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4-phenyl-5-((pyrimidin-2-ylthio)methyl)-1,2,4-triazole-3-thiol
as a platform for the synthesis of unsymmetrical disulfides

Yu. V. Karpenko™@*F, M. O. Panasenko(=P£

Zaporizhzhia State Medical and Pharmaceutical University, Ukraine

A - research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation; D — writing the article;
E — critical revision of the article; F — final approval of the article

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.

Keywords: 1,2,4-triazole, disulfides, mild conditions, high selectivity, antimicrobial activity, antioxidant activity.

Current issues in pharmacy and medicine: science and practice. 2025;18(2):123-130

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 po3pobky HOBUX BiOAKTUBHKX MONEKYIT,
dhapmaLeBTUYHMX 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 (OYHKLOHANBbHUX rpyn, BKIKOYAKYM AUCYNbMIAHWA parMeHT sk
NEepCreKTUBHUIA CTPYKTYPHWI KapKkac Ansg po3pobneHHs HOBUX aKTUBHUX (hapMaLEeBTUYHUX IHTPEeiEHTIB.

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

Pesynikratn. Po3pobneHo HoBy CTpaTerito CUHTE3Y HECUMETPUYHUX AnCynbdiaiB 4-eHin-5-((nipumignn-2-intio)metun)-1,2,4-tpiason-3-Ti-
onis 3a gonomoror 1-xnopobeH3oTpiasony, Lo 3abe3neyye BUCOKMIA BUXIZ NPOAYKTIB i CENEKTUBHICTb nepeTBopeHHst. Lien meTon He
noTpebye HWU3bKVX TEMMEPATYP i XapakTepu3yeTbCs BUCOKOI CYMICHICTIO 3 Pi3HOMaHITHUMMW (OYHKLiOHaNbHUMK rpynamu, Lo Aae 3Mory
nerko MoamdikyBaT MOMEKYNU, MiABULLYE iXHil NOTEHLian Ans HacTynHUX gocnimkeHb. CnekTpanbHi AaHi NigTBEPOXYOTb CTPYKTYPY
OTPVMMaHMX CNONYK i BKa3yloTb HAa YTBOPEHHS CTabinbHUX AncynbiaHux 38'a3Kis.

BucHoBkU. CUHTE3 HOBMX HECUMETPUYHUX Ancynbdiais 4-deHin-5-((nipumignH-2-inTio)meTtnn)-1,2,4-Tpiason-3-Tionie yCnilWHO 34iNCHEHO 3a
M’SIKUX YMOB i3 BUKOPUCTaHHAM 1-Xnopo6eH30Tpia3ony Sk CEeNeKTUBHOIO peareHTy, Lo 3abeaneyye BUCOKWIA BUXIf, | 3HAYHY TONEepaHTHICTb
[0 cpyHKUioHanbHUX rpyn. CTPYKTypHa NOAIGHICTb O NPUPOAHMX aHTUOKCUAAHTIB, 30KpeMa LIMCTUHY 1 aniuuHy, pobuTb iX NepcnekTuBHY-
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MW MOZENbHUMM CMONyKamu Anst HACTYMHUX JOCTiMKeHb MEXaHi3MiB OKWCHO-BIHOBHOI aKTUBHOCTI Ta pO3pobIieHHs HOBUX Npenapartig,

cnpamMoBaHNX Ha peWﬂSILI,iIO OKCMaaTnBHOIO CTpecy.

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

[JaHTHa aKTUBHICTb.

AxTyanbHi nuTaHHa hapmaLleBTMYHOI | 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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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

157715 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; H2.99; 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, J=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.

1677147 "6 4°

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 8 =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 5 =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 & = 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.

Overall, 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‘(’)c} 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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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, NOLUMPEHWIA Yy TPONIYHKX | CyOTPONIYHKX perioHax. Y perioHax i3 MOMIpHUM KniMaToM, Sk-0T B YKpaiHi, MupT
KYNbTUBYIOTb K AEKOPaTUBHY 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 BakTepuumaHy akTUBHICTb LLOAO rpaM-no3UTUBHMX
i CTilknX A0 aHTMBIOTVKIB WTaMiB BakTepin, Ty6epKynbo3HOT nanuykm), 3HebGonoBanbHy, B'skydy, BiAxapKyBarbHy, NpotuaanansHy Ail.
[N KOMMAEKCHOTO BUBYEHHS LLIET POCNMHW LOLINBHUM € AOCRIMKEHHS NETKMX hpaKLii i CUPOBUHW.

Meta po6oTn — 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
60oTaHiku 3anopi3bkoro AepKaBHOMO MeAnKo-hapMaLeBTUHHOIO yHiBepcuTeTy. EdbipHa onis ogepxkaHa MeTozom rigpoaucTunsuii. AxkicHe
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 xpomaTtorpadiyHoto 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 €qpipHii onii IMCTA MMPTY 3BMYANHOTO 3 HAGINbLUMM BMICTOM TaKUX M'ATU KOMMOHEHTIB: MUpPTEHinaueTar
(24,12 %), ninanoon (16,73 %), umknotenyeH (10,37 %), O-keunon (7,85 %) Ta mupTeHon (4,35 %). BctaHoBMNW, LLIO OCHOBHA CKnafosa
NACTS MUPTY 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 (TeMnepatypa, SKiCTb I'PyHTY, TPUBAMICTb AHS), YacOM 36MPaHHS Ta reHoTUMOM BUAY.
Pesynbrati gocnigkeHHs MOXyTb CTaT OCHOBO NS pO3pobneHHs HOBUX (hapMaLEBTUYHUX | KOCMETUYHWX Npenaparis, WO MICTATb
edpipHy onito MupTy. AHani3 xiMiyHoro cknagy edipHoi onii Moxe cTaTu NiarpyHTsAM Ans BAOCKOHANEHHs TexHonorii BUaobyTKy Ta cTaH-

JapTtusauii edhipHuX onii.

KntroyoBi cnoBa: MMpT 3BUYaNHWUIA, NETKI OpraHiyHi CNomnyku, XpomMaTo-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.

Aliterature 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

132 Current issues in pharmacy and medicine: science and practice. Volume 18. No. 2, May — August 2025

ISSN 2306-8094



OpueiHaribHi 0oCidxeHHs!

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,0 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. o-Xylene* CH,, AH 5.715 4.12
7. o-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,0, oC 6.239 1.13
17. | Butanoic acid, 2-methyl-, 2-methylpropyl ester CH,0, ocC 8.631 1.01
18. | (1R3E,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. CH 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* CoHis 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 0S8 28.836 0.43
30. | 2-Naphthalenemethanol, 1,2,3,4,4a,5,6,7-octahydro-a,a,4a,8-tetramethyl-,(2R-cis)- C,;H,0 (O] 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 (OF] 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:c0 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 (o]0} 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) 1712
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 aHTMBIOTUKIB € OAHIEl0 3 NPOBIAHUX NPoBreM y BCbOMY CBITi. 32 OCTaHHIMM AaHUMW, CEPEA YCIX BUAINEHNX pe3nc-
TEHTHUX NaToreHis nepesaxatotb Acinetobacter baumannii, Pseudomonas aeruginosa, Klebsiella pneumoniae Ta Enterobacter cloacae.
BiaTak, noLuyk HoBKX aHTUDaKTEpianbHWUX NpenapariB, 30aTHUX NoAoNaTh PE3UCTEHTHICTL 10 aHTUGIOTHKIB, € NEPLIOYEProBUM 3aBAAHHSIM.

MeTta po60TyH — BUBYEHHSI TEOPETUYHMX i NPAKTUYHMX acnekTiB 3B’s13Ky MiXk CTPYKTYPOO Ta aHT1OaKTepianbHOK akTUBHICTIO KBEPLIETUHY i
PYTVHY LLOAO TECTOBMX rpaMHeraTvBHuX WwWramiB Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris, a Takox KniHi4YHUX pe3uc-
TeHTHUX WTamiB Pseudomonas aeruginosa, Acinetobacter baumannii, Klebsiella pneumoniae, Enterobacter cloacae.

Martepianu i metoan. OB’ekTU JOCNIMKEHHS — KBEPLETWH i pyTUH. MonekynsipHuiA [oKiHT BukoHanu 3a gonomoroto AutoDockTools 1.5.6,
a aHTMbakTepianbHi BNAaCTMBOCTI OLiHIOBanu MeToaoM nyHok. KninivHui wram P. aeruginosa, A. baumannii, K. pneumoniae, E. cloacae
B3ATO 3 acnipaTy Tpaxei Ta OBpoHX0arnbBEONSPHOO 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 wramu P. aeruginosa, E. cloacae, A. baumannii, K. pneumoniae 4ytnusi fo
PYTUHY, L0 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, Aian 3mMory 3poGUTIU BUCHOBOK, LLIO BOHW HE € BUCOKOCENEKTUBHUMY iHribiTopaMu aHTubaKTepianbHUX MexaHiamis
rpaMHeraTuBHUX BakTepiit. Ha BigmiHy Bif HUX, PYTUH XapakTepu3yBaBCs BUCOKOK CENEKTUBHICTIO. 3a pesynbsTraTamMmu TEOPETUHHOIO AOCTTi-
[DKEHHS, NOTeHLiNHa aHTMbakTepianbHa akTUBHICTb PYTUHY BABIYI NEPEBULLYE aKTVUBHICTb KBEpLETVHY. Lis 3aKoHOMIpHICTb niaTBepaxeHa

nig vac in vitro gocnigxeHb, 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) Rhl (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 > 1C50 > 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

140 Current issues in pharmacy and medicine: science and practice. Volume 18. No. 2, May — August 2025 ISSN 2306-8094



OpueiHaribHi 00CiOKeHHs

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 ]
e 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 DIGIER 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 27.0+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 14.00.5 120+0.3 12.0+0.3
Clarithromycin 0.003 Growth Growth Growth Growth
Azithromycin 0.003 Growth Growth Growth Growth
Chloramphenicol 0.003 125+05 19505 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 LasI, and
AHS RhI, 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)MeTun)
OeH3amiagy

C. O. depoto™@*P, A, C. lNouynaEF

3anopisbkuii fepkaBHUA MeaVKo-thapMaLEeBTUYHNIA YHiBepcuTeT, YkpaiHa

A — KOHUenUis Ta An3aitH gocnipxeHHs; 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 3a6e3nevyBaTi BUCOKY HiocropigHeHICTb, CnpusaTnvBi hapMakoKiHETUYHI BNACTMBOCTI Ta HanexHuin npodins 6e3neku. Ocobnuse
MicLe 3-NoMiX HUX MocigatoTb ckadonam Ha ocHoBi 1,2,4-Tpiasony Ta iHAoNY, WO € KOMNOHeHTaMu (hapMaKomnoriYHo akTUBHUX MOIeKyn
BHACMIQOK 34aTHOCTI GpaTi yyacTb y Pi3HOMAHITHUX TUMax MOMeKynsapHUX B3aemopii. MNMoeaHanHs 1,2,4-Tpia3onoBoro Ta iHAOMNBLHOMO
hparmeHTIB y Mexax OfHiei MOneKynu cnpusie CTBOPEHHH KOH'IOrOBaHUX CUCTEM i3 NMOTEHLINHO 6araTodyHKLiOHANbHOK aKTUBHICTHO, LLO
PO3LLMPIOE MOXMMBOCTI B OAEPXaHHI HOBKX NiKapCbknx areHTiB. KoMm'loTepHe NporHo3yBaHHS TOKCUKOMOTIYHUX | (hapMakOKiIHETUYHUX
BIIACTMBOCTEMN Ha paHHix eTanax po3pobku € KNYOBOKO CTpaTErieto Ans ONTUMi3aLlii npoLecy CKpuHIHry. 3acTocyBaHHs in silico meTogis aae
3MOry CBOEYaCHO oLiHNTM H6e3neyHicTs, ADME-npodins i GionoriyHniA noTeHLian cnonyk Ao 34iNCHEHHS eKCNepPUMEHTAIbHUX JOCTIiAXeHb.

Meta po6oTtu — in silico ouiH0BaHHS TOKCKKoNorivHKX 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 AOLNbHOCT
iX CUHTE3y Ta HAaCTyNHOTO CTBOPEHHS OPUTiHANbHOI 6IONOriYHO aKTUBHOI Cy6CTaHLT.

Matepianu i MeToau. MNpoekTyBaHHA MONEKYNAPHWUX CTPYKTYP ANS in Silico pocnimxeHb 34iINCHANM HA OCHOBI KPUTUYHOTO aHanidy AaHux
HayKoBOI MiTepaTypu Ta hyHAaMeHTanbHUX NPUHLMMIB OpraHivHoi Ximii. Lie gano amory pauioHanbHo iHTerpyeaTu Bigomi dhapmakoopHi
€neMeHTN y KOMMaKTHI MonekynsapHi kapkacy. MporHodyBaHHS npodinto 6e3nekn Ta NOTEHUINHUX TOKCUKOMOTYHUX PUSKKIB 34INCHUNN,
3acrtocyBaBLwu nnatpopmy TEST (Toxicity Estimation Software Tool). ®isvko-ximiuHi BnacTMBOCTI Ta hapMaKoKiHETUYHY NOBEAIHKY Cno-
YK OLiHIOBaNM 3a JOMNOMOroK oHnaiiH-pecypcy SwisSADME. CyyacHi MeToauku MomnekynsipHOro JOKIHIY BUKOPUCTAHO [Msl BUSIBIIEHHS
MOTEHUHNX CanTiB 3B'A3YBaHHSA 3 MOLAEMbHUMW EH3UMaMK, @ TaKOX AN XapaKTEPUCTUKN eHepreTUYHUX | NPOCTOPOBMX 0COBNMBOCTEN
B3aemogii nirang — milweHb. CTpykTypy nirangis nobyayeanu 3a gornomoroto nporpam MarvinSketch 6.3.0, HyperChem 8 ta AutoDock
Tools 1.5.6, a migrotoBKy 6inKOBMX MilleHen 3aiicHUM 3 BukopuctaHHsam Discovery Studio 4.0 Ta AutoDock Tools 1.5.6. JokiHroBe
MOZENIOBaHHA BUKOHaHO 3a gonomoroto AutoDock Vina, wo 3abe3nevye TouHe NPOrHO3yBaHHS B3aEMOMIN NiraHg — Ginok 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 WOAO BOAHWX opraHiamiB (Daphnia magna, Pimephales promelas), He matoTb MyTa-
reHHOro noTeHuiasny. MporHo3oBaHi 3Ha4eHHs nepopanbHoi TokeudHocTi (LD,) y wypis ctaHosunn 470-990 mr/kr, Wo CBiAYNTL Npo
BigHOCHO 6e3neyHuin npodinb cnonyk. ®apmMakokiHETUYHUIA aHani3 f4aB 3MOry BCTAHOBUTU BUCOKY apOMaTUYHICTb, HU3bKUIA CTYMiHb
HaCcWYeHOCTi ByrneLeBux 3B'a3KiB i BapiabenbHy BOLOPO34MHHICTb. Cepel AOCNIMKEHUX CTPYKTYP HaWbinbLL CNPUATIMBI BNACTUBOCTI
manu 2-6pom-4-crop-N-((5-eHin-6,11-gurigpo-[1,2,4]tpiasono[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]-nipuao[3,4-blinoon-2-in)metun)beHsamig, 4-dtop-N-((5-denin-6,11-aurigpo-[1,2,4]Tpiaso-
no[1’,5":1,6]nipupo[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 noxigHux N-((5-dpenin-6,11-gurigpo-[1,2,4]tpiaso-
no[1’,5":1,6]-nipnao[3,4-bliHOoon-2-in)MeTun)6eH3amigy xapakTepuayeTbCs BifHOCHO 6e3ne4HNM TOKCUKONOTiYHUM NpoddineM i CnpusiTivBuMm
hapMaKoKiHETUYHUMMW BNACTUBOCTAMU, HE MAE MyTareHHOro noteHuiany. Ha 0CHOBI KOMNAEKCHOTO in Silico OUiHIOBaHHS ANS HACTYMHUX
eKcnepuMeHTanbHNX JOCTiIKEHb PEKOMEHI0BAHO YOTMPY CMOSYKK, L0 BU3HAYEHI Sk HAabinbL nepcnekTvBHi 3 nornsaay 6esneyHocTi
Ta NOTEeHLjHOI BioaKTUBHOCTI.

KntouoBi cnoea: noxigHi 1,2,4-Tpiasony, ingonbHe s4po, in silico ouiHoBaHHS, ouiHka 6e3ne4HoCTi.
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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 OJJHUM i3 KITFOYOBHX HAIPSIMIB Cydac-
HOI MeaW4HOI XiMii. [HIONBHI (hparMeHTH 3aBISKU CBOIN
CTPYKTYpPHIH PI3HOMAHITHOCTI Ta 3HAYHOMY O10JIOTIIHOMY
MIOTCHITIATy MOCITA0Th BAXIIUBE MICIIE 3-TIOMIX TPHBiIe-
HOBaHMX CKeJETIB 010aKTUBHUX MOJICKYI [ 1,2,3,4]. Pazom i3
TUM, 1,2,4-Tpia3osbHe s1po crpusie OpMyBaHHIO LIMPOKOTO
criekrpa (hapMaKoJOriYHUX aKTHBHOCTECH: aHTHUMIKPOOHOT,
MPOTUTPUOKOBOT, IPOTHBIPYCHOT, aHTHOKCHIAHTHOI Ta

MeTa po6otu

In silico omiHIOBaHHS TOKCHMKOJIOTIYHHUX BJIACTHMBOCTEM,
ADME-napameTpiB 1 pe3yibrariB MOJIEKYJISIPHOTO JOKIHTY
MIPOEKTHUX croiyK psiy N-((5-¢enin-6,11-murinpo-[1,2,4]
Tpiazomno[1°,5”:1,6mipumno|3,4-b]inmon-2-im)MeTrI)0eH3aMi-
JUB JUIst OOTPYHTYBaHHS JIOILIBHOCTI IX CHHTE3Y Ta HACTYITHO-
TO CTBOPEHHSI OpUTiHAIBbHOT O10JI0TTYHO aKTUBHOT CyOCTaHIIji.

TpaHKBLIi3yr0uoi. L{e poOuTh HOro nepcreKTuBHUM IiJ| 4ac
PO3pOOKH HOBHX TEpalleBTUYHUX areHTis [5,6,7,8,9,10].

Inest MmonexymsspHOi ribpuan3aliii, Mo MoIATae B pario-
HaIBbHOMY 00’€HaHHI 0i0aKTHBHHX (parMeHTIB B ONHII
MOJICKYIIi, € TICPCIIEKTUBHOIO CTPATETIEI0 IS CTBOPECHHS
CIOJTYK i3 pO3UIMPEHNM 200 TIOCHICHUM O10TOTI9HAM TIPOdi-
yieM. 30KpeMa, KOH Forarlis iHIoIsHOT0 Ta 1,2,.4-Tpia3onsHo-
TO IIUKJTIB B O/THIH CTPYKTYPi BIIKPUBA€E HOBI MOYKITHBOCTI JUTST
OJIepIKaHHS MOJICKYI i3 MYJABTUMIIICHEBOO JIi€F0, STKi MOXKYTh
BIUIMBATHU Ha IIPOLECH KJIITHHHOTO IIUKITY, (pepMeHTaTnBHOI
AKTHBHOCTI Ta CHTHAJIbHUX [UISIXIB.

Marepianu i MeToau gocnimKkeHHs

BipryanbHy 010mioTeKy crioiyk uis in silico TOCHiIKeHb
chopMyBaIH Ha OCHOBI aHAJi3y JaHHX i3 HAYKOBUX JKEPET,
Oepyun /0 yBaru OCHOBHI NPUHIMITK opraHiyHoi ximii. Lle
3a0e3Me4mIo palioHalIbHy IHTErpamilo BiJoMuX (apmako-
(hOpHHX eIEeMEHTIB Y CTPYKTYPHO KOHICHCOBaHI IITHOBI
CHCTeMH (puc. 1).

JIst oriHIOBaHHS O€3MeKH Ta MOTEHIIHHOI 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 focnigkeHb.

€THCS HAa 3aCTOCYBaHHI METO/IB KUTBKICHOTO aHAJIi3y B3ae-
MO3B’ 13Ky MIX CTPyKTypoto Ta aktuBHIcTIO (QSAR), ananizi
CTPYKTYpPHUX AHAJOTIB JUIA Nepea0adeHHs MyTarcHHOTO
MOTEHIIIaly pe4OBHH. MyTareHHHUil OTEHIIial OLiHIOBAJIH
IIJITXOM BUSIBJICHHSI XapaKTEPHUX CTPYKTYPHUX ()parMeHTiB,
10 MOXKYTh 1HIYKyBaTH TeHeTH4HI MyTatii. Ha HactymHo-
My eTari BH3HA4YaM BIUIMB CIIONIYK Ha BOIHI €KOCHCTEMH
LUIIXOM IIPOrHO3YBaHHsI iXHBOI TOKCUYHOCTI 1110710 Daphnia
magna ta Pimephales promelas. PiBeHb TOKCHIHOCTI KiJTb-
KiCHO XapakTepu3yBajli 3a J0TIOMOroro nokasHukis LC,, a
MPOTrHO30BaHi 3HAYECHHS FOCTPOi TOKCUYHOCTI HABEICHO SIK
LD, (Mr/kr i MOJIB/KT).

Jist aHATi3y MOXKIMBUX MOJIEKYJISPHUX MEXaHI3MiB
B3a€MOIIT CHIONYK i3 OLTKOBUMH MIIIIEHSMH 3IiHICHEHO MO-
JIEKYJISIpHE JOKIHTI'YBaHHs. BUOIp MOJEKyIsIpHUX MillleHen
OOrpyHTOBaHHMH NPOTHO30BAaHUMHM HarpsiMaMu O10JIOTTYHOT
AKTHUBHOCTI CIIONYK, CTPYKTypa SKUX MICTHTH (papMaKo-
¢dopHi (pparMeHTH, 110 aCOIif0OBaHI 3 BiIIOBIIHOO JI€FO.
Tak, mmknookcurenasa-2 (LIOI'-2) e kmouoBuM (hepmeH-
TOM Y PO3BUTKY 3alalIbHOTO MPOIIECY, TOMY ii iHT10yBaHHS
BH3HAYAIOTh SIK MMOKAa3HHMK IOTEHIIHHOI IpOTH3anaibHOT
akTuBHOCTI. JlJanOCTEpON 140-1eMeTnnasa, mo Oepe y4acThb
y 010CHHTE31 eprocTepoily B KITHHAX IPUOIB, € MILICHHIO
JUIs TpoTUrprOKoBHX npenaparis. [lentuana nedopminaza
6axrepiit Escherichia coli ta Staphylococcus aureus —
JKUTTEBO HEOOX1MHUN (pepMeHT Jutsi OLIKOBOTO CHHTE3Y Ta
(YHKIIOHYBaHHS MIKpOOpPTraHi3MiB, TOMY 11 iHTiOyBaHHS

CBIJTYUTH TPO MOXKJIMBY aHTUMIKPOOHY akTHBHICTh. KiHazy
aHAIUIaCTHYHOI JTiM(OMH, 110 BiAirpae BaXJIUBY POJIb Yy
PO3BHTKY OKpeMUX (OpM 3JIOSKICHHX IyXJIHH, OOpaHO 5K
MIIIIEHb JTS1 OIIiHIOBAHHS MOTEHIIIHHOI IPOTHITY XJTMHHOT Mii.

Mogesni JiraniiB oOyJJ0BaHO 3a JOIOMOIOI0 TIPOrpaM-
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. MosekynsipHHii TOKIHI BUKOHAHO 3
BHUKOpUCTaHHIM nporpamu AutoDock Vina, o 3a6e3meaye
BHCOKOTOYHE MOJICIIOBAHHS B3a€MOJIN JIiraum — OiI0OK y
TpuBHMipHOMY TipocTopi [12,13,14].

AHarti3 (i3uKo-XiMITHIX BIACTUBOCTEH 1 MporHo3 hapma-
KOKIHeTUYHHUX MapaMeTpiB CHONYK 3/iHCHNIN, BUKOPHCTO-
BylouM oHJiaiiH-pecypc SwissADME.

PesynkraTtn

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

MyTareHHHii NOTEHIia YCIX CIOYK HUKYHH 32 [TOPOroBe
3HadeHHs 0,5, TOMy MPUITYCKAEMO, 1[0 BOHU HE BHABIIATH-
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Ta6nuus 1. In silico oUiHOBAHHSI TOKCUYHOCTI CMOMNYK

(Daphnia magna), 48 rog,

log,, Monb/n / mrin

LC,, (Pimephales promelas), 96 rop,

MyrareHHicTb 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
10 517/2,85 7,15/2,95 x 10 0,30/ 600/ 3,07

Ta6numus 2. Qisnko-XimMivHi NapaMeTpy [OCTIMKEHNX CIOMYyK

Cnonyka

N ) Y N O O N O O 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 1aHux
3pOOMIIM BUCHOBOK, 1110 CITOJYKH MalOTh XapaKTeprU3yBaTHCh
BiJTHOCHO HU3BKOK FOCTPOIO TOKCUYHICTIO (mabin. 1).
ADME-anamni3. BibIIicTh TOCIIKEHUX CHOIYK MAaOTh
MOMIPHO BHUCOKY MOJICKYJSIPHY Macy, L0 XapaKTepHa st
GionoriyHo akTUBHUX MoJeKy:l. [lepesumennst 500 r/Moib,
3adikcoBane 1yt crionyk 1-3, 6 1 8, Moke HerarMBHO Mo3HaYa-
THCS Ha [IepopasIbHiK 010M0CTYTHOCTI 3a rpaBuioM JIImiHCEKI.
VYei cTpyKTypH XapaKTepru3yIOThCS BECOKOIO apOMATHIHICTIO
(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 IPYIIHX B TiIOhEHOBOMY (pparMeHTi, 110
MO’KE BIUTUBATH HA PO3UMHHICTH 1 MEeMOpaHHY MPOHUKHICTb.
CTpyKTypHa CKJIaIHICTB MTiITBEPPKEHA 3arajbHO0 KUTBKICTIO
Bakkux atomiB (KBA = 32-35). Binbuiicts Crioyk Maroth 5
00eproBux 3B’s13kiB (O3), 1110 3a0€3Me4Yy€e THYYKICTh, & CIIOJTY-
Ka 2 i3 6 O3 xapakTepu3yeThest OUIBIIOI KOH(POPMALITHOO
aJanTUBHICTIO. JJOHOpHO-aKIenTopHUE Podiib (2 TOHOPU

BoziHEBHX 3B’s13KiB (JIB3) 1 3—4 akuenTopis BOJHEBUX 3B’ I3KIB
(AB3)) cripusie crienmdivniii B3aemozii 3 OioMoeKynamu.
3naveHHst MossipHoi pedpakuii (MP) (122,57-136,80) cBin-
Yarh PO BUCOKY IMOJISIPU30BAHICTH 1 JIIITOMUIBHICTS MOJIEKYII.
Tononoriuna mrommHa mossipHoi noBepxHi (TIITIIT) s Oinb-
1ocTi cnonyk cranosuia 75,60-84,83 A2, mio € cipusmsumM
Ju1st abcopOLIii Ta MPOHUKHEHHS Yepe3 reMaToeHueaniaHnit
6ap’ep (I'EB). Jluute cronyka 9 (103,84 A%) moxe matu
00MEKeHy 3aTHICTh MPOHHUKATH 10 IIEHTPAITBLHOI HEPBOBOT
CUCTEMH (maon. 2).

Amnani3 pozanHHOCTI crioyk 1-10 y Bozi mokazas, 110 6ib-
ITCTB 13 HUX MalOTh HU3BKY BOIOPO3YNHHICTE; 1€ KOPEITIOE 3
TXHBOIO BUCOKOIO MOJIEKYJISIPHOIO MacOI0, BUPaKEHOIO apo-
MAaTHYHICTIO Ta OOMEXEHOIO KUIBKICTIO HACHYCHUX aTOMIB
kapOoHy. 3a pe3ynsTaTaMyd MOETIOBAHHSA 32 JOMOMOTOI0
mogeni ESOL, ciosykwu 4, 5, 6 1 10 MaroTh HAWOLIBIITY IMOBIp-
HICTB IPOSIBY OMIPHOT BOZIOPO3YMHHOCTI; 3HaueHHs LogS —y
JianasoHi Bix -5,42 1o -5,58, 1110 Bi/IOBI1a€ pO3YUHHOCTI BiJT
1,16 x 107 mr/mu 1o 1,59 x 107 Mr/mi1 i Bkasye Ha IOTEHI A
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. PapmakokiHeTMka Cronyk

Cnonyka MoponaHHs P-gp CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 Log Kp,
FEB cybeTpar iHridiTop iHridiTop iHribiTop iHridiTop iHridiTop cmlc

Bucoka -5,84
2 Bucoka |- aF - * + + + -6,00
3 Bucoka |- + - + + + + -5,80
4 Bucoka |- + - + + + - -5,84
5 Bucoka |- + - + + + - -5,84
6 Bucoka |- + + i = + i -5,93
7 Bucoka |- + + + + + + -5,93
8 Bucoka |- & - i & & i -5,80
9 Bucoka |- + - + + + + -5,64
10 Bucoka |+ + - + + + + -5,81

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

Merton Ali miaTBepAuB IFO TCHACHINIO: CIIONYKH 4, 5, 6
i 10 Manu BuUIly HMOBIPHICTH MPOSIBY KPAIIHX PO3YUHHHUX
BJIACTHBOCTEH MOPIBHSIHO 3 HITMMHU MOJEKyIaMu. Pe3yib-
tati momeni SILICOS-IT Bka3yroTh Ha 3arajibHy HU3BKY
PO3YHMHHICTE YCIX CIIONYK, a Croiyka 1 XapaKTepu3yeThes
0COOJIMBO HU3bKUMH NPOrHO30BaHNMH 3HaYeHHAMH (LogS:
-10,13), mo cBiguuTh Tpo ii Maike HEPO3UMHHUI Yy BOI
xapakrep (mabn. 3).

Amnari3 3nauesb Log P (oxTaHON/BOma), 0OpaxoBaHuX 3a
momensmu iLOGP, XLOGP3, WLOGP, MLOGP i SILICOS-
IT, cBimunTh PO BHpaXKEHY JMOMITBHICTD YCIX JOCITiIKE-
Hux cnonyk. Koncencycui Log P cranosmsits 3,78—4,70, o
CBIYHTB PO 3HAYHUH TTOTEHITIAN 10 TiAPO(OOHNX B3aEMO-
I y Oionoriyanx cucremax. Haiisuty sinoguisHIiCTs Mana
cnomyka 1 (Log P=4,70), mo miaTBepmKkeHo MaKCUMaITbHH-
MU 3HA4YCHHSIMH 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),
aJle 3aJIMINANKCS B MeXaxX BHCOKOI JinogineHoCcTi. Cepen
cnonyk 7-10 maiiMenm ninodineHoro Oyna criomyka 10
(Log P = 3,78), a cnonyka 9 (Log P = 4,18) mana Bummit
ToTeHmial J1o rizpodoOHNX B3aeMoil (mabn. 4).

Bucoxkuii piBeHb IPOTHO30BAHOT MITYHKOBO-KHUIIIKOBOT
abcopo6uii (IHKA) cBigzunTh 1po xopomry Oi0f0CTYIHICTS,
a Hu3bKi 3HaueHHs Log Kp (Bix -6,00 1o -5,80 cm/c) — mpo
00MeXeHy TpaHCIepMalIbHy IPOHHUKHICT. YCi CHOIYKH,
kpim crionyku 10, He mponukarots uepe3 ['EB, me crpusie
3MEHIIECHHIO PU3WKY BIUIMBY Ha IICHTPAJIbHY HEPBOBY
cucremy. Crionyka 10 morenuiiino 3narHa 10 I'EB-niponuk-
HEHHsI 1 TOTpeOye MPOJOBKEHHS BUBUCHHS OLIHIOBAHHS. YCi
CTpyKTYpH — cyOctparu P-mimikonporeiny (P-gp), mo moxe
3HIKYBATH IXHIO O10I0CTYIHICTB 1 CIIPUYMHATH JIKAPCHKI
B3a€EMOJIil.

MeraGomniunuii npo¢ins mokasas inridysanns CYP2C19,
CYP2C9 i CYP2D6 ycima cnionykamu, a Takox CYP1A2
(crmonyxu 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 MOTEHIIiaI JTIKOOAIOHOCTI 32 KpUTEPIsSIMU
nipasw JlimiHCeKi, [oy3e, Bebepa, Irana Ta Miorre. binpmticts
cronyk (2-10) TIOBHICTEO BiJIITOBI Ay MpaBwuTy 11 sitet JIimiHCEK]
a00 Mamm He3Ha4HI BIAXWIICHHS: cronyka 1 mokasanma mepe-
BUILICHHsI 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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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 npasmiiaM Bebepa Ta Irana; nopynies-
Hl MpaBiyia MIoITe BCTAHOBJICHO JIHILIE st crioyku 1 depes
migBrieHy rigpogodHicts (XLOGP3 >5). TIporrHo3oBanmit
MOKa3HKK 0I10M0CTYHOCTI Ay1st crionyk 2-10 cranosus 0,55, a
OTKE BOHH XapaKTEePH3YIOThCSI TIOMIPHOIO IMOBIPHICTIO XOpO-
1roi opastbHOI 6iomocTyrHOCTI. [t cromyku 1 11eif TToKa3HHK
surkernit (0,17), 111 maHi 30iraloThCs 3 MONepeIHIMH OO i
YHCJICHHUX TIPOTHO30BAaHUX BIIXHJICHD (maobin. 6).

AHatiz MeANKO-XIMIYHOTO ITPO(MLTIO 1aB 3MOTY BCTAaHOBH-
TH, IO BC1 TOCTIKEHI CITOTYKHU MiCTSTh OWH CTPYKTYPHIHA
curnan PAINS, nos’s3anwmii 3 iHIoIBHUM (hparMenToM. Lle
MOXE CBIJUUTH MPO PU3UK HecrelnudiuHOi aKTUBHOCTI.
®inbrp Brenk Tokcuko(hopHUX (parMeHTiB HE BHUSBUB. 3a
kputepismu lead-likeness Oumpicts ciomyxk (1-5, 7-10) mamm
BIAXWJICHHS 4Yepe3 MEepeBUILIECHHS MOJIEKYIIPHOI MacH Ta
rigpooOHOCTI, a croyiyKa 6 XxapakTepu3yBajiacsi MiHIMallb-
HUMH OPYLICHHSIMH.

Mosexynspuuii fokinr. JIOKiHT CIOTYK 10 aKTHBHOTO
caiiry [IOI'-2 naB 3MOry BH3HAYUTH MIHIMAJIbHY C€HEPTitO
KoMILIeKkcoyTBOpeHHs (E ) Ta BUABUTH IIMPOKUH CIIEKTP
B3aeMoilt (mabn. 7, 8). Ha 3aransHoMy (OHI TOCITIIKEHIX
CIOITYK 0COOMMBO BUPI3HAETHCS 3-(hTopo-N-((5-dhenin-6,11-
nuriapo-[1,2,4]tpiazono[1°,5’:1,6]-mipumo[ 3,4-biHmon-2-i1)
MeTui)0eH3amif (5), 10 yTBOPIOE 3 aKTHBHUM CalTOM IbOTO
SH3UMY 7-aJIKLJI B3aeMOJii 3 3aimmkamu aprininy (ARG A:
121), Baminy (VAL A: 524), neiitmay (LEU A: 353 ta 532),
npoiiry (PRO A: 529), 7-0-38’513KH 3 3aJIMIIKAMH aJIaHIHy
(ALAA: 528) ta Baniny (VAL A: 89), 7-aHIOHHY B3a€EMO/IiI0 3
3aJIMIIKaMA 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 3asmmkamu 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), metioHiny
(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, 3Ha4eHHA E_ mipuBepTac yBary
10 N-((5-denin-6,11-gurigpo-[1,2,4]tpiazono-[1°,5:1,6]
nipuno-[3,4-blinnon-2-im)Mermin)riopen-2-kapookcaminsy
(8) (mabn. 7).

3Ha4YHy pe3yIbTaTHBHICTh ITOKAa3asia JOKIHTOBA B3a€EMOIIS 3
naHocrepon 14a-aemMerniasoro. Y 1boMy aclekTi 0coOIMBo
TIEPCTIEKTHBHOIO € CTIoyKa 6 3a 3HadeHHsam E . Ta criomy-

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

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

BinbIn nepcrieKTHBHUMY BBAYKAEMO PE3yIIBTaTH IOKIHTY 710
aKTUBHOTO LIEHTPY enTuHoi nedopminaszu Staphylococcus
aureus (S. aureus). TleBHMIA TOTEHIIIAT BU3HAYCHO YIS CIIO-
Tyku 6 (maobn. 13, 14, puc. 5).

PevoBunu 4 1 7 MOBUHHI MaTH 3[aTHICTh 10 ()OPMYBaHHS
MIPOTHUPAKOBOI aKTHBHOCTI, OCKIJIBKH, 32 Pe3yJasTaTaMH J10-
KIHTY 0 aKTUBHOTO CaTy KiHa3¥ aHAIDIACTHYHOT IIM(OMH,
BOHM BHUSIBIJIMCH HAHOUIBII IEPCIIEKTUBHUMH (1mabi. 15, 16).

O6roBopeHHs

3a pe3ysbraraMy KOMIT IOTEpPHOTO MOJICITIOBAHHS BCTaHOB-
JICHO, 11O JOCIIJDKEHI CHIOJIYKH MarOTh BUSIBJISTH TIOMIpHY
TOKCHUYHICTb 111010 Daphnia magna Ta HU3bKy TOKCUYHICTh
mono Pimephales promelas. YKomHa 31 crionyk He TOBUHHA
MaTH MYyTareHHOTO MOTEHIIiaNy, 1 e CBiTYATH IPO IXHIO
HMOBIpHY T€HETHYHY O€3IICUHICTb.

[Iporuo3oBaHi 3Ha4E€HHS TOCTPOI NEpOPaIBLHOT TOKCHY-
HocTi ans mypis (LD, y mexax 470-990 mr/kr) naroth
MiZICTaBU 3pOOMTH BUCHOBOK, IO CHONYKH 8 1 9 MaroTh
HaJleX,aTH 710 3 KJIacy TOKCHYHOCTI (TTOMipHO TOKCHYHI),
a IHII PEYOBHMHMU CIiJ BUHAYNATHU 10 4 KIIaCy TOKCHYIHO-
CTi, TOOTO MAlOTh XapaKTepU3yBaTUCS HU3BKUM piBHEM
TOKCHYHOCTI.

Amnainiz ADME-napameTpiB nokasas: OiIbIIICT CIIOIYK
XapaKTepU3YIOThCsl BUCOKOIO MOJIEKYJISPHOIO Macoro,
3HAYHOIO APOMATHYHICTIO Ta HU3BKOIO YaCTKOIO HACHYEHHX
aromiB Kap6ony. Taki CTpyKTypHi 0COONIHBOCTI CIIPUSIIOTH
e(heKTHUBHIN B3a€MOZIT 3 OiOMOTIYHIMHE MIIIEHIMHU depe3
T-T-B3a€MOJIi{, X04a MOXYTbh BIUIMBAaTH Ha OiogocTyn-
HiCcTh. PO3UMHHICTB TOCIIIKCHUX CIOJIYK BapiroBalia BiJl
nomipHoi 10 Hu3bKo1. Crionyku 4-6 Ta 10 Maau BiJTHOCHO
Kpallli MOKa3HUKH BOJIOPO3YMHHOCTI 3a Mozemao ESOL,
10 € MO3UTUBHUM (PaKTOpPOM sl (hapMaleBTHIHOTO
3aCTOCYBaHHS.

PesynbraTt MOJNIEKYJISIPHOTO TOKIHTY CBiI4aTh, IO JO-
CJIIJDKEHI CITOJTyKH TIOBMHHI MaTH BHCOKY CIOPIJHEHICTb
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Puc. 2. Pe3ynbratv MonekynsipHoro AokiHry cronykv 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_..: MiHiMarbHa eHeprist KOMMIEKCOYTBOPEHHS, Kkasn/Morb.

Tabnuusa 8. Mpupoaa Ta TUNKM B3aeMopin JocnimpkeHnx 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’s30k: GLU A:
525; 1-goHopHuii H-38'si3ok: GLU A: 525

2 m-ankin: LEU A: 532, ALAA: 528, VALA: 350, LEUA: 93; m-0: VALA: 117; mixmonekynsipruin H-3s’'a3ok: SER A: 120; C-H 3B’asok: TYR A:
356, PRO A: 86

3 m-ankin, ankin: VALA: 89, LEU A: 93, ALAA: 528, VALA: 350; m-0: VALA: 117; mixmonekynsipuuii 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-3B'a30k: TYR A: 356;
MixxmonekynspHuii H-3s’sasok: VAL A: 350, SER A: 354, SER A: 120; m-aHionHwit: GLU A: 525; ranoreHnuii (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; 1-0: 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; m-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; T-goHopHui H-38’sa3ok: TYR A: 356
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Interactions

[] Carten Hydrogen Bond I PP T-shapea
B F+cation [ ] Pramg

B mesgma

Puc. 3. Pesynbrati MoneKkynsipHoOro AOKIHry cronykv 5 4o akTMBHOTO LIEHTPY laHocTepon 14a-gemetnnasi.

Tabnuus 9. EHeprist MixXMoneKkynsipHux B3aeMogiil OCTimXeHWX CTPYKTYP i3 naHocTepon 14a-4emeTnnaso

-10,5

-10,7

-11,6

-10,8

14

2

-10,4

4

-10,7

-1,7

8 -9,8

10

-11,5

®nykonason |-10,9 -

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

Ta6nuus 10. Mpupoaa Ta TMNK B3aemogiii 3 naHocTepon 140-aemMeTnaso

m Mprpoaa aMiHOKMCNOTHMX 3anuLLKIB

1 MixmonekynsipHuii H-3g'sa3ok: CYS A: 394, ARG A: 96; T-goHopHuid 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; Tr-noHopHuii H-38’s3ok: HIS A: 392, THR A: 260, PHE A: 387; mr-ankin: ALAA: 256,
LEU A: 321, MET A: 79; -1t T-nogi6Hui 38’a3ok: PHE A: 255, TYR A: 76; mixmonekynsipHuin H-38'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-KaTioHHWI 38's30k: ARG A: 96; Tr-ankin: LEU A: 100, MET A: 79, LEU A: 321, LEU A: 152; r-0: LEU A: 105; T1-1r T-nogibHuin 38’S30K:
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's330k: ARG A: 96; Tr-ankin: LEU A: 105, MET A: 79, LEU A: 321; 1-0: ALA A: 256; ranorenHui (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’si3ok: CYS A: 394

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

8 MixmonekynspHuii 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-Tr 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; T-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; T-ankin: LEU A: 100, LEU A: 105, MET A: 79; Tr-a: ALA A: 256, LEU A: 321; r-11 T-nogibHumi 38'a3ok: TYR A: 76
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ILE LEU : 4
B:86 B:125 Q

Interactions

B cCorventional Hydrogen Bond Bl Fisigma
Bl Frcoben [ Atk
Bl F-rnion [ #valkyd

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

Tabnuus 11. EHepris MixXMOneKynsipHUX B3aEMOZIi BOCTIMKEHNX CMIONYK i3 nenTuaHoto Aecdopminasoto 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 TMNK B3aeMogii SOCHIZXKEHUX CrOMyK i3 aMiIHOKUCMOTHUMU 3anuLLkaMy nenTuaHoi aedopminasm E. coli

m Tunu B3aEMopin Ta aMiHOKUCNIOTHI 3aNULIKK

1

ranoreHHuii (F) 38’asok: GLU B: 95; C-H 3s'a3ok: GLU B: 41; m-ankin: LEU B: 161; T-aHioHHWi1 38’5130k: ASP B: 162

2 BaH Aep Baanbcis 38'a30k: CYS B: 90; amig-1r cTekiHr: GLY B: 89

3 C-H 3B’a3ok: GLU B: 41; mixmonekynsapHun H-38’a3ok: GLU B: 95; mr-ankin: PRO B: 94, LEU B: 161

4 m-ankin: PRO B: 94; Tr-aHioHHWi, TT-kaTioHHwit 38'a30k: 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-aHioHHWi, 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-3g’asok: ARG B: 97; m-ankin, T-o: ILE B: 44

7 TI-kaTioHHWi 38’a30k: ARG B: 97; mixmonekynspHun H-3g’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, 1-0: ILE B: 44; mixmonekynsapHuin H-3g’a3ok: CYS B: 90

10 m-ankin: ILE B: 86, LEU B: 125, PRO B: 94; Tr-aHioHHMI, TI-kaTioHHWI 38'a30k: GLU B: 41
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Puc. 5. Pesynbrati MonekynspHoro JOKIHry crnonyku 9 4o akTMBHOTO LeHTpY Aedopminasu S. aureus.

Tabnuus 13. EHepris MbKMoONekynspHUX B3aeMOAiN OCiMKyBaHUX 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 7,7 10 -9,6
AKTIOHIH -6,7 -

Emin: MIHIManbHa eHeprisa KOMN1eKCOYyTBOPEHHH, KKkarn/morb.

Tabnuus 14. Mpupoaa Ta TMNW B3aeMogii SOCIMKEHNX CMOMYK i3 aMIHOKMCMOTHUMM 3anuLLkaMu NenTuaHoi aedopminasu S. aureus

m Tunu B3aEMoAjn Ta aMiHOKUCNOTHI 3aNULIKK

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

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

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

4 m-ankin: VAL A: 59, LEU A: 112; -0: VAL A: 151; amip-1r cTekinr: GLY A: 110; enektpocTatiyHa 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-nogi6Humi 38’s3ok: HIS A: 154

6 m-ankin: LEU A: 112, VAL A: 59; C-H 3B'si3ok: GLY A: 58; ranoreHHuii (F) 38’sa3ok: HIS A: 186, GLU A: 185; Tr-aHioHHui 38'a3ok: GLU A: 109; T1-0:
VALA: 151

7 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; 1r-r T-nogi6Hwi 38’s3ok: HIS A: 154

8 C-H 38’'sizok: THR A: 107, ASN A: 117, GLU A: 109; T-goHopHui H-38'a3ok: THR A: 107, ASN A: 117, GLU A: 109; T-aHiOHHWIA 3B’A30K:
GLU A: 185; mr-ankin: VAL A: 59; 11-r T-nonioHwi 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 B3aEMOZiN JOCTIIKEHNX CNOMYK i3 KiIHA30K0 aHannacT1yHoi nimgomu

1

-9,5 3 -9,2 5 -8,7 7 -10,1 9 -89
2 -8,6 4 -10,1 6 -8,5 8 -9,0 10 -9,4
Kpun3oTuHio 94 -

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

Tabnuus 16. Mpupoaa i TMNM B3aeMogiii i3 kiHa30t0 aHannacTUYHoI fimgomm

m Tunu B3aEmogii Ta aMiHOKUCIOTHI 3anULLKK

1 [anoreHHuin (propuaHui) 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-3s’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; Tr-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 (dpropugHun) 3s’asok: ASN A: 1254, ARG A: 1253; mixmonekynspHui H-3B'a30k:
MET A: 1199; 1-0: LEU A: 1122; Tr-aHioHHui 38'a30k: ASP A: 1203

6 m-ankin: VAL A: 1130, ALAA: 1148, LEU A: 1256; ranorentni (cptopuanunit) 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; r-aHioHHui1 38'a30k: ASP A: 1203

8 m-ankin: LEU A: 1256, ALAA: 1148, LEU A: 1122; r-aHioHHuMI 38's130k: ASP A: 1203

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

10 C-H 38's3ok: MET A: 1199; Tr-ankin: LEU A: 1198, VAL A: 1130, LEU A: 1196; mixmonekynsipHuin H-38'a3ok: ALA A: 1200; T-0: 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. [IporHo3oBaHi 3HaueHHS Eni, HaroTh 3Mory
3pOOUTH BUCHOBOK, IIIO CITOJYKH MalOTh JIEMOHCTPYBATH
CHJIBHI MDKMOJIEKYJISIPHI B32€EMOJIIT Ta MOXKYTh BUSIBIISITH
MTOTEHLIWHY iHT10yBalbHy aKTHBHICTH IIOI0 3a3HAYCHHUX
MIiIICHEH.

HaiiBumny criopiHeHICTh 10 TaHOCTepo- 1 40-eMeTria-
3H, 3TIJIHO 3 pe3yJIbTaTaMH MOJICKYJISIPHOTO IOKIHTY, MalOTh
BUSIBJISITH CIIONYKH 5, 6, 9 1 10, 3Ha4eHHS Emin 20151 SIKMX CTa-
HOBWIH Bif -11,4 kxan/monb 1o -11,7 xxan/mons. Li piBHi nie-
PEBUIIYIOTH BIAMOBITHIH MOKAa3HUK JTst (orykoHazoiry (-10,9
KKaJI/MOJIb), a OT>KE Ha3BaH1 CIIOITYKH MOTEHIITHO e(heKTHBHI
sk CYPS1-iuri6itopu. lomgo mentumuoi aedopminazu
E. coli, conmyxm 6, 9 1 10 MaroTh JEMOHCTPYBATH 3HAYHY CIIO-
PLIHEHICTB, OCKUTBKY TXHi 3HA4eHHS Ein (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 KITTBKOCTI
BOJTHEBHUX 3B’S3KiB 1 TiIpoQOOHUX B3a€MOIH i3 KITFOYOBH-
MH aMiHOKHMCJIIOTHUMHM 3aJIMIIKaMU B aKTHMBHUX LEHTPax
¢bepmenris. [l nmentuaaoi aedopminazu S. aureus Haii-
OLIBII TTEPCHIEKTUBHUMH 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 MiMpoma (Emin — 10 -10,1 kKan/mons), mo
TIepEeBUIIY€ 3HAYCHHs ISl KpH3O0THHIOY (-9,4 KKay/MoJb),

1 MOXYTh OyTH MOTCHUIHHUMHU OGaraTo(yHKI[IOHATbHUMHI
IHri0iTOpaMy Ha3BaHMX MillICHEH.

BucHoBKuM

1. Ha ocHOBI TOTIepeAHFOTO TEOPETIHYHOTO JTOCIiHKSHHS
cTpykTyp HOBUX N-((5-¢enin-6,11-murigpo-[1,2,4]rpia3o-
no[1°,57:1,6]mipuno[3,4-b]iHa0m-2-11)-MeTHIT)OCH3aMiTiB
OOTPYHTOBAHO JOIIIBHICTh CHHTE3y HaWHOIIBII IepCreK-
TUBHHX 13 HUX. 3aCTOCYBaHHSI in Silico METOMIB TAJIO 3MOT'Y
OLIIHUTH TOKCHKOJIOTI4HI Ta (hapMaKOKiHETUYHI XapaKTepu-
CTHKH JIOCII/DKSHUX PEYOBHH. BCTaHOBIEHO, IO CHOMYKH
XapaKTepU3YIOThCS TOMIPHOIO a00 HHU3BKOIO TOKCHYHICTIO
1010 BOJIHUX OPraHi3MiB i HE MalOTh MyTareHHOTO IOTEeH-
niainy. [IporHo3oBaHi 3Ha4€HHS TOCTPOI TOKCHYHOCTI JJIst
LIypiB BKa3ylOTh Ha BIHOCHO Oe3nevyHuii npodiie y pasi
[IEPOPATHEHOTO BBEACHHS.

