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Some transformations in a series of 4-amino-1,2 4-triazole-3-thion
derivatives

O. A. Bihdan®*'ABDBE '\/ '\/ Parchenko®'ABF B, V. Gutyj=2ACF

Zaporizhzhia State Medical and Pharmaceutical University, Ukraine, 2Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies,
Lviv, 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 continuous improvement of synthesis methods enables the optimization of the process for developing and obtaining target products
of chemical transformation. Derivatives of 1,2,4-triazole-3-thiol present a convenient object for chemical transformation, facilitating the
creation of promising biologically active compounds. Combining the structure of this heterocyclic system with pharmacophore fragments
of different natures allows for more effective work on the development of molecules with high pharmacological potential. To implement this
strategy, 2-,3-,4-fluorophenyl-4-amino-1,2,4-triazol-3-thiones were utilized as starting structures. This molecule possesses three reaction
centers, facilitating a wide range of chemical transformations involving these substances.

The aim of the work was to create a series of 4-amino-2-((R,,R -amino)methyl)-5-((2-,3-,4)-fluorophenyl)-2,4-dihydro-3H-1,2,4-triazole-3-
thiones as a promising source for the preparation of biologically active substances.

Materials and methods. The structure of the target compounds has been formed using well-known methods of organic chemistry. The starting
materials used were 2-,3-,4-fluorophenyl-4-amino-1,2,4-triazol-3-thiones, which were previously obtained. The first stage of the work involved
the temporary protection of the amino group with a tert-butoxycarbonyl group. The second stage of the work involved the realization of Mannich
reactions involving primary and secondary amines. The reaction has been carried out with formalin in an alcohol-dioxane medium. The products
of the chemical transformation have been recrystallized in methanol. The third stage of the work was based on the removal of Boc-protection,
which was realized using hydrochloric acid in a dioxane medium. The structures of all synthesized substances have been determined by 'H
NMR spectroscopy and elemental analysis. The individuality of the compounds has been confirmed by high-performance liquid chromatography.

Results. The successful study of the mechanisms of Mannich reactions for 4-amino-1,2,4-triazole-3-thione derivatives allowed us to obtain
4-amino-2-((R,,R,-amino)methyl)-5-((2-,3-,4)-fluorophenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thiones in quantitative yields. The studies made
it possible to establish the favorable effect of protecting the amino group of the 2-,3-,4-fluorophenyl-4-amino-1,2,4-triazole-3-thione of the
tert-butyloxycarbonyl group on the course and direction of the reaction.

Conclusions. The optimal conditions for the Mannich reactions involving 2-,3-,4-fluorophenyl-4-amino-1,2,4-triazole-3-thione with inter-
mediate Boc-protection of the amino group have been determined, which allowed us to create the theoretical basis for the successful use
of Mannich reactions to expand the range of promising 4-amino-1,2,4-triazole-3-thione derivatives.

Keywords: Mannich bases, physicochemical properties, spectral characteristics.
Current issues in pharmacy and medicine: science and practice. 2024;17(2):103-107

[eski nepeTBOpeHHs B pagy noxigHux 4-amino-1,2,4-tpiason-3-TioHy
O. A. birgaH, B. B. MapuyeHko, b. B. I'ytun

lMocTilHe BOOCKOHaNEHHs METOAIB CUHTE3Y iae 3MOry ONTUMI3yBaTh NPOoLEC PO3pOOKY 1 OAEepX)aHHS LinboBUX NPOAYKTIB XiMIYHOTO NepeTBo-
peHHsi. MoxigHi 1,2,4-Tpiason-3-Tiony € 3py4HUM 06 eKTOM [Ans XiMiYHOT TpaHcopmalii, i ToMy 3a X y4acTio MoXHa CTBOPIOBaTH nepcrnek-
TWBHI 6ionoriYHo akTVBHI cnonyku. MoeaHaHHS CTPYKTYpU 3a3Ha4eHOi reTepoLMKIiYHOT cucTeMm 3 hapmMakodOopHUMK oparMeHTamMy iHLLOT
npupoam 3abesnevye edekTrBHiLy poboTy B HaNpsiMi pO3pOBNEeHHS MONEKY i3 BUCOKMM hapMakonoriyH1m noTeHuianom. insa peanisadii
uiei cTparterii Ik BUXigHI CTPYKTYpW BUKopucTanu 2-,3-,4-ptopodeHin-4-amiHo-1,2,4-tpiazon-3-tioHu. LI Monekyna xapaktepuayetbes
HasBHICTIO TPbOX peakLiNHWUX LEHTPIB, L0 CNpKsie peanisaLlii LUMPOKOro cnekTpa XiMiYHWX NepeTBOPEHb 3a Y4acTHO 3a3HaYeHUX PEYOBYH.

Meta po6otu — cTBOpeHHs pady 4-amiHo-2-((R,,R, -amiHo)meTun)-5-((2-,3-,4)-dpropodeHin)-2,4-aurinpo-3H-1,2,4-Tpiason-3-TioHis Ak
MepCnekTMBHOTO [HKepena AN oOaepxaHHs BioNoriYHO akTUBHWUX PEYOBHH.

Marepianu i metogu. CTPyKTYpy LiNbOBMX CNOMYK CHOPMyBanu, 3aCTOCyBaBLUM BiOMi METOAM OPraHivHOl XiMmii. FK BUXiaHI pe4oBUHM
BUKOPUCTanu nonepeaHb0 ogepxaHi 2-,3-,4-gtopodeHin-4-amiHo-1,2,4-Tpiason-3-TioHw. Meplunin etan pobotn nepeadaya TMUYaACOBWIA
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Original research

3axUCT amiHorpynu mpem-6yTokcukapboHinsHot rpynoto. [Opyruit etan poboTu — peanisauis peakuit MaHHixa 3a y4acTio NEPBUHHMX i
BTOPWHHMUX aMiHiB. Peakujito npoBoauny i3 3anyvyeHHsaM popmManiHy y CnimpToBO-4i0KCaHOBOMY cepeaoBuLLi. MpogyKTh XiMiYHOro nepeTBo-
PEHHSI MepPeKpUCTani3oBaHo B cepeaoBuLLi MeTaHomy. Ha TpeTbomy eTani poboTu 3HATO BOC-3axucT; Le peaniaoBaHo 3 3aCTOCYBaHHAM
KUCINOTM XNOPUAHOI B cepenoBuLLi aiokcaHy. CTPYKTYpy BCiX CUHTE30BaHWX PEYOBUH BU3Ha4YeHo 3a gonomoroto 'H AMP-cnekTpockonii Ta
enemMeHTHOro aHaniay. IHaMBIAyanbHICTb CNOMyK NigTBEpAXEHa METOAOM BUCOKOEMEKTUBHOI PiAMHHOT XpomaTorpadii.

Pesynktati. YcnilHe gocnimkeHHs MexaHiamiB nepebiry peakuil ManHixa anst noxigHux 4-amiHo-1,2,4-Tpiason-3-TioHy gano 3mory 3
KinbKicHAMM BUXOAaMU ofiepxatn 4-amiHo-2-((R,,R -amiHo)meTnn)-5-((2-,3-,4)-dropodeHin)-2,4-aurinpo-3H-1,2,4-Tpiason-3-TioHu. Y
pe3ynbrati AOCNiMKEeHHS BCTAHOBUMK CMPUATAVBUA BNAWB 3aXUCTY amiHO-rpynu 2-,3-,4-pTopodeHin-4-amiHo-1,2,4-Tpiason-3-TioHy
mpem-ByTunokcukapboHinbHOI rpynu Ha nepebir i HanpsM peakuii.

BucHoBkun. BusHaumnu onTumansHi yMoBW NpoBeAeHHS peakuin ManHixa 3a yyacTio 2-,3-,4-bTopodeHin-4-amiHo-1,2,4-Tpiason-3-TioHy
3 NpoMixkHUM Boc-3axuctom amiHorpynu. Lie gano amory CTBOpUTM TEOPETUYHI 3acaau YCnilUHOTO BUKOPUCTaHHSA peakuin MaHHixa ans
PO3LUMPEHHS CNEKTpa NepcrnekTUBHUX NOXigHWX 4-amiHo-1,2,4-Tpiason-3-TioHy. LLlono cuHTe3oBaHMx cnonyk Hagani 3annaHoBaHo BYBYEHHS

BionoriyHoi aKTMBHOCTi METOAAMM KOMM'OTEPHOTO MPOTrHO3yBaHHS Ta in Vivo AOCNIMKEHHSA aHanreTUYHOI, HEMPONPOTEKTUBHOI @KTUBHOCTI,

KntouoBi cnoBa: ocHoBM MaHHixa, tisvko-XiMi4Hi BMacTWBOCTI, CNeKTparbHi XapakTepucTUKkM.
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To expand the arsenal of new biologically active molecules,
there is a constant need for targeted research in several syn-
thetic compounds. This, in turn, contributes to solving the
urgent problem of creating new highly effective and low-toxic
drugs, the demand for which is growing dynamically in the
modern world. The creation of new, original molecules of
synthetic origin, which in a short time can turn into effective
biologically active compounds, and later into modern effec-
tive drugs, is, in our opinion, an urgent task [1,2].

Analyzing scientific achievements, our attention was
drawn to nitrogen-containing heterocyclic systems [3,4,5].
Separate attention should be paid to 1,2,4-triazole deri-
vatives, which will attract scientists of various scientific
fields for a long time [6,7,8,9]. Today, it can be confidently
stated that the modern trend is the possibility of combining
1,2,4-triazole with various pharmacophoric substituents,
which are oriented according to different positions. Amines
are very important representatives of organic compounds,
as well as functional groups of various substances. They
actively participate in the formation of hydrogen bonds, can
be both acceptors and donors of hydrogen bonds. In many
cases, amines exhibit a strong ionic interaction with the
electron-negative part in the binding site, so, for example,
tertiary aliphatic amine is one of the most popular functional
groups in pharmaceuticals.

Thus, despite the importance of amines, current methods
for their synthesis are still limited. The development of a
mild, modular and efficient synthesis of amine derivatives
is still a need in medicinal chemistry towards the creation of
promising molecules with unique properties.

In the future, the synthesized compounds will be studied
for their biological activity by computer prediction and in
vivo: analgesic action, neuroprotective activity, antiviral and
antimicrobial action.

Aim

The aim of the work was to create a series of 4-amino-2-
((R,,R,-amino)methyl)-5-((2-,3-,4)-fluorophenyl)-2,4-dihy-
dro-3H-1,2,4-triazole-3-thiones as a promising source for the
preparation of biologically active substances.

Materials and methods

The structure of the target compounds has been formed using
well-known methods of organic chemistry. The starting mate-
rials used were 2-,3-,4-fluorophenyl-4-amino-1,2,4-triazol-3-
thiones, which had been previously obtained. The first stage
of the work involved the temporary protection of the amino
group with a tert-butoxycarbonyl group. The second stage
of the work involved the realization of Mannich reactions
involving primary and secondary amines. The reaction was
carried out with formalin in an alcohol-dioxane medium. The
products of the chemical transformation have been recrys-
tallized in methanol. The third stage of the work was based
on the removal of Boc protection, which was realized using
hydrochloric acid in a dioxane medium.

The structures of all synthesized substances have been
determined by *H NMR spectroscopy and elemental analysis.
The individuality of the compounds has been confirmed by
high-performance liquid chromatography.

Taking into account the above fact, we developed a new
strategy for the synthesis of Mannich bases based on new
4-amino-2-((R,R,-amino)methyl)-5-((2-,3-,4)-fluoro-phe-
nyl)-2,4-dihydro-3H-1,2 4-triazole-3-thiones (1-3, Fig. 1)
and confirmed their structure. We used previously synthesized
compounds 1, 2, 3 (Fig. 1) [10] as starting compounds.

4-Amino-2-((R,-,R,-amino)methyl)-5-((2-,3-,4)-fluoro-
phenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thiones (4-21).
10 mmol of protected tert-butyl(1-((R,,R,-amino)methyl)-
3-((2-,3-,4)-fluorophenyl)-5-thioxo-1,5-dihydro-4H-1,2,4-
triazol-4-yl)carbamate was dissolved in a solution of dioxane
with 4 M hydrochloric acid (1.25 equiv.) and stirred at room
temperature for 2 h. The solvent was distilled off in a rota-
ry evaporator, washed with water and recrystallized from
methanol.

Results

The success of the reaction and formation of Mannich bases
is evidenced by the results of *H NMR spectroscopy (Fig. 2).
In the spectrum, the characteristic signals of the methyl re-
sidue of the aliphatic amine are observed in a strong field at
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Fig. 1. Synthesis of Mannich bases using protection of the amino group.
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Fig. 2. '"H NMR spectrum of 4-amino-5-(2-fluorophenyl)-2-((methylamino)methyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (4).

2.49 ppm. The signal of the protons of the secondary amino
group is recorded as a complex multiplet at 5.87-5.81 ppm.
The signal of the methylene group from formaldehyde in the
Mannich base resonates at 4.97 ppm. in the form of a doublet.
Studying the values of the chemical shift signals for the
phenyl ring indicates that the fluorine atom exerts an acceptor
effect and shifts the aromatic range of signals slightly into the
weak field in the form of doublets and multiplets. Substances
are individual crystalline compounds of white or yellow color,
insoluble in water, soluble in organic solvents. The structure
of the compounds was proven using spectral methods of
analysis, and their individuality — chromatographically.
4-Amino-5-(2-fluorophenyl)-2-((methylamino)methyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (4). Yield 63 %, yellow
cryst. connection, T. pl. 143—145 °C. 1H NMR spectrum,
3, ppm (J, Hz): 7.83 (d, J = 7.5, 1H), 7.38-7.35 (m, 3H),
5.87-5.81 (m, 1H), 5.47 (s,2H),4.97 (d,]=4.8,2H), 2.45 (d,
J=3.2,3H). Found, %: C 47.46; H4.72; N 27.63; S 12.64.
CH,FN.S. Calculated, %: C 47.42; H 4.78; N 27.65;

100 12

S 12.66.

4-Amino-2-((ethylamino)methyl)-5-(2-fluorophenyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (5). Yield 52 %, yellow
cryst. connection, T. pl. 144-146 °C. 1H NMR spectrum,
o, ppm (J, Hz): 7.89 (dd, J = 7.5, 1.6, 1H), 7.35-7.20 (m,
3H), 5.84-5.73 (m, 1H), 5.47 (s, 2H), 5.23 (d, ] = 6.7, 2H),
2.92-2.84 (m, 2H), 1,15 (t, J = 5.4, 3H). Found, %: C 49.40;
H 5.25; N 26.24; S 11.97. CH ,FN.S. Calculated, %: C
49.42; H 5.28; N 26.20; S 11.99.

4-Amino-2-((diethylamino)methyl)-5-(2-fluorophenyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (6). Yield 59 %, yellow
cryst. connection, T. pl. 138-140 °C. 1H NMR spectrum,
S, ppm (J, Hz): 7.90 (dd, J = 7.6, 1.5, 1H), 7.54-7.35 (m,
3H), 5.50 (s, 2H), 4.98 (s, 2H), 2.80-2.74 (m, 4H), 1.14 (t,
J=4.1, 6H). Found, %: C 52.83; H 6.11; N 23.76; S 10.87.
C,H,FN.S. Calculated, %: C 52.86; H 6.14; N 23.71; S
10.85.

4-Amino-5-(2-fluorophenyl)-2-(((2-hydroxyethyl)amino)
methyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (7). Yield
57 %, yellow cryst. connection, T. pl. 125-127 °C. IH NMR
spectrum, 8, ppm (J, Hz): 7.90 (dd, J=7.5, 1.6, 1H), 7.48-7.21
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(m, 3H), 5.84-5.76 (m, 1H), 5.50 (s, 2H), 5.28 (d, J=6.2, 2H),
4.67 (t,J=6.3, 1H), 3.72-3.64 (m, 2H), 3.01 (q, J = 7.2, 2H).
Found, %: C 46.66; H4.91; N 24.77; S 11.30. C | H, FN.OS.
Calculated, %: C 46.63; H 4.98; N 24.72; S 11.32.
4-Amino-2-((bis(2-hydroxyethyl)amino)methyl)-5-(2-
fluorophenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (8).
Yield 51 %, yellow cryst. connection, T.pl. 145-147 °C. 1H
NMR spectrum, 8, m.h. (J, Hz): 7.82—7.57 (m, 4H), 5.48 (s,
2H), 5.09 (s, 2H), 4,49 (t,J =7.5 Hz, 2H), 3.74-3.66 (m, 4H),
2.78 (t, ] = 6.6, 4H). Found, %: C 47.64; H 5.51; N 21.41;
S 9.74. C,,H,,FN,O2S. Calculated, %: C 47.69; H 5.54; N
21.39; S 9.79.
4-Amino-5-(2-fluorophenyl)-2-(morpholinomethyl)-2,4-di-
hydro-3H-1,2,4-triazole-3-thione (9). Yield 42 %, white cryst.
connection, T. pl. 126—128 °C. 1H NMR spectrum, §, m.h.
(J, Hz): 7.54-7.24 (m, 4H), 5.49 (s, 2H), 5.09 (s, 2H), 3,59
(dd,J=7.4,4.7,4H),2.76 (dd, ] = 7.5, 4.8, 4H). Found, %:
C50.41;H5.24;N 22.68; S 10.32. C H, FN.OS. Calculated,
%: C50.47; H5.21; N 22.64; S 10.36.
4-Amino-5-(3-fluorophenyl)-2-((methylamino)methyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (10). Yield 59 %, yellow
cryst. connection, T.pl. 150-152 °C. 1H NMR spectrum,
o, ppm (J, Hz): 7.72-7.65 (m, 2H), 7.50-7.42 (m, 1H),
7.34-7.25 (m, 1H), 6.02-5.95 (m, 1H), 5.46 (s, 2H), 4.97
(d,J=4.9,2H),2.49 (d,J =3,2, 3H). Found, %: C 47.48; H
4.72;N27.61;S12.63. C, H FN.S. Calculated, %: C 47.42;
H 4.78; N 27.65; S 12.66.
4-Amino-2-((ethylamino)methyl)-5-(3-fluorophenyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (11). Yield 63 %, yellow
cryst. connection, T. pl. 154—156 °C. IH NMR spectrum, 9,
m.h. (J, Hz): 7.78-7.70 (m, 2H), 7.65 (t, J = 2.1 Hz, 1H),
7.46-7.36 (m, 1H), 6.20-6.09 (m, 2H), 5.46 (s, 2H), 5.23
(d, J = 6.8, 2H), 2.99-2.91 (m, 2H), 1.15 (t, ] = 5.4, 3H).
Found, %: C 49.40; H 5.33; N 26.21; S 11.92. C,H, ,FN.S.
Calculated, %: C 49.42; H 5.28; N 26.20; S 11.99.
4-Amino-2-((diethylamino)methyl)-5-(3-fluorophenyl)-
2,4-dihydro-3H-1,2,4-triazole-3-thione (12). Yield 68 %,
yellow cryst. connection, T. pl. 158-160 °C. 1H NMR
spectrum, 9, ppm (J, Hz): 7.72-7.64 (m, 2H), 7.51-7.47 (m,
1H), 7.34-7.27 (m, 1H), 5.49 (s, 2H), 4.97 (s, 2H), 2.74 (q,
J=42,4H),1.14(t,J=4.1, 6H). Found, %: C 52.89; H6.11;
N 23.73; S 10.81. C ;H ,FN.S. Calculated, %: C 52.86; H
6.14; N 23.71; S 10.85.
4-Amino-5-(3-fluorophenyl)-2-(((2-hydroxyethyl)amino)
methyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (13). Yield
58 %, yellow cryst. connection, T. pl. 188—190 °C. ITH NMR
spectrum, 9, ppm (J, Hz): 7.72-7.64 (m, 2H), 7.52-7.46 (m,
1H), 7.34-7.26 (m, 1H), 6.33-6.29 (m, 1H), 5.50 (s, 2H),
528 (d,J=6.2,2H),4.67 (t,] = 6.3, 1H), 3.64 (t,] = 7.3,
2H), 3.09-3.01 (m, 2H). Found, %: C 46.67; H 4.93; N 24.77,
S 11.30. C,H,,FN.OS. Calculated, %: C 46.63; H 4.98; N
24.72; S 11.32.
4-Amino-2-((bis(2-hydroxyethyl)amino)methyl)-5-(3-
fluorophenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (14).
Yield 55 %, yellow cryst. connection, T. pl. 186—188 °C. 1H
NMR spectrum, 8, ppm (J, Hz): 7.73-7.64 (m, 2H), 7.48-7.41
(m, 1H), 7.33-7.26 (m, 1H), 5.46 (s, 2H), 5.05 (s, 2H), 4.49

(t,J=7.5,2H),3.66 (t,J=7.7,4H), 2.78 (t,J = 6.6 Hz, 4H).
Found, %: C47.75; H5.61; N 15.42;$9.72. C ,H,;FN.O,S.
Calculated, %: C 47.69; H 5.54; N 15.48; S 9.79.
4-Amino-5-(3-fluorophenyl)-2-(morpholinomethyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (15). Yield 46 %, white
cryst. connection, T. pl. 168—170 °C. I1H NMR spectrum, 9,
ppm (J, Hz): 7.73-7.65 (m, 2H), 7.52-7.44 (m, 1H), 7.27-
7.30 (m, 1H), 5.46 (s, 2H), 5.08 (s, 2H), 3.59 (dd, 1 =7.4,4.7,
4H),2.76 (dd, J =7.5, 4,8, 4H). Found, %: C 50.43; H 5.26;
N 22.61; S 10.32. C,H, FN.OS. Calculated, %: C 50.47; H
5.21; N 22.64; S 10.36.
4-Amino-5-(4-fluorophenyl)-2-((methylamino)methyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (16). Yield 67 %, yellow
cryst. connection, T. pl. 185-187 °C. 1H NMR spectrum, 9,
ppm (J, Hz): 7.95-7.87 (m, 2H), 7.27-7.19 (m, 2H), 5.95 (m,
1H), 5.47 (s, 2H), 4.97 (d, ] = 4.9, 2H), 2.49 (t, ] = 3.2, 3H).
Found, %: C 47.48; H4.72; N 27.69; S 12.64. C, H ,FN.S.
Calculated, %: C 47.42; H 4.78; N 27.65; S 12.66.
4-Amino-5-(4-fluorophenyl)-2-((methylamino)methyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (16). Yield 67 %, yellow
crystals. connection, T. pl. 185-187 °C. 1H NMR spectrum, 5,
ppm (J, Hz): 7.95-7.87 (m, 2H), 7.27-7.19 (m, 2H), 5.95 (m,
1H), 5.47 (s, 2H),4.97 (d, ] = 4.9, 2H), 2.49 (t, ] = 3.2, 3H).
Found, %: C 47.48; H4.72; N 27.69; S 12.64. C, H ,FN.S.
Calculated, %: C 47.42; H 4.78; N 27.65; S 12.66.
4-Amino-2-((diethylamino)methyl)-5-(4-fluorophenyl)-2,4-
dihydro-3H-1,2,4-triazole-3-thione (18). Yield 56 %, yellow
cryst. connection, T. pl. 178—180 °C. IH NMR spectrum, 9,
ppm (J, Hz): 8.00-7.92 (m, 2H), 7.30-7.22 (m, 2H), 5.50 (s,
2H),4.95 (s,2H),2.74 (q, ] =4.2,4H), 1.14 (t, ] = 4.1, 6H).
Found, %: C 52.83; H 6.11; N 23.79; § 10.84. C ,H, . FN.S.
Calculated, %: C 52.86; H 6.14; N 23.71; S 10.85.
4-Amino-5-(4-fluorophenyl)-2-(((2-hydroxyethyl)amino)
methyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (19). Yield
66 %, yellow cryst. connection, T. pl. 188—190 °C. 1H NMR
spectrum, , ppm (J, Hz): 8.00-7.93 (m, 2H), 7.28-7.20 (m,
2H), 6.29 (m, 1H ), 5.50 (s, 2H), 5.28 (d, J = 6.2 Hz, 2H),
4.67 (t,J=6.3,1H),3.64 (t,J=7.3,2H),3.01 (q,J=7.2,2H).
Found, %: C46.61; H 5.02; N 24.76; S 11.30. C  H, FN.OS.
Calculated, %: C 46.63; H 4.98; N 24.72; S 11.32.
4-Amino-5-(4-fluorophenyl)-2-(((2-hydroxyethyl)amino)
methyl)-2,4-dihydro-3H-1,2,4-triazole-3-thione (19). Yield
66 %, yellow crystals. connection, T. pl. 188-190 °C. 1H
NMR spectrum, 6, ppm (J, Hz): 8.00-7.93 (m, 2H), 7.28-7.20
(m, 2H), 6.29 (m, 1H), 5.50 (s, 2H), 5.28 (d, ] = 6.2 Hz, 2H),
4.67(t,J=6.3,1H),3.64 (t,J=7.3,2H),3.01 (sq, J=7.2,2H).
Found, %: C 46.61; H 5.02; N 24.76; From 11.30. C| H, F-
N.OS. Calculated, %: C 46.63; H 4.98; N 24.72; S 11.32.
4-Amino-5-(4-fluorophenyl)-2-(morpholinomethyl)-2,4-
dihydro-3H-1,2,4-tri-azole-3-thione (21). Yield 76 %, white
cryst. connection, T. pl. 178—180 °C. I1H NMR spectrum, 9,
ppm (J, Hz): 7.91-7.83 (m, 2H), 7.29-7.21 (m, 2H), 5.46
(s, 2H), 5.08 (s, 2H), 3.59 (dd, J = 7.4, 4.7, 4H), 2.76 (dd,
J =175, 4.8, 4H). Found, %: C 50.43; H 5.29; N 21.98; S
10.22. C H FN.OS. Calculated, %: C 50.47; H 5.21;
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22.64; S 10.36.
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Fig. 3. Potential mechanism of the Mannich reaction in the series 4-amino-2-((R,,R,-amino)methyl)-5-((2-, 3-, 4)-fluorophenyl)-2,4-dihydro-3H-1,2,4-

triazole-3-thiones.

Discussion

The Mannich reaction mechanism begins with the formation of
an iminium ion from an amine and formaldehyde. The reaction
mechanism begins with the nucleophilic attack of the Nitrogen
atom on the carbonyl Carbon with the formation of an inter-
mediate Schiff base, which acts as an electrophile and reacts
with the 1,2,4-triazole heterocycle and leads to the Mannich
product due to an elegant and powerful transformation (Fig. 3).

Conclusions

1. A new strategy for the synthesis of Mannich bases
based on new 4-amino-2-((R,,R,-amino)methyl)-5-((2-,3-,4)-
fluorophenyl)-2,4-dihydro-3H-1,2,4-triazole-3-thiones.

2. The synthesis of new 4-amino-2-((R,-,R,-amino)
methyl)-5-((2-,3-,4-fluorophenyl)-2,4-dihydro-3H-1,2,4-tri-
azole-3-thiones, the structure of the compounds was proven
using spectral methods of analysis, and their individuality
was confirmed chromatographically.
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Infection diseases are a worldwide important problem for medicine and pharmacy. Today, there is a high interest in the evolution of new
antimicrobial drugs due to the increasing percentage of resistant bacteria and fungi strains. Green tea leaf contains a variety of natural
compounds that are possible to apply in the creation of new antimicrobial drugs.

The aim of the work was to compare phytochemical composition, antimicrobial, antifungal activities of lipophilic and ethanolic green tea
leaf extracts.

Materials and methods. The object of the research was the lipophilic extract obtained using chloroform, along with two ethanolic extracts
of green tea leaves. One of the ethanolic extracts had been previously processed with chloroform, while the other had not. Antioxidant
activity was determined by the potentiometric method, while antimicrobial and antifungal activities were assessed by the “wells” method.

Results. The lipophilic extract of green tea leaves contains predominantly caffeine and organic acids, with the lowest amount of phenolic
compounds. In contrast, the ethanolic extracts show the opposite pattern, with phenolic compounds predominating and caffeine pre-
sent in lower quantities. The lipophilic extract exhibits greater inhibition of the growth of S. aureus, E. coli, P. vulgaris, B. subtilis, and
C. albicans compared to the 96 % ethanolic extract processed with chloroform, with inhibition rates of 19 %, 18 %, 12 %, 12 %, 16 %, and
20 % respectively. When comparing antimicrobial activity to the 96 % ethanolic extract without chloroform treatment, the results remained
consistent. The antioxidant activity of the lipophilic extract was 58.7 and 60.0 times lower than that of the 96 % ethanolic extract processed
with chloroform and the 96 % ethanolic extract without treatment, respectively.

Conclusions. The study revealed that the lipophilic extract exhibited greater inhibition of the growth of both Gram-positive and Gram-nega-
tive bacteria as well as fungi compared to the ethanolic extracts. However, it showed a lower level of antioxidant activity. It is hypothesized
that caffeine, organic acids, and catechins may interact synergistically to enhance the antimicrobial and antifungal activity of green tea leaf
extracts. The lipophilic extract shows promise for further development in the production of antimicrobial and antifungal drugs.

Keywords: green tea, lipophilic extract, caffeine, organic acids, pharmacologic action.
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MopiBHAHHA ¢hiToXiMiYHOrO cknagy, aHTUMiIKPOOHOI, NPOTUrPUOKOBOI Ta AHTUOKCUAAHTHOI AKTUBHOCTI
ninoginbHOro 1 eTaHONLHOro eKCTPAKTY NUCTSA 3eN1IeHOTr0 Yato

O. 0. Macnos, M. A. Komicapetko, C. B. NMoHomapetko, C. B. Konichuk, T. M. OconogueHko, M. 0. lonik

IHdeKUiHI 3aXBOPIOBaHHSA € akTyarnbHO Npobnemor MeauuuHu Ta hapmadii B yCbOMy CBIiTi. 3Ha4YHUIN HAyKOBUIA IHTEPEC BUKITUKAE
po3p0obneHHs HOBUX NPOTUMIKPOGHUX Npenapartis, Lo 06r'pyHTOBAHO 36inbLIEHHAM BifCOTKa PE3UCTEHTHOCTI LiTamiB 6akTepil i rpubis.
JncTs 3eneHoro Yat MiCTUTb PiIBHOMAHITHI MPUPOAHI CMOMYKK, WO MOXHA BUKOPWUCTOBYBATH A1 CTBOPEHHS! HOBMX MPOTUMIKPODHMX
npenaparis.

MeTta po6oTu — nopiBHATK ITOXIMIYHWIA CKNag, aHTUMIKPOOHY, NPOTMrPUOKOBY Aito NINOMINBHOMO Ta ETAHOMBHKUX EKCTPAKTIB NUCTS 3e-
NEHOrO Yato.

Matepianu i metogu. OB’ekT JOCNimKEHHA — MINOMINbHUIA EKCTPaKT, OTPUMaHWIA XNOPOdOPMOM, Ta ABa ETAHONbHI EKCTPaKTV MUCTS
3eMeHoro Yaro (04uH i3 HUX NONepeaHbO ekcTparysanm XnopodopmMom). AHTUOKCUAAHTHY aKTUBHICTb BU3HAYamM NOTEHLOMETPUYHUM
METOAOM, aHTUMIKPOGHY Ta MPOTUTrPUOKOBY — METOAOM «KOMOAASIBY.
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OpueiHarbHi 0oCidxeHHs

Pesyniratu. KinbkicHW BMICT KOGPETHY 11 OpraHiyH1X KUCMOT nepesaxae y NinodinbHOMY eKCTPaKTi TMCTS 3ENEHOr0 Yalo, a B ETaHOMbHUX
eKcTpakTax [OMiHyHTb (heHOMbHI CNonyku, katexiiv Ta pnasoHoiau. JlinodinbHWIA ekcTpakT npurHivye pict S. aureus, E. coli, P. vulgaris,
B. subtilis i C. albicans Ha 19 %, 18 %, 12 %, 12 %, 16 % i 20 % kpaiue, Hix 96 % eTaHOMbHUIA EKCTPAKT Micns 06poBKM CUPOBMHY XNOPO-
thopmom. MopiBHABLLM aHTUMIKPOBHY akTVBHICTb 3 96 % ekcTpakTom 6e3 06pobku XxNopodopMOoM, BiAMIHHOCTEN pesynbTaTiB He BUSIBUIN.

PiBEHb aHTMOKCUAAHTHOI aKTUBHOCTI NinodinbHOro ekctpakTy y 58,7 Ta 60,0 pasa meHwwni, Hix y 96 % ekcTpakTy nicns 06pobku xnopo-
chopmom Ta 96 % ekctpakTy 6e3 06pobkm BignosigHO.

BucHoBku. BctaHoBNEHO, LLO NINOMiNbHWIA €KCTPAKT aKTUBHILLIE NPUTHIYYBaB PICT rpaMno3nTUBHUX, rpaMHeraTuBHWX 6akTepin i C. albicans,
HDX eTaHOMbHI eKCTPaKTK, ane MaB HWU3bKUI PiBEHb aHTUOKCUAAHTHOI Aii. MpunycTunm, LWo KodeiH, opraHivHi KUCNOTW Ta KaTeXiHu MatTb
NpsSIMY CUHEPTeTUYHY aHTUMIKPOOHY Ta NPOTUIPUOKOBY aKTVBHICTb B EKCTPaKTax NMUCTS 3eNeHOro Yato. JlinodinbHWiA eKCTPaKT € nepcnek-

TUBHWUM ANs BUPOOHWLITBA @aHTUMIKPOBHMX i NPOTMrpnbKOBMX Npenaparis.

Knto4oBi crioBa: nucTsa 3eneHoro Yato, NinodinbHUIA eKCTpakT, KogheiH, OpraHiuHi KUCnoTu, hapMakonoriyHa akTUBHICTb.

AxTyanbHi nuTaHHA hapmaleBTUYHOI | MeanyHOI Hayku Ta npakTuku. 2024. T. 17, Ne 2(45). C. 108-114

Bacteria and fungi are single-celled organisms and among
the earliest forms of life on Earth. While many bacteria and
fungi are harmless and even beneficial, aiding in processes
such as food digestion in the human body [1]. Approximately
1 % of'these microorganisms are opportunistic or pathogenic,
capable of causing infectious diseases [2].

According to literature data, every year 7.7 million
people die from bacterial infections in the world, which
is 13.6 % of all deaths in the world. The main pathogens
that cause half of all bacterial deaths are: Staphylococcus
aureus, Escherichia coli, Streptococcus pneumonia, and
Pseudomonas aeruginosa [3]. Meanwhile, nearly a billion
people suffer from fungal infections of the skin, nails, and
hair, and more than 150 million people suffer from serious
fungal diseases that can later be fatal [4]. Consequently,
the search for new biologically active substances that will
have a high level of antimicrobial and antifungal effects
is still relevant today.

In infectious diseases, an excess of free radicals occurs
as a result of pathophysiological and biochemical processes
caused by the effects of pathogenic bacteria and fungi on
human cells [5]. Thus, free radicals play a crucial role in the
development of pathogenesis in infectious diseases.

In our opinion, green tea leaf (Camellia sinensis L.) are a
promising plant that may have antimicrobial, antifungal and
antioxidant effects. In our previous research, it was found that
the chemical composition of C. sinensis leaf is represented
by: flavonols (1.38 %), flavonones (0.25 %), phenolcar-
boxylic acids (1.34 %), flavan-3-ols (20.56 %), as well as
organic acids (1.80 %) and caffeine (2.56 %) [6,7]. Due to
the presence of flavan-3-ol derivatives, the extracts obtained
have powerful antioxidant, anti-inflammatory, antiviral, and
antimicrobial effects [§].

Today, scientists pay great attention to the study of the phar-
macological activity of extracts obtained with alcohol-water
and aqueous-alcohol extractants [9,10,11]. This is of great
interest to the scientific community due to the presence of
flavan-3-ol derivatives in raw materials, and primarily epigal-
locatechin-3-O-gallate [12,13,14]. But, at the same time, in
the scientometric database Scopus and Web of Science there
are no scientific works on the study of the quantitative content
of biologically active substances and the pharmacological
activity of the lipophilic extract of C. sinensis leaf.

Aim

The purpose of our work was to conduct phytochemical re-
searches to study the antimicrobial, antifungal and antioxidant
effects of lipophilic and ethanolic C. sinensis leaf extracts.

Materials and methods

Plant material. Green tea (Camellia sinensis L.) leaf was
collected in Anhui province, China (30.634140518993203,
116.33254121482477).

Equipment. The pH meter HANNA 2550 (Germany)
with a combined platinum electrode EZDO 50 PO (Taiwan)
was applied for potentiometric measurements. Quantitative
analysis of biological active compounds was carried out on
UV-spectrophotometer UV — 1000 (China) with matched
1 cm quarts cells. Weighing was carried out using digital
analytical balance AN100 (AXIS, Poland) with d=0.0001 g.

Extraction procedure. Procedure for obtaining lipophilic
extract: 25.0 g of crushed leaves were mixed with 500 mL of
chloroform. The extraction was carried out for 1 hour in a water
bath with a condenser, then repeated twice with a new portion
of the solvent. The obtained extracts were then filtered and
concentrated using a rotary evaporator to a volume of 50.0 mL.

Procedure for obtaining 96 % ethanol extract after chloroform.
The obtained raw material after extraction of chloroform was
dried at room temperature. Then the raw material was extracted
twice with 96 % ethanol for 1 hour in a water bath with a con-
denser, then repeated twice with a new portion of the solvent.
The obtained extracts were then filtered and concentrated using
a rotary evaporator to a volume of 50.0 mL.

Qualitative analysis. The total content of phenolic com-
pounds was measured by the Folin—Ciocaltau assay, the
optical density was measured at 760 nm [15]. The calibration
curve was plotted with interval concentrations 1.0-5.0 pg/ml,
the calibration equation Y =0.1055X +0.1745 (R?>=0.9951).
Expressed as gallic acid and calculated according to the
following equation:

C, x K, x 100

X (%) = v

, (Eq. 1)

where, C. is the concentration of gallic acid according to the
calibration curve, C x 10°® g/ml; V is the volume of extract,
ml; K, is the coefficient of dilution.
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The vanillin reagent assay was applied to find out the
total catechins [16], the absorbance was measured at
505 nm. The calibration curve was plotted with interval
concentrations 100400 x 10 g/ml, the calibration equation
Y =0.0025X-0.0851 (R2=0.9951). The total catechins con-
tent in the extract, expressed as epigallocatechin-3-O-gallate,
was calculated according to the following equation:

C x K, x 100

dil , Ea.?2
v (Eq. 2)

X(%) =

where, C. is the concentration of epigallocatechin-3-O-gal-
late according to calibration curve, C x 10 g/ml; V is the
volume of extract, ml; K, is the coefficient of dilution.

The total flavonoids were determined by assay of com-
plex formation with AICI,, the absorbance was measured
at 417 nm [17]. The total flavonoid content in the extract,
expressed as rutin was calculated according to the following
equation:

C xK, x 100
A xV

X(%) = : (Eq. 3)

where, A is the absorbance of analyzed solution; A_ is the
absorbance of standard solution of rutin; V is the volume of
extract, ml; K, is the coefficient of dilution.

The total hydroxycinnamic acids derivatives content was
measured by assay of complex formation with NaNO,~
Na,MoO,, the absorbance was measured at 505 nm [18]. The
total content of hydroxycinnamic acids derivatives in extract,
expressed as chlorogenic acid was calculated according to
the following equation:

C x Ky
188 xV

X(%) = ; (Eq.-4)

where, A is the absorbance of analyzed solution; 188 is
the specific adsorption coefficient of chlorogenic acid; V is
the volume of extract, ml; K, is the coefficient of dilution.

The total organic acids content was determined by acid-
base titration with the fixation end-point by potentiometric
method [19]. The total content of organic acids in the extract,
expressed as citric acid was calculated according to the fol-
lowing equation:

~ V)% 0.0032 x K, x K x 100)

A\
X(%): ( equiv V

, (Eq.5)

where, 0.0032 is the amount of citric acid, which is equi-
valent to 1 ml of sodium hydroxide solution (0.05 mol/l), g;
Vo 1 the volume of sodium hydroxide solution (0.05 mol/1),
which was used for titration, ml; VX is the volume of sodium
hydroxide solution (0.05 mol/L), which was spent for titration
in a blank experiment, ml; V is the volume of extract, ml; K
is the coefficient of dilution; K is the correction coefficient
for 0.05 mol/l sodium hydroxide solution.

The content of caffeine was assessed by molecular adsorp-
tion analysis [19]. The total content of caffeine in the extract
was calculated according to the following equation:

A X Kd”xmstx 100 x 100

X(%) = A XV
st

, (Eq. 6)

where, A is the absorbance of analyzed solution; A_ is the
absorbance of standard solution of caffeine; V is the volume
of extract, ml; K, is the coefficient of dilution.

Antioxidant activity assay. The antioxidant activity of the
extract was evaluated by the potentiometric method [20,21].
Antioxidant activity was calculated according to the following
equation and expressed as mmol-equiv./m

AOA = M
1+

dry res.”

red : ml
x Kdilx 103 x ,
o m2

where, ¢ = C_ / C_, x 10AF - Eehanenf23RT s the con-
centration of K [Fe(CN),], mol/I; C_, is the concentration
of K,[Fe(CN),], mol/l; E,, - 0.0546-C, —0.0091; C, is
the concentration of ethanol; AE is the change of potential;
F =96485.33 C/mol is Faraday constant; n = 1 is the num-
ber of electrons in electrode reaction; R = 8.314 J/molK is
universal gas constant; T — 298 K; K is the coefficient of
dilution; m, is the mass of dry residue; m, is the mass of dry
residue in 1.0 ml of extract.

Epigallocatechin-3-O-gallate, 60 % extract of C. sinensis
leaf was used as the standard.

Test organisms. «Museum strains of Staphylococcus
aureus ATCC 25923, Staphylococcus aureus ATCC 6538,
Escherichia coli ATCC 25922, Proteus vulgaris NTCS 4636,
Pseudomonas aeruginosa ATCC 27853 and Candida albicans
ATCC 885/653 were used by the recommendations for the
assessment of antimicrobial activity of drugs.

Antimicrobial activity assay. In our study, we used the
extract solution, the solvent of which was 60 % ethanol.
The method of diffusion of the drug into agar was carried
out by the “wells” method [22]. Studies of antibacterial
activity were performed by the “wells” method. Preparation
of microorganisms suspensions with determined concentra-
tions of microorganisms (optical density) was carried out
by the standard of turbidity (0.5 units according to the scale
of McFarland) with equipment of Densi-La-Meter (Czech,
wavelength 540 nm). Suspensions were prepared according
to the equipment and information list. The colony forming
unit was 107 microorganisms at 1 ml of growth medium and
determined by the standard of McFarland). On solidified agar,
by a pipette under sterile conditions in Petri dishes 1 ml of
a suspension of microorganisms. After uniform distribution
of microorganisms over the entire surface of the agar, the
plates were incubated at room temperature for 15-20 minutes.
Next, wells with a diameter of 6 mm were made in the cups,
into which solutions of the test substances were introduced.
The samples were incubated at 37 °C for 1624 hours. After
incubation, the plates were placed upside down on a dark
matte surface so that light fell at an angle of 45° (accounting
for reflected light). The diameter of the growth retardation
zones was measured by the caliper [23].

Gentamicin and fluconazole were used as reference drugs
for assessing antimicrobial and anti-fungal activity.

(Eq. 6)
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Table 1. Results of determination of total content of phenolic compounds, catechins, flavonoids, hydroxycinnamic acids, organic acids, and caffeine in
C. sinensis extracts

Sample

Total phenolic

compounds,
%+ SD

Total catechins,

% + SD

% + SD

Total flavonoids,

Total hydroxy-
cinnamic acids,
% + SD

Caffeine, % * SD

Total organic
acids, % = SD

Lipophilic extract 0.43+0.02 - - - 1.21+0.01 0.80£0.01
96 % extract after chloroform 8.20+0.20 8.39+0.20 0.51 +£0.02 0.77 £0.02 0.10+0.01 0.53+0.01
96 % extract 8.67£0.20 8.40+0.20 0.51+0.02 0.78 +0.02 0.31+0.01 1.32+0.01

SD: standard deviation, n = 3.

Table 2. Results of antimicrobial and anti-fungi of C. sinensis extracts

Concentra- Diameter of the growth retardati +

tionmmollL,

in total poly- ) —

phenols as Bacillus Escherichia | Proteus Pseudo-

gallic acid) subtilis coli vulgaris monas

aeruginosa

Lipophilic extract 0.008 32.33+0.33 [30.67+0.20 |29.00+0.20 |24.33+0.33 [25.67+0.20 |24.00+0.20
96 % extract after chloroform 0.14 26.33+0.33 |25.67+0.20 |23.67+0.67 [21.33+0.33 [22.67+0.20 |20.000.20
96 % extract 0.15 32.00+0.20 [31.00+0.20 |28.33+0.33 |24.33+0.33 [25.00+0.20 |24.00+0.20
96 % ethanol - 14.00+0.20 |14.00£0.20 |13.00+0.20 |[13.00+0.20 |13.00+0.20 |13.00+0.20
Gentamycin 0.0032 22.00+0.20 |24.00+0.20 |25.33+0.33 [25.00+0.20 |25.67+0.67 |12.00+0.20
Fluconazole 0.003° 18.00+0.20 [12.00+0.20 |14.33+0.33 |12.33+0.33 |10.00+0.20 |20.00+0.50

a: molar concentration of gentamycin; b: molar concertation of fluconazole; SD: standard deviation, n = 3.

Results

The lipophilic extract from C. sinensis leaf, as well as two
ethanolic extracts, one with pre-treatment of the raw material
with chloroform and the other without, were obtained. Ac-
cording to the results shown in Table 1, it was found that the
content of phenolic compounds was 0.43 +0.02 % in the 96 %
extract after treatment with chloroform and 8.20 + 0.02 % in
the 96 % extract without chloroform treatment. The differ-
ence in the content of phenolic compounds between the two
96 % extracts was 0.47 %, which practically corresponds to
the content of phenolic compounds in the lipophilic extract.

The amount of catechins expressed as epigallocate-
chin-3-O-gallate was 8.40 £ 0.20 % in the 96 % extract,
and 8.39 £ 0.02% in the 96 % extract after treatment with
chloroform, in turn, in the lipophilic no catechins were de-
tected in the extract. The quantitative content of the sum of
flavonoids expressed as rutin in the two ethanolic extracts
was 0.51 &+ 0.02 and was not found in the lipophilic extract
(Table 1).

Table 1 shows that the content of the total hydroxycin-
namic acids in the 96 % ethanolic extract without treatment
with chloroform was 0.78 + 0.02 %, and in the extract after
treatment with chloroform it was 0.77 £ 0.02 %. No hydroxy-
cinnamic acids were found in the lipophilic extract.

The highest caffeine content was determined in the lipo-
philic extract (1.21 £ 0.02 %), and the lowest in the 96 %
extract after treatment with chloroform (0.10 = 0.01 %).
The content of organic acids expressed as citric acid in the

lipophilic extract of C. sinensis was 0.80 + 0.01 %, in the
96 % ethanolic extract it was 1.32 £ 0.01 %, and in the 96 %
extract after treatment with chloroform, it was 0.53 £0.01 %.
The difference between the two ethanolic extracts was
0.79 £ 0.01 %, corresponding to the content of organic acids
in the lipophilic extract (Table 1).

The lipophilic extract of green tea leaves contains higher
levels of caffeine and organic acids, while phenolic com-
pounds are presented in lesser amounts. In contrast, the
ethanolic extracts show the opposite trend, with phenolic
compounds dominating but lower levels of caffeine.

Table 2 illustrates the significant antimicrobial and anti-
fungal activity exhibited by all the extracts obtained. The
lipophilic extract demonstrates superior inhibition of growth
compared to the 96 % ethanolic extract treated with chloro-
form, with respective improvements of 19 %, 18 %, 12 %,
12 %, 16 %, and 20 % against S. aureus, E. coli, P. vulgaris,
B. subtilis, and C. albicans. Furthermore, the antimicrobial
activity remains unchanged compared to the 96 % extract
without chloroform treatment.

Comparing the obtained results with the reference standard
gentamicin, it was observed that S. aureus, B. subtilis, and
E. coli exhibited less sensitivity to gentamicin compared
to the lipophilic extract, the 96 % extract after chloroform
treatment, and the 96 % ethanolic extract of C. sinensis leaf.
Conversely, P. vulgaris and P. aeruginosa were more sen-
sitive to gentamicin. In terms of antifungal activity against
C. albicans, it was found that the lipophilic extract, the 96 %
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Table 3. Results of antioxidant activity of C. sinensis extracts

Antioxidant activity, mmol-eqv./m,_ Conditional term of antioxidant activity

Lipophilic extract 10.30£0.10 Lower Medium
96 % extract after chloroform 605.00 + 6.00 Very high
96 % extract 617.29 + 6.00 Very high

Table 4. Level of antioxidant activity of C. sinensis leaf extracts and standard: epigallocatechin-3-O-gallate at concentration 0.03 mol/L

Concentration, mol/L Antioxidant activity, mmol-eqv./m, . +SD

Lipophilic extract 0.03

96 % extract after chloroform

96 % extract

Epigallocatechin-3-O-gallate

10.30£0.10

37.81+2.00

37.80+2.00

30.78 £ 2.00

extract after chloroform treatment, and the 96 % ethanolic
extract of C. sinensis leaf were more effective at inhibiting
fungal growth than fluconazole (Table 2).

The level of antioxidant activity of the obtained extracts
was studied by the potentiometric method. According to the
research results, it was found that the level of antioxidant
activity of the lipophilic extract was 58.7 and 60.0 times
less than the 96 % extract after treatment with chloroform
and 96 % extract without treatment, respectively. Although,
according to the developed classification of the “strength” of
antioxidant activity according to Maslov, the lipophilic extract
has a level of antioxidant activity that is below average, 96 %
extract after treatment with chloroform is very high, and 96 %
extract without treatment is very high (Table 3).

Further, it was prepared solutions (in terms of the amount of
polyphenols expressed as gallic acid) of extracts with 0.03 M
concentration of C. sinensis leaf extracts and epigalloca-
techin-3-O-gallate. As a result of the study, it was found that
the level of antioxidant activity of 96 % extract, 96 % extract
after chloroform C. sinensis leaf were higher of standard epi-
gallocatechin-3-O-gallate, whereas the level of antioxidant
activity of lipophilic extract was lower (Table 4).

Discussion

The analyzed extracts from C. sinensis leaves exhibited
high antimicrobial and antifungal activity against strains of
S. aureus, P. aeruginosa, P. vulgaris, B. subtillis, and C. albi-
cans. While the concentration of polyphenols in the extracts
was three times lower than that of gentamicin and fluconazole,
it might initially appear that the antimicrobial and antifungal
activity of the C. sinensis leaf extracts is significantly inferior
to that of gentamicin and fluconazole. However, it is impor-
tant to note that gentamicin carries serious toxicity risks to
the auditory nerve, kidneys, and liver, potentially leading to
severe complications. In contrast, despite the lower concen-
tration, fluconazole and C. sinensis leaf extracts exhibited
comparable antifungal effects. Fluconazole is recognized as
aleading antifungal agent, albeit with weaker activity against
gram-negative and gram-positive bacteria. In contrast, C. Si-

nensis leaf extracts demonstrated sensitivity against bacterial
and fungal strains. Therefore, C. sinensis leaf extracts repre-
sent a promising pharmaceutical option with a wide spectrum
of action against various strains of bacteria and fungi, while
also possessing reduced toxicity.

Many studies show that the antimicrobial and antifungal effect
is associated with the presence of catechin derivatives. We set
out to disprove this by producing three C. sinensis leaf extracts:
alipophilic extract, a 96 % extract without chloroform treatment,
and a 96 % extract after chloroform treatment. As a result of
three different extractions, the biologically active substances of
the C. sinensis leaf were separated by polarity. Thus, derivatives
of organic acids, caffeine, as well as some phenolic compounds
were extracted into the lipophilic extract; we assume this may
be the presence of gallic acid. At the same time, 96 % of the
extract was extracted after treatment with chloroform, phenolic
compounds, catechins, flavonoids, hydroxycinnamic acids, and
some parts of organic acids and caffeine. Meanwhile, in the 96 %
extract without treatment with chloroform, all the main biolo-
gically active substances were extracted from the raw material,
phenolic compounds, caffeine, and organic acids.

Based on the above results of the antimicrobial and antifun-
gal activity of the extracts, it was found that the 96 % extract
after treatment with chloroform is an order of magnitude
inferior to the lipophilic and 96 % extract without treatment
with chloroform. Thus, we can say that organic acids and
caffeine also have antimicrobial and antifungal effects, there-
by potentiating the activity of catechins and other phenolic
compounds. At the same time, the level of antioxidant activity
of the lipophilic extract is significantly lower than ethanol
extracts, which suggests that caffeine and organic acids in
no way have an antioxidant effect. Meanwhile, 96 % of the
extracts have a high level of antioxidant activity.

Hence, we hypothesize that caffeine, organic acids, and
catechins interact synergistically to enhance antimicrobial
and antifungal activity, while caffeine and organic acids in-
dividually do not exhibit antioxidant effects. As a result, the
extract, tincture, and infusion constitute complex preparations
wherein biologically active substances interact synergistical-
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ly, operating through multiple mechanisms [24]. In our view,
itis inaccurate to attribute the pharmacological activity solely
to one group of biologically active substances.

Conclusions

1. We conducted a study to quantify the content of phe-
nolic compounds, catechins, flavonoids, hydroxycinnamic
and organic acids, and caffeine in lipophilic and two ethanolic
extracts of green tea leaves.

2. Thelipophilic extract demonstrated potent inhibition of
Gram-positive and Gram-negative bacteria as well as fungi,
albeit with a low level of antioxidant activity.

3. Our findings suggest that caffeine and organic acids
act as catechin agonists, enhancing the antimicrobial and
antifungal effects of C. sinensis leaf extracts. Therefore, the
lipophilic extract holds promise for the development of future
antimicrobial and antifungal drugs.
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dapmakonoriyHuu noteHuian 3,5-aumeTnn-4-(3-(5-HitpodypaH-2-in)
aninigpeHamiHo)-1-ankin-1,2,4-tpiasonin opomigis

A. C. Touyns@#*AP_ Q. |. MaHaceHko@AEF T, C. BpuTtaHosa=BCP

3anopisbkuil AepxaBHUN MeanKo-apMaLeBTUYHUIA yHIBepcuTeT, YkpaiHa

A — KoHUenNUiA Ta Au3aitH gocnimkenHs; B — 36ip aaHux; C — aHanis Ta inTepnpeTauis gaxnx; D — HanucanHs cTartTi; E — peparyBanHs cTarTi;
F — ocTatoyHe 3aTBepmeHHs cTaTTi

CTBOpEHHS HOBMX NOXigHUX 1,2,4-Tpia3ony € NepcrnekTUBHIM Y rany3i po3pobku iHHOBALNHMX Nikapcbkux 3acobiB. Baxnmeum dhaktopom, skui
3yMOBITIOE BMOIP AOCMIAHUKIB HA KOPWUCTb MOXIAHUX LEi reTEePOLMKIIYHOI CUCTEMM, € MOXITMBICTb CTBOPIOBATU XiMiYHI CUCTEMM 3 HEODXIOHUMMU
(hapmaKkoKiHETUYHMMM Ta hapMaKoAVHAMIYHAMI NMapamMeTpamu, Lo 3abesnevye HeoOXiaHUIA BNMB Ha BrU3HaueHi bionorivxi miweHi. Okpemo cnig
HarornocuTX Ha NOPIBHAHO HI3LKOMY PiBHI TOKCUMHOCTI Ta HEBMCOKMX PU3NKaxX MyTareHHOCTi, WO BracTyBi TPia3onoBMICHUM BiONOrYHO aKTUBHAM
cronykam. CuHepriyHe NoeaHaHHS Ha3BaHUX XapaKTEPUCTIK CTBOPIOE CMIPUSTIIMBI YMOBM Anst (hOPMYyBaHHS KOMMIIEKCHOTO EGDEKTY, SIKVIA 3pELUTOLD
[ae 3MOory ofiepXaTi opuriHanbHy 6ionoriyHo akTUBHY CyBCTaHLit Ta BioKpUBA€E HOBI MOXIIMBOCTI NS YCTLLIHOIO NMiKyBaHHS! Pi3HIX 3aXBOPIOBAHb.
BaxnuByM iHCTPYMEHTOM Ha LUNSXY A0 OfepaHHs BioaKTUBHIX MONEKYM, SKUIA Aa€ 3MOTY YCTLLHO AOCATHY T HEODXiOHWX pe3ynbTaris, € BUKOpU-
CTaHHS LLIMPOKOrO CrieKTpa XiMiYHUX NepeTBOpeHb | PyHKLIOHani3aLil. Y Lisomy acnekTi 1,2,4-Tpia3on i Moro NoxigHi HaaaTb MOXITMBICTb MPAKTUYHOT
pearni3alLii NOBHOTO crekTpa HeobXiaHMX XiMiYHNX NEPETBOPEHD 15 (hOpMYBaHHS MOKPALLIEHNX (hapMaKOKIHETUYHMX | hapMakoayHaAMIYHUX MOKA3HIKIB.

