesuctentHi Clostridium difficile, miko-
OakTepii Ta Tpudn. JlomedIoKcaH 3aCTOCOBYIOTh TIiJ| 4ac
JIKyBaHHS Mali€HTIB i3 OaKTepialbHUMHU TH(EKLISIMH TIepe-
JIHBOTO CETMEHTA OKa, BKITIOYAIOUH KOH TOHKTHBIT, Onehaput
1 OneapOKOH FOHKTHBIT, 110 CIPHUYMHEH] YYTIMBUMH JI0
HBOTO 30yIHUKaMH. Y TIepIINi AeHb Teparlii peKOMEH/I0BaHO
THTEHCHBHE 3aKpaIyBaHHS: 5 Kparielb 3 IHTEPBAJIOM S5 XBIJIMH
nipoTsirom 20 XBUIIMH 200 10 1 Kparuii [MIOTOANHY ITPOTATOM
6—10 rozuH. 3 pyTOro AHS Mpenapar 3aCTOCOBYIOTh 2—3 pa3u
Ha /100y. TpuBasticTh JiKyBaHHS CTaHOBHUTH 7—9 1HIB [19].

JlomedokcanyH BHITyCKalOTh Y (OpMi OUYHHX Kpameib
13 KOHIeHTpali€ero akTuBHOI pedoBunu 0,3 %. OauH i3 Ko-
MepIiitHuX npenapariB — «Oxarua» (Ppanmis). [Ipenapar
BUITYCKalOTh y (p1akoHax, 3pyyHHMX IJIsl JO3yBaHHS, IO
3a0e3redye TOUHICTh BBECHHS Ta MIHIMI3aIlil0 BTpAT TIiJ
Yac 3aCTOCYBaHHSI.

OdrokcanH € MpeaCcTaBHUKOM (PTOPXIHOMIOHIB i3 IIH-
POKHM CIEKTPOM MPOTHMIKPOOHOI aKTUBHOCTI, 30KpeMa
10710 O0JTiraTHUX aHaepoOiB, (paKyTETaTHBHUX aHAEPOOIB Ta
aepo0iB. oro mexauism i monsrae B inribysamui JJHK-ri-
pasm, mo MpHU3BOIUTE 0 MopymieHHs perurikarii JJHK
OakTepiii 1 Txupoi 3arubeni. [Ipenapar 3acTOCOBYIOTh ISt
JIIKYBaHHS MALIEHTIB 3 1HOEKIISIMA TIEPEHBOTO CETMEHTA
OKa (KOH IOHKTHBIT, KepaTuTt, Oe(apuT, JakpiOLUCTHT, s4-
MiHb, XJIaMiJIiiHI 1H(peKiT), a TAKOXK BUPA30K POTiBKH, IO
CIIPUYMHEH] Yy TIIMBUMHU JI0 outokcaruHy 30ynHnkamu. OuHi
Kparuli 3aKparytoTh Y KOH IOHKTHBaJIbHHUI MIILIOK YPa)KEHOTO
oka 1o 1 kparuti 4 pa3u Ha JieHb. TpuBaicTh Teparii — He
OinbIe HDK 2 TrokHI. Y hopMi Masi penapar HAHOCSTH CMY-
JKKOTO 3aBJIOBKKH | CM TpWdi Ha JACHB, a MPU XIaMITIHHIX
iHdexIisax — 1o 5 pasis Ha 100y. [Ipn 3acTocyBaHHI MOXKITHBI
BiUyTTS MEYiHHA, TOYEPBOHIHHS KOH IOHKTUBH Ta PEaKIii
rinepuytiauBocTi. [Ipenapar He 3acTOCOBYIOTH y pas3i miJBH-
IICHOI YyTIMBOCTI O KOMITOHEHTIB, ITiJI 9ac BariTHOCTI Ta
JIAKTAIlil, He IPU3HAYAOTh JITSM BikoM MeHIe Hix 1 pik [20].

TerpanukiriH — OakTepioOCTaTUIHUI aHTHOIOTHK, IO
MIPUTHIYY€E CHHTE3 OUIKIB y KIIITHHAX MIKpoopraHi3mis. Bin
e(peKTUBHHIN IPOTH 0araThOX TPAMIO3UTHBHUX (CTadiIoKo-
KM, CTPENTOKOKH) 1 TpaMHEraTMBHUX OakTepiil (emepuxii,
CaJIbMOHEJIH, IIINTEITHN), @ TAKOXK IMTPOTH 30y/THUKIB TPAXOMH.
TerpanukiiiH BUKOPUCTOBYIOTh TIiJI Yac JIIKyBaHHS ITalli-
€HTIB 13 OaKTepiaTbHUIMU KOH FOHKTHUBITAMH, KEPAaTUTaMHU,
OnedapuraMu 1 TpaxoMaMH, 110 CIPUYMHCHI Yy TIIMBUMH
JI0 TIperapary 30ymHUKaMu. MOXIIHBI alleprivyHi peaxiii
— TIOYEPBOHIHHS, OLIb Y HAOPSKH, 110 BUHUKAIOTh MPH
IHIMBITya bHINA 9yTIMBOCTI 10 mpenapary. TeTpanukiin
MPOTUTIOKA3aHUH JIITSM BIKOM JI0 8 POKIB Uepe3 PU3HK BILTUBY
Ha (opMyBaHHS 3y0iB 1 KICTOK.

TerparukiTiHu He MalOTh €PeKTy MpOTH 30yIHUKIB, SKi
MPOIYKYIOTh OeTa-JIaKTaMa3M, 30KpeMa TOHOKOKIB i CHHBO-
THIWHOI TTaTHYIKH.

Cy4acHUMH ITpernaparamMu JUist JTiKyBaHHS OakTepialbHUX
iH(peKIii € aMiHOTIiKO3UAN (TEHTaMIIIH, TOOpaMIITiH)
Ta QropxiHONOHH (IUIPOPIOKCANH, O(IOKCAINH), 10
XapaKTepPH3YIOThCSI BUCOKOK €(EKTHBHICTIO, 30KpeMa if
IOZIO JIIKYBaHHS 1H(EKIiH, COPUYMHEHNX CHHBOTHIHHOIO
manuykoro [21].

Cepen mMpokoro BHOOPY aHTHOIOTHKIB OCOONMBE Mic-
[Ie MOCITal0Th TeHTaMIIMH, TOOPaMIlluH, ePUTPOMILIUH 1
MOKcH(IIOKCaIUH. IX 3acTocyBaHHs 0OIpyHTOBaHe CIIEIH-
(iYHIM MeXaHI3MOM i Ta IIUPOKHUM CIICKTPOM aHTHMi-
KpoOHOI akTuBHOCTI. Lle mae 3Mory eeKkTUBHO JKyBaTH
TAMi€HTIB 3 IHQEKUISIMHA TTePeTHHOTO CETMEHTA OKa Ta IIpH-
JeINIMX TKaHUH.

[eHTaMIIIH — MPEACTAaBHUK T'PYIH aMiHOTIIKO3U/IIB
— Jie GaKTepUINIHO, TIOPYIIYIOYH CHHTE3 Oinka B Oak-
TepiaJbHUX KIITHHAX LUIIXOM 3B’si3yBaHHs 3 30S-cy0-
omuHHIE0 pudbocom. [Ipemapar Mae BICOKY aKTHBHICTH
MPOTH TPpaMHETaTUBHUX Oaktepiit (E. coli, Klebsiella spp.,
Pseudomonas aeruginosa) Ta OKpeMUX TPaMIIO3UTHBHUX
KOKiB (K-0T Staphylococcus spp.). YIoro BUKOPHCTOBY-
IOTH TiJl Yac JIKyBaHHS MAIli€HTIB i3 OakTepiaTbHUMHU
KOH IOHKTHBITaMH, KEpaTHUTaMH, a TaKOX JJIsl Tpodisak-
TUKH 1HQEKIIN micas XipypriYHuX BTPyYaHb. 3a3BHUAl
TeHTaMILMH 3aCTOCOBYIOTh Y ()OpMi Kparielib, 3aKpanyoTh
mo 1-2 xparni 3—4 pa3u Ha IeHb; TPUBATICTP JIiIKyBaHHS
— He Oubnre HiX 2 TkHI [22].

ToOpaMiIH TaKoXK HAJICKUTH IO TPYMH aMiHOTIIKO3HU-
IiB. MexaHi3M HOTo [ii CXOXKHH 10 TeHTaMIIUHY, IPOTe
CIIEKTP aKTHBHOCTI BKJIFOYAE LIMPOKHI Meperik rpamMmHe-
TFaTUBHMX 1 TPAMIIO3UTUBHUX Oaktepiit: Staphylococcus
aureus, Streptococcus pneumoniae ta Acinetobacter spp.
Tobpamitue e()eKTUBHUIA i Yac JIKYBaHHS MAIlIEHTIB 13
MOBEpXHEBUMH 1H(EKLISIMU OKa. Y pasi Jerkoro nepediry
Mperapar 3aKpaIyroTh KOKHI 4 TOIUHH, & IIPH THKKHUX 1HPEK-
LiSIX — KOKHY TOAMHY 3 OCTYITOBUM 3MEHIICHHSM YacTOTH
3acTocyBaHHS [23].

EpurpoMinyH — npeacTaBHIK MaKpoJIiIiB, 1110 i€ OaKTe-
piocTaTHdHO, MOPYIIYIOYX CHHTE3 OifTka B MIKpOOpTaHi3-
max. Moro nepeBaroro € edeKTHBHICTh HPOTH 30YIHHKIB,
CTIWKUX JI0 IHIIUX TPYI aHTHOI0THKIB, — Streptococcus spp.,
Staphylococcus spp., Neisseria gonorrhoeae. Eputpomitiua
IIMPOKO 3aCTOCOBYIOTH y (POpMi OUHOI Ma3i I JTIKyBaHHS
KOH FOHKTHUBITIB, TPaXOMH Ta OakTepiaJbHUX KepaTUTIB.
Mass 3aKi1a1atoTh 3a HIDKHIO a00 BEPXHIO MOBIKY 3—5 pasiB
Ha JIeHb, IIPH TPaxoMi — J10 5 pa3iB Ha JIeHb MPOTSATOM TPH-
BaJIoro yacy [24].

MoKcu(IIOKCalH — HE MEHII BOKJIMBUH MPEICTaBHUK
YETBEPTOro MOKOJIHHS (PTOPXiHOJIOHIB. 3aBISKH 30aTHOCTI
inrioyBarn JIHK-ripa3y ta Tonoizomepasy 1V, BiH jie Oax-
TEPULMAHO NPOTH MIMPOKOTO CHEKTPa IPAMIIO3UTUBHUX i
rpaMHeraTuBHUX Oaktepiid. MokcudIiokcau 3a3Buyail
BUKOPUCTOBYIOTB JUIS JIIKyBaHHS ITAIlIEHTIB 13 OaKTepiabHIM
KOH IOHKTHBITOM, 110 CHPHYMHCHUH 4y TJIMBUMH LITAMAMH
MikpoopranismiB. Floro 3actocoByrots 1o 1 kparuti Tpuui Ha
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JIeHB ITpoTsroM 4 AHIB. Y Takwuii crocil T0CATaI0Th IIBHKOTO
TeparieBTHYHOT0 edekty [25].

Yei i mpenapati MaroTh CBOi TIepeBaru Ta OOMEKEHHH,
1 X BUOIp 3aJISKUTH BiJl XapakTepy iH(eKii, 9yTIMBOCTI
30yIHMKA Ta CTaHy TAIli€HTa. 3aCTOCYBaHHS aHTHOAKTEpi-
QIBHHUX 3aC00IB B 0pTanbMoJIorii noTpedye JT0TpUMaHHs
CXeM JIKYBaHHS JUTS 3aTI00iTaHHsI PO3BUTKY PE3UCTEHTHOCTI
MiKpoopraHi3mis [26].

HaiiBizominmuii mpoTUMiKpOOHUH cynab(haHiTaMiTHUH
npenapar — cyibbamua Harpifo. Foro 3acTocoByIoTh i B
MOHOTeparii, i B KoMOiHaIli1 3 aHTHO10THKAMH TSI JTIKYBaHHS
iH(EKIIHHIX 3aXBOPIOBAHb JOIIOMIKHOTO ariapary Ta mnepe-
JTHBOTO BIJUILTY OKa.

CynbdaHniamMizii BAKOPHCTOBYIOTh, KOJIM € TPOTHIIOKA-
3aHHS JI0 aHTHOIOTHKIB a00 SIKIIO BHSIBICHO PE3UCTCHTHY
MikpoOHY (mopy. Xoda iXHS aKTHBHICTh MEHINA, HiX B
aHTHOIOTHKIB, IIi 3aCO0M C(PEKTUBHI 100 TPAMIIO3UTHB-
HHX 1 TpaMHETaTUBHHUX KOKIiB, KHIIKOBOI MAJIMYKH, ILIHTEII,
KJIOCTPHAIH, OKPEMHX TPOCTIMINX MIKPOOPTaHi3MiB TOLIO.
AnTHOAaKTEpiaTbHa aKTUBHICTH CyNb(aHIIaMiliB 3HATHO
3HIKYETBCS, KOJIM € NapaaMiHOOEH30iHa KUCIIOTa y BEJH-
KHAX KOHIIEHTPAIiAX, 10 YaCTO BU3HAYAIOTH y pa3i PSICHUX
THIHHUX BUALUICHB [27].

Cymbarieramin HAISKUTH 10 papMaKoTeparieBTHIHOI TPy-
mu S01AB04 (3aco0w, 1110 3aCTOCOBYIOTH B O TaIbMOJIOTI],
cynbhaninaminm). Horo ocHOBHA (hapMaKoTepaneBTHYHA JIist
ToJisirae B 0OakrepiocrarnyHoMy e(eKTi, [0 CIPSIMOBaHHUH Ha
TPaMITO3UTHBHI Ta TpaMHETaTHBHI OaKTepii, 30KpemMa CTperr-
TOKOKH, THEBMOKOKH, TOHOKOKH, KHIIIKOBY TTATAYKY, XJIAMiii
Ta akTHHOMIineTH. MexaHi3M Iii mpenapary 3yMOBICHHI
KOHKYPEHTHUM aHTaroHi3MOM i3 mapaaMiHOOeH301{HO0
KHCJIOTOIO T 1HT10yBaHHSIM JUTiPONITCPOATCHHTETA3H, IO
0s10Kye cuHTe3 TeTpariapodosieBoi kuciotu. Le mopyinye
CHHTE3 ITyPUHOBHX 1 TIPUMIJTMHOBUX OCHOB, 1110 € KPUTHYHO
BaximBumE Juist popmysanns JJTHK 1 PHK Gakrepianbaux
KJITHH, TaJIbMY€E IX PO3MHOEHHSI.

IToxazaHHSIMH T 3aCTOCYBAaHHS MpeTapary € iH(peKIii-
HO-3aMajibHi 3aXBOPIOBAaHHS O4Yel, CIIPUYMHEHI YyTINBU-
MU 710 #oro mii Gaxrepismu. Cepen HUX — KOH IOHKTHBIT,
6nedapuT, THilHI BUpa3KH POTIBKH, KEPATHT, TOHOPEHHI
YpaxKeHHsI O4el y JOPOCIIMX 1 HOBOHAPOKEHHUX, a TAKOXK
npodinakruka OaeHopei y HOBOHapo/pKeHUX. Jo3yBaHHS
Ipenapary BU3Ha4eHe BIKOM MarieHTa. Tak, Ui JOpOCIIX
PEKOMEHIOBAHO 3aKparyBaTH 2—3 Kparul B ypakeHE OKO
5—-6 pa3ziB Ha moOy 3 iHTepBasoM 4-5 romuH. s miteit
BUKOPHCTOBYIOTh PO34MH KOHIEHTparieto 200 Mr/mit y 1031
1-2 xpamuti 4-5 pasiB Ha 700y. Y mpodinakTui OmeHopei y
HOBOHAPOJDKEHUX OfIpasy Micisi HAPOIPKEHHSI 3aKpaIryloTh
o 2 Kparwii po3uuHy KoHIeHTparieio 300 Mr/mMi y KoKHE
OKO, uepe3 2 TOJIMHU MPOoLeypy MOBTOPIOIOTH. SIK mo0iuHi
edexTy npenapary BUSHAYCHO MTOAPA3HEHHS TKAHUH OKa, 1110
BUSIBIISIETHCS] TIOYEPBOHIHHAM, CBEPOEKEM 1 HAOPSIKOM IOBIK.
[IpoTHOKa3aHHSAMHU 10 3aCTOCYBAaHHS € TillepYyTIIMBICTH
JI0 KOMIIOHEHTIB TIperiapary a0o iHIMX cyiabdaHiiamiIiB B
anamHe3i [28].

