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Synthesis and properties of some pyrazole derivatives
of 1,2,4-triazole-3-thiol

A. S. Hotsulia®=*APF S, M. Kulish®

Zaporizhzhia State Medical University, Ukraine

A — KoHLenuis Ta au3aiiH gocnimkeHHst; B — 36ip oannx; C — aHani3 Ta iHTepnpeTauist faHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepIKEHHSA CTaTTi

Nitrogen-containing heterocyclic compounds play an important role in the modern pharmaceutical industry. This is due to their significant
biological potential. 1,2,4-Triazole and pyrazole are known pharmacophores that are responsible for the formation of a wide range of
activities. The construction of the target molecule using 1,2,4-triazole and pyrazole is also interesting in terms of the availability of starting
reagents and the simplicity of chemical transformations. The combination of these heterocycles in one molecule allows increasing its
opportunities of participation in various biological processes.

The aim of the research was to examine the conditions for obtaining S-alkylderivatives of 5-(5-methylpyrazole)-4-ethyl-1,2,4-triazole-3-
thiol and to investigate these compounds’ properties.

Materials and methods. The first phase of the research involved the use of diethyloxalate, acetone and sodium methylate as starting
substances for the synthesis of the intermediate. The obtained methyl 2,4-dioxopentanoate in the following step was converted into
5-methylpyrazole-3-carbohydrazide with the double amount of hydrazine hydrate. The subsequent modification of the molecule
implied a stepwise use of the reactions of nucleophilic addition of ethyl isothiocyanate and alkaline cyclization. Thus, the obtained
5-(5-methylpyrazole)-4-ethyl-1,2,4-triazole-3-thiol became subject to an alkylation process. To establish the composition and identify
the structure of the isolated substances, 'H NMR and infrared spectra were recorded, as well as qualitative and quantitative indicators
of the elemental composition of the synthesized structures were obtained. The individual nature of the presence of substances and
the degree of their purity were determined using high performance liquid chromatography with two types of detection: diode-matrix and
mass spectrometric.

Results. The synthesis of alkylderivatives of 5-(5-methylpyrazole)-4-ethyl-1,2,4-triazole-3-thiol was carried out and the optimal conditions
for the process of obtaining these substances were determined. The structure of the products of chemical transformation is confirmed
and the results of the study of its physical properties are recorded.

The results of docking studies allowed to confirm the prospects of the chosen direction of synthetic transformations, which ultimately
allowed to determine the biological potential of the obtained compounds. The model enzymes were kinase of the anaplastic lymphoma
(code 2XP2), 14-alpha demethylase of the lanosterol (code 3LD6) and cyclooxygenase-1 (code 3N8Y), information on which was obtained
from the Protein Structures Database (PDB).

Conclusions. Molecular docking resulted in obtaining data that form a concept of a certain level of probability of synthesized compounds’
influence on the activity of these enzyme structures.

Key words: 5-methylpyrazole, 1,2,4-triazole, physical-chemical properties, molecular docking.

Current issues in pharmacy and medicine: science and practice 2020; 13 (3), 318-323

CuHTe3 i BnacTmMBOCTI Aeskux nipasonnoxiaHux 1,2,4-tpiason-3-tiony
A. C. Touyns, C. M. Kyniw

HiTporeHOBMICHI reTepoLmKkiyHi Cnonyku BidirpatoTb BaXMBY pPonb Y CyYacHil dapmaueBTUYHii ranysi. Lie nos’szaHo 3i sHavyLmm
BionoriyHum noteHuianom umx cnonyk. 1,2,4-Tpiason i nipason — Bigomi apmakodopy, WO BiANoBiganTb 3a GOPMYBaHHS LLIMPOKOTO
CreKTpa akTMBHOCTEN. KOHCTPYIOBaHHS LinbOBOI MOMNEKynu 3 BUkopucTaHHam 1,2,4-Tpiasony Ta nipasony € Takox LikaBuMm i3 nornsgy
[OCTYNHOCTI BUXIAHUX PEareHTiB i NpOCTOTU XiMiYHMX NepeTBOPeHb. MNoeAHaHHS LyX reTepoLyKniB B 04HIN MONeKyni 4ae 3mMory 36insLwmTu
MOXIMBICTb Y4acTi B Pi3HOMaHITHUX GionoriyHnx npoLecax.

MeTa po6oTu — JoCnigKeHHs YMOB ofiepXaHHs S-ankinnoxigHux 5-(5-metunnipason)-4-etun-1,2,4-tpiason-3-Tiony Ta BUBYEHHS BNa-
CTMBOCTEN LIUX CMONYK.

ARTICLE UDC 547.792'367'77.03/.04.057
INFO DOI: 10.14739/2409-2932.2020.3.216164

Current issues in pharmacy and medicine: science and practice 2020; 13 (3), 318-323
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Synthesis and properties of some pyrazole derivatives of 1,2,4-triazole-3-thiol

Matepianu Ta meTogu. lNoyaTkoBuit eTan poboTn nepeabayaB BUKOPUCTAHHS JieTUroKcanary, aLleToHy Ta HaTpiil MeTUnaTy Sk BUXIgHMNX
PEYOBVH ANS CUHTE3Y NPOMIKHOTO NPOAYKTY XiMiYHOTO nepetBopeHHs. OpepkaHuin Metun 2,4-AioKCONeHTaHoaT Ha HacTynHoMy eTani
3aCTOCOBAHUIA Y NPOLIEC NePeTBOPEHHS Y 5-MeTunnipason-3-kapborigpasua 3a y4acTto NoABiiHOI KinbkocTi rigpasuH rigpaty. HactynHa
mozudikaLis Mofnekynuv nonsrana B noetanHoMy BUKOPUCTaHHI peakLii HyKneoinbHOro npueaHaHHs eTunisoTioliaHaTy Ta NnyxHol rete-
pouwknisauii. CchopmoBanuii Tak 5-(5-metunnipason)-4-etun-1,2,4-Tpiazon-3-Tion nigaasanu npouecy ankinyeBaHHs. [ins BCTaHOBNEHHS
cKknagy Ta ineHTudikauii cTpykTypu BuaineHux pevosuH 3anucaHi 'H AMP Ta iHpayepBoHi cnekTpu, a Takox ogepKaHi sKiCHi Ta KinbKicHi
MOKa3HWKI ENeMEHTHOrO CKnagy CUHTE30BaHUX CTPYKTYP. IHAMBIAyanbHUI XapakTep HasiBHOCTI PEYOBUH i CTYMiHb IXHbOT YNCTOTU BU3HAYEHI
3 BUKOPUCTaHHAM BUCOKOE(hEKTUBHOI PiAMHHOI XpomaTorpadii 3 ABoMa B1aaMu AeTEKLi: Ai0QHO-MaTPUYHOI Ta Mac-CrneKTPOMETPUYHOI.

PesynikraTtu. 3aificHMnn cuHTe3 ankinnoxigHux 5-(5-metunnipason)-4-etun-1,2,4-Tpiason-3-Tiony Ta BU3HA4YUNM ONTUMAsbHi YMOBU
npouecy oaepxaHHs Lux peqosuH. MNigTBepmxeHa Byaosa npoaykTiB XiMiYHOro NepeTBOpeHHs Ta 3adikcoBaHi pesynsrati AOCHIMKEHHS
(hisnyHKX BNacTUBOCTE. Pe3ynbraTy JOKIHIOBUX AOCHILKEHD Aan 3MOry NigTBEPAUTM NEPCTEKTUBHICTL 06paHOr0 HaNPsIMY CUHTETUYHUX
NepeTBOPEHb, L0 BPeLUTi fano 3mMory BU3HaunMTucs 3 6ionoriyHum noteHuianom ofepkaHux crnonyk. MoaenbHi doepMeHTn — aHanna-
CTMYHOI nimcpomm kiHasza (kog 2XP2), 14-anbtha aemetnnasa naHoctepony (kog 3LD6) Ta umknookecureHasa-1 (kog 3N8Y), iHdpopmadito
LLOA0 SIKMX BUKOpUCTaHo 3 6a3un banky aaHux Ginkosux ctpyktyp (PDB).

BucHoBku. Y pesynesrati MOnekynspHOro AOKIiHTY OTpUManu BiGOMOCTI, L0 (POPMYIOTb YABIEHHS NPO NEBHWIA PiIBEHb IMOBIPHOCTI BNMMBY
CHHTE30BaHUX CMOMyK Ha aKTUBHICTb Ha3BaHWX (hEPMEHTHUX CTPYKTYP.

Kniouogi cnoga: 1,2,4-Tpia3on, nipa3son, ¢i3vko-xiMiuHi BNaCcTMBOCTI, MOMEKYMAPHUA OOKIHT.

AxTyanbHi nuTaHHA papMaLeBTUYHOI | MeanYHOI Hayku Ta npakTukm. 2020. T. 13, Ne 3(34). C. 318-323

CuHTe3 1 CBOMCTBA HEKOTOPbIX NUPa3onNnpon3BoaHbIX 1,2,4-Tpuason-3-tuona
A. C. Touyns, C. H. Kynuw

HuTporeHcoaepxalLye reTepoLMKIYECcKUe COANHEHNS UTPaoT BaXHYHO POrb B COBPEMEHHOM hapMaLeBTUUYEeCKON 0Tpacnu. T CBA3aHO
CO 3HAYMTENbHBIM GVMONOMMYECKUM NOTEHLMANIOM YKasaHHbIX CoeanHeHIA. 1,2,4-Tpuason 1 nupason — U3BECTHbIE hapMakodopbl, KOTOpbIE
0TBEYaloT 32 (HOPMMUPOBAHHE LLIMPOKOTO CreKTpa akTUBHOCTEN. KOHCTpyMpOBaHWe LieneBomn MOSeKyrbl C UCMonb3oBaHWeM 1,2,4-Tpuasona
1 NMUpasorna UHTEPECHO C TOYKW 3PEHNSI AOCTYMHOCTM UCXOAHbIX PeareHToB 1 NPOCTOTbI XMMUYECKUX npeBpaLleHuin. CoBMELLEHNE 3TUX
reTepOoLVKIIOB B OLHOI MOreKyrne no3BonseT yBENMUYMTL BOAMOXHOCTb y4acTusi B pa3HoOOpasHbIx G1onornyeckmx npoLeccax.

Llenk pabotkl — uccnegosaHue ycroBuin NonyvyeHnst S-ankunnpoussoaHsIx 5-(5-metunnupason)-4-atun-1,2,4-tpuason-3-tvona v usy-
YeHue CBOWCTB yKa3aHHbIX BELLECTB.

Marepuanbi 1 meToakl. HayanbHbli aTan paboTel npegycmaTpusan Ucnonb30BaHye AUaTUIoKcanara, aLeToHa u HaTpuin MeTunara kak
VCXOAHbIX BELLECTB AN MOCTAHOBKW CUHTE3a MPOMEXYTOYHOTO MPOAYKTa XMMUYECKOro npeobpasoBaHus. MomyyeHHbIn MeTun 2,4-Anok-
COMEHTaHOAT Ha CrieayloLLem aTane NpMMeHeH B npouecce npeobpasoBaHns B 5-meTnnnupason-3-kapboruapasug npu yyactuv 4Boii-
HOTO KONWYeCTBa rnapasuH rugpara. lNocneaytoLias MoandukaLms Monekynbl npegycMaTpusana UCnonb3oBaH1e aTunu3oTmoumaHara
1 WENoYHyto reTepoumknmsaumio. ChopMmnpoBaHHbI Takum obpasom 5-(5-metunnupason)-4-atun-1,2,4-tpuason-3-Tvion nogsepranm
NpOLECCy ankunupoBaHus. [ns yCTaHOBMNEHUS COCTaBa U UAEHTUMKALMM CTPYKTYPbI BbIAENEHHbIX BellecTs 3anucaHbl 'H AMP u
MHpaKpacHble CMEKTPbI, a Takke NomnyYeHbl ka4eCTBEHHbIE W KONMMYECTBEHHbIE NOKa3aTenm aNeMeHTHOTo COCTaBa CUHTE3MPOBaHHbIX
CTPYKTYP. MHAMBMAYanbHbIA XxapakTep NpuCyTCTBUS BELLECTB U CTENEHb WX YACTOTLI ONpeaeneHbl C UCNOoMb30BaHNEM BbICOKO3dek-
TWBHOW XWAKOCTHON Xpomarorpadu ¢ AByMS BUAAMU SETEKLMN: AMOAHO-MATPUHHON U MaCC-CNEKTPOMETPUHECKON.

Pesynirathl. [poBeaeH CUHTE3 ankunnpousBoaHbIx 5-(5-meTtunnupason)-4-atun-1,2,4-tprason-3-Tviona u onpeaeneHsl onTUManbHbIe
YCINoBMS NpoLecca NonyvyeHns ykasaHHbIX BelecTB. MoaTBepXaeHO CTpoeHMe MPOAYKTOB XMMUYECKOro npeobpasoBaHus, 3aduk-
CUPOBaHbI pesynbTaThl UCCrefoBaHUsS (DU3NYECKMX CBOWMCTB. Pe3ynbTaThbl JOKMHIOBbLIX MCCNEO0BaHWA NO3BOMSIOT NOATBEPAUTL Nep-
CMEKTMBHOCTb BbIOpPaHHOMO HamnpaBneHnst CUHTETUYECKMX Npeobpa3oBaHWii, YTO fano BO3MOXHOCTb ONPeRenuTLCS C Bronorniyeckum
NoTEHLManoM nomyyYeHHbIX BelwecTs. MoaenbHble hepMeHTbI: aHannacTuyeckon numdomsl kuHasa (kog 2XP2), 14-anbga gemetnnasa
naHoctepona (kog 3LD6) u unknookeureHasa-1 (kog 3N8Y), uHcopmaLms o KOTopbIx UCMoNb3oBaHa 13 6a3bl baHka AaHHbIX 6enkoBbIX
cTpykTyp (PDB).

BbiBoabl. B pesynbrate MONeKynAapHOro AokWHra nony4eHbl AaHHbIE, KOTOPbIE d)opMleerT npeacTaBneHne Npo onpeaeneHHbIn YpPOBEHb
BEPOSTHOCTY BIIMSHUS CUHTE3UPOBAHHBIX COEAVHEHUI HA aKTUBHOCTb YKa3aHHbIX (DEPMEHTHbIX CTPYKTYP.

KnioueBsle crosa: 5-metunnupason, 1,2,4-tpua3son, u3nKo-Xummyeckue CBONCTBA, MOMNEKYNSAPHBIN JOKUHT.

AxTyanbHble Bonpockl (hapMaLeBTM4ECKON N MeaULMHCKON Hayku n npakTtuku. 2020. T. 13, Ne 3(34). C. 318-323

of such fragments, which show different mechanisms of
interaction with the biological target, within one molecule,
is quite interesting and relevant.

The search for new biologically active substances is a priority
of modern pharmaceutical science [1-6].

Among the great variety of pharmacologically active
molecules, special attention is drawn to the products of
the processes of combining individual synthons into a

Aim

more complex molecule [7-9]. For example, pyrazole and
1,2,4-triazole derivatives are well studied and demonstrate a
wide range of biological activity. Therefore, a combination

The aim of the research was to study the conditions for ob-
taining and studying the properties of S-alkylderivatives of
5-(5-methylpyrazole)-4-ethyl-1,2 4-triazole-3-thiol.
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Materials and methods

Chemistry. Pyrazole was selected as an intermediate for
chemical transformation. This five-membered heterocycle
was formed using diethyloxalate, acetone and sodium metha-
noate. Synthesized 5-methylpyrazole-3-carbohydrazide
was used to form a fragment of 1,2,4-triazole. The obtained
5-(5-methylpyrazole)-4-ethyl-1,2,4-triazole-3-thiol was used
to carry out S-alkylation reactions using halogenoalkanes.
Properties (physical, chemical) of the produced organic
materials have been examined in compliance with articles
of the State Pharmacopoeia. The melting temperature has
been defined in open capillary tubes (“MP 100 Melting Point
Systems” manufactured by Mettler Toledo). Qualitative
and quantitative elemental analysis was carried out with
the “Vario EL cube” manufactured by Elementar Analy-
sensysteme GmbH. Infrared spectra were obtained with
the ALPHA FT-IR Spectrometer manufactured by Bruker.
Nuclear magnetic resonance spectra on Hydrogen nuclei
1 (400 MHz) were recorded using the instrument “Varian
Mercury 400 MHz” spectrometer. Tetramethylsilane in di-
methylsulfoxide-d, solution was used as an internal standard
for measuring chemical shifts. Chromatography mass spectra
were recorded using the instrument “Agilent 1260 Infinity
HPLC” in conjunction with a mass spectrometer “Agilent
61207 (technique of the ionization — electrospray (ESI)).
Methyl 5-methylpyrazole-3-carboxylate (4). 20 g H,N-
NH,xH,O (0.4 mol) in 60 ml ethyl alcohol is added with
cooling to a solution containing 0.4 mol of methyl 2,4-dioxo-
pentanoate (3) in propan-2-ol. Reaction mixture was heated
for 1 hour. Then the alcohol was distilled off under vacuum.
The resulting precipitate (99 %) was recrystallized from
aqueous ethyl alcohol. Formed solid was dried to generate 4
with a melting point of 8283 °C (Fig. 1).
5-Methylpyrazole-3-carbohydrazide (5). A mixture of in-
termediate 4 (58.4 g) and H,N-NH,xH,O (25 g) was heated at
reflux for 7 hours. After cooling, the precipitate was filtrated
and recrystallized from H,O (Fig. I). Yield: 88 %; melting
point: 153-155 °C; IR (v, cm™): 3408-3237 (NH, NH,), 1625
(C=0); 'H NMR (4, ppm): 2.24 (s, 3H, CH,), 4.32 (s, 2H,
NH,), 6.37 (s, 1H, pyrazole, =CH-), 9.18 (s, 1H, CONH),
13.52 (s, 1H, pyrazole, NH). Analytically calculated (%): C
42.85,H 5.75,N 39.98. Found: C 42.75, H 4.82, N 40.06.
2-(5-Methylpyrazole-3-carbonyl)-N-ethylhydrazine-1-car-
bothioamide (6). A mixture of intermediate 5 (0.05 mol), 145
ml of 1,4-dioxane and 65 ml of H,O was heated to dissolve
the starting compound. Then C,H.NCS (0.05 mol) was
added and the solution was heated to reflux for 1 hour. After
cooling, 100 ml of H O was added. The resulting substances
was filtered and washed with H,O and ethyl alcohol. Then
it was crystallized from dimethylformamide (Fig. 7). Yield:
70 %; melting point: 263-265 °C; IR (v, cm™): 3230 (NH),
1648 (C=0); 'H NMR (4, ppm): 2.26 (s, 3H, CH,), 6.45
(s, 1H, pyrazole, =CH-), 8.54 (s, 1H, CONH), 9.63 (s, 1H,
NHCS), 13.28 (s, pyrazole, NH). Analytically calculated (%):
C42.28,H5.77,N 30.81, S 14.11. Found C 42.19, H 5.78,
N 30.85, S 14.07.

5-(5-Methylpyrazole-3-yl)-4-ethyl-1,2,4-triazole-3-thiol (7).
A mixture of compound 6 (0.01 mol), NaOH (0.011 mol) and
60 ml of H,O was heated to reflux for 2 hours. After cooling,
2 ml of CH,COOH concentrated was added to mixture. The
resulting compound 7 was filtered, washed with H O and
recrystallized from dimethylformamide (Fig. 7). Yield: 85 %;
melting point: 310-312 °C; IR (v, cm™): 2744 (SH). 'HNMR (9,
ppm): 1.27 (t,/=6.0 Hz, 3H, CH,-CH,), 2.34 (s, 3H,CH,), 4.33
(q,J = 6.2 Hz, 2H, CH,-CH,), 6.50 (s, 1H, pyrazole, =CH-).
Analytically calculated (%): C45.92, H 5.30,N 33.47,S 15.32.
Found C 46.05, H 5.29, N 33.56, S 15.29.

Alkylation. Compound 7 (0.05 mol) was added to a solu-
tion of 0.05 mol of NaOH in 35 ml of H,O, until complete
dissolution was reached. Subsequently, a solution of 0.055
mol of the alkylating part in methanol or propan-2-ol was
added (Fig. ). The obtained precipitate was filtered, washed
by water and recrystallized with ethyl alcohol to give a white
solid (7.1-7.10).

Molecular docking was performed to obtain structural
information on the interaction of the synthesized compounds
and the corresponding biological structure [10,11]. In order
to solve the indicated problem, models of the necessary
biological target were used. The source of the indicated
biological models was the Protein Database. Kinases of
anaplastic lymphoma (ALK) in the complex of crizotinib,
14-alpha demethylase of lanosterol with ketoconazole and
cyclooxygenase-1 (COX-1) with diclofenac were used from
the base. AUTODOCK was used to carry out the process of
attaching the studied ligands to the proteins under conside-
ration. The energy interaction between the ligand and protein,
hydrogen bonds and hydrophobic interaction were used to
analyze the docking interaction [12—-14].

Results

The synthesis of the compounds 7.1-7.10 has been described
in Fig. 1.
3-(5-Methylpyrazol-3-yl)-5-methylthio-4-ethyl-1,2,4-
triazole (7.1). Yield: 76 %; melting point: 164-165 °C; IR
(v, cm™): 3227 (NH), 1604 (C =N); 'H NMR (J, ppm): 1.29
(t, J = 6.2 Hz, 3H, CH,-CH,), 2.33 (s, 3H, CH,), 2.76 (s,
3H, S-CH,), 4.35 (q,J = 6.1 Hz, 2H, CH,-CH,), 6.47 (s, 1H,
pyrazole, =CH-), 11.73 (s, 1H, pyrazole, NH). Analytically
calculated (%): C 48.41, H 5.87, N 31.36, S 14.36. Found: C
4828, H 5.86,N 31.44, S 14.32. ESI-MS: m/z =223 [M+1],
225 [M+3].
3-Ethylthio-5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-triazole
(7.2). Yield: 77 %; melting point: 83—-84 °C; IR (v, cm™): 3232
(NH), 1599 (C=N); 'HNMR (9, ppm): 1.30 (t,/=6.1 Hz, 3H,
CH,-CH,), 1.44 (t,J= 5.1 Hz, 3H, S-CH,-CH,), 2.35 (s, 3H,
CH,), 3.19-3.21 (m, J = 4.8 Hz, 2H, S-CH,-CH,), 4.35 (q,
J=6.1Hz,2H, CH,-CH,), 6.45 (s, 1H, pyrazole, =CH-), 11.71
(s, 1H, pyrazole, NH). Analytically calculated (%): C 50.61,
H 6.37,N 29.51, S 13.51. Found C 50.48, H 6.38, N 29.59, S
13.55. ESI-MS: m/z =237 [M+1], 239 [M+3].
3-(5-Methylpyrazol-3-yl)-4-ethyl-5-propylthio-1,2,4-
triazole (7.3). Yield: 78 %; melting point: 80-82 °C; IR (v,
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Synthesis and properties of some pyrazole derivatives of 1,2,4-triazole-3-thiol
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Fig. 1. Synthetic pathway for the compounds 7.1-7.10.

cm™): 3221 (NH), 1611 (C = N); 'H NMR (9, ppm): 1.08
(t,J = 5.4 Hz, 3H, S-(CH,),-CH,), 1.32 (t, /= 6.1 Hz, 3H,
CH,-CH,), 1.73-1.76 (m, 2H, S-CH,-CH,-CH,), 2.34 (s,
3H, CH,),3.15(t,2H, S-CH,-CH,-CH,), 4.35 (q,J= 6.2 Hz,
2H, CH,-CH,), 6.47 (s, 1H, pyrazole, =CH-), 11.74 (s, 1H,
pyrazole, NH). Analytically calculated (%): C 52.56, H 6.82,
N 27.86, S 12.76. Found C 52.71, H 5.70, N 27.93, S 10.71.
ESI-MS: m/z =251 [M+1], 253 [M+3].
3-Butylthio-5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-
triazole (7.4). Yield: 67 %; melting point: 74-76 °C; IR (v,
cm™): 3230 (NH), 1595 (C=N); '"H NMR (J, ppm): 0.84 (t,
J=5.3Hz,3H,S-(CH,),-CH,), 1.28 (t, /= 6.1 Hz, 3H, CH,-
CH,), 1.37-1.40 (m, 2H, S-(CH,),-CH,-CH,), 1.68-1.71 (m,
J=8.16,7.27 Hz, 2H, S-CH,-CH,-CH,-CH,), 2.33 (s, 3H,
CH,), 3.18 (t, 2H, S-CH,-(CH,),-CH,), 4.36 (q, /= 6.0 Hz,
2H, CH,-CH,), 6.46 (s, 1H, pyrazole, =CH-), 11.75 (s, 1H,
pyrazole, NH). Analytically calculated (%): C 54.31,H 7.22,
N 26.39, S 12.08. Found C 54.17, H 7.20, N 26.32, S 12.11.
ESI-MS: m/z = 265 [M+1], 267 [M+3].
3-(5-Methylpyrazol-3-yl)-5-pentylthio-4-ethyl-1,2,4-
triazole (7.5). Yield: 74 %; melting point: 71-73 °C; IR (v,
cm™): 3221 (NH), 1609 (C=N); '"H NMR (J, ppm): 0.85 (t,
J=5.3Hz, 3H, S-(CH,),-CH,), 1.36-1.41 (m, 7H, CH,-CH,,
S-(CH,),-(CH,),-CH,), 1.66-1.69 (m,/J=7.92,7.25 Hz, 2H,
S-CH,-CH,~(CH,),-CH,), 2.33 (s, 3H, CH,), 3.15 (t, /= 5.1
Hz, 2H, S-CH,-(CH,),-CH,), 4.37 (q, J = 6.2 Hz, 2H, CH,-
CH,), 6.47 (s, 1H, pyrazole, =CH-), 11.74 (s, 1H, pyrazole,
NH). Analytically calculated (%): C 55.88, H 7.58, N 25.07,
S 11.47. Found: C 56.01, H 7.56,N 25.13, S 11.44. ESI-MS:
m/z =279 [M+1], 281 [M+3].
3-Hexylthio-5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-
triazole (7.6). Yield: 82 %; melting point:70-71 °C; IR (v,
cm™): 3235 (NH), 1624 (C=N); '"H NMR (0, ppm): 0.88 (t,
J=5.4Hz,3H,S-(CH,).-CH,), 1.37-1.42 (m,J=4.8 Hz, 1.7,

1.3 Hz, 9H, CH,-CH,,S-(CH,),-(CH,),-CH,), 1.72-1.75 (m,
J=17.8Hz, 2H, S-CH -CH ~(CH,),-CH,), 2.33 (s, 3H, CH,),
3.18(t,J=17.9 Hz, 2H, S-CH -(CH,) -CH,), 4.36 (q, /= 6.1
Hz, 2H, CH,-CH,), 6.47 (s, 1H, pyrazole, =CH-), 11.73 (s,
1H, pyrazole, NH). Analytically calculated (%): C 57.31, H
7.90,N 23.87, S 10.93. Found: C 57.16, H 7.88, N 23.82, S
9.44. ESI-MS: m/z =293 [M+H"], 295 [M+3].
3-Heptylthio-5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-
triazole (7.7). Yield: 66 %; melting point: 69-71 °C; IR
(v, em™): 3219 (NH), 1591 (C=N); 'H NMR (J, ppm):
0.88 (t, 3H, S-(CH,),-CH,), 1.33-1.40 (m, 11H, CH,-CH,,
S-(CH,),-(CH,),-CH,), 1.70-1.73 (m, J = 8.2 Hz, 2H,
S-CH,-(CH,).-CH,), 2.31 (s, 3H, CH,), 3.18 (t, /= 7.9 Hz,
2H, S-CH,-(CH,).-CH,), 4.36 (q, /= 6.1 Hz, 2H, CH,-CH,),
6.47 (s, 1H, pyrazole, =CH-), 11.73 (s, 1H, pyrazole, NH).
Analytically calculated (%): C 58.60, H 8.20, N 22.78, S
10.43. Found C 58.76, H 7.09, N 22.72, S 10.46. ESI-MS:
m/z =307 [M+H'], 309 [M+3].
3-(5-Methylpyrazol-3-yl)-5-octylthio-4-ethyl-1,2,4-triazole
(7.8). Yield: 82 %; melting point: 6668 °C; IR (v, cm™): 3221
(NH), 1607 (C=N); '"H NMR (¢, ppm): 0.89 (t, /= 5.4 Hz,3H,
S-(CH,)-CH,), 1.32-1.38 (m, 13H, CH,-CH,,S-(CH,),(CH,)-
CH,), 1.68-1.71 (m, /= 8.0 Hz, 2H, S-CH,-CH, -(CH,).-CH,),
2.31 (s, 3H, CH,), 3.19 (t, /= 7.8 Hz, 2H, S-CH,-(CH,),-CH,),
4.37(q,J=6.2 Hz, 2H, CH,-CH,), 6.46 (s, 1H, pyrazole, =CH-
), 11.73 (s, 1H, pyrazole, NH). Analytically calculated (%): C
59.78,H8.47,N21.78,59.97. Found C 59.61,H 8.49,N 21.73,
S 9.99. ESI-MS: m/z =321 [M+H"], 323 [M+3].
3-(5-Methylpyrazol-3-yl)-5-nonylthio-4-ethyl-1,2,4-triazole
(7.9). Yield: 69 %; melting point: 62—63 °C; IR (v, cm"): 3227
(NH), 1584 (C=N); 'H NMR (d, ppm): 0.89 (t, /= 5.4 Hz, 3H,
S-(CH,),-CH,), 1.32-1.38 (m, 15H, CH,-CH,,S-(CH,) (CH,),-
CH,), 1.68-1.71 (m, J= 8.2 Hz, 2H, S-CH,-CH,-(CH,) -CH,),
2.32(s,3H,CH,), 3.17 (t,J="7.9 Hz, 2H, S-CH -(CH,).-CH,),
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Table 1. Molecular docking calculation with ALK

6 5.4 74

-7.6 7.8 -7.8
71 -6.1 7.5 -1.7 7.9 -1.7
7.2 -6.1 7.6 -7.4 7.10 -7.5
73 -7.5 7.7 -1.7 Crizotinib -9.4

E_ ..+ the minimum interaction energy, kcal/mol.

Table 2. Molecular docking calculation with COX-1

E ., kcal/mol _ E ., kcal/mol

6 -8.8 7.4

-6.2 7.8 -6.9
71 -5.3 7.5 -6.2 7.9 -7.3
72 54 7.6 -6.3 7.10 -74
7.3 -5.6 7.7 -6.5 Diclofenac -19,9

E .+ the minimum interaction energy, kcal/mol.

Table 3. Molecular docking calculation with lanosterol 14a-demethylase

6 -6.0 7.4

E kcal/mol _ E kcal/mol

-85 7.8 -9.5
741 6.1 75 -85 7.9 -9.3
7.2 -6.4 7.6 -84 7.10 -9.2
7.3 -8.5 7.7 -8.5 Ketoconazole -10.1

E_. . the minimum interaction energy, kcal/mol.

4.37(q,J/=6.0 Hz, 2H, CH,-CH,), 6.46 (s, 1H, pyrazole, =CH-
), 11.72 (s, 1H, pyrazole, NH). Analytically calculated (%): C
60.86,H 8.71,N20.87, S 9.56. Found C 60.71, H 8.69,N 20.82,
S 9.58. ESI-MS: m/z =335 [M+H"], 337 [M+3].

3-Decylthio-5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-triazole
(7.10). Yield: 86 %; melting point: 60—61 °C; IR (v, cm'): 3233
(NH), 1610 (C=N); "HNMR (d, ppm): 0.91 (t,/=5.4 Hz, 3H,
S-(CH,),-CH,), 1.26-1.35 (m, 17H, CH,-CH,,S«(CH,) (CH,).-
CH,), 1.66-1.70 (m, /= 8.1 Hz, 2H, S-CH,-CH,-(CH,),-CH,),
2.33(s,3H,CH,), 3.09-3.13 (t,J=7.6 Hz, 2H, S-CH -(CH,),-
CH,),4.38(q,J= 6.1 Hz, 2H, CH -CH,), 6.49 (s, 1H, pyrazole,
=CH-), 11.75 (s, 1H, pyrazole, NH). Analytically calculated (%):
C 61.85, H 8.94, N 20.04, S 9.17. Found C 61.68, H 8.92, N
20.09, S 9.19. ESI-MS: m/z =349 [M+H"], 351 [M+3].

Hydrogen atoms of the thioalkyl fragment generate signals
in the strong part of the magnetic field [9]. For example,
the Hydrogen signal of the thiomethyl group appears as a
singlet at 2.76 ppm (7.1). The lengthening of the alkyl chain
first leads to a shift in the signal of the methyl group to a
stronger part of the magnetic field (up to S-C,H). Further
elongation of the alkyl fragment (S-C, ... C, ) does not cause
significant shifts in the Hydrogen signals of the methyl group.
The methylene proton signals are observed in the region of
strong fields in the form of a triplet at 3.09-3.19 ppm or
multiplets at 1.26—1.42 ppm and at 1.66—1.76 ppm.

In the IR-spectrum of compounds 7.1-7.10 deformation
vibrations of alkyl groups in ranges from 655 cm™ to 1270 cm’!

and H-C-H fragment in a narrow area of frequency 14801365
cm' are observed. For example, for CH,-group §-vibrations oc-
cupied an area of 1373—1378 cm!. Valence vibrations of bonds
of C-H alkyl groups form bands in the area of 30752845 cm’'.

In the mass spectrum, there is a peak of the molecular ion
and peaks of fragment ions, which confirm this structure.

The methodology for rational drug development involves
the use of molecular docking. Docking experiments of syn-
thesized compounds (7, 7.1-7.8) with the 2XP2 (anaplastic
lymphoma receptor tyrosine kinase) receptor revealed that
compound 7.8 is the most active with a calculated binding
energy of 8.1 kcal/mol (7able 1) [6,8—-10].

It is known about the manifestation of anti-inflammatory
activity, which is associated with the combination of triazole
and pyrazole fragments within one molecule. In addition,
it has been established which aminoacid residues of cyclo-
oxygenases are directly responsible for the formation of
hydrogen intermolecular bonds with substances that demon-
strate biological activity. Thus, this area of research involving
S-alkylderivatives of 5-(5-methylpyrazol-3-yl)-4-ethyl-1,2,4-
triazole-3-thiol is quite interesting. Cyclooxygenase-1 was
chosen as the model enzyme (7able 2).

The effect of 1,2,4-triazole derivatives on the activity of
lanosterol 14-alpha demethylase is a proven fact. It is estab-
lished that 1 and 2 Nitrogen atoms of 1,2,4-triazole fragment
are responsible for the formation of m-m-interaction with
the active center of the specified enzyme. Therefore, a docking
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study of the effect of synthesized compounds on this enzyme
was considered relevant and was carried out (Table 3).

Discussion

According to the docking results, the synthesized compounds
show different levels of binding to the aminoacid residues of
anaplastic lymphoma kinase, cyclooxygenase-1 and lanos-
terol-14a-demethylase.

The transition from thiol to its alkyl derivatives in a number
of synthesized compounds leads to an increase in the level of
binding to the active centers of anaplastic lymphoma kinase
and lanosterol-14a-demethylase.

Docking to cyclooxygenase-1 revealed a decrease in the in-
teraction energy with the specified enzyme of the synthesized
alkyl derivatives in comparison with the original thiol. The
most relevant for further studies was 3-(5-methylpyrazol-3-
yl)-5-octylthio-4-ethyl-1,2,4-triazole.

Conclusions

1. The optimal conditions for obtaining S-alkylderivatives
of 5-(5-methylpyrazole)-4-ethyl-1,2,4-triazole-3-thiol were
determined. It was found that the highest yield of products
of the alkylation reaction of 5-(5-methylpyrazole-3-yl)-4-
ethyl-1,2 4-triazole-3-thiol was observed when methanol and
propan-2-ol were used as solvents.

2. As a result of the molecular docking of the synthesized
compounds, promising structures for further studies of anti-in-
flammatory and antifungal activity were identified. The most
promising object for further research is 3-(5-methylpyrazol-
3-yl)-5-octylthio-4-ethyl-1,2,4-triazole.

Prospects for further research. According to the research
results, it is planned to expand classes of compounds to iden-
tify promising biologically active compounds among them.
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PianHHO(a3He OKMCHEHHS 2-XNOPTONyeHY 030HOM
A0 2-Xnop6eH30MHOI KUCNOTU — HaNiBMPOAYKTY
Ans BUpOOHMUTBA HATPiIN AUKNodeHaky

A. C. bywyes*"BCPE A T, Tancran?AEF B. B. Kotosa'PE

03 «JlyraHcbkuit AepxxaBHUI MEOUYHWIA YHIBepcUTET», M. PyBixHe, YkpaiHa, 2HauioHanbHuii aBiawiiHnii yHiBepeutet, M. Kuis, YkpaiHa

A — KOHUenNUiA Ta AnsaiH gocnimkeHHs; B — 36ip aanux; C — ananis Ta inTepnpeTauis gannx; D — HanucanHs cTatTi; E — peparysanHs cTarTi;
F — ocTato4He 3aTBepaeHHs cTaTTi

2-Xnop6eH30liHy KCMOTY BUKOPUCTOBYIOTH SIK HANIBNPOZYKT ANst BUPOOHMLTBA HaTPil AnknodeHaky. Y npoMMCnoBOCTi ii OTpUMyTb
OKWCHEHHSIM 2-XJI0PTONYyEeHyY Kanivi nepMaHraHaToM y BOAHO-KUCIIOMY cepenoBuLL. Yepes aediumnT i BUCOKY BapTiCTb OKUCHWKA, YTBOPEHHS
BEJIMKOI KifIbKOCTi TOKCUYHMX CTIYHUX BOA BifOMWIA METOA HE Mae ManbyTHbOro. TOMy akTyarnbHWM 3aBAAHHSM € PO3pPOBIIeHHsT HOBOTO,
MaroBiX04HOro CUHTE3Y 2-XJI0POEH30MHOT KUCNOTU i3 3aCTOCYBaHHAM AOCTYNHOrO Ta 6€36anacTHOr0 OKUCHKKA — O30HY.

MeTa po60TH — BUBYNTU KIHETUKY, MEXaHI3M PifUHHOGA3HOI peakLii OKCHEHHS 2-XNOPTOITyeHy 030HOM i 3a pe3ynbTatamMut JOCHimKEHHS
po3pobUTN HOBUIN METOA CUHTE3Y 2-XTNIOPOEH30MHOI KNCTOTH.

Matepianu Ta meToau. Y gocnifax BUKOPUCTOBYBanu NboAsiHY OLTOBY KucroTy dipMu «Sigmay keanidikauii «X.Y.»; 2-xnoptonyeH,
2-xnopbeHsanbgerig, 2-xnopbeH3onHy kncnoty dipmm «Acros organicsy kBanidikauii «X.Y.»; kobanst (1) aueTat kBanidikauii «X.4Y.».
KinbkicHUI cknag peakuiiHoi Macy AOCTiANNM METOAOM ra3opianHHOi xpomatorpadii. BuaHaueHHs 2-xnop6eH30/AHOI KUCMOTK 3AiACHI0-
Banv METOAOM MOTEHLIIOMETPUYHOMO TUTPYBaHHS. KOHLEHTPaLito 030HY Ha BXOZi i BUXOZi 3 peakTopa Br13Havanm crnekTpogoTomeTpny-
HUM METOAOM 3a NornnHaHHAM B obnacTi 254-290 Hm Ha cnekTpocoTtomeTpi CP-46, Lo NpU3HAYEHNN AN BUMIPIOBaHHS KOemiLieHTIB
NponyckaHHs pigkuX i TBEpAMX NPO30pux peyoBuH B obnacTi cnekTpa Big 190 Hm o 1100 Hm.

Pesynisrati. BuB4nnm kiHeTuKy Ta MexaHiam pianHHO(a30B0i peakLii OKVICHEHHS 2-XMopTOrnyeHy 030HOM. BCTaHOBNEHO, LLIO OKUCHEHHS cybCTpa-
Ty 030HOM BiAGYBaETLCS NEPEBAXHO 32 apOMATUYHWM KifbLIEM 3 YTBOPEHHAM anichaTnyHNX NepoKCuaHmnx cnonyk. MNigBuLLeHHs Temnepartypu
10 90 °C Ta BBELIEHHS Y CUCTEMY KaTani3aTopa — kobansT (11) aueTaty — cnpusie 3pOCTaHHI0 CENEKTUBHOCTI OKUCHEHHS 38 METUIMBHOIO IPYMoH 3
18,0 % 10 92,5 %. Cepep NpoayKTiB apoMaTUYHOTO XapaKTepy YyTBOPHETLCA 2-xropbeH3oiHa kucnota (88,0 %) Ta 2-xnopbeHsanbaerig (4,2 %).

BucHoBku. Tpy OKUCHEHHI 2-XNOPTOMyeHy 030HOM B OLITOBIW KUCMOTi YTBOPIOKOTLCA Hacamnepes anicyaTuyHi Cnonyku nepokCMaHoro
xapakTtepy, a 2-xnop6eH3oiiHa kucrnoTa yTBOpHETLCS 3 BuxoaoM nuwe 16,5 %. MigeuienHs temnepatypu fo 90 °C Ta BBefeHHS y
cuctemy katanisatopa (kobansrt (I1) aueraty) aae amory cnpsiMyBaTy NPOLIEC NEPEBAXHO 32 METUIBLHOK rpynoto 3 yTBopeHHsM 88,0 %
2-XnopOeH30HOI KCIOTH.

Knto4yoBi crnoBa: OKUCHEHHS!, 2-XMOPTONYyeH, 030H, 2-xNopbeH3oiiHa KMCnoTa, 030HOMI3, KaTanisaTop, OLToBa KucnoTa.
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Liquid-phase oxidation of 2-chlorotoluene with ozone to 2-chlorobenzoic acid -
an intermediate for diclofenac sodium production

A. S. Bushuiev, A. H. Halstian, V. V. Kotova

2-Chlorobenzoic acid is used as an intermediate for diclofenac sodium production. In industry, it is obtained by oxidation of 2-chlorotoluene
with potassium permanganate in an aqueous acidic medium. Due to the deficiency and cost of the oxidant as well as the formation of
large amounts of toxic wastewater, the known method has no future. Therefore, an urgent task is to develop a new, low-waste synthesis
of 2-chlorobenzoic acid using the available and ballastless oxidant — ozone. The kinetics and mechanism of the liquid-phase oxidation
reaction of 2-chlorotoluene with ozone are studied. It was found that the oxidation of the substrate with ozone occurs mainly in the aromatic
ring with the formation of aliphatic peroxide compounds. Increasing the temperature to 90 °C and introducing the catalyst — cobalt (11)
acetate — into the system contributes to an increase of oxidation selectivity by the methyl group from 18.0 % to 92.5 %. Among the aromatic
products, 2-chlorobenzoic acid (88.0 %) and 2-chlorobenzaldehyde (4.2 %) are formed.

The aim of the work is to study the kinetics, the mechanism of the liquid-phase oxidation reaction of 2-chlorotoluene with ozone and to
develop a new method of 2-chlorobenzoic acid synthesis basing on the research performed.
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PiduHHOGba3He OKUCHEHHST 2-XIopmoityeHy 030HOM 00 2-xropbeH30LHOI Kucriomu — Harnignpodykmy 07151 upobHUuymMea Hampit OuKIogheHaKy

Materials and methods. Glacial acetic acid manufactured by Sigma, “Ch. P.” qualified; 2-chlorotoluene, 2-chlorobenzaldehyde,
2-chlorobenzoic acid manufactured by company “Acros organics” company, “Ch. P.” qualified; cobalt (Il) acetate, “Ch. P. qualified” were used
in the experiments. Studies of the reaction mass quantitative composition were performed by gas-liquid chromatography. 2-chlorobenzoic
acid was determined with potentiometric titration. Ozone concentration at the reactor inlet and outlet was determined by the absorption
spectrophotometric method in the range of 254-290 nm on a SF-46 spectrophotometer designed to measure the transmission coefficients
of liquid and solid transparent substances in the spectral range from 190 nm to 1100 nm.

Results. The kinetics and mechanism of the liquid-phase oxidation reaction of 2-chlorotoluene with ozone have been studied. It was
found that raising the temperature to 90 °C and introducing a catalyst — cobalt (Il) acetate — into the system results in an increase in
the selectivity of oxidation by the methyl group from 18.0 % to 92.5 %. Among the aromatic products, 2-chlorobenzoic acid (88.0 %) and
2-chlorobenzaldehyde (4.2 %) are formed.

Conclusions. During the oxidation of 2-chlorotoluene with ozone in acetic acid, mainly aliphatic peroxide compounds are formed, and
2-chlorobenzoic acid is formed only with a yield of 16.5 %. Increasing the temperature to 90 °C and introducing cobalt (Il) acetate into
the catalyst system makes it possible to direct the process mainly to the methyl group with the formation of 88.0 % 2-chlorobenzoic acid.

Key words: oxidation, 2-chlorotoluene, ozone, 2-chlorobenzoic acid, ozonolysis, catalyst, acetic acid.
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XupkochazHoe okuCneHNe 2-XNIOPTONyona 030HOM [0 2-XNOPOEH30MHOM KMCNOTLI — MONYNPOAYKTa ANs NPOM3BOACTBA
AnknodeHaka HaTpus

A. C. bywyes, A. I". TancTaH, B. B. KotoBa

2-Xnop6eH30liHyt0 KMCMOTY UCMONb3YIOT Kak NonynpoayKT Ans NPon3BOACTBa AWKIIOdeHaKa HaTpus. B NpoMBILLINIEHHOCTW ee nony4yatoT
OKUCIEHNEM 2-XTTOPTOMyora Kanuil nepMaHraHaToM B BOGHO-KWCION cpee. B cBsA3un ¢ 4eduumTom 1 BbICOKOI CTOMMOCTbIO OKUCAMTENS,
a Takxe 13-3a 0bpasoBaHMs BOMbLLLOMO KONMYECTBA TOKCUYHBIX CTOYHBIX BOA M3BECTHBIN METOZ He MeeT ByayLuero. [Noatomy akTyanb-
Has 3afja4a — pa3paboTka HOBOrO, ManNOOTXOAHOTO CUHTE3A 2-XNOPOEH30MHON KUCNOThI C MPUMEHEHWEM JOCTYNHOro 1 6e3bannacTHoro
OKUCIINTENS — 030Ha.

Llenb paboTbl — N3yunTb KMHETUKY, MEXaHWN3M KMAKO(A3HOM peaKLMM OKUCNEHNS 2-XMTOPTONYyona 030HOM U MO pe3ynsTatam UCCneno-
BaHWit pa3paboTaTtb HOBLIA METOL CHTE3a 2-XJI0pOEH30MHON KUCTOTbI.

Matepuansl n metoakl. B onbiTax ncnonb3osanu NeAsHyr0 YKCyCHYH KUCMOTY hmpMbl «Sigmay KBanuukaLmm «X.4.»; 2-xnopTonyor,
2-xnopbeH3anbaerna, 2-xnop6beH3omnHyo Kucnoty dupmbl «Acros organics» kBanudukaumm «x.4.»; kobanst (Il) auetat ksanuduka-
Lumn «x.4.». KonmyecTBeHHbI COCTaB peakUMOHHOM Macchl UCCNER0Bany METOAOM ra3oxunaKoCTHON xpoMaTorpadumn. Onpegenexne
2-Xnop6eH30HON KUCNOTbl NPOBEAEHO METOAOM MOTEHLMOMETPUYECKOrO TUTPOBaHUs. KOHLEHTpaLmio 030Ha Ha Bxode U Bbixode 13
peakTopa onpeaensiny cnekTpodoTOMETPUYECKM METOLOM C NornoLleHneM B obnactu 254-290 HM Ha cnekTtpodotomeTpe CH-46,
KOTOPbI NPeAHa3HayveH Ans u3MepeHns KoadUUMEHTOB NPONYCKaHUS XUAKMX U TBEPAbIX MPO3paYHbIX BELLECTB B 06nacTu crnekTpa
ot 190 Hm go 1100 Hm.

Pesynkrathl. M3yyeHa KMHETVKA N MeXaHU3M XMaKOMDA3HON peaKkLmmn OKUCTIEHNS 2-XNOPTONyona 030HOM. YCTaHOBIIEHO, YTO OKUCIe-
Hue cybeTpaTta 030HOM NPOUCXOAWUT NPENMYLLECTBEHHO MO apoMaTuyeckoMy Komblly ¢ 0bpa3oBaHueM anudaTuyecknx nepokCUaHbIX
coeamHexnii. MosbiweHue Temnepatypsl 8o 90 °C 1 BBeaeHue B cucTemy katanusatopa — kobansr (1) auetata — cnoco6cTByeT pocTy
CEeneKTUBHOCTW okucneHus no metunbHoi rpynne ¢ 18,0 % no 92,5 %. Cpean npogyKToB apoMaTUYeckoro xapakrepa obpasyeTcs
2-xnopbeH3oiiHas kucnota (88,0 %) u 2-xnopbeHsanbaerus (4,2 %).

Brieoabl. [py okMCNEHUM 2-XNopTonyoria 030HOM B YKCYCHOM kvcnoTe 06pasytoTcs NpeuMyLLECTBEHHO anudaTinieckne COeaMHeEHs
NEePEKNCHOro xapaktepa, a 2-xnopbeH3onHas kucrnoTa obpasyeTcs ¢ BbIXoAoM Tonbko 16,5 %. MosbiweHne Temnepatypbl 4o 90 °C u
BBE[EHMe B cUCTEMY KaTanuaaTtopa (kobansr (I1) auertaTa) no3BonsIET HanpaBUTb NPOLIECC NMPEVUMYLLECTBEHHO N0 METUIMBHON rpynne ¢
obpasoBaHuem 88,0 % 2-x110pOEH30MHO KCIOTHI.

Knto4eBble crnosa: okucneHue, 2-XJ'IOpTOJ'IyOJ'I, O30H, 2-Xﬂ0p66H3Ol7IHaFI KMUCNOTa, 030HONN3, KaTtanua3aTop, YKCyCHasa KNCnoTa.
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2-X1opOeH30iiHa KUCIIOTa — HAIIBIPOAYKT 11l BAPOOHU-
uTBa Harpii nukiaopenaxky. HasBHI MeToqu omepikaHHs
KHCJIOTH HE MAalOTh MailOyTHHOTO uepe3 Me(ilUT i BUCOKY
BapTICTh OKHCHUKA — KaJTii IepMaHTaHAaTy, a TAKOXK depe3
YTBOPEHHS BENUKOI KITBKOCTI TOKCHYHUX CTiYHUX BOJI.
[Tokazano [1-3], o0 aibTEPHATHBOIO BiJIOMHUM OKHCIIIO-
BJILHUM METO/IaM MOXKYTh Oy TH ITPOLIECH 3 BAKOPUCTAHHSIM
030HYy. 3a IPUPOIOIO BiH Ma€ BUIINI OKNCIIOBAIBHO-BI/-
HOBHHH TTOTEHITIAN, Hi’K MOJIEKYIApHHUNA KuceHb (2,04 MBT
ta 1,86 MBT BifMOBIIHO), 1110 J]a€ 3MOT'Y CTBOPIOBATH CKOJIO-
T'1YHO YHCTI, HU3bKOTEMIIEPATYPHI Ta CEIEKTHBHI IPOLIECH
OKHMCHEHHS METHJIOCH3EHIB.

[lepuri poOOTH MPHUCBSIYCHI HacamIepen peakiliiHii
30aTHOCTI OEH3eHy Ta HOTo 3aMillleHUX y peakliiii 3 030HOM
[4]. MexaHi3M aeTanbHO He BUBYAIH, TIepea0adal, o BiH
€ QaHAJIOTTYHAM MEXaHI3My B3a€MOIii 030HY 3 aJIkeHaMH [5].
31e011b1I0r0 11eHTU]IKYBAIN TIIBKMA TPOIYKTH O30HOII-
THUYHOI JECTPYKIII apoMaruuHOro Kinblsl [4]. BaxuBnit
eTan po3BHUTKY YSIBJICHb IIOZO MMPOLECIB OKUCHEHHS apeHiB
030HOM — BIJIKPHUTTS KaTaJli3y 030HOTITHYHHX [IEPETBOPECHb.
Y pobori [6] moka3aHa MOXKIIMBICTH 30€pe)KeHHS apOMaTHI-
HOTO KUJIBIISI QPEHIB Y PeaKiliii 3 030HOM, BBEJICHHSIM Y CUCTe-
My KarayizaTropiB — COJIel MepexiJHuX METaliB, 0 IOTIM
MPU3BEJIO J0 CTBOPEHHSI OCHOB O30HHOTO CHHTE3Y JICSIKHX
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OKCHI'€HBMICHUX apOMaTHYHHX ITPOIYKTIB. 3arporoHyBajIH
HOBI €KOJIOTIYHO YHCTI criocodu ofepxanHs TepedraneBoi
KUCJIOTH [7], NOXITHUX eTniiOeH3eHy 1 KyMmeny [8], mo oui-
KYIOTb Ha BITPOB/IXKEHHS Y BUPOOHUIITBO.

OTxe, TOLUTBEHE AOCIIIHKCHHS PeaKilii OKHCHEHHS 2-XJI0p-
TOJIyeHY O30HOM JUIsi CTBOPEHHSI MaJIOBIIXOJIHOTO CHHTE3Y
2-XJIOpOEH30HHOT KUCIIOTH.

MeTta po6otu

BuBuMTH KIHETHKY, MEXaHI3M piMHHO(A3HOT peakIii OKKc-
HEHHS 2-XJIOPTOJyeHY O30HOM 1 3a pesyibraTamMH JOCHTi-
JOKSHHS pO3POOUTH HOBUIT METOJI CHHTE3Y 2-XJI0pOEH30MHOT
KHCJIOTH

Marepianu i MeToau gocnimkeHHs

VY nocnifax BUKOPUCTOBYBAIM JbOISHY OLTOBY KHCIOTY
¢ipmu «Sigmay» kBamidikamii «X.Y.»; 2-Xm0opTonyeH,
2-x7opOeH3anbaeri, 2-XI0pOeH30HY KUCIOTY (hipMu
«Acros organics» kBami¢ikamii «X.Y.»; kobanst (II) anerar
kBaidikarii «X.U.».

Ilepen BUKOpPHCTaHHSM y BCiX BHNaAKaxX BHU3HAYAIN
(i3uK0-XiMigHI KOHCTAaHTH ab0 BMICT OCHOBHOI pedo-
BHHU B PEaKTHBI. Y HH3II BHUIAJKIB, BU3HAYAIOUH Tapa-
METpH MpOoIlecy Ha YKPYIHEHIH YCTAaHOBIN, K BHUXITHI
peareHTH 3aCTOCOBYBaJIHM PEYOBHMHH 0€3 TMOIEpeTHbOTO
OYMILICHHSL.

Peakuito 030HYBaHHS BUBYAIM y CKIIAHIM OapOoTaxHii
kostoHmi 3a temreparypu 20—100 °C. ¥V konoHKy 3aBaH-
TakyBasii 30 MJI JIbOAISIHOT OLTOBOT Kuchaotu, 0,4 Momb !
2-xnopronyeny, kobanst (II) anerar, TepmocraryBanm 3a
BU3HAYCHOI TEMIIEPATyPH, MiCIIsl LIHOTO MOJIaBAJIA 030HO-TT0-
BITpsiHY cymim 3i mBuakictio 30 n-rox’. KoHueHTparito
030HY Ha BXOJI Ta BUXOAl 3 PEeaKkTOpa BH3HAYaJId CIIEK-
TpoOTOMETPHUYHNM METOAOM 32 MOIIMHAHHAM B oOnacTi
254-290 um Ha criekrpodoromerpi CP-46, mio npusHade-
HHH /U1 BUMIPIOBaHHS KOe(il[ieHTIB POIYCKaHHS PIAKKX
1 TBEpAMX MTPO30PHUX PEUOBHH B 001acTi criekrpa Bix 190 HM
1o 1100 am.

KinbkicHu#l ckJ1aj| peakiiiiHoi Macu BHBUWIM METOIOM
razopiauHHOT Xpomarorpadii, 1o onucanuii y po6oti [9].
Awnani3 3aiiicanin Ha npunani JIXM-8M/] 3 nomym’siHO-
10HI3alIfHUM JETEKTOPOM Ha KOJIOHII 3aBIOBXKKH 3 M i
niamerpom 3,5 MM, sika 3anoBHeHa Hociem — «IHEPTOH-
AW-DMXC» (0,12-0,16 mm), 3 HaHECEHOIO Ha HHOTO He-
pyxomoro (azoro «SE-30» y kinpkocTi 5 % Bin Macu HOCIs
3a yMOB: TeMneparypa BunapoBysada — 350 °C; mBHIKICTh
razy-Hocist (azor) — 2,0 x-rox’'; mBHAKICT BoaHIO — 1,8
srom’; mBHAKicTh oBiTpst — 18 1-rox . Temmneparypa Tep-
mocrara — 180 °C.

AHaJi3 MepOKCUTHAX CTIONYK i OKUCHEHOT (POpMH KOOATBTY
B PO3YMHI BUKOHAJIM HOIOMETPHYHNM TUTpYyBaHHSM. KOH-
CTaHTH MIBUAKOCTI PEaKilii 030Hy 2-XJIOPTOIYEHOM i HOTo
TTOX1THIMH BU3HAYAIN 32 METONIOM, SIKH OMHCaHui y [5],
IIBUIKOCTI peakiii OKHCHEHOI popMu KoOaJIbTy 3 cyOcTpa-
TOM — rpadiyanm merozom [10].

C, monbn-1
0,4
2
0,3 1
0,2
0,1 3
100 200 300 T, xB

Puec. 1. KiHeTuka OKMCHEHHS 2-XTTOPTONYyeHY 030HOM B OLITOBIM KWC-
nori; T =20 °C; [ArCH,] = 0,4; [0,] = 5,2-10* monb-"; 3MiHa KOHLIEH-
Tpauji 2-xnoptonyeHy (1), 03oHigiB (2), 2-xnopbeH301MHoI KMCnoTH (3).

T T TR
R—E_II—(I)—O—O C—C—0—0 (II— I—O—OOH
O OAc OH OAc OH OAc

n

Puc. 2. O30Higu, ski Buginunu.

Pesynksratn

Ipu armocdeprOMy THCKY 13a Temnieparypu 20 °C OKHCHEH-
Hsl 2-XJIOPTOJIyeHY O30HOM Mae Iiepedir 0e3 iHAyKUiHHOro
Mepioay Ta 3ACOLTBIIONO 32 APOMATUYHUM KilbIieM (puc. 1).
CymapHUiA BUXIiI IPOAYKTIiB OKUCHEHHS 32 METHILHOIO TPy-
oo craHoBHTE 18,0 %, Buxig 030HiaiB — 80,5 %, HelneHTH-
(ixoBanux npoaykTiB — 1,5 %. Cepen MpomyKTiB OKMCHEHHS
32 METHJILHOIO IPYTIOIO 1IeHTH(IKOBaHI 2-XJI0pOEH3aIbIeTi
(1,5 %) Ta 2-xnopbenzorina kucnora (16,5 %) (puc. 1, kpusa 3).

O30Hi1H, 10 BUAUTHIIN, — MACIISIHUCTA B’ S13Ka PiTHHA CBIT-
JI0-)KOBTOTO KOJILOPY, 100pe pO3YNHHA B OITOBIH KUCIIOTI, aie
MIOraHo PO3YMHHA B IMXJIOpeTaHi. BoHu pearyrots 3 iyramu
i oqucTuMm KanieM. [HdpauepBoHi CrieKTpH 030HIIB MTOKa-
3aJI1 BIJICYTHICTbD B IXHBOMY CKJIa/i apOMAaTHYHUX CTPYKTYP.
MOosITiBO, BOHH SIBIISTFOTH COOOFO ONITOMEPH JIiHIHHOT OyI0BH
TIEPOKCUTHOTO XapakTepy (puc. 2).

[Ipo cTpyKTypy 030HIIB, SKY Iepe0adalti, CBiI4aTh TaKi
CIIOCTEPEKEHHsI: CTeXIOMETPHYHUHN KOe(DII[IEHT 32 030HOM
y peakiii 3 2-XJOpTOJlyeHOM JO0piBHIOE 2,34; 111 030HIIN
pearyroTh i3 HOAUCTHM KaJlieM y IBi CTasii: Ha MepIii,
MIBUJIKIN (TIPOTSATOM TOAMHH ), BUIUTSETHCS MOJICKYISIPHUI
HOJ Y KUTBKOCTI, 1[0 €KBiBaJICHTHA OJHIH KIHIIEBiH TiIpo-
MIepOKCHJIHIN TPy, Ha Apyriil, MOBIIBHIN (TIpoTsirom 24
TOIIUH), — ITI€ ABOM, KOTPI, HMOBIPHO, 3a IPUPOIOIO Bi/IIO-
BiIHI IaJIKIIIIEPOKCHIaM, BiTHOBIICHHS SIKHUX BiI0yBa€THCS
noBiTbHIIIE [11].

OTxe, peakllist 030HyY 3 2-XJIOPTOJIyeHOM B OLITOBIH KUCIIOTI
nepebirae 3a JBOMa HalpsiMaMu: MEePeBaKHO 32 apOMaTHy-
HHUM KUIBIIEM 1, MEHIIIC, — 32 METAJIBHOIO TPYIIO0 3T1IHO 3i
CXEeMOI0, 1110 HaBeeHa Ha puc. 3.

3amo0irTe 030HOII3Y apOMATHIHOTO KiJIbIIS 2-XJIOPTOIY-
€Hy MOJKHA [IJISIXOM YBE/ICHHS B OKHCHY CHCTEMY Karaiiza-
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PiduHHOGba3He OKUCHEHHST 2-XIopmoityeHy 030HOM 00 2-xropbeH30LHOI Kucriomu — Harnignpodykmy 07151 upobHUuymMea Hampit OuKIogheHaKy
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Puc. 3. Peakuis 030HY 3 2-X1OPTOMyEHOM B OLITOBII KACIOTI.

npoayKkTn
030HONI3y

C, monb-n-1

0,4

0,3

0,2

0,1

Puc. 4. KiHeTuka kaTaniTm4HOro OKUCHEHHS 2-XNOPTOsyeHy 030HOM
B ourosit kucnoti; T = 90 °C ; [ArCH,] = 0,4; [Co(OAc),], = 0,14;
[0,], = 5,2:10* monb-n'; 3amiHa KoHLEHTpaLii 2-xnopTonyeHy (1),
2-xnopbeH3oiiHoi kucnotu (2), 2-xnopbexsanbgerigy (3), kobarnb-
Ty (1) (4); kpmBi 1/, 2/, 4/ — 3miHa KOHUEHTpaL,i Nicnsi NPUNHEHHS
roAadi 030Hy.

Topa — kobaist (I1) aterary — Ta miIBUIEHHS TEMIIEPATYPH.
Ipu 90 °C karani3 ko6aneT (II) areraTrom ae 3Mory maiixe
MOBHICTIO 3yIMHUTH TIPOLEC JECTPYKII apOMaTHYHOTO
KUJIBIISE Ta TPOBOANTH PEAKIIIIO TUIBKH B HANPSIMI OKUCHEHHS
32 METHJIBHOIO TPy1ot0. OCHOBHHH TPOJYKT OKMCHEHHS 3a
METHJIBHOIO IPYIIOI0 — BIATIOBIIHA 2-XJIOPOEH301HA KHCII0Ta
3 BuxoaoMm 88,0 % (puc. 4).

3a HasBHOCTI 030HY B cucTteMi B nepiui 10—15 xBuimmH
BCTaHOBJIIOETHCS PIBHOBAra, BiAMOBITHO JIO SIKOT KOOAJIBT
IpoTsroM yciei peaxuii nepedyBae 31e011b110T0 B OKUCHE-
Hilt popmi (puc. 4, kpusa 4). I'anbMyBaHHS peakLii ax 10
MIOBHOTO BUTPAYaHHs 2-XJIOPTOJyEeHY HE CIIOCTEpIraroTh.
JlocsirHeHHSI MAKCUMAaJTbHOT IIBUAKOCT] YTBOPEHHSI 2-XJI0p-
OEH30MHOT KHCJIOTH 32 4acoM 30iraeThcs 3 JOCSTHEHHSIM
piBHOBaru B cucteMi. SIKio cyocTpar yBoJIsTh Y CUCTEMY,
TIOTIepeTHBO IIPOO30HOBAHY JI0 TOBHOT'O IIEPETBOPEHHS KO-
0aybTy y TPUBAJIGHTHHI CTaH, yTBOPEHHS 2-XJI0pOEH30iHOT
KHCJIOTH TIOYMHAETHCS BIIpa3y 3 MaKCUMAaJIbHOO IIIBH/IKi-
CTI0. XapaKTepHUM JUIsl KaTaJITUYHOI peaKilii OKMCICHHS
€ Te, 1[0 PeaKxilis MBUIKO 3YINHHSAETHCS NPU MPUITHHEHH]
JIOCTYITy O30HY B 30Hy OKHCHEHHS (puc. 4, kpusi I, 2/, 4)),
13a0apBIIEHHS PO3UHHY 3MIHIOETHCSI 3 3€JICHOTO Ha POXKEBE,
o cBiguuth npo msuake BigHosieHHs Co (I11) B Co (1D).
Ha orpumanns 1 Moisb 2-X10pOEeH301HHOT KUCIIOTH BUTpa-
4aeTbest 92 % 030HY BiJI TEOPETUYHO HEOOX1THOT KIIIBKOCTI
OKHCIIIOBAYa.

Tabnuus 1. KiHeTuyHi napameTpu peakLii kaTaniTU4Horo LyKIy npu
OKUCHEHHi 2-X110pTOnyeHy 030HOM B ouTOBIi kucnoTi npy 90 °C (ymoBm —
Ha puc. 4).

Peakujs k_., nimonb-c '-”B“HKIICTB peaxuil,
o monb/n‘c

O,+ 2-xnoptonyeH 0,39 r,=0,7-10*
Co* +0, 9,310? r.="5,:810?
Co® + 2-xnoptornyeH 0,0042 r,=3,0110%

Tabnuus 2. Bnnve Temnepatypu Ha BUXif NPOAYKTIB OKUCHEHHS!
2-xnoptonyeHy (yMoBM — Ha puc. 4).

Buxip npoaykTiB, %

:
20 26,6 2,0
50 40,7 2,7
70 62,5 3,5
90 88,0 4,2
100 86,4 4,0

Tabnuus 3. EeKTVBHI KOHCTaHTW LWBMAKOCTI peakLiii 2-XropTomnyeHy 3
030HOM i OkMCHeHoto dhopmoto metany npu 20 °C i 90 °C.

0O, + 2-xropTonyeH (24+0,2)-10% | 0,39+ 0,04 34,0+4,0
(4,1+0,4)10° |(4,2+0,4)10° |81,0+8,0

Co® + 2-xnopTonyeH

3a nasBHocTi KoOansT (I1) anerary BU3Ha4YaIIbHY POJIB HO-
YHHAE BIIrpaBaTH JBOCTA/Iii{HE OKUCHEHHSI 030HOM, 3TiJIHO
3 SIKMM O30H IEPEBAXKHO Pearye 3 BiIHOBICHOIO (hOpMOIO
MeTairy, a OKHCHEeHa (hopMa METaJTy BiTHOBIFOETHCS B PEaKIIil
3 cyOcTparom:

Co*+0,+H"— Co* +HO + O, (1)
ArCH, + Co*" — ArCH2 + Co* + H* 2)
ArCH, + O, — o3onian 3)

AHati3 eKCriepuMEHTAIbHUX JIAHUX JIa€ 3MOTY IPHITYCTH-
TH, L0 CENICKTUBHE OKMCHEHHS 2-XJIOPTOIYCHY 32 METHIIb-
HOIO TPYTIOIO 3aJISKUTH BiJl CITIBBIHOIICHHS IIBHIKOCTEH
peakiii (1), (2) i (3). daHui, oo HaBeneHi B mabauyi 1, moka-
3yIO0Th: KOHCTaHTa NIBUIKOCTI 030HOII3Y 2-Xj1opTonyeHy (3)
ICTOTHO MEPEBHIIYE KOHCTAHTY IBUIKOCTI HOrO OKMCHEHHS
Co* (2). O1xe, 3a HastBHOCTI KOOaNET (IT) arerary OKuCHEH-
HS 2-XJIOpTONyeHy 6e3 pyiHyBaHHS apOMaTHIHOI CHCTEMHU
MO>KJIMBE TLTBKH TIPH 3iCTABHUX KOHIICHTPAIIISX COMTi METAITy
Ta cyOcTpary, 1o 1 criocTepirainy Ha npakTui (maba. 1).

CeJIeKTUBHICTh OKMCHEHHS 32 METHJILHOIO TPYIOIO Ta
BUXI1J1 2-XJI0pOEH301HOT KUCIIOTH 3a HasiBHOCTI KoOasT (1)
aneTary 30UIbIIYIOTECS 3 HMiJBHILICHHSIM TEMIIEpaTypH 10
90 °C, a mpu BUMIi TeMIepaTypi MOYMHAE PO3KIIAIATHCS
030H, 1 BHUXIJI MMPOMYKTIiB PEaKIIii MOCTYIIOBO 3HWKYETHCS
(ma6n. 2). Y cucremi nepedirarots 2 peakiii 2-XJI0pToryeHy
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3 030HOM (3) 1 TPUBAJICHTHUM KOOQJIBTOM (2), 1110 KOHKYPY-
10Tb, 1 3 TIJJBUIICHHSIM TEMIIEPaTypH HIBUJKICTh peakilii (2)
3pocTae 3HaYHO MBHAMIE. L{M MOSCHIOEThCS 301TBIICHHS
CEJICKTUBHOCTI OKHCHEHHS (maoi. 3).

O6roBopeHHs

AHari3 1aHuX, 0 HAaBeICHI B mabiuyi 3, TOKa3ye: HaBITh 32
temrneparypu 90 °C KoHCTaHTa IIBUAKOCTI peaKliii 2-XJI0pTo-
nyeny 3 Co*" Ha IOPSIOK HIDKYA, Hi)K KOHCTAHTH IIBUIKOCTI
030HO0ITI3y. OT)Ke, CENEKTUBHE OKMCHEHHS 2-XJIOPTOTyeHy 0e3
pYHHYBaHHS apOMaTHYHOI CHCTEMH MOYKIIUBE TIIBKH TIPH
BHCOKHX KOHIICHTPAIIiSIX COMTi METAJIY, IO H MiITBEPIKYEThCS
EKCIIEPUMEHTOM.

Buxonsun 3 eKCrieprMEHTaTBHUX TAHUX 1 32 HASBHUMH Y
(haxoBiii JliTepaTypi BiJOMOCTSIMH IPO KaTasii3 peaKiliii OKuc-
HEeHHs apeHiB [3,9—12], po3missHeMOo TaKy cXeMy OKHCHEHHS
2-XJIOPTONYEHY B ILOMSHIN OLITOBIH KUCIIOTI:

Co*+0,+H"— Co™+HO + O, (1
ArCH, + Co*" — ArCH, + Co* + H 2)
ArCH, + O, — o3oninu 3)
ArCH , + O, — ArCH,0, “4)
ArCH,0,H + Co* — ArCH,O" + Co** + HOr 5)
ArCH,O, + ArCH ;, — ArCH,O,H+ ArCH, 6)
ArCH,0, + Co* + H " —ArCH,0,H + Co** (7
2 ArCH,0O," — mpoxyktn ®)

B yMoBax HekatayiTHUHOI peakilii MpOayKTiB OKHCHEH-
HSl TIepeBaXkae 030HOJI3 apoMaruyHoro Kumbls (3). Buxin
2-X10pOEH30MHOT KHCIOTH B IIMX yMOBAaX HE MEPEBUIIYE
16,5 %.

3a HasABHOCTI KaTaji3aTtopa 030H IIepeBakHO pearye 3 Bill-
HOBJICHOIO (POPMOI0 K0OasIbTy 32 peakiiero (1) 3 yTBopeHHsIM
akTUBHOI (DOPMH Karaiizaropa, sika i iHIliI0€ OKMCHEHHS
2-XJIOPTOJIYEeHY 3a METUJILHOIO IpyTIoro (2). B ymoBax okuc-
HEHHsI 030HO-TIOBITPSHOIO CYMIIIIIIIO OCH3UIIBHUH paIuKal
IIBUJKO pearye 3 KHCHEM 3 YTBOPEHHSM IIEPOKCHIHOTO
panukana (4). Tlepmmii IOPAIOK 3a peareHTaMH, a TaKOX
BU3HAYaJIbHA POJIb O30HY B pEakliii cBiguarh mpo nepeodir
Tporecy 3a HOH-paIMKaIbHIM HEJIAHIIIOTOBIM MEXaHi3MOM,
BIZIMTOBITHO JI0 SIKOTO MEPOKCUIHKI PaiKal PEKOMOIHYE 3
YTBOPEHHSIM ITPOAYKTIB OKUCHEHHSI 31 30€peKeHOI0 apoMa-
TUYHOIO CTPYKTYpoIo (8).

Ha xopucTb Takoro MexaHi3My CBiTYHT i CITiBBITHOIIICHHS
mBuaKocTel peakuiit (7) i (8) (mis Tomyeny r, =42 - 107
1 .~ 10* momb/n-c [13]).

[MpunymieHns mpo perenepartiro Co*™ mepemaycim 3a peak-
1i€ro (1) MiTKOM Y3romKy€eThCs 3 KIHETHIHUMH PO3PAXyHKO-
BUMH Janumu. B ymoBax gocniis npu k| = 10° i/mons - ¢;
[Co(OAc) ], = 0,141 [0,] =4 - 10* mons/m, 1, = 5,6 - 107
MoIB/J1 - ¢, ar (= 2,8 10 momb/n - ¢ ([ArCH,O,H]= 10°
Monb/1; k, = 20 n/mMons -c; [13]). Jloriuno, 110 TIpu TakoMy
CITIBBIIHOIIEHH] BEJIMYUH I ' /r ~2 10*, npunuHeHHs oayi
030HY B CHCTEMY BHKJIMKA€E 3yIIMHKY MPOLIECY.

Ie mae migcraBy BBaXKaTH, IO 3a HAaIBHOCTI koOaisT (1I)
aleTaTy peakiis 030Hy 3 2-XJIOPTOIyeHOM Mae Tepedir 3a

cxemoro: (1) —(2) — (4) — (8).

BucHoBKu

1. JlocnipkeHo KiIHEeTHYHI 3aKOHOMIPHOCTI peakiiii 030Hy
3 2-XJIOPTOJIyEHOM B OITOBiN KHciI0Ti. [loka3aHo, 110 mpu
temnepatypi 90 °C 3a nasiBaocti kodansT (I1) anerary Bia-
€TBCSI Makke 3yITMHUTH 030HOJI3 1 CIPSIMYBAaTH CEJIEKTHBHE
OKHCHEHHSI CyOCTpaTy 3a METHIILHOIO TPYTIOI0 3 YTBOPEHHSIM
2-x110pOCH30#HOT KUCIOTH 3 BUXOI0M 88,0 %.

2. 3a HasBHOCTI KoOaisT (II) arerary BU3HAYaNBHY POJH
BiZlirpae MBOCTaiiHE OKMCHEHHS O30HOM, 3TiHO 3 SKUM
030H TIEPEBAXHO Pearye 3 BiTHOBICHOIO (JOPMOIO METaly,
a okucHeHa (opma MeTally BiIHOBIIOETHCS B peakiii 3
cyocTpaToM.

4. 3a pesynsraTaMu A0CIIDKEHb 3allpPONIOHYBaId HOBUIM
METOJT CHHTE3Y 2-XJIOPOCH30MHOT KHCIIOTH, SIKHH Bi10YBAa€Th-
Csl Yy PO34MHI JILOJISTHOT OLITOBOI KMCJIOTH TIPU TEMIIEparypi
90 °C 3a nasgBHOCTI Karaiizaropa — kobainsT (II) anerary —y
CIIBBITHOIIICHHI JI0 2-XJIOpTONIyeHy 1 : 3.

5. PesymbraTtit MOKYTh Oy TH OCHOBOIO TSI PO3POOKH HOBHX
METOJIiB O30HOJITHIHOTO CHHTE3Y aKTUBHUX (hapMaIleBTHY-
HUX THTPEIiIEHTIB.
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Synthesis and properties of 2-(4-phenyl-5-(((5-phenylamino-
1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid
and its salts

A. S. Hotsulia“=*ACF 'S, Q. Fedotov'=/BCPE

Zaporizhzhia State Medical University, Ukraine

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

Analysis of the literature over the past decade has shown that the chemistry of 1,2,4-triazole and 1,3,4-thiadiazole attracts considerable
interest from scientists around the world because of the many valuable properties of compounds of this class. Bibliosemantic analysis
shows that the nuclei of 1,2,4-triazole and 1,3,4-thiadiazole are fragments of a number of known drugs and biologically active compounds.
That is why the synthesis and study of physical-chemical, biological properties of salts and acids containing these heterocyclic fragments
are quite relevant both from a theoretical and practical point of view.

The aim of the work was to targeted synthesis of 2-((4-phenyl-5-((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)
thio)ethanoic acid and its salts, as well as the establishment of physical-chemical properties of the synthesized compounds. Estimation
of the biological potential of the obtained compounds by molecular modeling method.

Materials and methods. 4-Phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-thiol, which was synthesized
by the classical method described in earlier works, was used as a key intermediate. The reaction of the corresponding thiol with sodium
monochloroacetate in aqueous medium and subsequent acidification with ethanoic acid gave the target acid.

Inorganic salts of 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)-methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid was syn-
thesized by the reaction of the acid with sodium hydroxide, potassium hydroxide, magnesium oxide, calcium carbonate or zinc sulfate
in an aqueous medium. For analysis, the salts obtained were purified by crystallization from methanol. Organic salts of 2-((4-phenyl-
5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)-methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid was obtained by the interaction of the
corresponding acid with organic bases (ammonia, diethylamine, diethylmonoethanolamine, morpholine, piperidine) in propan-2-ol fol-
lowed by evaporation of the solvent. For analysis, the synthesized substances were purified by crystallization from a mixture of water —
propan-2-ol (1:1).

Results. During the work, the method of obtaining 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)
thio)ethanoic acids was optimized. The role of the reaction medium at this stage was played by water. The conditions of the synthesis
of organic and inorganic salts of the specified acid, their structure, and physical-chemical properties were established. The biological
potential was preliminarily assessed with molecular docking.

Conclusions. As a result of synthetic studies, 11 new, previously undescribed compounds were obtained. The structure, composition
and individuality of the synthesized substances was confirmed by a set of the latest physical-chemical methods of analysis.

Key words: thiadiazole, 1,2,4-triazole, physical-chemical properties, molecular docking.
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CuHre3 i BnactuBocTi 2-((4-cbenin-5-(((5-cpeninamino-1,3,4-riagiazon-2-in)tio)metnn)-1,2,4-tpiazon-3-in)tio)eTaHoBoi KucnoTu
Taii conen
A. C. Touyns, C. O. degoTos

AHani3 haxoBoi nitepaTtypu 3a OCTaHHE AeCATUNITTA Nokasas, Lo ximis 1,2,4-Tpiasony Ta 1,3,4-Tiagiasony npueepTtae yBary HayKoBL,iB
CBITY Yepe3 6e3aniy LiHHKX BNACcTUBOCTEN CNomyk Lboro knacy. bibniocemaHTnuHMin aHanis ceiguuTb, Wo saapa 1,2,4-tpiasony 1a 1,3,4-Ti-
afiasony e parmMeHTamm HU3KM BiJOMMX Nikapcbkux npenapatiB i 6ionoriyHo akTuBHMX cnonyk. Came TOMy CUHTE3 i JOCHiAKEeHHS
hi3nKo-xiMiYHKMX, BionorivyHKUX BMACTUBOCTEN COMEN i KUCMNOT, LU0 MICTSATb Ha3BaHi reTepoLIMKNiYHI (hparMeHTM, € JOBOSI akTyanbHUMM i
3 TEOPETUYHOTO, | NPAKTUYHOTO NONsAAY.
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Synthesis and properties of 2-(4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid and its salts

MeTa po6oTu — LinecnpsmoBaHui cuHTes 2-((4-ceHin-5-(((5-dexinamiHo-1,3,4-tiagiazon-2-in)tio)metnn)-1,2,4-Tpiason-3-in)Tio)eTaHoBOi
KMCNOTU Ta ii CONen, a TakoX BCTAHOBMEHHS i3NKO-XiMIYHMX BNACTUBOCTEN CUHTE30BAHMX CMOMNYK; OLiHIOBAHHS 6ioNnoriYHOro noTeHujiany
CronyK, Lo ofepKarnu, MeToA0M MOEKYNSPHOTO MOAENoBaHHS.

Matepianu ta metoam. FK KnNOYOBY MPOMKHY Cronyky Bukopuctanu 4-cpeHin-5-(((5-deninamino-1,3,4-tiagiason-2-in)tio)meTtnn)-
1,2,4-Tpia3on-3-Tion, IKUN CUHTE3yBanu, BUKOPUCTOBYIOUM KNAcUYHY METOAWMKY. Y pesynbTaTi B3aEMOogii Ha3BaHOro Tiony 3 HaTpili MOHO-
XIopaLeTaToM y BOAHOMY CepeIOBULLi 3 HACTYMHMUM MIZKUCIIEHHSM KUCIIOTOK €TaHOBOK OfepKany LinboBy KUCMOTY. HeopraHiyHi coni
2-((4-tenin-5-(((5-deHinamiHo-1,3,4-Tiagiazon-2-in)tio)meTnn)-1,2,4-tpiazon-3-in)Tio)eTaHOBOI KUCNOTW CUHTE3yBanM B3aEMOLIEH Ljiei
KUCINOTM 3 HATPIN TipOKCUAOM, Kanii riipoKCUA0M, MarHiil OKCMAoM, KanbLi kapboHaToM abo LuHK CynbgaTom y BOAHOMY CEPELOBULL.
[insa aHanisy ogepxaHi coni o4McTMIM kprcTanisadieto 3 metaHony. OpraHiyHi coni 2-((4-cpenin-5-(((5-cbeninamiHo-1,3,4-Tiagiason-2-in)
Tio)MeTun)-1,2,4-tpia3on-3-in)Tio)eTaHOBOI KMCMOTW OTpUMAsni B3aeMOpied BiAMOBIAHOT KUCMOTM 3 OpraHiYHMMM OCHOBaMM (aMOHiak,
AieTunamid, gieTunmMoHoeTaHonamMid, Mopdoni, NinepuamnH) y cepefoBuLLi NponaH-2-ony 3 BUNaptoBaHHAM po3ynHHUKa. [ns aHaniy
CYHTE30BaHi PEYOBVHM OYMCTUMM KpUCTaniaLieto 3 cymiwi Boga — nponax-2-on (1:1).

Pesyniratu. Mpotsirom poboTu onTumidysanu cnoci6 onep:kaHHs 2-((4-enin-5-(((5-cdeHinamiHo-1,3,4-tiagiason-2-in)tio)meTun)-1,2,4-
Tpia3on-3-in)Tio)eTaHOBOI KMCNOTU. Ponb peakuiiHOro cepeoBuLLa Ha LbOMY eTani BUKOHana Boga. BctaHoBUMM onTuManbHi yMOBM
CHTE3y OpraHiYHMX i HEOPraHiYHWX COMel Ha3BaHOI KMCNOTH, IXHIO CTPYKTYPY Ta (idnko-xiMiyHi BnactTusocTi. 3a 4ONOMOrow mMeToay
MOMEKyNsPHOTO JOKIHrY 34iNCHUNM nonepesHe OLiHioBaHHS 6ioNoriYHOro NOTeHLiany crnonyk, siki CUHTe3yBany.

BucHoBku. Y pesynsrati CUHTETUYHUX JOCTIMKEHb oAepxanu 11 HOBMX, HeonmcaHWX paille cnonyk. bynosy, cknag Ta iHavBIAyanbHICTb
LIMX PEYOBUWH NiATBEPAUMN KOMMIIEKCOM HOBITHIX (i3MKO-XiMIYHUX METOAIB aHaniay.

Kniouogi cnosa: Tiagiason, 1,2,4-tpia3on, i3nKo-ximMiYHi BNaCTUBOCTi, MONEKYNSPHNIA JOKIHT.
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CuHTe3 n cBomncTBa 2-((4-penun-5-(((5-pennnamuto-1,3,4-Tuagmason-2-un)tuo)metun)-1,2,4-rpuason-3-un)Tmo)aTaHoBOM
KUCNOTLI U ee conen

A. C.Touyns, C. O. degoTos

AHanus Hay4YHOMN NuTepaTypbl 3a NocneaHee AecatuneTme nokasan, u4to xumus 1,2,4-tpuasona v 1,3,4-tnagumasona Bbi3biBaeT 60MbLLION
MHTEpeC y4éHbIX BCero Mupa bnarogapst MHOXECTBY LIEHHBIX CBOMCTB COEAMHEHUI JaHHOrO knacca. bubnuocemaHTuyeckuii aHanma
CBUAETENbLCTBYET, 4To siapa 1,2,4-Tpuasona u 1,3,4-Tnagmasona — parMeHTbl psiga 3BECTHLIX JIEKapCTBEHHbIX MpenapaToB 1 61oso-
TMYECKN aKTUBHBLIX COeOMHEHWI. IMEHHO NO3TOMY CUHTE3 U MUccnefoBaHue hUSMKO-XUMUYECKUX, BUONOrMYECKUX CBOWCTB COnel un
KUCIOT, COAEPXKALLMX YKa3aHHbIE reTepOLIMKNNYECKMe hparMeHTbl, akTyarnbHbl U C TEOPETUHECKON, U C NPAKTUYECKOW TOYKN 3pEHNS.

Llenb paboTkl — ueneHanpasneHHbIn cuHTes 2-((4-deHunn-5-(((5-bennnammno-1,3,4-tnaguason-2-un)tvo)metun)-1,2,4-tpnason-3-
1I)TNO)3TaHOBOW KWUCIOTbI U ee Conel, a Takke yCTaHOBNEHNEe M3NKO-XMMUYECKNX CBOWCTB CUHTE3MPOBAHHbIX COEAUHEHWI; OLieHKa
Buronornyeckoro noTeHumana nosly4eHHbIX COEAMHEHNI METOLOM MOMEKYNAPHOrO MOAENMPOBaHNS.

Matepuansl u MeTofbl. B ka4ecTBe KNOYEBOTO NPOMEKYTOUHOTO COEAMHEHNS UCTONb30BaH 4-heHunn-5-((5-peHnnammto-1,3,4-tna-
anason-2-un)tmo)meTun)-1,2,4-tpuason-3-T1on, KOTOPbIi CUHTE3NPOBAH C UCMONb30BAHMEM KIACCUYECKON MeToauku. B pesynstate
B3aMMOAENCTBMSI COOTBETCTBYIOLLIErO TUOMA C HAaTPMIA MOHOXIIOpaLleTaToM B BOAHOM cpeae Y C MOCNeayoLWMM NOAKUCIIEHNEM KUCIIOTON
3TaHOBOW MOJyYeHa Lienesas kucnota.

Heopranunyeckue conu 2-((4-pennn-5-(((5-bermnammyo-1,3,4-tnaguason-2-un)tmo)metun)-1,2,4-rpuason-3-nn)Tmo)aTaHoBOMN KNCNOTbI
CYHTE3MPOBaHbl B3aWMOAENCTBMEM YKa3aHHOM KUCMOTbI C HAaTPUIA TMAPOKCMAOM, Karnui rtMapoOKCUAOM, MarHuii OKCUMAOM, KanbLuii kap-
GOHATOM WMNW UMHK CyNbdaToM B BOAHOW cpefe. [Ans aHanusa nonyveHHble CONMM OYULLEHBI KpucTannusauuen n3 metaHona. OpraHu-
yeckwe conm 2-((4-thennn-5-(((5-pernnamnro-1,3,4-Tnagnason-2-un)tmo)metun)-1,2,4-tprason-3-un)Tmo)3TaHoOBOW KUCMOTbI NONYyYeHbI
B3aMOAENCTBNEM COOTBETCTBYIOLLIEN KNCNOTbI C OPraHNYeCKMM OCHOBaHUAMM (aMMUaK, AU3TUNaMUH, AN3TUIIMOHO3TaHONaMMH, MOp-
onuH, NNepuanH) B cpeae nponax-2-ona ¢ NoceayoLmMM BeinapuBaHneM pactBoputens. [Ins aHanusa cMHTE3MpOBaHHbIE BELLECTBa
OYMLLIEHbI KpUCTanNnu3aLmei n3 cmecu Boga — nponax-2-on (1:1).

Pezynkratil. B xope paboTbl onTummanpoaH cnocob nonyyexns 2-((4-gpeHun-5-(((5-peHnnammyo-1,3,4-Tnagnason-2-un)Tmo)metvn)-
1,2,4-Tpnason-3-1n)Tmo)-aTaHoBoOw KUCNOTbI. Ponb peakuMoHHOW Cpefbl Ha 3TOM JTarne BbiMorHWa Boda. YCTaHOBMNEHbI ONTUMarnbHbIe
YCNOBMS! CYHTE3a OPraHNYECKVX N HEOPraHUYECKNX COMNEN YkazaHHO KUCMOTbI, UX CTPYKTYpa 1 pn3nko-xummyeckyie cBoiicTea. C noMoLLbo
MeToZa MOEKYNSPHOTO AOKMHIa OCYLLECTBNEHA NPeABapuUTENbHAs OLeHKa 61onormyeckoro NoTeHumana CHTE3POBaHHbIX BELLECTB.

BbiBoabl. B pesynbrateé CUHTETUYECKNX ncenegoBaHun nony4eHsbl 11 HOBBbIX, HEOMMCAHHbIX paHee COENHEHWN. CTpOGHMe, COCTaB "
MHOMBNOYaNbHOCTb CUHTE3UPOBAHHbIX COEAVHEHNI noareepXaeHbl KOMNNekcom HOBEMLLNX (*)I/I3VIKO-XVIMVNGCKVIX MeToA0B aHanusa.

KnioueBkle cnosa: Taguason, 1,2,4-t1pnason, rUanko-XuMn4eckne CBOMCTBa, MONEKYNAPHBLIA JOKUHT.

AxTyanbHble Bonpochl (hapMaLeBTMYeCKON N MeaULUMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 3(34). C. 330-336

An analysis of the literature sources over the last decade hasshown ~ 1,3,4-thiadiazole are fragments of a number of known drugs and
that the chemistry of 1,2,4-triazole and 1,3 4-thiadiazole attracts biologically active compounds [3,4]. That is why the synthesis
significant interest from scientists around the world because of ~ and study of physical-chemical, biological properties of salts and
the many valuable properties of compounds of this class [1,2].  acids containing these heterocyclic fragments are quite relevant
Bibliosemantic analysis shows that the nuclei of 1,2 4-triazoleand ~ both from a theoretical and practical point of view [5,6].