Meta po6oTy — nonepenHe OLiHIOBAHHS MOXIMBOCTI CTBOPEHHS Ha OCHOBI 3,5-AumeTun-4-(3-(5-HiTpodypaH-2-in)aninigeHamino)-1-R-1,2,4-Tpi-
a3onii ranoreHigis GionoriYHo akTMBHOI cyBcTaHLii.

Marepianu i meToau. [Ins ouiHioBaHHS Be3neku Ta NOTEHLINHOT TOKCUYHOCTI Ha3BaHKX CNoMyK BkoHanM in silico aHanis, sikuid peanisoBysanm
3a JOMOMOrok nporpamHoro 3abesnevenHs T.E.S.T., poapobneHoro AreHTCTBOM 3 OXOPOHU HaBKONMLLHBOTO cepeaoBuiLa CLUA. BukopuctaHo
SwissADME oHnaiiH-pecypc sk epeKTUBHUIM IHCTPYMEHT AOCTILKEHHS (i3MKO-XiMIYHUX BNACTUBOCTEN i (DapMaKkOKiHETUMHUX NapameTpiB 3a-
MPOMOHOBaHVX ANt BUBYEHHS CMOIYK. 3aCTOCOBAHO METOZ MOMEKYNSIPHOIO JOKIHIY, KA BUKOPUCTOBYE PidHi 064MCIOBanbHi anroputmm Ans
MPOrHO3yBaHHs Ta aHanidy B3aEMOLIi: BU3HAYEHHS MOXMMBUX MiCLib 3B'3yBaHHS1, OLIiHIOBAHHS €HEPTii 3B’A3yBaHHS Ta NPOCTOPOBOIO B32EMHOTO
po3TaluyBaHHs Monekyn. Mogeni niraHziB CTBOpeHO 3a gonomoroto nporpam MarvinSketch 6.3.0, Hyper Chem 8 i AutoDockTools-1.5.6. ins
MiAroTOBKM €H3MMIB ANS aHanisy 3actocysanu nporpamHi 3acobu Discovery Studio 4.0 Ta AutoDockTools-1.5.6; 4ns npsaMoro MonekynspHoro
[OKiHry — nporpamy Vina, sika fae 3Mory nporHo3yBartu i OLiHI0BaTU B3aEMOZi0 MK MOMEKYNO-MiraHAO0M | TPUBUMIPHOK CTPYKTYPOIO Liifbo-
BOro Girka, BpaxoByHUM iXHKO eHepreTUYHy Ta MPOCTOPOBY CYMICHICTb.

PesynkraTu. 3ailicHeHO NpecKpuHIHroBUIA aHania BipTyansHoro Habopy 6pomigis 3,5-anmetnn-4-(3-(5-HitpodypaH-2-in)aninigeHamiso)-1-an-
kin-1,2,4-Tpiasonito, Siki € NOTEHLINHUMM KaHAMAATaMW Ans HACTYNHOTO CUHTE3y GionoriYHo akTUBHKX CMoMyK. Ha NpeauKTMBHOMY piBHi BCTa-
HOBMEHO 3arasibHWi PiBEHb TOKCUYHOCTI Ta HELLKIAIMBOCTI. BCTaHOBMM KOYOBI (i3NKO-XiMIYHI XapaKTePUCTKL MOSIEKYI, @ TaKOX BUSIBNEHO
3aranbHi hapMakoKiHETUYHI NOKa3HWKW, LLIO Ja€ 3MOTY KpaLLie 3p0o3yMiTy iXHI0 B3aEMOZt0 Ta NOBEiHKY B OpraHiami. AKTUBHI LIEHTPW MOAEMNbHNX
tbepmeHTIB NpoaHaniayBanu 3a [OMOMOro NporpamHoro 3abeanedyeHHs Vina, WO CNpuUsie KpaoMy po3yMiHHIO B3aEMOZIT eH3UMIB 3 iXHiMu
cybcTpatamu. BignoBigHo 1o pesynbratis oChimKeHb, 30inbLUeHY iMOBIPHICTL (hOpMYBaHHS NPOTU3anansHUX i NPOTUPaKOBUX BNACTUBOCTEN
BW3HaYalThb B 1-ankinnoxigHux 3,5-gumetun-4-(3-(5-HiTpodypan-2-in)aninigeHamiHo)-1,2,4-Tpia3onito ranoreHigiB 3 HeNapHoK KinbKicTo
atomie KapOoHy. HareuLuoto adiHHiCTIo 10 naHocTepon 14a-aemeTnnasn xapakteprayrTbesl MOXiAHi 3 OKTUMbHUM | HOHINTbHUM 3aMiCHVUKaMK;
Lie CBIAYMTb NPO NEBHY iMOBIPHICTb BUSBMEHHS NPOTUrPUOKOBOT aKTUBHOCTI.

BucHoBku. [porHos LWogo cTBOpeHHs 6ionoriyHo akTUBHOI cybcTaHLii 3 BUKopucTaHHAM 1-ankinnoxigHux 3,5-anmetnn-4-(3-(5-HitpodypaH-2-in)
aninigeHamio)-1,2,4-Tpiasonito ranorexiais € 4OCUTb NO3MTUBHUM. PapmakoamHamiyHi in silico focnimpkeHHs AatoTb 3MOTY ieHTUAIKYBaTM Lit0 rpyny
CroNyK Ik NOTEHLLIHE [KEPENo oaepaHHs H6ioNorivYHO aKTUBHUX PEYOBWH i3 MPOTK3anarnbHOK, MPOTUMPUBKOBO Ta MPOTUPAKOBOIO AKTUBHICTIO.

Kntovogi cnoa: 1,2,4-Tpia3on, BnactueocTi, in silico gocnimkeHHs, 6ionoriyHmin noteHuian.
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Pharmacological potential of 3,5-dimethyl-4-(3-(5-nitrofuran-2-yl)allylidenamino)-1-alkyl-1,2,4-triazolium bromides
A. S. Hotsulia, O. I. Panasenko, T. S. Brytanova

The discovery of new 1,2,4-triazole derivatives offers significant potential for the development of innovative medications. Researchers often
favor derivatives of this heterocyclic system due to their ability to create chemical structures with desired pharmacokinetic and pharmacody-
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namic properties, allowing for targeted effects on specific biological targets. Importantly, biologically active compounds containing triazole have
demonstrated relatively low toxicity and minimal risks of mutagenicity. The synergistic combination of these characteristics provides favorable
conditions for the development of complex therapeutic effects, ultimately leading to the creation of novel biologically active substances and
offering new avenues for the effective treatment of various diseases.

Indeed, the utilization of a diverse array of chemical transformations and functionalizations is crucial for obtaining bioactive molecules with
desired properties. In this context, 1,2,4-triazole and its derivatives offer a platform for executing a comprehensive range of chemical transfor-
mations, thereby enabling the development of compounds with enhanced pharmacokinetic and pharmacodynamic parameters.

The aim of the study was to preliminarily assess the possibility of creating a biologically active substance based on 3,5-dimethyl-4-(3-(5-nitro-
furan-2-yl)allylidenamino)-1-R-1,2,4-triazole halides.

Materials and methods. In silico analysis was used to assess the safety and potential toxicity of the presented compounds, which was imple-
mented using the T.E.S.T. software developed by the US Environmental Protection Agency. SwissADME is an online resource as an effective
tool for studying the physicochemical properties and pharmacokinetic parameters of the compounds proposed for study. A molecular docking
method that uses a variety of computational algorithms to predict and analyze interactions, including determining the presence of possible
binding sites, estimating binding energies, and the spatial arrangement of molecules. The ligand models were created using MarvinSketch
6.3.0, Hyper Chem 8, and AutoDockTools-1.5.6. Discovery Studio 4.0 and AutoDockTools-1.5.6 have been used to prepare the enzymes for
analysis. For direct molecular docking, Vina software has been used, which allows predicting and evaluating the interaction between the ligand
molecule and the three-dimensional structure of the target protein, taking into account their energy and spatial compatibility.

Results. A virtual set of 3,5-dimethyl-4-(3-(5-nitrofuran-2-yl)allylidenamino)-1-alkyl-1,2,4-triazolium bromides was prescreened, which are
potential candidates for the further synthesis of biologically active compounds. The general level of toxicity and harmlessness was determined
at the predictive level. The key physicochemical characteristics of the molecules have been determined and the general pharmacokinetic para-
meters have been identified, which allows for a better understanding of their interaction and behavior in the body. The active sites of the model
enzymes were analyzed using Vina software, which contributes to a deeper understanding of the interaction of enzymes with their substrates.

According to the results of the study, an increased probability of the formation of anti-inflammatory and anticancer properties occurs in 1-alkyl
derivatives of 3,5-dimethyl-4-(3-((5-nitrofuran-2-yl)allylidenamino)-1,2,4-triazolium halides with an odd number of Carbon atoms. Instead, the
highest affinity for lanosterol 14a-demethylase has been demonstrated in the studied derivatives with octyl and nonyl substituents, which
shows a certain probability of antifungal activity.

Conclusions. The prognosis for the creation of a biologically active substance using 1-alkyl derivatives of 3,5-dimethyl-4-(3-(5-nitrofuran-2-yl)
allylidenamino)-1,2,4-triazolium halides is quite favorable.

Keywords: 1,2,4-triazole, properties, in silico studies, biological potential.
Current issues in pharmacy and medicine: science and practice. 2024;17(2):115-121

CIIOJTYK aJIKIJIBHOTO (hparMeHTa CTBOPIOE CIIPHSTINBI YMOBH
JUTS T BUIIIEHHS IMOBIPHOCTI ()OpMYBaHHS ITEBHOT Oi0J10T14-

JocaimxeHHs, CIpsSIMOBaHI Ha CTBOPEHHS 010JOTIYHO
AKTHBHUX PEYOBHMH 13 BUKOPUCTAHHSIM a30TOBMiCHUX

TeTePOIMKIIYHIX CUCTEM, € KIFOUOBMM HampsMoM y dap-
MareBTHuHIH ramysi [1,2,3,4]. OnHa 3 TOJOBHUX TepeBar
TeTePOLMKIIYHIX CHONIYK — iXHS 3JaTHICTH J0 JOCTYITHOT
XiMigHOI TpaHC(opMarlii, 0 MOXKE AaTH 3MOTy c(hopMyBa-
TH HEeoOXimHI (i3uKo-XiMiuHI a00 Oi0TOTIYHI BIACTUBOCTI
[5,6,7,8]. OuikyBaHUM HACIIJIKOM MOXE OyTH OCpKaHHS
IHHOBAIIIHOTO JIIKapCHKOTO 3ac00y [9].

[TizBuIIeHNI piBEHb HAYKOBOTO IHTEPECY TOCIITHHKIB 10
noxijauX 1,2,4-Tpia3oy OB’ sI3aHMi 31 3HAYHOIO (hapMaKo-
JIOTIYHOIO Pi3HOMAHITHICTIO, IO CIPHUSIE CTBOPESHHIO HEO0-
X1JJHAX YMOB 1 JJa€ 3MOTY pO3pOOJISITH HOBI JTIKapChKi 3aCO0M
[5,6,7,9,10,11,12,13,14]. Peaizawis aHaJi3y JiraHa-penen-
TOPHOI B3a€EMOIi1 J1a€ 3MOTY 11eHTH(IKYBaTH KIIFOYOBI TOUKH
KOHTAKTY Ta BU3HAYUTH ONITUMAJIbHI HAITPSIMU (DyHKITIOHAITI-
3aI1ii, cipsIMOBaHi Ha TIOKpaIeHHs apiHHOCTI, CETIeKTUBHOCTI
Ta 0i0IIOTiYHOT aKTHBHOCTI MoXigHux 1,2,4-Tpiazomy [15].

BBeneHHs 10 CTPYKTYpH MIJTLOBUX MOJICKY aJIijIiIeHO-
BOTrO (hparMeHTa € JOCUTH IEePCIECKTUBHUAM, BPaxOBYIOUH
TIpUpOJTy eNeKTpoHHUX edekTis. Lle, cBoero ueproro, Moxe
BIUIMHYTH Ha (OPMYyBaHHS MEBHOI O10JOTIYHOI BiAIOBi.
JonarkoBe moeqHaHHS MbOTO (parMenTa 3 1,2,4-tpiaszoino-
BHM 1 5-HITpO(ypaHOBUMH CHHTOHAMH JIA€ 3MOTY €(hEKTUBHO
peaitizoByBatH riopua-hapmMakopOpHi MiIXOIH Ha MIIIXY 10
O7iepyKaHHs IIEPCIIEKTHBHOI Ta OPUTiHAIBEHOT O10JIOTTYHO aK-
TUBHOI cyOcTaHiii. JlomaTkoBa mosiBa B CTPYKTYPi HA3BAHUX

HOI aKTMBHOCTI Ta MOK€ MaTH HEOOXIIHUH BILIMB HA HU3KY
BOXJIMBUX (hapMaKOKIHETUYHUX MOKA3HHKIB, HANPUKIA],
OB’ S3aHMX 13 O10JJ0CTYIHICTIO.

OTKe, BpaXxoByIOUM BaroMHil HayKOBHH MOTeHMiau 1-aj-
KinoxigHux 3,5-aumerun-4-(3-(5-uirpodypan-2-in)anisi-
JeHaMiHO)- 1,2,4-Tpia30Iifo TaNOTeHIIIB, JOCTIIKCHHS ITi€i
TPYIH CITOJTYK JITsl BCTAHOBJICHHSI IXHBOTO (papMaKoJIOTiYHOTO
npodiro € aKTyalbHUM 1 IPAKTUYHO 3HaYyIMM [16].

MeTa po6otu

[TomepenHe OIiHIOBaHHS MOKIHUBOCTI CTBOPEHHS Ha OC-
HOBI 3,5-numMeTni-4-(3-(5-uirpodypan-2-im)anisgigeHami-
HO)-1-R-1,2,4-Tpia3zoniii ranoreHiniB GI0JOTIYHO AaKTUBHOL
cyOcTaHIIii.

Marepianu i MeTogu gocnimkeHHs

[ToTeHwiiHO TOKCHYHI CIIOTYKH BUSIBIISLIH, BHKOPUCTOBYFOUH
nporpamue 3abe3nedernds T.E.S.T., mo po3pobneHe AreHT-
CTBOM 3 OXOPOHH HaBKOJUIIHBOTO cepeponuina CIIA [17].
Y npomy nocmimkensi mporpamy T.E.S.T. 3actocyBamm mis
BUSIBJICHHS IIOTCHITITHO TOKCHYHHUX PEYOBHH IIUIIXOM aHAITI3Y
IXHiX (pi3UKO-XIMIYHHX BJIACTUBOCTEH, 3ATHOCTI 10 HAKOITH-
YEeHHS B )KUBUX OpPraHi3Max, a TAKOX JJIsI OI[IHIFOBAaHHS PiBHS
rocTpoi BOIHOT TOKCHYHOCTI.
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]
ONN \
Puc. 1. CTpykTypa peyoBuH, ki 3amyyeHi 4o in silico gocnimpkeHHs.

IMix gac mocuimkensr ADME (morinwHaHHS, pO3MOMLI,
MeTa0oJTi3M, BUBE/ICHHST) BUKOPHCTAITH OHJIAWH-TIPOTrPaMHUH
naket SwissADME. Lle masno 3mory oxeprxkaru iHopmairiro
PO pi3HOMaHITHI (papMaKOKIHETHYHI TapaMeTpH, TIOB’ sI3aH1
3 JIOCTI/PKSHUMH CIIOJTYKaMHu.

Hns mokinr-anamnizy 3D-moneneid JirasiiB i 1idb0-
BHX PELENTOPIB 3aCTOCYBaIM NPOrpaMHUN KOMILIEKC
AutoDockTools [18,19,20]. Ctpykrypa MoaenbHuX Gep-
MEHTIB oTprMaHa 3 6a3u nanux Protein Data Bank. Ipomec
MOJICKYJIIPHOTO JIOKIHTY MepeadadaB TpPH MOCIIIOBHUX
eTany: MiJATOTOBKM CTPYKTYPHUX MaHUX JIraHaiB 1 peren-
TOpiB, OE3MOCEPEIHBO MPOLECY JOKIHTY, a TAKOXK aHaJIi3y i
IHTEpIIpeTaLlii pe3y/IbTaTiB.

[TigroroBka miranay BKITIOYaia KijbKa eTariB:

a) CTBOPEHHS CTPYKTYpHHX (POPMYN CHONYK Yy (hopmari
* mol 3a gomomoror MarvinSketch 6.3.0;

0) moOynoBa TPUBUMIPHUX MOJCIICH PEYOBHH, BUKO-
PHUCTOBYIOUYHM METOI MOJICKYJsIpHOT MexaHiku MM+ i
HaIiBEMITIpHYHUNA KBaHTOBO-MeXaHIyHUN MeTox PM3 3
anroputmoM Polak-Ribiere B mporpamMaOMy 3a0e3meucHH1
HyperChem 8§;

B) (hikcartist Monekyin y opmari *.pdb;

r) xouBepraiis y ¢popmar *.pdbqt 3a momomororo
AutoDockTools-1.5.6.

[epen akTrBHOIO POOOTOIO 3 (hEPMEHTOM BXKHTO MiJIrO-
TOBYHX 3aXOJIiB:

a) y MOJICNIBHIH CTPYKTYpPi BUKJIFOUCHO TaKi KOMITOHCHTH,
SIK MOJICKYJIM BOIM Ta BHXIiTHI JITaHIH; IS IIbOTO BUKOPH-
cramu Discovery Studio 4.0;

0) xoHdirypauist GpepmenTty 30epekena y dpopmari *.pdb;

Tabnuus 1. In silico ouiHIOBaHHS TOKCUYHOCTI CUHTE30BaHUX CMOMYK

Y

H.C CnH2n+1

s /
—N+
; \ x

N Br-

CH, n=3-10

B) (hepMeHT KOHBepTOBaHO Yy hopmar *.pdbqt i3 3airyden-
usiM AutoDockTools-1.5.6.

Jai 3nificHIIM MOJIEKYIISIPHUN TOKIHT:

a) TIPOIEC MOJIEKYJSIPHOTO JOKIHTY 3[IHCHUIIN 32 JIOTO-
Moroxo Vina;

0) pe3ysbTaTH MOJIEKYJSIPHOTO JOKIHTY Bi3yalli3oBaHi
W mpoaHnaiizoBaHi rpagdiuHo 3a nornomororo Discovery
Studio 4.0.

AHaJti3 HayKOBUX JIAaHUX, 110 OZIEPYKaJIN y pe3yJIbTari oris-
Jly Cy4acHOT HayKOBO1 JIITepaTypH, 1aB 3MOT'y 3alIpOIIOHYBaTH
LITBOBY IPYITY CIOMYK JUTst 3ikCHeHHs iN SiliCO mocimKeHs.
OOGrpyHToBaHo oOpanu 1-ankinmoxiaHi 3,5-aumernn-4-(3-(5-
HITpOodypaH-2-in)ajiiigenamino)- 1,2,4-rpiazomito Opominu
(puc. 1).

Pesynbratu

BpaxoBytoun 3HaueHHs BapiaOeJbHOCTI JIETaIbHUX 103,
10 OJIep>KAJIM BHACIIIOK OOUKMCIICHHS, MOXKHA BKIJIIOUMTH
PO3IISIHYTI CIIOTYKH JI0 TPYIIH PEYOBHH, 110 HE € MOTCHITIH-
HO BHMCOKO HEOE3MEYHUMH JUIsi CHPUYMHEHHSI Ta PO3BUTKY
OTpy€HHs. [HTepBas NMPOrHO30BAHUX HAITIBIETAIBHUX 103
cranoBuB 358,24—665,24 mr/kr (maobn. 1). HaiimeHiie pos-
paxoBane 3HaueHns LD,  (urypu, nepopanbHe BBEIECHHS)
HaNeXUTh 1-rexcnn-3,5-mumerni-4-((3-(5-nirpodypan-2-
un)anitizgeH)amino)-1,2,4-tpiazon-1-iii 6pominy (4), 1o gae
3MOT'Y BU3HAUHTH I[fO CIIOJYKY SIK IPOTHO30BAHO HAMOLIBII
TOKCHYHY B psiy. Pa3oM i3 THM BCTaHOBHJIH, 1110 MOPIBHSI-
HO HalMeHI HeOe3MeuHHM MOJKHA MONEePEIHbO BBaXKATH
1-nenmn-3,5-mumernn-4-((3-(5-aiTpodypan-2-in)anitigeH)

il el s
521/1,89 6,94 /3,53 x 10 1,01/+ 372,3212,71
5,34 /1,45 7,21/1,96 x 10 1,01/+ 360,01/2,95
5,35/1,49 7,36/1,44 x 102 0,76 / + 362,74 12,96
5,45/1,24 7,52/1,05 % 10 0,75/ + 358,24 /2,99
5,62 /1,08 7,04 /3,27 x 10? 0,797+ 585,23 /2,79
5,62/0,89 7,13/2,8 x 102 0,78/ + 595,28 /2,80
5,7310,72 7,1812,57 x 10?2 0,62/ + 655,49 /2,77
5,84 /0,59 6,98 /4,19 x 10 0,62/ + 665,24 /2,78
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Ta6nuus 2. ADME aHania focnimkeHnx crnomnyk

0,36 0,40 0,44 0,47 0,50 0,53 0,55 0,57
Y03 6 7 8 9 10 1 12 13
MP 94,75 99,55 104,36 109,17 113,97 118,78 123,59 128,39
TPSA, A? 93,02 93,02 93,02 93,02 93,02 93,02 93,02 93,02
iLogP -2,95 -2,81 -2,66 -3,05 -2,59 -2,48 -1,55 -1,81
XLogP3 4,16 4,51 5,05 5,60 6,14 6,68 7,22 7,76
WLogP -0,86 -0,47 -0,08 0,31 0,70 1,09 1,48 1,87
MLogP 2,35 2,60 2,84 3,08 3,31 3,53 3,75 3,97
SILICOS-IT 0,46 0,85 1,24 1,64 2,04 2,45 2,86 3,27
Log Po/w 0,63 0,94 1,28 1,52 1,92 2,25 2,75 3,01
Lipinski + + + + + - + +
Ghose - - + + + + + -
Veber - + + + + - - -
Egan + + + + + + + +
Muegge + - - - - - - -
BiogocTynHicTe 0,55
LLIKA B B B B H B B B
EB - - - - - - - -
P-gp - - - _— - - - -
Log Kp, cm/c -5,69 -5,53 -5,23 -4,92 -4,63 -4,33 -4,03 -3,73
PAINS 0 0 0 0 0 0 0 0
®inbrp BpeHka - - - - - - - -

YO3: yucno obepToBux 38'a3kiB; MP: MonsipHa pedpakTepHicTb; LUKA: wnyHkoBo-kuwwkoBa aacopbuis: B: Bucoka, H: HM3bKa;
F'EB: rematoeHuedanivnmin 6ap’ep; P-gp: cybeTpat P-rnikonpoteiHoBoro TpaHcnoptepa; Log Kp: norapudmiyHnii NokasH1K NPOHUKHEHHS Yepes LLUKIpY.

amiHo)-1,2,4-Tpiazon-1-iit 6pomiz (8) i3 3adikcoBaHUM TI0-
kasHukoM LD, Ha pisHi 665,24 Mr/kr (maon. 1).

AmHani3 (}i3uKo-XiMIYHIX MOKA3HUKIB, AKi BKIOYAIOTH
KiJTBbKiCTh Sp3-TiOpuanux aromiB KapOGoHy, MOIEKyISIpHY
pedpaxiiiro Ta TOMOJIOT YHY IIOINHY TOJIIPHOI MOBEPXHI,
JIa€ 3MOT'Y BU3HAYNTH OfIep KaHi pe3yJIbTari siK TaKi, 110 MOB-
HICTIO BI/ITOBIAI0Th HEOOXITHUM KPUTEPIsIM i HOPMYIOTh
MMO3UTUBHUI MPOTHO3 11010 010JOCTYIMHOCTI B pa3i mepo-
PaJIbHOTO 3aCTOCYBaHHsI (maobn. 2). Pa3oM 13 TUM, JIMIIIE CII0-
nyku 1-4 BiNOBiAal0Th HEOOXiHOMY IHTEpBay 3HAUCHbD,
TIOB’SI3aHHUX 13 KUTBKICTIO 00epTOBUX 3B s13KiB. TOOTO TITEKH
i CHOJYKH MalTh MAaKCHMaJbHO CIIPHUATIMBY 3IaTHICTH
YTBOPIOBATH HEOOXiTHY KOH(POPMAIIIFO Y MicIli 3B’ I3yBaHHS
3 OlTKOM-MilleHH!O (mabn. 2). 3nadennst iLogP GpopmyroTs-
cs B IPUHHSTHOMY IHTEpBaJli Ta BKa3yIOTh HAa MOXKJIMBICTb
TPaHCIOPTYBATHCh Yepe3 KIITHHHI MEeMOpaHu Ta J0JIaTh
Oiosoriuni Oap’epu. [HIMH hapMaKOKIHETHYHUI TOKA3HUK
— Kp — mokazye oOMexeHi MepCreKTUBY LI0/I0 BBEICHHS
JOCTIKCHUX PEYOBUH 10 M’AKHX JIKapChKUX (HopM, II0
MiITBEPKYIOTH MaHi B iHTepBam -3,73 ... -5,69 cwm/c.
VYei pedoBUHH, 110 BUBYAJIH, HE € cyOcTparoMm o P-mii-
korpoTeiny. et 6110k € Ba)KITHBUM KOMITOHEHTOM 0ap’€ep-
HUX CHCTEM B OpPraHi3Mi, 30KpeMa BiH 3a0e3Ieuye 3aXHCT

LIEHTPATBHOI HEPBOBOI CHCTEMH BiJ] IIOTEHIIIITHO IIKiTHBUX
PEUYOBHH, IKi MOXKYTb MOTPAUTH /10 MO3KY. Konu crionyku
CTal0Th cyOCcTparamu Juis P-rinikonporeiny, To 11e 03Havae,
10 BOHU MOXKYTh OyTH BHBE/ICHI 3 KIITHH 3a JIOTTOMOTOIO
1ILOTO OlIKa.

AHaJti3 pe3ysbTariB MOI0IaHHs (UIBTPIB, 110 BUKOPUCTO-
Bye miarpopma SwissADME Ta momuperi cepes BiqoMux
(hapMareBTHUHUX BUPOOHHKIB, TOKA3aB 3aTraJIbHY TO3UTHBHY
TUHAMIKY X momonanHs. Tineku ¢imsTp Myrre MaB HeBHI
oOMexeHHS (maon. 2).

Bukopucransst kpurepiiB EOOOT 11t 101aTKOBOTO BU3HA-
YeHHs 010I0CTYITHOCTI ITOKa3aJIo, 10 JOCIIHKEHI PEYOBUHU
TIOBHHHI MaTH BCMOKTYBaHHS Y IIUTYHKOBO-KHIIIKOBOMY TpaK-
Ti mypiB, ekBiBasieHTHE 1/10 Bij ofeprkaHoi 1031. 3arajiom
OYiKY€ThCsI BUCOKA ITACHBHA aICOPOIIis Y ITYHKOBO-KHUIIIKO-
BOMY TPaKTi, KPiM PEYOBHHH 5, IIIOJ10 SIKOT BU3HAYEHO HU3bKY
HMOBIPHICTh HAIXOIKCHHSI 10 OPraHi3My JIFOIUHH LM
nuIsIxoM. BogHovac yci peuoBUHH, 1110 BUBYAJIH, BU3HAYEHO
SIK HE3/IaTH1 ITOJI0NIaTH reMaToeHIehaiaauii 6ap’ep.

Cepen CTpyKTYp, fKi BUBYAIM, HE BHUSBICHO CIOMNYK,
mo HaOyBaroTh o3HaKk PAINS (Pan-Assay Interference
Compounds). Lle Bukitodae hopMyBaHHS HOMIIIKOBHX a00
HETOYHHX PE3YyJIBTATIB ITiJT 9ac JIOCITiKCHb.
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BiamoBinHO 10 pe3yasTaTiB aHaIi3Y, 0 TIOKa3aJIi He3/1aT-
HICTB yCIX TOCII/DKEHHUX CIIOTYK TON07aTH (DiIBTP JTIKOIO-
nioHocTi Bperka, MoykHa TONIepeIHBO IPUITY CTHTH TPUIHHA
1bOro siBUNIa. Tak, HacamIepes IPUBEPTAE yBary HasiBHICTh
HEHACHUYCHUX 3B’S3KiB B aNiJIIICHOBOMY (pparMeHTi, 10
BU3HAuae TiJBUIICHY peakiiiiHy 3IaTHIiCTh Moyekynu. Lle
ITiIBATIIY€ HMOBIPHICTH YTBOPEHHS TOKCHYHUX TPOMIKHIX
MeTalOoJITIB.

Taxox npuseprae ysary NO,-rpymna, mo, sk BiJloMo,
CIpHSIE TOCHICHHIO TOKCHYHUX BJIACTUBOCTEH MOJICKYJIH.

AHaJti3 pe3ybTaTiB MOJIEKYIISIPHOTO IOKIHTY I0CIJDKEHIX
CIIOJTYK JI0 aKTHBHOTO LICHTPY [IUKJIOOKCUTeHA3U-2 1aB 3MO-
I'y BU3HAQUUTH IIIKaBy OCOOJIMBICTH MOXIJHHX 13 HEMapHOO
KinbKicTio aromiB KapOoHy B alKiIbHOMY 3aMiCHUKY — aK-
THUBHIITY 3/1aTHICTH J0 B3aEMOJIi i3 IINKIIOKOKCHT€HA3010-2
(IIOI'-2) mopiBHAHO 3i CIIOMYKaMH 3 TMAPHOIO KITBKICTIO
aromiB KapOony (mabn. 3).

[oniGHy 3aKOHOMIpHICTh BCTAHOBWIIM H Ii Yac BU3HA-
YEHHsI TPUPOAN aMIHOKUCIIOTHHUX 3JIUIIKIB, SKI 3aTydalii
y mporiec GpopMyBaHHS 3B’S3KIB 1 THITIB XIMIYHHX 3B’SI3KiB!
MOJIEKYJIH 3 HEeMapHOIo KibKicTio KapOoHiB B ankinbHOMY
3aMiCHHKY XapaKTepPHU3YIOThCs 31aTHICTIO (OpMyBaTH MIMp-
LK CHEKTP XIMIYHUX 3B’ S3KiB, 0 (JOPMYIOThCS 32 YUaCTIO
3HAYHOI KUTBKOCTI aMiHOKHCIIOTHUX 3aJHIIKiB. Hampukma,
KOOP/MHALIIIO B aKTUBHOMY LIGHTPI CIIONYKH 9 BU3HAYAIOTh
TaKAMH THIIAMH XIMIYHHX 3B’ S3KiB:

1) MXXMOJICKYJISIDHUM BOJHEBUM XIMIYHMM 3B’SI3KOM,
SIKHH yTBOPIOETHCS 3a y4acTio aroMiB OKCHIeHy HITPOTpyTH
S-HITPO(ypPaHOBOTO CHHTOHY Ta aMiHOKHACIIOTHUX 3aJIHIIIKIB
aprininy (ARG A: 514), nponiny (PRO A: 86) Ta Tuposuny
(TYR A: 356);

2) m-aHIOHHOFO B3a€MOJIEFO, III0 BUHUKAE 3aBISIKH 3aTyICH-
HIO 3a/MIIKy nryTaminoBoi kucnot (GLU A: 525) no kon-
TaKTy 3 T-EJIEKTPOHHOIO CHCTEMOIO (ypaHoBOTO (hparMeHTa;

3) aNKUIbHUMH 3B’ I3KaMH, 1110 BUHUKAIOTh Y pa3i 3airyveH-
Hs 3ayMIKiB ananiny (ALA A: 528), Baminy (VAL A: 350,
VAL A: 524), nevimay (LEU A: 353), metioniny (MET A:
523), ¢eninananiny (PHE A: 519) ta tpuntopany (TRP A:
388);

4) T-aJKITBHIMU 3B’ SI3KaMH, 1110 YTBOPIOIOTHCS 32 YIaCTIO
3ammmkiB BamiHy (VAL A: 89) y xoopanHarii 3 T-XiMi9HIM
3B’s13K0M (hypaHoBoOro pparmeHTa.

MonekyspHIHA TOKIHT CIIONTYK, III0 BUBYAJIH, 710 ICHTPIB
3B’SI3yBaHHS 3 JJaHOCTEepoJs 140-aeMeTHIa3010 MMOKa3aB:
TI0/I0BKEHHS KapOOHOBOTO JIAHITIOTA AJIKITBHOTO 3aMiCHHKA
MOCTYTOBO 301JIbIIIy€ MOXIIUBICTh aKTUBHOTO BIUIUBY Ha
et ¢pepment (mabn. 4). Cepen aKTHUBHUX CIIONYK, Hal-
iMOBipHilIe, MOXe OyTH pedoBHHA 6. AHaii3 B3aeMOIiii
JTa€ 3MOTY 1IEHTH(IKYyBaTH MPUPOAY XIMIYHUX 3B’SI3KiB,
10 IIPpU bOMY (OpMYIOThCs. Tak, iqeHTH(IKOBAHO JTHIIIE
rigpo¢obHi B3aeMoii, cepest HUX NepeBaXkaloTh AJIKUIBHI Ta
T-aNKiIbHI. [lepiuii TiI peasizyeThes 3a y4acTIo 3aUIIKIB
ananiny (ALA A: 400), neiiunny (LEU A: 315, LEU A:
321), mpominy (PRO A: 320), peninananiny (PHE A: 387),
a Takok rueteiny (CYS A: 394). Jlpyruii — 3a y4acTio 3a-
numkiB anaHiny (ALA A: 256), neiimuay (LEU A: 321) ta
tupo3uny (TYR A: 76). OkpeMo 3ayBa)kUMO, 1110 y4acTb Yy

Tabnuus 3. EHeprisi MixXMONEKynsipHUX B3aEMOAIN JOCTIMKEHNX CNOMnyK
i3 Ljor-2

_ ”‘l" m "'lln m-

7,5 7,3 -3,8
2 5,8 4 6,4 7 74
[uknoderak -84 5 -14 8 -2,0

*E,,..- MiHIMaribHa eHeprisi KOMNIEKCOyTBOPEHHS, Kkan/Morb.

Tabnuus 4. EHepris MbxmonekynspHux B3aemMogiit AOCTIIKEHNX CONYK i3
naHoctepon 14a-gemeTunaso

_-m-m mln

-75 -8,6 9,6
2 -7,8 4 -84 7 9,5
®nykoHason -10,8 5 -8,1 8 74

*E, s MiHIManbHa eHeprisi KOMMIIEKCOyTBOPEHHS, Kkarn/Morib.

Tabnuus 5. EHepris MbxmonekynspHux B3aemogiit AOCTIKEHNX CrONYK i3
KiHa30t0 aHannacTM4HoI NiMgomm

_ mln m-m mln

-7.9 -8,2 -6,2
2 -7,6 4 -6,5 7 -8,2
Kpun3oTuHio -9.4 5 -7.9 8 -6,2

*E, - MiHIManbHa eHeprisi KOMMIIEKCOyTBOPEHHS, Kkarn/Morib.

LOMY THITI B3a€EMO/Ii1 peasli3y€eThes 132 y4acTIO 7-3B’A3KiB
AT IEHOBOTrO (PpparMeHTa, i 3a ydacTio m-3B°s13Ky (ypa-
HOBOrO cuHTOHY. Cepen iHIMX TUMIB B3aEMOIIN OKpeMO
BUSIBJICHO MIXXKMOJIEKYJISIDHI BOZHEBI XiMi4YHI 3B’SI3KH, 10
YTBOPIOIOTHCSI Mixk aromoM Okcureny HiTporpymnu ¢ypa-
HOBOTO (hparmeHTa Ta ['imporeHamMu 3aiLIKiB LUCTETHY
(CYS A: 394).

3a pe3ynpraTaMy JOKIHTY PEYOBHH, IO BUBYAIH, 10
LIEHTPY 3B’sI3yBaHHS 3 KiHA3010 aHAIUIACTHYHOI JIM(pOMH,
KOJTHA 3 IMX PEYOBHMH HE Ma€ 3HAYCHHsI MiHIMaJIbHOT eHepril
KOMTIJICKCOyTBOPCHHS Ha PiBHI KPU3OTHHIOY 5K Mpenapary
nopiBHsAHHS. OJTHaK BCTAHOBIICHO 3arajibHy 3aKOHOMIPHICTB,
o nepeadavae: MoXiaHi 3 HEMAapHOI KUIBKICTIO aTOMIB
KapOoHy B anmkiTbHOMY 3aMiCHHUKY € OUTBII TIOTESHITIHHIMHI
TIPETEHICHTAMU JUTsl JIOCITIIKEHHST; 1e TIOB’S13aHO 3 BUSBIICH-
HSIM TIPOTHUPAKOBHX BIACTUBOCTEH (mabn. 5). Cepen Haitmiep-
CTIEKTHBHIIINX TPETEHACHTIB VISl HACTYITHUX JOCIHIKEHb
— crostyka 3, 110 Ma€ TaKi THUITH MIKMOJICKYJISIPHOT B3aEMOIi:

1) anmKkiTbHI KOHTaKTH, SIKi YTBOPIOIOTHCS 3a YYACTIO 3a-
yikiB anaHiny (ALA A: 1148) ta neiiuuny (LEU A: 1122,
LEU A: 1198), 1110 KOOpAWHYIOTECA 3 aJIKITBHIM 3aMiCHHUKOM;

2) T-aNKUTbHI KOHTAKTH, sIKi (POPMYIOTHCS 32 y4acTIo 3a-
sikiB sy (LYS A: 1150) ta Baniny (VAL A: 1130) ta
T-€JIEKTPOHHOI CHCTEMH (hypaHOBOIO CHHTOHY;

3) aMiJ1 T-CTEKIiHTOBI IPOIIECH, 1[0 AKTHBHO BUSIBIISTIOTHCS Y
KoHTaKTax 3ammiKiB miimHy (GLY A: 1269) 3 apomatndHOIO
CHCTEMOIO (DyPaHOBOTO KiJIBLIS.
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[ligTprMyroTH Ha3BaHI KOHTAKTH BaH Jep BaanbcoBi crmm
MIDKMOJICKYJISIPHOT B3aEMOIIT, 110 Peasli3yrOThCs 33 y4aCTIO
3aNMIIKiB acaparinoBoi kucinotu (ASP A: 1270).

O6roBopeHHs

Iposenewi in silico 0CTiPKEHHS TOKCUKOIOTTYHIX XapaKTe-
PHCTHK PEYOBHH, SIKi BUBYAIIH, 32 JIOTIOMOTOI0 OHJIAHH-pecyp-
cy T.E.S.T. narots mijicraBut 3poOHTH BUCHOBOK: ITOIOBKEHHS
KapOOHOBOTO JIAHITIOTA, 1110 (POPMYE 3aMICHUK ITPH MEPILIOMY
aromi HiTporeHy Tpia3o10BOro CHHTOHY, CyIIPOBOKYETHCS
3MEHIIICHHSIM IMOBIPHOI TOKCHYHOCTI B psiy 1-aJIKimoxin-
Hux 3,5-numeruin-4-(3-(5-uirpodypan-2-in)aninigeHami-
HO)-1,2,4-Tpia30Jifo TaJoreHiIiB.

O1iHIOBaHHS pe3ylnbTaTiB aHali3zy (i3uKo-XiIMIYHUX
MTOKa3HUKIB MiJATBEPANIO JOCHThH CIIPUSATINBUHA ITPOTHO3
110710 010OCTYITHOCTI JIOCITI/PKEHOTO PSIy CIOJYK y pasi ix
TIepopaIbHOTO 3aCTOCYBaHH. BTiM, onrTUManbsHuil Xapakrep
Oy/IOBH MOJICKYJIH MatOTh came 1-metwt, 1-etui, 1-mporri i
1-Oy THITIIOX i /THI TTi€T TeTePONUKITIYHOT CHCTEMH, 110 TT03HA-
Ya€eThCsl HA MaKCUMAJIbHO CIPHUATINBINA KOH(POPMATHBHIH
37IaTHOCTI JUTS 3B SI3yBaHHS 3 PELIENITOPAMH OpraHa-MillIeHi.
JlonaTkoBO 3a3Ha4MMO, 110, HE3BKAIOUH Ha 3arayibHi Mo3u-
TUBHI TEHJIEHIIIi I0/I0 MoAoIaHHs OlosoriyHnx Gap’epiB i
KJIITHUHHUX MeMOpaH, MPOHUKHEHHS Kpi3b reMaroeHieda-
JYHAH 6ap’ep € MaJIOMMOBIPHHM.

3a pe3ynbraTaMu MOJICKYJISIPHOTO JOKIHTY CIIONYK, IO
BuBYaH, 10 LIOI'-2, € ceHc 3BepHYTH OCOOIMBY yBary Ha
noxiai 3,5-mumernn-4-(3-(5-nitpodypan-2-ii)asiiigeHami-
HO)-1,2,4-Tpiazo:ito OpoMiTH 3 HEITapHOIO KUTBKICTIO aTOMIB
KapOoHy B 3aMiCHHUKY 32 IIEPIINM [TOJI0KESHHSIM TPIa30JI0BOT0
CHHTOHY, OCKUIBKH I1i CITOJTYKH MarOTh 3HaTyIIHH ITOTEHI A
MIPOTH3AMAIbHO] aKTUBHOCTI.

AHaIi3 JOKIHTOBUX B3a€MOIiH 13 maHocTepon 14a-meme-
THJIA3010 MOKAa3aB CIPHUATIMBUN BIUIUB, 110 BHSBISIETHCS
BHACIIIOK 301TBIICHHS JOBKHHHM HA3BaHOTO AJIKIIBHOTO
3amicHHMKa Ha (OpMyBaHHs IMOBIPHOI MPOTHIPHOKOBOI aK-
THUBHOCTI.

MeHIII NepCreKTUBHUME € Pe3yJIbTaTH JIOKIHTY JI0CTi-
JDKEHUX PEYOBHH JIO LIEHTPY 3B’S3yBaHHS 3 KiHA3010 aHa-
rracTugaHol JiMmdomu. Brim, sk 1 gt L{OI'-2, iMmoBipHirire,
AKTUBHUMH MOXKYTb BUSIBUTHCD QJIKIJIIIOX1/THI B PSITY CHOJTYK,
1110 BUBYAJTH, CAME 3 HEMTAPHOIO KIJIbKICTIO aToMiB KapOomy.
Ile moTpiGHO BpaxyBaTW TiJ Yac HACTYIHUX HOCIIKEHb
CTIOJTYK LIi€T TPYTIH.

BucHoBKkuM

1. TIporxos mono cTBOpeHHst Oi0IOTIYHO aKTUBHOT Cy0-
CTaHI] 3 BUKOPHCTAHHAM |-aJKITIOXiAHUX 3,5-TUMETHII-
4-(3-(5-niTpodypan-2-inm)aninigenamino)-1,2,4-rpiazomnito
TaJIOTEHI/IIB € JOCUTH ITO3UTHBHUM.

2. @apmakoaunamiusi in Silico mocmimkeHHs 1a0Th
3MOTy iIeHTU(IKYBaTH II0 TPYILY CIOIYK SK ITOTEHINHHE
JUKEPENo OJlep KaHHs 010JOTIYHO aKTHBHUX PEYOBHH i3
MIPOTHU3AMAIBHOIO, TIPOTUTPHUOKOBOIO Ta IPOTHPAKOBOIO
aKTHUBHICTIO.
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The anatomical and micromorphological structure of
Myrtus communis L. leaves

O. Ye. Matsehorova®@*ABCP /. M, OdyntsovaAEF

Zaporizhzhia State Medical and Pharmaceutical University, Ukraine
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E — critical revision of the article; F — final approval of the article

Myrtus communis L. is a promising medicinal plant that has garnered the attention of scientists to introduce it into industrial cul-
tivation as a raw material source for obtaining new phytopreparations. In its chemical composition, Myrtus communis L. contains
many biologically active substances, which confer upon it a range of medicinal properties including astringent, anti-inflammatory,
antiviral, antibacterial, antifungal, antioxidant, antidiabetic, antiulcer, antimutagenic, gastro- and hepatoprotective properties. Pub-
lished information primarily focuses on the chemical composition and pharmacological activity of common myrtle, with limited data
available on its micromorphology.

The aim of the work is to study the morphological and anatomical structure and to determine the general diagnostic microscopic features
of common myrtle leaves.

Materials and methods. The object of the research was fresh and dried plant material of common myrtle grown under room conditions.
Transverse sections were fixed with Carnois fixative, dehydrated, and paraffinized. The sections were then cut using a Microm HM 325
microtome, followed by deparaffinization. Microscopic analysis of the leaf was performed using temporary preparations on a Carl Zeiss
microscope, including the “AxioStar Plus” and “Primo Star”, equipped with a photo attachment for direct and reflected light microscopy.

Results. The external features of common myrtle leaves include their shape, color, size, smell, and type of veining. Anatomically, the
leaves exhibit a cuticle, dorsiventral mesophyll, and anomocytic stomata located on the abaxial surface. Additionally, they contain calcium
oxalate crystals and druses, as well as simple hairs on the midvein and schizolisogenic secretory receptacles. Histochemical studies of
these cavities indicate the presence of lipophilic substances.

Conclusions. The morphological and anatomical analysis of Myrtus communis L., a representative of the myrtle genus, allowed for the
identification of key diagnostic microscopic features of myrtle leaves. Further research prospects involve conducting a comprehensive
set of phytochemical studies to establish standardization parameters for medicinal plant raw materials.

Keywords: Myrtus communis L., plant leaf, leaf anatomy, macro- and microscopic analysis.
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AHaTtomiyHa Ta MikpomopdonoriyHa 6yaoBa nuctsi Myrtus communis L.
O. €. Maueropoga, B. M. OguHuosa

Myrtus communis L. — nepcnekTvBHa nikapcbka pocrnuHa, sika NpUBEPTaEe yBary HayKoBLLB Ansi BBEIEHHS! B MPOMUCIIOBY KYIETYPY, OCKINbKM
€ CUPOBWHHIM [)XepesioM A1t OTPUMaHHS HoBUMX piTonpenapartis. Y xiMivHomy cknagi Myrtus communis L. —41mano 6ionoriyHo akTMBHMX
PEYOBWH, LLO 3yMOBMIOOTHL B'SXKYYi, NpOTMU3anarbHi, NPOTUBIPYCHI, aHTMGaKTepiarnbHi, NPOTUrPUOKOBI, aHTUOKCUAAHTHI, NPOTUAIa0ETUYHI,
NPOTUBMPA3KOBI, aHTUMYTareHHi, racTpo- Ta renatonpoTekTopHi BnacTneocTi. OnybnikoBaHi AaHi CTocyTbCs nepeayciM XiMiyHOro cknagy
Ta (hapMaKonoriYHOi aKTUBHOCTI MUPTY 3BMUYAHOIO, a BiOMOCTEN LWoA0 MiKpoMopdornorii Maxe Hemae.

Meta poboTu — gocnigkeHHs Mopdonoro-aHaToMiYHoi OyA0BK Ta BUBHAYEHHS 3aranbHKX AiarHOCTUYHWMX MIKPOCKOMIYHUX O3HAK MNCTS
MUPTY 3BUYAIHOTO.

Matepianu i meTogu. O6’eT fOCTIAKEHb — CBiXa@ Ta BUCYLLEHA POCAVHHA CUPOBVHA MUPTY 3BUYAIHOTO, BUPOLLEHOTO B KIMHATHUX YMOBaX.
[inst oTpuMaHHs nonepeyHmX 3pisiB npenapatu dikcysanu cpikcatopom KapHya, 3HeBogH0Banw i napadiHiaysanu. MonepeyHi 3piau 3pobunu
3a gonomoroto MikpotoMy Microm HM 325 3 HacTynHoto AenapadiHisauieto. MikpockoniyHuiA aHani3 BUKOHaNW 3 TMMYacoBUMY npenapa-
Tamu nucTka Ha mikpockoni Carl ZEISS «AxioStar Plus» Ta «Primo Star» i3 dpotoHacazkow ans po6otvt y npsmMomy i Binbutomy caitri.

PesynbraTti. HaBeeHO 30BHILLHI 03HAKM MNCTS MUPTY 3BUYaiHOTO: hopmy, KOrip, po3Mip, 3amax, TUM XWUIKyBaHHs. AHaTOMi4Hi 0cobnmBOCTi
TIUCTKA BKMIOYaOTb HAsiBHICTb KYTUKYNW, AOP3NBEHTPANbHNIA Me30din, aHOMOLMTHI MPOAMXM, SKi pO3TalloBaHi Ha abakciarnbHii NoBepXHi
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OpueiHarbHi 0oCidxeHHs

NUCTKa, KpUCTanu Ta Apy3u okcanarty KasbLito, MPOCTi BOMOCKM Ha CepeqHiii Wi, CXi3oni3oreHHi cekpeTopHi BMicTULLA. [iCTOXiMIYHI
JOOCNIMKEHHS LIMX MOPOXHWUH AatoTb NiACTaBW NPUMYCTUTU HAsBHICTb MINOGiNbHUX PEYOBYH.

BucHoBku. Mopdonoro-aHaToMiYHWiA aHani3 npeacTaBHuKa pogy MUpToBKx Myrtus communis L. 4aB 3Mory BU3HAUMTK 3aranbHi giarHoc-
TWYHI MIKPOCKOMiYHI 03HaKU nnucts MupTy. MepcnekTuBy nofanblinx OCIMKEeHb NONAraoTb Y NPOAOBXEHHI KOMNNEKCY qiTOXiMIYHUX
[OCTiAXeHb AN BCTAHOBINEHHS NapaMeTpiB CTaHAapTU3aLii NikapcbKoi POCMMHHOI CUPOBUHM.

Kntoyogi cnosa: Myrtus communis L., nncTs pocnuH, aHatomiyHa OyaoBa NnUcTs, Makpo- Ta MiKpOCKOMIYHMIA aHania.

AxTyanbHi nuTaHHa hapmaLeBTMYHOI | MeanyHOI Hayku Ta npakTuku. 2024. T. 17, Ne 2(45). C. 122-130

Plant extracts and products derived from plants are valuable
resources extensively utilized in the treatment of various
ailments. Myrtle (Myrtus communis L.) is a medicinal plant
commonly found in coastal areas of Mediterranean regions,
including North Africa and Southern Europe. It also grows in
South America, Australia, and certain areas of the Himalayas
[1]. Belonging to the family Myrtaceae (Myrtaceae), which
encompasses around 3000 species, common myrtle typically
grows as an evergreen shrub or a small tree, reaching heights
of up to 2.5 meters.

Muyrtle has gained widespread use in the pharmaceutical
and food industries due to its rich content of biologically
active compounds. The chemical composition of Myrtus
communis L. includes essential oils, such as terpenoids (par-
ticularly a-pinene, 1,8-cineole, geranyl acetate, and linalool)
[2,3], flavonoids (quercetin, catechin, myricetin derivatives,
and anthocyanins), coumarins, oligomeric non-prenylated
acylphloroglucin compounds (including myrtucommulone
A and B and semimyrtucummulone), haloyl glucosides,
ellagitannins, haloylquinic acids, caffeic acid, gallic acid,
ellagic acid, and fatty acids (such as linoleic, palmitic, oleic,
and stearic acids) [4,5,6].

Myrtle preparations offer a wide range of therapeutic
benefits, including astringent, anti-inflammatory, antiviral,
antibacterial, antifungal, antidiabetic, antioxidant, gastro- and
hepatoprotective properties. As a result, myrtle is effectively
used in the treatment of various conditions, including wounds,
gastrointestinal diseases, respiratory ailments, urinary tract
disorders, rheumatism, diabetes, hypertension, periodontal
diseases, and cancer [1,7,8,9,10,11,12,13,14,15].

Myrtle essential oil demonstrated exceptional activity
against chronic toxoplasmosis induced by the Tehran Toxo-
plasma gondii strain in mice [16].

Microencapsulated essential oil of the leaves of Myrtus
communis L., consisting mainly of myrteny! acetate (30.6 %),
linalool (14.9 %), a-pinene (11.10 %), and 1,8-cineole or
eucalyptol (9.9 %), showed a powerful anti-inflammatory and
antioxidant effect on the gastric mucosa, potentially enabling
its use for the treatment of acute gastric ulcers [17].

The results of the research conducted by M. A. Mir et al.
demonstrated that M. communis leaf extract had a strong
inhibitory effect on Gram-positive and acid-fast bacteria
(Staphylococcus aureus, Staphylococcus epidermidis, En-
terococcus faecalis, Enterococcus faecalis (ATCC 29212),
Mycobacterium smegmatis) with a significant size of the
inhibition zone, suggesting its potential as a source of
compounds for treating gram-positive bacterial infections
in the future [18].

The published information on the chemical composition
of Myrtus communis L. mainly focuses on studies of specific
classes of natural compounds, particularly essential oils and
flavonoids. However, microscopic analysis plays a crucial role
in pharmacognostic research. When anatomical differences
are identified, it becomes essential to develop analytical
methods for medicinal plant raw materials. Therefore, it is
relevant to determine the diagnostic features of common
myrtle to establish parameters for the standardization of
medicinal plant raw materials.

Aim
The purpose of the work is to study the morphological and

anatomical structure and to determine the general diagnostic
microscopic features of common myrtle leaves.

Materials and methods

For microscopic studies, fresh and dried plant material of
common myrtle, cultivated under room conditions at the
Department of Pharmacognosy, Pharmacology and Botany of
Zaporizhzhia State Medical and Pharmaceutical University,
was utilized. Mature leaves were collected randomly. Subse-
quent microscopic research was conducted at the Phytochem-
ical Laboratory of the Educational and Scientific Medical
and Laboratory Center with a vivarium at Zaporizhzhia State
Medical and Pharmaceutical University.

Illumination of microscopic preparations was achieved
by heating the samples in an aqueous solution of 3 % so-
dium hydroxide (Ukrchemgroup, Spain, series number
CAS 1310-73-2) [19]. To obtain transverse sections, fixation
was carried out using freshly prepared cool Carnois fixative
(consisting of alcohol 96 % (PR JSC BIOLIK, Ukraine),
chloroform (Chloroform Pharm, France, series number TAP
1705155) and acetic acid (LLC “VVV” PCC, Ukraine) in
a ratio of 6:3:1) [20,21], which exceeded the volume of the
studied objects by 15 times (for 20 objects, 80 ml fixative), and
left for approximately two hours, followed by washing with
three portions of 70 % ethanol. The fixed material underwent
dehydration using graded ethanol (10-100 %) and chloroform,
then it was infiltrated and embedded in paraffin (Thermo Sci-
entific Inc., UK) in a thermostat at a constant temperature of
56 °C. Transverse sections were cut using a mechanical rotary
microtome Microm HM 325 (Germany) at 5 um and placed
on microscope slides. Subsequently, deparaffinization was
performed in two portions of xylene (Shanghai Synnad, China),
each for 5 minutes, followed by washing in distilled water and
soaking for 10 minutes in 96 %, 80 %, and 70 % ethyl alcohol.
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Fig. 1. External view of the leaves of Myrtus communis L.

Fig. 2. Macroscopic analysis of the length of the common myrtle leaf plate.