Jlns mikyBaHHs iH(EKIiN 1 3amaneHds 04eil BUKOPUCTO-
BYIOTB 1 iH1I1 3aco0u. Hampukiiaz, jikapchbKi npenapary Ha

OCHOBI MipamicTuHy, 30KpeMa mpemnapar «OKoMiCTHH®),
HaJIe)KaTh JI0 Cy4acHUX aHTHUCENTUYHMX 3aco0iB i3 MIHPO-
KM criekTpoM (apmaxoriorignoi aii. L{i mpemapaTtu mmpoko
3aCTOCOBYIOTH B O(hTAJIbMOJIOTIT 3aBIISIKH IXHIM YHIKAJIbHUM
BIIACTHBOCTAM. TaK, iX MPU3HAYAIOTh ITiJ Yac JTiKyBaHHS Ta
npoQIaKTUKHU 1H(EKITIIHO-3aMalbHUX 3aXBOPIOBAHb OUCH,
CTIPHYMHEHIX OaKTepiaJTbHUMH, BipyCHIUMH Ta TPUOKOBUMH
30yaHUKaMU. BHCOKA e(h)eKTUBHICTD, JIOKAJIbHA J1isl TA HU3bKa
TOKCHUYHICTH POOJIATH MpernapaTtd Ha OCHOBI MipaMiCTHHY
BKJIMBAM KOMITOHEHTOM Teparlii Maii€HTIB i 3 TOCTPUMH, 1
3 XpOHIYHMMH 3aXBOPIOBAHHSIMHU OPTaHiB 30DpY.

MipamicTHH — KaTiOHHa TOBEPXHEBO aKTHBHA PEUOBUHA 3
BUPaXCHUMH aHTHCETITHYHNMH BIaCTHBOCTAMU. LI crionmyka
e(eKTHBHA MPOTH IIUPOKOTO CHEKTPa MIKPOOPraHi3MiB,
BKJTIIOYAIOYM I'PaMITO3UTUBHI Ta IpaMHETaTHBHI OakTepil,
acpoOHi i aHaepoOHi (popmH, CIIOPOYTBOPIOBAIIBHI i acmo-
poreHHi OakTepii, HaBITh TOCIITAIBHI ITAMU 3 MHO)KUHHOIO
CTIHKICTIO 710 aHTHOIOTHKIB. 3aci0 TaKOX aKTHBHHN I0/10
30yAHUKIB cTaTeBUX iHQEKIi (TOHOKOKH, TPHXOMOHA/IH,
XJamifii, 67ia Tpermonema), BipyciB (BKIIIOYAIOUH Tepriec i
BIJT), a Takox rpu0iB (apiXDKOBI, lepMarogiTi, acKoMirie-
TH) Ta IHIIUX MTaTOTeHHUX MiKPOOPTaHi3MiB.

Kpim anTiMikpoOHOT 21i1, mpenapar Mae npoTu3anajibHUM
e(eKT, crpusie aKTHBAIlil pereHepaTOPHIX MPOIECiB, Mic-
LIEBHX 3aXMCHUX PEaKIii i MATPUMY€E MEXaHi3MH HECTICIH-
(hbigHOTO IMYHHOTO 3aXHCTY Yepe3 MOMYILAIIIO KIITHHHOI Ta
ryMOpaJbHOI IMyHHOT BimoBizi. Binomo, 1o min BrmmBom
MipaMiCTHHY 3HIKYETHCS PE3UCTCHTHICTh MiKPOOPTaHi3MiB
10 antuOioTHKIB. [Ipernapar mie 1oKabHO, He OTPAILIIOUN
B CHCTEMHHH KPOBOTIK.

MipaMiCTHH BUKOPUCTOBYIOTh JUISL JIIKYBaHHSI TOCTPUX
XBOpOO 1 KOH FOHKTHBITIB, OJIe()apOKOH FOHKTHBITIB OaKTe-
piajbHOTO, TPUOKOBOTO, XJIaMiIHHOTO YK BipyCHOTO TTOXO-
JoKeHHs. Takok eeKTMBHUN MpH iH(EKIIHHNX ypaskeHHIX
CITN30BO] TKAaHWHHU OKa, TPaBMax, XIMIYHMX Ta TEPMIYHHX
orikax. 0ro 3acTocoBYOTb st IPOiIAKTHKE Ta JTiKyBAHHS
THIHO-3aMaIbHUX YCKJIAAHEHb y MEepel- Ta Micisonepa-
LITHOMY TTEpiOi, @ TAKOXK JUTS 3aII00IraHHS TOHOKOKOBHM 1
XJIaMiIfHAM KOH IOHKTHBITAM Y HOBOHAPOKCHHUX.

Ilin wac nmikyBaHHS TpaBM, 3allajJbHUX IPOIECIB UM
KOH FOHKTHBITIB JIOPOCIHM 3aKpamyloTh MO 2—3 Kparui,
IitssM 710 12 pokiB — mo 1-2 Kparuii B KOH FOHKTUBAJIbHUN
MIIITOK 4—6 pa3iB Ha JeHb. TpHUBaNICTH Tepamii — 10 2 THKHIB.
VY pasi omikiB OKa micist IPOMUBAHHST BOJIOIO POOIISTH YacTi
tHCTHIATIT KookHI 5—10 XBHHMH mpotsrom |2 romuH, gami
NIepeXo/IsATh Ha CTaHIapTHY cxemy JiikyBaHHs1. J{ist mpodi-
JIAKTUKHU 1HQEKIIHHNX yCKIAAHEHb 33 IeHb O OIeparii
KparnaroTh 110 2—3 Kparuii Tpudi Ha IeHb, MiCIIs XIpypridyHoro
BTPYYAHHS JIKyBaHHS IIPOAOBKYIOTH MPOTATOM 3—5 JHIB.

Jnst npodinakTiky iHGEKIiil y HOBOHAPOIHKESHNX 0Opasy
TTiCIIST HAPOPKEHHSI TTPOBOSITH 00OPOOKY OKa 3MOYCHUM Y
Je3iH(peKiiHOMY pO3UMHI BaTHUM TaMIIOHOM, a IOTIM
3aKparyrTh 10 | Kparmi B KOKHE OKO 3 iHTepBajioM 2—3
XBUJIMHH (TpHYl).

[HOMI MOXXE BUHUKHYTH KOPOTKOYacHE BiIUyTTS IEUIHHS,
sIKe MUHA€ caMoCTiliHO yepe3 15-20 cekyH i He moTpedye
NIPUNMHEHHS JTiKyBaHHs. [IpoTnnokasaHHsM 10 3acTOCy-
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BaHH € MMiJIBUIICHA Yy TIIMBICTH 10 KOMIIOHEHTIB IpeTapary.
Jlikapcbka (opma — Kparuii 04Hi / BylIHi y (IakoHax, KOH-
nenTpanist — 0,01 %.

Iporurpudkosi 3acodou. [ prOKoBi iH(EKIT poriBKH J0BOII
PiAKicHI, iX BUSABISIOTH 3a3BUYAl MMiCIIA TPAaBM, OTPUMAHUX
ITiJ1 9ac CLTbCHKOTOCIONAPCHKUX POOIT, 0COOIMBO B yMOBaxX
TEIUIOTO 1 BOJIOTOro KiiMary. MiKko3u 3 ypaskeHHSIM opOiTH
MOXYTh BHHHKHYTH BHACIIJIOK TOMIMPEHHS 1HQEKIIT 3
HaBKOJIOHOCOBHX Ia3yx. PakTopamH, 110 acoIiioBaHi 3 po3-
BUTKOM 3aXBOPIOBaHHSI, € MOXMJIUH BiK, OCJIA0JICHHS IMyHHOT
CHCTEMH, IMyHOCYTIPECHBHI CTaHH, TPHBAJIC 3aCTOCYBAHHS
aHTHOIOTHKIB 1 TOPMOHAJIBHUX ITpenapariB. B okpemux Bu-
Ta/IKax TeMaTOreHHUH MIIAX 3apaKEHHS MOYKE CIPHYMHUTH
PO3BUTOK METACTaTHYHOTO eHAOo(TaIbMITY [29].

Iporu3anansui npenaparu. Kpim anTnbakTepiaabHUX
JIKaPChKUX 3aC00iB, y (hapMakoTepalril 3armabHIX MPOLIECIB
pi3HOI eTionorii 3aCTOCOBYIOTH 1 IPOTH3ANAIBHI JIIKAPChKI
3aco0w, IO CIIPUSAIOTH 3MEHIIICHHIO OOJFOBOTO CHHIPOMY,
HaOpsIKy Ta nopyuieHb Mikporupkyssiii. Li 3acobu knacu-
(iKyI0Th Ha KiTbKa OCHOBHUX I'PYII 3aJI€XKHO Bi/I MEXaHI3MY
nii Ta cpepu 3acrocyBaHHSL.

I'moxoxopruroctepoinu (I'KC) mupoko 3acTOCOBYIOTh B
o(ranemoorii MiciieBo Ta cucTeMHO. BoHu eexTHBHI i
4ac JIKyBaHHS TAII€HTIB 31 CKICPUTOM, YBEITOM, 3aXBO-
PIOBaHHSIMHM OYHOTO JIHA, & TAKOXK CIIPUSIFOTH 3MEHIIICHHIO
3amabHAX PEaKIlii MicIs XipyprivHuX BTPyYaHb.

Buxkopucranns miciiesux ['KC norpedye ocodmiBoi obe-
PEXKHOCTI, KOJIY JIiarHO3 OCTaTOYHO HE BCTAHOBJICHO, 30KpeMa
npu HecrienugiuHOMY TOo4YepBOHIHHI OKka. Lle 3ymoBneHo
PH3HKOM PO3BHUTKY TSDKKHX yCKIJIaJHeHb. Hanpukia, mouep-
BOHIHHSI MOYKE OyTH CIIPHUYMHCHE BiPyCOM IIPOCTOTO TepIiecy,
SIKNH MOYKE 3yMOBITIOBATH I'€PIIETUYHNH KePaTHT i3 ie(heKToM
poriBku. Y Takux cutyaiisix 3actocyBanns [’ KC Moke 3Ha4HO
TIOTIPIIUTH CTaH Mali€HTa Ta CIPHYUHATH HOTIPIIEHHS 30DY.
Kpim Toro, TpuBase (Oinbliie HiX KUIbKa THKHIB) 3aCTOCY-
BauHsA 'KC y hopmi 04HHX Kpariesb MoyKe IIPU3BECTH JI0 PO3-
BHUTKY CTEPOIHOI IJIAYKOMH, sIKa € OJIHIEI0 3 ()OPM ITEPBUHHOT
BIIKPUTOKYTOBOI IIayKOMH. /10 HAMMOIIMPEHIINX TTOOTIHIX
PpeaKIIiii TAKOXK HaJIe)KaTh HIIT POSIBY CIIOBLUTFHEHOTO THITY, a
B JISSKUX BUIa/IKaX MOKJIMBE BATOHYEHHSI POTIBKH Ta CKIIEPH,
110 acoriioBaHe 3 pr3uKoM repdopartii [30].

3acrocyBaHHsI KOMOIHOBAaHHMX TIpenaparis, siki MicTsiTs [ KC
Ta aHTHOAKTEepiaTbHI KOMITOHSHTH, TOLUTBHE Y TTicIsonepa-
LifHOMY TIepiojii, HAIPUKIIAL MICIs eKCTPaKIlii KpUILITan-
Ka, aHTHIIIayKOMHUX OMepariii 9u TpaBM oka. Taki 3aco0i
MOXYTb OyTH €()EeKTHBHUMH 1 T1iJ] Yac JIKyBaHHSI OKPEMHX
Heirdekmiitanx (hopM KoH FOHKTHBITY. OIHAK € 3aXBOpIO-
BaHHSI, MIJI Yac SIKMX 3aCTOCYBAaHHS TaKMX KOMOIHOBaHMX
TIpernapariB He OIUTHHE.

V pa3i cucremuoro npusnadenHst [’ KC pu3uk po3BUTKY
IVIayKOMH HEBHCOKHH, OJJHAK BU3HAYaIOTh BHCOKY MMOBIp-
HICTh (00 75 %) BUHHKHEHHS! CTEPOiHOI KaTapakTH HpH
TPHUBAJIOMY HAKOIMYCHHI MPEIHI30IO0HY B 1031 >15 Mr Ha
no0y abo ekBiBasieHTHHX Jo3ax iHmKX ['KC nporsrom
KIJIBKOX MICSIIIB.

B Vkpaini B orasbMooriuHiil mpakTUil cepes HecTepo-
inHuX npoTn3anansHux 3aco6is (HI133) mepesakno 3acToco-

BYIOTb TUKJIO(EHAK, SIKHI BU3HAYAIOTh SIK AIBTCPHATUBHAIN
TTIOKOKOPTHKOiTaM mpenapar. OcHOBHA Horo mepeBara —
BIJICYTHICTh XapaKTePHUX JUI KOPTHKOCTEPOi B MTOOIIHIX
e(eKTiB, Mo POOUTH HOTO OC3MEYHIMNM IS TAIlIEHTIB 13
nedexramu MOBEPXHI POTIBKH, CHPHYMHEHUMHU TPAaBMaMH,
YH TIEPEHECCHNM KePATHTOM.

JlukiodeHak HATpir0 YMHUTH MPOTHU3ANAIBHY, 3HE0O0-
JIOBAIBHY 1 MIOTHYHY Jif0. MexaHi3M ioro Jii nomnsrae B
iHri0yBaHHI IMKJIOOKCUTeHA3H Ta IPUTHIUEHHI CHHTE3Y TIPO-
CTalJIaHJMHIB, 1II0 € OCHOBHHUMH Me/iaTopaMH 3altajieHHsI.
[Ipenapar cripusie MOJNETIICHHIO 3allaeHHs Ta 3MEHILICHHIO
00JIbOBOTO CHHJIPOMY ITiCJIsl ONIEPATHBHHX BTPYYaHb, ITOIIKO-
JUKEHB POTIBKH, a TAKOXK e()eKTUBHO 3aro0irae inrpaonepa-
LiffHOMY Mi03y TiJ] 4ac Xipypri4Horo JIiIKyBaHHS KaTapakTy.
[Ipemapar 3acTOCOBYIOTh MICIIEBO y (hOPMi OUHHUX Kpariemb.
[epen omepartiero AuKIOpEeHAK 3aKpamyIoTh 1Mo 1 kparmii 5
pas3iB MPOTATOM 3 TOAWH, TICIIS 9OTO MTPOJOBKYIOTH JIIKYBaH-
HS B ICISIOTIEpAIlifHOMY TIEepiofli 3a CXeMoro 3—5 pasiB Ha
n00y 3aIIeKHO BilT iHAMBIMya IbHOI peaxii mamienTa. [1ig gac
JiKyBaHHs 001110, hoTo(h00i1 TA MOCTTPABMATHYHUX 3aITajb-
HUX IIPOIIECIB Mpenapar 3aKparryroTh 1o | kparuti KoxHi 4—6
roJuH. Y pasi XipypriqyHoro BTpy4aHHS ISl KOPEKIii 30py
PEKOMEH/I0BAaHO BBEAICHHS |—2 Kpariesb 6e310CcepeHbo Ie-
el oreparli€ero, opasy Iicis 1 3aBepIICHHS, a TAKOXK KOXKHI
4—6 ToAMH YIPOIOBK HACTYITHUX 3 AHIB [31].

OO6roBopeHHs

Otxe, BCTaHOBIICHO, 1110 HA (hapMalleBTHYHOMY PHHKY YKpa-
THU MIPE/ICTABICHNI IIMPOKHUI aCOPTUMEHT OYHUX Kparieib
JUTSL JIIKYBaHHS TPaBM, OIIKIB 1 3aaJicHb OpraHa 30py.

Jlo Takux 3aco0iB Halle)KaTh MIPEMapary, 10 MICTATh Pi3HI
AKTUBHI PEUOBHHHU: TETPA30JIIHY T1APOXIOPHUJI, TapaaMiHo-
OEH30IHY KHCIIOTY, TIOTPia30iH, IeKaMEeTOKCHH, OOpHY KHC-
JIOTY, HATPil0 TETPabOpPaT, XJIOPTEeKCHANHY OOpOTITIOKOHAT,
CyImb(aluI HaTpiro, AUKIO(PEHAK HATPilO0, IIMHKY CYIb]aT,
MipamicTaH Tomo. Lli mikapchki 3aco0u crpsiMOBaHI Ha
3MEHIIICHHSI CHMITTOMIB 3arTajleHHs, JIIKyBaHHS 1H()EKITIHHIX
3aXBOPIOBAHb 1 3aTO€HHS ITOLIKO/PKEHb OUYCH.

BTim, He3Ba)karOuu Ha HASIBHICTH 3HAYHOT KIIBKOCTI TAKUX
TIpenaparis, IXHiH JTiKyBaJbHUN €()eKT YacTO 3aIHIIAETHCS
HEJOCTaTHIM y pa3i TSHKKHX a0 KOMOIHOBAaHMX TpaBM
OKa, 0COOJMBO THX, 10 BUHUKAIOTH IiJ] 4ac OOMOBUX JIii,
a TaKO)X IPOMHUCIIOBUX TPaBM, OTPUMaHUX y MUPHHUH Yac.
BinbricTs i3 ux 3ac001B MPU3HAYCHI JUTS JTIKYBaHHS Hali-
HNOUIMPEHIMINX 3analbHUX MpoleciB abo OakrepialbHUX
iHGekiiit. KoMriekcHuit miaxin 10 MOIIKOIKeHb, OTpUMa-
HHUX B YMOBaX MHUPHOTI'0 4acy, Ta 00HOBHUX TpaBM MOTpedye
O1s1b11I e(heKTHBHOI Tepartil, 10 MOXKE CIPHSTH 3aIT00IraHHIO
YCKJIaIHEHHSM, 30KpeMa iH(EKIIisiM, pyOITFOBAHHIO TKAHUH
1 BTpari 30py.