ISSN 2306-8094 AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanYHoi Haykmn Ta npaktvku. — 2020. — T. 13, Ne3(34) 331



A. S. Hotsulia, S. O. Fedotov

Aim

The aim of this study is the directed synthesis of 2-((4-phe-
nyl-5-(((5-phenylamino-1,3,4-thiadiazol-2-yl)thio)methyl)-
1,2,4-triazole-3-yl)thio)ethanoic acid and its salts, as well
as the establishment of physical-chemical properties of the
synthesized compounds. Estimation of biological potential
of the obtained compounds by molecular modeling method.

Materials and methods
4-Phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)
methyl)-1,2,4-triazole-3-thiol, which was synthesized by
the classical method described in earlier works, was used
as a key intermediate [7]. The reaction of the corresponding
thiole with sodium monochloroacetate in aqueous medium
and subsequent acidification with ethanoic acid gave the target
acid. Inorganic salts of 2-((4-phenyl-5-(((5-phenylamino-
1,3,4-thiadiazol-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)
ethanoic acid was synthesized by the interaction of this acid
with sodium hydroxide, potassium hydroxide, magnesium
oxide, calcium carbonate or zinc sulfate in an aqueous
medium. For analysis, the salts obtained were purified by
crystallization from methanol. Organic salts of 2-((4-phenyl-
5-(((5-phenylamino-1,3,4-thiadiazol-2-yl)thio)methyl)-1,2,4-
triazole-3-yl)thio)ethanoic acid is obtained by reacting the
corresponding acid with organic bases (ammonia, diethyl-
amine, diethylmonoethanolamine, morpholine, piperidine)
in propan-2-ol followed by evaporation of the solvent. For
analysis, the synthesized substances were purified by crystal-
lization from a mixture of water — propan-2-ol (1 : 1).

The study of physical-chemical properties of the obtained
compounds was carried out by methods listed in the State
Pharmacopoeia of Ukraine. Melting points were determined
by the open capillary method on an OptiMelt MPA 100 with a
platinum RTD sensor. The elemental analysis was performed
by the “Elementar vario EL cube” analyzer (Elementar

HNA %Sﬁi{s

N,N

/k %sﬁ,{s

Cl\)l\OJ\

NN
€S —= HN/LS>\ S

Analysensysteme, Germany). IR spectra (4000400 cm™)
were taken off the module ALPHA-T of Bruker ALPHA FT-
IR spectrometer (Bruker optics, Germany). '"H NMR spectra
(400 MHz) were recorded at “Varian-MR 400 spectrometer
with SiMe, as internal standard in DMSO-d, solution. Chro-
matography-mass spectral studies were conducted on the
instrument “Agilent 1260 Infinity HPLC” equipped with a
mass spectrometer “Agilent 6120” (method of ionization —
electrospray (ESI)).

2-((4-Phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)
thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid (2) (Fig. 1).
It was heated 0.005 mol of 4-phenyl-5-(((5-phenylamino-
1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-thiol,
0.01 mol of NaOH, 50 H,O and 0.005 mol of monochloro-
acetic acid in a round bottomed flask. The reaction mixture
was boiled for 1 hour and cooled up to room temperature.
The solution was neutralized with acetic acid. The obtained
compound was filtered off, washed with H,O and recrys-
tallized from propan-1-ol. Yield—79 %. M. p.: 104-106 °C.

2-((4-Phenyl-5-((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)
methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid with organic
bases. A mixture of 0.01 mol of the starting carboxylic acid,
15-20 ml of water and 0.012 mol of the corresponding organic
base (diethylamine, diethylmonoethanolamine, morpholine,
piperidine) was heated for 1 hour in a water bath, filtered,
the solvent was evaporated to a total volume. The residue
was added to acetone or propan-1-ol. The precipitated white
crystalline substances were recrystallized from ethanol. The
product was soluble in water, sparingly soluble in organic
solvents.

Sodium, potassium salts of 2-((4-phenyl-5-((5-phenylami-
no-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)
thio)ethanoic acid (Fig. 2). A mixture of 0.01 mol of
the starting carboxylic acid and 0.01 mol of sodium or
potassium hydroxide in 30 ml of water was heated in a
water bath for 10—15 minutes, filtered and evaporated to its

i

-

HNt —NH,
1.4

o O

NN
| A\
N /ks>\s

5

PhNCS

———

N—N

NaOH HN/k >~ S/\<H

GO

e

e

Fig. 1. Synthesis scheme of 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid.
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Synthesis and properties of 2-(4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid and its salts
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Fig. 2. Scheme for the synthesis of salts of 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid.

original volume and precipitated by the addition of acetone.
It was obtained white crystalline substances, sparingly
soluble in organic solvents. The compound was recrystal-
lized from ethanol for analysis.

Magnesium, calcium and zinc salts of 2-((4-phenyl-5-(((5-
phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-tri-
azole-3-yl)thio)acetic acid (Fig. 2). A mixture of 0.02 mol
of the starting carboxylic acid, 25 ml of water and 0.01 mol
of magnesium oxide or calcium carbonate or zinc sulphate,
respectively, was heated to dissolve the precipitate, filtered
and the filtrate was evaporated. The compounds were re-
crystallized from water. The resulting product was a white
solid, sparingly soluble in water, sparingly soluble in organic
solvents.

Ammonium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thia-
diazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate. A
solution of 0.01 mol of the original carboxylic acid in 30 ml
of 25 % ammonia solution was evaporated. The product was
recrystallized from 1,4-dioxane : water (3:1). The target com-
pound was a white solid, slightly soluble in water, sparingly
soluble in ethanol.

Results

The structure and individuality of the synthesized compounds
were confirmed by a package of modern physical-chemical
methods of analysis.

For example, in the IR spectra of all synthesized com-
pounds there were absorption bands —C=N groups at
1607-1582 cm!, C—S groups — at 702—685 cm’!, as well as
symmetric and asymmetric absorption bands characteristic

of carboxylic acid salts containing COO groups in the range
of 1371-1342 cm™ and 1597-1525 cm!, respectively. The
IR spectra of salts also were contained absorption bands at
1508-1473 cm™, which indicates the presence of aromatic
substituent’s in their structure. For salts of organic bases
there are wide absorption bands of primary and secondary
amines in the range 3053-2907 cm™! or 2712-2258 cm™! and
deformation oscillations in the range 1610-1563 cm™.

The IR spectrum of the ammonium salt were contained the
absorption band of the valence vibrations of the ammonium
group at 3435 cm™.

"H NMR spectra of salts were confirmed by signals of the
corresponding protonated amines. For example, in the spectrum
of the diethylammonium salt, multiplets were observed in the
intervals 3.12-3.01 and 1.40-1.33 ppm, respectively. In the
spectrum of the diethylmonoethanolammonium salt there were
two triplets at 4.03 ppm and 3.46 ppm, a singlet at 7.08 ppm,
and an OH group signal in the form of a triplet at 4.16 ppm. The
spectrum of the morpholine salt had a characteristic set of signals
of the protonated cation of morpholine in the form of two multi-
pletsat3.96-3.83,3.38-3.30 ppm and a singletat 7.11 ppm. The
piperidinium salt was characterized by proton signals of organic
bases in the form of multiplets 3.15-3.11 ppm, 1.93-1.76 ppm,
1.55-1.42 ppm and 1.50 ppm and singlet 7.04 ppm.

2-((4-Phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)
thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid. White
crystalline substance in 77 % yield; m. p.: 204-206 °C; 'H
NMR (400 MHz, DMSO-d,) 6 10.51 (s, 1H, NH), 7.64-7.50
(m, 4H, NH-C H, H-3,5, C.H, H-2,6), 7.46 (d, 2H, NH-C H,
H-2,6),7.37-7.26 (m, 3H, C LI H-3,5), NH-C H, H-4),7.00
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(t, /=7.1 Hz, 1H, N-C H, H-4), 4.36 (s, 2H, S-CH,), 3.86
(s, 2H, CH,COO0).

Sodium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadi-
azole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate.
White crystalline substance in 83 % yield; m. p.: 228-230
°C. Analytical calculated (%) for C ,;H N ,NaO,S.: C, 47.69;
H, 3.16; N, 17.56; S, 20.10. Found: C, 47.80; H, 3.14; N,
17.52; S, 20.17.

Potassium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thia-
diazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate.
White crystalline substance in 79 % yield; m. p.: 247-249
°C. Analytical calculated (%) for C,;H KN.O,S.: C, 46.13;
H, 3.06; N, 16.99; S, 19.45. Found: C, 46.06; H, 3.07; N,
16.94; S, 19.48.

Magnesium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thia-
diazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate.
White crystalline substance in 74 % yield; m. p.: 194-196 °C.

Calcium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thia-
diazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate.
White crystalline substance in 69 % yield; m. p.: 222-224 °C.

Zinc 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-
2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate. White
crystalline substance in 81 % yield; m. p.: 213-215 °C.

Diethylammonium 2-((4-phenyl-5-(((5-phenylamino-
1,3,4-thiadiazole-2-yl)thio)-methyl)-1,2,4-triazole-3-yl)
thio)acetate. White crystalline substance in 78 % yield; m.
p.: 179-181 °C; 'H NMR (400 MHz, DMSO-d,)  10.48 (s,
1H,NH),9.24-9.19 (m, 3H, 'NH -(C,H,),,7.62-7.51 (m, 4H,
NH-C 4, H-3,5, C.H, H-2,6),7.44 (d, 2H, NH-C H, H-2,6),
7.35-7.25 (m, 3H, C H, H-3,5), NH-C H, H-4), 7.02 (t,J =
7.1 Hz, 1H, N-C H, H-4), 4.36 (s, 2H, S-CH,), 3.86 (s,2H,
CH,COO0) 3.12-3.01 (m, 4H, 'NH-(CH,CH,), ), 1.40-1.33
(m, 6H,"NH -(CH,CH,),.Analytical calculated (%) for C,,H-
,,N.O,8.: C, 52.15; H, 5.14; N, 18.51; S, 18.16. Found: C,
52.08; H, 5.16; N, 18.47; S, 18.19.

Piperidin-1-ium 2-((4-phenyl-5-(((5-(phenylamino)-1,3,4-
thiadiazole-2-yl)thio)-methyl)-1,2,4-triazole-3-yl)thio)ace-
tate. White crystalline substance in 80 % yield; m. p.: 197-199
°C; '"H NMR (400 MHz, DMSO-d,) 6 10.48 (s, 1H, NH),
7.61-7.50 (m, 4H, NH-C H_ H-3,5,C H, H-2,6), 7.41 (d, 2H,
NH-C H, H-2,6), 7.33-7.26 (m, 3H, C H, H-3,5), NH-C H,
H-4),7.04 (s,2H,NH,) 7.05 (t,/= 7.0 Hz, IH, N-C H, H-4),
4.35 (s, 2H, S-CH,), 3.83 (s,2H, CH,CO0) 3.15-3.11 (m,
4H, piperidine H-2,6), 1.93—1.76 (m, 4H, piperidine H-3,5),
1.55-1.42 (m, 1H, piperidine H-4). Analytical calculated
(%) for C,,H,N.O,S : C,53.21; H, 5.02; N, 18.10; S, 17.76.
Found: C, 53.27; H, 5.00; N, 18.15; S, 17.76.

Morpholinium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-
thiadiazole-2-yl)thio)-methyl)-1,2,4-triazole-3-yl)thio)
acetate. White crystalline substance in 84 % yield; m. p.:
189-191 °C; '"H NMR (400 MHz, DMSO-d,) 6 10.45 (s, 1H,
NH), 7.59-7.48 (m, 4H, NH-C H, H-3,5, C.H, H-2,6), 7.38
(d, 2H,NH-C H,H-2,6), 7.31-7.24 (m, 3H, C,H, H-3,5), NH-
CH,H-4),7.11 (s,2H,NH,) 7.03 (t,/=7.1 Hz, 1H, N-C H,
H-4), 4.33 (s, 2H, S-CH,), 3.80 (s,2H, CH,CO0) 3.96-3.83
(m, 4H, morpholine H-3,5), 3.38-3.30 (m, 4H, morpholine
H-2,6). Analytical calculated (%) for C H,.N.O.S.: C, 50.81;

2377257 77 7373

H, 4.63; N, 18.03; S, 17.69. Found: C, 50.74; H, 4.62; N,
18.08; S, 17.72.

N,N-Diethyl-2-hydroxyethanaminium 2-((4-phenyl-5-(((5-
phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-tri-
azole-3-yl)thio)acetate. White crystalline substance in 76 %
yield; m. p.: 201-203 °C; '"H NMR (400 MHz, DMSO-d,) 6
10.41 (s, 1H, NH), 7.56-7.47 (m, 4H, NH-C H, H-3,5, C H,
H-2,6),7.35(d, 2H,NH-C H, H-2,6), 7.30-7.25 (m, 3H, C H.
H-3,5), NH-C H, H-4), 7,08 (s, 2H, NH,) 6.98 (t,J=7.1 Hz,
1H,N-C H H-4),4.39 (s, 2H, S-CH,), 4.13 (s,2H, CH,COO)
4.16 (t, J= 6.8, Hz, 1H, OH), 4.03 (t, /= 7.2 Hz, 2H, OH-
CH)), 3.46 (t, 5.3 Hz, 2H, , OH-CH_-CH,- ), 3.30-3.24 (m,
4H,"NH,«(CH,-CH,),), 1.35-1.28 (m, 6H, 'NH_-(CH,-CH,),).
Analytical calculated (%) for C,,;H, N.O,S.: C, 52.33; H,
5.45;N, 17.09; S, 16.77. Found: C, 52.28; H, 5.44; N, 17.13;
S, 16.81.

Ammonium 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thia-
diazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)acetate.
White crystalline substance in 79 % yield; m. p.: 193—195
°C; 'H NMR (400 MHz, DMSO-d,)  10.38 (s, 1H, NH),
7.54-7.45 (m, 4H, NH-C H, H-3,5, C H, H-2,6), 7.37
(d, 2H, NH-C H, H-2,6), 7.31-7.24 (m, 3H, C.H, H-3,5,
NH-CH, H-4), 7,09 (s, 2H, NH,) 6.95 (t, J = 7.1 Hz, 1H,
N-C,H, H-4), 5.45 (s, 4H, 'NH,) 4.37 (s, 2H, S-CH,), 4.11
(s,2H, CH,COO0). Analytical calculated (%) for C, H, )N S.:
C, 40.98; H, 3.13; N, 26.06; S, 29.83. Found: C, 41.04; H,
3.12; N, 26.10; S, 29.80.

Today, the search for new effective drugs that would have
anti-inflammatory and antimicrobial action remains an urgent
problem. The fact remains that for many years the standard
drugs Diclofenac sodium and Ketoconazole are used to treat
inflammatory processes and fungal lesions [8—10].

Despite the pronounced anti-inflammatory and broad
spectrum of antifungal action, these drugs are quite toxic to
humans. In view of this, it is of some interest to obtain new
substances with a similar mechanism of action, but with less
toxicity.

Therefore, in the next stage of our work, we predicted the
probability of anti-inflammatory activity among the syn-
thesized substances using the in silico (molecular docking)
method [11,12].

Molecular docking was performed using Autodock 4.2.6.
Macromolecules from Protein Data Bank (PDB) were used
as biological targets, namely COX-1 enzyme in complex with
diclofenac and lanosterol-14a-demethylase in complex with
ketoconazole (Tables 1, 2). All programs used in the screening
process are publicly available [13,14].

Discussions

As aresult of the molecular docking for the synthesized salts
of 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)
thio)methyl)-1,2,4-triazole-3-yl)-thio)ethanoic acid estab-
lished a promising level of anti-inflammatory effect. It should
be noted that the conversion of the starting acid into a salt as
a result of interaction with organic or inorganic bases leads
to an increase in the likelihood of anti-inflammatory activity.

334

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAnYHOI Hayku Ta npakTvku. — 2020. — T. 13, Ne3(34)

ISSN 2306-8094



Synthesis and properties of 2-(4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid and its salts

Table 1. Energy values of the intermolecular interactions of the studied compounds with COX-1 (4Z0L)

-33.47 -29.29 -32.66
21 -37.66 25 -25.10 29 -35.17
2.2 -25.1 2.6 -29.29 210 -33.91
23 -37.66 2.7 -29.29 Diclofenac -35.17

*E, .+ the minimum energy of complex formation, kJ x mol-'.

Table 2. Energy values of the intermolecular interactions of the studied compounds with lanosterol-14a-demethylase (3LD6)

-41.03 -36.84 -40.61
21 -47.31 25 -39.77 2.9 -43.12
22 -45.22 2.6 -43.96 2.10 -43.96
2.3 -41.87 2.7 -37.68 Ketoconazole -42.29

*E, ..+ the minimum energy of complex formation, kJ x mol".

Regarding the results of the study of the affinity of the syn-
thesized compounds to the active site of lanosterol-14a-de-
methylase, it should be noted that there is an increase in
the energy of interaction with the enzyme as a result of the
transition from acid to its salts.

Analysis of the results showed that the most promising
compound for more in-depth study is sodium 2-((4-phenyl-5-
(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-
triazole-3-yl)thio)acetate. This compound demonstrated the
value of the energy of intermolecular interaction with the
target enzymes, which to some extent exceeds the values for
the reference compounds.

Conclusions

1. It was synthesized a number of salts of 2-((4-phenyl-5-
(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-
triazole-3-yl)thio)ethanoic acid.

2. The optimal conditions for the synthesis of the target
reaction products were established.

3. The structure and individuality were confirmed by means
of spectral and chromatographic methods of the analysis.

4. The results of the molecular docking revealed promising
compounds in a number of derivatives of 2-((4-phenyl-5-
(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-
triazole-3-yl)thio)ethanoic acid for more in-depth study.
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Thymus pulegioides L. syn. (Thymus ovatus Mill.) of family, Lamiaceae is a fairly common species in Ukraine. Given the literature data,
the studied species needs a more thorough study of nitrate accumulation due to the ecological situation in Ukraine, as well as the search
for herbal medicinal products with sufficient raw material base and a minimum amount of carcinogenic and harmful substances.

The aim of the research: To determine the quantitative content of nitrates in the infusion of grass (1:10) Thymus pulegioides L. flora of
Ukraine, using the ionometric method of analysis.

Materials and methods. Infusion of Thymus pulegioides L. (1:10) harvested in different regions of Ukraine was studied with the help of
the ionometric method of analysis.

Results. The accumulation of nitrates was quantified for Thymus pulegioides L. depending on the growing region, using the ionometric
method of analysis. The data obtained during the study of the nitrates accumulation in the grass of the species varied from 62.55 + 7.31
to 232.44 + 24.11 which do not exceed the generally accepted sanitary norms. Summarizing the study, it was found that the minimum
accumulation of nitrates in HRM was found in Poltava and Dnipropetrovsk regions (environment).

Conclusions. Given the data obtained, it can be concluded that the study of species of the genus Thymus L. by ionometric method of
analysis for nitrate content to control the quality of plant raw materials and drugs based on it was relevant. The central part of Ukraine is
a promising and ecologically safe region for the growth of the studied species.

Key words: Thymus pulegioides L., herb, ionometric method of analysis, nitrates.
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[OocnimxeHHA HakonNuyeHHs HiTpaTiB y TpaBi Thymus pulegioides L. ¢nopu YkpaiHu
A. M. CreweHko, O. B. MasyniH

YebpeLis briowmHmi (Thymus pulegioides L. cuH. okpyrmwia (Thymus ovatus Mill.)) poaviHn SAcHOTKOBI — BiAA, [OBOMI NOLLIMPEHWI HA TepUTOpIT YipaiHw.
BpaxoByroun aaHi haxoBoi nitepatypy, B NoTpebye peTenbHILLOTO AOCTiMKEHHS HAKOMMYEHHS HITPATIB y 3B'3KY 3 EKOMOMYHOK CUTYaLliEro B
Ykpaii Ta HeobXigHICTHO MOLLYKY chiTonpenaparis i3 4OCTaTHLOK CUPOBKHHO 623010, MiHIMaNBHOH KINTbKICTHO KAHLIEPOreHHWX i LLIKIANMBUX PEHOBYH.

Meta poboTu — 3a LONOMOrO IOHOMETPUYHOrO METOAY aHanisy BU3HAYMTK KiNbKiCHUI BMICT HiTpaTiB y HacToi Tpasm (1:10) Thymus
pulegioides L. driopun YkpaiHu.

Matepianu Ta metogu. [Ins ekcnepMmeHTanbHUX AOCMimXeHb BUKOPUCTOBYBanM HacTin i3 TpaBu Thymus pulegioides L. (1:10), koTpy
3ibpanu B pi3HMX perioHax YkpaiHu 3a JOMOMOrok iOHOMETPUYHOTO METOAY aHanisy.

PesynikraTtn. 3a 4ONOMOroO iOHOMETPUYHOTO METOAY aHanidy KiflbKiCHO BU3HAYMNM HAKOMWYEHHS HITPAaTIB 3anexHo Bif perioHy 3po-
cTaHHs Thymus pulegioides L. [laHi HakonuyeHHs HiTpaTiB y Tpasi BUAYy cTaHoBMMM Big 62,55 + 7,31 fo 232,44 + 24,11, W0 He nepeBu-
LLlye caHiTapHi HopMu. BctaHoBWnWK, WO MiHIManbHe HaKOMWYEeHHS HITPaTiB Y NiKapCbKi POCINHHIN CUPOBWHI BUSBUNW B [TonTaBChbKil,
[HinponeTpoBChbkilt 0bnacTsx (JOBKINNN).

BucHoBku. BpaxoBytoun gaHi, Lo ogepxanu, MoXHa 3pobuTti BUCHOBOK: AOCTImKEHHS BUAiB pody Thymus L. iOHOMETPUYHUM METOAOM
aHanidy Ha BMICT HITpaTiB Ans KOHTPOMHO SKOCTi POCIIMHHOT CUPOBUMHM Ta NikapCbkux 3ac06iB Ha i OCHOBI € akTyanbHUM. MepcnekTMBHWIA
Ta ekonoriyHo 6e3neyHnii perioH Ans 3pocTaHHs AOCHILXKYBAHOrO BUAY — LieHTparibHa YacTuHa YKpaiu.

Kntouogi cnoea: yebpeupb 6nowmHui, Tpasa, iOHOMETPUYHUI METOA aHaniay, HiTpaTu.
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WUccnepnoBaHue HakonneHus HUTpaToB B TpaBe Thymus pulegioides L. donopbl YkpanHbl
A. H. CteweHko, A. B. MasynuH

TuMbsH BrowuHbIn (Thymus pulegioides L. cuH. okpyrbiin (Thymus ovatus Mill.)) cemelicTBa ACHOTKOBbIE — BU, AOBOSIbHO pacnpo-
CTPaHEHHbIN Ha TepPUTOPUM YKpaunHbl. YUnNTbIBasi AaHHbIE HAay4YHON NuTepaTtypsbl, 9T0T BUA TpebyeT Gonee TaTenbHOro UCCrnefoBaHns
HaKOMMEHUs! HUTPATOB B CBSA3W C 3KOMOTMYECKON cUTyaumeit B YkpanHe 1 HeobxoamMMOoCTbio noucka puTonpenapaToB ¢ 4OCTaTOMHOM
CblpbeBOM 6a30M U MUHMMATBbHBIM KONIMYECTBOM KaHLIEPOreHHbIX 1 BPeHbIX BELLECTB.

Llens paboTkl — ¢ NOMOLLbI MOHOMETPUYECKOTO METOAA aHan13a onpeaernuTb KONMYecTBEHHOE COAep)KaHNe HUTPATOB B HACTOE TpaBskl
(1:10) Thymus pulegioides L. conopbl YkpauHsbl.

Matepuansi u MmeToabl. [ins akcnepuMeHTanbHbIX MCCNE0BaHMIA UCNONb30Banu HacTol Tpaebl Thymus pulegioides L. (1:10), koTopyto
cobpanu B pasnnyHbIx pervoHax YkpauHbl ¢ MOMOLLbI0 MOHOMETPUYECKOTO METOAA aHanmaa.

Pesynkrathl. C NOMOLLBIO MOHOMETPUYECKOrO METOAA aHanmsa 6bIno KONMYeCTBEHHO YCTaHOBMEHO HAKOMMEeHe HUTPATOB B 3aBHCH-
MOCTM OT permoHa npowspactanus Thymus pulegioides L. [JaHHble HakoMNeHWs HUTPATOB B Tpaee Buaa coctaBumm ot 62,55 +7 ,31 go
232,44 + 24,11, 4TO He NpPEBLILIAET CaHWUTapPHblE HOPMbI. YCTAHOBMEHO, YTO MUHWManNbLHOE HaKOMMeHNe HATPaTOB B NEKapCTBEHHOM
pacTuTensHOM Cbipbe 06HapyxeHo B MonTasckon, [JHenponeTpoBckor obnacTsax (okpyxatowas cpeaa).

BuiBogbl. YunTbiBas NonyyYeHHble AaHHble, MOXHO CAenaTh BblBOA: WCCMEAOBaHWe BUAOB poAa MOHOMETPUYECKUM METOOOM aHa-
nn3a Ha copepXaHue HUTPATOB Af1t KOHTPOMS Ka4yecTBa PacTUTENBHOTO Chipbst W NEKApCTBEHHBIX CPELCTB Ha ee OCHOBE SBMSAETCH
aKTyanbHbIM. [1epCneKTUBHBIN 1 3KONOrMyeckn 6e30nacHbIi PErvoH AN MPoM3pacTaHnsl UCCNeQYEMOro BMaa — LEHTparnbHas YacTb

YkpauHsil.

Knto4yeBble cnoBa: TUMbSH ONOLINHBIN, TpaBa, VIOHOMeTpVNeCKVIVI MeTo[, HUTpaThl.

AxTyanbHble Bonpochl (hapmMaLieBTMYECKON N MeAULMHCKON Hayku n npakTuku. 2020. T. 13, Ne 3(34). C. 337-340

At present, the main problem in ecology is the state of
the environment and the impact of anthropogenic harmful
factors on environmental pollution. Every year the level of
chemical pollution in Ukraine is exacerbated due to scientific
and technological progress and careless attitude of people to
the environment. It is known that the level of accumulation
of harmful substances depends on many factors: the type,
location of the plant, soil moisture, and the use of mineral
fertilizers. It should be noted that the high level of environ-
mental pollution leads not only to the accumulation of nitrates
but also significantly increases the number of pesticides in
different parts of plants. It is known in the scientific literature
that nitrates have a negative effect on the cardiovascular and
excretory systems. Information on the permissible content of
nitrates in herbal raw material (HRM) and extracts from it is
insufficient, so it is an important aspect in modern pharmacy
and phytotherapy to review the accumulation of nitrates in
little-studied species of medicinal plants. Existing quality con-
trol methods (QCM) only determine the presence and content
of active substances, total ash, and other indicators [1,2,6].

The content of nitrates in plants depends on their biological
properties, environmental conditions, and plant variety. The
family Lamiaceae is one of the most numerous and wide-
spread in the modern world flora. It has up to 200 genera and
7.000 species of grasses, shrubs, and semi-shrubs. Most of
them have medicinal properties and are widely used in herbal
medicine and cosmetology. Species of the genus Thymus L.
(Thyme), one of the most famous in this family, number
about 400 members, of which up to 50 have been identified
in the modern flora of Ukraine.

Promising for research and harvesting is a wild species of
broad-leaved (Thymus pulegioides L.) syn. (Thymus ovatus
Mill.) is widespread in central Europe. In Ukraine, it grows
mainly in the southern and central parts of the country. The

vegetation period of the plant is long (June—October), so
the maximum period of accumulation of biologically active
compounds depends on climatic conditions and the territorial
location of plants (humidity, soil characteristics, duration of
sunshine).

Therefore, the evaluation of the possible accumulation
of nitrates during the growing season is of great practical
importance for obtaining safe plant raw materials and
the manufacture of phytopreparations based on it. Among
the factors determining the degree of nitrates accumulation,
the main roles are played by climatic, geomorphological
and anatomical ones, as well as morphological features of
the plant species. A comprehensive study of any plant group
can only be done through a complete floristic analysis. Raw
materials were harvested in herbaceous forest-steppe phyto-
cenoses of Ukraine [1-9].

Aim
To determine the quantitative content of nitrates in the infu-

sion of grass (1:10) Thymus pulegioides L. flora of Ukraine,
using the ionometric method of analysis.

Materials and methods of research

For the experimental studies, we used the herb plant
material Thymus pulegioides L. which was harvested in
different regions of Ukraine during the flowering phase
(June—October 2017-2018) in accordance with common-
ly accepted requirements. During experimental studies,
the accumulation of nitrates in plant medicinal raw mate-
rials was documented.

The qualitative composition of nitrate compounds was
determined by pharmacopoeial reaction with diphenylamine
in concentrated sulphatic acid [4]. The quantitative content of
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Table 1. The results of the quantitative determination of the number of nitrates in herbs and infusions of herbs (1:10) of the genus Thymus L.

(June-October 2017-2018), (x £ AX), % U =6

Plant species Harvest location Content in HRM, mg/kg Content in infusions (1:10), mg/l

Zaporizhzhia region, Zaporizhzhia 232.44 +24.11 112.61 £ 12.36
Poltava region, Hlobyne 126.76 + 13.55 64.34 £7.22
Kherson region, Henichesk 218.23 + 19.64 129.77 + 13.94
Thymus pulegioides L.
Mykolaiv region, Olexandria 224.35 +21.82 118.18 £12.79
Zaporizhzhia region, Volodymyrivka village 167.28 +17.39 85.45+£9.12
Dnipropetrovsk region, Apostolove 115.75 £12.72 62.55+7.31
nitrates was determined by ionometric method on the device Conclusions

EV-74 (Republic of Belarus, JSC “Gomel Plant of Measuring
Instruments”) with nitrate-selective electrode type EI-NO3 ™
(reference electrode —silver chloride EVL-1 MZ). In the phy-
tochemical laboratory of the department, a standard solution
of potassium nitrate (CP) with a concentration of 0.1 mol/l
was used to prepare working solutions with concentrations
of C1 =0.01 mol/l, C2 = 0.0001 mol/l in 1 % solution of
potassium alum.

The weighted amount of the test sample of 10 g (exact
amount) was ground to a powdery state and transferred to a
100 ml volumetric flask. Then 50 ml of 1 % solution of po-
tassium alum was added, carefully stirred for 3 min, the elec-
trode potential (mV) was measured, and with the help of
a calibration graph the nitrate content was calculated. For
the analysis of infusions (1:10) with the herbal raw material
(HRM) 10 ml of the pharmaceutical form was used. Due
to the absence of standardizing documentation regulating
the presence of these substances, we used the maximum per-
missible concentration (MPC) regulations for agricultural
plant products (up to 350 mg/kg) to determine safety. For
the study of infusions (1:10) from raw materials, we used
10 ml of the medicinal form.

Results

The research results are given in Table I. According to
the pharmaceutical regulatory documents on analytical
method validation, which have clearly established sanitary
norms that regulate the content of nitrates in drinking water
for human consumption, where the maximum permissible
concentrations (MPC) should not exceed 10 mg/l; in herba-
ceous agricultural plants 300-370 mg/kg; rhizomes and roots
400-450 mg/kg [10—12]. During the study, it was found that
the accumulation of nitrates in the grass Thymus L. ranges
from 62.55 + 7.31 to 232.44 + 24.11. The content of nitrates
did not exceed the existing sanitary norms of the MPC.

Discussion

The obtained data support the perspective of using the iono-
metric method of analysis to control the quality of potential
medicinal raw materials.

1. With the help of experimental studies of the HRM
the level of nitrate accumulation was estimated as ranging
from 62.55 + 7.31 t0 232.44 + 24.11.

2. The presence and content of nitrates indicate that the accu-
mulation of substances depends on the conditions of growth of
the species and the territorial location of Thymus pulegioides L.

3. Deterioration of the ecological condition of the environ-
ment is the main problem for finding safe plant raw materials
that would accumulate a minimum amount of harmful sub-
stances during the growing season.

4. Summarizing the study, it was found that the minimum
accumulation of nitrates in HRM was found in Poltava and
Dnipropetrovsk regions (environment).

Prospects for further research. The data obtained by
the experimental study can be used for further phytochemical
and ecological studies of Thymus pulegioides L. syn. (Thymus
ovatus Mill.), as well as for the standardization of HRM of
the studied species of the genus Thymus L. for nitrate content.
The central part of Ukraine is a promising and ecologically
safe region for the growth of the studied species.
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OpwriHanbHi gocnimxeHHs @ Original research

JocnigpkeHHA XiMiYHOro cknapy annaHTy HauBULLOrO
(Ailanthus altissima (Mill.) Swingle)

O. |. MaHaceHko=EF |, |. AkcboHoBa*CP, O. M. [leHuceHko®E, B. |. Mosynb*EF, B. B. lonoskiH®

3anopisbkuii AepxaBHWA MEANYHUI YHIBEPCUTET, YKpaiHa

A — KOHUenNLUiA Ta An3aiH gocnimkeHHs; B — 36ip aanux; C — ananis Ta inTepnpeTauis ganux; D — HanucanHs cTatTi; E — peparysanHs cTarTi;
F — ocTaTouHe 3aTBepaXeHHs cTaTTi

ANnaHT HaNBULLWIA — JKepeno Pi3HUX KnaciB 6ionoriyHo akTUBHMX cnonyk. Lie 3yMoBnoe HasiBHICTb Y HbOTO GiTOTOKCWUYHOI, dhyMiraHT-
HOI, @aHTMOKCUAAHTHOI, aHTUMIKPOOHOI, aHTUreNnbMIHTHOI Aji. Ane B (haxoBili niTepaTypi HEAOCTATHLO BiAOMOCTEN LLOAO MOro XiMiYHOMO
cKnagy, NepcnekT1B BUKOPUCTAHHS B MEAWLIMHI.

Meta po6otu — 3a gonomoroto GS/MS-aHaniay 4ocnianTy SKICHWI i KiNbKiCHUIA Cknag anaHTy HaWBULLOTO MUCTS Ta NNOAiB, BCTAHOBUTU
MOXIMBI NEPCNEKTVBU BUKOPUCTAHHS L€l pOCNMHM B MEAMYHIN NPaKTUL SIK fykepena NOTEHLiMHMX NikapCbkux 3acobiB.

Matepianu Ta metoau. O6’eKT goCnimKEHHS — ainaHTy HaNBULLOTO MUCTS Ta Nnoau. HacTosiHKy ogepxany MeTogom mMalepawii, cupo-
BUHY eKCTparyBanv MeTUnoBuM ClPTOM 3a KiMHaTHOI Temnepatypu npoTarom 10 gHiB. AkicHe Ta KinbKiCHe BU3HAYEHHS AiloumX Cronyk
30incHUIN Ha razoBomy xpomatorpadi Agilent 7890B GC System (Agilent, Santa Clara, CA, USA) 3 Mac-CnekTpOMETPUYHUM [ETEKTO-
pom Agilent 5977 BGC /MSD (Agilent, Santa Clara, CA, USA) Ta xpomatorpadiyHoto konoHkot DB-5ms (30 M x 250 Mkm % 0,25 MKM).

Pesyniratu. Mig Yac gocnimkeHHs B nucTi ineHTudikysanm 35 6ionoriyHo akTUBHUX CMOMYK, Y NoAax annaHTy Haneuiioro —41. Avani-
3yH04M IUCTS, BUSIBUNM OCHOBHI cknagoBi: dpiton — 21,15 %, rekcagekanosa kucnota — 8,53 %, a-tokocnipo A — 8,14 %, 2-C-metun-mio-
iHo3uTON — 7,78 %. Y nnogax HanbinbLuy 4acTky ctaHoBunu a-Tokodepon — 13,35 %, BakueHoBa kucnota — 11,42 %, 2-eTunrekcunoBui
edpip 6yTaHosoi kucnot — 9,77 %.

BucHoBku. Ynepuwe 3a gonomoroto GS/MS BCTaHOBWNM XiMIYHWIA CKMad ainaHTy HaMBMLLOMO NMUCTA Ta nnogis. laeHtudikysanm 35 Gio-
NOriYHo aKTMBHKX cronyk y nucTi Ta 41 — y nnogax. OCHOBHI KOMMOHeHTH nucTs: diton — 21,15 %, rekcagekaHosa kucnota — 8,53 %,
a-Tokocnipo A — 8,14 %; nnogis: a-tokocepon — 13,35 %, BakueHoBa kucnota — 11,42 %, 2-eTunrekcunoBuii edip 6yTaHOBOI KUCNOTU —
9,77 %. Pe3yneratn MOXHa BUKOPUCTOBYBATM [N1S1 CTBOPEHHSI HOBUX NOTEHLAHUX aHTUMIKPOOHMX, aHTUOKCUZAHTHMX i MpoTU3ananbHux
nikapcbknx 3acobis.

Kntouogi crnoea: annaHT, 6ionoriyHo akTWBHI CMOMyKy, ra3oBa xpomartorpadis.
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Investigation of chemical composition of Ailanthus Altissima (Mill.) Swingle
O. |. Panasenko, I. I. Aksonova, O. M. Denysenko, V. I. Mozul, V. V. Holovkin

Ailanthus altissima (Mill.) Swingle is a source of various classes of biologically active compounds. This determines its phytotoxic, fumigant,
antioxidant, antimicrobial, and anthelmintic action. However, the scientific literature lacks information about its chemical composition and
prospects for use in medicine.

The aim of the work. The study of the qualitative and quantitative composition of Ailanthus altissima (Mill.) Swingle leaves and fruits by
GS / MS analysis. Identify possible future prospects for the use of the test plant in medical practice as a source of potential medicines.

Materials and research. The object of research is Ailanthus altissima leaves and fruits. The tincture was obtained by maceration,
the raw material was extracted with methyl alcohol at room temperature for 10 days. Qualitative and quantitative determination of active
compounds was carried out on a gas chromatograph “Agilent 7890B GC System” (Agilent, Santa Clara, CA, USA) with mass spectrometric
detector “Agilent 5977 BGC/MSD” (Agilent, Santa Clara, CA, USA) and chromatographic column DB-5ms (30 m x 250 um x 0,25 um).

Results. In the course of the study, 35 biologically active compounds were identified in the leaves and 41 — in the fruits of Ailanthus
altissima. It has been found that the main components of leaves are phytol — 21.15 %, hexadecanoic acid — 8.53 %, o-tokospiro A —
8.14 %, 2-C-methyl-myo-inositol — 7.78 %; the main components of fruits are a-tocopherol — 13.35 %, vaccenic acid — 11.42 %, butyric
acid 2-ethylhexyl ester — 9.77 %. a-tocopherol is known for its antioxidant and anti-inflammatory effects.
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O. I. MaHaceHko, I. I. AkcboHosa, O. M. deHuceHko, B. I. Mogynb, B. B. ['oroekiH

Conclusions. ltis for the first time when chemical composition of Ailanthus altissima leaves and fruits was established with GS/MS. 35
biologically active compounds in leaves and 41 in fruits of the studied object were identified. The main components of the leaves are
phytol — 21.15 %, hexadecanoic acid — 8.53 %, a-tocospiro A—8.14 %, and these of the fruits comprise a-tocopherol — 13.35 %, vaccine
acid — 11.42 %, 2-ethylhexyl ester of butanoic acid — 9.77 %. The results can be used to create new potential antimicrobial, antioxidant
and anti-inflammatory drugs.

Key words: Ailanthus altissima, phytochemicals, gas chromatography.
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WUccnepoBaHue xumumyeckoro coctaBa annaHTta Bbicovanwero (Ailanthus altissima (Mill.) Swingle)
A. . NManacerko, W. U. Akcénosa, O. H. leHuceHko, B. L. Mosynb, B. B. lonoskuH

ANaHT BbICOYANLLIMIA — MCTOYHUK Pa3AMYHbIX KacCcoB GUMOMNOrMYecky akTUBHBIX COeAMHEHWIT. DTO 0BYCMOBNMBAET HaNM4MKe y Hero guTo-
TOKCWMYECKOrO, (DYMUraHTHOTO, aHTUOKCUAAHTHOTO, aHTUMUKPOBHOTO, aHTUrENbMUHTHOTO AECTBIS. B Hay4HOW nuTepaType HeQoCTaTo4HO
CBELIEHNIA O €r0 XMMUYECKOM COCTaBe W NEPCMEKTNBAX UCNIONb30BaHNS B MEANLIMHE.

Llenk pa6oTkl — npu nomowm GS/MS-aHann3a nccnefoBartb Ka4eCTBEHHBIN W KONIMYECTBEHHbIN COCTAB aiflaHTa BbICOYaWLLEro NUCTLEB
1 NNoaoB. YCTaHOBUTb BO3MOXHbIE MEPCNEKTUBbLI UCMONb30BaHNS B MEOMLIMHCKOM NPaKTUKE B KAYeCTBE UCTOYHMKA MOTEHUMANbHbIX
neKapcTBEHHbIX CPEACTB.

MaTepuansi n metoabl. OGbEKT UCCIenoBaHUs — aiiflaHTa BbICOYaNLLEro NUCTbA M Nnoabl. HacToiika nonydyeHa METoAoM MaLepaLmm,
Cblpbe 3KCTParMpoBan MeTUIOBbLIM CrIMPTOM MpK KOMHaTHOM TemnepaTtype B TedeHue 10 aHeil.

KayecTBeHHOE 1 KONMYECTBEHHOE ONpeaeneHre AeNCTBYIOLLMX COeAMHEHUI NPOBOAUN Ha ra30BoM xpomatorpade Agilent 7890B GC
System (Agilent, Santa Clara, CA, USA) ¢ macc-cnektpometpudeckum getektopom Agilent 5977 BGC/MSD (Agilent, Santa Clara, CA,
USA) n xpomartorpadpuyeckon kornoHkoi DB-5ms (30 m x 250 mkm x 0,25 Mkm).

Pesyniratkl. B xoge nccnenoBanns B nMCTbAX naeHTudmumpoany 35 61nonormiecky akTYBHbIX COeAMHEHUI, B NNOAAX aiflaHTa BbICO-
Yanwero —41. B xoge aHanu3a NUCTbEB YCTAHOBWIIM OCHOBHbIE cocTaBnstoLwme: douton — 21,15 %, rekcagekaHosas kucnorta — 8,53 %,
a-Tokocnpo A — 8,14 %, 2-C-metun-muo-nHosuton — 7,78 %. B nnogax HaumbonbLuyto yactb coctaensmm a-tokodepon — 13,35 %,
BakueHoBas kucnota — 11,42 %, 2-aTunrekcunoBbin acup ByTtaHoBow kucnotsl — 9,77 %.

BeiBogki. Bnepsble ¢ nomolbto GS/MS ycTaHOBNEH XMMUYECKWIA COCTaB ainaHTa BbiCOYaliLLero MMCTLEB W NogoB. PedynstaTbl MOXHO
MCMNONb30BaThb AN CO34aHNS HOBbIX MOTEHLUMANbHLIX aHTUMUKPODOHBIX, aHTUOKCUMAAHTHBIX U MPOTUBOBOCTANUTENBHBIX JIEKAPCTBEHHBIX
CPEeAcTB.

KntoueBkle croBa: ainaHT, 6UoNorMyeckn akTMBHbIE COEANHEHMS, ra3oBasi xpomaTorpadgus.

AxTyanbHble Bonpochl (hapMaLieBTMYECKON N MeAULMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 3(34). C. 341-348

Avnant HaiBummid (Ailanthus altissima (Mill.) Swingle) —
JIUCTSIHE JIepeBO poauHu Simarubaceae, MBUIKO POCTE,
nocsarae sucotd 20-30 M. PocinHa mOXOOUTH 13 IIBIHS
Kuraro, B €Bpony 3aBe3eHa B 1750 p., KyIbTUBOBaHaA SIK
nexoparuBHa [8,18,21]. 3aBsiki HEBUOATIUBOCTI 10 YMOB
3pOCTaHHs, ajeonarii, HasBHOCTI CIeNM(ITHOTO 3amaxy
aliylaHT HaWBUINMI IIBUIKO BUTICHSE MicleBy (Iopy Ta
BBKAETHCS 1HBa31MHUM BUJIOM [9,14]. YacTo kammaHii 3 #oro
BUKOPIHEHHS € MAPHUMH. Y TiM, POCIHHY MOYKHA BUKOPHUCTO-
BYBATH SIK [HKEPEITO KBA3HHOIIIB — MOTCHIIIHNX TepOIiIHIiB
LIMPOKOTO CrieKkTpa 1ii [S].

Tax, iTaniiicbKi HAyKOBII TOCIHKYBAIHU (DITOTOKCHYHICTD
AfTAaHTOHY — KBAa3WHOINA, IKMH MICTUTHCS B alllaHTI Hai-
BUILOMY. AKTUBHICTb 1HTI1OyBaHHS IIPOPOCTAHHS Ta POCTY
OL[IHIOBAJI HA JIBOX MOJENBHMX BUJAX — XPIHHHUIA CiliHa
(Lepidium sativum L.) i penpka niociBHa (Raphanus sativus
L.). Pesynbrarn gocitimKeHb HOKa3aJi TO3UTUBHY ANHAMIKY
W J1ayu 3MOTY TOBOPHUTH PO MEPCIIEKTUBHE BUKOPUCTAHHS
aiimaHTy K 010JOTIYHOTO PileHHs 11 00poTHEOH 3 Oyp s-
Hamu [19,23]. V craTTi miBICHHOKOPEHCHKUX HAayKOBIIIB
PO3IIISTHYTO HAsIBHICTh QHTHOKCUIAHTHOT J1iT B €TaHOJIHOTO
€KCTPaKTy MapoCTKIB aiJIaHTy Ha MPUKIAAL HIypsdoi MO-
neni [12]. KuTaiichki BUeHI JOCTIIUIN HEHPOIIPOTEKTOPHY
AKTUBHICTh OCH30MHUX MOXiJHUX aiJIaHTy HANBUIIOTO,

aJie JKOJTHA 31 CHOJYK, SIKI JTOCIIIMIN, HE MaJla OYCBHHOT
akTuBHOCTI [24]. KonekTrB HIMEIbKUX JIOCITITHUKIB BUBYAB
AHTUTEJNBMIHTHY Ait0 aitnmantoHy npotu Caenorhabditis
elegans, BUCHOBKH JOCIHIPKCHD TiITBEPIIIIN JOIUTBHICTh
BUKOPUCTAHHS ailJIaHTy [UTS JIIKYBaHHS TelIbMIiHTO3iB [16].
Ornsiz paxoBoi JiTepaTypy MOKa3aB HASIBHICTH TAKOXK ITHTO-
TokcH4HOI i [15,25]. Kpim Toro, eKcTpaxT ailllaHTy 3acTo-
COBYIOTh y 3eJieHOMY cuHTe31 [3,4]. ¥ poboTi Gonrapchkux
YUEHHX OMMCAHO (DITOTOKCHYHY, (PyMIraHTHY Ta PETICIICHTHY
aKTHBHICTH [14], a pocilichbKi HayKOBIIi BCTAHOBWIIN HAsIB-
HICTh aHTHMIKPOOHOT aii [2].

JleranpHinmMil aHasi3 HAyKOBOI JIITEpaTypH MOKa3aB He-
JIOCTAaTHICTh TOCTI/HKEHb XIMIYHOTO CKJIay Ta Gi0moriyHoi
nii admanTy HaiiBumoro. OTxe, aKTyaJbHUMH € HACTYIIHI
JIOCII/DKEHHS aliTaHTy HANBHIIIOTO.

MeTa po6otu

3a noromororo GS/MS-aHaitizy JOCIITUTH SKICHUH 1 KUTbKiC-
HUH cKJan aiianTty HaBuoro (Ailanthus altissima (Mill.)
Swingle) nucTs Ta TUIOMIB, BCTAHOBUTH MOJKJIHBI ITEPCTICK-
THBHY BUKOPUCTAHHS €1 POCIMHU B MEANYHIN NPAKTHLII SIK
JoKepera MOTeHIIHHUX JIIKapChKUX 3ac00iB.
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HocnidxeHHs ximiyHozo cknady atnaHmy Hatsuwoeo (Ailanthus altissima (Mill.) Swingle)

Martepianu i MeTogu pocnimkeHHs

OO0’ €eKT MOCTIHKECHHS — aliJIaHTy HAHBUIIIOTO JIUCTS Ta IO~
1. CupoBuHy 3arotoBuiy B urHi 2019 p. y a3y moBHoro
LBITIHHA Ta IUTOJOHOIICHHS (M. 3amopixoks). HacTosHKy
BUTOTOBMJIM METOJIOM Marlepallii, CApOBUHY €KCTparyBaju
MCTHJIOBHM CITHPTOM 32 KIMHATHOT TEMITEpaTypH MPOTATOM
10 mHiB, 3riJTHO 3 METOMKOIO BUTOTOBJICHHS HACTOSTHOK [1].
Y mikpokonOy (1 mur) momictusu 0,1 M1 eKCTPAKTY Ta JOBEITH
METaHOJIOM 110 TTo3Ha4yku 0,5 Mi1.

SkicHe Ta KiTBKiICHE BH3HAYCHHS JIFOYHX CITONYK 3iiC-
HUJIH Ha Kadeapi MPUPOTHIIUX JUCITUTUTIH JUTS iHO3EMHUX
CTYJ/ICHTIB Ta TOKCUKOJIOTTYHOT XiMiT (3aB. Kad. — 1-p apm. H,
mpodecop O. 1. [Tanacenko). Po3BeneHHS JOCTIHKyBaTH
Ha razoBoMy xpomarorpadi Agilent 7890B GC System
(Agilent, Santa Clara, CA, USA) 3 Mac-ClieKTpOMETPHIHUM
nerekropom Agilent 5977 BGC /MSD (Agilent, Santa Clara,
CA, USA) ta xpomarorpagiuaoro koioHkoro DB-5ms (30 Mm

x 250 MM X 0,25 mrm). [Tig yac aHasizy qOTpUMYBaIUCS
TAaKUX YMOB: HIBWJKICTH rasy-Hocis (remiit) — 1,3 mi/xs;
Temneparypa 0noky BeezieHHs pod — 200 °C — 12 °C/c —
265 °C; temmepatypa TepMocTara: mporpamonana, 70 °C
(3arpumka 1 xB) — 10 °C/xB — 270 °C (3arpumka 4 XxB);
Temrieparypa inrepdeticy ' X/MC —275 °C; mxepena ioHIB —
230 °C; kBaapymnonbHOro Mac-anamizaropa — 150 °C; 00’em
irKekiii — 0,5 MKJT; ofit moToky — 1:5; Tum iowizaii: EI mpu
eneprii eaekrponis 70 eB; 30—700 m/z. s ineHTudikarii
KOMIIOHEHTIB BUKOPHUCTOBYBaJIM 0i10i0TEKY Mac-CIEKTPiB
NIST14.

Pesynbratn

VY pesynbrari JOCTIPKEHb y JHCTI ineHTHdiKyBamm 35
(2 — B 13oMepHOMY cTaHi) OIOJIOTIYHO AKTHBHHX CIIONYK, Y
TUTO/ax aifnanTy HaiiBumoro — 41 (2 — B i30MepHOMY CTaHi)
(mabn. 1, 2).

Tabnuuga 1. AkicHWIA | KiNbKiCHUIA BMICT BiONOriYHO aKTUBHUX CNOMYK alnaHTy HaBMLLOMO NINCTS

3,463 Hexanoic acid, methyl ester 0,52
2. 4,345 Decane 0,66
3. 4,770 Butanedioic acid, dimethyl ester 0,76
4. 5,743 Undecane 3,43
5. 6,423 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 0,65
6. 9,900 1-(3,6,6-Trimethyl-1,6,7,7atetrahydrocyclopenta[c]pyran-1-yl)ethanone 0,55
7. 10,294 | Caryophyllene 0,4
8. 10,394 | .beta.-D-Glucopyranose, 4-O-.beta.-Dgalactopyranosyl- 1,55
9. 11,092 | Silane, 1-hexenyltrimethyl-, (Z)- 3,24
10. 12,196 | Acetic acid, (1,2,3,4,5,6,7,8-octahydro-3,8,8-trimethylnaphth-2-yl)methyl ester 0,5
1. 12,590 | Desulphosinigrin 1,21
12. 12,744 | Megastigmatrienone 0,66
13. 12,923 | Myo-Inositol, 2-C-methyl- 7,78
14. 13,408 | 1-(2-[3-(2-Acetyloxiran-2-yl)-1,1-dimethylpropyl]cycloprop-2-enyl)ethanone 0,47
15. 13,514 | 1,2-Cycloheptanedione, 3,3,7,7-tetramethyl-,dihydrazone 0,71
16. 13,788 | Methyl tetradecanoate 0,44
17. 13,983 | Dihydroxanthin 0,89
18. 14,160 | Tetradecanoic acid 1,63
19. 14,542 | 2-Cyclohexen-1-one, 4-hydroxy-3,5,5-trimethyl4-(3-oxo-1-butenyl)- 0,73
20. 15,008 | *Phytol, acetate 3,16
21. 15,261 | Cyclopropanenonanoic acid, 2-[(2-butylcyclopropyl)methyl]-, methyl ester 0,85
22. 15,453 | *Phytol, acetate 0,97
23. 15,851 | Methyl hexadec-9-enoate 0,6
24, 15,908 | Hexadecanoic acid, methyl ester 4,6
25. 16,249 | n-Hexadecanoic acid 8,53
26. 16,470 | 2-Myristynoyl pantetheine 0,94
27. 16,560 | trans-Sinapyl alcohol 0,61

ISSN 2306-8094

AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanYHoi Haykmn Ta npaktvku. — 2020. — T. 13, Ne3(34)

343



O. I. ManaceHko, I. I. AkcboHosa, O. M. [eHucerko, B. I. Mo3yrb, B. B. [onoskiH

MpopoBxeHHs Tabnuui 1.

17,475 | 6,7-Dimethoxy-1,4-dihydro-2,3-quinoxalinedione 0,49
29. 17,593 | 9,12,15-Octadecatrienoic acid, methyl ester,(Z,Z,2)- 4,31
30. 17,693 | Phytol 21,15
31. 17,940 | 9,12,15-Octadecatrienoic acid, (Z,Z,2)- 6,81
32. 20,877 | 3-Thiocyanatocarbazole 0,45
33, 21 114 1H-Cyclopropa[3,4]benz[1,2-e]azuIen95,7b,9,ga-tetrol, 1a,1b,4,4a,5,7a,8,9-octahydro3-(hydroxymethyl)-1,1,6,8-te- 054

’ tramethyl-, 5,9,9atriacetate, [1aR-(1a.alpha.,1b.beta.,4a.beta.,5.beta.,7a.alpha.,7b .alpha.,8.alpha.,9.beta.,9a.alpha.)]- | ™

34. 22,845 | Ethyl iso-allocholate 0,62
35. 24,249 | Squalene 78
36. 24,672 | *.alpha.-Tocospiro A 4,77
37. 24,960 | *.alpha.-Tocospiro A 3,37

Tabnuuga 2. AKiCHWIA | KiNbKICHUIA BMICT BiONOriYHO akTUBHUX CMOMYK alnaHTy HaBLLOMO NrodiB

2,574 Ethanedioic acid, dimethyl ester 1,61
2. 3,889 2-Dodecenal, (E)- 0,39
3. 4,365 N-[3-[NAziridyl]propylidene]tetrahydrofurfurylamine 0,35
4. 5,725 1-Butanol, 2-methyl-, acetate 4,46
5. 6,432 2-Propyl-tetrahydropyran-3-ol 0,51
6. 6,670 .beta.-1,5-Dibenzoyl-2-deoxy-ribofuranose 0,57
7. 7,470 Benzene, (ethenyloxy)- 0,57
8. 7,783 1,2,3-Propanetriol, 1-acetate 0,46
9. 8,069 cis-10-Heptadecenoic acid 0,34
10. 8,661 Barbituric acid, 2-thio- 0,34
1. 8,774 Phenol, 3-methyl-5-(1-methylethyl)-, methylcarbamate 0,37
12. 9,629 1,2,3-Benzenetriol 3,27
13. 10,452 | *d-Mannose 42
14. 10,940 | 4-(2,4,4-Trimethyl-cyclohexa-1,5-dienyl)-but-3-en-2-one 0,67
15. 11,095 | *d-Mannose 3,1
16. 12,328 | 1-Propene, 1-(ethylthio)-2-methyl- 4,39
17. 12,609 | n-Butyric acid 2-ethylhexyl ester 9,77
18. 13,062 | 4,4,5,8-Tetramethylchroman-2-ol 1,13
19. 13,287 | .alpha.-Methyl mannofuranoside 1,61
20. 13,411 | 1,5-Hexadien-3-ol, 3-methyl-6-(methylthio)-1-(2,6,6-trimethyl-1-cyclohexen-1-yl)-, (E,E)- 1,89
21. 13,974 | (E)-4-(3-Hydroxyprop-1-en-1-yl)-2-methoxyphenol 1,19
22. 14,157 | Tetradecanoic acid 0,64
23. 14,541 | 2-Cyclohexen-1-one, 4-hydroxy-3,5,5-trimethyl4-(3-oxo-1-butenyl)- 0,35
24, 14,792 | 7-Methyl-Z-tetradecen-1-ol acetate 0,8
25. 15,008 | Ethanol, 2-(9-octadecenyloxy)-, (Z) 0,35
26. 15,907 | Hexadecanoic acid, methyl ester 1,18
217. 16,248 | n-Hexadecanoic acid 8,52
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MpopoBxeHHs Tabnuui 2.

17,536 | 9,12-Octadecadienoic acid (Z,Z)-, methyl ester 3,73
29. 17,602 | 9-Octadecenoic acid, methyl ester, (E)- 2,35
30. 17,691 | Phytol, acetate 1,07
31. 17,888 | 9,12-Octadecadienoic acid (Z,2) 3,09
32. 17,944 | cis-Vaccenic acid 11,42
33. 18,148 | 4-Androstene-3,17-dione 17-mono(Omethyloxime) 0,7

1H-2,8aMethanocyclopenta[a]cyclopropale]cyclodecen11-one, 1a,2,5,5a,6,9,10,10a-octahydro-5,5a,6-trihy-
34. 18,964 | droxy-1,4-bis(hydroxymethyl)-1,7,9-trimethyl-, [1S-(1.alpha.,1a.alpha.,2.alpha.,5.beta.,5a.beta.,6.beta.,8a.alpha.,9. 0,47
alpha.,10a.alpha.)]-

*1H-Cyclopropal[3,4]benz[1,2-e]azulene5,7b,9,9a-tetrol, 1a,1b,4,4a,5,7a,8,9-octahydro3-(hydroxymethyl)-1,1,6,8-te-

35. 19,301 tramethyl-, 5,9,9atriacetate, [1aR-(1a.alpha.,1b.beta.,4a.beta.,5.beta.,7a.alpha.,7b.alpha.,8.alpha.,9.beta.,9a.alpha.)]-

0,38

1H-2,8aMethanocyclopenta[a]cyclopropale]cyclodecen11-one, 1a,2,5,5a,6,9,10,10a-octahydro-5,5a,6-trihy-
36. 20,335 | droxy-1,4-bis(hydroxymethyl)-1,7,9-trimethyl-, [1S-(1.alpha.,1a.alpha.,2.alpha.,5.beta.,5a.beta.,6.beta.,8a.alpha.,9. 0,41
alpha.,10a.alpha.)]-

37. 21,113 | Hexadecanoic acid, 1-(hydroxymethyl)-1,2-ethanediyl ester 1,16

4H-Cyclopropal5’,6']benz[1’,2":7,8]azuleno[5,6-b]oxiren-4-one,8-(acetyloxy)-1,1a,1b,1c,2a,3,3a,6a,6b,7,8,8a-dodeca-
38. 21,539 | hydro3a,6b,8a-trihydroxy-2a-(hydroxymethyl)-1,1,5,7-tetramethyl-,(1a.alpha., 1b.beta.,1c.beta.,2a.beta.,3a.beta.,6a. | 0,36
alpha.,6b.alpha.,7.alpha.,8.beta.,8a.alpha.)-

*1H-Cyclopropa[3,4]benz|[1,2-e]azulene5,7b,9,9a-tetrol, 1a,1b,4,4a,5,7a,8,9-octahydro3-(hydroxymethyl)-1,1,6,8-te-

3. 21,850 tramethyl-, 5,9,9atriacetate, [1aR-(1a.alpha.,1b.beta.,4a.beta.,5.beta.,7a.alpha.,7b.alpha.,8.alpha.,9.beta.,9a.alpha.)]- 0,38
40. 22,813 | 9-Octadecenoic acid (Z)-, 2,3-dihydroxypropylester 1,62
41. 23,609 | dI-.alpha.-Tocopherol 13,35
42. 24,246 | Squalene 2,83
43. 24,957 | alpha.-Tocospiro A 0,82
Puc. 1. Xpomatorpama kom-
«10 7 |+ TIC Scan 20191127_1_M.D NOHEHTIB ainaHTy HanBuLLIOro
175 17.693 ncTA.
1.5
1.25
1-
075 1 16.249
0.5
12.923 15.008
025 Ao 3463 2743 i 11.002 l 21114 l N
0.

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Counts vs. Acquisition Time (min)
Puc. 2. Xpomatorpama kom-

x107 |* TIC Scan 20190122 2 M.D MOHEHTIB ainaHTy HamBuULLOro
17.944 nnoais.

23.609

21.113
19.301

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Counts vs. Acquisition Time (min)
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[Tix yac XiMIYHOTO aHAJII3y JIMCTS BUSBUIN HAMOUIBIINIA
ymicT ditony (21,15 %), 1110 HANEKUTH 10 KJIACY TEPIICHIB,
reKcaIckaHoBOT KUCIOTH — 8,53 % (KUpPHI KUCIIOTH), 0~TO-
xocripo A — 8,14 % (tepnenn), 2-C-MeTHI-Mi0-1HO3UTOITY
(apomarnysi cniomyku) — 7,78 %. BeranoBuim, 1o ocHOBHA
CKJIaJI0Ba JIUCTS aillaHTy HalBHIIOTO — TeprieHn (41,62 %),
Jiali — KUpHI KUcaoTH Ta ixHi noxiaHi (30,61 %) i apoma-
Ti4Hi cnomyk# (9,59 %).

[{omo aHaMi3y IUIOIB, TO HAUOLIBITY YaCTKy CTAHOBILITH
a-Tokodeporn — 13,35 % (reTeponnKIIiYHi CIOTyKN ), BAKLIEHO-
Ba KucioTa (KUpHi kucinotn) — 11,42 %, 2-eTunrekcuinoBuit
edip OyTaHOBOT KNCIOTH (TTOX1/THI KUPHUX KHCIOT) — 9,77 Y.
BusiBuim 10BOJII BUCOKHMI BMICT MOHOCaXapHly MaHO3M —
7,31 %. 3a IPOLIEHTHUM CKJIaJJOM MepeBayKaIk KUPHI KHC-
JIOTH Ta TxHi noxizHi (43,82 %), rerepormkiiuni (16,03 %)
ta apomarnui (14,35 %) cnionyku, Mmonocaxapuau (9,49 %),
BMICT TeprieHiB — yuiie 4,73 %.

Ha xpomarorpami HACTOSIHKH JIUCTS aiiiIaHTy HANBHIIO-
ro izeHTudikyBamm Taki cromyku: ¢iron (RT = 17,693),
rexcagekanoBa kuciorta (RT = 16,249), ¢itony amerar
(RT = 15,008) (puc. 1).

Ha xpomarorpami KOMITOHEHTIB TIIO/IB aiJIaHTy HailBH-
moro ixeHTndikyBamu o-rokogpepon (RT = 23,609), Bak-
nenoBy kucnory (RT = 17,944), rexcagekaHoBy KHCIIOTY
(RT =16,248) (puc. 2).

O6roBopeHHs

Omsi BimoMocTel paxoBoi JliTepaTypH Mokaszas, o Gitoiry
MpUTaMaHHa POTH3analibHa Jisl. Tak, yCIiIHIMHI BUSBIITH-
Csl iloro BUIIPOOYBaHHSI HAa MOZIEJ apTPUTY, IO BUKJIMKaHUM
an’toBantoM @peiinna (CFA) Ha Mumax [6]. AMepuKaHChKi
BYCHI PO3IISTHYJIM HOTO POJIb SIK MOTCHINHHOT A1€THYHOT
no6aBku st npodinaktuku paky [11]. [IpoTumyxinHHA
JUist T ITBEPKEHA B IO CITIKEHHSIX OpPa3mIbChKHX, B’ €THAM-
CBHKHX HayKoBIiB [ 1 7]. [HAIACHKI 10 CITi THUKH TIPHITY CKAIOTh,
110 OTO MOYKHA 3aCTOCOBYBATH JUTA pereHepartii kictox [ 10].

0-TOKO(EepOT BiIOMHI CBOEI0 aHTHOKCHIAHTHOIO II€I0
[22], a Takoxk MOYe OyTH KOPHCHHIM TEPAIIEBTUYHIM 3aCO00M
JUTSL 0Ci0, sIKi COPUHHATINBI IO 3apaxeHHs Pseudomonas
aeruginosa, BHACITIIOK HAasIBHOCTI MPOTH3anaibHOL ii [7].
O~TOKOCIHIPO A 1 CKBaJICH TaKOX XapaKTCPH3YIOThCS aHTHU-
OKCHJIaHTHUMHU BiiacTuBOCTSIMU [13].

Komruiekey sKUpHUX KUCIIOT Ta TXHIX MOXIJHUX BJIACTHABA
AHTUMIKpOOHA, aHTHOKcHaaHTHa il [20].

AjinanTt HalBUIIMI MOYKHA PEKOMEH/TyBaTH SIK TOTEHIIIHE
JOKEPENo aHTUMIKPOOHUX, aHTHOKCHAaHTHHUX 1 TIPOTH3AIIaTb-
HUX 3aCc00iB.

BucHoBKuM

1. Yrepure 3a normomororo GS/MS BCTaHOBHIIN XiMIYHUH
CKJIaJ aifJTaHTy HaHBHII[OTO JINCTS Ta TUIOMIB.

2. ITix gac mocmimKeHHs y JUCTi imeHTrdikyBamm 35 (2 —
B i30MEpPHOMY CTaHi) Oi0IOTIYHO aKTHBHHX CIIONYK, Y TIIOaX
aitmanTy HaiBumoro — 41 (2 — B i30MepHOMY CTaHi).

3. OcHoBHI KOoMHOHEeHTH JHCTA: ¢iton (21,15 %), rek-
cajekaHoBa kuciora (8,53 %), a-tokocmipo A (8,14 %).

VY mionax nepeBaxkas o-tokohepor (13,35 %), BakieHoBa
kucnora (11,42 %), 2-erunrexcunoBuii edip OyTaHOBOI
kucnota (9,77 %).

4. locmimpKeHHS aifflaHTy HaWBHUIIIOTO JIUCTS Ta TUIONIB €
akTyambHAM. OTpUMaHI pe3ylbTaTH MOYKHA BHKOPHCTOBY-
BaTH JJIsl CTBOPCHHST HOBUX MOTCHIIIITHAX aHTHMIKPOOHHUX,
AHTUOKCHJIAHTHHX 1 POTH3AMAIBLHIX JIKAPCHKUX 3aCO0IB.

MepcnekTMBM nopganbLlKMX AOCHiMKEHb. AftanTy Haii-
BHIIIOTO JIUCTS Ta IDTOH — JHKEPEIIO MOTESHIIHUX JIIKAPCHKIX
3ac00iB, sIKi XapaKTepU3yIOThCS aHTUMIKPOOHOF0, AaHTHOKCH-
JTAHTHOIO Ta MPOTH3AIAJILHOFO JTIsIMU.
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Today, diseases caused by pathogenic bacteria are the most dangerous, as they can not only affect the quality of human life, but also
lead to death.

According to the WHO, pathogenic bacteria namely, mycoses affect from 1/5 to 1/3 of the world’s population, more than a third (37.8 %)
of them cause yeast-like (Candida). Over the past 20 years, there has been a 15-fold increase in the frequency of infectious inflammatory
diseases of candidiasis etiology.

After examining the range of drugs on the pharmaceutical market of Ukraine and abroad, it was found that the following drugs of foreign
origin are currently used for the treatment of these diseases: Methyluracil (Lekhim, Ukraine), Solkoseril (Birsfelden, Switzerland), Mexidol
(PHARMASOFT, Moscow, RF).

Based on the above it is seen that the range of drugs for the treatment of oral mucosa diseases is limited. All of the above shows the need
for the creation of a new domestic drug exhibiting antimicrobial, fungicidal, reparative activity.

The aim of our work is to create a new drug based on the model mixture of Thiotriazoline and Decamethoxinum, which exhibit antimicrobial,
fungicidal, repertoire activity.

Materials and methods. Thiotriazoline, decamethoxinum, model mixture. The studies were carried out by agar diffusion (well method)
to study antimicrobial activity. Model mixtures with decamethoxinum were made from 0.5 to 5.0 mg; thiotriazoline — 200 mg. Antimicrobial
activity of these model mixtures was carried out.

Results. The model mixture of thiotriazoline and decamethoxinum in antimicrobial and fungicidal action was significantly superior to
decamethoxinum by 54 % in the degree of growth inhibition of S. aureus, by 120 % in the degree of growth inhibition of E. coli, by 57 % in
the degree of growth inhibition of P. aeruginosa, and by 108 % in the degree of growth retardation of C. albicans at 108 CFU/ml of medium.

Conclusion. The model mixture of thiotriazoline and decamethoxinum exhibits high antimicrobial and fungicidal activity.
Key words: oral mucosa, pathological processes, model mixture, thiotriazoline, decamethoxinum.

Current issues in pharmacy and medicine: science and practice 2020; 13 (3), 349-353

BnBYeHHA NpoTMMiKpOOHOI Ta hyHriLMAHOI aKTMBHOCTI TiOTpia3oniHy Ta AeKaMeTOKCUHY
K NOTEHLINHO HOBOI MOAENbLHOI CyMilli AN 3aCTOCYBaHHA NPY 3aXBOPHOBaHHAX CNKU30BOi 060MNOHKN NOPOXHWUHK poTa

N. 1. KyuepeHko, |. ®. Benenives, O. O. YoHka, 3. b. Mopsik, O. O. MopTHa

3axBOpIOBaHHS, AKi BUKNWKAKOTb XBOPOOOTBOPHI 6akTepii, — HaHebe3neyHiLLi, OCKiNbKW 34aTHI He TiNbKX BNMBATU Ha SKICTb XUTTS
MIOAVHK, ane | NpU3BOAUTU [0 NeTanbHUX HachiaKiB.

3rigHo 3 gaHnmmn BOOS3, xBopoboTBOpPHMMY HakTepisimu, SK-0T Miko3amu, ypaxkeHo Big 1/5 fo 1/3 HaceneHHs nnaHeTw, y noHag TPETUHM
(37,8 %) 3 HKx 30yHMKOM 3aXBOpIOBaHHS € ApibxmKonoaibHi rpudu pogy Candida. 3a octanHi 20 pokiB (haxiBLi CnocTepiratoTh NiABULLEHHS
B 15 pasiB YacToTM iH(PEKLINHKNX 3ananbHUX 3aXBOPOBaHb KaHAWMO03HOI €TIONOTi.

Bu1BUMBLLM acCOPTUMEHT MikapcbKuX nNpenapaTiB Ha hapMaLleBTUYHOMY PUHKY YKpaiHu Ta 3a KOPAOHOM, YCTaHOBUMW: NS NiKyBaHHS LUX
3aXBOPIOBaHb BUKOPMCTOBYIOTH Mikapcbkuii 3acio MeTtunypauwmn (Jlekxim, Ykpaina) Ta npenapaty iHo3emHoro BupobHuuTea Copkocepun
(BipccbenbaeH, LWsenuapis), Mekcugon (PAPMACO®T, m. Mocksa, PO).
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L. I. Kucherenko, I. F. Bielenichev, O. O. Chonka, Z. B. Moriak, O. O. Portna

ACOPTUMEHT nikapCbknx 3acobiB Ans NiKyBaHHS 3aXBOPIOBaHb CrIM30B0Oi 0OOMOHKM MOPOXHUHK poTa — obmexeHnin. OTxe, € noTpeba y
CTBOPEHHI HOBOTO BITYM3HAHOIO Npenapary, Lo NposBNATUME aHTUMIKPOOHY, (DYHTiLMAHY, penapaTvBHy aKTUBHICTb.

MeTa po60oTK — CTBOPEHHSI HOBOTO NiKapCbKOro 3acoby Ha OCHOBI MOAEeNbHOI KOMBIHaLi TIoTpia3oniHy 1 JeKaMETOKCHHY, L0 NPosiBs-
TUME aHTUMIKPOBHY, PyHriLmMAHY, penapaTyBHy aKTUBHICTb.

Matepianu Ta metoau. TioTpia3oniH, AekaMeTOKCUH, MOAESNbHA CyMiLLl TiOTpia3oniHy Ta AeKkaMeTOKCHHY. [oCnigKeHHs aHTUMIKPOBHOI
AKTMBHOCTI 34iNCHUNM MeToaoM Andysii B arap (MeTog konoassis). BurotoBunu mogenbHi cymilli 3 BMICTOM AekameTokeuHy Big 0,5 0o
5,0 mr; TiotpiasoniHy — 200 wmr. MNepesipeHa aHTUMIKPOOHA aKTUBHICTb LX MOLENbHUX CyMiLLEN.

Pesynisratn. MogenbHa cymill TioTpia3oniHy Ta AekaMeTOKCUHY 3a CUINO aHTUMIKPOBHOI Ta yHriLmMAHOI Aji BiporigHO nepesepLuyBana
[eKkamMeToKCUH Ha 54 % 3a cTyneHem 3aTpumkm pocTy S. aureus, Ha 120 % — 3a cTyneHeM 3aTpumky pocTy E. coli, Ha 57 % — 3a cTyneHem
3aTpumkm pocTy P. aeruginosa, Ha 108 % — 3a ctyneHem 3atpumku pocty C. albicans npu 106 KYO/mn cepepoBuia.

BucHoBku. MopenbHa cymill TioTpiasoniHy Ta AEKAMETOKCUHY Mae BUCOKY aHTUMIKPOOHY, yHriLMaHY, penapaTuBHY akTUBHICTb.
Kntouyogi crioBa: 3axBOpOBaHHS CN30BOI 0OONOHKN MOPOXHUHW POTa, MOAESbHA CYMiLL, AEKaMETOKCYH, TIOTPia3oniH.

AxTyanbHi nuTaHHA dpapMaLeBTUYHOI | MeanYHOI Hayku Ta npakTukm. 2020. T. 13, Ne 3(34). C. 349-353

W3yueHne NpoTUBOMUKPOGHOM M (DYHTMLIMAHOW aKTUBHOCTW TUOTPUA3ONMHA U AeKaMETOKCHUHA
KaK MoTeHLMansHO HOBOW MoAenLHON CMecH Anst NpUMEHeHUsl Npy 3abomneBaHNAX CIIM3NCTOI 060M0UKM NOMOCTM pTa

N. N. KyuepeHko, N. ®. benennyes, E. O. Yohka, 3. b. Mopsik, E. A. MNopTHas

CerogHst 60nesHu, BbidbiBaeMble 60Ne3HETBOPHLIMM BakTepusiMu, — CaMble ONacHbIE, Tak KaK OHU CMOCODHBI HE TOMNbKO BNMATL Ha kave-
CTBO XM3HW YeroBeKa, HO U NPUBECTW k cMepTenbHOMY ucxogy. Mo aaHHbIM BO3, 6onesHeTBOpHLIMY BaKTepUsiMU, @ UMEHHO MUKO3aMM,
nopaxeHo ot 1/5 fo 1/3 HaceneHus 3emnu, bonee yem y Tpetv (37,8 %) 3 HUX Bo3byauTenem 3abonesaHus SBASIOTCA ApoXoKenofobHble
rpubel poga Candida. 3a nocnepxue 20 net oTMeveHo nosbilweHne B 15 pa3 4acToTbl MHMDEKLMOHHBIX BOCMAnUTENbHbIX 3abonesaHui
KaHAMO03HO 3TMONOTMK.

M3y4nB acCOPTUMEHT NleKapCTBEHHbIX NpenapaToB Ha hapMaLEeBTUYECKOM PblHKe YKpauHbl 1 3a py6exom, yCTaHoBUNU: ANS NeYeHns
AaHHbIX 3abonesBaHnin ucnonbayoT MeTunypauun (flekxum, YkpanHa) v npenapatsl MHOCTpaHHOro npoussofacTsa Copkocepun (Bupc-
denbaeH, LWsenuapws), Mekcugon (PAPMACO®T, r. Mockea, P®).

ACCOPTUMEHT NeKapCTBEHHbIX CPEACTB ANs feveHust 3a6oneBaHnid CM3uUcTol 060MoYKY NONOCTM pTa — orpaHndeH. CrniegosatenbHo,
BO3HMKNa HEOBXOAMMOCTb CO3MaTh HOBOE OTEYECTBEHHOE JIEKApPCTBEHHOE CPEACTBO, NPOSBMSIOLLEE aHTUMUKPOGBHYIO, (hyHMMLMAHYIO,
penapaTuBHY0 aKTUBHOCTb.

Llenb pa6oTbl — co3naH1e HOBOTO NEKapCTBEHHOTO CPEACTBA Ha OCHOBE MOAEMNbHOM KOMBUHALMM TUOTPUA30NMHA U AEKaMETOKCUHA,
MPOSIBMSIOLLEN0 aHTUMUKPOGHYHO, (hyHIMLMAHYIO, pEnapaTuBHYIO aKTUBHOCTb.

MaTepuans! n metoabl. TMOTPUA3ONMH, 4EKAMETOKCUH, MOAENbHAs CMECh TUOTPUA30NMHA 1 AeKaMETOKCMHA. [poTMBOMMKPOOHas ak-
TWBHOCTb MCCrefoBaHa MeTOA0M Anddy3nm B arap (MeToz konoaues). M3roToneHsl MoaenbHbIE CMECU C COAEepXXaHNEM AeKaMETOKCUHA
ot 0,5 no 5,0 mr; Tnotpmazonuua — 200 mr. NMpoBepeHa NPOTUBOMMKPOGHASA aKTUBHOCTb AaHHbLIX MOAEMNbHBIX CMECEN.

Pesynirathl. MogenbHas cMecb TMOTPUA30NMHa U eKaMETOKCUHA MO Cue aHTUMMKPOBHOTO 1 (pyHrMUMAHOMO AENCTBUS JOCTOBEPHO
npeBoCxoauna AekaMeToKCH Ha 54 % no cTenexn 3agepxku pocta S. aureus, Ha 120 % — no cTeneHn 3agepxku pocta E. coli, Ha 57 %
— M0 CTeneHu 3agepxkn pocta P. aeruginosa n Ha 108 % — no ctenenu 3agepxku pocta C. albicans npu 108 KOE/mn cpegp!.

BriBoabl. MogenbHas cMecb TMOTpPUA30fMHa U eKaMeTOKCMHA NPOSIBMSET BbICOKYHO aHTMMMKpOGHyPO, YHMUMAHYIO aKTUBHOCTb.
KnioueBkle crioBa: 3aboneBaHus Crm3ncTon 06004KM NONoCTy pTa, mogenbHaa CMecCb, AEKaMETOKCUH, TUOTPUA3OJTNH.

AxTyanbHble Bonpochl (hapMaLeBTMYECKON N MeaAULMHCKON Hayku u npakTuku. 2020. T. 13, Ne 3(34). C. 349-353

Oral health is one of the main indicators of overall health,
well-being, and quality of life. WHO defines oral health as
“a condition characterized by the absence of chronic pain in
the oral cavity and in the face, oral cancer of the mouth and
throat, infections and ulcers of the oral cavity, periodontal
disease (gums), dental caries, tooth loss and other diseases
and disorders health, limiting a person’s ability to bite, chew,
smile and speak and his psychosocial well-being” [4].
Most of the burden of oral disease is attributable to seven
diseases and conditions of the oral cavity. These include
dental caries, periodontal (gum) diseases, oncological dis-
eases of the oral cavity, intraoral manifestations of HIV
infection, injuries of the oral cavity and teeth, cleft lip
and palate, and noma. Almost all diseases and conditions

are either largely preventable or treatable in the early
stages [1].

The 2016 Global Burden of Disease Survey estimates that at
least 3.58 billion people worldwide suffer from oral diseases,
and dental caries of permanent teeth is the most common among
the estimated health problems. With increasing urbanization
and changing living conditions, the prevalence of oral diseases
continues to increase significantly due to insufficient exposure
to fluoride compounds and inadequate access to primary oral
health services. Aggressive marketing of sugars, tobacco and
alcohol leads to increased consumption of unhealthy foods.

Today, diseases caused by bacteria are the most dangerous,
as they can not only aggravate a person’s quality of life, but
also lead to death.
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Despite advances in medical technologies, diseases caused
by microorganisms remain relevant and are gaining increasing
medical and social significance. According to foreign and
domestic researchers, these pathologies join the underlying
disease in 5-20 % of patients and occupy tenth place among
the causes of population mortality.

Methicillin — resistant Staphylococcus aureus is of partic-
ular concern, the methicillin resistance mechanism provides
it with resistance to all semisynthetic penicillin’s and ceph-
alosporins, thereby significantly complicating the patients
treatment.

The prevalence of MRSA varies widely in different coun-
tries, accounting for less than 2 % of all Staphylococcus
aureus (S. aureus) in Switzerland and over 70 % in Japan and
Hong Kong. In Europe, about 200 thousand cases of MRSA
infections are registered annually with 7 % of deaths [2,8].

According to the WHO, from 1/5 to 1/3 of the world’s popu-
lation are affected by mycoses, more than a third (37.8 %)
of them cause yeast-like (Candida) mold fungi. Despite
the success of the pharmaceutical industry, the introduction
of new technologies, over the past 20 years there has been
an increase in the frequency of infectious and inflammato-
ry diseases of candidiasis etiology by 15 times. It should
be noted that, according to the 2016 Global Disease Time
Survey, at least 3.58 billion people in the world suffer from
oral diseases, the most common being caused by Candida
microorganisms [4].

With the development and progress of mankind, the prev-
alence of Candida inflammatory diseases races up. If at
the beginning of the twentieth century this disease occurred
in people of 40 years or older, then already in the 80-90s
the disease became noticeable throughout the world.
However, the used drugs, each of which acts on a specific
link in the pathological process, have a number of side effects
and do not always allow you to quickly stop periodontal
inflammation [6].

Currently, various injuries and inflammatory processes of
the oral mucosa of various etiologies are one of the common
conditions of diseases.

According to the World Health Organization, the oral mu-
cosa is 38 % of all diseases, and at present, the share of this
pathology is about 62 %. Despite numerous studies in this
area, diseases of the mucous membrane of the mouth are an
urgent problem of modern fundamental and clinical medicine
and pharmacy [3,5].

Despite the large arsenal of anti-inflammatory, antibacterial,
wound healing agents, the traditional treatment of this patho-
logy does not always give the expected result. In addition,
quite often traditional therapy gives rise to complications,
which complicates the treatment of a particular patient. In this
regard, the development and creation of drugs that can effec-
tively affect the main target links of inflammatory diseases of
the oral mucosa is an urgent task of modern pharmacology [7].

The development of the dental service in recent years,
especially in the context of market relations, has highlighted
the issues of improving the quality of treatment. One of
the main directions of ensuring the quality of dental care is

the search for new drugs for the treatment of pathologies.
Therefore, the task of creating new drugs is the most relevant
in the pharmaceutical industry.

After examining the range of drugs on the pharmaceu-
tical market of Ukraine and abroad, it was found that for
the treatment of these diseases the following drugs of foreign
origin are currently used: Methyluracil (Lekhim, Ukraine),
Solkoseril (Birsfelden, Switzerland), Mexidol (PHARMA-
SOFT, Moscow, RF).

Decamethoxinum is currently the most commonly used
drug from the group of antiseptics, it belongs to the group of
aseptic and disinfectants, and has a number of side effects,
namely allergic reactions caused by a decrease in immunity.

Therefore, thiotriazoline became of particular interest as
the second ingredient to create a model mixture. It has a wide
range of actions, namely immunostimulating, wound healing,
reparative function.

In the course of the work, the employees of the Depart-
ment of Pharmaceutical Chemistry of Zaporizhzhia State
Medical University (ZSMU) together with the specialists
of the SPA “Farmatron” decided to use a model mixture of
decamethoxinum with thiotriazoline where thiotriazoline will
exhibit antioxidant effects thereby inhibiting the side effects
of decamethoxinum.

Aim

Therefore, the aim of our work is to study the antimicrobial
and fungicidal activity of thiotriazoline and decamethoxinum
combination which will exhibit antimicrobial and fungicidal
effects.

Materials and methods

Thiotriazolin (0.2), decamethoxin (0.002), model mix, petri
dishes, test strains. The results of the study were calculated
using the standard statistical package of the licensed program
Statistica® for Windows 6.0 (StatSoft Inc., No.AXXR712D-
833214FANS), as well as SPSS 16.0 and Microsoft Office
Excel 2003. Distribution normality was assessed using
the Shapiro—Wilk test, analysis of variance (ANOVA), and
U Mann—Whitney test was used.

The study of the antimicrobial and fungicidal activity of a
combination of thiotriazolin and decamethoxin was carried
out by agar diffusion (well method). Staphylococcus aureus
cultures (Staphylococcus aureus ATCC 25923, Escherichia
coli ATCC 25922, Pseudomonas aeruginosa tuberculosis
and Pseudomonas aeruginosa pseudomonas aeruginosa)
were used as test strains. Fungus (thrush) — Candida albicans
ATCC 885-653, from which a microbial suspension with a
concentration of colony forming units (CFU) was prepared —
106 CFU/ml. Muler-Hinton agar was used for studies with
S. aureus, E. coli, P. aeruginosa, with C. albicans — yeah
Saburo. According to generally accepted methods, thin-
walled cylinders with a diameter of 7 mm were installed in
Petri dishes with pre-poured and cooled agar and 13.5 ml of
agar melted and cooled to 45 °C mixed with a seeded dose
(1.5 ml) of the test microorganism was poured. The cylinders
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were removed and 0.3 ml of the combination solution was
added to the obtained wells. The results of studies with strains
of S. aureus, E. coli, and P. aeruginosa were evaluated after
24 hours of incubation, in crops with C. albicans, first after
24 hours, then after 48 hours. The results were calculated by
measuring growth inhibition zones (mm).

Results

The research has shown that the studied model mixtures
exhibit antimicrobial and fungicidal activity with a decame-
thoxinum content of from 0.5 to 5.0 mg. The administration
of thiotriazoline also have led to the potentiation of the effect
of decamethoxinum. Apparently, the membrane-tropic ef-
fect lies in the mechanism of the potentiating effect, which
leads to an increase in the saponifying action, namely, an
increase in the bactericidal mechanism of decamethoxinum
on microbes.

Further increase in the content in the combination of
decamethoxinum did not lead to a significant increase in
antimicrobial and antifungicidal activity.

The statistical significance between the mean values was
determined by the Student’s test with a normal distribution.
In case of a non-normal distribution or analysis of ordinal
variables, the U Mann—Whitney test was used. For com-
parison of independent variables in more than two samples,
analysis of variance (ANOVA) with normal distribution or
the Kruskal-Wallis test for a distribution other than normal
were used. For all types of analysis, differences of P < 0.05
(95 %) were considered statistically significant. As a result of
the studies, it was found that the studied combinations exhibit
antimicrobial and fungicidal activity when the content of
decamethoxinum is from 0.5 to 5.0 mg (7able 1).

Discussion

As aresult of the research, it was found that the studied the zones
of growth inhibition (mm) of microorganisms cultures (7able 2).
However, the maximum activity against the studied strains of
microorganisms and thrush (C. albicans) was observed at a dose
of 2 mg of decamethoxinum, both when diluting 10" CFU/ml of
medium, and when diluting 10° CFU/ml of medium.

Table 1. Studies of the antimicrobial and fungicidal activity of a combination of thiotriazoline (200 mg) with different decamethoxinum contents (0.5-5.0 mg)

The diameter of the delayed growth zone (mm) at 107 CFU/ml of medium, mm

19 19 20 24 24 24 24

C. albicans

S. aureus 17 20 20 21 21 21 21
E. coli 0 0 9 18 18 24 24
P. aeruginosa 0 0 12 13 13 14 14

_ The diameter of the delayed growth zone (mm) at 10¢ CFU/ml of medium, mm

C. albicans 20 22 22 25 25 25 25
S. aureus 16 16 25 25 25 25 25
E. coli 0 0 8 22 22 22 22
P. aeruginosa 10 10 16 16 16 16 16

Table 2. Antimicrobial activity of the studied combination according to the size of the zones of growth inhibition (mm) of microorganisms cultures

(107 CFU/mI of medium)

Dosage form S. aureus m P. aeruginosa C. albicans

1. Thiotriazoline (0.003 mg) " o , 0 « o N 0

+ decamethoxinum (0.0003 mg) 203+057* (+42%)  |12.7+£1.15* (+81%)  [12.3+0.57* (+60%) | 15.0 +0.01* (+95 %)
2. Decamethoxinum (0.0003 mg) 14.3+0.57 7.0+0.01 7.7+0.57 7.7 £0.577

3. Chlorhexidine (0.0024 mg) 31.3+£1.15* (+8 %) 23.3+0.57* (+232 %) | 19.0+0.01* (+146 %) | 24.7 + 0.57* (+220 %)

Table 3. Antimicrobial activity of the studied combination according to the size of the zones of growth inhibition (mm) of microorganisms cultures

(108 CFU/ml of medium)

1 Thiotriazoline (0.003 mg) " N " "

+ decamethoxinum (0.0003 mg) 22.7 £0.57* (+54 %) 16.0 £0.01* (+120 %) | 13.0 + 1.0* (+57 %) 16.0 £ 0.01* (+108 %)
2. Decamethoxinum (0.0003 mg) 14.7 £ 0.57 7.3+0.57 8.3+0.57 7.7+0.57

3. Chlorhexidine (0.0024 mg) 35.0£0.01* (+138 %) |26.0£0.01* (+256 %) |20.0+0.01* (+141 %) |25.0+0.01* (+225 %)

*: changes are significant in relation to group No. 2 (decamethoxinum) (P < 0.05).
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Thus, it was found that the thiotriazoline and decame-
thoxinum combination was active against S. aureus, E. coli,
P aeruginosa and C. albicans (diploid yeast-like fungus
(thrush)). S. aureus, E. coli, P. aeruginosa and C. albicans
were the most common pathogens of inflammatory diseases
of the urogenital sphere. As a result of the studies combination
according to the size of the zones of growth inhibition (mm)
of microorganisms’ cultures (7able 3).