Fig. 3. Macroscopic analysis of the width of the common myrtle leaf plate.

Carl ZEISS “AxioStar Plus” and “Primo Star” microscopes
equipped with objectives of x4, x10, x20, x40, and x100
magnification were utilized for examination under both direct
and reflected light. A digital camera AxioCam ERc 5s was
employed to record the research findings. Anatomical studies
were conducted in statistically significant quantities, with a
minimum of 10 observations made for each object.

To identify the localization of the essential oil, a histo-
chemical reaction was conducted using Sudan 1 (LLC “Tru-
bosnab”, Ukraine) solution, which stains the oil-containing
structures in an orange-red color [22].

During the microscopic examination of medicinal plant
raw materials, attention was focused on the type of leaf
blade, the structure of epidermal cells, the presence, number,
and type of stomata, as well as the characteristics of hairs
and glands.

Results

During the macroscopic analysis, it was determined that
the leaves of common myrtle are simple, oblong, lance-
olate, or ovoid-elliptic with entire or slightly rounded
margins and acute tips, with a rounded or slightly uneven
base (Fig. 1). They are arranged oppositely, sessile, or
semi-sessile. The upper surface of the leaves is dark green
with a glossy texture, while the lower surface is green. The
length ranges from 0.5 to 3.5 cm (Fig. 2), and the width
ranges from 0.2 to 2.0 cm (Fig. 3). The thickness of the leaf
blade is 293.93 + 2.59 um. It was observed that the leaves
exhibit numerous secondary and tertiary reticulate veins.
The venation pattern is brochidodromous (pinnate-loop-
like), where the veins extend to the leaf margin, joining
with the anterior vein, forming a loop that is barely visible
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Fig. 4. Transverse section of a leaf plate of Myrtus communis L. a: cuticle; b: columnar mesophyll of the epidermis; c: spongy parenchyma;

d: closed collateral conducting bundle; e: calcium oxalate drusen.

Fig. 5. Cross-section of common myrtle leaves. Subepidermal idioblast containing calcium oxalate drusen. a: idioblast; b: calcium oxalate drusen;

c: columnar mesophyll.

Fig. 6. A fragment of the lower epidermis of a leaf. a: stomata; b: near stomatal cells.

externally. The leaves emit a characteristic balsamic aroma
upon crushing, attributed to the presence of numerous
secretory receptacles.

When examining cross-sections of fresh leaves micro-
scopically, a distinct cuticle is noticeable on the surface
(Fig. 4, a). The adaxial and abaxial epidermal cells appear

compressed, flat convex, and mostly isodiametric. The
leaf was determined to be dorsoventral bifacial based on
the location of the columnar mesophyll, with the palisade
parenchyma positioned beneath the upper side of the leaf
blade (Fig. 4, b). The mesophyll exhibits differentiation
into palisade tissue and spongy parenchyma (Fig. 4, ¢). The

ISSN AKTyanbHi NUTaHHS (hapMaLeBTUYHOT | MEAUYHOT Hayku Ta npakTukn. 2024. T. 17, Ne2(45) 125



Original research

Fig. 7. Afragment of the upper epidermis of a leaf. a: epidermal cells.

Fig. 8. Afragment of the epidermis of the middle vein of a leaf. a: trichomes; b: secretory container.

palisade tissue comprises somewhat dense, highly elongated
cells densely packed with chloroplasts, characterized by thin
primary cell walls. A distinct layer of collecting cells is ob-
served between the palisade and spongy tissues, facilitating
the transport of carbohydrates synthesized in the palisade
cells to the spongy parenchyma. The cells of the spongy
tissue are isodiametric in shape, elongated, and adjacent to
the lower epidermis. Large intercellular spaces are evident

between them (Fig. 4, f), which are comparable in size to
the cavities’ airiness. The arrangement of tissues within
the leaves serves as a diagnostic feature. Closed, rounded
conductive bundles (Fig. 4, d) are present in the leaf, with
a coating formed by cells with significantly thickened walls
on the phloem side. Subepidermal idioblasts containing
calcium oxalate crystals (druses) are distributed throughout
the columnar parenchyma (Fig. 5).
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Fig. 9. Drusen and calcium oxalate crystals. a: calcium oxalate crystals; b: calcium oxalate drusen.

Fig. 10. Schizolisogenic secretory receptacles. a: schizolisogenic secretory receptacle; b: stomata; c: calcium oxalate drusen; d: central vein;

e: epithelial cells located above the receptacles.

Stomata are predominantly located on the lower side of the
leaf, indicating a hypostomatic type. The abaxial surface is
characterized by deeply convoluted epidermal cells housing
anomocytic stomata (Fig. 6, a) of oval-round shape. These
stomata are surrounded by 3-5 epidermal cells (Fig. 6, b)
and are positioned at the same level as the surrounding
epidermal cells. The guard cells exhibit a kidney shape,
and the lumen between them is constricted at the equato-

rial part. Stomata are uniformly distributed across the leaf
surface.

The cells of the upper epidermis appear larger than those of
the lower epidermis (Fig. 7, a). The upper epidermis consists
of isodiametric or slightly elongated cells with thickened,
sinuous walls. Notably, the adaxial surface of the leaf is
devoid of trichomes, whereas the abaxial surface exhibits a
sparse distribution of trichomes along the midvein (Fig. 8, a).
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Fig. 11. Idioblast with resin-oil content. a: idioblast.

Fig. 12. Transverse section of a leaf showing the schizolisogenic receptacle and epithelial cells on the abaxial surface near the leaf margin.

a: schizolisogenic receptacle.

These trichomes are simple hairs characterized by smooth,
thick walls, and are unicellular, solitary, conical, and slightly
undulated.

Common myrtle leaves additionally contain significant
quantities of druses (Fig. 9, b) and prismatic crystals of
calcium oxalate (Fig. 9, a).

In the leaf mesophyll, there are also spherical secretory
receptacles (Fig. 10, a), which exhibit the typical schizoli-

sogenic structure. Histochemical tests with Sudan I11 indicate
that the secretory receptacles of Myrtus communis mainly pro-
duce lipophilic compounds. The epithelial cells situated above
the receptacles (Fig. 10, e) are larger in size, rounded, with
less tortuous walls compared to other cells of the epidermis.

In addition to the containers of essential oil, dark brown
idioblasts containing resinous-oil content are also present
(Fig. 11, a). These structures are distributed differently
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Fig. 13. Transverse section of the petiole of a common myrtle leaf. a: vascular bundle; b: phloem; c: xylem.

throughout the leaf: in the columnar parenchyma, where they
are situated directly beneath the adaxial epidermis (Fig. 12, a);
and in the spongy parenchyma, particularly in the transitional
region with the columnar mesophyll or adjacent to the abaxial
epidermis. The cavities typically appeared empty, although at
times there was an accumulation of colorless or pale yellow
material. This material consisted of small densely packed
droplets or large clusters that filled the entire volume of the
cavity.

The petiole of the leaf exhibits a heart-shaped cross-section
(Fig. 13). Its surface is adorned with trichomes, and the con-
ducting collateral bundle is enclosed (Fig. 13, @). The phloem
(Fig. 13, b) lies adjacent to the xylem (Fig. 13, ¢) on the
lower side, with distinct separation between the adaxial and
abaxial phloem. Well-developed curved edges characterize
the phloem, while a pronounced sclerenchymal lining of the
bundle consists of small cells with lignified cell walls. Col-
lenchyma areas are present in both the upper and lower parts
of the bundle, with cells possessing non-lignified, irregularly
thickened cell walls.

Discussion

For further research and the introduction of promising phyto-
preparations based on Myrtus communis L. into medical prac-
tice, reliable identification signs are necessary for medicinal
plant raw materials. To fulfill this purpose, a microscopic study
of Myrtus communis L. leaves was conducted, establishing
characteristic anatomical and diagnostic features of the studied
samples. The results of this study reveal that Myrtus commu-
nis L. shares several anatomical features with other species of
the family, including the presence of druses and calcium oxalate
crystals, internal phloem, and secretory cavities.

Calcium oxalate crystals are abundant in the leaves of
Myrtus communis L., particularly in the palisade parenchyma
located just below the adaxial epidermis. The precise function
of these structures is not fully understood but is believed to
be associated with the regulation of calcium and other mi-
nerals, as well as serving a defensive role against herbivores
and pathogens.

The presence of internal phloem was observed in the
midvein as a continuous tissue. Typical features for identi-
fying representatives of the Myrtaceae family include the
development of adaxial phloem, fusion between adaxial
and abaxial phloem, and the continuity of fibers around
the midvein [22].

The ontogeny of secretory cavities in M. communis L.
follows the typical schizogenous pattern commonly observed
in Myrtaceae. This development combines lysogenic (due to
cell breakdown) and schizogenic processes [23,24].

Conclusions

1. During the research, the characteristic features of the
appearance of whole common myrtle leaves were determined,
including their shape, size, color, and smell. Microscopic
studies of plant material identified the diagnostic features
of the anatomical structure of the leaves of Myrtus commu-
nis L. These features include the dorsoventral structure of the
leaf plate, the presence of the anomocytic type of stomatal
apparatus with a hypostomatic location, simple hairs, the
presence of druses and prismatic calcium oxalate crystals, and
schizogenous secretory receptacles that produce lipophilic
substances.

2. The identified diagnostic signs can be recommended
for the identification of Myrtus communis L. plants and for
establishing parameters for the standardization of medicinal
plant raw materials.

Prospects for further research include studying the dynamics
of the accumulation of biologically active substances in com-
mon myrtle leaves, as they serve as a source of medicinal plant
raw materials for the development of new phytopreparations.
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The Thymus L. genus species are extremely widespread in temperate countries and number up to 200 main wild plants, of which up to
50 have been identified in the modern Ukraine flora. Extracts from the official species of the Thymus L. genus are part of effective herbal
preparations with pronounced anti-inflammatory, antimicrobial, and antioxidant activities. A promising direction of modern phytochemical
research is the determination of the presence and accumulation of biologically active ascorbic acid in the herbs of widespread wild and
cultivated species of the Thymus L. genus.

The aim of the work is to determine the presence and accumulation of biologically active L-ascorbic acid in the herbs of four widespread
wild and cultivated species of the Thymus L. genus of Ukraine flora using thin layer chromatography (TLC) and spectrophotometry methods
during vegetation season.

Materials and methods. The research used herbs of four widespread wild and cultivated species of the Thymus L. genus of Ukraine flora
during the growing season (June — August 2023). The presence and quantitative content of ascorbic acid were determined by TLC on a
“Biostep” CD 60 densitometer (Germany) and spectrophotometry on a “Lambda 365" device (USA).

Results. TLC and spectrophotometry methods were used to determine the presence and quantitative content of ascorbic acid in the herbs
of four widespread Thymus L. genus species of Ukraine flora during the growing season. Accumulation of the compound was higher
during flowering of cultivated species than wild plants. For the herbs Thymus vulgaris L. up to 39.10 + 3.88 mg%; Th. x citriodorus (Pers.)
Schreb. var. “Silver Queen” up to 36.19 £ 3.59 mg%.

Conclusions. Considering the results obtained by TLC and spectrophotometry methods, it can be concluded that the determination of
ascorbic acid presence and content in the Thymus L. species genus herbs is appropriate for obtaining cosmetology preparations with
pronounced anti-inflammatory, antioxidant, and regenerating activity for normal and problem skin.

Keywords: Thymus L. genus species, herb, thin layer chromatography, spectrophotometry, anti-inflammatory, antioxidant, regenerating
activity.
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Bu3HaueHHs Hakonu4eHHs ackopGiHOBOI kucnotn y Buaax pogy Thymus L. dinopm Ykpainu
O. B. Masynin, A. M. CreweHko, J1. A. ®yknesa, I. B. MasyniH

Buawn pogy Yebpeub (Thymus L.) Hag3suyaiHo nowumpeHi y kpaiHax CBiTy 3 NOMIpHUM KnimaTtoM. Po3pidHsatoTb A0 200 OCHOBHMX AMKO-
pocnvx BMAiB, 3 KOTPUX Y CyvacHin oriopi Ykpainu igeHTudikoaHo Ao 50. EkcTpakTy 3 hapMakoneiiHux BUAIB poay BXoAsTb A0 CKNagy
e(PeKTMBHNX KOCMETONOMYHUX MiKapCbKux 3acobiB i3 BUPaXEHO aHTUMIKPOBHOI, NPOTU3ananbHOK Ta aHTUOKCUAAHTHOK Jieto Ans
HOpMarbHOi Ta NPobrnemMHoI LLKipy. MepCcnekTUBHUM HAaNPSIMOM Cy4YacHUX ITOXIMIYHUX JOCTIMXKEHD € BU3HAYEHHS HASIBHOCTI Ta HaKomnu-
YEHHs1 ackopbiHOBOI KMCMOTK y TPaBi MOLUMPEHWX AMKOPOCIUX | KyNETMBOBaHMX BMAiB pogy Thymus L.

MeTa po6oTu — 3a LONOMOrol0 METOAIB TOHKOLLAPoBOi xpomatorpadii (TLUX) Ta cnekTpodoTOMETpIi BUSHAUMTH HASBHICTb | HAKOMMYEHHS
ackop6iHOBOT KMCNOTKM Y TPaBi YOTUPLOX MOLLMPEHUX ANKOPOCIMX i KynbTUBOBaHWX BUAiB pogy Thymus L. conopu Ykpainu.

Marepianu i meTogu. [ins gocnifmxeHb BUKOPUCTANM TpaBy YOTUPLOX MOLIMPEHUX AVKOPOCIUX i KynbTUBOBaHMX BUAiB pogy Thymus L.
¢hnopm Ykpainu nig vac BeretainHoro nepiogy (4epeeHb — cepnerb 2023 p.). HasBHICTb i KinbKiCHWIA BMICT ackopBiHOBOI KMCNOTYM BU3Ha-
yanu metogom TLLUX Ha peHcuTomeTpi «Biostep» CD 60 (HimewunHa) Ta cnektpodoToMeTpii Ha npunagi «Lambda 365» (CLUA).

Pesynisratu. Metogamm TLUX i cnekTpodhoTOMETpii BCTAHOBIIEHO HASIBHICTD i KiNbKICHWIA BMICT ackopGiHOBOI KUCMOTU Y TpaBi YOTMPLOX
nowumpexux Bugis pogy Thymus L. dnopm Ykpainw nig yac BereTauii. BUusiBunu, Lo HaKoNMYEHHs! Cnonyky HanbinbLue nig Yac LBIiTiHHS
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KyNbTMBOBAHUX BUAIB, HX Avkopocnux. [ns tpaswm Th. vulgaris L. — go 39,10 + 3,88 mr%; tpasu Th. x citriodorus (Pers.) Schreb. var.

«Silver Queen» — o 36,19 * 3,59 Mr%.

BucHoBku. Bpaxosyroun fani TLLUX i cnektpodoTomeTpii, 3po6unu BUCHOBOK, LLIO BU3HAYEHHS! BMICTY ackop6iHOBOT KUCNOTH Y Tpasi BUAIB
pony Thymus L. gouinbHe Ans oTpUMaHHa KOCMETOSONYHMX NiKapCbK1xX 3ac06iB i3 BUPaXEHOK NpoTU3ananbHO, aHTUOKCMAAHTHO Ta

pereHepyo4oi0 akTUBHICTIO AN1F HOPManbHOI Ta NPOBNEeMHOI LWKIpK.

KntouoBi crnioBa: Buau poay yebpelb, Tpaga, TOHKOLIAPOBA XpoMaTtorpadisi, CnekTpooTOMETPIs, NMpoTU3anarbHa, aHTMOKCUMAAHTHA,

pereHepytoda akTUBHICTb.
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In modern medical cosmetology, significant attention is given
to the use of products derived from medicinal plants, known for
their pronounced antimicrobial, anti-inflammatory, and antioxi-
dant activities. The World Health Organization forecasts that
in the coming years, up to 60 % of modern drugs in European
Union countries will be sourced from natural raw materials.

Modern medical cosmetology recognizes the tonic and
antioxidant effects of products obtained from medicinal
plant raw materials. These products, which contain natural
vitamins, are essential for correcting disorders of collagen
formation in normal, problem, and aging skin [1].

The well-known compound water-soluble ascorbic acid
(vitamin C), common in plants, participates in many redox
reactions in the body. It inhibits the peroxidation processes
of lipids, proteins, and other cell components, protecting
them from damage.

Ascorbic acid has an antioxidant effect; when applied to
the skin, it ensures the functioning of enzyme systems that
synthesize collagen protein, normalizes the condition of
endothelial cells of blood vessels and tissues, reduces the
negative effects of aging and photoaging, and neutralizes the
influence of free radicals [2].

Until now, there have been no studies on the presence
and quantitative content of the biologically active form of
L-ascorbic acid in herbal raw materials with pronounced
anti-inflammatory, antioxidant, and regenerating activity [3].

According to its chemical structure, L-ascorbic acid
(C,H,0,) is a natural compound derivative of L-acid (y-lac-
tone of 2,3-dehydro-L-gulonic acid).

In modern medical cosmetology, especially for microbial
and inflammatory skin diseases, significant attention is paid to
plant-origin products with Thymus L. genus species extracts.
The extremely polymorphic Thymus L. genus is part of the
Lamiaceae family and includes up to 200 main wild plant
species distributed in Europe, Asia, and Africa, primarily in
temperate climates. According to external morphological
features, these are mainly shrubs or semi-shrubs [3,4].

Up to 50 of the most widespread species of this genus are
known in the modern flora of Ukraine [5,6,7,8,9,10,11].

The best known in modern cosmetology are Thymus vulga-
risL., Th. zygis L. (Th. zygis L. var. gracilis Bois.; Th. zygis L.
var. floribundus Bois., Th. serpyllum L., Th. x citriodorus
(Pers.) Schreb. var. “Silver Queen” [12,13,14].

The accumulation of essential and fatty oils, flavonoids,
hydroxycinnamic acids, polysaccharides, tannins, triterpenoid
saponins, organic and amino acids, inorganic elements has
been established in the Thymus L. genus species [15,16,17].

The essential oils and extracts from herbal raw materials
of Thymus L. genus species for external use are prescribed in
ointments and gels for treating microbial and inflammatory
diseases of normal, problem, and aging skin [18,19,20].

When applied to the skin in medical cosmetics, Thymus L.
genus species extracts show pronounced anti-inflammatory
and regenerating activity. Notably, these extracts do not cause
side effects such as irritation and toxicity [21].

At the same time, it was established that the pronounced
normalizing and restoring collagen synthesis action of these
drugs is largely due to the presence of vitamins, primarily
ascorbic acid [22,23,24].

However, until now, studies of the presence and accumu-
lation of ascorbic acid during the growing season in herbal
raw materials of Thymus L. genus species have not been
conducted. Scientific publications on this line of research
are very limited.

The sufficient prevalence of cultivated and wild Thymus L.
genus species in the Ukrainian flora, along with the pro-
nounced regenerating and antioxidant activity of medicinal
drugs derived from these plants, makes it reasonable to deter-
mine the presence and accumulation of ascorbic acid during
the vegetation period in the herbal raw materials.

Aim

The aim of this work is to determine the presence and accu-
mulation of biologically active L-ascorbic acid in the herbs of
four widespread wild and cultivated species of the Thymus L.
genus of Ukraine flora using TLC and spectrophotometry
methods during vegetation season.

Materials and methods

The research used herbs of four widespread wild and culti-
vated species of the Thymus L. genus of Ukraine flora from
different places of growth during the vegetation season (June
— August 2023). The harvesting of herbal raw materials was
carried out during the vegetation season in various regions
of Ukraine (Zaporizhzhia, Kharkiv, Poltava, Dnipropetrovsk
regions) to the article of the State Pharmacopoeia of Ukraine.
The herbal raw materials were flowering upper shoots with
inflorescences up to 15 cm long, individual leaves, and parts
of twigs (no more than 2 %) [25].

The process of drying was carried out for 24 hours in the
drying device “Termolab SNOL 24/350” at a temperature of
35 °C, a layer thickness of 1 cm, to the last moisture in the
composition no more than 10 %.
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The identify and quantitative content of ascorbic acid in
herbal raw materials were determined by TLC method on
plates with a glass base of the brand “Merkieselguhr F,.,”
20 x 20 (Merck KGaA, Germany) in the systems acetone-
glacial acetic acid-methanol-toluene (5:5:20:70) and n-bu-
tanol-formic acid-water (30:5:10) on the “Biostep” CD 60
densitometer device (Germany) and spectrophotometry on
the “Lambda 365” device (USA).

Methodology: about 5.0 g (exact weight) of herbal raw
material were crushed to a particle diameter (d = 2 mm),
placed in a flask with a capacity of 100 ml, 25 ml of 96 %
ethanol was added, shaken for 30 min. and filtered through
a membrane filter (d = 0.45 pum).

Comparison solution: 10 mg of ascorbic acid Merck stan-
dard (Supelco 47863) in 5.0 ml of 60 % ethanol was dissolved.

The 20 ul of tested solution and 2 ul of comparison solution
to the starting line of the chromatographic plate were applied.

The moving phase must pass a distance of 15 cm from the
starting line. Drying is carried out in the air. Detection of
the presence of ascorbic acid is carried out in UV light at a
wavelength of 254 nm.

The chromatogram of the tested solution shows an absorp-
tion zone at the level of the main zone of the standard sample.
They are sprayed with a solution of 0.2 g/l dichlophenolin-
dophenol sodium in 96 % ethanol and viewed in daylight.

The chromatogram of the tested solution reveals a white
zone on a pink background (ascorbic acid) at the level of the
main zone on the comparison.

Simultaneous chromatographic determination of the pres-
ence of ascorbic acid was carried out with a standard sample
of the Merck standard compound (Supelco 47863) on plates
in selected chromatographic systems on a “Biostep” CD 60
device (Germany).

Method of quantitative determination: about 5.0 g (exact
weight) of plant material was crushed to a particle diameter
(d =2 mm), introduced into a round-bottom flask with a ca-
pacity of 100 ml, a solution of 1.0 g of oxalic acid in 50.0 ml
of methanol was added, boiled refluxed for 10 min., cooled in
an ice bath to a temperature of 15-20 °C and filtered through
a membrane filter (d = 0.45 um).

The 2.0 ml of the filtrate were transferred to a 50 ml conical
flask, 2.0 ml of the dichlorophenolindophenol sodium stan-
dard solution successively were added, shaking gently after
each addition, then, after exactly 60 s, 0.5 ml of a solution of
100 g/1 thiourea in ethanol (50 %) and 0.7 ml of dinitrophe-
nylhydrazine-sulfuric acid solution, was heated under reflux
at a temperature of 50 °C for 75 min and immediately placed
in an ice bath for 5 min.

Drops of 5.0 ml of a mixture of 12 ml of purified water
and 50 ml of sulfuric acid, added for a period of not less than
90 s and not more than 120 s, vigorously shaking the flask
in an ice bath.

The solution was kept for 30 minutes. at room temperature
and measured the optical density at a wavelength of 520 nm
using solution A as a compensating solution.

Solution A. 2.0 ml of the filtrate obtained during the
preparation of the test solution is processed according to the

method, adding dinitrophenylhydrazine-sulfuric acid solution
immediately before measuring the optical density.

Solution for comparison. 40.0 mg of L-ascorbic acid stan-
dard is dissolved in a freshly prepared solution of 20 g/l oxalic
acid in methanol, the volume of the solution is brought to
100.0 ml with the same solvent.

The 5.0 ml of the obtained solution was brought up to
100.0 ml with a freshly prepared solution of 20 g/l oxalic
acid in methanol.

The 2.0 ml of the resulting solutions were processed ac-
cording to the method. The optical density is measured at a
wavelength of 520 nm using solution B as a compensating
solution.

Solution B. The 2.0 ml of the comparison solution was
processed similarly to solution A.

The optical density of the obtained stabilized complex of
ascorbic acid with a standard solution of dichlorophenolin-
dophenol sodium was determined at room temperature at a
wavelength of 520 nm, relative to the compensation solution
[26].

The obtained results were processed by the mathematical
statistics under the license program Statistica for Windows 13
(StatSoft Inc., No. JPZ8041382130ARCN10-J).

The reliability of the obtained differences in values accord-
ing to the State Pharmacopoeia of Ukraine (version 1) was
assessed by the Student’s t-test (p > 95 %) [27].

Results

By TLC and spectrophotometry methods the presence and
quantitative content of L-ascorbic acid in the herbal raw
materials of four widespread Thymus L. genus species of
the Ukraine flora from different places of growth during the
vegetation season (June — August 2023) were used.

The obtained research results are shown in Table 1 and Fig. 1.

The accumulation of L-ascorbic acid was identified and
determined by the TLC and spectrophotometry methods
during the vegetation season in the herbal raw materials of
four widespread Thymus L. genus species.

It was established that the highest presence of the com-
pound was inherent during the flowering season of the spe-
cies, from 20.20 + 2.00 mg% in the herbal raw material of
Thymus serpyllum L. to 39.10 + 3.88 mg% in Th. vulgaris L.

The smallest accumulation of the compound is character-
istic of the fruiting season of the species, from 9.14 + 0.89
mg% in the herbal raw material of Thymus serpyllum L. to
15.49 + 1.51 mg% in Th. vulgaris L.

During the budding season, the content of L-acorbic acid
relatively small and were ranged from 10.13 £ 1.04 mg% in
herbal raw material of Thymus serpyllum L. to 18.10 = 1.79
mg% y Th. vulgaris L.

For cultivated species of the Thymus genus L., the accumu-
lation of this compound was at a higher level than in the wild.

For the herb Thymus vulgaris L. from different places
of growth quantitative content ranged from 37.22 + 3.70
mg% to 39.10 + 3.88 mg%; for Th. x citriodorus (Pers.)
Schreb. var. “Silver Queen” from 34.21 + 3.39 mg% to
36.19 £ 3.59 mg%.
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Table 1. The results of determining the quantitative content of L-ascorbic acid in the herbal raw materials of Thymus L. genus species

(June — August 2023), mg%, u = 6

Species name

Place of collection

Quantitative content (x £ AX), mg%

Budding Flowering Fruiting

Th. serpyllum L. Vilniansk, Zaporizhzhia reg. 10.11£1.11 23.22+2.20 9.14 £0.89
Th. serpyllum L. Lozova, Kharkiv reg. 12.21+£1.22 2521+ 2.49 10.22 +1.07
Th. serpyllum L. Berezotocha, Poltava reg. 10.13 £ 1.04 20.20 +2.00 9.17+0.89
Th. vulgaris L. Beryslav, Kherson reg. 2014 +2.12 39.10 + 3,88 15.49 + 1.51
Th. vulgaris L. Pavlohrad, Dnipropetrovsk reg. 19.10 £ 1.90 38.19+3.79 16.11 £ 1.59
Th. vulgaris L. Pidstepne, Kherson reg. 19.14 +1.89 37.22+3.70 17.20 + 1.68
Th. pulegioides L. Baburka, Zaporizhzhia reg. 16.20 £ 1.65 32.21+3.20 13.10 £ 1.33
Th. pulegioides L. Solone, Dnipropetrovsk reg. 16.10 £ 1.63 32.20+3.19 12.25+1.22
Th. pulegioides L. Orikhiv, Zaporizhzhia reg. 16.13 £ 1.59 3210+ 3.22 12.10+£1.20
Th. x citriodorus (Pers.) Schreb. var. “Silver Queen” Volodymyrivka, Zaporizhzhia reg. 18.10 £ 1.79 36.19 £ 3.59 15.33 £ 1.50
Th. x citriodorus (Pers.) Schreb. var. “Silver Queen” Dniprelstan, Dnipropetrovsk reg. 17.11+£1.69 35.22 +3.46 16.14 £ 1.59
Th. x citriodorus (Pers.) Schreb. var. Silver Queen” Synelnikove, Dnipropetrovsk reg. 17.23 £1.71 34.21+3.39 15.28 + 1.50

45 39.10

40 I 36.19 mBudolng |

35 I 3221 Flavering

30 I 2591 | Fuiting —

Th. x citriodorus
(Pers)

Th. vulgaris L.

Th. pulegioides L.

Th. serpyllum L. Quantitative content

mg%

Fig. 1. The maximum accumulation of L-ascorbic acid in the herbal raw materials of Thymus L. genus species during the vegetation season

(June — August 2023), (x + AX) mg%, U = 6.

Discussion

It was established that the accumulation of L-ascorbic acid
during the growing season in the herbal raw materials of
four studied widespread wild and cultivated species of the
Thymus L. genus ranges from 9.14 = 0.89 mg% to 39.10 +
3.88 mg%.

The compound is an important factor that determines the
passage of all stages of plant ontogenesis. Its maximum
accumulation was characteristic during the flowering season
for cultivated species of the Thymus L. genus.

In the herbal raw materials of Thymus x citriodorus (Pers.)
Schreb. var. “Silver Queen” from 15.28 + 1.50 mg% to
36.19 £ 3.59 mg%; Th. vulgaris L. from 15.49 + 1.51 mg%
t0 39.10 + 3.88 mg%.

The transition of ascorbic acid to the composition of
extracts from species of the genus Thymus L. contributes
to the increase of collagen biosynthesis, anti-inflammatory
and antioxidant activity of drugs during dermal applica-
tion.

Conclusions

1. The accumulation of L-ascorbic acid, which contributes
to the increase of collagen biosynthesis, anti-inflammatory
and antioxidant effects, was identified and determined by TLC
and spectrophotometry methods during the vegetation season
in the herbal raw materials of four widespread Thymus L.
genus species.
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2. The highest accumulation of L-ascorbic acid during the
vegetation season is characteristic of the herbal raw materials
of the studied species during flowering.

3. Taking into account the sufficient raw material base
of the researched promising species of the Thymus L. genus,
it should be considered appropriate to cultivate them in the
conditions of Ukraine to obtain effective complex medicinal
drugs for dermal application.

Prospects for further research. The methods of identification
and quantitative analysis of L-ascorbic acid can be used for
further research on Thymus L. genus species as well as for
inclusion in the draft monographies for the standardization
of these species.
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Comparative studies of essential oils from
Matricaria recutita L.

O. I. Panasenko@AEF V. M. Odyntsova@*AEF O. M. Denysenko™@AEF V., |. Mozul@BEF V. V. Holovkin(=BCE

Zaporizhzhia State Medical and Pharmaceutical University, Ukraine

The aim of the work is to determine the component composition of the essential oil of medicinal chamomile, grown on the educational
and research site of medicinal plants of Zaporizhzhia State Medical and Pharmaceutical University (ZSMPHU), and commercial essential
oil that was purchased via the Internet.

Materials and methods. The object of the study was chamomile essential oil obtained by hydrodistillation and commercial oil. Qualitative
and quantitative determination of the components of essential oils was established using the chromato-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).

Results. Dominant compounds of essential oil of chamomile, grown on the educational and research site of medicinal plants ZSMPHU
were 2H-pyran-3-ol, tetrahydro-2,2,6-trimethyl-6-(4-methyl-3-cyclohexen-1-yl) ) - 7.54 %, chamazulene — 5.32 %, alpha-bisabolol —4.30 %,
1H-cycloprop[e]azulen-7-ol, decahydro-3,1,7-trimethyl-4-methylene — 3.25 %, myrtenyl acetate — 3.03 %, azulene, 1,2,3,3a,4,5,6,7-
octahydro-1,4-dimethyl-7-(1-methylethenyl) — 2.16 %, bisabolol oxide B — 1.86 %. Commercial chamomile essential oil was dominated
by 3-methoxy-3-methylbutanol (56.15 %), diethyl phthalate (17.46 %), linalyl acetate (6.99 %), linalool (4.41 %).

Conclusions. Industrial cultivation of chamomile in southern Ukraine shows a high biologically active substances content and can be in
demand in the pharmaceutical industry’s consumer market for raw materials.

Keywords: Matricaria recutita L., essential oil, chromatography-mass spectrometry.
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MopiBHANLHI gocnigkeHHs edbipHux onii Matricaria recutita L.
O. I. Manacenko, B. M. OgunHuoBa, O. M. [leHuceHko, B. I. Mo3ynb, B. B. lonoskiH

MeTa po60oTH — BCTAHOBNEHHS KOMMOHEHTHOTO cknagy edipHOi onii poMallky NikapCbkoi, BUPOLLEHOT Ha HaBYarbHO-OCAIAHIN OiNaHLj
3anopi3bKkoro AepxaBHOMO Meanko-hapmaLeBTuyHoro yHiBepcutety (3OMO®Y), Ta KomepLiliHOi edipHOI onii, Ska npuadaHa Yepes Me-
pexy IHTepHeT.

Marepianu i MeToau. O6’ekT gocnigkeHHs — edpipHa onisi pomalLKk1, OTpUMaHa METOAOM FiAPOANCTUNALLIT, Ta KoMepLiiHa onisi. AkicHe Ta
KinbKiCHe BU3HaYeHHS KOMMOHEHTIB eDipHMX O1il 3AINCHUNM 3 BUKOPUCTaHHAM XPOMaTO-Mac-CnekTPOMETPUYHOMO METOAY Ha BUCOKOedek-
TuBHOMY razoBoMy xpomartorpadi «Agilent 7890B GC System» (Agilent, SantaClara, CA, USA) 3 mac-cnekTpoMeTpu4HUM AETEKTOPOM
«Agilent 5977 BGC/MSD» (Agilent, SantaClara, CA, USA).

Pesyniratu. Cnonyku, Wo AoMiHyBanu B edipHii onii pomallku, sika BUPOLLEHa Ha HaB4anbHO-AOCIAHIN AiNSHUi NikapCbKUX POCIUH
nikapcbkux pocnuH 3OMOY: 2H-pyran-3-ol, tetrahydro-2,2,6-trimethyl-6-(4-methyl-3-cyclohexen-1-yl) — 7,54 %, chamazulene — 5,32 %,
alpha-bisabolol - 4,30 %, 1H-cycloprop[e]azulen-7-ol, decahydro-3,1,7-trimethyl-4-methylene — 3,25 %, myrtenyl acetate — 3,03 %,
azulene, 1,2,3,3a,4,5,6,7-octahydro-1,4-dimethyl-7-(1-methylethenyl) — 2,16 %, bisabolol oxide B — 1,86 %. B komepuiiHin edipHii onii
pomaLuku nikapcbkoi nepesaxanu 3-methoxy-3-methylbutanol (56,15 %), diethyl phthalate (17,46 %), linalyl acetate (6,99 %), linalool
(4,41 %).

BucHoBku. MpomMucrioBe kynbTMBYBaHHS pOMALUKKM NiKapCbkoi B yMOBaX MiBAHS YKpaiHW cnpusie BUCOKOMY BMICTY GiONnorivYHO akTUBHMX
peYoByH i MOxe ByTu 3aTpebyBaHnM Ans CNOXUBYOMO PUHKY CUPOBUHMU, LLIO BUKOPUCTOBYHOTL Y (hapMaLEeBTUYHIN MPOMMCIOBOCTI.

KnrouoBi cnosa: Matricaria recutita L., edbipHa onisl, xpomaTo-mac-CrnekTpomeTpis.
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Cultivation of medicinal plants contributes to the increase of
the raw material base, the protection of rare and endangered
species, and is a prerequisite for obtaining high-quality raw
materials, primarily with a high content of pharmacological-
ly active substances. The main task of selection is to breed
species with a high yield of raw materials and an increased
content of active substances, resistant to diseases and pests,
and suitable for mechanized cultivation technology [1,2,3].
The qualitative composition and quantitative content of
components may change due to the influence of various
natural factors. Local geoclimate, seasonal changes, light,
humidity, and soil type are the main parameters that affect
the accumulation of biologically active substances in the
plant. The cultivation of plants plays a major role in obtaining
higher quality raw materials, which in turn contributes to the
production of effective drugs, enabling appropriate therapy
for patients [4].

The transition of domestic pharmaceutical production to in-
ternational standards significantly increases the requirements
for the cultivation and quality of medicinal raw materials
[5]. The important factors affecting the content of active
substances are environmental factors. They are the amount
of precipitation and air humidity, soil composition, thermal
and light energy [1,2].

Among the great variety of medicinal plants, a special
place is occupied by the medicinal chamomile (Matricaria
recutita L.) [6]. Inits wild form, species similar in appearance
are found next to it, which are unacceptable impurities [7,8].

Chamomile medicinal flower baskets (Matricariae flores)
are widely utilized in medicine owing to their substantial
content of essential oils, flavonoids, and other biologically
active metabolites. These compounds exhibit a wide range of
therapeutic properties, including anti-inflammatory, antisep-
tic, antispasmodic, antioxidant, emollient, choleretic, astrin-
gent, antipyretic, soothing, and antimicrobial effects [9,10].

Chamomile flowers are key components of numerous
preparations, with the majority being manufactured in
Ukraine [11]. Matricaria recutita L. is classified as a priority
medicinal plant, with its raw materials in high demand. These
flowers are harvested from wild Matricaria recutita L. in their
natural habitats and from cultivated sources across various
regions of Ukraine.

The novelty of this study lies in several key aspects. First,
it involves a comprehensive comparison of essential oils
from various sources, considering diverse factors such as
the growing conditions of the raw materials, the vegetation
phase during harvesting, the processing methods, and the
plants’ geographical origin. Additionally, the study employs
multiple analytical techniques to assess these variables. This
multi-faceted approach provides valuable insights into the
stability and quality of chamomile essential oils. Consequent-
ly, these findings contribute to the enhancement of scientific
knowledge and the overall quality of essential oil production.

Aim
The purpose of the work is to determine the component
composition of the essential oil of medicinal chamomile,

grown on the educational and research site of medicinal
plants of Zaporizhzhia State Medical and Pharmaceutical
University, and commercial essential oil that was purchased
via the Internet.

Materials and methods

The object of the study was chamomile essential oil, ob-
tained by the method of hydrodistillation, and commercial
oil. The essential oil was obtained in the laboratory of the
Department of Pharmacognosy, Pharmacology and Botany
of Zaporizhzhia State Medical and Pharmaceutical Uni-
versity (ZSMPHU). Qualitative and quantitative determi-
nation of the components of essential oils was established
using the chromato-mass spectrometric method in the
laboratory of gas chromato-mass chromatospectrometry of
the Educational and Scientific Medical Laboratory Center
with a vivarium.

The essential oil was obtained from dry medicinal plant
material by the standard method of hydrodistillation (refe-
rence to the State Pharmacopoeia of Ukraine) [12].

The research was carried out using standard methods for
determining chemical compounds on a high-performance
gas chromatograph “Agilent 7890B GC System” (Agilent,
SantaClara, CA, USA) with a mass spectrometric detec-
tor “Agilent 5977 BGC/MSD” (Agilent, SantaClara, CA,
USA) [13,14]. Chromatographic column DB-5ms length
30 m x 250 um x 0.25 um. The speed of the carrier gas (he-
lium) is 1.3 ml/min. Injection volume — 0.5 pl. Flow division
— 1:5. The temperature of the sample input unit is 200 °C —
12°C/s — 265 °C. Thermostat temperature: programmable,
70 °C (1 min delay) — 10 °C/min — 270 °C (4 min delay).
The temperature of the GC/MS interface is 275 °C; ion sourc-
es — 230 °C; of a quadrupole mass analyzer — 150 °C. Type
of ionization: El at an electron energy of 70 eV. 30-700 m/z.
The NIST14 mass spectrum library was used to identify the
components.

Results

The essential oil of medicinal chamomile, grown on the ed-
ucational and research site of medicinal plants of ZSMPHU,
was intensely blue, oily to the touch with a pleasant character-
istic smell [15,16]. The commercial essential oil was yellow,
oily to the touch with a faint odor.

According to the results of the chromatographic-mass-
spectrometric study, 48 compounds were identified in
the essential oil of chamomile, grown on the educational
and research site of medicinal plants of ZSMPHU, taking
into account agrotechnical methods (Fig. 1, Table 1) and
18 compounds in the essential oil purchased through the
Internet (Fig. 1, Table 2).

Among substances of terpenoid nature, the dominant
compounds of chamomile essential oil grown on the edu-
cational and research site of medicinal plants of ZSMPHU
were 2H-pyran-3-ol, tetrahydro-2,2,6-trimethyl-6-(4-me-
thyl-3-cyclohexen-1-yl) — 7.54 %, chamazulene — 5.32 %,
alpha-bisabolol — 4.30 %, 1H-cycloprop[e]azulen-7-ol,

138 Current issues in pharmacy and medicine: science and practice. Volume 17. No. 2, May — August 2024

ISSN 2306-8094



OpueiHaribHi 00CiOKeHHs

x102 |* TIC Scan 20231213 _Chamonile_1_H-1.D

10 5.270

0.8

0.6

28.003
0.4

17.733
11.464

N
o
[¢5)

0.2 |
| 15.575
00 4= A 1‘J Ll A Ll i b 30745 ™~ |

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56
Counts (%) vs. Acquisition Time (min)

Fig. 1. Chromatogram of essential oil of chamomile, grown at the educational and research area of medicinal plants of ZSMPHU.

Table 1. Qualitative and quantitative content of chamomile essential oil of medicinal flowers grown at the educational and research site of medicinal plants
of ZSMPHU

1 0.19

3.232 Toluene

2 3.745 Hexanal 0.10
3 4.695 Butanoic acid, 2-methyl-, ethyl ester 0.64
5) 5.27 3,5-Octadiyne 28.99
7 6.448 Benzene, (1-methylethyl) 0.16
8 6.717 3-Carene 1.12
9 7.034 Butanoic acid, 2-methyl-, propyl ester 0.20
10 8.113 5-Hepten-2-one, 6-methyl 0.10
1 8.434 3,6-Heptadien-2-ol, 2,5,5-trimethyl 0.42
12 9.235 0-Cymene 0.36
13 9.368 D-Limonene 0.47
14 9.47 Eucalyptol 0.81
15 10.211 1,5-Heptadien-4-one, 3,3,6-trimethyl 1.1
16 10.863 1,5-Heptadien-4-ol, 3,3,6-trimethyl 0.14
17 11.464 Linalool 1.84
18 11.638 Bicyclo[3.1.0]hexan-3-one, 4-methyl-1-(1-methylethyl) 0.13
19 13.299 4-Hexen-1-ol, 5-methyl-2-(1-methylethenyl) 0.09
20 13.561 endo-Borneol 0.14
21 13.793 Terpinen-4-ol 0.11
22 14.234 a-Terpineol 0.65
23 15.575 D-Carvone 0.76
24 16.277 4,8-Dimethylnona-3,8-dien-2-one 0.09
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Count of Table 1.

25

0.33

16.823 Safrole
26 16.976 Thymol 0.82
27 17.199 Thymol 0.12
28 17.733 Myrtenyl acetate 3.03
29 19.477 Bicyclo[5.3.0]decane, 2-methylene-5-(1-methylvinyl)-8-methy! 0.17
30 19.745 Methyleugenol 0.17
31 20.258 Caryophyllene 0.12
32 21.08 cis-beta-Farnesene 1.46
33 21.163 1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl 0.16
34 21.796 (1R,28,68S,7S,8S)-8-Isopropyl-1-methyl-3-methylenetricyclo[4.4.0.02,7]decane 0.09
35 21.999 1,1,4a-Trimethyl-5,6-dimethylenedecahydronaphthalene 0.14
36 22.164 Azulene, 1,2,3,3a,4,5,6,7-octahydro-1,4-dimethyl-7-(1-methylethenyl) 2.16
37 23.45 Cyclohexanemethanol, 4-ethenyl-4-trimethyl-3-(1-methylethenyl) 0.44
38 23.739 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl 0.37
39 2413 1H-Cycloprop[e]azulen-7-ol, decahydro-1,1,7-trimethyl-4-methylene 3.256
40 24.247 Alloaromadendrene oxide-(1) 0.10
41 25.411 2-Naphthalenemethanol, 1,2,3,4,4a,5,6,7-octahydro,4a,8-tetramethy! 0.22
42 25.638 tau-Muurolol 0.10
43 25911 Bisabolol oxide B 1.86
44 26.509 (S)-2,2,6-Trimethyl-6-((S)-4-methylcyclohex-3-en-1-yl)dihydro-2H-pyran-3(4H)-one 3.80
45 26.619 a-Bisabolol 4.30
46 27.556 Chamazulene 5.32
47 28.003 2H-Pyran-3-ol, tetrahydro-2,2,6-trimethyl-6-(4-methyl-3-cyclohexen-1-yl) 7.54
48 30.745 (Z)-2-(Hexa-2,4-diyn-1-ylidene)-1,6-dioxaspiro[4.4]non-3-ene 0.24
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Fig. 2. Chromatogram of commercial chamomile medicinal flowers essential oil.
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Table 2. Qualitative and quantitative content of commercial chamomile essential oil

S "0

4.421 Butanoic acid, 3-hydroxy-3-methyl
2 6.411 3-Methoxy-3-methylbutanol 56.15
3 9.47 Eucalyptol 0.59
4 11.461 Linalool 4.41
5 14.129 1,3-Dioxolane, 2-heptyl 0.42
6 15.047 2,6-Octadien-1-ol, 3,7-dimethyl 0.44
7 15.723 Linalyl acetate 6.99
8 19.57 beta.-Phenylethyl butyrate 0.44
9 20.31 Nopyl acetate 1.36
10 22.644 2-Phenoxyethyl isobutyrate 0.60
11 24.354 Diethyl Phthalate 17.46
12 25.997 Ethanone, 1-(2,3,4,7,8,8a-hexahydro-3,6,8,8-tetramethyl-1H-3a,7-methanoazulen-5-yl) 0.73
13 28.329 Cyclopenta[g]-2-benzopyran, 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethyl 0.57
14 48.648 Hexadecanoic acid, 2-methylpropyl ester 2.41
15 48.746 1-Methylbutyl hexadecanoate 254
16 48.826 1-Methylbutyl hexadecanoate 2.15
17 48.924 1-Methylbutyl hexadecanoate 1.02
18 49.212 1-Methylbutyl hexadecanoate 1.39

decahydro-3,1,7-trimethyl-4-methylene — 3.25 %, myrtenyl
acetate — 3.03 %, azulene, 1,2,3,3a,4,5,6,7-octahydro-1,4-di-
methyl-7-(1-methylethenyl) — 2.16 %, bisabolol oxide B
— 1.86 %, linalool — 1.84 %, cis-beta-farnesene — 1.46 %,
3-carene — 1.12 %.

Commercial chamomile essential oil was dominated by
3-methoxy-3-methylbutanol (56.15 %), diethyl phthalate
(17.46 %), linalyl acetate (6.99 %), linalool (4.41 %).

In the essential oil of chamomile, grown on the education-
al and research site of medicinal plants of ZSMPHU and
commercial, 2 components — linalool (1.84 % and 4.41 %,
respectively) and eucalyptol (0.81 % and 0.59 %, respective-
ly) were identified.

Discussion

Azulene-containing compounds, which cause its blue color,
are markers of the quality of essential oil of medicinal chamo-
mile (Matricaria recutita L.) [11]. Hamazulene was identified
only in the essential oil of chamomile grown at the medicinal
plant research area of ZSMPHU.

The composition of biologically active substances in the
essential oil of medicinal chamomile (Matricaria recutita L.),
grown at the educational and research site of medicinal plants
of Zaporizhzhia State Medical and Pharmaceutical University,
and commercial essential oil purchased over the Internet may
differ due to several key factors.

Firstly, the lower component composition of the com-
mercial essential oil can be attributed to the fact that the
plants were grown in different regions with varying climatic
conditions. These environmental differences significantly
impact plant metabolism and, consequently, the composition
of biologically active substances (BAS).

Secondly, the methods of collection and processing used
for the essential oils can vary. Commercial processes may
involve high temperatures or chemical solvents that can alter
the BAS composition. These methods can potentially degrade
sensitive components or change the overall chemical profile
of the essential oil.

Thirdly, the timing of harvesting plays a crucial role in the
quality and quantity of essential oil extracted from the plant
material. Harvesting raw materials at the incorrect time can
reduce the total amount of essential oil available. The accu-
mulation of essential oils in chamomile occurs gradually,
reaching its peak during the full flowering phase. Essential
oil components such as chamazulene, a-bisabolol, bisabolol
oxide, and linalool achieve their optimal concentrations
during this phase. If the harvesting is done either too early
or too late, the concentrations of these active substances can
be significantly lower, impacting the efficacy and quality of
the essential oil.

The use of different distillation methods can affect the
composition of the oil, including the loss or change of
certain components. Unknown conditions of storage and
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transportation can lead to changes in the composition of the
oil, including the loss of volatile components. Inadmissi-
ble impurities are possible during the procurement of raw
materials or adulteration, such as the addition of synthetic
components or dilution with other oils, which affects the
final composition of BAS.

Conclusions

1. The results of the chromatographic-mass spectro-
metric study revealed the presence of 48 compounds in the
essential oil of chamomile grown at the educational and
experimental site of medicinal plants of ZSMPHU. Among
these compounds, the following components were predo-
minant: 2H-pyran-3-ol, tetrahydro-2,2,6-trimethyl-6-(4-me-
thyl-3-cyclohexen-1-yl) — 7.54 %, chamazulene — 5.32 %,
alpha-bisabolol — 4.30 %, 1H-cycloprop[e]azulen-7-ol,
decahydro-3,1,7-trimethyl-4-methylene — 3.25 %, myrtenyl
acetate — 3.03 %, and azulene, 1,2,3,3a,4,5,6,7-octahy-
dro-1,4-dimethyl-7-(1-methylethenyl) — 2.16 %.

2. The commercial chamomile essential oil, obtained
through an online purchase, was predominantly composed
of 3-methoxy-3-methylbutanol (56.15 %), diethyl phthalate
(17.46 %), linalyl acetate (6.99 %), and linalool (4.41 %).

3. The components common to both essential oils were
linalool (1.84 % and 4.41 %, respectively) and eucalyptol
(0.81 % and 0.59 %, respectively).

4. The absence of the characteristic blue color and the
insignificant component composition of the commercial
essential oil may indicate that the chamomile raw material
was harvested during the wrong phase of vegetation or that
the incorrect type of chamomile was utilized as the source
of oil, thus impacting the essential oil’s quality.

5. The studies have demonstrated the viability of indus-
trially cultivating chamomile in the conditions of southern
Ukraine, given its high content of biologically active sub-
stances and potential demand in the raw material market for
the pharmaceutical industry.
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Po3pobka onTuManbHOro cknagy TabneTok i3 fito4o0 Pe4OBUHOH
Kanin 2-((4-amiHo-5-(MmopconiHomeTun)-4H-1,2,4-tpiason-3-in)Tio)
auetaTom.

MoBiaomneHHs 1. BUBYEeHHSA BNNMBY AONOMIXKHUX PEYOBUH
Ha HAaCUNHY ryCTUHY, HACUMHY ryCTUHY MiCNnsa ycaaKu, TeKy4iCcTb
| KyT NPMPOAHOro yKOCy NOpOLLUKOBUX Mac

P. O. WepbuHa*EF, O. B. Xpomunbosa @, T, P. HimeHko 8P, B. O. CanioHoB(»E

3anopisbkuil AepxaBHU Meayko-hapMaLeBTU4HUIA yHIBepcuTET, YkpaiHa

A — KoHLenNUis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauis gaHux; D — HanucaHHs ctatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepaXEHHS CTaTTi

dapmaLeBTyHa NPOMUCIIOBICTb NOCTINHO BAOCKOHaNETLCS, Wo6 BignosigaTn notpebamcy4acHoro CycninbCrea y BUCOKOSKICHUX
nikapcbkux 3acobax. OguH 3i LWNAXiB PO3BUTKY — MOLLYK HOBMX TEXHOSONN ANsi BUrOTOBNEHHS TabneToBaHmx hopm, LLO BignoBigawTb
Cy4acHUM CTaHAapTam sIKOCTi. BaXnmeum eTanom € BU3HAYEHHS! ONTUManbHKUX AOMOMIKHWX PEYOBWH, O MakcumarnbHo 3bepiratoTb
chapmakonoriyHy aKTVBHICTb Ait040i pe4yoBUHU. [lOCNImKEHHS BNAVBY Pi3HNX JOMOMIKHUX PEYOBMH Ha NMPOLEC NpecyBaHHs TabneTok €
KIMOYOBUM Yy LibOMY acnekTi. [JoUinbHAM € BYBYEHHS BNMKBY AOMOMIKHWX PEYOBUH Ha hapMaKo-TEXHOONiYHI BNAcTUBOCTI TabneTok i3
kanin 2-((4-amiHo-5-(MopdoniHometun)-4H-1,2,4-Tpiason-3-in)Tio)aueTaToMm, OCKiNbku CyO6CTaHLIis Mae BUpaXeHi renatonpoTeKTOpHi 1
aHTUOKCWAAHTHI BNacTUBOCTI.

MeTa po60oTi — BMBYEHHSI BMNMBY OOMOMIKHUX PEYOBUH Ha (hapMaKO-TEXHOMOTIYHI MOKA3HMKM TAbMETOK i3 Ail0400 PEYOBUHOW Kanil
2-((4-amiHo-5-(mopdhoniHomeTun)-4H-1,2,4-Tpiason-3-in)Tio)aueratom, OTpUMaHUX METOLOM NPSIMOrO NPECYBaHHS.

Marepianu i metogu. [litova peyoBuHa — kanii 2-((4-amiHo-5-(MopgoniHomeTun)-4H-1,2,4-tpia3on-3-in)Tio)auerat, SONOMIXKHI peHOBUHU
(Ha OCHOBI MIKPOKpMCTaMiYHOI LEMono3u, rpaHynboBaHKX LyKpiB, KOB3HI, 3MaLLlyBabHi pe4oBuHm). [epeBipuny nopoLKOBi CyMilli Ha
HaCWMHY ryCTUHY, HACUMHY TYCTWHY NICNSA YLWiNbHEHHS, TEKyYiCTb i KyT MPUPOAHOro ykocy. Mpecysanu TabneTkm MeTogoM NpsiMOro npe-
CyBaHHs. [locnigxeHo BNMMB AOMOMIKHUX PEHOBWH Ha NPOLEC NPeCcyBaHHS.

Pe3ynktati. Y pesynsrati focnigXeHb BCTAHOBUY, LLO NOpOLUKOBa Maca 2-((4-amiHo-5-(MopdoniHometun)-4H-1,2,4-Tpiason-3-in)Tio)
auerary Kasito Ta JONOMiKHUX PEYOBUH XapaKTepudyBanacs XOpoLUMMmM hapMako-TEXHOMOTYHUMI MOKa3HUKaMM — HACUMHO NYCTUHOH) i
HACWMHO IYCTUHOIO NICNS YLINBbHEHHS, TEKYYICTHO | KYyTOM NpUpOoAHOro ykocy. [lani y npoueci TabneTyBaHHs NiaTBEpAXKEHO, LU0 NOPOLLKOBa
maca mMae 3a40BinbHi BNacTMBOCT. Maixe y BCiX cepisix ekcrnepuMeHTy npoLec npecyBaHHs TabneTtok nepebiraB HopMansHO, MaTpULS
PIBHOMIpPHO 3aMoOBHEHA, ane cuna BULLTOBXYBaHHS TabneTok i3 MaTpuui pisHa.

BucHoBku. [Ins po3pobneHHs cknagy ¥ TexHonorii HoBoro TabneToBaHoro nikapcbkoro 3acoby, o MicTUTh Kanii 2-((4-amiHo-5-(mop-
doniHometun)-4H-1,2,4-tpiason-3-in)tio)auerar, gocnimkeHo 16 AONOMDKHUX PEYOBMH (HANOBHIOBAYi, PO3nyLLyBaYi, KOB3HI PEYOBUHM,
3MalLLlyBarbHi pe4oBvHK). Lie gano 3amory B13HauMT ONTUManbHi JOMOMiXKHI PE4OBMHM, LLO BiANOBIAAKTb YCiM hapMaKko-TEXHOMNOMYHUM
BUMOram, Lo BucyBae [JOY go tabneTok.