'V 3B’3Ky 3 IMM BUHHKAE HEOOXiHICTH CTBOPEHHS HOBOTO
KOMOIHOBaHOTO JIIKapChKOTO 3ac00y 3 MPOTH3AMaIbHOIO,
aHTHOAKTEPiaIbHOIO Ta MPOTUTPHUOKOBOIO AisiMH. Takuit
npernapar Mae 3abe3nevyBaTi OAHOYACHUH BIUTHB Ha KiJbKa
MAaTOreHETHYHUX MEXaHI3MiB, 1[0 JACTh 3MOTY TIOKPAILUTH
3aro€HHS TKAaHWH OKa, 3HU3UTH PU3NK IH(OEKIIHHNX yCKIa /-
HEeHb 1 3aro0irTH pO3BUTKY IHBAIIJHOCTI Yepe3 BTpaTy
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30py. ToMy po3poOka Ta Bajigaris METO/IB CTaHAaPTH3AaLi1
HOBOTO KOMOIHOBAHOT'O JIIKAPCHKOTO 3ac00y € aKTyaJlbHUM
3aBIaHHIM CydacHoi apmartii #f odramesmonorii, 0coOmIBo
B YMOBaX 3HauHOI KUIBKOCTI TPaBM OKa ITiJ1 Yac BiHU.

Huni BinOyBaeThbCsl eKCIIOHEHITIabHE TIOCHIICHHS aKTy-
AJIBHOCTI KOMOIHOBaHUX JIiKapchKuX 3aco0iB. Ile 3ymoB-
JICHO KiTbKOMa (haKTOpaMu, IO OOTPYHTOBaHI CydaCHUMH
noTpedaMu MEIUIMHY i 0COOIMBOCTAMH JIIKYBaHHS OYHHX
3aXBOPIOBaHb.

[Tepm 3a Bce, OKO Mae CKIIaHy CTPYKTYpy W YHIKaJIbHI
¢izionoriuni ocobmuBocri. Ilin 9ac po3BUTKY MATOJIOTiy-
HHUX TPOIECIB YaCTO BUHUKAE HE OTUH CHMIITOM, a LILITAN
KoMIuteke. Hanpukian, mpu TpaBMi Oka OTHOYaCHO MOXKYTh
BUHUKATH PI3HI YPaKEHHS, 1110 aCOIOBaHi 3 PU3UKOM iH-
(ek1ii Ta mopymeHHsIM pereHeparii TkKaHuH. Bukopucranus
KOMOTHOBAHOTO MpeTapary B TAKOMY BUIIQJIKY Ja€ 3MOTY O1-
HOYACHO BIUIMBATH HA BCI 111 POLIECH, 110 3HAYHO ITiIBUIIYE
e(eKTUBHICTH JIIKYBaHHSI.

Jpyruii acnekT — 3py4HIiCTh 3aCTOCYBaHHSI IS TTAIli€HTA.
Sxm1o XxBopoMy HEOOXITHO 3aKparryBaTH KilTbKa Pi3HHX
nperaparis, 1ie NOTpedye MeBHOI AUCLUILIIHU Y 3B’SI3KY 3
HEOOXiTHICTIO TOTPUMAaHHS IHTEPBAJIiB MK BBEACHHIMH.
Kom0iHoBaHi 3aco0M pU3HAYCHI [T BUPIIICHHS ITi€T TIPO-
01eMu, aJKe TAf0Th 3MOTY OJHOYACHO BBOIUTH Pi3HIi JiFodi
pedoBuHU. Lle 0cOOMMBO BayKIJIMBO AJIS JIIOJEH MOXUIIOTO
BiKy 200 THX, XTO Ma€ 0OMEKEeHI MOKIIBOCTI caMOOOCITy-
TOBYBaHHS.

ExoHOMIYHI YMTHHUKY TaKOXK IiATBEPIKYIOTh JOMLTEHICTh
BUKOPHCTaHHSI KOMOIHOBaHHX MpernapariB. Xouya Taki JIKH
MOXKYTb KOIITYBATH JIOPOXKYE, HiXK MOHOIIPETIAPATH, 3arabHa
BapTICTh JIIKyBaHH: 4aCTO BUSIBIISIETHCSI HIKUOIO. Lle noB’si-
3aHO 3 THM, III0 HEMa€ HeOOXiJHOCTI KYITyBaTH KiJIbKa Pi3HIX
JIKIB, @ TAKOXK 3HUKYETHCSI PU3UK PO3BUTKY YCKJIAIHEHb, SIKi
moTpedyBaiy O TOTATKOBOTO JIIKyBaHHS.

3 (hapMaKoJIOTiuHOTO MOMISAAY Cy4acHi KOMOIHOBaHI pe-
rapaT CTBOPEHI 3 ypaxyBaHHSM IOTEHIIHHNX B3a€MOJIH
MIX KOMITIOHeHTaMH. L{e nae 3Mory 10CSITH CHHEPreTHYHOTO
e(eKTy, KOJI1 /il OZIHOrO KOMITOHEHTA JIIKapchKoi hopmMu
TTOCHITIOE 200 TOTIOBHIOE MiI0 iHIIOTO. 3ayBakKUMO, III0 PO3-
poOka KOMOIHOBAaHHX IperapariB — I1e CKIaIHUH Tpolec,
SIKHHA TIOTpeOye BUBUCHHS B3a€MOIii KOMIIOHEHTIB, iXHBOI
cTabipbHOCTI Ta Oe3meku [32].

OTxe, akTyaJIbHICTh KOMOIHOBAaHHX JIIKAPCHKUX 3aC00iIB B
odrampmorIorii 00rpyHTOBaHA THM, III0 BOHH MOXKYTh MaTH
KOMIUICKCHUH TepaneBTHYHAN e(eKT, 3pyUHi U 3aCTOCY-
BaHHs, CKOHOMIUHI Ta BiAIOBIJAIOTh Cy4aCHHUM BUMOTaM
METIIIIHH, 0COOJTIBO B yMOBAaX 301TBIIICHHS KUTBKOCTI TPABM
oka iy yac BiiHH. [TpooBKeHHs JOCIIDKEHb Y IIbOMY Ha-
NpsIMi 3ATUIIAETBCS AKTYyAIBHUM, CIIPSTAME ITiIBHIICHHIO
e()eKTHBHOCTI JIIKyBaHHS O()TAIbMOJIOTYHIX 3aXBOPIOBAHb
y MaiiOyTHEOMY.

Po3pobOxa koMOiHOBaHOTO O(TaIEMOJIOTTHHOTO TIpenapary
HAa OCHOBI TUKIIO(EHAKY HATPI0 Ta MmapaamMiHOOCH30HHOT
KHCIIOTH MOYKe OyTH IIEPCIIEKTHBHOIO Yepe3 CHHEPreTHUHU I
TEpareBTHYHNH e(eKT X IBOX cronyk. KomOiHoBaHwmi
0o TaIbMOJIOTTYHUH JIIKAPCHKHI 3aCi0 Ha OCHOBI TUKIIO(E-
HaKy HaTpilo Ta IapaaMiHOOSH30MHOI KUCIOTH MOXe OyTH

ONITHMAJBHUM IIiJ] Yac JIIKYBaHHS 3alaJIbHAX Ta iH(EKIil-
HO-3aIlaJIbHUX 3aXBOPIOBaHb OYEH.

Juxmodenak Hatpito sk mpenapar i3 rpymu HI133 cipusie
3MEHILICHHIO 3alTaJICHHS 3aB/ISIKH 1HT0yBaHHIO IMKIIOOKCHUTe-
HAa3U Ta 3HIKCHHIO CHHTE3Y NPOCTANIaHIMHIB, a OTXKE IPH-
3HauEHMiT 1711 3MEHIIIeHHs HAOPAIKY, 6oTro Ta rinepemii. Koro
3acTOoCyBaHHS B O(pTaIbMOJIOTIT AOLLIBHE B pa3i PO3BUTKY
TTicisionepaniifHuX 3anaibHIX YCKIIaHEHb, TOCTTPaBMaTHy-
HUX CTaHiB, JUISl TPO(IIAKTHKY [IUCTOITHOTO MaKy/ISPHOTO
HaOPSIKy Ta JIIKyBaHHS 00JILOBOTO CHH/IPOMY, CIIPUYHHEHOTO
VIIKOKCHHSIM POTiBKH.

Komo6iHarris 3 mapaamiHOOCH30HHO0 KUCIOTOO PO3IIUPIOE
CIIEKTP TePAIeBTHYHUX MOKJIMBOCTEH HOBOT'O KOMOIHOBaHO-
TO JIKAapChKOro 3aco0y BHACHIJOK IMyHOMOJIY/TIOBAJIbHUX,
AQHTHOKCUAAHTHUX 1 MPOTHBIPYCHHUX BiacTHBOCTEH. Ll
KHCJIOTa — IHAYKTOp iHTep(hEepoHy, IO CIpHI€e aKTHBAIil
MIPOTHUBIPYCHOTO IMYHITETY Ta TOCHIIIOE PETeHEPAIlio po-
TiBKH. 3aBIJKM UM BIIACTHBOCTSM BOHA € €(PEKTHBHUM
KOMITOHEHTOM [UTSI JIIKyBaHHS BipyCHHX KOH FOHKTHBITIB,
KepaTOKOH FOHKTHUBITIB, KEPaTOYBEiTIB, a TAKOXK MOCTTPAB-
MaTHUYHUX 1 MCISONepaifHuX YIIKOIKCHb POTiBKU. Kpim
TOTO, IO JTHAHHS aMiHOOCH30MHOT KUCIIOTH 3 ANKIIO(hEHAKOM
MOJKE CIIPHSTH IBU/IIOMY BiTHOBJICHHIO CTPYKTYp OKa MiCIIst
XIpypriuHuX BTPy4YaHsb i TPaBM, NPHUCKOPIOIOYH 3arO€HHS Ta
3MEHIIIYIOYH PU3UK IHPEKIIHHUX yCKIIaJHEHb.

KoM6iHOBaHe 3acTOCyBaHHS OUKIO(DEHAKY HATPIO Ta
napaaMiHOOCH30MHOT KUCIOTH AaTOICHETHYHO OOTPYHTOBA-
HE, OCKUTBKH JIa€ 3MOT'y OJIHOYACHO BIUIMBAaTH Ha 3alajbHi,
IMyHHI Ta pereHepaTHBHI TpouecH. BpaxoByrouu iXHIO
CUHEPTIYHY JIit0, TaKa KOMOIHAIIISI MOXKE CTaTH €()EKTHBHUM
3ac000M IS TIKyBaHHS Ta MPO(MUTAKTHKA 3aMaIbHAX 1 Bi-
PYCHHX ypaKeHb IepeIHbOr0 CerMeHTa oka. JomaTkoBoro
TIePEeBaror0 € MOKIUBICTD 3HU3UTH ITOTPEOY B 3aCTOCYBaHHI
KOPTHKOCTEPOI/MiB Ta aHTHOIOTHUKIB, IO MiHIMI3y€E PH3UK
moOIYHIX e(DeKTIB i maBHITYe Oe3IeKy Teparil.

Omxe, CTBOPEHHSI 0 TAIBMOJIONTYHOTO PEHapary, 1o 1o-
€JTHy€ TMKJIO(EHaK HAaTPio Ta MapaaMiHOOEH30IHY KHCIIOTY,
€ aKTyaJIbHUM Y (papMalleBTHYHIN raiy3i Ta Mae 3HaAYHUH
TTOTCHITIAIT [Tl OIITUMI3allii JTIKyBaHHS MAII€HTIB 13 3aI1aib-
HUMH, TPABMaTHYHUMH Ta BIpYCHUMH YPAKEHHSIMH OYEHi.

BucHoBKkuU

1. IIpoanaiisyBaiy i cxapakTepu3yBalH pi3Hi o TanbMo-
JIOT1YHI JIIKapChKi 3aCO0U, [0 HAWYACTIIIIE BUKOPHUCTOBYIOTh
y pa3i TpaBM i 3anajbHUX MMPOIIECIB OKa.

2. Po3msiHyTO TO3UTHBHI BIACTHBOCTI 3aIlpOINIOHOBAHOT
KOMOIHaLIT TUKIO(EHAKY HATPIIO Ta mapaaMiHOOCH30HHOT
KHCJIOTH, 30KpeMa MOE€JHAHHS BUPa)KEHOI IPOTHU3aIaJIbHO,
3HEe0O0JIOBaIbHOI Ta aHTUOAKTEPIATIbHOT i, MOKIIMBICTh
3HIDKEHHS MOTpeOn B aHTHOIOTHKOTEparii, 3MEHIICHHS
PU3HUKY PO3BUTKY PE3UCTEHTHOCTI OaKTepii 1 MiABUIICHHS
e(peKTUBHOCTI JiKyBaHHS iH(EKIIiifHO-3amaIbHUX O(TaTh-
MOJIOTIYHUX 3aXBOPIOBAHb.

3. JloninbHO MPOAOBKYBATH BUBUCHHS TEXHOJIOTIUHHX,
(bi3uKO-XIMIYHUX 1 (hapMaKOJIOTIYHUX BIACTHBOCTEH KOMOI-
HOBAHOTO JIIKaPCHKOTO 3ac00y ISt ONTHMI3allil HOTo CKiIamTy
1 nikapchKoi hopmu.
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[ocnigXeHHA NPOTUCY[OMHUX BnacTUBoOCcTen noxiaHux 1,2,4-tpiasony
Ta NepcrneKkTUBYU iX 3aCTOCyBaHHA y chapmadii

H. M. BopuceHko(@'ABCD B, B, MapyeHko&2ABCD | B, Bywyesal®?AEF O, K. EpeHko(22CE

'Yepkacbka MeanyHa akagemisi, Ykpaina, 23anopiabkuit AepxxaBHUA Meayko-thapMaLleBTUYHWIA yHiBepcuTeT, YkpaiHa

A — KOHUenNUisi Ta Au3aitH gocnimxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTT

MpoTtucynomHi npenapaT (aHTUKOHBYNbCAHTH) — Lie rpyna nikis, Lo BUKOPUCTOBYIOTH Nif Yac NikyBaHHSA NaLieHTIB 3 eninencielo, a Takox
ANS KOHTPOMIO iHLWMX po3nagiB, NOB’A3aHwX i3 cygomamu abo Hanagamu. Bubip KOHKpETHOro npenapary 3anexwTb Bif TURY CyaoMm, Biky
nauieHTa, CynyTHIX 3aXBOPOBaHb | MOXIMBYMX NOBiHKMX edoekTiB. JTikyBaHHS 3a 4OMOMOIOH0 L npenaparis noTpedye NoCTiiHOTo Mean4Horo
KOHTPOJO ANt AOCArHEHHS ONTUMAanbHOrO ehekTy Ta MiHimisaLii puanki. ToMy BUpilLeHHS NPOBNEMI CTBOPEHHSI HOBUX OpUTiHAMNbHMUX
TNiKiB i3 MiHiManbHO KinbKiCTI0 HebaxaHWx edekTiB 3aULLAETLCA akTyanbHUM 3aBAAHHSAM, Mae TEOPETUYHE | NPaKTUYHE 3HAYEHHS.

MeTa po6oTu — npoaHaniayBatut i y3aranbHUTK CBITOBI JOCAMHEHHS 3@ OCTaHHi POKW LOLO BUBYEHHS MPOTUCYAOMHMX BMacTUBOCTEN
noxiaHux 1,2,4-Tpiasony Ta LOBECTU HEODXIAHICTb | AOLINMBHICT MOAANbLIMX AOCHIMKEHb Y LILOMY HaMpsMi.

Matepianu i meTogu. lMowwyk HayKOBOI MiTEpPaTypu 3QINCHANM 3 BUKOPUCTAHHAM HW3KU HAyKOMETpUYHMX 6a3 JaHux, WO iHAEKCYyTb
dhaxoBi mxepena 3 BiomeanyHoi, XiMiYHOT Ta hapmakonoriyHoi ranysei, 3okpema PubMed, SciFinder, Web of Science, Google Scholar,
ScienceDirect, Scopus. [Ins JOCATHEHHS NOCTaBNEHOI METU BUKOPUCTAHO TEOPETWUYHI METOAM: iHCOPMALINHOMO MOLUYKY, OrMsifOBUNA,
NOPIBHSIHHS, y3aranbHeHHs. BrkopuctaHo KOMBIHOBaHI MOLLYKOBI 3anUTK 3 BUKOPUCTaHHAM NoriyHMx onepatopis, sik-or AND, OR, NOT,
ANs KOHKpeTu3aLii abo po3LmMpeHHs peaynbtaTiB nowyky. Hanpuknag, 3anut «1,2,4-triazole AND anticonvulsant activity» nasas amory
3HaxoauTy nybnikadii, 4e npoaHani3oBaHO NPOTUCYOOMHI BIACTUBOCTI LIMX CMOMYK.

