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Derivatives of 1,2,4-triazole and related heterocycles continue to attract significant attention due to their diverse biological activities and
potential pharmaceutical applications.

The aim of this work is to resynthesize and perform mass spectrometric characterization of a series of 16 organic compounds — derivatives
of 1,2,4-triazole and 1,3,4-oxadiazole — containing a 5-mercapto-1,2,4-triazole fragment and various substituents at the N? atom. The
objective is to investigate their fragmentation patterns and establish analytical markers for these bioactive heterocycles.

Materials and methods. The target compounds were resynthesized according to established procedures, with reagents purchased from
Sigma-Aldrich. The preparation involved refluxing 2,6-dioxo-1,2,3,6-tetrahydropyrimidine-4-carbohydrazide with appropriate isothiocyanates
or carbon disulfide, followed by purification. S-alkyl derivatives were prepared via nucleophilic substitution of haloalkanes under basic
conditions. Mass spectra were recorded using liquid chromatography coupled with electrospray ionization mass spectrometry (LC-ESI-MS)
in both positive and negative ion modes. Chromatographic separation was performed on a Zorbax SB-C18 column under gradient elution.

Results. Protonated molecular ions [M+H]* were observed for all compounds, with characteristic isotopic peaks confirming the presence of
sulfur. Fragmentation primarily involved cleavage at sulfur and N? substituents, yielding prominent ions corresponding to loss of alkyl radicals
as alkenes. N-phenyl derivatives showed additional fragmentation pathways, including cleavage of the phenyl group and deeper degradation
of the triazole ring. A consistent fragment corresponding to the protonated 1,2,4-triazole core was identified across most spectra, serving as
a useful structural marker. Substitution pattern and alkyl chain length significantly influenced fragmentation intensity and pathways.

Conclusions. LC-ESI-MS analysis revealed reproducible fragmentation trends for these heterocyclic derivatives, providing valuable insights
for their structural identification and analytical profiling. These findings facilitate the development and quality control of new bioactive
1,2 4-triazole-based compounds. Further research is recommended to expand chemical diversity and conduct biological evaluations,
including antimicrobial and antidiabetic activity assessments.
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LC-ESI-MS aHani3 noxigHux 1,2,4-tpiasony 3 pisHOMaHiTHUMM ankKinbHUMKU Ta apOMaTUHHUMM 3aMiCHUKaMU
tO. B. KapneHko, M. O. MaHaceHko, I". |. XapuToHeHKo

MoxigHi 1,2,4-Tpia3ony Ta CNopigHEHUX rETEPOLIMKITIB MalOTh BaXNMBE 3HAYEHHS Yepe3 LUMPOKUI CNEKTP BioNorivyHOi akTUBHOCTI, WO iM
BI1acTVBa, Ta NepcneKkTMBY (hapMaLeBTUYHOMO 3aCTOCYBaHHS.

Meta po6oTh — JOCNIAXEHHSA PECUHTESY Ta Mac-CeKTPOMETPUYHOT XapakTepPUCTUKM 16 opraHivHmX cnonyk — noxiaHux 1,2,4-tpiasony ta
1,3,4-okcagiasony, Lo MicTATb 5-MepkanTo-1,2,4-Tpia3onbHuit parMeHT i pi3Hi 3aMiCHUKK npy atoMi N?; BUBYEHHS iXHIX XapaKTepHUX
LWNSXiB oparMeHTaLlii Ta BU3HaYEHHs aHaniTMYH1X MapKepiB Ans Lux 6i0aKTUBHWX reTepoLMKIiB.

Matepianu i meToau. PecuHTes cnonyk 3aiicHeHo 3a BiZOMWMU METOAMKaMU 3 BUKOPUCTaHHAM peareHTiB Sigma-Aldrich. Mpogyktv peakuii
OiepXKaHo LWNAXOM KUMATIHHS 2,6-aiokco-1,2,3,6-TeTparigponipumignH-4-kapborigpasuay 3 BignosigHumu isoTiouiaHatamy abo kapboH-
ANCYNb@iOOM i3 HACTYMHUM OYMLLEHHAM. S-ankinmnoxigHi OTPUMyBanu peakuielo 3amilLeHHs ranoreHankaHiB y ny>KHoOMy cepefoBULL.
Mac-cnekTpy 3anncaHo MeToLOM piauMHHOI xpomatorpadii 3 enektpocnpeii-ioHisauieto (LC-ESI-MS) y nosutuBHoMy Ta HeratuBHOMY
pexumax. XpomarorpadiyHe po3gineHHs 3aiicHeHo Ha komnoHLi Zorbax SB-C18 3a rpagieHTHWX yMOB.

Pesynkratu. [Ins BCiX CNonyKk BU3Ha4EHO NPOTOHOBAHI MONEKYNApHi MoHW [M+H]* 3 xapakTepHUMM i30TOMHUMMU NiKamu, LLO MiATBEPIKYOTH
HasIBHICTb Cipku. OCHOBHI LLNSIXM pparmMeHTalLLii — po3prBmM y 3amiCHUKaX npw cipui Ta N? 3 yTBOPEHHSIM iIHTEHCWBHIX iOHIB, LLO BiAMOBIAAKTb
BTpaTi ankinbHUX paavkanis — ankeHis. Y noxigHux 3 N-ceHinom 1oaaTkoBo BUSIBNEHO PO3pMBY eHiNbHOI rpynu Ta rubLuy Aerpagadio
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Tpia3onbHoro KinbLsi. B ycix cnektpax BusiBneHo cTabinbHuii hparMeHT, Lo BiAnosiaae npoToHoBaHoMy sapy 1,2,4-Tpiasony, Skvid Moxe 6yt
CTPYKTYPHUM MapkepoM. Tun 3aMiCHVKa Ta AOBXUHA ankiflbHOro naHutora CyTTEBO BNAWBANM Ha iIHTEHCUBHICTB | XapakTep dparmeHTaLii.

BucHoBku. Y pesynerati LC-ESI-MS gocnimkeHb nigTBepoxeHo cTanicTb WnsaxiB doparMeHTaLii NoXigHUX reTepoLMKIiB, LLO CNPUSIE iXHIN
CTPYKTYPHI ineHTudikauii Ta aHaniTmyHoMy KOHTpOmio. Pesynbraty € nepcrnekTMBHUMK ANt pO3pobneHHst HOBUX GioaKTUBHMX CMOMyK
Ha ocHOBI 1,2,4-Tpiasony. [JouinbHUM € PO3LIMPEHHS XIMIYHOTO PI3HOMAHITTS Ta BionoriyHe TECTYBaHHS CMOMYK, BKIKOYHO 3 OLLIHOBAHHSM

aHTUMIKPOBHOI Ta aHTWUAIabeTUYHOT aKTUBHOCTI.

Kntouosi cnosa: 1,2,4-tpiason, LC-ESI-MS aHani3, parmeHTaLis, MonekynspHui ioH, piauHHa xpomarorpadis.

AkTyanbHi nUTaHHA hapmaLeBTUYHOI | Megu4Hoi Hayku Ta npakTuku. 2025. T. 18, Ne 3(49). C. 237-243

Derivatives of 1,2 ,4-triazole have attracted significant atten-
tion in the fields of medicinal, pharmaceutical, and materials
chemistry due to their broad spectrum of biological activities
and diverse functional applications. It is well established that
over fifteen pharmaceutical drugs and numerous candidates
for new therapeutic agents contain the 1,2,4-triazole moiety
within their molecular structure, which contributes to their
efficacy and selectivity. These compounds exhibit antifungal
[1,2], antiviral [3], antibacterial [4,5], and anti-inflammatory
properties [6,7], and are also widely employed as corrosion
inhibitors [8], components of ionic liquids [9], and ligands
for metal complexation [ 10]. This wide-ranging utility under-
scores the ongoing need to develop new triazole derivatives
with improved physicochemical and biological profiles.

In modern organic chemistry, the synthesis of new complex
compounds cannot be accomplished without thorough and
reliable structural characterization. This is especially true for
heterocyclic compounds such as 1,2,4-triazoles, where precise
identification is critical for the subsequent evaluation of their
properties and applications. In this regard, mass spectro-
metry, particularly electrospray ionization mass spectrometry
(ESI-MS) combined with liquid chromatography (LC), has
emerged as one of the most powerful analytical tools. This
technique not only allows to determine molecular mass and
purity but also provides valuable information on fragmenta-
tion pathways, which is key to confirming molecular structure
and the nature of functional substituents.

The relevance of LC-ESI-MS in the study of 1,2,4-triazole
derivatives [ 11] stems from its high sensitivity, selectivity, and
capability to analyze complex mixtures even at low concen-
trations [12]. This method enables rapid and accurate identi-
fication of synthetic products, detection of side reactions, and
differentiation of conformational isomers, which is essential
in pharmaceutical chemistry and drug development. Further-
more, mass spectrometric analysis facilitates the elucidation
of characteristic fragmentation patterns related to the triazole
core structure and the diversity of substituents, enhancing the
understanding of the chemical behavior of these compounds.

Thus, the application of mass spectrometry is an indispen-
sable component of contemporary research in the organic
synthesis of 1,2,4-triazole derivatives, supporting effective
identification, structural characterization, and the advance-
ment of new bioactive compounds.

Aim
The aim of this work is to synthesize and perform mass
spectrometric characterization of a series of 31 organic com-

pounds — derivatives of 1,2,4-triazole and 1,3,4-oxadiazole
—containing a 5S-mercapto-1,2,4-triazole fragment and various
substituents at the N atom. The objective is to investigate
their fragmentation patterns and establish analytical markers
for these bioactive heterocycles.

Materials and methods

Compounds 1.1-1.16 were resynthesized following known
procedures described in previous studies [13], with phys-
icochemical properties consistent with literature data. All
reagents were purchased from Sigma-Aldrich (Merck).

Objects of study. Thirty-one organic compounds — deriva-
tives of 1,2,4-triazole and 1,3,4-oxadiazole — were analyzed;
their general structure is shown in Fig. 1.

All compounds contain a 5-mercapto-1,2,4-triazole frag-
ment (a substituent at the 5" position of the triazole ring — the
—S-R group) and various substituents at the N* atom of the
triazole ring. The following variations were made: the alkyl
substituent R, on sulfur (-~S-R) was varied from methyl to
decyl; the substituent N* was varied from methyl / ethyl to
phenyl; and the heteroatom at the 2nd position of the ring
was modified (in compound 1.16, the N* atom was replaced
by oxygen, forming a 1,3,4-oxadiazole fragment).

Mass spectra were acquired using liquid chromatography
coupled with electrospray ionization (LC-ESI-MS) on an
Agilent 1200 LC/MSD SL system equipped with a single quad-
rupole mass detector. Analyses were performed in both positive
and negative ionization modes. Chromatographic separation
was carried out on a Zorbax SB-C18 column (30 x 4.6 mm,
1.8 pm particle size) using a mobile phase consisting of solvent
A (water with 0.1 % formic acid) and solvent B (acetonitrile
with 0.1 % formic acid) under gradient elution conditions. The
ESI source was operated at a fragmentation voltage of 150 V.
For each compound, total ion chromatograms (TIC) and mass
spectra of the main chromatographic peaks were recorded.
In the positive ion mode, protonated molecular ions [M+H]"
were detected, whereas in the negative ion mode, deprotonated
molecules [M—H] (typical for acids and their salts) as well as
characteristic adducts and fragment ions were observed.

Results

To enable standardized identification, we compiled a refer-
ence set of LC-MS parameters for 16 compounds (7able 1),
including the monoisotopic mass (Da), theoretical m/z values
for [M+H]" and [M-HJ, and the retention time under the
selected chromatographic method. For each compound, we
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Fig. 1. Chemical structures of the main compounds studied in this work.
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Table 1. LC-MS compound parameters of 1,2 4-triazole / 1,3,4-oxadiazole derivatives

m Monoisotopic mass, m/z [M+H]*, m/z [M-H20+H]*, m/z Top 3 fragments

239.2572 0.516 240.0 149.0, 197.0, 464.2 m/z
12 253.2843 0.675 254.2 = 149.0,197.2,212.2 m/z
13 267.3114 0.772 268.2 - 152.0, 196.2, 269.2 m/z
1.4 281.3385 0.865 = 263.2 197.0, 226.2, 290.2 m/z
15 365.5010 1.049 366.2 - 226.2,290.2, 366.2 m/z
1.6 253.2843 0.585 - - 173.2,201.2,237.2 m/z
1.7 267.3114 0.623 268.2 - 201.2,202.2,237.2 m/z
1.8 281.3385 0.801 - - 173.2,212.0, 240.2 m/z
19 295.3656 1.715 - - 173.2,174.2,312.2 miz
1.10 379.5281 1.648 - 361.2 194.0, 269.2, 312.2 m/z
1.1 301.3289 0.858 - 285.2 194.0,192.2, 237.2
1.12 315.3560 0.981 = 297.2 102.2, 269.2, 298.2
1.13 329.3831 0.960 - 311.2 269.2,313.2
1.14 343.4102 1.018 = 326.2 269.2, 327.2
1.15 427.5727 1.242 - 409.2 268.6, 340.6, 395.6
1.16 212.1878 1.018 - - 102.2, 130.2, 131.4

report the top MS/MS fragments with annotations of plau-
sible neutral losses, allowing the observed fragmentation to
be linked to key structural motifs. These characteristics can
be used directly to build an internal library, support retention
indexing, and enable routine confirmation of target analytes
in complex biological and technological matrices.

The molecular ion peak [M+H]" was observed in positive
ESI mode for most of the studied compounds. For example, for
compound 1.5 (V*=CH,,R,=C, H,)), the protonated molecular
ion was detected at m/z~366.2. The presence of a sulfur atom in
the structure was confirmed by a characteristic isotopic peak at
m/z =368.2 [M+H+2]" with an intensity of approximately 4 %
relative to the main peak, attributable to the S isotope (Fig. 2).

Similarly, for the series of compounds with varying
alkyl chain lengths R, (1.7: R, = C,H_; 1.8: R, = C.H_; 1.9:

2775
R, = C,H,; L10: R, = C,H, , all with N*= C,H.), [M+H]+

peaks were observed in the m/z range of approximately
288-410, increasing with molecular weight. For compounds
bearing an aromatic substituent R, = C H, (series 1.11-1.15,
R=C-CH,,), the [M+H] values ranged from about m/z
283 (for R, =CH,) up to ~410 (for R, = C, H,)).

The mass spectra of the compounds revealed consistent
fragmentation processes associated with the cleavage of
substituents from the 1,2,4-triazole core [14]. The most in-
tense fragments for 5-alkylthio-1,2,4-triazoles result from the
heterolytic cleavage of the C—S bond with loss of the alkyl
radical R as an alkene. In this process, the charge remains on
the heterocycle, while a proton attaches to the sulfur atom
(forming a thiol group) — effectively, a neutral alkene mo-
lecule (C H, ) is lost from the molecular ion.

For example, in compound 1.9 one of the main peaks in the
positive spectrum appears at m/z ~269.2, corresponding to
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Fig. 2. Mass spectrum of 6-(5-(decylthio)-4-methyl-4H-1,2,4-triazol-3-yl)pyrimidine-2,4(1H,3H)-dione (1.5).

the ion [M+H-C,H,]* —the protonated molecule (m/z 343.2)
has lost butyl (57 Da). Similar processes were observed
throughout the series: the fragment [M+H-R-H]" (loss of
alkane C H, ., or alkene C H, ) appears for every value of
n. For instance, in compound 1.8 (R, = C,H.), the fragment
resulting from propene loss (42 Da) corresponds to an ion
at m/z ~240 (M+H 282 — 240), while in 1.7 (R, = C H,)

the fragment [M+H-C,H,]" is also observed near m/z ~240.
Due to the close masses of ethene and propene, these values
partially overlap. In all cases, cleavage of the alkyl group
is accompanied by the attachment of a hydrogen atom to
sulfur, i. e., restoration of the thiol group at the 5th position
of the triazole.

For compounds bearing a substituent at N2, cleavage of this
substituent is also characteristic. In particular, for N-ethyl
derivatives (1.6-1.10), a fragment corresponding to the loss
of ethylene (28 Da) forming the ion [M+H-C_H,]* was ob-
served. Often, the cleavage of substituents at N? and sulfur
occurs sequentially or even simultaneously.

As a result, many spectra exhibit an ion corresponding to
the “naked” triazole core — that is, the protonated molecule
lacking substituents at both N and sulfur. For 5-alkylthio-N-
ethyl-1,2,4-triazoles, this «core» corresponds to a protonated
S-mercapto-1,2,4-triazolyl-aminoacyl fragment (a structure with
a restored thiol group and a reduced secondary amine at N?).

Its mass is approximately constant (~240.2 Da for the
indicated skeletal fragment), regardless of N> and R . For com-

pound 1.7 (with a shorter R chain), a similar ion is observed
at m/z ~240.2, while for longer chains (1.1, 1.6), the intensity
of the ~240.2 ion is somewhat lower, as the multistep loss of
substituents competes with other fragmentation pathways.

In the presence of an aryl substituent (N-phenyl, series
1.11-1.15), additional fragmentation pathways are observed.
Besides the cleavage of the alkyl group R from sulfur (yield-
ing ions [M+H—-CnH2n]" similar to those in N-alkyl analogs),
cleavage of the phenyl radical from the N? atom also occurs.
This results in a fragment ion corresponding to the loss of

H, (77 Da) from the protonated molecule.

Overall, phenyl-containing triazoles are characterized by
the presence of an intense fragment at m/z ~269-270 (cor-
responding to the loss of an alkene from [M+H]", similar
to N-alkyl series) and a fragment at ~192—194. The latter is
formed through deeper degradation: sequential loss of the
alkyl radical and the phenyl group, as well as partial break-
down of the triazole ring itself (possibly involving the loss
of HNCO or CO fragments).

For example, in the spectrum of compound 1.11 (Fig. 3), the
fragment at m/z 192.2 is one of the main peaks — likely a prod-
uct of cleavage of both the C—S bond and the N*-C H, bond,
followed by the loss of CO from the uracil (dioxo-dihydropy-
rimidine) ring. Thus, the phenyl substituent promotes deeper
fragmentation of the triazole core compared to alkyl analogs.

For the 1,3,4-oxadiazole compound 1.16, in which one of
the nitrogen atoms in the triazole ring is replaced by oxygen,

240
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Fig. 3. Mass spectrum of 6-(5-(methylthio)-4-phenyl-4H-1,2,4-triazol-3-yl)pyrimidine-2,4(1H,3H)-dione (1.11).

4 g

188.000 21%:200

o
osan  163%

250.000
2.27%

b

327.200
6.41%

295.400
0.95%
Lan L

312?52(50 365.000
2227 0.68%
. I

383.200
100.00%
N—N Pz
H | >\SH . o) =
(6] N o HS
Y | HN—NH Da
HN | m/z = 130.2 |
Da
| m/z =212,1878 |
HO
“HS
Si—i HN’k
m/z = 383, 2
384.200
EL.SS%
385.200
7.30%
— 537.200
421,200 3-E’j"
L 0.80% L - } o . )

400000
130.200
87.56%
350000
300000
250000
200000
150000
100000
102.200
50000 /555, |131.400
- 7.34%
™ 149.000
103200 | 2.63%
0.89%
o dl i N
T T T
100 120 140 160

T T T T T T T T T T T T T T T T T T T T T T T T T T T
180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700

m/z (Da)

Fig. 4. Mass spectrum of 6-(5-mercapto-1,3,4-oxadiazol-2-yl)pyrimidine-2,4(1H,3H)-dione (1.16).
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similar fragmentation pathways were observed — cleavage of
the C—S bond and loss of substituents — however, the cationic
fragments were less stable, and most ions were detected in
negative mode (Fig. 4). In particular, 6-(5-mercapto-1,3,4-
oxadiazol-2-yl)pyrimidine-2,4(1H,3H)-dione in positive
mode showed a weak [M+H+2]" ion at m/z =215.2 and a
more intense ion [2M+H-42]", corresponding to the dimer
formation via a diprotonated sulfonium bridge and opening
of one pyrimidine ring. Thus, the introduction of an oxygen
atom into the ring (N—O substitution) reduces cation stability
and complicates fragmentation along the typical pathways
seen in triazoles [15].

Discussion

Analysis of the mass spectra of the studied 1,2,4-triazole
derivatives revealed that their fragmentation in the ESI source
follows certain established patterns sensitive to the substitu-
ent structure [16]. The primary fragmentation pathways for
5-alkylthio-1,2,4-triazoles involve the cleavage of the alkyl
substituent at sulfur and, to a lesser extent, the loss of the
substituent at N°.

The loss of the alkyl group (especially a long chain) is an
energetically favorable process; therefore, for compounds
with large R, substituents, the intensity of the [M+H]" peak
decreases, while the fragment [M+H-R]" can become the base
peak. For example, in the compound with the longest chain
(1.10, R, = C, H,)), the fragment corresponding to the loss
of decene ((M+H-C, H, 1) is expected to have an intensity
comparable to or greater than that of the molecular ion, con-
sistent with the general trend that longer radicals detach more
readily, forming more stable carbocations or neutral alkenes.
Accordingly, the molecular ion peak [M+H]" may decrease
in intensity as the chain length n in R, increases.

The substituent at the nitrogen atom (N?) also influences the
fragmentation pattern. N-alkyl derivatives typically exhibit
similar spectral features, differing mainly in the mass of the
fragments. For example, N-methyl (1.1-1.5) and N-ethyl triazoles
(1.6-1.10) produce a related series of ions differing by approxi-
mately 14 Da between corresponding peaks, which corresponds
to the mass difference between —CH, and ~C H, groups.

In contrast, the presence of an aromatic substituent (phenyl)
at N? significantly alters the fragmentation pattern: unique
fragmentation pathways emerge, involving the cleavage of
the phenyl radical and subsequent charge rearrangement.
The phenyl substituent evidently stabilizes the charge in the
intermediate ion, facilitating additional cleavages within the
triazole ring (e. g., loss of CO, ring breakdown).

Therefore, fragmentation of N-phenyl derivatives is deep-
er: besides ions arising from substituent loss, fragmentation
products of the heterocyclic core itself are observed (e. g.,
an ion at m/z ~192 in the 1.11-1.15 series).

This fact can be exploited analytically to differentiate
N-phenyl from N-alkyl 1,2,4-triazoles: the spectra of the
former show characteristic fragments from phenyl group loss
and ring cleavage, which are absent in the latter.

An interesting fact is that the mass spectra of all studied
compounds share common features — in particular, the

presence of peaks attributable to the preserved triazole core.
Despite the variety of substituents, a fragment with approx-
imately the same mass (around 230 Da in positive mode for
the cation and 210-230 Da in negative mode for the anion)
appears in the spectra of many compounds. This indicates
that the 1,2,4-triazole core together with the attached carbonyl
fragment (formed by the cyclic amide residue) is a relatively
stable ion formed after the loss of peripheral parts of the
molecule. This fragment essentially corresponds to the pro-
tonated (or deprotonated) S-mercapto-3-alkyl-1,2,4-triazole
(in positive mode — with the cationic center on the endocyclic
nitrogen). It can serve as a marker ion for the identification
of certain types of 1,2,4-triazole derivatives.

The general fragmentation pathways can be summarized
as follows:

—[M-H] — [M-H-H:0] —dehydration of the compound
at the uracil core, the most common route leading to major
peaks;

— [M+H]* — [M+H-R_alkene]" — [M+H-R_alkene —
N, _alkene]*—sequential loss of the alkyl substituent at sulfur
as an alkene, followed by loss of the alkyl substituent at NV

—[M+H]" — [M+H-CH.]" - cleavage of the phenyl sub-
stituent (for aromatic derivatives);

A comparative analysis of the mass spectra of a series
of 5-alkylthio-1,2,4-triazoles with N-alkyl and N-phenyl
substituents showed that increasing the length of the alkyl
chain R facilitates its cleavage (reflected by an increase in
the relative intensity of the fragment [M+H—R]"), while the
introduction of an aromatic substituent at N’ promotes the
formation of products resulting from deeper heterocycle
degradation. The obtained results are useful for the iden-
tification of new 1,2,4-triazole derivatives based on their
mass spectrometric “fingerprints” and for understanding
the relationship between molecular structure and ion frag-
mentation pathways.

Conclusions

1. The conducted LC-ESI-MS analysis of 1,2,4-triazole
derivatives with various substituents revealed characteristic
fragmentation patterns of these compounds.

2. It was established that protonated molecules [M+H]"
are observed for all compounds, and the presence of a sulfur
atom in the structure is confirmed by the isotopic peak [M+2]
with arelative intensity of approximately 4 %. The main frag-
mentation pathways of the molecular ions involve cleavage
of substituents at the sulfur and N? atoms. The cleavage of
the C—S bond with loss of an alkyl radical as an alkene leads
to the formation of intense fragments [M+H-R]", which can
dominate the spectrum for long-chain substituents.

3. The cleavage of the substituent at N? (alkyl or phenyl)
produces corresponding ions [M+H-R ]" with somewhat
lower intensity; however, in the case of phenyl derivatives,
this process promotes deeper fragmentation of the triazole
ring. It was found that the final fragment corresponding to
the 1,2,4-triazole core (after removal of peripheral groups)
has a consistent mass and is observed in the spectra of most
compounds, which can serve as a structural marker.
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Prospects for further research. Further research on these
6-(5-mercapto-1,2,4-triazol-3-yl)pyrimidine-2,4-dione
derivatives should focus on expanding their chemical di-
versity through advanced functionalization techniques and
optimizing reaction conditions to improve selectivity and
yields. Comprehensive biological evaluations, including
in vitro and in vivo studies, are necessary to fully assess their
antimicrobial, anti-inflammatory, and antidiabetic potentials.
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Po3po6ka BEPX-MeToaukn BM3Ha4YeHHA eHananpuny B TabneTkax
3 BUKOPUCTAHHAM COMlel XaoTPONMHUX aHiOHIB

M. I. Opyyok@ABDF 1. C. INoronga®ACE

TepHONINbCbKUIN HaLlioHaNbHWU MeANYHUI yHIBepeuTeT iMeHi |. A. fopbayescbkoro MiHicTepcTBa 0XOpoHM 300poB’s YkpaiHu

A — KOHLenNUis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauis aaHux; D — HanucaHHs ctatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepKEHHA CTaTTi

lMpoBigHi hapmakonei CBiTy pernameHTyloTb XxpomaTorpadiyHe BU3HAYEHHS! eHananpuny B cyOcTaHLii rpagieHTHAM entooBaHHAM (Ha
30 xB) 3 BUKOpUCTaHHSAM XpomaTorpadiyHoi konoHku 4,1 mm x 15 cm, 5 Mkm knacy L21, 3a Temnepatypu 70 °C, npw LWBKUAKOCTI NOTOKY
1,5 Mn/xB; y TabneTkax — Ha KonoHLi knacy L7, 3a Temnepatypu 50 °C, npu WBUAKOCTI NOTOKY 2,0 MN/XB 3 BUKOPUCTAHHSIM i30KpaTUYHOTO
entotoBaHHs aueToHiTpunom (ACN) Ta Bydepom (po3umHOM HaTpito aurigporeHdocdaty y Bogi, JOBEAEHNM KUCNOTOK POChHOpPHOL A0
pH 2,2) (250:750). Y HaykoBii niTepartypi 3anponoHoaHo BEPX-meToauku Ans BUHAYEHHS eHananpuny B Mikapcbkux 3acobax, npote
BOHW MatoTb HEOOMIKM (HECUMETPUYHI MiKK, entotoBaHHA Bnn3bko A0 «MepTBOro» 06’emy Towwo). Y Wil cTaTTi 3anponoHOBaHO 3acTocy-
BaHH$ COMeN XaoTPOMHUX aHiOHIB Yy CkNnafi pyxoMoi ¢asu Ha xpomatorpadiyHin konoHui C18 sk nepcnekTMBHUIM NiaXia AN OTPUMaHHS
CYMETPWYHOTO NiKy eHananpuny, Lo enteTbes He BrM3bKo 40 «MepTBOroy» 0b'emy.

MeTa pobotu — po3pobka 3eneHoi, ekcnpecHoi Ta npoctoi BEPX-meToamku Br3HaueHHs eHananpuiy B TabrneTkax 3 BUKOPUCTaHHSAM
CONEN XaoTPOMHMX aHIOHIB.

Martepianu i meToau. 3actocoBaHo piauHHuin xpomarorpad Shimadzu LC-2050C 3D Ta Agilent 1260 3 giogHo-MaTpuyHNM OETEKTOPOM,
AN OTPUMaHHA XpoMmaTtorpam Ta iHTerpyBaHHs pesynsratis — nporpamHe 3abesnedeHHs LabSolutions. IHwe ananitiHe obnagHaHHS:
Barn aHanituyHi enexktporHi nabopartopri «RAD WAG AS 200/C»; ynerpassykosa b6aHsi (Elmasonic Easy 40 H, Germany), pH-metp
(Mettler-Toledo, model LE438, Switherland). XpomatorpadiuHy konoHky Luna C18 (100 x 4,6 mM, 3 mMkm) npuabaHo y Phenomenex.
dapmakonenHnii CTaHaapT 3paska eHananpuny maneary (4uctota — 299 %, BEPX) 3akynneHo B Sigma-Aldrich Chemicals Co., nig yac
JOCNiIKeHHs1 BUKOPUCTaHO Takox TabneTkn «Exany (20 mr, KRKA, CnogeHis).

Pesynkratn. BukopuctaHHs conei XxaoTpornHuX aHioHiB y pyxomin ¢asi nig yac BEPX-B13HaueHHs eHananpuny Aano 3mory CKopoTuTu
TpWBaniCTb aHaniay (MpoTe He BU3Ha4aTK horo 6nmnabko Ao «MepTBOro» 0b6’'eMy) Ta MOKpaLLMTX CUMETPItO Mika eHananpuny. Y pesynesrarti
eKcnepuMeHTanbHUX AoCnimKeHb BCTAHOBMEHO ONTUMarbHi XpomaTorpadiyHi yMOBM Anst KiNbKiCHOMO BU3HAYEHHS eHananpuny B Tabner-
kax: xpomatorpadiyHa konorka Luna C18 (100 x 4,6 mm, 3 mkm), pyxoma dasa — 2 % ACN Ta 98 % GydepHnit posunH KPF, 40 MM pH
2,43, Temnepatypa konoHku — 30 °C, aeTekTyBaHHsA — 3a AoBXMHM xBuni 210 HM. MeTogmka Byna niHinHOK0 B Aiana3oHi KOHLEHTpaLin
40-120 mkr/mn. PiBHsIHHA perpecii y = 14166x — 9589,2, koediuieHT kopensuii R?= 0,9972. Mexa BusiBneHHs (MB) — 8,52 mkr/mn, mexa
KinbkicHoro BusHaueHHs (MKB) — 25,80 mkr/mn. Cyy4acHumm iHcTpymeHTamu BuBdeHHst 3eneHocTi AGREE (6an 0,74), MoGAPI (6an 81),
Complex MoGAPI (6an 81), AGSA (6an 77,78), CaFRI (6an 82) Ta CACI (6an 79) niaTBepmxeHo, Lo 3anponoHoBaHa BEPX-meToguka
€ 3eMeHoI0.

BucHoBku. Po3pobneHo 3eneHy, ekcrnipecHy Ta npocty BEPX-MeToavKy BU3Ha4YeHHs eHananpuny B TabneTkax i3 BUKOPUCTAHHSM Coren
XaOoTPOMHMX aHioHIB. 3anponoHOBaHWI NiaXia AaB 3MOry OTPUMAaTH CUMETPUYHI NiKW 3 BiAMiHHUMI 3HA4YEHHAMK NapaMeTpiB Xxpomarorpa-
dhiyHOi ccTeMM i 3OINCHATM aHani3 3a KOPOTKMIA Yac. Kpim Toro, CnoBiNbHEHHS WBMAKOCTI NOTOKY pyxoMoi dasu o 0,6 mn/xs 3pobuno
aHani3 seneHiwmm. Po3pobneHy BEPX-meToauky BU3HauYeHHst eHananpuiy B TabneTkax MOXHa 3aCTOCOBYBATU i B pyTUHHOMY chapma-
LIeBTUYMHOMY aHanisi, i Nif Yac TeCTyBaHHSA B He3anexH1x nabopartopisix.

KntoyoBi cnosa: eHananpun, KinbkicHe BU3HaveHHs, BEPX, xaotponu, 3eneHicTb.
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Development of HPLC method for the determination of enalapril in tablets using salts of chaotropic anions
M. I. Druchok, L. S. Logoyda

Leading pharmacopoeias of the world regulate performing chromatographic determination of enalapril in the substance using gradient elution
(for 30 min) and a chromatographic column of 4.1 mm x 15 cm, 5 ym, class L21, at a temperature of 70 °C, with a flow rate of 1.5 mi/min, and
in tablets on a column of class L7, at a temperature of 50 °C, with a flow rate of 2.0 ml/min, using isocratic elution with acetonitrile (ACN) and
buffer (sodium dihydrogen phosphate solution in water, adjusted with phosphoric acid to pH 2.2) (250:750). In scientific literature, researchers
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have proposed HPLC methods for determining enalapril in pharmaceutical products; however, such methods have drawbacks (asymmetrical
peaks, elution near the “dead volume”, etc.). We propose the use of salts of chaotropic anions in the mobile phase on a C18 chromatographic
column as a promising approach to obtain a symmetrical enalapril peak that elutes not near the “dead volume”.

The aim of the work was to develop a green, rapid, and simple HPLC method for the determination of enalapril in tablets using salts of
chaotropic anions.

Materials and methods. The study used a Shimadzu LC-2050C and Agilent 1260 liquid chromatograph with a diode array detector; LabSo-
lutions software was used for obtaining chromatograms and integrating results. Other analytical equipment included analytical electronic
laboratory balances “RAD WAG AS 200/C”; ultrasonic bath (Elmasonic Easy 40 H, Germany); pH meter (Mettler-Toledo, model LE438,
Switzerland). The chromatographic column Luna C18 (100 x 4.6 mm, 3 um) was purchased from Phenomenex. Enalapril maleate refer-
ence standard (purity 299 %) was acquired from Sigma-Aldrich Chemicals Co., and “Enap” tablets (20 mg, KRKA, Slovenia) were used.

Results. The use of salts of chaotropic anions in the mobile phase during HPLC determination of enalapril made it possible to reduce analysis
time (without performing the determination near the dead volume) and to improve the symmetry of the enalapril peak. During the conducted
experimental studies, the optimal chromatographic conditions for the quantitative determination of enalapril in tablets were established:
Luna C18 chromatographic column (100 x 4.6 mm, 3 pym), mobile phase — 2 % ACN and 98 % KPF6 buffer solution 40 mM, pH 2.43,
column temperature — 30 °C, detection at a wavelength of 210 nm. The method was linear in the concentration range of 40-120 pg/mL.
Regression equation: y = 14166x — 9589.2, correlation coefficient R?=0.9972. Low limit of determination (LOD) — 8.52 pg/mL, low limit of
quantification (LOQ) — 25.80 pg/mL. Modern tools for assessing greenness, AGREE (score 0.74), MoGAPI (score 81), Complex MoGAPI
(score 81), AGSA (score 77.78), CaFRI (score 82), and CACI (score 79), confirmed that the proposed HPLC method is green.

Conclusions. A green, rapid, and simple HPLC method for the determination of enalapril in tablets using chaotropic anion salts has been
developed. The proposed approach enabled the production of symmetrical peaks with excellent chromatographic system parameters and
allowed analysis in a short time. In addition, reducing the mobile phase flow rate to 0.6 ml/min made the analysis greener. The developed
HPLC method for determining enalapril in tablets can be applied both in routine pharmaceutical analysis and in testing by independent

laboratories.

Keywords: enalapril, quantitative determination, HPLC, chaotrops, greenness.
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Enananpuny manear, L-niponin, 1-[N-[1-(eTokcukap06o-
Hin)-3-¢peninnponin]-L-ananin]-, (S)-, (Z2)-2-0yrenenioar
(1:1); 1-[N-[(S)-1-xap6okcu-3-thenimmpomnporrin|-L-amanin]-
L-mpomin, 1'-etmnoBwmii ecrep, mamear (1:1), CAS RN®:
76095-16-4; UNIIL: 9025354EP] — anturinepTeH3uBHUNA
JKapchKuii 3aci0 i3 Tpynu iHriOITOPiB aHTIOTEH3MHIIEpe-
TBOpIoBasbHOIO (epmenty [1]. Xpomarorpadiune Bu3Ha-
YEHHS CHAJIANPHITY HE € CKIIaJHUM 3aBAaHHIM, IPOTE YacTO
3aIPOINIOHOBAHI METO/IMKH JJAIOTh EJIIOIOBAHHS SHAJAIIPUITY
OJIM3BKO JI0 «MEPTBOT0» 00’ €My, 1110 IPUTAMaHHO aHaJiTaM
13 TIPOJTIHOBOKO CTPYKTYPOIO.

ITpoBinni hapmakoriei CBiTy periaMeHTYIOTh XpoMaTorpa-
(hiuHEe BIU3HAUCHHS €HAJIANIPIITY B CYOCTAHIII1 TpaIi€HTHUM
emoroBanHst (Ha 30 XB) 3 BUKOPUCTAHHAM XpoMaTorpadigaol
konoHku 4,1 MM X 15 em, 5 Mxm kitacy L21, 3a remneparypu
70 °C, npu mBUAKOCTI MOTOKY 1,5 MiI/XB; y Tabnerkax — Ha
xosoHi kiacy L7, 3a remmeparypu 50 °C, mpu mBHAKOCTI
MOTOKY 2,0 MJI/XB 3 BUKOPHCTaHHSIM 130KpaTHIHOTO €00~
BanHs arieToHiTpuiIoM (ACN) Ta OyhepoM (pO3uMHOM HaTpiro
aurigporengocdary y Boji, JOBEASHUM KUCIOTOIO (hochop-
Hoto jio pH 2,2) (250:750) [2,3,4]. Y naykoBiii sniTeparypi
3arponoHoBaHo BEPX-meToauku Juisi BU3HAYEHHS €HaJla-
NIPWITY B JIIKAPCHKUX 3ac00aX, IPOTE BOHU MAIOTh HEJIOJIIKH
(HecHMEeTpUYHI ITiKH, SITFOIOBAHHS OJIM3BKO 0 «MEPTBOTO»
06’emy Toro) [5,6,7,8].

Meta po6otu

Po3pobxa 3eneHoi, excripecHoi Ta mpoctoi BEPX-metonnku
BH3HAYCHHS CHANANPUITYy B TaOJeTKaX 3 BUKOPHUCTAHHIM
COJICH XaOTPOITHUX aHIOHIB.

Martepianu i MeToau pocnimKkeHHs

3acrocoBaHo pixuHHNNA Xpomarorpad Shimadzu LC-2050C
3D Ta Agilent 1260 3 miomHO-MaTPUYHIM AETEKTOPOM, IS
OTPUMaHHSI XpOMAaTorpaM Ta IHTErpyBaHHs PE3yJIbTaTiB —
nporpamue 3abe3nedeHus LabSolutions. [xmie anamiTnane
oOmagHaHHS: BarW aHAJITHYHI €JIEKTPOHHI JTabopaTopHi
«RAD WAG AS 200/C»; yaprpa3BykoBa 0ans (Elmasonic
Easy 40 H, Germany), pH-merp (Mettler-Toledo, model
LEA438, Switherland). Xpomarorpadiuny komonky Luna C18
(100 x 4,6 MM, 3 MxM) npuOano y Phenomenex.

dapmakoneitHui CTaHAAPT 3pa3Ka eHANANPIITY Majeary
(aucrora — >99 %, BEPX) 3akymieno B Sigma-Aldrich
Chemicals Co., mi 4ac JOCHIKCHHS BUKOPHCTAHO Ta-
kox Tabnerku «Enam» (20 mr, KRKA, Crnosenis). Kairo
rexcadroppocdar (KPF,), ACN, Bomy (=99,9 % uncrorn)
orpumano Big Honeywell, Riedel-de Haen (Himeuuunna).
docdopna kucinora 88 % npundana B Honeywell Fluka.
Jis GineTpyBaHHS aHAII30BAHUX PO3YHMHIB BUKOPHUCTAHO
¢inerpu RS Membrane (po3mipom 0,45 mxm, Phenex,
Himeuunna).

Xpomarorpadiuni ymoBu. XpomarorpadyBaHHs 31 HCHAIN
130KpaTUYHKM EJIIOIOBaHHAM Ha XpoMaTorpadivHii KoIoHIi
Luna C18 (100 x 4,6 MM, 3 MKM), pyxoMa (ha3a — OypepHuit
posuun 40 MM KPF, (pH 2,43) i ACN (98:2). Temneparypa
kosoHKH — 30 °C, mMBHUAKICTH MOTOKY pyXxomoi ¢azu —
0,6 Mi/XB, 00’ €M THXEKIIT — 5 MKJI, YD-eTekTyBaHHS — 3a
noBxkuHU XBUii 210 HM.

IpuroryBannst podounx pozunnis. Pozunusiors Gpapmako-
MEeHHUI CTaHAAPT 3pa3Ka eHANAPUITY MajeaTy Ta MOPOLIOK
pO3TepTHX TAaOJICTOK Y BOMI 11t XpomaTorpadii, B pe3yibTari
OTPUMYIOTH BHIIPOOOBYBaHI PO3YMHH 3 KOHIEHTPALI€IO
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Tabnuusa 1. MapameTpn npuaaTHOCTI XxpomarorpadivHoi cuctemu (puc. 1)

m Yac yTpumyBaHHs, XB m Tailing F. NTP (USP) |HETP (USP) | Resolution (USP)

2,982 4784869 588549

100,0

00 1,213 2921 51,346

Pasom 4784869 588549

100,0

00

Datafile Name:enalapril_0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 0,6_001.lcd

Sample Name:enalapril
Sample ID:0.6 mg/ml

mAU

60

S

fenlapril_0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 0,6_001.Icd Extract-190nm.4nm

5oo€
4ooé
300€
200€

100

Jenhlapril_0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rafe 0,6_001.Icd Ch1-210nm.4nm |

0.0

Datafile Name:enalapril_0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 0,6_0

01.lcd
Sample Name:enalapril
Sample ID:0.6 mg/ml

Puc. 1. Xpomatorpama posunty eHananpury (0,6 mr/mn) Ha konoHui Luna C18 (100 x 4,6 mm, 3 mkm) 3 2 % ACN i 98 % Gydepom KPF, 40 MM
pH 2,43, Temnepatypa konoHku — 30 °C, aetekTyBaHHS — 3a AoBXMHM XBUMi 190 HM i 210 HMm.

0,6 mr/mun. KaniOpyBaibHI KpuBi OOYI0BaHO B Jliaria3oHi
40-120 mKr/mit.

Pesynbratu

[oka3aHo BIUTHB COJICH XaOTPOITHUX aHIOHIB Ha PO3POOKY 3¢-
JIEHO1, ekcipecHoi Ta mpoctoi BEPX-MeToauky Bu3HaUeHHs
SHaanprTy B TabneTkax. BukoprctaHHs comeit XaoTpOITHIX
aHIOHIB y pyXoMmid asi miJ yac BH3HAYCHHSI CHAJIAMPUILY
MmertozoM BEPX narno 3Mory cKopoTuTH TpUBATICTh aHaI3y
(TIpoTe He MPOBOAWTH BU3HAYEHHS OJIM3BKO JI0 «MEPTBOTO»
00’€eMy) Ta TOKPALIATH CUMETPIIO TTiKa CHATATIPILITY.
JlocmipkeHHsT po3noyaro 3 BUOOpY pyxomoi (hasu, anpo-
0OBaHO OIWH i3 HAWCHUIBHINIUX XAaOTPOIIB 32 TCOPIEIO
Todwmeiictepa KPF, (40 MM, pH 2,43) Ta ACN y cknani
pyxomoi (ha3m y crriBBigHOIIEHH] 98:2 Ha 00epHEHO-(Ha30BUX
kostonkax C18 abo C8 3a mIBHAKOCTI IOTOKY pyxomoi (azu
0,6 my/xB, Temrieparypu kotoHKU — 30 °C (puc. 1). 3nidcHIII

JIeTeKTYBaHHsI 3a JoBkuHU xBuii 190 M 1 210 HM, npoTte
npH peresbHOMY aHawi3i YD-crekrpiB (puc. 1) BUSBICHO
MaKCUMyM 3a JOBXHUHH XBHJIi 210 HM, TOMY BHPIIIIIN
TIPOJIOBKYBATH JIOCIIDKCHHS 3a JoBkuHY XBrti 210 HM. Yac
yYTPUMYBaHHS eHaanpuiy cranoBus 2,982 xB. Y mabnuyi 1
HAaBEJICHO MTapaMeTPH MPUAATHOCTI XpoMarorpadigHoi cuc-
TeMH JI0 puc. 1. 3riHO 3 JaHUMH, 10 HaBeJEHI, OTPUMAHO
CHUMETPUYHHH MK, KU HE eITFOI0ETHCS OJIU3BKO JI0 «Mep-
TBOTO» 00’ €My. BI3HaueHO TaKOX €TIOIOBAaHHS CYTIPOBITHOI
JIOMIIIIKA OJM3BKO 2 XB.

Hageneni ymoBu xpomarorpadyBaHHs MOBHICTIO Bil-
MOBiJaIM HapaMeTpaM MPHIATHOCTI XpoMaTorpadidHoi
CHCTEMH, TIPOTE BUPIMICHO arpoOyBaTH CITiBBITHOIICHHS 95
Oydepnoro posunny KPF, (40 MM, pH 2,43) Ta 5 ACN mipu
HIBUJIKOCTI OTOKY pyxomoi ¢azu 0,6 Mi/XB, TeMneparypu
kostoHKH — 30 °C, meTeKTyBaHHS — 3a TOBKHUHH XBIUI 210 HM
(puc. 2). Yac yTpuMyBaHHS €HaJIAIPUITy CTAHOBHB 2,986 XB.
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Tabnuuga 2. MapameTpu NpuaaTHOCTI XpomarorpadivHoi cuctemu (puc. 2)

_ Yac yTpumyBaHHS, XB m Tailing F. NTP (USP) | HETP (USP) | Resolution (USP)

2,986 4864671 572416

100,000

1,214 2781 53,937

Pazom 4864671 572416

100,000

Datafile Name:enalapril_0.6 mg$ml_method 5 ACN-buffer 95 pH 2.43 flow rate 0,6_001.Icd

Sample Name:enalapril
Sample 1D:0.6 mg/ml

AU

600 Tenal

pril_0.6 mgSml_method 5 ACN-buffer 95 pH 2.43 flow rate 0.6_0071.Icd Exfract-190nm.4nm
Jenalapril 0.6 mg$ml_method 5 ACN-buffer 95 pH 2.43 flow rate 0,6 001.Ilcd Ch1-210nm,4nm

500
400
300—?
zoo—f

100-]

0.0

Puc. 2. Xpomatorpama posuuHy eHananpuny (0,6 mr/mn) Ha konoHui Luna C18 (100 x 4,6 mm, 3 Mkv) 3 5 % ACN T1a 95 % Gydepom KPF, 40 M
pH 2,43, Temnepatypa konoHku — 30 °C, feTekTyBaHHS — 3a AOBXMHM XBUMi 210 HM.

Y mabnuyi 2 momaHo mapaMeTpH MPUIATHOCTI XpOMaTorpa-
(biuHOi cuctemu 10 puc. 2. 3rimHO 3 HABEACHUMH JaHUMHU,
OTPUMaHO TAKO)K CUMETPUYHMH IIiK, SIKUH HE EJIOIOETHCS
OJH3BKO JI0 «MEPTBOTO» 00’ eMy. BU3HAYCHO €ITIOI0BAHHS BIKE
JIBOX CYIPOBIJIHUX JOMIIIOK: IEpIIOT OJIM3bKO — 2 XB, APYTol
(HecUMeTpHYHUIA 1K) — O1M3bKO 3,7 XB. ToMy BUPIILIEHO J1ist
MTOAAJIBIIONO AOCITIKSHHS 00paTH CriBBiAHOMICHHS 98:2 i
arpoOyBaTH HIBUKICTb IIOTOKY pyxoMoi ¢aszu 0,6—1,2 mir/xB.

Ha puc. 3 HaBeneHO XpoMaTrorpamu po3dnHy €HaJalpHu-
JIy 32 YMOB anpo0arlii MBHUIAKOCTI MMOTOKY PyXOMoi (a3m.
BcranoBneHo, 1m0 BCi MPOTECTOBaHI MIBHIKOCTI MOTOKY €
ONTUMAJIbHIMHU, HE EITFOIOETHCSI TIK €HATIAPHITY OJTH3bKO /10
«MEpPTBOTO» 00’ €My, ITPOTE 32 METY ITOCTABICHO OTPUMAHHS
3e7IeH01 MeTOANKHN. UMM MOBIMBHIMA MIBHAKICTH ITOTOKY,
THUM MEHIIIE BTPaT PO3YMHHHKIB 1 THM 3eJICHiIIa aHATI THIHA
MeTtozauKka. st IpUKIIaay: BTPAaTH PO3UMHHUKIB MPH MIBUI-
xocTi moToky 0,6 MiI/XB cTaHOBIATE 1,20 Mit, ipr 0,8 MIT/XB
— 1,75 mo1, mipm 1,0 mir/xB — 1,81 mur, ipu 1,2 mi/xB — 1,83 xB.
Tomy obpamu onTUMaIbHy MBHAKICTE 0,6 MII/XB.

BaximBuM miz yac BU3HAUCHHS ONTUMAIIBHUX XPOMAro-
rpadiyHAX YMOB € BHOIp TEMIIEpaTypH KOJIOHKH. Y TIOTe-
PEmHIX TOCTIIPKEHHIX XpoMaTorpadyBaHHs 3MiHCHIIN TPH
temmeparypi 30 °C, npore anpoOysamu it 35 °C. Ha puc. 4
HaBE/ICHO XPOMAaTOrpaMH PO3UMHY EHAIATPHITy 32 TeMIIe-
parypu 30 °C i 35 °C s nopiBHsHHS. Beranosneno, mo
00H/1Ba 3HAYCHHSI € ONTUMAIEHUMH.

OTxe, y TpoIeci eKCIePUMEHTATBHUX JI0CIiIKCHb
BCTAHOBJIGHO ONTHMAJIbHI XpoMaTorpadiuHi yMOBH JUIS
KUIBKICHOTO BU3HAYEHHS1 €HAJIaIpIITy B TAOJIETKAX: XpOMarTo-
rpagiuna kononka Luna C18 (100 x 4,6 MM, 3 MKM), pyxoMa

¢asza —2 % ACN Ta 98 % Oydepnuii posunn KPF 40 MM
pH 2,43, remneparypa kononku — 30 °C, neTekTyBaHHs — 32
JIOBKHUHM XBHT 210 HM, 00’ €M THKEKLIT — 5 MKJI.

BanigyBanu aHajdiTHUHY METOJMKY 32 TaKUMH BaJlija-
LWITHAMH XapaKTepUCTHKaMHU, K POOACHICTb, JIHIMHICTB,
MIpaBHJIBHICTB 1 npenu3iiHicTh [9]. PobacHicTh BUBUEHO 11e
Ha eTarti po3pOOKH METOIMKH, OCKIJIBKY 3TIHCHUITH ICTANIbHI
JOCTIDKEHHS 00 BUOOPY ONTHMAIbHUX CIIiBBITHOIIECHb
KOMITOHEHTIB pyxomux (a3 (95:5 1 98:2, noBxuH XBUIb J1e-
textyBaaHs (190 am 1 210 HM), Temnepatypu komoHkH (30 °C
135 ° C), mBunkocTi motoky pyxomoi ¢azu (0,6—1,2 mi/xB)).
BcranoBmneHo, 1110 HEBEHKI 3MiHA XpOMaTorpadiqHIX YMOB
HE BIUIMBAIOTH HA PE3yNBTaTH aHANi3y, i TOMy METOAMKA €
pobacHoto.

JIiHIAHICT OIIHIOBANH TIiJ Yac PerpeciiHoro aHawi3y B
miama3oHi koHMeHTparii 40—-120 Mxr/mi. Pesynbratén Bu-
BYCHHS JIIHIITHOCTI HaBEIEHO Ha puc. 5.

Ha puc. 6 HaBeeHO XpoMaTorpamMu pO3uHHIB HAJIATIPUITY
32 YMOB BUBYCHHS JIHIHHOCTI B [ialma30Hi KOHIICHTPALii
40~-120 mxr/mir. Meska BusiBieHHs (MB) — 8,52 Mkr/mi1, Mexka
KinpkicHoro Bu3HadeHHs: (MKB) — 25,80 Mxr/mit.

J1y1s BUBUCHHS MIPABIIIBHOCTI Ta MPEII31HHOCTI TOTYBaIN
MOJIEIIBHI 3pa3Ki 3 TOYHUMH KOHIIEHTPALISIMH €HAIATIPHITY
Mareary B giarnazoHi 80—-120 %. Pe3ynsraTn BUBYEHHS Mpa-
BIJIBHOCTI Ta TMPENU3IHHOCTI HaBEACHO B mabnuysx 3, 4.
OnepxxaHi pe3ynbTaTy JaJIH HiCTaBH 3p0OUTH BUCHOBOK ITPO
TIOBHY BiZITOBIAHICTH KPUTEPISM MPUHHATHOCTI.

Po3pobneny BEPX-meTonuky BHKOpHUCTAHO MiJ dac
KIJIbKICHOTO BU3HAYEHHS eHaJIaNpuity B Tabnerkax «Enam»
20 mr. Pesynsrary 1any mizicTaBu KOHCTaTyBaTH, 110 3aIpO-
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3A

3B

3C

3D

Datafile Name:enalapril_0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 0,6_001.Icd

Sample Name:enalapril
Sample ID:0.6 mg/ml

U
600—enalapril 0.6 ma$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 0.6 001.lcd 210nm.4nm |

300

100

Datafile Name:enalapril_0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 0,8_001.lcd

Sample Name:enalapril
Sample 1D:0.6 mg/ml

mAL

lenflapril 0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 0,8 001.lcd 210nm.4nm ]

700

600

500

400

300

200

100+

0.0 05 1.0 15 20 25 3.0 35

Datafile Name:enalapril_0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 1,0_001.lcd

Sample Name:enalapril
Sample ID:0.6 mg/ml

mAL

3

ndlapril 0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 1,0 001.lcd 210nm.4nm ]

500

450

400

350

300

250

200

150

1004

50

e
L
e

T
0.0 0.5 1.0 15 20 25 30 3.5

T
min

Datafile Name:enalapril_0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 1,2_001.lcd

Sample Name:enalapril
Sample ID:0.6 mg/ml

mAl

Jendlapril 0.6 mgSml_method 2 ACN-buffer 98 pH 2.43 flow rate 1.2 001.lcd 270nm.4nm ]
4504

4004

T
05 1.0 15 20 25 3.0 35

°

Puc. 3. Xpomatorpama posquHy eHananpuny (0,6 mr/mi) Ha koroHui Luna C18 (100 x 4,6 mm, 3 Mkm) 3 2 % ACN Ta 98 % 6ycpepom KPF, 40 MM pH 2,43,
Temneparypa konoHku — 30 °C, aeTekTyBaHHs — 3a AOBXUHM xBuni 210 HM. A: weuakictb notoky 0,6 mn/xs; B: 0,8 mn/xs; C: 1,0 mn/xs; D: 1,2 mn/xs.
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Datafile Name:enalapril_0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 0.6 T35_001.Icd

Sample Name:enalapril
Sample 1D:0.6 mg/ml

mAl

Jenhlapril 0.6 mg$ml_method 2 ACN-buffer 98 pH 2.43 flow rate 0.6 T35 001.Ilcd 270nm.4nm ]

a n w IS o @
3 8 8 5 g 2
T ? T ? T ?

=3

ok

o
=)

05

L B e e L e e e L A e o e B e I I
1.0 15 20 25 3.0 35

40  min

Puc. 4. Xpomatorpamu pounty eHananpuny (0,6 mr/mn) Ha konoHui Luna C18 (100 x 4,6 mm 3 Mkm) 3 2 % ACN Ta 98 % Gydepom KPF, 40 mM pH
2,43, Temnepartypa konoHku — 30 °C Ta 35 °C, getekTyBaHHs 3a JOBXUHM XBUMi 210 HM, LWBMAKICTL NOTOKY — 0,6 Mn/XB.

5

1800000,00
1600000,00
1400000,00
1200000,00
1000000,00

800000,00

R?=0,9972

600000,00 et

400000,00
200000,00

0,00
0,00 20,00 40,00

y = 14166x — 9589,2

60,00 80,00 100,00 120,00 140,00
C, MKr/mn

Puc. 5. 'pacpik 3aneHOCTi noLLi nika Bif KOHLEHTPaLii po341HIB eHananpuny 3a yMOB BUBYEHHS NiHIHOCTI aHaniTMYHOT METOAVKM.

6

Datafile Name:ACN-buffer 2.43(5-95) T 35_Enalapril_40 mkg_003.lcd

Sample Name:Enalapril
Sample ID:40 mkg

AU
CN-buffer 2.43(5-95) T 35 Enalapri 40 mkq 003.cd 210nm 4nm_]

2757
2507
2257
2007

1759
150
125

1004

N

o

delole

O

O _ulivnilid
=)

05 1.0 15

L e e e e e o L e o e o e e o B NN B e
2 3.

.5 . 35 min

Puc. 6. XpomaTorpamu, oTprMaHi 3a yMOB BUBYEHHS MiHINHOCTI aHaMITUYHOI METOAUKM.

nonoBaHa BEPX-MeTosivka npumaTHa 1y1s aHai3y TablIeToK
eHananpwiy (maon. 5).

Minimizartist poOOoMiIrOTOBKH, YHUKHEHHS BAKOPHCTAHHS
TOKCHYHHX PO3UMHHUKIB, SMEHIIIEHHS KiITBKOCTI OPTaHI YHUX
PO3YMHHHKIB — alleTOHITPHITY (2 CIiBBiXHOMICHHS 0 98
OyhepHOTOo po3UrHY) y CKIIai pyXoMoi pa3H i30KpaTHIHUM
€JIIOIOBAHHSIM, IIBUAKHIA aHATI3 Jalld 3MOTY 31iHCHUTH
3eJIEHNH aHai3, 110 MiATBEPHKEHO CyYaCHUMH METPUKaMHU

BuBucHH: 3esieHocTi AGREE (6ai 0,74) [10], MoGAPI (6axn
81)[11], Complex MoGAPI (6an 81) [12], AGSA (6a1 77,78)
[13], CaFRI (6an 82) [14] Ta CACI (6ax 79) [15] (puc. 7).

OO6roBopeHHs

Mu po3pobuinu ycninny BEPX-meTonuky Bu3HaueHHs 1H-
LIMX 1HTi0ITOPIB aHT1OTEH3UHIIEPETBOPIOBATILHOTO (pepMeHTy
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Tabnuus 3. Pesynstati BUBYEHHS npaBunbHOCTi BEPX-meToauku

MogenbHi po3unhiu | Bmict eHananpuny maneary, % BigHoLIeHHA 3HanAeHoro Ao BBeAEHOro,

Z=(Y,/X) x 100 %

BeeAeto, X, = (C,/ C,) x 100 %

3waiaeHo, Y,= (A /A ) x 100 %

M, 80,07 80,94 101,09

M, 79,92 80,51 101,74

M, 80,06 79,89 99,79

M, 100,56 100.09 99,54

M, 99,85 100,05 100,20

M, 100,22 100,73 100,51

M, 119,74 120,60 100,72

M, 120,81 120,39 99,65

M, 120,08 120,97 100,74
CepepHe 3HaveHHs!, Z, % 100,44
CraHgapTHe BigxunexHs, S, % 0,85
BigHocHWiA foBipuuii iHTepBan 1,96

Az =1(95 %, 8) x S, =2,3060 S, %

KpuTuHe 3HauyeHHs Ans 36hXHOCTI pesynbraTis BukoryeTbes
Az<maxA, =24 % (1,96 <2,4)
Cuctemarnyra noxvbka 8 =| Z - 100] , % 0,44
KpuTepilt HeBU3HAYEHOCTI CUCTEMATUYHOT NOXMBKM BukoHyeTbCst
0 < maxd% (0,44 <0,51)
KopekTtHa 3aranbHuii BUCHOBOK MPO METOAMKY

Tabnuus 4. Pesynsratv BUBYEHHS NpeuuaiiHocTi BEPX-meTtoauku

pocnia \zponin 3meenia |
1 100,63 100,94 99,92
2 100,18 99,85 100,19
3 100,34 100,26 100,55
4 100,55 100,82 100,02
5 99,94 99,94 99,90
6 100,07 100,18 99,83
CepenHe Z (%) 100,29 100,33 100,07
RSD,, % 0,27 0,45 0,27
BigHocHe ctanaapTHe Bigxunens, RSD, (%) 0,33
BigHocHwi foBipumii iHTepean, A, 0,33<2,4
Kputnure 3HaueHHs 3BikHoCTi pesynstatiB A, , % 24

Tabnuus 5. Pesynbraty KinbKicHOrO BU3HaYeHHsl eHananpuny maneary B TabneTkax

Jikapcbkuii 3aci6 3HaigeHo, r MeTponoriyHi xapakTepucTuku

TabneTkn «EHan» 20 mr

0,0205
0,0211
0,0217
0,0203
0,0200
0,0222

m =0,0206 r
S=6,44 x 10*
t=2,57
Ax=6,76 x 10*
RDS =3,12
£=329%
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Sample Size

Sensitivity

Portability

Puc. 7. Pesynbtatn BUBYEHHS 3eMeHOCTi 3anponoHoBaHoi BEPX-meToankn BU3HaueHHsi eHananpuny B Tabnetkax metpukamu AGREE (A),

MoGAPI (B), Complex MoGAPI (C), AGSA (D), CaFRI (E) Ta CACI (F).

3 MPOJIIHOBOIO CTPYKTYpOro [16]. BpaxoByroun momnepeaHii
IocBiny po3pobditi BEPX-Metonuk 3 BUKOPHCTaHHAM COei
Xa0TPOITHUX AHIOHIB, IMPOIIOHYEMO 3aCTOCYBaHHS COJICH
XaOTPOIHUX aHIOHIB y CKJIaJi pyxoMoi (a3u Ha Xpomaro-
rpadiuniif komonmi C18 sk mepcreKTUBHIN MIXiT TSI OT-
PUMaHHS CHMETPUYHOTO ITIKY CHAJIATIPHITY, SIKUI CITIOF0ETHCS
He OJIM3BKO 10 «MepTBOTro» 00’ emy [ 17]. Kpim Toro, 3amporro-
HOBaHMH IMiJIXiI] TACTH 3MOTY OTPUMATH SKCIIPECHY Ta 3CICHY
BEPX-MeTonuKy BH3HAYCHHS CHANANPIIY B TaOJCTKaX,
10 TIPUAATHA IS BCIX IIeH (apMarieBTHYHOTO aHAIII3y 3
MOYKITHBICTIO TECTYBaHHS HE3aJIC)KHUMH JIAOOpaTOPisIMU.

BucHoBKku

1. Po3pobneno 3eneny, ekcripecHy Ta npocty BEPX-me-
TOAWKY BU3HAYCHHS CHAJANPUITy B TaOJeTKaX i3 BUKOPHUC-
TaHHSM COJICH XaOTPOIHUX aHIOHIB Y CKJIa i pyXoMoi (a3u
Ta C18 KOMoHKH.

2. 3amporoOHOBaHUH MIAXIM AaB 3MOTY OTPUMATH CHME-
TPUYHI ITIKH 3 BI/IMIHHUMH 3Ha4YEHHSIMH [1apaMeTpiB Xpoma-
TorpadigHOl CHCTEMH 1 3MIHCHATH aHaJIi3 32 KOPOTKHIA Jac.
Kpim Tor0, CIIOBiIBHEHHS MIBHIKOCTI TOTOKY pyXoMoi (hazu
110 0,6 MJI/XB 3pOOUIIO aHaTI3 3€IICHILIINAM, IIO MiITBEPIKEHO
HalicyJacHIIMME MeTpruKkaMi BuBdeHHs 3erieHocTi (AGREE,
MoGAPI, Complex MoGAPI, AGSA, CaFRI ta CACI).

3. Jliara3oH 3aCTOCYBaHHS aHAJITHYHOT METOIUKU — Bif
40 mxr/mi 1o 120 MKr/mot.

4. Po3po6ieny BEPX-meTonnky BU3HaYeHHsI CHATIAIIPUITY
B TabJIeTKax MOKHA 3aCTOCOBYBAaTH 1 B pyTHHHOMY (hapma-
LEBTHYHOMY aHaJli3l, 1 MiJ| 4ac TeCTYBaHHS B HE3aJICKHHX
nmaboparopisx.
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In silico evaluation of the pharmacological properties of
1,2,4-triazolo[1’,5":1,6]pyrido[3,4-blindole derivatives
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Zaporizhzhia State Medical and Pharmaceutical University, Ukraine
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E — critical revision of the article; F — final approval of the article

The condensed 1,2,4-triazolo[1',5":1,6]pyrido[3,4-b]indole scaffold, combining indole and 1,2,4-triazole pharmacophores, represents a
promising source of anti-inflammatory, antimicrobial and anticancer agents. In silico assessment of their toxicity, pharmacokinetics and
molecular properties provides a rational basis for synthesis and biological evaluation.

The aim of this study is to apply in silico approaches to investigate the physicochemical, pharmacokinetic and toxicological properties
of 1,2,4-triazolo-[1',5"1,6]pyrido[3,4-blindole derivatives and to explore their potential as multitarget agents through molecular docking.

Materials and methods. The pharmacological properties of 1,2,4-triazolo[1',5":1,6]pyrido[3,4-b]indole derivatives were evaluated using
in silico modeling approaches. Toxicity prediction was performed with the US EPA TEST software package, while physicochemical and
pharmacokinetic parameters were assessed using SwissADME. Molecular docking was conducted to analyze ligand interactions with
cyclooxygenase-2, lanosterol 14a-demethylase, peptide deformylase of E. coli and S. aureus and anaplastic lymphoma kinase.

Results. The 1,2,4-triazolo[1',5":1,6]pyrido[3,4-blindole derivatives were characterized by moderate oral toxicity and low mutagenic risk,
except for compounds 1 and 5. Drug-likeness analysis confirmed compliance with criteria for orally active agents, while ADME modeling
indicated high gastrointestinal absorption, limited central nervous system penetration (except compound 10) and potential CYP450 inter-
actions. Docking studies revealed strong binding to COX-2 and CYP51, with compounds 2, 5, 8 and 10 showing affinities comparable to
fluconazole. Several derivatives also exceeded actinonin in binding to E. coli peptide deformylase and displayed diverse interactions with
S. aureus PDF. Compounds 2, 5 and 10 demonstrated binding energies against ALK close to crizotinib.

Overall, these findings suggest favorable pharmacokinetic profiles and multitarget potential for anti-inflammatory, antimicrobial and anti-
cancer applications, with lipophilicity and CYP450 interactions identified as possible limitations.

Conclusions. In silico modeling demonstrated that 1,2,4-triazolo[1',5":1,6]pyrido[3,4-b]indole derivatives possess favorable pharmacokinetic
properties, relatively low predicted toxicity, and strong affinities toward multiple pharmacologically relevant targets. These findings provide
a rationale for further experimental validation and the development of novel multitarget drug candidates.

Keywords: 1,2,4-triazole, indole, in silico study, properties.
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OuiHtoBaHHs in silico apmakonoriuHmx BnactuBocten noxigHux 1,2,4-tpiasono[1’,5:1,6]nipuao[3,4-blingony
C. O. ®eporos, A. C. louyns

KonpeHcosaHum ckenet 1,2,4-tpiasono[1',5":1,6]nipuao[3,4-bliHaony, Skuin noeaHye apmakodopw iHgony Ta 1,2,4-Tpiasony, € nepcnexkTus-
HUM [KEPENOM NpoTU3ananbHKX, MPOTUMIKPOBHUX | NPOTUNYXMMHHUX areHTiB. In silico ouiHIOBaHHS IXHBOT TOKCUYHOCTI, (hapMaKOKIHETMKN
Ta MOMNeKynspHUX BNACTMBOCTEN A€ paLlioHanbHy OCHOBY ANs CUHTE3Y Ta BionoriYHOro LOCimKEHHS.

Meta po6otu — 3acTocyBaHHs in silico niaxomiB Ans BUBYEHHS (i3NKO-XIMIYHKX, (hapMaKOKIHETUYHKX i TOKCUKOMNOFYHUX BMACTUBOCTEN
noxigHux 1,2,4-tpiasono[1',5":1,6]nipnao[3,4-blinaony Ta AOCMIMKEHHS IXHBOrO NOTEHLiany sk MynsTUTAPreTHUX areHTiB LWASXOM Mone-
KYNSpHOro AOKIHTY.

Marepianu i metogu. ®apmakonoriyHi BnactusocTi noxigHux 1,2,4-tpiasono[1',5":1,6]nipnao[3,4-bliHgony ouiHoBanu 3a LONOMOroto in Silico
MOAentoBaHHs. [POrHo3 TOKCUYHOCTI 3AiMICHIOBaNM 3 BUKOPUCTaHHAM nporpamHoro naketa TEST Arentctea 3 oxoponu goskinns CLUA, a
hi3nko-ximiyHi Ta hapmakoKiHETUYHI napameTpy — 3a AOMOMOro oHNanH-nnardopmm SwissADME. MonekynsipHUi [OKIHT 34iicHoBanu
Ans aHanisy B3aemopii niraHAis i3 LMKMOOKCHMreHaso-2, naHoctepon 14a-gemetunasoto, nentuaaedopminasoto E. coli Ta S. aureus, a
TaKoX aHannacTUYHOK NiMPOMHOI0 KiHa30H0.
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Peaynitatn. MoxigHi 1,2,4-tpiasono[1',5":1,6]nipnao[3,4-bliHaony xapakrepuayBanucst NOMIPHOK OpanbHOI TOKCUYHICTIO Ta HU3bKUM
MyTareHH1M pr3nKoM, kpim cnonyk 1 i 5. AHania nogibHocTi 1o Nikapcbkux 3acobiB NiaTBEpAMB BiAMOBIAHICTL KpUTEPISM ANs nepopanb-
HO aKTUBHMX areHTiB, a MmoaentoBaHHs ADME nokasano BHCOKY LUMYHKOBO-KWLLIKOBY abcop6Liito, 0OMexeHe MPOHNKHEHHS Y LieHTparbHy
HepBoBYy cuctemy (kpim cnonyku 10) Ta noteHuinHi B3aemogii 3 CYP450. [locnigxeHHs AOKIHTY nokasanu cunbHe 38’a3yBaHHs 3 COX-2
i CYP51, npuyomy cnonyku 2, 5, 8 i 10 manu adiHHicTb, 3icTaBHy 3 dnykoHasonom. [lekinbka noxigHux Takox nepeBuLLyBanu akTiHOHIH
3a 3[aTHICTHo 3B'A3yBaTuCA 3 nentuaaedopminasoto E. colii manu pisHi B3aemopii 3 PDF S. aureus. Crnonyku 2, 5 i 10 nokasanu eHeprii
3B’s13yBaHHs 3 ALK, 6nnabki O KpU3OTUHIOY.

Pesynbsratv gocnimkeHHs Janv 3Mory BCTaHOBUTM CNIPUATINBI hapMakoKiHETUYHI Npodini Ta MyNsTUTAPreTHUI NOTEHLian i3 BEKTOPHUM
CMPsSIMYBaHHSIM MPOTM3ananbHoI, NPOTUMIKPOBHOI Ta NPOTUNYXIIMHHOT aKTUBHOCTI, @ ninodinbHicTb | B3aemogii 3 CYP450 B13Ha4eHo sik
MOXITNBI 0OMEXKEHHS.

BucHoBkuw. In silico mogentoBaHHs nokasano, Wwo noxigHi 1,2,4-tpiasono[1',5"1,6]nipuao[3,4-bliHgony MaoTb CNpUATAMBI hapMaKkoKiHe-
TWYHI BNACTMBOCTI, BiJHOCHO HU3bKY nepeabadyBaHy TOKCUYHICTb i CUMNbHY adiHHICTb A0 KiNbKOX (hapMakomoriyHO 3HaYyLLMX MilleHEN.
OnepxaHi fjaHi € 0CHOBOIO AN NoAanbLLOT eKCnepyMeHTanbHoT Bepudikallii Ta po3pobki HOBUX MyNTUTAPTETHUX NiKapChkuX KaHAUAATIB.

Kntovosi cnosa: 1,2,4-Tpiason, iHaon, in silico gocnimKkeHHs, BNaCTMBOCTI.

AxTyanbHi nuTaHHA hapmaLleBTMYHOI | MeanyHOI Hayku Ta npakTuku. 2025. T. 18, Ne 3(49). C. 253-263

Modern strategies for the discovery of biologically active
compounds increasingly rely on in silico methods, which
provide a rapid and relatively accurate assessment of the
pharmacological and toxicological properties of potential
candidates [1,2,3]. The use of computer modeling at the early
stages of drug development makes it possible to significantly
reduce the scope of experimental studies, to lower financial
costs, and to minimize risks associated with the synthesis of
ineffective or toxic molecules.

One of the promising directions in contemporary medicinal
chemistry is the investigation of condensed heterocyclic sys-
tems that combine several pharmacophoric fragments within
their structure [4,5]. Derivatives of 1,2,4-triazole are charac-
terized by a wide range of pharmacological effects, including
anti-inflammatory, antimicrobial, antitumor and antifungal
activities [6,7,8,9,10]. An equally important pharmacophoric
component is indole and its condensed derivatives, which
serve as a key structural element of many natural and synthetic
molecules exhibiting pronounced neurotropic, anticancer and
cardioprotective properties.

The combination of indole and 1,2,4-triazole synthons with-
in a single molecule lays the foundation for the development
of a promising scaffold for innovative ligands with potential
multitarget activity [11]. In this context, particular attention
should be paid to 1,2,4-triazolo[1’,5":1,6]pyrido[3,4-b]indole
and its derivatives. They integrate the structural features
of both pharmacophores and hold significant potential for
pharmacological applications.

Aim

The aim of this study is the in silico evaluation of the phys-
icochemical, pharmacokinetic and toxicological properties
of a series of 1,2,4-triazolo[1',5":1,6]pyrido[3,4-b]indole de-
rivatives, as well as the assessment of their ability to interact
with biological targets through molecular docking.

Materials and methods

The selection of structures for the study was guided by the
intrinsic potential of the involved synthons, their consisten-
cy with the general principles of organic chemistry, and the

achievements of previous research in this field. Considering
these factors, 1,2,4-triazolo[1’,5":1,6]pyrido[3,4-b]indole
and its derivatives were proposed for in silico evaluation
of pharmacological potential (Fig. /). All investigated de-
rivatives are hydrazides of 2-methyl-6,11-dihydro-[1,2,4]
triazolo[1',5":1,6]pyrido[3,4-b]indole, differing in the nature
of the aryl substituent at the hydrazone moiety. Among them
are compounds with a simple benzylidene fragment (2), de-
rivatives bearing methoxy-substituted rings (3, 4), as well as
halogen-substituted derivatives — fluorine (5), chlorine and
fluorine (6), and dichloro (7). In addition, a compound with an
electron-donating dimethylamino-group (8) and derivatives
with electron-withdrawing nitro-groups at different positions
of the benzyl ring (9, 10) were studied. For comparison, the
series also includes the parent carbohydrazide without addi-
tional aromatic substituents (1). This selection of substituents
allows the assessment of the influence of electronic and steric
effects on the biological activity of the investigated molecules.

Toxicological properties were predicted using the TEST
(Toxicity Estimation Software Tool), providing estimates
of acute toxicity, ecotoxicity, and mutagenic potential [12].
Physicochemical and pharmacokinetic parameters, including
drug-likeness and oral bioavailability, were assessed with the
SwissADME platform. Molecular docking was performed to
predict ligand conformations within the binding pockets of
selected protein targets and to evaluate their binding affinities.
Ligand structures were prepared using MarvinSketch 6.3.0,
HyperChem 8 and AutoDock Tools 1.5.6. Protein structures
were preprocessed with Discovery Studio 4.0 and AutoDock
Tools 1.5.6. Flexible docking simulations were conducted
with AutoDock Vina. The docking analysis was carried out
for cyclooxygenase-2 (COX-2), lanosterol 14a-demethylase
(CYP51), peptide deformylase (PDF) from Escherichia
coli and Staphylococcus aureus and anaplastic lymphoma
kinase (ALK) [13,14,15,16].

Results

Predicted acute toxicity (rat LD, ) values ranged from
545 mg/kg to 970 mg/kg, indicating moderate toxicity (7a-
ble 1) [12]. The highest safety was observed for compound 7
(LD,, =970 mg/kg), while compound 10 showed the lowest
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Fig. 1. Model structures for in silico studies.

value (LD, = 545 mg/kg). Mutagenicity predictions were
negative for most derivatives, except compounds 1 and 5
(positive results).

Based on computer modeling, the predicted LC,; values
for Daphnia magna (48 h) ranged from 1.06 mg/L (6, 7) to
32.51 mg/L (1). For Pimephales promelas (96 h), the pre-
dicted LC, values varied between 1.68 x 10° mg/L (7) and
20.36 mg/L (1). Modeling indicated that compounds 6 and 7
may exhibit the highest toxicity (LC,, <0.003 mg/L), whereas
compound 1 shows markedly lower predicted toxicity values
(Table 1).

ADME analysis. Most 1,2,4-triazolo[1',5":1,6]pyrido[3,4-b]
indole derivatives have molecular weights (MW) of
370440 g/mol, within the acceptable range for oral drugs
(Table 2). Compound 1 (282.30 g/mol) may exhibit enhanced
permeability and bioavailability.

The number of heavy atoms (HA) and heavy aromatic
atoms (HAA) ranges from 28 to 32 and from 14 to 20, re-
spectively. Hydrogen bond acceptors (HBA) range from 4 to
6 and hydrogen bond donors (HBD) from 2 to 3, all values
being consistent with drug-likeness criteria. Although slightly
above optimal, these parameters are generally acceptable for
promising biologically active compounds. The fraction of sp?
hybridized carbons (Csp?) of 0.14-0.22 indicates a predom-
inance of aromatic, planar structures, while the number of
rotatable bonds (RB) does not exceed six, favoring optimal
molecular flexibility.

Molecular refractivity (MR) is <120 A? and TPSA ranges
from 87.96 to 133.78 A2 Compounds 2, 5-7 (TPSA <90 A2)
may cross the blood-brain barrier (BBB), whereas compounds
3,4 and 10 show higher MR, potentially reducing permeability
but favoring interactions with polar targets.

In silico solubility prediction indicated that most of the
investigated derivatives (2-10) are classified as moderately
soluble (MS) according to the ESOL and Ali models, whereas
the SILICOS-IT model predicts them as poorly soluble (PS)
(Table 3). The only exception is compound 1, which is clas-
sified as soluble (S) in all models, suggesting more favorable
pharmacokinetic properties. Predicted Log S values range
from -7.88 (7) to -2.58 (1), corresponding to solubility from
<10 mg/mL to 0.74 mg/mL (Table 3).

Lipophilicity assessment showed that consensus Log P,
values for most of the investigated compounds range from
0.79 to 3.81, corresponding to moderate to high lipophilicity
(Table 4). The highest values were observed for compounds
6 and 7, consistent with the results of individual models
(XLogP3, SILICOS-IT). Compounds 3 and 4 also demon-
strated pronounced affinity for lipid environments, whereas
derivatives 2, 5 and 8-10 exhibited moderate lipophilicity. The
only hydrophilic compound was 1, which correlates with its
higher predicted aqueous solubility (7able 4).

In silico pharmacokinetic evaluation also indicated a
high predicted level of gastrointestinal absorption (GIA),
which is favorable for potential oral administration. Only
compound 1 was identified as capable of crossing the BBB
(Table 5). Assessment of interactions with P-glycoprotein
(P-gp) revealed that compounds 1-4, 8 and 9 are potential
P-gp substrates, which may reduce their effective intracellular
concentrations due to active efflux. In contrast, compounds
5-7 and 10 showed no indications of P-gp substrate activity.

Analysis of potential interactions with cytochrome P450
enzymes indicated that most compounds (2-8, 10) may inhibit
CYP1A2,CYP2C19, and CYP2C9. Additionally, compounds
3, 4 and 8 demonstrated inhibitory activity toward CYP3A4,
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Table 1. Quantitative parameters of in silico toxicity assessment

LC,, (Pimephales promelas),
96 hours, log, mol/l / mg/l

Mutagenicity LC,, (Daphnia magna),
48 hours, -log, mol/l / mg/l

LD, (rats, per os),
mglkg / -log, mol/kg
1

735/0.52 0.52/+ 3.94/32.51 4.14120.36

2 630/0.26 0.26/- 5.16/2.56 7.65/8.31x10°
3 730/0.44 0.44/- 5.38/1.81 7.62/1.02 x 10°?
4 650/0.41 041/- 5.47/1.44 7.63/1.02 x 10?
5 675/0.60 0.60/+ 5.36/1.68 7.76/6.74 x 10°
6 910/0.47 047/- 5.60/1.06 8.23/2.50 x 103
7 970/0.29 0.29/- 5.62/1.06 8.42/1.68 x 103
8 706/0.37 0.37/- 5.2412.37 7.47/1.40 x 10
9 765/0.42 - - -

10 545/0.43 = = =

Table 2. Physicochemical properties of the studied compounds

m . gl _m--mmm-m TPSA. K

282.30 0.21 2 4 3 76.12 101.62
2 370.41 28 20 0.14 4 4 2 106.39 87.96
3 430.46 32 20 0.22 6 6 2 119.38 106.42
4 430.46 32 20 0.22 6 6 2 119.38 106.42
5 388.40 29 20 0.14 4 5 2 106.35 87.96
6 422.84 30 20 0.14 4 5 2 111.36 87.96
7 439.30 30 20 0.14 4 4 2 116.41 87.96
8 413.48 il 20 0.22 5 4 2 120.60 91.20
9 415.40 31 20 0.14 5 6 2 115.21 133.78
10 415.40 31 20 0.14 5 6 2 115.21 133.78

Table 3. Aqueous solubility of the studied compounds

Log S: Solubility, (WELH Log S: Solubility, Class Log S: Solubility, (WELH
ESOL - mg/ml; — mol/l Ali - mg/ml; — mol/l SILICOS-IT |- mg/ml; — mol/l
-2.58 7.40x 107 2.72 5.34 x 107, -3.79 4.61x10% P
2.62x10° 1.89 x 103 1.63 x 10
2 -4.53 1.09 x 10 MS -4.91 4.60 x 10 MS -6.71 7.31 x10%; PS
2.95x10° 1.24 x 10° 1.97 x 107
3 -4.67 9.27 x 10, MS -5.23 253 x 10%; MS -6.91 5.31x10%; PS
2.15x10% 5.87 x 10 1.23 x 107
4 -4.67 9.27 x 10%; MS -5.23 2.53 x10%; MS -6.91 5.31x10%; PS
215x10° 5.87 x 10 1.23 x 107
5 -4.69 7.99 x 10, MS -5.01 3.80 x 10%; MS -6.97 416 x 105, PS
2.06 x 10 9.78 x 10 1.07 x 107
6 -5.27 2.25x10% MS -5.65 9.40 x 104 MS -7.56 1.18 x 10°%; PS
5.32 x 10 222 x 10°® 278 x 10°®
7 -5.71 8.57 x 104 MS -6.20 2.75 x 104 MP -7.88 5.83 x 10%; PS
1.95 x 10° 6.27 x 107 1.33 x 108
8 -4.76 7.25x 10% MS -5.10 3.30 x 10%; MS -6.78 6.86 x 10%; PS
1.75x 10° 7.97 x 10 1.66 x 107
9 -4.58 1.10 x 10 MS -5.68 8.65 x 104 MS -6.05 3.73 x 104 PS
2.64 x 10 2.08 x 10°® 8.97 x 107
10 -4.58 1.10 x 10% MS -5.68 8.65 x 104 MS -6.05 3.73 x 104 PS
2.64 x 10° 2.08 x 10° 8.97 x 107
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Table 4. Lipophilicity of the studied compounds

m Log Po,, (iLogP) Log Po,, (XLogP3) Log Po,, (WLogP) Log Po,, (MLogP) Log Po,, (SILICOS-IT) | Consensus Log Po,,
1

1.06 1.00 0.55 0.76 0.56 0.79
2 1.89 3.38 2.71 2.14 3.20 2.66
3 3.02 3.32 2.73 1.54 3.32 2.79
4 3.20 3.32 2.73 1.54 3.32 2.82
5 2.65 3.48 3.27 2.52 3.62 3.1
6 213 4.10 3.92 3.00 4.26 3.48
7 2.82 4.63 4.02 3.1 4.48 3.81
8 1.98 3.50 2.78 2.06 2.88 2.64
9 1.38 3.20 2.62 1.29 1.03 1.91
10 2.05 3.20 2.62 1.29 1.03 2.04

Table 5. Pharmacokinetics of the studied compounds

Crossing
the BBB

P-gp CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 Log Kp,
substrate inhibitor inhibitor inhibitor inhibitor inhibitor cm/s
+ - + - - -

1 High -7.31
2 High - + + + - - -6.16
3 High - + - + + + -6.57
4 High - + - + + + -6.57
5 High - - + + - - -6.20
6 High - - + + - - -5.97
7 High - - + + - - -5.69
8 High - + - + - + -6.34
9 High - + - + - - -6.56
10 High - - + + - - -6.56

while compounds 3 and 8 also inhibited CYP2D6. In con-
trast, compound 1 showed no inhibitory effect on any of the
studied isoenzymes.

Predicted skin permeability (Log Kp) values for most de-
rivatives ranged from -5.69 cm/s to -7.31 cm/s, corresponding
to low to moderate transdermal absorption potential. The
lowest values were observed for compounds 3 and 4, while
the highest was recorded for compound 7.

All investigated compounds complied with Lipinski’s
rule of five (L), confirming their potential suitability for oral
administration. Additionally, all molecules met the criteria of
the Ghose (G), Veber (V) and Egan (E) rules. Only compound
1 fully satisfied the Muegge (M) filter, whereas deviations
were observed for the remaining derivatives, due to elevated
molecular weight (>350 g/mol) and XLogP3 values above
3.5 (Table 6).

Predicted absolute oral bioavailability for all compounds
is 0.55. The PAINS (Pan Assay Interference Compounds)
filter revealed at least one alert in each investigated
compound, associated with the indol-3-yl fragment. This
synthon is characteristic of compounds with pronounced
biological activity; however, it may also lead to nonspecif-
ic interactions in bioassays, thereby increasing the risk of
false-positive results.

The Brenk filter identified potentially undesirable frag-
ments from the perspective of chemical reactivity. For com-
pounds 28, a single alert was recorded, related to the presence
of an imino fragment. Compounds 9 and 10 exhibited several
warnings, including imino and nitro groups as well as O-N
linkages, which may contribute to their toxicity or chemical
instability. Compound 1 displayed two alerts, associated with
acylhydrazine and hydrazine fragments, indicating possible
reactivity and the need for further toxicological evaluation
(Table 6).

Such alerts do not necessarily preclude a compound from
further consideration; however, they underscore the necessity
of cautious interpretation of its biological activity. During
subsequent structural optimization, mitigation strategies
may be employed, such as modification or replacement of
the “problematic” fragments with less reactive analogues,
introduction of electron-donating or electron-withdrawing
substituents to stabilize the molecule, or the design of bi-
oisosteres that preserve activity while reducing the risk of
nonspecific effects. This approach allows the combination
of high bioactivity with improved safety and reliability of
bioassay results.

