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OpwriHanbHi gocnimxeHHs @ Original research

Investigation of physical and chemical properties of new derivatives
of 5-(thiophene-3-ylmethyl)-4R-1,2,4-triazole-3-thiols

A. V. Khilkovets‘=*

Zaporizhzhia State Medical University, Ukraine

Heterocyclic compounds are one of the most important branches of modern organic chemistry and are widely used in medicine, pharmacy,
agriculture, and in the production of new materials. One of these compounds is 1,2,4-triazole, which has attracted the attention of scientists
around the world for many years.

The aim of the work is to synthesize new derivatives of 5-(thiophene-3-yimethyl)-4R-1,2,4-triazole-3-thiols and study their physical-
chemical properties, conducting primary pharmacological screening.

Materials and methods. Organic synthesis classical methods were used in the study, as well as a complex of physical-chemical analysis
methods ("H NMR spectroscopy, elemental analysis, Elisa and chromato-mass spectral studies) were done. Prediction of pharmacological
activity was carried out by using the PASS online computer program.

Results. Two initial compounds were obtained: 5-(thiophene-3-ylmethyl)-4phenyl-1,2,4-triazole-3-thiol and 5-(thiophene-3-ylimethyl)-4H-
1,2,4-triazole-3-thiol. During their further chemical transformation, a number of new corresponding alkyl derivatives were obtained. The
structure of the synthesized compounds was confirmed using modern physical-chemical methods of analysis. Based on the results of
pharmacological screening, the high activity of the obtained compounds can be predicted.

Conclusions. 5-(thiophene-3-yImethyl)-4H-1,2 4-triazole-3-thiol, 5-(thiophene-3-yImethyl)-4-phenyl-1,2,4-triazole-3-thiol and a number
of their alkyl derivatives were synthesized. The structure and individuality were proved thanks to modern physical and chemical methods
of analysis. Having analyzed the results of primary pharmacological screening of a number of obtained compounds, some of them were
selected for further study.

Key words: 5-(thiophene-3-ylmethyl)-4-R-1,2,4-triazole-3-thiol, synthesis, physical and chemical properties.

Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 152-156

HocnigkeHHs ¢i3nko-XiMiuHMX BNacTMBOCTEN HOBUX NOXigHUX 5-(TiodeH-3-inmeTun)-4R-1,2,4-Tpiason-3-tionis
A. B. XinbkoBeLpb

eTepouMKNiYHi CNOMYKU — OAMH i3 HANBAXIMBILLUX PO3LiNIB Cy4aCHOI OpraHiyHoi XiMmii, L0 LUIMPOKO 3aCTOCOBYOTLCA B MeAULMHI, (hapma-
Lii, cinbCbkoMy rocnogapcTsi Ta i Yac oTpuMaHHs HoBux Matepianis. OfHa 3 Takvx cnonyk — 1,2,4-Tpia3on, skuid npoTsrom 6araTbox
pOKIB NpuUBEPTAE yBary HaykoBLiB YCbOrO CBITY.

MeTa po6oTu — CUHTE3 HOBWX NOXIAHUX 5-(TiodeH-3-inmeTun)-4R-1,2,4-Tpiason-3-Tionis i focnigkeHHs iXHiX ¢i3nKo-XiMiYHUX BnacTu-
BOCTe, 3AINCHEHHS NEPBUHHOMO (hapMakoOrivYHOTO CKPUHIHTY.

Marepianu Ta metoau. Iig Yac AOCNIAKEHHS BUKOPUCTanNM KNacyyHi METOAMKM OPraHiyHOro CUHTE3Y, @ TaKoX 3acTocyBanu KOMMeKe
iauko-ximiuHux mMeTtopis aHanisy (*H AMP cnektpockonisi, enemMeHTHWiA aHani3, |4 Ta xpomato-mac-cnekTpanbHi focnigkeHHs). Mpo-
rHO3yBaHHS (hapMaKomnoriYHOi aKTVBHOCTI 34 CHIN 3a AONOMOrOK0 KOMM'KoTEPHOI nporpamu PASS online.

Peayneratu. OTpumanu ABi BUXigHi cnonyku: 5-(Tioden-3-inmetun)-4denin-1,2,4-tpiason-3-tion i 5-(tiocpeH-3-inmetnn)-4H-1,2,4-
Tpiason-3-tion. Mig Yac HacTyNHWX XiMiYHMX NEPETBOPEHb OfepXXanu psg HOBWX BIANOBIAHMX ankinnoxigHux. CTpyKTypa CYHTE30BaHUX
CMONyK MiATBEPMAKEHA 3 BUKOPUCTAHHAM Cy4acHUX i3nko-xiMiuHMX MeTodiB aHanidy. 3a pesynsratamu apMakonoriYHOro CKPUHIHIY
MOXHa NPOrHO3yBaTH BUCOKY aKTUBHICTb HOBMX CMOMYK.

BucHoBku. CuHtesysanu 5-(tiopeH-3-inmetun)-4H-1,2,4-tpiason-3-tion, 5-(TiodeH-3-inmetnn)-4-cpeHin-1,2,4-tpiason-3-Tion i pag, ixHix
ankinnoxigHwx. byaoBy Ta iHAMBIAYyanbHICTb CNOMYK AOBENM 3 3aCTOCYBAHHAM Cy4acHUX i3nko-XiMibHUX MeTodiB aHaniay. [NpoaHaniay-
BaBLLUW pe3ynbsTaTv NEPBUHHOMO hapMaKomoriYHOro CKPUHIHTY, Aesiki 3 psdy cnonyk obpanu Ans HaCTYMHWUX JOCHIOXeEHb.

Kniouogi cnoea: 5-(tiocbeH-3-inmetun)-4-R-1,2,4-Tpiason-3-Tion, cuHTE3, Gi3nKo-XiMiYHi BNacTMBOCTI.
AKTyanbHi nuTaHHA hapmaueBTUYHOI | MeAMYHOI Hayku Ta npakTuku. 2021. T. 14, Ne 2(36). C. 152-156
ARTICLE UDC 615.31:547.79'367].03/.04-047.37
INFO DOI: 10.14739/2409-2932.2021.2.232334
Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 152-156
Key words: 5-(thiophene-3-ylmethyl)-4-R-1,2,4-triazole-3-thiol, synthesis, physical and chemical properties.
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WUccnepnoBanue hM3nKO-XMMUYECKUX CBOMCTB HOBbIX NPON3BOAHbIX 5-(TodeH-3-unmetun)-4R-1,2,4-Tpuason-3-tmonos
A. B. XunbkoBeL

leTepoumKnMYeckme COEANHERNS — OAWH W3 BaXHEWLIMX Pa3fenosB COBPEMEHHON OPraHNYeCKoi XMW, LLIMPOKO MPUMEHSIOTCS B MEAM-
LMHe, hapmMaLim, CenbCkoM XO3AMCTBE M MPU NOMy4YeHUN HOBbIX MaTepranoB. OAHO 13 Taknx coeguHernii — 1,2,4-Tpuason, KOTopbIn B
TeyeHWe JONrvX NET NpUBMeKaeT BHUMaHWe Y4EHbIX BCEro Mupa.

Llenb paboTkl — CMHTE3 HOBbLIX MPOU3BOAHBIX 5-(TMOMEH-3-nnmeTnn)-4R-1,2,4-Tpraszon-3-T1oNoB 1 nccneaoBaHne nx MUsnko-xmmm-
YeCKNX CBOWCTB, NPOBEAEHNe NePBUYHOMO (hapMakonormyeckoro CKpUHMHra.