Pesynkratu. [locnimkeHHs cBigdYaTk Npo 3Ha4HUi noTeHuian S-noxigHux 5-(dypaH-2-in)-4R,-1,2,4-Tpia3or-3-TioHiB sk NPOTUCYLOMHMX
areHTiB, LLO NiATBEPOXEHO pesynsTataMu nonepeaHbLOro TEOPETUYHOrO KOMM'IOTEPHOTO NPOrHO3yBaHHs. [iaTBepoXeHO AOUINbHICTL BCTa-
HOBIIEHHS 3aKOHOMIPHOCTEN MiXX CTPYKTYPOI CUHTE30BaHWX CrOMyK Ta iXHbOK NPOTHCYAOMHOI0 Ai€t0. Y pe3ynsTaTi eKCriepuMeHTanbHuX
[OCTiDKEHb BCTAHOBIEHO, LLIO ABi CMONYK MaKThb MPOTUCYAOMHY aKTVBHICTb i 3@ CUoto chapmakonoriyHoro edpekTy nogibHi oo Migokanmy.
Ha kopa3onosiit Mogeni CyaoMm Y LypiB BCTAHOBIEHO, L0 NPOTUCYAOMHA aKTUBHICTb 2-[5-(cpypaH-2-in)-4-dbeHin-4H-1,2,4-Tpiason-3-in-
Tio]-1-(4-xnopdeHineTaHoHy) nepesuLLye eheKTUBHICTb Mpenaparis nopiBHAHHSA — Migokanmy Ta deHobapbitany — B 1,23 Ta 1,27 pasa
BignosigHo. C1HTE30BaHO KinbKa HOBUX 7-3aMmilleHnx-5-penin-[1,2,4]tpiasono[1,5-a]nipumignHiB LLISXOM BKMKOYEHHS TPia3onbHOMo
(parmeHTa B NipUMIAMHOBE KinbLe, WO CNpUSTUME CUHEPTIYHOMY edpeKTy nif Yac NikyBaHHS NawieHTiB 3 eninencieto.

BucHoBku. MoxigHi 1,2,4-Tpia3ony € nepcnekTyBHUMM LLOAO CTBOPEHHS1 HOBMX MiKapChbkux 3acobiB i3 NPOTUCYAOMHOK aKTUBHICTIO, LU0
MOXYTb AiiTU Yepe3 Kinbka MOMNeKynspHUX MexaHiamiB. Y pe3ynbrarti aHanisy HaykoBOi NiTepaTypy MOXIIMBO 3anponoHyBaTh cTpaTterii
ANS PO3LUMPEHHS 3aCTOCYBaHHSA NOXiaHWX 1,2,4-Tpiaony sk ePeKTUBHUX NPOTUCYOAOMHIUX areHTiB.

Kntouogi cnosa: noxigHi 1,2,4-tpiasony, cuHTe3, (hi3nKo-XiMiYHi BNaCcTUBOCTI, «CTPYKTYpa — aKTUBHICTb», MPOTUCYAOMHA Aisl, AOCHIAXXEHHS
in silico, in vivo, NPOrHO3 aKTUBHOCTI.
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Study of anticonvulsant properties of 1,2,4-triazole derivatives and prospects for their use in pharmacy
N. M. Borysenko, V. V. Parchenko, I. V. Bushuieva, O. K. Yerenko

Anticonvulsant drugs (antiepileptic drugs) are a group of medications used to treat epilepsy and to control other disorders associated with
seizures or convulsive episodes. The choice of a particular drug depends on the type of seizure, the patient’s age, comorbidities, and
possible side effects. Treatment with these drugs requires constant medical monitoring to achieve optimal impact and to minimize risks.
Therefore, solving the problem of creating new original medicines with minimal adverse effects remains an urgent task, with theoretical
and practical justification.

The aim of the work was to analyze and summarize the world achievements in recent years in the study of anticonvulsant properties of
1,2,4-triazole derivatives and to prove the need and feasibility of further research in the chosen direction of scientific research.
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Materials and methods. A comprehensive literature search was conducted using a range of scientometric databases indexing peer-re-
viewed sources in the fields of biomedicine, chemistry, and pharmacology, including PubMed, SciFinder, Web of Science, Google Scholar,
ScienceDirect, and Scopus. To achieve this goal, theoretical methods were used: information search, review, comparison, generalization.
Additionally, combined search queries using logical operators such as AND, OR, NOT were used to narrow or expand the search results.
For example, the query “1,2,4-triazole AND anticonvulsant activity” found publications discussing the anticonvulsant properties of these
compounds.

Results. The studies described in this work indicate the significant potential of S-derivatives of 5-(furan-2-yl)-4R,-1,2,4-triazol-3-thiones as
anticonvulsants, considering the preliminary results of theoretical computer prediction, as well as the establishment of regularities between
the structure of the synthesized compounds and their anticonvulsant effect. Experimental studies have shown that the two compounds
exhibit anticonvulsant activity and are similar to Mydocalm in terms of the strength of their pharmacological effect. It was found that the
anticonvulsant activity of 2-[5-(furan-2-yl)-4-phenyl-4H-1,2,4-triazol-3-ylthio]-1-(4-chlorophenylethanone) exceeds the effectiveness of
comparison drugs, such as Mydocalm and phenobarbital, by 1.23 and 1.27 times, respectively, when using the corazole model of seizures
in rats. The team of authors managed to synthesize several new 7-substituted-5-phenyl-[1,2,4]triazolo[1,5-a]pyrimidines through the in-
clusion of a triazole fragment in the pyrimidine ring, which is expected to have a synergistic effect in the treatment patients with epilepsy.

Conclusions. 1,2,4-triazole derivatives are of considerable interest for the development of new drugs with anticonvulsant activity, which
can act through several molecular mechanisms. Thus, the analysis of scientific sources can suggest strategies for expanding.

Keywords: 1,2,4-triazole, synthesis, physicochemical properties, structure-activity relationship, anticonvulsant effect, in silico, in vivo

studies, activity prediction.

Current issues in pharmacy and medicine: science and practice. 2025;18(2):223-227

[MporucynomHi npenapary (AHTHKOHBYJIBCAHTH) — 1I€ TpyTia
JIKIB, 1[0 BUKOPUCTOBYIOTH JUISl JIIKYBaHHS TAli€HTIB 3 eIi-
JIETICI€10, @ TAKOXK JUIS KOHTPOJIO IHIINX PO3JafiB, OB’ sA3a-
HUX 13 cynomMamu abo Hamagamu. Lli mpemaparn cnpusioth
3HIDKCHHIO YaCTOTH i IHTCHCUBHOCTI HAMaIiB, CTA0LII3y0Un
aKTHUBHICTh HEPBOBUX KIITHH y MO3KY. BHOip KOHKpeTHOTO
TIpenapary 3aJIeKHTh BiJl TUITY CyIIOM, BiKy TaIli€HTa, CYITyTHIX
3aXBOPIOBaHb Ta MOXJIMBHUX 1001YHKX edekTiB. JIikyBaHHs 32
JIOTIOMOTOFO IUX TIPENapariB MOTpedye MOCTIHHOTO MEIHd-
HOTO KOHTPOJIIO JUISL TOCSTHEHHSI ONTHMAJIbHOTO eexTy i
MiHIMi3allil pU3MKY.

[IpoTncynoMHi mpenaparn MOXYTb CIPHYHHATH Pi3HI
10014HI ¢pEeKTH: COHJIUBICT, AC30Pi€HTAIIiI0 a00 TOPYIIICH-
Hs T1aM’sITi, TOPYIIEHHS KOOPIWHAII{, TemaTOTOKCHYHICTh
(ocoOmBo B pa3i TPUBAIOTO MPUIMAHHS), 3MiHH HACTPOIO,
JIeTIPECHBHI CTaHM, ajepriuni peaxuii. Tomy BupileHHs mpo-
O11eMy CTBOPEHHSI HOBHX OPHUTIHATIBGHUX JIKIB 13 MIHIMATEHOIO
KIJBKICTIO HEOaXKaHUX e(EeKTIB 3aJMIIAEThCA aKTyaIbHIM
3aBJaHHSM, MAa€ TEOPETUYHE 1 TPAKTHYHE 3HAYCHHSI.

Hoxigni 1,2,4-Tpia3oiqy — mepcreKTHBHA TPyTa CIIONYK,
1110 BUKJIMKAIOTh HAyKOBHUIT IHTEpEC 3aB/SIKK CBOIH Oioyoriy-
Hiii aktuBHOCTI [1,2,3]. BcraHoBneHO, 4K 11 MOXIiJHI MarOTh
30KpeMa i MPOTHCYIOMHY JIifo [4].

1,2,4-Tpia3on — reTepoUMKIIYHA CIIONYKa, 0 MICTUTb
aromu Hitporeny B nosoxenHsx 1, 2 i 4, € nepcrieKTHBHOO
B TEOPETUYHIN 1 paKTUUHIN (apMareBTHIHIN Ximii [5,0,7].
[poTtucynomua akTuBHICTh Moxiguux 1,2,4-Tpiasomy mMoxe
OyTH 1MoB’si3aHa 3 IXHBOIO 3JATHICTIO BIUIMBATH Ha HeHpo-
TpaHCMITEPHI CHCTEMH B TICHTPaJIbHI HEPBOBIi cHCcTEMI, 30-
Kpema yepe3 B3aeMO/Ii10 3 raMMa-aMiHOMACIISTHOIO KHCIIOTOIO,
III0 € OCHOBHUM iHT10iTOpOM y MO3Ky, abo i permentopamu.
PesynbratoM € 3HMKEHHS HeHpOHAIBHOT 30Y7TMBOCTI Ta Tajlb-
MyBaHHs cyzioM. Kpim Toro, moxiani 1,2,4-Tpiazoiy MOXKYTb
BIUTMBATH Ha 10HHI KaHAJH, 30KpeMa HaTpieBi Ta KaJbIII€BI,
110 BiZIrpaloTh BXKJIMBY POJIb B iHimiamii cyzom. Lli criomykn
BIUIMBAIOTH 1 Ha iHTiOyBaHHs €H3HUMIB, 10 OEPYTh y4acThb y
MeTaboi3Mi HepoTpaHCcMiTepiB a0 B peryIroBaHHI CHHAII-
TUYHOI TIepeayi.

Y pe3ynbTaTi pisHUX JOCHTIIPKCHb HAa TBAPHHAX BCTAaHOB-
JeHO, 10 HoxiHi 1,2,4-Tpia3oily MOXYTh Mard BUpPaXeHYy
MIPOTHCYOMHY aKTHBHICTB [8]. Y Takux JOCTIKCHHSIX BH-
SIBJICHO iXHIO 37aTHICTh 3HIKYBATH KUTBKICTH 200 TSKKICTh
CYIIOM, IHIYKOBaHUX PI3HUMH arcHTaMH: CJICKTPUUHUMHU
IMITYJIbCAMH, TOKCHYHUMH PEUOBHHAMHE YU MTPErapaTamu, 1o
BUKITHKAIOTh CYTIOMH.

3ayBaxkumo, 110 noxiaHi 1,2,4-Tpiazoiny MOXYyTh MartH i
MIPOTHCYIOMHY, i @HTUIICMXOTHYHY aKTHBHICTb. Lle poOuTh
X TEPCIEKTHBHUMHK ar€HTaMH MiJl Yac JIKyBaHHS HE JIUIIE
eriyierncii, ae i IHIIUX HEBPOJIOTTYHUX PO3JIAJIB.

MeTta po6otu

[MpoanarnizyBary i y3aralbHUTH CBITOBI JOCSTHEHHS 3a OC-
TaHHI POKU II0JI0 BUBYCHHS MPOTHCYIOMHHX BIACTHBOCTEH
noxigHux 1,2,4-Tpia3ony Ta J0BECTH HEOOXIAHICTb 1 TOILTh-
HICTB MOJANBIINX JOCIIKEHb Y IIbOMY HAIPsIM.

Marepianu i MeTogu gocnimkeHHs

[Momryk HaykoBOI JliTepaTypy 3IIHCHUIN 3 BUKOPUCTAHHSIM
HU3KH HAyKOMETPUYHUX 0a3 JaHWX, [0 iHAEKCYIOTh (paxoBi
JpKepena 3 61oMenaHoOT, XiMiYHOI Ta (hapMaKoJIorivHoi rary-
3eii, 30kpema PubMed (Haitbinbia 6a3a TaHUX, 110 1HACKCYE
myOnikartii 3 MequIHH # 6iomorii), SciFinder (mmardopma s
TIOIIYKY XIMIYHHX CIIOJIYK, BKJIFOYAIO4H CTaTTi, TAaTeHTH, JaHi
PO CHHTE3 1 BIACTUBOCTI XIMIUHKX crIoNyk), Web of Science
(GararompodinpHa 6a3a JaHUX, IO BKITIOYAE CTATTI 3 TAKHX
HAyKOBUX JUCLUILIIH, K XiMisi, Oiooris, MemunuHa, dap-
Mariist), Google Scholar (iHCTpyMEHT Ju1st OIIYKY HAayKOBHX
cTaTei, Te3, MoHOTpadiif Ta iHIIOT HAYKOBOI JiTepaTypwH),
ScienceDirect (pecypc Ui MOMIyKy cTarei i3 Ximil, Meu-
[MHU Ta 010JI0TI1, BKJIIOUAROYH MpAaIlli, 0 (POKYCYIOThCS Ha
TIPOTHCYIOMHUX 3ac00ax), Scopus (0a3a TaHuX JUIs TTONTYKY
HayKOBHX IyOJiKamiil 3 pi3HUX HaIpsMIB, 30KpeMa y raiysi
O1OMETUITHHH ).

Jl1s aHawizy 3aTyd4eHuX JI0 OISy JDKEpel 3aCTOCOBAHO
Taki MeToaun: 010TiOMeTpHYHHH (30KpeMa aHaIli3 LIUTYBaHHS
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IUTA BHSIBJICHHS HaWIIUTOBAHIIINX CTaTeW i aBTOPIB y I
TEMaTHIli), KOHTeHT-aHali3 (y3arajlbHEeHHS TaHUX MO0
epeKTHBHOCTI MoXigHuX 1,2,4-Tpia3omy K MPOTHCYIOMHHIX
3aco0iB), a TAKOK OIS HAYKOBOI JIITEpaTypH, 10 Tiepe0avyan
00TrOBOPEHHS PE3YNIBTATIB JOCHIKEHb, MOJICKYJIIPHUX MeXa-
HI3MIB J1if Ta MEPCIEeKTHB KIIHIYHOTO 3aCTOCYBaHHSI.

Buxoprcrano koMOiHOBaHI TTOLIYKOBI 3aIlUTH 3 BUKOPHC-
TaHHAM JIOTIYHUX oreparopis, sk-oT AND, OR, NOT, mis
KOHKpeTH3allii abo po3IMIMpeHHs pe3yJbTaTiB nouryky. Ha-
npuKIaz, 3anuT «1,2,4-triazole AND anticonvulsant activity»
JlaBaB 3MOTY 3HAaXOJUTH MyOJiKauii, Ae MmpoaHa i30BaHO
MPOTUCYIIOMHI BIACTUBOCTI IIUX CIIOJYK.

Pe3ynktatn

BaxiiBO HarollocHTH Ha akTyalbHOCTI 1 MEpCIEKTHBHOCTI
TOIIYKY HOBUX CIOJIYK i3 IIPOTHCYIOMHUMH BJIACTHBOCTSIMHU,
OCKIJIbKH YUMAJIO JTIKApCHKHUX 3aC0O01B, 110 HUHI BUKOPHUCTO-
BYIOTh Y MEIMYHIH MPAKTHUII TTiJ] 9ac JTIKyBaHHS MALi€HTIB i3
CyZIOMaMH Pi3HOTO TeHe3y, acoIliioBaHi 3 OaraTtbmMa Hebaxka-
HUMH 00TYHIMY eexTamu [8].

[IpoTtrcynomui TpenapaTt — Ie JTiKapchKi 3acodw, Mo
37aTHI 3amodirata a00 MPUTIHHATH CYITOMHI HAMaIl Pi3HOTO
TIOXO/DKEHHS. Y CyJacHiif HayIli TepMiH IPOTHUCYIOMHI 3ac00U
3a3BHYAi{ 3aCTOCOBYIOTH JI0 IPENApPATiB, M0 MPH3HAYCHI JUIS
3arro0iraHHs pi3HUM IPOSIBAM eTIIeTICi (MPOTHEIeITHYHI).