Kntouogi cnoga: 1,2,4-Tpia3on, hapmako-TeXHONori4YHi nokasHuky, TabneToBaHa nikapcbka opma, NpsiMe NpecyBaHHS.
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Development of the optimal composition of tablets with the active substance potassium 2-((4-amino-5-(morpholinomethyl)-
4H-1,2,4-triazol-3-yl)thio)acetate. Message 1. Study of the effect of auxiliary substances on bulk density, bulk density after
shrinkage, fluidity and angle of natural slope of powder masses
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The pharmaceutical industry continually evolves to meet the demands of modern society for high-quality medications. One avenue of this
advancement involves exploring new technologies for manufacturing tablet formulations that adhere to contemporary quality standards.
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An integral aspect of this process is the careful selection of optimal excipients that preserve the pharmacological activity of the active
substance to the greatest extent possible. Investigating the impact of various excipients on the tablet compression process is pivotal to
addressing this challenge. Therefore, the study of the influence of excipients on the pharmaco-technological properties of tablets with
potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazol-3-yl)thio)acetate is an important aspect, so as this substance has pronounced
hepatoprotective and antioxidant properties.

The aim of the work was to study the effect of excipients on the pharmaco-technological parameters of tablets with the active ingredient
potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazol-3-yl)thio)acetate obtained by the method direct pressing.

Materials and methods. Active substance — potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2 4-triazol-3-yl)thio)acetate, auxiliary
substances (excipients based on microcrystalline cellulose, auxiliary substances based on granulated sugars, lubricants, lubricants). The
powder mixtures were checked for bulk density, bulk density after compaction, flowability and angle of natural slope. The tablets were
pressed by the direct pressing method. The effect of auxiliary substances on the pressing process was studied.

Results. The conducted studies show that the powder mass of potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazol-3-yl)thio)acetate
and auxiliary substances was characterized by good pharmaco-technological indicators — bulk density and bulk density after compaction,
fluidity and angle of natural slope. Further, during the tableting process, it was confirmed that the powder mass has satisfactory properties.
In almost all series of experiments, the process of pressing the tablets took place without difficulties, the matrix was evenly filled, but the
force of pushing the tablets out of the matrix was different.

Conclusions. The study involving 16 excipients, including fillers, disintegrants, and lubricants to develop the composition and technology
was conducted of a new tablet medicine containing potassium 2-((4-amino-5-(morpholinomethyl)-4H-1,2,4-triazole-3-yl)thio)acetate. This
comprehensive examination enabled us to identify the optimal auxiliary substances that fulfill all the pharmaco-technological requirements
stipulated by the State Pharmacopoeia of Ukraine for tablet formulations.

Keywords: 1,2,4-triazole, pharmaco-technological indicators, tablet, dosage form, direct pressing.
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dapmareBTHYHA TPOMHUCIIOBICTH MOCTIIIHO PO3BUBAETHCS
JUTS 33I0BOJICHHS ITOTPEO Cy4acHOTO CYCITUTECTBA y BUCOKO-
SIKICHHX Ta e()eKTUBHUX JIKapChkuX 3acobax [1,2]. Oxnn 31
IIUISXIB PO3BUTKY — MTOITYK HOBUX TEXHOJOTIH 1 CKIIaiB s
BUTOTOBJICHHSI TA0I€TOBaHUX (DOPM JIIKapCHKUX 3aC00iB, SIKi
0 MakCHMaJIbHO BIJIOBIIANIN Cy4YaCHHM CTaHIAPTaMH SIKOCTI
Ta 6e3nekw [3,4].

VY 1bOMY KOHTEKCTI OCOOJNMBY aKTyalbHICTh Ma€ JIOCIi-
JUKCHHS BIUTHBY TOIOMDKHUX pedoBuH (/IP) Ha papmako-Tex-
HOJIOTT4HI MOKa3HHUKH TaOJIETOK 13 0400 PEUOBHHOKO KaJTii
2-((4-amino-5-(mopdominomernn)-4H-1,2,4-Tpiazomn-3-ir)
TiO)aIeTaToOM.

DapManeBTHYHI TAPaMETPH ITi€] CyOCTaHIIi] BKe HaBEICHO
y (axoBii niteparypi [5]. Tak, BoHa Mae BUpaKeHI renarornpo-
TekTopHi [6,7,8,9] i anTnokcumanTtHi BnactuBocti [10]. Lle
CBITUMTH NPO 1i MOTEHMLiIHY e()eKTHUBHICTB ITi/1 Yac JIIKyBaHHS
TeTaTUTIB Pi3HOI €TIONOTIT Ta OKCUAATUBHOTO CTPECY.

BaxximBwuii erart 1yt yac po3poOaeHHsT HOBUX JIIKAPCHKUX
(hopM — BUOIp ONTHMAIBHUX IONOMIKHHUX pedoBrH [ 11], 1o
He Jviie 3a0e3NeuyoTh HeOOXiaHI (hapMaKo-TeXHOIOTIUHI
TIOKa3HUKH, aJie i MaKCUMabHO 30epiratoTh (hapMaKosoriy-
Hy aKTHBHICTB J1it040i pedoBuHH [12]. locmimKeHHs BILTUBY
PI3HHX JONOMIXHHX PEUOBHH Ha MPOIIEC IIPECyBaHHs Tadie-
TOK € KITFOUOBHM Y II5OMY actekri [11,14].

Otxe, JOUUIBHAM € JIOCHIPKEHHS BIUTUBY PI3HUX JIOTO-
MDKHHAX PEYOBHH Ha (papMaKO-TEXHOJIOTiUHI BIACTHBOCTI
BUTOTOBJICHHS Ta0JIeTOK 13 Kawii 2-((4-amino-5-(Mopdorti-
HomeTw)-4H-1,2,4-Tpia3omn-3-i1)Tio)ameTaroM, OCKUTBKH
11e MOXKE CIIPUSITH Ha/1aJli CTBOPEHHIO MOTEHLIHHOTO JiKap-
CBKOTO 32c00y.

MeTa po6otu

BuBYCHHS BIUIMBY JONOMDKHHUX PEYOBHH Ha (hapMaKo-TeX-
HOJIOTTYHI MOKa3HHUKH TAOJIETOK i3 JAIF0YOI0 PEYOBHHOKO KaJIii

2-((4-amino-5-(mopdoninomernn)-4H-1,2,4-Tpiazon-3-in)
TiO)aIeTaToM, OTPUMAHUX METOIOM TPSIMOTO TIPECYBAHHS.

Marepianu i MeTogu gocnimpkeHHA

I1ix yac CTBOPEHHS TAOJICTOK 13 [IFOYOK PEUOBUHOIO Kaliit
2-((4-amino-5-(mopdominomernn)-4H-1,2,4-Tpiazon-3-ir)
TIiO)alleTaToM BpaxoByBaJIH 11 (Di3MKO-XiMIUHI i TEXHOIOTI4HI
BIIaCTUBOCTI. BuB4anm ¢opmy Ta po3Mipu 4acTOK METOIOM
€JICKTPOHHOT MIKPOCKOIII{ 3a JOMOMOTOI KOMIT FOTEPHOT
mporpamiu Inter Video WinDVR.

VY pe3ynbraTi TOCIiKEHHS BCTAHOBIUIH, 110 CYOCTaHITist
Kamiit 2-((4-amino-5-(mopdominomernn)-4H-1,2,4-Tpi-
a3oi-3-im)Tio)anerar — TMOMNIIUCTIEPCHUH KPUCTaTIYHIH
MTOPOIIOK Y BUINIAAI IJIACTHHYACTHX OaraTorpaHHUKIB Ta
ix ¢parmentiB. dpakuis, M0 1OMiHYy€, — i30AiaMeTPpUYHI
YAaCTUHKH HENPaBUIILHOT (POPMH; CepeiHe 3HAYCHHS IHPHU-
HH YacTOK CTaHOBUTH 170 MKM, cepeHs JTOBXKHUHA YaCTOK
moporky — 238 MM (puc. 1).

Pesynbrartu gociijpkeHHs (i3nko-XiMiuHUX 1 dapma-
KO-TEXHOJIOTIUYHHX MTOKa3HUKIB CyOCTaHIH Kautii 2-((4-ami-
HO-5-(MopdoninomeTnn)-4H-1,2,4-Tpia3on-3-in)rio)anerary
JIAF0Th 3MOTY TIPOTHO3YBaTH, a HAai | MiATBEPAUTH MOXK-
JUBICTH OTPUMaHHS TabJIETOK caMe METOJOM IpPsIMOTO
HpeCyBaHHSI.

Jns onmepkaHHS TabIETOK OCOONMBY yBary HEOOXiTHO
TIPUIUTITH BU3HAYCHHIO patioHanbHux /1P, mo Bukopucto-
BYIOTB TiJ 9ac MPSMOTO TPECYBaHHSA, 30KpeMa TOMOMiK-
HUM PEYOBMHAM Ha OCHOBI MIKPOKPHCTAJIIYHO]T IIEITI0JI03H,
IyKpPY-ITiCKy, KOB3HUM, 3MaIlyBaJIbHUM pedoBHHaAM [12].
JAP matoTh 3a0e3nedyyBary NeBHi (papMako-TEXHOJIOTIYHI
MmoKa3HuKH, 110 JlepxaBHa (hapmakoriess Yipainu (DY)
pernaMenTye s Tadnetok [ 15].

ITix gac podotu gociimkeno yotupu rpymu JAP. Y mabnu-
yi 1 HaBeeHO (paKTOPH Ta IXHI PiBHI.
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Ta6nuus 1. JonomixHi pe4oBUHM, JOCHiMKEH Nif Yac po3pobky TabneTok

A — 0ONOMXHI pE4OBUHM 1 - MKL, 101
Ha OCHOBI MiKpOKpUCTamiYHOI a, — npocons 90
Lientonosmn , — MKL 301
, — MKL 200
B — [ONOMiKHI pe4oBUHM b, — maniTon 200
Ha OCHOBI rpaHyNbOBaHNX LyKpiB | b,— naktosa moHorigpar
b,— maniton 505
b, - uykop komnpi M
C — KOB3Hi Pe4OBUHN C,— KpoXMmarib KapTonmnsHuin
— aepocun
c — Tanbk

j— HeyeuniH YC 2

D — 3malLyBanbHi pe4oBUHM d, — marHito cTeapar

d,— kucnota cteapuHoBa
d,— kanbLjto cTeapat
d,— MNEr 4000

1
2
3
4

Puc. 1. MikpodhoTorpadisi nopoluky cyberaHuii kanii 2-((4-amiHo-5-
(mopdoniHomeTun)-4H-1,2,4-Tpiazon-3-in)tio)auetat (Macwtab 1 : 400).

Tabnuus 2. YoTnpnchakTopHWIA EKCNIEPUMEHT Ha OCHOBI IPEKO-NaTUHCLKOMO KBaApaTy Ta pesynbraTit AOCTILKEHHS NOPOLLKOBUX CyMilliei i TabneTok
i3 pitoyoro pevoBuMHOIO Kanii 2-((4-amiHo-5-(MopdoniHomeTun)-4H-1,2,4-Tpiason-3-in)Tio)aueTtatom

1 b, d, 040 |043 |053 [051 (311 5 4
2 a, b, 3, d, 045 |047 |051 [053 (232 (234 [235 |24 4 3
3 a, b, c, d, 055 |053 |072 [071 [532 [529 (35 3 4 4
4 a, b, c, d, 051 |053 |062 |06 |15 152 |25 26 4 4
5 a, b, c, d, 037 |038 |051 [052 [566 |564 |32 31 3 4
6 a, b, c, d, 055 |054 |065 [064 [108 |11  [205 |21 5 4
7 a, b, c, d, 048 |049 069 [068 [463 [461 |39 38 3 3
8 a, b, %, d, 055 |053 |072 071 [199 [197 |37 35 4 4
9 a, b, c, d, 045 |046 |065 |063 (536 (534 [275 |28 3 3
10 a, b, c, d, 048 |046 069 [067 [256 [258 |34 32 4 5
1 a, b, c, d, 051 |049 |068 [069 [253 [251 |36 35 5 4
12 a, b, c, d, 044 |043 |06  [058 (316 (314 (315 |31 4 4
13 a, b, c, d, 044 |046 |060 |06 [303 [30L |39 37 5 4
14 a, b, 2, d, 051 |050 072 [073 (332 (329 (36 34 4 4
15 a, b, c, d, 045 |043 |060 [062 (375 (372 (285 |29 4 3
16 a, b, 5 d, 045 (044 |072 |074 (256 [254 [205 |30 3 3

y, iy," BiNbHa HacunHa ryctHa nepLuoi Ta Apyroi cepii BIAMOBIAHO, I, cM% Y, iy, HACUMHa ryCTHA NOPOLLKIB MICNS YLinbHEHHA NepLUIoi Ta Apyroi cepii
BINOBIAHO, T, CM%, Y, i y,'": TeKyuiCTb NOPOLLKOBIX Mac nepLuoi Ta apyroi cepii signosigHo, 100 r/c; y, i'y,': KyT NPUPOOHOrO YKOCY NOPOLLKOBNX MaC NepLuoi
Ta Apyroi cepii BIANOBIAHO, rpag.; ¥, i y,': NpoLec npecysaHHs TabreTok nepLuoi Ta Apyroi cepii BignosigHo, 6an.

Ilig wac mocmimkeHHs BUKOpHcTanu ceptudikosani /[P
BITYM3HSHOTO 1 3apyOi’>KHOTO BUPOOHHMIITBA.

TabneTkn 3 JiF090I0 PEIOBUHOIO Kautii 2-((4-amino-5-(-
Moponinomernn)-4H-1,2,4-rpiazon-3-in)rio)amneraTom
TOTYBAJIM 32 KIIACHYHOIO CXEMOIO, SIKY BUKOPHCTOBYIOTb IS
OTPUMAaHHS TabJIETOK METOIOM IPSIMOTO TIPECYBAHHS.

J171st BUBUCHHS YOTHPBOX SIKICHUX (paKTOpiB BUKOPUCTAITH
IPEKO-NIATHHCHKHHN KBaapar 4 X 4 (ma6n. 2) [13,14].

Jis mocTmimKeHHsT YOTHPHOX TTOKA3HUKIB SKOCTI MOPO-
LIKOBI CyMIIII JIi040i Ta JIOTIOMIKHUX PEYOBHH TOTYIOTh 32
3araJIbHIMH PaBHJIAMU 3MIlTyBaHHs TIopomikiB. [Tepesipsim

MOPOIIIKOBI CyMillli HA HACHITHY I'YCTHHY, HACUITHY TYCTHHY
MICIsl YUIUTPHEHHS, TEKYYiCTh 1 KyT IPUPOIHOTO YKOCY
[15]. [IpecyBaHHs TaOICTOK BUKOHAIM HA JTaOOPATOPHOMY
TaleTonpeci.

Pesynksratu

Burotosneno 16 cepiif TabIeTKOBUX Mac i3 1109010
peuyoBHHOIO Kajii 2-((4-amino-5-(MopdoaiHOMETHI)-
4H-1,2,4-Tpia3omn-3-i1)Ti0)arieTaroM y 1a00paTOpHUX YMO-
Bax. Jlocmi/pKkeHHs 3MICHIIIN Yy JIBOX MOBTOpAx 3TiHO 3

146

Current issues in pharmacy and medicine: science and practice. Volume 17. No. 2, May — August 2024

ISSN



OpueiHarbHi 0oCidxeHHs

HacunHa BinbHa maca, r/mc?
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Puc. 2. Bnnus dpaktopa C Ha HacunHy ryctuHy.

Puc. 3. Bnnue daktopa B (3paskiB LiykpiB) Ha HACUMHY ryCTUHY.

Puc. 4. BnnvB npupoam KOB3HWX PEYOBHMH Ha TEKYYIiCTb MOPOLLKOBKX Mac.
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Puc. 5. Bnnvs npupoau 3MaliyBanbHUX peYoBUH Ha TEKYUICTb NOPOLLKOBUX Mac.

IUTaHOM 4 X 4 rpeko-IaTHHChKoro kBajapara [13,14]. V ma-
Onuyi 2 HaBeICHO MATPHLIO IUIaHYBAHHS CKCIIEPUMEHTY Ta
Ppe3ynbTaTé JOCIiKEHHS Ta0JIETKOBUX Mac.

Jlucniepciitnuii aHaTi3 HACHITHOI TYCTHHY [OKa3aB, 10 (haKkTo-
prAiD He Oy crarrcTigHO 3HaTyImMMA. Ha puc. 2 HaBeneHo
BIuuB (hakTopa C Ha HACKIIHY I'yCTUHY. J[OMOMDKHI pe4OBHHY,
10 BUBYAJIN, 32 BIUIMBOM Ha HACHIIHY I'yCTHHY ITOPOILIKIB
MOKHA PO3TAIIYBAaTH B TaKOMy TIOPSAKY: TaIbK > HEYCHIH
YC 2 > kpoxmaiib KapTOIUIIHU# > acpocwil. Brim, 32 naHuMu
puc. 2, CyTTEBOI PI3HHUIIL 3 BIUTMBOM JOIIOMDKHUX PEUOBHH
Ha BUTbHY HACHITHY TYCTHHY AOCTIKEHNX MOPOIIIKIB HEMAE.

Jaxi po3nisiHynu BIuiB (aktopa B (3pa3kiB 1ykpiB) Ha
HACHUITHY T'YCTUHY. Pe3ynsraTy BUBYCHHS BIUTUBY IIbOTO (pak-
TOpa HaBeACHO Ha puc. 3. BcranoBwy, mo JIP 3a BIimBOM
Ha BUIbHY HACUITHY T'yCTHHY ITOPOILIKIB MOYKHA PO3MICTUTH B
TaKOMYy MTOPSIKY: JTAKTO3a MOHOTipar > MaHiTox 505 > 1my-
kop koMm1pi M > maniton 200.

Jucniepciiinuii aHasi3 eKCriepiMeHTalIbHUX JTaHUX TTO0Ka-
3aB: yci BUBYEHI (DAaKTOPH CTATUCTUYHO HE BiIPi3HATNCA 32
BIUIMBOM Ha HACHITHY MAacy MOPOIIKOBUX Mac IIcCHs YIIib-
HeHHs1. ToOTO npy BUKOpHCTaHHI Oy/b-sKoi 3 16 BUBYEHHX

JIP orpumainy 3icTaBHI NMOKAa3HUKHM HACHUIIHOI MacH Micis
ymitbHeHHs. [IpUroToBaHi MOPOIIIKOBI MacH AOCIIAIN Ha
TEKy4iCTh. BU3HAUwMIIH, 1110 HA HET BIUTUBAIOTH Taki PakTopu:
D > C; BimB akropiB A i B crarucTnaHo He BipizHIBCS.

Brutis npupozn KOB3HUX PEYOBHH Ha TEKYJiCTh TOPOILIKO-
BUX Mac HaBeJICHO Ha puc. 4. 3a BIUIMBOM 3pa3KiB KOB3HHX
PEYOBHH iX MOXKHA PO3TaIlyBaTH B TAaKOMY MOPSIKY: KpoO-
XMaJb KapTOIUIIHNH > Heycnmin YC 2 > aepocuit > TaJbK.

BrumB npupoan 3mariyBaibHUX PEYOBHH Ha TEKYYiCTh
TIOPOIIIKOBUX Mac HaBE/ICHO Ha puc. 5. BupdeHi qomoMikHi
PEUOBHHM 32 BILTUBOM Ha TEKY4iCTh TOPOIIKOBHUX Mac MOYKHA
PO3MICTHTH B TaKiii OCIITOBHOCTI: MarHiro creapar > Kuc-
JIOTa CTeapuHOBA > KabIIifo cTeapar > [1EIL.

BB npupoay KOB3HHX PEYOBHH HA KT NPUPOIHOTO
YKOCY HaBeJICHO Ha puc. 6. BusiBuiy, 1110 HaitHOK4e 3HAYEHHS
KyTa IPHPOTHOTO YKOCY OJEP Kali IPH BUKOPHCTAHHI KO-
XMAaJTIO KaPTOIUISIHOTO, SIKOMY JICIIO OCTYIIAETHCS a8POCHIL.
[Ipu BukopucTaHHi TanbKy Ta HeycwiniHy YC 2 3HaueHHS
KyTa IPUPOIHOTO YKOCY HOPOIIKOBUX Mac IOTIPIIYETHCS.

Ha puc. 7 naBeneHo BB nii dakropa B. V pesysbrari
aHaJi3y JJaHUX BCTAaHOBWJIH, 11O JIiZIEPOM CEpeJl IyKpiB BUS-
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BUJIACS JJaKT03a MOHOT1/1pat. BusHaumiy ii HeBenKy nepesa-
Ty HaJl IfyKpoM komripi M, Manitomnom 200 ta ManiTomom 505.

Ha puc. 8§ naBeneHo pe3ynbTaTH JOCITIKCHHS BIUTUBY
nipuposau JIP Ha OCHOBI MIKPOKPHCTaJIIYHOT LIEIIONIO3U Ha
KyT IIPUPOTHOTO YKOCy. BrsiBrim, 1110 Halikpammii peynsTar
orpumany B pasi Buxkopucranus MKII 101. Kpim toro, cepii,
B sikux BuByasu npocoss 90, MKI] 301 ta MKI] 200, ne3na-
YyIIO BiIPI3HSUIMCS 32 BIUIMBOM HA KyT IPHPOJTHOTO YKOCY
Ta Oy ripmmy. Brimms nprpoan 3mMaltyBaibHUX PEHOBHH
Ha KyT [IPUPOTHOTO YKOCY HaBeJIeHO Ha puc. 9.

[Tpu TabneryBanHi Ha TabOpaTOpHil TAOIETKOBIHM MaIIMHI
CTAaTHCTUYHO 3HAUYIINM BUsIBUBCS (pakTop D (3mamtyBanbHi
pedoBHHN). Brumme npupony 3MairyBaibHUX PEYOBHH Ha
MPOLEC NMPECYBaHHsI HaBeIeHO Ha puc. 10.
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Puc. 6. Bnnue npupogn KOB3HUX PEYOBWH Ha KyT MPUPOAHOTO YKOCY
macu Ans TabneTyBaHHs.

Puc. 7. Bnnvs JONOMDKHUX PEYOBWH Ha OCHOBI rpaHynbOBaHWX LyKpIiB
Ha KyT MPUPOAHOTO YKOCY.

Puc. 8. Bnnue npupoan JONOMiXKHUX PEYOBWH Ha OCHOBI MIKpOKpUCTa-
MiYHOT LIENtono3an Ha KyT MPUPOAHOTO YKOCY.

Puc. 9. Bnnus npupoay 3mallyBanbHUX PeYOBUH Ha KYT NPUPOLSHOTO
yKOCY.

Puc. 10. Bnnue npupoay 3mallyBanbHUX PEYOBUH Ha NMPOLEC Mpecy-
BaHHS.

Haiikpaimmii nepe0ir nporec npecyBaHHs TaOJIETOK MaB y
Ppa3i BUKOPUCTaHHS SIK PO3ITYIIyBaya KUCJIOTH CTEAPHUHOBOT,
SIKIH JIEII0 TOCTYNAIOTHCSI MArHIIO CTEapar 1 KaJIbL{I0 CTeapar,
cyrreBo nocrynaerscs [1EI.

O6roBopeHHs

VY pesysbTari AOCIiHKEHHS] BCTAHOBJICHO, 1110 MOPOLIKOBA
Maca kauniit 2-((4-amino-5-(mopomninomerun)-4H-1,2,4-tpi-
a30J1-3-LT)Tio)areTary i JOMOMDKHUX PEYOBHH 3a OararbMa
BII'yKaMH XapaKTepHU3y€EThCs XOPOLIMMH (hapMaKko-TeXHOJIO-
TYHUMH [TOKa3HUKaMH (HaCHITHA IYCTHHA | HACUITHA TYCTUHA
MCIA YIIITBbHEHHS, TeKyJiCTh 1 KyT MPHUPOTHOTO YKOCY).
3aI0BINIbHI BIACTHBOCTI MOPOIIKOBUX Mac IiATBEPIKCHI

148 Current issues in pharmacy and medicine: science and practice. Volume 17. No. 2, May — August 2024 ISSN



OpueiHarbHi 0oCidxeHHs

MpOIecOM TpecyBaHHsS TabieTok. Maibke y BCIiX cepisx
eKCIIEpHUMEHTY TpOLeC MPeCcyBaHHs TaOIeTOK mepediras
HOpPMaJIbHO, MaTpPHUI PIBHOMIPHO 3allOBHEHA, ajie CHJjia
BHUIIITOBXYBaHHS Ta0JICTOK i3 MaTPHIIi pi3HA.

BucHoBKku

1. 3miticHmm MOppOMETPHYHI JOCIiIKEHHS CyOCTaHIIiit
Kani 2-((4-amino-5-(mopdoninomernn)-4H-1,2,4-tpia-
3071-3-11)TiO)areTary.

2. lnst oTpuMaHHS HOBOTO JIIKAPCHKOTO 3aCO0Y, IO MICTUTh
Kayii 2-((4-amiHo-5-(Mopdoinomernin)-4H-1,2,4-tpiazon-3-
umyTio)arerar, y GopmMi TabIETOK AOCTIAMIN 16 JOMOMIKHITX
PCUOBHH (HATIOBHIOBAYI, PO3ITYIITyBadi, KOB3HI, 3MAIyBaIbHi
pedoBHHY). BU3HaUMIM ONTHMAaJbHI JOMOMDKHI PEYOBHHH,
1110 3a0e3MMeuyBaId BCl (hapMaKo-TEXHOJIOTT4HI TOKA3HHUKH, SIKi
pernamentye JIOY st TabeToBaHol KapChKoi (GopMHL.

IlepcneKkTHBH MOTATBIINX A0CTiLKeHb. JJOCITIDKCHHS BIUTHBY
PI3HEX TOTIOMKHMX PEYOBHH Ha ITPOLIEC IMPECYBAHHS TaOIEeTOK
€ KITFOYOBHM Y BUPIIIIEHHI TPOOIeMH Po3pOOIIeHHST JIIKapCHKOT
¢dopmu. HacTynHi qOCHiIKEHHS, CIIPSMOBAHI HA BUBUCHHS
BIUIMBY JTOTIOMDKHHX PEYOBHH Ha (papMako-TEXHOJOTIUHI
BIIACTHBOCTI TaOIeTOK 3 Kajiit 2-((4-amiHo-5-(MopdomiHoMe-
Tin)-4H-1,2,4-Tpia3on-3-im)Tio)anerarom, € IepCIEKTUBHIM
HaIpsIMOM, OCKUIBKHU 15l CyOCTaHLIisl XapaKTepHU3yeThCs! re-
TIaTONPOTEKTOPHUMH ¥ aHTHOKCHIAHTHUMH BJIACTUBOCTSIMH.

®iHaHCyBaHHSA

[ocnipxeHHs BkoHaHo B pamkax HP 3anopisbkoro fepxasHoro
MeamKo-thapMaLieBTUMHOTO YHIBEpPCUTETY Ha Temy: «CuHTe3 Ta
BUBYEHHS! (hi3VKO-XiMiYHUX Ta GionoriYHMX BNacTUBOCTEN PEHOBMH B
psigy asaretepoumknis. CTBOPEHHS Ta CTaHAapTU3aLis OpuriHanbHUX
Ta KOMBIHOBaHWX NikapCbK1X MpenapariB Ha OCHOBI MOXiAHUX
asareTepouyknie. Po3pobka Ta Basigavis HOBUX METOAVK aHani3y
nikapcbkux 3acobiBy, Aepxpeectpauis Ne 0123U103937 (2023-2028).
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Study of the effect of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-
4H-1,2,4-triazole-3-yl)thio)acetate toxic doses on rats heart tissue
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Zaporizhzhia State Medical and Pharmaceutical University, Ukraine
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Analysis of medicinal product safety is an important stage on the way to the entry of a synthetic compound into the pharmaceutical mar-
ket. Along with the study of blood composition, scientists are actively analyzing the effect of toxic doses on the tissues of internal organs.
Analyzing the toxic effect of compounds on heart tissue allows us to find out what damage substances can cause, which can have a direct
impact on human health. Today, 1,2,4-triazole derivatives are very relevant and a huge number of publications is a confirmation of this.

The aim of the work was to analyze the effect of toxic doses of sodium 2-((4-amino-5-(thiophen-2-yImethyl)-4H-1,2,4-triazole-3-yl)thio)
acetate on rats heart tissue.

Materials and methods. Sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2 4-triazole-3-yl)thio)acetate (ASP) was selected as the subject
of investigation and administered intragastrically in the form of a suspension with purified water using a specialized metal probe. The toxic
effect on tissues was analyzed using doses of 1000 mg/kg, which is 10 times higher than a single dose typically used in pharmacological
activity studies, and 5000 mg/kg, which represents the limit for determining acute toxicity and the maximum dose within the fourth class
of toxicity, considering the route of administration, provided that this dose does not result in the death of the animal.

Analysis of the effect of toxic doses of ASP was performed on 12-month-old purebred male rats kept under standard conditions. Rat heart
tissues were fixed for further histological examination in a 10 % formaldehyde solution, dehydrated in alcohols of increasing strength,
and embedded in paraffin.

Results. Macroscopic and microscopic analysis of rat heart tissue was carried out. The research shows the histological results of deviations
from the norm for a group of rats that were injected with substances in the studied doses.

Conclusions. The effect of toxic doses of ASP on rat heart tissue was analyzed. For a dose of 1000 mg/kg, local signs of protein dystrophy
of cardiomyocytes and single loci of hemorrhages are observed. As for the dose of 5000 mg/kg, the effect of the substance on the heart
tissue is more profound and is determined by the selective damage of cardiomyocytes with the loss of lumbar striation and the acquisition
of a wave-like shape, full blood is observed in the ectasized capillaries.

Keywords: 1,2,4-triazole, rats, heart tissue, toxic action.
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[ocnimkeHHa BNNUBY TOKCUYHUX 03 2-((4-amiHO-5-(TiodpeH-2-inmeTun)-4H-1,2,4-Tpia3on-3-in)Tio)aueraty
Ha TKaHWHY cepus LWypiB

A. A. CacboHos, O. |. MaHaceHko, H. A. Anb Xanad

AHani3 6e3neyHocTi NikapcbKoro 3acoby € BaXNMBUM €TANOM Ha LUMSAXY CUHTETUYHOI CMOMykU A0 hapMaLeBTUYHOTO PUHKY. Pasom i3
JOCNIKEHHAM CKNaZy KpOBi, BYUEHi aKTMBHO aHamidyloTb BMMMB TOKCUYHMX [03 HA TKAHMHW BHYTPILWHIX OpraHiB. AHasni3 TOKCUYHOrO
BMMVBY CMOMNYK HAa TKAHWHW CEPLS A€ 3MOry 3'iCyBaTy, AKi MOLUKOMKEHHS MOXYTb BUKITUKATU PEYOBMHM, ONMOCEPEAKOBAHO BMIMBAOUM
Ha 300poB’A MoanHU. Huki noxiawi 1,2,4-Tpiazony 3anvwarTbCs akTyanbHUM 00’€KTOM OOCHIMKEHHS, L0 NiATBEPIKEHO BEMNYE3HO0
KinbKicTIO ny6GnikaLlin.

Meta poboTu — aHanis BNnmBY TOKCUYHMX 03 2-((4-aMiHo-5-(TiodheH-2-inmeTnn)-4H-1,2,4-Tpiason-3-in)Tio)avueTary Ha TKaHWHW CepList LLypiB.

Martepianu i metogu. Ak 06’ekT JocnimKeHHS BUKOpUCTaHO 2-((4-amiHo-5-(TiodeH-2-inmeTun)-4H-1,2,4-Tpiason-3-in)Tio)aueTar (ASP),
AKWA BBOAWMW BHYTPILLIHBOLLITYHKOBO Y (DOPMi CyCcneHsii 3 04MLLEHOI BOAOH 3a A0MOMOTOH0 crieLianbHOro MeTaneBoro 3oHaa. [Ans aHaniay
TOKCWMYHOrO BMNMBY Ha TkaHuHu obpamu foaun 1000 mr/kr (Le BOecATepO nepesuLLye pasoBy 403y, LLO PeKOMeHAOBaHa Nif 4ac BUBYEH-
HS hapmakonoriyHoi akTWBHOCTI JocnigkyBaHoi cnonyku) Ta 5000 Mr/Kr (rpaHUYHUIA NOKa3HUK AN BUSHAYEHHS FOCTPOI TOKCUYHOCTI i
MaKcumarnbHa 4o3a YeTBEepTOro KNacy TOKCUYHOCTI, BPaxoBYOUM LISX BBEAEHHS, SKLLO LS [03a He NPWU3BOAMTbL 40 CMepTi TBApWHK).

ARTICLE UDC 615.31.099:547.792°732:611.12.018]-092.9
INFO DOI: 10.14739/2409-2932.2024.2.300859

Current issues in pharmacy and medicine: science and practice. 2024;17(2):150-153
Keywords: 1,2,4-triazole, rats, heart tissue, toxic action.
*E-mail: 8safonov@gmail.com

Received: 11.03.2024 // Revised: 28.03.2024 // Accepted: 05.04.2024

150 Current issues in pharmacy and medicine: science and practice. Volume 17. No. 2, May — August 2024 ISSN


https://doi.org/10.14739/2409-2932.2024.2.300859
mailto:8safonov%40gmail.com?subject=
https://orcid.org/0000-0003-2861-1826
https://orcid.org/0000-0002-6102-3455
https://orcid.org/0000-0002-2915-6055

OpueiHarbHi 0oCidxeHHs

[Jito TokenyHnx go3 ASP gocnigxysanm Ha 6invx 6e3nopogHuMX Lypax-camusix Bikom 12 MicsiLiB, SKUX yTPUMYBanu 3a CTaHAAPTHMX YMOB.
TkaHWHM cepus LWypiB ANs ricTonorivHoro gocnigpkeHHs dikcysanu B 10 % po34uHi doopmanbaeriay, 3HEBOLHIOBANM y CnmpTax BUCXIAHOI
KOHLIEHTpaLii, 3anvBanu napagiHom.

PesynkraTi. 34icHUNM MakpOCKOMIYHWIA | MIKPOCKOMIYHWIA @Hani3 TKaH!HU cepLis LypiB. Y AOCNimKeHH HAaBEAEHO riCTOMNOrYHI pe3ynsratu
BiAXMNEHb Bif HOPMMW ANS FPYNK LLYPIB, SKAM BBOAUIU PEYOBUHY B [03aX, LLO BUBYANN.

BucHoBku. MpoaHanizoBaHo BNMMB TOKCUYHUX 403 ASP Ha TKaHWHK cepus wypis. Betanounm, wo gosza ASP 1000 mr/kr cnpuynHse
nokanbHi 03Hak1 6inkoBoi ANCTPOWIi KapaioMIOLMTIB 1 OQMHWYHI MOKYCK KpoBOoBMNMBIB. Y pasi BBeaeHHs ASP y fosi 5000 mr/kr BnnmB
PEYOBUHM Ha TKaHWHY CepLst ICTOTHILLIA, BU3HAYAETLCS CENEKTUBHUM MOLUKOIKEHHAM Kap4ioMiOLMTIB i3 BTPATOK NONEepeKoBOi CMyracToCTi
Ta HabyTTAM XBWNEenoAibHoi opmm, BUSIBUNM MOBHOKPOB'S B EKTA30BaHX Kaninspax.

KntouoBi cnoBa: 1,2,4-Tpia3on, TkKaHUHa cepus LypiB, TOKCUYHA Jis.

AxTyanbHi nuTaHHA hapmaleBTMYHOI | MeaMyHOI Hayku Ta npakTuku. 2024. T. 17, Ne 2(45). C.150-153

According to statistics from the World Health Organization,
cardiovascular diseases have been the leading cause of death
for over 20 years. The heart is one of the main life-sustaining
organs of a person. Along with other organs, the heart is a
“target organ” and, therefore, is mandatory for research [1].
Analyzing the toxic effect of compounds on heart tissue al-
lows us to find out what damage substances can cause, which
can have a direct impact on human health.

1,2,4-Triazole derivatives can be chosen among the new
substances that can become medicines in the future. Today,
they are very relevant and a huge number of publications is
a confirmation of that [2,3,4,5,6,7,8,9]. Scientists from all
over the world are working on the development of substances
[10,11,12,13,14].

Analysis of the safety of a medicinal product is an important
stage on the way to the entry of a synthetic compound into the
pharmaceutical market [15]. Along with the study of blood
composition, scientists are actively analyzing the effect of
toxic doses on the internal organs tissues.

Aim

Thus, the aim of the study is to analyze the effect of toxic
doses of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-
1,2 4-triazole-3-yl)thio)acetate on rats heart tissue.

Material and methods

Sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-
triazole-3-yl)thio)acetate (ASP) [16] was used as the object
of study and administered intragastrically in the form of a
suspension with purified water using a special metal probe.
It was chosen for doses of 2000 and 5000 mg/kg (the limiting
indicator for determining acute toxicity is the maximum dose
of the fourth class of toxicity (low-toxic substances), taking
into account the route of administration).

Analysis of the effect of ASP toxic doses was performed
on white outbred male rats aged 12 months, which were
kept in standard conditions [17]. All stages of the study were
conducted by the Directive of the European Parliament and
of the Council 2010/63/EU of 22 September 2010 “On the
protection of animals used for scientific purposes” (Approval
of the ethics committee No. 5 of 05.09.2023) [18].

The rats heart tissue was fixed for further histological
examination in 10 % formaldehyde solution, dehydrated in

alcohols of increasing strength, poured into paraffin. Analysis
of micropreparations was performed under a Granum light
microscope.

Results

At the beginning of the study, the heart of the studied group
of animals was weighed, the weight of which was 0.9-1.1 g.
For the control group, it was 1.0-1.1 g. Macroscopically, for
both groups of animals, the heart was red-purple, densely
elastic, coronary vessels full-blooded, with a clear visual
course. When the incision is made in the cavities of the ven-
tricles, blood is detected, the walls of the myocardium are
red without macroscopic pathology. The atrium is visually
without dilatation, a typical configuration (Fig. 1).

With a more detailed microscopic analysis of the experi-
mental group (1000 mg/kg) of rats, the following was found:
zones of disorganization of cardiomyocytes with preservation
of the lumbar striation of myofibrils are identified in the
myocardium, the cytoplasm of many cells is eosinophilic,
deep. Individual loci of subendocardial hemorrhages are
determined. The symplastic structure is not preserved, local
signs of protein dystrophy of cardiomyocytes, the fine ca-
pillary net is ectasized (Fig. 2).

A pathomorphological study of rats’ hearts (the group —
5000 mg/kg) was also carried out. The histological structure
of the myocardium is disturbed due to the disorganization
of cardiomyocytes, which acquire a wave-like structure, the
zones of cardiomyocytes with the loss of the lumbar striation
of myofibrils are determined, the cytoplasm is eosinophilic,
deep, homogeneous in places. The symplastic structure is
disturbed, nuclei in a state of karyopyknosis and karyolysis
are determined in individual cardiomyocytes. Histological
manifestations of intercellular edema, small capillary net
ectasized, full-blooded, zones of erythrodiadipesis (Fig. 3).

Studying heart tissues of the control group revealed: cardio-
myocytes of typical sizes. It should be noted that the transverse
striation and symplastic structure are preserved in all cells,
the nuclei are typical sizes, oval in shape, basophilic have 1-2
nucleoli (Fig. 4). Pacemaker cells of the conducting system
of the heart have typical histological structure, rounded shape,
with light oxyphilic cytoplasm and a centered nucleus. The
capillary net of the myocardium has collapsed, endotheliocytes
have a typical histological structure, and single erythrocytes
are identified in the lumen. The endocardium has a typical his-
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Fig. 1. Projection of the left ventricle of the studied heart (left). Projection of the left ventricle of the control group animal heart (right).
Fig. 2. Protein and vacuolar dystrophy of cardiomyocytes, areas of hemorrhage. Magnified x200. Stained with hematoxylin and eosin.

Fig. 3. Selective damage to cardiomyocytes with loss of lumbar striation and acquisition of wave-like form of whole blood in ectasized capillaries.
Magnified x200. Stained with hematoxylin and eosin.

Fig. 4. Histological photo of rat myocardium (control group). Magnified x200. Stained with hematoxylin and eosin.

tological structure, consisting of one layer of endotheliocytes, is a loss of lumbar striated myofibrils. In the control group,
single connective tissue fibers are determined along the course transverse striation and symplastic structure were preserved
of Cardiomyocytes and around |arge main vessels. in all cells. But, despite thiS, all the functions of the heart
muscle are preserved.

Summarizing the obtained data, it can be concluded that in
high doses, the substance begins to have a toxic effect on the
It should be noted that the studied substance ASP affects heart heart tissues, and with an increase in the dose, the damage is
tissue if the data is compared with the control group of rats. greater, which is natural. But these damages do not lead to
It was also established that at a dose of 5000 mg/kg, there the death of the animal.

Discussion
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Conclusions

1. The effect of toxic doses (1000 mg/kg, 5000 mg/kg)
of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-
triazole-3-yl)thio)acetate on rat heart tissue was analyzed.

2. For a dose of 1000 mg/kg, local signs of protein dys-
trophy of cardiomyocytes and single loci of hemorrhages are
observed.

3. Asfor the maximum dose of the fourth class of toxicity
(5000 mg/kg), the effect of the substance on the heart tissue
is more profound and is determined by the selective damage
of cardiomyocytes with the loss of lumbar striation and the
acquisition of a wave-like shape, full blood is observed in the
ectasized capillaries.
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AHTUOKCUAAHTHA Tepanisi Ha OCHOBI €KCTPaKTIB nnoais

pi3HMX copTiB AepeHy cnpaBxHboro (Cornus mas L.)

SIK CNOCi0 3MEeHLLEeHHA HITPaTUBHOIO CTPecy B epUTpoLUTax KpPoBi
3a eKcnepuMeHTanbHOro LyKpoBoro aiabety

. B. Bpoask©@*'AF A A Mopo3®@'BCb A 3, Kyyapcbka®?BE H. O. CubipHa>'EF

TbBIBCbKMIA HaLliOHaNbHWUI yHiBepcUTET iMeHi IBaHa PpaHka, YkpaiHa, 2BpoLuniaBcbkuii yHIBEpCUTET NPUPOAHUYUX Hayk, MonbLua

A — KOHLUenUis Ta an3aitH gocrnimpkeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepaKEHHS CTaTTi

3a uykposoro piabety (L) ans 3anobiraHHs po3BUTKY OKCUAATMBHO-HITPATUBHOIO CTPeCy 3aCTOCOBYHOTb MPUPOAHI aHTMOKCUZAHTH
(BiTamiHu, HGiodhnaBoHOIAKW, aHTOLiaHK TOLWO), SiKi LonoMaraloTh BifHOBUTU (DYHKLIOHAMbHI MOPYLLUEHHS B KMITUHAX | TKAHWMHAX OpraHiamy
ab0o 3anobirtu iv.

MeTa po60oT1 — fOCRiAUTM BNNMB EKCTPaKTIB NMOAIB Pi3HWX COPTIB AePEHY, @ TaKOX iXHbOrO OCHOBHOTO ipMAOIAHOTO IMIKO3MAY — NOraHoBOI
KCNoTK Ha akTvBHiCTb NO-CrHTa3m Ta piBeHb cTabinbHUX MeTaboniTiB OKCMAy HITPOreHy B epuTpoLMTax NepudepuyHoi KPoBi LLYpIB 3i
CTPenTo30TOLMH-iHAyKoBaHUM LI,

Matepianu i metoaw. [Mig yac poboTy BUKOPUCTaNM eKCTPaKTV NNodiB AepeHy cnpaBxHboro copTy «Podolski» (BDPA 10462), cturni
nnoam sIKoro MatTb YepBoHe 3abapeneHHs, copTu «Yantarnyi» (BDPA 14131) i «Flava» (BDPA 8795), cturni nnogwm skux MaroTb KOBTE
3abapBneHHs. JloraHoBY K1CMOTY eKCTparyBanu 3 XXOBTWX MIOAIB AepeHy copTiB «Yantarnyi» i «Flava». EkcTpakTu, Wwo BuB4anm, Teapu-
HaM BBOAMNYM NepopasibHO BNPOAoBX 14 AHIB, NOYMHAKYM 3 AecAToro AHA micns iHaykuii L. Jo3yBaHHs cTaHoBMno 20 Mr/kr macu Tina.

Pesynktatn. BcTaHoBNEHO, WO HaibinbLy BUpaxeHWid edekT LWoao Hopmanisauii gocnimkyBaHux GiomapkepiB HITpaTUBHOTO CTpecy
(akTmBHicTb NO-cnHTa3m Ta ii i30chopM, BMICT HITPUT- i HITpaT-aHioOHIB) B epuTpoLMTax KpoBi LLypiB i3 AiabeToM MaB ekCTpaKT YEPBOHMX
nrnogiB AepeHy CnpaBXHLOro. EKCTpaKT OBTUX NNOAIB AepeHy NPUrHiYye HITpaTUBHUI CTPEC, MPO LLO CBIOYNTL 3HMXKEHHS aKTUBHOCTI
iHayumbenbHoi i3odopmu NO-cMHTa3n 4o 3HaYeHb, BCTAHOBNEHUX Y KOHTPOIbHIN rpyni TBapvH. JloraHoBa KucnoTa, HaBnaky, iHribysa-
na KoHcTUTYTHBHY i30chopMy NO-cuHTasu. Kpim Toro, eKCTpaKT XKOBTUX NIOAIB AEPEHyY Ta foraHoBa K1croTa 3Hukysanu piseHb NO,™ i
3Binbwysanu BmictT NO,™ B eputpoumTax wypis is L.

BucHoBku. Hopmanisauis 6iomapkepiB HiTpaTMBHOIO CTPECY B epUTPOLMTaX KPOBI LLYpIB 3i CTPENTO30TOLMH-iHAYKOBaHUM [iabeToM BKa-
3y€ Ha aHTWOKCUAAHTHI BNACTUBOCTI EKCTPAKTIB MNOAIB AepeHy CnpaBXHbOro, 3okpema copty «Podolskiy, cturni nnogm skoro mMicTaTb
3HAYHY KiNbKiCTb aHTOLiaHiB.

KntovoBi crnoBa: CTPenTo30TOLWH-IHAYKOBaHWUI LIyKPOBWI fjabeT, epuTpoLmMTy, CUHTa3a OKCUAY HITPOreHy, HITPUT- i HITpaT-aHioHM, eKCTpaKTy
nrnogis AepeHy crnpasxHboro (Cornus mas L.).
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Fruit extracts of various cornelian cherry (Cornus mas L.) cultivars as antioxidant therapy for alleviating nitrative stress
in erythrocytes of blood in experimental diabetes mellitus

I. V. Brodyak, A. A. Moroz, A. Z. Kucharska, N. O. Sybirna

Natural antioxidants (vitamins, bioflavonoids, anthocyanins, etc.) are used to prevent the development of oxidative-nitrative stress in
diabetes mellitus (DM), which helps to restore or avert functional disorders in the cells and tissues of the body.

The aim of the study is to investigate the effect of extracts of the fruit of different cultivars of the cornelian cherry, as well as their main
iridoid glycoside — loganic acid, on the activity of NO-synthase and the content of stable metabolites of NO in blood erythrocytes of rats
with streptozotocin-induced diabetes.

Materials and methods. In the work, we used the extract of the fruits of the cornelian cherry “Podolski” cultivar (BDPA 10462), the ripe fruits
of which have a red color, and the extract of the “Yantarnyi” (BDPA 14131) and “Flava” (BDPA 8795) cultivars, the ripe fruits of which have a
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OpueiHarbHi 0oCidxeHHs

yellow color. Loganic acid was extracted from yellow fruits of the “Yantarnyi” and “Flava” cultivars of Cornus mas L. All studied extracts were
administered to rats orally for 14 days from the 10th day after the induction of DM. The dose of administration was 20 mg/kg body weight.

Results. The extract of the red fruits is demonstrated the most pronounced effect in normalizing the biomarkers of nitrative stress
(activity of NO-synthase and its isoforms, the content of nitrite and nitrate anions) in erythrocytes of rats with diabetes. The extract of
the yellow fruits shows a positive effect on the suppression of nitrative stress, which has been indicated by a decrease in the activity
of INO-synthase to the values in the control group of animals. Loganic acid, on the contrary, inhibited the eNO-synthase. In addition,
the extract of yellow fruits of cornelian cherry and loganic acid decreased the level of NO,~ and increased the content of NO,~ in eryth-
rocytes of diabetic rats.

Conclusions. Biomarkers of nitrative stress in erythrocytes of rats with streptozotocin-induced diabetes indicated the antioxidant properties
of fruit extracts of cornelian cherry, in particular the red fruits, which contain a large amount of anthocyanins.

Keywords: streptozotocin-induced diabetes mellitus, erythrocytes, nitric oxide synthase, nitrite anions, nitrate anions, extracts of fruits of

cornelian cherry (Cornus mas L.).
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Epurpouuty, He3BaxaluH Ha Te, 110 € 0e3’ SIepHUMH KITi-
THHAMH KPOBI Ta 1030aBiIeH] 3HaYHOI KUIBKOCTI OpraHel,
MicTATh 10 2650 pizHux OinkiB [1]. s iuX KIITHH KPOBi
XapakTepHa eKCcIpecis IBoX 130(hopM CHHTa3H OKCHIY Hi-
tporeny (Nitric Oxide Synthase — NOS, EC 1.14.13.39)
— eHmoremainbHol Ta iHayuoenpHol (eNOS ta iNOS Bij-
moBiznHO) [2]. Ipomyxr NOS peakuii — OKCHI HITpOTeHY
(NO), mo 6epe y4acTb y perysisiiii Ba3oAnIaTarlii, arperarii
TPOMOOIIHTIB, 3aMajCHHs, afanTallil 10 TiIOKCii Ta OKCH-
JaTHBHOTO CTPECY. 3Ba)KarouM HA Lie, ePUTPOLUTH CTaJH
MEePCHEKTHBHOO TEPAIIEBTHYHOIO MILIICHHIO Y MiATPUMaHHI
romeocrasy NO [3].

OKCHI HITPOTeHy HAI3BHIANHO IBHAKO (6—8 < 108 M ¢ ™)
pearye 3 OKCHUTEMOITIO0IHOM, YTBOPIOIOYH KiHIIEBI Ipo-
nykTu meTabonismy — Hitpatu (NO,”) i MeTreMorio0in.
Oxucuennst NO 1o NO; 3aXHUIIa€ SPUTPOIUTH BiJl pec-
HipaTOPHOTO OTPYEHHS Ta HITPO3aTHBHOTO CTPECY, IPOTE
IIPY MATOJIOTIYHUX CTaHaX [ed MeXaHi3M 3HIXKYe 0io0-
crynHicte NO. 3 1i€i NIpu4MHUA EPUTPOLIUTH CHOYATKY
BBakasn ckaBekepamu NO, a He Horo mxepenoM. Exc-
MEPUMEHTAIBHO JIOBEJCHO, 110 EPUTPOLIUTH MOXYTh HE
JIMIIE CHHTE3YBAaTH, aJie i JISIOHYBATH Ta TPAHCIIOPTYBaTH
NO [4]. AnpTepHaTHBHO NOZ* BIJTHOBITIOETHCS JE€30KCH-
reMoryio0iHOM a00 KCaHTHHOKCHIOPEIYKTa3010, a TOMY
Takox € jpkepestom NO [3].

3a marodi3ioNOTIYHUX CTaHIB, BKIIOUAIOUYH ITYKPOBHH
niabet (LI/1), epuTporTy 3a3HaI0Th (DyHKIIOHAJIBHUX 3MiH,
110 MOJSTAIOTh Y 3HWKEeHHI ekcriopty OioaktuBHoro NO Ta
30LIBIIICHOMY YTBOpPEHHI akTHBHHUX (GopMm Okcureny [5].
Ockinpku L[/ HaNEXHUTh OO BUTPHOPAAWKATHHHUX 3aXBO-
pIOBaHb, aHTHOKCH/IAHTH € HaJ3BHYallHO KOPHCHUMH JUIS
3HIKEHHS OKCUJIATUBHOTO CTPECY, AAIOTh 3MOT'Y BIJIHOBHTH
CTPYKTYpHO-(YHKITIOHAIbHI TIOPYIICHHS B EPUTPOIATAX 00
3ano0irTv iM. 3axucT (QyHKIiH epUTPOLUTIB HEOOXIHUH He
JIUIIE Ui IUX KIITHH KPOBI, ajie W Maibke Ui Oymb-sKoi
TKaHWHU 200 OpraHa B opratizmi [6].

AHTHOKCHIaHTHI BIaCTHBOCTI €KCTPAKTIB TUIOJIB ICPCHY
crnpapxHboro (Cornus mas L.) rpyHTYIOTbCS Ha 3AaTHOCTI
0e3rmocepeIHbO TOTIIMHATH BUTBHI paiKalii, PEeryIoBaTH
OIoCepe/IKOBaHUH CH3MMaMH (CYTIepOKCHIIICMYTa3a, KaTa-
J1a3a, DIy TaTioHIIePOKCH 1a3a) 1 HeeH3UMaTUYHHH (BiHOBIIE-
HUH DTy TaTiOH ) aHTHOKCHUIAHTHHIN 3aXHUCT OpraHiamy [ 7,8,9].
BionoriyHo akTHBHI pEYOBUHH, IO MICTATHCS B EKCTPAKTaxX

IUTOIB JEPEHY, MOXKYTh MOJYJTFOBATH YHCIICHHI CHTHAIBHI
IUIIXM (HaNpHKIaz, KBapleTuH iHrioye akrusHocti iNOS,
KCaHTHHOKCUIOPEAYKTa3H), MiATPUMYIOUN pelOKC-0anaHc
Ha piBHi opranizmy [7,8,10,11].

MeTa po6otu

JlocmiiTy BILIMB €KCTPAKTIB IJIO/IB PI3HUX COPTIB JIEPEHY,
a TaKOXX IXHHOTO OCHOBHOTO ipHUAOIMHOTO TIIKO3UAY — JIO-
raHOBOi KHCIIOTH Ha akTHBHICTh NO-CHHTa3u Ta piBeHb
CTaOLILHUX MeTalOoJITIB OKCHLY HITPOTEHY B €PUTPOLIUTAX
nepueprIHOi KPOBI LIypIB 31 CTPENTO30TOLUH-1HAYKOBa-

auMm L1,

Marepianu i MeTogu pocnimkeHHA

JociipkeHHs 3A1HCHIIIN Ha caMIsiX OLIMX IMypiB JIiHIT
Wistar. TBapuH yTpuMyBajiu B CTaHIapTHUX YMOBax BiBa-
Ppito, AOTPIMYIOYHCH MIKHAPOIHAX HOPM IIIOI0 TYMaHHOTO
TIOBOJIKEHHSI 3 JJA0OPaTOPHUMH TBAPUHAMH Ta BUMOT CT. 26
3akony Ykpainu «IIpo 3axuct TBapuH BiJ| >KOPCTOKOTO MO-
BODKEHH:». BioeTHIHY eKCIepTH3Y TOCTIiIB, IO 3MIHCHAIN
Ha OionorivHOMY (akynsTeTi JIbBIBCHKOTO HAIIOHAJIBHOTO
yHiBepcutety iMeHi IBana dpanka, 0hOpMIICHO SIK IIPOTOKOI
Ne 43-03-2024 Bin 20.03.2024 p.

TapuHam 3a0e31edyBan BUTbHAH JOCTYTI IO CTaHIapTHOT
TKi Ta BOU 3 12-TOMUHHUM [IUKJIOM CBITIIO / TEMPSIBA, 13 TEM-
neparyporo B mpumitieHHi 22 + 2 °C ta Bosorictio 60 + 5 %.

[Ticns nBoTmxHEBOTO Tepiony amanTamii LI/ immxyKoBa-
HUH OJHOPA30BHUM BHYTPIIIHHOOUCPEBUHHUM BBE/ICHHSIM
CTPENTO30TOIHHY, SIKMH po3Boauian B 10 MM 1uTpatHOMy
Oydepi (pH 4,5). lo3yBanHs cTaHOBWIIO 55 MT Ha | KT Macu
Tina. CTPEnTO30TOIMH BBE/ICHO TBAPHHAM, SIKi TOJIOTYBAIIN
BIPOIOBXK HOUl. Yepes 72 rox micis iH’exuii 3a0upaim 3pas-
KM KPOBI 3 XBOCTOBOI BEHH 1 BUMIPIOBAJIM PIBEHb TIIFOKO3M
B KPOBI IIFOKO300KCHIA3HUM METOZOM, BUKOPHUCTOBYIOUH
niarHoctnaHui HaOip «Pimicim» (Juinpo, Yipaina). Ilypi
3 piBHEM DJIIOKO3U B KpoBi moHax 10—-12 MM 3anmyueHi 10
excriepuMeHTy. KoHTpobHy TpyIry chopMyBaiH 3 IHTAKTHIX
TBapHH i3 piBHEM IITIOKO3H 3,7-5,0 MM.