The model mixture with thiotriazoline and decametho-
xinum in antimicrobial and fungicidal strength significantly
exceeded decamethoxinum by 54 % in the degree of growth
inhibition of S. aureus, by 120 % in the degree of growth
inhibition of E. coli, by 57 % in the degree of growth inhibi-
tion of P. aeruginosa and by 108 % in the degree of growth
inhibition of C. albicans at 10° CFU/ml of medium [9]. The
results of the expected activity at 107 CFU/ml of medium were
similar in direction. The thiotriazoline and decamethoxinum
combination was slightly inferior in terms of the antimicrobial
and fungicidal effects of chlorhexidine.

Conclusions

The thiotriazoline and decamethoxinum model mixture
exhibits high anti-inflammatory, antimicrobial, fungicidal
activity.

The prospect of further research. According to the data
shown in the article, it can be argued that this combination
based on decamethoxin and titotriazoline shows significant
success in the field of use, as a new drug. By inhibiting the ef-
fects of decamethoxin toxicity, this opens up new possibilities
for this dosage form. The administration of thiotriazolin as an
antioxidant expands the therapeutic effect on diseases caused
by pathogenic strains and bacteria.
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OpwriHanbHi gocnimxeHHs @ Original research

MpoTumikpoOHa Ta NPOTUrPMOKOBA aKTUBHICTb
HoBux 4-(5-(((5-(ankinTio)-4-R-4H-1,2,4-Tpia3on-3-in)Tio)-
1H-1,2,4-tpia3on-3-in)nipuauHie

€. O. KapnyH=*ACDEF 'H M. Moniwyyk =/AB

3anopisbkuil AepxaBHUIA MeauyHWiA yHiBepcuTeT, YkpaiHa

A — KkoHLenuis Ta gu3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauist aaHux; D — HanucaHHs ctatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepaKEHHS CTaTTi

PeancTeHTHICTb Takux WTamiB, sk Staphylococcus aureus, Escherichia coli nowwptoeTbes Ha Garato npenapartiB NpoTUMIKpOBHOI Aii.
Lis npobnema moxe OyTy BUpiLLEHa TiNbK1 NOLLYKOM HOBWMX MiKapChbKux 3acobiB i3 BUCOKO BaKkTepULMOHOW Ta aHTUrpUOKOBOH Ai€to.

cepeq noxiaHux 1,2,4-tpiasony.

MeTa poboTu — gOCNiANTU NPOTUMIKPOGHY Ta NPOTUTPUOKOBY aKTUBHICTb FOMOMNOTYHOTO paay S-ankinsamieHnx 4-R-5-(((3-(nipnanH-4-
in)-1H-1,2,4-tpiason-5-in)tio)meTun)-4H-1,2,4-Tpia3on-3-Tionie Ta 3p06WTH BUCHOBKM LLOA0 CTPYKTYPHO-(PYHKLIOHANBHOMO B3aEMO3B'3Ky
CHHTE30BaHUX CMOMyK.

Martepianu Ta metoau. MNMpeamer gocnipkerHs —4-(5-(((5-(ankinTio)-4-metun-4H-1,2,4-tpiason-3-in)tio)-1H-1,2,4-Tpiason-3-in)nipuanHu
1a 4-(5-(((5-(ankinTio)-4-etun-4H-1,2,4-tpiazon-3-in)Tio)-1H-1,2,4-tpia3on-3-in)nipuanHu. AKTUBHICTb NpoaHanisyBanu MeTogom Asopa-
30BMWX CEpIiHUX PO3BEAEHb Ha TecT-KynbTypax Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa i Candida albicans.

PezyniraTtu. Mig vac 6ionoriyHoro CKpUHIHry 3'acyBanu: BCi Cnonyku, Wo gocnigunu, manv antnbaktepiansHy (MIK — y mexax 31,25—
62,50 mkr/mn, MBUK — y mexax 62,5-125,0 mkr/mn) i npoturpubkoBy (MIK — y mexax 31,25-62,5 mkr/mn, MUK — y mexax 62,5—
125,0 mkr/mn) gito Wwono koHTpornto. Cnonykw, ki OTpUMany, NPosBNSOTb BUPaXEHILLY aKTUBHICTb LLOAO WwWTamy Pseudomonas aeruginosa
(MIK -y mexax 31,25-62,50 mkr/mn, MBUK — y mexxax 62,5-125,0 mkr/mn) i npoturpubkoBy gito go wramy Candida albicans (MIK —y
mexax 31,25-62,50 mkr/mn, MUK — y mexax 62,5-125,0 MKr/mMn) WOAO KOHTPOIH.

BucHoBku. Pe3ynsraTi 6ionoriYHoro CKpUHIHry ceigyate Npo NepcnekTUBHICTL NOLLYKY cepen HaBeaeHUX noxiaHux bic-1,2,4-Tpiasonis.
Hainbinbl aktvsHOW B psgy S-ankindamiwleHnx 4-R-5-(((3-(nipnaunn-4-in)-1H-1,2,4-tpiason-5-in)tio)metun)-4H-1,2,4-tpiason-3-Tionis
€ cnonyka 4-(5-(((4-metun-5-(nentuntio)-4H-1,2,4-tpiaszon-3-in)Tio)-1H-1,2,4-Tpiason-3-in)nipuavH, Lo NposiBnse HanbGinbLL BUPaXeHyY
npoTUMIKpoGHy Aito npotw wramy Staphylococcus aureus (MIK — 15,6 mkr/mn, MBuK — 31,25 mkr/mn). BctaHoBMnM 3akOHOMIPHOCTI Mi
XimMi4Hot0 By10BOHO Ta GIONOriYHOK aKTUBHICTHO CUHTE30BaHMX CMOMNYK, LU0 CBiA4aTh NP0 NEPCMEKTUBHICTb MOLLYKY B LIbOMY Psifli 3aMiLLEHMX.

Knovogi cnoea: 1,2,4-Tpia3on, NpoTMMiKpoOHa akTUBHICTb, MPOTUIPUOKOBA aKTUBHICTb.
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Antimicrobial and antifungal activity of new 4-(5-((5-(alkylthio)-4-R-4H-1,2,4-triazole-3-yl)thio)-1H-1,2,4-triazole-3-yl)pyridines
Ye. O. Karpun, N. M. Polishchuk

The resistance of such strains as Staphylococcus aureus, Escherichia coli extends to many antimicrobial drugs. This problem can be
solved by searching for new drugs with high bactericidal and antifungal action. Recent studies have shown the promise of searching for
biologically active substances of antimicrobial and antifungal action among 1,2,4-triazole derivatives.

The aim of this work was to develop the antimicrobial and antifungal effects of the homologous series of S-alkyl-substituted 4-R-5-(((3-
(pyridin-4-yl)-1H-1,2 4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-thiols and draw conclusions regarding the structural and functional
relationship of the synthesized compounds.

Materials and methods. The subject of research was 4-(5-(((5-(alkylthio)-4-methyl-4H-1,2,4-triazole-3-yl)thio)-1H-1,2,4-triazole-3-yl)
pyridines and 4-(5-(((5-(alkylthio)-4-ethyl-4H-1,2,4-triazole-3-yl)thio)-1H-1,2,4-triazole-3-yl)pyridines. The activity was analyzed by the
method of two-fold serial dilutions on test cultures of Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa and Candida
albicans.
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lpomumikpobHa ma npomuzpubkosa akmueHicmb Hogux 4-(5-(((5-(ankinmio)-4-R-4H-1,2,4-mpia3on-3-in)mio)-1H-1,2,4-mpia3on-3-in)nipuduHie

Results. The results of the biological screening showed that all tested compounds exhibited antibacterial action (MIC — in the range of
31.25-62.50 pg/ml, MBC - in the range of 62.5-125.0 pyg/ml) and antifungal effect (MIC — in within 31.25-62.50 pg/ml, MFC — within
62.5-125.0 ug/ml) relative to the control. The obtained compounds exhibit more pronounced activity against the Pseudomonas aeruginosa
strain (MIC — in the range of 31.25-62.50 pg/ml, MBcC - in the range of 62.5-125.0 ug/ml) and antifungal activity against the Candida
albicans strain (MIC — within 31.25-62.50 pg/ml, MFC — within 62.5-125.0 ug/ml) relative to the control.

Conclusions. The biological screening data indicate that the search among the given bis-1,2,4-triazole derivatives is promising. The most
active among the series of S-alkyl-substituted 4-R-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-thiols was
compound 4-(5-(((4-methyl-5-(pentylthio)-4H-1,2,4-triazole-3-yl)thio)-1H-1,2,4-triazole-3-yl)pyridine, which exhibited the most pronounced
antimicrobial effect against the Staphylococcus aureus strain (MIC — 15.6 pug/ml, MBC — 31.25 pg/ml) indicate the prospects of searching
in the specified number of substituted.

Key words: 1,2,4-triazole, antimicrobial activity, antifungal activity.
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MpoTMBOMUKPOOHas M NPOTUBOrPUOKOBaA aKTUBHOCTb HOBbIX 4-(5-(((5-(ankuntuno)-4-R-4H-1,2,4-tpuason-3-un)tmo)-1H-1,2,4-
Tpuason-3-un)nMpugnHoB

E. A. KapnyH, H. H. Monuwyk

PesncTeHTHOCTb Takux LUTAaMMOB, kak Staphylococcus aureus, Escherichia coli pacnpocTpaHsieTcs Ha MHorve npenaparbl MPOTUBO-
MUKpPOBHOro AencTeus. 3ta npobnema MOXeT ObITb peLueHa NOMCKOM HOBbIX NEKapCTBEHHBIX CPEACTB C BbICOKUM BaKkTepuumaHbIM 1
aHTUrpMOKOBLIM eicTBUEM. VccnenoBaHns nocneaHunx net nokasanu nepcrekTyBHOCTL Moucka GMONOrMYeckn akTUBHBIX BELLECTB
NPOTMBOMWKPOGHOIO 1 MPOTMBOrPUOKOBOrO AENCTBUS Cpeaun NpousBoaHbIx 1,2,4-Tpuasona.

Llens paboTkl — UccnenoBatk NPOTUBOMUKPOGHOE M MPOTUBOTPUMOKOBOE AENCTBIE FOMOSIONMYECKOro psifa S-ankunsameLLeHHbIx 4-R-5-
(((3-(nmpnanH-4-un)1H-1,2,4-tpuason-5-nun)tmo)metun)-4 H-1,2,4-tpuason-3-T1onoB 1 caenarb BbIBOAbI O CTPYKTYPHO-hYHKLMOHANBHOM
B3aMMOCBSI3W CUHTE3UPOBAHHbLIX COEANHEHNIA.

Matepuansi u metoabl. Mpeamet uccnegosanms — 4-(5-(((5-(ankuntno)-4-metun-4H-1,2,4-tpuazon-3-un)tmo)-1H-1,2,4-tpnason-3-un)
npuamnHbl v 4-(5-(((5-(ankuntuno)-4-atun-4H-1,2,4-tpnason-3-un)tmo)-1H-1,2,4-tpuason-3-un)nmpuanHesl. AKTUBHOCTL NpoaHanuanpoBaHa
MeToOM ABYKPaTHbIX CepUIHbIX pasBedeHW Ha TecT-Kynbtypax Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa
n Candida albicans.

Pezynikrarthl. B xone 61onornyeckoro CKpUHWHIa yCTaHOBWIIU, YTO BCE UCCNEAyEMbIE COEAMHEHNS NposiBuny aHTubakTepuansHoe (MUK —
B npegenax 31,25-62,50 mkr/mn, MBuK — B npegenax 62,5-125,0 mkr/mn) n npotusorpubkosoe (MUK — B npeaenax 31,25-62,50 mkr/mn,
M®uK — B npegenax 62,5-125,0 mkr/mn) AeNCTBME OTHOCUTENBHO KOHTPONS. [NonyyYeHHbIe CoeAMHEeHNs NPOSBASAIOT Bonee BbipaXeHHYHo
aKTMBHOCTb B OTHOLIEHWW WwTamma Pseudomonas aeruginosa (MWK — B npegenax 31,25-62,50 mkr/mn, MBuK — B npenenax 62,5
125,0 MKr/Mn) 1 NpOTUBOrpMOKOBYO aKTUBHOCTb K WTammy Candida albicans (MUK — B npegenax 31,25-62,50 mkr/mn, MOuK — B npe-
fenax 62,5-125,0 MKr/Mn) OTHOCUTENBHO KOHTPONS.

BeiBoakl. Pesynbsratbl 610Nornyeckoro CKpuHHIA CBUAETENLCTBYIOT O NEPCNEKTVBHOCTY NMOUCKA CPeay NPVBELAEHHBIX MPON3BOAHBIX
6uc-1,2,4-tpnasonos. Hanbonee akTMBHLIM cpeau psga S-ankunsameLleHHblx 4-R-5-(((3-(nmpnann-4-un)-1H-1,2,4-tpuason-5-un)tmo)
meTun)-4H-1,2,4-Tpnason-3-Tvonos siensetcs coeauHeHune 4-(5-(((4-metun-5(nentuntuo)-4H-1,2,4-tpuason-3-un)tmo)-1H-1,2,4-tpmason-
3-Mn)NpuamnH, KOTOPOE NPOSIBMSIET HanMbosee BbipaxeHHOe NPOTMBOMUKPOOHOE AelicTBUE NpoTvB WTtamma Staphylococcus aureus (MUK
—15,6 mkr/mn, MBUK — 31,25 mMkr/mn). YCTaHOBINEHHbIE 3aKOHOMEPHOCTU MEXAY XMMUYECKUM CTPOEHUEM 1 BUONOTMYECKON aKTUBHOCTBIO
CYHTE3MPOBAaHHbIX COEANHEHNI CBMAETENLCTBYIOT O NEPCMEKTUBHOCTY NOMCKA B YKa3aHHOM psiAy 3aMeLLeHHbIX.

Kntouessle cnoga: 1,2,4-Tpuason, NpoTMBOMUKPOBHas akTUBHOCTb, NPOTUBOrpUOKOBas akTUBHOCTb.

AxTyanbHble Bonpockl hapMaLeBTUYECKOW U MeaULMHCKON Haykm u npakTuku. 2020. T. 13, Ne 3(34). C. 354-358

PesnctenTHICTD 6arath0X MIKPOOPraHi3MiB i TPHUOIB 10 TIPOTH-
MIKpPOOHHX 1 TPOTUTPHOKOBHX 3aC00IB — CKIIa/THa IpodieMa B
edeKkTrBHOMY JTiKyBaHHI iH(EKIIHHIX XBOPOO Pi3HOT €TioNOTTi.
OmHMM i3 HaNPSIMIB TOZIONIAHHS CTIHKOCTI MIKpOOPTaHi3MiB 0
JHKIB € TTONIYK 1 CTBOPEHHS] HOBUX JIIFOYMX PEYOBHH 3 aHTHMI-
KpOOHOFO aKTUBHICTIO. 1,2,4-Tpia30iu — CTPYKTYpHI (PparMeHTH
GaraTbox 010JIOTIIHO AKTUBHHX CIIONYK, SIKi XapaKTEePH3YIOTHCS
MIPOTH3AMAIEHO0, aHTHOAKTEPIANIFHOO, (DYHTIIMIHOKO, Tera-
TOMPOTEKTOPHOIO akTHBHicTIO [1,2]. Tx BHKOpHCTOBYIOTS T
PO3pOOIEHHS JKAPCHKUX TpEnapariB Ta akTUBHUX (hapmarie-
BTUYHUX IHTPEIEHTIB [ 3] 3aBISAKA peaKiiifHil 3MaTHOCTI MOJIe-
Ky 1,2,4-Tpiazoiny Ta MOKIIMBOCTI JIO HACTYITHOTO XiMi4HOTO
MOJICITFOBAHHS 34 PI3HUMH aKTHBHUMHM HIeHTpamu [4,5]. Tomy
OCTaHHIM YacoM yce OUTBIIY yBary MpUIUIIOTE CHHTE3Y I10-
XigHuX psagy 1,2,4-rpiazonis [6,7]. HuHi BioMuit psijt TKiB, sKi

3aCTOCOBYIOTB /ISl JIIKYBAaHHSI BIpYCHHX 1 TPHOKOBHX XBOPOO:
pubaBipuH, (TyKOHA30I, ITPAKOHA30IT TOLIO.

OTke, CHHTE3 1 JTOCHIKCHHS HOBHX O10JIOTIYHO aKTHB-
HUX CIIOJYK Ha OCHOBI 1,2,4-Tpia3ony, siki MOXYTbh OyTH
TIOTEHIITHIMH JIIKapCHKUMH 3aCO0aMH 3 IPOTHMIKPOOHIMH
Ta MPOTUTPUOKOBUMH BIIACTUBOCTSIMHU, & TAKOK BHBUCHHS
3aKOHOMIpHOCTEH «Oy/10Ba — 010JI0TIUHA is), € aKTyaJIbHUM
3aBIaHHSIM CydJacHOi (hapmarrii.

MeTa po6otu

JocniguTi NpoTUMIKpOOHY Ta MPOTUIPUOKOBY aKTHB-
HICTh TOMOJIOTIYHOTO pANY S-alKimzamimeHux 4-R-5-
(((3-(mipumun-4-i1)-1H-1,2,4-Tpia301-5-11)Tio )M THII)-
4H-1,2,4-Tpia3on-3-TioniB Ta 3p0OMTH BHCHOBKH IIO/I0

ISSN 2306-8094

AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanYHoi Haykmn Ta npaktvku. — 2020. — T. 13, Ne3(34)

355



€. O. KapnyH, H. M. INMoniwyx

CTPYKTYPHO-(YHKLIOHAJIBHOTO B3a€EMO3B’SI3KY CHHTE30Ba-
HUX CIIOJIYK.

Marepianu i MeTogu gocnimkeHHA

Mpeamer mocnimxenns — 4-(5-(((5-(ankinrio)-4-R-4H-
1,2,4-tpiazon-3-in)rio)-1H-1,2,4-Tpiazon-3-in)nipuaunu, 1e
3aMiCHHKaMH B YETBEPTOMY ITOJIOXKEHHI Jpyroro 1,2,4-Tpia-
30JI0BOT'0 LIUKITY OYJIM METHIIBHI 1 €THIIBbHI pasukaiu (puc. 7).

CuHTE3 CIOYK 3A1HCHUIIN 32 3arajbHOBIIOMOIO METO/IU-
KOIO, 1[0 OMKCaHa B poOoTi [§].

[IpoTrMikpoOHyY Ta MPOTUIPHOKOBY aKTUBHICTH BHBYAIIN
Ha Kadezpi MikpoOiosnorii, Bipycosnorii Ta imyHosorii 3/[MV.
SIK TeCT-KynbTypHy BUKOpUCTau Staphylococcus aureus mram
ATCC ATCC 25923, Escherichia coli mram ATCC 25922,
Pseudomonas aeruginosa miram ATCC 27853, Candida
albicans mram ATCC 885-653. JlocmimKyBaiau akTHBHOCTI
110/I0 YNHHUX METOAMYHMX PEKOMEH/Iallii [9] crangapTHUM
MeTOIOM udy3ii B arap Mroiuiepa—XiHTOHA Ha CEPEIOBH-
113X, 1[0 ONTUMAJIBHI ISl POCTY TECT-KYJIBTYP MIKPOOPTaHi3-
MiB y KoHIeHTparii 10° M.x./Mi1. BUKOpHCTOBYBaIH PO3UHHH
JIOCITJDKYBaHHX CIIONYK Y JTUMeTWICYabhokeui (1 mr/mo).
MiHimasbHy iHri0yBanbHy aktuBHiCTh (MIK) Bu3Havanm 3a
BIZICYTHICTIO BHJJMMOT'O POCTY Y IpoOipIli 3 MiHIMAJIbHOIO

Alk =-CH,; -CH; —CSH7;C—C|I:;H9; -CgH,5 -CeHyg -CoH, 5 -CH

oHie ~CioHas

Puc. 1. bynosa HoBux 4-(5-(((5-(ankinTio)-4-R-4H-1,2,4-Tpiason-3-in)
Tio)-1H-1,2,4-Tpiason-3-in)nipuauHis.

KOHIICHTpAI[IEI0 Ipenapary, sSKuil TociaiukyBanu. Takox
JIOZIATKOBO 3pOOMIIM KOHTPOJIb MOXKMBHHUX CEPEOBHUILI i
PO3YHMHHUKA 32 JOTIOMOTOI0 3arajibHOBIIOMUX METOMHK [9].

Pesyneratu

Pesymbratn mocimimKeHHSI IPOTUMIKPOOHOT Ta TPOTUTPHO-
KOBOI aKTHBHOCTI S-alKiIbHUX MoXigHux Oic-1,2,4-Tpia-
30y IIOJO OKPEMHUX TECT-KYJIbTYP I'PaMIIO3UTHBHHUX Ta
rpaMHEraTHBHHX OakTepiil i rpubiB HaBeneHi B mabnuyi 1.

Tabnuuga 1. MpotumikpobHa Ta npoTurpubkoBa akTUBHICTb 4-(5-(((5-(ankinTio)-4-R-4H-1,2,4-Tpiason-3-in)tio)-1H-1,2,4-Tpiason-3-in)nipuavHis

Escherichia coli Staphylococcus aureus Candida albicans

SN
MKr/Mn MKr/Mn MKr/Mn MKr/mMn MKr/Mn MKr/Mn MKr/Mn MKr/Mn
1 CH, CH, 62,5 125,0 125,0 62,5 125,0 31,25 62,5

2 CH, C,H, 62,5 125,0 62,5 125,0 62,5 125,0 62,5 125,0
3 CH, CH, 62,5 125,0 62,5 125,0 62,5 125,0 62,5 125,0
4 CH, C,H, 62,5 125,0 62,5 125,0 62,5 125,0 62,5 62,5

5 CH, CH, |625 62,5 15,6 31,25 62,5 125,0 62,5 62,5

6 CH, CH, |625 125,0 125,0 125,0 62,5 125,0 31,25 62,5

7 CH, CH, |625 125,0 31,25 62,5 31,25 62,5 62,5 62,5

8 CH, CH, |625 125,0 31,25 62,5 62,5 125,0 31,25 62,5

9 CH, CH, |625 125,0 31,25 62,5 62,5 125,0 31,25 62,5
10 | CH, C,Hy |625 125,0 31,25 62,5 62,5 125,0 31,25 62,5
1 C,H, CH, 62,5 125,0 31,25 62,5 62,5 125,0 62,5 62,5
12 |CH, C,H, 62,5 125,0 125,0 250,0 62,5 125,0 62,5 125,0
13 | CH, CH, 62,5 125,0 62,5 125,0 62,5 125,0 62,5 62,5
14 | CH, CH, 62,5 125,0 62,5 125,0 62,5 125,0 62,5 125,0
15 | CH, CH, |625 125,0 125,0 125,0 62,5 125,0 31,25 62,5
16 | CH, CH, |625 125,0 62,5 125,0 31,25 62,5 62,5 125,0
17 |CH, CH, |625 125,0 62,5 125,0 62,5 125,0 31,25 62,5
18 | CH, CH, |625 125,0 31,25 62,5 31,25 62,5 31,25 62,5
19 | CH, CH, |625 125,0 125,0 250,0 62,5 125,0 62,5 62,5
20 |CH, C.H, [625 125,0 31,25 62,5 62,5 125,0 62,5 125,0
XroprekeuamH - 25,0 - 18,6 - 200,0 - 10,2
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lpomumikpobHa ma npomuzpubkosa akmueHicmb Hogux 4-(5-(((5-(ankinmio)-4-R-4H-1,2,4-mpia3on-3-in)mio)-1H-1,2,4-mpia3on-3-in)nipuduHie

SIK KOHTpPOJIb NMPOTUMIKPOOHOT aKTHBHOCTI CIIOJYK OO
IITaMiB MIKPOOpPIaHi3MiB, sIKi BUBYAJIH, 3aCTOCYBaJN CyO-
CTaHIIiI0 aHTHOAKTEPIaIbHOTO NPerapary XJIOPreKCHINHY.

O6roBopeHHs

3a pesyabTaTaMu JOCHIKEHHS, Maibke yci 4-(5-(((5-
(ankinrio)-4-metun-4H-1,2,4-tpiazon-3-in)tio)-1H-1,2,4-
Tpiazon-3-im)mipunuan Ta 4-(5-(((5-(anxinTio)-4-etun-4H-
1,2,4-Tpiazon-3-im)rio)-1H-1,2,4-tpiazon-3-im)mipuguHu
MaJy TMOMIpHY aHTHMIKpOOHY aKTHBHICTh IIOAO OakTepii
Escherichia coli, ne miHiManpHa HTIOITOPHA KOHIICHTpA-
mist S-3amimeHux ankin Oic-1,2,4-Tpia3omiB cTaHOBHIIA
62,5 MKT/MII, MiHIMabHA OaKTEPHUIMIHA KOHIICHTPAIST —
125,0 MKr/™m1.

CJ1ij1 BII3HAYKUTH, 110 BUPAKECHY AKTHBHICTB JI0 TECT-IIITAMy
Staphylococcus aureus niposiBuina crionyka 4-(5-(((4-metu-
S-(nenrwirio)-4H-1,2,4-tpiazon-3-in)rio)-1H-1,2,4-tpiazon-
3-immipuaun (MIK — 15,6 mxr/min, MBuK — 31,25 mMxr/mo).

Criosyku, 10 OJIeprKalii, MalOTh BUPAKEHIITY aKTHBHICTb
mono mramy Pseudomonas aeruginosa (MIK — y mexax
31,25-62,50 mxr/mi, MBK —y mexax 62,5—125,0 Mxr/mi)
1 mpoturpubkoBy nito po mramy Candida albicans (MIK
—y Mexax 31,25-62,50 mxr/mi, MOTK — y mexax 62,5—
125,0 MKT/MIT) TIIOZI0 KOHTPOJTIO.

[omo 3anexHOCTI O10IOTTYHOT Iii BiJ] CTPYKTYPH, TO MOX-
Ha BiJI3HAYUTH: 30UTHIICHHS BYIJICBOIHEBOTO JIAHITIOTA LIS
4-(5-(((5-(anxinTio)-4-mernn-4H-1,2,4-tpiazon-3-i1)rio)-1 H-
1,2,4-Tpia3on-3-11)mipu IHHIB PH3BOIUTE 10 HE3HAYHOTO TijI-
BUIIICHHS aHTUMIKPOOHOT akTUBHOCTI. CIIOJTYKH, [0 MAJIH! SIK
ATKUTBHHUHN pajIiKal TeMTHII, OKTIJI, HOHFLI, ICIIFJI, XapaKTePH-
3yBaJINCS OUTBIIIOK aHTUMIKPOOHOO Ta AHTUTPHOKOBOFO aKTHB-
HICTIO 111010 PEYOBHH 3 HIIIMMH BYIJICBOIHEBUMH 3aMiCHHUKAMH.
Cnonyxka 4-(5-(((5-(oxtuntio)-4-etun-4H-1,2,4-Tpia3on-3-i1)
Ti0)-1H-1,2,4-Tpia3omn-3-i1)mipu/IiH mokasaia BUpakKeHy Ipo-
TUMIKpOOHY 1iro 110 Staphylococcus aureus (MIK—3 1,25 Mir/mi,
MbuK — 62,50 mxr/mi), Pseudomonas aeruginosa (MIK —
31,25 mxr/mn, MBuK — 62,5 MKr/Mit), IpOTUTpUOKOBY [IiFO
1o rpubi Candida albicans (MIK — 31,25 mkr/mi, MOuK —
62,5 MKr/MIT).

BucHoBku

1. Cnonyku 4-(5-(((5-(ankinrio)-4-metun-4H-1,2,4-
Tpiazon-3-in)rio)-1H-1,2,4-rpiazon-3-im)mipuauau Ta
4-(5-(((5-(ankinTio)-4-etun-4H-1,2 ,4-tpiazon-3-in)tio)-1 H-
1,2,4-Tpia3on-3-UN)MipuaANHA XapaKTepH3yIOThCs TPOTHUMI-
KPOOHOIO Ta MPOTUTPHUOKOBOIO aKTHUBHICTIO.

2. HaifakTuBHIIIOW B psfy S-ankinzamimeHux 4-R-5-
(((3~(nipupun-4-in)-1H-1,2,4-rpiazon-S-inyrio)mernn)-4 H-
1,2,4-tpiazon-3-tioniB € cromyka 4-(5-(((4-metun-5-(men-
THnTio)-4H-1,2,4-tpiazon-3-im)rio)- 1 H-1,2,4-tpiazomn-3-in)
MPUINH, KOTpa MPOSBIISE HAHOLIBIIT BHPaKEHY MPOTHMi-
KpoOHY mito mpotu mramy Staphylococcus aureus (MIK
— 15,6 mxr/min, MBiK — 31,25 mkr/mi).

3. BcraHOBIIEHI 3aKOHOMIPHOCTI MK XIMI9HOIO OYIOBOFO
Ta 610JI0TYHOIO aKTUBHICTIO CHHTE30BaHHX CIOJIYK CBi/T4aTh
PO TEPCIEKTUBHICTH MOIIYKY B I[bOMY Psiii 3aMIILICHUX.
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A study of antimicrobial and antifungal activity of
2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetates
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Zaporizhzhia State Medical University, Ukraine
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Bacteria and fungi are among the most ancient creatures found on Earth. Since the advent of medicine, humankind has always sought
new means and ways to combat these microorganisms. In modern scientific society, the tendency to seek new antimicrobial and antifungal
agents is only increasing. 1,2,4-triazole derivatives, among which effective drugs and new molecules have already been found, make quite
an interesting platform for the creation of new antifungal and antimicrobial agents. A promising direction for the search for antimicrobial
and antifungal agents are 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetates.

The aim of work was the investigation of antimicrobial and antifungal activity among new 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-
triazol-3-yl)thio)acetates.

Materials and methods. The substances were synthesized at the Department of Natural Sciences for International Students and
Toxicological Chemistry. The antimicrobial and antifungal activity of the newly synthesized 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-
triazol-3-yl)thio)acetates was studied with the method of serial dilutions. Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, and Candida albicans ATCC 885-653 were used as a set of standard test strains.

Results. As a result, the antimicrobial and antifungal activity of 14 new compounds was investigated. The most active compounds with
antifungal effect are lIf-llh. Substances lIf-llh and llj, Ilk have moderate antimicrobial effect to P. aeruginosae.

Conclusions. Some results are obtained regarding “structure — antimicrobial and antifungal effect” dependence: the replacement of
the ethyl radical with phenyl or methyl in the fourth position of the 1,2,4-triazole cycle in the 2-((5-(2-bromophenyl)-4-R-4H-1,2,4-triazol-3-
yl)thio)acetate acid molecule results in reduction of the antimicrobial effect; conversion to 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-
triazol-3-yl)thio)acetate salts and the choice of dimethylammonium as cation leads to an increase in the antimicrobial and antifungal effect.

Key words: antimicrobial activity, antifungal activity, triazoles, acids, salts, heterocyclic compounds.
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HocnigkeHHA NPpoTMMiIKPOOHOI Ta NPOTUrpMOKOBOI aKTUBHOCTI 2-((5-(2-6pomdpeHin)-4-3amiwieHnx-4H-1,2,4-tpiazon-3-in)Tio)
aueraris

A. A. CacboHos, A. B. HesmuBaka

BakTepii Ta rpubku — ogHi 3 HaNZABHIWMX iICTOT Ha 3emni. 3 NosBOK MeaMLMHM NIOACTBO LyKae HOBi 3acobu Ta cnocobm 6opoTbbn 3
LMK MiKpoopraHiamamu. Y Cy4acHil HayKoBil CRiNbHOTI NOCUMIOETLCSA TEHAEHLIS 4O MOLUYKY HOBUX NPOTUMIKPOGHHMX i NPOTUrPUOKOBMX
3acobiB. [locuTb LikaBa nnartgopma Ans CTBOPEHHS HOBUX NPOTUIPUGKOBYX | NPOTUMIKpoBHUX 3acobiB — noxiaHi 1,2,4-Tpiasony, cepes
HUX y)Xe 3HaiaeHi epeKTUBHI nikapchki 3acobu Ta HoBi Monekynu. MepcnekTUBHWIA HAaNPsSM s NOLUYKY NPOTUMIKPOBHUX i NpoTUrpn6-
KoBWX 3acobiB — 2-((5-(2-6pomdbeHin)-4-3amiueHi-4H-1,2,4-Tpiason-3-in)Tio)aueraty.

Meta po6oTu — gocnignT NPOTUMIKPOBHY Ta MPOTUrPUOKOBY aKTUBHICTL cepen HOoBUX 2-((5-(2-6pomdeHin)-4-3amiweHux-4H-1,2,4-
Tpiason-3-in)Tio)aveTaris.

Matepianu Ta metoau. Pe4oBuHu, WO AOCNIAXYBanW, CUHTe30BaHi Ha kadeapi NPUPOSHUYUX AUCLMMIIH ANS iHO3EMHUX CTYAEHTIB Ta
TOKCMKOMOriYHOI XiMil 3anopiabkoro AepxaBHOr0 MeANYHOro yHiBepcuTeTy. [MpOTUMIKPOBHY Ta NpOTUrpUBKOBY aKTUBHICTb HOBUX CUHTE30-
BaHwx 2-((5-(2-6pomodpeHin)-4-3amilernx-4H-1,2,4-Tpiason-3-in)Tio)aueTatis 4OCNIAKyBany METOLOM CEPIHNX pO3BeAeHb. BukoprcTtanm
Habip cTaHOapTHUX TecToBMX LWTamiB Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Escherichia coli
ATCC 25922, Candida albicans ATCC 885-653.
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A. A. Safonoy, A. V. Nevmyvaka

Pesynisratu. [ocnignnu npotumikpobHy Ta npoTMrpubKoBy akTUBHICTb 14 HOBUX CMONyK. HaiakTUBHILLI cnonyku 3 NpoTUrpuGKOBIM
edpektom — lIf-Ilh. Pevosuhu lIf-l1h Ta Ilj, Ilk matoTb nomipHy NpoTUMIKPOGHY Ajto Ha P. aeruginosae.

BucHoBku. 3pobunn BUCHOBKM LLOAO 3aMeXHOCTi «CTPYKTYpa — MPOTUMIKPOBHWI | IpOTUrpUOKOBHUIA edheKT»: 3aMiHa eTUNOBOro paaukana
MeTUNOoBUM abo (heHinoBMM y YeTBepTOMY nonoxeHHi 1,2,4-tpiazonosoro uukny B Monekyni 2-((5-(2-6pomodeHin)-4-R-4H-1,2,4-tpia-
307-3-in)Tio)aLeTaTHOI KUCMOTU NPU3BOAMTL A0 3MEHLLEHHS aHTUMIKpOBHOTo edekTy; nepexia fo conen 2-((5-(2-6pomodeHin)-4-3ami-
weHnx-4H-1,2,4-Tpiason-3-in)Tio)aueTaTHux KUCNOT i BUOIp AMMETUNAMOHIIO SK KaTioHy Npu3BoauTb A0 30inbLUeHHs MPOTUMIKpOBHOro
Ta NpOTMrpubKOBOro edexTy.

KntoyoBi crioBa: npoTuMikpobHa Ta NpoTMrpMbKoBa akTUBHICTb, 1,2,4-Tpia3on, KUCMOTK, COMi, FreTEPOLIMKITIYHI CMIOMNYKM.
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WUccnepnoBaHue npoTUBOMMKPOGHOI U NPOTUBOIPUOKOBON aKTUBHOCTM 2-((5-(2-6pomdbeHnn)-4-3ameLueHHbIX-4H-1,2,4-
Tpuason-3-un)tmo)aueraTos

A. A. CacboHos, A. B. HeBmbiBaka

Baktepuu 1 rpubku — ofHN 13 camblx APEBHUX CyLLECTB Ha 3emne. C nosiBneHneM MeauLyHbl YenoBEYECTBO UCKaNo HOBble CpeacTBa v
cnocobbl 6opbObI ¢ STUMK MUKPOOPraHu3Mamu. B coBpeMeHHOM Hay4HOM COOBLLECTBE TEHAEHLMS K TOUCKY HOBbIX MPOTUBOMUKPOBHbIX
1 NPOTUBOrPUGKOBBLIX CPELACTB TOMBKO YBENUYNBAETCS.

[locTaTo4HO MHTepecHOW NNaTopMON Anst CO3AAHNS HOBbIX MPOTUBOrPUOKOBBIX M MPOTUBOMUKPOGHbIX CPEACTB ABNAIOTCH NPOM3BOAHbIE
1,2,4-Tpnasona, cpeam KOTopbIxX Yxe HanzaeHbl 3EeKTUBHBIE NEKAPCTBEHHbIE CPECTBA U HOBbIE MONEKYTbI. [epCnekTMBHLIM HanpaBs-
NeHVeM Ans noucka NpoTUBOMUKPOBHBIX M MPOTUBOTPUOKOBLIX CPEACTB aBnstoTcs 2-((5-(2-6pomdennn)-4-3ameLeHHble-4H-1,2,4-Tpy-
ason-3-un)Tuo)aueTarbl.

Llenb pabotkl — nccnegosaHne NPOTMBOMUMKPOGHON 1 MPOTUBOrPUBKOBON aKTUBHOCTY CPEAN CUHTE3MPOBAHHbIX paHee 2-((5-(2-6pom-
eHun)-4-3ameLleHHbix-4H-1,2,4-Tpnason-3-un)Tmo)aLeraTos.

Matepuansl n metoakl. Miccnegyemble BellecTBa CYHTE3MPOBaHbI Ha kadedpe eCTECTBEHHbIX AUCLMNMWH ANS MHOCTPaHHbIX CTy-
[EHTOB ¥ TOKCMKONOrnyeckon xummu. MNpoTrBOMUKPOBHYO 1 NPOTUBOTPUOKOBYK aKTUBHOCTb HOBBLIX CUHTE3MPOBaHHLIX 2-((5-(2-6po-
MocheHun)-4-3ameLleHHbIX-4H-1,2,4-Tprnason-3-un)Tuo)aLeTaTtoB UCCNenoBanyt METOLOM CepUiiHbIX pa3BeaeHui. Micnonb3oBaH Habop
CTaHAapTHbIX TECTOBbIX LWTaMMOB Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Escherichia coli ATCC
25922, Candida albicans ATCC 885-653.

Pesynkrathl. MiccnenosaHo npoTMBOMMKPOGHOE 1 NpoTuBOrpubkoBoe AencTre 14 HOBbIX coeanHeHwii. Camble akTUBHbIE COEAVHEHUS
¢ npoTueorpubkosbim achdektom — IIf-llh. Bewectsa If-Ilh n llj, Ik nmetoT ymepeHHoe npoTneomukpobHoe feiicTre Ha P. aeruginosae.

BeiBogkl. CoenaHbl BbIBOAb! O 3aBUCUMOCTU «CTPYKTypa — NPOTUBOMUKPOGHBIN 1 NPOTUBOrPUGKOBLIN 3heKT»: 3amMeHa 3TUIOBOrO
pagvkana MeTUNoBbIM UNW (OEHUMOBLIM B YETBEPTOM NONoxeHnn 1,2,4-Tpra3onosoro uukna B monekyne 2-((5-(2-6pomodeHun)-4-R-
4H-1,2,4-Tpnason-3-1n)Tno)aLeTaTHO KUCMOTbI MPUBOAMUT K YMEHbLLIEHUIO MPOTUBOMUKPOGHOTO adhdekTa; nepexos k consam 2-((5-(2-6po-
ModeHunn)-4-3ameLLeHHbIx-4H-1,2,4-Tprason-3-mn)Tno)aleTaTHbIX KUCMOT 1 BbIGOP AVMETUNaMMOHWS Kak KaTuoHa BeAET K YBENMYEHMIO
NPOTMBOMWKPOBHOIO M NPOTMBOrPUBKOBOrO acbekTa.

KnioueBble crioBa: npoTMBOMUKPOBHAs M NPOTUMBOrpuMOKOBAs akTUBHOCTb, 1,2,4-Tprason, KUCNOTbI, CONK, reTepoLMKNNYeckne coeau-
HeHus.
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Modern people probably cannot imagine their lives without ~ Materials and methods

vitamins, painkillers, antimicrobials, antivirals, antifungals, Antimicrobial and antifungal activity of the newly synthe-

etc. As a result, .ba.tc‘Feri.a that used to be eliminated with sized 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4~tri-
conventlona}l penicillin in the 20th 9er'1tury, at p're.seI'lt have azol-3-yl)thio)acetates was investigated with the method of
become r.esmtant even to more sophisticated antlbIOtIC.S. serial dilutions according to guidelines [ 14]. The synthesized

The thirst for existence and the constant transformation of compounds were prepared by double serial dilutions, with

bagtena enC(.)ur.agets) S cllerglsts .':}r(fuqd .the Woﬁld tq Createnew e initial concentration of 1 mg/ml in Mueller—Hinton broth,
andnew antllmlcrlo 18- 1ertaz1n }];’ tis ml;c feaswr t}?’ clrle;lte in the volume of 1 ml. Then 0.1 ml of microbial curtain
anactive molecule on an already known platform, which has (106 wml) was added. Minimum inhibitory concentration

proven itself as a biologically active nuc.leus [1-4]. . (MIC) was determined without visible growth in a test tube
New 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-tri- . .. . ) ..
with a minimum concentration of the drug; the minimum

azol-3-ylthio)acetates have been insufficiently studied by bactericidal/fungicidal concentration (MBcC, MFcC) was

far [5-13]. determined without growth on agar after inoculation from
) transparent tubes. The synthesized compounds were dissolved

Aim in dimethylsulfoxide.

That’s why the aim of this work is to investigate antimicrobial A set of standard test strains of Staphylococcus aureus

and antifungal activity of new 2-((5-(2-bromophenyl)-4-sub- ~ ATCC 25923, Pseudomonas aeruginosa ATCC 27853,

stituted-4H-1,2,4-triazol-3-yl)thio)acetates. Escherichia coli ATCC 25922, Candida albicans ATCC
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A study of antimicrobial and antifungal activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetates

885-653 was used. CHLORHEXEDINE-ZDOROV'E®
(Ukraine) and FLUCONAZOLE-DARNYTSYA® (Ukraine)
were used as comparative drugs.

Results

As a result, the antimicrobial and antifungal activity of 14
new compounds was investigated.

The most active compounds with antifungal effect are
[If-ITh. Substances [If-ITh and IIj, Tk have moderate anti-
microbial effect to P. aeruginosae.

Some conclusions have been made regarding “structure —
biological activity” dependence.

Discussion

The antimicrobial and antifungal activity of 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)ace-
tate acids is moderate. The most active compound is Ib
(2-((5-(2-bromophenyl)-4-ethyl-4H-1,2,4-triazol-3-yl)thio)
acetate acid) (Table 1,2).

The replacement of the ethyl radical with phenyl or methyl in
the fourth position of the 1,2,4-triazole cycle in the 2-((5-(2-bro-
mophenyl)-4-R-4H-1,2 4-triazol-3-yl)thio)acetate acid molecule
results in antimicrobial effect reduction (Fig. 1).

Considering the antifungal activity of 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate
salts, the compounds IIf, IIg, ITh demonstrate antifungal
effect, respectively, MIC 31.25 pg/ml, MFcC 32.25 pg/ml.
Replacement of the potassium cation either with sodium or

Table 1. “Structure — effect” dependence between 2-((5-(2-bromophenyl)-
4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate acids

N——N

/ >\s—gz—c/o
N| Nox

Antimicrobial .
- A ngal stet
la CH, o PN

Ib CH, P o

Ic C6H5 R >

dimethylammonium or 2-aminoethanol reduces antifungal
activity (7able 3).

A study of the antimicrobial activity of 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate
salts showed that the most active compounds to P. aerugino-
sae are substances [If—ITh and I1j, ITk. Thus, the introduction
of dimethylammonium cation to the molecule of 2-((5-(2-bro-
mophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate
acid leads to an increase in the antimicrobial effect. Also,
the introduction of ethyl and phenyl radical in position 4 to
the 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-
yl)thio)acetate acid molecule leads to a positive antimicrobial
effect (Fig. 2)

Table 2. Antimicrobial and antifungal activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2 4-triazol-3-yl)thio)acetate acids and salts

Antimicrobial activity

Antifungal activity

E. coli ATCC 25922 S. aureus ATCC 25923 P. aeruginosae ATCC 27853 | C. albicans
MIC, pg/ml MBcC pg/ml | MIC, pg/ml MBcC pg/ml | MIC, pg/ml MBcC pg/ml | MIC, pg/ml MFcC, pg/ml

Chlorhexidine - 25.0 18.8 200

Fluconazole 15.6 31.25
la 125 125 62.5 125 62.5 125 62.5 125
Ib 62.5 125 62.5 125 62.5 125 62.5 125
Ic 125 125 62.5 125 62.5 125 62.5 125
lla 62.5 125 62.5 125 62.5 125 62.5 125
Ib 62.5 125 62.5 125 62.5 125 62.5 62.5
llc 62.5 125 62.5 125 62.5 125 62.5 62,5
Id 62.5 125 62.5 125 62.5 125 62.5 125
lle 125 250 62.5 125 62.5 125 62.5 125
IIf 62.5 62.5 62.5 125 31.25 62.5 3125 31.25
g 62.5 125 62.5 125 31.25 62.5 31.25 31.25
llh 62.5 125 62.5 125 3125 62.5 31.25 31.25
Ili 62.5 125 62.5 125 62.5 125 31.25 62.5
lj 62.5 125 62.5 125 3125 62.5 125 125
Ik 62.5 125 62.5 125 31.25 62.5 125 125
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C. albicans
MIC, ug/ml

P. aeruginosae
MIC, pg/ml

S. aureus
MIC, pg/ml

E. coli
MIC, pg/ml

o
-

C. albicans
MBcC, pg/mi

P. aeruginosae
MBcC, pg/ml

S. aureus
MBcC, pg/mi

E. coli
MBcC, pg/mi

o

250 ug/ml -0, 125 pg/ml -1, 62,5 pug/ml — 2.

Table 3. “Structure — activity” dependence between 2-((5-(2-bromophenyl)-
4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate salts

N—N

)\s—c2 —C/ *x
Ny

X Antimicrobial | Antifungal
effect effect
lla CH, K - o

IIb CH, Na “ o
lic CH, (CH,),NH “ o
Id CH, 2-aminoethanol |« ©
lle C,H, Na ! o
IIf C,H, (CH,),NH 1 1
llg C,H, morpholine 1 I
IIh CH, K 1 1
Ii CH, Na © 1
Ilj CH, (CH,),NH 1 o
Ik CH, 2-aminoethanol | 1 P

Fig. 1. Antimicrobial

and antifungal activity of
2-((5-(2-bromophenyl)-
4-substituted-4H-1,2,4-triazol-
3-yl)thio)acetate acids.

Hic
b

Hla

N

Hic
b

Hia

-

It should be noted that the compound IIf (dimethylammo-
nium 2-((5-(2-bromophenyl)-4-ethyl-4H-1,2,4-triazol-3-yl)
thio)acetate), while investigating the antimicrobial activity
of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2 4-triazol-3-
yl)thio)acetate salts against E. coli, has a slightly stronger
bactericidal effect comparing to other compounds.

The antimicrobial activity to S. aureus is moderate and
similar to all 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-
triazol-3-yl)thio)acetate salts.

As aresult of the research it should be noted that the conver-
sion to 2-((5-(2-bromophenyl)-4-substituted-4H-1,2 4-triazol-
3-yl)thio)acetate salts and the choice of dimethylammonium
as cation leads to an increase in the antimicrobial and anti-
fungal effects.

Conclusions

As aresult, the antimicrobial and antifungal activity of 14
new 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-
3-yl)thio)acetates has been investigated.

Compounds with antifungal effect are IIf-ITh. Substances
[If-ITh and IIj, Ik have moderate antimicrobial effect to
P, aeruginosae. But none of the compounds surpasses the com-
parison drug.

Some conclusions are drawn regarding the “structure —
antimicrobial and antifungal effect” dependence:
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A study of antimicrobial and antifungal activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetates

Fig. 2. Antimicrobial
and antifungal activity of

1li; 3 2-((5-(2-bromophenyl)-4-
C. albicans ::h?g substituted-4H-1,2,4-triazol-3-
. 9; ;
MIC, pg/ml IIf: 3 yl)thio)acetate salts.
IIk; 3
IIj; 3
Ih; 3
P. aeruginosae lg; 3
MIC, ug/ml IIf; 3
m [k
wlj
S. aureus all
MIC, pg/ml
¥ m|lh
mllg
uIf
lle
Ild
E. coli
MIC, pg/ml lic
ullb
Hlla
0 1 2 3
Ith; 3
C. albicans lig: 3
MFcC, pg/mi lle: 1 IIf; 3
Iid; 1
llc; 2
IIb; 2
lla; 1
I1k; 2
1lj; 2
Ih; 2
P. aeruginosae ” _;22
MFcC, pg/mi ;
m [k
wlj
S. aureus all
MFcC, ug/ml
M m|lh
mllg
uIf
lle
I1¢]
E. coli
MFcC, pug/ml IIf; 2 lic
ullb
Hlla
0 1 2 3

250 pg/ml -0, 125 pg/ml — 1, 62.5 pg/ml - 2, 31.25 pg/ml — 3.
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— the replacement of the ethyl radical with methyl or
phenyl in the fourth position of the 1,2,4-triazole cycle in
the 2-((5-(2-bromophenyl)-4-R-4H-1,2 4-triazol-3-yl)thio)
acetate acid molecule results in the antimicrobial effect
reduction;

— conversion to 2-((5-(2-bromophenyl)-4-substituted-
4H-1,2 4-triazol-3-yl)thio)acetate salts and the choice of
dimethylammonium as a cation leads to an increase in
the antimicrobial and antifungal effect.
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A study of actoprotective activity of new 3-(thiophen-2-ylmethyl)-
1H-1,2,4-triazole-5-thiol derivatives

A. A. Safonov*

Zaporizhzhia State Medical University, Ukraine

The issue of fatigue is quite topical for the modern humanity. In order to work harder and earn as much money as possible, a person
takes various stimulants, which have a number of side effects. This problem is especially serioous in Asian countries. To prevent such
complications, scientists are trying to invent actoprotectors that would have minimal side effects. 1,2,4-triazole derivatives have proven
themselves well as new substances with different spectrum of pharmacological activity.

The aim of this work is the investigation of actoprotective activity of new 3-(thiophen-2-ylmethyl)-1H-1,2,4-triazole-5-thiol derivatives.

Materials and methods. To study the actoprotective activity of new 3-(thiophen-2-yimethyl)-1H-1,2,4-triazole-5-thiol derivatives, a group
of 7 white nonlinear rats weighing 200-260 g was used. Pharmacological activity was studied with the method of forced swimming. The
study compounds, as well as the reference standard — Riboxin® (manufactured by Kyiv Vitamin Plant) was administered orally 20 minutes
prior to the immersion of animals at a dose of 100 mg/kg. For comparison, we also used a control group of animals that received saline
20 minutes prior to the immersion.

Gravimetric measurements were performed on laboratory electronic analytical scales model ESJ-200-4(US). Statistical results were
calculated using Kolmogorov—Smirnov test and Shapiro-Wilk test.

Results. As a result, the actoprotective activity of 22 new compounds was investigated. Compounds la, lIb, Ilh have been found to
have an actoprotective effect. Compound la surpasses the comparison drug. The most active substance among the first synthesized
salts is the potassium 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetate, which surpasses the comparison drug riboxin
by 6.32 %.

Conclusions. Some conclusions are drawn regarding “structure — actoprotective effect” dependence: replacement of potassium cation
by sodium cation leads to a decrease in biological activity; introduction of 4-chlorobenzylidene or 2,3-dimethoxybenzylidene substituent
into the molecule of 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazide does not affect the actoprotective effect;
introduction of benzylidene substituent, 3-nitrobenzylidene, 4-dimethylaminobenzylidene, 2,4-dimethylbenzylidene into the molecule of
2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazide negatively affects the fatigue in rats.

Key words: triazoles, actoprotective activity, salts, heterocyclic compounds.
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JocnimxeHHA aKTONPOTEKTOPHOI aKTMBHOCTI noxigHux 3-(tiodpeH-2-inmetun)-1H-1,2,4-Tpiason-5-tiony
A. A. CachoHoB

MnTaHHS BTOMYM rOCTPO NOCTano nepea NoacTeoM. Amke nogmHa, Wwob GinbLue npauoBaTh Ta rapHo 3apobnsTi, NOYMHAE BXMBATU PisHi
CTUMYNATOPY ANS NOAONAHHS BTOMU, @ BOHU MatoTb YumMano nobiyHux edekTis. Lis npobnema ocobnuso akTyansHa y kpaiHax Asii. Hay-
KOBLi, abu 3anobirT i, HamaraloTbCa BUHATM aKTONPOTEKTOPU, ki 6 Manu MiHiManbHy KinbkicTb nobivHkx Ain. Moxiaki 1,2,4-Tpiasony
3apekomeHzyBanu cebe SK HOBi PEYOBUHM 3 Pi3HUMI CNEKTPaMu hapMaKomnoriYHOT aKTUBHOCTI.

Meta po6oTu — fOCHiANTY aKTONPOTEKTOPHY aKTUBHICTb Cepeq HOBUX NoXiaHuX 3-(TiodeH-2-inmetun)-1H-1,2,4-Tpiason-5-Tiony.

Matepianu Ta metoau. [N BUBYEHHS aKTOMPOTEKTOPHOI aKTUBHOCTI HOBUX MOXiAHUX 3-(TiodeH-2-inmeTun)-1H-1,2,4-Tpiason-5-tiony
BUKOPUCTanu rpyny 3 7 6inux HeniHiiHux wypis Baroto 200—260 r. ®apmakonoriyHy akTUBHICTb BUBYaNV METOLOM NMPUMYCOBOTO MyiaBaHHS.

JocnigxyBaHi Cronyku, a TakoX eTanoHHWIA cTaHgapT — PUBOKCHH® (BUPoBHIMK — KUTBCHKMIA BiTaMiHHWIA 3aBO) YBOAUMM NepopasibHo B
£03i 100 mr/kr 3a 20 XBUNWH 10 3aHYPEHHS TBapWH Y BoAy. [ins NOPIBHAHHS BUKOPUCTANM KOHTPOIbHY rpymny TBapwH, siki OTpUMyBanm
CONbOBUN PO34MH 32 20 XBUIUH [0 3aHYPEHHS.

paBiMeTPUYHI BUMIpIOBaHHS! BUKOHaNK Ha NabopaTopHUX €NeKTPOHHMX aHaniTyHux Barax mopeni ESJ-200-4 (CLUA). CtatucTuyHi
pesynkTaTi po3paxyBanu 3a fJonomoroto kputepiis Konmoroposa—CmupHoga Ta LLanipo-Yirnka.
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A. A. Safonov

PesynkraTtu. Y pesynbrati 4OCNiAUNM akTONPOTEKTOPHY aKTUBHICTb 22 HOBMX CMOMyK. YCTaHoBwnu, LWo crnonyku la, lib, Ilh matoTb
aAKTOMPOTEKTOPHY Aito. PevyoBuHa la nepeBuLLye npenapat NopiBHAHHSA. HalakTuBHilla pevyoBMHA cepen CUHTE30BaHKX COMen — Kanin
2-((3-(tiopeH-2-inmeTnn)-1H-1,2,4-Tpiazon-5-in)Tio)aveTar, Skuii nepeBuLLye Npenapat NOPiBHAHHSA PUBOKCUH Ha 6,32 %.

BucHoBku. 3pobunu BUCHOBKM LLOAO 3aNEXHOCTI «CTPYKTYpa — aKTOMPOTEKTOPHWIA edheKT»: 3aMiHa KaTioHa kanito Ha KaTioH HaTpito
NPU3BOAMTb A0 3HIKEHHSI BionoriYHOT aKTUBHOCTI; BBeAEHHS B Monekyny 2-((3-(tiodeH-2-inmetun)-1H-1,2,4-Tpiason-5-in)tio)auerorigpa-
3nay 4-xnopbeHsnigeHoBoro 3amicHuka, abo 2,3-AnMeToKCUOEH3NNIEHOBOMO He BMIIMBAE HA aKTOMPOTEKTOPHUI eheKT; BBEAEHHS B
monekyny 2-((3-(tiodpen-2-inmetun)-1H-1,2,4-tpiason-5-in)Tio)aueTorigpasugy 6eH3unigeHoBoro pagukany, 3-HiTpobeHsunigeHoBoro,
4-nymeTnnamiHobeH3nniaeHoBOro, 2,4-AMMeTUNOEH3NNIAEHOBOMO HEraTMBHO BNIMBAE Ha BTOMY LUYPIB.

Kniouogi cnoga: 1,2,4-Tpia3on, akTONPOTEKTOPHA aKTUBHICTb, COMi, FETEPOLIMKITIYHI CTIONYKM.
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WccnegoBaHue aKTONPOTEKTOPHOM aKTUBHOCTU NPOU3BOAHLIX 3-(TModeH-2-unmeTtun)-1H-1,2,4-Tpnazon-5-Tuona
A. A. CacboHoB

Bonpoc yctanocTi 4oCTaTouHO OCTPO CTOUT Nepes YenoBevecTBom. [ins Toro, utobel bonbLue paboTtats 1 3apabaTbiBaTh, 1H0AM HAYMHAKOT
ynoTpebnsaTs pasnuyHble CTUMYNAToOpbl AN 60pbObI C YCTanoCThbio, HO OHU UMEIT Lienblii psia NobouHbIX adhdekToB. ATa npobnema
aKTyanbHa B cTpaHax Asuu. [ins npefoTBpaLLeHNs TakuX OCIIOXKHEHWIA YYeHbIe NbITAKTCS CO3AaTh aKTONPOTEKTOPLI, KOTOPbIE MENi Obl
MVHUMAIIbHOE KOnmMyecTBo NoboYHbIX AencTauii. MponasoaHble 1,2,4-Tpuasona 3apekoMeHgoBanu cebsi B kayecTBe HOBbIX BELLECTB C
pasnuyHbIMK crnekTpammn hapMaKkonorMieckon akTBHOCTH.

Llenb paboTkl — nccnegoBaHue akTOMPOTEKTOPHOW aKTUBHOCTM CPean HOBbIX NMPOM3BOAHbLIX 3-(TModeH-2-unmetun)-1H-1,2,4-Tpua-
3on-5-Tnona.

Matepunansl n metoabl. [ANg n3y4eHns akToNpoOTEKTOPHON aKTUBHOCTU HOBbLIX NPOMU3BOAHBLIX 3-(TMOoteH-2-unmetun)-1H-1,2,4-tpuna-
30M-5-T1ona ucnonb3oBanu rpynny u3 7 6enbix HenuHeiHbIX kpbic Becom 200—260 r. apmakonorn4eckyro akTMBHOCTb U3yvanu MeToa0M
NPUHYAMTENBHOTO NnaBaHus. VccrenyeMble COeAMHEHs, a Takke 3TamnoHHbIM cTaHgapT — PubokcuH® (npomssoguTenb — Kueeckuid
BUTaMWHHBIA 3aBOA) BBOAMNM nepopanbHo B fo3e 100 mr/kr 3a 20 MUHYT 4O NOTPYXEHWs XMBOTHbLIX B BOAY. [INA CpaBHeHWS Takke
1CMONb30BanM KOHTPOMbHYKO TPYNMy XUBOTHBIX, NMOMyYaBLUUX CONEBON pacTBop 3a 20 MUHYT [0 NorpyxeHus. MpaBuMeTpuYeckme ns-
MEePEHNS NPOBOAMIIN Ha NabopaTOPHbIX 3MIEKTPOHHbLIX aHaNMTUYecknx Becax mogenu ESJ-200-4 (CLUA). Ctatuctnyeckue pesynsratbl
paccyuTbIBanm ¢ noMoLLblo kputepnes Konmoroposa—CmupHoBsa v Lanupo-Yurka.

Pesynkrathl. MiccnegoBanu akTONPOTEKTOPHYH aKTUBHOCTb 22 HOBbLIX COEAMHEHWIA. YCTaHOBUMK, YTO coeanHenus la, lib, Ilh nmetot
aKTONpOTEKTOpHOE AeicTBue. BelecTso |la npeBbilaeT npenapat cpaBHeHUs. CambiM aKTUBHBIM BELLECTBOM Cpeau CUHTE3MPOBAH-
HbIX coneit sBnsieTcs kanuii 2-((3-(tnodeH-2-unmetun)-1H-1,2,4-Tpnason-5-un)Tno)auerart, KOTopblii NPEBLILIAET NpenapaT CPAaBHEHMS
p1BOKCUH Ha 6,32 %.

BrbiBoaki. HekoTopble BbIBOAbI CAENaHbI N0 3aBUCUMOCTH CTPYKTYpa — aKTOMPOTEKTOPHbIA 3dhpeKT»: 3amMeHa KaT1oHa Kanwusi Ha KaTuoH
HaTpUsl MPMBOAUT K CHIDKEHUIO BMONOrMieckon akTMBHOCTY; BBeAeHUe B Monekyny 2-((3-(TnodeH-2-unmetun)-1H-1,2,4-tpnason-5-mn)
Tuo)aueroruapasuaa 4-xnopbeH3nnmMaeHoBoro 3aMecTuTens unu 2,3-AuMeTokCM6eH3MNMAEHOBOMO He BNMUSIET HA aKTOMPOTEKTOPHbIN
acbdekT; BBeaeHve B monekyny 2-((3-(tnocdpen-2-unmetun)-1H-1,2,4-tprnason-5-unjtmo)auetorngpasnaa 6eH3nnmaeHoBoro pagukana,
3-HUTPOBEH3NAEHOBOTO, 4-AMMETUNAaMUHOOEH3UNMAEHOBOTO, 2,4-AMMETUNGEH3UNMAEHOBOTO HETAaTMBHO BIMSIET HA YCTANOCTb KpbIC.

KnwoueBsle cnoga: 1,2,4-Tpyuasosn, akToNpoTEKTOPHOE AEWNCTBME, COMU, FETEPOLIUKIINYECKNE COEAVNHEHUS.

AxTyanbHble Bonpochl (hapMaLeBTM4eCKON N MeaULMHCKON Hayku n npakTuku. 2020. T. 13, Ne 3(34). C. 365-370

Pharmaceutical industry is developing in accordance with
the development of society and technology. Modern people
cannot even imagine their lives without medical drugs.

Scientists around the world are competing for the leader-
ship in creating new drugs that reduce fatigue and help athletes
increase their speed and improve performance.

1,2,4-triazole molecule is globally used as a foundation to
create potential highly active substances [1-4].

The review of scientific literature has proved the absence
of verified data on the actoprotective effect of 3-(thiophen-
2-ylmethyl)-1H-1,2,4-triazole-5-thiol derivatives [5—11].

Aim
Correspondingly, the aim of this work is the investigation of

actoprotective activity of new 3-(thiophen-2-ylmethyl)-1H-
1,2,4-triazole-5-thiol derivatives.

Materials and methods

In order to study the actoprotective activity of new 3-(thio-
phen-2-ylmethyl)-1H-1,2,4-triazole-5-thiol derivatives, a
group of 7 white nonlinear rats weighing 200-260 g was used.

Pharmacological activity was studied with the method of
forced swimming [12]. Loads (10 % of rats’ weight) were
attached to the tail bases of the animals. After immersing
the animals in water for 10 seconds, the swimming time of
the laboratory rats before exhaustion was measured (in se-
conds). Rats were immersed one by one in a large container
(water temperature 24-27 °C) with a water level higher
than 60 cm. The study compounds, as well as the reference
standard — Riboxin® (manufactured by Kyiv Vitamin Plant)
were administered orally 20 minutes prior to the immersion
of animals at a dose of 100 mg/kg. For comparison, we also
used a control group of animals that received saline 20 mi-
nutes prior to the immersion.
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Gravimetric measurements were performed on laboratory
electronic analytical scales model ESJ-200-4(US).

Statistical results were calculated using Kolmogorov—
Smirnov test and Shapiro—Wilk test.

Results

As aresult, the actoprotective activity of 22 new compounds
was investigated.
Compounds Ia, IIb, ITh, have been found to have an actopro-
tective effect. Compound Ia surpasses the comparison drug.
Some conclusions have been made regarding “structure —
actoprotective activity” dependence.

Discussion

The most active substance among the initially synthesized
salts is the compound Ia (potassium 2-((3-(thiophen-2-yl-
methyl)-1H-1,2,4-triazol-5-yl)thio)acetate), which surpasses
the comparison drug riboxin by 6.32 % (7able 1,2).

Replacement of potassium cation by sodium cation in
the molecule potassium 2-((3-(thiophen-2-ylmethyl)-1H-
1,2,4-triazol-5-yl)thio)acetate leads to a decrease in biological
activity (Fig. 1).

The introduction of morpholine as a cation to the molecule
2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)ace-
tate leads to a sharp decrease in the pharmacological effect.

Regarding the actoprotective activity of R-idene-2-((3-
(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohy-
drazide, it should be noted that the compounds of this series
both increase and reduce the actoprotective effect (7Table 3,4).

It should be noted that compounds IlIb, ITh, IIj reduce
the fatigue of the studied rats and have an actoprotective

effect of 20.31 %, 24.27 % and 16.24 %, respectively. But
despite the positive result, these compounds do not surpass
the comparison drug riboxin (Fig. 2).

The introduction of 4-chlorobenzylidene substituent
(compound IId) or 2,3-dimethoxybenzylidene (compound
IIm) into the molecule of 2-((3-(thiophen-2-ylmethyl)-
1H-1,2,4-triazol-5-yl)thio)acetohydrazide does not affect
the actoprotective effect.

Replacement of the above mentioned substituents with
2-chlorobenzylidene (Ilc), 4-fluorobenzylidene (Ile), 2-ni-
trobenzylidene (IIf), 4-hydroxybenzylidene (Ili), 3-bro-
mo-4-fluorobenzylidene (IIl), 3,4-dimethoxybenzylidene
(Ilo), 3,5-dimethoxybenzylidene (IIp) leads to a moderate
actoprotective effect.

40
32.09

30 25.77

20

0

Control Riboxine la

-12.17

-30.26

Fig. 1. Actoprotective activity of 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-
triazol-5-yl)thio)acetate salts.

Table 1. “Structure—action” dependence of 2-((3-( thiophen-2-ylmethyl)-1H-1,2 4-triazol-5-yl)thio)acetates

N——NH
N\ / Vi
H, 7+

(N A el

s H, o
e N
la K T
Ib Na !
lc morpholine W

Table 2. Actoprotective activity of 2-((

3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetate salts

% to mean | % to
-m“-“ (Q1 Q3) - contrOI Me contrOI MW
0

Control 241.71 40.58 3.38 (218.5:264.0) | 241.71+£3.38 P<0.001 |[P>0.05
Riboxine | 304 60.76 5.06 337 (240.0:353.0) | 304.0 + 5.06 25.77 40.42 P<0.001 |[P<0.05

la 319.28 103.43 8.61 369 (277.0:389.5) |319.29+8.62 |32.09 53.75 P<0.001 |[P>0.05

Ib 212.28 72.99 6.08 190 (174.5:246.5) |212.29+6.08 |-12.17 -20.83 P<0.001 |[P>0.05

Ic 168.57 117.73 9.81 100 (97.5:194.5) 168.57 £9.81 |-30.26 -58.33 P<0.001 |[P<0.01
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Table 3. “Structure—action” dependence of R-idene-2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazides

D g

N——NH

O

N

HN——N——=C—R
H

S O S

lla C,H, !
lIb 2Br-CH, 1
lic 2-CI-CH, 1
Id 4-CI-CH, <—>
lle 4F-CH, 1
IIf 2-NO,CH, T
lig 3-NO,CH, )
llh 2-OHCH, M
Mli 4-OHCH, T
IIj 3-OCH,CH, 1
Ik 4-N(CH,),CH, |
1l 3-Br-4-F-C.H, 1
lIm 2,3-(OCH )zcsH3 o
lIn 2,4-(CH,),C, !
llo 3,4-(OCH )2C6H3 1
lIp 3,5-(OCH,),CH, 1
lig 3-pyridin )
lIr 5-nitrofuran 1
IS tiophen 1

Table 4. Actoprotective activity of R-idene-2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazides

T O O I o e =
Control 245.42 33.69 2.80783 (226.0:251.0) 24543 £ 2.81 P<0.001 |P>0.05
Riboxine | 315.28 66.70 5.55897 | 292 (278.5:359.5) 31529+ 556 | 28,46 18.7 P<0.001 |P>0.05
llb 295.28 100.97 8.41456 357 (203.0:375.5) 295.29 + 8.41 20,31 4512 P<0.001 |P>0.05
llc 271.28 102 8.49996 | 262 (210.0:354.0) 27129+ 8.5 10,54 06.5 P <0.001 |P>0.05
Ilh 305 104.48 8.70744 354 (251.0:368.5) 305.0 £ 8.71 24,27 43.9 P<0.001 |P>0.05
lir 221.85 108.62 9.05237 180 (158.0:288.0) 221.86+9.05 |-9,6 -26.83 P<0.001 |P>0.05
Control 241.71 40.58 3.38218 | 240 (218.5:264.0) 24171338 |0 0 P<0.001 |P>0.05
Riboxine | 304 60.76 5.06349 | 337 (240.0:353.0) 304.0 £ 5.06 25,77 40.42 P<0.001 |P<0.05
lIm 237.42 91.71 7.64291 204 (183.5:299.0) 23743+7.64 |-1,77 -15 P<0.001 |P>0.05
lin 224 .42 59.67 4.97304 211 (197.0:251.5) 22443 +497 |-715 -12.08 P<0.001 |P>0.05
lip 260.85 46.82 3.90199 266 (219.0:301.0) 260.86 + 3.9 7,92 10.83 P<0.001 |P>0.05
Control 241 52.83 440276 | 253 (228.0:266.5) 241.0+4.4 0 0 P <0.001 |P>0.05
Riboxine |310.42 41.69 3.44 317 (277.0:348.0) 31043+ 347 28,81 25.3 P<0.001 |P>0.05
Id 245,57 75.91 6.32618 | 260 (197.5:299.5) 24557 +6.33 |01,9 277 P <0.001 |P>0.05
llg 199.71 95.35 7.94596 183 (121.5:265.5) 199.71+795 |[-17,13 -27.67 P<0.001 |P>0.05
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Cont. of Table 4.

% to mean | % to Me

267.57 115.66 9.63883 (195.5:340.5) 267.57+9.64 | 11,03 32.41 P<0.001 |P<0.05

I 280.14 111.57 9.29785 | 292 (193.0:372.5) |280.14+93 | 16,24 15.42 P<0.001 |P>0.05
llo 264.14 111.32 9.27667 | 290 (160.5:341.0)  [264.14+9.28 |96 14.62 P<0.001 |P>0.05
Control | 250.14 33.78 281548 | 252 (233.0:258.5) |250.14+2.82 |0 0 P<0.001 |P>0.05
Riboxine | 318.42 60.19 5.01591 312 (283.0:354.0) 318.43+5.02 27,3 23.81 P <0.001 |P>0.05
lla 23385 7378 6.14908 | 244 (199.0:282.0) |233.86+6.15 |-6,51 -3.17 P<0.001 |P>0.05
lle 272.57 95.88 7.99042 | 253 (210.0:354.0) 272.57+7.99 (8,97 0.4 P <0.001 |P>0.05
lif 268.42 93.92 7.82681 | 270 (189.5:332.0) |268.43+7.83 |7,31 7.14 P<0.001 |P>0.05
Ik 22042 118.89 9.90824 | 211 (111.5:3245)  |22043+9.91 |[-11,88 -16.27 P<0.001 |P>0.05
I 283.57 109.30  [9.10889 | 277 (225.0:379.0) |28357+9.11 |13,36 9.92 P<0.001 |P>0.05
llg 158.42 42.66 3.55573 160 (135.5:178.0) 158.43+3.56 |-36,66 -36.51 P <0.001 |P>0.05
lls 269.57 112.85 9.46 293 (175.5:363.0) |269.57+9.4  |7,77 16.27 P<0.001 |P>0.05

40

30 2846 o 2577 28.81 27.3

20.31
20 16.24 1336
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Fig. 2. Actoprotective activity of R-idene-2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazides.

The introduction of benzylidene substituent (compound  triazol-5-yl)thio)acetate, which surpasses the comparison

ITa), 3-nitrobenzylidene (compound I1g), 4-dimethylamino-  drug riboxin by 6.32 %. Some conclusions are drawn re-
benzylidene (1Ik), 2,4-dimethylbenzylidene into the molecule ~ garding “structure — actoprotective effect” dependence:

of 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio) —replacement of potassium cation by sodium cation leads
acetohydrazide negatively affects the fatigue of rats, and  to a decrease in biological activity;

the introduction of pyridin-3-ylmethylene radicals greatly — introduction of 4-chlorobenzylidene substituent or 2,3-di-
reduces the actoprotective effect. methoxybenzylidene into the molecule of 2-((3-(thiophen-2-

ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazide does not
affect the actoprotective effect;

—introduction of benzylidene substituent, 3-nitrobenzylidene,

As a result, the actoprotective activity of 22 new com-  4-dimethylaminobenzylidene, 2,4-dimethylbenzylidene into
pounds was investigated. the molecule 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-

Compounds Ia, IIb, ITh have been found to have an acto-  yl)thio)acetohydrazide negatively affects the fatigue of rats.
protective effect. Compound Ia surpasses the comparison
drug. .
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Bu3sHayeHHs TepMoAUHaAMiIYHMX napameTpiB MOPOSiHIN
2-(5-(nipnamHin)-1,2,4-tpiason-3-inTio)aueTraTty Ta MOro AOMiLIOK
B yMoBax o6epHeHoca3oBoi xpomaTtorpaddii

B. O. BapuHcbkuin*

3anopisbkuii AepxaBHWUA MEANYHUI YHIBEPCUTET, YKpaiHa

A — KOHUenUis Ta an3aitH gocnipxkeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTTi

[locnipxeHHs TepMoAMHaMIYHUX NapaMeTpiB YTPUMaHHS Ja€ MOXIIUBICTb ONTUMI3yBaTV NPOLIEC PO3AINEHHS y XpomaTorpadii, a Takox
3'AcyBaTW XapakTep B3aeMopii aHaniTiB 3i CTawlioHapHOK asoko.

Meta po6oTun — BCTaHOBINEHHS 3aneXHOCTI koedilieHTa EMHOCTI Big Temnepatypu ans 5-(nipuauHin)-2,4-aurinpo-3H-1,2,4-tpiazon-3-
TioHy, MopdponiHin 2-(5-(nipuanH-4-in)-1,2,4-tpiason-3-inTio)auertarty Ta po3paxyHOK eHTanbnii NepeHeceHHs LMX PEYOBUH i3 PyXOMOi
¢hasm y crauioHapHy.

Matepianu Ta meToau. BucokoedekTmBHa pignHHo-xpomatorpadiyHa cuctema Agilent 1260 Infinity. CybctaHuii 5-(nipuaunin)-2,4-au-
rigpo-3H-1,2,4-tpiazon-3-TioHy, MmopdoniHin 2-(5-(nipugnxin)-1,2,4-tpiazon-3-inTio)auetaty. Konoxka Zorbax SB-C18; 30 Mm x 4,6 mwm;
1,8 mkm. Temnepartypa konoHku — 40 °C. Pyxoma ¢hasa cknaganacs 3 Bogm (0,1 % HCOOH) Ta auetoHitpuny (0,1 % HCOOH) (95:5).

Pesynkratu. BusHaunnu 3HauyeHHs vacy yTpumaHHs ans peydosuH npy Temnepatypax sig 30 °C go 70 °C i BukopucToByBanu Ans pospa-
XYHKY KoediLieHTiB EMHOCTI k. 3a METOLOM HaMEHLLIMX KBafpaTiB po3paxyBanu PIBHAHHA NiHiHOI 3anexHocTi Ink Big 1/T. 3a piBHAHHAM
BaHnTt-Todbda pospaxyBanu eHTanbnmii nepeHeceHHst peYoBUH.

BucHosku. BctaHoBUNW cTandapTHI eHTanbnii nepeHeceHHs aHaniTie i3 pyxomoi dasn y ctauioHapHy ans 5-(nipuaidin)-2,4-gurigpo-
3H-1,2,4-tpiason-3-TioHy, MopdoniHin 2-(5-(nipnanH-4-in)-1,2,4-tpiazon-3-inTio)averary. BusiBunu: Wwo cnonykw, Wwo JOCAiAnnM, MaoTb
HeraTWBHe 3HaYeHHS eHTanbMii nepeHeceHHs. Lie nokasye nepeBaxHWii nepexin pe4yoBuH i3 MOBINbHOT hasn B HEPYXOMYy.

Kntouogi crnoea: eHTanbnis, BUCOKOEMEKTUBHA piAMHHA XpomaTtorpadisi, akTUBHI hapmaLeBTVUYHI iHrpedieHTu.
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Determination of thermodynamic parameters of morpholinium 2-(5-(pyridinyl)-1,2,4-triazole-3-ylthio)acetate
and its impurities in conditions of reverse phase chromatography

B. O. Varynskyi

The study of thermodynamic retention parameters helps to optimize the separation process in chromatography, and it is also possible to
detrmine the nature of the interaction of analyts with the stationary phase.

The aim of the work - study the dependence of the capacity factor on temperature for 5-(pyridinyl)-2,4-dihydro-3H-1,2,4-triazole-3-
thione, morpholinium 2-(5-(pyridin-4-yl)-1,2,4-triazole-3-ylthio)acetate and calculation of enthalpy of transfer of substances from mobile
to stationary phase.

Materials and methods. High performance liquid chromatographic system Agilent 1260 Infinity. Substances 5-(pyridinyl)-2,4-dihydro-3H-
1,2,4-triazole-3-thione, morpholinium 2-(5-(pyridinyl)-1,2,4-triazole-3-ylthio)acetate. Zorbax SB-C18 column; 30 mm x 4.6 mm; 1.8 um.
The column temperature was 40 °C. The mobile phase consisted of water (0.1% HCOOH) and acetonitrile (0.1% HCOOH) (95:5).

Results. The retention time values for substances at temperatures from 30 °C to 70 °C were determined and used to calculate the
capacity factors k. The least squares method was used to calculate the equation of the linear dependence of Ink on 1/T. The enthalpies
of transfer of substances were calculated according to the Vant-Goff equation.

Conclusions. Standard enthalpies of transfer of analytes from mobile phase to stationary phase for 5-(pyridinyl)-2,4-dihydro-3H-1,2,4-
triazole-3-thione, morpholinium 2-(5-(pyridin-4-yl))-1,2,4-triazole-3-ylthio)acetate. We observe that the test compounds have a negative
value of the enthalpy of transfer. This shows the predominant transition of substances from the mobile phase to the stationary one.
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Onpepenexue TepMogMHaAMUYECKUX BENIUYMH MopdonuHuia 2-(5-(nupuann-4-un)-1,2,4-tpuason-3-untmo)auetara
U ero npumecen B ycnoBusx odopaiieHHoa3zoBoi xpomaTorpadum

B. A. BapuHckun

WccnepoBaHue TEPMOAMHAMUYECKVX MapaMEeTPOB YAEPXKMBAHWS NOMOraeT ONTUMU3MPOBAaTL NPOLIECC pasfeneHunst B xpomaTorpaduu,
a TaKke OLEeHUTb XapaKkTep B3aMMOAECTBUS aHAIMTOB CO CTALMOHapHON has3o.

Llenk paboTkl — ycTaHOBREHWE 3aBUCUMOCTM KO3 ULIMEHTA EMKOCTY OT Temnepatypbl Ans 5-(nupugnnun)-2,4-gurnapo-3H-1,2,4-tpu-
a3011-3-TMOH, MopchonuHuin 2-(5-(MnpnaunH-4-un)-1,2,4-tprason-3-untmo)alerara u pacyeT SHTaNbMUM NepeHoca ykasaHHbIX BeLecTB
13 NOLABWXHOW hasbl B CTALMOHAPHYHO.

Matepunanel n metofkl. BeicokoaddekTnBHas xuakocTHO-xpomartorpaduyeckas cuctema Agilent 1260 Infinity. Cybecranumum 5-(nu-
puanHun)-2,4-aurnapo-3H-1,2,4-tpnason-3-TmoH, mopdonuuunn 2-(5-(nupmanninn)-1,2,4-tpuason-3-untuo)auertata. KonoHka Zorbax
SB-C18; 30 mm x 4,6 mm; 1,8 mkm. Temnepatypa konoHku — 40 °C. lMNopswxkHas dasa coctosna u3 sogsl (0,1 % HCOOH) n aueTtoHm-
Tpuna (0,1 % HCOOH) (95: 5).

Pesynkratel. Onpenenunu sHadeHre BpeMeHn yaepxanus ans sewects npu temneparypax ot 30 °C go 70 °C u ucnonb3osanw ans
pacyeta KoadmLUMEHTOB eMKOCTH k. [0 MeToay HauMeHbLLVX KBaApaToOB paccynTany ypaBHeHue nNuHenHon 3asmcumocTm Ink ot 1/T.
Mo ypaBHeHuto BaHT-Toddba paccuntaHbl 3HTanbNMy nepeHoca BeLLeCTB.

BeiBogkl. YcTaHOBMEHbI CTaHAAPTHbIE 3HTaNbNUM NePEeHOCa aHanMToB 13 NOABWKHON pasbl B CTaLMOHAPHYHO Ans 5-(nupuaninn)-2,4-au-
rnapo-3H-1,2,4-Tpnason-3-TuoHa, mopdonuHuin 2-(5-(nupuanHun)-1,2,4-tpuason-3-untmo)auerata. OTMEYEHO, YTO Uccregyemble
COEAMHEHNS UMEIOT OTpULaTENbHbIe 3HAYEHUS SHTAMbMUKM NepeHoca. TO NoKasbiBaeT NPeMMYLLECTBEHHbI Nepexod BewecTs u3
MOBUIBEHOM (hasbl B HEMOABIKHYHO.

KntouyeBble crnoBa: aHTanbnus, BbICOKOI(MEKTUBHASA KMOKOCTHAA XpoMaTorpadus, akTMBHbIE hapmaLeBTUYECKNE UHTPEONEHTDI.

AxTyanbHble Bonpochl (hapMaLeBTM4ECKON N MeaULUMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 3(34). C. 371-377

Moxinni 3-tio-1,2,4-Tpia30iy BUKIUKAIOTh YAMAJIC 3alli-
KaBJICHHSI JTOCHIJHUKIB, SIKi 3aMAalOThCS ITOLTYKOM HOBHX
010JIOTIYHO aKTUBHHUX PEYOBUH, IO XapaKTEPU3YIOThCS
pisHEMHE Bumamu OioJjoridHoi akTHBHOCTI. Hamr inTepec
CTOCYETBCSI aKTHBHOTO (papmarieBTHHOTO iHrpesienTa (ADI)
HOBOT'O BETEPHHAPHOTO JIiKapchKoro 3aco0y ABecctuM [1],
1110 M€ POTH3AIAIbHY, aHTHOKCHIAHTHY, A€TOKCUKAIIHHY,
IMYHOMO/ICITIOBAJIbHY 1 T€MaTONPOTEKTOPHY JIii.

Po3pobnenns meronuk BuzHaueHHs ADI Mae Bemmke
3HAYCHHS, a/Ke BOHM HEOOXiIHI JUISA MiATBEPIKCHHS SKO-
CTi TOTOBHX JIIKAPCHKHUX 3ac00iB 1 CyOCTaHIil, BUSBICHHS
(anbcudikoBaHUX Tperaparis 1 MPOAYKILii, sika 30epiranacs
B HEHAJISKHUX YMOBax. METOIUKH BUKOPUCTOBYIOTH IS
JOCIIPKSHHS afcopOIrii, MeTaboIi3My Ta eKCKpEIIii, a TAaKoXK
JUT BU3HAYEHHS 3aJMIIKOBUX KinbkocTeil ADI B ciibChKO-
TOCTIONAPCHKIA TPOAYKITIi.

[TepenoBrmME MeTOIaMU aHAITI3Y, 10 BUKOPUCTOBYIOTHCS
JUISL LIBOTO, € XpoMarorpagivHi Ta XpoMaTo-Mac-CIieKTpoMe-
TPUYHI METOMIH, SIK-OT BUCOKOE(DEKTHBHA PiJUHHA XPOMATO-
rpadist 3 JiOIHO-MaTPUYHOIO Ta MAC-CIIEKTPOMETPUYHOIO
JIeTeKiero. PaHime 3amponoHyBadll BHCOKOE(EKTUBHY
plAMHHO-XpoMaTorpadidyHy METOAMKY JUIsl BU3SHAYCHHS
3aJIMIIKOBUX KUIBKOCTEH HAa3BaHOTO aKTUBHOIO (hapmarie-
BTHYHOTO IHIpeIi€HTA B SHISAX TTHIT [2].

Jts ortumizarii xpomarorpadivHIX YMOB JOCHTIKYOTh
BIUIMB Pi3HUX (PaKTOpiB HA YTPUMAHHS PEUOBHH. Temrre-
parypa — OOHMH 3 IHCTPYMEHTIB KEpyBaHHS XpOMAaTOrpa-
¢iuHnMu npouecamu. BoHa BIUIMBaEe Ha CEJIEKTUBHICTH
xpomarorpadiqHOi CHCTEMH, a TAKOXK HaJae 0araro iHIIMX
nepesar [3].

JlocuipkeHHS TepMOJIMHAMIYHHX [TApaMeTpiB yTPUMaHHS
JIOTIOMarae ONTUMI3yBaTH IPOLIEC POALICHHS y XpoMaTorpa-
(hii, a TaKOXK JTa€ 3MOT'Y 3°SICYBaTH XapaKTep B3a€MOIi1 aHaTi-
TiB 31 cTanioHapHOIO (azoro. Taki po3paxyHKH JONOMATaloTh
XapaKTepu3yBaTH Ta OPiBHIOBATH KOJIOHKU. [To3uTHBHA ax-
copOist 3a3BMYai XapaKTepH3y€eThCsl SMEHILICHHSIM EHTallb-
mii, TOMy HiJBHIIEHHS TEMIEPATypH 3MEHIIY€E YTPUMaHHS
aHaJITiB Ha copOeHTax [4,5].

Meta po6otu

BcranoBneHHS 3a1eXHOCTI KoedimieHTa €éMHOCTI Bif
TeMIepaTypu M HipuAnH-4-rigpazuny, S-(mipugu-
HiN)-2,4-nurigpo-3H-1,2,4-rpiazon-3-TioHy, Mmopdoinii
2-(5-(mipunun-4-in)-1,2,4-rpiazon-3-inrio)auerary i pos-
PaxyHOK CHTaJIbIIii IIEPEHECCHHS [IUX PEYOBHUH 13 PyXOMOi
(ha3m y cTanioHapHY.

Marepianu i MeToaun gocnigkeHHA

Xpomamoepagpiune obraonanns. BucokoehekTHBHA PiIuH-
Ho-xpomarorpagiuna cucrema Agilent 1260 Infinity, o
ckiaganacs 3 aerasaropa (Agilent Technologies, Japan),
6inapnoro Hacoca (Agilent Technologies, Germany), aBTo-
camrutepa (Agilent Technologies, Germany), TepmocTara
kooHkH (Agilent Technologies, Germany), ZioqHO-MaTpHY-
Horo aetektopa (Agilent Technologies, Germany). [Tporpam-
He 3a6e3neuennst — OpenLAB CDS.

Xpomamoepagiuni ymosu. Kononka Zorbax SB-C18;
30 mm x 4,6 mm; 1,8 mxm. Temneparypa xononku — 40 °C.
Pyxoma ¢aza ckmananacs 3 Boxu (0,1 % HCOOH) Ta are-
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Puc. 1. Tpadhiku 3anexHocTi koedi-
LieHTIB €MHOCTI CMONyK Big BMICTY
ALETOHITPUNY B EMIOEHTI.

—@— MopdoniHii 2-(5-(nipuawHin)-1,2,4-Tpiason-3-inTio)auerat

k 254 Hm —fll— nipuaiH-4-rigpasig
5-(nipuawHiny-2,4-ourinpo-3H-1,2,4-tpiason-3-TioH
3
25
2
1,5
1
0,5
—o—
0
0 20 40 60 80

%CH3CN

tonitpuiy (0,1 % HCOOH) (95:5). ILIBuakicts noToKy —
0,4 mxu/ma. JloBkrHA XBHITI I0IHO-MATPUYHOTO JAETEKTO-
pa— 244 um. O0’eMm, 110 IHKCKTOBAHO, — 5 MKIL.

Peaxmusu. S-(nipuaunin)-2,4-nurinpo-3H-1,2,4-tpia-
3011-3-TioH, Mopdominii 2-(5-(mipunun-4-in)-1,2,4-Tpia-
3011-3-1ITi0)areTaT CHHTE3yBaIl Ha Kaeapi IMPUPOITHITIIX
JUCIIUITTIH I 1HO3EMHUX CTYACHTIB Ta TOKCHKOJIOTIYHOI
ximii 3[IMY, cTpykTypa mHiITBEep/HKEHA i KepiBHUIITBOM
Jnoktopa (hapmaneBTuuHuX Hayk, npogecopa O. I. Iana-
cenka [1].

[ipuana-4-rigpasun kpatidikarii «Xxwy puIdaIn B KOM-
naHii « YKpOPrCHHTE3).

Ipucrpiit Direct Q 3UV (Millipore, Molsheim, France)
BUKOPUCTOBYBAJIU [Isl BATOTOBJICHHS BOJIY BUCOKOT YUCTOTH
(18 MQ, 25 °C). Aueronitpun kBamnidikanii HPLC Super
Gradient (Avantor Performance Materials Poland S.A.,
Poland), metanoBa kuciora kBamidikaiiii «For analysis»
(98 %) (AppliChem GmbH, Germany).

Buzomoenenns pozuunie. BuroroBwnu po3unru Mopdo-
minif 2-(5-(mipuaun-4-in)-1,2,4-Tpiason-3-inTio)amerary 3
xouteHTpamiero 0,1 %y Bomi. Pozuna 5-(mipuanHin)-2,4-mm-
rinpo-3H-1,2,4-Tpia3on-3-TiOHy TOTYBaJIH 3 KOHIICHTPAITI€T0
0,1 % B uMeTHICYNBGOKCHAI.

Busnauennsa sanexcnocmi ympumants 6i0 memnepamypu.
XpomarorpadyBaiu pO34NHNA KOKXHOT PEUOBHUHH IIPH PI3HUX
temneparypax Bix 30 °C no 70 °C i3 kpokom y 5 °C.

Pe3ynbraTtu

Panime gocnianmm 3aueXHICTh XpOMaTOTrpadiqvHOTO yTPH-
MaHHS BiJl BMICTY aIlleTOHITPHITY IS MpUANH-4-Tiapasumy,
5-(mipuanHin)-2,4-murigpo-3H-1,2,4-tpia3on-3-tioHy, MOp-
¢omniniii 2-(5-(mipuaunnin)-1,2,4-Tpiazon-3-inrio)anerary npu
40°C [6-8]. [ToOymyBanu rpadiku 3aJe:KHOCTI KoedilieHTa
€MHOCTI BiJI BIJICOTKOBOI'O BMICTY alleTOHITPHITY i3 BUKOPHC-
TaHHSM WX JaHuX (puc. 1).