Molecular docking demonstrated that the 1,2,4-triazo-
lo[1',5":1,6]pyrido[3,4-b]indole derivatives form stable complex-
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Table 6. Dri

ug-likeness of the studied compound series

1 + + + + + 1 2
2 + + + + - 1 1
3 + + + + - 1 1
4 + + + + - 1 1
5 + + + + - 1 1
6 + + + + - 1 1
7 + + + + - 1 1
8 + + + + = 1 1
9 + + + - - 1 3
10 + + + - - 1 3

Table 7. Intermolecular interaction energies of the studied compounds with COX-2

1

-9.0 3 -9.1 5 94 7 -8.1 9 -9.4
2 -8.9 4 9.3 6 -9.5 8 -8.8 10 94
Celecoxib -13.4

Table 8. Nature and types of interactions of the studied structures with COX-2

m Nature of amino acid residues

1 LEU A:532 (alkyl, T-alkyl), ALAA:528 (11-0), VAL A:524 (alkyl, Tr-alkyl), LEU A:385 (alkyl, T-alkyl), LEU A:353 (alkyl, Tr-alkyl), VAL A:350 (alkyl,
m-alkyl), MET A:523 (alkyl, m-alkyl), PHE A:519 (alkyl, m-alkyl), TRP A:388 (alkyl, T-alkyl)

2 VAL A:117 (m-0), SER A:354 (C-H bond), ALAA:528 (alkyl, T-alkyl), HIS A:90 (alkyl, -alkyl), VAL A:524 (11-0), LEU A:353 (alkyl, Tr-alkyl)

3 ALAA:528 (alkyl, Tr-alkyl), GLU A:525 (1r-anion), VAL A:350 (alkyl, m-alkyl), PHE A:519 (alkyl, m-alkyl), MET A:523 (C-H bond), ARG A:121 (-
0), SER A:354 (C—H bond), VAL A:524 (alkyl, Tr-alkyl), VAL A:117 (alkyl, -alkyl), LEU A:124 (alkyl, T-alkyl), HIS A:90 (alkyl, -alkyl), TYR A:356
(C-H bond), LEU A:93 (alkyl, Tr-alkyl), VAL A:89 (alkyl, m-alkyl), TYR A:116 (alkyl, mr-alkyl)

4 ALAA:528 (alkyl, T-alkyl), GLU A:525 (1r-anion), SER A:354 (C-H bond), TYR A:356 (alkyl, T-alkyl), VAL A:524 (alkyl, -alkyl), ARG A:121 (11-0),
HIS A:90 (alkyl, Tr-alkyl), VAL A:350 (alkyl, Tr-alkyl), LEU A:93 (alkyl, T-alkyl), VAL A:89 (1-0), VAL A:117 (alkyl, T-alkyl), TYR A:116 (alkyl, Tr-alkyl)

5 VAL A:350 (alkyl, -alkyl), ALA A:528 (11-0), GLU A:525 (11-anion), PRO A:529 (alkyl, T-alkyl), LEU A:124 (alkyl, T-alkyl), ARG A:121 (1r-0), LEU
A:532 (alkyl, r-alkyl), VAL A:117 (alkyl, r-alkyl), VAL A:89 (alkyl, mr-alkyl), LEU A:93 (alkyl, Tr-alkyl), TYR A:116 (alkyl, T-alkyl)

6 TYR A:356 (intermolecular H-bond, —1r T-shaped), LEU A:353 (11-a), VAL A:117 (alkyl, Tr-alkyl), SER A:354 (C—H bond), VAL A:350 (alkyl,
m-alkyl), HIS A:90 (alkyl, m-alkyl), VAL A:524 (mr-0), ALA A:528 (alkyl, -alkyl), ARG A:514 (T1-cation)

7 VAL A:350 (11-0), ALA A:528 (alkyl, Tr-alkyl), GLU A:525 (1r-anion), ARG A:121 (alkyl, m-alkyl), VAL A:524 (alkyl, Tr-alkyl), LEU A:353 (alkyl, T-al-
kyl), TYR A:116 (alkyl, m-alkyl), VAL A:117 (alkyl, m-alkyl), LEU A:93 (alkyl, Tr-alkyl), VAL A:89 (alkyl, Tr-alkyl)

8 VAL A:89 (alkyl, Tr-alkyl), SER A:354 (C-H bond), VAL A:524 (11-0), TYR A:116 (C-H bond), ALA A:528 (alkyl, Tr-alkyl), VAL A:350 (alkyl, T-alkyl),
LEU A:353 (alkyl, m-alkyl), ALAA:517 (alkyl, T-alkyl)

9 VAL A:524 (C-H bond, 1-0), GLU A:525 (intermolecular interaction forces, m-anion), LEU A:353 (alkyl, T-alkyl), TYR A:356 (alkyl, m-alkyl), LEU
A:93 (alkyl, -alkyl), ALA A:528 (alkyl, T-alkyl), ARG A:121 (11-), VAL A:117 (alkyl, Tr-alkyl), SER A:120 (amide—r stacking)

10 VAL A:350 (11-0), LEU A:532 (alkyl, r-alkyl), ALA A:528 (11-0), PRO A:529 (alkyl, Tr-alkyl), LEU A:124 (alkyl, -alkyl), GLU A:525 (tr-anion), ARG
A:121 (m-0), LEU A:93 (alkyl, m-alkyl), TYR A:116 (alkyl, -alkyl), VAL A:89 (alkyl, m-alkyl), VAL A:117 (alkyl, Tr-alkyl)

es with the active site of COX-2 (E _, ranging from -8.1 kcal/mol
t0-9.5 kcal/mol) (Table 7). The highest affinity was observed for
compound 6 (-9.5 kcal/mol), with similar values recorded for
compounds 4, 5,9 and 10. For comparison, celecoxib exhibited
a markedly lower binding energy (-13.4 kcal/mol).

Molecular docking revealed that the studied compounds
establish a broad spectrum of stabilizing interactions with

the active site of the COX-2 enzyme. The residues most fre-
quently involved in complex formation include ALA A:528,
VAL A:524, VAL A:350, ARG A:121, GLU A:525, LEU
A:353, TYR A:116, VAL A:117, LEU A:93, VAL A:89, and
SER A:354 (Table 8). The interactions are predominantly
hydrophobic (ALA, VAL, LEU), hydrogen-bonding, and
electrostatic (ARG, GLU, SER, TYR), which collectively
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Table 9. Intermolecular interaction energies of the studied structures with lanosterol 14a-demethylase

1

-8.2 3 9.3 5 -11.4 7 9.8 9 -10.3
2 -11.1 4 9.8 6 -10.5 8 -10.9 10 -10.6
Fluconazole |-10.9

Table 10. Nature and types of interactions with lanosterol 14a-demethylase

m Types of interactions and amino acid residues

1

LEU A:105 (1r-0), CYS A:394 (conventional H-bond), ALA A:256 (11-0), ALA A:104 (alkyl, T-alkyl), LEU A:152 (alkyl, T-alkyl), VAL A:395 (alkyl,
m-alkyl), LEU A:100 (alkyl, m-alkyl), PHE A:399 (- T-shaped)

THR A:260 (conventional H bond), LEU A:105 (11-a), PRO A:320 (mr-alkyl), ALA A:400 (tr-alkyl), CYS A:394 (conventional H bond), ALA A:256
(m-0), VAL A:395 (11-0), LEU A:152 (1-alkyl), LEU A:100 (1r-alkyl), ALA A:104(mr-alkyl), PHE A:399 (-1 T-shaped)

LEU A:315 (alkyl, -alkyl), ALAA:256 (C-H bond, T-donor H bond), LEU A:324 (11-0), ALA A:400 (alkyl, 1r-alkyl), THR A:260 (C-H bond, r-donor
H bond), PHE A:387 (alkyl, m-alkyl), PRO A:320 (alkyl, m-alkyl), CYS A:394 (C-H bond, T-donor H bond), THR A:264 (C-H bond, m-donor H
bond), LEU A:321 (alkyl, m-alkyl), PHE A:83 (alkyl, Tr-alkyl), ARG A:96 (Conventional H bond)

LEU A:324 (alkyl, m-alkyl), ALAA:256 (C-H bond, T-donor H bond), LEU A:105 (11-0), LEU A:321 (alkyl, m-alkyl), GLY A:396 (conventional H
bond), ALAA:104 (alkyl, T-alkyl), LEU A:152 (alkyl, m-alkyl), CYS A:394 (C-H bond, m-donor H bond), LEU A:100 (alkyl, T-alkyl), PHE A:399
(r-1r T-shaped), THR A:260 (C-H bond, T-donor H bond), ALA A:400 (alkyl, r-alkyl)

PRO A:320 (alkyl, m-alkyl), THR A:260 (11-0), LEU A:321 (conventional H bond), ALA A:256 (11-0), LEU A:152 (alkyl, T-alkyl), PRO A:386 (halo-
gen (Fluorine)), CYS A:394 (alkyl, r-alkyl), VAL A:395 (alkyl, Tr-alkyl), GLY A:396 (1r-0), LEU A:105 (alkyl, T-alkyl), PHE A:399(r-1 T-shaped),
ARG A:96 (alkyl, Tr-alkyl), LEU A:100 (alkyl, Tr-alkyl)

SER A:261 (conventional H bond), ALA A:256 (conventional H bond), CYS A:394 (conventional H bond), PHE A:387 (alkyl, T-alkyl), GLY A:396
(C-H bond), LEU A:321 (1-0), PRO A:320 (11-0), THR A:260 (alkyl, T-alkyl), LEU A:324 (alkyl, m-alkyl), LEU A:315(alkyl, Tr-alkyl)

HIS A:259 (t1-r T-shaped, 1r-1r stacked), LEU A:321 (alkyl, m-alkyl), LEU A:324 (11-), VAL A:434 (alkyl, r-alkyl), MET A:79 (alkyl, T-alkyl), PHE
A:78 (-1 T-shaped, -1 Stacked), TYR A:76 (1r-0, alkyl, T-alkyl), LEU A:100 (alkyl, T-alkyl), ALA A:256 (alkyl, Tr-alkyl), CYS A:394 (convention-
al H bond), VAL A:395 (alkyl, Tr-alkyl)

ALAA:256 (C-H bond), PHE A:387 (alkyl, Tr-alkyl), PRO A:320 (alkyl, -alkyl), LEU A:315 (alkyl, m-alkyl), ALA A:400 (alkyl, m-alkyl), THR A:260
(C-H bond), CYS A:394 (m-S), LEU A:321 (11-0), TYR A:76 (-1 T-shaped), MET A:79 (alkyl, m-alkyl), SER A:261 (C-H bond), THR A:264 (con-
ventional H bond), VAL A:395 (alkyl, T-alkyl)

ARG A:96 (tr-donor H bond), LEU A:321 (mr-alkyl), TYR A:76 (Tr-cation), VAL A:395(tr-alkyl), PHE A:78 (tr-r T-shaped), PHE A:255 (m-alkyl),
ALAA:256 (r-alkyl), HIS A:259 (mr-alkyl)

ALAA:256 (r-0), GLY A:396 (C-H bond, T-donor H bond), CYS A:394 (1-S), LEU A:324 (alkyl, T-alkyl), LEU A:321 (1r-0), PRO A:320 (alkyl, Tr-al-
kyl), ALAA:400 (alkyl, Tr-alkyl), THR A:260 (C-H bond, m-donor H bond), PHE A:387 (mr-1r T-shaped, amide-Tr stacked), GLY A:388 (van der Waals)

stabilize the ligand within the hydrophobic pocket of COX-2.
This interaction pattern is consistent with published data, ac-
cording to which alanine, leucine, tyrosine and valine residues
actively participate in binding with inhibitors in the COX-2
hydrophobic pocket. Such a binding mode is characteristic of
known COX-2 inhibitors and further supports the relevance of
the obtained findings [1]. Based on the number of predicted
interactions, compounds 1, 3-5, 7 and 9 were the most prom-
inent, suggesting high stability of the respective complexes.
Conversely, compounds 2 and 6 exhibited fewer contacts but
compensated through the presence of specific interactions,
such as hydrogen bonds or mt-cation interactions (7able 8).
The investigated compounds formed stable complexes
with lanosterol 14a-demethylase (E , -8.2 kcal/mol to
-11.4 kcal/mol). The highest binding affinity was observed
for compound 5 (-11.4 kcal/mol), surpassing fluconazole
(-10.9 kcal/mol); comparable values were obtained for com-
pounds 2, 6 and 8-10. The remaining compounds demonstrat-
ed moderate affinity (-8.2 kcal/mol to -9.8 kcal/mol) (Table 9).
The primary types of interactions between the derivatives
and the active site of lanosterol 14a-demethylase (CYP51)
were hydrophobic contacts (alkyl, n-alkyl, n-c), which pre-

dominated in most complexes involving LEU A:321, LEU
A:324, LEU A:315, LEU A:152, ALA A:256, VAL A:395
and adjacent residues (Table 10). A significant number of
compounds also formed aromatic interactions (n-n stacking,
T-shaped) with PHE A:78, PHE A:399, TYR A:76, PHE
A:387 and HIS A:259, as well as hydrogen bonds with
CYS A:394, SER A:261, THR A:260, ARG A:96, and other
amino acids. Specific interactions (m-cation, ©-S, halogen
bond, amide-n stacking, van der Waals interactions) further
contributed to the energetic profile of individual complexes.
The residues most frequently involved in intermolecular in-
teractions were ALA A:256, LEU A:321, LEU A:324, VAL
A:395, CYS A:394 and PHE A:399, forming the functional
core of the active site. The most interaction-rich profiles were
observed for compounds 2, 5, 8 and 10, with compound 5
exhibiting the greatest diversity of contacts, consistent with
its lowest binding energy (-11.4 kcal/mol).

Molecular docking of the 1,2,4-triazolo[1",5":1,6]pyri-
do[3.4-b]indole derivatives to the active site of E. coli peptide
deformylase (PDF) revealed the formation of stable com-
plexes with E__ ranging from -6.7 kcal/mol to -7.9 kcal/mol
(Table 11). The highest binding affinities were observed for
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Table 11. Intermolecular interaction energies of the studied compounds with E. coli peptide deformylase

1 -7.3 3 -71 5 -7.8 7 -7.6 9 -7.8

2 -14 4 6.7 6

6.9 8 -7.9 10 6.8

Actinonin -6.7

Table 12. Nature and types of interactions of the studied compounds with amino acid residues of E. coli peptide deformylase

m Types of interactions and amino acid residues

1 ILE B:93 (conventional H bond), CYS B:90 (conventional H bond), PRO B:94(mr-donor H bond, C-H bond), ARG B:97 (1r-anion, mr-cation), LEU
B:91 (alkyl, m-alkyl), GLU B:95 (m-donor H bond, C-H bond), HIS B:7 (alkyl, m-alkyl), GLU B:41 (11-anion, Tr-cation)

2 GLY B:89 (C-H bond), ARG B:97 97 (conventional H bond, m-cation), ILE B:44 (1r-0), PRO B:94 (alkyl, m-alkyl), LEU B:91 (alkyl, -alkyl)

3 GLY B:89 (C-H bond), ILE B:44 (m1-a, m-alkyl), ARG B:97 (tr-cation).

4 GLU B:95 (C-H bond), PRO B:94 (alkyl, Tr-alkyl), GLU B:41(-anion), ARG B:97 (m-cation), ILE B:44 (alkyl, m-alkyl), HIS B:7 (alkyl, m-alkyl)

5 GLU B:41 (1r-donor H bond, C-H bond), GLY B:89 (11-donor H bond, C-H bond), GLU B:95 (r-donor H bond, C-H bond), ARG B:97 (convention-
al H bond, m-cation), ILE B:44 (1r-o, Tr-alkyl)

6 ARG B:97(conventional H bond, m-cation), ILE B:44 (alkyl), GLY B:89 (conventional H bond)

7 ILE B:44 (-0), ARG B:97 (conventional H bond, Tr-cation), GLY B:89 (mr-donor H bond, C-H bond), LEU B:125 (alkyl), ILE B:86 (alkyl), LEU
B:91 (alkyl), PRO B:94 (alkyl), GLU B:95 (mr-donor H bond, C-H bond)

8 CYS B:90 (conventional H bond), GLU B:95 (conventional H bond, T-donor H bond), GLU B:41 (r-anion), PRO B:94 (mr-alkyl), ARG B:97
(conventional H bond), LEU B:91 (tr-alkyl)

9 GLU B:95 (conventional H bond), GLN B:96 (conventional H bond), CYS B:90 (conventional H bond), ILE B:44 (-0, T-alkyl), LEU B:91 (1r-al-
kyl)

10 GLU B:41 (mr-donor H bond, C-H bond), GLY B:89 (mr-donor H bond, C-H bond), ILE B:44 (1r-0), ARG B:97 (conventional H bond, Tr-cation)

compounds 8 (-7.9 kcal/mol), 5 and 9 (-7.8 kcal/mol), exceed-
ing that of the reference inhibitor actinonin (-6.7 kcal/mol).
Compounds 1-3 and 7 demonstrated moderate affinity
(-7.1 kcal/mol to -7.6 kcal/mol), while compounds 4, 6 and
10 exhibited E_; values (-6.7 kcal/mol to -6.9 kcal/mol)
comparable to the reference molecule.

Molecular docking with E. coli PDF demonstrated the
formation of stable complexes through a broad spectrum of
non-covalent interactions, predominantly hydrogen bonds,
n-interactions (n-c, m-alkyl, m-cation, n-donor, m-anion), and
hydrophobic contacts (Table 12). The residue ARG B:97
played a key role in complex stabilization, participating in
both n-cation and hydrogen bonding interactions, alongside
ILE B:44, GLU B:95, GLY B:89, LEU B:91, PRO B:94, CYS
B:90 and GLU B:41. Compound 1 exhibited the most diverse
interaction profile (n-c, m-cation, H-bonds, alkyl), consistent
with its high binding affinity. Compounds 5-7 formed numer-
ous hydrogen bonds with CYS B:90, GLU B:95 and GLN
B:96, whereas the remaining structures (2—4, 6, 10) displayed
amore limited range of interactions but maintained complex
stability through n- and hydrogen-bonding interactions with
key residues.

Molecular docking with S. aureus PDF demonstrated high-
er binding affinities for all studied compounds compared to
the reference inhibitor actinonin (-6.7 kcal/mol). The lowest
binding energy (-8.8 kcal/mol) was observed for compound 5,
while compounds 8-10 exhibited similar values (-8.5 kcal/mol
to -8.4 kcal/mol). Compounds 14 and 7 displayed binding
energies of -7.6 kcal/mol to -8.3 kcal/mol, whereas compound

6 showed the lowest affinity among the studied derivatives
(-7.5 kcal/mol), yet still exceeded that of actinonin (7able 13).

Molecular docking with S. aureus peptide deformylase
demonstrated that all studied compounds form multiple
non-covalent contacts with active site amino acid residues,
resulting in high binding affinity and potential biological
activity (Table 14). The primary interactions are hydrophobic
contacts (alkyl and m-alkyl) with VAL A:59, VAL A:151,
LEU A:105, LEU A:112 and PRO A:78, as well as T-shaped
n-n interactions with HIS A:154. Hydrogen bonds (TYR
A:147,SER A:57, ARG A:56, GLY A:110) and electrostatic
interactions, including m-anion/z-cation contacts with GLU
A:185, play an important role in enhancing specificity. Hal-
ogen interactions were also observed for certain compounds
(e. g., compound 6).

Molecular docking of the studied derivatives with ana-
plastic lymphoma kinase (ALK) demonstrated their ability
to form stable complexes with the enzyme’s active site. Al-
though none of the compounds exceeded the binding affinity
of'the reference inhibitor crizotinib (-9.4 kcal/mol), the closest
in binding energy were compounds 2, 5 and 10 (-8.7 kcal/mol
to -8.9 kcal/mol), as well as 6 and 9 (-8.6 kcal/mol) (7a-
ble 15). The remaining structures exhibited moderate affinity
(-7.5 kcal/mol to -8.1 kcal/mol).

Docking analysis with the ALK active site demonstrated
the formation of ligand-receptor complexes through a broad
spectrum of interactions (7able 16). The primary interactions
are hydrophobic contacts (alkyl and m-alkyl) with LEU
A:1122, LEU A:1256, LEU A:1196, ALA A:1148, VAL
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Table 13. Intermolecular interaction energies of the studied compounds with peptide deformylase (S. aureus)

-8.1 -7.6 -8.8 -8.3 -8.5
2 -8.2 4 -7.8 6 -7.5 8 -8.4 10 -8.4
Actinonin -6.7

Table 14. Nature and types of interactions of the studied compounds with amino acid residues of S. aureus peptide deformylase

m Types of interactions and amino acid residues

1 TYR A:147 (conventional H bond), VAL A:151 (r-0), LEU A:112 (alkyl, r-alkyl), ARG A:56 (alkyl, T-alkyl), VAL A:59 (alkyl, Tr-alkyl)

2 SER A:57 (conventional H bond), LEU A:112 (mr-alkyl), GLU A:185 (r-anion), VAL A:151 (mr-alkyl), VAL A:59 (tr-alkyl), LEU A:105 (tr-alkyl)

3 HIS A:154 (t1-r T-shaped), VAL A:151(alkyl, T-alkyl), LEU A:105 (alkyl, Tr-alkyl), PRO A:78 (alkyl, m-alkyl), VAL A:59 (alkyl, T-alkyl), GLU A:185
(C-H bond, m-anion), SER A:57 (conventional H bond)

4 GLY A:58 (C-H bond), VAL A:59 (11-0), HIS A:154 (-1 T-shaped), VAL A:151 (alkyl, T-alkyl), ILE A:150 (alkyl, m-alkyl), LEU A:112 (alkyl, -al-
kyl), ARG A:56 (alkyl, m-alkyl), LEU A:105 (alkyl, Tr-alkyl)

5 VAL A:151 (mr-alkyl), GLU A:185 (attractive charge), LEU A:105 (mr-alkyl), ARG A:56 (conventional H bond, 1-anion), LEU A:112 (mr-alkyl)

6 GLU A:185 (halogen (Fluorine)), GLY A:110 (r-donor H bond), HIS A:154 154 (- T-shaped), VAL A:151 (mr-alkyl)

7 VAL A:151 (mr-alkyl), PRO A:78 (m-alkyl), TYR A:147 (conventional H bond), HIS A:154 (- T-shaped), GLU A:185 (attractive charge), VAL A:59
(r-alkyl)

8 ILE A:150 (C-H bond), GLY A:58 (C-H bond), HIS A:154 (11-0), GLU A:185 (attractive charge), LEU A:112 (r-alkyl), VAL A:59 (mr-alkyl), ARG
A:56 (conventional H bond)

9 HIS A:154 (r-donor H bond), VAL A:59 (tr-alkyl), GLU A:185 (tr-anion), VAL A:151 (mr-alkyl), LEU A:112 (mr-alkyl), SER A:57 (conventional H
bond), LEU A:105 (tr-alkyl)

10 LEU A:105 (r-alkyl), GLU A:185 (mr-cation), LEU A:112 (tr-alkyl), VAL A:151 (C-H bond, m-donor H Bond), ARG A:56 (conventional H Bond,
attractive charge), HIS A:154 (C-H bond, m-donor H Bond)

Table 15. Intermolecular interaction energies of the studied compounds with ALK

-7.5 -8.1 -8.7 -7.9 -8.6
2 -8.9 4 -7.9 6 -8.6 8 -8.0 10 -8.7
Crizotinib -9.4

Table 16. Nature and types of interactions with ALK

m Types of interactions and amino acid residues

1 LEU A:1256 (1-0), VAL A:1130 (alkyl, T-alkyl), ARG A:1253 (alkyl, T-alkyl), ASP A:1270 (attractive charge, mr-cation), LEU A:1122 (alkyl, Tr-al-
kyl), LYS A:1150 (attractive charge, Tr-cation)

2 ASP A:1203 (attractive charge, conventional H bond), LEU A:1256 (tr-alkyl), ALAA:1148 (m-alkyl), LEU A:1122 (11-0), VAL A:1130 (Tr-alkyl)

3 ASP A:1203 (salt bridge, conventional H bond), LEU A:1122 (C-H bond), ALA A:1148 (tr-alkyl), LEU A:1256 (11-0), VAL A:1130 (T-alkyl)

4 LEU A:1196 (alkyl, T-alkyl), VAL A:1130 (alkyl, T-alkyl), ASP A:1203 (attractive charge), LEU A:1256 (r-0), ALA A:1148 (alkyl, T-alkyl), GLY
A:1202 (C-H bond), ASN A:1254 (C-H bond), LEU A:1122 (alkyl, Tr-alkyl)

5 LEU A:1122 (conventional H bond), ASP A:1203 (attractive charge, r-anion), ASP A:1270 (attractive charge, 1-anion), ASN A:1254 (halogen
(fluorine)), VAL A:1130 (m-alkyl), GLY A:1269 (halogen (fluorine)), LEU A:1256 (m-alkyl), ALA A:1148 (tr-alkyl)

6 ARG A:1253 (C-H bond, halogen (fluorine)), ALA A:1148 (11-alkyl), ASP A:1270 (tr-anion), LEU A:1256 (11-a), VAL A:1130 (1r-alkyl)

7 ASP A:1203 (attractive charge, conventional H bond), LEU A:1122 (conventional H bond, 1r-0, alkyl, m-alkyl), ARG A:1253 (alkyl, m-alkyl), LEU
A:1196 (alkyl, T-alkyl), ALA A:1148 (alkyl, T-alkyl), VAL A:1130(alkyl, m-alkyl), LEU A:1256(alkyl, Tr-alkyl)

8 ASP A:1203 (attractive charge, m-anion), VAL A:1130 (11-0), LEU A:1196 (11-0), LYS A:1150 (alkyl, m-alkyl), ALA A:1148 (alkyl, m-alkyl), LEU
A:1122 (alkyl, -alkyl), LEU A:1256 (alkyl, T-alkyl), MET A:1199 (C-H bond), ASP A:1270 (attractive charge, -anion), ALAA:1126 (alkyl, mr-alkyl)

9 ASP A:1203 (attractive charge, m-anion), LEU A:1122 (1r-alkyl), ASP A:1270 (attractive charge, T-anion), LEU A:1256 (1-alkyl), ALA A:1148
(r-alkyl), VAL A:1130 (r-alkyl)

10 LEU A:1256 (m-0), VAL A:1130 (alkyl, T-alkyl), ARG A:1253 (alkyl, T-alkyl), ASP A:1270 (attractive charge, r-cation), LEU A:1122 (alkyl, -al-
kyl), LYS A:1150 (attractive charge, Tr-cation)
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A:1130 and ARG A:1253, which stabilize the molecules
within the protein’s hydrophobic pocket. Electrostatic and
m-anion interactions with ASP A:1203 and ASPA:1270 play a
significant role and are characteristic for most compounds (2,
3,5,7-9). Additional H-bonds were observed for compounds
2,3,5and 7 (ASPA:1203, LEU A:1122, ASN A:1254), while
compounds 5, 6 and 8 exhibited halogen and n-c interactions
(LEUA:1256, VAL A:1130). The most promising derivatives
were 2, 5,8 and 9, forming an extensive network of specific
and non-specific contacts, indicative of their high potential
as ALK inhibitors.

Discussion

According to the results of the comparative in silico analy-
sis, the toxicological profile of the 1,2,4-triazolo[1°,5:1,6]
pyrido[3,4-bJindole derivatives is largely determined by the
electronic properties and the position of substituents in the
benzylidene fragment. Halogenated derivatives (5-7) exhibit
lower acute toxicity in warm-blooded animals but higher eco-
toxicity, likely due to their lipophilicity and tendency for bio-
accumulation. Methoxy-substituted derivatives (3, 4) showed
intermediate toxicity, whereas nitro-substituted compounds (9,
10) pose a higher risk to warm-blooded organisms, consistent
with the known effects of nitro groups on biological activity.
Compound 8 combines moderate toxicity for warm-blooded
organisms with low toxicity for aquatic species, attributable to
the hydrophilicity of the tertiary amine, while the unsubstituted
compound 1 demonstrates the highest safety profile, despite
a positive mutagenicity prediction. Overall, halogenation
reduces toxicity for warm-blooded animals but increases
ecological risk; electron-donating groups (-OCH,, -N(CH,),)
reduce both types of toxicity; nitro-groups increase risk for
both warm-blooded organisms and ecosystems.

ADME analysis indicated that most of the investigated
derivatives comply with key pharmacokinetic parameters.
Compounds with lower molecular weight and limited con-
formational flexibility (1, 2, 5-7) potentially exhibit better
bioavailability and BBB permeability, whereas more polar
derivatives (3, 4, 10) may have limited permeability but
enhanced selectivity toward protein targets. Limited solu-
bility of most structures may restrict their bioavailability;
compound 1 stands out with the most favorable combination
of solubility and pharmacokinetic properties. Excessive
lipophilicity of certain derivatives (6, 7) may promote
bioaccumulation, while the hydrophilicity of compound 1
limits passive absorption.

High predicted gastrointestinal absorption supports the
suitability of these compounds for oral administration, where-
as low transdermal permeability indicates limited potential
for transdermal formulations. Observed substrate activity
toward P-glycoprotein (P-gp) and inhibition of CYP3A4 and
CYP2D6 suggest potential drug — drug interactions, whereas
the absence of such activity in compound 1 is advantageous.

All derivatives demonstrate an acceptable drug-likeness
profile, conforming to Lipinski’s rules as well as additional
criteria, although deviations from the Muegge filter indicate
potential risks related to lipophilicity and solubility. Predict-

ed oral bioavailability (0.55) is adequate; however, PAINS
and Brenk alerts highlight the need for further toxicological
evaluation, particularly for compounds 1, 9 and 10.

Molecular docking showed that the investigated structures
can potentially bind stably to the active sites of multiple
targets. For COX-2, all compounds demonstrate moderate
activity, with compound 6 exhibiting the lowest binding en-
ergy, while compounds 4, 5, 9 and 10 also appear promising.
In the case of CYP51, compounds 2, 5, 8 and 10 are notable,
displaying binding energies comparable to fluconazole, in-
dicating potential as antifungal agents.

Docking with E. coli PDF confirmed high affinity for all
derivatives, with compounds 5, 8 and 9 surpassing actinonin
in complex stability. ARG B:97 plays a key role in ligand an-
choring, complemented by hydrophobic and electrostatic inter-
actions from surrounding residues. A similar trend is observed
for S. aureus PDF, where compounds 5, 8-10 outperform the
reference inhibitor, highlighting their antimicrobial potential.

For ALK kinase, compounds 2, 5, 6, 9 and 10 show affinity
levels comparable to crizotinib, suggesting potential as an-
titumor agents. Although the reference drug exhibits more
favorable energetic characteristics, the identified lead struc-
tures may serve as a basis for further structural optimization
to enhance specificity and efficacy.

Conclusions

1. The conducted in silico modeling demonstrated that
the 1,2,4-triazolo[1,5":1,6]pyrido[3,4-b]indole derivatives
possess a favorable toxicological and pharmacokinetic
profile, comply with drug-likeness criteria, and exhibit high
predicted gastrointestinal absorption with limited central
nervous system penetration.

2. Molecular docking confirmed their significant potential
as inhibitors of COX-2, CYP51, peptide deformylases and
ALK kinase, with several compounds showing binding
affinities comparable to or exceeding those of reference
inhibitors.

3. These findings highlight the promise of these derivatives
as multitarget drug candidates with antibacterial, antitumor,
and anti-inflammatory activities, supporting their further
structural optimization and preclinical investigation.

Funding
The study was performed without financial support.

Conflicts of interest: authors have no conflict of interest to declare.
KoHdnikT iHTepeciB: BiAcyTHIN.

Information about the authors:

Fedotov S. O., PhD, Senior Lecturer of the Department of Toxicological
and Inorganic Chemistry, Zaporizhzhia State Medical and Pharmaceutical
University, Ukraine.

ORCID ID: 0000-0002-0421-5303

Hotsulia A. S., PhD, DSc, Professor of the Department of Toxicological
and Inorganic Chemistry, Zaporizhzhia State Medical and Pharmaceutical
University, Ukraine.

ORCID ID: 0000-0001-9696-221X

262 Current issues in pharmacy and medicine: science and practice. Volume 18. No. 3, September — December 2025

ISSN 2306-8094


https://orcid.org/0000-0002-0421-5303
https://orcid.org/0000-0001-9696-221X

OpueiHaribHi 0oCidxeHHs!

BinomocTi npo aBTopiB: 16.  Worldwide Protein Data Bank. Protein Data Bank (PDB) [Database].
®epotos C. O., o-p dinocodii, cTaplumii BUkNagay kad). TOKCUKONOTiYHOI [cited 2025 Sep19]. Available from: http://www.pdb.org

Ta HeopraHivHoi Ximii, 3anopisbkuin AepaBHUIN MeguKo-hapMaLeBTUYHNIA

yHiBepcuTeT, YkpaiHa.

louynsa A. C., a-p dapm. Hayk, npocbecop kad. TOKCUKONOTi4HOI Ta

HeopraHivyHoi XiMii, 3anopisbkuin AepkaBHUI MeANKO-hapMaLeBTUYHIIA

yHiBepcuTeT, YkpaiHa.

Andrii Hotsulia (AHgpin Mouyns)
andrey.goculya@gmail.com

References

1. Elrashedy A, Ibrahim NE, Abo-Salem H, Elaasser MM, EI-Sawy ER.
Design, synthesis, and molecular modeling of new 1,2,4-triazole-con-
taining indole compounds as aromatase antagonists for the treatment
of breast cancer. Bioorg Chem. 2025;163:108677. doi: 10.1016/j.
bioorg.2025.108677

2. Rohilla S, Goyal G, Berwal P, Mathur N. A Review on Indole-tri-
azole Molecular Hybrids as a Leading Edge in Drug Discovery:
Current Landscape and Future Perspectives. Curr Top Med Chem.
2024;24(18):1557-88. doi: 10.2174/011568026630713224050906
5351

3. Berwal P, Rohilla S, Mathur N, Rani K. Synthesis, Molecular Docking,
and Biological Evaluation of Novel Indole-triazole Conjugates. Curr
Drug Discov Technol. 2024;21(6):e120324227917. doi: 10.2174/011
5701638295739240222074426

4. Mahmoud E, Abdelhamid D, Mohammed AF, Aimarhoon ZM, Brase S,
Youssif BG, et al. Design, Synthesis, and Antiproliferative Activity
of Novel Indole/1,2,4-Triazole Hybrids as Tubulin Polymerization
Inhibitors. Pharmaceuticals (Basel). 2025;18(2):275. doi: 10.3390/
ph18020275

5. Pravin NJ, Kavalapure RS, Alegaon SG, Gharge S, Ranade SD.
Indoles as promising Therapeutics: A review of recent drug dis-
covery efforts. Bioorg Chem. 2025;154:108092. doi: 10.1016/j.bio-
0rg.2024.108092

6. Shcherbyna R, Panasenko O, Polonets O, Nedorezaniuk N, Duchen-
ko M. Synthesis, antimicrobial and antifungal activity of ylidenhydra-
zides of 2-((4-R-5-R,-4H-1,2,4-triazol-3-yl)thio)acetaldehydes. Journal
of Faculty of Pharmacy of Ankara University. 2021;45(3):504-14. doi:
10.33483/jfpau.939418

7. Dovbnia DV, Kaplaushenko AH, Frolova YS. A study of hypoglycemic
activity of acids and salts containing 1,2,4-triazole. Ceska Slov Farm.
2023;72:113-24. https://www.prolekare.cz/casopisy/ceska-slovens-
ka-farmacie/2023-3-11/studium-hypoglykemickej-aktivity-kyselin-a-so-
li-obsahujucich-1-2-4-triazol-135087/

8.  SafonovA. Method of synthesis novel N'-substituted 2-((5-(thiophen-
2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetohydrazides. Journal of
Faculty of Pharmacy of Ankara University. 2020;44(2):242-52. doi:
10.33483/jfpau.580011

9.  GotsulyaA, Fedotov S, Zinych O, Trofimova T, Brytanova T. Synthesis
and properties of S-alkyl 4-(4-chlorophenyl)-5-(pyrrole-2-yl)-1,2,4-
triazole-3-thiol derivatives. Journal of Faculty of Pharmacy of Ankara
University. 2023;47(3):1020-32. doi: 10.52794/hujpharm.1011368

10. Karpenko Y, Hunchak Y, Gutyj B, Hunchak A, Parchenko M, Parch-
enko V. Advanced research for physico-chemical properties and
parameters of toxicity piperazinium 2-((5-(furan-2-yl)-4-phenyl-4H-
1,2,4-triazol-3-yl)thio)acetate. ScienceRise: Pharmaceutical Science.
2022;2(36):18-25. doi: 10.15587/2519-4852.2022.255848

11. Demchenko S, Lesyk R, Yadlovskyi O, Holota S, Yarmoluk S, Tsyhan-
kov S, et al. Fused triazole-azepine hybrids as potential non-steroidal
antiinflammatory agents. Scientia Pharmaceutica. 2023;91(2):26. doi:
10.3390/scipharm91020026

12. Toxicity Estimation Software Tool (TEST) [Internet]. US EPA. 2020 [cit-
ed 2025 Sep19]. Available from: https://www.epa.gov/comptox-tools/
toxicity-estimation-software-tool-test

13. Ahmadi M, Bekeschus S, Weltmann KD, von Woedtke T, Wende K.
Non-steroidal anti-inflammatory drugs: recent advances in the use of
synthetic COX-2 inhibitors. RSC Med Chem. 2022;13(5):471-96. doi:
https://doi:10.1039/d1md00280e

14. Biovia. Discovery Studio Visualizer, v 19.1.0.18287 [Software]. 2019 [cit-
ed 2025 Sep19]. Available from: https://www.3ds.com/products/biovia

15.  ChemAxon. MarvinSketch, Version 6.3.0 [Software]. 2015 [cited 2025
Sep19]. Available from: http://www.chemaxon.com

ISSN 2306-8094 AKTyanbHi MMTaHHSA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTuku. 2025. T. 18, Ne3(49) 263


mailto:andrey.goculya%40gmail.com?subject=
https://doi.org/10.1016/j.bioorg.2025.108677
https://doi.org/10.1016/j.bioorg.2025.108677
https://doi.org/10.2174/0115680266307132240509065351
https://doi.org/10.2174/0115680266307132240509065351
https://doi.org/10.2174/0115701638295739240222074426
https://doi.org/10.2174/0115701638295739240222074426
https://doi.org/10.3390/ph18020275
https://doi.org/10.3390/ph18020275
https://doi.org/10.1016/j.bioorg.2024.108092
https://doi.org/10.1016/j.bioorg.2024.108092
https://doi.org/10.33483/jfpau.939418
https://www.prolekare.cz/casopisy/ceska-slovenska-farmacie/2023-3-11/studium-hypoglykemickej-aktivit
https://www.prolekare.cz/casopisy/ceska-slovenska-farmacie/2023-3-11/studium-hypoglykemickej-aktivit
https://www.prolekare.cz/casopisy/ceska-slovenska-farmacie/2023-3-11/studium-hypoglykemickej-aktivit
https://doi.org/10.33483/jfpau.580011
https://doi.org/10.52794/hujpharm.1011368
https://doi.org/10.15587/2519-4852.2022.255848
https://doi.org/10.3390/scipharm91020026
https://www.epa.gov/comptox-tools/toxicity-estimation-software-tool-test
https://www.epa.gov/comptox-tools/toxicity-estimation-software-tool-test
https://doi:10.1039/d1md00280e
https://www.3ds.com/products/biovia
http://www.chemaxon.com
http://www.pdb.org

OpuriHanbHi AocnimKeHHA “ Original research

Relationship of antimicrobial and antioxidant activities
with biologically active compounds in blackberry leaf extracts
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Infectious diseases are an important problem worldwide for medicine and pharmacy. The search for natural antibacterial agents has gained
significant interest recently, driven by the growing concerns over antibiotic resistance and the desire for natural alternatives. Blackberry
leaf, known for their rich nutritional profile and high antioxidant content, have attracted attention for their potential antibacterial properties.
Understanding the antibacterial potential of blackberries could provide insights into their use in natural medicine and food preservation.

The aim of work was to study a correlation between antimicrobial and antioxidant activities with biologically active compounds in black-
berry leaf extracts.

Materials and methods. The spectrophotometric method was applied for quantification of the total amount of biologically active compounds.
The antiradical activity of obtained blackberry leaf extracts was determined with the potentiometric method; antimicrobial activity was
estimated by the “well” method.

Results. Results demonstrate that the highest amount of polyphenols, catechins, flavonoids were 3.72 %, 1.88 % and 1.48 % in 60 %
EtOH extract, respectively. The organic acids were dominant in the aqueous extract (1.96 %). The most potent antioxidant property pos-
sessed 60 % EtOH extract of blackberry leaf (204.68 mmol-eqv./m, ). The blackberry leaf extracts showed antimicrobial effects against
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus subtillis, Proteus vulgaris, and Candida albicans. Statistical
analysis revealed a highly significant interdependence between the concentration of catechins, the magnitude of antioxidant activity, and
the strength of the antimicrobial effect against the tested microorganisms (S. aureus, P. vulgaris, P. aeruginosa, and C. albicans).

Conclusions. These findings show the great potential of blackberry extracts in the development and creation of new medicines with an-
timicrobial, antioxidant effects that are not inferior to the action of synthetic analogues.

Keywords: blackberry, leaf, correlation, biologically active compounds, antioxidant effect, antimicrobial effect.
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3B’130K aHTUMIKPOOHOI Ta aHTUOKCUAAHTHOI aKTUBHOCTI 3 6iONIOriYHO aKTUBHUMM CMONYKaMK B €KCTPAKTaX NIUCTSA OXKUHM
A. O. MapueHko, M. A. KowmicapeHko, O. FO. Macnos, T. 1. Oconoauyetko, C. B. KonicHuk

IHdbeKLiNHI 3aXBOPIOBaHHS 3anuLLIaloTLCA CKNagHoK NpobneMoto Ans MeauuyHy Ta hapMaueBTVKu B yCbOMY CBiTi. [TOLLYK NPUPOAHMX
aHTubakTepianbHUX 3aco6iB OCTaHHIMM POKaMU € akTyarnbHUM, Lo 0BrpYHTOBAHO NOLUMPEHHSIM CTIKOCTi 10 @aHTUGIOTVKIB | NparHeHHsM
[l0 BUKOPWCTaHHS NPUPOLHUX ansTepHaTuB. JINCTS OXUHK, BiZOMe 3aBasiku GaratomMy NOXMBHOMY NpOdinto Ta BUCOKOMY BMICTY aHTU-
OKCWAAHTIB, € 06’EKTOM HAYKOBMX AOCIAXKEHb 3aBASAKM NOTEHLiiHUM aHTUBaKTepianbHUM BNacTMBOCTAM. BuBYeHHs aHTubakTepianbHOro
noTeHLiany OXWHW MOXe BiAKPUTM LUMSAXM A0 il BUKOPUCTaHHS B HATypanbHii MeayLUMHi Ta KOHCEPBYBaHHI Xap4oBWX MPOAYKTIB.

MeTa po60TH — BUBYEHHS KOpensLii MiX aHTUMIKPODHOK Ta aHTMOKCUAAHTHOK aKTUBHICTIO BiONOriYHO aKTUBHMX CMOMYK B €KCTpaKTax
JIMCTS OKUHU.

Matepianu i metoau. [Ins KinbKiCHOTO BU3HAYEHHSI CYMapHOro BMICTY Bi0noriYHO akTUBHMX CMOMYyK 3aCTOCOBAHO CNEKTPOOTOMETPUY-
HUN METOA. AHTUOKCMAAHTHY aKTUBHICTb OTPUMAHUX EKCTPAKTIB MNCTS OXWHW BU3HAYEHO NMOTEHLOMETPUYHNM METOAOM. AHTUMIKPOGHY
aKTVBHICTb OLiHeHO MeToZoM Andy3ii npenapaty B arap 3a AOMOMOrO METOAY «IYHOKY.

Pe3ynkraTu. Pesynstatv 4OCIMKEHHS fanu 3MOry BU3Ha4WUTK, WO HanbinbLua KinbkicTb nonid)eHonis, kaTexiHis i naBoHoiaiB cTaHoBKNA
3,72 %, 1,88 % Ta 1,48 % y 60 % eTaHONbHOMY €KCTPaKTi BignoBiaHO. OpraHiyHi KUCNOTK NepeBaxany y BogHOMY ekcTpakTi (1,96 %).
HaricuribHily aHTUOKCUAAHTHY BNacTUBICTb MaB 60 % eTaHOMbHMI KCTPAKT NIUCTS 0KIUHM (204,68 MMOrTb-eKB./m_ b .)- EKCTpakTi incta
OXMWHW XapaKTepuayBanucs aHTumikpobHoto fieto npotu Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus
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subtillis, Proteus vulgaris Ta Candida albicans. BusiBneHo gyxe BUCOKY KOPENALIi0 MK 3arafibHUM BMiCTOM KaTexiHiB, aHTMOKCUAAHTHO
aKTUBHICTIO Ta aHTUMIKpOOHWUM edbekTom npotu S. aureus, P. vulgaris, P. aeruginosa Ta C. albicans.

BucHoBku. Pe3ynstati JOCTimKeHHs fanu nigcrasy 3pobuTi BUCHOBOK MPO BUCOKMIA NOTEHLian eKCTPaKTiB OXWHYM Mif Yac po3pobneHHs Ta
CTBOPEHHS HOBUX NIKapCbKMX 3ac00iB 3 aHTUMIKPODHOIO Ta aHTVOKCMAAHTHOIO [iSiMU, LLIO HEe MOCTYNaeTbCs edhekTam CUHTETUYHWX aHaroriB.

KntouyoBi crioBa: oXuHa, NUCT, kopensuisi, 6ionoriYHo akTUBHI CNOMyKW, aHTUpaauKanbHWiA ehekT, aHTUMIKPOBHUI edpekT.

AkTyanbHi nuTaHHA hapmaueBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2025. T. 18, Ne 3(49). C. 264-270

According to international medical statistics, approximately
14 million people worldwide die annually as a result of mi-
crobial infections. The global mortality rate from bacterial
infections is estimated at 100 deaths per 100,000 individuals.
Of the 8 million annual deaths attributed to bacterial path-
ogens, nearly half are caused by Pseudomonas aeruginosa,
Klebsiella pneumoniae, Streptococcus pneumoniae, Esche-
richia coli, and Staphylococcus aureus [1].

Among these pathogens, S. aureus represents the leading
cause of infection-related mortality. The situation is further
exacerbated by the increasing prevalence of bacterial resistance
to commonly used antibiotics, which significantly complicates
therapeutic strategies, prolongs treatment duration, and ele-
vates healthcare costs [2].

Consequently, the identification and development of novel
antimicrobial agents, particularly those derived from natural
sources, is of critical importance in contemporary biomedi-
cal research. Thousands of natural compounds were shown
antimicrobial effects against Gram-negative, Gram-positive
strains [3]. Natural compounds have several advantages
over synthetic compounds: high efficiency, minimal side
effects and low cost of the production method. Furthermore,
natural compounds, particularly catechin derivatives, exhibit
significant antimicrobial properties, a feature of considerable
importance in the management of infectious diseases [4].

The perspective source of catechins was the chosen black-
berry leaf. Blackberry (Rubus fruticosus L.) — a shrub of
the Rosacea family. The distribution area is Europe, North
America, Asia [5]. The primary phytoconstituents identified
in blackberry leaf include ellagitannins, flavan-3-ols such as
catechin, flavonols like rutin and quercetin, and hydroxycin-
namic acids, notably caffeic acid [6].

There is a lot of research about investigating pharmaco-
logical activity of blackberry leaf extracts. It is known that
blackberry leaf extracts, possess: anti-inflammatory, antimi-
crobial, anti-diabetic, and anticancer effects. Besides, in folk
medicine blackberry leaf are traditionally applied to treat
fever, infections, diabetes, and liver diseases [7]. In our view,
the blackberry is a perspective for the development of new
antimicrobial, and antioxidant pharmaceuticals.

There is a lot of scientific research about determining the
level of antioxidant activity of blackberry leaf extracts [8,9].
However, there is no date about assessing antioxidant / anti-
microbial activity and its correlation with the content of biolo-
gically active substances (BAS) by the potentiometric method.

Aim
The aim of the work was to study a correlation between an-

timicrobial and antioxidant activities with biologically active
compounds in blackberry leaf extracts.

Materials and methods

Blackberry leafs were gathered in 2021 throughout the May
— June in the district of the community of Ternova, Kharkiv
region.

Six samples of 25.0 g (precise mass sample) of blackberry
leaves had the size of particles 1-2 mm. The extraction was
conducted with distilled water, 20 %, 40 %, 60 %, 96 %
ethanol at 80 °C within 1 hour with a condenser, with a
ratio raw material / solvent — 1/10. The extraction process
was performed duplicate to ensure exhaustive extraction of
all bioactive compounds. The resulting filtrates were then
combined and concentrated using rotary evaporation under
reduced pressure until a 1:1 (w/w) extract-to-raw material
ratio was achieved. This procedure yielded six distinct ex-
tracts: 96 %, 60 %, 40 %, and 20 % ecthanol, along with a
pure aqueous extract.

The pH meter HANNA 2550 (Federal Republic of Ger-
many) with a combined platinum electrode EZDO 50 PO
(Taiwan) was used for potentiometric measurements. Quan-
titative analysis of biologically active compounds was carried
out on UV-spectrophotometer UV — 1000 (People’s Republic
of China) with matched 1 cm quartz cells. The weighing was
performed using digital analytical balance AN100 (AXIS,
Poland) with d =0.0001 g. All solvents and other chemicals
used in the study were of analytical grade.

The quantification of phytochemical constituents was per-
formed using established spectrophotometric and titrimetric
methods. Specifically, the Folin-Ciocalteu method was
employed to determine total phenolic content, with meas-
urements taken at 760 nm [10]. Total flavonoid content was
ascertained via an aluminum chloride (AICL,) assay, reading
absorbance at415 nm [10]. Furthermore, the concentration of
hydroxycinnamic acid derivatives was evaluated by measur-
ing the absorbance of their complex with NaNO2-Na MoO, at
525 nm [10]. The vanillin assay, with absorbance measured
at 505 nm, was used to quantify total catechins [11]. Finally,
the content of total organic acids was determined by acid-base
titration, utilizing a potentiometric method to identify the
endpoint [10].

The potentiometric method was used for estimating antirad-
ical activity [12]. The agar well diffusion method was used to
evaluate the drug’s efficacy [13,14]. Strains of Staphylococ-
cus aureus ATCC 25923, Pseudomonas aeruginosa ATCC
27853, Escherichia coli ATCC 25922, Bacillus subtillis
ATCC 6538, Proteus vulgaris NTCS 4636, and Candida
albicans ATCC 885/653 were applied for the establishment
of antimicrobial effect. The antimicrobial activity was carried
out by T. P. Osolodchenko at the Laboratory of Biochemistry
and Biotechnology in I. Mechnikov Institute of Microbiology
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and Immunology National Academy of Medical Sciences of
Ukraine, Kharkiv.

Pearson’s correlation coefficient (R) was used to assess
relationships between antioxidant activity and the levels of
biologically active compounds. The strength of the corre-
lations was interpreted as follows: very high (0.90-1.00),
high (0.70-0.90), moderate (0.50-0.70), low (0.30-0.50), or
negligible (0.00-0.30) [15].

To obtain statistical results, the Statistica 6 program was
used, the results were analyzed using one-way ANOVA with
Tukey’s criterion. Differences were considered significant at
p <0.05.

Results

The 60 % ethanol extract contained the highest concentration
of phenolic compounds (3.72 %), significantly exceeding the
levels found in the other blackberry leaf extracts.

The catechins increase in the following order: aqueous
extract (1.40 %) >20 % EtOH extract (1.42 %) > 96 % EtOH
extract (1.60 %) >40 % EtOH extract (1.66 %) > 60 % EtOH
extract (1.88 %). The fraction of catechins out of the total of
polyphenols was 53 %, 51 %, 46 %, 48 % and 50 % for 96 %,
60 %, 40 %, 20 % EtOH and aqueous extracts, respectively.
The greatest fraction of catechins was in 60 % EtOH extract,
whereas the lowest in aqueous extract (Table 1).

The maximum content of flavonoids was established
in 60 % EtOH extract (1.48 %), followed by 96 % EtOH
extract (1.40 %), whereas the lowest one was in aqueous
extract (0.38 %). The fraction of flavonoids out of the total
of polyphenols was 47 %, 40 %, 22 %, 15 % and 13 % for
96 %, 60 %, 40 %, 20 % EtOH and aqueous extracts, respec-
tively (Table 1).

The hydroxycinnamic acids increase in the following
order: 60 % EtOH extract (0.50 %) > aqueous extract
(0.76 %) > 60 % EtOH extract (0.96 %) > 20 % EtOH extract
(1.00 %) > 40 % EtOH extract (1.66 %) > 40 % EtOH extract
(1.40 %). The fraction of hydroxycinnamic acids out of the
total of polyphenols was 17, 26, 39, 34 and 27 % for 96 %,
60 %, 40 %, 20 % EtOH and aqueous extracts, respectively.
The greatest fraction of hydroxycinnamic acid was in 40 %
EtOH extract, whereas the lowest was in 96 % EtOH extract
(Table 1).

The maximum content of organic acids was determined in
aqueous extract (1.96 %), followed by 60 % EtOH extract
(1.82 %), whereas the lowest one was in 96 % EtOH extract
(0.62 %). The total content of organic acids was lower in
4.80, 2.00, 2.00, 1.69 and 1.40 than the content of phenolic
compounds in 96 %, 60 %, 40 %, 20 % EtOH and aqueous
extracts, respectively (Table 1).

Table 2 shows that the level of antiradical activity increases
in the following order: aqueous extract (148.80 mmol-eqv./
m o> 20 9% EtOH extract (150.02 mmol-eqv./m e ) >40%
EtOH extract (180.46 mmol-eqv./m ity ) > 96 % EtOH
extract (190.88 mmol-eqv./m iy ) > 60 % EtOH extract
(204.68 mmol-eqv./m - .)- Based on the data obtained, the
60 % ethanol extract demonstrated the highest antioxidant
activity. This finding aligns with the modern classification

of antioxidant activity established in our prior research [16],
it was found that all obtained extracts have a high level of
antioxidant activity. Moreover, a comparative analysis of
the “strength” of antioxidant activity was carried out with
the gold standard 60 % EtOH extract of C. sinensis leaf. The
C. sinensis leaf extract was obtained by the same technologi-
cal method as blackberry leaf extracts. The obtained extracts
were significantly inferior in antioxidant effect to C. sinensis
leaf extract. Further, 0.01 mol/L solutions (expressed as gal-
lic acid equivalent) of extracts of and C. sinensis leaf were
prepared. As a result of the study, it was found that when
compared at the same concentrations, the 60 % EtOH extract
had the highest antioxidant effect, and the least —20 % EtOH
extract (Table 3).

In this research work, the antimicrobial activity of the ob-
tained blackberry leaf extracts was investigated against the
following strains of S. aureus, B. subtilis, E. coli, P. vulgaris,
P aeruginosa, as well as a strain of the fungus C. albicans.
According to the obtained results, all extracts from the
blackberry leaf extracts had an effective antimicrobial effect
(Table 4).

S. aureus was the most sensitive to the 96 % and 60 %
EtOH extract (25.0 mm) and least sensitive to the aqueous
extract (18.0 mm). According to the results presented in
Table 4, B. subtilis, as well as S. aureus, was highly sen-
sitive to the 96 % (25.0 mm), 60 % (25.0 mm) and 40 %
(24.0 mm) EtOH extracts, followed by the 20 % EtOH
extract (19.0 mm), and the aqueous extract inhibited the
growth of the bacterial strain the least (18.0 mm). E. coli
was the most sensitive to the action of 60 % and 40 % EtOH
extract (24.0 mm), in second place — 96 % EtOH extract
(22.0 mm), whereas P. aeruginosa and P. vulgaris were most
sensitive to 60 % (26.0 mm) and 40 % EtOH (25.0 mm)
extracts (Table 4).

When studying antifungal activity against C. albicans, the
results showed that 60 % extract of blackberry leaf extract
was the most actively inhibited the growth of the fungus,
whereas aqueous extract was the least active in inhibiting
the growth of fungi. When compared with the fluconazole
standard, it was found that the 60 % extracts inhibited fungal
growth 20 % higher than fluconazole (7able 4).

The dependence of antioxidant, antimicrobial activity on
the content of different groups of BAS was studied using the
method of linear regression. As shown in 7able 5, the corre-
lation between antioxidant activity and the total polyphenol
content was very high (R =0.9960). In the case of catechins,
the correlation was extremely high (R = 0.9999); for flavo-
noids and hydroxycinnamic acid derivatives, it was high; and
for organic acids, the correlation was very high.

According to the research results presented in 7able 5 it
was established that there was a very high correlation between
catechins (R = 0.9041). A high correlation was determined
between phenolic compounds (R = 0.7873), flavonoids
(R =0.8901) and inhibition of the growth of S. aureus, in
the case of hydroxycinnamic acid derivatives (R = 0.6603)
was moderate, while or organic acids (R =0.3962) there was
a low correlation.
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Table 1. The total amount of biologically active compounds and dry residue in blackberry leaf extracts

Dry residue, % Total polyphenols | Total catechins Total flavonoids Total hydroxycin- | Total organic acids
content expresses | content expressed | content expressed | namic acid content | expressed as citric
as gallic acid, % as epigallocate- as rutin, % expressed as chlo- | acid, %

chin-3-O-gallate, % rogenic acid, %
96 % EtOH extract | 10.68 £ 0.02 3.00 +0.005 1.600 + 0.005 1.400 £ 0.005 0.500 + 0.005 0.62 +0.02
60 % EtOH extract | 16.64 +0.02 3.72+£0.07 1.880 + 0.060 1.480 £ 0.060 0.960 + 0.030 1.82 £0.06
40 % EtOH extract |15.48 +£0.03 3.58 +0.07 1.660 + 0.060 0.800 + 0.020 1.400 + 0.040 1.80 £ 0.06
20 % EtOH extract | 13.68 £ 0.03 2.98 + 0.06 1.420 + 0.060 0.460 + 0.010 1.000 + 0.030 1.76 £0.05
Aqueous extract 11.58 £ 0.03 2.82+0.06 1.400 + 0.060 0.380 + 0.020 0.760 + 0.010 1.96 £ 0.04

Standard deviation, n = 5.

Table 2. The antiradical activity of blackberry leaves liquid extracts

_ Antiradical activity, mmol-eqv./m, _ £8D Rating scale for antioxidant activity

96 % EtOH extract 190.88 £ 1.16 High level
60 % EtOH extract 204.68 + 2.05 High level
40 % EtOH extract 180.46 + 1.81 High level
20 % EtOH extract 150.02 £ 1.50 High level
Aqueous extract 148.80 + 1.49 High level
Green tea leaf 60 % extract 548.79 + 10.98 Very high level

Standard deviation, n = 5.

Table 3. Comparing the value of antioxidant activity of blackberry leaves liquid extracts with C. sinensis leaf 60 % extract at the concentration 0.01 mol/L

_ Concentration of polyphenols, mol/L* Antioxidant activity, mmol-eqv./m — 1SD

96 % EtOH extract 0.01 8.63+0.11
60 % EtOH extract 9.30£0.11
40 % EtOH extract 8.60 = 0.11
20 % EtOH extract 8.30+£0.13
Aqueous extract 8.80+0.13
Green tea leaf 60 % EtOH extract 9.50+0.10

Standard deviation, n = 5; *: the molar concentration of the extracts was calculated based on their total phenolic content, which was determined as gallic
acid equivalents.

Table 4. The value of antimicrobial activity of blackberry leaves liquid extracts

Concentration mol/L, Zone of inhibition diameter, mm £ SD
(expressed in total

96 % EtOH extract 0.07 25.0%0.1 24002 23.0%0.1 22.0x0.1 23002 23.0x0.1
60 % EtOH extract 0.06 25.0£0.1 240+0.1 240+£0.2 240+0.2 26.0+£0.2 25.0£0.1
40 % EtOH extract 0.06 24002 25002 24002 24002 250+0.1 23.0x0.1
20 % EtOH extract 0.05 19.0+0.1 19.0+0.1 18.0+0.2 17.0+0.2 18.0+0.1 16.0+ 0.1
Aqueous extract 0.05 18.0+0.2 18.0+0.2 18.0+0.1 17.0+0.1 18.0+0.1 16.0+0.1
Gentamycin 0.003 22002 240+0.1 25.3+0.1 25002 25.7+0.1 12.0£0.2
Fluconazole 0.003 18.0+0.1 12.0+0.1 14.3+0.1 12.3+0.2 10.0+0.2 20.0+0.2

Standard deviation, n = 5.
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Table 5. Pearson coefficients (R) of antiradical, and antimicrobial activity and total amount of bioactive constituents

Parameter

Antiradical activity | Antimicrobial activity

Polyphenols 0.9960 0.7873 0.7605 0.8070 0.8591 0.8857 0.7972
Catechins 0.9999 0.9041 0.8176 0.8854 0.9050 0.9433 0.9302
Flavonoids 0.7776 0.8901 0.7882 0.8240 0.7881 0.8110 0.8999
Hydroxycinnamic acids 0.8773 0.6603 0.7794 0.6700 0.6260 0.5527 0.5838
Organic acids 0.9286 0.3966 0.3994 0.3266 0.2313 0.1892 0.3511
Antiradical activity = 0.9663 0.8912 0.9339 0.9197 0.9391 0.9806

Table 5 shows that the antibacterial effect against B. subtilis
was strongly correlated with the catechin content (R =0.8176)
and antioxidant activity (R = 0.8912). In contrast, moderate
correlations were observed with the contents of polyphenols,
flavonoids, and hydroxycinnamic acid derivatives, while the
correlation with organic acids was low.

The study showed that there was a low correlation be-
tween organic acids (R = 0.3266), and a high correlation
and inhibition of E. coli growth was found of phenolic
compounds (R =0.8070), catechins (R = 0.8854), flavonoids
(R = 0.8240). A very high correlation was determined for
antioxidant activity (R =0.9339) and a moderate correlation
was found for hydroxycinnamic acids (R =0.6700) (Table 5).

The relationship between inhibition of growth of P, vulgaris
and the content of different groups of BAS, it was found to
have a very high dependence of antibacterial activity on the
amount of catechins (R = 0.9050) and the level of antioxi-
dant activity (R = 0.9050), a high correlation was found for
antioxidant activity (R = 0.9196). In turn, flavonoids and
hydroxycinnamic acid derivatives had moderate correlation,
well as for organic acids no correlation was found (Table 5).

Table 5 shows that the correlation between the growth inhi-
bition of P. aeruginosa and the sum of catechins (R =0.9433)
was very high, in the case of polyphenols, flavonoids had a
high correlation, while hydroxycinnamic acid derivatives had
a moderate correlation. Whereas the total content of organic
acids did not affect the inhibition of growth P. aeruginosa.

Table 5 shows a very high correlation between the in-
hibition of C. albicans growth and the catechin content
(R=10.9302), as well as antioxidant activity (R =0.9906). In
turn, a high correlation was observed with the total polyphenol
(R =0.7972) and flavonoid (R = 0.8999) contents, whereas
a moderate correlation was found for hydroxycinnamic acid
derivatives, and a low correlation was observed for organic
acids (R =0.3514).

Discussion

Pavlovi¢ A. V. et al. reported the use of 70 % and 96 %
ethanol extracts of blackberry leaves [17]. According to the
obtained results, they showed the content of total polyphe-
nols and flavonoids in 96 % EtOH extract was 2.43 % and
1.00 %, and in the 70 % EtOH, it extract was 3.00 % and
1.50 %, respectively. Compared with our research the highest

content of flavonoids and polyphenols was found in 60 %
EtOH extract, too. The extraction of BAS directly depends on
the solvent polarity and chemical properties of compounds.
Blackberry leaves contain flavonoid glycosides such as rutin
and hyperoside. According to their chemical properties, these
compounds are less soluble in highly polar solvents (e. g.,
water) and more soluble in moderately polar solvents.

Paczkowska-Walendowska M. et al. recently investigated
the hydroxycinnamic acid composition in a 40 % ethanol
extract of blackberry leaves [18]. The result of research
showed that the total of hydroxycinnamic acids was 0.80 %,
meanwhile we obtained 1.40 % of hydroxycinnamic acids in
the 40 % extract. The variance in phenolic compound levels
is likely attributable to differing infusion durations, leaf-to-
solvent ratios, plant species, and climatic and geographic
conditions.

The investigated blackberry extracts demonstrated antimi-
crobial efficacy against S. aureus, P. aeruginosa, P. vulgaris,
B. subtilis, and C. albicans. While the observed activity was
markedly lower than that of the control antibiotics gentamicin
and fluconazole — likely due to the substantially lower con-
centration of the active compounds in the extract compared
to the pure pharmaceuticals — it is crucial to consider the
significant toxicity profile of drugs like gentamicin. Its known
adverse effects on the auditory nerve, kidneys, and liver can
lead to severe complications, a drawback not associated with
natural plant extracts [ 18]. A comparative analysis revealed
that the blackberry extract inhibited the fungal strain with an
efficacy comparable to fluconazole, despite the latter’s lower
concentration. While fluconazole remains a potent antifungal
agent, it exhibits minimal activity against Gram-positive and
Gram-negative bacteria. In contrast, the blackberry extract
demonstrated broad-spectrum efficacy, effectively targeting
the same fungus as well as both bacterial classes. This sug-
gests that the extract possesses a multi-target mechanism of
action, affecting diverse biological pathways in microbes.
Consequently, blackberry extract represents a promising
broad-spectrum antimicrobial agent with potentially lower
toxicity than conventional pharmaceuticals.

Ispiryan A. et al. reported about studying the relationship
of antiradical and antimicrobial activity and the amount of
polyphenols and flavonoids in extracts of raspberry shoots,
leaves, seeds and fruits [19]. A significant relationship was
established between the concentration of biologically active
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substances and the observed antioxidant activity, but in
the case of antimicrobial activity there was no correlation
(R = 0.3). According to our data, it was shown that there
is a very high correlation between the sum of polyphenols,
catechins and antioxidant / antimicrobial effects against all
Gram-positive, Gram-negative bacterial strains and the fun-
gus C. albicans. The lowest correlations were observed in the
case of organic acids. Therefore, polyphenols and catechins
play a major role in antioxidant, antimicrobial activities.

Conclusions

1. In the research, it has been determined the content of
BAS, antioxidant, antimicrobial activity of the obtained
extracts of blackberry leaf. The dominant content of the sum
of polyphenols, catechins and flavonoids was observed in
60 % EtOH extract, whereas the organic acids were observed
in aqueous extract. Demonstrating potent bioactivity, the
60 % cthanolic extract displayed a high level of antioxidant
capacity.

2. Blackberry leaf extracts actively suppressed the prolifer-
ation of the entire tested panel — including Gram-positive and
Gram-negative bacteria and the yeast C. albicans — yielding
inhibition zones between 18.0 mm and 25.0 mm.

3. We have shown that there was a very high correlation
between the total catechins, antioxidant activity and antimi-
crobial effect against S. aureus, P. vulgaris, P. aeruginosa
and C. albicans.

4. These findings show the great potential in the devel-
opment and creation of new medicines with antimicrobial,
antioxidant effects that are not inferior to, and even superior
to, the effects of synthetic analogues.

Prospects for further research. Developing medicinal for-
mulations based on extracts or isolated biologically active
compounds from blackberry leaves with pronounced antioxi-
dant and antimicrobial activity. Also studying the synergistic
effects of these compounds with existing antibiotics to create
new, effective herbal remedies against resistant strains.
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Inflammation is a fundamental protective biological mechanism; however, its chronic progression can lead to severe pathologies. Conven-
tional anti-inflammatory drugs, such as corticosteroids and non-steroidal anti-inflammatory drugs, are often associated with considerable
adverse effects. This necessitates the urgent search for novel, safer therapeutic agents, particularly among medicinal plants. Myrtus
communis L. is well-recognized for its therapeutic properties, and its leaves have been traditionally utilized in folk medicine for the man-
agement of various inflammatory conditions.

The aim of the work was to comparatively evaluate the anti-inflammatory activity and acute toxicity of thick extracts obtained from the
leaves of Myrtus communis L., cultivated in natural conditions (in vivo) and those obtained by microclonal propagation (in vitro), given the
growing demand for effective and safe natural anti-inflammatory agents.

Materials and methods. Thick extracts of Myrtus communis leaves were obtained using fractional maceration with 70 % ethanol, followed
by concentration via a rotary evaporator. Anti-inflammatory activity was assessed on the serotonin-induced edema model in white rats, by
measuring the increase in paw volume. Experimental groups received the extracts (100 mg/kg) or ibuprofen (25 mg/kg). Additionally, the
influence of the extracts on biochemical markers of inflammation (C-reactive protein, TBARS) and the blood protein profile was studied.
Acute toxicity assessment was conducted in accordance with OECD guidelines, starting with a dose of 2000 mg/kg.

Results. The myrtle leaf extracts demonstrated potent anti-exudative activity, reducing paw edema by 33.55 % (in vivo extract) and 35.69 %
(in vitro extract), results that are comparable to the effect observed with ibuprofen (42.11 %). The mechanism of action is likely linked to
antagonism against serotonin receptors. Furthermore, the extracts significantly reduced the levels of inflammation and oxidative stress
markers, concurrently contributing to the restoration of the serum protein profile. The extract obtained through microclonal propagation
(in vitro) exhibited slightly superior efficacy, suggesting a potential advantage for this biotechnological approach. Acute toxicity assessment
confirmed that both extracts belong to Category 5 of the toxicity classification (LD,, 25000 mg/kg for the in vivo thick extract and LD,
2000-5000 mg/kg for the in vitro thick extract), confirming their low acute toxicity.

Conclusions. Concentrated Myrtus communis leaf extracts derived from plants grown under natural conditions and via microclonal propa-
gation demonstrate marked anti-inflammatory and anti-exudative activity. Biotechnological cultivation approaches may offer a promising
means of obtaining raw materials with enhanced biological efficacy.

Keywords: inflammation, common myrtle, serotonin-induced edema model, anti-exudative activity.
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MopiBHANLHI focnigXeHHA NpoTM3ananbHoi Aii Ta roCTPOI TOKCUYHOCTI rycTUX eKcTpakTiB nucta Myrtus communis L.,
BMPOLLEHOro B yMOBaX in vivo Ta in vitro
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3ananeHHs — KIYOBWIA 3aXUCHWI MexaHi3M, ane oro XpoHiyHa hopma Moxe NpU3BOAMTH [0 TskKMX natonorii. CyyacHi npoTusananbHi
npenapary, sk-0T KOPTUKOIAN Ta HeCTepoiaHi NpoTu3ananbHi 3acobu, MatoTb TshKKi NOBIYHI ehekTi, TOMY akTyarbHUM € MOLLYK HOBMX,
6e3neyHilLmx 3acobis, 30kpema cepep Nikapcbkux pocnuH. Myrtus communis L. BiooMuin 3aBASiKU TepaneBTUYHUM BNIAaCTUBOCTSIM, a 10ro
NUCTS TPAZULAHO BUKOPUCTOBYHOTb ANS NiKyBaHHS 3anaribHUX 3aXBOPOBaHb.

MeTa po60TK — 3iliCHUTY NOPIBHANbHE OLiHIOBAHHS NPOTMU3ananbHOI akTUBHOCTI Ta FOCTPOI TOKCUYHOCTI IYCTUX eKCTPakTiB nucts Myrtus
communis L., OTpUMaHWX i3 POCIVH, O BUPOLLEHI Y MPUPOAHNX YMOBaX (in vivo) Ta 3a [OMOMOTOH MiKPOKITOHANbHOTO PO3MHOXEHHS
(in vitro), 3Baxato4m Ha JOLNbHICTL Po3pobkK edhekTUBHUX | BE3NEYHNX NpoTM3ananbHUX 3acobiB NPUPOAHOTO NMOXOMKEHHS.
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Martepianu i meToau. ['ycTi ekctpakTv nuctst Myrtus communis oTpumaHo Lnsxom ApibHoi Mauepauii 70 % eTaHONoM Ta ynaptoBaHHsAM y
poTopHOMY BUnaptoBadi. MpoTraanansHy akTUBHICTb OLiHIOBANM Ha MOZENi CEPOTOHIHOBOrO HabpsKy y Ginux Lypis, BU3Ha4anu npupict
06’emy nanu. TBapuHu 3 ekcnepuMeHTanbHKX rpyn otTpuMysamu ekctpaktu (100 mr/kr) abo ibynpodeH (25 mr/kr). [logaTkoBo BUBYEHO
BMIIMB EKCTPAKTIB Ha BioxiMiuHi Mapkepy 3ananeHHs (C-peakTuBHui Ginok, TBK-akTuBHI NnpoaykTyh) Ta Ginkoeuin npodins Kposi. MocTpy
TOKCUYHICTb OLiHIOBanu 3rigHo 3 pekoMeHaaLismm OECD, nounHatoum 3 £o3u 2000 mr/kr.

Pesynktati. BctaHoBNeHo BUpaxeHy aHTUeKCYAaTUBHY aKTUBHICTb €KCTPAKTIB NUCTS MUPTY, LLO CIPUSAM 3MEHLLEHHIO Habpsiky Ha 33,55 %
(excTpakT in vivo) Ta 35,69 % (ekcTpakT in vitro); el nokasHuK 3icTaBHWiA 3 gieto ibynpodeHy (42,11 %). Mexaniam gii, iMoBipHO, NoB’s-
3aHWIA 3 aHTaroHI3MOM 0 CEPOTOHIHOBUX PeLenTopiB. EKCTpaKTV Takox 3Ha4YHO 3HVXKYBanM PiBHI MapKepiB 3ananeHHs i OKCUAATUBHOMO
CTpecy, BiiHOBIOKYM GinkoBUI Npodink KpoBi. EKCTpakT, oTpUMaHUin METOAO0M MIKPOKIIOHAIbHOTO PO3MHOXEHHSI B YMOBaX in Vitro, MaB
[leLlo BULLY ePEKTMBHICTD, LLO CBiAYMTb NMPO MOTEHLiNHY nepesary bioTexHomoriyHoro nigxoay. [JocnigKeHHs rocTpoi TOKCUYHOCTI fanm
3MOry BCTAHOBUTY, L0 061aBa EKCTPaKTW HanexaTtb Ao 5 kateropii TokeuyHocTi (LD, 25000 mr/kr 4ns ryctoro eKCTpakTy JINCTS MUPTY,
BMPOLLiEHOro B ymoBax in vivo, Ta LD, ; 2000-5000 Mr/kr 4ns rycToro eKCTpakTy nncTs MUPTY, L0 BUPOLLEHNI B yMoBax in vitro). Lii aaHi
MiATBEPAXKYIOTb iXHIO HN3bKY TOKCUYHICTD.

BucHoBku. ['ycTi ekcTpaktu nucta Myrtus communis, OTpUMaHi 3 POCIWH, L0 BUPOLLEHi y NPUPOAHMX YMOBAX i 3a AOMOMOro MiKpo-
KMOHarbHOro PO3MHOXEHHS, MaloTb BUPaXXEHY NpoTU3ananbHy i aHTUEKCYOaTUBHY akTUBHICTb. BiOTEXHOMOTIYHI METOAM KyNETUBYBaHHS

MOXYTb 3a0€3Me4nTh OTPYMaHHS! CUPOBUHY 3 NiABMULLEHO BiONOriYHO aKTUBHICTO.

KntoyoBi cnoBa: 3ananeHHs, MUPT 3BMUYalHWIA, MOAENb CEPOTOHIH-IHAYKOBAHOTO HabpsIKy, aHTMeKCyAaTVBHA aKTUBHICTb.

AxTyanbHi nuTaHHA hapmaLleBTMYHOI | MeanyHOI Hayku Ta npakTuku. 2025. T. 18, Ne 3(49). C. 271-277

Inflammation is an evolutionarily conserved process crucial
for maintaining biological homeostasis. This dynamic defen-
sive mechanism is triggered in response to various harmful
inflamogens, including bacteria, viruses, fungi, protozoa,
and helminth parasites [ 1]. During this process, immune and
non-immune cells, such as monocytes, basophils, eosino-
phils, and neutrophils, are activated to eliminate pathogens
and promote tissue repair and regeneration. The mechanism
of inflammation involves a cascade of organized reactions
encompassing both cellular and vascular events, alongside
specific humoral secretions [2].

The inflammatory response comprises two main phases —
acute and chronic — each mediated by unique mechanisms [2].
Acute inflammation, which exhibits a sudden onset and rapid
resolution, is typically beneficial for the organism, serving
as the first line of defense against infection and a potent ac-
tivator of wound healing. Conversely, chronic inflammation
is detrimental, characterized by a prolonged inflammatory
response that leads to the loss of cellular balance and systemic
biological damage [1]. Histologically, chronic inflammatory
processes are distinguished by the infiltration of mononuclear
cells, such as monocytes and lymphocytes, as well as the
proliferation of fibroblasts, the formation of collagen fibers,
and connective tissue, potentially culminating in granuloma
formation [2].

Inflammation is regulated at the molecular level through
the activation of numerous signaling pathways and the re-
lease of mediators. Primary inflammatory stimuli, including
C-reactive protein (CRP), interleukin-13 (IL-1p), interleu-
kin-6 (IL-6), and tumor necrosis factor-a (TNF-a), mediate
inflammation by activating corresponding receptors. These
pro-inflammatory cytokines play a pivotal role in amplifying
the inflammatory response, and if improperly controlled,
can result in prolonged pain and impaired tissue healing [3].

Standard pharmaceutical agents used for inflammation
management, such as corticoids and non-steroidal anti-in-
flammatory drugs, demonstrate high efficacy in controlling
both acute and chronic inflammation. However, their pro-
longed use is frequently associated with the risk of serious

complications, notably gastrointestinal bleeding [4]. These
complications limit their long-term therapeutic application
and stimulate the search for novel therapeutic molecules with
improved efficacy and a safer profile.

In response to these challenges, medicinal plants and their
derivatives are gaining increasing importance in modern
medicine and pharmacology. Natural bioactive compounds
often possess unique properties, allowing them to modulate
specific biochemical targets and exert diverse therapeutic
effects. This explains the accelerating interest in phytotherapy
and the necessity of screening plant biological activity for the
development of new pharmaceutical agents.

Myrtus communis L., or common myrtle, is one such
focus of research, having been utilized in folk medicine for
centuries due to its therapeutic attributes [5]. Analysis has
revealed the presence of several key bioactive components
across various parts of the plant: phenolic compounds (gallic
and ellagic acids), flavonoids (quercetin-3-O-galactoside and
quercetin-3-O-rhamnoside), hydrolysable tannins, anthocya-
nins, and volatile compounds (1,8-cineole, a-pinene, linalool,
a-terpinyl acetate, and frans-caryophyllene) [6]. This multi-
component phytochemical profile enables a comprehensive
therapeutic effect, which results not from the action of a single
compound but from their synergy.

Unlike single-molecule drugs, the therapeutic action of
myrtle extracts relies on the complementary influence of
various compound classes, enabling them to impact multiple
biochemical targets simultaneously. This accounts for the high
efficacy of the extracts, even if the bioavailability of individu-
al components, such as quercetin, may be inherently low [7].

A key mechanism of action for Myrtus communis L.
involves its ability to modulate the activity of enzymes par-
ticipating in inflammatory processes. Studies conducted on
an acute colitis model demonstrated that the hydroalcoholic
extract and the essential oil of myrtle effectively reduce the
activity of myeloperoxidase (MPO). Since MPO is a marker
of polymorphonuclear leukocyte migration and oxidative
stress, its inhibition is a crucial aspect of anti-inflammatory
therapy [8].
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Myrtle extracts are also capable of modulating the ex-
pression of cytochrome P450 enzymes (CYPs), which are
pivotal in the metabolism of xenobiotics and endogenous
compounds. This capability aids in the prevention of chronic
inflammation. Specifically, the extracts were noted to inhibit
the expression of the CYP3A4 gene, which could potential-
ly impact the metabolism of other therapeutic agents. This
interaction elevates the discussion to a new level, indicating
the necessity for further investigation into pharmacokinetic
interactions. For instance, quercetin, one of myrtle’s fla-
vonoids, is a known inhibitor of CYP3A4 and CYP2C19
enzymes. Consequently, the application of myrtle extracts
may affect the pharmacokinetics of other drugs metabolized
by this enzymatic system [6].

Furthermore, it has been reported that myrtucommulone, a
nonprenylated acylphloroglucinol found in Myrtus commu-
nis leaves, suppresses eicosanoid biosynthesis by inhibiting
5-lipoxygenase and cyclooxygenase-1 (in vitro). It also sup-
presses elastase release and the formation of reactive oxygen
species (ROS) in activated polymorphonuclear leukocytes,
thereby exhibiting potent anti-inflammatory effects [9].

Additionally, myrtle extracts may influence inflammasome
activation, confirmed by their ability to inhibit the production
of pro-inflammatory cytokines such as IL-1f. This multi-tar-
get action, directed at key steps of the inflammatory cascade,
forms the basis of the plant’s therapeutic potential [6].

Physiological changes were also evident in the gastric
context, where pre-treatment with microencapsulated myrtle
essential oil demonstrated a notable suppression of gastric
lesions and acidity, correlating with a high percentage of
healing and protection. Furthermore, it exerted a potent an-
ti-inflammatory effect on the gastric mucosa by counteracting
ethanol / HCl-induced gastric lipoperoxidation and preventing
the depletion of antioxidant enzymes, specifically superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPx) [10].

Moreover, myrtle extract effectively inhibited inflammation
and fibrosis in the lung parenchyma using both prophylactic
and therapeutic approaches. This effect may be attributed to
a reduction in tissue inflammation and the suppression of
oxidative stress [11].

Consequently, these studies collectively demonstrate that
Myrtus communis L. leaf extracts possess significant anti-in-
flammatory effects, confirmed by improvements in various
biochemical parameters and physiological changes observed
in animal models. Nevertheless, further research is indispen-
sable to fully elucidate the underlying mechanisms of action
and definitively validate the traditional claims regarding the
therapeutic utilization of this plant.

Aim

The aim of the work was to comparatively evaluate the an-
ti-inflammatory activity and acute toxicity of thick extracts
obtained from the leaves of Myrtus communis L., plants
cultivated in natural conditions (in vivo) and those obtained
by microclonal propagation (in vitro), given the growing de-
mand for effective and safe natural anti-inflammatory agents.

Materials and methods

The object of the study was a thick extract of Myrtus
communis L. leaves, sourced from plants cultivated under
natural conditions (in vivo) and those obtained via micro-
clonal propagation (in vitro). The raw plant material was
shade-dried at room temperature for 5 days. The dried,
ground material (particle size 3—5 mm) was then subjected to
fractional maceration with 70 % ethanol (ratio 1:5) at room
temperature for 3 days. The resulting extract was allowed to
settle for 48 hours at a temperature not exceeding +10 °C,
filtered, and concentrated to a thick consistency using a
rotary evaporator at +50-55 °C.

The anti-inflammatory activity and acute toxicity of the
thick Myrtus communis extracts were evaluated in the vi-
varium of the Educational and Medical Laboratory Center of
Zaporizhzhia State Medical and Pharmaceutical University
(Ukraine, Zaporizhzhia).

The study procedures adhered to the methodological recom-
mendations for the preclinical study of non-steroidal anti-in-
flammatory drugs on the serotonin-induced edema model,
induced by subplantar injection of 0.1 mL of 0.5 % serotonin
solution. Experiments were conducted on non-linear white rats
weighing 160—180 g, maintained under standard vivarium con-
ditions. All animal experiments were performed in compliance
with the rules of humane treatment of experimental animals as
stipulated by the “European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1986) and the Law of Ukraine “On
Protection of Animals from Cruel Treatment” of 21.02.2006
No. 3447. The Bioethics Committee of Zaporizhzhia State
Medical and Pharmaceutical University reviewed the materials
presented in the article and found no ethical violations (meeting
minutes No. 10, September 18, 2025).

To investigate the anti-inflammatory activity of the thick
Myrtus communis leaf extracts, obtained under in vivo and
in vitro conditions, and the reference drug ibuprofen (Geltec
Private Limited, India, lot number AEU00223 04/2026),
the experiment was conducted on animals divided into four
groups (5 rats each). One hour prior to modeling acute aseptic
inflammation (by subplantar injection of 0.1 mL of 0.5 %
serotonin solution), the experimental groups received Myrtus
communis extracts (100 mg/kg) or ibuprofen (25 mg/kg)
administered intragastrically. The control group received
only the vehicle. Paw volume was measured using an onco-
meter before and 60 minutes after the serotonin injection.
Anti-inflammatory activity was assessed by the increase in
paw volume, reflecting the degree of edema.

Anti-exudative activity (A, %) was calculated using the
following formula:

(AVcontrol — AVexperimental) x 100 %
AVcontrol

A(%) =

where AVexperimental — is the mean increase in paw
volume in the experimental group or the comparison group;
AVcontrol — is the mean increase in paw volume in the
control group.
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For the assessment of acute toxicity of the thick Myrtus
communis extracts (both in vivo and in vitro), a protocol
adapted from the OECD Guideline (Acute Oral Toxicity —
Acute Toxic Class Method) was utilized [ 12,13]. The studies
were performed on healthy non-pregnant female Wistar rats
(8-12 weeks old, weighing 180-210 g), maintained under
standard laboratory conditions with adherence to humane
treatment protocols [14,15].

Prior to administration, the animals were fasted overnight,
and subsequently fasted for an additional 34 hours after dos-
ing [12]. Test samples, prepared as 20 % aqueous solutions of
the extracts, were administered intragastrically (per os) via a
gavage tube at a volume of 1 mL/100 g of body weight [16].

The study was conducted stepwise, utilizing 3 rats per stage:

1. In Step 1, a dose of 2000 mg/kg was administered to
3 rats for both the Myrtus communis (in vivo) and Myrtus
communis (in vitro) extracts;

2. In Step 2, the same dose (2000 mg/kg) was administered
to the next 3 female rats.

Following administration, the animals were kept under
close observation: individual assessments were conducted at
least once during the first 30 minutes, periodically throughout
the first 24 hours (with particular attention during the initial 4
hours), and thereafter daily for a period of 14 days.

Statistical processing of the obtained data was performed
using Microsoft Excel, applying the parametric Student’s
t-test. Differences were considered statistically significant
atp <0.05.

Results

The thick extract of Myrtus communis leaves presented as
a viscous mass of dark brown color with an aromatic odor,
soluble in purified water P and ethanol P. The yield of the
thick extract amounted to 13.64 + 1.55 %.

The results regarding the anti-exudative effect of the thick
Myrtus communis leaf extracts, derived from plants grown
under in vivo and in vitro conditions, and the reference drug
ibuprofen on the development of serotonin-induced edema
are presented in 7able 1.

The subcutaneous administration of serotonin induced
significant paw edema in animals of the control group. In
rats treated with the thick Myrtus communis leaf extract
(in vivo), a reduction in edema of 33.55 % was observed,
while the administration of the thick Myrtus communis leaf
extract (in vitro) resulted in an edema reduction of 35.69 %.
The reference drug, ibuprofen, also exhibited anti-exudative
activity, demonstrating 42.11 %.

