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The combination of pyrazole and 1,2,4-triazole fragments in one structure makes it possible to achieve some success in creating potential
biologically active compounds. Various factors contribute to this process. Among them, we can note the significant possibilities of chemical
transformation involving these cycles, the simplicity, and reliability of methods, the creation of molecules with a certain level of bioavailability
and the ability to influence a number of biochemical processes. Taking into account the presented facts, the creation of new compounds in
a number of pyrazolo-triazole condensed systems is scientifically attractive with endowed features of practical significance and relevance.

The aim of the work was to identify optimal conditions for the production of 3-(ethylthio)-9-methyl-6-(alkylthio)pyrazolo[1,5-d][1,2,4]
triazolo[3,4-f][1,2,4]triazines and to study the properties of the target reaction products.

Materials and methods. The chemical part of the work involved the step-by-step creation of target reaction products in the form of
3-(ethylthio)-9-methyl-6-(alkylthio)pyrazolo[1,5-d][1,2,4]triazolo[3,4-f][1,2,4]triazines. The first stage was aimed at conducting the interaction
of diethyloxalate with acetone with the participation of sodium methylate in a methanol medium. Ethyl-2,4-dioxopentanoate was used
in the conversion process to 3-methylpyrazole-5-carbohydrazide with the participation of hydrazine hydrate. Further modification of
the molecule consisted of the gradual formation of the structure of 4-amino-5-(3-methylpyrazol-5-yl)-1,2,4-triazole-3-thiol. The next
step involved the synthesis of 3-ethylthio-5-(3-methylpyrazol-5-yl)-1,2,4-triazole-4-amine. Further conversion included the production of
potassium 3-ethylthio-9-methylpyrazolo[1,5-d][1,2,4]triazolo[3,4-1][1,2,4]triazine-6-thiolate and its S-alkyl derivatives along the triazine
fragment. Cyclooxygenase-2, lanosterol-14a-demethylase and receptor tyrosine kinase were selected as model enzymes for docking,
the crystal structure of which was loaded from the Protein Data Bank.

Results. The synthesis of 3-(ethylthio)-9-methyl-6-(alkylthio)-pyrazolo[1,5-d][1,2,4]triazolo[3,4-][1,2,4]triazines were carried out and
the optimal conditions for the production of these substances were determined. The structure of the chemical transformation products was
proved and the results of the study of the main physical properties were recorded. The results of virtual studies provided an opportunity
to substantiate the prospects of the selected chemical transformation vector, which ultimately made it possible to determine the biological
potential of the obtained compounds.

Conclusions. Based on the results of the study, information was obtained that gives a certain idea of the possible level of influence of
synthesized compounds on the activity of lanosterol-14a-demethylase, which makes it advisable to further search for substances with
fungistatic and fungicidal effects.
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CuHTe3 Ta BnacTmBocTi 3-(eTuntio)-9-meTun-6-(ankintio)nipasono[1,5-d][1,2,4]rpiazono-[3,4-f][1,2,4] Tpia3uHiB
C. O. deporos, A. C. louyns

MNoeaHaHHs B 0fHi CTPYKTYpi parMeHTiB nipasony Ta 1,2,4-Tpiazony Aae 3amMory 4OCATU NEBHKX YCMiXiB Y cdepi CTBOPEHHS MOTEHLINHNX
6ionoriyHo akTMBHMX cnonyk. LibomMy npouecy cnpusitoTb pisHi hakTopu, SK-0T CYTTEBI MOXMMBOCTI XiMIYHOTO NEPETBOPEHHS 3a y4acTio
Ha3BaHUX LMKNiB, NPOCTOTA Ta HaAiMHICTb METOAMK, CTBOPEHHS MOMEKY i3 NEBHUM piBHEM 6iOLOCTYNHOCTI Ta 3MOrOH0 BMIMBATU HA HUA3KY
6GioximiuHux npouecis. OTxe, CTBOPEHHSI HOBYX CMOMYK Y psily Nipa3ono-Tpias3onoBux KOHAEHCOBaHWX CUCTEM BUKITUKAE HAYKOBWIA iHTEpEC,
Mae NpaKkTU4He 3HAYEHHS Ta XapakTepu3yeTbCs akTyasnbHICTHO.

MeTa po60oTu — BU3HaYeHHS ONTUMArbHMX YMOB OTpUMaHHs 3-(eTuntio)-9-meTun-6-(ankintio)nipasono[1,5-d][1,2,4]tpiasono[3,4-A[1,2,4]
TpiasuWHiB i 4OCNIANTM BNACTUBOCTI LiNbOBMX NPOAYKTIB peakLii.

Martepianu Ta Mmetogu. XimiyHa yactuHa poboTu nepegbadana noetarnHe CTBOPEHHS LiNMbOBUX MPOAYKTIB peakuii — 3-(eTunTio)-9-me-
TUn-6-(ankinTio)nipasono[1,5-d][1,2,4]tpiaszono[3,4-[1,2,4]Tpia3uHiB. MepLunii eTan MaB Ha MeTi NPOBEAEHHS B3aEMOpii AieTnnokcanary 3
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aLLETOHOM 3a y4acTHo HaTpilt MeTUnaty B cepenouLi metaHony. OgepxxaHun eTun-2,4-0iokconeHTaHoaT Ha HaCTyNHOMY eTani 3aCToCyBanu
y MpoLeci NepeTBOpeHHs y 3-meTunnipason-5-kapborigpasug 3a yyacTio rigpasuH rigpaty. Hagani mogudikauis Mmonekynu nonsrana B
noeTanHomy opMyBaHHi CTPYKTypy 4-amiHo-5-(3-meTunnipason-5-in)-1,2,4-tpiason-3-tiony. HacTynHui kpok nepeabavas cuHTe3 3-eTni-
Tio-5-(3-meTunnipason-5-in)-1,2,4-tpiason-4-aminy. [lanbLue nepeTBOpeHHs — ofepaHHs kanin 3-etuntio-9-metunnipasono[1,5-d][1,2,4]
Tpiasono[3,4-f][1,2,4]TpiasnHo-6-TionaTy Ta 1oro S-ankinnoxigHux 3a TpiasuHOBUM dparMeHToM. AK MoaenbHi hepMeHTU ANns LOKIHTY
obpanu umknookcurenasy-2, naHoctepon-14a-gemeTunasy Ta peLenTopHy TMPO3WHKIHA3y, KpUCTaniYHy CTPYKTYPY SKUX 3aBaHTaXWUIN 3
Protein Data Bank.

Pesynkratu. 3aincHunu cuHtes 3-(etuntio)-9-metun-6-(ankinTio)-nipasono[1,5-d][1,2,4]rpiasono[3,4-][1,2,4]Tpia3uHiB, BU3HauMnm on-
TUMarnbHi YMOBW NPOLieCY OAepXaHHs X pevoBuH. [JoBENM CTPYKTYpY NPOAYKTIB XiMIYHOrO NepeTBOPeHHs!, 3adikcyBanu pesynsratu
LOCTIIKEHHS OCHOBHMX (Di3VNYHMX BMAcTUBOCTEN. Pe3ynbraty BipTyanbHUX AOCTiLKEHb OBrpyHTYBanm nepcrnekTUBHICTL 06paHoro BekTopa
XiMiYHOI TpaHcopmaLlii, a 0Tke Jany 3Mory BU3HauMTUCS 3 BioNOriYHMM NOTEHLianoM oaepXaHux Cronyk.

BucHoBkw. Y pesynerati fOCHimKEHHS oTpyUMany iHopmaLito, Wo (hopMye YABIEHHS NPO MOXIMBWIA PiBEHb BMIIMBY CUHTE30BaHWMX CNONYK
Ha aKkTMBHICTb NaHocTepon-14a-gemeTunasm, a omke JOLiNbHUM € NPOLOBXEHHS MOLLYKY PEYOBUH i3 (YHrCTaTUYHOK Ta (OyHrILMAHO0

nisgMu.

Knrovogi cnoga: 1,2,4-Tpiazon, nipason, gi3nko-xiMiyHi BNacTMBOCTI, MOMEKYNAPHUIA OOKIHT.
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Heterocycline compounds are an inexhaustible source for
obtaining promising biologically active molecules [1-5].
Therefore, the synthesis of new condensed systems with
the participation of heterocycles has favorable conditions for
active development, because it allows you to create molecules
with different types of biological activity [6]. Among such
systems, special attention is focused on those that contain
Nitrogen in their structure.

Among a significant number of azageterocyclic systems,
pyrazole and 1,2,4-triazole are distinguished in a certain
way. The use of heterocycles in the process of creating new
“drug-like” molecules is justified by the results of numerous
studies in the field of prototyping innovative medicines. The
formation of this phenomenon is explained by numerous fac-
tors. These are the characteristic features of the structure and
significant possibilities of various chemical modifications, as
well as the ability to form structures with hydrophilic prop-
erties. These principles and guidelines for targeted synthesis
allowed a significant circle of scientists to obtain certain
practically significant results for pharmacy and medicine
[7-13]. But, despite the achievement of significant results,
there is still a certain list of issues in the segment of creating
condensed systems based on pyrazole and 1,2,4-triazole and
studying their properties that require solving and compre-
hensive research.

Aim

The aim of the work was to identify optimal conditions for
the production of 3-(ethylthio)-9-methyl-6-(alkylthio)pyra-
zolo[1,5-d][1,2,4]triazolo[3,4-f][1,2,4]triazines and to study
the properties of the target reaction products.

Materials and methods

The chemical stage of the scientific work involved the process
of its implementation and creation of target products of chem-
ical transformation using classical methods of organic syn-
thesis. Well-known reagents and common solvents were used
(Fig. I). Synthetic studies were carried out using reagents of
the companies “Merck KGaA” (Germany), “Sigma-Aldrich

Chemicals Ltd” (USA) with chemical qualification purum
or pro analysis.

Potassium 3-(ethylthio)-9-methylpyrazolo[1,5-d][1,2,4]
triazolo[3,4-f][1,2,4|triazine-6-thiolate (3). 0.01 Mol of 3-(ethyl-
thio)-5-(3-methylpyrazol-5-yl)-1,2,4-triazole-4-amine was
added to a solution of 0.01 mol of potassium hydroxide in 50
ml of propane-2-ol and stirred until dissolved. After complete
dissolution, the mixture was placed in an ice bath and carbon
disulfide was added drop by drop. This solution was stirred
for 2 hours. Excess alcohol was removed under a vacuum.
The resulting yellow crystalline substance was filtered and
recrystallized from alcohol.

General procedure for the synthesis of 3-(ethylthio)-9-methyl-6-
(alkylthio)-pyrazolo[1,5-d][1,2,4]triazolo|3,4-f][1,2,4]triazines (3.1-
3.10). An equivalent amount of the corresponding haloalkane
(C H, , Br;n=1-10) was added to a solution of 0.005 mol
of potassium 3-(ethylthio)-9-methylpyrazolo[1,5-d][1,2,4]
triazolo[3,4-f][1,2,4]triazine-6-thiolate in 35 ml of propane-
2-ol obtained by heating. The solution then was heated for
1 hour. Excess alcohol was removed under vacuum. The
resulting sediment was filtered and recrystallized.

The structure and individuality of the synthesized sub-
stances were confirmed by modern methods of analysis.
Melting points were determined using open capillaries using
the Stanford Research Systems Melting point Apparatus 100
(SRS, USA). Element analysis (C, H, N, S) was performed
using an “Elementar vario EL cube” analyzer (Elementary
Analysensysteme, Germany) with quantitative determination
of components by thermal conductivity on the detector. 'H
NMR spectra (400 MHz) were obtained on a “Varian-Mercury
400” spectrometer (Bruker DRX 500, USA) in DMSO-d,
medium using tetramethylsilane as an internal standard.
Chromato-mass spectra were recorded on an “Agilent 1260
Infinity HPLC” liquid chromatograph system (Agilent,
Germany) with an “Agilent 6120 spectrometer (Agilent,
Germany) (electrospray ionization method (ESI)).

Research in silico was a molecular docking method using
“Vina” and “Discovery Studio” as software. This method
allowed you to navigate the selection of molecules with a
certain level of affinity for a certain biological target. Mac-
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Fig. 1. Synthesis scheme of 3-(ethylthio)-9-methyl-6-(alkylthio)-pyrazolo[1,5-d][1,2,4]triazolo[3,4-1][1,2,4]triazines.

romolecules from the Protein Data Bank (PDB) were used as
biological targets, namely: a fragment of cyclooxygenase-2
in complex with celecoxib, lanosterol-14a-dimethylase in
complex with fluconazole, and receptor tyrosine kinase in
complex with crizotinib.

The choice of biological targets is determined by the lite-
rature data on the mechanism of action of antifungal agents.

The research methodology consisted of the following
stages:

1) ligand preparation: construction of structural formulas of
compounds using the program “MarvinSketch 6.3.0” (saving
in mol-format); creation of a 3D structure of formulas of
compounds-molecular modeling using the program “Hyper
Chem 8” based on the method of molecular mechanics MM+
and semi-empirical quantum mechanical method PM3 with
the maximum number of cycles and Polak—Ribiere algo-
rithm (saving in pdb-format); application of “AutoDock-
Tools-1.5.6” to convert pdb files to PDBQT;

2) enzyme preparation: removing water and ligand mo-
lecules from the crystal using the “Discovery Studio 4.0”
software package (saving in pdb format); adding polar Hy-
drogen atoms and converting the enzyme from the pdb file
to PDBQT using “AutoDockTools-1.5.6”;

3) molecular docking: performing docking using the “Vina”
program; data visualization was performed using the “Dis-
covery Studio 4.0” program.

Results

The stepwise formation of the structure of the Intermediate
3-ethylthio-5-(3-methylpyrazol-5-yl)-1,2,4-triazole-4-amine
and the properties of all preintermediates were described in

previous works [14,15]. The synthesis of potassium 3-(ethyl-
thio)-9-methylpyrazolo[1,5-d][1,2,4]triazolo[3,4-f][1,2,4]
triazine-6-thiolate was successfully performed using carbon
disulfide in an alkaline alcohol medium (Fig. 1).

As part of solving one of the problems that were set in this
paper, alkylation for Sulfur was performed on a triazine frag-
ment of compound 3. For this purpose, bromoalkanes were
used as an alkylating agent. The reaction was carried out in
a propane-2-ol medium when heated for 1 hour.

The synthesized substances are white crystalline powders,
soluble in DMFA and DMSO, when heated —in 1,4-dioxane,
practically insoluble in water, diethyl ether, and chloroform.

The structure of all synthesized substances was confirmed
by physical-chemical methods: '"H NMR spectroscopy and
elemental analysis. The purity of the chemical interaction
products and their identity were confirmed by chromato-mass
spectra.

3.1: 'THNMR, 6 (ppm), J (Hz): 7.35 (s, CH, pyrazole), 3.22
(q, J = 6.2 Hz, 2H, CH,CH,), 2.61 (s, 3H, SCH,), 2.54 (s,
3H, CH,), 1.37 (t, J = 12.5 Hz, 3H, CH,CH,). Anal. calcd.
(%) for C H NS, ESI-MS: m/z = 281 [M+H]". Elemental
Analysis: C, 42.84; H, 4.31; N, 29.98; S, 22.87. Found: C,
42.95; H,4.32; N, 29.90; S, 22.81.

3.2: 'TH NMR, 6 (ppm), J (Hz): 7.36 (s, CH, pyrazole),
3.22(q,J = 6.2 Hz, 2H, CH,CH,), 3.13 (q, / = 5.5 Hz, 2H,
SCH,CH,), 2.54 (s,3H, CH,), 1.38 - 1.31 (m, 6H, 2CH,CH,).
Anal. caled. (%) for C, H NS, ESI-MS: m/z=295 [M+H]".
Elemental Analysis: C, 44.88; H, 4.79; N, 28.55; S, 21.78.
Found: C, 44.76; H, 4.78; N, 28.48; S, 21.84.

3.3: 'H NMR, ¢ (ppm), J (Hz): 7.35 (s, CH, pyrazole),
3.22(q, /= 6.2 Hz, 2H, CH,CH,), 3.14 (t, /= 4.6 Hz, 2H,

ISSN 2306-8094
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SCH,CH,CH,), 2.54 (s, 3H, CH,), 1.77 — 1.71 (m, 2H,
SCH,CH,CH,), 1.37 (t, J = 6.2 Hz, 3H, CH,CH,), 1.07 (t,
J=72Hz, 3H, S(CH,),CH,). Anal. caled. (%) for C H NS,
ESI-MS: m/z =309 [M+H]". Elemental Analysis: C, 46.73;
H, 5.23; N, 27.25; S, 20.79. Found: C, 46.86; H, 5.24; N,
27.17; S, 20.73.

34: 'HNMR, 0 (ppm), J (Hz): 7.37 (s, CH, pyrazole), 3.12
(t,J=4.6 Hz, 2H, SCH(CH,),CH,), 3.21 (q,/= 5.8 Hz, 2H,
CH,CH,), 2.54 (s, 3H, CH,), 1.69 — 1.61 (m, 2H, SCH,CH-
,CH,CH,), 1.39 — 1.33 (m, 4H, CH,CH,, S(CH,),CH,CH,),
0.92 (t, J= 7.1 Hz, 3H, S(CH,),CH,). Anal. calcd. (%) for
C;H NS, ESI-MS: m/z= 323 [M+H]". Elemental Analysis:
C, 48.42; H, 5.63; N, 26.06; S, 19.89. Found: C, 48.29; H,
5.62; N, 26.13; S, 19.94.

3.5: 'TH NMR, ¢ (ppm), J (Hz): 7.36 (s, CH, pyrazole),
3.27-3.18 (m, 4H, CH,CH,, SCH,(CH,),CH,), 2.54 (s, 3H,
CH,), 1.78 = 1.70 (m, 2H, SCH,CH,(CH,),CH,), 1.41 —1.33
(m, 7H, CH,CH,, SCH,CH,(CH,),CH,), 0.89 (t, /= 7.1 Hz,
3H, S(CH,),CH,). Anal. calcd. (%) for C H, N S, ESI-MS:
m/z=337 [M+H]". Elemental Analysis: C,49.98; H, 5.99; N,
24.98; S, 19.06. Found: C, 49.83; H, 6.00; N, 25.05; S, 19.01.

3.6: '"H NMR, ¢ (ppm), J (Hz): 7.36 (s, CH, pyrazole),
3.26-3.17 (m,4H, CH,CH,, SCH (CH,),CH,), 2.54 (s, 3H,
CH,), 1.65—1.57 (m, 2H, SCH,CH,(CH,),CH,), 1.42 - 1.32
(m, 9H, CH,CH,, S(CH,) (CH,),CH,), 0.94 — 0.84 (m, 3H,
S(CH,),CH,). Anal. caled. (%) for C H, NS, ESI-MS:
m/z =351 [M+H]". Elemental Analysis: C, 51.40; H, 6.33;
N, 23.98; S, 18.29. Found: C, 51.53; H, 6.34; N, 23.92;
S, 18.24.

3.7: '"H NMR, ¢ (ppm), J (Hz): 7.35 (s, CH, pyrazole),
3.27-3.20 (m, 4H, CH,CH,, SCH,(CH,),CH,), 2.55 (s, 3H,
CH,), 1.65—1.57 (m, 2H, SCH,CH,(CH,),CH,), 1.37-1.25
(m, 11H, CH,CH,, S(CH,),(CH,),CH,), 0.92 - 0.86 (m, 3H,
S(CH,),CH,). Anal. caled. (%) for C, H, NS, ESI-MS:
m/z=365 [M+H]". Elemental Analysis: C, 52.72; H, 6.64; N,
23.05; S, 17.59. Found: C, 52.57; H, 6.63; N, 22.99; S, 17.64.

3.8: 'TH NMR, ¢ (ppm), J (Hz): 7.37 (s, CH, pyrazole),
3.27-3.19 (m,4H, CH,CH,, SCH(CH,) ,CH,), 2.55 (s, 3H,
CH,), 1.65—1.57 (m, 2H, SCH,CH,(CH,),CH,), 1.39 - 1.28
(m, 13H, CH,CH,, S(CH,),(CH,).CH,), 0.94 - 0.85 (m, 3H,
S(CH,).CH,). Anal. caled. (%) for C H, NS, ESI-MS:
m/z=379 [M+H]". Elemental Analysis: C, 53.94; H, 6.92; N,
22.20;S,16.94. Found: C, 54.09; H, 6.91; N, 22.14; S, 16.99.

3.9: '"H NMR, ¢ (ppm), J (Hz): 7.37 (s, CH, pyrazole),
3.28-3.20 (m, 4H, CH,CH,, SCH,(CH,) ,CH,), 2.54 (s, 3H,
CH,), 1.65—1.57 (m, 2H, SCH,CH,(CH,),CH,), 1.40 - 1.33
(m, 15H, CH,CH,, S(CH,),(CH,),CH,), 0.94 —0.85 (m, 3H,
S(CH,),CH,). Anal. caled. (%) for C H, NS ESI-MS:
m/z=393 [M+H]". Elemental Analysis: C, 55.07; H, 7.19; N,
21.41;S,16.33. Found: C, 54.93; H, 7.18; N, 21.46; S, 16.37.

3.10: 'H NMR, ¢ (ppm), J (Hz): 7.36 (s, CH, pyrazole),
3.27-3.18 (m, 4H, CH,CH,, SCH,(CH,),CH,), 2.56 (s, 3H,
CH,), 1.63—1.57 (m, 2H, SCH,CH,(CH,),CH,), 1.40 - 1.27
(m, 17H, CH,CH,, S(CH,),(CH,),CH,), 0.94 — 0.85 (m, 3H,
S(CH)),CH,). ESI-MS: m/z = 407 [M+H]". Analytical cal-
culated (%) for C, H, N S : C, 56.12; H, 7.44; N, 20.67; S,

197730" 62"

15.77. Found: C, 56.27; H, 7.45; N, 20.61; S, 15.73.

Methods for creating innovative drugs (“drug-design”) in-
clude molecular docking, molecular modeling, and molecular
dynamics to elucidate the activity of promising molecules,
establish biological targets for ligand binding, and rationally
create potential drug substance candidates.

It should be noted that the synthesized structures have
some similarities with the corresponding drugs, which exhibit
anti-inflammatory (celecoxib), antifungal (fluconazole), and
anti-cancer (crizotinib) activity. At the same time, these drugs
have a wide range of side effects. Therefore, the creation of
new medicines with such types of activities is relevant.

Complexes of synthesized compounds with cyclooxygen-
ase-2, lanosterol-14a-demethylase, and receptor tyrosine
kinase were analyzed by the ligand-receptor binding energy
and evaluated visually [16-18].

Analysis of the results of docking studies demonstrates
a wide range of amino acid residues of the active site of
cyclooxygenase-2, which can take part in the formation of
bonds with synthesized ligands (7able I).

The completeness of the idea of the possibility of interac-
tion of synthesized structures with the active COX-2 center
was supplemented by quantitative indicators (7able 2).

Among antifungal drugs, a significant percentage are
built on the basis of various heterocyclic fragments. Among
such fragments, nitrogen-containing compounds occupy
an important place. This interaction leads to a violation of
the functions of lanosterol-14a-demethylase, which leads to
blocking the synthesis of ergosterol, which is an important
structural component of the fungal cell membrane and ensures
the implementation of its important functions.

The nature of amino acid fragments of lanosterol-14a-
demethylase, which were probably responsible for interaction
with synthesized ligands, has been established (7able 3).

The obtained energy indicators of intermolecular in-
teractions confirm a significant probability of detecting
antifungal properties in a number of synthesized com-
pounds (Table 4).

The obtained compounds were also docked relative to
the receptor tyrosine kinase, which made it possible to
establish the nature of the actual amino acid fragments
(Table 5).

The obtained energy values of intermolecular interactions
indicate a diverse level of probability of detecting compounds
with the ability to actively influence the activity of receptor
tyrosine kinase (7able 6).

Discussion

"H NMR spectra of all synthesized compounds were charac-
terized by the presence of singlet signals due to the Hydrogen
of the pyrazole fragment (7.37-7.35 ppm) and the methyl
group associated with this heterocycle (2.56-2.54 ppm).
The signal intensity in this case corresponds to 1 and 3 pro-
tons, respectively. The spectra of the obtained compounds
also contain thioethyl substitute signals in the form of a
two-proton quadruplet (3.22 ppm) and a three-proton triplet
(1.37 ppm). But in most cases, the signals of this fragment
resonate together with the protons of methylene groups of
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Table 1. Amino acid residues of the active COX-2 center involved in interaction with the studied compounds

m Nature of the amino acid residue

3.1 ALAA: 517, ALAA: 528, HIS A: 90, LEU A: 353, LEU A: 532, PHE A: 519, SER A: 354, TRP A: 388, TYR A: 386, VAL A: 350, VAL A: 524

3.2 ALAA: 517, ALAA: 528, HIS A: 90, LEU A: 385, LEU A: 532, PHE A: 519, SER A: 354, TRP A: 388, TYR A: 386, VAL A: 350, VAL A: 524

3.3 ALAA: 517, ALAA: 528, ARG A: 514, HIS A: 90, LEU A: 353, LEU A: 532, PHE A: 519, SER A: 354, TYR A: 356, VAL A: 117, VAL A: 350,
VALA: 524

34 ALAA: 517, ALAA: 528, ARG A: 514, LEU A: 353, LEU A: 532, PHE A: 519, SER A: 354, TYR A: 356, VAL A: 117, VAL A: 350, VAL A: 524

3.5 ALAA: 517, ALAA: 528, ARG A: 514, LEU A: 353, LEU A: 532, PHE A: 519, SER A: 354, TYR A: 356, VAL A: 117, VAL A: 350, VAL A: 524

3.6 ALAA: 528, ARG A: 121, ILE A: 113, LEU A: 93, LEU A: 353, PRO A: 529, TRP A: 100, TYR A: 116, TYR A: 349, TYR A: 356, VAL A: 89,
VALA: 117, VAL A: 350

37 ALAA: 528, ARG A: 121, ILE A: 113, LEU A: 93, LEU A: 353, PRO A: 529, TRP A: 100, TYR A: 116, TYR A: 349, TYR A: 356, TYR A: 386,
VALA: 89, VALA: 117, VAL A: 350

3.8 ALAA: 528, ARG A: 121, ILE A: 113, LEU A: 93, LEU A: 353, PRO A: 529, TRP A: 100, TRP A: 388, TYRA: 116, TYR A: 349, TYR A: 356,
TYRA: 386, VAL A: 350

3.9 ALAA: 528, HIS A: 90, ILE A: 113, LEU A: 93, LEU A: 353, LEU A: 535, PHE A: 206, TYR A: 116, TYR A: 349, TYR A: 356, VAL A: 117,
VAL A: 345, VAL A: 350, VAL A: 524

3.10 ALAA: 528, ILE A: 113, LEU A: 93, LEU A: 353, LEU A: 535, PHE A: 206, SER A: 531, TYR A: 116, TYR A: 349, TYR A: 356, VAL A: 117,
VAL A: 345, VAL A: 350, VAL A: 524

Table 2. Energy value of intermolecular interactions of the studied compounds with cyclooxygenase-2

3.1 -6.9 34 -4.9 3.8 -3.8
3.2 -6.4 3.5 -5.0 3.9 4.3
3.3 -5.8 3.6 -39 3.10 47
Celecoxib -13.4 3.7 -3.7

E __: minimum complexation energy, kcal/mol.
min

Table 3. Amino acid residues of the active lanosterol-14a-demethylase center, which are involved in interaction with the studied compounds

m Nature of the amino acid residue

3.1 ALAA: 256, ALA A: 400, CYS A: 394, GLY A: 396, LEU A: 100, LEU A: 152, PHE A: 387, PRO A: 320, VAL A: 395

3.2 ALA A: 256, ALA A: 400, ARG A: 96, CYS A: 394, GLY A: 396, LEU A: 100, LEU A: 152, PHE A: 387, PRO A: 320, SER A: 261, VAL A: 395
33 ALAA: 256, CYS A: 394, LEU A: 100, LEU A: 321, LEU A: 324, LEU A: 315, PHE A: 387, PRO A: 320, PRO A: 349

34 ALA A: 256, ALA A: 400, CYS A: 394, LEU A: 315, LEU A: 321, LEU A: 324, PHE A: 83, PHE A: 387, PRO A: 320

35 ALA A: 256, ALA A: 400, CYS A: 394, ILE A: 404, LEU A: 315, LEU A: 324, PHE A: 387

3.6 ALAA: 400, CYS A: 394, ILE A: 404, LEU A: 311, LEU A: 315, LEU A: 321, LEU A: 324, PHE A: 83, PHE A: 387

3.7 ALAA: 400, CYS A: 394, ILE A: 404, LEU A: 311, LEU A: 315, LEU A: 321, LEU A: 324, PHE A: 83, PHE A: 387

3.8 ARG A: 96, HIS A: 392, ILE A: 323, LEU A: 321, MET A: 79, MET A: 433, PHE A: 78, PHE A: 83, TYR A: 76, VAL A: 395

3.9 ARG A: 96, HIS A: 392, ILE A: 323, LEU A: 321, MET A: 79, MET A: 433, PHE A: 78, TYR A: 76, VAL A: 395

3.10 ALAA: 400, CYS A: 394, LEU A: 321, LEU A: 324, MET A: 79, PHE A: 83, TYRA: 76

Table 4. Energy values of intermolecular interactions of the studied compounds with lanosterol-14a-demethylase (3LD6)

31

7.2 34 -8.0 38 -7.9
3.2 -7.6 35 -8.1 39 -8.0
33 1.7 36 1.7 3.10 -5.4
Fluconazole -8.4 3.7 -7.6

E_.» minimum complexation energy, kcal/mol.
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Table 5. Amino acid residues of the active center of the receptor tyrosine kinase, which are involved in interaction with the studied compounds

m Nature of amino acid recidue

3.1 ALAA: 1148, LEU A: 1122, LEU A: 1256, VAL A: 1130

3.2 ALAA: 1148, LEU A: 1122, LEU A: 1256, VAL A: 1130

3.3 ALAA: 1148, LEU A: 1122, LEU A: 1196, LEU A: 1256, VAL A: 1130

34 ALA A: 1148, ARG A: 1253, LEU A: 1122, LEU A: 1256, VAL A: 1130

35 ALAA: 1148, ALAA: 1200, LEU A: 1122, LEU A: 1196, LEU A: 1198, LEU A: 1256, VAL A: 1130
3.6 LEU A: 1122, LEU A: 1196, LEU A: 1198, LEU A: 1256, LYS A: 1150, VAL A: 1130

37 LEU A: 1122, LEU A: 1196, LEU A: 1198, LEU A: 1256, LYS A: 1150, VALA: 1130

3.8 ALAA: 1130, ALAA: 1148, LEU A: 1122, LEU A: 1196, LEU A: 1256, MET A: 1199, VAL A: 1130
3.9 ALA A: 1200, ARG A: 1253, LEU A: 1122, LEU A: 1196, LEU A: 1198, LEU A: 1256, VAL A: 1130
3.10 LEU A: 1122, LEU A: 1196, LEU A: 1256, VAL A: 1130

Table 6. Energy value of intermolecular interactions of the studied compounds with receptor tyrosine kinase

‘min

3.1

-5.6 34 -7.0 3.8 -5.9
3.2 -6.5 35 -14 39 -8.5
33 -5.8 36 -7.8 3.10 -5.9
Krizotonib -10.8 3.7 -6.0

E__: minimum complexation energy, kcal/mol.
min

another thioalkyl substitute, forming a complex multiproton
multiplet (1.42—1.25 ppm).

In the '"H NMR spectra of compounds 3.3 and 3.4, pro-
ton signals of the methylene fragment directly bound to
sulfur in the triazine fragment are observed. The signal is
formed in the form of a two-proton quadruplet and is fixed
at 3.22-3.21 ppm in compounds 3.5-3.10, this methylene
fragment, together with the proton signals of a methylene
fragment of another thioalkyl fragment, forms a multiplet
at 3.28-3.17 ppm also in compounds 3.3-3.10, the signals
of the next methylene group of the thioalkyl substitute with
a triazine fragment are recorded in a separate multiplet. It
should be noted that an increase in the length of the thioalkyl
fragment is accompanied by a gradual shift of the signal to
a stronger-field section of the spectrum. So, in the spectrum
of compound 3.3, this multiplet is prescribed in the strong
field region at 1.77—-1.71 ppm, for compound 3.10 — at
1.63-1.57 ppm.

Protons of the methyl group, which is part of the thioalkyl
substituent structure in the triazine fragment, form a signal
in the form of a singlet (3.1), triplet (3.3-3.5) or multiplet
(3.2, 3.6-3.10). These signals are recorded at 2.61 ppm (3.1),
1.38-1.31 ppm (3.2), 1.07-0.89 ppm (3.3-3.5) and 0.94-0.85
ppm (3.6-3.10), respectively.

The chromato-mass spectra of the synthesized compounds
contain a signal of the quasi-molecular ion [M+1], which,
according to the m/z value, corresponds to the molecular
masses of the presented substances.

Visualization of the interaction of structures with the active
site of cyclooxygenase-2 showed that they have a significant

spectrum of interactions with a significant number of amino
acid residues.

For example, the hydrophobic alkyl interaction of com-
pound 3.1 was realized with the participation of the thiome-
thyl fragment of the ligand and the amino acid residue TYR
A: 386 and the thioethyl fragment of the specified ligand
and the amino acid residues ALA A: 517 and HIS A: 90.
Among the hydrophobic interactions, a m-alkyl can also be
noted. This interaction was provided by a triazine fragment
with residues ALA A: 528 and LEU A: 350. The amino acid
residue ALA A: 528 also provided a m-alkyl interaction with
the triazole fragment. Coordination at the active COX-2 site
of compound 3.1 was also determined by the n-th interaction,
which was realized with the participation of the VAL A: 524
residue and the triazine fragment. Carbon-Hydrogen stacking
with the participation of the SER A: 354 residue enhances
the presented interaction.

Elongation of the alkyl fragment was accompanied by
the formation of additional interactions, namely, intermolec-
ular hydrogen bonds and Van der Waals forces appear. The
first type of interaction occurred with the participation of
the TYR A: 356 residue. Here, the hydrogen bond of the li-
gand was formed with the participation of electronegative
atoms of the triazine fragment of nitrogen and the Sulfur of
the thiopropyl substitute. The second type of interaction was
formed with the participation of the SER A: 354 residue. It
promoted the orientation of compound 3.3 at the active site
and was enhanced by amide-x stacking with the participation
of the LEU A: 353 residue. These were alkyl, n-alkyl, and
n-Sulphur interactions. The first type of interaction was re-
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alized using residues ALA A: 528, LEU A: 532, VAL A: 117
(with a thiopropyl fragment). The second was using ALA A:
517,ARG A: 514, HIS A: 90 (with a thioethyl substitute). The
third was realized with the participation of the PHE A: 519
residue in contact with thioethyl substituent sulfur.

Quantitative indicators of the minimum free binding energy
of synthesized compounds to COX-2 were in the range of
-3.8 ... -6.9 kcal/mol, which indicates a low probability of
detecting substances with anti-inflammatory activity in a
number of synthesized compounds (3.1-3.10) (Table 2).

The position of the obtained ligands in the active site of
lanosterol-14a-demethylase was provided by a number of
known interactions, among which we can note: alkyl, n-alkyl,
n-6 and mt-sulfur, as well as intermolecular hydrogen chemical
bonds. For example, the alkyl interaction of compound 3.1 was
realized with the participation of amino acid residues ALA
A: 256, LEU A: 100, LEU A: 152, which were coordinated
with the methyl group of the pyrazole fragment, VAL A: 395 —
with the methyl group of the thiomethyl substitute, ALA A:
400, PRO A: 320 — with the methyl group of the thioethyl
substitute. The n-alkyl interaction of compound 3.1 was re-
alized by alanine residues ALA A: 256 and ALA A: 400 in
coordination with fragments of triazole and triazine, respec-
tively. The n-o-interaction, which occurred with the partici-
pation of the GLY A: 396 residue and the triazine fragment,
can also have a positive effect on the possible activity of
this compound. Docking also demonstrated the formation
of the n-Sulphur interaction, which for compound 3.1 was
realized with the active participation of PHE A: 386 and
the thioethyl substitute and with the participation of CYS
A: 394 and the triazine fragment. An increase in the length
of the alkyl residue was first accompanied by an increase
in the number of intermolecular hydrogen chemical bonds
(3.2) and then their disappearance. But sometimes this type
of bond was formed again, for example, in compounds 3.5
and 3.10 (involving CYS A: 394 and the triazine fragment).

Taking into account the calculated values of the free
binding energy for complexes formed by 3-(ethylthio)-9-me-
thyl-6-(alkylthio)-pyrazolo[1,5-d][1,2,4]triazolo[3,4-/][1,2,4]
triazines and lanosterol-140-demethylase receptors, it can
be assumed that this hydrogen bond may be associated with
the activity of compound 3.5 (7able 4). Compounds 3.4 and
3.9 can also be considered promising for further studies of
antifungal activity (7able 4).

Analysis of docking with the active site of the receptor
tyrosine kinase allows us to state a certain level of uniform-
ity of interactions. These include alkyl, m-alkyl and n-c
interactions. And only for compound 3.8, stabilization in
the active center of this enzyme was additionally provided
by an intermolecular hydrogen bond. This interaction was
provided by the residue MET A: 1199. If we tell about other
types of interactions that were defined for this compound,
then we can note the alkyl interaction here. This type of
coordination was due to the residues ALA A: 1148, LEU
A: 1196, VAL A: 1130 (with a thioethyl substitute), LEU
A: 1122 (with the methyl group of the pyrazole fragment).
At the same time, VAL A: 1130 provided an alkyl type of

interaction with a thiooctile substitute. It was also necessary
to mention the m-alkyl interaction provided by the residues
ALA A: 1148, LEU A: 1122 (with a triazole fragment),
LEU A: 1196, LEU A: 1122, VAL A: 1130 (with a triazine
fragment). Changing the length of the carbon chain of a
thioalkyl fragment was not possible it showed a significant
effect on the nature and amount of amino acid residues in
the active center of tyrosine kinase.

The minimum free binding energy of the synthesized
compounds (3.1-3.10) to the receptor tyrosine kinase was in
the range from -5.8 to -8.5 kcal/mol (7able 6). Compound 3.9
was the most promising for further research.

Thus, the obtained results of molecular docking allow us
to justify the choice of haloalkanes for the design of target
products of alkylation reactions in order to create promising
biologically active molecules. In a number of synthesized
compounds, the biological potential can vary significantly,
which may be due to changes in the position of the ligand
in the active center. This, in turn, affects the number of
chemical bonds that form between the amino acid residues
of the enzyme and the structure of the synthesized substance.
After evaluating the possible effect on the activity of the three
enzymes, it was necessary to pay attention to the length of
the thioalkyl substitute combined with the triazine fragment.
Thus, in the case of cyclooxygenase-2, the active ligand may
be a compound with a short alkyl substitute, for example, me-
thyl or ethyl. If it was lanosterol-14a-demethylase or receptor
tyrosine kinase, then alkyl substituents with the number of
Carbon atoms from 5 to 9 contribute to the interaction with
these enzymes.

Conclusions

1. A simple construction of a poly heterocyclic structure
was presented, which successfully combines fragments of
pyrazole, 1,2 4-triazole, and 1,2 4-triazine and acts as the initial
compound for obtaining a range of promising alkyl derivatives.

2. The conducted molecular docking made it possible to
determine compounds with a high potential of antifungal
activity in a number of synthesized substances.

3. The ability to influence the activity of the receptor tyrosi-
ne kinase 3-(ethyltio)-9-methyl-6-(nonyltio)-pyrazolo[1,5-d]
[1,2,4]-triazolo[3,4-f][1,2,4]triazine was demonstrated.
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To select a molecule that could become a promising pharmacological agent, chemists use already-known heterocyclic bases by adding
pharmacologically active groups. One such heterocyclic system is 1,2,4-triazole base, on the basis of which a huge number of biologically
active compounds have already been found. It is known that 1,2,4-triazole derivatives show a fairly high antimicrobial and antifungal effect
while remaining low-toxic compounds and 5-alkylthio-1,2,4-triazoles exhibit antimicrobial and antifungal activity. Based on the literature
search, it can be concluded that 3-(2-bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-triazoles are insufficiently studied.

The aim of the work was to synthesize and investigate antimicrobial and antifungal activity among 3-(2-bromophenyl)-5-(alkylthio)-4-
phenyl-4H-1,2,4-triazoles.

Materials and methods. It was used 5-(2-bromophenyl)-4-phenyl-4H-1,2,4-triazole-3-thiol as a starting substance, which was synthesized
by previously described techniques. 3-(2-Bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-triazoles were obtained by alkylation of the starting
thiol with halohenalkanes (according to the first method) and the addition of hydrochloric acid in an alcoholic medium, then subsequent
heating in microwave synthesis system (by the second method). To study the antimicrobial and antifungal activity of the newly synthesized
3-(2-bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-triazoles, the method of serial dilutions was used according to guidelines.

Results. 3-(2-Bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-triazoles were obtained by two methods: a) an equivalent amount of
halohenalkane was added to 5-(2-bromophenyl)-4-phenyl-4H-1,2,4-triazole-3-thiol (1) (solvent — KOH pre-dissolved in 2-propanol). Boiled
to pH =7; b) 5-(2-bromophenyl)-4-phenyl-4H-1,2,4-triazole-3-thiol (1) (solvent — methyl or 1-propyl alcohol and 10 drops of HCI) was heated
in Milestone Flexi Wave microwave synthesis system. Reaction conditions: The mixture was heated for 45 minutes at a temperature of
150 °C, a pressure 14.4 bar, AMW = 200 W. The completeness of the reaction was determined using a gas chromatograph Agilent 7890B
with a mass spectrometric detector 5977B. Antimicrobial and antifungal activity of 3-(2-bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-
triazoles (6 new compounds) was investigated. The most active compound with antifungal and antimicrobial effect was Ili. Substances
lla—Ile had moderate antimicrobial effect.

Conclusions. New 3-(2-bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-triazoles were synthesized by two methods. The antimicrobial
and antifungal activity was investigated for the obtained compounds. The most active compound was 3-(2-bromophenyl)-5-(decylthio)-
4-phenyl-4H-1,2,4-triazole (lli). Some conclusions were drawn regarding the dependence of “structure — antimicrobial and antifungal
effect”: the antimicrobial effect increased with the length of the carbon radical; changing the decyl radical to another one in the molecule
3-(2-bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-triazole reduced antifungal activity.

Key words: organic synthesis, antimicrobial activity, antifungal activity, 1,2,4-triazole, heterocyclic compounds.
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CuHTe3, NpoTMMiKPOOHa Ta NPOTUrPUOKOBa aKTMBHICTL 3-(2-6pomdpeHin)-5-(ankinTio)-4-eHin-4H-1,2,4-Tpiazonis
A. A. CacboHos, O. |. MaHaceHko

[ins BU3HAYeHHs MOMeEKynK, Wo morna 6 cTaTm NnepcnekTMBHUM apMaKomnoriYHUM areHToM, XiMiku BUKOPUCTOBYIOTL Y>Ke BifOMi reTepo-
LIMKIIYHI OCHOBW, foAatouM 4O HUX hapMaKonoriyHo akTvBHI rpynu. OgHa 3 Takux reTepoumkniyHmx cuctem — 1,2,4-Tpia3onosa OCHOBa,
Ha 6asi fKoi BXe ofjepKanu BEnUYEe3Hy KinbKicTb 6ionoriyHo akTMBHMX cnonyk. Bigomo, wo noxigHi 1,2,4-Tpiasony xapakTepuaylTbes
[LOBOSi CUMbHUM NPOTUMIKPOOHUM i NPOTUrPUGKOBIUM edpekTamm, 3annLAKYUCh NPU LIbOMY ManoTOKCUYHUMM crioflykamu. € AaHi Lwoao
NPOTMMiKPOGHOT Ta NPOTUrPUBKOBOT aKTUBHOCTI 5-ankinTio-1,2,4-Tpiasonis. I'pyHTYIouMCh Ha pesyrnkTaTax NiTepaTypHOro noLuyky, 3po6uni
BMCHOBOK, WO 3-(2-6pomdeHin)-5-(ankinTio)-4-deHin-4H-1,2,4-Tpia3onu BUBYEHO HEOOCTATHBO.

Meta po6oTu — CuHTE3 | 4OCTIAXEHHS NPOTUMIKPOBHOI Ta NPOTUrPUOKOBOT aKTUBHOCTI HOBUX 3-(2-BpomdeHin)-5-(ankinTio)-4-heHin-4 H-
1,2,4-Tpiasonis.
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Matepianu Ta MeTogu. Sk BUXiOHY PeYoBMHY 3acTocyBanu 5-(2-6pomdenin)-4-beHin-4H-1,2,4-Tpiason-3-Tion, skl CUHTE3yBanu 3a
nonepesHLO HaBefeHUMU meToaukamu. 3-(2-bpomdeHin)-5-(ankinTio)-4-deHin-4H-1,2,4-Tpiazonn ofgepxanu LUNAXOM ankinyBaHHS
BUXiJHOTO TiONy ranoreHasnkaHamu (3a nepmmM MeToaoM) i JOAaBaHHAM XNOPOBOAHEBOI KUCMOTM B CMMPTOBOMY CEPEAOBULLI 3 HArpiBaH-
HSIM Hagani B cMCTEMi MiKpOXBUIbOBOTO CUHTESY (3a ApYrMM MeToAoM). [insi BUBYEHHS NPOTUMIKPOBHOI Ta NpoTUrprbKOBOI aKTUBHOCTE
HOBMWX CUHTE30BaHuX 3-(2-6pomodeHin)-5-(ankinTio)-4-cheHin-4H-1,2,4-Tpiasonis BUKOpUCTanuM METOA CEpiliHWX PO3BEAEHb 3rigHO
3 pekomMeHaaLiaMu.

Pesyniratu. 3-(2-bpomodeHin)-5-(ankinTio)-4-deHin-4H-1,2,4-Tpiasonm oTpuMyBany BOMa METOAAMM: @) EKBIBANEHTHY KiMbKiCTb rarnore-
HarnkaHy fogasanv 10 5-(2-6pomodenin)-4-ceHin-4H-1,2,4-tpiason-3-iony (1) (PO34MHHWK — 2-NPOMAHOM, Y AKOMY NonepeaHbO PO3HNHEHNIA
KOH); kun'situnm fo pH = 7; 6) 5-(2-6pomodbeHin)-4-cheHin-4H-1,2,4-tpiazon-3-tion (1) (po34mHHUK — MeTaHon abo 1-nponaxon i 10 kpanens
HCI) HarpiBanu B cuctemi mikpoxaunboBoro cuHTe3y Milestone Flexi Wave; ymoBw peakuii: yac — 45 xsunuH, Temneparypa — 150 °C, Tuck
— 14,4 6ap, AMW = 200 Br. lNoBHOTY peakLii BU3Ha4anu 3a JonomMoroto ra3oBoro xpomarorpada Agilent 7890B 3 mac-CcnekTpoMeTpu4HuM
netektopom 5977B. Jocnignnu npotumikpoGHY Ta NpoTUrpubKoBy akTUBHOCTI 3-(2-6poModieHin)-5-(ankinTio)-4-ceHin-4H-1,2,4-Tpiasonis.
HaitakTuBHilwa cnonyka 3 npoTUrpubKoBUM | NpoTUMiKpobHUM edpekTamm — Ili. PeyoBuHu lla—lle MaioTb NoMipHy NPOTUMIKPOGHY Aito.

BucHogku. HoBi 3-(2-6pomodheHin)-5-(ankinTio)-4-ceHin-4H-1,2,4-Tpiazonu cuHTe30BaHo ABoma Metogamu. OuiHoBanu NpoTMMIKpoo-
Hy Ta NpOTUrpPUBKOBY aKTUBHOCTI oAepxaHux cnonyk. HavaktueHiwa — 3-(2-6pomodenin)-5-(neunntio)-4-dpeHin-4H-1,2,4-tpiason (lli).
CdhopmynitoBany BUCHOBKM LLOAO 3aMNeXHOCTI «CTPYKTypa — NpoTUMiKpobHa Ta npoTurpubkosa Aiin: 3MiHa AeuunbHOro pagukana Ha
NEHTUNbHWIA Y Monekyni 3-(2-6poModeHin)-5-(ankinTio)-4-deHin-4H-1,2,4-Tpiasony 3MeHLUIYye NPOTUrPUOKOBY aKTUBHICTb; aHTUMIKPOOHWIA
edekT nocuMoeTbeA 3i 36iNbLIEHHAM JOBXUHM BYITIELIEBOTO pagykana.

Kntouogi croBa: opraHivyHWi CUHTE3, NPOTUMIKPODHA aKTMBHICTb, NPOTUIPUOKOBA aKTUBHICTb, 1,2,4-Tpia3on, reTepoLyKiYHi Cnonyku.
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Along with the development of new diseases, the search
for biologically active substances [1-3] with low toxic-
ity, which in the future could become promising drugs
is an urgent task for many scientists. A large number of
people take part in the creation of a new drug. These are
synthetic chemists, biologists, pharmacologists, and other
scientists.

To select a molecule that could become a promising phar-
macological agent, chemists use already-known heterocyclic
bases by adding pharmacologically active groups [4,5]. One
such heterocyclic system is 1,2,4-triazole base, on the basis
of which a huge number of biologically active compounds
have already been found [6].

It is known that 1,2,4-triazole derivatives show a fairly
high antimicrobial and antifungal effect [7,8] while remain-
ing low-toxic compounds [9] and 5-alkylthio-1,2,4-triazoles
exhibit antimicrobial and antifungal activity [10].

Based on the literature search, it can be concluded that
3-(2-bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-tri-
azoles are insufficiently studied.

Aim

That’s why the aim of the work was to synthesize and inves-
tigate antimicrobial and antifungal activity among 3-(2-bro-
mophenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-triazoles.

Materials and methods

It was used 5-(2-bromophenyl)-4-phenyl-4H-1,2,4-triazole-
3-thiol as a starting substance, which was synthesized by
previously described techniques [11].

The chloride acid (35 %), iodomethane (99 %), 1-bromo-
propane (99 %), 1-bromobutane (99 %), 1-bromopentane
(99 %), 1-bromohexane (99 %), 1-bromoheptane (99 %),
1-bromoctane (99 %), 1-bromononane (99 %), 1-bromode-
cane (99 %), 2-propanol (99,5 %), 1-propanol (anhydrous,

99,7 %) and methanol (99,5 %) were obtained from SIGMA-
ALDRICH (Germany).

Milestone Flexi Wave microwave synthesis system (Italy)
(technical specifications: rotor SK-15, minimum volume —
10 ml, maximum volume — 100 ml, maximum temperature
—300 °C, maximum working pressure — 100 bar, maximum
shutter speed 220 °C — 30 min).

The methods presented in the State Pharmacopoeia of
Ukraine (2.2.14) were used to study the physical and chemical
properties of the synthesized compounds.

The automatic device to determine the melting point Opti-
Melt Stanford Research Systems MPA100 (US production)
was used to determine the melting temperature.

The elemental composition of the compounds is installed
on the elemental analyzer Elementar Vario L cube (CHNYS)
(Analysensysteme GmbH, Germany) (standard is sulfanil-
amide).

The gas chromatograph Agilent 7890B with a 5977B mass
spectrometry detector (US production) was used to control
the completeness of the reactions and the individuality of
new compounds.

"H NMR spectra were recorded on a spectrometer “Mercury
400” (Umatek International Inc.), as solvent DMSO-D, was
used, internal standard — tetramethylsilane and deciphered
using a computer program ADVASP 143.

To study the antimicrobial and antifungal activity of
the newly synthesized 3-(2-bromophenyl)-5-(alkylth-
i0)-4-phenyl-4H-1,2 4-triazoles, the method of serial dilutions
was used according to guidelines [12]. The synthesized
compounds were dissolved in dimethylsulfoxide.

Staphylococcus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 27853, Escherichia coli ATCC 25922,
Candida albicans ATCC 885-653 were used as set of standard
test strains. Comparison drugs Chlorhexidine-Zdorovye®
(Ukraine) and Fluconazole-Darnitsa® (Ukraine) were used
to determine the activity values.
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Results

Synthesis of 3-(2-bromophenyl)-5-(alkylthio)-4-phenyl-4 H-
1,2,4-triazoles. 3-(2-bromophenyl)-5-(alkylthio)-4-phe-
nyl-4H-1,2 4-triazoles were obtained by two methods:

a) In a round bottom flask equipped with a reflux condenser
to 5-(2-bromophenyl)-4-phenyl-4H-1,2,4-triazole-3-thiol (I)
was added an equivalent amount of KOH pre-dissolved in
2-propanol, heated to dissolving the precipitate and adding
an equivalent amount of halohenalkane (iodomethane,
1-bromopropane, 1-bromobutane, 1-bromopentane, 1-bro-
mohexane, 1-bromoheptane, 1-bromoctane, 1-bromononane,
1-bromodecane). Boiled to pH = 7. After cooling, a precipitate
formed (Fig. 1);

5-(methylthio)-4-phenyl-4H-1,2,4-triazole (lla).

b) In a Teflon vessel for microwave synthesis to 5-(2-bro-
mophenyl)-4-phenyl-4H-1,2,4-triazole-3-thiol (I) was added
aliphatic alcohol (methanol, 1-propanol) and 10 drops of
hydrochloric acid. Reaction conditions in Milestone Flexi
Wave microwave synthesis system: The mixture was heated
for 45 minutes at a temperature of 150 °C, a pressure 14.4
bar, AMW =200 W (Fig. I).

The completeness of the reaction was determined using a
gas chromatograph Agilent 7890B with a mass spectrometric
detector 5977B.

Analyzing the GS/MS chromatogram in the MS spec-
trum there was a molecular peak with a value of 347.0
(m/z) (99.9 %), which corresponds to the calculated theo-
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retical value of 3-(2-bromophenyl)-5-(methylthio)-4-phe-
nyl-4H-1,2,4-triazole (Ila), and fragment ion peaks 346
(31.1), 344.9 (96.7), 314 (22.4), 312(23.4), 266 (10.5), 260
(9.8),258(9.8),260(9.8),258 (9.8),237.9 (12.5),236 (12.8),
165 (8.8), 164 (11.8), 132.9 (12.9), 118 (16.6), 117 (20.5),
102 (11.2), 91 (62.2), 77 (34.7), 65 (9.7), 51 (12) (Fig. 2).
3-(2-bromophenyl)-5-(methylthio)-4-phenyl-4H-1,2,4-tri-
azole (lla). Br. yellow residue; yield 81 %; m. p. 218-220 °C;
'HNMR (400 MHz, DMSO-d6, § = ppm): 8 2.75 (3H, CH,,
s), 7.31-7.58 (5H, Ar-H, m), 7.74-7.88 (4H, Ar-H, m); CHNS
elemental analysis Caled. for (C H ,BrN,S): found C%
51.86, H% 3.48, N% 12.12, S% 9.24; calculated C% 52.03,
H% 3.49, N% 12.14, S% 9.26. MH 346.3. Molecular peak
347.0 (m/z) (99.9 %) and fragment ion peaks 346 (31.1),
344.9 (96.7), 314 (22.4), 312 (23.4), 266 (10.5), 260 (9.8),
258(9.8),260 (9.8),258(9.8),237.9 (12.5), 236 (12.8), 165
(8.8), 164 (11.8), 132.9 (12.9), 118 (16.6), 117 (20.5), 102
(11.2), 91 (62.2), 77 (34.7), 65 (9.7), 51 (12).
3-(2-bromophenyl)-5-(prophylthio)-4-phenyl-4H-1,2,4-tri-
azole (IIb). Br. yellow residue; yield 68 %; m. p. 98—100 °C;
'HNMR (400 MHz, DMSO-d6, 6 = ppm): 5 0.96 (3H, CH,,
t), 1.62 (2H, CH,, m), 3.32 (2H, CH,, 1), 7.31-7.58 (5H, Ar-
H, m), 7.74-7.88 (4H, Ar-H, m); CHNS elemental analysis
Calcd. for (C,H, BrN,S): found C% 54.38, H% 4.32, N%
11.27, S% 8.59; calculated C% 54.55, H% 4.31, N% 11.23,
S% 8.57. MH 374.3. Molecular peaks 374.0 (13.1), 373
(63.0), 372 (26.3), 371 (60.23), 359 (18.55), 357.9 (99.9),
357 (20.5), 356 (98.7), 190 (24.9), 189 (22), 157 (56.5), 156
(15.6), 136 (13.6), 135 (21.2), 77 (31.9).
3-(2-bromophenyl)-5-(butylthio)-4-phenyl-4H-1,2,4-tri-
azole (Ilc). White residue; yield 63 %; m.p. 180—-182 °C;
'HNMR (400 MHz, DMSO-d6, 6 = ppm): 5 0.92 (3H, CH,,
t), 1.29-1.43 (4H, 2CH,, m), 3.45 (2H, CH,, t), 7.29-7.56
(5H, Ar-H, m), 7.74-7.88 (4H, Ar-H, m); CHNS elemental
analysis Calcd. for (C H BrN,S): found C% 56.01, H%
4.68, N% 10.84, S% 8.28; calculated C% 55.67, H% 4.67,
N% 10.82, S% 8.26. MH 388.3. Molecular peaks 389 (15.4),
388 (14.6), 359 (16.9), 358 (17.8), 341 (99.9), 340 (98.4),
331.9(86.3),330.9(62.4),252 (24.6), 194 (22.1), 149 (26.8),
91 (29.1), 77 (39.4).
3-(2-bromophenyl)-5-(pentylthio)-4-phenyl-4H-1,2,4-tri-
azole (1Id). White residue; yield 64 %; m. p. 102—104 °C;
'HNMR (400 MHz, DMSO-d6, = ppm): § 0.89 (3H, CH,,
t), 1.25-1.36 (4H, 2CH,, m), 1.40 (2H, CH,, t), 3.46 (2H,
CH,, t), 7.29-7.56 (5SH, Ar-H, m), 7.74-7.88 (4H, Ar-H, m);
CHNS elemental analysis Caled. for (C,,H, BrN.S): found
C% 56.86, H% 5.03, N% 10.46, S% 8.01; calculated C%
56.72, H% 5.01, N% 10.44, S% 7.97. MH 402,3. Molecular
peaks 402 (25.6), 401 (19.3), 326.9 (7.0), 282 (9.5), 281
(25.1), 223 (19.8), 177 (99.9), 131 (25.7), 130 (41.7), 113
(20.7), 105 (38.3), 103 (26.4), 85 (30.4), 77 (27.2).
3-(2-bromophenyl)-5-(hexylthio)-4-phenyl-4H-1,2,4-tri-
azole (Ile). Br. yellow residue; yield 64 %; m.p. 94-96 °C;
'HNMR (400 MHz, DMSO-d6, 6 = ppm): § 0.87 (3H, CH,,
t), 1.20-1.32 (6H, 3CH,, m), 1.40 (2H, CH,, t), 3.46 (2H,
CH,, t), 7.29-7.56 (5H, Ar-H, m), 7.74-7.88 (4H, Ar-H, m);
CHNS elemental analysis Calcd. for (C,)H,,BrN,S): found

C% 57.58, H% 5.36, N% 10.07, S% 7.78; calculated C%
57.69, H% 5.33, N% 10.09, S% 7.70. MH 416,3. Molecular
peaks 416.4 (99.9), 414 (34.8) 396.4 (62.5), 381.3 (38.2),
329.3 (28.4), 303.3 (54.6), 255 (47.4), 204.0 (51.3), 161
(35.7), 159.1 (33.8), 145 (39.4), 105 (32.9).
3-(2-bromophenyl)-5-(heptylthio)-4-phenyl-4H-1,2,4-tri-
azole (1If). Yellow residue; yield 71 %; m. p. 68-70 °C;
'HNMR (400 MHz, DMSO-d6, 6 = ppm; & 0.87 (3H, CH,,
t), 1.19-1.32 (8H, 4CH,, m), 1.40 (2H, CH,, t), 3.46 (2H,
CH,, t), 7.29-7.56 (SH, Ar-H, m), 7.74-7.88 (4H, Ar-H, m);
CHNS elemental analysis Caled. for (C,,H,,BrN.S): found
C% 58.74, H% 5.64, N% 9.79, S% 7.41; calculated C%
58.60, H% 5.62, N% 9.76, S% 7.45. MH 430,4. Molecular
peaks 431.0 (27.5), 430 (22.7), 347 (47.1), 346 (66.3), 345
(50.9), 343.9 (65.5), 333 (23.7), 331.9 (25.1), 312 (29.9),
285.9 (22.4), 285 (60.2), 284 (34.2), 283 (50.8), 204 (99.9),
183.9 (36.3), 181.9 (27.5), 102 (23.6), 91 (39), 77 (40.7).
3-(2-bromophenyl)-5-(octylthio)-4-phenyl-4H-1,2,4-tri-
azole (I1Ig). Yellow residue; yield 72 %; m. p. 72-74 °C;
'HNMR (400 MHz, DMSO-d6, 6 = ppm; & 0.91 (3H, CH,,
t), 1.19-1.32 (10H, 5CH,, m), 1.40 (2H, CH,, t), 3.46 (2H,
CH,, t), 7.29-7.56 (5SH, Ar-H, m), 7.74-7.88 (4H, Ar-H, m);
CHNS elemental analysis Caled. for (C,,H, BrN.S): found
C%59.32,H% 5.92,N% 9.48, S% 7.24; calculated C% 59.45,
H% 5.90, N% 9.45, S% 7.21. MH 444,4. Molecular peaks
444.9 (99.9), 443 (61.2), 384 (32.5), 383 (45.1), 348 (21.8),
347 (23.7), 314 (45.3), 312 (32.4), 235.9 (15.7), 118 (18.3),
117 (9.6), 77 (18.2).
3-(2-bromophenyl)-5-(nonylthio)-4-phenyl-4H-1,2,4-tri-
azole (I1Ih). Yellow residue; yield 65 %; m. p. 85-87 °C;
'HNMR (400 MHz, DMSO-d6, 6 = ppm: $ 0.89 (3H, CH,,
t), 1.19-1.32 (12H, 6CH,, m), 1.40 (2H, CH,, t), 3.46 (2H,
CH,, t), 7.29-7.56 (SH, Ar-H, m), 7.74-7.88 (4H, Ar-H, m);
CHNS elemental analysis Caled. for (CH,,BrN.S): found
C% 60.20, H% 6.12, N% 9.11, S% 6.97; calculated C%
60.26, H% 6.16, N% 9.17, S% 6.99. MH 458.4. Molecular
peaks 458.0 (99.9), 457 (68.3),431 (39.4), 386 (14.7),331.9
(12.7), 302.0 (9.8), 276 (11.4), 184 (15.3), 183 (29.9), 174
(20.2),91 (17).
3-(2-bromophenyl)-5-(decylthio)-4-phenyl-4H-1,2,4-tri-
azole (IIi). White residue; yield 73 %; m. p. 65-67 °C;
'HNMR (400 MHz, DMSO-d6, 6 = ppm; & 0.87 (3H, CH,,
t), 1.19-1.32 (14H, 7CH,,m), 1.42 (2H, CH,, t), 3.49 (2H,
CH,, t), 7.29-7.56 (5SH, Ar-H, m), 7.74-7.88 (4H, Ar-H, m);
CHNS elemental analysis Caled. for (C,,H, BrN.S): found
C% 60.84, H% 6.43,N% 8.84, S% 6.75; calculated C% 61.01,
H% 6.40, N% 8.89, S% 6.79. MH 472,4. Molecular peaks
472.0 (46.1), 470 (32.5), 433 (55.7), 432 (41.8), 370 (48.2),
368(25.7),331.9(99.9),330.9 (86.4), 328 (48.2), 252 (14.6),
149 (18.5), 91 (9.6), 77 (26.9).

Antimicrobial and antifungal activity of 3-(2-bromo-
phenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-triazoles (6 new
compounds) was investigated.

The most active compound with antifungal and anti-
microbial effect was Ili. Substances Ila—Ile had moderate
antimicrobial effect.
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Discussion

The antifungal (Candida albicans) and antimicrobial (Sta-
phylococcus aureus, Pseudomonas aeruginosa, Escherichia
coli) activity of 3-(2-bromophenyl)-5-(alkylthio)-4-phe-
nyl-4H-1,2,4-triazoles was moderate. The most active
compound was 3-(2-bromophenyl)-5-(decylthio)-4-phe-
nyl-4H-1,2,4-triazole (1) (Table 1, 2).

Considering the antifungal activity of 3-(2-bromophe-
nyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-triazoles, the substanc-
es IIi, IId exhibited antifungal effect. MIC and MFcC for
substance IIi are 15.6 pg/ml and 31.25 pg/ml respectively
(Fig. 3).

Changing the decyl radical to pentyl reduced antifungal
activity. Other compounds have moderate effect.

Also, the antimicrobial activity of compound Ili to S. aureus
was the biggest among investigated substances (MIC 7.8 pg/ml,
MBcC 15.6 pg/ml).

It was possible to note growth of antimicrobial effect with
increase in a carbon radical.

Table 1. “Structure — effect” dependence between 3-(2-bromophenyl)-5-
(alkylthio)-4-phenyl-4H-1,2,4-triazoles

N—N

/N
O
Antimicrobial Antifungal effect
effect
lla CH, 1 N

llb CH, o o
lic C,H, . o
Iid CH,, 1 1

lle CH,, 1 o
[ C,H, i i

1 insignificant effect; 11: significant effect; <: no effect.

Table 2. The antimicrobial and antifungal activity of 3-(2-bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2 4-triazoles

Antimicrobial activity

MIC, pg/ml MBcC, ug/iml | MIC, pg/ml

E. coli S. aureus P. aeruginosa C. albicans
ATCC 25922 ATCC 25923 ATCC 27853

MBcC, ug/iml | MIC, pg/ml

Antifungal activity

MBcC, ug/iml | MIC, pg/ml MFcC, ug/ml

Chlorhexidine 25.0 18.8 200 -
Fluconazole 15.6 31.25
lla 31.25 62.5 62.5 125 31.25 62.5 62.5 62.5
Ilb 31.25 62.5 62.5 125 62.5 125 62.5 62.5
llc 62.5 125 62.5 125 31.25 62.5 62.5 62.5
Ild 62.5 125 31.25 62.5 31.25 62.5 31.25 62.5
lle 62.5 125 15.6 31.25 31.25 62.5 62.5 125
i 31.25 62.5 7.8 15.6 15.6 31.25 15.6 31.25
C. albicans C. albicans
MIC, pg/mi MBcC, pg/mi
P. aeruginosa i
ugi - P. aeruginosa Sl
MIC, pg/ml ulle MBcC, ug/ml ulle
ulld ulld
S. aureus ulic S. aureus =lic
ullb ullb
MIC, ug/ml ulla MBcC, pg/ml alla
E. coli E. coli
MIC, ug/ml MBcC, pg/ml

250 125 625 3125 156 78

250 125 62.5 31.25 15.6

Fig. 3. The antimicrobial and antifungal activity of 3-(2-bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2,4-triazoles.
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Conclusions

1. New 3-(2-bromophenyl)-5-(alkylthio)-4-phe-
nyl-4H-1,2,4-triazoles were synthesized by two methods.
The antimicrobial and antifungal activity was investigated
for the obtained compounds. The most active compound was
3-(2-bromophenyl)-5-(decylthio)-4-phenyl-4H-1,2 4-triazole
(111).

2. Some conclusions were drawn regarding the dependence
of “structure — antimicrobial and antifungal effect”: the anti-
microbial effect increased with the length of the carbon radi-
cal; changing the decyl radical to another one in the molecule
3-(2-bromophenyl)-5-(alkylthio)-4-phenyl-4H-1,2 4-triazole
reduced antifungal activity.
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dapmakorHocTU4Hi gocnigkeHHA TpaBu Trifolium fragiferum L.
cdnopu niBaHA YKpaiHu

O. B. 'peyana@*"Ab A T. CepbiH=2CF 0. O. Canin=*AC, A M. PygHuk AE | M. LLesyeHko ™', J1. A. dyknesa'=)'E

3anopisbkuii AepkaBHUI MeanYHWiA yHIBEpeuTeT, YkpaiHa, 2CyMCbKuiA HaLioHamnbHWIA arpapHui yHiBepeuTeT, Ykpaina, SKuiBcbkuil HaLjoHanbHWiA
YHiBEPCUTET TEXHOMOTIN Ta An3aliHy, YkpaiHa

A — KoHLeNUis Ta au3aiiH gocnimkeHHst; B — 36ip ganmx; C — aHani3 Ta iHTepnpeTauis aanux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepIKEHHS CTaTTi

Pobota npricBaYeHa JOCNIMKEHHIO HAA3EMHOT YacTUHWU NPeACTaBHMKa pofdy KOHoWMHa ropu nisgHs Ykpaiu Trifolium fragiferum L.

MeTta po6oTu — fOCnimKeHHs HAA3EMHOI YacTVHW NpeacTaBHUKa hriopu NiBAHSA YKpaiHU KOHIOLLMHK CYHUYHOI, L0 Mae JOCTaTHIO CMpo-
BUHHY 6as3y Ta iCTOPit0 BUKOPUCTAHHS B HAPOAHI MEANLMHI.

Matepianu Ta metogu. 3pa3ku BUPOLLYyBanu B NepeaMiCTi 3anopixoks Ta 3aroToBNANM y nepiog MOBHOTO LBITIHHS (TpaBeHb — YEPBEHD).
MikpockonivyHuin aHani3 BUKOHANM 3 TUMYacoBUMY NpenapaTtaMu ncTka Ta cteben. POCIMHHI eKCTpakTh aHanisyBany xpomartorpadiyHo,
BUKOPUCTOBYIOUM razoBuit xpomatorpad Agilent Technologies 6890 i3 Mac-CneKTPOMETPUYHUM AEeTEKTYBAHHSM.

Pesynkratu. JIUCTOK BKPUTWIA NapeHXiMHUMW KNiTUHAMU 3 nefpb NOTOBLUEHMMK 0DONOHKamm 3 aHOMOUMTHUMM npoauxamu. OCHOBHa
napeHxima cknageHa 3 OKpYrMX TOHKOCTIHHUX kIiTuH. CTebrno okpyrne, BKpUTE BUOOBKEHWUMU MAPEHXIMHUMMW KIITUHAMU 3 TOHKUMM
06onoHkamu Maiike 6e3 Npoawxis Ta onyLueHHs. LieHTpanbHuii 0cboBWiA LMMIHAP My4KOBOro Tuny. Myyku BigkpuTi konatepanbHi, KpymHi.
Hap dnoemoto nyykiB € 6aratowaposa cknepexxiMa. CepLeBmHa YacTKOBO BUNOBHEHA, B LIEHTPI NOPOXHUCTA. Y HAaTUBHOMY eKCTpaKTi
BUSIBNEHO 63 CNOMYKY, 3 HUX iAeHTUDiKyBanW 37: KyMapuHW, XKUPHI KNUCNOTH, AUTEPNEHOBI CNINPTU, OKCUreHOBaHI BYrMeBOAHI TepneHoiAHOI
NPUPOAW, BULLi BYrNeBOAHI, NPeAcTaBHMKK (iToCTEpOniB i hiTocTepuHiB. Micns KUCNOTHOTO rigponidy KUCNOTO CynbdaTHOKO 3HaAeHo
58 cnonyk, 3 HUX ineHTMdiKyBanu 49: KymapuHu, CnMpTy Ta heHonu, anbaerian Ta KeTOHW, COyKV AUTEPNEHOBOI NPUPOaMN.

BucHoBkn. ®apmakorHoCTUYHWIA aHania NpeacTaBHUKa popy koHowvHa Trifolium fragiferum L. nas 3mory BCTaHOBUTU AjarHOCTUYHI MIKPOCKO-
MiYHi 03Hakv IncTka Ta cTebna. MopiBHAMM KOMMOHEHTU HATMBHOIO EKCTPAKTY Ta MiCns MOro KUCMOTHOTO rigponisy. BusHaumny 3akoHOMIPHOCTI
pO3MoAiny KaciB Pe4OBMH, LLIO XapakTepu3yBanm nuLle NeBHWIA TUM eKCTPaKTy. Tak, MOHOTEPNEHOIAW, apoMaTUYHi, reTEPOLIMKITIYHI CronyKu
BYSIBIN B rigporizoBaHOMy NPOZYKTi, @ CECKBITEPNEH! Ta CTEPOIAHI CNOMYKV — TiNbKW B HATVBHOMY EKCTPaKTi TPaBM KOHHOLLUVMHI CyHWUYHOI. CrvpTy,
anbaerian Ta KETOHW CTaHOBWMM BINbLUICTb Y rifponisoBaHOMY eKCTPaKTi, @ ByrNEBOAHIB BUSBUMYM GinbLue y HAaTBHOMY. JTnwwe 5 KOMMNOHEHTIB
ineHTudhikoBaHoO B 000X BUTSIraX: HOHaKo3aH, 2-CheHOKCIETaHom, 10Mionia, AuriapoaKTUHIAIoNia | KyMapuH, LU0 iCTOTHO BiPI3HANMCS 3a KiNbKICTHO.