100 120

MakcumasbHe pO3/IiICHHS MK PEYOBMHAMHU HPU Haii-
OipIIOMY yTPUMaHHI CrIoCcTepiraiy npu 5 % alueToHITprIry
(puc. 2).

J11st BU3HaueHHsI TEPMOIMHAMIYHHUX ITapaMeTpiB IepeHe-
CEHHs aHANITIB 13 pyXoMoi (a3u y CTaIlioHapHYy CIIOYaTKy
HEOOX1THO BU3HAUYUTH KOS(ILliEHT EMHOCTI:

(trfto) _ Vs
t \Y

0 m

k= ) (M

II€ £ —Yac yTPUMaHHs, ¢ — «MEPTBHI» Yac yTpUMaHHs (Jac
BUXOJ/Ty KOMIIOHEHTA, III0 He YTPHUMY€ETHCS Ha KOJIOHIII, a60
yac repeOyBaHHs HeCOpOOBaHOT PEYOBHHHM Y Xpomarorpadi),
vV — BIIHOIIEHHS KiTKOCTI PEYOBHHH (MOJIb) aHAIITY Y
crarioHapHii (a3l 10 KiJIbKOCTI pe4OBUHM (MOJIb) aHAIITY
B MOOLTBHIH (asi.

Bigsorenns 00’ eMiB pyxomoi (asu 1o crarioHapHoi (asu
TIO3HAYIIIH SIK f3:

B=— @

PiBHSHHSI KOHCTaHTH PIBHOBATH TIEPEHECEHHS PEUOBHHH
3 MOOUTBHOT (pa3u B HEPyXOMY:

— [A]S — VS X VM 7k>< 3
_[A]M_Vm Vs_ B A3

PiBusinust Bant-Todda Binome i3 paxosoi stiteparypu [3]:

H° AS°
InK=— + , 4)
RT R
In (k< ) L ©)
X = _
" RT R
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Puc. 2. Xpomartorpamu nipuanh-4-rigpasugy (1), 5-(nipuankin)-2,4-gurinpo-3H-1,2,4-tpiason-3-TioHy (2), Mopdoninin 2-(5-(nipuawnnin)-1,2,4-tpia-

3on-3-inTio)auerary (3).

Buxopstun i3 piBHsiHHS (5), oTpuManu piBHsAHHS (6):

Ink = AR + As’ Inp. (6)
" RT R s

Le piBHSIHHS MIPUBETH 10 JIHIHHOT POpME:
y=mx+b, (7

ney =Ink, x = 1/T, m =-AH/R, b = AS/R — Inp.

Jlauti nocnimim 3anexHicTh Koe(illieHTa EMHOCTI Bifl TeM-
TIepaTypy Ist KOKHOT pedoBrHH. Ha 11i/icTaBi 1boro BU3HAYITN
CHTAIIBITIFO IEPEHECEHHSI PEYOBHH 13 pyXOMOi (ha3H B HEPYyXOMY.

BB Temneparypu Ha XpomarorpadivuHe yTpuMaH-
Hs Mopdoniniid 2-((4-(2-metokcudenin)-5S-(nipuau-
HiN)-4H-1,2,4-Tpia3on-3-i1)Tio)ameTaTy HaBeAeHo Ha puc. 3a
1 36. Ilpu B3aemMoIii 3 METAHOBOIO KHCIIOTOIO €ITFOSHTA Cilb
YTBOPIOE KUCIOTHY (POPMY aKTUBHOIO (hapMarieBTUYHOTO
IHrpesieHTa, ToMy (aKTHYHO XpOMAaTOrpaMH, IO HaBE/ICHI
Ha puc. 3a i 36, BINNOBIAAIOTh KUCIIOTI.

3Ha4YEHHs «MEPTBOTO» Yacy yTPUMaHHs BU3HAYAIIN 32 Ya-
COM yTPUMaHHS! KOMIIOHEHTa KNO,, sxuit HE yTpUMYETHCS.
HWoro 3nauenns nopisHioBaio 0,6 XB.

Cepe/iHi 3HAYCHHS Yacy YTPUMaHHS Ui PEUOBHH TPH
temmeparypax Bix 30 °C mo 70 °C BHKOPHCTOBYBAJH VIS
PO3paxyHKy Koe(illieHTiB €MHOCTI k.

3a MeTo/10M HalMEeHIINX KBaJIpariB y porpami Microsoft
Excel po3paxyBanu piBHSHHS JiHIHHOT 3aJIe)KHOCTI Ink Bif
1/T (mab6a. 1).

Jiis1 po3paxyHKy CTaHZapTHOI SHTAJIBII IEPEHOCY aHATITY
3 pyxoMoi (a3u y cralioHapHy BUKOPHCTAIN KyTOBHIT Koe-
(imieHT M pIBHSIHHS JIHIWHOI 3a1eXHOCTI (maba. 2):

AH’ = —m x R, )

Oo6uncienss s S-(mipumuHin)-2,4-murinpo-3H-1,2,4-1pi-
a3011-3-TioHY:

AH=-1379,1 x 8,31 =-11,46 x/lx/mMomnb

s mopdominiit 2-(5-(mipuaumin)-1,2,4-Tpia3on-3-i11io)
arerary:

AH =-1942,1 x 8,31 = -16,14 xJI>x/MONb
Jist mipuauH-4-rinpazumy:

AH=-725,71 x 8,31=-6,031 x/Ix/mMomnb
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Puc. 3a. Xpomatorpamu mopdoniHin 2-(5-(nipuanH-4-in)-1,2,4-tpiason-3-intio) auetaty npy pisHux 3Ha4eHHsx Temnepatypu (30-50 °C).
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Puc. 36. Xpomatorpamv mopdoninii 2-(5-(nipugmnH-4-in)-1,2,4-tpiason-3-inTio) auetaty npu pisHunx 3HayeHHsix Temnepatypu (55-70 °C).

Tabnuusa 1. PiBHsIHHA niHinHOI 3anexHocTi Ink Big 1/T, ge 'y = 1/T, x = Ink

5-(nipnawnin)-2,4-gurinpo-3H-1,2,4-Tpiazon-3-TioH =1379,11x-3,94 0,9971 0,01035
2 mopdoniHin 2-(5-(nipnuauHin-1,2,4-tpiason-3-inTio) auetar y = 1942,0x-5,370 0,9997 0,004834
3 nipuanH-4-rinpasug y =725,71x-3,162 0,9935 0,008249

Tabnuugs 2. CTaHZapTHi eHTanbnii NepeHeceHHs aHaniTiB i3 pyxomoi aau y cTauioHapHy

1 5-(nipuawnin)-2,4-gurinpo-3H-1,2,4-tpiazon-3-TioH -11,46
mopdponiHin 2-(5-(nipuguHin-1,2,4-tpiason-3-inTio) auetar -16,14
3 nipuguH-4-rigpasng -6,031
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Bus3HadyeHHs mepmoOuHamidHUX napamempie MopghoniHiti 2-(5-(nipudunin)-1,2,4-mpiason-3-inmio)auemamy ma (i020 OOMIWOK...

OO6roBoOpeHHs

BusiBrim, 110 eHTanbIil MepeHeceHHs I BCIX PEeYOBUH
(mabna. 2) € HETaTUBHUMM, IO O3HAYA€ BUBLILHEHHS TEIIOTH
i1 9ac ajcopOrrii Ha o6epHEHO(pa30BOMY COpOSHTI IIpH Ta-
KOMY CKJIaJii ermroeHTa. OTKe, TIepeBakae mepexis i3 pyxoMoi
(a3u y cramionapny. Lle BinmnmoBigae Tomy, 110 i PEIOBHHI
n00pe yTpUMYIOThCS Ha 00epHEHO()a30BOMY COPOCHTI.

BucHoBKku

1. BcTraHOBWITH CTaHAAPTHI SHTANBIIIT ICPECHECCHHS aHATi-
TiB i3 pyxoMoi (ha3n y cTamioHapHy st HipuIHH-4-Tiapasuy,
S-(mipuauHin)-2,4-nurinpo-3H-1,2,4-rpiazon-3-TioHy, MOp-
¢omniniit 2-(5-(mipuaunHin)-1,2,4-Tpia3on-3-11Tio) anerary Ha
kosoHIi Zorbax SB-C18; 30 mum X 4,6 mwm; 1,8 MxM mipu 5 %
BMICTY alleTOHITPUITY B PyXOMiii (a3i.

2. CrioiykH, 10 JTOCHIANIN, MaIOTh HEraTUBHE 3HAYCHHS
eHTaubIIii IepeHeceHHs. Lle nmokasye nepeBakHuil niepexiz
PEUYOBHH i3 MOOLIBHOT (ha3u B HEPYXOMY.

Moasika

ABTOp BAAYHMI 3anopisbkomy AepXaBHOMY MEAUYHOMY YHIBEPCUTETY

11 0cOBKCTO peKkTopy 3anopi3bKoro AepKaBHOMO MEANYHOTO YHIBEPCUTETY
tOpito Muxaiinou4y KonecHuky 3a MOXNMBICTb BUKOHAHHS AOCTigXeEHb Y
naboparopii piaMHHOI XpoMaTo-Mac-CneKTPOMETPIl.
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OpwriHanbHi gocnimxeHHs = Original research

LLloao ctanpapTu3adii rniuMHy Ta TioTpiasoniHy B MoAenbHiN CyMmilli
MeTOL4O0M BUCOKOetheKTUBHOI PiAMHHOI XpoMaTorpadii

O. B. Xpomunbosa=*AC0F M. O. ABpameHko='BPE T P. HimeHko"='P, E. 0. Mypa"='8

3anopisbkuii AepKaBHUIA MeANYHUI yHIBepcuTeT, YkpaiHa

A — KOHUenUis Ta an3aitH gocnigxkeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepKEHHSA CTaTTi

Lopoky B YkpaiHi TpannseTbest maike 150 000 iHcynbtie, noHaa 100 000 miogelt nommparoTb Bif NOPYLUEHb KPOBOTOKY B MO3KY. ToMy
aKTyanbHUM 3aBAaHHSAM Cy4acHoi chapmallii € CTBOPEHHSI HOBMX BCOKOEhEKTUBHUX NiKapCbkux 3acobiB Ans Tepanii uux natonorii. OTxe,
[OUiNbHe 11 akTyanbHe CTBOPEHHS HOBOTO KOMBIHOBaHOrO Npenapary, A0 cknagy SKOro BXOASAT IMiLyH (HeponpoTekTop) i TioTpia3oniH
(aHTnokcmaaHT). ina HoBoro koMGiHOBaHOrO nikapcbkoro 3acoby y hopmi TabneTok HeobxigHO Po3pobuT MeToamM cTaHaapTH3aLlii.

HwHi ans ctaHgapTusadii gitoumx pe4oBruH y KOMBIHOBaHUX MikapCbkux 3acobax AOLiNbHO 3aCTOCOBYBATU HOBI, YYT/UBILLI METOAW aHani3y,
30KkpeMa BUCOKOeEeKTUBHY pianHHY Xpomatorpadito (BEPX).

MeTa po6oTu — po3pobrneHHs MeTOAVKI CTaH4apTM3aLi MilKMHy Ta TioTpiasoniHy B MoaenbHii cymiwi metogom BEPX.

Matepianu Ta meToau. Y gocnimkeHHsIX BUKOPUCTOBYBanM cepTudikoBaHi cybcTaHuii rniluHy Ta TioTpiasoniHy. [ocnimkeHHs 3aincHu-
nn, BUKOpMCTOBYto4M xpomaTorpad mogeni LC-20 Prominence Shimadzu. 3actocysanu konoxky Hypersil ODS-C18-5u, 4,6 x 250 mwm,
AiamMeTp YacTok — 5 MKM; eNntoeHT: BoAHWUA posduH 3,4 r/n Bu,NHSO, Ta 0,05 % Tp1dTOpOLITOBOI KUCMOTU; LIBUAKICTL PyXOMOI (hasn —
1 Mn/xB; aHaniTM4Ha JOBXMHA XBUNi aeTekTopa — 220 Hm; 06’em npobm — 20 Mkn.

Pesynkratin. Y nabopatopHux ymoBax BUroTOBUMM 6 Cepili MOAenbHOI CyMmiLLi riLyHy Ta TioTpiadoniHy y cniBeigHoLweHHi 4:1. Mo vepai
XxpomatorpacdyBanu po34uH BUNpobyBaHHs i po34nH poboYOoro CTaHAaPTHOrO 3pa3ka, OTPUMYIOHM HE MEHLLIE HiXK TPW XpOMaTorpamu Ans
KOXHOrO po3unHy. BctaHoBMK, WO BMICT MiLUuHY B MOAENbHI cymili — Big 198,46 mr go 201,11 mr, a TioTpiasoniHy — Big 49,59 mr go
50,86 mr. OTxe, 3a BMICTOM Ailounx pE4OBWH Cepist MOAENbHOI CyMiLLi MMiLMHY Ta TIOTpiasoniHy y CniBBigHOLEHH 4:1 BiANOBiAae BUMOram
Aov.

BucHogku. MNig yac gocnigkeHb po3pobuny MeToAVKY CTaHaapTM3aLii Ailourx pevyoBUH MiLyHY Ta TiOTpia3oniHy B MOAESbHil cymilli
meTogom BEPX. Po3pobneHa meToauka € BiATBOPIOBAHOK | TOYHOM, Nicns Banigauii i MoxHa 3acTocoByBaTH Mig Yac ctaHZapTu3alii
LiH04MX PEYOBWH Y MiKapCbkyx popmax.

Knouogi cnoga: rniumH, TiotpiasoniH, BEPX, iHcynbt, LepebponpoTekTtopy.

AxTyanbHi nuTaHHA hapmMaLeBTUYHOI | MeguYHOI Hayku Ta npakTuku. 2020. T. 13, Ne 3(34). C. 378-382

Regarding the standardization of glycine and thiotriazoline in the model mixture
by high-performance liquid chromatography

O. V. Khromylova, M. O. Avramenko, H. R. Nimenko, E. Yu. Hura

There are about 150 thousand strokes and more than 100 thousand people die from brain blood flow disorders every year in Ukraine.
Therefore, the urgent task of modern pharmacy is to create new highly effective drugs for the treatment of these pathologies. Thus, the cre-
ation of a new combined drug, which includes glycine-neuroprotector and thiotriazoline-antioxidant, today is appropriate and relevant.
It is necessary to develop standardization methods for a new combination drug, in the form of tablets. Today, it is advisable to use new,
more sensitive methods of analysis, as high-performance liquid chromatography for the standardization of active substances in combined
drugs.

The aim of the work is to develop a method of standardization of glycine and thiotriazoline in the model mixture by HPLC.

Materials and methods. Certified glycine and thiotriazoline substances were used in the studies. The research was performed using a
chromatograph model LC-20 Prominence Shimadzu. It was used column Hypersil ODS-C18-5u, 4.6 x 250 mm, particle diameter 5 pm;
eluent: aqueous solution of 3.4 g/l Bu,NHSO, and 0.05 % trifluoroacetic acid; mobile phase velocity: 1 mi/min; analytical wavelength of
the detector: 220 nm; sample volume: 20 pl.
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LlJodo cmaHdapmu3sayji 2niyuHy ma miompia3oniHy 8 ModenbHil cymiwi MemoOdoM 8ucoKoeghekmugHoI piduHHOI xpomamozpadii

Results. Six series of a model mixture of glycine and thiotriazoline in ratio 4 : 1 were produced in the laboratory. The test solution and
the working standard sample solution were chromatographed alternately to obtain at least three chromatograms for each solution. It
was established: the content of glycine in the model mixture was in the range from 198.46 mg to 201.11 mg, and thiotriazoline — from
49.59 mg to 50.86 mg. Thus, the investigated series of the model mixture of glycine and thiotriazoline in ratio 4:1 were conformed to
the requirements of HFC.

Conclusions. In the research, we have developed a method of standardization of the active substances of glycine and thiotriazoline in
the model mixture by HPLC. The developed technique was reproducible, accurate and in the future, after its validation, can be used for
standardization of active substances in dosage forms.

Key words: glycine, thiotriazoline, HPLC, stroke, cerebroprotectors.
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CTaHAapTM3aums rnuyMHa U TMOTPUA30NIMHA B MOAENbLHON CMECU METOAOM BbICOKO3((heKTUBHOM
KMOKOCTHOMN XpomaTorpadmu

0. B. Xpombinésa, H. O. ABpameHko, A. P. HumeHko, 3. 0. 'ypa

ExxerogHo B YkpauHe npowucxoaut okono 150 000 uHcynetos, 6onee 100 000 4enoBek yMUpaOT OT HapYLLUEHWA KPOBOTOKA B MO3re.
Mo3aTomy co3paHne HOBbIX BbICOKOI(®EKTUBHBIX NEKAPCTBEHHBIX CPEACTB ANS TEpanuu 3TUX NaToNorMin — akTyanbHas 3agada coBpe-
MeHHo hapmaumn. Takum o6pasom, LenecoobpasHo 1 akTyarnbHO CO3AaHNe HOBOTO KOMBKHMPOBAHHOIO Npenapara, B COCTaB KOTOPOro
BXOASAT MULMH (HEMPONPOTEKTOP) M TUOTPUA3ONWH (aHTWOKCKMAAHT). [ins HOBOro KOMOGMHMPOBAHHOIO NIEKAPCTBEHHOTO CPEACTBA B BUAE
TabneTok Heobxogumo pa3paboTaTb MeToAbl CTaHapTu3aumu. [na ctaHgapTu3aumm AeNCTBYIOLMX BELLeCTB B KOMOWHMPOBAHHbIX
nekapcTBEHHbIX CPEACTBAxX LienecoobpasHo NPUMEHSTL HOBble, Goree YyBCTBUTENbHbIE METOABI aHaNN3a, B YaCTHOCTU BbICOKOS(hdek-
TWBHYIO XUAKOCTHYHO XxpomaTtorpacuto (BOXX).

Llenkb pa6oTkl — pa3paboTka MeToAMKM CTaHAAPTU3ALIMM MULIMHA U TMOTPUA30NMHA B MOJenbHON cMecu MeToaoM BOXKX.

Matepuansl n MmeTofbl. B uccnegoBaHusix ncnonb3oBany cepTuuLmMpoBaHHble CybcTaHLmMmn rmuuyHa u TmotpruasonuHa. Mceneposa-
HWS NTPOBENY C MCnonb3oBaHneM xpomartorpada mogenu LC-20 Prominence Shimadzu. Mcnonb3oBanu konoxky Hypersil ODS-C18-5u,
4,6 x 250 Mm, AameTp YacTuL, — 5 MKM; eMoeHT: BoaHbIi pacTeop 3,4 r/n Bu,NHSO, 1 0,05 % TpudTopyKCycHOM KUCMOTLI, CKOPOCTL
NOABWKHOM (hasbl — 1 MN/MUH; aHanUTUYeckast AnHa BOMNHbI AeTekTopa — 220 HM; 06beM npobbl — 20 MK,

Pesyniratil. B nabopaTopHbIx YCNOBWSX M3rOTOBUINM 6 Cepuil MOAENBEHON CMECU IMULMHA U TMOTPUa3onmHa B cooTHowweHnn 4:1. Mone-
PEMEHHO XpomaTorpadpoBanu 1ccreayemblii pacTBop 1 pacTBop pabouyero cTaHaapTHoro obpasua, nonyyas He MeHee 3 Xxpomatorpamm
ANs Kaaoro pacTBopa. YCTaHOBIEHO, YTO COAEPXKaHWe MuuMHa B MogenbHon cMecu — ot 198,46 mr oo 201,11 mr, a TvoTprasonvHa —
ot 49,59 mr go 50,86 mr. Takum 06pa3om, NO coaepaHuio AENCTBYIOLLMX BELLECTB UCCNeayemMas Cepusi MOAENbHON CMECH FULMHa 1
TWOTPUA30NMHaA B COOTHOLWEHMM 4:1 cooTBETCTBYET TpeboBaHusM [PY.

BeiBoakl. B xoae nccnenosaHuii paspaboTtaHa MeToauka cTaH4apTu3aumumn AeiicTBYOLWMX BELECTB MULMHA U TMOTPUA3OoNHa B MO-
JenbHoin cmeck metogom BOXKX. PaspaboTtaHHas MeToamka BOCNPOM3BOAMMA M TOYHA, MOCNE Banvaalmm ee MOXHO NPUMEHSTb Npu
cTaHAapTU3aLMK OeCTBYHOLLMX BELLECTB B NeKapCTBEHHbIX (hopMaXx.

KntouyeBkie cnoea: rmuumH, TnotpuasonuH, BOXKX, nHcyner, LepebponpoTekTopsl.
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[{opoxy B YkpaiHi Tparuiserses Maibke 150 000 iHCYIBTIB,
monaz 100 000 sronei TOMHUPAIOTh BiJi HOPYIIIEHh KPOBOTOKY
B MO3KY. BUTBIIIICTE JIFOMCH, SIKI BUYKMIIN TICIIS IHCYJIBTY, TIPO-
TSITOM YCBOTO JKUTTS BiTUYBArOTh HOTO (hi3MYHI, KOTHITHBHI,
TICUX1YHI ¥ COIiaTbHO-CKOHOMIYHI HACIIIIKH, 1110 3YMOBITIOE
BEJIMYE3HUH TATAp I1i€i XBOpOOH A1 CiMeH, TpoMas i aep-
skaBu. TOMy aKkTyaJbHUM 3aBIaHHSIM CydacHOI (apmaiiii €
CTBOPEHHSI HOBHX BHCOKOC(EKTUBHUX JIIKAPCHKHIX 3aCO0IB
JUTSL JIIKYBAHHS [IUX TIATOJIOTIH.

I'mimmH K HeHPOTPOTEKTOp — Mpenapar, Mo 3aXHIIAE Bif
PO3BHTKY IILIEMIYHOTO KacKa/ly B MEXKax TepareBTUYHOIO BiK-
Ha. UncneHH1 JoCIHKEHHS [TOKA3aJIy 31aTHICTh aMIHOKHCIIO-
TH DILMHY 00epiraTy TKaHWHH IPH TITOKCIT, IHTOKCHKALIii 200
periepdysii [1]. BcrarnoBieHo, 110 0qHOYACHE 3aCTOCYBAHHS
HelpoMeTaboIiYHIX EepeOpOPOTEKTOPIB (Ipenapary 6azo-
BOI Tepartii) 3 aHTHOKCHAAHTaMH B OUTBIIIOCT] BUIIA/IKIB TOTEH-
LIIO€ TEPANeBTHYHY JiI0 OCHOBHOI /1if0401 pedoBUHH [2,3].

OmHNM 13 BIZIOMHX BITYU3HSHUX AHTHOKCHIAHTIB € TIOTPi-
A30J1iH, SIKMH XapaKTepU3y€eThCsl aHTHOKCHIAHTHOIO, MEMOpa-

HOCTa0111i3yBaJIbHOIO, TPOTHIIIEMIYHOI0, aHTHAPUTMIYHOIO,
IMYHOMO/TY/TFOBJIbHOIO, MTPOTH3AMAIBHO0, TeMaToPOTEK-
TOPHOIO, KapAiOMPOTEKTUBHOIO MistMu. OTXKE, TOMITBHAM 1
CBOEYACHNUM € CTBOPEHHSI HOBOTO KOMOIHOBAHOTO ITPETapary,
JIO CKJIaJTy SIKOTO BXOJIATH TIIIHH 1 TIOTpia3omiH [4-6].

Jlst HoBOrO KOMOIHOBAaHOTO JTIKapPCHKOTO 3ac00y 3ampo-
MIOHOBAaHA Ta CTBOPEHA pallioHa bHa JTiKapchka opMa — Ta-
Omerku. st cTBOpEeHNX KOMOIHOBaHMX TaOIIETOK HEOOXITHO
po3pobuTn Metoan craHmaprtuzaii. s cranmaprusanii
JUFOUHMX PEYOBHH, 10 BXOJSITH JI0 CKJIA Ty TOTOBHX JIIKAPCHKUX
(hopM, IOITEHO 3aCTOCOBYBATH HOBi, UyTIIMBIIII METOIU
aHaJtizy, 30KpeMa BUCOKOS(DEKTUBHY PiJMHHY XpOMATOrpa-
¢ito (BEPX). Lleit MeTon nmpuBepHYB HaIly yBary Ta JaB
MOXKJIMBICTB 31iHCHUTH OTHOYACHY CTaHAAPTH3AIIFO IFOUIX
PCUYOBHH B OnHIM HaBaxki [7—10].

MeTa po6otu

Po3po0ieHHst MeTOIMKH CTaHAApTH3ALIT DIIKHY Ta TiOTpi-
a30J1iHy B MOJICIBHIN cymirn Metogom BEPX.
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Martepianu i MeToau pocnimkeHHs

VY nocinipKeHHsIX BUKOPHCTOBYBaJIM cepTH(diKoBaHi cyO-
cranuii oinuay («Sigma-Aldrich», maprist 101-1303008)
Ta Tiorpiazomniny (/I «3aBox XimiuHuX peakTnBiB» Hayko-
BO-TEXHOJIOTTYHOTO KOMITJIEKCY «|[HCTUTYT MOHOKPHCTAJIIB)
HAH VYxkpainn, cepis 2451117). Jocnimpkenns 3iiicHAm,
BUKOPHCTOBYIOUM XpomMarorpad mozaeni LC-20 Prominence
Shimadzu B Takiii kommuiekraiii: gBa Hacocu LC-20AD,
aBrocammiep SIL-20A, nerextop SPD-20AV, tepmocrar
CTO-20A, cucremuuii koutponep CBM-20 ALITE. Buko-
puctoByBaiu kostoHKy Hypersil ODS-C18-5u, 4,6 x 250 mm,
JiaMeTp 9acTOK — 5 MKM; €IIFOCHT: BOIHUI po3uuH 3,4 T/1
Bu,NHSO, ta 0,05 % Tpu¢ToponToBoi KHCIOTH; MIBH/I-
KicTh pyxoMmoi (a3u — 1 MII/XB; aHANTITHYHA JOBKIHA XBUITI
nerexropa — 220 HM; 00°eM mpobu — 20 MKII. Y momnepenHix
JnocmipkeHHsX [11] 3ampornonyBany ogHOYAaCHE BH3HAYCH-
HSl BMICTY TJIIMHY Ta TiOTPia30JiHy HUIIXOM 10H-IApHOTO
xpomarorpadyBaHHs 3 BHKOPHCTaHHAM Kucioro oydepa —
0,05 % po3unHy TpUPTOPOLUTOBOI KUCIOTH.

Pesynbratu

[lepemyciM y TabopaTtopHIX yMOBaX BUTOTOBHIIIH 6 cepiii Mo-
JICIBHOT CyMillli TIIIMHY Ta TIOTPia30iliHy B TEPANeBTUYHHUX
J103aX, CIiBBiIHOIICHHS — 4:1.

[To 4ep3i xpomarorpadyBanu po3unH BUIIPOOYBaHHS i
PO3YMH poOOYOTO CTaHAAPTHOTO 3pa3ka B yMOBAX, 110 Ha-

BEJICHI, OTPUMYIOUH HE MEHILIE HIXK TPY XPOMATOrpaMu JJIst
KO)KHOTO PO3YHHY.

T'otyBanu po34MHM 3TiAHO 3 METOAUKAMH.

Pozuun sunpobdysannsa. Maiixe 250 Mr (TOuHa HaBa)KKa)
MOJICNBHOI CyMIIIIi PO3UMHSIOTH y 10 MIT BOZTH B MipHiif Ko101
Ha 25,0 M1 1 JOBOAATH BOAOKO 0 MO3HAYKH. 5,0 MJI TAKOro
PO3YMHY TOMIIIAIOTH y MipHY KosOy Ha 50,0 M1 1 JOBOISTH
BOJIOIO JIO TIO3HAYKH.

Posuun pobouoeo cmanodapmnozo 3paska

Pobouuii pozuun 1. 200 Mr (TOUHa HaBaKKA) DIILKUHY PO3-
yrHAIOTH y 10 MJT BOIM B MipHiH Konoi Ha 25,0 M1 1 T0BOISTE
BOJIOIO /IO TIO3HAUKH.

Pobouuii pozuun 2. 50 Mr (TOuHa HaBa)kKKa) TIOTPia30IiHy
po3unHstoTh Y 10 M1 Boam B MipHIiH Komn0i Ha 25,0 Mit i 110-
BOJISITH BOJIOIO JIO ITO3HAYKH.

Jocnioocysanuii posyun. 5,0 M pododoro po3uuny 1 i
5,0 M1 poOo4OTro po3unHy 2 MOMILIAIOTE Y MipHY KOJIOY Ha
50,0 M1 1 IOBOOATH BOAOKO [0 ITO3HAYKH.

3pa3ku xpomaTorpam, IO oAep)Kajau, HaBeJAeHI Ha
puc. 1, 2.

3 HaBeIEHOT XpOMaTOrpaMy BUJTHO, 1110 YaC YTPUMYBaHHS
DIIUHY 32 [UX YMOB CTaHOBHTH 2,79 XB, TIOTpia3oiiHy —
8,96 xB. CTymiHb PO3/IJIEHHS MIKIB DIILMHY Ta TIOTPia30JiHy
craHoBuTh 21,8. EdexTuBHicTh XpoMaTorpadivHoi cuctemu
3a MIKOM DIIMHY — 6776 TEOPETHYHUX TapiIoK, 3a MIKOM
TioTpiazominy — 13755; koedirieHT cumeTpii miKy DTIHHY —
1,2, Tiorpiazominy — 1,25.

Puc. 1. Xpomatorpama po3yuHy,

mv i
| . SPO30A Lo AocnimKysani.
4007 <
300
200
100
1 =t
] =
o~ 1‘,\ 4 . 1
T T T 1| T I T T T T J T T T T I T T T T I T T T T T T T T T T T I T T T T
0,0 25 5,0 75 10,0 12,5 15,0 175 20,0
min
" Puc. 2. Xpomatorpama posuuHy
m
| = SF530A CTaHapTHOrO 3paska.
400 =
300
200
100
B =
1 =
o~
o 1"\ 4 . 1
T T T | T I T T T T l T T T T I T T T T I T T T T T T T T T T T I T T T T
0,0 2,5 ,0 7,5 10,0 12,5 15,0 175 20,0
min
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LlJodo cmaHdapmu3sayji 2niyuHy ma miompia3oniHy 8 ModenbHil cymiwi MemoOdoM 8ucoKoeghekmugHoI piduHHOI xpomamozpadii

Tabnuus 1. KinbkicHe BU3Ha4eHHs! BMICTY MMiLMHY Ta TIOTpUasoniHy B MOAENbHIN cymilli metogom BEPX

niuuH

TiotpiasoniH

208054 X = 199,91 3501256 X = 50,1
1. 209590 208599 200,22 tS (XO=‘9%)9:62’02 3502184 | 3498594  |50,1 tS (Ofg%f 4 202
208153 Ax=1,93 3492342 Ax=1,29
Ax=0,79 Ax=0,53
207596 X+ A =19991£0,79 | 3607287 X+ A =50,1+0,53
2 208423 207709 199,32 &=040% 3619703 | 3611068  |50,86 &=105%
207107 3606214
209872 3587342
3. 207042 208081 199,70 3522416 | 3543831  [49,88
207328 3521735
208785 3607862
4. 209437 209104 200,67 3592473 | 3600919  |50,69
209089 3602423
207052 3513807
5, 206124 206763 198,46 3524256 | 3521801 | 49,59
207114 3527340
209985 3521232
6. 209887 209545 201,11 3609234 | 3578731 50,37
208763 3605727
208489 3528254
ccs 208052 208333 3577863 | 3551627
209458 3548764

BwicT mninuHy Ta TioTpiaszoiiny (X) y MoAeIbHIl cymiti
(B MI') po3paxoByBalti 3a GOPMYIOFO:
S, m, x-25 x50 x-5 x b x P

X = =
S,x m, x5 x-25 x50 x-100

S,xm;x-bxP
S,x m, x-100

e S, — cepesiHe 3HaYeHHs TUIONI MiKiB NIIMHY (TioTpia-
301TiHY), IO PO3PAaXOBaHE 3 XPOMATOTpaM PO3UHHY, KOTPHI
JIOCITI Ky BaJIH;

S, — cepeaHe 3HA4YEHHs TUIONIi TTiKiB NIIMHY (TioTpiaso-
JIiHY), III0 PO3PAaXOBaHE 3 XpOMATOTrpaM PO3UHHY POOOIOro
CTaHIAPTHOTO 3pa3Ka;

m, —Maca HaBaKKU MOJIENbHOT CyMilli, Mr;

m,, —Maca HaBaxku C3 NIinuHy (TiOTpia3omiHy), MT;

P — Bumict ocHOBHOI pedoBmHN C3 miinmHY (TioTpiazo-
niny), % (BincorkoBuit BMicT L-aprininy B C3 — 99,95 %,
tiotpiasoniny — 100,00 %);

b — cepeHs Maca JiF0YMX PEYOBUH y MEpepaxyHKy Ha |
Tabnerky (250 mr).

Y mabauyi 1 HaBeeHI pe3yIbTaTH BU3HAYCHHS! KUTBKICHO-
IO BMICTY JIFOYMX PEIOBHH Y MOJCIBHIN cyMmini (cepist 1).

O6roBopeHHs

3a JaHuMH, 110 HaBeJeHI B mabauyi I, BMICT TIILUHY B
MOJICTIbHIN cyMmimni cTaHOBHUTH Bix 198,46 mr mo 201,11 mr,

TioTpia3oiiny — Big 49,59 mr 1o 50,86 mr. OTxe, 32 BMICTOM
JUIOYMX PEYOBHH JIOCII/PKYBaHa CEpisi MOJICNIBHOT cyMilir
DIIUHY Ta TIOTpia30iHy y criBBifHOIIEHH] 4:1 BiAnOBiae
Bumoram JI®Y [12]. [poananizyBanu i iHIIi 11°STh cepiii
MozenbHoi cymimi. Bei i cepii Binnmosiganu Bumoram J{DY
32 KUTbKICHUM BMICTOM JIIFOUMX PEYOBHH.

BBaxkaemo, 1mo po3pobieHa METOIMKa CTaHAapTH3aIil
DTOMHY 3 TIOTPia30JiHOM B MOIENBHIM CyMilli € BiATBO-
PIOBaHOIO.

BucHoBKku

[IpoTsirom A0CITIKEHb PO3POOUITH METOANKY CTaHIaPTH-
3a11ii AIF0YMX PEIOBHH NIIUHY Ta TIOTPia30iIiHy B MOJEIBHIH
cymimri metomom BEPX.

Po3pobnena MeTonrka € BiITBOPIOBAHOIO 1 TOYHOFO, TTICTIS
JUFOYMX PEYOBHH Y JIIKAPCHKUX (opMax.

MepcnekTuBM noganbwux gocnigxeHb. Hactymwi
TOCITIUKEHHSI MOXXYTh OyTH NPHUCBSIYCHI BHKOPHUCTAHHIO
PO3pOOICHOT METOMKHU JUIsi CTAaHAAPTH3AL] [IIUHY 3 Ti-
OTpia30JIiHOM y TalleTKax.

Mopsika
[sikyemo 3a nnigHy criBnpavto HavansHuky nabopatopii ®XK OTK 3XP
[N «3aBog ximivHux peakTviBy Jltogmuni BitaniiBHi JyaHuk.
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OpwriHanbHi gocnimxeHHs = Original research

Po3pobka meToauku ctaHaapTu3adii O4HMX Kpanenb AHrioniH

l. A. Masyp"?AP, P. P. AkonsiH"A¢P, J1. . Yepkoscbka '/ 'CEF |, B. Masniok®E, . 0. CkopuHa*'8

3anopisbkuii AepkaBHUI MeanyHWiA yHIBepcuTeT, YkpaiHa, 2HBO «®apmatpoH», M. 3anopiioksi, YkpaiHa, *3anopiabkuit HaykoBO-L0CHIAHMIA
eKcnepTHo-kKpuMiHanicTuyHuin Lentp MBC Ykpainm

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

Oui — ogHi 3 Halypa3nuBILLKX OpraHiB noauHK. Baxnuee Micle cepen yCix TpaBMaTUUHKX ypaXeHb MocigatoTb OMiku, L0 MakTb YAMano
HeCnpUSATNMBKX HaCMiaKiB.

Ha capmaueBTMYHOMY pUHKY YKpaiHu HasiBHI NepeBaxHO NikapCbki 3acobu iHO3eMHOro BUPOOHULTBA, TOMY aKTyarnbHe 3aBAaHHS
dhapmalii — CTBOPEHHS Ta PO3LLMPEHHS aCOPTUMEHTY BITYM3HAHOMO (hapMaLEBTUHHOTO PUHKY Ta B ManbyTHbOMY BifHOCHO [€LLEeBOro
nikapcbkoro 3acoby NOPIBHSAHO 3 iHLIMMY MiKapCbKUMKM NpenapaTamu.

CniBpobiTHWKM kadheapy hapmaLeBTUYHOI XiMii 3anopi3bKoro AepXKaBHOTO MeAUYHOrO YHIBEpCUTETY cnifbHO 3 chaxiBuamu HBO «Pap-
MaTpOH» CUHTE3yBanm HOBY CMOMyKy, sika oTpumana Hasy AHrioniH ((S)-2,6-giamiHorekcaHoBa kucnota 3-metun-1,2,4-Tpiasonin-5-Tio-
auetar). AHrioniH xapakTepuayeTbCst NpoTU3ananbHO, paHo3aroBanbHOK, penapaTuBHO AisMu. [insa HOBOro nikapcbkoro 3acoby
3anponoHyBanu Ta CTBOPUMHM paLlioHanbHy NikapcbKy hopMy — O4Hi Kpanmi.

MeTa poboTu — po3pobrneHHs MeToauku CTaHaapTv3aLlii Ai4oi pe4oBUHM B 04HKX Kpannsax AHrioniH ((S)-2,6-giamiHorekcaHoBa kucrnoTa
3-meTun-1,2,4-tpiasonin-5-TioalueTar) METO4OM CNeKTPOOTOMETPII.

Matepianu Ta Mmetoau. Y gocnimKeHHsX BUKOPUCTOBYBanu cepTudikoBaHy cybcTaHLito aHrioniHy, sky otpumanu 3 il «3aBoa XiMivHWxX
peakTuBiB» HaykoBO-TEXHOMOMYHOTO KoMnnekcy «IHCTUTYT MoHokpucTanis» HAH Ykpainu, cepis 2451117. JocnimkeHHs BUKOHanNW,
BUKOpUCTOBYtouM cnekTpocotometp Optizen POP, BuMiptoBaHHA NpoBogunu npu AoBXUHI xBuni B AianasoHi 200-300 HM, ToBLIMHA
kroBeTM — 10 MMm.

Peaynirati. [locnipxkeHHs 3aincHunm Ha wectm cepisx 1 % o4HuX Kpanenb AHriONiH, KiNbKiCHE BU3HAYEHHS SKOro BUKOHANN CNeKTpo-
hoTOMETPUYHUM MeToZOM. BcTaHoBMNK, L0 BMICT aHrioniHy B 04HMX kpannsax —y mexax 0,00981-0,01011 r/mn. 3a BmicTom girouoi
PEYOBWHU Cepis O4HMX Kpanenb, siKy Aocnigunu, Bignosigae sumoram OOY. Hagani npoaHanidyBany iHwWi m'ATb CEPi O4HMX Kpanenb
AHrioniH, Wo Takox Bignosiganu hapmakonenHum B1uMoram 3a BMicTom Aitoyoi peqosuHm (0,00980-0,01015 r/mn). BBaxaemo, Lwo pos-
pobneHa meToamka cTaHgapTu3aLii O4HUX Kpanensb € BiATBOPOBAHOK.

BucHogku. Mig Yac gocnigxeHs po3pobuni METOAMKY CTaHAapTM3aLlT 4ito40i PEHOBWHY B 04HUX Kpannsix AHrioniH METofoM cnexkTpogo-

PEYOBUHM B PIBHOMAHITHMX fiKapCbknx hopmax.

KnrovoBi crioBa: ouHi kpanni, aHrioniH ((S)-2,6-giamiHorekcaHoBa kucnota 3-metun-1,2,4-Tpiazonin-5-tioauerar), cnekTpanbHi MeToau
aHaniay.
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Development of standardization methods of Angiolin eye drops
I. A. Mazur, R. R. Akopian, L. H. Cherkovska, I. V. Pavliuk, D. Yu. Skoryna

The eyes are one of the most vulnerable human organs. An important place among all traumatic injuries belongs to burns, which are
characterized by a large number of adverse consequences. Today, the pharmaceutical market of Ukraine is mainly occupied by drugs of
foreign origin, therefore, the urgent task of modern pharmacy is to create and expand the range of the domestic pharmaceutical market
and the relative cheapness of the drug in comparison with other drugs, in a future.

The employees of the Department of Pharmaceutical Chemistry of Zaporizhzhia State Medical University, together with specialists from
SPA Pharmatron, synthesized a new compound called Angiolin ((S)-2,6-diaminohexanoic acid 3-methyl-1,2,4-triazolyl-5-thioacetate).
The obtained compound has anti-inflammatory, wound-healing, reparative effect. A rational dosage form in the form of eye drops was
proposed and created for the new drug.

ARTICLE UDC 615.457.07
INFO DOI: 10.14739/2409-2932.2020.3.216214

Current issues in pharmacy and medicine: science and practice 2020; 13 (3), 383-387
Key words: eye drops, angiolin ((S)-2,6-diaminohexanoic acid 3-methyl-1,2,4-triazolyl-5-thioacetate), spectrum analysisys.

* il H
[ — E-mail: skoryna.d.yu@gmail.com

zsmu.edu.ualarticle/

view/216214 Received: 18.02.2020 // Revised: 31.08.2020 // Accepted: 04.09.2020

ISSN 2306-8094 AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanyHoi Haykmn Ta npaktvku. — 2020. — T. 13, Ne3(34) 383


https://orcid.org/0000-0002-0400-8494
https://doi.org/10.14739/2409-2932.2020.3.216214
mailto:skoryna.d.yu%40gmail.com?subject=
http://pharmed.zsmu.edu.ua/article/view/216214
http://pharmed.zsmu.edu.ua/article/view/216214
http://pharmed.zsmu.edu.ua/article/view/216214

1. A. Ma3syp, P. P. AkonsH, J1. I. Yepkosceka, I. B. lMaemok, . FO. CkopuHa

The aim of the work is to develop a technique for standardizing the active substance in Angiolin eye drops ((S)-2,6-diaminohexanoic
acid 3-methyl-1,2 4-triazolyl-5-thioacetate) by spectrophotometry.

Materials and methods. A certified substance of angiolin was used in the research (manufacturer: State Enterprise “Plant of Chemical
Reagents” of the Scientific and Technological Complex “Institute of Single Crystals” of the National Academy of Sciences of Ukraine,
series 2451117). The spectrophotometric method for the analysis of the angiolin substance was taken as a basis. The studies were
carried out using an Optizen POP spectrophotometer, measurements were carried out at a wavelength in the range of 200-300 nm, a
cuvette thickness of 10 mm.

Results. Studies were performed on six series of 1 % eye drops Angiolin, which was quantified by spectrophotometric method. It was found
that the content of angiolin in eye drops was in the range of 0.00981-0.01011 g/ml. Thus, in terms of the content of the active substance,
the studied series of eye drops meets the requirements of the State Pharmacopoeia. Subsequently, another five series of Angiolin eye
drops were analyzed, which also met the pharmacopoeial requirements for the content of the active substance (0.00980-0.01015 g/ml).
We believe that the developed method for standardizing eye drops is reproducible.

Conclusions. In the research, we have developed a method for standardizing the active substance in Angiolin eye drops by
spectrophotometry. The developed technique is reproducible, accurate, and in the future, after its validation, it can be used in
the standardization of the active substance in various dosage forms.

Key words: eye drops, angiolin ((S)-2,6-diaminohexanoic acid 3-methyl-1,2,4-triazolyl-5-thioacetate), spectrum analysisys.

Current issues in pharmacy and medicine: science and practice 2020; 13 (3), 383-387

Pa3paboTka meToOMKM CTaHZAPTU3aLMK MMa3HbIX Kanenb AHTMONKUH
N. A. Masyp, P. P. AkonsH, J1. T. Yepkosckas, W. B. Maentok, [. FO. CkopuHa

[Mma3a — ogHW 13 cambIx JIerkoys3BnMbIX OpraHoB 4YenoBeka. BaxHoe mecTo cpeaun Bcex TpaBMaTU4eCKUX I'IOpa)KeHI/IIZ NpUHaANexuT
0XO0ram, KOTopble XapakTepnyrTca 6O0rbLUNM KONNYECTBOM HeGJ'IaFOI'IpI/IFlTHbIX MOCNEACTBUN.

Ha (bapMaLl,eBTl/l‘-IeCKOM PbIHKE praVIHbI npeacrasneHbl NpeMmMyLeCTBeHHO NNeKapCTBEeHHbIE CpeacTBa MHOCTPAHHOIO NPOUCXOXOEHUA,
NO3TOMY aKTyanbHasa 3afja4a cospemeHHoﬁ cbapmauvwl —Cco3aaHne 1 paclimpeHne acCoptTmmMmeHTa oTe4eCcTBEeHHOro CbapMaLI,EBTI/NeCKOFO
PblHKa 1 B 6y,uyu.leM OTHOCUTENbLHO AEeLeBOro NekapCTBeHHOro cpeacTasa Nno CpaBHEHUKO C APYrMMK NEKapCTBEHHbIMU Nnpenaparamu.

CotpyaHukn kadeapbl hapMaLeBTU4eCcKoi XuMnuy 3anopoXckoro rocyaapCTBEHHOTO MEAMLIMHCKOMO YHUBEPCUTETA COBMECTHO CO
cneupanuctamm HMO «®apmaTpoH» CUHTE3MPOBanM HOBOE COedMHeHWe, MonyvuBluee Ha3BaHue AHrvonuH ((S)-2,6-amamuHorekca-
HoBas kucnota 3-metun-1,2,4-tTpuasonun-5-tuoaveTar). AHIMONMH NPOSIBIAET NPOTUBOBOCNANUTENBHOE, PaHO3AXMBNAIOLLEE, penapa-
TMBHOE AenCTBYS. [INs HOBOTO NleKapCTBEHHOMO CPeACTBa NpeAnoxeHa U co3faHa paumoHanbHas nekapcTBeHHas opma — rnasHble
Kannu.

Llent pa6otki — pa3paboTka MeTOAMKM CTaHAAPTU3aLMM AEeCTBYHOLLEro BELLECTBa B MMasHbIX kannsx AHrnonuH ((S)-2,6-guamuHo-
rekcaHoBas kucnorta 3-metun-1,2,4-tTpnasonun-5-TuoaueTar) METOAOM CMEKTPOOTOMETPUN.

Marepuanbl n metofbl. B nccrnegoBannsx ncnonb30eany cepTuduumMpoBaHHyio Cy6CTaHLMIO aHMVoNMHa, KOTopas NoslyYeHa oT rocy-
[apCTBEHHOrO NpeanpuaTis «3aBof XMMUYECKUX PEaKTMBOBY Hay4HO-TEXHOMOormyYeckoro komnnekca « IHCTuTyT MoHokpucTannosy HAH
YkpawHbl, cepust 2451117, 3a ocHoBY B3sT MOAMMMLMPOBAHHBIV CNEKTPOOTOMETPUYECKUIA METOA aHann3a cyOCTaHLMM aHronmHa.
VccneposaHnus nposeny ¢ ucnonb3oBanuem cnektpodotometpa Optizen POP, namepernst npoBOAWAM Npu AIMHE BOMHbI B AanasoHe
200-300 HMm, TonwuHa KroBeTbl — 10 MM.

Pesyniratsl. MiccnegoBanust npoBefeHbl Ha wecTn cepusix 1 % rnasHblX kanenb AHTMOMMH, KOMYECTBEHHOE OMpPeaeneHne KoTo-
pOro BbIMNOMHEHO CNEKTPOOTOMETPUYECKMM METOAOM. YCTAHOBIEHO, YTO COAEPXXaHUE aHMMONMHA B rMasHbIX Kannsx — B npegenax
0,00981-0,01011 r/mn. Takum 06pa3oM, Mo coaepKaHMio AENCTBYIOLLETO BELLECTBA UCCredyemas Cepus rnasHbIX kanenb COOTBETCTBY-
eT TpeboBaHuam IPY. B fanbHenwem npoaHanmanpoBaHbl Apyrue NsTb CEPUIA rMasHbIX Kanernb AHMVOMUH, KOTOPbIE Takke OTBeYani
hapmakonenHbiM TpeboBaHMaM Mo cogepxaHuio aencrtayrollero Bewectsa (0,00980-0,01015 r/mn). Cuntaem, uto paspabotaHHas
MeToaMKa CTaHAapTM3aLmMY MasHbIX Kanenb BOCnpousBoauma.

BuiBoghl. B xoge nccnepgoBaHuin pa3pabotaHa MeToauka CTaHaapTM3aumy OeNCTBYHOLLETO BeLecTBa B MMasHbIX Kannsax AHMMOMMH
MeTodoM crnekTpodoTomMeTpumn. PaspaboTaHHasi MeToamka BOCNPOM3BOAMMA U TOYHA, MOCMe Banuaauuym MOXeT MPUMEHATLCS Npu
CTaHAapTU3aLMmM AeCTBYIOLLEro BeLecTBa B pasfiMyHbIX JIEKAPCTBEHHbLIX (hopmaXx.

KnioueBkle crosa: rmasHble kannu, aHrmonuH ((S)-2,6-anamuHorekcaHoBas kucnota 3-meTun-1,2,4-tpuasonun-5-tuoawerar), cnek-
TpanbHble METoAbl aHanmaa.

AKTyanbHble Bonpochbl hapmaLeBTU4eCKOM U MeaULIMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 3(34). C. 383-387

Oui — ozHI 3 Hailypa3IMBIIINX OpraHiB JIOAUHU. Baximse
MicIie cepe YCiX TpaBMaTHYHUX YPayKeHb MOCIIAF0Th OITIKH,
10 MalOTh YUMAaJIO0 HECTIPUSITIIMBUX HACITIAKIB. 32 TaHUMH
JIOCITiI’KEHb, BOHU CTaHOBIATH Bif 6,1 % 1o 38,0 % Bix ycix
TpaBM OYeH, Ha YaCTKy XIMIYHUX OMIKiB Ipumnanae Bix 7,9 %
10 85,0 %. ¥V 2,5 % BumazkiB Bij] 3arajbHOI KiJILKOCTI 0CI0

i3 MOBHOIO BTPATOO IPEIMETHOTO 30pY SIK MPHYUHH CTIHKOT
BTPATH 30py € caMe OMiKH. XiMI4Hi OIKN CTAaHOBISATH 3 % Bix
3arajbHOI KUTHKOCTI OIMKOBHMX TPaBM, MOPIBHSHO 3 1HIIMMH
MPUYUHAME PU3BOZATH JI0 HAHBKIHX YpaXkeHb. OITK JIyrom
Mae CKJIaJHIIINH IepeOir, HiX OmmiK KUcIoTor; 50 % ocib, ski
OTPHMaJIX OITIK BaYKKOTO CTYIEHSI, CTAlOTh IHBAJIJAMH.
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Po3pobka memoduku cmaHOapmusauii 04HUX Kpanerb AHzioniH

VY 3B’s3Ky 31 CKJIQIHOK KPUMIHAJIBHOIO CUTYAIIIER0, a Ta-
kox ipoesieHHsM OOC B okpemux perionax JloHepkoi Ta
Jlyrancekoi obnactei YKpaiHu pi3ko 30UIbIIHIACS KUTBKICT
TIOIIKO/KEHb OpraHa 30py, a KOHTY3is W OIikoBa TpaBMa
rocinm nepie micte — B 50-64 % BuTaAKIB.

Bimomo, 110 1 TiKyBaHHS OITIKiB 04el BHKOPUCTOBYIOTh
moximHi 1,2,4-Tpia3odny, a came ogHi kparuti « TioTprazormis»
1 % (AT «Tammudapm», M. JIbBiB, Ykpaina). Takox y komn-
JIEKCHY TEPaIilo OIIKOBOI TPABMH BXOZATH IIPEIapaTH, 10 KO-
PHTYIOTH aCeNITHYHE 3arlajieHHs], IPUCKOPIOIOTh BiTHOBJICHHS
TIOBEPXHI OKa, 3HWKYIOTh BHYTPIIIHROOYHHUH THCK [3,4].

Huni Ha dapmaneBTnyHOMY pUHKY YKpaiHU HasiBHI 371€-
OLITBIIIOTO JTIKapChKi 3aC00M 1HO3EMHOTO BUPOOHHIITBA, TOMY
aKTyaJIbHE 3aBJIaHHs CydacHOi (hapMmallii — CTBOPCHHS Ta
PO3IIMPEHHS aCOPTUMEHTY BITYM3HSIHOTO (hapMalleBTHYHO-
TO PUHKY 1 HaJiaJi BIJIHOCHO JICLIIEBOIO JIIKAPCHKOTO 3ac00y
TIOPIBHSIHO 3 1HIITUMH JIKapChbKUMH TIperapaTamMH.

CriBpobiTHuKH Kadenapu (apmarneBTHaHOI XiMmii 3amo-
PI3BKOTO IepKaBHOTO MEIUYHOTO YHIBEPCHUTETY CIILIHHO 3
¢axiBsmu HBO «®apmaTpoHy CHHTE3yBaIl HOBY CIIONYKY,
o orpuMmaina Ha3By AHTioniH ((S)-2,6-miaMiHOTeKCaHOBa
kucioTa 3-metui-1,2,4-tpia3omin-5-rioanerar). Cronyka
XapaKTepU3Y€EThCs TPOTU3ANABHOI0, PAHO3aTrOI0BAIBHOIO,
pernapatuBHOIO Jisimu [5,7,11].

Jly1st HOBOTO JIIKapChbKOTro 3aco0y 3alpOINOHYBAIH Ta
CTBOPWJIM palliOHaJIbHY JIIKapchKy (GopMy — OYHI Kpa-
T, IO 3aJUINAl0ThCs HAWHMOIMUPEHIIIO Ta IHUPOKO
3aCTOCOBYBAaHOIO Ha MPAKTHII JIIKAPCHKOIO (OPMOIO
(JId) 3aBasiku TpaaMLiitHOCTI BUPOOHHIITBA T 3pY4HOCTI
3aCTOCYBaHHS.

JIIst CTBOPEHMX OYHUX Kpareib HEOOXiTHO po3poOHTH
MeTomM cTaHmapTu3amii. HuHi it cranmapTu3arii airo4oi
PEYOBHHH, IO BXOJATH A0 CKJIATYy TOTOBHX JIKAPCHKHX
(hopM, IOIITFHO 3aCTOCYBATH CTIEKTPAIBEHI METOAN aHAII3Y.
i meToam aHaTi3y MarOTh 00’ €KTHUBHICTH, BUCOKY Uy TIIHBICTH
1 TOYHICTh BUMIPIOBAHbB, CEICKTUBHICTh. TakoK CIIEKTpaTbHI
METOJIM XapaKTePU3YIOThCSI HEBEIMKOO TPUBAIICTIO aHAJIIZY
Ta MOYJTUBICTIO aBTOMATH3AIIi1, KOMIT FOTSPH3aIlil, IO iCTOT-
HO CIIpOIIIye Tporiec aHamisy [1,2].

MeTa po6otu

Po3po0inieHHst METOIMKN CTaHAapTH3alii IF040] peYOBHHU
B O4HUX Kpamisix Anrionin ((S)-2,6-niamiHorekcanona
KHCI0Ta 3-MeTwi-1,2,4-Tpia3omii-5-Tioanerar) METOI0M
CIIEKTPOPOTOMETPIi.

Marepianu i meToau gocnigxeHHs

Ilig yac AOCHIKEHHSI BUKOPHCTOBYBAJIU CEPTH(IKOBAHY
cyOCTaHIIif0 aHTioNiHYy, Ky orpumanu Ha [I1 «3aBoj xi-
MIYHHAX peakTHBiB» HayKOBO-TEXHOIOTIYHOTO KOMILIECKCY
«Iacturyt MmoHOKpucTaniBy HAH VYkpainm, cepis 2451117.
3a OCHOBY B3sTH MOTH(IKOBaHHUH CIIEKTPO(OTOMETPUIHII
MeToJI aHaJi3y cyocTaHIlii anrioniny [6,8—10]. HocmimkeHHs
BHUKOHAJIN, BUKOPUCTOBYIOUH criekTpodoTtomerp Optizen
POP, BuMiproBaHHs poOMITH ITPH JTOBXKUHI XBUIII B iaria3oHi
200-300 M, ToBITMHA KFOBETH — 10 MM.

Pesynbratu

VY naboparopHUX yMOBaxX BUTOTOBWIIM HIicTh cepiid 1 %
OYHUX Kparieiab AHTIONIH, 10 CKIajy SIKOrO BXOIWIHM TaKi
JIOTIOMDKHI PEYOBHHU: HATPIH XJIOPHJ, METHIILIEII0I03a,
Bozia ouniena B 00’emi 100,00 mur. [lnist migTBepaKeHHs
BIPOTiTHOCTI METOIMKH CIIEKTPOCKOIIYHOTO JOCII/KEH-
HS 371MCHWIN aHami3 6 cepiif OYHMX Kpaneiab AHTIONIH
((S)-2,6-miaminorekcaHoBa Kuciora 3-meTwi-1,2.4-Tpia3o-
Jmin-5-rioarerar). {71 KO)KHOTO pO3YHHY 3HSUTH CIIEKTPH IT0-
mHaHHSA B Aiarmazoni 200-300 am. [To yep3i 3HswM ciekTpu
HOIIMHAHHS PO3YUHY BUNIPOOYBAHHS Ta PO3YUHY POOOYOro
CTaHIaPTHOTO 3pa3Kka B yMOBaXx, 110 HaBeeHi naii. [oTyBamu
PO3YMHH 3TITHO 3 METOIUKAMH, SIKi OIHCAIH.

Poszyun sunpobysanms. 1 Mil IPUTrOTOBAHUX OYHHX Kparie-
JIb TIOMICTHIIN B MipHY KosOy (00’eM — 50,00 mu1) 1 1oBesn
BOJI0I0 710 o3HauKu. 10,00 M1 po34ymHY, 110 OIEpKaH, 110-
MICTHIIM B MipHY KOJOy (00’eM — 25,00 MiT) 1 TOBEN BOIOIO
JI0 TIO3HAYKH.

Tpucomysanus posuuny pobouo2o cmaHOapmHo20 3pa3-
ka. 1,0 T (TouHa HaBa)KKa) poOOYOTO CTAaHAAPTHOTO 3pa3ka
TIOMICTHITH B MipHY KosOy (06’em — 100,00 mut), po3dnHIII
y BOJIi OUMILICHIH, TOBEJH /IO MO3HAYKU THM CAMUM PO3UHH-
HHUKOM. | MJI IPUTOTOBAHOTO PO3YHMHY MOMICTHIIN B MIpHY
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1. A. Ma3syp, P. P. AkonsH, J1. I. Yepkosceka, I. B. lMaemok, . FO. CkopuHa

Tabnuus 1. Pesynstaty aHaniay nepLuoi cepii 04HUX kpanenb AHrioniH
METOZOM CreKTPOOTOMETPIl

Ne 3/ A6copbuis | HaBaxkka, |Bwmict, CraTveTuka
A, HM Mn ryimn
1

0,653 1,00 0,01010
2 0,634 1,00 0,00981

3 0,633 100 000981 | &= 000000000
4 0,638 1,00 0,00981 §x_=00088(13$§gg§5
5 0,652 1,00 0,01011

6 0,652 1,00 0,01011

Ef::;: oy |08 1,00

*: AN JOCNiMXeHHs! BUKOPUCTOBYBanuW po3ynH ctaHaapty (1,0017 r
peyoByHN po3inHsK y 100 Mn BOAM OYMLLEHO).

kosOy (06’em — 50,00 Mi1) 1 JOBEIM BOJOIO JIO MO3HAYKH.
10,00 M3 OTPUMaAHOTO PO3YHMHY MOMICTHIIN B MipHY KOJIOY
(06’em — 25,00 M) i JOBEJM BOAOKO JIO MIO3HAYKH.
3pa3ku oJIepIKaHUX CHEKTPIB HaBe/eH] Ha puc. 1, 2.
Bwicr anrioniny (X) y 1 Mt mpenapary (T) o0uuciroBanu

3a (OPMYIIOFO:

A1~>< m, % P-x 1 x50 x-25 x-10 B Al'x m, x P
A, %1 %10 %-50 %25 x-100 x-100 A, %100 x-100

>

1€ A, — ONTHYHA IyCTHHA PO3YHHY BHNPOOYBaHHS;

A, — ONITHYHA I'yCTHHA PO3YHHY TIOPiBHAHHS;

m_— Maca HaBaKKHU CTaHJIapTHOTO 3pa3ka aHTioliHy (I);
P — BMicT ocHOBHOT pedoBHHU aHriominy (%).

O6roBopeHHs

3a jaHuMH, 110 HaBelleHi B mabauyi I, BMICT aHTIONIHY B
OYHMX Kparuisix craHoBuTh 0,00981-0,01011 r/mi. 3a Bmic-
TOM JIIF0401 PEYOBHHH CEPisi OYHUX KPAIIeIb, SIKY JTOCIITUIH,
Biamosigae Bumoram JOV.

Hanani mpoanaJizyBany iHIi I’ Th cepiil OUHNX Kpaneib
AHTIOMIH, IO TaKOXK BiIMOBiIAIN (papMaKOIIEHHIM BHMO-
ram 3a BMicToM Airodoi pedoBuru (0,00980-0,01015 r/mim).
3a pesynbraraMu J0CHTiPKEHHS BCTAHOBUITH: METOIMKA CTaH-
JapTU3aIlii IF0Y0i PEYOBHHU B OYHUX KPAIUIIX AHTIONIH €
BIZITBOPIOBAHOIO.

BucHoBKuM

1. IIpotsirom nocCnijpKeHHsT PO3POOMIIN METOIMKY CTaH-
JapTH3aIlil JiF090T PEYOBUHU B OYHUX KpaIruIax AHTIONIH
METOZIOM CHEKTPOPOTOMETPII.

2. Po3po0iieHa MeTOIMKa € BiJITBOPIOBAHOIO Ta TOUHOIO,
3aIlii iF040i pEYOBHUHHM B PI3HHUX JTIKapCHKUX (hopMax.

MepcnekTnBM noaanbLUMX AochimKeHb. Po3pobneny me-
TOJMKY HajiaJli MOYKHA BUKOPUCTOBYBATH Il CTAaHIApTH3aLIiT
AHT10JIIHY B PI3HHUX JIKapChbKHUX (opMax.
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National market of diagnostic tests and test systems
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The aim of the work was to analyze the market of diagnostic tests and test systems that are in circulation in Ukraine.

Materials and methods. To achieve this goal, electronic and paper official sources of information were used, as well as pharmacy
websites. The search, analytical, systematic, comparative and statistical methods and methods of mathematical and logical analysis
were used in the work.

Results. Analysis of the modern market of diagnostic tests and test systems were allowed to establish the range and brand structure (90
manufacturers). The vast majority of them are outside Ukraine (85.5 %). Among foreign producers, the largest importer is China (19.5 %).
In the course of work to determine the level of competition between manufacturers of similar groups of tests and test systems set the
coefficient of tension. To determine the level of availability, price liquidity and solvency adequacy ratios were calculated.

Conclusions. The Ukrainian market of diagnostic tests and test systems was studied. It was established that the company structure
consists of 90 manufacturers and 20 countries. The vast majority of products come from importing countries (85.5 %), where the leader is
China (19.5 %). Analysis of competitiveness showed that the greatest competition was observed among companies that produce tests to
determine pregnancy, glucose, ketones, nitrites and protein in the blood and urine (Kvi = 0.96), and there was no test manufacturers for
sperm testing (Kvi = 0). The calculated price liquidity and adequacy of solvency ratios indicate high price competition and low availability
for some groups of diagnostic tests and test systems.

Key words: pharmaceutical market, diagnostic tests, analysis, price situation.
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HauioHanbHUin pUHOK AiarHOCTUYHUX TECTIB i TECT-CUCTEM
T. C. bpuTaHoBa, A. B. Camko, €. I. KHnw
MeTa po6oTu — aHani3 pUHKy 4iarHOCTUYHWX TECTIB i TECT-cUCTeM, Lo nepebyBatoTb B 0biry B YkpaiHi.

Matepianu Ta meToaun. Bukopuctanu enekTpoHHi Ta naneposi odiLiiHi Sxxepena iHpopmalii, a Takox iHTepHeT-canTu anTek. 3acTo-
COBYBany MOLUYKOBUIA, aHANITUYHUIA, CUCTEMATUYHWN, MOPIBHAMNBHWIA i CTAaTUCTUYHUI METOAM Ta METOAM MaTeMaTWyHOro, NOriYHOro
aHanisis.

PesynikraTti. AHani3 cy4acHOro puHKy 4iarHOCTUYHWX TECTIB | TECT-CUCTEM [aB MOXIIUBICTb BCTAHOBUTM aCOPTUMEHTHY Ta dpipmosy (90
hipM-BMPOBHUKIB) CTPYKTYpU. BinbLUiCTb i3 HUX 3HaxoaATLCS 3a Mexamu Ykpainm (85,5 %). Cepepn iHO3eMHMX BUPOGHWKIB HaWbinbLLniA
imnoptep — KHP (19,5 %). MNig yac po60oTtv Ans BU3Ha4YEHHS PIBHS KOHKYPEHLi Mix BUPOGHWMKaMM aHamnoriYHuX rpyn TECTiB | TECT-CUCTEM
BCTaHOBWIN KOEWILEHT HAaNPYXeHOCTi. [1Ng BU3Ha4YEHHS piBHA 4OCTYNHOCTI po3paxyBani KoedillieHTU NiKBIAHOCTI LiHW Ta aAeKBaTHOCTI
nnaTocnpoOMOXHOCTI.

BucHoBku. [JocnimKeHOo BiTYN3HAHWIA PUHOK AiarHOCTUYHKX TECTIB | TeCT-cucTeM. BeTaHoBMNEHO, Wwo ipMoBa CTPYKTypa cknagaeTbes 3
90 cpipm-BrpobHMKiB Ta 20 kpaiH cBiTy. MepeBaxHa HinbLiCTb NpoayKLUii HaaXoaWTb Bif kpaiH-iMnopTepi (85,5 %), oe ninepom e Kutai
(19,5 %). AHania KOHKypEHTOCNPOMOXHOCTi MOKa3aB, Lo HanbinbLua KOHKYPEHLSt — cepeq KOMMaHil, SKi BUNyckarTb TECTU NS BU3Ha-
YEHHS BariTHOCTI, PiBHS TTHOKO3M, KETOHIB, HITpUTIB, Ginka y kposi Ta cevi (Kvi = 0,96), y BUPOGHWKIB BiACYTHI TECTV ANS [OCHIMKEHHS
cnepmu (Kvi = 0). Po3paxoBaHi koediLieHTV NiKBIAHOCTI LiHX Ta aAeKBaTHOCTi MIaToCNPOMOXHOCTi MOKa3ytoTb BUCOKY LiiHOBY KOHKYPEHLito
Ta HU3bKY JOCTYMHICTb NSt AeSKWX rPYN [iarHOCTUYHWX TECTIB | TECT-CUCTEM.

Kntouyogi crnoea: dhapmaLeBTUYHNIA PUHOK, AiarHOCTUYHI TECTW, aHanis, LiHOBa KOH IOHKTYpa.
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National market of diagnostic tests and test systems

HaunoHanbHbIN PbIHOK ANAarHOCTUYECKUX TECTOB U TECT-CUCTEM
T. C. BputaHoga, A. B. Cawmko, E. I". Knbiw
Llenk paboTkl — aHanu3 pblHka AUArHOCTUYECKUX TECTOB U TECT-CUCTEM, KOTOPbIE HAaXOAATCA B 060poTe B YkpanHe.

Martepuansi u metofbl. VIcnonb3oBaHbl 9NEKTPOHHLIE, 6yMa)KHbIe ohmumanbHble UCTOYHUKM MHGhOPMaLIMK, UHTEPHET-CanTbl anTek. B
pa60Te NPUMEHSAN NOUCKOBbIN, aHASIMTUYECKUIA, CUCTEMATUYECKUIA, CPABHUTENBHBIN M CTaTUCTUYECKUIA METOAL! 1 METOALI MaTemMaTu-
Y4YeCKoro, fiorm4yeckoro aHanusa.

PezyniraThl. AHanM3 COBPEMEHHOTO pblHKa AMAarHOCTUHECKIX TECTOB U TECT-CUCTEM MO3BOMNMIT YCTaHOBUTL aCCOPTUMEHTHYIO U (PUPMEH-
Hyto (90 cbupMm-npomssogmTenei) CTpyKTypbl. BONbLIMHCTBO M3 HX HaxoAATCS 3a npeaenamu YkpauHsl (85,5 %). Cpean MHOCTPaHHbIX
npousBoanTeNen KpynHeiiwmm nMnoptepom sensetcst KHP (19,5 %).

B xoae paboTbl Ans onpefeneHns ypoBHS KOHKYPEHLIMM MEXAY NPOM3BOANTENAMU aHanorMyHbIX rpynn TECTOB W TECT-CUCTEM YCTaHOBUIIN
K03 OMLIMEHT HaNpsKEHHOCTU. [1115 onpeaeneHunst ypoBHS LOCTYNHOCTM paccunTanit KoadphuLMEHTbI MMKBUAHOCTY LIEH W aAeKBaTHOCTY
nnaTexecnocobHoCTH.

BriBogbl. ViccnenoBaH 0TEYECTBEHHbIA PHIHOK AMArHOCTUYECKWUX TECTOB U TECT-CUCTEM. YCTaHOBMEHO, YTO (hMpMeHHast CTpyKTypa
coctout n3 90 dupm-npoussogmTenein n 20 ctpaH mupa. MNogasnsiowee 6ONbLUMHCTBO NPOAYKLMM NOCTYNAaeT OT CTPaH-MMMNOPTEPOB
(85,5 %), roe nuoepom aensetca KHP (19,5 %).

AHanms KOHKYPEHTOCMOCOBHOCTU Nokasan, YTo HanbonbLuas KOHKYPEHLMS — Cpeaun KOMNaHui, KOTopble BbINyCKatoT TECThI 4ns onpeae-
neHust 6epeMEHHOCTM, YPOBHSI ITHOKO3bl, KETOHOB, HUTPUTOB, Henka B kpoeu 1 Mode (Kvi = 0,96), y npou3BoanTENEN OTCYTCTBYHOT TECTbI
Ans nccnegosanus cnepmbl (Kvi = 0). PaccunTaHHble k0ahULIMEHTbI MMKBUAHOCTM LieHbl 1 afeKkBaTHOCTH NNaTexecnocobHOCTHN CBY-
[eTENbCTBYIOT O BLICOKOW LIEHOBOW KOHKYPEHLIMW 1 HU3KOW AOCTYNHOCTM AN HEKOTOPbIX Fpynn ANarHOCTUYECKUX TECTOB M TECT-CUCTEM.

KnioueBble cnosa: hapmauleBTUYeCKnin pbIHOK, AMarHOCTUYECKME TECTbI, aHann3, LeHoBas KOHBIOHKTYpA.

AKTyanbHble Bonpochbl hapmaLeBTU4eCKOM U MeaULIMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 3(34). C. 388-393

Diagnostic tests and test systems can be valuable aids for
diagnosis, but as screening tools to detect latent diseases in
asymptomatic individuals, their usefulness is limited. The
value of the test as a diagnostic tool depends on its sensitivity
and specificity.

It should be noted that modern tests can detect a fairly
large list of diseases. In particular, these are: HIV infection,
syphilis, gonorrhea, chlamydia, hepatitis C, hepatitis B, tuber-
culosis, and others. Tests for cancer markers are also available,
which can indirectly confirm the presence of prostate and
bowel cancer. Some of them detect prostate-specific antigen in
the blood, others determine the presence of internal bleeding,
which may be a sign of bowel cancer. One of the newest tests
are those that can confirm myocardial infarction, or rather the
presence in the blood of a specific protein troponin, which
appears in severe damage to the heart muscle.

Because in many cases the diagnosis of diseases is not
desirable for the patient in treatment and prevention facilities,
rapid diagnostic tests are a successful development in the field
of medicine. Thus, availability and ease of use, anonymity,
low cost, and speed are excellent for the preventive diagnosis
of a number of diseases. This is especially important if there
is a possibility of infection — such a rapid examination can
be the first step in the diagnosis [1].

Aim
The purpose of the research is to analyze the market of diag-
nostic tests and test systems that are in circulation in Ukraine.

Materials and methods

Electronic and paper official sources of information and phar-
macy websites were used to achieve this goal. The search,

analytical, systematic, comparative, and statistical methods,
methods of mathematical and logical analysis were used in
the work [2-9].

Results

In the course of the work, diagnostic tests and test systems
were systematized according to the purpose and type of
products. Selected on the pharmaceutical market of Ukraine
were contained 45 groups and 200 assortments items from
20 countries of the world that 90 pharmaceutical companies

(Fig. 1).

Discussion

Data from the State Register of Medical Equipment and
Medical Devices, information on the state registration certi-
ficate for expired medical devices (as 0f 2019) and data from
the weekly “Pharmacy” were used to analyze the company
structure [10,11].

Given the number of manufacturers of diagnostic tests and
test systems from all countries, the rating of each country
was set separately. Thus, the first place was occupied by
China (17.78 %), which supplies it was products from 16
pharmaceutical companies. The second place was occupied
by the USA (12.2 %), products come from 11 pharmaceutical
manufacturers. Third place was shared by Germany (10.0 %)
and Korea (10.0 %). They provided the market with goods
from 9 manufacturers each (Fig. 2).

The ratio between domestic and foreign companies was
1:7.

Taking into account the number of offers of all producing
countries in the pharmaceutical market, the rating of each
country was set separately (Fig. 2). To determine the level
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of competition between manufacturers of similar groups of
diagnostic tests, the stress factor Kvi was calculated by the
formula:

n—1
Kvi= R (1
n

where n — number of all competing counterparts of firms
[12].

According to the results obtained (7able 1), the greatest
competition from manufacturers of tests for pregnancy,
glucose, ketones, nitrites and protein in the blood and urine
(Kvi=0.96). In second place were tests to determine ovula-

?\\lllluugdudeJJJJJ

Fig. 1. Diagram of the distribution
of diagnostic tests and test
systems by country of origin.

Israel; 1 %

Republic of
Moldova; 0.50 %

Ukraine; 14.50 %

China; 19.50 %

Korea; 10.50 %

Germany; 8 %

Austria; 2.50 %

Fig. 2. Distribution of the range
by country of origin.

@ Number of proposals, p
@ Specific weight, %

W Place in the ranking

Great Britain
Hungary

Czech Republic,
Israel

India

Australia

Republic of Moldova

tion and follicle-stimulating hormone (Kvi = 0.95). The third
place was shared among tests for drugs and tests for troponin
I, KK-MB, myoglobin (Kvi = 0.92).

It should also be noted that at the time of the study of
diagnostic tests and test systems, the competitiveness index
was equal to 0 in tests for sperm testing.

Important characteristics of diagnostic tests and test sys-
tems were the liquidity ratio and the solvency adequacy ratio.
The price liquidity ratio reflects the degree of competition in
the pharmaceutical market and to some extent characterizes
the availability of a medical device.

This indicator was calculated as the ratio of the difference
between the maximum and minimum price to the minimum
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Table 1. Indicators of the coefficient of intensity of diagnostic tests and test
systems

ﬂ Name of test groups and test systems Kvi

1. | Pregnancy test strip 0.96
2 Tests to determine ovulation and follicle-stimulat- 095
ing hormone

3 Tests to determine troponin |, KK-MV, myoglobin | 0.92
4 Tests for syphilis 0.8

5 Tests for rotavirus infection 0.86
6. | Tests to detect antibodies to H. Pylori 0.75
8 Tests to detect adenoviral infection 0.75
9 Tests to detect Giardia 0.5

10. | Tests to detect pathogens of influenza virus 0.75
11. | Tests for drugs 0.92
12. | Tests to detect hepatitis A, B, C virus 0.89
13. | Tests for the diagnosis of acute pancreatitis 0.67
14. | Tests for the diagnosis of tuberculosis 0.5

15. | Tests for HIV 1/ HIV 2 0.89
16. | Tests to detect nicotine in the urine 0.5

17. | Tests to detect amniotic fluid 0.67

18 Tests to determine the level of glucose, ketones, 0.96
" | nitrites and protein in the blood and urine '

19 Test for detection of salmonella antigens

in feces L
20. | Tests to determine malaria 0.67
21. | Tests to determine inflammatory processes 0.5
22. | Tests for the diagnosis of allergies 0.67
23. | Tests to determine cholesterol levels 0.5
24. | Tests for syphilis 0.8
25. | Tests for hemoglobin and transferrin in feces 0.83
26. | Tests for Denguevirus 0.5
27. | Tests to detect tumor markers 0.83
28. | Test kits for newborn screening 0.5
29. | Tests for sperm testing 0
30, Tests to determine the pH of the vaginal environ- 05

ment
31. | Tests to determine TORCH infection 0.67

price of a medical device. The liquidity ratio was calculated
by the formula:

Pmax — Pmin
Klig= ————, 2
Pmin
where Klig — price liquidity ratio; Pmax — maximum price;
Pmin — minimum price [13,14].
Data from the site Tabletki.ua as of October 2019 were
used for analysis [2].

The results of the analysis are presented in Table 2.

As can be seen from the 7able 2, the liquidity ratio for half
of'the diagnostic tests and the test system was within the value
of 0.5. The highest value of Cliq in Citolab K (urine) Ne 50
(6.12), Cito test (4.34), Cito test HCV (3.32), HIV 1/2 strip
for ketones detection Ne 25 (2.24), Test cassette for the si-
multaneous detection of 5 drugs (urine) (1.38), Test cassette
for the simultaneous detection of drugs (urine (1.27), Cito
test H. pylori Ag (1.09). Non-price competition is typical
for Test for determining the sex of the child (0.029), Cito
Test pH (vaginal environment) (0.037) and Menopause Test
(0.04).

It should be noted that one of the relative indicators of so-
cio-economic accessibility of diagnostic tests and test systems
was the solvency adequacy ratio, which was determined by
the formula:

P
X100 %, 3)
aw.

Ka.s. =

where Ka.s. — solvency adequacy ratio; P — the average
price of the drug for a certain period of time (October 2019);
Wa.w. — average salary for a certain period (according to the
State Statistics Service of Ukraine).

As of October 2019, the average salary was UAH 10727
[13,15].

Calculated indicators of show that among the diagnostic
tests and test systems more available to consumers were the
Test for determination of urine pH Ne 50 (0.23), Test for
determination of menopause (0.30), Test strip for ketones
detection Ne 25 (0.33), Cito Test pH (vaginal environment)
(0.50). The least available for consumers were the Test for
measuring the level of cholesterol, uric acid in the blood
(4.47), the Test for the determination of amniotic fluids (4.41),
the Test cassette for the simultaneous detection of drugs
(urine) (3.60). High values of may be due to the high cost of
these products and originality in the pharmaceutical market
of Ukraine.

Conclusions

The Ukrainian market of diagnostic tests and test systems
was studied. It was established that the company structure
consists of 90 manufacturers and 20 countries. The vast ma-
jority of products come from importing countries (85.5 %),
where the leader was China (19.5 %).

Analysis of competitiveness showed that the greatest
competition was observed among companies that produce
tests to determine pregnancy, glucose, ketones, nitrites and
protein in the blood and urine (Kvi = 0.96), and there was no
test manufacturers for sperm testing (Kvi = 0).

The calculated price liquidity and adequacy of solvency
ratios indicate high price competition and low availability for
some groups of diagnostic tests and test systems.
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Table 2. The results of the analysis of indicators of socio-economic accessibility of diagnostic tests and test systems of the retail pharmacy network

e R N
Cito Test Rota Pharmasco Ltd 91.10 129.10 042 [123.94 1.16
2. | Cito Test H. pylori Ag Pharmasco Ltd 133.13 278.15 1.09 [184.91 1.72
3. | Test strip for ketones detection Ne 25 TOV Norma 24.99 81.07 224 3519 0.33
4 g‘f*?gfsjzs:mﬁ’;)the simultaneous detection | A, Seientfic Designs, Inc. | 146.85 349.15 138 |228.04 213
5. | CitoTest Giardia Certest Biotec S.L. 195.5 173.47 012 [182.6 1.70
6. | Cito Test HBsAg (blood) Pharmasco Ltd 127.0 72.94 0.74 |93.74 0.87
7. I?Ztrjgzs(ﬁ:ﬁ;‘)’r the simultaneous detection | A, seientific Designs, Inc. | 256.80 583.10 127 |385.84 3.60
8. | Cito Test HCV (blood) Pharmasco Ltd 28.50 123.10 332 |116.72 1.09
9. | Cito Test FOB (feces) Pharmasco Ltd 95.34 121.35 027 |110.11 1.03
10. | Cito Test for H.pylori Pharmasco Ltd 192.53 226.50 0.18 |226.50 2.1
11. | Cito Test Myoglobin (blood) Pharmasco Ltd 264.50 233.29 0.13 [ 147.40 1.37
12. | Cito Test Troponin 1 (blood) Pharmasco Ltd 284.00 117.86 140 |198.90 1.85
13. | Cito Lab G Ne50 (urine) Pharmasco Ltd 149.00 130.71 0.13 |139.85 1.30
14. | Cito Lab 3GK (urine) Ne100 Pharmasco Ltd 336.00 268.93 0.97 |302.46 2.81
15. | Cito Lab 3GK (urine) Ne50 Pharmasco Ltd 149.00 125.06 0.19 |137.30 1.27
16. | TecT Ans BU3HAYEHHS CTaTi AUTUHK Intelligender 350.00 340.00 0.03 |345.00 3.21
17. | Cito Test pH (vaginal environment) Pharmasco Ltd 55.00 53.00 0.04 |54.00 0.50
1. | fost 10 detect antibodies to Mycobacterium BioTech USA 100.00 89.03 012 |945 0.88
19. | Cito test Influenza A+B (nasal smear) Pharmasco Ltd 266.90 234.00 0.14 |250.45 2.33
20. | Citolab K (urine) Ne50 Pharmasco Ltd 21.21 151.05 6.12 [133.41 1.24
21. | Test to determine ovulation Pharmasco Ltd 177.70 139.00 0.27 |158.35 1.47
22. | Test for the determination of amniotic fluids Oy Medix Biochemica Ab 484.50 462.68 0.04 |473.59 4.41
23. | Cito Test HIV 1/2 Pharmasco Ltd 27.26 147.00 439 |[107.31 1.00
24. | Cito Test FOB-Transferrin (feces) Pharmasco Ltd 123.98 173.35 0.40 |[151.76 1.41
25. | Cito lab pH (vaginal discharge) Pharmasco Ltd 41.27 69.75 0.69 |51.37 0.48
26. | Cito Test Rota-Adeno (feces) Pharmasco Ltd 120.00 237.20 0.98 |192.70 1.80
27. | CitoTest Syphilis (blood) Pharmasco Ltd 95.00 81.24 0.16 | 88.12 0.82
28. | Test to determine menopause gﬁ;"g  Cesel Ischaftur 170.00 163.00 004 |166.30 155
29, | Test strips to determine protein YD Diagnostics CORP. 110.00 105.00 0.05 |107.50 1.00
in the urine
30. | Cito Test Strep A Pharmasco Ltd 162.50 131.87 0.23 |150.25 1.40
31. | Test to determine menopause Pharmasco Ltd 35.00 29.40 0.19 |32.20 0.30
32 ggﬁ‘stﬁs‘t’:;frmi”e markers of the blood coagula- | g nce Biomedical Corp. | 180.00 165.00 009 |172.50 160
33, | Testto measure the level of cholestsrol, Wellion 600.00 389.00 054 |479.66 447
uric acid in the blood
34. | Test to determine the pH of urine Ne 50 TOV Norma 30.00 20.00 0.50 |25.00 0.23
35. | Test to determine ovulation Atlas Link Technology Co., Ltd | 284.00 164.78 0.72 | 224.39 2.09
36. | Rab Test (RabiesAg) Quicking Biotech Co., Ltd 254.00 240.00 0.06 |247.00 2.30
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OpwriHanbHi gocnimxeHHs @ Original research

Teopis cuctem AIK iIHCTPYMEHT MOLLYKY HOBMX HayKOBUX HanpsimiB
i npobneMHux acnekTiB papmauil B KOHTEKCTi couianbHOI
BignoBiaanbHOCTI

H. O. TkaueHko = *"AF O, A. Puxo" =/ "ACE B 1. [poMoBUK =/2ACE

3anopisbkuii AepxaBHWUA MEAWYHUIA yHIBEPCUTET, YKpaiHa, 2[IbBIBCbKMIA HaLiOHaNbHWIA MeAWNYHUI yHIBEpCUTET iMeHi Januna Manuubkoro, YkpaiHa

A — KkoHLenNuis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauist faHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — octaTouHe 3aTBepaKEHHS CTaTTi

MeTta po6oT1 — BUCBITNIEHHS1 6a30BMX 3acaf Teopii CUCTEM K IHCTPYMEHTa NOLLYKY HOBUX HAyKOBMX HanpsimMiB Ta 00r'pyHTYBaHHS HEBUPI-
LLEHMX aKTyamnbHWX MUTaHb coLianbHOi BiAMnoBiAanbHOCTI ANs fja NOAArbLUOMO BUKOPUCTaHHS MOMNOAMMU HAYKOBLAMM (MaricTpaHTamu,
acnipaHTamMu TOLLO) SIK MiArpYHTS PO3BUTKY CBOrO HAyKOBOTO MOTEHLiany, iHTepHaMu Ta cryxadamm cucTemMu niaBuLLEHHS kBanidikallii B
KOHTeKCTi 6e3nepepBHOr0 NPoecinHoro po3BuTKy.

Marepianu ta metoau. MpoaHanizyanu nyonikavii pyHaameHTanbHUX i NpyKnagHnx 4oCimpKeHb BITYA3HAHWX | 3aKOPLOHHUX HAyKOBLB
i3 MOPYLUEHOTO NUTAHHS, HAayKOBO-METOAMYHI My6nikaLlii, HopMaTUBHI Ta 3akoHoAaBYi OKYMEHTU. Y pobOoTi BUKOpUCTaNK OCHOBHI Nomno-
XEHHs Teopii cUCTeM Ta 3aranbHOHAYKOBI METOAM Ni3HAHHS: aHani3y i CUHTE3Y, abCcTparyBaHHs, AeayKuii, MOLENoBaHHS, y3aranbHEHHS.

Pesynikrati. Y cyyacHinn HayKoBill LapuHi € Tpu 6a30Bi NOHATTS: TEOPIS CUCTEM, CUCTEMHMWIA aHania, cucTemMHwii nigxig. Came Teopis
CUCTEM [ia€ MOXNMBICTb AOCMILKYBATU BNACTMBOCTI Oyab-SKMX 3@ NPUPOAOI0 Ta CKIaAHICTIO cucTeM, 3okpema dapmaveBTuyHoi. Cu-
CTEMHWIA Nigxig i cucTeMHUin aHania AakTb 3MOry po3pobnsT METOAM PO3B’si3aHHs NPOBNeM, L0 BUHMKAKOTb Y CUCTEMI, BPaxXoByouM i
Lini Ta YHKLUIT, @ TaKoX CTPYKTYPY, BCi 30BHILUHI Ta BHYTPILLUHi 3B’A3KM.

®apmaLeBTUYHUI CeKTOp ranysi OXOpOHW 340POB’st YKpaiHW Yyepes3 NpuaMy Teopii CUCTeM MOXHa NPeacTaBUTU SK CKNafHy BiAKpUTY
CUCTEMY, LLIO BUKOHYE HWU3KY OCHOBHUX | JONOMDKHUX (DYHKL. 3a 4ONOMOrOK CUCTEMHOrO NiAxody Ta TPbOX MEeTOAIB AOCHIAXKEHHS Cu-
cTeM (4opHoi, cipoi Ta 6inoi ckpuHi) Ha NpyKNagai JOCNiMKeHHs coLianbHOI BiANOBIAANLHOCTI y hapMaLii HaBeAeHO MipKyBaHHS! LLOA0
BUSIBNEHHSA NPOBNEMHUX acneKTiB Ta OKpECneHi MOXNMBI NEPCNEKTUBHI HANPSAMU HayKOBUX JOCIAKeEHb.

BucHosku. JocnigHuubka poboTa po3noumHaeTbes 3 Bubopy npobnemu abo Temu oCnimKeHHs, BpaXOBYHOUM HayKOBWIA HAaNpsiM YCbOro
KONEeKTUBY JOCHMIOHUKIB, LIO CMPSMOBAHWA HAa BUBYEHHS NEBHWUX yHOAMEHTamNbHUX, TEOPETUYHUX Ta eKCepUMEHTanbHUX 3aBAaHb.
BuCBITANBLUM OCHOBHI NONOXEHHS Teopii cucTeM, 0BrpyHTYyBanw ii BUKOPUCTaHHS ANS MOLUYKY HOBUX HAYKOBMX HANpsMiB i NpoBnemMHmx
acnekTiB hapmalLlii B KOHTEKCTi coLlianbHOI BiANOBIAANbHOCTI MOMOAMMU HayKOBLAMM [Nt PO3BUTKY CBOTO HAayKOBOTO NOTEHLIiasy, a TaKoX
iHTEpHaMK Ta cnyxayamu CUCTEMM NMiABULLEHHS KBanidikaLii B KOHTEKCTi 6e3nepepBHOrO NpoecinHoro po3BrTKY.

Kniouogi cnoa: hapmallis, Teopisi cucteM, cojianbHa BiAnoBiganbHICTb, HAYKOBI AOCIAXEHHS.
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System theory as a tool for searching for new scientific directions and problematic aspects of pharmacy
in the context of social responsibility

N. O. Tkachenko, O. A. Ryzhov, B. P. Hromovyk

The aim of the article is to highlight basic principles of systems theory (ST) as a tool for finding new scientific directions and substanti-
ation of unsolved topical issues of social responsibility. That might be further used by young scientists (undergraduates, PhD students,
etc.) as a basis for their scientific potential development or by interns or post-graduates in the context of continuous professional
development.

Materials and methods. Fundamental and applied research by domestic and foreign scientists on the selected issue, scientific and metho-
dological publications, normative and legislative documents are employed as materials for the study. The main provisions of the ST as
well as scientific methods of cognition such as analysis, synthesis, abstraction, deduction, modeling, and generalization have been used.