TBapuH NOXUTMIIN Ha T’ ATh EKCIIEPUMEHTAIBHHUX TPYII 110
6 1rypiB y koxHii. [lepina rpyna — KOHTposIbHA. Y APYTy
TPYIy 3aTy4YriIM TBApHH 31 CTPENITO30TOLNH-1HAYKOBAaHUM
LJ1. Tpertto, geTBepTy Ta I1’SITY Tpynu chopMyBaiIH 31 LIypiB
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3 eKkcriepuMeHTanbHUM LJ1, sSIKM BBOAMIIN €KCTPAKT 4epBO-
HUX IUIOJIB IEPEHY CIIPABXKHBOTO, EKCTPAKT YKOBTHX IIJIO/IB
JICpeHy Ta JIOTaHOBY KUCIIOTY Bi/IMIOBITHO. YCi €KCTPAKTH BBO-
JIJTA TBAPUHAM TIEPOPAIILHO BIIPOJOBK 14 JHIB, TOYNHAIOUN
3 mecsroro aus micist iHayKil LI, Jlo3yBaHHS CTaHOBHIIO
20 mr/kr macu Tina [7,8].

B ocranHill 1eHP SKCIICPUMEHTY HIypPiB YCiX JOCIITHIX
TPy JCKaIiTyBau 1miJ] eipHUM HAPKO30M i Opaiu 3pasku
KpOBI.

ITix yac poOOTH BUKOPUCTAIN EKCTPAKTH IUIOMIB JICPCHY
cripaBxHboro copty «Podolski» (BDPA 10462), cturii mio-
TV SIKOTO MAIOTh YepBOHE 3a0apBIICHHS; COPTH « Yantarnyi»
(BDPA 14131) i «Flava» (BDPA 8795), cturii rutoan sikux
MAaIOTh JKOBTE 3a0apBieHHA [7]. JIoraHOBY KHCIIOTY €Kc-
TparyBaJli 3 )KOBTHX IUIOAIB JIepeHy copTiB «Yantarnyi» i
«Flava» [8].

J1ist 3ano0iraH st KoaryJisiiii KpoB 3a0UpaltH i3 T0IaBaHHIM
renapury y criBBigHomenHi 1 : 100 (remapus : xpos). s
PO3IiNIeHHsT 1 OTPUMaHHs €pUTPOLUTAPHOI Macu KpoB B
00’emi 2 MIT TTiiHaBay eHTPUYTYBaHHIO BIIPOIOBXK 15 XB
31 mBuakicTio 3000 06/xB. Eputporury Tprudi poMuBaii
xonoxauM (+4 °C) pocdarHo-compoBuM Oydepom (137 MM
NaCl, 2,7 vM KCI, 10 MM Na HPO, x 7H,0, 1,8 MM
KH,PO,; pH 7,4). [lnst reMosTizy €pUTPOIMTIB BUKOPHCTO-
BYBaJIH JIMCTHIILOBaHY BOJY Yy CIiBBifHOIIEHH] | : 3.

Bwmict NO, Ta NO,” BU3Ha9am y TeMoTi3aTax epuTpoIu-
TIB KpOBI 1IlypiB Micis AenpoTeinizyBaHHs 96 % eraHoiom
i3 momanepmuM HeHTpudyryBanasM (5000 06/xB, 20 xB,
+20 °C). /lns BU3HAYCHHS BMICTY HITpaT-aHIOHIB y JIyHKH
MIKpPOIUTAHIIETIB J0aBa 1Mo 70 MKJI OTPUMAaHOTO CyTiep-
naranty, 70 mxn 50 MM VCI, (a5 BinHosnenns NO,™ o
NO,), posunnenoro B 1 M HCI, i 70 mx1 peakrusy Ipicca
(0,05 % N-(1-nadrun)-etmneHmiamin ta 1 % cyabhanimamis
y 12 % ouroBiii kucinori y criBBigHomerHi 1 : 1). [l Bu-
3HAYCHHS BMICTY HITpHUT-aHiOHIB — 100 MKJI CynepHaTaHTy
ta 100 M1 peakrusy picca. Otpumani 3pasku iHKyOyBam
3a temneparypu +37 °C Bopomorxk 30 XB i 3a TOITOMOTOIO
cnekrpodoromerpa (Epoch, Biotek, CIIIA) BumiproBamu
ONTHYHY TycTHHY 3a A = 540 HM. [ 064nCIICHHS pe3yiib-
TaTiB BUMIPIOBaHb BUKOPUCTAIIM KaJliOpyBaJIbHI KPHBI,
noOynoBaHi Ha OCHOBi cTaHmapTHuX posumHiB NaNO, i
NaNO, BianosiaHo [12]. Pe3ynsrary HaBeIEHO B IKOMOJIAX
Ha Minirpam 6inmka (mvoms/Mr Oinka). KonrerTpariito Oinka
BU3Hauasu 3a Merojom Jloypi [13].

Jns BusHaueHHs akTUBHOCTI NO-cmHTasu (NOS) mo
3pasKiB gonasainu iHKyOauiiHy cymim (10 MM HEPES 0Oy-
¢ep iz 1 M MgCl,, 1 M CaCl,, 3 MM L-aprininom, 0,1 MM
HAJI®H). Peaxiro B 3paszkax 3ynusuiy micist 30 XB iHKY-
Oarmii 3a +37 °C, mogaBiu 96 % eTaHON y CIIBBIAHOIICHHI
1 : 3, ta nentpudyrysanmu 20 xB 3i mBuaKicTio 5000 00/xB
1 3a Temneparypu +20 °C. [l miaroToBKM aHATITHIHAX
mpo6 100 Mk orpuManoro cynepHarantTy Ta 100 Mkt pe-
aktuBy Ipicca BHOCHIH y JTyHKH MikporiaHmeTis. [Tics
1BOro cyMitir iHKyOyByBasu 30 xB 3a +37 °C Ta BUMIpIOBaIn
onTH4Hy ryctuny 3a A = 540 aM. AxtuBHicTs NOS Bupa-
KalM B IMOIb HOBOYTBOpeHoro NO, " 3a 1 XB 'y po3paxyHKy
Ha | Mmr Oinka.

JLis Bu3HaueHHS akTUBHOCTI iHIy1HOensHOI NOS (iNOS)
BUKOPUCTOBYBAJIM CXOXHH METON (IUisi BUMIPIOBAHHS aK-
tuBHOCTI Ca?*-Hesanexuoi NOS o iHKyOariiHoi cymimi
nmonasanu 1 M EJITA 3amicts 1 M CaClz). JI1s1 BU3HAUCHHS
axtuBHOCTI KoHCTHTYTHBHOI NOS (eNOS) BigHiMaH aKTHB-
nicts iINOS Bij 3aransHoi akrusaocti NOS [14,15].

OCHOBHI CTaTHCTHYHI TIOKa3HUKNA OOYHCITHIN HAa OCHOBI
MIPAMUX KUTBKICHUX TaHHUX, OTPUMAHFX ITiJ] 9ac JOCIIHKEHb.
J1J1s1 OI1iHIOBAaHHS BipOTiTHOCTI Pi3HUII MK CTATUCTUIHIMUA
XapaKTePUCTUKAMH JIBOX aJBTEPHATHBHUX HAOOPIB JaHUX
KOPHCTYBAJIUCS OTHO(DAKTOPHUM AWCTIEPCIHHIM aHAJi30M
(ANOVA 1), anaii3 3nifiCHUIN 3a JOTIOMOTOIO MTPOTpaMiu
Microsoft Excel 2023. [lani HaBe#eHO K CepelHi 3HA-
yeHHs (M) + cranmapTHe BiaxwieHHs (m). Pi3HUIIO Mk
rpynamMy BBOKaJIHM CTATUCTUYHO 3HAYYIIIOO, SIKIIO 3HAYCH-
Ha p > 0,95 (piBenb 3nauymocti p < 0,05), obpaxoBaHe B
nporpami StatPlus.

Pe3ynbratu

BceranoBunu, 110 B eputpormrax mrypis i3 L/1 aktuBHICTH
NOS (cymapha) 3pocia y 2,9 pa3za MOpiBHSHO 3 KOHTPOJIb-
HOO TPYIIO0 TBApUH (puc. 1). Y AiabeTHYHUX TBApHUH, SIKi
NepopabHO OTPUMYBAIIH €KCTPAKTH ILIOJIIB JIEPEHY CIIPABIK-
HBOTO, akTHBHICTH NOS B epUTpOIMTaX 3HWKyBajgacs. Y
pa3i BBEICHHS EKCTPAKTY YEPBOHUX IUIOAIB 3a(hikCOBAHO
3HIKCHHS B 3,4 pasa, )KOBTUX IUIOMIB — BIBIUi, JIOTAHOBOI
KHUCJIOTH — BTPUY1 HOPIBHSHO 31 CTPENTO30TOLMH-1HAyKOBa-
HUM jiabeToMm (puc. 1).

[Tpu BIUIMBI eKCTpakTiB Ha akTHBHICTH 130popm NOS
crocTepiranu 3HmwKeHHs akTuBHOCTI INOS y 3,3 pa3a,
eNOS —y 3,6 pa3a B 11ypiB i3 ia0eTOM, SIKUM [IEPOPATHHO
BBOJIMJTH KCTPAKT YEPBOHUX ILIOIB JAEPEHY, MOPIBHSIHO 3
tBapuHamu 3 LIJ] (puc. 1). EXcTpakT )KOBTHX IUIONIB TAaKOXK
3yMOBJIIOBaB JIOCTOBIpHE 3HMKEHHsI akTUBHOCTI iINOS Ta
eNOS y 2,7 Ta 1,6 pa3a BiINOBITHO B €PUTPOLMTAX IILypPiB
mopiBHsHO 3 rpynoro L (puc. 1). Y urypiB i3 niabeTom, siIkum
BBOJIHJIM JIOTQHOBY KHCJIOTY, BU3HAYMITH BIPOTi/THE 3HW)KEHHS
aktuBHOCTI INOS Ta eNOS B eputponutax y 1,8 a 5,2 pasa
BIMOBITHO MOpiBHSIHO 3 Tpynoro LI (puc. 1).

3a giabeTy MiIBUIIYETHCS KOHIEHTpAIlisl CTaOUTbHUX
MeTaboNiTiB okcuy HiTporeHy — anionis NO,” ta NO, B
epurporurax (y 1,8 i 1,6 pasza BiINOBiZHO) MOPIBHSHO 3
KOHTPOJIBHOIO TPYIIO0 (3arajibHe 30UIBIICHHS PIBHS Me-
tabomiTiB okcuay HiTporeny (NOX) —y 1,6 pasa, puc. 2).
BBenieHHSs1 €KCTpaKTy Y4EpBOHMX IUIOZIB JIEpEHy Iypam i3
J1iabeToM MPU3BEJIO JI0 3HMKEHHSI B €PUTPOLIUTAX BMICTY
anioniB NO,~ (y 2,1 pa3a) ta NO,™ (B 1,3 pa3a), 3arajibHoro
3HWKEeHHS piBHS MeTabomiTiB NOX (B 1,3 paza) mopiBHsHO 3
TPYIIOO IIypiB 31 CTpenTO30TOIMH-1HayKoBaHUM LU/ (puc. 2).
Boinouac y nrypiB, SKUM BBOAMIIM €KCTPAKT JKOBTHUX IIJIO/IB
JepeHy, BUABIIEHO 3HWKEHHs BMicTy anionis NO,™ Ha powni
3pocTanHs KoHuenTpartii NO, MopiBHAHO 3 FPYTIOH IIypiB 3i
CTPENTO30TOIMH-1H/yKOBaHUM JiabeToM (puc. 2). Taki cami
3MIHHM BHUSIBIICHO 1 B Pa3i BIUIMBY JIOTAHOBOT KUCIIOTH — 301116~
weHHs BMicTy anioHiB NO,~, 3MEHIIEHHs BMiCTy aHiOHIB
NO, (y 2,0 paza) i sumxenns pisasg NOX (y 1,9 pasa) (puc. 2).
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NOS, nmonb NO, /xB x mr 6inka m iNOS u cNOS u NOS (cymapHa)

KoHTponb

L+ EYn

L + EXN

ua + K

Puc. 1. Bnnvs ekctpakTiB yepBoHux (EUMM) i xoBTrx (EXKIM) nnopis aepeHy cnpaexHboro Ta noraHosoi kucnoty (1K) Ha aktmeHicTe NO-cuHTasm
(NOS) eputpoumTiB neprhepuyHOI KPOBI LLYPIB 3i CTENTO30TOLMH-iHAYKOBaHUM Aiabetom (M £ m, n = 6-10).

*p20,95; **: p20,99; **: p 20,999 — pizH1LA AOCTOBIPHA MOPIBHAHO 3 KOHTPOIILHOKO FPYMO0 TBAPWH;
#p20,95; #:p 2 0,99; #*:p 2 0,999 — pi3HMLA BiporiaHa NOPIBHSHO 3 AiabETUYHOIO rPYMOto TBAPUH.

NO;, NO; ta NOXx, nmonb / mr 6inka = NO, = NO, m NOx

KoHTponb
Lm Hkk
*kk
Llﬂ + EYN ] ke, #
— ok, #
ua + Bexn
ua + nK i
| #i
T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Puc. 2. Bwict cTabinbHux metabonitisB NO B eputpoLmTax KpoBi LLypIB 3i CTPENTO30TOLMH-iHAYKkoBaHUM LI[] 3a BBEOEHHS EKCTPaKTIB YEPBOHNX
(EYN) i )oBTux (EXKIT) nnogiB aepeHy cnpaBxHbOoro Ta noraHosoi kucrnotu (J1K).

* ' p20,95; *: p20,99; ***: p 20,999 — pi3HMLIA AOCTOBIPHA MOPIBHAHO 3 KOHTPOMBHOK FPYMOK TBAPUH;
#p20,95; #:p20,99; “: p 20,999 — pi3H1LS BiporigHa NOPIBHSHO 3 AiabETUYHOIO rPYMOK0 TBAPUH.

ISSN 2306-8094 AKTyanbHi NUTaHHS (hapMaLeBTUYHOT | MEAUYHOT Hayku Ta npakTukn. 2024. T. 17, Ne2(45) 157



Original research

O6roBopeHHs

Jocnigunu 1 npoaHallizyBajid BIUIMB €KCTPAKTIB IUIOIIB
PI3HUX COPTIB JepeHy Ha 3araibHy akTuBHicTh NOS, a
TaKOK Ha aKTUBHICTP 1i KOHCTUTYTUBHOI Ta iIHAYIIHOCTHHOL
i30opm B epuTporUTax mypis (puc. 1). BcranoBneHo, 1o
axtuBHicTh NOS B epurponuTax 3a aiabeTyIiJBHIILy€ThCS,
110 3YMOBJICHO PO3BHTKOM OKCHIATHBHO-KapOOHIIHLHOIO
CTpecy Ha piBHI opraizmy [3]. Y Bcix rpynax giabeTHIHUX
TBapHH, II0 IEPOPAIEHO OTPUMYBAJIM EKCTPAKTH ILIOIIB
PI3HUX COPTIB JIEpEHY CIPaBKHBOTO, BUSIBJICHO JIOCTOBIpHE
3HWKeHHs aktuBHOCTI NOS B epurporurax. EkcTpakT uep-
BOHUX ITIOIIB JICPEHY CIIPaBKHBOTO MaB HalKparuii epext
cepell TOCIIHKEHIX eKCTPAKTIB MO0 HOpMali3allii akTHB-
Hocti NOS. Taka z1ist Moyke OyTH 3yMOBIIEHA BMiCTOM BEITHKOT
KUIBKOCTI @HTOIIIaHIB Ta, 0€3yMOBHO, KOMILICKCHHM BILTHBOM
BCIX IHITMX KOMIOHEHTIB ekcTpakrty [7,10]. B exctpakrti
JKOBTHX IUIOIB HEMAE aHTOLIAHIB, ajle € OUIbIIA KUIBKICTD
ipuoiniB 1 Ginbie (raBOHOIIB HOPIBHSHO 3 YEPBOHUMHU
wiogaMu [7]. MOXITHBO, caMe 3HAUYHHKA BMICT IpUIOIMIB i
(hr1aBOHOJIIB 3yMOBUB CHIIBHIIIHHN €EKT 010 3HIDKSHHS aK-
tuBHOCTI iINOS, Hixk eNOS. Bapro 3BepHyTH yBary, oy pasi
BBEJICHHSI €KCTPAKTY JKOBTUX IUIOAIB JAEPEHY CIIPABKHBOTO
niabeTHUHUM TBapuHaM akTHBHICTH eNOS B epuTpomnuTax
T IBUIIYE€THCS TOPIBHSIHO 3 KOHTPOJIBHOIO TPYIIO0 TBAPHH.
Bucokuit BMiCT (pIIaBOHOIIB MIT' CIIPHYMHUTH TaKi 3MiHH,
aJuke Biomo, 1o (uaBoHom akTHBYIOTH eNOS Ha piBHI
MOCTTPaHCIIIHHOT Moauikalii crrocodoM (ocdopuitto-
BaHHS Yepe3 IUIAXU MITOreH-aKTHBOBAHHUX MPOTETHKIHA3 y
KIIITHHAX, IHAYKOBAaHUX DIFOK03010 [16]. 3nificHum nopis-
HSUTBHUH aHai3 3MiHu akTuBHOCTI 130dpopm NOS y rpymi
TBaPHH, SKUM BBOJIJIM JIOTAHOBY KHCIIOTY, i3 KOHTPOJIBHOO
TpyIoro TBapuH. BetanoBwy, mo aktiBHICTS iINOS He 3HH-
JKyBaJacst J10 3HauCHb y KOHTpoJi (p > 0,999), a akTUBHICTH
eNOS HmKYa 3a KOHTPOJIBHI TOKa3HUKHA (p > 0,999).

Otxe, BBEICHHSI €KCTPAKTIB IUIOJIIB PI3HUX COPTIB IEpeHy
Mae€ [MO3UTUBHUH BIUTUB Ha akTuBHICTE NOS B epUTponnTax
KPOBI HIypiB 31 cTpenTo30TouH-iHaykoBanum 11/]. Haii-
BHpAXCHIMUH e(PeKT Iox0 HOopMai3allii JOCIHiHKSHIX
TIOKa3HHUKIB MaB €KCTPAKT YEPBOHMX IUIOJIIB IEPEHY CIIPaBXK-
Hboro. [To3nTHBHUI €(heKT 00 TPUTHIYCHHS HITPaTHBHOTO
CTpecy BIACTUBHI eKCTpakTy >koBTuX ruioaiB C. mas. [1po
1€ CBiTYNTH 3HIKEHHS aKTHBHOCTI 1HIYIIHOETBHOT 130popMu
NOS 1o 3Ha4YeHB Y KOHTPONBHIN Tpymi TBapuH. JloraHosa
KHCJIOTA, HAaBIIaKH, HalOLIbIIe 1HTi0yBala KOHCTUTYTUBHY
i3oopmy NOS.

OcHoBHHUM cTabUTEHUM MeTabomiToM NO B epuTpoImTax
3a3BUYaill € NO3’. BusiBnene migBUIIEHHS KOHIEHTpAILii
HITPUT- 1 HITpaT-aHIOHIB B €pUTPOIUTAX 3a JiadeTy €
HaCJIiJIKOM TifBHIIeHHsT akTuBHOCTI NOS Ta nucdyHk-
i1 eHIOTEIII0, 0 € THIIOBOK IS Ii€l eHIOKPUHHOT
naronorii. 3 iHmoro 60ky, NO,” Moxke GyTn mpomxyKTOM
BHYTpilIHbOEpHUTpOIUTapHoro Metadomismy NO,, i Horo
KOHIICHTPAIIisI T€X BapirO€ 3aJI€IKHO BiJ O10XIMIYHUX 3MiH,
110 B1I0YBAIOTHCS Ha PI3HUX CTarax po3BUTKY miadety [3].
3a LI 36inpmenns Bmicty NO,  Ta NO,  3yMOBIIEHE Takoxk
IHTCHCHBHUM OKHCHEHHSIM OKCHAY HiTporeHy. Lli 3miHum
MOB’513aHi 3 PI3HUMHM acCIIEeKTaMM IaToJOTii eHIO0TelNio i

OKCHIATUBHOTO CTPECY, M0 XapakTepHi s aiadety. Kpim
TOTO, 3HAYHUH BIIUB HA cuHTe3 NO Mae acCUMETpUYHUIN
JMMETHIIAPTiHiH, mo 3Mirtoe BMicT NO, i NO,™ B eputpo-
nurax mija gac aiadery [3,17].

B eputpormurax nrypis 3i CTPENTO30TOIMHOBUM JliabeToM,
SIKUM BBOJIMJIM €KCTPAKT YEPBOHKX IUIONIB JIEPEHY CIPaBXK-
HBOTO, BMICT HITPHT- 1 HITpaT-aHIOHIB JOCTOBIPHO 3HIKY-
€TbCs. Pe3ynbraTy JIOCHIPKEHHS i 3MOT'Y BCTaHOBHTH:
EKCTPaKT YePBOHUX IIJIOJIB JIEPEHY MOXKE KOPUTYBATH BMICT
MeTabomiTiB NO B epurporurax 3a aiabeTy 3aBIasiKi HasiB-
HOCTI B IMX IUI0/IaX QHTOLIaHiB, ipnioizis i gnaBonomis. L1i
610J10T1YHO aKTUBHI PEIOBUHH IPSAMO (Oe31mocepeIHbO 3B 51
3y10Th BUIBHI paaukaiu [10]) Ta onocepenkoBaHo (aHTHTI-
TIEPIITIKEMITHIN Ta AaHTHOKCHAAHTHUHA €(PeKTH I0CIIHKEHIX
exkctpaxriB [7,8,10]) BIUIMBaIOTh Ha peakilil IepeTBOPEHHS
MeTabosiTiB, 1m0 BuBYaaM [18].

VY urypiB 3i CTPENTO30TONHMH-IHIYKOBAHUM [ia0CTOM,
SKAM BIIPOZIOBXK |4 IHIB MepopasbHO BBOAMIM €KCTPAKT
KOBTHX IUIOIB JIEpEHy Ta JIOraHOBy KUCIOTy, BMicT NO,~
3MEHIITYBaBCS MOPIBHAHO 3 Nia0eTHYHNMH TBapHHAMH,
npore xoHuenrpanis NO,” HiaBuilyBanacs NOPiBHAHO 3
koHTponeM. OCKiTbKH 00HMIBa €KCTPAKTH y 3HAYHINA Kilb-
KOCTI MICTSATh ipHI0i1, MOXKJIMBO, CaMe BOHH HacaMIepes
BIUIMBAIOTHh Ha piBeHb MeTabomiTiB NO B epuUTpouHUTax.
OpneprxaHi pe3y/bTaT Jar0Th MiICTaBU CTBEPIHKYBATH, 110
B pasi BBEJCHHS CKCTPAKTIB IUIOAIB JEPEHY CIPABKHBOTO
BiZIOYBalOTKLCS 3MiHM BMICTy cTabimbHUX MeTadoumiTiB NO.

BucHoBKku

1. AxruBHicTh NO-CHHTa31 B €pPUTPOLMTAX 3HUIKYETHCS
y BCIX TOCITITHUX TPyHax TBApHH, SKAM BBOIMIIN €KCTPAKTH
TUIOJIIB PI3HUX COPTIB AepeHy. Haitoinbin BupaxeHi epexru
MaB €KCTPAKT YePBOHUX IUIO/IB JIEPEHY CIIPABKHBOTO, HHK-
4010 e(peKTUBHICTIO XapaKTepU3yBaBCs EKCTPAKT JKOBTHX
mwroxnis Cornus mas L. Jloranosa kuciioTa HaiOIbIIE BIUIU-
BaJla Ha 3HIKECHHS aKTWBHOCTI KOHCTUTYTHBHOI 130(opMu
NOS.

2. EXcTpakT 4epBOHHX IUIOAIB JEPEHY 3HIDKYE PiBEHD
crabipHuX MeTabosiTiB NO B epUTPOIMTAX, 8 EKCTPAKT HKOB-
THX IUIOAIB JACPEHY Ta JIOTAaHOBA KHUCIIOTA 3HW)KYIOTh PiBEHb
mvie NO,™ B epUTpOLUTAX IIYPiB i3 IyKPOBUM JliabeToMm.

3. Hopwmamizamiss 6GiomMapkepiB HITPaTHBHOTO CTpPECY B
€pUTPOLIMTAX KPOBI LIYPIB 31 CTPENTO30TOLNH-1HAyKOBAaHUM
TiabeToM BKa3ye Ha aHTHOKCHIAHTHI BIACTUBOCTI EKCTPAKTIB
IUIO/IIB JIEPEHY CIIPaBKHBOTO, 30kpeMa copty «Podolskix,
CTHIJII TUIO/IX SIKOTO MICTSATh 3HAYHY KUTBKICTh aHTOITiaHIB.
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Diagnostic significance of immunological parameters
in predicting the development of pneumonia in adult patients
with measles

O. V. Riabokon®**£F S Q. Bilokobyla®™8&cP Q. O. Korniienko™8E, Yu. Yu. Riabokon®ACE A V. Vynokurova®<©

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 aim of the study is to determine the diagnostic significance of immunological parameters in predicting the development of pneumonia
in adult patients with measles.

Material and methods. The study examined 88 patients aged 21 to 55 years diagnosed with measles according to the World Health Or-
ganization’s criteria (2013). Enzyme-linked immunosorbent assay (ELISA) was used to determine IgG levels to the measles virus (Vircell
Microbiologists, Spain) and the levels of interferon-y (IFN-y) (Invitrogen, Austria). Statistical analysis was conducted using Statistica 13
for Windows (StatSoft Inc., No. JPZ8041382130ARCN10-J).

Results. According to the results of the study, it was found that upon hospitalization on the 4.8 + 0.2 day of the disease, 71.6 % of patients
were seropositive for IgG to measles virus. The development of measles pneumonia was associated with the lowest level of IgG to mea-
sles virus (p < 0.01). When the level of IgG to measles virus at hospitalization of adult patients was <20.26 optical units, the probability of
developing measles pneumonia was significant (AUC = 0.650, p = 0.016).

In adult patients with measles, the serum IFN-y level at the height of the disease was higher (p < 0.05) than in healthy individuals. Upon
hospitalization on the 4.8 + 0.2 day of the disease, the level of IFN-y in the setting of pneumonia was the highest (p < 0.05), exceeding the
corresponding parameter in patients without complications. The level of IFN-y at hospitalization >1.90 pg/ml was diagnostic for predicting
the likelihood of pneumonia (AUC = 0.643, p = 0.038).

The authors present their clinical observation, which demonstrates the informative value of using the established immunological parameters
in clinical practice to predict the likelihood of pneumonia in adult patients with measles.

Conclusions. The diagnostic significance of such immunological parameters as IgG to measles virus and IFN-y in predicting the develop-
ment of pneumonia in adult patients with measles at the time of hospitalization has been proved. Our clinical observation demonstrates
the informativeness of the established prognostic markers.

Keywords: measles, viral infection, pneumonia, postvaccination antibodies, cytokines, diagnostics, prognosis.

Current issues in pharmacy and medicine: science and practice. 2024;17(2):160-168

[iarHocTUYHe 3HaYeHHS iIMyHONOriYHUX NapaMeTpiB y NPOrHO3yBaHHi PO3BUTKY MHEBMOHI|
Y XBOPMX Ha Kip flopocnux

O. B. Ps6okoHb, C. O. Binokobuna, O. O. KopHieHko, 0. K. PabokoHb, A. B. BuHokypoBa

MeTa po6oTu — 3'AcyBaTV AiarHOCTUYHY 3HAYYLLICTb iIMYHOMOTYHUX MapaMeTPIB Yy NPOrHO3yBaHHi PO3BUTKY MHEBMOHI| B LJOPOCINX, XBOPUX
Ha Kip.

Marepianu i meTogu. O6cTexunm 88 xBopyx Ha kip BikoM Bia 21 Ao 55 pokis. [liarHo3 kopy BCTaHOBIOBaNM 3a KpuUTepisimm BcecBiTHBOT
opraHisauii oxopoHu 300poB’s (2013). IMyHochepMeHTHUM METOOM y cMpoBaTLi KpoBi BU3Hadvanw IgG no sipycy kopy (Vircell Microbiologists,
Spain) Ta piBeHb iHTepdepoHy-y (IFN-y) (Invitrogen, Austria). CtatuctyHo aaHi onpautosanu B nporpami Statistica 13 for Windows
(StatSoft Inc., Ne JPZ8041382130ARCN10-J).

Pesynktati. Y pesynsrati 4OCIZKEHHS BCTAHOBMU, WO Nif Yac rocnitanisauii Ha 4,8 + 0,2 aHs 3axBoptoBaHHs 71,6 % xBopux Gynu
Cepono3nTUBHUMM 3a HasBHICTIO IgG Ao Bipycy kopy. PO3BMTOK KOPOBOI MHEBMOHIi aCOLIiOBABCS 3 HANHWX4YMM piBHeM IgG [0 Bipycy Kopy
(p < 0,01). Axwo BmicT IgG Ao Bipycy Kopy nia Yac rocnitanisauii gopocnux nauieHTiB ctaHoBuB <20,26 oNT. 0A., IMOBIPHICTb PO3BUTKY
KOpOBOi MHeBMOHIT 3Havywa (AUC = 0,650, p = 0,016).
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OpueiHarbHi 0oCidxeHHs

Y xBOpUX Ha kip gopocnmx BmicT IFN-y y cupoBatLi kpoBi B po3nan xsopobu suwmin (p < 0,05), Hix y 3gopoBux ocib. Mig yac rocnitani-
3auii Ha 4,8 + 0,2 gHs 3axBoptoBaHHS piBeHb IFN-y npy po3BuTKY MHEBMOHIi BUSIBMBCS HamBuwium (p < 0,05), nepeBuLLyBaB BiANOBigHNI
napameTp y xBopux 6e3 ycknagHeHb. PiseHb INF-y nig yac rocnitanisauii >1,90 pg/ml maB giarHOCTU4He 3HaYeHHS AN NPOrHO3yBaHHS
IMOBIpHOCTI po3BuTKY NHeBMOHiIi (AUC = 0,643, p = 0,038).

HaBeneHo BnacHe kniHiYHe CNoCcTepeXeHHs, WO AEMOHCTPYE iHPOPMAaTMBHICTb 3aCTOCYBaHHSA B KMiHIYHIA NPaKTULi BCTAHOBNEHWX iMy-
HOMOriYHKX NapameTpiB Ans NPOrHO3yBaHHS MMOBIPHOCTI PO3BUTKY MHEBMOHIT Y XBOPUX Ha Kip 4OPOCIMX.

BucHoBku. [loBeaeHO AiarHOCTMYHY 3HaYYLLICTb Takux iMyHOMoriYHUX napameTpis, sk IgG go Bipycy kopy Ta IFN-y y nporHo3yBaHHi
PO3BUTKY MHEBMOHIT Y 4OPOCNMX, XBOPMX Ha Kip, Nig Yac rocnitanisawii. HaBeaeHe BnacHe KniHiYHe CNOCTEPEXEHHS NiATBEPAXYE iHGOP-

MaTMBHICTb LX MPOrHOCTUYHWNX MapKepiB.

Knroyoi crnoa: kip, BipycHa iHbeKLis, THEBMOHISl, NOCTBAKLUMHaNbHI aHTUTINA, LMTOKIHMW, AiarHOCTWKa, NPOrHo3.
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The introduction of measles vaccination has significantly
reduced the incidence of measles [1,2], which has allowed
the World Health Organization to set the goal of eliminating
measles in the European region [3]. On one hand, increased
measles immunization has substantially decreased morbidity
and mortality from this infection. On the other hand, the epi-
demiology of measles in countries with high immunization
rates has undergone significant changes [4]. In recent decades,
measles has ceased to be solely a childhood infection [4].
Countries with high levels of vaccination and revaccination
among children have observed a decline in post-vaccination
measles 1gG levels in adults. However, the consequences of
this phenomenon during the period of measles elimination
remain insufficiently understood [5].

In 2017-2018, many countries worldwide experienced an
epidemiological deterioration in measles [6,7,8,9,10,11,12].
A notable feature of the recent measles epidemic was the
significant prevalence of adult cases. For instance, in Ger-
many, adults constituted 52 % of measles cases [8], in Italy
—73 % [10], and in Belgium — 50 % [11]. This trend was also
observed in Asian countries; for example, in Sri Lanka, the
proportion of adult patients with measles reached 73.3 % [12].

It is recognized that measles in adults poses a higher risk of
complications compared to children [6,13,14]. The most com-
mon complication believed to occur is measles pneumonia,
although literature reports on its frequency vary considerably
[14]. Thus, there is a current need to ascertain the incidence
of pneumonia in adult patients with measles.

Understanding the development of measles pneumonia
involves not only viral replication but also immunopathoge-
netic mechanisms, which are still under investigation. The
measles virus initially infects alveolar macrophages and
dendritic cells in the respiratory tract, then replicates in local
lymphatic tissue, and disseminates through viremia [15].
The immunopathogenetic features of measles complications
involve the “measles paradox” — the progression of measles
with severe immunosuppression even before acute viremia
signs disappear [16,17]. On one hand, complications arise
from immunosuppression due to viremia progression, while
on the other hand, measles virus replication induces lifelong
anti-measles immunity [18]. Since the cytokine system go-
verns the functional activity of immune cells, and impaired
production of anti-inflammatory cytokines may contribute
to direct viral damage to organs and systems [19], assessing

the diagnostic significance of immunological parameters is
advisable for predicting measles in adults.

Aim

The aim of the study is to determine the diagnostic signifi-
cance of immunological parameters in predicting the deve-
lopment of pneumonia in adult patients with measles.

Material and methods

The study included 88 patients with measles aged 21 to 55
years who were treated at the Municipal non-profit enterprise
“Regional Infectious Diseases Clinical Hospital” of the
Zaporizhzhia regional council during 2017-2019. There were
36 men and 52 women. All patients were included in the study
on a random basis and with informed consent. The diagnosis
of measles was made according to the criteria of the World
Health Organization (2013). In the anamnesis, all patients
with measles indicated the presence of measles vaccination
in childhood, but there was no documentary evidence.

To determine the presence of probable post-vaccination
antibodies during hospitalization, serum 1gG to measles virus
was determined (Vircell Microbiologists, Spain). The serum
levels of interferon-y (IFN-y) were determined in patients
and 20 healthy subjects (Invitrogen, Austria). The studies
were conducted by enzyme-linked immunosorbent assay at
the Training Medical and Laboratory Center of Zaporizhzhia
State Medical and Pharmaceutical University (Head — Doctor
of Pharmacy, Associate Professor R. O. Shcherbyna).

Statistical processing of the data was performed using
the software Statistica 13 for Windows (StatSoft Inc.,
No. JPZ8041382130ARCN10-J). The results of quantitative
data were presented as median and interquartile ranges Me
[Q25; Q75]. The Mann—Whitney test was used to assess the
reliability of differences between quantitative characteristics
in independent groups, Wilcoxon test in dependent groups,
and the ¥* method for qualitative characteristics. Correla-
tions between quantitative features were determined using
Spearman’s correlation (r). ROC analysis was performed
to determine the diagnostic significance of the content of
IgG to the measles virus and IFN-y level in predicting the
development of pneumonia. Differences at p < 0.05 were
considered significant.
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Fig. 1. Complications in adult patients with measles depending on the presence of IgG to measles virus at the time of hospitalization.

*: difference is significant compared to seropositive patients (p < 0.01).

Results

According to the results of the study, it was found that during
the hospitalization of adult patients on an average of 4.8 £0.2
days of illness, 63 (71.6 %) patients were seropositive for
the presence of 1gG to measles virus, and the remaining 25
(28.4 %) were seronegative. Analysis of the spectrum and
frequency of complications in adult patients with measles
depending on the presence of IgG to measles virus revealed
that the incidence of pneumonia has a clear tendency to in-
crease in the setting of seronegativity (1.7 times, p > 0.05).
However, the incidence of gastrointestinal complications
in adult patients with measles was significantly higher in
seronegative patients (2.3 times, x> = 10.60, p <0.001), with
this pattern also applying to the development of hepatitis (2.4
times, x*= 11.61, p < 0.001). It should also be noted that in
seronegative patients, in contrast to seropositive patients with
IgG to measles virus on 4.8 + 0.2 day of illness, a combination
of several complications was significantly more frequent (2
times, ¥*= 7.70, p < 0.01) (Fig. 1).

To further investigate the protective role of probably
postvaccination antibodies in adult measles patients in the
development of pneumonia, we compared their quantitative
content at the time of hospitalization depending on the further
development of pneumonia. Among the seropositive patients,
the lowest level of 1gG to measles virus occurred in patients
with the development of measles pneumonia and was 16.80
[14.68; 20.26] units against 23.58 [21.87; 26.78] optical units
in patients without complications (p = 0.0002). According
to the results of the ROC-analysis, the diagnostic value of
this parameter on 4.8 + 0.2 day of illness was established for
predicting the development of pneumonia. For instance, when
the content of IgG to measles virus during hospitalization
of adult patients was <20.26 optical units (AUC = 0.650;
sensitivity —92.3 %, specificity — 52.0 %), the probability of
developing measles pneumonia was significant (p = 0.016)
(Fig. 2).

In the next part of the work, we compared the level of IFN-y in
the blood serum of adult patients with measles in the dynamics

162 Current issues in pharmacy and medicine: science and practice. Volume 17. No. 2, May — August 2024

ISSN 2306-8094



OpueiHarbHi 0oCidxeHHs

Fig. 2. Prediction of the probability of out-of-hospital pneumonia based on the level of IgG to measles virus in adult patients during hospitalization.
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Fig. 3. Comparison of serum IFN-y levels in adult patients with measles in the dynamics of the disease depending on the development of pneumonia.
1: the difference is significant compared to healthy people (p < 0.05); 2: compared to patients without complications (p < 0.05).
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Fig. 4. The likelihood of pneumonia development prediction by the level of INF-y in the blood serum of adult patients at hospital admission.
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of the disease depending on the development of pneumonia.
The level of IFN-y during hospitalization was higher than in
healthy people, regardless of the development of pneumonia
(p <0.05). It should be noted that in the setting of pneumonia,
the level of IFN-y was the highest and significantly higher than
in healthy people and patients with measles without compli-
cations, namely, 4.83 [0.29; 12.86] pg/ml as compared to 0.09
[0.08; 0.20] pg/ml and 0.25 [0.13; 1.14] pg/ml, respectively.
In the dynamics of 7-10 days of treatment in patients without
complications, the level of IFN-y in the serum of adult patients
with measles normalised (p>0.05) and amounted to 0.12 [0.08;
0.24] pg/ml, in contrast to the level of IFN-y in patients with
pneumonia, which was 0.14 [0.08; 0.58] pg/ml and remained
higher compared to healthy people (p < 0.05) (Fig. 3).

According to the results of ROC analysis, the cut-off
level of increase in serum INF-y, which is diagnostic for
predicting the development of pneumonia, was deter-
mined. It was found that with an increase in the level of
INF-y>1.90 pg/ml, the probability of developing pneumonia
is significant (AUC = 0.643, p = 0.038; sensitivity — 61.2 %,
specificity — 81.0 %) (Fig. 4).

The correlations of the studied immunological parameters
with laboratory parameters were established, which indicate
both the severity of the disease and the formation of compli-
cations. The level of 1gG to the measles virus in the blood
serum correlated with the following parameters: platelets
(r=+0.32, p<0.05), lymphocytes (r =+0.46, p < 0.05), ala-
nine aminotransferase activity (r =-0.45, p <0.05), and rods
cells (r=-0.36, p <0.05). The level of INF-y correlated with
the level of rods (r=0.38, p <0.001), segmented leukocytes
(r=-0.32, p <0.01), lymphocytes (r=0.31, p < 0.01), and
alanine aminotransferase activity (r = 0.25, p < 0.05).

In the following part of the paper, we present a clinical case
that, in our opinion, allows us to demonstrate the features of
the development of measles pneumonia in an adult patient
and demonstrate the possibility of using the immunological
parameters studied to predict the development of pneumonia.

Clinical case. Patient T., 55 years old, was admitted to the
Municipal non-profit enterprise “Regional Infectious Disea-
ses Clinical Hospital” of the Zaporizhzhia regional council
on 10.01.2019 (on the 7" day of illness) with complaints of
fever up to 39.5 °C, severe weakness, shortness of breath at
rest, a profuse skin rash, dry hacking cough with pain behind
the sternum, and decreased appetite.

From the medical history, it became known that he fell ill
on 04.01.2019 with hyperthermia of 40.0 °C, eye pain, dry
cough. He took antipyretic drugs on his own, but against the
background of persistent fever on 08.01.2019, shortness of
breath appeared, on the 6™ day of illness a rash on the skin
of the face and swelling of the face appeared, on the 7% day
of illness a rash on the skin of the trunk and arms appeared,
shortness of breath increased. The patient sought medical
attention and was hospitalized.

In the history of life: has chronic obstructive pulmonary
disease, grade II obesity (body mass index 36.1 kg/m?), type
2 diabetes mellitus. There is no documentary evidence of
previous vaccinations.

Epidemiological history: contact with a son who had
measles and had laboratory confirmation of measles
diagnosis.

On admission, the patient’s condition was critical due to
severe signs of intoxication and acute respiratory failure.
Body temperature 39.0 °C, tachycardia 112/min, blood
pressure 130/70 mmHg, dyspnoea up to 44/min, oxygen
saturation 86 % (with the connection of oxygen therapy in
mask mode, oxygen saturation was 96 %, dyspnoea decreased
to 28/min). The patient was admitted to the intensive care
unit for treatment. Consciousness was clear, scleritis and
conjunctivitis were pronounced, the face was swollen, and the
skin of the face, trunk, and extremities had a bright, plentiful,
confluent spotted-papular rash, which in some places had
a hemorrhagic component. Oral mucosa with enanthema,
positive Filatov—Koplik symptom. Auscultation of breath
sounds over the lungs was decreased in the lower parts on
both sides, crepitation was heard on the right.

Based on the clinical and anamnestic data during the initial
examination of the patient, the diagnosis was made: measles
(epidemiologically linked case), rash period, severe course,
complicated by out-of-hospital pneumonia.

X-ray examination of 10.01.2019 on the right revealed
lung tissue infiltration in the middle lobe projection, which
confirmed the development of right-sided middle lobe pneu-
monia (Fig. 5A).

When interpreting the results of laboratory tests in the
general blood analysis, the presence of neutrophilia up to
85 % with an increase in rod-nuclear leukocytes up to 14 %,
lymphopenia up to 13 % (abs. 0.78 x 10%1), thrombocytopenia
up to 138 x 10%1, the appearance of plasma cells up to 3 %,
acceleration of erythrocyte sedimentation rate up to 50 mm/h.
In the biochemical indicators, there were signs of hyperco-
agulation with an increase in the levels of the prothrombin
index to 107.7 % and fibrinogen to 5.1 g/l; signs of acute
kidney damage, namely an increase in urea to 8.2 mmol/l,
creatinine to 130.0 pmol/l, proteinuria 0.264 g/lI; as well as
hyperglycemia up to 14.3 mmol/l.

Taking into account weakly positive meningeal symp-
toms, namely stiffness of the occipital muscles and Kernig’s
symptom, a lumbar puncture was performed for diagnostic
purposes. In the cerebrospinal fluid, cytosis was 1 cell per
mcl, lymphocyte, protein 0.09 g/l, which made it possible to
rule out the presence of meningitis.

According to the analysis of the patient’s immunological
parameters, which we studied, it was established that at the
time of hospitalization, the content of 1gG to the measles
virus was <20.26 opt. units, and the level of IFN-y >1.82
pg/ml, which indicated a high probability of developing
pneumonia (Table 1).

The treatment was prescribed: oxygen therapy in a mask
mode, infusion therapy in the volume of 400.0 ml, antibac-
terial therapy with ceftriaxone in a dose of 2.0 g twice a day
intravenously, low molecular weight heparin in a prophylactic
dose of enoxaparin 4000 anti-Xa MO/0.4 ml subcutaneously
once per day, ambroxol orally, antipyretic drugs according
to indications.
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Table 1. The level of IgG to the measles virus and IFN-y in the blood serum of measles patient T., 55 years old at the time of hospitalization

Indicator, units of measurement Prediction according to ROC analysis Patient T., 55 years old

IgG to the measles virus, opt. unit <20.26

16.64

IFN-y, pg/ml >1.9

12.86

5A

5C

5B

5D

Fig. 5. X-ray picture of chest organs in the dynamics of the disease in patient T., 55 years old.
A: from 01.10.2019; B: from 01.14.2019; C: from 01.16.2019; D: from 01.21.2019.

Despite the prescribed treatment, clinical signs of acute
respiratory failure persisted during the initial five days, char-
acterized by a respiratory rate of 28-30 breaths per minute
and oxygen saturation of 90 % without supplemental oxygen,
which increased to 96-97 % with oxygen support. Additional-
ly, there was a persistent low-grade fever, and auscultation of
the lungs revealed negative dynamics, including weakening
of breath sounds in the lower lung fields and the presence of
crepitation bilaterally. Radiologically, beginning on January
14, 2019, there was evidence of increasing infiltration of
lung tissue: on the right side, affecting the middle and lower
lobes, and on the left side, affecting both lobes, with the roots
of the lungs appearing compacted and structureless. Sinuses
and mediastinal organs were not visualized. The radiographic
findings were consistent with a diagnosis of bilateral polyseg-
mental pneumonia (Fig. 5B).

During the laboratory examination on 01.13.2019 negative
dynamics were also noted in the general blood analysis due to
an increase in the expression of neutrophilia to 80 %, rod-nu-
clear shift to 21 %, expression of lymphopenia to 6 % (abs.

0.49 x 10%1), thrombocytopenia 145 x 10° /1, preservation of
plasma cells up to 2 %.

Correction of treatment was carried out on 01.14.2019:
combined antibacterial therapy with levofloxacin 500 mg
twice a day intravenously and ceftriaxone at a dose 0f2.0 g
twice a day intravenously, glucocorticosteroids at a dose of
2 mg/kg of body weight under prednisone was prescribed
(within three days), an infusion of 10 % immunoglobulin
for intravenous administration in a dose of 200.0 ml once
was prescribed.

After correction of treatment during 01.14.2019-
01.16.2019 clear positive dynamics were obtained: steady
normalization of body temperature, since 16.01.2019 oxygen
dependence disappeared, oxygen saturation 95-96 % with-
out oxygen support, frequency of respiratory movements
22-24/min, auscultation reduced crepitus, rash on the skin
became significantly less bright. From 01.17.2019 the patient
was transferred to the department for further treatment.

Research results also clearly demonstrated positive dyna-
mics. Thus, according to the results of an X-ray examination

ISSN 2306-8094

AKTyanbHi nuTaHHsA (hapMaLeBTUYHOT | MEANYHOT Hayku Ta npakTuki. 2024. T. 17, Ne2(45) 165



Original research

of the chest organs from 01.16.2019, a decrease in lung tissue
infiltration was noted in all parts of the lungs. Conclusion:
left-sided lower lobe and right-sided middle lobe and lower
lobe pneumonia (Fig. 5C).

During the laboratory examination in the general blood
test on 01.15.2019, clear positive dynamics were noted due
to a significant decrease in the rod-nuclear shift to the left
to 7 %, an increase in the level of the relative and absolute
number of lymphocytes to 20 % (abs. 0.76 x 10%1), platelets to
168 x 10%1. In biochemical indicators, there are no deviations
from the reference values.

Against the background of further treatment, clear positive
dynamics of clinical, laboratory, and X-ray data remained.
During the control X-ray examination on 01.21.2019, a
further decrease in lung tissue infiltration was noted, such as
signs of infiltration remaining on the left in the lower lobe
and on the right in the middle lobe (Fig. 5D). The patient was
discharged with recommendations for continued treatment in
outpatient settings.

As can be seen from the given clinical example, a
55-year-old patient had a severe course of measles, which
was complicated by the development of pneumonia. During
hospitalization, the results of immunological studies, namely
the level of 1gG antibodies to the measles virus, were 16.64
opt. unit and an IFN-y level of 12.86 pg/ml indicated a high
risk of developing measles pneumonia. The development
and progression of pneumonia during the first five days were
characterized by an increase in infiltrative changes in the lung
tissue according to X-ray examination data, the appearance of
signs of acute respiratory failure of the first degree, inflamma-
tory changes in the general blood test with the presence of a
rod-shaped nucleus shift to the left, the appearance of plasma
cells, the appearance of signs of hypercoagulation. These
changes required the appointment of combined antibacterial
therapy, the use of corticosteroids, and anticoagulant therapy.

Discussion

In modern conditions, almost all studies demonstrate the
dependence of the frequency of measles complications on the
age of patients. It should be noted that the main age groups at
risk for a complicated course of measles are children in the
first year of life and adults [6,11]. One of the most serious
complications of measles is out-of-hospital pneumonia, how-
ever, literature data on the frequency of this complication vary
significantly [11,20,21]. Thus, under conditions of sporadic
measles incidence among adults, a high rate of development
of this complication was noted, namely 57 % [14]. During the
growth of the morbidity rate, according to various authors,
the frequency of pneumonia among hospitalized patients
was 15.3-20.6 % [22]. The severity of the course of measles
pneumonia in adult patients was demonstrated in the study
[23], namely, it was proven that measles was complicated
by out-of-hospital pneumonia in 31 % of patients, of which
72 % of patients required oxygen support. During the last
epidemic rise in the incidence of measles in Ukraine among
military personnel, the development of pneumonia occurred
in every fifth patient, despite the mild course of measles [13].

According to the results of our study, among hospitalized
adult measles patients, the frequency of pneumonia was
5.7 %. Today, significant differences in the assessment of
the frequency of pneumonia in adult measles patients are
explained by the use of different imaging methods for its
confirmation. The researchers draw attention to the fact that
pneumonia in measles patients was suspected in the presence
of a weakening of breathing in the lower parts of the lungs in
the absence of wheezing, and its confirmation in most cases
required not an X-ray examination, but a computer tomog-
raphy [11]. In our study, only radiographic examination was
used to confirm pneumonia, which to some extent may ex-
plain the low frequency of this complication in adult measles
patients even during the epidemic rise in measles incidence.

In our study, the role of probably post-vaccination IgG to
the measles virus in the development of such a complication
as pneumonia in adults was determined. Today, the presented
literature draws attention to the possibility of developing
pneumonia in adults who were previously vaccinated against
measles [24,25,26].

Elucidation of the pathogenetic mechanisms of the de-
velopment of pneumonia in previously vaccinated adults
against measles continues [27]. The appearance of foci of
inflammation in the lungs is explained by the development
of a type III hypersensitivity reaction, when in the process
of replication of the measles virus in previously vaccinated
patients, rapid production of 1gG against the measles virus
occurs, a significant number of immune complexes are
formed, and foci of inflammation appear in the lungs, which
have an immune complex mechanism of development [28].
It is assumed that the immunopathogenetic mechanism of
the development of focal measles pneumonia in vaccinated
individuals may differ from the mechanism of its development
in non-vaccinated individuals [24]. In a number of studies,
it has been demonstrated that foci of measles pneumonia in
previously vaccinated individuals appear in the acute period
of the disease, but subsequently regress for a very long time,
from 2 months [26] to 8 months [25]. In addition, primarily
in previously vaccinated individuals, measles pneumonia is
most often focal and is diagnosed not by radiographic exam-
ination, but by computer tomography [24,25,26].

When analyzing modern literature, we paid attention to the
attempt of researchers [24] to propose serological prognostic
criteria for the development of pneumonia in previously
vaccinated individuals. Namely, a ratio of IgG/IgM >20 was
proposed, which may be useful for the diagnosis of measles
pneumonia [24]. In our study, we managed to establish a cut-off
level of IgG to the measles virus <20.26 opt. units, which gives
an idea of the probability of developing measles pneumonia.

Various links to the immunopathological mechanisms of
the formation of measles pneumonia continue to be studied
today. During the development of measles pneumonia, the
inflammatory process is characterized as serous-macrophagic,
accompanied by lymphocytic infiltration and vasculitis of
small vessels [29].

It is known that IFN-y is one of the key cytokines respon-
sible for the formation of the Thl type of immune response
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and is involved in the development of systemic and local
inflammatory and immunopathological reactions, which
causes the appearance of a rash and the clearance of the
measles virus [30]. However, the acute phase of measles has
a significant feature and differs from the classic reaction, as
it is characterized by the formation of leukopenia in combi-
nation with a high level of IFN-y [31,32]. In our study, we
established the highest level of IFN-y under the conditions
of the development of measles pneumonia and found out the
cut-off level of this cytokine, which allows us to state the
probability of the development of this complication in adult
measles patients.

Conclusions

1. When hospitalized on the 4.8 + 0.2 day of illness,
71.6 % of patients are seropositive for the presence of IgG
to the measles virus. The development of measles pneumo-
nia is associated with the lowest level of IgG to the measles
virus (p < 0.01). Under the conditions of IgG content to the
measles virus during hospitalization of adult patients <20.26
opt. units, the probability of developing measles pneumonia
is significant (AUC = 0.650, p = 0.016).

2. In adults with measles, the content of IFN-y in blood
serum at the height of the disease is higher (p < 0.05) than in
healthy individuals. During hospitalization on the 4.8 + 0.2
day of the disease, the level of IFN-y under the conditions
of the development of pneumonia is the highest (p < 0.05),
exceeding the corresponding parameter in patients without
complications. The level of INF-y during hospitalization
>1.90 pg/ml has a diagnostic value for predicting the proba-
bility of developing pneumonia (AUC = 0.643; p = 0.038).

3. The given clinical case demonstrates the informative-
ness of the application in clinical practice of the immunolo-
gical parameters established for predicting the probability of
developing pneumonia in adult measles patients.

Prospects for further research. In our opinion, taking into ac-
count the strategy of the World Health Organization regarding
the elimination of measles in the European region, today it
remains relevant to clarify the peculiarities of immunological
parameters, in particular cellular immunity, in predicting the
course of measles in adults.
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Enigemionoria paky nigwnyHkoBoi 3ano3u B YKpaiHi
Ta 3anopi3bKin obnacri

M. A. WUnwkiH@*AEF B, O, KabayeHko(2ABCDE

3anopisbkuin AepxaBHUI Meayko-thapMaLeBTUYHUI YHIBEpCUTET, YkpaiHa

A — KoHUenuis Ta gu3aiiH gocnimkeHHst; B — 36ip ganux; C — aHani3 Ta iHTepnpeTauis agauux; D — HanucanHs ctatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepIKEHHS CTaTTi

MeTa po6oTu — npoaHanisyBaTi NokasHWKM 3aXBOPKOBAHOCTI Ta CMEPTHOCTI Bif paky nialunyHkoBoi 3anoau (Pr13) B YkpaiHi Ta 3anopisb-
KOMY perioHi Ans BUCBITNEHHS | NOPIBHAHHS OpraHi3aLii OHKOMOriYHOI 4ONOMOrKW, nepesar NPodiNakTUKL Ta paHHbOI AiarHOCTUKK LiET
OHKOMATONOril.

Martepianu i meTogu. 3aiNcHUNM NOpPIBHANBHWIA aHani3 faHux HauioHansHoro kaHuep-peectpy Ykpainu 3a 2014-2022 pp. IHdopma-
Lito, SIKy BUKOpUCTanu nig Yac LOCMiAXeHHs, nepernsHyTo Ta 3atBepaxeHo Komicieto 3 nuTaHb HioeTuku 3anopiabkoro gepxaBHOro
MeauKo-thapmaLeBTUYHOrO yHiBepcuTeTy (BUTAr 3 npotokony Big 21.12.2023 p. Ne 10). [lani npoaHanidyBanu 3a [OMOMOro enek-
TPOHHUX Tabnuupb Microsoft Excel Ta npuknagHoi ctatuctuyHoi nporpamu Statistica® for Windows 13.0 (StatSoft Inc., CLUA, niueHsis
Ne JPZ8041382130ARCN10-J).