Matepuans! u metoabl. B xoge nccnegoBaHus NpUMEHsSNM METOAbI KNACCUYECKOr0 OPraHNYeckoro CUHTE3a, a Takke UCMOonb30BaH
KoMMnekc umanko-xummyeckux metogos aHanmsa ('H AMP cnektpockonusi, anemeHTHbIn aHanus, MK n xpomato-macc-cnekTpans-
Hble uccrnepoBaHus). MNporHo3npoBaHe apMakonormyeckon akTMBHOCTU NMPOBEAEHO C MOMOLLbI KOMMBIOTEPHOW MPOrpammbl
PASS online.

Pesynirathl. [MonyyeHbl ABa UCXOAHBIX COeAMHEHUS: 5-(TuodeH-3-unmetun)-4dpennn-1,2,4-tpuason-3-tmon u 5-(tnodeH-3-unme-
TMn)-4H-1,2,4-Tpnason-3-Tvon. B xoae AanbHenWwnx XuMmyecknux npeobpasoBaHnii Nony4YeH psg HOBbIX COOTBETCTBYIOLLMX anKunnpou3eo-
AHbIX. CTPYKTYpa NonyyeHHbIX COeaMHeHN NOATBEPX/AEHa COBPEMEHHbIMY (OU3NKO-XMMUYECKMMU MeTogamu aHanuaa. Mo pesynsratam
hapmMakonornyeckoro CKPUHUHra MOXHO CMPOrHO3MPOBATb BbICOKYHO aKTVBHOCTb MOMNYYEHHbIX COEANHEHWA.

BebiBoakl. CuHTesnpoBanu 5-(tnoden-3-unmetun)-4H-1,2,4-tpnason-3-tvon, 5-(tnodex-3-unmetun)-4-ennn-1,2,4-rpuason-3-t1on n
pSA X ankMnpon3BoaHbIX. CTPOEHWE U MHAMBMAYaNbHOCTL fOKa3aHbl C MCMOb30BAHUEM COBPEMEHHbIX (IU3MKO-XUMUYECKUX METOLOB
aHanusa. [poaHanuanpoBas pe3ynsTaTthl NEPBUYHOTO (hapMaKorormMieckoro CKpUHUHa, HEKOTOPbIE COEAMHEHMUS U3 MOMNYYEHHOro psaa

oToBpanu Ana AanbHenLInX cCneaoBaHuim.

KntoueBsie cnosa: 5-(tnoden-3-unmetun)-4-R-1,2,4-tpnason-3-tmon, CuHTEs, OM3NKO-XMMUYECKNE CBOMCTBA.

AxTyanbHble Bonpochl (hapmaLieBTMYEeCKON N MeAULMHCKON Hayku 1 npakTuku. 2021. T. 14, Ne 2(36). C. 152-156

Heterocyclic compounds are one of the most important
branches of modern organic chemistry and are widely used
in medicine, pharmacy, agriculture, and in the production of
new materials [1-3]. One of these compounds is 1,2,4-tri-
azole, which has attracted the attention of scientists around
the world for many years.

Despite a large amount of existing information on the
study of 1,2.4-triazole derivatives, this topic still remains
relevant, since these derivatives are potentially biologically
active substances. Currently, there is a growing tendency in
the scientific world to combine 1,2,4-triazole with various
substituents, functional groups, as well as aromatic and
heterocyclic fragments [4—6]. Such studies are undoubtedly
promising and original. The new molecules obtained in this
way exhibit a wide range of biological activity, and most of
them are low-toxic, which is undoubted of great importance
[7,8]. It is also interesting that the introduction of various
pharmacophores into the molecule leads to the formation
of new properties, which certainly opens opportunities for
creating a new “ideal” compound.

According to the literature, we were convinced that the
combination of 1,2,4-triazole and a five-membered hetero-
cycle-thiophene is insufficiently studied. In our opinion, this
combination is very promising, since the thiophene molecule
is aromatic and has high reactivity. Existing data on the
obtained thiophene-containing compounds have shown the
presence of high biological activity and low toxicity.

Aim

The aim of the work is to synthesize new derivatives of
5-(thiophene-3-ylmethyl)-4R-1,2,4-triazole-3-thiols and
study their physical-chemical properties, conducting primary
pharmacological screening.

Materials and methods of research

Chemical names of compounds are given according to the
TUPAC nomenclature (1979) and the IUPAC recommenda-
tions (1993). The study of the physical and chemical pro-
perties of the obtained substances was carried out by using
the methods listed in the state Pharmacopoeia of Ukraine.
The melting points were determined by the open capillary
method on an OptiMelt MPA 100 instrument with a platinum
RTD sensor. Element analysis was carried out by using the
elementary vario EL cube analyzer (system Elementar Analy-
sen, Germany). IR spectra (4000-400 cm™) were obtained
by using the ALPHA-t module of the Bruker ALPHA FT-IR
spectrometer (Bruker optics, Germany). '"H NMR spectra
(400 MHz) were recorded on a Varian-MR 400 spectrometer
with an internal SiMe4 standard in a DMSO-d6 solution.
Chromato-mass-spectral studies were carried out on the
Agilent 1260 Infinity HPLC device, which is equipped with
an Agilent 6120 mass spectrometer (electrospray ionization
method (ESI). The prediction of pharmacological activity
was performed using the online computer program PASS.

To obtain new compounds, we used the generally accepted
synthesis method [9], according to which 3-thiophenacetate
acid was used as the starting substance. During further
chemical transformations, the corresponding N-R-2-(2-(thio-
phene-3-yl)acetyl)hydrazine carbothioamides were obtained.
The cycle was closed in an alkaline medium, and acetate
acid was added to the neutral medium to further isolate the
initial thiols. Thus, two starting substances were obtained:
5-(thiophene-3-ylmethyl)-4phenyl-1,2,4-triazole-3-thiol (1)
and 5-(thiophene-3-ylmethyl)-4H-1,2,4-triazole-3-thiol (2)
(Fig. I).

The next step was to obtain a number of alkyl derivatives
[3-9]. The reaction was carried out in an alcoholic medium by
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Fig. 1. The synthesis of 5-(thiophene-3-ylmethyl)-4phenyl-1,2,4-triazole-3-thiol (1) and 5-(thiophene-3-ylmethyl)-4H-1,2,4-triazole-3-thiol (2).
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Fig. 3. The synthesis of dihaloalkanes.
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adding an equivalent amount of alkali to the initial thiols and
corresponding haloalkanes (Fig. 2). In the case of dihaloal-
kanes, double the amount of Alkali was added (Fig. 3). The
synthesized compounds were recrystallized from a mixture
of methanol and water in various ratios.