Results. There are three basic concepts in modern science: ST, system analysis, and system approach. Itis ST that allows investigating
properties of systems of any nature and complexity, including the pharmaceutical system. The system approach and system analysis

ARTICLE UDC 001.891.3:615.1]:005.35
INFO DOI: 10.14739/2409-2932.2020.3.216220

Current issues in pharmacy and medicine: science and practice 2020; 13 (3), 394-400
Key words: pharmacy, systems theory, social responsibility, science, research.

* il H
[ — E-mail: tkachenkonat2@gmail.com

zsmu.edu.ualarticle/

view/216220 Received: 01.07.2020 // Revised: 11.08.2020 // Accepted: 17.08.2020

394 AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Haykm Ta npakTvku. — 2020. — T. 13, Ne3(34) ISSN 2306-8094


https://orcid.org/0000-0002-8566-5938
https://orcid.org/0000-0002-8566-5938
https://orcid.org/0000-0002-6459-6021
https://doi.org/10.14739/2409-2932.2020.3.216220
mailto:tkachenkonat2%40gmail.com?subject=
http://pharmed.zsmu.edu.ua/article/view/216220
http://pharmed.zsmu.edu.ua/article/view/216220
http://pharmed.zsmu.edu.ua/article/view/216220

Teopisi cucmem 5K IHCMpPYMEeHM MowyKy HO8UX HayKoux HanpsiMie i npobrieMHuUX acriekmis coapmauj...

allow developing methods for solving problems that arise within the system, taking into account the aims and functions of the system
under consideration, its structure, and all external and internal connections.

Through the prism of ST, the pharmaceutical sector of the Ukrainian healthcare system can be represented as a complex open system.
It performs some basic and auxiliary functions. By means of systemic approach and three methods of system research (white, black and
grey boxes), considering the case study of social responsibility in pharmacy, some ideas on identifying problematic aspects have been
presented and directions for further research have need outlined.

Conclusion. Research work begins with the choice of a problem or research topic, taking into account the scientific direction of the
whole team of researchers, whose aim is to study certain fundamental, theoretical, and experimental problems. By highlighting the main
provisions of ST, we have justified its relevance for finding new research and problematic aspects of pharmacy in the context of social
responsibility of young scientists, in order to develop their academic potential, as well as that of interns and post-graduates in the context
of continuous professional development.

Key words: pharmacy, systems theory, social responsibility, science, research.
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Teopus cucTeM Kak MHCTPYMEHT NOMCKa HOBbIX Hay4HbIX HanpaBneHui U NPoGneMHbLIX acneKToB (hapMaLmm
B KOHTEKCTE COLManbHON OTBETCTBEHHOCTH

H. A. Tka4eHko, A. A. Pbixos, b. . 'pomoBsurk

Llens paboTkl — ocBelleHne 6a30BbIX MONOXEHI TEOPUN CUCTEM KaK MHCTPYMEHTA NOMCKa HOBbIX HAaY4YHbIX HanpaBfeHun u o6ocHo-
BaHME HepeLUEeHHbIX akTyasbHbIX BOMPOCOB COLMAnbHOW OTBETCTBEHHOCTU ANS AaSlbHEMLWErO MCMOSb30BaHMSA MONOALIMU yYeHbIMU
(MaFVICTpaHTaMVI, acnMpaHTaMM N T. ,Cl.) B kauecTBe Hasvca pa3BUTUA CBOEro Hay4HOro noteHunana, UHTepHamu 1 cnyarensamm CUCTEMbI
MOBbILUEHNS KBaNUUKaLMM B KOHTEKCTE HEMPEPLIBHOTO NPOGECCMOHANBHOTO Pa3BUTUS.

Matepuans! u metogsl. MpoaHanu3vpoBaHbl Nydnmkauum yHaaMmeHTanbHbIX U NPUKNagHbIX MCCNEA0BaHUN OTEYECTBEHHBIX U 3apy-
GEXHbIX y4eHBIX N0 BbIGpPAHHOMY BOMPOCY, HayYHO-METoAMYeck1e nybnukaumum, HOpMaTUBHBIE U 3aKOHOAATENbHbIE JOKYMEHTHI. B pa-
60Te MCnonb3oBaHbl OCHOBHbIE MONOXEHUS TEOPUN CUCTEM M OOLLIEHAYYHbIE METOABI MO3HAHUA: aHanM3a v CHTe3a, abcTparnpoBaHuns,
JenyKuumn, MoAenupoBaHus, 0600LLeHus.

Pesynbrathl. B COBpEMEHHOM Hay4YHOI 06nacTyh CyLLecTBYOT Tpy 6a30BbIX MOHATUS: TEOPUS CUCTEM, CUCTEMHBIA aHanu3, CUCTEMHBI
noaxof. IMeHHo Teopusi CUCTEM MO3BOMSET UCCEA0BaTh CBONCTBA MoBbIX MO MPUPOAE 1 CIIOKHOCTY CUCTEM, B TOM Yicre (apmales-
THYeckyto. CUCTEMHBIN MOAXOA 1 CUCTEMHBbIN aHanu3 AakT BO3MOXHOCTb pa3pabaTbiBaTb METOAbI PELIEHNs NPOGIIEM, BOSHUKAIOLLMX B
cucTeMe, ¢ y4eToM ee Lierneit n oyHKLMIA, @ Takke CTPYKTYpbl, BCEX BHELUHUX 1 BHYTPEHHUX CBSI3EN.

dapmaLeBTUYeCKUiA CeKTOp 3APaBOOXpPaHEHUs YKpauHbl Yepes npruamy TEOPUM CUCTEM MOXHO MPefcTaBUTb Kak CIIOKHYH OTKPbITYHO
CUCTEMY, KOTOPast BbINOMHSAET PSiZ, OCHOBHbIX 1 BCIOMOraTesbHbIX (yHKLMIA. C MOMOLLbHO CUCTEMHOTO NOAXO0AA W TPEX METOLOB 1CCNeao-
BaHWUS CUCTEM (YepHbIN, Cepbiit 1 Benblil ALLMKW) Ha NpUMepe UCCNeA0BaHNS CoLMarnbHON OTBETCTBEHHOCTM B (hapMaLmv NpeacTaBneHsl
pasmblLLneHns 06 ycTaHOBMNEHM NPOBNEMHbIX aCNEKTOB U HaMeYeHbI BO3MOXHbIE NEePCNEKTUBHbIE HANPaBMeHWs HayYHbIX MCCenoBaHui.

BeiBoakl. Mccneposatensckas paboTa HaumHaeTcs ¢ Bbibopa npobnembl Mnu TeMbl UCCNEROBaHNS HA OCHOBE HAaYYHOTO HanpaBneHns
BCETO KOMMEKTMBA UCCrefoBaTenel, KOTopble HanpaBneHbl Ha U3yYeHue onpegeneHHbIX PyHAaMeHTanbHbIX, TEOPETUYECKNX 1 KCre-
PUMEHTanbHbIX 3a4au. npe,qCTaBl/lB OCHOBHbI€ NMONOXEHUA TEOPUN CUCTEM, 000CHOBarM X UCMONb30BaHME AnA noncka HoBbIX Hay4YHbIX
HaﬂpaBﬂeHMVI n I'Ip06ﬂeMHbIX acneKkToB dpapmaumm B KOHTEKCTe COLI,I/IaJ'IbHOVI OTBETCTBEHHOCTU MONnoAbIMN y4eHbIMU ONA pasBUTUA
CBOEr0 Hay4YHOro MoTeHUMarna, a Takke MHTepHaMK W CryLLIaTensiMM CUCTEMbI MOBbILIEHWS KBANUUKALMM B KOHTEKCTE HEMPEPBLIBHOMO
NpPOECCUMOHANBHOTO PasBUTUS.

KniouyeBble cnosa: hapmaums, Teopus cucTeMm, counanbHas OTBETCTBEHHOCTb, Hay4Hbl€ UCCnenoBaHuA.

AxTyanbHble Bonpochl (hapMaLeBTM4ECKON N MeAULMHCKON Hayku n npakTuku. 2020. T. 13, Ne 3(34). C. 394-400

CyuacHuil etan po3BUTKY Noii(yHKIIOHAIBHOCTI (ap-
MarieBTuaHOTO (axisi (PD) rpyHTYeThCS HA KOHIICTIIIIT
«(papManeBT IECITH 31pOK», 110 BUALISE TaKi OCHOBHI
Horo mpodeciiiHi podi: (axiBers, SIKHA HATAE TOTIOMOTY,
YIIOBHOBXKCHUI YXBaJFOBATH PINICHHSI, KOHTAKTHA 0C00a,
MEHEeKep, TOBIYHUHA Y4eHb, YIUTENb-TiIep, JOCTIIHUK,
MiIpUEMENb Ta HIMIaTOp MO3UTUBHUX 3MiH [1]. OTxe,
cyuacuHuii OO noBuHEH MaTH He TUTbKH (JaxOBY IMTiITOTOBKY,
aJie ¥ omaHyBaTH BEJUKUI 00CST 3HAHD y raiy3i HaAyKOBUX
JIOCITIJKEHB 32 crieniaibHicTio. HeoOxiaHa ymoBa eekTHB-
HOI #f YCTIITHOT TOCTi THUIIBKOT TiSUTHHOCTI Ta iHIMIFOBaHHS
MO3UTUBHUX 3MiH — roToBHICTE DD N0 HaykoBoOi podOTH,
HOTO TIPOAYKTHUBHA TOCTITHAIIBKA TTOBEIIHKA, CTiiKe mpar-
HEHHJ JI0 TBOPYOTO HAYKOBOTO IOINYKY Ta BiIIMOBiTaIbHE

CTaBJIEHH JI0 ychoro mpoiecy. He ocranHio poiib mpu
IIFOMY BiJliTpa€ KOMIUICKC iHIUBITyaTbHO-TICHXOIOTIYHUX,
XapakTepoJIoriYHuX ocoouBocteit dD, mo B MaitOyTHHO-
My 3a0€3MeYnTh BUCOKY €()eKTUBHICTH HOTO TIPOQeCiifHOTO
(yHkuionyBaHHs [2].

Jl1s po3BUTKY CBOTO HAayKOBOTO MOTEHINIATY 1 MOYATKiB-
151M, 1 @D, sIKi BJOCKOHAIOIOTH po(ecionai3m, NoTpioHi
OPIEHTHPH Ta TCOPETHYHUIN Oa3UC IS SKICHOI peaizariii
BOTO TIPOLIECY.

[Mopsiz i3 HaIeXKHOIO peatizamiero noi(yHKIiOHATIBHOCTI
OO He MEHII BaYKIIMBOIO Y (hapMaIleBTHYHOMY CEKTOpI raimy3i
oxopon# 3710poB’st (PCO3) € coriaibHa BiAMOBIIATBHICTH
(CB), T06TO TOOPOBINBEHE Ta CBiJOME BUKOHAHHS, BUKOPHU-
CTaHHs1, 10TpUMaHHs Bcima cy0’exramu PCO3 npunucis i

ISSN 2306-8094

AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanyHoi Haykmn Ta npaktvku. — 2020. — T. 13, Ne3(34)

395



H. O. TkaueHko, O. A. Puxos, b. I1. [pomosuk

COILIAJIbHUX HOPM, €THYHHX KOJICKCIB, YMHHOTO 3aKOHO/IaB-
CTBa Ta MDKHAPOIHHUX CTAHIAPTIB MPOPECIHHOI MOBEIIHKH
HA NPHHIIUIAX APTHEPCHKHX BITHOCHH, & Y BUMAJIKY TXHBOTO
MIOPYILICHHS — 3aCTOCYBAHHS JIO TOPYIITHUKA 3aX0J1iB BILTHBY,
10 nependadcHi My HopMami [3,4].

MeTta po6otu

BucgiTienns 6a30BHUX 3acaj TEOpii CHCTEM SK IHCTPYMEHTY
MOIIYKY HOBMX HAyKOBHX HAmpsMiB Ta OOIPyHTYBaHHS
HEBHpIIIEHUX aKkTyajdbHUX nutanb CB s nopasibmoro
BUKOPHCTaHHS MOJIOIVMHU HAayKOBLSIMH (MariCTpaHTamu,
acripaHTaMH TOLIO) K IIAIPYHTS PO3BUTKY CBOIO HAyKOBOI'O
TIOTEHIIIaJTy, IHTepHAMH Ta CITyXadyaMH CUCTEMH ITiJBUILCHHS
kBasiQikaIii B KOHTEKCTI Oe3repepBHOT0 mMpodeciitHoro
PO3BHTKY.

Marepianu i MeTogu pocnimkeHHA

[poanasizyBany myOikanii GyHIaMEHTaIbHUX 1 TPUKIIAJI-
HUX JOCII/DKCHb BITYM3HSIHUX 1 3aKOPJOHHUX HAyKOBI[IB
13 TTOPYIIEHOTO MUTAHHS, HAYKOBO-METOANYHI MyOmiKarlii,
HOpPMaTHBHI Ta 3aKOHOMaBYi MokymeHTH. Ilim wac pobotu
BHKOPHCTAIIN OCHOBHI TosiockeHHsT TC 1 3arajbHOHAYKOBI
MCTOJIM TIi3HAHHS: aHAI3y ¥ CHHTE3y, abCTparyBaHHs, Jie-
JIYKIIii, MOJICITIOBAHHSI, y3arajJbHEHHSL.

Pesynbratu

Humi pizHi actiextn CB y dapmarnii He Brpadalors akTyaib-
HOCTI, 0arato HayKOBIIiB NPOJOBXKYIOTh iX BuUBYaTH. Tax,
MIPOAHANI30BAHO PETYIATOPHY 0asy ympasminas CB dapma-
LEBTUYHOTO Oi3HECY, 3aIpOIIOHOBAHO METOIMYHI ITiIXOIH
J0 imeHTrdiKalii Ta OIHIOBAHHS PU3HKIB COMIATBEHO BiJ-
HOBITAJTLHOT AisUTLHOCTI [5,6], 371HCHEHO KOHLIENTYaJ IbHUMA
anariz ocobucroi CB 3 inTerpyBaHHs y (papManeBTUIHY
TIPAKTHUKY Ta JIOCIIHKEHO CTaH 1 HAIPSIMU COLIIaJIbHOT aKTHB-
HOCTI ¢y0’ekTiB (hapMarieBTH4HOro minpHeMHULTBA [4,7],
OOIPYHTOBAHO 3aIIPOBADKCHHS COLIAIbHUX HOPMATHBIB B
anTeyHHX 3aKJIJaX i METOOUKY PO3PaxXyHKY COLIaIEHOTO
MacIopTa anTeku [8], HOCTIHKCHO IHCTHTYIIHHI 3acaan
camoperyioBanHs (apmareBTHyHoi npaktuku [9]. [Tonpu
YHMaJIMI HAyKOBHI BHECOK HAYKOBHX PO3BIJIOK Y paMKax

30BHilWHI Kepytoui BNMBK
BxigHi koHTpONbOBaHi

NOTOKM:
MaTepianbHi =~ e——
[HpOPMALHI = ;Dc'
X
Tpynosi —_— )
®iHaHCOoBI —

||

robanizauii iHGopManiiHO-eKOHOMIYHOTO MPOCTOPY Ta
pedopMyBaHHS BITYU3HSIHOI CHCTEMH OXOPOHHU 3I0POB’S,
30KpeMa (hapMaleBTUYHOTO CEKTOpa, 3aJIUIIAETHCS JTOBOJI
0arato HeBUPILICHUX TEOPETUKO-TTPUKIIATHHX 1 TPAKTHYHHX
acriexktiB y koHtekcti CB. [lns nouryky i oOrpyHTYBaHHS
aKTyaJbHHX IUTaHb y napudi CB BHKOpHCTaEMO OCHOBHI
nosnokeHHs teopii cuctem (TC).

VY cydacHiil HayKOBi¥ IUIOMIMHI € TpU 0a30Bi MOHATTS:
TC, cucremunii anaini3, cucremunit migxin [10,11]. TC nae
3MOTY IOCITIJKYBATH BIACTHBOCTI OyIIb-SIKUX 38 IPUPOIOI0
Ta CKJIAIHICTIO CUCTEeM (O10JIOTIUHMX, COI[IaIbHUX, CKOHO-
MiqHHX TOIIO). CHCTEMHHIA aHAII3 € IIPUKJIaTHOIO HayKOBOO
JICIUIUTIHOFO, 110 PO3POOIISE METOIU PO3B’ I3aHHS MPOOJICM,
SIKI BHHUKAIOTh Y CKJIAQJTHAX CHCTEMaX, a CHCTeMHHUH MiAXix
Jla€ MOXKJIMBICTh PO3IVISIIATH CHUCTEMY, B KOTPI BHHHUKIIA
npoOniemMa, BpaxoBYIOUH i 1Tl Ta (QYHKIII, CTPYKTYpY, BCi
30BHIIIHI Ta BHYTpilHi 3B’s13ku [10].

3a maaummy, o HaBeneHi Ha puc. 1, @CO3 Yipainu gepe3
npusmy TC MOXKHA PEACTABUTH SIK CKJIa/IHY BIJIKPHTY CHCTE-
MY, ITI0 BUKOHY€E OCHOBHY (COITiaJIbHY) Ta HU3KY JOTIOMKHIX
(yHKII1: HAYKOBO-10CIIiHY, 320€311evyBabHY, BADOOHHYY,
KOMEPIIiiHY, iH)OPMAIIIITHO-TIPOCBITHHIHKY (KOHCYITBTYBaH-
Hs Ta npodijgakThKa), KOHTPOIbHO-aHAJIITHYHY, OCBITHIO
(6a3u mpakTHKH Ta CTaXXyBaHH:A) [12].

3Bakarouu Ha 1ie, nodynysamu GCO3 sik GpapmaleBTHIHY
cucremy (PC) (puc. 2), ae TOTOBHOIO CHCTEMOYTBOPIOBATb-
HOI (DYHKIIIEIO € coliajibHa — 3a0e3IeUCHHsI CIIOKUBAYIB
COIIaIbHUM TMPOAYKTOM (JTiKapchbKuMu 3acobamu — JI3)
1 COLiaJIbHOIO MOCIYrow ((apMaeBTHYHA AOIOMOra).
Jus mporo Bukopuctamu meromonoriro SADT (Structured
Analysis and Design Technique) Ta ii ckiiaoBy 4acTUHY
IDEFO (Integration Definition for Function Modeling), korpy
HIMPOKO BUKOPHCTOBYIOTb JJIs MOJICIFOBaHH:I O13HEC-TIpoIIe-
CiB, IPOTPAMHUX CHCTEM, & TAKOXK TEXHOJOTIYHUX 1 BUPOO-
HUYHUX mporecis [13].

Bzaemonis mixk 3MonensoBaHoro OC i 30BHIMTHIM cepeio-
BUILIEM 31 HCHIOETHCS 3a JOIIOMOT'0F0 BXO/IIB 1 BUXO4iB. BXizx
@OC — cyKymHIiCTh MOTOKIB, 110 CTBOPIOE Ta (OPMY€E Taka
cucTeMa B pe3ylibrari Jii Ha Hel 30BHINIHBOTO CepeIOBHUINa,
TOOTO KOMILJICKC 3aITUTIB 30BHIITHBOTO CEPEIOBHINA, Ha SKi
noBuHHa BinpearyBatn ®C, 1 MOTOKH, 110 HEOOXIHI Ha
NIUBIXY JOCSATHEHHS 11 TOJIOBHOT MeTH icHyBaHH:. Buxin ®@C —

Puc. 1. CxemaTnyHe 306pa-
xeHHs PCO38 3a TC (mxepeno:
BJTACHE OnpaLtoBaHHs Ha nigcTa-
Bi [10-12]).

BuxigHi koHTponboBaHi
NOTOKM:

[‘oTOBa NpoayKLis,
nocnyru
OiHaHcoBi (MpnbyTOK)

Bigxonu, Bukuom

Kanan 3BopoTHOro 3B’A3ky
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3aBaaHHs Ha po3pobKy —

3annTun cnoxuBsadis, KynisenbHa CrPOMOXHICTb

A .
HopmatuBHi
Haykosa aKkT
nigcucTema:
— BUMIpIOBaHHS
— ouiHka
— aHanis
— NoninwweHHa
A1
> KepiBHa
»| nigcuctema
> A1
3aBaaHHs Ha 3abe3neyeHHs pecypcamu
A Creiikxonaepw
CycninbHi — crnoxwsadi
; — MeauyHi
BiHOCWHM ; "
- CoujanbHuin npogykT (113) —» 3aknaau
_— KeposaHa L CouianbHa nocnyra ——» — MO
i -3BO
nigcuctema N
A1
y A
: J
3abeanedyBanbHa [ PiHaHcK
nigcucrema: —— MartepianbHi
R Tpynosi
PECYPCU IHopMaUinHI
A1
L— 3anuTn meanyHux npauiBHUKIB, CNOXMUBaYiB, NPOMECIAHOI CMiNbHOTY; KyniBenbHa CNPOMOXHICTb

Puc. 2. Mpouec dyHkuioHyBaHHs $CO3 sk cuctemu (IXXepeno: BlacHe onpaLitoBaHHs).

PpeaKIist Ha BIUIMB 30BHIIIHHOTO CEPENOBHUINA a00 pe3ysbrar
i1 (yHKIIOHYBaHHSI 3 JOCSITHEHHSI TEBHOT (OCHOBHOT) METH.
3aranpHa KibKicTh B3aeMoii @C i3 30BHINIHIM CEPEIOBH-
LIeM JTy’Ke BEIHKa, TOMY Ha IPAKTHLIi Ta y IPOLieci HAyKOBOTO
JOCIIPKEHHS 00MEeXyBaIMCh aHAIi30M HalCyTTEBIMIMX
3B’SI3KIB, BUOIP SIKMX BM3HAYaBCSl KOHKPETHUMH YMOBaMH
YOPaBIiHHSA TUM YH 1HIIMM 00’€KTOM, a TAaKOXK OCHOBHOIO
CHCTEMOYTBOPIOBAJIBEHOIO METOIO.

BpaxoBytoun, 1110 MeTa HayKOBOTO JJOCIIiJKEHHS — BceOid-
HE Ta BIpOTiIHE BUBYCHHSI 00’ €KTA, MPOIICCY, ABUIIA, IXHBOT
CTPYKTYpH, 3B’SI3KiB AJIsI OTPUMAHHS Ta BIPOBAKCHHS
KOPHCHEX pe3yIbTariB, mouinbHo po3risiaatn ®CO3 yepes
nipm3my TC. Takuid miixia gae MOXKIIMBICTb PaBUIILHO 00pa-
TH 00’ €KT 1 IPeIMET IOCITIJDKEHHS 33 aKTyaIbHUM HaIIPSIMOM,
HA0YHO BIATBOPUTH CTPYKTYpPHO-(YHKIIIOHATBHY OyTOBY
cucTeMu 3abe3rnedeHHs pisHuME JI3 i mocayramu cycIib-
CTBO, IIPOAHAITI3yBaTH 3aKOHOMIPHOCTI B3a€MOJIii CIIEMEHTIB
y cepenuni DC i 11o3a Heto, 3aKOHOMIPHICTB 1T PO3BUTKY, Pi3HI
BJIACTHUBOCTI Ta SIKOCTI II€1 CUCTEMH, BU3HAYUTH OCOOIMBOCTI
Ta YMOBH IIpoOIIeCy O0Iry yciX HEOOXiTHHUX MOTOKIB A ii
(yHKLIOHYBaHHS B 4aci.

OOroBopeHHs

AKTyanpHICTh JOCHiIKeHb 13 mpobnematuku CB y @CO3
3YMOBJICHA aHAJTI30M T CTaHy i HEOOXITHICTIO PO3B’sI3aHHS
KOHKPETHHX ITPo0IIeM 1 KOPHCHUX 3aBJaHb Ha MPAKTHII, 1110,
CBOEIO YEProro, (popMye 3amuT CyCHiILCTBA (30BHINIHBOTO
cepenouIa) — miasuieHHs piBas CB ycix ¢y’ ekTiB papma-
wii. @C peduriekcye Ha e 3aInT 1 CTBOPIOE PyX HEOOX1THUX
MIOTOKIB (TPYy/I0BUX, MarepiaibHUX, iHpopManiiHmX, GpiHaH-
COBHX) JUTSl BUKOHAHHS Ti€l 9M 1HIO1 (pyHKIIIT a00 Hampsamy
jociipkeHHst. OiHaK NOTPiOHO BpaxoBYBaTH, IO 3alUT
CYCIILTECTBA Pa30M 3 IHCTPYMEHTAaMH JIOCIIKEHHS — (haKTop
0OMEXEeHHSI MacIITa01B TOCIIPKEHHS, IEPEAyCiM MeperiKy
00’€KTIB 1 IPEAMETIB TOCIIPKEHHS.

006’exToM ocTikeHHs (TIporiec abo sBHIIE, IO ITOPO-
JUKY€ TIPOOJIEMHY CHTYyallilo Ta OOpaHWid /Ul BUBUCHHS) Y
IIbOMY BUTIATKY cTae ynpasniaas @CO3 i3 Momensimu B3ae-
MOBIJJHOCHH 11 Cy0’€KTIB, a IPEAMETOM JOCIIIIKEHHSI (SIBULLE
abo mporiec, 1m0 mepedyBace B Mexax 00’ €KTa Ta pO3IIAIAETh-
Csl SIK €JIEMEHT, YacTHHA 00’ €KTa JIOCIIIKEHHS ) — TEOPETUYHI
nmuTaHHg Ta npaktudHi acnektn CB y @CO3, metonomoris
(hopMyBaHHS Ta OIIHIOBaHHS COLIAFHO BiMOBITaIBHOI IO~
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Beninku (CBIT) cy0’exTiB KepOBaHOT ITiICCTEMH, 3BOPOTHHUI
3B’5130K y @C MiXK KepOBaHOO Ta KEPIBHOO MIICUCTEMAMH 1
3BOPOTHHIA 3B’5130K cTelikxonepis i3 OC.

YV Teopii mociHKeHb CHCTEM 1 Ha MPAKTHIIl MOKHA MaTH
TITBKU YaCTUHY iH(pOpMAIIii PO 00’ €KT, SIKHUA TOCTIHKYIOTh,
MO)KHa MaTH MOBHY XapaKTEpHCTHKY ad0 30BCIM HE 3HaTH
cTpykTypH cuctemu. Came 11ei (pakT o3HAYUTHCS Ha BUOOPI
IHCTpYMEHTa HayKOBOT'O JIOCHI/DKEHHSI — METOJIIB «HYOPHOI,
cipoi Ta 6ioi ckpuHi» (puc. 3), a TAKOXK BIUIMHE HA BH3HA-
YEHHsI METH Ta 3aBJIaHb JIOCITI/PKSHHSI.

«YopHa CKpUHS» — 11 CUCTeMa, TIPO BHYTPILIHIO OpraHiza-
LiFO ITOBEIIHKH SIKOI HEMAE BiZIOMOCTEH, aJie € 3MOora BIIIMBa-
TH Ha 11 BXOJIY Ta CpUIMATH pe3yIIbTaTH 11 (PyHKITIOHYBaHHS
[14]. Cyts MeTony mossirae B Tomy, 110 @C BUBUYAIOTH HE SIK
CYKYITHICTh B3a€MOTIOB’ SI3aHUX €JIEMEHTIB (CTPYKTypa Ipo-
[IeCy HeBiioMa), a sk nieto 1iie — F(x), mo B3aemorie 3 ce-
PEIOBHILIEM Ha CBOIX BXOJAX 1 Uepe3 pe3yibTaTH JIisIbHOCTI.
BukoprcToByrouH 11ei MeTos, T0CHiKYIOTh HE BHY TPIIIHIO
cyTHicTh ®C — BUBYAIOTH B3a€MO3B’SI30K MK BXIJTHUMH
CJIEMEHTAMH, [0 HAJIXOMIATh 110 Hed, 1 pe3ynsraroM (puc. 3a).

[TepcrieKTHBHMI HApPsIM JOCIIIKEHb — BUBUCHHS PO
i Micus ciokuBaya y (JopMyBaHHI HOIUTY HA MEBHI FPyIH
JI3 (s coriabHO-KOMYHIKaTHBHOTO TIPOIIECY ), BPAXOBYIOUH
0COOJMBOCTI, III0 3yMOBJICHI CYy9aCHOO KOHIICIIITIE€0 XOIic-
THYHOTO MAapKETHHTY. Y TIPOIECi BUBUCHHS «CIIOXKHBAY 1
@®C (4opHa CKPHUHA)» AOCHITHUKA (HOPMYIOTH CHCTEMY 31
3BOPOTHHMM 3B’SI3KOM, IEPIIi Pe3yIbTaTH JOCIIKEHHS —
MHOJKHHA I1ap CTaHiB BXOJy Ta BUXO[Y, aHAJI3 SKUX JIa€ iM
MOXJIUBICTh BCTAHOBHTH TIPMYMHHO-HACIIIIKOBUH 3B’SI30K.
Takok aKTyaJIbHUM MHUTAHHSIM 3aJIMIIAETHCS AOCIIDKESHHS
BILUIMBY 30BHIIIHIX (akTOpiB, sK-0T Mac-mexia, Ha CBII
cy0’exriB @CO3.

KpiM mMeTomy «4OpHOI CKpHHI», € METOM «CipOi CKPUHI»
(puc. 36),3aCTOCOBYIOUH KA MOYKHA 9aCTKOBO JIOCITiIKyBa-
TH BHYTPIIIHIO CYTHICTh CHCTEMH. [IJIs1 JOCIIHKEHHS MaeMO
crpykrypy @C, aje He MaEMO TOYHOTO ONHCY (YHKIIIH, 10
JIa€ MO>KJIMBICTH BUBYATH (DYHKIIOHATIbHI CKIIa/I0BI ITi/ICHCTEM,
TOOTO BiJJloMa CTPYKTypa 00’eKTa IoCiuKeHns (S, — S ), ane
He BiJIoMI KUIbKICHI 3Ha4eHHs1 napameTpiB. IlepcriekTuBHIM
HaIpsIMOM JIOCJTI/KEHb 13 BUKOPHCTaHHIM METONy «Cipoi
CKpHHI» € BUBYEHHS BILUIMBY MpoIiecy pedopMmyBanHs (ap-
MAIIeBTHYHOI OCBITH Ha mporiec GpopmyBaHHs ocoductoi CB
OO Ha 6a30BOMY (TOAMTITIOMHOMY) €TaIIi i eTar MpoIoHTanii
(6e3nepepBHOTO TIPO(ECiTHOTO PO3BHUTKY) 3 BH3HAUCHHSIM
piBaiB CB. Takox IiKaBUM OCIIHKCHHSIM MOXKe OyTH BH-
BYCHHS PECTPYKTYpPHU3ALlil COLIaIbHUX MPOQECiitHNX porel y
(bapmariii Ha TIIi BUKJIMKIB CHOTO/ICHHS (TIaH IEMist, TOCHIICHHS
poiti @O y 30eperkeHH1 3710pOB’sl HACEJICHHS TOILIO).

MeTton «6inoi ckpuHi» (puc. 36) 3aCTOCOBYIOTH JJIsI
BUBYEHHS KOHKpPETHOI (yHKLIl. BiH jae 3MoOry MOBHICTIO
JIOCIIZPKYBaTH BJIACTHBOCTI CHCTEMH, TOOTO Koe]illieHTH
3MiHM (PYHKIIOHAJILHOTO CTaHy Ti€l UM I1HIIOI MiJICUCTEM
(F,(x) = F (x)). Came 3a 10momMororo 1mporo iHCTpymeHTa
JOCIIDKEHHS JIOTIYHO TIOCTae OOTPYHTYBaHHS BasKIIMBOCTI
Ta HeOOX1THOCTI (hapMarieBTUIHOTO CaMOPETYITFOBaHHS Y Bi-
TamHsHOMY PCO3. Amxe papMaeBTHIHIN PHHOK IPALIOE
3a 3aKOHOM TIONUTY Ta MPOIIO3HULIT, OB’ sI3y€ BUPOOHHUKIB 1

/ BosHilwHe cepenosuLye \

AHanisatop
3a UinLosuMmn
napametpamu

KepysaHHs KiHLEBOrO NPOAYKTY

Perynstop
+

F()

Bxin .2 Buxin %

- /

a) MeTof «4opHa CKPUHS»

/ BosHilwHe cepenosue KepyBaHHs \
AnanisaTop 3a UinboB1Mu
napameTpamu
KiHLLEeBOro NpoayKTy

Perynstop
N : 2 ....... ,@\_ ¢
. ; >
Bxin 2 .y

- /

6) MeTog «cipa CKpUHS»

/ BosHilwHe cepenosuLLe

Ananisatop
3a LinboBUMU
napametpamu

KepyBaHHsi '
KiHLLeBOro NpoayKTy

PerynsTtop
+

Bxin 2 Buxin %

- /

B) MeTop «Bina ckpuHsi»

Puc. 3. Cxemn METOAIB «4OPHA CKPUHSAY, «Cipa CKpUHSY, «6ina ckpu-
HS» (DKepeno: BnacHe onpautoBaHHs Ha nigctasi [13,14]).

CTIO’KUBAYIB JTIKiB, a JIepyKaBa PETYITIOE Ta KOHTPOITIOE SKICTh
nporecy o6iry JI3. [Turanus mono npodeciiiHux BiTHOCHH
(comianpHuX 3B’s3KiB) 1 BiamoBigampHOCTI y DC 1 3a 1i Me-
JKaMHM NTOBHHHA PETYIIFOBATH caMa CHCTeMa.

Cepen BaKJIMBHX TBOPYMX €TaIliB PO3B’s3aHHS HAYKOBOT
npoOIeMy € BU3HAYEHHS METH Ta 3aBIaHb JOCHIIKCHHS.
YiTke GopMysIrOBaHHS KOHKPETHOT METH — OJIHA 3 HalBaX-
JIMBILIMX METOOJIOTIYHUX BUMOT JI0 MPOIrPaMu HAyKOBOTO
JIOCITI/KeHHS JUTA PO3B’ I3aHHA HAYKOBOI IPOOJIEMH IILISTXOM
YAOCKOHAJIEHHS 00paHoi cdepH AisITbHOCTI KOHKPETHOTO
00’ekTa. 3aBAaHHs MPH LBOMY PO3IISIAIOTH SK OCHOBHI
eTary HayKOBOTO TOCTIKEHHS, BOHHU CIIPIMOBaHI Ha IO-
CIII/IOBHE JTOCSATHEHHS METH.
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3 MO3HMIIH CUCTEMHOTO IiJXOJY, KOJIM OCOOJIUBY yBary
3BEPTAOTh Ha PI3HOMAHITTS BHYTPIIIIHIX 1 30BHIIIHIX 3B’SI3KIB
®C, Ha mporiec 06’ eTHAHHS OCHOBHUX TIOHSTH B €IUHY TEO-
pEeTUYHY KapTHHY, IO A€ 3MOTY BUSBHTH CYTHICTb i1 ITiJTiC-
HOCTI, pO3pOOJISIOTH METOIOJIOT 10 HAyKOBOTO JIOCITiIPKCHHS
3 o(OopMIICHHSIM i SIK HU3KH 3aBJaHb, CyKyITHOCTI JIOTTYHIX
MIPUHAOMIB, METOIMYHHX TIPABHIT 1 IPHHITUITIB JTOCITi HKCHHSL.
CHCTeMHUIA ITi/1Xi]] BU3HAYAE TAKOXK HEOOX1THICTh PO3WICHY-
BaHHS 0araTOKOMIIOHEHTHHUX 00’ €KTIB Ha OCHOBI IPUHIIUITY
HAMOUTHIIOT BAXKITUBOCTI 3B’ SI3KIB JIJIsl CHCTEMH TIPU Pi3HO-
MaHITTI IXHIX THIIIB y KOHKPETHIH CKJIaJoBiii cuctemu [2].
Harpukuiaz, 3aBiaHHs uisi BUPILIEHHS — TOCHIANTH i po3-
pobutn Mozenb po3BUTKy CB ®® i BrtmBoM ritodasizartii
0i3HECy, BU3HAUUTH TPABOBE TI0JIC, B SKOMY BiIOYBa€THCS
¢dopmysanus CBIT ©O.

J171st po3B’sI3aHHS BOTO 3aB/IAHHS 3ACTOCOBYEMO CHCTEM-
Huit aHami3 1 posnsigaemo ®CO3 sk cepenoBHIIe, B IKOMY
(dopmyetncest, po3BuBaeTbess CB Ha ocoOucricHOMY piBHI:
BU3HAYAEMO JDKEpeia, 3aco0H Ta KIHIEBHH pe3ylIbTar (popMy-
BaHHsI Ta po3BUTKY CB, BpaxoBytoun yci crazii npodeciiio-
T'0 YKUTTEBOTO [IUKITY, BA3HAY2EMO HOPMaTHBHO-TTPABOBI aKTH,
110 PETYJTIOI0Th (hapMaIeBTUYHY AISUTBHICTD | BCTAHOBIIFOEMO
MPOOJIEMHI aCTeKTH B POOOTI IIi€1 CHCTEMH.

Tak, mepmroueprose 3Ha9eHHA y poOoTi PC K miMiCHOTO
IHCTpYMEHTa CyCIUIbHOI (hapMaIeBTHIHOI TOTIOMOTH Mae
Kepyloua IiICHCTeMa, IO 32 JOTIOMOTOI0 320e3MeyBaIbHOT
Ta HayKoBOI mizcucTeM Oepe Ha ceOe i Hece BiIIOBiIaIb-
HICTB 3a:

— (hopMyBaHHSI HOPMaTHBHO-IPABOBOTO 1OJIS 111010 3/1iHC-
HeHHsI (hapMaleBTHYHOT JTISUTbHOCTI yciMa elleMeHTaMH Ke-
POBAHOI MiICHCTEMH — (hapMalleBTHYHI OpraHi3arlii, 30Kkpema
3a MOPaJIbHO-ETHYHY KOMIIOHEHTY;

— oprasizamito (GpapMareBTHIHOI AisUTBHOCTI, 11 yIOCKOHA-
JICHHS Ta KOHTPOIb 32 11 31iCHeHHSM;

— PO3MOZILT TOTOKIB, SIKi HEOOXiqHI IS SKICHOI poboTH
Bcboro ®CO3.

AHani3 MEHEUKMEHTY Ha3BaHOI CHCTEMHU Ja€ 3MOTY
BUSIBUTH MPOOJIEMHI aCHEKTH JJIsl TOJANIBIINX HAyKOBHX
JOCITIJKEHB, 1110 OYyTh CIIPSIMOBaHI Ha YIOCKOHAJICHHS Y1
ONTHMI3AILiFO ii pOOOTH.

[Hmmii npodnemMHuil aciekt (GOPMYy€eThCS Ha PiBHI Kepo-
BaHOI mizicucteMy (BUPOOHMKIB 1 TOCTa4abHUKIB JI3 uu
(hapMareBTHIHIX MOCIYT), AKi, 3aXUIIAI0YHU CBOI Oi3HEC-iH-
TepecH, He TMPUAUIAIOTH JTOCTaTHBOI yBaru abo 30BCIM HE
BPAXOBYIOTh €IEMEHTH COLIIABbHOT MO THKH, 110 HETATHBHO
niozHadaeThest Ha ixHild CBII. Kpim Toro, @CO3 cix po3mis-
JIaTH 3 TIO3ULIIT 3aJ1e)KHOT JIAHKH, 4JDKE BOHU OTPUMYIOTh IIEB-
Hi pecypcH «3ropm». BicyTHICTh CBO€YACHUX 1 BIPOTITHIX
iH(hOpMaIiHUX ITOTOKIB y KepPyI0U0i Ta KEPOBaHOT MiZICHCTEM
o0 CBIT npu3BoauTb 10 A€30pi€HTALLIT Ta CTBOPIOE YMOBH
U1 Oe3BiANOBINAIBLHOT TOBEAIHKNA. BU3HAYEHH HACIIIIKIB 1
BIMOBIIAILHOI, 1 0€3B1AIOBIAILHOT TOBEIIHKH MOYKE CTATH
OIIHUM 13 3aBIaHb MaOyTHHOTO HAYKOBOTO JTOCTIKEHHS.

OnuH 13 MOXJIUBUX HANPSAMIB JOCITIDKCHHS — aHai3
TIPOIIeCy PyXy IMOTOKIB, IO HEOOXiAHI A e(heKTUBHOTO
¢ynxuionyBanast @C Ha ocHOBI CB ycix 11 cTpykTypHHX
eneMeHTiB. OcoOIMBOT yBaru 3aciayroByrOTh BXiJHI ITOTO-

KU: TPYyIOBI (BUCOKOKBaTi(hiKoBaHi Ta BianoBiganbHi OD),
iH(opMaliiiHi (30KpemMa HOpMAaTHBHI), (iHAHCOBI (BH3Ha-
YUTHU 9acKy (piHAHCYBaHHS IEPKABOIO Ta (hapMaIieBTHYHUM
0i3HECOM COIliaIbHUX MPOTpaM, 3axofiB) Tomo. [likaBum B
ACIEKTI JIOCITIIDKEHHS € IIPOLIEC PO3IOUTY Ta BAKOPHCTAHHS
noTokiB y camiit @C pizHrMH 32 (QYHKIIIMH €JIeMEHTaMU.
3p03yMiJIo, IO BiJICYTHICTH Oy/Ib-SIKUX IPOTrPaM i ATPUMKH
TOJIOBHHUX ITIZICUCTEM YHEMOKIIUBIIFOE aKTHBHICTH TIPOLIECY,
a TaKOX BUKPUBIISIE 3BOPOTHHUI 3B’SI30K, 1110 MPU3BOAUTH
JIO HEBIIIOBIIHOCTI TIONUTY CTEHKXOJIEPIB 1 MPOMO3HUIIii
CHCTEMH.
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OpwriHanbHi gocnimxeHHs @ Original research

MopiBHANLHMI aHani3 aCOPTUMEHTY NiKapCbKUX 3acobiB
ANA aHTUOIOTMKOTEpanii XpOHiIYHOro 0GCTPYKTUBHOIrO 3aXBOPHOBAHHA
nereHb papmMaLeBTUYHOro PUHKY YKpaiHu Ta PpaHuii

N. |. BygHak = *ACF H, T1. Napaynit?

TepHONiNbCbKUI HaLlioHarNbHWU MeanYHUIA yHiBepcuTeT iMeHi |. S. fopbayescbkoro MO3 Ykpaiu

A — KkoHLenNuis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauist faHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — octaTouHe 3aTBepaKEHHS CTaTTi

MeTta po6oTK — NOPIBHANBHWIA aHani3 aCOPTUMEHTY 3apEECTPOBaHNX NpenapartiB Ans aHTUGIOTMKOTepanii XPOHIYHOTO 0OGCTPYKTUBHOMO
3axBOpLOBaHHS NnereHb (XO3J1) BiTYM3HAHOMO pyHKY 3 Nikapcbkumi 3acobamu (J13) uboro cermeHTa puHky OpaHuii.

Matepianu Ta metogun. AcoptmeHT J13 Ykpainu BrB4anm 3a [lepxxaBHum peectpom J13 Ykpainu, gosigHukom J13 KomneHgiym oHnaiiH,
AHaTOMO-TepaneBTUYHO-XIMIYHOK Knacudikauieto, iHTepHeT-pecypcom «Tabletki.ua», ®paHuii — 3a «Base de données publique des
médicamentsy. [poTsarom AOCMIMKEHHS 3acTOCyBanu MeToaM: iHOPMaLiMHOMO MOLUYKY, MapKETUHIOBOro aHaniay, rpadivyHuni, nopis-
HAMBHWUIA | NIOFYHOrO y3aranbHEHHS.

Pesyniratu. 3aiicHnnm nopiBHANbHNIA aHanis acoptumeHTy J13 Ykpainu Ta ®paHuii ans aHTubioTukotepanii XO3JT.

BucHosku. MpoaHanizysanu apmaueBTyHi puHKk1 npenapatis ans aHtmbiotukotepanii XO3/1 B YkpaiHi Ta ®paHuii. CtaHoM Ha ci-
yeHb 2020 p. B YkpaiHi 3apeectpoBaHo 43 Toprosi Hassw (TH) J13, wo npeacrasneHi 73 acopTUMEHTHUMM no3uuismu, y PpaHuii — 87
TH N3, wo npeactasneHi 150 acopTMeHTHUMK no3uuiaMu. AHanis acopTumeHTy J13 nokasas: B YkpaiHi Ta ®paHuii nepeBaxatoTb
N3 3akopfoHHOrO BUPOOHMLTBA, iXHS YacTka cTaHoBuTb 84 % Ta 55 % BignosigHo. Jligepamu 3a HOMEHKNATYpPOK NpenapartiB cepes
kpaiH-imnoptepis 13 B YkpaiHi € IHais, PPH, y ®paHuii — Icnanis, Benuka Bputaxis, ®PH. YacTka BiT4M3HSHMX npenapartis YkpaiHu Ta
®paHuii € MeHLwoto — 16 % Ta 45 % BignosigHo. Jlinepamu cepen BiTUM3HSHUX NigNPUEMCTB-BUPOBHUKIB B YkpaiHi € TOB «HOpis-dapm»
Ta TOB «Actpadapmy», y ®panuii — Sanofi Winthrop Industrie, Mylan S.A.S., Delpharm Tours, Delpharm Lille S.A.S. i Panpharma. Y
[BOX KpaiHax binbLuicTb npenapatis ansa aHtubiotukotepanii XO3JT — nopoLuku Ans NPUroTyBaHHSA PO3YMHIB ANS iH'EKLIN | TabneTku, IXHs
yacTka B YkpaiHi ctaHoBuTb 41 % Ta 33 %, y ®Ppanuii — 19 % i 59 % signosigHo. B YkpaiHi Ta PpaHuii nepeBaxatoTb MOHOKOMMOHEHTHi
N3. Ockinbku Ha yKpaiHCbKOMY hapMaLeBTUYHOMY PUHKY MOPIBHAHO 3 hpaHLly3bkiM prHKOM J13 4OMiHYIOTb NpenapaTtyt 3akopA4OHHOM0
BUPOOHMLITBA, aKTyanbHUM € po3pobreHHs HOBMX BITYM3HSIHUX Npenapartis, ki 6 3actocoBysany B Tepanii XO3J1.

Kntouogi crioea: xpoHiyHe 06CTPYKTUBHE 3aXBOPIOBaHHS NereHb, aHTMGIoTUKOTEpanis, MapKETUHIOBI AOCTIIKEHHS.
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Comparative analysis of medications for antibiotic therapy of chronic obstructive pulmonary disease
in the pharmaceutical market of Ukraine and France

L. I. Budniak, N. P. Darzuli

The aim of the work — comparative analysis of the assortment of registered medicines for antibiotic therapy of chronic obstructive pul-
monary disease (COPD) in the domestic market and similar segment of the French market.

Materials and methods. The study of drug assortment in Ukraine was carried out according to the State Register of Medicines of Ukraine,
employing the directory of medicines Compendium online, Anatomical Therapeutic Chemical Classification, web-resource Tabletki.UA.
Database Base de données publique des médicaments was consulted while studying the pharmaceutical market in France. The following
methods were used: information search, marketing analysis, graphical, comparative and logical methods.

Results. A comparative analysis of medicines employed in Ukraine and France for antibiotic therapy of chronic obstructive pulmonary
disease (COPD) was performed.

Conclusions. Pharmaceutical markets of drugs for antibiotic therapy of COPD in Ukraine and France are analyzed. As of January 2020,
there are 43 brand names (BN) of medicines with 73 available range items registered in Ukraine, and 87 BN medicines with 150 available
range items registered in France. The analysis of drugs assortment showed that foreign drugs predominate in Ukraine and France, their

ARTICLE UDC 615.23:339.138:616.24-002-007.272(477+44)
INFO DOI: 10.14739/2409-2932.2020.3.216223

Current issues in pharmacy and medicine: science and practice 2020; 13 (3), 401-406
Key words: chronic obstructive lung disease, antibiotic therapy, marketing.

* il H
] E-mail: stoyko_li@tdmu.edu.ua

zsmu.edu.ualarticle/

view/216223 Received: 07.08.2020 // Revised: 12.08.2020 // Accepted: 09.09.2020

ISSN 2306-8094 AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanyHoi Haykmn Ta npaktvku. — 2020. — T. 13, Ne3(34) 401


https://orcid.org/0000-0002-4869-1344
https://doi.org/10.14739/2409-2932.2020.3.216223
mailto:stoyko_li%40tdmu.edu.ua?subject=
http://pharmed.zsmu.edu.ua/article/view/216223
http://pharmed.zsmu.edu.ua/article/view/216223
http://pharmed.zsmu.edu.ua/article/view/216223

J1. I. BydHsik, H. I1. Oapsyrni

shareis 84 % and 55 %, respectively. Among the drug-importing countries, the leaders in Ukraine are India and Germany, and in France
they are Spain, England and Germany. The share of domestic drugs in Ukraine and France is lower — 16 % and 45 %, respectively.
The leaders among domestic manufacturers in Ukraine are Yuria-Pharm LLC and Astrapharm LLC, in France they are Sanofi Winthrop
Industrie, Mylan S.A.S., Delpharm Tours, Delpharm Lille S.A.S. and Panpharma. In the two countries, the majority of drugs for COPD
antibiotic therapy treatment is manufactured as powders for solutions and injections, and as tablets; their share in Ukraine is 41 % and
33 %, in France — 19 % and 59 %, respectively. Monocomponent drugs prevail in Ukraine and France. Since the Ukrainian pharma-
ceutical market, in comparison with the French drug market, is significantly dominated by foreign drugs, it is important to develop new
domestic drugs that would be used in COPD treatment.

Key words: chronic obstructive lung disease, antibiotic therapy, marketing.
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CpaBHMTENbHbIN aHanW3 acCoOPTUMEHTa JlekapCTBEHHbIX CPeaCTB AN aHTMOMOTUKOTepanuu
XPOHMYECKON 06CTPYKTUBHOM Oone3Hu nerkmx papmaLeBTMHECKOro pbiHka YkpanHbl U ®paHumm

N. W. bBypnsk, H. M. Oapaynu

Llenb paboTbl — cpaBHUTENbHBIN aHaNM3 acCOPTUMEHTA 3aperucCTPUPOBaHHbLIX NpenapaToB AN aHTMOMOTUKOTEPanUM XPOHUYECKON
o6cTpykTMBHOW Bonesnm nerknx (XOBJT) oTe4eCTBEHHOIO pbiHKa C nekapcTBeHHbIMU cpeacTBamm (J1C) aToro cermeHTa pbiHka PpaHumm.

Matepuansl u metoasl. AccoptumeHT JIC YkpanHel ndyyanu cornacHo locynapcteeHHomy peectpy JIC YkpauHbl, cnpaBodHuky J1C
Komnexanym oHnaiH, AHaTOMO-TepaneBTUYECKO-XMMUYECKOI Knaccudukaumm, HTepHeT-pecypca «Tabletki.uay, ®paHumm — cornacHo
«Base de données publique des médicamentsy. B xoge nccneqoeaHus npUMeHeHb! Takne MeToAbl: MHAPOPMALMOHHOTO Noucka, MapKke-
TWHIOBOTO aHanm3a, rpadu4eckunii, CPaBHUTENbHBINA 1 NTOrMYecKoro 0600LLeHNs.

Pesynirathsi. [poBenu cpaBHUTENbHbIN aHanua accoptumenTa JIC Ykpauntbl n ®panumm ans aHtubunoTtukotepanun XOBJI.

BeiBogkl. MNpoaHanusnposaHsl hapMaLleBTMYeCcKue pbiHKM NpenapaToB Ans aHTubuotukotepanun XOBJ B YkpauHe n ®paHumu. Mo
COCTOsIHUIO Ha siHBapb 2020 1. B YkpauHe 3apernctpupoBaHbl 43 Toprosble HasBaHus (TH) J1C, npeacTaBneHHble 73 acCOPTUMEHTHBIMY
nosuumsamu, Bo ®paHuum — 87 TH J1C, npeactaeneHHble 150 acCoOpTUMEHTHbIMK No3vumnaMu. AHanmna accoptumenTa JIC nokasan, 4to
B YkpauHe n ®paHuuu npeobnapatot JIC 3apybexxHoro npousBoacTsa, ux gons coctaenset 84 % u 55 % cooTBeTCTBEHHO. [lnaepsbl
no HOMEeHKNaType npenapaTtos cpeau ctpanH-umnoptepos J1C B YkpanHe — VHaus n OPT, Bo ®PpaHumum — Ucnanws, Benvkobputanus n
O®PT. [lons oTe4eCcTBEHHbIX NpenapatoB YkpaunHbl n PpaHumm meHblue — 16 % 1 45 % cooTBeTCTBEHHO. JInaepbl cpeamn 0Te4eCTBEHHbIX
npeanpuatuit-npondsoguteneii B YkpanHe — 000 «tOpus-Papm» n 000 «Actpadapmy», Bo PpaHumm — Sanofi Winthrop Industrie, Mylan
S.A.S., Delpharm Tours, Delpharm Lille S.A.S. n Panpharma. B aByx cTpaHax 60nbLLUMHCTBO NpenapaToB Ans aHTubuoTukotepanum XOBJ
npeAcTaBneHbl NOPOLLKaMy ANs MPUroTOBNEHNS PAaCTBOPOB A UHBEKLWIA 1 TabneTkamu, ux gons B YkpaunHe coctasnset 41 % un 33 %,
B0 ®paHumm — 19 % 1 59 % cooteeTcTBEHHO. B YkpanHe n ®paHumm npeobnagatoT MoHokoMNOHeHTHble J1C. MockonbKy Ha YKpauHCKOM
chapmaLeBTMHECKOM PbIHKE MO CPABHEHUIO C hpaHLy3ckuM pbiHKOM J1C JOMUHMPYHOT NpenapaTthl 3apy6exxHOro Npon3BOACTBa, akTyanbHa
pa3paboTka HOBbIX OTEYECTBEHHbIX NPenapaTtoB, KOTopble ucnonb3oBani 66l B Tepann XOBJ1.

Knio4yeBble crnosa: XpoHuyeckas 06CprKTVIBHaF| 60ne3Hb nerkux, aHTM6I/IOTVIKOTepaI'II/1F|, MapKeTUHroBbl€ UCCNeaoBaHUA.

AxTyanbHble Bonpochl (hapMaLeBTM4ECKON N MeaULUMHCKON Hayku n npakTuku. 2020. T. 13, Ne 3(34). C. 401-406

XponiuHe 00CTPYKTHBHE 3aXBOproBaHH: JiereHb (XO3J]) —
MOIIMPCHE 3aXBOPIOBAHHS y CBIiTi. Bi3HayaroTh MIBHIKE
3pOCTaHHs 3aXBOPIOBAHOCTI Ta CMEPTHOCTI, 4acTi 3BepHEH-
HS TIAIEHTIB JI0 JTiKapiB y 3B’sA3Ky 3 3aroctpeHrsM XO3J1,
HEBIHHHE TOTIPIICHHS EKOJIOTil, IKOCTi KHUTTS Ta BHCOKY
BapTICTh JIIKYBaHHS JIsI CHCTEMU OXOPOHH 3I0pPOB’s, Cy-
criibeTa 3aranoM [ 1,2]. Y €sporneiicskomy Corosi BuTparu
Ha XO3JI yrpuui Oinbiii, HiX BUTpaTH HAa OpOHXiaJIbHY
act™my. XO3JI nocigae 2 micie micis cepreBO-CyTUHHIX
3aXBOPIOBaHb 1 4 Miciie cepel MPUIUH CMEPTHOCTI Y CBITI
[3-5]. Maiixe 3 mun xuteniB (7 %) YkpaiHu XBOpitoTh Ha
XO3J1[5]. IlopiBHIOKO4HM 3 pO3BUHEHNMH KpaiHaMu €BpoIy,
HIDKYWH piBEHb 3aXBOPIOBAHOCTI Ta CMEPTHOCTI BiJl IOTO
3aXBOPIOBAHHSA Biq3Ha4atoTh y Ppanii, e Ha XO3JI xBo-
PpitoTh Maibke 2,6 MITH 0Ci0, 110 CTAaHOBUTH 4 % HACEICHHSL.

[TonepeHiii aHai3 aCOPTUMEHTY JIIKapChKUX 3aco0iB (JI3)
Jutst Oporxoannaraniiinoi Teparmii XO3JI (kpok 1 B eTamax
nikyBaaHs XO3JI) moka3aB HasBHICTH Ha (hapMaIleBTHIHOMY
puHKy Yipaiau 36 ToproBux Ha3B (TH) npenaparis. Cepen
HUX TepeBaxaroTh iMnoptHi JI3 (cTtanoBisITh 64 %). Jlinep
cepel yKpaiHChKHX ITiIPHEMCTB-BUpOOHNUKIB JI3 ju1st OpoH-

xommnaraniiHoi Tepamnii XO3JI — TOB «Mynsrictpeii». Ha
BITUM3HSHOMY (papMaIleBTHIHOMY PUHKY 9aCTKa MOHOKOM-
nioHeHTHUX JI3 cranoBuTh 80 %, IBOKOMIIOHEHTHUX — 14 %,
KoMOiHOBaHUX — 6 %. BcraHoBmIy, 1110 yacTka iMnoptHux J13
Jutst Oponxonunaraiinoi repanii XO3J1y 2019 p. nopiBHsiHO
32014 p.y 2,2 pa3a 6inpima, HOK BiTum3HAHAX (64 %). YacTka
BITUM3HIHUX mpenapartiB y 2019 p. 36impmmnacs B 3,25 pasa
nopiBHsiHO 3 2014 p. [6].

Bigmosigao no ATC-knacudikamniifHol cCUCTEMH 10
rojoBHOI TepaneBTnuHoi rpynu JO1 — AnTHOakTepianbHi
3ac00M TSI CUCTEMHOTO 3aCTOCYBaHHS Hanexars JI3 s
CHUMITTOMaTHYHOI Tepartii, a caMe aHTHOIOTHKOTEeparii pu
IH(EKIIHHOMY 3arocTpeHHi (KpOK 5 B eTarax JIKyBaHHS
XO3J1), mio 3acTocoBYIOTh B Ykpaini Ta @paniiii [7].

MeTa po6otu

[opiBHsUTBHUIT aHATII3 ACOPTUMEHTY 3aPEECTPOBAHKX ITpErIa-
partiB 11 aHTHOI0TUKOTEPAITii XPOHIYHOTO OOCTPYKTHBHOTO
3aXBOPIOBAHHSI JITeHb BITYM3HSIHOTO PHHKY 3 JIIKAPCHKHUMH
3aco0aMu bOTO cermMenTa puHKy ®paHuii.
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NopigHanbHUU aHania acopmumeHmy nikapcbKux 3acobig 011 aHmubiomukomeparii XpOoHiYHO20 06CMPYyKMUBHO20 3aX80PHOBAHHS NIE2EHB...

Martepianu i MeToau pocnimkeHHs

B €Bporri 3a KiTBKICTIO BUTOTOBJICHOI (hapMareBTHIHO1
niponykuii Ppaniis nocigae 3 micue, Mae po3BUHEHHH (hap-
MAaLEBTUYHUI CEKTOp, 10 BILUIMBAE HA BECh AlITCUHUN PUHOK
Ha KOHTUHEHTI. DpaHILis € IPYTOFO Ceper] I SITH KPaiH-TIaepiB
eBporteticbkoro puaKy (OPH, ®pamrtist, Bemka bpuranis, Ita-
J1ist, [cnanist), CyKymHUI 00CAT POIAsKIiB SIKMX CTAHOBUTB TTOHA]T
50 % punky. L{st kpaina OOpeThesi 3 HSMMOMIPHHMH I[IHAMH Ha
IHHOBAIIi{HI TperapaTy, He M030aBIIAI0YH TP II-OMY TTPOBIIHI
(apmariesTrani kommaii (Pfizer, Sanofi i GlaxoSmithKline) i-
HAHCOBOTO CTHMYITY JUIsl HOBUX po3po0oK. ITpoTsrom ocranHix
POKIB y KpaiHi 3HmkeHO 1iHu Ha JI3 Ha 100 MitH €Bpo. OnuH
13 TperniB (apmarii panrii — 3amMiHa IHHOBAIIHKX JIIKIB HA
TEHEPHKH, 1110 [TOB’13aHO 3 TIOTPEOOIO B IOCTYIHHX IPETaparax.
Y OromkeTi 0XOpoHH 310poB’ st DpaHIIii MiCTUTHCS TIOJIOKCHHS,
3TiTHO 3 SIKUM (PapMaIIeBTH B alITeKax MArOTh IIPABO 3aMIHFOBATH
TIpF3HAYEHi JIIKapeM ITaTeHTOBaHi Oionpernapary Ha 010aHaIOTH.
Takwii 3aXi/1 1a€ MOKIIMBICTD 3HU3UTH IiHA HA KK OTXe, ¥
@paH1ii BapTiCTh MpenapariB y MOJIOBHHI BUIA/IKIB HIDKYA 38
HaifHIK41 eBporeiichbki iHu [8]. BpaxoByrouu nparHeHHs 10
€BPOTICHCHKUX CTaHMAPTIB, (PpaHIly3pKHil JOCBIT T HAIIOL
KpalH! € KOPUCHUM.

B3siBim 10 yBaru BCi HaBe/IEHI apryMEHTH, JOUIIBHO
JIOCITIIUTH Ta TIOPIBHATH acoptuMeHT JI3 mmst aHTubioTH-
xotepartii XO3JI, 0 3acTOCOBYIOTH B Ykpaini Ta @panrii y
pa3i iHpEeKIIHHOTO 3aTOCTPEHHSL.

O0’ext mocmimkeHHs — iHdopMmartis mpo JI3, mo 3apee-
CTpoBaHi Ha TepuTopii YKpainu Ta Opantiii, po3milieHa Ha
caiiti «HopmaruBHO-IpekTHBHI JoKyMeHTH MO3 Ykpainm»
Ta «Base de données publique des médicaments» [9,10]. s
roBHOT iH(opMarii po npernapary Kopuctysaiucs [lepxas-
HUM peectpoM JI3 Ykpaium, nosinaukom JI3 Kommenniym
OHJIaifH, AHaTOMO-TEepareBTHIHO-XIMIYHOIO KITaCH(DiKaIi€ero
(ATC-xnacucikamiero), iHTepaeT-pecypcom «Tabletki.ua»
[7,11,12]. 3actocyBanu Taki MeTonu: iH(OPMALIIHHOTO 110-
IIyKY, MApPKETHHTOBOTO aHaJIi3y, rpadiyHuii, MOPiBHUIbHUIA
Ta JIOTIYHOIO y3araJbHEHHI.

Pesynbratu

[poanasizyBaBmm (apmaneBTHIHUH prHOK JI3 st anTH-
6iotuxorepartii XO3JI Ykpaiuu Ta ®paHiiii, BCTAHOBHIIH:
cranoM Ha ciuenb 2020 p. B YkpaiHni 3apeectpoBani 43 TH
JI3, mo mpencraieHi 73 aCOPTUMEHTHUMH TO3UIIISAMH; Y
@panuii 3apeectposani 87 TH JI3, mo npencrasneni 150
ACOPTUMEHTHUMHU To3uLisiMU. LI mpenapary, BpaxoByo4du
JIO3H IXHBOTO BHITYCKY, — 1 BITUU3HSHOTO, 1 3aKOPIOHHOTO
BupoOHHIITBA. CTIiBBITHOIIEHHS BITYU3HIHUX Ta IMITOPTHUX
JI3 st antu6iorrkorepanii XO3J1 apmarieBTHuHOro puHKy
VYkpainu ta @panuii HaBeneHi Ha puc. 1.

Pesynbpratn goCHiPKEHHS CBiuaTh, MO0 B YKpaiHi Ta
OpaHnii B il aCOPTUMEHTHIN Tpyni mepeBakarTh JI3
3aKOP/IOHHOTO BUPOOHHUIITBA, YaCTKA SIKUX CTAaHOBUTH 84 %
(36 TH) 1 55 % (48 TH), yacTka BITUYM3HSHHX IpENaparis
menma — 16 % (7 TH) 1 45 % (39 TH) BinmoBiznHo.

Hacrymauii eram gociipKeHHS — aHaTli3 pHHKY TperapariB
VYkpainu Ta @paniii 3a51e:KHO BiJl MAPHEMCTBA-BUPOOHHUKA.

%
100
84
80

55 @ BiTunsHaHi

60 npenaparu

45
40 @ ImnopTHi
npenaparu

20

YkpaiHa DdpaHuis

Puc. 1. CniBBIZHOLIEHHS BITYM3HSHIX Ta IMNOPTHWX Npenapartis Ans
aHTubioTukoTepanii XO3/1 B YkpaiHi Ta ®paHLji.

ACOPTHMEHT BITYM3HSHHX IpenapariB Ykpainu GopMyroTh
taxi nignpuemcTBa-supoduuku: TOB «tOpis-dapmy», TOB
«Actpadapm», [IpAT «dapaurs», TOB «®3 «biodapmay,
TOB «ocnigamii 3aBon «['HIJIC»; ®panmii — Sanofi
Winthrop Industrie, Mylan S.A.S., Delpharm Lille S.A.S.,
Delpharm Tours, Panpharma, Flamel Technologies, Glaxo
Wellcome Production, Sandoz, Laboratoires Biophelia,
Martin Dow Pharmaceuticals, Laboratoires Gerda, Cenexi
HSC, Carelide, Elaiapharm, Roche Ta Zydus France (puc. 2).

Sk Gaummo Ha puc. 2, mmpmmil acoptumMent JI3 cepen
BITYM3HSIHUX ITiIPUEMCTB-BUPOOHUKIB YKpaiHHU MPOIOHY-
1016 TOB «tOpis-Dapm» 1 TOB «Actpadapm» (o 2 TH),
®panii — Sanofi Winthrop Industrie (6 TH), Mylan S.A.S.
(5§ TH), Delpharm Lille S.A.S. (4 TH), Delpharm Tours (4
TH), Panpharma (4 TH).

Hapami 3midicHUIM TOALT MpenapariB 3aKOPIOHHOTO BHU-
poOHuITBA B YKpaiHi Ta OpaHIlii 3a1eXKHO BiJ KpaiHU-BH-
pobHuKa (puc. 3).

[poananizyBaBiy aHi, IO HABEICHI Ha Ha puc. 3, MOYKHA
3pOOMTH BUCHOBOK: HalOLIbIly HOMEHKIIATYPy IMIIOPTHHX
JI3 Ha ykpaincpkoMy (papMarieBTHIHOMY PHHKY PElpe3eH-
TYIOTh Taki KpaiHU-BUpOOHUKH, K [H1ist — 39 % (14 TH),
®PH - 19 % (7 TH); na dpapmaneBTHaHOMY pUHKY Dpaniii:
Icnanis — 21 % (10 TH), Benuka bpuranis — 21 % (10 TH),
®PH - 19 % (9 TH), Ascrtpis 15 % (7 TH). Yactka JI3
IHIINX KpaiH-BHPOOHUKIB € CYyTTEBO MEHIIIOIO T CTAHOBHUTH
Bix 2 % 10 8 %.

Pesynprarn aHanizy npenaparis 3a JIiIKapchbKoro GpopMoro
HaBeZICHI Ha puc. 4.

[IpoanaizyBaBIly JaHi, 110 OTPUMAIH, ITiJICYMYEMO: Ce-
pen mikapchKuX (GOpM TperaparTiB i aHTHOI0THKOTepartii
XO3JI B YkpaiHi nepeBakatoTh MOPOLIKH TS PO3UNHY IS
in’exuii—41 % (30 TH) i tabnerku — 33 % (24 TH). Y ®pan-
i1 TaKoXK JIOMIHYIOTh TaOJNETKU Ta TMOPOIIKH /IS PO3UHHY
JUTS 1H €KIid, IXHA 9acTKa cTaHoBUTH 59 % (89 TH) 119 %
(29 TH) BigmosigHo. HeBenmukoro € KinbKicTh JI3 B iHIINX
JKapchbKHUX (opmax.

3aifiCHIIT MapKETHHTOBUH aHai3 JI3 3aJIe)KHO Bijl KOM-
MOHEHTHOT'O CKJIay Mpenaparis, 110 JOCTHiauIn (puc. 5).

3a KOMIOHEHTHUM cKJIafoM JI3 s anTubioTHKoTeparil
XO3JI monisoTh Ha MOHOKOMITOHEHTHI Ta JIBOKOMIIOHEHTHI,
1110 npeficTapiieHi B Ykpaini 70 1 3 acopTUMEHTHUMH HO3HLL-
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SIMU BiITOBiTHO. Y DpaHIIii KiTbKiCTh MOHOKOMITOHEHTHHX
JI3 y 7,3 pa3a Oijblia, HiXK TBOKOMIIOHCHTHUX, CTAHOBHUTH
132 acopTUMeHTHI TO3HIIil; TBOKOMIIOHEHTHI Iperapa-
TH TIpeJICTaBleH] Ha (apManeBTHYHOMY pUHKY DpaHiii
18 mmo3urusmu.

O6roBopeHHs

Jlikapcbki 3acobu [yist cumrrroMarnaHoi Tepartii XO3J1 (anTu-
6iotuxorepartis XO3JI mpu iH}eEKITiiTHOMY 3aTOCTpEHHI ), 110
3acTOCOBYIOTH B YkpaiHi Ta ®panuii, 3a ATC-knacudikariiero
HaJIeKaTh JI0 TOJIOBHOI TepaneBTH4YHO1 rpymu — JO1.
[NopiBHIOIOYN (hapManeBTHIHHI PUHOK JIBOX KpaiH 3a KiJlb-
KICTIO BITYM3HSHUX TIpeTiapariB, MO)KHa 3pOOHTH BUCHOBOK:
y @panii mepeBakae KiTbKicTh JI3 1yt aHTHOI0THKOTEpaTTii
XO3J1, ixHs yacTKa CTaHOBUTH 45 %, 110 y 2,8 pa3a Oinbliie,
HiX B YkpaiHi (16 %). ACOPTUMEHT BITYM3HSIHUX IIPENapariB
VYkpaiau popMyIoTh S MiApHEMCTB-BUPOOHHKIB, DPpaHiii —

16. 3a kinpkicTio iMnopTaUX JI3 y il acopTuMeHTHiH rpymi
CKJTaJach MPOTHJIEKHA CUTYAIlis — IXHI YacTKa B YKpaiHi B
1,5 pasa Ounbina, Hixk y Opanuii, Ta craHoBUTh 84 %.

Ha BigminHy Bix (hapmanieBTuaHOro puky JI3 Yipainu, Ha
SKUH HaMOUTBIIE MpenapariB ekcropTyroTh [Hmis Ta OPH,
Ha puHOK @Dpaniii HalOuIbme JI3 eKCropTyIOTh KpaiHH,
IO € JlijiepaMu e€Bporieiicbkoro puHKy — Icranisi, Bennka
Bpuranis, ©PH.

[opisHroroun acoptumenT JI3 3a GopMOr0 BUITYCKY, MOYKHA
3pOOUTH BUCHOBOK, IO TaKi JIIKAPChKi (POPMH, SIK TaOIeTKH
Ta MOPOIIKH JUIsl IPUTOTYBAHHS PO3YUHIB IS 1H €Ki
JIOMIHYIOTB Y TBOX KpaiHax. KibKicTh mpemnapariB B iHIITNX
JKapchKUX (hopMax HEBENHKA.

3a KOMIIOHEHTHUM cKi1agoM JI3 juist anTrOioTHKOTEepartii
XO3JI Ha (apmaneBTHYHNX PUHKAX YKpaiHu Ta Ppanuii
OisTpIIIe MOHOKOMITOHEHTHHUX IperapariB, HOK JBOKOMIIO-
HeHTHUX. KinmbkicTs MoHOKOMITOHEHTHUX JI3 y DpaHiii B 1,9
pasza Oinbla, HiX B YKpaiHi, TBOKOMIOHEHTHHX — Yy 6 pasiB.
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YkpaiHa PpaHuis
BucHoBku 3. Y nBox KpaiHax OUTBIIICTB Ipernaparis JUIst aHTHOI0THKO-

1. TIpoanasnizyBaiu (hapMarieBTUUHI pUHKH IPENapariB IJIst
antudiotukorepanii XO3JI B Ykpaini ra @panmii. Cranom Ha
ciuens 2020 p. B Ykpaini 3apeectpoBano 43 TH JI3, o mipen-
CTaBJeHi 73 acOPTUMEHTHUMH MO3UMisAMH, y Dpantii — 87
TH JI3, mo npencrasmneni 150 acopTUMEHTHUMH MTO3UIIISIMH.

2. Ananiz acoprumenty JI3 nokasas, mo B YkpaiHi Ta
@panuii nepeBaXkaroTh Mpenapari 3aKOpJOHHOTO BUPOO-
HUIITBA, IXHS 9acTKa CTaHOBHUTH 84 % Ta 55 % BiAMOBIAHO.
Jlinepamu 3a HOMeHKJIaTypoto JI3 cepen KpaiH-iMropTepis
B YkpaiHi € [amis ta ®PH, y ®panmii — Icnanis, Bennka
Bpuranis, ®PH. YacTka BITIN3HAHIX MTpenapariB YKpaidu Ta
Opamntiii € MeHmo — 16 % ta 45 % Bianmosigno. Jlizepamu
cepell BITYM3HSIHUX MiJIPHEMCTB-BUPOOHHKIB B YKpaiHi
e TOB «Opis-Dapm», TOB «Acrpadapm», y Opanmii —
Sanofi Winthrop Industrie, Mylan S.A.S., Delpharm Tours,
Delpharm Lille S.A.S., Panpharma.

tepartii XO3JI — nopowky yisi IPUroTYBaHHS PO3YUHIB JUIS
1H’ €Ki 1 TabIeTKH, IXHA yacTKa B YKpaiHi cTaHOBHTH 41 %
ta 33 %, y ©panmii — 19 % ta 59 %. ¥ nux aBox kpaiHax
TIepEeBaKaFOTh MOHOKOMIIOHEHTHI JI3.

4. OCcKUIbKH Ha YKpaiHChKOMY (hapMarieBTHYHOMY PUHKY
TIOPiBHSHO 3 (PpaHITy36KUM pHHKOM JI3 TOMiHYIOTH ITpenapa-
TH 3aKOPJIOHHOTO BUPOOHHMIITBA, AKTYaJILHUM € PO3POOIICHHS
HOBHX BITYM3HSIHUX TIpETIapartiB, KOTPi O 3aCTOCOBYBAJH B
teparii XO3JI.

MepcnekTuBM nopanbLKUX AochigkeHb. Pesynsraru g0-
CJTI/PKCHHSI BKa3yHOTh Ha JOIUTBHICTH 30UIBIIICHHS KITBKOCTI
JI3 s cummrromarraroi Tepartii XO3J1 (aHTHOI0THKOTEparTis
npH 1HPEKIITHOMY 3aroCTpeHHi) IUIIXOM PO3POOJICHHS Ta
BIPOBA/DKCHHSI BITUN3HIHUX TPENapariB Ha yKpaiHCBKOMY
(hapManieBTHIHOMY PHHKY.
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OpwriHanbHi gocnimxeHHs @ Original research

MOHITOPUHI aCOPTUMEHTHOI CTPYKTYPU Ta AMHAMIKM LiHOBUX
NOKa3HUKIB renaTonpoTeKTopiB Ha cy4yacHoMy dhapMaueBTUYHOMY
PUHKY YKpaiHu

[. O. Myxanbcbka = *'A Anaba Myxamen?®CP, O. M. NyaseHko =3, O. 1. Oposgos"~2F

'3anopisbkuii AepkaBHUI MeauYHWIA yHIBEpcUTeT, YkpaiHa, 2HaykoBo-gocnigHuii iHCTUTYT Meauko-GionoriyHux npobnem 3 «[HinponeTposcbka
meauyHa akagemis MO3 Ykpainu», M. JHinpo, 303 «JlyraHcebkuil AepxaBHU MeauyHuin yHiBepcuteT», M. PybixHe, YkpaiHa

A — KOHUenNUis Ta an3aitH gocnimpxkeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTTi;
F — ocTaTouHe 3aTBepaKEHHS CTaTTi

Mpobnema yrmanoi NOWPEHOCTi 3aXBOPIOBaHb NEYiHKN — OHA 3 OCHOBHMX A1t OXOPOHM 300POB’S Y CBITi. [N npodinakTukm, nikyBaHHs
3aXBOPIOBaHb NEYIHKW HWHI BUKOPVCTOBYIOTb ETIOTPOMHI 3aC0BU: BaKLMHW, NPOTUBIPYCHI Npenapaty Towwo. Kpim Toro, B MikapchkKii NpakTyL
4acTo BUKOPUCTOBYIOTb Mpenaparu, Lo Npu3HayeHi Ana 4o4aTKoBoI Tepanii 3aXBoproBaHb NEYiHKM — TaK 3BaHi renaTonpoTEKTOPU, PisHi
i 3@ XiMiYHMM cKnagoMm, i 3a MexaHi3MOM fii Ta CNPSAMOBAHI Ha NiABULLEHHS CTINKOCTi NEYiHKW A0 HECNPUATANBIX hakTopiB.

MeTta poboTn — KOMNNEKCHWUIA aCOPTUMEHTHWI aHani3 hapmaLeBTUHHOMO PUHKY YKpaiHu B pamkax rpynv renatonpoTekTopiB i BU3Ha-
YEHHSI /0T0 LiHOBOTO AianasoHy.

Matepianu Ta metoau. [locnimkeHHs 3aincHunm 3a aaHumu [lepxxaBHOro peecTpy nikapcbkux 3acobiB Ykpainu, MixkHapoaHoi knacudgika-
uii xsopo6 11 BugaHHsa (MKX-11, ICD-11), wo BBegeHe B fijto 18 yepBHsa 2018 p., Hakazy MOS Ykpainu Big 18.04.2019 p. Ne 892 «[po
3aTBEpKEHHSI ofMHaauUsATOro Bunycky [epxaHoro hopmynsipa nikapcbkux 3acobiB i 3abe3neyeHHs oro LOCTyNHOCTi», HauioHansHoro
nepeniky OCHOBHUX Nikapcbknx 3acobis, Lo 3aTBepmxeHnin noctaHoBo KMY Ne 333 Big 25.03.2009 p. (ctaHom Ha 07.05.2019 p.) i
aHaniTM4yHoi cucTeMn hapMaLeBTUYHOIO puHKY «dapmcTangapT» komnarii MopioH 3a 2019 p. i nepwe nispivys 2020 p. Mig vyac gocnia-
XKEHHS1 BUKOPUCTaNu CUCTEMHUIA, CTPYKTYPHUI, NOMIYHWIA, y3ararnbHoBanbHUiA MeToam.

Pesynisratn. BusiBunu, WO BITYM3HSHWUIA PUHOK renaTonpoTeKTOpiB AOBOMI HACUYEHWIA YKPATHCHKMM Ta 3aKOPAOHHUMMW BUPOBHMKaMu
(nepesaxHo 3 IHaii, ®PH, ®paHuii, Itanii, KHP, Lsenuapii). AHania guHamiku UiH npenaparis uiei rpynu nokasas: 3a 2017-2020 pp.
BiAbynocs CyTTeBe MIABMULLEHHS LiH Ha BCi Npenapaty NpeacTaBneHuX miarpyn, Wo MOoXHa NoB’asatyt 3 HecTabinbHICTIO BanOTHOrO
PWHKY. 3a pesynbTatamu CTPYKTYPHOrO aHanidy renatonpotektopi, migrpyna AOSA X10 — kombGiHOBaHi npenapatyt CTaHOBNATL Giflb-
wictb (57, 51, 67, 55 HalimeHyBaHb BiAMOBIAHO 3a pokamu, siki B3AnW Ans AocnimkeHHs). HaiMeHwa 3a kinbkictio — niarpyna A05B
A06 OpHiTH okcornypart (y 2017 p. BITYM3HSHI BUPOOHWKM HE 3apeecTpyBanyt XKOAHOMO HalMeHyBaHHS nikapcbkoro 3acoby). Yactka
yKpaiHCbKMX npenapartiB y LiboMy cermeHTi cTaHoBuna 86,20 %, 84,12 %, 68,00 %, 56,79 % (I niBpiuusi 2020 poky) BinoBigHO 4O POKY
LLOCTIiIKEHHS.

BucHoBku. AcopTumeHTHUI aHania 3a nepiog 2017-2020 pp. (I niBpivys) nokasaB HACUYEHICTb BITYN3HAHOTO (hapMaLeBTUHHOMO PUHKY
renaToTponHUMU Nikapcbkumm 3acobamu. Ha nigcTasi CTpyKTYpHOrO aHanidy BU3HauMnu, Lo HanbinbLLy YacTky dhapMaLeBTUHHOO PUHKY
YKpaiHu CTaHOBNATH BITYM3HSHI Nikapcbki 3acobu — Big 56,79 % 10 86,20 % (BignoBigHO 40 poKy AOCHIAXKEHHS). AHani3 AMHaMikv LiH
CBIOYNTb NPO HK3bKY AOCTYMHICTb IMNOPTHMX NpenapariB Ans geskux nigrpyn: 8 AOSAA02 Kncnota ypcoge3okevxornesa LiHOBUI fijana3oH
y 2019-2020 pp. ctaHosuB 1207,57-2376,15 rpH, y nigrpyni AO5B A06 OpHituH okcornypat — 1397,99-2557,55 rpH.

Knto4ogi croea: hapMaLeBTUYHUIA PUHOK, renaTonpoTEKTOPU, LHOBWIA dianasoH.
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Monitoring of the assortment structure and price dynamics of hepatoprotectors
in the modern Ukrainian pharmaceutical market

|. O. Pukhalska, Adaba Mukhamed, O. P. Hudzenko, O. L. Drozdov

High incidence of liver disease is one of the major problems for health care in the world. Today, etiotropics such as vaccines, antivirals, etc.
are used to prevent and treat liver diseases. In addition, medicines for additional treatment of liver diseases, so-called hepatoprotectors,
are often used in medical practice. Hepatoprotectors vary in both chemical composition and mechanism of action and target to increase
liver resistance to adverse factors.
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1. O. lNyxanbceka, Adaba MyxameOd, O. [1. [yd3eHko, O. /1. [lpo3dos

The aim of the study was to provide a comprehensive analysis of Ukrainian pharmaceutical market in the framework of the group of
hepatoprotectors and its price range.

Materials and methods. The study was carried out grounding on the data provided by State Register of Medicines of Ukraine, International
Classification of Diseases 11 issue (MKX-11, ICD-11), entered into force on June 18, 2018 by the Order of Health Ministry of Ukraine Ne
892 dated 18.04.2019. “About Approval of the Eleventh Issue of the National Formulary of Medicines and Making It Available”, National
List of Essential Medicines, approved by the Cabinet of Ministers of Ukraine Ne 333 dated 25.03.2009 (on 07.05.2019), and analytical
system of the pharmaceutical market “Farmstandard” by Morion company for the period between 2019 and the first half of 2020. During
investigation, systemic, structural, logical practices and method of summarization were used.

Results. The results of the research show that the domestic market for hepatoprotectors is saturated enough. It embraces both Ukrainian
producers and foreign firms, mainly from India, Germany, France, Italy, China, Switzerland. The analysis of the changes in the prices
for drugs of this group shows that during the period between 2017-2020 there was a significant increase in the prices of all drugs in
the submitted sub-groups, which can be attributed to currency market instability. The structural analysis of the hepatoprotectors shows
that the subgroup AO5A X10, namely the combined drugs, constitutes the majority (57, 51, 67, 55 names according to studied year). The
smallest subgroup is AO5B A06 Ornithine oxyglurate (no names of medicine were registered by domestic producers in 2017).

The activity of domestic producers should be noted. The proportion of Ukrainian preparations in this segment is 86.20 %, 84.12 %,
68.00 %, 56.79 % (first half of 2020) (according to years under consideration).

Conclusions. The range analysis conducted for the period between 2017-2020 (first half-year) shows saturation of the domestic
pharmaceutical market with hepatotropic drugs. Structural analysis conducted reveals that the pharmaceutical market in Ukraine
is dominated by Ukrainian medicines, in particular from 56.79 % to 86.20 % (according to years under consideration). Price trend
analysis shows low availability of imported products for some sub-groups: during 2019-2020, in sub-group A05A A02 Ursodeoxycholic
acid price ranged from 1207.57 to 2376.15 UAH, and A0O5B A06 Ornithine oxyglurate it ranged from 1397.99 to 2557.55 UAH
respectively.

Key words: pharmaceutical market, hepatoprotectors, price range.
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MOHMTOPUHT aCCOPTUMEHTHOI CTPYKTYpPbI M AMHAMUKM LIeHOBbIX NOKa3aTenei renaTonpoTeKTopoB
Ha COBpPeMeHHOM (hapMaLieBTUYECKOM pbIHKe YKpauHbl

N. O. Myxanbckas, Anaba Myxameg, A. 1. Tyasexko, A. J1. [Ipo3gos

Mpobnema BLICOKOI pacnpoCTpaHEHHOCTY 3a00neBaHuMin NeYeHn — 0Ha 13 OCHOBHBIX A151 30paBOOXpaHeHUst B M1pe. [ns npodmnakTukm
1 nevyeHus 3aboneBaHnin NeYEHN CEroaHS UCMONb3YHT 3TMOTPOMHbIE CPEACTBA: BaKLMHbI, MPOTUBOBMPYCHbIE Npenapathl 1 ap. Kpome
TOro, BO Bpa4yebHOM NpakTuke 4aCTo MCNOMb3YOT Mpenaparbl, NpeAHa3HayYeHHbIe Ans JOMNONHUTENBHOV Tepanun 3aboneBaHnii nevYeHmn —
TaK Ha3bIBaEMbIE renaTonpoTEKTOPbI, pa3HooOpa3sHble Kak Mo XMMUYECKOMY COCTaBy, Tak U N0 MEXaHU3MY AENCTBUSA 1 HALIENEHHbIE Ha
MOBbILLIEHNE CTOWKOCTMN MEYEHN K HebnaronpusTHeIM aktopam.

Llenb paGoThl — KOMNMEKCHbI aCCOPTUMEHTHbIN aHanM3 hapMaLeBTUYECKOTO PbiHKa YkpauHbl B pamkax rpynnbl renatonpoTekTopoB
1 OMpefeneHmne ero LIEHOBOrO AnanasoHa.

Marepuansl u MeTofbl. ViccnefoBaHve nposenu No AaHHLIM [OCyAapCTBEHHOTO peecTpa fekapCTBEeHHbIX CPeACTB YkpanHbl, Mexay-
HapogHon knaccudpmkauuy 6onesHen 11 naganve (MKB-11, ICD-11), BeegeHHoro B genctaue 18 utoHsa 2018 r. npukaszom M3 YkpanHbl
ot 18.04.2019 1. Ne 892 «O6 yTBepxaeH1 oaMHHaALaToro Bbinycka FocyaapCTBEHHOrO hopmynsipa nekapcTBEHHbIX CPEACTB 1 obecne-
YEHWs ero JOCTYNHOCTU», HaLuMoHanbHOro nepeyHs OCHOBHBbIX IEKAapCTBEHHbIX CPEACTB, YTBEPXKAEHHOro noctaHoBeHmem KMY Ne 333
ot 25.03.2009 r. (no coctosHmio Ha 07.05.2019 r.) n aHanUTUYEeCKON CUCTeMbl (hapMaLeBTUYECKOrO pbiHKa «PapmMcTaHaapT» KOMMIaHum
MopwoH 3a 2019 r. n nepsoe nonyrogue 2020 r. B xoae uccnenoBaHns UCNOMNbL30Banu CUCTEMHBIN, CTPYKTYPHBIN, TOTMYECKWA METOABI, a
TaKKke MeToq 0600LLeHus.

Pezynkrathl. YCTaHOBWIIU, YTO OTEYECTBEHHLIN PhIHOK renaTonpoTEKTOPOB OCTAaTOMHO HAChILLEH. Ero cocTaBnsitoT kak ykpanHcKkue npouns-
BOAMWTENM, TaK ¥ 3arpaHnyHble prpMbl, NpeunmyLecTBeHHo 13 VHaun, ®PT, ®paHuumn, Utanuu, KHP, LLisenuapuu. AHanus AnHaMukm LeH
npenapaToB AaHHow rpynnbl nokasan: 3a 2017-2020 rr. npon30LLIo 3HaYMTENbHOE YBENUYEHME LIEH Ha BCE NpenapaThl NpeaCcTaBeHHbIX
noarpynn, YTo MOXHO CBSI3aTb C HECTAOMNBHOCTLIO BaNKOTHOIO pbiHKa. [0 pesynbtatam CTPYKTYPHOrO aHanuaa renaTornpoTeKTOpos,
nogrpynna AO5A X10 — kombuHupoBaHHble npenapaTbl cocTaBnsT 6onbwuHCTBO (57, 51, 67, 55 HauMeHOBaHW COOTBETCTBEHHO
rogy uccnenoBanus). Harmerbluyto no yucneHHocTy nogrpynny coctaensieT AO5SB A06 OpHutuh okcornypart (B 2017 1. oTe4eCTBEHHbIE
NPOV3BOANTENN HE 3apErMCTPUPOBAIU HU OAHOTO HAMMEHOBAHUS NEKApPCTBEHHOTO CPeACTBa). YacTb yKkpanHCKMX NpenapaTtos B JaHHOM
cermeHTe focturana 86,20 %, 84,12 %, 68,00 %, 56,79 % (I nonyrogue 2020 roga) COOTBETCTBEHHO MO roaM MCCEA0BaHNS.

BuiBogkl. AccopTMMEHTHbI aHanu3 3a nepuog 2017-2020 rr. (I nonyroame) nokasan HacbILWEHHOCTb OTEYECTBEHHOTO hapMaLieBTYe-
CKOTO pblIHKa renaToTpomnHbIMM NekapCTBEHHLIMU CPpeCcTBaMu. B peaynbraTe CTPyKTypHOrO aHanm3aa yCcTaHOBMEHO, YTO HanborbLUyto JOMHo
hapmaLeBTUYECKOrO pbiHKa YKpanHbl 3aHUMAKOT 0TEYECTBEHHbIE NIeKapCTBEHHbIE cpeacTBa — OT 56,79 % k 86,20 % (CoOTBETCTBEHHO
rogy MccrnenoBaHus). AHanu3 AUHaMUKK LIEH CBUAETENLCTBYET O HA3KOM JOCTYMHOCTY MMMOPTHbLIX NpenapaToB HEKOTOPbLIX MOArpynM: B
AO05A A02 Kucrota ypcogesokcuxoneas LieHoBor AnanasoH 3a 2019-2020 rr. coctasun 1207,57-2376,15 rpH, B noarpynne A0SB A06
OpHuTtuH okcornypat — 1397,99-2557,55 rpH.