2. Ananiz ADME-napameTpiB BHSBUB BUCOKY apOMaTHY-
HICTh 1 HU3BKHH PiBeHb HaCHYCHHs aTroMiB KapOoHy, mo
crpusie adiHHOCTI 10 OiOMIIICHEH, X0ua MOXKE BIUTUBATH
Ha PO3YMHHICTB 1 OiofocTynHicTh. Haiikpaii nmokazHUKH
MIPOrHO30BaHOT BOIOPO3YMHHOCTI MajIu crionyku 4, 5,6 1 10.

3. 3a pesynbraraMy KOMILIEKCHOTO OLIHIOBaHHST, HAHOLIBIIIT
TIEPCTICKTUBHUMH TSI TIOJAJIBIINX JOCIIKEHb BU3HAYCHO
crionyku 1, 3, 6 1 8. Pesysbrary komIr roTepHOTO MOJIEITIO-
BaHHS MOKAa3aJM: [[i PEYOBMHU MAIOTh BHSBISTH BHUCOKY
CTIOPiHEHICTH A0 HI3KH MOJICKYJISIPHIX MillIeHEH, 30KpeMa
nmaHocTepol- 1 4a-1eMeTnaasu, MenTUaHOI aedopminasu
(E. coliTa S. aureus) Ta KiHa3n aHAIUTACTHIHOI JIIM(OMH.

158

Current issues in pharmacy and medicine: science and practice. Volume 18. No. 2, May — August 2025

ISSN 2306-8094



OpueiHaribHi 0oCidxeHHs!

[lepcnekTHBH MOANBIINX A0CTIKEeHb TTOSATAIOTE Y HPO-
JOBXCHHI BUBYCHHS MPOTUTPHOKOBOI, aHTHOAKTEepiaIbHOT
Ta NPOTHITYXJIMHHOI aKTHBHOCTI IIUX CITOJIYK Y O10JIOTTYHUX
TECT-CUCTEMaX.
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CnektpodhoToMeTpUYHE BU3HAYEHHA MENTOKCUKaMy
B NiKapCbKKX npenaparax

C. O. Bactok2CE, 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-TeBa» po3dnH Ans iH'ekuii 15 mr/ 1,5 mn; peareHT — giasonb
YyepBoHun 2K kBanidikauii «uga»; po3unHHukm — 1,4-giokcaH kBanigikauii «4aa» Ta Boda OunLLeHa; aHaniTuyHe obnagHaHHs — cnek-
TpohotomeTp Specord-200 (Analytic Jena AG, HimewuunHa), Barn nabopatopHi enektpoHHi RADWAG XA 210.4Y, 6aHto ynstpa3sykoBy
Sonorex Digitec DT100H, mipHuit nabopatopHuii nocyz knacy A.

Pe3ynkratn. Po3pobneHo HoBi, NPOCTi CNeKTPOOTOMETPUYHI METOAMKM KiflbKiICHOMO BU3HAYEHHS MEMOKCHKaMy B NikapCbKux npenaparax
3a peakujeto 3 giazonem YepsoHUM 22K. MakcumyMm nornmHaHHa — npu 350 HM. [ignopsiakyBaHHS OCHOBHOMY 3aKOHY CBITIONOMMUHAHHS
30INCHIOETLCA Y Mexax KoHueHTpauin 1,2-2,4 mr/ 100 mn. Mexa BusiBneHHs: cTaHoBWTb 1,09 MKr/M1, WO CBIAYUTL NPO BUCOKY YYTNMBICTb
peakuii. BignosigHo fo Bumor [lepxasHoi hapmakonei Ykpainu, Ans po3pobneHnx MeToamnk BU3HA4YEHO Taki BanifauiHi XapakTepucTuky,
AK 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 BiAMOBiAaoTb B1UMoram [lepxxaBHoi chapmakonei YkpaiHu, Tomy
MOXYTb ByTV pekOMEHA0BaHI AN 3aCTOCyBaHHSA B nabopaTopisix 3 KOHTPOIHO SKOCTI MikapCbkux 3acobiB.

KntoyoBi cnoBa: menokcvkam, cnekTpooToOMETPIs!, Aia3onb YepBOHUN 2)K, KinbKiCHe BU3HAYEHHS, Banigauis.

AxTyanbHi nuTaHHa hapmaLleBTMYHOI | MeaMyHOi Hayku Ta npakTuku. 2025. T. 18, Ne 2(48). C. 160-167

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 IPOTU3aIailb-
HUX 3ac00iB, 1[0 NIMPOKO BUKOPHUCTOBYIOTH Y MEIUIIMHI
JUTISL TIOJIETTIICHHsT OO0 Ta 3MEHIIEHHS 3amajieHHs [1].
Kpim 3HE0010BaIBHOTO, MEIIOKCHKAM Ma€ BHPa)KeHUH
YKapO3HIKYBaJIbHUH 1 mpoTm3anansHuid edexru. [1npoke
3aCTOCYBaHHsI MEJIOKCHKaMy B MEIMIMHI 3yMOBIIOE J0-
LUTBHICTH PO3POOJIEHHSI HOBUX CEIEKTUBHHX, YyTIHBHX
Ta eKOHOMIYHMX METO/IB HOro KiJIbKICHOrO BH3HAYEHHS Y
JIKApCHKHUX (hopMax.

MesnokcHKaM y cyOCTaHIlii, 3rinHo 3 €Bporeiicbkoro dap-
MaKoOIIe€l0, BU3HAYAIOTh METOJIOM HEBOJHOIO TUTPYBaHHS
3 MOTEHIIIOMETPHYHUM (DIKCYBaHHSIM TOYKH €KBiBAICHTHO-
cti [2]. BignosinHo no [lepkaBHoi dapmaxorei Ykpainu
(J1DY), kinbKicHe BU3HAYEHHS] MEJIOKCHKaMy B TaOJeTKax
3IIHICHIOIOTH METOJIOM BHUCOKOC(EKTUBHOI PiIMHHOI XPO-
matorpadii (BEPX) 31 ciekTpodoTOMETpUIHIM JIETEKTO-
poM [3]. AHasIOTYHO BU3HAYAIOTh MEJIOKCHKAM Yy TIperaparax
3a @apmaxomneero CIIA [4].

VY ¢axoBiii niTeparypi ONMMCaHO METOIUKH KUJIbKICHOTO
BH3HAUEHHS MEJIOKCHKAaMy IEPEBAXKHO CIEKTpodoTOoMe-
TPUYHKUM 1 XpomaTorpadivHuMHu MeTogamu. Po3pobiieHo
BEPX-meTomukw 3i CTIeKTpo(OTOMETPHIHIM IeTeKTYBaH-
HSIM JUIsl KUIBKICHOTO 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 T1IPOIi3y 3 HACTYII-
HHUM JICHCUTOMETPUYHNAM BU3HAUCHHsM [ 12].

Basu S. K. & Sanchita M. S. po3pobuiu 1Bi METOIUKH
BU3HAUCHHS MEJIOKCHKaMy B TaOJleTKax: METOJOM MpsMOi
Y®-criekrpodoTomMeTpil B METAHOITI Ta 32 PEaKLIE0 3 3aJ1i3a
aMoHiro cymedarom [13].

OnuncaHo METOAMKY BU3HAYEHHS MEJIOKCHKaMy B Ta0JIeT-
Kax MeToioM Y®-cnekrpodoTomMeTpii 3a JOBKHHHU XBHII
346 um B 0,1 M po3unni HCl y meranomi [14]. 3anpornoHo-
BaHO TAKO)K METOJIMKY BU3HAYECHHS MEJIOKCHKaMy B JIiKap-
CBKHX TIperiaparax 3a peaxiieio 3 N-OpoMOCYKITHHIMIIOM SIK
OKHCHUKOM. Y TBOPCHHUH CHHIN MPOIYKT PeaKiii criekpogo-
TOMETPYIOTh 3a NOBKMHH XBumi 610 uM [15].

[HificbKi BYCHI 3ampPOIIOHYBAIM KiIbKa METONUK, OJIHA 3
SIKUX TIOJISITA€ Y BUKOPHCTAHHI METOy TIpsiMoi YD-crieKTpodo-
Tometpii B cepenonuii 0,1 M po3urHy HaTPirO TiJPOKCHTY 32
JOBKUHH XBHII 269 HM, iHIIIA iependavae IIpOBEICHHS peaKIii
3 3aJ1i3a XJIOPHU/IOM, BHACIIIZIOK YOTO YTBOPIOEThCS 3a0apBJie-
HUH TIPOAYKT 13 MAKCHMYMOM TIOTITHHAHHS TipH 476 1M [16].

HayxkoBui 3 PymyHil 3anponoHyBaiym METOAMKY BU3HAYEH-
HSI MEJIOKCHKaMY 32 PEAKII€I0 3 XJIOPHIOM aJFOMIHIIO B Me-
TAHOJII 3 yTBOPEHHSIM MPOIYKTY 3 MAKCUMYMOM ITOTITHHAHHS
mpu 375 um [17].

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

OmnucaHo crekTpooTOMETpHYHE BU3HAUCHHS MEJIOKCH-
KaMmy micist HOro OKMCHEHHs Kallifo TIepMaHTraHaToM y
CEepEeIOBHII HATPIIO TiAPOKCHIY 1 BUMipIOBaHHS abcopOrii
32610 um [19].

Donchenko A. et al. 3anpororyBai METOANKY BU3HAYCHHS
MEITIOKCHKaMy B TaOlleTKax, M0 IPYHTYETHCS Ha YTBOPEHHI
10HHOTO acorriaTy 3 OpoMTUMONIOBHM cHHIM [20].

HesBaxkaroun Ha Te, 110 IO CHOTOIHI PO3POOICHO YUMAIIO
METOJIUK, aKTYaJIbHUM 3AJTUIIAETHCS BIPOBAPKEHHS IIPOCTi-
IIAX, EKOHOMIYHIIIUX ITIIX0MIB 13 MIHIMAJbHAM BILIMBOM
Ha JOBKULI.

MeTta po6otu

Po3pobienns i Basmiaarist CieKTpopOTOMETPUIHIX METOTUK
KUTBKICHOTO BU3HAYECHHS MEJIOKCHKaMY B JIIKAPCHKUX pera-
parax 3a peakiiero 3 miazoneM yepBoHnM 2XK.

Marepianu Ta metoam

Yei 3acTocoBaHi XiMiuHI pEYOBUHH Ta PEareHTH — aHATI THIHO-
ro 200 (hapMarieBTHIHOTO KIacy. st JoCIiHKeHHS BUKOPH-
craHo: cyOcranmito Menokcukamy (Derivados Quimicos, S.A.,
Spain (series No. 269001 T01D)); «Menokcrukam» TaOIETKH 110
0,0075 1 (AT «JIekximy», Yipaina); «MeloKcuKam» TabJIeTKH
mo 0,015 r (AT «Jlexxim», Ykpaina); «Menokcukam-TeBay
pozunH uist inekin 15 mr / 1,5 mi (Teva Pharmaceutical
Industries Ltd, I3painb). Pearent — niazons uepsonuii 22K. Yei
peareHTH — KBasTi(ikamii «ua». Ik po3YMHHUK BUKOPHCTOBY-
Bay 1,4-niokcan kBastiikariii «41a» i BOKy OYHILIEHY.
Amnanituuse o0naHaHHs: criekTpodoromerp Specord-200
(Analytic Jena AG, Himeuunna), Baru 1a00paTopHi el1eKTpo-
uHi RADWAG XA 210.4Y, Ganst ynpTpa3BykoBa Sonorex
Digitec DT100H, mipHwuit 1aboparopHuii mocys kiacy A.

Pesynkratu

MeTomoIoriro AOCIIKCHHS HABEeICHO Ha puc. 1.

ExcriepMeHTaIbHO BCTAHOBIICHO, 1110 MEJIOKCHKAM pearye
3 fia3oneM 4epBoHUM 2)K y BOTHO-/110KCAHOBOMY CEpEIIOBH-
1111 3 YTBOPEHHSIM 3a0apBJICHOTO MPOIYKTY PEaKlii. Y mporieci
PO3POOJICHHST METOAUKN BCTAHOBJICHO ONTHUMAJIbHI YMOBH
nepeOiry peakilii MeJIOKCHKaMy 3 fia3ojeM uepBoHuM 20K,

Bubip po3unHHuka i miei peakiii oOrpyHTOBaHUMA
JIAHUMH TIPO PO3UMHHICTh MEJIIOKCHKaMYy 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 pEearcHTy.

[ BuOOpy ontuManbHOTO 00’ eMy pearenty a0 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 TOBOIMIIN BOIOIO 10 MO3HAYKH.
OntumanbHA 00’ €M peareHTy, BU3HAYCHUH 32 MaKCHMAaIThb-
HUM 3Ha9CHHSM ONITHYHOI TYCTHHH, cTaHOBHUTS 2,00 Mt 0,1 %
po3umHy (puc. 2).

CrexTp NMONTMHAHHS, BUMIPSIHUH 32 ONTHMAIBHUX YMOB
MIPOBENICHHS peakilii, HaBeAeHO Ha puc. 3. OTpuMaHui
3a0apBIICHUIA MPOMYKT peakiii CTablIbHUI MOHAMEHTIIe
npotsirom 30 XB.

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

NPEeLM3INHICTb;
NpaBUIbHICTb;
pobacHicTb

Banigauist po3apobneHoi METOAWKM KifbKiICHOrO BUSHAYEHHS! METNOKCUKaMY:

MeXa KinbKiCHOro BU3HAYEHHS;
[ianasoH 3aCTOCyBaHHS;

Puc. 1. MeTogonoris AOCiKEHHS KiNbKICHOrO BU3HAYEHHS MENOKCHKaMy B MiKapCbKuX npenaparax.

2 A
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Puc. 2. 3anexHicTb ONTUYHOI ryCTUHW NPOAYKTY peakuii Bif KiNbKOCTi peareHTy.

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

3arajbHa MeTOMKA BU3HAYEHHS METOKCHKAMY

Ilpucomyeannsa po3uuny NOpPiGHAHHA MeNTOKCUKAMY.
0,0450 r cyOcraHLii MeJIOKCMKaMy PO3YUHSIM B MipHIil
k01601 Ha 100,00 M1 y 1,4-nioKcaHi, TOBOIITH J0 TO3HAYKU
Ta repeMilryBaiii. 3 oTpuMaHoro pozunHy opamu 1,00 Mot i
TIEPEHOCHITH 110 MipHOT Korton Ha 25,00 mit, momasam 2,00 M
0,1 % pozunny niasomo yepBoHOTo 22K y BOII OUMINEHIH,
JOBOZVIIH BOZIOIO OYHIIICHOIO 10 MTO3HAYKH.

IIpuecomyesanns komnencayiiinozo pozuuny. JJo mipHoi
k05161 Ha 25,00 mu1 BHocwu 2,00 mit 0,1 % po3uuny miazo-
110 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 PO3YMHY IEPSHOCHIIN 10 MipHOT KOJION
MicTKicTiO 25,00 ML

Jisa anamizy tabmetok «Memoxcukam» 0,015 T (0,0540—
0,0660), «Memnoxcukam» 0,0075 r (0,0268-0,0332) Touny
HABaXKy PO3TEpPTOi TaOICTKOBOT MacH BHOCHIIM 10 MipHOT
koo mictkictio 100,00 mu, momasamu 10—15 M 1,4-mi-
OKCaHy, HarpiBaJIM Ha yJIBTPa3ByKOBIH OaHi (11 PO3YUHCHHS
JIIF0401 PEUOBUHU ), OXOJIO/KYBAIIH Ta JOBOMIH 1,4-11i0Kca-
HOM JI0 TIO3HAUKH, PeTeNbHO mepeminryBanu. OpepkaHuit
Ppo3uuH (HUIBTpYBaIH, IepLi nopiii Ginerpary Biaknaam, a
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OpueiHaribHi 0oCidxeHHs!

Tabnuus 1. O6paxyHoK NOBHOI HEBU3HAYEHOCTi METOAWKM KifbKiCHOrO BU3HaYeHHst Tabnetok «Menokcukamy» 0,0075 r

Onepadis npo6oniArotToBKu MapameTp pospaxyHkoBoi hopmynm

DocnigxyBaHui po3unH

1 B3atTa 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 B3aTTs 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= NN+ 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
«Menokcukamy Tabnetkm no 0,015 r 1,36 1,53 1,6
«Menokcvkam-TeBay posinH 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 nomasanu o 2,00 M HACHYCHOTO
po3urHy mia3oiro depBoHoro 2XK y Bomi ounmieHii. Peak-
LiifHy CyMIII TOBOJVIIN BOAOIO OYHIIICHOIO 10 ITO3HAYKH Ta
nepeminryBainu. ONTHYHY TYCTHHY BHUMIpIOBaJIM Ha (OHI
KOMITCHCAIIHOTO PO34MHY 32 IOBKHHH XBrITi 350 HM. Kinb-
KiCHHI BMICT TIpemnapaTy 00paxoByBaIH 3a 3aTaTbHOBI TOMOIO
(dopmyIoro.

BianosigHo no Bumor JI®Y, mist po3po0aeHIX METOIMK
BU3HAYEHO BaJigamiiiHi XapaKTepUCTHKHU: JiHIHHICTB,
MEXKY BUSBICHHS, MEXKY KUIBKICHOTO BHU3HAUCHHSI, Ji-
ama3oH 3aCTOCYBaHHS, MPEUM3IHHICTb, NPABHIBHICTD 1
pobacHicTs [3].

IIporHo3 noBHOI HEBU3HAYEHOCTI METOIUK

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

= V(AL AL »

FAO

e Asp — HEBU3HAYEHICTh MPOOOIIiATOTOBKH;

A, — IPOTHO30BaHA HEBU3HAYEHICTh KIHIIEBOI aHAIITHY-
HOI omepartii.

[lig gac oOpaxyHKy HEBH3HAYEHOCTI MPOOOIiATOTOBKH
BpaxoByBaJ BUMOTH JleprkaBHoi (hapmakoriel YKpaiHu mono

TPaHUYHO TPUITYCTUMHUX MTOXUOOK JIJIS MIPHOTO MTOCYTY, Bar
i mprmamiB. SIK IpUKIIaa HaBEIEHO 00paXyHOK HEBH3HAYE-
HOCTI JUTS KiJTbKICHOTO BU3HAYEHHS TaOJIETOK METTOKCHKAMY
o 0,0075 t (maén. 1, puc. 4).

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

IToBHY HEeBH3HAYEHICTh YCIX METOJMK aHAJII3y MEITOKCHKA-
MY B JIIKAPCHKUX Ipenaparax HaBeJeHO B madauyi 2.

JliniiiHICTh BUBYAQJIM 3 BUKOPHCTAHHSIM 9 MOIEIBHUX
po3uuHiB i3 BMicToM Big 80 % mo 120 % Big HOMIHAB-
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 IO/I0 MapaMEeTPiB JIiHIIHHOT 3aJI€KHOCTI,
TOOTO JITHIWHICTH METOIMKH IMTIATBEPPKEHO HAa BCHOMY Jlia-
T1a30Hi KOHIeHTpalii. Po3paxoBani mesxa 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 %, o Biamosigae Bumoram JJOV.
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Puc. 3. CnekTp nornnHaHHs NpoAyKTy peakLiii Menokcyukamy 3 Aiasonem 4epBoHum 2)K.

4 08
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Puc. 4. Posnogin HeBM3Ha4eHOCTi Npo6oniAroToBKM 3a onepaLlisiMv Anst KinbkicCHOro BU3HaveHHst Tabnetok «Menokcukam» no 0,0075 r.

Puc. 5. Mpadpik 3anexHOCTi ONTUYHOI NYCTUHM Bif KOHLIEHTpaLii MENoKCukaMmy B HOpManizoBaHWX KOOpAWHaTax.
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OpueiHaribHi 00CiOKeHHs

Tabnuus 3. PesynbraTv BUBYEHHS! NiHIMHOCTI METOAMKY KiNlbKICHOTO BU3Ha4EHHS MENOKCYKaMy

KyToBuit KoediLlieHT NiHINHOI 3anexHOCTi b 1,001

CraHpapTHe BigxunenHs 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 BiAXUNEHHA S 0,3192 <A, (%) 11(95 %, 7) BUKOHYETLCA
<1,60/1,89 = 0,8466

KoediuieHT kopensuii 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
BigHocHwii poBipumi iHTepBan (oaHOBIYHMIA) 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 peaynbratiB maxA, , % (B =5)<1,45% <1,6 % 1,6
«Menokcukam-TeBay» po3uuH Ans iH’ekuin 15 mr/ 1,5 mn
Z,, % 95,95
BigHocHe ctaHpapTHe BigxuneHHs S, % 1,311
BigHocHwii poBipumii iHTepBan (ogHOBIYHMIA) 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 HABAKOK TOTYBAJIM TPH PO3YMHH, 3 SKHMMH BHKO-
HYBaJIU 110 TPU NapajesbHi BUMipioBaHHs (Bchoro 9). 3a
pe3yabTaTtamMy, 0 OAEp Kallk, 00paXxoBaHO METPOJIOTIUHI
XapaKTepUCTHKU (mabi. 4).

O0paxoBaHi BEIMYMHY CBITYaTh PO TOYHICTH METONIUK B
00paHuX [iarma3oHax KOHIIEHTPAIlii, OCKUTBKH OHOOIIHIH
JIOBIpYMH 1HTEPBAI HE TIEPEBHIILY€ MAKCUMAJIbHY JIOITYCTHMY
HCBH3HAUCHICTh aHATI3Y.

[IpaBuabHICTE PO3pOOIIEHUX METOAWK KUTBKICHOTO BH-
3HA4YEHHS MEJIOKCHKaMy B CKJIaJl JIKapChKUX IIperiapariB
Bu3Havamm 3a J{®Y meromom mobaBok. J{ist IIbOTO 10 TPHOX
OJIHAKOBUX HABAXKOK JIIKAPCHKOTO Tpenapary A0/aBaliy pizHi
KIUTBKOCTI PO3YMHY MOPIBHSHHS MEJIOKCHKaMy Ta aHali3y-
Bany Tprdi. OTprMaHi 3HAYCHHS HABEJCHO y BiJICOTKAX Bif
TECOPETUYHOT0, 0OPAXOBAHO CEPEITHE Z (maén. 5).

3a maHuMH, 10 HAaBEAEHO B mabauyi 5, CHCTEMAaTH4HI
MOXMOKM HE NMEepeBHIIYIOTh KpUTepiiB HezHauymocTi. Lle
CBITYUTH ITPO PABMIIBHICTD PO3POOIICHNX METOIMK.

OcTaToyHNi BUCHOBOK TPO MPABWIBHICTH PE3YIIbTATIB
PpOOHIIH, TTOPIBHIOIOYX ONlepyKaHi 3HAYCHHS CHCTEMATHIHOL
MTOXUOKH 3 MaKCHMAJIBHO MPUITYCTUMOIO HEBH3HAYCHICTIO
anamisy |2, —100] < 0,32 maxA,  (ma6n. 5).

PoGacHicTh omiHIOBaIM Ha eTari po3poOIeHHS METOIUK.
JUist IIb0T0 BUBYAIH BIUIMB KiJIBKOCTI PEareHTy Ta cTadiib-
HICTh aHaJII30BaHUX PO3YMHIB Y yaci.

O6roBopeHHs

[MizcymyBaBIIM aHami3 BiJOMOCTEH HAayKOBOI JTepaTypu
110/I0 METO/IiB aHAJIi3y MEJIOKCHKaMYy B O10JIOTTYHUX piIHAX
1 JmKapchkux (opMax, MIHIUIM 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 cucTEMaTUYHOT MOXWBKK 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 NOXMOKM 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 HeaHauyLLOCTi cucTeMaTUYHOT MOXWBKK -

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

0,25 %< 1,02 %

Yy TIMBUMH, aji¢ NOTPEOyIOTh TPHBAJIOl POOOIATOTOBKH,
JIOpororo o0JiajHaHHS Ta BUTpAaTHUX MarepianiB. Okpemi
CTIEKTPOPOTOMETPUYHI METOANKHN HEJJOCTATHHO CENICKTUBHI
a0o moTpeldyIOTh TPUBAJIOTO Yacy Julsi BUKOHaHH: [ 19].

Tomy po3poOneHHS MPOCTOi, eKOHOMIYHOI Ta YyTIUBOT
CIIEKTPO(OTOMETPUIHOT METOIMKH KIIBKICHOTO BU3HAUECHHS
MEJIOKCHKaMYy B JIIKapChbKUX (hopmax, 0e3yMOBHO, € aKTyaJlb-
HHM JUTS1 BIOCKOHAJICHHS KOHTPOJTIO SIKOCTI (hapMaLleBTHYHHX
Tipernaparis.

ITix yac mocmimKeHHs] BCTAHOBJIEHO TaKl BaJIigariiiHi xa-
PAKTEePUCTHKHY, SIK JIIHIHHICTh, MEXa BUSBIICHHS, MEXa KiJTb-
KICHOTO BU3HAYCHHSI, IPABUIBHICTh, TOYHICTD 1 pOOACHICTS.
Po3pobiiena MeToiKa Yy TIIMBA, EKCIIpecHa Ta cTabiiibHa 110
HE3HAYHUX 3MIH YMOB CepeIoBHIIA. AMpoOallist MCTOIMKH,
3IifiCHeHa Ha TPbOX JIKApCHKUX IIpernaparax, ImiaTBEepIKye
MIPaBHJIBHICTD 1 TOUHICTH OTPUMAHUX PE3YJIbTaTIB.

HenomixoM po3po6iieHoi METOMUKH B aCTIEKTI «3€JICHO»
XiMii € Bukopucranus 1,4-mioKkcaHy Ui pO3UMHEHHS Me-
nokcukamy. [Ipore B criekTpo)OTOMETPOBaHOMY PO3YMHI
BMICT JIIOKCAaHY HEBEITUKHIA 1 CTAHOBHUTH 4 %.

BucHoBKku

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

2. 3a TaKUMH BaJTIAIIHHAMH XapaKTePUCTHKAMH, SIK JIi-
HIMHICTB, MEKa BUSBIIEHHS, MEKa KIJIbKICHOTO BU3HAYEHHS],
Jliara3oH 3aCTOCYBaHHs, MPELU31iHICTh, PaBUIBHICTD 1
pobacHicTs po3po0IeHI METOTUKH BaJIiIHI Ta BiIOBIIAIOTH
BuMoram Jlep>kanoi papmaxornei Ykpainu.
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Bu3HayeHHA TepMiHy NpuaaTHOCTI aKTUBHOro papMmaueBTUYHOIO
iHrpegieHTa mopdoniHin 2-(4-(2-meTokcudpeHin)-5-(4-nipuaun)-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 aaHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — ocTatouHe 3aTBepaXeHHs cTaTTi

Mip yac focnimKeHHs BU3HA4YUNW TEPMIHY NPUAATHOCTI aKTUBHOTO hapmMaLeBTnYHoro iHrpeaieHTa (A®I) mopdoninin 2-(4-(2-meTokende-
Hin)-5-(4-nipugun)-4H-1,2,4-tpiason-3-in)Tio)auerary LUNSXOM OLiHIOBaHHS AOTO KiNbKICHUX 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 KiNnbKiCHWMX nokasHukis ADI nig yac 36epiraHHs. XapakTepucTukm NiHIAHOT 3anex-
HOCTi Ta METPONOoriyHi XxapaktepucTukn YP-CO-MeToanKM BU3HAYMIN, 3aCTOCYBaBLUM METOAWN MaTEMATUYHOI cTaTCTUkL. HaBaxkn AdI
Gpanu 3a gonomoroto Bar aHaniTuiHux KERN ABT 120-5DM.

Pesynkratn. BctaHoBneHo, Lo nicns 3akiHYeHHs1 TepMiHy ekcnepumMeHTanbHoro 36epiranHst (npu 40 °C), Wwo BignoBigae TepmiHy npu-
[ATHOCTI 2 pokm (36epiraHHs 3a KiMHaTHOI TemnepaTypu), akTMBHUA hapMaLEBTUHHUI iHTPELiEHT, a came MopdoniHiesa Cinb 2-(5-(4-ni-
puaun)-4-(2-metokcuderin)-4H-1,2,4-tpiazon-3-in)Tio)aueTaTHoi KMCNOTK BiAMNOBI4ae BUMOraM TMMYacoBOi hapMakonenHoi CTaTTi.
Ha uin nigcraei B NpoekTi 3a3Ha4eHO TEPMIH NpuAaTHOCTI 2 poku. Buxoasum 3 Toro, Wwo mopdoninin 2-(5-(4-nipuonn)-4-(2-meTokcude-
Hin)-4H-1,2,4-tpiason-3-in)Tio)auetar mae atom Cynbdypy (I1), Skuit Moxe OKUCHIOBaTHCh, 36epirat npenapatit Ha OCcHOBI Liboro AdI
HeOoOXigHO B 3aXMLLEHOMY Bif CBiTNa MicLyj.

BucHoBku. Pesynsrati JocnigKeHHs 00rpyHTOBYIOTb TEPMiH 36epiraHHs MopdhoniHii 2-(4-(2-meTokeudenin)-5-(4-nipuaun)-4H-1,2,4-pi-
ason-3-in)Tio)aueTaTy 3a KiMHaTHOI TeMnepaTypy NPOTATOM HE MEHLLE Hix 2 pokiB 6e3 BTpaTyh AKOCTI.

KntoyoBi crnosa: TepMiH npuaaTHocTi, MopdoniHii 2-(4-(2-meTokendenin)-5-(4-nipuaun)-4H-1,2,4-tpiason-3-in)Tio)awueTart, npuckopeHe
CTapiHHSA 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 JIOCIHIKEHb, 110 Nepe0ayaloTh CHHTE3 aKTHB-
HUX (hapmarieBTHIHUX iHrpenieHTiB (ADI), BuB4eHHS IXHIX
(i3UKO-XIMIYHUX BIACTUBOCTEH, MiATBEP/KCHHS OyIOBH
Ta IHIWBITyaIbHOCTI, BH3HAUCHHS MOTCHINIHHOI (papMako-
JIOTTYHOI aKTHBHOCTI Ta BCTAHOBJICHHS ITOKa3HHUKIB TOKCHY-
Hocri [1,2,3].

[Ticnst nepuroro erary BuBueHHst ADI mpoxoxuTs crajiro
MIOTNIMOJICHOTO JOKJIIHIYHOTO BUBYEHHS. [lepes mouarkom
peectpaliii Heo0OXiTHO TaKOX ITPOBECTU EPBUHHY CTaHIAp-
TH3allil0 NOTEHLIHHOI cyOCcTaHmii Ta BU3HAYUTH KIIFOYOBI
acIIeKTH MOTEHLIIHOT JlikapcbKoi hopMu. YkiaanaHHs «Me-
TOJIiB KOHTPOJIIO SIKOCTD» TIOTEHLIHHOT cyOcTaHIii Ta JiKap-
cbKoi (hopMH nepedadae BU3HAYEHHS TEPMiHY IPHIaTHOCTI
ADI [4,5,6,7].

YV pe3ynerari JOCIIIKEHHS KIHCTUYHIX 3aKOHOMIPHOCTEH
niepe0iry pisHOMaHITHHX ITPOLIECIB BCTAHOBJICHO: MPOLEC
30epiraHHsl aKTUBHOTO (hapMalleBTHYHOTO 1HIPEAIEHTA, IO
CYIIPOBOIXKYETHCS XIMIYHOIO BH03MIHOIO JIIFOHYOI pedo-
BUHH, TIIOPSIIKOBY€ETHCSI KIHETHYHUM 3aKOHOMIPHOCTSIM
npoireciB mepmoro mopsaaky [8,9,10,11]. Busnauenns
TEpMiHY MPUIATHOCTI JIIKAPCHKOTO 3ac00y B YKpaiHi YiTKO
perameHToBaHo [12].

3ayBakuMo, 110 TaKi JOCIIIKCHHS MOXHa 3/IHCHIOBA-
TH JIBOMa METOJaMU: METOJOM IPHCKOPEHOTO CTapiHHS,
KOJIM aKTUBHUH (hapMaleBTHYHUIT IHIPEMieHT 30epiraeThb-
csl TIpH MiZBMIIEHIH Temreparypi IpoTaroM 6 MicsiiB, a
TaKoXX METO/OM 30epiraHHs Ipu 3BUYANHIN Temiepary-
pi[13,14,15,16,17].

VY po0oTi HaBeEHO TEOPETHYHE Ta NMPaKTUYHE OOIpyH-
TYBaHHS BU3HaUCHHs1 TepMiHy npuarHocTi ADI mopdominiit
2-(4-(2-metoxcudenin)-5-(4-nipunnn)-4H-1,2,4-rpiazon-
3-in)Tio)arieraTy METOJOM HMPUCKOPEHOTO CTapiHHS, M0
3HAYHO CKOPOYYE TPHBAIICTH JOCIHIKEHHS, CIIPHSIOUHN B
TaKui croci0 3MEHIEHHIO BUTPAT Ha IPOLEC peecTpaii
cyOcTaHIIii.

MeTa po6otu

Busnaunru repmin mpunarnocti ADI mopdoniniii 2-(4-(2-me-
Tokcudenin)-5-(4-nipuamn)-4H-1,2,4-tpiazon-3-in)rio)are-
TaTry METOJJOM IIPHCKOPEHOTO CTapiHHI.

Marepianu i MeTogu gocnimpkeHHA

[poanasizyBai HOpMAaTHBHY JJOKYMEHTAIIO0 i BU3HAYAIIH
Cy4acHi TEHJICHIIIT, 110 CYIPOBOIKYIOTh ITPOLIEC BUBUCHHS
AKTUBHUX (hapMalleBTUYHMX IHTpelieHTiB. 30Kpema 30cepe-

JITNCS Ha IUTaHHI 100 BU3HAYCHHSI TEPMiHY IPUJIATHOCTI
A®I Ta TOTEHIIIMHUX JIIKapCHKHUX 3aCO0iB.

Jnst Bu3HaueHHst tepminy npugarnocti AT mopdomniniit
2-(4-(2-metokcudenin)-5-(4-nipuamn)-4H-1,2,4-tpia-
30J1-3-1T)Ti0)areTaTy BUKOPHCTAHO METOA TPHCKOPEHOTO
CTapiHHs, a TAKOXX METOJI crieKTpodoromeTpii B YD-o0mnacTi
TSl BCTAHOBJIEHHS KIJIbKICHHX ITOKa3HHUKIB ADI it yac fioro
30epiranHsa. Metpornoriuai xapakTepucTuku YO-CD-me-
TOIVKHM BU3HAYMJIM, 3aCTOCYBABILIM METOAM MareMaTU4HOT
CTaTHUCTHUKH.

3amporoHOBaHA METOANKA XapaKTepU3YETHCS JIIHIIHOIO
3aJIC)KHICTIO [TOKA3HUKIB CBITIOMOIVIMHAHHA BiJ KOHLEH-
Tpamii po3unHy. Y®-CreKTpy BUMIpIOBAIM 32 JTOIIOMOTOIO
npwiagy SPECORD 200-222U214 (Himeuunna) B KBap-
IIOBHX KIOBETAX i3 TOBIIMHOIO pobodoro mapy 1 cm. Y BCix
BUIIa/IKaX BUKOPHCTAHO PO3UMHHMKH, 1110 MaJI{ aHAJITHYHY
KBaTi(iKaIFo «XIMIYHO YUCTI.

CriekTpy NOIIMHAHHSA, IO OTPUMaHi B pe3yJbTaTi eKc-
MEPUMEHTY, ONPAaIlOBaIi, BUKOPUCTABIIH JIiIIEH30BaHE
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 % (abo 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
kos0y Ha 25,00 Mt iepeHocsTh 2,00 MIT 0epKaHOTO PO3UHHY,
3HOBY JJOBOJISITH BOZIOIO OUHIIIEHOIO JI0 MITKH, TIEPEMIIITYIOTh.

OnTu4Hy TyCTHHY OEPXKAHOTO PO3uMHY Ha (poHI BOIH
OYHILIEHOT SIK KOMIEHCAI[IHHOTO PO3YHMHY BUMIPIOBAIN 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-
LCHTPAILIIO JIF0Y0T PCYOBHHU 00paxyBasy 3a GOpMyJIO:

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

Jie A — ONITHYHA TYCTHHA PO3YMHY MOpQoiHii 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 JIIFOUOT
peuoBunH (ADI), r; | — TOBIIMHA MIAPY PiAMHM, CM.
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Puc. 1. CnekTp nornunHaHHs po34nHy MopdoniHin 2-(5-(4-nipuaun)-4-(2-meTtokeudeHin)-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 MEIITYHOI aTeHIIi1, TePMiH IPHIATHOCTI
TIPOMHCIIOBOT cepil JTIKapCHKOT0 3ac00y CITijT BiJpaxoByBaTH
BiJl JaTH HOTO BHITYCKY, aJie SKIO MPOMIXKOK MiX JaTOrO
BUPOOHMIITBA Ta JIATOI0 BHITYCKY mepesuuiye 30 1HiB, TO
BiJl JaTH BUPOOHHUIITBA.

HuBineHmiz Koneke Yipaiau (cT. 251-254 1. 18) micTuth
TaKe IMOJIOKEHHS: «TePMiH — 16 KOHKPETHUI MOMEHT B 4aci, 3
SKAM TIOB’s3aHa J1ist 00 TOIist, III0 Ma€ IOpUANYIHY Bary. Bin
MOsKe OyTH BCTaHOBJICHUH KaJIeHIAPHOIO JIaTO0 ab0 IIpHB’si-
3aHMH J10 N1, sika 000B’I3KOBO HacTaHe. Biik TepMiHy
CTapTy€e 3 HACTYITHOTO JHS IICIs 3a3HAYECHOI KaleHIapHOl
JIaTH 9{ TICJIs HACTAHHS BIAMOBIMHOT mmofii. SKimo TepMin
BU3HAYEHO Y MICAIIIX, BiH 3aKIHUYETHCS Y YHCIIO OCTAHHBOTO
MICSIISL TaHOTO TIEPIOTy».

ITix gac mocimipKeHHS 3MIMCHIIIN SIKICHE Ta KIJIBKICHE BH-
3naqyeHHs1 ADI mopdominii 2-(4-(2-merokcudenin)-5-(4-i-
punun)-4H-1,2,4-tpia3on-3-in)Tio)arerary.

SkicHi peakmii Ha TOTEHIIWHY cyOcTaHIiI0 MOphOmiHii
2-(4-(2-metokcudenin)-5-(4-nipuamn)-4H-1,2,4-pia-
3011-3-11)TiO)arerary.

VY npobipky nomimarors 0,1 T mopdominiit 2-(4-(2-me-
TokcudeHin)-5-(4-nmipuann)-4H-1,2,4-rpiazon-3-in)rio)arie-
Tary, I0Maf0Th | MJI BOM O4MIIEHOT (a00 BUKOPUCTOBYIOTh
3azpaseriap npurotosati 1,0 % ado 2,5 % BojHI po3unHH).
Cymim HarpiBaroTh 10 KumiHHA. CTaHIapTHAHN JTaKMYCOBHI
Tiartip, 3MO4YeHHH BOJIOI0, CHHIE HaJl TAPAMH, 110 BUXO/ATD 3
npodipku (MopdotiH).

IIpu HarpiBaHHI B TOIyM 1 Ta30BOTO MATBHUKA TIATIIp, IO
3mouenuit pozurHom [IimromOym (I1) anerary H, B mapax, mio
BUXOJIATH 3 0OTBOPY IP0o0OipKu, HaOyBae Oyporo 3abapBIeHHS,
a srogioM crae yopHuM (Cymbdyp).

Y dapdoposiit yamni 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) i BUCYIIYIOTh Ha MOBITPI,
CYXHI 3aJTHIIOK ITOMIIIAIOTh Y IPOOIPKY, 10AI0Th TPUOIN3-
HO 0,1 T IuMeTnnaminoben3apaeriny P, 2 Mt cymimi aneran-
rigpuny P i 2 M kucnotn anerarnoi P (1 : 1), HarpiBaiots.
OtpumaHuii pO34MH 3a0aPBIIOETHCS B SICKPABO-CYHUYHUIMA
xorip (ADI).

VY npobipky momimamts 0au3bko 0,1 T mociiKyBaHoT
pedoBuHM, noaroTh | M Bomm oummeHoi (5 mia 1,0 %
yu 2,5 mut 2,5 % poszuuny), 1 mu pozunny Kynpym (II)
cynmbsdary. BinOyBaeTscst BUnaiiHas ocaay OIaKUTHOTO KO-
1b0py (2-(4-(2-metokcudenin)-5-(4-nmipuamn)-4H-1,2,4-1pi-
a30J1-3-im)Tio)arerar).

YV mpo0bipky nomimarots 6mm3bko 0,1 T mocimkyBaHOT
peyoBUHH, nonaroTh 1 Mi Boxu oumiieHoi (5 mia 1,0 % un
2,5 M1 2,5 % po3unny), 1 mit posunny @epym (11I) xmopumy.
BinOyBaeTbcst yTBOPEHHS 0caly OBTOTO KOJILOPY (MOp¢o-
ninil 2-(4-(2-metokcudenin)-5-(4-mipummn)-4H-1,2,4-Tpi-
azos-3-Ln)Tio)anerar).

V mpobipky nomimmarots 0,1 T ADI, nogarots 1 M1 Boau
ountenoi (5 mir 1,0 % um 2,5 M 2,5 % posunny), 1 Mt peax-
tuBy Bymapna. BinOyBaerbcest BUnaiiHHs 0cary KOpUYHEBOTO
koJpopy (ADI).

KinbkicHe Bu3HaueHHs AQI 37ificHUIN HAa OCHOBI IO-
TIMHAHHS CBITJIA B YIbTPadioneToBill OUISHIN CHEKTpa,
XapakTepHOro JUIsl pedoBHHU. BosHi po3unHu MopdodtiHiit
2-(4-(2-meTokcudenin)-5-(4-nipuamn)-4H-1,2,4-Tpia-
3011-3-11)Ti0)aleTaTy XapaKTepU3yIOThCsl HASBHICTIO 1HTCH-
CHBHOTO MKy TpH 275 HM (puc. 1).

BcranoBunm BiAMOBiMHICT 3akoHY bepa st miamazoHy
KOHLIeHTparliii Mopdominiit 2-(4-(2-meTokcudeHin)-5-(4-mi-
punmn)-4H-1,2,4-Tpiazon-3-im)rio)anerary. Pesynsratu
eKCIIePUMEHTAIILHUX JIOCII/DKeHb HaBeJCHO B mabnuyi 1.
OO0paxoBaHi mapaMeTpy JiHIHHOCTI BiAMOBiTat0Th Jlepxka-
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 BU3HaYeHHs MopdponiHin 2-(4-(2-metokeudpeHin)-5-(4-nipuann)-4H-1,2,4-Tpiason-3-injtio)auerary B 1,0 % 1a 2,5 %

po34MHax

_ 3nanpeHo A®I, % MetponoriyHi xapakTepucTmku

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 ONTUYHOT TYCTHHH Ta MOJISIPHOIO KOHIIEHTPAITI €10
BHTOTOBJIEHOTO TOYHOTO PO3YMHY MOpdomiHiil 2-(4-(2-me-
Tokcudenin)-5-(4-nipuaun)-4H-1,2,4-tpiazon-3-i1)Tio)
anerary onucye pisusHHA: A = 0,2952C + 0,0082.
Pesynbraru kinmbkicHOTO BrzHa4eHH: 1,0 % 12 2,5 % po3un-
HiB ADI HaBeneHo B mabauyi 2. IIoka3HAKY, 110 ONIepIKaHO,
XapaKTepU3yIOThCsl HU3bKUM 3HadeHHsAM RSD. Ha mincrasi
[UX JaHUX 3pOOMIIA BUCHOBOK PO 301KHICTH METOIHK.
Pe3ynbraté OpraHoONCNTUYHOTO aHAJI3y Ta KUTBKICHOTO
BuMmiptoBanHs ADI 2-(4-(2-metoxcudenin)-5-(4-mipuawn)-
4H-1,2,4-tpiazon-3-i1)Ti0)anerary HaBeeHO B mabauyi 3.

O6roBopeHHs

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

COBOI1 (hapMaKOTICHHOI CTaTTi, IO PErIAMEHTY€E TBOPIUHHIA
TepMiH MpuAaTHOCTI. Ha 1iif micTaBi B MPOEKTI 3a3HAYECHO
TEPMiH MPUAATHOCTI 2 POKH.

Buxonsan 1o TOTO, MO 10 CKIAMy JIKapChKOTO 3aco0y
BxoauTh ADI, SIKHit MiCTUTH aToM 1BOBasIeHTHOTO CyIb(ypy
(IMOBipHICTh OKHCHEHHST), 30epiraTi ImpemapaT HeoOXiIHO B
3aXHUILNEHOMY BiJ] CBITIIA MiCIIi.

Tepmin npugarnocti C npu temmeparypi 30epiranHs
(t° = 20 °C) moB’s13aHUH 3 EKCIICPUMEHTAIBHUM TEPMIHOM
npuaarHocti Ce pH MiABUILCHIN TEMITepaTypi eKCIICPHUMEH-
TanpHOro 30epiranHs (t° =40 °C) HacTynHOO HaOIKEHOIO
sanexxHicTio: C = [Jo x Ce.

Koedirtient Bimmosiguocti K mpwm (t°
CTaHOBUTD 4.

KinbkicHuit anani3z mopdominii 2-(5-(4-mipumn)-4-(2-me-
Tokcudenin)-1,2,4-Tpia3on-3-1Tio)anerary mokasas, IO
BTpaTy JIIF040{ PEYOBUHU Y TIPOLIEC] TPUCKOPEHOTO CTapiHHS

—t°

CKCIL. 36ep

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

30epiraHHs 38 METOOM NPUCKOPEHOTO CTapiHHS

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

TepmiH ekcnepumeHTy — 60 1ib, ekBiBaneHTHUI TepMiH 36epiraHHs — 240 fi6

BucHoBok npo
nNpuAaTHiCTbL

| 7,0 0,0102 X =0,00102 Mpo3opa pignHa Mpugathnii
0,0101 §,=223x10° XKOBTYBATOrO KOMbOPY,
I 7.0 0,0102 S=545x10° MO3NTUBHI peakLii
0,0102 Ax=1,41x10* 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 MpupatHuin
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, exsiBaneHTHWU TepMiH 36epiraHHs — 720 ai6
| 7,0 0,00923 x =0,00926 [Mposopa pignHa Mpupathni
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.
BuzHaueHHs TepMiHy MPUIATHOCTI:

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

OTtxe, TepMiH npupatHocTi cyOcrannii Mopgoininii
2-(5-(4-mipumun)-4-(2-meroxcudenin)-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
TEPMIH TPUIATHOCTI aKTMBHOTO (hapMaleBTUYHOTO iHIpe-
nientra 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.

Mopasiku

ABTOPM LUMPO AsiKyloTb 36poiiHNM cunam YkpaiHu Ta peaakLii HaykoBoro
XKypHany 3a MOXIMBICTb 34 iCHIOBATU JOCRIMKEHHS Ta My6nikyBaTht iXHi
pesyneraTty.
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OocnigxeHHs iHpopmaLinHO-6e3nekoBoro cepenoBuila
¢hapmaueBTUYHUX OpraHi3auii B ymoBax TpaHcdopmauii
dapmMaLeBTUYHOI NPAKTUKK

H. O. TkaueHkoPACEF C. C. Muctopa®8.cP

3anopisbkuil AepxaBHU Meayko-hapMaLeBTU4HUI yHIBEpCUTET, YkpaiHa

A — KOHUenUis Ta An3aitH gocnimpkeHHs; B — 36ip naHux; C — aHania 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-eKOHOMIYHWX XapaKTEPUCTUK Ha CMIPUNHATTS (hapMaLeBTUYHOO CMiMbHOTO LX CyD eKTiB.

Marepianu i metogu. EmnipuuHy 6a3y ctaHOBUMM pe3ynbraTii aHKETHOrO ONuUTYBaHHSA 228 thaxiBLiB hapMaLeBTUYHOTO CEKTopa (Hayko-
BO-NefaroriyHnx NpauiBHKKIB, NpaLiBHUKIB anTeyHUX 3aKnagis i hapmaueBTUYHMX koMnaHin). ONUTyBaHHS 3A4JCHEHO 3a aHKETO, WO
cchopmoBaHa 3a pesynsratamMmu HapaTWBHOTO Ornsidy HaykoBoi nitepatypu. CTaTMCTUYHMIA aHani3 nepegbaqaB obpaxyHok koedillieHTa
anbga Kpinnengopda Ans OUiHIOBaHHS y3rofKeHOCTi AyMOK, ByTcTpan-aHania Ans nepesipku cTabifbHOCTI pe3ynbTaTiB, a Takox X2-Kpu-
Tepiv ANs BUSIBMEHHS 3a51eXHOCTi KnacugikaLinHuxX cyoxeHb Big NpOMeCiHNX XapakTepUCTUK PECMNOHAEHTIB.

PesynkTatn. BcTaHOBNEHO HU3bKWIA 3aranbHuii piBeHb y3romxkeHocTi knacudikauii cy6’eTis IBOC, wo cBigunTb Npo BiaCyTHICTb eAnHOT
npodeciHoi no3uuii. HaiBwLLy y3romkeHicTb Manu HaykoBo-neaaroriyHi npauisHukm (a = 0,55), pesynsraTi skux BUKOPUCTaHO sik 6asuc
A5t 0CcTaTouHOI Knacudikauii. AHanis x>-kpuTepito nokasas, Lo Kracudikalis icTOTHO 3anexwuTb Bif nocaau Ta focsiay poboTh pecroH-
aentiB. OctatoyHy mogens IBPC nobynoBaHo 3a AaHUMM GaraTopiBHEBOTO OLIHIOBAHHS: 3aranbHKX BiACOTKOBMX OLLHOK, CTabinbHOCTI
AYMOK Y niarpynax i pe3ynbratiB HayKoBO-NeAaroriyHyx npawiBHuKIB.

BucHoBku. [locnigxeHHs fano aMory BUSIBUTW IMOOKY reTepOoreHHICTb y cnpuiiHATTi cTpykTypn IBOC cepen npodecioHanis hapmave-
BTUYHOI CChepy OXOPOHM 300POB's, LU0 NoTpedye hopMyBaHHS CMiNbHOIO PO3yMiHHS poneii i dyHKL cy6’ekTiB y LMpoBOMY CEPEaOBULL.
OTpumaHi faHi MoXyTb Oy Ty BUKOpPUCTaHi ANs BOOCKOHANEHHS yNpaBniHCbKUX cTparterin y dhapmaii Ta iHTerpauii npuHumnis iHopmaLinHoi
©esnekun Ha BCiX piBHSX opraHisauii hapmaueBTUYHOI 4OMOMOTK.

KntouoBi cnoea: iHopmaliiiHa Be3neka, iHpopmaLiiHi cuctemn y dapmalii, eKCnepTHUIA KOHCEHCYC, LndpoBe 300poB’s, Lnudpose
(hapmaLieBTUYHE CepeoByLLE, OpraHisaLiiHe cepefoBuLLE.

AkTyanbHi nuTaHHA hapmaueBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2025. T. 18, Ne 2(48). C. 174-185

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.