Results

The IR spectra of the obtained compounds were characterized
by the presence of clear bands of valence and other vibrations
of strong and medium intensity of the main fragments of
molecules. In the initial compounds, we observed valence
vibrations C = C in the region of 16201680 cm™, C =N in
the cycle — 1480-1500 cm™, as well as a high intensity of
thiophene valence vibrations in the region of 690-750 cm'.
There were valence vibrations in the range 0f 255-2590 cm’!,
which indicated the presence of the S-H group. Valence vibra-
tions of the CH, group were in the range of 2870-2940 cm,
CH, —2950-2975 c¢m’, and deformation vibrations of the
S-CH, group in the region of 1325 cm" are clearly observed
in the alkyl derivatives which we obtained.
4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-triazole-3-thiol (1)
Yield.: 75 %; Mp.: 188-190 °C; 'H NMR (400 MHz, DM-
SO-d,) &: 7.46-7.52 (m, 3H-14,15,16 C H,), 7.22-7.29 (m,
2H-13,17 C.H,), 6,96 (s, 1H-2 tiophen), 6.75 (d, ] =4.58 Hz,
2H-3,4 tiophen), 3.85 (s, 2H, CH,); Anal. Caled. (%): C57.12,
H4.06,N 15.37, S 23.46. Found: C 57.29, H 4.05, N 15.33.
5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole-3-thiol (2)
Yield.: 56 %; Mp.: 178-180 °C; '"H NMR (400 MHz, DM-
SO-d,) &: 7.49 (dd, J = 4.73, 2.90 Hz, 1H-2 tiophen); 7.30
(s, IH-5 tiophen), 7.03 (d, J = 4.88 Hz, 1H-4 tiophen), 3.89
(s, 2H, CH,); Anal. Calcd. (%): C 42.62, H 3.58, N 21.30, S
32.50. Found: C 42.58, H 3.58, N 21.29, S 32.57.
3-(pentylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-tri-
azole (3) Yield.: 75 %; Mp.: 169—171 °C; '"H NMR (400 MHz,
DMSO-d,) 6: 7.46-7.56 (m, 3H-14,15,16 C H,), 7.30-7.42
(m, 2H-13,17 CH,), 7.25 (d, J = 4.58 Hz, 1H-4 tiophen),
6.89 (s, 1H-5 tiophen), 6.71 (d, J = 4.58 Hz, 1H-2 tiophen),
3.93 (s, 2H, CH,), 3.29 (s, 2H, CH,), 2.97-3.06 (m, 2H,
CH,), 1.52-1.63 (m, 2H, CH,), 1.23 (s, 2H, CH,), 0.80 (d,
J =6.71 Hz, 3H, CH,); m/z = 343.10 [M+1]; Anal. Calcd.
(%): C 62.94, H 6.16, N 12.23, S 18.67. Found: C 62.95, H
6.17, N 12.22, S 18.65.
3-(butylthio)-5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole
(4) Yield.: 73 %; Mp.: 137-139 °C; 'H NMR (400 MHz,
DMSO-d,) 6: 6.92-7.52 (m, 3H-2,4,5 tiophen), 3.98 (s, 2H,
CH,), 2.94-3.08 (m, 2H, CH,), 1.51-1.62 (m, 2H, CH,), 1.34
(m, J =7.32 Hz, 2H, CH,), 0.79-0.90 (m, 3H, CH,); m/z =
253.10 [M+1]; Anal. Caled. (%): C 52.14, H 5.97, N 16.58,
S 25.31. Found: C 52.28, H 5.98, N 16.54, S 25.28.
3-(methylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-tri-
azole (5) Yield.: 76 %; Mp.: 175-177 °C; '"H NMR (400 MHz,
DMSO-d6) 6: 7.44-7.53 (m, 3H-14,15,16 C H,), 7.30-7.41
(m, 2H-13,17 C H,), 7.20-7.30 (m, 2H-2,5 tiophen), 6.71 (d,
J =4.58 Hz, 1H-4 tiophen), 3.94 (s, 2H, CH,), 2.51 (s, 3H,
CH,); m/z=287.0 [M+1]; Anal. Calcd. (%): C 58.51, H 4.56,
N 14.62,S 22.31. Found: C 58.43, H4.55,N 14.58, S 22.35.

3-(methylthio)-5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole
(6) Yield.: 68 %; Mp.: 124-126 °C; 'H NMR (400 MHz,
DMSO-d,) &: 7.22-7.53 (m, 1H-2 tiophen), 7.00-7.06 (m,
2H-4,5 tiophen), 4.04 (s, 2H, CH,), 3.32 (s, 3H, CH,); m/z =
211.0 [M+1]; Anal. Calcd. (%): C 45.47,H 4.29,N 19.89, S
30.35. Found: C 45.53, H 4.30, N 19.89, S 30.42.

3-(butylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-tri-
azole (7) Yield.: 65 %; Mp.: 87-89 °C; m/z=329.10 [M+1].

3-(octylthio)-5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole
(8) Yield.: 71 %; Mp.: 67—69 °C; m/z=309.10 [M+1]; Anal.
Calcd. (%): C58,H 7.49,N 13.58, S 20.72. Found: C 58.05,
H 7.50,N 13.59, S 20.77.

3-(decylthio)-5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole (9)
Yield.: 69 %; Mp.: 85-87 °C; 'H NMR (400 MHz, DMSO-d,)
8: 7.42 (s, 1H-5 tiophen), 7.21 (s, 1H-4 tiophen), 6.98 (d, J
= 4.88 Hz, 1H-2 tiophen), 3.99 (s, 2H, CH,), 3.29 (s, 2H,
CH,), 1.53-1.62 (m, 6H, CH,), 1.16-1.36 (m, 10H, CH,),
0.76-0.85 (m, 3H, CH,); m/z = 337.20 [M+1]; Anal. Calcd.
(%): C 60.49, H 8.06, N 12.45, S 19.00. Found: C 60.53, H
8.05,N 12.46, S 19.04.

3-(decylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-tri-
azole (10) Yield.: 64 %; Mp.: 82—84 °C; m/z=413.20 [M+1].

3-(nonylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-tri-
azole (11) Yield.: 62 %; Mp.: 78-90 °C; m/z=399.20 [M+1].

2-((4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-triazol-3-yl)
thio)ethan-1-ol (12) Yield.: 67 %; Mp.: 82—84 °C; Anal. Calcd.
(%): C 56.76, H 4.76, N 13.24, S 20.10. Found: C 56.60, H
4.75,N 13.20, S 20.19.

2-((5-(thiophen-3-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)
ethan-1-ol (13) Yield.: 65 %; Mp.: 185-187 °C; Anal. Calcd.
(%): C42.27,H3.99, N 18.49, S 28.21. Found: C 42.24, H
3.98, N 18.45, S 28.18.

Due to the prediction of pharmacological activity using
the PASS online computer program, a fairly wide range of
possible activities was identified. For the initial compound
4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-triazole-3-thiol (1)
and its alkyl derivatives (3, 5, 7, 10, 11, 12) the following
types of activity were predicted: anti-atherosclerotic — 52 %,
analgesic — 48 %, antioxidant — 45 %, calcium channel
blockers — 47 % and as a means for the treatment of stroke —
48 %. It is predicted with high probability that the compound
5-(thiophen-3-ylmethyl)-4H-1,2,4-triazole-3-thiol (2) and
its alkyl derivatives (4, 6, 8, 9, 13) show: anti-inflammatory
activity — 90 %, antiplatelet — 47 %, dermatological — 42 %,
inhibition of angiogenesis — 80 % and also as a means for the
symptomatic treatment of diabetes mellitus — 42 %.

Discussion

The structure and individuality of the obtained compounds
were proved thanks to modern physical-chemical methods
of analysis.

Careful analysis of the "H NMR spectra indicates the pro-
duction of new alkyl derivatives. On the spectrums, in the
region typical for aromatic compounds, there were charac-
teristic signals of the phenyl radical in the form of multiplets.
Thiophene cycle signals in the form of singlet and doublet
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were also observed in the same region. A clear methylene
linker signal between the thiophene and 1,2,4-triazole hete-
rocycle was present as a singlet. Successful alkylation was
indicated by the presence of a series of duplets, singlets, and
multiplets, which indicated the addition of an alkyl radical
along the sulphor atom, for example in compound 3-(pent-
ylthio)-4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-triazole (3):
3.29 (s, 2H, CH,), 2.97-3.06 (m, 2H, CH,), 1.52 — 1.63 (m,
2H, CH,), 1.23 (s, 2H, CH,), 0.80 (d, J = 6.71 Hz, 3H, CH,).

Conclusions

1. A number of new S-alkyl derivatives of 5-(thiophene-3-
ylmethyl)-4phenyl-1,2,4-triazole-3-thiols and 5-(thiophene-
3-ylmethyl)-4H-1,2 4-triazole-3-thiols were synthesized.

2. The individuality and the structure of the obtained
compounds were proved by using a complex of modern
physical-chemical methods of analysis.