KntoueBble cnosa: ghapmaueBTUYeCKUn PbIHOK, FeNaTonpoTEKTOPbI, LLEHOBOW AManasoH.
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MoHimopuHe acopmumeHmHoi cmpykmypu ma QUHaMIKU UiHOBUX MOKa3HUKI 2eramornpomeKmopis...

[IpoGema yrMalol MOIMIMPEHOCTI 3aXBOPIOBAHD MEUIHKH —
OJIHa 3 OCHOBHHX JUII OXOPOHHU 3[0POB’Sl B YCHOMY CBITI.
Tak, 3a nanumu BeecBiTHROT OpraHi3aiiii OXOpOHH 310pOB’ st
(BOO3), y cBiTi y moHAI 2 MIIPJ JIFONCH BUSBISFOTH IIFO T1a-
TOJIOTII0, 1 11¢ B 100 pasiB Ginbliie, HiXK MOIIMPEHICTD BIpyCY
imyHozmedimty Jronuad. 3a qanumu BOO3, y CBITI TUTBKH
Ha BipycHuii renatut B a6o C y XponiuHil (hopmi XBOPIIOTh
325 muH oci6. CMepTHICTh NAIEHTIB i3 TAKMMH 3aXBOPIO-
BaHHAMHU 32 ocTaHHi 20 pokiB 3pocna Basidi [ 1,2].

Jlnst IpodiTakTHKY Ta JIIKYBaHHS 3aXBOPIOBAHb MEYiHKU
BUKOPHCTOBYIOTB €TIOTPOITHI 3aCO0M: BAKIIMHH, TIPOTUBIPYCHI
npenapary To1o. KpiM Toro, B JlikapchKiil MpaKTUIl 4acTo
BUKOPHCTOBYIOTh IIPEIIapaTy, IPU3HAYCHI 15l TOJaTKOBOI Te-
partii 3aXBOpIOBaHb MEYIHKU — TaK 3BaHI reraTtonpoTeKTOPH.
lenaronporexTopy pi3HOMAHITHI SIK 38 XIMIYHUM CKJIaJI0M,
TaK 132 MEXaHi3MOM J1ii Ta CITPSIMOBAHI Ha T IBUIIICHHS CTik-
KOCTI TIE4iHKH J10 HeCIPHUATINBUX (hakTopis [3,4].

MeTta po6otu

KomriekcHuit acOpTUMEHTHUH aHaii3 ¢apManeBTHIHOTO
PHHKY YKpaiHH B paMKax TPYITH I'€NaTONPOTEKTOPIB Ta BH-
3HA4YEHHs HOTO I[IHOBOTO Jialia3oHy.

Martepianu i MeToau pocnimkeHHs

JocipkeHHsT BUKOHAIIM 32 JaHUMH J{epyKaBHOTO peecTpy
JKapchKuX 3aco0iB Ykpainn, MikHapoaHOT Kacupikarii
xBopo0 11 Bunmanns (MKX-11, ICD-11), BBeneHoro B Jiito
18 weprst 2018 p., Hakasy MO3 Vkpainu Bix 18.04.2019 p.
Ne 892 «Ilpo 3aTBepmKEeHHS OJMHAALATOTO BUITYCKY Jlep-
JKaBHOTO (hOPMYIISIpa JTIKapCHKUX 3ac00iB Ta 3a0€3ICUCHHS
Horo goctyrHocTi», HarlioHanpHOTO nepestiky OCHOBHHUX Ji-
KapChKHX 3ac00iB, 3aTBepkeHoro nocranoBoro KMY Ne 333
Bix125.03.2009 p. (cranom Ha 07.05.2019 p.) Ta aHATI THIHOT
cucTeMu (papManeBTHIHOTO pHHKY «DapMcTaniapT Komria-
Hii Mopios 3a 2019 p. i meprre miBpiuas 2020 p.

[Tin yac pociiKeHHs! BUKOPUCTAIN CUCTEMHHH, CTPYK-
TYPHUH, JIOTIYHHH, y3araJsHIOBaJIbHUI METOIH.

Pesynkratu

J10 3aXBOPIOBaHB ITEYiHKN HAJI)KATH TeIIATUTH, HEATKOTOITbHA
YKMpOBa XBOpoOa MEeYiHKH, aJIKOrojbHA XBOPOOa MEe4iHKU
tormo. [IIBuAKIME TeMITamMu 301TBIITy € ThCSl 3aXBOPIOBAHICTh
Ha HEaJIKOTOJIbHY KHPOBY XBopoOy meuinku (HXKXIT), mo
TIOB’S13aHO 3 BUCOKOIO YacTOTOIO BUIIAJIKIB I[yKPOBOTO Jiia-
0eTy i OKHUPIHHS.

3a MKX-11, 3axBoproBaHHSI ITCUiHKA HaIeXKaTh 10 Po3miny
13. 3axBOproBaHHs TPABHOI CHCTEMH Ta KJIaCH(IKYIOThCSA 32
OCHOBHHMMH 03HakaMu: XBopoOu nedinku DE33 ®i6po3 i nu-
poz iediaku; DF33.1 ®i6po3 newinkw; DE33.2 Tammii ¢pidpo3
a60 1upo3 nevinku; DE33.3 [upos neuinku; DE33.Y Iammi
BH3Ha4eHi Pidpo3 abo mupo3 nevinku; DE33.Z ®i6po3 abo
LUPO3 MeUiHKK, HeBU3HaueHui; DE34 AsnkoronsHa xBopoba
neuinku; DE34.1 Ankoronbpauii creatos neuinku; DE34.2
AunkoronpHuit Tenatut, DE34.21 ANKOrojibHUI TemaTuT 3
nupo3om; DE34.Y iHmmii BU3HAYCHUI aJIKOTOJIBHUIT Tera-

tut; DE34.Z AnkoronbHuii renarut, Hepu3HaueHuit; DE34.3
AnxoronpHUi (hi6po3 medinkw; DE34.4 AnkoroibHMiA IIpo3
niedinku 0e3 reraruty; DE34.Y [Hia HeBU3HaUEeHA aJIKOTOJIb-
Ha xBopoOa reuinky; DE23.Z AnkoronbsHa XBopoOa NediHKy,
HeBu3HaueHa; DE35 HeankoronbHa )xupoBa XBopoOa rediH-
ku; DE35.1 HeankoronpHa sxupoBa XBopoOa NediHKH 0e3
HealtkoronbHoro crearorenaruty; DE35.2 Heankoronsauit
crearorenarut; DE35.3 Heankoronbsuuii ¢hiOpo3 BHACIIIOK
HeaTKoronbHoi xBopoOu newinku; DE35.Y [nmra BuzHadeHa
HeaJIKOToJIbHA KHUpoBa XBopoba neuinku; DE35.Z Heasnko-
TOJIbHA XKHUPOBA XBOPOOA MMEUIHKN, HEBU3HAUCHA.

VY KOMIIJIEKCHOMY JIIKYBaHHI XPOHIYHHX 3aXBOPIOBaHb
MEYiHKHM TOPSI/T 3 €TIOTPOITHOIO TEparli€lo, 10 BIUIUBAE Ha
NPUYMHHI (aKkTOpH (BIpyCH, TOKCHHH), TIOLITLHO 3aCTOCO-
BYBATH [ATOreHETUYHY TEPAIilo, 110 A€ 3MOTY BIIHOBHTH
TMOIITKO/KEeHI KIIITHHU TEYiHKH — renaronutu. [Ipemaparw,
3[aTHI MiJIBUIIYBAaTH CTIHKICTh TCMATOIUTIB IO 30BHIIIHIX
VIIKOKYBaJbHUX BIUTUBIB, aKTHBI3yBaTH IXHIO POOOTY i
TIOCHJIFOBATH 3/IaTHICTD BiJIHOBITIOBATUCS ITICISI OTPUMaHHX
VIIKOKEHb, HA3UBAIOTh TemaTonpoTekropamu [5]. o 1miei
TPYIH HaJIeXKATh JIy>Ke Pi3Hi 32 XIMIYHOIO CTPYKTYPOIO 1 Me-
XaHI3MOM /il Jlikapcbki 3aco0u. Y kpainax CH/I i 30kpema B
VYkpaiHi HalOLIBIITY MOMYISIPHICTB CEPE] TeNaTonpOTEKTOPIB
MaroTh (iTonpenapary, o 3yMOBJICHO IXHIM IIUPOKHM
CTIEKTPOM Jii, IHOBOIO JOCTYIHICTIO, JOOPUM KOMITTAEHCOM,
yCHINIHUM OaraTopigHIM JOCBIIOM 3aCTOCYBaHHS OLTBIIIOCTI
i3 HUX y HapOAHiN MenuImHi [6,7].

3a nakazom MO3 Vkpainn Big 18.04.2019 Ne 892 «IIpo
3aTBEPLKEHHS OJIHA ISATOTO BUITYCKY JlepskaBHOTrO hopmy-
Jsipa JIKapChKUX 3aC00iB Ta 3a0e3MeUYCHHSI HOro JOCTYITHO-
CTi», TETIaTONPOTEKTOPH MOALISIOTH Ha IIPETIapaTH )KOBIHUX
KHCJIOT, Mperapard po3TOPOIIi MJISIMUCTOI, MpernapaTH
aAMIHOKHCJIOT, KOMOIHOBaHI JIIKapChKi 3aCO0M.

Y mab6auyi 1 naBeneHi HalyKUBaHIIII PEapaTy MepIroi
rpyIu.

Haity>xuBagimn mpemapaTi Apyroi Tpynu HaBeIeHI B
mabauyi 2.

Y mabnuyi 3 HaBemeHI mpenapary, Mo HaJIKaTh JI0 Tpe-
ThOI PYIH.

dapmaxoTepareBTHIHI 3aC00H, 1110 HAJIEXKATh /10 YETBEPTOI
IpyIu, HaBeJeH y mabnuyi 4.

HactynHi 1ociipkeHHS CTOCYBaJIHCS BUBYCHHS Cy4acHOTO
ACOPTUMEHTY Ha BITYM3HAHOMY pHHKY 3a 2017-2020 pp.
(ciuenb—uepBeHb). Pesynsraru HaBeneHi B madauyi 5.

OOroBopeHHs

3a pesyssraraMu JIOCIIDKEHHS, [0 3IHCHUIIN, Ha BITYN3HS-
HOMY (hapmarieBTHIHOMY pUHKY y 2017 p. acopTHMEHTHHUI
ckJa npeacrasieHuii 108 npenaparamMu renaronpoTeKTOpHOT
nii pisanx Tpym. Y 2018-2020 pp. (ciueHb—4epBeHb) iXHS
KUTBKICT cTaHoBmIa 116, 136, 116 HaliMeHYBaHb BIIIOBITHO
3a pOoKamu. BITYM3HSHHI PHHOK I'e€NaTonpoTeKTOPiB JOBOMI
HACHUeHHiT. Foro CKIIafaroTh K yKpaiHChKi BUPOOHMKH, TaK
13axopaonHi dipmu, epenycim 3 [aii, ®PH, Opanii, ITamii,
KHP, I1IBetinapii. AcopTumeHT Oararuii He TUIbKU reorpadiero
BHPOOHMKIB, aJie BKITIOYa€ Oararo JIikapchbKux (hopM: TabJIETKH,
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Tabnuuga 1. Mpyna npenaparis renatonpoTekTOpHOI Ail — NpenapaTu )0BYHUX KUCHOT

ﬂ BMpO6HMKIKpaIHa uIHa DDD uIHa DDD
Ha3Ba BUNYCKY B yI'IaKOBLlI TPH. y.o.

YKPNIB® TOB «KYCYM ®APM», M. Cymu, YkpaiHa Tabn. y 6n. 250 mr Ne 10 x 10 | 12,30
YKPINIB® TOB «KYCYM ®APM», M. Cymu, YkpaiHa Tabn. y bn. 250 mr Ne 10 x 3 13,50
YKPIIB® TOB «KYCYM GAPM», m. Cymu, Yipaitia ﬁ?z”oS‘ifn" yen o5 mr/5mn | Ne 15,30
YKPIB® TOB «KYCYM ®APM», M. Cymu, Ykpaita ﬁ‘écg'(')‘“’fﬁ”" YO 50 mr/5mn |Ne 32,00
VPCOMAK C TOB <<®apmekc prp», KuiBcbka 061., kanc. y 6n. 250 mr Ne 10 x 1 BIiACYTHS y peecTpi
M. bopucninb, YkpaiHa OoBL
TOB «Papmekc pyn», Kuiscbka o6bn.,
YPCOMAKC M. Bopucriin, Yipaika Kkanc. y on. 250 mr Ne10x10 |[12,13
YPCOMAKC | TOB «@apwmexc Ipyn», Kiriscska obr., kanc. y 6n. 250 mr Ne10x5 13,50
M. Bopucnine, YkpaiHa
YPCOXON® I'IpA'I'"«d>apM?ueBTMqHa BTN R ERNILD, Kanc. y KoHT. yap/yn. | 250 mr Ne 10 x 10 | 11,88
M. Kuis, Ykpaina
YPCOXON® I'IpA'I'"«d>apM?ueBquHa ®ipma «[lapHuus», Kanc. y KoHT. yap/yn. | 250 mr Ne 10 x 5 12,60
M. Kuis, Ykpaina
IIl. | IMC-YPCOLION | dapmacaiHc IHk., KaHaga Tabn., B/o y ¢n. 250 mr, 500mr | Ne 100 ggilyTHﬂ Y e
NMMC-YPCOLION | ®apmacaiiHc IHk., KaHaga Tabn., B/o y ¢n. 250 mr Ne 50 11,50 0,98 %
MMC-YPCOLION | dapmacaiiHe IHk., Kanaaa ;‘;‘f’;qon 500 mr Ne 50 10,86 092§
YPCOJEKC CaH dapmacbtotukan IHgacTpis J174., IHais Tabn., BKpuTi n/o 150 mr, 300 mr | Ne 10, Ne 50 | BigcyTHs y peectpi OBL|
- . Ne 10, BiACYTHA y peecTpi
YPCOJNAK® BAT «ABBA PYCy, Pocilicbka ®enepallis Karnc. y 6n. 250 mr Ne 30, Ne 50 | OBL]
YPCOIIB Mera Naindcanencis J1tg, Tainang Kanc. y n. 250 mr Ne 10 x 5 10,61 | 1,05$%
. . Ne 20, BIiICYTHS Y peecTpi
YPCONI3NH Mitim C.p.n., ITanis Kanc. y 6n. 150 wr, 300 mr Ne 100 OBL|
YPCONI3NH Mitim C.p.n., ITanis Kanc. y 6n. 300 mr Ne10x 10 |9,72 | 0,60 €
®paHcia ®apmacsbiorici IHaacTpia apmako BiICYTHS y peecTpi
YPCOHOCT Baiionomkika C.PJ1., Iranis Karnc. y 6n. 150 mr, 300 mr | Ne 20 OB
YPCOCAH MPO. MEA. LIC Mpara a.1., Yecbka Pecnybnika | kanc. y 6n. 250 mr Ne 10 x 1 12,64 1,11%
YPCOCAH MPO. MEA. LIC Mpara a.1., Yecbka Pecnybnika | kanc. y 6n. 250 mr Ne 10 x 10 | 12,64 1,11$
YPCOCAH MPO. MEA. LIC Mpara a.T., Yecbka Pecnybnika | kanc. y 6n. 250 mr Ne 10 x 5 13,52 1,198%
[p. ®anbk ®apma M6X (BignosigansHUi
3a BUMYCK Cepili KIHLEBOTO MPOAYKTY Ta
. cycn. a/nepop.
YPCOGANbK | A/IeTePHaTuBHe BTOpUKHE nakysarka)/Bibop | oo noo50 wn | 250 mr/5mn | Ne 1 143 [1,10€
ATl LisaviripepnaccyHr Megixemi ETTiHreH -
(BMPOBHWK [030BaHOT (hOPMU, NEPBUHHE Ta ynn.
BTOPUHHE nakyBaHHs), ®PH/LLIBenuapis
[p. ®anbk ®apma M6X (BignosigansHui
3a BUMYCK Cepili KIHLEBOTO MPOAYKTY Ta
ansTepHaTVBHe BTOPUHHE NakyBaHHs)/flo3aH
®apma Mv6X (BUpOoOHUKM [O30BaHOI hopmK,
YPCO®AIBK epBHHHE Ta BTOPUHHE nakyBaHHsiyKioke Kanc. y n. 250 mr Ne 10 x 1 9,05 0,87 €
®apma-Cepsic MM6X (B1POGHMKM [O30BAHOT
thopmu, NepBMHHE Ta BTOPUHHE MaKyBaHHS,
OPH/OPH/OPH
[p. ®anbk ®apma M6X (BignosigansHUi
3a BUMYCK Cepili KIHLIEBOTO MPOAYKTY Ta
arnsTepHaTBHe BTOPUHHE NakyBaHHs)/J1o3aH
®apma MvM6X (BUpoOHUKIM [O30BaHOI hopmu,
YPCO®AJIbK NEpBUHHE Ta BTOpMHHe nakysaHHsYKIoke Kanc. y 6n. 250 mr Ne 25 x 2 9,18 0,88 €
®apma-Cepsic MM6X (B1POGHMKM [O30BAHOIT
thopmu, NEPBUHHE Ta BTOPUHHE MaKyBaHHS,
OPH/OPH/®PH
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MpopoBxeHa Tabnuui 1.

ﬂ BMpOﬁHMKIKpaIHa uIHa DDD uIHa DDD
Ha3Ba BUNYCKY B yI'IaKOBLlI TPH. y.o.

YPCO®AJIbK

Op. ®anbk ®apma M6X (BignosigansHui
3a BUNYCK Cepiil KIHLEBOro NPOAYKTY Ta
ansTepHaTBHe BTOPWUHHE NakyBaHHs)/J1o3aH
®apma [m6X (BUPOOHMKIM [O30BAHOI hopmK,
nepBrHHE Ta BTOPUHHE NakyBaHHs)/Knoke
®apma-Cepsic MMOX (B1POOHMKM [O30BAHOT
bopmu, NepBMHHE Ta BTOPUHHE NaKyBaHHS,
OPH/OPH/®PH

Karnc. y 6n.

250 mr

Ne 25 x 4

9,18 0,88€

YPCO®AJTBbK

[p. ®anbk ®apma M6X (BignosigansHUi

3a BUMYCK Cepili KIHLEBOTO MPOAYKTY Ta
arnsTepHaTBHe BTOPUHHE nakyBaHHs)/J1o3aH
®apma [M6X (BUpOoOHMKIM [O30BaHOI hopmu,
NEepBUHHE Ta BTOPUHHE nakyBaHHs1), PPH/GPH

Tabn., BKpUTI N/0
y 6n.

500 mr

Ne 25 x 4

7,80 0,75€

YPCO®AJIbK

[p. ®anebk ®apma MM6X (BignoBigansHUi

3a BUMYCK Cepili KIHLEBOro NPoAyKTy Ta
anbTepHaTVBHE BTOPWHHE NaKyBaHHs)/flozaH
®apma MM6X (BUPOOHUKIM [030BaHOI hopmK,
nepBUHHE Ta BTOPUHHE nakyBaHHs), PPH/GPH

Tabn., BKpuTi n/o
y 6.

500 mr

Ne 25 x 1

8,88 0,88 €

YPCO®AJIbK

[p. ®anbk ®apma Mv6X (BignosinanbHUi

3a BUMYCK Cepiil KIHLEBOro NPoayKTy Ta
ansTepHaTUBHE BTOPWUHHE NaKyBaHHs)/llodaH
®apma MM6X (BUpoOHMKI [O30BaHOI hopmu,
nepBUHHE Ta BTOPUHHE nakyBaHHs), PPH/GPH

Tabn., BKpuTi n/o
y 6n.

500 mr

Ne 25 x 2

9,18 0,88€

XONYOEKCAH

CIF'MA dapmaceototikan IHgacTpis,
€runet

Kanc.

300 mr

Ne 20

9,49 1,19$

Tabnuus 2. Mpyna npenapartis renatonpoTeKTOPHOI Aii — npenapatit pocToponLUi NASMUCTOT

ﬂ BMpoaH“KIKpaIHa uIHa DDD uIHa DDD
Ha3Ba BUNYCKY ynakoBUi | rpH. y.o.

TOB «Ctuponbiodapm», M. lopnieka,

FEMAPCKN [loHeuska 061, VipaiHa Kanc. y 6n. 70 mr Ne 12 x5 | BigcyTHsa y peectpi OBL|
TOB «Ctuponbiodapmy», M. lopnieka,

FEMAPCIUN [loHewbKa 06n., Ykpaika Kanc. y 6n. 70 mr Ne 12 x 10 | 0,50

[APCIT ﬂpﬁ}f;"’yﬁ’,ﬁﬁfm”””a thipma «lapHuusy, :2?)’/‘);;15/0 YKOHT 50 5 r Ne10x3 | sincyrHs y peecrpi OBLL
lMpAT «®apmavieBTuyHa cipma «[lapHuusy», Tabn., B/0 y KOHT.

OAPCIN M. Kitie, Vipaiiia uapAn 22,5 mr Ne10x5 | 1,45
MpAT «®apmaueBTyHa ipma «JapHuusy, Tabn., B/0 y KOHT.

OAPCIN M. Kuis, Yipaika vaphyn. 22,5 mr Ne10x 10 |1,53
TOB «®apmaLeBTyHa KOMNaHis

CUNIBOP35 | {3AOPOB', M. XapKis/TOB «apmexc lpymy, | a0 oo v gy 35 mr 0 R FE— oBL
KuiBcbka 06n., M. Bopucnine, YkpaiHa/ -~ BlOy on. N; 10 x 8Y ACYTHS Y P P
YkpaiHa a
TOB «®PapmaLeBTVYHa KOMNaHis «340poB’a»,

CUNIBOP 35 M. Xapkis/TOB «®apmekc [pyn», Kniscbka Tabn., B/o y 6n. 35 mr Ne25x1 0,80
o6n., M. bopucnine, YkpaiHa/Ykpaita
TOB «®apmaLieBTYHa koMNaHis «300pPOB’sy,

CUNIBOP MAKC | m. Xapkie/TOB «®apmekc pyn», KuiBcbka Karnc. y 6n. 140 mr Ne 10 x4 | BigcyTHs y peectpi OBL|
06n., m. Bopucnine, Ykpaita/YkpaiHa
TOB «®apmaLieBTYHa kKOMNaHis «300pOB’sy,

CUNIBOP MAKC | m. Xapkis/TOB «®apmekc pyn», KuiBcbka Kanc. y 6n. 140 mr Ne10x2 [2,98
06n., m. Bopwcenine, Ykpaia/YkpaiHa

CUMNIEOP TOB «®PapmaLeBTUYHa KOMNaHist «340pOB’s»,

®OPTE M. Xapkis/TOB «®apmekc pyn», Kuiscbka Kanc. y 6n. 70 mr Ne 10 x4 | BigcyTHs y peecTpi OBL|
06n., M. Bopucnine, YkpaiHa/Ykpaita

CUNIEOP TOB «®apmaLieBTYHa koMnaHist «300poB’sty,

®OPTE M. Xapkis/TOB «®apmekc pyn», Kuiscbka Kanc. y 6n. 70 mr Ne10x2 0,81
06n., M. Bopucninb, YkpaiHa/Ykpaita
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MpopoBxeHA Tabnuui 2.

ﬂ BMpOﬁHMKIKpaIHa uIHa DDD uIHa DDD
Ha3Ba BUNYCKY ynakoBUi | rpH. y.o.

AT «Cochapma»/AT «bonrapcbka posa —
KAPCUII® CesTononic», Bonrapis/Bonrapis Tabn., B/o 22,5 mr Ne BigcyTHs y peectpi OBLI
AT «Codbapmay (803Bin Ha BUMYyck cepii)/
KAPCAMN® AT «Bbonrapceka posa — Cestononic»
®OPTE (BMPOBHMLITBO Hepo3tacoBaHOI NPOAYKLi, Kanc. Tepai y 6n. Om Ne 6 x 5 BiAcyTHs y peectpi OBLI
nepBuHHA
Ta BTOpUHHA ynakoska), bonrapis/bonrapis
MALAYC 'm6X/BAI" Xeanc Kea MvoX nop. fYp-Hy AfiHdby3
JIEFTAJIOH SIL (BMPOBHVK BiANOBIAANBHWIA 3@ BUPOBHWLTBO in (gn pKoy AIHDYS. | 350 wr Ne 4 BiAcyTHs y peectpi OBLI
bulk, HanoBHeHHs Ta nakyBaHHs1), ®PH/GPH y (n. y kop.
JIETANTOH® 140 | MAJAYC 'm6X, ®PH Kkanc. y 6n. 140 mr Ne10x6 |1,15 0,11€
JIETAITOH® 140 | MAJAYC I'mbX, ®PH Kanc. y on. 140 mr Ne10x3 |1,26 0,12€
JNIEFANTOH® 140 | MALAYC 'm6X, ®PH Kanc. y 6n. 140 mr Ne10x2 [1,38 0,13€
JIETANNOH® 70 | MAJAYC I'm6X, ®PH Kanc. y 6n. 70 mr Ne10x6 |1,61 0,16 €
JIETAIOH® 70 | MAJJAYC 'mbX, ®PH kanc. y on. 70 mr Ne10x3 |1,80 0,17 €
JIETAIIOH® 70 | MAJAYC I'm6X, ®PH Kkanc. y on. 70 mr Ne10x2 |1,94 0,19€
Cantotac ®apma Mm6X, PH, nignpruemctso
g%ﬂm‘gm komnanii CaHpos/Knoke BepnakyHrs-Cepsic Kanc. Tepai y 6n. 172 mi gg BiAcyTHs y peectpi OBLI
moX, ®PH/OPH
[Mo3HaHCbKWI 3aBOA, NikapCbkux TpaB . .
CUNIMAPON «Tep6anorb» AT, Monbia Tabn., B/oy 6n. 70 mr Ne 30 BiAcyTHS y peectpi OBLI

Tabnuuga 3. Mpyna npenaparis renatonpoTeKTOPHOI Aii — npenapaTy aMiHOKCNOT

ToprosenbHa ®opma KIanICTb B U,lHa DDD, Ll,IHa DDD,

FEMATOKC TOB «Hiko», M. MakiiBka, [JoHeLbka 061, KOHU-T A/p-Hy 500 Mr/mn Ne 10 490,00
YkpaiHa A/iHcy3. no 10 mn
KOHU-T A/p-Hy Ne 5,
JIAPHAMIH MAT «®apmak», M. Knis, YkpaiHa O/iHdy3. B amn. 500 mr/mn Ne5x 1, BigcyTHs y peectpi OBLI
no 10 mn 5x2
KOHL-T A/p-Hy
JIAPHAMIH MAT «®Papmak», m. Kni, YkpaiHa O/iHdy3. B amn. 500 mr/mn Ne 10 450,00
no 10 mn y nav.
J ] KOHLI-T A/p-Hy . )
IIl. | TEMA-MEPL, Mepu ®apma 'woX i Ko. KraA, PH pfincby3. no 10 5r/10 mn Ne 10 BiAcyTHs y peectpi OBLI
rpaHynsT, Ne 30,
MENA-MEPL| Mepy, ®apma M'M6X i Ko. KraA, ®PH PaHYAT, 3r/5r Ne 50, BigcyTHs y peectpi OBLY
y nak. no 5 ry nak. Ne 100
OPHITOKC Beryc Pevenic Miviten, Inais A e 5r/10Mn | Ne5 BincyTHst y peecrpi OBL]
’ B amn. no 10 mn -
IkcEnb Jabopartopiec MeT Nimiten/EcAICi rpaH. A/NpuroT. p-Hy
OPHITOKC Nimiten/Bingnac Xenckepe MNer. Jlta, IHais/ n/nepop. 3actoc. 3r/5r Ne 10 BigcyTHs y peectpi OBLY
IHais/IHgis y nak.

CHpOIH, 1H €KI[IHHI PO3YMHH, KalCy/IH, OPAIbHI MOPOIIKH,
Kpamti, cycrniensii Tomo. TabneroBani Gopmu € HaiOLTBII
TIOMYJISIPHUMH 1Y BITYM3HSHHX, 1 B 3aKOPJJOHHUX BUPOOHHKIB.

AHai3 AMHAMIKH IiH penaparis i€l Tpyny 1Moka3as: 3a
2017-2020 pp. BinOymocst cyTTeBe 30UIBIICHHS IiH HA BCl
TIperapary MpeACTABICHNX MIrPyTI, 0 MOYKHA OB’ 3aTH
3 HECTaOUIBHICTIO BAIFOTHOTO PUHKY.

3a pe3yabTaTaMu CTPYKTYPHOTO aHAII3Y TeaTopOTeKTO-
piB, miarpyna AOSA X 10 — komOiHOBaHI ITpenapary CTaHOB-

TTh OubIicTh (57, 51, 67, 55 HaliMeHyBaHb BiIIOBITHO 110
POKY, siKuit gociamim). HaliMeHIa 3a KUTbKICTIO TiArpyna
A05B A06 Opnitun okcormypat (y 2017 p. BiTum3HsAHI
BHPOOHUKH HE 3apEeCTPYBaIH JKOIHOTO HaWMEHYBaHHS
JIKapCHKOTO 3aC00Y).

Crin BiI3HAYNTH aKTHBHICTH BITYM3HSIHUX BHPOOHUKIB.
YacTka yKpaTHCHKHX IPENapaTiB y IbOMY CETMEHTI CTAHOBH-
na 86,20 %, 84,12 %, 68,00 %, 56,79 % (I miBpigus 2020 p.)
BIZIITOBITHO 32 POKAaMH, SIKi BKJIFOUCHI B JIOCIiKCHHS.
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Tabnuuga 4. Mpyna npenapatiB renatonpoTekTopHoI Aii — koMGiHOBaHi penapaty

FENABEHE Mepkne MmoX, ®PH

ﬂ BMpOﬁHMKIKpaIHa uIHa DDD uIHa DDD
Ha3Ba BUNYCKY ynakoBUi | rpH. y.o.

Kanc. Tepai y 6n.

2751 mr/

50 mr Ne 103

89,70 555 €

Tabnuusa 5. ACOPTUMEHT renaToTponHMX nikapcbkux 3acobis ([T13) Ha BiTUM3HAHOMY thapmaLeBTU4HHOMY pyHKY 3a 2017-2020 pp. (CiYeHb — YepBeHb)

MHH Fn3 Yac gocnimkeHns, pik TH, wr. BupoGHukmn y LliHa 3a ynakoBky, rpH. (MiH—
CniBBigHOLLEHHI BiTY./3aK. Makc)

2017 11/0 14,94-187,17
, | AosB A0t 2018 16 16/0 16,55-203,61
ApriHiH ryTamar | 5q1g 18 18/0 19,72-274,77
2020 (1 niBpivusi) 18 18/0 21,91-338,59
2017 21 7114 45,67-822,33
AO5AA02
, |Knonora 2018 22 6/16 46,26-835,77
YfpeoiziERIolE 2019 25 9/16 77,45-1207,57
xonesa
2020 (I nigpiyuisi) 23 1112 105,58-2376,15
2017 14 10/4 12,19-111,34
5 |A0sBAO3 2018 20 10/10 12,91-112,48
CinimapuH 2019 19 910 15,00-192,47
2020 (1 niBpivysi) 20 10/10 19,14-349,60
2017 5 0/5 199,39-1295,89
A05B A06 2018 7 2/5 204,93-1370,50
4 | OpHiTWH
oKkcormypat 2019 7 2/5 218,39-1397,99
2020 (I nigpiyysi) 10 5/5 246,30-2557,55
2017 57 30/27 17,84-510,00
AO5A X10 2018 51 29/22 18,20-557,73
5 | KombiHoBaHi
npenapaty 2019 67 37/20 18,85-573,10
2020 (I niBpivusi) 55 36/19 19,60-625,27
2017 108 58/50 12,19-1295,89
3ararnom 3a nepiof 2018 116 63/53 12,91-1370,50
2017-2020 pp.
(I niBpiuus) 2019 136 75/51 15,00-1397,99
2020 (I nigpiyust) 116 81/46 19,14-2557,55
BucHoBKU KoHdpnikT iHTepecis: BiacyTHiN.

1. AcoprumenTtHuit ananiz 3a 2017-2020 pp. (I miBpiyus)
T10Ka3aB HACHYEHICTh BITYN3HSIHOTO (hapMaIleBTUYHOTO PHUH-
Ky TeIaTOTPOITHUMH JIIKAPCHKMUMH 3aC00aMHu.

2. 3a pesynbraraMy CTPYKTYPHOI'O aHaji3y, HaWOLIbLIy
4acTKy (papManeBTHYHOTO PUHKY YKpaiHU CTaHOBISATH
BITYM3HSHI JIKapChKi 3acodu — Bix 56,79 % mo 86,20 %
(BIIIOBIIHO A0 POKY AOCIIIKCHHS).

3. AHayi3 TMHAMIK{ WiH CBLAYMTH PO HHU3BKY JOCTYI-
HICTB IMIIOPTHHX ITPENapariB Juisl IesikuxX marpym: B AOSA
A02 Kucnora ypcope30KCcuxojeBa IHOBUH Jliana3oH y
2019-2020 pp. cranoBus 1207,57-2376,15 rpH, y miarpymi
A05B A06 Opnirtun okcortypar — 1397,99-2557,55 rph.

Conflicts of interest: authors have no conflict of interest to declare.
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The donor of carbon monoxide (CORM-2) affects the level
of serum immunoglobulins and the state of the bone marrow
during the immune response in mice
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Toxic carbon monoxide in small concentrations has pro-apoptotic, anti-allergic, vasodilator effects, and stimulates angiogenesis. The
problem with the therapeutic use of low doses of carbon monoxide is that it is difficult to dose. To control the amount and gradual release
of carbon monoxide, non-toxic preparation is used — CO donor based on carbonyl compound of ruthenium (CORM-2).

The aim — is to identify the effect of CORM-2 on the level of immunoglobulins in the blood serum and bone marrow of mice under
conditions of inducing an immune response.

Materials and methods. 3 groups of 15 white laboratory mice each were formed. Induction of the immune response was due to
the intraperitoneal administration of xenogenic red blood cells. The first experimental group on the first day of immunization received
CORM-2 (20 mg/kg), group No. 2 — on the 5" day after immunization (period of the productive phase). The control group consisted of
immunized animals that did not receive CORM-2. The amount of IgA, IgM, and IgG in blood serum was determined by ELISA on the 2™
and 6" day after immunization. At the end of the experiment, bone marrow cell populations were counted.

Results. After the injection of CORM-2 during the induction phase of the immune response, it inhibits the production of immunoglobulins. In
comparison with the control, the level of IgA and IgG is reduced, but the amount of IgM remains unchanged. In the bone marrow, the number
of monocytes, erythroblasts, and normoblasts, as well as lymphoblasts and plasma cells, increased. At the same time, the number of
myeloblasts, myelocytes, basophilic normoblasts, and megakaryocytes decreased. The use of CORM-2 during the productive phase
caused a decrease in the level of IgM and IgG with a simultaneous increase in the level of IgA. The number of neutrophils, eosinophils,
monocytes, polychromophilic and oxyphilic normoblasts, lymphocytes, and plasma cells in the bone marrow increased. However, the number
of myeloblasts, promyelocytes, myelocytes, metamyelocytes, basophilic normoblasts, and megakaryocytes decreased.

Conclusions. The impact of the CORM-2 on the inductive phase of the immune response leads to inhibition of the production of
immunoglobulins. The injection of CORM-2 during the productive phase of the immune response decreased the level of IgM and IgG,
but at the same time, an increase in the level of IgA was observed. After the injection of CORM-2, in the bone marrow, the number of
monocytes, lymphocytes, and plasma cells increased. The results indicate that CORM-2 is able to modulate the immune response.

Key words: gas transmitter, carbon monoxide, CORM-2, humoral immune response.
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[oxop moHookeuay Byrneuto (CORM-2) BnnuBae Ha piBeHb iMyHOrnobyniHiB CMpOBaTKM KPOBi Ta CTaH KiICTKOBOTO MO3KY
B YMOBaXx iMyHHOI BignoBigi B Muwen

C. N. BecyacHuir, O. M. lactok

TOKCWMYHMIN MOHOOKCUA BYTIELIK0 B HE3HAYHWX KOHLIEHTPALLiSiX XapakTeprayeTbCs MpOanonTUYHO, NPOTHaNEepriiiHo Aieto, Mae Ba3oau-
naTaTopHUI BNANB, CTUMYMIOE aHrioreHes. [Npobnema Moro TepaneBTUYHOTO 3aCTOCYBaHHSA NOMArae y CKNaAaHOCTi TOYHOTO A03YBaHHS.
[Nt KOHTPONIO KiNbKOCTi Ta MOCTYNOBOrO BMBINbHEHHS MOHOOKCUAY KapbOHY 3aCTOCOBYIOTb HETOKCUYHUMI Npenapat — goHop CO Ha
OCHOBI kapOoHinbHOT cnonyku pyTeHito (CORM-2).

Meta po6otu — BusBuTM BN CORM-2 Ha piBeHb iMyHOrnobyniHiB cMpoBaTKy KPOBi Ta KICTKOBOTO MO3Ky MULLEN B yMOBaX iHAYKLi
iMyHHOI Bignosigj.
Marepianu ta metoau. Cchopmysanu 3 rpynu no 15 6inux nabopaTtopHUx MuLei: ABi eKCnepuMeHTanbHi 1 KOHTponbHa. IH-
AYKUi0 iIMYHHOT BIiAMOBIAI CIPUYMHSANN LWIASXOM BHYTPILUHBOOYEPEBUHHOTO YBEAEHHS KCEeHOreHHUX epuTpouuTie. lMeplua ekcne-
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S. P. Beschasnyi, O. M. Hasiuk

pUMeHTanbHa rpyna B neplumii AeHb iMyHisauii otpumana CORM-2 (20 mr/kr), rpyna Ne 2 — Ha 5 geHb nicns iMyHisauii (nepiog
npoAyKTMBHOI hasw). KoHTponbHa rpyna — iMmyHi3oBaHi MuLwi, ski He oTpumyBanm CORM-2. BusHayanw kinbkicTs IgA, IgM, 1gG y cupo-
BaTLi kpoBi MeTogoM IPA aHanidy Ha 2 i 6 gHi nicns imyHisauii. HanpukiHui ekcnepymeHTy nigpaxoByBanu Nonynsuii KNiTUH KiCTKOBOTO
MO3KY.

Pesynisratn. BeegenHss CORM-2 B iHAyKUiHY cbasy iMyHHOT BiAMOBIAI CTpUMYye NpoayKLito iMyHornobyniHis. MopiBHIOK4K 3 KOHTPOMNEM,
piBeHb IgA Ta IgG 3HWxeHuA, ane KinbkicTb IgM HeamiHHa. Y KiCTKOBOMY MO3Ky 36inbLumnacs KinbkicTb MOHOLMTIB, epuTpobnacTiB i Hop-
mobnacTis, a Takox nimcobnacTie i nnasmatuyHMX knitiH. OQHOYACHO 3HM3MNAcs KinbkicTb MienobnacTis, MienoumTie, 6a30inbHUX
HopMmobnacTis, MerakapioumTis. YeeaeHHss CORM-2 B nepioa npoayKTUBHOI hasu CipuymnHANO 3HWxXeHHs piBHs IgM Ta IgG 3 ogHo4acHUM
nigBuLLeHHAM piBHS IgA. KinbkicTb HerTpodinie, €03MHOMINIB, MOHOLMTIB, NOMIXPOMHOMINBHUX Ta OKCMdiNbHUX HopMobnacTi, niMdo-
LMTIB | NNa3MaTUYHUX KMiTUH y KICTKOBOMY MO3KY 36inbLumnacs. KinbkicTb Mienobnactis, npomienouuTie, MienounTiB, METaMIENOLMTIB,
6a300inbHMX HOPMOONACTIB | MerakapioUuTiB 3MeHLWMMacs.

Bucrosku. CORM-2 B iHAYKUiNHY hady iMyHHOI BiAMOBIAi CNPUYMHSAE NPUrHIYeHHs npoaykuii imyHornobyniHis. YeegeHHs CORM-2 B
nepiogd NpoayKTMBHOI asn iMyHHOI BignoBiai 3HWxye piBeHb IgM Ta IgG, ane ogHovacHo cnocTepirany nigsuLLeHHs pisHs IgA. Micns
3actocyBaHHss CORM-2 y KicTKOBOMY MO3KY 30iflbLLY€eTbCS KiflbKiCTb MOHOLMTIB, NiMOLMTIB, NNasMaTuyHMX KNiTuH. PesynsTaTy, Wwo
oTpumanu, Bkadytotb: CORM-2 3gaTteH mogynoBaTtyt iMyHHy BianoBiab.

KntoyoBi crioBa: rasotpaHcMmiTTep, MoHookeua Byrneuto, CORM-2, imyHHa BignoBigb.
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[oHop moHookeupa yrnepona (CORM-2) BnusieT Ha ypoBeHb CbIBOPOTOYHLIX UMMYHOINOOYIMHOB
U COCTOSIHUE KOCTHOTO MO3ra Npy UMMYHHOM OTBETE Y MbILLEN

C. N. becyacHbin, E. H. Mactok

ToKCHUYEeCKN i MOHOOKCWE, YITepoaa B HE3HAUNUTENbHBIX KONMYeCTBax obriagaeT NnpoanonTUieckum, NpoTUBOANIEPTUHECKUM AeACTBUEM,
MMeeT Ba3oamnaTaTtopHoe BInsiHUE, CTUMYIMPYET aHroreHes. Mpobrema ero TepaneBTMYECKOro UCTONb30BaHKS 3aKIKYaETCsl B CIIOXKHO-
CTU TOYHOM A03MPOBKU. 111t KOHTPOMS KOMMYECTBA U MOCTENEHHOTO BbICBOBOXAEHNS MOHOOKCUAA Yreposa NCMOMb3YOT HETOKCUYECKNIA
npenapat — goHop CO Ha ocHoBe kapboHunbHoro coeanHenus pyterns (CORM-2).

Llenb paboTbi — YCTaHOBUTb BIIUAHNE CORM-2 Ha YpOBEHb I/IMMyHOFJ'IOGyJ'IVIHOB CbIBOPOTKM KPOBW M KOCTHOTO MO3ra MbILLEN B ycnoBuax
WHAOYKUMU UMMYHHOTO OTBETa.

Matepuanei u metoasi. ChopmupoaHbl 3 rpynnbl no 15 6enbix nabopaTtopHbIX MblLLei. MHAYKUUS UMMYHHOTO OTBETA NOMyYeHa NyTem
BHYTPVOPIOLLMHHOIO BBEAEHMUS KCEHOTEHHBIX 3pUTPOLMTOB. epBas akcnepuMeHTarnbHas rpynna B nepBbii AeHb MMYHU3aLMM NonyYuna
CORM-2 (20 mr/kr), rpynna Ne 2 —Ha 5 geHb nocne uMMyHW3aLmm (Nepuoa NpoayKTUBHOM hasbl). KOHTponbHas rpynna — MMMYHU3Upo-
BaHHble MbILLK, koTopble He nonyydan CORM-2. Onpepensinu konuyecTso IgA, IgM v IgG B cbiBopoTke kpoBu MeTogom MDA aHanusa
Ha 2 1 6 OHW nocne MMMyHM3aLumMn. B KoHLE aKCnepuMeHTa NoACHUTBLIBANM NOMYNALMM KNETOK KOCTHOrO Mo3ra.

Pesynirartsl. BeegeHme CORM-2 B MHAYKUMOHHYO hady MMMYHHOTO OTBETa CAEPXMBAET NpOAYyKUMo MMMyHornobynuHos. B cpae-
HEHUM C KOHTporneM, ypoBeHb IgA 1 IgG cHkeH, HO KonnyecTBo IgM HemsMeHHO. B KOCTHOM MO3re yBENMUMIOCh KOMMYECTBO MOHO-
LMTOB, 9pUTPOBNacToB M HOPMOBNACTOB, a Takke NMMGOBNacToB 1 NnasmaTnieckmx knetok. OAHOBPEMEHHO CHU3MIOCH KOMUYECTBO
mMmenobnacTos, MmenoumToB, 6azounbHbIX HopMobnacToB 1 MerakapuouuTtoB. Beegenne CORM-2 B nepuoa npogyKTMBHOW ¢hasbl
obycrnonuBan cHwkeHne ypoBHs IgM n IgG ¢ ogHOBpeMeHHbIM MoBbiLLeHneM ypoBHS IgA. KonuyecTBo HelTpodunos, 3031HOMUITOB,
MOHOLMTOB, NOMUXPOMATOMUILHBIX 1 OKCUPUIBHBIX HOPMOBNACTOB, NMMMMOLIMTOB U Na3MaTUYECKUX KIETOK B KOCTHOM MO3re YBEnu4m-
nock. Konnyectso MmenobnacTos, NpOMUENOLUTOB, MAENOLMTOB, METaMUENOLMTOB, 6asodurbHbIX HOPMOBNACTOB 1 MerakapyoLuUTOB
YMEHBLLNIOCh.

BeiBoakl. Beegenne CORM-2 B nepvoz npogyKTUMBHOW hadbl MMMYHHOTO OTBETA CHM3UMO ypoBeHb IgM u IgG, HO 0gHOBpPEMEHHO
obycnaenueaeT nosbiweHne ypoBHs IgA. Mocne BeeaeHnss CORM-2 B KOCTHOM MO3re yBENMYMBAsoch KOMMYECTBO MOHOLMTOB,
NUMAOLMTOB W NNasMaTUYecknx kneTok. onyyeHHble pesynbrathl ykassiatoT, 4To CORM-2 cnocobeH mogynupoBaTb UMMYHHbIV
OTBET.

KntoueBkle cnoea: rasotpaHcMuTTep, MoHooKeua yrnepoaa, CORM-2, UMMYHHBI OTBET.

AxTyanbHble BONpockl (hapMaLeBTMYECKON N MeaULMHCKON Hayku u npakTuku. 2020. T. 13, Ne 3(34). C. 415-420

Among pharmacological drugs, there is a lot that has immu-
nomodulatory properties [ 1]. These drugs can be divided into
2 groups: immunostimulants and immunosuppressants. The
latter is widely used for the treatment of autoimmune diseases
after an organ transplant procedure. Some antibiotics also be-
long to immunosuppressants, cytostatics, and hormonal drugs
[1]. All of them cause adverse reactions, which increase with
increasing dose. That is why search for drugs that can gently
suppress the activity of the immune system and not cause
catastrophic changes in other organs and systems of the body

remains relevant. One of these applicants is a representative
of the gas transmitter group — carbon monoxide (CO) [2,3].

CO is known as poison gas, however, in 1968, Tenhunen
et al. reported that this gas is formed in the body during
the breakdown of heme. After that, the period of studying
the physiological effects of CO began [4,5]. Today, it is
known that CO in a picomolar amount is able to suppress
cell apoptosis [6], stimulates Ca** dependent K-channels [7],
blocks T-cell proliferation [8], and is able to affect mitochon-
drial activity [9].
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The donor of carbon monoxide (CORM-2) affects the level of serum immunoglobulins and the state of the bone marrow during the immune response...

The only problem with using CO was that the dosage of
this gas is difficult to carry out, poisoning is possible. In
this regard, further studies of the therapeutic effects of CO
are inhibited. This problem was solved by creating com-
pounds — donors of CO [10]. After the introduction of such
a compound into the body, a slow release of CO occurs in
insignificant, controlled amounts. One of the representatives
of these compounds is CORM-2 (tricarbonyldichlororuthe-
nium (II) dimer), which is based on the carbonyl compound
of ruthenium. Among several different CORMs synthesized,
CORMS-2 has been used extensively in vivo studies. CORM-
2 rapidly liberates CO in physiological buffers (half-life
of about 1 min at 37 °C, pH 7.4). Due to the fact that this
compound is not toxic, it is therefore used in experimental
studies. Its advantage is that this drug does not affect changes
in carboxyhemoglobin levels. CORM-2 serves an important
role in CO-mediated pharmacology.

It has been proven that CORM-2 has antioxidant activity
in plasma [11], accelerates the healing of gastric ulcers [12],
regulates the permeability of the mitochondrial membrane
[13], and affects the duration of the cell cycle [14,15]. The
above confirms the relevance of the study of the CO donor
and the effect of this compound on bone marrow and the pro-
duction of immunoglobulins under conditions of antigenic
stimulation.

Aim
To reveal the effect of CORM-2 on the level of immunoglo-

bulins in the blood serum and bone marrow of mice under
conditions of inducing an immune response.

Materials and research methods

The study was conducted on white outbred laboratory mice
weighing 22 + 3 g. 2 experimental groups of 15 males each
were formed. Sheeps red blood cells were intraperitoneally in-
jected into all animals to induce an immune response (“Pharm-
standard Biolek”, Ukraine) at a dose of 100 cells per 1 kg of
body weight. In the first experimental group, during the in-
ductive phase (1% day of immunization), CORM-2 (20 mg/kg)
dissolved in dimethyl sulfoxide (DMSO) and physiological
saline was administered. The animals of the experimental group
No. 2 were injected with the same solution but during the pe-
riod of the productive phase (5" day after immunization). The
control group consisted of 15 male white mice that were also
immunized but did not receive CORM-2. The study was con-
ducted on white outbred laboratory mice weighing 22 + 3 g.
Two experimental groups of 15 males each were formed.
Sheeps red blood cells were intraperitoneally administered to
all animals to induce an immune response.

To determine the amount of IgA, IgM, and IgG immuno-
globulins, an enzyme-linked immunosorbent assay kit (“Gra-
num”, Ukraine) was used. Detection of the results of the study
was performed using an ELISA analyzer Immunohem-21100,
HTI (USA) on the 2™ and 6% day after immunization.

At the end of the experiment (6" day), euthanasia was
performed by an overdose of isoflurane. Femur bones were

isolated and bone marrow imprints were obtained. The
obtained imprints were stained with Romanovsky—Giemsa
paint and bone marrow cell populations were counted using
a microscope.

All procedures with laboratory animals were carried out in
compliance with the Council of Europe directives of the EU
in 2010/63/EU and were approved by the bioethical commis-
sion of Kherson State University. Statistical processing was
performed using the Mann—Whitney and Wilcoxon criteria.
In this case, the result was considered reliable at P < 0.05.
The degree of correlation of indicators was calculated using
the Pearson correlation coefficient.

Results

Comparison of serum immunoglobulin levels under
conditions of induction an immune response showed dif-
ferences. In the control group, the level of IgA increased
by 81.0 £ 4.0 %, IgM —by 353 £ 1.8 %, and IgG —by
47.0 = 1.9 % (Fig. I).

The result of the level of immunoglobulins in the serum
of animals that were injected with CORM-2 on the first day
of the immune response turned out to be interesting. In this
group, the content of IgA increased by 100 + 5 %, IgM re-
mained at the same level, IgG increased only by 6.8 + 0.3 %
(Fig. 2).

But, after comparing this group with the control group,
it was found that the level of IgA on the next day (after
CORM-2 injection) was reduced by 22.0 + 1.1 % (1.09 g/L
versus 1.41 g/L of the control group). On the 6 day, it was
reduced by 15.0 £ 0.75 % (2.18 g/L versus 2.56 g/L of
the control group).

The IgM level (on the 2™ day) after comparison with
the control group was reduced by 12.0 £ 0.6 % (1.49 g/L
versus 1.7 g/L of the control). On the 6® day, it was reduced by
35.0 = 1.75 % (1.49 g/L versus 2.3 g/L of the control group).
Similar results were obtained after comparing the IgG values.
Its level was reduced on the 2™ day by 10.5 + 0.5 % (9.32 g/L
versus 10.42 g/L of the control). On the 6 day, the level was
also reduced, but already by 35.0 + 1.75 % (9.95 g/L versus
15.32 g/L of the control group).

The level of immunoglobulins in the serum of the group
of mice that were injected with CORM-2 in the productive
period of the immune response was radically different from
the other two (Fig. 3). The amount of IgA in serum increased
by 67.0 £ 3.3 %, while IgM decreased by 48.7 + 2.4 %,
IgG decreased by 17.0 = 0.8 %.

A study of bone marrow changes showed that the injection
of CORM-2 influenced the proliferation of individual cell
types after stimulation of the immune response (Fig. 4).

Compared with the control, in the group of animals to
which CORM-2 was injected on the first day of the induc-
tion of the immune response (group No. 1), the number of
myeloblasts decreased by 34.0 + 1.7 %, myelocytes by
42.5 + 1.7 %, basophilic normoblasts by 73.0 = 3.6 %,
megakaryocytes — by 76.0 + 3.8 %. At the same time,
there was an increase in the content of the following bone
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Fig. 1. Level of immunoglobulins in the serum of control group during
inductive (2™ day) and productive (6 day) phases of the immune
response.

*: differences from the indicator that were obtained on the 2" day,
P < 0.5.
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Fig. 2. Level of immunoglobulins in the serum of mice injected with
the CORM-2 on the first day.

*: differences from the indicator that were obtained on the 2" day,
P < 0.05.
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Fig. 3. Level of immunoglobulins in the serum of mice injected with
the CORM-2 on the 5" day.

*: differences from the indicator that were obtained on the 2" day,
P < 0.05.

marrow cells: monocytes by 56.0 = 2.8 %, erythroblasts by
57.0 = 2.8 %, polychrome normoblastsby 171.0 £ 8.5 %,
lymphocytes/lymphoblasts by 56.0 + 2.8 %, plasma cells
by 70.0 = 3.5 %. Against this background, the content of
promyelocytes, metamyelocytes, oxyphilic normoblasts,
eosinophils, and basophils did not change.

In the bone marrow of mice that were injected with
CORM-2 during the productive period of the immune re-
sponse (group No. 2), a decrease in myeloblast levels by
25.0 £ 1.0 %, promyelocytesby 52.0 = 2.6 %, myelocytes
by 51.0 = 2.4 %, and metamyelocytes by 58.0 + 3.5 %,
basophilic normoblasts by 83.0 + 4.2 %, megakaryo-
cytes — by 99.0 = 4.9 % was observed. Moreover,
the content of the following cells was increased: neutrophils
by 42.0 £ 2.1 %, eosinophils by 178.0 = 8.9 %, mono-
cytes by 22.0 = 1.1 %, polychromophilic normoblasts by
146.0 £ 7.3 %, oxyphilic normoblasts by 65.0 + 3.2 %,
lymphocytes/lymphoblasts by 73.0 £ 3.6 %, plasma cells
by 35.0 = 1.7 %. At the same time, the level of basophils
and erythroblasts did not change (compared with the control
group).

A correlation analysis revealed a direct, close relationship
between immunoglobulin counts and a decrease in the popu-
lation level of certain bone marrow cells. In group No. 1, a
close correlation was observed between the level of serum
immunoglobulins and the content of polychromic and oxy-
philic normoblasts, lymphocytes/lymphoblasts, plasma cells,
megakaryocytes.

In group No. 2, the level of immunoglobulins correlates
with the levels of myeloblasts, basophilic normoblasts,
polychrome, and oxyphilic normoblasts, lymphocytes, and
plasma cells.

Discussion

The results indicate that intraperitoneal injection of CORM-2
directly affects the course of the immune response. CORM-2
inhibits the production of immunoglobulins during the in-
duction phase of the immune response. In comparison
with the control, the level of IgA and IgG was reduced, but
the amount of IgM did not change. It is known that an in-
crease in serum IgM is characteristic of the primary immune
response stage. This indicates that CORM-2 is a promising
anti-inflammatory agent. This property of CORM-2 indicates
the possibility of its use in autoimmune diseases or to prevent
the development of chronic inflammation.

The injection of CORM-2 during the productive phase
of the immune response decreased the level of IgM and
IgG, however, an increase in the level of IgA was observed
at the same time (it is known that IgA is “responsible” for
the so-called local immunity). This property of CORM-2 is
promising to use in cases of immunodeficiency, reactions
after transfusion measures, or medications that cause selective
IgA deficiency.

Injection of CORM-2 during the inductive period of
the immune response stimulated (or led to a delay in the bone
marrow) separation of monocytes, erythroblasts and normo-
blasts, as well as lymphoblasts, and plasma cells. This was
observed against a background of a decrease in the number
of myeloblasts, myelocytes, basophilic normoblasts, and
megakaryocytes. Injection of CORM-2 during the productive
period also showed a decrease in the number of myeloblasts,
promyelocytes, myelocytes, metamyelocytes, basophilic

418

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Haykm Ta npakTvku. — 2020. — T. 13, Ne3(34)

ISSN 2306-8094



The donor of carbon monoxide (CORM-2) affects the level of serum immunoglobulins and the state of the bone marrow during the immune response...

%

30
23.9
25
20
20
16.4
15
10 8.7 8
6.9
5 6 e 6 5
4 3 29 3.3 4 3

Control

H Mieloblasts
B Metamyelocyte ¥ Neutrophils
Basophils Monocytes

B Basophilic normoblasts

Fig. 4. Content of red bone marrow cells in the studied animals.

normoblasts, and megakaryocytes. At the same time, the level
of neutrophils, eosinophils, monocytes, polychromophilic
and oxyphilic normoblasts, lymphocytes and plasma cells
increased. Thus, it was found that CORM-2 stimulates an
increase in the number of monocytes, lymphocytes, and
plasma cells, regardless of the stage of the immune response.

After the action of CO, which is released from CORM-2, in-
ducible heme oxygenase (HO-1) is activated. It should be noted
that inhalation of CO does not increase the activity of HO-1
[14]. Its activity is enhanced only by CORM-2, which once
again confirms that CORMs are suitable for these purposes.

Thus, the release of CO leads to the activation of
the HMOX1 gene. Activation of this gene increases HO-1
activity. HO-1 is known to be a metabolite to fight inflam-
mation. The anti-inflammatory ability of HO-1 is realized
by increasing the expression of interleukin 10 (IL-10) and
an antagonist of the pro-inflammatory interleukin 1 receptor
(IL-1RA) [9].

After we stimulated the immune response and introduced
anti-inflammatory CORM-2, HO-1, likely, affects the cells of
the immune system, bone marrow stem cells. This mechanism
may explain the findings of the study.

Conclusions

1. The injection of CORM-2 during the induction phase of
the immune response enhances the production of IgA and IgG.
The amount of IgM remained at the same level. An increase
in the number of monocytes, erythroblasts, and normoblasts,
as well as lymphoblasts and plasma cells, was observed in
the bone marrow. At the same time, there was a decrease in
the number of myeloblasts, myelocytes, basophilic normo-
blasts, and megakaryocytes.

CORM-2 in the inductive period

Promielocytes

B Polichrome normoblasts
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CORM-2 in the productive period
of the immune response
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Eosinophils
Proerythroblasts
Oxyphilic normoblasts

2. During the productive phase of the immune response,
CORM-2 lowered the level of IgM and IgG with a simul-
taneous increase in IgA level. The number of neutrophils,
eosinophils, monocytes, polychromophilic and oxyphilic
normoblasts, lymphocytes, and plasma cells in the bone mar-
row increased. However, there was a decrease in the number
of myeloblasts, promyelocytes, myelocytes, metamyelocytes,
basophilic normoblasts, and megakaryocytes.

Prospects for further research. In the future, a study of
the properties of CORM-2 regarding the processes of tissue
regeneration and healing will be conducted in vivo.
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OpwriHanbHi gocnimxeHHs @ Original research

Bnnue o6CTPYKTUBHUX NOPYLUEHb (PYHKLIT 30BHILHbOIO AMXaHHS
Ha SIKICTb XUTTA Kap[ioXipypriyHMX nauicHTiB nepea onepawicto
Ta i3a4HOIO Tepanicro

B. B. Bitomcbkuin="*2, X. M. Anb-XaBampaex =

"HauioHanbHui yHiBepCUTET (hisMHOro BUXOBaHHS | cnopTy Ykpainu, M. Kuig, 21Y «HaykoBo-NpakTUYHUI MeANYHNIA LIEHTp AUTSYOI kapaionoril
Ta kapgioxipyprii MO3 YkpaiHu», M. Knis

A — KoHLeNUis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauis aaHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepaKEHHS CTaTTi

MeTa po6oTu — focnignTy BNMB 0OCTPYKTUBHUX NOPYLLEHb (OYHKLIT 30BHILLHBLOIO ANXaHHS Ha SIKICTb XXWUTTS KapAioXipypriyHux nauieHTis
Ha MovaTky cTauioHapHoi nporpamu disvyHoi Tepanii.

Matepianu Ta metoau. Y gocnimkeHHi B3anu y4actb 106 ocib, skux rocnitaniayBanu Ans 34iiiCHEHHs KapaioXipypriYHoro BTpyYaHHS.
lMauieHTiB noginunu Ha ABi rpynu 3anexHo Big iHaekcy TidhdHo. [ocnimkeHHs (yHKLT 30BHILLHBOTO AVXaHHS BUKOHAMNM 3a JOMOMOro
cniporpada Spirodoc MIR i nporpamHoro 3abe3neyerHst Winspiro PRO. AkiCTb XUTTS OLiHIOBaNK, BUKOPUCTOBYHOUM MiXKHAPOAHMWIA CTaH-
JapTu3oBaHui onutyBanbHuK Health Status Survey (SF-36).

Peaynisratn. [locnipxeHHs yHKLiT 30BHILUIHBOTO AUXaHHS B KapAioXipypriyHux nauieHTiB nokasano: y 18 % obcTexeHnx nokasHuku
iHaekcy TidpdHo Gynu meHwmmMn 3a 70 %. Lii nauieHTn xapakTtepuayBanucst BiporiHO HKYMMMW NOKa3HUKAMM KUTTEBOI EMHOCTI ne-
reHiB, (popcoBaHOI XMTTEBOI EMHOCTI NMereHiB (ekcnipaTopHOi Ta iHcNipaTopHOI), NiKOBOI LUBMAKOCTI (hOPCOBAHOMO BUAWXY, CEPEAHBO
LUBMAKICTIO (DOPCOBAHOIO BUAMXY Ha PiBHI 25—75 % Bifg (hOpCOBaHOI KUTTEBOI EMHOCTI NMereHiB. MNopiBHAHHSA NOKA3HWKIB AKOCTi XWUTTS He
nokasano CTaTUCTWYHI BIAMIHHOCTI B XXOAHOMY JOMEHI MiX rpynamu nauieHTis, KOTpi copMOoBaHi BiANOBiAHO A0 piBHS iHAeKcy TidhdHo.
Lli pesyneTaTtv NigTBEpAXYIOTb NEPLLIOYEPrOBICTb BNAMBY CTaHY CEPLIEBO-CYANHHOT CUCTEMU HA NMOKA3HUKW SKOCTI XKMTTS KapaioXipypriYHmx
nauieHTiB. ®yHkuioHansHUi knac NYHA maB HU3KY KOPENALiNHMX 3B'A3KIB i3 MOKa3HWKaMM SKOCTI XKUTTS Maiixe BCiX AOMEHIB. Moka3HWKK
(yHKLT 30BHILLIHBOrO AMXaHHA Manu cnabLui 38'a3ku 3 LOMEHAMU SKOCTi XKUTTS. 3-NMOMiXK YCiX LOMEHIB SKOCTi KMTTS CTaTUCTUYHI NOKa3-
HUKM flomeHy Porb hisnyHux npobnem B 0OMeXeHHi XMTTeLISNbHOCTI Gynu HalHWK41MK B 060X rpynax nauieHTis. Haikpalwi nokasHukm
oTpuMaHi B someHi CoianbHe yHKLIOHYBaHHS.

BucHoBKN. 3HMKEHHSA NOKa3HWKIB OYHKLT 30BHILLHBOTO AWXaHHS He BNMMBAE Ha SIKICTb XWTTS KapaioXipypriyHnx navieHTis. Moxnmesmum
NOSICHEHHSIM LIbOro Moxe ByTu Te, Lo 3HWKeHHS iHaekcy TidcHo He Byno JOCTaTHLO BEMWKAM YW KPUTUYHUM Y Tpyni NaLeHTIB 3i 3HW-
XEHUMM MOKa3HUKaMM LibOro iHAEKCY, @ TaKoX HasiBHICTb CYTTEBILLOO BMIMBY KAapAIOMOriYHNX MOKA3HUKIB Ha SKICTb XKUTTS.

Kniouogi crioea: cepuesa xipypris, peabinitauisi, TepaneBTUYHi BNpasu, AuxanbHa cuctema.
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Influence of obstructive disorders of external respiration function on the life quality of cardiac surgery patients
before surgery and physical therapy

V. V. Vitomskyi, K. M. Al-Hawamdeh

Aim. To investigate the impact of obstructive disorders of external respiratory function on the life quality of cardiac surgery patients at
the beginning of an inpatient physical therapy program.

Materials and methods. The study involved 106 patients who were hospitalized for cardiac surgery. Patients were divided into two groups
according to the values of the Tiffno index. The study of external respiratory function was performed using a Spirodoc MIR spirograph
and Winspiro PRO software. Quality of life was assessed using the International Standardized Health Status Survey (SF-36).

Results. A study of external respiration function among cardiac surgery patients found that 18 % of those surveyed had a Tiffno index of
less than 70 %. This proportion of patients was characterized by significantly lower rates of vital capacity, forced vital capacity (expiratory
and inspiratory), peak expiratory flow, and forced expiratory flow at 25-75 % of forced vital capacity. However, the comparison of quality
of life indicators did not establish statistical differences in any domain between the groups of patients who were formed according to the
level of the Tiffno index. These results confirm the priority of the impact of the cardiovascular system on the quality of life of cardiac sur-
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gery patients. The NYHA functional class had a number of correlations with the quality of life of almost all domains. External respiratory
function was less closely related to the quality of life domains. Among all domains of quality of life, the statistical indicators of the domain
“the role of physical problems in the limitation of life” were the lowest in both groups of patients. The best indicators were obtained in the
domain “social functioning”.

Conclusions. Decreased respiratory function did not affect the quality of life of cardiac surgery patients. A possible explanation for this
may be that the decrease in the Tiffno index was not large enough or critical in groups of patients with low levels of this index, as well as
the presence of a more significant impact of cardiac indicators on quality of life.

Key words: cardiac surgery, rehabilitation, exercise therapy, respiratory system.
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BnusHue dyHKUMM BHELIHEro AbIXaHWS Ha Ka4yecTBO XU3HN KapauoXUpypruyYeckux naLmeHToB nepes onepawmen
1 hm3nyeckon Tepanuen

B. B. Butomckuir, X. M. Anb-XaBampaax

Llenk pa6otki — uccnegoBatb BAUSHUE (DYHKLMM BHELLHETO AbIXaHWS Ha KAYECTBO XM3HW KapaAMOXUPYPrMYECKVX NaLMEHTOB B Havarne
CTaLMOHapHOW NporpamMMbl (PU3NYECKON Tepanuu.

Matepuansl u metoasi. B uccnegoBanum npuHsanm yyactue 106 nauneHToB, KOTOPBIX FOCMIUTaNM3NPOBan Ans NPOBEAEHWS Kapamo-
XVPYpruyeckoro BMeLLatenscTea. MNauneHToB nogenvuu Ha ABe rpynnbl B COOTBETCTBUM CO 3HaYeHMsaMU nHaekca TuddHo. Wceneno-
BaHUe (OYHKLMM BHELLIHETO AblXaHWs BbIMOMHEHO C NoMoLLbto cnuporpada Spirodoc MIR n nporpammtoro obecneyenms Winspiro PRO.
OueHka Ka4YeCTBa XW3HU NpOBefeHa C UCMOMNb30BaHWEM MEXAYHApPOAHOro CTaHAapTU3MpoBaHHOro onpocHuka Health Status Survey
(SF-36).

Pesynkrathl. B xope vccnenoBaHnst (OyHKLMW BHELLHETO [bIXaHWS y KapayoxXvpyprimyeckmx naumMeHToB ycTaHoBneHo: y 18 % obene-
[O0BaHHbIX MokasaTenu uHaekca TuddHo Obinu MeHblue 70 %. ST naumeHTbl XxapakTepu3oBanacb 4OCTOBEPHO Gornee HU3KUMK no-
KasaTensiMmn XU3HEHHON eMKOCTU Nerkux, hopCMpOBaHHO KU3HEHHOM EMKOCTU NErkux (3KCNMpaTopHOM U UHCMMPATOPHOM), NMUKOBOW
CKOPOCTM hOPCHMPOBAHHOTO BbIZOXA, CPEAHEN CKOPOCTbLI0 (DOPCMPOBAHHONO Bbi0Xa Ha YPoBHE 25-75 % 0T (hopCMpOBaHHOW XU3HEHHOW
emkocTu nerkux. CpaBHeHWe nokasarenem ka4ecTsa XW3HW NoKasano OTCYTCTBME CTAaTUCTUYECKUX PasMNYniA MeXyY rpynnamm NalmeHToB,
KOTOpble CHOPMMPOBaHEI B COOTBETCTBUM C YPOBHEM MHAEKCA T HO, BO BCEX LJOMEHAX KA4ECTBA XM3HWU. DT pe3ynbTaThl NOATBEp-
XOaloT NePBOOYEPEAHOCTb BIUSIHWS COCTOSIHWS CEPAEYHO-COCYANCTON CUCTEMbI HA NMOKa3aTeny Ka4eCTBa KU3HI KapanoXMpypriuyeckux
naumeHToB. PyHKUMOHanNbHBIN knace NYHA nven psa koppensumoHHbIX CBA3EN C NoKasaTensmm Ka4yecTBa XU3H1 NoYTW BCEX JOMEHOB.
lMokazaTenu yHKLMN BHELLUHETO AblXaHWst Menu crnabble CBA3M C AOMEHaMI KavecTBa u3HW. Cpeay Bcex [OMEHOB Ka4yeCcTBa XU3HU
CTaTUCTUYECKME NoKasaTenu omeHa Ponb dmanyeckux npobrnem B orpaHNyeHn KU3HeLEATENBHOCTM Obiny CambiMU HA3KMK B 0Beunx
rpynnax nauueHTos. Jlydiine nokasatenu nonyyeHsl B JomeHe CoupansHoe hyHKLMOHPOBaHME.

Brisoabl. CHuxeHve nokasaTenei yHKUMWN BHELIHETO AbIXaHWs He BMMSIET Ha Ka4yecTBO XW3HW KapANOXMPYPrAYECKNX MaLyeHToB.
B0o3MOXHbIM 0OBACHEHEM 3TOrO MOXET ObITb TO, YTO CHVXKEHME NHAEKca TPDHO He BbINo AOCTAaTOYHO BOMBbLUMM UMK KPUTUYECKAM B
rpynne NaLMeHTOB CO CHKEHHBIMMW NMOKa3aTensMm 3TOro MHAEKCa, a Takke Hannyme 6onee CyLLeCTBEHHOTO BAWSIHWS KapAMONOrMYeckux
rnokasarteneii Ha Ka4eCTBO XU3HW.

KnwoueBble cnosa: cepgevHas Xnpyprua, peaGMﬂVITaLIVIFI, TepaneBTUYeCcKne ynpaxHeHus, abixatenbHasa cuctema.

AxTyanbHble Bonpockl (hapMaLeBTMYECKON N MeAULUMHCKON Hayku n npakTuku. 2020. T. 13, Ne 3(34). C. 421-426

CeplieBO-CyTHHHI 3aXBOPIOBAHHS — OIHA 3 HAHCEPHO3HIIINX
mpo6item [1]. Lli maTornorii BILTHBatOTh HA 3HWKSHHS SIKOCTI
YKHUTTSI T4 SMEHILICHHSI HOTO TPUBAJIOCTI, 1110 MOYKE CHJIbHIIIIE
TIPOSIBIIATHCS Ha TI1 (PAKTOPIB PU3HKY Ta CYITy THHOT IATOJNOT i
[2]. 3 uuX MPUYKH KapHioXipyprisi € OHIEIO TAITY3ei METUILIH-
HU, KOTPi HAWAWHAMIYHIIIIE PO3BUBAIOTHCS. 3 IHIIIOTO OOKY, €
BIJIOMOCTI PO iICTOTHI OPYILICHHS ITapaMeTpPiB 30BHIIIHEOTO
JIMXAHHS Ta MMOLIMPEHICTh MATOJIOTI] CUCTEMH JHXaHHS B
YUMaJIol KIJIBKOCTI Kap/ioXipypriuHUX Mali€HTIB nepes
orrepartieto [3,4]. 30UIBIICHHS YaCTKH KapIioXipypridHuX
TIAIEHTIB 13 OPOHXO-JIEreHEeBOIO MATOJIOTIEI0 CIIocTepira-
IOTh TMiJ] 9ac IUTaHOBOI criporpadii B MexXax 0OCTSKEHHS
narieHTa jio oneparii [3]. Y 3B’513Ky 3 MM MOCTAE 3aBIaHHS
TepeonepariifHoro omiHoBaHHA (YHKII] 30BHIITHHOTO
JIMXaHHS Ta SIKOCTI J)KUTTSI MALIEHTIB, SIKMX TOCIITai3yIOTh
JUTSL KapIioXipyprigHOTO BTPYYaHHS, a TAKOXK JOCIIKCHHS
B3a€MO3B’SI3KY LIMX MOKa3HHUKIB.

VYV noctymHii (haxoBiii JiTepaTypi He BIAIOCS BiANIYKaTH
JIOCII1JIKEHB, 1110 IPUCBSYEHI OL[IHIOBAHHIO BIUIUBY (DYHKIIT

30BHIIIHBOTO JIMXAHHS Ha SIKICTh )KUTTS Kapi0XipypriqyHux
MaIi€eHTiB. BU3HAYCHHS TAKOrO 3B’SI3KYy MOXKE JOIIOMOITH
KOMIUIEKCHO OLIIHUTH JMHAMIKY BIIPOIOBXK ITPOXOKCHHS
nporpamu (i3mdHOI Teparmii Ta y BiIJaJeHOMY IIepiofi,
OCKIJTBKH TIpoOieMa 3HIKEHHsI (DYHKITI CHCTEMH TIXaHHS
[5—7], nereHeBux yckiaaaHeHs [8] Ta 0COOIMBOCTI 3MiH SIKOCTI
KUTTS [9—11] micist KapaioXipypridHUX Oneparlii € akTyasib-
HVMH Ii]] 4aC BCTAHOBJICHHS €(peKTUBHOCTI (hi3MIHOI Tepartii
Ta BiIIAaJICHUX Pe3yNbTaTiB cepleBoi Xipyprii. Hemocraraso
JTOCITIPKEHUM € TAaKOXK BILUIMB MiCISONEPAIIHOTO 3HUYKEHHSI
rapameTpiB 30BHIIIHBOTO JAWXaHHS Ta 0COOIMBOCTEH HOTO
BiJTHOBJICHHS Ha SIKICTh YKHUTTSI TTIAIIIEHTIB TCIIs OTepariiii Ha
cepui. BiTHOBIICHHSI CHCTEMH JIMXaHHS MOYKE TPUBATH KiJIbKa
MicsimiB [12,13], o Mo)ke BIDIMHYTH Ha SKICTh )KUATTS.

OTKe, aKTyaIbHUM € JOCITIDKCHHS 0COOIMBOCTEH crucTe-
MM JIMXaHHS T4 SIKOCT1 )KUTTSI KapIiOXipypridyHUX MamieHTiB
JIO Ta ITiCIIst ONepalliid, @ TAKOXK IXHHOTO B3a€EMO3B’SI3KY.
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MeTta po6otu

Jocmiguti BIUTMB OOCTPYKTUBHHUX MOPYIICHb (BYHKIIII 30-
BHIITHBOTO JIUXaHHS Ha SIKICTb XKHUTTS KapIioXipypriqHux
NAli€HTIB Ha MOYaTKy cTalioHapHoi mporpamu (izudHol
Teparii.

Martepianu i MeTogu pocnimkeHHs

VY mocmimpkeHHi B3su ydactb 106 ocid, SKUX TocITiTai-
3yBaJIi JIIsl BUKOHAHHS KapAioXipypriuHOro BTpYYaHHSI.
VYci yyacHUKH TOTOIMIIMCH B3SITH YYacTh y JOCIIJUKEHHI
Ta mignucany ingopMoBaHy 3roxy. [lamieHTiB mominmmmm
Ha 2 Tpynu BiINOBiAHO 10 3HaYeHb iHnekcy Tiddmno: 87
nanienTiB notpanuiau B I'l i3 nokasuukoM >70 %; iHmi 19
narieHTis — y 2.

Jocmimxeras (QyHKIIT 30BHIITHFOTO AUXaHHS BAKOHAIN
3a joromoroto criporpaga Spirodoc MIR i nporpamuoro
3abe3neucHus Winspiro PRO. Bukonanu monaiiMenie 3
cripoOu. [HAMBIyalIbHI HOPMU PO3PaXOBYBaJIN aBTOMATHY-
Ho BigmosigHo 10 Knudson/ERS. OmiHroBaay MoKa3HUKH:
KHTTEBA €MHICTH Jierenb (JKEJT); hopcoBana xutTeBa €M-
HicTh nerens (PIKEIT); 06’em popcosanoro Bauxy (ODB,);
inzexc Tippno (ODB AKCIT); nikosa 06’ eMHa IIBUAKICTH
BHIIIXY (HOH_IM); cepenHs 00’€MHA MIBUIKICTh BUANXY
Ha piBHi BUIMXy 25-75 % ®XKCJI (COIL,, _.); popcosana
IHCITIIpaTOpHa KUTTEBA €MHICTH JICTEHb (d)}KEJ]mcmpmpHa)'
00’em (hopcosanoro Bauxy 3a nepiuy cekyHny (OPBaux );
TiKoBa 00’ €MHA MIBUIKICTh BAUXY (HOI_HBMW).

SIKICTB KWTTSI OL[IHIOBAJIH, BAKOPHCTOBYIOYH MIXKHAPOHIN
cTaHaapTH30BaHKi onutyBainbHUK Health Status Survey (SF-
36). ITix yac aHaTI3y PE3yJIBTATIB PO3IISIAIH JOMEHH SKOCTI
xutTst: Oismane gynkuionysanas (Physical Functioning);
Ponp ¢izudauX mMpobiaeM B 0OMEKEHHI JKUTTEMISUTBHOCTI
(Role Physical Functioning); bins (Body Pain); XKurre3nar-
nicts (Vitality); Saransae 3m0pos’st (General Health — GH);
Comiansue ¢ynkmionyBanHs (Social Functioning); Poxp
EMOIIIHUX TpoOJieM B 0OMEKEeHHI JKUTTENIsLIBHOCTI (Role
Emotional); [Tcuxiune 3mopos’st (Mental Health). Kpim Toro,
PO3paxOBYBaJIH IBa 3arajibHi IOKa3HUKH: (DI3MIHU# cTaTyC i
ncuxivamii craryc [14,15].

Kpurepii BUKITIOUSHHS: TAIIIEHTH 3 HECTa0TBHOIO CTEHO-
Kap/i€ro, HasIBHICTh 3aCTIHHOT JEKOMIIEHCOBAHOI CepLeBOl
HEIOCTATHOCTI, BIICYTHICTb IHTEIEKTYaILHOTO ITOTCHITIAITY,
HEKOHTPOJIbOBAHMA BUCOKHIA apTepialbHIN THCK, TOPYILICH-
HSl MO3KOBOTO KPOBOOOITY.

JlocaipKeHHsT BUKOHAITH, IOTPUMYIOYHCH OCHOBHHX I10JIO-
xeHb «[IpaBui eTHYHNX NPUHIKUIIIB IPOBEACHHS HAyKOBHX
MEINYHUX TOCIIIDKEHb 32 YYaCTIO JIFOIMHIY, 3aTBEPIUKCHHUX
lenbcincpkoro neknapamieto (1964-2013 p.), ICH GCP
(1996 p.), Jupexkrusu €EC Ne 609 (Big 24.11.1986 p.),
HakaziB MO3 Ykpaiau Ne 690 Bix 23.09.2009 p., Ne 944 Big
14.12.2009 p., Ne 616 Bix 03.08.2012 p.

PesynbraTy omnparroBaii METOAaMH MaTeMaTHYHOI CTa-
THCTUKH. BukopucroByBam nporpamu Statistica 7.0. Ta IBM
SPSS Statistics 21. OCKiIbKH MOKAa3HUKNA HE BIAIIOBIAAIN
3aKOHY HOPMAJBHOTO PO3TOILTY, PO3PaXOBYBaIH MeIiaHy
(Me), BepxHilt 1 HmkHIH kBapTii (25 %; 75 %). st owi-

HIOBaHHS 3Ha4yNIOCT] Pi3HUII BUKOpUCTOBYBanu U-Kkpure-
piit ManHa—VYiTHI (U151 HE3aJIKHUX TPYIT) Ta KPUTEPiit 7.
Panrouii kputepiit kopersinii CriipMeHa BUKOPHCTOBYBAJIN
JUTSL DOCIIDKCHHS B3a€MO3B’SI3Ky MOKA3HUKIB (PYHKIIIT 30-
BHIIITHBOTO JUXAHHS Ta SKOCTI KHUTTA.

Pesynbratu

VY I'l Brmounsu 57 4onoikiB 1 30 xkiHok, y [2 — 151 4
BIZIMTOBITHO. 32 CTATTIO MAIIEHTIB HE BCTAHOBWJIM BIPOTiIHI
BiZMiHHOCTI MK rpyrnamu (p = 0,256). CrarucTiHaHui aHai3
TIOKa3aB BiJICYTHICTh PI3HMII MK BUOIpKaMH 3a aHTPOIIO-
METPUYHUMH TMOKa3HUKAMHM, a TaKOX (PPaKmisiMH BUKHUILY
JBOTO NUTYHOUYKA, CTYNCHSMH TiMEPTOHIYHOI XBOPOOH Ta
(yukmionamsaoTrO Kitacy NYHA (maba. 1).

[Toka3HukM (GYHKIIOHYBaHHS KJIalaHIB TakoX HE Bif-
PI3HSUIUCH y Tpynax MaiieHTiB. Bu3HaueHHs 4acToTH Ta
(DYHKIIIOHAJTLHOTO KJIaCy CTEHOKap/Iii Halpy»KEHHSI [T0Ka3aio
BIZICYTHICTh CTaTHCTUYHHX BIIMIHHOCTEH MK BHOIpKaMu
(p = 0,968). Tax, Il ¢pyHKIIOHATBHUI KJTac CTEHOKAPIil
HAaIpy>KeHHS BCTAHOBJICHUH y 26 oci0 i3 'l Ta 7 ocib i3 ['2;
I pynxmionaxpHui K1ac —y 9 ta 1 ocid BixmoBigHO.

BinmpImicTe MOKa3HUKIB (PYHKIIT 30BHIITHBOTO JTUXAHHS
BIPOT'i/IHO BI/IPI3HSUIHCS y rpynax naiieHris (mabu. 1). Tinb-
Ky mokasHukn OPBrux, Ta HOHJWXy OynM CTaTHCTUYHO
onuakoumu B I'l 1 I'2. Bigzuaunmo, 1o nokasauku JKEJI
B 000X rpymnax Mami€HTiB MaJli JOBOJI TapHI pe3yibTaTH,

Tabnuus 1. 3aranbHa xapakTepucTyka BUBIPOK i NOKa3HWKM TecTy PyHKLi
30BHILUHBOIO AVXaHHS

nOKa3HVIKVI O.EIVIHVII.I,I

Bik, poku 63 (53; 70) 65 (59; 71) 0,240
Maca Tina, kr 85 (73; 98) 89 (64; 96) 0,934
[oBxuHa Tina, cMm 169 (163; 176) 174 (162; 178) | 0,556

IHOeke macy Tina,

29,94 (26,72;33.20) | 28,44 (26; 30,39) | 0,339

Kr/Mm?

a8 s |oa
o, 269 (309 Joss
®yHKUiOHaNbHWIA Knac 3(2;3) 3(2:3) 0,326

NYHA

EN, % Hopmm 102 (91; 113) 97 (84; 104) 0,021

OXKEN, % Hopww 101 (90; 110) 90(78;102)  |0,009
O®B,, % Hopmu 103 (94; 114) 80 (62; 88) 0,000
OB KEN, % 80,60 (75,30; 84,50) | 64,30 (61;68)  |0,000
MOLL,,,, % Hopwn | 99 (87; 114) 84 (73; 90) 0,000
COLW,, ., % Hopmn | 99 (80; 122) 49 (35; 60) 0,000
HENorons |o5@i10  [9@5:95 0025

O®Bamx;, % Hopmu 109 (96; 128)
Mowl ., % predicted |67 (54; 82)

BAUXY’

107 (78;120) | 0,221
54 (42; 77) 0,161
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Tabnuus 2. MNokasHMKK AKOCTI XNTTS

®isnyHe dyHKUioHyBaHHa | 55 (30; 75) 40 (15; 85) 0,478
Ponb dhianyHnx

npobnem B 0BMexXeHHi 0 (0; 50) 0(0; 75) 0,814
KUTTERISNBHOCTI

Binb 52 (41;74) 52 (32;74) 0,852
3aranbHe 300poB's 45 (40; 67) 45 (30; 65) 0,487
HuttesgaTHictb 50 (35; 70) 45 (40; 65) 0,846

CoujarnbHe

yKLioRyBHHS 62,50 (50; 87,50) | 62,50 (50; 75) | 0,614

Ponb emouinHmnx

npobnem B 0BMexeHHi 33,33 (0; 100) 33,33 (0; 100) | 0,566
KUTTEQIANBHOCTI
[McuxiyHe 300poB’s 60 (44; 72) 60 (40; 75) 0,967
) . 36,45 34,77
®isnyHmin cTaTyc (29,88; 46,74) (28,38; 46,45) 0,680
A 44,25 43,95
Meunxivnni cTatyc (36,54: 50,60) (32,14: 52,98) 0,941

a TIOKa3HUKH MeJliaH 1 KBapTHJIIB Oy B MeXax HOPMH Ta
YMOBHOI HOpMU. BHpakeHINIy BiIMIHHICTh MiX TpyIaMu
crioctrepirany 3a @XKEJI; re orivyHo, BpaxoByOUH KpUTEPin
posznozniny BuOipku Ha Tpynu. Halibinbima BiqMiHHICTD i
4ac MOPIBHAHHSI IPYTI BCTaHOBJIEHa 32 nokasaukoM COLIL, .
MoskHa niepe0adrTH, Mo TaKi BiJMiHHOCTI MatOTh BILUTUBA-
TH Ha SIKICTB JKUTTS, aJleé CTATUCTUYHHMI aHalli3 HE IIOKa3aB
BIZIMIHHICTh MK Tpynamu 3a cepamiu SKOCTI JKUTTS Ta
CYMapHHAMH TIOKa3HUKaMU (mabi. 2).

Cepen yciX JOMEHIB SKOCTi JKUTTS CTaTHCTHUYHI TIOKa3-
HUKH foMeHy Poib ¢i3ngHuX 1pobieM B 0OMEXEeHH] JKHUT-
TEMISUTBHOCTI OyIM HAWHIDKIUMHA B 000X TpyTIax MaIi€HTiB.
Haiikpami noka3Huku orpumanu B gomeHi CoriajibHe
(YHKITIOHYBaHHSI.

OO6roBopeHHs

HesBaxkaroun Ha craructrudi BigminHocti Mbk I'1 Ta I'2 3a
HU3KOI0 TIOKA3HUKIB (DYHKIIi 30BHIITHBOTO AWXAHHS, CTa-
TUCTHYHUI aHaJIi3 He MiATBEP/IMB BIUIUB 3HWKEHHS 1HACKCY
TipdHO Ha AKICTH KUTTA KapAIOXiPYPTIYHHUX MAIi€HTIB TTi]T
4yac 0OCTeXEeHHs nepe]] KapAioXipypriyHiuM BTPYYaHHSM i
MIPOTSIToM porpamu (hizuanoi Teparii. Haii0imbri BiqMiHHO-
CTi MK BUOIpKaMHU CIIOCTEpIirajim 3a chepaMu IKOCTI KUTTS
®iznyne (yHKIIOHYBaHHS Ta 3arajbHe 37J0pOB’sl, TIPOTE
CTaTUCTUYHMN aHaJ3 HE MIATBEPAMB IXHIO BipPOTiTHICTE.
MOXKITBOIO ITPUYMHOIO BiJICYTHOCTI BIUIMBY 3HM)KEHHSI 1H-
nekcy TiddHo Ha KicTh )KUTTS marieHTiB [ 1 Moxe OyTH Te,
1110 3HMKEHHS He OYJIO IOCTaTHBO BEJIMKUM UM KPUTHYHUM
y BCIX MaIi€HTIB Y1 HASIBHICTb ICTOTHIIIOTO BILIMBY Kap/iio-
JIOT1YHHX TTOKA3HUKIB.

L1i pe3ynbraTy miaATBEpKYIOTh EPLIIOYEProBiCTh BILTUBY
CTaHy CepLEBO-CYIHMHHOI CHCTEMH (30KpeMa TOJICPAHTHOCTI
10 (GI3MYHMX HABaHTAXKEHb) Ha TIOKA3HUKHU SIKOCTI JKUTTSI
KapAioXipypriuHux nauieHTiB. Tak, QyHKIIOHATEHHUI Kiac

NYHA BiporinHO KopertoBas i3 piBHeM OalliB y Maiixke BCix
cdepax sKocTi KUTTA. Tak, i3 momeHoM DisndHe QyHKIII-
oHyBaHHs KoeditieHT kopesnsuii CripMeHa CTaHOBHB p =
-0,51 (p = 0,000); Porp dizmurnx mpobiemM B 0OMEKEHHI
KUTTEMISUTBHOCTI — p = -0,40 (p = 0,000); buts — p = -0,46
(p = 0,000); 3aramere 3m0poB’st — p = -0,20 (p = 0,046);
JKurresnaruicts — p = -0,31 (p = 0,001); Ponb emoriiitHux
mpo0rieM B 0OMEXEHHI JKUTTEADIbHOCTI — p = -0,25 (p =
0,009); [Ncuxiune 3mopos’st — p = 0,073 (p = 0,042); Dizuu-
Huit cratyc — p =-0,53 (p = 0,000).

[Moka3Huky QyHKIIT 30BHILIHBOTO IMXaHHS MaJM C1a01i
3B’SI3KM 3 JJOMCHAMU SIKOCTI KUTTA. Tak, HaHCHUILHIMINM
3B’s130K BusiBIIM Mk FVC 1 nomenamn Diznune (yHKIIi-
onysauHs (p = 0,33; p = 0,001), 3aramsHe 300poB’s (p =
0,34; p=0,00).