Current issues in pharmacy and medicine: science and practice. 2025;18(2):174-185

[pouecu Tpanchopmarii Ta 1pdpoBizaLii cHCTeMH OXOPOHU
37I0POB’s1 CTBOPHJIM HOBI MOMKJIMBOCTI JIJIsI 3a0€3ICUCHHS J10-
CTYITHOCTI MEANYHOI Ta (hapMarieBTHIHOI JoroMoru. OnHak
BOJHOYAC MIPH3BENH JI0 3pOCTaHHS PH3HKIB iHPOpMALIiiTHOTO
Xapaxrepy. 3anpoBapKeHHs TeleMeanIHu, e-Health, enex-
TPOHHOTO PELIETITY, OHJIAHH-KOHCYIIETYBAaHHSI, PI3SHOMaHITHUX
(apmareBTHUHIX UTaTopM (Hampukitam, tabletki.ua, apteki.
ua, liki.net.ua, eliky.in.ua.) popmye HOBe iH(DOpMaIIiiHO-0e3-
niexose cepeznosuie (IbC) dapmaneBTnanux opraxizamiit
(DPO), sike moTpeOye KOMIUIEKCHOTO BUBYCHHS Ta HAYKOBOTO
0OIpyHTYBaHHS.

Bcecsitnst opranizaiis oxoponu 310pos’st (BOO3) pazom
i3 MibknapomHoio (apmaneBTraHOIO (penepartiero (FIP) Ha-
TOJIOIIYFOTh, 10 OC3MeKa MAI[IEHTIB € OMHUM 13 KITFOUOBHX
OpieHTHPIB (hapMaIleBTUIHOI MPAKTHUKH 1 Ma€ IPYHTYBaTUCS
HE JIUIIE Ha IPaBIIIBHOMY BHOODI JTiKapchkoro 3aco0y [ 1,2],
asie ¥ Ha Oe3MeYHOMY YIpaBIIiHHI JAHUMH, KOMYHIKaIi€o
Ta iHQOpPMALIHHIMH IMPOIeCcCaMH, 0 BiIOyBaIOTHCS B
iHpopmauiitnomy cepenosuini ®O [3,4,5]. Jlocin kpain
€C, Kanamu, CIIIA cBiguuTh, 110 OUTBIIICTE KPUTUIHUX
MOMHJIOK, OB SI3aHUX 13 JIKApCHKUMH 3ac00aMH, BUHH-
KaIOTh BHACJIINOK IIOEHAHHS JIIOICHKOTO (pakTopa i Tex-
HOJIOTIYHUX HENOMIKIB iHpOpMaliitHoT cucTeMu (30KpeMa,
eNEeKTPOHHOTO PEleNTyBaHHs a00 JOTICTUKH JTiKapChKHUX
3aco00iB) [6,7].

VY Takomy opmari npakTHuHOI (apmarii ajs rnarieH-
TiB BUHHKAIOTH HOBI BUKJIMKH: HEIOCTATHS BepU(iKaIlis
ocobu, 0oOMekeHa MOMKJIUBICTh KOHCYJIbTAIll MMiJ Yac
JIMCTAHILIHHOTO BiJITyCKY JIIKAPCHKOTO 3ac00y, HEHAJIEKHE
iH(hOpMyBaHHSI IIO/I0 IPU3HAYCHD, & TAKOK PU3UKH BUTOKY
MIEPCOHAIBHUX MEIMYHUX aHUX, PU3UKH 1010 aBTOHOMIT
TalieHTa Ta CIIJIBHOTO YXBaJICHHS PIlIEHb B CHCTEMI OXO-
ponu 3m0poB’s [8,9]. KpiM TorO0, 3 SBISIOTHCS BUKIUKH W
Juist hapMarieBTiB 1 JiKapiB, a camMe BUCOKHH piBeHb 1u(-
POBOTO HAaBaHTAKECHHsI, HOTPAIUIIHHS y 30HY IOPHIUYHOT
BiJIITIOBIATEHOCTI Y pa3i MOMIIIKH, sIKa 3aTPOXKY€E 370POB IO
TaIieHTa, PU3UK HECAHKIIOHOBAHOTO JIOCTYITY JI0 CUCTEMH,
ITiIBUIIICHA BPA3IHBICTh JI0 (QIITUHTOBHX aTaK a0o MigpOoOKU
eIIeKTPOHHOTO Tiamucy Tomo [8,9,10].

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

LiIHOI0 OE3MEeKOI0 B anTeKaxX, HOPMATUBHOI 0a3H MO0 3aXH-
CTy JaHuX y (hapMaIleBTHUHOMY KOHTEKCTI, HU3bKUIl PIBCHb
TIITOTOBKY (papManeBTiB y cdepi i poBoi Oe3neku i om0
MMUTaHb METIaKOMITETEHTHOCTI CTBOPIOIOTH CHCTEMHI PH3HKH
Jutst Beiei papmanieBTHaHOT tonomoru [ 14,15].

Tomy nocnimkenus IbC @O akTyanizyloTbesi B HanpsiMi
TTiIBUIIIEHHA SIKOCTi 00CITyTOBYBaHHS, IKOCTIi (hapmarieBTHI-
HOT iH(opMaLlil B CHCTEMi OXOPOHHU 370POB’sl, 30epEeIKSHHS
JIOBIpH TAIIIE€HTIB Ta 3aXUCTY MpodeciiHoi AisubHOCTI (ap-
MAIleBTiB y HOBUX IH(POBHUX peaisx.

MeTa po6otu

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

Marepianu i meToau gocnigxeHHs

Emnipuuny 0a3y 0CHiPKEHHS! CTAaHOBWJIN PE3yIbTaTH
AQHKETHOTO OIMTYBAaHHs MPEICTABHUKIB (apMarieBTHIHOI
CIJIbHOTH, 30KpeMa HAyKOBO-IIEIarOriYHHUX MPAI[iBHUKIB
3aKJIajiB BUIIOI OCBITH (papMalleBTUYHOTO CIIPSIMYBaHHS,
SIKI BUKJIAIAIOTh AUCIUILTIHE YIPaBIiHCHKO-OpTraHizaIiii-
HOTO XapakTepy Ta MaloTh (papMarieBTH4HY OCBITY, a TAKOX
(axiBLiB, SKI PAIIOIOTH B aATEYHNX 3aKJIaJaX Ta ONTOBUX
(hapMareBTHIHIX KOMIAHISX.

[Tin yac poOGOTH BUKOPHCTAHO TaKi METOIM: aHKETYyBaH-
HS NIPEJICTABHUKIB (hapMalieBTUYHOI cijibHOTH (n = 228);
HapaTUBHHUI OIS HAYKOBOI JITEparypH Juisi (OopMyBaHHS
iH(pOpMaIIiitHOT 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 irepamiit) ;s nepeBipky CTabLIBHOCTI KOE(iLli€HTIB;
Y2-KpHTEPIii 1 >-KPUTEPIii 3 TIOMPABKOIO Ha TPABIOMOIIOHICTh
y cepenosuiii IBM SPSS 23.0 mist nepeBipKu rirnoTes oo
BIUIUBY COILiaJIbHO-€KOHOMIYHUX XapaKTepPHUCTUK (Iocasa,
CTaX, OCBiTa) Ha Y3TOLKEHICTh TYMOK PECTIOH/ICHTIB.

Jlyis mepeBipKM CHCTEMaTHYHOI Y3TOJKEHOCTI JyMOK
BHUKOpUCTaHO KpuTepiil anbda Kpinmengopda anst Homi-
HalbHUX JaHuX. OOpaxyHKH BHKOHAHO B NPOTPAMHOMY
cepenoBuil R, Bukopucramu makeru irr, readxl, ggplot2,
3a popmymnoro:a = 1 —D_/ D , ne Do — BusBiena nucnepcis
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« 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 ormiHfoBadamm;, De — ouikyBaHa mucmepcia (expected
disagreement), T00TO mepenOadyBaHUN CTYIIHb HE3TOMIM,
SIKOM OIIHKY OYJTH BUIAIKOBHMH.

IIpu npoMy BpaxoByBaiy, 10 o = 1, TOOTO iCHy€e IMOBHE
TTOTO/HKEHHS MK OI[IHIOBaYaMH — BCi TOCTaBHJIA OHAKOBY
OIIIHKY JUIs BCiX 00’€KTiB; 0. = 0 — HEMAa€e TOTOKCHHS MiXK
OI[IHIOBaYaMH, TOOTO TXHi OLIIHKK BUIAAKOBI; o0 < ) — 3HAYHa
HEBIIMOBIIHICTh, HABITH OLTBINA, HIXK TPU BUMAJIKOBOMY
o3IO OIHOK (HaAMipHHMI piBeHb HE3TomH abo I1e MOXKe
OyTH OB S13aHO 3 IOMIJIKOO B JTaHHX ).

[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 — crabke mMOTOMKEHHS;
0,00-0,20 — my>xe cabKe MOTOMHKEHHS; BiZl’€MHI 3HAYCHHS
— HEBIJANOBIIHOCTI HACTIILKY 3HAYHI, 1110 HABITH BUITAIKOBI
OIIiHKH TTPHU3BOJATH JI0 OUTHIIIOTO TTOTOKEHHS.

s oriHOBaHHS CTaOUTBHOCTI OTPUMAHOTO 3HAUYCHHS
anbda Kpinnennopga Bukonano Oyrcrpan-anaiiz i3 1000
MTOBTOPCHB, SIKMIA JTA€ 3MOTY OLIIHUTH JIOBIPYUI iHTSPBA IS
koe(irieHTa y3ro/pKeHOCTI Ta BU3HAYUTH CTIHKICTH PIiBHS
3TONTN EKCTICPTIB.

JocmimkeHHs nependadano Kijdbka eTariB, [0 HaBeACHI
Ha puc. 1.

Iadopmaniitno-0e3nekoBe (hapMarieBTHYHE CEpeOBHIIE
(IB®C) mpoekTyBaNd Ha MiACTaB1 Pe3yNIBTaTiB OMUTYBAHHS.
CriemiambHO pO3pOOIEHO aHKETY, IO BKJIFOYAA KijbKa 0710~
KiB 3anurtanb. [lepia yacTuHa ONMUTyBaIbHHUKA Jajia 3MOTY
chopmyBaT comialbHO-AeMorpadiuHy XapaKTepHUCTUKY
pecmoHIeHTIB, npyra — posnoninutu cyo’ektu IBOC 3a
HAaJIXKHICTIO /10 BHYTPIIIHBOTO / 30BHILIHBOTO CETMEHTA Ta
3’sicyBaTH OCHOBHI 1poOsieMu Qapmartii y ronmHi iHpop-
Maniitaoi 6esnexu (IB), Tpetst — poznoninur 06’ extn IBOC
3a HAJIG)KHICTIO 10 BHYTPIIIHHOTO / 30BHIITHHOTO CETMEHTA.

Po3po0iii aHkeTH repe/yBaB HapaTHBHHIA HAYKOBHH OIS
BITUM3HSHMX Ta IHO3EMHHX TIpallb 3 HOPYIIEHOTO MUTAHHSI,
SIKA JJaB 3MOTY 310paty iHpopMaiitHUi KOHTEHT, Ha SIKOMY
6azyBamcs muTaHHsA aHKeTH. KpiM Toro, Apyra Ta TpeTs Ja-
CTHHA aHKETHU BKJIIOYAIIH PO3’ ICHIOBAILHUIT Marepiall oo
MOHSITH «IH(OpMAITiiHa Oe3MeKay, «(hapMaleBTHIHUI CEKTOP
OXOPOHH 37J0POB’ D, «30BHIIIHE CEPEIOBHIIIEY, «BHYTPIIIHE
CepeoBHIIEeY, «KOH(DIAEHIIIHHA iHpOopMAaLisny, «iHpopMaris
npo Gi3udHy 0Co0y».

Hanpuxnan, iHdpopmariiiny Ge3rnexy BU3HaYalM sIK CTaH
3aXHIIEHOCT] iHPOPMAIIHHOTO CEPEIOBHUINA OCOOH, i TIPH-
€MCTBa, CyCITUTECTBA 200 AEPIKABH, JUIS SIKOTO BiMOBITHMI
KOMIUIEKC 3aXO[iB 3aro0irae mosiBi HEraTUBHUX HACIIIIKIB
BIUIMBY Ha iH(OpMalliiiHe cepeoBHILe Ta Oro CKIIaJIoBI PH
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YMHCHHX, HECAHKITIOHOBAHNX Ta HEYMICHUX MaHIITyJIAIIISIX
3 iH(pOopMaIIi€ro.

®apMaleBTUUYHUN CEKTOP OXOPOHU 30POB’Sl — CYKYII-
HICTh MiANPUEMCTB, OpTaHi3amiil i ycTaHOB (Cy0’ €KTH
— IOpUINYHI H Qi3uyHI 0co0M), 3aHATHX y MPOLECi CTBO-
PeHHSI, BAPOOHUIITBA, peati3alii JiKapchbKUX CyOCTaHIiH,
npenaparis i MEAMYHUX BUPOOiB, 3a0e311e4eHHST KOHTPOJTIO
TXHBOT SIKOCTI, @ TAKOX MIITOTOBKHU Ta MEPENiIrOTOBKU Ka-
JpiB; II€ BIAKpUTA CUCTEMA, HA SIKY BIUIMBAIOTH 30BHIIIHI
(baxropu.

30BHIIIIHE CEPEIOBHUILIE TPSMOTO BILTUBY BKIIFOUAE (PaKTO-
Py, 10 6e31MoCcepEaHBO BILTMBAIOTH Ha AisUTBHICT CY0 €KTIB
1 cami 3a3HAfOTH 3BOPOTHOTO BIUTHBY: CIIOXKHBAadi, TIOCTa-
YabHUKN PECYPCiB, 3aKTaI OXOPOHH 3I0pPOB’S, 3aKOHH i
JiepKaBHI OpTaHy TOIIO. SIK 30BHIIIHE CEPEIOBHUIILE HETIPS-
MOT0 BIDTABY CIILJT pO3yMiTH (DaKTOPH, sIKi O€3MOCePETHBO HE
BIUTUBAIOTH Ha JISUTRHICTH (DapMAIIeBTUYHIX OPraHi3allii, aie
TaK Y¥ 1HAKIIIC Ha Hill T03HAYAFOTHCS: TIOMITHYHI, COIIOKYIIb-
TYpHI YMHHUKH, CTaH €KOHOMIKHU, MDDKHAPOIHI MOJiT TOLIO.

Jo ampoOarrii aHKeTH 3aTy9YeHO HAyKOBO-IICIArOTiuHIX
npaniBaukie (HIIIT) xadenpu opranizanii Ta eKOHOMIKH
¢apmarii JIbBIBCbKOrO HaI[lOHAILHOTO MEAWYHOTO YHIBEp-
curety imMeHi [lanuna ['anuipKoro.

Jocmimkenus 30iHCHIIH, JOTPUMYIOUNCH TOJIOXKEHB
Ienpcincpkoi nexmapartii BeecBiTHROI MequaHOT opraHizarii
«ETHYHI MPUHIMIN MEWYHAX JOCHIHKEHB 32 YJaCTIO JIFOIH-
HH y SKOCTI 00’ €KTa gociimkeHHs» [ 16]. AHKeTy moronuia
KOMICIsl 3 THTaHb OI0CTHKH 3aropi3bKOro IePKaBHOTO Me-
JMKO-(hapMareBTH4HOro yHiBepeuTety (rpotokon Ne 8 Bif
18.10.2023 p.). AHKeTyBaHHS 3IIHCHHUIN MTPOTATOM JIFOTOTO
— koBTHS 2024 poKy.

Pesynktatu

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

PecrnionenTam mmiciasg o3HaOMIIEHHS 3 IOBIJKOBOIO 1H-
(dbopMartiero 0 Ipyroro po3miay aHKETH 3alpOIIOHOBAHO
posnonimuty cy6’ektiB IbAC 3a HaneXHICTIO 10 BHYTpILI-
HBOTO / 30BHIIIHBOTO CETMEHTA CUCTEMH a00 He BKJIFOYATH
1o IB®DC. VYzaranbHeH] pe3ynbTaTH JTyMOK aHKETOBaHHUX
3a 4acTOTaMH BiJl 3arajbHOl KUIBKOCTI HaBEACHO B mab/iu-
yi 2. BeranosieHo, 110 10710 6utbmocti «cy6’exti IBOCy
PECIIOH/ICHTH HE IOCAraroTh HaBiTh 50 % y3romkeHocCTi, a
TIOJICKOJIM PI3HHUII MIXK BIICOTKOBHM PO3IIOILJIOM Bi/IITOBICH
nemae (HITIT 3axaniB ocBiTH (hapMarieBTHIHOTO | MEIMYHOTO
CIpsIMyBaHH:) a0 BOHA € HE3HAYHOIO (3100yBaui (hapmare-
BTHYHOI OCBITH).

J1s mepeBipkH CHCTEMaTHYHOI y3TOKEHOCTI TyMOK 1
MiATBEP/HKEHHS OTPUMAHNUX 3HaYCHb 00PaxOByBaJll Koe-
¢inient anpda Kpinmenmopda mist HOMiHATPHAX JaHUX,
a JUIA OIIHIOBAaHHS CTaOITBHOCTI OTPHUMAHOTO 3HAYCHHS
3aificanm O6yterpen-ananiz i3 1000 nmoBropens. Ha xox-
HOMY eTarti OyTcTpen-aHanisy (mabn. 3) Opaiu BUMAIKOBY
BHOIPKY 3 TOBTOPEHHSIM Cepell 00’ €KTiB OI[IHIOBAHHS 1
cepeJi peCIIOHICHTIB-EKCIIePTIB, JIJIsl KOXKHOT Oy TCTper-pe-

TiKamii oourcoBanu koedimieHt anbda Kpinmennopda.
3a pesyasraramu 1000 cumysisiii 00YMCICHO KBAHTHIII
(2,5 %, 50,0 %, 97,5 %), Axi BU3HAYAIOTH NOBipUHil
iHTEepBaJI, Ta JJISl YHAOYHEHHS PE3yJbTaTiB MOOYJ0BaHO
TicTOrpaMu.

J171s1 OLIiHFOBaHHS Y3TrO/IKEHOCTI BAKOPUCTAHO KOS(ILliEHT
anpa Kpinmennopda, 3HauCHHS SKOTO BapifOrOTh Bif -1
1o 1, ne 1 o3Hauae moBHY 3roxay, a 0 — BiACYTHICTb 3TOMH.
3aranom, 3a TaHUMHU mabauyi 3, U1 BCIX PECTIOH/ICHTIB
Y3TOKCHICTh IYMOK € j1ysKe ¢i1abkoro (0,063), 110 CBiIIUTh
PO iICTOTHI pO301KHOCTI Y BU3HAYCHHI MEXK CEPEIOBHIIA.
ToGTo TobaNbHA Mipa y3rofKEHOCTI, 10 BPaxoBYE BCi
00’€KTH JOCIIKEHHS, yCiX eKCIepTiB 1 Bei Kareropii Bi-
TTOBI1IeH i1 9ac OLiHIOBaHHA CTa01IBHOCTI pe3yIbTaTiB, HE
nepetHyna Mexy 0,1. HaliBUIIy y3romKeHicTh BUZHAYCHO
cepex HIIIT (0,381), xoua i 11 kmacu¢ikyroTs sk cimadky. Lle
IAKPECITIOE TeTEPOTreHHICTh YSIBICHb PO iH(OopMaLiiiHy
6e3mnexy y ¢apmareBTHuHil chepi. Tomy, 3BaXkarodn Ha
3HAYYINI YaCTOTHI BIMIHHOCTI, III0 BCTAHOBJICHI IIiJ Yac
3araTbHOBHOIPKOBOTO OIIHIOBAHHS OUTBIIOCTI Cy0’€KTIB
(110 akTHUHO HE J1a€ 3MOTU OJTHO3HAYHO BCTAHOBHUTH
HAJISKHICTh Cy0’€KTa /10 IEBHOTO CEPEIOBHIIA), a TAKOXK
BPaXOBYIOYH 3aralibHOBUOIpKOBHii koeditieHT anbda Kpin-
nieHaop¢a, BUPIIIMIN OLIHATH PIBEHb Y3TOPKEHOCTI TyMOK
PECIIOHACHTIB 1010 KiIacudikaiii cyd’€KTiB y miarpymax
3 HACTYITHUM OOpaHHsIM SIK KiacudikaniifHoro 6asucy Bi-
TIOBi/IeH THX peCIOHAEHTIB, KoedimnienT Kpinnengopda B
SIKMX Ma€ HaiO1Ibllle 3HaYeHHs. 3a JaHUMHU, 1110 HaBeAeH]
B mabauyi 3, HalOINBII CHCTEMAaTHIHUMH B OITIHKAX OyIn
HIIIT: mix gac mepeBipku CTaOLIBHOCTI Pe3yabTaTy Koe-
¢imient Kpimmernopda nocsras 3naderns 0,55 (cepenHe
noroykeHHs). Otxe, pesynsratu onutyBaHHs HIIII cramu
KITFOYOBUM KPHUTEPIEM TS TIONATBIIOT KIlach(ikarii cy0’ ek-
TIB 32 CEpPEIIOBHUILIEM.

OCKiJIbKM OTpHUMaHi 3arajibHi Ta MiATPYIIOBI PE3yJIbTaTH
Y3TOIDKEHOCTI BKa3ylOTh Ha TETEPOTeHHICTh TyMOK PECIIOH-
JICHTIB, HAZaJIi BUBYAJIM, 1[0 CaME BIUIMBAE HA OAUCHHS MiCLIs
Ha3BaHMX 00 €KTIB y cucTeMi Oe3MekH (BIUIMB COIiaIbHO-
eKOHOMIYHHX (DaKTOpiB: IOCaja, OCBITa TOIIO).

Jlist mepeBipKH TiloTe3! 00 BIUIMBY Ha Y3rOIKEHICTh
JYMOK COILIaTbHO-€KOHOMITHOTO CTaTyCy (haXiBIliB BHKOPH-
CTaHO KPHUTEPii >

JList IbOT0 BU3HAYEHO HYJTBOBY Tinmotesy H (po3mosin my-
MOK / piBEHb y3TO/DKEHOCTI HE 3aJIeKUTB BiJ] rpynH (axiBIiB
3a COIaTbHO-eKOHOMIYHUM CTaTyTOM (PO3MOILT BHUITAIKO-
BHii)) Ta anbrepHaTHBHY Tinotesy H, (posnozin 3anexurs
BiJ] rpymH (haxXiBILiB).

Takox 00paxyBaJu ’ i3 MOMPABKOIO Ha MPaBIONOIOHICTh
Yepe3 HasBHICTh OUiKyBaHHUX YacTOT MEHIIIE HIXK 5 Y TaOMHIIi
CIIPSDKEHHSI, MAJTMH pO3Mip BUOIPKHM Ta 3HAYHY BapiaTUBHICTh
JaHUX (maba. 4). 3acToCyBaHHS L€l MONPaBKNA pOOUTH TECT
OUTBII HATIMHUM 1 3a0e3Meuye KOPEKTHY IHTEPIPETAILIiio
Ppe3yJbTaris.

[I{omgo GinmpmIocTi cy®’€KTiB BU3HAUYCHO 3aJICKHICTH
kiacudikarii BiJ] TOCaau Ta JOCBILYy pOOOTH ONUTYBAHUX,
TOOTO BCTAHOBWJIM MPO(ECiifHy Pi3HHUITIO 33 CIIPUHAHATTIM
cy0’exriB. Pax He MaB 3HAYHOTO BIUIMBY Ha Y3TOKEHICTh
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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 poki 16
55 pokis i cTapLue 15
lMocapa HaykoBo-negarori4Hui npaLisHuK 39
MeHemxep hapmaLeBTUYHOI KOMMaHii 6
3asigyBay anTeku 29
dapmavesT 72
AcunCTeHT hapmaLesTa 48
[Hwe 34
Crax poboTu 3a haxom [o 5 pokiB 147
5-10 pokis 24
11-15 pokiB 17
16-20 pokiB 8
MoHag 20 pokiB 32
Cratb XKiHova 207
Yonosiva 21

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

Jlikapi Ta iHLUMIA MeanYHNA NepcoHan 57,02 % 2719 % 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)

lpyna KoediujeHT anbda [oBipuni iHTepBan KoediuieHT anba Pesynbratn cumynsuii
PECNOHAEHTIB Kpinnengopda a=0,05 Kpinnengopda
(6yTcTpan-aHanis)
Yci pecnioHgeHTn 0,063 0,035-0,099 0,063
(n=228)
Iia Brmmn ey e B
i
HMN 0,381 0,25-0,55 0,385
(n=39)
[[er) SIS PR
i
MeHemxep 0,055 0,011-0,452 0,182
(n=6)
1000 ot g Lol Aty
'F =
3asigyBay anTeku 0,037 0,008-0,127 0,059
(n=29)
im0l Bt mopest ot Bewly
i
dapmaLesT 0,034 0,015-0,081 0,042
(n=72)
0 B et e Bt
i
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MpopoBxeHHs Tabnuui 3.

Ipyna KoediujieHT anba [oBipuni iHTepBan KoediuieHT anba Pesynbratn cumynsuii
PECNOHAEHTIB Kpinnengopda a=0,05 Kpinnengopda

(6yTcTpan-aHanis)
AcuCTeHT 0,036 0,012-0,102 0,048
¢hapmaLieBTa
(n=48) [PY Sp———

| L

[Hwa 0,077 0,032-0,178 0,094
(n=34)

O B b aOpe] S lnted Bty

-

Tabnuus 4. OuiHIOBaHHS BNIMBY COLIiaNbHO-EKOHOMIYHNX XapaKTEPUCTVK PECTIOHAEHTIB Ha Y3rofpKeHICTb AYMOK 3a pesynsTatamit BAKOPUCTAHHS KpUTepito x>
Cy6’ekr OuiHloBaHHA BNNMBY nocaau OuiHtoBaHHA BNNKBY chaxy OuiHroBaHHsA BNMBY AOCBIAY po6oTy

X X2 i3 nonpaBKoto Ha ¥ i3 nonpaBKoto Ha X? i3 nonpaBKoto Ha
npaBgonoAibHicTL npaBgonoAibHicTL npaBAoNoAiGHICTL

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=0493,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=1179,
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= 2,08, 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 MeouyHoi 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.

OuiHoBaHHA BNNKBY 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 dopmyiots | 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 opraHu 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=38,
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=1,717, 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
3aKrazy OXopoHu 300poB’'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 — BUpobHuku | 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
thapmaveBTryHoro 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, ¥2= 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 onikyrTbCs 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 (hakTOpH, SK-OT MOcana i T0CBil, (GOPMYIOTH pi3Hi
norsiiM Ha iHdopMaliiny Oesnexy y ¢apmaneBTHUHIH
coepi. s cy6’€ekTiB, y SKUX )y’ BHSIBHUBCS CTATHCTHIHO
HE3HAYYIIUM, MOJKHA BBaXKATH, 1110 Kiacudikais cyd’ekra

Jnst ocraTognoi Kitacuikarii cy0’ €KTiB 3a IXHBOIO HaIeXK-
HICTIO JIO CEPEIOBHINA YKIIAACHO madnuyio 5, 1o IPYHTY€Th-
CsI Ha CYKYITHOCTI JTAaHUX, sIKi BKJTFOYatOTh 3arallbHi BIIICOTKOB1
O30T TyMOK PECTIOH/ICHTIB, OI[IHFOBAHHS CTIMKOCTI KITa-
cuikari 3 ypaxyBaHHSIM COIIaIbHO-EKOHOMIYHUX XapaKTe-
PHCTHK PECTIOH/ICHTIB (32 TPbOMa JIOIaTKOBUMH KPUTEPISIMH)
Ta BiCOTKOBI po3moxiim xymok HIII, st sikux BU3HAYEHO
HaWBHIIWH piBeHb y3ro/pkeHocTi. OTke, y TaOIuIli HaBEACHO

€ CTIHKOFO 3-ITOMIK CTICITIaJTiCTiB, III0 MOXKE IiATBEPIKYBATH
11 00’ ekTHBHICTB. TOOTO 00’ €KT AIMCHO JIOTIYHO 1 IPABUITBHO
BU3HAYCHO JIO MICBHOT KAaTEropii 4u cepeIOBHUINA.
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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
A0 cepenoBuMLla knacudikauii Knacudikauii Knacudikauii [0 cepeaoBuLa
3a pesynbraTtamu cy6’ekTa 3a cy6’ekTa 3a cy6’ekTa 3a 3a pesynbTaTamu
3aranbHUX pe3ynsratamu pe3ynsratamu pe3ynsratamu ouiHok HIM
BiACOTKOBMX OLIIHOK | OLiiHOBaHHSA OLliHIOBaHHSA OLliHIOBaHHSA
PECNOHAEHTIB KpuTepito X2 KpuTepito X2 KpuTepito

3anexHo Bif Nocaam | 3anexHo Bif haxy | x* 3anexHo

pecnoHgeHTa pecnoHfeHTa Big Aocsigy

(Tak/-) (Tak/-) pecnoHpeHTa
(Tak/-)

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

dapmaLeBTUYHI NpaLliBHUKN BHyTpiluHE - Tak - BHyTpiluHE
cepefosuLe cepefosuLe

MNavjieHtn 30BHilLHE Tak Tak Tak 30BHilLHE
cepefosuLe cepefosuLe

Poawdi nauieHTis 30BHilLHE Tak Tak Tak 30BHiLLHE
cepefosuLLe cepefosyLe

[pya3i navieHTis 30BHiLLHE Tak Tak Tak 30BHiLLHE
cepefosyLLe cepefosyLe

HIMM 3aknagis ocBiTH 30BHiLLHE - Tak - BHyTpilHe

thapmaLieBTYHOTO | MEANYHOro cepefosyLe cepefosyLLe

CrpsiMyBaHHs!

3p06yBavi dhapmaLieBTU4HOI OCBITH BHyTpiluHE - Tak - BHyTpiluHE
cepenosuLLe cepenosuLLe

3p06yBavi MeauyHoI oCBiTU 30BHilLHE - Tak - 30BHilLHE
cepenosuLe cepenosuLe

Po3po6HuKM LchpOBKX TEXHOMOTIl 30BHiLLHE - Tak - 30BHiLLHE

(dpianyni ocobm) cepenosuLLe cepenosuLe

OpraHizaLji — po3poBHMKY UMdpoBKX | 30BHILLHE - Tak - 30BHiLLHE

TexXHomorin cepeqosyLLe cepeqosyLLe

OpraHizauii, Lo dopmyrTh 30BHiLLHE - Tak - BHyTpiHe

i peanisytoTb iHhopmaLliiHo-aHaniTNyHe | cepenoBiLLe cepenosyLLe

3abesneyeHHs hapmMaLeBTUYHOI

JisnbHOCTI

3akoHozaBYi opraHu Bnagu 30BHiLLHE Tak Tak Tak 30BHiLLHE
cepefosyLLe cepefosyLLe

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

MixHapogHi opraHisauii 30BHiLLHE Tak Tak - 30BHiLLHE

(BOOS, OCH, FIP) cepefosuLLe cepefosyLLe

3aknagm ocBiTV hapmMaLeBTUYHOrO BHyTpiuHe - Tak - BHyTpiHe

CrpsIMyBaHHs! cepefosyLLe cepefosyLLe

3aknazn 0xopoHy 300poB’s (Kpim BHyTpilLHE - Tak Tak 30BHiLLHE

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

BUPOBHMKM cepenoByLLe cepefosuLLe

dapmaLieBTYHI nignprueMcTaa — 30BHILLHE - Tak - BHyTpiluHE

amcTpub'toTopm cepefosyLLe cepefosyLLe

AnTeuHi 3aknagu BHyTpiluHe Tak Tak Tak BHyTpiHe
cepefosuLe cepefosyLe

HaykoBo-gocnigHi yctaHoBu BHyTpiluHE - Tak - BHyTpiluHE

thapmaLeBTUYHOrO Npoddino cepenosuLLe cepenosyLLe

pomapchki opraisaii BHyTpiluHE - Tak Tak BHyTpiluHE
thapmaLeBTUYHOTO CNPSIMYBaHHS! cepenoByLLe cepefosyLLe
pomapchki opraisalii, Lo onikylTbes | 30BHILLHE - Tak - 30BHiLLHE

MUTaHHAMY OXOPOHY 30POB'SA cepefosyLLe cepefosyLLe
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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

Poau
nauieHTis

-

.

dapmaueBTMYHI nignpuemcTea —
BUPOBHUKM

-

(hapmaLieBTUYHOTO CNPSIMYBaHHS!
.

3aknaay ocBiTU

|
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 [BOC, BpaxoByroun
CTAaTHCTHYHY 3HAYYIIICTh i CTIHKICTh KiIacH(iKallii B KOXKHIN
rpymi pecrionieHTiB. Cy0’€KTH, I0/10 SIKUX OLTBIIICTh pec-
TIOH/ICHTIB BUCJIOBHJIN OJTHO3HAYHY MO3MIIiI0, KTacu(iKoBaHi
JI0 BiATOBIZHOTO cepenoBuia 0e3 3MiH. SIKIIO BUSBICHO
PO30LKHOCTI, KITacu}ikariito o0rpyHToByBaH AymKoro HITIT.

O6roBopeHHs

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

— NS €JIeMEHTIB-Cy0’ €KTiB, IIOA0 SKUX BIAMOBIAL pec-
MOHEHTIB BUABUINCS CTIMKAMH IO COIllaIbHO-EKOHO-
MigHHX ocoOmmBocTtel (3 i3 3 MOKa3HHKIB CTIHKOCTI a0
2 i3 3 NOKa3HMKIB CTIMKOCTI), & TAKOXK 3arajibHOBHOIpKOBa
kiacudikaiis y3romkysaiacs 3 kiaacugikaiiero HITIT,
MIPUIMAITH SIK «OTHOTOJIOCHOY Ta BHOCHIIH JI0 BIITIOBIJHOTO
cermenTa IbOC;

— JUIsl BCIX IHIINMX CyO’€KTIB 0OpaHO pe3ysbTaTH KIacH-
¢ixarii HITIT.

Sk 3aranpHI TpUHIAITN (GOPMYBaHHS KITFOYOBHUX Cy0’ €K-
TiB BHYTPIIIHBOTO 1 30BHIMHBOTO cepenosuina [bOC
BU3HAYCHO:

— po3rozin Ha OCHOBI B3aemoii Ta BBy — IBOC kia-
CU(]IKYIOTh y BHYTPIIIHE Ta 30BHIIIHE CEPETOBHIIE JUIS
pO3MexyBaHHs Cy0’€KTIB, 110 O€3MOCEpPEaAHbO 3aTydeHi /10
(hapMareBTUYHOI AISTIBHOCTI, Ta THX, XTO BIUIMBA€E Ha Hel
330BHI;

— BpaxyBaHH: y3rOJPKEHOCTI JIyMOK — (hopMyBaHHS cepe-
JIOBHUILA BPAXOBY€E TYMKH MPEJICTABHUKIB (hapMareBTHIHOT
CIUTBHOTHU IIOJI0 HAJIKHOCTI PI3HUX CYO’€KTIB JI0 PI3HUX
CErMEHTIB;

— BU3HAUCHHS KITFOYOBHX Cy0 €KTIB, 0 (hopmyroTh IBDC,
Ta IXHBOI poJIi B 3abe3neueHHi iHdopmariitHoi 6e3nexn. Bay-
TPIIIHE CEPEIOBUIIIE BKITIOUAE Cy0 €KTH, 110 Oe3110CepeTHBO
3MIACHIOIOTH (hapMaleBTUYHY [ISUIBHICTD 1 320€3Me4yroTh 11
(yHKIIOHYBaHHS: (papMalleBTHYHUX MPAIliBHUKIB, alTEeUHI
3aKJaju, papMaleBTH4HI MiANpUEMCTBA (BUPDOOHUKH Ta
JCTPUO TOTOPH ), 3aKIIaJIH OCBITH (hapMaIieBTHYHOTO CIIPSI-
MYBaHHSI, HAyKOBO-JIOCIIiZIHI YCTaHOBU (papMareBTUYHOTO
podiITro, TPOMAJICHKi OpraHizarii (hapMareBTUIHOTO CIIPS-
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MyBaHHS, pO3POOHUKIB H(POBUX TeXHONMOTIH (piznmaHmX
0ci0), oprasizaitii, 1o GOPMYIOTB i peati3yroTh iHpOpMaIii-
HO-aHANITHYHE 3a0e3redeHHs (hapMareBTUIHOI TisTBHOCTI,
37100yBadiB (hapMaIleBTUYHOT OCBITH. 30BHIIIIHE CEPEIOBHUIIE
OXOIUTIOE CY0’€KTH, 10 HE € YaCTHHOIO (hapMaleBTUIHOI
oprasizariii, ajie BIUIMBAIOTh HA Ti JisUIbHICTB, iH(OpMaIiiiHi
MIPOLIECH Ta SIKICTh (PYHKITIOHYBaHHS CUCTEMH (Y TOMY YHCITi
HajaHHs (papMarleBTHYHOT TOIMTOMOTH): TAIIEHTIB, JIiKapiB
Ta HIINHA MEANYHUH MepcoHal, 3aKiad OXOPOHH 3/10POB’sI
(KpiM anTeyHuX), 3aKOHO/IABY1 Ta BUKOHABYI OPraHW BIIaJIH,
MikHaposHi opranizanii (BOO3, OOH, FIP), pomudis i apy3iB
TIAIiEHTIB, OpraHi3allii — pO3pOOHUKH IT(PPOBUX TEXHOIOTIH,
37100yBa4YiB MEIUYHOI OCBITH, IPOMAJIChKI OpraHizaiii, 1o
OITIKYIOTHCSI IUTAHHAME OXOPOHH 3/I0POB’S1.

VY pe3ynbrari 10oCHiIKEHHS BCTAHOBJICHO ICTOTHY T€TepO-
TeHHICTh MOTIS/IIB MIPEICTABHUKIB (papMaIleBTHIHOI CITiTb-
HOTH o0 BuzHaueHHs Mex [bC @O. Hanpuknaza, Hemae
€JIMHOI JTyMKH TIPO T€, Y1 BKJIFOYATH JI0 I[bOTO CEPeIOBHIIA
Tali€eHTiB, JiKkapiB, [T-po3poOHKKIB, PEryIsTOpHI OpraHu
TOIIO 1 B SIKiM poii (BHYTPILIHI YK 30BHINIHI Cy0’€KTH).
Le cBimYMUTH MPO HEJOCTATHIO CPOPMOBAHICTH CIITLHOTO
PO3YMIHHSI KJIIOYOBHX TpaBiiB (cy0’ekTiB), IXHBOI posii B
cucreMi iHdopmariiinoi 6e3meku Gapmaiiii, 10 € KPUTHIHO
BaKJIMBUM JiTs1 epexTiBHOTO pyHKIioHyBaHHSI PO B yMoBax
nudpoBoi TpaHchopmarii.

[TopiBHIOIOUH pe3yibTaTh IHOTO JOCHIIKEHHS 3 JaHUMH
TIOTIEPETHIX, 10 3iHCHEeHi B YKpaiHi, 3ayBayKIMO: TIPOOIEeMy
Ib y dapmarieBTH4HOMY CEKTOpPi BUCBITJICHO MEpEeryCiM y
KOHTEKCTi 3araJlbHUX BUKJIHKIB IU(PPOBOI TpaHchopmarii
CHUCTEMHU OXOPOHHU 3I0pOB’s. 30KpeMa, aKIIEeHTOBAaHO Ha
pH3HKax, OB’ 3aHMX 13 BIIPOBAKEHHSAM EIEKTPOHHUX pe-
LIENTIB, TSJICMEAUIIHHN Ta OHJIAWH-TIaTGOPM, 1110 KOPEITIOE
3 BHCHOBKaMHM LIbOTO JOCIIJDKEHHS 100 HEOOXiTHOCTI
qiTKOTO BU3HA4YeHHs Ccy0’ekTiB IBC B yMOBax po3ImIMpeHHs
IU(PPOBUX KaHATIB B3aEMOJIII.

OnHak, Ha BiIMiHY BiJ] 3araJlbHAX OTJISIIIB, I1€ OCITiKEH-
Hs1 ¢()OKYCOBAHO Ha PO30IKHOCTSIX y CIIPUHHSATTI Cy0 €KTIB
IBC pisanME rpynamu (apManeBTHIHNX (HaXiBIliB, BHSB-
JISIFOYM BIUIMB iXHBOT ITOCaJ M Ta JOCBiJy POOOTH Ha YsB-
nerHs. Lle € BaKIMBUM BHECKOM Y PO3YMIHHS BHYTPIIIHIX
YUHHUKIB, 10 popmytots IBC PO B Ykpaini. Kpim Toro,
TIOZILT HAa BHYTPIIIHE Ta 30BHIIIHE CEPEIOBUINA € TIEBHUM
CIIPOILEHHSIM CKJIaTHOT CUCTEMH B3a€MO/IIT MK Cy0’ eKTamu
(hapMareBTHYHOT AiSUTBHOCTI, 10 MOYKE TIPU3BECTH JI0 BTPaTH
BKJIMBHX HIOAHCIB 1 3B’ S3KiB.

AHaJIi3yI09M MDKHAPOAHUH JTOCBIJI, MiICYMYBaJIH, IO
rmutanadg 1b y dapmamnii po3misgaroTh y mMHUPOKOMY KOH-
TEKCTI 3aXUCTy NMepcoHANbHNX JMaHux nanieHTiB (GDPR) i
3abe3mneueHHs KibepOe3rnekn KPUTHIHOI iHPPACTPYKTYPH.
JlocmikeHHsT 4acTo HaroJIoNIyl0Th Ha HEOOX1THOCTI iHTe-
rpamii cuctem b y Bci acriekTn hapMarieBTHIHO1 AiSUTBHOCTI,
BKJTFOYQFOYH BUPOOHHIITBO, TUCTPHUOYIIiO Ta BIIITYCK JIiKap-
ChKHuX 3aco0iB [15,17,18].

B Vkpaini Gokyc MOKH 1110 3MIIIECHUI Ha eTam po3apioHOT
peanizanii Ta nuGpoBUX MmIaT(HOPM, 10 MOXKE OyTH ITOB’sI-
3aHO 3 OUTBIIT aKTUBHUM BIpOBaKeHHsM e-Health cepsicis
came Ha I[bOMY PiBHI.

OpHaKk pe3yabTaTd JOCTIHKEHHS IMiIKPECIOI0Th He0O0-
xigHicTh BKJItOUeHHS 70 IBC mmpimoro xona cy0’ekTiB:
BUPOOHUKIB, qucTpu6 toTopis, HIII i po3poOHuKIB 1H-
poBux TexHoiorii. Lle BinmoBigae TeHACHITISAM TPOBIIHNX
€BPOICHCHKUX JTOCIIIKECHb.

BucHoBKkuM

1. BcTaHOBIEHO 3HAYHY TETEPOTCHHICTH MOTISIIB
NPE/ICTABHUKIB BITUU3HIHOI (papMalieBTHYHOI CIIUIbHOTH
[0/I0 BU3HAYCHHS MEXK Ta 0cHOBHUX cy0’ektiB IBOC. 1le
CBIIUUTH TPO JOIIIBHICTh Y3TOMKCHHS ITiIXOIIB A0 PO-
3yMIHHSI KIIFOUOBHX €JIEMEHTIB CUCTEMH IH(pOpMaIiitHOT
Oe3nexu. BinmMiHHOCTI, 1110 HUHI €, MOXYTh PU3BOAUTH
JI0 HEY3TO/LKCHOCT] B MOJITHKAX 1 MpaKTUKaX iHpopMa-
miffHOi Oe3mexw, 3HIKYIoUH ii edekTuBHICTE. ToMy Bax-
JIMBO PO3POOUTH YiTKi BU3HAYCHHS T4 HACTAHOBH, 11100 yCi
cy0’ekTH (papMareBTUYHOI TisTTBHOCTI OTHAKOBO BH3HAYAIIH
TOHATTSA PO iH(opMaIiitHo-0e3meKoBe (hapMaIeBTHIHE
cepeoBHILe.

2. Ha xnacudikauito cy6’exTiB iHpopManiiino-oe3-
MIEKOBOTO cepepoBHIIa (papManeBTUIHNX OpraHizamii
BIUTMBAIOTH COIlialIbHO-eKOHOMI4HI (hakTopu (mocana,
JocBia podotn). Le minTBep/ukye BaXIMBICTh BpaxyBaHHS
npodeciiHUX BiAMIHHOCTEH Mija Yyac po3poOKH cTpareriit
ynpasmiHHS iH(pOpMAaITiitHOO Oe31meko0. MOXIHBO, TOTPi0-
HI Pi3HI 1IX0/IH 10 HABYAHHS Ta ITiBUILCHHS 0013HAHOCTI
npo iHdopmaniiiHy Oe3nexy /it pi3HHUX rpyn ¢dapmare-
BTUYHUX (DaXiBIIiB.

3. HocmimkenHs iHGOpMaIiifHO-0e31IEKOBOTO CEepPeIOBH-
ma ¢apMaleBTUUHHUX OpraHizamiid B YKpaiHi moTpeOyroTh
PO3IINPEHHS MEPCIIEKTUBH, BPAXOBYIOUN MIXHAPOIHHUN
JOCBIiA: mociimkeHHs iH(opMariiiHoi O6e3nexn y dapmarii
YacTo 30Cepe/KeH] Ha po3/IpiOHIN TOPriBii Ta HUPPOBUX
raropmax, SIK-0T OHJIaiH-anTeku. [Ipore KoMIIeKCHuMI
TTAX1T JaCTh 3MOTY TOYHIIIIE OIIHUTH PU3UKH Ta PO3POOUTH
e(eKTHBHI cTparerii 3axucTy (apMarieBTUUHOT iHpopmarii
i uist hapManeBTHYHOTO CeKTopa 30KpeMa, i sl OXOPOHH
3710pOB’sI 3arajioM.

[lepcnekTHBH mojanbINX gocaimkenb. HactynHi gocoi-
JDKEHHSI MOXKYTh OyTH CHPSIMOBaHI Ha BU3HAYEHHS KITIOUO-
Bux 00’exTiB IBOC i po3pobieHHs Monmenelt yrnpaBiIiHHSA
iHdopmariiiHoi 6e3nexkn y papMaleBTHYHNX OpraHi3alisx,
BpPaxoBYIOUH BCTAHOBJIEHI PO301KHOCTI y CHPHHHSTTI
Cy0’€KTiB, a TAKOXK Ha aJaNTaIlil0 €BPOIEHCHKOTO TOCBILY
JI0 YKPaiHCBKUX peaIiil.

®iHaHCcyBaHHA
[locnimkeHHs 3giicHeHo 6e3 diHaHCOBOI NATPUMKM.

Mopsika

ABTOpPU CTaTTi BUCMOBMIOKTbL BASAYHICTE 36POiHAM cunam Ykpaitu

32 MOXMNMBICTb NpaLoBaTH, 34INCHIOBATM SOCTIMKEHHS Ta nyonikysaTu
iXHi pe3ynbraty.
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OuiHtoBaHHA poni Ta yyacTi hapmaueBTUYHUX MpauiBHUKIB
y HaiaHHi naniaTMBHOI AONOMOrK

O. I. MaHaceHko@ACF A, C. Touyna@PE T, M. 3apiyna®8C, T. C. bputaHosa2BCcP

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 HEBUITIKOBHUMM 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 onpauboByoThb 3anuTu
OO0 HafaHHA nopapj i3 naniatMeBHOro nikyBaHHs. BogHouac 70,3 % pecnoHAeHTiB BU3HaNU, WO MakoTb HeJOCTaTHIl piBeHb 0bi3Ha-
HOCTI LWOAO HapaHHs naniatueHoi fonomoru. MNpy LbOMy BUHWKaKOTb Taki TPYAHOLL: BiACYTHICTb NPOTOKOMIB i3 HaAAHHS NaniaTuBHOI
[lIONOMOTU, HeaoCcTaTHS 06i3HaHICTb LIOAO CiNKYBaHHS 3 NaniaTMBHUMMW NaljieHTamMu Ta YneHamm ixHix ciMei, 0OMeXeHICTb y HafaHi
MeAVKaMeHTOo3Hoi fonomor. Jluwe 2,7 % onuTaHux oTpumyBanu iHhopmauiio 3 Liel TeMaTvku nig vac crewianizoBaHux TpeHiHris. Mig
4ac KOHCYNbTYBaHHS naniaTMBHKUX nauieHTis 78,4 % npauiBHUKIB HagaBany pekoMeHaaLii Woao A03YBaHHS Ta PeXUMY NPUAMaHHS NikiB.
CBoto roTOBHICTb A0 POBOTM 3 NaniaTMBHUMY NaLieHTaMu Ha cepegHboMy piBHi ouiHMK 51,4 % y4acHukiB onuTyBaHHS. 3rigHoO 3 pesynb-
TaTamu onuTyBaHHsl, 86,5 % onuTaHux BBaXKatTb ponb hapmaleBTa AOAATKOBOK, XO4a 11 BaXISIMBOK B CUCTEMI HaAaHHS nasniaTUBHOI
[I0MOMOTH.

BucHoBku. PapmaLeBTYHI NpaLiBHVKY BU3HAKTL CBOK POIb Y NaniaT!BHil JONOMO3i BaXKIMBOH), ae KPUAWYHO HeLOCTaTHLO BU3HAYEHOI.
Cepep 0CHOBHYIX MPOBneM, L0 BU3Ha4atoTb hapMaLieBTUYHI NpaLiBHKKY Nig Yac poboTw i3 naniaTMBHUM XBOPUMM, — BiACYTHICTb NMPOTOKONIB,
06MexeHiCTb MeaMKaMeHTO3HOT NIATPUMKM Ta HeOCKOHaNa MiAroToBKa A0 KOMYHikawii 3 nauieHTaMu Ta iXHiMW poauHamu. YA0CKoHaneHHs!
3aKOHOAABYOrO PErynioBaHHs pori hapmaLeBTiB, OpraHi3aLis cnewianiaoBaH!X HaBYaNbHUX NPOrpam, PO3LLUMPEHHS 3aCTOCYBAHHS TeENeMe-
AUUMHY Ta Tenedapmallii, a Takox NOKpaLLeHHs 3abe3neveHHs Nnikamm MOXyTb 3HaYHO NOCUITNTY eOEKTUBHICTb (hapMaLeBTiB y naniaTuBHii
Z0MNoMO3i.

KntoyoBi cnosa: naniatBHa gonomora, posb hapmaleBTa, hapmaLleBTUyHa eTuka.
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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’s, 10 CIIPSIMOBaHA Ha IOJICTIICHHST
CTaHy TAIi€HTIB i3 HEBHJIIKOBHUMH XBOpOOaMu Ta MOKpa-
LIEHHS SKOCTI IXHBOTO YKUTTSL.