Prospects for further researches. Having analyzed the re-
sults of primary pharmacological screening, some promising
compounds were selected for further, more in-depth study.
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OpwriHanbHi gocnimxeHHs @ Original research

JocnigkeHHA KaTaniTUMHOr0 OKUCHEHHS 4-HiTpoeTUn6eH3eHy 030HOM
A0 4-HiTpoaueTtoeHOHY — HaniBNPOAYKTY CMHTE3y aHTMOIOTUKIB

A. T. FTanctan*ACPF A C. bywyes®CE

I3 «JlyraHcbkuin AepxaBHUA MeguyHuiA yHiBepcuteT», M. PybGixHe, YkpaiHa

A — KOHUenNUig Ta AnsaiH gocnimkeHHs; B — 36ip aanux; C — ananis Ta inTepnpeTauis ganux; D — HanucanHs cTatTi; E — peparysanHs cTarTi;
F — octaTouHe 3aTBepMKEHHS CTaTTi

4-HiTpoaueToeHOH — BaXnMBWI HaNiBMPOAYKT ANs BATOTOBMEHHS aHTUOIOTMKIB LLIMPOKOTO CieKTpa Ail, 30kpema neBomiuieTnHy. CyyacHi
METOAM CYHTE3Y KETOHY HelOCKOHai. HainpoCTiLLMI i3 HUX — OKUCHEHHS 4-HITPOETUNGEH3eHy KUCHEM MOBITPS NPy aTMOCHEPHOMY TUCKY
1 Temnepatypi 135 °C 3a HasiBHOCTI MaHraH (IV) okcuay, ane noro Hegonik — HA3LKMIA BUXIL | HEOOXIAHICTb NPOBEAEHHS MPOLECY B reTe-
pOreHHOMy CepefoBMuLL. TOMy akTyanbHUM 3aBAaHHAM € PO3pOONEeHHs 4OCTYMHNX i AeLleBnx cnocobiB OaepKaHHs 4-HiTpoaLEeTOPEHOHY.

MeTta po6otu — gocnianti NpoayKTW Ta KIHETUKY peakLii KaTaniTM4HOTO OKUCHEHHS 4-HITPOETUNGEH3EHY 030HOM Y KUCHOTi OLITOBIN i
pO3pobUTU HOBUIN HU3BLKOTEMMEPATYPHUI CUHTES 4-HITPOALIETOEHOHY.

Matepianu ta metogu. lig yac ekcnepuMeHTy 3acTocoByBanu 4-HiTpoeTunbeHseH, 4-HiTpoaueToeHoH Ta 1-(4-HiTpodeHin)eTaHon
chipmm Acros organics keanicikauii «x.4.»; MmaHraH (Il) auetar kBanidikaLii «X.4.»; pO34MHHUK — NboAsHA KucroTa ouTosa dipmm Sigma
kBanidikawii «x.4.».

[ina 6e3nepepBHOr0 KOHTPOIIO MOTOYHOI KOHLEHTpaLii 030Hy B rasoBiit (hasi BUKOPUCTOBYBAmNM CNEKTPOOTOMETPUYHIIA MeTog. Y
BUMIptoBanbHy kamepy cnektpocotometpa CP-46 TOMO BMOHTYBanu TebrnoHOBY MPOTOYHY KIOBETY 3 KBapLOBUMU BikHaMK, LLO Jano
3MOry BUMIpHOBATV ONTUYHY LLIMbHICTb ra30BOro NOTOKy B YP-AinsaHui. KoHLeHTpaLito 030Hy Ha BXOAi Ta BUXOAi 3 peakTopa B13Hayanm
LUNISIXOM 3anumcy pe3ynbTartie Ha noteHuiomeTpi KCI-4 sk 030Horpamy nig Yac NpoXomKeHHs: 030HOBMICHOTO ra3y Yepes KIOBETY 3a AOBXUHM
XBUIi MOHOXPOMATMYHOTO pkepena cBitna 254—256 HM. KinbKiCHUIA BMICT peakuiiiHOi CymiLli BU3Ha4anu 3a AOMOMOrO ra3opianHHOT
Xpomarorpadii, po3paxyHKn KOHLEHTpaLii KOMMOHEHTIB BUKOHANM METOAOM BHYTPILLUHBOMO CTaHAapTYy.

Pesynisrati. Bueumnu npogykTn Ta KiIHETUKY peakuii 030Hy 3 4-HITpoeTnnbeH3eHOM 3a HassBHOCTI kaTanizatopa — MaHraH (Il) auetary.
BcraHoswunu, wo 3a Temnepatypu 20 °C npouec OKMCHEHHs nepebirae NnepeBaxHO 3a GiYHUM NaHLOrOM, BUXi4 4-HITpoaLeToeHOHY
gocsirae 98,5 %. Y cuctemi ineHTUdiKyBanu Takox CrigoBi KinbkocTi 1-(4-HiTpodbeHin)etaHony. Lie dhakT nosicCHeTbCA TUM, L0 030H B
yMOBaXx kaTanisy nepeBaxHo pearye He 3 cy6ctpaTom, a 3 Mn (I1) 3 yTBopeHHsIM akTuBHOT dhopmu Mn (1V), Lo BiGHOBMIOETLCA 3a peaKLieo
3 4-HITPOETUNGEH3EHOM, iHILLIFOKOYM OKUCHEHHS Cy6CTpaTy 3a BiYHUM NnaHLorom.

BucHoBku. KatanitniHe okMCHeHHs 4-HITpoeTnnbeH3eHy 030HOM Y PO34MHI KMCNOTY OLTOBOI Nepebirae nepeBaxHoO 3a 6i4HMM naHLto-
TOM 3 YTBOPEHHSAM 4-HiTpoaueTodeHoHy 3 Buxogom 98,5 %. OntumanbHa Temnepartypa peakuii — 20-30 °C; ii niaBULLEHHS crpusie
MOrAMGNEHHI0 NPOLIECY OKUCHEHHS, | KETOH MOYMHAE NEPETBOPIOBATUCS Ha KACMOTY 4-HITPOBEH30MHY.

KntouyoBi crioBa: OKUCHEHHS, 4-HITPOeTUNBEH3eH, 4-HITPOaLETOEHOH, KUCIOTa OLTOBA, KIHETWKA, O30H.
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Investigation of catalytic oxidation of 4-nitroethylbenzene by ozone to 4-nitroacetophenone -
an intermediate in the synthesis of antibiotics

A. H. Halstian, A. S. Bushuiev

4-Nitroacetophenone is an important intermediate for the manufacture of broad-spectrum antibiotics, in particular chloramphenicol. Existing
methods of ketone synthesis are imperfect. The disadvantage of the simplest of them (the oxidation of 4-nitroethylbenzene by oxygen
at atmospheric pressure and temperature of 135 °C, in the presence of manganese oxide) is the low yield and the need for the process
in a heterogeneous environment. Therefore, the development of affordable and inexpensive ways to obtain 4-nitroacetophenone is an
actual task.

The aim of the work is to investigate the products and kinetics of the reaction of catalytic oxidation of 4-nitroethylbenzene by ozone in
acetic acid and to develop a new low-temperature synthesis of 4-nitroacetophenone.
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Materials and methods. The experiments were used 4-nitroethylbenzene, 4-nitroacetophenone and 1-(4-nitrophenyl)ethanol by company
Acros organics qualification “puriss.”; manganese (Il) acetate qualification “puriss.”; as a solvent — glacial acetic acid by company Sigma
qualification “puriss.”.A spectrophotometric method was used to continuously monitor the current concentration of ozone in the gas phase.
A Teflon flow cell with quartz windows was installed in the measuring chamber of the SF-46 LOMO spectrophotometer, which allowed
the measurement of the optical density of the gas flow in the UV region. The concentration of ozone at the inlet and outlet of the reactor was
determined by recording the results on the potentiometer KSP-4 in the form of an ozonogram when passing ozone-containing gas through
a cuvette at a wavelength of a monochromatic light source 254-256 nm. The quantitative content of the reaction mixture was performed
using gas-liquid chromatography, calculations of the concentration of components were performed by the method of internal standard.