Furthermore, in control group animals where edema was
induced by the 0.5 % serotonin solution, a significant increase
in CRP level was observed, rising to 4.82 + 0.23 mg/L,
which is more than four times the value found in the intact
group (1.20 + 0.10 mg/L); this confirms the activation of a
systemic inflammatory reaction. The level of TBARS (thio-
barbituric acid-reactive substances) also rose significantly —to
6.90 £ 0.35 nmol/mL versus 2.20 £+ 0.14 nmol/mL in healthy
animals This indicates the development of pronounced
oxidative stress and intense lipid peroxidation, which con-

stitutes one of the key mechanisms of tissue damage during
exudation (Table 2).

Concurrently, the control group exhibited a decrease in
total protein to 60.20 + 2.31 g/L (-17 %) and albumin to
30.60 + 2.65 g/L (-20 %), which may be attributed to both
impaired hepatic synthetic function and the exudation of
proteins into the edematous tissues.

A statistically significant reduction in the levels of inflamma-
tion and oxidative stress markers was noted in the groups treat-
ed with the tested preparations compared to the control group.
The thick Myrtus communis leaf extract (in vitro) demonstrated
the most pronounced effect, showing a 53.11 % reduction in
CRP and a 56.52 % reduction in TBARS, alongside a simul-
taneous increase in total protein and albumin by 15.95 % and
16.34 %, respectively. The thick Myrtus communis leaf extract
(in vivo) reduced CRP levels by 51.45 % (2.34 = 0.23 mg/L)
and TBARS by 53.33 %, while promoting an increase in total
protein by 13.62 % and albumin by 15.03 %. Ibuprofen, used
as the reference drug, reduced CRP by 46.47 % and TBARS
by 47.83 %, with an increase in protein indicators of 11.63 %
for total protein and 11.76 % for albumin.

The acute toxicity test commenced with a dose of
2000 mg/kg and was conducted in two steps. Step 1: Upon
administration of the 20 % thick extract solution of Myrtus
communis cultivated in vivo at a dose of 2000 mg/kg, 0/3
animals perished; however, upon administration of the 20 %
thick extract solution of Myrtus communis obtained via micr-
oclonal propagation (in vitro), 1/3 animals perished (Table 3).
Step 2: Upon administration of the 20 % extract solution, 0/3
animals in this group perished or were in a moribund state.

As all rats survived the administration of the thick Myrtus
communis extracts (in vivo and in vitro) in the respective
dosing groups, the study was concluded.

Discussion

The anti-inflammatory findings indicate that the thick Myrtus
communis leaf extracts (in vivo and in vitro) demonstrate pro-
nounced anti-exudative activity, comparable to the reference
drug ibuprofen, achieving 33.55 % and 35.69 % efficacy,
respectively, in the serotonin-induced paw edema model.
Consistent with methodological guidelines, this model is
specific for elucidating compounds with an anti-serotonin
mechanism. Given that inflammation in this model involves
the release of serotonin, kinins, and other mediators, the high
efficacy of the extracts suggests that their anti-inflammatory
action is likely mediated by either serotonin receptor antago-
nism or the inhibition of serotonin release. This hypothesized
mechanism complements previously established multi-target
actions of myrtle phytocomponents, such as the inhibition of
NF-kB and MAPK-dependent signaling cascades [17,18].
Beyond the anti-exudative effect, the study revealed a
systemic anti-inflammatory and antioxidant action, as evi-
denced by alterations in biochemical markers. A significant
reduction was observed in CRP, a key marker of systemic
inflammation synthesized by the liver in response to infection
or damage [19], decreasing by 51.45 % for the in vivo extract
and 53.11 % for the in vitro extract compared to the control
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Table 1. Influence on the development of serotonin-induced edema in rats

Animal group Dose, mg/kg Increase in paw volume, mL Anti-exudative activity, %

(Mtm,n=5)

Control 8.56 £ 0.47

Thick Myrtus communis extract (in vivo) 100 5.69 + 0.46* 33.55 %
Thick Myrtus communis extract (in vitro) 100 5.51+0,67* 35.69 %
Ibuprofen 25 4.96 + 1.53* 4211 %

*: p < 0.05 compared to the control group.

Table 2. Changes in laboratory parameters in rats with serotonin-induced edema (M £ m, n = 5)

_ C-reactive protein, mg/L | TBARS nmol/mL Total protein, g/L Albumin, g/L

Intact Animals 1.20+0.10 220+0.14 72.62£2.07 38.40 £1.50
Control Group 4.82+0.23 6.90 £ 0.35 60.20 + 2.31 30.60 + 2.65
Thick M. communis extract (in vivo) 2.34 £0.23* 3.22+0.33* 68.40 + 2.58* 3520+ 1.72*
-51.45% -53.33 % 13.62 % 15.03 %
Thick M. communis extract (in vitro) 226 +0.21* 3.00+ 0.28* 69.80 + 2.32* 35.60 + 3.44*
-53.11 % -56.52 % 15.95 % 16.34 %
Ibuprofen 2.58 + 0.24* 3.60 + 0.40* 67.20 £ 3.54* 34.20 £1.72*
-46.47 % -47.83 % 11.63 % 11.76 %

*: p < 0.05 compared to the control group.

Table 3. Mortality indicators in the studied groups

Dosing group Number of animals in group Number of animal deaths

Thick Myrtus communis extract (in vivo) Step 1 Dosing Group 3
solution ;

Control Dosing Group 3 0
Thick Myrtus communis extract (in vitro) Step 1 Dosing Group 3 1
solution ;

Control Dosing Group 3 0

group. This outcome suggests that myrtle extracts possess a
broad spectrum of activity affecting systemic inflammatory
processes. Furthermore, a substantial reduction was recorded
in TBARS, markers of lipid peroxidation, by 53.33 % and
56.52 %, respectively. This confirms the potent antioxidant
properties of the extracts, which are capable of counteracting
oxidative stress, a phenomenon playing a central role in main-
taining inflammatory processes [20]. The restoration of the
blood protein profile, specifically the increased levels of total
protein and albumin, is a direct physiological consequence
of reduced exudation and indicates the vascular-protective
potential of the extracts [19].

A comparison of the efficacy of the extracts obtained under
different cultivation methods points to the potential advantage
of biotechnological techniques. The marginally superior ac-
tivity of the in vitro extract in reducing edema and lowering
inflammatory markers suggests the possibility of optimizing
cultivation conditions (e. g., nutrient media composition, light
intensity, temperature) to stimulate the enhanced production
of secondary metabolites [21]. Consequently, microclonal
propagation emerges as a promising technology for obtain-

ing standardized raw materials with improved therapeutic
characteristics.

A critically important aspect of the study was the acute
toxicity assessment, which confirmed the high safety profile
of both extracts. According to international classification, both
extracts fall into Toxicity Category 5 (LD, >5000 mg/kg for
invivo and LD, 20005000 mg/kg for in vitro), indicating their
classification as non-toxic [8]. This finding aligns with the re-
search of other scientists and is significant [22,23]. As it allows
myrtle to be positioned as a safe alternative to conventional
anti-inflammatory drugs, which are frequently associated with
severe adverse effects, particularly gastrointestinal bleeding.

Conclusions

1. The thick extracts derived from Myrtus communis leaves,
obtained from both conventional cultivation (in vivo) and
microclonal propagation (in vitro), demonstrated distinct
anti-inflammatory and anti-exudative efficacy. The extracts
effectively reduced edema in the rat model of serotonin-in-
duced inflammation, exhibiting activity comparable to that
of the reference drug, ibuprofen.
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2. The tested extracts significantly lowered the levels of
inflammation and oxidative stress markers, specifically CRP
and TBARS (thiobarbituric acid-reactive substances), while
simultaneously contributing to the restoration of the blood
protein profile. This evidence confirms their systemic anti-in-
flammatory and vascular-protective potential.

3. The thick extract obtained through in vitro microclonal
propagation displayed marginally superior anti-exudative
activity (35.69 %) and was more effective in reducing in-
flammatory markers compared to the naturally grown in vivo
extract (33.55 %). This observation suggests a potential
advantage in utilizing biotechnological cultivation methods
for obtaining raw material with enhanced biological activity.

4. Both Myrtus communis extracts are classified as having
low acute toxicity, belonging to Category 5 of the interna-
tional classification (LD_,>5000 mg/kg for the in vivo extract
and LD, 2000-5000 mg/kg for the in vitro extract), which
underscores their favorable safety profile.

Prospects for further research. Future research efforts should
focus on the precise identification of the active components
within Myrtus communis extracts, a detailed investigation of
their molecular mechanisms of action, the development of
novel pharmaceutical formulations, and expanded toxicolog-
ical studies to definitively confirm their therapeutic potential
as a safe anti-inflammatory agent.
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Peculiarities of distribution of patterns with high and low expression
of c-Kit protein in the pancreas of rats with experimental diabetes
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The c-Kit protein, also known as CD117, is a membrane receptor tyrosine kinase, and plays an important role in various cellular processes
including cell proliferation, survival and differentiation. In particular, at the embryonic stage of pancreatogenesis, c-Kit protein participates in
the process of beta-cell differentiation from pancreatic progenitor cells, and controls the subsequent migration and invasion of endocrinocytes
with the formation of new pancreatic islets. Activation of c-Kit-mediated receptor mechanisms triggers intracellular molecular signalling
pathways, that promote beta-cell proliferation and differentiation, leading to an increase in the pool of endocrinocytes in the pancreas and
enhancing their functional activity.

Aim: to identify quantitative distribution patterns of c-Kit protein with high and low expression levels in endocrinocytes and pancreatic
exocrinocytes in rats’ streptozotocin-induced diabetes.

Materials and methods. The study was conducted on 20 white Wistar rats, which were divided into 2 groups of 10 animals each. Animals of
group 1 were included in the control (intact) group. To model experimental diabetes mellitus, animals of group 2 were injected intraperitoneally
with streptozotocin (Sigma-Chemical, USA) at a dose of 50 mg/kg dissolved in 0.5 ml of 0.2 M citrate buffer pH = 4.5.

Results. The study of immunoreactivity to c-Kit protein in intact rats and in diabetic animals showed the presence of patterns with high
and low expression levels both in endocrinocytes of pancreatic islets and in the exocrine part of the pancreas. Among the endocrinocytes
of intact rats, cells with a high level of c-Kit protein expression prevailed and in the exocrine part of the pancreas — cells with a low level
of protein expression. The development of diabetes resulted in a significant increase in the number of c-Kit-immunopositive alpha cells
with a low level of protein expression (3.6-fold, p < 0.001), as well as pancreatic exocrinocytes (by 38 %, p < 0.001). At the same time, the
formation of diabetes did not lead to changes in c-Kit protein concentration in all pancreatic cells with a low level of c-Kit protein expression.

Conclusions. c-Kit-immunopositive cells of the pancreas form two patterns of cells — with a high level of c-Kit protein expression, and with
alow level of its expression. In intact animals, endocrinocytes with a high level of c-Kit protein expression predominate, and in the exocrine
part of the pancreas — cells with and low level of protein expression. Alpha-endocrinocytes of intact rats have a 30 % higher (p < 0.001)
c-Kit protein expression level compared to beta-cells and exocrinocytes. The development of diabetes in rats was accompanied by a
significant increase in the number of c-Kit-immunopositive beta cells with a high level of protein expression, as well as an increase in the
number of alpha cells and exocrinocytes with both high and low levels of c-Kit protein expression. In the pattern of beta cells with a high
level of protein expression in diabetes, an increase in the concentration of the c-Kit protein was observed (by 17 %, p < 0.001) compared
to intact endocrinocytes, while in alpha cells and exocrinocytes a similar pattern of the concentration of the c-Kit protein was observed
significantly decreased (by 44 % and 30 %, respectively).

Keywords: pancreas, diabetes mellitus, genes, insulin, glucagon, c-Kit, automated cell counting.
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OcobnunBocTi po3noainy naTepHiB i3 BACOKUM i HU3bKMM piBHeM ekcnpecii 6inka c-Kit y nigwnyHkoBii 3anosi wypis
npu eKcnepuMeHTanbHOMy fiabeTi

T. B. IBaHeHko, A. B. BuHokypoga, H0. M. Konechuk, A. B. AGpamoB

Binok c-Kit, Takox Bigomuit sik CD117, — MeMBpaHHWiA peLienTopHWiA TUPO3UHKIHA3HWIA hepMEHT, LLO BiAirpae BaXuBy porib Y Pi3HOMaHITHIX
KNiTUHHWUX NpoLiecax, 3okpema y nponicepallii, BWxXnBaHHi Ta audepeHuiauii kniTuH. Tak, Ha emBpioHanbHil cTagii naHkpeaTtoreHesy 6inok
c-Kit 6epe yyacTb y npoueci andepeHuiavii B-kniT1H i3 NaHKpeaTUYHUX NPOTEHITOPHUX KIITUH, @ TaKOX KOHTPOSOE NodanbLuy mirpauiio
Ta iHBa3il0 EHAOKPVHOLMTIB 3 YTBOPEHHAM HOBMX OCTPIBLIB NiALUMYHKOBOI 3anoan. AKTVBaLis peLenTopHUX MexaHi3MiB, onocepeakoBa-
Hux c-Kit, 3anyckae BHYTPILUHbOKNITUHHI MOMEKYNAPHI CUrHAsbHI WASXKM, WO CTUMYIIOTL Nponidepadito Ta andepeHuiaio B-kniTuH,
CMPUYMNHSAOYN 36iNbLUEHHS MYy EHAOKPUHOLMTIB Y NiALLMYHKOBIM 3an103i Ta NiABULLEHHS iXHBOT (OYHKLIOHANBHOT aKTUBHOCTI.
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OpueiHaribHi 0oCidxeHHs!

MeTa po60oTu — BU3HAUNTU KiNbKiCHI 3akoHOMIpHOCTI po3noginy Ginka c-Kit i3 BUCOKMM i HU3bKMM piBHEM eKcrpecii B eHAOKpUHOLMTaX Ta
€K30KpUHOLMTaxX MiALLITYHKOBOT 3aM03u Npy CTPENnTO30TOLMHOBOMY LiyKPOBOMY JiabeTi B LiypiB.

Martepianu i MmeTogu. JocnimkeHHs 3aincHeHo Ha 20 6inux wypax ninii Wistar, akux noginunu Ha 2 rpynu no 10 TBapuH y KOXHIN. Teapu-
HU 1 rpynu cdopmyBanm KOHTPOIbHY (iHTakTHY) rpyny. [Ins MoaentoBaHHS ekcrieprMeHTanbHOro LyKpoBoro Aiabety TBapuHam 2 rpynu
BHYTPILUHLOOYEPEBMHHO BBOAMMM CTpenTo3oToumnH (Sigma-Chemical, CLUA) y gosi 50 mr/kr, posunHenumin y 0,5 mn 0,2 M uutpaTtHoro
6ycbepa 3 pH = 4,5.

Pesynbratu. [JocnimkeHHs imyHopeakTMBHOCTI A0 Ginka c-Kit B iHTaKkTHMX i AiabeTUYHMX TBAPWH 4ano 3MOTY BUSIBUTU KIITUHHI NaTEPHW i 3
BUCOKMM, i 3 HU3bKIM piBHEM eKCNpecii cepes eHAOKPMHOLMTIB OCTPIBLIB NiALLNYHKOBOI 3aM03M Ta B EK30KPUHHIN YacTuHi opraHa. Cepen
€HIOKPUHOLMTIB iHTAKTHMX LLYPIB NepeBaxany KMiTUHW 3 BUCOKUM piBHEM ekcnpecii 6inka c-Kit, @ B eK30KpWHHI YaCTWHi NigLwnyHKOBOI
3an1031 JOMiHYBanm KniTUHW 3 HU3bKUM piBHEM ekcrpecii. Po3BuTok giabeTy 3ymoBnioBaB 3HayHe 3binbLueHHs KinbkocTi c-Kit-imyHono-
3UTUBHUX O-KIITWH i3 HU3bKMM piBHEM ekcnpecii binka (y 3,6 pasa, p < 0,001), a Takox ek3okpuHouuTie (Ha 38 %, p < 0,001). BogHouac
pO3BUTOK AiabeTy He CnpUYMHAB 3MiH KOHLEHTpaLi Ginka c-Kit y BCix kniTuHax nigLumyHKOBOT 3an03u 3 HU3bKUM PIBHEM 1 OTO EKCMPECil.

BucHoBku. c-Kit-iMyHONO3UTWBHI KNITUHW NiALLNYHKOBOI 3251031 (hOPMYIOTb ABa TUMMW KNITUHHUX NaTePHIB — i3 BUCOKWUM i HU3bKUM piBHEM
ekcnpecii 6inka c-Kit. B iHTaKTHUX TBapWH cepes EHOOKPUHOLMTIB NepeBaXanu KniTMHM 3 BUCOKUM PiBHEM ekcnpecii Ginka c-Kit, a B ek-
30KPVHHIN YaCTUHI MiALLTYHKOBOI 3ar03u — KIITUHW 3 HU3bKUM piBHEM ekcnpecii. Anbda-eHAOKPUHOLMTY iHTaKTHUX LypiB Manu Ha 30 %
BULLMI piBeHb exkcnpecii 6inka c-Kit (p < 0,001) nopiBHSHO 3 B-KNiTUHaMW i ek30KpUHOLMTaMK. Po3BUTOK AiabeTy Y LLypiB CynpoOBOLKYBaBCS
3HAYHUM 30iNbLUEHHAM KiNbKOCTi C-Kit-iMyHONO3UTMBHMX B-KNITUH i3 BUCOKMM PiBHEM eKcrpecii Gifnka, a Takox 306inbWEHHSM KiflbKOCTi
O-KIITUH Ta EK30KPUHOLMTIB | 3 BUCOKWM, | 3 HU3bKIM piBHEM ekcnpecii 6inka c-Kit. Y natepHi B-kniTuH i3 BUCOKVUM piBHEM eKkCrpecii npu
[LiabeTi BU3HayeHo 36inbLueHHst koHueHTpauii 6inka c-Kit (Ha 17 %, p < 0,001) NOpPiBHSHO 3 iIHTAKTHUMW EHAOKPUHOLMTAMMU, @ B O-KITiTUHAX

Ta eK30KpMHOLMTaX KOHLEeHTpaLia 6inka s3HauHo 3meHLyBanacs (Ha 44 % i 30 % BianosigHo).

KntoyoBi crioBa: migLunyHKkoBa 3ano03a, LyKpoBuii LiabeT, reHu, iHCyniH, rntokaroH, c-Kit, aBToMaTu3oBaHuin NigpaxyHoK KMiTvH.
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The c-Kit protein, also known as CD117, is a membrane
receptor tyrosine kinase, and plays an important role in var-
ious cellular processes including cell proliferation, survival
and differentiation. In particular, at the embryonic stage of
pancreatogenesis, c-Kit protein participates in the process
of beta-cell differentiation from pancreatic progenitor cells,
and controls the subsequent migration and invasion of endo-
crinocytes with the formation of new pancreatic islets [1,2].
Activation of c-Kit-mediated receptor mechanisms triggers
intracellular molecular signalling pathways, that promote be-
ta-cell proliferation and differentiation, leading to an increase
in the pool of endocrinocytes in the pancreas and enhancing
their functional activity [3,4]. In beta-cells, c-Kit protein
can also activate signalling molecules that regulate insulin
release from beta-cells and thus influence the mechanisms
of glucose-stimulated insulin exocytosis [2,4]. It has been
shown that impaired function or expression of c-Kit protein
in endocrinocytes can lead to a decrease in the number of
functioning beta cells, impaired glucose tolerance and insulin
secretion capacity [2,4,5], which, in turn, contributes to an
increased risk of developing type 2 diabetes mellitus.

Aim

To identify quantitative distribution patterns of c-Kit protein
with high and low expression levels in endocrinocytes and
pancreatic exocrinocytes in rats’ streptozotocin-induced
diabetes.

Materials and methods

The study was conducted on 20 white Wistar rats, which were
divided into 2 groups of 10 animals each. Animals of group 1
were included in the control (intact) group. To model exper-
imental diabetes mellitus, animals of group 2 were injected
intraperitoneally with streptozotocin (Sigma-Chemical, USA)

at a dose of 50 mg/kg dissolved in 0.5 ml of 0.2 M citrate
buffer pH = 4.5. Animals of group 2 were monitored weekly
for blood glucose levels for 4 weeks after streptozotocin
administration using a GlucoCard-1II glucometer (Japan) and
animals with fasting glucose levels of more than 10.0 mmol/I
were selected for further study.

After the animals were withdrawn from the experiment
under thiopental anaesthesia (50 mg/kg), the pancreas was
harvested, fixed in Buena solution (20 hours) and, after
standard histological processing, embedded in paraplast
(MkCormick, USA). Serial histological sections of the
pancreas (5 um thick) were deparaffinised and demasked in
citrate buffered saline (pH = 9.0) in a PT module (Thermo
Scientific, USA). Insulin, glucagon, and c-kit protein were
detected by immunofluorescence using antibodies from Santa
Cruz Biotecnology (USA). To do this, a mixture of antibodies
to insulin or glucagon conjugated to AlexaFluor-546 and,
respectively, to c-Kit conjugated to FITC was prepared at a
dilution of 1:200, followed by incubation in a humid chamber
(T = +4 °C, 24 hours). The sections, washed in phosphate
buffer (pH = 7.4), were fixed in UltraCruz™ Mounting
Medium in a mixture of phosphate buffer and glycerol with
DAPI (Santa Cruz Biotechnology, USA) and covered with
glass slides (Menzel-Glaser, Germany). The specificity of
antibody binding was controlled in the same way, except for
incubation with primary antibodies.

The immunofluorescence reaction was studied using an
Axiolmager-M2 fluorescence microscope (Carl Zeiss, Ger-
many), equipped with an AxioCam-SHRm camera (Carl
Zeiss, Germany), using 38NE and 43NE high emission
filters (Carl Zeiss, Germany). For fluorescence imaging, the
digital image analysis system AxioVision-4.8.2 (Carl Zeiss,
Germany) was used according to the method [6]. The digital
image analysis system ImagelJ version 2.1.0 / 1.53c (public
open license) was used for image analysis.
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Table 1. Distribution of endocrinocytes in pancreatic islets

Relative number of endocrinocytes in islets (%) Hormone concentration in endocrinocytes (IFU/mcm?)

‘ Intact ‘ 78.801 + 1.052

‘ 21.198 + 1.052

‘ 2.025 +0.031 ‘ 1.514 £ 0.046 ‘

‘ Diabetes ‘ 37.274 +1.795*

‘ 62.977 +1.787*

‘ 1.645 £ 0.061* ‘2.17210.102* ‘

*: reliability of differences p < 0.001.

-

-

Fig. 1. Immunoreactivity with high (green fluorescence) and low (blue fluorescence) expression levels of c-Kit protein in pancreatic islets stained (red

fluorescence) for insulin (A) and glucagon (B).

For each pancreatic islet, the area of the material immunore-
active to the studied biomarkers was measured automatically.
For insulin and glucagon, the area of immunoreactive material
was calculated in relation to the total area of the islet and this
parameter was further considered an indicator of the relative
number of beta- and alpha-endocrinocytes in the pancreatic
islet (%). For the c-Kit protein, the area of immunoreactive
material in the pancreatic islets was calculated in relation to
the area of immunoreactive material to insulin or glucagon,
respectively, and this parameter was considered an indicator
of the relative number of c-Kit-expressing beta or alpha cells
(%).The area of the material immunoreactive to c-Kit protein
in the exocrine part of the pancreas was calculated in relation
to its area and was subsequently considered an indicator of
the relative number of c-Kit-expressing exocrinocytes (%).
We understood, that this cell pool includes not only acinar
exocrinocytes, but also ductal epithelial cells. The concen-
tration of insulin, glucagon, and c-Kit in pancreatic cells was
measured in relative immunofluorescence units (IFU/mem?)
relative to nonspecific background fluorescence [6]. At least
5 cm? of the total area of pancreatic sections of each animal
was examined. At least 100 pancreatic islets were analysed
for each marker.

Obtained results were statistically processed in Excel
Office365. Differences between the compared parameters at
p <0.05 by Student’s t-test were considered significant. The
data in the tables are presented in the form of the mean value
and its error (M + m). The data in the figures are presented
as mean and confidence interval.

Results

The development of streptozotocin diabetes in rats
led to a regular development of hyperglycaemia up to
17.69 £ 1.10 mmol/l against 3.94 + 0.09 mmol/l in intact
animals. In pancreatic islets in diabetes there was a 53 %
(p <0.001) decrease in the number of beta-cells and, on the
contrary, an almost 3-fold increase in the number of alpha-en-
docrinocytes (Table 1). At the same time, the concentration
of insulin in beta-cells decreased by about 20 % (p < 0.001),
and glucagon in alpha-cells increased by more than 40 %
(p<0.001).

The study of immunoreactivity to c-Kit protein in intact
rats and in diabetic animals showed the presence of patterns
with high and low expression levels both in endocrinocytes
of pancreatic islets and in the exocrine part of the pancreas
(Fig. 1). Among endocrinocytes of intact rats, cells with a
high level of c-Kit protein expression prevailed, and in the
exocrine part of the pancreas — cells with a low level of protein
expression (Fig. 2).

It was found that in intact rats in the pattern with a high level
of c¢-Kit expression the protein concentration in beta-cells
and exocrinocytes was approximately the same (p > 0.05),
whereas in alpha-cells this index was 30 % higher (p <0.001).

The formation of diabetes in rats was accompanied by a
significant increase in the number of c-Kit-immunopositive
cells with a high level of protein expression in the pancreas
(Fig. 24). At the same time, c-Kit protein concentration
moderately increased (by 17 %, p < 0.001) exclusively in
pancreatic beta-endocrinocytes, whereas c-Kit protein con-
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Table 2. Concentration of c-Kit protein in cells with high expression levels

Intact 2.335+0.042

3.577£0.177

2.518£0.110

Diabetes 2.727 £+ 0.040*

2.472 £ 0.069*

1.771 £ 0.053"

*: reliability of differences — p < 0.001.

Table 3. Concentration of c-Kit protein in pancreas with low expression levels

Intact 0.224 +0.062 0.505 £ 0.145 1.235+0.017
Diabetes 0.153 + 0.086 0.655 +0.093 1.221£0.011
2A 2B
% %
16 10

B-cells A-cells Exo

int DB

B-cells A-cells Exo

Fig. 2. Relative number of c-Kit-immunopositive beta (B-cells), alpha (A-cells) cells and exocrinocytes (Exo) with high (A) and low (B) levels of protein

expression.

centration decreased in alpha cells by 44 % (p < 0.01), and
in exocrinocytes by 30 % (p < 0.001) (Table 2).

The study of the distribution of immunoreactivity with a low
level of c-Kit protein expression showed, that in intact rats the
number of such c-Kit-immunopositive endocrinocytes was
significantly lower, than cells with a high level of c-Kit protein
expression (Fig. 2). At the same time, this pattern of beta-cells
was characterized by the lowest protein concentration, whereas
in alpha-cells this index was approximately 2 times higher, and
in exocrine cells of the pancreas even higher and more than 2
times higher than in alpha-endocrinocytes (7able 3).

The development of diabetes led to a significant increase
in the number of c-Kit-immunopositive alpha cells with a
low level of protein expression (3.6-fold, p <0.001), as well
as pancreatic exocrinocytes (by 38 %, p <0.001) (Fig. 2B).
At the same time, the formation of diabetes did not lead to
changes in c-Kit protein concentration in all pancreatic cells
with a low level of c-Kit protein expression (7able 3).

Discussion

The use of streptozotocin for modelling diabetes in rodents
was proposed by A. A. Like and A. A. Rossini in 1976 [7].
Until today this model remains the most common for experi-

mental studies. By the nature of hormonal and metabolic
changes streptozotocin-induced diabetes in rats is very similar
to type 1 diabetes in humans [8]. The data obtained in the
present study on the nature of endocrinocyte distribution in
pancreatic islets also correspond to the classical model of
type 1 diabetes and are consistent with both our own earlier
data [9,10] and the results of foreign researchers [11,12].
Accordingly, we assume that the results of changes in im-
munoreactivity to c-Kit protein in the pancreas also fully
correspond to the pathogenetic features of type 1 diabetes.
Previously, we conducted studies of immunoreactivity to
c-Kit protein in endocrinocytes of pancreatic islets and gave a
preliminary quantitative assessment of its distribution in beta-
[13]and alpha-cells [ 14]. At the same time, these studies did not
take into account the peculiarity of immunoreactive material
distribution taking into account the presence of two patterns
of immunoreactivity to c-Kit protein both in endocrinocytes of
different types and in exocrine cells of the pancreas: a pattern
with a high level of c-Kit protein expression and, accordingly,
its higher concentration in cells, and a pattern with an order of
magnitude lower (10 times lower) level of its expression. The
study of intact animals revealed the dominance of endocrino-
cytes with a high level of c-Kit protein expression: the number
of such c-Kit-immunopositive beta cells was 7 times higher
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than cells with a low level of expression, and the number of
similar patterns of c-Kit-immunopositive alpha cells differed
by 4 times. This fact seems to be important in view of scien-
tifically established c-Kit-mediated molecular mechanisms of
pancreatic islets cytoarchitectonics maintenance. It was shown
that the extracellular region of the membrane protein c-Kit is
a receptor for stem cell factor (SCF) and its binding to c-Kit
leads to the activation of physiological mechanisms of survival,
migration and proliferation of pancreatic endocrinocytes [2].
It was found out, that c-Kit protein expression in endocrine
cells increases the production of VEGF-A, which is the most
important regulator of pancreatic islets angiogenesis [ 15]. This
explains the important role of c-Kit protein in the remodelling
of pancreatic islets, ensuring the survival of beta cells and in
the regulation of islet function under normal physiological
conditions.

In contrast to islets, the exocrine part of the pancreas
was dominated by cells with a low level of c-Kit protein
expression, including both acinar exocrinocytes and ductal
epithelial cells. It is believed that c-Kit protein expression
is predominantly observed in ductal progenitor cells in the
exocrine part of the pancreas (progenitor endocrinocytes),
where c-Kit protein is a stimulator of islet neogenesis in the
embryonic and early postnatal period [2,16].

The development of diabetes led to qualitative and quan-
titative changes in c-Kit protein expression in the pancreas.
Thus, in pancreatic islets there was a 2-fold increase in the
number of c-Kit-immunopositive beta cells with a high level
of protein expression and a 4-fold increase in the number of
c-Kit-immunopositive alpha cells with both high and low lev-
els of c-Kit protein expression. Similar, but less quantitatively
expressed, changes in the nature of immunoreactivity to c-Kit
protein were also observed on the part of exocrine cells of the
pancreas in response to the development of diabetes. Thus,
the formation of streptozotocin-induced diabetes in rats was
accompanied by a significant increase in immunoreactivity
to protein c-Kit on the part of all cells of the pancreas.

Given the important role of c-Kit protein in the neogenesis
of pancreatic islets, we believe that a significant increase
in immunoreactivity to c-Kit may have a protective value
in diabetic beta-cell destruction. In turn, it was shown that
decreased expression of c-Kit protein in c-KitW-v mice with
a mutation in the c-kit gene leads to a significant decrease in
the levels of PDX1 protein and insulin, inhibits endocrinocyte
proliferation and increases their apoptosis [17]. We believe,
that increased expression of c-Kit protein in beta-cells in
diabetes may contribute to the activation of molecular mech-
anisms of endocrinocyte protection from apoptosis, which is
activated against the background of increased concentration
of proapoptotic protein p53, decreased concentration of an-
ti-apoptotic protein Bel2 in endocrinocytes [ 10,18] and a sig-
nificant deficit of beta-cell mass in the pancreas [9,10,11,12].
An important factor of pancreatic islets neogenesis in diabetes
is c-Kit-stimulated expression of molecular markers of prolif-
eration of homeobox proteins PDX-1 and Nk2 family [2,16].

It was shown that simultaneous increase of c-Kit and
PDX-1 expression in pancreatic islets in rats with streptozoto-

cin-induced diabetes can promote beta-cell regeneration [ 19].
At the same time, we previously analysed the activity of
genes associated with the development of streptozotocin-in-
duced diabetes by real-time reverse transcription polymerase
chain reaction using the RT1 ProfilerTM PCR Array Rat
Diabetes (QIAGEN) kit and found a significant increase in
the expression of the Nkx2.1 gene against the background
of inhibition of the expression of the proliferation regulator
Pdx1 and angiogenesis stimulator Vegfa [20]. Thus, the facts
presented in the present study indicate that the development
of experimental diabetes in rats leads to the formation of
dysregulatory pathology of c-Kit-mediated mechanisms of
beta-cell regeneration and does not affect the neogenesis of
alpha-endocrinocytes.

Conclusions

1. c-Kit-immunopositive cells of the pancreas form two
patterns of cells — with a high level of c-Kit protein expres-
sion, and with a low level of its expression. In intact animals,
endocrinocytes with a high level of c-Kit protein expression
predominate, and in the exocrine part of the pancreas — cells
with and a low level of protein expression.

2. Alpha-endocrinocytes of intact rats have a 30 % higher
(p < 0.001) c-Kit protein expression level compared to be-
ta-cells and exocrinocytes.

3. The development of diabetes in rats was accompanied by
a significant increase in the number of c-Kit-immunopositive
beta cells with a high level of protein expression, as well as
an increase in the number of alpha cells and exocrinocytes
with both high and low levels of c-Kit protein expression.

4. In the pattern of beta cells with a high level of protein
expression in diabetes, an increase in the concentration of the
c-Kit protein was observed (by 17 %, p<0.001) compared to
intact endocrinocytes, while in alpha cells and exocrinocytes
a similar pattern of the concentration of the c-Kit protein
was observed significantly decreased (by 44 % and 30 %,
respectively).
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CuHTe3 i AaocnigXeHHA aHTUTPUNAHOCOMHOI aKTUBHOCTI 5-ankin-
2-meTuUnigeHrigpa3oHo-4-tiazonigMHoOHIB 3 6-apunimigaso[2,1-b]
TiagiasonbHUM hparMeHTOM y MoneKynax

M. I. Nenox@APE | T. YabaH®BEF A, A. CaBuenko®CPE O. /1. Komapnua®BCE T, |. Yaban©ACF

[lepxaBHe HekomepLiiHe MiANpreMCTBO «J1bBIBCbKWIA HALOHANbHUI MeaUYHWIA yHiBepcuTeT iMeni [laHuna Manvuskoro», YkpaiHa

A — KOHLeNuis Ta au3aiiH gocnimkeHHs; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauis aaHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepKEHHSA CTaTTi

MeTa po6oTH — 34iiicCHUTM CMHTE3 5-arnkin3amileHux 2-rigpa3oHo-4-TiasoniguHoHIB 3 6-apunimiaaso[2,1-b][1,3,4]tiagiazonbHum pparmeH-
TOM y MOneKynax i 4oCniaAnT aHTUTPUNAHOCOMHY aKTUBHICTb CUHTE30BaHWX CMOMyK.

Matepianu i MmeTogu. 3aincHUNM opraHivyHMiA cMHTE3, cnekTpockonito AMP, eneMeHTHUIA aHani3, )apMaKooriYHNA CKPUHIHT.

Pesynbratn. 3pyyHuM Ta eheKkTUBHUM MeToZOoM (hOpMYBaHHS 4-Tia3omiaMHOHOBOMO LMKITY € peakuis [2+3]-umknokoHgeHcauii S,N-6i-
HYKNEeodinis i3 pisHMM exBiBaneHTamu fienekTpodinsHoro cuHToHy [C,1*. [loTpuMyto4nch HaBeAgHOT KOHLENLi, ofepxani psif LinboBix
5-ankinsamilleHunx 2-meTuniaeHrigpasmHo-4-TiasoniaMHoHy 3 6-apunimigaso[2,1-b][1,3,4]tiagiazonbHum hparMeHTOM y Monekynax 6a—e i
7a-b wnsaxom B3aemogii N'-(6-apunimigaso[2,1-b][1,3,4]tiagiazon-5-inmeTunigeH)tiocemikapbasoHi 5a—c 3 a-ranoreHkap6oHOBUMM (MO-
HOXIopaLeTaTHO, 2-6pomMonponioHaTHO, 2-6poMobyTaHOaTHOK) KMcroTamMu abo a-6poMO-y-6yTMPONAKTOHOM y CEPEAOBULLI aLeTaTHOT
KMCMOTU Ta 3a HAsiBHOCTI aueTaTy HaTpito. CTPYKTYpy CUHTE30BaHMX CNOMYK NiATBEPIKEHO ENEMEHTHUM aHani3oM i cnektpockonieto NMMP.

BucHoBkK. PesynbtaTt CKPUHIHTY aHTUTPUMNaHOCOMHOT aKTUBHOCTI in Vifro CUHTE30BaHWX CNONYK Ha WwTami Trypanosoma brucei gambiense
(TBG) panw amory ineHTUdiKyBaTH [Bi BUCOKOAKTUBHI CMIONYKM — 6C i 7b, ski 3i sHaueHHamn IC = 3,7 Ta 3,2 MkM BignosigHo manw cyT-
TEBUN TPUNAHOLMAHWIA eeKT.

KntoyoBi cnosa: 2-rigpasoHo-4-TiasonignHoHw, 6-apunimigaso[2,1-b][1,3,4]tiagiazonu, retepouyknisalis, CnekTpanbHi XapakTepucTuky,
AQHTUTPUNAHOCOMHA aKTUBHICTb.
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Synthesis and antitrypanosomal activity investigation of 5-alkyl-2-methylidenhydrazono-4-thiazolidinones
with a 6-arylimidazo[2,1-b]thiadiazole fragment in the molecules

M. I. Lelyukh, I. H. Chaban, A. A. Savchenko, O. Y. Komarytsya, T. I. Chaban

The aim of work: to synthesize 5-alkyl-substituted 2-hydrazono-4-thiazolidinones with a 6-arylimidazo[2,1-b][1,3,4]thiadiazole fragment in
the molecules and to study the antitrypanosomal activity of the synthesized compounds.

Materials and methods. Organic synthesis, NMR spectroscopy, elemental analysis, and pharmacological screening were performed.

Results. A convenient and effective method for the formation of a 4-thiazolidinone ring is the [2+3]-cyclocondensation reaction of S,N-
binucleophiles with different equivalents of the dielectrophilic synthon [C,J**. Following the above concept, we obtained a series of targeted
5-alkyl-substituted 2-methylidenehydrazino-4-thiazolidinones with a 6-arylimidazo[2,1-b][1,3,4]thiadiazole fragment in molecules 6a—-e
and 7a—b by the interaction of N'-(6-arylimidazo[2,1-b][1,3,4]thiadiazol-5-yImethylidene)-thiosemicarbazones 5a—c with a-halocarboxylic
(monochloroacetic, 2-bromopropionic, 2-bromobutanoic) acids or a-bromo-y-butyrolactone in acetic acid and the presence of sodium
acetate. The structure of the synthesized compounds was confirmed by elemental analysis and NMR spectroscopy.

Conclusions. The results of in vitro screening of antitrypanosomal activity against Trypanosoma brucei gambiense (TBG) allowed us to identify
two highly active compounds 6¢ and 7b, which exhibited essential trypanocidal effect with IC,; values of 3.7 uM and 3.2 pM, respectively.

Keywords: 2-hydrazono-4-thiazolidinones, 6-arylimidazo[2,1-b][1,3,4]thiadiazoles, heterocyclization reaction, spectral data, antitrypanosomal
activity.

Current issues in pharmacy and medicine: science and practice. 2025;18(3):284-290
ARTICLE UDC 547.789'39;792:615.279.015.11
INFO DOI: 10.14739/2409-2932.2025.3.339291
Current issues in pharmacy and medicine: science and practice. 2025;18(3):284-290

Keywords: 2-hydrazono-4-thiazolidinones, 6-arylimidazo[2,1-b][1,3,4]thiadiazoles, heterocyclization reaction, spectral data,
antitrypanosomal activity.

Received: 28.07.2025 // Revised: 17.09.2025 // Accepted: 23.09.2025

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license

284 Current issues in pharmacy and medicine: science and practice. Volume 18. No. 3, September — December 2025 ISSN 2306-8094


https://doi.org/10.14739/2409-2932.2025.3.339291
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-8123-0988
https://orcid.org/0000-0002-5146-5655
https://orcid.org/0000-0001-5809-8686
https://orcid.org/0009-0002-9185-1304
https://orcid.org/0000-0003-0618-275X

OpueiHaribHi 0oCidxeHHs!

OpmHUM 13 MePCHIEeKTUBHUX HAIPSIMIB TOCTIHKEHHS 4-Tia-
30JIIMHOHIB € TIOIIYK MOTSHIIHHUX MPOTHIIApa3HuTapHUX
[1,2], 3oxpema anTuTpHmanocoMHux [3,4,5], areHTiB.
BcranosineHo, 1mo S-apuiijieH-4-Tia30iIUHOHH MarOTh
iHTi0yBaEHAUN eeKT momno Trypanosoma brucei — momixon-
¢docdarazmannoszcunterazu (DPMS) [6], a BUCOKoaKTHBHI
4-Tia301i IMHOHT1APa30HN BH3HAYAIOTH SIK 010130CTEpH apriT-
izeHTioceMikapOa3oHiB, 1110 HaJEXaTh JI0 BIJIOMOIO Kiacy
AHTHTPOTO30MHUX areHTiB [7,8]. 3 iHmoro OOKy, HayKOBHI
iHTepec y raixy3i MeAMYHOT XiMii BHKJIMKAE OiNMKIIIYHA
cHcTeMa, YTBOpPEHA Tiamia30JIbHAM IIHKIIOM, KU aHelbo-
BaHUi 3 imMimazonbHUM, — iMina3o[2,1-b][1,3,4]riagiazon.
Bcranosneno, mo moxinHi iminaso[2,1-b][1,3,4]riagiazony
MaloTh NIMPOKHUHI CHIEKTP O10OTYHOT aKTUBHOCTI, 30KpeMa
npoturryxiuHHoi [9,10], mpotutybepkymnbo3noi [11,12],
anTuMikpoOHoi [13,14], nporurpudkosoi [15] Ta nporuza-
nanbHoi [16].

Tomy crpsiMOBaHMI MOLIYK HOBUX aHTUTPHIIAHOCOMHHUX
3ac00iB cepel HEKOHICHCOBAHUX CUCTEM i3 Tia30JIiIHHOBUM
1 (hapMaKoJIOTi9HO IepCIIeKTUBHUM iminazo[2,1-b][1,3,4]ria-
J11a30JIbHAM ()parMeHTOM € aKTyaJbHHM Ta OOTPyHTOBAHHM.

Meta po6otu

3MifiCHUTH CUHTE3 HOBHUX S5-alKiI3aMilICeHUX 2-TiIpa-
30H0-4-Tia30JiAMHOHIB 3 6-apwmiimigaszo[2,1-b][1,3,4]
Tia/ia30JbHUM (PparMeHTOM y MOJIEKyNax i JOCHIINTH aH-
TUTPUIIAHOCOMHY aKTUBHICTh CHHTE30BaHHX CIIOJYK.

Marepianu i MeTogu pocnimpkeHHA

CuHTeTHYHA YacTHHA POOOTH MoJsirana y BUKOPUCTAaHHI
6-apunminazo[2,1-b][1,3,4]riagia3omniB, omepxkaHUX 3a
BiZIoMOI0 MeTonukoro [17], B peakuisax (GpopMisitoBaHHS Ta
rereporukiizanii. CHHTCTHYHI JTOCIIPKESHHS 3/TiHCHIIIH,
3acToCcyBaBIIN peakTHBH KommaHid Merck (Japmmranr,
Himeuunna) i Sigma-Aldrich (Miccypi, CIIA). Criektpu
[IMP 3nsT0 Ha pumazi Varian Gemini 400, BUKOpUCTaTH
DMSO-d, sx posunnnuk i terpamermwicunan (TMC) sk
BHYTPIIIHIN cTanmapt. Temmeparypyu IUTaBIeHHS BHU3HA-
Yaiu Ha nossipusaniiiHomy Mikpockoni NAGEMA-KS,
0 CTIOPSKEHUI HarpiBalbHUM CTONUKOM Boetius, 3a
JormoMororo 1udposoro repmomerpa Ama-digit ad 14th
npu mBUAKocTi HarpiBaHHS 4 °C/xB. [laHi eneMEeHTHOTO
aHaii3y Ha BMmicT Hitporeny Ta Cynbdypy BiANOBiZaloTh
obpaxoBaruM (+0,3 %).

AHTUTPUIIAHOCOMHY aKTUBHICTB CIIOJTYK BUBYEHO B J1abO-
paropii UMR7245 CNRS «Molecule de Communication et
Adapatation des Microorganismes» HartioHabHOTO My3¢t0
icTopii mpupoau iz KepiBHUITBOM potecopa Dimina ['pe-
nwe (Philippe Grellier). In vitro nocimkeHHs 3MIHCHIINA HA
wrami Trypanosoma brucei gambiense (TBG) 1 nomsranu
y BU3Ha4YeHHI iHribyBanbHoi konuentpauii IC,; cnonyk na
mramax TBG [18]. ExciepuMeHT BUKOHAHO Ha 96-TyHKOBUX
MIKpOIUIACTHHAX 13 KYJIbTypalibHUM cepenouiiem HMIO i
[ITaMOM Tapa3uta B KoHreHTparii 107 xmitus/Mi npu il
JOCJTIJIKYBAaHUX CHONYK y (IKCOBAaHUX KOHIIEHTPAIIIX —
50 mkr/mi, 10 Mxr/mia ta 1 MKD/MiL.

SIK HeraTMBHMI KOHTPOJb B35ITO JIYHKH 3 PO3UMHOM
JAMCO, cepenoBuIeM i KIITHHAMHA TTapa3uTiB. Sk mpema-
paTtH opiBHAHHS BUKOPHUCTAHO IEHTaMiMH 1 Hi)ypTHMOKC.
[Inactuam inkyOysamu npu 37 °C B armMocdepi 5 % CO,
TIPOTATOM 24 TO7 i3 HACTYITHMM JoAaBaHHsM 20 MKJI OapBHH-
xa Alamar Blue. Ilicnst 4-roquHHOTO iHKYOYBaHHS BEMIpIO-
Banu (hiryopectuentiro Ha npuiani Microplate fluorescence
reader FL600. BincoTku pocTy mapas3wTiB BH3HAYCHO 3a
piBaeM (yopecuenuii 6apsruka Alamar Blue, a IC, — 3a
JI0303aJI€KHOI0 KPUBOIO BIJICOTKOBOTO POCTY Tapa3HTiB BiJ
KOHIICHTPAIIi{ CTIONTyK.

Pesynbratu

[IInaxoM B3aeMozil BUXiZHOIO 2-aMiHo-5-eTmi-1,3,4-tia-
niazony 1 (puc. 1) 3 a-6pomoarieropeHoHoM abo HOro
napa-3aMillieHUMH MOX1IHUMH 3 ONITUMaJIbHUMHU BUXOJIAMH
OZIEPIKAaHO BITOBIIHI 2-eTHiI3aMillieH] 6-aputimMina3o[2,1-b]
[1,3,4]Tiamiazonu 3a—c.

dopminmoBaHHs crioiyk 3a—¢ B yMOBax peakiii Biibc-
Maepa—Xaaka J1ajio 3MOTY OJCpKaTH BIAMOBIAHI 6-apwiI-
iminaszo[2,1-b]rianiazon-5-xapbanpaerinum 4a—c. Hanaini
KOHJIeHCalLlis 6-apuitiminaso[2,1-b]rianiazon-5-kapoasbie-
riniB 4a—c¢ i3 TioceMikapOa3UIOM y CEPEIOBHII arleTaTHOI
KHCIIOTH TPHU3BOJMTH 0 YTBOPEHHS Bimmomimaux N'-(6-
apuiiminaso[2,1-b][1,3,4]riagiazon-5-iIMeTHIIIICH ) TiOCe-
MiKapOa30HH 5a—¢ SIK IPOMDKHUX PEareHTIB JUIsl HACTYITHUX
CHHTETHYHUX JIOCIII/IKEHb.

Hanani moxmdikanis 6-apuniminaso[2,1-b][1,3,4]riaxnia-
3oa3aminieHux N'-MeTuiaigeHtiocemikap6a3oHiB 5a—c
[UISIXOM B3a€MOJIIi 3 0-raJIOreHKapOOHOBUMH (MOHOXJIOPA-
LIETATHOIO, 2-OPOMOIPOITIOHATHOKO, 2-0pOMOOYTaHOATHOO)
KHCJIOTAMH B CEPE/IOBHIII allETaTHOT KMCIIOTH 1 32 HasIBHOCTI
aIreTary HaTpiro (puc. 2) aaa 3MOTy OJICPIKaTH PSiT IITbOBHX
S-aJKin3amilieHuX 2-MeTHTIACHT 1 Jpa3nHO-4-Tia30/1i IMHOHY
3 6-deniniminazo2,1-H][1,3,4]riagiazombHUM pparMeHTOM y
Mojekyiax 6a—f. Hatomicts B3aemotist crionyk 5a—b 3 a-0po-
MO-Y-OyTHPOJIaKTOHOM 32 aHAJIOTTYHUX YMOB TPH3BOANTH
JI0 yTBOpeHHs 5-(B-auerokcieTwin)-2-(6-apuiiMinazo[2,1-b]
[1,3,4]riania3om-5-mMeTrIiieH )riapa3oHo-4-Tia30JIi IMHOHIB
Ta-b.

AHTUTPUIIAHOCOMHY aKTHBHICTB 171t 11 CHHTE30BaHUX
crionyk (5a—c, 6a—f i 7a—b) BuBueHo Ha mramax Trypanosoma
brucei gambiense (TBG). Y pe3ynbrari JOCIIKSHHS BCTa-
HOBJICHO BiJICOTKH iHIiOyBaHHSI pOCTY Mapa3uTIB 3a PiBHEM
¢nyopecuenuii Alamar Blue NOPiBHSIHO 3 KOHTPOJIEM IS
TECTOBAHUX CIIONYK Y KOXKHIH 13 KOHIIEHTpAIIiH, 0 JOCIi-
o (50 mxr/mt, 10 Mxr/mit ta 1 Mxr/min). st crionyk, mio
XapaKTepU3yBATKCsI 3HAYHOK TPUITAHOLIMTHOO AKTHBHICTHO
y kouneHTparii 10 Mxr/mi (>40-50 % iHTiOyBaHHS POCTY),
obuncmopany 3Hadenns IC | (mabn. 1) 3a 10303a5€KHOI0
KPHBOIO BIJICOTKOBOTO POCTY Iapas3wTIB BiJi KOHIIEHTPALil
JOCITI/IKYBaHHX CITOJYK.

Sk pecepenTHI npenapary 0OpaHO IEHTaMiINH 1 HiQypTH-
MOKC, SIKMU KJTIHI9HO 3aCTOCOBYIOTh y KOMOIHAIIIT 3 erop-
HITHHOM JUTSl JIIKYBaHHS apUKAHCHKOTO TPUIIAHOCOMO3Y
sonuuu [19].
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Puc. 1. ®opmintoBaHHs 2-eTunaamilleHux 6-apunimigaso[2,1-b][1,3,4]tiagiasonis Ta HacTynHa KOHAEHCALS yTBOPEHUX kapbanbaerigis i3 Tiocemi-
kap6asugom.

2
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AcONa AcOH, A

5ac

=H, R2 = H (6a), CH, (6b), C,H; (6c);

=Br, R? = CH, (6d), C,H; (6e);
)\ R1 NO,, R2 = C,H, (6f).
Br AcONa

N
AcOH, A R2=CH,CO N
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R' = H (7a), Br (7). 7ab

Puc. 2. Mopudikauia N'-(6-apuniminaso[2,1-b][1,3,4]tiagiason-5-inMeTunineH)-TiocemikapbasoHiB y peakuii 3 a-ranoreHkapGoHOBMMU KUCTIOTaMm
abo a-6pomo-y-ByTMponakToHOM.

Tab6nuus 1. AHTUTPUNaHOCOMHa aKTUBHICTb CUHTE30BaHUX S-ankinaamilleHnx 2-rigpasoHo-4-Tia3oniauMHOHIB Ha WTami Trypanosoma brucei gambiense

5a H - 0,2 20,9 0,6
5b Br - >10 - >24,4 -

5c NO, - >10 - >26,6 -

6a H H 6,7 08 18,0 23
6b H CH, >10 - >26 _

6c H C,H, 15 0,1 37 0,1
6d Br CH, 44 0,6 9,5 1,3
6e Br C,H, 6,6 0,7 13,8 14
6f NO, C,H, >10 - >22,5 -

7a H CH,COOCH,CH, 54 0,9 1,8 2,0
7b Br CH,COOCH,CH, 1,7 0,1 32 0,1
Pent - - - - 0,0015 0,0007
Nif - - - - 4,6 0,725

Pent: neHtamiguy; Nif: HidbypTmoke.
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OpueiHaribHi 0oCidxeHHs!

O6roBopeHHs

CTpyKTypy CHHTE30BaHHX CIIOJIYK ITiITBEP/PKEHO CIIEKTPAMH
[TIMP, xapakTepuCTHKH SIKMX HaBE/ICHO B €KCIIEPUMEHTAIIbHIH
gactuHi. Y cnekrpax [IMP 6-denimiminaszo[2,1-5][1,3,4]
TiaTia307iB 3a—¢ XapaKTepHOIO € HAsSIBHICTh CHHIJICTY B JTiara-
30Hi 8,62—8,83 M. 4., SIKHi1 BiMOBIa€ TIPOTOHY B ITOJIOKCHH1
5 imigazo[2,1-b][1,3,4]Tiagia3omy, 110 pa3oM i3 BiICYTHICTIO
curHajis NH -rpynu BUXigHHX aMiHOTIOXiIHHX JOCTOBIPHO
T TBEPIKY€E TPOXOKEHHS PeaKLil UKITI3aLlii Ta yTBOPEHHS
LUTEOBHX CIIOIYK.

OCoONHMBICTIO CHEKTPaNIbHOT KapTUHH ISl S-(hopMmisTo-
X1THUX 4a—c, M0 Ja€ 3MOTY JOCTOBIPHO TPAaKTYyBaTH
YCIIITHE TPOXOMKEHHSI Peakilii pOpMiTIOBaHHS, € BiICYT-
Hicts curnany C5-H npoToHy Ta HasBHICTH CHHIVIETY HIPH
9,96-10,04 M. 4., mo Binnosigae anpaeriaHiii rpyni —CHO.

[TpoToHM METHIICHOBOI IPyNHU B HOJOKEHHI 5 Tiazomiau-
HOBOTO IIUKITY y criekTpax [IMP 5-He3amireHoro moxiaHoro
6a yTBOPIOIOTH CHHIIET ITpH O ~3,91 M. 4. MeTwmibHa rpyma
y crekrpax [IMP 5-merun-2-rigpa3oHoTia3omiauH-4-0HiB
6b Ta 6d yTBOprOE TPUIIPOTOHHMI TYOJET y Iiarna3oHi o
~1,53-1,54 M. 4., HATOMICTh €THIIBHIH TPYIIi B TTOJIOKEHH] 5
Tia30JTiJMHOBOTO MUK y criekrpax [IMP cromyxk 6¢ ta Se
BIATIOBIIa€ TPUNPOTOHHUHN TpuILIeT mpH & ~0,97-0,99 M. 1.
1 IBa MyJIBTHIUICTH B Jiana3oHi 6 ~1,77-2,06 m. 4.

Etunena rpyna B monosxeHHi 2 imigaso[2,1-b]riagia3ons-
Horo NUKJIy Ha cekrpax [IMP cuHTe30BaHNX criomyk 6a—f
1 7a-b xapakrepusyerbces TpumieToM npu O ~1,38—1,40 M. 4.
(CH,CH,) ta xBapretoM B obnacti 6 ~3,13-3,15 m. u.
(CH,CH,).

B-AnerokcieTrnpHui pparmenT Ha criekTpi [IMP cnomyk
7a i 7b pe3oHy€ TPUIPOTOHHUM CHHIIIETOM Tipu & ~2,01—
2,02 m. 4., yTBOpeHOTO nMpoToHaMu aneTuibHoi rpymi CH,CO,
Ta YOTUPHOMA MYJILTHILIETAMH 3 IHTErPaJbHOK IHTCHCHUBHIC-
TIO B OZIWH TIPOTOH ISt KOYKHOTO B miarra3oHi 2,10-2,39 m. .
(OCH,CH,) Ta 6 ~4,11-4,28 m. u. (OCH,CH,).

VY pesynbrari BUBYEHHSI aHTHTPUIIAHOCOMHOI aKTHB-
HOCTI BCTAHOBJICHO, 110 2-METHJIIICHT1Ipa30H0-4-Tia30-
TMiaUHOHU 3 6-(eninmimigaso[2,1-b][1,3,4]tiagiazonbHUM
(bparMeHTOM y MOJIEKYJIax i S-aJKiIIMOXiIHI MafOTh XOPOIITY
QHTUTPHUIIAHOCOMHY aKTHBHICTH 13 Jlialla30HOM 3HAYCHb
IC,, = 3,2 + 13,8 MkM, kpim crioiyx 6b i 6f, 1o B3arani He
MaJ iHTi0yBaIBHOTO BILMBY Ha picT mapasuris (IC, >22,5~
26,0 MkM). 3a3Ha9MMO, 10 HalKpaIly aHTUTPHUIIAHOCOMHY
AKTHBHICTb MaJTU 5-€THII-2-METHITIACHTipa30H0-4-Tia30i-
nunHoH 6¢ (IC, = 3,7 MkM) i 5-(B-auertokcieTri)zamitenui
anasor 7b (IC,, = 3,2 MxM), i neli NOKa3HUK 3iCTABHUH 3
OnHUM i3 pedepenc-tipenaparis — Hidpyprumorcom (IC, =4,6
MKM). BimoBinHO, BpaxOByHOYH HEBUCOKY aKTHUBHICTH (5a,
IC,,=20,9 MmxM) abo ii noeHny BincyTHicTh (Sb,¢, IC, >24,4—
26,6 MkM) y mpomikaux N'-(6-apumimigaso[2,1-b][1,3,4]
Tiaaiazon-S-1IMeTHIIiAeH ) TioceMikapOa3oHiB, 3AIHCHIIN
XIMIYHY MOMU}IKAIlI0 3 YTBOPEHHIM 4-Tia30IiJHOBOTO
LIUKJTY, IO € TIEPCIIEKTUBHOIO Ta AOULIBEHOIO.

ExcnepnvenTanbna xiviuna yacruna. Criekrpu [IMP Bumi-
psno Ha iputai Varian VXR-400, posunnnuk — DMSO-d,,
CTaH/apT — TeTpaMeTHIICHIaH. EnemMeHTHMI aHai3 Ha BMiCT
a30Ty Ta CIpKH BilNOBiatoTh oOpaxoBaHomy (0,3 %).

3arajqbHa MeTOAMKA CHHTe3Y 2-eTHJI3aMillleHHX 6-apuii-
iminazo[2,1-b][1,3,4] Tiaxiazouis (3a—c). Cyminr ekBIMOISIPHUAX
KiTpKOCTEH 2-amiHO-5-eTmii-1,3,4-Tiamiazomy 1 Ta Bimmo-
BifHOTO 0-OpomoarieTodenony (mo 0,02 MONb) KU ATATh Y
100 M1 eTaHOITy 1111 3BOPOTHUM XOJIOAMIEHUKOM TIPOTSTOM
8 ronr. HagmmIimok po34MHHKKA BIATQHAIOTH TP 3HIKEHOMY
THCKY, a 0CaJl TiIpoOpoMiTy BiiTETPOBYIOTE, CYCIICHYIOTh
Y BOZI Ta JONAIOTH BOIHHUI PO3YHMH HATPIFO TiaApoKapOOHaTy
JI0 BUJIJICHHSI BUILHOT OCHOBHU. YTBOPEHHH OcaJl POIYKTY
peaktii BinUIETpOBYIOTE, TPUYi IPOMHBAIOTH BOIOIO, BUCY-
UIYFOTh 1 IEPEKPUCTANTI30BYIOTh 3 €TAHOJTY 200 aI[CTOHITPHUITY.
2-Emun-6-¢peninimioaso[2,1-b][1,3,4]miadiazon (3a).
Buxin 75 %. T. mn. 143-144 °C. SIMP 'H, d, m. u.: 1,341
(3H,J=7.5Hz,CH,CH,), 3,07xB (2H,/=7.5 Hz, CH,CH,),
7,28t (1H, J=7.3 Hz, apom), 7,411 (2H, J = 7.3 Hz, apom),
7,871 (2H, J = 7.2 Hz, apom), 8,62¢ (1H, 5-H). 3naiineHo,
%: N - 1848, S - 14.21. C ,H, N,S. O6paxosano, %o: N —
18.32,S—13.98.
2-Emun-6-(4-6pomochenin)imioasof2,1-b][1,3,4]rianiazon
(3b). Buxix 77 %. T. . 228-229 °C. SIMP 'H, 6, m. 4.:
1,35t (3H, J = 7.5 Hz, CH,CH,), 3,11k (2H, J = 7.5 Hz,
CH CH,), 7,67n (2H, J = 8.6 Hz, apom), 7,911 (2H, J = 8.6
Hz, apom), 8,68c (1H, 5-H). 3naiineno, %: N — 13.89, S —
10.67. C H, BrN,S. O6paxopaHo, %: N —13.63, S — 10.40.
2-Emun-6-(4-nimpocgpenin)imioaso[2,1-b][1,3,4]miadia-
3on (3¢). Buxing 80 %. T. 1. 193-194 °C. SIMP 'H, 6, m. u.:
1,35t 3H, J = 7.5 Hz, CH,CH,), 3,08xs (2H, J = 7.5 Hz,
CH,CH,), 8,07x (2H, J = 8.9 Hz, apom), 8,241 (2H, J = 8.9
Hz, apom), 8,83c (1H, 5-H). 3naiineno, %: N — 20.70, S —
11.95. C H N,O,S. O6paxosano, %: N —20.43, S — 11.69.
3arajqbHa MeTOAMKA CHHTe3y 2-eTHJI3aMilleHHX 6-apuii-
iminaso[2,1-b][1,3,4] Tianiazon-5-kapbanbaerinis (4a—c). Pea-
reHT Bitbemaepa—Xaaka oTpuMyIoTh 1o1aBaHHsIM ochopy
okcoxyopuay (3 M) 1o abcomoTHOTO AUMETHII(hopMaMiTy
(20 mi) 3a Temneparypu 0 °C, mepeminryrouu mpoTsIrom
5-10 xB. [lo npuroroBaHoro peaktuny aonatots 0,01 mosnb
BiJMOBIHOTO 2-eTHi-6-apuiiminasono[2,1-5][1,3,4]ria-
miazomy 3a, 3b abo 3¢ i mepeMimryrots crodarky mpu 0 °C
npotsrom 30 XB, TIOTIM — 2 TO/1 32 KIMHATHOI TeMIIepaTypH,
HactynHi 2 rox — 3a temneparypu 60 °C. ITicas nporo mo
PpeaxiiiiHOT CyMillli JONAarTh PO3YMH HATPIIO T IPOKapOOHATY,
HarpiBatoTh 710 90 °C i mepeMilyroTh e MpoTsIroM 2 rof,
TOTIM OXOJIOKYIOT 1 3aJTMBAIOTh BOAOKO. [IpoayKT peakiiii
eKcTparytoTh xjopodopmom (Tpudi o 30 mir), oTpuMaHi
eKCTPaKTH 00’ € THYIOTh, IPOMHUBAIOTh BOJIOIO T4 BUCYIITYIOTh
HaJ1 0e3BOHUM CyiIb(aroM Harpito. PO3YMHHYK BiATaHSIIOTh
11T BAKYYMOM, OTPUMaHHUH CYXHi 3aJTUIIIOK IEPEKPHUCTATIZ0-
BYIOTB 13 CyMillli TOJTyoJ — nietposeitauii edip (1:2).
2-Emun-6-geninimioaszof2,1-b][1,3,4]miadiason-5-xap-
banvoezio (4a). Buxin 92 %. T. mur. 100-101 °C. SIMP 'H, 3,
m. u.: 1,37t 3H, J=7.5 Hz, CH,CH,), 3,16x8 (2H, J=7.5
Hz, CH CH,), 7,51-7,53m (3H, apom), 7,93-7,96m (2H,
apom), 9,96¢ (1H, CHO). 3naiineno, %: N—16.57,S —12.68.
C,H, N,OS. O6paxosano, %: N - 16.33, S — 12.46.
2-Emun-6-(4-opomodghenin)imioaszo[2,1-b][1,3,4]mia-
diazon-5-kapoanvoezio (4b). Buxin 88 %. T. mi. 127-
128 °C. AMP 'H, 8, m. u.: 1,371 (3H, J= 7.5 Hz, CH,CH,),
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3,16x8 (2H, J = 7.5 Hz, CH,CH,), 7,71x (2H, J = 8.4 Hz,
apom), 7,931 (2H, J= 8.4 Hz, apom), 9,99c (1H, CHO). 3Haii-
neno, %: N—12.76,S - 9.81. C ,H, BrN,OS. O6paxosano,
%: N —12.50, S —9.54.
2-Emun-6-(4-uimpocgpenin)imioaszo[2,1-b][1,3,4]mi-
adiazon-5-kapoanvoezio (4¢). Buxig 91 %. T. mn. 174—
175 °C. AMP 'H, 6, m.u.: 1,371 (3H, J= 7.5 Hz, CH,CH,),
3,168 (2H, J = 7.5 Hz, CH,CH,), 8,23-8,27m (4H, apom),
10,04c (1H, CHO). 3mnaiineno, %: N — 18.79, S — 10.87.
C,H,)N,O,S. O6paxopano, %: N - 18.53, S —10.61.
3araabHa Meroauka cunrtedy N1-(6-apuaiminazo[2,1-b]
[1,3,4] Tiagiazoa-5-iamerunninen)riocemikap6azonis (5a—c).
Cymim exkBiMossipHuX Kinbkocted (rmo 0,01 momb) Tioce-
Mikap0a3uy Ta BiAmoBigHoro 6-apmiimMigaszol2,1-b][1,3,4]
Tiamiazon-S-kapoanpaeriny 4a, 4b abo 4¢ y 15 mu anerar-
HOI KHCJIOTH HarpiBaroTh MiJ 3BOPOTHUM XOJOIMIEHIKOM
npotsiroM 45 xB. [1iciis HOBHOTO OXOJIOMKCHHS PEaKIinHOT
CyMiIi yTBOpEHHHA ocaja BiI(piTBTPOBYIOTh, TPOMHUBAIOTH
MOCITIIOBHO aI[eTaTHOK KHCJIOTOK), BOJOKD Ta €TaHOJIOM,
MIEPEKPUCTATI30BYIOTh 3 alleTaTHOI KUCIIOTH.
NI1-2-Emun-6-¢heninimioasof2,1-b][1,3,4]miadiazon-5-ir-
Memunioern)-miocemikapbason (5a). Buxin 83 %. T. . 239—
240 °C. SIMP 'H, 6, m.u.: 1,351 (3H, J= 7.5 Hz, CH,CH.),
3,138 (2H, J=7.5 Hz, CH,CH,), 7,18uc (1H, NH,), 7,421
(1H, J=17.2 Hz, apom), 7,491 (2H, J= 7.2 Hz, apom), 7,711
(2H,J=7.4 Hz, apom), 8,40mic (1H, NH,), 8,46¢ (1H, 5-CH=,
imigas), 11,57¢ (1H, NH). 3naiineno, %: N —25.68, S —18.62.
CH N.S,. O6paxosano, %: N—25.43,S —19.41.
N'-(2-Emun-6-(4-6pomocpenin)imioazof2,1-b][1,3,4]ria-
niazon-5-inmemunioen)-miocemikapoaszon (Sb). Buxin 81 %.
T. w1 216217 °C. 3uaiineno, %: N — 20.80, S — 15.94.
C H,BrNS,. O6paxosano, %o: N —20.53, S —15.67.
NI1-(2-Emun-6-(4-nimpogenin)imioaso[2,1-bJ[1,3,4]
mianiazon-S-iimemunioen)-miocemikapoazon (5¢). Buxin
82 %. T. 1. 248-249 °C. 3naiineHo, %: N—26.39, S — 17.34.
C,HN.O,S . Obpaxosano, %: N —26.12, S - 17.08.
3arajbHa MeToAMKa cHHTe3y 2-(6-apuiiminaso[2,1-b][1,3,4]
Tianiazo-5-inmeTuniainen)rigpa3ono-4-tiazoaiTuHoHiB Ta ix
S-anxinmoxinnux (6a—f). Y xpymiononHy komndy MOMIIIalOTh
0,001 mornb BimmoBigHOrO N'-MeTHTiAEHTIOCEMiKapOa30Hy
Sa, 5b a6o 5S¢, 0,001 1 Mo MOHOXITOpAIIETaTHO, 2-6pOMOTIpO-
riioHaTHoi abo 2-6pomobyTanoarHoi kucnoru ta 0,001 Moib
0e3BOIHOTO areTaTy HaTpiro, ZoAaroTh 10 MIT areTaTHO1 KHc-
JIOTH Ta KUIT SITSITh I1i]T 3BOPOTHUM XOJIOFIIBHIKOM IIPOTSITOM
2,5 rox. Ocan, KU YTBOPUBCS TICISI OXONOKSHHS Peak-
LiHOT cymini, BiA(LIBTPOBYIOTh, TIPOMUBAIOTH ITOCITIJOBHO
aIeTaTHOIO KHCJIOTO0, BOJIOIO Ta €TAHOJIOM, TIEPEKPHCTATi-
30BYIOTH 13 cyminn JIM®A — anerarna kuciora (1:2).
2-[(2-Emun-6-geninimioaso[2,1-b][1,3,4]miadiazon-5-in-
Memunioen)-2iopasonoJ-miazonioun-4-on (6a). Buxin 77 %.
T. . 257-258 °C. Buxin 77 %. T. toru. 257-258 °C. SIMP
'H, 8, m.u.: 1,391 (3H,J=7.4 Hz, 2-CH,CH,, Tiania3), 3,14xB
(2H,J=17.4 Hz, 2-CH CH,, Tianiaz), 3,91c (2H, 5-CH,, Tia3),
7,41t (1H, J=7.3 Hz, apom), 7,491 (2H, J = 7.4 Hz, apom),
7,981 (2H, J = 7.3 Hz, apom), 8,60c (1H, 5-CH=, imina3),
12,03c (1H, NH, Tia3). 3naiizeno, %: N —22.93, S —17.57.
C,H, N.,OS,. O6paxosano, %: N —22.69, S —17.31.

167714 6

2-[(2-Emun-6-¢heninimioaso[2,1-b][1,3,4 Jmiadiazon-5-in-
Memunioer)-2iopazono[-5-memunmiazonioun-4-ow (6b). Bu-
xin 75 %. T.mn. 272-273 °C. 1,40t 3H,J=7.4Hz,2-CH,CH,,
Tianiaz), 1,53n (3H, J = 7.2 Hz, 5-CH,, Tia3), 3,14xs (2H,
J =74 Hz, 2-CH CH,, Tiania3), 4,23xs (1H, J = 7.3 Hz,
5-CH, tia3), 7,421 (1H, J=7.3 Hz, apom), 7,50t 2H, J=17.7
Hz, apom), 7,981 (2H, J=7.5 Hz, apom), 8,61¢c (1H, 5-CH=,
iminas), 11,94c (1H, NH, Tia3). 3uaiineno, %: N—22.08, S —
16.94. C, _H N,OS,. O6paxosano, %: N —21.86, S — 16.68.
2-[(2-Emun-6-¢heninimioaso[2,1-b][1,3,4]miadiazon-5-in-
MemutioeH)-2iopazoHo[-5-emunmiazoniour-4-on (6¢). Buxin
78 %. T. 1. 256-257 °C. SIMP 'H, 8, m. u.: 0,987 (3H,J=7.3
Hz, 5-CH,CH,, tia3), 1,401 (3H, J= 7.5 Hz, 2-CH,CH,, Tia-
mias), 1,77-1,87m,1,96-2,05m (2H, 5-CH,CH,, Tia3), 3,14xs
(2H, J = 7.5 Hz, 2-CH,CH,, Tiamia3), 4,2511 (1H, J = 3.5
Hz, 4.4 Hz, 5-CH, Tia3), 7,421 (1H, J= 7.3 Hz, apom), 7,491
(2H, J=17.6 Hz, apom), 7,981 (2H, J= 7.1 Hz, apom), 8,61c
(1H, 5-CH=, imima3), 11,95mc (1H, NH, Tia3). 3naiizeHo,
%: N —21.36, S — 16.34. C H N OS,. Obpaxosano, %:
N-21.09, S—16.09.
2-[(2-Emun-6-(4-6pomogenin)imioaszo[2,1-b][1,3,4]
miadiazon-5-inmemunioen)-2iopazono]-5-memunmiasoni-
oun-4-on (6d). Buxin 77 %. T. wi. 299-300 °C. SIMP 'H,
o, M. w.: 1,391 3H, J = 7.3 Hz, 2-CH,CH,, Tiamiaz), 1,54n
(3H,J=17.1Hz, 5-CH,, tia3), 3,13x8 (2H, J=7.3 Hz, 2-CH-
,CH,, rianiaz), 4,22xs (1H, J = 7.3 Hz, 5-CH, Tia3), 7,651
(2H, J=8.3 Hz, apom), 8,041 (2H, J = 8.3 Hz, apom), 8,63¢
(1H, 5-CH=, imina3), 11,84mc (1H, NH, Tia3). 3HaiiieHo,
%: N-18.41,S - 14.07. C,_H, BrN,OS,. O6paxosauo, %:
N-18.14,S - 13.84.
2-[(2-Emun-6-(4-opomoghenin)imioasof2,1-bj[1,3,4]mia-
diazon-5-itmemuiioen)-2iopasomoJ-5-emunmiasonioun-4-ou
(6e). Buxizn 79 %. T. mun. 287-288 °C. SIMP 'H, 8, M. u.: 0,971
(3H, J = 7.3 Hz, 5-CH.,CH,, Tia3), 1,381 (3H, J = 7.4 Hz,

2-CH,CH,, Tiaxias), 1,7§-1,836M, 1,98-2,04m (2H, 5-CH CH,,
Tia3), 3,13k (2H, J = 7.5 Hz, 2-CH CH,, Tianiaz), 4,261
(1H, J= 3.4 Hz, 4.3 Hz, 5-H, Tia3), 7,661 (2H, J = 8.5 Hz,
4-Br-CH,), 8,021 (2H, J = 8.5 Hz, 4-Br-C H ), 8,62c (1H,
5-CH=, imina3), 12,03mc (1H, NH, Tia3). 3naiigeno, %:
N-17.86,S -13.69. C, .H BrN.OS,. Obpaxosano, %: N —
17.60, S —13.43.

2-[(2-Emun-6-(4-nimpogpenin)imioaszo[2,1-b][1,3,4]mia-
diazon-5-itmemunioen)-2iopasonoJ-5-emunmiasonioun-4-ou
(6f). Buxizn 78 %. T. 1. 218-219 °C. SIMP 'H, 6, m. 4.: 0,991
(3H, J = 7.3 Hz, 5-CH,CH,, Tia3), 1,391 (3H, J = 7.4 Hz,
2-CH,CH,, Tiania3), 1,80-1,87wm, 1,99-2,06m (2H, 5-CH,CH,,
Tia3), 3,15x8 (2H, J = 7.4 Hz, 2-CH CH,, Tianiaz), 4,2911
(1H, J=3.4 Hz, 4.4 Hz, 5-CH, Tia3), 8,291 (2H, J= 8.7 Hz,
4-NO,-C H)), 8,391 (2H, J = 8.7 Hz, 4-NO,-C H,), 8,69¢c
(1H, 5-CH=, imina3), 12,07c (1H, NH, Tia3). 3uaiineso, %o:
N -2238,S - 14.71. C, H N.O,S . O6paxosano, %: N —
22.11, S —14.46.

3araabHa MeToauKa cuHTe3y S-(pf-ametokcieTmi)-2-(6-
apuiiminaso|2,1-b][1,3,4] riaxiazon-5-inmeTniigen)rigpasono-
4-tiazomimuHoHiB (7a-b). Y KpynIIOIOHHY KOJIOY MOMIIIAIOTH
0,001 mous BignosigHOro N'-MeTwiIigeHTIOCEMIKapOa3oHy
5a a6o 5b, 0,0011 monb a-Opomo-y-OyTHPONAKTOHY Ta
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OpueiHaribHi 0oCidxeHHs!

0,001 moxp Ge3BomHOTO arerary HaTpiro, JomaroTh 10 M
aleTaTHOT KUCJIOTH Ta KHII ATATH IiJ] 3BOPOTHHUM XOJIO-
JUIBHUKOM TpoTarom 2,5 rox. Ocaj, SKdAi yTBOPHUBCA
TTICIIST OXOJIOKEHHSI PEAKIIIfHOT CyMillli, Bi(iTETPOBYIOTH,
MIPOMUBAOTH ITOCITIIOBHO AI[ETaTHOO KUCIIOTOO, BOAOIO Ta
€TaHOJIOM, TIePEeKPUCTaITI30BYIOTh 13 cymim IM®DA — are-
TaTtHa kucnora (1:2).

2-[(2-Emun-6-geninimioaso[2,1-b][1,3,4]miadiazon-5-in-
MemunioeH)-2iopasono]-5-(f-ayemunoxciemunen)miazoni-
oun-4-on (7a). Buxin 76 %. T. 1. 186187 °C. SIMP 'H, 3,
M. u.: 1,391 (3H, J=7.4 Hz, 2-CH,CH,, tiania3), 2,01c (3H,
CH,CO),2,10-2,16m,2,31-2,36M (2H, 5-AcOCH,CH , Tia3),
3,14xs (2H, J = 7.4 Hz, 2-CH,CH,, tianiaz), 4,11-4,17m,
4,21-4,25m (2H, 5-AcOCH CH,, Tia3), 4,301 (1H, J= 3.2,
4.6 Hz, 5-H, Tia3), 7,41t (1H, J= 7.4 Hz, apom), 7,50t (2H,
J=17.6 Hz, apom), 7,991 (2H, J= 7.7 Hz, apom), 8,60c (1H,
5-CH=, imina3), 12,06mrc (1H, NH, Tia3). 3naiineno, %: N —
18.67,S - 14.31. C, H, N O,S,. O6paxosano, %: N - 18.41,
S —14.05.

2-[(2-Emun-6-(4-6pomogpenin)imioaszo[2,1-b][1,3,4]
miadiazon-5-intmemunioen)-2iopazono]-5-(f-ayemunoxci-
emunen)miazonioun-4-on (7b). Buxig 76 %. T. . 254—
255°C. AMP 'H, 6, m. u.: 1,40t (3H, J=7.1 Hz, 2-CH,CH,,
Tiamiaz), 2,02¢ (3H, CH,CO), 2,12-2,21m, 2,34-2,39m (2H,
5-AcOCH,CH,, Tia3), 3,13k8 (2H, J = 7.3 Hz, 2-CH,CH,,
tianias), 4,14-4,19m, 4,24-4,28m (2H, 5-AcOCH,CH,,
tia3), 4,321 (1H, J = 5.5 Hz, 5-H, Tia3), 7,660 (2H, J = 8.4
Hz, 4-Br-C.H)), 8,04x (2H, J = 8.1 Hz, 4-Br-C H,), 8,64c
(1H, 5-CH=, imina3), 11,94c¢ (1H, NH, Tia3). 3naiineno, %:
N-1593,S - 12.24. C, H ,BrN O,S.. O6paxosano, %: N
—15.70,S—11.98.

BucHoBkuM

1. Y pesyabrari (hopMiIIOBaHHS B yMOBax peakiiii Bib-
cMaepa—Xaaka 2-eTHI3aMilieHuX 6-apuiiiMinaszol2,1-b]
[1,3,4] Tiamia3o:miB omepKaHO BIAMOBIAHI S-hopMiNIoXiiHi,
110 B peaKtlii 3 TioceMikapOa3uIoM y CepeIOBHUII arleTaTHO1
KHCJIOTH MOAM(IKOBaHO y BimmoBimHi N'-metmmigeHTioce-
MikapOa3oHH.

2. Ipu B3aemoxmii imimazo[2,1-b]riagiazon3aminieHux
METHIIiIeHTiOCeMiKapOa30HiB 3 O-TaJOTeHKapOOHOBUMHU
(MOHOXJIOpAIIETATHOO, 2-OPOMOIIPOITIOHATHOO, 2-0pOMO-
OyTHpaTHOI0) KUCIOTaMH abo 0-OpoM-y-OyTHPOIAKTOHOM
Y CepEeIOBHILII OITOBOI KUCIIOTH CHHTE30BAHO CEpii HOBUX
2-(6-apmniminaso| 2, 1-b]Tiagiazon-5-imMeTHTi IeH)-Tiapa3o-
HO-4-Tia30J11 THHOHIB Ta IX 5-aJKUIMOXIIHUX.

3. YV pe3ynbTari JOCIIIKCHHS aHTUTPUIIAHOCOMHOI aK-
TUBHOCTI 1IeHTH(IKOBAHO JBi BUCOKOAKTHBHI CITOTYKH — 6¢
Ta 7b, sIKi B MIKPOMOJIIPHUX KOHIICHTPAIiSX 31 3HAYCHHAMHA
IC,,= 3,7 MxM Ta 3,2 MmxM BIJIMIOBITHO MaJId CYTTEBHIA
TPHUIAHOIMIHUHN eeKT moao mramy Trypanosoma brucei
gambiense.

®iHaHCyBaHHSA
[ocnimpxeHHs 3aiicHeHo 6e3 GhiHaHCOBOI MiATPUMKY.

Mopsikn
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Beyond glomerular filtration rate: histological assessment of
renal integrity after radiofrequency ablation for localized renal
cell carcinoma

M. S. Demianiuk

Zaporizhzhia State Medical and Pharmaceutical University, Ukraine

Aim. To evaluate the clinical efficacy of radiofrequency ablation in high-risk patients with localized renal cell carcinoma and to assess the
limitations of glomerular filtration rate in post-ablation renal function assessment.

Materials and methods. This single-center retrospective cohort included 24 patients with localized renal tumors treated with radiofrequency
ablation between 2008 and 2019 at the Zaporizhzhia Regional Antitumor Center. Indications comprised solitary kidney (n = 5), bilateral
tumors (n = 3), and local treatment in the setting of recurrent or metastatic disease (n = 18); categories were not mutually exclusive. A
percutaneous approach was used in 21 (87.5 %) patients, laparoscopic in 1 (4.2 %), and open in 2 (8.3 %). Core-needle tissue samples
from macroscopically intact parenchyma adjacent to the ablation zone were obtained intraoperatively and 72 hours after ablation. Im-
munohistochemical analysis of CD34 and HIF-1a expression was performed and correlated with estimated glomerular filtration rate. The
Wilcoxon signed-rank test was used for statistical evaluation.

Results. Complete tumor necrosis was observed in 75-100 % of cases. Most complications were minor (Clavien—-Dindo I-II: 29.2 %), while
serious adverse events (llla—IV) occurred in three patients (12.5 %). The mean hospital stay was 3.0 + 0.8 days. Clear cell carcinoma was
the predominant histology — (83.3 %), with papillary carcinoma in 16.7 %. Tumor size ranged from 2.1 cm to 4.0 cm (mean 3.2 £ 0.5 cm);
37.5 % of patients had lesions >3 cm. Postoperative immunohistochemistry showed a significant decrease in CD34 expression (100 £ 15
vs. 58 = 12; p = 0.014) and an increase in HIF-1a levels (25 £ 8 vs. 78 + 14; p = 0.008) despite a stable estimated glomerular filtration
rate (62.4 + 7.8 mL/min/1.73 m? vs. 61.9 £ 8.1 mL/min/1.73 m?, p = 0.74).

Conclusions. Radiofrequency ablation is an effective nephron-sparing option for high-risk patients with localized renal cell carcinoma.
However, stable estimated glomerular filtration rate values may mask subclinical parenchymal injury; tissue-level biomarkers capture
structural and microvascular alterations. These findings support prospective validation.

Keywords: renal cell carcinoma, glomerular filtration rate, immunohistochemistry, minimally invasive surgical procedures, radiofrequency
ablation.
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Mo3a mexamu kny604koBoi ¢hinbTpauii: rictonoriyHe oLUiHIOBaHHSA YWKOAKEHHA HUPKOBOI TKAHUHU
nicns pagioyacToTHOI abnsALii npu nokanisoBaHOMy paky HUPKK

M. C. OemsHiok

MeTa po60Ty — OLHNTY KNiHIYHY ePEKTUBHICTb pafiodacToTHOI abnsuii B nauieHTiB i3 nokanisoBaHWM HUPKOBO-KNITMHHUM pakoM i BUpa-
XXEHOI0 CYMyTHBOK NATOMOTiEl0, a TakOX MpoaHanidyBaT 0OMEXEHHS BUKOPVUCTaHHS WBMAKOCTI Kmy6o4koBoi inbTpauii sk iHavkaTopa
36epexeHHs OYHKLUIT HUPOK nicns nikyBaHHS.

Marepianu i meToau. 3aiicHNM PETPOCNEKTVBHUIA aHani3 24 NauieHTIB i3 NOKanizoBaHUM HUPKOBO-KMITUHHUM pakoM, SIKUM BMKOHAHO
pagiovacTtoTHy abnauito y 2008-2019 pp. Ha 6a3i 3anopi3bkoro 06macHOro KMiHIYHOrO OHKOMOMYHOMO AUCaHcepy. [OMOBHI MOKa3aHHs
— eAnHa Hupka (n = 5), ABOGIYHI ypaxeHHs (n = 3), peunamns Y MeTactTaTuiHe ypaxeHHs (n = 18); kateropii He BUKMOYanM ofHa iHLuy.
MepkyTaHHWiA nigxig 3actocoBaHo y 21 (87,5 %) nauieHTa, nanapockoniynuii — B 1 (4,2 %), Bigkputuii — y 2 (8,3 %) Bunagkax. 3pasku
TKaHWHY (BionTaTy) 3 iIHTAKTHOT NapeHXiMK, NPUIErnoi 40 30HU abnsALii, OTPUMYBanu iHTpaonepaLinHo Ta Yepes 72 rofnHU NiCns BTPYYaHHs:.
Ekcnpecito CD34 i HIF-1a ouiHiOBanu iMyHOricTOXiMiYHO Ta 3iCTaBMSM 3 NOKa3HVMKaMM LWBKMAKOCTI kny6o4KkoBoi dinbTpauii. CTatmcTuyHui
aHani3 — KpUTepin 3HakoBMX paHrie Binkokcoxa.

Pesynkratu. CTyniHb Hekpo3y B 30Hi abnsuii ctaHoBuB 75-100 %; y gocTynHux Ans MopdponoriyHoi Bepudikalii Bunagkax nigreep-
[PKEHO NMOBHMI Hekpo3. MNepeBaxanu Bunagku CBITNOKNITUHHOI kapuuHommn — 83,3 %, naninspHoi — 16,7 %. CepepHii po3mip NyxnmHu
—3,2 10,5 cm. YeknagHeHHs ctynens |-l 3a Clavien—Dindo 3apeectposaHo y 29,2 % sunagkis; Tsxki (llla-IV) —y 3 (12,5 %) nauienTis.
TpwBanicTb rocnitanisauii — 3,0 £ 0,8 gobw. MNicns abnauii B iHTAKTHIN NapeHXiMi HUPKX BUSIBNIEHO CTAaTUCTUYHO 3HAYYLLE 3HUXEHHS eKC-

ARTICLE UDC 616.61-006.6-089.844.1-091.8-07
INFO DOI: 10.14739/2409-2932.2025.3.333328

Current issues in pharmacy and medicine: science and practice. 2025;18(3):291-296

Keywords: renal cell carcinoma, glomerular filtration rate, immunohistochemistry, minimally invasive surgical procedures,
radiofrequency ablation.