Pesynbratu nocnimkeHHs [9] cBiI9aTh PO 3HAYHUI IOTCH-
ian S-noxinaux 5-(dypan-2-im)-4R -1,2,4-Tpiazon-3-Tionis
SIK TIPOTHCYZIOMHUX areHTIB, 1110 MiATBEPDKEHO Pe3yJIbTaTaMu
TIOTEPEIHLOTO TEOPETHYHOTO KOMIT FOTEPHOT'O IIPOTHO3yBaH-
Hs. [liATBepHKEHO MOIIBHICTh BCTAHOBJICHHS 3aKOHOMIp-
HOCTEH MDK CTPYKTYPOIO CHHTE30BAHHX CIIOJIYK Ta iXHBOIO
MPOTHUCYAOMHOIO Ji€t0. Y pe3ynbrari eKCrepUMeHTaIbHUX
JIOCITI/PKEHb BCTAHOBJICHO, 10 [IBI CIIOJYKH MalOTh MPOTH-
CYIOMHY aKTHBHICTB i 32 CHJIOIO (hapMaKOJIOTIYHOTO €eKTy
moxi6Hi 1o Minokanmy. Ha xopa3omoBiit Momeni cyaom y
IIypiB BCTAHOBJIECHO, 1110 IPOTHCYIOMHA aKTUBHICTB 2-[5-((y-
pan-2-im)-4-denin-4H-1,2,4-tpiazomn-3-intio]- 1 -(4-xm0p-
(deHiIeTaHOHY) TepeBUITY€E ¢()EKTUBHICTh IpErnaparib
nopiBHAHHA — Minokanmy Ta ¢erobapbitary — B 1,23 Ta
1,27 pa3a BignosinHo. [Iyist okpemux Kiacis S-(ypaH-1oxij-
HuX 1,2,4-Tpia3on-3-TiOHIB BCTAHOBJIEHO 3aKOHOMIPHOCTI y
cucteMi cTpykrypa — aisi. Konektus aBropi [9] po3poous
1 cuHTe3yBaB cepito 4-ankin-5-(3-xiopOen3un/2,3-nuxmnop-
¢enin)-2,4-nurinpo-3H-1,2,4-Tpia3oma-3-TioHIB, 10 MalOTh
MPOTUCYIIOMHI BiacThBOCTI. Binnosinni 4-ankin-5-(3-ximop-
6enzun)-2,4-muriapo-3H-1,2,4-tpiazon-3-TioHu y pasi BHY-
TPIIIHEOOYEPEBUHHOTO BBEICHHS B 1031 300 MI/Kr 3axuiani
100 % TecToBaHMX TBAapHH.

ITix yac iHIIOro TOCTiIKEHHS BUBYAITU IPOTHCYIOMHY JIi0
KiTbKOX ToXimHux 1,2,4-Tpia3on-3-TioHy Ha MaKCHMalbHI
CyIoMH, cripuauHeHi enekrpomokoM [10]. Yeim cromykam
BITACTHBHI IIBUIKMH TIOYATOK Mii Ta TpUBAIHN ePeKT. AHa-
Ji3 B3a€MO3B’SI3KY MiX CTPYKTYPOI MOJEKYN Ta IXHBOIO
AKTUBHICTIO MTOKa3aB: HAHAKTHBHIIINMH € CTIONYKH, SIKi Mic-
TATh (DCHLUTBHI 3aMiCHUKH, TprenHaHi 1o 1,2,4-tpiasomy. Ha
I/ICTaBi pe3ybTaTiB JOCITIHKEHHS MU BUCHOBKY, IIO,
HE3BaKAaIOUM Ha CTPYKTYPHY MOAIOHICTH JIOpekie30iy (Tipo-

THCYIOMHOTO TIpeTiapaTy APYToro ITOKOMIHHS ) | CHHTE30BaHHUX
CIIOJYK, TXHSI TIPOTHUCYIOMHA Jisl CIIPUYMHEHa aOCONIIOTHO
PI3HUMH MOJIEKYIIPHAMH MEXaHi3MaMH.

OpuriHaJbHI TPOTHCYIOMHI MOJIEKYITH 3aIIPOIIOHOBAHO Ha
OCHOBI 5-apmi-4-(XJopaneTuinamino)-3-mepkanto-1,2,4-Tpi-
azonis [11]. Li coimyku cMHTE30BaHO JU1sl CKPHHIHTY [IPOTH-
CYZOMHHX e()eKTiB y IIIypiB Ha MOJIEI HalaTy, CIIPUIMHCHOTO
MakcumansHuM ejekrporrokom (MES), i moneni Hamay,
3yMOBJICHOTO MiAMIKIPHUM BBEJCHHSAM MEHTUIICHTETPA30ITy
(sc-PTZ).

[IpoBeneHo nOCHIKEHHS 3 MOJIEKYISIPHOTO JOKIiHTY
3 TaMMa-aMiHOMACIISTHOK KHCJIOTOK Ta MPOrHO3YBaHHS
in silico ADME, aOu BU3HAUUTH B3a€EMOJIIO IIUX CIIONYK i3
OenzoniazeninoBumu (BZD) perieniropamu Ta IXHIO CXOKICTb
31 CTaHJApTHUMH TpenaparaMu. J{esKi CroyKH BUSIBUIINCH
HEUPOTOKCUIHUMH JIMIIE Y MaKCUMAaJbHIM JIOCIiHKEeHIH
no3i. binbmicte crionyk nokasanu antu-MES-edextn 6e3
OyIb-SIKIX 03HAK HEBPOJIOTIYHOTO AedirmTy. Yei mocmimKeHi
CTIOJTYKH 3HAYHO 3MEHIITyBaJIM Hamau, cripuurHeHi PTZ, no-
PIBHSIHO 3 KOHTPOJIBHOIO TpyTIot0. Maibxe Bei criomyxu (90 %)
TIPU3BOJIHIIN JIO 3HUKEHHS PyXOBOT akTUBHOCTI. Cepe IHIINX
moximaux 1,2,4-Tpia3on-3-TioHy BHUABICHO CEpil0 CIOIYK
13 BUCOKMMH IOKa3HUKaMH TPOTUCYAOMHOI il METOAaMu
in silico ta in vivo [12].

YuciieHH] TOCII/PKEHHST TIITBEP/IKYIOTh POJIb CTPECY B
narorenes eminerncii [ 13]. TpuBaiiii OKUCHIOBaJIbHHI CTPEC
OB’ s13aHUH 13 HAZMIPHOIO EKCIIPECIE€I0 KACCTHUX TPAHCIIOP-
TepiB, 10 3B’ s13y10Th AT®, MPU3BOIUTE 10 PE3UCTEHTHOCTI /10
HPOTHENUICNTHYHHUX Mpernaparis. JJoCiiHKeHO Tpy CHOMYKH
B psni 1,2,4-Tpia3on-3-TioHy MIOA0 aHTHOKCHIAHTHOT aKTHB-
HOCTI Ta MPOTHCYAOMHOTO e()eKTy B Mozei (papmMakopesc-
TeHTHOI eninerncii [14]. 3rigHo 3 BHCHOBKAaMH, JOCIIDKEHI
CIIOJYKW YMHHJIM BIBIYi CHIIBHIIIY HPOTUCYIOMHY IO, HiX
BaJIBIIPOEBA KUCIIOTA y TECTI HA MUIIIAX, 10 € CTaHIapTH30Ba-
HOFO TOKJTIHITHOF MOJEILTIO (hapMaKOpE3UCTEHTHOT EITIeTICIT.
AXTHBHICTh TIOTVIMHAHHS aHTUOKCHIAHTIB MiATBEPIXKEHO 1
METOIaMH Ha OCHOBI mepeHocy ofnoro enekrpona (DPPH i
CUPRAC), i mmiz yac mpoTOYHOT IUTOMETPi 3aralbHOi aKTHB-
Hocti AOK y xriTnHax.

Eninencist — ofuH i3 HAWIOIIMPEHIMINX HEBPOJIOTTUYHNX
posmaxis. barato moneit mpomoBKyIOTh MaTH CyIOMH, He3Ba-
XKAI04YM Ha MEIMYHE Ta XipypriuHe JiKyBaHHS, 110 CBIIYUTH
PO JOUITBHICTH PO3POOJIEHHS HOBHX MPOTHEIIICITHY-
HHX / IPOTUCYJOMHHUX ITperaparis.

Cronmyku Tpia3oiy IHPOKO BUKOPUCTOBYIOTH Y (hapmarie-
BTUYHIH npaktui. Jlocmiauku 3poduitu cripody cucreMar-
3yBaTH MaTepiaj IIoJ0 MPOTUCYIOMHOT AKTUBHOCTI TTOXiTHUX
Tpiazody [ 15]. Pe3ysabrary miarBepauiy, o Tpia3ol Bigirpae
0COOMHBY POJIb B OpTaHiYHIH XiMii Ta € KITFOY0BUM TeTePOITH-
KJIIYHAM (pParMeHTOM y JIM3aifHi HOBUX MOJIEKYJ, OCKLIbKH
Ma€ HU3KY BIACTHUBOCTEH i MIMPOKUH CIEKTP Oi0IOTIYHOI
AKTHBHOCTI.

1,2,4-Tpiazon — BaxuBHA (hapMakoop, 0COOIHUBO Tif
4ac po3poOKH MPOTHENUIENITHYHIX HpenapariB. Huni Bkpait
aKTyaJIbHUM IIUTaHHSM € PO3pOOJICHHST HOBHX IPOTHUCYIOMHHX
Mpernaparis i3 HOKPAIIeHOI0 aKTUBHICTIO Ta MEHIIIUM PIBHEM
TOKCHYHOCTI [16].
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JlocmigHUKY CHHTE3yBaJM HOBI MOXimHI 6-(3aMileHoro
¢enin)riazono[3,2-b][1,2,4]rpiazony Ta gocniauau ixHIO
MIPOTHCYJOMHY M0 32 JOIOMOTOI0 MAaKCHMAalIbHOTO €JIEK-
tpomoky (MES) i mimukipHoro nenTuiienrterpasony [16].
Bcranosneno, mo 6-(4-dgropdenin)riazono[3,2-b][1,2,4]
Tpia30Iu CIPUSIIOTh CEJIEKTHBHOMY 3aXHCTY BiJ HanaaiB MES
3i sHagenrsam ED 49,1 mr/kr i snagennsam TD, 94,1 mr/kr.

Merta iHIIIOTO JOCTIPKEHHS MOJsAralia B aHITi31 BIUTHBY PO3-
Mipy JiHKepa B MOXITHUX 4-anKin-S-apui-1,2,4-Tpia3omn-3-Ti-
OHY Ha cropiaHeHicTh 10 HarpieBux kaHamiB (VGSC) [17].
JocipkeHHs TpyHTyBauCs 1 Ha cnoctepexeHHsax SAR, 1 Ha
MOJICITFOBaHHI B3a€MOJii MK PO3pOOJICHUMH JIiraHAaMU Ta
caifrom 3B’ si3yBanHs1 VGSC momunu. Pe3ynbsraru MosiestoBaHHs
JIOKIHTY TepeBIPEHO 3a JIONIOMOTOFO aHAII3Y 3B’ 13yBaHHSI Pa/lio-
Jira"gy 3 0aTpaxOTOKCHHOM. BCTaHOBIIEHO, IO CHOMYKH Ha
OCHOBI Tpiazoimy fistmu sk jtiranan VGSC, a IXHst CrIopiTHEHICTh
HIDKYA, HDK aiHHICTD BIANOBIIHUX aHAJIOTIB, IO MICTITh
KOPOTIT anKiIbHI JiiHKepr. OCKIIBKA YHCIIEHHI OJIOKaTopH
HaTPIEBHUX KaHATIB — yXKe MiATBEPIUKEH] MPOTHENIICITHYHI
3aco0m, oTpuMaHi ToximHi 1,2,4-Tpia3omy JOCTIKyBaIn HA
MPOTHENIENTHYHHI TOTEHIIia)l 32 JOTOMOTIOI0 eKCIIepUMEH-
TAJILHOI MOJIEN TOHIKO-KJIOHIYHHX CyIoM y murei. Cepenti
edexruHi no3u (ED, ) cronyk, nocnimpkenux y tecti MES,
cranoBumH 96,6 = 14,8 Mr/kT, a iXHi cepemHi TOKCHYHI 1031
(TD,), BcTanoBreHi B TecTi, Jocsramy 710,5 + 47,4 mr/kr.

YV mparti [ 18] HaBeneHo BimomocTi momo moxiaHoi 1,2,4-1pi-
a30I1y, sIKa NPH 130JIbOBAHOMY BBE/ICHHI 3HAYHO ITi/IBUIITyBaJIa
TIOPIT eNEKTPOKOHBYIIbCIH. EKCTIeprMEeHTaIbHO BCTAaHOBIICHE
snauenns TID ) ansa cnonyku cranosuio 11,71 mr/kr. Kpim
TOTO, T1s1 crioyKa (10 Mr/KT) 3HAYHO ITiIBUIITYBajIa TIPOTUCY-
JIOMHY aKTHBHICTb Basibrpoary (p < 0,01), ane He akTUBHICTb
kapOamaseriny, (eHOOapOiTay un (eHiTOTHY Ha MOJIEIi
TOHIKO-KJIOHIYHHMX HaIa/iB.

Husky nHoBux noxianux 1,2,4-Tpia3on-3-0oHy, 110 MiCTSTH ca-
JHIAJIOBY YaCTHHY, CHHTE30BaHO 32 JIOTIOMOTOFO MiKPOXBHITbO-
Boro omnpomiHeHHs [19]. [IpoTucynomMHy /it0 CHHTE30BaHUX
CTIONTYK OL[IHFOBAJIM IPOTPaMOI0 CKPUHIHT'Y aHTHKOHBYJIbCAH-
TiB HarionaneHoro iHcTuTyTy 310p0B’st CIIIA. Ha Momemsix
MaKCHMaJIbHOTO HaIajy, CIPUYNHEHOTO EJICKTPOIIOKOM, i
MIHIMaJILHOTO KJIOHIYHOTO HarlaJy y MHUIIeH MOKa3aHo, 110
CIIOTYKH MaJIH TIOMipHY MPOTHCYAOMHY Jif0 0e3 Oyab-sSKux
HEHUPOTOKCHYHKX e(DEKTIB.

[Tomryx HOBOTO TPOTHCYIOMHOTO 3ac00y 3 OiBIIOIO ce-
JICKTUBHICTIO Ta MEHIIOK TOKCHYHICTIO MPOJOBKYE OyTH
aKTyaJIbHAM HAIPSIMOM JIOCITIDKeHB Y MemaHin Ximii [20,21].
Emninerncis — XpoHIUHUH po3i1aa MO3KY, JIIKyBaHHS SIKOTO
niependavdae KOHTPOJIb HATIAIIB 32 JOTIOMOTO0 TIPOTHETILIETT-
THYHHX TPENaparis, 10 AyXe 4acTo MOB’s13aHi 3 TTOOTYHUMH
edekramu. B okpemux BumaIkax i moOivHi peakxiii MOKYyTh
OyTH TIOTCHIIIIHO HEOC3ICUHUMH JIJIsT JKUTTSL.

Tpiazomnam i anmpasonaM — BiIoMi Iperapar, 1o Mpu3Ha-
YaloTh TAI[I€HTaM 3 eMUICICIE0, SIKI MICTITh TPia30JI0BHUI
¢parment [22]. 3rigHo 3 naHuMu (HaxoBoi JiTeparypu, pizHi
3aMilICHHS] B TPi30JIOBOMY KIJIbI[I 3yMOBIIOIOTh CHIbHY
MIPOTHENUISITHYHY Jlif0 0e3 HelipoTokcuyHoCTi. Bramock
CUHTE3yBaTH KiJIbKa HOBUX 7-3aMilieHux-5-penin-[1,2,4]
Tpiazono| 1,5-a]nipumianHiB uepes BKIIIOYEHHS TPia30JbHOTO

(parmMeHTa B IipuMiHHOBE KiTbIle. J{OCITITHUKH BBaXKAIOTH,
110 1€ CIPUATAME CHHEPTIIHOMY e(eKTy ITif] 9ac JiKyBaHHS
TmamieHTiB 3 enitenciero [22]. [IpoTrCyIoMHY aKTHBHICTB X
CTIOJNYK OIIHIOBAJM 3a JIOMOMOTOIO TECTY MAKCHMaJIbHOTO
esrekrpomoky (MES). Kapbamasenin i BanbIipoar B3sTo
SIK TIpeTiapaTyé MO3UTUBHOTO KOHTPOIIIO 3 MPOTHCYIOMHOIO
niero (ED,, = 11,8 mr/kr i 272 mr/kr Bianosiano). Cepen
JIOCITIZKECHUX CIONYK 7-(TenTHiIoken )-5-¢enin-[ 1,2,4]rpiazo-
70[ 1,5-a|mipuMiiMH MaB 3Ha4YHY IPOTHUCYIOMHY aKTHBHICTB 3
ED,, = 84,9 mr/kr. Leii noka3HHK HUKUMH, HiK y KapOamase-
TiHY, aJie BUIMH MTOPIBHSHO 3 BAJIIIPOATOM.