Pesyniratu. 3rigHo 3 gaHnmn GLOBOCAN (2022), PT13 nocigae 14 micue y cBiTi Ta 12 B YKpaiHi 3a 3aXBOPIOBAHICTIO Ta € OAHIEL0 3 NPOBIA-
HUX Npy4mH cmepTHOCTI. LLlopoky cnocTepiratoTb 36inbLUeHHS KinbKOCTi BUNazakiB Liei natonorii. [okasHWky 3aXBOPIOBAHOCTi Ta CMEPTHOCTI
3HaYHO BWLLi B KpaiHaX i3 BUCOKUM PiBHEM PO3BUTKY, MPU LibOMY 32 MOKa3HWKOM BUXXMBAHHS Takoi 3anexHOCTi He BUsiBNeHo. CMepTHICTb
Big PN3 B YkpaiHi ctaHoBUTH 76,9-82,3 %, y 3anopisbkinn obnacti — 86,2—-99,5 % i3 No3uT1BHOK AnHaMIKOK. BusiBNeHHs paHHix ctagin
PM3 B YkpaiHi Ta 3anopisbkomy perioHi nepebysae Ha piHi 26,0-36,4 % i 30,7-43,6 % BignoeigHo; AiarHocTvka 3aHenbaHux cTagin —
Ha piBHi 43,8-56,3 % no YkpaiHi Ta 58,6-63,2 % y 3anopisbkomy perioHi. B YkpaiHi cneujiansHum nikyBaHHsM oxonneHo 25,3-31,9 %
NEPBUHHUX XBOPUX, perioHanbHNUi nokasHuk — 17,9-26,6 % i3 no3auTnBHO AnHaMmiko. EdekTuBHICTb nepBuHHOI Npodinaktuku P13 B
YkpaiHi carae 3,3 %, perioHanbHWiA nokasHuk He nepesuye 3,0 %.

BucHoBku. YoockoHaneHHs npodinakTuyHmX 3axoaiB, BU3Ha4YEHHS rpyn puanky po3suTky PT3, mogudikauis cnocoby xuTTs € haktopamm
MOKpAaLLEHHs MPOrHO3Yy Ta BUXMBAHOCTI TaKuX NaLiEeHTIB.

KntoyoBi crosa: pak nigLLnyHKOBOI 3ano3u, enifemionorisi, 3aXBOpIOBaHICTb, CMEPTHICTb.
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Epidemiology of pancreatic cancer in Ukraine and Zaporizhzhia region
M. A. Shyshkin, V. O. Kabachenko

The aim of the work is to analyze the incidence and mortality of pancreatic cancer (PC) in Ukraine and the Zaporizhzhia region to highlight
and compare the organization of oncological care, the benefits of prevention, and early diagnosis of this disease.

Materials and methods. The analysis of the data of the National Cancer Registry of Ukraine for 2014—-2022 was carried out. The information
used in the research was reviewed and approved by the Commission on Bioethics of Zaporizhzhia State Medical and Pharmaceutical
University, an extract from protocol No. 10 dated 12/21/2023. The data analysis was carried out using Microsoft Excel spreadsheets and
the applied statistical program Statistica® for Windows 13.0 (StatSoft Inc., USA, license No. JPZ8041382130ARCN10-J).

Results. According to GLOBOCAN data (2022), RP ranks 14th in the world and 12th in Ukraine in morbidity and is one of the leading causes
of mortality. Every year there is an increase in cases of this pathology. Morbidity and mortality rates are significantly higher in countries
with a high level of development, while the survival rate does not reveal such a dependence. Mortality from PC in Ukraine is 76.9-82.3 %,
in the Zaporizhzhia region 86.2-99.5 % with positive dynamics. Detection of early stages of PC in Ukraine and the Zaporizhzhia region
is at the level of 26.0-36.4 %, 30.7-43.6 %, respectively, diagnosis of advanced stages is at the level of 43.8-56.3 % across Ukraine,
in the Zaporizhzhia region — 58.6-63.2 %. In Ukraine, 25.3-31.9 % of primary patients are covered by special treatment, the regional
indicator is 17.9-26.6 % with positive dynamics. The effectiveness of primary prevention of PC in Ukraine reaches 3.3 %, the regional
indicator does not exceed 3.0 %.
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Conclusions. Improvement of preventive measures, selection of groups at risk of development of PC, modification of lifestyle are factors

for improvement of prognosis and survival of patients with PC.

Keywords: pancreatic neoplasms, epidemiology, morbidity, mortality.
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OcHoBHa TpoOIIeMa OXOPOHH 3I0POB ST y BCAOMY CBITi — paK,
KU € TpuarHOI0 21 % ycix cMepTel 4OJIOBIKIB 1 KiHOK Ta
JIPYTOI0 OCHOBHOIO IPHYMHOIO CMEPTI TiCIIst XBOPOO ceplist
[1]. Ha miarsocTrKy Ta JIiKyBaHHsI 1i€1 ATOIOTTi HEraTUBHO
BIUTMHYJIA TaHAEMIis KopoHaBipycHoi iHpexmii (COVID-19)
yepe3 0OMEKEeHHsI JOCTYIY O OHKOJIOTIYHOI JJOTIOMOTH
[2,3,4,5]. Kpim TOTrO, KijbKiCHE OI[IHFOBAHHS BTOPHHHHX
HACJIIIKIB TaHIeMii BitOyBaeThC i3 3aTpuMKor0. Tak, mokas-
HHUKH 3aXBOPIOBAHOCTI Ha paK 1 CMEpPTHOCTI HUHI JJOCTYIIHI
10 201812019 p. [2,3,4,5,6].

Paxk mimoryrKoBoi 3amo3u (PI13) — pigkicHe Ta myske arpe-
cuBHe 3axBoproBanHs. PI13 mocigae 14 miciie 3a 3aXBOproBa-
HICTIO 1 7 MicCIIe 3a CMEPTHICTIO B yChOMY CBITI Ta € ChOMOIO
TIPOBIHOIO MTPUYHHOIO CMEPTHOCTI BiJl PaKy B ITPOMHCIIOBO
po3BHUHYTHX KpaiHax [1,2,3,4,5], 1 3 KOKHIM POKOM piBEHb
3axBoproBaHocTi 3pocrae. 3a ranumu GLOBOCAN (2022),
LIOPOKY KiTbKicTh BUna iKiB PI13 30inbmryeThest Ha 0,46 MiTH
i 0,43 MH cMepTel, MO CIPUYMHEH] MI€F0 OHKOIIATONIOT -
ero [1,2,3,4,5]. YV HaykoBiii miTepaTypi HETaTHBHY AWHAMIKY
o710 PI13 00rpyHTOBYIOTH 3MIHOIO CLIOCOOY KUTTSI B YCHOMY
cBiTi [6].

IIpote mocTymHO qyke Maixo JaHUX MPO €ITiAEeMIOoNOoTio
PIT3. TenneHuii po3BUTKY paKy € BRKJIMBHM ITOKa3HHKOM
3MIHU CTPYKTYpPH 3aXBOPIOBAHOCTI Ta AAIOTh YSIBJICHHS ITPO
MOYKJIUBI TIPUYUHHA i (PaKTOPH, IO MOXKYTh BIUTMBAaTH Ha
onkorarosnoriro. Omxke, anam3 emnigemionorii PII3 moxke
OyTH KJIIOYEM 10 BU3HAYCHHS €TIOJNOTii 3aXBOPIOBAHHS Ta
CIIPUSTUME PO3POOTICHHIO e()eKTUBHOI CTpaTerii mpodiak-
THKH I1i€] 1aToiorii.

B Vkpaini 3 2002 p. BIpoBaHKEHO 3arajibHy peecTpaliito
BCIX BUIIAJIKiB OHKOMaTouorii B HartioHamsHOMY KaHIep-pe-
ectpi. [laHi peecTpy maroTh 3MOTY OIIHUTH HE TLTBKU [TIHA-
MIKy 3aXBOPIOBAHOCTI, CMEPTHOCTI BiJl OHKOIIATOJOTi, aje
1 00CAT POTUPAKOBHX 33aXOJIIB, CIICIIaIi30BaHOT METUYHOT
JIOTIOMOTH.

Meta po6otu

[poanaiizyBaTy MoKa3HUKH 3aXBOPIOBAHOCTI Ta CMEPTHOCTI
BiJl paKy Mi/IIUTYHKOBOT 3251031 B YKpaiHi Ta 3arnopizbkomy
perioHi a7l BUCBITICHHS 1 TIOPIBHSIHHS OpraHi3aIlii OHKO-
JIOT1YHOI JJOMIOMOTH, TepeBar NpoQiIakTUKU Ta PaHHbOT
JIarHOCTUKY Li€] OHKOIIATOJIOT1].

Marepianu i MeTogu pocnimkeHHA

3nidCHIIN TOPIBHUIbHUM aHai3 qanux HarioHaasHOTo
KaHIep-peectpy Ykpainu 3a 2014-2022 pp. Iadopmariiro,
SIKy BUKOPUCTAIIM MiJl Yac JOCITiIKEHHS, NePersIHYTO Ta
3atBepkeHo Kowmiciero 3 muTane 6i0eTHKH 3amOpi3bKOTO
JIep)KaBHOTO MeIUKO-(papMaleBTHUYHOI'0 yHIBepCHTe-
Ty (BHUTAT 3 mporokony Bix 21.12.2023 p. Ne 10). dani

MMPOaHai3yBalK 3a JOTOMOTOI0 €IEKTPOHHUX TaOIHUIh
Microsoft Excel Ta npukiaaHoi cTaTHCTUYHOT MPOrpaMu
Statistica® for Windows 13.0 (StatSoft Inc., CILIA, minensis
Ne JPZ8041382130ARCN10-J).

Pe3ynbratu

Jani HamioHamsHOTO KaHIIEp-peECTPy CBiTYATh PO HETIPSI-
MoOJTiHiITHE 3pocTaHHA KinbkocTi XxBopux Ha PI13 B Ykpaini
32 2014-2022 pp. (puc. 1). Tak, y 2016 pomi cioctepiraim
3HI)KEHHS 3axBoproBaHocTi Ha 1,9 %, a B 2017 1 2018 p.
BU3HAYWIM 3pocTaHHs Ha 1,5 % 1 2,2 % BiamosizgHoO.
Haitamwxunii npupict BctanoBuian y 2019 p. — 0,6 %, a
HAMBHIINI TTOKa3HUK 3aXBOPIOBAHOCTI B AOCOTFOTHHX BEJIH-
yprHaxX — 4527 Bunaakis. 3 nouarkoM nanaemii COVID-19
MOKa3HMUKH 3axBoproBaHocTi Ha PII3 pi3ko 3HU3MIHCS
nopiBHsHO 3 2019 p.: Ha 12,5 % —y 2020 p., Ha 5,2 % —y
2021 p.; 3araniom —Ha 17,1 %. Y 2022 porii 3aXBoproBaHiCcTh
3pocia Ha 7,5 %.

YV 3amopizpkoMy perioHi (puc. 2) TiK 3aXBOPIOBaHOCTI Ha
PIT3 rakox npunas Ha 2018 pik. [Ipupict nmopiBHsIHO 3 1O-
TriepeHiMU pokamu cTaHoBUB 9,0 %o, 1110 TIEPEBUIIIIIIO HAIIiO-
HaJIbHUI TIoka3HUK. Y 2020 poui BiOyocs pizke 3HUKEHHS
TIOKa3HMKa 3axBoproBaHocTi mozo 2018 poky — Ha 30,3 %;
e MaibKe BIBI4l BHIIIE 3a BIIITOBIIHAN HAIllOHAJIBLHAN [TOKa3-
HUK. Ha BigMiHy BijJ cuTyanii 3arajgoM B YKpaiHi, y perioHi
B 2022 pomi criocTepirain 3HWKEHHsI 3aXBOPIOBAHOCTI 1I1e
Ha 23,9 %, 110 Moke OyTH OB’ SI3aHO 3 TOBHOMACIITAOHUMHU
0OMOBUMH JTiSIMH Ta €BAKyaIli€r0 MiCTSH.

Bigomo, 110 pu3mk paky 3pocTae 3 Bikom, i PI13 He € BUHSIT-
koM. B Ykpaini Ta 3anopisskomy perioni PI13 niarnocTyrors
B 0ci0 BikoM 30-87 pokiB, Haityacrime — micist 70 pokis. [Tpu
[[bOMY ITiK 3aXBOPIOBAHOCTI CEPEJT YOJIOBIKIB IPHUIIA/IAE Ha BIK
70—74 poxwu, a cepen xkiHOK — 80—84 poku. 3a aHaTI30BaHMIA
riepiof B YKpaiHi 9OJIOBIKH BikoM 110 60 pOKiB XBOPIIOTH Ha
PIT3 B 23 pa3u wacritre 3a xiHOK, micist 60 pokiB—B 1,1-1,5
pasa. Y 3anopisbkiii oonacti y 2014-2017 pp. noka3HuK
3aXBOPIOBAHOCTI Cepell JKIHOK I1[0JI0 YOJIOBIKIB 3pOCTaB BiJl
1,02 1o 1,09, aB2018-2022 pp. gomnoBiku xBopiau B 1,9-2,1
pasa gacrime.

Cwmepraicts Bia PII3 B Ykpaini 3a nepiox 2014-2022 pp.
(puc. 3) cranoBmia 76,9-82,3 %. YonoBiku momMupain Ha
14,6-19,0 % yacririe 3a KiHOK.

VY 3anopi3bkiii o6nacti cMepTHICTh y nepiog 2015—
2018 pp. mepeBumIyBaja HAIliOHAIBHUNA MOKAa3HUK, ajie
TIOCTYTIOBO 3HMXKYBasack 3 99,5 % y 2015 poui 1o 87,6 %
y 2018 p. Y 2019 poui moka3HUK 3HOBY 3pic 10 95,8 %, a
B 2020 p. cranoBuB 111,2 %; 11e MOXKHA TOSICHUTH Mi3HIM
3BEPHEHHSIM [0 MEJIMYHY JIOTIOMOTY, 1110 3yMOBJICHO IaH/Ie-
Miero COVID-19. ¥ 2021 poui 3adikcoBaHO pi3Ke 3HIKSHHS
MTOKa3HUKA CMEPTHOCTI 10 86,2 %, a B 2022 por1i 3HIKCHHS
MmokasHuKa J10 58,7 % MOKHA IOSICHUTH ITIOBHOMACIITA0OHUMK
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Puc. 1. Ctatuctika 3axBoptoBaHOCTI Ha 31105KiCHI HOBOYTBOPEHHS MiALLMTYHKOBOI 321031 Cepef HomoBiKiB i XiHOK B YkpaiHi (2014-2022 pp.).
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Puc. 2. CtaTuctuka 3axXBOptoBaHOCTi Ha 3M0siKiCHi HOBOYTBOPEHHS! MiALLTYHKOBOI 321031 cepen, HomnoBikiB i xiHOK y 3anopixoki Ta 3anopisbkin obnacTi

(2015-2022 pp.).

0oHOBUMH TisIMH. Y PETiOHI MOKAa3HUK CMEPTHOCTI 3aJICHK-
HO BIiJ{ CTaTi B CEPeIHbOMY CTaHOBHUB 2,0 3 MepeBasKaHHAM
YOJIOBIKIB (puc. 4).

Jocuth BHCOKOIO B YKpaiHi 3aJIMIIAETHCS CMEPTHICTD
BIpooBxk 1 poky miciist BusiiienHs PI13, xoua i3 TeHIeHIi€ro
110 3HKeHHS —3 75,2 %y 2014 poi 10 70,2 % y niepeanaH-
nemiuaomy 2019 porti. Y 202012021 pp. mOKa3HUK 3HU3UBCS
110 66,8 % 1 64,0 % BiAIOBIIHO.

Y 3amnopi3pkoMy perioHi MOKa3HUKH OTHOPIYHOT BIDKUBA-
HOCTI 3a aHaJII30BaHUM MepioJl € 3iICTAaBHUMH 3 JaHUMH I10
kpaini: 76,1 % —y 2014 po, 73,1 % —y 2019 pori. Y 2020 p.
MOKa3HUK Ha 3,9 % BUIUIT 32 HaliOHANEHUA, a B 2021 porri
3HHU3MBCS J10 58,9 %, 110 HIDKYe 3a HalllOHAIbHMH Ha 5,1 %.

Ipo TpynHowi siarnoctuku PI13 cBimuuTh HU3BKHHI PIBEHB
Mopdortoriuxoro miarsepmrerns PI13 B Yipaini. Haitamk-
4uii piBeHsb 3adikcoBano y 2016 poui — 34,3 % micist 39,9 %
1 38,1 % y 2014 1 2015 pp. Bignosiguo. Y 2017-2019 pp.
MOKa3HUK cTaHoBUB 35,9-36,8 %, y 2020 ta 2021 pp. BiH
migsummsces 10 40,1 % i 42,7 % sianosigHo. Y 2022 porri
Le¥ MoKa3HUK 3HU3UBCA 110 39,8 %.

TicTonoris Bifirpae BaJIMBY pojib y HMPOrHO3YBaHHI Ta
BwkuBaHocti npu PIT3. B Vkpaini ricrosioriube miareep-
qoxerns PII3 cranosuio 29,2-33,7 % 13 miABHIIEHHIM
mokasHuka 10 36,1 %138,7 %y 202012021 pp. BiaIOBIAHO.
Tako’k MO3UTUBHNM € 3MEHIIEHHS KIJIbKOCTI HEBU3HAYEHUX
Mopdornoriuanx Tinis PI13 cepen BeprdikoBaHNX BHUITAKIB
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(2015-2022 pp.).

321,3 % y 2014 poui g0 13,6 % y 2021 pori. Y 2022 poui
BCTAaHOBMJIM ITiABHMIIECHHS MTOKa3HKUKA 10 16,5 %.

VY 3amnopi3bkoMy perioHi mokazHuK Mop(OJOTiUYHO
nigreepmkenux PII3 nmerno Hrbkuuil 3a HAIIOHAJIBHUMA 13
HETraTUBHOIO TeHAeHIier. Y 2015 porii 1ei moka3HuK cTa-
HoBuB 31,8 %, a B HACTYITHOMY pOIli 3HU3UBCS 110 25,2 %.
Haiipumumii mokasHuk 3agikcoBano y 2017 pomi — 35,8 %,
MICJIS YOTO MOCTYMOBO 3HU3MBCs 110 28,1 % y 2022 porii.

PII3 ckiagHO MiarHOCTYBAaTH HA PaHHIX CTAIisIX. 3TiTHO
3 naHuMH HalioHaJbHOTO KaHIep-PeeCTpPY, AiarHOCTHKA
paHHIX cTaziii B Ykpaini 3Hu3miack 3 2015 poky Ha 10,4 %,
acame 3 36,4 % 10 26,0 % y 2022 poui. Hatomicts Ha 6,1 %
3pocia KUIbKICTh 3aHet0annx crafiid. Skuo B 2015 pomi gac-

tora [T 11V craniit cranosuna 13,0 % i 33,8 % BiAmoBiaHO,
To B 2022 p. I1I cranis niarHocroBana 'y 12,8 %, a KUIbKiCTh
BunankiB IV cranii 3pocna 10 43,5 %. BusHaumam Takox
301IbIICHHS BUITAIKIB 1IarHOCTUKY HeBH3HayeHol ctai PI13:
316,0 %y 2015 p. m0 19,1 %y 2021 p. Y 2022 p. moxa3HUK
3HU3UBCA 710 16,5 %.

VY 3aropi3bKiii 001acTi, Ha BiIMIHY Biji YKpaiHU 3arajiom,
niarHocTHKa paHHix craaii PI13 3pocna Ha 8,5 % —3 35,1 %
y 2015 poi 10 43,6 % y 2018 pori. Y 2022 pori moKa3HUK
cranoBuB 30,7 %; Lie BUILE 3a HALIIOHAILHUI IOKA3HUK HA
4,7 %. Iokaznuk niarnoctuxw I11 crazii mocTynoBo 3HU3UBCS
Maibke Brpudi —3 15,5 %y 2015 pori o 4,4 % y 2022 pori,
CTaB HIDKYUM 32 HallIOHAJIbHUI Maike B 2,5 pa3a. KinbkicTb
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OpueiHarbHi 0oCidxeHHs

BUMNIAIKIB BUsABIEHHS [V craxii 3Ha4HO 3pocna 3 42,9 % B
2015 pomi 10 58,8 % y 2022 porii, epeBHIITyI0UH TTOKA3HIK
o kpaini Ha 15,3 %. [leBHe 3HWKeHHS BUmaakis [V cranii
10 37,6 % 1 38,5 % 3adikcoBano y 2017 i 2018 pokax.

Uepes BincytHicTh cumnromMariku PI13 Ha paHHIX cTaaisx
0coOJiBe 3Ha4YEHHS y CBOEYACHIN IarHOCTHUII Ma€ SIKICTh
3nilcHeHHs npodinakTuaHuX onsiaiB. 3 2014 1o 2016 poky
CIOCTEpiraii MO3UTUBHY JMHAMIKY 11010 BUsiBIcHHS PI13
i1 gac npodorsmis 3 2,4 %, 2,7 % 1o 3,3 % BianosigHo. 3
2017 poKy BCTaHOBWJIN 3HIKCHHS PE3yJIBTaTHBHOCTI IPO(d-
orsmis (3 2,8 % 110 2,3 %). Y poku nanaemMii eeKTHBHICTb
pi3ko 3uM3IIack: 10 1,5 % y 2020 pomi i g0 1,1 % y 2022.
3a3HayuMo, 10 B 40JOBIKiB, KpimM 2015 i 2016 pp., PII3
i yac npodorsiaie BusBisumM yactinie Ha 0,3-0,8 %. YV
3anopi3bKiid 00acTi KiTbKICTh JA1arHOCTOBAHUX IIij Yac
npodormaais Bunaakis PI13 cranosuna Bix 0,0 % mo 3,0 %
6e3 BUpakeHO1 3aKOHOMIPHOCTI.

3auInaeTbCsi HU3bKUM BiJICOTOK TIEPBUHHUX XBOPHX Ha
PII3, oxomneHnX crienialbHAM JIIKyBaHHSIM. 3a3HAYNMO, 10
TIiJT 9ac TaH/IeMii KUTbKiCTh TIPONTIKOBAaHHX MAIlI€HTIB HE 3MEH-
IMIack, a 30isnmack 3 25,8-28,7 %y 2014-2019 pp. no
29,7 %,31,6%131,9 %y 2020,2021 ta 2022 p. BiAIOBIAHO.
[pu 11bOMy 3HH3HBCS MTOKA3HUK XiPYpPrivyHOI JTOTOMOTH — 3
12,2 %y 2014 pomi 1o 7,7 % y 2021 poui. ¥ 202012021 pp.
30UTBIIIIIACK KITBKICT HALIEHTIB, SIKI OfIeprKajii KOMILUIEKCHE
Ta KOMOIHOBaHe JiiKyBaHHs, — 110 4,7 % 1 5,7 % BiamoBinHO
nopiBHsHO 3 3,1-3,9 % 3a nepion 3 2014 o 2019 pp.

YV 3aropi3zbKoMy perioHi BiZICOTOK MPOJTIKOBAHUX MAIIEHTIB
HIKYUH, HK o Yipaini. 3 2015 poky criocTepiraiu mosu-
THUBHY TUHAMIKY: TIOKa3HUK TTiaBuimBces 3 17,9 % mo 28,2 %
y 2018 pori. ¥ 2019 12020 p. BiZCOTOK MPOTIKOBAaHUX TTAITi-
€HTIB 3HM3UBCA 110 22,9 % 120,7 % BiINOBiAHO, B HACTYITHHI
pik 3pic 110 26,6 %, a B 2022 pomni 3mMeHImBCst 10 21,9 %.

O6roBopeHHs

CTpyKTypa OHKOJIOTI9HOI 3aXBOPIOBAHOCTI B YKpaiHi 30i-
Ta€ThCs 31 CBITOBOIO, 1 pak IMiAIUTYHKOBOI 3271031 B YKpaiHi,
SIK 1 B YCBOMY CBITI, 3aJTUIIAETHCS TOCUTH PiJIKICHUM 3aXBO-
PIOBaHHSM Ta Tociiae 12 miciie 3-moMix yCiX OHKOJIOTIYHIX
3aXBOPIOBaHb, y cBiti — 14 micne [1,2,3,4,5,6].

[Ipore 3a piBHEM 3aXBOPIOBAHOCTI Ta CMEPTHOCTI YkpaiHna
He BXoauTh 10 20 kpaiH cBiTy, 1o mogae GLOBOCAN (2022).
Pi3Hmii piBeHb 3aXBOPIOBAHOCTI B KpaiHaxX IOB’SI3YIOThH 3
XHIM piBHEM po3BHUTKY. Burty 3axBoproBanicts Ha PI13 pe-
ectpytoTh y €Bpori (7,8 %) ta [TiBuiunii Amepuui (8,0 %)
[4]. Tepe mictie B cimcky GLOBOCAN (2022) niocizae
VYropumna, Ha 20 — kpainu [TiBnenHo-l{enTpansaoi A3zii.
BigMIHHOCTI 1110710 3aXBOPIOBAHOCTI Ta CMEPTHOCTI MAI[IEHTIB
13 PI13 moB’A3y10Th i3 paCOBHMHU OCOOIMBOCTAMH, PI3SHUMH
(bakTOpaMu PU3HKY, IPOTPECOM y TIarHOCTHII Ta JTiKyBaHHI
[1,2,3,4,5,6]. MoXJIHMBO, BiIMIHHICTH 3BHYOK, periOHaIbHI
(baxTOpH TOBKIJUIS BIUTMBAIOTH HA BIIMIHHOCTI TIOKAa3HHKIB
3aXBOPIOBAHOCTI IO YKpaiHi BiJl TaHUX B 3arOpi3bKOMY pe-
Ti0HI Ta CBITOBUX MapameTpiB. JlaHi 3 pi3HUX KpaiH CBiUaTh
PO MOXKJIMBICTB 3HMKEHHS 3axBoproBaHocTi Ha PT13 Ha 40 %
HIUIIXOM MoAM(iKariii criocoly >KUTTSI, BIUIUBY Ha (aKTOpH
noBkis [4,6].

3rifHO 31 CTATHCTHYHUMH JAaHUMH, BU3HAYAIOTH IIOPITHE
3pocranns PII3 y cBiti Ha 0,3-0,5 % [7], a 3a geskumu 1a-
M — Ha 1,0 % [6].

B VYkpaiHi micist cyTTEBOTO 3HMKCHHS 3aXBOPIOBAHOCTI
y 2016 pori (1,9 %) Bopomosx Hactymaux 2017-2018 pp.
CIIOCTEpIraiy 3pOCTaHHS BUIAJKIB BUSBICHHS MAMiIIPHOT
aJCHOKAPIIMHOMH ITiIIUTYHKOBOI 3amo3n Ha 1,5-2.2 %,
10 3HAYHO TMEPEBHIIYBAJIO CEPE/IHI CBITOBI MOKA3HUKH. 3
2019 poky criocTepiraloTh CIPUATIANBY AWHAMIKY. [licms
nigsuiieHHs y 2019 poui va 0,6 % 3axBoproBanicts Ha PI13
y 20202021 pp. 3am3mmnack 3arasom Ha 17,1 %, y 2021 pormi
BOHA OyJ1a HAHMKYOKO 32 OCTaHHI 8 POKIB, 1110, BTIM, MOXKE
OyTtu 3ymoBieHo nanaeMiero COVID-19.

V 3amopixxki Ta obmacTi, Sk 1 B YKpaiHi 3araiom,
HaWO1NBII HECHPUATIUBUM Takoxk OyB 2018 pik, komu
npupicT 3axBoproBanHs Ha PI13 mepeBUIIMB 1 CBITOBUH, 1
HarioHanbHuN — 9,0 %. Ane y 2020 pik y 3anopizskomy
perioHi BU3HAYMIIN 3HKEHHS Moka3zHuka Ha 30,3 %, 1o
OyB yzIBiui KpamiuMm 3a jJaHi mo YkpaiHi. 3a 3arajibHOIO
OHKO03aXBOPIOBaHICTIO 3amopi3pKuii perio 1o 2018 poky
nepedyBaB Ha 2—3 Miclli 3-TIOMIXK YCiX perioHiB YkpaiHu.
3 2019 poky cutyamis B 00racTi pi3Ko MOKpPANIUIACh,
KOJTU perioH nociB 5 mictie y 2019 poi, 9 micuie —y 2020,
15 micie — y 2021 pomi. 3a kimpkicTio Bumaakis PIT3
3anopi3bka 061acTh 3 6 Micis Brpomork 2015-2019 pp.
omyctunach Ha 151 14 micus y 2020 # 2021 p. BigmoBigHO.
Taka nuHaMmika B pPErioHi TakoX MOXe OyTH MOB’s3aHa 3
nangemicro COVID-19.

Hanionaneuuii noka3uuk cMmeprHocti Big PII3 ripmii
3a CBITOBHI, TOCiae 6 MicIie, y CBiTi — 7, Xo4a B 3aXiTHIX
kpainax PII3 € m’sATOI0 MPUYMHOK CMEPTHOCTI Bif paky.
3rinHo 3 mporuo3amu, Hajaii cMeptHicTs Bix PI13 nepedy-
BaTMMe Ha TPETHOMY MICIIi, Ha SKOMY HHHI repedyBae pak
MOJIOYHOI 3a71031 [7].

PII3 gacrirre BUSABISIOTH Y YOJIOBIKIB, YACTIIIIE — y BUCOKO-
PpO3BUHYTHX KpaiHax [1,2,3,4,5,6]. 3rigHo 3 iTeparypHUMH
(haxoBoi JaHNMHU, I1e MOJKE OyTH 3yMOBIICHO SKOJIOTTIHUMH
4yu npodeciiHuME (GaKkTopaMu pH3UKY, CIOCOOOM KUTTS,
IHTEHCHBHUM KYPIiHHAM 1 HAAMipHUM CHOKUBAHHSIM aJIKO-
roimto [8,9]. TlpumyckaroTh TakoX BIUIMB HE BIIOMHUX JOCI
reHetHuHKX (akropis [1,6].

3rigno 3 ganumu GLOBOCAN (2022), HaifBuIIly 3aXBO-
proBanicTh Ha PII3 y cBiti B 2022 poui Bm3HaueHO B I1iB-
HiuHiIi Ameputi (8,5), €Bpona nocina apyre micue (8,0), Ha
ocTtaHHbOMY Micti — Adpuka (2,4). 3a CMEpTHICTIO Bif i€l
narosiorii B 2022 poii nepeBaxaia €sporna (7,3), [liBHiuna
AwmepuKka — Ha Ipyromy wmicti (6,6), HaifHIK9a CMEPTHICTh
3adikcoBana B Adpwuri (2,2). He3Baxkaroun Ha HHU3bKI I10-
Ka3HUKH 3aXBOpIOBaHOCTI B Adpuri, A3ii (3,6), JlarnHCHKiH
Awmeputi (4,6), koedillieHT 3aXBOPIOBaHICTh / CMEPTHICTB y
ux perioHax craHoBuTh 0,2 B kpaiHax JlarnHCEKOT AMepH-
ku, 1,1 —B Adpuii 1 A3ii, He BIIPI3HAETHCS Bifl IOKA3HHUKIB
y BHCOKOPO3BUHYTHX Kpainax [liBHiuHOi Amepuku (1,29)
ta €spori (1,1).

PiBens 3axBoproBanocTi Ha PIT3 cepen 4omoBikiB, 3riHO 3
naanvMu GLOBOCAN (2022), B ycix perioHax BUIINHN, HIXK
cepen KiHOK, 3 koedimienTom 1,2—1,4 [3,4]. CMmepTHICTH
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3-TIOMIXK YOJIOBIKIB y CBITI TaKOX BHINA, HDK Cepel] KIHOK
(8 1,2-1,5 pasza).

B VkpaiHi 90/0BIiKH TaKOXK XBOPIOTH YaCTIIIe 32 JKiHOK.
KinbkicTh 40s0BIKiB BikoM /10 60 pokiB y/Bivi Oijbla 3a
KUTBKICTB JKIHOK; TicTst 60 pOKiB YOTOBIKH ITEPEBAYKAIOTEH B
1,1-1,5 pasa. Y 3anopi3pkoMy perioHi, HaBIakH, y nepiof
2015-2017 pp. *XiHKH XBOPINK YacTimie 3 TEHACHIIIEIO
no 360inbmenns niei nmepesaru (1,0-1,1), a B HacTynHi
2018-2019 pp. nepeBaxanu gonosiku (1,9—1,0). OqaakoBy
KibKicTh BUNa KiB PI13 y 5kiHOK 1 4OJIOBIKIB AiarHOCTYBaJIH
B 2020 pomi. Otxe, B YkpaiHi cTareBa cXWibHICTH 10 PII3
3aJICKHUTH BiJ| BIKY.

HesBaskaroun Ha Te, 1110 32 20COIFOTHUMH MTOKa3HUKAMH 40~
JIOBIKH XBOPIIOTh YaCTillle, IPyOri CTATUCTUYHUH MTOKA3HUK
(ximpKicTb BunaakiB Ha 100 THC. HaceIIeHHS ) KUTBKOCTI JKIHOK
13 PI13 3anopizbkuii perion nepedysaBy 201512016 pp. nHa 8
19 micrpix, y 2018 porri perion migHsBCs Ha 5 micre, y 2017,
2020, 2021 i 2022 pp. obmacts nocigana 15-16 micis. 3a
KUTBKICTIO XKIHOK 3-ITOMDX YCiX perioHiB Ykpainu 3armopizbka
obmacTs mepedyBana Ha 4-5 Micii, CUTyallis OKPaIIniIach
y 2020-2021 pp., ko perion omyctuBcs Ha 11 micue, y
2022 pomi — 7 micre. Y cBiTi womnoBiku B 1,5-1,6 pa3a me-
pEeBaXkaloTh HKIHOK. 3a IHIIMMH JaHUMH, 3aXBOPIOBAHICTh
cepen YOJOBIKiB CTaHOBUTH 5,5—5,7 mopiasAHO 3 4,0-4,1 y
xinok [1,2,3,4,5,6].

B ormmani SEER Cancer Statistics cTBepmkyroTh, mo PI13
€ TIEPEBAYKHO 3aXBOPIOBAHHSAM CTapILOTO BIKY, 1 OUIBILIICT
marieHTiB € crapammu 3a 50 pokiB [9,10]. HiticHo, pu3uk
PO3BHUTKY paKy MiIUTYHKOBOI 3aJ03H 3pOCTaE 3 BIKOM, i
HAMBHIIMHN MTOKA3HUK MpHUIIangae Ha Bik Bixg 60 mo 80 poki
[9,10]. PII3 piaxo BuHmKae B ocib Bikom 10 40 pokis, a ce-
pemHiif BiK y ITOHAJ TOJIOBHUHI BUTIAKIB aJCHOKAPIIMHOMH
IIDTYHKOBOT 3251031 cTaHOBUTH 71 pik. [Ipuunna takoro
Mi3HBOTO BiKy wiIe He 3’sicoBana [9,10].

B Vkpaini Ta 3anopizbkoMy perioHi, Sk 1 y BCbOMY CBITi,
Ha MaInusIpHy aJIcHOKapLIHOMY HiJIILTYHKOBO]T 321031 XBO-
pitoTb ocobu BikoM Bix 30 10 87 pOKiB, i MK 3aXBOPIOBAHHS
npunajae Ha Bik micist 70 pokiB. BTiM, € qaHi, 1110 3pocTaHHs
BinOyBaeThcsa 10 55 pokiB. Tak, B IHzii, ka HEe HAJIEKHUTH
JI0 KpaiH i3 BUCOKUM PIiBHEM JKHUTTS, ITIK 3aXBOPIOBAHOCTI
npunanae Ha 60 poki [1,6]. ¥V CILIA, BUCOKOPO3BUHYTIH
KpaiHi, MK 3aXBOPIOBaHHSI CIIOCTEPiratoTh micst 70 pokis [5].

HamsBruyaiino akTyansHUM B YKpaiHi Ta CBIiTI € paHHS di-
arHoctuka PI13. CBiTOBI TOKa3HUKH CYTTEBO BiJIPI3HSAIOTHCS
BiJI HAI[IOHAJIGHKX. Y JIOKAJII30BaHi# cTaIil, 3r1IHO 3 JTaHUMH
USNCI (U. S. National Cancer Institute), JiarHOCTYOTb JIUIIIE
9.4 % BunajaKiB, 3a IHIIUMHU JaHUMH, aiarHoctrka 0 ta |
craniii craHoBUTbH 2,0 %. PiBeHb BUSIBIICHHSI 3aXBOPIOBAHHS
Ha CTajil BiIAJICHOTO METacTa3yBaHHS Yy CBiTi CTAHOBHUTH
52 %. Y daxoBiii niTeparypi HaBITh HABOIATH JIaHi, 38 SIKUMH
e 15-20 % morpebyioTh paguKalbHOTO XipypriyHOTO
nikyBaHHs1, y 80—-85 % niarHocTyrOTh MeTacTaTHYHUi abo
MicueBo nomupenuit npouec [3,4,9,10,11]. B Vkpaini Ta
3anopi3pKOMy PErioHi BUSIBJICHHSI PaHHIX CTalii epeOyBae
Ha piBHi 26,0-36,4 % Ta 30,7-43,6 % BiAmoBiIHO, 3aHE10aH]
(dbopmu cranoBisTh 43,8-56,3 % B Ykpaini, 58,6-63,2 % —y
3anopi3bKOMy perioHi.

BucHoBKkuM

1. Pax migmuryHKoBoi 3a1m03u rocigae 12 micte B Ykpaini
B CTPYKTYPi OHKO3aXBOPIOBAHOCTI.

2. Cwepraicts Bix PII3 B Ykpaini cranoButh 76,9—
82,3 %, y 3anopizbkiit obnacti — 86,2-99,5 % i3 HO3UTUBHOFO
JIMHAMIKOTO.

3. Panns giarHoctuka PIT3 B Vkpaini Ta 3anopizbkomy
perioHi nepeOyBae Ha piBHi 26,0-36,4 % ta 30,7-43,6 % Bimo-
BIJIHO, TIaTHOCTHKA 3aHEI0AHNX CTa il — Ha piBHI 43,8-56,3 %
B YkpaiHi, 58,6-63,2 % — y 3anopi3pkoMy perioHi.

4. B VYkpaiHi creniajqbHUM JIIKyBaHHSIM OXOIIJIEHO
25,3-31,9 % nepBUHHUX XBOPUX, PEriOHATEHUN TTOKa3HUK
—17,9-26,6 % i3 MO3UTHUBHOIO JUHAMIKOIO.

5. EdexrtuBHicts mepsunHOi npodinakrrku PI13 B Yipa-
THi csrae 3,3 %, perioHaJbHUI MMOKa3HUK HE MEPEBHUIIYE
3,0 %.

6. VYnockoHaNeHHS MPO]ITAKTHYHIX 3aXO0/[iB, BU3HAYCH-
HS TPy pr3uKy po3BUTKY PI13, Mmomudikaris criocoly KuATTS
€ (haxTOpamMu OKpaIeHHsI IPOTHO3Y Ta BIYKMBAHOCTI TaKHUX
MaI€HTIB.
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Steroid-induced dermatoses:
a challenge for modern dermatology

H. I. Makurina®@A8EF | O. Cherneda®*8.cP

Zaporizhzhia State Medical and Pharmaceutical University, Ukraine

The aim of this work is to determine the variability and significance of motivating and provoking factors associated with the uncontrolled
use of topical glucocorticosteroids, psychological features of this condition.

Materials and methods. 50 patients with exacerbation of inflammatory dermatoses after long-term topical application of drugs with gluco-
corticosteroids as an active substance were examined. The key diagnostic measures were a clinical examination, an anamnesis collection
with clarification of the activity class of the used agent, duration and potential reason for its systematic or periodic use. Assessment of the
psycho-emotional state in relation to self-perception of one’s own body was carried out using the dermatological version of the dysmorphic
disorder questionnaire — BDDQ-DV.

Results. The main pathology for which patients of both sexes used this group of drugs were rosacea, perioral dermatitis, and seborrheic
dermatitis. Taking into account anamnestic data, the mean duration of application of topical corticosteroids in creams, ointments or
lotions was 10.25 £ 3.50 months for women and 8.3 + 1.6 months for the male cohort. Most patients received information about the
need to use a topical steroid from acquaintances / friends and pharmacists. The most frequent pharmacological agent was betametha-
sone dipropionate.

Analyzing the psychopathological aspect of the studied group, dysmorphic manifestations are prevalent and the most well argued. 32 in-
dividuals (64 %) from the cohort met the criteria for concern about the body or its parts.

Conclusions. Regional clinical features of steroid-induced dermatoses, which are mostly represented by chronic inflammatory conditions
located in aesthetically significant areas, have been determined. 64 % of patients with steroid-induced dermatoses develop a psycho-
pathological profile. An important aspect remains the necessity to raise the awareness of medical, pharmaceutical workers, and the public
about the need and correct use of topical corticosteroids.

Keywords: glucocorticosteroids, inflammation, dermatoses, dermatitis, body dysmorphic disorder, diagnosis, treatment.
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InIOKOKOPTMKOCTEPOIa-3aneXHi AepMaTo3un: BUKIMK AN Cy4acHOI AepMaTonorii
I 1. Makypina, J1. O. YepHena

Meta po60oTu — BU3HayYeHHs BapiabenbHOCTi Ta 3Ha4yLLOCTi MOTVBALiHWX | NPOBOKALiHNX (haKTOPIB, aCOLN0BaHMX i3 HEKOHTPOMbOBaHUM
BVKOPUCTaHHAM TOMIYHWX [MIOKOKOPTUKOCTEPOIAIB, MCMXOMOMiYHNX 0COBNMBOCTEN LIbOTO CTaHy.

Matepianu i metoau. O6cTexwunu 50 nauieHTiB i3 3aroCTpeHHAM 3ananbHUX 4epMarTo3iB Micns TPUBAoro MiCLEBOrO HaHECEHHS NiKapChKNX
3acobiB i3 IMIOKOKOPTMKOCTEPOIAAMM SK it04OK PEYHOBUHOH.

KntoyoBi fiarHOCTWYHI 3ax0au — KMiHiYHWUIA ornsg, 30ip aHaMHesy 3 YyTOYHEHHSIM Knacy akTMBHOCTI BUKOPUCTaHOro 3acoby, TpMBanocTi Ta
NOTEHLINHOT NPUYMHM cUCTEMATUYHOMO abo NepioAMYHOrO Oro BUKOpUCTaHHS!. [CX0eMOLUiNHNIA CTaH LWOAO CaMOCTIPUIAHSITTS BNAacHOro
Tina owiHIOBanM 3a JOMOMOrOK A4epMaTonoriYHoi Bepcii onuTyBanbHyka aucmopdivHoro posnagy — BDDQ-DV.

Pesynirati. OCHOBHI natonorii, BHacNifok Skux navjieHTy 0box cTaTein BUKOPUCTOBYBanNW npenapartu Liei rpynu, — posaLea, nepiopansHui
aepmatwT i ceboperHuin fepmatuT. 3rigHO 3 aHAMHECTUYHUMU AaHWMU, CePefHS TPUBANICTb HAHECEHHS MICLIEBMX KOPTUKOCTEPOIfiB y
dopmi kpemis, maselt abo nockiioHi ctaHoBuna 10,25 + 3,5 micsua ans xiHok i 8,3 £ 1,6 Micausa ans Yonogikie. IHhopmaLio Npo Heob-
XiZHICTb BUKOPUCTAHHS TOMIYHOrO CTEPOiay BinbLUiCTb NaLieHTiB OTpUMany Bif 3Hanomux / apy3is | hapmMaLieBTiB-npoBi3opis. HatvacTiwmi
aKTUBHWI (hapMaKomnoriYHNI KOMMOHEHT — 6eTameTasoHy AMNponioHar.

lMpoaHanisyBaBLUM NCUXONATONONYHNIA aCMEeKT 06CTEXEHNX, BCTAHOBWN: AMCMOPIiYHI NPOSIBM NPEBantoTh i € HanbinbLL aprymeHToBa-
HUMK. 13 3aranbHoi koropTu 32 (64 %) ocobu BignoBiganu kpuTtepiam cTypboBaHOCTI WOAO Tina abo OKPeEMMX 1 oro YacTyH.

BucHoBkun. BusHayeHo perioHanbHi KniHiYHi 0COBNMBOCTI CTEPOIA-3anexHNX A4epMaTosiB, Ski 34ebinbLIoro € XPoHIYHUMK 3ananbHUMK
CTaHaMW, BUHWKaIOTb Ha ECTETUYHO 3HaYYLLMX AinsHKax. Y 64 % nauieHTiB 3i cTepoia-3anexHumMu Aepmatodamm hopMyeTbCS CMXonaTo-
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norivyHuiA npodbink. HaranbHoto 3anuwaeTbes notpeba y nigBuLLeHHI 06i3HaHOCTi MeaUYHKX, hapMaLeBTUHHUX NPALBHUKIB | HACENEHHS!
00 HeOobXiaHOCTI 1 KOPEKTHOTO BUKOPUCTAHHS TOMIYHUX KOPTUKOCTEPOIZB.

KntouoBi cnioBa: rmioKOKOPTUKOCTEPOIAM, 3ananbHi AepMaTo3u, AUCMOopdiYHWIA po3nag, AiarHOCTUKa, MiKyBaHHS.

AKTyanbHi nuTaHHA hapmaueBTMYHOI | MeguyHOI Hayku Ta npakTukun. 2024. T. 17, Ne 2(45). C. 176-181

In recent years, the widespread use of glucocorticosteroids in
dermatological practice was marked not only by the opening
of new horizons in the treatment of inflammatory dermatoses
but also by several challenges that are increasingly difficult
to overcome in modern conditions. Indeed, a significant ad-
vantage of these drugs in systemic and topical forms is the
rapid elimination of inflammatory lesions on the skin. On
the other hand, their uncontrolled use led to the emergence
of a new nosological unit — steroid-induced dermatoses. The
problem’s urgency is discussed not only on the sidelines of
the medical community. Thus, when evaluating social net-
works, S. Bowe et al. determined that mentions of the hashtag
“withdrawal of topical corticosteroids” increased by 274 %
in 2020 compared to 2016 [1].

In researching this topic, one may encounter a wide array
of synonymous definitions, such as withdrawal phenomenon,
addiction syndrome, or ‘red skin,” of the concept of steroid-in-
duced dermatoses. But despite this, the context is constant
and uncompromising. Steroid-induced dermatoses refer to
pathological changes in the skin resulting from uncontrolled,
long-term, and inadequate use of systemic and/or topical
corticosteroids. Clinical manifestations will vary depend-
ing on the primary condition of the skin (such as psoriasis,
rosacea, and acne), unifying signs are the simultaneous in-
crease of both subjective (such as itching, burning, and sleep
disturbances) and objective manifestations (such as active
involvement in of the pathological process of larger areas,
pronounced exudative outbreaks of exacerbation, tolerance
to previous treatment) [2].

It’s important to note the classic expected side effects
of long-term corticosteroid use, including hypertrichosis,
acneiform rash, telangiectasia, and skin atrophy. Identifying
a single dominant factor that triggers this condition is chal-
lenging, as it typically involves a combination of contributing
factors. First of all, social conditions are a catalyst not only
for the activity of exacerbations of dermatoses, but also for
the formation of difficulties in obtaining medical care. In-
sufficient economic levels, natural disasters, and wars pose
a significant danger to the medical system and the recipients
of medical services, ordinary patients. In such circumstances,
individuals may lack access to in-person consultations and
resort to self-treatment or follow advice from acquaintances
when selecting medications.

Among dermatological patients, glucocorticosteroids of-
ten serve as a “lifeline” due to their rapid action. However,
without a proper understanding of prescribing tactics, this
treatment approach can lead patients to a “dead end” from
which it’s difficult to escape without qualified assistance. The
beginning of a full-scale war in Ukraine demonstrated this
trend among dermatological patients. The progression of the
“snowball effect” in patients is quite telling: skin appearance

or exacerbation of the condition — prolonged uncontrolled
corticosteroid use — drug withdrawal with initial improve-
ment — rapid and aggressive exacerbation of the condition —
lack of response to previous therapy, necessitating increased
steroid dosage — emergence of concurrent topical / systemic
side effects.

The second, but no less important reason for the increase in
the number of steroid-dependent dermatoses is uncontrolled
over-the-counter access to these drugs.

Therefore, the medical community must establish a unified
approach to the appropriate prescription of hormonal therapy
and the development of management protocols for patients
exhibiting pathological resistance to glucocorticosteroid
medications.

Aim

The aim of this work is to determine the variability and
significance of motivating and provoking factors associated
with the uncontrolled use of topical glucocorticosteroids,
psychological features of this condition.

Materials and methods

Based on the Department of Dermatovenerology and Aesthe-
tic Medicine of Zaporizhzhia State Medical and Pharmaceuti-
cal University, 50 patients with exacerbation of inflammatory
dermatoses after long-term topical application of drugs with
glucocorticosteroids as an active substance were examined.

The exacerbation was characterized by active inflammation
resistant to previous therapy, extending beyond the boundaries
of the existing dermatosis. In addition to clinical assessment
of the skin condition, key diagnostic measures included
gathering anamnestic data to determine the potency class
of the agent used, its duration, and the potential reasons for
systematic or periodic use.

Assessment of the psycho-emotional state of self-percep-
tion of the appearance of one’s own body and appearance
defects was carried out using the dermatological version of the
dysmorphic disorder questionnaire — BDDQ-DV (The Body
Dysmorphic Disorder Questionnaire — Dermatology Version).

Statistical processing of the obtained results was carried out
ona personal computer in the program Statistica® for Windows
13.0 (StatSoft Inc., license No. JPZ8041382130ARCN10-J).

Results

The gender distribution of the studied sample shows a slight
female predominance, with 28 women and 22 men examined,
constituting 56 % and 44 % of the total number, respectively.
This suggests a tendency towards frequent and uncontrolled
use of topical steroids in both sexes. It is noteworthy that the
average age among women was 28.7 £ 9.2 years, while among
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Table 1. Distribution of the main nosologies among patients of different genders

Rosacea 10 (45.5 %) 9(32.1%)

Perioral dermatitis 2(9.1%) 8 (28.6 %)

Psoriasis 2(9.1%) 4 (14.3 %)

Balanitis/feczema of the scrotum (in men), eczema of the hands (in women) 2(9.1%) 2(7.1%)

Seborrheic dermatitis 6 (27.2 %) 3(10.8 %)

Hyperpigmentation - 2(7.1%)
la 1b

Fig. 1. The result of uncontrolled use of topical steroids. a: steroid-induced perioral dermatitis; b: eczema.

men it was 39.5 + 15.0 years. These findings may suggest
an earlier initiation of effective cosmetic or medical products
among women, partially explaining the earlier exposure to
corticosteroids.

The main pathology for which patients of both sexes used
this group of drugs was the presence of a skin disease with a
tendency to facial localization — rosacea, perioral dermatitis
and seborrheic dermatitis (Table 1).

Both papules with silver-white peeling on the surface
in psoriasis and pustules in acneiform diseases are highly
stigmatizing among dermatological patients. Moreover, the
appearance of arelatively stable clinical picture, characterized
by arecurrent rash on visibly exposed areas of the body, often
leads to despondency among our patients, prompting them
to constantly seek changes in treatment tactics. This search
inevitably leads to the use of topical corticosteroids due to
their accessibility and rapid anti-inflammatory effects. As
seen in Table 1, there are cases of men with genital lesions
and a history of steroid addiction. For instance, one patient
in the observation group reported using a combined remedy
after each intercourse for two years, eventually leading to the
appearance of the “red scrotum” sign.

The duration of the development of addiction is a rather
individualized concept that is challenging to accurately quan-
tify. Clinical manifestations such as abnormally altered skin
reactivity to previous therapy and difficulties in controlling
persistent remission serve as the main indicators. Based on the
anamnestic data, the average duration of topical corticosteroid
application in the form of creams, ointments, or lotions was
10.25 + 3.5 months for women and 8.3 + 1.6 months for the
male cohort. For instance, among the studied sample, the
patient with perioral dermatitis held the record for the longest
duration of product application, using a steroid cream daily
or every other day for 2 years (Fig. 1a), while the highest
frequency of use was observed in a patient with eczema, who
applied the active agent 5 times a day for 7 days (Fig. 1b).

Table 2 illustrates that betamethasone dipropionate emerged
as the most commonly used pharmacological agent. This
trend can be attributed to its widespread popularity among
family physicians and its inclusion in official combined for-
mulations (antimycotic-antibiotic-steroid). Unfortunately,
there is a concerning tendency towards the prolonged and
unverified use of the potent clobetasol, even on the sensitive
skin of the face and genitals. The relatively lower cost of
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Table 2. Characteristics of a topical agent in the formation of a steroid-induced state

Betamethasone dipropionate 16 (32 %)
Clobetasol propionate 12 (24 %)
Fluticasone propionate 6 (12 %)
Mometasone furoate 9 (18 %)
Fluocinonide 4 (8 %)
Fluocinolone acetonide 3(6 %)

Table 3. Distribution of primary sources when providing advice on the need to prescribe topical corticosteroids

Acquaintances / friends / colleagues 27 (54 %)
Pharmacist 11 (22 %)
Advertising in social networks 9 (18 %)
Advice from a family physicians 3(6 %)
2a 2b
o o
o o
o o
%2} [%]
c e
IS IS
o o
= =

Fig. 2. Correlation diagram between Likert scale scores and the duration of application of the drug in months.

a: question about the severity of distress, torment and pain in the presence of a defect, r = 0.6, p < 0.05; b: questions regarding the impact of the
defect on the impairment of social, professional and other types of functioning, r = 0.52, p < 0.05.

fluorinated corticosteroids also contributes to their contin-
ued prominence in this ranking of drugs associated with the
“withdrawal phenomenon”.

In the context of this topic, the source of recommendations
regarding the safety, dosage regimen, and overall necessity
of prescribing a topical corticosteroid is equally important.
An analysis of the anamnestic data revealed that the majority
of patients received information about the use of topical ste-
roids from acquaintances / friends and pharmacists (Table 3).
Such a selection process undermines the effective and safe
management of patients with skin diseases. For instance,
perioral dermatitis or rosacea, conditions prevalent in the
majority of our studied sample, are generally contraindicated
for treatment with corticosteroids, especially in the context
of daily, routine application.

When trying to establish the main motive for the need to
use topical glucocorticosteroids, the psychological profile
of the studied patients comes to the fore. During the initial
conversation, most of the recipients demonstrated physical
dissatisfaction with their appearance, primarily due to the
activity of the main dermatological disease. Topical cortico-
steroids were perceived as a means to achieve rapid clinical
improvement, fulfilling this need for quick results.

Analyzing the psychopathological aspect of the studied
sample, dysmorphic manifestations are prevalent and the
most well-argued. 32 persons (64 %) from the general cohort
met the criteria for concern about the body or its parts. Thus,
for these patients, the affirmative answer was accompanied
by questions not only about the immediate presence of body
anxiety but also about regular thoughts around this problem.
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Itis worth noting that excessive attention is paid to those areas
where there is the greatest concentration of rash elements.
Also, the vast majority of those interviewed according to
additional criteria defined their defect as stigmatizing: causes
pronounced distress (n = 21) and affect quality social func-
tioning (n = 26), corresponding to indicators on the Likert
scale of more than 3 within the range BDDQ-DV. When
studying Spearman’s correlation, a noticeable relationship
was found between the points on the above scale and the
duration of application of the product (Fig. 2a, 2b). This,
in turn, demonstrates the following behavioral pattern: the
greater the impact of dysmorphic disorder, the longer the
patient used topical corticosteroids.

Thus, the presence of dysmorphic disorder can serve as a
modifying factor, prompting patients with initial dermatosis
to more actively use topical corticosteroids to minimize the
defect, hide it from the social environment, and mask it from
themselves.