Received: 07.07.2025 // Revised: 29.08.2025 // Accepted: 08.09.2025

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license

ISSN 2306-8094 AKTyarnbHi nuTaHHs (hapMaLeBTUYHOT | MeANYHOT Hayki Ta npakTuki. 2025. T. 18, Ne3(49) 291


https://doi.org/10.14739/2409-2932.2025.3.333328
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0003-9539-606X

Original research

npecii CD34 (100 + 15 nopisHsiHO 3 58 + 12, p = 0,014) Ta nigsuiwenHs HIF-1a (25 + 8 nopieHsHO 3 78 + 14, p = 0,008) Ha cboHi cTabinbHoi
LUBUAKOCTI kiy6o4koBOi dinbTpauii (62,4 + 7,8 mn/xe/1,73 m? nopieHsiHO 3 61,9 + 8,1 mMn/xB/1,73 M2, p = 0,74).

BucHoBku. PapioyactoTHa abnsuia € edekTUBHOW HedpoH-36epiranbHO onuietd Ans NiKyBaHHS MoKani3oBaHOi HUPKOBO-KITi-
TUHHOI KapLWMHOMU y NauieHTiB i3 cynyTHbOW natonorieln. BogHoyac crabinbHa WwBuakicte knybo4koBoi dinbTpauii He BuKMHO-
Yyae HasiBHOCTI CYOKMIHIYHOMO YLIKOMKXEeHHS napeHximu. ImyHorictoxiMmiyHi mapkepn CD34 i HIF-1a moxyTb GyTn BukopwcTaHi ans
BUSIBNIEHHST MIKPOCKOMIYHUX CTPYKTYPHUX 3MiH MiCnsi BTpyYaHHsi. Peaynbtatii obrpyHTOBYIOTE AOLIMBHICTb NOAANbLUMX MPOCMNEKTUBHUX

[ocniaXkeHb.

Knto4oBi cnoBa: HUPKOBO-KNITUHHA KapLMHOMA, WBKAKICTL kIyboukoBoi pinsTpalii, iMyHoricToximis, ManoiHBa3vBHi XipypridHi BTpy4aHHs,

pagiodacToTHa abnauis.

AxTyanbHi nuTaHHA hapmaLleBTMYHOI | MeaMyHOI Hayku Ta npakTuku. 2025. T. 18, Ne 3(49). C. 291-296

The treatment paradigm in oncology has moved from an
exclusive pursuit of cure to patient-centered care that em-
phasizes quality of life [1]. This evolution is particularly
relevant to the management of localized renal cell carci-
noma (RCC), where therapeutic strategies must balance
oncologic control with comorbidities and long-term renal
preservation [2].

Advances in imaging modalities — including ultrasound,
computed tomography, and magnetic resonance imaging —
have markedly increased the incidental detection of small
renal masses, especially cT la tumors. Early diagnosis enables
timely, less invasive interventions such as nephron-sparing
surgery or thermal ablation, often before metastatic spread
occurs. A recent systematic review in Lancet Oncology
comparing stereotactic body radiotherapy, radiofrequency
ablation (RFA), microwave ablation, and cryoablation for
localized RCC reported 5-year local control rates of 92 % for
RFA (95 % CI: 88-96), with a low incidence (2 %) of grade
3—4 complications across all techniques [3].

Notably, despite their localized appearance, approximately
2 % of cTla RCCs present with synchronous metastases —
most commonly to bone and lung — emphasizing the urgency
of effective early intervention [4].

For patients with high surgical risk, RFA has become a via-
ble, minimally invasive alternative. Recent data by Singh et al.
demonstrated favorable oncologic outcomes (78.6 % 3-year
recurrence-free survival) and stable glomerular filtration rate
(GFR) following RFA in a high-risk cohort, supporting its
intermediate-term efficacy [5]. However, treatment outcomes
are often assessed by GFR — a global marker reflecting the
combined function of both kidneys — which may obscure
localized injury in the treated renal unit.

Beyond this anatomical limitation, GFR is influenced by
factors such as age, sex, race, and hydration status, introduc-
ing substantial interindividual variability [6]. In the context
of RFA, this is particularly problematic: thermal necrosis,
ischemia, intravascular coagulation, and apoptosis may occur
without evident changes in systemic GFR [7]. Consequently,
significant structural injury may go undetected despite stable
laboratory parameters.

To address this gap, we employed immunohistochemical
markers — CD34 and HIF-1a — as tissue-level biomarkers to
evaluate the integrity of preserved renal parenchyma after
ablation. CD34 is an established indicator of microvascular
density and endothelial health, while HIF-1a serves as a
surrogate for hypoxia-induced cellular stress [8]. Notably, a

recent comprehensive review has highlighted the pivotal role
of HIF-1a in the pathobiology of clear cell RCC, including
its influence on angiogenesis, proliferation, and metabolic
adaptation — underscoring the rationale for its use in this
context [9].

Combining immunohistochemistry-derived tissue bio-
markers provided a more precise, localized, and biologically
meaningful assessment of renal parenchymal viability, re-
vealing subclinical injury that conventional global functional
measures may miss.

Aim

To evaluate the clinical efficacy of radiofrequency ablation in
high-risk patients with localized renal cell carcinoma and to
assess the limitations of estimated glomerular filtration rate
for post-ablation renal function assessment.

Materials and methods

This retrospective analysis included 24 patients with localized
renal cell carcinoma who underwent RFA between 2008 and
2019 at the Zaporizhzhia Regional Antitumor Center. Despite
the extended study period, all procedures were conducted
according to a standardized institutional protocol to ensure
methodological consistency. Written informed consent was
obtained from all participants, in accordance with institutional
and international ethical standards.

The cohort consisted of 14 (58.3 %) men and 10 (41.7 %)
women, aged 41-85 years (mean + SD: 63.0 + 5.2; median:
67.0). Indications for RFA included a solitary kidney (n=Y5),
bilateral renal tumors (n=3), and local recurrence or metastat-
ic disease (n = 18). All patients had significant comorbidities
precluding surgical resection.

RFA was performed using the Cool-tip RF system
(Covidien™, Dublin, Ireland). Percutaneous access un-
der ultrasound guidance was used in 21 cases (87.5 %),
while laparoscopic and open approaches were employed
in 1 (4.2 %) and 2 (8.3 %) patients, respectively. Energy
delivery parameters were individualized based on tumor
characteristics (size, location, vascularity) as determined
by preoperative imaging.

Tissue samples were obtained intraoperatively and at
72 hours post-RFA from macroscopically intact renal cor-
tex located 1.5-2.0 cm from the ablation zone, ensuring
sampling from comparable regions. Samples were forma-
lin-fixed, paraffin-embedded, and stained with antibodies
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Table 1. Clavien-Dindo classification of postoperative complications in the RFA cohort

Clavien-Dindo grade Complication type

I-I1 Postoperative pain, pyelonephritis, perinephritis 7(29.2 %)
lla Pneumothorax (not requiring general anesthesia) 1(4.2 %)
lib Thermal colonic injury (requiring general anesthesia) 1(4.2 %)
\% Acute kidney injury 1(4.2 %)
\ - 0(0.0 %)

Table 2. Comparison of CD34 and HIF-1a expression levels before and after RFA

Pre-RFA Post-RFA P-value
(mean % SD) (mean % SD)
CD34 100+ 15 58 +12 0.014
HIF-1a 258 78+ 14 0.008
against CD34 (clone QBEnd/10, Dako, Agilent Technolo- Results

gies, USA) and HIF-1a (clone Hlalpha67, Novus Biologi-
cals, USA). Immunohistochemical staining was visualized
with the EnVision™ FLEX system and DAB chromogen. All
microscopic evaluations were performed with an Olympus
BX43 microscope.

CD34 expression was quantified as microvessel density
in five randomly selected high-power fields (400%), while
HIF-1a staining intensity was graded semi-quantitatively
on a 0-3+ scale. Quantitative image analysis was performed
using ImageJ software (NIH, USA).

Postoperative follow-up included ultrasound at 2, 4, and
8 weeks to monitor the ablation zone and evaluate fibrosis.
All ultrasound and pathological assessments were conducted
by board-certified specialists. Complications were classified
according to the Clavien—Dindo grading system. Periopera-
tive management adhered to institutional Enhanced Recovery
After Surgery protocols.

Clinical data were extracted from institutional records,
including outpatient charts (Form No. 003/0) and inpatient
medical records (Form No. 025/0).

Normality of continuous variables was assessed using the
Shapiro—Wilk test. Pre- and post-RFA biomarker values were
compared using the Wilcoxon signed-rank test. All analyses
were conducted using IBM SPSS Statistics for Windows,
Version 26.0 (IBM Corp., Armonk, NY, USA), under an
institutional academic license. A two-tailed p-value <0.05
was considered statistically significant.

The study was approved by the Bioethics Committee of
Zaporizhzhia State Medical and Pharmaceutical University
(approval No. 9; 29 August 2025) and conducted in ac-
cordance with the Declaration of Helsinki and applicable
regulations. Clinical interventions performed in 2008-2019
constituted standard care; the Committee granted a waiver
of additional informed consent for the retrospective analysis
of de-identified data. Prior ethical oversight was provided by
the Ethics Committee of the State Institution “Zaporizhzhia
Medical Academy of Postgraduate Education of the Ministry
of Health of Ukraine” (approval No. 3, 12 December 2022).

RFA was technically successful in all 24 patients, with no
intraoperative failures. The percutancous approach was
used in 21 (87.5 %) patients, while laparoscopic and open
approaches were employed in 1 (4.2 %) and 2 (8.3 %) cases,
respectively. The mean procedure time was 60 minutes for
percutaneous RFA and 120 minutes for laparoscopic or open
approaches. Blood loss remained minimal in all groups, and
no conversions to open surgery were required.

Histological confirmation of RCC subtype was achieved in
all patients, either via intraoperative frozen section or preproc-
edural core biopsy. Clear cell carcinoma was the predominant
subtype (n =20, 83.3 %), followed by papillary RCC (n=4,
16.7 %). Tumor size ranged from 2.1 cm to 4.0 cm (mean
3.2 £0.5 cm), with nine patients (37.5 %) presenting with
lesions >3 cm. Exophytic tumors with >25 % protrusion into
the perinephric fat demonstrated the highest ablation efficacy,
with complete necrosis observed on follow-up imaging in
all such cases.

Ultrasound follow-up at 2, 4, and 8 weeks showed an
avascular ablation zone with stabilization or reduction in
lesion size, consistent with complete necrosis. To minimize
interobserver variability, all ultrasound examinations were
conducted by the same experienced radiologist.

The mean length of hospital stay was 3.0 + 0.8 days — sig-
nificantly shorter than the institutional historical average for
open partial nephrectomy (7.0 = 1.5 days) — reflecting the
benefits of minimally invasive techniques and adherence to
enhanced recovery protocols.

Postoperative complications are summarized in 7able 1.
Postoperative immunohistochemical analysis demonstrated a
statistically significant reduction in CD34 expression (mean:
100 £ 15 vs. 58 £ 12, p = 0.014), alongside a pronounced
increase in HIF-1a levels (25 £ 8 vs. 78 + 14, p = 0.008).
These changes are indicative of endothelial injury and hypox-
ia-induced stress in the preserved renal cortex. Notably, these
alterations occurred despite stable systemic renal function,
as measured by estimated glomerular filtration rate (eGFR)
(Table 2).
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eGFR remained stable before and after the procedure
(pre-RFA: 62.4 = 7.8 mL/min/1.73 m? vs. post-RFA:
61.9 £ 8.1 mL/min/1.73 m?, p = 0.74), reinforcing the hy-
pothesis that global renal function may fail to reflect localized,
subclinical injury.

The selection of CD34 and HIF-1a as tissue-level bio-
markers was based on their validated diagnostic relevance
in models of renal ischemia. CD34 is a reliable indicator
of microvascular density and endothelial integrity (sensi-
tivity >85 %), while HIF-1a serves as a central regulator of
hypoxia-induced angiogenesis and metabolic adaptation.
This dual-marker strategy enables a more precise, localized
assessment of renal injury — one that is not captured by con-
ventional serum-based indicators.

Collectively, these findings emphasize the limitations of
relying solely on global functional metrics and suggest a
valuable role for immunohistochemistry in detecting silent
or evolving injury, particularly in anatomically complex or
high-risk patient populations.

Discussion

RFA has gained increasing recognition as a nephron-sparing
treatment option for patients with localized RCC <4 cm. Our
findings support its short-term safety and efficacy, particu-
larly in carefully selected individuals. These observations
are consistent with the study by R. K. Singh et al., which
demonstrated a 78.6 % three-year recurrence-free survival
and preserved renal function in surgically unfit patients with
small renal masses treated with RFA [5].

However, a deeper tissue-level analysis reveals that RFA,
despite its minimally invasive nature, carries underappreciated
risks that may not be visible under current clinical evaluation
standards. While GFR remains the prevailing benchmark for as-
sessing renal function post-intervention, our findings contribute
to growing evidence that this parameter may be insufficient for
detecting localized renal damage. Specifically, our immunohis-
tochemical analysis revealed significant postoperative ischemia
and microvascular injury in the preserved renal parenchyma, as
evidenced by decreased CD34 expression and elevated HIF-1a
levels. These changes were observed despite stable systemic
GFR values, underscoring a disconnect between conventional
functional assessments and true tissue viability.

Notably, these biomarker alterations may carry broader
implications beyond functional underestimation. Recent
evidence suggests that inadequate thermal exposure during
RFA can activate pro-oncogenic pathways at the periphery of
the ablation zone. Sublethal heating has been shown to induce
HIF-1o and vascular endothelial growth factor, promoting
angiogenesis and potentially contributing to tumor recurrence.
Additionally, upregulation of the AKT and c-Met signaling
pathways, along with epithelial-mesenchymal transition, has
been associated with increased tumor proliferation, survival,
and metastatic potential [ 10]. These molecular events under-
score the oncologic risks associated with incomplete ablation
and reinforce the importance of precise energy delivery and
tissue-level evaluation to avoid subtherapeutic exposure in
critical zones.

Importantly, our results highlight a critical mismatch be-
tween apparent functional preservation and the underlying
biochemical reality. Patients may exhibit stable global renal
parameters while silently accumulating subclinical injury in
the treated renal unit. This finding challenges the sufficiency
of current follow-up protocols and prompts reconsideration of
how we define the therapeutic success of minimally invasive
interventions.

Although the overall complication rate in our cohort was
low, the presence of Clavien—Dindo grade III-IV events —
including thermal injury to adjacent structures — confirms
that RFA is not without serious risk. This is particularly
important considering that repeated ablations are often nec-
essary to achieve oncologic outcomes comparable to partial
nephrectomy. In this regard, a multicenter study by M. E. Ab-
delsalam et al. demonstrated that RFA following prior partial
nephrectomy achieved excellent long-term disease control,
with a five-year overall survival of 93.1 % and recurrence-free
survival of 94.4 %, along with a low Clavien—Dindo grade
IIT complication rate of 3.7 % [11].

Further supporting this approach, Chan et al. compared
image-guided ablation (RFA and cryoablation) to laparoscopic
partial nephrectomy in patients with T1 RCC and reported
equivalent long-term oncologic outcomes (hazard ratio for
local recurrence with RFA: 0.04; 95 % CI: 0.03-0.48), along-
side significantly better preservation of eGFR post-ablation
(p <0.001 for Tla; p=0.047 for T1b) [12]. A meta-analysis
comparing energy modalities in RCC ablation concluded that
microwave ablation had lower local recurrence rates and shorter
procedural times than cryoablation, suggesting that technical
variables may influence reintervention rates and long-term
renal integrity [13].

Our findings are consistent with literature questioning the
long-term oncologic equivalence of RFA compared to sur-
gery, particularly in tumors exceeding 3 cm or those located
in challenging anatomical sites. A comparative study by
M. E. Abdelsalam et al. reported no significant differences in
complication rates (p = 0.11) or local recurrence (p = 0.15)
between patients with 3—4 cm versus <3 cm T1a RCC, treated
with RFA. Both groups exhibited 100 % metastasis-free and
cancer-specific survival [14]. Furthermore, a recent me-
ta-analysis of seven studies with >5-year follow-up found no
significant differences between RFA and partial nephrectomy
in terms of recurrence (OR 1.22), progression-free survival
(HR 1.26), or cancer-specific survival (HR 1.27). However,
overall survival favored nephrectomy (HR 1.76), empha-
sizing the need for judicious patient selection [15]. These
data support a growing consensus that tissue-level analysis
— through biopsy, imaging, or molecular profiling — should
be incorporated into post-ablation surveillance protocols,
particularly for high-risk individuals.

In addition, chronic kidney disease remains a significant
non-oncologic cause of morbidity and mortality among RCC sur-
vivors. Long-term cohort studies have shown that cardiovascular
diseases eventually surpass RCC as the leading cause of death
in this population [ 16]. These data highlight the critical need for
robust strategies to preserve renal function. Given that global
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GFR measurements may fail to detect localized parenchymal
damage, incorporating tissue-level biomarkers such as CD34
and HIF-1la into post-treatment evaluations may offer a more
accurate assessment of renal integrity and inform strategies to
reduce the long-term burden of chronic kidney disease.

Limitations of this study include its retrospective design,
small sample size, and single-center scope. Nevertheless,
the integration of objective tissue biomarkers provides a
novel lens for evaluating the impact of RFA and underscores
the frequently overlooked burden of thermal ischemia in
nephron-sparing oncology.

Conclusions

1. RFA is an effective nephron-sparing strategy for patients
with localized RCC who are unsuitable for surgery, providing
aminimally invasive alternative with low perioperative mor-
bidity and compatibility with enhanced recovery protocols.

2. Systemic GFR alone is insufficient to assess true renal
preservation after RFA, as it may fail to detect subclinical
ischemic or microvascular injury.

3. Tissue-level evaluation using histological and molecular
markers — particularly CD34 and HIF-10 — enables sensitive
detection of microvascular compromise and hypoxia-induced
cellular stress, thus offering a more accurate assessment of
renal integrity post-ablation.

4. Integrating immunohistochemical analysis into both
patient selection and outcome monitoring may enhance the
precision of RFA indications and facilitate early detection of
patients at risk for incomplete ablation or long-term func-
tional decline.

5. These results have informed the design of a prospective
study to refine selection criteria, optimize procedural parame-
ters, and improve surveillance strategies for RFA and similar
ablative modalities in localized RCC.

6. Overall, these findings support a paradigm shift toward
tissue-level precision and individualized assessment, with the
potential to redefine success metrics for minimally invasive
oncology.

Prospects for further research. Previous comparisons of
nephron-sparing modalities based solely on glomerular filtra-
tion rate have been prone to substantial methodological bias,
potentially misrepresenting the true extent of postoperative
functional loss. By incorporating direct histological and mo-
lecular assessment, our approach provides a more accurate
measure of renal injury. Such evaluation may not only enable
fair comparison of organ-preserving techniques by their
impact on postoperative function, but also help re-evaluate
current treatment strategies and refine clinical guidelines for
patient selection and procedural planning.
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DocnigpxeHHa ADME-xapaktepucTtuk tionoxigHux 3,5-6ic(5-mepkanTto-
4-R-4H-1,2,4-tpia3on-3-in)deHony

K. K. IcaitueBa@*BCP A T, KannayLueHko(DAEF

3anopisbkuin AepxaBHUn Meayko-hapMaLeBTU4HWUI yHIBEPCUTET, YKpaiHa

A — KoHUenUis Ta Au3aitH gocnigxeHHst; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — peparyBaHHs cTartTi;
F — ocTatouHe 3aTBepmKeHHS CTaTTi

[JocnigpxeHHst npucesiveHo aHanisy ADME-BnactvsocTelt noxigHux 3,5-6ic(5-mepkanTto-4-R-4H-1,2,4-Tpiason-3-in)ceHonis Ta ix anki-
TIOBaHMX aHanoriB..

MeTta po6oTh — OLiHATM BNIUB CTPYKTYPHUX MoAMiKaLlii, 30Kpema arnkinyBaHHsl, NOAOBXEHHS NaHLora Ta BBEAEHHS 3aMiCHUKIB, Ha
napametpu abcopbuii, posnoginy, metaboniamy i enimiHaii 3 akLeHTOM Ha NikonpuaaTHICTb | MeaUYHNIA NoTeHLian.

Matepianu i meToau. [Ina nporHo3yBaHHs Kno4oBUX (Di3MKO-XIMIYHMX i (hapMaKOKIHETUYHWX 4ECKPUNTOPIB 3aCTOCOBAHO KOMM OTEPHI
nigxoam 3a gonomoroo SwissADME, 3okpema monekynsipHoi macu, TPSA, ninodginsHocTi (LogP), po34nHHOCTI, KuLLkoBoi abcopbuii,
cybcTpatHocTi go P-rnikonpoteiny Ta npodinto iHridyBaHHs umtoxpomis P450 (CYP). [nsi HA04HOCTI BigMIHHOCTEN MiX CTPYKTYPHUMMU
aHanoramu BUKOPUCTaHO pagapHi Aiarpamut Ta nopiBHsMbHI Tabnunui.

Pesynkratu. AHania gaB 3Mory BCTaHOBWTU, WO GinbLUiCTb NOXigHMX 30epiratoTb NPUIAHATHI Ajiana3oHu ninodinbHOCTI i PO3YUHHOCTI, @
OKpeMi aHanory manu nepcnekTUBHi Npodini LWoao 36anaHcoBaHoi NONSPHOCTI Ta MonekynsipHoi Macu. [lesiki cnonykm ineHTudikoBaHo sk
noTeHUjiHi iHribiTopm isochepmenTis CYP3A4 i CYP2C9, Lo cBiguMTb NPo MOXNMBY hapMakonoriyHy akTuBHICTb. He3Baxatouun Ha neBHi
obmMexeHHs nepoparnbHoi 6ioAOCTYNHOCTI, YaCTUHA MONEKYN MAe CNPUSTIINBI XapaKTePUCTVIK, LLO NOEAHYIOTL CTabINbHICTb i 38A0BINbHI
hapMakoKiHETUYHI BNACTUBOCTI. Taki CTPYKTYpHi 0COGNMBOCTI, SIK JOBXMHA arKiNbHOrO NaHLtora Ta XxapakTep 3aMiCHYKIB CYTTEBO BMIMBAKOTb
Ha PO3YMHHICTb, MPOHMKHICTb | MOKA3HWKM NiKONpUAATHOCTI. BCTaHOBNEHO, WO NoAarnbLLa ONTUMi3aLlis NONSPHOCTI Ta MONEKynspHOi Macu
MOXe NOKPaLLMTM KALIKOBY abcopbuito npu 36epexeHHi LiHHMX hapMaKomnoriyHyx BNacTMBOCTEN. AHTMOKCUAAHTHUI Ta @aHTUINOKCAHTHWIA
noTeHLian Monekyn, NiaTBepAKEHUI CTPYKTYPHUMI 0COBNMBOCTAMM Ta MPOTrHO30BaHO GI0AKTUBHICTIO, A€ 3MOry CXxapaKTepu3ayBaTh ix
SIK NEPCNeKTUBHI KaHAMAATW Ans 6ionoriYHOro CKPUHIHTY.

BucHoBku. OTpumaHi pesynsratv hopmyoTb 06rpyHTOBaHY OCHOBY AJ1s Binbopy HaibinbLL NepcrnekTUBHUX NOXiAHKUX Ha OCHOBI 1,2,4-Tpi-
asofy Ans HacTynHuX in vitro Ta in vivo pocnipkeHb. Lie cnpustume CTBOPEHHIO crosnyk 3 ontumisosaHuMu ADME-BnactusocTaMu Ta
MOTEHLIMHOI TepaneBTUYHOK aKTUBHICTIO.

KntouoBi cnoea: noxigHi 1,2,4-tpiaszony, ADME, nikonpugatHicTb, iHridyBaHHs CYP, aHTWOKCMAAHTHMIA MOTeHUian, aHTUrnoKcaHTHa
aKTUBHICTb.
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Study of ADME characteristics of thioderivatives of 3,5-bis(5-mercapto-4-R-4H-1,2,4-triazol-3-yl)phenol
K. K. Isaicheva, A. H. Kaplaushenko

This study investigates the ADME properties of newly synthesized derivatives of 3,5-bis(5-mercapto-4-R-4H-1,2,4-triazol-3-yl)phenols
and their alkylated analogues.

Aim: to evaluate the effect of structural modifications, such as alkylation, chain elongation, and introduction of substituents, on absorption,
distribution, metabolism, and excretion parameters, with an emphasis on drug-likeness and medicinal potential.

Materials and methods. Computational approaches using SwissADME tools were applied to predict key physicochemical and pharmacoki-
netic descriptors, including molecular weight, TPSA, lipophilicity (LogP), solubility, gastrointestinal absorption, P-glycoprotein substrate
recognition, and cytochrome P450 (CYP) inhibition profiles. Radar plots and comparative tables were employed to visualize differences
between structural analogues.

Results. The analysis showed that most derivatives maintain acceptable lipophilicity and solubility ranges, while some analogues demon-
strated promising profiles in terms of balanced polarity and molecular size. Several compounds were predicted as potential inhibitors of
CYP3A4 and CYP2C9 isoenzymes, highlighting their possible pharmacological activity. Despite moderate limitations in oral bioavailability,
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certain molecules exhibited favorable characteristics suggesting a good balance between stability and pharmacokinetic behavior. Structural
features, such as alkyl chain length and substitution patterns, significantly influenced solubility, permeability, and drug-likeness scores. The
data suggest that further optimization of polarity and molecular weight could improve gastrointestinal absorption while retaining beneficial
pharmacological interactions. The antioxidant and antihypoxic potential of these molecules is supported by their structural features and
predicted bioactivity, positioning them as attractive candidates for future biological screening.

Conclusions. The study provides a computational basis for selecting the most promising triazole-based derivatives for subsequent in vitro
and in vivo testing, facilitating the design of compounds with optimized ADME properties and potential therapeutic application.

Keywords: 1,2 4-triazole derivatives, ADME, drug-likeness, CYP inhibition, antioxidant potential, antihypoxic activity.
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PartionanpHe CTBOPEHHS HOBUX 010JI0T19HO aKTUBHHX Pedo-
BUH Ha Cy4aCHOMY €Talli PO3BUTKY (hapMareBTUIHOI HAYKH
IPYHTY€THCSI Ha TIOEAHAHHI KJIACHYHUX METOAIB CHHTE3Y 3
KOMIT FOTEPHUMH TEXHOJIOTISIMU TIPOTHO3YBaHHS (papMakKo-
JIOTTYHUX BIAacTUBOCTEH. OIHNUM 13 KIIFOYOBHX HAIPSIMIB €
nocinipkenns nponeciB ADME (Absorption, Distribution,
Metabolism, Excretion), mo Bu3Ha4awTh (papMakoKiHe-
THYHUH TpodiTb MalOyTHIX JIIKapChbKHUX 3aC00IB 1 CYTTEBO
BIUIMBAIOTh HA IXHIO ¢(PEKTUBHICTH 1 Oe3meunicts [1,2,3].
[Mormmobnennii ananiz ADME-xapakTepucTuk nae 3Mory Ha
eTari JOKIIHIYHUX IOCIIPKCHD Mepen0aYnTy MOTSHIIIHHI
OOMEXEHHsI Ta PU3MKHU 3aCTOCYBAaHHS HOBHUX MOJICKYII, 11O
3HAYHO CKOPOYY€ TEPMIiHHU Ta BUTPATH Ha (papMarieBTHIHY
PO3pOOKy.

Cepen pi3HOMaHITTSA TeTePOLUKIITTHIX CIIOIYK 0COOIBHI
HayKOBHUH 1 TPaKTHIHUH iHTepec IpUBepTaroTh 1,2,4-Tpiazo-
T Ta ixHi moxiaHi [4,5,6]. Lleft ximac croiyk XapakTepusy-
€THCSI IIUPOKHM CIIEKTPOM O10JIOTTYHOT aKTHBHOCTI, 30KpeMa
MIPOTUMIKPOOHOIO, TIPOTUTPHOKOBOIO, MPOTH3AINATIBHOIO,
AQHTHOKCHJIAaHTHOIO, TIPOTUITYXJIMHHOIO0. HasiBHICTB Y CTPYyK-
Typl KUIBKOX peakumiiHO3MaTHUX (YHKIIOHAJIBHUX TPYTI,
MOXKJIMBICTh BapilOBaHHS 3aMICHHKIB y KITFOYOBHX ITO3MILISIX
TPia30JIbHOTO KJIBIIS Ta MOEAHAHHS 3 IHITUMU (hapMakohop-
HUMH (parMEeHTaMy CTBOPIOIOTH 3HAYHUH MOTEHIAN JJIst
OJIepyKaHHs HOBUX JIIKAPCHKUX CyOCTAHIIIH i3 IPOrHO30BaHO
BHCOKOIO (hapMaKOJIOTYHOI0 aKTUBHICTIO.

Oco0nuBe Miclie cepelt TPia3oJI0BHUX IMOX1IHUX ITOCITal0Th
TiomoximHi 3,5-6ic(5-mepkanto-4-R-4H-1,2,4-Tpia3omn-
3-im)¢penomy. HaykoBuif i mpakTHYHHNA iHTEpeC 0 HUX
OOTpYHTOBaHMIA IMOETHAHHIM B OJHIM MOJEKYIi KITBKOX
(hapmakopopHUX (PparMeHTIB: TPia30JIHLHOTO IIUKITY, TIOMEHOT
rpymu Ta heHompHOTO siapa [6]. Taka cTpyKTypa 3yMOBIIOE
GaraTorpaHHICTh OTEHIIHHOT O10JIOTYHOT aKTHBHOCTI Ta 1a€
TIJICTAaBU OYiKYBaTH HAsBHICTH CIIPUATINBHX (papMaKoKiHe-
THYHHX XapaKTepUCTUK. BoHOUac BapiaTHBHICTh 3aMiCHHUKIB
y TIOJIOXKEHHI 4 TPia30JIbHOTO KUIBLIS 1€ 3MOTY MOAMDIKYBaTH
010JI0TIYHI T2 TOKCHKOJIOTIYHI BIACTUBOCTI MOJICKYJIH.

BaxnmBuM 3aBIaHHSM CydacHOi (papMalieBTHYHOI HayKH
€ ouiHtoBanHst ADME-1podisiro HOBHX CIOJyK yrKe Ha eTarti
cunresy [1,2,3]. Ile mae 3mory nepeadadnty 61070CTyITHICTb,
IIBUIKICTE MeTab0i3My, MOXKIIHBI JIIKapChKi B3aeMomii Ta
npo¢ine Ge3nednocTi. Bukopuctanus in silico MmeTomin
(KOMIT FOTEpPHOTO MOJCTIOBAHHS) 3a0€3MeUye MOXKIUBICTD
IIBU/IKOTO Ta BiJHOCHO €KOHOMHOTO OIIHIOBAHHS TTEPCIIEK-
TUBHOCTI BEJTUKOI KIJTHKOCTI HOBUX MOJICKYJT, HE 311HICHIOFOYH
TPY/IOMICTKI €KCTIEpIMEHTaITbHI JI0CITI/PKEHHS Ha TBApHUHAX.
Tak, cyyacHi nmporpamHi KOMIUIEKCH Ta 0a3n JaHHUX JIAIOTh

3MOTY TMPOTHO3YBATH TaKi KIIOYOBI MapaMeTpH, SK JIIMo-
¢inpHicTs (logP), cTymine 3B’sA3yBaHHA 3 OLTKaMU IJIa3MH,
MIPOHUKHEHHS depe3 reMaroeHredariyanii 6ap’ep, TUIIXA
6ioTpanchopmartii 3 3arydeHHIM crucTeMu uToxpomy P450,
MOTEHIIIHI IIITXN BUBEIECHHS.

OTxe, nocnimkenast ADME-xapakTepHCTHK TiOTOXiTHIX
3,5-6ic(5-mepxkanto-4-R-4H-1,2,4-Tpiazon-3-it)heHony €
aKTyaJbHUM 3aBIaHHIM [3,4,5], 0 BiAMIOBigae CydacHUM
TeHACHILISM Y cepi CTBOPEHHS HOBHX JIIKApCHKUX 3aCO0IB.
BBarkaroTs, 1110 OTpUMaHi pe3yJIbTaTH JaayTh 3MOTY HE JINIIe
OLIHUTH MEPCHEKTUBHICTh IUX CIOJIYK SIK HOTCHLIHHUX
JKapChbKUX CYOCTaHIIH, aje i po3MMpsTH YSBICHHS PO
3aKOHOMIPHOCTI BIUIMBY CTPYKTYpHHUX MoAM(ikamiii Tpia-
30JILHOTO $51/Ipa Ha (hapMaKOKIHETHYHI BIACTHBOCTI.

MeTa po6otu

OUiHNUTH BIUIMB CTPYKTYPHHUX MOIU]IKaIlii, 30KpemMa alKi-
JIyBaHHS, TIOIOBKCHHS JIAHIIIOTA Ta BBE/ICHHS 3aMiCHHKIB, Ha
napameTpu abcopOILii, po3rnoiry, MeTabomi3My i exiMiHamii
3 aKI[CHTOM Ha JIIKOMIPUATHICTh | MEIWYHUI MOTCHITIA.

Marepianu i MeTogu gocnimkeHHs

Hns oninroBanHss ADME-xapakTepucTUK TiOMOXiJTHUX
3,5-6ic(5-mepkanTto-4-R-4H-1,2,4-rpiazon-3-in)penony
3aCTOCOBYBAJIM KOMIUICKC CYy4YacHHX in Silico METOMIB, 10
IPYHTYIOTBCS Ha KOMIT FOTEpHOMY ITPOTHO3yBaHHI (hapma-
KOKIHCTUYHHUX 1 TOKCHKOJIOTIYHUX ITapaMeTpiB.

®dapmakokinernuni xapakrepuctuku (ADME-npodi-
JII0) CIOJYK OIiHIOBAJIM, 3aCTOCOBYIOUYH OHIIAH-pecypc
SwissADME (Swiss Institute of Bioinformatics, Lausan-
ne, Switzerland). Lle#i cepBic mae 3Mory 3aifiCHIOBAaTH
KOMII'FOTepHE TPOTHO3YBaHHs MapameTpiB abcopOuii,
po3moaiTy, MeTabomi3My Ta eTiMiHallii, 8 TAKOK OI[IHIOBAaTH
JIKOTIPUIATHICT 1 MOTEHIIIIIHY 6100CTYIHICTh CIIOIYK Ha
OCHOBI MOJIEKYIIIPHUX JIECKPHUTITOPIB.

YV mesxxax ADME-nocimipKeHHs, 110 3M1HCHWIN, KITFOY0BH-
MH IOKa3HUKaMH OyJTH MOJIEKY/IIpHa Maca, IUIOLIA OIS PHOT
moBepxHi (TPSA), koHCEHCYCHE 3HAYCHHS KoediIieHTa Ji-
noimeHOCTI (LOgP), mporao3oBaHa poO34MHHICTE, IIOKA3HUK
[IUTYHKOBO-KHUIITKOBOI a0COPOIIii, HaIeKHICTB 10 CyOCTpaTiB
TpaHcmoprepa P-gp i moreHmiiiHe iHriOyBaHHS 130epMEHTIB
uutoxpomy P450 [4].

Tak, MONEKyIIsipHa Maca XapakTepH3ye po3Mip i cKiaj-
HICTh MOJIEKYJIH, 10 BHU3HAUAE Ii 3[]aTHICTh NPOHHUKATH
Kpi3p OioyoriuHi MeMOpaHH Ta BIUIMBAE HAa TEPOPAIBbHY
6ionoctymHicTb. TPSA — iHTErpanbHUI NOKa3HUK ITOJSIP-
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OpueiHaribHi 0oCidxeHHs!

HOCTI, IIT0 J]a€ 3MOTY OIHUTH OanaHC MiX TiAPOGLTEHIMI
Ta TNOQiITFHIME BIACTHBOCTSIMH CIIONYK. BHCOKi 3HaYeHHS
TPSA 3a3Bryaii acoIfOOTECS 31 3HIHKEHOI0 MEMOPaHHOIO
npoHuKHicTIo. KoHceHcycHe 3HadenHs LogP BukopucToBy-
I0Th SIK y3arajdbHEHY XapaKTePHCTHKY JIMOQLIEHOCTI, 0
BU3HAYAE CXMIBHICTD MOJICKYJIH PO3UMHSATHCS Y BOTHOMY
M KMPOBOMY CEPEIIOBHIL Ta MpsMO Kopedroe 3 1i (apma-
KOKiHeTHYHUM Tipodinem. [IporHo3oBana po3dMHHICTE y
BOJIi — BU3HAYAJILHUH (aKTOP, 1110 3yMOBIIIOE €)EKTHBHICTb
abcopOIIii penapary micis HepopaTbHOTO BBEICHHS. Takuii
rapamerp, SIK HIUTYHKOBO-KHIIKOBa abcopOLisi Aae 3Mory
OLIIHUTH IMOBIPHICTh €()E€KTHBHOTO BCMOKTYBAHHS y IILTyH-
KOBO-KHIIIKOBOMY TPaKTi, a HAJIKHICTh 110 cyocTpari P-gp
CBIZIYUTDH PO MOXKJIMBUH BIUIUB €(IIIOKC-TPAHCIIOPTHHUX
CHCTEM Ha KOHIICHTPAIIiI0 TperapaTy B OpraHi3Mi. AHami3
iaTiOyBanHa pepmenTiB cucteMu CYP450 € xpuTHaHUM
JUTSA TIPOTHO3YBAaHHS METAa0OJMIYHUX B3a€MOIiH, OCKITBKU
BH3HAYA€E MOTEHIIHHY CXMIBHICTH CIIONYK 10 JKapChKUX
B3a€MOIil 1 BIDIMBAE Ha OE3MeKy, ePeKTUBHICTh (hapMaKo-
TEPAIleBTHYHOTO 3aCTOCYBAHHS y MailOy THHOMY.

Pesynktatu

VY pesynbrari in silico ananisy ADME-mapameTpiB onep>kaHo
KOMILJIGKCHY XapaKTepUCTHKY HU3KH MoxinHuX 1,2,4-Tpiazo-
y. BcTaHOBIIEHO, 110 AOCITIKEHI MOJIEKYITH BiIPI3HAIOTHCS
3a MOJICKYJIIPHOIO MAacCOI0, MOJISIPHICTIO Ta CTYNEHEM JIIIOo-
(biTBHOCTI, 10 CYTTEBO BIUIMBAE Ha TXHIO TependadyBaHy
0100CTYIHICTB 1 hapMakOKiHETHYHUH PO Ib. 3HAYESHHS
TPSA st GLIBIIOCTI CIOMTYK MEPEBHIILY € IIOPOTOBI OKA3HHU-
KU, I110 MOYKe 0OMEXyBaTH NackBHY 1 ]y3ito yepe3 KIITHHHI
MeMOpaHH, O/IHAK BOJJHOYAC CIIPUSIE TOTESHLIIHHIN B3aeMOIil 3
TIOJIIPHAMU JIUISTHKaMu OloMitened. KoHceHcycHI 3HaueHHs
LogP cBimgars po 30aaHcoBaHMid piBEHb JIMO(GUTLHOCT y
YaCTHHH MOX1THHX, 0 BIIKPHBA€E HEPCIICKTUBH IS JOCST-
HEHHS ONTHMAJIFHOTO CITIBBIIHOIICHHS MK PO3YHHHICTIO
Ta MMPOHHUKHICTIO.

Pesynbraté OIiHIOBaHHS BOAOPO3UYMHHOCTI Tl 3MOTY
PO3PI3HATH CIIOTYKH i3 HI3KOIO Ta IOMipPHOO PO3YHHHICTIO,
IO JOLIJIBHO BPaXOBYBATH IIiJl YaC BU3HAYCHHS ONTHMAJIb-
HUX JIIKapChbKHUX (popM 1 AOMOMIKHUX pedoBuH. [Ipornos
IIJTYHKOBO-KHIIKOBOi abcopO1ii mokazaB oOMexxeHy abcop-
Owiro y OUIBIIOCTI BUITAJIKIB, ITPOTE 1I€ HE BUKIIIOYAE MOXK-
JIMBOCTI BUKOPUCTAHHSI aJbTEPHATHBHUX IUISXIB BBEICHHS
YM CTBOPEHHSI CIIEIiJIi30BaHUX CHCTEM JIOCTaBKH. AHai3
B3aeMoii 3 TpaHcnoprepoM P-gp i ¢epmeHTaMu cucTeMu
CYP450 naB mizcTaBu KOHCTAaTyBaTH, 110 3HAYHA YaCTHHA
CIIOJIYK He € cyOcTpaTamu eIIoKC-MeXaHi3MiB, a TAKOXK Je-
MOHCTpY€ BUOIpKOBHH MPOQ1LJIb iHTIOyBaHHSI, 1110 MOXKE Oy TH
KOPUCHHUM TIPY MiHIMI3allii pU3HKY JKapChKAX B3a€EMOJIIH.

OTtpumaHi JaHi CBiI9aTh PO HASBHICTE Y PALY MOXiTHAX
CIIPUATINBHUX (DapMaKOKIHETHIHAX XapaKTePUCTHK, AKi
Pa3oM i3 BUCOKHM CHHTETHYHIM MOTEHITIAIOM 1 ITPOTHO30Ba-
HOO 010JIOTTYHOIO AKTUBHICTIO CTBOPIOIOTH MIEPEYMOBH IS
eKCIIePUMEHTAIIBHUX JIOCIT [PKEHb, BKITFOYAF04H OLIIHIOBAHHS
AQHTHOKCH/IQHTHHUX T4 aHTUTIIOKCAHTHUX BIACTHBOCTEH.

Jlai HaBeeHO XapaKTepHUCTUKY CIOJIYK 3a KacaMu, 3a
naanmu ADME-anari3y.

3,5-0ic(5-mepranto-4-R-4H-1,2,4-Tpiaz0.1-3-in)penosu

IKC-6 mae HaliHMKIY MOJEKYISpHY Macy Ta HalKparnry
PO3YMHHICTB y MeXax Iboro kiacy. LogP — B ontumansHOMy
Jiana3oHi, BHACHIIOK IIBOTO yTPUMY€ETHCS OaslaHe Tiapodiib-
HocrTi Ta minodineHocTi. He iHridye CYP, a oTxe Bu3HaUeHO
HU3BKHI PI3HK JTIKAPCHKUX B3AEMOIiH. 3aTraioM IIf0 CTIONYKY
OLIIHCHO SIK HAWOLIbII 30alaHCOBaHy (maobn. 1).

IKC-7 memo Baxua 3a IKC-6, Mae Tipury po34nHHICTS,
anie T LogP BiamnoBijgae npuidHsTHOMY aianasony. s cro-
myka inrioye CYP. 3aranom IKC-7 MoXHa BH3HAYUTH SIK
MEepCTIeKTUBHOTO KaH Iy ara, aje BoHa nmoctynaerbes IKC-6
(maén. 1).

IKC-8 xapakrepu3yeTbCs HaOUIBIIOW MOJIEKYIISPHOO
Macolo i HaiBumuM LogP, sik Haciigok — moripueHoro
PO3YMHHICTIO Ta MPOHUKHICTIO. € iHriditopom CYP2CY, i
TOMY MOXJIMBI JlikapchbKi B3aemoyii. [Tincymysaim, mo IKC-8
Mae ripmuit npodink i moTpedye onTumizamii (HampHKIaI,
3HWKCHHS JTINOGUIEHOCTI) (mabn. 1).

SIK HafNepCIeKTUBHIILY I HACTYITHUX JOCIIIKEHb BU-
3HaueHo crionyKy IKC-6, 1110 Mae kpaiiy po34rHHICTb, HIKIY
MOJICKYJISIPHY Macy Ta CHPHSTINBHHA Tpodiab B3aeMomil 3
CYP. IKC-7 moxe OyTH anbTepHATUBHUM KaHIUIATOM, a
IKC-8 moxe moTpeOyBaru Moxudikamii. L1i mani HaBeneHO
Ha pagapHomy rpadiky ADME-napamerpis criomyk IKC-6 —
IKC-8 (puc. 1).

2,2'(((5-rinpoxcu-1,3-penunnen)dic(4-R-4H-1,2,4-Tpiazo.-
5,3-aiin))0ic(cynbdaniin))iauero(nponan)Hirpuian

IKC-9, ne3Bakatoun Ha BHCOKY MOJIEKYJISIPHY Macy
(522,6 r/monb) Ta 3HauHnit TPSA, xapakrepusyeTbcest XOpo-
mroro JinodinsHicTIO (LogP 3,75), mo moxe 3abe3neuyBatu
aKTUBHICTb y KIITHHHMX MeMOpanax. [ 3narnicTs inriGysaru
kimpka CYP-i30epMeHTiB CBITINTH ITPO HASIBHICTH CHITBHOT
(apmaxodopHoi B3aemonii 3 PEepMEHTHUMH CHCTEMaMH;
[Ie MOYKHA BUKOPHCTATH MiJ 4aC CTBOPEHHS CEJICKTHBHHX
iHribiTopis. KpiM Toro, crpykrypa 30epirae BiiNnOBIIHICTH
KPHUTEPisM JIKOMOAIOHOCTI, a 0T)KEe MOMKIIHBA ii TIOaNIbIIIA
ONTHMI3aLisl TiJ] KOHKPETHY MillleHb (maobn. 2).

IKC-10 — momexyrna, mo Mae IIe BUIIY JIMOPLIEHICTD
(LogP 4,31), i TOMy € MEepCHEeKTUBHOIO Il BUBUCHHS SIK
MOTSHI[IMHUI KaHIUIAT 13 BUCOKOK MEMOPAaHHOIO ITPOHHK-
HICTIO, KOJIM MOTPIOHE aKTHBHE 3B’SI3yBaHHS 3 JIMITHUMH
CTPYKTYpaMH 49H TiApoGoOHNMHE IISTHKaMK OLTKiB. 3HaUHa
MoJIeKyssipHa Maca (550,7 r/mMoits) nae 3Mory MoaudiKyBaTu
MOJIEKYJTy JUTsl HOKpAIeHHs PO3YMHHOCTI O€3 BTPaTH aKTHB-
HocTi. Bucoky axruBHicTs mono CYP MoxxHa BUKOpHCTATH
SIK BUX1/THY TOYKa JIJIsI CTBOPEHHS iHr101TOpiB METaOO0TIYHUX
(bepmeHTiB (mabn. 2).

IKC-25 € HaliObII 30aTaHCOBAHOKO MOJICKYJIOK Cepe
TOCIHIDKEHUX, Mae OonTUMaiabHy Macy (398,5 r/moms) i
Husbkuii LogP (1,48), 1110 3a0e3medye XopoIy po3urMHHICTh
1 BIIMOBIHICTH MapaMeTpaM JikomomioHocTi. HaBiTe 3a
HU3bKOTO PIBHS IUTYHKOBO-KHUIIKOBOI abcopOuii mose-
KyJ1a MOke OyTH MEPCIEeKTHBHOK Ul NapeHTepabHUX
nikapcebkux popm. Ipodins IKC-25 i3 miHiMansHUMH
CYP-B3aemomistmu poOUTH 11 HAHOLIBII TPHUIATHOKO IS
IIPOROBKEHHS PO3POOKH SIK «4UCTOTO» JiraHzaa Iyl Tap-
TeTHUX JOCITIUKEHb (mabmn. 2).
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Mon. maca

CYP iHribyga

P-gp cy6!

LUKT abcopbuis

Puc. 1. Papaphwii rpachik ADME-napamertpis cnonyk IKC-6 — IKC-8.

—— IKC-6
— IKC-7
— IKC-8

PSA

ogP

VNHHICTb

Ta6nuus 1. ADME-xapakrepuctuku 3,5-6ic(5-mepkanto-4-R-4H-1,2,4-tpiason-3-in)deHonis

Cnonyka | CTpykTypa TPSA,A> |LogP, Po34uH- LUnyHkoBo- | P-gp CYP iri-
KOHCEHCYC | HiCTb KuWKoBa | cybctpar | ByBaHHA
abcopbuis
IKC-6 OH 320,39 159,25 1,23 PO34nHHMI | Husbka Tak Hemae
'NY@(N‘
N\\ //N
A
HS SH
IKC-7 o 348,45 159,25 1,82 Po3unHHMiA | Huabka Tak Hemae
/N\ 2N
NG N
)N
HS SH
IKC-8 N-y 444,53 159,25 3,70 PO34MHHMIN | Husbka Tak IHriGiTop
Hs—{’N | OH CYP2C9
O LD
N=
J\SH

IKC-26 (426,5 r/monb, LogP 1,87) xapakrepusyerbcs
TIOMIPHOIO Macor0, Ma€ CIPHUATIUBHNA OajJaHC pPO3YHMHHO-
CTi Ta MMOoQiIBPHOCTI, IO POOUTH 11 MEPCIICKTUBHOO IS
nozaibeinol onrumizarii. Bora mae morentian sk 6a3a mis
lead compound, ockinbku 30epirae xopoluii mpodias 6e3
KPUTHYHUX TIOpYIIEHb TIpaBK JlikonofiouocTi. Ii CYP-in-
ri0yBaHHS MOXKe OyTH CIIPSIMOBAaHE Ha CTBOPEHHS BUOIPKOBUX
HTI6iTOPIB (MAbn. 2).

IKC-27 mae nepcrieKTHBHE MOETHAHHS OUTBIIOT oMb
Hocti (LogP 2,07) i mocrarHboi pO3YMHHOCTI, 110 CHPHSIE
TapreTyBaHHIO MeMOpaHHHMX OinkiB. Xoua BOHa iHTiOye

kitbka CYP, 1e BikpuBae MEpCreKTHBH JJIsI CTBOPEHHS
MOXIZTHUX 13 BHOIPKOBOIO aKTHBHICTIO NPOTH KOHKPETHHUX
i3oopm. 30amaHCcOBaHA CTPYKTYpa POOHTH IO CIIOTYKY
TIEPCTIEKTUBHOIO JUTA MoAX(iKaIiil y HApsAMi T IBUIICHHS
abcopOrii (maba. 2).

IKC-28 3aBasiku BiqHOCHO BHCOKii Maci (454,6 r/Moiib)
ta LogP 2.48 MO)xe BUSBUTHUCS MIEPCIIEKTHBHOKO TS TOCIi-
JOKEHHS SIK TTOX1/THA 3 TIOTEHIIIHHO CHITFHOIO 3B’ SI3yBAILHOIO
3[aTHICTIO 10 TiapohOOHMX AUIIHOK OiomimeHei. HasiBHICTH
CYP-B3aemoniii Moxke craru 0a3010 JJIsl CTBOPEHHS CIIO-
JyK 13 PEryjIITOpHOIO Ji€r0 Ha MeTabomi3M. 30anaHcoBaHa
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Mon. maca

LLUKT abcopbuig

Puc. 2. Pagaphuii rppacbik ADME-napamertpis cnonyk IKC-9, IKC-10, IKC-25 — IKC-28.

Tabnuus 2. ADME-xapakrepuctuku 2,2’-(((5-rippoken-1,3-chennnen)bic(4-R-4H-1,2,4-Tpiason-5,3-aiin))6ic(cynbtanaiin) \aiaueto(nponan)

Cnonyka | CTpykTypa Mon. maca, LogP, Po34uH- LUnyHkoBo- | P-gp CYP inri-
r/monb KOHCEHCYC | HicTb cyoctpar | OyBaHHA
IKC-9 N 522,6 179,83 3,75 MomipHo | Huabka Tak CYP1A2,
\ “‘\ PO3UMHHMIA 2C19, 2C9,
HO | 3 3A4
N
©\N NN ©
™
H,C~C=N
IKC-10 550,66 179,83 4,31 MomipHo Hu3bka Tak CYP1A2,
s PO3UMHHMIA 2C19, 2C9,
CH, 3A4
HC,
s
N=
Qe
N
[, S
I \<R"'/“ -
N’/ 2
IKC-25 OH 398,47 179,83 1,48 Po34nHHMIN | Husbka Tak CYP2C9,
Y@ -
N
N\ = =N,
N N
s\>~ A ¢
HC-C=N Nsg_ S
~C
HZ
IKC-26 N=N 426,52 179,83 1,87 PosunHHuMin | Husbka Tak CYP2C9,
HO I S 3A4
75)*“\
H,C
c
N‘/ N— \N
N=( H,C-C=N
S—CH,
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MpopoBxeHHs Tabn. 2.

Cnonyka CrpykTypa Mon. maca, | TPSA, A? | LogP, Po3uuH- LLnyHkoBo- | P-gp CYP iHri-
r/monb KOHCEHCYC | HicTb KMWKOBa | cybcTpar | ByBaHHA
abcopbuis
IKC-27 N=N 426,52 179,83 2,07 PosunHHMin | Husbka Tak CYP2C19,
HO I S 2C9, 3A4
N \
/CHZ
L
N
’\\‘\\ \\N SN
C .
HA\C\Q N
IKC-28 N—N 454,57 179,83 2,48 PoguntHui | Huabka Tak CYP2C19,
HO I Yy 2C9, 3A4
N \
) LCH,
H,C
N\/ N \’\\\‘
N=< N
S
H,C—CH,

PO3YMHHICTH JJa€ 3MOT'Y BUKOPHCTOBYBATH ii SIK OCHOBY JUISI
PO3pOOKH MOTU(IKOBAHKMX AHAJIOTIB 13 KPAIIO 01010CTyII-
HICTIO (maon. 2).

Ha mizxcraBi HaBeAEHNX JaHUX JIAILIA TAKUX BUCHOBKIB:
IKC-25 i IKC-26 € onTUMaIbHUMH BiJIPaBHAMH TOYKAMHU
st lead-onrumizanii 3aBasiky 30aJIaHCOBAHUM BJIACTH-
Boctsam; IKC-27 i IKC-28 — mepcreKTUBHI KaHIUIATH IS
JOCITIJDKEHHS] MeMOpaHHUX MillIeHel 1 CTBOPEHHS OX1IHIX
i3 kpamoro abcopoiero; IKC-9 i IKC-10 — xapkac my1st po3-
pobnenns inridiTopie CYP Ta iHmmX hepMEHTHHX CHUCTEM,
MOXXYTb CTaTH 023010 JUIS1 CTBOPEHHSI BACOKOAKTUBHUX, X042
1 crieruivHUX, CIONYK (puc. 2).

2,2"-(((5-rigpoxcu-1,3-penunnen)dic(4-R-4H-1,2,4-
Tpiazea-5,3-aiin))oic(cynbdauniin))aianeraTHi kKucaoTn Ta
3,3'-((((5-rinpoxcu-1,3-penunnen)dic(4-R-4H-1,2,4-Tpiazo.-
5,3-niin))oic(cynbpangiin))dic(meTnaen))auden3oiini
KHCJIOTH

IKC-11 mae Bucoky monekyisipay macy (560,6 r/moib) i
senukuit TPSA (206,85 A?), nomipro minoginsauii LogP
(3,24). Hezpaxxaroun Ha HI3bKY GI-aGcopOito, BiICYTHICT
P-gp cybceTparHOCTI pOOHTS 11 MEPCHIEKTUBHOIO JUTS TTAPCH-
TepaibHUX abo TapreTHUX (GopM JIOCTaBKH; iHriOyBaHHS
CYP1A2 i CYP3A4 MoXHa BUKOPUCTaTH SIK OCHOBY IS
PO3pOOIEeHHS OBIMHUX IHTIOITOPIB 200 AyaTbHUX MOMYIIIB
(apmakoguHAMIKHA (maobn. 3).

IKC-12 myxe Benmuka i minodinera (M 712,8 r/monb, LogP
5,69), He po3unHHA | Ma€ HU3bKY a0COpOI1io, aje 1e poOnThH
1l KaHIMIATOM JUTS TOCTIHKEHb SIK 1Hri0ITOpa a00 BUCOKO-
criendivHOTO JIiraH/ia py napeHTepaIbHOMY 3aCTOCYBaHHI.
Crpykrypa Moxe OyTu miar)opMoro Ui IIPOEKTYBAHHS
MEHIIL TINO(ITHHIX ITOXITHIX 31 30epeKeHHSM 3B’ S3yBaTbHOT
3[aTHOCTI (maobn. 3).

IKC-17 6inpir kommnakTHa 1 106pe posunnua (M 436,47,
LogP 0,75), 3 uusekum pusukom CYP-B3aemoniii i HasiB-
HicTio P-gp cy6erparHocTi. Ii omiHeHo sk Kpally BUXigHY
CTIONYKy UTs HacTymHOI lead-omumizartii, mo cropustumMe
TIOJITIIICHHFIO ITePOPaTbHOT 010J0CTYITHOCTI, 800 CTBOPCHHS
BOZIOPO3YMHHUX Hapahopm.

IKC-18 mae nomipny ninodinsHicts i M (588,66; LogP
3,47), iuridye CYP1A2 i CYP3A4. Monekyna Mmoxe OyTH
BUKOPHCTaHa SIK KapKac JUlsi pO3po0JIeHHs iHTI0ITOPIB 1HX
i30¢opm abo sIK OCHOBA /I TOXiTHUX, OPIEHTOBAHMX Ha
MeMOpaHHi MillleHi, 31 3HmkeHHM Hagam TPSA s kpamoi
MIPOHUKHOCTI (mabn. 3).

IKC-19 mae ioMipHy Macy Ta XapaKTepH3y€ThCsl XOPOIIIO
pozumnnHicTio (M 464,52; LogP 1,46), ane inriOyBaHHs —
mmte CYP3A4. e poOuTs ii epCcrieKTHBHOIO K «IHCTIITY >
CIONYKY JUIS TIPOJOBKEHHS ONTHUMIi3alii 3 MOXKJIHBICTIO
3MEHIIEeHHS! P-gp BIUIMBY Ta MiJBUIIEHHS NEPOpPaTbHOT
abcopOuii (mabn. 3).

IKC-20 — Benuka i minodinsaa (M 616,71; LogP 4,15) mo-
JIeKyJia 3 HU3bKOIO PO3YMHHICTIO Ta iHriOyBaHHsM CYP1A2
i CYP3A4; moxe OyTn BUKOpPHCTaHA SIK CTPYKTypHA IIIat-
(opma [UIsl CTBOPEHHSI CHIIBHUX JIIFaHAIB [UIsl HeNepopalib-
HUX 3aCTOCYBaHb 200 JUIsl TAPreTHUX iHri0ITOPIB 32 yMOBH
Moauikarii st HOKPAICHHs PO3UUHHOCTI (mabin. 3).

Pe3tomyroun, po3pi3HEMO JIBI TPy JOCITIIPKEHNX MOJIe-
kyi. Tak, IKC-17 1 IKC-19 Bu3HaueHoO K HAHOLTBIIT IEpCIeK-
THBHI JUIS TIOAAJIBINOI ONTHMI3allii, OCKIJIbKA BOHH MarOTh
BIIHOCHO HEBEJIMKY MOJIEKYJISIPHY Macy, XOpOIIy PO3YMHHICTh
i oomexennii criektp B3aemomiit 3 CYP-pepmenramu, 1o
MiIBUIIYE TXHIN MOTEHIA K CTApTOBUX TOYOK yisi lead-
orruMizamii (puc. 3). Bogrowac IKC-11, IKC-18 i IKC-20
Many 3HaYyHUH iHTiOyBanmpHUN moTeHmian momo CYP1A2
i CYP3A4, mo moxe OyTH KOPHCHHUM IIijl 9ac CTBOPECHHS
Oararo()yHKIIOHAJBHUX MOJIEKYJ a00 y BHIIaJKaX, /€ He-
00xisHa komOiHOBaHa st (puc. 3). IKC-12, He3Bakatoun Ha
BHCOKI MOKa3HHUKH JHMO(QUILHOCTI Ta HU3bKY PO3UHHHICTB,
Ma€ TIePCIIeKTHBY SIK CTPYKTYpHA IuIaTopMa T po3poOKn
crienMQpivHUX iHTI0ITOPIB 200 MapeHTepaIbHIX GopM (puc. 3).

3araom Ha0lp CHOJIYK XapaKTepHu3yBaBcsl 0aJIaHCOM MiX
«YHCTINIMMMY MOJIEKYJIAMH 3 MOTEHLIAJIOM JUIsl [IepOpalib-
Horo 3actocyBanns (IKC-17, IKC-19) ta cximagHimamMu
CTPYKTypamH 3 0ararornpo@ilsHOI0 Ji€l0, OpI€EHTOBAHUMHU
Ha HimeBi abo TapreTHi Hanpsmu dapmaxomnorii (IKC-11,
IKC-12, IKC-18, IKC-20).
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Pe3GnHHICTb

Puc. 3. Pagaphwii rpachik ADME-napamertpis cnonyk IKC-11, IKC-12, IKC-17 — IKC-20.

ogP

Tabnuus 3. ADME-xapakrepuctuku 2,2’-(((5-rippoken-1,3-cbennnen)bic(4-R-4H-1,2,4-Tpiason-5,3-4iin))6ic(cynbtaHaiin) \aiauetatHux kuenot Ta

3,3~((((5-rippokeu-1,3-cpeHunen)bic(4-R-4H-1,2,4-Tpiason-5,3-4iin) )bic(cynbdangiin))bic(meTnneH))anbeH30MHUX KUCTIOT, L0 OTPUMAHi 3a po3paxyHkamu
Ha nnatgopmi SwissADME
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Cnonyka | CTpykTypa Mon. maca, | TPSA, A> | LogP, Po34uH- LUnyHkoBo- | P-gp CYP inri-
rimonb KOHCEHCYC | HiCTb cyoctpar | OyBaHHA
IKC-11 NN o 560,6 206,85 3,24 MomipHo | Huabka Hi CYP1A2,
HO | »\S,Cz~c” PO3YMHHMI CYP3A4
N OH
LA
J=N
S
CH
HO - 2
IKC-12 o 712,8 206,85 5,69 MomipHo | Huabka Hi He
C-oH PO34NHHUIA BUSIBNIEHO
43
HO [ D=s
N
©\N \;\1 :
=N
S\
HO CH,
0
&
IKC-17 OH 436,47 206,85 0,75 PoaynHHmin | Huabka Tak He
Y N—N\ BUSIBNEHO
2 |
o\\CII/C\S/j\N\
OH <N
—N N
S\
e
—C.
HO o
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MpopoBxeHHs Tabn. 3.

Cnonyka CrpykTypa Mon. maca, | TPSA, A? | LogP, Po3uuH- LLnyHkoBo- | P-gp CYP iHri-
riMonb KOHCEHCYC | HicTb KMwWKoBa | cy6eTpar | GyBaHHA
abcopbuis
IKC-18 a sy 588,66 206,85 3,47 TMomipHo Husbka Hi CYP1A2,
Q s | o PO34NHHMUIA CYP3A4
N
OH
\N \!\‘
=N
S\
CH,
L£=0
HO
IKC-19 " OH 464,52 206,85 1,46 Po3unHHMi | H1abka Tak CYP3A4
N-
2 Y
o\\c,c\s/k)N
OH
Ny
7/
S\
oH,
HO ~Cy
IKC-20 & M 616,71 206,85 4,15 Maro- Hu3sbka Hi CYP1A2,
Q S oH POBUMHHM CYP3A4
- ¥
O_C\OH C2H5J\§/
C2H§\N SN
V=n
S\
CH,
£=0
HO

Aunkinnoxiani 3,5-6ic(5-mepkanro-4-R-4H-1,2,4-Tpiaz0.1-3-
i1)denonis

IKC-21 Ta IKC-22 mMarTh BETHKY MOJEKYISIPHY Macy i
Bucoky JinodineHicts (LogP nmonan 4). Lle o3Hauae, mio
BOHHM JI0OpE B3a€MOJIIOTH i3 T1IpoOOHUMHU IUISTHKAMH
OLIIKiB-MiIIIEHEH, 1110 MOKE 3a0€3MEYNTH BICOKY O107I0TIIHY
aKTUBHICTb. Henomik — HU3bKa pO3YMHHICTB 1 IOraHe BCMOK-
TYBaHHsI y IIUTYHKOBO-KHIIIKOBOMY TpakTi. [IpoTe 1i crioiyku
MEePCTIEKTUBHI JIJIs1 CTBOPEHHSI 1H’ €KIIMHUX a00 JIMiIHUX
JiKapcbkux hopm (maon. 4).

IKC-23 Ta IKC-24 — me OinbIn mimodimsHi Ta MacHBHI
MOJIEKYJIH, 1 TOMY «BayKK1» JUIs IEPOPATIBLHOTO 3aCTOCYBaHHS,
aJie BOJHOYAC MOTCHITIIHO JTy>e CHITbHI 3B’ s13yBadi B ITHOO-
KHX TiIpopOOHNX KUTICHX MimeHel. Taki Coyku MoxKHa
BU3HAYUTH AK MMPOTOTHUITU IJI MApEHTCPAJIbHUX J'IiKapCI)KI/IX
(hopm abo A7 UTEOBOT JOCTABKH (mabi. 4).

IKC-29 ta IKC-30 — Ginpmn 36amaHcoBaHi MOJIEKYIH 3
niomipaoto ninodineHicTio (LogP ~3) 1 BigHOCHO Kparoro
po3unHHICTIO. Lle poOuTh iX OITBII MPUAATHUME IUTS Ha-
CTYIIHOI ONTUMI3alii i rmepopaibHi mpenapard. Bike Ha
[bOMY €Tami iX MO)KHa BU3HAYUTH K HEMOTAHI «TiI» ISt
PpO3po0OKH (mabn. 4).

IKC-31 ta IKC-32 MaroTh BUCOKY Macy i JMO(LIbHICTS, 110
3abe3rmeuye xopolry adiHHICTb 10 OLtkoBHX MimneHei. [KC-32

€ cyoctparom P-gp, TOOTO MOYXKE aKTUBHIIIIE BUBOUTHCS KITi-
THHHHMH TIOMITAMH, 110 3HIDKYE IIPOHUKHEHHS Y MO30K; 1€ €
MO3UTHBHOO XapaKTEPUCTUKOKO TSI IEPU(DEPIIHIX MIIICHEH.

IKC-41 ta IKC-42 € Hal{01,1b111 TEPCIIEKTUBHUMM, 3 OTIISIILY
Ha KpuTepii JlikoroaioHocti. Bonn nodpe po3unHHi, MarOTh
CEPEIHIO MOJIEKYJISIPHY Macy Ta HallBUILMI MPOTHO30BaHUIA
piBers 6iogoctymHOCTI (0,55). Lle poOuTh iX MepcreKTHBHU-
MH JJIs1 CTBOPEHHSI IEPOPATIbHUX (GOopM (mabin. 4).

IKC-43 ta IKC-44 — cepeqHpOMIITOM1T5HI CTIOIYKH 3 aKTHB-
HicTio poTH KiTbKoX CYP-i30(hopM, 1110 CBITINTS Ipo TXHIN
MOTEHLIMHKI BIUTMB Ha MeTaboumi3M. Lle MokHa BUKOpHCTaTH
IUTS Tyl (hapMaKOKiHETHKH (mabi. 4).

IKC-45 —IKC-48 xapakTepH3yIOThCs BUCOKOIO MOJISPHOIO
nosepxuero (TPSA ~198 A?) i kinbkoma JoHOpaMu BOJTHE-
BHX 3B’s3KiB. Lle cripuse ceneKTHBHOCTI 10 (pepMeHTIB i
perenTopis, Xo4a i 00MeXy€e IPOHUKHICTh. 3aB/ISKH IIbOMY
CTIOITyKH MOKYTb Oy TH IIHHAMH JITSI IUTHOBHX (PePMEHTHIX
MiteHe (mabn. 4).

IKC-49 Ta IKC-53, IKC-55— HallO1b11I «/1py»KHi /10 JTiKiBY
MOJIEKYITH, OCKIIBKH XapaKTEePU3yIOThCS HIKIOI0 MOJIEKY-
JSIPHOIO MAcCO¥0, XOPOIIIOK PO34YHMHHICTIO, LogP cTaHOBHUTH
maibke 2,0-2,5, OiomoctymHicTh — 0,55. Le HaiicnmbHimI
KaH/IUJIaTH JITs1 TIOAAJIBILIOTN0 PO3BUTKY, OCOOIUBO ISl Opalib-
HUX JIIKApChKUX PopM (mabi. 4).
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4 —— |KC-21 — |KC-45
Mon. maca —— IKC-22 —— IKC-46

— |KC-23 —— |KC-47

IKC-24 — |KC-48

— |KC-29 —— |KC-49

— |KC-30 —— |KC-50

CYP iHribyBariiA —— IKC-31 —— IKC-51
— |KC-32 IKC-52

—— |KC-41 — IKC-53

= |KC-42 — |KC-54

— |IKC-43 —— IKC-55

IKC-44 — IKC-56

LLIKT abcopbisg

Puc. 4. Pagaphuii rpacik ADME-napametpis cnonyk IKC-21 — IKC-24, IKC-29 — IKC-32, IKC-41 — IKC-56.

Tabnuus 4. ADME-xapaktepuctuku ankinnoxigHnx 3,5-6ic(5-mepkanto-4-R-4H-1,2,4-tpiason-3-in)deHonis

Cnonyka | CTpykTypa Mon. maca, ) LogP, Po3uuH- LinyHkoBo- | P-gp CYP iri-
r/monb KOHCEHCYC | HicTb KAWKOBa | cybcTpaT | ByBaHHA
abcopbuis

IKC-21 616,71 184,85 4,65 Marno- Husbka Hi 1A2, 2C9,
PO3YUHHWIA 3A4

S
CHs th,

<

0
IKC-22 644,76 184,85 5,39 Mano- Husbka Hi 1A2, 2C9,
N-N H 0 PO3YUHHMI 3A4
HO | >\S/C‘C/
N

S
Gt
O ‘C/ 2
\C\)
IKC-23 o 768,9 184,85 7,2 Marno- Husbka Hi 3A4
W _O,CzH5 PO3YMHHMIA
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MpopoBxkeHHs Tabn. 4.

Cnonyka CrpykTypa Mon. maca, LogP, Po3uuh- LnyHkoBo- | P-gp CYP iHri-
riMonb KOHCEHCYC | HicTb KuWKoBa | cy6eTpar | GyBaHHs
abcopbuis
IKC-24 o oMy 796,96 184,85 7,91 Maro- Huabka Hi 3A4
c-0 POZUMHHMIA
N-N HC‘Q
©\N SN
=N
]
Cot CH,
0
IKC-29 NN Hy o 520,62 184,85 2,93 MomipHo Husbka Hi 2C9, 3A4
HO ) %S’C‘C// PO3YMHHNIA
N Jo
CZHS
N= N\
=
/S
HC  CoHs
-0
o/
IKC-30 H 548,68 184,85 3,71 lMomipHo Husbka 2C9, 3A4
N-N 2 0 .
HO ) »\S/C\C\ PO3YMHHUI
N 0
L Gty
N NN
N=
=
HC CiHy
C=0
O/
IKC-31 o cpH, | 672,82 184,85 5,63 Mano- Husbka Hi 1A2, 2C9,
. . -0 PO3UMHHUI 3A4
A
07G A -
CHs ©
OH
IKC-32 QCHZ N-N 700,87 184,85 6,27 Maro- Tak 1A2, 3A4
s | 034MHHUIA
i S"‘<N OH p
'0-CsH;
N \,N
=N
g
CH,
L=0
¢
C3Hy
IKC-41 NN Hy o 492,57 184,85 21 PosunHumin | Husbka Tak 3A4
_ Ha
HO ;o\ ~~C
N>\S ’\
| C,yHs
NZN—
N=
=
H,C CoHs
, -0
Ol
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MpopoBxkeHHs Tabn. 4.

Cnonyka CrpykTypa Mon. maca, | TPSA, A? | LogP, Po3uuH- LnyHkoBo- | P-gp CYP iHri-
r/Monb KOHCEHCYC | HicTb KMwWKoBa | cy6eTpar | GyBaHHsA
abcopbuis
IKC-42 N H 492,57 184,85 2,11 Po3unHHuMiA | Huabka Tak 3A4
N— /
HO | )\S,C%‘(’
N
\ C3H7
NT N
N~
/S
HC CoHy
} -0
Ol
IKC-43 cH, N-y 644,76 184,85 5,02 Maro- Huabka Tak 1A2, 2C9,
S /N\ oH PO3UMHHNIA 3A4
0=C, /
Y
C,Hs Ay
=
S\
CH,
£=0
Q
CoHs
IKC-44 cH, N=p 672,82 184,85 5,74 Marno- Husbka Hi 1A2, 2C9,
‘SZ—{N | oH PO3UMHHMI 3A4
0=C, /
0
C3Hy
SNTSN
=i
S\
CH,
/("’:o
9
C3H;
IKC-45 oH 586,69 198,41 4,28 Maro- Huabka Hi 1A2,2C19,
PO3YUNHHWIA 3A4
N
S _N,
e \ﬁl_,’\, N\/<N &
4 \O\ b:
HN tH, ©/ §-g/OTNH
HZ
IKC-46 o 642,79 198,41 5,58 Maro- Huabka Hi 1A2, 3A4
PO3YUHHIA
N
S _N,
HZCC \ﬁl_ﬂl TN S
~0 c=
=Y C3Hy ©/ S\ﬁ/ NH
2
IKC-47 N-N 518,66 198,41 2,92 PosunHHMiA | Hysbka Tak 3A4
HO | >\S
)NH c’\CH2
zl‘C‘O/CHa
NN AN
V=
/S
H,C—CH,
HN=C\
0-CH,
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MpopoBxkeHHs Tabn. 4.

Cnonyka CrpykTypa Mon. maca, LogP, Po3uuh- LnyHkoBo- | P-gp CYP iHri-
r/monb KOHCEHCYC | HiCTb KUWKOBa | cyb6cTpar | ByBaHHA
abcopbuis
IKC-48 N-N 574,76 198,41 4,39 MomipHo Husbka Hi 3A4
HO | >\S PO3YUHHNIA
)N He
ZI‘C\ ,C3Hy
NN
N=
H,C—CH,
HN=C
0—C4H;
IKC-49 N-N 490,6 198,41 2,35 PosunHHUI | Husbka Tak 3A4
HO |\ s
’\t /\CHz
H,C cH
Lo "
N/ N— HN
h=
S
H,C—CH,
HN=C,
0-CH,
IKC-50 N—N 546,71 198,41 B¥75 lMomipHO Huabka Tak 3A4
HO | »\S PO3YUHHNIA
Iy c’bH2
2,&:‘ ,C3H7
N7 N— HN”
N~
S
H,C—CH,
HN=C
0-CyH;
IKC-51 HN 614,74 198,41 4,64 Mano- Husbka Hi 1A2, 2C19,
-0 PO3HMHHMI 3A4
_n MG e
HO ) M
N
©\N \N ©
_N’
S\
HZC‘C\HZ
Hsc\o/C:NH
IKC-52 HN 670,85 198,41 6,08 Mano- Husbka Hi 1A2, 3A4
/‘(‘3\0 PO3YUHHWI
N P& T
Ho I &S/CHZ ’
N
oL O
_N’
sz‘C\Hz
CsHr~0 A
IKC-53 OH 462,55 198,41 1,93 PosunHHmin | Husbka Tak 3A4
H30\ N
O N N
HN=HC\C_S>—'N\ N NN
2 S‘C/C\O‘
H, CHs
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MpopoBxkeHHs Tabn. 4.

Cnonyka CrpykTypa

Mon. maca, | TPSA, A? | LogP,

Po34mH- LLnyHkoBo- | P-gp CYP iri-

r/monb KOHCEHCYC | HicTb KMWKOBa | cybcTpaT | ByBaHHA
abcopbuis
IKC-54 OH 518,66 198,41 3,3 [MowmipHo Huabka Hi 3A4
PO3YUHHIA
CsHy N N
/ \ -
HN=C, N NN HN
He-s 7 1 g
ﬁ2 CaHy
IKC-55 OH 490,6 198,41 2,4 PosunHHmin | Husbka Tak 3A4
H3C, N
\ A N
! N CHs
HN=C N NN
_ ~ \
Ho-s ) \{S\C’C:NH
H,
IKC-56 N NH 546,71 198,41 3,96 MomipHo | Huabka Hi 2D6, 3A4
NN S\ ’u o
: rT 32c\(rc3H7 PO3YUHHMIA
He )N
e OcCs N
NH \\ OH

IKC-50, IKC-51, IKC-52, IKC-54, IKC-56 — rpymna, 1110
XapaKTepHU3y€eThCs OATaHCOM MK JIITO(IIBHICTIO Ta PO3YHH-
HICTIO (ma6i. 4). BoHN MeHIIe BiAIOBIIAIOTh TapamMeTpam
JIKOMO/IOHOCTI, ajie MOXKYTh CTATU CTAOLTBHUMH «JTiJ[AMI»
st SAR-ocimKeHb 13 MOKIIMBICTIO OIITHMI3ALil i KOH-
KpeTHi MimeHi. Hal0inbI nepcrieKTMBHUMU IS TepOpalib-
noro 3acrocyBanHs € IKC-41, IKC-42, IKC-49, IKC-53 Ta
IKC-55, amke BOHM MalOTh Kpally pO3YHHHICTE 1 HABHIITY
IIPOrHO30BaHy 010/J0CTYITHICTb.

3aznaunmo, 1o IKC-21, IKC-22, IKC-23 Ta 24 nepcriek-
THUBHI JUIsl TapeHTepaIbHUX (OpM abo LIIBLOBOI TOCTaBKU
3aBJSIKM CHJIBHIN JINOQUIBHOCTI W OYiKyBaHO BHCOKIH
agiaHOCTI 10 OlnKiB-Mmimmene# (puc. 4). IKC-29, IKC-30,
IKC-47, IKC-48 ta IKC-50 — IKC-54 M0OXHa BU3HAUUTH SIK
po06odi «Iiam sl HONANBIIOT ONITAMI3AIlil, OCKLTEKA BOHH
XapaKTePU3YIOThCs OaJIaHCOM MmapaMeTpiB (puc. 4). YactuHa
MoJeky, sik-0T IKC-32, Moxke OyTH KOPUCHOFO TS TIeprde-
PUYHUX MilIEHEH 3aBASKN aKTHBHOMY BUBEICHHIO P-gp, 1o
00MeXye ITPOHUKHEHHS y IEHTPaJIbHY HEPBOBY CUCTEMY.

Otxe, cepist MICTUTh KiJIbKa JTyXKe IEpCIIeKTUBHUX KaH-
IUIATiB AJIs HACTYIIHOTO PO3BHUTKY, 1 TOJOBHHH aKLEHT
JIOLJIBHO POOUTH Ha CIIONyKaX, MPUIATHUX JUTSL OPAIBHOTO
3actocyBanHs (IKC-41, IKC-42, IKC-49, IKC-53, IKC-55),
3aJIMIIAI0YX HAHOLIBIIT TINO(IUIBHI K pe3epB JUIs MapeHTe-
panbHUX (opM abo 11t GOpMyBaHHS CTIMKHX TiapohoOHUX
B3a€MOJIIl MK (pparMeHTaMH MOJICKYJIH Ta O10JOTYHIMHI
MIILIEHSIMH, 110 CIPHSIE MiABUILEHHIO JIMO(IIBHOCTI 1 MO-
TEHIIHOMY TTOCHJIEHHIO MEMOPaHOIIPOHUKHOCTI CIIONTYK.

O6roBopeHHs

Amnauiz cepii moxinaux 1,2,4-tpiazomy (IKC-21 — IKC-56)
CBIZYUTH MPO HASBHICTh y HUX MEPCHEKTUBHHUX BIIACTHU-
BOCTEH, 1110 AAIOTh IMiJCTaBM BU3HAYUTH iX SIK IMOTECHIIHHI

010JIOTIYHO aKTHBHI CIIONYKH 3 0araroOBEeKTOPHOIO (apma-
KOJIOTIYHOFO JTi€10. 3TiHO 3 OTPUMAaHUMH JaHUMH OO
(hi3uKO-XIMIUYHHX 1 (PapMaKOKIHETHYHHUX XapaKTEPHUCTHK,
OUIBIITICTE MOJIEKYJT XapaKTePU3YIOThCSI BUCOKOIO MOJIEKY-
JISIPHOIO MAacoOl0, BEJIMKOIO IUIOIIMHOO TTOJSIPHOT ITTOBEPXHI
(TPSA) Ta Bupa)xeHO!0 JinopiIbHICTIO, 1110 IEBHOIO MIPOIO
oOMexye IXHIO mependadyBaHy IepopanbHy 01010CTyTI-
HicTh [4]. BomHowac came 1ii mapameTpu MOXYTh 3a0e3re-
YyBaTH CEIEKTUBHI B3a€MO/Iii 3 MEMOpaHHUMH CTPYKTypaMu
Ta (PepMEHTATHBHUMH CHCTEMaMH, 110 PO3LINPIOE CIIEKTP
MOXKJIMBHX 010JI0NYHUX (EeKTIB.

Oco0mBo1 yBary 3aCITyrOBY€ 3aTHICTB CIIONYK iHT10yBaTH
KITI0UOBI 130¢opmu muroxpomy P450, 3oxkpema CYP1A2,
CYP2C9 i CYP3A4, mo cBimunTh Npo iXHil MOTEHIaN y
perymsiiii MeTadomi3My KceHoOi10THKIB. BpaxoBytoun Te, 1o
TOPYLICHHSI aKTUBHOCTI 1IMX (DEPMEHTIB TICHO MOB’s3aHE 3
PO3BHUTKOM 3alfabHUX Ta iHQEKIIIHHIX MPOIeciB, BUBUCHI
MOJIEKYJIH MOXKYTh BiJIirpaBaTH poJjib K MOJYJISTOPU MeTa-
OomiyHNX peakmiid. YacTHHA CIOIYK XapaKTepu3yBajacs
TTOMIPHOIO PO3YHHHICTIO 1 TOMIPHUMH 3HAYCHHSIMH KOH-
cercycHoro LogP, 1o cTBoproe GaaHc MiK BOIOPO3YHH-
HICTIO Ta TIPOHUKHICTIO, a OTKe 30epirae MepCIeKTHBY U
(apmaneBTnuHOi ontuMizanii. Cepen yciel cepii HalOLIbII
MIEPCIIEKTUBHUMH IOJI0 TIO€JHAHHS MOJEKYJISIPHOI MacH,
TPSA Ta ninogineHOCTI € IKC-29, IKC-30, IKC-41, IKC-49
ta IKC-53, siki XapaKTepu3yr0ThCsl KPaIor PO3UHHHICTIO Ta
ONITHMAEHIMU TTIOKa3HUKaMH 0100CTYITHOCTI.

BaxuBUM HampsiMOM JUIst JOCIHI/PKCHHSI € MOMKJINBUH
AQHTHOKCHJIAHTHUH TTOTEHIia] IuX NoxinHux. CTpyKTypHi
0COOJHMBOCTI CITONYK, 30KpeMa HasBHICTH T1IPOKCHIBHUX
3aMICHHKIB, apOMaTHYHUX sJiep 1 TeTepOLUKIIYHUX (par-
MEHTIB, CTBOPIOIOTH YMOBH TSI €(DEKTHBHOTO IEPEXOTUICHHS
BUIBHHX PaJIMKaIIiB i raJIbMyBaHHs ITPOLIECIB TEPOKCHIHOTO
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okucHeHHS niminiB. Lleit MexaHi3M 0cOOIMBO IIHANI Y KOH-
TEKCTi MPOUTAKTHKA Ta Teparii 3aXBOPIOBAHB, OB’ I3aHNX
3 OKCHJIaTUBHUM CTPECOM, 30KpeMa CEpLEBO-CYANHHOI Ta
HelipoaereHepaTuBHOI marosorii. Kpim Toro, Bucoke 3Ha-
yeHHs1 TPSA y moemHaHHI 3 TOCTaTHBOIO JTIMO(UIHHICTIO
OKPEMHX IIPE/ICTAaBHUKIB cepil MOXke 3a0e3redyBaTu IXHIO
JII0 1y BOZAHOMY, 1 B JIIMIJJHOMY CEPEIOBHILI, 10 TIOCHITIOE
YHIBEpCaIbHICTh aHTHOKCHJIAHTHOTO E(EKTY.

[lle oquH NEpPCHEKTUBHUI HArpsiM — BUBYEHHS aHTHTI-
MMOKCAHTHOI aKTUBHOCTI MOX1THUX. BimoMo, 1110 moxiHi Tpi-
a30JTy MOXYTb CTa01J1i3yBaTH KIIITHHHI MEMOpaHH, BILIMBATH
Ha MeTaboIi3M EHEPreTHYHMUX CYOCTpaTIB 1 IiIBUIIYBaTH
CTIMKICTh KIITHH 70 yMOB ae(dinuTy KucHio. OTpumani
pe3ynbraty, 30kpeMa 3HadeHHs LogP 1 mporro3osani dap-
MaKOKiHETHYHI MapaMeTpH, JA0Th MiJICTaBU MPHUITYCTUTH,
10 YaCTHHA CHOJIYK MOXKE ONTHMAJIBHO PO3MOAUIATHCS Y
TKaHMHAX, CXWJIBHHUX /10 TIMOKCHYHOTO YIIKOKEHHS, Ta
YHHUTH OUTONPOTEKTOpHUH edekt. Haibimpimmii iHTepec
Yy IIbOMY KOHTEKCTI BHKJIHMKAIOTh CHOJYKH 3 MEHIIOK MO-
JIEKYISPHOI0 Macoro Ta rmoMipHoro po3unHHICTIO (IKC-41,
IKC-49, IKC-53), sixi 3aBasku Kpamiiii GpapMakOKiHEeTHIHIH
JIOCTYITHOCTI MOXYTb OyTH e(peKTHBHUMH y CKJIa/li aHTUTi-
MOKCAaHTHHX 3aco0iB [5,6,7].

OTke, y3araJlbHEeHHH aHaii3 3acBiguye, mo cepist [KC-
21 — IKC-56, He3Baxxaroun Ha MICBHI OOMEKCHHS, 30epirae
3HAYHMI MOTEHIia /T onTuMizanii. [xHs 6aratopakTopHa
sl — TIOETHAHHS MOYKJIUBHX MPOTUMIKPOOHHX, aHTHOKCH-
JIAHTHHX Ta aHTUT1IIOKCaHTHHX edekTiB [8,9,10] — Binkpusae
MEPCHEeKTUBU ISl CTBOPEHHS 1HHOBALIHHKUX JIIKAPCHKUX
3ac00iB i3 KOMOIHOBaHMM MexaHi3MoM fil. HactymHi mo-
CITI/DKCHHS MAroTh OyTH CHpSMOBaHI Ha BUBYCHHS IXHBOT
010710T1YHOI aKTUBHOCTI in Vitro Ta in vivo, a TaKOXK Ha
CTPYKTYpHY OTITHUMI3AIlIO I ITiIBUIIEHHS PO3YUHHOCTI
Ta 0610OCTYIHOCTI 0€3 BTPaTH KIFOYOBUX (papMaKo(pOpPHUX
BJIACTUBOCTEH.