[Tix yac iHIIOrO MOCIIKCHHS CHHTE30BaHO HU3KY IIO-
ximHux 4-(4-ankokcunadenin)-3-erun-4H-1,2,4-tpiazony —
AHAJIOTIB 13 BIAKpUTHM JiaHIirorom [23]. TIpoTucymoMHy [iro
CTIONYK OIL[IHIOBAJIM 32 JIOIIOMOT'OI0 TECTY Ha MaKCUMaJIbHUH
enextpomok (MES-tect), a HeHpOTOKCHYHICTH — 32 JOTIOMO-
TOI0 POTApOAHOTO TecTy Ha HerporokcmyHicTh (Tox). Tect
MES maB 3MOTy BCTaHOBHUTH, MO 3-eTHI-4-(4-OKTHIOKCH-
¢enin)-4H-1,2,4-Tpiazon MaB HaHCHIBHINTY aKTHBHICTH:
ED,, = 8,3 mr/kr, 3axucnmii innexc (PI = TD,/ED, ) = 5,5.
Brim, momo 3-etnn-4-(4-oxtiwiokcuderin)-4H- 1,2 4-tpiazomy
BCTaHOBIICHO OunbIne 3Ha4YeHHs Pl — 9,3, 110 3HAYHO TIepeBH-
LIIyBaJIO Bi/IMOBIAHMHN OKAa3HUK €TAIOHHOTO nperapary. J{is
TIOSICHEHHST MOJKJIMBOTO MEXaHi3My Jii CIIoiyKa OIliHeHa B
TeCTaxX Ha MEHTUJICHTETPA30JI, i30HIa3m]I, TioceMikapOas3u,
3-MepKanTonponioHOBy KHCIOTY Ta CTPUXHIH. 3TiJHO 3
BHCHOBKaMH JIOCJTITHUKIB, TM BQJIOCh OTPHUMATH PsiI CIIONYK
Ha OCHOBI 1,2,4-Tpia3oiy 3 IHKOPIIOPOBAaHUM KYMapHHOM Ta
OI[IHUTH TXHI MOXIIMBI IPOTHUCYIOMHI i HEHPOTOKCHYHI BI1a-
ctuBocTi [24]. [Ipy nboMy BHSIBJICHO Psifi CIIONYK 3 aTOMOM
Dryopy, 10 XapaKTepu3yBalIUCs 3HAYHOIO MPOTHCYJOMHOIO
aKTHBHICTIO.

BucHoBKM

1. Ioxinmni 1,2,4-Tpia3ony CTaHOBIATH 3HAYHHI 1HTEpEC
JUTSL PO3BUTKY HOBHX JIIKAPCHKUX 3aCO01B i3 IPOTUCYIOMHOIO
AKTUBHICTIO, IO TIIOTH i3 3ay4CHHSIM KiIBKOX MOJEKY-
JApHUX MexaHi3MiB. HeoOXimHO mpomoBKyBaTH KIIiHIYHI
W JOKJIIHIYHI HOCIIIKEHHS, a0U JCTalbHO OLIHUTH IXHIiH
MOTEHIIaN i MATBEPAUTH OS3MEeYHEe BUKOPUCTAHHS IMX
CIIOJIYK Y MEJHILIHHI.

2. ApceHai 0i0JIOTTYHO aKTHBHUX CITOIYK Cepell MOX1THIX
1,2,4-Tpiazoiy MOCTIHO TIONOBHIOETHCS HOBUMH IEPCIICK-
THUBHUMH MoJiekynamu. I1IMpokuii criekTp akTUBHOCTI IIHX
PEUYOBHH BiJIKPHBA€E MEPCIEKTUBY JUIsl BIPOBADKEHHS 1H-
HOBAIIHUX MTPOTHCYIOMHHUX 3aC00IB Y METUYHY MPAKTHUKY.

3. TOKCHYHICTB, 1[0 BJIACTHBA PI3HUM CIIOJyKaMH Iiel
IpyIH, OOTPYHTOBYE JIOIIIBHICTh HPOJOBKEHHS IOCITIJDKEHb
y I[bOMY HAampsiMi Ta po3pOOKH HOBHX, €()EKTUBHIMIKX i
Oe3meyHImmX mpenapariB. Y pe3yibTaTi aHamizy HayKOBOI
JTepaTypu MOXJIIMBO 3alIPOIIOHYBATH CTPATETil I PO3IIH-
PEHHS 3aCTOCYBaHHA OXiTHUX 1,2,4-Tpiazomy sSK e(h)eKTHBHUX
MIPOTUCYIOMHHX areHTiB.

[lepenexTBH MogaIbIINX A0CTiTKeHb. Pe3ymsrat poboTn
JIAI0Th MOJJIMBICTD CIUTAHYBAaTH HACTYIHI JOCIIKECHHS B
HarpsMi CTBOpPEHHsI moxiguux 1,2,4-Tpia3oiy, 0 MaroTh
MIPOTHCY/IOMHI BIIaCTUBOCTI.
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Review

KoMmnnekcHa peabinitauiss OHKONOriYHMX nayicHTiB:
ponb chapmaueBTUYHOI NiATPUMKM B NpoLeci BiAHOBMEHHSA

O. T. Anekcees®PF B. B. Yemupunco®PC, 0. 0. CisiHuosa®*8, [1. 0. TapHaBcbkaDE

3anopisbkuii AepxaBHN MeVKo-thapMaLEeBTUYHNIA YHiBepcuTeT, YkpaiHa

A — KoHLUenuis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauis gaHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepKEHHA CTaTTi

KomnnekcHa peabinitaLis oHKonorivyH1x XBopux nepeabayae oaHoYaCHe 3acTOCyBaHHS Pi3HUX BUAIB peabiniTaulii, MeTa i 3aBAaHHS KX
MatoTb ByTu yaromkeHi. [ns echeKTMBHOTO NikyBaHHS OHKOXBOPYX BaXKIMBO 3AiNCHIOBATY peabiniTaLliiHi 3aXoau Bif novaTtky 3axXBOptoBaHHS,
KOMMMEKCHO, CUCTEMATMYHO Ta 3a iHAMBIAYanbHOK CXEMO A5 KOHKPETHOrO navjieHTa. KomnnekcHa peabinitauis BKovae HA3KY Niky-
BarnbHUX i BIQHOBMIOBaNbHWX 3axogiB. Bubip peabinitauii npsamo 3anexuTb Big TMRY Ta TSXXKOCTI nepebiry 3axBoproBaHHs, ¢i3ionoriyHmx
0cobnmBOCTEl OpraHi3My, pesynesTaTis aHani3iB i pekomMeHaaLin nikaps, 6epyTb 40 yBaru i iHWi MeanyHi acnektv. KomnnekcHa peabinitauis
HeobxigHa He Tinbkv Anst npodinakTuky peLnamBie NyXnMHHOT XBOPOOM, KOPEKLi ycknagHeHb BHACMIZOK CTaHAAPTHOrO NiKyBaHHS, ane
1 ANs NigBULLEHHS SKOCTI XKUTTS TakuX NauieHTiB, IXHbOI aKTUBHOI XUTTEAISANbHOCTI y POAWHI, iHTerpauii B cycninbHe xuTTs. Lii dhaktopn
06r'PYHTOBYIOTb AOLLIMNBHICTL 3a6€3MneYeHHs XBOPUX OHKOMOMYHOTO MPOodifto iHAMBIAyanbHUMM Nporpamamu peabinitauii He Tinbku Ha Yac
nepebyBaHHs y CrnevLjianiaoBaHWxX NikyBanbHUX 3aknagax, ane npoTaromM TPYMBaniWoro BiHOBMEHHS B peabiniTauiiHux LeHTpax.

MeTa po6GoTu — aHani3 cyyacHoi npobnemaTtki komnnekcHoi peabinitavii OHKOMNOrYHUX XBOPKX.

Matepianu i MmeTogu. MNMowwyk iHpopMaLiiHUX Axxepen 30iNnCHEHO 3 BUKOPUCTaHHSAM odiLinHnX 623 HOpMaTUBHO-NPABOBYX akTiB YKpaiHu,
a Takox aKTyarnbHWX AaHWX 3aKOHOAABYO-HOPMATHBHOI 6a3m y cchepi OXOpOHM 300pOB's, MeanyHOT peabiniTauii Ta couianbHOi NONITUKN.
lMepeBary HagaBanu mxepenam, Lo PeryniooTb NUTaHHS MeaUYHOT JONOMOrM OHKOMOMYHUM naLieHTam, opraHisauii peabinitaviiHoro
npoLecy Ta BNPOBaKeHHs iHAMBIgyanbHKUX nporpam peabinitauii. Y xoai poboTu 3acTocoBaHO METOAM aHani3y, MOPIBHSAHHS, CUHTESY,
y3aranbHeHHs, MOSICHEHHS Ta knacudikadii.

Pesynkratn. Brs4eHo npobrnemartunky kKoMnnekcHoi peabinitauii oHkonoriyHux xBopux. Takuii Bug peabinitauii BU3Ha4eHO sik FrONOBHUIA
i HeoOXiaHWIA Ana NpodinakTUKM peunanBiB XBOPoOU Ta MiABULLEHHS SKOCTI XWUTTS NauieHTiB OHkonoriyHoro npodinto. HaeeaeHo kna-
cudgpikaLito nauieHTiB Ha KniHiyHi rpynu. Ha nigcraei pesynbratiB aHanisy gaHux 3pobuin BUCHOBOK, LLO KOMMMEKCHa peabinitauis Mae
BiAMOBIAATU KOXHIl rpyni KNiHIYHUX BUNAAKIB.

BucHoBku. [leTanbHo po3rnsHyBLUM /i NpoaHaniyBaBLUM NpobnemaTuky KoMniekcHoi peabinitalii OHKOMOrYHMX NaLiEHTIB, BUSHAYMMH,
Lo peabiniTauis € BaXNMBOK CKNaJ0BOK COLLianbHOI MOMITVKK, OCKINbKM fae 3MOTy MaLieHTOBi OpaTi yyacTb y CyCninbHOMY XWTTi, pe-
anidyBaTu CBOI 34iOHOCTI | 3HaHHSA Ha PYHKY NpaLi, KpiM TOro, peani3avis Takvx 3axofiB CNpUsSie 3MEHLLEHHIO KiNbKOCTI HenpavuesaaTHWX
0Cib, a OTXe NO3NTUBHO BMNIMBAE Ha COLianbHO-eKOHOMIYHY cdepy.

KntoyoBi crnoBa: oHKOMOriYHi XBOpPi, KOMNNekcHa peabiniTauisi, iHAMBIAyanbHa nporpama peabinitauii, KMiHiYHi rpynu OHKOXBOPUX, €KC-
NepTr3a CTYNEHS 3HKEHHS XUTTEIANBHOCTI.
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Comprehensive rehabilitation of cancer patients: the role of pharmaceutical support in the recovery process

O. H. Aleksieiev, V. V. Chemyrysov, Yu. Yu. Sizintsova, D. Yu. Tarnavska

The current implementation of complex rehabilitation of cancer patients involves various types of rehabilitation that may interact with
each other. For effective comprehensive treatment of cancer patients, it is important to carry out rehabilitation approaches from the very
beginning, comprehensively, systematically and according to an individual scheme for a specific patient. Comprehensive rehabilitation
includes a whole complex of therapeutic and rehabilitation treatments. The choice of rehabilitation depends on the type and severity of
iliness, physiological characteristics of the body, test results and doctor’s recommendations, as well as a number of other medical aspects.
Comprehensive rehabilitation is necessary not only to prevent relapses of swelling iliness and to neutralize the complications of standard
treatment, but also to improve the quality of life of such patients, their active life in the homeland, integration in the family life. The above
is aimed at providing cancer patients with individual rehabilitation programs (IRPs) not only for the duration of their stay in specialized
medical institutions, but also for longer-term recovery in rehabilitation centers.
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The aim: analysis of modern problems of complex rehabilitation of cancer patients.

Materials and methods. The search for information sources was conducted using official databases of Ukrainian legal and regulatory
acts, as well as current documents within the legislative and normative framework in the fields of healthcare, medical rehabilitation, and
social policy. Priority was given to sources governing the provision of medical care to oncology patients, the organization of rehabilitation
processes, and the implementation of individualized rehabilitation programs. During the work, the method of analysis, comparison, syn-
thesis, generalization, explanation and classification were used.

Results. Study of the problems of complex rehabilitation of cancer patients. First of all, the identification of this rehabilitation as the main
and necessary for the prevention of relapses of the disease and improvement of this type patient’s quality of life. A certain classification
of patients by clinical groups was carried out and a conclusion was made that comprehensive rehabilitation should correspond to each
group of clinical cases.

Conclusions. The analysis of current issues in the comprehensive rehabilitation of oncology patients confirms that rehabilitation is a
key component of social policy, as it enables individuals to participate fully in social life and apply their skills and knowledge in the labor
market. Furthermore, the implementation of such measures contributes to a reduction in disability rates, thereby positively influencing
the socio-economic development of society.

Keywords: cancer diseases, rehabilitation, individual rehabilitation program, clinical groups of cancer patients, examination of the stage

of decline in life expectancy.
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VY HU31I 3aKOHOJJABYUX aKTiB YKpaiHM BU3HAYEHO 3aBJIaHHS
JUTSL KOMITEHCAIlil 0OMEXeHb JKUTTEMISUTBHOCTI, CIPUIMNHE-
HUX MTOPYIICHHSM 3/I0pOB’S 31 CTIHKUM po3J1a oM (yHKIiH
oprauizmy [1,2,3,4].

Meta po6otu

AHauti3 cy4acHoOT MpoOIeMaTHKH KOMITICKCHOI pealimitarii
OHKOJIOTTYHUX XBOPHX.

Marepianu i MeToau gocnimKeHHA

[omyk mxepen iHpopMAIii 3MiICHEHO IIISIXOM OIIPAIIO-
BaHHS YMHHOI HOPMAaTHBHO-IIPaBOBOi 0a3zu YKpaiHH, 110
perIaMeHTy€e MUTaHHA MEAWYHOI Ta COIiaIbHOI pealimiTartii,
30KpeMa I10/10 OHKOJIOITYHUX XBOpHX. BuBuanu nepemycim
3aKkoHU YKpaiuu, nocraHoBu Kabinery MinictpiB Ykpainu,
Haka3u MiHiCTepCTBa OXOPOHH 30POB’S Ta 1HII OQIIiiHI
JIOKyMEHTH, 110 BU3HAYarOTh IIPAaBOBi, OpraHizamiiHi Ta
(GYHKIIIOHAIBHI aCIICKTH BIPOBAKCHHS 1HIMBIIyaIbHUX
mporpam peaOumitamii. B31To 10 yBaru moixoxeHHs HOpMa-
TUBHHUX aKTiB MO0 KJIacU(iKaIlil KIIIHIYHUX TPYII HAIlIEHTIB,
KPHTEPiiB 3HIKCHHS JKUTTETISUTHHOCTI Ta IIPHHITAIIB 32a0€3-
TiedeHHs Oe3MepepBHOT KOMIUIEKCHOT JJOTTOMOT .

[Tixg yac AOCHiMKEHHS 3aCTOCOBAHO 3arajbHOHAYKOBI
METOJIH: aHaJI3y — I BUBYCHHS HOPMATHBHUX JIOKYMEHTIB
1 y3araJgbHEHHS KIIIOYOBUX IOJIOKCHB; TOPIBHSHHS — JUIS
3iCTaBJICHHS PI3HUX MIAXO/IB J0 OpraHizaiii peadimitariii;
CHHTE3y — It (JOpMyBaHHS LIJIICHOTO YSIBJICHHS HPO CY-
YacHy MOJIeJTb KOMIUIEKCHOI peadimiTalii; MosICHeHHS — JJ1st
IHTepHpeTaIlii B3a€M03B’ 3KiB Mi>K METUIHUMH, TTPABOBHUMHU
1 comiaTbHUMU aclieKTaMu peadiniTamii OHKOIOTIYHHX
XBOPHX.

Pesynkratn

3riIHO 3 YMHHUMU HOPMATUBHO-IIPABOBUMH aKTaMH, peadi-
JTaIis y cepi 0XOPOHH 3I0POB’ ST — I KOMIUICKC 3aXOJIiB,
3aificHIOBaHUX (axiBIIMK 3 pealimiTariii, SKi MPamoOTh
y peabumiTaniiiHuX 3aKiIanax, BiUIUICHHIX, MIpo3aiIax, a

TaKOX y TEPUTOPIAILHUX T'POMaJiaX y CKJIaJi MYJIBTHIIHC-
OUIUTiHApHOT peabimiTamiiHol KoMaHAW ad0 CaMOCTIHHO,
HAJIA0Th peadlTiTaliiHy JOMOMOry 0¢001 3 OOMEKCHHAMHE
TIOBCSKJIEHHOTO (PyHKIIOHYBaHHS (200 TaKii, y K0T MOXKYTh
BUHHUKHYTH OOMEXEHHSI TIOBCAKICHHOTO (PYHKIIIOHYBAaHHS)
JUIS TOCSATHEHHS Ta MiATPUMAaHHS ONTHMAJILHOTO PiBHS
(YHKITIOHYBaHHS Ta SIKOCTI JKUTTS Y ii CepeIOBHUIII.