3a Bu3HAUYCHHAIM BcecBiTHBROT opraHizailii OXOpOHHU 3110-
POB’sl, majiaTBHA JIOTIOMOTa — 1€ HU3Ka KOMIUICKCHUX 1
CHCTEMHHUX 3aXOJIiB, METa SIKUX IOJISIrae B TOMY, 11100 Mak-
CHUMAJIbHO 3a0€3IEeUUTH SIKICTh KHUTTSl HEBHITIKOBHO XBOPHX
Ta iXHiX pigauX. Llei KoMIUIeKC 3ax0IiB Mependavae paHHe
BUSIBJICHHSI 1 TOYHY JIarHOCTHKY IMPUYKH OOJIIO Ta ITOPYIIEHb
(YHKII pI3HUX CUCTEM OpraHiB, IPU3HAYEHHs HEOOX1AHOTO
JIKyBaHHSI, CAMIITOMATHYHY TEPaIlilo, HAISKHUH OIS, a
TaKOX HaJaHHS COIIAILHOI, 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 KyIIBTYpHHUX TIpaB, AepKaBH 3000B’s13aH1 3a0€3MEINUTH J0-
TPUMAHHSI [IPaBa JIOIMHHI Ha OXOPOHY 3710POB’sI, TapaHTYIOUN
JUTS BCIX PIBHAH TOCTYTI 10 PO ITaKTHYHIX, TIKYBaJIbHHUX 1
namiatuBHEX ociyT [3]. CroromHi B YKpaiHi mpaBo XBOPHX
Ha KOMIUIEKCHY [aJIiaTUBHY JOTIOMOTY Ha JIep>KaBHOMY PiBH1
3a0e3IeueHO HeIOCTaTHRO. [ BUPIIICHHS 11i€i IpoOIeMu
HEOOXiTHO BKUTU TCPMIiHOBUX 3aXOiB, & TAKOXK BHPILIUTH
HU3KY 3aKOHO/IaBYMX, OpraHi3aliiiHuX, (iHaHCOBHX 1 MeaH-
KO-COIliaJIbHUX MUTaHb [4]. OfuH i3 MeXaHi3MiB BHPIIICHHS
1i€i mpodnemu nossirae y GopMmyBaHHI TPOQeCciiHIX KOMaH/
KBauTi(hikoBaHMX (haxiBLIB, BKIIOYAIOUYN (hapMaleBTiB, IS
HaJIaHHs TTATIAaTUBHOI JIOTIOMOTH.

Kybapesa 1. B. i cmiBaBt. mocminwmm norisian (axiBIiB
OXOPOHH 37I0pOB’s Ha poiib 1 (QYHKIIT (hapManeBTHYHUX
TPaLiBHUKIB Y Cy4acHIl cucTeMi HaJlaHHsl [aJliaTHBHOT JI0T10-
MOTH. Y pe3yibrari BUSBICHO CEpe/IHiil piBEeHb y3rOIKEHOCTI
o0 poii Ta (GyHKIIH (hapMaleBTUUYHHUX MPALiBHUKIB Y
HaJIaHHI MaIiaTUBHUX MOCIYT, @ TAKOXK BU3HAYCHO OCHOBHI
HarpsiMU criBOpaii (GapManeBTiB 3 iHIIUMHA METHYHUMH
GbaxiBuamMu 11t eheKTHBHOTO BIPOBALKCHHS MaJIIaTHBHOI
nomomoru [5]. Kpim Toro, 3midicHUIM JOCTiKEeHHS, 110
Majo Ha METi BUBYCHHS JYMOK 1 MOTISAMNIB EKCIEPTiB 3
HaJaHHS NaJlaTUBHOI JOITOMOTH JITAM IOXO JOIUJIBHOCTI
BKJIFOYEHHSI ()apMalleBTUYHOTO IMpaliBHUKA O CKIaLy
MYIBTHIUCIUIUTIHAPHOT KOMAaHAN Ta OOTPYHTYBaHHS HOTO
poti i gyHKIii [6]. V pe3ynbTaTi BU3HAYEHO BAYKIIUBY POIIb
(hapMareBTHYHIX MPAIiBHUKIB Y KOHCYJIFTYBaHHI (haxiBIIiB
13 HaJliaTUBHOI JOIIOMOIHM Ta CIMEH NaI[i€HTIB, MMiIBHILEHHI
PiBHS 00i3HAHOCTI MO0 3MiH Y (apMaIleBTHIHOMY 3aKO-
HOIABCTBI, KOHTPOJIi aCOPTUMEHTY i BU3HAYCHHI IIOTPEOH B
JIKapChKUX 3ac00ax, a TAKOXK Y HaIaHHI peKOMEH a1l o710
TIPaBHJT 3aCTOCYBaHHS, MOHITOPHHTY TTOOIYHHX e(DeKTiB Ta
IHIIMX (YHKILIH, TOB’SI3aHUX 3 00IroM JIKapChbKHX 3ac00iB.

Oco0nuBuii iHTEpEC BUKIIMKAIOTH JOCITI/PKEHHS, Y SIKHX
MIpOaHaJi30BaHO CIeNH(iKy HaJaHHS MATiaTHBHOI JOMO-
MOTH BJIOMa, PO3IJITHYTO POJIb MEAWYHUX HPaliBHUKIB Y
3a0e3IeueHHi SIKICHOTO OTIIAY, a TAaKOK aKIIEHTOBAHO Ha
B)XJIMBOCTI MYJIBTHANCIMIUIIHAPHOTO ITIXOMY JJIS 3810~
BOJICHHS (Di3UYHUX, IICUXOJNOTIYHUX 1 COIIaIbHUX TOTPEO
MAIIEHTIB 1 iXHIX poauH [7].

BTim, ponb 1 Micue (papManeBTUYHHX MPAIliBHUKIB Y
cUCTeMI HaJlaHHS MajiaTUBHOI JOMOMOI'H 3aJIUIIAITHCS
HEJIOCTATHBO JIOCHIIKEHUMH.

MeTta po6otu

BuBuenHs oA apManeBTUYHMX MPaiBHUAKIB 1010
IXHBOTO MICIISl Ta POJIi y HaJIaHHI MAJIIaTUBHOI IOMTOMOTH
MamieHTaM i3 TSHKKAMH a00 HEBWJIIKOBHHUMH 3aXBOPIO-
BaHHSIMH.

Marepianu i MeTogu gocnimkeHHA

[IpoananizyBanu qaHi aHKET (papMaIeBTUIHUX MPAIiBHUKIB
anTeyHux Mepex, 30kpema TOB «Anteka-Marnomis» (AHLI,
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
TTOUJICHHI Ha IT’ITh TEMaTHYHUX OJOKIB: 3HAHHS Ta JOCBI Y
cdepi naymaruBHOT OIIOMOTH; OLiHIOBaHHs poti (hapMarieBTa
B IIbOMY ITPOLIEC]; IPAKTHYHI aCEKTH i TPoOIeMH; HaBYAHHS
Ta podeciiHui PO3BHUTOK, a TAKOXK 0COOKCTa THPOPMAITiS.

J171st oTpartoBaHHs pe3ybTariB aHKEeTyBaHHSI 3aCTOCYBAIIN
COIIOJIOTIYHHUH, CHUCTEMHO-aHATITHYHUH, MaTEMaTHKO-CTa-
THUCTHYHUI METOAM Ta METOJ] HOPiBHJILHOTO aHaJIi3y. 3ara-
JIOM OIpalboOBaHO 51 aHKeTy.

Pesynbratu

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

Pesyneratu anaisy BiIIOBiIeH Ha 3aITUTaHHS, SIKi yBIHTII-
JIM JI0 TepuIoro ONOoKy (3HaHHS Ta JOCBIA y MajgiaTHBHIN
JI01IoMo31) rokazainu: 62,2 % ¢apmarneBTiB 4acTKOBO 0013HaHi
11010 KOHIIEIIIT MaiaTuBHOI forromMoru; 24,3 % He 3HaioMi
3 1[i€10 KOHLIEMLIEO (puc. 1).

Takox BcTaHOBIEHO, 110 TibKH 10,8 % (hapmaneBTHaHNX
TpaLiBHUKIB MAIOTh JIOCBIJ pOOOTH 3 aiaTUBHUMH IAIli€H-
Tamu, y mpakTudi 18,9 % pecrioHeHTIB IHKOIH TPaTUIsUIHCS
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

ISSN 2306-8094

AKTyarnbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOT Hayku Ta npakTuku. 2025. T. 18, Ne2(48) 187



Original research

Tabnuus 1. MpodeciiiHnii piBeHb PECMOHAEHTIB 3aMnekHO Bif CTaxy poboTH Ta cnewianisavii

Crax poboTtn y hapmaLeBTUYHiIi cdepi MeHLue Hix 1 pik 21,6
1-3 poku 27,0
4-5 pokis 24,4
BinbLue Hix 5 pokis 27,0
Cneuianisavis dapmauest 56,8
MonogLwwumin papmarest 40,5

62,2 %

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

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

2

18,9 %

o Tak, perynspHo
Tak, ane pigko
o Hi

Puc. 2. [liarpama BignoBigen pecrnoHAeHTIB 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 CIIPSMOBAHI Ha OIIHIOBAHHS
pori ¢dapmarieBTa B MajiaTuBHIA 10momo3i. BeraHoBieHo,
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 Wil cuctemi (puc. 4).

PesynbraTy BiANOBI/IEH Ha 3aNIMTaHHSI ITPO Te, SIKi (PYHKIIT
(apMareBTiB € HAWOLTBI BaKIMBUMHE U TTaJTiaTHBHUAX
TALi€HTIB, TaKi: KOHCYNBTALI 11010 J03YBaHHS Ta PEXKUMY
npuiiMaHHs ipenapartis — 78,4 %; HagaHHA iHpOpMAIii Tpo
no6ivHi aii sikiB — 70,3 %; migdip JiKapchKUX 3aco0iB —
67,6 %; nomomora B yrpaBJiHHI B3aeMoiero JikiB — 35,1 %
(puc. 5).

3anuTaHHs TPEThOTO OJIOKY CIPSIMOBaHI Ha BUBUCHHS
MPAKTUYHHUX aCHeKTiB i mpobieM y cucTeMi HagaHHS TMa-
JiaTUBHOI J1oroMory (papManeBTHYHUMHE MPalliBHUKAMH.
BinmoBizi Ha 3amUTaHHsI PO TE, YU 3BEPTAIOTHCS MAI[IEHTH
a0 wieHH IXHIX ciMel 3a ImopajaMy MO0 MaiaTHBHOTO
JIIKYBaHHsI, CTpyKTypoBaHi Tak: 8,1 % QapmatesTiB mia-
TBEP/AWIN TTOCTINHI 3BepHEHHs, 24,3 % — HecucTeMaTHyuHi
3BepHeHHS; 27,1 % PeCrOHCHTIB 3a3HAYIIIH, 1110 J0 HUX
3BepTaroThCs pinko; 40,5 % dapManeBTHIHNX MpalliBHAKIB
3ayBayKMJIM, L0 10 HUX HIKOJIM HE 3BEPTAJIUCS 3 TAKUM
3aIuToM (puc. 6).

[ix yac onmuTyBaHHS BUSIBICHO OCHOBHI TPYIHOIII, IIIO
BHUHHKAIH Yy (hapMarieBTUIHNX MPALiBHAUKIB i 9ac poOoTH
3 MaJiaTUBHUMU TAI[IEHTAMH: HEJIOCTATHIA PIBCHb 3HAHB
3 mamiatuBHOI momomoru — 48,6 %; HeMae CTaHTapTHHX
TIPOTOKOJIIB poOoTH — 48,6 %; TPYHOIII 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 BignoBigev pecrnoHAEHTIB LOAO OLiHIOBaHHS posli (hapMaLeBTa y naniaTvBHil 4OMOMO3I.

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 pecrnoHAEeHTIB LWOAO HaWBaXIUBILLIMX PYHKLIA AN NaniaTUBHWUX MaLieHTiB.

KpiM Toro, y BitkpuTiii BiAmoBiAi apMarieBTH4Hi partis-
HUKH 3a3HAYIIIH, 10 TSI €(eKTUBHOI pOOOTH 3 TTaJTiaTHBHU-
MU NalieHTaMu Opakye CTaHIapTHHUX MPOTOKOJIB POOOTH,
JoKepen iH(popMaltii, Z0CBiy poOOTH, 3HaHb 1 IIPAKTHIHUX
HAaBHYOK.

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

SIK1 TIOTPeOYIOTH MaNliaTUBHOI foroMory. Ha 3armTasHs mpo
Te, 91 IIPOXOAVITH (papMarieBTHYHI MPaIliBHAKH CIIEITiaTi30Ba-
HE HABYaHHsI 3 AJIIATHBHOI T0TOMOTH, 89,2 % PeCrOHICHTIB
BiJIITOBLITN HeraTHBHO, 10,8 % 3ayBaKiuTH, 0 TUIAHYIOTH [Ie
3pobutH (puc. §).

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

o Hikonu

./

24,3 %

Puc. 6. [liarpama BignoBifen pecroHAeHTIB LOA0 3BEPHEHHS NaniaTyBHUX NaLieHTiB abo YneHiB ixXHix ciMelt 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).

PecrioHnieHTH OWiHWIM CBilf PiBEHb TOTOBHOCTI IO PO-
00TH 3 MaJiaTHBHUMH TaIliecHTaMu sk ceperiit (51,4 %) i
Hu3bKWi (48,6 %). Ha BigkpuTHii 3aUT 010 TIPOTTO3HIIIH
3 MiBUIICHHS e()eKTUBHOCTI (papMarieBTHYHOI JJOIIOMOTH
TaJIiaTHBHMM Ialli€HTaM PECTIOH/ICHTH 3aIIpOITOHYBaJIH TaKi
3aXO0/I1: Y/I0CKOHAJIEHHS! 3aKOHO/IaBYO1 0a3H 3 [IbOr0 MUTAHHS,
CIPOILEHHS OPSIKY OTPUMaHHS 3HEOO0TIOBaJIBHUX 3aC00IB,
BIPOBA/DKEHHSI Cy4aCHHUX TEJICKOMYHIKAIlIHHUX TEXHOJIOT1H
(TenemenuiuHa, Teaedapmartis), a TAKOXK 301IbIICHHS KiJlb-
KOCTI TPEHIHT'IB 3 MMTaHb aJTiaTUBHOI JIOTIOMOTH.

O6roBopeHHs

3rigHo 3 HakazoM MO3 VYkpainu «IIpo ynockoHasieHHs
oprauizaiii HajaHHs MajxiaTUBHOI JIOMOMOTrH B YKpaiHi»
Bix 04.06.2020 p. Ne 1308, omHi€er0 3 OCHOBHUX CKJIQJIOBHX
NaTiaTUBHOT JIOTIOMOT Y € MEIMYHA, JI0 CKJIJTy SIKOT BXOIUTh
MenuKaMeHTo3Ha Teparis [§]. CrenianizoBaHy MaliaTHBHY
JIOTIOMOTY HaJIa€ MYJTBTHIMCIMILTIHAPHA KOMAH/IA, 10 CKIIaTy
SIKOT BXOJSITH MEIMYHI MPAIiBHUKA 1 (axiBIli pi3HHUX cIie-
HiaEHOCTEH, 30KpeMa JTiKapi, MEAWIHI CECTPH, COiaNbHI
MIPAI[iBHUKY, TICHXOJIOTH Ta (papMarieBTH. Takuii miaxi qae
3MOT'Y KOMIUTIEKCHO 33JJOBOJIGHUTH (Di3MYHI, IICHXOJIOTIUHI Ta
COIiaJbHI NOTPEOH TAIli€HTIB.

3a pe3yabTaTaMy aHajizy 3apyOiKHUX HayKOBHX ITyOri-
Karii [9,10,11] 1 qocmipkeHb BITYM3HSIHUX HAYKOBIIB [5],
(bapmarieBTHYHI (PaxiBIli € BAYKITUBHUMU WICHAMH MYJIBTHIHC-
LUIUTIHAPHOT KOMaH/TH, sIKa HAJIa€ TaJiaTHBHY JOIIOMOTY, i
YXBAaJIIOIOTB PIIICHHS CAMOCTIIHO B MeXax CBOTX rpodeciii-
HUX MpaB | KOMIIETEHIIIH.

Pa3om 3 TUM pe3ynbTaTH ONUTYBaHHS (aHKETYBaHHS)
(bapManeBTUYHUX MPAIiBHUKIB 3acBiqumid, mo 8,1 % 3
HUX TIOCTIHHO, a 24,3 % HECHUCTEMaTHYHO ONPalbOBYIOTh
3aIHTH 010 HaJaHHS MOPaJ i3 MaiaTUBHOTO JIIKYBaHHS.
JocBim poGoTH 3 mamiaTHBHUMH TAI[iEHTAMH MAfOTh JIATIIC
10,8 % pecnoHeHTiIB.

dapmarieBTHYHI TPALiBHUKY BU3HAYMIN HU3KY [IPOOIIeM,
110 BUHUKAIOTH ITiJT 9aC pOOOTH 3 TATIiaTHBHUMHU TTAI[iEHTAMHU
Ta WICHAMH iXHIX CiMeH, 30KpeMa BiJICYTHICTb CTaHAAPTHUX
TIPOTOKOJTIB HAIaHHS IOTIOMOTH (METUKAMEHTO3HOI Ta IICHX0-
JIOTTYHOT) JUTSL IIUX XBOPHX, TPYAHOILI ITij1 4ac CITIIKYBaHHS
3 Malli€eHTaMM, a TaKOK OOMEXEHHH JIOCTYH JI0 OKPEMHX
JIKAPCHKHX 3aC001B, SIK-OT 3HCOOTFOBAIbHUX.

3riiHoO 3 pe3yibTaraMy ONUTYBaHHS, OUIbLIICTE dap-
MaleBTUYHHUX TNpaniBHUKIB (86,3 %) BBaXKalOTh CBOIO
POJIb Y CUCTEMI MaJiaTUBHOI JOMOMOTH J0AaTKOBOIO, ajie
BaxJinBow. [lepeBakHa Oinburicts onutanux (83,8 %)
PECTIOH/IEHTIB BBAXKAIOTH JOIIIBHUMU PETYISIPHI TPEHIH-
Ty s (apMarneBTiB i3 TUTaHb MaliaTUBHOI TOTIOMOTH,
OCKIUTBKH 0araThoM i3 HUX Opakye HEOOXiTHHX 3HaHb 1
MPAKTUYHUX HABUYOK.

CBiif piBeHb TOTOBHOCTI /IO POOOTH 3 MTATIaTHBHUMH TIaIli-
€HTaMH Ta WICHaMH iXHiX ciMel 56,4 % apmareBTHIHNX
MIPAI[iBHUKIB OIIHIJIH K CePeIHIH.

Omnurani (hapManeBTH TaKOX ITiKPECIMIN BaXKIUBICTh
YITKIIIOTO BU3HAYCHHS IXHBOTO MICI Ta POJi B IpoLeci

HaJIaHHA TTaTiaTUBHOI gomoMord. Lle macte 3mory mokpa-
IUTH e(PeKTUBHICTH POOOTH Ta 3a0€3MeUrTH OLIBII KOMII-
JICKCHUH MIAX1M 10 JIKYBaHHS 1 Oy 32 MajiaTHBHUMH
MarieHTaMu.

Tax, (apmaneBTr 3arpornoHyBaii po3pOOUTH HiTKi IIPO-
TOKOJIU Ta CTAHIAPTH, 10 OYyTh PEryJIOBATH IXHIO Y4acTh
y BUOOPI JIKapChbKHUX 3aCO0IB, & TAKOXK Y HAJIAHHI KOHCYJIb-
TaIlii 00 T03YBaHHSI, TOOIYHUX e()EKTIB 1 B3aEMOIIi JIIKiB.
Taki iHIIIIaTHBY COPUATHMYTH YIOCKOHAIICHHIO CHCTEMH
NaiaTUBHOI JIONOMOTH Ta 3a0€3MEeYEHHIO0 BUCOKOTO PiBHS
MIATPUMKH JUIS TTAIIIEHTIB 1 IXHIX pOAWH.

BucHoBKu

1. dapMmaneBTHYHI NPaNiBHUKA BU3HAYAIOTH CBOIO POJIh
y TaJiaTUBHIN J0TIOMO31 SIK Ba)KIIMBY, ajie FOPUINYHO BOHA
3aJIMIIAETHCSA HEJOCTATHBO perlaMeHToBaHoto. Jlume 8,1 %
(hapMareBTiB PEryIIpHO OTPUMYIOTh 3aIUTH Bif MATiaTHB-
HUX MAII€HTIB, a 70,3 % ONMUTaHNX 3ayBaYKIJIA HECTAYy 3HAHb
1 MPaKTUYHUX HABUYOK IS POOOTH 3 TAKUMH XBOPHMHU.

2. Cepen OCHOBHHUX MpOOIEeM Ha3BaHO BiCYTHICTH CTaH-
JApPTHUX MPOTOKOJIIB, OOMEKCHHS B MEIUKAMCHTO3HIN
MIATPUMII Ta HEAOCTATHIO MIATOTOBKY JO KOMYHIKaIlii 3
MaIieHTaMy Ta IXHIMU POJMHAMHU.

3. YnockoHaJeHHsl 3aKOHOJABYOTO PEryJIOBaHHS POl
(hapMarieBTiB, opraHizamis CIICIiaTi30BaHIX HABYATBHUX
nporpam, MOIUPEHHS 3aC00iIB 1 MiAXO/IIB TEJIACMEANUIMHHI Ta
Tenedapmariii, a TAKOK MOKPAIICHHS 3a0€3MCYCHHS JIIKaMU
MOXXYTh 3HAYHO TiBHUITATH €(PEKTUBHICTh TISITBHOCTI (hap-
MAIICBTIB Y MaJiaTHBHII JOIIOMO3I.

ETuyHe cxBaneHHs

YCi yqacHUKM Hagany McbMOoBY iHCDOPMOBAaHY 3rofy Ha yyacTb

y pocnimxeHHi. Komicis 3 nutaHb GioeTukn 3anopisbkoro AepkaBHOroO
MeAMKo-(hapMaLeBTUYHOIO YHIBEPCUTETY fana 3rofy Ha 3hiiCHEHHS
nocnimkeHHs (npotokon Ne 4 sig 03.04.2025 poky) Ta niaTeepauna,
LLIO CTaTTS HE MICTUTb JaHuX, SiKi cynepeyaTb Cy4yacHUM BUMOram
6i0eTVKM Ta MOPanbHO-ETUYHIM 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. YopHa®CcP

3anopisbkuil AepxaBHUN Meayko-apMaLeBTUYHUI yHIBepcuTeT, YkpaiHa

A — KoHUenUis Ta Au3aitH gocnigxeHHs; B — 36ip gaHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; 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 NpoTUNYXIMHHOI Tepanii. AKTyanbHICTb TEMW 3yMOBIIEHa 3pOCTaHHAM YacTOTU KapAiOBaCKyNSAPHUX YCKNaAHEHb Y L
KOTOpTi NaLjeHTIB, Lo 3yMOBIioe NOTPeby y NoLwyKy HagiiHux 6iomapkepis Ans paHHbOI cTpaTudikaLlii puanky.

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

Marepianu i meTogu. [lo gocnimxkeHHs 3anyyeHo 125 nauieHTiB i3 MHOXUHHOK MIENOMOL0 B CTaHi YacTkoBoi abo NOBHOI pemicii. Yci na-
LieHT nepebyBanu nig cnocTepexxeHHaM NPOTAroM 12 MiCALIB; peecTpyBany kapAioBacKynsipHi NoAii, BKovaoum iHpapKkTy Miokapaa,
iHCynbTW, apuTMIi Ta cepLieBy HeLoCTaTHICTb. PiBHI SST2 i P-cenekTuHy BusHavanu metogom ELISA.

Pesynikratu. Y 29 (27,1 %) nauieHTiB 3apeecTpoBaHo LLOHAWMEHLLIE OfHY CEepLEBO-CYANHHY NOAjt0. BCTaHOBMNEHO JOCTOBIPHO BULL PiBHI
sST2 (48,6 Hr/mn nopisHsAHO 3 28,6 Hr/mn) Ta P-cenekTuHy (74,1 Hr/Mn nopiBHsiHO 3 58,05 Hr/mn) y nauieHTiB 3 ycknagHeHHsmm (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 MyNbTUOIOMapKkepHOro niaxody Ao Kap-
[IOMOHITOPUHTY B OHKOreMaTornoriyHii npakTuui. Lie gacTb 3mory CBoe4acHo iaeHTu1ikyBaTh NaLieHTiB BUCOKOrO pr3uKy 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 ganumu BcecBiTHROT opraHizaiii 0XOpOHH
3710pOB’sl, IOPIYHA 3aXBOPIOBAHICTH HA MHOKHHHY Mi€JIOMY
CTaHOBHTH NMOHAJ 160 THCSY HOBMX BHIIQJIKIB, a MOIINpE-
HicTb — moHax 350 tucsy mamieHTiB y cBiti [1]. CygacHa
MIPOTHUITYXJIMHHA TEPaITisi, 30KpeMa 3aCTOCYBaHH IHTi0ITOpIB
IpOTEacoM, IMyHOMOAYIATOPIB i MOHOKIIOHATEHIX aHTHTIIL,
ICTOTHO TOKpamuia pe3yabTaTH JIKyBaHHS 1 IiIBUIIHAIA
TPUBATICTH KUTTS MaIieHTiB [2,3].

PazoM 3 TUM 11i METOAM JIIKYBaHHSI MOB’si3aHi 3 PU3H-
KOM KapJiOTOKCHYHOCTI, @ OT)KE IiJABHUIIYIOTh 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
MOXXYTh TIOCHIJTIOBATHCS IiJT BINTMBOM Teparlii, 1110 oTpedye
MYJTBTHIACIHIUTIHAPHOTO MOHITOPHHTY Ta CTpaTtu(ikarii
pU3HKIB [5].

Curyanis yckmagamnacs B ymosax naggemii COVID-19,
KOJIM Y TAIi€HTIB 3 IMyHOCYTIPECi€l0 BU3HAYAIN TSKKHAN
nepedir XxBOpoOH 3 BUCOKUM PU3UKOM TPOMOOTHIHHUX
yCKJIaJHEeHb Ta ypakeHHs Miokapaa. SARS-CoV-2 indikye
eHJioTelianbHI KiTiTuHN yepes perentop ACE2, o crpu-
qpHs€ TUCOYHKIIIO €HI0TElNil0, CHCTEMHE 3alaJIeHHs Ta
AKTHBALIIO0 KOATYIAIIHHOrO Kackany [6,7]. Lle ocobnuBo
HeOEe3MEeYHO TSl OHKOTEMATOJIOTIYHUX XBOPHX [8].

¥V 3B’513Ky 3 IIIM 0COOJIMBOT aKTyalIbHOCTI HaOyBa€ BUBUCH-
HS KapIiOMapKepiB i1 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]
CBiJUaTh MPO MEPCIEKTUBHICTH iHTETpallii TakKux OioMapKe-
PIB Y CTaHAApTHY KIIIHIYHY MPAKTHKY VISl IPOTHO3YBaHHS
YCKJIaJIHEHb 1 KOPEKIiT TepareBTHYHOI CTparerii.

MeTa po6otu

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

Marepianu i MeToau pocnimkeHHA

J10 IpOCTIEKTHBHOTO AOCIKEHHS 3aTy4eHo 125 mamienTiB
13 MHO)KHHHOIO MI€JIOMOI0, 5IKi repeOyBain y CTaHi TOBHOT
a00 4acTKOBOI peMicii micist npoTUIyXJIMHHOI Tepartii. [1ix
Yac CIIOCTEPEIKEHHS YiTKO JIOTPUMYBAIUCH YCIX BUMOT 1010
KJHIYHHUX JOCIIDKEHb.

XBOpHX MOAUTMIN HA TPYIH 3aJIEKHO BiJi BUHUKHEHHS
Kap/1i0BacKyISIPHUX TOAIN BIPOJIOBXK YChOTO TEPiOy CIIO-

crepexerns. J[iarHOCTHKY Ta CTaIiFOBaHHS 3aXBOPIOBAHHS
3OIMCHWIN BIAITOBIIHO O YMHHUX KIIIHIYHMX HACTAHOB.
[NanienTn OTpUMYyBaJIH JIIKyBaHHS 332 CXeMaMH, 1110 BKIIO-
yau 00opTe30Mi0, JICHAI IOMIJI, IeKcaMeTa30H, MeiidaaH,
nuKodocami Ta aHTPAIUKIIIHOBI IIPEnapaTH.

SIKII0 B MAIIEHTIB IarHOCTOBAHO apTepialibHY TilepTeH-
3110, IPU3HAYAJIHN JTIKyBaHHS 1HT101TOpaMy aHT10TeH3MHIIepe-
TBOPIOBAJILHOTO (DepMEHTY 200 aHTaroHicTaMH PeLerTopiB
1o aHrioreHsuny II, anTmarperanramu, ctaTuHaMu. Met-
(hopMiH IPH3HAYCHO MAIIEHTY 3 I[yKPOBUM J1ia0eTOM 2 THITY.
VY rpyni XBOpuX 3 KapAiOBacKyJISIpPHUMH TIOJISIMH YacTile
3aCTOCOBYBAJIH 1HTOITOPY aHT10TEH3WHIIEPETBOPIOBAILHOTO
(hepMeHTY, IiypeTHKH.

V 35 namieHTiB B aHaMHe31 3a()iKCOBaHO TSHKKHUI epedir
COVID-19, mo niarBepmkeno Buminennsm PHK SARS-
CoV-2 meTooM moriMepasHoi JIAHITIOTOBOI PeakIlii 3 Hoco-
I0TKOBOTO cin3y. Li marienty norpeOyBany rocmitamizanii
Ta KACHEBOI TiATPUMKH.

VYei y4acHUKH JOCIIJDKEHHS repeOyBaiy iJ| crocTepe-
JKEHHSIM 1TpoTsiroM 12 micsiiB. ITix yac mux Bi3uTIB (iKcy-
BaJIM KapIiOBAaCKYJAPHI IMOMil: KOPOHAPHI imemMigHi momii
(indapkT Miokapa, HecTablIbHA CTEHOKAP/Iist), TPAaH3UTOPHA
imemiyHa aTraka, IHCYJIbT, CMEPTh YHACTIIOK Oyab-sSKOi
MIPUYUHH; CMEPTh YHACHTIZOK KapAiOBAaCKYIISIPHOI IPUYNHH,
TOCIITaNI3aIlis Yepe3 KapAiOBaCKY/SIPHI MPUIUHU, CEpIICBa
HEJIOCTATHICTh, 110 BCTAHOBJIEHA BIIEpIIE, MPOrPECYBaHHS
MHOKAHHOT MI€JIOMH, 1HCYJIBTH, IO i ITBEPKCHI KOMIT F0-
TEPHOIO TOMOTpadiero.

PiBni sST2 i P-cenexTrHy BH3HAYaM B CHPOBATII KPOB1
MeTozioM iMyHo(epMeHnTHoro anaiizy (ELISA).

SIk TIepBUHHY KIHIIEBY TOYKY BH3HAUEHO BUIIAIKH Cep-
LIEBO-CY/IMHHUX YCKJIQJIHEHb, 30KpeMa apuTMii, iH(papKTy
MioKap/a, iIHCYIIBTY, CEpLEBOI HEIOCTATHOCTI Ta TPOMOOEM-
OOJIIYHUX TTOMIH.

CraTuCTUYHUK aHalli3 BUKOHAJM, BUKOPUCTABIIM IPO-
rpamy SPSS mist Windows v. 17.0 (SPSS Inc., Chicago, IL,
CILIA).

VYei nmanieHTH Hajanu MUChMOBY iH(OpPMOBaHY 3rogy Ha
y4acTh y IOCIIDKCHHI Ta MyOiiKal(ifo aHOHIMI30BaHHUX
JTAHUX, OTPUMAHMX MiJl Yac HHOTO, BIATIOBIAHO JO 3aKOHY
VYkpainu «IIpo 3axucT nepcoHambHUX AaHux». Kowmicis 3
TTUTaHb 010€THKH 3aITOPi3BKOTO JEP>KaBHOTO METMKO-(papMa-
LIEBTHYHOTO YHIBEPCUTETY PO3IIISTHYIIA MaTepialii, HaBeaACHi
y CTarTi, Ta MOCTAHOBHJIA, 1[0 JOTPHUMAHO BCIX HOPM IIIOIO
0I0ETHKH I Yac MEIWYHUX JOCIIDKEHD, 31HCHEHNX 3a
yuacTro Joauau (rpotokoit Ne 4 Bix 03.04.2025 poky).

Pe3ynbratu

Ipotsirom nepioxy crioctepesxenHs y 29 (27,1 %) namieHTis
3a(hikcoBaHO 3arajoM 65 cepreBO-CyINHHUX MOJIH.
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VY rpyni marieHTiB i3 mOmiIMH MemiaHHUKA piBeHb sST2
cTaHOBUB 48,6 HI/MII, a y TPy 0e3 yCKIIafHeHb — 28,6 Hr/Mi
(p<0,05). 151 P-cenexTrHy BifImOBiAHI 3HAYCHHS CTAHOBUITI
74,1 ur/mn nopiBHsHO 3 58,05 Hr/mi (p < 0,05).

Amnariz ROC-kpuBHX TOKa3aB, 0 ONTHMAaJIbHE IOPOTOBE
3Ha4eHHA sST2 NI MPOTrHO3yBaHHS CEPLEBO-CYIMHHHUX
yCKIIagHeHb cTaHOBUTH 28,5 Hr/min (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 €()CKTUBHICTB.

O6roBopeHHs

3rimHO 3 pe3ynsTaTaMu J0CITiDKSHHS, i ABHIIeH piBHI SST2
i P-ceniekTrHy 10CTOBIPHO KOPEIIOIOTH 13 TiJIBUIIEHUM PH-
3WKOM CEpIICBO-CYIMHHIX TTOIIH y TIAII€HTIB 13 MHOKHUHHOIO
miesiomoro micast COVID-19. 1i 6iomapkepu € moKa3HHKa-
MU aKTHBAIlil 3almajcHHs, CHAOTeNManbHOI qucyHKIii Ta
¢bi0po3y miokapna.

Panimre sST2 BU3HAYCHO SIK HE3AJICIKHHUU IPEIUKTOP
HECTIPUSTIIMBOTO TIPOTHO3Y MPHU CEepIIeBid HEOCTAaTHOCTI,
TOCTPUX KOPOHApHUX CHHJAPOMAX 1 3arajbHiii CMEpTHO-
cti [11,12,13]. 3a maHuM# 06araTorEHTPOBUX JOCIIKCHB,
piBenb sST2 >35 Hr/mil OB’ sI3aHNMH 13 MIABUILIEHHM PH3UKOM
rocmiTaiizalii Ta cMepTi Bij ceprieBoi HemocTaTHOCTI [14].
V xontekcti COVID-19 Bucokwuii piBeHb sST2 acoritoersest
3 TSOHKKUM TIepebiroM XBOpOOH, JIETEHEBUM YPaXXCHHSIM 1
BHCOKHM PIBHEM CHCTEMHOTO 3arayieHHs [ 15,16].

P-cemexTuH, sk MOKa3aHO B HU3MI TOCTIKEHb, Oepe y9acTh
y MaTroreHesi TpOMOOYTBOPEHHS Yepe3 aKTHUBALII0 TPOM-
OorutiB Ta enporeniro [17,18]. V mamientiB i3 COVID-19
IiIBUIICHHS PIBHIB P-CENEKTUHY acOIFOBATIOCS 3 TSHKUUM
miepediroM XBOpoOH Ta BHIIIOI0 YaCTOTOI TPOMOOEMOOITiu-
HUX YCKJIaaHeHb [19]. YV remaronoriynux mariieHTiB P-ce-
JIEKTHH TaKO)K BU3HAYAIOTh SIK TIOTEHITIHHITI MapKep pU3HKY
CYIMHHHUX YCKJIaJHEHb Ticiist XiMierepartii [20,21].

OTke, pe3ybTaTi HAIIOTo JOCITIHKEHHS 30iraroTbes 3
JIAHMMH CBITOBOI HayKOBOI JIITEpaTypH Ta MiJTBEPIIKYIOTh
3HAYYIIICTh BUKOpHcTaHH: sST2 i P-cemexTrHy sk mporHoc-
TUYHUX MapKepiB HE TUILKU B 3aralibHiil Kap/aiojoriyHii
MPaKTHIl, ajJe ¥ y Crenu(ivdHid Momymnsmii maIieHTiB i3
MHOXXHUHHOIO MiesioMoto, siki ieperectu COVID-19.

L1i nani MOXyTb CIIPUSTH PO3POOJICHHIO IIEPCOHATI30BAHHX
AITOPUTMIB cTpaThiKamii pU3HUKY, pAHHFOTO BTPYYaHHS Ta
TPUBAJIOTO Kap/{iOMOHITOPHHTY, III0 MOXKe OyTH IHTEIPOBAHO
B MYJIBTHIUCITUILTIHAPHE BEICHHS OHKOT€MAaTOJOTIIHHUX
XBOPHX.

BucHoBKku

1. Ilinsuiennst piBHiB sST2 i P-cenekTHHy € npeauKTo-
pam# CepIrieBO-CyAMHHUX IO Y MAI[iEHTIB 13 MHOKHH-
HoOI0 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. Pe3ympratu miATBEPIIKYIOTH AOIUIBHICTE MYIBTHOIO-
MapKepHOTO MiAXOAY B KapIiOOHKOJOTIi Ta BaKIUBICTh
iaTerpanii COVID-19 B olliHIOBaHHS PH3HKIB.

[lepcneKTHBH MOJATBIINX A0CTIAKEHb TOJATATh Y HPO-
JIOB)KCHHI BUBUCHHSI TIPOTHOCTUYHOI pouti OiomMapkepiB y
O1IPIIMX KOTOPTax IMali€HTIB, BPaXOBYIOYX THII Teparlii Ta
CYITyTHI 3aXBOpIOBaHHS. Pe3ysibTaTu 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-Tpia3onis 3yMOBMEHa iXHbO NOTEHLNHOK eeKTUBHICTLO Mid Yac NikyBaHHs
NaLieHTIB i3 PisHUMM CTaHaMU: OHKOMOFMYHUMU NpoLecaMi, 3ananeHHsaM, MiKpOOHUMY iHGEKLSIMM Ta NOPYLUEHHSIMW aHTUOKCUAAHTHOT
cuctemu. 3rigHo 3 pesynbratamy LOCTIAKeHb, Ui COMyKM MOXYThb iHribyBaTv nponichepallilo pakoBUX KIiTUH, MatoTb NpoTu3anasnbHi
BIIaCTWUBOCTI, aKTUBHICTb NPOTU NATOreHHUX MIKPOOPraHi3MiB i MOXYTb HeATpani3yBaTy BinbHi pagukanu, Lo BaXIMBO AN NPOMinakTukm
okcupaTusHoro ctpecy. OTxe, BUBYEHHS NMOXigHWX 1,2,4-Tpia3oniB MOXe CrpusaTi PO3poBneHHI0 HOBUX eheKTUBHIX Nikapcbkux 3acobis,
L0 € Haf3BMYaNHO aKTyanbHWM y Cy4acHi MeguLmHi.

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-
(PYHKLIOHaNbHUX TepaneBTUYHMX areHTiB y CyvacHii MeguLuHi.

Pesynitatn. MNoxigHi 1,2,4-Tpia3onis xapakTepuayTbCs 3HAYHOK BIOMOriYHOI aKTMBHICTIO Pi3HWX TEPaNeBTUYHUX HAaNPAMIB. Y pesynbrari
[OCTIiAXeHb BUSIBNEHO BUCOKY NPOTUMYXMNMHHY eheKTUBHICTb ribpuaHKMX cnonyk, 3okpema noxigHoi 5-((4-(6-propbenso[d]icokcason-3-in)
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ninepuanH-1-in)metun)-4-(4-Hirpotenin)-4H-1,2,4-tpiazon-3-Tion, WO YMHWUNIA 3HAYHY aKTWBHICTb NPOTY KNITUH PaKy MOMOYHOI 3anosu
(MCF-7). Lie nizTBepmkeHo metopamu DFT i monekynsipHoro aokiHry. LLlono aHTMMikpoGHOI akTMBHOCTI BCTAHOBMEHO, LLO NOXIiAHI, NOEAHaHi
3 HOpEproKcaLMHOM, Manu BULLY e(DEKTUBHICTb NOPIBHSAHO 3i CTAHAAPTHUMM @aHTUBIOTMKaMKW NPOTY rPamMno3UTUBHKX, FPaMHEeraTuBHIX bakTe-
piit i 36epiranu xopoLuy GiocymicHicTb. ig Yac LOCNIMKEHHS NPOTUCYAOMHMX BNACTUBOCTEN BUSIBUIW, LU0 NoXiaHi 4-amiHo-4H-1,2 4-Tpiasony
edheKkTMBHO B3aeMOLi0Tb i3 peLienTopoM GABA-A, cnpusnu KpalLLym pesynbsratam nikyBaHHs NOPIBHAHO 3 PEHITOIHOM y MoZensix in vivo.
£k 3acobw ons npoTusananeHoi Tepanii cnonyku 3 parmenTom 1,3,4-TiagiasuHy cnpusnm iHridysanHio Habpsky (91 %), nepesepLumBLIK
edekTnBHICTb ibynpodeHy (82 %), a Takox 3HU3WMK PIBEHb KIMOYOBYMX 3anarnbHux GiomapkepiB. AHTMOKCUAAHTHI BNAacTUBOCTi GpoMOBaHMX
noxiaHux [1,2,4]tpiasono[1,5-a]nipuanHy 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 MiKapCbK1X 3acO6iB ANs NiKyBaHHS NALEHTIB 3 OHKOMOTYHUMM, IHGDEKLINHUMM, 3ananbH1UMK Ta HeMpoAereHepaTMBHUMM
3aXBOPIOBAHHAMM, @ TaKoX ANs NPodinakTNk1 OKCUAATUBHOMO CTPECY.

BucHoBku. MoxigHi 1,2,4-Tpia3onis xapakTepuayTbCs LUMPOKUM CMEKTPOM GioNoriYHOi akTUBHOCTI: NPOTMIPUOKOBO, MPOTUMIKPOBHOIO,
NPOTMPaKOBOI, aHTMBaKTEpianbHO, NMPOTUCYAOMHOKD, NPOTHU3ananbHOK Ta aHTWOKCWUAAHTHO. Lle cBiguuTh Npo ixHi noTeHujian sk

yHiBepcanbHux 3acobiB ANs NMiKyBaHHS Pi3HNX 3aXBOPIOBAHb.

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.
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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 KOrHITUBHUX 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 — peparysanHs cTarTi;
F — ocTatoyHe 3aTBepaXeHHs CcTarTTi

KOrHITUBHI MopyLUEHHS — ofHa 3 HalaKTyarnbHilKMx Npobnem cyvyacHoi MEAWLMHU, OCKIMbKM iXHS MOLUMPEHICTb HEYXWUIbHO 3pOCTaE B
yCbOMY CBITi. LI TeHAEHUiA 3yMOBMEeHa HWU3KO mobanbHUX akTopiB, 30KpeMa CTapiHHSAM HaceneHHsl, ypbaHisauieto, NoWMpPeHHIM
XPOHIYHMX 3aXBOPOBaHb, a Takox BnnvBoM naHaemii COVID-19. OcobnmBy porb y NOLWMPEHHI KOTHITUBHWX PO3naziB BidirpaloTb CTPECOBI
Ta couianbHi hakTopu, L0 OCTaHHIMW POKaMM 3HA4HO MOCUMNMIN CBIl BNMWB Ha HaceneHHs. B YkpaiHi npobnema KorHiTuBHUX NopyLUeHb
CTana HaranbHOK BHaCMifOK coLianbHO-eKOHOMIYHMX BUKMMKIB i HAcNiaKiB BiMCbKOBOI arpecii pocincbkoi degepaldii. MocTinHui cTpec,
BTpaTh Gnn3bKyX, BUMYLLEHE NEPEMILLEHHS Ta 3aranbHe BigyyTTs Hebe3neku iCTOTHO BNAMBAKOTb Ha KOTHITVUBHI (OYHKLIi: NaM’ATb, KOH-
LieHTpaLilo yBarv Ta 34aTHiCTb A0 MnaHyBaHHsA. PO3yMiHHS OCHOBHMX MEXaHi3MiB PO3BUTKY KOTHITMBHUX MOPYLUEHb € KIOYOBUM ANS
pO3p0o6neHHs ePeKTVBHUX TEPANEBTUYHMX MiAXOAIB. Y Cy4acHUX AOCMIMKEHHSAX NOKA3aHO: KMYOBUMM NAaTOreHETUYHUMI (haKTopaMu €
HerpoaereHepauisi, CyauHHI poanaau, MetaboniyHa aucdyHKLis Ta BNAMB XpoHiYHOro cTpecy. Lle nigkpecntoe HeobxiaHICTb CTBOPEHHS
HOBUX KOMBIHOBaHMX Npenapartig, Lo MOrnM 6 KOMNMEKCHO BNAMBATY Ha KinbKa NaToreHeTUYHUX NaHoK.

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

Matepianu i meToan. Ak matepian Ans AOCIMKEHHS BUKOPUCTAHO AaHi 3 Axepen haxoBoi NitepaTypu, BKITKOYEHNX A0 MixXHapoaHuXx 6i-
GniorpadiyHnx 6a3 (Web of Science, Scopus, PubMed, Chemical Abstracts). 3actocoBaHo MeToau CUCTEMHOTO aHani3y, iHdhopmMaLinHoro
nowuyky. MNig yac po6oTu BUKopucTaHo GibniocemaHTUYHWIA NigXig Ans aHanisy 38'a3Ky Mix KIlOHOBUMM TEMamm Ta HanpsiMamu JOCTiAXKEeHb,
a TaKoXX METOAM OMMCOBOTO 1 y3ararbHEHOro aHanidy Ans hopmMyBaHHS BUCHOBKIB NPO CTaH i NEPCNEKTUBHI HAaNpsiMy po3pobreHHs npe-
napariB Ans nikyBaHHS KOTHITMBHUX NOPYLUEHb.

Pesynkrati. IcTOTHE 30inbLUEeHHS KiNbKOCTi BUNAZKIB KOTHITUBHWX MOPYLIEHb Yy CBITi N YkpaiHi NoB’a3aHe 3 rmobansHuMK daktopamm
CTapiHHA HAaCeNneHHs, CTPECOBUMM YMHHUKAMU Ta HeipodereHepaTMBHUMM 3axBOproBaHHAMK. B YkpaiHi us npobnema nocuntoetscs co-
LianbHO-eKOHOMIYHUMK YMOBaMu Ta Hacriakamu 36poiiHoT arpecii. BcTaHOBMNEeHO KNoYoBi MEXaHi3MM KOrHITUBHUX MOPYLLEHb, BKIKOYA0UM
HerpoaereHepawito, CyauHHi posnaau Ta meTabonivHy AucdyHKLUil. Ha 0CHOBI L JaHWMX BU3HAYEHO NEepCneKTUBHICTb PO3POGNeHHS
KOMGIHOBaHOrO Mikapcbkoro 3acoby, Lo MICTUTb HATpIl CyKUMHAT | AMMeTUnaMiHoeTaHor, 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(DeKTUBHILLIKX NiAXOAiB [0 BifHOBIEHHS KOTHITUBHUX (DYHKLIN, LLO MiAKPeCnioe
BVCOKWIA NOTeHLian po3pobneHHs HOBMX TepaneBTUYHUX 3acobiB. Lie OBOAMTb NEPCNEKTUBHICTb CTBOPEHHS KOMOIHOBaHWX Npenaparis,
AKki Mornmu 6 BNAMBaTK Ha Kinbka KMioYOBMUX 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 JIIOIUHH, JTAF04YX 3MOT'Y
e(eKTUBHO cripuiiMaTu, 00pOOIIATH i BUKOPUCTOBYBATH iH-
(dopmattiro. J[o OCHOBHHX CKJIaJOBHX KOTHITHBHOI TiSUTBHOCTI
HaJIe)KaTh [1aM’ Th, yBara, MUCJICHHS, 31aTHICTh YXBaJIFOBaTH
pimeHHs i BUpinTyBaTu npooiemu. [TopymeHHs ux QyHKIH
MOXXYTh MaTH pPi3HE MOXOKEHHS, 30KpeMa MOXYTb OyTH
HACTIIKOM HeHpoaereHepaTHBHUX 3aXBOPIOBAHb (XBOpoba
Aunbureiimepa, [lapkincoHa), iHGEKIIHHUX ypaKeHb LIEH-
TpabHOI HEPBOBOI CHCTEMH, HEHpO3amaibHUX IMPOIIECiB,
CYIMHHHX I1aTOJIOTIH, TPaBM.

VY cydacHill Haylli BU3HAYAIOTh TEHICHIIIIO IO MOCH-
JIaHHS 1HTEepecy J0 BUBYCHHS Naro(i3ioNoriyHux Mexa-
HIi3MiB, IO JIKaTh B OCHOBI KOTHITHBHHX MOPYIICHb. Lle
3yMOBJICHO 1 JieMorpadiuHUMu 3MiHaAMH (301JbIICHHIM
TPUBAJIOCTI XKHUTTS Ta YaCTOTH BIKOBUX HeWpojereHepa-
THUBHUX XBOP00), I HOBUMU BUKJIMKAMHU, SK-OT TAHIEMIEI0
COVID-19. Tak, ingexuis SARS-CoV-2 mana icrorHuit
BIUIMB Ha IICHTPAJIbHY HEPBOBY CUCTEMY, CIIPHUUHSIE TaKI
BiJ1aJIeH] HACIIJIKH, SIK «MO3KOBUI TyMaH», HOPYIICHHS
mam’siTi, 3HWKCHHA KOHIICHTpAIlii yBaru Ta iHIII KOTHi-
THUBHI nopymeHHs. OcTaHHl JOCTI/DKSHHS CB114aTh, 110
COVID-19 moxe 3yMOBITIOBAaTH Helpo3analibHi MPOLIECH,
OKCHJIATUBHHI CTpEC 1 TIOKCi0, 1[0 pa30M MOCHIIIOIOThH
HelpoHabHI nucdyskii [1,2].

B Vkpaini npo0siema KOrHITHBHHX MOPYIICHb HaOysa
0COOJTMBOTO 3HAYECHHS y 3B SI3KY 3 BIMHOIO, sIKa CIIPUYHHSIE
XPOHIUHHUI CTpeC, TPUBOTY, BTPATy JIOMY Ta ONHM3bKHX, a
TAKOX IHIII cOLliaIbHO-eKOHOMIuHI TpyaHoi. [ToctTpaBma-
TraHui ctpecoBuit po3nan (ITTCP) — cknamxa mpobiema, o
MOsKe BUHUKHYTH y 20 % 1071, SIKi HepEeKHITN TPaBMATHIHY
TOJ1if0, HaBITh 03 (hizuuHoro TpaBmyBanus [3]. [ITCP moxe
3yMOBIIIOBATH IIMPOKHH CIIEKTP HACIIIJIKIB — Bil EMOIIIHHUX

(mempecist, TpuBOTa) 10 KOTHITHBHUX (TIOPYIICHHS YBarw,
ram’siTi, yXBaJICHHS PillICHb).

BoiioBuii cTpec 3anuirae mMMOOKKH CIIiJ Ha ICUXIYHOMY
CTaHi BIiChKOBOCITY>k00BIIB. [TocTiitHe Hanpy keHHs, CTpaXx,
HACHJIbCTBO Ta HeNepe10auyBaHiCTh CUTYaIlii MOXKYTh IIPH-
3BECTH JI0 Pi3HUX rcuxonoriynux posnazis: [ITCP, nenpecii,
TPUBOXKHOCTI, MMAHIYHUX aTak i MpoOJIeM i3 KOHIICHTPAITIETO,
nam’sitTHo. L1 po3naim MOXKyTh 3HA9HO BIUTMHYTH Ha )KUTTS
BiHiCEKOBOCITYKOOBIIA ITiCIIS BIFHU, CIIPHYIHHSIOUH IPOOIIeMU
y cim’1, Ha po0OoTi, B cycminbHOMY *HTTI [4]. Tomy Baxn-
BO 3a0€3MEYNTH JOTIOMOTY BifiCHKOBOCIYKOOBISIM, 1100
TOM’ SIKIITUTH HACTIKH O0MOBOTO CTPECy Ta JIOIIOMOTTH iM
aJIanTyBATUCS 10 MUPHOTO KUTTSL.