BucHoBku

1. ®i3uKo-XiMiYHI TapaMeTpH OLIBIIOCTI CIIONYK CBiTIaTh
PO BHUCOKY MOJIEKYISIPHY Macy, 3Ha4HY IUIOLLY MOJSPHOL
nioBepxHi (TPSA) Ta Bupaxeny snino¢inbHicTs. Lle oOmexye
riepeioadyBaHy IepopaibHy 01010CTyITHICTb, TIPOTE CTBOPIOE
YMOBH JUTs CHEIU(IYHUX MIKMOJIEKYIIPHUX B3a€MOJIH i
MeMOpaHOTPOIHOT Aii.

2. PO3YMHHICTH Bapilo€ BiJ MOMIpHOI /10 HU3BKOI, ajie B
cepii BUPI3HSUIM CIIONTYKH 3 Kpalymy nokaszuukamu: IKC-29,
IKC-30, IKC-41, IKC-49, IKC-53, — 1110 HiABHILKAIO IXHIO
(hapMaleBTUYHY MEPCIEKTHBHICTD 1 CIIPOCTUIIO HACTYIIHY
ONTUMI3ALIO.

3. ®apMakOKIHETHIHUH MPOD1Ib XapaKTEPU3YETHCS
HHU3BKMM DPiBHEM Ilepe0adyBaHOro LUITyHKOBO-KHIIKOBOTO
BCMOKTYBAHHS Ta BiZICyTHICTIO IIPOHUKHOCTI Yepe3 reMaro-
eHnedaniqHui 6ap’ep, OMHAK I PSITY CHOIYK BU3HAYCHO
aKTHBHICTB sIK CyOcTpariB abo iHridiTopiB P-gp Ta dhepmen-
1iB CYP. Lle Moke BimirpaBaTy BaKJIFBY POJb Y PETYIAIIL
GioTpaHCchopMarlii JTiKapchKUX 3ac00iB.

4. AHai3 JiKOMOAIOHOCTI J1aB 3MOTY BCTaHOBUTH ITIOPY-
meHHs1 npasui JlinmiHebki, Bebepa ra Miorre, 110 3yMoBieH1

HacaMIIepe HaUTHIITKOBOIO Macoto, BUCOKOI0 TPSA Ta Kinb-
KicTio 00epTOBHX 3B s13KiB. He3Bakaroun Ha I1e, TIOKa3HUKH
CHHTETHYHOI IOCTYIHOCTI 3aJIMIIAIOTHCS Ha PUITHATHOMY
PiBHi, IO Ta€ 3MOTY CTPYKTYPHO ONTHUMI3YBaTH IIi CIIOTYKH.

5. TlepcriekTrBa 3aCTOCYBaHHS SIK aHTHOKCHIAHTIB OB’ 5i-
3aHa 3 HAsSBHICTIO apOMATHYHUX 1 TETEPOIUKIIYHHUX (par-
MEHTIB 1 ()YHKIIIOHATEHUX TPYII, 3MATHUX JI0 IEPEXOTUICHHS
BUIBHMX paauKaiiB. Lle rae 3Mory BU3HaYNTH 1IO CEPItO SIK
MOTEHLIHHO e(heKTUBHI 3aCO0H IIPOTH OKCHIATHBHOTO CTpe-
Cy, 1110 M€ 3HAYCHHS B Kapi0JIoTii Ta HEBPOJIOTii.

6. AHTHTITOKCAaHTHUH TOTEHIIAI MIITPUMYIOTh CTPYK-
TYPHI OCOOJIMBOCTI MOJIEKYJ, III0 MOXYTh CTaOiIi3yBaTh
MeMOpaHH Ta TOKpaIyBaTH BUKOPUCTaHHS €HEPreTHYHHX
cyOcTpariB y kiniTuHax. HalOL1bII IEepCIIEKTUBHIMU € CIIO-
JIYKH 3 HIDKYOFO MOJISKYJISIPHOIO MAcCOI0 Ta KPaIok0 PO34HH-
HICTIO, SIKI MaIOTh BUIL LIIAHCH Ha peajibHy (hapMaKoJIOr YHy
AKTUBHICTb Y MPOTHUTITOKCAHTHUX HAIPSMaXx.

[lepcrieKTHBH MOJAAJBIIMX AOCTixKeHb. Pe3ynabratu 00-
PaxyHKIB Ta aHalli3y CTBOPIOIOTh HAayKOBE MIAIPYHTS IS
HACTYMHHUX O10JOTTYHUX TOCIIHKEHb MOXITHUX 3,5-0ic(5-
Mepkanto-4-R-4H-1,2,4-tpiazon-3-in)denomnis, ski 3ama-
HOBAaHO BUKOHYBATH 3 IOTPUMAHHAM IPUHLHIIB I'yMaHHOTO
MAXOAY Ta CyYacHUX eTHYHUX BHUMOT 10 poOoTH 3 Jabdo-
PaTOPHUMHM TBAPUHAMHU.

Mopsika

ABTOpPM CTaTTi LUMPO AsAKYI0Tb 36porHMM cunam Ykpaitu Ta pegakuii
HayKOBOrO XypHary 3a MOXIMBICTb 3AiCHIOBATM JOCHIMKEHHS Ta
ny6nikysat ixHi peyneraty.

IMia Yac ochopmneHHst pykonucy nepes, NofaHHAM [0 pefaKLii HaykoBoro
BUZAHHS BUKOpUCTaHO nnaTHy Bepcito ChatGPT Plus (Mogenb

GPT-5, OpenAl, 2025). Mogenb LITY4YHOrO iHTENEKTY 3aCTOCOBYBanm
NS nepesipkW Ta BUNpaBneHHs opcorpadiyHnX NOMUMOK Y TEKCTI,
KOperyBaHHs nepeknagy aHoTaLlii aHrnincbKo MOBOIO Ta Mepesipky
0hOPMIEHHs CrnCKY nitepaTtypu.

®iHaHCyBaHHA
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3anexHictb bioxiMiYyHUX napamMeTpiB CNMHU Big eTionaToreHeTU4YHUX
BapiaHTiB napuHrodapuHreanbHoro peditoKCy y YOmnoBiKiB MONIOAOro
BiKY: OJHOLIEHTPOBE KPOC-CeKLilHe crnocTepexHe AOCNioKeHHSA

B. M. Kpuwtans@A8CP Q. B. MaHyeBa®CEF

3anopisbkuii AepxaBHWA MeaVKo-thapMaLeBTUYHNIA YHiBepcuTeT, YkpaiHa

A — KOHUenUig Ta AnsaitH gocnimxkeHHs; B — 36ip aanux; C — aHanis Ta inTepnpeTauis gannx; D — HanucanHs cTatTi; E — peparyBanHs cTarTi;
F — ocTaTouHe 3aTBepaXEHHs CTaTTi

Meta po6oTu — Bepudikauist GioximiuHux nokasHukie cnnHm (pH, NO,/NOS, —~SH-rpynu, Ginkosi kapBoHinm — A®I Ta KOI') Ta nokasHukis
BapiabenbHocTi cepuesoro putmy (SDNN, SI, LF/HF, TP, MAPC) 3anexHo Bia eTionatoreHeTU4HUX heHOTMNIB NapuHrodapuHreansHoro
pedntokcy (JT®P) y YonosikiB MONOZOrO BiKy.

Marepianu i MmeTogu. 3aiCHANM OQHOLIEHTPOBE NoMNepeYHe MopiBHAMbHE (KPOC-CEKLiiHE) CNOCTEPEXHE OOCTIMKEHHS, DOKyCyBanmcs Ha
BioximiyHmx nokasHukax crmHu (pH, NOx/NOS, —SH-rpynu, BinkoBi kapboHinu) Ta nokasHukax BapiabenbHocTi cepuesoro putmy (BCP) sk
iHCTpyMeHTax cheHoTMN-opieHToBaHoI cTpaTudikauii. CopmoBaHo 2 rpynu 3 HonoBikiB MONoAoro Biky: ocHoBHa rpyna (OF; n = 91) — 3 giarHoc-
ToBaHuM JTOP; koHTponbHa rpyna (KI; n = 64) — ymoBHO 380poBi 6e3 o3Hak JTOP. O6cTexeHHs 3aiicHeHo 3 nnnHs 2024 [o vepsHs 2025 poky.

Pesynsratu. Y naujeHtis O nepeBaxanu cumnaTtukoToHia (28,6 %) Ta BaroToHisd (24,2 %), y 13,2 % ocib BUABNEHO 3pvB perynsuii sk
03HaKy BUCHaXXeHHs pe3epBiB, Ha BigMiHy Big K. CTaTUCTUYHO 3HaYyLLUMX BiAMIHHOCTEN MiX Nigrpynamu 3a TUNOM BeretatueHoOI perynsuii
(3a mokasHukamm BCP) y KI™ He BusiBneHo, B Ol 3ahikcoBaHO 3HauyLLi MiXMigrpynoBi po3BikHOCTI BioximMiyHyx napameTpiB cnvHu. Hapani
aHani3 agircHunum y mexax nigrpyn — MNr1-Nrs. Y nauiextis 3 O BUsBNEHO AOCTOBIpHE NiABULLEHHS pH CAvHK, piBHA —SH-rpyn, akTMBHOCTI
NO-cuHTasu, Bmicty NO,, birnka Ta 6inkosux kapBoHinis nopiHsHO 3 KT. PiseHb pH criHi BapitoBaB 3amnexHo Bif TNy BereTatuBHOI pery-
nauji: y MM BiH 3anuwascs 6nuabkum o KoHTporio, Y M2 Bu3HaueHo aumaudikauiio, a Mr3—T14 xapakrepuayBanucs nyXH1M 3CyBOM i3
makcumymom y M4, HaibinbLu BupaxeHe 3poctaHHs NOS-aktueHocTi Ta NO,~ BcTaHosneHo y MM3-T114; Le ceinumThb Npo rinepakTusaLlio
NO-3anexHux npouecis. PasoM 3 TUM y LMX Nigrpynax BUSBMEHO MakcuManbHUi BMiCT —SH-rpyn i 6inkosux kapboHiniB, LLO € 03HaKOK Nocu-
TNEHHS TION-3aNEeXHOr0 aHTUOKCUAAHTHOIO 3aXUCTY Ta OKUCHOTO MoaudikyBaHHs 6inkiB. Y M2 BUSBNEHO 03HaKK HaNpyXeHHs aganTauiiHnX
MeXaHi3MiB, SK-0T HU3bkni pH npu nomipHomy 3poctanHi NOS i AGT/KOT. Y 15 Br13HaveHo TeHAEHLto A0 3HWKeHHs nokadHukiB NOx Ta
—SH, Lo iHTEPNPETOBAHO K BUCHaXXEHHS aHTUOKCUAAHTHOIO NOTEHLiany 1 nepexia HITpo3aTUBHOIO CTPECY Y AECTPYKTUBHY ha3y. BusieneHi
3MiHV MiATBEPOAXYIOTb POMb CINHK AK iHAMKATOPa OKMCHO-aHTUOKCUAAHTHOI PiBHOBaru 1 6ap’epHOi (hyHKLi BEPXHIX AVXanbHUX LUMSXIB.

BucHoBkM. Y najienTis i3 JIOP Buasnero nigsuiieHHa pH, aktusHocti NOS, NO,, —SH, A®T/KOT™ 1a 3ararnbHoro 6irka, Lo CBiA4MTbL Npo
HITPO3aTWUBHMWI CTPEC i3 HANPYXEHHAM aHTUOKCUAAHTHUX MeXaHi3MiB. B1UpasHiCTb 3MiH CyTTEBO 3anexuTb Bif TUNY BEreTaTUBHOI perynauii:
MaKCUMarnbHi 3CyBW XapakTepHi A1 napacyMnaTUyHOro Ta ryMopanbHO-MeTabonivHOro TUnis, Konu dikcyBany MakcumarbHe NigBULLEHHS
NOS-aktueHocri, NO,", GirikoBux kapboHinis i pH crivku, a npu 3puBi perynauii BusHa4eHo 3HkeHHsA NO- Ta aHTUOKCUAAHTHNX Mapke-
piB, LLO € 03HAKO BUCHaXEHHS! (hEPMEHTATUBHOI aKTUBHOCTI Ta Nepexoay KOMMEHCATOPHOTO HITPO3aTUBHOIO CTPECY B AECTPYKTUBHMUIA.
Mavientn i3 JIOP matoTb pisHi GioximiyHi heHoTMNW, AeTepMiHOBaHI BereTaTneHUM npodinem, Lo HeobxiaHO BpaxoByBaTy Anst KOPEKTHOT
iHTepnpeTauii pe3yneTartis i NPOrHO3yBaHHS adanTauiiHUX pe3epBiB aHTUOKCUOAHTHOI CUCTEMM.

KntouoBi cnoBa: napuHrogapuHreansHuii pedontoke, pH cnunm, Hitput, NO-cuHTasa, Tionosi rpynu, 6inkosi kapboHinu, BapiabenbHicTb
CEepLEBOro puTMy, BioXiMiYHi MOKa3HMKKW, OKCUAATUBHWIA CTPEC, HITPO3ATUBHUI CTPEC, MEPOKCUAHE OKUCHEHHS NMiMiAiB.

AKTyanbHi nUTaHHA hapmaLeBTUYHOI | MegUYHOI Hayku Ta npakTuku. 2025. T. 18, Ne 3(49). C. 312-319

Association of salivary biochemical parameters with etiopathogenetic variants of laryngopharyngeal reflux
in young adult men: a single-centre cross-sectional observational study

V. M. Kryshtal, O. V. Hancheva

Aim. To verify salivary biochemical parameters (pH, NO,/NOS, —SH groups, protein carbonyls — aldehyde and ketone phenylhydrazones
(APH, KPH)) and heart rate variability (HRV) indices (SDNN, S|, LF/HF, TP, PARS) according to etiopathogenetic LPR phenotypes in
young adult men.
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Materials and methods. A single-center, cross-sectional, comparative observational study was conducted focusing on salivary biochemical
parameters (pH, NOx/NOS, —SH groups, protein carbonyls) and HRV indices as tools for phenotype-oriented stratification. Two groups
of young men were formed: the main LPR group (MG; n = 91) and a conditionally healthy control group without LPR signs (CG; n = 64).
Examinations were performed between July 2024 and June 2025.

Results. In the MG, sympathetic predominance (28.6 %) and vagotonia / parasympathetic predominance (24.2 %) prevailed, whereas
13.2 % exhibited a breakdown of autonomic regulation — an indicator of depleted reserves — unlike the CG. No statistically significant dif-
ferences between autonomic subtypes (by HRV) were found within the CG, whereas the MG showed significant inter-subgroup differences
in salivary biochemical parameters; subsequent analyses were performed within subgroups (SG1-SG5).

Compared with controls, LPR patients demonstrated significantly higher salivary pH, —=SH groups, NOS activity, NO,", total protein, and
protein carbonyls. Salivary pH varied by autonomic regulation type: SG1 remained close to control; SG2 showed acidification; SG3-SG4
exhibited an alkaline shift, maximal in SG4. The greatest increases in NOS activity and NO,~ were observed in SG3-SG4, indicating
hyperactivation of NO-dependent processes. These subgroups also showed maximal —SH groups and protein carbonyls, reflecting en-
hancement of thiol-dependent antioxidant defense and oxidative protein modification. SG2 displayed signs of adaptive strain — low pH with
moderate increases in NOS and APH/KPH. SG5 tended toward reduced NOx and —SH, interpreted as depletion of antioxidant potential
and transition of nitrosative stress to a destructive phase. The observed changes support saliva’s role as an indicator of oxidative — anti-
oxidant balance and the barrier function of the upper airways.

Conclusions. Patients with LPR exhibit elevated salivary pH, NOS activity, NO,, ~SH, APH/KPH, and total protein, indicating nitrosative
stress with strained antioxidant mechanisms. The magnitude of changes depends substantially on the autonomic regulation type: the most
pronounced shifts occur in parasympathetic and humoral-metabolic phenotypes, which show maximal increases in NOS activity, NO,,
protein carbonyls, and salivary pH, whereas regulation breakdown features decreases in NO-related and antioxidant markers, reflecting
enzymatic exhaustion and a transition from compensatory to destructive nitrosative stress. LPR patients thus display distinct biochemi-
cal phenotypes determined by autonomic profile, which should be considered for proper interpretation of results and for forecasting the
adaptive reserves of the antioxidant system.

Keywords: laryngopharyngeal reflux, salivary pH, nitrites, nitric oxide synthase, thiol groups, protein carbonyls, cardiac rate, biochemical
parameters, oxidative stress, nitrosative stress, lipid peroxidation.
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Jlapunrogapunreansuuii pedurokc (JIOP) sanumaerscs
OJHUM 13 JIarHOCTUYHO CKJIAJHUX, MOJieTIONOTIYHHX,
MyJIbTH()AKTOPHUX KIIIHIYHUX CHHIpOMiB. KomOiHamis
HOTo reTeporeHHNX MEXaHI3MIB i TONIMOP(HUX CHMITOMIB
y TIO€HAHHI 3 OOMEKEHOI0 CIICIU(ITHICTIO IHCTPYMCH-
TaIBHUX 1 MOP(OJIOTIYHUX O3HAK CTBOPIOE JIarHOCTUYHY
HEBH3HAYECHICTD, 1[0 OOMEKYE BaJIHICTh 1HIUBIAYaTbHUX
JIarHOCTUYHUX BUCHOBKIB.

Bararorpansi crieru¢ivHi Ta HecnenudiuHi TapuHreaIbHi
1t ekctpanapuHTreansHi nposeu JIOP knacudikoBaHo y pizHi
KJTiHIKO-aHATOMIYHI TPYIIH 3 IIEPEXPECHOI0 CUMITTOMATHKOIO:
JIApUHTEaIbHOIO (OCHILTICTH / 3MiHa TEMOPY, BTOMJTIOBaHICTh
1 3HI)KCHHSI BUTPHBAJIOCTI TOJIOCY, AUCQOHIs, OLIb T[] Yac
(oHarii, emi3onu TapuHroCHasMy TOIIO); (hapHHTeaTHHOIO
(cumTOMOKOITIEKC «KITyOKa» B ropii (globus pharyngeus),
TIepILIiHHS, TOAPA3HEHHs Y IIOTI, MOTpeda B 4acToMy Hpo-
YHIIIEHH] Topiia, OAMHO(aris, rinepcatiBaiis, KCepoCTOMis,
rajiTo3 TOIIO); HA3aJbHOK (3aKIaCHICTh HOCA, PUHOPES,
MTOCTHA3AJIBHE 3aTiKaHHSL, PEIANBHAN PHHOCHHYCHT TOIIIO);
OTOJIOTIYHOIO (IMUCQYHKISI €BCTaXi€BOI TPyOH, TyOOOTHT,
PEUMANBHUI CEepeHIi OTHUT); HHUKHBOPECIIPATOPHOIO
(CMHIPOMOKOMIUIEKC KallLTio, OpOHXOCHA3M, 3aroCTpEeHHS
OpOHXiaJIbHOT aCTMH TOILIO); HeCTIEIM(IYHI CUCTEMHI ITPOSIBU
BKJTIOUAIOTh I1e4if0 / Oib 3a TPYAMHOIO, 3aralbHy BTOMY,
nwcariro, CHHIPOM 0OCTPYKTUBHOTO armHOE CHY Totro [ 1,2].

Takuii pi3HOBEKTOPHUII CIIEKTP MPOSIBIB, 3 OTHOTO OOKY,
niaTBepKye nomierionoriunicTs JIOP (pedurokcar-3anesx-
HUW (KUCIIOTHO- Y YKOBYHO3YMOBIICHHIT), IMyHOOI0JI0TIY-
HUH, HEUPOCSHCOPHUA, M S30BUI MEXaHI3MH), a 3 1HIIIOTO,
— 3HHXKYE IIO3UTUBHY MPOrHOCTHYHY LIHHICTH MOOTMHOKHX
CHUMIITOMIB Ta YCKJIQJHIOE TU(EpeHIiiHy T1arHOCTUKY 3

IHIIMMH OTOJIAPUHTOJIOTIYHUMHU, IYIbMOHOJIOTIYHIMH,
racTpoayoncHaIbHUMHE, HEBPOJIOTIYHUMHU Ta IHIIUMH CTa-
Hamu [2,3,4,5]. Y pe3ynbTari Iboro, HaBiTh KOJIM B TIAIli€HTA
€ HU3KA XapaKTEepHHUX CKapr, OCTaTOYHE PillleHHs MoTpelye
iHTerpailii KOMIUIEKCY JiarHOCTUYHHX 3aX0/IiB, 30KpeMa 3a-
CTOCYBaHHS BaTiIOBaHUX ONMUTYBATBHUKIB (Reflux Symptom
Index, RSI; Reflux Symptom Score, RSS-12), crannap-
THU30BaHOTO eHpockomniynoro oriHtoBanHs (Reflux Sign
Assessment, RSA), QyHKIIIOHATPHUX TECTIB (HAIPHUKIIA,
BapiabenpHicTh cepueBoro putMmy, BCP) ta 00’exTnBHHX
Oiomapkepis (cmunm) [1,5,6].

3 oniAy Ha MIarHOCTHYHY CKIIAQJHICTH 0OCTEKEHb 1 IXHI
0OMEXEHHSI, pe3yJbTaTn KOKHOTO 3 HHUX JIOLIJIBHO 1HTeE-
TPyBaTH pa3oM i3 BU3HAYCHHSAM (DYHKIIOHATBHOTO CTaHy
opraHi3my Ta 6ioMapKepamMH CIMHH B MEXax MYJIbTUIIapa-
METPHUYHOI JIIarHOCTUYHOI cTparerii. ¥ 1bOMy KOHTEKCTI
BCP i3 BU3HauCHHAM MapaMeTpPiB BETETATUBHOTO OaJaHCY
1 HeHporyMOpaibHOI peryimnii Ta 6ioxiMidHui npodins
CIIHH, BKJIIOYAIO4M KHUCJIOTHICTH (pH), mokasHuku cucre-
mu NO (crabinbamnit metabomit NO,™ Ta B7MicT NO-cunTas
(NOS) i MapkepiB OKCHIATUBHOTO cTpecy (Iy TionoBux —SH
rpyn i OinkoBi kapoonian 3a DNPH-metonom anbaerinde-
Hinrigpa3oniB (ADI) i ketondeninrigpazonis (KOI)), €
TIepCHEKTHBHUMY 1HCTPYMEHTaMH JUTSI T IBUILCHHS JiarHOC-
THYHOI TOYHOCTI Ta (DEHOTHUI-OPiEHTOBAaHOT cTpaTH(iKalil
nartieHris i3 JIOP.

MeTa po6otu

Bepuikauis 6ioxiMiunux nokasuukis ciaunu (pH, NO,7/
NOS, —SH-rpynu, 6inkoBi kapbonimn — A@I" ta KOI') Ta
MMOKA3HUKIB BapiabenpHOCTI cepueBoro putMmy (SDNN, SI,
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LF/HF, TP, ITAPC) 3anexHo0 Bif €TiONaTOTeHSTHIHNX (e-
HotumiB JIOP y 4onmoBikiB MOIOIOTO BIiKY.

Marepianu i MeToau pocnimkeHHs

3ifiCHUIN OZHOIICHTPOBE MOTEpPEYHE MOPiBHSIIBHE
(xpoc-cekIiifHe) CrocTepekHe JAOCHTIIPKEHHS, SKe TIepe-
Oagasio etiomaroreHeTHUHY (QeHoTumizamiro JIOP [7,8],
3 aKIeHToM Ha OioximiuHi mokasauku ciawman (pH, NOx/
NOS, —SH-rpynu, 6inkoBi kapOoHinH) Ta nokazauku BCP
SIK THCTPYMEHTH (DeHOTHUI-OpieHTOBaHOI cTpaTH(iKarii.

Ccdopmosano ocuoBHy Tpymty (OI), no sxoi 3amyunam 91
YOJIOBIKa MOJIOJOTO BiKy 3 piarHoctoBanuM JIOP; 1o xom-
tposbHoi rpymu (KI') 3amyueHo 64 yMOBHO 310pOBI YOJIOBIKH
MOJIO/IOTO BiKy 0e3 o3Hak JIDP.

OO6cTexeHHs 3aiicHuIn y nepion 3 aunus 2024 o
yepBHs 2025 poky Ha 0a3i 3anopi3bKOro JepKaBHOIO Me-
JuKo-(hapmarieBT4HOro yHiBepeutery — y HaBuanbHo-Ha-
YKOBOMY MEIMYHOMY LIEHTPi «YHIBEpCHUTETChKa KIIHIKa»
Ta HaBuamsHO-HAyKOBOMY MEIHKO-Ta00paTOPHOMY IICHTPI
3 BiBapiem. JlocmimkeHHs cxBajeHo Komiciero 3 mutans 0io-
€THKH 3al0pi3bKOTO0 JIEP’KaBHOTO METHKO-(hapMaIieBTHIHOTO
yHiBepcuteTy (rpotokon Ne 6 i 11.06.2024 p.) Ta BHKOHAHO
BiIIOBiMHO 110 ['eNbCiHChKOT Mekmapartii i 3araapHoOi AeKia-
pauii KOHECKO 3 GioeTnku Ta npaB JIIOAUHH. YC1 yYaCHUKA
HaJIaJI TNCHbMOBY 1H(OPMOBaHY 3T0JTy, MaJIl IPaBoO BiJIMO-
BUTHUCS BIJI y4acTi y JOCIIPKeHHs y Oyab-sIKHi dac.

Jiarnoctrka nepenbayana 30ip aHaMHe3y, 3aralIbHOKITIHI Y-
He 00CTEXEeHHSI, BUKOPHCTAHHS CTaHIAPTU30BaHUX OIHTY-
BaJILHUKIB | BUKOHAHHSI BiIe0eHA0CKOIi. Tak, «pedTrokcHi»
ckapru omintoBanu 3a RSI (P. C. Belafsky, 2002; 9 nyHkTiB;
045 Gaunis; nopir — >13) 1 RSS-12 (12 myHKTIB 3 OKpeMUM
OLIIHFOBAHHSIM 9acToTH / TshKKocTi; 0-300; mopir —>11 mist
€BPOTEUCHKUX MOMYIIAIIIHN) [9], sIKi MAIliEHTH 3aIOBHIOBAIN
Tiepe] eHA0CKOITIEI0 32 CTAHIAPTHOIO IHCTpyKIieto. EHnocko-
TiYHI 03HaKH (DikCyBasu iz 9ac Bigeoenaockomii (MedStar
UE 3000; KARL STORZ 3i cTpoO0CKOIIi€I0) 3 HACTYITHIM
oOpaxyHKoM 3a TIOBHOIO Bepcieto RSA (16 mynkris; 061
6aiiB, +2 6anu 3a rpaHyIROMY / KepaTo3 / BUpa3Ky), Ae To-
Ka3HUK >14 miaTBeppkysas giaraos JIOP [10].

Jo OI' 3aiyuanu 4qonosikiB BikoM 1844 poxu; Tpusa-
micth ckapr — >1 mic.; RSS-12 >11 ta RSI >13; iiHiuHO
nigrBepkennit JIOP; koHcynbTamist racTpoeHTepoiora
Ta/abo0 Bieoe30(aroracTpomIyoICHOCKOIIIS 32 OCTaHHI <6
MiC.; HasIBHICTh MMCHMOBOT 3roiM Ha yvacts. Kpurepii 3a-
sydenHst 4onoBikiB 10 KI' — Bik 18-44 poku; BifiCyTHICTh
ckapr (RSS-12 <11, RSI <13); 6e3 cepleBo-CyIMHHUX,
€HJIOKPUHHUX, TUXaJbHUX 1 IUTYHKOBO-KUILIKOBHX 3aXBO-
PprOBaHb i aTONOTYHKX (I3MKATBHUX JIAHKX; 0€3 TPUBAJIOTO
BXKHMBaHHS AJIKOTOJII0 UM TIOTIOHY; HAasBHICTh IMHCBMOBOI
3rOJIM HA y4acTb.

Kpurepii BUKITIOUEHHSI — MpHUMaHHSA Mpemaparis, 10
MIPUTHIYYIOTh KUCIOTHICTH (IHTiOITOPH MPOTOHHOI TTOMITH
TOIIIO), TMIPOKIHETHKIB, 1HTIOITOPIB aHTI0TEH3UHIIEPETBO-
PIOBAJIBHOTO (PEPMEHTY TOIIO MPOTATOM 1 Mic.; MyXIJIMHU
JMXAIBHAX NUIAXIB 200 IITyHKOBO-KUIIKOBOTO TPAKTY YU
TIPOMEHEBa Tepallis Wi B aHAMHE31; oTiepaltii Ha BEpXHiX BiJl-
JliJIaxX HITYHKOBO-KHIIKOBOTO TPAKTY UM ANXAIBHUX IIUISIXIB;

TSDKKI 3aXBOPIOBAHHS CEPIIA, JIETCHB, IIUTOIIO10HO1 3aJI03H,
LyKpOBUH [1iabeT; po3iaay XapuoBoi MOBEIIHKY 3 OJIFOBaH-
HSIM; TICHX149HI PO3JIaJIH, IO TEPEITKOUKAIOTH AHKETYBaHHIO;
BUpAa3Ka IIUTyHKa Ta/a00 ABaHa IS THITAIOT KUIIIKH, BUSIBJICHI
TTiJ] 9ac MMoTepeIHkOol Bieoe30paroracTpoyoaeHOCKOMii.

BCP peectpyBann 3 BUKOPUCTAHHSIM KOMIT IOTEPHOTO
kapmiorpadigaoro xomrurekcy «KAPIIOJIIABY (XAI-ME-
JMKA) y nonokeHHi Jiexadu micist 1eCITUXBHUIMHHOTO
BiITOYMHKY. J{OCTIIKEHHS 3MiHCHIOBAIH BPaHIIi, Y THXOMY
npumitieHHi (22-24 °C) 31 CHOHTaHHUM JIMXaHHSIM 1 0e3 BXKH-
BaHHS KO(peTHy ur HiIKOTHHY >12 To11. BukoHyBam 1’ ITHXBH-
muHHui 3anuc Binsenenus 11 EKI (wacrora auckperusanii
—>500 I'm) Ta aHaNi3yBajaM MOKA3HUKU 32 MIKHAPOIHUMHA
craunapramu BCP 3 aBromMarndHUM BHSIBICHHSIM / KOpEK-
1i€ero apreakxTiB i HACTYITHOIO Bi3yallbHOIO ItepeBipkoro [ 11].
OO6uucnoBainu cranaapTHe BigxwieHHs NN-iHTepBajiB
(SDNN, mc), 3aranbHy notyskHicTs criekrpa 0,003-0,40 I'n
(TP, mc?), HE3bKOYacTOTHY TOTYXHicTh 0,04—0,15 't (LF,
Mc?), BUCOKOYACTOTHY moTyxHicTh 0,15-0,40 I'n (HF,
mc?), Bigaomenns LF qo HF (LF/HF, ingexc BereTraruBHOI
pIBHOBAru), a TaKOXK iHAeKC HanpyxeHHs (SI, ym. ox.), mo-
Ka3HUK aKTHBHOCTI perymsaTopaux cucteM (ITAPC, ym. ox.)
1 BU3HAUaJIM TUI PETyJIsLii 3a alNropuTMaMH IPpOrpaMHOTo
3a0e3medeHHsT KoMIuTekey [12]. SIKicTh CHTHay Ta 9acTKy
KOPEKI[ii HaBOIMJIU SIK TOXMOKY IpOTrpaMu; 0 aHalizy
Opanm 3anucu 3 BHyTpimHbocepiianM CV <10 % i yacTroro
apredakti <5 %.

VY camHi, 3i10paniif BpaHIi 06e3 CTHMYMAIMIl, BU3HAYAIN
010XiIMIUHI MapamMeTpH; MPOLEeY Py 3MIHCHUIIN 32 CTaHIaPT-
HUM IIPOTOKOJIOM (HATIIE, 6€3 BUKOPUCTAHHS OTIOJIICKyBadiB
>12 ron.). ITicist MOJOCKaHHS POTa BOIOO 3pa3KU HEraiHO
oxonopKyBanu, ueHrpudyrysamu (4 °C, 3000 g, 10 xB),
Opaiy CylepHaraHT, KAl aHaJi3yBajd TOTO Camoro JHs.
VY GioxiMiuHOMY OJ01Ii aHAJI3IB Y CyNepHaTaHTi BU3HAYAIIN
kuciorHicts (pH) pH-merpom MP220 micnst nepezcepiiiHoro
kaniopysanss (0ydepu pH 4,00/7,00/9,18); 3aranbHuid myn
cyab¢riapunbaux rpyi (—-SH) ouixroBanu metogom Envana
(G. L. Ellman, 1959) 3 DTNB nipu 412 HM Ha ABOIIPOMEHEBO-
My Y®—Vis cnexrpodoTtometpi Specord® 250 Plus; piens
nitputiB (NO, ") peakmuieto I'puca (K. M. Miranda et al., 2001)
pu 540-545 HM Ha TOMY cCaMOMY TIPHJIaIl, KaiOpyrodun po3-
urnamu NaNO, i3 nepepaxynkom Hafasti B NO, -eKBiBaleHTH
(%0,667), pe3ympraTi HaBEIEHO y MKI/T OinKa. AKTHBHICTB
3aranbHol NO-cunTazu (NOS) BuzHauanu criekrpodorome-
tpuaHo (J. M. Hevel & M. A. Marletta, 1994) 3a 3MeHIIIeHHAM
NADPH npwu 340 um y peaxuii L-aprinin — NO (37 °C,
KfoBeTa | cM) 3 KOHTpoIbHUMHE TIpoOamu 3 N-HiTpo-L-apri-
HIHOM; aKTUBHICTH oOuncmoBanu 3a AE 3a 4 XB 1 HaBoauIH
B HMOJIB/MT OilTKa/XB (BMICT Oifika [UTs TepepaxyHKy — 3a
Jloypi (O. H. Lowry et al, 1954)). [lna Bepudixanii NO,
3acrocoByBasii BEPX-MC na cucremi Agilent 1260 Infinity
HPLC (DAD/MS) 13 30BHillIHIM KaiOpyBaHHSIM. 3araibHUi
OLIOK y CIIMHI BU3HAYAIH O1ypeTOBUM MeTOIOM (~540 HM);
611KoBi kapOoHimm (ADI/KDI') — 3a metomom [amniBesia
(B. Halliwell, 1999) 3 nepuaruzaiero 2,4-/THOTI" i peectpa-
miero nipy 274 am (ADI) ta 363 uMm (KDI). Yei mokazHUKH
(-SH, NO,", ADI'/K®I, akrusricts NOS) HOpmyBanu Ha
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01710K; BUMipIOBaHHS 3/11ICHIOBAIIN IIIOHAIMEHIIIE Y AyOIeTi
3 BHyTpimHbocepiiHnM CV <10 %, BKIIOUaroun OJIaHKH i
KOHTPOJIBbHI 3pa3Ki Y KOXKHY aHAJIITUIHY Cepiro.

Amnani3 BukoHano B IBM SPSS Statistics 13.0 (StatSoft
Inc., minen3is Ne JPZ8041382130ARCN10-J). 3acTtocoBaHo
OTHCOBY CTaTHCTHKY (1, cepenHe, MeaiaHa, CTaHIapTHE
BIJIXWJICHHS, MiN — Max) Ta t-TeCT I He3aJC)KHUX BUOI-
pok 3a posnoniiom CTeiofeHTa. SIK CTaTHCTHYHO 3HAYYILI
OIIIHIOBAJK BifMiHHOCTI mipu p < 0,05.

PesynkraTtn

AHani3 pe3ynpTariB 00CTEKEHHS OKa3aB, 10 CEPeHI
Bik marientiB OI' i KI' cranoBuB 37,04 £ 6,75 poky Ta
28,36 = 9,70 poky BiamoBinHo. Y uomnosikie OI" i3 JIOP
JIIarHOCTOBAHO IIMPOKUI CHEKTP peduItoKC-acoIiifoBaHUX
YPaKeHb BEPXHIX AMXaJbHUX MULIXiB. Po3Mmomii nmamieHTiB
OI" i KT BifmoBifiHO A0 THIY PEryisiiii 3a pe3yJabTaTaMu
pusHaueHHs1 BCP HaBeneHo B mabnuuyi 1.

Y pesymbraTi aHanmizy MOKa3HUKIB, 1[0 BCTAHOBJEHI ITif
gac 00CcTeXeHHsI, BU3HAIIIH, 110 B O mepeBakanu qucoa-
JIAHCOBaHI BapiaHTH peryIsIii podotu ceprs. Tak, Haifgac-
Tillle BUABJSUIN CHMITATHKOTOHIIO (28,57 %) Ta BaroToHito
(24,18 %). Ha Bimminy Big KT, ne mepeBakann 4 oCHOBHI
BapianTH peryisiii, B O' BUSIBJIEHO MAlli€HTIB, y SIKUX 3a-
(iKcOBaHO BHCHaXEHHS PETYISTOpHUX cucteM — 13,19 %
BUIAJIKIB (mabn. 1).

Hacrynauii erarn nepenbauaB y3arajbHEHE OIIHIOBAaHHS
0i0XIMIYHMX MapaMeTpiB ciauHK: pH, MOKa3HUKIB CHCTEMH
OKCHJly a30Ty Ta MapKepiB OKCHAATHBHO-HITPO3aTHBHOIO
cTpecy (3a CTaHIapTHUMH J1a00OPaTOPHUMH ITPOTOKOJIAMH 3
HACTYITHUM HOPMYBaHHSIM Ha O1IOK 1 6a30BUM KOHTpOJIEM
SIKOCTI).

V pesynbrari anamizy 610XiMiYHUX TTOKa3HUKIB YOJIOBIKIB
i3 KI' He BUSBICHO CTaTHCTHYHO 3HAYYIIMX BiIMIHHOCTEH
(p>0,05) Mix miarpymmaMu 3aJIeKHO BiJ] THITY BET€TaTHBHOT
perymsnii 3a mokasankamu BCP, ToMy MOKa3HUKH MiATPYTI
00’€qHaHO B OHY TpyIty Janux. Haromicts y martientis OI°
3a(hikcoBaHO 3HAYYIIT MUK TpyTIoBi BiaMiHHOCTI (p < 0,05)
010XiIMIYHHX ITapaMeTpiB CIIMHH, TOMY 1X HaIaJIi aHATI3yBaIIl
OKpeMo B Mexax KokHOI 3 miarpyn (I 1-T1I'5). Pesynsrari
BUBYEHHSI 010XIMIYHHX ITapaMeTpiB CIIMHU ITALI€HTIB Ta IXHi
3Ha4YEHHs HABEACHO B maonuyi 2.

VY pesynbrari nopiBHsIIbHOrO aHanizy pH ciuHu Bera-
HOBJICHO ITi/IBUIIICHHS 1[OTO 1oka3zHuKa rnpu JIOP na doni
3HAYHUX BHYTPIIIHHOTPYNOBHUX BIIMIHHOCTEH, 110 XapaKTe-
PHU3YIOTh BarocuMnariuHuii 6ananc (maoz. 2). Y II'1 (36a-
JIAHCOBaHWH THUIT) 3HaYCHHs pH 3anuianucs OIU3bKUMU 10
KOHTPOJIBHUX, 0€3 CyTTeBUX BiaxmieHb. Y 112 (cuMmnarnyHa
PpETyIIsLis) BU3HAUYSHO HalHIKIWH pH, TOCTOBIpHO MEHIIINI
3a KT Ta iHII miArpyny, mo CBiTYUTH MPO aruIudiKaIio
CIIMHH SIK HACHIZIOK CTPECOPHOI CHMITaTUKOTOHI1, HMOBIpHO,
Yepe3 3HIDKCHHS CITHHOBHIUTCHHS / OydepHoi eMHOCTI. s
MI'3 (mapacuMIIaTH9Ha PETYIISAIIST) BH3HAYCHO XapaKTePHUI
BUpPaKCHUH JTy’KHUH 3CYB, a y [1I'4 (rymopanmpHO-MeTabomiv-
Ha) — MaKCUMaJIbHA JTy>KHA PEaKiisi, 0 CBITYUTH PO aKTH-
Ballilo0 cexpeTopHo-OikapOoHaTHOTO Oydepa. Y III'S (3pus
peryssiwii) 3HaueHHs1 pH 3aliMany NpoMiXHY MO3HUIII0 MK

JYKHAMH Ta KHCITAMH BapianTamu. OTprMaHi JaHi Toka3a-
1, 1110 ipodints pH cimau ipu JIOP € reTeporeHHuM i 9iTko
3aJIe)KUTP BiJI THITY BET€TaTHBHOI PETYIISLIT: CHMITATHKOTOHIS
ACOIIIIOETHCA 3 AU (IKaITi€I0, a TApaCUMITaTHIHH 1 TYMO-
PpaITbHO-META0OTIYHHI THITH — 3 BUPAKEHHUM JIY>KHUM 3CyBOM
(maxcumyM —y [1I'4) (maox. 2). Otxe, pH cnan Mmoxe OyTH
Yy TJIMBUM (DeHOTUITOBUM 1HANKATOPOM BEreTaTHBHOTO CTAHy
Ta KOMIICHCATOPHUX MEXaHi3MiB y TarjieHTiB i3 JIDP.
PesynbraTi G10XiMIYHOTO aHaJi3y MiATBEPIMIIH, L0 Y
nanienTiB 13 JIOP nopiBusHo 3 obcresxxennmu 3 KIT 3adik-
COBAHO JIOCTOBIpPHE MiJBUIIEHHS PIBHS CYJIb(IiIpuiIbHAX
rpyn (—SH), akrusrHocTi NOS, xonuentpauii NO,, Oinka, a
takox pepmentiB ADI" i KOI' (p < 0,05). Lle cBiguuth mnpo
AKTUBAIIII0 OKMCHO-HITPO3aTUBHHUX MPOIIECIB 1 KOMIIEHCA-
TOPHE MOCWJICHHS! aHTHOKCHIAHTHOTO 3aXHCTy. BHyTpim-
HeOTrpyrnoBuii ananiz Ol 1aB 3MOTy KOHCTaTyBaTH BUPAKEHY
BapiabenpHicTh OioxiMiuHOTO TIpodimo. Tak, y I1I'1 mokas-
HUKH JIUIIE TTOMIPHO BiAPI3HINCS Bix KOHTpoiro; y 1172
BCTAHOBJICHO ITiIBUIICHHS ()ePMEHTATUBHOI aKTHBHOCTI, 110
MO’KE CBIITUHTH ITPO HAIMPYKESHHA a/IANTAlliTHIX MEXaHI3MiB,;
qust T3 1 T1IM'4 xapakrepHi MakcuMaitsHi piHi pH, —SH,
NOS, NO," Ta 6inka, MO CBiTYATH TIPO TilMEPAKTHBALIIIO
o6miny NO it BUpaxeHi KOMIIEHCATOPHI peaKIil aHTHOKCH-
naHTHOI cuctemu; y [117S BUSIBIIEHO YacTKOBE 3HM)KEHHST ITHX
TMOKa3HUKIB NopiBHsHO 3 [11'3—4, 10 MOXkHA TPaKTyBaTH SIK
BUCHAKCHHSI PE3EPBIB aHTHOKCHUIAHTHOTO 3aXKCTY (maoi. 2).
OTxe, BCTAHOBJICHO, 1110 Y TanieHTiB i3 JIOP BinOyBaroTh-
csl CyTTeBI OlOXIMIYHI 3MIHM CIIMHH, IO XapaKTepU3yIOTh
AKTUBAIIO HITPO3aTHBHOTO CTPECY, MiJBUILECHHS OLIKOBOT
OKCHJIAIN{ Ta HaNpYy>XeHHsSI aHTHOKCHJIAHTHUX MEXaHi3MiB.
3adikcoBaHi MOKA3HUKH M ITBEPIIIHN YiTKY 3aI€KHICTb BiJl
TUIY BETeTaTHBHOI PETYIALIl: TMapacUMIIaTHIHUN 1 TyMO-
PpaTbHO-MeTabOTIYHIH THITH CYTIPOBODKYBAINCS T1IIEPaKTH-
Bariero NO-3aJe)KHUX 1| aHTHOKCHIAHTHAX CHUCTEM, a 3pUB
PETYIAIIT aCOIFOEThCS 31 3HIKEHHSIM TXHBOT aKTHBHOCTI Ta
BHCHaXECHHSIM KOMIIEHCAaTOPHHX pe3epBiB. Taka ¢peHoTHIIOBa
PI3HOMAHITHICTD MiATBEP/KYE HEOOXIJHICTh ypaxyBaHHS
BEreTaTHBHOrO Mpodiiro mpu iHTepnperamii 0ioXiMiuHUX
pe3yabTartiB 1 MOXKe OyTH MIIIPYHTSIM JUIs CTparudikarii
naniedTis 13 JIOP 3a aganramiiinuM MOTEHIIAI0M.

O6roBopeHHs

JocunimpkeHHs: 610XIMIYHUX TapaMeTpiB CIUHU — JIETKUH
1 HEIHBa3MBHHUH METOJl OTPHMAaHHS LIMPOKOTO CIEKTpa
nmapaMeTpiB, sIKHil, Ha BIMIHY BiJl iHBa3UBHUX METO/IIB,
XapaKkTepU3ye JIOKAIbHI MOMAIl Y TIOTKOBO-TapHHTCabHIN
30Hi: pH — KHMCIIOTHO-JIy)KHY €KCIIO3MILIO CJIM30BOI Ta Oy-
(epHi BracTHBOCTI ciuHM; okasHuku cucremu NO (NOX,
aktuBHICTH NOS) — inTeHcuBHICTE NO-0MOCepeIKOBaHOT
CYIMHHOI Ta IMyHHOI peryisimii, piBeHb HITPO3aTHBHOTO
CTpecy Ta MIKPOIUPKYIATOPHY peakTuBHICTH, —SH (Tio-
JIOBi) TpynH ¥ OiKOBI KapOOHLIN — QyHKIIOHATEHINA CTaH
AQHTHOKCHJIAHTHOTO 3aXUCTY Ta CTYITIHb OKCHAATUBHOTO YIII-
KODKCHHS OLTKIB / 0ap’ €pHUX CTPYKTYP, IO TIOB’sI3aHi 3 I0-
PYILLEHHSIM eIliTeiaIbHOI IPOHUKHOCTI H PEMOJIEITIOBaHHIM
cim30Boi [ 13,14]. Came Ha IbOMY TIOJIOXKCHHI IPYHTYBAIOCS
37IHCHEHE TOCIIKEHHSI.
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Ta6nuus 1. Po3nogin nauieHTiB KI Ta OI 3anexHo Bif Ty BeretatnBHOI perynsii opraniamy 3a nokasHukamu BCP, n (%)

Ipynu naujeHTis

PiBeHb i cniBBigHOLWIEHHSA BereTaTMBHUX BNAUBIB

36anaHcoBaHe MepeBaxaHHA MepeBaxaHHA MepeBaxaHHA BucHaxeHHs
¢hyHKLiOHYBaHHS napacMmMnaTM4Hoi CMMNaTMYHOI rymopanbHo- PerynsaTopHuX
BiAAiniB BereTaTMBHOI | perynauii perynsuii meTaboni4yHoi cuctem
HEpBOBOI CUCTEMM perynsii

KoHTponbHa, n =64 (100 %) | 19 (29,69 %) 18 (28,13 %) 18 (28,13 %) 9 (14,06 %) 0

OcHoBHa, n = 91 (100 %) 15 (16,48 %) 22 (24,18 %) 26 (28,57 %) 16 (17,58 %) 12 (13,19 %)

Tabnuus 2. Pesynbratv BUBYEHHS BioXiMiYHMX napameTpis crimHm nauieHTis i3 JIOP, (M £ m, p)

[pynu (nigrpynu) nauiextis

BioximiuHi napameTpy cnunmn

SH, mkmonb/n | NOS, NO,, BmicT 6inka, K®r, y. o./n

HMONbXXB'X | MKMONb/N rin

mr Ginka
KoHTporbHa, n = 64 6,62 £ 0,03 3,92+0,18 3,34+0,10 0,11 40,01 1,65 £ 0,02 0,37 £0,02 0,06 + 0,01
OcHoBHa, n = 91 7,09 £ 0,08 1991+1,03" [11,96+0,57" [1,68+0,15 2,94 £0,15 1,30 + 0,05 0,6 £ 0,02
Migrpyna-1 (36anaHcosaHa), 6,67 £ 0,042 13,40+0,74'2 |582+0,39'2 [0,23+0,03"2 |1,84+0,05' |0,65+0,06'2 |0,57+0,03
n=15
Miarpyna-2 (cumnatuyHa 6,16 £ 0,02"2% | 13,84 +0,49'? |6,69+0,34'2 [0,39+0,02'23 |1,64+0,05 0,95+ 0,05"2% | 0,47 + 0,032
perynsuis), n = 26
Migrpyna-3 (napacumnatuyxa 781+ 29,63 + 16,13 = 231+ 3,86 £ 1,52+ 0,63 £
perynsuis), n = 22 0,06"234 2,451234 0,461234 0,16"234 0,221234 0,05"234 0,03
Miprpyna-4 (rymoparnbHo- 7,93+ 2431+ 17,32 + 341+ 4,71+ 1,83+ 0,79 £
metaboniyHa perynsuis), n = 16 | 0,08"234 2,15134 0,41"234 0,281:%345 0,341234 0I5k 0102082288
Migrpyna-5 (3puB perynsiii), 722+ 17,58 + 16,29 + 2,80+ 311+ 1,78+ 0,62 +
n= 12 0’201,4,5 01841‘3,4,5,6 1 ‘021,2,3,4 0,231,2‘3,4 01221 34,6 0’131,2,3,4 0’041‘4,6

': jOCTOBIPHA Pi3HNLIA NOKA3HMKIB NaLiEHTIB 0CHOBHOI rpyn Ta 1-5 niarpyn (p,, < 0,05) Wwoao BiANOBIAHNX NOKA3HUKIB KOHTPOMBLHOI rpynK; 2: BiporigHa
pi3HNLA nokasHukiB navieHTis 1-5 nigrpyn (p, < 0,05) Woao sHa4eHb, BCTAHOBNEHNX B OCHOBHIN rpyni; *: OCTOBIPHA Pi3HMLA MOKA3HMKIB NaLlieHTiB 2-5
nigrpyn (p, < 0,05) wono napametpis 1 niarpynu; *: BiporigHa pisHNLA NokasHukis nauienTis 3-5 niarpyn (p, < 0,05) wopo 2 niarpynu; 5 AOCTOBIPHA PisHMLA
nokasHuKie nauienTis 4-5 niarpyn (p, < 0,05) WoAO 3HaueHb, BCTaHOBNEHMX y 3 Miarpyni; & BiporiaHa pisHMUA NokasHNKiB nauieHTis 5 nigrpynn (p, < 0,05)

LLOAO NapameTpiB 4 rpynu.

Bcranosneno, mo B mamientis i3 KI' pH cnuam OyB y
MeKax HOPMATHBHHX 3HAY€Hb, sIKi, 32 JTAHUMU 1HIIUX J1O-
CIIIZIHUKIB, 3a3BMYail BiIIOBIAI0Th HEUTPAILHOMY Jiaria-
30HY (~6,5—7,3) Ta TicHO OB s13aHi 3 Oy(EePHOIO 3MATHICTIO
6ikapoonar-ocdarnoi cucremu [ 15]. HaromicTs y nmarjieHTis
3 OI" BCTaHOBJICHO BICOKY BapiaOe/IbHICTh MOKAa3HUKA — BiJ|
KHCJIOTHHX JIO JTy)XHUX (ma6n. 2). Ilicns mopixy mamieHTiB
Ha ImiArpynu 3a nokasuukamu BCP BusiBIIeHO eBHY 3aKOHO-
MipHICTh pH: KHCITy peaxIifo CJIMHHU JacTille BU3HAYAIH Y
narieHTis i3 cumnarukotoHiero (I[112), a myxHy — y rpynax
i3 momiryBaHHAM mapacumMiaraaHoro (I1113) ta rymopairs-
Ho-Mertabomiunoro (I11'4) Tumis perymsiii (maoa. 2).

Busnauenns pH CITMHM TOCHUTH IMIAPOKO BUKOHYIOTH TTi[T
yac niarHoctuky He Titbku JIDP. Tak, 3a jaHnmu cyyacHol
HAyKOBOI JIITepaTypH, y MAII€HTIB i3 racTpoe3oharcarbHOI0
PEITFOKCHOI0 XBOPOOOKO TMTOPIBHIHO 3 KOHTPOJIEM YaCTIIIIe
BUSIBIISIIOTH 3HWKeHHsI pH, OydepHoi eMHOCTI Ta IIBUAKOCTI
CIAMHOBUIUICHHS. BTiM, pe3ynbratu pi3HUX TOCIIIHKEHb
reTeporeHHi, a yHi(iKoBaHUX MeX Joci Hemae [15,16].

VY namientiB i3 JIOP ymikomkeHHs: rOpTaHHO-TTIOTKOBOT
CJIM30BOT MOXKIIMBE 1 38 HEHTpansHOTO / Iy>kHOTO pH "uepes
TOKCHYHICTB )K0BYHMX KUCOT (pH 5-8). e y3romxyerbes 3
MIEPEBAYKAHHSM CIIA00KHCINX / Ty)KHUX €ITi30IiB 3a JaHHMHU

rinoapuHroCTPaBOXigHOI OaraTokaHAJIbHOI BHYTPIiII-
HBONPOCBITHROI iMnenaHc-pH-merpii (HEMII-pH), a s
KUCJIMX BIUIMBIB KPUTHYHUM IS JJAPUHICATbHOT CIU30BOT
BBaKaroTh nopir pH =5 (ua Bigminy Big pH <4 mns crpa-
Boxoxy) [17,18]. CynepeunuBi pe3yasTaTi OTPUMAaHO B TIPO-
criextuBHOMY jociipkenti 3 HEMII-pH y nanienTi i3 JIOP,
JI€ He BUSIBIUIM ICTOTHMX BIIMIHHOCTEH 3a ITOKa3HUKAMH
cimHoBoi GyHKIT Mix rpynamu JIOP / ve-JIDP, a orxxe pH
CITMHH HaBPST 9U MOXe OYTH 130JIb0BAHUM J1aTHOCTUIHUM
kpurepiem [19].

Ha nmamry mymky, Te, 1o y marienTis i3 JI®P He BusBIeHO
BiZIMiHHOCTI 32 pH cituHuM, MOYXKe Oy TH OB’ 13aHO 31 3HAYHOIO
rereporenHictio 3a BCP y rpymi obcrexxenux. IHmmmun
YMHHUKAMH, SIK1 HABOJSITh JIOCIIJTHUKH, € Te, 1110, ITO-TIepIIIe,
30ibIIEHHs TOTOKY CMHH miasuutye Bmict HCO,™ i 3cyBae
pH y myxHuii Oik; O-Apyre, HABITH HEBENUKI BIMIHHOCTI
MIPOTOKOJIY (HECTHMYJIbOBAaHA CIIMHA TTOPIBHSHO 31 CTHMY-
JILOBAHOIO, KyBaJIbHA ITPOBOKAIlist / OikapOOHATHA I'yMKa) Ta
NpeaHaTiTHYHI 3aTPUMKH i3 BTparoio CO, MOXyTh IITy4HO
migsuiysatu pH. BpaxoByroun 1000Bi, TOBEIIHKOBI KOJIHU-
BaHHSA U e(eKT Tepartii, 1301b0BaHUN MMOKa3HUK pH criHu
4acTo XapaKTepu3ye KOMIICHCATOPHE 3pOCTaHHs OikapOoHaTy
ab0 MeToMYHI acreKTn BUOIPKH, a HE BJIacHE KUCIOTHY
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arpeciro pedurrokcarty. Lle 1 mosicHioe cepii 3 BumwM pH nipu
JI®P [20,21,22]. He3axarouu Ha 1ie, iHTepec 10 pH ciuan
SIK eJIeMEHTa MYJIBTHOIOMapKepHUX ITTaHEeIeH 3pOoCcTae Ta
TIOPSIA 3 THIIMMH MapKepaMu JIEMOHCTpPY€ JIiarHOCTHYHUH
moreHmian y pasi JIOP [23].

JlocnimkeHHs TOKa3HUKIB OKCHJIATHBHOTO CTpECy Ta
napameTpiB cucremu NO 1ano 3aKOHOMIpHHI pe3yJbTar:
BUpaKCHE MOCHICHHS akTHBHOCTI NO-CHHTa3HOTO LULIXY
Ta HAKOITMYCHHS HITPUTIB 31 301TBIIIEHHSIM BMiCTY OKHCHEHO
Mo dikoBaHHUX OLIKIB 1 3araJIbHOTO IMTyJTy CYITb(IiPHIbHIX
rpyn. Binomo, mo B Mexax eHTepOCIMHOBHIUIBHOTO IH-
KJ1y HiTpar — HITpUT — NO KHC/IHil BMICT HITYHKA ILIBHIKO
BiJIHOBITIOE TIPOKOBTHY T 31 cirHOr0 NO,™ 1o NO Ha piBHi
ractpoesodareansHoro nepexony. Iix yac pedurokcy e
IHINIIOE HITPO3aTHBHI peakiii B MPOCBITI, 10 MOXE yII-
KOJDKYBATH CJIM30BY BEPXHIX BIJIUIIB IUXaIbHO-TPABHOT
cuctemu [24,25]. ¥V mpaisgx iHIIUX JOCTITHHUKIB TaKOK
TOKa3aHo, IO I1e MOXKe OYTH HACIIIKOM TPUBAJIOTO BILTUBY
pedroKcaTy, SKUil MiCTHTh arpeCHBHI KOMITOHCHTH (KOBY-
Hi KHCJIOTH, TIETICHH), III0 MOXYTh aKTHBYBAaTH 3alajibHI i
NO-3anexHi LUIIXK HaBiTh NIPU HEWTpaIbHOMY 200 ciabo-
myxua0oMy pH [26,27].

Baromoo BiJIMiHHICTIO HAIIOTO AOCIIPKEHHS CTAJIO
BUSIBIICHHS 3aJIC)KHOCTI 3MiH TOKa3HHUKIB OKCHAATHBHOTO
cTpecy Ta napamerpis cucremu NO BijI THITy BEr€TaTUBHOT
perymamii. OkpeMy yBary npuBepTae BHpakeHa BHYTPIIII-
HBOI'PYIIOBa BapiaOe/IbHICTh OIOXIMIYHMX MOKA3HHKIB,
110 3yMOBJIEHA TUIIOM BereTaruBHOI peryssmii. Llei dakr
MiATBEPIKYE, 110 narorene3 JIOP He € cyTo JOKaIbHUM
TIPOIIECOM, a TICHO IHTErpOBaHUH y 3arajibHy HEHpOryMo-
pajibHy PEryJisiilo opraHizmy. BcraHoBieHo, mo OiIbIi
BHpaKEHI TIOPYIICHHS BUSBJICHO Y MAIlIEHTIB 13 mepeBa-
JKaHHSIM TapacUMIIaTUYHOTO Ta T'yMOpalbHO-MeTaboiy-
HOTO THIIB. Y Tpymi namienTis 31 3puBoM peryssimii (I11°5)
3a)iKCOBAHO TCHICHIIIO 0 3HMWKCHHS MMOKA3HUKIB, alie
TaKy IUHAMIKY HE CJIiJ{ OI[IHFOBATH SIK TOJIIIIICHHS CTaHYy.
BBa)kaemo, 1110 HaBeIeHI Pe3yNIbTaTH OB’ A3aHi 3 TEPEX0IoM
KOMIIEHCATOPHOTO HITPO3aTUBHOTO CTPECY B JECTPYKTHB-
HUH, BUCHA)XEHHAM (QepMeHTaTnBHOI akTnBHOCTI NOS Ta
AQHTHOKCHUJIAHTHHUX PE3EPBIB.

TToegunannasa migBuienoi NO-akTHBHOCTI Ta OLIKOBOT
OoKcuAalii 3 OJHOYACHUM 3pocTaHHsAM —SH-rpyn MoxxHa
TPAaKTyBaTH SIK BHUSIB PEIOKC-ANCOATAHCY 3 THMYACOBHM
YTPUMAaHHSIM aHTHOKCHAAHTHOI piBHOBaru. Bigomo, 1o
TiOJIOBI CHIONYKH € KIFOYOBUMH KOMITOHEHTaMH TITyTaTio-
HOBOT CHCTEMH, 1 TX IIIBUILICHHS CBIIYUTH PO aKTHBAIIIIO
MeXaHi3MiB 3HEIIKOKEHHS BUThHUX panukaiis [28]. OTxe,
NapacUMIAaTHYHUHA 1 TYMOpPalbHO-METa0O0MIYHUIT THIIH
peryisii, acorifoBani 3 miaumeHuM pH i BMictom —SH-
TPy, XapaKTepu3yroTh a3y akKTHBHOTO KOMIIEHCATOPHOTO
pearyBaHHsI, a CUMIIATUYHUHN 1 «3pUBHUI» THUIH — (as3y
CHEPreTUYHOr0 BUCHAKeHHs. HaBeeH1 naHi 1aroTh MiacTaBu
3pOOUTH BUCHOBOK, 1110 1pH JI®P opmyeThest KoMIIeKkcHa
CHCTEMa aJIanTalliiHUX BiAMOBIACH, y siKiii 3pocTanHs NOS,
NO,", 6inkosux kapOoHinis i —SH-rpym € mapkepamu ozro-
JaCHOTO aKTHBALIITHOTO Ta KOMIIEHCATOPHOTO KOMIIOHEHTIB.
[epeBaxxaHHsI TOTO UM IHIIOTO THITY PEryssilii BU3HAYAE

OanaHc MK HUMH — Big aganTuBHOI rinepakrusamii (I11°3,
[1I'4) no erany BucHakenus (I1I°5).

Pesynbratn mocmiKeHHS BiAIOBIAIOTH KOHIICIIIT, 3a
SIKOFO BETeTaTUBHHUMN MTPOQ1IIb BU3HAYAE XapaKTeP JOKaIb-
HUX METa0OJIIYHHX PEaKIIiif, 30kpeMa cekperiro, OydepHy
€MHICTh 1 aHTHOKCUIAHTHY aKTHUBHICTh CMHU. [1oi0HI
MIPUITYIICHHS HaBEJCHO Y ITIpaIlsiX, [ MOKa3aHo 3B’ 530K
MK BapiaOeNbHICTIO CEpLEBOr0 PUTMY, PIBHEM OKCHILY
a30Ty Ta peakIlisiMu okcuaaTuBHOTO cTpecy [29,30]. Taxk,
AKTHBALlis XOJIHEPTIYHOTO MPOTU3AMAIBHOTO ILISAXY
Yyepe3 akTHUBAIII0 BaryC-3aJIeXKHOTO IIISIXY ACOLII0ETHCS
31 3HW)KEHHSIM TIPO3allajibHUX IIMTOKIHIB, MOAM(IKAIIEIO
penokc-npodino Ta 3cyBOM aBTOHOMHOTO OajaHCy, 10
MIATBEPKCHO y Pe3yNbTaTi eKCIePUMEHTAIBHIX 1 KITi-
HiYHHX nociimkeHsb [31,32,33]. [IpuunHOBUI 3B’ 30K
Mmik NO Ta mapacuMIaTHIHUM KOHTPOJIEM CepIIs i ATBEp-
JDKEHO (papMaKoJIOTIYHUMH BTPYYaHHSIMH: 1HTiIOyBaHHS
NOS 3menmrye Baryc-3anexxHi komnonenTan BCP i 6apo-
peduieKTOpHY 4yTIaHUBICTh, a JoHOPH NO CIIpHUYHHSIOTH
TIPOTHJICKHI 3CYBU. Pa3oM i3 THM, IpH TpUBaTii aKTUBAITi1
NO-nuIsXy Ha UIMIIKOBE YTBOPEHHS IEPOKCHHITPUTY TIPH-
3BOJIUTH /10 OKCHAATHBHO-HITPO3aTUBHOTO YIIKOKEHHS Ta
BUCHQ)XCHHSI aHTHOKCUIAHTHOTO pe3epBy [34,35]. IIpak-
TUYHO TI€ MTiAKPECITIOE NOUTBHICTD (PEHOTHII-OPi€HTOBAHOT
iHTepIpeTalii Ta cepiiHOro MOHITOPUHTY CIMHOBHX Map-
KepiB y moeqHaHHi 3 nociimkenasM BCP, mo nae 3mory
PO3PI3HATH KOMIIEHCATOpHY a3y i eTar eHepreTHYHOro
BHUCHa)KCHHS.

Binrak, noeaHaHHs aHai3y 010XIMIYHHAX TOKA3HKKIB CIIH-
HU 3 OLIIHIOBAHHSM 32 KIIIHIYHIMH [IKaJTaMH, €HI0CKOITI€IO,
HEMII-pH Ta BUKOPUCTAHHSM IHIIHX BaJIiI0BAHUX METO/IIB
MOE€ 1CTOTHO 3MEHIINTH AiarHOCTUYHY HEBU3HAYCHICTB,
crpusiTuMe BepuQikalii eTionaroreHeTHYHOro BapiaHTa
JI®P i macte 3MOry 3pO3yMITH €HJIOCKOIIIYHO HETaTHBHI
¢denorunu, BusiBieHi padinie [8]. OCKUIbKH €H0CKOMIs,
HEe3Ba)XKalouu Ha BUCOKY iH(OpMaTHBHICTh, HE (iKCye
HU3KY CYOKIIIHIYHUX YIIKOMKEHb CIM30BOi (MiKpoeposii,
MOPYILCHHSI MDKKITITHHHUX KOHTaKTIB, HeHpoemiTeianb-
Ha TUC(hYHKINISA, JTOKAIbHE HEWpO3amaleHHs, aKTHBAIlis
BPOJDKEHOTO IMYHITETY, oKcuaaTuBHUil crpec, MMP-3a-
JIe)KHE PEMOJICTIOBAHHS ), IEPEBAror0 JOCHIHKSHHS CIMHA
i ouintoBanHs BCP € MOXIMBICTh HEIHBa3UBHOTO Cepild-
HOTO KOHTPOJIO, IO TIOJIETIITY€ MTOBTOPHI BUMIiPIOBAaHHS,
MiZABHILYE MPUXMIBHICTh A0 JIarHOCTHKU Ta PO3IIUPIOE
OXOIUICHHS MAIlI€HTIB Y PyTUHHIHN MPaKTHII.

OriHuBIIM 010XIMIYHI TIOKAQ3HUKH CIIMHU KPi3b MPU3MY
THITYy BETeTaTHUBHOI PETYISNii, OTpUMAaNN MiJACTABH JUIS
(eHoTun-opieHTOBaHOi cTparudikauii namieHTis i3 JIOP.
Tak, He3Ba)kar0uM Ha MIMPOKUH CIIEKTp, HA MEPIIMIA OIS,
OIHOTHITHHX CKapr, OloXiMiuHMH TPOQIIb CIMHU 1CTOTHO
Binpi3HsA€ThCA y marieHTiB i3 JIOP. Xapakrep 1 Bupaxe-
HICTh IUX 3MiH MalOTh YITKUH BET€TATUBHUU MATEPH: THII
TIEPEBAYKHOT peryyALil (MMapacCHMIIaTHYHOT YA CUMITATUYHO,
TyMOpabHO-METa00 IiuHOT a00 31 3pHBOM) JACTCPMIHYE Ha-
nipsiM (araugikanis 9u Iy >KHUH 3¢yB) 1 MaciTad HiTpo3a-
THUBHO-OKCHJIATUBHUX 3pyIIeHb. TOMY ITiJT 9ac iHTepIrpeTartii
pe3ysbTaTiB 000B’SI3KOBO CINifl BPAXOBYBAaTH JIOMiHYBaHHS
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TOTO YH IHIIOTO THITY PETYIIAIIl, a[yke caMe BiH BH3HAYa€
(heHOTHTIOBY BapiaOebHICTh TaA00PaTOPHUX TIOKA3HHKIB.

BucHoBKku

1. V manienTiB i3 JIOP GioximiuHi mapameTpu CIMHH
XapaKTepU3YIOThCS KOJMBAHHSM pH, MiBUIIEHHSAM aKTHB-
Hocti NO-cunTasy, konnenTpanii NO,™, cymbQriipunbaux
rpyn (—SH), 6inkoBux kapOoHiTiB (ADI/KDI') Ta BMIiCTY
3aranpHOTO Oinka (p < 0,05). Lle cBiquuTh Mpo aKTHBAIIIIO
HITPO3aTUBHOIO CTPECY 3 HAIPY)KCHHSM aHTHOKCHUIAHTHHX
MeXaHi3MIB CIIFHH.

2. bioximMiuHi TapameTpH CIIMHY y narieHTiB i3 JIOP cyT-
TEBO BapiIOIOTh 3aJIEKHO BiJ] THUITy BETeTaTHBHOI PeTYJISLil:
HaWOLIBII 3HAYYIIII 3MIHH BUSIBIICHO IIPH IepEeBaKaHHi mapa-
CHMIIaTHYHOT'O Ta I'yMOPaJIbHO-METa0O0IIYHOTO THITIB, KOJIH
¢ikcyBanu MakcuMmaibHe miaBumieHHS NOS-aKTHBHOCTI,
NO, ", 6inkoBux kapOoHinis i pH cimunu.

3.V pa3i 3puBy peryisiiii y narieHTis i3 JIOP nokazHuKH
cucremu NO Ta aHTHOKCHUJIQaHTHUX MapKepiB 3HUKYIOTHCS,
1110 XapaKTePH3y€e BUCHAKECHHsI (DePMEHTATUBHOI AKTHBHOCTI
Ta MEePexiJ KOMIICHCATOPHOIO HITPO3aTHBHOI'O CTPECY B
JECTPYKTUBHUM.

4. He3Bakaroun Ha CXO)Ki KJIIHIYHI [TPOSIBH, HAIIEHTH 3
JI®P maroth pizHi 6i0XiMigHI PEHOTHTIH, TETSPMIHOBAHI TH-
TIOM BeTeTaTuBHOI peryrsrii. st anekBarHoi iHTepripeTanii
Ppe3yIBTaTiB i IPOTHO3YBAHHS aJalTallifHIX PE3ePBiB aHTH-
OKCHJIAHTHHX CHCTEM HEOOX1JHO BPaXOBYBATH ITePEBAKAHHS
TTapaCUMIAaTHIHOI Y1 CHMITaTUYHOI PETyJIsIlii, [0 BU3HAYa€e
CTIPSIMOBAHICTP 1 BUPAKEHICTh METaOOTIYHUX 3MiH.

[lepcnekTHBH TMOJABINNX 0CTITKeHb MTOJATAIOTH Y Bai-
mu3anii gpeHorun-opienToBaHNX Mex pH/NOX/ADI KT,
YTOYHCHHI NMPUYNHHO-HACTIIKOBUX 3B’SI3KiB MiXK BereTa-
THUBHUM HPOQIJIEM 1 HITPO3aTHBHUM CTPECOM Ta OIIHIOBAHH1
IXHBOT MPOrHOCTUYHOI IIHHOCTI AJIsl TEPCOHI(IKOBAHOTO
BeJIeHHs narieHTiB i3 JIOP.
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OpuriHanbHi AocnimKeHHA “ Original research

MopiBHANLHA edrekTUBHICTL HabopiB PrepFiler™ Forensic DNA
Extraction Kit i NucleoSpin® DNA Forensic y KOHTEKCTi
BugineHHa OHK i3 npobnemHux 3pa3skie pna STR-aHanisy

N. 1. KyuepeHko@'APEF 1 B. ybpuk(2ACEF | B, Masnwok®2ABCP T P HimeHko(D'PE

3anopisbkuii AepxxaBHUIA MeaMKo-thapMaLEBTUYHWIA YHIBepcUTeET, YkpaiHa, 23anopi3bkuil HayKoBO-H0CHIAHUIA eKCepTHO-KPUMIHANICTUYHNIA LIEHTP
MBC Ykpainu

A — KOHUenNUis Ta An3aitH gocnipkeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTatouHe 3aTBepaXeHHs CTaTTi

Y cydacHiii CynoBO-eKCMepTHIN NpaKTULi MONEKYNAPHO-reHETUYHI JOCTIIKEHHS BifirpaloTb HaA3BMYaWHO BaXNMBY porb, 0CO6GNMBO B
ymoBax BiHW. [IHK-ineHTudikauis gae amory BcTaHOBUTM 0coby 3a crnifamm 6ionoriyHoro NOXOMKEHHS, WO CTao KPUTUYHO BaXMMBUM
Ans igeHTudikauii 3armbnux i 3HMknux 6essicT. ECDeKTUBHICTb Takvx JOCTiAKeHb ICTOTHO 3anexuTb Bif BUGOPY ONTUMArbHOrO METOAY
BuginexHst HK, wo 3abe3nedye JOCTOBIPHICTD i LUBUAKICTbL pe3ynbTatiB. ToMy BMOIp HanbinbLL HagiiHOro, YyTIIMBOTO Ta pecypcoedek-
TBHOrO Metoay ekcTpakuii JHK cTae He nuwe TexHiYHKMM, ane 1 cTpaTeriyHnm 3aBAaHHAM, Lo 6e3nocepeaHbo BNAMBAE Ha YCMILLHICTb
po3cnigyBaHb i 3MEHLUEHHS! KiNbKOCTi 3HUKIIMX Be3BICTH, a Lie Hag3BMYaiHO BaXITUBO Y TyMaHITapHOMY BUMIipi Cy4acHOi BilHN.

MeTa po60TH — NOpiBHANBHWIA aHani3 4BoX KOMepLiH1X Habopis ans pyyHoro BuginexnHs JHK — PrepFiler™ Forensic DNA Extraction Kit
(Applied Biosystems) i NucleoSpin® DNA Forensic (Macherey-Nagel) — ans BU3Ha4eHHs OLNbHOCTI iX 3aCTOCYBaHHSA ANS Pi3HWX TUMIB
BionoriyHnx 3paskis, CMiAIB | KATEropin EKCNEPTHOrO HaBaHTAXEHHS.

Martepianu i meToau. JlocnigkeHHs 3aiiicCHAIM Ha OCHOBI aHani3y 3paskis cnigoBoro 6ionoriyHoro matepiany, 3okpema NnsiM KpoBi, CIINHMY,
TKaHWHHWX pparMeHTIB i cnifis i3 noBepxoHb NpeaMeTiB. [ns BuaineHHs AHK sactocysanu aBa Habopu peareHTis — PrepFiler™ Forensic
DNA Extraction Kit (Thermo Fisher Scientific) Ta NucleoSpin® DNA Forensic (Macherey-Nagel), no 100 peakuin ans koxHoro. Ekctpak-
uito IHK 3piichnnu 3a npoTokonamu, Wo HagaHi BUpobHukamm. AkicTb i KinbkicTb BuaineHoi HK Bn3HayeHo MeTogom nonimepasHoi
naHutorosoi peakuii (MJ1P) y peanbHomy Yaci 3a gonomoroto npunagy Applied Biosystems 7300 Real-Time PCR System. l'eHoTvnyBaHHs
BMKOHAHO METOOM KaninsipHoro enektpodopedy Ha npunagdi Applied Biosystems 3500 Genetic Analyzer.

Pe3ynitatu. MopisHAnbHUI aHanis Aas 3mory BctaHoBuTH, Lo NucleoSpin® DNA Forensic € onTumanbHiM Ans WBKUAKOT Ta 3py4YHOl
isonauii [IHK i3 npocTux pedepeHcHNX 3paskis (CnvHa, KPoB), Ae He BiAbyBaeTbCs 3Ha4Ha Aerpagauis Ta Hemae iHribiTopis. BiH 3abes-
nevye focTaTHio koHueHTpauito [JHK 3a kopoTkui yac, npote nig yac po6otu 3i cknagHuMu abo gerpagoBaHnmu 3paskamu (0cobnmeo
KICTKOBMMM peLUTKamm) YacTile Bu3Ha4anm yactkosi STR-npodini. PrepFiler™ i, sokpema PrepFiler™ BTA, xapaktepu3ayBaBcsi BULLO
eheKTMBHICTIO 3a Takux yMOB, 3abeaneymBLUy NOBHI Npodini HaBiTb y 3paskax, Ae € iHribitopu abo 3 o3Hakamu TpuBanoi Aerpagadii.
OTxe, NOro BUKOPUCTaHHS JOUINbHE Y KPUMIHAMICTUYHUX BUNagKax i3 npobnemHumm 3apaskamu, nonpu BuLLy cobiBapTiCTb.

BucHoBku. MonekynspHo-reHeTUYHi JOCNMKEHHS € KITFOHOBUM IHCTPYMEHTOM Yy Cy4acHil CyO0BO-eKCNepTHi NpakTuLi, 3o0kpeMa Ans ineHTu-
hikauii ocobm 3a bionoriyHnmuy 3paskamu. 3actocyBaHHs meToaiB [AHK-ineHTUdikaLii Ha ocHosi MJTP cnpusie BUCOKiN TOYHOCTi Ta HagiNHOCTI
€KCMepTH3 Y KpMiHambHUX i LMBINbHKX CripaBax, a Takox Bifirpae BaXnvBy porib B igeHTudikaLlii 3armbnux i 3Huknnx 6e3Bicti, ocobnmeo B
YMOBax BOEHHOTO Yacy. MopiBHANbHWIA aHani3 ABoX kKoMepLjiiHx Habopis Ans pyyHoro BuaineHHs [JHK — PrepFiler™ Forensic DNA Extraction
Kit Ta NucleoSpin® DNA Forensic — nokasas, Lo 061aBa Habopu MatoTb NepeBaryt i MoxyTb OyTh eheKTUBHO BUKOPUCTaHI 3anexHO Bif TUMy
GionoriyHoro matepiany 1 yMOB 3[iNCHEHHS ekcnepTuan. Bubip ontumansHoro metogy BuaineHHs [JHK icToTHO BNnvBae Ha SKICTb i KinbKicTb
OTPMMAHOrO reHETUYHOTO MaTepiasy, a OTke Bi13Ha4ae AOCToBIpHICTL [HK-npodintoBaHHs Ta WBmakicTb poboTh ekcrnepTHoOi nabopatopii.

KntouoBi cnoBa: monekynsipHa reretuka, HK, aHanis, ingeHTugikauis, nokyc.
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Comparative performance of PrepFiler™ Forensic DNA Extraction Kit and NucleoSpin® DNA Forensic Kit
in the context of DNA extraction from problematic samples for STR analysis

L. I. Kucherenko, D. V. Zubryk, I. V. Pavliuk, H. R. Nimenko

In modern forensic practice, molecular genetic studies play an extremely important role, especially in wartime. DNA identification allows
you to identify a person by traces of biological origin, which has become critically important for the identification of the dead and missing.
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The effectiveness of such studies largely depends on the choice of the optimal method of DNA extraction, which ensures the reliability
and speed of results. In this regard, the choice of the most reliable, sensitive and resource-efficient method of DNA extraction becomes
not only a technical but also a strategic task that directly affects the success of investigations and the reduction of the number of missing
persons, which is extremely important in the humanitarian dimension of modern war.

Aim. Comparative analysis of two commercial kits for manual DNA extraction — PrepFiler™ Forensic DNA Extraction Kit (Applied Biosys-
tems) and NucleoSpin® DNA Forensic (Macherey-Nagel) — to determine the feasibility of their use for different types of biological samples
and traces and categories of expert workload.

Materials and methods. The study was conducted on the basis of the analysis of samples of trace biological material, in particular blood
stains, saliva, tissue fragments and traces from the surfaces of objects. Two sets of reagents were used for DNA extraction: PrepFiler™
Forensic DNA Extraction Kit (Thermo Fisher Scientific) and NucleoSpin® DNA Forensic (Macherey-Nagel), 100 reactions each. DNA
extraction was carried out according to the protocols provided by the manufacturers. The quality and quantity of the isolated DNA were
determined by real-time polymerase chain reaction (PCR) using the Applied Biosystems 7300 Real-Time PCR System. Further genotyping
was performed by capillary electrophoresis on the Applied Biosystems 3500 Genetic Analyzer.

Results. Comparative analysis showed that NucleoSpin® DNA Forensic is optimal for fast and convenient DNA isolation from simple
reference samples such as saliva or blood, where no significant degradation or inhibitors are observed. It provides sufficient DNA con-
centration in a short time, however, in cases of working with complex or degraded samples (especially bone remains), partial STR profiles
were more often observed. In contrast, PrepFiler™ and, in particular, PrepFiler™ BTA demonstrated better performance under such difficult
conditions, providing complete profiles even in the presence of inhibitors or prolonged degradation. This makes it a reasonable choice for
forensic cases with problematic samples, despite the higher cost.

Conclusions. Molecular genetic research is a key tool in modern forensic practice, in particular for identifying a person from biological
samples. The use of DNA identification methods based on PCR ensures high accuracy and reliability of forensic examinations in criminal
and civil cases, and also plays an important role in the identification of the deceased and missing, especially in wartime conditions. A
comparative analysis of two commercial kits for manual DNA extraction — PrepFiler™ Forensic DNA Extraction Kit and NucleoSpin® DNA
Forensic — showed that both kits have their advantages and can be effectively used depending on the type of biological material and the
conditions of the examination. The choice of the optimal DNA extraction method significantly affects the quality and quantity of the obtained

genetic material, which, in turn, determines the reliability of DNA profiling and the speed of the expert laboratory.

Keywords: molecular genetics, DNA, analysis, identification, genetic locus.
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MonekyasipHO-TeHETUYHI JIOCHIJKEHHSI € HEBiJl’€MHOIO
CKJIaJIOBOIO CYYacHOI Cy[OBO-€KCIIEPTHOI MPAKTUKH, B OC-
HOBI sikoi — Metonu JTHK-ineHnTH(ikarii 3 BUKOpHUCTAaHHIM
noiMepasHoi anIrorooi peakuii (I1JIP) [1]. Le nae smory
ineHTH(iKyBaTn 0co0y 3a 3pa3kamMy KpOBi, CIEPMH, BOJIOC-
Cs1, 3aJIMIIKAMHU KICTOK Ta IHIIMMHK CJiJaMH 010JI0TIYHOTO
TIOXODKEHHS, 1110 MAIOTh SIPO Ta IIMPOKO 3aCTOCOBYIOTHCS
B €KCIIEPTH3aX KPUMIHAJIBHUX 1 LIUBUIBHUX CIIPaB Y BCbOMY
cBiTi, 30kpema i B Yipaini. IHK-npodinmroBannas nonomarae
ineHTudiKyBaTn 0coOy, BCTAHOBUTH O10JIOTIUHY CIIOpi/IHe-
HICTB / 0aTBKIBCTBO, CIIBBIJIHECTH YaCTUHHM Tila / KICTKOBI
PELITKY, BU3HAYUTU TEHETUYHY CTaTh [2,3].

3 moyatkoM BiifHH 00cAT poOOTH, M0 HAIXOIWTH 1 BHU-
KOHY€ETBHCS Y BIUIUI O10JIOTIYHUX JOCIIPKEHb Ta OOMIKY
3amopi3pKoro HayKOBO-IOCIITHOTO eKCIIePTHO-KPUMIHAJIIC-
THUYHOTO LIEHTPY, 3HaUHO 3011b1mBCs [4]. OCHOBHUMIA MacuB
MIPU3HAYEHUX MOJICKYISIPHO-TEHETUYHUX €KCIIEPTH3 HUHI
CTaHOBJIATH HE 3araJlbHOKPHMIHAIIBHI Ta IUBUIBHI CIIPABH,
a Ti, IO TOB’s13aHi 3 ineHTH(ikawieto 3arnonmx i 6e3picTu
3HuKImX 0ci0, [IHK-npodinroBaHHAM (hparMeHTIB Tix, KiCT-
KOBHX PEIITOK IIUISIXOM BCTAHOBJICHHSI POJIMHHOT HAJIEKHOCTI
3a 3pa3KaMHM BiJl )KHMBUX POJHUIB, a TAKOXK Yy pasi MPsIMOTO
30iry «3pa3ok —3pa30k» (sikio JJHK-npodine 3pazka ocodu
MIONIEPEAHBO BHECEHO JI0 €JIEKTPOHHOTO PEECTPY TEHOMHOT
iHpopMartii ironusn) [5,6].

Bigzin 6iomorigHEX JOCHIIKeHb Ta 00Ky 3amopi3bKoro
HayKOBO-/IOCJIJTHOTO €KCIIEPTHO-KPHUMIHAJTICTUYIHOTO LIEHTPY
IIOTHXHS BUKOHY€E ToHAM 140 MOJEKyIsIpHO-TeHETHIHIX
excrieptus. Orpumani JJHK-npodini 3aBaHTaxyr0Th 10

EnexrponHoro peectpy reHoMHoi iH(opMalrlii JTI0nUHY, 1e X
TIOPiBHIOIOTB i3 paHillle BCTAHOBICHUMHE T€HETHIHIMH O3Ha-
KaMHM HEBIZIOMUX TiJI, pelITOK 3aruoinux, 3 JIHK-npodimasimu
ponudiB 0ci0, SKi MAIOTh CTaTyC 3HUKINX 0e3BicTH. Y pasi
BUSIBJICHHS 301rY, a caMe BHSIBIICHHS! MO>KJIMBOTO YCIIa/IKyBaH-
HSl TCHETUYHHUX O3HAK, OI[IHIOIOTH IMOBIPHICTH 010JIOTIYHOT
CTIOP1THEHOCTI 3 MaTeMaTHYHNUM MiITBEP/KEHHSIM POJHH-
Horo 3B’s3Ky [7]. Buxopucranus EnexrpoHHOro peectpy
reHoMHOi iH(opManii JIOOMHN ajlo 3MOTY OINEPAaTHBHO
3I1IMCHIOBATH TMOLIYK 30iriB MK IMOBIDHHMH POIUYaAMH
Ta HEBITI3HAHUMH TPYTIAMH, IO 3a0€3MeYI0 MOKINBICTD
IBUKOI ieHTH(DiKaLliT 0coOu B Halikoporii Tepmind [8]. e
3HAYHO MiIBUIIY€E e(hEeKTHBHICTE POOOTH MPABOOXOPOHHIX
opraHiB 3 izeHTU]iKalii HeBII3HAHKUX T 1 OIIYKY 3HUKJIHX
6e3BicTH, 0COOIMBO B yMOBaX BifHH.

JIHK-anaini3 rpyHTyeThCsl Ha BUBUCHHI MoJiMopdizmy
(Tobto BimminHOCTeW) y Monekynax JIHK pizaux iHamBi-
nyyMiB [9]. Vci mromu Hanekarh 0 OTHOTO OlOJOTIYHOTO
BUJLY, TOMY F€HETHYHA 1H(OpMALList OAHIET IIOMHH CX0XKa Ha
iHdopmarito iHmoi Outeie Hbk Ha 90 %. Metoro JIHK-ana-
i3y € TOoCIiKeHHs came BinminHocTeit [10].

[HdopMaTHBHICTh HOTO METOJY BHHITKOBO BEJHKa,
OCKUIBKM BHCOKHH moniMopdizm mocmigoBrocterd JTHK
poOHTH 1i BOYKIIMBUM JKEPETIOM 1AeHTH(DIKAIIHHIX O3HAK.
Ockinbku B ycix iiTnHax jmonuau Monekyna JJHK inen-
THYHA i 30epirae CBOIO iHAWBIAYaIbHY CTPYKTYpY, IHTEpec
JUTSL IOPIBHSIBHOTO aHANI3y CTAHOBUTH Oy/Ib-5IKa JIOCTYITHA
cybcranIis opranizmy, mo Mictuts JIHK. Pesynsrati no-
ciimkens MerogoM J{HK-ananizy nators 3mory 3podutn

ISSN 2306-8094

AKTyarnbHi nuTaHHs (hapMaLeBTUYHOT | MeANYHOT Hayki Ta npakTuki. 2025. T. 18, Ne3(49) 321



Original research

=

X 3=

o) cells
3B’sazyBaHHA JHK
Nizuc 3 MarHiTHUMM YacTUHKaMu
Ta BigMUBKHM

DNA

Enwouis OHK Big MepeHeceHHs
MarHiTHUX YaCTUHOK OHK

Puc. 1. Mpoueaypa cynoso-meaunyHoi ekcneptuamn PrepFiler™ Forensic DNA Extraction Kit.