KoMmrmtekcHe omiHFOBaHHS ITOKA3HUKIB i ITBEPIIKYE CyTTE-
BE IMOTIPIICHHS SIKOCTI KUTTS 00CTE)KEHUX TalieHTiB. Tomy
TUTAHOBE KapAioXipypriyHe BTpyYaHHs Ta (Hi3UIHY Teparriro
Tpeba CrIpsMOBYBATH Ha TOJIIIIICHHS [IUX TIOKa3HUKIB. Tak,
CTalioOHApHA IIPOTrpamMa MicIsIonepamiitHol Gpi3rmaHoi Teparii
MOBMHHA MAKCHMAJILHO SIKICHO Ta O€3M1eYHO [TOBEPHYTH Talli-
€HTa JI0 Or0 3BUYAIfHOTO PiBHS AKTHBHOCTI TIOBCSAKACHHOTO
KUTTS, BPaXOBYIOUH ITicIsionepaiiiHi 0OMexeHHs1, a amOy-
JatopHa (Di3MYHA Teparisi YM IMOCTIOCIITaIbHI IPOrpaMu
(izuuHOT Teparii MalTh MaKCHMaJIbHO CKOPUCTAaTUCS pe-
3YIBTATOM XipypriqHOT KOPEKIIii Ta MiIBUILIUTH SKICTh SKHTTS,
TOJIPAHTHICTh 10 (DI3NYHMX HABAHTAXKEHb Y BiIIAJICHOMY
TiCIsoNIepaiiHOMyY TIepio/Ii BUIIE, HIX Tepeaonepamiiai
pe3yJnbTary.

BucHoBku

1. locnimpkenHs (yHKIIT 30BHIIIHBOTO JUXaHHS B Kap-
JOXIpYpPriYHUX MamieHTIB MoKa3ano: y 18 % obcTesxkeHnx
noka3HukH inaexcy Tihpduo Oynu menmmmu 3a 70 %. Li ma-
IIEHTH MaJIF BIPOT1THO HIDKY1 ITOKA3HUKH KUTTEBOI EMHOCTL
JIereHiB, ()OpCOBaHY KUTTEBY EMHICTB JIETeHIB (EKCIIPaTOpHY
Ta IHCHIPATOPHY), MKOBY MIBUAKICTH (HOPCOBAHOTO BUINXY,
CepeJIHIO IBUJIKICTh (DOPCOBAHOTO BUMXY Ha PiBHI 25-75 %
Bifl (hOPCOBAHOT YKUTTEBOI EMHOCTI JICTEHIB.

2. TTopiBHSIHHSI TTOKA3HUKIB SIKOCTI JKMTTSI HE [TOKA3aJI0 CTa-
TUCTHYHI BIIMIHHOCTI 32 YKOIHUM 13 JJOMEHIB MiX TpyIamMu
MAaLieHTIB, KOTP1 C(OPMOBAHI BIAMOBIIHO J10 PIBHS 1HACKCY
Tid¢no. Lli pe3ynbraru miaTBEpKYIOTh IEPLIIOYEProBiCTh
BILUIUBY CTaHy CEpIEBO-CYJANHHOI CHCTEMHU Ha TIOKa3HUKH
SKOCTI KMTTS KapJioXipypriyHux namieHTi. OyHkmio-
HanbHui K1ac NYHA MaB HU3Ky KOpessiiitHuX 3B SI3KIB 13
TIOKa3HUKAMH SIKOCTI KHTTS MaiKe BCiX TOMEHIB.

MepcnekTvBKn nopanblunX AocnimKeHb. BpaxoByroun
BIJICYTHICTh BIUIUBY CTaHy CHCTEMHM JMXaHHS Ha SIKICTb
JKUTTS KapaiOXipypridyHuX IMaIli€HTIB Mepel OIeparli€ero,
HeoOXiJTHEe TOCiKEHHS BIUIUBY PiBHS HiCIIsI0IepaiifHOTro
3HIKCHHS TIOKA3HHKIB 30BHIIIHBOTO MXaHHS Ha TPUBAIIICTh
rocITiTai3aiii, 33 J0BOJICHICTh MAIliEHTa CTAI[IOHAPHOO IPO-
rpamoto (bi3uuHOT Tepariii Ta SKiCTh XKUTTS Y BiJIAJICHOMY
TiCISI0NepanifHOMY TTEpPiOfi.
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OpwriHanbHi gocnimxeHHs @ Original research

OuiHloBaHHA e(heKTUBHOCTI KOMNIEKCHOI nporpamu ¢isn4yHol Tepanii
B NauieHTIB nicnsa XipypriyHoOro nikyBaHHA po3puBYy axifnoBoro
CYXOXWUNns

E. 10. OopolueHko*'PEF O. K. HikaHopos?BCF, |. M. Jlaxoea'E, O. €. YepHeHko'AE, A. M. ypeesa'AE,
B. I. Tnyxux'AE, C. I". Monbecbkuin™ &, 1. O. CasaHosa' &, M. M. Cupom’siTHMKOB'AE

3anopisbkuii AepxaBHWA MeQUYHUI YHIBEPCUTET, YKpaiHa, 2HavioHanbHui yHiBepeuTeT (isnyHOro BUXOBaHHS | cnopTy Ykpaitu, M. Kuis, YkpaiHa

A — KOHUenUis Ta an3aitH gocnipxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — octaTouHe 3aTBepKEHHS CTaTTi

Meta po60oTn — OUIHUTU eDEKTUBHICTb KOMNMEKCHOT NpOorpamu gi3nyHOi Tepanii B NaLieHTiB Nicns BigHOBMNEHHS axinnoBoro CyXoxunns
XipypriyHmMu metogamu.

Matepianu Ta Mmetoau. KOHTUHIEHT JocnipkeHHs — 58 nauieHTiB Bikom 34—57 pokis: 39 (67,24 %) —uonoiku, 19 (32,76 %) — xiHku.
O6cTexeHMM HeobXiaHe BiZHOBMNEHHS axinnoBOro CyxoXunns 3a 4ONOMOro OnNepaTMBHOIO XipypriYHOro BTpyYaHHs. 3 nauieHTis cdop-
myBanu agi rpynu: ocHoBHy (OF, n = 29) i koHTponbHy (KT, n = 29).

MeTtoau gocnigxeHHs: aHani3 ¢axoBoi niTepaTypu Ta HayKOBUX BuAaHb, LO NpedcTaBneHi B Mepexi Internet; ekcnepumeHTanbHi
[LOCTiIKEeHHS1 KOHCTaTyBanbHOI Ta (hOpMyBanbHOi CNPSIMOBAHOCTI, NEAAroriYHe CrnoCcTEPEeXeHHS; TOHIOMETPIS, NNaHTOAMHAMOMETPIS,
moavdikoBaHWii TecT Pombepra; MeToan MaTeMaTuyHOi CTaTUCTUKK.

Pesynisratn. Kyt nnaHTapHoi dnekcii nicns onepaTmBHOrO BTpyYaHHs kpawmii (p < 0,01) B nauieHTiB O NOpiBHAHO 3 NOKa3HMKamu
nauieHtiB KI (4 TwxgeHs): 29,1 + 1,19°, 28,1 + 1,13° BignosigHo. Ane CTaTUCTUYHO BipOrigHi po36ixHOCTI Mix navieHTamu OF i KI
nif Yac noganbLuMx BUMipoBaHb He BcTaHoBumm (p > 0,05). BigcoTKoBi 3Ha4EHHS pO3nodiny HaBaHTaXEHHS Ha ONepoBaHy KiHLBKY
NOKpaLLunMes Ao Yacy NiAcyMKOBOrO BUMIptOBaHHS (16 TVBKHIB), LLO BMSIMHYMO Ha 3HWDKEHHS Pi3HWLI 32 PO3MOAINOM HaBaHTaXeHHS
Ha KiHuiBkm 70 9,20 + 3,09 % B nauiexTiB OF, go 14,60 + 2,98 % B nauieHTiB KI' (Me (25 %; 75 %) — 8 (6; 12) % i 16 (12; 18) %
BiANOBiAHO). [MokasHWKK NiACYMKOBOrO BUKOHaHHSA TecTy Pombepra BiporigHo kpalli B nauienTis O i ctaHoBunn 11,4 + 2,13 ¢, Wwo Ha
2,5 c kpawye, Hix y nauienTis KT (p < 0,01).

BucHoBku. [Ins BigHOBNEHHS AMHAMIYHIX XapakTePUCTUK NNaHTapHOI donekcii BUKopmucTanu Bnpasmu aganTUBHOIO Pi3YHOr0 BUXOBaHHS
Ta KOpUryBarnbHOI MIMHaCTUKW, Pi3HOBUAW XOAW, BMPaBK 3 M's4aMu, 3aHATTS Ha BENOTpeHaxepi, cTen-nnatdopmax; 3actocyBanm rigpo-
TepaneBTUYHi BNpaBK, (idioTepaneBTUYHI METOAM | Macax, XBOpi KOPUCTyBaNUCs opToneanyHUM B3yTTaM. KomnnekcHa nporpama, siky
3anponoHyBanu, eekTBHa, ii MOXHa BUKOPUCTOBYBATM Y MPOLIECi (i3nyHOT Tepanii XBOpyX i3 AiarHO30M pO3pMB axinnoBOro CyXoXunns
nicns XipypriyHoro BTPyYaHHs.

Kntouogi criosa: ouiHIOBaHHS, ePeKTUBHICTb, Mporpama, disauyHa Tepanis, XipypriyHe nikyBaHHS, axinnose CyXOXUnns, NaLieHT.
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Evaluation of the effectiveness of a physical therapy complex program in patients after surgical treatment
of ruptured Achilles tendon

E. Yu. Doroshenko, O. K. Nikanorov, I. M. Liakhova, O. Ye. Chernenko, A. M. Hurieieva, V. I. Hlukhykh, S. H. Polskyi,
I. O. Sazanova, M. M. Syromiatnykov

The aim of the work is to evaluate the effectiveness of a comprehensive program of physical therapy in patients after surgical reconstruction
of the Achilles tendon.

Materials and methods. Subjects population comprises 58 patients (aged 34-57 years), including 39 (67.24 %) males and 19 (32.76 %)
females, who were up to the surgical restoration of the Achilles tendon. All patients were divided into two groups: the main group (MG,
n = 29) and the control one (CG, n = 29). Research methods embraced a review of scientific literature presented on the Internet;
experimental research of ascertaining and formative orientation; pedagogical observation; goniometry, plantodynamometry, modified
Romberg test; methods of mathematical statistics.
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Results. After surgery, the angle of plantar flexion was better (P < 0.01) in MG patients compared with CG patients (4 weeks): 29.1 + 1.19°
and 28.1 + 1.13°. However, statistically significant differences between MG and CG patients in subsequent measurements were not
found (P > 0.05). The percentage values of the load distribution on the operated extremity had improved by the final measurement
date (16 weeks), which reduced the difference in the load distribution on the extremities to 9.20 £ 3.09 % in MG patients and up to
14.60 £ 2.98 % in CG patients (Me (25 %;75 %))-8(6;12) % and 16 (12; 18) %). The indicators of the final performance of Romberg
test were significantly better in MG patients, making 11.4 + 2.13 s, which is 2.5 seconds better than in CG patients (P < 0.01).

Conclusions. Dynamic characteristics of plantar flexion were restored by the following means: adaptive physical exercises and corrective
gymnastics, different walking exercises, exercises with fitball, exercises on an exercise bike and step platforms, hydrotherapeutic exercises,
orthopedic shoes, physiotherapeutic methods, and massage. The proposed comprehensive program is effective and can be used for
post-surgical physical therapy in patients diagnosed with Achilles tendon rupture.

Key words: outcome assessment, program, physical therapy, surgical treatment, Achilles tendon, patients.
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OueHka 3¢h(heKTUBHOCTH KOMNIIEKCHOW NPOrpamMMbl (pu3nyeckoli Tepanum y NaLUeHTOB Nocre XUPYPruveckoro eyeHuns
pa3pbiBa axuInoBa CyXoXunus

3. 10. fopoweHko, A. K. HukaHopos, W. H. Jlaxoea, E. E. YepHeHko, A. M. l'ypeesa, B. . Tnyxux, C. I. Monbckon,
M. A. CasaHoBa, M. H. CbipomsaTHMKOB

Lenb paGOTbI — OLEHUTb SQ)CbeKTVIBHOCTb KOMMNJIEKCHOW nporpamMmmbl (bVI3VILIeCKOl7I Tepanun y naumeHToB nocne BOCCTaHOBNEHUA
axunnoBa CyXOXuUnusa xmpypruyeckumm metogamu.

Matepuansi u metoabl. KOHTUHIEHT nccnepoBaHns — 58 naumeHToB B BodpacTe 34-57 net: 39 (67,24 %) myxunH, 19 (32,76 %) xeH-
wyH. OBenenoBaHHLIM NOKa3aHO BOCCTAHOBIEHUE axuUMioBa CyXOXWUMWS C MOMOLLbHO ONepaTUBHOTO XMPYPrMyeckoro BMeLaTensCTaa.
M3 naumeHTOB cchopmumpoBaHbl ABe rpynnbl: ocHoBHas (OF, n = 29) u koHnTponbHas (KI, n = 29). MeToabl uccnefosaHvs: aHanms
Hay4HOW NuUTepaTypbl U HAYYHbIX U34AHWA, NPEACTaBMEHHbIX B CETU Internet; akcnepuMeHTanbHble UCCNEA0BAHUS KOHCTATUPYHOLLEN
1 (HhOPMUPYIOLLEN HaNPaBIEHHOCTW, nejarornyeckoe HabnogeHne; roHNoMeTpus, NNaHTOANHAMOMETPUS, MOANMULMPOBAHHBIN TECT
Pombepra; meToabl MaTeMaT4YeCcKoi CTaTUCTUKN.

Pesynkrathi. Yron nnaHTapHomM dnekcum Ha nocrne onepaTtuBHOrO BMeLLaTenscTea obin nyywmm (p < 0,01) y naumneHtos O no cpaBHe-
HUto ¢ nokasatenamu nauneHToB KI (4 Hepens): 29,1 + 1,19°n 28,1 + 1,13° cooTBETCTBEHHO. CTAaTUCTUYECKM JOCTOBEPHBIE PA3NNyns
mexay naumeHtamu OF v KI' npu nocnepyowmx n3amepennsix He yctaHoeneHbl (p > 0,05). MpoueHTHble 3HaYeHus pacnpegeneHus
Harpy3ku Ha OnepupOBaHHYH KOHEYHOCTb YNY4LIMIMChL 40 CPOKa UTOroBOro usMepeHus (16 Hefernb), UTO MOBMMANO HA CHUXEHME pas-
HULbI B pacnpeaeneHny Harpysku Ha koHedHocT o0 9,20 + 3,09 % y naumeHTo OF, no 14,6 + 2,98 % y naumentoB KI' (Me (25 %;
75 %) — 8 (6; 12) % n 16 (12, 18) %). MNMokasarenn nToroBoro BbINonHeHns Tecta Pombepra goctoBepHo nyuile y naumeHToB OF u
coctaBunm 11,4 + 2,13 ¢, yto Ha 2,5 ¢ nyywe, yem y naumentoB Kl (p < 0,01).

BriBoAbI1. [ BOCCTAHOBNEHNS AMHAMUYECKMX XapaKTEPUCTUK NIIaHTapHOM (PrEKCHN MCTOMNb30BaHb! YNPaKHEHWUS aaanTUBHOMO (u3n-
YECKOTO BOCTIUTaHUS! 1 KOPPEKTUPYIOLLEN TMMHACTUKUA, PasHOBUAHOCTY XOfb0bI, YNPaKHEHNS ¢ (hUTOONOM, 3aHSTUS HA BENOTPEHAXEPE,
cTen-nnargoopmax, npyMeHeHb! rMapoTepaneBTUYECKIe YpaxHeHs, PU3noTepaneBTMYeckme MeToabl M Maccax, 6onbHbIe MCNoNb3oBanu
opToneaunyeckyto obyBb. MpeanoxeHHas KOMMeKCHas nporpamMma 3 eKTBHA U MOXeT ObITb UCMONb30BaHa B MPOLiecce (PU3NYECKON
Tepanum GoNbHBIX C AMarHo30M pa3phbiB axuIINIoBa CYXOXWIMS MOCTE XUPYPrUYECKOro BMeLLaTENbCTBa.

KntoueBkie croBa: oLeHka, 3hpeKTUBHOCTb, NporpamMma, husnyeckas Tepanms, XMpypraueckoe NeYeHne, axunrioBo CyXOKUIMe, NaLUEHT.
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AXTyaJbHICTh ITPOOJIEMH 3aCTOCYBaHHS Iporpam (iznaHol
Teparii B cUcTeMi peadiTiTalliiftHAX 3aX0/1iB JUIS MAIliEHTIB 13
TpaBMaMH OIOPHO-PYXOBOTO arapary 3 NaToJorisMH, I1aTo-
MopQo3amMH Ta PI3HUMH HO30JI0TTYHUMHE (POpMaMK XBOPOO Y
CYYacHHX yMOBaX Ma€ TEHJICHIIIIO 10 3pOCTaHHs [4].

[Ipouec ¢iznunoi Teparmii MOpymeHs OMOPHO-PYXOBOTO
arapary, sSKUd 31HCHIOEThCS I HAMISIOM MPOdUIbHAX
CTICIIIITICTIB, CIIPSMOBAHMH Ha BiTHOBJICHHS €IIEMEHTapHUX
PYXOBHX JIOKOMOIIi# 1 TOOYTOBOT [TIsUTHHOCTI SIK KOMIIOHCHTIB
¢bizrnyHOrO 310pOB’s NMoauHH [1].

IIpuckopeHwii TEMIT JKUTTS Ta TIpalli, eKOJIOTIIHAN PiBEHBb
JIOBKLJIISI, HASIBHICTH XPOHIYHNX 3aXBOPIOBAHb BIUINBAIOTH HE
TUTBKH Ha KiCTKOBY TKaHWHY, CyTTIO00BI XPSIIITi, ajie ¥ Ha orop-
HO-PYXOBHH anapar JIOIUHU (M 5131, 3B’ SI3KHU, CyXOXKUILIS).
Cepe1 3aXBOPIOBaHb OIIOPHO-PYXOBOT'O arapary IMouMpeHu-
MH € TPaBMH aXiJITOBOTO CYyXOKIJIUIS Ta XHI HACTIIKH. 3a pe-
3yJbTaTaMy eKCIiepIMeHTaIbHIX JociiukeHs Pepe G. etal.,

cepen 3588 BUMaIKIB ypaKeHb OMOPHO-PYXOBOTO arapary
3 JIOKATI3aIli€l0 B HIDKHIX KiHI[IBKaX HaWOIIbIIYy YacTKy
CTAHOBJISITh BUITA/IKK TPABMATH3aLlii aXiJUIOBOTO CyXOKHUILIS
[22].

XapaKTeprCTHKa ITaTOJIOTiYHIX YMHHIKIB i TatToMopdop3-
HUX SIBUII y TIPOIIEC] BITHOBHOTO JIIKYBaHHS aXiJIZIOBOTO Cy-
XOKHILISI M€ CyTIePEUsINBI B3aEMO3B’ SI3KH, 110 IPYHTYIOTHCS
Ha MEJIMKO-010JI0TIYHNX, aHATOMO-MOP(OIIOTIYHIX 1 Giome-
XaHIYHUX 3acajax. BapiaTWBHICTH YMOB, sIKi 3[1COUTBIIOTO
JICTCPMIHYIOTb 3alalibHi IPOIICCH B aX1LJIJIOBOMY CYXOXKHJLTL
Ta ereHepaTHBHO-AUCTPOGDIYHI 3MIiHU Y JTOKAi30BaHIX
CIIOJIyYHHX TKaHWHAX, TH(EPEHIIIOI0Th, BAKOPUCTOBYIOUH
KJTIiHIYHI Ta TicTojoriuHi metoau [23].

Bubip onTrManbHOT TaKTUKH JTIKYBaHHS PO3PHBY 200 TpaB-
MaTHYHUX YIIKO/PKEHb aXiJZIOBOTO CYXOXKHIUIS OCTaTOYHO
HE BH3HA4YEHO. MOXIIMBE 3aCTOCYBAHHS XipyprigHux abo
KOHCEPBAaTUBHHUX METOIIB JIIKYBaHHS, BpaXOBYIOUX (i3NUHUH
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OuiHro8aHHs1 eghekmusHOCMi KOMIIEKCHOI pozpamu hisuyHoi mepariii & nayjeHmis nicns xipypaidHo20 MiKysaHHsI po3pusy axifimogoeo CyXOXuss

CTaH MallieHTa, 0COOIMBOCTI TpaBMaTH3allii Ta HAsBHICTH
CYIIyTHIX YCKJIaJHEHb CTaHy 3/10pOB’sl 200 XPOHIUHMX 3a-
XBOPIOBaHb Pi3HOT eTionorii [21].

HesanexxHo Bif TaKTHKH JIiKyBaHHS (ONEpaTHBHOI YU
KOHCEpBATHBHOI), HASBHI 1CTOTHI HEZOJIIKK PyXOBOT (PyHKIIIi
TPaBMOBAHOI KIHIIBKH B JIOHTITYIHHATIbHI TEPMIHM MICISA
ONIEPATUBHOTO XiPYpri4HOIO JIIKYBaHHS, IO BHKIMKAKOTH
aJIalITUBHI peakiii B mamieHTiB. CTaH axiJUIOBOTO CyXOXKHII-
JIs1 ICTOTHO JIETEPMIHY€E ITOKa3HUKU (Hi3UUHOTO 370pOB’S,
SIKOCTI JKHTTSI Ta piBeHb (PyHKI[IOHYBaHHS HIKHIX KiHIIIBOK.
3HavyILi BiJMIHHOCTI ()i3MYHOTO CTaHy Ialli€HTa BKa3yIoTh,
1110 BUOIP METO/IIB 1 3aCO0IB JIIKYBaHHS Ma€ IPyHTYBATUCS HA
PO3MIMPEHOMY aHAMHe31 B TIO€IHAHHI 3 1HIUBIAyaIbHUMH
0COONMBOCTSIMHU CTaHy 30poB’s martienTa [19].

VYV mocmimkeHHi [5] moka3aHO BaXKITUBICTH 3aCTOCYBaHHS
METO/Iy ONEpPaTHBHOTO JIIKYBaHHS y pa3i CIOHTAHHOTO PO3-
PHBY aXiJUTOBOTO CyXOKUIISL. TaKOXK BaKITMBUMH, Ha TYMKY
aBTOPIB [6], € BU3HAUCHHS PAL[IOHAILHOT TAKTHKH JIIKYBaHHS
XBOPHX 13 PO3PUBAMH aXiJIIOBOTO CyXOXHILIA, 1110 € 3aCTa-
PUTHMH, a TaKOX BIATEPMIHOBaHI PE3yJIbTaTH TPAHCIO3HIIT
m. peroneus brevis i 9ac JiKyBaHHS PO3PUBIB aXiJUIOBOTO
CYXOXKHJIJISI TAKOTO TUTTY [8].

YV mpomeci aHaTOMIYHOTO JOCTIHKEHHS Ta HACTYITHOTO
OOTPYHTYBaHHS M’ SI30BO-CYXOXKIUIbHUX TPaHCIO3UIIi
MPOTATOM JKYBaHHS YIIKOIDKEHBb aXiJLIOBOTO CYXOXKHILIS
aBTOpHU [9] BU3HAYMIIM MOKAa3HUKH E€KCKYpCii aXiIoBOTo
CYXOKHJUISI TTiJ] 4ac BUKOHAHHS TecTy ToMIICOHa 3a JaHUMH
VY31 [10]. Li mocmimkeHHs 1aTi MOXKITHBICTh JACTalli3yBaTh
XapaKTEPUCTHKH TTOIIKOPKEHb aXiJUIOBOTO CYXOXWILIS Ta
OIITHMI3yBaTH JI00Ip palioHaJbHUX 1 Halle(heKTUBHIIINX
3aco0iB (iznuHOT Tepamnii.

HaykoBui HartioHanbsHoro yHiBepcuTeTy (i3M4HOTO BH-
xoBaHHA 1 criopty Yikpainu (M. KuiB), 1Y «lncTuTyT TpaB-
MaroJorii Ta opromenii HarionanpHOT akageMii MeTUIHIX
HayK YKpaiHw», KIiHIKH criopTuBHOI TpaBMu HYOBCY
MOKa3aJi: BUBYCHHS CTPYKTYPHO-(QYHKIIOHAJIBHUX OCO-
GmBOCTEH I’ ATKOBOTO (aX1IITIOBOTO) CYXOXKHIIISL 1A€ 3MOTY
OIITHMI3yBaTH TaKTUKY BIJTHOBHOTO JIIKyBaHHs HaIpysKe-
HO-/1e()OPMOBAHHX CTAHIB axiJJIOBOTO CYXOXKMJUIS TPHU
HIEPEJIOMI IT’ITKOBOT KICTKH 31 3MIIIEHHSIM 11 eprepruIHOro
¢parmenra [11,12]. Lle cripusie BinHOBICHHIO (QYHKIIH X001
y XBOPHX 13 PO3pHBaMH Ta TPABMATUUHUMH MOIIKO/PKEHHSIMU
axX1IJIOBOTO CYXOXKHJIJIS Ta ICTOTHOMY CKOPOYCHHIO TEPMiHiB
BiJTHOBHOTO JIiIKyBaHHS [7].

ABTOpH MocTiKeHb [ 15—-18] akeHTyroTh yBary Ha mpo-
OJIeMHHX TIHTaHHSAX (Pi3MIHOI Teparii MaIieHTiB Moa0 Bil-
HOBJICHHSI LILTICHOCTI aXiJJIOBOTO CYXOXKHJIIISL XIpypridHIMHI
MeToiaMH. 30KpeMa, HaroJIoIeHO Ha BayKJIMBOCTI BUBUCHHS
Ipoliecy BiJHOBIECHHS (DYHKI[IOHAIBHUX XapaKTEPUCTHK
PpyxoBoi (pyHKIIIT HUKHBOI KIHIIBKH 1, BiIIOBIIHO, SIKICHUX
3MiH JKATTEMISIIBHOCTI ITICIS ONEPATUBHUX YTPydYaHb IS
JIKBIAIii 3aMaIbHAX MPOIIECIB axXiJUIOBOTO CYXOXKHIIIIS.
[ToxazaHo, Mo MeToAWYHI 3acanu (GOPMyBaHHS KOMILIEK-
CHOI mporpamu (Pi3U9HOI Tepartii 010 BiAHOBJICHHS CTaHy
aX1JJIOBOTO CYXOXKHIUIA TTICIIST PO3PUBIB — MTPOBITHINA YHH-
HUK OpraHi3amii peaOuTiTalliifHAX MPOIECiB i BiTHOBHOTO
JIIKYBaHHS MMAI[I€HTIB.

Kpim 115010, BiJHOBHA Teparlisi € IIPOBIIHUM MeXaHi3MOM
IIOA0 JIOCSITHEHHSI ONTHMAJIbHUX XapaKTePHCTUK TOMLIKO-
BOCTOITHOTO CyIJI00a Ta Bi/IHOBJICHHS PyXOBOi (pyHKIIIT KIHITiB-
K1 3aranioM. Tpeba BpaxoByBaTy aHTAarOHiCTUYHI KpUTEPIi: 3
OHOTO OOKY — BUKOPHCTAHHA 3aXHUCHIX MEXaHI3MiB i pi3nd-
HHUX HaBaHTaKEHb HU3BKOI Ta CEPEHBOI IHTCHCHBHOCTI TS
OIIEPOBAHOTO AXIJTIOBOTO CYXOXKFJLIA, 3 IHIIIOTO — HEOOXiTHE
3MEHIIICHHS a010JIOT1YHOTO BIDIMBY IMMOOIITI3aIlil TpaBMOBaHO1
KIHIIIBKH Ha CTaH OITIOPHO-PYXOBOTO allapary 3arajoM i HasiBHI
MPONPIOPELENTHBHI XapaKTepUCTUKH 30Kpema [13].

OTKe, aHaJTi3 TEOPETHYHNX PO3POOOK 1 TOIIMPEHICTB L€l
TIATOJIOT 11 IETePMIHYIOTh HEOOXiHICTh OOTPYHTYBaHHSI, (hop-
MYBaHHSI T2 BAKOPUCTaHHI KOMIUIEKCHHUX porpam (izuaHol
Tepartii, 1110 CIPSIMOBaHI Ha ONTHUMI3aLIiI0 PyXOBOT JIIsUTbHOCTI
Ta MiJIBULICHHS SKICHUX XapaKTePUCTHUK KHUTTEMISUITBHOCTI
namienTis [2,3,14].

[pYHTOBHMH i JeTAIBHUN aHaIi3 TPOOIEMHUX TUTaHb,
IIO € MPEAMETOM JOCIIIKEHHS, 3JIUIIA€ OCTATOYHO HEBU-
pilICHUMI HU3KY KOHIENTYaJbHUX HAIpPSAMIB, SKi iCTOTHO
JIETePMIHYIOTh €(DEKTHBHICTh KOMIUIEKCHHX TIPOTpaM 00
3aCTOCYBaHHS 3ac00iB (hi3MIHOI Teparii B MaIi€HTIB MiCIIs
BIZTHOBJICHHS aXiJUTOBOTO CYXOXKIJUIS Xipypri9HUMH METO-
namu. Ha Hanry gyMKy, HalakTyaJIbHIIIMMH 1 CBO€YaCHUMH
€ METO/IMYHI IHUTaHHS 11010 Hia0opy HalOinbI edexTns-
HUX 3aco0iB (i3nuHOI Teparii Ta 0coOIMBOCTEH TXHBOTO
3aCTOCYBAHHS B TIAI[IEHTIB ITICIIs BIIHOBJICHHS aXiJIIOBOTO
CYXOXKHJUISL XIPYPTIYHUMH METOJaMH JUIsl IOBHOTO BiTHOB-
JicHHs! (DYHKITIH TOMIJTKOBOCTOITHOTO Cyriio0a Ta MiHimi3arii
XPOHOJIOTTYHUX MEX MPOLECY BiJIHOBHOTO JIKyBaHHSI.

MeTa po6otu

OuiHnTH e(heKTUBHICTh KOMIUIEKCHOI Iporpamu (i3uaHol
Teparii B MAIi€HTIB MiC/sl BIHOBJICHHS axiJUIOBOIO CYXO-
JKIJUTS XipypPTiYHUMH METOAAMH.

Marepianu i MeToaun aocnimKeHHA

Kontunrent gocmijpkeHass — 58 marieuTtiB BikoM 3457
pokiB: 39 (67,24 %) wonosikiB i 19 (32,76 %) XiHOK, sKi
MOTpeOyBaT! BiTHOBIICHHS aX1JIZIOBOTO CYXOXKHJIIIISA 32 JIOTIO-
MOTOIO0 OIIEPATUBHOTO XipypTidHOTO BTPYYaHHS (IiarHO3 —
PO3pHB aXiLIIOBOTO CyXOxKmiLIs). [TarienTn copMyBam 1Bi
rpynu: ocHoBHy (O, n = 29) i koutponsny (KI, n = 29).
XBopuMm KI' nmpu3Havanu 3axoan BiHOBHOTO JIIKYBaHHS,
10 Tependadali BUKOHAHHS CTAHIapPTU30BAaHOI CHCTEMH
JIKyBaHHS, SKa 3arajJbHONPHIHSITA B MEIMYHUX 3aKiIagax
peabimirariitnoro npodinto. [Marientn OI' 3aiimanucs 3a
KOMILJIEKCHOIO IPOT pamMoro (pi3nuHOi Tepaltii, KOTpa mpomIiia
TMIOTICPE/THIO alPOOAITiFo Ta CKCIICPUMEHTAIBHI 10 CITIIPKCHHS
KOHCTaTyBaJbHOI cripsiMoBaHoCTi. [Iporpama nependayae
KOMIUTEKC pealimiTaiifiHux 3axo/iB i 3ac00iB (i3WIHOT Te-
partii, SKi CpsIMOBaHi Ha BiTHOBJIEHHS PyXOBOi HisITBHOCTI
TPaBMOBAHOI HIKHBOI KiHITIBKH Ta IMiIBHUICHHS SKiCHUX
IMOKA3HUKIB XUTTEMISIIBHOCTI MMAIIEHTIB.

MeTonu JOCTIKEHHS: eKCIIEPUMEHTAJIbHI JI0CIIIKEH-
HSl KOHCTaTyBaJIbHOI Ta (hOPMYBaJIbHOI CHPSIMOBAHOCTI,
MIeIaTOTi4YHI CIIOCTEPEKCHHS. Bu3HaueHHsT e(heKTUBHOCTI
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Puc. 1. Mnatcopma enekTpoTeH30AMHaMOMETPUYHA.

PpO3po0IIeHOT KOMIUIEKCHOI mporpamMu (i3u9HOi Tepamii
3IHCHUIIM 32 JIOIOMOTO0 EKCIIEPUMEHTAIBHUX JOCIIPKEHb
KOHCTaTyBaJIbHOI Ta (POPMYBaIILHOI CITPSIMOBAHOCTI.

J11s1 Bu3HaYeHHS €)EKTHBHOCTI PO3pOOICHOT KOMILICKCHOT
nporpamu (hizuuHOT Tepartii Ta i JBUIIEHHS MOKIMBOCTEH
peabiniTaniiHIX 3aX0iB BUKOPHCTAIN IEAArOTiYHI CITO-
CTEPEIKECHHSL.

lonioMeTpiss — BU3HAYEHHS NMOKA3HUKIB PYXJIHUBOCTI
TOMLTKOBOCTOIHUX CYDJIO0IB Ta 1XHBOI 3MiHM. Jlocminmm
TIOKa3HUKH aMIUTITY/IU PyXY TOMITKOBOCTOITHOTO CyTII00a MpH
mwraHTtapHoMy (plantar flexion) Ta gopcampHOMY pyxax (dorsi
flexion) Ha 000X KiHIiBKax. OOCTEXEHHSI 3ICHUIIH ITiJ1 4ac
rocrmiTanizarii B mpuiiMaabHe BiIIIICHHS; TTiCIIs 3aBEPILICH-
Hs mepiogy iMMoOLTi3alii — 4 THXKICHB, HA TTOYaTKy — 8
TIOKJICHB, HATIPUKIHIII TIEPi0Ty BITHOBICHHS — 16 THK/ICHD.

PozpaxyBaim okazHUKH JIeiluTy 10PCaTbHOTO Ta [U1aH-
TapHOTO PYXiB MOPIBHSHO 3 aHATOTTYHUMH JJAHUMHU 310POBOT
KIHITIBKH, 8 TAKOXK BiJICOTOK IE(IIUTY 3araTbHOI aMILTITyIH
PYXOBOT JIIsLTBHOCTI TOMIJIKOBOCTOITHOTO CyIi100a MOPiBHIHO
3 QaHAJIOTTYHUMHU JaHUMH 3I0POBOI KiHITiBKH.

Bripoorx ociipkeHb BUKOPUCTAIN TOHIOMETD 13 po3-
MipoM mKanmn 1°, ZoCIiKeHHs] BUKOHAIN 32 CTAaHIAPTH30-
BaHUMH BUMOTaMH (IOKa3HUKH PO3TMHAHHS B KOJIHHOMY
cym00i (TIOJIOXKEHHST — JIe)Ka4r Ha CITHHI); TOKA3HUKHU PYXY
TOMIJIKOBOCTOITHOTO CyIIT00a (TIOJIOKEHHST — CUJISTIH 31 3TH-
HAHHSM KIHI[IBOK Y KOJIHHOMY Cyr100i 10 kyTta 90°). 3a 0°
y KOJIHHOMY CyTJI001 IPUIHATE MOJIOKEHHS pO3THHAHHS, Y
TOMUIKOBOCTOITHOMY — CEpEeIHbO (hi3ionorivyne, sike T0piB-
Hioe 90° y mepeTHHI 0ChOBHUX JIiHIH (CTOMA, TOMINKa).

[TnanTOMHAMOMETpIST — CIIOCIO OLIHIOBAHHS PO3MOILTY
HaBaHTAXCHHsI TUIAHTAPHOIO TIOBEPXHEIO B MOJIOKEHHI CTO-
S9H 3 OLOPOIO HA IBi KiHIIBKH. | pyHTYeThCsl Ha BU3HAYCHHI
KIJTBKICHUX JaHUX, IO AETEePMIHYIOTh BIACTUBOCTI CTOII
Y pa3i BIUIBY Ha TEH30AWHAMOMETPHUYHY IDIATPOpPMY T
Barolo Tijia NaIi€HTIB.

Croci6 BU3HAYCHHS TTAHTOAWMHAMOMETPHYHHX XapaKTe-
PHCTHUK I'PYHTYEThCSI HA BUKOPUCTAHHI TEH30IMHAMOMETPHY-
HUX w1athopM 1 KoMIT ;oTepHOI porpamu «Plantoy (puc. 1).

PesynbraTy BUBUSHHS IIOKA3HUKIB JAIOTH 3MOT'Y 00’ €KTHBI-
3yBaTH OLIIHIOBAHHSI PIBHS HABAHTAKSHHSI Ta HOTO PO3MOALITY
TUTAHTapHOIO TIOBEPXHEIO CTOII, @ OTKE MOXKHA CXapaKTEePH-
3yBaTH IXHI BIACTHBOCTI IpH oropi. Jliana3oH NOKa3HUKIB
Baru Tija craHoBUTH 0—150 kr (mommika £3 kr). [TokazHukm
cumerpraaocTi —50,0 = 1,6 %. XpOoHOIOT19HI TOKa3HUKH

BuMiptoBanHs — 30 c. OLiHIOBaHHS 13 BAKOPUCTAHHSIM CIIO-
co0y, 110 OTTHCAaNH, 3MIHCHIIIN Ha ITOYaTKy (depe3 8 TIKHIB
micis moyarky mporecy ¢Gi3udHoi Tepamii) Ta HapHUKiHII
(aepe3 16 TIKHIB) BITHOBHOTO TIEPIOJY.

Mooughikosana npoba Pombepea. BpaxoByroun 3HATY-
IIICTh ITOKA3HHKIB BiJJHOBJIEHHS CTOIN Ta FOMUIKOBOCTOII-
HOTO cyrio0a (XapakTepHUCTHKHU MPOTPIOPEHeTTTHBHUX
IMITYJIBCIB, CHJIOBHX 3I0HOCTEH 1 MDKM’ s130BOT KOOP/THHAITIT)
JUTS TATPAMAHHA CTaTHIHOI PIBHOBArW Tijla JIFOAWHHM, BH-
KopucTainu npody PomOepra — Tect ist OIiHIOBAHHS PIBHS
CTaTHYHOI KOOpIMHALT Ta cCPUTHOCTI. MeTon po3pobieHuit
3Ba)KAIOYM Ha Te, 110 JIs 30epe)KEeHHsI PiIBHOBAIM HEOOX1THO
KOMIUICKCHO BHKOPHCTOBYBAaTH IMITyJIbCALlil0 Hpompiope-
LENTOPiB, BECTUOYISIPHUI arapar i 30pOoBUI aHaniizarop.
3actocyBasii MOAM(IKOBaHI BapiaHTH TECTIB, SIKi BUKOHY-
BaJIM B YCKJIQJIHEHIN 1031 «CTONHM Ha JiHID» depe3 8 TIKHIB
micis onepatii Ta «cTilika Ha ONepoBaHii KiHIIBLI, cTOA
1HIIIOT KiHIIBKA YTPUMYETHCS Ha KOJIiHI» HAIPHUKIHII Kypcy
BIJIHOBHOTO JIIKYBaHHSI. 3apeecTpyBalli 4aCOBI MOKa3HUKH
MiATpUMAaHHS TO3H (C).

Memoou mamemamuunoi cmamucmuxy. BibIIICTh eKc-
NEePUMEHTAIIbHHIX IIOKA3HHUKIB HE BiJIIIOBI1aJ1a HOPMAJIbHOMY
posnozity nqanux 3a kpurepiem Larmipo—Yinka. [lis anainizy
Ta IHTepIpeTaii X NOKa3HUKIB BUSHAYMIIN Meaiany (Me),
BepxHil 1 HrxHIN kBapTHii (25 %; 75 %). Takox po3paxy-
BaJIM cepe/iHE apu(METHIHE 3HaUeHHS (X), CepeHbOKBaIpa-
THaHe BigxwuieHHs (S) 1 BincoTkoBe 3Ha4eHHA (%0).

Pesynkratn

ExcniepuMeHTambHI TOCTIKEHHS, 110 MaJId KOHCTATyBAIIBHY
CIPSIMOBAHICTb, M MOXIIMBICTh BHSBUTH, IO Yy TPyIi
MAIIEHTIB 13 AIarHO30M PO3PHUB aXiIZIOBOTO CYXOKHIIISA
67,24 % —4onosiky, 32,76 % — KIHKH.

AHami3 Ta iHTepIpeTalis JaHuX TOoKa3ye, M0 CepeaHii
BiKk mamieHTiB —44,1 + 7,33 poky. L{e 3HaucHHs BiAMOBITaE
BIKOBOMY Jliania3oHy, SIKMii XapaKTepU3y€ThCs HAUTIOINPEHi-
IIMMH 3HAYEHHSMH LIOA0 PO3PHBIB aXiJIIOBOTO CYXOXKUILIA.

B obcresxeHnX BUSBHIIN JOMiHYBaHHS PO3PUBY axiJZIOBOTO
CYXOXKWJIIS Ha JiBiK KiHmiBII — 57,22 %. CrarucTuaHnit
aHaJIi3 Ta IHTEepIIPeTAallis pe3yJIbTariB He [0Ka3alu HasiBHICTh
KOPEJIALii MK XapaKTepHUCTUKAMH TTOITKO/DKEHHS (J1iBa 200
paBa KiHIlIBKa) T CTATTIO MAI[I€HTIB. Y MAI[i€HTIB YOI0BIYO1
crarti (51,28 %) 1>iHo4oi crari (63,16 %) GinbIe BUIaaKiB
TOIIKO/PKCHB MPHITAAAII0 Ha JIiBY KiHI[IBKY.

Binpmicte namienTiB (67,24 %) Madu MOIMIKOKCHHS
(po3puBH) B CEPEIHIN YACTUHI aX1JITOBOTO CYXOXKHJILIS.

Pesynbraru aHamizy Ta iHTeprperanii MOKa3HUKIB
TOHIOMETpii 310POBOT KiHI[IBKM (TOMITKOBOCTOITHHH CyT-
7100) Tajii MOJKJIMBICTh BCTAHOBUTH IXHIO BiTIOBIIHICTH
JiarmasoHaM HOPMAaTHUBHUX 3Ha4YeHb. Y Tporeci obcre-
JKEHHsI 3/J0pOBOT KIHIL[IBKM OTPHMAJIU CEPEIHII MMOKa3HUK
BUMIpIOBaHHS KyTa IutaHTapHOi rekcii — 40,50 + 4,54°.
AHaJTOTYHHH TOKA3HUK VTS 3M0POBOT KIHIIIBKH ITiJT Yac BH-
MIpPIOBaHHS KyTa AOpcalibHOI (prrekcii 3adikcyBain Ha piBHI
15,10 + 3,01°. IToka3HMK 3aTanbHOi aMILTITYIH PyXy — Ha
piBHi 55,60 = 7,36°.
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Tabnuuga 1. uHamika nokasHUKiB aMnniTyau pyxoBoi AisnbHOCT roMinkoBocTonHoro cyrnoba B nauieHTiB O (n = 29)i Kl (n = 29)

XpoHonoriyHi xapaKTepucTUKN BiGHOBNEHHS

Moka3Huku Pesyane?.T . . .
T Bv;Mi JOBaHHS 300pOBOI 4 TXKHI 16 TMXKHIB
A P KiHUiBKM
Me (25 %; 75 %)

or 41 (39; 45) 29 (29; 30) 37 (35; 38) 40 (37, 43)
[ediunt nnaHTapHoi dnexcii, © K 41 (39; 43) 28 (27; 29) 36 (35; 38) 40 (26; 41)

p >0,05 <0,01 >0,05 >0,05

or 15 (13; 18) -15 (-17; -15) 6(57) 12 (10; 13)
[ediunt gopcanbHoi dnekcii, © Kr 14 (13; 18) -15 (-16; -15) 4(3;5) 9(7;10)

p >0,05 >0,05 <0,01 <0,01

or 56 (52; 64) 14 (12; 15) 43 (40; 44) 43 (48; 56)
ﬂ;g:‘grﬂ?:;iﬂ';zﬁ: a%”“'Ty”"' ' 55 (52; 60) 12 (11; 13) 41 (38; 43) 49 (43; 52)

p >0,05 <0,05 <0,05 <0,05

AmHaJti3 nonepeiHix pe3ysbTariB s XBOPUX MIcCIIs onepa-
THUBHOTO BTPYYaHHs JUIS BiJHOBJICHHSI PO3PUBY axiJZIOBOrO
CYXOXKHJUIS XipYpTi9HUMH METOIaMH BHSIBUB i1CTOTHI HEOJTi-
KU PYXOBOI JIsUIBHOCTI y TIpotieci (DyHKI[IOHYBaHHSI KiHIIIBKH
3 TpaBMaTHYHKUM YILIKO/PKEHHSIM. Pe3ynbsraTraMmu 0CiiKeHb
T10Ka3aHO HEOOX1THICTb OOTPYHTYBaHHSI, PO3POOKH Ta BUKO-
pHCTaHHS HaJlaJTi KOMIUIEKCHOT ITporpaMu (i3udHOi Tepamii,
0 CTIpsIMOBAaHA HacaMIIepel] Ha MOBHOIIIHHE BiTHOBIICHHS
XBOPHUX Ta TXHE MOBEPHEHHS 0 MOBHOLIHHOI KUTTEisIb-
HOCTI, 100y TOBO{ Ta IMpoheCciiiHOi AKTUBHOCTI 3 MAKCHMAJILHO
e()CKTUBHUM BiJTHOBJICHHSIM KiHE310JIOTTYHHUX OCOOTMBOCTEH
OIIOPHO-PYXOBOTO arapary (TOMUIKOBOCTOIHHUH CyIII00 i Tpu-
TOJIOBHI M’ 13 TOMIJIKH) TTiCIISI OTIEPATUBHOTO PEMOJICTTFOBAHHS
aX1JJIOBOTO CYXOXKHJIIIIS.

VY koMIuiekcHii mporpami (i3nyHOl Tepanii BUKOpHUCTa-
JIM THIWBIAYallbHI 3aHATTS 3 MPO(QIIBHAM CIeNiaTicToM
i camocriitai 3ansTTsa. KoMIuiekcHa nporpama ¢izuaHol
Teparmii mpoTsaroM Kypcy peadimiTarii mepenbdadana 3araib-
HOPO3BHBAIIBHI BIIPABH, CTATUYHI Ta TUHAMIUHI AUXAIbHI
BIIPaBH, CIICIiai30BaHi BIPaBU aKTUBHOTO XapakTepy st
BIZIHOBJICHHSI PYXOBOI (DyHKIIi], BIIPaBU 130METPUYHOIO Ta
17ICOMOTOPHOTO XapaKkTepy JUIsl KOPEKIii MOKa3HUKIB TJIaH-
TapHOI (rIeKcii (31 30UThIIICHHSIM HABAaHTAXKECHHS ), KOPEKIIiHHI
BIIPaBH, Pi3Hi BapiaHTH JTIKyBaJILHOI X0, BIIPABH 3 M’ TIaMH,
3aHATTS Ha BEJIOTPEHAXKEPaX, CTen-Iuiardopmax, riaporepa-
TIeBTUYHI BIIPaBH, BUKOPUCTAHHS OPTOINEIMYHOTO B3YTTS,
(hi3i0TepaneBTHYHNX METOJIB, Macaxy Ta JOTOMDKHHUX
3aco0iB repecyBaHHsI.

Y mporieci ekcriepruMeHTaIBHAX TOCITiKEHD (DOPMYBaIb-
HOT CIIPSIMOBAHOCTI XBOPI 3 JIIarHO30M PO3PUB aXiJTIOBOTO
CYXOKWILIsS nudepeHitiiiorani Ha ocHoBHY (O — 29 mari-
enTiB) 1 KoHTponbHY (KI' — 29 manieHTiB) rpymu.

AmHami3 Ta iHTepnperanis ganux y mariestiB O i KT
MTOKA3yIOTh, IO Ili TOKA3HUKH HE Malll CTAaTUCTHYIHO BipO-
TIMHUX PO3ODKHOCTEH 3aIeKHO BiJl CTaTEBHX, BIKOBHX Ta
AQHTPOMIOMETPHUYHHUX OCOOJIMBOCTEH 1 pe3ynbTaTiB TOHIO-
METPUYHOTO JIOCIIPKEHHSI TOMIJIKOBOCTOITHOTO cyTiio0a
310poBoi KiHiBKH (p > 0,05).

AHai3 Ta iHTepIIpeTAallis JaHUX TOHIOMETPHYHIX JOCITi-
JUKEHB Jaliil 3MOTY BCTAHOBUTH 1XHI JWHAMIYHI 0COOMH-
BOCTI Ta BipoTiHI po301XKHOCTI B MAIi€HTIB 000X rpyT. 3a
pe3yabraraMy BUMIPIOBaHHI 3HAYCHb IIAHTApHOT (Jiekcil
(4 TwoxHI micis onepartii) 3adikcyBany BiporiTHO 3HAUYIII
(p < 0,01) posdixuocri B namientiB OI' i K[ (mabx. 1).
CepemHbOCTaTHCTHYHI 3HAYCHHS, 10 3a(iKCOBaHI B Malli-
enTtiB OT, cranoBmin 29,10 + 1,19°, KI" —28,10 + 1,13°.
Hactynai gocmimkenns (8 i 16 TIoKHIB micis onepartii) He
nokazainu BiporiaHi (p > 0,05) po30ixKHOCTI 32 3HAYCHHAMH
MOKa3HUKIB IIaHTapHOI Quiekcii (maobn. 1). Ycepenneni
noka3Huku B marieHtiB OI' ctaHoBmim 36,50 £ 2,61°
y tepMmin 8 TmxHIB i 39,60 £ 4,27° y TepMmiH 16 TIOKHIB
micist omepanii, B mamientis KI' — 35,80 = 3,08° Ta
39,10 + 4,12° BigmoBiaHO.

OTiKe, NTMHAMIYHI XapaKTepUCTHKU HECTadl aMIuIi-
Tynu tutanTapHoi ¢uiekcii B manientiB OI' taki: 4 Twx-
HI — 11,50 = 3,64°; 8 TmxuiB — 4,20 + 2,58°; 16
TwkHIB — 1,00 £ 1,00°. Y manienTiB KI" Hecrada amrutiTyan
IaHTapHo1 (uiekcii Masa 3HaueHHs: 4 TiokHl — 12,3 + 3,9°;
8 tmxuiB —4,50 + 2,06°; 16 TrokuiB — 1,20 + 1,03°. Cra-
THUCTHYHO 3HA4YYIIa BIPOTIIHICTh PO30IKHOCTEH 1 Aiarna3oHH1
3Ha4eHHSI Me (25 %; 75 %) naBeneHi B mabauyi 2.

AmHami3 Ta iHTepIpeTamnis 3HaueHb KyTa JOpcaibHOI
(iexcii 1a€ MOXKIIMBICTh KOHCTATyBaTH, 110 HE OyJO cTa-
THCTUYHO BiporigHux posbixkHocrted (p > 0,05) mix
nokasHukamu nanieHtiB Ol 1 KI' y tepmin 4 TkHI micis
oreparii, a TMOKa3HUK CEPeHbOTO 3HAYCHHS B IAIIEHTIB
OI' cramosus 15,70 + 1,16°, KI' — 15,50 = 1,05°. Ana-
73 Ta iHTeprpeTamis 3Ha4eHb KyTa TOpCcanbHOI (urekcii
B TepMiH 8 TWXKHIB ITiCIIsl onepaliii nokasaB CTaTHCTUYHO
BiporiaHi po306ikHocTi B manientiB OI' i KI' (p < 0,01). ¥
e mepion cepenni 3HaueHHs B marieHTiB O 1 KT 3adik-
cosaHi Ha piBHi 6,00 = 1,10°Ta 4,10 £ 1,34° BignosizxHo.
JlocToBipHIiCTh po30iKHOCTEN MiXK TOKA3HIKAMH MAIli€HTIB
OI' i KT 36eperkeHa 1 mmijg yac migcyMKOBOTO JAOCIIIKSHHS
(p < 0,01), cepemni 3Hauenns: 11,90 + 2,15° —y natienTiB
Or, 8,40 £ 1,97° —y namienris KI.
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Tabnuuga 2. JuHamiyHi NokasHWKM HecTadi aMnniTygHNUX 3Ha4eHb NNaHTapHoi Ta fopcarnbHoi drekcii TpaBMoBaHoi KiHLiBkM B navjeHTiB OF (n = 29) i KI

(n = 29)

Moka3HuKKU, OAUHULI BUMipIOBaHHSA

XpoHonoriYHi xapaKTepuCcTUKN BiGHOBNEHHSA

or 12 (10; 16) 4(2;6) 1(0;2)
[ediunt nnaHTapHoi dnekcii, ° K 14 (11; 14) 4 (3; 6) 1(0;2)

p >0,05 >0,05 >0,05

or 32 (28; 33) 8,5(7; 11) 3(2;5)
[ecbiunt gopcanbHoi donekcii, © Kr 31(29; 33) 11(9; 13) 7(5;8)

p >0,05 <0,05 <0,01

. . ) or 76 (74; 78) 22,5 (17; 28) 6,5 (3; 11)

[ediunT 3aranbHoi amnniTyan
PYX0BOI iSNbHOCTI FOMINIKOBOCTOMHOIO K 78 (75; 78) 27 (25; 31) 14 (11,9; 16)
cyrnoba, %

P <0,05 <0,01 <0,01

Tabnuuga 3. [JuHamika nokasHuKiB nnaHTogMHamoMeTpii Ta npoby Pomb6epra B nauienTiB OF (n = 29)i Kl (n = 29)

Moka3HMKW, OANHMLI BUMipPIOBaHHSA

XpoHonoriYHi xapaKTepuCTUK1 BiGHOBNEHHSA

8 TMXHIB

Me (25 %; 75 %

)

16 TUXHIB

or 59 (58; 60) 54 (53; 56)
3nopoBa KiHuiBka, % Kr 62 (61; 63) 58 (56; 59)

p <0,01 <0,01

or 41 (40; 42) 46 (44; 47)
OnepoBaHa KiHujBka, % Kr 38 (37; 39) 42 (41; 44)

p <0,01 <0,01

or 18 (16; 20) 8 (6;12)
Pisnuugs, % KI 24 (22; 26) 16 (12; 18)

P <0,01 <0,01

or 17,5 (16; 19) 12 (10; 13)
MopudikoBaHuit Tect Pombepra, ¢ Kr 16 (14; 17) 9(8;9)

p <0,01 <0,01

OTxe, TMHAMIYHI XapaKTePUCTUKH HETOCTATHOCTI aMIl-
JMITyIHUX 3HAYeHb AOpcanbHOi (rekcii B mamiertis O
3adixkcoBani Ha piBHi: 4 TvokHI — 30,80 + 2,64°; 8 THKHIB —
9,20 + 2,65° 16 TwkuiB — 3,20 + 1,85°. ¥V mamienris OI'
HEJIOCTATHICTh aMIUNITYHUX 3Ha4€Hb IUTAHTapHOI (uieKcii
B 4 Tmwxkui — 30,7 £ 2,8°% 8 tmwxkuiB — 11,00 £ 2,81°; 16
TxkHIB — 6,80 £ 2,06° (ma6n. 2).

BusHavyaroun amIniiTy/aHI 3HAQYEHHS 3arajibHOi PyXOBOi
JSTTBHOCTI OIIEpPOBAHOI KIHIIBKH MPOTSATOM TPHOX oOCTe-
JKCHB, 3adiKcyBaiH Biporigai po3oikHOcTi (p < 0,05). ¥
namienTiB OI' y TepMiH 4 THXHIB aMIUTITY/HI 3HaYCHHS
PpyxoBoi IisTbHOCTI 3adikcoBaHi Ha piBHI 13,47 + 1,98°y
8 TiwkniB —42,50 + 3,12°,y 16 —51,60 £ 5,98°. Y naui-
enriB KI" BiamoBiaHi moka3Huku cranoBuan 12,50 + 1,62°,
399 + 3,7°,47,40 + 5,46° BiAnoBigHO.

BincoTkoBi 3HaUeHHS MO0 3MEHIICHHS aMILTITYIHUX
TIOKa3HUKIB PYXOBOI TisUTHHOCTI TOMLUIKOBOCTOITHOTO CyTiIo0a
MaJli CTaTUCTUYHO BIPOTiIHI pO301XKHOCTI B MAIi€HTIB 000X
rpyn npotsirom oocreskenHst (maon. 2). Ha 4 Trokaens micist
XipyprigHoro JiikyBaHHs B ranieHTiB Ol HelOCTaTHICTh aMII-
JTYTHNX 3Ha4eHb 3adikcoBaHa Ha piBHI 75,40 + 2,55 %,
B mamienTiB KI' — Ha piBHi 76,90 £ 2,39 %. Yepes 8§
TWKHIB MiCIIst XipyprivyHoro jikyBanHs B nauienTis Ol 1 KI'
Lel MOKa3HUK 301ILIIHBCS Ta cTaHoBMB 22,70 + 6,03 % i
27,10 £ 4,49 % BimnoBigHO. Y 3aBEpIIaIbHOMY MEPiozi
MPOIICHT 3MEHIIICHHS aMIUTITYJHUX 3Ha4YeHb PYXOBOT (DyHK-
uii B marientiB OI' ctanoBuB 6,80 + 4,28 %, B maiieHTIB
KI' — 13,70 + 3,64 %. Bigzuaunmo, 110 MOBHE BiIHOB-
JICHHSI TOMIJIKOBOCTOITHOTO CyIi0o0a 3 BUBEIACHHM J10 0° y
nanientiB OI BigOymnocs B epmin 11,70 + 1,12 nust micas

432 AKTyarnbHi MUTaHHA (hapMaLeBTUYHOT | MEINYHOT Hayku Ta npakTki. — 2020. — T. 13, Ne3(34)

ISSN 2306-8094



OuiHro8aHHs1 eghekmusHOCMi KOMIIEKCHOI pozpamu hisuyHoi mepariii & nayjeHmis nicns xipypaidHo20 MiKysaHHsI po3pusy axifimogoeo CyXOXuss

3aBepiueHHs iMmooimizanii (mpu Me (25 %; 75 %) — 12
(11; 13) nmiB); y mamientiB KI' — wepe3 13,20 + 1,62 mas
(pu Me (25 %; 75 %) — 13 (12; 14)). Po30ixkHicTh MiX
MTOKa3HUKaMHU CTaTUCTUYHO BiporigHa (p < 0,01).

Amani3 ta intepnperatis fianazonis Me (25 %; 75 %)
3a MMOKAa3HWKAaMH IIIAHTOAMHAMOMETPUYHUX JOCITIJKEHb
(mabn. 3) B TepMiH 8 TIKHIB TICTIS ONIEPATHBHOTO Xipyprid-
HOT'O BTPYYaHHsI BUSBIJIH BipOTi/IHI BIIIMIHHOCTI B IAIli€HTIB
OI' 1 KT Lo pi3HuIIio ¢ikcyBany i mix 9ac 3aBepIiaibHOTO
00CTe))EeHHs1 — B TePMIH 16 THIXKHIB IICJIs [T0YATKY BiJTHOB-
Horo JikyBaaas (p < 0,01).

[Mokazuuku mMoaudikoBaHoi nmpoou Pombepra (8 TvxHIB
ITICJIS XiPYypPrivHOTO JIIKYBaHHS, BapiaHT «CTOIHM Ha OIHIN
JiHiT») BuIi, pe3yasrary mamientie O — 17,5 £ 2,08 c,
xBopux KI' — 15,80 + 2,16 c (p < 0,01). dianazonu mno-
ka3aukiB narieHTiB Ol 3adikcoBani Ha piBHi 21 ci 14 ¢c,aB
namienTis KI' —20ci12c.

Hampukinmi Kypcy BiJHOBHOTO JTiKyBaHHS MOIH(iKOBaHHI
Tect PomOepra BUKOHYBalM 3 YCKJIQIHEHHIM Y «CTiiIli Ha
OITepOBaHIi KiHIIBII, CTOMA IHIIOI — HA KOJiHI OIIOPHOI».
Cepenne 3HaueHHs B nauieHTiB OI' HAMPUKIHII Kypcy Bif-
HOBHOTO JIiKyBaHH 3a¢)ikcyBaiu Ha piBHi 11,40 + 2,13 ¢,y
xBopux KI' —8,90 £+ 1,56 c(p < 0,01). MexoBi 3HaueHHsI
niana3oHiB y namieHTiB craHoBuu O — 15 ¢ i 8 ¢, y marii-
enTiB KI' —13ci7c.

[TokaszHuKH, 10 OTpUMaHi y Tporeci MoaAN(IKOBAHOTO
Tecty PomOepra (3mopoBa KiHIliBKa) HAIIPHKIHII BAKOHAHHS
KOMIUIEKCHOI rporpaMu (izuuHol Tepanii, He MajIi cTaTHc-
THUYHO BiporimHuX po3oikHOCcTed (p > 0,05): y mamieHTiB
OI'=13,70 = 1,74c(Me (25 %;75 %) —14(12;15)c),y
mamienTiB KI' — 13,2 = 1,5¢ (Me (25 %; 75 %) —13 (12;
14) ¢). Biizznaunmo, 1o npH 3aBepIiieHH] Kypcy BiTHOBHOTO
JIKyBaHHS pe3ynsrary mpoou Pombepra B martientis OI' i KT'
MaJI CTAaTUCTHYHO BiPOTiTHI PO301KHOCTI MiXK ITOKa3HUKAMH
3710poBoi Ta oreposanoi KiHIiBkH (p < 0,01).

OO6roBopeHHs

IadopmaruBHIMIY 1711 0OTOBOPEHHS PE3YIIBTATIB JOCIIKEH-
HS € JTaHI eKCTIEPUMEHTAIEHIX 00CTEKEHB II0JI0 TPUBAJIOTO
(11,0 + 0,9 poky) 3acTocyBaHHsI Pi3HOMaHITHHX CIIOCO0IB
BiIHOBHOTO JIiKyBaHHS TAI[i€HTIB O€3MOCEPETHBO IMiCIs
OIIEPAaTUBHOIO XipYprivHOro BTPyHYaHHs. Y TOCIIJDKEHHI
I. Lantto et al. [20] mokazaHo: cepenHst 6ambHA OIiHKA (32
Leppilahti) cranoBuna 92,9 + 5,6,y rpyri 3 paHHb00 MOOI-
JI3aIi€r0 Ta 3aCTOCYBaHHAM Opeiicy, y rpymi iMmoOuizarii —
93,6 £ 7,2 6ana, po301>KHOCTI CTATHCTHYHO HE TOCTOBIPHI.
Takox HE BUSIBHIM CTATUCTHYHO BIpOTiIHI PO3OIKHOCTI
MUK ITarieHTaMu 000X TPyYTI 32 TOKa3HUKAaMH HETOCTAaTHOCTI
MaKCHMAaJIEHOTO KPyTHOTO MOMEHTY Ta pOOOTH Y TIIIaHTapHik
(rexcii. [30kiHETHYHI CHITOBI XapaKTEePHCTHKU TH(EPEHITIF0-
BauIMCs B TepMiH 1—11 pOKiB micist Xipypri4HOro JiKyBaHHsI,
yCepeIHeHHH TTOKa3HUK HEJOCTATHOCTI MaKCHMaJbHOTO
KpyTHOTO MOMeHTYy (5 %) 1 HemocTartHicTh podotH (8 %)
Bce Ie Oyin HasBHI BIPOIOBXK 11 pokiB.

VY nocmimxenni K. Willits et al. [24] ouintoBanHs edek-
THBHOCTI 3ax0iB (izn4noi Tepamnii (3a Leppilahti) 3a 2 poku

ITICJIST TTOIIKO/KCHHST aXiJIIOBOTO CYyXOXKHJLIS CTAHOBHJIA 82
Oarm (XBOPI iCHIA BiIHOBHOTO JTiKYBaHHS, SIKUIM BUKOHYBAITH
XipypriuHe Brpy4aHHs), a y Halli€HTiB 13 TPyIH HeXipyprid-
Hoi Teparrii — 83 Oamm. Takox € BiTOMOCTI PO TUHAMIYHI
TMOKa3HUKH o1iHIOBaHHs (3a Leppilahti ta AOFAS) y xBopux
13 1larHO30M PO3PUB aX1JUIOBOTO CYXOMKHILIISL, SIKUM BUKOHAITH
orepartiro 3a Achillon 3 HacTymHOO iMMOOGiTTi3ati€ero Ta 3a-
JIyYEHHSIM JI0 BUKOHAHHSI KOMILJIEKCHOT porpamu (iznaHo1
Tepartii.

Calder J. D. F., Saxby T. S. [19] noka3ainu, mio B TepMiH 1
PIK ITICIIS OTIePaTHBHOTO XiPYyPrivyHOTO JIIKyBaHHS HE 3a(]iK-
CYBaJIi PELUUAMBHI YIIKOMKEHHS aXiJJIOBOTO CYXOXHJLIS.
[NamieHTr TOBEPHYIIHCS 10 TIOBHOIIHHOTO JKUTTSI B TiBPIYHIN
TEpPMiH MICJIs ONIEPATUBHOTO XipypriyHOro BTpy4aHHs. Yce-
penneni nokasuuku 3a AOFAS y TpuMicsiaHuit TepMiH J10-
csir 3Ha9eHHS 95,8 (mianazon 85—-100), y mectumicsaHmit
TepMiH — 98,4 (nianazon 95-100) Gana. CepeHi MOKa3HUKH
3a Leppilahti y Tpumicsannii tepmin — 86 (miamazon 60-90)
OaxiB, y mecTuMicIYHUIi TepMiH — 96 (miamazoH 95-100)
OamiB. 3adikcyBail TaKOXK, IO B IIECTUMICSIHHN TEPMiH
TiCIIsl XipYprivHOTO JIKYBaHHs, MOKa3HUK «BIIMIHHO» 3a
Leppilahti BcranoBMIN y 42 MaIi€eHTIB, «100pe» —y 4 ocid.

[TigcyMoBylOUM €KCIIepUMEHTAIbHUI Marepian i pe-
3yJIbTAaTH HAYKOBHX JIOCHI/PKEHb, KOHCTATyeMO: JIMHAMIKA
TOHIOMETPUYHUX MTOKa3HHUKIB BUABHIIA, IO KyT IUIAHTApHOT
(hrexcii micis 3aBeplIeHHsT TepMiHy iMMOOLTI3anii MaB Bi-
porigHo Kpamii 3HadeHHs B marienTiBs OI. Brim mpotsarom
HACTYITHHX JIOCHI/PKEHb PO301KHOCTI Y XBOPHX 3 000X IpyIl
He 3adikcyBann. KyToBi 3HaUCHHS MTOKA3HUKIB JOPCATBHOT
(nexcii micnst 3aBepIleHHs TepMiHY IMMOOLTi3alii craruc-
TUYHO BIPOTITHO HE BIJPI3HSIINCS B MAIIEHTIB 000X TPYIL,
a i yac oocTexkeHb y 8 1 16 THKHIB MTiCIIsT ONEpaTHBHOTO
BTPYYaHHSI MaJH CTaTUCTUYHO BiporinHy pizHuio: OI' —
6,0 £ 1,1°,KI'-4,10 £ 1,34° —y 8 twxmis; 11,90 + 2,15°
18,40 = 1,97° —y 16 TmkHiB.

VY mpormeci 3aCTOCYBaHHS METOY IUIAHTOJMHAMOMETPIl
HaBaHTa)KCHHsI HA ONIEPOBaHY KIHIIBKY B TEpMiH 16 THKHIB
TMICIA Xipypri9HOTO BTPYYaHHS 3pOcCio: B mariedTiB O
cepenHe 3Ha4YCHHS 3adikcoBaHo Ha piBHI 45,40 + 1,55 %,
y margienTiB KI'-42,70 + 1,49 %. Bumi moka3Huku 3adik-
cyBaiu 3a MonudikoBaHuM Tectom Pombepra.

BucHoBku

1. Po3pobka komruiekcHoi nporpamu (izudHoi Teparnii
JUTS TTAIIEHTIB 13 IaTHO30M PO3PHUB aXiJIOBOTO CYXOXKIILIS
Ta HOro BIAHOBJICHHS XIPYPriYHUMH METOAaMH, (HOPMYITIO-
BaHHsI METH 1 BU3HAYCHHS CIIPSIMOBAHOCTI BiJIHOBHOT Teparii
TPYHTYBAJICS Ha 3acajaX MEINJHOI peadimiTartii, 0coomm-
BOCTSIX BiIOOpY creliajbHUX BIIPaB Ta IHAWBIAYAIbHHUX
XapaKTePUCTHK XBOPUX, aHATOMIYHUX i KiHE310JOTi9HUX
XapaKTePUCTUKAX HIKHIX KIHIIIBOK.

2. [Mig gac popMyBaHHS KOMITIEKCHOT IPOTpaMu (i3maHOT
Teparii, BU3HAYEHHsI TPUBAIOCTI 11 MepiofiB, BUKOHAHHS
XBOPHMH CIICIIaTi30BaHUX (PI3UYHUX BIPAB HATOIOMICHO
Ha 0COOJNMBOCTSIX XipypriYHOTO BTPYyHYaHHsS Ta BIIHOBHOI
Tepanii axiyjuloBoro cyxoxuiuisi. KommiekcHa nporpama
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Mae€ Mepiojn: nepeaonepariituii, immooimizamii (1-4 TrkHi
micist XipyprivHoOro BTpy4aHHs), 4aCTKOBOT iMMoO1Ti3arii
(5-8 TmxHi), BiiHOBICHHS (i3UYHOT Mpane3aaTHOCTI Ta
3MIITHEHHS M’ S31B 1 CyXO)KHJIb TOMIJTKOBOCTOITHOTO CyTiio0a
(9—16 TxHi ). BpaxoByroun iHANBITyaTbHi XapaKTEPUCTHKHI
Ta aKTUBHICTB KUTTEMISUTBHOCTI, JJISI XBOPUX CHOPMYBAIH
Mou(iKOBaHMI KOMILIEKC, IKAH Iepe0adaB ONTHMI3AIlIo
TEPMIHIB BiTHOBHOTO JIIKyBaHHs, 3aCBOEHHS BiJIIIOBITHIX
pyxoBux yminb. KoMruiekc crienianbHux (hi3MYHUX BIpaB
MIPOTATOM TEPMiHY BiZJHOBHOI Tepamii BKJIIOUaB 3arajbHo-
PO3BUBAJIbHI, CTATUYHI Ta JUHAMIYHI BIPABU AMXAJIbHOL
rIMHACTHKH, TepareBTUYHI BIPaBH 130METPUYHOI Ta ijie-
OMOTOPHOI CIPSIMOBAHOCTI ISl TPAaBMOBAaHOI KiHIIBKH,
TEXHIUHI 3acO0H IepeCcyBaHH, BUCOKOCTICITialli30BaHi BIpa-
BU aKTHBHOI'O XapakTepy JUIsi BiIHOBICHHS MOBHOLIHHOL
PYXOBOI TiSUTEHOCTI B TOMIIKOBOCTOITHOMY cyTiTo0i. Takoxk
JUTsl BIZTHOBJICHHS TUHAMIYHHX XapaKTEPUCTHK IUIAaHTAPHOT
¢utekcii BUKOpHCTAIN BIPAaBH aJalTHBHOTO (Di3MUHOTO
BHUXOBaHHSI Ta KOPUTYBaJbHOI T'IMHACTHKH, PI3HOBUIH
X0/1b0H, BIpaBH 3 (HiTOOJIOM, 3aHATTS HA BEIOTPEHAXKEPI,
cren-miaTdopmax, 3aCTOCOBYBAIH TipOTEpaneBTHYHI
BIpaBH, (izioTeparneBTHYHI METOAM 1 Macax, XBOp1 KOpH-
CTYBAJIMCS OPTOICIMYHUM B3YTTAM.

3.V pe3ynbTari eKCepruMEHTaIbHIX JOCTIKEHD TIHA-
MIYHUX XapaKTEPUCTUK TOHIOMETPHUYHHX ITOKA3HHUKIB TOMLI-
KOBOCTOITHOTO CYyI7100a ONepoBaHOl KiHIIIBKU 3a(iKCyBaIH:
KyT IDTaHTapHOT (UIEKCIi IicIIs OIlepaTHBHOTO BTPYYaHHs OyB
kpamM (p < 0,01) y namientis OI mOpiBHSHO 3 TIOKa3HMKA-
mu margienTiB KI (4 Tioknens): 29,1 + 1,19°128,1 + 1,13°
BiAmoBiAHO. CTaTUCTUYHO BIPOTiIHI PO3OIKHOCTI MiK
namiearamu OI' 1 KI' mig yac HACTymHUX JOCHIIKCHb HE
BcTanoBw (p > 0,05).

4. PesyneraTy TIIaHTOAWHAMOMETPIi TIOKa3aIi HEPIBHO-
MIpHHUI pO3IMOMIT Bard Tila HA KiHI[IBKH, BHABWIN OiTbIIIE
HABAaHTAXCHHSA Ha 3[0POBY KiHIIIBKY, a TaKOX BipOTiTHO
kpami (p < 0,01) moka3HHUKH PO3MOILUTY Bard Tijia Ha KiH-
uiBky B nanienTiB Ol Y TepMiH 8 TIKHIB Ticis Xipyprid-
HOTO JIIKYBaHHs 9acTKa Bard, 10 IPHIIa/iaia Ha OTIIepOBaHy
HIDKHIO KiHIBKY, craHoBuiIa 40,80 £+ 1,79 % y nauieHTiB
OI'138,00+ 1,65 % y narientis KI' (Me (25 %; 75 %) —41
(40; 42) % 1 38 (37; 39) %). Omxe, pi3HUIL 32 PO3IOALIOM
Baru Tijga Ha KiHmiBku cradosmia 18,40 + 3,58 % Bix 1o-
Ka3HUKIB 3arajbHOi Bard Tina y namienTiB Ol a B mamieHTiB
KI' — 24,00 + 3,32 %. BincoTkoBi 3HaYE€HHS PO3MOALTY
HABAaHTAXXCHHS Ha ONCPOBAHY KIiHIIBKY MOKPAILHINCS JO
TEPMiHY ITiICYMKOBOTO BHMiptoBaHHS (16 THXHIB), 110
BIUIMHYJIO Ha 3HWDKEHHSI PI3HUI 32 PO3IMOIUIOM HaBaHTa-
JKeHHsI Ha KiHIiBKK 10 9,20 = 3,09 % B mamientiB OI 1
1o 14,60 + 2,98 % y mamientiB KI' (Me (25 %; 75 %) —
8 (6; 12) % i 16 (12; 18) %). [Toka3HUKH MiICYMKOBOTO
BUKOHaHHs TecTy PomOepra BiporiJiHO Kpaii B Malli€HTiB
OI' i cranouiu 11,40 £ 2,13 ¢, mo Ha 2,5 ¢ Kparie, HiX y
mamientis KT (p < 0,01).

5. OTxKe, KOHCTATy€eMO: 3aIPOIIOHOBaHA KOMITJIEKCHA IPO-
rpama e(eKTHUBHA, 1l MO)KHA BHKOPHCTOBYBATH Y TIpo1ieci ¢i-
3WYHOI Tepartii U1 XBOPHX i3 AiarHO30M PO3PHB aXiJLIOBOTO
CYXOXKHJUISI TTCIISL XipYPridHOTO BTPYYaHHSL.

MepcnekTBM noAanbLWMX AOCAIMKEHb IPYHTYIOTBCS
Ha HEOoOXiZHOCTI PO3pOOJICHHS aArOPUTMY CTBOPEHHS iH-
JIMBIyaTi3oBaHUX Tporpam (izudHOT Teparii Juisi XBOPHX
i3 1larHO30M PO3PHB aXUJJIOBOTO CYyXOXHMIUIS IICIsS Xipyp-
TIYHOTO BTPYYaHHS.
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MHOXWHHaA Mmienoma Ta KapaioBacKynsipHUK pU3uK (ornsag nitepartypm)

B. B. Camypa”©P, M. O. MaHaceHko*®E, C. A. JoueHkoA*

3anopisbkuil AepxaBHUIA MeauyHWiA yHiBepcuTeT, YkpaiHa

A — KOHLUenLis Ta an3aitH gocnimxkeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepaXEHHS CTaTTi

MHoxwvHHa mienoma (MM) — 3nosikicHe HOBOYTBOPEHHS, SIKe XapaKTepU3yeTbCA HEKOHTPONbOBAHO KITOHANBHOK nponidepavieto nnas-
MaTWYHWX KNITWH, 3a nowmpeHicTio ctaHoBUTb 10 % Bif yCix OHKOreMaTonoriYyHNX 3aXBOPIOBaHb.

XBopi Ha MM — 3a3Buyai 0cobu Noxumnoro Ta ctapeyoro Biky, MeaiaHa Biky — Maibke 70 pokiB. Ynmano XBopumx Mig Yac BCTAHOBMEHHS
niarHozy MM matoTb komop6igHy naTonorilo Ta KapZAioBackynsapHui pruauk. MopyLweHHs cepus nifg Yac Npu3Ha4YeHHs LUTOCTATUYHUX
npenapariB i MOHOKMOHANbHUX aHTUTIN MOXYTb OyTU MiMITYBanbHUMKM hakTopaMu B fiKyBaHHI MHOXMHHOI Mienomu. MoGiuHi aji ximio-
Tepanii: rinoTeHsis, rinepTeH3is, apuTMii, NOPYLUEHHS NMPOBEAEHHS IMMynbCy, NepukapauT, TPOMOoeMbOnivHI yCKnagHEeHHs, cepuesa
HepocTaTHiCTb, cMepTb. CydacHa hapmakoTepanis MHOXVHHOI MiEnoMu, ska nepeadadae 3acTOCyBaHHS iMyHOMOAYNATOPIB, iHribiTOpiB
NPOTEOCOM, MOHOKMOHAIBHUX aHTUTIN, CYTTEBO MOMIMNLUMIA TPUBANICTb XWUTTSA NaLiEHTIB, ane HOBI kKnacu npenapariB acouitoTbes 3
HECTIPUSTIIMBUMU MOZISIMM, BKITHOYAKOYM KapAioBacKyNsipHi 3aXBOPIOBaHHS.

Pu3unk po3BuTKy KapAioTOKCUYHOCTI 36inbLuytoTh Aesiki hakTopu, SK-0T CTyMiHb eKCMO3WLii npenapary, Bik, 3aXBOPIOBaHHSA CepLs B aHa-
MHesi, apTepianbHa rinepTeHsis, kombiHoBaHa Tepanis, NonepeaHi NpoMeHeBa Tepanis Ta Ximiotepanis. A BTiM, OLiHIOBaHHS PU3NKY,
PETENbHUIA MOHITOPUHT, NpodinakTuka baraTbox kapaioBackynspHUX yCkaaHeHb JonoMaratoTb JOCAITU YCnixXy B MikyBaHHi. [pUHLMNOBUM
€ BUSIBNEHHS 03HAK KapAioBacKyNnsipHOi TOKCUYHOCTI 1O PO3BUTKY KITiHIYHUX MPOSIBIB MOLLKOMKEHHS MiokapAa Ta CyauH. 3anuiuaeTbest
HEe3'sICOBAHOK0 POSb MapKEPIB Yy BUSBMEHHI rPYMY PU3UKY HECMIPUATIIMBUX KapZiOBaCKyNAPHMX NOAiN.

PaHHs giarHoCcTMKa 1 BUSHAYEHHS NPOrHOCTUYHMX akTopiB KapAioBacKyNspHOI TOKCUYHOCTI, ki po3BMBatOTLCS nicns noniximiotepanii
OHKOreMaTomnoriyHNX 3aXBOPIOBaHb, € BAaXIIMBIM i 40 KiHLS HE3'SCOBAHUM 3aBLOaHHSM.

Kntouyogi crnoea: MHOXUHHA MiENoma, KapaioBackynspHi nogii, Ximiotepanis, AiarHOCTWKa, NPOrHOCTUYHI hakTopw.
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Multiple myeloma and cardiovascular risk (a literature review)
B. B. Samura, M. O. Panasenko, S. Ya. Dotsenko

Multiple myeloma is a plasma cell clonal malignancy that accounts for 10 % of hematological cancers. It predominantly affects elderly
people; median age at diagnosis is 70 years. Consequently, many patients with MM have cardiovascular comorbidities or risk factors.
MM can cause cardiac comorbidities such as cardiomyopathy and heart failure caused by cardiac amyloidosis and/or anemia. Heart
dysfunction occuring after cytostatic drugs and monoclonal antibodies intake may act as a limiting factor in multiple myeloma treatment.
Side effects of chemotherapy include hypotension, hypertension, arrhythmias, conduction disturbances, pericarditis, thromboembolic
events, heart failure, death.

Advances in pharmacotherapy for MM, such as the introduction of immunomodulators, proteasome inhibitors, and monoclonal antibodies,
have dramatically improved life expectancy, but new agent classes are associated with adverse effects, including cardiovascular events.

The risk of cardiotoxicity may be increased by some factors that include drug exposure, age, history of heart diseases, arterial hypertension,
drug combination, previous radiotherapy or chemotherapy. However, with careful risk assessment, monitoring, and prophylactic therapy,
many of these cardiovascular complications can be managed or treated successfully. It is important to detect cardiovascular toxicity before
clinical signs of heart and vessel disturbance appear. The role of markers in elicitation of cardiovascular events risk group is still uncertain.

Early definition of risk factors for prognosis of cardiovascular events appearing after polychemotherapy of multiple myeloma is an im-
portant and yet unsolved problem.

Key words: multiple myeloma, cardiovascular events, chemotherapy, diagnosis, prognostic factors.
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MHoXecTBeHHasi MMenoma U KapanoBacKynsApPHLIA puUck (063op nuTepatypbl)
B. b. Camypa, M. A. Manacetko, C. A. [louerko

MHoxecTBeHHast mmenoma (MM) — 3nokayecTBeHHOe HOBOODpa30BaHWe, KOTOPOEe XapaKTepuayeTCst HEKOHTPOINIMPYEMOWN KITOHAMbHOM
nponudepaument nnasMaTmyeckmx KNeTok, No pacnpocTpaHeHHoCcT coctaBnseT 10 % OT BCeX OHKOremMaTonornyecknx 3aboneBaHwmii.

BonbHble MM — 06bI4HO 04K NOXMUIOro 1 CTap4ecKoro Bo3pacTta, MeanaHa sospacta — okorno 70 net. MHorne u3 3Tux naumeHToB
npu ycTaHoeneHwu anardosa MM umetot KoMopOuaHyto NaTonorvio 1 KapavoBackKynapHbIN puck. Hapyluerns cepaua npy HasHaYeHum
LIMTOCTATUYECKUX NpenapaTtoB W MOHOKIOHAMbHBIX aHTUTEN MOTYT ObiTb IMMUTUPYIOLMMU (hakTopamMu B feYEHUN MHOXECTBEHHOM
MUenombl. Mo6oyHbIE AeCTBUA XUMUOTEPANWUN: TUMOTEH3NS, TUNEPTEH3NS, apUTMIW, HapyLLEHWEe NPOBEAEHNS UMMNYbCa, NepUKapaunT,
TpoMB03amMBONMYECKNe OCNOXHEHNS, CepAeYHas HeoCTaTOMHOCTb, CMEpPTb.

CoBpeMeHHasi hapMakoTepanmsi MHOKECTBEHHON MUENoMbl, KoTopasi MpeaycMaTpyBaeT NpueM UMMYHOMOAYTSITOPOB, MHIMGUTOPOB
MPOTEOCOM, MOHOKIIOHASBHBIX aHTUTENT, CYLLECTBEHHO YIyyLUUNa NPOAOIIKATENBHOCTb XKU3HI NaLUMEHTOB, HO HOBbIE KIAcChl NpenapaTtos
accouMMpyHoTes ¢ HebnaronpUATHLIMK COBLITUAMY, BKIHOYas KapaMoBacKynspHble 3a6oneBaHus.

Puck pasBuUTHS KapaAMOTOKCUYHOCTY YBENUYMBAIOT HEKOTOPbIE (PaKTOPbI, @ UMEHHO CTEMeHb 3KCMO3ULIMK Npenapata, Bo3pacT, 3abonesa-
HWS cepAaLa B aHaMHe3e, apTepuarnbHYH TMNePTEH3No, KOMBYHUPOBaHHYIO TEPanUIo, NPeablayLLMe NYYEBYI0 TEPaNuI0 U XUMUOTEpanuio.
Tem He MeHee OLieHKa pycKa, TLLaTENbHbIA MOHUTOPUHT, NPOUNAKTUKA MHOTUX KapAUOBaCKyNSPHbIX OCIIOKHEHWIA MOMOrakT AOCTUYb
ycrexa B neveHuu.

MpyHUMNManbHO YCTaHOBMEHUE NMPKU3HAKOB KapAWMOBaCKYNSIPHOW TOKCUYHOCTU 40 PasBUTUSH KITMHUYECKUX MPOSIBIIEHWIA NOBPEXAEHMS
Muokapga v cocynoB. OCTaeTcsi HEBbISCHEHHO POfb MApKepPOB B ONPeAENneHnm rpynmbl prcka HebnaronpusiTHbIX KapaMoBacKyNspHbLIX
COObITUI.

PaHHs19 guarHoctuka un onpefeneHne nporHOCTUYeCKnx q)aKTOpOB KapﬂVIOBaCKyﬂﬂpHOVI TOKCUYHOCTU, KOTOpPbIE pa3BMBaKOTCA nocne
nonnxummoTepannm oHKoreMmaTonornyecknx 3aboneBaHui, — BaXKHasi M A0 KOHLi@ HEBbISICHEHHAs 3adaya.

KnrouyeBkle crioBa: MHOXECTBEHHas MUENOMA, KapanosacKynspHble cobbITHS, XMMUOTEPaNWsl, AMarHoCTHKa, NPOrHOCTUYECKME hakTopbl.
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MuoxuaHa Mienoma (MM) — 31m0sKicHE HOBOYTBOPEHHS,
0 XapaKTepH3Y€EThCS HEKOHTPOILOBAHOIO KJIOHAJIBHOIO
npoJideparti€ro miasMaTHYHUX KIITHH, YaCTKa CTAHOBUTH
10 % BiJ yciX OHKOreMaToJIOriuHUX 3aXBOPIOBaHb [1].

XBopi Ha MM — 3a3Bu4aii 0coOM MOXHMJIOTO Ta CTAPEIOro
BiKy, MezliaHa Biky — Maibke 70 pokiB [2]. UumMano XBopux
ITi]T 9ac BCTAaHOBJICHHS JiarH03y MM MaroTh KoMOpOiTHy Ta-
TOJIOTIIO Ta KapAioBacKyIsipHUH pu3uk [3]. Kpim Toro, cama
MM mae mipsiMi Ta HeTIPAMi BIDTHBH HA Kap/iajdbHy (QYHKIIITO.

[MTamieaTn 3 MM OTpUMYIOTH JAEKiNbKa KypciB MPOTH-
MYXJIMHHOTO JIIKyBaHHS, SIKI TAKO)K MOXKYTh BIUIMBATH Ha
BUHUKHEHHSI Kap/1i0BacKyJISpHUX TTO/ii. ToMy OIiHIOBaHHS
Kap/1i0BacKyJIsIPHOTO PH3HKY Ta KOHTPOJIb Kap/1i0BacKyIIsip-
HUX YCKJIaJHEHb BKJIOYEHI B PYTHHHY NMPAKTHUKY BEICHHS
xBopux Ha MM.

3a ocranHi 10 poOKiB AOCATHYTI CYTTEBI YCIIXH B JIKY-
BaHHI MM, 10 CYTTEBO MOMOBXKYE JKUTTS Ta TTiIKPECITIOE
HEOOXITHICTh 3HW)KEHHS TPHUBAIOI TOKCHYHOCTI. MybTH-
JMCLIAIUTIHAPHI KOMaH M 3 38Ty YeHHM KapIioJIoTriB MOXKYTh
HOMIMIINTH e()EeKTHBHICTh JIIKYBaHHS XBOpuxX Ha MM i3
Kap/1i0BacKyJISIPHOI0 KOMOPOIHICTIO.

B omsini axoBoi miteparypu, sIKui 31IHCHIIN, CXapak-
TepHU3yBaJIN KapAiOBACKYJIIPHI PU3HUKHU B MaieHTIB i3 MM,
NPUPONY KapIiOBACKYJSIPHUX IOJiH, IO MOXYTh BHHHK-
HYTH TPOTATOM JIKYBaHHS; BU3HAYMIN ULIXHA MiHIMi3amii
PU3HKIB; 3’SICYBaJIH, SIK €(DEKTHBHO JTIKyBAaTH yCKIIaTHEHHS,
BpPaxOBYIOYM PEKOMEH/IAIlii TeMarosiora Ta Kap/ioora.

MeTa po6otu

[Momryk Ta y3arajJibHEHHS JIOKa30BUX JIAHUX II0/I0 Kap/ioBa-
CKYJISIPHOTO PU3HKY y XBOpUX Ha MM.

Jmst peamizarii METH BUKOPHCTOBYBAIN CHCTEMAaTHYHI
OTJISIIN, PE3YABTaTH METAaaHAaIi31B 1 KIIHIYHAX TOCITiKEHb
13 0a3 manux mokasoBoi MeaunmHu — Medline Hamionans-
Hoi MemuaHOi Oibmiotekn CIA (US National Library of
Medicine, NLM) 3 ii eeKTpOHHO-TIONIYKOBOIO CHCTEMOIO
PubMed, Clinical Trials. ITepiox nomryky — 4epBeHb — KOB-
tenb 2020 p.

3nosikicHi B-KiTrHM, 110 BHUIKO MPOoTidepyroTh, cexpe-
TYIOTb Y CHCTEMHHUI KPOBOOOIT BEJIMKY KUIBKICTH IMyHOIJIO-
OyriniB a00 IXHIX parMeHTiB, sIKi MOKYTh HAKOITYYBaTHCST
B CepIIi, MeviHIl, HUpKax. ¥ pasi po3BuTKy MM HakonuueHHs
AMIJIOIIHKX JIETKUX JIAHIIIOT1B IMyHOI100yuiHiB (AL) — noBe-
JICHa IMPUYMHA KJITHIYHO 3HAYYIIOT0 amitoinosy y 12—15 %1
cyOxutiHiuHOTO amMinoinosy y 30 % xBopux [4]. AL-aminoino3
y 30 % BHUNAJKIB CyNPOBOPKYETHCS YPKEHHSIM cepLis [5].