3 oy Ha aKTyalbHICTH NMPOOIEMH, PO3BUTOK iHHO-
BallifHUX METOJIB JIKyBaHHS KOTHITUBHUX IOPYIICHB €
NPIOPUTETHUM 3aBIaHHAM. [lepCrieKTHBHUM HarpsMoM €
CTBOPEHHs KOMOIHOBaHUX IpeTapariB, 110 MOIIN O BIUTMBATH
Ha KUIbKA KIIFOYOBUX MEXaHI3MIB rarosiorii. Takuil miaxizn
CrpusiTUME e(EKTHBHIILIOMY JIIKYBaHHIO KOTHITUBHUX I1O-
PpYILLIEHb, 30KpeMa B YMOBax Cy4aCHHUX BUKJIUKIB, IO CTOSITh
nepes; YKpaiHoio Ta CBITOM.

MeTa po6otu

AHami3 i cucTeMaTH3allis CyJacHUX JaHUX PO MEXaHi3MH
PO3BHUTKY KOTHITUBHHX ITOPYIIICHB, 8 TAKOXK BU3HAYCHHSI [IEP-
CTIEKTUBHHUX HAITPSIMIB JUIS1 pO3POOJICHHS HOBUX JTIKAPCHKUX
TIpenaparis, IO MPU3HAYEH] TS BiTHOBJICHHA Ta MATPUMKH
KOTHITUBHHX (DYHKIIIH.

Marepianu i MeTogu pocnimkeHHA

Sk marepiait 1y1st AOCITIKSHHS BUKOPUCTAHO JaHi 3 [Kepet
(haxoBoi JiTeparypH, BKIIOYCHUX J0 MDKHApOIHUX 01011i0-
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rpadiuanx 6a3 (Web of Science, Scopus, PubMed, Chemical
Abstracts). 3acToOCOBaHO METOTM CHCTEMHOTO aHalIi3y, iHpOp-
MariifHoro nomyky. /list Binbopy /keper BHKOPHCTOBYBaJIH
TaKi KIIFOYOBI CJT0Ba Ta IX KOMOiHAIIii: «cognitive impairment
treatment», «combined drug therapy», «neuroprotectiony,
«novel pharmaceutical formulations» Tomo. ITix yac ana-
i3y Oys10 BpaxoBaHO sIK €KCIIEpHUMEHTAIIbHI, TaK 1 KIIHIYHI
JIOCITIJDKEHHS, 10 BHCBITIIIOIOTH €(heKTHBHICTh, Oe3MeKy
Ta MEXaHI3MHU Jii MOTCHIIHHUX KOMOIHOBAaHHX MPEaparis.
Oxpemy yBary 0yJI0 PU/ILICHO BUBYEHHIO HATPIIO CyKIIMHA-
Ty, ioro (hapMaKoJIOTIYHMX BIACTUBOCTEH Ta MOTEHIIITHOTO
3aCTOCYBaHHS y CKJIaJi KOMOIHOBAHMX JIKAPCHKUX 3ac00iB
JUTSL KOPEKITii KOTHITHBHUX IMOPYIIEHb. Y pe3yibTaTi Bigoopy
B onsiz OyITo BKITFOUEHO 52 HayKOBi JKepera, OImyOIiKoBaHi
B iepion 3 2015 mo 2024 pik. I1ix yac poOOTH BUKOPHCTAHO
6107Ti0CceMaHTIHYHAH IiAXI1T T aHATI3Y 3B’ SI3KY MIXK KITFOYO-
BHUMH T€MaMH Ta HalpsIMaMH JJOCITiKEHb, & TAKOX METOIN
OTIMCOBOTO I y3arajabHEHOTO aHami3y Uit (GpopMyBaHHS
BHCHOBKIB PO CTaH i IEPCIIEKTHBHI HAIIPSIMHU PO3POOIICHHS
TIperapariB JUIsl JTiIKyBaHHS KOTHITUBHUX TTOPYILICHb.

Pe3ynkratn

AHayi3 HayKOBUX MyOIiKaliid IMOKa3aB, M0 MOPYIICHHS
KOTHITUBHUX (DyHKIiH € T100aabHOI0 MpodieMoro, sKa
CTOCYETBCSI BCIX BIKOBHX IPYH 1 Ma€ CKJIaJHI colLialibHI
€KOHOMIYHI HACIIIIKH.

301IbIICHHS TPUBAJIOCTI JKUTTS € BRYKJIMBUM JOCSTHEHHSIM
Cy4acHOT METUIIUHHI. BTIM BUHUKITH HOBI BUKJIMKH, TTOB’sI3aH1
3 BIKOBUMH 3MiHAMH Ta MOTIPIICHHSM 3[0POB’sI, 30KpeMa KOT-
HiTHBHI nopy1ieHHs1. OJIHI€0 3 KITFOYOBUX IPUYKH MOPYIICHb
KOTHITHBHUX (DYHKIIIH y JTFOfIei OXMIIOTO BIKY € Helipoyiere-
Heparisi — TIOCTYIIOBe pyiHyBaHHS HEHPOHIB Y TOJIOBHOMY
MO3Ky [5]. XBopoba AmbIrrefiMepa Ta iHII (GOpMH TEMEHIIii
TI0B’s13aHi 3 BHYTPIITHHOHEHPOHATEHIM HAKOIIITICHHSM aMi-
noimaux B (AP) omiromepis, 10 Mepeye MOSIBI aMiJIOITHAX
G110k 200 HEMpO(iOPHIPHUX KITYOKIB 1 € HEHPOTOKCHYHNM
[6,7]. Kpim Toro, mpu XBopoOi AnblreiiMepa 4acTo peecTpy-
I0TB ITi/IBUIIEH]I PIBHI KOPTHU30JTY, 110 HEraTHBHO BILTMBA€E Ha
KOTHITHBHI (DYHKIII1, TOCHIFOKOYX TIPOrPECYBAHHS 3aXBOPIO-
BanHsL. [TokazaHo, 1110 TIPK BUCOKOMY PiBHI KOPTH30JTY MPOLICCH
BITHOBJICHHSI HCHPOHHUX 3B’SI3KiB Ta HABYAHHS CIIOBLIHHIO-
FOTBCS, 1 1€ HETATHBHO TO3HAYAETHCS Ha MaM’sITi, 34aTHOCTI
JI0 KOHIICHTpAIIii Ta BUpIIICHHS poOsieM. Y MaIlieHTIB 13
XBOpPOOOIO AlbIreiiMepa 11e IPH3BOUTH J0 MPUCKOPESHOTO
TIOTIPILEHHS KOTHITUBHUX (QyHKIiH [§].

3 BIKOM 3pOCTa€ PU3HK CEPIEBO-CYAMHHUX 3aXBOPIOBAHb,
110 MOXKYTb TIOTIPIITYBaTH KPOBOIIOCTa4yaHHsI MO3KY. [HCYI1b-
TH, TPAH3UTOPHI 1IIIEMiYHI aTaKK Ta XPOHIYHA HEAOCTATHICTh
MO3KOBOTO KPOBOOOITY TaKOX BiJIITPalOTh BAXKIIUBY POJb Y
BUHUKHEHHI KOTHITUBHUX ITOPYIIICHB, OCKLTEKH MO30K 3a3HAE
neinuTy KACHIO Ta TIOKUBHUAX PEYOBUH, HEOOXITHIUX UIS
HOpMaBEHOTO (DYHKITIOHYBaHHS HEHpOHIB [9].

B Vxpaini y 2023 poui KilbKicTb iHCYIIBTIB 30UTBIIMIIACS
Ha 16 % i craroBmia 132 926 BumnakiB. BHacmiIoK iHCYIBETY
BUHHKA€ KAaCKaJl MATOJOTIYHMX PEaKLii, 10 BKIIOYAKOTh
HEKpO3 Ta arrorTo3 HeHpoHiB. 3aru0ets KIITHH CyTPOBOIDKY-
€THCSl AKTUBALIIE0 MIKPOIIIil Ta BUBUILHCHHSIM 3alalIbHUX

LOUTOKIHIB (HANIPUKIIAJ, IHTEPICHKIHIB i (aKTopa HEKPO3y
TYXJIMH-0L), [0 ITOCHJTIOE MOIIKO/PKEHHS! TKAHHH 1 TIEPEIIKO/I-
JKa€ BiTHOBJICHHIO CHHANTUYHUX 3B’ s13KiB [ 1 0]. [HCYIBT cipr-
YHHSIE 3HWKCHHS 37[ATHOCTI MO3KY J10 HeHPOIUIACTUYHOCTI, 1
1€ HeTaTHBHO MO3HAYA€THCS HA KOTHITHBHOMY BiZTHOBJICHHI,
30KpeMa B Malli€HTIB MOXWIOTo Biky. [licist iHCY BTy MOXe
pO3BHBaTHCS XpOHiIUHA rinonepdysis B TKAHWHAX MO3KY,
TTOCHJTIOIOYN KOTHITHBHI MOPYIIEHHS, 0COONNBO TPH TO-
IIKO/DKEHHI 01101 peYOBHMHH, IO Biflirpa€e KIIIOUOBY POJb y
KOMYHiKamii MiXK pi3HUMH BifaimamMu Mo3Ky [11].

TpaH3UTOpHI IMIEMIUHI aTakn XapaKTepU3yIOThCsl KOPOT-
KOYaCHHUM IMTOPYIIEHHSIM MO3KOBOTO KPOBOOOIrY Oe3 CTIHKOi
3arubeni HelipoHiB. BTiM, HaBITH KOPOTKOYACHI €MMi30nU
imemii MOXXyTh BHKJIMKATH MIKPOCTPYKTYpHi 3MiHH, IIIO
BIUIMBAIOTh HA KOTHITHBHI (yHKIIT. TpaH3uTOpHI imemMiuHi
aTak, 110 TIOBTOPIOIOTHCS, MO>KYTh TIPU3BOJUTH /10 MHOMKHH-
HHX MIKpOiH(APKTIB i HOPYIICHHS CTPYKTYpH 01101 pe4oBH-
HU. L{i MIKpOCTPYKTYpHI 3MiHH HETaTWBHO BILUTUBAIOTH Ha
HIBUAKICTH 00p0OKH iH(pOpMaIlii, podody rmam’siTh Ta yBary,
0COOJHBO SIKIIIO BOHM JIOKAJII3YIOTBCS B IEPHUBEHTPUKYIISIP-
HUX 1 MIKIpKOBUX 30HaX [12].

XpOoHIYHA HEIOCTATHICTh MO3KOBOTO KPOBOOOIrY Xapak-
TEPHU3YETHCS TOCTIHHUM AePIUTOM KUCHIO Ta TIIIOKO3U
y TKaHMHaxX MO3KY, L0 IPHU3BOJMTH JI0 MOCTYIIOBOTO MO-
mkomKeHHS. OMHUM 3 OCHOBHMX MEXAHI3MIB KOTHITUBHUX
NOpYIIEHb MPU XPOHIYHIH Tinonepdysii € ypaxeHHs Oiimoi
PEYOBHHH, 11O ITPOTPECYE TA MEPEIIKOKAE HOPMAIIbHIH KO-
MyHiKalii Mi>k HelipoHHUMH Mepexamu [ 13]. Le BusiBisitors
3a 3HKEHHSIM KOTHITHBHHUX 3/110HOCTEH, 30KpeMa 3MEHIIeH-
HSIM IIBUKOCTI KOTHITUBHOT 0OPOOKH, Iam’sITi Ta yBaru.

BikoBi 3MiHM Oprani3mMy MoB’si3aHi 3 HAKONWYCHHSIM
BUIBHUX PaJIMKAJIB 1 3HIKEHHSIM e()eKTHBHOCTI aHTHOKCH-
JAHTHOI CHCTEMH 3aXHCTy. Y Tpoleci CTapiHHS piBEHb
AHTHUOKCHJIAHTIB: CYNEpPOKCUAIUCMYTAa3!U, KaTala3u Ta
IIYTaTiOHY — 3HHMIXKY€ETBCS, TIOCHIIIOIOYN OKCHIATHBHUI
cTpec i 30UTBITYI0YN IMOBIPHICTH MTONTKOKEHHS KJIITHH,
BKJTIOUatoun Heifponu [ 14]. Lle Moxke CpUYMHSATH PO3BUTOK
HelpoJeTeHepaTHBHNX 3aXBOPIOBaHb, 30KpeMa XBOPOOH
Aupireiimepa ta [Tapkincona [15,16].

Kpim Toro, MeTabomivyHi MopyIeHHs, 30KpeMa IyKpOBHit
mia0eT 2 THITy, TAaKOK ICTOTHO BIUTMBAIOTh HAa KOTHITHBHI
(yHKiil. Bucokuii piBeHs IIFIOKO3H B KPOBI MOXKE IPHU3BE-
CTH JIO TTOLIKO/KEHHS CYZIMH MO3KY (MIKpOaHTiomnarif), 1o
TIOTipIITy€ KPOBOMOCTAYaHHsI, TOPYIIY€E JOCTABKY KHCHIO Ta
HOKMBHUX PEYOBHH JJO HEMPOHIB. 3HIKEHHSI €HEPTETHYHOTO
METa0oITi3My MO3KY, 3yMOBJICHE IHCYTIHOPE3UCTCHTHICTIO Ta
TIOPYIIEHHAM KIIITHHHOTO MeTa00ITi3My IJTFOKO3H, CIIPHIHHSIE
JIe(IUT eHepril Al MiITPUMKH HOPMAJIbHOT aKTUBHOCTI
HEHPOHIB, MPU3BOAIYH 0 KOTHITUBHHUX MTOPYIIEHB i TTOTIip-
TIeHHs mam’sti [17].

OTxe, BIKOBI Ta METa0OIIYHI 3MiHHA CTBOPIOIOTH CIIPHST-
JIMBI YMOBH JIJIsl OKCHIOBAJILHOTO CTPECY Ta 3allaJIeHHSI, 1110
CTIIPUYHHSE CTPYKTYPHI Ta (QyHKITIOHATBHI 3MiHA B HEPBOBIH
cucTeMi Ta 30UIbLIye PU3UK HEHpPO/IereHepaTHBHUX 3aXBO-
PpIOBaHb.

L{ikaBuM € 3B’SI30K MDK BTPATOIO CIyXy 1 30py Ta IIij-
BHIIEHUM PU3HMKOM 3HW)KEHHsI KOTHITHBHMX 3110HOCTEH
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1 pH3UKOM PO3BHUTKY AeMeHIii. [IpuauHy 1p0r0 3B’S3KYy
He 3’5ICOBaHO, aje AOCIHIJHUKH MPHUIYyCKAalOTh, 10 1€
3YMOBJICHO TIOE€IHAHHSAM 3arajbHUAX (i3i0NOTIYHUX MPH-
YHH 1 BIUIMBOM BTPATH YyTJIUBOCTI Ha (pakTopu crocody
KHUTTA, IO TTO3HAYAIOTHCS Ha KOTHITHUBHOMY 3710pOB’1,
BKJIFOYAIOUM COI[IaJIbHY aKTHUBHICTB, JIeNpecito Ta ¢i3uy-
Hy akTHBHICTH [18]. € BimoMOCTi PO KOMITEHCATOPHUH
PO3MOi HEHPOHHUX PECYPCIB, 1110 BKa3y€ Ha KOTHITUBHY
KOMIIEHCAIlII0, SIKa MO>KE iICTOTHO BIUIMBAaTH Ha KOTHITHBHE
¢yHxiionyBanss [19].

[Margemiss COVID-19 icTtoTHO BruMHYsIa Ha CBIT y BCIX
chepax KHUTTSA — BiJl OXOPOHU 30POB’ST 10 CKOHOMIKH.
Xoua rmoyarkoBa yBara Oyia 30cepepkeHa Ha TocTpiit (asi
XBOpOOH Ta ii BIIMBI Ha AUXANBHY CHCTEMY, 3 PO3BUTKOM
TIAHJIEMii CTaJTK BCe YacTime pikCyBaTH BiIIAJICHI HACIIIKA
COVID-19, mo mpoaoBKyroTs BIUTUBATH Ha 3I0POB’ S THX,
XTO [IEPEXBOPIB.

OnuH 13 HaWOUIBII TPUBOKHIX aCTIEKTiB — BIUTUB KOPOHA-
Bipycy Ha KorHiTHBHI (yHKUil nroauuu [20]. el peHomen
3100yB Ha3By TpuBaiuiit COVID (long COVID). Buseumy,
1110 HOTO CUMITTOMH MOXKYTb BKJIFOUATH MPOOIEMH 3 I1am’sIT-
TIO, KOHIICHTPAIIIE€I0 YBarn, 00pOOKOF0 iH(popMaIlii Ta HaBITh
PO3BHUTOK JICIPECUBHUX YW TPUBOXKHUX cTaHiB [21,22].
COVID-19 moxe mpu3BOIUTH 10 KOTHITUBHUX MOPYIICHb
4yepes KibKa Pi3HUX MeXaHi3MiB, MOB’s3aHUX 1 3 BIUTUBOM
Bipycy SARS-CoV-2 Ha oprani3m 3araiom, i 3 Horo BINTABOM
Ha I[ICHTPaJIbHy HEPBOBY CUCTEMY 1 FOJIOBHUI MO30K:

1. V mamientiB i3 TspkkuM nepedirom COVID-19 vacto
BH3HAYAIOTH TIIEPITUTOKIHEMIIO — Pi3KHUI BUKHJ ITUTOKIHIB,
1110 MOYXKYTB IOIIKOXKYBAaTH TKAHUHH OPraHi3My, BKIFOUaIOuH
M030K [23]. LIuTOKiHI MOXYTh IIPOHUKATH Yepe3 TeMaTOCH-
uedanivynuii 6ap’ep (3aXUCHY 000IOHKY MiXK KPOBOHOCHOIO
CHCTEMOIO Ta MO3KOM) 1 CIIPHIMHSTH 3alaIeHHs Y TKAHMHAX
MO3KY, IOPYLIYIOYH HOPMaJIbHY POOOTY HEHpOHIB [24];

2. Tsoxki Bumagkn COVID-19 gacto cynpoBOIKyIOTECS
po0ieMaMu 3 TUXaHHAM, 3HIKEHHAM PiBHS KUCHIO B KPOBI
Ta MopyUIeHHAMH TUXaibHO1 PyHknil. Heliponn Hag3Bryaii-
HO 9y TJIHBi 710 Tinokcii [25]. TpuBae KucHeBe rooayBaHHI
MO’KE IPU3BECTH JI0 TIOIIKO/DKEHHSI KJIITHH T'OJIOBHOTO MO3KY.
HagiTp y mariieHTiB, sKi HE Majli BHPAKCHUX TUXAIBHIX
rpoOiiem i yac roctpoi gpazu COVID-19, Mmoxxe BUHUKATH
JIETKA TIIOKCIs, 110 HEraTHBHO ITO3HAYA€THCST HA KOTHITHBHUX
¢dyHKuisnx [26];

3. Beranosmm, mo SARS-CoV-2 moxe 6e3mocepeaHbo
iH(IKyBaTH KJIITHHH OJIOBHOTO Ta CIIMHHOTO MO3KY. OnnH
13 MOYKJIMBHX IIUISIXiB IPOHUKHEHHS BIpyCy /10 HEHTPAIBHOT
HEPBOBOT CHCTEMH — uepe3 HIOXOBI HepBH [27]. YpakeHHs
IIMX HEPBIB MOXKE ITOSICHUTH BTPATy HIOXY B OKPEMUX ITAIli€H-
TiB, @ TAKOXK € MOYKJIMBUM IIUISIXOM JUIsl IPOHUKHEHHS BIpyCy
B MO30K. X04a JIOKa3H NPSIMOTO IIPOHUKHEHHS BIPYCY B MO30K
Joci 0OMeXeHi, € JaHi, MO0 y ACIKUX TAIli€HTIB BUSABHIH
CJIi/TU BipYCy B CIIMHHOMO3KOBIH Pi/INHI 200 TKaHMHAX MO3KY.
[H}ixyBaHHI MO3KY MOJKE CIIPUYHHSTH 3allaIeHHS, HAOPSK 1
MOPYLIEHHS] HOPMaJIbHOT (DYHKIIIT HEHPOHIB;

4. COVID-19 Takox XapaKTepH3y€eThCs ITiIBHICHUM
PH3HKOM TPOMOOYTBOPEHHSI Ta MOIIKOJDKEHHIM cyuH. Lle
MOKE TIPH3BECTH J0 MIKPOIHCYIIBTIB 200 1HIIIAX TIPOOIIEM i3

KpPOBOOOIrOM y MO3KY, 1[0 TIOPYIITY€ IOCTaYaHHs HOTO KIITHH
KHCHEM 1 TO)KUBHUMH pedoBUHAMH. Taki 3MiHH MOKYTb BH-
KJIMKATH KOTHITUBHI IMOPYIIEHHS, OCOONNBO Y MALIIEHTIB, Y
SIKAX YK€ € CyIMHHI 3aXBOPIOBaHHs, a00 Yy JIFOei TTOXHIIOTo
BIKY, Y SIKHX CYJUHA MO3KY MOXYTb OyTH MEHIII €JJaCTHIHIMH
1 CXHUJTBHUMH JI0 TIOIIKO/DKEHB [28];

5. IcToTHMIA BIUTMB MarOTh MICHXOJIOT1YHI (PaKTOPH, TIOB’ -
3aHi 3 maHeMiero Ta 3axsoproBanHsM COVID-19. Tpusanmit
cTpec, TpUBOTa i Aenpecis, 10 BUHUKAIOTH Yepe3 XBOPoOy,
130JISI1110 T2 HEBU3HAYCHICTh, HETAaTUBHO BILUTMBAIOTH HA KOT -
HiTHBHI (yHKIIT. [IcHXomoriyHnit THCK MOXKe TTOCHITIOBATH
npoOJieMHU 3 KOHIICHTPAILIIE0 yBaru Ta mam’sattio [29,30].

HesBakaroun Ha 3HAYHUI PO3BUTOK BAaKIUH NPOTH
COVID-19 ta nosiBy MeToIiB JlikyBaHHs, Bipyc SARS-CoV-2
TIPOIOBXKYE LUPKYIIIOBATH Y cBiTi. OTKe, 11e Oararo Jiroaeit
MalOTb PH3HUK 3apa)KeHHsI, | TOMY aKTyaJIbHIMH 3aJIHIIAI0THCST
MTUTAHHS [TPO BijIajieH] Hacmiaky iHdexnii s 310poB’s. ba
6inpie, Bipyc SARS-CoV-2 nponoBxye MyTyBaTH, CIIpUIH-
HSIFOYM MOSIBy HOBUX miTamiB. OKpeMi 3 HUX MOXKYTh Maru
OLIBIITY 3MaTHICTH 10 IOMUPEHHS 200 3yMOBITIOBATH TSHKIMI
niepedir xBopoow. [TosiBa HOBUX MyTalliii 301IbLIYE HMOBIP-
HICTB TOTO, 1[0 TIOPYIICHHS KOTHITUBHUX (PYHKIIIH MOXYTh
BUSIBJISITH Y 11I¢ OUTBIIOT KITBKOCTI MAII€HTIB, HABITH SIKIIIO
BOHH IIEPEHECITH XBOPOOY B JIETKiH (opMi.

OcTaHHIMH pOKaMH 3’sBJSETHCS BCC OUIBIINE JTOKA3iB,
[0 OOTPYHTOBaHI B €ITiAEMIONOTIYHUX JTOCIIHKCHHSX, SKi
OB’ SI3YIOTH BIUTHB 3a0pyIHEHHS HOBITPS 3 HEBPOIOTIHHIMHI
po3i1azamH, iHCYJIBTOM 1 3MiHAMM KOTHITHBHHUX (YHKIUH y
nitel ta ocid moxwioro Biky [31,32].

Bimomo, mo 3a0pynHeHe TOBITPs ICTOTHO BIUIHBA€E Ha
korHiTUBHI GyHKIiT iroquun [33]. Le noB’s3aHo 3 Tum, 1110
JpiOHI YacTHHKY 3a0py/IHIOBAILBHUX PEUOBHH, SIK-0T PM2.5
("9acTK¥ po3MipoM JI0 2,5 MIKpOMETPIB), MOXKYTh IPOHUKATH
Yyepes IUXalbHI IIUISIXU Y KPOB 1 HABITH Y MO30K, CIIPUYHHSI-
I0YH 3amajieHHs # OKUCHIOBaNBHMH cTpec. Lli mporecn mo-
PYILYIOTh HOpMaJIbHY pOOOTY HEPBOBOT CHCTEMH Ta MOXKYTh
TIPU3BECTH O TIOTIPIICHHS I1aM SITi, yBaru Ta 34aTHOCTI 10
HaB4YaHHs. Y pe3ynbrari AOCIHi/DKEHb IT0OKa3aHO: TpUBaja
It 3a0pyIHEHOTO TOBITPS MiABUIIYE PU3UK PO3BUTKY
Helpo/iereHepaTuBHUX 3aXBOPIOBAaHb, 30KpeMa XBOPOOU
AupIreiivepa i nemenrtii [34].

3a0py/IHIOBaIbHI PEYOBHHHU MOXKYTh TTOIIKOAUTH reMaTo-
eHnedanigHuii 6ap’ep — 3aXUCHAIN MEXaHi3M, 110 3armodirae
MOTPAIUISIHHIO TOKCHHIB Y MO30K. Y pa3i 1010 MOIIKOKSHHS
TOKCHMHHM Ta 3alaJIbHi KJIITHHN MPOHHUKAIOTh Y MO3OK, IpH-
CKOpIOIOUH TIporiecu Heiponerenepaii [35]. Kpim Toro,
3a0pyIHIOBAEHI PEYOBHHH ITOTIPIITYIOTH POOOTY CHIOTEIII0
Ta CIPUYMHSIOTH OKHCHIOBAJIBHUH CTpPEC, IO YIIKOIKYE
KIIITHHH CTIHOK cyauH. L{e mpru3BoanT 0 XPOHIYHOI iTIeMmii,
HOTIPIICHHS [OCTa4YaHHs 10 MO3KY KHCHIO Ta MOXXHUBHUX
PEYOBHH, CIIPUYMHSIOUN KOTHITHBHI nopymieHHs. Lle oco-
OJIMBO HEOE3MEUHO IS JTIOAEH 13 TEHETHYHOIO CXUIBHICTIO
110 XBopoOu Anbirerimepa [36].

Biitna B YkpaiHi nocuinna npooiemy 3a0py/iHEeHHs MOBi-
Tpsi. JleToHarist CHapsi/IiB Ta aBiaboMO, OXKeEK, pyHHYBaHHS
3aBOIiB, BUOyXH Ha(hT0OA3 Ta IHIINX 00’ €KTIB IPOMHCIOBOI
iH(pacCTPyKTypH PU3BOAATH JI0 BUKUTY HIKIIJIMBUX PEYO-
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BUH: YaJHOTO Ta3y, OKCUMAIB a30Ty, TJIOKCUAY CIPKH, CIpKO-
BOJTHIO, CIIOJIYK XJIOPY Ta (TOpY, (hopMaibIeriay, CBUHIIIO,
kaaMito i pryTi [37]. [TopyiieHHs mocTauaHHs eeKTpOeHEep-
rii Ta iHI IHPPaCTPYKTypHI NPOOIEMH 3MYIIYIOTh JIFOACH
BHUKOPHCTOBYBATH MEHII €KOJIOT1YHI [HKEpena eHepril, iK-0T
JIM3ENbHI TeHEePaTopH, IO IiJBUILYE PIBEHb 3a0pyAHEHHS
moBiTps. OTxe, BIUIMB BiifHH Ha 3a0pyIHEHHS TOBKLULII €
CKJIAJIHOO ITPOOJIEMOF0, OCOOIIHMBO ISl HACCIICHHS, 110 )KUBE
B 30HaX aKTUBHUX OOMOBHX JIiH.

Brim, 11e He € TMHMI HACITITOK POCIHCHKOT 30poitHOT arpecil
npoTy Ykpainu. BifiHa Y4nHUTH IIIMOOKNH BIJIMB HA KOTHITHB-
Hi (QyHKITT JTFOMHUHMN Yepe3 CTPECOBI, TICUXOJOTTYHI Ta (i3udHi
(akTopu, 3yMOBJIEHI OOHOBUMH JisIMH 1 TIEPEKUBAHHSIMH.

IITCP — oauH i3 HAHMOMMPEHININX HACTIAKIB BOEHHIX
T, 1110 1OB’sI3aHUH 13 MOPYIIEHHSIMH KOTHITHBHHUX (yHK-
uiit. Maibxe 8 % 4omnoBikiB 1 20 % XiHOK, SKi MEPEKMIN
tpaBmarnyHi nofii, matots [ITCP [38]. ¥V pesynbrari gocii-
JDKEHHS 3a y4dacTio 129 ocib Bikom 18—60 pokiB, *uTemiB
JICOKYTIOBAHUX 1 TIOCTPAXKIAIUX Bijl OOHOBHX J1iil HACETICHUX
myHKTiB YepHiriBepkoi, Cymcbkoi, J{HImponeTpoBCchKoi Ta
XapkiBcbKoi obnacTel, nokasaHo, 1o nommpenicts [ITCP
cranoBmia 49,6 % [39].

JIromu 3 [ITCP MOXXyTh MaTH MOCTIMHI HAB A3JIMBI CIIOTA TN
PO TPaBMATHYHI TOMii, 1 Ie 3HIWKYE 3TATHICTh 30CEPEIH-
THCS Ha ToTouHKX 3aBaanHsx. [ITCP takox 1o’ s3aHui i3
TilepaKTHBAIli€I0 MUTIAICTIONIOHOTO TiJIa — IIEHTPY CTPaxy,
110 YCKJIAJHIOE PETYIFOBAHHS €MOIIiil Ta yXBaJICHHS paIlio-
HAJIBHUX pimensb [40,41].

BoenHi I1iT CynpoBODKYye MOCTIHHE BiUYTTsl HeOE3MeKH
Ta 3arpo3u, 10 CIPUYHHSE aKTHBAIIII0 cucTeMu crpecy. Lle
MIPU3BOJUTH 10 HAIMIPHOTO BUKHY KOPTH30Iy — FOPMOHA
crpecy. XpOHIYHHUI BUCOKUH PIBEHb KOPTHU3OITY YIIKOMKYE
TIIOKaMIT — CTPYKTYPY MO3KY, IIIO BiIIOBiA€ 3a IaM’ATh i
HaBuaHHs1. Lle Moke pu3BecTH /10 Mpo0IIeM i3 3aram’ sIToBy-
BaHHSM, KOHIICHTPAIII€I0 YBaru Ta HaBYaHHAM [42].

®di3nuHi TpaBMH, 0COOIMBO KOHTY3I1 Ta YepEIHO-MO3KOBI
TPaBMH, HEPIAKO TPATUIAIOTHCSA B YUYACHUKIB OOMOBHX MiM.
B Vkpaini 1o NOBHOMAacIITaOHOTO BTOPTHEHHS KiJbKICTh
YepeITHO-MO3KOBHX TpaBM cTaHOBmiIa 120 THC. BUMAAKiB
Ha piK, a yepe3 aKTHBHI 0O0HOBI i Taki MOKa3HUKH 3pOCIH
BABi4i; 73 % BUMAAKIB OOHOBUX TPaBM CYNPOBOIKYIOTHCS
KOHTY3i€10 TOJIOBHOTO MO3Ky [43]. Ilig wac mocimimkeHHs
HEBPOJIOTIYHUX YIIKOKEHb y 145 OifimiB 30podHNX CHI
VYkpainu Ta 100pOBOIBIMX OaTaIbHOHIB, IKUX ONEPYBaJIH B
KuiBcbKkoMy iHCTHTYTI TPAaBMATOJIOT 11 Ta OPTOTIEiT 3 IPHBOIY
TpaBM KiHI[IBOK, KOHTY31}0 TOJIOBHOT'O MO3KY JiarHOCTOBaHO B
64 ocib, mocTTpaBMaTHIHI CTpecoBi po3naau —y 23 [44]. i
TPaBMH IPU3BOJISATH JI0 MOLIKO/KEHHS HEHPOHIB, 0COOIMBO
B IMIEPEIHIX BiTaX MO3KY, BKIIOYAIOUH TPEPPOHTAIBHY
kopy. OckinbKku npedpoHTaIbHA KOPa 3HAXOUTHCS B J1I000-
BUX YacTKaX, BOHA YacTO NPUHMAE 3HAUHy YacTHHY yZiapy.
MexaHiuHe MOIIKO/DKCHHST HEHPOHIB Ta aKCOHIB MOPYIIYE
3B’S30K MK PI3HUMH BiAJIaMH MO3KY, ITOCJIA0IIOI0UN
KOTHITHBHI (DYHKIIii: Tam’ATh, yBary Ta 3aTHICTb J0 CTPH-
MYBaHHSI IMITyJIbCIB [45].

TpuBora, mempecis Ta iHII eMOLIWHI PO3JIAIH, CIIPH-
YMHEHI NEepPEe)XUBAaHHSIM BiliHH, BILIMBAIOTh HAa KOTHITHBHI

3aioHOCTI. TpUBOXKHI pO3MagN MOXKYTh 3HIKYBATH yBary,
MOTIPIIYBaTH po0OOYy MmaM’siTh 1 3aBa)KaTH KOHIECHTpAIIil
[46]. Hempecis yckmamaioe 00poOKy iHpOpMaIIii Ta 3HIKYE
HIBUJIKICTh KOTHITUBHUX TpolieciB [47]. BilicbkoBi 11T Takoxk
YacTO CYIPOBOKYIOTh IOPYIICHHS CHY. XPOHIYHA HeCcTada
CHY HETaTHUBHO I03HAYA€THCS Ha KOTHITHBHHUX (DYHKLIAX,
30KpeMa Ha yBa3i, IaM’sTi Ta 3[aTHOCTI yXBaJIOBaTH pi-
meHHsa. Hemocunanus moripinye eMoIiifHe perymoBaHHs,
TIOCUITIOIOYN CTPEC 1 TPUBOXKHICTH 1 CTBOPIOIOYH MOPOYHE
KOJIO KOTHITUBHHX MOPYIICHB [48].

KorHiTuBHI MOpyIIEHHSI, 1110 BUHUKAIOTh Ha TV Cy4acHUX
BHKIIUKIB, IOTPEOYIOTh pPO3POOIICHHS HOBHX TEPAINeBTHY-
HUX 3ac00iB. TpaauIliiiHi METOM JIIKYBaHHS TaKUX CTaHIB
HEZ0CTaTHBO e(DEKTHBHI 3 KIJIbKOX PHYMH, 30KpeMa depes3
CKJIQJIHICTB 1 6araro()akTOpHICTh YpaKeHHsI, 3Ha4HI MOO14HI
e(eKTH, BKITIOYal0uH TOKCHIHICTb /TSI IEYiHKN Ta HUPOK, 10
00MeXy€e TpUBaJie 3aCTOCYBaHHs IMX 3ac00iB. Kpim Toro,
rpernapary, siki BUKOPUCTOBYIOTh y KJIIHIYHIN TpaKTHI,
SK TIPABWJIO, CTIPSIMOBaHI Ha BY3bKi aCIIeKTH MaTOTCHE3Y
KOTHITMBHUX TOpPYIIEHb, HE BIUIMBAIOTh Ha KOMIUIEKCHI
MEXaHi3MH HeHpo3aaieHHs, OKHCHIOBAJIBHOTO CTpeCy Ta
MITOXOH/IpiaJIbHOT JUC(YHKIIIT, 110 JIeKaTh B OCHOBI Oara-
THOX HeIpoJIereHepaTHBHUX MPOLIECIB.

OcTaHHIMH POKaMH 3pOCTa€ 1HTEpeC N0 BUKOPHCTAHHS
KOMOIHOBaHMX Ipenaparis, 0 BKIIOYAIOTh aHTHOKCH/IAH-
T [49]. Taka cTpareris ga€ 3MOTy HE TUTBKH PO3IINPUTH
CIICKTp BIUTMBY HAa MOJICKY/ISIPHI MEXaHi3MH (OHOYACHO 3MCH-
LIyBaTH Helpo3anaieHHsl, 3aXUILaTH KIITHHH BiJI OKHCHIO-
BAJILHOT'O CTPECY Ta MiATPUMYBATH (PYHKILIIFO MITOXOH/IPIi),
110 6epyTh y4acTh Y PO3BUTKY KOTHITHBHUX MOPYILCHb, aJie
1 3HU3UTH PU3UK MTOOTYHUX e(ekTiB. KOrHiTHBHI MOpPYIIEHHS
YacTo OB’ 13aHi 3 OKCHIaTHBHUM CTPECOM, SIKMH YIIKOJDKYE
KIIITHHA MO3KY Ta IPUCKOPIOE HeipopereHepamnito. AHTH-
OKCHJIaHTH JIOTIOMararoTh HEHTpaizyBaTH BUIbHI panKain
Ta 1HII aKTHBHI ()OPMHU KUCHIO, 3MEHIITYIOUYH YIITKOKCHHS
HeiiponiB [50].

Henomixu mikapcbkux 3aco0iB, sKi 3aCTOCOBYIOTh Y CY-
YacHIN KJIHIYHIN MPaKTUI, TOPIBHSHO 3 KOMOIHOBAHHMMH
npernapaTamu:

1. By3bkuii ciektp aii. MoHOGYHKIIOHAIBHI Tperapa-
TH (TPOTITOHOBI HOOTPONH YU XOJIHEPTiUHI PEIOBUHHM)
JUIOTH JIMIIE Ha TIEBHUN MexaHi3M. Hampukiian, paneramu
TTOKPAIYIOTh METa00Mi3M 1 HEHPOTPaHCMICIIO B MO3KY, aie
He BIUTMBAIOTh Ha TaKi CyIyTHI MPOIECH, SIK OKCHAATHBHUIN
cTpec 4u cyauHHI nopymeHHs. Lle oOmexye ixHIO edek-
TUBHICTh y TAIIEHTIB 13 KOMIUICKCHUMHU KOTHITHBHUMH Y1
HEBPOJIOTIYHUMH TTopyIeHHsME. KoMOiHOBaHI 3aco0u, o
MalOTh KiJIbKa MEXaHI3MiB Jiil, MOKYTh OJJHOYACHO yCYBaTH
KUThKa IPUYUH MATOJOTT;

2. Bucoxkwuii pusuk nodiunux edekriB. MoHominecnpsi-
MOBaHI Iperapary 4acTille CIPUYMHSIOTh NOOIYHI peakiil
yepe3 BUCOKHM piBeHb crienudigHocTi. Tak, iHTi6iTOpH
AIETHIIXOJIIHECTEPa3 MOXKYThb 3yMOBIIIOBAaTH MOOIYHI JIii:
HYIIOTY, M’ sI30Bi crta3mMu abo OpamukapIiro —aepe3 HaaMipHe
HaKOIMYEHHSI alleTUIIXOJiHY. MOTyIIsITOpH [Ty TaMaTepriqHol
cucTeMu, 30kpeMa aroricTn AMPA - un NMDA -perenitopis,
MOXXYTh MaT¥ HEHPOTOKCHYHICTB Y Pa3i HEMPaBHILHOTO JI0-
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3yBaHHs. Y KOMOIHOBAaHHX IpenapaTax MOXKJIMBE 3HUKEHHSI
JI03 KO)KHOTO KOMITOHEHTA, 1110 MiHIMi3ye Mo0ivHi eexrTy;

3. TpyznHoIIi 3 T03yBaHHSM 1 TPUBAIICTIO JIIKyBaHHS. Yu-
MaJto MOHOIIPENapaTiB MOTPeOyIOTh TOYHOTO T03YBAHHS IS
JOCSITHEHHS ONITIMAITBHOTO €(PEKTY, 1 1€ YCKJIATHIOE X BUKO-
pHCTaHHA B KJIHIYHIHM npakTuii. Hanpuknaza, XomiHeprivyxi
PEYOBHMHH Y BUCOKHX /103X MOXKYTb OyTH I'€lIaTOTOKCHYHUMH
YW 3yMOBJIFOBATH 1HIII CHCTeMHI mopytieHHs. KoMOiHOBaH1
3aco0M 3a3BMYail MAIOTh CTAaHAAPTH30BaHi J03YBaHHS, IO
CIIPOIILY€ iX 3aCTOCYBaHHS;

4. OOMexxeHa e(eKTHBHICTh y XBOPHX 13 MOIIMOPOI/IHiI-
ctro. [TamieHTH 3 KinbKoMa CYMyTHIMH 3aXBOPIOBaHHSIMH
9acTo MOTPEOYIOTh MpENapariB i3 MIUPOKAM CHEKTPOM JIii.
Tak, nepedpaibHi Ba30qIIIATaTOPH TIOKPAIITYIOTH MO3KOBHIA
KPOBOOOIT, ajie He BIUIMBAIOTh Ha HEHPOHAIbHY aKTHBHICTb
a0o0 KOTHITUBHI (yHKLII. Y TaKMX BHIAJKaX KOMOIHOBaHi
TIperapar, 10 MO€THYIOTh Ba30(MJIaTaTop i HeHponpoTeK-
TOp, MAIOTh CYTTEBY IIepeBarys;

5. BiacyTHiCTh cHHEpri3My. MoHOTEparist 4acTo He Bpaxo-
BY€ CHHEPIeTHYHOT Aii, IKy MO)KHa JIOCSTTH B KOMOIHOBaHHX
npenaparax. Hanpukian, moeiHaHHsS aHTHOKCHIAHTIB 3
aKTHBaTOpaMy MeTalboIIi3My MO3KY Y CKJIaJli OJJHOTO 3ac00y
JIa€ 3MOTy OJJHOYACHO 3MEHIINTH OKHCHIOBAaJIBHHI CTpeC i
MATPUMATH EHEPTeTUIHUH OaJaHc;

6. dapmakokiHeTHYHI Ta (hapMakogHAMIYHI 0OMEKEHHSI.
PeuoBuHM OnHIET Py MOKYTh MaTH KOPOTKHH IMepiof
HaIIBBUBEJCHHS, 110 3yMOBJIIOE HEOOXIHICTh YacTOTO
pUiiMaHHs Ta MOXKe OyTH HE3pyYHHM IS MarlieHTiB. Tak,
TiPOJIiIOHOBI HOOTPOIIH MOTPEOYIOTh TPUBAJIOTO MPUHOMY
JUIsl JOCSTHEHHSI cTilikoro edekry. KomOiHOBaH1 penaparu
YacTo PO3pPOOIISIOTH, BPAXOBYIOUH ONTUMAIBHHUN (apMako-
KiIHCTHYHUH TTPOQ1IITH.

7. Bucoka BapTicTh TpuBainoi Tepamii. Tpuaie BUKOpH-
CTaHHs KUTHKOX MOHOTIpENapariB Moke OyTH €KOHOMidHO
HEBHTIIHUM TOPIBHSHO 3 OMHMM KOMOIHOBaHUM Mperapa-
ToM. Lle 0cobMMBO BaXXITMBO IS TIALIIEHTIB 13 XPOHIYHAMHA
3aXBOPIOBAHHSIMH, SIKI TOTPEOYIOTh TPHBAJIOTO JIIKYBaHHSI.

OnuH 13 MEePCIEKTUBHUX HAMPSIMIB JOCITIIKEHb — KOMOI-
HOBaHE 3aCTOCYBaHHS HATPIIO CYKIMHATY Ta AMMETHIaMiHO-
€TaHOIY SIK TIOTEHIIHHNX e(PEeKTHBHMX JiKapChKUX 3aC00iB
JUTS 3ar100IraHHs  JTiKyBaHHS KOTHITHBHUX PO3JIaliB.

Harpiii cykiuHaT € moxiiHuM OypIITHHOBOI KHCIOTH
(puc. 1), sixa Bigirpae BayJmBy ponb y mukii Kpebca —

CHj

N
ch/ \/\OH

KIIFOUOBOMY METa0O0JIIYHOMY IPOIIECi, 10 BiIOyBA€THCS B
MITOXOH/PISIX, 320€3M1euy04H KIIITHHU €HepPrieto. SHHKEH-
HS1 aKTUBHOCTI MITOXOHJIPii € OTHUM 3 OCHOBHUX (haKTOpiB
PO3BUTKY OKCHAATUBHOTO CTPECY B MO3KY, OCOOIHMBO TIiJ
4ac CTapiHHSA, IPH TOCTTPAaBMaTHYHMX CTaHAX 1 BIPYCHHX
iHpexuisx (nanpukiaa, COVID-19). Harpiit cykunnar
MoKpamye (yHKII0 MITOXOHAPiH, 3HIKYE PIBEHb aKTHB-
HUX ()OPM KHCHIO Ta 3a100irae MOMIKOKSHHIO KIIITHH BiJ|
OKHCHIOBAJILHOTO CTPECY, IO pOOUTH HOro e(eKTUBHUM
aHTHOKCcHJAHTOM [51].

Harpiii cykumHar Takox crpusie peryisiii poooTH Hew-
pONTTiabHUX KIJIITHH, IO J0TIoMara€e 3MEHIIHNTH 3allaleHHs
Ta MOKPAIIUTH KOTHITHBHI (PyHKII1. 3acTOCyBaHHS HATPiIO
CYKIIMHATy MOXe OyTH OCOOJIMBO KOPHCHHMM IIiJ Yac Ji-
KyBaHHS MaIli€HTIB 31 CTAaHAMH, 110 CYIPOBOIKYIOThCS
Helipo3anajeHHsIM Ta MITOXOH/PIaJbHOI JUCHYHKLIEIO: 3
XBOPO0OIO AJlbIreiiMepa, 4epernHO-MO3KOBOO TPABMOIO Ta
xorHiTHBHAME HachiakamMu COVID-19. Kpim Toro, HaTpiit
CYKITMHAT MOX€ ITiIBUIYBaTH CTIHKICTh HEWPOHIB JIO Ti-
TMOKCIi, 1110 0COOIMBO BOYKIIUBO MPU HEHpO3arabHIX CTaHAX,
SIK1 TTOB’s3aH1 3 KOPOHABIPYCHOIO 1H(EKIIEI0, YePeITHO-MO3-
KOBOO TPABMOIO Ta CTAPIHHSM.

JlMMeTHIaMiHOETaHO € TIPEKypCOPOM aIlCTHIXONIIHY —
He#fpomeniaTopa, 10 Bifirpae KIKYOBY POJib y MpoIiecax
mam’sTi Ta yBard. IIpernapari Ha OCHOBI AMMETHIIAMIHO-
€TaHOJy CTUMYIIOIOTh CUHTE3 alleTHIIXOJIIHY B TOJIOBHOMY
MO3KY, III0 MOYKE€ TTOKPAIIUTH KOTHITHUBHI (YHKINI Mg 9ac
CTapiHHs Ta HeHpoJereHepaTiBHUX 3aXBOPIOBaHb. Jlime-
THJIAMIHOETAHOJ 3JIaTHUH CTaOUIi3yBaTH KIITHHHI MeMO-
paHy, 3MEHIIYIOYH 1X YIIKO/PKCHHS ITiJ] BIUIMBOM BUTBHUX
panukanis [52]. Y moeqHaHHI 3 HITUMA aHTHOKCHIAHTAMH,
30KpeMa HaTPif0 CyKIMHATOM, TUMETHIAMIHOETAHOI MOXKE
HOCHJIMTH HEHPOIIPOTEKTOPHI €(eKTH Ta MOJIIMIINTH KOTHi-
THBHI (yHKII.

Kom6inoBanuii ikapchbkuii 3aci6 i3 HaTpiEM CyKIIMHATOM
1 IMMETHIIaMIHOETaHOJIOM € ITePCIICKTHBHUM JUIS TIOJI0JIaH-
HS BUKJIHKIB, IO CTOAThH I€Pe] Cy4aCHOI MEAUIHMHOIO.
[ToenHaHHs HATPiO CyKIMHATY 1 JUMETHJIAMiIHOETAHOITY
IPYHTY€ETHCS] Ha KOMIUIEMEHTapHOCTI MEXaHI3MiB iXHbOT Jil:
HATPii CYKIMHAT CTUMYJIIOE€ MITOXOH/IPiaIbHY aKTHBHICTD,
a TMMETHIIaMiHOETaHOII IOKPAIIy€e HeHPOXiMIUHy Iepesady
LIJISIXOM CHHTE3Y alleTHIIXOJIiHY; OOM/IBI pEYOBUHH 3MEHIITY-
I0Th OKCHIATUBHUI CTpec, NPOTe Ha PI3HUX PIBHAX (HATPiit
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CYKITHAT — Ha PiBHI MITOXOH/IPiH, a TIMETHIAMIHOCTAHOT
— Ha piBHI KJIITHHHUX MeMOpaH); HaTpii CyKIMHAT CIIpUsie
perenepartii HepOHiB MICIIS TIMTOKCHYHOTO TOMIKOKESHHS,
a JMMeTHIaMiHOeTaHo I 3a0e3reuye iXHIo (DyHKIIOHAJIbHY
AKTUBHICTB.

O6roBopeHHs

Humi y cBiTi BU3HAUAIOTh TEHACHINIO 10 301TBIICHHS Kilb-
KOCTI 0Ci0, KOTP1 MarOTh KOTHITHBHI ITOPYILEHHs. 3a JaHHU-
MHu BcecBiTHROT oprani3aii 0XOpoHH 300pOB’sl, KIIbKICTh
MAIIEHTIB 13 HEWPO/EreHEPaTUBHUMHU 3aXBOPIOBAHHSIMU
TAKOX INPOJOBXKYE CTPIMKO 3pocTaTH. PaHHS JiarHocTHKA
1 ebekTUBHE JIKYBaHHS IIMX 3aXBOPIOBAaHb MOXYTh HE
TUTBKH TOKPAIIUTH SKICTh JKUTTS MAII€HTIB, alle i CYTTEBO
3HU3UTH HABAHTAKCHHS Ha TXHI CIM’T Ta CHCTEMY OXOPOHHU
310poB’st. OToKe, pO3yMiHHS IPUYHH ITOPYIICHb KOTHITUBHIX
MPOIIECIB, a TAKOXK PO3POOJICHHS METO/IB iX MpodiTaKTHKI
Ta JIIKyBaHH:I € aKTyaJIbHUM 3aBJJaHHSIM CYy4acHOT ME/TUIIMHH,
BiJl BUPIIIICHHS SIKO1 3aJISKUTB 1 3I0POB’ s HAIlil, 1 COIliabHe
GJ1aronoITyUst CycCIIiJIbCTBA 3arajloM.

CyuacHi cTpec-TpoTeKTOpHi, aHKCIOMITHIHI Ta HOOTPOITHI
TIperapary He 3aBXK/IH BiINOBIIaI0Th BUMOTaM JIIKapiB uepe3
HU3KY oOMexeHb. [lo-iepiie, ynmano 3 HUX MaloTh BHpa-
JKeH1 I0014HI e(heKTH (COHIIMBICTbD, 3HIKCHHS KOHIICHTpaIlii
Ta 3AJIEXKHICTB), 0 OOMEXY€ iX TpHBaJie 3aCTOCYBAHHSI.
[Mo-npyre, nesiki npenapary MatTh BUCOKY TOKCHYHICTb ITPU
TPUBAJIOMY BUKOPHCTaHHI, 110 pOOUTH X HEOE3MEUHUMU JUTS
BPAa3JIMBUX TPy MAI[i€HTIB, HAPUKIIAJ, JEOACH MOXUIIOrO
BiKy 200 THX, XTO Ma€ XpoHiuHi 3axBoproBanHs. L{i pakropu
3yMOBJIFOIOTH JIOIIIBHICTE PO3POOKH Oe3neHHImuX Ta eek-
TUBHIIINX JIIKAPCHKHUX 3aCO0IB.