BHCHOBOK TIPO TTOXO/IKEHHS TOTO YH 1HILIOTO CITi/Ty BiJl KOH-
KpeTHOI 0COOM 3 BUCOKHMM CTYIIEHEM BipOTiTHOCTI — OANH
Ha coTHI MunbiioniB mrozeit [11,12]. Ilix wac nocnimkeHb
0co6nuBo epexruBHUMU cTasi STR-1I0KycH — KOPOTKi TaH-
JICMHI [TOBTOPH, TIEPEBAYKHO TETPAHYKICOTHIHOTO TUIy [ 13].
BoHu MicTATBCS B TeTepOXpoMaTHHi (HEKOMyBaIbHIN YaCTHHI
reHoMa). BiMIHHICTE TOJSTAE y KUTBKOCTI OJXHOTHITHIX
TTOBTOPIB B JIOKYCI.

Hwuni MmonexynspHo-rereTndHi nocmimpkerns 3 JTHK-mpo-
(binfoBaHHS 3MIMCHIOIOTH 3 BUKOPHUCTAHHSAM CIEHiaTh-
HHUX HaOoOpiB reHeTHYHOI imeHTU(diKamii (HampukiIan,
PowerPlex® Fusion 6C System BupoOHHITBa (hipMu
Promega Corporation), 10 Aaf0Th 3MOTY BH3HAYUTH 27
nistHok (JiokyciB / mapkepiB) JIHK, Bkitouaroun crareBy
HAJICKHICTB. Lle cripusie HalBUIIII TOCTOBIPHOCTI Mif| 4ac
BCTAHOBJICHHSI 010JIOT1YHOT CIIOPITHEHOCTI Ta iAeHTU(IKalii
HEBITI3HAHUX T 3arMOJINX 1 3HUKINX OE3BICTH.

STR-anani3 (Short Tandem Repeats) — 3aranbHOIPUiiHS-
Ui MeTox imeHTUdiKaIii 0co0n y cdepi KPUMIHATICTHKH.
Moro edeKTHBHICTh KPHTHYHO 3aJI€KHTh BiJ SKOCTI Ta
kinpkocti JIHK, BHaineHoi 3i 3paskiB, sKi 9acTO MalOTh
CITLIOBHIA XapakTep (IIAMHU KPOBi, CIIMHH, O10TOTI9HI CITi I
Ha nipeaMeTax). Taki 3pa3ku HepiJKo 3a3HAIOTH AeTpajarlii,
MArOTh 1HTi10iTOpH 200 Iyke 0OMEKeHi 3a KUTBKICTIO.

B ymoBax nocriitHOro 30UIbIIEHHSI KIJTBKOCTI CYJJOBO-Te-
HETHYHUX EKCIIEPTU3 aKTyalli3yeThCs IMTAHHS 1010 BHOOPY
ontuManbHOro Meroay BuaiteHHs JJHK, skuit 3a0e3neuye
HaAIWHICTh pe3yNbTaTiB Ta e(EeKTHBHICTh JIAOOPATOPHOT
poboru [14]. Tomy BasKJIIMBUM CTa€ OOIPyHTYBaHHSI BUOOPY
meroay Buaienus JJHK. 3acrocyBanHns ontumanbHOTo Ha-
0opy He JIUIIE MiIBUIILYE IMOBIPHICT OTPHUMaHHSI TOBHOTO
JHK-npodimro, ane i BIIMBaE Ha peCypcHy Ta 9acOBY
edeKTuBHICTH Jaboparopii. B ymoBax BiitHH, Ko 4ac 1 pe-
CypcH BKpaii 0OMesKeHi, CaMe ITi aCTIEKTH CTaTH KITFOUOBUMHU
KPHUTEPiSIMH OLIHIOBAaHHS €()eKTHBHOCTI.

MeTta po6otu

[MopiBHSUTHPHII aHaNi3 JBOX KOMEPIIHHUX HAOOPIB It
pyusoro Buainenus JJHK — PrepFiler™ Forensic DNA
Extraction Kit (Applied Biosystems) i NucleoSpin® DNA
Forensic (Macherey-Nagel) — nu1st BU3Ha4eHHS JIOLUTBHOCTI

X 3aCTOCYBaHHS JJISl PI3HUX TUIIB OlOJOTIYHUX 3pa3KiB,
CIII/IIB 1 KaTeropii eKCIepTHOrO HaBaHTaYKEHHSI.

Matepianu i meToau gocnigxeHHs

JocmipkeHHs 3IHCHAIN Ha OCHOBI aHai3y Pi3HUX THIIIB
CJTIJJOBOTO Matepiairy 6i0JI0r4HOro MOXOKEHHSL: IISIMU KPO-
Bi, CJIMHH, 3pa3KH 3 TKAHKH 1 CJIIIN 3 TIOBEPXOHb MPEIMETIB.
Kosxen 3pa3ox 00po0sisiy mapaiessHo 3a JOMOMOTOR0 000X
nabopiB: NucleoSpin® DNA Forensic (Macherey-Nagel),
100 peakuiii; PrepFiler™ Forensic DNA Extraction Kit
(Thermo Fisher Scientific), 100 peaxuiii. Ilix vac poboru
JOTPUMYBAJIHCS PEKOMEH/AIIIH, 0 Ha/laHI BUPOOHHIKOM,
Ta OpaJT 10 yBaru pe3yJbTaTd BaiZOBaHUX JTOCITiIKEHb.
3a I0NIOMOTOK0 CrielianbHOro Habopy peareHTis PrepFiler™
Forensic DNA Extraction Kit (st Buainenss JJHK i3 kpu-
MiHamicTHaHUX 3pa3kiB) umimsum JJHK 3 00’exTiB 3a Bij-
TIOBIJIHIMH PEKOMEHJOBAHIUMH MpOTOKOIamH (puc. 1) [15].
Jo 00’exrtiB momasanu mo 300 Mk Jizyrodoro Oydepa
PrepFiler™ Ta o 3 mxx DTT (1 M), inkyGyBanu 40 xB Ha
Tepmorieiikepi 3a remmneparypu 70 °C. [lepeHocuu piakuii
BMICT JIO HOBHUX ITPOOIPOK 13 (hUTBTPYBAILHUMH KOJIOHKAMH Ta
nerTpudyrysanu o 2 x8 npu 16 000 g. OinsTpyBaibHI KO-
JIOHKH BUKUAAJH. J{0 J1i3aTiB ToaBaiu 1Mo 15 MKJI MArHITHAX
YacTOK, TIEPEMIlTyBai Ha BOPTEKCi Ta mogaBaiy 180 MK
i3omponanoiy. [Ipobipku momimany 10 TepMoIIeikepa Ha
10 xB 3a ximMHaTHOI Temrieparypu. [licas mporo mpodipKu
CTPYILIYBaJlIU Ha BOPTEKCI Ta KOPOTKO LEHTPH(yTryBau.
[IpoOipku mominamy 10 MarHITHOTO IITATHBA HA 2 XB, ITOTIM,
He BUHMalo4uM 3 HhOTO, BUJIAJISUTH BCIO pianHy. JlogaBa 1mo
300 mxx Oydepa a1t BiIMUBAHHS, IHTEHCHBHO CTPYILYBaJIH
Ha BOPTEKCi. 3HOB MOMIIIAJIK PoOipKH /10 mTaTrBa Ha 30 ¢
1 BUJASUIM BCIO PiuHy. BiMUBaHHS OBTOPIOBAIM TPUYI.
[Ticns Tpetvoro pazy 38’si3any JIHK cymmnm nporsirom 7 XB.
Jo npobGipok momasanu 50 mkin Oydepa mst enmrorii JJHK
Ta TOMIIIaJH 10 TepMoIIelkepa Ha 5 XB 3a TeMIepaTypu
70 °C. Iicns mporo MpoOipKH CTPYIIyBadd HA BOPTEKCI,
KOPOTKO IIEHTPU(YTYBaIN Ta MOMIIIANIHA IO MarHiTHOTO
mratuBa Ha 1 xB. [ToTim, He BuitMaroun poOIpKH 3i IITATH-
Ba, iepeHocmm po3unan JJHK 1o HOBHX mpoOipok. [Ticms
BHUKOHAHHS BCiX [ili 00 €KTH OyH TOTOBI IO TECTYBaHHS
Ha BH3HAUEHHs KUTBKOCTI Ta sikocTi BuineHoi JTHK. s
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Puc. 2. Mpoueaypa cynoso-meanyHoi ekcneptnan NucleoSpin® DNA Forensic.

KOHTPOJIO YACTOTH peakuii no suainennx JHK momaBamm
25 MK OiTMCTHIEOBAHOI ACI0HI30BAHOI BOIM Ta JIi3yHOUHI
Oydep — HeraTuBHI KOHTPOJII.

Bupinenns JIHK 3 00’€KTiB 3a 10IIOMOTOIO CIHELIAIEHOTO
Habopy pearenTiB NucleoSpin® DNA Forensic BUKOHaHO 3a
PEKOMEHTOBAaHUMH TIPOTOKOTAMH (puc. 2) [16].

Jo 06’extiB momaBanm mmo 20 Mk poteinasu K, mo 5 Mxi
pozuuny TCEP ta 450 mxxn 0ydepa FOL (peaktrBu HagaHi
BUPOOHMKOM), CTPYIIYBaJly Ha BOPTEKCI Ta 1HKyOyBasu
1 rox Ha Tepmoreikepi 3a Temmeparypu 56 °C. IIpobipku
CTPYIIYBaJIH HA BOPTEKCI Ta KOPOTKO LEHTPUQYTyBalu.
Jo BMmicty npo6Gipok nonasanu o 580 Mk Oydepa FOB i
CTpYILYBaJIK Ha BopTekci. Pinkuit BMicT nmpoOipok nepeHo-
CHJTH JT0 KOJIOHOK, SIKi TIOMIIIaJTH JT0 30MpaibHAX MPOOipoK
i meaTpudyrysamu mo 1 xB mpu 11 000 g. Pimurawm 3i 30u-
pajIbHUX POOIPOK BUAAIISIIN, KOJIOHKH 3HOBY ITOMIIIAJIH JI0
30upasibHUX PoOipok. Jlo komoHok mofaBanu mo 400 MK
oydpepy FOW1 i nearpudyrysamu 1 x8 mpu 11 000 g. Pigu-
HU 31 30MpaJbHAX MPOOIPOK BUIAISIIN Ta 3HOB MTOMIIIAIN
KOJIOHKH JI0 30MpaiibHUX MpoOipok. [0 KoIOHOK goaBanu
o 400 mxn Oydpepa FOW2 i nenrpudyrysanmu 1 xB npu
11 000 g. Pimuau 31 30upaiibHUX MPOOIPOK BUIAJISIIN Ta 3HOB
MTOMIIITalT KOJIOHKH 10 30mpanbHuX mpobipok. bydepom
FOW2 BigmuBanm iBidi. LlenTprdyryBanm KoJIoHKH 110 2 XB
npu 11 000 g i Buknmanmm 30upanbHi podipku. Komonku
TIOMIIIIAJIN JTI0 HOBUX MPOOipok 00’ eMoM 1,5 M1 Ta no1aBastu
50 mxa 6ydepa FOE (70 °C). InxyOyBasm o 1 XB 3a kiMHart-
HOI TeMIIepaTypy, MiciIs bOTo HEHTPHU(YTYBaIH IO | XB pH
11 000 g. ITicyist BUKOHAHHS BCIX J1iif 00’ €KTH OYITH TOTOBI /10
TECTYBaHHS Ha BU3HAYCHHS KUTBKOCTI Ta SIKOCTI BUILJICHOL
JIHK. JIy1st KOHTpOITIO YUCTOTH peakiii no BuaiieHnx JJHK
TaKOX JO0JaBajd 25 MKJI OlQMCTHIBLOBAHOI JE10HI30BaHOL
BOJIM Ta Ji3ytodi Oyepn — HeraTuBHI KOHTPOJII.

TTicis BUAInEHHS OLIHIOBAIHN KIJIBKICTB 1 AKICTh BUIIJIEHOT
JTHK 3a momomororo npuiany Real Time PCR systems, 1o
Jla€ 3MOTY BU3HAYNTH CTaH 1 KimbKicTs Buainenol JJHK mms
BcraHoBieHHs Hagani JJHK-ipodinro. ITix gac mocmimxeHHS
BuKopucrano npunan «Applied Biosystems» 7300 Real Time
PCR Systems.

IMomimepasna nanmrorosa peakist (ITJIP) y peamsrOMY
Yaci — 1a00paTopHUI METOA MOJICKYIISIPHOT 010J10Ti1, 1110 Ja€e
3MOT'y SIKICHO 1 KUIbKICHO BU3HAQUUTH BMICT CHIEHU(IIHOTO

¢parmenTa JIHK B 06’ektax. B 0CHOBI 1150T0 TOCITIKEHHS
— metox ITJIP, 1110 rpyHTYETHCS Ha MOYKJIMBOCTI OTPHMAHHS
minbHoHiB Komiit JIHK-marpuni. [Tpo6u amrutidikarii 00’ ex-
TiB OepyTh IiJ] Yac KO)KHOTO IMKITY, TOOTO CIIOCTEPEKEHHS
BiZIOyBA€EThCS «B PEAUTLHOMY Yaci».

IIpoananizyBaBmu oTpuMaHi i 00poOIeHi IPOrpaMoro
pe3ynsTati, 00’ €KTH a00 PO3BOIMIIH, 200 KOHIIEHTPYBAJH 32
JIOITOMOTOFO CHCTEMH «aMIKOHY TSI TTOMAJTBIIIOTO JOCITI IKEH-
HSI METOJIOM KaIliJIIPHOTO eJIeKTPOdOpe3y, SIKHH BUKOHYBAITN
Ha BOCBMHUKAHAILHOMY TCHETHYHOMY aHaji3zartopi Applied
Biosystems 3500. ['0710BHUM MPOIECOM Y TEHETUYHOMY
aHai3aTopl € KanusIpHUN eneKTpodope3 — HarpaBIeHUH
PYX MOJIEKYJI y I'yCTOMY CEpPEOBHILII TeITI0 B KAIIsIpax i
J€I0 eIEKTPUIHOTO TIOJISL.

OTtpumaHi enexTpodoperpaMn aHaTi3yBalHd 3 aKICHTOM
Ha YOTHUPHOX MOKA3HHKaX, SIK-OT BUCOTA IMiKiB, IXH MOP(O-
JIOT'isI, MTOTIaAaHHsI B OIHM 1 KIJIBKICTh ITIKIB Y MEXKaX JIOKYCY,
yucrora JIHK (cniBBinnomenus A260/A280) i npuaarHicTh
10 STR-tumyBaHHS (KijbKICTh aMIUTi(iKOBaHHUX JIOKYCIB,
CTYIIiHb TIOBHOTH TPOQIJIFO).

Pesynbratu

NucleoSpin® DNA Forensic — nmiBuikuii y BAKOpUCTaHHI Ta
3py4HHUI HAOIp 11t POOOTH 3 HEYCKIATHEHHUMHU 3Pa3KaMH,
110 3a0e3neuye jgocrarHio koHuenTpanito JIHK 3a koporkuit
gac. Mloro BUKOPHCTAaHHS JOUIbHE, KOTH € BUCOKOSIKICHI
TIOPIBHSJIBHI 3pa3Ky (HANpUKiIaJ, pedepeHcHa CInHa Yu
KpOB), IIe IMOBIpHICTB 1HTIOIIIIT Ta nerpamarii Husbka. [1po-
T€ KUTBKICTh YaCTKOBHX HETOBHUX MPOQiSiB, BU3HAYCHUX
3 BUKOPHUCTAHHSM LIOTO METOLY, OlibIna B pasi poboTH 3
JIeTpaJIOBaHMMH 3pa3kaMu. BapricTh ofHi€el peakiii opieH-
TOBHO cTaHOBUTH 200 rpH.

PrepFiler™ mokazaB ctabinpHO Kpallli pe3yJabTaTH MpH
00poO01LIi CKIIaIHUX CIIJIIB, 30KpeMa JIerpajioBaHnX abo 3a-
opynaennx. [ToBrota STR-1Ipodio Ta yacToTa OTpUMaHHS
pE3yIIBTaTiB i3 BUCOKUM iH(OPMATHBHUM HAaBAHTAKCHHIM
BHIIIa, 0COOJTMBO KOJIM BUSBIICHO iHTi0iTOpH. BTiM, BapTicTh
onHi€ei peaxiii Buma (mopiBHsHO 3 MeTonoM NucleoSpin®
DNA Forensic), cTaHOBUTH TIPUOIU3HO 355 TpH.

Y OUIBIIOCTI BUIA/IKIB, KOJIW 3pa3KK MaJl HU3BbKUI CTY-
IiHb JIerpajaiii, o0uaBa Habopu 3abe3neyyBalii MPUAATHI
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Ta6nuus 1. MopiBHsiHHS ecbekTnBHOCTI Habopis PrepFiler™ Forensic DNA Extraction Kit i NucleoSpin® DNA Forensic

_ PrepFiler™ Forensic DNA Extraction Kit NucleoSpin® DNA Forensic

Baprictb — (uwa) + (OocTynHiwwa)
FAKiCTb OTPUMaHWX pe3ynbTaTiB (MpocTi 06'eKTy) + +

FAKiCTb OTpUMaHNX pesynsTaTiB (cknagHi 06’exTi) + -

LLIBuakicTb OTPUMaHHS pesynbTaTis — (DoBLue) + (WwmALe)

Tvn BUAiINeHHs MarHiTHi YacTUHKM

CnliH-KOMOHKM

HeobxigHicTb 0bnagHaHHa

lMoTpibeH marHiTHWiA LTaTe abo aBToMart

CraHgapTHa LeHTpudyra

MinimanbHui 06'em 3paska

[lyxxe HN3bKII (€CPEKTMBHWIA NPY ManKX KinbKoCTSIX)

MoTpebye AeLwo BinbLuoro ob’'emy

3abpyaHeHHs iHribitopamu MNP MiHimansHe

MoxnvBe npy cknagHnx MaTpuLsx

CyMiCHICTb 3 aBTOMaTM30BaHUMM NnaTgopMam

+ (Hanpuknag, AutoMate Express™)

+/— (3anexwTb Big nnatdopmu)

TepmiH 36epiraHHs peareHTiB

[lo 1 poky 3a Temnepatypu 2-8 °C

[lo 2 pokiB 3a KiMHaTHOI Temnepatypu

MpocToTa BUKOpUCTaHHS

+ (IHTYITUBHO 3pO3yMinuiA NPoTOKON) +

KinbkicTb eTanis y npotokoni

BinbLue (baraTokpokoBuin NPOTOKO)

MeHLue (npocTuit mpoTokon)

PiBeHb BTpat [1HK npwn BugineHHi MiHimansrmi

CepepnHin

1o ananizy STR-nipodini. Pazom i3 TaM, mipu po0oTi 3 KicT-
KOBHMH PELITKaMH, [0 3a3HaIM TPUBAJIOTO BIUIUBY YMOB
noBkims, PrepFiler™ BTA cripusiB OTpUMaHHIO CTATHCTHYHO
JIOCTOBIPHO Kpalux pe3ynabrariB. [1opiBHSIHHS e(deKTHB-
Hocti HabopiB PrepFiler™ Forensic DNA Extraction Kit ta
NucleoSpin® DNA Forensic HaBeneHO B mabauyi 1.

O6roBopeHHs

NucleoSpin® DNA Forensic € ekoHOMIYHO BUTIHIILIMM Bapi-
aHTOM, 1110 3a0e3Meuye MmBHIKE 1 cTabinbHe BuaieHHs JJHK
i1 9ac poOOTH 3 THIIOBUMH 3pa3KaMH: CIMHOIO, KPOB 10 Ha
BAaTHHUX TAMIIOHAX YH CJiIaMH SMITeliF0. MeTox IpyHTY€eThCs
Ha CITiH-KOJIOHKOBIH TEXHOJIOTi, 1110 MPOCTa y BUKOHAHHI Ta
He 1oTpeldye CIIeIiaIbHOr0 00IaIHAHHS.

PrepFiler™ Forensic DNA Extraction Kit xapakrepu3syeTs-
Csl BUCOKOIO €(DEKTHBHICTIO TIiJ Yac pOOOTH 31 CKIaJHUMH
a00 nerpajoBaHUMHM 3pa3KaMU, BKJIFOUAIOYH Oi0JIOTIYHI
Marepiaim, o MicTATh iHriditopu [1JIP (Hanpuknan, rpyHT,
TKAHWHH ITiCTISI THATTS, CTapi IUISIME KPOBI ). 3aBISsIKA MarHiT-
HHM YaCTHHKaM Ta OIITHMi30BaHUM Oydepam, BiH 3a0e3nedye
MiHimManbHi Brpaty JJHK Ta BUCOKY YHCTOTY EKCTPAKTY, 10
€ KPUTUYHO BKJIMBUM JUISl HACTYITHOTO I'€HOTHITYBaHHSI.

BpaxoBytoun nocriiine HaBanTaxxeHHs Ha JJHK-mabopa-
TOpii Ta HEOOXIHICTH IIBHJKOTO OTPUMAHHS PE3YJbTATIB,
BKJIMBO QJIANTYBaTH BUOIp METOMYy i TUN 3pa3ky. s
PYTHHHHX 3pa3KiB AOLITLHUM € BUKOpUcTaHHs NucleoSpin®
— IIBUJIKOTO, 3PYYHOTO ¥ OLIBIIT eKOHOMIYHO BHT1THOTO Bapi-
anTa. Y CKJIQJHUX BHIaaKax (IMiJ] 9ac JTOCHIHKEHHS TaBHIX
CITiJTiB, 3pa3KiB 31 CJIiJaMU PO3KIIaay a00 3a0pyIHCHHSI ) OIITH-
MallbHUM € 3actocyBanHs PrepFiler™ a6o xomMOiHOBaHOIO
X0y, O BKIIFOYAE HOTO KOMITOHEHTH.

Kpim TOr0, OLIiHIOBaHHS BapTOCTI J1ajI0 3MOT'y BCTAaHOBH-
TH, 10 X04a Habip PrepFiler™ e mopoxurm mopiBHSHO 3
NucleoSpin®, Bin Mae BuIily eeKTHBHICTb I1i]] 4ac pOOOTH
31 CKJIaIHIMU 3pa3KaMH, 1 Iie Moyke OyTH apryMEHTOM JUIS
Horo BUOOPY B KPUTHYHHUX a00 MPIOPUTETHUX BUIMAIKAX.

Pesynerati 10CTiKEHHS MOXKYTh OyTH BUKOPUCTAHI IS
OOTpYHTYBaHHS TU(QEPEHIIIOBAHOTO ITiIXOMY i Yac Ilia-
HYBaHHS 3aKyIliBellb, HAIPUKIa, KOMOIHyBaHHsI HaOOpiB
3aJIeKHO Bi CKIAJHOCTI 3pa3KiB AJIsI ONTHUMI3amii BUTparT
Jaboparopii 0e3 BTpaTH SIKOCTI aHaITi3y.

BucHoBKu

1. I[TpoanaitizoBaHO CyJacHi ITiIXOH IO MOJIEKYIISIPHO-Te-
HetnuHOI imeHTH(]IKamii ocodu i3 3acrocyBanusm JJHK-
aHAJII3y B CyIOBO-KPUMIHATICTHYHIN MpPaKTHUIl, 30KpeMa
BPaxOBYFOUH Peatii BOEHHOTO Yacy, KOJIX 30UTBIIIIIACS KijTb-
KICTh CKCIICPTH3, OB’ A3aHKX 3 ieHTH(IKAIII€0 3aruOIuX 1
0e3BICTH 3HUKIHX 0Ci0.

2. BuBueHO e(heKTHBHICTH JABOX KOMEPIIIHUX HaOOpiB
i Buainenns JITHK — PrepFiler™ iNucleoSpin® DNA
Forensic. Beranosneno, 1o PrepFiler™ 3a6esneuye Buiiy
SIKICTB PE3YJIBTATIB ITij1 Yac POOOTH 31 CKIIaJHUMH 3pa3KaMHy,
a NucleoSpin® € eKOHOMIYHO TOULTBHIIIINM BapiaHTOM IS
CTaHJIapTHHUX MOPIBHAIBHUX MaTepiais.

3. YocKoHaNeHHS! METOIIB MOJIEKYIISIPHOT iIeHTH(IKAIT
Ta ajanrauis J1abopaTopHUX MPOTOKONIB JIO THITY 3pa3ska
CHPHUSITUMYTh IiIBUICHHIO TOYHOCTI, JOCTOBIPHOCTI I
orreparuBHocTi JIHK-excnieptu3 y kpuminamictumi. dude-
peHLIHOBaHUH MiXiJ 10 BUOOPY peareHTiB AacTb 3MOTY
OIITHMI3yBaTH BUTPATH O3 3HUKCHHS SIKOCTI aHai3y.

IepenexTHBE MOJANBIINX J0CTTKeHb OJATAIOTH Y PO3pOOLI
YHIBepCaIbHUX HPOTOKOJIB 1 HAOOPIB peareHTiB, M0 OyIin
0 eheKTHBHUMH IJIS1 Pi3HHUX TUIIIB OiONOTIYHIX MaTepiaiB
i Mo Ou OyTH BHKOpHCTaHI 3a pi3HHX YMOB, 30KpeMa B
noboBHX. 1le miIBUIIUTE MOOIIBHICTD 1 THYUYKICTh POOOTH
CYHAOBO-EKCIIEPTHUX JlabopaTopiid. BaxxmuBum HampsMom
€ po3BuTOK iHTerpamnii 6a3 manux [HK, mo copustume
MIBUAIIOMY 1 TOYHIIOMY HOIIYKY 30iriB, 0COOMMBO y pasi
MacoBUX KaTacTpod ado 1ij yac BiiiCbKOBUX KOH(IIIKTIB.

324 Current issues in pharmacy and medicine: science and practice. Volume 18. No. 3, September — December 2025

ISSN 2306-8094



OpueiHaribHi 0oCidxeHHs!

®diHaHCyBaHHSA
[ocnipkeHHs 3aiicHeHo 6e3 diHaHCOBOI MiATPUMKY.

Mopsika

Cepen daxiBuiB, ki 34ilicHIOITb gocnimkeHHs y mexax JHK-ekcneptiau
Ha 6a3i 3anopiabkoro HayKoBO-AOCHIAHOMO EKCNEPTHO-KPUMIHAMICTUYHOMO
LIEHTPY, NepeBaxHy BinbLUICTb CTAHOBMSTb BUMYCKHUKI 3anopi3bkoro
LePKaBHOTO MeanKo-hapMaLEBTUYHOMO YHIBEPCUTETY, TOMY KEPIBHULITBO
LIEHTPY BMCIOBIIIOE LUMPY NOAAKY HaB4anbHO-HaykoBOMY MeAMKO-
nabopaTopHOMy LieHTpy 3 BiBapieMm i kadbeapi hapmakonorii Ta MeanyHoi
peLenTypu 3 KypcoM HopManbHOi ¢idionorii 3a ixHii npodecioHaniam i
BVCOKWIA PiBEHb MiArOTOBKM.
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Mepebir nepBUHHOI apTepianbHOI rinepTeHsil y nigniTkie,
3a JaHUMU AOBroCTPOKOBOr0O KaTaMHe3y

O.T. IBaHbko@ABED M. B. Mauepa®°P, O. B. ConaHukHCEF

3anopisbkuil AepxaBHU Meayko-hapMaLeBTU4HUI yHIBEpCUTET, YkpaiHa

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

Mera po6oTu — Ha 3acafiax [JOBrOCTPOKOBOIO (TpuBanicTio 15 pokiB) kataMHe3y AOCHIAUTY KNiHIYHUIA nepebir nigniTkoBOI apTepianbHoi
rinepTeHasii, BUSBNeHoi y 17-piyHoMy BiLli, ANS YTOMHEHHS YacTOTU 11 yMOB, 3a sikuX (DOPMYETLCS MinepToHIYHa XBopoba [opoCciuX.

Marepianu i metogu. CnoctepexeHHs posnodato y 2009 poui. 3anyyeHo cTyaeHTiB 1 Kypcy MeauyHoro dhakynsTeTy, Skum y Biui 17
POKIB BCTAHOBMEHO AiarHo3u cTabinbHoi, NabinbHoi apTepianbHoi rinepTeHsii abo cTany BUCOKOro apTepianbHoro Tucky. Yepes 15 pokis
KaTaMHeCTWYHi AaHi 3ibpaHo y 37 ocib i3 wjei rpynu, ski gocarnu Biky 32—33 poku Ta Bxe npaLtoBanu nikapsiMu pisHux cneLianbHOCTeN.

Pesynktatu. Y BignaneHnwii nepiog (Yepes 15 pokiB) y 3anyyeHnx 4o KaTaMHECTUYHOrO JOCTiAKEHHS YOMOBIKIB i XIHOK BU3HAYMUIN PiBHI
apTepianbHOro TUCKY, BUBYMIIM CKapri Ta HAaroIoCMIIn Ha HeoOXiAHOCTI NikyBaHHS, L0 BiANOBIAano 0cobnmeocTaM nepebiry aptepianbHoi
rinepTeHsii, ska noyanacs y nignitkosomy BiLi. BctaHoBneHo, Lo rinepToHiyHa xeopoba po3suHynack y 38,7 % y4acHWKIB kaTaMHECTUYHOMO
JocnipxkeHHst. [NepeBaxany Yornosiku, B AKX y MUHYIoMy Byno BusieneHo cTabinbHy Ta nabinbHy nignitTkoBy apTepianbHy rinepTeHsito.

BucHoBku. HarBuLLmMIA py3vK XpoHisauii MatoTb toHakm 3i cTabinbHoto (54,5 %) Ta nabinsHoto (41,7 %) toHaLbKOK apTepianbHOI0 rinepTeH-
3ito. BinbyBaeTbes Ue y Bili 30—40 pokiB — BUHVKAE rinepToHiyHa xBopoba. Pu3rk po3BuTKy rinepToOHIYHOT XBOPOOM y JOPOCNOMY BiLli ANS
nianiTkiB YONOBIYOI CTaTi 3i BCTAHOBMNEHWUM BUCOKUM apTepiarnbH1M TUCKOM cTaHoBUTb 21,4 %. BukoHaHHs nporpam disnyHoi peabinitauii
€ fieBnM akTopoM popMyBaHHS MPUXWIBHOCTI [0 340POBOMO Cnocoby XWUTTA Ta KOHTPOMIO PiBHS apTepianbHoro Tucky. HeobxigHo
NPOAOBXMTY BAOCKOHAMNEHHS KMiHIKO-AiarHOCTUYHUX i NikyBanbHWX MiAXOAiIB 4O OHALILKOI apTepianbHOi rinepTeHsii 3 po3pobKo eanHOI
KOHLIeNLi AiarHOCTVKM Ta NiKyBaHHS LOAO NaLieHTiB MiaMiTKOBOrO Ta MOSIOAOrO BiKy.

KntoyoBi cnosa: apTepianbHa rinepTeHsis, Aitu, NigniTkv, CTYAEHTU MEQUYHOro dakynbTeTy, nikapi, katamHes.
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The course of primary arterial hypertension in adolescents according to long-term observation data
O. H. Ivanko, M. V. Patsera, O. V. Solianyk

The aim of the work was to investigate the clinical course of adolescent arterial hypertension detected at the age of 17 based on a 15-year
follow-up in order to clarify the frequency and conditions under which adult hypertension develops.

Materials and methods. The observation began at 2009. First-year medical students were involved who were diagnosed with stable or
labile arterial hypertension or state of high normal blood pressure at the age of 17. Over 15 years the follow-up data were collected from
37 doctors of various specialties who reached this moment the age of 32-33.

Results. In the long-term follow-up (15 years later), blood pressure levels were assessed in men and women participating in the study,
their complaints were analyzed, and the need for treatment tailored to the characteristics of arterial hypertension that had originated in
adolescence was emphasized. Hypertensive disease developed in 38.7 % of respondents in the follow-up study. Males with stable and
labile adolescent arterial hypertension in the past predominated.

Conclusions. The highest risk of chronic hypertension is in young men with stable (54.5 %) and labile (41.7 %) juvenile hypertension. This
occurs at the age of 3040 in the form of hypertension. The risk of developing hypertension in adulthood for male adolescents with “high
blood pressure” is 21.4 %. The implementation of physical rehabilitation programs is an effective factor in forming adherence to a healthy
lifestyle and controlling blood pressure. There is a need to further improve clinical and diagnostic approaches to juvenile hypertension
with the development of a single concept of diagnosis in adolescence and young adulthood.

Keywords: hypertension, children, adolescents, medical students, physicians, follow-up.
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AprepianbHa rineprensis (rimeptoHis, Al') — maronoriganit
ctaH, abo XBopo0a, M0 XapaKTEePU3YIOThCS IiBHUILIECHHIM
CHUCTeMHOTO aprtepiambHOTo THCKY (AT) B pesymnbrari mo-
PYLICHHS] KOMIUIEKCHMX MEXaHI3MiB HelporyMmopanbHOT
perymsMii CyIMHHOTO Mepu()EepHIHOTO OIOpY, CEPIIEBOTO
BUKHUJIY Ta 00’ €My KPOBI, IIIO IUPKYITFOE.

3achikcoBaHO 30LTBIIIEHHS CHCTOMIIYHOTO Ta/ab0 MTiacTomiy-
HOTO apTepiaIbHOTO THCKY 3a ICBHUX YMOB, a CAME 3 BIKOM,
3a HasBHOCTI HAIJIMIIKOBOI MacH Tijla. BCTaHOBJIEHO TakoXK,
110 MiZIBUIIICHHSI PIBHIB YaCTIIlIe BiIOYBAETHCS Y KIHOK, 30-
KpeMma B IIepioj MEHOIIay3H, IIPHU CIIaKOBIH CXMIIBHOCTI /10
XBOpPOOM Ta HU3bKIW (Pi3MYHUN aKTHBHOCTI (TirnoanHamii),
a TaKOXK BUSBIICHO 3AJICKHICTD BiJl pacH (y MpPEeICTaBHUKIB
HETpoiHOI pacH).

AxtyanpHicTh qocmipkeHHs Al 3yMOBIICHA HaI3BHYAl-
HOIO TTOLITMPEHICTIO [IbOTO 3aXBOPIOBAHHS Cepe/l 1 JOPOCIIHX,
1 iTeH, a TaKOXK OOTPYHTOBaHA TSDKKUMH HACIIIKAMH XBO-
poOu — iHBAJIAHICTIO Ta MEPETIACHOI0 CMEPTIO. 3arajom
Ha AT xBopitots 15-30 % nopocnoro HaceneHHs cBity [1].
Hanpukman, y CIHA xBopi Ha Al cranoBmsats 20-50 %
HaceneHHs [2], a B Ykpaini — 3040 % [3]. [1ix wac nocmi-
JDKEHB 32 yYacTIO TiTel BiKoM IToHa 1 7 pokiB Al” BUSIBISIOTH
y 1,6-19,0 % Bumazkis [4].

BcTanoBneHo, 110 CMOYATKy MepeBakae CHMITOMATHIHA
(BropunHa) AT, HarrprKIIa, OB’ si3aHa 3 XBOPOOAMH HUPOK.
[Tpu HaOGNMIKEHHI 10 TiUTITKOBOTO BiKYy Y CTPYKTYpi 3aXBO-
PIOBaHOCTI MOYMHAE MEPEeBaKaTH MIEPBUHHA (ECEeHIliaTbHa)
AT, ToOTO He3aJe)KHa BT KOHKPETHHX ITATOJIOTIYHIX CTAHIB.
VY maibke NOJIOBUHH JIiTEH, y KOTPHX BCTAHOBJICHO JIIarHO3
AT, uepe3 3—7 pokiB apTepialbHAN THCK HE HOPMAITi3ye€ThCA,
a migBuIyeThes [S).

Meta po6otu

Ha3acagax J0BrocTpokoBOro (TpUBaIICTIO 15 pokiB) Karam-
He3y IOCIIATH KIITHIYHIHA TIepedir MmiTITKOBOI apTepiaTbHOT
rineprensii, BusBiIeHoi y 17-piuHoMy Billi, A1 YTOUHEHHSI
YacTOTH i yMOB, 32 IKUX (hOPMYETHCS TiepTOHIYHA XBOpoOa
JOPOCIIHX.

Marepianu i MeTogu pocnimkeHHA

Hocmimpkenns posnodaro y 2009 pori, To0TO #oro Tpusa-
JicTh cTaHOBUTH 15 pokiB. Knacugikamito nepsunHOi AT,
3a KO0 C(OPMYBaJM IPYIH CIIOCTEPEIKEHHS, 3aIIPOIIOHY-
BaJIM TPEACTaBHUKH YKPATHCHKOI MeAiaTpUIHOI HAyKH —
axkanemik B. I. Maiinannuk, npodecopu M. B. XaiitoBuy,
M. M. Kopenes i JI. @. bormar. Kiracudixarrist 3aTBepmKkeHa
Ha III Konrpeci neaiarpis Ykpainu B 2006 poui [6]. 3rigHo
3 HEI0, PO3PI3HAIOTH Taki KIiHIYHI GopMu mepBuHHOT Al
y niteit: nabuibHa, cradinbHa (1, 2 CTyneHi 3aJeXHO Bij
PIBHS apTepiaibHOTO TUCKY), TIEpPTOHIYHA XBOpoba (0e3
YCKJIQJIHeHb UM 3 TAKMMH YCKJIQJIHEHHSIMH, SIK TinepTpodist
MioKap/ia, TilepTeH3uBHa Heporarisi, peTHHOMATIS, Iepe-
OpasibHa aHTi0MAaTisl TOIIO).

Sk nabineny Al BU3Ha4eHO KIIIHIKO-TIATOTCHETHYHY
¢dopmy nepBuHHOT AT, 110 XapaKTEPU3y€ETHCSI HECTIHKUM
TIepIOIMYHUM MiIBUILICHHSIM MEePEeBaKHO cuctomigynoro AT

y IEHHUH Yac 3TigHO 3 «0(iCHUMI» BUMIPIOBAaHHAMH Ta/
a00 aMOynaTopHrM MOHITOpUHTOM AT, SIKUii 3I1HCHIOBAII
Ha npmiani Cardio Tens (YropmmHa). 3rigHO 3 Pa3oBHMHA
BumiproBanHsiMu AT («odicuuii» AT) Ta 3aBasku amapar-
HOMY MOHITOPHHTY TIpH J1a0umsHiA Al y miTelt mepioqraHo
peectpyroth cuctonidanil AT, Bumwii 32 95 HepleHTHIb,
a00 HopMabpHUH THCK. [HAeKCe yacy minsumenoro AT BaeHb
CTaHOBUTH OLUTBINE HiXK 25 %, aje He nepebinbirye 60 %.

Sk crabinpHy Al OIiHIOBaM CTaH i3 TOCTaTHHO CTIHKAM
I IBUITICHHSIM CHCTOJIIYHOTO, 1HOII A1aCTOJIIYHOTO apTepiaib-
HOTO THUCKY BIICHB, a 4acTo i BHOYI. [Ipu [ cTyneHi crabinbHOi
AT 1ipu ohicHUX BUMIPIOBAHHSIX JOCUTB PETYIISIPHO PEECTPY-
FOTh ITiIBUIICHHS CHCTOMIIYHOTO Ta/a00 TiaCTOIYHOTO apTe-
piaIbHOTO THCKY BHIIE 32 95 NepLeHTHIb, alle HUKYe HIXK
95 nepueHTHIb +10 MM PT. CT., 2 aMOyIIaTOpHUI MOHITOPHHT
apTepiaTbHOTO THCKY IMOKA3YE, 110 1HAEKC Yacy IMiJJBUIIIEHOTO
AT cranoBuTh OinbIne Hix 60 % Ha 100y.

Crabineny Al Il cTynieHs BU3HAYaIOTh, KOJH PETYISPHO
PCECTPYIOTH MiJIBUIICHHS CHCTOJIYHOrO Ta/abo miacTo-
JIYHOTO apTepiajbHOTO THUCKY BHUIIE 3a 95 mepreHTHI» Ha
10 MM pT. CT. Ta OLIbIIIE, a IHACKC Yacy MiBUIIECHOTO apTe-
PplabHOTO THCKY TPOTSTOM A00M CTAHOBHUTH HE MEHIIIE HiXK
80 %. Cra6unbHiit A" Il ctynens nputaMaHHi TinepToHIYHI
KPH3HU 3 ParTOBHUM Ii/IBUIICHHAM apTepialbHOTO THCKY Ta
TIOSIBOFO 3HAYHOT KUTBKOCTI CKapr EPEeBaKHO BEreTaTHBHOTO
XapaxTepy, BAHUKAIOTh TAKO)K O3HAKH yPaKCHHsI OpraHiB-Mi-
meHedd Al, Hacammepen cepus 3 po3BHTKOM rineprpodii
JIBOTO IIUTYHOUKA.

JliarHo3 rineproHi4HOT XBOPOOU PEKOMEHI0BAaHO BCTAHOB-
JIIOBATH Y TiUTITKIB, CTapIInX 3a 16 pOKiB, KOIU IIepBUHHA
AT 30epiraerbcst IPOTATOM OUIbIIE HIK OIHOTO POKY Ta 3a
HASBHOCTI IMiJTBEPIKCHOTO YPaKCHHS OpraHiB-MillleHEH
(J1iBOTO MITYHOUYKA Ceplisl, HUPOK, LepeOpaIbHUX CyAuH i
CYAMH CITKIBKH O4eii).

YV 2017 poui AmepukaHChKa TeqiaTpUYHa aKaaeMis
YTOYHMIIA KJITHIYHI peKOMeH/anii 31 CKpHHIHTY Ta KOHTPO-
JTIO TIABHUIIICHOTO apTepiaIbHOTO TUCKY Y IITEH 1 MiUTITKIB.
CyTT€eBO 3MIHMIIHCS ITIIXOAN A0 IHTEpIpeTallii HOKa3HHUKIB
AT y miTeii, 0 CIPUYMHMAIIO 3MiHU Y AI1aTHOCTHIII Ta BU-
60pi TiKyBaJbHOI TAKTUKY NIPU apTepiaibHii rineprensii.
Tax, TepMiH «HepeArinepTeHsis» 1 B JOPOCTUX, 1 miTel
3aMIHEHO Ha IMOHSATTSI «BHCOKHMH apTepiaibHUH THUCK».
OOMeXeHO 3aCTOCOBYIOTh TEPMIH «TimepTeH3is Oijoro
XajlaTray ToIo.

VY pexomenparisx J. Flinn et al. [7], mo Bumani y 2017
POLIi Ta SIKUMHU HUHI KEPYIOThCsl, BUKIIAJICHO KPUTEPIT apTe-
piampHOI TinepTen3ii y miteit. Tax, y miteit Bikom Big 1 mo 13
POKIB sIK HOpMaJIbHUH apTepialbHUN TUCK OLIHIOIOT TAKUH,
0 Mae 3HaYeHHA <90 mepueHTWs, a y IiTel BikoM Bifg 13
poxkiB — trck <120/ 80 MM pt. cT. Sk Bucokuid AT myist miTeit
Bix 1 poky kuTTs 10 13 poKiB BU3HA4YarOTh piBeHH Bim 90
10 95 nepuentwis. J{is aiteit Bikom Bix 13 10 17 pokiB 11
MTOKAa3HUKH MOXKYTh CTAaHOBHTH B >120 />80 MM pT. CT. 10
129/89 mm pr. ct. HarosnorireHo, 1110 B iTeii BikoM Bix 13 10 17
POKIB peecTpallis ITOKa3HUKIB THCKY ToHax 120/80 MM pT. cT.,
TOOTO «BHCOKHH THCK», MOYKE CBITUUTH PO UMOBIpHY ap-
TepiaJbHY TillepTeH3ito.
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I rpyna
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m [inepTeHsis

Il rpyna
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= HopmoTeHsis

Puc. 1. YacTota BUSIBNEHHS rinepTOHIYHOT XBOPO6Y Y rpynax, 3a AaHUMK 15-piyHOro katamHesy.

Juss AT 1 crynenst TsbKkocTi B JiTed BikoM Bin 1 110
13 poxiB xapaktepri nokasHuka AT Bixg 95 mepueHTH-
ns + 10 mm pr. ct. st miTedd Bikom monan 13 pokiB me-
pendaueni komuBanus piBHiB AT Big 130/80 MM pT. cT. 10
139/89 MM pt. cT. st AT 2 cTyTieHs TSHKKOCTI B AiTEH BIKOM
Bix 1 10 13 pokiB xapakrepHi rokasuuku AT Buine HiX 99
TIepIEHTUITb, a JIs JiTel BikoM 1oHax 13 pokiB piBHi AT
cTaHOBIATH >140/90 MM pT. CT.

Cnmparoduch Ha I 7aHi, 310pay apXiBHY iH(OpPMAILiIo 11po
MTITKIB, siKi B 2009 poli mpOMIIUTH KITiHIYHI 0 CITiIPKCHHS
y Mexax mporpamu (izndaHoi peabimitarii mepBHHHOI apTe-
piaspHOI rinepTeHsii y miuniTkiB BikoM 17 pokiB. O6pamn
azipecu 68 MOXKITUBHX PECIIOHJICHTIB, SIKMM Ha LIei yac BHU-
MTOBHIIIOCH 32—35 poKiB. SIKIII0 BOHM OyiIH 3TO/IHI, IPOBEIN
nipsive Tesie)oHHe IHTEPB’ 0 MIO/I0 CTaHy IXHBOTO 3/10POB 5.
Hanaronuru criiyikyBaHHsI 32 00’ €KTUBHUX 00CTaBUH BIAJIOCH
yame 3 37 (54,4 %) ocobamu, OIIBITICTE 13 HIX — YOJIOBIKH
(n=33, 89,2 %).

Jo niepinoi (I) rpymnu oci i3 1iarH0OCTOBaHOIO Y MUHYIIOMY
(15 pokiB Tomy) cTabinpHOIO TepBUHHOIO Al 1 cTyTeHs 3a-
my4ero 10 gomosikis i 1 xkinky. o I (mabimeHa Al') Tpymum
3amyum 12 oci — 9 4oNnoBIKiB i 3 KIHOK. 3ayBakKUMO, 110 B
6 1OHAKIB i3 1i€T TPYITH Y TIUTITKOBOMY BiLll BUSIBJICHO O3HAKH
TaK 3BaHOI «TimepTeHs3ii 0ioro xanaray, MO MiATBEPAIH
1111 yac aMOyIaTOPHOTO MOHITOPHHTY apTepialbHOTO THCKY.
IIle 14 ocib, mepeBakHO YOJIOBIKIB, 5IKi y Birli 17 poKiB Mayn
TaK 3BaHUU «BHUCOKHMII apTepialbHUI TUCK» 3 MOKa3HUKAMHU
>120/80 MM pr. cT., ate meHie 3a 130/90 MM pT. CT., 3aTy4eHO
1o 111 rpymu TOCIiIKEeHHSL.

OcoONHBICTB JOCITIKEHHS TOJISATaNa B TOMY, [0 KOHTHH-
TeHT OOCTEe)KEHHX CTAaHOBWJIM MeIM4HI npaniBHUKU. Crio-
YaTKy 1e OyJIM CTYICHTH | Kypcy MEAMYHOrO (akyIbTeTy, a
naii 35 (94,6 %) ocib — mikapi pi3HUX CIIEIiaTbHOCTEH (IBOE
PECIIOHJICHTIB 3aJIMILIMIA MEUIMHY Ta IPAIIOIOTH 3a IHIIH-
MU crietiasibHOCTsIMK). 11]0/10 KITIHIYHOT XapaKTepUCTUKH
T DTITKIB 3a3HAYAMO, TII0 TTepeBakHa OUTBIITICTh O0CTEKEHIX
(xpiM ofiHOTO OHAKa) Y Billi 17 poKiB He Majia Ha UTUIIIKOBOT
MacH Tijia 800 OKUPIHHSL.

Yei miuTiTKY TPOUTIIIH [IeCTUMICSTIHIH ITAKIT ABOPA30BUX
IIOTH)KHEBUX TPEHYBaHb Ha BEJIOTPEHAXKEPAX, TPUBAIICTD

3aHATh — 30 XBUIKH. L{e cripHsiyio CyTTEBOMY MOKPAIICHHIO
(i3n4yHOT pare31aTHoCTi 1 1aJio 3MOTy /IS0 CTadliIizyBau
AT, 3a maHMMH 8-MiCAYHOIO CITOCTEPEIKEHHS MICIsI KypCy
TpeHyBaHb. [Ti yac BukoHaHHs porpamu (Hi3M4HOI peaditi-
Tallii 3 M TKAMH IPOBOIMIN BUXOBHY POOOTY II0/10 BIIPO-
BaJDKEHHSI IIPUHIIUIIIB 3/I0POBOTO CrIoco0y sKHUTTs. JKoJieH i3
HHX y TOW 4ac He MPUIMaB aHTUTIIEPTEH3UBHI NIperaparH.

Pe3ynkratu

VY Bimanenuit nepioa, SIKMK 3a TPUBAIICTIO CTAHOBHB 15
POKIB, Y 3aJTy4eHHUX JI0 KATAMHECTHYHOTO JOCIIJDKEHHS 40-
JIOBIKIB 1KIHOK OfieprkaHi JiaHi po nokasHuku AT, ckapru ta
HEOOXITHICTh JIKYBaHHSI, SIKi i BiIIOBIIaIH OCOOIMBOCTSIM
nepe0iry aprepiajbHOI TiepTeH3il, 10 rnoJaiacs y miJiT-
KOBOMY Billi.

[TicTb 3 oquHAAUATHOX YOJOBIKIB | rpymnu (TOpiBHSUTLHUM
aHaJli3 4YaCTOK HaBeJIeHO Ha puc. [) BU3HAIOTh ce0e XBOPUMH
Ha TiepTOHIYHY XBOPOOY JPYroro CTYINEHs, MaloTh O3HAKH
rineprpodii JiBOro IUTyHOYKA, IPUIMAIOTh aHTUTIEPTEeH-
3uBHI npenapary. 3-momik 12 npeacrapaukis I kiiHIYHOT
IPYIH IT’SITEPO YOJIOBIKIB IMiJ] yac 300py KaramHe3y Mij-
TBEPJIMIIN O3HAKHU JIarHOCTOBAHOI T1IIEPTOHIYHOT XBOPOOH,
sik 1 xBopi yonoBiku 3 I rpynu. Cepen 14 obcrexenux i3 111
KJiHIYHOT rpynu (13 4yonoBikiB Ta 1 KiHKa) TiNepTOHIYHY
XBOPOOY JTIarHOCTOBAHO B TPHOX YOJIOBIKIB.

OTxe, y CyOIOIMyIIAIiT MOJIOUX YOJIOBIKIB 1 JKIHOK, SIK1
y Bimi 17 pokiB manm minsumennii AT, y 14 (37,8 %) ocib
(TIepeBa)kHO YOJIOBIKIB) y JIOPOCIIOMY Billi BUHHKIIA Tirep-
TOHIYHA XBOpoOa.

3i0paHo /1aHi, 10 XapaKTEePU3YIOTh CIIOCIO KUTTS PECIIOH-
JICHTIB KaTAMHECTUYHOTO iHTEpB 10. Tak, 7 13 11 pecnioneH-
TiB [ rpymy, 6 13 12 — 11, ta 7 13 14 oci6 i3 11l rpynu oninmmm
CBIM cnoci® HTTS SIK 310pOBHUi, 0COOIMBO BPaXOBYIOUH
CrIpoOM YHUKHYTH HEraTHBHOTO BILMBY Ha piBeHb AT. Ipo
KypiHHS TIOTIOHY noBizomunu 6 (14,3 %) pecrionieHTiB.
[Ipo cucremariyHi 3aHATTS CIIOPTOM 1 MEIMYHNM (iTHECOM
noBiomun 18 (48,6 %) oOcTexeHux, 4acTora y rpymnax
3icTaBHa. Haifuacrime namieHTH 3 TiNEpTOHIYHOIO XBOPO-
0010, 5K 1 Ti, XTO Ha LIei yac mo30yBcst minBuineHoro AT, Ha
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OpueiHaribHi 0oCidxeHHs!

Yac ONUTYBAaHHS IMOCTIIHO 3aliMaics Ha BEIOTPEHAXEPI,
OIroBiii HOpiXkIN Ta B IUTaBabHOMY OaceiiHi. Llei BuOip,
MOYKITHBO, OYB HACIIITKOM JIOCBIiLY, 37100yTOTO ITiT 9ac BHKO-
HaHHSI BI/THOBJIIOBAJILHOT ITporpamMu 3 (i3u4yHoi peadimiTarii
y MiITITKOBOMY BIITi.

O6roBopeHHs

Cra0inpHa, 5K 1 T1a0iTbHA apTepiajibHa TimepTeHs3is (3a KIacH-
¢ixaiero 2006 poky [6]), BpaxoByIOUH BUIMAIKH «TiepTEH3Ii
6171010 XaNaTay, BUSBICHI B IiTITKOBOMY Billi, CTAHOBIISTH
Maibke 50 % pu3KK XpoHizalii 3 Iepexo10oM y TiNepTOHIYHY
xBOpoOy B opociioMy Bimi. KOHaK# TOpiBHSHO 3 AiBYaTaMu
MArOTh MIIBUIICHUNA PU3KUK PAHHBOTO PO3BUTKY XBOPOOH Y
Birti 1839 poxkis. L1i mani miaTBepIIKeHO Y pe3ybTaTi T0Ci-
JokeHb Y. Zyang, A. E. Mogan [8] ta Y. Ostchega et al. [9].
BigaocHo MeHmmit pusnk (Maike 20 %) MaroTh TiUTITKH, ¥
SIKMX BU3HAYEHO TaK 3BaHUM «BUCOKHUH (HOpMansHUA) AT,
T00TO THCK, BHIwii 3a 120/80 MM pt. cT. (90 mepueHTHIb
Jutst Biky 13—17 pokiB), ane menmmii 3a 130/90 MM prt. cT.

OuiHUTH BIUIMB 3alPOBA/DKCHOI MiUIITKAM Y MUHYJIOMY
nporpaMu (GizudHOI peaburiTaiii — MeIuuHOro (iTHeCy 3
BHUKOPUCTAHHIM BeJNOTpeHaxepa — Ha piBeHb AT Ha uac
30MpaHHsI KaTaMHE3Y € CKJIIHIM BHACITIIOK HEBEJIMKOTO 00-
cary oziep kaHoi iHpopMartii Ta 3HaYHIH TIPOMIXKOK Hacy, II10
MUHYB. BTiM, HaOyTi MOJIOAMMH JTFOIEMH HABHYKHU CIIPUSIITH
(OpMyBaHHIO MPUXWIBHOCTI JI0 3aHATH (PI3UYHOIO KYJIBTY-
POI0 1 cIOpTOM, BiIMOBI BT IITKiUTHBHX 3BHYOK. [IeBHY 11031~
THBHY POJIb BIJIIrpaJIo Te, 110 MaiiKe ITOIOBUHA PECTIOH/ICHTIB
3aJIeKJIapyBali CBOIO MIPUXMIIBHICTB JI0 37I0POBOTO CIIOCO0Y
KHTTS, @ caMe MiATPUMAaHHS PyX0BOI aKTHBHOCTI, X04a Ie
BCE K HE MTPU3BEJIO JI0 TIOBHOTO MTOIOAaHHS peali3arlii pu3uKy
TiIepTOHIYHOT XBOPOOH.

3a mannMu | 5-pigHOTO KaTaMHE3y IUTHOBOI TPYTIH METY-
HUX NPaliBHUKIB, Y KX Y MUTITKOBOMY Billi 3a(hiKCOBaHO
TTiIBUTIICHIH apTepiabHUN THCK, MMICIIs TOCATHEHHS 3435
POKIB TilepToHIYHY XBOpoOy AiarHocToBaHo y 37,8 % pec-
MOHJICHTIB KaATAMHECTHYHOTO NOCIIpKeHHs. L{eil moka3HuK
3HAYHO BHIMK 3a BIIMOBIAHUI 3arajbHUN MO HHAN
MTOKAa3HHUK UT 0ci0 BikoMm 1839 pokiB, sIKMiA CTaHOBUTH
7.3 % (95 % CI 6,2-8,5 %) [8].

OOMerkeHa KiTbKIiCTh CTIOCTEPE)KEHb, OB’ s13aHa 3 TEXHIU-
HUMH TPYAHOIIAMH BUKOHAHHSI JIOBIOCTPOKOBHX KaTaMHec-
THYHUX JOCIiKEHb, HE Ia€ 3MOTH BiIIOBICTH HA IIUTAHHS
TIPO T€, Y IKUX CaMme i UIITKIB 13 IMiABUIIEHUM apTepialbHUM
THUCKOM Y MOJIOZIOMY Billi BHHMKHE TiIIEpTOHIYHA XBOPOOa,
Ta KOJIM, 3 SIKOIO 1HTEHCHBHICTIO HEOOXiJHO IMOYHMHATH
MEeJMKaMEHTO3HE JIIKYBaHHS. 3pO3yMiIO OIHE: IMi/UTITKH 3
Oyab-KUMH HPOSIBAMH IT1IBUILEHOTO apTePiaJIbHOTO TUCKY
NOTPeOyIOTh MEANYHOI peabitiTanii.

BucHoBku

1. HaiiBummii pusnk xponizarii y Biti 30-40 pokis, a came
PO3BUTKY TIIEPTOHIYHOT XBOPOOH MAFOTh FOHAKH 31 CTa01/Th-
HOMO (54,5 %) Ta mabineHOO (41,7 %) roHaBKOIO Al Prsuk
PO3BHTKY TEPTOHIYHOT XBOPOOH y IOPOCIIOMY BiIli [T i T-
JIITKIB YOJIOBIYOI cTari 3 «BUCOKUM AT» cranoButh 21,4 %.

2. BukonanHs iporpam (izudgHoi peadiiTarii, i 9ac KX
IIUTITKAM JICTAITBHO PO3’SICHIOKOTH HEOOX1THICTB ITiITPUMAHHST
PYXOBOi aKTUBHOCTI Ta BiJIMOBH BiJl IIKIJJIMBUX 3BHUYOK, €
nieBrM (haxTopoM (hOpMyBaHHS IIPUXMIEHOCTI 0 30POBOTO
CrIoco0y KHTTSI T2 KOHTPOJIO PIBHS apTePialIbHOTO THCKY.

[lepcrekTHBY MOAAMBIINX 0CTITAKEHD MOJSATAIOTH Y MPO-
JOBKEHHI pOOOTH 3 YIOCKOHAIECHHS KITiHIKO-IarHOCTUIHUX
MIIXO/IB 10 FOHAIBKOI apTepiajibHOI TillepTeH3ii 3 po3po-
OJIEHHSM €JMHOI KOHLENMIT AIarHOCTHKU Y HiJUTITKOBOMY
Ta MOJIOZIOMY BIITi.

ETu4yHe cxBaneHHs

Yci npouenypu, siki BUKOHanu nig vyac AOCHIMKEHHs, BiAnosigany YHHUM
€TUYHUM CTaHAapTaM LLOAO KMiHIYHOI NpaKTWkW, HopMam lenbCiHChKOT
neknapauii 1964 p. 3 nonpaskamu Ta «3aranbHoi Aeknapavii npo GioeTuky
Ta npasa noauHn (KOHECKO)», a Takox 3akoHodaBcTBy YkpaiHu.
[ocnimkeHHs cxBaneHo Komicieto 3 nuTaHb GioeTukn 3anopisbkoro
[lepxaBHOr0 MeAnKo-chapMaLeBTUHHOTO YHIBEPCUTETY (MPOTOKON Bif

29 cepnHs 2025 p. Ne 9). Yci y4acHuku Hapanu nucbMoBy iHChOpMoBaHy
3rofly Ha yyacTb.
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BuB4YeHHs nNoiHhOpMOBaAHOCTI Ta CTaBfIeHHA A0 BaKLMHaLil
B KOHTEKCTi npodhecinHOoi NiarotoBKkM ManbyTHiX hapmaneBTiB

|. B. Bywyea®@'BCF A M. Kpuykoscbka®2ABCDF O, @, KyumictoBaD3ACPEF O |. NonaTuHebkaD4BC,
P. T. KoHeuna®2BCE O, M. lmateHko38C O, |. XomeHko 58, O. |. Maibopoga &8¢

'3anopisbkuii AepxaBHWA MeanKo-thapMaLEeBTUYHWIA YHIBepeuTeT, YkpaiHa, 2HauioHanbHuii yHiBepcuTeT «J1bBiBCcbka nonitexHika», YkpaiHa,
SYkpaiHcbka BilicbkoBO-MeanyHa akagemisi, M. Knis, YkpaiHa, “[epxaBHe HekomepLiiHe nignpreMcTso «J1bBIBCbKWIA HaLiOHaNbHWIA MeauyHui
yHiBepcuTeT iMeHi [laHuna Manuubkoroy, YkpaiHa, *Bulmii npuBaTHWiA HaBYanbHUiA 3aknag «J1bBiBCbKUIA MeauyHUiA yHiBepcuTeT», YkpaiHa,
®HavioHanbHWiA yHIBEpCUTET Xap4oBUX TexHororii, M. Kuis, YkpaiHa

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

MeTa po60TH — 34iNCHNTY NOPIBHSNbBHUIA aHani3 cTaBneHHs 30o0yBadiB BULLOT OCBIiTY 3a cnewjianbHocTsMK «Dapmalisiy, «bioTexHororis
Ta GioiHXeHepis» Apyroro (MaricTepcbKoro) Ta TPETbOro (AokTop hinocodii) piBHIB y pisHMX kpaiHax CBIiTY (3okpema B YkpaiHi) 4o npo-
Lieypyv BakumMHaLlii gitei i gopocnux.

Martepianu i meTogu. MeToam fOCTiAXEHHS BKIOYanM aHOHIMHE OMMUTYBaHHS 3a OMOMOrO po3pobneHoi aBTopamu e-aHkeTu (20 3annTaHb),
NOPIBHAMBHWIA aHani3, METOAM CTaTUCTVKM Ta MOAENOBaHHS. Matepian 4ns JOCNimKeHHs — BignoBiai peCNOHAEHTIB Ha 3anUTaHHS e-aHKETU.

Pesynkratu. BuBYEHO y3aranbHeHWA Npodinb pecnoHaeHTiB. BcTaHOBNEHO, WO B 060X AOCHIAHUX rpynax, NOAINEHMX 3a 03HAKO Kpa-
THU NOXOMKeHHs, BinbLicTb onuTaHmx (=60 %) — xiHku Bikom 17-21 pik (94 % pecnoHgeHTiB 3 Ykpaitu, 50 % iHosemuiB). AGcontoTHa
GinbLUiCTb BITYM3HAHMX CTYAEHTIB (78,2 %) — i3 CinbCbKoi MicLeBOCTi. PaHxyBaHHS pecnoHAeHTIB 3a cTaTycoMm 6aTbKiBCTBa O4eBMIHE,
3BaXkaroumM Ha paHHin BikOBWIA LieH3: nuwwe 1,2 % pecnoHaeHTiB-ykpaiHuiB i 10,0 % iHo3emuiB Manu aiteit abo NOBIZOMUMN NPO BariTHICTb.
BcTaHoBnEHO, Lo yXBaneHHs pilleHHs Woao 3roav / BiAMOBY Bif BakUMHaLii — CBigomuii BUBip nepeBaxHoi BinbLUIOCTi CTYAEHTIB 3 060X
rpyn pocnimxeHHs. Tak, iHO3eMLji BCTynatoTb [0 3aKnaziB BULLOI OCBITW Maixe NOBHICTIO BakuyHoBaHumm Big COVID-19 (95,0 %), Buco-
KUM € Liel NMOKA3HWK i ANs BITYM3HAHMX pecnoHaeHTiB (74,3 %). binbLwicTb onutaHux Bigaasana nepesary BakuyuHi Pfizer-BioNTech, i Ha
nepio deadline maibke 58 % iHO3eMHUX pecrnoHAeHTIB Bynn BakUMHOBaHI BTPETE (MOKa3HWK ANs YKPaiHCbKUX PECNOHAEHTIB CTaHOBWB
maiixe 4 %). PesynstaTv NopiBHANBHOTO aHaniay Wwoao 06i3HaHOCTi, NepekoHaHb i BifMOBIAHUX pilleHb PECNOHAEHTIB Y ManbyTHOMY,
AKi OyayTb yXBaneHi WoAO BaKUMHALT BMACHUX AiTEN, 3HAYHO Pi3HATLCSA Y PECnoHAEHTIB 3 060X rpyn AochigKeHHs. [TOBHa roTOBHICTb
iHosemuiB (100,0 %) Ao BakumHaLii BNacHUX AiTen 3a kaneH4apeM LienneHb KOHTpacTye 3 HeBnesHeHIcTo (6,5 %) Ta nepekoHaHo
BiIMOBOIO LL0A0 BakuymHaLii (3,0 %) ManbyTHix BITYM3HSHUX haxiBLiB hapmaLeBTUYHMX creLianbHOCTEN.

BucHoBku. MNogaHo pesynetatit NOPIBHANBHOMO aHanidy po3noAiny BignoBigen pecnoHAEHTIB Woao Npoueaypy BakuMHaLi 3aranom i
BaKUMHaLii NpoTu iHdekuii, BuknukaHoi Bipycom SARS-CoV-2, 30kpema BCTAHOBMEHUX 3 BUKOPUCTAHHSAM KiMbKICHO-SIKICHUX METOZIB.
3rigHo 3 pesynbratamy JOCNIMKEHHS, GiNbLUICTb PECNOHAEHTIB BU3HAUMNM JOAATKOBI 3HAHHS LLOAO BaKUWH i NpoLeaypy BakumMHaLlii,
SIKLLIO BOHA 3[iNCHEHa NPOMECIHO, SK BaXNMBI, | TOMY AOLNIbHAMU € 3MiHW B HaBYanbHO-OCBITHEOMY NPOLLEC NIArOTOBKM (hapMaLieBTiB
i BioTexHomoriB Ha3aBaHWX OCBITHLO-KBaNigikaLiHUX PIBHIB.

KntouyoBi crnoBa: BakuMHaUisi, NOIH(OPMOBAHICTb, pecnoHAeHTH, hapmalis, GioiHXeHepisl, OCBITHIi KOMMOHEHTY, aHOHIMHE ONWUTYBaHHS
(e-aHKeTyBaHHS).

AKTyanbHi nuTaHHA hapmaLeBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2025. T. 18, Ne 3(49). C. 331-340

Studying awareness and attitude to vaccination in the context of professional training of future pharmacists

I. V. Bushuieva, A. M. Krychkovska, O. F. Kuchmistova, O. I. Lopatynska, R. T. Konechna, O. P. Shmatenko,
O. I. Khomenko, O. |. Mayboroda

The aim of the work is to conduct a comparative analysis of the attitude of higher education applicants in the specialties “Pharmacy”,
“Biotechnology and Bioengineering” of the second (master’s) and third (doctor of philosophy) levels in different countries of the world
(including Ukraine) towards the vaccination procedure for children and adults.

Materials and methods. The research methods were an anonymous survey using the E-survey, developed by the authors (20 questions),
comparative analysis, statistical methods, and modeling. The research material is the respondents’ answers to the E-survey questions.
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Results. The generalized profile of the respondents has been studied. It was found that in both experimental groups, most of the re-
spondents (=60 %) were young female people 17-21 years old (94.0 % of Ukrainian and 50.0 % of residents of other countries). The
vast majority of domestic students (78.2 %) were originally from peasant families. The ranking of respondents by parental status was
quite expected on the basis of their early age qualification. Only 1.2 % of Ukrainian respondents and 10.0 % of foreigners had children
or reported pregnancy. It turned out that the decision of consent/refusal of vaccination was a conscious choice of the vast majority of
students of both experimental groups. Thus, foreigners enter the ranks of students almost completely vaccinated from the COVID-19
(95.0 %), this indicator is also high for domestic respondents (74.3 %). Most of the respondents preferred the Pfizer-BioNTech vaccine,
with almost 58 % of foreign respondents during the Deadline period (the indicator for Ukrainian respondents was approximately 4 %). A
comparative analysis of the study on awareness, beliefs and relevant decisions of the respondents in the future, which will be made by
them, differ significantly in representatives of different experimental groups. The full readiness of foreigners (100.0 %) for vaccination of
their own children according to the vaccination calendar contracts with uncertainty (6.5 %) and a convinced refusal of vaccination (3.0 %)
of future domestic specialists of pharmaceutical specialties.

Conclusions. The results of a comparative analysis of the distribution of respondents’ answers to the vaccination procedure and vacci-
nation against SARS-CoV-2 in particular by quantitative-quality methods are presented. The recognition of the need for the vast majority
of respondents for additional knowledge about vaccines and vaccination procedures under the conditions of its professional conduct,
a comparative analysis of this problem in general indicates the need for certain changes in the educational and educational process of
preparation of pharmacists and biotechnologists of these educational and qualification levels.

Keywords: vaccination, awareness, respondents, pharmacy, bioengineering, educational components, anonymous survey (E-Anquet).
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Bakiunanist (vaccination) — BayKJIMBHI KOMIIOHEHT (yH-
JIAMEHTAJILHOTO IpaBa Ha 370poB’st. ChOrofHIMHINA BUOIp
MOJIOZIi CYTTEBO BILUIUBAE HE JIMIIIE HA SIKICTh IXHHOI'O )KUTTSI
Ta XKUTTS AITCH, ae i CTOCYEThCSI IIUPOKOTO KOJIa OTOUYHO-
yrx. 3a ganumu BOO3, BakUHALLIS HIOPOKY PATYE 2—3 MITH
JIozielt y BCbOMY CBITI BiJl HeOe3IeuHHX XBOPOO.

[Tannemist pecriipaTopHOrO 3aXBOPIOBAHHS, CIIPUYMHE-
Horo kopoHaBipycom SARS-CoV-2 (coronavirus disease,
COVID-19), 3aBagana pyHHIBHOTO BILUIUBY Ha MPOIEC
mio0aizallii Ta MDKHAPOIHI 3B’S3KHU, CTalla HAJICKIIATHUM
BUIPOOYBaHHSM JJIsl CHCTEM OXOPOHH 3/I0POB’sl KpaiH CBITY
micist 1918-1920 pp., konu Oyria naHaeMist iCIAaHCHKOTO TPHITY
(Spanish flu) [1]. Cranom Ha 13 kBiTHS 2024 poky y 229 kpa-
fHax peectpyBanu Bunaaku COVID-19, 3aranom iHgikoBaHO
ronan 704,75 miH oci0, 3 Hux 1-2 % BumaakiB JeTaabHi [2].
Y pexopHO MBH/IKI TepMiHK (axiBISIMU 3 Pi3HUX KpaiH po3-
pobGieHo nonay 170 Buais BakimH npotu SARS-CoV-2 [3].

[Manpemis COVID-19 BkoTpe mopyuuia y CycHijabCTBi
MU TaHHS 1110710 JIOLUIBHOCTI BAaKIMHYBaHHS], 8/PKE CTaBJICHHS
JI0 IMyHOINIPOIIAKTHKN y CYCHIJIBCTBI 3aBKAN OyJI0 HEOJ-
HO3HAYHHUM. 3 TT0YaTKOM [TOBHOMACIITAOHOTO BTOPTHEHHS
pociiicekoi denepanii Ha TepuTopito Ykpainu y 2022 poui
MMUTaHHS 1010 BAKIIUHAIIIT HA0y/I0 0COOIMBOI aKTyaIbHOCTI,
30KpeMa Jij1s1 0cO00BOT0 CKJIa/ Iy BifICBKOBHX, J0OPOBOJIBIIB
1 IIMBUTBHOTO HACENICHHS. SIK CBIIYUTH ICTOPHYHMI JTOCBI/,
BIMHHM 3aBXK/IM CYIPOBODKYBAIIHCS MOMIMPEHHSM eIiieMiit
1 MaHneMill, KpiM TOTO, BHCOKOIO € 3arpo3a 3acTOCYBaHHS
GakTepionoriyHoi 30poi. Y 3B 53Ky 3 MOXKIIMBUMH PU3HKAMHU
TIOTIpIIEHHS eIiIeMIOIOT YHOT cuTyallii BUHUKae HeoOXi-
HICTh B €KCTPEHi MpodigakTHii 0cOOIMBO HEOE3MEIHIX
iH}eKIiiHIX XBOpoO, amKe 3a0e3reueHHst CaHiTapHO-CITi-
JIEMIYHOTO OJIarornoiydy4st HaceJIEeHHs — OUH 13 KpHUTEpiiB
HAIlIOHAJBHOT Oe3reku YKpainu [4].

3rimHo 3 BUcHOBKam# V. V. Horodovenko et al., imyHizartist
€ BXXJIMBOIO CKJIA/I0BOIO (DYH/IaMEHTAJILHOTO TIpaBa Ha 3710-
POB’s. Y MIDKHApOJHUX HOPMAaTHBHO-IIPABOBHX aKTaX II0/I0
PETyJIIOBaHHSI IIPaB JIFOIMHH, 30KpeMa [paBa Ha 3/10pOB’sI, He
HaBEJICHO OJTHO3HAYHO] IMO3MIIIT I1I0/10 TOTO, YUM € BaKIINHa-

1[is1 — MPaBOM 4¥ 000B’s13K0M JTroauHK. OHAK YCKIIaTHCHHS
CIIiICMI0JIOT1YHOT CUTYAIIIT B HU3L[ KpaTH CBITY MPHU3BEJIO J10
3aIpOBaPKEHHs 000B’I3KOBOTO ILETUICHHS 1 JJIsI OKPEMHX
rpyn (®panuis, ['peuis, Ykpaina), 1 JUist BCbOro HaceJIeHHs
(Tamxukucran, Typkmenicran) [5].

OKpeMO BHBYAKOTh MHUTAHHS MIOAO0 MOIIJIHHOCTI Bak-
UHYBaHHS JIiTeH. 3riIHO 3 pe3yJabTaraMu JOCIIHKEHb, Y
3arajibHId MOMYJIAIIT XBOpUX Ha coronavirus disease mitu
craHoBWIM Jnie 1-2 %. 3-TIoMiK 00CTEKEHHUX TUTSYOTO Ta
T JUTITKOBOTO BiKY, SIKI MaJI TO3UTUBHI PE3YJBTaTH TECTY Ha
SARS-CoV-2, maiixe 90 % manu Ge3cuMnToMHHHN riepedir
a0o romipHi KJTiHIYHI IpOsiBU. Pa3oM i3 THM, HEe BUKIIIOUEHO
pusuk Tsoxkoro nepebiry COVID-19, 0co0muBo B naiieHTiB
i3 rpyn pusuky [6]. 3aranom nonan 100 xpaiH cBiTY 1o3u-
THUBHO BHPILIMIN TMHUTAHHS IO/0 JOUUIBHOCTI MICIUICHHS
BijI coronavirus disease 0ci0 TUTSYOro Biky. Tak, BAKITHHOIO
Comirnaty Bin Pfizer-BioNTech (3 noBenenoro 6e3nexoro i
edekruBHicTIO) nitelt etk y CILA, Kanani, ABcTpaii,
Snonii, Benukiit Bpuranii, ycix kpainax €C. Y CILA 3 kiHus
2021 poky JJ03BOJICHO BaKIIMHYBaTH JiTei BikoM 5—11 pokiB,
a [HoHe3is cxBaMa KUTalChKy BaKIMHY BiJl KODOHABIpyCY
Sinovac Biotech s BakuunHanii aiteid BikoM Big 6 mo 11
pokiB [7]. SIkuo panime, 10 2021 poky, B YkpaiHi BaKIIUHY-
BaJIH JIITEH JIMIIIE 13 TSHKKUMU CYITy THIMH 3aXBOPIOBAHHSIMHU,
a TaKoXX THX, XTO BUDKIDKAB 332 KOPJOH, TO 3apa3 3pOOHUTH
LIETUICHHSI MOXKYTb YCi, XTO Ma€ Take OaxaHHs [8].

Maike B ycix KpaiHax CBITY pO3pOOJIEeHO KaJeHJap
MICTUICHB TS JITEH 1 MiJUTITKIB, KU HE € YHI(IKOBaHIM,
OCKIIbKY YNHHHKH Ta 3arPO3H 3aXBOPIOBAHb PI3HATHCS T€0-
rpadiuno. [IeBHi 3aXBOpIOBaHHSI, HANPHKJIIA]] TYOEPKYIIHO3,
CTaHOBJISITH 3arpo3y JUIS TIEPEBaXKHOI OLIBIIOCTI KpaiH 1 €
00’€KTOM PI3HUX JOCIiKEHb [9].

barpky MaroTh 3aKOHHE ITPABO BiIMOBHUTHCH BiJl INIAHOBOT
BaKIMHALI] 32 KaJICHIApeM IIEJICHb, OJHAK NPHU IIbOMY
MarOTh PEAJILHO OLIIHIOBATH MOKJIMBI PU3UKHU TA HACIIIKH 1
JUTSL 30POB’ ST CBOET TUTHHM, 1 TSI 11 COLIIAIbHOTO PO3BHTKY.
KokHa popnHa Mae yXBaJUTH BiJNIOBiZalbHE 3BayKEHE pi-
LIEHHs, 1 BUOIp TIOCTae came nepes 0aTbKaMHu.
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OpueiHaribHi 0oCidxeHHs!

BiTun3HsaHi cTyaeHTH

6,0 %

94,0 %

W 17-21 pik 22-26 pokis

Puc. 1. BikoBa CTpyKTypa rpynu pecroHAEeHTIB.

3Bakalour Ha HaBEACHI (PAKTH, MOUIIFHUM BBAKa€EMO
BUBUUTHU CTaBJICHHS 3700yBayiB BHIOI OCBITH 3 (hapmarii
Ta (hapMaIeBTUYHOI 010TEXHOJIOTIT MO0 MPOIECAYPH BaK-
LUHAIIIT, Y TOMY YHUCTIi i BaKITMHAITI] BIACHUX JiTeH (SIKi Bke
HapOJIMIIHCS Ta MalOyTHIX).

Meta po6otu

3iiicHITH OPIBHAIFHUN aHaJi3 CTABICHHS 3100yBaviB BH-
1101 OCBITH 3a crierianbHocTsIMU «Dapmartis», «bioTexHoo-
Tist Ta Oi0iHmKEHePisH APYToro (MariCTepChKOro) Ta TPETHOTO
(moxTop dinocodii) piBHIB y pi3HHX KpaiHax cBIiTYy (30KpemMa
B YKpaiHi) JJ0 MpoLeypy BaKIMHALLT AITeH 1 TOPOCITHX.

Marepianu i MeTogu pocnimKkeHHA

[Tin wac mocmimKeHHs: BUKOPUCTAIM TaKi METOH, K aHO-
HIMHE OIHMTYBaHHS 3a JOMOMOIOI0 PO3POOJICHOT aBTOpaMu
CJIEKTPOHHOI aHKETH (€-aHKETH), MOPIBHAIBHUN aHaIi3,
METO/IM CTAaTUCTHKU Ta MojientoBaHHs. OO €KT J0CTiPKeH-
HS — BIJTIOBi/Ii Y9aCHUKIB (PECTIOHACHTIB, iH()OpPMaHTIB) Ha
3alMTaHHs e-aHKeTH. Pe3ynbratn onurtyBaHHS 3adikcyBa-
JM W CTaTHCTUYHO OIPAIIOBAJIH 32 JOIMOMOIOI0 MPOrpam
Statistica 13.0 ta Microsoft Excel 2016.

Yei pecrioHieHTH HaJali IMCbMOBY 1H(OPMOBaHY 3roy
Ha y4acTh Yy JOCHTIDKEHHI Ta IMyONiKario aHOHIMi30BaHIX
JTAaHUX, OTPUMAHMX TIiJ] 4Yac HBOTO, BIIOBIJHO 10 3aKOHY
VYkpainn «[Ipo 3axucT nepcoHambHUX AaHux». Kowmicis 3
TTUTaHb 010ETHKH 3aITOPi3bKOTO JeP’KaBHOTO MEIIKO-(papma-
LIEBTHYHOTO YHIBEPCUTETY PO3IIISIHYJIA MaTepiaiy, HaBeAeHi
y CTarTi, Ta MOCTAHOBIJIA, IO JOTPUMAHO BCiX HOPM IIOJ0
OI0ETHKH ITiJ] YaCc MEAUYHUX JOCIIKCHB, 3MIHCHCHUX 3a
y4acTio JitoauHu (rporokon Big 15.05.2025 p. Ne 6).

AHKeTyBaHHS BiIOYIOCS B OHJIAifH-(hopMaTi cepest CTyneH-
TiB III-IV KypciB i acnipaHTiB / a1 TOHKTIB SIK CIIO)KUBadiB
OCBITHIX MOCIYT (Ha/[aJ1i BAKOPUCTOBYBaTUMEMO y3arajibHe-
HY Ha3BY «CTYICHTHY) i3 IECTH MPOBITHUX 3aKJIAIiB BHIIOT
ocgit (3BO): HanionanmsHoro yHiBepcureTy «JIbBiBChbKa
nonitexHikay, JJHIT «JIbBIBChbKUI HAI[IOHATILHUN METUYHHI
yuiBepcureT imeHi lanmna [anmnpkoro, BITH3 «JIbBiBchKHi

IHO3eMHi cTyAeHTH

5,0 %

10,0

W 27-31pik M >36 pokiB

MeIUYHUN YHIBEPCUTETY», YKPATHCHKO1 BIHCHKOBO-METUIHOI
akazemii, 3amopi3zpKoOTO AepKaBHOTO Menuko-(apmarie-
BTUYHOIO YHiBepcUTeTy Ta HalioHaJbHOTO YHIBEepCHUTETY
Xap4OBHX TEXHOJIOTIH.

3a e-aHKeTOol0, SIKY KOJIEKTHBHO PO3POOMIIN aBTOPH, OIH-
TYBaHHs 3IHCHWIIN TTapaJIe)IbHO YIPOJIOBXK MiB poKy (3 15
ceprst 2023 poky 1o 15 mrororo 2024 poky). Ilix yac an-
ketyBaHHs Hajicnanu 400 anket, orpumany 293 Bianosizi.
TTomist pecIIoHICHTIB 3a 03HAKOO KPaiHK HApOIKEeHHS: 196 —
BiTYM3HsIHI, 97 — iHO3eMHI (cmiBBimHOMIEHHS 2:1).

3a pesyibpTaTaMy 3acTOCYBAaHHS OIEpaliiHOI CHCTEMH
OITpAITFOBAaHHS TaHUX, 1110 OTPUMaHI ITiJT 9aC ONIUTYBAaHHS, ITFO
BHOIPKY BU3HAUCHO SIK PEIIPE3CHTATUBHY, a 3B’ I3KH JIOCTOBIp-
HUMH, OCKLUTBKU HE OyII0 OY/Ib-SKOTO 30BHIIIIHHOTO BILIHBY.

Pesynksratu

Ha nmouarkoBoMy erarti Ha MiJicTaBi aHKETYBaHHS CKJIA/ICHO
y3araJbHeHn# Mpodiiab pecHOHICHTIB: CTaTh, BiK, KpaiHa
NIPOXKUBAaHHS / HACEJIEHNH MTyHKT, OaThKiBChbKHH cTaTyc. [le-
peBaXkHa OUTBIIICTh OMUTAHUX — JIiBYATa T MOJIOJI KIHKH
(62 % — ykpainku, 58 % — )KUTEbKH 1HILMX KPaiH); PO3IIOALT
3a CTarTiO y Tpymax JOCIHiKEHHS 3iCTaBHUN. 3a JTaHUMH,
10 HaBEACHO Ha puc. I, BIKOBA CTPYKTYpa iHO3EMHHX CTy-
JICHTIB-PECIIOHACHTIB IMpIIa. PaHyKyBaHHS pECIIOHICHTIB
3a BIKOBOIO IIKAJIOIO ITOKA3aJI0, 110 OUIBIIICTH CTAHOBHIIA
MOJIOAb BiKOM 110 21 pOKy i cepel YKpaiHIIiB, i 3-TIOMiXK
iHo3eMIiB (94 % 1 50 % BiAmoBiaHO).

Yacto oTpuMaHi pe3yibTaTd HaOYHO 3aCBiuyBali IIEBHI
TEH/EHIIIT 32 OKPEMUMH acleKTaMu, 30KpemMa 3a BiJIMIHHO-
CTSIMH Pi3HHX KYJIBTYP, CTABICHHSIM JI0 OCBITH, EKOHOMIYHOIO
CHTYyalli€l0 B PI3HMX KpaiHax cBiTy. Tak, BUBUCHHS OCBIT-
HBOTO CTaTyCy PECIOHCHTIB JIaJI0 3MOTY BHSIBUTH IliKaBY
TEHZEHIIII0 Cepest 0¢id TPEThOro (OCBITHHO-HAYKOBOTO) PIBHS
HadaHHA [10]. Ilix gac aHKeTyBaHHS PECIOHACHTH YiTKO
BHU3HAYAJN CBiff OCBITHIM cTaTyc: mepeBakHa OiNBIIICTH
3n100yBauiB CTymeHs nokTopa (imocodii BBaxkamu cebe
cryneaTamu (100 % BITYM3HSHUX acIipaHTIiB / aJi FOHKTIB 1
85 % iHO3eMHHX).
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Puc. 2. Micue npoxunBaHHS (HaceneHni MyHKT) PECNOHAEHTIB Y AUTUHCTBI.
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Puc. 3. CtpykTypa BignoBigei pecnoHAeHTiB Wwoao sakumHaii Big COVID-19.

Ha wactymHOMYy erari BUBYaIH PO3IOALT PECIIOH/ICHTIB
IO/I0 KpaiHW MPOKHWBAHHSA y TUTHHCTBI Ta BiIIIOBiTHOTO
HACEJICHOTO MYHKTY (puc. 2, ma6bn. 1). BctanoBuw, 1mo
CBOT IUTSI4U1 POKU 1HO3EMHI YYaCHUKH aHKETYBaHHSI TPOBEIIN
nepeBaxHO Ha TepuTopii [Tombi (45 %) un @paniii (30 %).
AHaJti3 BeJIMYMHHI HACEIICHOTO ITYHKTY IMPOKUBAHHS PECIIOH-
JICHTIB y TMTUHCTBI BBAKA€EMO BaYKJIMBUM, OEpyUH J10 yBaru
SIKICTB 300y TO1 CEPETHBOT OCBITH, PIBEHB COIIOKYIBTYPHUX
HACJTiJIKOBUX 1 ITOBE/ITHKOBUX CTEPEOTHUIIIB. 32 TAHUMHU puc. 2,
abcoroTHa OUTBIIICTD BITYM3HAHUX CTyneHTiB (78,2 %) —
BUXIJIL 13 CIIBCHKOI MICIIEBOCTI UM MPOBEIH AUTSYI POKH Y
HEBEJIMKHUX MicTax.