Kntouogi crioBa: MikpockoniyHa giarHocTuka, ditoximis, ximivnnia cknag, Trifolii fragiferi Tpasa.
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Pharmacognostic studies of Trifolium fragiferum L. flora of Southern Ukraine
O. V. Grechana, A. H. Serbin, O. O. Salii, A. M. Rudnyk, |. M. Shevchenko, L. A. Fukleva
The work is devoted to the study of herbs of the representative genus Clover Trifolium fragiferum L. from the south Ukrainian flora.

The aim of this research is to investigate the representative of Southern Ukraine flora Trifolium fragiferum L. which has a sufficient raw
material base and use in folk medicine.

Materials and methods. Samples were grown in the suburbs of Zaporizhzhia and harvested during full flowering (May — June). Microscopic
analysis was performed with temporary preparations of leaves and stems. Plant extracts were analyzed chromatographically using an Agilent
Technologies 6890 gas chromatograph with mass spectrometric detection.

Results. The leaf is covered with parenchymal cells with slightly thickened membranes with anocytic stomata. The main parenchyma is composed of
rounded toxoid cells. Stem rounded, covered with elongated parenchymal cells with thin membranes with almost no stomata and pubescence. Central
axial cylinder is of beam type. Beams are open collateral, large. Above the phloem of the bundles is a multilayered sclerenchyma. The core is partially
filled, hollow in the center. 63 compounds were found in the native extract, of which 37 were identified: coumarins, fatty acids, diterpene alcohols,
oxygenated hydrocarbons of terpenoid nature, higher hydrocarbons, representatives of phytosterols, and phytosterols. After acid hydrolysis with sulfuric
acid, 58 compounds were found, of which 49 were identified: coumarins, alcohols and phenols, aldehydes and ketones, compounds of diterpene nature.

ARTICLE UDC 615.322:582.736.3].07(477.7)
INFO DOI: 10.14739/2409-2932.2022.3.259400

Current issues in pharmacy and medicine: science and practice 2022; 15 (3), 241-249

Key words: chemical composition, microscopic diagnostics, phytochemistry, Trifolium fragiferum herb.

*| il H
[ — E-mail: elenagrechanaya1310@gmail.com

zsmu.edu.ualarticle/

View/259400 Received: 27.07.2022 // Revised: 17.08.2022 // Accepted: 22.08.2022

ISSN 2306-8094 AKTyarnbHi nuTaHHs (hapMaLeBTUYHOT | MeaWYHOT Hayki Ta npakTuki. 2022. T. 15, Ne3(40) 241


https://orcid.org/0000-0002-1756-6372
https://orcid.org/0000-0002-6247-7520
https://orcid.org/0000-0001-7103-2083
https://orcid.org/0000-0003-2860-0967
https://orcid.org/0000-0002-5985-5092
https://orcid.org/0000-0002-2930-0619
https://doi.org/10.14739/2409-2932.2022.3.

mailto:elenagrechanaya1310%40gmail.com?subject=

Original research

Conclusions. Pharmacognostic analysis of the genus Clover Trifolium fragiferum L. revealed diagnostic microscopic signs of leaves and
stems. The components of the native extract are compared, and after its acid hydrolysis. Certain regularities in the distribution of classes of
substances that characterized certain types of extracts were revealed: monoterpenoids, aromatic, heterocyclic compounds characterized
the hydrolyzed product. Sesquiterpenes and steroid compounds are found only in the native extract of strawberry clover herb. Alcohols,
aldehydes, and ketones were the majority in the hydrolyzed extract, and hydrocarbons were observed more in the native. Only 5 components
were identified in both extracts: nonacosan, 2-phenoxyethanol, loliolide, dihydroactinidiolide and coumarin with significant differences in amounts.

Key words: chemical composition, microscopic diagnostics, phytochemistry, Trifolium fragiferum herb.
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OnHa 3 HAFOLIBIINX POAMH Cepel KBITKOBUX POCITHH — 0000BI
(Fabaceae L. abo Leguminosae L.), Bximodae 600—700 pomis
inonazn 12—17 Trc. oqHOPIYHMX 1 GaraTopiyHMX BU/IIB TPaB,
YarapHUKIB, JIiaH, pijlie IepeB, M0 3AeOUTBIIIOr0 XapakTepHi
qutst TporikiB [ 1-3]. Ykpaina € apeanom st moHan 60 pomiB
i 1800 BuziB wiei pomuau [2].

Ha 3ammaBHMX JykaX, CTEMOBHX CXHJIaX Ta y3Iiccsax €B-
PONEHCHKOTO KOHTHHEHTY POCTYTh YHCIICHHI IPEICTaBHUKI
pony xontormHa (Trifolium L.), BUI TOKpUTOHACIHHI Oara-
TOPiYHI TpaB’THUCTI pocimHn porauan Fabaceae L. [4-6]. Ha
TepUTOPII MIBACHHOT YaCTUHN YKPATHU TPAIUIIETHCS YMMAJI0
BHJIB KOHIOMUHM, ane JlepkaBHa (apmaxoness YKpaiHu
BKIIOUae onuH — Trifolium pratense L. oro mikapchkoro
POCITMHHOIO CHPOBHHOIO € CYIIBITTS, IO 3pi3al0Th Pa3oM i3
BEPXIBKOBHM JIFICTSIM ITiT 9aC TOBHOTO IBITiHHS pociuH [7,8].

VY (axoBiit miTeparypi HaBEACHO JCTaNbHI PEKOMEHAAIIT
mono inenTHdikarii TumoBoro 3paska Irifolium pratense y
TIpUpoi Ta cepen repoapHux 3paskis. [Ipote B mpupoi 3po-
cTae 6araTo MpOMiKHUX (TIepexiaHnX ) GOpM Ta IHIITUX BHU/IIB,
1o oeiHyI0Th 03Haku 1. pratense (T. repens, T. incarnatum);
LI CepHO3HO YCKIIA/IHIOE 3aKJIaJIKy TepOapHHX 3pa3KiB Ta
imenTH(iKarifo B mpupomi [5,9-11].

3a3Ha4uMMo, 1110 peTeIbHIN OOTaHIYHUH orie MOPQOIIOTii
Ta aHATOMI1 POCJIMHH He 301raeThes 3 hapMaKOrHOCTUIHUMU
JIIarHOCTUYHNMH O3HAKaMH ITiJ1 9ac TOBAPO3HABYOTO aHAIIZY
JIKAapChKOT POCIIMHHOI CUPOBUHY Ta i 11eHTH(IKAILT.

s pobora mpucBIUCHA TOCIIHKEHHIO HAI3EMHOI YacTH-
HU IHILIOTO IPEJICTaBHUKA POy KOHIOMIMHA 3 JOCTaTHIMHU
pecypcamu Ha MiB/HI YKpalHH, a caMe KOHIOIIMHA CYHHYHOT
(Trifolium fragiferum L.) — 6araTtopiqHOT HI3EKOPOCIIOl POCIIH-
HH 3 [TOB3y4YMMH CTEONaMH, 110 BKOPIHIOIOTHCS B By3iax. Pocte
37eOLTBIIIOTO Ha BOJIOTHX, TIOTAHO IPEHOBAHUX IPYHTAX, YaCTO
3acoseHnX. JKUIIKH JINCTKA KOHIOIMHY CyHHYHOI MaloTh Xa-
PaKTEePHI CIIOTYUCHHSI 3 POKMIIKAMHU; HA YSPEIIIKAX 1 JKIIKaX
€ TPIXOMH 3 HIDKHBOTO OOKY JCTKA. [ IpIICTKY 31e01TBIIoro
TIOMITHI, TOCTYNOBO 3BYXKYIOThCSI 10 BepXiBKU. CyLBITTS Ky-
JISICTE, KOMITAKTHE, 3 POXKEBUMH a00 (hioeTOBO-4ePBOHUMHA
KBITKaMu; € 1—2 ceplernoniOHNX CBITIO-KOPIYHCBUX HACIHUHI
3 TEMHO-KOPHYHEBUMH BKPAILICHHSIMH.

I3 momepenHix goCTiKeHb BiTOMO, 110 Buau Trifolium 6a-
rari Ha OLITIKH, € IaHi PO BMICT BEJIMKOT KUITBKOCTI 010I0TTHHO
AKTHBHUX BTOPUHHMX METaOOJIITiB. ABTOPH 30CepeKyBa-
JIMCSL HA PO3ZIUICHH] TPbOX 130()1aBOHIB: (POPMOHOHETHHY,
Jaii3einy i renicreiny —y 11 GaratopiuHux i 4 OMHOPIYHUX
Buaax Trifolium. BusBumm TaKky TEHICHIIIIO 3aralbHAX KOH-
LEHTPAIlii 130()JIaBOHIB Y JINCTKAX, CTEONIaX 1 KBITKAX KOHIO-
mH Oararopigyaux: 7. medium (6,01 mr/t, 3,50 Mr/r T2 2,93
MI/T BignoBigHo) > 1. pratense > T. fragiferum >... [12,13].

[{iaHOTCHH1 TIIIKO3U/IM JIOTABCTPAJIIH 1 JTIHAMAPHH Y HaJl-
3eMHIH 9aCTWHI KOHIOIIMHN CYHWYIHOI BHSIBIUIN TTOJTBCHKI
nocigHuky. [TopiBHIIBHUN aHaii3 in vitro BIacTUBOCTEH
MOTIMHAHHS BUTBHUX PAIUKAIIB €KCTPAKTIB BUMiB Trifolium
[OKa3aB, [0 KOHIONIMHA CYHHYHa MOXKe OyTH JDKEpesIoM
CHJIbHMX aHTUOKCUJIAHTIB y (DeHONBHIN (Qpakuil, BUICHIH
3 Ha/3eMHO1 yacTiHu 1. fragiferum [14].

BusiBuimi HOBI 1aH1 1I0/10 BIUTMBY POCIIMHN HA KOMITOHEHTH
KpOBI. 3/1iiICHUITH TTIOPIBHSUIbHME aHAITI3 in Vitro aHTUTPOMOO-
LIUTAPHUX BIACTUBOCTEH (eHombHOI dhpakuil 7. fragiferum,
BUSIBWIM 1HTIOyBaJIbHY /10 POCIMHHOTO IIpernapary Ha
aKTHBAIIiIO0 TpoMOoIuTiB KpoBi. Haponna meauiinaa BUKO-
puctoBye TpaBy 1. fragiferum L. ipu ANCTIETICISIX, 30BHIITHBO
— JUIsl JTIKyBaHHS paH Ta omikis [15,16].

MeTta po6otu

JocimkeHHsT Ha3eMHOI YaCTHHU TpeJICTaBHUKA (DIOpH
HiBJHST YKpalHU KOHIOIIMHKM CYHHYHOI, 1110 MA€ JIOCTAaTHIO
CHUPOBUHHY 0a3y Ta IiCTOPil0 BHKOPHCTAaHHS B HApPOIHII
ME/TULIHI.

Marepianu i MeToaun gocnimKeHHA

Ilig gac mociimKeHHS 3aCTOCOBYBAllM XJOpairiapar
kpucraniganit 99,5-101,0 % Qapmaxoneiinoi uucTotu B
OpHTiHAIBHIN yrakoBIli BupoOHHITBa Sigma (Himeuunna), a
TaKOX XJIOPUCTHI METHIICH (METHIICHXIIOPH/I 200 XJIOPUCTHI
metaH) 99,9 % uncTuil s aHanizy BupoOHuITBa Merck
(Erba Lachema, Himeuunna). KpiM TOro, BHKOPHCTOBYBAII
TpUIeKaH (YMCTOTH JUIs aHaui3y >99 %) i kucioty cynbdar-
HY (CTYIiHB YHCTOTH st aHai3y — 99,99 %) BupoOHHIITBA
Sigma-Aldrich (Himeuunna), HaTpifo TiAPOKCH] KpHCTa-
iyt 98 %, XimiuHo unctuii BUupoOHunTBa Brenntag CEE
GmbH (Asctpis).

Pocnunn Trifolium fragiferum L., sixi 3aroToBisum s
JIOCITI/KEHb, BUPOLICHI 3 KOJIEKLIHHOTO HaciHHs Kadenpu
OotaHiky XapKiBCHKOTO HAITIOHATFHOTO YHIBEPCUTETY iMEHi
B. H. Kapaszina B nepeamicti 3amopixxst (cemo [Tpumop-
cbke —47°37'28" nH. 1., 35°17'39" cx. 1.) y 2019-2021 pp.
Pocnuuan KynabTHBYBaIM 3a OHAKOBHX YMOB, 3arOTOBIISUTH
B TOMY CaMOMYy TIepioi, [II00 BUKITFOUUTH 3aICKHICTh 3MIH
CTPYKTYPH CHPOBHHH 1 STTiZICPMICY JIUCTS BiJl HABKOJIMIITHIX,
CE30HHMX METEOPOJIOTIYHUX YMOB, BIKY B (DCHOJOTIUHUH
nepioji MOBHOTO IBITIHHS (TpaBeHb — uepBeHb). Ilorme-
PEIHBO TiJCYIIEHY CHPOBHHY JOCYIIYBAIH I YKPUTTIM
a00 B 100pe MPOBITPIOBAHOMY MICIIi, CTSKHUIIH 33 TUM, 1100
CYLBITTS HE Nepecoxiim Ta He ocunanucs. Onepxxanu 20 %
CYXOI CUDOBUHH.
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Inentudikamito Buay miarBepaniu Ha kadeapi OoTaHiKu
XapKiBchKOro HallioHaJIbHOTO yHiBepcuteTy imeHi B. H. Ka-
pasina, Ykpaina (3aBimyBau kadenpu, 30epirad repoapiro —
noueHt FO. I Tamyms).

Jst MIKpOCKOITIYHOTO aHANi3y BUKOPHCTAIN THMYacOBi
perapary JIMCTKa Ta cTe0el, 10 TONePeTHbO KHIT ITHIIH B
PO34mHI TiApoKcuLy Hatpiro (5 %, Boz.) 63 BUKOPHUCTAHHS
OapeHuKiB. [Toniepeuni 3pi3u 3poousum siezom [17]. Ha Tim-
YaCOBHX MPENapaTax BU3HAUIN (POpMY KITITHH €ITiIepMICY,
THUI IPOAUXOBOI CUCTEMH, CYJUHHY TKaHUHY, CTPYKTYpY
TPHUXOM, 3aJI03UCTUX (CEKPETOPHUX) TPUXOM TOIIIO.

[penaparu pocnipKkyBanu Ha Mikpockori Axioskop 40
(Zeiss, Himeyunna), portorpacii 3podunm kameporo Canon
PS G7 (Snowist). Tun anapaTy npoauxiB BH3HAYa M 3a
knacupikaniero M. O. bapaHoBoi, omnvc KIITHH enigepMicy
3MICHIIIH 32 BiIoMUMHU MeTomukamu [ 18—20].

JlocatikeHHst HATHBHOTO eKcTpakTy. J{o HaBa’KKU POCIMHHOTO
marepiany Trifolium fragiferum L. (50—100 mr), monepenHpo
MOAPIOHEHOTO IO TOPOIIKOMOMIOHOTO CTaHy, JoxaBamu 50
MKT JIOZIeKaHy K BHYTPILIIHBOTO CTaHIAPTY i €KCTPAreHTy
(xstopuctuii MetwiieH). ExcrparyBanu npotsirom 100u 3a
KIMHATHOI TeMIlepaTypH, epeBaIi eKCTPAKT y Biasly Ha
2 mut it ynaproBaiiu 10 00’ emy 0,1 mit. OfepikaHuii eKCTPaKT
BinOmpanm xpoMarorpaiqHIM IITPHIIOM.

Excrpaxr ananizyBanu xpomarorpaiqHo, BUKOPHCTO-
ByIO4UH ra3o-pinuHHN xpomarorpad Agilent Technologies
6890 (Agilent, CILIA). JIeTexkTyBaHHSs 3IIHCHIIIN B aBTOMA-
THYHOMY PEXKUMI 32 JIOIOMOT'OK0 Mac-CIIEKTPOMETPUYHOTO
nerekropa. Xpomarorpad obnagHaHO XpoMarorpadiuHO
KOJIOHKOFO KarisipHOto ((epyna — rpadir) i3 BHyTPIlIHIM
nmiamerpoM 0,25 mm i 3aBnoBxkku 30 M. ['a3-HOCI#H — remiii 31
IIBUIKICTEO TToAadi 1,2 mi/xB. [Ipobu moriepeiHp0 Har piBajIHy.

Temmieparypy TepMocTara rpajiieHTHO MPOrpaMyBalii 3i
mBHAKicTIO 4 °C/XB.

Just inenTrdikaiiii KOMIIOHEHTIB BUKOpUCTAITH 010110TeKy
Mmac-criektpiB NISTO5 i WILEY 2007 i3 3arajbpHOO KilbKi-
cTio criekTpiB oHan 470 000 B moeHaHHI 3 TIPOrpaMamMu Jist
inentudikanii AMDIS 1 NIST. /{nst KiIbKiCHUX PO3paxyHKIB
3aCTOCYBaJIM METO/ BHYTPILlIHBOTO CTaHAapTy. Po3paxyBanu
BMICT KOMITOHEHTIB (MT/KT) 3a (hOpMyJI010:

C=K xK, (1)

neK, =S, /S ;S —nyoma mika 10C/iKyBaHOT CTIOMyKH;
S, —muomta nika cranpapty; K, =50/ M; 50 —maca BHyTpimm-
HBOTO CTaHAAPTY, MKI, BBEICHOIO B 3pa3ok; M — HaBakka
3paska, I.

Jlocaipxenns rigposizopanoro excrpaxty. HaBaxkky pociuH-
Horo marepiaiy (100 mr) mozxpibHIOBaM 10 MOPOIIKOMOIO-
HOTO CTaHy, 3aJIMBaJIH BOAOIO (2 MIT), I0/1aBaJIM TPUIEKAH SIK
BHYTpilHii crangapt i 3 kpammau 10 % po3unHy KHCIOTH
cynbharnoi. Burpumysaiu 3a remneparypu S0 °C npoTsirom
8 roxuH A TiAPONI3y 3B’A3aHUX KOMIOHEHTIB. CyMil
OXOJIO/KYBAJIH, IOAABAIIH 2 MJI XJIOPHCTOrO MeTHiIeHy. KoM-
TIOHEHTH EKCTParyBaJIi JJETKUM CTPYIIyBaHHSM ITPOTSITOM 2
roivH. XJIOpUCTHI METUIIEH BiJIOMPaIH Ta BUIIAPIOBAIIH JI0
00’emy 50 MKII.

AHai3, KiJTbKICHI PO3paxyHKH 3IiHCHIOBAJIH TaK CaMo,
SIK TIOTIEPEJTHI.

Pesynksratu

I1ix gac MiKPOCKOIIYHOTO TOCTIKCHHS HAI36MHOT YaCTHHU
KOHIOIIMHY CyHUYHOI BUSBIICHI Taki 0COOIMBOCTI Oy/loBH:
KIIITHHU BEPXHBOI CMiIepMH JIUCTKA OKPYTIi, HEBEJHKI,
MapeHXiMHI 3 Jie[b MOTOBIICHIUMHU O0O0JOHKaMU (puc. 1A,
a); nponuxu 4acti (puc. 1A, b), otoueHi Tppoma, piuie
4OTHPMa OUIAIPOIMXOBHMH KIITHHAMM; THII IIPOAUXOBOTO
arapary — aHOMOIIUTHHH.

Knitnan HIDKHBOI ertiiepMu OimbIi, 31 3BUBUCTUMH 000-
JoHKamu (puc. 1B, a). OnyleHHs BEpXHBOI eMiZIiepMH HeMae,
HW)KHBOI — piJIKe, YTBOPEHE JIOBTUMH OJHOKJIITHHHUMH
Tpuxomamu (puc. 1C, a).

Puc. 1. ®parmeHTn eninepmu nuctka Trifolium fragiferum L. A. BepxHs
enigepma. a: napeHxiMHi KniTuHu; b: NpoaMx aHOMOLMTHOrO Tvny.
B. HwxHs enigepma. a: 3BMBUCTOCTIHHI kniTuHW. C. Tpuxomun Ha
NOBEPXHi NIUCTKA. a: TpUXoMa.
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2A

Puc. 2. ®parmeHTv xunkv nuctka Trifolium fragiferum L. A. MonepeyHuii 3pi3. a: onyknicTb 3 HKHBOTO 60Ky NMCTKa; b: enigepma; ¢: 0OCHOBHa NapeH-
xima; d: Tpuxomu; e: 3aKpUTWiA konateparnbHWUiA MPoBiAHWIA Nyyok. B. KpuctanoHocHa obknagnHka Xumku.

3A

Puc. 3. ®parmeHTu yepellka nuctka. A. MonepeyHui 3pis. a: OQHOKMITUHHI Tprxomu. B: enigepma.

4A

Puc. 4. ®parmeHTu ctebna. A. MonepeyHuii 3pis. a: enigepma; b: ocHoBHa napeHxiMa; ¢: NpoBigHwuiA nyyok. B. Eninepma. a: npogyx aHoOMOLUTHOTO TuMy.

JKurka nmucTka OKpyTIa, 3HAYHO OMYyKIIa 3 HIKHBOTO OOKY
nctka (puc. 24, a). Eninepma )XUIKK CKIIaIa€Thes 3 apeH-
XIMHHUX TOHKOCTIHHUX KJITHH (puc. 24, b). OnymeHHs )WIKH
pinke, yTBOpeHe TpUXOMaMH Ha HIDKHIN emigepmi (puc. 24,
d). Ilix enizepMor0 — OCHOBHA MapeHXiMa 3 OKPYIIIMMHU
TOHKOCTIHHUMH KJIiTHHAMU (puc. 24, c). B TIeHTpi KWIKH €

OJIMH BEITMKHUIA 3aKPUTHI KOJIaTepalIbHUN MPOBIIHHUIA TyHIOK
(puc. 24, e). Y ®wiili 3 HIKHBOTO OOKY JINCTKA KOHFOIIIMHHU
CYHHYHOI PO3TallloBaHa KPHCTAIOHOCHA OOKIIaJMHKA, YTBO-
peHa OOIMHOKNMH KPHCTAIAMH KaBIIi0 OKcanary (puc. 2B).

UYeperrok okpyriol popmu (puc. 34), BKpUTHI eIriiepMoro
(puc. 3B) — nmapeHXIMHUMH, MPSIMOCTIHHUMH KJIITHHAMH
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Abundance
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Puc. 5. XpomaTorpama HaTWBHOTO EKCTPAKTY KOHIOLUMHI CYHUYHOI.

Abundance

TIC: COUMARIN-03.D
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Puc. 6. Xpomatorpama eKkCTpakTy KOHIOLWMHM CYHUYHOI NICAS rigponisy.

3 TOTOBIIEHNMH 00osoHKamu. [Tin eninepMoro — ocHOBHa
MapeHxiMa 3 OKpPYIJIMMH TOHKOCTIHHUMH KJIITHHAMHU. Y
LEHTPi PO3TAIIOBAHUN OIMH 3aKPUTHHA KOJaTepaIbHUIN
NPOBiAHUI My4oK. OmyIeHHs Yepelka cepeiHe, BOIOCKH
JIOBT1, OJTHOKJIITAHHI, OLII OCHOBH MAalOTh PO3ETKY 3 0a3uc-
HUX elliIepMalbHuX KIITUH (puc. 34, a).

Crebito Trifolium fragiferum L. oxpyrioi hopmu (puc. 44).
KutiTrHu ertiiepMu BUJIOBXKEHI, TapeHXiMHI 200 PO3eHXIMHI
3 TOHKAMH 000N0HKaMHU (puc. 4B). [Ipoauxu TparwisroThes
pinko (puc. 4B, a). [IponuxoBwii amapat aHOMOIIUTHOTO THITY.
Onymenns credna Hemae. [T emigepmoro (puc. 44, a) crebna
—OCHOBHa IapeHxima (puc. 44, b), 1o cki1aaeTbes 3 OKPYIINX

20.00

T T T T
25.00 30.00 35.00 40.00

TOHKOCTIHHMX KJTiTHH. [[eHTpabHIil 0ChOBUI IITIHIP ITyYKO-
Boro Tury. [Tyuku (puc. 44, ¢) BinKpuTi KonaTepasbHi, BEJHKI.

Hax ¢moemoro mydkiB € 6araTomapoBa CKICpeHXiIMa, 10
MEHII BHpakeHa 3 00Ky kcuiiemu. CepleBHHa Y4acTKOBO
BUITOBHEHA OCHOBHOIO ITaPEHXIMOIO, B IIEHTPI TOPOYKHUCTA.

Xpomarorpadiude JociKeHHs KOMIIOHEHTIB KOHIOUIMHI
CYHHYHOI. Y HATMBHOMY €KCTPAKTI KOHIOIIMHHM CYHUYIHOL
(puc. 5) BusiBum 63 crionyku B kibkocti 781,00 mry 1000 T,
i3 HEX igeHTH(IKYBamM 37.

ITig gac ra3oBoi xpomartorpadii CHpOBHHN KOHIOIIHMHU
CYHHMYHOT MiCJIsi KUCJIOTHOTO TiJPOITi3y BUSBWIN 58 CHOIYK
(3748,00 mr y 1000 r), i3 Hux inentudikysamu 49 (puc. 6).
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O6roBopeHHs
3-TIOMIXK CTTONYK i3 KJTacy iCTHHHIX KyMapHHIB y 3aTOTOBJICHIX
HA[3EMHUX YaCTHHAX KOHIOIIMHHU CYHUYHOI iMeHTU(DIKYBaTH
kymapuH (0,15 mr %). BcraHOBUIHN KiTBKICTH KOMITOHEHTIB, 110
HaJIeKaTh JI0 KJACIB )KUPHHX KHCIIOT, & caMe IaJIbMITHHOBOI Ta
JIHOJICHOBOI KMCI0TH — 9,25 Mr % Ta 3,82 mr % BiAMOBIIHO.
Y cHpOBHHI KOHIOITMHHI CyHUYHOI ITi]] Yac ra30BOi XpoMa-
Torpadii ieHTU(iIKyBaH 610JI0TYHO AKTHBHI OPraHivHi CIo-
JIYKH 3 PI3HUX KJIaCiB: AMTEpHeHOBUH crupT diton (5,52 mr
%), mo mae C20 ByIJIEBOTHEBHI CKEJIET, yTBOPEHUH YOTHPMA
130MPEHOBUMH JIAHKAMH, TIOMIUPEHUH y 3€JICHUX POCINHAX
SIK KOMITOHEHT MOJIEKYJ XJIOpOQily, ie BIH MICTUTBCS SIK
cxnagnui edip i Biraminu E, K; okcureHosani ByrieBon-
Hi TepneHoigHoi mpupoan uuc-Heodiranien (1,66 mr %),
rekcarigpocgapuesmnaneToH (1,44 mr %); BUIIII ByTIIeBOAHI
HoHako3aH (9,03 mr %), renTaxo3as (1,46 Mr %); mpencras-
HUKH (iTocTepoiB i GpitocTepuHiB reHTpiakoHTat (9,08 Mr
%), crurmactepoi (1,13 mr %) ta y-cutocrepor (6,22 mr %).
YV pocrHHOMY MaTtepialti KOHIOIIIHI CyHITIHOI TiCIIS TiApo-
i3y (y 3B’s13aHOMY CTaHi) iIeHTHA(IKyBaJIM KOMIIOHESHTH KJIacy
KyMapuHiB: JurinpokymapuH (3,10 mr %), kymapus (14,60 mr

%), 7-oxcukymapud (20,90 mr %) 1 ckomonetrH (55,2 mr %).
3arayioM BOHH CTaHOBIIH 25 % BiJ 3arabHOi MAaCH PEYOBHH.

[TpuBeprae yBary KiNbKIiCTh KOMIIOHEHTIB, 1110 HaJIeXKaTh
JI0 KJ1acy criupTiB i penosiB — 2-peHokcieranod (45,0 mr %);
QNBJCTIIB 1 KETOHIB — 3-eTHi-4-MeTwi- 1 H-mipoi-2,5-1i0H
(11,1 mr %) i dypdypo (25,20 mr %), CHIOTYKH TUTEPIIEHO-
BOI IPUPOIH AUTIAPOAKTHHUAIOMI T, jtomiomiz (19,80 mr % i
17,20 mr % BiamoBigHO), 3-okcH-f-gamackoH (10,9 mr %).

BusiBuim BUCOKHH BMIiCT OZIHOOCHOBHOI TPaHUYHOI Kap-
OOHOBOI KHCIIOTH OKCOHOHAHOBOT (12,6 Mr %) Ta MOHOKap-
00HOBOI (PeHOIBHOT caIIIOBOI (25,5 Mr %).

L{iHHM#T KOMIIOHEHT EKCTPAKTY KOHIOIIMHH CYHUYHOI ITiCIst
KHCIJIOTHOTO T1APOITi3y — 3-OKCH-f3-TaMacKOH, KETOH TPOSHIN
(10,9 mr %), mo € TMpencTaBHUKOM TEPIICHOBHX CIIONYK,
TIPOAYKT TEPETBOPEHD S-KAPOTHHY.

VY pe3ynbrari MOPiBHSJIBHOTO aHAITI3y KOMIIOHEHTIB 000X
BUTATIB BUSIBIJIH: JCSKI KJIACH PEUOBHH XapaKTEPHI JIUIIC
JUIsl IGBHOTO THUITYy eKCTpakTy. Tak, MOHOTEpPIICHOI M, apo-
MaTH4Hi, TeTePOIIUKIIIYHI CTIOYKH XapaKTePHU3yBaIH Tipo-
J30BaHUH TIPOAYKT, & CECKBITEPIICHH Ta CTEPOINHI CIIOIYKH
BUSIBWJIM TUTBKU B HATUBHOMY €KCTPAKTi TPaBU KOHIOIIMHHI
cyHn4HOi (mabn. 1).

Tabnuusa 1. MNopiBHANbHA XapakTepyuCcTUKa EKCTPaKTIB KOHIOLLMHK CyHWYHOI, Mr/1000 r

Ne | Ha3Ba peyoBuHU Hatueuun | ligponizoBanuin | Ne | HasBa peyoBuHM Hatusuun | FipponisoBaHui
3/n eKCTpaKT npoaykT 3/n eKCTpaKT npoaykT

ByrnesopgHi CecksitepneHu

1 MOHOTEPMNEHN 33 - 41 | rekcarigpocapHe3unnaLeToH | 14,4 | 41,0
2 | neHTagekaH 0,8 - Outepnenn

3 | okTagekaH 1,6 - 42 | purigpoakTuHigionig 49 198,0
4 | reHTpiakoHTaH 90,8 - 43 | umc-HeodbiTagieH 16,6 -

5 | HOHako3aH 90,3 25,0 44 | TpaHc-HeodiTagieH 2,3 -

6 | neHTako3saH 53 - 45 | umc,TpaHc-HeodiTadieH 1,9 -

7 | renTtako3aH 14,6 - 46 | dpiton 55,2 -
CnupTu i peHonm JlakToHM

8 | B-theHineTnnosui cnmpt - 37,0 47 | y-kanponakToH - 12,0
9 | 6eHsunoBuin cnvpt - 22,0 48 | ByTMponakToH - -
10 | 2-meToKcy-4-BiHindeHon - 57,0 49 | mansTon - 83,0
11 | 1-okTeH-3-on - 14,0 50 | nonionig 2,5 172,0
12 | 2-deHokcieTaHon 4,0 77,0 TputepneHoBi canoHiHun

13 | 4-(3-okeu-1-nponenin)-2-meTokcudeHon | — 86,0 51 | B-amipuH 8,9 -
Anbpgerigv i KeToHN 52 | a—amipuH 10,7 -
14 | 3-meTunbyTaHoH-2 - 50,0 53 | ckBaneH - 9,0
15 | MeTuni3onponeHinkeToH - 84,0 54 | nyneon 2,3 -

16 | nipon-2,5-gioH 2,3 - Crepoign

17 | 2-rekceHanb - 10,0 55 | kemnecTepon 72 -

18 | 2-renteHanb - 7,0 56 | cturmactepon 1,3 -

19 | doypcpypon - 252,0 57 | y-cutoctepon 62,2 =

20 | 5-metundypdypon - 10,0 ApomatuyHi cnonyku

21 | 6ensanbaeria - 51,0 58 | unc-izoesreHon - 15,0
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Mpog

OBXEHHs Tabnuui 1.

Ne | Hassa peyoBuHU HatuBuun | ligponizoBaHmn | Ne | HasBa pe4yoBuHM HatuBuun | lipponisoBaHui
3/n eKcTpaKT npoaykT 3/n eKCTpaKT npoaykT

napa-okcunbeHaanbaeria 12,0 MoxiaHi rerepoumMKnivHNX cnonyk
23 | dreninaveTanbaeria - 45,0 59 | 5-neHTnn-2(5H)-cbypaHoH - 7,0
24 | 3-eTeHin-4-metun-1H-nipon-2,5-aioH - 32,0 60 | aurigpo-5-neHTun-2(3H)- - 10,0
dypaHoH
25 | 3-etun-4-metun-1H-nipon-2,5-gioH - 111,0 Kap6oHoBi kucnotu Ta ix edipu
26 | 4-oken-3,5,5-TpumeTnn-4-(3-okco-1- - 79,0 61 | rekcaHoBa kucroTa 4,9 60,0
ByTeHin)-2-umknorekceH-1-oH
27 | 6-metun-3,5-rentagieH-2-oH - 8,0 62 | rekceHoBa kucnorta 1,5 -
28 | iHpon-5-anbaerin - 46,0 63 | 2-rekceHoBa kucnota 24,0
29 | byskoBui anbgeria - 48,0 64 | rentagekaHoBa kucnota 2,3 -
30 | BaHiniH - 63,0 65 | mogekaHoBa kucnota 7.8 -
Howmiwka 66 | cTeapuHoBa KucroTa 251 -
31 | cpranar 2,3+46 67 | enKo3aHoBa kucnoTa 1,6 -
32 | isonponinnaypart (aomiLuka) 9,8 68 | kanpunosa kucnota 37,0
33 | ammeTuncynboken 1,7 69 | kanpuHoBa kvcnoTta 18,0
Kymapunu 70 | oneiHoBa kucnota 7,2 -
34 | kymapuH 1,5 146,0 71 | neHTapekaHoBa kucnota 2,0 -
35 | purigpokymapuH - 31,0 72 | nanbMiTMHOBA KUCMoTa 92,5 90,0
36 | 7-OKCWUKyMapuH - 209,0 73 | deninoyToBa Kucrnota - 18,0
37 | ckononeTuH (7-0Kcu-6-METOKCUKYMapuH) | — 552,0 74 | caniuunosa kucnota - 255,0
TepneHoigu 75 | niHoneea kucnota 16,4 -
MoHoTepneHoian 76 | niHonmeHoBa kucnota 38,2 -
38 | TpaHc-niHanoonokeug - 17,0 77 | 9-0KCOHOHAHOBA KMCOTa - 126,0
39 | 2-okcK-B-pamackoH - 74,0 78 | isoBanepiaHoBa kucnota - 49,0
40 | 3-okcu-B-mamackoH - 109,0
Puc. 7. |neHTUYHI cnomyku
100% obox eKt?_TpaKTiB KOHIOLLMHM

90 % CYHWUYHOI.

80 %

70 %

60 %

50 %

40 %

30 %

20 %

10 %

0% 2-tbeHokci- aurigpo- o
HOHaKo3aH etaHon aKTVIHi/J,iOJ'Ii,Et nonionig KyMapuH
W eKCTpaKT nicns ripponisy 25 7 198 172 146
W HaTMBHWI eKCTpakT 90,3 4 49 2,5 1,5
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Original research

BcraHoBWIIN, 110 CIMPTH, alIbAET1M T2 KETOHH HAKOIIMYY-
I0TBCS TIEPEBAXKHO B TiIPOJII30BAHOMY E€KCTPAKTI, a CIIONYK
i3 KJIaCy BYIVICBOJIHIB OLJIbIIIC B HATUBHOMY.

Kpim Toro, 3-moMix 78 KOMIIOHEHTIB TUIBKH 5 1ICHTHU-
¢ixyBamm B 000X BHUTATAX: HOHAKO3aH, 2-(EHOKCIETaHOI,
JIOMIONIJ, TUT1IPOAKTHHIIIONI 1 KyMapHH (puc. 7). KimbKicTh
LUX CIIOJYK 3MIHIOETHCS Y IIMPOKOMY Jliara3oHi: BHIINH
HacuueHui napadin HOHaKO3aH 3MEHIIyeThes B 3,72 pasa,
cupT 2-(heHOKCieTaHoI, TUTEPIICH TUTiAPOAKTHHIIIONI],
JIAKTOH JIONIOMIJ 1 KyMapHH 30UteIIyroTecs y 19,25, 40,41,
68,8 197,33 pasa BiAMOBIIHO.

BucHoBKu

1. 3aificHITH (hapMaKOrHOCTHYHHIA aHAJTI3 IPEACTABHUKA
pony xoutommHa Trifolium fragiferum L.

2. BcraHoBWIM miarHOCTHYHI (PapMaKOTHOCTHYHI, Mi-
KPOCKOITIYHI O3HAKM JIUCTKA Ta cTe0i1a, TIOPIBHSIIN KOMIIO-
HEHTH HATMBHOT'O €KCTPAKTY 3 HAZI3eMHOT YaCTHHH POCIHHH
Ta MiciIsA 10T0 KUCIOTHOTO T1APOII3Y.

3. Bu3HaumIH 3aKOHOMIPHOCTI PO3MO/ILTY KIIaCiB PEIOBHH,
0 XapaKTepU3yBaJM JIMIIE TIEBHUH THUI eKCTpakTy. Tak,
MOHOTEPIEHOIIN, apOMaTHYHI, TeTEPOLUKIIYHI CIOTYKH
BUSIBUJTH B T1JIPOJII30BAaHOMY ITPOIYKTi, @ CECKBITEPIICHH Ta
CTepOIIHI CHIONYKH — TUIBKA B HATUBHOMY SKCTPAKTI TPaBH
KOHIOIIMHY CyHUYHOI. 32 HAKOIIMYCHHSIM CIIUPTIB, aJIb/ICT1/1iB
Ta KETOHIB MEpeBa)kaB T'iJPOII30BAHUN EKCTPAKT, Olilblle
BYIJICBOJHIB BUSIBUIIM B HATUBHOMY.

4. 3-moMiK 78 KOMITOHEHTIB TUTBKH 5 iIeHTU(IKYBaIA B
000X BHUTATAX: HOHAKO3aH, 2-(EHOKCICTaHOII, JIOJIOMI I, IU-
TiJIPOAKTHHIAIONIT I KyMapHH, — 1[0 MaJi ICTOTHY PI3HHIIO
3a KUIBKICTIO.
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Chromato-mass spectroscopy of tinctures from the underground part
of Valerian plants growing in Zaporizhzhia region
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Modern sedatives used in medical practice can be of both synthetic and natural origin. It is known that the best phytosedative is valerian.
In the 18" century, valerian was included in all European pharmacopeias. High efficiency, good tolerability, and virtually no side effects
ensure the widespread use of valerian and its phytopreparations in medical practice, especially for the treatment of geriatric patients.
Despite this, valerian remains understudied due to its extreme polymorphism.

The aim of the work is to determine the component composition of valerian tinctures made from rhizomes with valerian roots of different
species growing in the Zaporizhzhia region by gas chromatography and to carry out their comparative analysis.

Materials and methods. Samples of rhizomes with valerian roots made from medicinal plant raw materials of valerian according to
the traditional production recipe (Tinctura Rhizomata cum radicibus Valerianae (1:5)) from different species of valerian growing in
the Zaporizhzhia region were selected for experimental studies: Valerian stolonifera Czern. — Kantserivska Balka, Zaporizhzhia district,
Zaporizhzhia region; V. exaltata Mikan. — Shyroke village, Vasylivskyi district, Zaporizhzhia region; V. tuberosa L. — Khortytsia Island,
Zaporizhzhia; V. collina Wallr. - right bank of the Dnieper River, Zaporizhzhia. The component composition of valerian tinctures was studied
using an Agilent 7890B gas chromatograph with a mass spectrometric detector 5977B.

Results. The component composition of tinctures from the underground part of valerian plants growing in the Zaporizhzhia region was
identified and analyzed with chromato-mass spectrometry.

Conclusions. 55 components in valerian tincture from underground raw materials of Valeriana stolonifera Czern. were identified with gas
chromatography: V. exaltata Mikan. — 48, V. tuberosa L. — 54, V. collina Wallr. — 51. Analyzing the obtained data, we can conclude that
valerian tinctures differ in both quantitative and qualitative composition. Only compounds 7 and 9 coincide in tinctures from underground
parts of all four types of valerian. Since the tinctures were made following the standard technology, the content of components in medicinal
plant raw materials depends on the type, place of growth, environmental conditions, time of collection, drying of raw materials. The results
of the study confirm the prospects of using the underground part of the studied plants of the genus Valerian to create new drugs and
phytopreparations on their basis. However, given the extreme polymorphism of valerian for the introduction into the culture of promising
species that grow in Ukraine, it is necessary to conduct more in-depth pharmacognostic and pharmacological studies of plants of this genus.

Key words: valerian tincture, gas chromatography, chromato-mass spectroscopy, component composition, quantitative content.
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XpomaTo-mac-cnekTpoCKonisi HaCTOWOK i3 NiA3eMHOI YaCTUHM POCIIMH poAy BanepiaHa, Lo 3pocTatoTh Y 3anopisbkomy Kpai
B. M. OguHuosa, HO. . Kopriecbkuii, [1. KO. CkopuHa, B. I. KopHieBcbka

3-nomix Cy4acHux ceaTMBHUX 3aC0obiB, LLIO BUKOPUCTOBYIOTb Y MEAUYHIN NPaKTWL, PO3Pi3HAIOTb NpenapaTi CUHTETUYHOTO Ta NPUPOAHOTO
noxomkeHHst. Bigomo, Lo kpaLumm pocnnHHUM iToTpaHkBinisaTopoM € Banepiana. Y XVIII cronitti BanepiaHa 6yna BkntoyeHa B yci €Bpo-
nenceki hapmakonei. Bucoka edpekTUBHICTb, XOpoLUa NepeHOCHICTL i Malixe NoBHa BifCYTHICTb NOGIYHMX eheKTiB 3abe3neyyoTh LWMpoKe
BUKOPUCTaHHS BanepiaHu Ta ii ghiTonpenapariB y MeanyHin npaktuui, 0cobnmneo Ans nikyBaHHs repiaTpuyHuX XBopux. Hesaxaroum Ha
Lie, BanepiaHa nikapcbka 3anuLaeTbCs HEA0CTaTHLO BUBYEHO Yepes ii Haa3BMYanHy NoniMopgHICTb.

MeTa poboTu — METOLOM ras3oBoi xpomarorpadii BU3HaUNTV KOMMOHEHTHWIA CKNaA HaCTOWOK BarepiaHu, BUTOTOBIEHWX i3 KOPEHEBULL, 3
KOpPEHAMW BanepiaHun pisHWX BUAIB, SKi 3p0CTaloThb y 3anopisbkomy Kpai, Ta 34INCHUTY iX NOPIBHAMNBHWIA aHani3.

Marepianu Ta meToau. ns ekcnepuMeHTanbHUX AOCTImKeHb 0Opasnm 3pasku HACTOMOK KOPEHEBWLL i3 KOPEHSMI BanepiaHu, BUrOTOBMEHI
3 nikapcbKOi POCMMHHOI CYPOBUHM BanepiaHn 3a TpaauLinHo BrpobHuYoto peuentypoto (Tinctura Rhizomata cum radicibus Valerianae
(1:5)) i3 pisHux BMAiB BanepiaHu, Lo 3pocTaloTb y 3anopisbkoMy Kpai: Valeriana stolonifera Czern. — KaHuepiecbka 6anka, 3anopisskuii
pavioH 3anopisbkoi obnacTi; V. exaltata Mikan. — c. Lupoke, Bacuniecbkoro paiioHy 3anopisbkoi 0bn.; V. tuberosa L. — 0. XopTuus,

ARTICLE UDC 615.451.1:615.322:582.971.3].074:543.51
INFO DOI: 10.14739/2409-2932.2022.3.261819

Current issues in pharmacy and medicine: science and practice 2022; 15 (3), 250-258

Key words: valerian tincture, gas chromatography, chromato-mass spectroscopy, component composition, quantitative content.

*| il H
[ — E-mail: odyntsova1505@gmail.com

zsmu.edu.ualarticle/

View/261819 Received: 20.06.2022 // Revised: 05.07.2022 // Accepted: 20.07.2022

250 Current issues in pharmacy and medicine: science and practice. Volume 15. No. 3, September — December 2022 ISSN 2306-8094


https://orcid.org/0000-0002-7883-8917
https://orcid.org/0000-0001-7863-6736
https://orcid.org/0000-0002-8851-8757
https://orcid.org/0000-0001-8307-1282
https://doi.org/10.14739/2409-2932.2022.3.
261819

mailto:odyntsova1505%40gmail.com?subject=

OpueiHaribHi 0oCidxeHHs!

M. 3anopixoks; V. collina Wallr. — npasuit 6eper p. [Hinpo, M. 3anopiioks. KOMNoHeHTHWIA cknaj HacToWok BanepiaHu JocnidxyBany 3a
fonomoroto razoBoro xpomarorpada Agilent 7890B 3 mac-cnekTpoMeTpuyH1M aeTektopom 5977B.

Pesynkrati. 3a ;ONOMOroOK0 XpoMaTo-mMac-CrnekTpoMeTpil igeHTUdiKyBanum Ta npoaHaniaysarnv KOMIOHEHTHUI Cknag HAaCTOWOK i3 Nig3eMHOi
4aCTUHU POCIUH pofy BanepiaHa, Lo 3pocTaoTb Y 3anopisbkomMy Kpai.

BucHoskn. MeTogom ra3oBoi xpomartorpadii y HacTonui BanepiaHu 3 nig3emMHol cuposuHu Valeriana stolonifera Czern. |peHTndikyBanu
55 komnoHeHTiB, 3 V. exaltata Mikan. — 48, 3 V. tuberosa L. — 54, 3 V. collina Wallr. — 51. MNpoaHanisyBaBLIX ogepxaHi AaHi, 3poounm
BVCHOBOK, LL|O HACTOWKM BanepiaHu BiApi3HAIOTLCS i 3a KiNbKICHWM, i 3@ AKICHUM CKnagoMm. Y HacToiKax 3 NiA3eMHUX OpraHiB yCiX YOTMPbOX
BUAiB BanepiaHu 36iratotbest nuie cnonyku 7 i 9. Ockinbku HACTOMKM BUrOTOBMEHI 3@ CTaHAAPTHOK TEXHOMOTIE0, BMICT KOMMOHEHTIB Y
NiKapCbKili POCIMHHIN CUPOBWHI 3aNeXunTb Bif BUAY, MIiCLiSt 3pOCTaHHS, €KOMOTYHNX YMOB, Yacy 301paHHs, CyLUiHHS CMpoBWHY. Pe3ynstaTu
[OCTiAKEeHHS MiATBEPAXKYIOTb NEPCNEKTUBHICTb BUKOPUCTaHHS NiA3EMHOI YaCTUHM JOCTIAKEHVX POCMNH POAY BanepiaHa Ans CTBOPEHHS
Ha iXHilh OCHOBI HOBWX nikapcbkux 3acobiB i iTonpenapatie. BpaxoBytoun Haa3BMYaANHY NOMIMOPCHICTL BanepiaHu, Ans BBEAEHHS B
KynbTYpy NEPCNEKTUBHWX BUAIB, ki 3pOCTaloTh Ha TepuTopii YkpaiHu, HeobxigHO 3ailicHioBaTy rmubLLi dhapMaKkorHoCTUYHI Ta hapmako-
NOriYHi JOCRIDKEHHS POCAMH LbOTO poay.

KnrouoBi crnosa: HacToiika BanepiaHu, razoBa xpomartorpadisi, XxpomMaTo-Mac-CneKTPOCKOMis, KOMMOHEHTHWIA cKnag, KinbKiCHWIA BMICT.

AKTyanbHi nuTaHHA dpapMaLieBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2022. T. 15, Ne 3(40). C. 250-258

Valerian has long been used in scientific and traditional medi-
cine both independently (in the form of tinctures, decoctions and
alcohol tinctures of fresh phytomass or air-dried raw materials,
thick extract, fresh juice, powder of underground organs) and
as part of various multicomponent phytocompositions, which
allows varying their composition and, thus, intensively affect
various parts of pathological disorders in the body [2].
Valerian grows all over the globe and has more than 250
species. In Ukraine, 13 species belong to the collective
species cycle Valeriana officinalis L. s. 1. of these, the most
important are: Valeriana grossheimii Worosch., V. sambucifolia
Mikan, V. collina Wallr., V. simplicifolia Kabath., V. tripteris L.,
V. transsylvanica Schur, V. exaltata Mikan, V. rossica P. Smirn.,
V. tanaitica Worosch., V. nitida Kx., V. stolonifera Czerm. The next
plants grow in the Zaporizhzhia region: V. stolonifera Czem.,
V. exaltata Mikan, V. collina Wallr., V. tuberosa L. [1,3,4,6-12].

Aim

The aim of the work is to determine the component composition
of valerian tinctures made from rhizomes with valerian roots
of different species growing in the Zaporizhzhia region by gas
chromatography and to carry out their comparative analysis.

Materials and methods

Samples of thizomes with valerian roots made from medicinal
plant raw materials of valerian according to the traditional pro-
duction recipe (Tinctura Rhizomata cum radicibus Valerianae
(1:5)) from different species of valerian growing in the Zapo-
rizhzhia region were selected for experimental studies:

— Valerian stolonifera Czern. — Kantserivska Balka, Zapo-
rizhzhia district, Zaporizhzhia region;

— V. exaltata Mikan. — Shyroke village, Vasylivskyi district,
Zaporizhzhia region;

— V. tuberosa L. — Khortytsia Island, Zaporizhzhia;

— V. collina Wallr. — right bank of the Dnieper River, Zapori-
zhzhia.

The component composition of valerian tinctures was stud-
ied using an Agilent 7890B gas chromatograph with a mass
spectrometric detector 5977B. Chromatography conditions:
DB-5ms column 30 m long, with an inner diameter of 250 um

and a phase thickness of 0.25 pum. The speed of the carrier gas
(helium) — 1.3 ml/min. The injection volume is 0.5 pl. The
division of the flow is 1:5. The temperature of the sample in-
jection unit — 265 °C. Thermostat temperature: programmable
—70 °C (exposure 1 min), up to 150 °C at a speed of 20 °/min
(exposure 1 min), up to 270 °C at a speed of 20 °/min (expo-
sure 4 min). The NIST 14 mass spectrum library was used to
identify the components.

Results

The component composition of tinctures from the underground
part of Valerian plants growing in the Zaporizhzhia region was
identified and analyzed with chromato-mass spectrometry. 153
components were identified in the analysis of chromatograms
(Fig. 1-4, Table I) of the valerian tinctures (7able I) belonging
to different classes of biologically active compounds.

In the tincture of valerian from Valeriana stolonifera
Czern. (Kantserivska Balka) 55 compounds were identified,
of which 9 components are quantitatively distinguished in
terms of peak areas and retention time: 13.814 RT (E)-3-
((4S,7R,7aR)-3,7-Dimethyl-2.,4,5,6,7,7a-hexahydro-1H-
inden-4-yl)-2-methylacrylaldehyde — 18.21 %; 3.825 RT
7,7-Dimethyl-2-methylidenebicyclo[2.2.1]heptane — 7.25 %;
8.424 RT [(1S,2R,4S)-1,7,7-Trimethyl-2-bicyclo[2.2.1]hepta-
nyl] acetate — 5.26 %; 18.155 RT Ethyl linoleate — 3.35 %;
7.214 RT (6,6-Dimethyl-2-bicyclo[3.1.1]hept-2-enyl)metha-
nol — 3.29 %; 15.365 RT [(15,2R,5R,6R,8S,125)-1,5,9,9-Te-
tramethyl-10-oxatricyclo[6.2.2.0>¢]dodecan-12-yl] acetate
—2.75%; 11.943 RT Myrtenyl isovalerate —2.04%; 20.671 RT
6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahydronaph-
thalene-2,3-diol — 0.93 %; 4.826 RT D-Limonene — 0.37 %.

In the tincture of V. exaltata Mikan. (Shyroke village,
Vasylivskyi district, Zaporizhzhia region) 48 components were
identified, of which 8 components are quantitatively distin-
guished in terms of peak areas and retention time: 8.426 RT
[(1S,2R,48)-1,7,7-Trimethyl-2-bicyclo[2.2.1Theptanyl] acetate —
9.33%; 13.80 RT (E)-3-((4S,7R,7aR)-3,7-Dimethyl-2.,4,5,6,7,7a-
hexahydro-1H-inden-4-yl)-2-methylacrylaldehyde — 7.72 %;
17.822 RT 11,14-Dihydroxy-2-methyltricyclo[8.4.0.0>"Jtetradec-
6-en-5-one—5.44%; 15.363RT[(1S5,2R,5R,6R.8S,125)-1,5,9,9-Te-
tramethyl-10-oxatricyclo[6.2.2.0>¢]dodecan-12-yl] acetate
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Fig. 1.
Chromatogram

of valerian tincture
of V. stolonifera
Czem.

Fig. 2.
Chromatogram

of valerian tincture
of V. exaltata
Mikan.

Fig. 3.
Chromatogram

of valerian tincture
of V. tuberosa L.

Fig. 4.
Chromatogram

of valerian tincture
of V. collina Wallr.
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Table 1. Comparative characteristics of mass spectroscopy of tinctures from the underground part of Valerian plants growing in the Zaporizhzhia region

Chemical name of the component Molecular V. stolonifera
Rt Rt

formula
Content,
%
1 1-Hydroxypropan-2-one C,H.0, 1.732 |2.70 1.731 [1.50
2 2,2"-Bioxirane CH.0, 2.086 |0.74
3 1,2,3,4-Diepoxybutane CH.0, 2.088 |0.42
4 Acetoxyacetic acid C,H.0, 2.164 |0.30
5 | Methyl acetate C,HO, 2166 |0.84
6 Methyl 2-oxopropanoate C,H0, 3.338 |0.53 2247 | 1.77 2246 |1.01
7 3-Methylbutanoic acid C,H,0, 2.625 |1.53 2.862 [4.12 2.581 [13.37 2595 |[17.64
2.877 |2.39
8 2-Methylbutanoic acid CH, 0, 2627 |1.10
9 Ethyl 3-methylbutanoate CH,0O, 275 |7.05 272|147 2.733 |0.30 2.734 |0.36
10 | Dihydroxyacetone C,H.,0, 3.504 |4.09 3.144 | 7.09 3.145 |8.66
11 | 3-Carene CoHis 3.607 |0.39
12 | 1,3,3-Trimethyltricyclo[2.2.1.0¢]heptane CoHis 3.609 |1.97
13 | 2-[(Tetrahydro-2H-pyran-2-yl)oxy]propanoic acid | C,H,,O, 3.375 |0.20
14 | 1,2-Cyclopentanedione CH.0, 35 0.42 3.497 |0.53
15 | 3-Methylpentanoic acid CH,,0, 356 |0.37
16 | 7,7-Dimethyl-2-methylidenebicyclo[2.2.1]heptane | C, H,; 3.825 |7.25
17 | (1S)-2,2-Dimethyl-3-methylenebicyclo[2.2.1] CoHis 3.826 |0.44
heptane
18 | Glycerin C,HO, 4.006 |0.64 4.018 [0.36
19 | B-Phellandrene CoHie 4184 |0.41
20 | 6,6-Dimethyl-2-methylidenebicyclo[3.1.1]heptane | C, H,, 4.189 |0.47
21 | 2-Hydroxy-y-butyrolactone C,H.0, 4267 |0.82 4266 |0.90
22 | Aminopyrazole C,HN, 4387 |0.57
23 | D-Limonene CoHie 4826 |0.37
24 | N-(2-Fluorophenyl)-3-morpholin-4-ylpropanamide | C,,H,.FN,0, 4872 |0.37 4872 |0.32
25 | Clindamycin C,H.,.CINO.S 5.368 [0.33
26 | Thymine CHN,0, 5371 |0.65
27 | 2-Methylhept-2-en-4-one CH,0 5.642 |0.23
28 | 2-Nonen-1-ol CH,0 5739 |0.32 - -
29 | N-Methoxycarbonyl-L-alanine nonyl ester C,,H;NO, 6.228 |0.29 - -
30 | D,L-Arabinose C,H, O, 6.296 |1.10
6.431 [0.42
31 | 3,5-Dihydroxy-6-methyl-2,3-dihydropyran-4-one CH0, 6.493 |1.83 6.506 |1.23 6.431 | 147
32 | (2R)-1,7,7-Trimethylbicyclo[2.2.1]heptan-2-ol C,,H,s0 6.891 |0.80
33 | endo-Borneol C,H,O 6.895 |[1.30
34 | 4-Hydroxyoxolan-2-one C,H0, 6.496 |0.23
35 | Terpinen-4-ol C,H,O 6.993 |0.37
36 | (6,6-Dimethyl-2-bicyclo[3.1.1]hept-2-enyl)methanal | C, H,.O 7214 |3.29
37 | Catechol CH0, 7.053 [1.92 7.053 |2.47
38 | (-)-Myrtenol C,H,0 7215 |2.08
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Cont. of table 1.

Chemical name of the component Molecular V. stolonifera V. exaltata
Rt Rt Rt , | Rt

formula
Content, Content,

% %

39 | 2,3-Dihydro-1-benzofuran CH,0 743 0.35
40 | 2,3-Dihydroxypropyl acetate CH, 0, 7.819 [0.88 7.864 |1.85
41 | Hexyl 3-oxobutanoate CoH:0, 7.764 1043
42 | 9-Oxabicyclo[3.3.1]nonan-2-yl acetate CoH:0, 7.979 |0.17
43 | Methyl 6-oxoheptanoate CH,0, 8.205 |0.31
44 | Glucuronamide C,H,NO, 8.326 |0.26
45 |[(1S,2R,4S)-1,7,7-Trimethyl-2-bicyclo[2.2.1] C,H,.0, 8424 |5.26 8426 [9.33

heptanyl] acetate
46 | 1-(2-Hydroxy-5-methylphenyl)ethanone CH, .0, 8.791 |0.71
47 | (4-tert-Butylphenyl) 5-hydroxypentanoate C,sH0,
48 | 2-(2-Butynyl)cyclohexanone C,H,.0 8.792 |0.20
49 | 1-(2,6,6-Trimethylcyclohexen-1-yl)ethanol C,H,,0 8.882 |0.44
50 | 2-(3-Oxobutyl)cyclohexan-1-one C,,H::0, 8.882 |0.74
51 | Myrtenyl acetate C,H,0, 8.932 [0.39 8.933 |0.64

11.935 | 0.45

52 | Phorone CH,0 9.65 |0.17
53 | 5-Butyloxolan-2-one CH,0, 9.785 |1.99
54 | Vanillin lactoside CpoHy045 9.931 |0.18 9.821 |0.24
55 | Caryophyllene CisHy 10.296 | 0.42
56 | 1-Nitro-3-(propoxymethyl)benzene C,,H,sNO, 10.395 | 0.99
57 | Inosine C,,H,N,O, 10.397 | 0,89%
58 | 2,10,10-Trimethyltricyclo[7.1.1.0>"Jundec-7-en- C,H,0 10.452 | 0.62

6-one
59 | (4R4aR)-1,1,4,7-Tetramethyl-1a,2,3,4,4a,5,6,7b- |C,H,, 10.648 | 1.39

octahydrocyclopropa[e]azulene
60 | B-Panasinsene C..H,, 10.813 | 0.58
61 | (E)-4-(2,6,6-trimethylcyclohexen-1-yl)but-3-en- C,;H,0 10.969 | 1.04

2-one
62 | trans-B-lonone C,;H,,0 10.972 | 0.40
63 | 6-epi-Shyobunol C,;H,0 11.059 |0.37
64 | D-Mannose CH,.0, 11.093 | 0.37 8.396 |0.36
65 | 2-Methyl-5-(6-methylhept-5-en-2-yl)cyclo- CisHy 11.163 | 0.58

hexa-1,3-diene
66 | (1S,2E,6E,10R)-3,7,11,11-Tetramethylbicyc- C,H,, 11.251 | 0.59

lo[8.1.0]undeca-2,6-diene
67 | Octahydro-1H-cyclopropalclinden-7-ol C,,H,:0 11.314 | 0.34
68 | Ethyl (4E)-2-nitrodeca-4,9-dienoate C,,H,;NO, 11.365 | 0.44
69 | Acetylvanillin C,,H,0, 11.459 |2.46
70 | 2-(Bromomethyl)adamantan-2-ol C,H,,BrO 11.455 | 0.82 11.457 [1,27% | 11.458 [1.51%
71 | a-Panasinsen C,H,, 11.557 | 0.70
72 | Kessane C,sH,0 11.706 | 1.63
73 | Pulegone CH::0 11.709 | 1.48
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Cont. of table 1.

Chemical name of the component Molecular V. stolonifera ta _
Rt Rt

formula
Content,
% %

74 | 3-Ethoxyphenylhydrazine C,H,N,0 11.712 |2.22

75 | (3-Ethoxyphenyl)hydrazide C,H,,N,0 11.71 |1.30

76 | Pacifigorgiol C,;H,0 11.795 [ 1.44 11.791 [1.43

77 | 13-Oxadispiro[5.0.5.1]tridecane C,,H,,0 11.9 0.18

78 | Myrtenyl acetate C,,H.:0, 11.935 | 0.45

79 | Myrtenyl isovalerate C,sH,.0, 11.943 | 2.04

80 | 4-Hydroxy-2,6,6-trimethyl-3-oxocyclohexa-1,4-di- | C, H,,0, 12.025 | 3.02
enecarbaldehyde

81 | (7S)4,4,7,9a-Tetramethyl-1,2,3,6,8,9-hexahydro- | C H, O 12.03 [1.89 12.023 | 2.09
benzo[7]annulen-7-ol

82 | Methyl B-D-glucopyranoside CH,0O, 12.108 | 0.57

83 | D-Mannopyranoside CH,,0, 12.147 | 0.76

84 |(1aR,3aS,7S,7aS,7bR)-1,1,3a,7-Tetramethyl- C,H,0 12.184 | 0.62 12.181 [ 2.78
decahydro-1H-cyclopropa[a]naphthalen-7-ol

85 | (7S)-1,1,7-Trimethyl-4-methylidene-1a,2,3,4a,5,6, |C,H,0 12.251 1 0.95 12.245 [ 1.48
7a,7b-octahydrocyclopropalh]azulen-7-ol

86 | 3,4-Dihydroxy-5-(1,2,3,4-tetrahydroxybutyl) C,H,,0, 12.292 | 0.50
oxolan-2-one

87 | Spirojatamol C,H,0 12.308 | 0.97

12.88 [0.86

88 | 3-Deoxy-D-mannoic lactone C,H,.0, 12.322 | 1.68

89 | Ethyl-a-D-glucopyranoside C,H,O, 12.658 | 23.35

90 | Ethyl hexopyranoside C,H,O, 12.668 | 5.54

91 | Isospathulenol C,sH,,0 12.818 | 0.89 12.817 | 1.76

92 | (-)-Spathulenol C,;H,,0 12.861 | 0.32

93 | y-Himachalene CisHy 12.881 | 0.51

94 | D,L-3-Camphorcarboxylic acid C,H,:0, 12.971 [1.22

95 | [5,5-Dimethyl-6-(3-methyl-buta-1,3-dienyl)-7-oxa- | C,H,,0, 1296 |0.70
bicyclo[4.1.0]hept-1-yl]-methanol

96 | Undefined structure component - 12.978 | 15.80

97 | Methyl (52,82,11Z,14Z)-icosa-5,8,11,14-tetrae- C,H,0, 13.046 [ 1.15
noate

98 | [Benzyl(dimethyl)silyl]furan-2-carboxylate C,H,O.Si 13.214 [ 2.13 13.166 |2.62

99 | tert-Butyl(dimethyl)silyl-2-furoate C,H,0,Si 13.21 [1.82 13.172 | 5.95

100 | L-Gala-I-ido-octonic lactone CH,, 0O, 13.318 | 0.20

101 | N-[4-(3-hydroxypyrrolidin-1-yl)but-2-ynyl]-N-meth- | C, \H,.N,O, 13.332 [ 0.35%
ylacetamide

102 | (4aR,7S,8aS)-4a,8a-dimethyl-7-propan-2-yl- C,sH,0 13.407 |4.72 13.402 | 0.87
3,4,5,6,7,8-hexahydro-2H-naphthalen-1-one

103 | Patchouli alcohol C,sH,0 13.447 | 0.51

104 | Methyl octadeca-2,5-diynoate C,.Hy00, 13.457 [ 0.41

105 | (E)-3-((4S,7R,7aR)-3,7-Dimethyl-2,4,5,6,7,7a- C,H,,0 13.814 [ 18.21 13.80 |[7.72
hexahydro-1H-inden-4-yl)-2-methylacrylaldehyde

106 | 1-Hydroxy-3-(4-hydroxy-3-methoxyphenyl)propan- | C, H,,0, 13.819 [2.11
2-one
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Cont. of table 1.

Chemical name of the component

Molecular
formula

V. stolon
Rt

Content,

%

koot

V. exaltata
Rt

%

Content,

107 | (E)-3-(3,7-dimethyl-2,4,5,6,7,7a-hexahydro-1H-in- | C,.H,,0 13.84 [2.09
den-4-yl)-2-methylprop-2-enal
108 | Valerenol C,H,,0 13.863 | 0.75 13.86 |0.74
109 | (E)-4-(3-Hydroxyprop-1-en-1-yl)-2-methoxyphenol | C, H,,0, 13.978 | 0.42% 13.991 | 1.60
110 | Bicyclopentyl-1-en-1-ol C,H:c0 14.073 | 9.22
111 | Corymbolone C,sH,.0, 14.344 | 0.27
112 | Isospathulenol C,H,,0 14.436 | 0.56
113 | Drim-7-en-11-ol C,;H,0 14.513 | 0.69
114 | 12-Hydroxy-14-methyl-oxa-cyclotetradec-6-en- C,.H,.0, 14.639 | 0.35
2one
115 | Khusimyl methyl ether C.sHy0 14.701 | 0.38
116 | a-Kessyl acetate G0, 14.773 | 4.51 13.725 | 0.46
14.817 | 3.78
15.406 | 0.84
117 | Isospathulenol C,H,,0 14.474 | 0.30
118 | trans-Valerenyl acetate C,,H,0, 14.909 | 0.46%
19 | 2,5,5,8a-Tetramethyl-4-methylene-6,7,8,8a-tetra- | C,,H,,0, 15.083 | 0.17
hydro-4H,5H-chromen-4a-yl-hydroperoxide
120 | Valerenic acid C,;H,,0, 1523 [1.13 15.23 |2.01
121 |[(1S,2R,5R,6R,85,125)-1,5,9,9-Tetramethyl-10-0x- | C,.H,,0, 15.365 | 2.75 15.363 | 4.38 14.244 1 1.69
atricyclo[6.2.2.0>¢]dodecan-12-yl] acetate
122 | Ethyl 14-oxotetradecanoate CHLINON 15.581 | 0.59
123 | (E)-8-Methyl-9-tetradecen-1-ol acetate C,;H,,0, 15.555 | 1.64
124 | 3,5-Dihydroxy-5’,7-dimethyl-2’-propan-2-yl- C,H.,04 15.519 |2.92
spiro[8,10-dioxatricyclo[5.4.0.02°Jundec-
ane-9,1’-cyclohexane]-11-one
125 | [(2E)-Dodeca-2,11-dien-4-yl] acetate C,H,0, 15.64 |2.56
126 | (8S,14)-Cedran-diol C,;H,0, 14.633 | 1.22 14.629 [ 1.75
15.763 | 0.70 15.762 | 2.48
17.028 | 0.72
127 | Methyl 11,13-dihydroxytetradec-5-ynoate C,sH,0, 15.764 | 0.27
128 | 12-Hydroxy-14-methyl-oxa-cyclotetradec-6-en-2- | C,,H,,0, 15.899 | 0.43
one
129 | Ethyl (2E)-3-(4-hydroxy-3-methoxyphenyl)-2-pro- | C_H,,O, 15.904 |0.45
penoate
130 | 2-Dodec-7-ynoxyoxane C,;H,,0, 16.107 | 0.71
131 | [4-Methoxy-2-(3-methyloxiran-2-yl)phenyl] 2-meth- | C,.H,,0, 16.146 | 2.32 16.141 | 1.45
ylbutanoate
132 | 3-Hydroxy-1a,3,6,6-tetramethylhexahydro-2-oxa- | C,,H,,0, 16.177 | 0.39
cyclopropa[d]naphthalen-5-one
133 | Hexadecanoic acid C,eHy,0, 16.248 | 0.98 16.231 | 0.42
134 | (2R,3R,4aR,5S,8aS)-2-Hydroxy-4a,5-dimethyl-3- | C,.H,,0, 16.338 | 0.51 16.375 | 0.29
(prop-1-en-2-yl)octahydronaphthalen-1(2H)-one
135 | 4,8a-Dimethyl-6-prop-1-en-2-yl-2,3,4,4a,5,6,7,8- | C H, 0 16.416 | 1.19
octahydronaphthalen-1-one
136 | Ethyl hexadecanoate C,sHy:0, 16.579 | 1.93
137 | Undefined structure component - 17.046 | 3.32
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Cont. of table 1.

Molecular
formula

Chemical name of the component

V. stolonifera V. exaltata V. collina

Content, | Rt
% % % %

Content, | Rt Content, | Rt Content,

138 | (E)-Valerenyl isovalerate C,Hy,0, 17.182 | 1.40

139 | 5,8-Dihydroxy-4a-meth- C,sH0, 17.201 [ 1.28
yl-4,4a,4b,5,6,7,8,8a,9,10-decahy-
dro-2(3H)-phenanthrenone

140 | 6-(4-Hydroxy-2-methylbutan-2-yl)-2,3-dimethyl- C,,H,,0, 17.342 [ 0.70
phenol

141 | 4,8a-Dimethyl-6-prop-1-en-2-yl-2,3,4,4a,5,6,7,8- C,sH,,0 17.371 | 0.59
octahydronaphthalen-1-one

142 | 2,5,5,8a-Tetramethyl-6,7,8,8a-tetrahydro-5H- C,;H,0, 17.396 | 0.23
chromen-8-ol

143 | 11,13-Dihydroxy-tetradec-5-ynoic acid C,sHa60, 17.689 | 0.84

144 | 11,14-Dihydroxy-2-methyltricyclo[8.4.0.0°"Jtetra- | C,.H,,0, 17.822 | 5.44
dec-6-en-5-one

145 | Ethyl linoleate CHy60, 18.155 | 3.35

146 | Ethyl (92,12Z,15Z)-octadeca-9,12,15-trienoate C,H,,0, 18.21 |1.55

147 | Desacetylanguidine C,;H,.0; 18.21 |0.44

148 | [(E)-2-(2,2,6-Trimethyl-7-oxabicyclo[4.1.0]heptan- | C, H,,0, 18.944 | 0.63
1-yl)prop-1-enyl] acetate

149 | (5,9-Diacetyloxycyclododecyl) acetate C.sH;,04 20.308 | 2.04

150 | (+)-Longicamphenylone C,H,0 20.375 | 0.44

151 | 6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octa- | C,.H,,0, 20.671 | 0.93 20.667 | 1.09
hydronaphthalene-2,3-diol

152 | 3,5-Bis-(2,5-dimethylphenyl)-2,3-dihydro-1H-in- C,H,,0 23.357 |9.09
den-1-one

153 | 6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7, C,sH,.0, 20.714 1 0.32
8,8a-octahydronaphthalene-2,3-diol

—4.38%; 12.181 RT (1aR,3aS,7S,7aS,7bR)-1,1,3a,7-Tetramethyl-
decahydro-1H-cyclopropa[a]naphthalen-7-01—-2.78 %; 7.215 RT
(—)-Myrtenol —2.08 %; 9.785 RT 5-Butyloxolan-2-one — 1.99 %;
20.667 RT 6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahy-
dronaphthalene-2,3-diol — 1.09 %.