Y cygacHiit MeaU9HIlN TPaKTHIII KOMOIHOBaHI IpeTapaTH,
1110 BKJIIOYAIOTh OCHOBHY JiI04y PEUOBHHY i aHTHOKCHJIAHTH,
BUKOPUCTOBYIOTH ISl JIIKYBaHHS KOTHITUBHUX HOPYIIEHb
3aBJISIKH IXHBOMY CHHEPIreTHYHOMY e(heKTy. AHTHOKCHIAAHTH
JIOTIOMAraroTh 3aXUCTUTH KITITHHA MO3KY BiJl OKCHaTHBHOTO
CTpecy, SIKUif 4aCTO CYIPOBOXKYE KOTHITHBHI PO3JIa i, TI0-
KpaIlyI0uH HEHPONPOTEKTOPHHUI e(heKT OCHOBHOT Ait0401 pe-
4oBHHH. Takuii MiIXi/1 a€ 3MOTY i JBUIINTH €(PEKTHBHICTh
JIKYBaHHSI, 3HU3UTH PU3HKH IIPOTPECYBAHHS 3aXBOPIOBAHHS
Ta MiHIMI3yBaTH MO0I4HI e(heKTH, 0 0COOINBO BaYKIIUBO Y
pasi TpuBaJIoi Tepartii.

Harpiii cykipHat moxpariye KIIiTHHHAH eHepreTHIHIH 00-
MiH 1 YHUHUTh aHTHOKCHIAHTHY JIif0; 1€ CIIPUSIE 3aXUCTY HEH-
POHIB BiJl TTOMIKO/KEHb. J{MMETHIaMiHOCTAHON CTUMYJIIOE
BUPOOJICHHS alleTHIIXOJIIHY — BaXKIIMBOTO Helpomesiaropa,
0 MOKpAIlye KOTHITHBHI (YHKIIi, 30KpeMa mam’siTb Ta
yBary. KomOiHallist HaTpiro CyKIMHATY Ta JUMETHIaMiHOeTa-
HOJTy MOXe OyTH e()eKTUBHOIO IS JIIKyBaHHS KOTHITHBHIX
MOPYIIEeHb, 110 POOUTH 11 MEPCHEKTUBHOIO ISl HACTYITHUX
JIOCITIKEHb.

BucHoBKkuM

1.V pe3ynmbrari onsiay akTyadbHAX HAYKOBUX IPAIh, IO
MPUCBSYEHI BUBUYCHHIO PO3JIaJiB KOTHITUBHUX (PYHKIIIH,
MTOKA3aHO BaXKITMBICTh HACTYITHHUX JOCIIPKCHB Y il cdepi.

2. IligTBepmKeHO MOUITBHICTH PO3POOIICHHS HOBUX
TepaneBTHYHUX 3ac001B JUIsl JIIKyBaHHS TAI[I€HTIB 13 KOTHi-
THBHHMH PO3JIaJJaMH.

3. AHaii3 JaHuX Ja€ MiACTaBU 3pOOMTH BHCHOBOK IIPO
TIePCIICKTUBHICTH PO3POOKH KOMOIHOBAHOTO ITpeNapary, 1o
MICTHTh HaTpill CYKIIMHAT i AUMETHIaMiHOCTaHO. Takuit
JKapChKHH 3aci0 MOXKe cTaTh e(heKTUBHIIIMM 1 OE3MeYHIINIM
MIOPIBHSHO 3 IperapaTamMy, IO BXe € Ha (papMalleBTHYHOMY
PHHKY.

[lepcreKTHBH MOAANBIINX 0CHITAKEHb MOJATAIOTH Y T10-
TTHOIEHOMY BUBYCHHI KOMOIHOBaHOTO BIIUBY HaTPifo
CYKIIMHATY Ta AUMETHIaMIHOCTAaHONy Ha JIIKyBaHHS KOTHi-
THBHHX MOPYILIECHb, & TAKOXK CTBOPEHHI HOBOT KOMOIHOBaHOT
JiKapchkoi (hOpMH, 110 MaTUME HOOTPOITHI BJIACTUBOCTI Ta
NIPU3HAYEHa JUIS 3aCTOCYBAaHHS IIPU TOPYIICHHI IPONECiB
CHY TICII CTpecy, IUIA JIiIKyBaHHS CHHAPOMY XPOHIYHOT
BTOMH, & y CKJIaJli KOMOIHOBAHOI Tepartii — JIsl IMiBUIICHHS
e(eKTUBHOCTI aHTUICTIPECAHTIB.
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Review

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
npobremM cy4acHoi LMBINbHOI Ta BilicbkoBOi MeauumHu. MNoBepxHs oka, ctaHoBnsum nuwe 0,3 % Big 3aranbHoi NoBepxHi Tina, € Hap-
3BMYaNHO YyTNMBO, | Ha Hel npunagae noHag 13 % ycix yLWKomKeHb Nig yac 60/oBMX Ain. 3HaYHy 3arpo3y CTaHOBMSATb i NPOGECIHI
YPaXeHHs1 04eN y NMpaLiBHUKIB CiNbCbKOTOCNOAAPCHKOrO Ta METaNypriiHOrO CEKTOPIB, SKi YaCTO MatkoTb CKNaAHi HacniaKkW, ax 4o BTpaTu
30py ab0 3HAYHOrO 10r0 3HWXKEHHS. TOMY akTyanbHUM € CTBOPEHHS HOBKX KOMGIHOBaHKX 0pTanbMOnoriYH1X npenaparis Ans NikyBaHHs
TpaBM Ta onikiB opraHiB 3opy. HeobxigHo po3pobutyn 3acobw 3 npoTusanansHUMKM, aHTMbakKTepianbHAMK | NPOTUrPUBKOBUMI BNACTUBOC-
TSAIMU, OCKIfbKM IHGDEKUIT Ta 3ananeHHs, WO BUHWUKAaTb NiCNS TpaBM, € OQHUMMW 3 OCHOBHUX YCKIMaAHEeHb, L0 MOXYTb CyTTEBO NOMpLUNTK
NPOrHO3 MiKyBaHHS | NPU3BECTU IO 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-
dhiuHmnx 6a3 (Web of Science, Scopus, PubMed, Chemical Abstracts). 3actocyBanu Mmetogm CMCTEMHOrO aHaniay, iHhOpMaLiiHOrO MOLLIYKY.
Y npoueci poboTu BrkopucToByBanu 6ibnioceMaHTUYHWIA Niaxiza Ans aHanisy 38’a3Ky MiX KIlOYOBUMM TEMaMU Ta HanpsiMamu JOCHigKeHb,
a TaKoXX METOAW OMUCOBOTO 11 y3ararbHEHOro aHaniay.

Pesynkratu. MpoaHanisoBaHO CyyvacHWii CcTaH papmMaueBTUYHOMO PUHKY OdhTanbMororiyHux 3acobis, 3okpema aHTubakTepianbHuX,
NPOTUrpUBKOBMX i NPOTMBIPYCHMX. [leTanbHO PO3rMsiHYTO MexaHiam fii Ta 0coBrMBOCTI 3aCTOCYBaHHSI OCHOBHUX Fpyn Mpenaparis: aH-
TMBioTUKIB (xnopamdeHikon, umnpodriokcauuH, noMednokcaLuH, ornokcaLmnH, TeTpaumKniH, reHTamiunH, TobpamilunH, epuTPOMILMH,
MOKcUpriokcaLmH), cynbdaHinamiais (cynbdaramig), aHTMcenTukiB (MipaMiCTVH) | npoTu3ananbHUX Mikapcbkux 3acobiB (TMHOKOKOPTUKOIAN
Ta HECTEepOiaHi MpoTM3ananbHi Mikapcbki 3acobu).

BucHoBku. HeaBaxkatoum Ha LLIMPOKMIA aCOPTUMEHT npenapartis, iXHil NikyBanbHWUI eheKT YacTo 3anuLLaeTbCs HEAOCTATHIM NPU CKNagHWUX
TpaBMax oka, 0CobnMBO OTPUMaHMX Mig Yac boroBux Ain. binbLwicTb 3acob6iB OpiEHTOBaHI Ha NMiKyBaHHS CTaHAAPTHUX 3anarnbHUX NPoLeciB
ab0o okpeMux TUNiB iHADEKLN, a kKoMMeKCcHI 6oMOBI TpaBMKM NOTPebyHTH BinbLLOi hapMakonoriyHoi Aii Ta pisHonnaHoBoi Tepanii. O6rpyH-
TOBaHO HEOOXiAHICTb PO3pOGNEHHS HOBOTO KOMBIHOBAHOTO NikapCbkoro 3acoby 3 0AHOYACHO NPOTM3ananbHO, aHTMbaKTepianbHO Ta
npoTurpubKoBoto Aiamu. Takui npenapat Mae 3abe3neqnTy BNMB Ha Kinbka NatoreHeTUYHUX MEXaHi3MiB, LLO CPUATUME CKOPOYEHHIO
TPVUBANOCTi 3ar0EHHS TKAHWH OKa, 3HU3UTb PU3UK IHEDEKLIHNX YCKNaaHEeHb | PO3BUTKY iHBaNigAHOCTI y NOCTpaxaanux BHACMiAOK BiiCbKOBUX
[iR | HelacHMX BUNaaKiB.

KntoyoBi cnoga: odranbmonoris, kombiHOBaHi nikapcbki 3acobu, 6onoBi TpaBMu Oka, aHTWbakTepianbHi npenapaty, NpoTuaananbHi
nikapcbki 3acobu, NpoTMrpubKoBI Npenapaty, O4Hi Kpanni, aHTMBIoTUKKM, cynbdaHinamign, ctaHgapTv3aadia nikapcbkux 3acobis, hapma-
LieBTMYHa 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 CTAI0 OAHIEI0 3 HaraJbHUX IIPO-
O1eM cy4acHOl IMBIIBHOI Ta BiiicbkoBOl Menunuuu [1,2].
Oui — oauH 13 HalOLIBIIT BPA3JIMBUX OPTaHiB, YaCTO 3a3HAIOTH
YIIKO/DKEHb BiJT yJaMKiB, BUOYXOBOI XBIII Ta IHIINX HEOE3-
neqnux (axropis [3,4]. TToBepxHs oka, Xoua i CTAHOBHUTH
same 0,3 % Bif 3aragpHOI TOBEPXHI Tijla JIIOIMHH, € HAI3BH-
YaifHO Yy TJIMBOIO, TOMY ITOHAJ 13 % yciX yIIKOIKEHb ITiJ
gac O0MOBHX Jiif IPHUITAAalOTh caMe Ha opraH 30py [1,5,6].
OnHak He JIUIIIE BICHKOBI JIii CTAHOBJISATH 3arpo3y IS OYCH.
DaxiBIli CLTHCHKOTOCIIONAPCHKOTO CEKTOpa Ta POOITHUKU Me-
TaJIypriiHOT MPOMHKCIIOBOCTI LIO/IHS 3a3HAIOTH MIKIJIHMBOTO
BIUIABY IIITY, OpyIy TOIIO, SKi, IIOCTIHHO MOTPATUISIOYH B
0dl, CIIPUYUHSIIOTH P13HI O TAILMOJIOT YHI 3aXBOPIOBAHHSI TA
TTIBUIYIOTh PU3HK YCKIIaJHEHb. TaKi YIIKOPKEHHS 4acTo
MPU3BOISTH 10 TSUKKUX HACIIZIKIB, &K 10 BTPATH 30py abo
3HA4YHOTO HOTO MOTipIIEHHS.

‘YHaciigok 00HOBHUX [TiHi KUTBKICTh TPaBM Ta OITIKiB OpraHa
30py 3Ha4HO 30UTBIIMIIACS, 1 Tepe]] (axiBISIMH MTOCTAIOTh
HOBI, CKJIATHINI KIIiHIYHI BHMAaAKH O(PTAIBMOIOTIHHHX
YIIKOKEHb [7,8,9].

CaMe IIIMH CKJIaTHIMHA YMOBaMH OOTpYHTOBaHA akTy-
QJIBHICTh PO3POOJICHHSI HOBUX KOMOIHOBAHUX C(PEKTUBHHUX
o(TanEMOIOTIYHUX 3aC001B TS JIIKYBaHHS TPABM Ta OITIKiB
opraiB 30py. JOIJIbHO PO3POOHTH TIPETapaTu 3 MPOTU3a-
MTATFHOIO, aHTHOAKTEPiaJIbHOKO Ta IPOTHTPHOKOBOFO JTISIMH,
OCKITBbKH 1H(EKIIsI Ta 3aMajcHHs, 1110 BUHUKAIOTh IMMiCIs
TpaBM, € OJHUMHU 3 OCHOBHHUX YCKJIaJHECHb, SKI MOXYTh
3HAYHO MOTIPIINTH MPOTHO3 JIIKYBAaHHS Ta MPU3BECTU JI0
IHBaJITHOCTI Yepe3 BTpary 30py.

IIpu pisHOMaHITHHX O(TaTHLMOIOTIYHUX 3aXBOPIOBAH-
HSIX, 30KpeMa iH(EeKIIHO-3aaIbHOTO XapaKTepy, CKIIaJHO

nibpary mpernapar, KU OHOYaCHO Ma€ MPOTH3AIajIbHY,
aHTHOaKTepiadbHy, MPOTUTPHOKOBY, PaHO3aTrOIOBAIEHY,
IMyHOMO/IYITIOBaJIbHY i MeMOpaHocTabimi3yBanbHy il [10].

MeTa po6otu

OOrpyHTYBaHHS HEOOX1THOCTI pO3pOOKH HOBOTO KOMOIHOBA-
HOTO JTIKapCHKOTO Tperiapary Ui O TaTbMOJIOTi, 0 YHHUTH
NpOTH3AIANbHY, aHTHOAKTEpiaIbHY Ta IPOTUTPHOKOBY JIil.

Marepianu i MeTogu gocnimkeHHs

SIx 00’ eKT HOCTIPKEHHS BUKOPHUCTAHO JIaHi 3 [pKepen (haxoBoi
JiTepaTypH, BKIIOUSHHUX JI0 MKHAPOIHUX Oi0miorpadiaHmx
6a3 (Web of Science, Scopus, PubMed, Chemical Abstracts).
3acTOCOBYBAJIM METOJM CUCTEMHOI'O aHaJIi3y, iH(popMarii-
HOTO TIOMIYKY. Y TIporieci poOOTH BUKOPHUCTOBYBAIH 0i01io-
CEeMaHTHYIHUH MIX1] U aHATi3y 3B 3Ky MUK KITFOUOBHMHU
TeMaMH Ta HAITPSIMaMH J0CII/PKEHb, a TAKOK METO/IH OIHCO-
BOTO i y3araJlbHEHOTO aHaIi3y /111 (JOpMYBaHHs BUCHOBKIB.

Pesynbratu

[onax 50 pokiB TOMy 3’SBHIHCA TEpIIi 0(TaITEMONOTIUH]
npernapary 3 aHTHOAKTepialbHOI Ta IPOTHU3ANaIbHOI0
akTuBHICTIO. CyyacHHi eTam po3BUTKY OQTanbMOJIOTI{
XapaKTePU3Y€EThCS 3HAYHUM MPOTPECOM Y PO3pOOIICHHI
KOMOIHOBAaHHX 3ac00iB IS TIKyBaHHS TALlIEHTIB i3 3aXBO-
PIOBaHHSIMU OpraHa 30py.

ACOPTHMEHT JIIKapChKUX 3aco0iB, sSIKi BUKOPHCTOBYIOTh
ITiJT 9ac JIIKyBaHHS MAIIEHTIB 3 0P TaIbMOJIOTTYHUMH 3aXBO-
PproBaHHSAMH, TOCUTH mpokuii [ 11]. [Ipote 3-momixk Takoro
PI3HOMAHITTS IperapaTiB BUPI3HAIOTH MOPIBHSIHO HEBEIIUKY
rpyIy 3aco0iB, Jisl IKUX CHPsIMOBaHA Ha €(EKTHBHE JIIKY-
BaHHS OakTepiajbHUX 1 TPHOKOBUX 1H(MEKIIH, 3MEHIICHHS
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3amayieHHs 1 IPUCKOPEHHS pereHeparii TKaHuH. AOH JTiKa-
Ppi-IIPaKTHKK BBa)KAJIM HOBUH OTJIbMOJIOTIYHHH Npenapar
OIITUMAJILHNM, BiH Ma€ BiZIOBIIaTH TAKAM BIMOTaM: BHCOKO
e(peKTUBHUI NPOTH LIMPOKOTO CIIEKTpa OakTepiajbHUX i
rprOKOBNX 30yAHUKIB; HE MOIPA3HIOE TKAHUHU OKa; MOXKE
IIBHUIKO 3MCHIITYBAaTH 3alaJICHHs; HE TOKCHYHHIA; CTa01Ib-
HICTB 1 CYMICHICTh KOMITOHEHTIB; IPOCTOTAa BHKOPHCTAHHS
Juts marfienta [12].

Ha >xaitb, >kofieH i3 cy4acHMX IperapariB He BiJIOBigae
MM BUMOT'aM ITOBHOIO MipOI0. BibITicTh cydacHHX 3ac00iB
e(eKTUBHO BILUTMBAIOTH JIMIIIE HAa OKPEMI ITaTOreHu ad0 MatoTh
obOmexeHuit criekTp aii. Oxkpemi mpenapary, sIK-0T aHTHOAK-
TepiaiibHi, e()eKTUBHI IPOTH OaKTepiasibHUX 1H(EKIIH, ane
Mastoe(peKTHBHI IPOTH TPHOKOBHX a00 BipyCHHX 30YIHUKIB.
[TporuBipycHi Ta MPOTUIPHOKOBI MTpenapaTu MOXKYTh BILIN-
BaTH JIMILIE HA By3bKE KOJIO ITATOTEHIB 1 HE MAIOTh HAJICKHOT
[POTH3aNaIbHOT aKTHBHOCTI.

Xoua cydacHi KOMOiHOBaHi 3aCO0M MICTATh KiTbKa aKTHB-
HHX KOMIIOHEHTIB, TIpo0JiemMa IXHbOT CyMICHOCTI 3JIMIIAEThCSI
AKTyaJIbHOIO, OCKIIBKH 1€ MOXKE 3HIDKYBATH €()EKTHBHICTD
1 miABMIYBaTH PU3UK NoOiyHMX peakuid [13]. Kpim Toro,
JesiKi KOMOIHOBaHI IpernapaTé MOKYTb TTOIPA3HIOBATH IyT-
JIMBI TKAHUHU OKa, 1 116 00MEXy€e BUKOPUCTAaHHS IMX 3aC00iB,
HAIPHKIIAL, ¥ AiTei ab0 MaIli€HTIB 13 XPOHIYHUMHI OYHIMH
3axBOproBaHHsIMHU. CaMe TOMY ITPOIOBKEHHS JOCIIDKEHb Y
IILOMY HaIIPSIMi € BKJIMBHUM JUIsl pO3POOKH HOBOTO MOKOJTiH-
Hsl KOMOIHOBaHUX O()TaILMOJIOTIUHHX IIPENaparTiB, 3aTHUX
3aI0OBOJIGHUTH BC1 BUMOTH JI0 O€3IeKH, S(PEKTHBHOCTI I
YHIBEpCaJIBbHOCTI Jii.

OtKe, CTBOPEHHsI HOBOI'O KOMOIHOBaHOTO O(TabMOII0-
TIYHOTO JTIKapCHKOTO 3ac00y, IKUif MaTHMeE MPOTH3AIANIbHY,
aHTHOAKTEepiaJdbHy 1 MPOTUTPUOKOBY Jii, € aKTyaJIbHUM
3aBIaHHSIM /TSI Cy9acHol (hapMmartii Ta MEIHUITTHH.

Po3pi3HAIOTE Taki rpyny OPTaIbMOJIOTTYHUX JIIKAPCHKHX
3aco0iB, MO0 HaWYaCTIIIe 3aCTOCOBYIOTh TPH TpaBMax i
3amajbHUX IMpOoLecax OKa: MPOTHUMIKPOOHI, IPOTUTPUOKO-
Bi, MIPOTH3AMAIbHI (TIIFOKOKOPTHKOCTEPOiIH, HECTEPOInHI
MpoTH3aNaibHi 3aC00H).

3-IIOMDK IPOTUMIKPOOHKX 3ac00iB, 1110 BUKOPHCTOBYIOTh
B 0(hTasIbMOJIOTIT, 3aJISKHO BiJI TUITY 30y/IHUKA, TIPOTH SIKOTO
BOHH CIIPSIMOBAHI, Ta MEXaHI3MY J1ii pO3pi3HAIOTH TaKi Ipena-
paru: aHTuOaKTepiaibHi, aHTHOI0THKH, cyidaHimaMiau [14].

AnTtndakrepianbhi 3acodu. [lig wac OakTepiadpbHUX iH-
(ekuiit oue HaifyacTille NpU3HAYaloTh aHTHOAKTEPiaNIbHI
3aco0m MicCIeBOl [ii, 3a3BUYail y pOpMi OYHHX Kparelns i
Maszeil. Y pasi cepeHbOTIKKUX 1 TSDKKMX BHYTPIITHBOOYHHX
TH(EKIIii MOKIIMBI aBTePHATHBHI METOAN BBEACHHS JIiKap-
CBHKHX 3aC00iB, SIK-OT ITiIKOH TOHKTHBAJIbHI, Tapalyab0apHi,
peTpoOyBOapHi, iHTpaBITpeaIbHI Ta TapSHTEPATBHI iH €KIIIi.
O0’eM mpenapary mpu TaKOMY CIIOCO01 BBEJICHHS 3a3BUYAM
He niepeputrye 0,5—1,0 M. 3aBasaKy iH €KIIHHOMY METOIY
BBEJICHHSI JI0CSTAIOTh 3HAYHO BUIIOI KOHIICHTPAILIIT [pernapary
B TKaHMHAX OKa MOPIBHSAHO 3 iHCTWILASAMA. [TiMKkoH FOHK-
TUBAJIBHI Ta Mapadyib0apHi iH’€KIIiT 3aCTOCOBYIOTH TTiJ] 4ac
JIKyBaHHS MATOJIOTIH IIEPeIHbOr0 BIUILUTY OKa: CKIICPHTY,
KepaTuTy, ipuAOIMKIITY Ta eprupepudHoro yBeity. Perpo-
OynbOapHi 1H €Kil TPU3HAYAIOTH TP 3aXBOPIOBAHHAX 3a-

JTHBOTO BIIIUTY OKa, 30KpeMa CiTKiBKH, CYIHHOI O00IIOHKH,
30pOBOTO HEepBa abo ckIonoAioHoro Tia [15].

AHTHOIOTHKH BiJirparoTh BaXIJIHUBY POIb Yy Cy4acHii
o(hranbMoIIorii, clpusour epeKTHBHOMY JIIKYBaHHIO OaK-
TepiadbHUX 1H(EKHil o4el Ta IXHIX NMPHUIATKIB. 3aBISKA
37IaTHOCTI LIBH/IKO HEHTpasi3yBaTH MaroreHHi Mikpoopra-
Hi3Mu 200 TIPUTHIYYBATH iX PICT, Il IperapaT 3MEHIIYIOTh
3allaJieHHsl, 3ar00Iraf0Th YCKIIAHEHHSIM 1 CIIPHUSIOTh BiJHOB-
JICHHIO HOpPMAJIbHHX (DYHKIIIH OpraHa 30py.

Krnac aHTHO10THKIB BKIJIIOYAE Pi3HI TpenapaTH, 1o Bijl-
PI3HSIIOTBCS 32 MEXaHI3MOM Jii, CHEKTPOM aHTUMIKpOOHOT
AKTHBHOCTI Ta XiMiUHOIO CTPYKTYpOIO. IX BHKOpHMCTaHHS
IPYHTY€ETHCSl Ha NPUHIMIIAX PAIliOHAIBHOT aHTHOI0THKOTE-
parii, sIka BpaxoBy€ MpUpOoy 30yTHUKA, TSOKKICTD iH(EKIIiT i
IHIMBITyalbHI XapaKTepUCTHKY natieHTa. B odramsmornorii
AHTHOI0THKH 3aCTOCOBYIOTH IIEPEBAXKHO SIK MiCIIEBi JIIKAPCHKi
(dbopmu, siK-0T ouHi Kparuti Ta Masi. e gae 3mory gocsartu
BUCOKHX KOHLICHTpaLiil Npernapary y MiClli ypakeHHs Ta
MIHIMI3yBaTH CHUCTEMHI MOOIUHI eekTu. Y pasi TSHKKHX
TH(EKI MOXXITIBE BUKOPUCTAHHS CHCTEMHHX a00 iH’€K-
LWIHUX (OpPM, 110 MAIOTh MaKCUMaJbHY €()eKTHBHICTb TTiJ]
Yac JIIKyBaHHS MAII€HTIB i3 BHYTPIIIHHOOUYHUMH 1H(EKIIisi-
Mu. Bubip antnbiotnka B odrampMonorii o0rpyHTOBaHHH
YyTIMBICTIO MIKPOOPraHi3MiB 0 Tperapary, Xapakrepom
iH}eKmii Ta JoKam3arieo ypaxeHHs. Takui miaxig crpuse
ONTHMAaJIbHUM TEPAIIEeBTUYHHUM Pe3yJbTaTaM 1 3MEHIIIEHHIO
PHM3MKY BUHHUKHEHHS aHTUO10THKOPE3UCTEHTHOCTI [16].

Xnopampenikon (JIeBomileTHH) € mpemapaTtoM BHOOPY
JUISL JTIKyBaHHS TOBEPXHEBUX 1H(EKIIH ouel 3aBAsKu LIH-
POKOMY CIIEKTPY aHTHOAKTepiallbHOI aKTHBHOCTI, y pasi
MICIIEBOT'O 3aCTOCYBAHHSI HE CIIPUYHHSIE TOKCHYHUX e(DEKTIB,
1 IaIieHTH 3a3BHYAil JOOpE HOTO IepeHOCATh. JIeBOMIIIeTHH
BUCOKOE(DEKTUBHUN MPOTH 0araThb0X rpaMIO3UTHUBHHX 1
IpaMHEraTHBHUX OaKTepill, PUKETCIH, CIIPOXET, a TaKoXK
30yIHHKIB TPaxOMH Ta TMCHTAKO3y. MexaHi3M Iii xyiopam-
(beHiKoITy MOJIsITaE B IOPYIICHH] CHHTE3Y OUIKIB y KIIITHHAX
MIKpOOpPTaHi3MiB, 0 3a0e3medye Horo 6akTepiocTaTHIHIH
edekT. 3a3Bnuyaiil Horo 3aCTOCOBYIOTH K O4HI Kparuii, 1o 1
Kparoti Tpuvi Ha JeHb mpoTsaroM 5—15 nuiB. Hespaxaroun
Ha Te, 1110 [Tpernapar NaiieHTH 3a3BU4aii IepeHocsTh 100pe,
MOXITHBI TTOOIYHI peakIlii: MiCIIeBi allepridfi MPOsiBH, TO-
JIOBHU# 01716 200 3amamopodeHHsi. Haituacrinie B MequuHii
TIPaKTHUL BUKOPUCTOBYIOTE 0,25 % pO34MH OYHUX Kparieib
y ¢maxoHni [17].

[Hmmi BakTUBUHN TIpenapar — MUIPOGIOKCANNH, IO
HANGKUTH 10 IPymH (ropxiHomnowis. Moro Gakrepurmna
nist 3ymoBineHa inrioyBanHsaM JIHK-ripa3u, mo mopymrye
perutikanito JJHK y 6akrepiii Ta cipiumHsie iXHIO 3aru0esb.
LunpodiokcanuH epeKTUBHUN MPOTH MIMPOKOTO CHEKTPa
rpaMHEraTMBHHMX OakTepiil, Bkitouarouu Pseudomonas
aeruginosa, a TaKoX acpoOHHMX T'PAMITIO3UTHBHUX OpraHi3-
MiB, SIK-0T Staphylococcus aureus. Ilpemapar 3acTOCOBYIOTh
TIPU BHpPa3Kax POTiBKU Ta MOBEPXHEBHX 1HQEKIISX O4YeH.
CrangapTHa cxema JIiKyBaHHS Iependadae iHTEHCUBHE 3a-
KpaltyBaHHs y TIepIL JIHi Tepartii 3 MOCTyOBUM 3MEHILICHHIM
4acTOTH BBeJCHH. HalfuacTimie B MeAW9HII MPaKTHIIl BUKO-
pucToBytoTh 0,3 % po3unH O4HUX Kparens y duaxoHi [18].
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JlomedrokcarH — TakoK OMH 13 HaHIIMpIIE 3aCTOCOBY-
BaHUX 3ac00iB B odramororii. [Ipenapar mae GakrepuumHy
aKTUBHICTH 3aBIsKH iHTi0yBanHi0 [IHK-Tipasu (Tomoizomepa-
3u II), o nopyrrye mporec moziTy OakTepiaibHUX KITITHH.
Jlomednokcannd e(QeKTUBHUI MPOTH IIHUPOKOTO CIIEKTpa
rpamno3utuBHUX (Staphylococcus epidermidis, S. aureus)
i rpamHeratuBHUX Oakrtepiét (Haemophilus influenzae,
Klebsiella, Pseudomonas aeruginosa). Bin Tako)X aKTHBHHIA
0110 aHAepOOHUX OaKTepil, IK-0T Propionibacterium acnes.
Onnaxk no npenapary pesuctentri Clostridium difficile, miko-
Gaxrepii Ta rpubH. JlomedokcaiH 3aCTOCOBYIOTH MiJ| Yac
JIKyBaHHS MAII€HTIB 13 OaKTepianbHUMHU THOEKLISIME T1epe-
JIHBOTO CETMEHTA OKa, BKIIIOYAIOUH KOH FOHKTUBIT, Onehaput
1 6medapOKOH TOHKTHBIT, IO CIPUYNHEHI YYTIUBUMH IO
HBOTO 30yIHUKaMH. Y TIepIIUi AEHb Teparlii peKOMEH/I0BaHO
IHTCHCHBHE 3aKpaITyBaHHA: 5 Kparielb 3 IHTepBaIOM 5 XBHINH
npotsiroM 20 XBIIMH 200 10 | Kparuti MOroMHA MPOTIOM
6—10 rozuH. 3 pyTOro AHS Mpenapar 3aCTOCOBYIOTh 2—3 pa3u
Ha /100y. TpuBasticTh JiKyBaHHS CTaHOBHUTH 7—9 1HIB [19].

JlomedrokcanH BHITyCKalOTh Y (OpMi OYHHX Kpameib
13 KOHLeHTpali€ero akTBHOI pedoBunu 0,3 %. OauH i3 Ko-
MepIiitHuX npenapariB — «Oxarua» (Ppanmis). [Ipenapar
BHITYCKalOTh y (p1akoHax, 3pyyHHMX IJIsl JO3yBaHHS, IO
3a0e3redye TOUHICTh BBEACHHS Ta MIHIMI3allil0 BTpAT TIiJ
4ac 3aCTOCYBaHHSI.

OdrokcanH € MpeaCcTaBHUKOM (PTOPXIHOIOHIB i3 IIH-
POKHM CIEKTPOM MPOTHMIKPOOHOT aKTHBHOCTI, 30KpeMa
o010 o0JTiraTHUX aHaepoOiB, (paKyTETaTUBHUX aHACPOOIB Ta
aepo6iB. Mloro mexauism i momsrae B inribysamsi JJHK-Ti-
pasu, 10 NpU3BOAUTH A0 nopymenHs pemutikanii JJHK
Oakrepiit 1 ixHpo1 3aruberni. [Ipemapar 3acTOCOBYIOTh IS
JIIKYBaHHS MALIEHTIB 3 1H(EKIISIMUA TIEPESIHBOTO CETMEHTA
OKa (KOH TOHKTHUBIT, KepaTuT, OnedapuT, JaKpiOIUCTHT, S4-
MiHb, XJIaMiJIi}HI 1H(EeKIiT), a TAKoXK BUPAa30K POTiBKH, II0
CTIPUYMHEH] Yy TIIMBUMH JI0 O(IIOKCAIHY 30yrHrKaMu. OuHi
Kparuli 3aKpaIyoTh Y KOH FOHKTHBAJIbHHUI MIILIOK YPa)KEHOTO
oka 1o | xparwti 4 pa3u Ha jAeHb. TpUBaJicTh Teparii — He
OinbIe HiXK 2 TrokHI. Y hopMi Masi penapar HaHOCSTh CMY-
JKKOTO 3aBJIOBKKH | CM TpWdi Ha JACHB, a MIPU XIaMITIHHIX
iHdexIisax — 1o 5 pasis Ha 100y. [Ipn 3acTocyBaHHI MOXKITHBI
BiUYyTTS MEYiHHA, TOYEPBOHIHHS KOH IOHKTHUBH Ta PEaKIii
rinepuytianBocTi. [Ipenapar He 3acTOCOBYIOTH y pas3i miJBU-
IICHOI YyTIIMBOCTI 0 KOMITOHEHTIB, ITiJI 9ac BariTHOCTI Ta
JIAKTAIlil, He IPU3HAYAOTh JITSM BikoM MeHIe Hix 1 pik [20].

TerpanukiriH — OaKkTepiOCTaTUIHII aHTHOIOTHK, IO
MIPUTHIYY€E CHHTE3 OUIKIB y KIIITHHAX MIKpoopraHi3miB. Bin
e(peKTUBHUIN POTH 0araThOX TPAMIO3UTHBHUX (CTadiIoKo-
KH, CTPENTOKOKHM) 1 TpaMHEeraTMBHUX Oakrtepiil (erepuxii,
CaJIbMOHEJIH, LIINTEIIN), @ TAKOXK ITPOTH 30Y/THUKIB TPAXOMH.
TerpanukiiiH BUKOPUCTOBYIOTh TIiJ 4ac JIIKyBaHHS TTalli-
€HTIB 13 OaKTepialbHUMH KOH IOHKTHBITAMH, KepaTHTaMH,
OrneapuTaMu 1 TpaxoMamu, 1[0 CIPHUYMHEHI YyTIHMBUMH
JI0 mpenapary 30yaHHKaMHu. MOXIIMBI ajlepriuHi peaxiiii
— MOYCPBOHIHHSA, O1Tb UM HAOPSKH, 1[0 BHHUKAIOTH MPH
IHIMBIIya bHINA YyTIMBOCTI 10 mpenapary. TeTpauukiin
TIPOTHIIOKA3aHHH TITSM BIKOM JI0 8 POKIB Yepe3 pH3HK BILIHBY
Ha (opMyBaHHS 3y0iB 1 KICTOK.

TeTparukiiHu He MalOTh €PEKTy MPOTH 30yIHUKIB, SKi
MPOIYKYIOTh OCTa-JIaKTaMa3M, 30KpeMa TOHOKOKIB 1 CHHBO-
THIWHOI TTaTHYIKH.

Cy4acHUMH ITpernaparaMu JUist JTiKyBaHHS OakTepialbHUX
iH(peKmii € aMiHOTIiKO3UAN (TEHTaMIIIH, TOOpaMIIliH)
Ta QropxiHONOHH (IUIPOPIOKCANNH, O(IOKCAINH), 10
XapaKTepPH3YIOThCSI BUCOKOIO e(EeKTHBHICTIO, 30KpeMa if
IOZI0 JIIKYBaHHS 1H(EKIiH, COPUYMHEHNX CHHBOTHIHHOIO
rmanuykoro [21].

Cepen mMpokoro BUOOPY aHTHOIOTHKIB OCOOIMBE Mic-
[l MOCiTal0Th TeHTAMIIMH, TOOPaMIlluH, ePUTPOMILIUH 1
MoKcH(IOKcaluH. IX 3acTocyBaHHs 06IpyHTOBaHe CIEIH-
(iYHMM MeXaHI3MOM [ii Ta IIUPOKUM CIIEKTPOM aHTHUMi-
KpoOHOi akTHBHOCTI. Lle mae 3mMory eeKkTuBHO JiKyBaTu
TAMieHTIB 3 IHQEKUIsIMA TTePeTHHOTO0 CETMEHTA OKa Ta IPH-
JeINIMX TKaHUH.

[eHTaMilMH — NMPEACTaBHUK I'PYIH aMiHOTIIIKO3U/[iB
— Iie OaKTepUINIHO, TIOPYIIYIOYH CHHTE3 Oika B Oak-
TepiaJbHUX KIITHHAX LUIIXOM 3B’si3yBaHHs 3 30S-cy0-
omuHHIE0 pudbocom. [Ipemapar Mae BICOKY aKTHBHICTB
MPOTH TPpaMHETaTUBHUX Oaktepiit (E. coli, Klebsiella spp.,
Pseudomonas aeruginosa) Ta OKpeMUX TPaMIIO3UTHBHUX
KOKiB (K-0T Staphylococcus spp.). Yioro BUKOPHCTOBY-
IOTH TIiJl Yac JIKyBaHHS NAIli€HTIB i3 OakTepiaTbHUMU
KOH FOHKTHUBITaMHM, KEPATHUTAMHU, & TAKOXK [UIsI TIpodiTak-
TUKH 1HQEKIIN micas XipypriYHuX BTPYYaHb. 3a3BHUA
TeHTaMIiLMH 3aCTOCOBYIOTh Y ()OPMi Kparielib, 3aKpamyoTh
mo 1-2 xparni 3—4 pas3u Ha IeHb; TPUBATICTH JIIKyBaHHS
— He Oubnre HiX 2 TkHI [22].

ToOpaMiIMH TaKoXK HAJICKUTH 10 TPYMH aMiHOTIIKO3HU-
IiB. MexaHi3M HOro [ii CXOXKHH 10 TCHTaMIIUHY, IPOTe
CIIEKTP aKTHBHOCTI BKJIIOYA€ IIMPOKHUN Meperik rpaMHe-
TaTUBHUX 1 TPAMIIO3UTUBHUX Oakrtepiid: Staphylococcus
aureus, Streptococcus pneumoniae Ta Acinetobacter spp.
Tobpamitue e()eKTUBHUIA i Yac JIKYBaHHS MAIlIEHTIB 13
MOBEpXHEBUMH 1H(EKLISIMU OKa. Y pa3i Jerkoro nepediry
TIpernapar 3aKpaIryroTh KOKHi 4 TOIMHH, a TIPU TSHKKHAX 1HPEK-
LiSIX — KOKHY TOAMHY 3 OCTYITOBUM 3MEHIICHHSM YacTOTH
3acTocyBaHHS [23].

EpurpoMinyH — npeacTaBHUK MakpoJIiIiB, 1110 Ji€ OaKTe-
plocTaTHdHO, MOPYIIYIOYH CHHTE3 OifTka B MIKpOOpTaHi3-
max. Moro mepeBaroto € eheKTHBHICTb MPOTH 30YIHKKIB,
CTIWKUX JI0 IHIITUX TPYI aHTHOI0THKIB, — Streptococcus spp.,
Staphylococcus spp., Neisseria gonorrhoeae. Eputpomitiua
IIMPOKO 3aCTOCOBYIOTH y (POpMi OYHOI Ma3i IS JTIKyBaHHS
KOH FOHKTHUBITIB, TPaXOMH Ta OakTepiaibHUX KEpaTUTIB.
Masp 3aK1a1ato0Th 3a HIDKHIO 00 BEPXHIO MOBIKY 3—5 pa3iB
Ha JIeHb, TIPH TPaxoMi — J10 5 pa3iB Ha JIeHb MPOTATOM TPH-
BaJIoro yacy [24].

Mokcu(IOKCallH — HE MEHII BOKJIMBUH MPEICTaBHUK
YETBEPTOro MOKOJIHHS (PTOPXiHOJIOHIB. 3aBISKH 30aTHOCTI
inrioyBarn JIHK-ripa3y ta Tonoizomepasy 1V, BiH jie Oax-
TEPUIUIHO TPOTH IIUPOKOTO CIHEKTPa TPAMITO3UTHBHUX 1
rpaMHeraTuBHUX Oaktepiid. MokcudIiokcauH 3a3Buyait
BUKOPUCTOBYIOTB JUISl JIIKyBaHHS ITAIIEHTIB 13 OaKTepialbHIM
KOH FOHKTHBITOM, 110 CHPHYMHCHUH 4y TJIMBIMH LITAMAMH
MikpoopranizmiB. Foro 3actocoByrots 1o 1 kparui Tprui Ha
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JIeHB ITpoTsroM 4 AHIB. Y Takwuii crocil T0CATaI0Th IIBHKOTO
TeparieBTHYHOT0 eekty [25].

Yei i mpenaparti MaroTh CBOi TIepeBaru Ta OOMEKEHHH,
1 X BUOIp 3aJISKUTH BiJ Xapakrepy iH(peKii, YyTIMBOCTI
30yIHMKA Ta CTaHy MAIli€eHTa. 3aCTOCYBaHHS aHTHOAKTEpi-
QIBHHUX 3aC00IB B OPTaIbMOJIOTIi NOTpedye TOTpUMaHHS
CXeM JIKYBaHHS JUTS 3aTI00iraHHsI PO3BUTKY PE3UCTEHTHOCTI
MiKkpoopraHni3mis [26].

HaiiBinomimmii mpoTUMiKpoOHUH CynbhaHimaMiTHUHI
npenapar — cyibbamun HaTpifo. 1oro 3acTocoByIOTh i B
MOHOTepaIii, i B KoMOiHaIli1 3 aHTHO10TUKAMH ISl JTIKyBaHHS
IH(EKIIHIX 3aXBOPIOBAaHb TOTIOMIKHOTO arapaTy Ta rnepe-
JTHBOTO BIJUILTY OKa.

CynbhaHinamiTm BUKOPUCTOBYIOTh, KOJH € MPOTHIIOKA-
3aHHS JI0 @aHTHOIOTUKIB 200 SIKIO BHSIBICHO PE3UCTEHTHY
MikpoOHy (opy. Xoda iXHS aKTHBHICTH MEHINA, HIXK B
aHTUOIOTHKIB, 11i 3aCO0M e(EKTUBHI I10JI0 TPAMITIO3UTHB-
HHX 1 TpaMHETaTUBHHUX KOKIB, KHIIIKOBOI ITAJIMYKH, ILIHTEII,
KJIOCTPHAIH, OKPEMHX TPOCTIMINX MIKPOOPraHi3MiB TOILIO.
AHTHOaKTEpialbHA aKTUBHICTH Cyab(paHiIaMiliB 3HAYHO
3HIDKY€ETBCA, KOJIU € MapaaMiHOOCH30MHa KUCIIOTa Y BEJH-
KHX KOHIIEHTPALisX, [0 YaCTO BU3HAYAIOTh Y pa3i PSICHUX
THIHHUX BUALUICHB [27].

Cymbarieramin HAIESKUTH 10 papMaKOTeparieBTHIHOI TPY-
i S01AB04 (3aco0w, 1110 3aCTOCOBYIOTH B O TaIbMOJIOTII,
cynbhaninaminm). Horo ocHOBHA (hapMakoTepaneBTHYHA Jist
ToJsirae B 0akrepiocrariyHoMy e(eKTi, [0 CIPSIMOBaHHH Ha
TpaMITO3UTHBHI Ta TpaMHETaTHBHI OaKTepii, 30KpemMa CTperr-
TOKOKH, THEBMOKOKH, TOHOKOKH, KUIIIKOBY TAJIMYKY, XJIaMiJIiT
Ta aKTHHOMIileTH. MexaHi3M JIii npenapary 3yMOBICHHH
KOHKYPEHTHUM aHTaroHi3MOM i3 mapaamMiHOOEH30HHOI0
KHCJIOTOIO Ta IHT10yBaHHSIM JIUT1JPONTEPOATCHHTETA3H, 10
6110Kye cuHTe3 TeTparigpodorieBoi kuciotu. e mopymrye
CHHTE3 [TyPUHOBHX 1 TIPUMIJIMHOBUX OCHOB, 1110 € KDUTHYHO
BakymBumE st popmyBanasa JJHK i PHK Gaxrepianpaix
KJIITHH, TaJbMY€E IX PO3MHOEHHSI.

[ToxazaHHSIMU TS 3aCTOCYBAaHHS TIpeTapary € iH(peKIii-
HO-3alajbHi 3aXBOPIOBaHHS O4Yel, CIIPUYMHEHI YyTIMBHU-
MU J10 #oro mii Oaxrepismu. Cepel HUX — KOH FOHKTHBIT,
Onedapur, THilHI BUpPa3KH POTIBKH, KEPATHT, TOHOPEHHI
YpaKeHHs O4eil y JOpOCInX i HOBOHApOJDKEHUX, a TAKOXK
npodinaktuka OneHopel y HOBOHAPOMKEeHUX. J103yBaHHS
Ipernapary BU3HaYeHe BiKOM mnamieHTa. Tak, JUIs 1opociux
PEKOMEH/IOBAHO 3aKpaIryBaTH 2—3 Kparuli B ypakeHe OKO
5—6 pasiB Ha o0y 3 iHTepBasoM 4—5 romuH. s miteit
BHUKOPHCTOBYIOTh PO34MH KOHIEHTpamiero 200 Mr/mi y 1031
1-2 xparuti 4-5 pasiB Ha 700y. Y npodinakTuii OneHopel y
HOBOHAPOJIDKEHHUX OZpa3y IiCis HapOLKCHHS 3aKpaIyroTh
1o 2 Kpari po3unHy koHueHrpauiero 300 Mr/mi y KoxHe
OKO, Yepe3 2 TOIMHH MPOLETypy MOBTOPIOIOTH. SIK mo0OivHi
e(eKTH penapary BU3Ha4€HO MO/Ipa3HEeHHs TKAHUH OKa, 1110
BUSIBIISIETHCS IOUYCPBOHIHHAM, CBEpOEKEM 1 HaOPSKOM ITOBIK.
[TporunokasaHHSIMH JI0 3aCTOCYBaHHs € TiNEPUYTIHBICTH
JI0 KOMIIOHEHTIB TIperapary a0o iHIMX cyab(aHiiamiIiB B
anamHe3i [28].

Jlns mikyBaHHsI iH(EKIIN 1 3amaneHds o4eil BUKOPUCTO-
BYIOTB 1 iH1I1 3aco0u. Hampukiazn, jikapchbKi mpenapary Ha

OCHOBI MipamicTuHy, 30KpeMa npemnapar «OKoMiCTHH®),
HaJIe)KaTh J0 CYy4acHUX aHTHUCENTUYHHX 3aco0iB i3 MIUPO-
KM criekTpoM (apmaxoriorignoi aii. L{i mpemapatu mmpoko
3aCTOCOBYIOTH B O()TAJIbMOJIOTIT 3aBISIKH IXHIM YHIKaJIbHUM
BJIIACTHBOCTAM. TaK, iX MPU3HAYAIOTh ITiJ] Yac JTiKyBaHHSI Ta
npoQIaKTUKHU 1H(EKITIIHO-3aMalbHUX 3aXBOPIOBAHb OUCH,
CIIPHYUHEHIX OaKTepiaTbHUMH, 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 XpOHIYHIMH 3aXBOPIOBAHHSIMHU OPTaHiB 30Dpy.

MipaMiCTHH — KaTiOHHA TIOBEPXHEBO AKTUBHA PEYOBHHA 3
BUPaXCHUMH aHTHCETITHYHNMU BIaCTHBOCTAMU. LIst crionmyka
e(heKkTHBHA MPOTH IIHPOKOTO CIIEKTPa MIKPOOPTaHi3MiB,
BKJIIOYAIOYM I'PaMITO3UTUBHI Ta 'paMHEraTuBHI OakTepil,
aepoOHi i aHaepoOHi (popmH, CIIOPOYTBOPIOBANEHI i acmo-
porenHi 6akTepii, HaBITh TOCIITAIBHI ITAMU 3 MHO)KUHHOIO
CTIMKICTIO 1O aHTHOIOTHKIB. 3aci0 TaKOX aKTUBHUH IIIOIO
30yAHUKIB cTaTeBUX iHQEKIil (TOHOKOKH, TPUXOMOHA/IH,
XJTaMifii, 6Ji1a TpermoHeMa), BipyciB (BKIIIFOYAIOUH TepIiec i
BIJI), a Takoxx rpu0iB (ApiXIKOBI, 1epMaTodiTi, aCKOMIIe-
TH) Ta IHIIMX MaTOTeHHUX MIKPOOPTaHi3MiB.

Kpim aHTHMIKpOOHOT /1i1, Tpenapar Mae MpoTH3anaiIbHUMI
eeKT, crpusie akTHBallii pereHepaTopHuX MPOLECiB, Mic-
LIEBHX 3aXMCHAX PEaKINiH 1 MIATPIMY€E MEXaHi3MH HECTICIH-
(1YHOTO IMYHHOTO 3aXUCTY Yepe3 MOY/ISLIIO KITITHHHOT Ta
TYMOpaJbHOI IMyHHOI BinoBiai. Bimomo, 1o mix BrummBoM
MipaMiCTHHY 3HU)KYETBCS PE3UCTEHTHICTh MIKPOOPTaHi3MiB
1o antudioTukiB. [Ipenapar mie 1okarsHO, HE TOTPATUITIOUH
B CUCTEMHHH KPOBOTIK.

MipamicTHH BHKOPHCTOBYIOTH AJISI JIIKYBAaHHSI TOCTPHX
XBOPOO 1 KOH TOHKTHBITIB, O1e(hapoKOH’ FOHKTHBITIB OaKTe-
pilabHOTO, TPHOKOBOTO, XJIAMITIHHOTO YH BipyCHOTO ITOXO-
JokeHHs. Takoxk eekTHBHUN NpH 1HEKIIHHUX YpasKeHHSIX
CITM30BOI TKAaHWHM OKa, TPaBMaxX, XIMIYHMX Ta TEPMIUYHHX
omikax. 1oro 3acTocoByIOTb 1151 IPODITAKTHKE TA JIIKYBaHHS
THIHHO-3aMaJIbHUX YCKJIQJHEHb Yy Tepell- Ta micisionepa-
LiifHOMY TIepiofi, a TAKOX JUTA 3aTl00iraHHs TOHOKOKOBHM i
XJIAMIiJIITHUM KOH FOHKTHBITAM Y HOBOHAPOJDKCHHUX.