MM acomitoeThes 31 CieHUpIYHUMHU KITIHIYHUME MaHi(ec-
TallisMH, 1110 Bu3HadaroTh ik CRAB-o03Haku (rinepkaiibili-
€Misl, HUPKOBA HEIOCTaTHICTh, aHEMisl, JIITHYHI Ypa)KeHHsI
KICTOK), KOTP1 TaKO)K CIPUYMHSIOTH IiIBHIICHHS PH3HKY
BUHUKHEHHSI Kapi0BaCKYJIIPHUX KOMOPOiTHUX CTaHiB [6].
Hampukinan, rinepkaibIlieMis acoOIiOETECS 3 PO3BUTKOM
apuT™ii [7], HIpKOBa HEAOCTATHICTH 30UIBIIY€E PU3NK Kap-
JioBacKySIpHUX ol y 2—4 pasu [8], aHemis € He3amex-
HUM (DaKTOpPOM PH3HKY KapaiOBacKyISPHHUX 3aXBOPIOBAHBb
y Tami€eHTiB BikoM 45-64 poxu [9]. AHeMis Takox MOxke
3YMOBJIFOBAaTH PO3BUTOK apUTMil, KApAiOMiOmaTii Ta CepIieBoi
HEOCTaTHOCTI 3 HOPMaJILHUM CepIieBUM BUKUIOM [10].

MHOXHHHA Mi€JToMa K XBOpoOa, III0 BUHHUKAE B 0Ci0 T0-
XHJIOTO T CTApevoro BiKy, ITOB’s3aHa 3 BUCOKOIO YaCTOTOIO
KapIi0BaCKYJSIPHUX YCKJIAJTHCHB [2].

V nochimkenni A. Palumbo et al. [2] Bu3HaueHo, 110
63 % marieHTiB Ha Yac BCTaHOBJICHHS JiarHo3zy MM yxe
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MHoxuHHa mieroma ma kapdiosacKynspHUl pusuk (o2nsd nimepamypu)

MaJIi Kap/i0BaCKYJISIPHI MOii B aHaAMHE31. 3a pe3y/ibraTaMu
IIECTU PaHJIOMI30BaHHX JIOCITIIKEeHb, 69 % xBoprx Ha MM
MaJTi KapioBacKyJIsipHi KOMOPO1/IHI 3aXBOPIOBAHHSI IMiJT 4ac
BCTaHOBJICHHS TiarHo3y [11].

[TarienTH 3 MHOXXHHHOFO Mi€JIOMOFO TS TOCSTHEHHS PEMi-
cii oTpUMyIOTB 6araro (hapMaKoTepareBTHIHIX 3aCO0IB IPOo-
TSITOM JTiKyBaHHS [ 12]. BuOip pesxumy JTiKyBaHHS 3aJI€KHUTh
BiJl BIKY, KOMOPOIHOI MaTOJIOTii, BIANOBIII HA MOTIEpETHE
nikyBaHHs. OCHOBHI I'pYIH TIperaparis, 110 3aCTOCOBYIOTh
y nikyBaHHI MM: aHTpanukIiHy, 1Hri0ITOpH MpoTEoCcoM,
IMyHOMOLYJISITOPH, JIKLITyBaJIbHI 32C001, KOPTHKOCTEPOI/IH,
MOHOKJIOHAJIbHI aHTHTIIA, 1HriOITOpH meaneTmiasu [13].
KpiM 1uTOCTaTHUHUX 1 TapreTHUX MpernapariB, XBOPUM i3
MM 31ifCHIOIOTh TPAHCIDIAHTAIII0 CTOBOYPOBUX KITITHH.
Ha >xais, TpaHCIDIaHTAIIiS TOBOJI 9acTO OOMEeKeHa KOMOp-
01THOIO TTATOJIOTIETO, SIK-OT KapAiOBAaCKYISIPHIMHU CTaHAMH
[12]. Kpim TOTO, TpeTHHA XBOPUX OTPHUMYE TalliaTHBHY
pajiorepartito mpoTsiroM JiikyBanus MM [14].

AHTpaIMKIIIHU HIMPOKO 3aCTOCOBYIOTH Y JIiKyBaHHI MM.
Mo Toro, sk 3’sIBUIIMCS TapreTHI IpenapaTy, JOKCopyOilmH
BXOJIMB y OUIBIIICTH CXEM JIIKyBaHHSI IEPILIOi JIiHii, ajte 3apa3
HOro BUKOPHCTOBYIOTh HacaMIepes IUisl peluaAnBHIX (Gopm
13a BiICYTHOCTI BiZOBIIi Ha TIepIIy JIiHito Tepamii [ 15]. Sk
TIPaBHUIIO, TOKCOPYOIIMH NpH3HaYatoTh y 1031 30 Mr/m? Ha
YeTBEPTHI NEHb KOKHOTO 2 1-IeHHOTO NUKITy B KOMOiHAIii
3 IHTIOITOPOM TIpOoTEOCOM OOPTE30MiOOM JI0 BOCBMH KYpCiB
(xkymyssTuBHa 103a — 240 mr/m?) [16].

Bimomo, o kap1ioTOKCHYHICTh OB s13aHA 3 JIIKYBaHHSIM
JIOKCOPYOILIMHOM MPH KyMYJIATUBHIH 1031 450—550 Mr/m?, ane
y 6ararbox Nami€HTiB MOKE MaTH KJIiHI4HI ITPOSIBU B ICTOTHO
HIDKYHX J103aX [ 17]. OOMexeHe BUKOPUCTAHHS JOKCOPYOIlH-
HY B IAIIEHTIB 3 apUTMi€l0, iH(apKTOM MioKap/ia, CEpLEBOO
HEIOCTATHICTIO B aHAMHE3I.

MexaHi3M MOMIKOMKEHHS CEepIs I Yac JIKyBaHHS
JOKCOPYOIIIMHOM J0 KiHISI He3 sSICOBaHUH, ajie BiIOMO, 0
AHTPANUKIIIH-1HTyKOBaHAa KapIiOTOKCHYHICTH TIOB’sI3aHa 3
OKCHJIATHBHHUM CTPECOM, YHACJIIIOK YOTO TOIIKO/PKYETHCS
cTpykrypa kiituH [18]. [Hmmit MexaHi3M — raJibMyBaHHS
cunre3y JJHK, PHK nuisixom akTBallii MiTOr¢H-aKTHUBY-
BaJIbHUX MpOTeiHKiHA3 [19].

Tpu inridiropu nmporeocom (6opre3omiod, kapdinzomio,
ikca30Mi0) O3BOJICHI 10 3aCTOCYBaHHS B €BPOIECHCHKUX
kpainax [20-22].

Cucrema mpoTeocoM BiIITOBIA€ 3a IETPaaIlifo BHyTPII-
HBOKJIITHHHHX TPOTEIHIB, YHACTIIOK YOTO IMiATPUMYETHCS
KJIITHHHUN romeocTa3. ToMy MpUTHIYEHHS IPOTE0COM
MIPU3BOJUTE 10 BHYTPINIHBOKIITHHHOI aKyMyJsilii arpe-
TOBaHUX MPOTETHIB, SKi € TOKCHYHUMH JTUCIIPOIOPIIIHO
TOKCHUYHO JJIs KJIOHAJbHUX IIa3MaTHYHMX KMTHH [23].
Cepue — MeTaboNYHO aKTHBHUI OpraH HaBITh y CIOKOI,
TOMY Kap/iOMIOLUTH Yy TIHBI JI0 IHTIOITOPIB POTEOCOM, i
B pa3i MOPYIIEHHS TOMEOCTa3y MPOTEIHIB MOKe BUHUKHYTH
kapmiampHa auchyHkiis [24]. [ariditopn mporeocoM mpu
TIPU3HAYCHHI B TEPANEBTUIHUX J03aX MPU3BOSATH 0 HAKO-
MTUYCHHS TOKCHYHUX TPOTETHIB Y MiOKapIiONUTi, aKTUBAIIi|
muisixiB Akt, NF-kB, i NFAT-xanpmiHeBpuHY, TpOIyKIIil
HEJJOOKUCIICHUX PAAMKAIIB, YIBTPACTPYKTYPHHUX 3MiH, II0

CIpUYMHSIE TinepTpodiro Miokap/a, arnonTo3, HeKpo3 Mio-
KapiOIMTIB 1 BUBLILHEHHS TPOIMOHIHY [25].

Kappnianbai mo0iuHi eekTH 3adikcoBaHi i 4ac JIiKyBaH-
HS BciMa IHT106iTOpaMH IPOTEOCOM, aJie HaiOiIbIIa T0Kka30Ba
0a3a HakommueHa 1 Kapgimomida [20].

IMmyHOMOMYIIATOPH (TaiIOMiA, JICHAICAOMIT, TIOMAJIiI0-
MiJT) IIUPOKO 3aCTOCOBYIOTH Y JIIKyBaHHI MAII€HTIB 3 yIIep-
e BcraHoBiieHOr0O MM [12]. BeranoBmim, 10 JTiKyBaHHS
IMyHOMOJTYJISITOpaMH, 0COOJIMBO B KOMOIHAIIIT 3 IITIOKOKOp-
THKOIIJaMH Ta IHIIMMH XIMIOTEepaneBTHYHUMH 3aco0amy,
ACOLUFOETHCS 31 30LTBIICHHSIM PU3UKY BUHUKHEHHSI BeHOZHHX
TpomMOoeMOoiidi. MexaHi3M 1HIyKOBaHUX IMYHOMOJYJIsI-
TopaMu TpoMOOEeMOOii 10 KIHI HE3PO3YMIIHMA, OHAK
3’ICYBaJIH: T1i JTIKQpCHhKi 3aCO0M MOPYIIYIOTH PIBHOBATY MiXK
NPOKOATYIISTHTHUMH Ta aHTUKOATYJITHTHUMH NPOTETHAMH Ha
MIOBEPXHI CHAOTEITIONUTIB [26]. AHTHHEOIUTAaCTUIHHHN eeKT
IMYHOMOIYJISITOPIB ITOB’ SI3aHUM 13 IPUTHIYCHHSIM aHT10TCHe-
3y [27]. T stiky, 1110 NPUTHIYYIOTH aHTioreHes (copadenio,
Oesarlizyma0), Tako)k MOJKYTh Oy TH IIPUYNHOIO BUHUKHEHHS
Kap/1i0BacKyJISIPHUX TO/1iH, BKITIOYAI0UY apTepiaibHy Tinep-
TEH3II0 Ta CeplieBy HeNOCTaTHICTh [28,29].

JlekcameTa3oH i NPEIHI30I0H LIMPOKO 3aCTOCOBYIOTh Y
nixkyBaaHi MM. KopTtukoctepoinu mpsMo He TOB’s3aHi 31
3HAUYIIOK0 KapAioBACKYISIPHOIO TOKCHYHICTIO, aie iX mpo-
JIOHTOBAHE 3aCTOCYBAHHS ACOIIOETHCS 3 3aTPUMKOIO PiflH-
HH, PO3BUTKOM ITyKPOBOTO niabeTy 2 TUMy i apTepialbHOT
rirnepTeHsii, sKi, CBOEI0 Yeproro, MiIBUIYIOTH Kap/lioBacKy-
nsipauid pusuk [30]. V nocmimkendi [11 ¢ha3u koMOiHOBaHOTO
3aCTOCYBaHHS JICHAJIIOMIJTy 3 ICKCAMETA30HOM Y TAIlIEHTIB
3 ymepie AiarHocToBaHO MM BCTaHOBJICHO, 110 IPU3HA-
YEHHs1 JIEKCaMeTa30Hy BILUIMBAJIO Ha BUHUKHEHHS Kap/ioBa-
CKyJsIpHUX TofiH [31]. BusHauwu CyTTEBO OLIBIITY KiTBKICT
TpoMOO03iB INTMOOKUX BEH 1 TPOMOOEMOOTiH JIereHeBOT apTepil
B MAIII€HTIB, AKi OTPUMYBAJIH JICHAJIIIOM]T i3 BUCOKOIO3HUM
nexcametazoHoM (40 mr y mHi 1-4, 9—12, 17-20 npotsrom
KOXKHOTO 28-JICHHOTO LUKIY) 1 IeKCaMeTa30HOM y HU3bKIiif
1031 (40 mry mHi 1, 8, 15 122 mpoTaroM Ko:KHOTO 28-IeHHOTO
IUKITY). Y BHNAJKy penuanuBy a0do pedpaxrepHOi Gpopmu
MM npuitom koMOiHawii JIEHATIIOMIly 1 BUCOKOJIO3HOTO
JIEKCaMeTa30Hy CyIPOBO/PKYBABCSI BAHMKHEHHSIM BEHO3HHUX
Tpom603iB 3 i 4 crynenis 11,4 % i 14,7 % Bunaakis Biamo-
BIJIHO; TpoMOOeMOoii JiereHeBoi aprepii 3 14 cTyreHiB —y
4,5 % 13,4 % XBOpHUX BiAMOBIHO; TPOMOO3Y IMHMOOKNX BEH
314 crymeniB—y 4,0 %1 11,9 % marienTis Binnosigao [32].

AnkinyBanbHiI 3aco0u MendanaH i OCHIAMYCTHH 3a-
TBEPDKCHI IS Tepartii epIroi JiHii B MaieHTIB 3 yIepIie
BCTAHOBJICHOIO MM, SIKHM He IUIaHy€ThCS TPAHCIUIAHTALis
cToBOypoBux kiituH [33,34]. Lluknodocdamin y xom-
Oinanii 3 6opTe3oMiOOM 1 JeKCaMeTa30HOM BXOJSTH 10
JIKyBaHHS MepIoi JiiHii XBopux Ha MM, sIKHM IU1aHy€ThCs
TPaHCIUIAHTAIlis CTOBOYPOBUX KIITHH. KapaioTOKCHYHICT
muKitodochamiay Moxke OyTH MPUIMHOKO TSHKKOI CEpIICBOT
HEO0CTaTHOCTI, 1 PH3HUK KapIiOTOKCHIHOCTI 301TBIIY€E€THCA 3
BIKOM, Y pa3i 3aCTOCYBaHHS BUCOKHX JI03 TIpETIapary, 3a HasB-
HOCTi QakTopiB pm3uKy [35]. [Ipu3HaueHHS OCHIAMYCTHHY
ACOIIFOETHCS 3 iH(apKTOM MiOKapa, CepLeBO0 HEAOCTATHI-
CTIO Ta apUTMisiMU. JIiKyBaHHS BUCOKOIO3HUM Mell(haIaHOM
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b. 6. Camypa, M. O. NaHaceHko, C. 5. [JoueHko

Tiepe; ay TOIOTIYHOK TPAHCILIAHTALIEI0 CTOBOYPOBUX KITITHH
MOJKe OyTH IIPUYMHOIO CYTIPABEHTPUKYJISIPHUX apuTMii [36].

YHacIiI0K TOro, M0 KOXXKHOTO POKY JiKyBaHHSI MM
MOIU(]IKYEThCS, HEOOXiTHE OIIHIOBAHHS HECTPUSATIMBHUX
IO [T KOYKHOTO HOBOTO METOY JIiKyBaHHS. Bimomo, mo
BEHO3HA TPOMOOEMOOITiSI aCOIIFOETHCS 3 IMyHOMOAYIISITOPA-
mu. He Gepyuu 10 yBaru JOCIiKEHHS KapIiOTOKCHYHOTO
BIUIMBY aHTPALMKIIIHIB, BU3HAUYCHHS] PH3UKY BUHHKHEHHS
Kap/1i0BacKyJISIPHUX HECHPHUATIMBHUX ITOIH — HOBHI HAIIpsIM
y JlikyBaHHI XBopux Ha MM. ¥V 2016 p. omy0nikoBaHO pe-
KOMCH/IAIII1 JIIKyBaHHs KapIiaJIbHUX MOIii, 110 acoIliioBaHi
3 ximioTeparniero Ta pajioreparieto [26]. €BporieiicbKkum
TOBAapPUCTBOM Kapionorii Ta €BpONelChKUM TOBAPUCTBOM
MeIMYHOI OHKOJIOTI1 10 Tepartii aHTparuKIiHaMy abo 1HIH-
MH METOaMH JIIKYBaHHS 3 IOTEHIIITHOIO TOKCUIHICTIO BCIM
narieHTaM peKOMEH/I0BAHO OLIIHIOBATH KapIiOBACKYIIAPHUH
PU3HK, 0 BKITFOYAE OKUPIHHS, TEFOTIOHOIIATIHHS, HAsIBHICT
LyKpOBOTO aiabeTy, aprepialibHOi rineprensii, rinepxoiec-
TepHHEMii, KapiOBaCKyIISIPHUX 3aXBOPIOBAaHb B aHAMHE3.
VY pekoMeHaIisfX aKIIEHTOBAHO Ha HEOOXITHOCTI HaJlaHHS
MOpajIy MaI[iEHTaM OO0 3HIKCHHS KapaioBaCKYJISIPHOTO
pu3HKy. €BpOIEHChKEe areHTCTBO 3 JIIKAPCHKHUX 3ac00iB
MIPOTIOHYE TAIlIEHTaM i3 BUCOKUM KapiOBaCKyIAPHUM PH-
3UKOM OTpHMYBaTH npodinakruanae nikyBauas [37]. Ho
JIKyBaHHS (GYHKIISI CEPIIST MOYKE Oy TH OITiHEHA 32 JJOTIOMOT 010
KIIIHIYHOTO OTJIATY, eNIeKTpoKapIiorpadii, exokapmiorpadii,
MUGA -ckanyBannst, MPT. YV pyTHHHIN paKTHIli €XOKapaio-
rpadiro 3aCTOCOBYIOTH JUIsl BUMIpIOBaHHS (ppakiii BUKHILY
JIIBOTO IIUTYHOUKA, OL[IHIOIOTh CTPYKTYpY MioKap/a Ta (yHK-
wito KJanasis. JI0CiiKeHHs] MO3KOBOTO HATPiiypETHYHOTO
nenTuy Ta iioro N-TepMiHaIbHOro (parmMeHTa MOKHa BHKO-
PHCTOBYBATH JUJIsl BUSIBIICHHSI Kap/AiaJibHOT JMCQYHKILIT, ale
HOT0 3aCTOCYBaHHS OOMEKEHE HU3BKOIO CIEIH(IUHICTIO ¥
namierTiB i3 MM [38]. JIokanbHi peKoMeHIaIli1 MPOIIOHYIOTh
BUMIPIOBaHHS apTePiaTbHOTO THCKY B IIEPILHIA TEHb KOKHOTO
LUKITY IIPOTUITY XJTMHHOTO JIIKYBaHHS JUTst 0araTb0X Cy4acHUX
pexuMiB JikyBanHs MM [39].

ITin vac nikyBaHHs Kap(Bi130MiOOM NAIliEHTH MAIOTh O1Tb-
LM PU3UK CEPLIEBOI HEIOCTATHOCTI, SIKIO TXHIH BiK OiblIe
HiX 75 pokiB. [TamieHTr MaroTh OUIBLIN PU3KMK Kap iadbHUX
TOJTiH, SIKIIIO BOHK MAlOTh X0ua O OHH i3 (aKTOpiB pU3HKY:
ceplieBa HEMOCTATHICTh 3/0e3 3HWKEHHS (DpaKilii BUKUY,
immemivHa XxBopoOa ceplist, BaJu ceplis, Kapaiomionaris (Ti-
niepTpoivna, quaTaniitHa abo peCTPUKTUBHA), HEKOHTPO-
JIbOBaHA APUTMis, TONIEPEIHE JIIKYBAaHHS aHTPaLUKITIHAMH.
[NarmieHTH 3 KOMOPOITHIMHU CTAaHAMU, BKJIIFOYAIOUU apTepi-
QJIbHY TilepTEeH3110, 3aXBOPIOBAHHS NepU()EPUIHNX CYANH,
IyKpOBHH j1ia0eT, TinepxoecTepruHeMito, TIOTIOHOTIAIIHHSI,
OXKUPIHHS, TAKOXK MAIOTh OLTBIINH PU3UK Kap/[i0BaCKYJISIPHHUX
nogii [40].

[Tix yac niKyBaHHS MAI[iEHTH Ta JiKapi NOBUHHI OyTH
YBOKHUMH JI0 CUMITTOMIB, III0 MOKYTh OyTH O3HAKOIO KapIio-
BaCKyJISIpHOI 1oz1ii. MOHITOPHHT KapaiaibHOI (PYHKIIIT pexo-
MEHJIOBaHO BUKOHYBATH 32 JOTIOMOTOF0 eNIeKTpoKapiorpadii
Ta exokapaiorpadii. 3a pe3ynpraramMu 0araTOICHTPOBHX
JOCITI/KEHB, 3HIDKCHHS (DPaKIlil BUKHUIY JTiBOTO IIUTYHOYKA
Ha 10 % 1 OLIbIIIE IO HIXKHBOT MEKU HOPMAITBHUX 3HAYCHB 1

HIDK4e (<55 %) NOpPIBHSHO 3 MOKA3HUKOM II€pe]] T0YaTKOM
MPOTHUITYXJIMHHOTO JIKYBaHHSI € TIOKa3aHHSM JUISl [10YaTKy
JIKyBaHHs 1HrIOITOpAMHU aHTIOTEH3UHIIEPETBOPIOBAILHOTO
thepmenTy i B-agpenodnokaropamu [26]. PimenmHs mpo Mox-
JIMBICTH HOJOBKEHHSI IIPOTUITYXJIMHHOTO JTIKYBaHHS YXBaJIIO-
I0Th Ha TiJICTaBi MMOPIBHSIHHS PU3UKY TporpecyBaHHsI MM i
3arajpHOTO KapAioBacKyIsipHOro crarycy [38]. 3acTocoBy-
104M Kap(i130MiJI, 3T1THO 3 peKOMEHAALIIME €BpoIeiichKol
Mepexi 3 MIEJIOMH, y pa3i BUHUKHEHHS Kap/li0BaCKyJISIPHOT
nonii 3 cryrnens i Buie, npenapar kapdinzomio HeoOXiqHO
CKacyBaTH Ta MPU3HAYNTH iH(]Y3iHHY Teparito. Y BUIAIKY
BUHUKHEHHSI KapA10BaCKYJISIPHUX MOJIiH 2 CTYNEHS Ta HUKYE
JKyBaHHS Kap(]igo3mMiOOM MOXKHA BiTHOBIIIOBATH. Pe3yiib-
taru gocmimpkerHs ENDEAVOR Bka3yioTs, 10 3HIKEHHS
(hpakIii BUKUTY JBOTO IIUTYHOYKA ITiJT 9ac JIKyBaHHS Kap-
(himomidom abo 6opTe30MiOOM 3a3BHUAl € 3BOPOTHIM [41].

Benosna tpomboemOomist BunMKae y 3—10 % xBopux Ha
MM, 110 OB’ 5I3aHO 3 IIepediroM OCHOBHOTO 3aXBOPIOBAHHS,
MPU3HAYESHUM JIIKYBaHHSM Ta 3aTJIbHONIPUIHATUMH (aKTo-
pamu pusuKy [42]. Bimomo, 1110 Tepartist iMyHOMOIY/IATOpaMU
30UIBIIIY€ PU3UK BEHO3HUX TPOMOOEMOOITiil, — BOHU BUHUKA-
10Tb Olbie HK y 10 % XBOpHX, SIKi OTPUMYIOTh JIIKYBaHHS
neHamigomiaom, i 1-9 % mamieHTiB, AKi OTPUMYIOTD JIKY-
BaHHSI TaJiIOMiZIoM abo ToHaTiMioM [27].

Pusuk BeHO3HHX TpoMOoeMOOmili HEOOXiTHO TaKOK
BPAxOBYBAaTH IIiJ] Yac JIKyBaHHS iHTiIOITOpaMH MPOTEOCOM,
ocobnmBo kKapdimzomioom [20].

VY nocnimpkenni FOCUS mipx yac nikyBanHs kapdinzoMi-
0oM pHU3MK BUHUKHEHHS TpoMOoeMOotii JiereHeBoi aprepii,
TpomO03y Tnbokux BeH cranoBuB 1,7-3,1 % 1 0,9-1,8 %
BianosigHo [43]. YV nocmimkennsx ASPIRE i ENDEAVOR
BH3HAYCHO: BEHO3HI TPOMOOEMOOJTIT YacTillie TiarHoCTyBaIld
y pasi JikyBaHHA Kapdin3omiboMm y xKoMmOiHamii 3 JeHami-
JIOMIZIOM 1 JIeKCaMeTa30HOM TOPIiBHSIHO 3 KOMOIHAITEO 3
nexkcamerazoHoM [20,44]. V mocnimkenni MMVAR/IFM
2005-04 TpoMO0oeMOo0ITiuHI TIOiT BUSIBISUTH B 1—6 % matieH-
TiB 13 MM, siki orprMyBasm 6opre3omi6 [45]. Y mociimkenHi
TOURMALINE-MMI1 tpom6oembomii peectpyBamu y 3 %
TMAL€HTIB, SIKI OTPUMYBaJIH 1KCa30Mi0 y KoMOiHaIii 3 ieHati-
JIOMIJIOM 1 IeKcameTazoHoM, Y 3,3 % XBOPHX, SIKI OTPHUMYBAJIN
JICHATIZIOMIT 13 IeKcameTa3oHoM [46].

Benosni TpoM00eMO0JIii TaKOXK BUSBISLIN B 6,3 % ma-
IIEHTIB, SKUX JIKyBaJdl MOHOKJIOHAJIEHUM AaHTHUTIJIOM JI0
SLAMF7 enoty3ymaboMm y KOMOiHAII{ 3 JEHAITIIOMIIOM i
HHU3bKO/I030BHM JIEKCAMETA30HOM, Y MEXaxX IOCHIIKCHHS
ELOQUENT-2 [47].

BpaxoBy1oun pr3nKy BEHO3HUX TPOMOOeMOO0Tii, peKoMeH-
JIOBaHUIA JJOATKOBUI MOHITOPUHT MAIi€HTIB, SKi OTPUMYIOThH
JICHATiJIOMIJT, TOHATIOMIJ 1 Tasimomin [27].

3rizHo 3 pekoMeHalisiMu MikHapoaHoi po6o4oi rpymnu
3 mieniomu (IMWG) ta €Bporeicbkoi Mepexi 3 MieJIoMu
(EMN), y martienTiB i3 MM Heo0XiTHO BpaXxoByBaTH ()akKTOpH
PH3HUKY BEHO3HUX TPoMOOeMOOIIiii: BiK, IHAEKC MacH Tija,
HasIBHICTB CTIAIKOBOI TPOMOO (i1, HAsIBHICTE IIEHTPAILHOTO
BCHO3HOTO Karerepa abo meiicMmelikepa, momepeHiid TpoM-
003 TTOBEpXHEBHUX BEH, BATITHICTH 1 MICISPOIOBHUIA TEPio,
BKMBAaHHS HapKOTHYHMX 3ac00iB, IONEpeaH] OlepaTuBHi
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MHoxuHHa mieroma ma kapdiosacKynspHUl pusuk (o2nsd nimepamypu)

BTpYYaHHsI, TPaBMH, TOCIITaNI3alil, 3JI0SKiCHI Heoruiasii
Ta HEBPOJIOTiIuHI 3axBoproBaHHs [48]. PexomeHmoBaHO
BXKHMBAHHS acIipuHy MarieHTam 0e3 (akTopiB pu3HKy abo
OZIHUM 13 HUX. BBeZIeHHSI HU3bKOMOJIEKYIISIPHOTO TeTIapHHy
a0o0 Bap¢apuHy MPOTIOHYIOTH 32 HAsIBHOCTI IBOX 1 OiIbIIe
(baxTOpiB PU3HKY, i YaC JTIKYBaHHS iIMyHOMOIYJISATOPAMH,
BHCOKOJIO30BHM JIEKCAMETA30HOM, JOKCOPYOILIMHOM abo Ipr
noniximioreparii IPOTATOM IOHAWMEHIIe 5 MICAIIB MiCIs
MIPOTHITYXJIMHHOTO JIKyBaHHS. Y BHUIQJIKy TpoMOOeMOotil
JIKyBaHHsI IMyHOMOJIYJIITOPAMH HEOOXiTHO MPHUITMHUTH,
aJie micIIsl MPU3HAYeHHS HU3bKOMOJICKYIISIPHOTO I'ellaprHy B
TepaneBTHYHII 1031 NpUMaHHs IMyHOMOIYJISITOpa MOXKHA
BimHoBuTH [49]. [lamienTam i3 pusukoM TpomOOeMOoTii
HEOOXiTHO 3MEHIIUTH (aKTOPH PU3HKY, IKi MOKHA MOIH-
¢ixyBaTH (IpUITMHEHHS TIOTIOHOMATIHHS, TPU3HAYCHHS
aHTHTINEPTEH3UBHOI Tepartii). BaxkiiBe yxBaJIeHHS 3Baxe-
HOTO pIIlICHHS B pa3i He0OXiHOCTI PU3HAYCHHS JIIKyBaHHS,
110 MOJKE 30UIBIITYBAaTH PU3HK TPOMOOeMOouIii (Tipernaparu
€pUTPOIIOETHHY, 3aMiCHE TOPMOHAJIEHE JIIKYBaHHS).

Kinbka rpym jgikapchKHX 3aco0iB, KOTPI BUKOPHUCTOBYIOTh
Jutst JlikyBaHHS: MM, 301TbIITYIOT PU3UK CEpPLIEBOT HEOCTaT-
HocrTi. HenerinboBanuii TOKCOpyOilMH — IPUYMUHA PO3BUTKY
cepreBoi HEAOCTAaTHOCTI MPOTAroM abo MiCis JTiKyBaHHS
KyMYJBITHBHOFO /103050 300 Mr/m? B 1-2 % mamienTis. Pusuk
PO3BUTKY CepIIeBOi HETOCTAaTHOCTI iICTOTHO 30LTBIIY€ETHCS Y
pasi TOCSTEHHST MAKCHMAITBHOT KyMYJIATHBHOI 1031 550 Mr/m>,

[Tpu3Ha4YeHHS JIeHaTIIOMiTy 3 HU3bKOZ030BUM JEKCAMETO-
30HOM CYIIPOBOJDKYBAJIOCS] PO3BUTKOM CEPLIEBOI HEJIOCTATHO-
ctiB 1,7-1,8 % martienTi [46]. JlikyBaHHS IeKCaMETO30HOM
— camocCTiiHuii GakTop pu3uKy imemii miokapzaa [S0].

V¥ nocnimxenni ENDEAVOR uactoTy BUHHKHEHHS cep-
[IEBOI HEJIOCTATHOCTI Y pa3i MpHU3HAYCHHS Kapdia3omiOy 3
JIeKCaMETa30HOM TIOPIBHSITH 3 MIPU3HAYCHHAM O0pTe30Mily
3 jpekcaMeTo30HoM — 2,8 % 1 0,7 % BiamosigHo [44]. Xoua
TIPOTATOM 3 POKIB CTIOCTEPEKEHHS ITICIIS JIIKYBaHHS Kaphi-
30Mi00M 260 OOPTE30MiOOM HE BISIBIITH CYTTEBOTO 3HIKCHHS
KapmiambHOT quchyHKI [51].

Cepeq namnieHTiB 3 yreplie BCTaHOBJIEHHUM JliarHo3oM MM
38 % MaroTh aprepianbHy rineprensito [52]. [ineprensiro
JIOBOJII 4acTO JIarHOCTYIOTh y MAI€HTIB, SIKI OTPUMYIOTh
JIKYBaHHSI 1HI10ITOpaMHU ITPOTEOCOM.

Enmoremianbia aucyHKis, 110 BUHHUKAE T 9ac JIKy-
BaHHA Kap¢in3oMiOoM, — IpUYUHA TiABUIICHHS TOHYCY
CYAVH 1 Ba30CHa3My, SIKHI TUTBKH aCTKOBO KOMITCHCYETBCS
MIpU3HAYCHHAM HITPATiB Ta aHTATOHICTIB KanbIlito. [{e Moxke
TIOSICHUTH BUHUKHEHHSI apTepiaJIbHO] rinepTeHsii, 1o € Haii-
YacTIINM 1M0OIYHNM e(heKTOM 1 30UIbIIye pu3nK iHpapKTy
Miokapna [53].

VY nocnimxenni ENDEAVOR aprepianbHy rinepreHsito
JiarHocTyBaiu B 15 % naii€eHTiB, sKi OTpUMYBAaJIH TEPAITiIo
kapdinzomidbomM, 1 3 % XBOpHX, sIKi JIKyBaiucs 60pTe30Mi-
6om [44].

JlikyBaHHS MOHOKJIOHAJIFHUM aHTUTLIIOM JapaTyMyMadom
aCOINIOEThCS 3 TinmepTensiero. Tak, y nocmimkenai CASTOR
JIOBEZICHO: ceper] XBoprx Ha MM, siKi OTpHMYBaJIN JIIKyBaHHS
JaparymyMaOoM y KoMOiHaIIi1 3 00pTe30MiOOM | HU3BKOI030-
BUM JIEKCaMeTa30HOM, 6,6 % Maiu apTepiasibHy rilepTeH3io

[54]. Xoua B mocmimkenni ELOQUENT-2 eneryzyma0 He
TOKAa3aB BIPOTiTHOTO BIUTHBY Ha apTepiadbHU THCK [47].

BucHoBKku

1. OniHIOBaHHS KapAi0BACKYISIPHOTO PU3UKY Y XBOPUX Ha
MM crano KIHIYHO 3HAYYIIUM Y 3B’SI3KY 3 YHNPOBa/DKCH-
HSIM HOBHX IIPENaparTiB 1 HOBUX T'PYII JIKAPCHKUX 3acO0iB,
30UTBIIICHHSM O49iKYBaHOTO TEPMiHY JKUTTS XBOpuX Ha MM.

2. Y manienTiB i3 MM 3aranpHuil KapAioBacKyJIsipHUMA
PH3HK TOB’sI3aHUH 13 KOMOPOITHUME CTaHAMH, (DaKTOpaMH,
1110 3aJIeXkaTh BijJ nepediry MM, KapaioTOKCHYHICTIO TIPO-
THUITYXJIMHHOTO JIIKyBaHHSI.

3. BiZKkpuTHM 3aJIMIIAETHCS TIMTAHHS PO TE, SKi came
(haxTopH a60 KoMOiHAaIIis (DAaKTOPIB BILIMBAE HA BAHUKHEHHS
KO>KHOT Kap/1i0BacKyJIsIpHOT MO1.

4.V nu3aiiHi HACTYITHUX KITIHI9HUX JOCIIHKEHb Y XBOPHX
Ha MM HeoOXiTHO BpaxOBYBaTH OI[IHFOBaHHS KapiioBa-
CKYJSIPHOTO PU3HKY il 4ac HPOTUILYXJIMHHOTO JIIKYBaHHS
JUTSL THIUBITyaTi3allii JIiKyBaHHS Ta MOKPAIICHHS IPOTHO3Y
TMAIEHTIB.

KoHdpnikT iHTepeciB: BiacyTHIN.
Conflicts of interest: authors have no conflict of interest to declare.

BigomocrTi npo aBTOpiB:

Cawmypa b. b., A-p Mea. Hayk, AOLEHT Kad. BHYTpiLLHiIX XBopob 3,
3anopisbkuii AepxxaBHUIA MEQWUYHUIA YHIBEPCUTET, YKpaiHa.

MaHaceHko M. O., o4HuiA acnipaHT kad. BHYTpiLLHiX XBopob 3,
3anopisbkuii AepxxaBHWUA MeAWNYHUI YHIBEpCUTET, YKpaiHa.

Houenko C. A., a-p Men. Hayk, npocbecop, 3aB. kad). BHYTPILLHIX XBOpPob 3,
3anopisbkuii AepxaBHUA MEANYHUI YHIBEPCUTET, YKpaiHa.

Information about authors:

Samura B. B., MD, PhD, Associate Professor of the Department

of Internal Diseases 3, Zaporizhzhia State Medical University, Ukraine.
Panasenko M. O., PhD student of the Department of Internal Diseases 3,
Zaporizhzhia State Medical University, Ukraine.

Dotsenko S. Ya., MD, PhD, DSc, Professor, Head of the Department of
Internal Disease 3, Zaporizhzhia State Medical University, Ukraine.

CBepfieHus 06 aBTOpax:

Cawmypa b. b., o-p Mea. Hayk, AOLEHT Kad. BHYTPeHHUX bonesHen 3,
3anopoXcKuii rocyapCTBEHHbI MEAULIMHCKUIA YHUBEPCUTET, YkpauHa.
MaHaceHko M. A., 04HbIN acmivpaHT kad). BHyTPeHHWX 6onesHeii 3,
3anopoXckuii rocyapCTBEHHbI MEAULIMHCKUIA YHUBEPCUTET, YkpanHa.
Jouenko C. A., a-p mMeg. Hayk, npodheccop, 3aB. kad. BHYTPEHHNX
HonesHeit 3, 3anopoxckuiA rocyaapCTBEHHBIN MEAULIMHCKIYA YHUBEPCUTET,
YkpauHa.

Cnicok nitepatypu

[1] Kocoglu M., Badros A. The Role of Immunotherapy in Multiple
Myeloma. Pharmaceuticals. 2016. Vol. 9, Iss. 1. P. 3. https:/doi.
0rg/10.3390/ph9010003

[2] Personalized therapy in multiple myeloma according to patient age
and vulnerability: a report of the European Myeloma Network (EMN)
/ A. Palumbo, S. Bringhen, H. Ludwig et al. Blood. 2011. Vol. 118,
Iss. 17. P. 4519-4529. https://doi.org/10.1182/blood-2011-06-358812

[3] Cardiac event rates in patients with newly diagnosed and relapsed
multiple myeloma in US clinical practice / K. Kistler, K. Rajangam, G.
Faich, S. Lanes. Blood. 2012. Vol. 120. P. 2916.

[4] Bahlis N. J, Lazarus H. M. Multiple myeloma-associated AL
amyloidosis: is a distinctive therapeutic approach warranted?. Bone
marrow transplantation. 2006. Vol. 38, Iss. 1. P. 7-15. https://doi.
org/10.1038/sj.bmt. 1705395

ISSN 2306-8094

AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanyHoi Haykmn Ta npaktvku. — 2020. — T. 13, Ne3(34) 441


https://doi.org/10.3390/ph9010003
https://doi.org/10.3390/ph9010003
https://doi.org/10.1182/blood-2011-06-358812
https://doi.org/10.1038/sj.bmt.1705395
https://doi.org/10.1038/sj.bmt.1705395

b. 6. Camypa, M. O. NaHaceHko, C. 5. [JoueHko

(3]

6]

(7]

(8]

9]

[10]

(M

[12]

[13]

[14]

[19]

(6]

(7]

(18]

[19]

[20]

[21]

(22]

(23]

ATypical case of a multiple myeloma revealed by cardiac amyloidosis
/'S. Arous, |. Bensahi, M. Noureddine, R. Habbal. Angiology. 2015.
Vol. 3, Iss. 4. P. 1000163. https://doi.org/10.4172/2329-9495.1000163
International Myeloma Working Group (IMWG) Criteria for
the Diagnosis of Multiple Myeloma / International Myeloma Working
Group // International Myeloma Foundation. Update date: 31.05.2017.
URL: https://www.myeloma.org/international-myeloma-working-group-
imwg-criteria-diagnosis-multiple-myeloma

Hypercalcemia // Mayo Clinic. Update date: 31.03.2020. URL: http:/
www.mayoclinic.org/diseases-conditions/hypercalcemia/basics/
complications/con-20031513

Chronic kidney disease and cardiovascular risk: epidemiology,
mechanisms, and prevention / R. T. Gansevoort, R. Correa-Rotter,
B. R. Hemmelgarn et al. Lancet. 2013. Vol. 382, Iss. 9889. P. 339-352.
https://doi.org/10.1016/S0140-6736(13)60595-4

Anemia as arisk factor for cardiovascular disease in The Atherosclerosis
Risk in Communities (ARIC) study / M. J. Sarnak, H. Tighiouart, G.
Manjunath et al. Journal of the American College of Cardiology. 2002.
Vol. 40, Iss. 1. P. 27-33. https:/doi.org/10.1016/s0735-1097(02)01938-1
Anemia. Also known as Iron-poor blood, Low blood, Tired blood //
National Heart Lung and Blood Institute. URL : https://www.nhlbi.nih.
gov/health/health-topics/topics/anemia/signs

The influence of baseline characteristics and disease stage on health-
related quality of life in multiple myeloma: findings from six randomized
controlled trials / D. Robinson Jr, D. L. Esseltine, A. Regnault et al.
British journal of haematology. 2016. Vol. 174, Iss. 3. P. 368-381.
https://doi.org/10.1111/bjh.14058

Multiple myeloma: ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up / P. Moreau, J. San Miguel, P. Sonneveld et
al. Annals of oncology. 2017. Vol. 28, Suppl. 4. P. iv52-iv61. https://
doi.org/10.1093/annonc/mdx096

International Myeloma Working Group recommendations for global
myeloma care / H. Ludwig, J. S. Miguel, M. A. Dimopoulos et al.
Leukemia. 2014. Vol. 28, Iss. 5. P. 981-992. https://doi.org/10.1038/
leu.2013.293

Current role of radiation therapy for multiple myeloma / G. Talamo,
C. Dimaio, K. K. Abbi et al. Frontiers in oncology. 2015. Vol. 5. P. 40.
https://doi.org/10.3389/fonc.2015.00040

Shah J. J, Orlowski R. Z, Thomas S. K. Role of combination bortezomib
and pegylated liposomal doxorubicin in the management of relapsed
and/or refractory multiple myeloma. Therapeutics and clinical risk
management. 2009. Vol. 5, Iss. 1. P. 151-159. https://doi.org/10.2147/
term.s3340

Caelyx (doxorubicin hydrochloride): Janssen—Cilag International N.
V. summary of product characteristics. (2006, May19) // European
Medicines Agency. URL: http://www.ema.europa.eu/docs/en_GB/
document_library/EPAR_-_Product_Information/human/000089/
WC500020180.pdf

Doxorubicin hydrochloride 2mg/ml solution for infusion. (Date
of revision of the text 05/2020) / Medac GmbH // European
Medicines Agency. URL: https://www.medicines.org.uk/emc/print-
document?documentld=24588

Geisberg C. A., Sawyer D. B. Mechanisms of anthracycline
cardiotoxicity and strategies to decrease cardiac damage. Current
hypertension reports. 2010. Vol. 12, Iss. 6. P. 404-410. https://doi.
0rg/10.1007/s11906-010-0146-y

ERKs/p53 signal transduction pathway is involved in doxorubicin-
induced apoptosis in H9c2 cells and cardiomyocytes / J. Liu, W.
Mao, B. Ding, C. S. Liang. American journal of physiology. Heart and
circulatory physiology. 2008. Vol. 295, Iss. 5. P. 1956-1965. https://
doi.org/10.1152/ajpheart.00407.2008

Kyprolis (carfilzomib): summary of product characteristics. (2015,
November 19) / Amgen // European Medicines Agency. URL: http:/
www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
Product_Information/human/003790/WC500197692.pdf

Ninlaro (ixazomib): summary of product characteristics (2019,
September 16). / Takeda Pharma A/S // European Medicines Agency.
URL: https://www.ema.europa.eu/en/documents/en/documents/
product-information/ninlaro-epar-product-information_en.pdf
VELCADE (bortezomib): highlights of prescribing information
(2014, November) / Millennium Pharmaceuticals Ins. // European
Medicines Agency. https://www.accessdata.fda.gov/drugsatfda_docs/

label/2014/021602s040Ibl.pdf
Proteasome inhibitors — molecular basis and current perspectives in

multiple myeloma/ L. Kubiczkova, L. Pour, L. Sedlarikova et al. Journal
of cellular and molecular medicine. 2014. Vol. 18, Iss. 6. P. 947-961.

https://doi.org/10.1111/jcmm.12279

(24]

(25]

26]

(27]

28]

[29]

[30]
(31]

(32]

(33]

(34]

[39]

(36]

[37]

(38]

(39]

40]

[41]

[42]

Intracellular protein aggregation is a proximal trigger of cardiomyocyte
autophagy / P. Tannous, H. Zhu, A. Nemchenko et al. Circulation.
2008. Vol. 117, Iss. 24. P. 3070-3078. https://doi.org/10.1161/
CIRCULATIONAHA.107.763870

Transcription factor NF-kappa B represses ANT1 transcription and
leads to mitochondrial dysfunctions / C. Zhang, H. Jiang, P. Wang et
al. Scientific reports. 2017. Vol. 7. P. 44708. https://doi.org/10.1038/
srep44708

2016 ESC position paper on cancer treatments and cardiovascular
toxicity developed under the auspices of the ESC Committee
for Practice Guidelines: the task force for cancer treatments and
cardiovascular toxicity of the European Society of Cardiology (ESC)
/J. L. Zamorano, P. Lancellotti, , D. Rodriguez Mufioz et al. European
journal of heart failure. 2016. Vol. 19, Iss. 1. P. 9-42. https://doi.
org/10.1002/ejhf.654

Revlimid (lenalidomide): summary of product characteristics. (2017,
February16) / Celgene Europe Ltd. // European Medicines Agency.
URL: http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/000717/WC500056018.pdf
Nexavar (sorafenib): summary of product characteristics. (2011,
July 21) / Bayer Pharma A. G. // European Medicines Agency. URL:
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
Product_Information/human/000690/WC500027704.pdf

Avastin, INN-bevacizumab. (2015, January 14) / Roche Registration
Ltd. // European Medicines Agency. URL: http://www.ema.europa.
eu/docs/en_GB/document_library/EPAR_-_Product_Information/
human/000582/WC500029271.pdf

Prednisone and other corticosteroids (2019, October 9). // Mayo Clinic.
URL: http://www.mayoclinic.org/steroids/art-20045692

Lenalidomide plus high-dose dexamethasone versus lenalidomide plus
low-dose dexamethasone as initial therapy for newly diagnosed multiple
myeloma: an open-label randomised controlled trial / S. V. Rajkumar,
S. Jacobus, N. S. Callander et al. The Lancet. Oncology. 2010. Vol. 11,
Iss. 1. P. 29-37. https://doi.org/10.1016/S1470-2045(09)70284-0
Lenalidomide plus dexamethasone for relapsed or refractory multiple
myeloma / M. A. Dimopoulos, A. Spencer, M. Attal et al. The New
England journal of medicine. 2007. Vol. 357, Iss. 21. P. 2123-2132.
https://doi.org/10.1056/NEJMoa070594

Melphalan 50 mg Powder and Solvent for Solution for Injection/Infusion
(2014, August) // Aspen trading. URL: https://www.medicines.org.uk/
emc/medicine/703

Bendamustine hydrochloride 2.5 mg/ml powder for concentrate for
solution for infusion // Medac GmbH. (2018, April). URL: https://www.
medicines.org.uk/emc/medicine/31620

Cyclophosphamide 1000 mg Powder for Solution for Injection or
Infusion // Sandoz Ltd. (2017, June 7). URL: https://www.medicines.
org.uk/emc/medicine/29592

Incidence of supraventricular arrhythmias during autologous peripheral
blood stem cell transplantation / A. Singla, W. J. Hogan, S. M. Ansell et
al. Biology of blood and marrow transplantation. 2013. Vol. 19, Iss. 8.
P. 1233-1237. https://doi.org/10.1016/j.bbmt.2013.05.019

The European Medicines Agency review of carfilzomib for
the treatment of adult patients with multiple myeloma who have
received at least one prior therapy / K. Tzogani, J. Camarero Jiménez,
|. Garcia et al. The oncologist. 2017. Vol. 22, Iss. 11. P. 1339-1346.
https://doi.org/10.1634/theoncologist.2017-0184

Bovelli D., Plataniotis G., Roila F. Cardiotoxicity of chemotherapeutic
agents and radiotherapy-related heart disease: ESMO Clinical
Practice Guidelines. Annals of oncology. 2010. Vol. 21, Suppl. 5.
P. v277-v282. https://doi.org/10.1093/annonc/mdg200

Bortezomib, Melphalan and Prednisolone (VMP) // South west Clinical
Network. (2017, December). URL: http://www.swscn.org.uk/wp/wp-
content/uploads/2014/12/VMP-1.pdf

Prevention and management of adverse events of novel agents in
multiple myeloma: a consensus of the European Myeloma Network
/ H. Ludwig, M. Delforge, T. Facon et al. Leukemia. 2017. Vol. 32.
P. 1542-1560. https://doi.org/10.1038/leu.2017.353

Serial echocardiographic assessment of patients (Pts) with relapsed
multiple myeloma (RMM) receiving carfilzomib and dexamethasone
(Kd) vs bortezomib and dexamethasone (Vd): a substudy of the Phase
3 Endeavor Trial / S. Russell, A. Lyon, D. Lenihan et al. Blood. 2015.
Vol. 126. P. 4250.

Monoclonal gammopathy of undetermined significance and
multiple myeloma are associated with an increased incidence of
venothromboembolic disease / G. Srkalovic, M. G. Cameron, L.
Rybicki et al. Cancer. 2004. Vol. 101, Iss. 3. P. 558-566. https://doi.

0rg/10.1002/cncr.20405

442

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Haykm Ta npakTvku. — 2020. — T. 13, Ne3(34)

ISSN 2306-8094


https://doi.org/10.4172/2329-9495.1000163
https://www.myeloma.org/international-myeloma-working-group-imwg-criteria-diagnosis-multiple-myeloma
https://www.myeloma.org/international-myeloma-working-group-imwg-criteria-diagnosis-multiple-myeloma
http://www.mayoclinic.org/diseases-conditions/hypercalcemia/basics/complications/con-20031513
http://www.mayoclinic.org/diseases-conditions/hypercalcemia/basics/complications/con-20031513
http://www.mayoclinic.org/diseases-conditions/hypercalcemia/basics/complications/con-20031513
https://doi.org/10.1016/S0140-6736(13)60595-4
https://doi.org/10.1016/s0735-1097(02)01938-1
https://www.nhlbi.nih.gov/health/health-topics/topics/anemia/signs
https://www.nhlbi.nih.gov/health/health-topics/topics/anemia/signs
https://doi.org/10.1111/bjh.14058
https://doi.org/10.1093/annonc/mdx096
https://doi.org/10.1093/annonc/mdx096
https://doi.org/10.3389/fonc.2015.00040
https://doi.org/10.2147/tcrm.s3340
https://doi.org/10.2147/tcrm.s3340
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000089/WC50002
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000089/WC50002
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000089/WC50002
https://www.medicines.org.uk/emc/print-document?documentId=24588
https://www.medicines.org.uk/emc/print-document?documentId=24588
https://doi.org/10.1007/s11906-010-0146-y
https://doi.org/10.1007/s11906-010-0146-y
https://doi.org/10.1152/ajpheart.00407.2008
https://doi.org/10.1152/ajpheart.00407.2008
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003790/WC50019
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003790/WC50019
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003790/WC50019
https://www.ema.europa.eu/en/documents/en/documents/product-information/ninlaro-epar-product-informa
https://www.ema.europa.eu/en/documents/en/documents/product-information/ninlaro-epar-product-informa
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/021602s040lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/021602s040lbl.pdf
https://doi.org/10.1111/jcmm.12279
https://doi.org/10.1161/CIRCULATIONAHA.107.763870
https://doi.org/10.1161/CIRCULATIONAHA.107.763870
https://doi.org/10.1038/srep44708
https://doi.org/10.1038/srep44708
https://doi.org/10.1002/ejhf.654
https://doi.org/10.1002/ejhf.654
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000717/WC50005.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000717/WC50005.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000690/WC500027704.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000690/WC500027704.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000582/WC500029271.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000582/WC500029271.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000582/WC500029271.pdf
http://www.mayoclinic.org/steroids/art-20045692
https://doi.org/10.1016/S1470-2045(09)70284-0
https://doi.org/10.1056/NEJMoa070594
https://www.medicines.org.uk/emc/medicine/703
https://www.medicines.org.uk/emc/medicine/703
https://www.medicines.org.uk/emc/medicine/31620
https://www.medicines.org.uk/emc/medicine/31620
https://doi.org/10.1016/j.bbmt.2013.05.019
https://doi.org/10.1634/theoncologist.2017-0184
https://doi.org/10.1093/annonc/mdq200
https://doi.org/10.1038/leu.2017.353
https://doi.org/10.1002/cncr.20405
https://doi.org/10.1002/cncr.20405

MHoxuHHa mieroma ma kapdiosacKynspHUl pusuk (o2nsd nimepamypu)

[43] Arandomized phase Ill study of carfilzomib vs low-dose corticosteroids
with optional cyclophosphamide in relapsed and refractory multiple
myeloma (FOCUS) / R. Hajek, T. Masszi, M. T. Petrucci et al.
Leukemia. 2016. Vol. 31, Iss. 1. P. 107-114. https://doi.org/10.1038/
leu.2016.176

[44] Carfilzomib or bortezomib in relapsed or refractory multiple myeloma

(ENDEAVOR): an interim overall survival analysis of an open-label,

randomised, phase 3 trial / M. A. Dimopoulos, H. Goldschmidt, R.

Niesvizky et al. The Lancet. Oncology. 2017. Vol. 18, Iss. 10. P. 1327-

1337. https://doi.org/10.1016/S1470-2045(17)30578-8

Superiority of the triple combination of bortezomib-thalidomide-

dexamethasone over the dual combination of thalidomide-

dexamethasone in patients with multiple myeloma progressing or

relapsing after autologous transplantation: the MMVAR/IFM 2005-04

Randomized phase Il trial from the Chronic Leukemia Working Party

of the European Group for Blood and Marrow Transplantation / L.

Garderet, S. lacobelli, P. Moreau et al. Journal of clinical oncology.

2012. Vol. 30, Iss. 20. P. 2475-2482. https://doi.org/10.1200/

JC0.2011.37.4918

[46] Oral ixazomib, lenalidomide, and dexamethasone for multiple
myeloma / P. Moreau, T. Masszi, N. Grzasko et al. The New England
journal of medicine. 2016. Vol. 374, Iss. 17. P. 1621-1634. https://doi.
org/10.1056/NEJMoa1516282

[47] Elotuzumab plus lenalidomide/dexamethasone for relapsed or
refractory multiple myeloma: ELOQUENT-2 follow-up and post-
hoc analyses on progression-free survival and tumour growth
/ M. A. Dimopoulos, S. Lonial, D. White et al. British journal of
haematology. 2017. Vol. 178, Iss. 6. P. 896-905. https://doi.
0rg/10.1111/bjh.14787

[48] Prevention and management of adverse events of novel agents in
multiple myeloma: a consensus of the European Myeloma Network /
H. Ludwig, M. Delforge, T. Facon et al. Leukemia. 2017. Vol. 32, Iss. 7.
P. 1542-1560. https://doi.org/10.1038/s41375-018-0040-1

[49] Prevention of thalidomide- and lenalidomide-associated thrombosis

in myeloma / A. Palumbo, S. V. Rajkumar, M. A. Dimopoulos et al.

Leukemia. 2008. Vol. 22, Iss. 4. P. 414-423. https://doi.org/10.1038/

sj.leu.2405062

Neofordex : EPAR — Product Information (First published: 01.04.2016)

/I European Medicines Agency. URL: http://www.ema.europa.eu/

docs/en_GB/document_library/EPAR_-_Product_Information/

human/00407 1/WC500204050.pdf

[51] Analysis of carfilzomib cardiovascular safety profile across relapsed

and/or refractory multiple myeloma clinical trials / A. Chari, A. K.

Stewart, S. D. Russell et al. Blood advances. 2018. Vol. 2, Iss. 13.

P. 1633-1644. https://doi.org/10.1182/bloodadvances.2017015545

Incidence and risk of hypertension in patients newly treated for multiple

myeloma: a retrospective cohort study / A. Chari, K. Mezzi, S. Zhu et

al. BMC Cancer. 2016. Vol. 16, Iss. 1. P. 912. https://doi.org/10.1186/
$12885-016-2955-0

[63] Spasmogenic Effects of the Proteasome Inhibitor Carfilzomib on
Coronary Resistance, Vascular Tone and Reactivity / C. Chen-
Scarabelli, G. Corsetti, E. Pasini et al. EBioMedicine. 2017. Vol. 21.
P. 206-212. https://doi.org/10.1016/j.ebiom.2017.05.024

[54] Daratumumab, bortezomib, and dexamethasone for multiple myeloma
/ A. Palumbo, A. Chanan-Khan, K. Weisel et al. The New England
journal of medicine. 2016. Vol. 375, Iss. 8. P. 754-766. https://doi.

org/10.1056/NEJMoa1606038

References

[1] Kocoglu, M., & Badros, A. (2016). The Role of Immunotherapy in
Multiple Myeloma. Pharmaceuticals, 9(1), 3. https:/doi.ora/10.3390/
ph9010003

[2] Palumbo, A., Bringhen, S., Ludwig, H., Dimopoulos, M. A., Bladé, J.,
... Sonneveld, P. (2011). Personalized therapy in multiple myeloma
according to patient age and vulnerability: a report of the European
Myeloma Network (EMN). Blood, 118(17), 4519-4529. https://doi.
org/10.1182/blood-2011-06-358812

[3] Kistler, K., Rajangam, K., Faich, G., & Lanes, S. (2012). Cardiac
Event Rates in Patients with Newly Diagnosed and Relapsed Multiple
Myeloma in US Clinical Practice. Blood, 120, 2916.

[4] Bahlis, N. J., & Lazarus, H. M. (2006). Multiple myeloma-associated
AL amyloidosis: is a distinctive therapeutic approach warranted?.
Bone marrow transplantation, 38(1), 7-15. https://doi.org/10.1038/
sj.bmt. 1705395

[5] Arous, S., Bensahi, I., Noureddine, M., & Habbal, R. (2015). A Typical
case of a multiple myeloma revealed by cardiac amyloidosis. Angi-

ology, 3(4), 1000163. https://doi.org/10.4172/2329-9495.1000163

[45

50

52

(6]

[7]

(8]

(9]

[10]

(11

[12]

[13]

[14]

[15]

[16]

(17

(18]

[19]

[20]

[21]

[22]

International Myeloma Working Group. (2017, May 31). International
Myeloma Working Group (IMWG) Criteria for the Diagnosis of Multiple
Myeloma. International Myeloma Foundation. https://www.myeloma.
org/international-myeloma-working-group-imwg-criteria-diagno-
sis-multiple-myeloma

Mayo Clinic. (2020, March 31). Mayo Foundation for Medical Edu-
cation and Research. Hypercalcemia. http://www.mayoclinic.org/dis-
eases-conditions/hypercalcemia/basics/complications/con-20031513
Gansevoort, R. T., Correa-Rotter, R., Hemmelgarn, B. R., Jafar, T. H.,
Heerspink, H. J., Mann, J. F., Matsushita, K., & Wen, C. P. (2013).
Chronic kidney disease and cardiovascular risk: epidemiology,
mechanisms, and prevention. Lancet, 382(9889), 339-352. https://
doi.org/10.1016/S0140-6736(13)60595-4

Sarnak, M. J., Tighiouart, H., Manjunath, G., MacLeod, B., Griffith, J.,
Salem, D., & Levey, A. S. (2002). Anemia as a risk factor for cardio-
vascular disease in The Atherosclerosis Risk in Communities (ARIC)
study. Journal of the American College of Cardiology, 40(1), 27-33.
https://doi.org/10.1016/s0735-1097(02)01938-1

National Heart Lung and Blood Institute. (n.d.). Anemia. Also known
as Iron-poor blood, Low blood, Tired blood. https://www.nhlbi.nih.gov/
health/health-topics/topics/anemia/signs

Robinson, D., Jr, Esseltine, D. L., Regnault, A., Meunier, J., Liu, K.,
& van de Velde, H. (2016). The influence of baseline characteristics
and disease stage on health-related quality of life in multiple myelo-
ma: findings from six randomized controlled trials. British journal of
haematology, 174(3), 368-381. https://doi.org/10.1111/bjh.14058
Moreau, P., San Miguel, J., Sonneveld, P., Mateos, M. V., Zamag-
ni, E., Avet-Loiseau, H., Hajek, R., Dimopoulos, M. A., Ludwig, H.,
Einsele, H., Zweegman, S., Facon, T., Cavo, M., Terpos, E., Gold-
schmidt, H., Attal, M., Buske, C., & ESMO Guidelines Committee
(2017). Multiple myeloma: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Annals of oncology, 28(suppl_4),
iv52-iv61. https://doi.org/10.1093/annonc/mdx096

Ludwig, H., Miguel, J. S., Dimopoulos, M. A., Palumbo, A., Gar-
cia Sanz, R., Powles, R., Lentzsch, S., Ming Chen, W., Hou, J.,
Jurczyszyn, A., Romeril, K., Hajek, R., Terpos, E., Shimizu, K.,
Joshua, D., Hungria, V., Rodriguez Morales, A., Ben-Yehuda, D., Son-
dergeld, P., Zamagni, E., ... Durie, B. (2014). International Myeloma
Working Group recommendations for global myeloma care. Leukemia,
28(5), 981-992. https://doi.org/10.1038/leu.2013.293

Talamo, G., Dimaio, C., Abbi, K. K., Pandey, M. K., Malysz, J.,
Creer, M. H., Zhu, J., Mir, M. A., & Varlotto, J. M. (2015). Current role
of radiation therapy for multiple myeloma. Frontiers in oncology, 5,
40. https://doi.org/10.3389/fonc.2015.00040

Shah, J. J., Orlowski, R. Z., & Thomas, S. K. (2009). Role of
combination bortezomib and pegylated liposomal doxorubicin in
the management of relapsed and/or refractory multiple myeloma.
Therapeutics and clinical risk management, 5(1), 151-159. https:/
doi.org/10.2147/tcrm.s3340

European Medicines Agency. (2006, May19). Caelyx (doxorubicin
hydrochloride): Janssen—Cilag International N. V. summary of
product characteristics. http://www.ema.europa.eu/docs/en_GB/
document_library/EPAR_-_Product_Information/human/000089/
W(C500020180.pdf

Medac GmbH. (2020, May). Doxorubicin hydrochloride 2mg/ml
solution for infusion. https://www.medicines.org.uk/emc/print-docu-
ment?documentld=24588

Geisberg, C. A., & Sawyer, D. B. (2010). Mechanisms of anthra-
cycline cardiotoxicity and strategies to decrease cardiac damage.
Current hypertension reports, 12(6), 404-410. https://doi.org/10.1007/
$11906-010-0146-y

Liu, J., Mao, W., Ding, B., & Liang, C. S. (2008). ERKs/p53 signal
transduction pathway is involved in doxorubicin-induced apoptosis
in H9c2 cells and cardiomyocytes. American journal of physiology.
Heart and circulatory physiology, 295(5), H1956-H1965. https://doi.
org/10.1152/ajpheart.00407.2008

Amgen. (2015, November19 ). Kyprolis (carfilzomib): summary of
product characteristics. http://www.ema.europa.eu/docs/en_GB/
document_library/EPAR_-_Product_Information/human/003790/
WC500197692.pdf

Takeda Pharma A/S. (2019, September 16). Ninlaro (ixazomib): sum-
mary of product characteristics. https://www.ema.europa.eu/en/docu-
ments/product-information/ninlaro-epar-product-information_en.pdf
Millennium Pharmaceuticals Ins. (2014, November). VELCADE (borte-
zomib): highlights of prescribing information. https://www.accessdata.

fda.gov/drugsatfda_docs/label/2014/021602s040Ibl.pdf

ISSN 2306-8094 AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanyHoi Haykmn Ta npaktvku. — 2020. — T. 13, Ne3(34) 443


https://doi.org/10.1038/leu.2016.176
https://doi.org/10.1038/leu.2016.176
https://doi.org/10.1016/S1470-2045(17)30578-8
https://doi.org/10.1200/JCO.2011.37.4918
https://doi.org/10.1200/JCO.2011.37.4918
https://doi.org/10.1056/NEJMoa1516282
https://doi.org/10.1056/NEJMoa1516282
https://doi.org/10.1111/bjh.14787
https://doi.org/10.1111/bjh.14787
https://doi.org/10.1038/s41375-018-0040-1
https://doi.org/10.1038/sj.leu.2405062
https://doi.org/10.1038/sj.leu.2405062
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/004071/WC500204050.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/004071/WC500204050.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/004071/WC500204050.pdf
https://doi.org/10.1182/bloodadvances.2017015545
https://doi.org/10.1186/s12885-016-2955-0
https://doi.org/10.1186/s12885-016-2955-0
https://doi.org/10.1016/j.ebiom.2017.05.024
https://doi.org/10.1056/NEJMoa1606038
https://doi.org/10.1056/NEJMoa1606038
https://doi.org/10.3390/ph9010003
https://doi.org/10.3390/ph9010003
https://doi.org/10.1182/blood-2011-06-358812
https://doi.org/10.1182/blood-2011-06-358812
https://doi.org/10.1038/sj.bmt.1705395
https://doi.org/10.1038/sj.bmt.1705395
https://doi.org/10.4172/2329-9495.1000163
https://www.myeloma.org/international-myeloma-working-group-imwg-criteria-diagnosis-multiple-myeloma
https://www.myeloma.org/international-myeloma-working-group-imwg-criteria-diagnosis-multiple-myeloma
https://www.myeloma.org/international-myeloma-working-group-imwg-criteria-diagnosis-multiple-myeloma
http://www.mayoclinic.org/diseases-conditions/hypercalcemia/basics/complications/con-20031513
http://www.mayoclinic.org/diseases-conditions/hypercalcemia/basics/complications/con-20031513
https://doi.org/10.1016/S0140-6736(13)60595-4
https://doi.org/10.1016/S0140-6736(13)60595-4
https://doi.org/10.1016/s0735-1097(02)01938-1
https://www.nhlbi.nih.gov/health/health-topics/topics/anemia/signs
https://www.nhlbi.nih.gov/health/health-topics/topics/anemia/signs
https://doi.org/10.1111/bjh.14058
https://doi.org/10.1093/annonc/mdx096
https://doi.org/10.1038/leu.2013.293
https://doi.org/10.3389/fonc.2015.00040
https://doi.org/10.2147/tcrm.s3340
https://doi.org/10.2147/tcrm.s3340
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000089/WC50002
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000089/WC50002
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000089/WC50002
https://www.medicines.org.uk/emc/print-document?documentId=24588
https://www.medicines.org.uk/emc/print-document?documentId=24588
https://doi.org/10.1007/s11906-010-0146-y
https://doi.org/10.1007/s11906-010-0146-y
https://doi.org/10.1152/ajpheart.00407.2008
https://doi.org/10.1152/ajpheart.00407.2008
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003790/WC50019
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003790/WC50019
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003790/WC50019
https://www.ema.europa.eu/en/documents/en/documents/product-information/ninlaro-epar-product-informa
https://www.ema.europa.eu/en/documents/en/documents/product-information/ninlaro-epar-product-informa
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/021602s040lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/021602s040lbl.pdf

b. 6. Camypa, M. O. NaHaceHko, C. 5. [JoueHko

(23]

[24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

[32]

[33]

[34]

(3]

(36]

[37]

(38]

(39]

[40]

Kubiczkova, L., Pour, L., Sedlarikova, L., Hajek, R., & Sevciko-
va, S. (2014). Proteasome inhibitors — molecular basis and current
perspectives in multiple myeloma. Journal of cellular and molecular
medicine, 18(6), 947-961. https://doi.org/10.1111/jcmm.12279
Tannous, P., Zhu, H., Nemchenko, A., Berry, J. M., Johnstone, J. L.,
Shelton, J. M., Miller, F. J., Jr, Rothermel, B. A., & Hill, J. A. (2008).
Intracellular protein aggregation is a proximal trigger of cardiomyocyte
autophagy. Circulation, 117(24), 3070-3078. https://doi.org/10.1161/
CIRCULATIONAHA.107.763870

Zhang, C., Jiang, H., Wang, P., Liu, H., & Sun, X. (2017). Transcrip-
tion factor NF-kappa B represses ANT1 transcription and leads to
mitochondrial dysfunctions. Scientific reports, 7, 44708. https:/doi.
0rg/10.1038/srep44708

Zamorano, J. L., Lancellotti, P., Rodriguez Mufioz, D., Aboyans, V.,
Asteggiano, R., ... Agewall, S. (2017). 2016 ESC Position Paper
on cancer treatments and cardiovascular toxicity developed under
the auspices of the ESC Committee for Practice Guidelines: The Task
Force for cancer treatments and cardiovascular toxicity of the Euro-
pean Society of Cardiology (ESC). European journal of heart failure,
19(1), 9-42. https://doi.org/10.1002/ejhf.654

Celgene Europe Ltd. (2017, February16). Reviimid (lenalidomide):
summary of product characteristics. http://www.ema.europa.eu/
docs/en_GB/document_library/EPAR_-_Product_Information/hu-
man/000717/WC500056018.pdf

Bayer Pharma A. G. (2011, July 21). Nexavar (sorafenib): summary
of product characteristics. http://www.ema.europa.eu/docs/en_GB/
document_library/EPAR_-_Product_Information/human/000690/
WC500027704.pdf

Roche Registration Ltd. (2015, January 14). Avastin, INN-bevaci-
zumab. http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/000582/WC500029271.pdf
Mayo Clinic. (2019, October 9). Prednisone and other corticosteroids.
http://www.mayoclinic.org/steroids/art-20045692

Rajkumar, S. V., Jacobus, S., Callander, N. S., Fonseca, R., Ve-
sole, D. H., Williams, M. E., Abonour, R., Siegel, D. S., Katz, M.,
Greipp, P. R., & Eastern Cooperative Oncology Group (2010).
Lenalidomide plus high-dose dexamethasone versus lenalidomide
plus low-dose dexamethasone as initial therapy for newly diagnosed
multiple myeloma: an open-label randomised controlled trial. The
Lancet. Oncology, 11(1), 29-37. https://doi.org/10.1016/S1470-
2045(09)70284-0

Dimopoulos, M., Spencer, A., Attal, M., Prince, H. M., Harous-
seau, J. L., Dmoszynska, A., ... Knight, R. D. (2007). Lenalidomide
plus dexamethasone for relapsed or refractory multiple myeloma.
The New England journal of medicine, 357(21), 2123-2132. https:/
doi.org/10.1056/NEJMoa070594

Aspen trading. (2014, August). Melphalan 50 mg Powder and Solvent
for Solution for Injection/Infusion. https://www.medicines.org.uk/emc/
medicine/703

Medac GmbH. (2018, April). Bendamustine hydrochloride 2.5 mg/ml
powder for concentrate for solution for infusion. https://www.medicines.
org.uk/emc/medicine/31620

Sandoz Ltd. (2017, June 7). Cyclophosphamide 1000 mg Powder
for Solution for Injection or Infusion. https://www.medicines.org.uk/
emc/medicine/29592

Singla, A., Hogan, W. J., Ansell, S. M., Buadi, F. K., Dingli, D., Dis-
penzieri, A., ... Kumar, S. K. (2013). Incidence of supraventricular
arrhythmias during autologous peripheral blood stem cell transplan-
tation. Biology of blood and marrow transplantation, 19(8), 1233-1237.
https://doi.org/10.1016/j.bbmt.2013.05.019

Tzogani, K., Camarero Jiménez, J., Garcia, |., Sancho-Lépez, A.,
Martin, M., Moreau, A., ... Pignatti, F. (2017). The European Medicines
Agency Review of Carfilzomib for the Treatment of Adult Patients with
Multiple Myeloma Who Have Received at Least One Prior Therapy.
The oncologist, 22(11), 1339-1346. https://doi.org/10.1634/theon-
cologist.2017-0184

Bovelli, D., Plataniotis, G., Roila, F., & ESMO Guidelines Working
Group (2010). Cardiotoxicity of chemotherapeutic agents and radio-
therapy-related heart disease: ESMO Clinical Practice Guidelines.
Annals of oncology, 21 Suppl 5, v277-v282. https://doi.org/10.1093/
annonc/mdg200

South west Clinical Network. (2017, December). Bortezomib,
Melphalan and Prednisolone (VMP). http://www.swscn.org.uk/wp/
wp-content/uploads/2014/12/VMP-1.pdf

Ludwig, H., Delforge, M., Facon, T., Einsele, H., Gay, F., Moreau, P.,
... Sonneveld, P. (2017). Prevention and management of adverse
events of Novel agents in multiple myeloma: A consensus of the eu-

[41]

(42]

43]

44]

48]

[46]

[47]

48]

[49]

(50]

(51]

(52]

53]

[54]

ropean myeloma network. Leukemia, 10.1038/leu.2017.353. https://
doi.org/10.1038/leu.2017.353

Russell, S., Lyon, A., Lenihan, D., Moreau, P., Joshua, D., Chng, W.,
... Dimopoulos, M. (2015). Serial Echocardiographic Assessment
of Patients (Pts) with Relapsed Multiple Myeloma (RMM) Receiving
Carfilzomib and Dexamethasone (Kd) Vs Bortezomib and Dexametha-
sone (Vd): A Substudy of the Phase 3 Endeavor Trial (NCT01568866).
Blood, 126, 4250.

Srkalovic, G., Cameron, M. G., Rybicki, L., Deitcher, S. R., Kat-
tke-Marchant, K., & Hussein, M. A. (2004). Monoclonal gammopathy
of undetermined significance and multiple myeloma are associated
with an increased incidence of venothromboembolic disease. Cancer,
101(3), 558-566. https:/doi.org/10.1002/cncr.20405

Hajek, R., Masszi, T., Petrucci, M. T., Palumbo, A., Rosifiol, L., Na-
gler, A., ... Ludwig, H. (2017). A randomized phase Il study of carfil-
zomib vs low-dose corticosteroids with optional cyclophosphamide in
relapsed and refractory multiple myeloma (FOCUS). Leukemia, 31(1),
107-114. https://doi.org/10.1038/leu.2016.176

Dimopoulos, M. A., Goldschmidt, H., Niesvizky, R., Joshua, D.,
Chng, W. J., Oriol, A., Orlowski, R. Z., Ludwig, H., Facon, T., Hajek, R.,
Weisel, K., Hungria, V., Minuk, L., Feng, S., Zahlten-Kumeli, A.,
Kimball, A. S., & Moreau, P. (2017). Carfilzomib or bortezomib in
relapsed or refractory multiple myeloma (ENDEAVOR): an interim
overall survival analysis of an open-label, randomised, phase 3 trial.
The Lancet. Oncology, 18(10), 1327-1337. https://doi.org/10.1016/
S1470-2045(17)30578-8

Garderet, L., lacobelli, S., Moreau, P., Dib, M., Lafon, I., Niederwie-
ser, D., ... Gahrton, G. (2012). Superiority of the triple combination of
bortezomib-thalidomide-dexamethasone over the dual combination
of thalidomide-dexamethasone in patients with multiple myeloma
progressing or relapsing after autologous transplantation: the MMVAR/
IFM 2005-04 Randomized Phase Il Trial from the Chronic Leukemia
Working Party of the European Group for Blood and Marrow Trans-
plantation. Journal of clinical oncology, 30(20), 2475-2482. https://
doi.org/10.1200/JC0.2011.37.4918

Moreau, P., Masszi, T., Grzasko, N., Bahlis, N. J., Hansson, M.,
Pour, L., ... Laubach, J. P. (2016). Oral Ixazomib, Lenalidomide,
and Dexamethasone for Multiple Myeloma. The New England
journal of medicine, 374(17), 1621-1634. https://doi.org/10.1056/
NEJMoa1516282

Dimopoulos, M. A., Lonial, S., White, D., Moreau, P., Palumbo, A.,
San-Miguel, J., ... Richardson, P. (2017). Elotuzumab plus lenali-
domide/dexamethasone for relapsed or refractory multiple myeloma:
ELOQUENT-2 follow-up and post-hoc analyses on progression-free
survival and tumour growth. British journal of haematology, 178(6),
896-905. https://doi.org/10.1111/bjh.14787

Ludwig, H., Delforge, M., Facon, T., Einsele, H., Gay, F., Moreau, P.,
... Sonneveld, P. (2018). Prevention and management of adverse
events of novel agents in multiple myeloma: a consensus of the Eu-
ropean Myeloma Network. Leukemia, 32(7), 1542-1560. https://doi.
0rg/10.1038/s41375-018-0040-1

Palumbo, A., Rajkumar, S. V., Dimopoulos, M. A., Richardson, P. G.,
San Miguel, J., Barlogie, B., . . . Westin, J. Prevention of thalidomide-
and lenalidomide-associated thrombosis in myeloma. Leukemia,
22(2), 414-423. hitps://doi.org/10.1038/sj.leu.2405062

European Medicines Agency. (2016, April 1). Neofordex : EPAR —
Product Information. http://www.ema.europa.eu/docs/en_GB/
document_library/EPAR_-_Product_Information/human/004071/
WC500204050.pdf

Chari, A., Stewart, A. K., Russell, S. D., Moreau, P., Herrmann, J.,
Banchs, J., . . . Lenihan, D. (2018). Analysis of carfilzomib cardio-
vascular safety profile across relapsed and/or refractory multiple
myeloma clinical trials. Blood advances, 2(13), 1633-1644. https://
doi.org/10.1182/bloodadvances.2017015545

Chari, A., Mezzi, K., Zhu, S., Werther, W., Felici, D., & Lyon, A. R.
(2016). Incidence and risk of hypertension in patients newly treated
for multiple myeloma: a retrospective cohort study. BMC cancer, 16(1),
912. https://doi.org/10.1186/s12885-016-2955-0

Chen-Scarabelli, C., Corsetti, G., Pasini, E., Dioguardi, F. S., Sahni, G.,
Narula, J., Gavazzoni, M., . . . Scarabelli, T. M. (2017). Spasmogenic
Effects of the Proteasome Inhibitor Carfilzomib on Coronary Resis-
tance, Vascular Tone and Reactivity. EBioMedicine, 21, 206-212.
https://doi.org/10.1016/j.ebiom.2017.05.024

Palumbo, A., Chanan-Khan, A., Weisel, K., Nooka, A. K., Masszi, T.,
Beksac, M., ... Sonneveld, P. (2016). Daratumumab, Bortezomib, and
Dexamethasone for Multiple Myeloma. The New England journal of
medicine, 375(8), 754-766. https://doi.org/10.1056/NEJMoa1606038

444

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Haykm Ta npakTvku. — 2020. — T. 13, Ne3(34)

ISSN 2306-8094


https://doi.org/10.1111/jcmm.12279
https://doi.org/10.1161/CIRCULATIONAHA.107.763870
https://doi.org/10.1161/CIRCULATIONAHA.107.763870
https://doi.org/10.1038/srep44708
https://doi.org/10.1038/srep44708
https://doi.org/10.1002/ejhf.654
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000717/WC50005.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000717/WC50005.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000717/WC50005.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000690/WC500027704.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000690/WC500027704.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000690/WC500027704.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000582/WC500029271.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000582/WC500029271.pdf
http://www.mayoclinic.org/steroids/art-20045692
https://doi.org/10.1016/S1470-2045(09)70284-0
https://doi.org/10.1016/S1470-2045(09)70284-0
https://doi.org/10.1056/NEJMoa070594
https://doi.org/10.1056/NEJMoa070594
https://www.medicines.org.uk/emc/medicine/703
https://www.medicines.org.uk/emc/medicine/703
https://www.medicines.org.uk/emc/medicine/31620
https://www.medicines.org.uk/emc/medicine/31620
https://www.medicines.org.uk/emc/medicine/29592
https://www.medicines.org.uk/emc/medicine/29592
https://doi.org/10.1016/j.bbmt.2013.05.019
https://doi.org/10.1634/theoncologist.2017-0184
https://doi.org/10.1634/theoncologist.2017-0184
https://doi.org/10.1093/annonc/mdq200
https://doi.org/10.1093/annonc/mdq200
http://www.swscn.org.uk/wp/wp-content/uploads/2014/12/VMP-1.pdf
http://www.swscn.org.uk/wp/wp-content/uploads/2014/12/VMP-1.pdf
https://doi.org/10.1038/leu.2017.353
https://doi.org/10.1038/leu.2017.353
https://doi.org/10.1002/cncr.20405
https://doi.org/10.1038/leu.2016.176
https://doi.org/10.1016/S1470-2045(17)30578-8
https://doi.org/10.1016/S1470-2045(17)30578-8
https://doi.org/10.1200/JCO.2011.37.4918
https://doi.org/10.1200/JCO.2011.37.4918
https://doi.org/10.1056/NEJMoa1516282
https://doi.org/10.1056/NEJMoa1516282
https://doi.org/10.1111/bjh.14787
https://doi.org/10.1038/s41375-018-0040-1
https://doi.org/10.1038/s41375-018-0040-1
https://doi.org/10.1038/sj.leu.2405062
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/004071/WC500204050.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/004071/WC500204050.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/004071/WC500204050.pdf
https://doi.org/10.1182/bloodadvances.2017015545
https://doi.org/10.1182/bloodadvances.2017015545
https://doi.org/10.1186/s12885-016-2955-0
https://doi.org/10.1016/j.ebiom.2017.05.024
https://doi.org/10.1056/NEJMoa1606038

	_tytul_AP_2020-03
	_zmist_AP_2020-03
	01_300-20_Hotsulia_Knysh_et_all
	Tables
	Table 1. Molecular docking calculation with ALK
	Table 2. Molecular docking calculation with COX-1 
	Table 3. Molecular docking calculation with lanosterol 14α-demethylase 

	Figures
	Fig. 1. Synthetic pathway for the compounds 7.1–7.10.


	02_294-20_Bushuiev_Halstian_et_all
	Рисунки
	Рис. 1. Кінетика окиснення 2-хлортолуену озоном в оцтовій кислоті; Т = 20 °С; [ArCH]= 0,4; [O]= 5,2·10 моль∙л; зміна концентрації 2-хлортолуену (1), озонідів (2), 2-хлорбензойної кислоти (3).
	Рис. 2. Озоніди, які виділили.
	Рис. 3. Реакція озону з 2-хлортолуеном в оцтовій кислоті.
	Рис. 4. Кінетика каталітичного окиснення 2-хлортолуену озоном в оцтовій кислоті; Т = 90 °С ; [ArCH]= 0,4; [Со(OAc)] = 0,14; [O]= 5,2·10 моль∙л; зміна концентрації 2-хлортолуену (1), 2-хлорбензойної кислоти (2), 2-хлорбензальдегіду (3), кобальту (ІІІ) (4); криві 1, 2,4 – зміна концентрації після припинення подачі озону.

	Таблиці
	Таблиця 1. Кінетичні параметри реакцій каталітичного циклу при окисненні 2-хлортолуену озоном в оцтовій кислоті при 90 °С (умови – на рис. 4).
	Таблиця 2. Вплив температури на вихід продуктів окиснення 2-хлортолуену (умови – на рис. 4).
	Таблиця 3. Ефективні константи швидкості реакції 2-хлортолуену з озоном і окисненою формою металу при 20 °С і 90 °С.


	03_297-20_Hotsulia_Fedotov_et_all
	Figures
	Fig. 1. Synthesis scheme of 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid.
	Fig. 2. Scheme for the synthesis of salts of 2-((4-phenyl-5-(((5-phenylamino-1,3,4-thiadiazole-2-yl)thio)methyl)-1,2,4-triazole-3-yl)thio)ethanoic acid.

	Tables
	Table 1. Energy values of the intermolecular interactions of the studied compounds with COX-1 (4Z0L)
	Table 2. Energy values of the intermolecular interactions of the studied compounds with lanosterol-14α-demethylase (3LD6)


	04_275-20_Steshenko_Mazulin
	Таблиці
	Table 1. The results of the quantitative determination of the number of nitrates in herbs and infusions of herbs (1:10) of the genus Thymus L. (June–October 2017–2018), (x ± ∆ x), % µ = 6


	05_293-20_Panasenko_Aksonova_et_all
	Таблиці
	Таблиця 1. Якісний і кількісний вміст біологічно активних сполук айланту найвищого листя
	Продовження таблиці 1.
	Таблиця 2. Якісний і кількісний вміст біологічно активних сполук айланту найвищого плодів
	Продовження таблиці 2.

	Рисунки
	Рис. 1. Хроматограма компонентів айланту найвищого листя.
	Рис. 2. Хроматограма компонентів айланту найвищого плодів.


	06_246-20_Kucherenko_Bielenichev_et_all
	Tables
	Table 1. Studies of the antimicrobial and fungicidal activity of a combination of thiotriazoline (200 mg) with different decamethoxinum contents (0.5–5.0 mg)
	Table 2. Antimicrobial activity of the studied combination according to the size of the zones of growth inhibition (mm) of microorganisms cultures (10 CFU/ml of medium)
	Table 3. Antimicrobial activity of the studied combination according to the size of the zones of growth inhibition (mm) of microorganisms cultures (10 CFU/ml of medium)


	07_298-20_Karpun_Polishchuk_et_all
	Таблиці
	Таблиця 1. Протимікробна та протигрибкова активність 4-(5-(((5-(алкілтіо)-4-R-4Н-1,2,4-тріазол-3-іл)тіо)-1H-1,2,4-тріазол-3-іл)піридинів

	Рисунки
	Рис. 1. Будова нових 4-(5-(((5-(алкілтіо)-4-R-4Н-1,2,4-тріазол-3-іл)тіо)-1H-1,2,4-тріазол-3-іл)піридинів.


	08_290-20_Safonov_Nevmyvaka
	Tables
	Table 1. “Structure – effect” dependence between 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate acids
	Table 2. Antimicrobial and antifungal activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate acids and salts
	Table 3. “Structure – activity” dependence between 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate salts

	Figures
	Fig. 1. Antimicrobial and antifungal activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate acids.
	Fig. 2. Antimicrobial and antifungal activity of 2-((5-(2-bromophenyl)-4-substituted-4H-1,2,4-triazol-3-yl)thio)acetate salts.


	09_289-20_Safonov
	Tables
	Table 1. “Structure–action” dependence of 2-((3-( thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetates
	Table 2. Actoprotective activity of 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetate salts
	Table 3. “Structure–action” dependence of R-idene-2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazides
	Table 4. Actoprotective activity of R-idene-2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazides
	Cont. of Table 4. 

	Figures
	Fig. 1. Actoprotective activity of 2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetate salts.
	Fig. 2. Actoprotective activity of R-idene-2-((3-(thiophen-2-ylmethyl)-1H-1,2,4-triazol-5-yl)thio)acetohydrazides.


	10_286-20_Varynskyi
	Таблиці
	Таблиця 1. Рівняння лінійної залежності lnk від 1/T, де y = 1/T, x = lnk 
	Таблиця 2. Стандартні ентальпії перенесення аналітів із рухомої фази у стаціонарну

	Рисунки
	Рис. 1. Графіки залежності коефіцієнтів ємності сполук від вмісту ацетонітрилу в елюенті.
	Рис. 2. Хроматограми піридин-4-гідразиду (1), 5-(піридиніл)-2,4-дигідро-3H-1,2,4-тріазол-3-тіону (2), морфоліній 2-(5-(піридиніл)-1,2,4-тріазол-3-ілтіо)ацетату (3).
	Рис. 3а. Хроматограми морфоліній 2-(5-(піридин-4-іл)-1,2,4-тріазол-3-ілтіо) ацетату при різних значеннях температури (30–50 °C).
	Рис. 3б. Хроматограми морфоліній 2-(5-(піридин-4-іл)-1,2,4-тріазол-3-ілтіо) ацетату при різних значеннях температури (55–70 °C).


	11_203-20_Khromylova_Avramenko_et_all
	Таблиці
	Таблиця 1. Кількісне визначення вмісту гліцину та тіотриазоліну в модельній суміші методом ВЕРХ

	Рисунки
	Рис. 1. Хроматограма розчину, що досліджували.
	Рис. 2. Хроматограма розчину стандартного зразка.


	12_245-20_Mazur_Akopian_et_all
	Таблиці
	Таблиця 1. Результати аналізу першої серії очних крапель Ангіолін методом спектрофотометрії

	Рисунки
	Рис. 1. УФ-спектр розчину, що досліджували.
	Рис. 2. УФ-спектр розчину стандартного зразка.


	13_252-20_Brytanova_Samko_et_all
	Tables
	Table 1. Indicators of the coefficient of intensity of diagnostic tests and test systems
	Table 2. The results of the analysis of indicators of socio-economic accessibility of diagnostic tests and test systems of the retail pharmacy network

	Figures
	Fig. 1. Diagram of the distribution of diagnostic tests and test systems by country of origin.
	Fig. 2. Distribution of the range by country of origin.


	14_284-20_Tkachenko_Ryzhov_et_all
	Рисунки
	Рис. 1. Схематичне зображення ФСОЗ за ТС (джерело: власне опрацювання на підставі [10–12]).
	Рис. 2. Процес функціонування ФСОЗ як системи (джерело: власне опрацювання).
	Рис. 3. Схеми методів «чорна скриня», «сіра скриня», «біла скриня» (джерело: власне опрацювання на підставі [13,14]).


	15_236-20_Budniak_Darzuli
	Рисунки
	Рис. 1. Співвідношення вітчизняних та імпортних препаратів для антибіотикотерапії ХОЗЛ в Україні та Франції.
	Рис. 2. Кількість ЛЗ для антибіотикотерапії ХОЗЛ, що виготовлені підприємствами-виробниками України та Франції.
	Рис. 3. Співвідношення іноземних країн-виробників лікарських засобів для антибіотикотерапії ХОЗЛ на фармацевтичному ринку України та Франції.
	Рис. 4. Поділ лікарських засобів в Україні та Франції за лікарською формою.
	Рис. 5. Поділ лікарських засобів України та Франції для антибіотикотерапії ХОЗЛ за компонентним складом.


	16_288-20_Pukhalska_Mukhamed_et_all
	Таблиці
	Таблиця 1. Група препаратів гепатопротекторної дії – препарати жовчних кислот
	Продовженя таблиці 1.

	Таблиця 2. Група препаратів гепатопротекторної дії – препарати росторопші плямистої
	Продовженя таблиці 2.

	Таблиця 3. Група препаратів гепатопротекторної дії – препарати амінокислот
	Таблиця 4. Група препаратів гепатопротекторної дії – комбіновані препарати
	Таблиця 5. Асортимент гепатотропних лікарських засобів (ГЛЗ) на вітчизняному фармацевтичному ринку за 2017–2020 рр. (січень – червень)


	17_211-20_Becshasnyi_Hasiuk
	Figures
	Fig. 1. Level of immunoglobulins in the serum of control group during inductive (2 day) and productive (6 day) phases of the immune response.
	Fig. 2. Level of immunoglobulins in the serum of mice injected with the CORM-2 on the first day.
	Fig. 3. Level of immunoglobulins in the serum of mice injected with the CORM-2 on the 5 day.
	Fig. 4. Content of red bone marrow cells in the studied animals.


	18_229-20_Vitomskyi_Al-Hawamdeh
	Таблиці
	Таблиця 1. Загальна характеристика вибірок і показники тесту функції зовнішнього дихання
	Таблиця 2. Показники якості життя 


	19_316-20_Doroshenko_Nikanorov_et_all
	Таблиці
	Таблиця 1. Динаміка показників амплітуди рухової діяльності гомілковостопного суглоба в пацієнтів ОГ (n = 29) і КГ (n = 29)
	Таблиця 2. Динамічні показники нестачі амплітудних значень плантарної та дорсальної флексії травмованої кінцівки в пацієнтів ОГ (n = 29) і КГ (n = 29)
	Таблиця 3. Динаміка показників плантодинамометрії та проби Ромберга в пацієнтів ОГ (n = 29) і КГ (n = 29)

	Рисунки
	Рис. 1. Платформа електротензодинамометрична.