Discussion

Considering the estimation of individual analyst groups, the
topical corticosteroid sales market, showing a compound
annual growth rate of 6 % during 2021-2030, will reach USD
8.19 billion by the end of this period [3]. This rather indi-
cative marketing assessment correlates with the real clinical
need for these tools, particularly in dermatological practice.
The objectively pronounced anti-inflammatory effect and
speed of action ensure an increase in the level of popularity
of this group of drugs. But the “cornerstone” in this case is
precisely the correctness of their appointment: adequate in
terms of duration, dosage, and suitability for one or another
nosology. Therefore, it is important to focus on their correct
use, without provoking polar states: steroid addiction and
steroidophobia [4,5,6].

The variety of initial dermatoses is quite heterogeneous
and varies widely depending on the demographic and social
characteristics of the studied sample. Thus, according to
Jain et al. solving aesthetic problems to eliminate hyper-
pigmentation became the primary reason in the context of
the need to use topical corticosteroids [7]. Other studies
show the dominance of acne or dermatophytes [8,9]. The
appearance of these nosologies in the list may be related
to the peculiarities of the epidemiological distribution of
diseases and traditional treatment schemes for each region.
It is worth noting that in our work there is a significant ad-
vantage of acneiform diseases as the root cause of the start of
steroid use. And such a trend in the modern dermatological
discourse, regarding the registration of facial dermatoses,
leads to the appearance of new nosological units — “topi-
cal steroid-induced perioral and rosacea-like dermatitis”
[10,11]. Compared to our data, pigmentation disorders are
not prevalent, which can be explained by the peculiarities
of the phototype, the difference in exposure to ultraviolet
radiation, and the choice of other, more often laser, methods
in the treatment of melasma.

Analyzing the literature sources on the pharmacological
characteristics of drugs that provoke steroid-induced con-

ditions, we have results quite similar to our work. After all,
clobetasol, betamethasone, and mometasone are the most fre-
quently incorrectly used agents in skin diseases [7,9,12]. The
frequent use of these agents in combinations and over-the-
counter availability are the main reasons for their popularity
among the population, which, according to various scientific
studies, is more often guided by the advice of friends or not
profile specialists [13,14].

The chronic course of the disease with an active skin rash
on the one hand and the desire to meet the generally accepted
norms of “beauty” on the other — often push our patients to
take a rash step in listening to the advice of colleagues. Thus,
the expediency and duration of corticosteroid use is not a
reasoned professional point of view.

Indeed, the manifestation of a steroid-induced condition
may not solely be attributed to a lack of qualified care or the
patient’s limited medical knowledge. A basic change in the
psycho-emotional background can be one of the dominant
factors. Brookes et al. show a certain tendency to register
in patients with withdrawal syndrome anxiety, depression,
and even suicidal thoughts [15]. Moreover, according to a
systematic review, body dysmorphia is observed in 12.65 %
of dermatological patients and 15.04 % of clients seeking
plastic surgery services [16]. Considering the insufficient
number of relevant literary sources regarding the influence
of steroid-induced dermatoses on body self-perception, it
is rather difficult to talk about the possibility of comparing
their results with our own. But, at the same time, the quite
indicative level of self-esteem violation in the studied sam-
ple indicates the prospects for further analysis of this topic,
expanding the boundaries of clinical psychodermatological
practice.

In addition to the above, another question arises, which,
is another challenge for a modern specialist. What should
be the tactics of treatment of patients with steroid-induced
dermatosis? According to the literature, possible options are
the appointment of a weaker steroid, antibiotics, or topical
calcineurin inhibitors [10]. There are reports of the 10 %
tranexamic acid and the JAK1 inhibitor abrocitinib in steroid-
dependent manifestations of rosacea [17,18]. Undoubtedly, it
is necessary to try to reduce the level of addiction, but there
is no single regulated way.

Thus, given the rather long and undeniably effective history
of topical corticosteroids in dermatological practice, there is
still a need to increase awareness regarding the product for
medical professionals and the public. The introduction of
prescription dispensing of this group of drugs in the pharmacy
network can play a significant role. Only their correct and
appropriate use will be able to remove the “halo” of phobias
and prejudices about steroids, leaving only evidence and
effectiveness.

Conclusions

1. Regional clinical features of steroid-induced der-
matoses, which are predominantly represented by chronic
inflammatory conditions located in aesthetically significant
areas, have been determined.
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2. In 64 % of patients with steroid-induced dermatoses,
a psychopathological profile is formed, which is represented
by dysmorphic manifestations.

3. An important aspect remains the need to raise the
awareness of medical, and pharmaceutical workers and the
public about the need and correct use of topical corticosteroids.
The recognition of the professional opinion of a healthcare
worker should authoritatively surpass the statements of the
mass media, consulting pharmacists, advertising integrations,
or the “experience” of acquaintances due to the introduction
of prescription dispensing of drugs of the specified group.

Prospects for further research. The obtained data will serve
as the basis for the formation of a diagnostic and therapeutic
algorithm for patients with steroid-induced conditions. The
information on the psychopathological profile of patients will
expand the limits of the examination of psychodermatological
consultations.
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AHani3 e(peKTUBHOCTi 3aCBOEHHS TEOPETUYHUX 3HAHb

i MPAKTUYHUX HABUYOK NiKapsiMU-iHTepHaMU

3a gonomororo TexHosnorii BipTyanoHoro nauieHta «Body Interact»
B YMOBaXx BUKIIMKIB CbOroAeHHA

M. 10. KonecHuk@*-F A. M. MuxaitnoBcbkun=+AB.CE

3anopisbkuin AepxaBHU Meayko-hapMaLeBTUYHUI yHIBEPCUTET, YKpaiHa

A — KOHUenUis Ta An3aitH gocnigxeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTTi;
F — ocTaTouHe 3aTBepaXEHHS CTaTTi

MeTa po60oTu — npoaHaniayBaTi e(heKTUBHICTb 3aCBOEHHS TEOPETUYHUX 3HAHb | TPAKTUYHWUX HABUYOK MiKapsiMU-iHTepHaMV 3a LONOMOro
BYKOPUCTaHHSA TEXHONOrIi BipTyanbHOro nauienta «Body Interact» npu guctaHuinHin (oHnann) i Tpaguuingin (ocnaiit) hopMax HaB4aHHs.

Martepianu i meTogu. lo focnigxeHHs 3anyyeHi 22 nikapi-iHTEPHW Apyroro poky HaB4YaHHS 3i cneuianbHOCTi «BHyTpiLLHI XBOpoOuW», Lo
NPOXOAMNM HaB4YaHHS Ha kadbenpi Tepanii Ta kapgionorii HaB4anbHO-HayKoBOrO IHCTUTYTY NICNSANNIOMHOI OCBITU 3aN0opi3bKOro Aepxas-
HOro MeauKo-hapMaLeBTUYHOrO yHiBepeuteTy y 2022—-2023 pp., 3 HUX 17 HaB4anucs B O4HOMY (odpriaii), 5 — y AMCTaHLUinHOMY (OHNawH)
dopmarti. YCniLHICTb 3aCBOEHHSI TEOPETUYHMX 3HAHb OLIIHKOBaNM 3a pesynbTaTaMu CKIlafaHHS AepXXaBHOro NMiLeH3iINHOTo iHTErpoOBaHOro
icnuty «KPOK 3. 3aranbHa nikapcbka nigrotoBka». CTyniHb onaHyBaHHS NPAKTUYHUX KOMMETEHLiA BU3HAYany LLNSIXOM NPOXOMKEHHS
nikapsiMK-iHTepHaMK cLeHapiiB HagaHHa MeaMyYHOT AOMOMOTM i3 3aCTOCYBaHHSAM NporpaMu BipTyanbHOro nauieHTta «Body Interacty.

Pe3ynkratin. BctaHoBREHO, L0 ePEeKTUBHICTb TPAAMLINHOIO (0bnaiiH) | AMCTaHLHOTO (OHNaNH) HAaBYaHHS € 3iCTAaBHOI 3 NOrMSAY 3acBo-
€HHS TEOPETWNYHMX 3HaHb, NPO L0 CBiAYaTb OAHAKOBI Pe3ynbTaTh AepKaBHOrO MiLeHsiiHoro iHTerposaHoro icnuty «KPOK 3. 3aranbHa
nikapcbka nigrotoBkay. PesynsraTti cknagaHHs AepxaBHOro NiLleH3inHoro iHTerpoaHoro icnuty «KPOK 3. 3aranbHa nikapcbka niarotoBkay
i 3aCTOCYBaHHA Nporpamu BipTyanbHoro nauieHta «Body Interacty He manu kopensuiiHoro 38’a3ky. Lie Moxe CBiguvMTh Npo HegoCTaTHIO
penpes3eHTaTUBHICTb TECTOBOIO OLHIOBAHHS LLOA0 ONaHyBaHHSA NMPaKTUYHWX HaBUYOK. TpaauLuinHe (odnaiH) HaB4aHHS nikapiB-iHTepHIB
€ eeKTUBHILLIMM OO OnaHyBaHHSA MPaKTUYHWX HAaBWYOK, LLO NIATBEPMXYIOTb Kpalli pesynsTaTi NPOXOMKEHHS CLEHapiiB HajaHHs
MEAMYHOI AOMOMOrY i3 3aCTOCYBaHHAM MporpamMu BipTyanbHOro naujieHta «Body Interact» y rpyni TpaguuiiiHoro (ocpraiiH) nopiBHSHO 3
TPYNOK ANCTAHLINHOTO (OHMANH) HaBYaHHS.

BucHoBku. BukopuctaHHs cumynsuinHoi TexHonorii BipTyansHoro naujeHTa «Body Interact» y npoueci HaB4aHHS nikapiB-iHTEPHIB Aae 3Mory
HEe NLe NOKPaLLMTY 3aCBOKOBAaHICTb TEOPETUYHOTO HaBYaNbHOTO Martepiany, ane 1 3abesnevye MOXIMBICTb BiANPaLOBaTW NPAKTUYHY
cknagosy. Lle mae BaxnvBe 3Ha4YeHHs B yMoBax obmexeHnx pecypciB yepes naHaemito COVID-19 i BoeHHuMI cTaH. [ouinbHum € lwmpLue
BMPOBaKEHHS TEXHONOrii BipTyanbHoro nauieHTa «Body Interact» y noBcsikagHHMIA OCBITHIN NpoLec, 0cobnuBo i Yac AUCTaHUINHOM
HaBYaHHS.

KnroyoBi crioBa: nikapi-iHTepHW, OHNanH HaB4aHHS, 0PnanH HaB4aHHS, TEXHOMOTS BiPTYanbHOro NawieHTa, TEOPETUYHI 3HAHHS, NPaKTUYHI
HaBWYKM, €DEKTUBHICTD.
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Analysis of the efficiency of theoretical knowledge and practical skills acquisition by intern doctors using the “Body Interact”
virtual patient simulator in the conditions of today’s challenges

M. Yu. Kolesnyk, Ya. M. Mykhailovskyi

The aim of the work is to evaluate the efficiency of theoretical knowledge and practical skills acquisition by intern doctors using the body
interact virtual patient simulator in distance (offline) and traditional (online) form of education.

Materials and methods. The study involved 22 interns in the second year of study of the specialty “Internal Diseases”. 17 of them studied
in offline format, 5 — in distance (online) format. The efficiency of theoretical knowledge acquisition was evaluated based on the results of
the Integrated License exam “KROK 3. General Medical Training”. The efficiency of practical skills acquisition was determined by passing
scenarios of providing medical care using the virtual patient simulator “Body Interact”.
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Results. It has been established that the effectiveness of traditional (offline) and distance (online) learning is comparable in terms of the-
oretical knowledge acquisition which is evidenced by the comparative results of passing the Integrated License exam “KROK 3. General
Medical Training”. The results of passing the state license integrated exam “KROK 3. General medical training” and the virtual patient
“Body Interact” had no correlation, which indicates the insufficient representativeness of the test assessment regarding the practical skills
acquisition. Traditional (offline) learning is more effective in practical skills acquisition, which is confirmed by the better results of passing
scenarios of providing medical care using the virtual patient program “Body Interact” in the group of traditional form of education compared
to the group of online learning.

Conclusions. Utilizing virtual patient simulation technology such as “Body Interact” in the training of intern doctors not only enhances the
acquisition of theoretical educational material but also offers an opportunity to practice practical skills. This is particularly valuable in light
of resource constraints resulting from COVID-19 and martial law. Implementing the “Body Interact” virtual patient technology into daily
educational practices, especially in the context of distance learning, is advisable.

Keywords: intern doctors, online learning, offline learning, virtual patient technology, theoretical knowledge, practical skills, efficiency.
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Humni B Ykpaini poriec HaB4aHHs MAHOY THIX JTIKapiB yCKIIa-
HeHMH Oararbma (haKTOpaMH: CIIOYaTKy — JIOBFOTpHUBAJIA
nargemis COVID-19, a 3 24 motoro 2022 poKy — BBEICHHS
BOEHHOTO CTaHy. Y Nepiosi HEeBU3HAYEHOCTI Ta MiIBUIIIEHUX
PH3HKIB MiIXi IO OCBITHROTO MPOIIECY Ma€ OyTH MpoIyMa-
HHM, BPaXOByBaTH O€3MeKy At 3710pOB S Ta )KUTTS CTY/ICH-
TiB, IHTEPHIB 1 BUKIama4iB [1].

IMaugemist COVID-19 Tta BiiiHa CyTTEBO 3MIHWIIM Tapa-
JUTMY 1 JOTUIIOMHOT, 1 MICJIAAUIUIOMHOT MEAMYIHOT OCBITH
B YKpaini. B yMoBax BUKIIMKIB ChOTOICHHS IIEPE/ BUKJIa1a-
YaMHM IT0CTAJIO 3aB/IaHHS 3 OpraHizallii ssIkiCHOro OCBITHBOTO
TIpoLeCy IUISIXOM BUKOPHUCTAHHS CydacHHUX 1H(POPMAIIHHIX
TEXHOJIOTIH, 1110 3a0e3MeYyI0Th AUCTAHIlIITHE HaBJaHHA [2].

3a3Ha4MMO, IO MHPOKE 3aCTOCYBAHHS BipTyadbHUX
TEXHOJIOTiH, CHMYJISTOPIB 1 JUCTaHIIITHOTO HAaBYaHHS — IIe
HEBIJ’€MHa CKJIa/I0Ba MEIMYHOT OCBITH B IIPOBIJHUX BUIIIAX
cBity. B Ykpaini 3anopi3bkuii qepxaBHuii Meamko-(hapmarie-
BTHYHMH yHiBepcuteT (3IMDY) € n1inepoM 3 BIpoBa HKEHHS
IHHOBaIIHHKX 1HQOPMAIIHHUX TEXHOJOTIH y HaBYaJIbHUH
TIPOLIEC, OCKIJIBKY Ma€ MOTY>KHUH IHTENIeKTYalIbHUH pecypc
1 MaTepiaTbHO-TEXHIYHY 0a3y.

Binomo, 110 oHnaifH-HaBYAHHS TTOB’sI3aHE 3 HU3KOIO TPY-
HotiB [3]. CyTTeéBUM BUKJIMKOM € CTBOPEHHS YMOB JUIsl OTa-
HYBAHHSI Ta 3aKPIIUICHHS IIPAKTUYHUX HABUUOK, 1110 HEOOXIIHI
JUTS1 SIKICHOTO Ha/IaHHs1 MEZIMYHUX MOCITYT 1 CTAHOBIISITH OCHOBY
pobotu mikapsi. [Tocrano Takok MUTAHHS MIOAO CIIOCOOIB
KOHTPOJIIO 3aCBOEHUX MPOQECIHHUX KOMITCTEHIIIH Ta BMIHHS
X 3aCTOCOBYBATH ITiJ1 9aC CAMOCTIHHOT JisUTEHOCTI JTiKapsi [4].

OnuH 31 NUIAXiB BHPIMICHHAA i€l TPOOIEMH — BUKOPH-
CTaHHS TEXHOJOTIi BipTyaJbHOTO MaIlieHTa. BipTyampHIX
TAI[IEHTIB BU3HAYAIOTH SIK IHTEPAKTHUBHE KOMIT IOTEPHE MO-
JICJTIOBaHHSI KJIHIYHHX CLIEHAPIiB PeaibHOT0 XKHUTTS 3 METOO
HABYAHHS, OCBITH YU OLIHIOBAHHS MCIUYHUX TPAIliBHUKIB
[5]. Le#t nemaiic mae yumano mepeBar, ajpke Jae 3MOTY
JIKapIO-1HTEpHY CaMOCTIHHO YXBAJIIOBATH PILlIEHHS IIOAO
MeToAiB 300py aHaMHe3y, AH(EpPEHINIITHOI TIaTHOCTUKH,
BEJICHHSI TTAIIEHTA Ta CIIOCTEPEKEHHS 32 HUM, HE 3aBJAl0UN
TIpY IIbOMY TITKOIH [5]. TeXHOMIOTis TAKOXK JJa€ 3MOTY YIOCKO-
HAJIFOBATH 3HAHHSI 1 IPAKTUYHI HABUYKH, /1K€ € MOXKIIMBICTh
MPOXOAMTH OIUH 1 TOM cammuii ClieHapiil AeKiibKa pasis.
Kpim Toro, HaBuaHHS 3 BUKOPHCTAHHAM LIi€] METOIUKH Ja€
3MOT'Y TOKPAIINTH KITiHIYHE MUCIICHHSI, TIPOLIEAYPHI YMIHHS
1l HABUYKY KOMaHITHOT poboTH [6].

Y 3[AIM®Y TtexHosori0 BipTyansHoro namienra «Body
Interacty mmpoxo BuKOpucTOBYIOTH 3 2019 poky. KiiniuHi
CIIeHAapil, 1[0 BKJIFOYCHI /IO YHIBEPCUTETCHKOI JIIIICH3I1, BiJI-
TIOB1/Ial0Th aKTyaJIbHUM HaBYaJIbHHUM rporpamaM [ 7]. KoxxeHn
CLIEHApi IPYHTYETHCS Ha CydacHHUX KIIIHIYHUX pEeKOMEH/1a-
IisX 1 BiJIIOBIIa€ YAHHUM CTaHIApTaM HaJlaHHS METUYHOI
JorroMoru [8].

MeTta po6otu

[IpoananizyBaTi ¢(PEKTHUBHICTh 3aCBOEHHS TCOPCTHUYHHX
3HaHb 1 MPAKTUYHUX HABUYOK JIIKAPSIMH-IHTEPHAMH 32 JI0-
TIOMOTOI0 BUKOPHCTaHHS TEXHOJIOT1i BIpTyaJIbHOTO Malli€HTa
«Body Interact» npu ucTaniiHii (OHIANHH) 1 TpaUIIHHIA
(odmaiin) hopmax HaBYAHHSL.

Marepianu i MeTogu pocnimkeHHA

Jo nocmimkeHHs 3amyderi 22 Tikapi-iHTepHU APYTOTO POKY
HaBYaHHS 31 CHEMiaIbHOCTI «BHYTpilIHI XBOpoOMU», 110
NPOXOAMIIM HaBYaHHS Ha Kadenpi Teparii Ta Kapionorii
HapyanbHO-HayKOBOTO IHCTHTYTY MiCJISITUIIIOMHOT OCBITH
3AM®Y y 2022-2023 pp., 3 HuX 17 HaBY4ANUCS B OUHOMY
(odmaiin), 5 —y mucranuiiinomy (oHnaiiH) popmari. Yemin-
HICTb 3aCBOEHHSI TEOPETUYHHX 3HAHb OLIHIOBAJIN 32 PE3YIlb-
TaTaMHM CKJIaIaHHsI IeP>KaBHOTO JILIEH31HHOTO IHTErPOBAHOTO
icruty «KPOK 3. 3aranpHa JikapchKa IMiIrOTOBKaY.
CTymiHb OlTaHyBaHHS IPAKTHYHAX KOMITETCHITIH BU3HAYa-
JIU [IUTSIXOM TIPOXOIDKCHHS JIKapsIMUA-IHTEpHAMH CIICHAPiiB
HaJIaHHSI MEJIMYHOI JIOTIOMOTH 13 3aCTOCYBaHHSIM MIPOrPaMu
BipTyanbHoro namienta «Body Interact». Po6oTa B cumyusiii
MOYMHAETHCS 3 TAK 3BAHOTO OpHU(IHTY — 03HAHOMIICHHS 3 KO-
POTKHM OMKCOM KJTIHIYHOTO BUITAJIKY Ta XapaKTePHUCTHKAMU
nargienTa. [Ticist 1pboro, 3aaeKHO Bi iIMITOBAHOI MMATOJIOTII,
Ha OCHOBI 3aIIUTaHb KOPUCTYBaY Bejie Oeciy 3 BIpTyaIbHUM
marieaToM. Ha HacTymHOMY eTarti 3m00yBa4 OCBITH IPOBO-
ITH (Di3UKaIBHUN oI XBoporo 3a anroputMom ABCDE.
Tax camo, K i g 9yac poOOTH 3 PeaNbHUM Ialli€HTOM
MO)KHA TIPU3HAYUTH CHEKTP JOaTKOBHX JIAOOPAaTOPHUX Ta
IHCTpYMEHTaJIbHUX OO0CTEXEHb, PE3YNbTATH SAKUX OIpa3y
3’SIBISIIOTBCSL HA eKpaHi. Y CBOEMY apceHalll KOpHCTyBad
TaKoX Ma€ MIMPOKUI TEepeiK JIIKapChKUX 3aC00iB, PI3HUX
IHBa3MBHMX 1 HEIHBa3MBHHUX BTPy4YaHb, a TAKOX (haxiBIIiB
IHIIMX CIICIIATBHOCTEHH, sIKi B pa3i HEOOXiHOCTI IIPUXOISTh
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Tabnuusa 1. Pe3ynbratyt OLiHIOBaHHS NPAKTUYHWUX HABMYOK MiKapiB-iHTEPHIB i3 3aCTOCYBaHHAM Nporpamm BipTyanbHoro nauieHta «Body Interact» 3anexHo

Bif PopMM HaB4aHHS, %

LLikanu ouiHOBaHHA 3aranom, n =22 OuHe HaBYaHHSA, n =17 [cTaHLUiiHe HaBYaHHSA, n = 5

OG6'eKTUBHE 0BCTEXEHHS 92,50 (72,25; 95,75) 92,00 (63,50; 96,50) 94,00 (78,00; 96,50)
JlabopaTtopHe i1 iHCTpyMeHTanbHe 06CTeXEHHS 100,00 (74,00; 100,00) 100,00 (74,00 100,00) 100,00 (86,50; 100,00)
JlikyBaHHs 95,00 (79,25; 100,00) 95,00 (88,00; 100,00) 81,00 (59,50; 95,00)
3aranbHa oLjHka 82,50 (71,00; 94,75) 85,00 (72,00; 97,50)* 71,00 (66,50; 73,00)
* p<0,05.

Ha JloroMory». Baxxinso, 1110 mpotsrom yciei cumyssiii
Ha guciuiel HaBeIeHO BiTajbHI MOKA3HUKHU MAaIll€HTa, 10
JITHAMIYHO 3MIHIOFOTBCS 3aJIEKHO BiJT [Iiif KoprcTyBada. Ha-
TIPUKIHII CUMYJTALIT pOPMYETHCSI BACHOBOK II0J10 PaBHIIb-
HOCTI [Ti#f 32 TPhOMa KOMITOHCHTaMU: (Pi3UKAILHUM OLJISIOM,
JIarHOCTUYHUMHM 33aXOJlaMM Ta JIKyBaHHAM. 3a3HaunMo,
IO y BUCHOBKY € TaKOX JETaJbHa XPOHOJOrIYHA IIKaia
BUKOHAHUX JIiif, JIe HABEJICHO, SIK KOXKHUH KPOK BILIMHYB Ha
JKATTEMISIIbHICT MTAL[iEHTA.

OriHIOBaHHS CUMYJISLIT 3iHCHIOE TIporpaMHe 3a0e3reyeH-
Hsl y BIJICOTKAX, HaJlaJl iHTepIIpeTye BUKIIaAa4, BASHAYA0UH
3araJIbHUN pe3yJIbTar i OKpeMO 3a TPhOMa BUJIaMH JIisUTBHOCTI
(onuryBaHHs Ta (i3uKaIbHE 0OCTEKEHHS, J1a00paToOpHi i
IHCTpYMEHTAJBHI JOCHTiKeHHs, JiKyBaHH:). KoxHy airo
KIacru(iKoBaHO SIK MEPIIUI MPIOPUTET, APYTUH MPIOPUTET
a00 sIK HenpiopUTeTHY. 3a BUKOHAHHS I1EPIIOTO IPIOPUTETY
HapaxoBYOTh 0T, HEMPIOPUTETHOT JIii — ITpad, IpH LILOMY
3IIICHEHHS JPYTOTo MPiOpUTETY HE BILIMBAIO Ha KiHI[CBHI
pesynbrar. Takoxk mrpad) HapaXxoByBallH B pa3i BUYCPIIaHHS
JIMITY Yacy. YCHilHUM BBaxkaiu pesynsrar >70 %, skiio
BCTAHOBJICHO PABUJIBHHI J1iarHO3 1 IPU3HAYEHO aJIeKBaTHE
JIKyBaHHS.

CraTHCTUYHO JJaH1 ONpalfoBalIH 32 JIOTIOMOT OO IPOTPaMH
Statistica 13.0 (StatSoft Inc., Ne JPZ8041382130ARCN10-J)
3a BIJOMOIO MeTOAMKOI0. KiTBbKICHI O3HAaKM HABEHAEHO SIK
MeJliaHa Ta MDKKBapTWIbHHN iHTepBan (Me (Q25; Q75)),
SIKICHI — sIK abcoroTHI yucia Ta Bigcotku (n (%)). dis
OL[IHIOBAHHSI BIIIMIHHOCTEH MiX TpyramMu, 10 NOpiBHIOBa-
i, Bukopuctamu U-kputepii Manna—Bitai. [TopiBHSIHHES
TPYII 32 SKICHOK O3HAKOI, a TAKOXK JTOCIIIDKEHHS YaCTOTH
BUSIBJICHHSI ITOKA3HUKIB 3/IHCHIIIN 3a JJONIOMOTOIO KpHUTe-
pito 2 3 aHAI30M TAOIHIh CIPSHKEHOCTI. 3aIekHICTh MiXK
MOKa3HUKAMH BH3HAYaJM 33 JIOMOMOTOK KOPEJALiifHOro
aHaJizy 3 00paxyHKoM KoedinieHTa kopessiuii CriipmeHa (1).
Pesyrnbrary BBaXKau CTaTUCTHYHO 3HAUY MU ripH p < 0,05.

Pesynbratu

HeprxaBHui mineH3oBannii iHTerpoBanuii icnmut «KPOK 3.
3araipHa Jlikapchbka MiAroToBKa» ycmimuo ckiand 100 %
iHTepHiB. MeniaHa pe3ynbrariB icnuty cranoBuia 90,35
(82,98; 92,85) %. I1pn ibOMy TpyIIH O4HOTO Ta JUCTAHIIHHO-
ro (hopMaTy HaBYAHHS MaJI 3iCTABHUH BIJICOTOK PABIIIbHUX
Binnosigeit: 88,00 (81,65;92,35) % 1a 91,30 (90,35; 95,00) %
BiamoginHo (p > 0,05).

3i crieHapieM HaJlaHHS METUYHOI JIOTIOMOTH i3 3aCTOCY-
BaHHSM IPOTrpamMHu BipTyassHOro nauienta «Body Interact»

yemimno Bropanucs 18 (81,82 %) intepHiB. Meniana pe-
3yspTatiB ctanoBmwia 82,50 (71,00; 94,00) %. HocToBipHO
KpaIuii 3aradbHUi 0an Many iHTepHH 09HOI (hOpMH HaB-
YaHH;I TOPIBHSHO 3 IHTEPHAMM, SIKi HABUATUCS JUCTAHITIAHO:
85,00 (72,00; 97,50) % Ta 71 (66,50; 73,00) % BixmOBIIHO.
Bany 3a okpeMuMH eTaniaMy HaJaHHS JIOIOMOTH Y Tpynax
JOCTOBIPHO HE BiAPI3HSIIHCS (mabn. 1).

He BusiBHIN KOpeJSILIITHUX 3B’S3KIB MK pe3y/bTaTamMu
cknaganus sinensoanoro icnuty «KPOK 3. 3aranbpHa
JKapchKa MiATOTOBKa» Ta 3aCTOCYBAHHSAM IIPOTPaMHU Bip-
TyajpHoOro nanieHra «Body Interact» 3arajsiom i B okpeMux
rpynax (p > 0,05). O1mxke, eeKTUBHICTh TPAAUIIHHOTO I
JUCTAHLIITHOrO HaBYaHHS LIOAO 3aCBOEHHS TEOPETHYHHX
3HaHb JiKapIMHU-IHTEPHAMH 3iCTaBHA.

TexHooris BipTyabHOTO MalieHTa Ma€ YUMaJlo epeBar,
0COOJIMBO TIiJ] Yac ICIUTIB, OCKIJIBKHU J]a€ 3MOT'Y CTaH/1apTH-
3yBaTH 3aBJIaHHS, MA€ YiTKI KpUTEPIl OLiHIOBaHHS, (POPMYE
TTOKPOKOBHH 3BIT 1o BuKoHAHHS [8]. TexHoMmorist BipTyab-
Horo nanieHTa «Body Interact» € 3pydHuM iHCTpYMEHTOM JUIst
BUKJIaJIaua: MOYKHA BiZICTEXKYBaTH IPOIPEC JIIKapiB-iIHTEPHIB,
J0OMPATH «TEMaTHYHNXY MALIEHTIB, BIITBOPIOBATH BUITAJIKA
3 BIIACHOTO TPo(eciifHOro MOCBiAY MIIIXOM CaMOCTIHHOTO
CTBOPEHHSI CLICHapiiB CUMYJISLIII.

Pa3oMm i3 TUM IHTEpHH MOTPEOYIOTh KMBOTO KOHTAKTY 3
TIAIIIEHTOM Yepe3 0COOHCTY B3a€MOJIIO U PO3BHUTKY KITi-
HIYHUX (KOMYHIKaTHBHUX ) HABHYOK. Y YaCHUKU OCBITHHOTO
MIPOLIECY BU3HAIOTH 1I¢ BaYKJIIMBHM ACIIEKTOM 1 OLIIHIOIOTh
JUDKATAITI3ALIE B MEIMYHIHN OCBITI IyKe TU(epeHIIiHoBaHO.

O6roBopeHHs

MaiictepHicTh i mpodecioHanizaM MalOyTHBOTO JIiKaps
IPYHTYIOThCSI Ha MPOQECIHUX KOMIIETEHILISIX, 110 MICTATh
TEOPETUYHI 3HAHHS, MPAKTUYHI BMIHHS Ta KOMYHIKaTHBHI
HaBWYKH. HaOyTn 1ie# yHIKaIbHAN JOCBII BIPOIOBXK HAB-
YaHHS B HU3bKOCTPECOBOMY JUIs JIiKapiB-iHTEpHIB 1 Oe3med-
HOMY JIJIsI TIALIIEHTIB CEPEIOBHII MOXKHA TUTBKU B YMOBaX
cUMyIIsiLiHOTO TpeHiHry [9]. OcraHHIM 4acoM iHTepec JIo
CHMYJIAIIIITHOTO MEAMYHOTO HaBUYaHHS B YKpaiHi B CKJIaTHIX
YMOBax ChOTrOJIeHHsI 3HauHO 3poctae [10,11].

Huni Bce Ounblnie yBaru NpUIUISIOTE OC3Mell Malli€HTIB,
€TUYHUM ITUTaHHIM, 301IbIIEHHIO BiIIOBIJAILHOCTI MEIY-
HUX TPaIliBHAKIB, BHCOKOMY PiBHIO HEOOXiIHOI poheciiHOT
KBaJTiQikarii Ta MBUIKIA EBOJIOIII MPOIEIYp I METOIIB.
BukopucTaHHs METOAMKH CHUMYIISALIHHOT MEIUIIUHU Ja€e
3MOTY YCYHYTH TICHXOJIOTIYHHMNA Oap’ep CHINKYBaHHS 3
TIAIIIEHTOM 1 CIIpHsi€ OTPHMAHHIO MEIITIHOTO JOCBiTY JIiKa-
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pem-iaTepHoM [10]. B yMoBax AucCTaHIIIHHOTO HABYaHHS 32
JIOTIOMOTO10 CUMYJISIIIMHHX TEXHOJIOT1i MOYKHA 3MOJICITIOBATH
Ha/[3BUYAiHy CUTYAIIi0, [Ie TOCTPaXKIalli TOTpeOyBaTUMYTh
HEBIIKJIaTHOT JOMIOMOTH, 110 1acTh 3MOTy npodeciiiHo Ta
BYACHO HAJIaTH HEBI/IKJIAIHY JI0TIOMOTY Ta BPSTYBATH XKUTTS
TarieHTa B pealbHuX yMoBax [12].

Kinbka pokiB mocmins B ocBiTHROMY Tponeci 3IM®PY
JIKapiB-IHTEPHIB BUKOPHCTOBYIOTh BIPTyaIbHUN CUMYJISTOP
namienTa «Body Interacty, sikuit 06’ emHaB QpyHIaAMEHTATB-
Hi aCMeKTH 3 Pi3HMX KIIHIYHUX HampsMiB. BipTyanbHuit
TIALI€HT, YKOMIUICKTOBAaHUH Pi3HOMAHITHUMH CLEHAPisIMH
3 iH(EKmIHHNX XBOPOO, KapAioNorii, MyIT5MOHOIIOTI], Ta-
CTPOEHTEPOJIOTii, CHIOKPUHOJIOTT, TIeiaTpii, HeBIAKIIAIHIX
CTaHIB, A€ 3MOTY OMAHYyBaTW i YJOCKOHAJIUTH HABUYKH
300py aHaMHE3y, KIIHIYHOTO OOCTEKCHHS, IHTepIpeTarii
mabopaToOpHUX, IHCTPYMEHTATBHAX METO/IB JTOCIIKESHHS,
JMIarHOCTHKH ¥ nudepeHinHOT MiarHOCTUKH, JTIKYBaHHS
OCHOBHOTO 3aXBOPIOBaHHSI Ta YCKJIATHEHb IUISIXOM IIPU3Ha-
YeHHs TIperiapariB, BUOOPY /103yBaHHS, BPAXOBYIOUH Macy
TiJIa, 3piCT UM iHIII MapameTpH nanienTa. Ipu oMy cran
BIPTYaJIbHOTO MAIliEHTA IMTHAMIYHO 3MIHIOETHCS 3aJI€)KHO BiJ|
MIPaBWIBHOCTI HaJaHHs 101IoMOrd. ToMy y JTiKapiB-iHTEpHIB
€ YHIKaJIbHa MOYKJIMBICTH 3pO3YMITH KOPEKTHICTh CBOIX MiH,
MIPOaHaIi3yBaTH MOMMIIKU, 3pOOMTH BUCHOBKH.

BukopucTanHs TeXHONOTI] BipTyaipHOTO martienTa «Body
Interacty mig 4ac MiATOTOBKH JIKAPiB-IHTCPHIB J]a€ 3MOTY
MOKPAIINTH 3aCBOIOBAHICTh TEOPETHYHOTO HABYAIHLHOTO
Marepiajty, BiJIIpalloBaTH HA MAHEKEeH] PAKTUYHY CKJIaJIOBY,
cnpusie (POPMyBaHHIO MOTHBAII] 10 HAaBYaHHS, PO3BUTKY
IHMBIyaIbHUX podeciiinux 3ni0HOCTEH, hopMyBaHHIO Ha-
BHYOK KOMaH/THOT poO0TH Ta B3aeMoii. OcoOIMBO BaXKiIMBe
3HAYEHHS CUMYJISILIHE HABYAHHS Ma€ B yMOBaX OOMEKEHHSI
JIOCTYITy 10 TAI[IEHTIB Yepes3 IPOTHEITiIeMivHi 3aX0/IH, TTOB’ sI-
3aHi 3 mommpeHHsM COVID-19, a Takox 3armpoBaKeHHIM
BO€EHHOTO cTany [ 13]. BakirBo, 1110 1[F0 TEXHOJIOTII0 MOXKHA
BUKOPHCTOBYBATH 3 IHIUBIyaJIbHOT'O I'a/KETY, L0 pOOUTS 11
JOCTYITHOIO Ta JOIUTFHOIO B Oy/Ib-SIKIX YMOBAX.

JlonIbHUM € IMpIIe BIPOBA/DKEHHS TEXHOJIOT1T BIpTyaib-
Horo mamienTa «Body Interacty B moBcsSKOeHHUI OCBITHIH
poIIec, OCOOMBO MiJ] Yac JUCTAHIIHHOTO HaB4aHHs. Ori-
HUBIIH PE3YJIGTAaTH AUCTAHIIIHHOTO HABYAHHS JIIKapiB-iHTEp-
HIB, BCTAHOBHJIM JIOCTaTHIN PiBEHb 3aCBOEHHS TEOPETUIHHX
3HaHb, aJie¢ HEJOCTATHIM PiBEHb ONMAHYBAHHS MPAKTUIHUX
HaBu4OK. [1po 1ie cBituaTh Kpaiili pe3yabTaTi TPOXOKEHHSI
crieHapiiB HaJJaHHS MEIMYHOI JOTIOMOTH 13 3aCTOCYBaHHSAM
texHonorii «Body Interacty y rpymi TpauIiiiHOro HaB4YaHHs.

AHai3 0YHO-3209YHOTO HABYAHHS JIIKapiB-iHTEpHIB ITij-
TBEpAMB TYMKY (paxiBIIiB IIOJI0 MMO3UTUBHUX 1 HETATHBHUX
CTOpPIiH JUCTAHIIITHOTO HaBYaHHA. Tak, MUCTAHIIHHUN
(opMar HaBYaHHS J1a€ 3MOTY OTPHUMAaTH HOBY iH(OpMAaIIiio,
0OTrOBOPUTH aKTyallbHI W Ba)XJIMBI MUTaHHS, O3HAHOMUTH-
csl 3 Cy4aCHHMH TEXHOJIOTiSIMH IIaTrHOCTUKH W JIKyBaHHS
3aXBOPIOBaHb, Jie B TAKOMY (hOpMaTi CKJIaJHO ONaHyBaTH
MIPaKTHYHI HABUYKH, ITEPELyCiM MaHyalbHi.

Tomy, Ha TyMKYy JliKapiB-IHTEpHIB, ONTUMAIILHOIO ()OPMOIO
HaBYaHHS Mae OyTH TpaauiliiiHa. [lepcrieKTrBy 1 pUAHAT-
HICTh TPAJUI[HOIO HABYAHHS B MICISAUIUIOMHINA Mean4-

Hill OCBITi B YMOBaX ChOTOJCHHS MOTPEOyIOTh BUBUCHHS I
YIOCKOHAJICHHSI.

BucHoBKkM

1. EdexruBHicts TpaauuiiiHoro (oduiaiin) i qucTaHIii-
HOTO (OHJIalH) HABYAHHS € 3ICTaBHOIO 3 TIONNISAY 3aCBOEHHS
TEOPETUYHHX 3HAHb, PO 110 CBITYATh OTHAKOBI PE3YJIbTaTH
JIepKaBHOTO JIilieH3iiHoro iHTerposanoro icrmty «KPOK 3.
3arasibHa JIiKapchKa IiAT0TOBKaY.

2. Pesynpraté CKIamaHHS IEP>KaBHOTO JIILEH31HHOTO
inrerposanoro icruty «KPOK 3. 3aranpHa mikapcbka mmij-
TOTOBKa» 13aCTOCYBaHHS IPOrPaMH BipTYaJIbHOTO Malli€HTa
«Body Interact» He Manu KopelsiiHoro 3B s13Ky. Lle Moke
CBITYHTH ITPO HEITOCTATHIO PENPE3CHTATUBHICTH TECTOBOTO
OL[HIOBAHHSI 1I0JI0 ONAHYBAHHS MPAKTHYHHX HABHYOK.

3. Tpanuuiitne (oduaiin) HaBYAHHS JIiKapiB-IHTEPHIB €
€()EeKTUBHIIINM 110710 OTIaHyBaHHS IIPAKTUYHNX HABUYOK, 1110
T ATBEPIKYIOTH KPaIli pe3yabTaTH MPOXOHKEHHS CIIeHapiiB
HaJIaHHSI MEIIMYHOI JIOTIOMOTH 13 3aCTOCYBaHHSIM IIPOTpaMu
BipTyasibHOro narienTa «Body Interact» y rpymi Tpamuiiiiao-
ro (o(maiin) TOPIBHSIHO 3 TPYTIO0 TUCTAHIIIHHOTO (OHJIAHH)
HaBYaHHS.

4. BuKopHCTaHHS CUMYJIALIHHOI TEXHOJIOTIT BipTyab-
Horo namienTta «Body Interact» y mporeci HaB4aHHS JiKa-
PIB-IHTEPHIB Ja€ 3MOTY HE JIHIIIE MOKPAIIUTH 3aCBOIOBAHICTH
TEOPETHYHOTO HABYAIBHOIO MaTepiaily, aje i 3ade3medye
MOXJIMBICTB BIJNPAIIOBAaTH MMPAKTUYHY CKJajoBy. Lle Mae
BKIIMBE 3HAUCHHS B yMOBaxX OOMEXEHHX PECypciB 4epes
naugemito COVID-19 i Boennwmii ctad. JIOMTBHAM € upIIe
BITPOBAKEHHST TEXHOJOTII BipTyanbHOro martieHTa «Body
Interact» y MOBCAKICHHHI OCBITHIH IpoIiec, 0COOIMBO TIiJ
Yac JUCTAaHIIHHOTO HaBYaHHSI.

[lepcnexTHBH MOAAILIINX TOCTIKeHb TIOJIATAIOTH B aHAMI31
e()EeKTUBHOCTI 3aCTOCYBaHHSI CUMYJISILIIHOTO HABYAHHS 3 BU-
KOPUCTaHHIM MOXJTBOCTel MikkadepaibHOro TpeHiHTo-
BOrO 1IeHTpy 3/IM®DY 1151 onaHyBaHHS JTiKapsSIMH-1HTEpHAMH
NPaKTHYHUX HABUYOK.
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1,2,4-Triazole-containing compounds are unique heterocyclic compounds present in an array of pharmaceuticals and biologically important
compounds used in drug-discovery studies against cancer cells, microbes, and various types of diseases in the human body.

The aim of the study was to analyze in detail and combine the available literature materials to study the reactions associated with the
formation of different classes of derivatives of 1,2,4-triazole-3-thione and to study their physical-chemical properties.

Various innovative methods have been proposed and explored for synthesizing different classes of 1,2,4-triazole compounds, each with
distinct applications and potential medicinal benefits. When analyzing the outcomes of studies aimed at obtaining new 1,2,4-triazole-3-
thiones, it’s crucial to recognize the multiple stages involved in their synthesis. These stages typically include the esterification of carboxylic
acids, hydrazinolysis, the formation of carbothioamides, and thiones through alkaline cyclization. Subsequently, reactions involving the
S-function are conducted, leading to the formation of various classes of derivatives of 1,2,4-triazole.

The study by a team of scientists introduced a novel method for synthesizing imidazolyl- and imidazole-1,2,4-triazoles, targeting the design
of safer analgesic and anti-inflammatory agents.

Moreover, researchers have successfully synthesized derivatives of 3-[2-(5-thio-4-aryl-4H-1,2,4-triazole-3-yl)ethyllquinoxalin-2(1H)-one,
N-(3-thio-5-aryl-[1,2,4]triazole-4-yl)acylamides, 5-alkylthio-4-amino-3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidine-2-thiomethyl)-1,2,4-tri-
azole and 3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidine-2-thiomethyl)-6-aryl-5,6-dihydrogen-1,2,4-triazole-[3,4-b]-1,3,4-thiadiazole,
5,5'-(alkyldiyl-bis(sulfandiyl))bis(N-(arylidene)-3-thiophen-2-ylmethyl)-4H-1,2,4-triazole-4-amines, 3-(arylsulfonyl)-4-phenyl-5-(3,4,5-tri-
methoxyphenyl)-4H-1,2,4-triazole, expanding the scope of 1,2 4-triazole-based, compounds with potential pharmacological activities.
Furthermore, the synthesis of molecules containing two 1,2,4-triazole and two benzole rings has gained traction, offering new avenues
for drug development.

Mannich bases were synthesized from the corresponding thiones through a reaction with N-methylpiperazine or N-phenylpiperazine in
dimethylformamide in the presence of formaldehyde.

Additionally, the synthesis of salts derived from 1,2,4-triazole highlights its importance in pharmaceutical formulations, with studies focusing
on both organic and inorganic salts for potential therapeutic applications.

Conclusions. The analysis of the above-mentioned publications indicates that the search for new biologically active compounds among
derivatives of 1,2,4-triazole-3-thiones is promising. Many 1,2,4-triazole-3-thiones exhibit a wide spectrum of biological activity with little toxicity.

Keywords: 1,2,4-triazole, physical-chemical properties, transformation.
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Metoam cuntesy 1,2,4-tpiason-3-TioHiB: ornag
t0. C. dponoea, A. I. Kannaywwetko, T. B. IrHatoBa, T. M. KannaywweHko

Cnonyku, Wwo Mictatb 1,2,4-Tpiason, € yHiKanbHUMMU reTepOLMKIIYHUMU COMyKaMu, MICTATECA B HU3LI hapMaueBTUYHWX npenapatis i
6ionoriyHo BaxnmBuMx cnonyk. MoxigHi 1,2,4-Tpia3ony BUKOPWUCTOBYIOTL Y NiKapCcbkux 3acobax, 30Kpema BOHW MICTATLCS B Mpenaparax
NPOTY PaKoBWX KMiTWH, MIKPOBIB i Pi3HNX TVMIB 3aXBOPKOBaHb B OpraHi3Mi JIAWHM.

MeTa po6oTu — feTanbHo NpoaHanisysaty i 06'eqHaTV BiOMOCTi HayKOBOI NiTepaTypy LLOAO0 BUBHEHHS peaKLiil, NOB’'S3aHMX 3 yTBOPEHHSIM
pi3HKX Knacis noxigHwx 1,2,4-Tpia3on-3-TiOHy, a TAKOX BUBYUTU TXHi (Pi3NKO-XiMiYHI BNACTUBOCTI.

3anponoHoBaHoO Ta [OCHIAXEHO IHHOBALIINHI METOAW CUHTE3Y Pi3HKX Knacie cnonyk 1,2,4-Tpia3ony; KOXEeH i3 HUX 3aCTOCOBYIOTb, i KOXEH
Ma€e NOTEHUINHY MeauyHy kopucTb.lig Yac aHanidy pesynsratiB 4OCHiAKEHb, CIPIMOBaHWUX HAa OTPUMaHHS HOBWX 1,2,4-Tpia3on-3-TioHiB,
BaXIMBO PO3Pi3HATK eTanm ix cuHTe3y. Lli cTaaii 3a3Bmyai BknovaoTh eTepudikaLiio kapboHOBKX KUCIOT, rigpa3nHonia, yTBOPEHHS Kap-
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Review

GoTioamigiB i TIOHIB LUMSIXOM NyXHOI LyKni3auii. 3ronoM NpoBoasATh peakLii 3a yyacTto S-dhyHKLUii, Lo NPU3BOASATL A0 YTBOPEHHS Pi3HUX
knacis noxigHux 1,2,4-tpiasony.

Po3pobrneHo HOBMI MeTog CUHTe3y iMigasonin- Ta imigason-1,2,4-Tpia3onis, CNpsiMOBaHWiA Ha PO3pOOKY BE3NEeYHILLMX aHamnbreTuKIB i
npoTu3ananbHux 3acobiB.

CwuHTe3oBaHo noxigHi 3-[2-(5-Tio-4-apun-4H-1,2,4-tpiason-3-in)etun|xiHokcanin-2(1H)-oHy, N-(3-Tio-5-apun-[1,2,4]tpiason-4-in)aumnamian,
5-ankinTio-4-amiHo-3-(5,7-gumeTun-1,2,4-tpiasono[1,5-a]nipumiaunH-2-tiometun)-1,2,4-tpiason i 3-(5,7-gumeTnn-1,2,4-tpiazono[1,5-a]
nipumigunH-2-tiometun)-6-apun-5,6-gurigporen-1,2,4-tpiason-[3,4-b]-1,3,4-tiapiason, 5,5'-(ankingiin-6ic(cynstaxgiin))bic(N-(apuni-
AeH)-3-TiopeH-2-inmeTun)-4H-1,2,4-piazon-4-aminu, 3-(apuncynboHin)-4-eHin-5-(3,4,5-tpumeTtokcundenin)-4H-1,2,4-Tpiason, Lwo
PO3LUMPIOE Chepy 3aCTOCyBaHHS CMONyK Ha OCHOBI 1,2,4-Tpia3ony 3 NOTEHLIMHOK hapMaKonoriYHO akTUBHICTIO. [epcnekTnBHUM Ans
po3pobneHHs NikiB € CUHTE3 MOMEKy, WO MICTATb ABa 1,2,4-Tpia3onoBux i ABa 6EH30MbHUX KiNnbLs.

OcHoBv MaHHixa crHTe3yBanu 3 BiAMOBIAHUX TiOHIB peakuieto 3 N-meTunninepasmHom abo N-cbeHinninepasnHom y aumetundopmamigi
3a HasBHOCTi hopmanbAerigy.

CwHTe3 conelt, oTpumMaHux i3 1,2,4-Tpiasony, NigKPECOE M0ro BaXNMBICTb Y hapMaLeBTUYHMX KOMNO3MLiSX. AKTYanbHUMM € AOCTIIKEHHS
OpraHivHKX i HEOPraHiYHWX coneit ANs NOTEHLUINHOMo TepaneBTUYHOrO 3aCTOCYBaHHS.

BucHoBku. AHani3 ¢haxoBoi niTepaTypu CBiAYUTb MPO MEPCNEKTUBHICTb MOLLYKY HOBMX BiOMOMYHO aKTUBHMX CMOMNYK 3-NMOMiX MOXiQHMX
1,2,4-Tpiason-3-TioHiB. Yumano 1,2,4-Tpia3on-3-TiOHiB XapakTepu3yoTbCs LUMPOKUM CNEKTPOM BiONOriYHOI aKTUBHOCTI 3 HE3HaYHUMK

MOKa3HUKaMU rocTPOi TOKCUYHOCTI.

Kntoyosi cnoga: 1,2,4-tpia3on, i3nko-ximMiyHi BNacTMBOCTI, NEPETBOPEHHS.
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Compounds containing 1,2,4-triazole are an exceptional
class of heterocyclic compounds found in a diverse range
of pharmaceuticals and biologically significant substances
utilized in studies for discovering drugs targeting cancer cells,
microbes, and various diseases in humans.

Prior to integrating a novel bioactive compound into me-
dical or veterinary practices, it is customary that meticulous
selection of research subjects is a prerequisite for a favorable
outcome in developing original, effective, and low-toxicity
medications. It is noteworthy that presently, scientists world-
wide are actively involved in simulating the 1,2,4-triazole
system, exploring various properties of the heterocycle and
the formation of its fundamental “structures”, which could
pave the way for the discovery of new molecules possessing
unique properties akin to 1,2,4-triazole derivatives.

Before embarking on the creation of a new molecule,
it is imperative to thoroughly review recent literature and
explore the amalgamation of different atomic and molecular
fragments within a molecule containing 1,2,4-triazole. This
investigation holds significant interest for medical profes-
sionals, pharmaceutical experts, and synthetic chemists alike.

A comprehensive examination of recent literature under-
scores the importance of studying the properties of derivatives
of 1,2,4-triazole in contemporary research. Among these
derivatives, particular attention is warranted for derivatives of
1,2 4-triazole-3-thione, which serve as focal points in various
research endeavors. Notably, there exists a lack of systematic
organization of information regarding the research findings
concerning derivatives of 1,2,4-triazole-3-thione.

Aim

The purpose of the study was to analyze in detail and combine
the available literature materials to study the reactions associ-
ated with the formation of different classes of derivatives of
1,2 ,4-triazole-3-thione and to study their physical-chemical
properties.

This research review used systems and content analysis to
process the literature over the past ten years.

The synthesis of 1,2,4-triazole holds significant importance
in both domestic [1,2,3,4,5,6,7,8,9] and international synthetic
chemistry [10,11,12,13,14,15,16] today. When analyzing the
outcomes of studies aimed at obtaining new 1,2,4-triazole-3-
thiones, it’s crucial to recognize the multiple stages involved
in their synthesis. These stages typically include the esterifi-
cation of carboxylic acids, hydrazinolysis, the formation of
carbothioamides, and thiones through alkaline cyclization
[17]. Subsequently, reactions involving the S-function are
conducted, leading to the formation of various classes of
derivatives of 1,2,4-triazole.

A team of scientists [18] has proposed an innovative
method for the synthesis of imidazolyl-1,2,4-triazoles, with
the aim of designing and synthesizing new, safer analgesic
and anti-inflammatory agents. The desired structures were
synthesized by first obtaining the ethyl ester of 5-me-
thyl-1H-imidazole-4-carboxylic acid. Subsequent reaction of
hydrazine hydrate with this ether yielded 5-methyl-1H-imida-
zole-4-carboxylic acid hydrazide, which was then converted
into 4-R-5-(5-methyl-1H-imidazole-4-yl)-4H-1,2,4-triazole-
3-thione through the addition of potassium thiocyanate or
isothiocyanate (Fig. 1).

The authors [18] conducted a study to assess the anal-
gesic and anti-inflammatory activities of the synthesized
structures as potential medicinal products. Upon analyzing
the compounds, it was found that 4-methyl-5-(5-methyl-
1H-imidazole-4-yl)-4H-1,2,4-triazole-3-thione, 4-phenyl-
5-(5-methyl-1H-imidazole-4-yl)-4H-1,2,4-triazole-3-thione,
and 5-(5-methyl-1H-imidazole-4-yl)-4-(4-methylphenyl)-
4H-1,2,4-triazole-3-thione exhibited significant analgesic
properties and demonstrated high levels of anti-inflammatory
action compared to the control, indomethacin.

Continuing our literature analysis, we came across a publi-
cation by Indian scientists [19] outlining the synthesis of novel
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Fig. 2. Stages of synthesis of 3-[2-(5-thio-4-aryl-4H-1,2,4-triazole-3-yl)ethyl]quinoxalin-2(1H)-one derivatives.

derivatives of 3-[2-(5-thio-4-aryl-4H-1,2,4-triazole-3-yl)
ethyl]quinoxalin-2(1H)-one. The starting materials employed
were 4-R-benzene-1,2-diamine and 4-chlorobenzene-1,2-di-
amine, along with a-ketoglutaric acid. Through successive
stages of synthesis, in Fig. 2, the researchers successfully
obtained 3-[2-(5-thio-4-aryl-4H-1,2,4-triazole-3-yl)ethyl]
quinoxalin-2(1H)-one and 7-chloro-substituted quinoxaline
derivatives.

In recent times, the synthesis of molecules containing
two 1,2,4-triazole rings has gained widespread use [20]. An
original synthesis method involves the creation of a molecule
consisting of 4-R -2-[(4-R2-piperazin-1-yl)methyl]-5-{[3-
(4-chlorophenyl)-5-(4-methoxy-benzyl)-4H-1,2,4-triazole-
4-yllmethyl}-2,4-dihydro-3H-1,2,4-triazole-3-thiones,

incorporating two 1,2,4-triazole heterocycles [21]. The
synthesis reactions of the target compounds are illustrated
in Fig. 3. Specifically, the reaction of 2-[3-(4-chlorophenyl)-
5-(4-methoxybenzyl)-4H-1,2 4-triazole-4-yl]acetohydrazide
with various isothiocyanates resulted in the formation of
2-{[3-(4-chlorophenyl)-5-(4-methoxybenzyl)-4H-1,2,4-tri-
azole-4-yl]acetyl}-4-alkyl/aryl-thiosemicarbazides. Subse-
quent alkaline cyclization of these compounds with NaOH
yielded the corresponding 5-{[3-(4-chlorophenyl)-5-(4-
methoxybenzyl)-4H-1,2,4-triazole-4-yllmethyl}-4-alkyl/
aryl-2,4-dihydro-3H-1,2,4-triazole-3-thiones.