Ilix gac mikyBaHHS TpaBM, 3alaIbHUX IPOIECIB YU
KOH IOHKTHBITIB JIOPOCIIUM 3aKparyloTh 1o 2-3 Kparuii,
Iitssm 10 12 pokiB — mo 1-2 Kparii B KOH TOHKTHBAJIBHHN
MiIIoK 4—6 pa3iB Ha JieHb. TprBaTicTh Teparii — 10 2 THIKHIB.
VY pasi omikiB OKa MiciIsI IPOMHUBAHHS BOAOIO POOJISTE YacTi
IHCTHIALIT KOKHI 5—10 XBHJIMH mpoTsiroM 1—2 rofauH, Aaji
TIepEeXOIATh HA CTaH/IApTHY cxeMy JikyBaHHs. Jlist podi-
JIAKTUKH THOEKIIHHUX YCKIAAHEHb 33 ICHb O OIeparii
KpanaroThb 1o 2—3 Kparuli Tpudi Ha AeHb, MiCIIs XipypriyHoro
BTPYYaHHS JIKYBaHHS MMPOIOBXKYIOTH MPOTATOM 3—5 THIB.

st npodinakTiky iHEKIiil y HOBOHAPOHKESHNX 0pasy
TCIIST HAPOPKEHHS MPOBOAATHE 00pPOOKY OKa 3MOYEHUM Y
ne3iH(peKifHOMY pO3UMHI BaTHUM TaMIIOHOM, a TOTIM
3aKparyrTh 10 | Kparmi B KOKHE OKO 3 iHTepBajioM 2—3
XBUJIMHH (TpHYl).

[HOMI MOXXE BUHUKHYTH KOPOTKOYacHE BiIUyTTS IEUIHHS,
sIKe MUHA€E caMOoCTiliHO yepe3 15-20 cekyH i He moTpedye
MIPUNMHEHHS JTiKyBaHHs. [IpoTnmnokasaHHsM 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 BUSBIIIOTH 3a3BUYal MMiCIIA TPAaBM, OTPUMAHUX
ITiJ1 9ac CLTbCHKOTOCIONAPCHKUX POOIT, 0COOIMBO B yMOBaX
TEIUTOTO 1 BOJIOTOTro KiiMary. MiKko3u 3 ypaskeHHSIM OpOiTH
MOXKYTh BUHUKHYTH BHACIIJIOK TOMIMPEHHS 1HQEKIIT 3
HaBKOJIOHOCOBHX Ta3yx. ®akropam, 10 acoLiioBaHi 3 po3-
BHTKOM 3aXBOPIOBAHHS, € IOXIJIHHN BiK, 0CTa0ICHHS IMyHHO1
CHCTEMH, IMyHOCYIIPECHBHI CTaHH, TPHBAJIC 3aCTOCYBAHHS
aHTHOIOTHKIB 1 TOPMOHAJIBHUX TIpernapartiB. B okpemux Bu-
TaJIKax TeMaToOreHHHUH MIIAX 3apaKEHHS MOYKE CIPHYMHHUTH
PO3BUTOK METACTaTHYHOTO eHAO0(TaIBMITY [29].

Iporu3anansui npenaparu. Kpim anTnbakTepiaabHUX
JIKaPChKUX 3ac00iB, y (hapMakoTepalril 3armaibHUX MPOIIECIB
pi3HOI eTionorii 3aCTOCOBYIOTH 1 POTH3aNAIBHI JIIKAPChKi
3aco0m, IO CIIPUAIOTH 3MEHIIEHHIO OOJFOBOTO CHHIPOMY,
HaOpsIKy Ta nopyuieHs Mikporupkyssimii. L{i 3acobu knacu-
(biKyrOoTh Ha KiJTbKa OCHOBHHUX T'PYII 3JI€KHO Bi/I MEXaHI3My
nii Ta cpepu 3acrocyBaHHsL.

I'moxoxopruroctepoinu (I'KC) mupoko 3acTOCOBYIOTh B
o(raneMoIIorii MiCIIeBO Ta CHCTEeMHO. BoHu eekTHBHI i
4ac JIKyBaHHS MAII€HTIB 31 CKICPUTOM, YBEITOM, 3aXBO-
PIOBaHHSIMHM OYHOTO JIHA, & TAKOX CIIPUSIIOTH 3MEHIICHHIO
3amaNbHAX PEaKIlii McIs XipyprivHuX BTPyYaHb.

Buxkoprucranns micriesux ['KC norpedye ocodmiBoi obe-
PEXHOCTI, KOJIU JiarHO3 OCTATOYHO HE BCTAHOBIICHO, 30KpeMa
npu HecrnienugiuHOMY TMOo4YepBOHIHHI oka. Lle 3ymoBieHo
PH3UKOM PO3BHUTKY TSDKKHX yCKJIaJHeHb. Hanpukia, mouep-
BOHIHHS MOKe OyTH CITPHYHHEHE BipyCOM ITPOCTOTO TepIiecy,
SIKWH MOYKE 3yMOBITIOBATH I'€PIIETUYHUH KEPaTHT i3 Jie(heKToM
poriBku. Y Takux cutyanisx 3acrocyBanas I KC Moxke 3HaIHO
TIOTIPIIUTH CTaH Mali€HTa Ta CIPUYMHUTH HOTIPIIEHHS 30DY.
Kpim Toro, TpuBae (OiibIIe HiX KiTbKa THKHIB) 3aCTOCY-
BauHs 'KC y hopmi 04HHX Kpariess MoyKe IIPU3BECTH JI0 PO3-
BUTKY CTEpOIIHOI [NIAYKOMH, SIKa € OJHI€I0 3 (HOpM IIEpBUHHOT
BIJIKPUTOKYTOBOI I1ayKoMu. J{0 HAalTTONMPEHIIINX MOOIYHHUX
peaKIIii TAKOXK HAJICXKATh 1HIITI TIPOSIBY CIIOBLUTFHEHOTO THITY, a
B JICSIKMX BUITaIKaX MOYK/IMBE BUTOHYEHHS POTIBKH Ta CKIIEPH,
110 acoriioBaHe 3 pr3uKoM repdopartii [30].

3acrocyBaHHsI KOMOIHOBaHHMX TIpenaparis, siki MictsaTs [ KC
Ta aHTHOAKTEepiaTbHI KOMITOHSHTH, TOUTBHE Y TTicsomnepa-
LiffHOMY T1epiojii, HAIPUKIIA MICis eKCTPaKIlii KpUILTaIn-
Ka, aHTHIIayKOMHUX OIepariii 9u TpaBM oka. Taki 3aco0i
MOXKYTh OyTH €(EeKTHBHUMH 1 MiJl Yac JIKyBaHHS OKPEMUX
HeiH(eKuiitHnX GpopM KoH TOHKTHBITY. OJHAK € 3aXBOpIO-
BaHHSI, M/l 4ac SIKMX 3aCTOCYBaHHS TaKMX KOMOIHOBaHHX
TIperapariB He JONLIBHE.

V pazi cuctemuoro npusHadeHHs ['KC pu3uK po3BUTKY
IVIayKOMH HEBHCOKHWH, OJJHAK BU3HAYalOTh BHCOKY MMOBIp-
HICTh (00 75 %) BUHHMKHEHHS! CTEpPOIHOI KaTapakTH HpH
TPHUBAJIOMY HAKOIMYCHHI MPEIHI30IO0HY B 1031 >15 Mr Ha
no0y abo ekBiBasieHTHHX Jo3ax iHmKX ['KC nporsrom
KIJIBKOX MICSIIIB.

B VkpaiHi B 0 TaIbMOJIOT9HIN IPAKTHLI Cepe] HECTEPO-
inHuX npoTn3anansHnx 3aco6is (HI133) mepeBakno 3acToco-

BYIOTb JTUKJIO(EHAK, SIKHi BU3HAYAIOTH SIK AIBTCPHATUBHAIN
ITIOKOKOpTHKOinaM mpenapar. OCHOBHA Horo nepesara —
BIJICYTHICTh XapaKTePHUX JUI KOPTHKOCTEPOIiB MTOOITHIX
eeKTiB, MO POOUTH HOro OE3MEUHINMM JUIS MALIEHTIB i3
nedexramu MOBEPXHI POTIBKH, CHPHYMHEHUMHU TPaBMaMH,
YH TIEPEHECEHNM KePaTHTOM.

Jluknodenak HATpir0 YMHUTH NMPOTH3ANAIbHY, 3HE00-
JIOBAJIBHY 1 MIOTHYHY Jit0. MexaHi3M ioro Jii nossrae B
iHri0yBaHHI HIUKJIOOKCUTeHA3H Ta IPUTHIUEHHI CHHTE3Y TIPO-
CTaIrVIaHAMHIB, 1110 € OCHOBHUMH MEIiaTOpaMH 3aIlaJICHHS.
IIpenapar crpysie MOJNETIIECHHIO 3allaIeHHs Ta 3MEHILCHHIO
60Ib0BOTO CHH/IPOMY ITiCIIs OIIEPAaTHBHUX BTPYYaHb, ITOIIKO-
JUKEHB POTIBKH, a TAKOK €(PEKTHBHO 3ar1odirae iHTpaomnepa-
LiffHOMY Mi03Y ITiJ] 9ac XipypriqHOTO JTiKyBaHHS KaTapaKTH.
[pemapar 3acTOCOBYIOTH MiCIIEBO Y (POPMi OUHHX KPATIeIb.
[epen onepamiero quKIOQeHaK 3aKkparyoTh mo 1 kparmi 5
PpasziB IpOTATOM 3 TOJHH, TICIIS YOO TPOAOBKYIOTH JIIKyBaH-
HS B TicisonepaniiiHoMy nepiofi 3a cxemoro 3—5 pasiB Ha
JI00y 3aJIeKHO BT IHIMBIyaIbHOI peakilii marienTa. [1ig gac
JiKyBaHHs 00110, PoTo(h0Oii Ta MOCTTPaBMATUUHHX 3aTIalb-
HHX [TPOLIECIB Mperapar 3aKparyoTh Mo 1 Kparuii KoxHi 4-6
roJiMH. Y pasi XipypriuHoro BTpY4aHHs JUisl KOPEKIil 30py
PEKOMEHI0BaHO BBEJICHHS 1—2 Kparmelb 0e3mocepeHbo Ie-
pen onepari€ro, oapa3y micys ii 3aBepIIeHHs, a TAKOK KOKHI
4—6 ToAMH YIPOMOBXK HACTYIMHUX 3 AHIB [31].

OO6roBopeHHs

Otxe, BCTAaHOBIICHO, 1110 Ha (hapMalleBTHYHOMY PHHKY YKpa-
THY NIPECTABICHUN NIMPOKUM aCOPTUMEHT OYHUX Kpalellb
JUTSL JIIKYBaHHSI TPaBM, OITIKiB 1 3aMaJicHb OpraHa 30py.

Jlo Takux 3aco0iB Halle)KaTh [IPEMapary, 10 MICTATh Pi3HI
AKTUBHI PEYOBUHHM: TETPA30IiHY TiIPOXIOPHU/, TTapaaMiHO-
OeH30IHY KHCIIOTY, TIOTPia30JIiH, JeKaMETOKCHH, OOpHY KHC-
JIOTY, HATPilO TETPabOpaT, XJIOPTEeKCHANHY OOpOTITIOKOHAT,
CyImb(aluI HaTpiro, AUKIOPEHAK HATPII0, IIMHKY CYIb]aT,
MipamicTaH Tomo. Lli mikapchki 3aco0u crpsMOBaHI Ha
3MEHIIICHHSI CHMITTOMIB 3aITajIeHHSL, JIIKyBaHHS 1H(QEKITIHIX
3aXBOPIOBAHD 1 3aTOEHHS IIOIIKO/PKEHb O4EH.

BtiM, He3Ba)KarOuM Ha HAasBHICTH 3HAYHOT KIJTBKOCTI TAKHX
rpenaparis, IXHIH JTIKyBaJIbHUN €()eKT YacTO 3aINIIAETHCS
HEJOCTATHIM Yy pa3i TSKKUX a00 KOMOIHOBAaHUX TPaBM
OKa, 0COOJMBO TUX, 110 BUHUKAIOTH I1iJ] Yac OOMOBMX JIii,
a TaKOXX MPOMHUCIIOBUX TPaBM, OTPUMAHUX y MUPHHI Yac.
BinbmricTs 13 mux 3aco0iB MpU3HAYEH] IS JTIKyBaHHS Hak-
TIOIIMPEHIMINX 3aMajJbHUX MPOIECiB a00 GakTepiaTbHUX
iH¢exmiil. KoMmiekcHuil miaxin 10 momIKoKeHb, OTprMa-
HUX B YMOBaX MHPHOTO 4acy, Ta 00HOBHUX TpaBM MOTpedye
OLBII ePeKTUBHOI Tepartii, 10 MOYKE CIIPUATH 3aTI00IiraHHIO
YCKJIAAHEHHSIM, 30KpeMa 1H(EKIIisIM, pyOIFOBAHHIO TKAaHHH
1 BTpari 30py.

¥V 3B’513Ky 3 ITMIM BHHHMKA€ HEOOX1THICTb CTBOPEHHS HOBOTO
KOMOIHOBaHOTO JIIKApPCHKOTO 3ac00y 3 MPOTH3ANaIbHOIO,
aHTHOAKTEPiaJbHOIO Ta MPOTUIPUOKOBOIO JissMU. Takuii
npenapar Mae 3a0e3redyBary OTHOYaCHHUI BILIMB Ha KiJIbKa
MAaTOrCHETUYHUX MEXaHI3MIB, 110 1aCTh 3MOI'Y TIOKPAIUTH
3aro€HHsI TKAHUH OKa, 3HU3UTH PU3HK THPEKITIMHUX YCKIIaI-
HEHb 1 3amo0irTé PO3BUTKY IHBAJiZHOCTI Yepe3 BTPaTy
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30py. ToMy po3poOka Ta Bajigaris METO/IB CTaHAaPTH3AaLi1
HOBOTO KOMOIHOBAHOTO JIIKAPCHKOTO 3ac00y € aKTyallbHUM
3aBIaHHIM CydJacHOi apmartii #f odrarsmMoorii, 0coOIIBo
B YMOBaX 3HauHOI KLIKOCTI TPaBM OKa ITiJ1 Yac BiHU.

Huni BinOyBaeThCsl eKCIIOHEHITIabHE TIOCHIICHHS aKTy-
aJIBHOCTI KOMOIHOBaHUX JIiKapChKuX 3aco0iB. Ile 3ymoB-
JICHO KiTbKOMa (haKTOpaMu, M0 OOTPYHTOBaHI CydYaCHUMH
NoTpedaMu MEIUIMHE i 0COOIMBOCTAMH JIIKYBAHHS OUHHX
3aXBOPIOBAHb.

Ileprm 3a Bce, OKO Mae CKIagHy CTPYKTYpY ¥ yHIKanbHI
¢izionoriuni ocobnuBocri. I1ix yac po3BUTKy marooriv-
HUX TIPOIECIB YaCTO BUHUKAE HE OTUH CHMIITOM, a LTI
KomIuteke. Hanpukiaz, mpu TpaBMi oka 0IHOYaCHO MOXKYTh
BUHHKATH Pi3HI Ypa)KeHH:, [0 aCOIii{OBaHi 3 pU3UKOM iH-
(ek1ii Ta mopyeHHsIM pereHepailii TkaHuH. Bukopucranus
KOMOIHOBAHOT'0 IIpeTiapary B TAKOMY BUIIAJIKY A€ 3MOTY OJi-
HOYACHO BIUTUBATH Ha BCI I1i IIPOICCH, 1110 3HAYHO ITiIBUIILY€E
e(EeKTUBHICTH JIIKYBaHHSI.

Jpyruii acniekT — 3py4HICTh 3aCTOCYBaHHSI IS TTAI[I€HTA.
SIKImo XBOpoMy HEOOXiJHO 3aKpalryBaTH KiJibKa Pi3HHX
npernaparis, 1ie ToTpedye MeBHOI AUCHUILIIHU Y 3B’SI3KY 3
HEOOXIIHICTIO JTOTPUMAaHHS IHTEPBAIIB MK BBEICHHSIMU.
Kom6iHoBaHi 3acobu mpu3HAYEHi /ISl BUPIIIIEHHS i€l TTpo-
Gremu, aJuKe aloTh 3MOTY OJHOYACHO BBOJIUTH Pi3HI Jiroui
pedoBuHU. Lle 0COOMUBO BaXITUBO I JIFOACH ITOXUIIOTO
BiKy a00 THX, XTO Ma€ 0OOMEXEeHI MOKIMBOCTI caM000CiTy-
TOBYBaHHSI.

EKOHOMIYHI YHHHUKH TaKOXK ITiATBEPIHKYFOTh IOLUIBHICT
BUKOPUCTAaHHS KOMOIHOBaHMX TperapaTiB. Xoda Taki JIK{
MOXKYTb KOIITYBAaTH JOPOXKYE, Hi’k MOHOTIPETIapaTH, 3arajibHa
BapTICTh JIIKYBaHHS 4aCTO BUSIBISETHCS HIKYOK. Le moB’s1-
3aHO 3 THM, 110 HeMa€e HeOOX1THOCTI KyITyBaTH KiJlbKa Pi3HHX
JIKIB, @ TAKOXK 3HWKYETHCSI PU3UK PO3BUTKY YCKIIaJHEHB, SIKi
motpedyBany O TOTATKOBOTO JIIKyBaHHS.

3 (hapMaKoIIOTiYHOTO MONIAAY Cy4acHi KOMOIHOBaHI mpe-
TapaTté CTBOPEHI 3 ypaxXyBaHHSIM MOTSHIIHHUX B3a€MOJii
MK KoMIToHeHTamH. Lle nae 3Mory 1ocsirtn CHHEepre THYHOTO
e(eKTy, KONH Iisi OMHOTO KOMITOHEHTa JIKapchkoi (popmu
TIOCHITIOE 200 JOTIOBHIOE JIiT0 1HIIOTO. 3ayBa)KUMO, 1110 PO3-
poOka KOMOIHOBAaHHX IIpenapariB — Ie CKIaJHUAN TIPOIIEC,
SIKMH 1OoTpeOye BUBUCHHSI B3a€MOJIii KOMITOHEHTIB, iXHBOT
cTabipHOCTI Ta Oe3meku [32].

OTxe, akTyaJIbHICTh KOMOIHOBAaHHX JIIKAPCHKUX 3aC00IB B
odrampmorIorii 00rpyHTOBaHA THM, III0 BOHU MOXKYTh MaTH
KOMIUICKCHUH TeparneBTHYHHI edext, 3py4dHi Uit 3acTocy-
BaHHs, CKOHOMIUHI Ta BiANOBIJAIOTh Cy4YaCHHMM BUMOTaM
METUIIIHH, 0COOJTIBO B yMOBAaX 301TBIIICHHS KUTBKOCTI TPABM
oka i1 yac BiiHH. [TpooBKeHH s JOCIIIDKEHD Y IIbOMY Ha-
TIPSIMI 3QJTUIIAETHCS aKTyalbHUM, CIPSTHME ITiABUIICHHIO
e(eKTUBHOCTI JIIKyBaHH: 0()TAIbMOJIOTIYHHIX 3aXBOPIOBAHb
Yy MaiiOyTHbOMY.

Po3pobxa koM6iHOBaHOTO O()TATBMOJIOTTIHOTO TIPETIapary
Ha OCHOBI JUKJIO(EHAKy HaTpilo Ta mapaamMiHOOEH30HHOT
KHUCJIOTH MOXe Oy TH NePCIIeKTHBHOIO Yepe3 CHHEPreTHIHUH
TEPANCBTUYHUI ePeKT 1uX JBoX crnoiyk. KomOiHOBaHMI
0o TaTEMOJIOTIYHIH JIiKapChKHiA 3aci0 Ha OCHOBI TUKIIO]E-
HAKy HATPIlO Ta MapaamMiHOOCH30MHOI KHCJIOTH MOXKE OyTH

ONTHMAJEHUM ITiJ] Yac JIIKYBaHHS 3alallbHAX Ta IHEKIil-
HO-3aaJIbHUX 3aXBOPIOBAHb OUEH.

Jukinodenak Harpito sik npemnapar i3 rpynu HI133 ciipusie
3MEHILICHHIO 3aaJIeHHs 3aB/SIKM 1HT10yBaHHIO IMKJIOOKCHTe-
Ha3M Ta 3HIKEHHIO CUHTE3Y IPOCTAIaHANHIB, @ OT)KE IPHU-
3HauEHHIA 15 3MEHIIEHHs HaOPAKY, 600 Ta Tinepemii. Horo
3acTOCyBaHHs B O(TabMOJIOTIT AOLLIBHE B pa3i PO3BUTKY
TICIISOTIEpAIlifHUX 3aalbHUX YCKIIaIHEHb, ITOCTTPaBMaTHY-
HUX CTaHIB, U MPOQITAKTHKH IIUCTOITHOTO MaKYIISIPHOTO
HaOPSAKy Ta JIIKyBaHH: 00I50BOTO CHHAPOMY, CIIPHIUHEHOTO
VIIKOUKEHHSIM POTiBKH.

Komobinarrist 3 mapaaMiHOOCH30HHOO KACIIOTOO PO3IIHPIOE
CIIEKTP TEPAIEeBTUYHNX MOYKIIMBOCTEH HOBOTO KOMOIHOBAaHO-
TO JIKApCHKOTO 3ac0o0y BHACTIJOK IMyHOMOJIYITIOBAJIbHUX,
AHTHOKCH/IAaHTHHUX 1 NMPOTUBIPYCHUX BiacTUBOCTEH. Lls
KHCJIOTA — THIYKTOp IHTEP(EpOHy, LI0 CIPHSE aKTHBALIT
MIPOTHBIPYCHOTO IMYHITETY Ta MOCHJIIOE pereHeparito po-
TiBKH. 3aBJSIKH IIMM BJIACTHBOCTSIM BOHA € €()eKTHBHUM
KOMITOHEHTOM JIJIsl JIIKYBaHHSI BIPyCHUX KOH IOHKTHBITIB,
KepaTOKOH IOHKTHBITIB, KEPATOYBEITIB, a TAKOXK IMOCTTPaB-
MaTHYHUX 1 MiCISoNepanifHuX YIIKOMKEeHb PoTiBKU. Kpim
TOTO, IOETHAHHSA aMiHOOEH30MHOT KHCIIOTH 3 TUKIIO(ECHAKOM
MO>KE CIIPHSATH IIBU/IIIIOMY BiZTHOBJICHHIO CTPYKTYP OKa IiCIIs
XipypridHUX BTPYYaHb 1 TPaBM, IPHCKOPIOIOYH 3aTOCHHS Ta
3MEHIITYIOUH PH3HK IHPEKIIHHIX YCKIIaTHCHb.

KombinoBaHe 3actocyBaHHs IUKIO(QEHAKY HATpilo Ta
rapaamMiHO0EH30iHOT KHCIIOTH MaTOr€HETHYHO 00T PyHTOBA-
He, OCKUIBKH JIa€ 3MOT'Y OJJTHOYAaCHO BIUIMBATH HA 3allalibHi,
IMYHHI Ta pereHepaTHBHI TpouecH. BpaxoByrouu iXHIO
CHHEPIIYHY Jit0, TaKa KOMOIHAIlisl MOXKE CTaTH e(DEKTHBHUM
3aco000M st JIIKYBaHHs Ta NPO(QUIAKTUKH 3arajbHUX 1 Bi-
PYCHHX ypaXXeHb IIepefHbOr0 CerMeHTa oka. JlomaTkoBoro
TIEPEBAroi0 € MOKJIUBICTD 3HU3UTH IMTOTPEOY B 3aCTOCYBAHHI
KOPTHKOCTEPOIMiB Ta aHTHOIOTHUKIB, IO MiHIMI3y€E PH3HK
MOOIYHIX e(DeKTIB 1 MiABHITYe Oe3TeKy Teparii.

Omxe, CTBOPEHHS 0 TAIBMOJIOTTYHOTO Penapary, 1o 1o-
€ITHy€e TUKI0(QCHAK HATPIFO Ta ITapaaMiHOOCH30HHY KHCIIOTY,
€ aKTyaJbHUM Y (hapMaleBTHYHIN raiy3i Ta Mae 3HaAYHUH
TTOTCHITIAIT [T OTITUMI3allii JTIKyBaHHS MAIlI€HTIB 13 3aI1aib-
HUMH, TPABMaTHYHUMH Ta BIpYCHUMH YPAKEHHSIMH OYEHi.

BucHoBKkuU

1. IIpoanaiisyBaiy i cxapakTepu3yBalH pi3Hi o TaibMo-
JIOT1YHI JIIKapChKi 3aCO0U, 1110 Half4acTille BUKOPHCTOBYIOTh
y pa3i TpaBM i 3anajibHHUX MMPOIIECIB OKa.

2. Po3mIsiHyTO TO3UTHBHI BIACTHBOCTI 3aIIpOIIOHOBAHOT
koMOiHalii auKiodeHaky HaTpilo Ta mapaamMiHOOEH30WHOT
KHUCJIOTH, 30KpeMa MOEJHAHHS BUPAXKEHOT MPOTHU3aMaIbHOT,
3HEOOMIOBAIBHOI Ta aHTHOAKTEPiadbHOI Ail, MOKIMBICTH
3HIDKEHHS TMOTpeOn B aHTHOIOTHKOTEparii, 3MEHIICHHS
PU3HUKY PO3BUTKY PE3UCTCHTHOCTI OAKTepid 1 MiABUIICHHS
e(eKTUBHOCTI JKyBaHHS iH(EKIIIHO-3amaIbHIX O(Tab-
MOJIOTIYHHX 3aXBOPIOBAHb.

3. JlouinbHO MPOAOBKYBATH BUBUCHHS TEXHOJIOTIYHHX,
(hi3UKO-XIMIYHUX 1 (PApPMaKOJIOTIYHUX BJIACTHBOCTEH KOMOI-
HOBAaHOT0 JIIKAPCHKOTO 3ac00Y JIJIs OITUMI3ALIIT HOT0 CKIaTy
i JTiKapchbKoi (hopMHU.
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[ocnigXeHHA NPOTUCY[OMHUX BnacTUBoOCcTen noxiaHux 1,2,4-tpiasony
Ta NepcneKkTUBU 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 gocnigxeHHs; 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 | MOXMMBYMX NOBIYHMX edoekTiB. JTikyBaHHS 3a 4OMOMOrIOH0 L npenapartis noTpedye NoCTiiHOTo Mean4Horo
KOHTPOSO ANst AOCArHEHHS ONTUMAanbHOrO ehekTy Ta MiHimisauii puanki. ToMy BUpilLeHHsI TPOBNEMI CTBOPEHHSI HOBUX OpUTiHAMNbHMUX
TNiKiB i3 MiHiManbHO KinbKiCTI0 HebaxaHWX edekTiB 3aULLAETLCSA 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 HEODXIAHICTD | AOLINMBHICT MOAaNbLMX AOCHIMKEHb Y LILOMY HaMpPsMi.

Matepianu i meTogu. lMowwyk HayKOBOI MiTEpPaTypu 3QINCHANM 3 BUKOPUCTAHHAM HW3KU HAyKOMETpUYHMX 6a3 JaHux, WO iHAEKCYyTb
dhaxoBi mxepena 3 BiomeanyHoi, XiMiYHOT Ta hapmakonoriyHoi ranysen, 3okpema PubMed, SciFinder, Web of Science, Google Scholar,
ScienceDirect, Scopus. [Ins JOCATHEHHA NOCTaBNEHOI METU BUKOPUCTAHO TEOPETWUYHI METOAM: iHOPMALLINHOMO MOLUYKY, OrMsifOBUNA,
NOPIBHSIHHS, y3aranbHeHHsl. BrkopuctaHo KOMBIHOBaHI MOLLYKOBI 3anUTK 3 BUKOPUCTaHHSAM 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 nybnikaii, 4e npoaHani3oBaHO NPOTUCYOOMHI BIACTUBOCTI LIMX CMOMYK.

Pesynkratu. [locnimkeHHs cBifYaTh Npo 3Ha4HUi noTeHuian S-noxigHux 5-(dypaH-2-in)-4R,-1,2,4-Tpia3or-3-TioHiB sk NPOTUCYLOMHMX
areHTiB, LLO NiATBEPOAXEHO pesynsTataMu nonepeaHbLOro TEOPETUYHOrO KOMM'IOTEPHOMO NPOrHO3yBaHHs. iaTBepoXeHO AOLINBHICTb BCTa-
HOBIIEHHS 3aKOHOMIPHOCTEN MK CTPYKTYPOI CUHTE30BaHWX CrOMyK Ta iXHbOK NPOTUCYAOMHOI0 Ai€t0. Y pe3ynsTaTi eKCriepuMeHTanbHuX
[OCTiDKEHb BCTAHOBIEHO, LLIO ABi CMONYKN MaKTb MPOTUCYAOMHY aKTVBHICTb i 3@ cunoto hapmakonoriyHoro edpekTy nogibHi oo Migokanmy.
Ha kopa3onosiit Mogeni cyaoM Y LypiB BCTAHOBIIEHO, L0 NPOTUCYAOMHA aKTUBHICTb 2-[5-(cpypaH-2-in)-4-teHin-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
BignoBigHo. CMHTE30BaHO Kinbka HOBUX 7-3aMilleHux-5-peHin-[1,2,4]tpiaszono[1,5-a]nipuMignHiB WNSXOM BKMOYEHHS Tpia3onbHOro
dparmeHTa B NipUMIAMHOBE KinbLe, O CNPUATUME CUHEPIYHOMY eddeKTy nid Yac MikyBaHHA NawuieHTiB 3 eninencieto.

BucHoBku. MoxigHi 1,2,4-Tpia3ony € nepcnekTyBHUMM LLOAO CTBOPEHHS1 HOBMX MiKapChbkux 3acobiB i3 NPOTUCYAOMHOK aKTUBHICTIO, LU0
MOXYTb QiiTU Yepe3 Kinbka MONeKynspHUX MexaHiaMiB. Y pesynbraTti aHanisy HaykoBOI NiTepaTypy MOXIIMBO 3anponoHyBaTu cTpaTterii
ANS PO3LUMPEHHS 3aCTOCYBaHHSA NOXiaHWX 1,2,4-Tpiaony sk epeKTUBHUX NPOTUCYOAOMHYX areHTiB.

Kntouogi cnosa: noxigHi 1,2,4-tpiasony, cuHTe3, (hi3nKo-XiMiYHi BNaCcTUBOCTI, «CTPYKTYpa — aKTUBHICTb», MPOTUCYAOMHA Aisl, AOCHIAXXEHHS
in silico, in vivo, NPOrHO3 aKTUBHOCTI.

AxTyanbHi nuTaHHA hapmaLeBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2025. T. 18, Ne 2(48). C. 223-227

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.
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[MporucynomHi npenapary (AHTHKOHBYJIBCAHTH) — 1I€ TpyTia
JIKIB, 1[0 BUKOPUCTOBYIOTH JUISl JIIKYBAaHHS TAL€HTIB 3 eIi-
JIETICI€10, @ TAKOX JUTS KOHTPOJIO 1HIINX PO3TafiB, OB’ sA3a-
HUX 13 cynomMamu abo Hamagamu. Lli mpemaparu cnpusiioth
3HIDKCHHIO YaCTOTH i IHTCHCUBHOCTI HAMaIiB, CTA0LII3y0Un
aKTUBHICTh HEPBOBUX KIITHH y MO3KY. BHOip KOHKpeTHOTO
Tperapary 3aJIe)KUTh BiJ] THITY CYZIOM, BIKY ITAIli€HTA, CYITyTHIX
3aXBOPIOBaHb Ta MOXIIMBHUX 1001YHKX edekTiB. JlikyBaHHs 32
JIOTIOMOTOIO ITMX TIPENapariB MOTpedye MOCTIHHOTO MEIud-
HOTO KOHTPOJIIO JUISL IOCATHEHHST ONTHMAJIBHOTO eexTty i
MiHiIMi3alil pU3MKYy.

IIpoTucynoMHi mpenapaTi MOXYTh CIPHYUHATH Pi3HI
00i4HI €PEeKTH: COHJIMBICT, AC30pi€HTAIIiI0 a00 TOpPYIIICH-
HSl T1aM’sITi, TIOPYIIEHHSI KOOPJAUHALlI1, TellaTOTOKCHYHICTh
(ocobmuBo B pasi TPUBAIOTO MPUIMAHHS), 3MiHH HACTPOIO,
JCTIPECHUBHI CTaHU, aJeprivyHi peakii. ToMy BUPIMICHHS IIpo-
OJ1eMH CTBOPEHHS] HOBHX OPUTIHAJIBHUX JIKIB 13 MiHIMaJIbHOO
KIUTBKICTIO HeOakaHWX e()eKTIB 3aTUIMIAETHCS aKTYaTbHUM
3aBJAHHSIM, MA€ TEOPETUYHE 1 TPAKTHYHE 3HAYCHHSI.

[Moxinui 1,2,4-Tpia3zony — nepcrekTHBHA Ipyna CIOJNYK,
110 BUKJIMKAIOTh HAYKOBHI IHTEPEC 3aBISKHU CBOil Oiomoriv-
Hilt akTuBHOCTI [1,2,3]. BcTaHOBIIEHO, UM 111 MTOXIiIHI MaOTh
30KpeMa i MPOTHCYIOMHY [0 [4].

1,2,4-Tpia3on — reTepouMKIiYHA CIOJYKa, [0 MICTUTh
aromu Hitporeny B nosoxenHsx 1, 2 i 4, € nepcrieKTHBHOO
B TEOPETUYHIN 1 paKTUUHIN (apMareBTHIHIN Ximii [5,0,7].
[potucynomua akTuBHICTH Moximuux 1,2,4-Tpiasomy Moxe
OyTH 1MoB’si3aHa 3 IXHBOIO 3JATHICTIO BIUIMBATH Ha HEHpo-
TpaHCMITEPHI CHCTEMH B IICHTPaJIbHI HEPBOBIii cHCcTEMI, 30-
Kpema yepes B3aeEMO/Ii10 3 raMMa-aMiHOMACIISTHOIO KHCIIOTOIO,
10 € OCHOBHKMM 1HT10iTOpOM Y MO3KY, a0 il perientopamu.
Pe3ynbTaToM € 3HMKEHHS HeHpOHAIBHOT 30Y7TMBOCTI Ta Tajlb-
MyBaHHs cyzioM. Kpim Toro, noxiani 1,2,4-Tpiazony MOXyTh
BIUTMBATH Ha 10HHI KaHAJH, 30KpeMa HaTpieBi Ta KaJbIII€BI,
110 BiZIrpaloTh BXKJIMBY POJIb B iHimiamii cyzom. Lli criomyku
BIUIMBAIOTH 1 Ha iHTiOyBaHHs €H3HUMIB, 10 OEPYTh y4acThb y
MeTaboIi3Mi HelpoTpaHCcMiTepiB a00 B peryIrOBaHHI CHHAII-
TUYHOT TIepeayi.

Y pe3ynbTaTi pisHHUX JOCHTIIPKCHb HA TBApHHAX BCTaHOB-
JeHo, o HoxiaHi 1,2,4-Tpia3oy MOXYTh Mart# BUpaXeHy
MIPOTHCYOMHY aKTHBHICTb [8]. Y Takux JOCITIKCHHSIX BH-
SIBJICHO iXHIO 37aTHICTh 3HIKYBATH KUTBKICTH 200 TSXKKICTH
CYIIOM, IHIYKOBAaHUX PI3HUMH arcHTaMH: CJICKTPUUHUMHU
IMITYJIbCAMH, TOKCHYHUMH PEUOBHHAMH YH ITPENapaTamu, 1o
BUKITHKAIOTh CYIOMH.

3ayBaxkumo, 110 noxiaHi 1,2,4-Tpiazoiny MOXYTh MartH i
MIPOTUCYIOMHY, i aHTUIICMXOTHYHY aKTHBHICTb. Lle poOuTh
X MEPCIEKTUBHUMHK ar€HTaMH Mijl Yac JIKyBaHHS HE JIUIIE
eriyierncii, ane ¥ IHINX HEBPOJIOTTYHUX PO3JIAJIB.

MeTta po6otu

[Mpoanani3yBary i y3aralbHUTH CBITOBI JOCSTHEHHS 3a OC-
TaHHI POKU II0JI0 BUBYCHHS MPOTHCYIOMHHX BIACTHBOCTEH
noxigHux 1,2,4-Tpia3oiy Ta T0BECTH HEOOXITHICTD 1 A0~
HICTB MOJANBIINX JOCIIKEHbD Y IIEOMY HAIPsIM.

Marepianu i MeTogu gocnimkeHHs

[Momryk HaykoBOI JliTepaTypy 3IIHCHUIN 3 BUKOPUCTAHHSIM
HU3KH HAyKOMETPUYHUX 0a3 JaHWX, [0 iHAEKCYIOTh (paxoBi
JpKepena 3 0loMenuHoOT, XiMi4HOI Ta (hapMaKoJIorivHoi rary-
3eii, 30kpema PubMed (Haitbinbia 6a3a TaHUX, 110 1HACKCYE
myOnikartii 3 MequIHH # 6iomorii), SciFinder (mmardopma s
TIOIIYKY XIMIYHHX CIIOJIYK, BKJIIOYAIO4H1 CTaTTi, HAaTeHTH, JaHi
PO CHHTE3 1 BIACTUBOCTI XIMIUHKX crIoNyk), Web of Science
(GararompodinpHa 6a3a JaHUX, IO BKITIOYAE CTATTI 3 TAKHX
HAyKOBUX JUCLUILTIH, K XiMisi, Oiooris, MemunuHa, dap-
Mariist), Google Scholar (IHCTpyMEHT Ju1st OIIYKY HAayKOBHX
cTaTei, Te3, MoHOTpadiif Ta iHIIOT HAYKOBOI JiTepaTypwH),
ScienceDirect (pecypc Ui MOMIyKy cTared i3 Ximil, Meu-
IMHU Ta 010JI0TI1, BKIIIOYAROYH MpaIli, 0 (POKYCYIOThCS Ha
TIPOTHCYIOMHUX 3ac00ax), Scopus (0a3a TaHuX IS TIONTYKY
HayKOBUX MyOJiKamiil 3 pi3HUX HaNpsIMiB, 30KpeMa y raiysi
O10METUITHHH).

Jl1s aHawizy 3aTyd4eHuX 0 ONIAAYy JDKEpel 3aCTOCOBAHO
Taki MeToaun: 010TiOMeTpHYHHH (30KpeMa aHalli3 LIUTYBaHHS
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IUTA BHSIBJICHHS HaWIIUTOBAHIIINX CTaTeW i aBTOPIB y I
TEMaTHIli), KOHTeHT-aHali3 (y3aralbHEeHHS TaHUX MO0
e(peKTHBHOCTI MoXigHuX 1,2,4-Tpia3omy K MPOTHCYIOMHHIX
3aco0iB), a TAKOK OIS HAYKOBOI JIITEpaTypH, 10 Iiepedavyan
00OTOBOPEHHS PE3YJIBTATIB JIOCTIPKEHB, MOJICKYIIPHUX MeXa-
HI3MiB JIiT Ta IEPCHICKTHB KIIHIYHOTO 3aCTOCYBaHHS.

Buxopucrano koMOiHOBaHI TTOLIYKOBI 3alTUTH 3 BUKOPHC-
TaHHAM JIOTIYHUX oreparopis, sk-oTr AND, OR, NOT, mis
KOHKpeTH3allii abo po3MIMpeHHs pe3y/ibrariB momyky. Ha-
npuknaz, 3anuT «1,2,4-triazole AND anticonvulsant activity»
JlaBaB 3MOTY 3HAXOMUTH MyOmikarii, ;e mpoaHali30BaHO
MIPOTHCYIOMHI BJTaCTUBOCTI IIUX CIIONYK.

Pe3ynktatn

BaxiiBO HarollocHTH Ha akTyalbHOCTI 1 MEpCIEKTHBHOCTI
TOIIYKY HOBHX CIOJIYK i3 IIPOTHCYIOMHUMH BJIACTHBOCTSIMHU,
OCKIJIbKM YMMAJIO JTIKAPChKUX 3aC001B, 0 HUHI BUKOPHCTO-
BYIOTh Y MEIMYHIH MPAKTHUII TTiJ] 9ac JTIKyBaHHS MAIi€HTIB i3
CyZIOMaMH Pi3HOTO TeHe3Y, acoIliioBaHi 3 OaraTtbMa HeOaxka-
HUMH 00IYHIMY ehekTamu [8].

[IpoTtrcynomHi TpenapaTtu — Ie JiKapchKi 3acodw, Mo
37IaTHI 3armodirati a00 MPUTIHHATH CyIOMHI HAMaIu Pi3HOTO
TIOXO/LKEHHS. Y Cy4JacHiH Hay1li TEpMiH TPOTHUCYIOMHI 3aC001
3a3BHYAl 3aCTOCOBYIOTH JI0 IPENApATiB, M0 MPH3HAYCHI IS
3ar100iraHHsI pi3HUM IPOSIBAM eTIUIeTICIT (MPOTHEIeIITHYHI).

Pesynbratu nocnimkeHHs [9] cBiI9aTh po 3HAYHUI TOTCH-
nian S-noxigaux 5-(dypan-2-im)-4R -1,2,4-Tpiazon-3-rionis
SIK TIPOTHCYZIOMHUX areHTIB, 1110 MiATBEP/DKEHO Pe3yIIbTaTaMu
TONEPEJHLOTO TEOPETHYHOTO KOMIT FOTEPHOT'O IIPOTrHO3yBaH-
Hs. [linTBepHKEHO MOIIBHICTh BCTAHOBJICHHS 3aKOHOMIp-
HOCTEH MDK CTPYKTYPOIO CHHTC30BAHHX CIIOJIYK Ta iXHBOIO
MIPOTUCYIOMHOIO Ji€f0. Y pe3ynabTari eKCIIepIMEHTaTbHUX
JIOCIHIKEHb BCTAHOBIICHO, IO IBi CIIOMYKH MAroOTh TPOTH-
CYIIOMHY aKTHBHICTB i 32 CHJIOO (hapMaKOJIOTIIHOTO €eKTy
moxi6Hi 1o Minokanmy. Ha xopa3omoBiit Momeni cyaom y
TIypiB BCTAHOBJIEHO, III0 IPOTHUCYIOMHA aKTUBHICTB 2-[ 5-(dy-
pan-2-in)-4-¢penin-4H-1,2,4-rpiazon-3-inrio]-1-(4-xm0p-
¢deHineTaHOHY) nepeBHUINye e()EeKTUBHICTh Npenaparis
nopiBHsHHA — MinokaiaMy Ta ¢enobapOitary — B 1,23 Ta
1,27 pa3a BignosinuHo. Jlyist okpemux kiaciB S-¢ypaH-moxij-
HuX 1,2,4-Tpia3on-3-TiOHIB BCTAHOBJIEHO 3aKOHOMIPHOCTI y
cucteMi cTpykrypa — aisi. Konektus aBropiB [9] po3poous
1 CHHTE3yBaB cepito 4-ankina-5-(3-xmopoeHsuin/2,3-auxmop-
¢benin)-2,4-nmurigpo-3H-1,2,4-1pia3on-3-TioHiB, 10 MAKOTh
MIPOTHCYOMHI BIACTHBOCTI. BimmoBigai 4-ankin-5-(3-xmop-
6emsmn)-2,4-murinpo-3H-1,2,4-tpiazon-3-TioHn y pasi BHY-
TPIIIHEOOYEPEBUHHOTO BBEICHHS B 1031 300 MI/Kr 3axuiani
100 % TecToBaHUX TBapHH.

ITix yac iHIIOro TOCTiIKEHHS BUBYAITU IPOTHCYIOMHY JIi0
KiTbKOX ToximHux 1,2,4-Tpia3on-3-TioHy Ha MaKCHMalbHI
CyIoMH, cripuanHeHi enekrpomokoM [10]. Yeim cromykam
BITACTUBHI IIBUIKMH TIOYATOK Jii Ta TpUBAIHN ePekT. AHa-
i3 B3a€EMO3B 13Ky MIX CTPYKTYPOIO MOJIEKYT Ta iXHBOIO
AKTHBHICTIO MTOKa3aB: HAHAKTHBHIIINME € CIIONTYKH, SIKi Mic-
TATH (pEeHITBHI 3aMICHUKH, NpHeHaHi 1o 1,2,4-Tpiazoiy. Ha
TiJCTaBi pe3yibTariB JOCTIPKEHHS JIHILUTN BUCHOBKY, 110,
HE3BaKAIOUM Ha CTPYKTYPHY MOAIOHICTH JIOpekie3oiy (Tipo-

THCYIOMHOTO TIpeTIapaTy IPYTOoro IIOKOMIHHS ) | CHHTE30BaHHUX
CTIONYK, iXHs MPOTUCYIOMHA JIisi CIIPHYMHEHA a0COIIOTHO
PI3HUMH MOJEKYIIPHIMH MEXaHI3MaMH.

OpuriHajbHi IPOTHCYIOMHI MOJIEKYITH 3aIIPOIIOHOBAHO HA
OCHOBI 5-apri-4-(XJIopamneTuiamino)-3-mMepkanto- 1,2, 4-Tpi-
azonis [11]. Li croimyku cMHTE30BaHO JU1sl CKPUHIHTY [IPOTH-
CYZOMHUX e()eKTiB y IIIypiB Ha MOJIEI HalaTy, CIIPUIMHCHOTO
MakcumansHUM ejiekrporrokom (MES), i Moneni Hamay,
3yMOBJICHOTO MIiAMIKIPHUM BBEJCHHSAM MEHTUIICHTETPA30ITy
(sc-PTZ).

[IpoBeneHo MOCHiKEHHS 3 MOJIEKYISIPHOTO JOKIiHTY
3 TaMMa-aMiHOMACISHOI KHCIOTOI Ta MPOrHO3YBaHHS
in silico ADME, abu BU3Ha4YMTH B3a€MOJII0 IIUX CIOJNYK i3
6emsoniazeninosumu (BZD) perienTopamu Ta IXHIO CXOXKICTh
31 CTaHJapTHUMU TIpenaparaMu. J{esKi croiyKu BUSIBUIINCH
HEHPOTOKCUYHUMH JIMIIEC Y MaKCUMANbHIA TOCHiHKEHIN
no3i. binbmicte crionyk nokasanu antu-MES-edextn 6e3
OyIb-SIKIX O3HAK HEBPOJOTIYHOTO AedirmTy. Yei mocmimKeHi
CIIOJTYKH 3HAYHO 3MEHIIIyBaJIM Haraau, cipuurHeni PTZ, no-
PIBHSIHO 3 KOHTPOJIBHOIO TpyTIot0. Maibxe Bei criomyxu (90 %)
TIPU3BOJIHIIN JIO 3HUKEHHS PyXOBOT akTUBHOCTI. Cepe IHIINX
moximaux 1,2,4-Tpia3on-3-TioHy BHUSABICHO CEpil0 CIOIYK
13 BUCOKMMH IOKa3HWKaMH TPOTUCYJAOMHOI JiT METOAaMu
in silico ta in vivo [12].

YucneHHI TOCTIKEHHS MiATBEPIKYIOTh POJIb CTPECY B
narorenes eminerncii [ 13]. TpuBaiiii OKUCHIOBaJIbHHI CTPEC
OB’ s13aHUH 13 HAZMIPHOIO €KCIIPECIE€I0 KACCTHUX TPAHCIIOP-
TepiB, 10 3B s13y10Th AT®, MPU3BOIUTE 0 PE3UCTEHTHOCTI /10
HPOTUENUICNTHYHHUX Npernaparis. JJoCiiHKeHO Tpy CHONyKH
B psni 1,2,4-Tpia3on-3-TioHy MIOA0 aHTHOKCUIAHTHOT aKTHB-
HOCTI Ta MPOTUCYIOMHOTO e(heKTy B MOeli (hapMakopesnc-
TeHTHOI eminercii [14]. 3rigHO 3 BHCHOBKaMH, JOCIIDKEHI
CIOJYKW YMHHJIM BIBIYi CHIIBHIIIY NPOTUCYOMHY IO, HiX
BaJIBIIPOEBA KUCIIOTA y TECTI HA MUIIIAX, 10 € CTaHIapTH30Ba-
HOIO JIOKJTIHITHOIO MOJIEIUTIO (hapMaKOpPE3UCTEHTHOT eMiJIencii.
AXTHBHICTh TIOTVIMHAHHS aHTUOKCHIAHTIB MiATBEPIXKEHO 1
METOlaMH Ha OCHOBI meperocy ofnoro enekrpona (DPPH i
CUPRAC), i iyt 9ac mpoTOYHOT UTOMETPIT 3araibHOT aKTHB-
Hocti AOK y xrmitnHax.

Eninencist — ofuH i3 HAWIOIIMPEHIIINX HEBPOJIOTTYHUX
posnazis. bararo moneit MpogoBXyIOTh MaTH CyJJOMH, HE3Ba-
JKAI0YM Ha MEIIMYHE Ta XipypriuHe JiKyBaHHS, 110 CBIIYUTH
PO TOUITBHICTH PO3POOJICHHS HOBHUX MPOTHEIIIICITHY-
HHX / IPOTUCYJOMHHUX TTperaparis.

Cronmyku Tpia3oiy IHPOKO BUKOPUCTOBYIOTH Y (hapmMarie-
BTUYHIH npaktui. Jlocmiauku 3poouitu cripody cucreMar-
3yBaTH MaTepia o710 TPOTHCYAOMHOI aKTHBHOCTI MOXITHUX
Tpiazody [ 15]. Pe3ysabrary miarBepauiy, o Tpia3ol Bigirpae
0COOMHBY POJIb B OpTaHiYHIH XiMii Ta € KITFOY0BUM TeTePOITH-
KJIIYHUM (ParMeHTOM y JIM3aifHi HOBUX MOJIEKYJ, OCKLIbKH
Ma€ HU3KY BIACTHUBOCTCH i MIMPOKUH CIEKTP Oi0JMOTIYHOI
AKTHUBHOCTI.

1,2,4-tpiazon — BaxmBuil papmaxkodop, 0coOIMBO Mix
4gac po3poOKH MPOTHENIIENITUYHIX TIpenapariB. Huui Bkpait
aKTyaJIbHUM IIUTaHHSM € PO3pOOJICHHST HOBHX IIPOTHUCYIOMHHX
TIpeTapariB i3 IMOKPANIEHO0 AKTUBHICTIO Ta MEHIIIM PiBHEM
TOKCHYHOCTI [16].
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JlocmigHUKY CHHTE3yBaJM HOBI MOXimHI 6-(3aMileHoro
¢enin)riazono[3,2-b][1,2,4]Tpia3ony Ta AOCHIIUIN iXHIO
MPOTUCYIOMHY [0 32 JOIIOMOTOK0 MaKCHMAJIBHOTO eJIeK-
tpomoky (MES) i mimmkipHoro nenTuienrterpasony [16].
Beranosneno, mo 6-(4-dgropdenin)riazono[3,2-b][1,2,4]
Tpia30IH CIPUSIIOTH CEJICKTHBHOMY 3aXHCTY BiJ HanaaiB MES
3i sHagenrsam ED 49,1 mr/kr i snagennsam TD, 94,1 mr/kr.