Results. The products and kinetics of the reaction of ozone with 4-nitro-ethylbenzene in the presence of a catalyst — manganese (II)
acetate were studied. It was found that at a temperature of 20 °C the oxidation process proceeds mainly along the side chain, while the yield
of 4-nitroacetophenone reaches 98.5 %, also the system identified trace amounts of 1-(4-nitrophenyl)ethanol. This fact is explained by
the fact that ozone under catalysis conditions preferably reacts not with the substrate, but with Mn (II) with the formation of the active form
of Mn (V) which, in turn, is reduced by reaction with 4-nitroethylbenzene, and thus initiates oxidation of the substrate. on the side chain.

Conclusions. Catalytic oxidation of 4-nitroethylbenzene by ozone in acetic acid solution proceeds mainly along the side chain to form
4-nitroacetophenone with a yield of 98.5 %. The optimum reaction temperature is 20-30 °C, as its increase deepens the oxidation process
and the ketone begins to be converted into 4-nitrobenzoic acid.

Key words: oxidation, 4-nitroethylbenzene, 4-nitroacetophenone, acetic acid, kinetics, ozone.
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WccnepoBaHue KaTanuTUYeCKOro OKUCNEeHUs 4-HVITp03TVIﬂ59H3OHa 030HOM [0 4-HuTpoaLeToheHOHa —
nonynpoaykra CMHTe3a aHTUOUOTHKOB

A.T. TanctsaH, A. C. bywyes

4-HuTpoaueToeHOH — BaXHbIV NONYNPOAYKT ANS M3rOTOBNEHUS aHTUOMOTHKOB LLIMPOKOIO CrieKTpa AEVICTBUS, B YaCTHOCTW NEBOMULIETUHA.
CyLuecTByloLLMe METOAbI CUHTE3a KETOHA HECOBEPLLEHHbI. Hanbonee NpocTomn 13 HUX — oKUCHeHNe 4-HUTPOITUNOEH30Na KMCIOpPOAOM
BO3Jyxa Npu aTMocdepHoM AasneHun 1 Temnepatype 135 °C B NpuCyTCTBUAM OKUCY MapraHLia, HO ero HeJOCTaTKOM SIBSIETCS HU3KWI
BbIXOA U HEOOXoAMMOCTb MPOBEAEHUs npoLecca B reteporeHHon cpefe. Moatomy akTyansHas 3agada — paspaboTka JOCTYMHbIX W
JeLueBblx CNocoboB nonyyeHns 4-HUTpoaLeToeHoHa.

Llenb paboThl — UccrnenoBarh NPOAYKTbl U KMHETUKY peakLmn KaTanuTUYeckoro OKUCIEHNs 4-HUTPOITUNBEH30Ma 030HOM B YKCYCHOW
KuCrioTe 1 pa3paboTaTb HOBbIN HU3KOTEMNEPATYPHbIN CUHTE3 4-HUTPOALIETO(EHOHA.

Matepuansi n metogbl. B onbiTax ucnons3osanu 4-HATpo3aTunbeH3on, 4-HuTpoaueTodeHoH 1 1-(4-HutpodeHun)ataHon rupmbl Acros
organics kanudukauun «x.4.»; maprared, (Il) auerar ksanudukaumm «x.4.»; pacTBOpuUTENb — NeAsHas yKCycHas Kucnota gupmel
Sigma kBanudukaLmm «x.4.». [ins HenpepbIBHOTO KOHTPOIS TEKYLUEN KOHLIEHTPaLWW 030Ha B ra3oBom (hase 1MCnonb30Basnm CnekTpodo-
TOMETPUYECKNIA MeTog. B nameputensHyto kamepy cnektpodotomerpa CP-46 NTOMO BMOHTMpOBanu TenOHOBYIO MPOTOYHYIO KIOBETY
C KBapLieBbIMU OKHaMM, YTO MO3BOMSANO M3MEPSTb ONTUYECKYI0 NMNOTHOCTb ra30BOro NoToka B YP-obnacTtu. KoHueHTpaumio 030Ha Ha
BXO/€ W BbIXOAE V3 peakTopa onpeaensnm nyTem sanucu pesynsratoB Ha noteHumometpe KCI1-4 B B1Ae 030HOrpaMmbl npy MpoXoxae-
HUM 030HOCOAEPXALLEro ra3a Yepes KIoBETY Npu AMVHE BOHbI MOHOXPOMAaTMYECKOro MCTOYHMKa cBeTa 254-256 Hm. KonnyecTBeHHoe
cofepxaHne peakLMOHHOM CMECK OMpEeAEnun ¢ NOMOLLI0 ra3oKUAKOCTHOW XpoMaTtorpadum, pacyeTbl KOHLEHTPaLW KOMMOHEHTOB
BbINOSTHUMN METOAOM BHYTPEHHEro cTaHaapTa.

Pesynkrarthl. M3yyeHbl NPOAYKTLI U KMHETWKA peakuui 030Ha ¢ 4-HUTPOSTUNBEH30MIOM B NpUCYTCTBUM KaTanusatopa — mapraHey (11)
auerara. YcTaHoBMNeHo, 4To npu Temnepatype 20 °C npoLecc OKUCEHNs NPOTEKaeT NPEeNMYLLECTBEHHO MO GOKOBOW Lienw, BbIXOA 4-Hu-
TpoaueTodeHoHa gocturaet 98,5 %, B cucTeMe Takoke MAEHTUULMPOBaHbI CreaoBble KonmyecTsa 1-(4-HuTpodeHnn)ataHona. 3ToT akT
0OBACHSIETCS TEM, YTO 030H B YCMOBUSIX KaTanaa NpeyMyLLECTBEHHO pearmpyeT He ¢ cybectpaTtom, a ¢ Mn (1) ¢ o6pasoBaHneM akT1BHOM
dopmbl Mn (IV), koTopasi BOCCTaHaBNMBAETCS MO peakLm € 4-HUTPOSTUNOEH30MOM, MHALMMPYS OKUCTIEHKe cybcTpaTa no 6okoBoi Lenw.

BriBoabl. Katanutnyeckoe okucneHne 4-HUTpO3TUNOEH30Ma 030HOM B PacTBOPE YKCYCHOW KWCAOTbI NPOTEKaeT MpeuMyLUeCTBEHHO
no 6oKoBoOVi Lenn ¢ 06pa3oBaHneM 4-HUTpoaLeTodeHoHa ¢ BbixogoM 98,5 %. OntumanbHas Temnepatypa peakuum — 20-30° C; ee
NOBbILLIEHME CNOCOBCTBYET YrnybneHnio NpoLecca OKUCIEHNs, U KETOH HauMHaAEeT NpespaLLaTbCs B 4-HUTPOBEH30MHYIO KUCTOTY.

KnioueBble crioBa: okMCneHne, 4-HUTPOSTUNOEH30M, 4-HUTPOALIETOMEHOH, YKCYCHAs KUCIOTa, KUHETUKA, O30H.
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XJTOpOMITIETHH (JICBOMILICTHH) — €JWHUN aHTHOIOTHK, IO
BUPOOJISIFOTH Y MIPOMHCIIOBHX MaCIITa0aX MUTIXOM XIMIYHOTO
CHHTE3Y, a He OiocuHTe3y. KpiM CHHTETHYHOTO XJIOpoMilie-
THHY, BUPOOJISIIOTH TAKOXX HOTO MEHIII aKTUBHHUI pariemar —
CHUHTOMIIIMH. BaykKIMBUM HamiBIIPOAYKTOM CHHTE3y LUX
aHTHO10THKIB € 4-HiTpoareTodeHoH [1].