The intramolecular cyclization of 2-[3-(4-chlorophe-
nyl)-5-(4-methoxybenzyl)-4H-1,2,4-triazole-4-yl]acetohy-
drazide with carbon disulfide in the presence of potassium
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hydrazide in an alcoholic medium yielded 5-{[3-(4-chlo-
rophenyl)-5-(4-methoxybenzyl)-4H-1,2,4-triazole-4-yl]
methyl}-1,3,4-oxydiazole-2(3H)-thione.

Mannich bases were synthesized from the correspond-
ing thiones through a reaction with N-methylpiperazine or
N-phenylpiperazine in dimethylformamide in the presence
of formaldehyde (Fig. 3).

Continuing our analysis of substances containing the
1,2,4-triazole core and exhibiting pharmacological activity,
it’s noteworthy to highlight the synthesis of 2-((5-(4-(1H-ben-
zimidazol-2-yl)phenyl)-4-methyl-4H-1,2,4-triazole-3-yl)
thio)-1-R-1-ones, which demonstrate antifungal effects [22].
The synthesis of these target compounds was carried out as
depicted in Fig. 4.

In the initial stage, methyl-4-(5(6)-R-1H-benzimidazol-
2-yl)benzoates were synthesized through the reaction of
methyl-4-formylbenzoate with the respective o-phenylene-
diamine in the presence of Na,S,O,. Subsequently, the synthe-
sized compounds underwent treatment with excess hydrazine
hydrate to yield hydrazides of 4-(5(6)-R-1H-benzimida-
zol-2-yl)benzoic acid. In the third stage, these hydrazides
of benzoic acid were reacted with alkyl isothiocyanates.
Following this, cyclization in an alkaline medium facilitated

-(4-methoxybenzyl)-4H-1,2,4-triazole-4-ylimethyl}-2,4-

the formation of the corresponding 1,2,4-triazole-3-thiones.
Finally, a substitution reaction occurred between 2-bromo-
acetophenones and the synthesized thiones, resulting in the
desired target compounds (Fig. 4) [22].

A team of scientists from Switzerland [23] introduced
an innovative synthesis method for 4-(1H-1,2,4-triazole-
S-ylthio)-1,2-dihydropyrazole-3-one. This compound
was synthesized through the hydrazinolysis of 5-ethoxy-
methylenethiazolo[3,2-b][1,2,4]triazole-6-one in an
ethanol environment. The modification of 1H-1,2, 4-tri-
azole-3-thione involved a two-step reaction: S-alkylation
with chloroethanoic acid following the conditions of the
Williamson reaction, succeeded by a one-step cyclization
through condensation with triethylorthoformate in the
medium of ethanoic anhydride (Fig. 5). The structural
elucidation of the compounds was confirmed through
LC-MS, NMR spectra, and independently validated via
X-ray structural analysis.

Another intriguing synthesis is the production of
6-R-3-(1,4-benzodioxan-2-yl)thiazolo[2,3-c][1,2,4]tri-
azole-5(6H)-ones, known for their antimicrobial properties.
Initially, 2-[5-(1,4-benzodioxan-2-yl)-4H-1,2,4-triazole-3-
ylthio]ethanoic acid was synthesized through the reaction of
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Fig. 5. Synthesis scheme of 5-ethoxymethylenediazolo[3,2-b][1,2,4]triazole-6-one and 4-(1H-[1,2,4]triazole-5-ylthio)-1,2-dihydropyrazole-3-one.
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Fig. 6. Synthesis of 6-R-3-(1,4-benzodioxan-2-yl)thiazolo[2,3-c][1,2,4]triazole-5(6H)-ones.

5-(1,4-benzodioxan-2-yl)-4H-1,2,4-triazole-3-thione with Due to an active methylene fragment, 3-(1,4-benzodiox-
chloroethanoic acid (Fig. 6). Subsequently, the synthesized an-2-yl)thiazolo[2,3-c][1,2,4]triazole-5(6H)-one underwent
compound underwent cyclization under the influence of reaction with aromatic aldehydes, leading to the formation
phosphorus oxychloride, yielding 3-(1,4-benzodioxan-2-yl) of new thiazolotriazolones. The synthetic potential of
thiazolo[2,3-c][1,2,4]triazole-5(6H)-one. 5-(1,4-benzodioxan-2-yl)-4H-1,2,4-triazole-3-thione can
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Fig. 7. Synthesis scheme of salts of 2-(5-(2-bromophenyl)-4-amino-4H-1,2,4-triazole-3-ylthio)ethanoic acid.
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Fig. 8. Synthesis scheme of 3-(arylsulfonyl)-4-phenyl-5-(3,4,5-trimethoxyphenyl)-4H-1,2,4-triazole.

be further expanded through reaction with amides of chlo-
roethanoic acid, as suggested by the authors, which undergo
electrophilic substitution at the sulfur atom.

Having conducted an analysis of the pharmaceutical market,
it can be inferred that approximately 50 % of all molecules
constituting the foundation of pharmaceutical preparations
used in drug therapy are introduced in the form of salts. This
observation underscores the significance of developing new
salts based on 1,2,4-triazole, making it an integral aspect of
the pharmaceutical industry. Consequently, the synthesis of
both organic and inorganic salts derived from the aforemen-
tioned heterocycle remains relevant [24,25,26,27,28,29].

One notable study involves the synthesis and investigation
of physical-chemical and biologically active salts derived
from 2-(5-(2-bromophenyl)-4-amino-4H-1,2,4-triazole-3-

ylthio)ethanoic acid [30]. In this research, 2-(5-(2-bromo-
phenyl)-4-amino-4H-1,2,4-triazole-3-thio)ethanoic acid was
selected as the starting material to synthesize salts with both
organic and inorganic bases (Fig. 7).

The structural characterization of the compounds was
confirmed through elemental analysis, "H NMR spectroscopy,
and individuality was established via chromato-mass-spectral
studies. Interestingly, the highest yields of salt products were
observed when water was utilized as a solvent.

Another group of Chinese scientists [31] delved into the
synthesis methods of 3-R-4-phenyl-5-(3,4,5-trimethoxyphe-
nyl)-4H-1,2,4-triazoles. They utilized 4-phenyl-5-(3,4,5-tri-
methoxyphenyl)-4H-1,2,4-triazole-3-thione as the starting
material for synthesizing the aforementioned compounds.
The synthesized compound underwent conversion into
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Fig. 9. Synthesis scheme of N-(3-thio-5-aryl-[1,2,4]triazole-4-yl)amides.
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Fig. 10. Synthesis scheme of derivatives of 1-((4-(5-(prop-2-yn-1-ylthio)-4H-1,2,4-triazole-3-yl)phenyl)diazenyl)naphthalen-2-ol.

thioether through thioesterification reaction with halogenides
(RX). In the final stage, a mixture of ethanoic acid and
30 % H,0, solution was added to 3-(R-methylthio)-4-phe-
nyl-5-(3,4,5-trimethoxyphenyl)-4H-1,2 4-triazole, resulting
in the formation of 3-(arylsulfonyl)-4-phenyl-5-(3,4,5-tri-
methoxyphenyl)-4H-1,2 4-triazole (Fig. 8).

The structures of all compounds were confirmed
through IR spectrometry, 'H NMR spectroscopy, and
elemental analysis. Additionally, 3-(3-methoxybenzylsul-
fonyl)-4-phenyl-5-(3,4,5-trimethoxyphenyl)-4H-1,2,4-tri-
azole underwent detailed investigation through X-ray
crystallography [31].

Asimilar synthesis of (3-(alkylsulfonyl)-4-R-1,2,4-triazole-
5-yl)(phenyl)methanol was conducted by scientists at Zapori-
zhzhia State Medical and Pharmaceutical University [32].

To broaden the scope of the search for pharmacologically
active substances, Indian scientists [33] synthesized N-(3-
thio-5-aryl-[1,2,4]triazole-4-yl)acylamides. According to the
authors, the reaction was conducted in dry 1,4-dioxane, with
the gradual addition of carboxylic acid chloride to 4-amino-
5-aryl-4H-[1,2,4]triazole-3-thione under stirring, followed
by heating the reaction mixture for 10 hours. The progress of
the reaction was monitored using thin-layer chromatography
(Fig. 9).

Muhannad Musa Kareem introduced an original method
for the Mannich reaction, as detailed in their publication [34],
demonstrating the synthesis of new derivatives of 1,2,4-tri-
azole. Mannich bases were obtained through the interaction of
1-((4-(5-(prop-2-yn-1-ylthio)-4H-1,2,4-triazole-3-yl)phenyl)
diazenyl)naphthalen-2-ol with paraformaldehyde and second-
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Fig. 11. Synthesis scheme of 5-alkylthio-4-amino-3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]pyrimidine-2-thiomethyl)-1,2,4-triazole and 3-(5,7-dimethyl-1,2,4-
triazolo[1,5-a]pyrimidine-2-thiomethyl)-6-aryl-5,6-dihydrogen-1,2,4-triazole-[3,4-b]-1,3,4-thiadiazole.
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Fig. 12. Synthesis scheme of 5,5"-(alkyldiyl-bis(sulfandiyl))bis(N-(arylidene)-3-thiophen-2-ylmethyl)-4H-1,2,4-triazole-4-amines.

ary amines of ciprofloxacin, paracetamol, pseudoephedrine,
theophylline, chlorodisepoxide, and sulfadiazine (Fig. 10).

The synthesized substances underwent characterization
using UV- and IR-spectroscopy, as well as tH NMR and 2*C
NMR spectroscopy, to confirm their structural properties.

Chinese scientists [35] synthesized two compounds:
5-alkylthio-4-amino-3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]
pyrimidine-2-thiomethyl)-1,2,4-triazole and 3-(5,7-dime-
thyl-1,2,4-triazolo[1,5-a]pyrimidine-2-thiomethyl)-6-ar-
yl-5,6-dihydrogen-1,2,4-triazole-[3,4-b]-1,3,4-thiadiazole,
as shown in Fig. 11.

In the initial stage, 4-amino-3-(5,7-dimethyl-1,2,4-tri-
azolo[1,5-a]pyrimidine-2-thiomethyl)-1,2 4-triazole-5-thiol
was obtained by the interaction of potassium hydroxide and
2-thioacetohydrazide-5,7-dimethyl-1,2,4-triazolo[1,5-a]
pyrimidine in ethanol. Then, carbon disulfide was added
dropwise to the synthesized mixture for half an hour at room
temperature, resulting in the formation of 4-amino-3-(5,7-di-
methyl-1,2,4-triazolo[1,5-a]pyrimidine-2-thiomethyl)-1,2,4-
triazole-5-thiol.

5-Alkylthio-4-amino-3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]
pyrimidine-2-thiomethyl)-1,2,4-triazole was obtained by
reacting 4-amino-3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]
pyrimidine-2-thiomethyl)-1,2,4-triazole-5-thiol with ben-
zylhalogen derivatives in methanol and hydroxide in water.
On the other hand, 3-(5,7-dimethyl-1,2,4-triazolo[1,5-a]
pyrimidine-2-thiomethyl)-6-aryl-5,6-dihydrogen-1,2,4-tri-
azolo-[3,4-b]-1,3,4-thiadiazole was obtained by reacting the
corresponding aromatic aldehyde with ethanol (Fig. 11). The
target products were synthesized in high yields.

Continuing the discussion on methods for synthesizing
3-thio-1,2,4-triazole derivatives, let’s delve into the syn-
thesis of 5,5’-(alkyldiyl-bis(sulfandiyl))bis(N-(arylidene)-
3-thiophen-2-ylmethyl)-4H-1,2,4-triazole-4-amines. In this
process, 5,5’-(alkyldiyl-bis(sulfandiyl))bis-3-(thiophen-2-
ylmethyl)-4H-1,2,4-triazole-4-amine served as the starting
material. Subsequently, the authors heated the mixture in
ethanoic acid, with the addition of aromatic aldehyde variants
such as 2-hydroxybenzaldehyde, 4-hydroxybenzaldehyde,
2,3-dimethoxybenzaldehyde, 3,4-dimethoxybenzaldehyde,
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and 3,5-dimethoxybenzaldehyde, to synthesize 5,5’-(alky-
Idiyl-bis(sulfandiyl))bis(N-(arylidene)-3-thiophen-2-yl-
methyl)-4H-1,2 4-triazole-4-amines (Fig. 12) [36].

Conclusions

1. The analysis of the aforementioned publications
highlights the promising search for new biologically active
compounds among derivatives of 1,2,4-triazole-3-thiones.

2. The chemistry of 1,2,4-triazole and its heterocyclic
derivatives has garnered significant attention in recent years
owing to their synthetic and biological relevance.

3. Many 1,2,4-triazole-3-thiones demonstrate a wide
spectrum of biological activity with minimal toxicity. In a
subsequent review, we will delve into a more detailed ex-
ploration of the various biological properties exhibited by
these compounds.
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MpoTupakoBi BnactuBocTi noxigHux 1,2,4-tpiasony (ornag nitepatypu)

|. B. ByLuyeBa *A,E,F’ M. B. napquKO A.B,C.D

3anopisbkuil AepxaBHUI Meayko-thapMaLeBTU4HUIA yHIBEpCUTET, YkpaiHa

A — KOHUenNUis Ta au3aiiH gocnimkeHHst; B — 36ip ganux; C — aHani3 Ta iHTepnpeTauis aanux; D — HanucaHHs ctatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTTi

HwHi ogHi€to 3 roNOBHMX MPUYMH CMEPTi B YCbOMY CBITi 3aNMLLATLCA OHKOMOTIYHI 3aXBOptoBaHHS. CTaTUCTUYHI AaHi CBigYaTh, WO NoHaz
130 Tucsy niogen B YkpaiHi LWOpoKy AisHaoTbCA Npo Lien AiarHo3. Pak Moxe ypaxatu byab-aki opraHu, 3 Yacom — yBeCh opraHiam. Y Binb-
LIOCTi BUNaAKiB OHKO3aXBOPIOBAHHS — Lie MyXITMHU, SiKi ypaXkatoTb eniTenianbHi, CM3oBi, M'A30Bi, X1POBI, KICTKOBI TKaHWHW. Takox npouecw,
NOB’A3aHi 3i 3N0AKICHUMW YTBOPEHHAMM, MOXYTb Nepebirati y KpoBi Ta NiMdi. FONOBHMIN MexaHi3M, Skuii 3anyckae npouec hopMyBaHHS
HOBOYTBOPEHb, — MOPYLLEHHS POCTY Ta, BiANOBIAHO, NOAiNY KNiTH. BOHNM NOYMHAKOTL HEKOHTPOMBOBAHO 3pOCTaTh, PO3MHOXYBATUCSH, @
TaKoX MirpyBaTy, NOLUMPIOOYUCH Ha CYCiAHI TKAHVHHI CTPYKTYPK, 3rOA0M NEPEPOXKYHOTLCS B aTUNOBI (3M0siKiCHi). Pak € ogHi€eto 3 HanbinbLL
Hebe3ne4Hnx Ans xuTTs xBopob. BigomocTi HaykoBoi niTepatypu cigyvats, Wwo noHas 90 % XBOpUX Ha pak NOMUpatTb Yepe3 XPOHIYHi
meTacTasun. Tepanis paky nonsrae y BUKOPUCTaHHI Npenaparis, siki OroKyoTb PiCT i MOWMPEHHS PaKOBUX KMiTUH, BMIIMBAKOYM Ha MEBHI
MOMeKynspHi CTPYKTYpW, siki BEpYTh y4acTb Y 3pOCTaHHi, NPOrpecyBaHHi Ta NOLUMPEHHI paky. Pi3HOMaHITHICTb BUkopUCTaHHs 3acobiB Ans
NiKyBaHHS paky, a came ropMoHarbHa Teparisi, 3acCToCyBaHHS iHrbITOpiB aHrioreHe3y Ta iHAYKTOPIB anonTo3y, Hagana HayKoBLAM Pi3Hi
BapiaHTW NoLuyky edekT1BHUX 3acobiB Ans 6o0poTbbu 3 Lieto xBopoboto.

MeTa po6oTu — aHani3 i cuctemati3alis HOBKX AaHWX LLOAO NPOTMPAKOBOI akTUBHOCTI NOXigHMX 1,2,4-Tpia3ony Ta BU3HAYeHHs 3a pe-
3ynbTataMu aHani3y HanepcnekTUBHILLMX HAanpsMIB NoganbLLUnX HayKOBUX AOCHILKEHb.

Marepianu i meTogu. MpoaHanisysanu AaHi 3 jkepen dhaxoBoi nitepatypy, LU0 BKITKOYEHI [0 Pi3HWUX HayKoMeTpuyHmx 6a3 (Scopus, Web of
Science Ta PubMed). BukopucTtaHo metogm aHanisy, iHpopmauiiHoro notuyky, 6ibniocemMaHTUYHWIA, ONUCOBWIA, y3aranbHeHHs. Martepian
ANA [ocnigxeHHs — nybnikavii, ki MicTaTb iHopMaLlito LLoA0 NepcnekTUBHOMO apceHarny HoBX BioNorivYHO aKTUBHMX CMOMNYK — NOXiAHWX
1,2,4-Tpiasony came 3 NPOTYPaKOBUMY BNACTUBOCTAMY.

PesynkraTu. Y pesynsrati aHanidy BigomocTei haxoBoi nitepaTypy cxapakTepudyBanu i yaaranbHuUnu nepenik nikapcbkux npenaparis
— noxigHwx 1,2,4-Tpia3onis i3 NPOTUMYXIIMHHOK akTUBHICTIO. Ha MiAcTaBi BUBYEHHA [OCTYNHOI iHpopmaLii Ta NpoBeAeHHs iHdopMaLlin-
HO-MNAaTEHTHOrO MOLLYKY BCTAHOBWNW, LLO PUHOK YKpaiHW € HedoCTaTHbO HacudeHuM 1,2,4-Tpia3onBMicHUMK nNpenapatamu 3 NpoTupa-
KOBOIO aKTWBHICTIO CaMe BITYM3HAHOrO BUPOOHMLTBA. BuaHaumnnm, Wwo po3pobneHHs HOBUX ePEeKTUBHUX NiKapCbkux 3aco6iB Ha OCHOBI
1,2,4-Tpiasony Ta NOTEHLiAHNX NiKapCbkyx 3acobiB 3i CNPSMOBAHOK NPOTMPAKOBOI aKTUBHICTIO NOTpedye cucTemMaTuyHoro nigxoay nia
4ac i CUHTETUYHUX BUNPOBYBaHb, | CKPMHIHTY HOBMX CMOMYK ANS HACTYMHOI CTPYKTYPHOI ONTUMI3aLlii Moneky.

BucHoBku. AHani3 HaMHOBILLOI HAYKOBOI NiTepaTypy, WO NPUCBSYEHA BMBYEHHIO MPOTUPAKOBOI aKTUBHOCTI MoXigHWX 1,2,4-Tpiasony,
NiATBEPAXKYE NEPCNEKTUBHICTb NPOAOBXKEHHS LOCTIAXKEHb Y LIbOMY HanpsiMi. YncnexHi nybnikauii BkasyloTb Ha MOXMMBICTb NOCTINHOMO
BLOCKOHANIEHHS MOJIEKYI OO0 HAsiBHOCTI NPOTUPAKOBOI Aji. BiTun3HsHi 11 3apybixHi aBTOpK apryMeHTOBaHO NigTBEPAMIN NEPCNEKTVBHICTD
HayKOBOro HanpsiMy 3i CTBOPEHHS HOBMX OpWriHanbHWX NiKiB ANs Tepanii XBOPKX i3 Pi3HUMM OHKONATONOriAMU.

KntouoBi crosa: noxigHi 1,2,4-Tpiasony, NpoTupakoBa akTUBHICTb, TOKCUYHICTb, BionoriyHa Aid, oHkoTepanis, nikapcbki npenapaty.
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Anticancer properties of 1,2,4-triazole derivatives (literature review)
|. V. Bushuieva, M. V. Parchenko

Cancer is still one of the leading causes of death worldwide. Statistical data show that more than 130,000 people in Ukraine receive
this diagnosis as a sentence every year. Cancer can affect any organ and eventually the whole body. In most cases, cancer is a tumor
affecting epithelial, mucous, muscle, fat, and bone tissues. Also, processes related to malignant formations can occur in the blood and
lymph. The main mechanism that triggers the process of formation of neoplasms is a violation of growth and, accordingly, cell division.
They begin to grow uncontrollably, multiply, and can also migrate, spreading to nearby tissue structures, and later degenerate into atypical
(malignant) ones. Cancer is one of the most life-threatening diseases. Literature data show that more than 90 % of cancer patients die
due to chronic metastases. Cancer therapy involves the use of drugs that block the growth and spread of cancer cells by affecting certain
molecular structures involved in the growth, progression, and spread of cancer. The diversity of the use of means for cancer therapy,
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namely, hormone therapy, the use of angiogenesis inhibitors and apoptosis inducers, has provided scientists with various options for
finding effective means to fight this disease.

Aim. The aim of the work is the analysis and systematization of new data on the anticancer activity of 1,2,4-triazole derivatives and the
selection of the most promising directions for further scientific research based on the results of the analysis.

Materials and methods. The study employed various methods, including analysis, information search, bibliosemantic analysis, descriptive
techniques, and generalization. Research materials primarily comprised literary sources containing information on the promising array of
new biologically active compounds, particularly 1,2,4-triazole derivatives, known for their targeted anticancer properties.

Results. A literature search was carried out, 1,2,4-triazole derivatives with antitumor activity were analysed, characterized and summa-
rized. Based on the study of available information and conducting an information and patent search, it was established that the market of
Ukraine is insufficiently saturated with 1,2,4-triazole-containing drugs with anticancer activity of domestic production. It was determined
that the development of new effective drugs based on 1,2,4-triazole and potential drugs with clearly directed anticancer activity requires
a systematic approach both in conducting synthetic tests and screening new compounds for further structural optimization of molecules.

Conclusions. The analysis of scientific literature in recent years devoted to the study of the anticancer activity of 1,2,4-triazole derivatives
convincingly proves the prospect of further research in this direction. Numerous publications indicate the possibility of constant improvement
of molecules with regard to the presence of anticancer activity. Domestic and foreign authors have clearly and argumentatively proven the

perspective of the scientific direction for the creation of new original drugs to combat various oncopathologies.

Keywords: triazoles, anticancer activity, toxicity, biological action, oncology, therapy, drugs.
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CrarucTiuHi 1aHi CBia4arh, mo B noHax 130 tucsy mronei
B YKpaiHi IOPOKY BCTAaHOBIIOIOTH JiarHO3 pak. Pak Moxe
ypakati Oyib-sIKi OpraHd, 3 4acOM — yBECh OpraHizm. Y
O1IBIIOCTI BUITAJKIB OHKO3aXBOPIOBAHHS — 1€ ITyXJIMHH,
1[0 YPaXawTh CMiTeNiaabHi, CIU30Bi, M’sI30Bi, KHPOBI,
KICTKOB1 TKaHWHH. TakoX MPOIECH, MOB’s3aHi 31 3710sKic-
HUMH YTBOPEHHSIMH, MOXXYTh Tiepediraru y KpoBi Ta JiMdi.
TonoBHMIT MexaHi3M, SKUH 3aryckae mporec (GopMyBaHHS
HOBOYTBOPEHb, — [IOPYILIEHHS POCTY Ta, BIANOBIIHO, TOALTY
KJIITHH. BOHM NOYMHAIOTH HEKOHTPOJIHOBAHO 3POCTATH,
PO3MHOXKYBATUCA, @ TAKOXK MIrpyBaTH, MOIIUPIOIOYNCH HA
CYCiIHI TKaHWUHHI CTPYKTYpPH, 3TOIOM IMEPEPOKYIOTHCS B
aTUTIOBI (3JOSIKICHI).

Pax € oHi€r0 3 HAHOLTBII HEOE3MEUHUX JIS JKUTTSI XBOPOO.
BigomocTi HayKOBOI JIiTepaTypH CBiquarh, o noxam 90 %
XBOPHX Ha paK IOMHUPAIOTh Yepe3 XpOHiuHI MeTacTas3n. Tepa-
TIisI paKy IoJisrae y BAKOPHCTAHHI ITpenaparis, sSKi OIOKYIOTh
picT 1 MOIMIMPEHHST paKOBUX KIIITHH, BIUIMBAIOYHM Ha IEBHI
MOJICKYJSIPHI CTPYKTYpH, sIKI OEpyTh y4acTb y 3pOCTaHHi,
[pOrpecyBaHHi Ta MOUIMPEHH] paKy. Pi3HOMaHITHICTh BUKO-
pucTaHHS 3ac00iB IS JTIKYBAaHHS PaKy, a caMe TOpMOHaJIbHA
Teparis, 3aCTOCYBaHH iHTi0ITOPIB aHTiOTCHE3Y Ta IHAYKTO-
piB amonTo3y, HajlaJla HAyKOBILIM PI3HI BapiaHTH IOLIYKY
e(eKTUBHUX 3aCO0IB /It OOPOTHOH 3 III€X0 XBOPOOOFO.

IeTepolMKITivHI CIOMYKH € HAHOUTBIIT MOITMPEHUMHE CEPENT
OpTaHiYHUX PEYOBHH. YCi BOHH MAIOTh IPHPOIHE a00 CHH-
TETUYHE MTOXODKEHHS 1 BIIrparoTh HAA3BUYANHO BAXKIINBY
POJb Yy KUTTESUIBHOCTI JitognHU. HayKkoBO J0BeneHOI0
HUHI € BUCOKA 010JI0T1YHA aKTUBHICTh MoXigHuX 1,2,4-Tpia-
3oiy [1,2]. KpiM Tor0, iX 3aCTOCOBYIOTH SIK TUTACTH(IKATOPH
TTACTMAC, a TAKOXK K aHTUKOPO3iiHi 3aC00H, TIPHCAIKH 10
PI3HUX BHIIIB TAJUB, 32CO0M 3aXHUCTY POCIIHH TOIIIO.

TpuBanuii yac rerepouukiiuHa cucrema 1,2,4-rpiasony €
CBOEPIHUM «(YHIAMEHTOM» ISl CTBOPEHHSI HU3KM HOBHX
010JIOTIYHO aKTUBHUX CHONYK [3,4]. ¥ 0ararboX HayKOBUX
myOmiKamisax moka3aHo, mo moxigHi 1,2,4-Tpiasory xapak-
TEPU3YIOThCS PI3HIMHU BUIAMH O10JIOTIYHIX BIACTHBOCTEH,
a iXHs TOKCHYHICTh MiHiMaITbHA [5]. LI TeMa € akTyaapHOO

Ta 3aCJIyTOBY€ HA YBary y 3B’sI3Ky 3 MOCTIHHOIO TOTPeOoI0 y
CTBOpPEHHI HOBUX €(DEKTHBHUX JIIKiB.

AKTyaJIbHUM 3aBJaHHSM Ha LUIAXY PO3BUTKY CydacHOI
(hapMareBTHYHOT HAYKH 3aJIUIIA€THCS] CTBOPEHHS e(DEeKTHB-
HUX JIKIB Ui OOpOTHOM 3 Pi3HUMH OHKOIIAToJoTisIMH [6].
Tomy, Ha Hamry ITyMKY, TOCHTh MEPCHEKTUBHUMH 1 CBOE-
YaCHUMH € CIPOOH YYEHHX PO3LIMPIOBATH apceHasl HOBHX
010JIOTIYHO aKTUBHHX CIIONYK — MOXigHWUX 1,2,4-Tpiazomy
caMe 3 IPOTUPAKOBHMH BIIaCTHBOCTAMU. Lle macth 3mory
e(peKTHBHO MPOTHUIISITH MOIUPEHHIO PaKy [7].

HaykoBi my0umikariii 3a 0CTaHHI pOKHM CBiI4aTh PO HAKO-
NUYEHHS! JIOCTaTHHOTO 1H(OpMAIifHOrO MaTepianty I0/0
HOBHUX MOXigHUX 1,2,4-Tpia3omy, sSKi XapaKTepHU3YIOTHCSI
MIPOTHUPAKOBOIO JTIETO.

MeTta po6otu

AHai3 i cucteMarn3auisi HOBUX JaHHX ILOIO MPOTHPAKO-
BOT aKTUBHOCTI moxinHux 1,2,4-Tpia3ony Ta BU3HAYCHHS
3a pe3y/bTaTaMH aHali3y HANIEPCIIEKTUBHIIINX HAIPSMIB
HOJATBIIHUX HAYKOBUX JOCII/PKCHb.

Martepianu i MeToau gocnimkeHHs

[IpoananizyBanu naHi 3 mKepen (axoBoi JiTepaTypH, M0
BKITIOUCHI 10 pi3HUX HaykoMeTpuuHHX 0a3 (Scopus, Web
of Science Ta PubMed). Bukopucrano mMeronu aHaisy,
iHdopmauiitHOro nouryky, 6i0;10ceMaHTHYHHN, OMCOBHH,
y3araJbHCHHs. Marepian [uis AOCHTIPKCHHS — MyOsikaiii,
SIKI MICTATH 1H(OPMALIIFO MO0 MEPCIEKTHBHOTO apCeHATY
HOBHX 010JIOTIYHO aKTUBHHX CIONYK — MOXiTHUX 1,2,4-Tpi-
a3011y caMe 3 MPOTUPAKOBHMH BIACTUBOCTSIMH.

HuHi onHi€ro 3 TOMOBHUX MIPUYUH CMEPTi B yChOMY CBITI
3aJIMIIAIOTHCS. OHKOJIOT1YHI 3axBoploBaHHs. bararo jo-
CIIIHMKIB TIPALIIOIOTH HAJl IN3aHOM 1 pO3pPOOKOIO JIKIB Ha
TeTePOILMKIIIYHIi OCHOBI, 3IATHUX JIKYyBaTH paK Ha Pi3HUX
ctanisx [8]. Anami3 HayKOBOI JITEpaTypH ITOBOAWTH, IO
riopumHi 1,2,4-Tpia3oau MarOTh MHPOKUAN Oi0NOTIUHUN
noreHuian (0coOJIMBO CHIIBHY HPOTHPAKOBY aKTHBHICTB)
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Puc. 1. CTpyKkTypHi Monekynm aeskux noxigHwx 1,2,4-tpiasony, Lo MatoTb NPOTUPAKOBY aKTUBHICTb.

MIOPIBHSHO 3 BiAMTOBITHIMH MOHOUIMKITIYHUMH CHOTYKAMH
[9]. Hoximni 1,2,4-Tpia3omy, MOEAHAHHI 3 IHIIUMH TETEPO-
IUKITIYHAMA KapKacaMu, SK-OT MiPUMIIAHOM, TiPHIITHOM,
MMePUANHOM, XiHOKCATIHOM, XiHA30JiHOM, Tialia3uHOM,
IHJJOJIOM TOIIIO, BUSBIISFOTH BUCOKI TOKa3HUKH ITPOTHPAKOBOT
aKTHBHOCTI (puc. 1).

Y HayKoBil CTaTTi aBTOpH OOTPYHTYBAIM Ta 3MICTOBHO
JIOBEJIH MPOTHPAKOBY aKTUBHICTH JESIKUX HOBUX MOXITHUX
1,2,4-Tpia3omy Ha ocHOBi 3-(4,5-muMeTHnTia30m-2-11)-2,5-
mudenin-2H-TeTpa3oniro OpoMiny o0 PaKOBHX KITITHH
Hep-G2 i MCF-7 (Hepatocellular Carcinoma mediHku Ta
Michigan Cancer Foundation-7) [ 10]. [Ipu soMy He BUSIBHIA
IIUTOTOKCHYHOCTI IIUX CIOJYK.

HeoOximHiCTh pO3pOOICHHS HOBHUX IPOTHPAKOBUX MOJIE-
KyJI He BUKITUKAa€e CyMHIBiB. AtoMu HiTporeHy, siki BXOAATH
JI0 CKJIa Ty TeTePOLUKIIIYHAX CIIOITYK MPUPOTHOTO 200 CHH-
TETUYHOTO TTOXOKEHHSI, BUSIBIISIOTH TIOTYKHI ITPOTHPAKOBI
BIacTUBOCTI [ 11]. 3aBIsIKU TUITOTFHOMY XapaKTepy, 3MaTHO-
CT1 YTBOPIOBATH BOIHEBI 3B’ I3KH, POSYNHHOCTI Ta BITHOCHIH
crabimpHOCTI 1,2,4-Tpia3on € 0coOMHBO eheKTHBHIM (hapma-
Ko(hopoM, SIKUI B3aEMOJII€ 13 O10IOTIYHIMH PEIIENTOPaMH 3
JOCHTH BUCOKOIO CIIOPiAHEHICTIO [ 12]. ABTOpH IpOTeCcTyBaIN
Cepito HOBHX MOXiTHUX |,2,4-Tpia30iy MPOTH TPHOX Pi3HIX
JHIA PaKOBUX KIITHH JIOAWHH, BKIFodaroun PANCI (pak
TAIUTYHKOBOI 3a31031), DU145 (pak mepeaMixypoBoi 3ai1o-
3u), MCF7 (pak MOJIOYHOT 3aJI03H) Ta OJHY KIITHHHY JIIHIIO
¢ibpodmactiB (HDF)[12,13,14]. BctaHOBIEHO, IO CITOTYKH
3HIKYBAJM JKUTTE3AATHICTh KIITHH PaKy MiAIUTyHKOBOT
3aJI03M Ta MpOCTaTH. AHaNI3 KIITHHHOTO UKy TTOKa3aB,
0 BIUTMB PEYOBHH HA PICT PAKOBUX KIITHH 3COLTBIIIOTO
TIOB’SI3aHUH 13 3yIMMUHKOIO0 KIITHHHOTO MUKITY B S-asi [12].

Mupro I. 1. Ta criiBaBT. OCITTUITH IPOTHPAKOBY aKTUBHICTH
moximanx 7H-[1,2,4]tpia3zono[3,4-b][1,3,4]|Tiaxia3uny, 1m0

3[1aTHI 32 MEXaHI3MOM JIii iHIIIFOBaTH Pi3Hi IUIIXH 3aruoeri
MTyXJIMHHUX KITHH [ 15]. ABTOpH BCTaHOBHIIH, III0 CHHTE30-
BaHI MOJIEKYJIH MalOTh IPOTUITYXJIMHHY JIif0 Pi3HOTO PiBHS.
HaitaymBimmMy BUSABHINCH KIIITHHA MelaHOMU MDA-
MB-435 i SK-MEL-2, paxy uupok A498 i RXF 393, paky
HHC SNB-75 1 HenmpiOHOKTITHHHOTO paKy jJereHs NCI-H522.
[Hma po6ora mpucBsSUEHa MOUTYKY CIOMYK i3 MPOTHITYX-
JMHHUMHA BITACTHBOCTSAMH Cepell MOXiTHUX Tia3omo[3,2-b]
[1,2,4]rpia3on-6-oHiB [16]. [eski cepen HUX XapaKTepH-
3yIOThCSl BIIMIHHIMH TPOTHITYXJIMHHIMH BIACTHBOCTSIMH
npu 10 MxM.

Berymin — neHTaUKITIYHIA TPUTEPIICH, OTPUMAHHUH i3
6epe30Boi KOpH, XapaKTEePU3Y€EThCS IMIMPOKAM CIIEKTPOM
GiomoriuHo1 1ii. HaykoBIi OIiHWIA i1 Vitro IPOTUITYXIHHHI
BJIACTHUBOCTI CITONYK Ha OCHOBI 1,2,4-Tpiazonmy Ta miare-
TrnoetyriHy [17]. Criomyku mociiHKeHO 3 BUKOPHUCTAHHIM
TPBOX JTiHIH pakoBUX KIITHH: A375 (Menanoma), MCF-7 (pak
MOJIOYHOT 3271031, HT-29 (KOTOPEKTANEHAHN paK). 3a pe3yib-
TaTaMHy aHaJli3y aKTHBHOCTI BU3HAYMIIM PSIJT IEPCTIEKTHBHUX
pevosuH. Kaprierko fO. i criiBaBT. BUBYaIIM BIUTUB ITOXITHUX
5-(5-6pomdypan-2-im)-4-metun-1,2,4-tpiazon-3-Tiony Ta
5-tiodeH-(3-immeTmn)-4R-1,2,4-Tpiazomn-3-Tiony Ha KITITHHI
paxy mpoctaru PC3 [18]. Takox moBeIeHO IXHIO iHTIOY-
BaJIbHY aKTHUBHICTb IOA0 (DepPMEHTIB alleTHIXONiHeCTEepasn
(AChE) i 6yrupmmxominecrepasu (BChE). [leski criomyku
MaJTi 3Ha4Hy IUTOTOKCHYHY aKTHBHICTB IIPOTH KJIITHH paKy
npoctatu PC3, Xoua iXHiil BIUTHB HA KUTTE3IATHICTH HOP-
MAaJTbHUX KIIITHH TIPOCTaTH OyB 00MeskeHUM. Le cBimauTh mpo
IXHil BUOIPKOBHUII TOTEHITia HAIILTIOBAHHS Ha KIITHHH PaKy
TepeMixXypoBoi 3ao3u. IHII HAayKOBII 3a pe3yibTaTaMu
KOMIDIEKCHOTO JIOCITiJDKEHHS HOBUX MOXiTHUX 1,2,4-Tpiaszormy
BU3HAYMIIN TPH TIEPCTICKTUBHI CIIONTYKH. Pe3ynsraTy BUBUCH-
HS IXHIX MIPOTHITYXJIMHHNX BIIACTHBOCTEH in Vitro IOKa3ay,

ISSN 2306-8094

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MEAVNYHOI Hayku Ta npakTuku. 2024. T. 17, Ne2(45) 199



Review

IO IIi CHONYKH MAalOTh BUCOKY IPOTHPAKOBY aKTUBHICTh
1I0/10 KJIITUHHUX JIIHIH T IILTYHKOBOT 327031 [ 19].
Crepoinn — 6iOMONEKYISIpHI CTPYKTYpPH, IO BiIITParOTh
KJIFOUOBY POJIb Y Pi3HUX (pi3i0NoriyHuX mporiecax. [Iporsirom
OCTaHHIX JECATWIITE 3MIMCHIIN YUCIIEHH] JOCIIKEHHS CII0-
JIyK, yTBOPEHHX IOEAHAHHSM CTepOi/iB i rereporukis [20,21].
HayxoB1ii 3anporioHyBai OpHUTiHATFHAN METOJ] CHHTE3Y KOH TO-
TaHTIB CTEPOI/IB 1 TPia3oiTy, & TAKOK BUBYCHHSI iXHBOT POTH-
PaKoOBOi aKTUBHOCTI IIOJI0 Pi3HUX JIHINA PaKOBUX KITITHH [22].
Bimomo, 1110 pak — iodaibHa mpodiieMa Ta OCHOBHA IPHYH-
HAa CMEPTHOCTI B yCbOMY CBITi. Lle 31mosikicHe 3aXBOpIOBaHHS
XapaKTePU3Y€EThCs IBUIKUM 1 HEKOHTPOJILOBAHUM PO3MHO-
eHHaM Kiitun [23]. Sk cTBepmkyroth A. Sermukinyté et
al., iM BIamoCch CHHTE3YyBaTH Psii HOBUX INMEPCIEKTUBHUX
CTIOJYK, III0 BUOIPKOBO JiIOTh HA PAKOBI KJIIITHHH MEITAaHOMH
[24]. N’-(2-Oxkcoinpmomnin-3-iminen)-2-((4-benin-5-(2-(penin-
amiHo)etnn)-4H-1,2,4-tpiazon-3-inm)rio)anerorigpazum, N’-
((1H-nipon-2-im)metnien)-2-((4-penin-5-(2-(peninamino)
erwn)-4H-1,2,4-tpiazon-3-in)rio)anerorinpasug i N’-(2-rin-
pokcu-5-HiTpobeH3uniaeH)-2-((4-penin-5-(2-(peninamino)
ertun)-4H-1,2,4-Tpia3omn-3-11)Tio)areToriipasu BUsSBHINCS
HAaKTUBHIIIAMH TPOTH BCIX PAaKOBHUX KIITHH i TIOBHICTIO
NPHUTHIYYBaIN TXHIO MITparlifo.
3-1oMi>kK OHKO3aXBOPIOBAHb PaK JIEreHiB HEOE3MEUHHIH THM,
1110 Ha PaHHIX CTa/IisIX HOTrO CKIIA/IHO JIIarHOCTYBATH: BiH Ma€e
Maibke Oe3CHMITTOMHUI TIepedir, MOKK XBOpoOa He MPorpecye
[25]. HayKoBI1i CTBEPKYIOTb, 1110 iM BIAJIOCH CHHTE3yBaTH
pan noxinaux 2-[[5-[(4-amiHopeHokcH )MeT |-4-herHin-4 H-
1,2,4-tpiazon-3-in]rio]-N-(apwi)ameraminis, sSKi BUSBHINCH
AKTUBHUMH IIPOTH PaKy JEreHiB JIFoauHu (4549) 1 KIITHHHUX
JiHiN GidpodmactiB emOpiona mumi (NIH/3T3) [25].
[lepcneKTUBHUMH NMPOTHPAKOBHUMHU AareHTaMU TaKOX €
KOHJICHCOBaHI MOXijHI akpuauny i 1,2,4-Tpiazony [26].
BuBueHHs MexaHi3MIB 1 c1oco0iB 3B’sI3yBaHHS IINX CIIOITYK
3 mimenHto JIHK moxazano, 1110 11i pe40BUHHA MarOTh iHTEp-
KaJbhOBaHE PO3MIICHHS B aKTHBHUX LICHTPaX i CTaOUIbHI
B3aeMoIii, MomiOHI 10 KOHTposBHOTO Jirangy. OTe, BOHH
MOXKYTb JisITH 32 MEXaH13MOM BiIOMUX JIiKiB [26]. Po3po0ie-
HO OpHUTIHAJBHI METOJM CHHTE3y HOBHX MOXiTHUX 1,2,4-Tpi-
a30Jy Ta JIOCII/PKEHO iXHIO IPOTUPAKOBY aKTHBHICTb [27].
Tpu HOBI cHOTYKH MaJTy BUOIPKOBY ITUTOTOKCHYIHICTH TPOTH
kiituaHOI Ninii PC-93 ta HBT-55. Rathod B. & Kumar K.
3IIMCHIITN CHCTEMHHUH aHai3 iHpOopMarlii o0 HassBHOCTI
MIPOTHUPAKOBOT aKTUBHOCTI Y ISSIKUX MOXiHKX 1,2,4-Tpiazoimy
[9]. doBeneHo, mo moexHanHs 1,2,4-Tpia3oiy 3 iHIIIAMHU 110-
J(YHKITIOHATPHUMH 3aMICHUKaMH PO3IIHPIOE apCEHA ITPO-
THUPAKOBHUX CITOTYK. B 1HIIIIi OIS IOBIH CTATTI OMUCAHO MicIe
1,2,4-Tpia3oiny i1 4ac CTBOPEHHS MPOTUPAKOBUX MOJIEKYJT
pizaux THMIB [28]. XiMivHa MOIU]IKAIIiS CIIOIYK IPH3BOANUTE
JI0 YTBOPEHHSI PEYOBHH i3 IPOTUPAKOBOIO aKTHBHICTIO Ha OC-
HOBI HYKJICO3H/IIB, IHTI0ITOPIB KiHAa3, MOIYIISITOPIB TyOyITiHY,
Hri0ITOPIB apoMaTasy Ta CTepoiHoI cylbdarasu, iHridITOpiB
MEeTiOHIHAaMiHONETITHAA3H, 1HT10ITOPIB TaHKIpas3H, a TAaKoXK
MIPOTHPAKOBHX areHTiB HAa OCHOBI KOMILJIEKCIB MeTaiB [28].
Lei Y. et al. cuaTe3U3yBaMM psii HOBUX NPOTUITYXJIHH-
HUX HYKJICO3UAIB Ha OCHOBI 1,2,4-Tpia30MHYKICO3UIIB 1
1-((2-rigpokcuerokcu)metni)-5-(peninrio)-1H-1,2,4-pi-

a3on-3-kapookcaminy [29]. OpuriHambHUNA METOI CHHTE3Y
HOBUX 0ic-(1,2,4-Tpia301-3-TiOHIB), BHKOPHCTOBYIOUH 4-aMi-
HO-3-TpudTopMeTHII-5S-MepKanTo- 1,2,4-Tpia30oi Ta BiAIOBII-
Hi N-apui-2-0KCOnpOIanTiIpa30HOLIXIOPU/IN, TPOTIOHYIOTh
ino3emHi BueHi [30]. BoHM BH3HAYWIU PSIT CIIONYK, IIIO
BUSIBIJIMCH HAHaKTUBHIINMH iHTi0iTOpaMu npotn HEPG-2
Ta npotu KiiTuHHUX niHii HCT. Y poboti Bekircan O. et al.
[31] HaBemeHO pe3ynbTaTH BUBYCHHS MPOTUIYXJIMHHOI il
noxizHuX 1,2,4-Tpia3oiy Ha KyasTypH 3 60 KITITHHHUX JIHIH,
OTPUMAaHUX 13 J€B’SITM TUIIB paKy (HEIPiOHOKIIITHHHOTO
paKy JIeTeHiB, TOBCTOI KHIIIKH, MOJIOYHO] 3aJI03H, SIEYHHKIB,
JefikeMil, HUPOK, MEJIAaHOMH, IePeAMiXypoBOi 3aI03H Ta
IIHC) nipu ixcosawiii 1031 10 MxM.

OTxe, po3poOiieHHs HOBUX €(EeKTUBHUX PEYOBHH Ha OC-
HOBI 1,2,4-Tpiazoiy Ta HOTEHIIHHAX JTIKapCHKUX TpeTrapariB
13 HE3HAYHOIO IMOOIYHOO JIIEFO T YITKO CIIPSIMOBAHOKO IIPO-
THPAKOBOIO aKTHBHICTIO TIOTPEOy€E CUCTEMATHYHOTO MiJXOLY
i 9ac i CHHTETHYHUX BUIPOOYBaHb, i CKPUHIHTY HOBHX
CIIONYK JUISl HACTYIHOI CTPYKTYPHOI ONTHMI3aLlii MOJICKYII.

BucHoBku

1. Amnani3 HallHOBIIIOT HAyKOBOI JIiTEpaTypH, IO IPH-
CBs/YCHA BHBUCHHIO NPOTUPAKOBOT aKTHBHOCTI IOXiTHHX
1,2 ,4-Tpiazoiy, mATBEPIIKYE MEPCIICKTHBHICTH MPOIOBKCHHS
JOCHI/DKEHB Y IIbOMY HAIIPSIMI.

2. UYwucnenni nyOmikaiiii BKa3yroTh Ha MOXJIMBICTb T10-
CTIHOTO BIIOCKOHAJICHHS MOJICKYJI IIIOZI0 HAsIBHOCTI ITPOTHU-
PpaxoBoi Jii.

3. Bituu3HsHI 1 3apyOiKHI aBTOpU apryMEHTOBaHO
MiATBEPAUIN MEPCIEKTHBHICTh HAYKOBOTO HAINpsMY 31
CTBOpPEHHSI HOBUX OpPHUTIHABHUX JIKIB JJIS Teparii XBOPUX
i3 pI3HUMH OHKOITATOJIOTISIMH.

[lepciekTHBH MOAAIBIINX J0CTiTKeHb. Pe3ynsrar poboTn
JTaJTd MOXIUBICTh CIUIAaHYBaTH HACTYIHI JTOCIHIDKEHHS Y
[ILOMY HampsIMi.

®iHaHCcyBaHHA

[ocnimxenHs BkoHaHO B pamkax HAP 3anopiabkoro AepxasHoro
MeauKko-thapMaLEeBTU4HOTO YHIBEpCUTETY Ha Temy: «CuHTE3 Ta
BUBYEHHS (i3NKO-XiMiYHMX Ta GioNoriyHMX BNAacTUBOCTE PeYOBMH B
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Ta koMBIHOBaHWX NikapCbK1X MpenapariB Ha OCHOBI NOXiAHUX
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lMam'smi koneau

BwaHyBaHHsa 100-piyus
Bif AHA HAPOAXKEHHS
®epopa AHapinosuya KoHesa (1924-2005)

Denip AnppiiioBiny KoHeB, okTop (hapMaleBTHUHHUX HayK, podecop, AUPEKTop
XapKiBChKOTO HAayKOBO-AOCIITHOTO XiMiKO-(apMaleBTHYHOTO 1HCTUTYTY, 33 KUTTS
OyB JTy’Ke CKPOMHHM, JTIFOASTHUM, TTOPSITHIM Ta YBOKHHUM JI0 TTiJICTIINX, a TAKOXK 3110~
HHMM OpraHi3aTopoM, a/uKe XapaKTePHOIO HOro prcoro Oylio BMiHHS J00MpaTH KaJipu
JUTsl BAKOHAHHSI HAYKOBHX JIOCITIZKEHb 1 PaIiBHUKIB [1s1 poOOTH y (hapMalieBTHIHOT
nipomuciioBocti. KoneB @. A. po3poOuB 1Ty CTpaTerito HayKOBUX JOCII/KEHb 1 BH-

POOHMIITBA 1H’ €KIIIHHKX 1 PIKHX JIIKapCHKUX (OopM.

Denip AHnpiiioBHY yMiB 3al[iKaBUTH Ta 3aIyYUTH MPAIIBHUKIB (papMarieBTHIHIX
ANPHEMCTB JI0 HAYKOBUX JIOCII/PKEHB 1 BIPOBA/DKEHHSI B IPOMHUCIIOBICTh Oararhbox
JIKapChKHX Mpernaparis i popM Ha 3aBojIax 1 papMalieBTHUHMX MiANPHEMCTBAX YKpaTHH,

a Takox pecryonik CepenHboi A3ii Ta kpain banTii.

Pesynbraramu HaykoBoi aisutbHOCTI Penopa AHzpiiioBnua KoHesa cranu:

e (inerp XHIX®I, sikuii BUKOPUCTOBYIOTH Y BAPOOHHIITBI 1H’€KLIHHUX JTIKapChKUX TIperiaparis;

®  HOBI TEXHOJIOTTYHI MPUHIMIH (UIBTpALii 1H’ €KIIHHIX PO3YHHIB;

e y criBnpaui 3 I. M. KypueHkom po3po0iieHO BaKkyyMHHI METOJ| aMITYJIFOBaHHSI iH €KIIHHNX PO3UMHIB y CEPEelOBHIL
IHEpPTHOTO ra3y (MIOKCUIY BYIJICIO);

®  CTBOPEHHSI TAPOKOH/ICHCAIIIHHOTO CII0CO0Y OYHMILIEHHSI CKIISTHOTO TIEPBUHHOTO ITaKyBaHHs 3 3aCTOCYBAHHSIM aBTOMATH-
30BaHOI CXeMHU BUPOOHUIITBA;

e crinbHO 3 CIIKB «Memnpom» i Jocnigaum 3aBogom XHIX®I mix kepiBuuiTBoM Denopa AHAPiHOBHYA CTBOPCHO
ABTOMATH30BaHy CHCTeMY (UIBTpAILLi], yCTAHOBKY TSl OJJHOPA30BOI TEPMIUHOI Ta Oararopa3oBoi MapOKOHIACHCAIIHHOT MUAKH
aMITyJ 1 (pJIaKOHIB, MAIIMHY JUIS PI3KH KaNJISIPIB CIIapEeHNX aMITyJl;

®  CTBOpEHHs 1H €KIIHHMX JIKapChbKHUX MPEnapariB, TEXHOJIOTTYHHI TIPOIIEC OTPUMAHHS SIKMX IPYHTYETHCS Ha PEaKIisiX
COJICYTBOPEHHSI PsITy aMIHOKHCIIOT;

®  YJIOCKOHAJICHHS TEXHOJIOT1i BUPOOHMIITBA MACISIHUX 1H €KIIHHNX PO3YMHIB, 30KpeMa 3aMiHH Macjia Ha HEBOJAHUH po3-
YHUHHUK — €TIOJear,

e mix kepiBauITBOM Denopa AnzpilioBHYa pO3poOIEHO Ta BIPOBA/KEHO Y BUPOOHHIITBO LMK PSJ OPUTIHATBHUX
0’ eKIiiHUX npenaparis: «lutwniny, «dubazony, «llenaniny, « AmHionen», «bapanriny, «Cudazon;

e yuriHii cniBnpari 3 B. M. CyxiHiHUM po3po0seH0 MeTo1 CyOniMaIliifHOTO CYIIIiHHS PO3UMHIB TEPMOIA0LIEHHX TIpe-
napartiB JUIsl MiABUILEHHS! IXHBOT CTaOLIBHOCTI i OTpUMAaHHSI IIperapariB st iH €Ki Ha TX OCHOBI;

e mix kepiBHHUITBoM Denopa Anpiiiorya Konea b. 1. Bakymmn 1 JI. I AnmakaeBa po3poOHiIi eKCripec-TecTH st
BU3HAYCHHS HAPKOTUYHHUX PEUOBHH.

3 iHiniaruBy i 3aBasiku podoti Denopa AnzapiiioBrya y 1978 poui Oyso BigkpuTo crierianizoBany BueHy pany 3 3axucty
KaHMJaTCHKUX 1 JOKTOPCHKUX Auceprallii. 3arajgoM y BueHiit paai Oymo 3axumieno 310 guceprariii — 240 kaHIMIATCHKUX 1
70 DOKTOPCHKHX; 30KpeMa 0 opraHizaiisx i mianpuemcrsax Ykpainu: [HIJIC — 86 (68 kanauaaTchkux i 18 JOKTOPCHKHX),
H®Y — 95 (68 xanmunarcekux i 13 gokropebkux), 3MY — 26 (15 kanaunarcekux 1 11 gokropebkux), JIbBiBebkuii — 5 (3
KaHUIaTChKUX 1 2 noktopebkux), H/I / papmanesruuni 3aBoau — 24/10 (18/7 kanmunarcekux 1 6/3 nokropebkux). Beboro
3 Ykpainu — 224 (175 xannunarcbkux 1 49 HOKTOPCHKHX) UcepTanii, 3 iHmmx Kpai city — 71 (54 kaHIunarcbkux i 7 J10K-
TOPCHKHX) JTUCEPTALLis.

Denip Aunpiiionu Kones 3ificHIoBaB MaciiTaOHi i IPyHTOBHI HAYKOBO-IOCIIIHI poOOTH, HaipyKyBaB Ouibiie Hixk 300
Tipatib, i3 Hux 240 crareif, 1onoBinei, Te3 i MoHorpadiii, monas 70 naTeHTiB Ta aBTOPCHKHUX CBiONTB. [1ij1 HOro KepiBHULITBOM
3aXUIIEeHO 12 KaHAWAATChKHX 1 2 JOKTOPCHKHX AMCEPTAIlii.

3aBIsIKK BEJIMKOMY JIOCBIy B opraHizaiii Ta HeBuueprnHiii eneprii ®@enopa AnapiiioBunuya KoneBa XapkiBchbkuid HayKo-
BO-JIOCHIHUN XiMiKO-(hbapMalieBTHYHUNA 1HCTUTYT il 10ro KepiBHUIITBOM IEPETBOPUBCS HA MPOBIIHY HAYKOBO-AOCIITHY
ycTaHoBY B (hapMarieBTHuHI ramysi. HaykoBi npoexry, siki mpoBoanB ocoducto Deip AHIpiiioBUY Ta SIKUMH BiH KEpyBaB,
HOro HayKOBI TOCSATHEHHS Ta HAOYTKU MaJId HACTUTHKH BaXKJIMBE 3HAYCHHSI, 1110 PAIUKAIBHO 3MIHIIH (apMalleBTUYHY MTPO-
MHUCJIOBICTB y Tiepion 3 1950 no 1970 p.

L1i mocsirHEeHHs cBiT4arh Mpo BUCOKMi mpodecionanizm denopa AnzpiioBuua KoHeBa, i HaM XOueThCs BUCJIOBHTH Haii-
mupiti noayTTs 3 Haroay 100-pivds Bix JHS HOTO HAPOIDKEHHSL.

Opyr I. A. Ma3yp, yuenuus J1. I. Anmakaesa
3 BEJIMKOO BAAYHICTIO Ta noluaHoo!
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