In the comparative characterization of tinctures of V. sto-
lonifera and V. exaltata it was found that 4 components
coincide: 13.80-13.814 RT 7.72-18.21%; 3.825-8.426 RT
7.25-9.33 %; 15.363-15.365 RT 2.75-4.38 %; 20.667-20.671
RT 0.37-1.09 %.

Analyzing the retention time and peak areas (Fig. 3) of valerian
tincture of V. tuberosa L. (Khortytsia Island) 54 components
were identified, of which 11 components are quantitatively
distinguished in terms of peak areas and retention time: 2.581
RT 3-Methylbutanoic acid — 13.37 %; 14.073 RT Bicyclo-
pentyl-1’-en-1-ol — 9.22 %; 23.357 RT 3,5-Bis-(2,5-dimeth-
ylphenyl)-2,3-dihydro-1H-inden-1-one — 9.09 %; 20.308 RT
(5,9-Diacetyloxycyclododecyl) acetate — 2.04 %; 11.458 RT
2-(Bromomethyl)adamantan-2-ol—1.51 %; 6.431 RT 3,5-Dihy-
droxy-6-methyl-2,3-dihydropyran-4-one — 1.47 %; 10.397 RT
Inosine—0.89 %; 4.267 RT 2-Hydroxy-y-butyrolactone —0.82 %;
8.205 RT Methyl 6-oxoheptanoate —0.31 %; two components of
undefined structure (12.978 RT — 15.8 %; 17.046 RT —3.32 %)).

During the study of tincture of V. collina Wallr. (right bank
of the Dnieper River, Zaporizhzhia) 51 components were iden-
tified, of which 8 components are quantitatively distinguished
in terms of peak areas and retention time: 2.595 RT 3-Methylb-
utanoic acid — 17.64%; 13.172 RT tert-Butyl(dimethyl)si-
lyl-2-furoate — 5.95 %; 7.053 RT Catechol —2.47 %; 16.416 RT
4,8a-Dimethyl-6-prop-1-en-2-yl-2,3,4,4a,5,6,7,8-octahydron-
aphthalen-1-one — 1.19 %; 10.395 RT 1-Nitro-3-(propoxyme-
thyl)benzene — 0.99 %; 4.266 RT 2-Hydroxy-y-butyrolactone
—0.90 %; 18.944 RT [(£)-2-(2,2,6-Trimethyl-7-oxabicyc-
lo[4.1.0]heptan-1-yl)prop-1-enyl] acetate — 0.63 %; 5.368 RT
Clindamycin — 0.33 %.

Carrying out a comparative characterization of tincture of
V. tuberosa and V. collina, we can determine that only one
component is the same — 2.581-2.595 RT 13.37-17.64 %.

Discussion

Using chromato-mass spectrometry in tinctures from the un-
derground part of Valerian plants growing in the Zaporizhzhia
region, the component composition was identified and its
quantitative assessment was carried out. In the tincture of Va-
leriana stolonifera Czern. (Kantserivska Balka) 55 compounds
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were identified, of which 9 components are quantitatively
distinguished in terms of peak areas and retention time. In
the tincture of V. exaltata Mikan. (Shyroke village, Vasylivskyi
district, Zaporizhzhia region) 48 components were identified, of
which 8 components are quantitatively distinguished in terms
of peak areas and retention time. In the tincture of V. tuberosa
L. (Khortytsia Island) 54 components were identified, of which
11 components are quantitatively distinguished in terms of peak
areas and retention time. In the tincture of V. collina Wallr. (right
bank of the Dnieper River, Zaporizhzhia) 51 components were
identified, of which 8 components are quantitatively distin-
guished in terms of peak areas and retention time.

Note that during the analysis of 153 identified components of
valerian tinctures from raw materials of different growth sites
(Table 1), in all tinctures more than 50 compounds are present
in the amount of more than 1 % (1, 6, 7, 9, 10, 12, 16, 31, 36,
37, 38, 40, 45, 53, 59, 61, 69, 70, 72, 73, 74, 75, 76, 79, 80,
84, 88, 89,90, 91,94, 97, 98, 99, 102, 105, 106, 107, 109,110,
116, 120, 121, 123, 124, 125, 126, 131, 135, 136, 138, 139,
144, 145, 146, 149, 151, 152).

Conclusions

1. 55 components were identified in valerian tincture from
underground raw materials Valeriana stolonifera Czem. by gas
chromatography; V. exaltata Mikan. — 48, V. tuberosa L. — 54,
V. collina Wallr. — 51.

2. Analyzing the obtained data, we can conclude that valerian
tinctures differ in both quantitative and qualitative composition.
Only compounds 7 and 9 coincide in tinctures from under-
ground parts of all four types of valerian.

3. Since the tinctures were made following the standard
technology, the content of components in medicinal plant raw
materials depends on the type, place of growth, environmental
conditions, time of collection, drying of raw materials.

4. The results of the study confirm the prospects of using
the underground part of the studied plants of the genus Valerian
to create new drugs and phytopreparations on their basis.

5. Given the extreme polymorphism of valerian for the in-
troduction into the culture of promising species that grow in
Ukraine, it is necessary to conduct more in-depth pharmacog-
nostic and pharmacological studies of plants of this genus.

Prospects for future studies. The underground part of valerian
can be used as an affordable and valuable medicinal plant raw
material due to the content of numerous biologically active
substances. It can be introduced into various phytotherapeutic
prescriptions for the treatment of many diseases and the cor-
rection of pathological conditions. The results are the basis for
the creation of new drugs and phytopreparations.
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Po3po6ka Ta Banigauis metoauMkyM BU3Ha4YeHHSA CYNPOBIAHUX [OMILIOK
y rpaHynax gns opanbHOi cycneHsii 3 HiMecyniaom

K. B. TapanoH=*ABP Q. B. Tpurybuak'=/CEF

AT «®apmak», M. Kuis, YkpaiHa

A — KoHUenUis Ta Au3aitH gocnigxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTTi;
F — ocTaTouHe 3aTBepmKeHHS CTaTTi

OawH i3 kntoYoBYX eTaniB hapMaLEeBTUYHOT PO3p0oBKM — PO3POGIEHHS aHANITUYHMX METOAMK ANS KOHTPOMO SIKOCTi Nikapcbkux 3acobiB.
KpUTUYHMM NOKa3HMKOM SIKOCTi € BMICT CYMpOBIAHMX JOMILLOK, O Moxe 36iMnbluyBaTuCh Y npoueci 3bepiraHHs npenapaty BHACMIAOK
po3KnagaHHs Ailo4oi PeYOBUHK, a Lie BNNIMBAE Ha SKICTb npenapary.

Meta po6oTn — po3pobuTi Ta 3AIMCHATY BanigaLlito METOAVKM BU3HAYEHHS CYNpOBIAHMX AoMiok MeTofom BEPX y npenapari 3 Hime-
Cynigom y chopMi rpaHyn Ans opasribHoOi CycrneHsii, BCTaHOBUTW HOPMYBaHHS BMICTY CynpoBigHMX AOMILLOK y crneumndikaLii Ans KOHTPOomnto
rOTOBOrO NiKapcbKoro 3acoby.

Marepianu Ta metogu. Bue4anu 3pasok npenaparty Himecynia, rpaHynu ans opansHoi cycnensii, 100 mr/2 r, BupobHuutea AT «Papmaky.
[JocnipkeHHs 3aiicH1NM, BUKOPUCTaBLUM pianHHMIA xpomaTorpad Agilent 1260 3i cnekTpothoTOMETPUYHIM AETEKTOPOM. 118 NpUroTyBaHHs
CTaHAAPTHUX PO34MHIB JOMILLOK BUKOpUCTanM 2-cheHokciaHiniH dipmu Sigma-Aldrich, ctaHaapTHi 3pasku Himecynigy gomiwkm D EP CRS
Ta cipmm LGC, Himecynip ans ineHTudikadii nikis EP CRS. [1ng xpomaTtorpadiyHoro aHanisy BUKOPMCTOBYBan aLEeTOHITPUN Ta aMOHito
avrigpodpocdar dipmu Sigma-Aldrich.

Peayneratu. Mg yac po3pobneHHs METOANKN BU3HAYMUIN KOHLEHTPaLi PO34MHIB, CNOCi6 pO3YMHEHHs rpanyn, dinbtpu. [ibpanu xpo-
marorpaiyHy KOMOHKY, BCTAHOBWIM BUMOIV NPUAATHOCTI XxpomatorpadivHoi cuctemu. locnigunu Ta BpaxyBanu BrMB KOMMOHEHTIB
nnaue6o. Y npoueci Banigauii npoaHanisyBanu BanigauiiHi xapakTepucTuku: crneundiyHicTb, MiHinHicTe, LOD, LOQ, npeuusiiHiCTb,
npaBuUnbHICTb, PoBacTHiCTb. HopmyBaHHA BMICTY JOMILIOK BCTaHOBWM 3a pekomeHgauismu ICH Q3B, BpaxoBytoun gaHi CTpecoBux
LOCTifKeHb, CTabinbHOCTI Ta AOMILLOK cybcTaHuii.

BucHoku. Po3pobunu aHanitniHy MeTOAMKY BU3HAYEeHHS CynpOoBIgHUX AOMILLOK Y penapari 3 HiMecynigom y hopmi rpaHyn Ans opanbHoi
cycneHgsii. Pesynbstati Banigauii nokasanu, Wo MeToamka npuaaTtHa ans 3aiiCHeHHs aHanidy. BcTaHOBMM HOPMYBaHHS BMIiCTY JOMILLOK
Ans cneuyudikaLlii KOHTPOI FOTOBOTO MPOAYKTY.

Kntouogi criosa: aHaniTuyHa XiMiyHa meToayka, Himecynig, metog BEPX, rpanynu ans opanbHoi CycneHsii, HopMyBaHHS JOMILLOK, BanigaLlis.
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Development and validation method for the determination of related substances in nimesulide granules for oral suspension
K. V. Tarapon, O. V. Tryhubchak

One of the key stages of pharmaceutical development is the development of analytical methods for quality control of medicines. The
critical quality indicator is the content of related impurities, which may increase during shelf life of the product due to the degradation of
the active substance, which in turn affects the quality of the product.

The aim of the work is to develop and validate the method for the determination of related impurities in nimesulide granules for oral
suspension by HPLC method; to set the specification of finished product for related impurities.

Materials and methods. Sample of finish product Nimesulide, granules for oral suspension, 100 mg/2 g, it was manufactured by JSC
“Farmak”. The study was performed using Agilent 1260 liquid chromatograph with UV detector. 2-phenoxyaniline from Sigma-Aldrich,
reference standards of nimesulide impurity D EP CRS and LGC, Nimesulide for peak identification EP CRS were used for preparation of
standard impurity solutions. Acetonitrile and ammonium dihydrogen phosphate from Sigma-Aldrich were used for chromatographic analysis.

Results. When developing method, the concentrations of solutions, the method of dissolving granules, filters were selected. The
chromatographic column was selected, the requirements for the chromatographic system suitability were set. The effect of placebo
components has been studied and considered. During the validation the characteristics were studied: specificity, linearity, LOD, LOQ,
precision, accuracy, robustness. The limits of the impurity content were established in accordance with the requirements of ICH Q3B
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guideline, taking into account the data of stress studies, stability and impurities of the substance.

Conclusions. The analytical method for the determination of related substances in finish product nimesulide granules for oral suspension
was developed. The validation results showed that the method is suitable for analysis. The specification limits of finished product for

related impurities were set.

Key words: analytical chemistry method, nimesulide, method HPLC, granules for oral suspension, limits for impurities, validation.

Current issues in pharmacy and medicine: science and practice 2022; 15 (3), 259-265

Meroro cy94acHoi (hapMarieBTHYHOT pO3POOKH € CTBOPCHHSI JTi-
KapchKHX 3ac00iB (JI3) BiAMOBIAHOT SIKOCTI Ta O0IPYHTYBaHHS
Tiporecy iX BUpOOHUITBA AJIsI TOCTIHHOTO BUITYCKY PO/ K-
1ii 3 3a7aHUMA (PYHKIIOHATBHUMHA XapaKTepUCTHKAMH [1].

OnuH i3 KIIFOYOBUX eTariB (apMareBTHIHOI po3poOKn —
PO3POOJICHHS aHATITHYHUX METOUK JIJIsl KOHTPOJIFO SIKOCTI
TOTOBUX JIiKapchKux 3aco0iB (IJ13). Pozpobnenwuii npenapar
Mae OyTh epeKTHBHIM 1 OE3MEeYHIM, a TAKOXK Mae 3a0e3re-
YyBaTH TOYHICTh TO3YBaHH:. 3aIIpOBaKEHHS aHATI THIHIX
METOJIMK, L0 MiATBEPIDKYIOTH sIKICTh JI3, TapanTye notpu-
MaHHS [IUX BUMOL. Baifaris aHaiTHYHUX METOAUK — OJ(HA 3
YMOB BIJITIOBIZTHOCTI KPUTEPISIM SIKOCTI, a TAKOXK MOYKJIMBOCTI
BiITBOPEHHS METONUK Y JTabopatopii [2].

BwMicT cynpoBiTHAX JOMIIIOK HAIEKUTH IO HABaKIIMBi-
KX [TOKa3HKKIB skocTi JI3. Y mporieci 30epiransst mpemnapa-
TY MOKE BiJIOYBATHCS 3HIKCHHSI KUTBKOCTI [IIFOY0T PCYOBHHU
B pe3yunbrari il po3KiIafaHHs i yTBOPEHHs TPOYKTIB Aerpa-
narii (momimoxk). Lle Moxke 3HIDKYBaTH (hapMaKOJIOTIiYHY aK-
TUBHICTB TIpETIapary, a JOMIIIKA MOXKYTh Oy TH IIKiTHBUMHA
JUIsl OPraHi3My JIFOJIMHU, TOMY HOPMAaTHBHA JIOKYMEHTALisI
00MeXy€e KiTbKICTh nomimok y JI3 [3-5].

[Ipenapar 3 #ir04010 pEUOBHHOIO HiMecymin y dopmi
TpaHyl Ul OpaJbHOI CyCIeH3il — OfMH 13 HeCTEepOiIHUX
npotu3ananbHuX JI3, mo HalgacTime 3acTOCOBYIOTH Y
npaktui. Moro npusHauaroTh 11 NoJerieH s 600, 3ama-
JICHHSI, IMXOMaHKH, T1iJ] 4ac Teparii XpoHIYHOTro 00JIHOBOTO
CHHJPOMY Ta 3aXBOPIOBAaHb OTIOPHO-PYXOBOTO anapary [6,7].

€Bpomnetricpka (hapmaxorres (€D) perTaMeHTy€e BUMOTH J10
mokazHuka «CynpoBimHI JOMIMIKM» Iy cyOcTaHIii HiMe-
cynin [8]. Arne BpaxoByrour crienudiuHy JTiKapchKy hopmy
(rpaHynu JuUIs OpaibHOI CyCHeH3il), a TaKoX OCOOJIMBOCTI
CKJIaJly Ta TEXHOJIOTI] po3po0IIeHOr0 Npernapary, HeoOXiaHO
OyJI0 3alpONOHYBATH BIIACHY METOAWKY, 100 TOCTIIUTH
BMICT CYNPOBiTHHIX IOMIIIIOK y ITpenapari Ha 9ac BUITYCKY Ta
B ITPOLIEC TOCTIPKeHHs cTabinbHOCTI. CydacCHUM METOJIOM
€ BUcokoe(ekTrBHa piauHHa xpomarorpadis (BEPX) [9].

Meta po6otu

Po3pobuty Ta 3AiHCHATH BaJTiIaIlif0 METOANKH BH3HAYCHHS
cympoBiaHuX aomimiok MeroxoM BEPX y ipemnapari 3 Himecy-
JIIOM y (OpMi rpaHyt A71st OpalibHOI CyCIIeH3ii, BCTAHOBUTH
HOPMYBaHHSI BMIiCTY CYTPOBITHHX JIOMIIIOK Y crieruikarii
Jutst kKoHTpoo [J13.

Martepianu i MeToau gocnimKeHHA

BuBuanm 3pa3ok npenapary Himecysti, rpanyin aist opaib-
Hoi cycnensii, 100 mr/2 1, Bupobuunrea AT «Dapmak».

Jlist npuroTyBaHHs CTaHAAPTHUX PO3YMHIB JIOMIIIOK BHKO-
puctanu 2-peHokcianitin (Himecyriny nomimika C) GpipmMu
Sigma-Aldrich, cranmapTHIIT 3pa30K HIMECYITi Ty JOMIIKu D
EP CRS, craniaptauii 3pa3ok HiMecyItity Juts iieHTudikanii
nikiB EP CRS i crangaprauii 3pa3ok HIMECYITiTy JTOMIIIKH
D ¢ipmu LGC.

CynpoBiHI TOMIMIKH y AOCTiMKYBaHUX 3pa3Kax BH-
3nagaiu MerogoM BEPX 3a Bumoramu [0V, €D (2.2.29),
3acTOCOBYIOUM pinmuHHMN Xxpomarorpad Agilent 1260 3i
CHEKTPOPOTOMETPHUUHUM JeTekTopoM [8,9]. s xpomaro-
rpadigHOTO aHaJi3y BUKOPUCTAIH AIlCTOHITPIII Ta aMOHIIO
murigpodocdar dipmu Sigma-Aldrich.

Pe3ynbraTtu

[Tix yac po3poOseHHs] METOAMKH JUIsl BU3HAYEHHS CYIpO-
BimHUX AoMmimok y [JI3 3a OCHOBY B3sUTH METOIHKY, IIIO
ormcana B MoHorpadii €D Ha cybcranmiro HimMecymix (Ph.
Eur. 01/2017:1548) [8]. BpaxoByBanu BIUIMB KOMITOHCHTIB
1anebo Ha MOXJIMBICTH JETEKTYBaHHS BCIX NMPOAYKTIB
PO3KJIaIy, OITUCAHUX ISl CYOCTAHIIIT, @ TAKOXK TOMIIIIOK, 10
YTBOPIOIOTECS Oe3mocepesHb0 B mporeci posknany 1713.
[Tix gac po3pobnennst meroguku 1t [ J13 HeoOXiqHO OyII0:

— 3a HaBeJEHUX y MoHorpadii yMoB JIi0OpaTH KOJOHKY
TaK, 11100 YHUKHYTH iHTephepeHii miKiB i1eHTH(IKOBaHIX
JIOMIIIIOK 13 KOMITOHEHTAMH I11a1ie0o0;

— BCTaHOBUTH MOXKJIUBICTD ACTCKTyBaHHS BCIX 1ICHTH]I-
KOBAaHHX JIOMIIIIOK, HABEJIEHUX Y MOHOTpaii Ha cyOcTaHIjIo,
i vac anamisy [J13;

— po3poOHUTH YMOBH MPOOOTIATOTOBKH, 3BaKAIOUM Ha
0COOIUBOCTI JIiKapchKoi (hopMu (TpaHyIH IJIs OpaNbHOT
CyCIIeH3i1) Ta BMICT KOMIIOHCHTIB ID1a1e00.

Ha nouarkoBomy erarti po3po0IieHHs pO34MH BUITPOOYBaHHS
TOTYBAJIM TaK: HABAXXKY PO3TEPTHX IPAHYJL, 110 BijnoBigae 20
MT [if0U0i pEIOBHHH, TIOMIIIIATTN B MipHY KoIOy 00’ eMom 20
MII, JIOJIABAJIM 8 MJT alleTOHITPHITY, BUTPUMYBAJIN Ha YITBTPA3BY-
KoBiii OaHi potsirom 10 XB 1 JoBoAMITH BOZIOO 110 00’ eMy 20,0
w1 (KoHteHTpaist 1 mr/min). Lleit po3unH nepemiinyBanu ta
¢imsTpyBam yepe3 GpunbTp i3 pozmipom mop 0,45 MKM.

Busnavaroun ¢ineTp, BUIPOOYBaU TaKi THITU: «CHHS
cTpiuka»; MmemOpanuuit ¢pinsrp THy NY, 0,45 MKM; MeMO-
pannuii pinerp Tuy PTFE, 0,45 Mmxm; MmemOpanuuii Ginbrp
tury RC, 0,45 MkM. 3acTocyBaBIIN (QUIBTP «CHHS CTPITKaY,
OTpUMAJTH HE TIOBHICTIO TPO30pHi (imbTpar. Y pa3i BUKO-
pHCTaHHS HIIMX (UIBTPIB ofepKaiu Ipo3opuil (irsTpar,
a BiacHe (iIBTpyBaHHs BiIOyBajocs mBHIKo. JlociimKkeH-
HS KUTBKICHOTO BMICTY NMPH BUKOPHCTAHHI Pi3HUX THUIIB
MeMOpaHHHUX (ITBTPIB HE BUSIBHIO PI3HHUIIO PE3YIIBTATIB,
abcopOuist He BiOyBa€eThCSL.
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Tabnuus 1. XpomatorpadiyHi KOMoHK, L0 BUKOPUCTaHI B NpoLieci po3pobreHHs

HasBa konoHku Mapametpu BucHoBku

LiChrosorb RP-18 4,0 x 125 mm,

pO3Mip 4acToK 5 MKM KOMMOHEHTIB nnauebo.

Mik Himecynigy fomiwku A Mae Yac yTpumyBaHHs 6rimabko 1,6 xB, Moxe iHTepdepyBaTh 3 nikamm

PO3Mip YacTok 5 MKM

Nova-Pak C18 3,9 x 150 mm, Cumerpis niky AoMmilLkv A He Bignosiaae Bumoram (koediieHT cumetpii (T)) >2).
PO3Mip YacToK 5 MKM
XTerra RP-18 3,9 x 150 mm, Mikv pomiwwok Himecynigy A, B, C, D, E, F peTekTytoTbCs Ha Wi KOMOHL, MaloTb BiANOBIAHI

KoediLieHTH pospineHHa. Yac yTpumyBaHHs [OMILLKK A — Marbke 3 XB, koediLieHT cumeTpii (T)) = 1,
Mik1 KOMMOHEeHTIB Nnauebo He iHTepdepytoTh i3 Nikammn JOMILLIOK.

Po3unu nopiBHsHAESA (a) (U1 imeHTHdIKaii gomimok C i
D) rotryBamm aHasorigHo 10 onrcanoro B MoHorpadii €D Ha
cyOcTaHIio: 5 Mr 2-heHoKCiaHTiHyY (HIMeCyIiay TOMIIIKH
C) po3urHsid B 10 MJT alleTOHITPHUITY, TOBOIIMIH BOIOIO 10
25,0 M. 1,0 M1 OTpUMAHOTO PO3YUHY JOBOIIN PYXOMOIO
¢azoro 10 06’ emy 50,0 mut. JTo 1,0 mMit po3umHy, 1110 OfepKaIy,
JiofaBaiy BMIcT quiakoHy Himecyiny nomimku D EP CRS,
TIONepeHbO po3urHeHuit B 1,0 Mi1 arieToHiTprIy.

Pozunn nopiBHsHHS (¢) (101 ineHTH(DIKALIT JOMITITOK A, B,
E, F) rotyBanu aranoriaHo 70 omrcaHoro B MoHorpadii €D
Ha cyOCTaHIIif0: 4 MT HiIMeCymiy Ut ieHTudikarii mkis EP
CRS, o mictuts gomimku A, B, E, F, pozaussim y 4 mi arte-
TOHITPHITY, IOBOIMITH PyXOoMOI0 (hazoro 10 00’emy 10,0 mur.

Hanani MeToauKy JIonpaioBaiy B po3/i IPUrOTYBaHHS
PO34HHIB. 30KpemMa:

— 3MIHHWJIM KOHIIEHTPAIIi10 PO3YHHY BUIIPOOYBaHHS (3MEH-
i 1o 0,5 Mr/mir), oCcKiIbKH 3’sICyBai, IO PO3UUH y
KOHIICHTpAIli | MIr/MJI HECTIHKUII BHACTIIOK BUTIAIHHS B
ocaJl KOMIOHEHTIB 1m1are0o (mpotsroM 1 1oowm);

— 3MIHWJIA CIOCI0 MPUTOTYBaHHS BHIIPOOYBAHOTO PO3-
YUHY: TPAHYJIM PO3YMHSUIN IUISIXOM CTPYUIYBaHHS KOJIOH
3 pO3YMHOM Ha TepMmoreikepi mporsarom 30 XB (3aMiCTh
BHUKOPHUCTAHHS yJIbTpa3BykoBoi Oani). He3Baxaroun Ha
301IBIICHHS Yacy MPOOOITiATOTOBKH, EKCIICPUMEHTATIBHUM
LIJISIXOM JIOBEJICHO: CaMe B pa3i BAKOPHCTAHHS TAKOTO Yacy
11 YMOB B1J10yBa€ThCs IIOBHE BUBIIEHEHHSI [IIFOYOT PEYOBHHH
3 TpaHy;

— TIiJ] 9ac IPUTOTYBAHHS PO3YHHY TOPIBHSHHS (@) 3aMiCTh
BUKOPUCTAHHS BMICTy (rakoHy HimMecyminy momimku D EP
CRS 3acTOCOBYIOTH HaBaXKy 5 MT' CTaHAApPTHOTO 3pa3ka
HimMecymiay gomimku D ¢ipmu LGC mis criporieHHs Tpo-
OOIIIrOTOBKU Ta 3MEHIICHHS BapTOCTI aHamily. Pozuun
TOTYIOTh TaK: 5,0 Mr 2-(heHOKCIaH LTI HY (HIMECYITI Ty TOMIIIIKH
C) ta 5,0 Mr cranapTHOTO 3pa3Ky HiMecystiay JToMiku D
PO34nHSIOTE y 10 MIT alleTOHITPHITY Ta JJOBOJSTH 00’ €M po3-
yuHy Boj1010 P 110 25,0 mi1; 1,0 Mit 11bOTO pO3UMHY JOBOJSTD
pyxomoto ¢azoro 10 06’emy 100,0 mur;

— monanu po3unH rmopiBEAHHEA (b) (koHIeHTparis 0,2 %),
SIKHI 3aCTOCOBYIOTh JJISl PO3PAXyHKY BMICTY 1IeHTH(DIKOBa-
HUX 1 HeIIeHTU(IKOBAHHUX JTOMIIIIOK;

— PO3YMH TOPIBHSHHSA (C), 0 MICTHTH AoMimku A, B, E,
F, BiiIyunsm, OCKUIbKH 32 pe3ylibraTaMy CTPECOBHUX JIOCIi-
JOKCHB BCTAHOBHJIH: TIPETIapar € CTa0lIbHUM ITiJT TIEF0 PI3HUX
cTpecoBuX (DaKTOPIB i KOTHA JOMIIIKA, IO € MPOILYKTOM
nerpanaiii cyOcTaHIii Ta HaBeneHa B MoHorpadii €D, B
npernapari He 3adikcoBaHa.

YMoBu xpomaTtorpadyBaHHS 00pald aHAJOTIYHO JI0
ormmcanux y MoHorpadii €D: pyxoma (asa areToHITpUI —
pozums pH 7.0 (1,15 r/m amownito gurinpodocdary) (35:65);
MIBUIKICTE pyxomoi (azu — 1,3 MII/XB; IETEKTyBaHHS — 3a
JTOBKUHU XBITI 230 HM; 00’ €M IpoOH, 1110 BBOAATH, — 20 MKIL.

VY mpoueci BUOOpY onTHMaNIbHOT XpoMarorpadivyHoi Ko-
JIOHKH anpoOyBaJTH KiJIbKa KOJIOHOK 13 Pi3HUMH IapaMeTpamMu
(maén. 1).

VY pe3ynbrari TOCHiHKEeHb, M0 3IIHCHIIN, BU3HAYMIN
ONTUMAJIbHY KOJIOHKY JUIsl IIbOro Bu3HaueHHs — X Terra RP-18
po3mipom 3,9 x 150 MM i3 po3MipoM JaCTOK 5 MKM.

BmsHaunnmm Taki mapamMeTpu MPUAATHOCTI XpOMaTorpa-
(biuHOl crcTeMu:

— CTYyMiHb NOJUTY MiKiB HiMecyminy nomimku C i HiMecy-
niny nominiku D Ha Xpomarorpami po3drHy NOpiBHAHHS (a)
CTaHOBHTH HE MEHIIIE HIX 2;

— BIJIHOCHE CTaHJAPTHE BiIXMJICHHS ILIOI MiKiB HIMECY-
JIiTy, pO3paxoBaHe 3 XpoMaTorpaM po3urHy nopisHsHHSA (b),
Ma€ CTaHOBUTH He OibIie Hik 3 %.

BimHOCHMIT 9ac yTpuUMyBaHHS JOMIIIOK MO0 TTiKa HiMe-
Cymimy (9ac yTpUMyBaHHS — Maike 5 XB) CTAHOBHTH IS
nmomitku C 0nmu3bko 2,4 xB, 11t qoMimku D — maiike 3,5 XB.

XpomarorpamMu po3drHy TopiBHsHHS (a) (U1t 11eHTHi-
kauii gominiok C i D) 1 po3unHy BUIIpoOyBaHHSI HABEICHO
Ha puc. 1, 2.

VY nporieci po3poOKH 3’CyBaIH, IO OJHH i3 KOMIIOHECHTIB
1u1ane0o — JOMOMIDKHA PEYOBHHA (ApOMATH3aTOP) — ICTEKTY-
€TBCS B YMOBAX I1i€] METOJIMKH, YaC yTPUMYBaHHS — Maiike
12 xB (puc. 3). Tomy TiK ITbOT0 KOMITIOHEHTA BHKITFOUFLITH TTi1T
9ac MiIpaxyHKy BMICTy JTOMIIIOK, 110 HABEICHO B METOTHIII.

3aifCHIITH BaJIiJaIlifo TS i ITBEPHKEHHS BiIIOBITHOCT1
METOIUKH KpUTEPisiM PUHHATHOCTI. Basiartito 3miicanmm
srizHo 3 Bumoramu ICH Q2B [10]. ¥V npoueci Bamigamii
BUBYMIIM TaKi XapaKTEePUCTUKHU: CHEUU(IUHICTD, JTiHIHHICTS,
Mexa BusasieHHs (LOD), Mexa KijbKiCHOrO BH3HA4YEHHS
(LOQ), npenusiiiHicTh, NpaBUIBHICTE, poOacTHICTE. Pe-
3yJIBTaTH BaJITAIIHHUX TOCTIKEHb HaBEACHI B mabnuyi 2.
BusiBiumm, 110 BCi Ha3BaHi BaJIiqamiiHi XapaKTepUCTUKH BijI-
TIOBIAFOTh KPHUTEPIiSIM MPUHHATHOCTI, METOIMKA MIPUAaTHA
JUTS 3MIICHEHHS aHAI3Y.

Jis 3a0e3medeHHs peryIsITOpHOI BIAMTOBITHOCTI HOPMY-
BaHHsI BMICTY 1/ICHTH(IKOBAaHNX, HE1EHTU(DIKOBAHUX 1 CyMH
JIOMIIIOK Yy crieninikaiiii BCTAHOBHJIM 38 PEKOMEHIAITISIMU
ICH Q3B [11], BpaxoBytouH aaHi CTPECOBHUX IOCIIHKEHB,
HOPMYBaHHSI JIOMIIIIOK y cyOcTaHLii Ta MpUCKOPEeHi J10CTi-
JOKEHHsI CTaOlIBHOCTI.
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Tabnuuga 2. Peaynbrati Banigawii METOAMKM BU3HAYEHHS CynpOBIAHUX AOMILLOK y npenaparti Himecynia, rpaHynu ans opansHoi cycneHai

BanipauiviHa xapaktepucrtuka KpuTepin npuinHATHOCTI

CneuudiyHicTb He mae 6yt iHTepdhepeHLii nikiB gocnigxyBaHWx gomilLok C He BusiBunv inTepdepeHLito nikis
i D 3 nikom Himecynigy, nikamm 3 KOMMoHeHTIB nnavebo 113, ZocnigkysaHux gomiwok C i D 3 nikom
PO34MHHIMKa Ta pyxomoi hasn HimMecynigy, nikamu 3 KOMMOHEHTIB nnaue6o
T3, po3unHHuKa
Ta pyxomoi hasu
TiHinHiCcTb KoedpiuieHT kopensauiji R = 0,995. R =0,9996

BinbHui YneH NiHINHOI 3aNeXHOCTI ANs PerpecinHoi NpsimMol
|A] 5,0 %. BigHocHuii dpakTop Biaryky RRF (%) — 95-105 %

A (%) = 1,79267
RRF (%): 96,63-101,80

Mexa BusnerHs (LOD)
Ta KinbkicHoro BuaHaveHHs (LOQ)

3a 6yab-SIKOK0 OAUHUYHOK AOMILLKOHO:
LOQg, g 1mp < 0,50 % 0,20 (%) = 0,10 % y nepepaxyHKy Ha
Himecynig

LOD =0,007 % LOQ

Single imp?

=0,022 %

Single imp?

MpeumsinHicTb

MpupaatHicTb xpomatorpadiyHol

KoediLieHT poaginerHs nikis Himecynigy fomiwkw C i Himecynigy

KoegiuieHT po3aineHHs = 9,6

NPEeLU3INHICTb

cuctemm nomiwkun D 22,0; RSD=0,4 %
BigHocHe cTaHpapTHe BigxunenHs (RSD), %, po3paxoBaHe
ANS NnoLy nikiB HiMecynigy 3a napanensHUMK XpoMaTorpamamu
po34MHy nopiBHsHHS (b) <3,0 %
36ixHICTb RSD <10,0 % <10,0 %
BHyTpiluHbONabopaTopHa RSD pesynerartie aHanisy ans BIM mae craHoButn £15,0 % RSD <15,0 %

MpaBunbHicTb

CepefHe 3Ha4eHHs NPaBUbHOCTI BU3HAYEHHS! BMICTY [OMILLIOK
C i D 3a KOXHUM KOHLIEHTPaLIiHAM piBHEM Mae CTaHOBUTY
90,0-110,0 %;

3aranbHe 3a BCiMa TPbOMa KOHLIEHTPALINHUMM PIBHAMM
3HaYeHHsl NPaBUITBHOCTI BU3HAYeHHS BMICTY fomilok C i D mae
nopisHtoBatn 90,0-110,0 %

[MpaBunbHICTb aHaNITUYHOI METOAWK
€ A0CTaTHLOI

PoBacTHicTb

CTabinbHiCTb po34nHIB

BapiabenbHicTb, po3paxoBaHa A1st NoLi nika Himecynigy
B KOXHIN YaCoBil TOYL LLOAO MOLL MiKiB Y TouLi «0»,
mae 6ytn < [10] %

Po341Hu cTabinbHi 3a kiMHaTHOT TemnepaTypu
npoTsArom 24 roguH

HaginHictb xpomatorpadiyHol
npoueaypu:

BinxuneHHs cniesiaHoLLeHHs NoL nikiB F LWoao novaTkoBux
ymoB mae ctaHoButn £10,0 %

[onyCTumi 3MiHW LIBUAKOCTI NOTOKY PyXOMOI
chasu matoTb cTaHoBUTYM 1,26—1,34 M1/XB;

- LWBMAKICTb NOTOKY pPyxoMoi chasu;
- Temnepartypa TepmocTara
XpomarorpadiyHOi KOOHKM;

- cknag pyxomoi ¢asu.

[onyctumi 3miHn Temnepatypu TepmocTata
KOMOHKM MatoTb cTaHoBUTM 24,0-26,0 °C;
[Jonyctumi 3miHu cknagy pyxomoi asv MatoTb
craHoBuUTU 32,5-37,5 % BMICTY aLEeTOHITpUNY

3rigHo 3 pekomennamismu ICH Q3B, Buxomsuu 3
MaKCHMaJIbHOI 1000Boi m0o3u mpenapaty (200 mr), BMicT
ineHTn(iKoBaHUX JIOMIIIOK Y Tperapari Mae€ CTaHOBUTH
He Oinbmre Hik 0,5 %, HeineHTH]ikOBaHUX — HE OijbIIe
Hix 0,2 %. He BpaxoByrOTh JOMIIIKM KOHLEHTpPALIEO
menmre Hixk 0,1 %.

Binomo, o npoxykramu gerpanarii [ JI13 moxyTs Oyt 10-
mitku C (2-phenoxyaniline) i D (4-nitro-2-phenoxyaniline)
[12—14]. BmicT npx JOMIMIOK TaKOK 30LTBITY€THCS B TIPOIIEci
CTPECOBHX JOCIIDKEeHb (I BIUIMBOM JIyry). ToMy came ix
BUpinmH ineHTH(diKyBaTy B [ JI3, He3BaXkaroun Ha Te, IO 1X
Maibke He 0yJ10 B po3po0IeHOMY Iperapari Ha yac BUITYCKY.

HopmyBaHHS IUX JOMIIIOK, BifIIOBITHO 10 MOHOTpadil
€O Ha cyOcTaHIIi10, CTAaHOBHUTH He Oubie Hixk 0,15 % Koxk-
Hoi [8]. Omxe, B IJI3 Ha yac BUITyCKY BCTAaHOBJICHO JIMIT
nomimku C — He Oinbine Hix 0,2 %, D — He Oinblie HiX
0,2 %. Pe3ynbraTt IPUCKOPEHUX AOCIIDKEHB CTA0IIBHOCTI
He noka3aiy 30uteinenHs gomimok C i D, Tomy HopmyBaH-
Hs He Ounbire Hik 0,2 % KOKHOI BCTAaHOBIICHO 1 B Tporieci
30epiraHHs Mpemnapary.

HeinentudikoBani JOMIIIKH HOPMYIOTH 32 PEKOMEHalli-
simu ICH Q3B — ne 6ibine Hixk 0,2 % [11]. Cyma 1oMilok,
110 BCTAaHOBWJIM, — He Outbie HiX 1,0 %. Y po3paxyHoK He
BKJIFOYQJIH MTiKM KOHTPOJIBHOTO PO3YMHY, KK 3 BITHOCHUM
yacoM yTpumMyBaHHsS 10 0,3 XB i MK 3 BiJTHOCHHM 4acOM
yTpuMyBaHHs Maibke 12 XB (1iku miane6o). He BpaxoByBam
JIOMIIIIKY B KoHIIeHTparii meHie Hix 0,1 %.

O6roBopeHHs

VY mporeci po3poOIIeHHST METOMKN BU3HAYEHHS CYIPOBiJI-
HUX JIoMIIIOK y npenapari merogom BEPX anpoOysamu ta
BU3HAYMJIM ONTUMAJIbHI YMOBH JUISl IETEKTYBaHHS JJOMIIIIOK,
1110 HAJISXKATh JI0 CyOCTaHIIT HIMECYJIi Ty, a TAKOK IPOJTYKTIB
posknany IJI3. Bamigamis miaTBepKy€e BiIOBIIHICTE Me-
TOJIMKH KPUTEPISM MPUIHATHOCTI, METOJIMKA € MPUIATHOO
IUTSL 3NIICHEHHS aHAI3Y.

BceranoBwin, 1110 OCHOBHUMH HPOJIYKTaMH pPO3KJIary
Himecyniny € pomimku C i D. Ilpote ixHii BMICT, a Takox
KOHIICHTPAIisl 1HIIUX HEiIEHTU(IKOBAHUX JOMIIIOK y JI0-
CIIJDKEHNX 3pa3Kax Iperapary Ha 4ac Horo BUITYCKY JI0BOJI
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HU3BKHI 200 HIDKYIHI BiJ] BCTAHOBICHOT MEKi T€TEKTYBAHHSL.
V pa3i 30ibIIeHHs] BMICTY JOMIIIOK y TIporieci 30epiranHs
IXHIM KITBKICHUN BMICT Oyne BU3HAYECHHUI 3a TOTIOMOTOIO
IHOTO METOTY.

BucHoBKu

1. Po3pobunu aHamiTHYHY METOIHUKY BU3HAYCHHS
CynpoBigHHX pomimok meronqoM BEPX mis mpemapary
3 IiI0Y0I0 PEYOBHHOIO HIMeCynin y (opmi rpanyn mis
opanbHOI cycnensii. Ilix yac po3poOiaeHHS METOIUKH
BU3HAYMJIM KOHIEHTPALIl PO3UMHIB J[II040i PEUOBHHHU Ta
CTaHIAPTHHUX PO3YHHIB, CIIOCIO PO3UMHEHHS TPaHYI, (PiITb-
Tpu. BcranoBmim ymoBu XpomarorpadyBaHHs, BUSHAYHITH
XpoMaTorpadigHy KOJIOHKY Ta BUMOTH MO0 IPHUAATHOCTI
xpomarorpagiynoi cucremu. Jlocmiguim ta BpaxyBaiu
BIUIMB KOMITOHEHTIB U1are0o.

2. 3aiHCHUIN BaiIalif0 METOAUKH, BUBYMIM OCHOBHI
BaiJalliiiHI XapaKTePUCTUKH: CICHUDIUHICTD, JIHIHHICTS,
LOD, LOQ, mpeuu3ifiHicTh, NIpaBIIBHICTh, POOACTHICTS.
Meroauka npuiaTHa JUisl BA3HAYEHHS CYIIPOBIIHHX JOMILIIOK
y upomy IJ13.

3. BusHaumnm ckiaj i HOpMyBaHHS 1A€HTH(IKOBaHUX
JOMIIIIOK y Tpernapari. BCTaHOBMIN HOPMYBaHHS BMICTY
HeieHTH(IKOBAaHNX AOMIIIOK 1 CyMH JIOMIIIOK JUTS CIICIH-
¢ixanii IJI3 Binnosinxo no Bumor ICH Q3D, BpaxoByroun
JIaHi, 10 OJICPIKAITH B PE3YIIBTATI TOCIIHKEHB 13 IPUMYCOBOI
Jerpaiariii Ta MpUCKOPEHOT CTablIbHOCTI.
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Search for potential hypoglycemic agents among potassium salts
of 3-benzyl-8-substituted xanthines
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Zaporizhzhia State Medical University, Ukraine
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Nowadays, the prevalence of metabolic syndrome (MS) is a serious problem among the world’s population. Metabolic syndrome includes
the so-called “deadly” quartet — hypertension, type 2 diabetes mellitus (diabetes mellitus), dyslipidemia and alimentary obesity.

After all, type 2 diabetes is included in the list of pathologies of the metabolic syndrome, it is important to find ways to alleviate the disease.
Derivatives of such a heterocyclic system as xanthine are of great interest in this aspect.

The aim of the study was to explore the hypoglycemic activity of newly synthesized water-soluble derivatives of 3-benzyl-8-substituted
xanthines.

Materials and methods. We obtained water-soluble potassium 3-benzyl-8-R-xanthin-7-ides, the structure and individuality of which were
confirmed by a set of physical-chemical studies.

Results. The hypoglycemic effect of the newly synthesized compounds was assessed by an oral glucose tolerance test. The obtained
data were processed using modern statistical in silico-methods.

Conclusions. The results of the hypoglycemic activity study among the potassium salts of 3-benzyl-8-substituted xanthine derivatives
showed, that some new compounds are in close vicinity to the reference drug’s hypoglycemic action.

Key words: xanthines, organic synthesis, hypoglycemic activity.
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Mowyk noTeHUinHKX rinornikemMiuHUX 3acobiB cepen KanieBux conei 3-0eH3un-8-3amilLeHUX KCaHTUHIB

K. B. AnekcaHgposa, €. C. MNpyrno, €. K. Muxanb4eHko,
O. C. Wkoga, O. 0. Yepyecora

HuHi nowwupericTb meTtabonivHoro cuHapomy (MC) — akTyanbHa npobriema BCECBITHLOI OXOPOHM 3A40poB’s. MeTabonivHnii cuHapom
BKIoYae B cebe Tak 3BaHuiA «CMepTEnbHUIAY KBApTET: apTepianbHy rinepTensito, Lykposwuii giabet (L) 2 tvny, aucninigemito Ta animeH-
TapHe OXMPIHHS.

LlykpoBuin fiabeT 2 Tvny HanexuTb 40 nepeniky naTonoriin MetaboniyHoro CMHAPOMY, i akTyarnbHUM € NoLLyk 3acobis, siki 6 gaBanu amory
nonerwuTy nepebir 3axBoprOBaHHA. B LibOMy acnekTi Yumanuin HayKoBUM iHTEPEC BUKNMKAKOTb MOXiAHI TaKOi reTepoLMKMivHOI crucTemu,
AK KCaHTUH.

MeTa po60T1 — 4OCHIAKEHHS FNOrMiKEMiYHOT aKTMBHOCTI HOBOCHHTE30BAHMX BOJOPO34YMHHMX NOXIOHUX 3-6eH3nI1-8-3aMilLieHnX KCaHTUHIB.

Martepianu Ta metoan. Ofepxanu BOAOPO34MHHI Kanin 3-6eH3nn-8-R-kcaHTuHian-7, 6yaoBy Ta iHOMBIAyanbHICTb SKUX NiATBEPIKEHO
KOMMIMEKCOM qPi3nKO-XiMIYHIX [OCTImKEHb.

Pesynkratu. lNnornikemiyHy Ait0o HOBOCUHTE30BaHWX CMOSYK OLIHWIM 32 AOMOMOrOK NepopanbHOro TeCTy TONEePaHTHOCTI A0 TMKO3N.
Pesynbraty onpautoBanu 3a 4ONOMOTOK CyYacHWUX CTaTUCTUYHKX in Silico-meTogis.

BucHoBku. Pe3ynbtati gocnimkeHHs rinornikeMiuyHoi aKTUBHOCTI Cepes, HOBOCMHTE30BaHMX KanieBux conemn 3-6eHaunn-8-3aMileHmx
KCaHTVHIB MiATBEPAXYIOTb HASBHICTb CMOMYK, LLO 3a piBHEM rinornikemiyHoi aii HabnkaTeea 0o pedepeHc-npenapary.

KntoyoBi crnoBa: KCaHTUHW, OpraHiYHWUIM CUHTES, FiNOrMikeMivyHa aKTUBHICTb.
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Fig. 1. Synthesis of potassium 3-benzyl-8-R-xanthin-7-ides (1a-8a).

According to the WHO, the prevalence of diabetes has
almost quadrupled since 1980 and is now the ninth leading
cause of death in the world [1]. Diabetes mellitus type 2
(T2DM) is on the rise worldwide and it’s considered to be
a global epidemic of our age. The most important goal of
treatment of T2DM is the timely prescription of intensive
antidiabetic therapy for targeting specific levels of carbo-
hydrate and lipid metabolism in such patients to prevent
the progression of vascular complications, which increases
mortality [1].

Modern treatment of T2DM involves a set of measures
aimed at maintaining good glycemic control, which involves
dietary restriction, regular exercise, and finally, taking antidi-
abetic drugs [2]. The drug should be chosen by considering
its effect on metabolic processes, cardiovascular system, and
the development of hypoglycemic conditions. According to
the clinical guidelines, standard drug treatment is started with
metformin, with the subsequent application of sulfonylurea
(e. g. Glibenclamide), and DPP-4 and SGLT-2 inhibitors [3,4].

In our previous work [5] we showed the efficacy of 7-sub-
stituted 3-benzyl-8-propylxanthin application in the treatment
of metabolic syndrome pathologies, which possess high
hypoglycemic effect. Thus, we can conclude, that synthesis
of new xanthine-based drug candidates with hypoglycemic
activity can be very promising.

Aim
The aim of the present study was to explore hypoglycemic

activity of new water-soluble derivatives of 3-benzyl-8-sub-
stituted xanthines.

Materials and methods

In our previous study [6], we synthesized novel 3-benzyl-
8-R-xanthine derivatives. Conversion of the latter into
water-soluble potassium salts gave us good objects for
pharmacological study.

a

1a-8a

S
)J\ 'HN\N)J\N

7,7a

Potassium 3-benzyl-8-R-xanthin-7-ides (1a-8a). A mixture
of 0.003 mol of the original xanthine (1-8) and 0.0036 mol
of potassium hydroxide in 10 ml of water was boiled until
completely dissolved. The solution was filtered hot, and
the filtrate was cooled, acetone was added until product
precipitation, which was filtered off, washed with acetone,
diethyl ether and dried at 8085 °C (Fig. 1). All synthesized
substances were crystalline colorless or yellowish powders,
well soluble in water, insoluble in acetone and chloroform.

The melting point was determined by open capillary
method on the PTM device (M). Elemental analysis was
performed on an Elementar Vario L cube. "H NMR spectra of
the compounds 1-8 revealed protons’ signals of the xanthine
moiety. Meanwhile, the protons of the aliphatic and aromatic
groups resonate with the corresponding shifts [6]. "H NMR
spectra recorded on a Brucker SF-400 spectrometer (solvent
DMSO-d6 or DMSO-d6 + CDCI4, internal standard — TMS).

The hypoglycemic activity of xanthine derivatives was
assessed by an oral glucose tolerance test [7]. This test is per-
formed after 12 hours of fasting and it’s started from the first
blood sample taken out of incision at the tip of the tail (time
-0.5 hours) and test solutions are inserted. After 30 minutes
(0 hours), the blood glucose level is measured, then the rats
are injected with 20 % glucose solution (2 g/kg body weight)
through a rigid gastric tube. Blood samples are collected at
0.5, 1, 2 and 4 hours.

A drop of blood was obtained by creating a puncture at
the end of the tail with a scalpel. The basal level of glucose in
the blood was measured (-0.5 hours). All subsequent samples
were taken through this wound. The total amount of blood
used was approximately 3040 pl.

In experimental studies, 70 Wistar rats about 300 g were
used, which underwent the acclimatization for 14 days.

All manipulations with animals were performed out in ac-
cordance with the requirements of GLP, the recommendations
of “European Union Directive 2010/63 / EU on the protection
of animals used for scientific purposes” [8].

ISSN 2306-8094

AKTyanbHi TMTaHHSA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTuku. 2022. T. 15, Ne3(40)

267



Original research

Table 1. Hypoglycemic activity of synthesized compounds (1a-8a)

1a 4.00 £0.07 4.54 +£0.05 9.27+0.10 9.00+0.12 599+0.12 6.61 £0.06 30.25+0.20
-11.11 1.92 12.28 0.64 -3.90 1.09 0.58
*P < 0.001 *P>0.05 *P <0.001 *P>0.05 *P>0.05 *P>0.05 *P>0.05
P <0.01 “*P>0.05 P <0.01 **P>0.05 **P>0.05 **P>0.05 *P>0.05
2a 4.47+0.07 4.47£0.05 8.40+0.14 8.96+£0.14 6.16£0.10 6.23 £0.08 29.74 £0.20
-0.63 0.32 1.73 0.16 -1.15 -4.80 -1.13
*P>0.05 *P>0.05 *P>0.05 *P>0.05 *P>0.05 *P<0.01 *P>0.05
P >0.05 P >0.05 P >0.05 **P >0.05 **P>0.05 **P <0.01 **P>0.05
3a 4.47+0.09 4.31+0.03 8.90+0.12 9.36 £0.11 6.51 £0.06 6.51£0.06 31.03+0.17
-0.63 -3.21 7.79 4.63 4.59 -0.44 317
*P>0.05 *P>0.05 *P<0.01 *P<0.05 *P<0.05 *P>0.05 *P < 0.001
P >0.05 P <0.05 P <0.01 **P <0.05 **P <0.01 **P>0.05 **P <0.01
4a 4.81+0.08 4.43 £0.04 8.20+0.13 8.97£0.12 517 £0.06 5.87 £0.07 27.88+0.15
6.98 -0.64 -0.69 0.32 -16.97 -10.26 -7.32
*P<0.05 *P>0.05 *P>0.05 *P>0.05 *P <0.001 *P <0.001 *P < 0.001
P <0.01 P >0.05 **P>0.05 **P>0.05 **P < 0.001 **P < 0.001 P <0.01
5a 4.47 £ 0.06 4.19+0.03 8.37 0.1 9.61+0.12 6.29 £0.07 6.56 £ 0.05 30.59+0.16
-0.63 -6.09 1.38 7.51 0.92 0.22 1.72
*P>0.05 *P<0.05 *P>0.05 *P<0.01 *P>0.05 *P>0.05 *P<0.05
**P>0.05 P <0.01 **P>0.05 **P <0.01 **P>0.05 **P>0.05 P <0.05
6a 4.37£0.08 4.3+0.08 8.01+£0.13 9.09+£0.10 6.41+£0.07 6.47 £0.04 30.16 £ 0.21
-2.86 -3.53 -2.94 1.6 2.98 -1.09 0.27
*P>0.05 *P>0.05 *P>0.05 *P>0.05 *P>0.05 *P>0.05 *P>0.05
**P>0.05 P <0.05 **P>0.05 **P>0.05 **P>0.05 **P>0.05 **P>0.05
7a 511+ 0.06 4.40£0.07 7.84+0.12 9.5+0.16 6.61+0.15 7.43+0.05 31.88+0.24
13.65 -1.28 -5.02 6.23 6.19 13.54 5.99
*P < 0.001 *P>0.05 *P<0.05 *P<0.05 *P<0.05 *P <0.001 *P < 0.001
**P <0.001 “*P>0.05 **P <0.05 **P <0.05 **P <0.05 **P < 0.001 P <0.01
8a 4.46 £0.08 4.63 £0.07 714 +0.14 9.71£0.09 6.31+0.12 6.90 + 0.04 30.66 +0.29
-0.95 3.85 -13.49 8.63 1.38 5.46 1.94
*P>0.05 *P>0.05 *P < 0.001 *P <0.001 *P>0.05 *P < 0.001 *P>0.05
**P>0.05 “*P>0.05 **P < 0.01 **P < 0.01 **P>0.05 **P < 0.001 **P>0.05
Control 4.5+0.07 4.46 £ 0.08 8.26+0.10 8.94+0.10 6.23 £0.08 6.54 £0.04 30.08 +0.15
group 0 0 0 0 0 0 0
P=1 P=1 P=1 P=1 P=1 P=1 P=1
*P>0.05 “*P>0.05 “*P>0.05 **P>0.05 **P>0.05 **P>0.05 *P>0.05
Gliben 4.61+0.086 4.54 +0.037 740+0.14 546 £0.15 513+£0.13 4.33+0.06 23.24+0.33
clamide 2.54 1.92 -10.38 -38.98 -17.66 -33.84 -22.73
*P>0.05 *P>0.05 *P <0.001 *P <0.001 *P <0.001 *P <0.001 *P < 0.001
*P>0.05 P <0.05 P <0.01 **P < 0.01 **P <0.01 **P < 0.001 P <0.01

Mean + standard deviation of the arithmetic mean (mmol/l), the ratio to the control group in %: *P: Student’s t-test; **P: Mann-Whitney U test.

Rats were obtained from the regular animal chamber of
the Institute of Pharmacology and Toxicology of the Aca-
demy of Medical Sciences of Ukraine. Care, keeping and
feeding of animals was carried out in standard conditions
of stable microclimate in the vivarium of the ZSMU. A
light-dark regime was maintained at 12:12. Animals had
ad libitum access to food (standardized ration feed “Re-
zon-1” KP-120-1) and water that was processed (acidified
(pH 5.8-6.4), chlorinated (6—8 ppm), softened, and filtered
(0.02 pm)).

Experimental samples’ sizes were calculated by the for-
mula [9] with standard deviation (+1.31 mmol/l) [10]. We
expect the effect to be 2 mmol/l [11], where the sample size
n=2;1.312 (1.96 + 0.842)2/22 = 6.74, i. ¢., 7 animals per
study group.

Randomization and grouping were performed using pseu-
do-random sequences of the “random” module for the python
programming language [12].

The results were processed by modern computer-aided
statistical methods using NumPy (BSD License), SciPy (BSD
License), pandas (BSD License), pandas-profiling (MIT
License) libraries. For data visualization Python matplotlib
library (BSD License) was used [13].

The normality hypothesis test of the studied indicators was
tested using the Shapiro—Wilk test and the Kolmogorov—
Smirnov test. The arithmetic mean (M) and standard error of
the mean (+m) were calculated. The statistical significance
of intergroup differences according to the obtained data was
established using the parametric Student’s t-test (*) and
the non-parametric Mann—Whitney U test (P***).
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Fig. 2. Changes in glucose levels of experimental animals under OGTT conditions.

The research results were interpreted by applying three
difference levels of statistical significance — P < 0.05, P<0.01
and P<0.001.

Results

The results of the study of hypoglycemic activity of xanthine
derivatives by the oral glucose tolerance test are shown in
Table I and Fig. 2.

Discussion

After processing and analyzing the results (7able 1, Fig. 2),
it was found that glibenclamide was most effectively reduced
glucose in OGTT conditions (AUC 23.24 + 0.33), which
was 22.73 lower than in the control group (*P < 0.001,
**p <0.01).

An increase in glucose levels was observed in all groups
in 30 min after administration of glucose solution, in com-
pounds 2a, 4a, 5a, 6a this indicator was equal to the control
group (*/**P > 0.05), and no statistically significant differ-
ences were observed. The presence of the hydrazide group
in xanthine moiety (1a) led to a significant hyperglycemic
action in 1 h after its administration, while the replacement
of the hydrazide group by the ylidene hydrazide moiety led
to increased hypoglycemic effect in compounds 2a, 3a, 4a, 5a.
The introduction of carbathioamide fragments into xanthine
core (7a, 8a) led to an increase of glucose level.

In 2 h and 4 h, only compound 4a approached the standard
of glibenclamide by its hypoglycemic activity. Thus, we can
conclude, that the presence of a hydroxyl group as a sub-
stituent in the benzyl moiety of ylidenhydrazides positively
contributes to glucose lowering. It also worth mentioning,
that halogens and/or methyl groups do not affect hypogly-
cemic action.

Conclusions

The results of the hypoglycemic activity study among
the potassium salts of 3-benzyl-8-substituted xanthine de-
rivatives showed, that some new compounds were in close
vicinity to the reference drug’s hypoglycemic action.
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V3

BuBYeHHA MyTareHHOro BNJUBY 3 MPOrHO30M KaHLepPOreHHOCTi
4-((5-peumnntio)-4-meTtun-4-H-1,2,4-tpiason-3-in)metun)mopconiny
ANA HacTYNHUX AocnigXeHb i3 METOK CTBOPEHHSA

HOBOrO NiKapCbKOro npenaparty NPOTUrpMOKOBOI aKTUBHOCTI

|. B. Bywyesa@'ACF K. B. Metposa'=*280 B, M. Kupnuko'=3CF B, B. MapueHko=)"EF

'3anopisbkuii AepxaBHUA MeAUYHUIA yHIBEpCUTET, YkpaiHa, 2HauioHanbHuin meguynnii yHiBepeutet imeni O. O. Boromonbus, M. Kuis, YkpaiHa,
MonTaBCbkWiA AepXaBHUI arpapHuii yHiBepcuTeT, YkpaiHa

A — KoHUenNUis Ta au3aitH gocnigxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepIKEHHS CTaTTi

HuHi BCe WmpLLmMm cTae po3pobrneHHs ehekTUBHMX | Ge3neyHIX nikyBanbHWUX 3acobiB i3 BUKopucTaHHsaM noxigHux 1,2,4-tpiasony. LliHHICTb
TaKvX npenapariB BU3HA4YaETLCA LWBUAKOK Ta NPOMOHTOBAHOK GIiONOriYHO Ai€to, L0 HE CYNPOBOMKYETHCS Pi3KMMM 3MiHAMM roMeocTasy
Ta BUPaXeHUMK NOGIYHNMK edhekTaMu, XxapakTepHUMK Ans BiNbLIOCTi hapMakonoriYHMX Npenaparis CUHTETUYHOTO NMOXOAXKEHHS. B ymo-
Bax 0OMEXEHOr0 aCOPTUMEHTY BITUU3HSHUX MPOTUMIKPOOHMX | NPOTUrPUOKOBKX BETEPUHAPHUX NiKapCbKkUX 3acO6iB Ha HaLlioHaNbHOMY
(hapmaLeBTVYHOMY PUHKY OAHWM i3 HaNPSIMIB BUPILLEHHS Ljei 3adadi € noLyk, po3pobrneHHs Ta [OCRImMKEHHS nikapcbkux 3acobiB i3
NPOTUMIKPOGHOI Ta MPOTUrPUOKOBOKO aKTUBHICTIO.

MeTa po60oTH — BUBYEHHSI MyTareHHOTO BMIIMBY 3 NMPOrHO30M KaHueporeHHocTi 4-((5-geuunnTio)-4-metun-4-H-1,2,4-tpiason-3-in)metun)
MopconiHy 3 NePCreKTUBOK CTBOPEHHS HOBUX NiKapCbKux hOpM ANS NiKyBaHHA rpMOKOBWX NaTorOrii LWKipW.

Marepiann ta metogu. [ina BuByeHHs aii 4-((5-peumnntio)-4-metun-4-H-1,2,4-tpia3on-3-in)metnn)mopdoniHy in vitro BukopucTanm
Staphylococcus aureus, wram 209, oro MyTaHTn Y®-2, Y®-3 i nepBuHHi KniTuHHI kynbtypy. OBMiK reHHUX MyTaLiin MiKkpoopraHiamis y
cucTemi meTabonivHoi akTuBauii (TecT Eimca) agiicHunu 3a metogukoto J1. M. ®oHwTeiiHa 3rigHo 3 «MeToanyHMu pekoMeHpaLismm 3
OLjiHKV MyTareHH1X BNacTUBOCTEN HOBYKX Nikapcbkux 3acobiBy» (Kuis, 1996 p.), BONOBHEHO METOAVKOIO 3a pekomeHAauisMn «OKmMiHiYHi
LOCTiXeHHs1 BETEPUHAPHUX Nikapcbkux 3acobiBy (3a pea. |. A. Koutombaca).

Peayneratn. Pesynstati BUBYEHHS akTuBHOCTI 4-((5-geumnnTio)-4-metun-4-H-1,2,4-tpiason-3-in)metrn)mopdoniHy Ha Mogeni KynsTypu
MYXAUHHKUX aCLUTHUX KNITUH NOKasanu, Lo B KoHueHTpauisix 1,4 mr/mn, 0,8 mr/mn, 0,3 mr/mn, 0,015 mr/mn BiH cnpusie perpecy nyXnnHHUX
KniTvH kapumHomm Epnixa i capkomm C-37. Y pocnipax 3i wramom Nk/L y Takux camux KoHUeHTpauisx 4-((5-geunntio)-4-vmetun-4-H-1,2,4-
Tpiason-3-in)MeTnn)MopdoniH iCTOTHO CNOBINBHIOBAB 3POCTaHHS KMiTUH.

Pesynbraty gocnimkeHb BKa3yloTb Ha BUPaXEHY LIMTOTEHETUYHY Aito Tiodhocchamigy i capKoniduHy, WO Npumyckae ixHio meTaboniuHy
aKTVBALLil0 B OpraHismi; Npo Lie CBiAYMTL BUpaxeHa abepaLlis XxpoMocoM. MOopiBHABLUM LIUTOrEHETUYHY Ail0 eKBIMONAPHMX KOHLEHTpaLin,
HE BUSIBUIN LIUTOrEHETUYHY aKTUBHICTb 4-((5-aeumnnTio)-4-metun-4-H-1,2,4-Tpiason-3-in)Metun)MopdoniHy.

BucHoBkw. M0o3nTUBHI pe3ynsTaTi BUBYEHHS CneumndivHoi akTuBHoCTi 4-((5-geunnTio)-4-metun-4-H-1,2,4-Tpiaon-3-in)meTtun)MopdoniHy
B gocnigax in vitro caigyatb Npo JOLNbHICTb AOTO LUMPOKOTO BUBYEHHS HA EKCNEPUMEHTaNbHUX NyXNHaxX TBapuH. ba GinbLue, MyTareHHy
Zi10 He BMSIBANM B 403aX, L0 3aCTOCYBanu Ans MPOrHO3yBaHHS kaHueporeHHocTi. OTxe, 3pobuni BMCHOBOK NPO BiACYTHICTb LIMTOreHe-
TUYHOTO eOeKTY.

Kntouogi cnosa: 1,2,4-noxigHi Tpiazony, MyTareH, KaHLeporeH, NpOTUMYXIIMHHA aKTUBHICTb, LUTOrEeHETUYHa aKTUBHICTb.
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Study of mutagenic effects with predicted carcinogenicity of 4-((5-decylthio)-4-methyl-4-H-1,2,4-triazole-3-yl)methyl)
morpholine for further research in order to create a new drug with antifungal activity

I. V. Bushuieva, K. V. Petrova, B. P. Kyrychko, V. V. Parchenko

The development of effective and safe therapeutic agents using 1,2,4-triazole derivatives is gaining momentum in today’s conditions.
The value of such drugs is determined by the rapid and prolonged biological action, which is not accompanied by abrupt changes in
homeostasis and pronounced side effects, which are characteristic of most pharmacological drugs of synthetic origin. In the context of a
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limited range of domestic antimicrobial and antifungal veterinary drugs on the national pharmaceutical market, one of the directions for
solving this problem is the search, study, research, and development of drugs with antimicrobial and antifungal activity.

The aim of this work was to study the mutagenic effects with the prediction of carcinogenicity of 4-((5-decylthio)-4-methyl-4-H-1,2 4-
triazole-3-yl)methyl)morpholine with the prospect of further creation of new dosage forms for the treatment fungal pathologies of the skin.

Materials and methods. Staph was used to study the effect of 4-((5-decylthio)-4-methyl-4-H-1,2,4-triazol-3-yl)methyl)morpholine in vitro
Staphylococcus aureus, strain 209, its UV-2, UV-3 mutants and primary cell cultures. Accounting for gene mutations of microorganisms in
the system of metabolic activation (Ames test) was carried out according to the method of L. M. Fonshtein in accordance with the requirements
of “Methodological recommendations for assessing the mutagenic properties of new medicinal products” (Kyiv, 1996), supplemented by
the methodology according to the recommendations of “Preclinical research of veterinary medicinal products” (edited by |. Ya. Kotsiumbas).

Results. The results of studying the activity of 4-((5-decylthio)-4-methyl-4-H-1,2,4-triazole-3-yl)methyl)morpholine on a model of culture of
tumor ascetic cells showed that at concentrations of 1.4 mg/ml, 0.8 mg/ml, 0.3 mg/ml, 0.015 mg/ml it was led to the regression of tumor
cells of Ehrlich’s carcinoma and C-37 sarcoma. In experiments with the Nk/L y strain, the same concentrations of 4-((5-decylthio)-4-
methyl-4-H-1,2,4-triazole-3-yl)methyl)morpholine significantly slowed down cell growth. The results of the studies indicate a pronounced
cytogenetic effect of thiophosfamide and sarcolysin, which suggests their metabolic activation in the body, as evidenced by a pronounced
aberration of chromosomes. When comparing the cytogenetic effect of equimolar concentrations, the absence of cytogenetic activity of
4-((5-decylthio)-4-methyl-4-H-1,2 4-triazole-3-yl)methyl)morpholine was revealed.

Conclusions. The positive results of studying the specific activity of 4-((5-decylthio)-4-methyl-4-H-1,2,4-triazole-3-yl)methyl)morpholine
in experiments in vitro were obtained which indicates the expediency of its extensive study in experimental animal tumors. In addition,
according to these studies, no mutagenic effect was found at the doses that were used to predict carcinogenicity. Thus, it can be concluded
that there is no cytogenetic effect.

Key words: 1,2 4-triazole derivatives, mutagens, carcinogens, antitumor activity, cytogenetic activity.
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HuHi Bce mmpmmM y BeTeprHapHii MEIMIIUHI CTae PO3po-
6meHHs eheKTHBHUX 1 OE3MeYHNX JIKyBaJbHUX 3aCO0iB 13
BUKOPHCTaHHAM NoximHuUX 1,2,4-Tpiazomy. LliHHICTE Takux
IIpenapariB BU3HAYA€THCS IIBHJIKOIO Ta IIPOJIOHTOBAHOIO
610JI0TIYHOIO JTI€10, 110 HE CYNPOBOUKYETHCS PI3KUMH 3Mi-
HaMH TOMEOCTa3y Ta BUPAKCHUMH MMOOIYHMMHU eeKTamH,
XapaKTepHUMHU 1151 OUTHIIOCTI (papMaKoJIOTiYHHX TIPEaparis
CHHTETHYHOTO TIOXOPKESHHSI.

Jliro4a pe1oBHHa, siKa € TIONOXiTHOO 1,2,4-Tpia3omy, a came
(4-((5-mewmrio)-4-metun-4H-1,2,4-Tpia3oi1-3-11)MeTHII)
MopoIiHy, € IEPCIIEKTUBHOIO CHOJIYKOIO /IS CTBOPEHHS
JIKapCHhKUX 3aCO0IB Il BETEPUHAPHOT METUIIMHH, 30KpeMa,
JUTSL JTIKYBaHHSI TPUOKOBHX 3aXBOPIOBaHb IIKipH TBapHH [ 7—13].

HesBaxkarour Ha HOBITHI JOCSATHEHHS BITYM3HSHOI (ap-
Marlii o0 CTBOPEHHS MPOTUTPHOKOBUX MpenapariB st
3aCTOCYBaHHs y BETepHHAPHII MEUIIMHI, ACOPTUMEHT 3aCO-
0iB Takoi Jii Ha HAIIOHATFHOMY (papMarleBTHIHOMY PHHKY
noBoJii oomexxennit. ToMy ynockoHaneHHs (hapmakorepartii
IIKiPHAX 3aXBOPIOBAHB — AKTYaJIbHE 3aBIaHHS (papMaKOIIOTTi.
OnHuM 13 HanpsiMiB HOTO BUPILIEHHS € TTOLIYK, PO3POOSICHHS
Ta JOCTIHKSHHS JTIKAPChKUX 3aCO01B 13 MPOTHMIKPOOHOIO Ta
IIPOTHI'PHOKOBOIO aKTUBHICTIO.

Ha erami momnepenHix (hapMakoJIOTiYHUX TOCIIIKCHB
BU3HAYMIIH (DI3UKO-XIMIYHI BIIaCTHBOCTI CyOCTaHMIii (PO34MH-
HICTh, CXIJIBHICTB JI0 KpUCTaITi3allil, CTIHKICTh, CTAOLIBHICTD)
[1-3], ane MyTareHHHI BIUIMB i HACTYITHHIA IPOTHO3 KaHIIE-
porenHocTi 4-((5-peuwmnrio)-4-metmin-4-H-1,2,4-tpiazon-3-
UT)MeTHIT)MOpQOTiHY A0Ci HE BUBYAIH.