Bimomi kisibka crioco0iB ofiepkaHHs 4-HiTpoaneToQeHOHyY
[1,2]. HaiimpocTimmii — OKHCHEHHS 4-HITPOCTHIOCH3CHY MO-

JIEKyJSIPHAM KHCHeM 3a Temrieparypu 135 °C 3a HassBHOCTI
Karanizaropa, manrad (IV) okcumy. Hemomik mporo mero-
Iy — HU3BKUHA BHXIJ 1 HEOOXIMHICTH MPOBEICHHS MPOLIECY
B TETEPOTCHHOMY CEpPEIOBHIIIL.

[igBAIATH BUXiM [UTHOBOTO TPOIYKTY Ta BECTH IPOIIEC
OKHICHCHHS aJIKUTOCH3CHIB Y M’ SIKHX YMOBaX YIa€ThCS 3 BU-
KOPHCTAHHSM SIK OKHCHHKA 030HY, III0 OIKCAaHO B pOo0OTax
[3-6].
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Investigation of catalytic oxidation of 4-nitroethylbenzene by ozone to 4-nitroacetophenone — an intermediate in the synthesis of antibiotics

VY 3B’S3Ky 3 LIMM aKTyaJlbHUMH € JOCIIDKCHHS peaKIil
KaTaJiTHYHOTO OKMCHCHHS 4-HITPOCTHIOCH3CHY 030HOM Yy
PO3UMHI KUCIIOTH OLTOBOI ISl CTBOPEHHSI HU3bKOTEMIIepa-
TYypPHOTO CHHTE3Y 4-HiTpoarieToheHOHY.

MeTta po6otu

Jocmiauti MpomyKTH Ta KIHETHKY PeakIlii KaTaliTHIHOTO
OKHCHEHHS 4-HITPOETUIIOEH3eHY 030HOM Y JIbOJSHINA KMCIIOTI
OLITOBIH 1 PO3POOHUTH HOBUIT HU3bKOTEMIIEPATYPHUI CHHTE3
4-HiTpoareto(h)eHOHY.

Marepianu i meToau gocnigxeHHs

[Tz yac ekcriepuMeHTY 3aCTOCOBYBaJIM 4-HITPOCTHIIOCH3CH,
4-mitpoaretopenoH i 1-(4-airpodenit)eranon pipmu Acros
organics kBamiikartii «x.4.»; Mararat (II) arterar kBamigikarii
«X.9.»; PO3YMHHUK —JIbOJsHA OLITOBA Kuciora (ipmu Sigma
KkBaiikarii «x.4.».

Jlyist Ge3rnepepBHOTO KOHTPOJIHO TOTOYHOI KOHIICHTpAIIiT
030HY B I'a30Bill (ha3i BUKOPHCTOBYBAIN CIIEKTPOPOTOME-
TPUYHUN MeTox. Y BUMIPIOBAIbHY Kamepy CIeKTpodoTo-
Metpa CD-46 JIOMO BMOHTYBaIH TE(IOHOBY MPOTOUHY
KIOBETY 3 KBapIIOBUMH BIKHAMH, 1110 1AJI0 3MOT'Y BUMIpPIOBAaTH
OINTHYHY HIUTHHICTH Ta30BOTO MOTOKY B Y®-minsHmi. KoH-
LIEHTPAIlil0 030HY Ha BXO1 Ta BUXO/I 3 peaKkTopa BU3HAYaIIN
[UISXOM 3anucy pe3ynbrariB Ha noteHiiomerpi KCII-4 sk
030HOTpaMy TiJl 4ac MPOXO/PKEHHS 030HOBMICHOTO rasy
yepe3 KIOBETY 3a JOBKUHHU XBHJII MOHOXPOMAaTHYHOIO
okepena cBiTna 254-256 um [12]. 4-Hitpoernnbensew,
HOr0 OKCHTEHOBMICHI TIOXiHI Ta MPOIYKTH TIEPETBOPCHHS
inentudixyBamu merogamu I'PX, IY-criekrpockomii (Y-
®yp’e cnexrpomerp IRTracer-100). KinbkicHuit ckian
peaKIiiHOi Macu BH3Hauayu 3a jnoromMoror ['PX. Anani3
3aificanin Ha xpomarorpadi JIXM-8M/ (CPCP) 3 no-
JIyM’ IHO-10HI3aIifHIM I€TEKTOPOM Ha KOJIOHIII 3aBIOBKKH
3 M1 giamerpom 3,5 MM, II0 3aIOBHEHA HOcieM, — [HepTOH
N-AW i3 HaHECeHOO Ha HhOTO HepyXoMoro (a3oto SE-30y
KUTBKOCTI 5 % BiJI Baru HOCIsl. YMOBH aHalIi3y: TeMIieparypa
Bunapauka —250 °C;temneparypa tepmoctary —200 °C;
HIBUAKOCTI, JI'TOA™: ra3y-Hocis (aszor) — 1,8; Bomaio — 1,8;
nositpst — 18,0 [12].

KoHcTanT mBHAKOCTI peakiii 030Hy 3 apOMaTHYHUMH
CITONTyKaMH BU3HAYAII METOJIOM, III0 OTIMCaHUH y poboTi [7],
OKHCHEHOI (popMH METally 3 apOMaTHIYHUMH CHOJIYKaMH —
rpadiuauM MeTonoM [8].

Pe3ynbraTtu

3a temneparypu 20 °C 6e3 karaiizaropa 030H MEPEBAXKHO
pearye 3 4-HITPOCTHUIOCH3CHOM 33 apOMATHYHUM KUIbIICM
(2), cenekTUBHICTH OKUCHEHHSI 32 ETUIILHOIO TpyIioro (1) He
nepeuiye 40 % :

ArCH,CH,+O, — ArC'HCH, +OH+O, (1
Ar CH,CH,+O, — o3oHinu )

Ipu karani3i manran (II) ameratom peaxiii OKHCHEHHS
4-HITpOETIIIOCH3CHY B PO3UMHI JIBOJSTHOT OIITOBOT KHCIIOTH

C, monb/n

20 40 60 txs

Puc. 1. KiHeTuka OKMCHEHHS 4-HiTpoeTnnBeH3eHy B KUCIOTi OLITOBIN
npu 20 °C 3a HagsHocTi maHraH (Il) auetary; [ArCH,CH,] = 0,4;
[Mn(OAc),], = 0,08; [O,] = 4,0-10* monb-11”; Vp‘= 0,01 n: 3miHa koH-
LieHTpaLii 4-HiTpoeTnnbeHaeHy (1); 4-HiTpoaLeToeHOHyY (2); KUcnoTu
4-HiTPO6EH30HOI (3).

Lg [O],
-3,9 -3,7 -3,5 -3,3
Lgr
-3,4 2
3
1
-3,6
-3,8
-4,0
-4,2 O
-1.6 -1.4 -1.2 -1.0
Lg [Mn(ll)],
-0.6 -1.4 -1.2 -1.4

Lg [ACH,CH,],

Puc. 2. 3anexHicTb LWBUAKOCTI peakLiii OKUCHEHHS 4-HITPOeTUNOEH-
3eHy Bif, KOHLeHTpaLii 030Hy (1); maHraH (ll) auertaty (2); 4-HiTpo-
eTun6eHseny (3) npun 20 °C.

OCHOBHHMM HAlpsIMOM CTa€ OKHCHEHHS 3a OIYHUM JIAHIIIO-
roM cyocrpary (puc. 1). BaxxamBoro 0coOIMBICTIO KaTalli3y
B IIbOMY BHUIaJIKy € CTBOPEHHSI YMOB, 32 SIKMX TIEPEBaXKHO
YTBOPIOETHCS BiIOBIqHMI KeToH (98,5 %), a 1-(4-HiTpode-
HLIT)eTaHON Y PeaKIliifHii cyMiIi iTeHTU(IKYETHCS K CITiIH.
CymapHa CEJIeKTUBHICTh OKHCHEHHS 3a OIYHUM JaHIFOTOM
cranoBuTh Maibke 100 %. Ilpu BHYEepITHOMY OKMCHEHHI
cyOcTpary B pO34MHI IMOYMHAE HAKONMYYBATHCS KUCIOTa
4-HiTpobenzoiiHa (puc. 1, kp. 3).