Peabinitanito ocid 3 IHBaIiAHICTIO BU3HAYAIOTH SIK CUCTE-
My MEAWYHUX, NICHXOJIOTIYHUX, ITEIarOTiYHuX, (i3UYHUX,
npodecitHuX, TPYAOBHX, Pi3KyIBTYPHO-CIIOPTHBHUX, COIIi-
IBHO-TIOOYTOBHX 3aXO/IiB, 10 CIIPSIMOBaHI Ha HaJaHHS M
JIOTIOMOTY Y BIJTHOBJICHHI Ta KOMITCHCAIII TIOPYIIEHUX a00
BTpaueHuX (YHKILII opraHiamy At JOCSITHEHHS i miaTpu-
MaHHSI COLiaIbHOT Ta MarepiaabHOT He3aJISKHOCTI, TPY0BOT
aJianTariii Ta iHTerparii B CyCIILCTBO, & TAKOXK 3a0€3eUeHHS
0ci0 3 IHBaJI JHICTIO JOMOMKHUMHU 3acobamu peabitiTarii i
MEINYHAMHA BUPOOAMH.

PeabinitauiiiHi 3axoau 3 HaJJaHHs TOCIYT — LIe CHCTeMa
MEIUYHUX, ICHXOJIOTIYHUX, MeAaroriYHuX, (Pi3UIHUX,
npodeciiHuX, TPYAOBUX, (Pi3KyIbTypHO-CIIOPTUBHUX,
COIITbHO-TIOOYTOBHX 3aXOJIiB, CIIPSIMOBAHUX Ha KOMILIEK-
CHy pealiiiTaliifo malieHTiB, HaTaHHSI 0c00aM JTOTTOMOTH
y BIJIHOBJICHHI Ta KOMIICHCALIIT MOPYIICHUX a00 BTPAYCHUX
(byHKIIIH OpraHi3My st TOCSTHCHHS U MiATPUMAaHHS COLli-
AIIFHOI Ta MaTepiabHOI He3aJISKHOCTI, TPYIOBOI aganTartii
Ta iHTerpaiii B CyCHiJIbCTBO, 3aX0/iB 3 peaburiTamii y chepi
OXOPOHH 370pPOB’s1.

[TinTBepmKeHo, 1110 peadiiTallis € BaXKJIMBUM 1 HEBIUILIb-
HHUM €TalroM y IPOLEC JIKyBaHHS OHKOJIOTTYHUX XBOPHX,
METOIO SKOTO € BiTHOBJCHHS (DYHKIIH OpraHiB i cucTeM
OpraHi3My XBOPOTO Ta 3MCHIIICHHS MTOOIYHKX TPOSBIB CIIe-
[iaJTEHOTO JTIKyBaHHS.

OnHouacHe 3/iHCHEHHS Pi3HUX BHJIB peadimitauii €
KOMIUIEKCHOIO peadiiitauiero. Y pasi if 3acToCyBaHHS METY
1 3aBmaHHS pI3HUX BUAIB peadimiTamii CimiJ y3romKyBaTi
MIX c000I0.

KommurexcHa peabimitamiss HeoOXiqHa HE TINBKU IS
npoQiIaKTHKU PEUIUBIB MYXJIUHHOT XBOPOOH, KOMITEH-
cauii ycKJIaJIHEeHb BHACJIJOK CTaHJApTHOTO JIIKyBaHHS,
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ajle ¥ IS NiABUILEHHS SIKOCTI YKUTTS OHKOIIAI[IE€HTIB,
1XHBOT AKTUBHOT XUTTEMISUIBHOCTI Y POJIMHI, IHTErpamii
B CyCIIJIbHE JKHUTTS.

Otxe, KOMILUICKCHA peadiiiTallisi IpyHTY€EThCS Ha eKCIIepT-
Hill TiarHOCTHIII Ta BU3HAYA€ TIPOTHO3 PE3YIIBTaTy 3aXBOPIO-
BaHHS 1, K HACJIJIOK, CTYIiHb BTPATH KUTTEISUIEHOCTI Ta
00CSIT COIANBHOI TOTTOMOTH 1 I ATPHMKH.

KoHKpeTHI MeTou /J1si KO)KHOTO XBOPOT'O MEPCOHANBHO,
CHCTEeMaTH30BaHI B OKPEMOMY JIOKYMEHTI, BU3HAYAIOTh SIK
IHIMBIAya bHY rporpamy peaGimitarii (I[1P).

[HmuBiMyansHa porpama peadiiTanii — KOMIUICKC ONTH-
MaJlbHUX BB, (hOpM, 00CSTIB, TEPMIHIB peabuTiTaliiHIX
3aXOIiB 13 BU3HAYCHHIM IMOPSIIKY 1 MiCIs IX TIPOBEICHHS,
CIIPSIMOBAHKX Ha BIJIHOBJICHHSI Ta KOMITCHCAIIIIO TOPYIIEHUX
a0o BTpayeHHX (QYHKIIH OpraHizmy, 30aTHOCTI KOHKPETHOL
0CO0M /10 BUKOHAHHS BU/IIB JiSUTbHOCTI, BU3HAYEHHX Y PEKO-
MEHJIAIIISTX METUKO-COIIAJTbHOT EKCIIEPTHOT KOMICIT.

DaxiBIli METUKO-CaHITAPHOT EKCIIEPTHOT KOMICIT a00 JIikap-
CBHKO-KOHCYJIFTaTUBHOI KoMicii po3pooisttors IT1P 3a ywacTio
0co0u 3 IHBITAHICTIO YU 3aKOHHOTO MPEICTABHUKA TUTHHHI
3 1HBAJIJIHICTIO, JIO IHOTO MPOLECY 3aTy4arOTh TAKOXK CIIe-
LiaJTICTIB 3aKJIa B OXOPOHHU 30POB’sI, OPTaHiB COIiaTbHOTO
3aXHUCTY, AepKaBHOI CIIy»kOu 3aiiHATOCTI, opraHiB [TeHciii-
Horo (ouay Yipainu, QOHITy COiaTbHOTO 3aXUCTy OCi0 3
THBJIIIHICTIO Ta IHIIMX OPTaHiB, sSIKi MPOBAISATH AiSUIbHICTD
y cepi peabimitarmii ocib 3 iHBaJIiIHICTIO.

BiaMiHHIME 0COOITMBOCTSIMU PAKOBOT XBOPOOH € 31aTHICTh
NIEPBUHHOI ITyXJIMHH J10 iHBa3MBHOTO POCTY 3 IPOPOCTAHHAM
HaBKOJIMIITHIX TKaHWH, PELUIMBYBaHHs (BUHUKHEHHS BUa-
JIEHOT MyXJIMHU Ha TOMY CaMOMY MIiCIli), MeTacTa3yBaHHs
(BMHUKHEHHS OCEPE/IKIB ITyXJIMHHOTO POCTY B IHIIIUX OpraHax
3 OKPEMHX KJIITHH OCHOBHOT ITyXJIMHH, IO TIOLIUPIOOTHCS).

3a TeMIIaM# POCTY YMOBHO PO3PI3HSIOTH TaKi METacTa3H
37I0SIKICHOT Iy XJIMHH:

—Tapsyi, 0 IHTeHCHBHO PO3BUBAIOTHCS, AKTUBHO PYiHY-
I0Th HAaBKOJIMIIHI TKAaHWUHU, 1X JIETKO BUSBUTU KIIHIYHUMH
METOIAMH;

— XOJIOZIHI, SIKi 3yIMHUJINCS B PO3BUTKY Ta B HCAKTUBHOMY
CTaHi TPUBAJIMI Yac € B MAIlIEHTA, MOXKYTb 3HOBY ITEPEXOUTH
a00 He MepexOANTH B rapsidi;

— HiMi, KO MiKpOMEeTacTa3u BUHUKIIN Y Pi3HUX OpraHax y
craHi aHa0103y, iX BUSBIISIOTH 31€0LIBIION0 BUITAIKOBO 200 B
Ppe3yIIbTaTi MUTECIPSMOBAHOTO AOCIIKEHHS (MIKPOCKOITIY-
HOT0, IMYHOJIOTTYHOTO TOIIIO).

Mixnaponny kiacudikariro TNM 3acTOCOBYIOTE B yCiX
(dopMax nepBHHHOI 00JIKOBOI JOKyMeHTallil, 3a ii gormo-
MOTOI0 (hOPMYITIOIOTE 3PO3yMiJie 3arajibHe YSIBICHHS IIPO
TIOLIUPEHICTh 3JT0SKICHOTO TIporiecy. Pa3oMm i3 THM, 111 Ki1acu-
(bikariis € JOCUTB TPOMI3IKOIO 1 HAIMipHO (hOPMaITi30BaHOIO.

3acrocyBaHHs Kiacu]ikallii 3a cTagisiMH 3J10SKICHOTO
mporiecy He nouiiabHe min yac ckiamganas ITIP, ockimpku
3rof1oM Oyjie CKJIaJIHO CKOPETrYyBaTH BXi/IHi fAaHi i Biacue [T[TP
31 3MIHOFO CTail (B pasi MporpecyBaHHs ITyXIHHU, PEIHIH-
BYBaHHSI, BAHUKHEHHS] MHO)KHHHUX METAcTa3iB, PO3BUTKY
PaKoBOi KaxeKcii Y1 BUXOY Y CTaH peMicii).

Haii6inbiy indopmarusHicTs st IITP mae kmacudikarrist
Ha KJIIHIKO-CTaTH4Hi IPyIH, TOOTO rpymH oci0, siki moTpedy-

FOTHh OHKOJIOTTYHOT JOIIOMOTH BIIITOBIIHO JO IIEBHUX MEIH-
KO-TEXHOJIOTIYHHX (EKOHOMIYHHX) CTaHIapTiB.

I'pyna Ia. ITamieHTiB i3 3aXBOPIOBAaHHAMH, IO TTOB’s3aH1
3 MOXJIUBHMH 3JIOSKICHUMH TPOLIECaMH, 0OCTEKYIOTh 13
3aJy4eHHsIM OHKonora. JliarHo3 Mae OyTH yTOYHEHHUH TIpO-
Tsirom 10 aHiB. SIKIO AiarHo3 He MATBEPDKEHO, TO MaIli€HTa
3HIMAFOTh 3 00TIKY; y pa3i MiATBePIHKEHHS AiarHO3Y XBOPOTO
nepeBozisTh j10 11 abo IV kiiHivYHOT rpyny;

I'pyna I6. XBopi Ha epenpak (HAIPHUKIIAL, epO3ist IIHHKI
MaTKH, HOJIINHY IUTyHKa, Hecnenu(iuHuiA BUPa3KOBUH KOJIIT
TOIII0) MArOTh OyTH 0OCTEXKEHI He pifiie, Hix | pa3 Ha 3 poKw.
BuutikyBaHi niepeOyBaroTh i/ IMCTIAHCEPHUM HAIISIOM ITPO-
TSIroM nepiofy 1o 1 poky, ix omsinatoTs | pas Ha 3 Micsiii.
Uepes 12 MicAIiB MiC/Is TOBHOTO OAY>KaHHS, SIKIO HEMae
peLUINBY, XBOPHX 3HIMAIOTh 3 OOJIIKY.

I'pyna II. ITamieHTH 31 3710SKICHUMH HOBOYTBOPEHHSIMHU
PI3HOTO CTYNEHSI TSDKKOCTI, SIKi TOTPeOyIOTh paJiKaIbHOTO
CIEIiaJIbHOTO JIKYyBaHHS: XiPYpPTi4HOTO, TPOMEHEBOTO,
XiMi€eTepaneBTHYHOro abo X KOMOiHaIlii, a TAKOX XBOPI,
KOTP1 OTPUMYIOTH paIiKaIbHE JTIKYBaHHS, IO CIIiJT [I0YaTH He
Ti3Hinre Hixk yepe3 7—10 JHIB ITicIst BCTAHOBICHHS JlarHO3Y.
PagnkanbHe Xipyprigde JIikyBaHHS BiIPi3HAETHCS THM, IO,
KpiM Oprasa, ypakeHOro pakoM, 0JIHOYaCHO BUKOHYIOTB JIIM-
(hommcexkIiro y Mexax perioHapHOTO JiM(paTHIHOTO OaceifHy.
Onepartist 6e3 BUIaJICHHS JTiM(OBY3JIIB € HEpaJIUKAIBHOIO,
TaiaTUBHOIO.

PanukanbpHe nmpoMeHeBe JIIKyBaHHS 3/1HCHIOIOTH 3a
JIOTIOMOTOI0 JDKEepesT TaMMa-BHITPOMIHIOBaHHS (PEHTICHO-
TEpaneBTUYHI YCTAHOBKH, KOOAJIBTOBI rapMaru, JiHIHHI
TIPUCKOPIOBadi, pamiodapMIpenapaTs TOIIO), IK MPaBHUIIO,
KilbKOMa Kypcamu. Llei Buj JIIKyBaHHS MOXKHA 3aCTOCO-
BYBATH 1 B MMOEJHAHHI 3 IHIIUMU METOIAMH PaIUKAIEHOTO
JiKyBaHHS, 1 1301b0BaHO. [IpoMeHeBy Tepamito 1HKOIU
MIPU3HAYAIOTh Y MEXKaX MaJliaTHBHOTO JIIKYBaHHSL.

XimieTeparnito 370SKICHUX IyXJIMH peati3yloTh crelia-
J30BaHUMH NPOTHPAKOBUMH JIIKAPCHKUMH IIperapaTaMu
(anximyBasibHI, aHTUMETAOOMITH, aTKaJ0iAM, 3MimIaHi),
110 3HAYHO 3HM)KYIOTh SKICTB )KUTTS XBOpUX. SIK mpaBuiio,
MIPU3HAYAIOTH TOJIIXiMIi€TEpartito KiTbKOMa IperaparaMu
(cxemu LTAMII, BAMII Tom10) B 1o€1HaHHI 3 XipypridYHUM
a00 IPOMEHEBUM JIIKYBaHHSM.

[TinTpumyBaibHa TOPMOHOTEpAIisl Ta IMyHOTEpartist 10
paJMKaIBbHUX METO/IIB JIIKYBaHHS He HaJleKaTh. PalikanbHe
JIKyBaHHSI MOYKJIMBE JIMIIIE B CTalliOHAPHUX YMOBaX.

[Micnsa nikyBaHHS XBOpHX repeBoaaTh a0 111 xminigHOT
IpyIH, HEBIIIKYBaHUX XBOPHX 3aIMLIAI0Th Y 11, a B pa3i Bu-
SIBTICHHS] METACTAa31B MAIliEHTIB IepeBOIATH 110 [V KriHIgHOT
IPYIH, SIKIIO TPOTUITYXJIMHHE JIIKYBaHHsI IPOTUIIOKa3aHe.

I'pyna III. [NamienTy 3a 3M0SAKiICHIMH HOBOYTBOPEHHSIMH,
SIKI 3aKiHYMIIM creriiaibHe JikyBaHHs. J{o 111 kniniunoi rpy-
1 (TIPaKTUYHO 37J0POBHX) HAJICKATH XBOPI, SKI 3aKiHIMIN
paIuKaIbHE JIKYBaHHS, 1 B HUX HE 3a()iKCOBaHO METacTa3iB
i permunuBiB. [aroro mepexony i3 Il kiminiunOI Tpymwm g0 111
NPUIHITO BBYKATH JIATy BUITUCKH 31 CTAI[IOHADY.

I'pyna Illa. [TamienTn, sKi oTpuMany JIiKyBaHHS B 00CsI31
panvKaIbHOT TEXHOJIOTIT, 03 03HAK 3JIOSIKICHUX HOBOYTBO-
PEHB 1 TPUBAINX MOPYLIEHb 3/10POB 5.
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I'pyna III6. TlamienTn, sSKi oTpUMaiH JTiKyBaHHS B 00Cs31
paJMKaIBLHOT TEXHOJIOTII, 03 03HaK 3JI0SKICHUX HOBOYTBO-
pEHb, aJie 3 TPUBAUIMMH IIOPYLICHHSAMH 310POB’S.

I'pyna IIIs. [TaienTH, siKi OTpUMany najiaTHBHE JIKY-
BaHH#, 03 IPOTHUIOKA3aHb J0 MOXIIHBOTO IOJAJIBIIOTO
CIeLaJ1i30BaHOTO JIIKYBaHHSI.

HoBy 001ik0oBY KapTKy 3aBOSATB, SKIIO XBOPHI paHille Ha
00y He repeOyBaB. SIkio XBopuii epedyBaB Ha OOJIIKY,
TO B KOHTPOJBHIN KapTi 3MiHIOIOTh KIIHIYHY TPYILY.

TaxTyka cocTepekeHHsI 3a MallieHTaMH: IPOTSTOM YChOTO
JKUTTSI XBOP1 MaroTh HiepeOyBaTH i AUCIIAHCEPHUM HAIIsI-
JIoM, iM MOTPIOHO MpU3HAYaTH BiJHOBHE 1 MepioguvHe 3a-
TaJTbHO3MIIIHIOBAJIbHE JTIKyBaHHsL. 3 00ITIKY TAaKUX MaIliEHTIB
HE 3HIMaIOTh, y pa3i BAHMKHEHHSI PElU/IMBY 200 MeTacTasiB
niepeBoaATh 10 11 rpymy, a Ko MOXJIMBE crieniai3oBaHe
paaukambHe TiKyBaHHS — 110 [V KJIiHIYHOT TpyIH.