Marepianu i meToau gocnigxeHHs
[porunyxmuHHy akTuBHICTB 4-((5-nenunTio)-4-metun-4-H-
1,2,4-Tpia3on-3-u1)MeTmin)MopQosiHy BUBYAIN B JIOCITIAAX
in vitro, 3aCTOCOBYIOYM KOMITJIEKC METO/IB TMIEPBHHHOTO
BIIOOPY 13 3aJTy4EeHHSIM HayKOBO-/IOCIIITHUIBKOTO KOJICKTUBY
HaBYaJIbHO-HAYKOBOI Jlaboparopii iHpeKuiiHoI narojorii,
ririenn, caniTapii Ta 6io0e3mneku [ToaTaBcEKOTo Iep:KaBHOTO
arpapHoro yHiBepcutety. st BuBdeHHs aii 4-((5-aenunTio)-
4-merun-4-H-1,2,4-tpiazon-3-inm)mermn)MopdoniHy in vitro
BUKOPUCTOBYBaNU Staphylococcus aureus, miram 209, fioro
MyTaHTH YO-2, YO-3 Ta nepBUHHI KIITHHHI KYJIBTYpH.
JlocmimKkeHHs 3aICHIUIH 3a 3araTbHOIPHHHATAMA MIKpO-
010JIOTTYHMMH METOIMKAMH, BUKOPHCTOBYFOUH JIJIsl KYJIBTHBY-
BaHHs Tamy 209 3Buyaiine sxuBmibHe cepenouiie (MIIA),
a Il MyTaHTIB — CIemianbHe cepenoBuine. Haifkpamii 3a
BIITBOPIOBAHICTIO PE3yJIBTaTH OICP)KaHM B pasi 3aCcTOCy-
BaHHS PIJJKOTO CEPE/IOBHUINA, 1[0 € HACTIJKOM TiCHIIIOTO
KOHTAKTY Iperaparis i3 TecT-Mikpodamu. Tomy nociipKeH s
31eOLTBIIIOTO 3IiHCHIIN Ha OyITBIHOHI, a arap 3acTOCOBYBAIN
JUTS BU3HAYCHHS KUTTE3IATHOCTI MIKPOOPTaHI3MIB IiCIA 1X
KoHTakTy 3 4-((5-newwrio)-4-metnn-4-H-1,2,4-rpiazon-3-
un)MeTrT)MopQoIiHOM y pinkomy cepenosuiii. KoHTposb
— IOCIBM HA PiJIKe CEPEIOBUIIE 3 TOJaBaHHAM PO3YMHHHKA
(dizionoriunoro poszuuny). B 4-((5-mermuntio)-4-me-
thn-4-H-1,2,4-tpiazon-3-im)metin)MophotiHy Ha MepBUH-
Hi KITHHHI KyJAbTYPH BHBYAIH 32 3aralibHONPUIHHSTOO
METOIHKOKO, SIKY JONOBHUIIM MaTeMaTHYHIM BU3HAYCHHAM
TEHJICHIIT KJIITHH 10 PO3MHOXEHHS a00 70 perpecy.
OO0uucieHHs 3aiHCHIIHN 32 (HOPMYIIOHO:

MeTa po6otu f= 1/t — lg NKT/Non (on/moby) (1)

BuBUYEHHS MyTareHHOTO BIUTHBY 3 IIPOrHO30M KaHLIEPOT€HHO-
cti 4-((5-netmnrio)-4-metnn-4-H-1,2,4-rpia3on-3-im)MeTun)
MOpQOITiHY 3 TEPCHEKTUBOIO0 CTBOPEHHS HOBUX JIIKAPCHKIX
(dopM st JTIKyBaHHS TPHOKOBUX TATOJIOTIH IIKIPH.

Jie t — 9ac KyJIbTHBYBaHHS KJTiTHH;

Non — KibKiCTh KIITHH Y TPobipKax i3 4-((5-mermrio)-4-
metmi-4-H-1,2,4-tpiazon-3-i1)MeTiin ) MophOTIHOM;

NKT — KifbKICTb KJITHH Y KOHTPOJIL.
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OpueiHaribHi 00CiOKeHHs

Tabnuus 1. Bnnus 4-((5-neumnrio)-4-metnn-4-H-1,2,4-tpiason-3-in)metun)mopdoniHy Ha picT TecT-Mikpobis

Tpia3on-3-in)meTun)Mopd
Benununta «MepTBOT» 30HM Yo-2 0,05-0,03 -
(koHUeHTpaUist npenapartis 1 mMr/mn) _— 015 ]
209 - -
BbakTepuumaHa koHUeHTpaLlis YO-2 1:8000 1:5000
Yo-3 1:8000 1:5000
209 - -

Ta6nuuga 2. Bnnue 4-((5-peumnTio)-4-metnn-4-H-1,2,4-tpia3on-3-in)Metun)MoponiHy Ha MyXIMHHI KNITUHK B KYNbTYpi

Mpenapar

KoHueHTpauis
npenapary, Mr/mn

Tunu kniTMH

4-((5-peumnTio)-4-vetun-4-H-124- |14 18 0,02 -116 -0,177 -10,4 -0,007
Tpia3on-3-in)mMetnn)MopdoniH
08 20 0,02 -38 -0,53 -10,7 -0,007
0,3 21 0,02 =27 -0,018 -4 0,138
0,015 23 0,027 5 0,03 59 0,143
KoHTponb - 903 0,15 89.6 0,17 89,8 0,16

N: BiACOTOK NpUpOCTY KNiTuH; f: BenuumHa, WO No3Havae TeHAEHLO KNITUH [0 PO3MHOXEHHS (+).

Busnauatoun f y koHTpoIi, 3HaueHHss Non 3aMiHIOBAIIH
KIJTBKICTIO KJIITHH MTpU 30€piraHHi B XOIOIMIBHUKY. [103u-
THUBHE 3HAUCHHS BTMUUHH f TTOKa3yBaI0 TCHICHITIIO KIIITHH
JI0 PO3MHOXKCHHSI, HETaTHBHE — JI0 PErpecy.

Pe3ynktatn

[Iporunyxaunua akruBHictsb 4-((S-neuuario)-4-merui-4-H-1,2,4-
Tpiazou-3-im)mMermi)Mopdouiny B rocinax in vitro. JocmimxeHHs
3IIHCHUITE CYMICHO 3 HAyKOBO-I0CII THULIBKUM KOJIEKTHBOM
HaBYaJIbHO-HAYKOBOI Jlaboparopii iH(ekuiitHoi naroorii,
ririeHu, canirapii Ta 6io6e3neku [TonTaBcbKoro Aep>kaBHOrO
arpapHOTo YHIBEPCHTETY.

3a cxemor gociimkeHus 4-((5-meunnrtio)-4-metuin-4-
H-1,2,4-tpiazon-3-im)MeTrn)MOpdOIiH y YOTUPBOX PO3Be-
JICHHSIX BUBYMJIM Ha TPhOX BWJAAX aCUUTHUX KiiTHH: Nk/
Ly, Epnixa, C-37. 3aranom 3aiiicHiy 24 Bu3HaueHHs. [1jis
3’sicyBaHHs BIUIMBY 4-((5-menmntio)-4-metnn-4-H-1,2,4-
Tpiazon-3-in)MeTin)MopdoIiHy Ha MOP(OJIOTito KIITHH Y
Kynberypi, 30kpema Kb i I'l, kiniTuHHMI MOHOLIAp OTpUMY-
BaJI 32 BIIOMUM MeTozioM. Ha Tperiii 1001 Ky/IbTHByBaHHS B
cepenosuiie noxasanu 4-((5-genmrio)-4-mertun-4-H-1,2,4-
Tpia3on-3-LT)MeTHI)MOPQOIIIH 1 BUPOLLYBaIH KIITHHH e
3 no0y. Ozeprkani KJIITHHHI Tpenaparu (ikcyBanu B piuHi
Kapnya (1,0—1,5 roj), 3a0apBiIroBaii FeMaTOKCIITiIH-CO3UHOM
Ta yKiIajaiu B 0anb3am [4—06].

[Monepenne BuBuenus 4-((5-penuntio)-4-metun-4-H-
1,2,4-tpiazon-3-L1)MeTHI)MOPQOIIiHY 3AIHCHIIN B YalIKax
[erpi 3 aquckamu. BusiBuim, mio neil npemnapar npurHidye
picT ABOX KyJBTYp MYTaHTIB Oe3 BIUIMBY Ha ITOYaTKOBHH
wram (maon. 1, 2).

Pesynbrary BUB4EHHS akTHBHOCTI 4-((5-1€1iu1Tio)-4-MeTHII-
4-H-1,2 A-tpiazon-3-u1)MeTImT)MOpOITiHy Ha MO KYIBTYPH
MYXJIMHHAX aCIUTHHX KJTITHH TIOKA3aJIH, 10 B KOHIIEHTPAITisX
1,4 mr/mm, 0,8 mr/vo, 0,3 mr/von, 0,015 Mr/Mit BiH cripusie pe-
rpecy MyXJIMHHNX KITHH KapiHomu Eprixa i capkomu C-37
(mabn. 2).'Y nocminax 31 mrramom Nk/Ly 11i cami koHIeHTpartii
4-((5-neumnrio)-4-metun-4-H-1,2,4-Tpiazon-3-im)MeTHiI)Mop-
(oITiHy iICTOTHO YIIOBUTHHIOBAIN 3POCTAHHS KIITHH.

Busuarouwu airo 4-((5-neunntio)-4-metun-4-H-1,2,4-rpia-
3051-3-11)MeTrI1)MOP(OITiHY Ha OJJHOLIAPOBY KIIITUHHY KYJ1b-
Typy KB, 3apeectpyBaim nuTomaroreHHAi ePeKT TUTHKHU TS
KoHIeHTpatii 1,8 mr/mi. HactymHe po3BeneHHs mpenapary
710 0,3 MI/MI1 TPU3BOIUTH [0 30€peKEHHS YaCTHHNA MOHOIIIA-
pY, a ipu BmicTi 0,15 Mr/mit y cepeioBHII KyIbTUBYBaHHS
BUIMMI 3MiHU HE BiZIOyBaIUCSL.

OTKe, HO3UTUBHI PE3yJIbTaTH BUBYCHHS CIIeLM(IUHOT aK-
TUBHOCTI 4-((5-nmermrio)-4-metmn-4-H-1,2,4-tpia3on-3-in)
MeTUI)MOp(OITiHY B I0CHIAX in Vitro CBiaYaTh Mpo JAOIib-
HICTB IPOIOBKEHHS OO BUBYEHHS Ha eKCIIEPIMEHTAIbHHIX
MyXJIMHAX TBapHH.

Iurorenernuna akTuBHicTh 4-((S-neunnario)-4-merun-4-H-
1,2,4-tpiazoa-3-in)merua)mopdoiny. 3MIHCHIIN TOPIBHSUTLHE
JOCITLIKCHHS IIATOTeHETHYHOT [TiT 4-((5-menmiTio )-4-MeTrin-
4-H-1,2,4-tpia30i-3-11)MeTHIT)MOPQOITiHY Ha KIIITHHAX KICT-
KOBOT'O MO3KY CaMIIiB Iy piB JiHil Bicrap Bikom 2—3 micsiii.
Pesynsraru HaBeaeHO B mabnuyi 3. JI03u € eKBIMOJIIPHUMH,
301ratoThes i3 TEPAreBTUUHUMH.

Pesynbrati ZOCHIKEHb CBIYATh PO BHPAKEHY LUTO-
TeHETUYHY Jifo Tioochaminy i capkomizuny. ToMy MOxKHA
MIPUIYCTUTH TXHIO META0OJIIYHY aKTHBAIIO B OpraHi3Mi,
MATBEpPKEHY BHPaKEHOI0 abepaniero xpomocoM. [Topis-
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Tabnuusa 3. LintoreHetnyHa aktmeHicTb 4-((5-aeunnTio)-4-metun-4-H-1,2,4-Tpiason-3-in)metun)mopdonity

®opwma gocnigy KinbkicTb | CTPYKTYpHi nopyLUeHHs
KNiTUH
i i i LlenTpuyHi | Knituhn KinbkicTb
Kinbusa 3 MOLIKO-
KEHHAMU

KoHTponb - 1000 5 - - - 3 0,40+0,10 -
Tiocpocdamin 4 500 188 8 110 10 22 172 37,50+2,11 | <0,001
CapkoniauH 14 200 57 62 13 15 38 119 65,40+ 2,77 | <0,001
4-((5-peumntio)-4- | 1800 | 200 6 8 - - - 13 7,70 £ 0,53 <0,5
meTun-4-H-1,2,4-
Tpiason-3-in)merun) | 1200 | 200 5 - - - - 8 2,30+0,55 >0,5
MopcponiK 800 | 200 3 - - - - 5 1304020 [>05

300 200 - - - - - - - -

150 200 - - - - - - - -

Ta6nuus 4. OBnik reHHWUX MyTaLjiA MikpoopraHiamis (TecT Eiimca)

KinbKicTb KonoHii peBepaHﬂB Ha YaLKy

Me'raﬁomtma aKTUBaUin 6e3 meTaboni4yHoi akTMBaLi

X, abc/lg | X, abellg |X,abellg |Cep.,lg X, abc/lg |X,abellg |X,abe.llg | Cep.,lg

TecT-wTam PeyoBuHa [o3a,
MKT/F

Salmonella | 4-((5-peunrnmio)-  |0,1 | 6/1,37 6/1,66 41,37 1,44 711,87 7,77 8/2,09 1,89
typhimurium 4 meTun-4-H-
1.2.4-1piason-3-n) |10 |4/166 511,74 41,42 1,68 6/1,88 5/1,49 6/1,41 1,48
MeTAmMOpOniH | 46 | 54 77 711,85 712,12 1,83 8/2,28 11,96 | 9/2,28 221
100,0 |8/2,38 8/2,13 912,26 2,21 102,35  [13/224 131238  |219
1000,0 [13/2,54 | 13/246  |122,38  |2,51 31348 18266  |21/3,12 |37
Tiococdamia 2000 212,28  [202,12  |14/277  |3,18 25/355  |28/355 [29/339  |344
KoHTpons - 9/2,33 182,87 | 171283 | 2,77 912,20 8/2,08 5/1,61 2,02
edpeKTUBHOCTI

X1, X2, X3: KinbKiCTb KOMOHIl1 Ha YaLLKy; abc.: abcomtoTHa KinbkicTb; Ig: 3Ha4eHHs norapudma, BianoBigHe KinbKOCTi peBepaHTiB.

HSIBILM [IMTOTEHETHYHY JIiI0 EKBIMOJISIPHUX KOHIIEHTpAILIiH,
HE BUSIBHJIM [IATOT€HETHYHY aKTHBHICTB 4-((5-aenunTio)-4-
vetmi-4-H-1,2,4-Tpia3on-3-im)meTmi)Mopdoriny.

B excniepumenTax i3 4-((5-merwnrio)-4-metnn-4-H-1,2,4-
Tpiazon-3-im)mMerrn)MopdoriHoM depe3 24 TOAWHM IiCIsA
HOro BBEACHHS B PIBHOBIUIAJICHUX KOHIIEHTpaLisix (Big 1/2
no 1/10 JIJI,,) XpoMOCOMHi HOIIKO/KEHHS He 3a(ikcyBalu.
Le#i mocnig nependadae 3’siCyBaHHS MOMJIIMBOI KYMYJISILIT
4-((5-neumnTio)-4-metuin-4-H-1,2,4-rpia3zon-3-in)MeTHII)
mopdoriny (5 BBenens y n03i 1/5 JIII ). ¥V pesynbrari He
BUSIBUIHM LIUTOICHETHYHY aKTHBHICTB JOCIIIKYBaHOI pedo-
BuHM. L{e cBiTUUTS Mo ii MepCIeKTUBHICTD IS KITiHIYHOTO
BUBYCHHS B yMOBAX ITyXJIMHHOTO POCTY.

Pesynbraru 001Ky reHHux MyTauiii Mikpoopranizmis y cucremi
metabosiunoi axtusaii (tect Eitvca). [1ix yac ckpuHiHTy 610-
JIOT'TYHO aKTHBHHUX PEUOBUH BaXKIIBE BCTAHOBJICHHS iXHBOT
MOTCHIIIIHOT MyTareHHOCTI IUITXOM BHUSBJICHHS MOTCHIIH-
Horo MyTareHesy (tect Eiimca) Ta BU3HauCHHS T€HETHYHOI
TOKCHYHOCTI METOZAOM LIUTOT€HETUYHHUX MOCIIJDKECHb Ha
TBapUHAX.

MeTton o0niKy TeHHHX MyTaIlill MOJATa€ B 3AaTHOCTI
CHOJYKH 1HIYKyBaTu I'€HHI MyTalii MiKpoOpraHizmiB y

cuctemi metabdomiunoi aktuBailii (JI. M. ®onmreitn Ta
H., 1977 p.). 3aCTOCOBYIOTh TECTOBi ImITaMH OaKTepiit
Salmonella typhimurium TA 100, 4-((5-mermnTio)-4-MeTrI-
4-H-1,2 4-Tpiazon-3-in)MeTun)MOpQOIiH, TIEYiHKY IIypiB 3
xo¢axropamu (HAI®, rimoko30-6-pocdar). Y pesynbrari
(YHKIIOHYBaHHSI CUCTEMH MiKPOCOMAaJIbHOTO OKHCHEHHS
i1 BIUIMBOM (DEPMEHTIB y TOMOTEHATi MEe4iHKH CIHOJIyKa,
SIKy BUBYAJIH, MOKE MeTaOOIIi3yBaTH i 1HIyKyBaTH MyTallii,
SKIO BOHA Ma€ MyTareHHy JI0.

Jocmian 3aificanan 3a Metoankoro JI. M. ®oHmTeina
3rigHO 3 «METOMUYHIMHI PEKOMEH/IAITISIMA 3 OLIHKH MyTa-
TCHHHX BIIACTUBOCTEH HOBHX JIKapchKuX 3aco0iB» (Kwuis,
1996 p.). OuiHroBaHHS pe3y/bTaTIB 3AIHCHIIN HA TiJCTaBi
CTaTHCTUYHO OIPAllbOBAHMX MaTepialliB JOCIIDKEHb, 110
HaBesieH1 B maodnuyi 4.

Jaui 3a metozukoro 0,1 M posunny 4-((5-neuunTio)-4-me-
tun-4-H-1,2,4-tpia3om-3-i1)Me T )MOPGOITIHY B Tiana3oHi
0,1-1000,0 mxr BHOCHNH B 2,5 M arapy, mogasamu 0,1 mi
TECTOBHX IITaMiB i 0,5 MII MiKpOoCcOMaTFHOT aKTUBYIOUOI Cy-
Mimi (MC+). Cymimn nepeMinryBaity, HeraifHO IEPEeHOCHITN
Ha arap, 1mo30asieHui rictuauHy. Jocmian cynpoBomKyBa-
JIUCH BiIIOBITHUME KOHTPOJISIMU. JIOCITiIKEHHS 3MICHIIIH 3
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OpueiHaribHi 0oCidxeHHs!

noBHOIO (MC+) 1 HenoBHorO (MC-) crcTeMOI0 METa0 O THOT
aktuBarii (maon. 4).

PesynsraTy BpaxoByBay, SKIIO Oy/H IIO3UTHBHI KOHTPOIII,
TOOTO SIKIO B HHOMY BHSBICHa MyTareHHa Jis. Uepes 48
roZMH iHKyOaii 3a Temneparypu 37 °C 00paxoByBaH Kijlb-
KICTh peBEpaHTHUX KOJIOHIH. CTyIIiHb MyTareHHOTO BILTUBY
3a IMX YMOB JIOCHI/Ty OLliHEHA 3HAKOM «-».

BucHoBku

1. TTo3uTHBHI pe3ynbraTi BUBYEHHS Crieln(ivHO] aKTHUB-
Hocti 4-((5-neumntio)-4-metun-4-H-1,2,4-rpiazon-3-im)
MeTIT)MOP]OITIHY B TOCIiIaX in Vitro CBIIYATh PO TOILITb-
HICTh HOT0 MIMPOKOTO BMBYEHHS Ha €KCIIEPUMEHTAIBHUX
MyXJIMHAX TBAPUH.

2. MyTrareHHy Ait0 He BUSIBWIH B JI03aX, 1110 3aCTOCYBaJIH
JUTSL IPOTHO3YBAHHS KaHIIEpOreHHOCTi. OTke, 3po0min BU-
CHOBOK ITPO BIJICYTHICTb IIATOI€HETUYHOTO €(heKTy.

[lepcnexkTHBH MOAANBINNX J0C/TiKeHb. Pe3ynbraTu nanu
3MOTY CIDTAHYBaTH HACTYIIHI JOCIIHKEHHS eMOpioneTanb-
HoTO, (heTo- i emOpioTokcmuHOTO edexriB 4-((5-mermi-
Ti0)-4-metmin-4-H-1,2,4-tpiazon-3-im)metun)mMopdoriny B
MTOCTHATATEHOMY TIEPiOfi.

Mopsika

KonekTus aBTOpIB CTaTTi WMPO AsKYoTb 36poiiHUM cunam Ykpaikm Ta
pefakuji HayKoBOro ypHany «AKTyanbHi TUTaHHS hapMaLeBTUYHOI Ta
MEANYHOI HayKV | NPaKTUKM» 32 MOXNMBICTb 3AINCHIOBATM JOCIIMKEHHS Ta
ny6nikyBaTy ixHi pesynsraty.
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MopiBHANBbHE BUBYEHHS cneuundgivyHOl aKTUBHOCTI

M’AKMX annikauinHUX nikapcbKUx 3acobiB 3 BIHNOLETUHOM
B. B. Magunwes @' [1. M. PomaniHa'®'¢, O. b. XapanoHoBa'='28, A. B. KypiHHUA=/1B,

I. B. THiTbKO'=3E |. O. Myxanbcbka'®'F, C. A. Mapgnwesa' =P

'3anopisbkuii AepxaBHUA MeANYHUIA yHIBEPCUTET, YkpaiHa, J[JHINpoBCbkWiA AepXaBHUIA MeaUYHNiA yHiBepeuTeT, YkpaiHa, *CxinHoykpaiHCbkuii
HaLlioHanbHWU yHiBepcuTeT iMeHi Bonogumupa [Jans, M. CeBepopoHeLbk, YkpaiHa

A — KoHUenNUis Ta Au3aitH gocnigxeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTTi;
F — ocTaTouHe 3aTBepIKEHHS CTaTTi

Y cyyacHiit HeBpoorii OCHOBHOK CKNaAO0BOK YCMILLUHOTO MikyBaHHS LiepeGpoBackynsipHoi natonorii BBaxatoTb dhapmakoTeparnito. Pasom i3 Tum,
apceHan eekTUBHIX Nikapcbkix 3acobiB [0Kka30BOi MEAULIMHM B Ll ranysi foBoni obmexeHni. OfuH i3 npenaparis, WO 3AiCHIOTb ePEKTHBHY
BMGIPKOBY KOPEKLIi0 MO3KOBOI Nepdyaii, — BIHNOLETWH (KaBIHTOH). BUKOPUCTaHHS anbTepHaTVBHIX LLNSXIB BCMOKTYBaHHS! BIHMOLETUHY (PEKTaNbHOro
Ta Ha3arnbHOro) B MEBHUX M’'SKWX anmikaLiiHux nikapchkx opmax AacTb 3MOry iCTOTHO 3BinbLunTK 6iofoCTYNHICTb NiKapCHKOT PEYOBUHI, 3HU3UTU
piBeHb MOGIYHMX peakLili Bif MOro 3aCTOCYBaHHS i pO3LUMPMTY hapMaKkoTepaneBTUYHUI apceHan BITYM3HAHUX eDEKTUBHNX HENPONPOTEKTUBHIX
npenapari. Bpaxoytoum Le, cniBpobiTHVKW kadbeapy TeXHONOrii NikiB 3anopiabkoro AepKaBHOrO MEANYHOTO YHIBEPCUTETY Ha NiACTaBi KOMMMEKCHUX
hisnko-xiMiuHUX, hapMaKOTEXHOMOTIYHMX, PEONOrivHMX i GiodhapMaLleBTUYHIX AOCHIMKEHb 3aNPONOHYBany paLioHanbHi peLenTypu Ta TexXHonorii
[BOX HOBWX M'SIKMX anikauiiH1X nikapcbkix (hopM BiHMOLETVHY: CyNO3WTOPIIB PEKTaNbHKX Ha NiNOdiNbHil OCHOBI Ta KPEMY Ha3amnbHOMO Ha eMyrb-
CiliHii OCHOBI — ANs Tepanii apTepiansHoi rineptensii -1l cTagin i3 uepebpoBackynapHUMM yCKNaAHEHHAMM, 3MEHLLEHHS NPOSIBIB HEBPOMOTYHIX
Ta/abo NCUXIYHMX CUMMTOMIB MpU Pi3HUX hOPMaXx HELOCTATHOCTI MO3KOBOTO KPOBOOGIrY, HACTIAKIB iHCYNLTY, TPAH3UTOPHOT iLIEMIYHOT aTaku TOLLO.

MeTta po6oTu — foCnimMKEHHS CneLmdIYHOT aKTUBHOCTI 3anpOonoHOBAHMX iHHOBALNHUX annikaLiiHnX nikapcbkix OpM BiHNOLIETUHY.

Matepianu Ta metoau. Ak 06’ekT OKNIHIYHMX [OCTIHKEHb BUKOPUCTANN Ha3anbHy Masb, Lo MicTuTb 0,5 % BiHNOLETWHY, Ha eMyMbCiliHINA OCHOBI
Ta cynosuTopii pektanbHi 3 BiHnouetHom 0,01 r Ha ninodinbHOMY HOCIl, Lo 3abe3neyyroTb ONTUMarnbHE BUBINbHEHHS! aKTUBHOTO dhapmaLieB-
TUYHOTO iHrpegieHTa. CneundivHy akTUBHICTb po3pobneHux Nikapcbkux hopm BiHMOLETHUHY BUBYaNM Ha MOZENi FOCTPOro NOPYLUEHHS MO3KOBOTO
kpoBoobiry (IMIMK) 3a Tvnom iwemiyHoro iHcynbTy. TabneTku BiHNoUEeTUHY (AcTpadapm, YkpaiHa), ki 3aCTOCOBYHOTb Y HEBPOIONiYHil MpaKTHLi
BOCUTb eeKTUBHO | BNPOZOBX TPMBAONO Yacy, BUKOPUCTOBYBAMNM K Npenapat NopiBHAHHS.

Peayniratu. MpusaHayeHHs BCIX AOCAIMKYBaHNX Npenapartis Crpusno MigBULLEHHI0 PyXOBOI akTUBHOCTI. KpiM LibOro, MpuaHa4yeHHs NikapCbkux
(pOpM BIHMOLIETUHY 3MEHLLYBaNO0 PO3BUTOK KOTHITUBHO-MHECTUYHUX po3nagis nicns MMIMK. Harikpaluuii pesynbrat 3adikcyBani y rpyni TBapuH, siki
iHTpaHa3anbHO KypcoM OTPHUMYBanM BIHMOLETVH. Y rpynax TBapyH, LLO OfepXyBanu npoTarom 4 fib npenapati BiHNOLETUHY, JOCTOBIPHO 3HIXY-
Banucs mapkepu okcugatmeHoro ctpecy (A®I i KO). HanbinbLuy akTuBHIiCTb Mana nikapcbka hopma BiHMOLETUHY, iKY BBOAWMYN iHTPaHa3ansHo
npotsrom 4 fi6. YBeaeHHs nikapcbkix (opM BiHMNOLETUHY Marno €HeproTpONHUIA BNAMB, WO BUSBNSAMN 32 36iNbLUEHHAM PIBHS MaKpOepriYHnX
occhatiB. O4eBUAHO, BIHMOLETUH YMHWUTD NPSMUIA NO3UTUBHUIA BNIIMB HA TPUKapOOHOBI AinsiHkv uukny Kpebca Ta cnpusie 30inbLeHH Npoayk-
Lii AT®. HaibinbLua eHeproTpomnHa akTUBHICTb BNAcTMBa Ha3arbHOMY KpeMy BiHMOLIETHHY, L0 3aCTOCOBYBanM iHTpaHasansHo npotsrom 4 fib.

BucHoBku. [JOKNiHIYHAMN BOCTIIMKEHHSMI PO3POONEHNX anmikaLiiH1X M'SKuUX Nikapcbkux 3acobiB i3 BiHMoLeTHOM Ha mogeni [TIMK 3a Tunom
iLUIEeMIYHOrO IHCYNBTY eKCrepUMEHTanbHO NiATBEPMKEHO BUPAXEHY HEMPONPOTEKTUBHY aKTUBHICTb PeKTarbHWX CYrno3uTopiiB i Ha3anbHOTo Kpemy
3 BiHNOLETUHOM. Bussunu, Wo edeKkTUBHICTb Bif Tepanil MMy annikauiiHAMK Nikapcbkumu (popmammn [OKa3oBO NepeBuLLye Taky Ans nepo-
parnbHWX TabneToBaHMx 3acobiB.

KntoyoBi croBa: nopyLueHHs MO3KOBOTO KpoBOOBiIry, BIHMOLETWH, M'Ki annikaLiiiHi nikapcbki 3acobu, HEponpoTeKTUBHA Aisl.
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Comparative study of the specific activity of soft application drugs with vinpocetine
V. V. Hladyshev, D. M. Romanina, O. B. Kharaponova, A. V. Kurinnyi, |. V. Hnitko, I. O. Pukhalska, S. A. Hladysheva

In modern neurology, the main component of successful treatment of cerebrovascular pathology is pharmacotherapy. At the same time, the arsenal of
effective medicines of evidence-based medicine in this area is quite limited. Vinpocetine (Cavinton) is one of the drugs that effectively selectively corrects
cerebral perfusion. The use of alternative ways of absorption of vinpocetine (rectal and nasal) in certain soft application dosage forms will allow to significantly
increase the bioavailability of the medicinal substance, reduce the level of adverse reactions from its use and expand the pharmacotherapeutic arsenal
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of domestic effective neuroprotective drugs. Taking into account the above, the employees of the Department of Medicines Technology of Zaporizhzhia
State Medical University, on the basis of complex physical-chemical, pharmacotechnological, rheological and biopharmaceutical research, proposed
rational formulations and technologies of two new soft application dosage forms of vinpocetine — rectal suppositories on a lipophilic basis and nasal
cream on an emulsion basis for the therapy of arterial hypertension of -1l stages with cerebrovascular complications, reduction of the manifestation of
neurological and/or mental symptoms in various forms of cerebral blood circulation insufficiency, consequences of a stroke, transient ischemic attack, etc.

The aim of the work is to study the specific activity of the proposed innovative application dosage forms of vinpocetine.

Materials and methods. Nasal ointment containing 0.5 % vinpocetine on an emulsion basis and rectal suppositories with vinpocetine 0.01 g on
a lipophilic carrier were used as the object of preclinical studies, which ensure optimal release of the active pharmaceutical ingredient. The study
of the specific activity of the developed medicinal forms of vinpocetine was carried out on a model of acute cerebrovascular accident of the type
of ischemic stroke. Vinpocetin tablets (Astrapharm, Ukraine), which are used in neurological practice quite effectively and over a long period of
time, were used as a comparison drug.

Results. The comparative results showed that the appointment of all studied drugs led to an increase in motor activity. In addition, the administration
of medicinal forms of vinpocetine reduced the development of cognitive and cognitive disorders after acute disorders of cerebral blood circulation.
It was found that the highest result was shown by the group of animals that received a course of vinpocetine intranasally. In the groups of animals
that received vinpocetine for 4 days, markers of oxidative stress — aldehyde phenylhydrazones and ketone phenylhydrazones — were significantly
reduced. The highest activity was demonstrated by the pharmaceutical form of vinpocetin, which was used intranasally for 4 days. The introduction
of dosage forms of vinpocetine exerted an energizing effect, which was expressed in an increase in the level of macroergic phosphates. Evidently,
vinpocetine has a direct positive effect on the three-carbon sections of the Krebs cycle and increases the production of adenosine triphosphate
(ATP). At the same time, the vinpocetine nasal cream applied intranasally for 4 days demonstrated the greatest energizing activity.

Conclusions. Preclinical studies of the developed application soft medicines with vinpocetine on the model of acute cerebrovascular accident type
ischemic stroke experimentally confirmed the expressed neuroprotective activity of rectal suppositories and nasal cream with vinpocetine and it was
found that the effectiveness of therapy with these application medicinal forms is demonstrably higher than that in comparison with oral tablet means.

Key words: violation of cerebral blood flow, circulation, vinpocetine, soft application drugs, neuroprotective effect.
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[TopyeHHst MO3KOBOIO KPOBOOOIT'Y B OLIBIIOCTI PO3BMHEHHX KpaiH
CBITY MIOCITAI0Th OTHE 3 TPOBITHIX MiCIIb 3-TIOMiXK OCHOBHHX IPH-
YMH CMEPTHOCTI Ta iHBaJIiM3aNil HaceeHHs. B YkpaiHi iHCynbTy
HAJICXKHUTb JPYTe MICIE TCIS KapAiOBAaCKY/IIPHUX 3aXBOPIOBAHD,
Teplie — SIK IPUYMHI CTIHKOI BTpaTy mparesaaTHocti. He3paxkaro-
9H Ha JOCATHEHHS OCTAHHIX POKIB y Taiy3i IHTCHCHBHOI Tepartii,
HEBPOJIOTii Ta (hapMaKoNoril, NETATBHICTh BiJl TOCTPHX TOPYIIEHb
Mo3koBoro kpoBoo0iry (I'TIMK) 3asuaersest Bkpaii Bucoxoro [1].

Kpim Toro, Ty>Ke TIOmmMpeHMH € XpoHiuHi opmut iepedpoBacKy-
JIIPHOT NATOJIOT 1, 10 PeecTpyIOTh B YKpaiHi K AUCHUPKYIATOPHY
enredanomnarito. LI maronorist — pe3ynsrar XpoHiIHO HeIOCTaTHO-
CTi MO3KOBOTO KPOBOODITY, 110 TIOBUIEHO MPOrPECy€, PU3BOIAUTH
710 PO3BUTKY MHOKHHHHX JPiOHOOCEPEIKOBIX HEKPO3iB MO3KOBOT
TKaHWHH Ta CTIPUYHHSIE TOCUJICHHS! OPYIICHHS ()YHKIIii FOJIOBHOTO
MO3KY [2].

V cydacHiit HeBPOJIOTii 0CHOBHOIO CKIIA/[0BOIO YCHIIIHOTO JIKY-
BaHHS 11epeOpPOBACKYIISIPHOI [TATOJIOT BBAYKAOTH (papMaKoTEPAITito.
Pasom i3 TiM, apceHal eheKTHBHUX JTIKAPCHKUX 3aC0O0IB T0KA30BOT
ME/IUIIMHH B 111 Tay3i 10BOJi oOMeskeHni. OJIHH i3 Ipenaparis, o
3MHCHIOIOT e(heKTHBHY BHOIPKOBY KOPEKIIiF0 MO3KOBOI mepdys3ii,
— BiHIOIETHH (KaBiHTOH) [3].

Bimomo, 1o mpu mepopanbHOMY BBEACHHI YMMAIo (papMakKomno-
TIYHKX IPenapariB iHAKTHBYIOTHCS ()ePMEHTAMH KHIIIKOBOTO TPAKTY
HaBITh y pa3i BUKOPICTAHHI JIIOCOM, IO 3aXHIIAI0Th CyOCTAHIIII0
BiJl pyHHYBaHHS (hepMEHTaMH.

AKTyanbHOIO 3auIIaeThest pobiema XiMiuHoi Moaudikamii
JKapchKO1 PEYOBUHH TTiJT Yac MPOXOKEHHS yepe3 Mmeuinky (de-
HOMEH «IIEpIIOTo MPOXOKEHHs Yepe3 TediHky»). [ exuiiine
BBE/ICHHSI BIHIIOLIETHHY MaJIOJIOCTYITHE B aMOyJIaTOPHUX yMOBaX,
He Jly’Ke 3pydHe Ta He JOLUIbHE B Me[iaTpuyHii npaxruii [4].

BukoprcTanHs abTepHATHBHUX [IUIAXIB BCMOKTYBAHHS BIHTIOLC-
THHY (PEKTaJIBHOTO Ta HA3aJIbHOTO) B EBHKX M’ SIKHX AIUTIKAIlIHHIX

JKapchKHX (hOpMax AacTh 3MOTY iCTOTHO 30LIBIIMTH Oio0CTyI-
HICTb JTIKAPCHKOT PEYOBUHH, 3HU3UTH PIBEHb OOIYHUX PeaKIiil Bif
HOT0 3aCTOCYBAHHS Ta PO3IIMPUTH (papMaKOTEPAEBTUIHAHN apce-
HaJI BITYM3HAHNX eDEKTHBHUX HEHPOTPOTEKTHBHIX Mpenaparis [5].

BpaxoBytoun 11e, criBpoOITHHKY Kadeapu TEXHONOTIT JTiKiB
3anopi3zbKoro ICPKaBHOTO MEMYHOTO YHIBEPCHUTETY Ha ITi/CTaBI
KOMIDTEKCHIX (i3HKO-XIMITHIX, (papMaKOTEXHOIOTTYHIX, PEONo-
TiYHUX 1 6i0)apManeBTHYHIX JIOCIIKEHb 3aIPOTIOHYBATH paltio-
HaJTbHI PEICHITYPH Ta TEXHOJIOTIT IBOX HOBHX M SIKHX aIUTiKaI[ifHIX
JiKapchKUX (GOpM BIHMONIETHHY: CYTNO3UTOPIIB PEKTANbHUX Ha
ninodiTeHIN OCHOBI Ta KpeMy Ha3aIBHOTO Ha EMYJIbCiiHI OCHOBI
— s Tepartii aprepianbHoi rineprensii [I-111 crapiii i3 nepedposa-
CKYJISIPHUMH YCKIIaTHCHHSIMH, 3MEHIICHHSI IPOSIBIB HEBPOJIOTTYHUX
Ta/ab0 MCUXIYHUX CHMIITOMIB TIPH PI3HUX (OPMax HEIOCTATHOCTI
MO3KOBOTO KPOBOOOITY, HACTIIKIB iHCYJBTY, TPAH3UTOPHO] iIre-
MIYHOI aTaku, yCciX (OpM CyIMHHOI AEMEHIIl 3 po3Na oM KOTHi-
TUBHUX (YHKIIH, BepTeOpoOa3uiIsipHOi HeAOCTATHOCTI BHACIIIOK
TimorIasii Ta MaTonoTi9HO1 3BUBUCTOCTI OpaxionehanbHIX CYauH,
3aTPUMKH PO3YMOBOTO PO3BUTKY B JiTEH 1 MiUTITKIB, BTOPHHHOI
TIayKOMH (BHACHIIOK 00Typauii cymmH) [6].

OpnuH 3 000B’SI3KOBHX (JParMEHTIB JOKIIHIYHOTO OLIHIOBAHHS
TpeTapariB — BU3HAYECHHS CTIEIU(ITHOT aKTUBHOCTI, 110 A€ 3MOTY
BCTAHOBHTH IXHFO e(DEKTHBHICTE MOPIBHSIHO 3 (hapMaKoTepareBTHY-
HUMH 3ac00aMu, SIKi TPA/IULIHO BUKOPUCTOBYIOTb Y KOHKPETHOMY
CErMEHTI IPaKTUYHOT OXOPOHH 3/10pOB’Sl, Ta CIIPOTHO3YBATH KITi-
HIYHY IIHHICTB 3aTIPOITOHOBAHIX EKCIIEPUMEHTAIEHIX PO3POOOK.

MeTta po6otu

JocmipkeHHs criermpivHoi aKTHBHOCTI 3alpONOHOBAHNX 1HHOBA-
ifHKX amTKalifHAX JIKapchbKUX (JOpPM BIHITOLETHHY.
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Marepianu i MeTogu pocnimpkeHHA

SIK 00’€KT TOKJIHIYHUX JOCIIDKEHb BUKOPHCTAIIN EKCIIEPUMEH-
TaJIbHY Ha3aJIbHY Ma3b, 1110 MicTUTH 0,5 % BIHIOIETHHY, HA eMYITb-
CiiiHilf 0CHOBI Ta Cyno3uTOpii pekTaibHi 3 BinnonernHoM 0,01 r Ha
Jino¢iTbHOMY HOCIT, 1110 320€31e1y0Th ONTHMAIbHY (hapMaleBTHY-
Hy JOCTYITHICTh aKTUBHOTO (papMaIleBTHIHOTO iHrpemieHTa [6,7].

CnenndiyHy akTHBHICTh M’SIKHX aIUTiKalifiHUX JIKapChKUX
¢opm BixmnoteruHy BuBuanu Ha mozeni ['TIMK 3a turom ime-
MI4HOTO iHCYNBTY, KU CIPHYUHSIA LULIXOM HE3BOPOTHOT
THEpeB’A3KK JIBOX 3arajibHUX COHHHMX apTepiil JabopaTopHUM
TBapuHaM. /[BOOIUHY TepeB’ 3Ky 3aralbHUX COHHHX apTepiil
BHUKOHAJIH MiJ{ TIONEHTAIOBMM Hapko3oM (40 MI/KT), 3acTOCyBaB-
M XIpyprivHuil JOCTYI, IUISIXOM BHAUIEHHS COHHUX apTepii i
OTHOMOMEHTHOTO HaKJIa[JaHHS Ha HUX IOBKOBO] Jiratypu [§].

JlikapcbKi ()opMHU BIHIIOLETHHY, IO JOCITIUKYBAIH, BBOIHIIA 32
CXeMOI0: TaOJIETK! — BHYTPIIIHBOLLTYHKOBO 33 I0IIOMOTOI0 MeTae-
BOTO 30H1a Ha 1 % KPOXMAIBHOTO CIU3Y, CBIYKH — PEKTATBHO, Tellb
— IHTpaHA3aIBHO 3a JOMIOMOTOIO IITPHIa-03atopa. Bei mikapebki
(bopMH BBOIIITH TAOOPaTOPHUM TBAPUHAM Y TIEpepaxyHKy Ha cyo-
CTAHIIIFO BIHIOIIETHHY 5 MI/KT OIIMH pa3 Ha JI00Y MPOTATOM YChOTO
TEpPMIHY CIIOCTEPEIKEHH OfIpa3y TIiCIs BUBEICHHS 3 HapKo3y [9].

JLnist oTIiHIOBaHHS HEHPOTIPOTEKTUBHOI i1 MKAPCHKUX (OPM BiH-
TIOLIETHHY TBAPHH IIOHS OIVISIAITH, TECTYBAJIH Ha CTYITIHb IIPOSIBY
HEBPOJIOIYHOTO Ta KOTHITHBHOTO JeiluTy.

Hespomoriunnii neinuT y TBApIH BI3HAYAIH 3 KO0 Stroke-
index C. P. McGrow [10]. TsokkicTh cTaHy BU3HAYAJIH 33 CYMOIO
6amiB: 10 3 — Jerkuit cTyminb, 3—7 6aniB — cepenHiit, 7 6amiB i
BHILE — TSOKKHH. PeecTpyBaiy mapesu, mapaiidi KiHI[BOK, TPEMOp,
MaHEeXHi pyXH, NTO3, TOJIOKEHHs Ha OO, PyXJIMBICTb SIK MPOSIB
HEBPOJIOTIYHOTO Ae(ilUTy ONIHIOBANIM 3 YTPUMYBAHHAM IIypiB
Ha 00epTOBOMY CTPIKHI AiamMeTpoM 15 oM (BHAKICTh — 3 00./XB).
TBapuH TecTyBalH 1O/HS, BUCTABIISIOUH CyMy OalliB:

— oHO0O1YHMH HamiBoTo3 — 0,5 6ana;

— OJHOOIYHMH T03 — 1 Oar;

—Tpemop — 0,5 Oara;

— MaHexHi pyxu — 0,5 Oana;

— Mape3y KiHIIBOK (32 KoXHY KiHIIBKY) — 1 Gau;

— MapaJtiv KiHiBOK (32 KOXKHY KiHIIBKY) — 2 Oasu;

— OluHe MoNoKeHHs — 3 Oanu;

— HE3/IaTHICTh YTPUMATHCS Ha 00epToBoMY cTprkHi (3 00./XB)
npotsroM 4 XB — 3 Gai.

STk pepepeHTHUH penapaT BUKOPHUCTaIH TaONETKN BIHIIOLETH-
Hy 5 mr (Actpadapm, Ykpaina), o JOCHTb TaBHO i e(heKTHBHO
3aCTOCOBYIOTh Y HEBPOJOTIYHIH 1 KapAiOTOTIUHIH MPAKTHIII.

Pesynbratu

Pesysbratit BIMBY JliKapchKuX (hOpM BIHIOLETHHY Ha BHKHBA-
HiCTb 1 HeBponoriunui nedinut nadoparopuux tBaput i3 I'TIMK
HaBeJIeHo B mabnuyi 1.

Y mabnuyi 2 HaBEIECHO Pe3yNbTaTh OPiEHTOBHO-IOCIII THUIIBKOT
axruBHOCTI TBapuH 13 [ TIMK micist npusHadeHHs 1ikapchbKux hopm
BIHITOICTHHY.

[Toxa3HuKH, 0 OTPUMAIH B PE3yNbTaTi OLIHIOBAHHS KOTHi-
THBHOTO Je(iluTy Ta00paTOpHUX TBAPHH HA TN BUKOPHUCTAHHS
JKapCHKHX (OPM i3 BIHIIOIIETHHOM, HABEICHO B mabauyi 3.

Y mabnuysx 4—7 HaBesieHO pe3yiIsTaTh 610X iIMITHIX OCTIDKEHb
TKaHUH rooBHOTo0 MO3Ky TBapuH i3 I'TIMK micnst BukopucTaHHs
KpeMy Ha3aJIbHOTO Ta CyTO3UTOPIiB PEKTANIbHUX i3 BIHITOLETHHOM.

O6roBopeHHs

JIBoOiuHa mepeB’si3Ka 3aralbHUX COHHUX apTepiil CIpHYMHSIIA
TSDKKI HEBPOJIOTTYHI 3MIHH Y TBApHH: Mapajivi, apesu, nTo3 — i3
MakcHMaJIbHUMHU IposiBamMu Ha 4 100y (19,1 6ara), 1m0 Bixmnosigae
TSKKOMY CTYTIEHIO HEBPOJOTiyHOi cummromariku. Ha 4 noby B
KOHTpONBHIi rpymi By 30 % TBapuH.

Tabnuusa 1. Binue nikapcbkux hopm BIHMOLETWUHY Ha BIKUBAHICTb i BUHWKHEHHS HEBPOMOMiYHOrO AedhilmnTy B TBapWH Y pi3Hi Tepminu nicnsa MIMK (M £ m)

[pyna TBapuH CepepHin 6an 3a wkanoto C. P. McGrow, CniBBiAHOLIEHHS1 NPOONEPOBaHNUX TBAPUH
4 noba i TUX, Wo BUXuUNK, Ha 4 1ody, %

IHTakTHa (xmbHOOMEpoBaHi) 00 (7/7) 100

[TIMK — koHTpOrb 19,1 +£1,88 (18/6) 30*
ITIMK — kpem Has3anbHwWii BiHMOLETUHY 7,79 £ 1,63 (10/6) 60*
ITIMK — cynoauTopii pekTanbHi BiIHNOLETUHY 10,11 £ 2,87~ (10/5) 50*
[TIMK — TabneTkw BiHMOLETHHY 11,65 + 2,65 (10/5) 50*

Az p < 0,05 wopo iHTakTy; *: p < 0,05 OO KOHTPOHO.

Tabnuuga 2. Binue nikapcbkux hopm BIHMOLETUHY Ha OPIEHTOBHO-AOCHIAHNLIBKY aKTUBHICTb TBapyH i3 MIMK

Mpynu TBapuH KinbkicTb ropu3oHTanbHux pyxis KinbkicTb BepTUKanbHUX pyxiB KinbkicTb 3arnsapaHb
(3a 3 xB) (3a 3 xB) (3a 3 xB)

IHTakTHa (xMbHOOMEpoBaHi) 45,5 + 2,31 15,20 £ 0,76 540+0,76

TMIMK — koHTporib 10,1+2,8 1,30 £ 0,61° 0,64 + 0,04
[TIMK — kpeM Ha3anbHui BIHMOLETUHY 229+28* 6,7 +0,8* 3,20 £ 0,15*
ITIMK — cynoauTopii pekTanbHi BiHMOLETUHY 19,7 £2,7% 48 +14% 2,00 £ 0,05*
[TIMK — TabneTkw BiHMOLETHHY 15,1+£2,1% 34111 1,20 £ 0,05*

A: p < 0,05 wopo iHTakTy; *: p < 0,05 LLOAO KOHTPOMHO.
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Tabnuus 3. Bnnus nikapcbkux hopm BIHMOLETUHY Ha 36epexeHHs yMOBHOTO pedpriekcy TBapyH i3 MIMK

[pynu TBapuH NareHTtHui nepioa y Tecti YPMY po | NateHTHui nepioa y Tecti YPMY KinbkicTb gocnigHmx
HaBYaHHA, C Yyepes 24 rop nicna HaBYaHHSA, ¢ TBapuH, %
50

ITIMK — kpem Ha3anbHwWii BIHMOLETUHY 4,71+0,63" 44,70 + 4,24

TIMK — cynoauTopii pekTanbHi BiHMOLETUHY 6,15+ 0,46 24,30 + 4,48~ 25
[TIMK — TabneTkw BiHMOLETUHY 6,12+0,27 19,11 £ 3,12* 20
TIMK — koHTpOnb 7,11+0,35 16,11 + 3,24* 0
IHTakTHa (XMGHOONEpPOBaHI) 9,88 + 1,08 172,20 £ 2,76 100

A: p < 0,05 wwopo iHTaKTy;

*: p < 0,05 wopo koHTponto; YPIY: yMoBHa peakLiist TaCUBHOMO YHUKHEHHSI.

Ta6nuus 4. Bnnve nikapcbkvx hopM BiHMOLETVHY Ha MOKa3HUKY OKCUAaTMBHOTO cTpecy (npodyktn OMB) B Mo3ky Lypis Ha 5 o6y IMIMK (M + m)

Mpopayktn OMB, o. n./mr 6inka
A®r (270 Hm) K®r (363 Hm)

['pyna TBapuH

[HTaKTHa 0,81+0,03 0,58 + 0,01
'TIMK, KoHTponb 5,87 £ 0,114 4,11 +£0,09*
ITIMK — kpem Ha3anbHWii BiHMOLIETUHY 4,04 £0,33* 2,15+0,03*
[TIMK — TabneTtkv BiHMOLETHUHY 512 +0,17* 3,17 £ 0,08**
MIMK — cynoauTopii pekTanbHi BiIHNOLETHHY 4,55 +0,12* 3,14 + 0,08*

A: p < 0,05 wopo iHTaKTy;

*: p < 0,05 wono koHTpOnHO.

Ta6nuus 5. Bnnue nikapcbkux hopM BiHMOLETVHY Ha MOKa3HUKY aHTUOKCUAAHTHOT CMCTEMM B MO3KY LLypiB Ha 5 foby MMK (M £ m)

['pyna TBapuH COf, y. o./mr binka/xs Karanasa, mkat/mr 6inka/xe NP, mkmonb/Mr Ginka/xe

[HTaKTHa 287,4+12,6 7,81+£0,71 774+38

TIMK — koHTpOnb 110,3 + 18,12 3,06 + 0,46 34,10 £ 3,54*
[TIMK — kpeM Ha3anbHui BIHNOLETUHY 197,4 £ 8,0 5,20+ 0,21* 36,00 £ 3,22*
[TIMK — Tabnetkw BiHMOLETHUHY 143,5+9,1* 4,64 +0,40* 34,10+ 4,11*
TIMK — cynoauTopii pekTarnbHi BiHMOLETUHY 121,60 £ 7,87* 4,32 +0,31™ 32,04 +3,76°

A: p < 0,05 wopo iHTakTy;

* p < 0,05 Wwopo koHTpOnHo.

Tabnuusa 6. Bnnue nikapcbkux hopm BIHMOLIETUHY HA YTPUMAaHHS a[eHINOBNX HYKMEOTUAIB Y rorioBHOMY Mo3ky TeapuH i3 [TIMK (M £ m)

[pynu TBapuH AT®, MKMONb/I TKAHUHU AL®, MKMONb/T TKaHNHK AM®, Mkmonb/r TKaHUHN

[HTakTHa 2,90+0,15 0,42+0,03 0,14 £ 0,01

['TIMK — KoHTpOnb 1,71+0,05* 0,31+0,01* 0,24 £ 0,03*
TIMK — kpem Ha3anbHWii BiHMOLETUHY 2,00 £0,07* 0,37 £ 0,01* 0,18+ 0,01*
TIMK — cynoauTopii pekTanbHi BiIHNOLETHHY 1,93 £ 0,06* 0,37 +0,02* 0,19+ 0,01*
[TIMK — TabneTkw BiHMOLETUHY 1,88 £0,07* 0,35+ 0,04* 0,21 +£0,01*

A: p < 0,05 wopo iHTakTy;

*:p < 0,05 wono koHTpOnHo.

Ta6nunusa 7. Bnnue nikapcbkvx hopmM BiHMOLIETUHY Ha NOKa3HUKI OKUCHIOBANbHUX MPOLIECIB Y roNoBHOMY Mo3Ky TBapuH i3 IMIMK (M

[pynu TBapuH Manar, I3oumTpar, Tlakrar, car,
MKMONb/T TKAHUHU MKMOTb/T TKQHUHU MKMONb/T TKAHUHU MKMOnb/MF/XB

[HTakTHa 0,44 +£0,02 0,46 + 0,03 2,10+0,10 6,77 £ 0,32
IMMK — koHTporb 0,17 £0,014 0,21+0,01* 470 +0,17* 2,55+0,10°
TIMK — kpem Ha3anbHwWii BiHMOLETUHY 0,34 +0,01* 0,44 £0,01* 2,89 +0,11 5,88+0,21*
[TIMK — cynoauTopii pekTanbHi BiIHNOLETHHY 0,31 +0,02* 0,39 +0,01* 291+0,21* 512+ 0,32*
[TIMK — TabneTkw BiHMOLETHUHY 0,27 +0,02** 0,34 £0,01* 3,10+ 0,31* 4,63+0,18*

A: p < 0,05 Wwopo iHTakTy;

*: p < 0,05 Wwopno KoHTporto.

280 Current issues in pharmacy and medicine: science and practice. Volume 15. No. 3, September — December 2022

ISSN 2306-8094



OpueiHaribHi 0oCidxeHHs!

Brenenns mypam i3 I'TIMK nikapchkux (popM BiHIOLETHHY
1 pa3 Ha 100y NPOTATOM YCHOTO TEPMiHY CIOCTEPEKEHHS MAJIO
HEHPONPOTEKTUBHUH €(DEKT, 1110 BU3HAUMIIH 32 3HIKCHHSAM JIETaTb-
HOCTI Ta HEBPOJIOTIYHUX TOPYIIEHb. BBeNeHHS Kpemy, TabneTok
1 pEKTaIBHAX CYTIO3UTOPI{B BIHIIONETHHY TaIbMyBAIO PO3BHTOK
HEBPOJIOTIYHOTO Je(illUTy, TPUCKOPIOBAIIO BiIHOBJICHHS HEBPO-
JIOTIYHOTO CTAaTyCy Ta 3HIKYBAJIO 3aru0eIb TBAPHH i3 TBOOITHOIO
TIepeB’ A3KOI0 3arallbHUX COHHUX apTepiii (ileMiYHui 1HCYIbT),
OTe MOXHA 3pOONTH BHCHOBOK TIPO IXHiil HEHPONIPOTEKTUBHIUI
edekt. ICTOTHO BUPI3HSABCS IHTpAaHA3ANbHUN NIISAX BBEACHHS
Tperapary, 3aB/IKH SIKOMY JOCSIIN Maiike BTpHUl KpaIioro 3a-
100IraHHs] BHHUKHEHHIO HEBPOJIOTT4HOT CUMIITOMATHKH Ha 4 100y
CKCTIEPUMEHTY, 3MEHIIICHHS JIeTabHOCTI Ha 30 % MOpiBHSHO 3 Tpy-
TIOI0 HEJTIKOBAHMX TBAPHH. 3a IIMMH [TOKA3HUKAMH iHTPaHA3aIbHE
BBE/ICHHSI BIHIIOLIETHHY TIEPEBEPIIYBaJI0 BHYTPIIIHBOLLTYHKOBUI
1 peKTaTbHUI IUTSIXH.

Taka HefpoONpOTEKTHBHA Jlis BIHIOLETHHY Ta HOT0 HOBHX
JKapChKUX (OPM TMOSCHIOETHCS Uepe3 MEXaHi3M Ba3OvIaTaIlii
Ta CEJICKTHBHOTO MOKPAIICHHS MO3KOBOTO KPOBOOOITY B yMOBax
imemii Ta rimokcii. Bazoamnararmiitauii ehekT BIHIOUETHHY HEe
CYIPOBOJUKYETECS eheKToM «0OKpajaHHs». Binmonetnn moxe
TIEPEPO3TOUIATA Ta TIOCHITIOBATH KPOBOOOIT 10 CHHAPOM-TIOB’5I-
3aHHX (TONIKO/PKEHHX ) AUTTHOK TOJIOBHOTO MO3KY 0€3 3HauyI[oro
«0OKpamaHHI» IHTAKTHHUX (3M0POBHX) AUISHOK. BiHmomeTnH
BHOIPKOBO PO3LIMPIOE CYAMHH MO3KY, 1 11eii edheKT Mosxe OyTH Tij-
TPYHTSM IS YCTIITHOTO JIKYBAHHS CYIMHHUX TIATONOTiH MO3KY,
BKJIFOYAI0UH IHCYJIBT.

MonemtoBanns [TIMK npu3Boanio 10 MpUTHIYCHHS Opi€H-
TOBHO-/IOCJTI THHUIbKOT aKTUBHOCTI TBapuH. [[i 3MiHKM XapakTe-
pU3yBaIHCS ICTOTHAM 3HIDKCHHSIM KilTbKOCTI TOPH3OHTANBHHX i
BEPTHKAIBHUX PYXIB, «3amisiaanby. [Ipu3HauyeHHs BCiX mpema-
pariB, 10 JOCII/PKYBAIH, IPU3BOAIIO 10 MiIBUIIEHHS PYXOBOI
AKTHBHOCTI. BBeZIeHHs JTiKapCchKKX (POPM BIHIIOLETHHY 3a100irao
BUHUKHEHHIO KOTHITHBHO-MHECTHUYHHX po3nafis micis [TIMK.
Takwuit BECHOBOK 3pOOITH, BUSBUBILH OCHICHHS J0CITiTHUIIBKO
AKTHBHOCTI TBAapvH (KUIBKICTb 3aIiIs/[aHb B OTBOPH B IIiI031) i
301TBIIEHHS JIATEHTHOTO [TePiofly YMOBHOI PEaKIlii TaCHBHOTO YHHK-
HeHHs (maon. 2). HaliBuiwmii pe3ynsTar 3adikcyBaiy y TpyTi TBapuH
13 I'TIMK, siKiM BiHIIOIIETHH BBOJWIIA KypPCOM iHTPAHA3aIbHO.

Busnaunmy, mo ['TIMK cripuunHsB icTOTHI 3MiHH OKHCHOT MO-
nudikanii Oika B ToToBHOMY MO3KY. OKHCHIOBATEHA MOIU(iKAIIiS
OLITKOBHX MOJIEKYJI, CBOEIO YEProl0, MPU3BOIUTE 110 MOPYIICHHS
37aTHOCTI MeMOpaH TeHEepyBaTH, MPOBOAUTH Ta BIATBOPIOBATH
HEPBOBHI1 IMITyJIbC, TIOPYIIEHb PELENTOPHIX, MEIIaTOPHHX, Ce-
KPETOPHHX 1 METa0OMIYHIX CUCTEM HEHpOHa, a OTXkKe 10 (popMy-
BAHHS CTIfKOTO KOTHITHBHOTO Ae(iIUTY.

BBeneHHs TBapuHAM 3 OKIIIO31€10 3aTalbHUX COHHMX apTepii
JiKapChKKX (HOPM BIHMOLETHHY MPU3BOIMIIO [0 MiJBUILICHHS aK-
THBHOCTI KaTamnasu i cynepoxcummucmytasu (CO/I) B TooBHOMY
MO3KY, aJie He MaJIO 3HAyII[Or0 BIUIUBY Ha akTuBHICTh [ TIP.

V rpynax TBapuH, SKi IpoTAroM 4 11i0 oTpUMYBaIH TperapaTn
BIHIIOLIETHHY, JOCTOBIPHO 3HUKYBAJIMCS MAPKEPH OKCHIATHBHOTO
crpecy — ADI i KOI'. Haii0inpiia akTHBHICT BIACTHBA JTIKAPCHKIH
(opMi BIHIIOLIETHHY, SIKY BBOJMJIM IHTPaHA3AIbHO MPOTSToM 4 1i0.

Panimre moBiTOMISITH, O BIHTONETHH (DYHKITIOHYE SK MOTYK-
HHUU aHTHOKCHIAHT 1 3a1mo0irae MOIIKO/KEHHIO KIITHH MO3KY
HUPKYTIOIOYHME PAJIMKaNaMy KUPHUX KHCIOT. Y IbOMY JOCIi-

IDKEHHI BIIEpIe BHSBIIIH 3AaTHICTh BIHIOLNETHHY PEAKTHBYBATH
anaTHokcuaanTHi Gepmentn — COJ] 1 karanasy. AHTHOKCHIAHTHI
BIIACTHBOCTI BIHIIOLICTHHY MAIOTh BaXK/TMBE 3HAYCHHS TS peasi3arii
HEHPOIPOTEKTHBHOTO €(EKTY, OCKLIBKH B MALIIEHTIB 13 CYTHMHHAMU
3aXBOPIOBAHHAMHU MO3KY TPH IIEMIYHOMY MOIIKO/DKEHHI Heipo-
HiB BiJIbHI pajliKaId BiJirpatoTh IPOBIIHY POJib, 1 HEUTpaTi3aLlis
X aHTHOKCHJAHTaMH, 30KpEMa CIOJYKAaMH 1HJ0JTY, BKIIIOYAI0UH
BIHIOLCTHH, MOXKE MiHIMi3yBaTH 3aru0eib KITITHH.

Bceranounu, mo monemoanss I TIMK npu3Bouts 10 po3BUTKY
IIIEMIYHOTO MOPYIIEHHS eHEPreTHYHOro 00MiHy. Tak, y roloBHOMY
mo3ky TBapuH i3 [TIMK HOpiBHSHO 3 HTAaKTHOO TPYTIO0 3apee-
crpyBaiu 3HKeHHs piBHA AT®, anenozunmdocdary (ALAD), a
TAKOXK TIJBUIICHHS aecHo3nHMOHOMochary (AMD). 3HikeHHs
CHEPreTUYHUX PECYPCiB TOJIOBHOTO MO3KY BiIOyBaJIOCS Ha TIIi JIHIC-
KoopauHaii muky Kpebea, Ipo 1o cBi[YnTh 3HIKEHHS Malary,
i301MTpaTy, NPUTHIYEHHS aKTUBHOCTI CYKIIMHAT/ETiAPOTeHa3H
(CAT). Criocrepirany KOMIIEHCATOPHY aKTHBAIIO TIHKOJI3Y, M-
TBEP/PKEHY 30UIBIICHHSAM JIAKTATy B TKAHWHAX MO3KY.

JlikapchknM (popMaM BIHTIOLECTHHY BIACTHBHI €HEPTOTPOIHUI
BILIHB, 10 BUSBIUTH 32 30LTBIICHHAM PiBHSA MAKpOEpTivHUX ocha-
TiB. [Ipr3HaYeHHS BIHIIONETHHY Y (OPMi CBIIOK, TEITIO Ta TAONETOK
CIIPUANIO 3MEHIIEHHIO BUPAXKEHOCT] IPUTHIYCHHS OKHCHEHHS B
ki KpeOca (i IBHIIeHHs piBHA MaJIaTy i, 0COONIMBO, 301U TPATY,
a Takox 30inbimenHs aktuBHOCTI CJI). OueBumHO, BIHMONETHH
Ma€ MPSMUH TIO3UTUBHAH BITMB HA TPUKAPOOHOBI TUISHKH IIUKITY
Kpe6ca ta migsumenns npoxykuii ATO.

Pesyinbraty IOCIIKEHHs HE Cylepedarh BiIOMOCTSIM IHIIMX
ABTOPIB PO T€, 1110 BIHIOIETHH aKTHBI3Yy€E JCIUTHIE 0OMIH peyo-
BHH 1301JIbIITy€ €HEPTETHYHY EMHICTb MO3KY IIISIXOM TOJTIMIICHHS
yTHIII3aLil [OKo3H, KUCHIO 1 TemiB cuuTesy AT®. Haiibinbmy
€HEePrOTPOIHY aKTUBHICTb BHUSBUIM B HA3aJIBHOTO KpeMy BIiHIIO-
IIETHHY, 1110 BBOAWIIM IHTPaHA3aIbHO IIPOTAroM 4 11i0.

BucHoBKku

1. Ha mozeni I'TIMK 3a THmoM imeMi4HOro iHCYNIBTY B OLMX
IIypiB BUSBUIIN, IO aIUTIKAIiHI M SKi JIKapchKi ()OPMH BIHIIO-
netuHy (pekranpHi cymosutopii 0,01 r Ha mimodiTeHIN 0CHOBI Ta
Ha3aJIbHUI KpeM Ha eMyJbeiitHii ocHOBi 0,5 %) MatoTh BUpakeHy
HEHPOIPOTEKTHBHY aKTHBHICTb.

2. EcdexTrBHICTD BIHIONETHHY B PEKTalbHIH (Cymo3nuTopii) Ta
HasambHii (kpeM) GopMax mpH eKcIepUMeHTaNbHIH Tepamii To-
CTPOTO MOPYIIEHHS MO3KOBOTO KPOBOOOITY TOCTOBIPHO TIEPEBHIITYE
TaKy IpH HOTo TpajuLUiiiHOMY TepOpaTbHOMY TaOleTOBAHOMY
BHKOPUCTaHHI.

3. JlocmimkeHns, Mo 3MIHCHAII, MATBEPIUIN BUCOKY HEUPO-
MPOTEKTUBHY aKTHBHICTb aIlTKAIIHHAX JIIKapChKUX (YOpM BiHIIO-
LETHHY: IHTPaHA3aIbHOTO KPEMYy eMyYJIbCIHHOTO Ta PEeKTAIbHUX
CYTIO3UTOPIIB, — 1110 32 CHJIOIO CIEIM(BIIHOTO e(heKTy NepeBakaroTh
nepopanbHuil pedepeHc-npenapar. Pesynbrat miaTBepIKyOTh
XHIO IIepCIEKTHBHICTD K 3aC00IB MEPBUHHOI HEUPOMPOTEKIii B
kommuekcHii Teparii ['TIMK.

[lepenexTnBY MOAATLIINX 0CTIKeHb HOJATAIOTh Y TIPOJOB-
’KeHHI TOKITIHIYHHX JOCII/UKEHb M’ SIKHX aIUTiKAIlIHHUX PEeKTaTbHOT
Ta HA3aJIbHOI JIIKApCHKUX (hOPM HEHPONPOTEKTHBHOI Aii 3 BiHIIO-
LETHHOM.
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V3

Pesynbrati BU3HaYeHHA NOKa3HUKIB MopdyonoriyHoro cknagy Kposi
TBapUH Ta OKpeMi 6ioXiMiYHi MOKa3HMKM Nif Yac BUKOPUCTAHHA
NOTEHLiMHOro npenapary 3 CyMiLUL ABOX aKTUBHUX CMOSYK
(4-((5-(neunnTio)-4-metun-4H-1,2,4-tpiaszon-3-in)metTun)mopdonidy Ta
5-(2-cbTropdheHin)-4-((4-opomcpeHin)inineH)amino-1,2,4-tpiazon-3-tiony)
B Ofil HACiHHA po3ToponLui

M. B. Ornobnina‘®*ACF | B, bywyesa'=*280 B, B. [MapuyeHko Z2EF

"YopHomopchkuid HaLioHanbHWiA yHiBepcuTeT iMeHi MeTpa Morvnu, M. Mukonais, YkpaiHa, 23anopisbkuii AepkaBHUA MeanyHuii yHiBepcuTeT, YkpaiHa

A — KoHLUenNUis Ta An3aitH gocnigxeHHs; B — 36ip gaHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTartTi; E — peparyBaHHs cTarTTi;
F — ocTaTouHe 3aTBepIKEHHS CTaTTi

BrnpoBapxeHHs B MeAWYHY | BETEPUHAPHY NPaKTVKY HOBUX BITHN3HSHUX BUCOKOE(EKTUBHIX | 6E3neYHMX Nikapcbkux 3acobis — HaaBax-
NUBE 3afjaHHsA Cy4acHoT hapMaLeBTUYHOI Hayku. MPOOOBXEHHS MOLYKY Ta 3AiMCHEHHS [OCTigKeHb 3 fOBEeAEeHHS BionoriYHoi aKTMBHOCTI
noxiaHux 1,2,4-Tpiasony € NepcnekTVBHUMM HanpsiMamu y Uil ranysi. Bigomo, wo Taki noxigHi 1,2,4-Tpiasony, sk 4-((5-(aeunnTio)-4-
meTtun-4H-1,2,4-tpiason-3-in)metun)mopdoni i 5-(2-bropdeHin)-4-((4-6pomdenin)inigeH)amiHo-1,2,4-Tpiason-3-Tion MakTb WNPOKWIA
cnekTp 6ionoriyHoi akTMBHOCTI. IHTepec Ans HaCTYMHWX 'PYHTOBHUX LOCHIAKEeHb CTAHOBUTL caMe NpoTUMikpobHa Ta npoTturpubkosa Aji.
[ins BNpoBageHHsi B MEAWYHY | BETEPUHAPHY NPaKTUKY HOBOCTBOPEHMX NikapCbKWX Npenapartis Ans NikyBaHHS rpuOKOBUX 3aXBOPHOBaHb
LUKipW TBapWH NOTPIOHI HOBI AOCNIMKEHHS BNACTUBOCTEN LMX CMOMYK i iXHIX CyMilLEen.

MeTa po60oTy — BU3HAYEHHS MOKa3HWKIB MOPONOriYHOro CKnagy KpoBi TBApUH Ta OKPeMMX GIOXiMiUHMX NOKa3HWKIB Mif Yac BUKOPUCTaH-
HS1 NOTEHLAHOTO Npenapaty 3 CyMiLULLIIO ABOX akTUBHUX cnonyk: 4-((5-(aeumnTio)-4-metun-4H-1,2,4-tpiason-3-in)metun)mopdoniHy Ta
5-(2-dbtopdpeHin)-4-((4-6pomdbeHin)inineH)amino-1,2,4-Tpiazon-3-Tiony — B onii HACIHHS PO3TOPONLL.

Marepianu Ta metogu. Matepian ana nabopaTopHUX AOCHidKeHb — cupoBaTka Ta nnasma Kposi, cTabinisoBaHa LUNSXOM A04aBaHHS
TPUNoHy-b, TkaHuHHUIA GionTar. MoKasHWKW BU3HaA4YanM y 300pOBUX i TBAPWH 3 eKCNEPUMEHTANBHOK NaTororieto Ha TPETHO | AecaTy Aoby
Bi[} MoYaTKy 3aXBOPIOBAHHS 3@ 3arasibHOMPUIAHATOK METOAMKOH. [ig Yac poboTH y NpoLec NiKyBaHHS 3AINCHUNM 3aranbHi KIiHiYHi gocni-
[DKEHHS Ta MicLieBe 0OCTEXEHHSI THIHWX paH, a TakoX aHania 3paskiB KpoBIi, LLO B3ATI Bif KOXHOI BiBLi AOCMIAHOI Ta KOHTPOMBHOI rpyn, A0
noyatky, Ha TPETIo Ta AecsTy foby ekcnepuMeHTy. MHiHO-3ananbHWiA NPOLEC CNPUYMHSNN TPaBMyBaHHSIM M’SIKUX TKaHWH Y AiNsHUi kpyna
3 nigoro 6oOKy 3a ONOMOTOK crevianbHO BATOTOBMEHOTO LWabnoHy 3 HACTYMHUM MOLIKOMKEHHSM M’'S30BOi TKAHMHU aHrioTPUNTOpOM Ta
iMnnaHTavjeto kynstyp aepobHO-aHaepoBHOI XipypriYHOT iHAbeKLiT, B3ATKX i3 NiACTUIKX. YTBOPEHi paHu Oynu 3aBaoBxkku 10 cM, 3aBLUMPLLKM
—1 cm, mubuHa — 2 cm. Yepes 24 rognHm nicns iHAYKLi eKCnepuMEHTanbHOrO THINHOTO 3anarneHHs B OBeLb BUSBMAMM XapaKTePHi KMiHIYHi
03HaKU: 3ararnbHuii CTaH ycix 12 TBapuH AeLo NpUrHiveHni, ane anetut HopmarnbHUi; Temnepatypa Tina — 38,6-40,3 °C, nynsc — 76-82
yA./XB, YacToTa AnxarnbHUX pyxis — 16—18 3a xBUNMHY; YacToTa ckopodeHb pybLis — 3—6 pasi 3a 2 xBunuHu. [Mig Yac 06CTEXeHHS BUSIBUIK
He3HayHWI HabpsiK y AinsHui paHuy Ta i kpaiB, Ha ii NOBEPXHi — Mana KinbKiCTb CepOo3HO-KPOB'sHUCTOro ekcyaaty. Ha 3 noby B ycix 12 oBeLp
BM3HAYMIMM MaKcUMarnbHy MaHidecTauilo KMiHiYHWX 03HaK rOCTPOro THIHOTO 3ananeHHs: 3aranbHWiA CTaH MPUrHIYEHWi, YacTKoBa BTpata
aneTuTy, 3araneHa Temneparypa — 40,4-40,8 °C, nynbc — 75-82 yA./xB, Yactota AuxansHuX pyxis — 18—22 3a XBunuHy; 4actoTa CKOPOYeHb
pybus — 3—6 pasis 3a 2 xBunuHK. Bugumi cnnaosi 060MoHkM — Bnifo-poXeBOro Konbopy, Nig Yac HaTUCKaHHS B AiNsHLI paHu cnocTepirany
BUAINEHHS CEPO3HO-THINHOrO excyaary.