Merta iHIIIOTO JOCTI/PKEHHS MOJsAralia B aHaJTi31 BIUTHBY PO3-
Mipy JIiHKepa B TOXITHUX 4-anKin-S-apui-1,2,4-Tpia3omn-3-Ti-
OHYy Ha cropiaHeHicTh 10 HarpieBux kaHamiB (VGSC) [17].
HocipkeHHs TpyHTyBaHCs 1 Ha coctepexeHHsx SAR, 1 Ha
MOJICJTIOBAHHI B3a€EMOJIIi MK PO3POOJICHUMH JIiraHIaMu Ta
caifrom 3B’ s13yBaHHs VGSC monuHu. Pe3ynbsrari MonemoBaHHs
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 BIAMOBIAHUX aHAJIOTIB, IO MICTITh
KOPOTII anKibHI JiHKepH. OCKUTBKH YHCIEHH] OMOKaTopu
HaTPIEBHUX KaHAIIB — YK€ IMiJATBEPIUKEH] MPOTHUEICITHYHI
3aco0m, oTpuMaHi ToximHi 1,2,4-Tpia3omy JOCTipKyBaIn Ha
MIPOTHETICNTHYHHI TOTEHIIial 32 JOTOMOTOI0 eKCIIepHMEH-
TaJILHOI MOJIEJi 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 moxigaHoi 1,2,4-1pi-
3011y, siKa PH 130JIbOBAHOMY BBE/ICHHI 3HAYHO ITi/IBUIITyBaJIa
TIOPIT eICKTPOKOHBYIIbCIH. EKCIIepHMeHTaIBbHO BCTAHOBIICHE
snayenns TID ) ansa cnonyku cranosuito 11,71 mr/kr. Kpim
TOTO, 151 crioyKa (10 Mr/Kr) 3HAYHO ITiIBUIIyBajIa IPOTUCY-
JIOMHY aKTHBHICTb Basibrpoary (p < 0,01), ane He akTUBHICTb
kapOamaseriny, (eHOOapOiTay un (eHiTOTHY Ha MOJIEIi
TOHIKO-KJIOHIYHUX HaIaIiB.

Husky HoBux noxiaaux 1,2,4-Tpia3on-3-0Hy, 110 MiCTATH ca-
JIIIJIOBY YaCTHHY, CHHTE30BaHO 3a JOTIOMOTOF0 MiKPOXBHUITBO-
Boro omnpomiHeHHs [19]. [IpoTucynomMHy /it0 CHHTE30BaHUX
CIIOJTYK OL[HEOBAJIU IIPOTPaMOIO CKPUHIHTY aHTHKOHBYIIbCAH-
TiB HarionaneHoro iHcTUTYTY 310p0B’st CIIIA. Ha Momemsix
MaKCHMAJIBHOTO Halajy, CIPHYMHEHOTO EJIeKTPOLIOKOM, i
MIHIMAJIBHOTO KJIOHIYHOTO HaIajy y MUIICH MOKa3aHo, 10
CTIONYKH MaJH TIOMipHY TIPOTHCYIOMHY JIif0 0e3 Oyab-sSKux
HEUPOTOKCHYHKX e(DEeKTIB.

[Momryx HOBOTO TPOTHCYIOMHOTO 3ac00y 3 OUTBIIOIO ce-
JICKTUBHICTIO Ta MEHIIOK TOKCHYHICTIO MPOJOBKYE OyTH
aKTyaJIbHAM HAIPSIMOM JIOCITIDKeHB y MemaHin Ximii [20,21].
Emninerncis — XpoHIUHUN po371aa MO3KY, JIIKyBaHHS SIKOTO
nepedadae KOHTPOIIb HalaIiB 3a JOMOMOTOFO TIPOTHETIIIe-
THYHHX TPENaparis, 10 AyXe 4acTo MOB’s13aHi 3 TOOTYHUMU
edekramu. B okpemux Bumakax I moOivHi peakiii MOKyTh
OyTH TIOTCHIIIIHO HEOC3EUHUMH JJIsT JKUTTSL.

Tpiazonam i anmpa3zonam — BiJJoMi penapar, 1o pru3Ha-
YaroTh MAIliEHTaM 3 eMiJIETCi€l0, SKi MICTATh TPia3oIoBUi
¢parment [22]. 3rigHo 3 naHuMu (HaxoBoi JiTeparypu, pizHi
3aMilICHHS] B TPi30JIOBOMY KiJIbI[I 3yMOBIIOIOTh CHIbHY
NIPOTHENUISNITHYHY Jit0 0e3 Heliporokcu4yHOCTI. Branmock
CHHTE3yBaTH KibKa HOBHX 7-3aMimeHux-5-denin-[1,2,4]
Tpiazono| 1,5-a]nipumianHiB uepes BKIIOYEHHS TPia30JIbHOTO

(parmeHTa B IipuMiHHOBE KiNTbIe. J{OCITITHUKH BBaXKAIOTH,
110 [Ie CIPUATAME CHHEPTIYHOMY e(eKTY ITif] 9ac JiKyBaHHS
TmamieHTiB 3 enitenciero [22]. [IpoTrcyIoMHY aKTHBHICTB X
CTIOJNYK OIIHIOBAJM 3a JIOMOMOTOIO TECTYy MAKCHMaJIbHOTO
exekrpomoky (MES). Kapbamasenin i BanbIpoar B3sTo
SIK TIperapaTy MO3UTUBHOTO KOHTPOIIO 3 MPOTHCYIOMHOIO
niero (ED,, = 11,8 mr/kr i 272 mr/kr Bianosiano). Cepen
JIOCITIZKEHUX CIONYK 7-(TenTHIoKeH )-5-¢enin-[ 1,2,4]rpiazo-
70[ 1,5-a|mipuMiiMH MaB 3Ha4YHY IPOTHUCYIOMHY aKTHBHICTb 3
ED,, = 84,9 mr/kr. lleii mokasHuk HUKYMH, HIXK y Kapbamase-
TiHY, aJie BUIIUH MTOPIBHSHO 3 BAJILITPOATOM.

[Tix yac iHIIOr0 MOCIIKCHHS CHHTE30BAHO HU3KY IIO-
xigHux 4-(4-ankokcunadenin)-3-ermn-4H-1,2,4-tpiazony —
AHAJIOTIB 13 BIAKpUTHM JiaHIirorom [23]. TIpoTucymoMHy [iro
CTIONYK OIL[IHIOBAJIM 32 JIOIIOMOT'OK0 TECTY Ha MaKCUMAJIbHUH
enexrpomok (MES-tect), a HeHpOTOKCHYHICTH — 32 JOTIOMO-
TOI0 POTapOAHOTO TecTy Ha HerporokcmyHicTh (Tox). Tect
MES naB 3MOTy BCTaHOBHUTH, MO 3-eTHI-4-(4-OKTHIOKCH-
¢benin)-4H-1,2,4-Tpiazon MaB HaHCWIBHINTY aKTUBHICTH:
ED,, = 8,3 mr/kr, 3axucnmit innexc (PI = TD,/ED, ) = 5,5.
Brim, momo 3-etnn-4-(4-oxriwiokcudeHin)-4H- 1,2 4-tpiazony
BCTaHOBIICHO OunbIne 3Ha4eHHs Pl — 9,3, 10 3Ha4HO TIepeBH-
IIIyBaJIO Bi/IMOBIAHMHN TOKAa3HNK €TAIOHHOTO npernapary. J{is
TIOSICHEHHSI MOJKJIMBOTO MEXaHi3My Jii CIIojiyKa OIliHeHa B
TecTax Ha MEHTUICHTETPA30JI, i30HIa3u/I, TioceMikapOasui,
3-MepKanTonponioHOBy KHCIOTY Ta CTPUXHIH. 3TiJHO 3
BHCHOBKaMH JIOCITITHUKIB, TM BAQJIOCh OTPHUMATH PsiJI CIIONYK
Ha OocHOBI 1,2,4-Tpia3oiy 3 IHKOPIOPOBAHUM KYMapHHOM Ta
OLIIHMTH IXHI MOXJIMBI TPOTUCYIOMHI i HEHPOTOKCHYHI BiIa-
ctuBocTi [24]. [Ipy nboMy BHSIBJICHO Psifi CIIONYK 3 aTOMOM
@ryopy, 10 XapaKTepu3yBalIuCs 3HAYHOIO MPOTUCYJOMHOIO
aKTHBHICTIO.

BucHoBKM

1. Ioxinmni 1,2,4-Tpia3ony CTaHOBIATH 3HAYHHI 1HTEpEC
JUTSL PO3BUTKY HOBHX JIIKAPCHKUX 3aC001B i3 IPOTHCYIOMHOIO
AKTUBHICTIO, IO TIIOTH i3 3ay4CHHSIM KiIBKOX MOJEKY-
JApHUX MexaHi3MiB. HeoOXimHO mpomoBKyBaTy KIIiHIUHI
W IOKIIHIYHI JOCIIIKEHHS, a0U JACTalbHO OI[IHUTH IXHIii
MOTEHIIia) 1 MiATBEPAUTH Oe3leYHe BUKOPHCTAHHS IHX
CTIOJYK Y MEHIIHHI.

2. Apcenai 010J0TYHO aKTHBHUX CIIOJNYK CEpel IOXITHUX
1,2,4-Tpiazoiy MOCTIHO TIONOBHIOETHCS HOBUMH IEPCIICK-
THUBHUMH MoJiekynamu. IIMpokuii criekTp akTUBHOCTI LIUX
PEYOBHH BIJIKpUBA€E MEPCIEKTUBH ISl BIPOBA/PKEHHS 1H-
HOBAIIHNX MPOTUCYIOMHUX 32C001B Y MEIUYHY IIPAKTHKY.

3. ToKCHYHICTP, IO BIACTHUBA Pi3HUM CIIOIYKAMHU ITi€l
TPpyIH, OOTPYHTOBYE NOIIIBHICTH POIOBKEHHS JOCIIHKEHB
y IIbOMY HampsMi Ta po3poOKH HOBUX, e(hEKTUBHIMHX i
Oe3MeyHImmX Tpenapari. Y pe3yibTaTi aHali3y HayKOBOI
JiTEpaTypy MOXIIMBO 3alIpOIIOHYBATH CTPATETI] JUIsl PO3ILIH-
PEHHS 3aCTOCYBaHHsI TOXitHUX 1,2,4-Tpiazony sk epeKTHBHUX
MIPOTHCY/IOMHHX areHTiB.

[lepenexTBH MogaIbIINX A0CTiTKeHb. Pe3ymsrat poboTn
JIAI0Th MOJJIMBICTD CITAHYBAaTH HACTYIHI JOCIHIKCHHS B
HarpsMi CTBOpPeHHsI nmoxiguux 1,2,4-Tpia3oiy, 10 MaroTh
MIPOTHCY/IOMHI BIIACTHBOCTI.
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KoMmnnekcHa peabinitauiss OHKONOriYHMX nayicHTiB:
ponb chapmaueBTUYHOI NiATPUMKM B NpoLeci BiAHOBNEHHSA

O. T. Anekcees®PF B. B. Yemupunco®PC, 0. 0. CisiHuosa®*8, [1. 0. TapHaBcbkaDE

3anopisbkuii AepxaBHN MeVKo-thapMaLEeBTUYHNIA YHiBepcuTeT, YkpaiHa

A — KoHLenNuis 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 edheKTMBHOTO NikyBaHHS OHKOXBOPYX BaXIMBO 3AiNCHIOBATY peabiniTaLliiHi 3aXoam Bif novaTtky 3axBOpHOBaHHS,
KOMMIIEKCHO, CUCTEMATMYHO Ta 3a iHAMBILyanbHOK CXEMOK A KOHKPETHOro nauieHTa. KomnnekcHa peabinitauist BkmoYae HU3KY Niky-
BarbHUX i BiQHOBMIOBaNbHMX 3axogiB. Bubip peabinitauii npsamo 3anexuTb Big TMRY Ta TSXXKOCTI nepebiry 3axBoproBaHHs, GidionoriyHmx
0cobnmBOCTEl OpraHi3mMy, pesynsTaTis aHani3iB i pekomMeHAaLin nikaps, 6epyTb 40 yBaru i iHWi MeaunyHi acnektv. KomnnekcHa peabinitauis
HeobXxigHa He Tinbky Ans NpodinakTk/ peumuamnsiB NyXIMHHOI XBOPOBK, KopekLii ycknagHeHb BHACcNILOK CTaHAapTHOTO NiKyBaHHs!, ane
1 ONs NigBULLEHHS SKOCTI XKUTTS Takux NauieHTiB, IXHbOI aKTUBHOI XUTTEAIANbHOCTI Y POAWHI, iHTerpauii B cycninbHe xuTTs. Lli dhaktopu
06r'PYHTOBYIOTb AOLLIMNBHICTL 3a6€3MneYeHHs XBOPMX OHKOMOMYHOTO NPOodinto iHAMBIAyanbHUMM Nporpamamu peabinitauii He Tinbku Ha Yac
nepebyBaHHs y CreLjianioBaHMxX NikyBanbHUX 3aknagax, ane npoTaromM TPYMBaniWoro BigHOBMEHHS 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 akTyarbHUX AaHnX 3aKOHOLABYO-HOPMATUBHOI 6a3n y cchepi OXOpOHM 30OPOB’a, MeaunyHoT peabiniTauii Ta couianbHOT NOMITUKK.
lMepeBary HagaBanu mxepenam, WO PeryniooTb NUTaHHS MeaUYHOT JONOMOTM OHKOMOMYHUM naLieHTam, opraHisauii peabinitaviiHoro
npoLecy Ta BNpOBaKeHHs iHAMBIgyanbHKUX nporpam peabinitauii. Y xoai poboTu 3acTocoBaHO METOAM aHani3y, MOPIBHSAHHS, CUHTESY,
y3aranbHeHHs, MOSICHEHHS Ta knacudikadlii.

Pesynkratn. Brs4eHo npobrnemartunky kKoMnnekcHoi peabinitauii oHkonoriyHux xBopux. Takuii Bug peabinitauii BU3Ha4eHO sik FrONOBHUIA
i HeoOXigHWI Ana NpodinakTUK peunanBiB XBOPOOU Ta MiABULLEHHS SIKOCTI XWUTTS NauieHTiB OHKkonoriyHoro npodinto. HaeeaeHo kna-
cudpikaLito 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 peabiniTalis € BaXMMBOK CKNaJ0BOK COLLianbHOI MOMITVKK, OCKINbKW fa€e 3MOry nauieHTOBi OpaTi yyacTb y CyCninbHOMY XWTTi, pe-
anidyBaTu CBOI 34iOHOCTI | 3HaHHSA Ha PYHKY NpaLi, KpiM TOro, peani3avis Takvx 3axofiB CNpUsie 3MEHLLEHHIO KiNbKOCTi Henpaue3aaTHWX
0Cib, a OTXe NO3NTUBHO BMMBAE Ha COLianbHO-eKOHOMIYHY Cdepy.

KntoyoBi crnoBa: oHKOMOriYHi XBOpPi, KOMNNekcHa peabiniTauisi, iHAMBIAyanbHa nporpama peabinitauii, KMiHiYHi rpynu OHKOXBOPUX, €KC-
NepTr3a CTYNEHS 3HKEHHS XUTTEQIANBHOCTI.
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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 0OMEXEeHb JKUTTEISUTBHOCTI, CIPUINHE-
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 iHpoOpMAIii 3MiICHEHO IIISIXOM OIIPAIIO-
BaHHS YMHHOI HOPMAaTHBHO-IIPaBOBOi 0a3zu YKpaiHH, 110
permIaMeHTy€e MUTaHHA MEAWYHOI Ta COIiaIbHOI pealimiTartii,
30KpeMa 10710 OHKOJIOITYHUX XBOpHX. BuBuanu nepemycim
3aKkoHU YKpainu, nocraHoBu Kabinery MiHictpiB Ykpainu,
Haka3u MiHicTepCTBa OXOPOHH 30POB’S Ta 1HII OQIIiiHI
JIOKyMEHTH, 110 BU3HA4YaroTh IPAaBOBi, OpraHizamiiHi Ta
(YHKIIIOHAJTBHI acleKTH BIPOBA/KECHHS 1HAMBIAYyaJIbHUX
mporpam peaOuritamii. B3s1To 10 yBaru moioxeHHs HOpMa-
TUBHHUX aKTIB II0JI0 KJIacu(iKaIlil KIIIHIYHUX TPYII HAIlIEHTIB,
KPHUTEPiiB 3HIKCHHS JKUTTETISUTFHOCTI Ta IIPHHIIAIIB 32a0€3-
TiedeHHs1 Oe3repepBHOT KOMIUIEKCHOT JOTTOMOT .

ITixg gac mOCiKEHHS 3aCTOCOBAHO 3arajbHOHAYKOBI
METOJIH: aHaJIi3y — 111 BUBYCHHSI HOPMATHBHUX JIOKYMEHTIB
1 y3arajbHEHHS KJIIOYOBUX IOJIOKEHb; ITOPIBHSIHHS — JUIs
3iCTaBJIEHHS Pi3HUX MiIXOIB 0 OpraHizamii peadimiTarii;
CHHTE3y — 1JIs JOpMYyBaHHS LIJIICHOTO YSIBIICHHS IO CY-
YacHy MOJIeJTb KOMIUIEKCHOT pealimiTanii; NOsICHeHHS — JJ1st
iHTepIIpeTarii B3a€MO3B’ I3KiB MiXK MEANIHUMH, TIPABOBIUMH
1 coliadbHUMU aclieKTaMH peadiiTanii OHKOJIOTTYHHUX
XBOPHX.

Pesynkratn

3riIHO 3 YUHHUMU HOPMATUBHO-IIPABOBUMHE aKTaMH, peadi-
JTaIis y cepi 0XOPOHH 3I0POB’ ST — I KOMIUICKC 3aXOJIiB,
3aificHIOBaHUX (axiBIIMK 3 pealimiTariii, SKi MPaoOTh
y peabumiTaniiiHuX 3aKiIanax, BIUIUICHHIX, MIpo3aiiax, a

TaKOX y TEPUTOPIAIBHUX T'POMaJiaX y CKJIal MYJIBTHIIHC-
OUIUTiHApHOT peabiniTamiiHol KoMaHAW ab0 CaMOCTIHHO,
HAJIA0Th pealdlTiTaliiHy JOMOMOry 0¢001 3 OOMEKCHHAMHE
TIOBCSKIEHHOTO (DyHKIIOHYBaHHS (200 TaKii, y K0T MOXKYTh
BUHHUKHYTH OOMEXEHHSI TIOBCAKICHHOTO (DYHKIIIOHYBAaHHS)
JUIsS TOCSATHEHHS Ta IMiATPUMAaHHS ONTHMAJILHOTO PiBHS
(YHKITIOHYBaHHS Ta SIKOCTI JKUTTS ¥ ii CepeIOBHUIIII.

Peabimnitanito ocid 3 iHBaiAHICTIO BU3HAYAIOTH SIK CUCTE-
My MEAWYHUX, TICHXOJIOTIYHIX, ITEIarOTiYHuX, (i3UIHUX,
npodeciiHuX, TPYAOBHX, (Pi3KyIBTYPHO-CIIOPTUBHUX, COLIi-
IBHO-TIOOYTOBHX 3aXO/IiB, 10 CIIPSIMOBaHI Ha HaJlaHHS M
JIOTIOMOTY Y BITHOBJICHHI Ta KOMITCHCAIIil TIOPYIIEHUX ab0
BTpauyeHHX (DYHKIIH OpraHi3My JUisl TOCSTHEHHS W MiATpHU-
MaHHSI COIiaTbHOT Ta MaTepiaabHOT HE3AIKHOCTI, TPYI0BOT
ajanTairii Ta iHTerpartii B CyCIiIbCTBO, & TAKOXK 3a0C3IICUCHHST
0ci0 3 IHBAJITHICTIO JOTIOMIXXKHAMHE 3aco0aMu peadimiTarii i
MEIUIHUMHA BHPOOAMH.

PeaOunitamifiHi 3ax01u 3 HaJaHHs MOCIYT — IIe CHCTEMa
MEIUYHUX, IICUXOJIOTIYHNX, MeAaroriyHux, (Pi3udHUX,
npodeciiHux, TpyAOBHUX, (Qi3KyIbTYpPHO-CIIOPTHUBHUX,
COIANLHO-TIOOYTOBHX 3aXOJIiB, CIIPSIMOBAHUX HA KOMILIEK-
CHy peaOiiiTaliro mamieHTiB, HAAAaHHS 0c00aM JOMOMOTH
y BIJIHOBJICHHI Ta KOMIICHCALIIl MOPYIIEHUX a00 BTPAdeHHX
(byHKIIH opraHi3My IS JOCATHEHHS M MiATPUMAaHHS COLIi-
JILHOT Ta MaTepialibHOT HEe3aJIeKHOCTI, TPYIOBOI aanTarii
Ta iHTeTpallii B CyCHiIbCTBO, 3aX0/iB 3 peabimitamii y chepi
OXOPOHH 37I0POB’S1.

ITigTBepmKEHO, MO peadlTiTallis € BaYKIMBUM 1 HEBIITLTb-
HUM €TaroM Y TPOIIECi JIKyBaHHS OHKOJOTTYHUX XBOPHUX,
METOIO SIKOTO € BiJHOBJIEHHs (DyHKIIH OprasiB i cucteM
OpTraHi3My XBOPOTO Ta 3MEHIIIEHHS ITOOIYHIX TPOSBIB CIIe-
IaJIBHOTO JIIKYBaHHS.

OmHovacHe 3MIMCHCHHS PI3HUX BUAIB peadimiTamii €
KOMIUIEKCHOIO peadimirTaliiero. Y pasi il 3acTOCyBaHHS METY
W 3aBIaHHs PI3HUX BUJIB peaOuTiTAIli CITiJ Y3romKyBaTu
MDK c000T0.

KommiekcHa peabimiTanis HeoOXiJHa HE TUIBKHU IS
po(iTaKTUKK PEIUINBIB MyXJINHHOI XBOPOOH, KOMIICH-
calil yCcKJIaJIJHEeHb BHACJIJOK CTaHJAPTHOTO JIIKYBaHHSI,
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ajle ¥ IS NiABUILEHHS SIKOCTI YKUTTS OHKOIIAI[IE€HTIB,
1XHBOT AKTUBHOT XUTTEMISUIBHOCTI Y POJMHI, IHTErpamii
B CyCIIJIbHE JKHUTTS.

O1xe, KOMILUIEKCHA peadiyiiTallisi IpyHTY€EThCSI Ha eKCIIepT-
Hili IIarHOCTHIII Ta BU3HAYAE IIPOTHO3 PE3YJIbTaTy 3aXBOPIO-
BaHHS 1, SIK HACJIIOK, CTYIIHb BTPATH KUTTEAISUIBHOCTI Ta
00CSIT COMIANBHOI TOTTOMOTH 1 ITiTPHMKH.

KoHKpeTHI MeTo/n /ISl KOYKHOTO XBOPOT'O MEPCOHANBHO,
CHCTEMATH30BaHi B OKPEMOMY JIOKYMEHTI, BU3HAYAIOTh SIK
iHauBiMyanpHy porpamy peabdimitamii (IT1P).

InamBityansHa mporpaMa peaburiTarii — KOMITUIEKC ONTH-
MaJTbHUX BHUIIB, POpM, 00CATIB, TEPMIHIB peadimiTamiiHIX
3aXO/liB 13 BU3HAUCHHSIM IOPSIKY 1 MiCILsl X IPOBEACHHS,
CIIPSIMOBAHHX Ha BiJHOBJICHHS T KOMIICHCAIIIIO TOPYIICHHX
a0o BTpadeHHX (QYHKIIH OpraHizmy, 30aTHOCTI KOHKPETHOT
0c00H 10 BUKOHAHHS BHIIB IiSUTEHOCTI, BU3HAYEHHUX Y PEKO-
MEHJIAIISX METUKO-COIIaJIbHOT EKCIIEPTHOT KOMICIT.

®DaxiBIT METKO-CaHITApHOI eKCIIEPTHOI KoMicii abo sikap-
CbKO-KOHCYJIBTaTUBHOI KoMicii po3pooisitots IT1P 3a yuacTtio
0C00H 3 IHBAITITHICTIO YU 3aKOHHOTO MIPE/ICTABHUKA TUTHHHI
3 IHBAJIIJHICTIO, IO IIHOTO MPOIIECY 3aTyYaroTh TAKOK CIie-
LiaJTicTiB 3aKJ1a/1iB OXOPOHH 3/J0POB’sI, OPraHiB COLIaIbHOTO
3aXHCTY, ACPKABHOI CITy»OH 3aitHATOCTI, opraniB IIeHciii-
Horo Qoray Ykpainu, @oHIy comiaIbHOTO 3aXHUCTy 0Ci0 3
IHBAJITHICTIO Ta HIIINX OpPTaHiB, SKi IPOBAIATH AiSUTHHICT
y cepi peabimiTarii 0ci0 3 iHBaIHICTIO.

BigMiHHIMI 0COONMMBOCTSMHA paKOBOi XBOPOOH € 37aTHICTh
TIEPBUHHOT ITyXJIMHH JI0 IHBAa3UBHOTO POCTY 3 IPOPOCTAHHSIM
HaBKOJIMIIIHIX TKAHMH, PELHIMBYBaHHS (BHHUKHCHHS BHIa-
JICHOI MyXJIMHA Ha TOMY CaMOMY MiCIli), METacTa3yBaHHs;
(BUHHMKHEHHS OCEPEJIKIB Iy XJIMHHOIO POCTY B IHIIIMX OpraHax
3 OKPEMHUX KIIITUH OCHOBHOI ITYXJIMHH, 1110 MTOUIUPIOIOTHCS).

3a TeMIamy pocTy YMOBHO PO3PI3HAIOTH TaKi MeTacTa3u
3TOSIKICHOT Iy XJTHHU:

—Tapsdi, 10 IHTEHCHBHO PO3BUBAIOTHCS, AKTUBHO PYIHHY-
IOTh HaBKOJIMIITHI TKAHWHM, X JIETKO BHUSBUTU KJIIHIYHAMHA
METO/IaMU;

— XOJIOJIHI, SIK1 3yTHHWJINCS B PO3BUTKY Ta B HEAKTHBHOMY
CTaHi TPUBAJIMIL Yac € B MAI[IEHTa, MOXKYTh 3HOBY MEPEXOIUTH
a00 He MepEeXOIUTH B Tapsdi;

— HiMi, KOJIM MiIKpOMETACTa31 BUHUKIIN Y PI3HUX OpraHax y
cTaHi aHa0i03y, X BUSBITIOTH 310100 BUTAIKOBO 200 B
pe3yJIbTari [UICCHIPSIMOBAHOTO AOCIIIKSHHS (MIKPOCKOTIY-
HOT0, IMYHOJIOT1YHOTO TOIIIO).

Miknapoany knacudikaiito TNM 3acTocoBYyIOTh B YCiX
(dopMax HepBHHHOI 00JIKOBOI JOKyMeHTallil, 3a ii gomo-
MOTOI0 (hOPMYITIOIOT 3pO3yMisie 3arajbHe YSBICHHS PO
TIOIIMPEHICTH 3T0SKICHOTO TIporiecy. Pa3om i3 THM, 111 Kiacu-
(bikaris € JOCHTB TPOMI3AKOIO 1 HAAMipHO (hOPMaITi30BaHOIO.

3acrocyBaHHs Kiacu]ikallii 3a cTaisiMH 3J0SKiCHOTO
Tporiecy He momuiibHe min yac ckiamganas ITIP, ockimpku
3rof1oM OyJie CKJIaJIHO CKOPErYyBaTH BXi/IHi faHi i Biacue [[TP
31 3MiHOFO CTail (B pasi MporpecyBaHHs IMyXIHHH, PEIHIH-
BYBaHHSI, BAHUKHEHHS! MHO)KHHHUX METAcTa3iB, PO3BUTKY
PaKoBOI KaXxeKCii UM BUXOY Y CTaH PeMicii).

Haiibinbury inpopmarusnicts aiist [TTP mae knacudixariis
Ha KJIIHIKO-CTaTH4HI1 TPyIH, TOOTO rpymH oci0, siki moTpedy-

FOTHb OHKOJIOTTYHOT JOTIOMOTH BIIITOBIIHO JO MIEBHUX MEIH-
KO-TEXHOJIOTTYHHUX (EKOHOMIYHHX) CTaH/AapTiB.

I'pyna Ia. ITamieHTiB i3 3aXBOPIOBAaHHAMH, IO TTOB’s3aH1
3 MOXJIUBHMH 3JIOSKICHUMHU TPOLIECaMH, 0OCTEKYIOTh 13
3aJIy4eHHsIM OHKoJora. JliarHo3 Mae OyTH YTOYHEHHH mpo-
Tsirom 10 aHiB. SIKIO AiarHo3 He MATBEPDKEHO, TO MaIli€HTa
3HIMAFOTh 3 00TIKY; y pa3i MiATBePIHKEHHS AiarHO3Y XBOPOTO
nepeBosTh j1o 11 abo IV kiiHivYHOT rpymn;

I'pyna I6. XBopi Ha epenpak (HAIPHUKIIAL, epO3ist IIHHKI
MaTKH, HOJIITNHK IUTyHKa, Hecneuu(iuHui BUPa3KOBUH KOJIIT
TOIII0) MArOTh OyTH 0OCTEXKEHI He pifiie, Hix | pa3 Ha 3 poKw.
BuutikyBaHi niepeOyBaroTh i/ IMCTIAHCEPHUM HAIISIOM ITPO-
TSIrOM mepiofy 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 MOTPeOyIOTh paJiKaIbHOTO
CIeIIaJIbHOTO JIKYBaHHS: 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 BCTAHOBIICHHS JiarHO3Y.
PagnkanbHe Xipyprigae JIiKyBaHHS BiIPi3HAETHCS THM, IO,
KpIM Oprasa, ypa>keHOro pakoM, 0JIHOYaCHO BUKOHYIOTB JIIM-
(hommcekIiro y MekaX perioHapHOTO JiM(paTHIHOTO OaceifHy.
Ornepartist 6e3 BUIAJICHHS JTiM(OBY3IIIB € HEpaJIUKAILHOIO,
TaTIiaTHBHOIO.

PanukanbpHe nmpoMeHeBe JIIKyBaHHS 3/1HCHIOIOTH 3a
JIOTIOMOTOIO JKEPEJI TaMMa-BUIIPOMIHIOBaHHS (PEHTTEHO-
TEpaneBTUYHI yCTAHOBKH, KOOAJIBTOBI rapMaru, JTiHIHHI
TIPUCKOPIOBaYi, pajiodapMIipenapary ToIIo), K IPaBUIIO,
KipKoMa Kypcamu. Lle#l BuI miKyBaHHS MOKHA 3aCTOCO-
BYBATH 1 B IO€IHAHHI 3 IHIIMMH METOAMU PAANKAIBLHOTO
JiKyBaHHSA, W i30mpoBaHo. [IpoMeHeBy Tepariro iHKOIH
MIPU3HAYAIOTh Y MEXaX MaJliaTHBHOTO JIIKYBaHHSI.

XiMieTeparito 37T0SKICHAX IyXJIHH Peati3yloTh CIieria-
J30BaHUMH MPOTHPAKOBUMH JIIKAPCHKUMH IIperaparaMmu
(anximyBasbHI, aHTUMETAOOMITH, aTKaJOiaH, 3MilIaHi),
1110 3HAYHO 3HWKYIOTb SIKICTB JKUTTS XBOpHX. SIK IpaBmIIO,
MIPU3HAYAIOTH IMOJIIXiMi€TEpaItifo KiTbKOMa IperaparaMu
(cxemun LTAMII, BAMII To110) B 1O€1HaHHI 3 XIpypridyHUM
a00 TPOMEHEBUM JIIKYBaHHSIM.

[linTprMyBasibHa TOPMOHOTEpAIisS Ta IMyHOTEparis 10
paJMKILHAX METO/IIB JTiKyBaHHS HE HAJIe)KaTh. Pajukanbsae
JIKyBaHHS MOYKJTUBE JIUIIIE B CTAIlIOHAPHUX YMOBAX.

[Ticns nikyBaHHST XBOpHX TepeBosTh a0 11 kiniHigHOT
TPYITH, HEBIJTIKYBaHUX XBOPHX 3aUIIaroTh y I, a B pasi Bu-
SIBJICHHS] METaCTAa31B Malli€eHTIB epeBotsITh 10 IV kiIiHiuHOT
TPYIH, SKIIO MPOTHIYXJIMHHE JTiKYBaHHS [IPOTUIIOKA3aHE.

I'pyna III. [NamienTy 3a 3M0SAKiICHIMH HOBOYTBOPEHHSIMH,
SIKI 3aKiHYIIIM creriaibHe JikyBanHs. J{o 111 kniniunoi rpy-
1 (TIPaKTUYHO 37J0POBHX) HAJICKATH XBOPI, SKI 3aKiHUMIA
paauKaIbHE JIKYBaHHS, 1 B HUX HE 3a()iKCOBaHO METacTa3iB
i permauBi. laroto nepexony i3 I kiminiuHOT rpymu o 11
MIPUIHSTO BBAKATH ATy BUITUCKH 31 CTAIIOHAPY.

I'pyna Illa. [TamienTn, sKi oTpuMany JIiKyBaHHS B 00CsI31
panvKaIbHOT TEXHOJIOTIT, 0€3 O3HAK 3JIOSIKICHUX HOBOYTBO-
PEHB 1 TPUBAINX MOPYIIEHb 3/10POB’SI.
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I'pyna III6. TlamienTn, sSKi oTpUMaiH JTiKyBaHHS B 00Cs31
paJMKaIbHOT TEXHOJIOTII, 03 03HAK 3JI0SKICHUX HOBOYTBO-
pEHb, aJie 3 TPUBAUTMMH IIOPYLICHHSIMH 310POB’S.

I'pyna IIs. [TanienTH, siKi OTpUMany najiaTHBHE JIKY-
BaHHs, 03 MPOTHUIIOKA3aHb J0 MOXIIHBOTO IOJAJIBIIOTO
CIeLaJ1i30BaHOTO JIIKYBaHHSI.

Hogy 0011ik0oBY KapTKy 3aBOSATB, SKIIO XBOPHI paHille Ha
o0tiky He nepeOyBaB. SIkio XBopuii nepedyBaB Ha OOIIIKY,
TO B KOHTPOIBHIN KapTi 3MiHIOIOTh KIIHIYHY TPYILY.

TaxTHKa ciocTepekeHHsI 3a MallieHTaMH: POTSTOM YChOTO
XKUTTS XBOP1 MatoTh nepeOyBaTH I1ijl AUCTIAaHCEPHUM Harvisi-
JoM, iM TToTpiOHO MPHU3HAYATH BiJTHOBHE 1 MEPiOTUYHE 3a-
TaJIbHO3MIIHIOBAJILHE JTIKyBaHHsL. 3 00JIIKY TAKUX TAIliEHTIB
HE 3HIMAaIOTh, Y Pa3i BAHUKHEHH PEIUINBY a00 MeTacTasiB
niepeBoaATh 10 11 rpymu, a Ko MOXJIMBE crieniai3oBaHe
panuKanbHe JiKyBaHHA — 10 [V KiTiHI9HOT TpyTH.

XBopum 3 Illa KITiHIYHOIO TPYIOI0 BCTAHOBIICHHSI TPYITH
IHBaJITHOCTI HE JOIITBHE, ajie iM MOYKe OyTH BCTAHOBJICHO
rpyIy iHBaITiHOCTI 32 (PYHKIIIOHAILHUM HOPYIICHHSIM.

XBopi 3i BcraHoBIIeHOO 1116 KITIHIYHOIO TPyTIOI0 MaroOTh
CTIHKI po3amu 310pOB’sl, 3yMOBJICHI OCOOJIMBOCTAMH I
YCKIJIQIHEHHSIMH JIIKyBaHHsI 200 XBOpoOu. Y TakOMy BHITa Ky
IXHS Tpane3aaTHiCTh 37e01TBIIOro 3Ha4HO 0OMekeHa. Tomy
M MoXke OyTH BCTAHOBJICHO TPYITy 1HBJIITHOCTI.

Sxmro mamienToBi BctanoBneno IIIB kiiHiuHYy Tpymy,
BPaxoOBYIOTh 3arajbHUH CTAaH 1 MOXJINBICTh BUKOHAHHS
(yHKIIOHATEHUX 000B’ I3KiB, MOYKITUBE TIOTiPIIICHHS 3aTalb-
HOTO CTaHy, @ J0 MOBHOI BTpaTH INpare3JaTHOCTI y pasi
MIPOTpecyBaHHS XBOPOOH.

I'pyna IV. XBopi i3 3anenOannmMu GpopMaMu 3ITOSKICHIX
MYXJIMH, SIKUM paJKajbHe JIiKyBaHHs He nouiibHe. [lo-
MUJIKOBOIO Oyzie ctparudikarist 10 i€l rpyny mamieHTis
13 KypaOeiabHUMHU (OpMaMHU pakKy, sKi MPU [[bOMY MalOTh
3arajibHi Ta MiCLIEBI TPOTHITOKA3aHHS, 110 TIEPEIIKO/PKAIOTh
TIPU3HAYEHHIO PAINKAJIBHOTO XipYPrigHOTO YU ITPOMEHEBOTO
nikyBaHHs. TepMiHM JMcCIIaHCepH3allii: XBOPUX HE BHUKIIH-
KalOTh Ha KOHTPOJNBHI orisaan. CIIOCTePEeKeHHS 38 MU
TalieHTaMy 3[1HCHIOE AUTbHUYHUM JTiKap, TJIaH JIIKyBaHHS
PO3pOOISIOTH pa3oM 3 OHKOJIOTOM. 3 OONIKY ITMX XBOPHX
He 3HIMaroTh. XBOpUM i3 [V KIIHIYHOIO IpyIoro 3a3BHyYail
BCTAHOBJIIOIOTH | TPyITy iHBaJIiAHOCTI.

JliarHo3 OHKOJIOT'YHOTO 3aXBOPIOBAHHS BCTAHOBIIIOIOTD B
OHKOJIOTIYHOMY JIFICTIAaHCEPi TiCTIs BCEOIYHOTO 00CTEKEHHS,
BiH Mae OyTH HaBEICHWU Yy 3aCBiMYEHIM BUIHCIN 3 iCTOPIT
xBopoOu. KitiHiuHMIA IiarHO3 370SKICHOTO HOBOYTBOPECHHS
BHM3HA4aroTh BiamosinHo 10 MKX-11, Bid 000B’SI3K0BO BKIIIO-
4ae onrc MOP(OIOTiYHAX 3MiH, IO HACTAH 1 B Pe3yIBTAaTI
3aXBOPIOBAHHS, 1 B PE3yJIbTaTI PAJANKAIBHOTO JIiKyBaHHs (13
3a3Ha4YCHHSM JIaT, 00CSTY ONepaTHBHOTO BTPYYaHHs, KypCiB
XiMi€-, TPOMEHEBOT Teparii), MOIMIUPEHICTh OHKOJIOTIYHOTO
npouecy (peuuaruB, MeTacTast, SIKIIO BOHH €), Y T. 4. 3a
MbkHapoaHo Kiacudikariero TNM, crajiio 31105KiCHOTO
Tpoliecy, KIiHIYHy rpymy. JlaHi naToricroioriyHoro 1oci-
JDKCHHS 13 3a3HAUCHHSIM HOMEpa, J1aTh, MaTepiary € 000B’s13-
KOBOI YaCTHHOIO KJTIHIYHOTO JiarHo3y. O00OB’SI3KOBOKO Y
BUIIHCII € TIPOrpaMa HACTYITHOTO PAIUKAIBHOTO JTIKYBaHHS
Jutst xBopuXx 13 11 kiniHigHOT TpymH.

Burmmckn, 1m0 He MICTATh HaBEAEHNUX BIJOMOCTEN, MAalOTh
OyTH MOBEPHYTI 0 OHKOJUCIIAHCEPY IS TOOTIPALIFOBAHHSI.
Jlikapi MeTUKO-COIianbHOI EKCIIEPTHOT KoMicii He MaloTh
npaBa 3MIHIOBATH KIIHIYHUHN JiarHO3 OHKOJIOTTYHHM XBO-
pum. OCHOBHHH [TiarHO3 TIOBHHEH MaTH JTOAATKOBO (DYHKITi-
OHAJIbHY YaCTHHY, 110 OIMCYE MOPYLIEHHS B poOOTI OpraHis
1 cucTeM, 3yMOBIICHI paKOBOIO XBOPOOOIO Ta HACKITKAMH
PaIMKaIbHOTO JIIKYBaHHS, a CKCIICPTHUMN AiarHO3 — IIe i
CTYIIiHB MMOPYIICHHS OCHOBHUX (PYHKIIIH OpraHi3my.

3a miJICyMKaMu €KCIIEPTHOTO AiarHo3y 3IiHCHIOITH
eKCIIePTU3Y CTYIIEHs 3HM)KCHHS SIKOCTI JKUTTS. Y XBOPHX
13 | KITIHIYHOT TPYNH KUTTEMISUTBHICTS MaJIO 3HIKY€ETHCS.
XBopuM 13 Il kimiHIYHOT TpyNH, SIKI HE 3aBEPIIMIN KypC
panukanbHOTO JNiKyBaHHS ab0 mepednuin i3 111 xmiHigHOT
rpynu, Moxke Oytr BctaHosieHa Il rpyna inBasignocti. B ITTP
YiJbHE MICIIE IT0CIIa€ MEAUYHA Ta IICUXOJIONYHA, YACTKOBO
— COIliaJIbHO-TI00YTOBa peadimiTariist. 3axoau (Pi3UIHOTO Ta
mpodecifHOro HAPsMY 0COOIMBOTO CEHCY HE MAlOTh. XBO-
pum 111 KiTiHIYHOT TPYIIN CTYTIHB 3HHKEHHSI YKUTTEAISUTBHOCTI
BCTAHOBIIIOIOTH 3aJISKHO BiJl MOPPODYHKITIOHATHPHUX 3MiH,
CIIPUYMHEHHX CIIeNiaJIi30BaHUM JIIKYBaHHSM. XBOPUM, SKi
noTpeOyIOTh CTOPOHHBOTO JOIVIANY Ta JOIIOMOTH, BCTAHOB-
JIIOKOTH | rpyITy iHBaJiIHOCTI; 0CO0aM 31 CTIHKUMHU, 3HAYHO
BUpaXCHUMH MTOPYIICHHIMHI QYHKIIIH opranizmy, — Il rpymy;
0co0aM 13 MOMIPHO BUPQKEHUMHU CTIHKMMH MOPYLICHHIMH
Mae Oytu BcranosieHa III rpyma inBamigHOCTI. B OKpemux
BUMNaKax (TIpH He3aHEI0AHOMY 3JI0SKICHOMY IIPOIIECI, TIpH
MMyXJIMHAX, 10 aCOLIHOBaHi 31 CIPUATIMBAM MPOTHO30M)
XBOpHI MOXe OyTH BUNMCAHUIT 32 BIIACHUM O)KaHHSM st
poboTH 3a paxoM (SKIIO HeMae MPOTHITOKA3aHb). BpaxoBy-
I04H, 110 PELUINB 3JI0SKICHOTO POCTY Ta METacTa3yBaHHI
3/1e01IIBIIOT0 HACcTAa€ B IEPIINK PiK MiCis 3aBEpIICHHS
paAuKaNIbHOTO JTIKYBaHHS, TIEPBUHHY T'PYITY iHBaJIiIHOCTI
BCTaHOBITIOIOTH CTPOKOM Ha 1 pik. [lo ux xBopux ITTP ciin
3aCTOCOBYBAaTH y IIOBHOMY OOCSI3i.

Mennuna peadinitatiisi Mae OyTH clipsIMOBaHa Ha BUKOHAH-
HSl PEKOHCTPYKTUBHHX OTEpaIliil Uil YCYHEHHS TE(EKTiB,
1110 BUHUKJIU B MIPOIIEC] paJIMKaIbHOTO JIIKYBaHHSI, KOPEKIIi0
HACII/IKIB XiMieTepalrtii Ta MPOMEHEBOTO JKyBaHHS. 3aX011
ColiaNbHO-TI00YTOBOT peadiiTaliii (IpUCTOCyBaHHS IPUMi-
IIEHBb /10 TOTPed XBOPOTO, TTATPOHAK, AOTIS TOIIO), & TAKOXK
3a0e3MneueHHs 3aco0amMu TiepecyBaHHs 3iHCHIOIOTh OpTraHu
COLIIAJIFHOTO 3aXMCTy 32 BHCHOBKOM MEJMKO-COLIaIbHOT
EKCTIEPTHOI KOMICii.

[cuxonoriuyHy JOMOMOTY Ha/Ial0Th METMKO-TICHXOJIOT1UHI
LEHTPH Ta TICUXOJIOTIYHI KOHCYIIBTAIT].

[Mpodeciiina peadiniTarist HoJsrae y NpareBlamTyBaHHi
XBOPHX, BPaXOBYIOYH CTaH iXHBOTO 310pOB’sl, 3 BUKOPUCTAH-
HSIM 3aJIMIIKOBOI TpanesaarHocti. [lepex muMm 31ilHCHIOIOTH
eKCIIePTH3y CaHITapPHO-TITi€HIYHUX YMOB Ha poOodoMy
MicCIl Ta BU3HAYAIOTh MOTEHIIIHHI TPYJOBI MOXJIMBOCTI Ta
MOTHBAI[I0O XBOPOTo TpaioBari. ONTHMaIbHUM € Tparie-
BJIAIITYBaHHS XBOPOTO Ha poOoUe MicIie, sIKe BiH MOCIIaB 10
XBOpOOU. SIKIIIO 11e HE MOYKITUBO, TTICIIS TOTICPEHBOI IICHXO0-
JIoro-npodeciiiHoi opieHTanii XBOpi MOXKYTh OyTH CKepOBaHi
B PETiOHAIBHI IIEHTPH 3aHHATOCTI JJIS IIEPETTiITOTOBKH, OTPH-
MaHHs1 JIOCTYIHOI npodecii, abu Hajai MpareBIaTyBaTHCS.
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XBopuM i3 IV kItiHIgHOI rpymn peadimiTamnito ciig mpo-
BOJMTH B yCIX BUMAJKax, ajie 31 3MIlICHUMH aKIEHTaMH.
[podeciitHa Ta QizngHa peabimiTarlis B TAKUX BHUITAIKaX
HaivacTille He JOUUIbHI, 1 IPIOPUTETHUM CTa€ MEIMYHUIT
xomroneHT IT1P, 30kpema naniaTuBHi 3aX01H (TPU3HAYCHHS
HApKOTUYHUX TpernapariB i TPaHKBLII3aTOPiB, BUTPATHUX
3ac00iB TOmIsIIy TOMIO). JlyKe BayKITMBUM ISl XBOPHX ITi€i
IPYIH € MICUXOJIOTIYHUI KOMITIOHEHT pealiiTarrii.

B II1P Ha3BaHO KOHKPETHMX BHKOHABIIB 1 OKPEMUX eJie-
MeHTiB. Tak, MeanuHa peabimiTaiis (paaukaibHe, PEeKOH-
CTPYKTHBHE XipypridHe, BiTHOBHE, TPO(DLITaKTHYHE JIKYBAHHS)
TTOKJIAJICHO Ha CIIeliai30BaHi OHKOJOTIUHI TUCITAaHCEPH,
KJTiHIKW HayKOBO-JJOCJIJTHUX IHCTUTYTIB OHKOJIOTTYHOT'O IPO-
¢imo. Y momikmiHiIi criocTepeskeHHs 3a oHKoxBoprumH i3 I1 Ta
I kTiHIYHEX TPy MAIOTH 31iHCHIOBATH OHKOJIOTH Ta (haxiBIl
BiITOBITHUX MPOQLTIB, a 32 XBOPUMH Ha TePMIHATBHIN CTa il
(IV xuiHiYHOT rpy1H) — CiMeiHI JTiKapi (AUTbHIYHI TEPareBTH ).

O6roBopeHHs

KommiekcHa peabimitartist HeoOXigHa HE TUTBKH IS TIpodi-
JIAKTHKH PELUJIUBIB IyXJIMHHOT XBOPOOH, KOPEKIii yCKiIa-
HEHb BHACIIIIOK JTIKyBaHHSI, aje W JUIsl MiABUIICHHS SKOCTI
JKATTS TAKUX IMALIEHTIB, IXHbOI aKTUBHOI JKUTTEIISIIBHOCTI
y POMIUHI, IHTErparil y cycriibHe )HUTT. OTiKE, KOMIUICKCHA
peabimiTaris, mo crnpsMOBaHA Ha 3a0€3MEUCHHS XBOPHUX
oHkosioriuHoro npodiito TP, akryansHa He TUIBKH Mij1 Yac
repeOyBaHHS y CIICI[ialli30BAHMX JIIKYBaJIbHUX 3aKJanax,
aJle TIPOTATOM TPUBAJIOTO BiJHOBJICHHS y peadiiTaiiiHux
LEHTPaX.

[ToBHOLIIHHE, IHANBIAYaIbHO NPU3HAYEHE KOMIUIEKCHE
BiZTHOBHE JTIKYBaHHS CIIPHUSE ICTOTHOMY 3MEHIIICHHIO KiJTbKO-
CTi yCKJIaTHEHb, MTOMIITIICHHIO SIKOCTI JKUTTS OHKOTIAI[I€HTIB.
HuHi omgHi€r0 3 TONOBHUX IJICH JTIKyBaHHS € HOCSTHCHHS
MaKCHMAaIIbHO MOKITBOT SIKOCTI1 JKUTTS Malli€HTa, HaOrKe-
HOI JIO PiBHS SIKOCTI JKUTTSI IPAKTHYHO 3/10POBOI JIFOIMHU.
Tomy xomiexcHa peabimiTariis HaOyBa€e TAKOTO K BayKIIBOTO
3HA4YEHHSI, SIK 1 CTIenr(ivHa MTPOTHITYXJIMHHA Tepartis.

BucHoBKku

1. Peabimitariist OHKOIOTIYHUX XBOPUX — CKIAIHUN TpHU-
BaJIUil TpoIieC, M0 MOTpedye KBaTI(PiKOBAHOTO MiAXOMy
JIiKapiB i MOTHBAIIIl TaIli€HTa IO TIOBHOTO BIUTIKOBYBAHHSL.
Jnst eheKTUBHOTO JIIKYBaHHS OHKOXBOPUX BAXKIIMBO BIKH-
BaTy pealuTiTaifHAX 3aXO0IiB Bifl TOYATKy 3aXBOPIOBAHHS,
KOMIUIEKCHO, CHCTEMaTHYHO Ta 32 iHIUBIyaJIbHOI CXEMOIO
JUTSL KOHKPETHOTO MAIli€HTA.

2. KomrsiekcHa peadiniTartist epenodadac HU3Ky JTiKyBallb-
HUX 1 BI/IHOBJIFOBaJIBHUX 3aX01iB. Bubip peadimiTaii mpsamo
3aJICKHUTH BiJ TUITY 1 TSDKKOCTI Iepediry 3axXxBOpIOBaHHSA, a
TaKOXK IHAUBITyadbHUX (Pi310JIOTTYHHX 0COOTUBOCTEH Marli-
€HTA, PE3yNIbTaTIB aHAJIi3iB 1 PEKOMEHAAITIH JTiKaps.

3. KpaniikoBanuii miaxiza mij yac BUOOPY ONTHMaIIbHOT
cxemm peaOimiTarii Jae 3MOTy Y AOCHTHh CTHUCII TEPMiHHU
MOJIMIIMTH CAMOTIOUYTTS MAI[iEHTa 1 MOBEPHYTH HOTO 10
HOpMaInbHOTO XUTTA. [Iporpamy peabimitamii HeoOXiTHO
PO3POOIISITH IHAUBIAYATBHO [Tl KOXKHOTO XBOPOTO.

[lepcmexTHBY MOAATBIINX TOCTITKEHb ITOJATAIOTH Y BHUBUCHHI
TUTaHHS KOMITIEKCHOT peadiTiTallii OHKOJIOTIYHUX TAIli€HTIB
Ta pO3pPOOJICHHI MPOMO3UIIINA 1 pEKOMEHIAIIN JJIsT MOJICPHI-
3arii ¥ onTUMi3arii IbOTo TPOoIIeCy.
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