BuBueHHs nUTaHHS I0/I0 HASIBHOCTI KaJleH1aps MIeTJIeHb
y KpaiHi MpOoXXKWBaHHs B AUTHHCTBI Ta OTPUMaHi pe3ysibTaTi
TIOKa3aJIH JICIIO MEHIITy 0013HaHICTh YKPATHCHKUX CTY/ICHTIB,
x04a 11e MaiOyTHI axiBii y cdepi oxoporu 3m0poB’s. He
MTOYYTH 1 HE 3aliKaBUTHUCh MIUTAHHAMH IIOI0 BaKIMHALI,
HaB4aiounch y npodinsaux 3BO, mpocTo HEMOXXINBO,
OCKIJIBKH HOTO Pi3Hi aCMEKTH BUKIAZCHO B HU31II KOMITOHCHT
OCBITHIX Tporpam (3a HampsiMmamu: MikpoOiosnoris, ¢izio-
JIoTis1, marosorigna Qisiosoris, dpapmaxosoris, papMaxkore-
partisi, iIMyHOJIOT'isI, TEXHOJIOTISI JIIKAPCHKUX TIperiaparis i3

TIPUPOTHOT CHPOBHHH, O10TEXHOJIOTis TOIIO). BTiM BizmcoTok
BITYM3HSHUX CTYIICHTIB, sKi Bimnosimu «Hix» (3,5 %) abo «He
3Ha10» (0,6 %), HI3BKHH 1 A€ MiACTaBH 3pOOUTH BUCHOBOK
PO HEOOX1THICTh BIPOBAHKEHHSI 10 HABYAILHOTO MPOLECY
OKPEMOi OCBITHHOT KOMIIOHEHTH a00 aKLEHTYBaHHs yBaru
Ha MUTaHHSX 010 BaKIIMHALIT ITi/T Yac BUBUCHHS Ha3BaHUX
JIACLIMILIIH.

[Tig gac aHKeTyBaHHS BHUBYAJIM IMHUTAHHS 10O KpaiHU
MIPOYKUBAHHSI PECTIOH/ICHTIB HE JIAIIE y TUTSA9i POKH, ane i
CTaHOM Ha ChOTOJIHI. 32 JaHUMH, 110 HaBEICHI B madauyi 1,
OUIBIIICTH IHO3EMHUX PECIIOHICHTIB 1 B AUTHHCTBI, 1 B 0~
pocomy Bili npoxuBaiu Ha Teputopii @panii ta [Tosbi.

Hacrtymauii ONOK 3amiTaHb MPUCBSIUCHO BaKIIMHAILT Bif
SARS-CoV-2, KijbKOCTI IIeIIeHb, BHOOPY TEBHOTO BHIY
BakIHU Tommo. Ha puc. 3 HaBeqeHO po3monin BiAMmoOBiAeH
oruranux mono BaknuHaii Bigx COVID-19. Busnaueno
TEHJICHITIFO, 32 SIKOTO MIPEICTABHIKH iHIITNX KPaiH BCTYTIAIOTh
110 3BO maiike MOBHICTIO BAKIIMHOBAHNMH B1JI ITLOTO HEOE3-
MEYHOT'O PECIipaTopHOro 3axBoproBaHHs (95 %).

Y mabauysix 2, 3 HaBEICHO BIOMOCTI OO0 MPHYUH
BiIMOBH peCrOHICHTIB Bix BakimHamii Big COVID-19 ta
IXHBOT OBEIIIHKOBOT MOTHBAIIIT IO IO3UTHBHOTO PIllICHHSL.
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Tabnuus 1. KpaiHa npoxxvBaHHs peCNOHAEHTIB CTAHOM Ha CbOrOfHi

HasBa kpaitn npoxuBaHHs

CTyaeHTH

BiTYM3HSAHI

y Aopocrnomy Billi

iHO3eMHi

YkpaiHa 93,5 % 100,0 % - 5,0 %
MonbLya 29 % - 471 % 45,0 %
®paHuis 0,6 % - 471 % 30,0 %
Benbria 0,6 % - - -
Yexis 0,6 % - - -
LLseiiuapis 0,6 % - - -
LWotnanpis 0,6 % - - -
HimeuunHa 0,6 % = = =
Mapokko - - 58 % 10,0 %
Icnanis - - - 10,0 %

Tabnuus 2. CTpykTypa BignoBize peCnoHAEHTIB LLOAO0 NPUYMH BigMOBM BakLUmMHyBaTHcs Big COVID-19

Mpn4nHmn BigMOBU CTtypeHTM

Caigoma BigmoBa 84,1 % 100,0 %
PeniriiiHi nepekoHaHHs - -
MpoTvnokasaHHs 3a CTaHOM 340POB's - -
Mepexsopis Ha COVID-19 meHLUe Hix 2 micaui Tomy 15,9 % -

Tabnuusa 3. Mopin pecnoHAEeHTIB LLOAO NPUYMH | MOTUBALLi 3roAu Ta yxBarneHHs pilleHHs BakumHyBaTuck npot COVID-19

CTyneHTM
e U R
[16ato npo cBoE 300pOB's, Lie Mild cBigomMuii BUGIp 63,0 % 68,4 %
Bumora cyyacHocTi, 6e3 Skoi HEMOXIBIM € XUTTS B COLiyMi 36,2 % 31,6 %
3a Hanonern1Bolo pekoMeHaaLieto pinHuX (6aTbkis) - -
3a pekomeHzaLlieto nikaps 0,8 % -

Jlo 15.02.2023 poky, ko Oyi0 3aBEpIICHO OIMHTYBAaHHS,
110 TPHUBAJIO ITiB POKY, NEPEBAKHA OUIBLIICTD BITYU3HIHUX
cTyzeHTiB Oyna BakiuHOBaHa Bapyre (90,6 %), BTpeTe Bak-
uHOBaHi Jume 3,9 % pecnonaeHTis. [1ono iHO3eMHUX CTy-
JICHTIB, TO Ha 11eit yac 57,9 % Bxe OyJid BAKIIMHOBAHI BTPETE.

B anKeTi 17151 OMTYBaHHS CTYCHTIB 3aIIPOTIOHOBAHO 1T SITh
BaKIIMH [IEBHOTO CIPSIMYBaHHSI, ITPE/ICTABICHUX Ha CBITOBO-
My (apMaleBTHYHOMY PHHKY. 32 JaHHUMH, 1110 HABEICHO Ha
puc. 4, epeBakHa OUTBIIICTD BITYM3HAHUX Ta 1HO3EMHHUX
pecrioneHTiB mieruieHi BakimHoro Pfizer-BioNTech—61,4 %
1 85,0 % BinmoBigHO.

Ha macTymHOMY eTarti aHKeTYBaHHS JTOCIIHKyBaiIH (pakT
IIPOBE/ICHHS IJIAHOBOI BAKIIMHALIIT PECIIOHICHTaM Y JIUTSHO-
MYy BIIli BIITIOBITHO JI0 KajieHapsi po(UIaKTHYHKX IICTICHB
y IXHIX pigHuX KpaiHax. KigpKicTs BiAMOBiAeH BITIN3HIHIX
PECIIOHIICHTIB, SIKi HE MaJli TOYHUX BIJIOMOCTEH MO0 IIe-

TUICHb, TIPOBEJICHHX Y IUTHHCTBI, BABIY1 ITepEeBaKAE KUTHKICTh
BI/ITIOBI/ICH OMUTAHUX 1HO3EMIIIB (puc. 5).

Bignogizi mono npuyuH, 3 SKUX BaKIWHAILISA He Oyira mpo-
BEJICHA B AUTAYOMY Billi, KAPAWHAIBHO PI3HATBCS Y TPyHax
nociipkenns. Tak, iHO3eMHI CTy/I€HTH OCHOBHMM YMHHH-
KOM, YOMY LICIJICHHS HE IIPOBE/ICHO, BIIEBHEHO HA3MBAIOTh
BIZICYTHICTB y KpaiHi IPO)KUBAHHS B Ti Yach 0€30IIIaTHUX
BakimH (100 %), a BITYM3HSIHI CTYJEHTH MOCUIIAIOTHCS Ha
niepexoHaHHs 6aTbKiB (50 %).

Hagezeni # 00paHi BITYN3HIHUMHI PECIIOHICHTAMH apry-
MCHTH BIJIMOBH BiJl BaKI[MHAIIT y TUTSIOMY Billi (MOXKIIHBI
YCKJIaAHEHHs BPOMIKECHHUX 3aXBOPIOBAaHb, HEIEPEHOCHICTh
LIEIVIEHb) TAKOXK CBIAYATh IPO HEKOPEKTHE CTaBJICHHS J0
TIpOLIeCy BaKIMHALIIT, SIKE € TOBOJI MOIIMPEHUM B YKpaiHi Ta
CKJTAJIOCS ITiJ] BIUTMBOM COITIOKY/ETYpHHX (PaKTOPIB i Tpaau-
uiit. Tomy aHaui3 peaybHUX MMOOIYHNX PeaKii, 1110 BUHUKII
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50,0 %

u Pfizer-BioNTech
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Puc. 4. CtpykTypa BignoBigei pecroHAEHTIB LWOAO BUAY BaKLIMHW, SIKOHO LLENeHi onuTaHi.
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Puc. 5. CTpykTypa BignoBige peCnoHAEHTIB OO NaHOBMX BakUMHALIN y ANTAYOMY BiLli 3@ KaneH4apeM LUenseHb NeBHOI KpaiHu.

TTicyIst BAKIMHALLI, CTaB MPEAMETOM HACTYITHOTO 3alTUTaHHS
J10 pecrioHIeHTiB. O4iKyBaHO, IepeBa)kHa OLIBIIICTH BITYN3-
HSTHHX Ta IHO3EMHUX CTYJCHTIB HE MaJIl BUPAKCHUX 10014~
HUX peakiiii micist nerieHHs. CriBBiHOIICHHS BiIOBIICH,
3a SIKUMH TTOOIYHI peaKilii He pO3BUHYIUCS, Ta BKa3iBOK Ha
BUHUKHEHHSI TAKUX PEaKIIii [TicIs BAKIMHALT MOKHA TTOAaTH
sik 10:1 Ta matke 12:1 BiOBITHO 32 TPYTIAMHA JTOCTIKCHHS.

Pozpobnena ankera MaJia Ha METi B TOMY YUCJII i OLIHUTH
CKJIaJIHICTh HETaTWBHIX HACIJKIB BaKIIMHAIII1, SIKIIIO BOHU
Oyrni. BecraHoBuMIIH, 1110 BIANIOBI/II yUaCHHKIB aHKETYBaHHS 13
TPy JOCHI/DKEHHS Ha 1€ IMTaHHS CYTTEBO BiJPI3HAIOTHCS
(puc. 6).

Ha niyicragi BiAmoBiiei BITYN3HSIHUX PECIIOHIICHTIB BU3HA-
YEHO JIBi TOJIOBHI MPHYMHN BUHUKHEHHS MTOOIYHUX PeaKIIii.
[To-mepiiie, 11e MOMKIJIMBA HI3bKA SIKICTh BAKIIHH 1 HE3a10B1LIb-
HHH OIS JiTeH epe IIIaHOBOO BakuHauiero. [To-apyre,
HEJJOTPUMAaHHS JIJIbBHUYHUAM (Ha TOW Yac I1e He CIMEHHIM)
TIe1iaTpOM TOMIKITIHIKM PEKOMEHJOBAHHX 3aCTEPEXKEHb TTiJ]

yac OI[IHIOBaHHS CTaHy TUTHHU Ta HAaJaHHS J03BOJY Ha
BaKI[MHAIFO MIPOTSITOM OTJISITY.

[Nepmra yactuHa po3poOIeHOI aHKETH MICTHIIA 3arUTaH-
Hs, [0 CTOCYBAJIKMCh BaKIMHAIII O0€3M0CepPeIHbO CaMHX
iH(pOpMaHTIB, a Apyra, YMICHO HE BiJ/liIeHa Ta HE MMO3HA-
YyeHa, BKIIIOYAJIa 3alMTAHHS 100 AYMOK, IEPCKOHAHb,
MOKJTMBHX Jifl OMMUTAHUX OO IXHIX JiTeH (THX, IO BXKE
HAPOIMIIMCS, YM MaiOyTHIX). BianoBinHO, BCTAHOBIICHO
cTaryc 0aThKiBCTBA PECIIOHJICHTIB. 3BAYKAFOYH HA MOJIOIUH
BIK OINUTAHUX, IEPEBaKHA OUIBIIICTh HA YaC aHKETYBaHHS
He Oynu Oarbkamu. BHBYCHHS MHTaHHS MIOA0 MalOyTHBOI
BaKIMHAI] BIACHHUX MiTeH (THX, IO BXE HAPOMWINCS, U1
MaiOyTHIX) 3a KaJIeHIapeM MICTUICHb JIaJI0 3MOT'Y BU3HAYH-
TH TIEBHI COI[IOKYNBTYpPHI OCOOIMBOCTI a00 MEHTAIFHICTh
MalOyTHIX (axiBLiB, sIKI OE3M0CEPETHHO MPALOBATUMYTh
y cepi OXOPOHHU 30POB’sI Ta MEIYHOTO 00CITYTOBYBAHHSI.

SIkio Ou B ONMUTYBaHHI B3SJIM y4acTh IMPEACTABHUKU
pi3HuX npodeciii, To opepKaHui pesylnbrar, a came 6,5 %
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Puc. 6. CTpykTypa BignoBigen pecnoHAEHTIB LWOA0 BUHUKHEHHS MOBIYHMX peakLiit abo TSHKKMX HacnifKiB Nicns NnaHOBO| BaKLMHaL.
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= Lle He € gouinbHWM,
ane i He € 3anBUM —
BUGIp 3a AUTMHO

Puc. 7. CTpykTypa BiAnoBiAeN BITYN3HAHNX PECIOHAEHTIB LLOAO OCHOBHMX MPUYMH BiAMOBM Bif BaKLMHaLi BNAacHNX AiTeN.

THX, XTO HE 0a)kae BaKIIMHYBATH BIACHUX JITeH, Mir O1 OyTH
ouixyBaHUM. OTHAaK TaKU BICOKHUH BiZICOTOK, 3a(hiKCOBAaHMI
cepen onuTaHuX (papMarieBTiB 1 6ioTexHOMoriB-(hapMareBTiB,
MOXKE CIIPHYMHHUTH BIUTHB IXHIX OCOOMCTHX MEPEKOHAHb HA
oTouyrounx y npocgeciiiHomy cepenopuii. [Ipumyckaemo,
110 npogecionany raiysi y Maitoy THboMy OytyTh 3aiiMarrcst
BUKJIaJAIIBKOIO JISUIBHICTIO Ta 3aByaJIbOBAHO JIOHOCHUTHMYTh
CBOI MEPEKOHAHHSI CTYJICHTCHKIH ayTUTOPii.

Hamani npoanamnisyBanu i y3aradbHIIN TPUYAHH Bij-
MOBHU YKpaiHCHKHX CTYACHTIB BiJ BaKIHMHAIIl BIACHUX
niteil y MaiiOyTHhOMY. 3a JaHMMHU, IO HaBe/IeHI Ha puc. 7,
OLIBLIICTh OMUTAHUX HE OyJM IEepEeKOHaHI B HEOOXIIHOCTI
merieHHst (40 %).

AHai3 BiINOBiCH PECIOHICHTIB 3 000X IPyIl JOCIi-
JOKCHHSI Ha 3alIMTaHHs aHKETH TIPO Te, SIK BOHH OLHIOIOTh
MoiH(OPMOBAHICTh MO0 TIEPEBar BAaKIIMHAIII], BUSBHIHCS
JUTSL TOCIIITHAKIB JOBOJII HEOWiKyBaHUMHU. 3T1THO 3 pe3yIIbTa-
TaMH ONTUTYBaHHS, 7 %o BITYU3HAHHX iHPOPMAHTIB BBAXKAIOTh
ceOe HermoiH(hOPMOBAaHUMH, & IHO3EMHI CTYICHTH, SIKi MACOBO
€ MPUXIWIbHAKAMK BakIMHAIii BiacHux miteit (100 %), He-
04iKyBaHO TaKOXK OL[IHWJIM BJIACHI 3HAHHSI LI0JI0 IPOLIEAYPH
merienHs sk HepoctatHi (10 %). Lle Takoxk cBiTInTH 1po

HEOOXITHICTh PO3MMPEHHS, ACTANi3allil IOTO MUTAHHS B
OCBITHBOMY TIPOIIECi, IOTO BiTOKpEMIICHHS Ta BUBUCHHS Y
KOMTOHEHTax npodeciitaux nporpam 3BO. Y3aransHeHHS
Pe3yJIbTaTiB aHKETYBAaHHSI 3 PAH)KYBaHHs Jkepel iHpopma-
i PO MICTUICHHS (puc. 8) MATBEPANIIO 10 TE3Y, OCKLUILKU
HaBUAJILHUH 3aKJIaJ] CTAHOBUTSH juiie 2.4 %.

T'oTOBHICTH PECHOHICHTIB JaTH J03BUI HA BaKIWHAIIIT
BJTACHOT IUTHHU 32 YMOBHU HaJIaHHSI JICTAILHOT, JOCTOBIPHOT
iH(opMarii mpo BaKIIMHY Ta aHaJi3 BiAMOBIIEH 010 HACITII-
KiB JIUTA AUTHHH, KA HE Ma€ IETUICHHS, TIPH crajiaxy iH(eKii
HaBejieHo Ha puc. 9, 10 BIINOBIIHO. 3pO3yMIJIUM € PO3IIOILIT
IHO3EMHHX CTYIICHTIB, SIKIO 3BEPHYTH yBary Ha MMUTAHHS
I[O/I0 IXHBOTO CTAaTrycy OaThKiBCTBA. IMOBIPHO, OCKUIBKH
BOHH MOJIOZI Ta HE MAIOTh BIIACHUX JITE€H, OUIBIIICTE 13 IUX
PECIIOH/ICHTIB paHilllc HEe 3aMHCITIOBAACH HAJ MMTAHHIMH
JOIUTFHOCTI IIETICHHS B AUTSYOMY Billi. Binmnmosimi BiTam3-
HSIHUX CTYACHTIB JIaJIi 3MOTY MIPUITYCTHTH, [0 IEPEKOHAHUX
MPOTUBHUKIB BakIMHAII1 umie 3 %o.

Ha 3aBepiiiaibHOMY eTarli ONMTYBaHHS BUBUCHO TOTOBHICTh
CTYZICHTIB 3 000X TPYIT IOCIIIPKEHHS CITUTKYBATHCS 3 MEINY-
HUM / (hapMarieBTHYHUM TPAI[IBHUKOM JUIS HAJIGKHOTO 1H-
(hopMyBaHHS PO BaKIMHAIIi0. 3ayBaKUMO, 1110 HEOOXITHICTh
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TaKoi Oeciii BU3HAJa IepeBayKHA OLTBIITICTE 1 BITYM3HIHUX, W
iHo3eMHUX iHpopmMaHTiB (80 % Ta 85 % BinnoiaHO). Pe3yiib-
TaTH TiATBEP/HKYIOTh AONLUTEHICTD aKIICHTYBaHHS Ha IIbOMY
MIUTaHHI T2 CTBOPEHHS OKPEMOT OCBITHBOT KOMITOHEHTH B Hay-
KOBFIX i TpOeCiifHIX HaBJaJIBHIX MPOTrpamMax I 3100yBadiB
BUIIOT OCBITH 3 (hapMmallii Ta GpapmareBTHIHOT O10TEXHOIOT .

O6roBopeHHs

Y pe3ysbTaTi JOCIiKCHHS BCTAHOBJICHO 3HAYHI BIZIMIHHOCTI
KOTOPT YKPaiHCHKHX Ta iHO3eMHUX CTY/ICHTIB (hpapMaIrieBTHI-
HUX 1 010TEXHOJIOTTYHUX CIIeIiaJIbHOCTEH 32 CTABICHHSM JI0
BakmHarlii. [JoBHA miATprMKa BaKITIHAIII TiTSH, BU3HAYCHA
cepen iHo3eMHux pecrionneHTtis (100,0 %), koHTpacTye 3
HEBIIEBHEHICTIO (6,5 %) Ta KaTeropraHOI0 BiMOBOIO (3,0 %),
1110 3a(hiKcOBaHi B KOrOpTi yKpalHChKUX CTyneHTIB. Lle Mmoxke
OyTH HACIIJKOM COIIOKYIBTYPHUX OCOOJIHMBOCTEH 1 Hemo-
CTaTHBOT MOIH(GOPMOBAHOCTI. BHUCOKHIA piBeHb BaKIMHAILIT
npor COVID-19 cepen inozemmis (95,0 %) nopiBHSHO 3
ykpainmsamu (74,3 %) Bkazye Ha Pi3HI MIIXOAU IO IMYHO-
MPOQITAKTUKHU B PI3HAX KpaiHax.

Huzbka 00i3HaHICTh YKPATHCHKUX CTYICHTIB IIIOIO0 BIACHOT
BakImHanii B qutuHCTBI (3,5 % Biamosim «Hix, 0,6 % — «He
3HAI0») € TPUBOYKHUM CUTHAJIOM, BPAXOBYIOUH iXHIO MaifOy THIO
nipodeciiiHy poitb y cepi oxoporn 3mopoB’st. Le miarsepmkye
JIOIUTEHICT YIOCKOHAJIEHHST OCBITHIX IPOTrPaM IMUTSIXOM BKJTFO-
YEHHsI OKPEMHX KOMITOHEHT, TIPUCBSTYCHHX BaKLIMHONPO]iIaK-
THII, 151 )OPMyBaHHS IPYHTOBHMX 3HAHP 1 IIEPEKOHAHb.

BinMoBy Bij BakimHarii Jiiteld cepes] yKpaiHCHKUX PECIIOH-
JICHTIB 9acTO OOTPYHTOBAaHO OCOOWCTHMH MEPEKOHAHHIMHU
6atbKkiB (50 %) a00 0COOUCTOIO TMKOFO MO0 HU3BKOT SIKOCTI
BakiwH. L{e Moyke OyTH 1TOB’S13aHO 3 HEIOCTaTHHOIO TOBIPOIO
JI0 MEIMYHOT ccTeMH. [HO3eMHI CTYJIeHTH YacTilie Hocusia-
JIFICS Ha BIZICYTHICTH OE3KOIITOBHUX BAKIWH Y MUHYJIOMY, IIIO
€ CBIJIUCHHSM €KOHOMIYHOT'O CTaHy B TXHiX KpaiHaX.

PesynsraTy onuTyYBaHHS 1 aHAITI3Y BiITOBICH HA 3aITUTaH-
Hsl aHKETH JIAI0Th I11ICTaBU 3pOONTH BUCHOBOK ITPO HEOOX1/1-
HICTB TTOCHIJICHHS ITPOCBITHUIIBKOI POOOTH cepe MaiOy THIX
(bapmarieBTiB 1 010TEXHOJIOTIB, @ TAKOX JOLIIBHICTH PO3P00-
KU CTPATETil I TOIOTaHHA COIIIOKYIBTYPHHX Oap’€piB, IO
BIUIMBAIOTh HA CTABJICHHS JI0 BaKIMHAIIIT B YKpaiHi.

BucHoBku

1. 3xilicHeHO TPYNIOBE aHOHIMHE aHKETYBAaHHS SIK TICHXO-
JIoTigHE BepOaThbHO-KOMYHIKaTHBHE JTOCIIHKEHHS IITHOBOL
ayUTOpii BIIIOBITHO JI0 PO3ALTIB PO3POOIECHOT aBTOPCHKOT
e-anketd (20 3amuTane). Pecnonaentn / iHpOpMaHTH —
3100yBaui (apmarieBTyHuX cremiansHocTed [I-111 ocBit-
HixX piBHIB 3BO Vkpainu Ta iHIMX KpaiH cBiTy. BuBueHO
y3arajbHeHui npodiik pecrnoHeHTiB (cTarh, BiK, KpaiHa
MIPO)KUBAHHA y AUTUHCTBI Ta CTAHOM HA CHOTO/IHI, BEJTUMHA
HACEJICHOTO MYHKTY IPOYKMBAHHSI, CTaTyC OAaTbKIBCTBA).

2. HaBenieHo pe3ynsraTi OpiBHSUIBHOTO aHAJIi3y BiIOBI-
JICH PECIIOH/ICHTIB MO0 MPOIICAYPH BAKIIMHALIT 3arajiom i
BaknuHarii mpot SARS-CoV-2 30kpema 3 BUKOPUCTAHHSIM
KUTHKICHUX 1 IKiICHIX MeTO/IiB. ONUTYBaHHS Majio IBOBEKTOP-
HY CHPSIMOBAHICTb, OCKUIBKH 3aIINTaHHS QHKETH CTOCYBAINCh

0e3mocepenHb0 CaMUX PECIIOHICHTIB 1 IXHIX MOMINBUX
I 100 MTiTel (THX, 10 BKe HAPOIMIIHCS, YA MalHOyTHIX).
daxiBIi OLIHIOIOTH BAKIIUHALIIO K BaXKJIIMBUH KOMIIOHEHT
(yHIaMEHTaIBLHOTO ITpaBa Ha 310poB’s.. ToMy ChOTrO/IHILIHIH
BHOIp MOJIOZII CYTTEBO BILIMBATUME HE JIMIIIE HA SIKICTh KUTTSI
IXHiH [TiTeH, aje i CTOCYBaTHMETHCS IIIFPOKOTO KOJIa OTOTYIO-
YHX, 30KpeMa FPOMaJIsSTH KPAiHHU, 3 SIKUMH KOHTAKTyBaTHMY Th
OITMTaHI B MPOLEC] TPYAOBOI AiSUIBHOCTI.

3. VXBaJIeHHs PIIIICHHS IIO/I0 3TO/M Y1 BiIMOBH Bifl BAKIIH-
Haii — cBioMuii BUOip mepeBaXKHOI OLIBIIOCTI CTYICHTIB 3
000X rpym gocmimkeHHs. Tak, iHo3eMIl BCTymaroTs 10 3BO
Maibke moBHICTO BakimHOBaHUMH Biff COVID-19 (95,0 %),
BHCOKHM € LIeH TIOKa3HHK 1 /ISl BITYM3HSHUX PECTIOH/ICHTIB
(74,3 %). Ha nepion 3aBeplieHHsI ONUTYBaHHS BTPETE BaK-
LIMHOBAaHUMH Oyin Maiixe 58 % 1HO3eMHHUX PECHIOH/ICHTIB i
mute 4 % BITYM3HSHUX.

4. 3niificHEeHO TOPIBHSUIBHAN aHai3 BiJIOBiIEH IIOI0
0013HaHOCTI, IEPEKOHAHb i pillIeHb PECTIOHJICHTIB, SIK1 Oy/TyTh
NPUIHATI HUMH Y MaiOy THEOMY, 111010 BaKIIMHALIIT BITACHUX
niteii. BcTaHoBieHO, MO TPyNMU TOCTIHKEHHS 3HAYHO Pi3-
HATHCS 32 BIATIOBIMIMH pecroHAeHTiB. [IoBHA TOTOBHICTH
iHozemiB (100,0 %) mo BakIWHAINT BIACHUX JITCH 3a Ka-
JICHJIAPEM ILEIJICHb KOHTPACTYE 3 HEBIIEBHEHICTHO (0,5 %) Ta
TIepEeKOHAHOI0 BIIMOBOIO B BakiiHarlii (3,0 %) MaiiOy THIX
(apmarieBTiB i OioTexHOMOTIB-(hapMarieBTiB 3 Yipaian. Lle
JIa€ MiCTaBH TOBOPHUTH PO MIEBHI COIIOKYIBTYPHI 0COOH-
BOCTi a00 MEHTAJIBHICTh MalOyTHIX NpaniBHUKIB chepu
OXOPOHH 37I0pOB’s1 YKpaiH! Ta MEIYHOTO 00CITYTOBYBaHHS.

5. 3rigHO 3 pe3yabTaTaMH JOCIHiKEHHS, OLIBIIICTh pec-
MOHIEHTIB BH3HAYMINA JOJATKOBI 3HAHHS II[OJO0 BAaKIMH 1
TIPOLIeTyPH BaKIMHAIIT, SIKIIIO BOHA 3/iFicHeHa rTpodeciiiHo,
SIK BOXKJIMBI, 1 TOMY JTOUUIBHUMH € 3MiHH B HABYAJIbHO-OC-
BITHBOMY MPOIIECI MiATOTOBKH (hapMalleBTiB 1 010TEXHOJIOT'B
Ha3BaHUX OCBITHBO-KBali(ikariiHUX piBHIB. 30KpeMa,
HWHeThCS PO BKITFOUCHHS BiIIOBITHIX OCBITHIX KOMIOHCHT
(TMcnMIUIiH) 10 HaBYAIBHUX ITPpOrpaM, siki 0 3a0e3neuyBanu
HaOyTTs 1 TEOPETHYHHX 3HAHb, 1 TBEP/IOTO NEPEKOHAHHSI II0/I0
HEOOXIHOCTI IIETUICHb.

ITepcriekTHBH MOAANBINNX A0CTiTAKeHb, 3aTUIAHOBAHO TOTOXK-
HE aHKETYBAHHSI CTYJICHTCHKOT ay/INTOPIi IHIINX YKPATHCHKUX
3aKJIaJiB BUIIOI OCBITH JUTSA MiATBEPIPKCHHS Ta YTOYHCHHS
BUCHOBKIB JTOCI[DKCHHSI.
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MapkeTMHroBUM aHani3 ToBapHOI NOSITUKU BiTYN3HAHOIO
chapmaueBTUYHOrO PUHKY aHTUAPUTMIYHUX JiKaPCbKMX 3ac00iB

B. O. Neperynos®@ACP C. A. Mapnweal®8EF

3anopisbkuil AepxaBHU Meayko-thapMaLeBTUYHUIA yHiBepcuTET, YkpaiHa

A — KoHLUenNUis Ta au3aitH gocnigxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTtouHe 3aTBepIKEHHS CTaTT

ApuTMii cepus HWHI BU3HaYatoTb K HaWbInbLL iIMOBIPHI NpuYMHM panToBoi cmepTi. JocnimgxeHHs hapMaLEeBTUMHOIO PUHKY NiKapChKMX
3acobiB, LU0 BUKOPUCTOBYIOTL st hapMakoTepaneBTUYHOT KOPEKLLii apuTMil, 4arTb 3MOTy OLIHUTK He NULLIE TXHIO KNiHIYHY e(DEKTUBHICTb
i Beaneky, ane 1 eKOHOMIYHI, perynaTopHi Ta iHHOBALiNHI acnekTy, SKi BNNWBaloTb Ha AOCTYMHICTb i AKICTb Tepanii.

MeTta poGotu — JOCNIMmKEHHA PUHKY aHTMapUTMIYHMX nikapcbkux 3acobi (AJ13), cnpsmoBaHe Ha BLOCKOHaNeHHs apMaLeBTUYHUX
po3pobok i 3abeaneyeHHs NoTpeb NaLieHTIB Y KOHTEKCTI rMobanbHMUX enigeMionorivyHmX i eKOHOMIYHWX BUKIUKIB.

Matepianu i metoau. ina aHanidy acopTumeHTHOI cTpykTypyn Al13 BUKopMcTaHo iHopmaLito 3 [lepxaBHOro peecTpy nikapcbkux 3acobis
Ykpainu, HauioHanbHoro nepeniky 0CHOBHYX Nikapcbkux 3acobiB; BigkpuTux ctatucTuyHux pecypcis MO3 Ykpaihu; canTy tabletki.ua Ta
OHMalH-AaHNX anTeYHUX MepeX, IHCTPYKLIA Ans MEAWYHOrO 3aCTOCYBaHHS Npenaparis.

Pesynkratu. PuHok AJl3 B YkpaiHi Mae [OCTaTHin aCOPTUMEHT ANt NiKyBaHHS apuUTMIl Pi3HOTO MOXOMKEHHS, LLO NiATBEPKEHO HasIBHIC-
TI0 63 nikapcbkux npenapatiB 3a 14 MXHAPOAHVWMM HeNaTeHTOBaHNMM HasBaMu. HanbinbLuy 4acTKy Ha pUHKY CTAHOBMSTb CENEKTUBHI
6nokaTopu beTa-agpeHopeLenTopis Ta npenapaty |l knacy, LWo cBigYMTL NPO iXHI0 BUCOKY KIiHIYHY 3aTpebyBaHicTb. MpoTe 3a cnekTpom
nikapcbkyx hopM PUHOK BKMOYaE NuLLie nepopanbHi (76,2 %) Ta iH'ekuiiHi npenapatu. MNepesaxHa BinbLUiCTb aHTUAPUTMIYHKX MIKapChKMX
npenaparis Ha BiTYN3HAHOMY PUHKY MPEACcTaBneHa MOHOKOMMOHEHTHUMU 3acobamu, Lo Aae 3MOry fikapsm nNpu3HayaTty nikyBaHHs 3a
iHAMBIAyanbHUMU CXeMamu.

BucHoBku. [1ns 3abeaneyeHHs KpalLoro focTyny Ao hapmakoTeparnii cepLeBnx apuTmiii HeOBXiAHO PO3LUMPIOBATM aCOPTUMEHT, 0COBNMBO
B rpynax i3 MEHLLIOI KiNnbKICTI0 MpenapariB, a Takox CTUMYMoBaTh po3pobKy HOBUX, ehEKTUBHILLMX 3aC0BIB, 3Baxatoum Ha KniHiYHi noTpetm
Ta Cy4acHi MixxHapogHi HacTaHoBu. Ynmany yactky AJ13 BknoveHo fo flepxaBHoro dhopMynsipa Ta HauioHansHOro nepeniky OCHOBHMX
nikapcbkux 3acobiB, WO NigBuLLYye TXHIO AOCTYNHICTb ANst HaceneHHs. BTim, ons noninweHHs OCTYNHOCTI CMig po3LumptoBaTyh nepenik
npenaparis, LLO BKMOYeHi B nporpamy «[ocTynHi nikvy, a Takox BNpoBaLXyBaTy MexaHiamMm peimbypcauii 4ns iHHOBaLiiHWX | foporosap-
TICHUX aHTUaPUTMIYHKX 3ac06iB. PO3poBneHHs HOBKX iHHOBALMHMX annikaLiHWX Nikapcbkux ghopm, Hanpuknag 3 aMiogapoHOM, MOITO
61 nokpalymT BiogOCTYMHICTb, KOMMNAEHCHICTL NauieHTiB | 6eanexy Tepanii, ockinbku cnpusno 6u kpaLlomMy KOHTPOM pUTMy cepus 6e3
3HAYHOTO PU3UKY YCKMaAHEHD, BiANOBIAHO A0 Cy4aCHUX KIiHIYHMX pekoMeHaaLin.

KntouyoBi cnoBa: apuTMmii cepList, amiogapoHy rifgpoxnopua, Kapaionoris, nikapcbki 3acobu, MapKETUHIOBI AOCTIMKEHHS, (hapMaLeBTUHHUIA
PVHOK.
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Marketing analysis of the product policy of the domestic pharmaceutical market
of antiarrhythmic drugs

V. O. Perehudoy, S. A. Gladysheva

Cardiac arrhythmias are currently among the most likely causes of sudden death. Conducting research on the pharmaceutical market of
drugs used for the pharmacotherapeutic correction of arrhythmias allows us to assess not only their clinical efficacy and safety, but also
economic, regulatory, and innovation aspects that affect the availability and quality of therapy.

The aim of this work is to research the market of antiarrhythmic drugs (AADs), aimed at improving pharmaceutical developments and
meeting patient needs in the context of global epidemiological and economic challenges.

Materials and methods. To analyze the assortment structure of AADs, information from the State Register of Medicinal Products of Ukraine,
the National List of Essential Medicines; open statistical resources of the Ministry of Health of Ukraine; tabletki.ua and online data of
pharmacy chains, instructions for medical use of drugs was used.
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Results. The AADs market in Ukraine has a sufficient range for the treatment of arrhythmias of various origins, which is confirmed by the
presence of 63 drugs under 14 international non-proprietary names. The largest market share is occupied by selective beta-adrenergic
blockers and class Il drugs, which indicates their high clinical demand. However, in terms of dosage forms, the market includes only oral
(76.2 %) and injectables. The vast majority of antiarrhythmic drugs on the domestic market are monocomponent drugs, which allows
doctors to flexibly select individual treatment regimens for patients.

Conclusions. To ensure better access to pharmacotherapy for cardiac arrhythmias, it is necessary to expand the range, especially
in groups with fewer drugs, and to stimulate the development of new, more effective agents, considering clinical needs and current
international guidelines. A significant proportion of AADs is included in the State Formulary and the National List of Essential Medicines,
which increases their availability to the population. However, to further increase accessibility, the list of drugs included in the “Affordable
Medicines” program should be expanded, as well as reimbursement mechanisms for innovative and expensive antiarrhythmic drugs should
be introduced. The development of new innovative application dosage forms, for example with amiodarone, could improve bioavailability,
patient compliance, and safety of therapy, contributing to better heart rhythm control without significant risk of complications, as noted in

current clinical guidelines.

Keywords: cardiac arrhythmias, amiodarone hydrochloride, cardiology, medicines, marketing research, pharmaceutical market.
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AputMmii cepri — rpyna mopymeHs TisSUBHOCTI Ceplls, Mo
TIOB’5I3aHi 3 PO3JIa/IOM PUTMIYHOCTI, TOCITIJOBHOCTI Ta CHIIN
CKOpOUYEHb CEepLeBOro M’si3a. HuHi X BU3HAYECHO K OZIHI 3
HAWOUTBII IMOBIPHHX IIPUYHH PAIITOBOI CMEPTi B KapAi0IOTil
[1,2]. OcHoBHI (hopMH apUTMiii cepiist — IIPUCKOPEHHS CKO-
poueHb cepl (Taxikapisi), CIOBUIBHEHHs (Opaukapis),
Hara/i cepueOuTTs (HanpHKIIa/], NapoKCUMallbHa Taxikap-
nist) Tomro [3,4].

I[Tepen anaizoM (papManeBTHYHOTO PHHKY JOCIIIHIIH CY-
YacHI MDKHAPOJIHI Ta BITYM3HSIHI HACTAHOBH 1100 MEAUYHOT
JIOTIOMOT'Y TIPH IIMX MTATOJIOTISAX 13 BU3HAYCHHSM 11 (hapmarie-
BTHYHOI CKJIQJI0BOI. Y pe3yibTari JOCTiIPKEHHS Taly3eBUX
HOPMAaTHBHO-TIPABOBHUX aKTIiB Jlep:KaBHOTO €KCIIEPTHOTO
neHTpy MiHiCTepcTBa OXOPOHHU 3I0POB’s chopMyBaiH Te-
peik ocHOBHUX ToKyMeHTiB: Hactanosa 00056 «Cummromu
apuTMii Ta OOCTEIKCHHS TMAIli€HTa 3 apUTMicro»; HacraHoBa
01007 «Iligxomu mo mikyBaHHsS (HiOPWIISIT Tepencepn:
KOHTPOJIb YaCTOTH CEPLEBUX CKOPOYCHb YU KOHTPOJIb PHT-
My?»; Hacranoa 00979 «JlikyBanus roctpoi ¢idpusiiii
nepeacepaby; Hactanoa 00059 «CynpaBeHTpuKyasipHa
taxikapzis»; Hacranosa 00065 «I1lyHoukoBa Taxikapiis»;
Hacranosa 00062 «bpaaukapmish».

ApUTMIi CIIPUYMHEH] aHOMAJTLHOIO TIEHCMEKEPHOIO aKTHB-
HiCTIO a00 aHOMAJIFHAM HOIMIMPEHHAM IMITYIIBCY [5,6]. Tomy
METOIO Tepartii apUTMii € 3HIKEHHS aKTHBHOCTI EKTOIIITHOTO
BOJist puTMy a00 3MiHa TIPOBEIECHHS 9 pepaKkTepPHOCTI Y
METIISIX TTOBTOPHOTO BXOIY ISt IPUMMHEHHS LUPKYIISLI{
iMIynbey. Ik OCHOBHI MEXaHi3MH JTOCSATHEHHS [UX LTS
BU3HAYEHO OJIOKaJy HATPi€BUX KaHAIB, OJIOKa/Iy BIUIUBY
CHMITaTUYHOI HEPBOBOI CHCTEMHU Ha Ceple, ITOJ0BKEHHS
e(peKTUBHOIO pedpakTepHOro mepiony Ta ONOKamy Kailb-
nieBux kanaimis [7,8]. dapmarieBTHYHA CKJIAJI0Ba Teparii
MOpYLIEHb PUTMY CepIist Tependadae BUKOPUCTaHHS aHTH-
apUTMIYHUX JiKapchkux 3aco0iB (AJI3) [9,10]. B ocHoBy
knacudikanii AJI3 noknaseHo IXHil BIUTMB Ha enekTpodi-
310JI0TiYHy aKTHBHICTh MiOKapja, 30KpeMa Ha IIBHAKICTh
Jie- Ta pernonspu3arii, morermiary mii [11].

3a yHi(iKOBaHOIO aHATOMO-TEPATIEBTHYHOIO Ta XiMIYHOIO
kacudikariiaoro cructeMoro ATC (Anatomical Therapeutic
Chemical), AJI3 nanexarts 10 aHatromigHoi rpytH C «3aco0w,
110 BIUIMBAIOTH HA CEPIIEBO-CYIUHHY CHUCTEMY», HiJIrPpyIH
C01 B «Antuapurmiuni 3acobu [ ta Il xacy», miarpynu

C07 A «brnokatopu GeTa-aZpeHOPEUENTOPIBY, MiATPYIH
C08 D «AHnTaronictu KanbItiro». Y mexax miarpymnu CO1 B
Buzineno Takoxk CO1l BA «AnTHapuTMmidHi npemaparu la
kmacy», COl BB «Artunapurmiuni npemnaparu b xmacyy,
C01 BC «Antnaputmiuni npernapatu 1c xracy» Ta CO1 BD
«AnTtHaputmivai npemapata I kracy».

s xnacudikarist AJI3 migTBepIKye CKIAIHICTD 1 pi3HO-
MaHITHICTb TIpenaparis, [0 BUKOPUCTOBYIOTh JUIsl KOPEKIIT
apHUTMil, 00T PYHTOBYE JIOLITbHICTS BUBUSHHS IIbOTO CETMEH-
Ta (hapManeBTHYHOTO PUHKY. TaKi 10CiKEHHS 1Ay Th 3MO-
Ty OLIHUTH He JIMIIE KIIiHIYHY e(heKTUBHICTS 1 Oe3neky AJI3,
aJie i eKOHOMIYHI, PETYJSITOPHI Ta IHHOBaMiifHI aCIIEKTH, 1110
BIUTMBAIOTh Ha JOCTYIHICTB 1 SIKICTh Tepamii.

MeTa po6otu

JocnipkeHHs pUHKY aHTHapUTMIYHUX JTIKApCHKUX 3aC00iB,
CIIPSIMOBAHE Ha BIIOCKOHAJICHHSI (hapMalleBTHYHHX PO3POOOK
Ta 3a0e3MevYeHHs TOTPed NaIliEHTIB Y KOHTEKCTI NIO0ATbHUX
eMiZIeMIONIOTTYHUX 1 eKOHOMIYHUX BUKIIUKIB.

Matepianu i meToau gocnigxeHHs

ACOpPTUMEHT JIIiKiB Ha (hapMalleBTUYHOMY PHHKY B YKpaiHi
€ KIIIOYOBUM (PaKTOpOM, IO BIUIMBAE HA IOCTYIHICTH Ta
e(peKTHBHICTb JIIKyBaHHS apUTMI.

Jlnst ananizy acoptuMeHTHOT cTpyKTypu AJI3 BUKOpHCTaHO
iHdopmartiro Hacamrepen 3 JlepskaBHOTO PEECTPY JTIKAPCHKUX
3aco0iB YkpaiHu, JOCTYIHOTO Ha caiiti Jlep:kaBHOTO eKc-
HEePTHOTO HEHTPpY MiHiCTepCTBa OXOPOHH 3/10POB’ st YKpaiHH.
Ie#t peectp micTuTh BuuepnHy iHpopmariro 1mono AJl3,
3apeeCTPOBAHMX 1 JO3BOJICHHX 10 MEMYHOTO 3aCTOCYBAaHHS
B YKpaiHi, BKJIIOYAIOYH IXHI TOPrOBEIbHI HAa3BH, BiIOMOCTI
010 BUPOOHWKA, (POPMH BHITYCKY, JO3YBAHHS, a TaKOXK
iHmi xapakrepuctuku. Kpim Toro, sk iHdopmariitHy 6azy
i 9ac JOCHTiHKEHHS BUKOpUCTaHO HarioHampHUI mepe-
JIK OCHOBHHUX JIKAPCHKHUX 3ac00iB; BIAKPUTI CTaTUCTUYHI
pecypen MO3 Vkpainwm; caiit tabletki.ua ta oHmaitH-maHi
anrreqHuX Mepex («Anrexa AHLy, «TTomopoxamKy, «911%);
THCTPYKUIT 11 MEJMYHOIO 3aCTOCYBaHHS IIpEraparis.

[Tix gac nocImiHKCHHS BUKOPUCTAHO METOIH iH(pOpMAIIiii-
HOTO TOIIYKY, aHaJIi3y, y3aralbHeHHs], 3/11{CHEHO MapKEeTHH-
TOBI JIOCII/PKEHHSL.
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OpueiHaribHi 0oCidxeHHs!

PesynkraTtn

Ha mepriromy etami JOCITiKEHHS BiITOBITHO /10 BU3HAYCHUX
TArpyn 3MIHCHAIM aHali3 JaHUX, OTPUMaHHUX 3 O(piliifHIX
iHpOopMaIiitHUX pKepen, 30KkpeMa 3 JlepikaBHOTO peecTpy
JIKapChKKUX 3ac00iB YKpalHU Ta IHIIMX BIIKPUTHUX PECYPCIB,
110 MICTATH BIJIOMOCTI IIPO 3apeecTpOBaHi Npernapary, IXHii
ckiaj, GopMy BUIYCKy Ta (papMaKoJIOTidHy KJIacH]iKallito.
BcranosneHo, mo craHoM Ha ceprieHb 2024 poky B YkpaiHi
3apeecTpoBaHO 63 JKapchKi Mperapary, siki 3aCTOCOBYIOTh
ITiJT yac Tepartii MarieHTiB 3 apuTMisiMA pi3HuUX TUTIB. Li ipe-
TIapaTy npeJcTaBlieH] 14 MKHapOIHUMU HelaTeHTOBaHUMH
Ha3BaMH, 1[0 OXOILTIOIOTH OCHOBHI (hapMaKOTepareBTUIHI
rpynu. YsaraabHeHy iH(OpMAIlifo 1010 aCOPTUMEHTHOT
CTPYKTYPH 3apEeCTPOBAHMX IpETIapaTiB HaBEICHO B mabiu-

yi 1, Ie CHCTeMaTH30BaHo iX po3moin 3a miarpymamu 3a ATC,
MDKHapOTHUMH HETATEHTOBAaHUMH Ha3BaAMH, TOPTOBEIIbHUMH
Ha3BaMH, (POpPMaMHU BUITYCKY, PEECTPALIHHUMU HOMEPAMH Ta
TepMiHamMu Jii, KpaiHOI0 BUPOOHMIITBA Ta BUPOOHUKAMH, a
TaKOX HAaBEJICHO JIaHi 1110710 BKIFOUEHHS 110 [lepKaBHOTO pe-
€CTPY JIIKapChKUX 3ac00iB Ykpainn, HarioHambHOTo epestiky
JIKapCHKUX 3ac00iB Ta nporpamu «J{ocTymHi JTKn».

V pesyinbrari aHai3y TaHUX BCTAHOBJICHO, [0 HAHOLIBIITY
TpyIy 3a MPOIO3UIIsIMH CTaHOBIATH 3acoon CO7 AB «Ce-
JIEKTHBHI O1oKaTopu 6eTa-aapenopenentopisy» —31,75 %, Ha
npyromy micui — rpenaparu rpymu CO1 BD «AntrapurMivHi
npenaparu III kmacy» — 25,40 %, na tpetbomy — C08 D
«CeNeKTHBHI aHTarOHICTH KaJIbIIIIO 3 IEPEBaKHOIO JII€I0 Ha
cepue» — 15,87 % (mabn. 2).

Tabnuus 1. ACOpTUMEHTHa CTPYKTYpa yKPaiHCLKOro (hapMaLeBTUYHOTO PUHKY aHTUapUTMIYHUX Nikapcbkux 3acobis

Ne | Migrpyna | MixHapoaHa ToproBenbHa
3/n | ATC HenaTeHToBaHa | Ha3Ba

®opma BUMYCKY

Peectpauiviiui | KpaiHa Oepx. | Hau. [ocrt.
Ne, TepMiH BUPOOHULTBA, ¢hopmy- | nepenik | nikun
BMPOGHUK nsp n3

C01 B «AHTMapuTMiuHi 3acobum | Ta Il knacy»
1 C01BB | NigokaiHy NIAOKATH- P-iH., 100 mr/mn, no 2 mn UA/7525/01/01, | TOB «®K «3po- + +
rigpoxnopua 3[0POB’A B amnyni Ne 10, Ne 5 x 2 HeobMexeHuit poB'sy, YkpaiHa
Yy KapTOHHil1 kopobLi
2 Mexkcunetuxy MEKCAPUTM Kanc. 200 mr Ne 10; UA/1564/01/01, | MAT «HaykoBo-Bu- | + -
rigpoxnopua no 2 bnictepy B navi HeobMexeHNi POBHUYMIA LIEHTP
3 KapTOHy «BX®3y, Ykpaita
3 |CO01BC |MponacdeHoHy | MPOMAHOPM® Ta6n. B/o no 150 mr, Ne 10 x 5 | UA/5421/01/01, | MPO.ME[.LIC - -
rigpoxnopua Y KapTOHHil kopobLi HeobMexeHNi [Npara a.c., Yecbka
| Pecny6nika
4 MPOMAHOPM® | Ta6bn. B/o no 300 mr, Ne 10 x 5 | UA/5421/01/02, - -
Y KapTOHHil kopoOLi HeoOMeXeHNI
5 MPOMAHOPM® Po3unH Ans iH'exwin UA/5421/02/01, - -
3,5 mr/mn Ne 10 mn, HeobMexeHNi
1o 5 y KOHTeNHepi;
Mo 2 KOHTEeNHEPY y kopobLi
6 PUTMOHOPM® Tabn. /o no 150 wr, UA/8928/01/01, | A66BI [onunaHa - -
Ne 10 x 5 y kapTOHHil HeobMexeHni MwbX i Ko. KT,
KopobLi HimeyumnHa
Benra JlioH, ®paHuis
7 dnekaitiny ONEKAIHIT Tabn. 50 mr, Ne 10 x 3, UA/15559/01/01, | Cantotac dapma = =
auetar CAHLO3® Ne 10 x 6, Ne 10 x 12 HEOOMEXEHUI 'm6X, HimewunHa
Yy KapTOHHil1 kopobLi
8 OIEKAIHIA Tabn. 100 mr, Ne 10 x 3, UA/15559/01/02, - -
CAHLO3® Ne 10 x 6, Ne 10 x 12 HeoOMexXeHNI
Y KapTOHHil1 kopobLi
9 JIIKCAPUT Tabn. 100 mr, Ne 15 x 2 UA/17741/01/01, | Ilabopatopioc Hop- |- -
Y KapTOHHil1 kopobLi 14.11.2019 moH C.A., IcnaHis
-14.11.2024
10 ETaumavH ETALUM3VH Tabn. B/o no 50 mr, Ne 10 x 5 | UA/3771/01/01, | AT «OnaitHcbapmy», | — -
Y KapTOHHilh kKopoBui HeobMexXeHit JatBis
11 [CO01BD | AwmiogapoHy AMIOKOPONH® Tabn. 200 mr, Ne 10 x 3, UA/10291/01/01, | KPKA, a.a., Hoo + -
rigpoxnopug Ne 10 x 6 y kapTOHHin HEOOMEXKEHUI mecto, CroseHis
KopobLji
12 POTAPUTMIN Tabn. 200 mr, Ne 10 x 3 UA/12887/01/01, | PuBocbapm CA, + -
Y KapTOHHil1 kopobLi HeoOMeXeHNI LLieiiuapis
13 APUTMIN P-H/iH. 50 Mmr/Mn 3 mn Ne 5 | UA/1438/01/01, | MAT «Haykoso-Bu- | + -
y nauj 3 KapToHy HeoBMeXeHwi POBHWYNIA LIEHTP
D «BX®3y, YkpaiHa
14 APUTMIN Tabn. 200 mr, Ne 10 x 3, UA/1438/02/01, + -
Ne 10 x 5y kapTOHHil kopobLi | HeoBMexeHNN
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MpopoBxkeHHs Tabn. 1.

Ne
3/n

Miprpyna | MixHapoaHa

ATC

HenaTeHToBaHa

ToproBenbHa
Ha3Ba

®opma BunycKy

PeecTtpauiiinn
Ne, TepMmiH

KpaiHa
BUPOOHULTBA,

BMPOBHUK

Hau,
nepenik
n3

[ocrt.
nikun

15 | C01BD | AwviogapoHy APUTMIN Tabn. 200 mr, Ne 10 x 3 UA/16212/01/01 | TOB «®APMEKC - -
rigpoxnopua KAPLIO Y KapTOHHili kopobLi 09.08.2017 PYT», YkpaiHa
-09.08.2024
16 KAPLIOOAPOH — | P-HfiH. 50 mr/mn 3 mn Ne 10, | UA/1713/01/01, | TOB «®apmatie- - -
300POB’A Ne 5 x 2y kapTOHHiit kopobLii | HeoOMeXeHNH BTWUYHA KOMMaHist
] «300poB’ay,
17 KAPLIOOAPOH — | Ta6n. 200 mr, Ne 10 x 3 UA/T713/02/01, | Yypaina - +
3[00POB’A Y KapTOHHili kopobLi HeoOMexXeHNi
18 AMIOCTEAI Tabn. 200 mr, Ne 10 x 3 UA/19015/01/01 | Aypobingo ®apma - -
Y KapTOHHili kopoOLi 28.10.2021 1, IHais
28.10.2026
19 OlAKOPLEH/ Tabn. B/o no 200 wr, UA/19424/01/01 | ®3 «TONbOAPMA» - -
OPACORDEN Ne 10 x 6 y kapTOHHiN 18.05.2022 C.A., MNonblia
KOpooLi 18.05.2024
20 AMIOKOPOVH® | P-H/iH. 150 mr/mn 3 mn Ne 5 | UA/2295/02/01, | KPKA, A.A., Hoso - -
Yy KapTOH. kopobLi HeoBMexeHit mecto, CnoeeHis
21 KOPLAPOH® P-t/iH. 50 Mr/Mn 3 mnNe 6 | UA/3683/01/01, | CaHodpi BiHTpon - -
Yy KapTOH. kKopobLi HEOoBMEXeHU IHoacTpia, PpaHuis
22 KOPOAPOH® Ta6n. 200 mr, Ne 30 UA/3683/02/01, - -
(10x 3) x 3,Ne30 (15 x2) | HeoOMexXeHWiA
Yy KapTOHHilt kopobLi
23 AMIOAPOH Tabn. 200 mr, Ne 10 x 3 UA/4514/01/01, | AT «KI/I'I'BCbISMI?I - +
Y KapTOHHil1 kopoOLli HeoOMeEXeHNI BITAMIHHW/M 3A-
BO[», YkpaiHa
24 AMIO[APOH- Tabn. 200 mr, Ne 10 x 3 UA/6506/01/01, | MpAT «®apmaLe- - +
OAPHULIA Y KapTOHHilt kopobLi HeobMexeHNi BTMYHa dhipma «[ap-
HULSY, YkpaiHa
25 AMIOOAPOH Tabn. 200 mr, Ne 10 x 3 UA/8904/01/01, | MAT «Jlekxim-Xap- - +
Yy KapTOHHili kopobLi HeoBMexeHi KiB», YkpaiHa
26 [porenapoHy | MYNIBTAK® Tabn. B/o no 400 mr, Ne 60 | UA/10412/01/01, | CAHO®I BIHTPOIN - -
rigpoxnopua (10 x 6) y kapTOHHiIil kKopobLi | HeoOMEXEHNN IHOACTPIA, ®paHuis
C07 «bnokatopy GeTa-afpeHopeLenTopi»
27 | CO07 AA | MponpaHomony | AHAMNPUIH- Tabn. 10 mr, Ne 50 (10 x 5) x | UA/4715/01/01 | TOB «®apmaves- - -
rigpoxnopua 3[00POB’A 3 y KapTOHHiIi kopobLi, HeobMexeHui TMYHA KOMNaHist
Coranony rigpo- Ne 50 y nnactmacoBomy «3p0poB'ay,
xropug KOHTelHepi YkpaiHa
28 AHATMPUNIH- Tabn. 40 mr, Ne 50 UA/4715/01/02 - -
3[00POB’A (10 x 5) x 3 'y KapTOHHii HeobMexeHNi
kopobui, Ne 50 y nnactmaco-
BOMY KOHTEWHEPI
29 COTANON Tabn. 40 mr, Ne 50 (10 x 5) | UA/4449/01/01, | Cantotac ®apma - -
CAHOO3® Yy KapTOHHil1 kopobLi HeobMexeHNi mEX (HimewynHa)
30 COTANON Tabn. 80 mr, Ne 50 (10 x 5) | UA/4449/01/02, - -
CAHOO3® Y KapTOHHili kopobLi HeoOMeXeHNi
31 COTANON Tabn. 160 mr, Ne 50 (10 x 5) | UA/4449/01/03, - -
CAHOO3® Y KapTOHHili KopoBui HeobMexeHuit
32 COPUTMIK Tabn. 160 mr, Ne 20 (10 x 2) | UA/4543/01/01, | AT «KB3», YkpaiHa - -
Yy KapTOHHil1 kopobLii HeoBMexXeHit
33 COPUTMIK Tabn. 80 mr, Ne 20 (10 x 2) | UA/4543/01/02, - -
Yy KapTOHHilt kopobLi HeoBMexeHwit
34 | CO7 AB | Metonpomony | KAPLOJIAKC P-t/iH. 1 Mr/Mn 5 mn Ne 10 | UA/16067/01/0, | Medpap Inay CaH. W -
TapTpar Y KapTOHHilt kopobLi HeobMexeHuii AL, TypeyunHa
35 METOMNPOJON Tabn. 25 mr, Ne 30 (10 x 3) | UA/2548/01/01, | MAT «Kuismeanpe- + -
Yy KapTOHHil1 kopobLi HeobMexeHNi napar», YkpaiHa
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MpopoBxkeHHs Tabn. 1.

Ne | Migrpyna | MixHapoaHa ToproBenbHa ®opma BUNycky Peectpauiviini | KpaiHa Hau. [ocrt.
3/n | ATC HenaTeHToBaHa | Ha3Ba Ne, TepMiH BUPOOHULTBA, nepenik | niku
Ha3Ba BUPOGHMK n3
36 | C07 AB | Metonponony | METOMPOION Tabn. 50 mr, Ne 30 (10 x 3) | UA/2548/01/02, | AT «KuiBmeanpe- & *
TapTpat Yy KapTOHHil1 kopobLi HeobMexeHNi napary, YkpaiHa
37 METOMPOSION Ta6bn. 100 mr, Ne 30 (10 x 3) | UA/2548/01/03, + +
Yy KapTOHHilt kopobui HeoBMexXeHi
38 BETAJIOK P-H/iH. 1 mr/mn 5 mn Ne 5 UA/2769/01/01, | CeHekci, ®paHLis + -
Yy KapTOHHil1 kopobLi HeoBMeXeHwi
39 BETAINOK 30K Tabn. B/ono 100 mr, Ne 30 | UA/3066/01/01, | AcTpa3eHeka Ab, + -
HeobMexeHNi LLiBewis
40 BETAINOK 30K Ta6n. B/o no 50 mr, Ne 30 UA/3066/01/02, + -
HeobMexeHNi
41 BETAINOK 30K Ta6n. B/o no 25 mr, Ne 14 UA/3066/01/03, + -
HeobMexeHNi
42 KOPBITOJI® Tabn. 100 mr, Ne 30 (10 x 3), | UA/3124/01/01, | BEPMIH-XEMI AT, + -
Ne 50 (10 x 5) y kKapTOHHili | HeoBMeEXeHNN HimevwunHa
KopobLi
43 KOPBITONI® Tabn. 50 mr, Ne 30 (10 x 3), | UA/3124/01/02, + -
No 50 (10 x 5) y KapTOHHili | HeOOMEXEHNN
KopobLji
44 METOMPOSONY | Tabn. 50 mr, Ne 20 (10 x 2), | UA/6755/01/01, | AT «®apmak», + +
TAPTPAT Ne 50 (10 x 5) y KapTOHHili | HeoBMeEXeHNN Ykpaita
KopobLi
45 METOMPONONY | Ta6n. 100 mr, Ne 20 (10 x 2), | UA/6755/01/02, + +
TAPTPAT No 50 (10 x 5) y KapTOHHili | HeOOMEXEHNN
Kopobuj
46 ETITOK® Tabn. 25 mr, Ne 60 UA/9635/01/01, | 3AT ®apmaveBTny- + +
HEOOMEXKEHUI Hui 3aBog ETIC,
] YropumHa
47 ErIOK® Ta6n. 50 mr, Ne 60 UA/9635/01/02, + +
HeobMexeHNi
48 ErJIOK® Ta6bn. 100 mr, Ne 60, Ne 30 | UA/9635/01/03, + +
HeobMexeHNi
49 ArteHoron ATEHONOJ- Tabn. 50 mr, Ne 10, no 2, UA/4941/01/01, | TOB «ACTPA- + +
ACTPAGAPM 6, 9, 10 bnict. y kopobui HEOOMEXEHUI ®APMy, Ykpaita
3 KapTOHY
50 ATEHONOT- Tabn. 100 mr, Ne 10, o 2, UA/4941/01/02, + +
ACTPA®APM 6, 9, 10 Gnict. y kopobuj HeoOMexXeHNi
3 KapTOHY
51 ATEHONON - Ta6n. 50 mr, Ne 10, no 2 UA/6065/01/01, | TOB «®apmaLe- + +
300POB'A 6nicT. y kopobLi 3 KapTOHY | HeoOMeEXeHui BTUYHA KOMMaHis
«3p0poB's», YkpaiHa
52 ATEHONON Tabn. 50 mr, Ne 10, no 2 UA/8377/01/01, | MAT «MoHdbapm, + +
6ricT. y kopobLli 3 KapToHy | HEOBMEXEHNN Ykpaita
53 Ecwmonony BIBNTOK p/it 10 mr/mn no 10 mn UA/16313/01/01, | TOB «tOpis-Papm, - -
rigpoxnopua y cpnakoHi Ne 5 HeobMexeHNi Ykpaita
C08 D «AHTaroHicTH KarbLjto 3 NepeBaxHOH0 A€o Ha cepLe»
54 | CO8DA | Bepanaminy BEPAMNAMINTY Tabn. B/o no 80 mr, Ne 50 UA/3226/01/01, | MAT «HaykoBo-Bu- + +
rigpoxnopua raPOXNorPUAa (10 x 5) HeobMexeHni POGHUYMIA LIEHTP
«BXP3y, YkpaiHa
55 BEPATMAMIJI- Tabn. B/o no 80 mr, Ne 50 UA/3582/01/01, | MpAT «®dapmate- + +
JAPHULIA (10x5) HeobMexeHNi BTUYHa chipma «[ap-
| HULSY, YkpaiHa
56 BEPANAMIN- Tabn. B/o no 40 mr, Ne 50 UA/3582/01/02, + +
OAPHULIA (10 x 5) HeobMexeHNi
57 BEPAMAMIJI- P/iH. 2,5 mr/mn no 2 mn Ne 5, | UA/3582/02/01, + -
OAPHULA Ne 10 HEOOMEXKEHUIA
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MpopoBxkeHHs Tabn. 1.

Ne |Migrpyna | MixHapoaHa ToproBenbHa ®opma BUMYCKY Peectpauiithnin | Kpaiba . | Hau. [ocr.
3/n | ATC HenaTeHTOBaHa | Ha3Ba Ne, TepMmiH BUPOOHULTBA, - | nepenik | nikun
Ha3Ba BUPOOHMK 3
58 |CO8DA |Bepanaminy BEPATAP[ 180 Kanc. 180 mr Ne 30 (10 x 3) | UA/3845/01/01, | MAT «HaykoBo-Bu- |+ + =
rigpoxnopua HeobMexeHuii POGHNYNIA LIEHTP
«BX®3», YkpaiHa
59 BEPAMAMINY Tabn. no 40 wmr, Ne 20 UA/5540/01/01, | TOB «®apmaLe- + + +
raPOXNorPna (10x2) HeoOMeXeHNI BTMYHA KOMMaHis
«3p0poB's», YkpaiHa
60 I30MTUH® Tabn.no80mr,Ne20no5 | UA/7175/01/02, | A66otT Jlabo- + + -
6nicTepis y kopobui; Ne 10 | HeobmexeHNi patopi3a M6X,
no 10 6nicTepiB HimeyunHa
61 I30MTUH® SR Tabn. no 240 mr, Ne 15 UA/7175/03/01, + + -
no 2 brictepu y kopobui HeobMexeHuit
62 [Ountiazemy ANDI3EM Tabn. no 90 mr, Ne 30 UA/1836/01/01, | ALl Ckor'e, Pec- - - -
rigpoxnopua (10 x 3) HeobMexeHNi nybnika MiHiyHa
MakenoHis
63 OUNTIASEM Tabn. no 60 mr, Ne 30 UA/6554/01/01, | AT «JlyGHudpapm», |- - -
(10 x 3) HeoOMexXeHNi YkpaiHa

Tabnuus 2. ATC — knacudikauiiHa CTpyKTypa KOMMEKCY Nikapcbkux 3acobiB, siki BUKOPUCTOBYIOTb Y Teparii apuTMin

C01BA AHTapuTMiyHi npenapaty 1a knacy

C01BB AHTapuTMiyHi npenapaty 1b knacy 2 317

C01BC AHTMapUTMIYHI Npenapatu 1c knacy 8 12,70

C01BD AHTnapuTMiuHi npenapatu Il knacy 16 25,40

C07 AA HecenekTueHi 6rnokaropyu 6eTa-agpeHopeLenTopis 7 1,11

C07 AB CenekTuBHi Griokatopy beTa-agpeHopeLenTopis 20 31,75

C08 D CeneKTuBHI aHTaroHICTU KarnbLiito 3 NEPEBaXHOIO Jieto Ha cepLie 10 15,87

3aranom 63 100

O6roBopeHHs Hasezneni ¢akty MOXYTh CBITYHTH NPO BHCOKE KOHKY-

Posznomin AJI3 3a KpUTEpieM «KOMIIOHEHTHOCTI» J1aB 3MOTY
BCTaHOBHTH, 1110 (papMalleBTHYHHI PUHOK YKpaTHH IPeICTaB-
JICHUH JTUIIIe MOHOTIperaparaMu. binpiricTs npemnaparis (60 i3
63) MaroTh HEOOMEKEHHH TEPMIH PEECTpALIil, 1110 CBITYHUTH PO
XHIO ycTasieHy no3utiro Ha puHKy. Jume 3 AJI3 («Jlikcapum,
«Awmiocreni», «OnakopaeH») MaroTh 0OMEKEHUH TepMiH il
peecTpariifHoro mocBigdeHss — 10 20242026 pp.

“Konen mpemnapar He € Ge3pernenTypHIM, OCKUTBKHA BOHU
HAJIC)KATh JI0 TPYITH 3 IOTCHIIIHHUMHE TOOTYHUMHU e(heKTaMu
(HarpuKIa I, MpoapuTMivHa Jis), a oTxe yci AJI3 Bimmycka-
I0Th B aITelli 3a PelenTOM JiKapsl.

BcranosneHo, mo Ha papmarieBTnaHOMy puHKY AJI3 Tipen-
CTaBJIeHO 14 yHIKaNbHUX MDKHAPOIHUX HEIATCHTOBAHHX
Ha3B, 10 HaJiexars 110 pizuux rpyn ATC. Haiibinbimmii acop-
THUMEHT — Y IpyIi aMmiofapoHy rigpoxiopuy (15 mikapcbkux
Tperaparis), IO MOSCHIOEMO HOTO ITMPOKHIM 3aCTOCYBAHHSIM
ITiT 9ac JIiKyBaHHS MAIiEHTIB 13 (GiOpIIIAIiero mepeacepan i
[IUTYHOYKOBUMH apUTMIsSIMH, Ta METOIPOJI0Ty Taprpary (15
JIKApChKUX Tpenapartis). [HIN MDKHApOIHI HEaTeHTOBaH1
Ha3BH MPE/CTABICHI MEHIIOIO KUIBKICTIO ITpenaparis.

PEeHTHE HampyXeHHs MK BHpoOHHKamu 1mux AJI3. Takox
1LIe € TIOKa3HUKOM HIMPIINX MOXKJIMBOCTEH MiJl 4yac BUOOpY
KITIHIIUCTaMH JTiIKapChKUX TPETapariB, KOJTH MOXKHA BPaxo-
BYBaTH HE TUIbKU CTpATeTiio Tepaii, aje il coliaibHO-eKo-
HOMIYHI YHHHUKH Ta MOXITUBOCTI, III0 MOKYTh BIIPI3HATHCS
B TTAL[IEHTIB.

[MepeBakna OubIicTh penaparis (76,2 %) — nepopaiib-
Hi $OpMH, IO 3PYUHO i Yac aMOyJIaTOPHOTO JIKYBaHHS
(puc. 1). Iv’exuiitHi popMH BUKOPUCTOBYIOTh JUIsl €KCTpe-
Hoi Tepamii, nepeBaxkHo e AJI3 Ha OCHOBI aMiogapoHy Ta
JITOKaiHy, [0 BiAMOBia€e KIIHIYHAM PEKOMEHIAIISAM UIS
JIKYBaHHSI TOCTPHX apUTMIH.

Haif6inpIr pisHOMaHITHOTO 32 JIIKapChKIMH (hopMaMu (po3-
YMH JUIsl 1H’ €K1, TabneTky, Karcyin) € niarpyna C08 DA
«CeIeKTHBHI aHTarOHICTH KaJIbLIIIO 3 IEPEBAXKHOIO JII€I0 Ha
cepre» (puc. 2).

ViiakyBaHHsI Opi€HTOBaHE Ha 3pPY4YHICTH — OJicTepH IS
TalbIeToK, amITyin Ui 10 ekmid. CepemHs KUTBKICTh 1103 B
ymakoBIli ctaHoBUTh 30—60 ay1st iepopanbauX hopm 1 5-10
IUTS iH eKmidHuX. JlesKki mpernapaTi MaroTh KiTbKa OIIiN
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76,2 %

Puc. 1. fiarpama posanoginy All13 3a nikapcbkoto hopmoto.

2
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, mm = W ]
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m Po3unH anst iH' ek TabneTkn m Kancynu

Puc. 2. [liarpama posnoginy All3 3a nikapcbkoto hopmoto y Mexax hapmakoTepaneBTUYHUX NiArpyn.

C08 DA

(manpuxman, «Dmekaining Canmgo3» — Ne 10 x 3, x6, x12).
Ie 3abe3meuyye THYYKICTh IS MAI[IEHTIB 13 XPOHIYHUMHU
APUTMISIMHU.

Amnani3 nokasas, mo maitke 70 % AJI3 BKIIOUEHO [0
JIep)KaBHUX MPOTpaM, IO CIPHUS€E IXHIH TOCTYyHMHOCTI
(mabn. 3, puc. 3). 3ayBaXKUMO, 110 BKIFOUEHHSI 10 TIPOTPaMHU
«/locTymHi Jlikim» oOMeXeHe TperapaTaMy JUlsl TepBHHHOT
podiNaKTHKY.

VY X0l MapKeTHHTOBHX JOCIIIKEHb IPOAaHai3yBall
(ipMOBY CTPYKTYPY BITUYM3HIHOTO (hapMalleBTUIHOTO PUHKY
AJI3. BcranoBieHo, 110 O1IbITy YaCTHHY CETMEHTa CTaHOB-
JISITh 3aKOPJIOHHI BUPOOHUKH — 51 %, a 4acTka yKpaiHChKUX
¢bipM-BUpoOHMKIB — 49 %. 3arajgoM HHUHI B JJOCIIHKYBaHO-
My CerMeHTi (papMaleBTHYHOrO PHHKY NpencTasieHo 30
BUPOOHUKIB i3 14 kpaiH. 3-momix HUX 12 (ipM-BUPOOHUKIB
— YKPaiHChKI, IIPOTE HACHYCHICTh BITYN3HIHOIO ITPOAYKITIE0
pizHuTECS B miarpynax. ¥ Oinemocti ATC-rpymax AJI3
MepeBaKarOTh MpernapaT 3apyOoi>KHOTO BUPOOHHUIITBA, OCO-
6mmBo nomitHa iepesara y niarpymni C01 BC. HaromicTs s
niarpyn CO1 BD i CO7 AB Bu3HaueHO piBHUAN PO3MOALT MK
BITYM3HSIHUMH Ta 3apyODKHIMH BUPOOHHUKaMU. Y Miarpynax

C01 BB, C07 AA i CO8 DA 3HauHy 4acTKy CTaHOBIISITH
YKPAaiHChKI BUPOOHHUKH, 110 MOYKE CBITMUTH PO KOHKYPEHTHI
TIepeBark y BUPOOHUITBI 3-aApeHOOIOKATOPIB 1 KATTbIIIEBIX
AHTArOHICTIB.

Hapmani Bi3HaueHO peHTHHT cepel] IHO3EMHUX 1 BITUM3HS-
HUX BUPOOHHKIB IIUISIXOM ITOPIBHSHHS KUTBKOCTI IIPOTIO3HIIIi
JI3. Cepen iHO3EMHHX KOMITaHIH TPOBiHI TMO3UIIIT TOCLTH
Himeuunna, npezcrasieHa kommnanismu «Caintorac dapma
I'M6X», «bepmin-Xemi Al», «A00BI Howwranmg ImM0X i
Ko. KI'» ta «Abd6oTT Jlaboparopiz I'm0X», Ta ®paniiis,
110 TocTavyae MpoAyKUito Bix koMmnaHii «Canodi BinTpon
Iumacrpian, «Cenekci» ta «berra Jliony. IHIm kpainu npea-
CTaBJICHI OJTHIEI0 KOMITaHi€I0-BUPOOHHKOM.

Cepen yKpalHCbKMX BUPOOHHMKIB ITPOBI/IHI TIO3HILIT HaJle-
xaTb TakuM (ipmam, sik TOB «DapmarieBriyHa KoMIaHist
«3mopoB’s» (7 npomosuitiit), [TAT «HaykoBo-BHpOOHUUMIT
neHTp «bopiiariBcbkuii XiMiko-(hapManeBTHIHUH 3aBO1 (5
npono3uiii) i [IpAT «Dapmaneprnuna dipma «JlapHutisn
(4 iportozutiii).

HasBHicTb y peecTpartiifHiii 6a3i 3Ha4YHOT KiJIBKOCTI TeHe-
pruanx AJI3 cBiqUUTE PO BUCOKMIA CTYIIHb KOHKYPEHIIT B
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Tabnuusa 3. Y3aranbHeHa iHopMaLis Npo BKMOYEHHS Y couianbHi nporpamu Ta nepeniku AJl3

[epxaBHuin chopmynsip nikapcbkux 3acobiB Ykpaitu

3a 17 Bunyckom chopmynspa 2025 p.
BKITIOYEHO NponagyeHoH

HauioHarnbHuit nepenik 0CHOBHUX Nikapcbkux 3acobiB YkpaiHu 28 444 -
Mporpama «[locTynHi niku» 21 33,3 -
3 35
30
25
20 20
15 16
: I :
5
| B
0 2 III
C01 BB C01BC C01BD C07 AA CO07 AB C08 DA

m KinbKicTb 3a nporpamoto «[ocTynHi niku»

3aranbHa KinbKicTb

Puc. 3. [liarpama posnoginy All3 3a BkntoyeHHsIM A0 nporpamu «[oCTynHi Nikny y Mexax dapmakoTepaneBTUYHUX Nigrpyn.

FOMY CerMeHTi puHKY. Lle BimoBiTae 3arapHii TSHICHIIIT
PO3BUTKY (hapMalleBTHYHOTO PUHKY B YKpaiHi, ¢ YacTka
TeHEPUYHHX JIIKAPCHKHUX 3aCO0IB 3POCTAE, a IIe CIIPHSE M-
BUIICHHIO JOCTYITHOCTI JIIKYBaHHSI.

Otxe, y pe3ylibrari aHaj i3y BU3HAYEHO, 10 PUHOK aHTH-
ApUTMIYHUX 3ac00IB HACHUUYCHUIA, ajie 3aJIeKHUI BiJl TeHe-
PUKiB, Ma€ TOTEHIIial Iy iMImopTo3aminieHHs. HactymHi
JIOCITI/DKCHHS MAFOTh BKJIFOYATH CKOHOMIUHHI aHaJIi3 3apee-
crpoBarux AJI3, a Takok po3pOOKY HOBHX JTIKApCHKHUX (hopm
JUTS e()CKTUBHUX TPEMApaTiB, 0 ITUPOKO BUKOPUCTOBYIOTh
y JKapChKii PaKTHUIL.

BucHoBku

1. Punox AJI3 B YkpaiHi Ma€e 10CTaTHIi aCOPTUMEHT /IS
JIKyBaHHS apUTMIH Pi3HOTO ITOXODKEHHS, IO ITATBEPIKEHO
HAasIBHICTIO 63 JIIKapChKUX Mpenaparis 3a 14 MiKHAPOIHUMH
HeaTeHTOBAHUMH Ha3BamMu. HalOibIry 4acTKy pHHKY cTa-
HOBJISITH CEJICKTUBHI OJIOKaTopH OeTa-aIpeHOpPELenTopiB Ta
npenaparu [I1 kmacy. [{e cBimunTh Mpo iXHIO BUCOKY KITIHITHY
3aTpeOyBaHICTh.

2. 3a CeKTPOM JKapchKUX (popM PHHOK BKITFOYAE JTHIIE
niepopaiibHi (76,2 %) Ta in’ekuiiini npenaparu. [lepeBaxna
oimpnricts AJI3 Ha BITYM3HSHOMY PUHKY TpeICTaBlIeHA
MOHOKOMITOHEHTHUMH TIpeNapaTamy, 10 Ja€ 3MOTy JIKapsiM
MIPU3HAYATH JTIKyBaHHS 32 1HIUBITyalIbHIMH CXEMaMH.

3. Jlnst 3a0e3neueH st Kpamoro J0CTYIy 0 JIIKyBaHHS
HEOOXiTHO PO3IINPIOBATH aCOPTHMEHT, OCOOIMBO B TpyIax
13 MCHIIIOIO KUTBKICTIO TpETapariB, a TAaKOX CTUMYJIOBATH
PO3pOOIIEHHS HOBUX, €(PEKTUBHINIHMX 3aC001B, 3BAYKAIOUH HA
KJIHIYHI HOTpeOH Ta CydacHi MiXKHApO/IHI HACTAHOBH.

4. 3nayna vactka AJI3 BkirodeHa no Jlep:kaBHOro ¢op-
MyJsipa Ta HatioHansHOro mepestiky OCHOBHUX JIIKApChKHX
3aco0iB, IO MIIBHUINYE iXHIO JOCTYIHICTD IJIsl HACEICHHS.
OnHaK 15 TIOJIMIIEHHS iXHBOI IOCTYITHOCTI CJTiT PO3IIMPIOBa-
TH TIepEJTiK MpeTapariB, 10 BKITIOYEHI B iporpamy «JlocTymHi
JHKW», 8 TAKOXK BIPOBA/HKyBaTH MEXaHI3MH peiMOypcartii st
IHHOBAIIHUX 1 JOPOTOBAPTICHUX aHTHAPUTMIYHHUX 3aCO0IB.

5. Po3po0OicHHST HOBHX IHHOBAI[IHHUX arlIiKaIiiHUX
JKapchKUX (hOpPM, HAPHUKIAL 3 aMiOJapOHOM, MOIJIO Ou
MTOKPAIIUTHA 010/I0CTYITHICTh, KOMIUIAEHCHICTh TAIIEHTIB 1
0e3meKy Tepartii, OCKITBKHU CTIPHUSIIO OM KPAIIoMy KOHTPOIIO
pHUTMY cepilst 0e3 3HaYHOTO PU3HUKY YCKIIaHEHB, BIATIOBITHO
JIO0 CY4acHUX KIIHIYHUX PEKOMEH/IAIliil.

®iHaHCcyBaHHA
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Review

BukopucTtaHHA TexHOnorii enekTpodopMyBaHHA ANA OTPUMaHHA
BMCOKOPO34YMHHOrO NpoTMu3anarbHOro papmaueBTUYHOrO iHrpeaieHTa
LWNAXom hopMyBaHHA TBEPAUX AUCMEPCHUX CUCTEM

O. B. lweHko®ACF M. B. €raHsHBECD

KWiBCbKWIA HaLiOHaNbHWIA YHIBEPCUTET TEXHOMOTIN Ta AW3aliHy, YkpaiHa

A — koHUenuis Ta gu3aiH gocnimkeHHst; B — 36ip ganmx; C — aHani3 Ta iHTepnpeTauis aanux; D — HanucaHHs ctatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepKEHHS CTaTTi

OBMmesxeHa PO3HMHHICTb 3HAYHOT KiNIbKOCTi aKTUBHUX hapMaLeBTUYHUX iHrpegieHTiB (API) — YNHHKIK, LLO 3HUXKYE iXHIO BiofoCTYNHICTb. Y 3B'513-
Ky 3 UMM NoLUyK edbeKTUBHUX NIAXOAIB A0 NOKPaLLEHHS po34nHHOCTI AD| 3anuaeTbCst akTyabHUM HanpsiIMOM Cy4acHoi papmaLeBTUYHOT
Hayku. OOHUM i3 NepCcnekTMBHUX HaNPSIMIB NOZONAHHS MPOBnemm HU3bKOT po34mHHOCTI AD| € 3aCTOCYBaHHS TEXHOIIOTIT TBEPAVX AUCTIEPCHUX
cuctem (TAC), y SAKMX aKTMBHA pevoBMHA PIBHOMIPHO po3noainseTbes B noniMepHi matpuui. Ocobnmsy yBary npuBepTae CTBOPEHHS TaknX
cucteM y hopmi HETKaHWX MaTepiarniB Ha OCHOBI YIETPATOHKMX BOMOKOH, LU0 3abe3neyye BUCOKY NMOLLY MOBEPXHi Ta CMIPUSIE MOKPALLEHHIO
po34mHHOCTI. EnekTtpocopmyBaHHs nepefbadae BUKOPUCTaHHS €NeKTPOCTaTUYHOTO MOMS AN OTPUMAHHS HETKaHUX MaTepianis 3 ynsrpa-
TOHKUX BOJIOKOH i3 po34nHy abo po3nnasy, Lo 3abesnedye koHTponb ix Mopdhonorii. AHania HayKoBUX Axepen MiaTBepanB MOXIMBICTb
3aCTOCYBaHHS Lji€i TEXHOMOTi AN CTBOPEHHS TBEPAVX ANCTIEPCHUX CUCTEM i3 MOKPALLEHOK PO3HMHHICTIO ADI pisHWX hapMakonoriYHuX rpyn.
Bubip ymoB enekTpothopMyBaHHS 3anexuTb Bif BUMOT [0 MOPONOrii HETKaHKX MaTtepianis, IXHIX MEXaHIYHWNX XapakTepUCTUK, BUPOBHUYMX
MacLTabiB Ta EKOHOMIYHUX YMHHWKIB.

MeTa po6oTH — JOCTIIKEHHS MOXIMBOCTEN TEXHONOTIT enekTpodopMyBaHHs Ans ctBopeHHs TAC i3 nokpalleHow po3ynHHicTio AP,

Marepianu i metogu. Ornsg nigroToBneHoO Ha OCHOBI aHanisy HaykoBMX My6nikawin, Lo BUCBITIOTL BUKOPUCTAHHS TEXHOMOTI eNeKTpo-
chopmyBaHHs anst ctBoperHst TAC i3 nokpalleHoto posunHHicTio ADL. [xepena fobupany, BpaxoBytoun peneBaHTHICTb TEMU, HAayKoBY
HOBW3HY, BiOMOCTI LLOAO TUNiB noniMepHux Matpuus | APl, napameTpis npoLiecy enekTpoopMyBaHHS, METOAIB OLLIHIOBAHHS PO34UHHOCTI
Ta NpuKnagiB NpakTU4YHOro BNPOBaKEHHS! LIiET TEXHOMOTiT y dhapMaLeBTU4HY po3pobKy.

Pe3ynikratn. AHania HayKOBUX Akepern nokasas, Lo TEXHOMOTIS enekTpoopMyBaHHS € ePeKTUBHUM METOAOM CTBOPEHHS TBEPAMUX ANC-
NEPCHMX CUCTEM i3 MOKpaLLEeHO po3inHHICTIO ADI. MpaBunbHMIA Nigbip nonimepy i onTUMIsaLlis TEXHONOrYHUX NapameTpiB 3abe3nevyoTb
piBHOMipHWIA posnogin A®| y BonokHax, BU3Ha4atoTb MOPOnOrito Ta BNacTUBOCTI MaTepiany, BN1Balo4M Ha WBUAKICTb BUBIMbHEHHS Ta
GiogocTynHicTb. MNigTBEpIAKEHO BUCOKMI NOTEHLian L€l TeXHOMOTii SK iHHOBaLMHOro Nigxoay y hapmaueBTUYHi po3pobui.

BucHoBku. TexHonoris enekTpoopmyBaHHS € NepcnekTUBHIM MeToaoM cTBopeHHs THC Ans nokpalleHHs podumHHocTi A®L. Ontumans-
HUIA BUGIp moniMepHOI MaTpuLi Ta napameTpiB NpPoLEecy crnpusie piBHOMIPHOMY PO3MOZINY PEYOBMHM Y BOMOKHAX i MiABMLLYE LUBUAOKICTD
PO34MHEHHS, BIOAOCTYMHICTb.

KntouoBi cnoBa: TBepai AvcnepcHi cucteMu, HeTKaHi MaTepianu, ynsTpaToHKi BOIIOkHa, enekTpoopMyBaHHS, aKTUBHUN (hapMaLeBTUYHIIA
iHrpedieHT, MeToAM NiABULLEHHS PO3YMHHOCTI, NofiMepw.

AkTyanbHi nUTaHHA hapmaLeBTUYHOI | Megu4Hoi Hayku Ta npakTuku. 2025. T. 18, Ne 3(49). C. 350-355

Application of electrospinning and centrifugal fibre formation technologies to create highly soluble solid dispersed systems
containing active pharmaceutical ingredients

O. V. Ishchenko, M. V. Yeganyan

Limited solubility of a significant number of active pharmaceutical ingredients (APIs) is a substantial issue that reduces their bioavailability.
Consequently, the search for effective approaches to enhance API solubility remains a relevant focus in modern pharmaceutical science.
One of the promising strategies to overcome the problem of low API solubility is the use of solid dispersion systems (SDSs), in which the
active substance is uniformly distributed within a polymer matrix. Particular attention is drawn to the creation of such systems in the form
of nonwoven materials based on ultrafine fibres, which provide a high surface area and promote solubility improvement. Electrospinning
involves the use of an electrostatic field to produce nonwoven materials made of ultrafine fibres from a solution or melt, enabling control
over their morphology. A review of scientific sources confirms the application of this technology for developing solid dispersion systems with
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improved solubility of APIs from various pharmacological groups.The selection of electrospinning parameters depends on the requirements
for the morphology of nonwoven materials, their mechanical properties, production scale, and economic factors.