Pesynisrati. [MO3UTUBHI 3MiHW KNIHIYHOTO CTATYCY TBApWH rpynu AOCHIIKEHHS NILATBEPIKYIOTHCS KpaLLMMK, HiX Y KOHTPOi, nabopaTtopH1Mm
MoKasH1Kamm KpoBi Ta TKaHMHHOro GionTaTy. 3acTocyBaHHS MOTEHLHOMO Npenaparty 3 CyMILLLLIO ABOX aKTUBHUX cronyk (4-((5-(aeumn-
Tio)-4-meTun-4H-1,2,4-tpiason-3-in)metun)mopdoniHy Ta 5-(2-gpropdenin)-4-((4-6pomdeHin)inineH)amiHo-1,2,4-tpiazon-3-tiony) B onii
HaCiHHS PO3TOPONLUI MPU3BOAUTH [0 LUBMALLOMO 3ar0EHHS THINHMX paH NMOPIBHAHO 3 MOKa3H1KaMu NP1 BUKOPUCTaHHI MiHIMEHTY «BeTmiko-
epm» (KOHTponbHa rpyna). PisHuus 3a nnotlamu paHoBoro aedekty Ha 10-11 goby craHosuna 17,5 %. KniHiuHi faHi nigTBepmkeHo
nabopaTopHUMK JOCRIgXEHHAMW Ta aHani3omM paHoBoro GionTary.

BucHogku. [MoTeHUinHWI npenapar i3 ABoma crnionykamu: 4-((5-(neuunrio)-4-metun-4H-1,2,4-tpiazon-3-in)metnn)mopdoniHom i 5-(2-cptop-
¢heHin)-4-((4-6pomdeHin)inineH)amiHo-1,2,4-Tpia3on-3-TionoM — Mae BUpaXeHi (hapMakoKiHETUYHI NapaMeTpu Ta € BiogoCTynHUM.
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The results of determining the indicators of the morphological composition of the blood of animals
and individual biochemical indicators using a potential drug with a mixture of two active compounds:
4-((5+(decylthio)-4-methyl-4H-1,2,4-triazole-3-yl)methyl)morpholine

and 5-(2-fluorophenyl)-4-((4-bromophenyl)ylidene)amino-1,2,4-triazole-3-thiol in milk thistle seed oil

M. V. Ohloblina, I. V. Bushuieva, V. V. Parchenko

The introduction of new domestic highly effective and safe medicines into medical and veterinary practice is an important task of modern
pharmaceutical science. Continuation of the search and conduct of research to bring the biological activity of 1,2,4-triazole derivatives is
one of the promising areas of such activity. At this stage of research, it is known that such 1,2,4-triazole derivatives as 4-((5-(decylthio)-4-
methyl-4H-1,2,4-triazole-3-yl)methyl)morpholine and 5-(2-fluorophenyl)-4-((4-bromophenyl)ylidene)amino-1,2,4-triazole-3-thiol have a wide
spectrum of biological activity. Interest for further thorough research is precisely the antimicrobial and antifungal effects. The introduction
into medical and veterinary practice of newly created drugs for the treatment of fungal diseases on the skin of animals requires further
studies of the properties of these compounds and their mixtures.

The aim of the work was to determine the indicators of the morphological composition of the blood of animals and individual biochemical
indicators when using a preparation with a mixture of two active compounds: 4-((5-(decylthio)-4-methyl-4H-1,2,4-triazole-3-yl)methyl)
morpholine and 5-(2-fluorophenyl)-4-((4-bromophenyl)ylidene)amino-1,2,4-triazole-3-thiol in thistle seed oil.

Materials and methods. The material for laboratory research was serum and blood plasma, stabilized by adding trilon-B, tissue biopsy.
Indicators were determined in healthy animals and experimentally diseased animals on the third and tenth days after the onset of the disease
according to the generally accepted method. During the research, in the course of treatment, general clinical examinations and local
examinations of purulent wounds were carried out, as well as blood samples taken from each head of the sheep in the experimental and
control groups before the beginning and on the third and tenth days of the experiment. The purulent-inflammatory process was caused
by injuring the soft tissues in the groin area on the left side, with the help of a specially made template, followed by dilation of the muscle
tissue with an angiotrip and implantation of aerobic-anaerobic surgical infection cultures taken from the bed. The resulting wounds
had the following dimensions: 10 cm in length, 1 cm in width, and 2 cm in depth. As early as 24 hours after induction of experimental
purulent inflammation, characteristic clinical signs appeared in sheep. The general condition of all 12 animals was somewhat depressed,
the appetite was normal. The body temperature was in the range of 38.6-40.3 °C, the pulse was 76-82 beats, and the frequency of
respiratory movements was 16—18 per minute. The frequency of scar contractions was 3-6 times in 2 minutes. During the examination,
slight swelling was also found in the area of the wound and its edges. There was a small amount of serous-bloody exudate on the surface
of the wound. On the 3 day, the maximum manifestation of clinical signs of acute purulent inflammation was observed in all 12 sheep. In
particular, the general condition of the animals is depressed. A partial loss of appetite was observed. General temperature 40.4-40.8 °C,
pulse 75-82 beats, frequency of respiratory movements 18-22 per minute. The frequency of scar contractions was 3-6 times in 2 minutes.
Visible mucous membranes are pale pink in color. When pressing on the area of the wound, a serous-purulent exudate was observed.

Results. Laboratory indicators of blood and tissue biopsy that are more optimal than in the control group confirm positive changes in
the clinical status of the animals in the experimental group. The use of a potential preparation with a mixture of two active compounds:
4-((5-(decylthio)-4-methyl-4H-1,2,4-triazole-3-yl)methyl)morpholine and 5-(2-fluorophenyl)-4-((4-bromophenyl)ylidene)amino-1,2,4-triazole-
3-thiol in thistle seed oil leads to faster healing of purulent wounds, in relation to the use of “Vetmikoderm” liniment (control group). The
difference in the areas of the wound defect on the 10-11™ day was 17.5 %. Clinical studies were confirmed by laboratory studies and
wound biopsies.

Conclusions. The preparation with two compounds: 4-((5-(decylthio)-4-methyl-4H-1,2,4-triazole-3-yl)methyl)morpholine and
5-(2-fluorophenyl)-4-((4-bromophenyl)ylidene)amino-1,2,4-triazole-3-thiol had pronounced pharmacokinetic parameters and was
bioavailable.

Key words: clinical studies, laboratory studies, 4-((5-(decylthio)-4-methyl-4H-1,2,4-triazol-3-yl)methyl)morpholine, 5-(2-fluorophenyl)-4-
((4-bromophenyl)ylidene)amino-1,2,4-triazole-3-thiol, a mixture of active compounds.
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BnpoBamkeHHs B MEIMYHY 1 BETEPUHAPHY [IPAKTHKY HOBHX
BITYM3HSIHUX BUCOKOC(PECKTUBHUX 1 OC3MEYHMX JIIKAPCHKIX
3ac0o0iB — HaJIBAKIIMBE 33/IaHHS Cy4acHOi (hapMareBTUIHOT
Hayku. [IpogoBkeHHs IOy KyY Ta 3AIHCHEHHS IOCiKEHb 3
JIOBEJICHHS 010JI0T19HOT AKTUBHOCTI MOXiaHUX 1,2,4-Tpiazomy
€ TICpCTIEKTHBHUMH HampsMaMH y Miil raiysi. Bigomo, mo
Taki noxinHi 1,2,4-tpiazomy, sk 4-((5-(neuwnrio)-4-meTHi-
4H-1,2 4-tpiazon-3-iun)metmin)mopdoitin 1 5-(2-propde-
Hi)-4-((4-6pomdenin)imiaen)amino- 1,2,4-Tpiazon-3-tion
MArOTh IIUPOKUH CIIeKTp OioioriyHOoi akTUBHOCTI. [HTEpec
JUISl HACTYIIHUX I'PYHTOBHHUX JIOCII/PKEHb CTAHOBUTH CaMe

MPOTUMIKpOOHa Ta MPOTUTrprOKOBa Jii. JIJ1st BIpOBaKEHHS
B MEIMYHY 1 BETEpHHAPHY IPAKTHKY HOBOCTBOPEHUX JIiKap-
CBHKHX TIperapariB JJIst JIiKyBaHHs TPUOKOBUX 3aXBOPIOBAHb
MIKipH TBapWH MOTPiOHI HOBI JOCIHIIKEHHS BIACTHBOCTEH
WX CHONYK 1 IXHIX cymimrei [1-9].

MeTa po6otu

BusHavueHHS MTOKAa3HUKIB MOPQOIOTIYHOTO CKIAIy KPOBi
TBApHUH Ta OKPEMHX O10XiMITHUX TTOKA3HUKIB TTiJT 9aC BUKOPH-
CTaHHsI IIOTEHIIIFHOTO Iperapary 3 CyMIIIIIIIO IBOX AKTHBHHX
crionyk: 4-((5-(neunnrio)-4-metnn-4H-1,2,4-rpiazon-3-im)
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OpueiHaribHi 0oCidxeHHs!

MeTra)Mopdoriny Ta 5-(2-pTopdenin)-4-((4-6pompenin)
imigeH)amino-1,2,4-Tpia3on-3-Tiomy — B oJii HaCiHHS pO3-
TOPOIIII.

Marepianu i MeToau gocnimKkeHHA

Marepian i 1a00paTOpPHUX JOCIIHKEHb — CHPOBATKa Ta
Iu1a3Ma KpoBi, cTadi1i30BaHa IILISIXOM JI0/IaBaHHs TPUIIOHY-b,
TKaHUHHUI OlonTar. [Toka3HUKY BU3HAYAIH Y 37I0POBHX 1 TBa-
PHH 3 EKCIIEPIMEHTAIBHOIO TTATOJIOTIEI0 HA TPETIO 1 IECATY
2100y BiJl IOYaTKy 3aXBOPIOBAHHS 32 3arajbHOIPHHHSTOIO
MeToauKoro. [1i1 yac poOOTH y IPOLIeC TIKyBaHHS 3MIHCHIITN
3arajibHl KJIHIYHI JOCIIKEHHSI Ta MICIIEBE 00CTEKEHHS
THIHUX paH, a TaKoX aHaJi3 3pasKiB KPOBI, IO B3SITI Bif
KOYKHOT BiBIIl JIOCIIIIHOT Ta KOHTPOJIBHOI TPYII, J0 ITOYATKY,
Ha TPETIO Ta JIECATY H00Y EKCIIEPUMEHTY.
[HiliHO-3anaBbHUI TIPOIIEC CIPUYHMHSUIN TPaBMYBaHHSIM
M’SIKMX TKaHHH Y JUTSHII KpyTia 3 J1iBOro 00Ky 3a J0IOMOTO0
CHeniaTbHO BUTOTOBJIEHOTO MIA0IOHY 3 HACTYITHUM TOIIKO-
JOKSHHSIM M’ s130BOT TKAHWHH aHTiOTPUIITOPOM Ta IMIUTaHTa-
LIE0 KYJIBTYP aepoOHO-aHAepOOHOT XipyprivuHoi iH(EKIIii,
B3ATHX 13 IMIICTHJIKA. Y TBOPEHi paHH Oy 3aBTOBKKH 10 cM,
3aBIIAPIIKA — | cM, mrOnHa — 2 cM. Uepes 24 ronuHu micis
IHIYKIIii eKCIICPUMEHTAIBHOTO THIHHOTO 3aaJICHHS B OBEIb
BUSIBIISUTH XapaKTepHi KIIIHIYHI O3HAKH: 3aTaTbHIN CTaH YCiX
12 TBapuH IO NMPUTHIYCHUH, aje arneTUT HOPMaJIbHUI;
Temmeparypa tina — 38,6-40,3 °C, mynsc — 76-82 yu./xB,
9acToTa IMXABHUX PyXiB — 16—18 3a XBIUIIHY; 4acTOTa CKO-
poueHs pyoIs — 3—06 pasis 3a 2 xBrTrHH. [1i1 9ac 00CTe:KSHHS

BUSIBIJT HE3HAYHWI HAOPSK y AUTIHIN paHH Ta ii KpaiB, Ha
il MOBEpXHi — Majia KUTbKICTh CEPO3HO-KPOB’ SIHUCTOTO EKCY-
nary. Ha 3 100y B ycix 12 oBellb BU3HAUYIIN MAKCUMAIIbHY
MaHi(ecTaniro KIiHIYHIX 03HaK TOCTPOTO THIFHOTO 3araneH-
Hsl: 3araJlbHU CTaH MPUTHIYCHHUH, YaCTKOBA BTPATa alleTUTY,
3aranbHa Temmeparypa —40,4—40,8 °C, nyabc — 7582 yu./XB,
4acToTa JAWXaJdbHUX pyXiB — 18—22 3a XBWIHMHY; YacToTa
CKOpOYEHB PyOIIst — 3—6 pasiB 3a 2 XBUIIMHA. BrumMi cim3oBi
000JIOHKH — OJ11/10-POXKEBOTO KOJILOPY, ITi/1 YaC HATHCKaHHS B
JUJISTHIT paH! CTIOCTEPIraiy BUAUICHHS CEPO3HO-THIHHOTO eK-
cyaary (3rimHo 3 peKkoMeHmamisaMu «J{OKITiHIYHI O CITi IKESHHS
BETepUHApHUX JIIKApChKHX 3ac00iBy» 3a pext. 1. £1. Korrombaca.
JIsBiB: Tpiaga mroc, 2006. 360 c.).

Pesynksratu

[lig wac mocmipkeHHs] BU3HAYAIN MMOKAa3HUKU MOPQOII0-
riyHOro (00paxyHOK KiIBKOCTI €pUTPOILMTIB, JICHKOLUTIB,
BHBENICHHS JISUKOTpaMu) CKJIaTy KpoBi i okpemi OioXiMidHi
MTOKa3HUKH (PiBHI reMOTIO0iHY, 3araJIbHOTO O1ITKa, OLTKOBIX
(bpaxiriii, MaIOHOBOTO JTiaJIbICT /1Y, 130JIbOBAHUX MOABIHHUX
3B’S3KIiB, TiAPOTEPEKUCIB JIIi/iB, TI€HOBUX, TPIEHOBHUX 1
OKCOIIMEHOBHUX KOH IOTaTiB, MiJi, 3aJli3a, IEpyIOIIIa3MiHy,
Karajasu, CyNepOKCHIMCMYTa3H, 3arajlbHUX JIIi/IiB, 3a-
TaJIbHOTO XOJIECTEPHHY, 3arajlbHOI OKMCHIOBAJIHOI aKTUB-
HOCTI I1a3MH, JiyxHoi (ocdarasu) (mabn. I).

Ha 10 no0y 3anansHoro mpouecy (7 moba sikyBaHH:)
CIIOCTEPITaNN TOCTYIOBE MOKPAICHHSI 3arajbHOrO CTaHy
OBeIlb 000X TPyIL. 3arajbHUi CTaH TBAPUH JOCIIIHOI TPYITH

Ta6nuus 1. MokasHuky MopcponoriYHoOro cknagy KpoBi 1 okpeMmi GioxXiMiyHi NoKasHKK

Moka3HuK, OAUHML BUMIPIOBaHHSA

KniHiuHo 300pOBi

Mepe6ir 3ananexHs, noba

TBapUHU
(kniHiyHa Hopma)

[HecaTta

lematonoris
lemorno6iH, r/n (nocnigHa rpyna) 105,22 + 2,85 79,33+8,35 88,68 + 2,52
lemornobiH, r/n (koHTponbHa rpyna) 105,21 £2,74 73,22+2,74 79,88 + 6,45
Eputpouutw, r/n (gocnigHa rpyna) 7,85+0,27 6,72 £ 0,35 7,52+0,14
Eputpoumnty, r/n (KOHTponbHa rpyna) 7,85+0,27 6,77 £ 0,45 6,74 £ 0,33
TNenkounTn, r/n (aocnigHa rpyna) 8,37 £0,33 16,44 £ 1,65 17,16 £ 1,45
NenkounTn, r/n (KOHTpONbHa rpyna) 8,37 £0,32 19,33+ 1,87 18,65+ 1,15

3aranbHum 6inok i 6inkoBi dpakuii
3aranbHuii 6inok, r/n (gocnigHa rpyna) 64,67 £ 1,12 60,12 + 2,21 67,42+2,13
3aranbHuit 6inok, r/n (KOHTporibHa rpyna) 64,67 + 1,12 65,77 + 1,03 72,21+ 1,27
AnbbymiHn, % (pocnigHa rpyna) 38,65+ 1,92 30,72+ 1,47 36,35+ 1,56
AnbBymiHu, % (KOHTpOnbHa rpyna) 38,65+ 1,91 33,85+1,12 40,23 £ 1,44
a-rnobynitmn, % (aocnigHa rpyna) 12,04 £ 0,62 14,25+ 1,11 12,74 £1,12
a-rnobyninu, % (KoHTponbHa rpyna) 12,05+ 0,82 11,23 £ 0,65 10,74 £ 1,06
B-rnobyniH, % (mocnigHa rpyna) 6,05+0,74 23,44 +2,23 13,05+ 0,74
B-rnobyniH, % (KOHTpOnbHa rpyna) 6,05+0,72 26,12 £ 0,54 12,52 £ 0,63
y-rnobyniH, % (gocnigHa rpyna) 43,23 £1,55 31,21+£2,23 37,66 + 1,45
y-rnobyni, % (KoHTponbHa rpyna) 43,25+ 1,51 28,56 +2,13 35,42 + 1,09
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MpopoBxeHHA Tabnuui 1.

Moka3H1K, OAUHMLI BUMiIpIOBaHHS

KniHiyHo 3a0poBi

TBapuHU

Mepe6ir 3ananexHs, aoba

(kniniuHa Hopma) Tpetst
Nnon-Ao3
COL, og. akT. (gocnigHa rpyna) 1,25+0,12 2,33+0,26 3,06 £0,33
CO[, og. akT. (koHTpOrbHa rpyna) 1,25+0,13 1,26 £ 0,21 1,26 £0,37
Katanasa, mkkat/n (docnigHa rpyna) 73,22 +7,03 47,04 + 8,75 56,38 + 2,24
Karanasa, Mkkat/n (KOHTponbHa rpyna) 73,22 £7,07 51,96 + 11,02 41,74 £ 4,56
ligponepekvicu ninigig, y. 0./mMn, (ZocnigHa rpyna) 3,88+ 0,44 11,95 + 2,21 5,39+ 1,88
linponepekucu ninigis, y. 0./Mn, (KOHTPOMbHa rpyna) 3,88 +0,52 533+1,12 2,69 + 1,55
[ieHosi koH'toraty, y. 0./Mn (gocnigHa rpyna) 2,07 £0,29 577 £1,52 5,46 + 0,33
[lieHoBi koH'toraT, y. 0./Mn (KOHTpOIbHa rpyna) 2,07 +0,28 5,32+ 0,55 5,12+0,34
ManoHoBwi1 gianbaeria, MkMons/n (gocnigHa rpyna) 1,98 £ 0,08 3,10+ 0,11 3,20+ 0,21
ManoHoBui gianbaeria, MKMonb/n (KOHTpOnbHa rpyna) 1,98 £ 0,06 3,07 £ 0,04 3,03+0,07
3aranbHi ninigw, r/n (gocnigHa rpyna) 0,93+0,07 1,78 £0,54 0,77 £0,12
3aranbHi ninigw, r/n (KOHTponbHa rpyna) 0,93 £ 0,06 1,22+0,23 1,07+0,13
3aranbHa OKVCHIOBanbHa akTUBHICTb Nnaamu, % (aocnigHa rpyna) 40,46 + 1,55 50,46 + 2,44 52,43 + 3,32
3ararnbHa OKMCHIOBaNbHa aKTUBHICTb Mna3mu, % (KOHTpOmbHa rpyna) 40,46 + 1,46 46,46 + 2,37 55,28 £ 1,71

33/I0BUTBHUH, BIBII aKTUBHO BXKMBAJIM KOpM. Temreparypa
tina — 38,8-39,6 °C, mynbc — 73—77 ya./XB, 4acToTa AUXAITh-
HUX pyXiB — 16—17 3a xBruimHy. Po3Mipu paHy 3MEHIIMITHICS
10 11,70+ 0,75 em?, ii moBepxHs riprcoxia. [Ipu pyitHyBaHHi
BHCOXJINX KipOYOK BHALTAIACS HE3HAYHA KUTBKICTH CEpO3-
HO-KpOB’STHICTOTO eKcynary. PaHa 3armmoBHEHA 3pUTHME 3710-
POBUMMU TPaHYIISIISIMHA. 3aralbHAN CTaH TBAPHH KOHTPOIBHOL
TPyIH 3aJ0BUTHHHUM, BIBIll aKTUBHO BKHBAIM KOpM. Temre-
parypa tina — 38,5-39,2 °C, mynmbc — 72-74 yn./XB, 9acToTa
JIMXalbHUX PyXiB — 15-16 3a xBuinHy. Po3mipy paHu 3MeH-
nmacs 1o 14,00 + 1,02 em?, 1i moBepxHst nipricoxiia. [pu pyii-
HYBaHHI BUCOXJIMX KIPOUOK BUIUISIBCS CEPO3HO-KPOB’ IHUCTHI
ekcynar. Pana 3aroBHeHa 4aCTKOBO 3/I0pPOBUMH MPAHYIISILISIMH.

O6roBopeHHs

BcTanoBieHHs MOKa3HUKIB MOP(OJIOTTIHOTO CKIIATy KPOBI
TBapHH Ta OKPEMHX 010XIMIYHHX [TOKa3HUKIB Y pa3i BUKOPH-
CTaHHI IOTEHIIHHOTO TIPEMapary 3 CyMIIIIIIIO IBOX aKTUBHIX
cnonyk: (4-((5-(mermnrio)-4-metun-4H-1,2 ,4-tpiazomn-3-ir)
MeTrn)Mopdoiiny Ta 5-(2-¢pTopdenin)-4-((4-6pompenin)
imigeH)amino- 1,2,4-tpiazomn-3-Tiony) — B OITii HACIHHS pO3TO-
POTIIIIi JOBEJIO MO3UTHBHI 3MiHH KITIHIYHOTO CTaTyCy TBAPHH
nocuinHoi rpynu. Lle miATBepIIKy€eThCS KpaluMH, HIX Y
KOHTPOJNIBHIN TpyTi, Ta00paTOPHUMH TTOKa3HUKAaMHU KPOBi
Ta TKAHKHHOTO O101ITaTYy.

BucHoBKu

1. 3acTocyBaHHS MOTEHIIHHOTO IMpenapary 3 CyMi-
LI TBOX aKTUBHUX cronyk (4-((5-(meumitio)-4-
MeTun-4H-1,2,4-tpiazon-3-im)mermin)mopdoiiny ta
5-(2-propdenin)-4-((4-6pomdenin)ininen)amino-1,2,4-Tpi-

a3o11-3-Tioy) B OJ1ii HACIHHS PO3TOPOIIII MPU3BOIUTH JIO
LIBULIOTO 3aTOEHHS THIHHUX PaH MOPIBHAHO 3 OKA3HUKAMH
TIPY BUKOPUCTaHHI JIiHIMEHTY «BeTmikonepm» (KOHTpoJIbHA
rpyma). Pi3HuIl 3a II0IaMu paHoBOro aedexry Ha 10—11
100y cranoBmia 17,5 %. KininiuHi 1ani miaTBepmkeHo 1abo-
PaTOPHUMH JIOCTIPKEHHSIMH Ta aHAIII30M PaHOBOTO OlomnTary.

2. IloreHuiitanii mpenapar i3 qBoMa crioykamu: 4-((5-(ze-
wwtrio)-4-metin-4H-1,2,4-tpiazon-3-im)Metrn)MophosiHOM
15-(2-dpropdenin)-4-((4-6pomdenin)imigen)amino-1,2,4-Tpi-
a3071-3-Ti0JIOM — Ma€ BUPAKeHI (papMaKOKiHETHYHI TTapame-
TpPH Ta € O10JI0CTYITHUM.

[lepcnexTuBy MofaIBIINX T0cTiTAKeHb. Pesymsratn poboTi
JIalli 3MOTY CIJIaHYBaTH HACTYIHI JOCIIJDKEHHSI eMOpio-
JIeTaNbHOTO, (heTo- Ta eMOPIOTOKCHYHOTO e(heKTiB cymimi
4-((5-peunnrio)-4-metmin-4H-1,2,4-rpiazon-3-ir)MeTHI)
Mopdoiny Ta 5-(2-¢propdenin)-4-((4-Opomdbenin)inigaeH)
amiHo-1,2,4-Tpia3on-3-Tioy B OMii HACIHHS PO3TOPOINIIi Y
MOCTHATAILHOMY TEPIOi.

®iHaHcyBaHHA

[locnimkeHHs 3hiicHeHe y pamKax iHiLjaTWBHOI HayKOBO-4OCIAHOT
pob6oTun kadpenpu dhapmadii, hapmakonorii, MeanyHoi, biooprariyHoi Ta
GionorivHoi ximii MeauyHoro iHcTUTYTYy YOpHOMOPCHKOro HaLioHanbHOro
yHiBepcuTeTy imMeHi MNetpa Morunu.

Mopska

ABTOpY CTaTTi LYMPO AsKyTb 30poiiHNM cunam YkpaiHu Ta peaakuii
HayKOBOTO XypHasny 3a MOXIMBICTb 34INCHIOBATU JOCMIMKEHHS Ta
ny6nikyat ixHi pesyneraty.
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Microscopic, submicroscopic characterization
of pro- and anti-inflammatory cell phenotypes of the lungs
in conditions of experimental allergic inflammation

S. S. Popko'=*

Zaporizhzhia State Medical University, Ukraine

The aim is to study the microscopic and submicroscopic characteristics of pro- and anti-inflammatory cell phenotypes of the lungs under
conditions of experimental allergic inflammation.

Material and methods. We used histological and electron microscopic methods to study the lungs of 48 male guinea pigs in experimental
ovalbumin-induced allergic inflammation, simulated by subcutaneous sensitization and subsequent intranasal inhalation with ovalbumin.
Submicroscopic changes of respiratory endocrine cells, goblet cells, exocrine bronchiolar cells, mast cells, macrophages, eosinophils, endothelial
cells of guinea pigs lungs were determined.

Results. The most significant reactive submicroscopic changes were established on the 23 and 30" days of observation in the form of an
increase in the functional activity of exocrine bronchiolar and goblet cells, as evidenced by the presence of a light nucleus with a predominance
of euchromatin, nucleoplasm of low electron-optical density, nucleoli, developed granular endoplasmic reticulum and an increase in the number
of goblet cells secretory mucous granules by electron microscopic examination. The revealed ultramicroscopic features of respiratory endocrine
cells (an increase in a number of “empty” core dense vesicles), eosinophilic granulocytes (piecemeal degranulation), an increase in the number
of mast cells granules, numerous pseudopodia in macrophages are the confirmation of the active participation of these cell phenotypes in
the initiation of inflammation during the early period of the allergic inflammatory process in lungs.

Conclusions. A significant reaction of the innate nonspecific and adaptive immunity occurs in airways during the experimental ovalbumin-
induced allergic inflammation, consisting primarily of the functional activation of eosinophilic granulocytes, mast cells, and macrophages, as
well as an increase in the secretory activity of exocrine bronchiolar cells and goblet cells, which is confirmed by the changes investigated by
electron microscopic examination and are accompanied by reactive changes in the vessels of microcirculatory bed.

Key words: electron microscopy, exocrine bronchiolar cell, mast cell, respiratory endocrine cell, goblet cells, guinea pigs.
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MikpockoniyHa, cyomikpockoniyHa xapakTepucTKa Npo- Ta aHTM3ananbHUX KNiTMHHUX (heHOTMNIB NIereHb B yMOBaX
eKcnepuMeHTanbHOro anepriyHoro 3ananeHHs

C. C. lNonko

MeTa po6oTu — 3'acyBaTi MIKpPOCKOMIYHY, CyOMIKpOCKONIYHY XapaKTEPUCTMKY NMPO- Ta aHTU3ananbHUX KMITMHHAX (PeHOTUNIB NereHb B yMoBax
€KCMepPUMEHTaNbHOTO anepriyHoro 3ananeHHs.

Matepianu Ta meToaun. 3acToCyBaBLLUM EKCMEPUMEHTANBbHUIA, TICTOMOTYHWIA Ta eNeKTPOHHOMIKPOCKONIYHUIA METOAM, BUBYMNM NereHi 48 camuis
MOPCbKOi CBIHKM B yMOBaX roCTPOro 0Banb0yMiH-iHayKOBaHOrO anepriYHoro 3ananeHHs, sike MOZemnoBany LLMSXOoM NiaLuKipHoi ceHeubiniaavyi Ta
HaCTyMHoI iHTpaHa3arnkHoi iHranswji oBanbbyMiHoM. BusHadanm cy6omikpockoniyHi 3MiHW yxanbHUX eHOOKPUHOLMTIB, KENMXONOAiIOHNX | BpoHxionsp-
HWX EK30KPUHOLMTIB, Makpodaris, MacToOLMTIB, €03MHOMINIB Ta eHOOTENIOLMTIB CyANH reMOMIKPOLWPKYISTOPHOIO pycra fnereHb MOPChKWX CBUHOK.

Pesynkratu. HanicToTHiLwi peakTnBHi cybmikpockonivHi 3MiHy BusiBunu Ha 23 i 30 Lobu cnocTepeeHHs, a caMme NigBULLEHHS DYHKLOHaNbHOT
AKTUBHOCTi OPOHXIONAPHIX | KeNMXONOAIGHMX EeK30KPUHOLMTIB Y CKNaAi eniTenito AuxansHux Whsxis. MNpo Le cBig4Mny HasiBHICTb CBITNOro sapa
3 NepeBaXaHHAM eyXpOMaTMHY, HyKIeonna3mm HU3bKOT eNeKTPOHHOONTUYHOI LLiNBHOCTI, iAepLs, PO3BIUHYTa rpaHynsipHa eHaonnasMaTuyHa
CiTka Ta 36iNbLUEHHS KiNbKOCTi CEKPETOPHUX CIIM30BUX rPaHyn KenmxonoaibHX ek30KPUHOLIMTIB Mif Yac enekTPOHHOMIKPOCKOMIYHOMo AocHi-
[PKeHHS. BusHaunnu ynsTpamikpockonivHi 0cobnmBOCTi AMXanbHUX eHAOKPUHOLMTIB: 30INbLUEHHS KINbKOCTI «MOPOXHIX» BE3VNKYN 3i LLNbHO
CepLEBMHOI0, €03MHOMINBHIX rPaHYMOLMTIB — 03HAKM YaCTKOBOI AerpaHynsuii; 36inbLUeHHS KiNbKOCTi rpaHyn BUCOKOI €NeKTPOHHOOMTUYHOI
LiNbHOCTI B LMTOMNA3Mi MacTOLMTIB; YMCIIEHHI nceBaonogii Makpodari € MmiATBEPMKEHHAM aKTUBHOI y4acTi LyX KNITMHHMX heHoTMNIB B
iHiLiaLiT 3ananeHHs NpoTAroM paHHbOro Nepioay PO3BUTKY anepriYHoro 3anasbHoro NPOLLECY B NIEreHsX.

BucHoBku. B ekcnepumeHTanbHiin Mogeni oBanbbymiH-iHYKOBAHOTO anepriyHoro 3ananeHHs AnxanbHuX LUMSAXiB BUHUKAE CYTTEBA peakLis
3 BOKy KMiTMHHOI NTaHKN BPOKEHOrO HecnewundiYHoro 1 aganTUBHOTO IMYHITETY, L0 Nonsrae nepeaycim y yHKUIOHAmNbHIN akTuBaLlii eosu-
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HOGINbHKUX rPaHyNoLMTIB, MAacTOUMTIB | MakpoharoLmTiB, @ Takox 30iNbLUEHHI CEKPETOPHOT aKTUBHOCTI BPOHXIONSIPHMX | KenmxonoaiGHMx
€K30KPUHOLWMTIB; Lie NIATBEPAKYETLCS 3MiHaMM, L0 CMOCTepiranu i Yac enekTPOHHOMIKPOCKOMIYHOTO AOCTIAXEHHS Ta CynpoBOMKYBanncs

PeakTMBHAMM 3MiHaMK CyaUH MIKPOLMPKYNSITOPHOTO pycna.

KntovoBi crnioBa: enekTpoHHa Mikpockorisi, GPOHXIONAPHNIA EK30KPUHOLMT, MacTOLMT, AUXambHUA EHAOKPUHOLMT, KENMXOMOAIBHUIA eK30KpK-

HOUWNT, MOPCbKa CBMHKa.
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Nowadays three main processes responsible for the clinical
manifestations of bronchial asthma are well known: airway
allergic inflammation, bronchoconstriction, and mucus hyper-
production. However, the underlying histopathophysiological
mechanisms responsible for these processes are complex
and multifaceted, including diverse cellular phenotypes and
cytokines [1-3]. In addition, the activity and influence of
each cellular and molecular component varies considerably
between individuals and may change with time, response to
drug therapy, and environmental exposure, so it is extremely
important to study the histophysiology of the allergic inflam-
matory process in a chronobiological aspect.

Among various cell phenotypes, some key cells that are
usually involved in the initiation of the main histophysiologi-
cal processes in the lungs can be identified, namely respiratory
endocrine cells, eosinophils, mast cells as pro-inflammatory
cell phenotypes [4—6]. Mast cells are involved in both in-
nate and adaptive immune responses to allergens. Thanks
to the presence of heparin, secreted by perivascular mast
cells into the intercellular substance of the connective tissue,
the permeability of microvessels increases, which in case of
allergic inflammation causes the release of lymphocytes and
plasma cells into the perivascular intercellular substance [6].
In addition, according to scientists, mast cells contribute to
the maintenance of the chronic allergic inflammatory process
of'the respiratory tract and play a central role in the initiation
of the immune response to the allergen, during which they
transmit signals that stimulate the synthesis of IgE by plasma
cells and the differentiation of Th2 lymphocytes [7].

Exocrine bronchiolar cells (EBCs) are antagonists of
pro-inflammatory cellular phenotypes with an immuno-
modulatory effect in the form of suppression of the allergic
inflammatory process. EBCs perform specialized functions
necessary to protect the body in a normal state, but retain
the ability to proliferate in response to damage. Some EBCs
provide renewal of the epithelial line after damage to ciliated
cells and other cell phenotypes [8]. EBCs also exert an anti-in-
flammatory immunomodulatory effect: their secretory protein
CC16 regulates the immune response to various infectious
agents and allergens in the lungs [8].

Detailing the ultrastructure of these cellular phenotypes of
airways and lungs during the experimental allergic inflam-
matory process in the chronobiological aspect is necessary
for a better understanding of the histophysiology of allergic
inflammation, but to date it is not described enough.

Aim
The aim of this research is to study the microscopic and
submicroscopic characteristics of pro- and anti-inflammatory

cell phenotypes of the lungs under conditions of experimental
allergic inflammation.

Materials and methods

The experiment was performed on 48 male guinea pigs,
which were involved under standard macroenvironmental
conditions in the animal facility of Zaporizhzhia State Medi-
cal University. All experimental procedures and animal care
were carried out according to ethical guidelines (Strasbourg,
1986; Kyiv, 2001).

Experimental model of allergic airway disease. Induction of
airway allergic inflammatory process was performed by
subcutaneous sensitization and airway challenge through
nasal inhalation with OVA (0.5 mg/mL per animal) mixed
with aluminum hydroxide (10 mg/mL in saline per animal) on
days 0, 7 and 14. From 21 to 28 days animals were exposed
for 15 min to an acrosol of OVA (10 mg/mL in saline) using a
nebulizer (Little Doctor International, Singapore, LD-211C)
attached to a plastic chamber [9].

Experimental design. Animals were assigned equally into six
experimental groups of 8 guinea pigs each. Group I-1V were
guinea pigs sensitized and challenged with ovalbumin (OVA)
(Sigma Aldrich, USA) with alum as an adjuvant (AlumVax
Hydroxide vaccine adjuvant, OZ Biosciences, France),
dropped out of the experiment respectively on the 23,
30™, 36" and 44" days after its start. Group V — guinea pigs
sensitized and exposed to saline, served as control. Group
VI — intact animals (norm).

Lungs removed and fixed in 10 % neutral buffered formalin.
Formalin-fixed, paraffin wax embedded lung specimens were
selected for histological preparation, prepared as 4 pm thick
sections and stained with hematoxylin, and eosin for routine
examination. Histological study was carried out on Carl Zeiss
Primo Star microscope equipped with the Axiocam digital
microphoto attachment using the ZEISS ZEN 2011 software.

Electron microscopy was performed on glutaraldehyde-fixed
1 x 1 mm specimens of lung tissue followed by processing in
a 1 % solution of osmium tetroxide. Subsequently, the pieces
were dehydrated in a series of graded ethanol up to 100 %
according to histological standards, acetone with additional
contrasting for 2 hours in 2.5 % uranyl acetate at 700 C. Pour-
ing into the block was carried out by gradual impregnation of
the material with acetone oxide with Eponym (2:1, 1:1, 1:2) and
poured into pure Epon. The resin polymerization was carried
out in two stages at 36 °C (12 hours) and 56 °C (24 hours).
Ultra-thin (55-65 nm) sections were obtained on a “Power-
Tome RMC Boeckeler” ultratom and contrasted with Reynolds
lead citrate for 25 minutes at room temperature [ 10]. Ultrathin
sections were viewed on a PEM-100-01 electron microscope.

ISSN 2306-8094

AKTyanbHi TMTaHHSA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTuku. 2022. T. 15, Ne3(40) 289



Original research

L L TN N

‘ f‘«, iy

Fig. 1. Internal architecture of a guinea pig lung in the norm (A) and in the early stage of the allergic inflammatory process (B). A. Intact group. 1: terminal
bronchiole; 2: respiratory bronchiole; 3: alveolar duct; 4: alveolar sac; 5: alveoli. B. Experimental group | (23" day after the start of the experiment).

Stain: hematoxylin and eosin, x100.

Fig. 2. Histological changes in the guinea pigs lungs in the late stage of the allergic inflammatory process. Experimental group IV (44™ day after

the start of the experiment). Stain: hematoxylin and eosin. A: x100; B: x400.

The ultrastructure of dense core vesicles (DCV) of respira-
tory endocrine cells was identified. We studied the ultrastruc-
tural features of goblet cells and EBCs, macrophages, mast
cells, eosinophils, and endothelial cells of blood vessels of
the pulmonary hemomicrocirculatory bed during the early and
late stages of the experimental allergic inflammatory process.

Results

The structural basis of the internal structure of the guinea
pigs’ lungs consists of pyramidal or cone-shaped lung lobes.
Dichotomous branching of small bronchi and bronchioles
continues into the pulmonary lobe. The lobes are separated
from each other by thin layers of connective tissue, poorly
developed in guinea pigs. Inside the lung lobes, the inner
diameter of the small bronchi decreases and as a result of
their branching, they become terminal bronchioles — the final
part of airways (Fig. la).

Terminal bronchioles branch, in turn, into respiratory
bronchioles, the last generations of which already pass into
cellular ducts, which receive 23 alveolar sacs, which blindly

end into alveoli. Each lung lobe consists of 12—13 pulmo-
nary acini. According to the internal architecture, guinea
pig lungs can be attributed to the “light” or alveolar type
of lungs — with a developed and large alveolar part, which
provides a larger respiratory surface, and a poorly developed
connective tissue stroma. However, the lungs of this type have
a developed elastic framework. In OVA-sensitized guinea
pigs during histological examination in the early period of
the development of experimental allergic inflammation, we
found thickening of the wall of small bronchi and terminal
bronchioles, changes in the structure of pulmonary acini,
and vessels of the hemomicrocirculatory bed, an increase in
the number of immunocompetent cells, compared to the con-
trol group (Fig. 1b).

The detected changes are exudative-inflammatory in
nature and coincide with the most pronounced clinical
manifestations of allergic inflammation in guinea pigs
(asphyxia, tachypnea, orthopnea). The degree of manifes-
tation of inflammatory changes increases as the caliber of
the bronchi decreases, reaching its maximum in the terminal
bronchioles. During the late period of the development of
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Fig. 3. Submicroscopic changes of epitheliocytes in airways under conditions of experimental allergic inflammation. A. Exocrine bronchiolar cell
(experimental group |, 23 day of the experiment). 1: nucleus; 2: nucleolus; 3: cytoplasm; 4: mitochondria; 5: lysosome; 6: granular endoplasmic
reticulum. B. Goblet cell (experimental group I, 30" day of the experiment). 1: nucleus; 2: nucleolus; 3: an increase in the number of secretory mucous

granules in the cytoplasm. Transmission electron microphotos, x6000.

Fig. 4. Ultrastructural features of eosinophilic granulocytes in guinea pigs lungs in the early stage of the allergic inflammatory process. A. Control
group. 1: lumen of a blood vessel; 2: eosinophilic granulocyte; 3: nucleus; 4: large eosinophilic granule; 5: small eosinophilic granule; 6: endothelium
of a blood vessel. B. Experimental group | (23" day after the start of the experiment). 1: cytoplasm; 2: lysosome; 3: “eosinophilic sombrero-vesicle”.

Transmission electron microphotos. A: x6000; B: x8000.

5A

Fig. 5. Perivascular mast cell (A) and respiratory endocrine cell of the “open” type (B) in the lungs of a guinea pig. A. Experimental group IIl (36" day
of the experiment). 1: nucleus; 2: cytoplasm; 3: basophilic granules; 4: erythrocyte in the lumen of a blood capillary. B. Experimental group | (23"
day of the experiment). 1: respiratory endocrine cell; 2: activated macrophage; 3: erythrocytes in the lumen of the postcapillary venule; 4: endothelial
cell of the postcapillary venule; 5: a pinocytotic vesicle in the cytoplasm of the endothelial cell; 6: bronchiolar epithelium. Transmission electron

microphotos. A: x2200; B: x3000.
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the allergic inflammatory process in the guinea pig lungs,
proliferative changes appear in the form of an increase in
the development of broncho-associated lymphoid tissue
against the background of the expansion of alveoli and
the thinning of interalveolar septa that occur with emphy-
sematous changes (Fig. 2b). Areas of emphysema alternate
with areas of atelectasis (Fig. 2a).

EBCs are localized mainly in terminal and respiratory
bronchioles and are the main cellular phenotype of the distal
airways of the guinea pig. The cells are pyramidal in shape
with the apical part protruding into the lumen of the termi-
nal bronchiole. The light oval-shaped nucleus is large, has
a medium electron-optical density, with a predominance of
euchromatin, contains a nucleolus. Mitochondria, granu-
lar endoplasmic reticulum, and lysosomes with signs of
degeneration are present in the cytoplasm. There are dense
intercellular contacts with neighboring cells. In the conditions
of the allergic inflammatory process, we observed signs of
increased functional activity of EBCs: the presence of a light
nucleus with a predominance of euchromatin, nucleoplasm of
low electron-optical density, nucleoli, and a developed gran-
ular endoplasmic reticulum (Fig. 3a). We observed the most
significant submicroscopic changes in goblet cells in airways
against the background of sensitization and aeroallergization
with ovalbumin in the early stage of allergic inflammation.
At the submicroscopic level, we found an increased number
of granules with mucous secretion in the cytoplasm of goblet
cells (Fig. 3b).

At the ultrastructural level, in the cytoplasm of eosino-
philic granulocytes, there are specific (secondary) large
eosinophilic granules of an oval shape of different elec-
tron-optical density. Specific granules contain a centrally
located crystalloid body of high electron-optical density and
a peripheral matrix of low electron-optical density surround-
ed by a membrane. Nonspecific (primary) small eosinophilic
granules are smaller in size and contain Charcot-Leyden
crystalloid protein. It is interesting that the circulating eosi-
nophilic granulocyte, before penetrating the lung tissue,
“sticks” to the endothelium of a blood vessel and “rolls” on
its surface (Fig. 4a). During the early stage of the allergic
inflammatory process, we observed submicroscopic signs
of piecemeal degranulation (PMD) in eosinophilic granu-
locytes. Vesicles (both round and tubular) are released
from specific granules and move to the cell membrane for
exocytosis of their contents. Tubular vesicles twist into an
elongated ring-like structure described by the term “cosino-
philic sombrero-vesicles” (Fig. 4b).

During the ultramicroscopic examination, we found
the presence of perivascular mast cells and mast cells of
the mucous membrane of granules in the cytoplasm, which
are larger in size than eosinophilic granules, but less nu-
merous. After sensitization with ovalbumin, the number of
secretory granules in the cytoplasm of mast cells increased
(Fig. 5a). On electron microscopic examination, the iden-
tification of small cytoplasmic, usually spherical secretory
granules, otherwise known as dense core vesicles (DCV), is
the main ultrastructural characteristic of respiratory endo-

crine cells. According to the results of our research, the size
and appearance of the granules vary from 70 nm to 200 nm.
Granules contain a core of variable electron-optical density in
the center, usually separated from the surrounding thin, elec-
tron-transparent zone by a three-layer membrane. Granules
are observed throughout the cytoplasm, but, in our opinion,
are more often concentrated in the perinuclear and basal parts
of the cytoplasm of the respiratory endocrinocyte (Fig. 5b).
Depending on the ultramicroscopic features, vesicles with a
dense core of respiratory endocrine cells of guinea pigs can
be divided into two types. DCV type 1 has a wedge-shaped
or oval shape with a dense amorphous core and a diameter
of approximately 130 nm. There is usually no halo between
the dense core and the membrane. In contrast, type 2 DCV
are approximately 100 nm in diameter, more circular in shape,
and have a smaller core that is surrounded by a distinct 15 to
20 nm halo. “Empty” vesicles of respiratory endocrine cells
were more often observed in experimental groups I and I in
the early period of the development of allergic inflammation
in direct contact with the extracellular space. Differences in
the morphology of DCV in individual cells are interpreted
depending on the stage of their formation or secretion. Other
characteristics of respiratory endocrine cells that we found
at the ultrastructural level include a different number of free
ribosomes and mitochondria, the latter usually smaller in size
than in neighboring cells. The Golgi apparatus is well visu-
alized and is located in the supranuclear zone. Granular and
agranular endoplasmic reticulum and inclusion of glycogen
in a small amount.

During the development of the experimental allergic in-
flammatory process in the lungs of the guinea pig, we also
established submicroscopic changes, which were manifested
by the decompensation of the processes of barrier function
and selective permeability of the wall of blood capillaries
and extracapillary venules. We determined the swelling of
endotheliocytes, which led to the formation of protrusions,
folds, and as a result of which the shape of the vascular lu-
men changed, the blood formed blood elements in the lumen
of the capillary venules. Therefore, of these morphological
changes at the submicroscopic level, we found that in the re-
gions of protrusions and folds of the cytoplasm of endothelio-
cytes, the fusion of pinocytotic vesicles and the formation of
vacuoles with their subsequent separation into the lumen of
vessels took place. Macrophages had submicroscopic signs
of increased functional activity: the presence of numerous
pseudopodia, lysosomes, and autophagosomes in the cyto-
plasm (Fig. 5b).

Discussion

The most significant morphological changes at the light-op-
tical level of the intrapulmonary bronchi and lungs of
experimental animals were observed in the distal parts of
the intrapulmonary airways and in the alveoli in the early
stage of the inflammatory process (23™ and 30" days after
the start of the experiment). The late (36" and 44" days after
the start of the experiment) period of the allergic inflammatory
process in the lungs is accompanied by a gradual decrease
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in the activity of eosinophilic inflammation. Attention was
drawn to the decrease in the diameter of the lumen of small
bronchi and terminal bronchioles, probably due to hyperplasia
and hyperreactivity of the smooth muscle component. Similar
changes were observed by other scientists [11].

Our work demonstrates submicroscopic signs of an increase
in the functional activity of mast cells of the mucous mem-
brane of the respiratory tract during the early period of the de-
velopment of experimental allergic inflammation, as evidenced
by the presence of large granules of high electron-optical den-
sity in their cytoplasm. A similar trend is present in the works
of other scientists [6,7]. In conditions of OVA-sensitization,
the submicroscopic changes of the perivascular mast cells
are more significant, which, in our opinion, determines
the histochemical changes of the surrounding microvessels
of the connective tissue and the morphometric changes of
the vessels of the pulmonary hemomicrocirculatory bed in
the animals of the experimental groups that we discovered
earlier [12,13]. After all, together with respiratory endocrine
cells, mast cells contribute to the maintenance of local home-
ostasis of the lungs in normal conditions and after the action
of environmental factors, which is consistent with the opinion
of other scientists [7,14,15].

The most significant reactive submicroscopic changes
were established on the 23" and 30" days of observation in
the form of an increase in the functional activity of exocrine
bronchiolar and goblet cells in airway epithelial lining. In
our opinion, this is related to the activation of nonspecific
resistance of airways epithelial lining in response to OVA-sen-
sitization. Hypertrophy and increase in a number of secretory
granules in goblet cells is a morphological confirmation of
the development of bronchial hyperreactivity as a result of
the action of an allergen, which is primarily associated with
the action of CGRP (calcitonin gene-related peptide) of
respiratory endocrine cells — pro-inflammatory cells, as well
as innate lymphoid cells of type 2, confirmed by the results
studies by other authors [16].

Under the influence of their cytokines, eosinophils are ac-
tivated, first of all, their number increases in the bronchiolar
epithelium and connective tissue of the lungs. The latter, in
turn, increases mucus secretion by goblet cells and stimulates
hypertrophy and contraction of the smooth muscle component
of'the bronchi. IL-13 of type 2 innate lymphoid cells directly
affects the goblet cells of the mucous membrane of the res-
piratory tract, stimulating their hyperplasia and increased
secretion of mucus. Cytokine IL-5 activates eosinophils,
increases their number and their secretion of leukotriene C4
cytokines and platelet-activating factors. The latter increases
mucin secretion by goblet cells and stimulates contraction of
the smooth muscle component of bronchi and blood vessels
[17]. IL-13 stimulates goblet cell hyperplasia and mucus
secretion. The results of our morphometric and electron
microscopic research on hyperplasia and increased secretory
activity of goblet cells with an increase in the number and
secretory activity of respiratory endocrine cells are confirmed
by the data of other scientific studies [4,14,18].

Conclusions

1. A significant reaction of the innate nonspecific and
adaptive immunity occurs in airways during the experimental
ovalbumin-induced allergic inflammation, consisting prima-
rily of the functional activation of eosinophilic granulocytes,
mast cells, and macrophages, as well as an increase in the se-
cretory activity of exocrine bronchiolar cells and goblet cells,
which is confirmed by the changes investigated by electron
microscopic examination.

2. Ultrastructural changes of mast cells are accompanied
by reactive changes in the vessels of microcirculatory bed,
manifested by decompensation of barrier function processes
and selective permeability of the wall of blood capillaries and
postcapillary venules.

Prospects for further research. We are planning an electron
microscopic study of the components of the lymphoid tissue
associated with the bronchi of guinea pigs in the conditions
of the early and late periods of the experimental allergic
inflammatory process.
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OcobnuBOCTi NNaHiMeTPUYHOI opraHisauil eHAOKPUHHOI YaCTUHM
NiAWNYHKOBOI 3251031 Y FinepTeH3UBHUX LWypiB fiHil SHR

*

T. B. IBaHeHkoO

3anopisbkuin AepxaBHUI MeanyHUIA YHiBepcuTeT, YkpaiHa

A — KOHLUenUis Ta Au3aitH gocnimxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTT

AHani3 eHOOKPUHHOI CTPYKTYPYW MiALIMYHKOBOI 3an031 i OLHIOBAHHS CTYNeHs il reTepOreHHOCTi € KMYOBUMU AN BU3HAYEHHS TaKuX
BaXINMBMX Di3ioNoriyHNX napameTpiB, SK Maca OCTPIBLEBVX EHAOKPUHOLMTIB y 300POBMX Nogen abo dyHKLioHanbHWIA pe3epBs B-KNiTuH
y nauieHTiB i3 giabetom 1i 2 Tunie.

Meta po6oTu — 3AINCHUTY NOPIBHANBHWIA NNAHIMETPUYHWI aHani3 NaHKpeaTUYHKX OCTPIBLIB HOPMOTEH3UBHUX LLypiB niii Wistar i rinep-
TEH3MBHYX LLYpiB NiHii SHR, BUKOPUCTOBYIOUM METOA NOABINHOMO iMyHOGNYOPECLEHTHOTO 3abapBneHHs EHOOKPUHOLMTIB.

Matepianu ta meTogu. JocnimKeHHs 3AINCHUNM Ha NigLUNYHKOBIN 3amo3i Wwypis niHii SHR i Wistar. [HcyniH i rmtokaroH B 0CTpiBLAX MiALLITYH-
KOBOI 3a1031 Br3Ha4Yam iMmyHonyopecLeHTHUM MeTogoM. Peakuito iMyHobyopecLeHLii oLiHIBanu 3a 4ONOMOror iyopecLEHTHOrO
mikpockona Axiolmager-M2.

Pesynbratu. MnaHiMETPUYHWIA aHania BMSIBUB MaHKpeaTW4Hi OCTPIBLi BCIX TUMIB y TKAHWHI NiALWMyHKOBOI 3ano3un wypiB niHin SHR
i Wistar. Y rinepteHanBHux TBapuH niHii SHR KinbKicTb ogMHWYHUX eHOoKpuHouuTiB B 2,3 pa3a 6Ginblwa (p < 0,001), a riraHTCbKux
ocTpiBuiB — Ha 34,2 % Ginbwa (p < 0,001), Hix y HOPMOTEH3MBHMX LLYpiB NiHil Wistar. B okpeMux eHOOKpUHOLMTAX BUSIBUNU OiNSHKK,
LLIO XapaKTepu3ayTbCs iIMyHOPEaKTUBHICTIO Bigpasy [0 ABOX FOPMOHIB — iHCYNiHY Ta rntokaroHy. Taki AiNsHKU BUSBUM B OCTPIBLSX YCiX
TVNiB 060X MiHIN LWYPIB, ane cyMapHi NOKa3HWKM Y rinepTeH3nBHMX LWypis niHii SHR Ha 21,8 % Hkdi (p < 0,001), HiXX y HOPMOTEH3NBHUX
Lwypis niii Wistar.

BucHosku. MnaHiMeTpuyHniA aHanis nokasas, WO NaHKpeaTWyHi OCTPIBLi B HOPMOTEH3MBHUX LUYpIB NiHii Wistar i rinepTeH3vBHMX LypiB
ninii SHR cTanoBnATb 1,4 % Big NNOLL NEPETUHY MiALLITYHKOBOI 3ar03u. Y rinepTeH3nBHuX Wwypis NiHii SHR y 3anosi BuaHaunnu Ha 16,9 %
GinbLUy cymapHy nowly matepiany, iMyHOpeaKTUBHOTO O iHCyniHy. Ha BigMiHy Big wypiB niHii Wistar y nigwinyHkoBin 3anosi rinepTen-
3MBHWMX LWypiB NiHii SHR cyTTeBO 36inbLUeHa KinbKiCTb NOOANHOKUX O-EHAOKPUHOLMTIB.

Knrovogi cnoa: wypw nikii SHR, wypw ninii Wistar, niglunyHkosa 3anosa, naHkpeaTuyHi OCTPiBLi, EHAOKPUHOLMT, iMyHOnyopecLeHLis,
iHCYMiH, FIIOKaroH.

AkTyanbHi nUTaHHA hapMaLieBTUYHOI | MeaUYHOI Hayku Ta npakTuku. 2022. T. 15, Ne 3(40). C. 295-300

Features of the planimetric organization of the endocrine part of the pancreas in hypertensive rats of the SHR line
T. V. Ivanenko

Analysis of the endocrine structure of the pancreas and assessment of its degree of heterogeneity is key to assessing such important
physiological parameters as islet endocrinocyte mass in healthy people or functional reserve of B-cells in patients with type 1 and type
2 diabetes.

The aim of the study is to perform a comparative planimetric analysis of pancreatic islets of normotensive Wistar rats and hypertensive
SHR rats, using the method of double immunofluorescent staining of endocrinocytes.

Materials and methods. The study was performed on the pancreas of SHR and Wistar rats. Insulin and glucagon in the islets of the pancreas
were determined by immunofluorescence. The immunofluorescence reaction was studied with an Axiolmager-M2 fluorescent microscope.

Results. Planimetric analysis showed the presence of pancreatic islets of all types in the pancreatic tissue of SHR and Wistar rats. The
number of single endocrinocytes in SHR hypertensive animals was 2.3 times higher (P < 0.001), and the number of giant islets was 34.2 %
higher (P < 0.001), than in normotensive Wistar rats. The presence of regions in some endocrinocytes, that show immunoreactivity to
both hormones at once — insulin and glucagon. Such areas were present in islets of all types of both rat lines, however, the total rates in
hypertensive rats of the SHR line were 21.8 % lower (P < 0.001), than in normotensive rats of the Wistar line.
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Conclusions. Planimetric analysis showed, that the pancreatic islets in normotensive Wistar rats and hypertensive SHR rats occupy 1.4 %
of the cross-sectional area of the pancreas. In hypertensive rats the SHR line in the gland by 16.9 % larger total area of the material
immunoreactive to insulin. In contrast to Wistar rats, the number of single a-endocrinocytes in the pancreas of hypertensive SHR rats

was significantly increased.

Key words: rats inbred SHR, Wistar rat, pancreas, pancreatic islets, endocrinocyte, immunofluorescence, insulin, glucagon.
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AHai3 eHJIOKPHHHOI CTPYKTYPH HiJIUTYHKOBOI 3aJ1031 I
OLIIHIOBAHHSI CTYIIEHS ii TeTePOreHHOCTI € KIIIOUOBUMU JIIS
BU3HAYEHHS TAKUX BKIMBHX (i310JI0NYHUX APaMETPIB, SIK
Maca OCTPIBIEBUX SHIOKPHHOLUTIB Y 3J0POBHUX JItozield abo
(yHKLIOHAJBHUIA pe3epB P-KIIITHH y MaLi€HTIB i3 1iabeToM
112 tumis.

Meroan iMyHO(IIyOPECIIEHTHOTO Ta IUIAaHIMETPUYHOTO
aHaJi3y 3aCTOCOBYBAJIM JUISi OOpaXyHKy MacH P-€HIOKpH-
HOILIUTIB B IHTAKTHIH MiANUTYHKOBIH 3ayo3i [1], KUTbKOCTI
Ta SIKOCTI 130JIbOBAHUX OCTPIBIIB [2] 1 TpaHCIUIaHTaIHOTO
Marepiary MiIDUTYHKOBOI 3a03u [3], miJ 9ac OIiHIOBaHHS
(YHKI[IOHAIBEHOTO pe3epBy B-KIITHH y MaIli€HTIB i3 1y-
kpoBuM jgiaderom 1 i 2 tumis [4,5]. B ekcriepuMeHTaIbHIN
SHJIOKPUHOJIOTIT MEeTO/l iIMyHO(IIyOpPECIIEHTHOTO Ta TIIaHi-
METPHUYHOTO aHaJIi3y J1aB 3MOTY OLIHUTH BILIMB IIpEHATaIb-
HOTO CTpecCy Ha IIOCTHATAJIBHHUMI TCTOreHe3 MaHKPEaTHIHIX
OCTpIBILIB [6], BIUIMB JO30BaHUX TITOKCHYHNX HABAHTa)XEHb
Ha CaHOTeHEe3 OCTPIBIIB [7], mapaMeTpy PeMOEIIOBaHHS
OCTPIBIIEBOTO arapary HpH CIIOHTaHHOMY (hOpMyBaHHI
aprepiasibHoi Tinepren3ii B urypis Jinii SHR [8—10]. Pasom
i3 THUM, TOJIOBHE 3aBJIaHHS LUX JOCII/DKEHb IOJISITal0 Y
BCTaHOBIICHHI CTPYKTYpHOTO i (pyHKIIOHAJIBHOTO CTaHy
B-KJIITHH SIK TyJ Ty eHAOKPHHOLMTIB i IIUTYHKOBOI 3aJ103H,
10 JIOMiHy€ Ta BU3Ha4ae (i3i0JMOTIYHUNA CTaH TOMeocTasy
IJIIOKO3M B OpraHi3mi. MeHIle yBaru npuaisuig pos o-Kiti-
THH 1 CTPYKTYpHO-(DYHKIIIOHAJIbHOMY OajlaHCy opraHizawii
naHKpeaTHyHux octpiBiiB. Lle mos’s3ano mepenycim 3i
CKJIQJIHICTIO IMyHO(IYOPECIICHTHOTO Ta TUIAHIMETPUYHOTO
aHaJi3y MiANUTYHKOBOI 327103, a TAKOK HEOOXITHICTIO BHU-
KOPHCTOBYBATH METO]I IOMIBIHOTO iIMyHO(MITyOPECIIEHTHOTO
3a0apBIICHHS €HJOKPUHOLIUTIB.

MeTa po6otu

3niHCHUTH TOPIBHSIILHUH IJTaHIMETPHYHUH aHaJIi3 aHKpe-
aTUYHMX OCTPIBLIB HOPMOTEH3MBHUX IIypiB JiiHii Wistar i
rinepreH3uBHUX 1rypiB diHii SHR, BUKOpHcTOBYI0UM METO
MOBIHHOTO IMyHO(ITYOPECIIEHTHOTO 3a0apBiICHHS SH/I0-
KPHHOIMTIB.

Marepianu i MeTogu pocnipkeHHA

JocmipkeHHs 31iHCHIIN Ha MiANUTYHKOBIH 3aJ1031 IIypiB
ninii SHR (n = 5) 1 Wistar (n = 5). [limunryHKOBY 327103y
nopocioro mypa Wistar dikcyBamu B po3unHi byena (20
TOZIMH) 1 TTICIISI CTAHAAPTHOI TCTOIOTTYHOT 00pOOKH 3aMBaIII
naparutact (McCormick, CHIA). CepiiiHi ricTosnoriusi 3pizu
I IIDTYHKOBOI 321031 3aBTOBILIKH 5 MKM, YKJIa/ICH] Ha ajre-
3MBHI IIPEAMETHI CKEJbIIs, JenapadiHyBaIi Ta AeMacKyBaJIl
B iiuTparHoMy Oydepromy pozunti PT Module citrate buffer
(pH = 6,0) y PT-momymi (Thermo Scientific, CILIA). [acynin

1 DJIIOKaroH B OCTPIBISIX IiJIUTYHKOBOI 3aJ1031 BU3HAYaIIH
IMyHO(ITyOpECIIEHTHUM METOJIOM, 3aCTOCOBYIOYH aHTHTLIA
BupoOHuTBa Santa Cruz Biotechnology (CILIA). AuTuTina
1o incyniny (2D11-HS), kon’torosauni 3 AlexaFluor®546,
Ta antuTiia g0 nrokarony (K79bB10), kon’rorosani 3
FITC, inkyOyBanu y po3senenni 1:200 (Bonora kamepa,
T = +4 °C, 24 rogunmn). [Totim 3pi3u Tpudi MIPOMHUBAIH TIO
5 xB y pocdaraomy Oydepromy pozuni (pH = 7,4), mona-
BaJIM CEPeAOBHINE I 30epekeHHs IMyHO(IIyopeCIIeHITT
UltraCruz™ Mounting Medium 3 nogaBaaasm DAPI (Santa
Cruz Biotechnology, CIIIA).

Peaxmiro iMmyHO(ITyOpeCIeHITIT BUBYAIN 32 JOIIOMOTOO
¢yopecuentHoro Mikpockora Axiolmager-M2 (Carl Zeiss,
Himeyunna), o6nmasiHaHOTO BHCOKOEMiCIHHMMH (inbTpa-
mu 43HE ans nerexuii incymniny ta 38HE st BUsiBeHHs
DIIOKAaroHy, a Takok 14-0iTHOi nudpoBOi MOHOXPOMHOT
CCD kamepu AxioCam-HRm (Carl Zeiss, Himeuunna).
3acTocyBalii METO[| MOJBIHHOTO IMyHO(ITyOpECIIEHTHOTO
3a0apBICHHS €HIOKPUHOIUTIB Ta iX MOCIJOBHOTO aHAIIIZY
B TOMY caMoMy ocTpiBi. e rano 3mMory oTpumars xapak-
TEPUCTHKY MyIy - Ta 0-eHIOKPHHOLUTIB y MEXaX OIHOTO
1 Toro camoro octpiBus. {71 BCTAHOBIICHHS ITapaMeTpiB
pobotu mmpposoi CCD xamepu Mikpockoma Ta 3HOMKH
(myopecueHIii BUKOPUCTAIM CUCTEMY aHaNizy U(POBHX
300paxenb AxioVision-4.8.2 (Carl Zeiss, Himeuunna), a uist
KIJIBKICHOTO aHai3y iIMyHO(TyOPECIIEHTHOTO 300pakeHHS
3acTocyBasiu 64-0iTHY cucTeMy aHaii3y 300paxeHs Imagel
v.2.1.0/1.53¢ (BinkpuTnii Buxignui kox mij stinensiero GNU
General Public License).

[TnaniMerpuyHMi aHami3 3pi3iB MiANLTYHKOBOI 3271031
nependadaB BUMIpIOBAHHS TUIOIII TKAHWHU 3aJI03H, IO J0-
CITIKYBAIIH; TDIOIII TTAHKPEATHIHUX OCTPIBIIB; TUIOIT, IO
3aliMae MaTepiai, iMyHOPEaKTUBHUH JI0 1HCYITIHY, TITIOKAro-
HYy; a TAKOXX IJIOIII TyOIb-TIO3UTHBHOTO IMyHOPEAaKTHBHOTO
Marepiaiy, ska XapakTepu3yBaiacsi iMyHOPEaKTHBHICTIO 0
000X ropMOHIB. BiMiproBaHHsI 3/1iiICHIII CyMapHO Ha IITOLI
He MeHIue Hixk 200 MM? TKAaHHHH MiIIUTYHKOBOI 3aJI03H Y TBa-
PpHH KOKHOT JiHiT. [TaHKpeaTHyHi OcTpiBIL KiTacu(ikyBay 3a
TXHBOIO IJIOMIEI0: MAJICHBKI OCTPiBII — 10 1500 MKM?, cepe-
Hi—1500-3500 mxm?, Benmuki — 3500—7500 MKM?, TiraHTChKI
octpisii — morax 7500 mxm? [6—8]. Kpim Toro, y TKaHuHi
T IIITYHKOBOT BUALISIIM MOOAWHOKI CHIOKPUHOIIMTH, 1110 HE
(hopMyIOTH OCTPIBIII.

Pesynmerari crarnctrano onpartioBanu B Excel Office365.
BiporigauMu BBaXKamu BIIMIHHOCTI MK TTOPiBHIOBAHUMH
mapamerpamu mipu p < 0,05 3a t-kputepiem CThIOICHTA.
[Noka3HHUKH B TAONUIIAX HABECHO SIK CEPEIHS CTATUCTHYHA
BeJIMUMHA Ta 11 moMmiika (M £ m), Ha rpadikax — sSIK cepeiHs
CTaTUCTUYHA BEJIMYMHA Ta ii TOBIpUMii IHTEpBaI.
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OpueiHaribHi 0oCidxeHHs!

Puc. 1. WinbHicTb ocTpiBLiB

250 pi3HMX TUNiB Ha 1 cm? 3pisy
MiALLMYHKOBOI 3aro3u.
183,08
200 171,90 EWistar ESHR 1: NOOANHOKI €HOOKPUHOLMTH;
S: ManeHbki;
149,74 M: cepenHi;
150 L: Bgnmm, ' o
G: riraHTCbKi OCTpiBLj.
102,87
100
63,88 71,76
51,56
0 36,99 3248 3841
0
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Puc. 2. Mnowa (Mm?),
15 1,3952 1,401 Ky 3aiiMatoTb OCTPIBLI,
Ta iMyHOpeaKTHBHICTb
12 W Wistar @ESHR 00 IHCYNnIHY Ta rJ'llOK.aroHy )
Ha 1 cM? TKaHWHM MigLNYHKOBOI
0,9262 3anosu.
09 07923
0,6
0,3 0,2038-0,2072
00 [ . [ [ N
Islet insulin glucagon dbl-positive

Pe3ynkratn

[TnariMeTpuaHMIT aHATI3 BISIBUB TAHKPEATHYIH] OCTPIBI BCIX
THITIB y TKaHUHI IIUTYHKOBOT 3a1o3u 1ypiB jiHid SHR i
Wistar (puc. 1). 3a3Ha4nMo, 10 y TiNEPTEH3WBHUX TBAPUH
minii SHR KiNbKICTh OMMHIYHNX €HIOKPUHOIMTIB B 2,3 pasza
ounbima (p <0,001), a riraHTCHKUX OCTPIBILB — Ha 34,2 % Oijib-
ma (p < 0,001), Hi>X y HOPMOTEH3MBHUX HIypiB JiHii Wistar.
VY mypiB minii SHR icTOTHO 3HWKEHA KUIBKICTh OCTPIBIIB
cepenHboi (Ha 43,1 %) Ta Benukoi (Ha 54,7 %) rutomi.

Cepen maHKpeaTHIHUX OCTPIBIIB BUALUTIINCS OCTPIBII, ITI0
BKJIIOYQJIM TUTBKH 1HCYJIIH-BMICHI B-KJIITHHH, O-KJIITHHH, a
TAKOXK «KJIACHIHHID THIT OCTPIBIIIB 31 CHITHHOO TOITYIIAIIEI0
€HJIOKPHUHOIIMTIB 000X TUIIIB. 3BEPHYIIN YBary Ha HassBHICTb
B OCTPIBIIIX IyOib-IMyHOITO3UTHBHUX 30H 3a0apBiIeHHS
JIESIKIX €HAOKPUHOIHTIB, IO CBIYUTH PO BMICT iHCYIIHY
Ta DJIFOKAroOHY B OJIHIH KJTITHHI. BUSBHIIM TEBHI BIIMIHHOCTI
3a (JOpMyBaHHSIM CTPYKTYPH OCTPIBIIIB Y HOPMOTEH3UBHHUX
1 TINCPTEH3UBHUX IIyPIB (mabn. 1).

Jaist oTprMaHHs BUB&)KEHOT CTATUCTUYHOT OLIIHKH KiJIbKO-
CT1 IMyHOPEaKTHBHOTO MaTepiaiy 10 iHCYIIiHY Ta TITIOKaroHy
B MIIIUTYHKOBIH 3271031 00paxyBaJii ITOKa3HUK CyMapHOI
TUTOINI MaHKpeaTHIHUX ocTpiBiB (Islet), rmurori, Ky B 3271031
3aiimae iHcymiH (insulin), mrokaros (glucagon) i 1y0Onb-imy-
Homo3utuBHE 3abapsiieHHs (dbl-positive) (puc. 2).