3a naHuMH, 110 HaBeJIeH1 Ha puc. 2, A7 i€l peakiiii oTpu-
MaJI JIiHiHHY 3anexHicTs Ig 1 Bin 1gC, a TaHreHe KyTa Haxmty
TPSMUX OJM3BKHUN IO OIUHUIL, IO CBITYUTH MPO MEPIINI
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Tabnuus 1. Bnnue koHUeHTpauii MaHraH (I1) aueTtaTy Ha CenekTUBHICTb
OKMCHEHHS! 4-HiTpoeTUnBeHseHy 3a eTunbHoto rpynoto [ArCH,CH,]| = 0,4;
[O,], = 4,0-10*monb-n™; T = 20 °C; V. = 8,3-10°n-c’

Buxig npoaykris peakuii, % CeneKkTUBHICTb

OKUCHEHHS
3a eTUNLHOK
rpynoto, %

auetodeHoH
0,02 52,4 46,9 52,4
0,04 65,0 32,2 65,0
0,06 76,9 18,9 76,9
0,08 98,5 - 98,5
0,12 95,2 - 95,2

Tabnuuga 2. Bnnue Temnepatypu Ha WBWAKICTb | CENEKTUBHICTb
OKUCHEHHS! 4-HITPOETUNBEH3EHY 3@ ETUIBHOKO YOt

. _ .
BinnosiaHi npoayktu peakuji, % ST

o . OKWUCHEHHS
T °C 4-HiTpo- 4"'Tp9 1-(4-HiTpo- 3a eTUIILHOK
aueTod)eHoH GeH30kHa ¢heHin)etaHon | rpynoto, %
Kucnota pynoto, 7
20 98,5 - cnign 98,5
30 85,5 20,0 - 95,5
40 70,5 27,5 - 98,0
50 52,4 46,6 - 99,0

YmoBw nepebiry peakLii HaBegeHi Ha puc. 1.

Tabnuus 3. KoHCTaHTV WBWAKOCTEN peakLii KaTaniTU4Horo LMKy
OKUCHEHHS! 4-HITPOETUNBEH3EHY 030HOM Y MpUCyTHOCTI MaHraH (Il) auetaty

[ArCH,CH,], = 0,4;[Q,], = 4,0-10% [Mn(OAc),], = 0,08 monb-n™;
T=20°CV =8310°nc’
-
O, + ArCH,CH, — 0,085 0,14 269+3,0
Mn (II)}+ O, — 38,22 12,2 34,1+34
Mn (IV)+ ArCH,CH, — | 0,0048 1,51 32,1£3,2

TIOPSI/IOK 32 KaTalizaropoM, CyOCTpaToM Ta 030HOM. 3a JaHH-
MU mabauyi 1,3a Temneparypu peakuii (T) Ta mpu mBHIKOCTI
Toz1a4i razy 03oHy (V) celeKTHBHE OKHCHEHHSI 33 ETHIILHOIO
IPYMOK MOXIIMBE TUIBKH 3a MIABUIICHUX KOHIICHTpPALIN
KaTaji3aropa, o CIIoCTepiraiy Ha TPaKTHUIII.

IIBUAKICTD 1 CEJICKTHBHICTh OKUCHCHHS 4-HITPOCTHII-
OeH3eHy 030HOM y PO3YHHI KHUCJIOTH OITOBOI 32 HAasSBHOCTI
manrad (II) anerary 3anexurts Bijg Temneparypu. 3 ii mia-
BUILICHHSIM CyMapHa MIBUJIKICTh OKUCHEHHSI 301IbIIYEThCS,
a CEJICKTUBHICTh OKHCHEHHS 32 apOMATHUYHHM KETOHOM
3HUKY€EThCS (maobn. 2).

3MEHIIICHHS CEIeKTHBHOCTI OKUCHEHHS 3a 4-HITpoareTo-
(heHoHOM (mabn. 3) MOSICHIOETHCS IT1IBUIIICHHSIM IIIBUIKOCTI
HAOr0 OKMCHEHHSI JI0 BIATIOBIIHOT KMCIIOTH OEH30MHOT, ITPO 1110
CBiZUaTh AaHi maobauyi 2.

OtKe, Ha MIJICTaB] EKCIIEPUMEHTAIIBHUX JJAHUX 3aIPOIIO-
HyBaJH CXeMy OKHCHEHHS 4-HITpOeTHIOEH3eHy 030HOM B
po34rHI KHCIOTH O1ToBO1 (cxema 1) [9,10].

¥ Mn(i)

O CH-CH,

vo:

ON
(U]
v §h
2 ON % Y—c-00
ON Q CH, - CH, N 0]
N,/
i) oN C-CH,+ ON ¢-cH,
HO ™ 0
ON —Q— CH,-CH, (1

anicbaTiyri nepokcuam

Cxema 1.

OO6roBopeHHs

CeJeKTUBHICTh OKUCHEHHS 32 €THIILHOIO TPYIIOK0 3aJIC)KHUTh
BiJl CITIBBITHOIIICHHS IIBUAKOCTEH peakiii (2) i (3).

Mn** + O, + 2H"® Mn* + O, + H,0 3)

3a 1aHMMH, 110 HaBe/ICHI B mabauyi 3, KOHCTaHTa IIBUI-
KOCTI peaxiii 030HOII3y Ha MOPS/IOK BUIA, HIXK KOHCTaHTa
MIBUKOCTI OKMCHEHHs cybctpary Mn*'. [lns Toro, 1mo0
3aTy4nuTH CcyOCcTpar y OiK OKHCHEHHS 3a ETHIILHOIO TPYIIO0
(4), HeOoOX1THO TIPOBOJMTH PEAKIIIFO B YMOBAX ITiIBUIICHIX
KOHIIEHTpaLiil Karamizaropa (maobn. 3). Orpumanuii 3a pe-
axuiero (4) manras (I11) Takox Mo)ke OKHCHIOBATH CyOCTpaT
3a(5), B sIKilf KaTanizarop BiIHOBIIIOBATUMETHCS 10 MAHTAHy
(II), a naxi 3HOBY OKHCHIOBATHCH 32 peakIi€lo (3).

ArCH,CH, + Mn* — [ArCH,CH,J * + Mn* —
ArC'HCH, + Mn** + H* )

ArCH,CH, + Mn**— [ArCH,CH,]" * + Mn* —
ArC'HCH, + Mn* + H* &)

3rigHo 31 cxemoro 1, 3a Temmeparypu 20 °C B ymMoBax He-
KaTaJIITHIHOTO O30HYBaHHSA 4-HITPOCTUIIOCH3EHY OCHOBHUM
HAIPSIMOM PEaKIIil € 030HOIII3 ApOMATHYHOTO KiIbIIS, TUTEKA
40 % cyOcTpaTy OKHCHIOETHCS 332 €THIBHOIO Ipymoio. B
yMmoBax Karaiisy Manrad (II) areraroMm 030H BUTpadaeThCs
nepeaycim 3a peakuiero (3) 3 yTBOPEHHSIM aKTHBHOT (opMH
karaiizaropa Mn*', sika iHIIiI0€ OKUCHEHHsI CyOCTpary 3a
STWJIBHOIO TPYIIOIO 3 YTBOPEHHSIM OCH3MIBHUX pasukaiis (1,
cxema ). B yMOBaX OKMCHEHHSI 030HOKHCHEBOIO CYMIIIIIITIO
(I) mani neperBoprotOTHCS B IepokcHHi paukand (11, cxema
1), sixi, HaiiimoBipHimre [11], mami OyxyTs pexoMOiHyBaTH 3
yrBopenssim criupty (111, cxema 1) Ta xerony (IV, cxema 1).
B ymoBax pocnigy 1-(4-HitpodeHin)eTaHo MBHUAKO Mepe-
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Investigation of catalytic oxidation of 4-nitroethylbenzene by ozone to 4-nitroacetophenone — an intermediate in the synthesis of antibiotics

TBOPIOETHCS Y 4-HITpoaneTopeHoH, 1 ToMy iIeHTU(IKY€EThCS
TUIBKH SIK «cI1iy». 3a Temmieparypu 1o 30 °C apomaruyHuii
KETOH JIOCUTB CTIHKHi1 1 HAKOIIMYIY€ETHCS B CUCTEMI SIK TOJIOB-
HUH IIPOMYKT, aJie 3 IiABUIICHHSAM TEMIIEpaTypH OCTYIIOBO
TIEPETBOPIOETHCS B KUCIOTY 4-HiTpober3oitny (V, cxema 1).