The aim: to investigate the potential of electrospinning technology for the development of SDSs with improved solubility of APlIs.

Materials and methods. The review was prepared based on an analysis of scientific and patent publications covering the use of electro-
spinning technology to produce SDS with enhanced API solubility. Source selection considered topic relevance, scientific novelty, data
reliability, and completeness of results description. The subsequent analysis involved systematizing information on types of polymer
matrices and APls, electrospinning process parameters, solubility evaluation methods, and examples of the practical implementation of
the technology in pharmaceutical development.

Results. Analysis of the scientific literature has shown that electrospinning technology is an effective method for producing solid dispersion
systems with improved API solubility. Appropriate polymer selection and optimization of process parameters ensure uniform API distribution
within the fibres, determine the morphology and properties of the material, and influence the dissolution rate and bioavailability. Literature
data confirm the high potential of this technology as an innovative approach in pharmaceutical development.

Conclusions. Electrospinning technology is a promising method for creating SDS to improve API solubility. An optimal choice of polymer
matrix and process parameters ensures uniform distribution of the substance within the fibres and increases both dissolution rate and
bioavailability.

Keywords: solid dispersion systems, nonwoven materials, ultrafine fibres, electrospinning, active pharmaceutical ingredient, solubility

enhancement methods, polymers.
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PO34YMHHICTD HAJCKHUTH 10 KIFOUOBUX (PI3UKO-XIMIYHHX
mmapamMeTpiB, M0 BU3HAYAIOTh O10HOCTYIHICTD JIKAPCHKIX
pedoBrH. Hu3bKka po3YMHHICTD HOBUX aKTHBHHX (hapMmarie-
BTUYHHMX IHTpenieHTiB (ADI) € mommpeHnM 0OMeXyBaIbHIM
YMHHUKOM, 1[I0 MOK€ ICTOTHO 3HIKYBaTH (hapMakKoJIOTidHy
AKTUBHICTB 1 TepaneBTHYHy eekTuBHicTh ADI. 3a nannmu
HayKOBHUX JKeped, 10 90 % mepcneKTHBHUX CIIONMYK Ha eTarti
po3podku Ta maibke 40 % ADI, 1m0 MICTATHCS y CKIIai KO-
MEpLIHHHX MpernapariB, XapaKTepU3yIOThCsl HEIOCTATHBOKO
pozumHHIicTIO [1,2].

ToMy po3poOieHHsT e()eKTUBHUX METOMIB MiABUICHHS
PO3YMHHOCTI € OJIHUM 13 TIPIOPUTETHUX HAIPSIMIB CYy4aCHUX
(hapManeBTUYHUX JOCITIKEeHb, 0 0e3MOCePETHHO BILIH-
Ba€ Ha CTBOPEHHS JIIKapCHKUX (OPM i3 MPOTHO30BAaHUMHU
(apMaKOKIHETHYHUMH BIACTUBOCTSIMU Ta BHCOKOK Tepa-
TIEBTHYHOIO [IHHICTIO.

MeTa po6otu

JlocaipKeHHST MOXKITMBOCTEH TEXHOIIOT 11 e1eKTpodopMyBaH-
HSI JIJIS CTBOPEHHSI TBEP/IUX AMCIIEPCHUX CHCTEM i3 MOKpa-
meHoo po3unHHIcTIoO ADI.

Marepianu i MeTogu pocnimkeHHA

Omrsin miATOTOBICHO HAa OCHOBI PETENBHOTO aHAJI3y Ha-
YKOBHUX ITyOJIKaIii, y SIKHX PO3IVISTHYTO MHUTAHHS IOI0
3aCTOCYBaHHS TEXHOJIOTIT €IeKTPOGOPMYBaHHS I PO3PO-
omnennst TBepaux nucnepcHux cucteM (TIC) 3 migBuIeHOO
pozunHHicTIO ADI.

Jbxepena i omisigy oOMpaiy, BPaXxoByIOUM PEJICBaHT-
HICTh TEMaTHKH, HAyKOBY HOBH3HY, OITHC €KCIIEPUMEHTAIIb-
HUX pe3ynbrariB. [Ipy iboMy nepeBary BijiaBaiy mparsim,
110 MICTHJIM METOJIMYHI BiZJOMOCTI, MaJI CTPYKTYPOBaHH
eKCIIepUMEHTAILHUN JM3aifH, a IXHI pe3yJbTaTH MOXKHA
OyJ10 3acTOCYBaTH Ha pakTHIli. OcoOIUBY yBary npuiieHO
JOCIIDKEHHSAM, Y SKHX MPOCTEKEHO 3B 530K MIXK ITapame-
Tpamu mporiecy hopmyBanas TAC, Mopdororiero BOIOKOH
1 IIOKa3HUKaM1 po3uuHHOCTI ADI.

[Momanpmuii ananiz nependavaB y3arajdbHEHHS JaHHUX
IO MoJIMepHi Marpull, xapakrepuctuku ADI, napamerpu
eJICKTPO(OPMYBaHHS Ta METO/IU OIIHIOBAHHS PO3UMHHOCTI.
e nano 3Mory BU3HaYNUTH KIFOYOBI YHHHUKH, y3araJbHUTH
Kparli MPaKTUKA i OKPECIUTH MEPCICKTUBH ITiBHICHHS
61010CTYITHOCTI MaJIOPO3UYMHHHX CIIOIYK, 30KpEMa METOZIOM
eNneKTpoopMyBaHHSI.

Pesynbratu

Po3pobneno HU3KY (apManeBTHUYHUX TEXHOJOTIH, SKi
e(heKTUBHO 3aCTOCOBYIOTH /IS 301IBIIIEHHS PO3YMHHOCTI T
MIABUINCHHS 0100CTYIHOCTI BEJIUKOI KUTBKOCTI Majiopo3-
ynHHUX ADI. K Taki miaxoau BU3HAYar0Th (Di3nyHi, XiMIUHI,
a TaKoXX OKpeMi TexHouoriuni npuiiomu [3,4,5]. Cepen HuX
PO3PI3HSIOTH:

— 3MEHIIEHHS PO3MIpY YaCTHHOK (MIKpOHi3arist) — 30116~
1Iy€e IUIONLY MOBEPXHi, 10 MOXE CHPUATH LIBUALIOMY
PO3UHHEHHIO;

—mneperBoperHs ADI 3 kprucTanigHoi popMu B aMophHUIA
CTaH;

— JIMiAHI CHCTeMH — BUKOPHUCTAHHS CAMOEMYIBIYIOUMX
cucteM octaBku JikiB (SEDDS) abo TBepux JinmiHUX Ha-
Ho4yacTHHOK (SLN) miiBHIIly€e po34nHHICTB 1 01010CTYITHICTH;

— TEXHOJIOT il TBEP/IUX JIUCTIEPCHUX CUCTEM —3aCTOCYBAHHS
TIOBEPXHEBO AaKTUBHUX PEUOBHH JUIS TOKPAILICHHS 3MOYyBaH-
HSI Ta PO3YMHEHHS JIIKAPCHKUX 3aCO0IB.

Cepen Ha3BaHUX TimxoaiB TexHomorio TJ[C BU3HAYAIOTH
SIK OIHY 3 Haile(DeKTHBHIMINX CTPATETiH IMiIBUIIECHHS PO3-
ynHHOCTI ADI, ManopozanaaNX y Bomi. T/IC — koMmo3umiiHi
Marepiany, 3a3BU4ail TBOKOMIIOHCHTHI; aKTHBHA PEYOBHHA
Yy HUX piBHOMIpPHO PO3MOAiJICHA HAa MOJICKYISIPHOMY PiBHI B
MOJIIMEPHOMY HOCIii. BJacTHBOCTI OTpUMaHOT KOMITO3UITiT
3ajIe)Karh BiJl TUILY MOJIMeEpY, KUl BUKOPHCTOBYIOTH IS
¢dopmysanns T/IC [3,6].

Teepai AucrepcHi CHCTEMU OTPUMYIOTh IUISIXOM IUIAB-
JICHHSI, Taps40i eKcTpy3ii, BUMapoOBYBaHHS PO3YMHHUKA
(30KpeMa po3NHITIOBAILHOTO Ta CyONIMaIifHOTO CyIIiHHS),
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a TaKO)XK MEXaHIYHOTO TONPiOHEHHs 0e3 pO3YMHHUKIB [6].
Haii6inpIn nepcrneKTHBHUMU JUIsi TIPOMUCIIOBOTO 3aCTOCY-
BaHHS € eKCTPY3is, CYIIIHHS Ta BHIAICHHS PO3YMHHHKA.
i meromu popmysanust T/IC MaroTh BUCOKHI TOTEHITIA
B aCIIeKTi e(peKTUBHOCTI Ta MPUAATHOCTI IO IPOMHUCIIOBOTO
MaciutaOyBanHs. [le miaTBepIKeHO MPHUKIATaMU KOMEp-
HIHHO JOCTYIHHX JIiKapchKuX 3aco0iB Ha ocHOBi TIC,
CTBOPEHMX 3a IIMMHU MeToamu, 30kpeMa Kaletra® (Abbott
Laboratories), Zortress® (Novartis), Belsomra® (Merck),
Epclusa® (Gilead Sciences), Symdeko® (Vertex) oo [7].
Brim, He3BaXkarouw Ha OYSBH[IHI [TEPEBATH TAKUX ITiIXOJIB,
xiMiKo-(hapMaleBTHYHA Taly3b 10Ci MOTpedye Po3poOKU
HOBHX 1HHOBAIIWHUX TeXHONOTiH ans orpumanus T/C i3
MOKpaIeHo oiomoctymHicTio ADI.

OcTaHHIM YacoOM 3IIHCHIOIOTH YUMo JOCIIIKEHb,
o cnpsiMoBaHi Ha po3pobienus TJIC y gopmi HETKaHUX
MarepiaiiB 3 YJIBTPATOHKHX BOJIOKOH, SIKI MOXKYTb CYTTEBO
MTOKPAITUTH PO3YMHHICTE 1 6iogocTymHicTs ADI. 3aBnsku
KOMOiHaIlii BUCOKOT TOPUCTOCTI, KOHTPOJIILOBAHOI 3MOTyBa-
HOCTI Ta aJalTUBHUX MEXaHIYHUX BIACTHBOCTEN HETKAHI
Marepiaiu, COpMOBaHi 3 YIBTPATOHKUX BOJIOKOH 31 CIICI[H-
(bIIHOIO CTPYKTYPOIO, € TIEPCIIEKTUBHIMH I €(hDeKTHBHOTO
TPAHCIOPTYBAHHS AKTHBHUX PEYOBUH, CITPUSIFOUH TX HAJICHK-
HOMY BCMOKTYBaHHIO Ta CTaOlTEHOCTI.

AHaJti3 BiJOMOCTEH Cy4acHOI HAyKOBOI JIiTEpaTypH JaB
3MOTY BCTaHOBHTH, IO €JIEKTPO(POPMYBaHHS € OIHUM i3
HaWTOIMPEHIIINX METOJIiB CTBOPEHHS TBEPIUX ANUCIIEPCHHUX
cucrteM [8,9]. List TexHOIMOTis A€ 3MOTy OTPHMYBATH HETKa-
HUH Marepia 3 yIBTPaTOHKUX BOJIOKOH 13 KOHTPOJILOBAHHUMH
GI3MYHIME XapaKTEPUCTHUKAMHF, BKITFOYA0OYH KITBKICTh 1
po3Mip 1op, MOpPQOJIOTit0 Ta PO3NOALT aKTUBHUX (hapma-
LEBTHYHUX IHIPEAI€HTIB y TMOMiMepHiid maTpuri. ®opma
HaHO- 800 MIKPOBOJIOKOH BU3HAYAETHCSI TUTIOM TTOJIIMEPHOTO
PO3YMHY — BOJTHUM, PO3IUIABJICHIM YK eMYIIbCIHHIM.

JlocmimKeHHST CIIPSIMOBaHI Ha ONTHUMI3AI0 KIFOUOBHUX
napameTpis npouecy cropeHHst T/IC: Harpyry, MBUIAKOCTI
oavi, BiICTaHi 10 KOJIEKTOpa Ta CKJIaay PO3YUHY, — aJIKe
BOHH 0€3MOCepeIHhO BILTHBAIOTH Ha BiacTuBocTi TJIC, a
OT)KE 1 Ha PO3UMHHICTB, OiogocTymHicTs ADI [8,9].

OcCTaHHIM YacoM aKTyali3yeThCs TEXHOJIOTiS CTBOPEH-
v TJAC y dopmi HETKaHOTO MaTepialry 3 yABTPATOHKHX
BOJIOKOH HIISIXOM €JIEKTPOpPO3NuiIeHHs: po3unHy ADI 3
00paHMM TONIMEPOM Y BiATIOBITHOMY pO3YMHHHKY. Enek-
TpoopMyBaHHS BU3HAYEHO SIK MEPCIIEKTUBHY TEXHOJIOTIIO
st ctBoperas T/IC i3 Manmopo3YMHHUME CyOCTaHITISIMA.
Meron Jjae 3MOTy OTPUMYBAaTH HaHOBOJIOKHA 3 BHCOKOIO
MTOPHCTICTIO Ta BETUKOIO TLTOMICIO TOBEPXHI, IO TiIBUIILY€E
pozuuHHIcTh 1 6iogoctymHicTh ADI. EnexrpodopmyBaHHs
3a0e3redye MBHUIKE BUCYITyBaHHS, CyMICHICTb i3 TepMOJIa-
OLTEHUMH CITOTyKaMH Ta MOXKJIUBICTB (DOPMYBaHHSI CKJIaTHHX
HaHOCTPYKTYp. OTpuMaHi IUCIIEpCHI CHCTEMH XapaKTepH-
3yIOThCS CTaOUILHOI aMOp(HO (HOPMOIO, PIBHOMIPHUM
pozmoxainom ADI y moniMepHii MaTpHIli Ta KOHTPOIHOBAHIM
BUBUIbHEHHSIM. KpiM TOTr0, TEXHOJIOTIS 1a€ 3MOTY TTO€IHY-
BaTH EJICKTPUYHY E€HEPTilo 3 TEIJIOBOIO, MEXaHIYHOIO abo
VIABTPA3BYKOBOIO Ji€I0 JUIsl onTuMi3alii mpomecy. OTxke,
eNeKTpo(OpPMyBaHHS € IEPCIIEKTUBHUM II0I0 PO3POOIEHHS

repopanbHAX GopM Mpenaparis i3 ManoposdyuHHIM ADI 3
MPOrPaMOBAaHUMHU BIACTHBOCTAMU BUBLIbHEHHS [10,11].

Leit meTox enexkTpodopMyBaHHS € TEPCIICKTUBHIM IS
OTPUMaHHS BUCOKOPO3YMHHUX (apMaleBTHUYHUX (HopM,
JIa€ 3MOTy CTBOPIOBATH HETKaHI MaTepiaan ab0 BOJOKHHUCTI
CTPYKTYPH 3 KOHTPOJIbOBAHUMH (Pi3HKO-XIMIUHHMH BJIACTHU-
BocTsmi. Lle cripuste mokpamenHto 6iogoctymHocTi ADI.

EnextpodopmyBanHs — yHiBepcaibHa Ta ¢(EKTHBHA
TEXHOJIOTS, IO JIa€ 3MOTY OTPHUMYBATH YIBTPATOHKI BO-
nokHa abo BosokHuCcTi TJIC y MIKpO- Ta HAHOMETPUYHOMY
niarmas3oHi, 3a0e31Meuy0un TOYHAH KOHTPOJIb MOpP(dOIorii
noepxHi [12]. EnexrpodopmyBaHHs mojsrae y nojadi mo-
JIMEpHOTO po34nHy abo po3riay, mo MicTuTh ADI, gepes
Karisip 13 3aJaHO0 MIBHIKICTIO, MM Yac SKOTO IiJ| i€
€JIEKTPOCTATUYHOTO II0JISI BUCOKOI HANpyr' BHHUKAIOThH
CHJIM BIJIUITOBXYBAHHS MIXK OJHOWMEHHO 3apsKEHUMHU
YAaCTUHKAMH Ta MPUTATAHHS MK 3aps/PKCHOI0 PIAMHOIO i
3a3eMJICHUM KOJIEKTOpOM. Komn JOCATHYTO KPUTHYHOTO
PIBHSI HAIIPYTH, MEHICK 1e(OPMYETHCS, YTBOPIOIOYH KOHYC
Teitnopa, 3 BEPIINHA SKOTO BHBUIBHIETHCS CTPYMiHb IIO-
JIMEPHOIo po3uuHy. Y MpoLeci HOro pyxy A0 KOJeKTopa
BiOyBa€eThCsS BUTATYBAHHS Ta 3MCHIIEHHS NiaMeTpa, a
BUIAPOBYBAHHS PO3YMHHUKA TIPU3BOAUTH /10 (POPMYBaHHS
TBEPIOTO MaTepiary — HeTKaHOTO MaTepialry, IO CKIIAIa€ThCs
3 yIBTPaTOHKUX BOJIOKOH [12,13].

[Tpu enexrpodopmysanni TIC y ¢popmi HeTKaHOTO MaTe-
piany BaxuBo, 00 A®I ta moniMep 100pe PO3UMHSITUCS
B 00paHOMY PO3YMHHHKY i Oynmu cymicHuMH. Bubip pos-
YMHHMKA BILIMBA€E HA MOP(OJIOTiI0 HETKAHOTO MaTepiay Ta
posunHHICTE ADI. Hafigacrine BUKOPHUCTOBYIOTh €TaHOI,
METaHOJI, alleTOH, XJI0podopM, TUMETHI(HOPMaMII TOIIIO,
3aCTOCOBYIOTH 1 KOMOiHaIii po3unHHUKIB [14]. Ockinbku
pospobiena TJIC npu3HadeHa ayist (papMareBTUIHOrO BUPOO-
HUIITBA, KIIIOYOBOIO XapaKTEPHUCTHKOIO € BAKOPUCTAHHS Ma-
JIOTOKCUYHUX PO3YMHHUKIB Ta MIHIMI3aIlisl IXHBOT KIJTBKOCTI
y TOTOBOMY ITPOJLYKTi IO BCTAHOBJIEHUX HOPMATUBAaMH PiBHIB.

BusinbHerHss ADI 3 enekTpochOopMOBaHUX BOJIOKOH 3a-
JIGKUTH BiJl BIACTHBOCTEH MOIIMEPHOTO HOCIS, TOMY HOTO
BUOIp BKpail BaKIMBUH. Y TIporeci eneKTpopopMyBaHHS
TIC BukopucroByoTh (Gapmanesrnyni nomximepu (I1BI1,
[IET, TIBC), npuponsi (Kpoxmais, XiTo3aH, ajJbriHaT Ha-
Tpito) [15,16] Ta Gioposknanui cunrernuni (PCL, PLGA,
PLA) [17]. Born He nmumie CpHUSIOTH MOKpAIIEHHIO 0io-
nocrynHocti ADI, ane # 3a0e3nedyoTh KOHTPOJILOBAHE
BHBLITbHCHHSI.

Kpim nomnimepnoro Hocis, mnpouec ¢popmysanus TJ[C
3aJIOKUTH 1 Bif iHMMX (aKTOpiB, IO HABEIECHO B mabiiu-
yi 1[12,18,19].

EnexrpodopmyBaHHS Mamo BUCOKY €(EKTUBHICTH Mif
Yyac CTBOPEHHsI HETKaHMX MarepianiB i Bojokauctux TJC,
0 CYyTTEBO MOKPANIYIOTh O10OCTYIHICTh aKTUBHUX (hap-
MareBTH4HuX iHrpenientis. Tak, P. Shinde et al. onucanu
TIpoLeC pO3pOOJICHHS YABTPATOHKOIO Marepialy METOIOM
eJIeKTPOQOPMYBaHHs 3 PECBEPATPOIOM JUIs JIOKAIi30Ba-
HOI Teparii paky Monouroi 3ano3u [20]. 11106 momonmaru
HU3bKY PO3YMHHICTH 1 HECTAOLIBHICTH PECBEPATPOILY, HOTO
THKAIICYIIIOBAJIM Y KOMIUIEKC i3 cynb(poOyTniioBuM edipom
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Tabnuusa 1. Mepenik dakTopis, L0 BNAMBaOTL Ha OTpUMaHHS TAC MeToaoM enekTpodopmMyBaHHS

Cknap noniMepHoro po3ynHy

CywmicHictb nonimepy ta AdI

CyMicHuin nonimep nokpatlye posqnHHicTb A, 3anobiratoun kpuctanisauii Ta
MigTPYMYH04M aMopdHNIA CTaH

KOoHLeHTpaList KOMMOHEHTIB

BuLwa KoHLeHTpaLlist po3quHy 3abesneyye yTBOPEHHS! LUNbHILLOro Ta BinbLu
PIBHOMIPHOTO Martepiasny, @ HaATo HU3bKa MOXeE CMIPUYUHUTI HEPIBHOMIPHE
MOKpUTTS 260 YTBOPEHHS Kpanernb

Tun po3umHHKKa

Bnnueae Ha npouec enekTpodopMyBaHHs, BU3Ha4atoum NOpUCTICTb i
PO34YMHHICTb OTPUMAHKX CTPYKTYP

PeonoriyHi BnactueocTi

B’askictb

BuaHayae ctabinbHicTb i Mopgonorito oTpuMaHoro Matepiany: BuLa B'S3KiCTb
Crpysie PIBHOMIPHOCTI Ta MILLHOCTI, HAAMIpPHA YCKINAAHIOE PO3NUIEHHS, @ HAATO
HW3bKa MOPYLLYE CTPYKTYPY

lNoBepxHeBuIn HaTAr

BninvBae Ha 3Mo4yBaHICTb | PIBHOMIPHICTb OTPUMaHOTO MaTepiarny: BUCOKUIA
MOBEPXHEBWI HATAT YCKNaAHIOE PO3TiKaHHS, HU3bKWIA MOKPALLye PO3nogin, ane
HaZMipHe 3HKEHHS MOXe MPU3BECTW A0 HeCTabinbHOCTi

EnekTponpoBigHiCTb po3unHy

Bucoka enekTponpoBigHicTb NokpaLlye hopMyBaHHS!, ane MoXe CIpUYUHATY
HEKOHTPOINbOBaHE PO3MNUINEHHS, HU3bka 0OMEXYE PyX iOHIB, BNNMBatouM Ha
MOPQOSOrito Ta MexaHiuHi BMacTuBOCTi

MapameTpy enekTpoCTaTUYHOro
norns

Hanpyra

Hanpyra BusHa4yae Mopchonorito HETKaHOTo MaTtepiasny: BUCOKa Cripusie
PIBHOMIPHOCTI, ane Moxe CpUYMHATY AedekTu; Hu3bka 3abesnedye
KOHTpOMbOBaHe (POPMyBaHHS, ane obMexye po3TArHEHHs nonimepy

BigcTaHb ronka — konektop

36inbLUEHHS BiACTaHi NPM3BOANTL A0 YTBOPEHHS HEOAHOPIAHOTO MaTepiany, a
HagMipHe 3MeHLLEHHS Liel AUCTaHLIT MOXe nepeLuKoKaTy iX dhopMyBaHHIO

YmoBW hOpMyBaHHS BOMOKOH

LLBnakicTe nogadi posunHy

3poCTaHHs WBWAKOCTI NOTOKY MOXE 3yMOBMOBATW HECTabinbHICTb KoHyca
Tennopa

Temnepatypa Temnepartypa BU3Ha4ae B'I3KiCTb PO34MHY 1 iIHTEHCHBHICTb BUNAPOBYBaHHS.
Ii NigBMLLEHHS 3MeHLLYE B'A3KICTb | NPUCKOPIOE NPOLIEC BUNapOBYBaHHS
PO34YMHHIKA

Bonorictb BororicTb peryntoe BUnapoByBaHHs PO34MHHIKA: BMCOKA BOIONICTb MOXe

yI'IOBiJ'IbHI/ITM npouec i CMPUYMHUT HENOBHE BUCUXaHHA BONTOKOH

[NpoLec BUNapoByBaHHs
PO34MHHIKa

LLBuAKiCTb BUCUXaHHS

LLBuAakicTb BUCKXaHHS BNAMBae Ha MOPAOSOrito HETKAHOTO MaTepiarny: BUCOKa
CNpUsie PiIBHOMIPHOCTI, @ HU3bKa MOXe NPU3BOAUTU A0 AedekTiB

B-mkmonekcTpury Ta moiiBiHUMmiponizorom (PVP K90).
[Momimepy oOMpaI Ha ITiICTaBi pe3yNbTaTiB KOMIT I0TEPHOTO
MOJICITIOBAHHSI, 110 JIAJIO0 3MOTY OIIIHUTH IXHIO B3a€EMOJIIIO 3
JIUIOYOI0 PEYOBHMHOIO, @ TAKOXK Opaiu J0 yBaru pesyibraru
JIOCITIKEHb CTaOUIBHOCTI y pO34uHi. [n vitro Ta ex vivo
JIOCIIDKEHHST TOKa3aIi KOHTPOJIbOBAaHE BUBLILHEHHS TIpe-
napary, TOKpalieHy POHUKHICTh 4epe3 IIKIpy Ta BUCOKY
0iocyMicHICTh. AHTHOKCH/IaHTHA aKTUBHICTb 30epiranacs, a
LUTOTOKCHUYHI TECTH JaJIU 3MOT'Y BCTAHOBHTH 3HAYHO BHIILY
TIPOTHITYXJIMHHY €(pEeKTHBHICTh HAHOCTPYKTYPOBaHOI (hOpMH
MOPIBHSHO 3 YUCTUM pecBeparposioM. OTxe, 3arporoHOBaHa
miar(hopma € NePCIIEKTUBHOKO TS JIIKYBaHHSI paKy MOJIOYHOT
3aJI03H, aJIe TTIOTPEOy€e MPOITOBKEHHS 72 ViVo JTOCIIKEHb JUIS
MiATBEPKCHHS KIIHIYHOTO moTeHmiany [20].

Mertog enexktpodopmyBaHHs 3a0e3mneuye cTadiibHe Gop-
MyBaHHs BOokHUCTHX TJ[C 3 JIomiHABIPOM 1 pUTOHABIPOM,
iHiniroroun nepexin ADI B amophHy Gopmy, HE3aJIeHKHO Bif
ixuporo Bmicty Ta tuiy noiiMepy (I1BIT K-30, Collidon®
VA64, Eudragit® E100) [21].

MeTtonom enekTpoopMyBaHHS HAHOBOJOKOH 13 ITOIi-
BIiHUJIOBOTO CITUPTY Ta XiTO3aHY 3 JOJaBaHHAM EKCTPAKTy
qacHUKY Allium sativum, 6araToro Ha aJiIlH, CTBOPCHO
TAC anst mporunapasurapHoi Tepartii [22]. Bonokna manu
cepenniil piamerp =430 HM, 110 3a0e3neymIo e(heKTUBHY

THKAIICYIIAIII0 aNlIIHY Ta Imokasano 1o 98,4 % cmeptHOCTI
poTocKoiekciB Echinococcus granulosus (in vitro), mo
TIepEBEPIIIYE JIiF0 YUCTOTO EKCTPAKTy. MeTos Mae IoTeHIian
JUTSL JIIKYBAHHST €X1IHOKOKO3Y.

VY (axogiii niTeparypi HOBI IOMJISUTH TAKOXK PO OTPUMAHHS
THC y dopmi MOIyITbHOT TEpOPaILHOT TIIAT(HOPMU 3 TOCTABKU
JIIKAPCHKHX 3aC00IB Ha OCHOBI €ICKTPO(GOPMOBAHIX BOJIOKOH
13 TIIPOKCHUIIPOTIIMETHIIIETIONO3U Ta TOJiCTHICHOKCHTY.
ABTOpHU CTBOPWJIM JABOIIAPOBI IIBUIKOPO3UNHHI MATPHII],
JIc BEpXHill map MICTUTh 1HKaICy/IbOBaHi Jif04i PEIOBUHH, a
HIDKHIH 3a0e31edye MexaHiuHy cTabLIbHICTh. BomokHa Mamm
aMopdHy (HopMy, XapaKTepU3YBaIKCS MBUIKAM PO3YHHECH-
HsM Ta e(peKTUBHUM BUBUIBHCHHSIM. Lle 00rpyHTOBYE iXHIO
TIEPCIEKTUBHICTh CaMe JUTS TIEPCOHAITI30BaHUX TTEPOPATBHIX
(opM i3 KOHTpONILOBAaHUM IpodisieM gocTaBku [23].

Ony0nikoBaHO JaHi 111010 PO3pOOIICHHS eneKTpodhopMo-
BaHOI MEMOpaHH 3 IPUPOTHUX MOTIMEPIB 1 KBEPLETHUHY JIs
JIKYBaHHS XpOHIYHUX paH. MeMOpaHu MaroTh CTaOLIbHY
CTPYKTYDY, 3a0€311euyl0Th KOHTPOJIbOBAHE BUBIILHEHHS
610aKTUBHOTO (PITABOHOITY, YMHATH aHTHOKCHIAHTHY H aH-
TUMIKPOOHY J1i1, a TAKO)K OTEHIIIHHO MOJKYTh CTUMYJTIOBAaTH
pereHepanito TKaHUH. L[ TEXHOIOris € MepCreKTHBHUM
TTJIXOZIOM JUTSI CTBOPEHHS TEPAIeBTHYHIX MaTepiaiiB y chepi
pereHepaTuBHOI MEAULIMHY [24].
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Moydeen A. M. et al. po3poOunm ogHOCTPYMEHEBHUI
METOJ eMYJIbCIIHOTO eNeKTpOo(OpPMYBaHHS JIIsI CTBOPEHHS
HA/ITOHKUX BOJIOKOH 31 CTPYKTYPOIO SITPO — 000IOHKA Ha OC-
HOBI MMOJTIBIHUIITIPOIIIOHY Ta AEKCTPaHy 3 IHKAICYJIbOBaHUM
unpodrokcarHoM [25]. BuBiIbHEHHS [iF0901 PEYOBHHA
3 OTPMMaHUX BOJIOKOH BiZI0yBa€ThCsl KOHTPOJILOBAHO, IIEpe-
Ba)KHO 3aBIIKH Au(y3iiHOMY MexaHisMy. MikpoOionorivHi
TECTH ToKazainu epexTuBHicTh oTpuManux TJIC mpotu
JIeSIKUX TPAaMIIO3UTUBHUX | TPaMHETaTHBHUX IMATOTCHIB.
OtpumaHi pe3ysbTaTu CBiYaTh Mpo MOTEHIIHHY e(eKTHB-
HICTh TaKWUX BOJIOKOH IJIS JIIKyBaHHS iH(iKOBaHHMX paH i3
3aCTOCYBAHHSIM aHTHOIOTHKIB.

I'pyna nociinnukis i3 Kuralichkoro MEan4HOTO yHiBEpCH-
tety Jinzhou noBiomuia npo ycriirHe OTpUMaHHs HAHOBO-
JIOKOH Ag-TeCIIepUINHY METOIOM SIICKTPOPOpMyBaHHS [20].
STk momiMepHU HOC1H BUKOPUCTAHO MOJTIBIHIJIOBUI CITUPT Ta
asprigar Harpiro. OTpuMaHi HAaHOBOJIOKHA A g-TeCTICpHIHHY
MaJTi BUCOKY aHTHOAKTepiaIbHy aKTHBHICTE IPOTH S. aureus
ta E. coli (cTymninb iHridyBanns —>90 %). ExcniepumenTtu Ha
KIIITHHHAX MOJIEIAX 1 JJOCHIPKeHHS 3aTO€HHS paH y TBAPUH
TI0Ka3aJIu, IO 11 HAHOBOJIOKHA MOXKYTh IPHCKOPIOBATH 3aro-
€HH 1H(pIKOBaHHX paH. IMyHOTi1CTOXIMIYHIIA aHAII3 T ATBEP-
JIUB CIIpUSTIUBUI BIUTUB BostokHUCTOI TJIC Ag-recniepuavny
Ha TIPOIIeCH pereHepartii TKaHuH [26].

AHaJti3 pe3ysIbTaTiB HAHOBIIIHX JOCII/PKSHb T ITBEPIDKYE
3HAYHUH MPOTPEC Y 3aCTOCYBAHHI €IeKTPOPOPMYBAHHS IS
CTBOPEHHSI BUCOKOTOUHHX CTPYKTYP 1 (DYHKIIIOHAIBHUX Ma-
TepianiB. OnHAK, He3BKAIOYH HA YCIIXH Ha JJAOOPaTOPHOMY
PIBHI, ITiJ1 Yac BOPOBA/KEHHSI 11i€1 TEXHOJIOTT Y MPOMHUCIIOBE
BUPOOHHIITBO Tiepe] (haxiBIIMH ITOCTAE HU3Ka BIKJIAKIB.

Vass P. et al. 3aificHuIM OCIIKEHHS 3 MacIITa0yBaHH:I
eJleKTpooMyBaHHS U (hapMaleBTUYHOI IIPOMHCIIOBOC-
Ti [27]. Ha migcraBi pe3ynbraris, 110 OJEpIKaHO, aBTOPU
OITMCAIN BUKJIMKH, SIKI CTPUMYIOTH MEPEeXiJ TEXHOJOTI 3
J1a00paTOPHOTO PIBHS JI0 POMHCIIOBOTO BUPOOHHUIITBA. SIK
OJIMH 13 TaKWX YMHHUKIB JOCIIHUKA BU3HAYWIIN HU3BKY
MPOAYKTUBHICTh TPAJULINHOTO eleKTpodOpMyBaHHs,
OCKUTbKH KJIACHYHI OJTHO- 200 0araToroikoBi CHCTEMH MalOTh
00MeXeHy MIBHIKICTh BUPOOHHIITBA, 1[0 MOXKE HE BiIIOBI-
JIaTH TIPOMUCIOBUM noTpebam. JlogaTkoBoro mpoliemMoro
€ 3a0e3meveHHs BIATBOPIOBAHOCTI Iporiecy (hopMyBaHHS
BOJIOKOH 13 3a/aHuMK napamerpamu. KpiMm Toro, nporuec
eIIeKTPO(OPMYBAHHS € YyTIMBAM 0 3MiH TeMIIEpaTypH,
BOJIOTOCTI, HAIIPYTH Ta CKJIa1y PO3YHHY.

IIpommcioBi 6ap’epu BKIIIOYAIOTh OOMEKEHICTh y BHOO-
pl cTaHIapTH30BaHOrO OOJAHAHHS, OCKIJIBKH OUIBILIICTH
MIPOMUCIIOBHX CHCTEM TIepeOyBalOTh HA CTaIii IPOTOTHIIIB,
a TAKOXK YiTKI PEry/sITOPHI BUMOTH, 1110 MIepe10ayaroTh Bijl-
TOBiIHICTE TIporiecy BiuMoraM GMP i HeoOXiTHICTb BasTiarii
nporiecy. KpiM Toro, ekoHOMIYHa JTOMITBHICTD 3aTHIITAETHCS
CYMHIBHOIO 4Yepe3 BHUCOKY BapTiCTh OOJaIHAHHS Ta eleK-
TPUYHOT eHeprii.

TomonaHHs IUX BUKITHKIB IOTPE0y€e MDKIUCIUTUTIHAPHOTO
MIAXOMY, IO MMOEAHYE MaTepiaIo3HaBCTBO, (DapMaIlCBTUKY,
IHDKEHEPII0 Ta PETYISTOPHY eKCIepTH3y, abu 3a0e3NednTH
YCIIIIIHE BIPOBAKCHHSI eJICKTPOGOPMYBaHHS Y BUPOOHH-
LITBO JIIKAPCHKUX (POPM.

BucHoBKkM

1. AHamni3 cy4acHUX HayKOBUX JIOCIHIJKEHb y raiysi
(hapMaIrieBTUYHUX TEXHOJOTIH CBIMYUTH MPO AKTUBHUI
PO3BHUTOK TiXOMIB, CIPIMOBAHUX Ha ITiIBUIICHHS PO3-
YUHHOCTI, a OTXKe H 010MOCTYITHOCTI MaJOpPO3UYMHHUX 1
HEPO3UYMHHUX aKTUBHHUX (papMalleBTUYHUX IHTPEIIEHTIB.
Cepen HUX 0COONMBHI HAYKOBUH 1HTEPEC BUKIHMKAE TEX-
HOJIOT'isI €JIeKTPO(OpMYBaHHSI, 110 A€ 3MOT'Y CTBOPIOBATH
TBEPIi IUCTIEPCHI cUCTeMH y (hopMi HETKaHUX MaTepiajiB
3 YIIBTPATOHKHX BOJIOKOH.

2. TexHosoris enekTpodopMyBaHHSI Ha OCHOBI Pi3HUX
MOTIMEPHUX HOCITB CHPHSE MiZBUIIECHHIO 0i00CTYIHOCTI
ADI Ta 3a0e3medye KOHTPOJIb Hajl MOP(OJIOTi€l0 HETKAHOTO
Marepiaiy 3 yJIBTPaTOHKHX BOJIOKOH, OTPUMAaHUX LIIIXOM
SNEKTPOPO3IHIICHHS.

3. Bukumkwy, noB’s3aHi 3 MacIITadyBaHHIM BUPOOHUIITBA
Ta HEOOXIJHICTIO 3aCTOCYBAaHHSI BUCOKOI Hallpyrd, MOXYTh
00MeXyBaTH IIPOMHCIIOBE BUKOPHCTAHHS IIbOTO METOZY.

4. OnTrManbHI yMOBH (DOPMYBaHHS TBEPIUX AUCTICPCHIX
CHCTEM BH3HAYAFOTHCS cHeM(IYHUMU BUMOTaMH JI0 KiHIIe-
BOTO MPOAIYKTY Ta 00CSATaMK BUPOOHHIITBA.

[lepcnexkTHBN MOAAIBLIINX J0cTiTkenb. EnexrpodopmyBan-
HS Ma€ 3HAYHUHM HAyKOBUH 1 MPAKTUYHUN MOTEHINAN IS
HACTYITHUX JOCIIIKEHb, CIPSIMOBAHHX Ha BIOCKOHAJICHHS
TEXHOJIOT1H CTBOPEHHS TBEPJIUX TUCIIEPCHUX CHUCTEM i3
MOKPAIIEHO0 PO3YMHHICTIO IIMPOKOTO CIEKTpa aKTHMBHHUX
(hapMaleBTUYHUX IHIPETIEHTIB.
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Komop®6igHicTb y nauieHTiB i3 HerocnitanbHOK NHEBMOHIELD,
L0 NoegHaHa 3 KOPOHAaBiIpPYCHOK XBOPOOOIO

O. C. Kynbbauyk®CF, €, B. Cigb™@AP, O. B. Conositos(®8, A. B. MickyH(E

3anopisbkuil AepxaBHU MeayKo-hapMaLeBTU4HUI yHIBEpCUTET, YkpaiHa

A — KOHUenNUig Ta AnsaitH gocnimkeHHs; B — 36ip aanux; C — aHanis Ta iHTepnpeTauis fganux; D — HanucanHs cTaTTi; E — peparysanHs cTarTi;
F — octaTouHe 3aTBepMKEHHS CTaTTi

MeTa poGoTu — npoaHaniayBaTty 1 OLHATY BiZOMOCTI (haxoBuMX LKepen LoAo KOMOpOiAHWX CTaHIB y NaLieHTIB i3 HerocniTanbHOK MHEB-
MOHi€l0, sika NoeaHaHa 3 KOPOHaBIPYCHOK XBOPOGOH.

Marepianu i MmeTogun. 3anyyatoun nepluogxepena 3 HaykoMeTpuyHux 6as aaHux Scopus, Web of Science, PubMed, 3giiichnnu petpo-
CMEKTUBHWIA aHani3 BifOMOCTEN HayKOBOI niTepaTypyu 3 npobnematvku KoMopOGIgHOCTI Yy XBOPKX Ha HerocniTanbHy MHEBMOHILO, NOEAHaHY
3 KOPOHaBipyCHO xBopoboto. MubuHa nowwyky mxepen — 5 pokis (3a 2020-2025 pp.).

Pesynkratn. [MpoaHanisyBanu BN koMop6igHUx cepLeBo-CyanHHMX 3axBoptoBaHb Ha nepebir COVID-19 i piBeHb cmepTHOCTI. AHani3
[laHux axoBoi MiTepaTypu CBIYNTb, IO HASBHICTb CEpPLEBO-CYAMHHUX 3aXBOPHOBaHb 30iMbLUYE LAHCK Ha PO3BUTOK TSBKKOrO nepebiry
COVID-19 ytpudi. XBOpi noxunoro Biky Ta NauieHTU 3 rinepToHieto, AiabeTom MatoTh Hauripwumini nporHo3 npu COVID-19. Pesynbratn
JOCNiMKEeHHs NOKa3anu niaBuLLEHyY 3aXBOPKOBAHICTb | CMEPTHICTb NaLieHTiB i3 AiabeToM, 3B’A30K Mix PIBHEM TTHOKO3M Ta TSXKKICTHO 3aXBO-
PIOBaHHS. Y pisHMX Npausx MiaTBepMKeHO BaXMBICTb paHHbOI AiarHOCTUKM Ta rocritaniaauii, a Takoxx HeobXigHICTb KOMMNEKCHOTO Niaxoay
[0 NiKyBaHHS1, BKITKO4aKYM CriBNpaLto Kapaionoris i mynbMoHorori. BcTaHOBREHO, WO NaLieHTV 3 XPOHIYHUMU 3aXBOPIOBAHHAMMU, SK-OT
OpOoHXianbHOK0 acTMOH0 Ta XPOHIYHUM 0BCTPYKTUBHUM 3aXBOPIOBAHHSIM JereHb, CXWITbHI A0 BULLOTO pu3KKy Tsbkkoro nepebiry COVID-19.
OnuncaHo MexaHi3amMu 3ananbHOro YLWKOMKEHHS CepLis, L0 BUSBMAIOTL Nif Yac 3aXBOPIOBAHHS, Ta iXHill 3B'A30K i3 MPOrHO30M.

BucHoBku. HeobxigHa cBoevacHa giarHoCTMKa Ta MikyBaHHA KOMOPOIAHMX CTaHIB ANA 3HWKEHHS PU3WKY YCKNaAHeHb Y MauieHTiB i3
COVID-19. MigkpecneHo BaxnuBy posb CIMENHWX NTikapiB Y MOHITOPUHTY 1 yNPaBMiHHI XPOHIYHUMI 3aXBOPIOBAHHAMM, LLIO MOXE CYTTEBO
nonerwutyn nepebir COVID-19. MNepcnekTnBmM noganbLUmX AOCHILKEHb NONSAraoTh Y BU3HAYEHHI MapKepiB iMyHo3ananbHoi Bignosigi Ans
NporHo3yBaHHs nepebiry B NaLieHTiB i3 HerocniTanbHOK MHEBMOHIEH, L0 MOB'Si3aHa 3 KOPOHABIPYCHO iHdeKLie, Npu koMopbigHil
naTonori.

KntouoBi cnosa: HerocniTarnbHa NHEBMOHIs, MapKepu 3ananeHHs, CynyTHI 3aXBOpioBaHHS, TpPomMB03, kopoHaBipycHa xsopoba, SARS-CoV-2,
COVID-19.
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Comorbidity among patients with community-acquired pneumonia combined with coronavirus disease
0. S. Kulbachuk, Ye. V. Sid, O. V. Soloviov, A. V. Piskun

The aim of the work is to analyze and evaluate data from professional literature sources regarding comorbid conditions among patients
with community-acquired pneumonia combined with coronavirus disease.

Materials and methods. Using primary sources from the scientometric databases Scopus, Web of Science, PubMed, a retrospective
analysis of literature data on the issue of comorbidity in patients with community-acquired pneumonia combined with coronavirus disease
for 2020-2025 was conducted.

Results. This article examines the impact of comorbid cardiovascular diseases during COVID-19 and the mortality rate. Literature analysis
shows that the presence of cardiovascular diseases increases the chances of developing a severe course of COVID-19 by three times.
Elderly people and patients with hypertension and diabetes have the worst prognosis for COVID-19. Studies indicate increased morbidity
and mortality among patients with diabetes, as well as the relationship between glucose levels and disease severity. The works of various
authors emphasize the importance of early diagnosis and hospitalization, as well as the need for an integrated approach to treatment,
including the cooperation of cardiologists and pulmonologists. It is also noted that patients with chronic diseases, such as bronchial
asthma and chronic obstructive pulmonary disease, are at higher risk of severe COVID-19. The article also discusses the mechanisms of
inflammatory damage to the heart that are detected during the disease and their relationship with prognosis.
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Conclusions. Timely diagnosis and treatment of comorbid conditions are need to reduce the risk of complications in patients with COVID-19.
The article emphasizes the important role of family doctors in monitoring and managing chronic diseases, which can significantly alleviate
the course of COVID-19. The prospects for further research are to identify markers of the immunoinflammatory response to predict the
course in patients with community-acquired pneumonia associated with coronavirus infection with comorbid pathology.

Keywords: community-acquired pneumonia, inflammatory markers, comorbidity, thrombosis, coronavirus disease, SARS-CoV-2, COVID-19.

Current issues in pharmacy and medicine: science and practice. 2025;18(3):356-362

[Mangemist koponasipycy 2019 poky Oyna cipuunHeHa
onHonanunorosuM PHK-BMicHuUM BipycoM, skuil Terep
Ha3uBawTh Severe Acute Respiratory Syndrome-related
coronavirus-2 (SARS-CoV-2); came BiH 3yMOBITFOE XBOPOOY
COrona VIrus Disease 2019 (COVID-19). [TouyarkoBsi 3y-
CHJUISI HAyKOBIIIB CIIPSIMOBAHI Ha OIMC KIIIHIYHOTO I1epediry
3aXBOPIOBAHHS, TSUKKMX BHIQJKIB 1 JIKYBaHHS XBOPHX.
Brie manmemii Ha CyCIiIbCTBO 3aJICKUTh BiJl KUTBKOCTI
iH(iKOBaHMX, CTyIeHs nepeaadi iHpekuii Ta crekrpa il
KIIiHIYHOT TsDKKOCTI [1,2].

VY minTBep/KEHHX 1 3apeeCTPOBAHUX BHITAIKaX 3aXBOPIO-
BanHs Ha COVID-19 omicano HU3KY CUMITTOMIB — BiJT JISTKUX
CKapr, sIK-0T JINXOMaHKa Ta KalllelTb, 710 TSHKIUX, TOB SI3aHUX
30KpeMa 3 YCKJIaHeHHsIM JixaHHs. HerocnitaabsHa MHEBMO-
Hist (HI'TI) mpu SARS-CoV-2 xapakTepHsyeThcsi pO3BUTKOM
pazioNoTiYHUX MaTepHiB, MO0 MOXXHA BH3HAYUTH TUIBKU
3a momomororo koM rorepHoi Tomorpadii (KT) rpyanoi
kiitku. O6pobka 300pakens KT 3a mornomororo cy4acHoro
TIPOrpaMHOT0 3a0e3MeYeHHs 1a€ 3MOT'Y BU3HAUHUTH ANHAMIKY
niepediry mHeBMoHii, o noexHana 3 COVID-19, i ouinntu
eeKTUBHICTb JIiKyBaHHS [3,4].

Herocnitansha naeBMoHist ipu COVID-19 mae Tspkkuit
niepe0ir i BUCOKY JIETAJIBHICT Y BPa3JIMBOI Kareropii — ocio
MIOXHJIOTO BiKYy 3 IOEJHAHHSIM CYIYTHIX 3aXBOPIOBaHb:
apTepiajbHOi TinepTeHsii, IyKpoBOro aiadeTy, OXKUpIiHHS,
CepIIeBO-CY/IMHHHUX 3aXBOPIOBAHb, XPOHIYHOT XBOPOOH HH-
POK, XpPOHIYHHX 3aXBOPIOBAHb IEYiHKH, 3JIOSIKICHUX Iy XJIH.
Jlu1e moyoBMHA MAIi€HTIB 10 HAIXO/PKEHHSI JI0 CTallioOHapy
oTpuUMye€ 0a3UCHY TEpaIiio MI0JJ0 OCHOBHUX 3aXBOPIOBAHb.
3a JTaHUMH JIOCITiKEHb, HASIBHICT CYIYTHIX 3aXBOPIOBAHb
€ OCHOBOIO JUIS TOTIPUIEHHS pe3yJbTaTiB y Malli€HTIB i3
COVID-19 [5,6,7,8].

MeTa po6otu

[IpoanamizyBaT ¥ OLIHUTH BIiZJOMOCTI (paxoBHX JKEpes
1010 KOMOPOITHUX CTaHIB y MAIIE€HTIB 13 HErOCHITATLHOIO
ITHCBMOHIEFO, sIKa TIOETHAHA 3 KOPOHABIPYCHOKO XBOPOOOIO.

Marepianu i MeTogu pocnipkeHHA

3ayyaroun nepuiopkepesa 3 HayKOMeTpUIHHX 0a3 JaHuX
Scopus, Web of Science, PubMed, 3iiicHAIN peTPOCTICKTHB-
HUH aHaJi3 BiZJOMOCTEH HayKOBOI JIiTepaTypH 3 podiemMaT-
K1 KOMOPO1THOCTI y XBOPHX Ha HETOCIITAIbHY ITHEBMOHIIO,
TIO€THAaHY 3 KOPOHABIPYCHOIO XBOP0OOI0. [ TnOuHa mormryky
mkepen — 5 pokiB (3a 2020-2025 pp.).

[Tiyx yac nmomryKy JpKepes 3acTocoBYBali KOMOIHAIT KITo-
YOBHX CJIiB: community-acquired pneumonia, inflammatory
markers, comorbidities, thrombosis, coronavirus disease,
COVID-19. OnpaupoBytoun pe3yasTaTd HOIIYKY, 00upatu

HaOLIBII pesieBaHTHI JyKepelia 3 MpoOIeMaTHKH J10CTi-
JDKCHHSL.

[Ticnst onpanfoBaHHsT aHOTALIN 1 MEperIsly TOBHOTO
TEKCTy cTaTel oOpainu 38 opuriHATBHAX CTaTeH, AKi i mpo-
aHaJIi3yBaJIH.

Pesynbratu

VY pe3ysbTari YMCcIeHHHUX J0CITDKEHB IT0Ka3aHo, 10 KOMOp-
OiHI cepIeBO-CYAMHHI 3aXBOPIOBAHHS OB’ SI3aHi 3 TSDKIUM
nepeOiroM 3axBOPIOBAHHS Ta BHIIMM PIBHEM CMEPTHOCTI
Big COVID-19. V meraananisi S. Figliozzi et al. mokasaHo:
ICTOpIsl CepLIEBO-CYJMHHUX 3aXBOPIOBaHb BTPHUYI 30UIbIIYE
criBBinHOMIEeHHS maHciB (3,15, 95 % moBipuwmii iHTEpBaN
(4D 2,26-4,41) po3Butky TspxKoro epediry COVID-19. Sk
KIHIIEB] TOYKH IIiJ] Yac JOCIIKEHHS BU3HAYEHO JIETaIbHAN
HACIIJIOK, TSDKKUH Mepedir 3aXBOPIOBAaHHS, TOCIITATI3aIII0
JI0 BIUILICHHS! IHTEHCHUBHOI Tepartii Ta/abo BUKOPUCTaHHS
HITYYHOI BEHTHWIAILII JIeTeHb, BHYTPIIIHBOJIKAPHSHY JIe-
TaJNbHICTH [9].

Oco0u moxXmiIoro BiKy Ta XBOpi OyJb-sIKOTO BiKY, KOTpI
MarOTh TaKi 3aXBOPIOBaHHS, SIK TINEPTOHIYHA XBOpoOa Ta
LyKpoBUii niabet, MaroTh Tipmmid mporHo3 oo HI'TI, mo
acoriioBana 3 COVID-19. V xBopux Ha IyKpoBuii aiadbeT
BU3HAYAIOTh IiJBUIIEHHS PiBHS 3aXBOPIOBAHOCTI Ta CMEPT-
HOCTI, TIOPIiBHSHO 3 MaIlieHTaMu 0e3 HbOTO; KPiM TOTO, Yy Miit
KOTOpTi 30UTBIIEHHH BiJICOTOK TOCHiTasIi3awii 0 JIiKapHi Ta
JI0 BiIAisIeHHs iHTeHCHBHOI Tepartii [ 10].

BcranoBneHo 38’5130k mykpoBoro maiabdery it COVID-19.
€ nani, mo COVID-19 3aroctproe 0cHOBHY 1aro(i3ionorito
rineprikemii B oci6 i3 miaderom. Y mocmimkenti E. Barron
et al., mo 3nilficHeHe B AHIUIIT, BCTAHOBJICHO: TICIISI KOPEKITT
3a BIKOM, CTaTTIO, COMiaTbHO-EKOHOMIYHIM CTaTyCOM, €THIU-
HOIO HAJISKHICTIO Ta reorpadiyHUM perioHOM IPOXKMBaHHS
TTOPIBHSAHO 3 XBOPUMHU 03 iabeTy BiTHOIICHHS MAHCIB YIS
BHYTPIIIHBOIIKapHSIHOI cMepTi, 1110 TToB si3aHa 3 COVID-19,
cranoBuio 3,51 (95 % JI3,16-3,90) y martienTis i3 niabetom
1 Ty Ta 2,03 (95 % I 1,97-2,09) y XxBopuX Ha IIyKPOBH
miaber 2 tumy [11].

Merta jrocmipkeHss, o 3aiicawmm B. I1. MenbHuK i cri-
BaBT., NOJISITAJIA Y BHSIBIICHHI OCOOJIMBOCTEH 3apakeHHS B
ocepeaKy iH(eKIii, KIiHITHOTO Iepediry, 00csATy Ta 9aCTOTH
00CTe)KEHHs NALIEHTIB, CIIUIKYBaHHS 3 CIMEHHUM JIIKapeMm,
JIIKyBaHHS XBOPUX Ha ITHEBMOHIIO, CIIPHYUHEHY BipyCcOM
SARS-CoV-2. Y pesynbrati JOCHTIIKSHHS aBTOPH TiHAIILIH
BHCHOBKY, III0 pyTHHHE 3aCTOCYBAaHHS aHTUMIKPOOHHX TIpe-
napariB 0e3 10Be/IeHOi HeOOXIJHOCTI B MAIIEHTIB, B SIKUX €
npurymieHHs: npo po3sutok HITI, cnpuumHeHoi Bipycom
SARS-CoV-2, 3a nanumu KT opraHiB rpynHoi KJIiTKH, a
TaKOXX Y XBOPHX Ha ITHEBMOHIIO IIi€l eTionorii, ska miIrsep-
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JDKEHa 32 JOTIOMOTOFO TTOJTiMEPa3HOi JTAaHIFOTOBOI PeaKilii, €
He JINILIe HETIOTPIOHUM, aJie i HeOe3eYHNM Yepe3 MOTeHIa
TTOCHJICHHSI PE3UCTEHTHOCTI /10 X rpemnaparis [ 12].

VY pesynbrati nocnimkenss O. K. SIkoBeHka Ta cIiBaBT.
MTOKA3aHO: POTHO3 TSHKKOTO Tepediry 3axBOPIOBAaHHS Ha
COVID-19 3anexuTh Biji cBOEYACHOI 11arHOCTUKHU Ta TOC-
miTajizamii 10 TSHKKOT JUXalbHOT HEIOCTATHOCTI, OCKUIBKA
85,7 % nari€eHTiB, sIKi IOMepIu, Oyiu repeBe/ieHi B peaHi-
MAIlifo 3 IHIMMX METUYHUX 3akiamiB. CepemqHs caTyparis
KpOBI MarieHTiB i3 Tsokko0 Gopmoro COVID-19, ski no-
Mepin, ctaHoBmta 78,0 % i 9ac HaIXOMKCHHS, a CePeTHS
carypailist KpoBi HaIi€eHTiB, siKi omgyxaiu, — 85,4 %. Bax-
TUBHH geMorpadiuyHnil hakTop, SKU TO3UTHBHO BIULITMHYB
Ha OIyKaHHS, — MOJIOAIINH BIK MAIli€HTa Ta )KiHOYA CTaTh.
Cepen 1a00paTOPHUX MOKA3HUKIB HAHOLTBIIHI HETaTHBHUM
BIUTUB Ha OY>KaHHS MaJIY JISHKOLUTO3, I1IBUIIIEHHS PiBHA
KpeaTHHIHY Ta ITiBHILIECHHS PiBHS INIIOKO3W B CHPOBATILI
kposi [13].

[Torenniitni paxTopyn pU3UKY CMEPTHOCTI cepell roc-
mitamizoBanux namieHTiB i3 COVID-19 BuB4eHo mix gac
nocaipkenHs T. O. IlepueBoi Ta cmiBaBT. Sk Taki 4MH-
HUKJ aBTOPW BHU3HAYWIN BiK MOHAT 57 POKiB, HASBHICTH
00JIFO 3a TPYJMHOIO Ta HEHPOM SI30BUX CHMITTOMIB ITi]] 4ac
HAJXOIDKEHHS IO CTaIlioHapy, a TaKoK OLUTBIIE HiXK 1B
JIarHOCTOBaHI CyMyTHI 3aXBOPIOBaHHs. 3-TIOMIX CYITyT-
HIX TIaTOJIOTiil 0COONMBY yBary IpUBEpTAIN apTepiaibHa
rifepTeH3is, yKPOBUii 1iadeT, epeOpoBacKy ISIPHI 3aXBO-
proBaHHs, imeMiuHa XBOpoOa ceplsi, cepleBa HeaoCTar-
HICTh Ta apuTMis. JlonaTKOBO i1eHTH(IKOBAHO CreIH(iuHi
nmabopaTopHi MOKa3HUKH, IO ACOIHIOIOTHCS 3 i ABUIICHIM
pusukom: piBerb ACT nonan 50,2 On/n, 3aranbHuii 01710K
<66,1 1/m, xkpeatunin >102,7 mxmons/i1, C-peakKTUBHUN
61510k >46,8 Mr/i [2].

3a pesynsraramu, siki 3adixcyBanu JI. 1. Kononkina Ta
0. O. lyapo, BUpaXEHICTh 3aIUIIKKA B MiAroCTPii dasi
COVID-19 3anexuTh Biji TPHBAIOCTI YPaXKEHHS JIET€Hb Y
rocTpiid (azi Ta THKKOCTI Mepediry 3aXBOproBaHHs. Y pasi
CEepeaAHBOTSHKKOTO nepediry rocrporo nepiogy COVID-19
3aIMIIKa Y MATOCTPiil (a3 31e0iapmoro cipuynHeHa
3aIMIIKOBIMH 3MiHAMH B JMXAJIBHIA cucTeMi W 00CTpyK-
THUBHHMMH BEHTWIALIHHUMH [TOPYIIEHHSMH JIETKOTO CTYIIeHS
BupaxkeHocTi. [TopyIeHHs ceprieBo-Cy/IMHHOI CUCTEMH Y LIUX
TIAIIEHTIB BUSBISUIA HacaMIlepen 3a IiABHUIICHHSAM piBHS
NT-proBNPy cuposarui kpoBi (22,9 % nariieHTiB), 110 MOXe
OyTH MapKepOM PO3BUTKY CEpIICBOT HEOCTATHOCTI Y HUX; 1e
3yYMOBJIIOE JIOITbHICT JI0IATKOBOT KOHCYJIBTAIIIT Kap/1ioyora.
V¥ pasi Tsoxkoro nepebiry roctpoi dpazu COVID-19 3aanmka
B IiArocTpiit (asi 3yMoBJIeHa 3aJIMIIKOBUMH MOP(OIIOriy-
HUMU 3MiHAMH quxaiibHoi cuctemu (54,1 % marieHTiB) Ta
MATOJIOTIE0 CEPIICBO-CYAMHHOI cuctemu (45,9 % xBopux).
VY nanieHTiB i3 KpuTHIHIM roctpum nepedirom COVID-19
3a/IUIIKa Y MMOCTIOCTPiil (ha3i cTabiIbHO 3yMOBICHA 1 3a-
JUIIKOBUMH MOP(DOJIOTIYHUMH YPaKCHHSAMH JHXaIbHOT
CHCTEMH, 1 CepLEeBO-CYAMHHOIO TaroJorieto. JliarHocToBa-
Ha KOMOPOIi/THa CepIIeBO-Cy/IMHHA ITATONIOTisI OOTIPYHTOBYE
HEOOXiHICTh 3aTyUeHHsI MyTbMOHOJIOTIB 1 KapIioJoTiB JI0
KOMaH/I! JIiKapiB, 0COOJIMBO KOJIM 33JMIIKA HE KOPEIIOE 3

MOPQOIOTIYHIMH YpaKeHHIMH TuxansHoi cucremu Ha KT
rpyaHoi kiiTku [ 14].

3a ganmMu LleHTpY KOHTpOIIO Ta TPO(DITAKTHKA 3aXBO-
proBanb CIIIA (Center for Disease Control and Prevention),
TIAITIEHTH 3 aCTMOIO Ta aJIEPTi€l0 3HAXOSTHCS B 30HI 0COOIH-
BOro pu3uKy i yac nanzaemii COVID-19. ArpecuBhuii Bipyc
SARS-CoV-2 ypakae iepemycim JereHi, a OUTbIIICTh MarieH-
TIB 3 &CTMOIO MAIOTh IiIBUIICHHUH PU3KK iH(DIKyBaHHS Ta, HMO-
BipHO, TIOTEHIIIITHO MatoTh Tsokumii mepedir COVID-19 [15].

Y KOropTi rocCIiTani30BaHuX Malli€HTIB 31 CIPUYMHEHOIO
COVID-19 BipycHOIO HErOCHiTAJILHOIO ITHEBMOHIEIO, SKi
notpedyBalii KMCHEBOI MiJITPUMKH, 4acTKa XBOPUX Ha
OponxianbpHy actMy ctaHoBmia 2,9 %. Tsokknit nepeOir
COVID-19-acouiitoBanoi HI'Tl y Takux naiieHTiB, siki oTpu-
MyBaJIi 6A3MCHY TepaIio IHrAAIIHHIMH KOPTUKOCTEPOifa-
MU, BAHUKAB y pa3i HEKOHTPOJILOBaHOI OpOHX1aJIbHOT aCTMH,
3a HasBHOCTI KOMOpPOiHOT marosorii a0 mpu TpuBajJoMy
3aCTOCYBaHHI CHCTEMHHX TITFOKOKOPTHKOCTEPOiIiB. 3ayBayKH-
MO, 1110 Yy ITali€HTIB i3 OPOHXIaJIBHOIO aCTMOIO, SIKi TTOTpeOy-
BaJIA KHCHEBOI MATPUMKH, TTATOJIOT14HI 3MiHH B JIETCHSX, 32
nanumu KT, maiike OBHICTIO 3HUKAIOTH ITPOTSITOM MEPILIHX
3 TIKHIB Ha POHI MPU3HAYCHOTO ONITHMATBEHOTO JIIKYBaHHS.
BaximBi 0coOnMBOCTI Nepediry TakoK BKIIOYAIOTH TE, 10
HE BUHHUKAIOTH JIONATKOBI eM(i3eMaTo3Hi 3MiHH B JICTCHSX 1
CHMIITOMH 3arocTpeHHs1 OpoHxiabHoi acTMu [16].

[NamieHTH 3 XpOHIYHIM OOCTPYKTHBHIAM 3aXBOPIOBAHHSIM
JereHb a0o Oy/b-SIKUMHU PECIipaTOPHUMH 3aXBOPIOBAHHS-
MH TaKOX MAroTh HiJBUIICHUH PU3UK TSKKOTO mepediry
COVID-19. 3a pesynsratramu gociimkerss Q. Zhao et al.,
pusuk 3apaxeHas COVID-19 cepex mami€eHTiB i3 XpOHIYHUM
00CTPYKTHBHHM 3aXBOPIOBAHHSIM JIETEHb YUETBEPO BHUIIMH,
HDX y XBopHX 0e3 Hporo [17].

VY nonan 30 % nanienris i3 noct-COVID-cunapoMoM y
pe3yabTaTi IeTaNbHIIOro 00CTEeKEHHS BUSBICHO ICTOTHE
3HWKEHHST TM(Yy31HHOT 31aTHOCTI JIETeHb, a TAKOXK OB’ s13aHe
i3 UM TTOIIKOJDKEHHS JICTEHEBOTO 1HTEPCTHUILFO. 3TiTHO 3
BucHoBKaMu A. O. Jlorans 1 T. B. KoncrantuHoBuy, ajis
TIOKPAIICHHS SKOCTI )KUTTS Ta IPOTHO3Y Y TaKUX MAIi€HTIB
HEOOXiTHUM € paHHE BUSBJICHHS Ta Bepr(iKaris maroiorii
JIMXaIBHOT CHCTEMH, CBOEYACHE NMPU3HAYCHHS BIIMOBIIHOT
Teparrii [18].

HasiBHICTB TOCTPOTO ypa)XeHHs Ceplisi, CyIMHHOI auc-
¢yHKIii Ta TpoMO03y B matieHTiB i3 COVID-19 akryamnisye
BKJIMBI MUTAaHHS MPO MOTSHIIHHUK BiJlaJieHnit Kap/io-
BacKymsipHHU eexT. Bimomo, mo TsHKka HErocHiTalbHa
MHEBMOHIsI OYIb-sKOI €Ti0JIOTii CIpUYHHSIE PO3BUTOK
TimepKoaryssmii, IpoTe WMOBIPHICTh PO3BUTKY TPOMOO3iB
NP THEBMOHIT Ha (POHI KOPOHABIPYCHOI XBOPOOH € 3HAYHO
Bumoro [19].

SIK110 He MPU3HAYEHO 3aXOJM 3 aHTHKOATYJISHTHOI
PO LIAKTHKH, PU3UK TPOMOOEMOOIIYHUX YCKIIaTHCHB
y MOCTKOBIJJTHOMY Mepioji 3HaYHO 3pOCTa€ y TAI[€HTIB, Y
KOTPHX JliarHoCToBaHO TspKKUH repedir COVID-19. Brim,
CUCTeMaTHYHEe MPUUMaHHS aHTHKOATYJSHTIB MPOTITOM
moHalMentre 2 MicsiuiB Bij nepmux cumntoMis COVID-19
CYTTEBO 3HIDKYE IIeH pU3HK, HABITh Y TAIIIEHTIB i3 KPUTUIHUM
niepebirom roctpoi asu 3axBoproBanus [20].
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V¥ nocrimxenni K. B. FOpko Ta criBaBT. HaBeeHO JaHi,
110 CBiYaTh PO 3MIHM B CUCTEMI T€MOCTa3y 3aJE€HKHO Bil
TsoxKocTi COVID-19. V marieHTiB i3 cepeHiM CTyIIeHEM
TSDKKOCTI 3aXBOPIOBAHHS JOMIHYBaJIU TPOSIBU TilepKoa-
rymamii. Pasom i3 TaM, pu TpuBasioMy mepediry Xsopoou
(monan 21 n00y) abo y BUNaKax TSHKKOT UM BKpald TSIKKOT
¢dopmu COVID-19 gacto BU3HaYaIIM HE TiMEPKOATYIIAIIIIO,
a TIMOKOATYJIAIII0, 10 CIPHUYUHSIIO PO3BUTOK CHHIPOMY
JMCEMIHOBAHOTO BHYTPILIHBOCYANHHOTO 3ropraHHs. Lli
JlaHl TATBEPIKYIOTh MPSIMY KOPEJALII0 MK MMOKa3HU-
KaM{ TeMOCTa3y Ta CTYICHEM TSHKKOCTI KOPOHABIpyCHOL
iHGexuii [21].

3rigHo 3 pe3ynsrartaMu qociipkeHas M. Marushchak etal.,
00paxyHOK iHAeKCY KomopOiaHocTi Yapicona (the Charlson
Comorbidity Index) aist oniHIOBaHHS CYIyTHBOI ITaTOJIOTIT
B TOCIITaJi30BaHMUX MALIEHTIB i3 HETOCTITAIBHOIO ITHEBMO-
Hiero, mo crnpuanHeHa SARS-CoV-2, Moxe TonoMorTu
pO3po0ISITH CBOEYACHI MPOQITaKTUYHI Ta TepaneBTUIHI
cTparerii, a 1e MOTEHIIHHO CIPUSTHME ITOKPAIEHHIO TPO-
THO3Y JUIS TIAIi€HTIB. ABTOPH BUSIBHJIM 3HATYIIHHA 3B’ 30K
MDK KOMOPOITHICTIO Ta TSHKKICTIO THEBMOHIT, 110 MiKpec-
JIFOE€ BaYKJTUBICTH BpaXyBaHHS KOMOPOITHUX CTaHIB i gac
OLIIHIOBaHHSI PU3UKY TA BU3HAYCHHSI TAKTUKH JIIKYBaHHS [TUX
TIAIIEHTIB. 3T1THO 3 BUCHOBKAMH, SIKi 3pOOIIIH aBTOPH, IHICKC
komopOiaHocTi Yapiacona Moxke OyTH albTepHaTHBOIO abo
JIOTIOBHEHHSM JI0 CICIU(IIHMX IITKAJT OLIHFOBAHHS TSHKKOCTI
ITHEBMOHIT JIJIsl TIPOTHO3YBAaHHSI PU3HMKY HECTIPHSITIMBUX
HACII/IKiB 3aXBOPIOBaHH [22].

VY nocnipKeHHsX, Ml 4ac SKUX BHBYAJH IOB’sI3aHY 3
KopoHaBipycHoro iHpekmieto HI'TI, minTBepmkeHo Baxim-
BICTh OIIIHIOBAHHS IMyHO3AIAIbHOI BIAMOBI/I — BOHA MOXE
OyTH OJHUM 13 KIFOYOBHUX (HaKTOPIB PO3BUTKY YCKIIAIHCHb
3axBoproBanHs. CTaTUCTUYHUI aHaNi3 PIBHIB MapKepiB 3a-
makHOI BifmoBini y mamienTiB i3 HI'TI, mo acomifioBana 3
COVID-19, nornomarae aerajibHille BUZHAYUTH MEXaHI3MH
TSDKKOTO Ttepe0iry mueBMoHii [23].

V pesynbrarti nocmimpkenns, ke 3aiicamm K. 0. JIuteuH i
0. O. bi10KOHB, BCTAHOBJICHO: TiIBUILICHHS PIBHSI IHTEpIICH-
kiny-6 (J1-6) y martienTiB i3 COVID-19 xopernroe 3 THKKICTIO
niepeOiry 3axBoproBaHHs1. Le miBHUIICHHS TaKOXK MOXE Oy TH
acorrifoBane 3 BikoM (30Kpema sl TarieHTiB Bikom 70—79
POKIB), @ TAKOX 13 HU3KOIO CYITyTHIX 3aXBOPIOBaHb 1 KIIHIY-
HUX CTaHIB, K-OT IIIIEMiTHOIO XBOPOOOIO CEPITs, OXKUPIHHM,
TapsTIKOI0, MMiJIBUIIEHUM apTepialIbHIM THCKOM 1 3HM)KEHHSIM
caryparii. Kpim toro, Bumi piBHi [JI-6 ¢ikcyoTs y pasi
30ubIIeHHsT BMicTy C-peakTHBHOTO OilKa, 3aJIMIIKOBOTO
a30Ty ¥ KUTBKOCTI MANMYKOSACPHUX HEHTpo(dimiB. ABTOpH
TIPUITY CTHIIM, 110 KOMIUIEKCHUH aHai3 1iuX (akTopiB MOXe
OyTH KOPHCHUM IS TOOYZOBU TPOTHOCTHYHOT MOJIEN T1e-
pebiry kopoHaBipycHOI XBopoOH [24].

[MigTBepmKeHo, mo piBeHb iHTepaelkiny-10 (IJI-10) Ha
mouatky COVID-19 3pocTae mapajeabHO 3 IiIBUIICHHIM
1JI-6. Ha mincTaBi mux gaHUX 3poOMIIM BUCHOBOK, IO 1€
MOX€ CBIAYHTH PO HOTo Mpo3anaibHy pojib y MaToreHesi
rocTpoi (a3u 3aXBOpIOBaHHS. 30UTHIICHHS KOHIICHTpAITiT
IJI-10 xapaktepu3ye TSKKICTh Mepediry XBOpoOH, pU3NK
JIETAJILHOTO HACIIZKY 1 MOXKe OyTH MOB’s3aHE 3 HU3KOIO Cy-

ITyTHIX MaTOJOTIH, KIIIHIYHUX CTaHIB, 31 3MiHAMH 3aTaTbHIX
J1a00paTOPHUX MOKa3HUKIB [25].

ITix wac mocmimxenns, mo 3gidcauan O. Z. Skakun i
N. M. Serediuk, mpoanasti3oBaHo piBeHb PEPUTHHY CHPOBAT-
KM KpOBI ITiJT 9ac TOCHiTami3arii. ABTOpH AiWIIIH BUCHOBKY,
1[0 piBeHb (PEPUTHHY 3POCTAE BIAMOBIIHO JO TSHKKOCTI
COVID-19 y nami€eHTiB 3 apTepialbHOIO TIMEPTEH3IE0 1 €
HPEMKTOPOM BHYTPIIIHBOTOCIIITaIbHOI CMEPTHOCTI y Ta-
KUX XBOPHX. BTiM, HOro IporHoCTHYHI BIACTHBOCTI LIOIO
TSDKKOTO / BKpail TSKKOTO IIepediry Ta noTpedu B KMCHEBiit
Teparlii BUSBIIIUCS clIaOKUMH. [10poroBUM 3HAYCHHSM ISt
NPOTHO3YBaHHS BHYTPIIIHBOTOCIITaIbHOI CMEPTHOCTI BH-
3Ha4eHO piBeHb GeputrHy 438,0 Hr/mi [26].

COVID-19 moxe maru MONiCHHIPOMHUI Tiepeoir i3
3anajJbHUM ypaXEHHSM Ceplls, 10 MOXKE TPUBATH KiIbKa
MICSIIiB 1 IOTIPITYBaTy MPOTHO3 JJIS MAIliEHTIB. MexaHi3Mu
TIOMIKO/PKEHHSI CePLIsl BKIIFOYAIOTH IIPSIME YPaXKEHHS BIpycoM
SARS-CoV-2, rinep3anajibHuil CHHAPOM 13 BUBITBHEHHSIM
LUTOKIHIB; AUCPETYJIALIIO PEHIH-aHT10TEeH3HHOBOT CHCTEMH.
L1i axTopy MOXKYThH YCKJIaJHIOBaTHCS NEPEBAHTAKCHHAM
MIPaBHX BiJUIUIIB CepLs y MAIE€HTIB i3 6araroocepe1KoBoro
ITHEBMOHIEFO, & TAKO)K TPOMOOTHYHHM YIIKOJUKEHHSIM KOPO-
HapHUX MIKPOCYAMH Ta imeMiero Miokapaa [27].

CeprieBe 3anajgeHHs BUSABISIIOTH HE TUTBKH 32 CHMITOMaMHU
THITOBOTO MIOKap/IUTy YM NIEPUKApIUTY, ajle i 3a KIIHIKOO
CepIIeBOl HETOCTATHOCTI 31 MIBHIKOIO JIEKOMITCHCAIIETO,
CEepILICBOIO APUTMIEI0, TOCTPUM KOPOHAPHUM CHHIPOMOM
abo panToBoro cMmeptro. Il yac iarHOCTHKHM 3aIialibHOTO
YIIKO/KEHHS Kap/iOMIOLUTIB 1ab0paTopHO BHSBISIOTH
i ABUTIIeHHS piBHA C-peakTUBHOTO OiTKa Ta HATPIHypeTHd-
uux nentuaiB. TpancropakansHa ExoKI qae 3mMory omiHuTH
JUC(YHKIIIO JTiBOTO IUTYHOYKA TA BUSBUTH HAKOIHMYCHHS
pinnau B nepukapai. MPT ceprist 3 BUKOPHCTaHHSIM [iia-
THOCTHYHMX KpuTepiiB Miokapanty (Lake—Louise Criteria)
€ 1H(}OPMATHBHIM METO/IOM JIJISl TOCTPOTO 3allajeHHs Mio-
Kapra. Brim, BizyanizawiiiHi JoCiiKeHHS 3MHCHIOIOT JINIIE
TOZI, KOJIM iXHI pe3ysbTaTd MOXYThb BIUIMHYTH Ha TaKTHKY
BEJICHHSI MMAIli€HTA, 32 MAKCHMAJIBHO KOPOTKUM ITPOTOKOJIOM
B iH(ekuiitHoMy miepioni [28].

HasiBHicTB itIeMiuHOT XBOPOOU ceplist MOXKE 3HU3UTH 3/1aT-
HICTB CepIIeBO-CyIMHHOI CHCTEMH pearyBaTy Ha JOJATKOBHI
cTpec, CIpUYMHEHUH BipycHOIO iH(ekuieto. [ToTeHmiiHo e
MIPU3BOINTE 10 TSDKYMX 1 TPUBAJIHMX HACIIIKIB IS CEPIIs.
HuHi onepxyroTh Bce Olbllie TaHUX MPO MEXaHI3MH, 3a
nonomororo sskux SARS-CoV-2 Morke ypaskaT ceprieBo-cy-
JIMHHY cHCTeMy. PO3yMiHHSI LIMX PI3HOMaHITHUX IUISIXIB ypa-
YKEHHS € KITFOYOBUM JIJTS PO3pOOIIeHHS ePEKTUBHIX CTPATETiit
JIarHOCTHKY Ta JIKYBaHHS BIIIAJICHUX CEPIICBO-CYIMHHUX
nHacaiakis COVID-19, 0co0nuBo B MAIIE€HTIB 3 IHIEMIYHOIO
XBOpoOoO*O ceprist [29].

CepleBO-CyAMHHI 3aXBOPIOBAHHS CTAHOBIISTH CYTTEBUI
PHU3HK IIO0 MPOTPECYBAaHHS Ta JICTAJILHOTO HACHIJAKY
KOpOHAaBIpyCHOT XBOpoOH. Ik ronoBHI matodisionorigdi
YMHHUKH TAKOTO OO TSDKEHHS] BU3HAYAIOTh XPOHIYHY CepIIeBY
HEJIOCTATHICTb, Pi3HI BUAM AUC(HYHKIII MioKapja, eHIO-
TeNalbHy IUCQYHKINI0 Ta METa0OIIYHI po3iaand Ha (oHI
ykposoro niadery. [Ipu COVID-19 BuHMKae Toniopranae
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JVCTPECOBE 3aXBOPIOBAHHS, 110 CIIPUUMHSE AnCOanaHC
MIDXK KJIITHHHOIO Ta IUTOKIHOBOIO IMYHHOIO crcTeMoro. Lle
TIPU3BOJIUTH JI0 TINEP3anabHOTO KIIUTOKIHOBOTO IITOPMY»,
SIKMH BIIMBA€ HA CHCTEMHHI TOMe0CTa3. 3aXBOPIOBAHHS Ha
COVID-19 y marieHTiB i3 yKpoBUM iabeTOM, y KX BKE
BUHUKJIY TIOPYILIEHHS IMYHITETY, TOTIpIIye iXHii 3aranbHuit
cran [30,31,32].

[arientn, siki nepenecnu COVID-19, MaroTh migBuiie-
HUH PU3HK PO3BUTKY HIMPOKOTO CTIEKTPA CEPLIEBO-CYTUHHIX
yCKIIaHEeHb 1 B rocTpiit dasi, i y BigmaneHoMy mepiofi.
Jlo X yCKIIaaHeHb HaJIeXaTh ieMidHa XBopoba cepl,
MIOKap/IUT, IEPUKAPAUT, HOPYIICHHS CEPIIEBOrO PUTMY,
ceplieBa HEOCTATHICTh, TPOMOOEMOOIUHI yCKITaJHCHHS
Ta aprepianbHa rineprensis. Leit niaBuieHnii pusuk 30e-
piraeTbcst HaBITH y MalieHTIB Oe3 IMorepeIHiX 3aXBOPIOBAHb
ceplls B aHaMHe31, 3 HU3bKUM Kap/110BaCKy/IAPHUM PU3UKOM
a0o micis serkoro nepediry COVID-19. 3Baxaroun Ha 11e,
HEOOXi1THUM € peTeNTbHUH JIiKapChKUN HAIIIS 32 TAKMMU T1a-
LIEHTaMH JUIs1 3a1100iraHHs PO3BUTKY IMOTCHIIHHO (aTaib-
HUX YCKJIaIHEHb. 3BA)Kal0UX HA TI00AIBbHY MOMIHPEHICTh
CEpLIEBO-CYTUHHUX 3aXBOPIOBAHb 1 IXHIH ICTOTHUH BILIHB
Ha MTOKa3HUKH CMEPTHOCTI, BUSABIICHI MMOCTKOBITHI cepiie-
BO-CYJIMHHI YCKJIQJIHEHHS CTAHOBJIATH ICTOTHY 3arpo3y st
CBITOBOI CHCTEMH OXOPOHH 3/I0POB’ S B KOHTEKCTI TaHAeMil
COVID-19 [33,34].

3acTiifHa ceplieBa HEIOCTATHICTh BU3HAYEHA SK (PaKTOp
PH3HKY JUTS TSDKYOTO Tepediry Ta IMiABUIIEHOI CMEPTHOCTI,
a Takox sik MokimBui Haciiok COVID-19. YV nocmimken-
Hi D. Tomasoni et al. moka3aHo, 1110 MAI[i€EHTH i3 CEPICBOIO
HEIOCTATHICTIO B aHAMHE31 MAIOTh 3HAYHO TIPINi HACIIIKA
3 BUILIOO CMEPTHICTIO Ta BHY TPILIIHBOJIIKAPHSIHUMH yCKII/I-
HeHHsMU [35]. Binbry mommpeHicTh cepreBoi HemocTar-
HOCTI Y CBOEMY JIOCIHI/DKEHHI, HIXK Y 3arajbHIi MOmyJsii,
BYCHI MOSICHIOIOTH CTapIIMM BIKOM XBOPHX Ta BigOOpom
Cy0’€KTIB, SIKI MOTPANUIN 10 KapAiOJOTIYHKUX BiIIJICHb
yepes CyIyTHE 3aXBOPIOBAHHS CepIls i yac MaHiaemil
COVID-19 [36].

Iepebir HI'TI, mio aconiiioBana 3 COVID-19 moxxe cuibHO
BapilOBaTH — BiJ 0€3CUMITTOMHOTO 110 BKpaif Tsmkkoro. HI'TI
Ma€e OIMPOKHH CIEKTP CUMITOMIB i3 HEraTHBHUMH KJIiHIY-
HUMH HACJIiIKaMH Ta HaBITh CMEPTIO cepex 0Ci0 MOXMIIOro
BIKY 3 TAKMMH KOMOPOIJHUMH IaTOJIOTisIMH, SIK TIIIEPTOHIYHA
xBOpo0a, IyKpOBHHA TiabeT, OKUPIHHS, CEPIICBO-CYIUHHI Ta
OHKOJIOTIYHI 3aXBOprOBaHHS [37].

Jns mamieHTiB 31 37M0AKiICHUMH HOBOYTBOPCHHAMH
COVID-19 mae 3HauHi KiiHIYHI, J1a00paTOpPHIi, COLialb-
HO-€KOHOMIYHI Ta MCUXOJIOTi9HI HECTIPUSTINBI HACIIIKH.
e OiIBII BUPAXKEHO Y JIFOIICH 13 3aXBOPIHOBAHHSIMH CHCTEMHU
kpoBi. Cepe1 Marti€HTiB 3 OHKOJIOTIYHIMH 3aXBOPIOBAHHIMHI
HalBUIMH piBeHb cMepTHOCTI yepe3 COVID-19 3adikcosa-
HO y XBOPHX Ha pak JiereHiB. BcranosineHo, mo COVID-19 i
pak MaroTh CXOXKI MOJIEKYJSIPHI MEXaHI3MH, 1[0 MOXKE MaTh
TIeBHI HACHIJKM JUT OHKOJIOTIYHMX XBOpuX. besymoBHO, B
ycboMy cBiti nangemiss COVID-19 icTotHO ycknanHuia
HaJIaHHA MEUYHUX MOCIYT XBOPUM Ha pak [38].

OTKe, He3BKAIOUM HA YHCIICHHI MIKHApPOIHI PEKOMEH-
Jarii o0 peTeIbHOr0 MOHITOPUHTY Ta BEICHHS AIliEHTIB

13 CyIyTHIMH 3aXBOPIOBaHHSIMH, JIUIIE OJM3HKO TIOJIOBHHHI
TaKUX XBOPHX OACPKYBAIM 0a3WCHY TEparmiro (IepeBaKHO
AHTHTIIIEPTECH3UBHY, IIyKPO3HIDKYBAIIbHY If aHTHKOATYJISTHT-
Hy) JIO TOCITiTaJIi3aItii.

BucHoBKM

1. HerocmiTaipHa MTHEBMOHIS, [0 MO€IHAHA 3 KOPOHA-
BIpYCHOIO XBOpOOOI0, acolifioBaHa 3 TSHKKAM TIepediroM i
BHCOKOIO JICTANIbHICTIO CepeJl MAIIEHTIB TOXMIOTO BIKy 3
TIMepPTOHIYHOIO XBOPOOOIO, I[yKPOBUM 1ia0ETOM, OXKHPIH-
HSIM, CEPLIEBO-CY/IMHHUMH 3aXBOPIOBAHHSMH, 3JIOSIKICHUMHU
MyXJIMHAMH TOIIIO.

2. Jluiiie moI0BUHA XBOPUX OTPUMYBasIa 0a3MCHE JIIKYBaH-
HS1 OCHOBHOT'O 3aXBOPIOBAHHSI JI0 TOCIITANI3AI 3 IPHBOILY
COVID-19.

3. BaxuBoIO € ponk CIMEHHUX JKapiB y IMiIBUIICHHI
MPUXWIBHOCTI MAIli€HTIB O CBOEYACHOTO JIIKYBaHHS Ta
MPO(iNAaKTUKN XPOHIYHUX 3aXBOPIOBAHb, a/KE 11 iICTOTHO
3HIKYE PU3UK CMEPTI BiJl YCIX IPHYHH, a TAKOXK ITOJICTIITY€E
niepe6ir COVID-19.

[epenexTusu nogapmmx gocaizpkenb. SARS-CoV-2 nponos-
KY€ 3MIHIOBaTUCS, a HaIlli 3HAHHS PO Te, SIK caMe el Bipyc
BIUIMBAaTUME Ha JIFONCH, JOCi 0OMexeHi. ToMy BayIIMBUM €
BHU3HAUCHHS MapKepiB, acolifOBaHUX 3 IMyHO3aIaJIbHOIO
BIZIMTOBIJUIIO, TS IIPOTHO3YBAHHS Iepediry HErocmiTaabHOT
ITHEBMOHI(, 1110 TO€JHaHA 3 KOPOHABIPYCHOKO XBOPOOOIO, Y
TaIieHTIB 13 KOMOPOiHOIO marosnoriero. Hamani jouineHo
3IIMCHIOBATH JOCHI/DKCHHS 3 MOHITOPHHTY IMYHO3aIaib-
HHMX MapKepiB, pe3y/IbTaTu sIKUX CIIPUSTUMYTh ONTUMI3ALlT
JIKyBaHHS MALIEHTIB 13 HETOCIITAILHOIO ITHEBMOHIEIO, 110
nos’si3aHa 3 COVID-19.
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