Pesynpratu cBigyaTh: HE3BaXKAaIOUHM Ha BIJIMIHHOCTI
PO3MOIiTy OCTPIBIIB Pi3HUX PO3MipiB, CyMapHa IUIOMIA
€HJJOKPUHHOI YaCTUHHU ITiJIIUTYHKOBOI 3aJ03H y TilepTeH-
3uBHUX I1ypiB JiHiI SHR He Biapi3Hsuiacs BiJl MOKa3HUKIB
HOPMOTEH3MBHUX TBapyH JiHii Wistar i cranosBuna 1,4 % Bin
IO 3pi3y 3a103u. JleTaNbHIINI aHai3 TUIaHIMETPHUYHOT
opraHizanii MaHKpeaTUYHUX OCTPIBLIB (mabn. 2) moKa3as,
10 OCHOBHA IUIOIIA SHIOKPUHHOI YaCTHHHU MiJIUTYHKOBOT
3aJ103u TinepreH3uBHUX 1rypiB Jinii SHR npencrapnena
OCTPIBISIMU TIraHTCHKOTO PO3Mipy, Ha BiIMIHY BiJ HOp-
MOTEH3MBHUX MHIypiB miHil Wistar. 3a3Ha4nMO, 1110 Y TIypiB
ninii SHR cymapHa mioiia marepiaty, iMyHOPEaKTHBHOTO JI0
iHcyrniny, Ha 16,9 % 6inbma (p < 0,001), HiX y 11ypiB miHil
Wistar, a ii OCHOBHa YacTHHA JIOKaJli30BaHa B TiIraHTCHKHX
octpiBusx. [Tapamerpn iMyHOPEaKTHBHOCTI IO TITIOKArOHYy
Maibke He BIIPI3HSUINCS Yy JIHIN TBApHH, 1110 JJOCIIHKYBaIH.

[leBHHMIT HAyKOBHIT IHTEpEC BUKITHKAE HASBHICTD Y NESIKUX
SHIOKPHHOIINTAX JIISHOK, 0 MAalOTh IMyHOPEaKTUBHICTh
071pazy 10 IBOX TOPMOHIB — IHCYIIIHY Ta IiItoKarony. Taxi Jii-
JISTHKY BU3HAYMITH B OCTPIBISX YCIX TUITIB 000X JIiHIH HIypiB,
OIIHAK CYMapHi TIOKa3HUKU Y TiMepTEH3UBHUX MIypiB JiHIT
SHR na 21,8 % nwxui (p < 0,001), Hik Y HOpPMOTEH3UBHUX
ypiB JtiHiT Wistar.
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Tabnunusa 1. BigHocHWi po3nogin naHkpeaTu4HNX OCTPIBLIB Y MiALLNYHKOBIN 3anosi wypis niHii Wistar (4ucenbhik) i SHR (3HamenHwk), %

Tunu ocTpiBuiB Yci octpiBui MooauHoki ManeHbki CepepHi Benwuki FiraHTCbKi
E€HAOKPUHOLMTA | OCTpiBLI, ocTpiBLi, ocTpiBLj, ocTpiBLi,
<1500 mKm? 1500-3500 mkm? | 3500-7500 Mkm? | >7500 Mkm?
Bci ocTpiBui 100,00 14,66 37.70 23,04 16,23 8,38
32,68 40,55 8,27 7,09 11,42
IHcyniH-BMiCHi 8.90 3.14 2,62 1.57 1.57 0.00
3,15 1,97 1,18 0,00 0,00 0,00
IHcyniH- i rtokarox-BmicHi | 80,10 157 34,03 21,47 14,66 8,38
62,99 2,76 33,46 8,27 7,09 11,42
[TokaroH BMicCHi 10,99 995 1.05 0.00 0.00 0.00
33,86 27,95 5,91 0,00 0,00 0,00
[ybnb-no3nTnBHI 39.79 1.57 12,57 10.47 6.81 8.38
59,45 2,76 30,31 7,87 7,09 11,42
[lybnb-HeraTuBHi 60,21 13.09 2513 12.56 942 0.00
40,55 29,92 10,24 0,39 0,00 0,00

Tabnuus 2. Mnowwa matepiany, iMyHOpeaKTUBHOTO 0 iHCYMiHy Ta FMIOKaroHy, B OCTPiBLsX pisHoro Tuny Ha 100 cM? TKaHWHK NiALITYHKOBOT 3aro3u LLypiB
ninii Wistar (4ucenbHuk) Ta SHR (3HameHHwK)

Bci ocTpiBui MooauHoki ManeHbki CepepHi Benwuki FiraHTCbKi
€HO,OKPUHOLUTH ocTpiBLj, oCTpiBLi, ocTpiBLj, ocTpiBLj,
<1500 MKm? 1500-3500 MKMm? 3500-7500 Mkm? >7500 MKM?

OcrpiBLiB 139,52 + 0,94 0.34+0,01 13.33+0,72 2522+ 1,09 3418+1,23 66.44 + 1,65

140,11 £ 0,82¢ 0,79 +.0,04* 10,53 £ 0,56* 8,58 + 0,20* 16,83 + 0,38* 103,37 +£2,95*
IMyHOpEaKTUBHOCTI 79,23 + 0,54 0.27 £ 0,01 8.08+0,44 16.24 + 0,70 18,89 + 0,68 35,76 + 0,89
[0 iHCymiHY 92,26 + 5,53* 1,00 £.0,05* 7,76 £ 0,41 5,72 + 0,14* 10,53+ 0,24* 67,61+ 1,93*
IMyHOpEaKTMBHOCTI 20,38+ 0,14 0.20 £ 0,01 2,86+ 0,15 5,13+0,22 3.77+£0,13 846+ 0,21
[0 TTIHOKaroHy 20,72+ 0,15 0,47 +0,01* 2,68 +0,14 1,43 40,03 2,63 +0,06* 13,52+ 0,39*
[lybnb-nosnTrBHOI 6.76 + 0,05 0,18 £ 0,01 1,52+ 0,08 1.89 + 0,08 0,97 £ 0,03 2,21 40,05
iMyHOpeaKTMBHOCTI 4,62 +0,03* 0,36 +.0,01* 1,04 £ 0,05 0,33+0,01* 0,32 +0,01* 2,57 +0,07*

*: BiporigHicTb BigMiHHOCTEN p < 0,05.

O6roBopeHHs

Sk BiZIOMO, €HJIOKPUHHA YaCTHHA MIAIITYHKOBOI 327031
J1a00paTOPHUX HIYpiB CTaHOBUTH 1-2 % ychoro 00’emy
MANUTYHKOBOI 3211034 [5,11]. Barato aBropiB HarojomyrmTh
Ha HEOTHOPITHOCTI ITAHKPEATHIHIX OCTPIBIIB, PO3MIPH SKIX
BapilOOTh y IIHPOKKX Mekax [6—8]; e Moke BIUTMBAaTH Ha
KUIBKICHI MOKa3HUKH MYJy €HJOKPUHOIMTIB B OCTPIBIISIX
pizHux TumiB. Tak, miJ Yac MOCHTIPKEHHS! €HIOKPUHHOTO
arapary MiJlILTyHKOBOI 3271031 B HOPMOIJIIKEMIYHHX Tirep-
TeH3uBHUX IIypiB miHiT SHR i3 mopyeHot0 TONepaHTHICTIO
JI0 ITTFOKO3H BUSIBAJIM PEMOICITIOBAHHS €HJOKPHHHOTO arapa-
Ty, IO CYNPOBODKYETHCS BMEHILICHHSIM KITBKOCTI B-KITITHH
1 30UTBIIEHHSM YTy O-KJIITHH Y TAHKPEaTHYHNUX OCTPIBIISIX
[8-10].

Mertox moaBIHHOTO iIMyHO(ITYOPECIIEHTHOTO 3a0apBICHHS
€HIOKPHHOILUTIB, 10 BUKOPHCTAIN Y IOMY JOCHTiIKeHHI,
JIaB 3MOT'Y YTOUHHTH IUIaHIMETPUUYHY OpraHi3allilo eHJ0-
KPHHHOTO arapary MiAIuTyHKOBOT 3a03u. Tak, BUSBHIIH,
1110 €HIOKPUHHA YaCTUHA IMiIIITYHKOBOT 3aJI03H 1Ly PiB JIHIH
Wistar 1 SHR mMae momiOHi KUIBKICHI ITOKa3HUKHU Ta CTAHO-
BUTh 1,4 % Bij mIONIi MepeTuHy MiJIUTYHKOBOI 3a7103H. Y
CTPYKTYPI MiIIIIYHKOBOT 3a1031 TIMEPTEH3UBHUX IIYPiB
ninii SHR BU3HAUMWIN 3MCHIIICHHS YaCTKH OCTPIBIIB, IO
CKJIQJIAI0THCS TUIBKH 3 B-KIIITHH, TIPH 30UTbIIEHHI KUTBKOCTI

OCTPIBIIB, [0 CKJIAJAIOTHCS JIUIIE 3 O-KIITHH (maon. 1). Y
TANDTYHKOBIH 3as103i mrypis siHii SHR mioma marepiainy,
IMyHOpPEaKTHBHOTIO JI0 1HCYIiHY, Ha 16,8 % Ouiblua, HiXK Yy
mypiB siHii Wistar (mabx. 2).

OpHe 3 MPUIYIIEHb, IO MOSICHIOE PEMOJISITIOBAHHS TIaH-
KpeaTn4HHUX OCTPIBLIB Y rinepTeH3uBHUX 11ypiB miHii SHR,
— IMOBIpHICTb TOPYIIEHHS MOAYISALIT TPAHCKPHUITLIIHHOTO
¢axropa Neurogenin3 (NGN3) y ricrorenesi, skuii peasisye
cTpaterito TudepeHIifoBaHHs eMOPIOHAIBHUX CHIOKPHU-
HOIIUTIB B OKpeMi JiHii 3- Ta a-kmituH [12]. MoximBo, i
BIUTMBOM TpaHCKpUMiiHuxX (akxropis Brn-4 [13] Ta/abo Arx
[14] dopmyeTbest mepeBaXkaHHs o-KJIITHHHOTO (PEHOTHUITY Ha
octpiBIpiX. [Ipu 1IbOMY MOXKIIMBE 3MEHIICHHS yTBOPEHHS
KIIFOYOBHX PETYISTOPIB B-€HIOKPUHOLMTIB, sIK-0T Nkx6.1,
Neurogenin3 Ta Pdx1 [15]; 1ie Moxke CIIpUUHUHUTH JACTIPECi0
myny B-xiiTaH y nrypis miaii SHR.

PerunpokHuii B3a€MO3B 30K TPAHCKPHUIIIIHHUX pery-
JSATOPIB TiCTOreHe3y MaHKPEaTHYHHX E€HIOKPUHOIMTIB
BUSIBISIETBCS THM, 110 3MEHIICHHS KCIIpecii reHa iHCYIIiHy
Ta OB’ S3aHKUX 13 HUM (PaKTOPIB TPAHCKPHIILIT NPU3BOJUTH
J10 30UIBIICHHS eKCIpecil TPAHCKPHUIIIHHUX (BakTOpiB,
0 aKTHBYIOTh TeH mTtokaroH — Pax6, Foxal i Foxa2 [16].
MoxnBOIO peaizaiiero AucOaaancy TPaHCKPHUITLIHHUX
(baxTopiB peryssnii GyHKIIIOHAIFHOTO CTaHy €HI0OKPUHOIIHU-
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OpueiHaribHi 0oCidxeHHs!

TiB IiJIUTYHKOBOI 3aJ103H B pa3i popMyBaHHS TinepTeHsii B
urypiB JiHii SHR € 3MeHIIeHHs YacTKN «KITaCHIHIX» TTaH-
KpEaTHYHUX OCTPIBIIB, SKi MICTATh YaCTHHY B-KIITHH, IO
JIOMiHYy€, Ta MIHOPHY 9acCTKy O-KJTiTHH, a TAKOK 3MEHIIICHHS
TUTOIII OCTPIBIIB 13 MyOIb-TIO3UTHBHUM 3a0apBIICHHSIM Ha
THCYITIH 1 TITFOKaroH.

BucHoBkM

1. [InaniMeTprYHAN aHAII3 TIOKA3aB, M0 TAHKPEATHIHi
OCTpIBIIi B HOPMOTEH3WBHUX IIypiB JiHil Wistar i rimep-
TeH3UBHUX I1ypiB JiHii SHR cranoBmaTs 1,4 % Bix ruromi
MepPETHHY IiJIUTYHKOBOT 3aJI03H Ta MPEICTaBIeHi 0CTpiB-
ISIMU PI3HUX PO3MIpIB, SKi, KPIM «KITACHIHOTO» CKIIAIy
SHIOKPUHOLUTIB, MOXYTh CKIIQJaTHCS TUTBKHU 3 (-KIIITHH
a00 TINBKH 3 O-KJIITHH.

2.V rinepren3uBHux 1rypis iHii SHR y 3an03i Ha 16,9 %
OibIIa cymMapHa IUIOIIa Marepiaty, IMyHOPEaKTHBHOTO JI0
IHCYJIiHY, aJle Horo OCHOBHA YaCTHHA JIOKaJIi30BaHa B IiraHT-
CBKHMX OCTPIBIIIX 200 TpecTaBlieHa IMyHOPEaKTUBHICTIO
OJIMHUYHUX [3-€HJOKPUHOIIUTIB.

3. Ha Biaminy Bij urypiB miHii Wistar y miJuuryHKoOBiH
3a11031 rinepreH3uBHUX 11ypiB JiHii SHR cyTreBo 30ib111e-
Ha KUTBKICTh OJIMHUYHHX O-€HJOKPUHOLUTIB 1 MaJlCHbKHX
OCTPIBIIIB, IO CKJIAJIAFOTHCS JIUIIE 3 O-KJTITHH.
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Effectiveness of antiviral treatment of patients
with chronic hepatitis C GT 1b depending
on the presence of comorbid chronic renal insufficiency
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E — critical revision of the article; F — final approval of the article

Aim. The aim of the work was to analyze the effectiveness of antiviral therapy (3D mode) in patients with chronic hepatitis C (CHC) GT1
in clinical practice, depending on the presence of comorbid chronic renal insufficiency stage V, who receiving hemodialysis.

Materials and methods. 101 patients with CHC GT1 who received antiviral therapy (AVT) according to the scheme OBV/PTV/r + DSV £ RBV
(3D-mode) during 12 weeks were included in the study. All patients with CHC were divided into two groups depending on the presence
of comorbid chronic renal insufficiency (CRI): 92 patients who did not have accompanying CRI and 9 patients with comorbid CRI stage
V who received program hemodialysis.

Results. The effectiveness of antiviral therapy in patients with CHC GT1 according to the OBV/PTV/r + DSV = RBV scheme in clinical
practice was high in terms of the achievement of 12 weeks sustained virologic response (SVR 12) SVR 12 (94.1 %). The frequency of
achieving SVR 12 in CHC patients without concomitant CRI was 94.6 %, and with of comorbid CRI stage V (hemodialysis) — 88.9 % and
had not statistically significant differences (P > 0.05). Treatment according to the 3D-mode was accompanied with stable normalization
of ALT activity in 86.0 % of patients with CHC, and the frequency of it is achievement did not depend on the presence of comorbid CRI
stage V (100.0 % vs. 85.2 % in patients without the specified concomitant pathology, P > 0.05).

Conclusions. The effectiveness of antiviral therapy in patients with CHC GT1 according to the OBV/PTV/r + DSV + RBV scheme in
clinical practice is high in terms of the achievement of SVR 12 (94.1 %) and does not depend in the presence of comorbid CRI stage V in
the patient (94.6 % vs. 88.9 %, P > 0.05). The severity of liver fibrosis does not affect the effectiveness of AVT in patients with CHC GT1
in the presence of comorbid CRI stage V and without this comorbid condition.

Key words: chronic hepatitis C, viral infection, comorbidity, chronic renal insufficiency, hemodialysis, antiviral treatment.
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EchekTUBHICTb NPOTUBIPYCHOrO NiKyBaHHA XBOPUX Ha XpoHiuHui renatut C GT 1b 3anexHo Big HasBHOCTI KOMOPOIAHOI
XPOHIYHOI HUPKOBOI HEAOCTATHOCTI

I. B. Benuubka, O. B. PabokoHb

Meta po6oTu — npoaHaniayBaTti edhekT1BHICTb NPOTUBIPYCHOI Tepanii (3D-pexum) B KNiHiYHii NPaKTWLI Y XBOPWX Ha XPOHI4HWI renatnt C
(XI'C) GT1, siki oTpuMyHOTh remogiania, 3anexHo Bif HasBHOCTI KOMOPGIAHOT XPOHIYHOIT HUPKOBOT HegocTaTHOCTI V cTagaji.

Marepianu ta metogu. ¥ gocnigmkenHs 3anyunnu 101 xsoporo Ha XI'C GT1, ski otpumyBanu npoTusipycHy Tepanito (MBT) 3a cxemoto
OBV/PTVIr + DSV £ RBV (3D-pexwum) Tpyanictio 12 TvkHiB. 3anexHo Bif HasgBHOCTI KOMOPBIAHOI XPOHIYHOI HUPKOBI HEAOCTATHOCTI
(XHH) ycix xsopux Ha XI'C noginunu Ha rpynu: 92 naujieHTw, ski He manu cynyTHboi XHH, Ta 9 oci6 i3 komopbigHoto XHH V cTagii, koTpi
OTpUMYBanu NpPorpaMHUin remogianis.

Pesyniratu. Y pesynbrati gocnimxeHHs foBeaeHo, o edektusHicTb MNBT y xBopux Ha XI'C GT1 3a cxemoto OBV/PTV/r + DSV + RBV
Y KNiHIYHIA NpaKTULi BUSIBUNACS BUCOKOIO 3@ MOKA3HUKOM OCArHEHHS 12-TWXHEBOI CTilikoi BipyconorivHoi Bianogiai (CBB 12) — 94,1 %.
Yactota pgocsirHeHHst CBB 12 y xBopux Ha XI'C 6e3 cynyTHboi XHH craHosuna 94,6 %, a B pasi komopbiaHoi XHH V ctagii (remogiania)
— 88,9 %, He mana cTaTUCTUYHO 3HauyLLMX po3bixHocTen (p > 0,05). likyBaHHA 3a 3D-pexrmMom CynpoBOAXKYBaNocs CTiNKOKW HopMarni-
3auieto aktmuBHocTi AnAT y 86,0 % nauieHTiB i3 XI'C, a yacTota ii JOCArHEHHs He 3anexana Bif HasBHOCTI komopbigHoi XHH V cTagii
(100,0 % npotu 85,2 % y xBopux 6e3 uiei cynyTHbOiI natonorii, p > 0,05).

BucHogku. EcpextusHicTb MBT xBopux Ha XI'C GT1 3a cxemoro OBV/PTV/r + DSV + RBV y kniHi4Hiln NpaKTHLi € BUCOKO 3a NOKa3HM-
koM JocsirHeHHst CBB 12 (94,1 %) i He 3anexwuTb Bif HasiBHOCTI y navjieHTa komop6iaHoi XHH V ctagii (94,6 % npotu 88,9 %, p > 0,05).
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CryniHb BMpasHoCTi hibpo3y nediHki He BNnmBae Ha edekTuBHiCTb MBT y xBopux Ha XI'C GT1 i npu komopbigHin XHH V cragii, i 6e3

LibOro KOMOpGIgHOrO CTaHy.

Kntouogi crnioea: xpoHiyHui renatut C, BipycHa iHbekUisi, KOMOpGIAHICTb, XPOHIYHA HUPKOBA HELOCTATHICTb, remopiania, NpoTUBipycHe

NiKyBaHHs.
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Chronic hepatitis C (CHC) is a widespread viral infection and
one of the main causes of liver cirrhosis and hepatocellular
carcinoma [1]. According to World Health Organization
(WHO) estimates, between 500 million and 1 billion people
are infected with hepatitis C virus (HCV). The prevalence
of chronic liver disease associated with HCV is currently
about 200 million and 3—4 million new infected people join
to them every year [2]. According to EASL experts, despite
the availability of effective treatment regimens using direct
antiviral drugs about 400000 people die annually from liver
diseases associated with CHC [3]. According to the Center
of Public Health of Ukraine, as of January 1, 2019, 3.6 % of
the Ukraine population had a confirmed diagnosis of CHC,
which indicates an average level of infection [2,4].

The main risk groups for HCV-infection are recipients of
blood and their components, persons who receive invasive
procedures for a long time, in particular, hemodialysis [5,6].
World experience shows that there is a high probability of
infection with the hepatitis B virus and HCV precisely un-
der the condition of receiving hemodialysis [7]. Data from
the literature show that in European countries, the prevalence
of HCV-infected patients in hemodialysis centers ranges
from 2 % to 34 %. The lowest rate of infection is in Great
Britain — 2 % and Switzerland — 5.7 %, and the highest rates
are in Italy — 27 %, Poland — 29 % and Romania — 34 %
[8—10]. In Saudi Arabia, when analyzing the prevalence of
HCV-infection among patients of hemodialysis centers, it was
found that 41.9-45.5 % of patients have positive anti-HCV.
This was explained by a long stay on systemic hemodialysis
(>4 years) and previous blood transfusions (>5) [11,12]. In
Japan, the frequency of detection of anti-HCV was analyzed
in patients with chronic renal insufficiency (CRI) stage V
based on 18 hemodialysis centers. It was found that 22.2 %
were seropositive, and the prevalence of HCV-infection
clearly depended on the hemodialysis duration [13]. Nu-
merous researchers of this problem are sure that 90-95 %
of patients who initially enter program hemodialysis do not
have hepatitis markers, and infection occurs only during their
treatment [10,14-16].

In Ukraine, the frequency of anti-HCV detection among
patients in specialized departments of various profiles is about
6.9 %, while in the dialysis population this indicator is almost
4 times higher — 27.5 % [16]. An analysis of the frequency
of infection with viral hepatitis in hemodialysis units under
the state program in Ukraine was conducted. It was found that
61.4 % of patients had blood-contact viral hepatitis markers
(HBsAg — 16.4 %, anti-HCV — 45.0 %). It was proven that
the length of patients stay on programmed hemodialysis has
a direct relationship with the frequency of viral hepatitis
markers detection. If the treatment time is up to 1 year, then

infection was determined in 38.4 % of patients, and with
hemodialysis for 2-3 years — in 59.2 % of patients, and with
hemodialysis for more than 5 years —in 68.8 % of patients. At
the same time, HCV monoinfection was detected in 17.4 %
of patients who were treated with programmed hemodialysis
for up to 1 year, and in 40.6 % of patients with a duration of
hemodialysis more than 5 years [10]. A clear correlation is
observed between the level of HCV-infection and the number
of received hemodialysis sessions. A statistically significant
difference in the frequency of infection with hemocontact
viral hepatitis is observed in groups of patients who received
up to 50 sessions, from 50 to 200 and more than 200 sessions
of hemodialysis. After 200 program hemodialysis procedures
(approximately after 2 years), 57.5 % of patients were found
to be anti-HCV positive [16].

Comorbidity of CHC and CRI stage V, who receive he-
modialysis, aggravates the course of the main and comorbid
diseases [14,15]. According to data from a meta-analysis of
seven observational studies, which included 11 589 patients
with CRI stage V and received programmed hemodialysis,
a statistically significantly higher mortality rate was record-
ed among patients seropositive for anti-HCV than among
patients without concomitant HCV. Even, in these patients
liver cirrhosis and hepatocellular carcinoma were identified
as one of the main causes of death [14,17].

With the advent of new antiviral drugs with a direct me-
chanism of action, the implementation of the WHO global
strategy became possible. The purpose was to eliminate
agents of viral hepatitis as a threat to public health [2]. Due
to significant changes in the strategy of antiviral therapy
(AVT) of patients with HCV from interferon-containing to
interferon-free regimens [18-21], the possibility of the HCV
micro-elimination has appeared in certain groups of patients,
in particular and in patients with CRI stage V receiving pro-
grammed hemodialysis [22-25].

Previously, in presence of only interferon-containing
regimens, the treatment of HCV patients with comorbid
CRI was significantly limited. It is known that with normal
kidney function, the half-life of interferon after subcutaneous
injection is about 2—4 hours. Then filtration in the glomeruli
of the kidneys followed by reabsorption in the tubules of
the kidneys, where proteolytic degradation of the molecule
occurs. Kidneys have the main role in the metabolism of
interferon [18,19]. In patients with CRI stage V who receive
hemodialysis, there is a significant violation of the removal of
the interferon molecule and its accumulation. This provokes
the appearance of serious side effects and makes it impossible
to conduct interferon-containing therapy [18-20].

The emergence of interferon-free treatment regimens,
namely the 3D-mode, made it possible to perform AVT
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in patients with CHC GT1 with comorbid CRI stage V
who are receiving hemodialysis [21-26]. The 3D regi-
men is a combination of ombitasvir (OBV), paritaprevir
boosted with ritonavir (PTV/r) and dasabuvir (DSV),
with the addition of ribavirin (RBV) in CHC patient with
severe liver fibrosis (F 3—4). The mechanism of action of
ombitasvir, paritaprevir and dasabuvir consists in inhibi-
tion of non-structural protein 3/4 A protease and the ability
to inhibit non-nucleoside polymerase of non-structural
protein 5B, respectively. The combination of these active
substances makes it possible to achieve high AVT effi-
ciency in patients from difficult categories, for example,
with liver cirrhosis and after liver transplantation [27].
The antiviral activity of paritaprevir is enhanced due to
the combination with ritonavir, which makes it possible
to use the drug once a day and in a lower dosage. Paritap-
revir is metabolized by cytochrome P450 (CYP) 3A4, and
ritonavir is the main inhibitor of this enzyme [29]. HCV
patients with comorbid CRI of any stage do not increase
the exposure of these drugs with direct antiviral action to
a clinically significant degree (changes <50 %), therefore,
do not require dose adjustment [21,28].

According to randomized studies in the general population
of CHC patients, the 3D-mode demonstrates high (>95 %)
efficiency [27-29]. Therefore, today it is relevant to find out
its effectiveness in everyday clinical practice, for example,
in patients with hemodialysis.

Aim

The aim of the work was to analyze the effectiveness of
antiviral therapy (3D mode) in clinical practice in patients
with chronic hepatitis C GT1, depending on the presence
of comorbid chronic renal insufficiency stage V, receiving
hemodialysis.

Materials and methods

In the study 101 patients with CHC GT1 were included.
There were examined and treated at the hepatological
center of the Municipal Non-Profit Enterprise “Regional
Infectious Diseases Clinical Hospital” of Zaporizhzhia
Regional Council. The age ranged from 27 to 72 years,
the median age was 54.0 (43.0; 61.0) years old. 45 men
and 56 women were included in the study. Duration of
CHC from the moment of laboratory confirmation of
the diagnosis was 8.0 (2.0; 13.0) years. In all patients,
GT1 HCV-infection was confirmed by the polymerase
chain reaction (PCR) method and the viral load was de-
termined before the start of treatment. The median viral
load was 253 500 (48 333; 1 000 000) IU/ml. At the same
time, a high viral load (>400 000 IU/ml) was detected
in 39 (38.6 %), a low (<400 000 IU/ml) in 62 (61.4 %),
respectively (EASL 2018). Necrotic-inflammatory activity
in the liver was assessed by the level of increased alanine
aminotransferase (ALT) according to the classification of
chronic hepatitis (Los Angeles, 1994). The severity of liver
fibrosis was determined for all patients based on the results

of the liver fibroelastometry. Severe liver fibrosis with
transformation into liver cirrhosis F 3—4 was detected in
44 (43.6 %) patients, in 57 (56.4 %) patients stage of liver
fibrosis F 0—2 was confirmed.

All patients were examined and received AVT according
to the scheme OBV/PTV/r+ DSV £+ RBV (3D mode) lasting
12 weeks as part of the State target program in accordance
with the Unified clinical protocol of primary, secondary
(specialized) medical care, tertiary (highly specialized)
medical care help with viral hepatitis C in accordance with
the Order of the Ministry of Health of Ukraine No. 729 dated
18.07.2016. AVT efficacy was assessed per protocol at the end
of treatment and at 12 weeks to assess sustained virologic
response (SVR 12).

Depending on the presence of comorbid CRI, all patients
with CHC were divided into groups: group I — 92 patients
who did not have concomitant CRI, group II — 9 patients
with comorbid CRI stage V, who were under the dispensary
supervision of a nephrologist and received programmed
hemodialysis lasting from 1 up to 14 years (7.2 years on ave-
rage). Groups of patients did not differ statistically (P>0.05)
in terms of gender, age, and level of viral load before the start
of treatment.

Statistical data processing was carried out in the
program Statistica for Windows 13 (StatSoft Inc., No.
JPZ8041382130ARCN10-J).

Results

According to the results of the study, it was established
that the implementation of AVT according to the scheme
OBV/PTV/r + DSV 4+ RBV was accompanied by the ne-
gation of HCV-RNA in the blood of most patients as early
as the 4" week of treatment (95.1 %). This effect persisted
even at the end of the therapy, however, when assessing
the stability of the virological response, a certain decrease
of this parameter was recorded to 94.1 %. A comparison of
the frequency of achieving a virological response in CHC
patients of the studied groups was made. It was shown that
there was no statistically significant difference (P > 0.05) in
the frequency of HCV-RNA negation in the blood during all
observation periods. The frequency of achieving SVR 12 in
CHC patients with the presence of comorbid CRI stage V
was 88.9 % versus 94.6 % in patients without the specified
concomitant pathology (P > 0.05) (7able I).

The dynamics of ALT changes were analyzed, and it was
showed — every third patient with HCV had a normal activity
level of this enzyme in the blood. The comparative analysis
showed that in patients with HCV with comorbid CRI stage V,
the normal ALT level in the blood was recorded almost 2 times
more often than in patients of group I, however, this difference
was not statistically significant (P > 0.05). Subsequently,
after 4 weeks of AVT in patients with HCV, an increase in
the frequency of achieving ALT normalization from 36.6 %
to 77.2 % (P < 0.05) was recorded, and at the time of AVT
completion to 86.1% (P < 0.05). This result was maintained
even at the time of SVR 12 assessment (86.0 %). A similar
regularity in the dynamics of ALT activity normalization in
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Table 1. The effectiveness of AVT (3D mode) in patients with CHC GT1 depending on comorbid CRI stage V, abs (%)

Terms observation CHC patients CHC patients
(n=101)
group n=92)
Negation of HCV-RNA in the blood
After 4 weeks of AVT 96 (95.1 %) 87 (94.6 %) 9(100.0 %)
At the time of AVT completion 96 (95.1 %) 87 (94.6 %) 9(100.0 %)
At the time of the SVR 12 assessment 95 (94.1 %) 87 (94.6 %) 8(88.9 %)
ALT activity normalization
Before the start of AVT 37 (36.6 %) 31(33.7 %) 6 (66.7 %)
After 4 weeks of AVT 78(77.2%)" 70 (76.1 %) 8(88.9 %)
At the time of AVT completion 87 (86.1 %)"? 79 (85.9 %)' 8(88.9 %)
At the time of the SVR 12 assessment 49 of 57 (86.0 %) 46 of 54 (85.2 %)" 9(100.0 %)

1: the difference is significant, compared to the indicator before the start of AVT in the corresponding group (P < 0.05); 2: compared to the indicator after 4

weeks of treatment in the corresponding group (P < 0.05).

Table 2. AVT virological response (3D mode) with different degrees of liver fibrosis in patients with CHC GT1 depending on comorbid CRI stage V, abs (%)

Observation periods CHC patients CHC patients
Lt I group (n =92) Il group (n=9)
F 0-2 (n=57) F 0-2 (n = 48)
After 4 weeks of AVT 54 (94.7 %) 42 (95.5 %) 45 (93.8 %) 42 (95.5 %) 9 (100.0 %)
At the time of AVT completion 54 (94.7 %) 42 (95.5 %) 45 (93.8 %) 42 (95.5 %) 9 (100.0 %)
At the time of the SVR 12 assessment 53 (93.0 %) 42 (95.5 %) 45 (93.8 %) 42 (95.5 %) 9(88.9 %)
the blood was noted in the I group of patients. The increase in Discussion

the frequency of ALT normalization from 33.7 % to 76.1 %
(P < 0.05), and at the time of AVT completion to 85.9 %
(P<0.05) with maintenance of this level 12 weeks after AVT
termination (85.2 %). It should be noted that in all (100 %)
patients with CHC with the presence of comorbid CRI stage
V at the time of SVR 12 evaluation, the ALT activity remained
at a normal level (7able 1).

According to the results of the virological response analysis
in CHC patients with different liver fibrosis stages, it was
established that the frequency of formation of SVR 12 did not
depend on the liver fibrosis severity P> 0.05) and amounted
t0 93.0 % in patients with stages F 0-2 and 95.5 % in patients
with stages F 3—4. In patients with CHC of the group I who
did not have comorbid CRI, this indicator was 93.8 % and
95.5 %, respectively (P > 0.05). In patients of the group II
who had comorbid CRI stage V, liver fibrosis stages F 0-2
were determined, the SVR 12 frequency was 88.9 % and did
not statistically differ from the corresponding indicator of
the group I patients (7able 2).

Analysis of AVT side effects according to the scheme OBV/
PTV/r + DSV £+ RBV showed that in no case they did not
need to stop AVT, and the frequency of occurrence did not
differ statistically (P> 0.05) in patients of the studied groups.
Thus, patients in the group I had thrombocytopenia (27 out
92 —29.3 %), skin itching (9 out 92 — 9.8 %), and patients
in the group II had skin itching and nausea (1 out of 9) in
the first weeks of treatment (1 out of 9).

Recently, in the modern literature, there are more and more
studies on the use in clinical practice of interferon-free regi-
mens in the treatment of CHC patients with comorbid CRI
with an assessment of the effectiveness and safety of this
AVT. In some cohort studies, even 100 % effectiveness of
using the 3D mode has been demonstrated [22,26]. Thus, the
authors [26], while observing CHC patients with CRI stages
IV=V who received programmed hemodialysis, after treat-
ment according to the OBV/PTV/r + DSV + RBV scheme,
noted the formation of SVR 12 in all patients (14 out of 14).
In the study [22], the formation of SVR was also demonstrated
in 100 % (25 out of 25) of HCV patients with comorbid CRI
who received hemodialysis. At the same time, it was noted
that already on the 4th week of treatment, HCV-RNA negation
in the blood occurred [22]. In an American study [21], to as-
sess the safety of the use of the 3D mode (in the treatment of
patients with CHC GT1) and the 2D mode (in the treatment
of patients with CHC GT4) was studied the impact effect of
CRI in different stages on the pharmacokinetics of antiviral
drugs, which are included in these regimens. According to
the results of this study, it was confirmed that these treatment
regimens do not require correction of the drugs dosage in
the treatment of patients with CHC and with comorbid CRI
in any degree [21].

The majority of studies of the use of 3D mode in clinical
practice demonstrate very high efficiency, but not 100 %
[23-25]. Thus, as part of the RUBY-1 study, the formation
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of SVR 12 was demonstrated in 95 % (18 out of 19) of
patients with CHC GT1 and comorbid CRI in the terminal
stage [23]. 20 patients without liver cirrhosis were included
in this study, and at the time of AVT completion, all patients
had negative HCV-RNA in their blood. However, one
patient died on day 14 after AVT completion as a result of
systolic dysfunction unrelated to AVT, which did not allow
SVR 12 assessment in this case. However, a 49 years old
patient with F3 liver fibrosis relapsed 4 weeks after AVT
completion [23].

Particular attention is drawn to the Spanish study [24],
which was conducted 9 centers in Spain and aimed at evaluat-
ing the effectiveness of the 3D regimen in patients with HCV
both with comorbid CRI and with normal kidney function.
According to the results of the study, it was proved that there
is no influence of comorbid CRI on the AVT effectiveness in
patients with CHC GT1. At the same time, it is the group of
CHC patients with comorbid CRI stages [IV-V that pay our
attention, of which 78.2 % received hemodialysis, 36.9 % of
patients had liver cirrhosis, and 45.6 % additionally received
RBV. Despite a significant number of patients with high
stages of chronic renal insufficiency and severe liver fibrosis,
SVR 12 was formed in 95.7 % of patients. At the same time,
the researchers noted that during the entire period of AVT,
kidney function remained stable, severe side effects were
not recorded [24]. The results of our study also established
the high efficiency of SVR 12 formation in patients with
CHC according to the scheme OBV/PTV/r+ DSV+RBV in
clinical practice according to SVR 12 achievement (94.1 %)
and the lack of the AVT scheme effectiveness dependence
on the presence in patients with CHC GT1 comorbid CRI
stage V which receiving hemodialysis (94.6 % vs. 88.9 %,
P>0.05). In addition, the treatment side effects that occurred
in patients of both studied groups did not lead to the need to
stop treatment.

In a multicenter study [25], the absence of liver cirrhosis
effect on the SVR 12 achieving was demonstrated. This study
included patients with CHC GT1 and GT4 with liver cirrhosis
(23 %) and without liver cirrhosis, but in the presence of
comorbid CRI stages [V-V. The authors [25] note that SVR
12 was achieved in 95 % of patients, however, in 3 out of 66
patients, AVT was discontinued due to the occurrence of side
effects. According to the results of our study, AV T side effects
were registered in both studied groups: among patients with
comorbid CRI and among patients without concomitant pa-
thology. However, their appearance did not lead to treatment
discontinuation. The results of our study showed no effect of
liver fibrosis on the frequency of SVR 12 achieving, which
is consistent with the data of the previous studies.

Conclusions

1. The AVT effectiveness in patients with CHC according
to the scheme OBV/PTV/r+ DSV + RBV in clinical practice
is high in terms of the SVR 12 achievement (94.1 %) and
does not depend on the presence of comorbid renal insuffi-
ciency stage V (hemodialysis) in the patient (94.6 % versus
88.9 %, P> 0.05).

2. Conducting AVT (3D mode) is accompanied by stable
ALT activity normalization in 86.0 % of patients with CHC,
and the frequency of its achievement does not depend on
the presence of comorbid renal insufficiency stage V (100 %
versus 85.2 % in patients without the specified concomitant
pathology, P> 0.05).

3. The frequency of SVR 12 achieving after a course of
AVT (3D mode) in patients with CHC does not depend
(P> 0.05) on the liver fibrosis level in both patient groups:
with presence of comorbid renal insufficiency stage V and
without this condition.

Prospects for further research. In our opinion, it is promising
in further studies to determine the factors that affect the risk
of recurrence in patients with HCV who received a course
of interferon-free AVT regimens.
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MporHocTnyHa 3HavywWicTb P-cenekTuHy i sST2
Yy NauieHTiB 3 MHOXWHHOK MiENTOMOHO

M. O. MaHaceHko=*BCP B, Bb. Camypa'ACPE C. A. NoueHkoZEF

3anopisbkuil AepxaBHUI MeauyHUiA yHiBepcuTeT, YkpaiHa

A — KOHUenNUiA Ta An3aiH gocnimkenns; B — 36ip aanux; C — aHanis Ta inTepnpeTauis gannx; D — HanncanHs cTatTi; E — peparyBarHs cTarTi;
F — ocTaTtouHe 3aTBepaeHHs cTarTi

Meta po6oTu — BU3HA4YMTM NPOrHOCTUYHY LiHHICTL Giomapkepi P-cenekTuHy i SST2 y BUHWKHEHHI kapAioBacKynapHUX NoAiv y nauieHTiB
i3 MHOXXMHHOIO MIENOMOO.

Martepianu Ta meTogn. Y gocnimKeHHs 3any4uny 67 nauieHTis i3 fiarHo30M MHOXMHHA Mienoma B cTagii noBHOI abo 4acTKOBOI pemicii,
cepepHii yac cnoctepexeHHs 3a navjeHtamu ctaHosms 14,0 (11,4-19,1) micaus. B nna3mi Kposi BU3Havanu piseHb LMpkyntooumnx P-ce-
neKTuHyY i sST2 3a 4ONOMOTOH iIMyHOXEMINOMIHECLEHTHOTO METOAY.

Pesyniratu. [MpoTarom cnoctepexenHs y 18 (26,9 %) xsopux 3adikcyBanu 36 kapaioBackynspHUX NoAin, a Takox 2 CMepTi, Lo He Manu
3B’A13Ky 3 CepLieBO-CyanHHUMY nogisamu. [ig Yac gocnigkeHHs navjieHTis rocnitanidysanu 10 pasiB yepes BUHUKHEHHS KapAioBacKynapHOi
natonorii. XBOpi Ha MHOXWHHY MIENOMY 3 KapAioBaCKynsapHUMM MOAISMU Mani BULLI 3Ha4eHHs MediaHu 6iomapkepis P-cenektuHy (p < 0,01)
i sST2 (p = 0,018) nopiBHsHO 3 NauieHTamn 6e3 kapAioBaCKYNAPHMX NOAIN.

Pesynbrat ROC-aHani3y BkasytoTb Ha CYTTEBI NPEAVUKTOPHI BNacTMBOCTI P-cenekTuHy Ta SST2 y BUHUKHEHHI KapAioBacKynspHUX Nogin
npotsaroM 1 poky cnoctepexeHHs. Ha yac 3anyyeHHst B gocnigxeHHs ana sST2 Ha kpuBii onTuManbHo Toukoto noginy € 31,05 Hr/mn
(4yTnmeictb — 71,5 %, cneuundivHicTb — 89,8 %).

[nsa P-cenekTuHy Toukoto noginy 6yna koHueHTpauis 54,21 Hr/mn (4yTnmsicTb — 69,6 %, cneumdivHicts — 86,2 %). KombiHauis 6iomapkepis
Mana KpaLi NpOrHOCTUYHI BMACTUBOCTI NOPIBHAHO 3 P-CENneKTUHOM.

BucHoBku. Y nauieHTiB i3 NigTBEPIKEHO MHOXUHHOK MienomMoto 6iomapkepu P-cenekTuH i sSST2 nokasanu cyTTeBi NPOrHOCTWYHI Bra-
CTUBOCTI LOAO BUHUKHEHHS KapaioBacKynsapHWUX Nodin BNpodoBX 1 poky cnocTepexeHHs.

Kntouogi crnosa: P-cenektuH, sST2, kapaioBacKynsipHi Nogii, MHOXMHHA Mienoma, BUXWUBaHHS, MPOTHO3.
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Prognostic value of P-selectin and sST2 in patients with multiple myeloma
M. O. Panasenko, B. B. Samura, S. Ya. Dotsenko

Cardiac involvement is one of the most important prognostic markers in multiple myeloma. However, prognostic value of novel biomarkers,
such as soluble suppression of tumorigenicity 2 (sST2), P-selectin is unknown in multiple myeloma.

The aim of the work was to investigate the additive predictive effects of novel biomarkers P-selectin and sST2 for cardiovascular events
of multiple myeloma patients.

Materials and methods. Levels of P-selectin and sST2 were after anticancer treatment in a total of 67 multiple myeloma patients. The
median follow-up duration of the censored cases was 14.0 (11.4—19.1) months. A total of 4 deaths occurred during the follow-up period.
ELISA method for measurements of circulating level of P-selectin and sST2 was used.

Results. During follow-up, 36 cardiovascular events and 2 deaths unrelated to cardiovascular events were recorded in 18 (26.9 %) patients.
During the study, patients were hospitalized 10 times due to cardiovascular disease. At baseline patients with MM and cardiovascular
events which appeared during the observation period had higher levels of P-selectin (P < 0.01), sST2 (P = 0,018), compared to patients
without cardiovascular events.

Two novel biomarkers, P-selectin and sST2 showed satisfactory predictive performances for one-year cardiovascular events from ROC
analysis. Best cut-off values for predicting one-year cardiovascular events were selected (for sST2 — 31.05 ng/ml, with a sensitivity of
71.5 % and a specificity of 89.8 %; for P-selectin — 54.21 ng/ml, with a sensitivity of 69.6 % and a specificity of 86.2 %). The combination
of biomarkers had better prognostic properties compared to P-selectin.
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Conclusions. In patients with confirmed multiple myeloma, the biomarkers P-selectin and sST2 showed significant prognostic properties

in the occurrence of cardiovascular events during 1 year of follow-up.

Key words: P-selectin, sST2, cardiovascular risk, multiple myeloma, survival, prognosis.
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VYpakeHHS cepLeBO-CyTNHHOI CHCTEMH — OITUH 13 BAYKIIMBIX
MIPOrHOCTHYHUX MapKepiB MHOXKMHHOT Miesiomu. Heronas-
HO ITOKa3aHo, 1[0 CYYacHI peKUMHM XiMieTeparii mijJ Jyac
JIKyBaHHS MHOXXHHHOI MI€JIOMH IMOKPAIyIOTh 3arajbHy
BIDKHMBAHICTh HABITh y TMAIEHTIB i3 KapHiOBaCKyISIPHIMU
yeknanaenssmu [ 1]. TlomepeaHi 10CiKeHHS BKa3yOTh Ha
CYTTEBUI 3B’5130K KapIiOBaCKYJSIPHUX MO 13 MPOTHO30M
JUTSL XBOPUX HA MHOXKHHHY MiesoMy. Lle miarBepmxye Heoo-
X1IHICTh BIPOBAKECHHS JACTATBHIIIO! cTpaTHdiKallii pu3uKy
TIALIEHTIB 13 MHOXXMHHOIO Mi€JIOMOIO 3aJIEKHO BiJl ypaKSeHHSI
CEpIIEBO-CYJMHHOI CHCTEMH.

OcTanHi pexoMeHzaIii €BponerchKOro KapioiIoriaHOro
TOBapHUCTBA IIPONIOHYIOTh NIarHOCTUYHI IHCTPYMEHTH 115 BU-
SIBJICHHSI Kap/IIOTOKCUYHOCTI, 30KpeMa OioMapKepH TPOTIOHIH
1, BECOKOUYTMBHIA TPOTIOHIH I, MO3KOBHI HaTpiilypeTHIHHIA
nenitut (BNP), NT-gparmeHt Mo3KkoBOT0 HaTpiilypeTHuHOro
nierrrury (NT-proBNP). [pote nesiki aHaTiTHYHI CUCTEMH JUTS
BU3HAYCHHS TPOIOHIHIB MaIOTh CYTTEBI PO301KHOCTI 32 KOH-
LICHTPAIIiSIMH TPOIIOHIHIB y CHPOBATIII Ta Iu1a3Mi. Pesymbrarn
JIOCJII/PKEHHS, 0COOJIBO 1€ CTOCY€ETHCS aHAIITHYHUX CHCTEM
Tiepiiof TeHepartii, MOKyTb 3aJI€KaTH BiJ] CTYIEHs TeraprHi-
3ar1ii rra3mMu ado CHPOBATKH, IO € MPUIHHOO PO301KHOCTEH
pe3yibraris [2]. Bimomo, 1o BNP i NT-proBNP marots cyT-
TEBY BapIaTHUBHICTh 3HAYCHb, 3AJICKATh BiJl KOMOPOiTHOCTI
i ycxmagaeHs [3]. Le 3yMOBIIOE MOUTHHICTE 3’ ICYBaHHS
JIIarHOCTUYHOTO 3HAYCHHS iXHIX 3MiH Y XBOPHX Ha XPOHIU-
Hi JiMdornponidepaTrBHi 3aXBOPIOBAHHS B PEMICIi, KOJIH €
(bakTOpH PU3HKY HECTIPUSATIIMBUX KapAiOBACKYIIIPHHUX MOIH.

Hami momepenni mocmimkeHss [4,5] BKa3yroTh Ha Kope-
JSINIAHUEA 3B’S130K MIXK BUHUKHEHHSIM KapIi0BaCKYJISIPHUX
noztid 1 P-ceslekTHHOM, CTHMYITIOI0YMM (DaKTOPOM POCTY,
10 eKcIpecyeThest TeHOM 2 (sST2), y XBOpHX Ha MHOYKHHHY
Mienomy. HoBi 6iomapkep 3 pisHUMH TaTO(i310I0TIYHIMHI
MIIIICHSIMH MOKYTh 3a0€3IICUUTH JICTai3allito cTpaThdikarii
PH3HKY, 1 [1e MOXXE CIIPHSATH PO3BUTKOBI PU3UK-a/IalITOBAHOT
Tepartii MaIieHTiB i3 MHOKIHHHOIO Mi€JIOMOI0, 0COOIHBO ITpH
YPaKeHHI CEePIICBO-CYAUHHOT CHCTEMH.

MeTa po6otu

BusHaunTH IPOrHOCTHYHY MiHHICTH OioMapkepiB P-cenek-
tuHy 1 sST2 y BUHHMKHEHHI KapAiOBaCKYJISIPHUX MOMINH y
MALIEHTIB 13 MHOKUHHOIO MIEJIOMOIO.

Marepianu i MeTogu pocnimkeHHA

VY npocnimpkeHHs 3aiydniy 67 XBOpUX, SIKI AOCSIIHN perpecii
MHOXXHHHOI M1€JIOMH TICJIS IIPOTHITY XJIMHHOTO JTIKyBaHHSI Ta
He MaJI1 IIPOTrpecii 3aXBOPIOBAHHS IPOTSITOM ITEpiofy CriocTe-
pekenHst [6,7]. Ycix XBOpUX MOIUTHIIN Ha TPYIIH 3aJISKHO BiJT
BUHUKHEHHS Kap/i0BaCKYJISIPHUX IOAIH yIPOJOBK yChOTO
HEpioly CHOCTEPEIKEHHS.

lemognHAMiKy OI[iHIOBAJIH, 3aCTOCOBYIOUH CKaHEP
MyLab 50 (Itanist) y M- i B-pexunmax exosokaiii AaT4ukom
i3 wacrororo 2,5-3,5 MHz; BuUKOpHCTaIu METON TpPaHC-
TopakanbHOI exokapaiorpadii. KinneBo-miactomiqamii i
KiHIIEBO-CUCTONIYHUI 00’ €MU JTIBOTO MIUTYHOYKA BUMIPSIITH
TUTaHIMETPUYHUM MoJu(ikoBaHUM MeTozoM CiMmIcoHa.
3rizHO 3 BUMOramMu AMEpHKaHCHKOTO TOBApHCTBA EXOKap-
niorpadii, BU3Ha9aIu Qpakiito BUKAIY JTIBOTO ILTYHOUKA
(®B) Ta iHAeKc perioHaJbHOI CKOpPOUyBaNbHOI (QyHKIIIT
JBOTO ILTyHOYKA.

3pa3ku KpoBi marieHTiB Opanu Bpanti (7:00-8:00), Bu-
3Ha4aJM KOHIeHTpallito P-cenexruny Ta sST2, nonepenHpo
OXOJIOAIMBILY CUJIIKOHOBI MPOOIPKY; 31HCHIOBAIIM LIEHTPH-
¢dyryBarns 31 mBHAKICTIO 6000 00./XB IPOTATOM 15 XBIIIHH.
Hapnani mra3my KpoBi 3aMOpOKyBaITH, 30epiraiy 3a Temiepa-
Typu He Buiie HiX -35 °C. Konnenrpauiro sST2 Bu3Haumm,
BukopuctaBmu Hadopu Critical Diagnostics (USA), xar.
Homep BC—1065E. Jlns BcTaHOBNCHHS piBHA P-cenexTuHy
3actocyBaiu Habopu eBioscience (BenderMedSystems), kar.
HoMep BMS.219-4.

XapaKkTeprcTHKa TAIlieHTIB HaBeJICHA B mabauyi 1.

SIKIIo AiarHOCTYBAJIM CYIYTHIO HATOJIOTIIO, TIPH3HAYAIN
JIKyBaHHS 3TiHO 3 pekoMeHnauismu [8,9]. Tak, marien-
TiB 3 apTepiajbHOIO TIMEepPTeH3I€r0 JIKyBaJ M iHribiTopamMu
aHrioTeH3uHIIepeTBOpIoBaNbHOTO (hepmenty (IAIID) abo
aHTaroHiCTaMu pernenTopiB a0 anriorensuny I (APAID),
aHTHarperaHTaMu, cTaTuHaMu. MeTQOpMiH OTpUMYBaB
TIAIIIEHT i3 MYKPOBUM aiaberoM 2 tumy. B rpymi xBopmx
i3 KapIioBacKy/SIPHUMH TIOISIMH YaCTIiIlle 3aCTOCOBYBAJIH
IATI®D, niyperHky,

[Ticnst 3amy9eHHs B JOCIIIKSHHS MAIi€HTH 3IHCHIOBAII
Bi3UTH mIoMicsts potsroM | poxy. I1ix gac mux Bi3uTIB (ik-
CyBaJIM Kap/I0BaCKYJISIPHI MOIii: KOPOHAPHI ilIeMiuHi O/l
(iHdapkT MioKapIa, HecTaOUThHA CTCHOKAPIisT), TPAH3UTOPHY
IIIeMiYHy aTaKy, iHCYIIBT, CMEPTh BHACTIIOK OYIb-AKOI ITpH-
YHHH, CMEPTh, CIIPUYMHEHY Kapi0BACKYJISIPHUMH MOISIMH,
rocCIIiTaTi3allio Yepe3 KapAioBacKyIsipHy IIPHUMHY, CEPLIEBY
HEJIOCTATHICTh, 110 BCTAHOBJIEHA BIIEpIIIE, MPOTPECYBaHHS
MHOKUHHOT MI€JIOMH, 1HCYJIBTH, IO TiATBEPDKEHI IMi 9ac
KOMIT F0T€pHOI ToMOrpadii.

CrarucTHiHNI aHaIIi3 BUKOHAJIN, 3aCTOCYBABIIH IIPOTPaMy
SPSS s Windows v. 17.0 (SPSS Inc., Chicago, IL, CIIIA).
3a1eKHO Bifl TUIY PO3MOALTY ISl KOXKHOT 3 Oe3lepepBHUX
BEJIMUMH BU3Ha4YaM abo cepeane (M) i crannapTHe Biaxu-
neHHs (6), a0o MemiaHy it kBapTwii. [ MOpiBHAHHS TpyTT
IAL[€HTIB 32 OCHOBHUMH ITOKa3HUKaMH (3aJI€KHO Bl THITY
PO3MOIiTY aHaTi30BaHNX NOKa3HUKIB), BUKOPHCTAIH Oe3e-
pepBHUii HentapHui t-kpuTepiit CteionenTa abo U-kputepiit
Manna—BitHi. {ns ananizy Tabmuie crupspkeHOCTI 2 X 2
3acTocyBaii JIBOOIYHMI TouHHH KpuTepii Dimmepa Ta Kpu-
Tepiit y>. [loTeHIiiHI (aKTOPU BU3HAYMIN 32 TOMOMOIOKO
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OpueiHaribHi 0oCidxeHHs!

Tabnuuga 1. XapakrepucTuka nauieHTis, siki 3anyyeHi B 4OCHIMKEHHS

MokasHuk,
OANHULi BUMipHOBaHHSA

I'pyna 6e3 kapgioBacKynsipH1x nogin
(n=49)

pyna 3 kapAioBackynspHUMM NoAIAMM
(n=18)

Bik, poku 59,21 (48,16; 68,32) 61,00 (52,12; 69,81) >0,05
Yonosiku, n (%) 21 (42,9) 9 (50,0) >0,05
ApTepianbHa rineptensis, n (%) 6(12,3) 4(22,2) >0,05
[Ovceninigemis, n (%) 27 (55,1) 11(61,1) >0,05
Llykposuin giabet 2 Tuny, n (%) 0(0,0) 1(5,5) >0,05
IMT, kr/m? 26,74 (25,69; 27,79) 27,40 (25,82; 28,98) >0,05
OxwpiHHg, n (%) 5(10,2) 3(16,7) >0,05
Hapnuwkosa maca Tina, n (%) 13 (26,5) 5(27,7) >0,05
CXUnbHICTb A0 TIOTIOHOKYPIHHS, N (%) 2(4,1) 1(5,6) >0,05
LLK®, mn/xs/1,73 M2 102,30 (79,40; 127,60) 101,05 (80,80; 142,80) >0,05
KpeaTuHiH, MMonb/n 68,71 (52,41; 86,12) 73,67 (50,25; 90,98) >0,05
3aranbHuin XonecTepuH, MMonb/n 5,09 (4,28; 5,99) 4,77 (3,89; 6,12) >0,05
CAT, MM pr. CT. 124,3 (115,6; 138,8) 129,0 (116,3; 142,0) >0,05
YCC, ynapn 3a 1 x8 80,56 (70,22; 90,58) 79,43 (68,3; 94,48) >0,05
®B, % 58,11 (51,25; 64,80) 55,84 (51,41; 59,65) >0,05
E/A, op. 1,12 (0,74; 1,38) 1,17 (0,98; 1,32) >0,05
E’, cm/c 5,01 (3,82; 6,12) 4,45 (3,34; 5,74) >0,05
E/E’, op. 7,14 (5,45; 9,16) 9,29 (7,30; 11,17) <0,05
IAM® abo APAII, n (%) 5(10,2) 5(27,7) >0,05
Auetuncaniuumnosa kucnota, n (%) 41(83,7) 12 (66,7) >0,05
Cratuhm, n (%) 27 (55,1) 4(22,2) <0,05
MetdopmiH, n (%) 0(0,0) 1(5,6) >0,05
Liypetviku, n (%) 3(6,1) 6(33,3) <0,05
AHTaroHicTv anbaocTepoHy, n (%) 4(8,1) 2(11,1) >0,05

yHiBapianTHOrO aHaiizy (ANOVA), Hajani — MyJIsTHBapiaHT-
HOTO perpeciifHOro aHamizy. Pi3HHIIIO TOKa3HUKIB BBaYKAIN
CTaTUCTUYHO 3HAYYII0F0, Komu p < 0,05.

JIOCTiTHUKY YiTKO JOTPUMYBAIHCh YCIX BUMOT MO0
3MIMCHEHHS KIIHIYHUX JOCIIDKEHb. YCI MAali€HTH HaIallin
MMUCEMOBY iH(QOPMOBaHY 3TOy Ha y4acTh.

Pe3ynkratn

CepenHill 9ac CIIOCTEPEIKCHHS 3a MAI[iEHTAMH CTaHOBUB
14,0 (11,4-19,1) micsms. I3 67 marmieHTiB, SKUX 3aTy9AId B
nocnimkenss, y 18 (26,9 %) 3apeectpyBanu 36 kapuiosa-
CKYJISIDHUX TMOJIii: 2 CMepTi BHACIIIOK Kap/10BaCKY/IIPHOTO
3aXBOPIOBaHHS, 16 apuTMili cepiis, 3 eri301u CTeHOKapii,
1 iHCYNBT, 4 BUMAIKN BCTAHOBJIECHHS XPOHIYHOI CEpPIICBOI
HezgocTaTHOCTI. [IpoTsarom nepioy criocTepesKeHHs naieHTH
Oynu rocriitanizoBani 10 pa3iB yepe3 BUHUKHEHHS KapioBa-
CKyIsIpHOI maronorii. B rpymi mocmimkeHHs 3adikcyBami 2
CMEpTi, AKi He MaJi 3B’ 3Ky 3 CEPIIEBO-CYANHHUMH MOISIMH.

['pynu nauieHTiB He BiIPI3HSUIUCS 32 JeMorpadiuHUMU
XapaKTepPUCTHKaMH, (DaKTOpaMH PU3HKY BUHHUKHEHHS cep-

LIEBO-CY/IMHHUX 3aXBOPIOBAaHb, PE3YJIbTaTaAMH 010XIMIYHHX
TECTIB, HOKa3HUKaMH F'eMOJMHAMIKH. J{e11o ripii 3Ha4eHHs
MTOKA3HUKIB J1aCTOMIYHOI Ta CHCTOMIYHOT (DYHKIIT Miokapya
BUSIBIITH B TPYIIi XBOPHUX HA MHOXXHHHY Mi€JIOMY TIOPiBHSHO
3 KOHTPOJIBHOIO.

Meniana koHueHrpauii sST2 y rpymi xBopux 6e3 kap/io-
BacKyJISIpHUX 1oj1i#i cranoBuia 24,17 ur/mi (95 % noipunit
iarepBan (A1) = 12,87-27,48 ur/mi), y TpyIli MaIli€HTIB
i3 KapaioBacKyisipHUMHU nogisimu — 47,57 ur/mn (95 %
A1 =21,36-68,79 ur/mi) (p = 0,018).

Meniana koHieHTpauii P-ceirekTuny B naiieHTiB 0e3
KapAi0BacKyIIpHUX MOAiH craHoBwia 58,24 Hr/mi (95 %
JA1=32,27-77,48 ur/mi), y XBOpHX 13 Kap/1i0BaCKYJISIPHIMHI
moxisimu — 87,57 ur/mn (95 % I = 51,12-114,89 ur/mi)
(p<0,01).

Jns BU3HAUEHHS 31aTHOCTI O10JIOTIYHUX MapKepiB
MIPOTHO3YBAaTH KapIiOBacKy/IApHI IO y XBOPHX Ha MHO-
KHUHHY Miesomy 3aiticHnin ROC-ananis. J{nst kinbKicHOTO
OLIIHIOBAHHS 3HAYYLIOCTI TECTY 3aCTOCOBYBAJIH ILIOLLY
mig ROC-xpuBoto — AUC (Area Under Curve). BusiBrm,
mo sST2 3Hauymio 1moB’s3aHuil 13 KapiOBaCKYJIIPHUMHU
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moxismMu. Ha wac 3amydenns B gocmimpkerHs g sST2 Ha
KPHBIiH ONTHMAIBHOIO TouKoto noniy € 31,05 ar/mn (AUC
ROC=0,763£0,045,p<0,01, aymmuBicts — 71,5 %, crierm-
¢ianicTs — 89,8 %). Anst P-cenektuHy TOUKOIO Moztity Oymna
xoHIeHTparis 54,21 ar/mn (AUC ROC = 0,715 + 0,041,
p <0,01; aytmuBicTs — 69,6 %, cienmdivHicTh — 86,2 %).

JIst KUTBKICHOTO 31CTaBJIICHHS KIIIHIYHOT 3HAYYNIOCTI
ROC-kpuBHX 610JI0TTYHIX MapKepiB 3aCTOCYBAITH MOKa3HUK
AUC. TpyHTyIouuch Ha JTaHUX, IO OIEPKAIM, 3pOOHIH
BHCHOBOK: TIPOTHOCTHYHA SIKICTh Mozeni st sST2 myxe
BUCOKA, JIJIs1 P-cenekTuHy — BUCOKA.

AHaJTi3 BUHUKHEHHS! Kapl0BaCKYJSIPHUX MOJIIH Y XBOPHX
Ha MHOXKMHHY MI€JIOMY BIPOIOBX 12 MicsIiB crocTepe-
JKEHHs1 3aJIeXHO Bijt piBHs sST2 menmie Hix 31,05 Hr/mi i
moHaz 31,05 Hr/mi1 Ha Yac 3aJTy9eHHS B JOCTIKCHHS [TOKa3aB
CTaTUCTUYHO 3HAYYIII PO3ODKHOCTI 32 KUTBKICTIO OUiKyBaHIX
momiii (log-rank Tect: >= 202,300; p < 0,01). 3anexHo Bix
piBHS P-cenextuny menme Hix 54,21 Hr/™mi i moHax 54,21
HI/MJI Ha 4ac 3aTy4eHHS B JIOCIIIKSHHI TAKOK BCTAHOBJICHO
CTaTUCTUYHO 3HAYYIIII PO3ODKHOCTI 32 KUTBKICTIO OUiKyBaHIX
noziit (log-rank tect: y2= 184,800; p <0,01).

[t mopiBHstHES pesynbrariB ROC-aHauizy y XBOpHUX Ha
MHOXXHHHY MI€JIOMY BUKOpHCTaIH 1oka3HUK AUC, sikuit 1u1st
P-cenextuny i sST2 nocsiras 3nauenns nonan 0,7. Le namo
ITiICTaBY BU3HAYUTH 111 O10JIOTT4HI MapKepH SIK IPIOPUTETHI
Jutst (hOpMyBaHHS IPOrHOCTUYHOT Mozieni. B pasi 3actocy-
BaHHsI IBOX OiomapkepiB 3’sicyBanu: Haitolbury AUC mana
xomOiHarrist sST2 i P-cenextuny (AUC ROC=0,860=+0,045,
p <0,001, uytnusicts — 74,7 %, cneundiunicts — 91,4 %)

Uepes 3anexHicTh piBHIB $ST2 1 P-cenektuny Bin aHam-
HECTUYHUX, KITHIYHUX, KapIiOTeMOAMHAMIYHUAX (PaKTOPiB
TIePEBIPHIIN IIPHITYIIIEHHS, IO I1i (PaKTOPH MOXKYTb BIUTHBATH
HAa BUHUKHEHHS KapIiOBaCKYJSIPHHUX TOMIN HE3aJIeKHO Bif
piBHIB OiomapkepiB. [y po3noniry KOropt 3a JOIIOMOTOIO
GioMapKkepiB 3aCTOCYBANU YHIBapiaHTHHUH 1 MyJTbTHBapiaHT-
HUH perpeciiiHi anani3u. [1ig gyac yHiBapiaHTHOTO perpe-
CIfHOTO aHaJIi3y TOJIOBHUMH (haKTOpaMH, IO HE3AJIEKHO
IOB’s13aHi 3 KapAioBacKyJSIpHUMH mofistMu, Oymu sST2,
E/E’. MynsruBapiaHTHHI perpeciiiHuii aHaii3 BCTAHOBUB
sST2 sk He3aNeKHUH NMPOTHOCTUYHUI MapKep KapJioBa-
CKYJISIpHUX Tofii# (BiguomenHs mancis (BL) = 1,11; 95 %
JI1=1,08-1,15;p=0,01) BipooB:x 1 poKy CrIOCTEpEKEHHS.
yxkposuii niader 2 tumy, @B, oxupinHs He Manu mnpe-
JIMKTOPHUX BJIaCTHBOCTEH. MyJIbTHBapiaHTHUI perpeciiHumii
aHaJi3 BU3HAYMB P-celleKTHH He3a1e)KHIUM NPOrHOCTHYHUM
MapkepoM KapaioBackymsipaux mozii (BII = 1,08; 95 %
AI=1,02—-1,14; p <0,05) mpoTsirom 1 poKy criocTepeKeHHSI.

3a3HauNMo, 10 METO MPONOPLIHHOI iIHTEeHCHBHOCTI 3a
Kokcowm, sikuii 3acTocyBaim, TpyHTYETHCS HA TPHUITYIICHH]
PO HE3aJIeKHUH BIUIMB (DaKTOPIB BiJ 4acy BIPOIOBIK
JOCIIDKEHHS. BTiM, Tpo MOXKIIMBICTh HEAOOIIHKH JICSKIX
(hakTOpiB CBIAYUTH EKCIIOTCHIIIMHUI XapakTep pPO3IOIiTy
YacTOT KiHIIEBUX TOUOK.

O6roBopeHHs

HesBakatoun Ha MIMPOKE BUKOPUCTAHHS MIKHAPOIHUX
KIIIHIYHUX HPOTOKOJIB, PEe3yJIbTaTH JIIKYBaHHS MHOXHH-

HOI MI€JIOMH B M@XaX BEIUKUX JOCIIIKEHB 1 B PyTHHHIN
MIPAKTUL BIAPI3HAIOTHCS. DaKTOpH, 10 CHPUYHHSIOTH IO
PI3HMIIO, 3aUIIAIOTRCA He3 sICOBAaHUME. BH3Haummm, mo
YaCTHHA MAIi€HTIB 13 MHOXXMHHOIO MI€JIOMOIO Ma€ BUCOKHI
KapIioBacKyJISIPHAIN PU3UK, TTOB’I3aHUH 13 MiOKapIiaIbHIM
crpecoM i (idbpo3om. Tomy BBaskaeMo repcrieKTHBHUMU 010-
JIOTiYHI MapKepH KapAialbHOTO MEXaHIYHOTO HAIPY>KCHHS
JUISl IPOTHO3Y BUHUKHEHHS! Kap/1i0BaCKYJISIPHUX TOJTIH.

'V martieHTiB i3 MHOXKHHHOO Mi€JIOMOFO T TBUIIICHHS PiBHS
UPKyITIor0uoro sST2 acouitoeThest 31 30UTBIICHHSIM PHU3HKY
Kap/i0BacKyISIpHUX NOJiH. BusiBrim Takox, 1o mporHoc-
TuHa 1iHHIcTh SST2 Buia B kom6Oinauii 3 E/E’. HeoOxigHo
TIPOAOBKUTH TOIIYK HOBHUX ITPOTHOCTHYHNX MapKepiB JUIs
MOKpAIlleHHs! cTpaTi(ikallil pu3nKy BUHHUKHEHHS KyMYIlsi-
THBHUX Kap/i0BacKyJISIPHUX TOJIH.

YV Meskax bOTo JOCIIPKEHHS M ATBEPAUIIN IPOrHOCTHYHE
3HA4YEHHs] HOBUX OlOMapKepiB [ MALIEHTIB 13 MHOKHHHOIO
Mienomoro. Pe3ynerary, 1o ofeprkaiy y Halllii KOropTi ma-
LIEHTIB, TIOKa3au: HOBI Oiomapkepu sST2 i P-cenextun ma-
IOTh ICTOTHI MPOTHOCTHYHI BIACTUBOCTI II0/I0 BAHUKHEHHS
Kap/li0BaCKYJSIPHUX ITOAIH Y XBOPHX HAa MHOXXHHHY MI€JIOMY.

OcrtanHiM yacoM OioMapKepH TPOTOHiH I, BHCOKOTyTIH-
Buii TporoHiH I, BNP, NT-proBNP BukopuctoBytoTs /s
BU3HAYEHHS JiaTHO3Y Ta IPOTHO3YBAHHS KapIiOTOKCHYHOCTI
MIPOTHITYXJIMHHOTO JiKyBaHH [10].

OCKITBKH TIOPYIICHHS MiOKapa — BYKJIUBHHA (PaKkTop
NPOTHO3Y TPU MHOKHHHINA MI€JIOMI, TapaMeTpu Kapaiaib-
HOl (yHKIIi ab0 maromorii 6e3mocepeaHpO MOB’A3aHi 3
MPOTHO30M Y Malli€HTIB 3 MHOXKUHHOIO MiesloMoro. Yumana
YaCTHHA XBOPHUX HA MHOXXHHHY MI€JIOMY BXKE MalOTh TIOpY-
HICHHsI CHCTOJIIYHOT Ta A1aCTOMIYHOI (PYHKIIIN cepiis Ha Jac
BCTaHOBJICHHS JiarHO3y [1].

VY 3B’s3Ky 13 THUM, [0 BHKHBAHICTh MAIIEHTIB 13 MHO-
KMHHOIO MI€JIOMOIO ICTOTHO 301IbIIMIIacs 3aBISIKH BIPO-
Ba/DKCHHIO HOBUX JIIKAPCHKUX 3ac00iB 1 TpaHCTUIaHTaIlil
CTOBOYpOBHX KJIITHH, BUHUKJIA HEOOXITHICTh JETaIbHINIOT
cTpatudikamii pu3uKy KapAiOBaCKYJISIPHUX MOMIN mpH it
TIATOJIOTi.

Tpaaumiiiai 6ioMapkepH, He3BaKAIOUN Ha IXHIO ITPOTHOC-
TUYHY [IHHICTB, III0 BA3HAYCHA B TIONIEPEIHIX TOCIIKCHHSX,
MAaroTh TeBHI Henomiku. Tak, mporHoCTHYHA HiHHICTH NT-
proBNP cuiibHO 3a51ekuTh BiJl 00’ €My HUPKYJIIOI0U0i KPOBi
ta ¢yHkmii Hupok [11]. Tomy HOBITHI GioMapkepy MOXKYTh
MaTH NepeBary, BPaXOBYIOUH OOMEKECHHS TPaJuIiitHUX
GiomapkepiB.

Baxnue 3HaueHHs B cUrHasibHOMY JtaHIory 1L-33 mae
sST2, sikuii HaNeKUTH A0 ciMeiicTBa penentopis IL-1 [12].
PiBenb sST2 migBuIyeThCsl B MAIIEHTIB i3 CEPIIEBOIO He-
JOCTATHICTIO, IO MUIIXOM ONMoKyBaHHs perentopiB I1L-33
3MeHIye Horo kapaionporekTuBHi edexru [13]. bararo
JOCTIKEHb BKa3yIOTh Ha 3HAYYIIHMU 3B’s30K MK sST2 i
MPOTHO30M MAII€HTIB 13 TOCTPOO Ta XPOHIYHOO CEPIIEBOIO
HeMOCTaTHICTIO [ 14].

Pesynbraru Hamoro AocCiipkeHHs mokaszamu: sST2 i
P-cenekTnH MaroTh MPOTHOCTUYHY IIHHICT y MAII€HTIB 13
MHOXUHHOIO Mienomoro. KomGinaris sST2 1 P-cenextuny
Ma€e ICTOTHY IPOTHOCTHYHY WIHHICTh 100 BHHUKHEHHS
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OpueiHaribHi 0oCidxeHHs!