XBopum 3 I1la KITiHIYHOIO TPYTIOI0 BCTAHOBIICHHS TPYITH
IHBAJITHOCTI HE JOIIBHE, ajie iM MOXKe OyTH BCTAHOBJICHO
IpyIy iHBaJiAHOCTI 32 (PYHKIIOHAIBHUM HOPYIICHHSIM.

XBopi 3i BcraHoBieHoro 1116 KITiHIYHOIO TPYyTIOI0 MarOTh
CTIHKI po31aau 310pOB’sl, 3yMOBIICHI OCOOJIMBOCTAMH I
YCKITaJHEHHSMH JTiKyBaHHS 200 XBOPOOH. Y TaKOMY BHITAIKY
TXHs1 Ipale3aTHICTh 31e01IbIIOro 3Ha4HO oOMexeHa. Tomy
iM Moke OyTH BCTAHOBIICHO TPYITY 1HBAJIiTHOCTI.

Slxmo narientoBi BcraHoieHo I1IB kiiHiYHY rpyy,
BPaxOBYIOTh 3arallbHUH CTaH 1 MOXJIMBICTh BHKOHAHHS
(yHKIIIOHAILHUX 00O0B’13KiB, MOYKJTMBE ITOTIPIICHHS 3aralib-
HOTO CTaHy, &K JI0 IOBHOI BTPaTH MpaLe3naTHOCTI y pasi
MPOrpecyBaHHs XBOPOOU.

I'pyna IV. XBopi i3 3anenOannmMu GpopMaMu 3ITOSKICHIX
MYXJIMH, SIKUM paJuKajbHe JIiKyBaHHs He jnouiibHe. [lo-
MUJIKOBOIO Oye cTpaTH(iKalist 10 Ii€i Tpyny MamieHTiB
i3 KypabenbHUMH (HOPMaMH PaKy, SIKi TIPH LOMY MalOTh
3arajibHi Ta MiCIeBI TPOTHITOKA3aHHS, 110 TIEPEIIKO/PKAIOTh
MPU3HAYEHHIO PaJIMKAIBHOTO XiPYPridHOTO YU TPOMEHEBOTO
JikyBaHHs. TepMiHM JUcHaHCcepu3allii: XBOPUX HE BUKIIH-
KarOTh Ha KOHTPOJIbHI orisin. CTOCTepeKeHHS 32 MU
TaIieHTaMy 31iHCHIOE AUTBHUYHUM JIiKap, IUIaH JTIKYBaHHS
PO3pOOISIOTH pa3oM 3 OHKOJIOTOM. 3 OONIKY ITMX XBOPHX
He 3HIMaroTh. XBOpUM i3 [V KIIIHIYHOIO TpyIIo0 3a3BHYaii
BCTAHOBJIIOIOTH | TPyITy iHBaJIiAHOCTI.

JliarHo3 OHKOJIOT'YHOTO 3aXBOPIOBAHHS BCTAHOBIIIOIOTD B
OHKOJIOTIYHOMY JFICTIAHCEPi TTiCIs BCEOITHOTO 00CTEKEHHH,
BiH Mae OyTH HaBEICHWI Yy 3aCBiMYCHIN BUIHCIN 3 iCTOPIT
xBopoOu. KitiHiuHMIA 1iarHO3 370SKICHOTO HOBOYTBOPEHHS
BHM3HA4ar0Th BiamosingHo 10 MKX-11, Bid 000B’SI3K0BO BKJIIO-
4ae onrc MOP(OIOTiYHAX 3MiH, IO HACTANIH 1 B PE3YIBTATI
3aXBOPIOBAHHS, 1 B Pe3yJbTaTI PAJAMKAIBHOTO JIiKyBaHHS (13
3a3HAYEHHSM JIaT, 00CATY ONIEPaTUBHOTO BTPyYaHH, KypCiB
XiMie-, POMEHEBOT Tepartii), MOMINUPEHICTh OHKOJIOTTYHOTO
npouecy (peuuaruB, MeTacTast, SIKIIO BOHH €), Y T. 4. 3a
MbkHapoaHo Kiacudikariero TNM, crajiio 31105KiCHOTO
Tporiecy, KIiHIYHY Tpymy. [laHi maTtoricTonorigHoro q0Cii-
JOKCHHS 13 3a3HAUCHHSIM HOMEpa, IaTh, MaTepiary € 000B’s13-
KOBOIO YaCTHHOIO KJTIHIYHOTO iarHo3y. O00B’SI3KOBOKO Y
BHITUCII] € MPOrpaMa HaCTYITHOTO PaIMKaIbHOTO JTIKYBaHHS
Jutst xBopuXx 13 11 kiniHiuHOT Tpymy.

Burmmcky, 1m0 He MICTSATh HaBEAEHUX BIJOMOCTEHN, MAalOTh
OyTH TIOBEPHYTI JI0 OHKOAWCIIAHCEPY JUTS JI0OTIPALFOBAHHSI.
Jlixapi MeauKO-COIiaTbHOI EKCIIEPTHOI KOMicii HE MaloTh
MpaBa 3MIHIOBATH KJIIHIYHHUN JiarHO3 OHKOJIOTIYHUM XBO-
pum. OCHOBHHH [TiarHO3 TOBHHEH MaTH TOAATKOBO (DYHKITi-
OHAJIbHY YaCTHHY, L0 OIMCYE MOPYILIEHHs B poOOTI OpraHis
1 cucTeM, 3yMOBIICHI pPaKOBOIO XBOPOOOIO Ta HACKITKAMH
PaJMKAIBHOTO JIIKYBaHHS, a CKCIICPTHUMN AiarHO3 — IIe i
CTYIIiHB MTOPYIICHHS OCHOBHUX (PYHKIIIH OpraHi3my.

3a miJIcCyMKaMU €KCIIEPTHOTO MiarHo3y 3IiHCHIOITH
eKCIIePTU3Y CTYIIEHs 3HW)KCHHS SIKOCTI JKUTTS. Y XBOPHX
i3 | KIIIHIYHOT TPYITH KUTTEAISUIBHICTD MaJIo 3HHIKYETHCS.
XBopuM 13 I kimiHIYHOT TpynH, SIKI HE 3aBEPIIMIN Kypc
pamuKaIbHOrO JIiKyBaHHsS abo mepeiiium i3 111 kiHigHOT
rpymy, Moxke OyTr BctaHosieHa Il rpyma inBasigrocti. B ITTP
YiJbHE MICIIE [T0CIIa€ MEAUYHA Ta IICUXO0JIONTYHA, YACTKOBO
— coniasibHO-TI00yTOBA peadiniramnis. 3axoan (i3HIHOTO Ta
mpodecifHOro HapsIMy 0COOIMBOTO CEHCY HE MAIOTh. XBO-
pum 11 KiTiHIYHOT TPy CTYTHB 3HHKEHHS] YKUTTEAISUTBHOCT]
BCTAHOBJIIOIOTH 3aJISKHO BiJl MOPPODYHKITIOHATBHUX 3MiH,
CIIPUYMHEHMX CIIeNiaJli30BaHUM JIIKYBaHHSM. XBOPUM, SKi
MOTPeOyIOTh CTOPOHHBOTO JIONISTY Ta IOTMIOMOTH, BCTAHOB-
JIIOFOTH | rpymy iHBaiIHOCTI; 0c00aM 31 CTIHKMMH, 3HAYHO
BHpaXCHUMH MOPYIICHHIMHI QYHKIIIH opranizmy, — Il rpymy;
0co0aM 13 IOMIPHO BUP@KEHUMH CTIHKMMH MOPYIICHHIMH
Mae Oytu BcraHosieHa III rpyma inBamigHOCTI. B okpemux
BUMNAaJKax (IpH1 He3aHEI0aHOMY 3JI0SKICHOMY IIPOLIEC, TIpH
MMyXJIMHAX, 10 aCOLIHOBaHi 31 CIPUATIMBAM MPOTHO30M)
XBOpHI MOXe OyTH BUNIMCAHUI 32 BIACHUM Oa)KaHHSM ISt
poboTH 3a paxoM (SKIIO HeMae IPOTHITOKA3aHb). BpaxoBy-
I04H, 10 PELH/IHUB 3JIOSKICHOTO POCTY Ta METacTa3yBaHHS
31e01IBIIOT0 HACTAE B MEPIIUN PIK MICISI 3aBEpIICHHS
palvKaIbHOTO JIIKYBaHHS, MEPBUHHY TPYILy 1HBaJIIAHOCTI
BCTAHOBITIOIOTH CTPOKOM Ha 1 pik. [lo rux xBopux ITTP ciin
3aCTOCOBYBAaTH y TIOBHOMY 00CSI3i.

Mennuna peadiniTaris Mae OyTH CrIpsSIMOBaHa HA BUKOHAH-
HSl PEKOHCTPYKTUBHUX OIepaLiil Ui yCyHEeHHS Ae(eKTiB,
1110 BUHHKJIU B ITPOLIECT PAAMKAIBHOTO JIIKYBaHHSI, KOPEKIIIO
HACII/IKiB XiMieTepartii Ta MPOMEHEBOTO JIKyBaHHS. 3aX01n
colianbHO-1I00yTOBOT peadiiTalii (MprcTocyBaHHs IPUMi-
IIEHB /10 TOTPeO XBOPOTO, MATPOHAXK, OIS TOIIIO), & TAKOXK
3abe3neueHHs 3acodamu repecyBaHHs 3/1iHCHIOIOTh OPraHu
COIIaJFHOTO 3aXWCTy 32 BUCHOBKOM MEIMKO-COIialbHOT
eKCIEePTHOT KOMICIi.

[cuxomorigHy TOTIOMOTY HaJaF0Th MEIUKO-TICHXOJIOTIUH1
LEHTPH Ta TICUXOJIOT1YHI KOHCYJIBTAIIII.

IIpodeciitHa peabimiTaris Honsrae y mpareBiamTyBaHH]
XBOPHX, BPAXOBYIOUH CTaH TXHBOTO 3/10POB’sI, 3 BUKOPHUCTaH-
HSIM 3JIMIIKOBOI Tpare3aarHocTi. [lepen M 31iHCHIOIOTH
EKCIIepTH3Y CaHITapHO-TIriEHIYHUX YMOB Ha poOo4YOMYy
MICIIi Ta BH3HAYAIOTh MOTCHIIIHHI TPYAOBI MOXIIMBOCTI Ta
MOTHBAILII0 XBOPOTo TpaioBaru. ONTHMaIbHUM € Tparie-
BJIAIITYBaHHS XBOPOTO Ha poOoUe MicIie, sIKe BiH MOCIIaB 10
XBOpOOU. SIKIIIO 11e HE MOYKITUBO, ITICIIS TONICPEHBOI IICHXO-
JIoro-npodeciiHoi opieHTamil XBOpi MOXKYTh OyTH CKepOBaHi
B PETi0HAIBHI IIEHTPH 3aHHATOCTI JJIS1 IIEPETTiITOTOBKH, OTPH-
MaHHs1 JIOCTYIHOI npodecii, abu Hajai pareBIaTyBaTHCS.
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Review

XBopuM i3 IV KITiHIYHOI rpymy peadimiTamnito g mpo-
BOJMTH B yCIX BUNAJKax, ajie 31 3MIIIEHUMH aKIEHTaMH.
[podeciitHa Ta QiznuHa peabimiTaIlis B TAKUX BHUITAIKaX
HalJacTile He JOUUIbHI, 1 MPIOPUTETHUM CTAE MEITUYHUI
xommioHeHT IT1P, 30kpema masmiaTuBHI 3aX0nH (TIPH3HAYCHHS
HApKOTUYHUX MperapariB i TPaHKBLII3aTOPiB, BUTPATHUX
3ac00iB 1oLy TOMIO). JlyKe BayKITMBUM 11 XBOPHX ITi€l
IPYIH € ICUXOJIOTIYHUI KOMITIOHEHT pealiriTarrii.

B ITTP Ha3BaHO KOHKPETHHX BHKOHABIIB 1i OKPEMHX eJie-
MeHTiB. Tak, MenuuHa peabimitaiist (paJuKaibHe, PeKOH-
CTPYKTHBHE XipyprivHe, BiTHOBHE, TPO(LIAKTHIHE JTIKyBaHHS)
MOKJIAJICHO Ha CHeliali30BaHi OHKOJIOTIYHI JHCIAaHCEepH,
KJIHIKH HayKOBO-IOCTIJHAX IHCTUTYTIB OHKOJIOTIYHOTO IIPO-
¢binro. Y momikIiHiLi CIOCTEpeKeHHs 32 OHKOXBOpUMH i3 I1 Ta
I kTiHIYHEX TPYT MAIOTH 31HCHIOBATH OHKOJIOTH Ta (paxiBII
BIINIOBIIHUX MPO(IITIB, a 32 XBOPUMH Ha TepMiHAIIBHIH cTaIil
(IV xmiHiYHOI rpyTIH) — CiMEHHI JTiKapi (AUTBHIYHI TEPANeBTH).

O6roBopeHHs

KommiekcHa peabimitartist HeoOXigHa HE TUTBKH IS Ipodi-
JIAKTHKH PELUIUBIB ITyXJIMHHOT XBOPOOH, KOPEKiil yCKiIa-
HEHb BHACIIIIOK JTIKYBaHHSI, aje W JUTS MiABUIICHHS SKOCTI
JKUTTS TAKUX TAIEHTIB, IXHL01 aKTUBHOI KUTTCIISILHOCTI
Y pOIMHI, IHTETparlii y CycIiIbHE )XUTT. OTKe, KOMIDICKCHA
peaOiiTais, IO CIpsIMOBaHA Ha 3a0€3MEUYCHHS XBOPHX
oHKosioriuHoro npodiiro TP, akryansHa He TUIBKH Mij1 Hac
nepeOyBaHHS y CIICIiasli30BaHMX JIIKyBAJIBHUX 3aKianax,
aJie IPOTATOM TPUBAJIOTO BiJHOBJICHHS y peadliTamiiHnx
LIEHTpax.

IToBHONIHHE, 1HANUBITYaTbHO MPH3HAYCHE KOMIUICKCHE
BiZTHOBHE JIIKYBaHHS CIIPHUS€E ICTOTHOMY 3MEHIIIEHHIO KiJIBKO-
CTi YCKJIaTHeHb, MOMIIIICHHIO SIKOCTI JKUTTS OHKOTIAI[I€HTIB.
Huni omHi€ro 3 TONOBHUX IiJIeH JIKyBaHHS € HOCSTHEHHS
MaKCUMAJIbHO MOYKITMBOT SIKOCTI JKUTTS MAIli€HTa, HAOMKE-
HOI 10 PIBHS SIKOCTi JKUTTS MPAKTHYHO 3I0POBOI JIFOIHHH.
Tomy komiekcHa peadiitanist HaOyBae TAKOTO K BayKIIHBOTO
3HAYCHHS, 5K 1 crienr(ivHa TPOTUITYXINHHA TePAITis.

BucHoBKku

1. Peabimitariist OHKOIOTIYHUX XBOPUX — CKIAIHUHN TpHU-
BaJIil mpoIieC, M0 MOTpedye KBATI(PIiKOBAHOTO MiAXOMy
JiKapiB i MOTHBAIIIl TaIli€HTa IO TIOBHOTO BIJIIKOBYBAHHS.
Jiist e(peKTUBHOTO JIIKYBAaHHS OHKOXBOPHX BaKJIUBO BXKH-
BaTy pealuTiTaifHAX 3aXO0iB Bifl MOYATKy 3aXBOPIOBAHHS,
KOMIUICKCHO, CHCTEMAaTHYHO Ta 32 iHAUBIAyaJIbHOK CXEMOIO
JUTSI KOHKPETHOTO MAIli€HTa.

2. KommsiekcHa peabinitartist ependadac HU3Ky JTiKyBallb-
HUX 1 BIJIHOBJTIOBaJBHUX 3aX0iB. Bubip peadimiTarii mpsmo
3aJICKUTh BiJ| THITY 1 TSDKKOCTI repeOiry 3axBOpIOBaHHS, a
TaKOX IHAUBIAYAFHAX (i310JIOTIYHIX 0COOIMBOCTEH Marti-
€HTa, pe3yJIbTaTiB aHaJi31B 1 peKOMEH Ialliil JTikapsi.

3. KpaiikoBaHMI TiIXif i 9ac BHOOPY ONTUMAIBHOT
cxeMu peaOiniTalii /ja€ 3MOTy Yy JIOCHTh CTHUCII TEpPMIiHH
TIOJIIIIIATH CAMOTIOUYTTS TMAIIEHTA 1 TIOBEPHYTH HOTO 10
HOpMaJbHOTO XUTTS. [Iporpamy pealGimiTarii HeoOXiTHO
PO3POOISITH IHAUBIAYABHO [UISL KOXKHOTO XBOPOTO.

[lepcmexTHBY MOAATBIINX TOCTITKEHb ITOJATAIOTH Y BHUBUCHHI
TUTaHHS KOMITIEKCHOT peadiTiTallii OHKOJIOTIYHUX TAIli€HTIB
Ta po3pOOJICHHI MPOMO3UIIIN 1 pEKOMEHIAIIH JJIsT MOJCPHI-
3amii ¥ onTUMi3arii IbOTo TPOIIecy.
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