KapIiOBaCKYISIPHUX MOAIH, IEPEBHIIYE OKpeMe MPOTHOC-
THUYHE 3HAYCHHS KOYKHOTO 13 1ux OiomapkepiB. Kpim Toro,
piBHi sST2 i P-cenextuny moB’si3aHi 3 MOKa3HUKAMH [iia-
CTOJIYHOI (PYHKIII1 JTIBOTO IUTYHOYKA (CeNTaNbHa IIBHIKICTh
e’). Pesynbrary, 1o onepkaiu, CBiayarh Mpo MOKJIHBICTb
3actocyBaHHs sST2 i P-cenektuHy Ui IpOTOBKCHHS BH-
3HA4YEHHsI IPOTHO3Y B MAI[IEHTIB i3 MHOKHHHOIO Mi€JIOMOIO.
Crparudikanisi pu3HKy 3 HOBUMH OloMapKepaMu MOXKe J10-
TIOMOT'TH Y BU3HAYEHHI TPYIH MAII€HTIB IS 3aCTOCYBAHHS
HOBUX CTpareriii JIIKyBaHHsI.

VYV pocaigkeHHi, Mo 3aiHCHIIN, € oOMexeHHs. Tak,
3aJyYHIM BiTHOCHO HEBENHKY KiUTBbKICTh TAILi€HTIB, TOMY
ONTHMaJbHI TOUKHM Noxiry KoHuentpauiit sST2 i P-cenex-
THUHY NOTPeOyIOTh Balifalii B HACTYITHHUX JOCHIDKEHHSX.
Kpim Toro, 3a3Ha9MMO: 1€ KOTOPTHE TOCHTIHKEHHS — OJTHOTO
LIEHTPY, a IPOTHO3 1 0a30Bi XapaKTEPUCTUKH HAIIINX Talli€H-
TiB MOXYTh HE BIIOMBATH 3arajbHY MO0 XBOPHX HA
MHO)KHHHY MI€JIOMY.

BucHoBku

1. HogiTHi 6iomapkepn sST2 i P-cexekTriH MaroTh IpOrHOC-
TUYHI BJIACTUBOCTI I110JI0 BUHUKHCHHS Kapi0BaCKYJIIPHUX
TIOMIN Y TMAIIEHTIB i3 MHOKHHHOIO Mi€JIOMOTO.

2. biomapxepu sST2 i P-cenekTrH MOXYTh 320€3MEUNTH
JIOJIATKOBY CTPAaTH(IKAIIIO PU3UKY B XBOPUX HA MHOKHHHY
Mi€IoMy.

3.V nami€HTIB 13 MM ATBEPHKCHOK MHOKHHHOO MI€JIOMOKO
B TIOBHIH 200 4acTKOBiil pemicii MiABUILEHHS PIBHS LIUPKY-
Tor090ro SST2 acoLitOETHCS 3 BHHUKHEHHSM Kap/IioBacKy-
JISIPHUX TOJIH MpoTsIroM 1 poky.

4. HactymHi mocimikeHHsI MOTPiOHI TS BaiaIlii ONTH-
MaJTbHUX TOYOK TTOZiTY KoHneHTpamiit sST2 i P-cenexrumy,
a TaKOX OI[IHIOBAHHS MOXKIIHUBOCTI 1X 3aCTOCYBaHHSI JIJIs
MOHITOPHHTY €(DeKTUBHOCTI JIIKyBaHHSI.

[lepenexTuBy nofaabLINX focimkens. HeoOxinHi HacTyIHI
HE3aJIeXHI JIOCII/PKeHHS 13 3aJIy4eHHSIM OLIbIIOT KOrOpTH
TIAIIE€HTIB TSI TOBHOI BaJIialii Ta miATBepKSHHS HAIIOl
TIMOTE3H MPO JOAATKOBI MPOTHOCTUYHI BIacTUBOCTI SST2 i
P-cenektuHy B XBOPUX Ha MHOXKHHHY Mi€JIOMY.
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CtaH HUpKoBOI (DYHKLIiT y YONOBIKiB i3 rinepToHiYHOK XBOPOOOHO
B YMOBax NopyLlueHb NYpUHOBOro Ta BYrneBoAHOro ooMiHy

M. 0. KonecHnk=AEF, O. B. dyako = ABCDEF

3anopisbkuil AepKaBHUA MeanYHUIA yHIBepcuTeT, YkpaiHa

A — KoHLUenNLisi Ta Au3aitH gocnimxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTtauis faHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTTi

Meta poboTy — OLiHWTK CTaH HMPKOBOI (OYHKLIi B YOMOBIKIB i3 MiNEpPTOHIYHOK XBOPOOOK B YMOBAX MOPYLLEHHS MypPUHOBOIO Ta BYIMeBO-
[HOTO O6MiHYy.

Matepianu i metogu. ¥ 60 nauieHTiB Yonoaivoi ctari (Bik — 18—65 pokiB) i3 rinepToHiYHO xBOpO6OIO |-II cTadin, NopyLLEeHHIMU MypuHO-
BOrO Ta BYrneBoAHoro 06miHy Br3Hayanu piBeHb ce4oBoi kucnotu (CK) go6oBoi ceui, pakuiitHoi ekckpeuii CK, kpeaTuHiHy 4o60Boi ceui,
MikpoanbOyMiHy B cedi Ta piBeHb LmucTatuHy C. [insg focnifgxeHHs remoauHamikv BUkoHanu 4o60Be MOHITOPYBaHHS apTepianbHOMo TUCKY
(AT). OuiHoBaHHSI MOKa3HMKIB KiIHETWKM Ta AedhopmaLii Miokapaa — B pexwmi offline 3a gonomoroto iHTErpoBaHOro A0 YNbTPa3ByKOBOIrO
npunagy nakety nporpam Xstrain (Esaote, Itanis). MauieHTiB noginunu Ha 2 kniHivHi rpynu: 1 — rinepToHivHa xeopoba (MX) i3 rinepypw-
kemieto; 2 — "X 6e3 ypukemii. CTaTMCTUYHMIA aHani3 pesynbTaTiB BUKOHanm, BUKopucTaBLLy nakeT nporpam Statistica 13.0 (Statsoft, CLLUA).

PeaynikraTi. Y xBopux 1 rpynv BCTAHOBMAW [OCTOBIPHO BULLMIA PiBEHb MikpoanbOyMiHy Cevi Ta BiporigHe 3HKEHHS NoKasHWKa hpakLiiHoi
ekckpewii CK (p < 0,001) nopisHsiHO 3 nauieHTamu 2 rpynu. Lie Bkasye Ha noripLueHHst HUPKOBOI (hYHKLLT B yMOBaXx rinepypukemii.

Y 1 rpyni BUSIBUNY NO3UTUBHWUI KOPENSLINHWIA 3B'A30K UucTaTuHy C i3 cepeaHiM AeHHum cuctonivimm AT (CAT) (r = 0,408) i BapiabenbHicTio
niactonivHoro AT (OAT) yHoui (r = 0,405), mikpoansbymiHy cedi 3 cepegHiMm CAT yHoui (r = 0,390) Ta cepenHim nynscoeum AT (r = 0,402),
TOBLLMHOIO 3aAHbOI CTiHKM niBoro LwnyHouyka (1LW) (r = 0,438), iHoekcom macu miokapga JILW (r = 0,621), kiHLeBo-AiacToONIYHUM iHOEKCOM
(KA (r = 0,492), kiHueBo-cuctoniyHum ingekcom (KCI) (r = 0,426), nepeaHbo-3aaHim poamipom J1LL (r = 0,385). HeraTuBHuMin KopenauinHwii
38’130k BU3Haumnu Mixx CK cupoBaTku kpoBi Ta cpakuieto Bukmay J1LU (r = -0,410), mikpoansbymiHy cevi Ta cepuesuM iHaekcom (r = -0,555),
LUBMAKICTIO PyXy nmaTepanbHOi YacTuHK Gibpo3HOro KinbLis MiTpanbHoro knanawa (r = -0,453).

BucHoBku. Y pesynbrati AOCHIMHKEHHS BCTAHOBUNW HETaTUBHUIA BNAWB rinepypukeMii Ta rinepriikemii Ha HUPKOBY (OYHKLIIO B NaLieHTIB
i3 ['X. Mpo ui 3miHW cBiguMTL 36iNbLIEHHS MikpoanbOyMiHypii, 3HMKeHHS dpakuiiHoi ekckpeuii CK i niguweHHs pisHs CK crpoBaTky,
pemMozentoBaHHs MiokapAa Ta NoripLIEHHs CUCTOMIYHOI PYHKLIT cepus, noripleHHs 4obosoro npodinto AT.

Kntouogi crosa: rinepToHiyHa xBopoba, H1PKoBa (OYHKLIS, rinepypukeMis, rinepriikemisi, Mikpoanb0yMmiHypis.
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The renal function in men with hypertension in conditions of purine and carbohydrate metabolism disorders
M. Yu. Kolesnyk, O. V. Dudko
Aim. To assess the condition of renal function in hypertensive men in conditions of disorders of purine and carbohydrate metabolism

Material and methods. 60 male patients (aged from 18 to 65 years) with stage |- of arterial hypertension (AH) and purine and carbohydrate
metabolism disorders were examined. In these patients, the level of uric acid (UA) in daily urine, fractional excretion of UA, creatinine
in daily urine, microalbumin in urine and the cystatin C level were determined. Hemodynamics was studied by daily blood pressure
monitoring. Assessment of kinetics and deformation of the myocardium in offline mode using the Xstrain software package integrated into
the ultrasound device (Esaote, Italy) was made. Patients were divided into 2 clinical groups — 1 group of AH with hyperuricemia, 2 — AH
without uricemia. Statistical analysis of the results was performed using the Statistica 13.0 software package (Statsoft, USA).

Results. Correlation analysis in group 1 showed a positive correlation of cystatin C with the average daytime systolic blood pressure (SBP)
(r=0.408) and the variability of diastolic blood pressure (DBP) at night (r = 0.405), urinary microalbumin with the average SBP at night
(r=0.390) and average pulse blood pressure (r = 0.402), LV posterior wall thickness (r = 0.438), LV myocardial mass index (r = 0.621),
end-diastolic index (EDI) (r = 0.492), end-systolic index (ESI) (r = 0.426), LV anterior-posterior size (r = 0.385). A negative correlation
was established between blood serum SC and ejection fraction (EF) of the LV (r = -0.410), urinary microalbumin with cardiac index (SI)
(r=-0.555) and the speed of movement of the lateral (e’ lat) part of the annulus fibrosus mitral valve (r = -0.453).
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Conclusions. As a result of the studies, the negative influence of hyperuricemia and hyperglycemia in patients with AH on renal function
was established. These changes were evidenced by an increase in microalbuminuria level, a decrease in the fractional excretion of UA,
an increasing the serum UA level, remodeling of the myocardium, and worsening of the heart systolic function, worsening of the daily

blood pressure profile.

Key words: arterial hypertension, kidney function, hyperuricemia, hyperglycemia, microalbuminuria.
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lNneproniuna xBopoba (I'X) — Halinommupenime 3axBo-
PIOBaHHS cepell XBOPOO CHCTEMH KPOBOOOITY. 3a JaHUMH
BOO3, y caiTi 1,28 mupa nopocnux mrozneit Bikom 30-79
POKiB cTpaxkaatoTh Ha ['X, maibxe 46 % He 3HAIOTh PO CBOE
3aXBOPIOBAHHS, a MeHIIE HiX 42 % BUIA/IKIB A1arHOCTYIOTh
i mikyroth [1]. B VYkpaini yactka I'X y cTpykTypi cepiie-
BO-CY/IMHHUX 3aXBOPIOBaHb CTaHOBUTH 41,2 % [2]. Y cBiTi
nompenicts ['X cepen qonogikis Buia (41,4 %), Hixk cepen
xiHOK (37,7 %) [3]. Pusuk po3BUTKY CepleBO-CYJHHHHX
noziiit, moB’s3anHux 13 ['X, BU3HauaeThCsl HE TUIBKKM PIBHEM
aprepiasibHoro THCKY (AT) Ta KUIbKICTIO YHHHUKIB PU3HKY,
aJic ¥ HasBHICTIO TIOIIKOKECHHsI OpraHiB-mimieHei [4].

3a manmmu MikHapomHux ToBapuctB ESC/ESH (2018),
KDIGO (2012), ACC/AHA (2019) [5-7], I'X — BaxmBuii
(haxTOp BUHUKHEHHS XpOHIYHOI XBopoOu Hupok (XXH); 1i
momupeHicTbeTanoBUTH 60-90 % 3anexHo Bix cramii XXH
Ta 1l npuanaH [§]. B ocTanHi poku 6araTo yBaru npuIiisioTh
TirmepypHuKeMii K He3aJIeKHOMY JT0JaTKOBOMY (PaKTopy Kap-
JOBACKYISIPHOTO PH3HKY Ta IOTiPIIEHHIO HUPKOBOI (PYHKIIii
3 popmyBanHssM XXH. ExcriepuMeHTanbHi JOCITIKEHHS
TIOKA3aJIN: TiABUIICHHS piBHs cedoBoi kuciot (CK) mpu-
3BOIUTH /10 PO3BUTKY ['X BHACIIZIOK PSMOTO HETaTUBHOTO
BBy CK Ha mazaki mM’si3u (cTumysnioe mpodtidepartio
II3/IKOM SI30BHX KJIITHH CYAWH IIJISIXOM aKTHBAIlii POCTOBHX
(hakTOpiB, BA30KOHCTPUKTOPHHUX 1 IIPO3aIiaJIbHUX MOJIEKYII) i
Ha CHAOTENIH CyIuH (IPUTHIYYye cHHTE3 OKeHuy a3oty (NO),
CTUMYITIOE OKcHIatuBHUM cTpec) [9,10,16]. Lle npusBoauTh
JI0 PO3BUTKY IIPENIOMEPYIISIPHOT apTepionarii Ta TyOy:10iH-
TEPCTHUILIHOTO YpayKeHHSI, aKTHBAIlii peHIH-aHT10TCH3UHOBOT
CHCTEMH.

CK Moe BUKJIMKATH TOTIpIICHHS YyTIMBOCTI TKaHUH
JI0 IHCYJIIHY, IPU3BOMASYM 10 1HCYTIHOPE3UCTCHTHOCTI Ta
MJBUILEHHS PiBHS IItoko3u kpoBi [11,12]. Mexanizmu
He(pOTOKCHYHOT Iii rinepriikemii moB’si3aHi 3 Hedep-
MEHTAaTHMBHHUM IJIIKYBaHHSIM OUIKIB 1 JIIiJIB HUPKOBUX
MeMOpaH, 110 3MIHIOIOTh IXHIO CTPYKTYPY Ta (YHKIIIO; 3
MIPSMHUM TOKCUYHUM BIITMBOM INIFOKO3U Ha TKAHUHY HUPOK,
10 CHPUYMHAE aKTHBAIi0 (epMeHTy mpoteinkinasu C i
T IBUIIECHHS IPOHUKHOCTI HUPKOBHX CYIUH; 3 aKTHBALII€T0
OKHCHHX DPEaKIii, M0 CTUMYIIOIOTh YTBOPEHHS BEIHKOI
KUTBKOCTI BUTBHHX paJInKaNiB, IKi MalOTh ITATOTOKCHIHUN
edexr [13].

OCHOBHI MapKepH ypakeHHsI HIPOK — PiBHI MPOTEIHYIi,
apOyMiHypii, KOHIIGHTpAIIis KPEeaTHHIHY KPOBi, €KCKPEIlis
KpEaTHHIHY 3 CEYelo, MBUAKICTh KITyOOUKOBOI (ibTparii
(ILIK®D). V pa3i nopymieHHs TypHHOBOTO OOMIHY JOIATKO-
BUMH MapKepamH, 1110 BKA3YIOTh Ha MOTIpPIICHHS HUPKOBOT
(yHKIIT Ta eKcKperii ceuoBoi KUCIIOTH, € Bu3HadeHHs CK y
n000Bi# ceui Ta ¢paxuiitna exckperist CK. Yparu kposi J10-
Ope QLIBTPYIOTHCS IIOMEPYIISIPHAM artapaToM i 31e01IbIIoro

peabcopOyrOThCS B MPOKCHMAIBHUX BiJUIiIaX KIyOOUKiB.
Tineku 3—10 % BindiIBTPOBAaHUX YpaTiB EKCKPETYIOTHCS 3
cedero, perTa peadcopOyeThes B IPOKCUMATBHUX BiUILIAX
HUPKOBHX KaHaubLiB. Ppakuiitna exckpenist CK nae 3mory
BU3HaYaTH eeKTUBHICTH peabcopOuii yparis Hupkamu [ 14].

[MTopymieHHs ypHHOBOTO OOMIiHY 3aIlyCKae Kackaj Iia-
TOJIOTIYHMX PEaKIiii, KOTpi MPU3BOISITH O MOTIPUICHHS
(YHKIIOHYBaHHSI BCIX OpPraHiB i CHCTEM, acCOILIIOIOTHCS 3
KJ1actepamu MetadoniyHoro cunapomy [11]. Y cBiti 25-35 %
JIOPOCIIOTO HACETICHHS MAatOTh METa0OTIYH1 3MIHH, HACTTI TKOM
SIKMX € PO3BUTOK 1HCYJIIHOPE3UCTECHTHOCTI, AMUCIHIMiIeMil,
BiCLIEpaJIbHOTO OXXHPIHHS, apTepialbHOI rinepTeHsii, ri-
MIEePKOAryJSIIHHOTO CTaHy, EHA0TENadbHOT ANCHYHKIIII,
rinepypukemii [ 15]. Iopymmenns ¢pynkuii Hupox Ha i ['X,
0CO0JIMBO B yMOBaX MeTa0OIIYHHX 3MiH, CBITYUTH PO BIpO-
TiTHE IiIBUIIEHHS PU3HKY BHHUKHEHHSI CEepIIEBO-CYITUHHIX
YCKJIaJHEeHb 1 Kap/iaJbHOi CMepTi.

MeTa pobotu

Ouinnty ctaH HUPKOBOI (DYHKIIT B YOJOBIKIB 13 TirmepTo-
HIYHOIO XBOPOOOIO B YMOBaX IOPYIIEHHS ITypHHOBOTO Ta
BYIJICBOJTHOTO OOMiHY.

Marepianu i MeTogu gocnimkeHHA

VY BizKpuTe NpOCHEKTHBHE JOCHIKEHHS 3arydmn 60 Jo-
JIOBIKiB BikoM 18—65 poKiB i3 TinepToHIYHOO XBopoOoto I-11
CTaziil 3a KpUTEPiAMH €BPONEHCHKOI0 TOBAPHCTBA Kapio-
noriB (ESC/ESH) 2018 poky; B HaIli€eHTiB BUSIBUIN CYITyTHI
MTOPYIICHHS ITyPUHOBOTO Ta BYIJIEBOIHOTO OOMIHY [5].

Kputepii 3aimydeHss — 4osoBiva crars, piBeHs CK cupo-
BaTKH KpoBi moHax 420 MKMOJIB/J i HAsIBHICTB TIepetiadeTy.
Kpurepii Bukmrouenas nependadamu ['X 11 cranii, Bropus-
Hi TimepTeHsii, TIMepTeH3il0 «OLIoro Xanaray, IeMidHy
XBOpOOy cepiis, GpiOpuiIsinito ado TPIMOTIHHS Mepeacepasb,
BPO/DKeHI Ta HaOyTi BaJy Ceplls, KapioMioIarii, JJereHeBy
rinmepreHsito, cepueBy HEIOCTaTHICTh, IyKPOBUH /ialer,
OHKOIIATOJIOTII0 (BKJIIOYAIOYM 3aXBOPIOBAHHS KPOBI), XpoO-
HiuHy XBopoOy Hupok (ILIK®D 3a CKD-EPI <60 miu/xB),
IJIOMEpYJISIpHI 3aXBOPIOBAHHSI HUPOK, aKTUBHI 1H(EKIIHHI
XBOPOOH, 3arOCTPEHHSI XPOHIYHOTO ITOAArPUIHOTO apTPUTY
a0o rocTpy nojarpuyuHy araxy, rncopias, oxupinas III cry-
TICHST, TPUHMAaHHSI TIa3UTHHX 1 TIa3UA0TOMIOHIX [Ty PETHKIB.

[Mepeniaber (mopymeHHs riikemii Harmecepue Ta/abo
TIOPYLIEHHS TOJIEPAHTHOCTI J0 BYIVIEBOJIB), 32 PEKOMEH/Ia-
missMu AMEpPHKaHCBKOI Tia0eTHYHOT acoIlianii, BU3HAYAIIH,
KOJIM PiBEHb IVIIOKO3W B ILIa3Mi KPOBI HATIIe CTaHOBUB
5,6—6,9 MMomB/1 Ta/ab0 TIKO3MILOBAHOTO TEMOTIIO0IHY —
5,7-6,4 %, a TakoX 3a pe3yJabTaTaMu [TIFOKO30TOJIEPAHTHOTO
tecty [17].
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Tabnuuga 1. KniHiyHa xapakTepucTuka nauieHTiB i3 rpyn AOCIIKEHHS

Bik, poku 50,0 (20,0; 61,0) 46,0 (25,0; 62,0) 0,620
3picT, cm 178,0 (163,0; 207,0) 179,0 (168,0; 187,0) 0,662
Bara, kr 94,0 (63,0; 133,0) 97,0 (72,0; 125,0) 0,073
IMT, kr/m2 28,1(21,7;36,2) 31,2 (23,8; 38,0) 0,029
O6Bip Tanii, cm 101,0 (86,0; 123,0) 105,0 (94,5; 126,0) 0,016
X, poku 5,0 (1,0; 25,0) 5,0 (0,5; 25,0) 0,994
Crynitb X, n/%:

1 0 1/3,5 >0,05

2 9/29 11/37,9

3 2271 17/58,6

X: rinepToHiuHa xBopoba; 'Y: rinepypukemisi; IMT: iHgekc Macu Tina; p: kputepiii MaHHa-BiTHI.

Yeim marieaTaM 3aiHCHUITH JOCITIKEHHS CHPOBATKU KPOBI
Ha aBTOMaTHYHOMY OioximMiuHOMYy anaitizaropi Accent-200
(Cormay, ITonbiia) 3 BusHaueHusM piBast CK, kpearuniny,
nuctatuHy C, IIIOKO3H, TIIKO3WIHOBAHOTO TEMOTTIO0IHY.
IK® po3paxoByBaiu 3a piBHEM KpPEaTHHIHY Ta IIHCTATHHY
C 3a ¢opmynamu Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI). KonnenTparito Mikpoaab0yMiHy
cedl BUMIPSUTH Ha IMYHOXEMIJFOMIHECIIEHTHOMY aBTOMa-
TraHOMYy aHamizaropi Immulite 100 (Siemens Healthcare,
Himeuunna). Pisers CK 1000B0i cedi, ppakmiiiHoi ekcKperii
CK i kpearuniny 1000BOi ceui BU3HAYAIH 32 CTAHAAPTHUMHU
po3paxyHKOBUMH (OopMyaMH. [JTFOKO30TOJIEPAHTHUIN TECT
BUKOHAJIM 3 BU3HAYCHHSM PiBHS IITIOKO3H y BEHO3HIH KPOBi
HaTIIeceple Ta Yepe3 2 TOANHH MiCIs NepopabHOTO BXKHU-
BaHHA 75 T DIIOKO3U.

Jis 1000BOr0 MOHITOpYBaHHS apTepiaibHOTO THUCKY
(IMAT) Buxopucraiu nopraruBauii npucrpii ABPM-04
(Meditech, Yropumna). TpancTopakaibHy €XOKap/Ii0CKOIIiI0
(EXOKC) BukoHaiM Ha ynsTpa3BykoBoMy ckaHepi Vivid E9
XDClear Console 4D Expert 100 (General Electric, CILIA),
3actocyBaBiM (azoBanuii garauk MSS-D (1,7-4,6 MI ).

CraTtiucTHYHAN aHaI3 PEe3y/IbTaTiB BUKOHAIIH, BUKOPHCTO-
ByrO4H makeT rmporpam Statistica 13.0 (Statsoft, CLIA). dns
NIepeBIpKM HOPMAJIBHOCTI PO3MOIUTY JaHUX 3aCTOCYBAJIH
kputepiit lllanipo—Binka. binpiicTe Moka3HUKIB Maju
PO3IIOIL, 1110 BiAPI3HSBCS BiJl HOPMAIBLHOTO, TOMY JIaHi Ha-
BEJICHO SIK MeJTliaHy Ta MKKBapTIUIBHIH po3Max — Me (Q25;
Q75). SIkicHI IOKa3HUKH HABEICHO SIK a0COIOTHI YacTOTH
Ta BifcoTku (n/%). [TopiBHSIHHS MK JBOMa HE3AJIC)KHUMU
rpynamu 3iHCHIIM 3a JIONOMOIOK0 HerapamMeTpUYHOro
kputepito Manna-Bitai. [l BCTaHOBIEHHS 3B’S3Ky MiXK
MTOKa3HUKaMHU pO3paxyBasii KoedimieHT kopemsmii Cripme-
Ha. CTaTUCTHYHO 3HAYYLIMMH BBa)XKaJIM BIAMIHHOCTI NpU
p <0,05.

Pe3ynkratn

Y4acHUKIB TOCTIKEHHS MOJUTHIN Ha JBi TPyNH: TepIia
(ocHoBHa) — 31 yonosik i3 I'X, mepemmiabeToM i CymyTHIMEI
MOPYLIEHHSMH ITyPHHOBOTO 00OMiHY; Jpyra (KOHTPOJIbHA) —

29 gonogikiB i3 'X i mopymeHHIMEI METa00ITi3MY TITFOKO3H
6e3 rinepypukemii. KiiHi9Hy XapaKTepHUCTHKY TaIli€HTiB
HaBe/IeHO B maobnuyi 1.

OTxe, TPyIH AOCIHIIKCHHS 3iCTaBHI 3a BIKOM, 3pOCTOM,
Baror0, TPUBAIICTIO Tiepebiry I'X 1 cTymeHeM i IBHIICHHS
aprepiasibHoro THcky (p > 0,05); BusiBuin pizuuino 3a IMT
Ta 00Boz0M Tautii (p < 0,05).

[NarieHTH OCHOBHOT IPyNU MaJIU OLIBII BUPAKCHI MOPY-
IIIEHHS HUPKOBOT (PYHKIIiT ITOPIBHSIHO 3 XBOpHMH 2 TpymiH. Pe-
3yJIBTaTH JTA00PATOPHUX JIOCIIKEHb HaBEIEHO B /mabauyi 2.

VY xBopux | Tpymy, sKi Manu apTepialibHy TilepTeH3ilo,
TinepriikeMito, TimepypruKeMito, BU3HAYHMIN JOCTOBIPHO
BHIIMH piBeHb MiKpOaTbOyMiHY Cedi IMOPIBHIHO 3 TMalli-
€HTaMH 2 TPymH. Y TMamieHTiB | TPyNmu BHABHIN TaKOXK
BIpOTiJIHE 3HIDKEHHs IOKa3HUKa (pakiiifHoi exckperii CK
(p < 0,001), o Bkazye Ha HOTIPIICHHS HUPKOBOI (PyHKIT
B YMOBax rinepypukemii. Lle 3yMoBiIt0€ miiBUILICHHS PiBHS
CK i cnipuumHsie 1l HeraTUBHU BIUIMB Ha CEPLEBO-CYANHHY
CHCTEMY Ta HUPKH.

B ocranni poku sk HaTiHHIMINA eHIOTEHHUH MapKep
(byHKLIT HIPOK BUKOPHCTOBYIOTH HUCTATHH C, 0COOIMBO ISt
JiarHocTHKY odarkoBux 3MiH LIK® [19]. Briwm, i1 gac aHa-
T3y pe3yABTAaTIB, IO OJCPKANIN B HAILIOMY JOCTIKEHHI, HE
BHSIBIJTH JOCTOBIPHOI PI3HMII 32 MOKa3HUKOM UcTaTHHy C
y rpynax pocmimkenss (p > 0,05).

[Tix yac KOpeAIItHOTO aHai3y BCTAHOBUIIU BILIHB Mapa-
MeTpiB HupKoBoi pyHkii Ha JIMAT i crpykTypHO-(hyHKIIiO-
HaJIbHI IOKa3HUKH MioKap/ia (3a JaHUMH TPaHCTOpaKalbHOT
EXOKC) y rpymni nauientis i3 I'X B ymoBax nepeziiadery ta
rinepypukemii. [To3uTHBHMIA KOpeIsIiitHNIA B3a€EMO3B’ 30K
BUSIBUIH U1 IctatiHy C Ta cepeiHboro JEHHOTO CHCTO-
migaoro AT (CAT) (r = +0,408, p < 0,05), BapiabempHOCTI
niacromigaoro AT (JIAT) yroui (r = +0,405, p < 0,05), ms
MikpoansOyminy cedi Ta cepeqaboro CAT yHoui (r=+0,390,
p <0,05), cepennporo mynascoBoro AT (r=-+0,402, p <0,05),
ToBINMHK 3anHbOI ctinku JIII (r = +0,438, p < 0,05),
inmexcy macu miokapma JILI (r = +0,621, p < 0,05), kiH-
neBo-aiacroniuyHoro ingexcy (KAI) (r = +0,492, p < 0,05),
KiHneBo-cucroiynoro inaekcy (KCI) (r=+0,426, p <0,05),
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Tabnuuga 2. Noka3HUK1 HUPKOBOI (OYHKLi B NALLIEHTIB i3 rpyn AOCHIMKEHHS

Ipyna 2 (X 6e3 Y), n=29 _

CK cuposatku 432,0 (276,0; 628,0) 324,0 (186,0; 422,0) <0,001
KpeaTuHiH cupoBatku 81,0 (57,0; 95,0) 78,0 (62,0; 100,0) 0,473
LincratuH C cupoBatku 0,87 (0,62; 1,44) 0,93 (0,61; 1,14) 0,087
LLIK® kpeatuHi (CKD-EPI) 100,0 (79,0; 120,0) 98,0 (75,0; 116,0) 0,842
LWK® umncratun C (CKD-EPI) 99,0 (52,0; 125,0) 91,0 (66,0; 129,0) 0,124
CK noboBoi ceui 4,49 (1,53; 9,12) 5,34 (1,55; 8,82) 0,554
KpeatuHin foboBoi cevi 11,20 (5,74; 21,70) 12,80 (3,72; 23,40) 0,988
®pakuiiHa ekckpeuis CK 7,10 (4,00; 11,81) 10,30 (7,29; 21,20) <0,001
MikpoansbymiH cevi 11,2 (2,50; 59,50) 9,7 (3,3; 22,2) <0,001

CK: ceyoa kucnora; LLK®: wewnakicTb knyboukoBoi cinbrpadii; p: kputepinn MaHHa—BiTHI.

nepenHbo-3a1Hp0r0 po3mipy JILI (r=+0,385, p<0,05). He-
TaTUBHUHN KOPEIIIHI B3a€MO3B 530K BcTaHOBIITH Mixk CK
CHPOBATKH KpoBi Ta ppaxmiero Bukumy (OB) JIII (r=-0,410,
p <0,05), piBHEM MiKpOATBOyMiHY Ceui Ta CEpPIICBUM 1HICK-
com (CI) (r=-0,555, p <0,05), mBHAKICTIO pyXY JIaTepaIbHOT
(¢’ lat) yacTuHu (HiOPO3HOTO KUIBI MITPAILHOTO KIIAllaHa
(r=-0,453,p <0,05).

OO6roBopeHHs

[TigBuIeHwit apTepiadbHUM THCK OB’ sI3aHUI 13 IPUCKOPE-
HHUM TEMIIOM TIOTIpIIEHHSI HUPKOBOI (DYHKIIIT Ta BHHUKHEH-
Hsim XXH. Tinepypurkemisi Ta rinepriiikeMist PUCKOPIOIOTh
nporpecyBannas XXH [20]. JJocmimkeHHs, M0 3MiHCHIIH,
MATBEPAIN BiZIOMi JIaHi TIPO BIDIMB METaOOMIYHUX TTOPY-
1IeHb (rinepypukeMii Ta rinepriiikemii) Ha GpyHKIII0 HUPOK
y marienTis i3 X [13,21].

Mikpoaas0yMiH — paHHIH MapKep ypaKeHHs HUPOK (JacTo
e g0 3umkeHHs IK®), mae BaximBe JiarHOCTUYHE Ta
MIPOrHOCTUYHE 3HaYeHHS 1110710 iporpecyBanHsa X XH. [TosiBy
LIOTO O1JIKa BBAXKAIOTH MOKa3HUKOM PAHHBOT'O MOIIKO/PKEH-
Hs (qucdyHKIIT) eHI0TeNi0 CyanH (BKIIOYAlOuN CyAWHH
KITyOOUKa), 0 TPH3BOAUTD A0 IMiIBUIICHHS MPOHUKHOCTI
CYAMHHOI CTIHKH Ta KiTy00ukoBoi (hinsrpartii. [ ineprepdysito
Ta rinepQiabTPariiio YacTime peecTpyroTh, KON € OKUPIHHS,
rimepypukeMis Ta rinepriikemis [18]. B rpymi namieHTiB i3
I'X i MeTabosiYHUMH MTOPYIIEHHSIMH MW BU3HAYMJIM BHU-
PaKEHIITy MIiKpOAIEOYMIHYpit0 Ta 3MCHIIICHHS MTOKA3HUKA
(bpaxkiitaol exckpernii CK, Hix y rpymi namienTis i3 I'X 6e3
JOaTKOBUX (DakTOpiB pusuKy. Lle 30iraeThcst 3 TaHUMU 1H-
X aBTopiB [ 14,22]. OTKe, MiATBEPFIIH HETaTUBHIH BILTHB
CK i rinepriikemii Ha €HAOTEIIH CYIUH i3 TOPYIICHHSIM KTy~
60uxoBoi pinbrpanii Ta peadcopoOuii. [TinBumeHHs ekckperii
aTbOyMiHY 3 CEUYCIO aCOIIIOETHCS 3 ICTOTHIM ITiIBUIIICHHSIM
Kapli0BacKyJISIPHOTO PU3KKY. SHKEHHS (ppaKiiiHOT eKCKpe-
uii CK i migBumeHHs i peabcopOIii CpUYHHSE T IBUIICHHS
piBHS ypuKeMmii Ta MOCHIEHHS ii HETaTWBHOTO BIUIMBY Ha
CEepLIEBO-CYJUHHY CHCTEMY Ta HUPKH.

JloBeneHo poib AUCYHKIN{ HUPOK y MOTIpIIEHHI CTPYK-
TYPHO-(YHKITIOHAJIBHUX [TOKA3HUKIB CEPIIsI 3 T IBUILICHHAM
PHM3HKY BUHUKHEHHS CEpLIeBO-CYANHHUX TIOJIH. Y Halomy

JOCITIKEHH] BUSIBUIIM TTO3UTHBHUN KOPEIALIHHUN 3B’ 130K
MiKpoansOyMiHy cedi 3 TOBIIMHOK 3amHboi crinku JILI,
innexcom macu miokapna JIII, neraruuuii — CK cupoBatku
kpoBi Ta @B, MikpoanpOyMiHy cedi Ta cepLeBOro iHACKCY;
Il JaHi MITBEPPKEHO B 1HIIMX Aociimkennsx [23]. Le
CBIJUUTH NPO PEMOJIEIIOBAaHHS MiOKap/a Ta IOTIpIICHHS
cucroniynoi dyHkiil cepus mpu XXH, ocobnuBo kosu Bu-
SIBTICHO TIMTEPyPHUKEMIIO Ta TIMEPIITiKEMIFO.

VY pesysbTaTi JOCIHiIKEHHS JOBEICHO: YPaKeHHsI opra-
HiB-MimeHe# pu [ X diTKo KOpeTroe 3 cepeqHbO000BIMHI
BCJIMYMHAMM, BapiaOC/IbHICTIO Ta MOPYIICHHSIM J000BOTO
putmy AT [24]. Ilig vac JIMAT y rpyIi mami€eHTiB i3 Ti-
MEPIIIIKEMIEI0 Ta TIECPYPUKEMIEI0 BU3HAYMIIHA TO3UTHBHUI
KOpeTsmiHui 3B’ 530K IpictatuHy C 13 cepenHiM JIeHHUM
cucronigyauM AT, BapiadenbHicTio JIAT yHOUI, Mikpoasb0y-
MiHy ceui 3 cepenriM CAT yHOUI Ta cepenHiM myabcoBuM AT.

BucHoBKMu

1. Y 40JI0BIKIB 13 TIHEPTOHIYHOIO XBOPOOOIO Ta CYIyTHi-
MU TIOPYIICHHSMH ITyPHHOBOTO Ta BYIJIEBOJHOTO OOMIHY
BHUSIBIIN JTOCTOBipHE 301TBIICHHS MiKpOamsOyMiHypii,
3HWKeHHs (pakuiiinoi exckpeuii CK i migBuIieHHs piBHS
CK cupoBatku.

2. KoHTpOJIb piBHS CEYOBOT KMCJIOTH Ta TIIKEMIl Yy XBOPHX
Ha ['X 151 paHHBO] iarHOCTHKH MOPYIIIEHHS HUPKOBOT (DYHK-
i1 HOTEHIIIHO MOKE 3a00irTH BUHUKHCHHIO Ta IIPOTPecy-
BaHHI0 XXH, 3HU3UTH PU3UK PO3BUTKY CEPLEBO-CYIUHHUX
YCKJIQJHEHB 1 Kap/Il0BACKYJSIPHUX TTOMIH.
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OcobnuBocTi nepebiry ypaTHoro HedpponiTiaay,
KomopOigHOro 3 metaboniyHum CUHAPOMOM

A. O. TyBapbZ*APEF M, A, Nosbuw =BCRE O, M. MiweHko=BC | M. [loBOuw =B

3anopisbkuil AepxaBHUI MeauyHUIA yHiBepcuTeT, YkpaiHa

A — KOHLUenUis Ta An3aitH gocnimxeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepIKEHHS CTaTTi

Meta pobotn — B1B4MTM 0COBNMBOCTI Nepebiry ypaTHoro HedponiTiasy Ta ypaTtHoro Hedponitiady, koMop6igHoro 3 MeTaboniyHnm cuH-
LPOMOM.

Marepianu ta metoan. Busumnu kniniko-nabopatopHi aaHi 183 nauieHTiB. XBoOpi Ha ypaTHU HedpponiTiad KOHTPOMBHOI rpynu oTpu-
MyBanu TpaauuiiHy Tepanito. OCHOBHa rpyna — nauieHTu 3 ypaTHUM HedponiTia3oM, Lo KOMOp6igHWIA i3 MeTaboniyHuM cuHOpO-
MOM, NpUAManu KBEPTUH, TPaauMLiAHy Tepanito Ta nikapcbki 3acobu, aki kopuryloTb MeTaboniyHi npouecw. Mig yac gocnimkeHHs
3acTocyBanu KriHiko-nabopatopHi, GioXiMiyHi, ynbTpasByKoBi, PEHTIEHONOriYHI, Padioi30TONHI, iIMyHOMEPMEHTHI Ta i3nKOo-XiMidHi
meToau.

Pesynktati. Y nauieHTiB 3 ypaTHUM HedponiTiasom iHTEHCHBHICTL 60nto GinbLua, HiX Yy XBOPKX Ha ypaTHUI HedhponiTias, KoMopbigHWiA i3
meTaboniyHnm cuHapomom. Kpim Toro, B 0CTaHHiX NOCWITOBanNMCs NposiBY 3ananbHOro MPOLIECY, @ CYNyTHi 3aXBOPIOBaHHS NiABMLLYyBanm
EKCKpeLlito kKameHeyTBOpoBanbHUX crnosyk. MeTtadinaktika KBepTMHOM Ha TNi BifoOMMX MiKapcbknx 3acobiB, L0 KOPEryrTb MeTabonivHi
npoLiecu, NO3UTUBHO BNnMBana Ha nepebir ypatHoro HedponiTiady, koMopbigHoro 3 MeTaboniyHM CUHAPOMOM, CrpUsina 3MeHLLEHHIO
peunamBiB KaMeHeyTBOPEHHS.

BucHogku. MornubneHa fiarHoctka MeTabonivyHMX NpoLeciB AONOMOXE NikapeBi NpaBUNbHO BU3HAYMTU AndepeHLinoBaHy TaKTUKy
nikyBaHHS Ta 0BCTEXEHHS, a Takox 3anobirT MOXIMBUM YCKNaAHEHHSM.

Kntouogi criosa: nepebir, MeTadinakTuka, ypatHuii Hedpponitias, MeTabonivHuii CMHAPOM, cevokam’siHa xBopoba, NiToTpuncis, nepkyTaHHa
HepOnITOTPUNCIS, KBEPTUH.

AxTyanbHi nuTaHHa hapmaleBTMYHOI | MeanyHOI Hayku Ta npakTuku. 2022. T. 15, Ne 3(40). C. 319-325

Features of the course urate nephrolithiasis, comorbid with the metabolic syndrome
A. O. Hubar, M. A. Dovbysh, O. M. Mishchenko, I. M. Dovbysh

The aim of the work is to study the peculiarities of the course of urate nephrolithiasis and urate nephrolithiasis comorbid with metabolic
syndrome.

Materials and methods. Clinical and laboratory data of 183 patients. The control group of patients with urate nephrolithiasis received
traditional therapy. The patients of the main group with urate nephrolithiasis comorbid with metabolic syndrome took quertin and traditional
therapy, as well as popular medical drugs that correct metabolic processes. Clinical laboratory, biochemical, ultrasound, radiological,
radioisotope, immunoenzymatic, and physical-chemical methods were used.

Results. The pain was more intense in patients with urate nephrolithiasis than in patients with urate nephrolithiasis comorbid with metabolic
syndrome. Manifestations of the inflammatory process increased in patients with urate nephrolithiasis comorbid with metabolic syndrome,
and concomitant diseases intensified the excretion of stone-forming compounds. Metaphylaxis with quertin against the background of
commonly accepted drugs that correct metabolic processes had a positive effect on the course of urate nephrolithiasis comorbid with
metabolic syndrome and contributed to the reduction of stone formation relapse.

Conclusions. In-depth diagnosis of metabolic processes can help the doctor to correctly determine the differentiated tactics of examination
and treatment, as well as to prevent possible complications in a timely manner.

Key words: course, metaphylaxis, urate nephrolithiasis, metabolic syndrome, urolithiasis, lithotripsy, percutaneous nephrolithotripsy,
quertin.
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VYparni kameHi cTaHoBIATH 10—20 % yCix ce40BHX KaMEHiB;
79 % ycix ypaTHHX KaMCHIB JIIarHOCTYIOTH Y YOJIOBIKIB,
TIiK BHUSBIICHHA TpHIIaae Ha Bik 60—65 pokiB. PakropamMu
pusuky yparaoro Hedpomiriazy (YH) e rinepypuxemis,
rimepypuro3ypis, Mamuit 06’em i pH ceui [1].

VH — nosietiosoriuHe 3aXBOPIOBaHHS, CHPHYMHEHE B3a€-
MOJIi€I0 €HIOTCHHUX Ta EK30TCHHUX (DaKTOpiB, TeHOTHITY. Y
OUITBIIOCTI BUIIA/IKIB BUHUKHEHHST Y H 3aJ1e)KuTh Bifl po3iaiiB
ITypruHOBOTO 00MiHY. OCHOBHI HaINPsIMK YTBOPEHHS CEIOBOT
KHCJIOTH, OCHOBHOTO METa0OJiTy IMypHHOBOTO OOMIHY, —
IIypUHH, IO MICTAThCSA B DKi, IypHUHH, IO YTBOPIOIOTHCS
Ipy TKAaHMHHOMY po3naai Ta cuHresi [2]. [TopymenHs
IIypUHOBOTO OOMIHY MOX€ NPH3BECTH 10 BUHUKHEHHS YH
y pa3i HOPMaJbHOTO BMICTY CEYOBOI KHCJIOTH y CHPOBATII
KPOBI TIPY MIIBUINCHIN i TPOAYKII B IMEYiHII BHACIIIOK
TIOCUJICHOTO BHUBEJICHHSI HUPKaMH, a TaKOX TilepypHKeMil,
SIKIIO ITiIBUIIIEHA IPOTYKILisl CEYOBOT KUCIIOTHU B TIEUiHII Ta
CIIOCTEPIrar0Th CYTTEBY il €KCKPEIit0 HUPKAMH.

Haiivacrimre 3aXBOproBaHHS, 10 MOCHIIIOE pu3nuK YH, —
metabomiyanii curapom (MC) [2]. Mixxk MC i YH cnocre-
piraroTh o4eBHIHNI naTtoreneTnuHMi 38”s130Kk. Ha MC 3apa3
XBOPIitOTh 10 15-39 % HaceneHHs mIaHeTH. 3a3Ha4UMO, 10
xBopi 3 MC MaroTh MiIBUILICHUH PU3UK PO3BUTKY HUPKOBHX
KoHKpeMeHTiB. UM 6ispiie kommoneHTiB MC (abmomiHanb-
He OXKHPIHHS, TIIepTOHIYHA XBOpOOa, TirepIinigeMis, nopy-
IIIEHHS TOJICPAHTHOCTI JI0 TITFOKO3H ), THM YacTillle BAHUKAIOTh
yparHi kameHi [3].

BusiBrim Takoxk 3B 530K MIXK 9aCTOTOIO BUHUKHEHHST Y H
Ta OKHUPIHHAM. Y 0ci0 BikOM MeHIe Hixk 60 poKiB yacTora
VYH 6inbmie noB’s3ana 3 ingekcom macu Tina (IMT), a B
TALIEHTIB CTApIIOro0 PU3MK BUHUKHEHHS ypaTHUX KaMEHIB
30LTBIIYETHCS TPSMO TPOTOPIIIITHO BiKy [4].

[Moenuanus YH i3 komnonenramun MC nienio 3MiHIOE KiTi-
HIYHY KapTHHY Ta Tepedir 3axBoproBaHHs. ToMy cBoedacHe
ta eexruBHe JikyBanus YH ta YH, komop6igaoro 3 MC,
3 OZIHOYACHOIO JIIarHOCTHKOIO IIMX 3aXBOPIOBAHb aKTyaJIbHI
HE TUJIbKM B aCTIeKTI HaJ[aHHsI HEBI/IKJIaHOT IOTIOMOTH XBO-
poMmy, aie i 171 3an00iraHHs 3araJIbHAM TIpoliecaM y HUpI
Ta peuuausaM YH.

Meta po6otu

BuBunty 0co0IMBOCTI mepediry ypaTHoro HedposiTiasy
Ta ypaTHOTO HedpomiTiazy, KoMOPOiTHOTO 3 METabOIIYHIM
CHHJIPOMOM.

Marepianu i MeTogu pocnimkeHHA

Marepia 1yist TOCHiPKSHHI — KITIHIKO-7TaboparopHi naxi 183
xBopux Ha YH Ta YH, xomop06imauii 3 MC, siki iepeOyBaim
Ha JiikyBaHHi poTsrom 2012-2020 pokiB. OcHOBHa rpyma —
xBopi Ha YH, komop0inauii i3 MC, Britrodana 124 naiieHTiB.
V ro rpyry 3amyuriu 36 (29 %) wosorikis i 88 (71 %) sxiHOK
BikoM 42—79 pokiB. [lamieHTH OCHOBHOI IpyIN OTPHUMYBAIIN
kBepTrH 40 Mr o 1 tabnerii Tpudi Ha 100y 3a 30 XBUIMH
JI0 i1 Ha T TpaJuLiifHOI Tepamii Ta JiKapchbKUX 3aco0iB,
10 KOPETYIOTh META00IIIYHI ITpo1iecH. Y KOHTPOJIBHY TPYITy
samyunin 59 xBopux Ha YH (35 wonosikiB — 59,3 %, 24

xiHKH — 40,7 %) Bikom 22—72 poxkis. IlarieHTH KOHTPOIB-
HOI TPy OTPUMYBAJIH TIpeTapaTy TPaIWIIiHOI Tepartii
(Piaban 30 mr o 1 Tabiermi Tpudi Ha 700y; HeCTepOiTHII
poTu3ananbHuii mpenapart Jexcanria 50 mr 3 Mit mpu 60Imsix
BHYTPIIIHBOM 530B0; Ypaiit Y B rpanyinax 1o 2,5 r 2-3 pasu
Ha 100y 3anexHo BiJ pH ceui (6,2-6,8)), Bomuuit ynap.

[ix gac mocmiPKeHHS BHKOPUCTAIH KITiHIKO-Ta00paTopHi,
yABTPa3ByKOBi, pEHTI'CHOJIOT1UHI, pa/ioi30TOIHI, IMyHO-
JIOT1YHI METOMU. 3MIHCHUIN (PI3UKO-XIMIYHI JOCIiPKCHHS
— BHU3HAYCHHS CKJIa/ly KaMEHIB METOJIOM DIAWHHOI XpoMa-
TO-Mac-CrieKTpoMeTpii, 3acrocysau nprian LC/MS: Agilent
1260 Infinity HPLC System (nera3arop, OiHapHuii Hacoc,
aBTOCaMILIEp, TEPMOCTAT KOJOHKH, T10AHO-MATPUUHHMA
JICTEKTOP), & TAKOXK OJIHOKBAJIPYMOJIBHUIT Mac-CIIEKTPOMETP
Agilent 6120 3 ionizatiero B enexkrpoctpei (ESI); Open LAB
CDS Software.

Pe3ynbraty DOCHIIKEHHS OIPAIIOBAIN CTAaHIAPTHUMHU
CTaTUCTHYHUMH METOJaMM aHaJTi3y Ha MEepPCOHAIBHOMY
KOMIT T0Tepi, BUKOpucTaBIu nporpamu Microsoft Office
Excel 2007 Ta Statistica for Windows 13.0 (Statsoft Inc.,
Ne minensii JPZ8041382130ARCN10-J). JocToBipHICTB
MDKIPYIOBHX BiMIHHOCTEI pO3paxyBasli 3a JJOIIOMOTOIO
napameTpuuHuX t-kputepiie CThroneHTa Ta Xi-kBaapar (y%)
[Tipcona. 3acrocyBanu 3 piBHI CTaTUCTHYHOI 3HAYYIIOCTI
BIZIMIHHOCTEH pe3yibTariB qociimkeHs —p < 0,05, p < 0,01
Ttap <0,001.

Pesynkratu

Y pe3ynbTari J0CIiIKEeHHsI BUSBUIN BIPOTiTHE 30UTHIICHHS
MacH TiJia JI0 JIIKyBaHHs y XBopux Ha YH, komop0iauuii i3
MC. Tak, IMT y XBoprX OCHOBHOI I'pYIIH BipOTiIHO OLTBIIHI
(35,0+0,4 kr/M?%; p < 0,05) Ha TOYATKY JIIKYBaHHS TIOPIBHIHO
3 manienTamu 3 YH koHTponsHoi rpymu (23,3 £ 0,2 kr/m?).
Yepes 1,5-6,0 micsaus crioctepexennss IMT HeBiporigHo
3MEHIINBCS, ajie 3aJMIINBCS Maihke Ha TOMY caMOMy DiBHI
(33,2 + 0,4 xr/m?).

[Tix gac anamizy pe3ynsrariB 00cTeKeHHsI XBopux Ha YH,
xoMopOimauit i3 MC, ta VH, y sixkux Oyra HIPKOBa KOJbKa
(HK), BusiBIIIH: MAIli€HTIB i3 HamaJOM KOJBKH TOCITITali3y-
BaJTH yepes3 3,9 aHs micIis ImovaTKy 3axBoproBanHsL. [Ipotsarom
1LIOTO IIEPi0/Ty IOTIOMOT'Y HaJ[aBaJIM JIIKapi IIBUAKOT JIOTIOMO-
TH YU B TOMIKJIHIIl, IESKI XBOpI MPUIAMAINA METUKAMCHTH
camocTiiiHO. Tineku 36 % mamieHTiB TOCHiTali30BaHi Mpo-
TSIFOM TIEPIIOT IO0M 3 Yacy MoYaTKy 3aXBOPIOBAHHSI.

Tpusanicts HK y rpyni xBopux Ha YH, komop0iauuii i3
MC, craHOBUIIa B CEpeIHBOMY 3,5 100H, a B MAIEHTIB 3
YH — 3,9 no6u. Tineku y 19 % Bunaakis Hamagu 000 y
XxBOpHX Ha YH MoBTOproBajiucs MpoTATOM OJHI€T 100u, y
81 % marieHTiB BOHU MPOIOBXKYBaIHCA Bif 2 10 7-8 mi0.
B ocHogHiii rpyni B 14 % Bunazakis Hanazau OO0 TPUBAIN
npotsiroM ofHiel 106u, B 70 % nponorxysaiucs Bix 1 1o
4 nuiB. KinpKicTh HamamiB y cepeAHbOMY CTaHOBMIA 2,6
ta 4,0 pa3u monoOu y XBOPHX OCHOBHOI Ta KOHTPOJBHOI
rpym BixnosigHO. Y 21 % mamienTiB 3 YH ¢ikcyBanu oquH
HariaJ1 6010 IpoTsirom 106m, y 28 % —2,y31 % -3,y 20 %
BHTIAJIKIB — 4 1 OLITBIIIE HAIMA/IiB TPOTATOM J0OU. B 0CHOBHIl
TpyHi OfMH Hamaja NpoTsroM 1o0u 3apeectpyBaiu B 25 %
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Tabnuusa 1. XapaktepucTvika KriHiYHUX CUMMTOMIB HUPKOBOI KOMbKM Y XBOpWX Ha YH

CumnTom

OcHoBHa rpyna KoHTponbHa rpyna | OcHoBHa rpyna KoHTponbHa rpyna

WWWW
124 100 59 100 30 24 19 32

HanapononioHuii 6inb <0,001
Ippagiavis 6onto 103 83 54 91 24 15 21 35 53 <0,02
Eputpoumtypis 99 79 49 83 25 20 22 37 52 <0,02
PyxoBe 36ymxeHHs 94 75 55) 93 8 6 20 33 15,3 <0,001
[Ousypisi 80 64 50 84 24 15 23 38 75 <0,001

Tabnuus 2. BusHayeHHs iHTeHcyBHocTi Bonto npw Hanagi HK y xBopux Ha YH

[o nikyBaHHs

OcHoBHa rpyna

Yepes 3 nobu

KoHTponbHa rpyna KoHTponbHa rpyna

KinbkicTo 6anis | 90

| 20 | 40 | 234 | <0,001 |

nanienTis, y 26 % —2,y 30 % — 3,y 19 xBopux — 4 1 Oubie
HAaITafiB yIIPOIOBX JTO0H.

VY xninivHii kapruni YH Bix yacy Hagxomkenss y 45,9 %
BUTIAJIKIB CIIOCTEpiraii 03H00u, y 49,1 % — Bu3Ha4mm cyo-
¢bebpmtbHy Temmneparypy Ttina (37,2-37,3 °C). V 48,9 %
narfieHTiB 3 YH ocHOBHOI rpymnu 3adikcyBaiud 03HOOH, y
53,2 % —migBUIIEHHS TeMIeparypH Tiia 10 37,2-37,3 °C. Sk
TIPaBWIIO, TIBUICHHS TeMIIepaTypHu BU3HAYa A B OCi0, y
SKUX HaIlaJ1 TPUBAJIU OLIbIIe HK 4 T0OH, a 4acTOTa KOJILOK
cTaHOBWJIA 3 1 OUTbINE pas3iB.

CriocTepeXKeHHsT Jajld 3MOTY BH3HAUUTH HaWdacTimi 5
KJTIHIYHUX 03HaK (mabn. 1), mo xapaxrepHi st HK: roctpuit
HaraIonofi0Hui OLTb y MPOEKIii HUPKH, ippajiamis 000
B37IOBXK CEY0BOIA B KITyOOBO-TIAXBUHHY JUISTHKY Ta 30BHIIIHI
CTaTeBl OpraHu, PyxoBe 30YIKEHHsI XBOPUX, HOPYLICHHS
CCUYOBHITYCKAHHS Ta 3MiHa (TIOTEMHIHHS) KOJIBOPY CeEdi.
[lepra i romoBHa 03HAaKa — TOCTPHUil Harmago0oai0HMI 01Nk,
sikuid Bu3HaumK y 100 % Bunazkis. Yepes 3 100w 3-momixk
124 xBOpHX OCHOBHOI IpyIH Ha O1ITb CKap Kmtucst Tibku 30
(24 %); ue BiporinHo B 4,2 pa3a pizlue NOPIBHAHO 3 BUXITHHU-
mu raaumu (>=23,4; p <0,001). Y pa3i BUHUKHCHHS HAMATy
HK xapaktepHy ippafiariito 6010 B TaXBHHHO-KAJIUTKOBY
IUISHKY Ha TpeTro no0y 3adikcyBanu y 24 (19 %) nauienris
OCHOBHOI Tpymy; 1ie B 4,3 pasa pijlie, HiX Ha TI0YaTKy JIiKy-
BaHHS, a TAKOXK y 2,3 pasa pi/uIe MopiBHIHO 3 MalieHTaMI
KOHTpONBHOI rpymH (3*= 5,33; p < 0,02).

XapaxkTep ippaaiariii 000 B3IOBK CEYOBO/IB 1 B CTATEBI
opranu BusBuiH B 91 % nanienTis 3 YH Ta 83 % xBopux Ha
YH, xomop6inuuii i3 MC. Ha TpetboMy Miclii 32 4aCTOTOFO
BUABIIEHHS — epUTPOLUTYpis. [i BusHaumm B 83 % ocib 3
YH 179 % xBopux Ha YH, xomop0inuuii i3 MC. Hdami 3a
4acTOTOI — pyxoBe 30y/keHHst (y 55 % xBopux Ha YH Ta
75 % nanienTis 3 YH, xomop6inanm i3 MC) ta nusypist (y
50 % oci6 i3 YH 1 64 % xBopux Ha YH, komop6imanii 3 MC).

Jlyis BU3HAYCHHS IHTCHCHBHOCTI 00J110 B XBOpHX Ha YH
3aCTOCYBaJIM BizyasbHy aHaioroBy nkaimy (BAILI) [4-6].

3a aHuMH, 110 HaBeneHi B mabnuyi 2, y nanieHtiB 3 MC
OCHOBHOI I'PyTIH iHTEHCHUBHICTB OOJIIO HA ITOYATKY JIIKYBaHHS
BiporizHo MeHiia (5 GaiiB) mopiBHsAHO 3 XBopumu Ha YH
(9 GauiB). 3a maHUMH JESKUX aBTOPIB [5,6], 1€ 3yMOBIEHO
OLTBIIIO0 BUPAKEHICTIO aTePOCKICPOTHIHNX 1 J1a0e THYHIX
ypaxeHb HepBoBuX perentopiB mpu MC. Uepes 3 mobu
IHTEHCHBHICTH OOJIIO 3MEHIIMIIACH Y MAIliEHTIB 000X rpym,
aJe B 0cid KOHTPOIBHOI TPYIIH BiH BipoTinHO 1Bidi (4 Oamm)
CHIBHIIINHN, HDK Y natienTiB 3 YH, komop0igaum i3 MC (2
Oanm).

Kpim toro, B kniniuHi# kaptuai HK BusBIsm o3Haky, mo
BUHUKAJIM BHACIIIJIOK TTOpYIIeHb (DYHKIIIT 1HIIMX OpraHis i
CHCTEM, SIK-OT peakKliii ceplieBo-CyIMHHOI cucTeMH (T1iBH-
IICHHS apTepiaybHOTO THCKY, TaXiKapmis) Ta TUCTICHTHYHI
SIBUIIA (Hy#O0Ta, OJIFOBOTA, 3HIDKEHHS aneTuTy). CuMntomMu
Tiepioi rpynu TypOyBaim 96 % i 98 % mariieHTiB KOHTPOIIb-
HOI Ta OCHOBHOI TPyII BiANOBiAHO, Apyroi rpymu — 70 % i
75 % BUMaAKIB 3a rpymnamu J0CIIIKSHHS BiIIOBIIHO.

¥ xBopux Ha YH 000X rpyn KpeaTnHiH CHPOBaTKH KPOB1
(maén. 3) veBiporinHo miaBumeHui: 10 108,0 £ 6,2 MKMOITB/T
(p,>0,5)1106,0+ 6,3 Mmxmonn/11 (p < 0,2) BiANOBIAHO 111010
HOPMH, HE MaB 3HAYYILO PI3HULI y IpyTax narieHTiB. Yepes
3 1obu y XBOPHUX OCHOBHOI I'PyIH BH3HAYMJIN TCHACHILO
JI0 3MEHIIEeHHS piBHs kpeatnHiny — 102,0 £ 6,1 MKMOJIB/JI.
VY KOHTpPOJNBHIHN TPyIi MOKA3HHUK BIPOTITHO 301TBIIMBCS
MOPIBHSHO 3 BUXITHUMH JaHuMu, ctanoBus 120,0 + 7,0
MKMOJIB/T (p < 0,05). Ha 7 100y 1iei moKa3HUK y XBOPHX
OCHOBHOI TPYIH JOCAT HOpMalbHHUX 3Ha4eHb (98,0 + 5,2
MKMOJTB/JT), a B KOHTPOJIBbHIH IpyIi HOro piBeHb BUIIUH, CTa-
HoBuB 112,04+ 6,6 Mxmons/11 (p <0,2). [lo 14 nobu kpearnnin
KpOBi Y XBOPHX 000X TPYIl MPUIIIIOB 1O HOPMHU, CTAHOBUB
96,0 + 6,4 MmxMouts/11 1 94,0 £ 5,3 MKMOJIB/JT BiAITOBIAHO.

KiyboukoBa ¢insrpamis (K®) Ta kimipeHC eHIOreHHOTO
kpearuHiny (Ccr) Ha MOYaTKy JIIKYBaHHS Y XBOPHX OCHOBHOI
Ta KOHTPOJILHOT TPYII BIpOriaHO MeHIi (mabn. 3) Bix HOpMU
(95,0 + 6,9 mi/xB) Ta cranoBmm 75,0 £ 5,6 mi/xs (p < 0,02)
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Tabnuus 3. KpeaTuHiH KpoBi (MKMORbL/M), KIipeHC eHAOrEHHOro KpeaTuHiHy Ta kry6o4koBa dinsTpauis (Mn/xe) y xBopux Ha YH

c Cer F c Cer F
[o nikyBaHHs n 124 33 33 59 26 26
Mtm 108,0 £ 6,2 75056 750+5,6 106,0£6,3 77,056 77,056
P, P, <0,2,>0,5 <0,02,>0,50 <0,02, >0,50 <0,2 <0,05 <0,05
3 poba n 85 30 30 30 25 25
M+m 102,0 £ 6,1 850+54 85,0+54 120,0+7,0 65,0 +£4,6 65,0 +4,6
P, p, >0,5, <0,5 >0,2, <0,01 >0,20, <0,01 <0,05 <0,001 <0,001
7 poba n 74 28 28 30 25 25
M+m 98,0+5,2 92,0 6,1 92,0£6,1 112,0+6,6 740+55 740+55
P, P, >0,5, <0,1 >0,50, <0,05 >0,50, <0,05 <0,2 <0,02 <0,02
14 poba n 66 35 35 26 25 25
M+m 96,0 +6,4 94,0+6,4 94,0+6,4 94,0+£53 92,0+£5,7 92,0+57
P, P, >0,5,>0,5 >0,5,>0,5 >0,5,>0,5 >0,5 >0,5 >0,5
Hopma n 26 26 26 - - -
Mtm 96,9+6,7 950+6,9 95,0+6,9
p: BipOrigHICTb Woa0 HopMu; p1: BiporiaHICTb pisHULI Mix rpynamu; C: kpeaTuHin; Ccr: knipeHc kpeaTuHiHy; F: knyboykosa dinbrpais.
Tabnuusa 4. Moka3HuKv paaioi3oTonHoI peHorpadii y XBOPUX i3 HaNaAoM HUPKOBOI Kombky, M £ m
OJMHWLIi BUMipIOBaHHSA
e CE U TR
OcHoBHa rpyna, n = 27
Tmakc, XB 6,30+ 0,28 5,50 + 0,26 4,10+ 0,25** 3,60+0,24 3,50+ 0,24
p < 0,001 p < 0,001 p<0,1 p>05
T, XB 24,30 £1,22 19,40 £0,72* 10,50 £ 0,51** 8,60 £ 0,41 8,20 £0,42
p < 0,001 p < 0,001 p < 0,001 p>0,5
B, % 52+2 52+2 512 50+2 50+2
p>0,5 p>0,5 p>0,5 p>0,5
KoHTponbHa rpyna, n = 27
Tmakc, XB 6,40 £ 0,28 6,20 + 0,27 5,60 + 0,26 3,70+ 0,25 -
p < 0,001 p < 0,001 p < 0,001 p>05
T, XB 24,50 + 1,24 22,80 £1,21 14,20 0,52 9,20+0,43
p < 0,001 p < 0,001 p < 0,001 p<0,1
B, % 522 522 522 502
p>0,5 p>0,5 p>0,5 p>0,5

177,0 £5,6 mu/xs (p < 0,05) BimnosigHo. Yepes 3 noou Kd
B OCHOBHIH rpymi 30imemmmacek Ha 13 % (85,0 = 5,4 Mi/xB,
p > 0,2) 11010 TOYaTKOBHIX 3HAYCHB. Y TIeH TePMiH JOCTiPKEH-
Hs1 KO y martieHTiB KOHTPOIBHOI TPYITH BiPOTiTHO 3MEHIINIIACh
11110710 HOPMH, 1 IIIO/T0 TIOKAa3HUKA OCHOBHOI TpyTH (65,0 £4,6
wir/xB, p < 0,001). Yepes 7 116 KD y XBoprx OCHOBHOI IpyTiu
HopMmaizyBanack (92,0 + 6,1 Mi/xB), a y natienTis 3 YH 3a-
nMmanack Ha piBai 74,0 = 5,5 mi/xs (p <0,02). Uepes 14 nid y
TIAIIEHTIB KOHTPOJBbHOT rpyri KD Maiike Tocsia MoKa3HHKIB
310poBUX Jrozeit (92,0 £ 5,7 Mi/xB).

[Tix yac Bu3HaueHHs (YHKIIT KOXXHOI HUPKH OKPEMO, 3a
JIAHUMH paJiioi3oTonHoi peHorpadii (mabn. 4), BUSBUIN: B

ycix xBopux Ha YH 10 mikyBaHHS 3 O0KY ypa)KeHOI HUPKH
(hikcyBamu 30UTBIIEHAS Yacy MaKCHMAJIbHOTO HAKOTIHMYICH-
ust (Tmakc) BU-rimypary. B ocHOBHIl TpyTIi BiH CTaHOBHB
6,30 £ 0,28 xB (p < 0,001), y xoHTpONEHIH — 6,40 + 0,28 XB
(p <0,001); mHopma — 3,50 + 0,24 xB. BogHO4ac moripmmscs
vac HariBuBenenns (T, ,) paxiopapmmpenapary, mo 36ib-
muBcst 710 24,30 + 1,22 xB B ocHOBHi# Ta 24,50 = 1,24 xB
y koHTpOobHiH rpymi (p < 0,001). [Tokasuuk Binrepa (IIB)
HE MaB CYTT€BHX 3MiH y BCixX XxBopuX (52 £+ 2 %; p > 0,5)
TIOPIBHSIHO 3 HOPMAJILHUMH 3HAYCHHSIMH.

UYepes 5 110 y XBOPHUX OCHOBHOI T'PYITH BUSBHIIN IOMipHE
3meHmeHHs Tmake 10 5,50 + 0,26 xB; e Ha 12,7 % MmeHie,
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Puc. 1. MNepiog HaniBBuBeaeHHs *'l-rinypaHy y xBopux Ha YH i3 Hanagom HUPKOBOI KoMbky Mg Yac nikyBaHHS GiodnaBoHoidamu Ta TpaguLinHumMm

3acobamu.

HiX Y KOHTpONbHi# rpymi. OnHodacHo nokpantysases T,
mpenapary, mo cranoBuB 19,40 £+ 0,72 xB i OyB BiporigHO
MEHIIIM, HiXK P TpaauIiiHii Tepamii. [Tokazauk Biatepa
3aJIMIIABCS Ha roriepetHboMy piBHI. Ha 14 noOy nokparysa-
JIUCh CEKPETOPHO-EKCKPETOPHI TIPOIIECH B HUPKaX MaIli€HTIB
OCHOBHOT rpymu. Tmakc smenmmeest 10 4,10+0,25xs,a T )
npemnapary cranoBuB 10,50 + 0,51 xB; 11¢ BipOTiIHO MEHIIT
MTOKA3HUKH MOPIBHSAHO 3 TAKUMH B KOHTPOJIBHIHN TPyTIi.

VY BimmaneHoMy tiepioni (depes 60 1i0) y pa3i mpu3HadeHHS
KBEPTUHY 13ac001B 3Ti/IHO 3 YNHHUM IIPOTOKOJIOM JIiIKYBaHHS
(byHKITIOHAIBHA 30aTHICTh HUPKU MaiykKe HOpMaJIi3yBaacs.
Yac naxormmuennst B'-rimypany cranosus 3,60 + 0,24 xB, a
nepion T, ,— 8,60+ 0,41 xB. INokasnuk Bintepa B ek crpok
JIOCIIAXKEHHS — Ha PIBHI HOPMaJIbHHUX BEITHYMH.

VY marieHTiB KOHTPOJBHOI Tpynu depe3 S5 mibd (puc. 1)
criocTepiraiu moMipHe 3meHIneHHs Tmake 1o 6,20 + 0,27
XB, aJI¢c TIOKa3HUK 3ajuIIaBcs Ha 12,7 % OUIbLINM, HIXK Y
XBOPHX OCHOBHOI rpyny. Yac HamiBBUBEICHHS Mpenapary
nokpaiysascs (22,80 = 1,21 xB), aje 3a1uiaBcst BiporiJjHO
OLJTBIINM TIOPIBHSHO 3 OKa3HUKOM B OCHOBHIH IPYIIi.

Uepes 14 i ciocTepiraiy MOKpamieHHs CEKPEeTOPHO-EKC-
KPETOPHUX TPOIECIB y HUPKAX XBOPHX, SKi OTPUMYBaIN
TpaauiiiHy Tepamiro. TMakc y 1eil TepMiH 3MEHIIUBCS
1o 5,60 = 0,26 xB (p < 0,001), anme 3amummBCes BipOTiIHO
OiIBIIMM, HDXK TICHs Tepariii, 1o BKJIIOYaia KBepTuH. He-
3Bakatodu Ha Te, o T, pagiodapmipenapary 3MEHIIHBCH
Ta craHoBuB 14,20 = 0,52 xB (p < 0,001), BiH 3amumaBcs
OLIBIINM 32 ITOKA3HHK B OCHOBHIH rpyri. [loka3unk Binrtepa
TIOMIPHO 3MEHIIIUBCS, HAOIM3UBCS 10 HOPMAIIbHUX 3HAUCHb.
Ha 60 noOy ¢yHKIIisS HIPKH TIpH TpaIHIiiHINA Teparmii Maii-
e J0csIIa HOPMAJIbHUX MOKA3HHKIB. Yac HaKOIMYCHHS
Bl-rinypany cranosus 3,70 + 0,25 XB, a mepio/] HariBBUBE-
nmerns — 9,20 + 0,43 x. Lle Ha 7 % MeHIIe, HIX Y TaIi€HTIB
OCHOBHOI I'pyTIH.

VY npoueci nikyBanus HK nikapcebki 3acodn HeedekTHBHI
y 31,7 % xBopux. OHak, He3Ba)Karoun Ha Tepartito, y Oara-
THOX TaLieHTiB 3 YH BuHMKaB mTiesoHepHT. B KOHTpOINBHIM

rpyni y 28 (47 %) XBOpHX BHSBWIN O3HaKH XPOHIYHOTO
miesToredputy, y 5 (8 %) ocid — 03HaKH XpOHITHOT XBOPOOH
nupok (XXH) I-1II crapiii, mienoekTasito 1IarHOCTYBaJIH B
45 (76,2 %) namnientiB. B ocHoBHIl rpymi xBopux Ha YH,
xoMopOiHui i3 MC, sIKi OTpUMYBaIN KBEPTHH, XPOHITHHH
nienoneput BusBuin y 88 (71 %) Bumnaakax, o3naku XXH
Il cranii—y 5 (4 %), miesoexrazito —y 55 (44 %) namieHTiB.

YV mpormeci MeTapiTaKTHKKA MOKPALTYBAIUCS MTOKa3HUKU
(YHKI[IOHAJIBHOTO CTaHy HUPOK, IYPUHOBOTO OOMIiHY,
3MEHIIyBaJIacsi eKCKpeList KaAMEHEYTBOPIOBAILHUX CIIONYK 1
MIBUIITYBABCS PIBEHb 1HTI0ITOPIB KPHUCTAI3ALlii; [Ie MTO3H-
THBHO ITO3HAYaI0Cs Ha KiliHigHOMY riepediry Y H. Ipotsirom
JIKYBaHHS 4aCcTOTa PEIUINBIB KAMEHEY TBOPEHHS CTAaHOBIIIA
B KOHTpOJIbHII rpymi 14 (23,7 %) Bunaakis i3 59, a 3-nomix
xBopux Ha YH, xomop6inuanii 3 MC (ocHoBHa rpyma), y 13
(10,4 %), 1 re B 2,3 pasa MeHIIIe, HiXK y KOHTPOITi. BiamosigHo,
3MEHIIIINCS KUTBKICTh aTak miesonedputy ta yactora HK.

O6roBopeHHs

JlikyBannsi xBopux Ha YH, komop0Oinnuii i3 MC, kBepTu-
HOM Ha TJIi TpaJAMLiHHOI Tepartii Ta JIKapChbKuX 3ac00iB, 110
KOPETYIOTh MEeTa0OoIuH] MOPYIIEHHS, TIPOTATOM 6 MiCAIIB
MIPU3BOJIMIIO IO HE3HAYHOIO 3HMKeHHsI MacH Tia ta IMT.

Kuiniuni cumnromn y xBopux Ha YH, komop06inauii i3 MC,
Ta oci6 3 YH maiixe He BiapizHsumcs. BriMm, y 6ararbox Bu-
TaJIKax Iepli CUMIToMH (0116, MAKpO- Ta MIKpOreMarypis,
J3Ypis Ta BiIXOKEHHS KOHKPEMEHTIB) Y MaIieHTiB i3 YH,
1110 KoMopOiiHui 13 MC, BUHMKaITH Mi3HIlIe, HIXK y XBOPUX
6e3 MC [7].

YV xBopux Ha YH kniniuna kapriuaa HK 6imbmn Bupakena,
HiK y narfienTis 3 YH, 1o komop0Oinuuii i3 MC. IaTeHcus-
HicTe Oomro mpu Hanagax HK y xBopux ocHOBHOI rpymu
MeHIIa, HK y namienTiB 3 YH. Tlpu msomy ocobu 3 MC
MEHII PyXJIUBI, 1 [Ie TAKOX 3MEHIIYBaI0 OOJIBOBUIA MOPIr 1
3yMOBIIFOBAJIO MECHIII BUPa3Hi KIIIHIUHI TPOSIBH 3aXBOPIOBAH-
Hsl. Y TaKuX XBOPHX YacTO CIIOCTEPIratoTh popMyBaHHS KO-
pasonoiOHUX KaMEHiB, 1110 3HIKYE IIPOSBH CUMIITOMATHKN
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1 poOUTH KIIHIYHY KapTHHY MEHII BHPAKEHOI. Y XBOPHUX
Ha YH npeBamoBanmm KOHKPEMEHTH IPiOHOTO Ta CEPeTHHOTO
PO3MIpIB, SKi CIPHYMHSIIN CHIBHIIII O0Tb0BI BITUYTTS, KOJTA
BOHH PyXaJIMCsl Ta BUAABUINCS 13 CEHOBHAUIBHUX MUIIXIB
[8,9].

KniniuHi criocTepeXeHHs Aany 3MOTy pO3pi3HUTH 4 BUIIU
HK 3anexHo Bix ocoOmMBOCTEH KiIiHIYHOTO Tepediry ta
HasIBHOCTI YCKJIa/THEHb:

1. Ilpocra HK xapakrepusyBaiiacsi 0JIHOpa30BUM 0OIIbO-
BUM HamajoM, II0 JIETKO KYIipyBalW CIa3MOJITUKaMH i
AHAJIbIeTUKAMM;

2. Peruusaa HK — 11Ba Ta Oinibiiie Hama,[iB mpoTsSroM 100u,
IO KyITpyBaJli MEANKAaMEHTO3HO;

3. HK, 110 He KyIipyeThCsl, — Hara i, Ha sIKi He BIUTMBAJIO
Oararopa3oBe BBEIEHHs CIa3MOJIITHKIB Ta aHAJTETHKIB;
OIHOYACHO BHUSBIISLIN CyO(hiOpHITITET BHACIIIOK pEIIIOKCIB,
TTOMipHHH JISUKOIUTO3 Y KPOBi Ta MATTIYKOSACPHI 3pYIICHHS;

4. Yexmagaena HK (roctpum mienmoredputom abo 3aro-
CTPEHHSM XPOHIYHOTO Ti€TOHe(YPUTY) — BAHUKHEHHS OTHO-
a00 OaraTtopazoBHX HAIAIIiB i3 TiIBUIICHHSIM TEMIIEPATypH
TiJa IO BHCOKHX (P 3 03HOOOM, a TaKOXK JICHKOITUTO3 i
TTAJTMYKOSICPHI 3pyIIEHHS B Iepr()epHUHii KPOBI.

VY xBopux Ha YH cnoctepiranu nomipHe 3HHKCHHS
a30TOBUALILHOT QYHKIIT HUpOK. IIpoTsirom mikyBaHHS Yy
TMAI€HTIB OCHOBHOI I'PYIH, SIKUM MPU3HAYHMIN KBEPTHH,
BOHa HOpMaJTi3yBajacs Bxe uepe3 3 1oou, a KO —ua 7 no0y.
VY naiieHTiB KOHTPOJIBHOI TPy KpeaTuHiH KpoBi Ta KO
HOpMaJIi3yBanucs Jimimie Ha 14 1o0y.

VY xBopux ocHOBHOI rpymnu mnepebir YH, komop6iaHoro
i3 MC, xapakTepu3yBaBcs BipOTiIHUM 3HIDKEHHSIM CEKpe-
TOPHO-EKCKPETOPHHUX TPOIIECIB YpaKeHOT HUPKU. Y pasi
MIpU3HAYEeHHS KBEPTHHY Ha TJIi 3BMUaifHOI Tepartii uepes 14
ni0 BiHOBIIOBANACs CEKPETOPHA 3MaTHICTh HUPKH, a EKC-
KpETOpHA 3aJMIIajiacs BipOTiJHO MEHIIOK 3a HOPMY, alie
TIepEBUIIyBaJIa BIATIOBIAHIH TTOKa3HUK KOHTPOJIBHOI TPYTIN.
[pu TpaguIiiHii Teparii CeKpEeTOPHO-EKCKPETOPHI IPOIIECH
B HUpILI uepe3 14 1i6 3anmmanacst 3HWKeHUMH, B 1,6—1,7 paza
BipOTi/THO NEPEBUIILY BN HOPMaJIbHI oka3HUKHU. Ha 60 o0y
HEe3aJIeXHO BiJI METOJTY JIIKYBaHHSI CEKPETOPHO-EKCKPETOPHI
MTOKa3HUKH BiTHOBITIOBAJINCS.

[Tepeobir YH y xBopux xapakrepusyBascst yactiumu HK, iz
Yac SIKMX IHTEHCHBHICTb HAIaI0NoI0HOTr0 OOJIIO B IAIIIEHTIB
i3 MC Oyrna MeHIII BUpayKeHa, 3a JaHUMH Bi3yaJlbHOi aHaJo-
TOBOI KA [5,6], i3 YaCTIIIUM BUHUKHEHHSIM YCKJIAIHCHb,
30KpeMa mieJIoHe()pUTY, Ta B 2,3 pasa piaiimm periIaBHIM
KaMEHEYTBOPEHHSIM.

BucHoBKkuM

1. ITepe6ir YH xapakTepu3yBaBcsl PO3BUTKOM YacTHX,
pennauBHuX HK, iHTeHCHBHICTP SKMX y marieHTiB i3 MC
BipOTiHO BIBiYi MEHIII BUPAYKEHA TIOPIBHAHO 3 TOKA3HIKOM
xBopux Ha YH.

2. Kuiniuna kaptiHa y XBopux Ha YH, KoMopOinauii i3
MC (71 %), y 1,5 pa3a gacrimie yckiIaaHuIacs 3anaieHHsIM
HUPKH TOPiBHAHO 3 nartienTamu 3 YH (47 %).

3. Ilepe6ir YH y xBopux Ha YH, mo xomopOigauii
i3 MC, nopiBHsHO 3 mamieHTamu 3 YH, npusBogus 1o

BipOTIIHO CHJIBHINIOTO MOPYIIEHHS a30TOBUIIIBHOT
¢GbyHKIIT HUPOK, 3MEHIICHHS MIBUIKOCTI KIyOOYKOBOT
GdbinpTpanii, MOTIPUICHHS] CEKPETOPHO-CKCKPETOPHOT
3/1aTHOCTI HUPOK.

4.V xBopux Ha YH, xomop6igauii i3 MC, Ha 111 3acTo-
cyBaHHS 0i0(TaBOHOINIB (KBepTHHY) depe3 14 mib BiTHOB-
JIIOBaJIacsl CEKPETOpHA 3/1aTHICTh HUPKH, @ €KCKPETOpHa
3aJIMIIaNacs BIpPOTiTHO OUIBILOI 32 HOPMY, ajie MEHIIOH0
II0/I0 TTOKA3HUKa KOHTPOJBHOI IpymH. B KOHTpOIBHIi rpy-
i (Tepartisi 3TiHO 3 YMHHAMH KIIHIYHUMH TPOTOKOJIAMH)
CEKPETOPHO-EKCKPETOPHI MPOIECH Y HUpII uepe3 14 miod
3aJIMIIANCS HIKYMMH, B 1,6—1,7 pa3a BiporiiHO nepeBu-
LIyBaJIM HOPMaJIbHI BEJTMYHHH.

5. IIpaBuibHE KUTbKICHE OI[IHIOBAaHHS iHTEHCUBHOCTI OO0
y xBopux Ha YH mae OyTH nepummm KpOKOM Y KOMILUIEKCI
3aX0J1iB MEIMKAMEHTO3HOT Teparii Ta BiIHOBJICHHS Macaxy
ceui. L{e 6e3nocepentbo BIuMBae Ha e(heKTHBHICTD 1 aJieK-
BaTHICTh 0OPAHOTO METOTY JTIKYBaHHS Ta Ma€ OyTH pyTHHHOIO
MIPAKTUKOO B pOOOTI JTiKapiB.

KoHdnikT iHTepeciB: BiACyTHIN.
Conflicts of interest: authors have no conflict of interest to declare.

BinomocrTi npo aBTOpIB:

ly6apb A. O., kaHa. Mef. HayK, [oLeHT kad. ypororii, 3anopisbkui
[OepXaBHU MeauYHWUI yHiBepeuTeT, Ykpaia.

ORCID ID: 0000-0002-8198-128X

[os6uw M. A., a-p mMeq. Hayk, npodbecop kad. yponorii, 3anopiabkuin
[LlepXaBHUI MeanYHWIA yHIBEpCUTET, YkpaiHa.

ORCID ID: 0000-0001-8920-8139

MiweHko O. M., acucteHT kad. aHaTomii NiOANHK, onepaTUBHOI Xipyprii Ta
TonorpadiyHoi aHaToMii, 3anopi3bKui fepxaBHUIi MEAUYHNIA YHIBEPCUTET,
YkpaiHa.

ORCID ID: 0000-0002-3457-231X

[os6u |. M., acucteHT kad. yponorii, 3anopiabkuin AepxaBHuii
MeOUYHNIA yHiBepcuTeT, YkpaiHa.

ORCID ID: 0000-0002-8767-5443

Information about authors:

Hubar A. O., MD, PhD, Associate Professor of the Department of Urology,
Zaporizhzhia State Medical University, Ukraine.

Dovbysh M. A., MD, PhD, DSc, Professor of the Department of Urology,
Zaporizhzhia State Medical University, Ukraine.

Mischenko O. M., Assistant of the Department of Human Anatomy,
Operative Surgery and Topographic Anatomy, Zaporizhzhia State Medical
University, Ukraine.

Dovbysh I. M., Assistant of the Department of Urology, Zaporizhzhia State
Medical University, Ukraine.

Cnucok nitepatypu

[1] Kidney stones : a fetal origins hypothesis / S. A. Howies, M. H. Edwards,
C. Cooper, R. V. Frakker. Journal of bone and mineral research. 2013.
Vol. 28, Iss. 12. P. 2535-2539. https://doi.org/10.1002/jbmr.1993

[2] Hosi MoXnMBOCTI B KOpeKLi rinepypukemii y XBopux Ha cevokam’siHy
XBOPOBY Ta ceuoKkMcny rinepkpuctanypito / B. B. YepHeHko, B. /1. Cas-
4yk, H. |. XXentoBcbka Ta iH. 300posbe myxyuHsl. 2019. Ne 3. C. 70-73.

[3] Domb6posckuii A. A. MeankamMeHTO3HOE neveHre MovekaMeHHoi 6o-
Ne3HV Npy NoMoLLy LuTpaTHOM Tepanuu. Modku. 2014. Ne 1. C. 74-78.

[4] Sakhaee K., Maalouf N. M., Sinnott B. Clinical review. Kidney stones
2012: pathogenesis, diagnosis, and management. The Journal of
clinical endocrinology and metabolism. 2012. Vol. 97, Iss. 6. P. 1847-
1860. https://doi.org/10.1210/jc.2011-3492

[5] CanoH H. A. Hellponcyxonornyeckie Kputepum oLeHK HeBponaTuye-
ckoro 6oneBoro cuHapoma. YkpaiHcbkuli HelpoxipypaiyHull XypHar.
2005. Ne 1. C. 34-40.

324 Current issues in pharmacy and medicine: science and practice. Volume 15. No. 3, September — December 2022

ISSN 2306-8094


https://orcid.org/0000-0002-8198-128X
https://orcid.org/0000-0001-8920-8139
https://orcid.org/0000-0002-3457-231X
https://orcid.org/0000-0002-8767-5443
https://doi.org/10.1002/jbmr.1993
https://doi.org/10.1210/jc.2011-3492

OpueiHaribHi 0oCidxeHHs!

(6]

[7]

(8]

(9]

Morgan M. S., Pearle M. S. Medical management of renal stones. BMJ
(Clinical research ed.). 2016. Vol. 352. i52. https://doi.org/10.1136/
bmj.i52

Daudon M., Lacour B., Jungers P. Influence of body size on urinary
stone composition in men and women. Urological research. 2006.
Vol. 34, Iss. 3. P. 193-199. https://doi.org/10.1007/s00240-006-0042-8
[Nos6uw M. A. JlikyBaHHS rocTpyx 0GCTPYKLIN BEPXHIX CEYOBUX LLTISI-
XiB. AKmyanbHi numarHs yporoaii : Mamepianu Beeykp. Hayk-npakm.
KoHeh. YepHisui, 16-17 xoBT. 2003 p. Yepnisui. 2003. C. 52-55.
CyyacHuil nornsg Ha 6e3apeHaxHy nepkyTaHHy HedponiToTpuncio
/ C. O. BosiaHos, A. |. Caranesuy, A. . boriko Ta iH. 3anopisbkuli
meouyHul xypHan. 2021. T. 23, Ne 4. C. 575-582. https://doi.

0rg/10.14739/2310-1210.2021.4.226895

References

(1]

(2]

(3]

[4]

5]

(6]

(7]

(8]

9]

Howles, S. A., Edwards, M. H., Cooper, C., & Thakker, R. V. (2013).
Kidney stones: a fetal origins hypothesis. Journal of bone and mineral
research, 28(12), 2535-2539. https://doi.org/10.1002/jbmr.1993
Chernenko, V. V., Savchuk, V. Y., Zheltovska, N. I, Chernenko, D. V., &
Bondarenko, Yu. M. (2019). Novi mozhlyvosti v korektsii hiperurykemii
u khvorykh na sechokamianu khvorobu ta sechokyslu hiperkrystaluriiu
[Current possibilities in the correction of hyperuricemia in patients with
urolithiasis and uric acid hypercrystallization]. Zdorove muzhchiny,
(3), 70-73. [in Ukrainian].

Dombrovskii, Ya. A. (2014). Medikamentoznoe lechenie mocheka-
mennoi bolezni pri pomoshchi tsitratnoi terapii [Drug treatment of
urolithiasis with citrate therapy]. Pochki, (1), 74-78. [in Russian).
Sakhaee, K., Maalouf, N. M., & Sinnott, B. (2012). Clinical review.
Kidney stones 2012: pathogenesis, diagnosis, and management. The
Journal of clinical endocrinology and metabolism, 97(6), 1847-1860.
https://doi.org/10.1210/jc.2011-3492

Sapon, N. A. (2005). Neiropsikhologicheskie kriterii otsenki nevro-
paticheskogo bolevogo sindroma [Neuropsychological criteria for
assessing neuropathic pain syndrome]. Ukrainskyi neirokhirurhichnyi
zhurnal, (1), 34-40. [in Russian].

Morgan, M. S., & Pearle, M. S. (2016). Medical management of renal
stones. BMJ (Clinical research ed.), 352, i52. https://doi.org/10.1136/
bmj.i52

Daudon, M., Lacour, B., & Jungers, P. (2006). Influence of body size
on urinary stone composition in men and women. Urological research,
34(3), 193-199. https://doi.org/10.1007/s00240-006-0042-8
Dovbysh, M. A. (2003). Likuvannia hostrykh obstruktsii verkhnikh
sechovykh shliakhiv [Treatment of acute obstruction of the upper uri-
nary tract]. Aktualni pytannia urolohii. Proceedings of the All-Ukrainian
scientific-practical conference (pp. 52-55). Chernivtsi. [in Ukrainian].
Vozianov, S. O., Sahalevych, A. I., Boiko, A. I., Haiseniuk, F. Z.,
Kohut, V. V., Dzhuran, B. V., & Sosnin, M. D. (2021). Suchasnyi
pohliad bezdrenazhnu perkutannu nefrolitotrypsiiu [A modern view
on tubeless percutaneous nephrolithotomy]. Zaporozhye medical
journal, 23(4), 575-582. [in Ukrainian]. https://doi.org/10.14739/2310-
1210.2021.4.226895

ISSN 2306-8094

AKTyanbHi TMTaHHSA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTuku. 2022. T. 15, Ne3(40)

325


https://doi.org/10.1136/bmj.i52
https://doi.org/10.1136/bmj.i52
https://doi.org/10.1007/s00240-006-0042-8
https://doi.org/10.14739/2310-1210.2021.4.226895
https://doi.org/10.14739/2310-1210.2021.4.226895
https://doi.org/10.1002/jbmr.1993
https://doi.org/10.1210/jc.2011-3492
https://doi.org/10.1136/bmj.i52
https://doi.org/10.1136/bmj.i52
https://doi.org/10.1007/s00240-006-0042-8
https://doi.org/10.14739/2310-1210.2021.4.226895
https://doi.org/10.14739/2310-1210.2021.4.226895
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Study of the preferences of doctors and pharmacists regarding
medicines for the treatment of diseases of the peripheral nervous
system
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The aim of the work is to assess the preferences of doctors and pharmaceutical workers regarding drugs for the treatment of diseases of
the peripheral nervous system in order to optimize the medical supply of the population.

Materials and methods. Data from the State Register of Medicines of Ukraine, Compendium-online, questionnaires of neurologists and
pharmaceutical workers were used in this research. The search systematic, analytical, qualimetric, comparative, statistical analyses were
used in the work.

Results. The results of a survey of neurologists revealed that for the treatment of diseases of the peripheral nervous system (radiculopathy,
radiculalgia) the most effective treatment regimen is that, which includes “Nucleo CMF Forte”, “Celtican” and “Mielofan”. The effectiveness
and safety of the studied drugs were confirmed by qualimetric analysis. However, the results of consumer surveys showed that the latter
prefer a treatment regimen that contains “Dicloberl”, “Ketanov” and “Dexalgin”. These drugs are the most irrational in terms of side effects
and contraindications. For consumers, the importance of the pharmacological effect outweighs the effects on the body from the side

effects of drugs.

Conclusions. The study of the preferences of doctors and pharmacists regarding medicines for the treatment of radiculopathy and
radiculalgia was conducted. The most rational treatment regimens are identified, the effectiveness of which is confirmed by the method
of qualitative analysis.

Key words: diseases of the peripheral nervous system, treatment regimens, drugs, pharmacists, doctors.

Current issues in pharmacy and medicine: science and practice 2022; 15 (3), 326-329

DocnimkeHHsa ynogobaHb nikapis i hapMaLieBTUYHMX NpaLiBHMKIB WOAO Nikapcbk1X 3aco6iB Ans nikyBaHHA 3aXBOPHOBaHb
nepucepryHOi HepBOBOI CUCTEMU

T. C. bputaHosa, T. . 3apiyHa, A. C. Touyns, 0. B. WocTak

Meta po6oTu — ouiHIOBaHHs! ynogobaHb nikapis i hapmaveBTUYHMX NpaLiBHUKIB LLOAO Nikapcbkux 3acobiB Ans nikyBaHHS 3aXBOPHOBaHb
nepudepuyHoi HEPBOBOT CUCTEMY NSt ONTUMI3aLi NiKapCbKOro 3ab6e3neveHHs1 HaceneHHs:.

Matepianu Ta metogu. [Ins 3aiicCHEHHS aHanisy BUKopuCTanu BioMocTi [lepkaBHOro peectpy Nikapcbkux 3acobis, KomneHaiym-oHnanH
Ta aHKeT NikapiB-HeBposoriB, (hapmaveBTUYHKX NpauiBHukiB. Mig Yac poboTW 3acTocyBanu MeTOAM CUCTEMATUYHOTO, aHamniTUYHOTO,
KBaniMeTPUYHOTO, NOPIBHANBHOTO Ta CTAaTUCTUYHOIO aHaniay.

Pesyneratu. Pesynbtatn aHkeTyBaHHA nikapiB-HEBPOMONiB Aany 3MOry BCTAHOBUTU, LIO AN NiKyBaHHA 3axBOptoBaHb nepudepuyHoi
HEPBOBOI CUCTEMW (paamKynonarii, pagvkynanrii) HaneeKkTVBHILLO € cxema MiKyBaHHS, Wo nepeabayae npusHadeHHs Hykneo LIM®
¢opte, KentikaHy Ta MienodaHy. EcbektusHicTb i 6e3neky gocnigkyBaHnx nikapcbkux 3acobiB NiATBEPAKEHO METOAOM KBaNiMETPUYHOTO
aHanisy. BTim, pesynstati aHkeTyBaHHs hapMaLeBTUYHKX NPaLiBHUKIB MOKa3anw, WO CNoXuBaYi Bia4atoTb nepesary cxeMi NikyBaHHS, sika
Bkntovae [uknobepn, KetaHos i Jekcanrin. Lii nikapcbki 3acobu — HanbinbLu HepauioHanbHi B acnekTi NoBiYHMX BMMBIB | NPOTMMNOKa3aHb.
[ns cnoxmBadiB BaxMBICTb hapMakonoriyHoro ehekTy NpeBarte Haf HacniakaMu Ans opraHiamy Big noGivHMX ail nikie.

BucHoku. 3pjicHunu gocnimxeHHs ynogobaHb Nikapis i (hapMaLeBTUYHMX NPaLBHUKIB LLOAO NikapChbkyx 3acobiB Ans Tepanii pagukynonarin
i pagukynanrin. BuaHaumnm HanbinbLL paLioHanbHi CxeMu nikyBaHHS!, ePEKTUBHICTb SIKUX NiLTBEpKEHA METOLOM KBaNMETPUYHOIO aHani3y.

Kntouogi crnosa: xBopobu nepudepuyHoi HepBOBOI CUCTEMM, CXEMM NiKyBaHHS, MikapCbki 3acobu, hapmaLeBTUYHI NpauiBHWKY, nikapi.
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OpueiHaribHi 0oCidxeHHs!

Neurological manifestations of osteochondrosis account for
60 % to 70 % of all diseases of the peripheral nervous system,
and vertebrogenic radiculopathies account for 8 % to 10 %
of other complications of osteochondrosis of the spine. Most
often, people of working age (from 30 to 60 years) suffer
from back pain. This disease has a tendency to prolonged
course with repeated relapses, which often lead not only to
temporary but also permanent disability [1].

Age is a primary risk factor, as it occurs secondary to the
degenerative process within the spinal column. Symptoms
typically begin in midlife, with men often affected in the 40s
while women are affected in the 50s and 60s [2,3]. Females
have a higher risk in certain populations, with physically
demanding careers such as service in the military. In the
general population, there is a male preponderance. Degener-
ative spondyloarthropathies are the primary cause of lumbar
radiculopathy [4]. Patients commonly present with back pain
that is associated with their radiculopathy. By definition, ra-
diculopathy describes pain that radiates down the legs and is
often described by patients as electric, burning, or sharp. The
most common underlying cause of radiculopathy is irritation
of a particular nerve, which can occur at any point along the
nerve itself and is most often a result of a compressive force.
In the case of lumbar radiculopathy, this compressive force
may occur within the thecal sac, as the nerve root exits the
thecal sac within the lateral recess, as the nerve root traverses
the neural foramina or even after the nerve root as exited the
foramina. It may be related to disc bulging or herniation,
facet or ligamentous hypertrophy, spondylolisthesis, or
even neoplastic and infectious processes. The diagnosis of
the causative agent and subsequent treatment starts with a
thorough physical exam [5].

Traditional therapy is mainly aimed at eliminating the
symptoms of the disease and therefore is not always effec-
tive. Overloading of the pharmaceutical market, along with
the growth of pathologies, makes it urgent to find the most
optimal treatment, where trust in the drug must be reasonable
and unquestionable. Pathogenetic therapy has significant
advantages, especially if it has a multifactorial effect, which
reduces the likelihood of side effects along with increased
effectiveness [6]. Currently, a small number of active com-
ponents are available that act at the level of peripheral nerves
and promote their physiological regeneration [7].

Aim

The aim of the work is to assess the preferences of doctors and
pharmaceutical workers regarding drugs for the treatment of
diseases of the peripheral nervous system in order to optimize
the medical supply of the population.

Materials and methods

Data from the State Register of Medicines of Ukraine,
Compendium-online, questionnaires of neurologists and
pharmaceutical workers were used in this research. The search
systematic, analytical, qualimetric, comparative, statistical
analyses were used in the work [8,9].

The following data from patients with this pathology
were used in this study: sex, age of the patient, diagnosis,
duration of treatment, patients’ opinion regarding the results
of the treatment of drugs included in the proposed treatment
regimens.

To study the opinion of pharmacists with this pathology
on the effectiveness of drugs included in these treatment
regimens, a questionnaire was proposed, which contains the
following questions: age, sex, lifestyle, frequency of visits to
a neurologist for this pathology, evaluation of drug efficacy
of the proposed treatment regimens.

The quality indicators of products and services can be
expressed in different units. In qualimetric analysis for
evaluation, we select the form of release, routes of admi-
nistration, range of indications (typical for all analogues +1
point, additional +2 points), contraindications (characteristic
0 points, specific -1 point), side effect (characteristic 0 points,
specific -1 point), the predominant features). Measurements
of individual properties of medicinal products were calculated
using the relative quality index (K, ) according to the formula:

K, = (P, , P, (1)

where Pijbasesf the basic indicator of comparative quality
assessments [10—12].

Results

To conduct a survey of neurologists of public and private
medical institutions of Zaporizhzhia and Dnipropetrovsk
regions to assess the effectiveness of the studied drugs, a
questionnaire was developed, which included the following
treatment regimens: the first — drugs that restore the myelin
sheath: “Mielofan” (Sintal Dietetics S.r.l., Italy), “Nucleo
CMF Forte”, “Keltican” (Ferrer Internacional S.A., Spain);
to the second — myelorelaxants: “Tizalud” (PJSC “Kyiv
Vitamin Plant”, Ukraine), “Midokalm” (Gedeon Richter,
Hungary), “Muskomed” (Mefar Ilac San. A.S., Turkey.);
to the third — nonsteroidal drugs: “Ketanov” (S.C. Terapia
S.A, Romania), “Diklober]”, “Dexalgin” Berlin-Chemie,
GmbH, Germany).

As can be seen from 7able 1, the treatment regimens for
radiculalgia and radiculopathy included the following drugs:

— Scheme 1 (drugs to restore the myelin sheath): “Nucleo
CMF Forte” (code ATC — NO7X X19*%*), “Keltican” (code
ATC —N0O7X X19**) and biological additive “Mielofan”;

— Scheme 2 (muscle relaxants): “Muskomed” (code ATC
—MO03B XO05), “Mydocalm” (code ATC — M03B X04) and
“Tizalud” (code ATC — M03B X02);

— Scheme 3 (nonsteroidal anti-inflammatory and an-
ti-rheumatic drugs): “Diclober]l” (code ATC — M01A B05),
“Ketanov” (code ATC — M01A B15) and “Dexalgin” (code
ATC —MO1A E17) [6,7].

One of the components of product competitiveness on
the market is its quality and product compliance with con-
sumer requirements, which should be considered as a set of
properties capable of satisfying consumer needs for their
purpose [10].
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Fig. 1. Histogram of the result of qualimetric analysis of drugs for the
treatment of radiculalgia and radiculopathy.

One of the solutions to the tasks of assessing the level of
product quality is a comparison of various possible variants
of the proposed products.

Qualimetric analysis was used to determine the (efficiency
and rationality) competitiveness of drugs of this action. It
shows the evaluation of the quality of medicines using a scale
of points. Qualimetric characterization was performed on the
basis of the generalization of data on the clinical use of drugs.
The obtained results of qualimetric analysis are presented in
a histogram (Fig. 1).

Discussion

According to Table 1, when prescribing drug therapy accord-
ing to scheme 1, doctors prefer “Nucleo CMF Forte” (43.2 %)
and its analog “Keltican” (40.8 %). Pharmacists confirm the
high efficiency and relative safety of “Nucleo CMF Forte”
(71.0 %). In this case, according to the results of qualimetric
analysis, all of the above drugs are quite effective and safe
(K;=0.98-1.00) (Fig. 7). When using drugs for the treatment
of pathology of the peripheral nervous system, included in
scheme 2, doctors determine the effectiveness of “Mydo-
calm” (43.8 %) and “Muskomed” (40.2 %). Pharmacists
believe that the most effective in this scheme is “Mydocalm”
(71.0 %). The results of qualimetric analysis showed that only
“Muskomed”, which is preferred by only 17.0 % of patients,
is relatively effective and safe (K, = 0.92). “Mydocalm” in
the presence of a large number of contraindications and side
effects can be attributed to a highly toxic drug (K;=0.38).

According to the results of qualimetric analysis, drugs
included in the third scheme of treatment of radiculopathies
and radiculalgia are ineffective and highly toxic. This pri-
marily applies to “Ketanov” (K;;=0.08). However, 56.0 % of
patients use this drug, although only 18.5 % of neurologists
prescribe it, preferring “Diclober]” (42.0 %) and “Dexalgin”
(39.5 %). At the same time, from the point of view of phar-
maceutical workers patients prefer the latter — 19.0 % and
25.0 %, respectively, i. e. for patients, the importance of the
pharmacological effect outweighs the consequences for the
body from the side effects of drugs.

Table 1. Data on the preferences of physicians and pharmacists regarding
drugs for the treatment of diseases of the peripheral nervous system

Survey of Survey of Coefficient
neurologists, | pharmacists, | qualimetric as-
% % sessment (K,)
Scheme 1
“Nucleo CMF Forte” | 43.2 71.0 1
“Keltican” 40.8 17.0 0.98
“Mielofan” 16.0 12.0 0.95
Scheme 2
“Mydocalm” 43.8 71.0 0.38
“Muskomed” 40.2 17.0 0.92
“Tizalud” 16.0 12.0 0.59
Scheme 3
“Ketanov” 18.5 56.0 0.08
“Dexalgin” 39.5 25.0 0.24
“Diclober!” 42.0 19.0 0.18
Conclusions

1. A study of the preferences of doctors and pharmaceutical
workers regarding medicinal products for the treatment of
radiculopathy and radiculalgia was conducted.

2. The preferences of doctors and pharmaceutical workers
regarding the proposed treatment regimens for the specified
pathologies have been established.

3. The most effective and safe drugs for the treatment of
these diseases have been identified by the method of quali-
metric analysis.

4. Prospects for further research are aimed at the analysis
of the market of drugs for the restoration of the myelin sheath
as a promising group for the treatment of pathologies of the
peripheral nervous system.
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YkpaiHa.
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AocnigkeHHA cy4acHOro CTaHy PUHKY BiTaMiHHO-MiHepanbHUX
KoMmnnekciB Ans BaritHMX Ta iHhopmaLiiHOro cynpoBoAy XiHOK
y nepioa BariTHOCTi

B. O. demyenkoZ*ACF H, O. TkauyeHko ZABDF B O, lemyeHko 2 CE

3anopisbkuii AepKaBHUIA MeanYHUI yHIBepcuTeT, YkpaiHa

A — KOHUenNUis Ta An3aitH gocnipxkeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — peparyBaHHs cTartTi;
F — ocTaTouHe 3aTBepKEHHA CTaTTi

MeTta po60oTyH — BUBYEHHS BITYM3HSHOMO PUHKY BiTaMiHHO-MiHEPanbHWX KomnnekciB aAns BariTHux (BMKB) Ta yknagaHHs iHopmauiiHoro
MacuBy A5 yXBaneHHs paLioHanbHKUX pilleHb LoAo hopMyBaHHS anTeYHOro aCOPTUMEHTY L€l rpynu ToBapiB Ta iHhopMaLliiHOro cy-
MPOBOAY XIHOK y Nepiof, BariTHOCTI.

Marepianu Ta metoaun. Ak maTepian Ans OOCHISKEHHS BUKOPUCTOBYBanu [lepxaBHUN PeecTp mikapcbkux 3acobiB YkpaiHu, fOBIAHUK
nikapcbkux 3acobis KomneHzaiym oHnaiH, iHTepHeT-pecypcy 3 MoLUyKy MikiB B anTekax Ykpaiu GeoApteka Ta Tabletki.ua, iHTepHeT-pe-
Cypcu MepexeBux anTek, onTosi npono3uuii BMKB ans antek 3rigHo 3 nporpamHnm komnnekcom «Anteka. Iig yac poboTu 3actocyBamm
MapKeTWHIOBi MeToaun, METOAN MOHITOPUHIY, MOTYHOTO Y3arasibHeHHS!, rpynyBaHHs Ta rpadivHui.

Pesynsratn. Ha nigcrasi aHaniay iHcopmauinHux gxepen npo BMKB cchopmyBanm Asi acopTuMeHTHi rpynn: 99 % cermeHTa npeactaBneHo
creuianbHUMKU xap4oBKUMmu npogyktamu, 1 % — nikapcbkumu 3acobamu. Bueumnm gipmMoBy CTPYKTYpY PUHKY, @ TakoX npoaHanidysanm
covjianbHo-eKOHOMIYHY AocTynHicTb BMKB ans cnoxueada — BariTHOI XiHKK.

BucHogku. Ha ykpaiHcbkomy chapmaueBTuiHomy puky BMKB nepeBaxaroTb reHepuyHi 6araTokOMMNOHEHTHI npenapaTy iHO3eMHOTO BU-
po6HMLTBA, L0 MaKTb CEPEAHI0 AOCTYMHICTbL ANs CNoXuBaYa. Taka cuTyalis CTBOPIOE NepeayMOBM A8 PO3BUTKY BACHOMO BUPOOHMLTBA
BMKB HanexHoi SKocTi, Lo cnpusTUME NiABULLEHHIO IXHbOT AOCTYMHOCTI Ta 3MEHLUTb EKOHOMIYHE HABAHTaXEHHS Ha CroXuBaYa — BariTHy
XIiHKY. IHcbopmMaLiHe 3abe3neyveHHst XIHOK 40 NoYaTKy NnaHyBaHHS BariTHOCTI Ta y Nepiod BUHOLLYBAHHSA AUTVHW BIANOBIAAE 3a40BINb-
HOMy piBHt0. [epenycim Lie noB’sizaHo 3 HeoOXIAHICTIO 060B'I3KOBOTO 3BEPHEHHS XiHKM [0 Nikaps y nepiof NnaHyBaHHS BariTHOCT Ta
NOCTIHOrO KOHTPOMIO Nif Yac BariTHocTi. 3 iHLWworo 60Ky, (hapmaleBTUyHa onika He B 3MO3i KoMneHcyBaTh bpak iHdopmadii wogo BMKB
Yyepes 0CcoBNMUBICTb CTaHy XiHKW, a caMe BariTHICTb, Lo NoTpebye Harnsaay Ta KOHTPOIo Nikaps.

Kntouogi crnoga: BiTaMiHHO-MiHepasibHi KOMMNEKCU ANa BariTHUX, MapKeTUHIOBI AOCHIMKEHHS, coLjianbHO-eKOHOMIYHA AOCTYMHICTb,
iHpopmaLiiH1IA CynpoBiA BariTHNX.
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Research of the current state of the market of vitamin and mineral complexes for pregnant women and information support
for women during pregnancy

V. O. Demchenko, N. O. Tkachenko, V. O. Demchenko

Aim of the work is to study of the domestic market of vitamin and mineral complexes for pregnant women with the subsequent formation
of an information array for making rational decisions on the formation of the pharmacy range of this group of products and information
support for women during pregnancy.

Materials and methods. The State Register of Medicinal Products of Ukraine, the Compendium Online Directory of Medicinal Products,
Internet resources on drug search in Ukrainian pharmacies GeoApteka and Tabletki.ua, Internet resources of online pharmacies,
wholesale offers of vitamin and mineral complexes for pregnant women for pharmacies according to the “Apteka” software package
were used as research material. The marketing method, monitoring methods, logical generalization, grouping, and graphic were
used in the work.

Results. Based on the analysis of information sources about vitamin and mineral complexes for pregnant women, two assortment groups
were formed: 99 % of the segment is represented by special food products and 1 % — by medicines. We studied the corporate structure
of the market, as well as analyzed the socio-economic accessibility for consumers — pregnant women.

ARTICLE UDC 339.13:615.356-055.26
INFO DOI: 10.14739/2409-2932.2022.3.259188
Current issues in pharmacy and medicine: science and practice 2022; 15 (3), 330-336

Key words: vitamin and mineral complexes for pregnant women, marketing research, social and economic accessibility, information
support for pregnant women.

" PP,
[y — E-mail: victOriya@ukr.net
zsmu.edu.ualarticle/

view/259188 Received: 22.02.2022 // Revised: 10.03.2022 // Accepted: 22.03.2022

330 Current issues in pharmacy and medicine: science and practice. Volume 15. No. 3, September — December 2022 ISSN 2306-8094


https://orcid.org/0000-0001-9117-0467
https://orcid.org/0000-0002-8566-5938
https://orcid.org/0000-0001-5142-6296
https://doi.org/10.14739/2409-2932.2022.3.
259188
mailto:vict0riya%40ukr.net?subject=

OpueiHaribHi 0oCidxeHHs!

Conclusions. The Ukrainian pharmaceutical market of vitamin and mineral complexes for pregnant women is dominated by generic
multicomponent drugs of foreign production, which have medium availability for the consumer. This situation creates the preconditions
for the development of own production of proper quality, which will increase their availability and reduce the economic burden on
the consumer — a pregnant woman. The information support of women before the beginning of pregnancy planning and during childbirth is
in satisfactory condition. This is primarily due to the need for a woman to see a doctor during pregnancy planning and constant monitoring
during pregnancy. On the other hand, pharmaceutical care is not able to compensate for the lack of information on vitamin and mineral
complexes for pregnant women due to the peculiarity of the woman’s condition — pregnancy, which requires medical supervision.

Key words: vitamin and mineral complexes for pregnant women, marketing research, social and economic accessibility, information

support for pregnant women.
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30eperkeHHs 370pOB s KIHKH 3AITUIIAETHCS OHIM 31 CTpaTe-
TYHMX 3aBIaHb KOXKHOI JeP)KaBH, OCKUIBKH XKIHKA BiIirpae
Ba)KJIUBY POJIb y (HOPMYBaHHI TPYIOBOI'O IIOTEHIIaTy KpaiHH
— Oe3nocepeIHbO 0COOMCTO Ta ONOCEPEIKOBAHO, HIIIXOM
HApOIDKCHHS JiTel. 3a MaHWUMH CBITOBOI Ta BITYH3HSIHOI
CTaTHCTHKH, CePEJI TOJIOBHUX MPpo0JieM (hepTHITEHOCTI MOPSITT
13 O€31UTiIsIM, CMEPTHICTIO Ta IH(EKIISIMH, 1110 IePEIAI0THCS
CTaTEBUM HIISIXOM, 3JIMIIAIOTHCS NPOOJIEMH 3 BariTHICTIO:
HEBHHOIIYBaHHsI Ta ycknaaHeHHs [ 1]. Came ToMy opraniza-
i SAKICHOT MiATPUMKH 3IOPOB’SI KIHKH TIi/T 9aC BariTHOCTI
— Ba)k/rBa (papMarieBTHYHA Ta MEAUKO-COLliaIbHA [TpodJIeMa.

3a oCcTaHHI ACCATHIIITTS HAYKOBA CIUILHOTA JI0CSTIIA CYTTE-
BUX YCHIXiB Y IOCII/PKEHHI ITUTaHb, TI0B’ I3aHUX 31 30eperkeH-
HsIM (DepPTIITHHOCTI, BCTAHOBHBIIIY YiTKAI B3a€EMO3B’ 130K MiXK
Xap4yBaHHSIM Marepi Ta 37aTHICTIO 10 HAPOIKCHHS TUTHHI
[2,3]. JoTpumaHHS 310pOBOTO XapuyBaHHsS, HACHIEHOTO
MOPEIPOIYKTaMH, OLTKOM M’sica TTHII, [iTbHO3EPHOBHUMHU
NIpOAyKTaMu, GpyKTaMu it 0BOYaMH, OKpaIye (HepTUIIbHY
(YHKIIIFO KIHKH ¥ TOJINIIy€e mepedir BUHONTYBAaHHS [TH-
TuHU. [IpoTe HaBiTH TpU 30aTaHCOBAHOMY XapdyBaHHI i
aJIEKBaTHUX CHEPrOBUTPATax OpPraHi3M BariTHOI HE B 3M03i
3a0e31e4nTH BCl OTPedH, 110 301IBIIYIOThCS Y LISk BaXKIIH-
BUI 11 skiHKY miepion. Came BiTaMiHM Ta MiHEpaIH CTBO-
PIOIOTH CTIPHSATINBI YMOBH IS aIeKBATHOT 3MiHH PO3MIpiB,
(yHKLIOHAJIBHOT aKTMBHOCTI OpraHiB 1 CUCTeM Martepi Iijl
Yyac BUHOIIYBaHHsI Ta PO3BUTKY I10/1a. [IpoTsiroM BaritHOCTI
norpeba y BiTaMiHax i MiHEpaJIbHIX PEYOBHHAX 301JIBIIY€Th-
cs1 B 2—4 pa3u; MOCHITIOIOTH TOTpedy B HUX 1 HECTIPUSTIINBI
€KOJIOT19HI YMOBH, XPOHIYHI 3aXBOPIOBAHHSI, 3aXBOPIOBAHHS
TIeYiHKY Ta IIUTyHKa, cTpecH [4,5].

Cepezl TOJIOBHUX HACIIJIKIB TilO-, aBITaMIHO3IB 1 AU3Mi-
kpoeneMenTo3iB (JIME) BariTHUX HaifyacTilie BU3HAYaIOTh
aHeMii (MOJKHA PO3IIISIATH SIK OKPEMHUH MAaTOIOTIYHNIN CTaH
1 1K HacmiZoK aBiTamino3y, JIME — nedimmr 3aimiza, omieBoi
KHUCJIOTH Ta IiaHOKoOallaMiHy), MOJAOBKEHHSI TI0JIOr0BO JIi-
STBHOCTI Ta CIIOHTaHHI a00pTH (NeilMT HUHKY ), COMaTHYHI
BiXmiIeHHS (1e(inuT MarHiro Ta Hoty) Tomo. Taki cepiosHi
HACTIIKW TIOPYIIEHHS BiTaMiHHO-MiHEPAIFHOTO CTAaTyCy B
KIHOK TTiJT 9ac BariTHOCTI CIPUYMHSIFOTH HEOOX1THICTh A0O/IaT-
KOBOTO MPUHMaHHS PI3HUX KOMIUICKCIB BITAMIHIB | MiHEpaJIiB.

Apcenan 3aco0iB sl JIKyBaHHS W TPOQIIAKTUKK Ha3-
BaHMX IATOJIOTIYHUX CTAHIB y BATITHUX JOBOJI BEIMKHIA,
CKJIaTIa€ThCA 3 TIKapChKUX 3aco0iB (JI3) i cneniampHUX Xap-
4oBuX 1pojaykTiB (CXIT). OcTaHHIMU pOKaMH CIIOCTEPIraroTh
«mepexi AesKux (hapMaleBTHYHMX TOBapiB i3 kareropii JI3
y kareropito CXI1, 1110 3HUKYE SIKICTB JIIKYBaJIbHOTO IPOLIECY

Ta piBeHb Oe3MeKH T CTIokKBada [6,7]. He BUHATOK y ITbOMY
MMUTaHHI — CSTMEHT BITAMiHHO-MiHEPAJIbHUX KOMILICKCIB JUIs
BaritHuX (BMKB), 1110 001pyHTOBYE aKTyanbHICTB 3IiHCHE-
HUX JOCIIJDKEHb 3 aKIIEHTOM YBarh Ha iXHiil J0oCcTynHOCTI
ITiJ1 9ac BOEHHOT arpecii pocii mpoTu YKpaiHu Ta noripiieHHi
COILIIATFHO-EKOHOMIYHOTO CTaHy B KpaiHi.

[MuranHs om0 1ocTymHOCTI JI3 pi3HKUX HO30JI0TH, 30KpeMa
BiTaMiHiB, BUCBITIICHO B HayKoBHX mparsix 1. 5. Toponenpkoi
[8], b. I1. I'pomoBuka [9], A. A. Korsiupkoi [10], A. C. Hem-
yenko [11], H. O. Tkagenxo [12] Tommo. Brim, cermMeHT puHKyY
BMKB 3anumiaetscst 6e3 Halle:)KHOT yBarH.

MeTta po6otu

Busdenns BiTum3HsHOTO puHKY BMKB Ta ykmamawas
iH(pOpMAaIiifHOr0 MacuBy JUIsl YXBaJCHHS palliOHaJIbHUX
pitreHs moao (GopMyBaHHS aNTEYHOTO ACOPTUMEHTY ITi€l
Ipynu TOBapiB Ta iH(GOPMALIHOTO CyNpOBOLY XKIHOK Y
TIepiof BariTHOCTI.

Marepianu i MeTogu pocnipkeHHs

Sk marepian Ui DOCHIIKSHHS BUKOpHUCTanu JleprkaBHuiA
peeCTp NKapChKUX 3ac00iB YKpaiHH, TOBITHHUK TiKAPCHKUX
3aco0iB Komnenaiym onnaiit [13], inTepHer-pecypceu 3 no-
IIyKy JiKiB B anTekax Ykpaian GeoApteka ta Tabletki.ua,
iHTepHeT-pecypcu MepexxeBux antek «AHLy, «Komilikay,
«lap@y», «Anrteka 911», «Men-cepsicy, rypToBi Ipo-
no3utii JI3 juist antex 3riHO 3 TPOrPaMHUM KOMILIEKCOM
«AmnTexay.

[Tix yac poOoTH 3acTOCYBaIN MapKETHHIOBI METOJIH, Me-
TOII MOHITOPHUHTY, JIOTIYHOTO y3arajJbHEHHs, TPyIyBaHHsI
Ta rpadiaHIA.

Pesynkratu

Ha mepmomy erami mocimimkeHb 3MiHCHIIN KOMIDIEKCHHN
CTPYKTYpOBaHHH aHaJIi3 Cy4acHOIo apceHary KOMOIHOBaHNX
3aco0iB, sIKi JIiKapi BUKOPHCTOBYIOTH IS TPO(MINIAKTHKY Ta
JIiKyBaHHS Tirmo-, aBiTamino3iB, JIME, 30kpema aneMiii y
BariTHHUX.

Crarom Ha 01.02.2022 p. Bussumu 34 BMKB, 3-mmomix
SIKHX JIMIIIE 2 KOMIUIEKCH, 1110 3apeectpoBaHi sik JI3 (mabn. 1).

I1ixg yac HACTYITHOTO TOCTIKEHHS IS OIiIHIOBaHHS €KO-
HomiyHOl poctynHocti BMKB (i1 OCTIHHMX PUHKOBHX
TIO3HIIIH) po3paxyBaii KOS(Dili€HT aeKBaTHOCTI ITaTOCIIPO-

moxxuocti (K, ta koediuient nocrynrocri (K) (maon. 2).
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Tabnunua 1. AcopTumeHTHa CTpykTypa cermeHTa BMKB

TNikapcbki 3acobu

1 Enesit® npoHartanb PotteHpopd Papma MveX, HimewunHa Tabnetku Ne 30 (10 x 3), Ne 100 (20 x 5)
2 Bitpym® npexatan OHicbapm, IHk., CLLA Tabnetku Ne 15, 30, 60, 100
CneuianbHi Xxap4oBi NpoAyKTH (BiETUYHI fOGaBKM)

1 Annirat Novator Pharma, JlongoH, Benuka bputanis kancynu Ne 30 (15 x 2)

2 AndasiT mama AT «Bitamitn», Ykpaina Tabnetku Ne 60

3 Be6i [hxeiyc Mpenatanb 3 Omera-3 Softgel Healthcare, IHgis kancynu m’siki xenatuHosi Ne 30
4 Bennaranb Exeltis Healthcare, Itania Tabnetkn Ne 30

5 BitareH npernakea Biodeal Pharmaceuticals Private Limited , IHgis Tabnetku Ne 60

6 BitareH nperHagxeH doprte Biodeal Pharmaceuticals Private Limited, IHgis Tabnetkn Ne 60

7 Bitamxer Ne 27 Pregna methylfolate Euro Lifecare Ltd., Benvka Bputanis Tabnetkn Ne 60

8 BitaToH MpernHeHci [lyo Newtone Pharma Limited, Benvka bputaHis kancynm Ne 30, Ne 60

9 Bitpym Mpexatan Mntoc Unipharm, Inc., CLLA Tabnetkw, B/nnis. obon. Ne 30
10 [lonnenbrepy, akTme Keaiiccep ®apma MvoX i Ko. KI, HimewunHa Tabnetku Ne 30 (10 x 3)

(cponiesa kucnota + B6 + B12 + C +E)

1 [lonnenbrepL, akTvB, BiTaMiHW ANs Mamn

12 Embpis ®OJ ®apmakom, Ykpaita Tabnetkv no 0,1 r Ne 150

13 Emderan «Kenan ®apmay, baHkes, Bonrapis Tabnetku no 850 mr Ne 60

14 Epa 400 Gricar Chemical S.r.l., Itanis kancynm Ne 30

15 IHocbonmk codoTrens (Exeltis Healthcare, Itanis Tabnetkn Ne 30

16 Kombicpon Sante Naturelle, Kanaga Tabnetku, Ne 60

17 MarHokc MperHa Hage ®apwma, I3painb kancynm Ne 30

18 Hatabion BiTamiHm 4ns BaritTH1X Med-Eq AS, Hopseris Tabnetkm Ne 30

19 HytpiMamma TOB «HyTpiminy, IHgis kancynu m'siki xenatuHosi Ne 30
20 OxecTaH Kancyxenb Mnoepmens / Nladanb EHgtocTpi, paHuis | kancynu Ne 30

21 MperHa-5 Amaxa Pharma Benuka BpuTaHis kancynu m'siki Ne 30

22 lMperHakea OpimpkuHan Delta Medical Promotions AG, LLseiuapis kancynu Ne 30

23 MpeMama [lyo kombi EUROPHARMAALLIANCE SP. Z2.0.0., MonbLa Kombi-ynakoBka Ne 60

(tabnetkm Ne 30 + kancynm Ne 30)

24 Csicc EHepmaxi Mpenatan MynbtusiT FORTEX NUTRACEUTICALS LTD, Bornrapis kancynm Ne 30

25 Solgar Conrap NpeHata6e Solgar, CLUA Tabnetkn Ne 60

26 CymaBiT maTepHa mibe GmbH Artsnaymittel, Himeyunra kancynv Ne 30

27 donisiT TOB «tOHiBepc ®apmy», YkpaiHa kancynu xenar. 3 nopotu. Ne 60
28 donigit 2

29 donbTpeca Abena ®apm, Cepbis kancynu Ne 30

30 ®emibioH Hatarnkep | Mepk KraA aHa KoBepk LLUnuTTans, HimeyunHa Tabnetkn Ne 30

31 demibioH Hatankep Il Kombi Mepk KraA ana KoBepk LUnuTTans, HimeyunHa kancynu Ne 60

32 ®eppogiH Metagenics Ink, CLUA kancynu Ne 30
OO6roBopeHHs oxo ¢ipmosoi crpykrypu punky BMKB, 10 B pe3yib-

Ananiz BMKB 3a kputepieM «rikapcbka Gpopmay nokasas,
1110 B aCOPTUMEHTI [IepeBaXkatoTh TadeToBaHi popmu — S50 %,
Ha Karcynu npumnanae 38 %, a yacTka M’SKHX Karcyil Ha

PHUHKY CTaHOBUTH 12 %.

3a KpUTEpieEM MOPSIOK BIAMYCKY 3 alITEKH BU3HAYUIIH: YCi
3aco0u BIAITYCKalOThCs Oe3 perenTa Jikapsi.

TaTi aHali3y BCTAHOBWIIH, IO HUHI 88 % mpomykuii mpex-
CTaBIEHO 1HO3eMHUMHU BUpOOHUKamu (puc. I). Jligupye
Himeuunna (Ksaiiccep ®@apma I'm6X i Ko. KI', Mepk KraA

eng KoBepk Llnutrans) — 14,7 % punky. Benukiit bpuranii,

Iupaii, CIIA Ta Vkpaini Hajgexuts mo 12 %, Itami — 9 %.
Hatimenma kinskicte BMKB npencrasiena BupoOHHKa-
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Tabnuug 2. MNMokasHuku LiHoBoi gocTynHocTi BMKM Ha 01.02.2022 poky

1

Enesit® npoHatans (Ne 30) 400,0 0,03 0,97
2 Annirar (Ne 30) 311,60 0,02 0,98
3 Andagit mama (Ne 60) 200,4 0,01 0,99
4 Bebi [xeHiyc MpeHatanb 3 Omera-3 (Ne 30) 257,9 0,02 0,98
5 BitaToH MperHeHci Ayo (Ne 30) 320,4 0,02 0,98
6 Bitpym Mpexatan Mntoc (Ne 30) 170,1 0,01 0,99
7 [onnenbrepy akTve (doniesa kucnota + B6 + B12 + C +E (Ne 30) 153,4 0,01 0,99
8 [onnenbrepy aktus, BiTamiHm ans mamm (Ne 30) 174,8 0,01 0,99
9 Emderan (Ne 60) 2247 0,02 0,98
10 Epa 400 (Ne 30) 2304 0,02 0,98
11 KomGichon (Ne 30) 265,1 0,02 0,98
12 MarHokc MperHa (Ne 30) 3351 0,02 0,98
13 HyTtpiMama (Ne 30) 530,1 0,04 0,96
14 MpeMama [lyo kombi (Ne 60) 548,1 0,04 0,96
15 MperHa-5 (Ne 30) 490,1 0,04 0,96
16 Cgicc EHepmxi Mpenaran MynitusiTt (Ne 30) 2871 0,02 0,98
17 Conrap Mpenata6e (Ne 60) 380,6 0,03 0,97
18 ®onisiT (Ne 30) 330,0 0,02 0,98
19 ®onisiT 2 (Ne 60) 510,0 0,04 0,96
20 ®onbrpeca (Ne 30) 161,5 0,01 0,99
21 demibion Harankep Il kombi (Ne 60) 543,1 0,04 0,96
22 demibioH Hatankep | 3341 0,02 0,98

CepedHbomicsiyHa 3apobimHa niama cepeOHbOCMamuCcmu4HO20 MelkaHus 3arnopisbko2o pezioHy enpodoex 2021 poky cmaHosuna 13 612 2pH

(Oxepero: https://index.minfin.com.ua/labour/salary/average/2022/).

Ykpaina; 12,00

Kanana; 3,00
I3painb; 3,00
Hopsgeris; 3,00
Lsenuapis; 3,00
®paHuis; 3,00
Bonrapis; 3,00
Cepbis; 3,00

MonbLwa; 3,00

CLUA; 12,00

Puc. 1. fliarpama noginy puky BMKB 3a kpaiHoto-BupobHukom, %.

HimeyuunnHa; 15,00

Benwuka bputais;

4‘ IHpis; 12,00
Itanis; 9,00
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Cynpogig Ao BariTHoCTi

KoxHa xiHka,

sika BCTYnae B W6
Ta NnaHye HapoanTH
OUTUHY, Mae npaBo
Ha Megun4He
obcTexeHHs [13,14]:

—MoctaHoBa KMY
Big 16.11.2002 p.

Ne 1740

«[Mpo 3aTBEpPMKEHHS
lMopsigky 3aiNCHEeHHs
[06poBinbHOrO
MEANYHOTO
00CTEXEHHS
HapeueHnxy;

— Hakas MOS3 Ykpaitu
Big 20.12.2002 p.

Ne 480

«[lpo nepenik B1aiB
[06poBinbHOrO
MEANYHOro
obcTexeHHs ocio,

ki noganu 3asBy

Npo peecTpaLiito
wnoby» [15].

Cynposia nig yac BaritTHOCTi

Mpu neplomy Bi3uTi

[0 nikaps NOBUHHA
OTpUMaTH PO3rOPHYTY
iHhopmaLito wopo:

— HeoOXigHOCTI NpUiMaHHs
coniesoi kucnotu (400 mkr)
110 12 TWXHIB BariTHOCTI;

paLioHanbHoro

— JIOUiNbHOCTi BeEHHS
LLIOAIEHHMKA CamMOomoYyTTS 0

KiHLS BariTHOCTI;

— PALiOHANBLHOO XapuyBaH- cuMnToMM.

Mia vac apyroro Bi3uTy Ao nikaps
oTpumarty iHdopmadito wopo:
— pe3ynbTaTiB 06CTEXEHb: SKLLO PiBEHb reMOornobiHy

B 3aranbHOMY aHaniai KpoBi CTAHOBUTb MEHLLE HixX
110 r/n, 0BroBOpUTY NUTaHHS OO HEOOXiaHOCTI

©000BUX, 3€MEHMX OBOIB, LNTPYCOBMX) i AOLINBHICTb
npuUMaHHa nNpenaparis 3anisa;

— [JaHUX, 3aHECEHNX Y LLOAEHHUK CaMOMNOYYTTS,
3 0COBMMBOIO YBAroK Ha MOXIIMBI 3arpO3MNBI

XapyyBaHHS (BXMBaHHS M'sica,

Hs N, Yac BariTHOCTI, ririeHn
Xap4yBaHHS [7151 3HWKEHHS
PU3NKY BUHUKHEHHS
Xap4oBuX iH(EKLiN
(nicTepios, canbMOHenbo3,
TOKCOMNa3mo3);

—300pOoBOro CI'IOCOGy KUTTA,
BKITHOYaK4N NPUNUHEHHA
KypiHHﬂ, BXWBaHHA
anKkorornt, HapKOTUYHNX
PEYOBUH;

— ONTUMAarbHUX YMOB npaLi
Mif Yac BariTHOCTI;
— BHYTPILLHbOYTPOGHOTO

PO3BUTKY nnoda;

— CTaTeBoro XuUTtd npoTAarom sanisa.

TpeTin-wocTum Bi3uTH Jo Nikaps
oTpumarty iHdopmauito WoAao:

— pe3ynbrartie nonepeaHsoro Y3[;

— [aHKUX, 3aHEeCEeHNX Yy LLIOAEHHNK CamMOonoYyTT4,
3 0C06MMBOI YBarow Ha MOXJIVBI 3arpo3nuBi
CMMNTOMMU;

— afpecy nonorosux OyauHKIB (BiaaineHb)
Ta HOMepiB TenedoHiB, Kyau MOXHa HeraiHo
3BEPHYTUCA MO MEANYHY AOMOMOTY;

— MiZroToBKa [0 NOIoriB i HAPOMKEHHS OUTUHM,
napTHEPCLKMX MOMOriB;

— AIKLLO piBEHb reMornobiHy B 3aranbHOMY aHanisi
KpOBi CTaHOBMTL MeHLUe Hix 110 r/n, obroBopuTy
NnUTaHHS HeoOXiaHOCTI NpuiiMaHHs Npenaparis

BariTHOCTI;

— (hisnyHMX BNpaB., BKMOYako-
YU TaKi, O 3MILHIOKTL M'A31
Ta30BOr0 AHa;

— HeoOxigHOCTI BiABIoYyBaHHS
LUKONM BiAgnOBigansHoro
BaTbKiBCTBA NPOTArOM
BaritHocTi, 6axaHo 3
napTHEPOM;

— MOXTMBYX 3arpo3nnBuMx
CMMMTOMIB Nif Yac
BariTHOCTI.

CboMuUit—-aeB’ATHIA Bi3UTK A0 nikaps

oTpumaty iHdopmaLito wopno:

— [ XiHKW B pasi noyaTky NOMoroBoi AisnbHOCTI,
BMAAmNEHHs HaBKOMONMiAHOI piauHM abo nosiau
MOXTMBYX 3arpo3N1BMX CUMNTOMIB;

— MICAANOIOroBOI KOHTpaLEenLil;

— MOXIMBIX il Y pa3i NepeHOLLEHOI BariTHOCTI;

— MOXTNMWBOI HACTYMHOI TAaKTUKN BELJEHHS BariTHOCTI
(iHByKUist NonoroBoi AiANbHOCTI

abo «BudikyBanbHe» BeleHHS, 0OroBOPEHHS

MO3UTUBHUX | HETaTUBHUX HACIIAKIB KOXHOTO
3 BapiaHTiB).

1

®dapmavneBTMYHa onika

Puc. 2. MeagnyHui iHcbopMaLiiHniA CynpoBia XIiHOK Y Nepiof BariTHOCTi (BnacHa po3pobka).

mu i3 Cep6ii, [Tompmi, bonrapii, Hopserii Ta ®@panmii —
110 3 %.

Pospaxosani nokasnuku K cBiguare, mo Ginbm go-
CTYITHUMH UTs BariTHHUX KiHOK € CXII (mieTrdri 100aBKH):
Andasit mama Ne 60 (0,01), Jonmensrepr aktus Ne 30

(0,01), Jormemnsreprr aktuB Bitamiaw st Mamu Ne 30 (0,01),
®onbrpaca Ne 30 (0,01) Ta Birpym IIpenaran [Tiroc Ne 30
(0,01), ockinbku Mixk Koe(illiEHTOM a1eKBaTHOCTI IIATOCIIPO-
MOYKHOCTI Ta TTOHATTSIM JOCTYITHOCTI 32 IiHaMH € 0OSpHEHO
nponopuiiinuii 38°130K. Lle mixrBepukye pospaxosanuii K,
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SIKAW TS Ha3BaHMX KOMIUIEKCIB cTaHoBHUTH 0,99. Halimenia
nocrynHicTh xapakrepHa st BMKB HyrtpiMama Ne 30 ta
[perna-5 Ne 30 — 0,96. Taxwuit camMuii TOKa3HUK JOCTYITHOCTI
(0,96) Bi3Haummm s [IpeMama [Iyo xom6i, Domisit 2 Ta
®Demibion Haramxkep 11 kom0i, OHAK KUTBKICTH 7103 B YIIAKOBIT
BiBiui Ointbiia (Ne 60), 1110 IPOJIOHTY€E TEPMIH NPUHMaHHS Ha
2 MicsIIi, a oTKe IMiABUIIYeE JOCTyIHICTh nx BMKB.

Ha »xanb, BMKB sk JI3 (EneBit® nponarans Ne 30 —
Ku = 0,97) ans BariTHAX JKIHOK € MEHII JOCTYITHUMH, HiK
CXTI. BiTpyM® mipeHarai Ha 11epio]i BOEHHOTO CTaHy B3araji
BiJICYTHIH B anTeKax.

HactynHuit eran jocCiipkeHHsS — BUBUCHHS PIBHS 1H-
¢dopmariitHoro 3a0e3neyeHHs] BariTHUX XIHOK 3 ITUTaHb
npodinakTUKK Ta JiKyBaHHs aBitamino3iB 1 JIME mix vac
MEJMYHOTO CYNPOBOY (Ha IMPHKIazi 3armopi3pkoi oomacTi).

IIporiecu BHHOITYBaHHS AUTHHHU OB’ SI3aHi 31 3MiHOIO
(hi310JI0TYHOTO Ta IICUXIYHOTO CTAHY BariTHOI, III0 MOYKE CTa-
HOBUTH PU3HKH JUTS 37I0POB’ ST KIHKK Ta MOy THHOT TUTHHH.
Came ToMy KiHKa Ma€ MpaBo Ha sIKiCHE iH(popMartiiiHe 3a0e3-
TIEYCHHS TTi]T 9aC MEAWIHOTO CYIIPOBOAY BaTiTHOCTI (puc. 2).

Mennanuii iHpOpMAaLIHHUN CYITPOBIJ] OXOIUTIOE BC1 PiBHI
JIOTIOMOTH: TIEPBHHHY MEIWYHY NOIOMOTY; €KCTPEHY Me-
JIMYHY JIOTIOMOTY, B TOMY YHCJIi CTOMATOJIOT4YHY; BTOPHHHY
(crremianizoBaHy) MEIMYHY JOMOMOTY 3a HAIlPaBICHHSM;
TPETHHHY (BHCOKOCHEIialli30BaHy) MEIUYHY JOTIOMOTY
3a HalpaBJICHHSIM; MEIUYHY TOMOMOTY JiTSAM, BariTHUM i
nopoaiwsaM. J{yist HajiaHHsI CrierianizoBaHOT MEIMYHOT 0110~
MOTH BariTHUM Yy 3aropi3pKiit oomacti mpotsirom 2021 poxy
¢yuxuionyBaan KHIT «O0nacHuii neprHaTalbHU HEHTP»
30P, 4 monoroBux OYIUMHKH, 25 )KiHOYAX KOHCYITBTAIITHIX,
24 aKyuepchKO-THEKOJIOTYHHX 1 23 OIIsIIOBUX KaOiHETH.

OcHoBoro st papmareBTHIHUX (axiBiiB (OD) momo
(bapMareBTHYHOI OIIKK € MPOTOKOJIK (hapMaieBTa, TOOTO
MEJMKO-TEXHOJIOT14HI JOKYMEHTH, 1110 MAIOTh HA METi OTITH-
Mi3ailito (apMaleBTHYHOTO 00CIYTrOBYBaHHS IAIli€HTIB y
BUIT3/IKaX CaMOCTIHHOIO pO3Mi3HABaHHS HUMH CHMIITOMIB
3aXBOPIOBAHHS MPH BiAMIOBIJAIFHOMY CaMOJTiKyBaHHi [ 14].

Bupuenns nporokodis dapmareBra (Hakaz MO3 Yipainu
Bin 05.01.2022 p. Ne 7) mokasas, 1110 HUHI HEMAE ITPOTOKOIIIB
II0/I0 JIIKYBaHHS Ta MPOQUIAKTHKHA Tillo- Ta aBiTaMiHO3iB,
JME, y ToMy 9mcIti aHEMiH y BariTHUX.

BpaxoByroun 0coOIMBOCTI CTaHy YKIHKH B [IEPi0/] BariTHO-
CTi, a TAKO)K HACITiIKK HepanioHampHoro BkuBaHHsA JI3 1 CXI1
(camoutikyBaHHs1) y TI€pioji BUHOIITYBaHHS AUTHHH, DD Mae
TIpaBO PEKOMEHAYBATH IIpENapaTy Ta HaJaBaTy iH(opmariiro
10710 MPO(IITAKTUKH Ta JIIKYBAHHS [IUX [TATOJIOTIYHHUX CTaHIB,
TIJTBKU CTIMPAOYHCh Ha PEKOMEH[AIii CIMEHHOTO JIiKaps.
Kpim Toro, >xiHka MOKE O3HAMOMHUTHCS 3 IHCTPYKIIEO 10
3actocyBanHs BMKB i micTkoM-BKITaIKOTO.

Amnani3 IHCTPYKLi# At MequuHOTo 3actocyBanHs JI3 i
JUCTKIB-BKIANOK 110 yrakoBku CIIX moxasas, 1mo iH(op-
Mallif0 HaJaHo 3pO3yMLJIO, YITKO MPOMKCAHO Yac i 103U
3actocyBanHs. BMKB 3pyuHi o 3acrocyBannst (1 Tabnerka/
Karicyla Ha 100y), NpUiMaHHs Ipenaparis 31e01IbII0ro He
3aJIeXHTH Bij yacy Ta mepiogay noou. s takux 3aco0is,
sik «Marnoke Ipernay, «®omiBit» 1 «®Pomisit II» giTko
HaBeIEHO 0COOJIMBI YMOBH 3aCTOCYBAHHS 3 P03’ ICHEHHSIMH

JUTSL CTIOKHMBAYiB, a caMe BariTHUX: «MarHoke [Ipernay»
Tpeba BXKHMBATH NEpea CHOM (MIiCTUTH OUBIIY KUTBKICTH
MArHifo, 110 MOX€ CIPUYUHUTH COHJIUBICTE), a «DoiBiT
I, II» npuiiMaroTh BpaHiii.

BucHoBKu

1. JociikeHHs, Mo 3MiHCHIWIN, Jalld 3MOTY BUBUUTH
cTpykrypy puky BMKB: 99 % nporo cermenra mpen-
crasneno CXII, 1 % — JI3. IlepeBaxators reHepuyHi Oara-
TOKOMIIOHEHTHI Ipernapary iHO3eMHOTO BUPOOHHIITBA, IO
MalOTh CEPE/THIO JIOCTYIHICTb I CIIOKMBaYa. Taka cutyartist
CTBOPIOE MEPETYMOBH IS PO3BUTKY BIIACHOTO BUPOOHMIITBA
BMKB HanexHO{ SIKOCTi, [0 CIPUSATAME TTiIBUIICHHIO iX-
HBOI IOCTYITHOCTI Ta 3MEHIINTh €KOHOMIYHE HABAHTAXKCHHS
Ha CIIOKMBa4ya — BariTHY XKiHKY.

2. IncopmariiiiHe 3a0e3rieueHHs KIHOK JI0 TI0YaTKy IUIaHyBaH-
Hsl BariTHOCTI Ta y NepioJ] BUHOIIYBaHHS AMTHHH BiIOBIIAE
3aJI0BUILHOMY PiBHIO. [lepetycim 11e OB’ s13aH0 3 HEOOXITHICTIO
000B’5I3KOBOTO 3BEPHEHHS JKIHKH JI0 JKapsl y NMepiof] IiaHy-
BaHHS BariTHOCTI (OKpeMi BiTaMiHM Ta MiHEpan MOTPIOHO
TIpUMaTH 3a 3—6 MICSIIiB JI0 BariTHOCTI) Ta IOCTIMHOTO KOHT-
PpoITro i 9ac BaritHOCTI. L[5 BIMTOBINABHICT TOKIIATA€THCS
Ha XIHKY $SIK CBLIOMY 0C00Y, III0 He 3aBKIH 30iracThes 3 pealti-
SIMH CBOTOJICHHS (He3aIuIaHOBaHa/HeOakaHa BaTITHICTB, Opak
Yacy B Marepi, HECBOE€YAaCHA MMOCTAaHOBKA Ha OOIK). 3 iHIIIOTO
00Ky, (hapMarieBTHYHA OITiKa HE B 3M031 KOMIICHCYBAaTH Opak
idopmarii morno BMKB uepe3 oco0nuBicTs cTaHy JKIHKH, a
came BariTHICTb, 110 MOTPeOye HAIIISTY Ta KOHTPOIIO JIKapsL.
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