BucHoBKM

1. Jocniannm KiHEeTHKY KaTaJiTHYHOI peakxiii 030HY 3
4-HITPOSTUIIOCH3CHOM Y PO3UHHI KUCIIOTH OILITOBOI. 3’sICyBa-
I, TII0 HasBHICTH Y cucTeMi MaHraH (II) amerary 3amobirae
PYHHYBaHHIO apOMATHYHOT'O KUIBIIS, TA OCHOBHUM HaIIPSIMOM
CTa€ OKMCHEHHSI 32 OIYHIM JIAHITFOTOM 3 YTBOpeHH:M 98,5 %
4-HiTpoanetoheHOHY.

2. 3aJydeHHs JI0 CEJIEKTUBHOIO OKMCHEHHS cyOcTpary
BiZIOyBAEThCS MEPEBAXKHO 32 HOTO PEaKII€0 3 OKUCHEHOIO
(dopmoro Manrany. PosrisiHynu cxemy karasnizy manras (11)
alIeTaToM, 110 OSICHIOE IPHPOJLY CEJICKTHBHOTO OKMCHEHHS
4-HITpOETHIOCH3EHY 3a €THJIBHOK IPYIIOLO.

3. Br3Haunmm onTHMaibHy TEMIIEPATypy peakilii OKHCHEeH-
s cyberpary z10 4-nitpoanetodenony —20-30 °C. fimin-
BUIIICHHS CIIPHISIE TIOTTHOICHHIO TIPOIIECY OKUCHEHHS, 1 KETOH
TIOYMHAE TIEPETBOPIOBATUCH HA KHUCIIOTY 4-HITPOOCH30MHY.

4. 3a pesynpraTaMy JIOCIHIKEHHS PO3pOOMIN HOBHUI
HU3BKOTEMITEpaTypPHHI METOJI CHHTE3Y 4-HITpOoaleToEeHOHY,
SIKAH BIZIPI3HSAETHCSI BACOKUM BUXOJIOM LIUTHOBOTO POJTYKTY
Ta M’SIKUMH YMOBaMH BEJICHHS MPOLIECY.

[lepcnexTHBY MOAIBIINX A0CTiKeHb. PesynbraTt poboTn
MOXKYTb OyTH OCHOBOIO ISl PO3POOKH TEXHOJIOTIl CHHTE3Y
4-HiTpoaneto(eHOHY Ta HOTO TOXITHHX.
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Antiradical activity of novel 4-amino-5-(thiophen-2-ylmethyl)-
4H-1,2,4-triazole-3-thiol derivatives

A. A. Safonov=*8CP | S. Nosulenko®=AcP

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

The process of studying free radicals began in the middle of the last century (the free radical theory of aging in 1956). Multiple studies
have revealed the effect of free radicals on the cells of the body and the development of various diseases, such as diabetes, autoimmune
diseases, diseases of the nervous system, and others. As a result, the term antioxidant has emerged, compounds that reduce and prevent
the effects of free radicals. Most of the newly synthesized substances are studied for their antiradical properties. 1,2,4-Triazole derivatives
are no exception, which has already proven themselves as biologically active compounds.

The aim of this work was the investigation antiradical activity among 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives.

Materials and methods. Previously synthesized 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives were used as
test compounds. The research of antiradical activity was based on the interaction between 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-
triazole-3-thiol derivatives and 2,2-diphenyl-1-picrylhydrazyl (DPPH) in vitro. DPPH is a stable free radical. The color of its alcoholic
solutions were intense purple (Amax = 517 nm). When DPPH interacted with compounds that were capable of scavenging free radicals,
it produced products. These products are yellow in color and do not absorb light of the aforementioned wavelength. The study was carried
out according to the method.

Results. The antiradical activity of 10 new 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives was studied. Most of
the test compounds show antiradical activity against DPPH. Compound 1 was the most active at a concentration of 1 x 10° M and
the antiradical effect was close to ascorbic acid.

Conclusions. The most active compound is 4-amino-5-(thiophen-2-ylmethyl)-4 H-1,2,4-triazole-3-thiol, which in a concentration of 1 x 103
M has an antiradical effect in 88.89 %. When reducing the concentration to 1 x 10 M, also reduces the antiradical activity to 53.78 %.
Some conclusions are drawn regarding the “structure — effect” dependence between 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-
3-thiol derivatives:

—the introduction of 4-fluorobenzylidene radical (compound 2) into the 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol molecule
results in a slight decrease in activity;

—the introduction of 2-hydroxybenzylidene radical (compound 3) into initial molecule results a high antiradical effect, which hardly changes
with decreasing concentration;

— transformation to 2-((5-(thiophen-2-ylmethyl)-4-((R)amino)-4H-1,2,4-triazol-3-yl)thio)acetic acid has almost no effect on antiradical
activity, except for compound 9 (the antiradical effect is reduse).

Key words: antiradical activity, triazoles, heterocyclic compounds.
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AHTUpaguKanbHa akTUBHICTb HOBUX NOXiAHMX 4-aMiHO-5-(TiodeH-2-inmeTnn)-4H-1,2,4-Tpia3on-3-Tiony
A. A. CacpoHos, I. C. Hocynerko

BuBYEHHS BiNbHWX paguKanis po3noyarnocsi B cepeaunHi MUHYOro cTopivyst (BinbHopaayvkanbHa Teopist ctapiHHs, 1956 p.). YucnenHi gocni-
[PKEHHS BUSIBUINN BNIVWB BiflbHUX PaAuMKaniB Ha KIiTYHW OpraHiamMy Ta pO3BUTOK Y pe3ynbTaTi LibOro Pi3HNX 3aXBOPOBaHb: LyKpOBOro Aiabety,
aBTOIMYHHVIX 3aXBOPOBaHb, NATOIONi HEPBOBOI CUCTEMM TOLLO. Y 3B’A3KY 3 LiIM 3'ABMBCS TaKUI TEPMIH, SIK aHTUOKCUAAHTM, Ha MO3HAYEHHS
CMOMYK, L0 3MEHLLYIOTb i 3anobiratoTb BNNVBOBI BiNbHUX paayvkanis. binbLuicTb HOBUX CUHTE30BaHWX PEYOBUH AOCHILKYIOTb HA HAsSBHICTb
aHTMpaauKanbHuX BnactmeocTei. He € BuHsTkom noxigHi 1,2,4-Tpiasony, Lo 3apekoMeHayBanu cebe sik 6ionoriyHo akTUBHI CoMyKu.

MeTa po6oTu — JocnimKeHHs aHTMpaauKanbHOi akTUBHOCTI cepe NoXigHux 4-amiHo-5-(TiodeH-2-inmetun)-4H-1,2,4-Tpiason-3-Tiony.

ARTICLE UDC 615.281/.282.015:615.27.015.11
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Matepianu Ta metoau. [locnignnu cuHTe30BaHi paHille noxigHi 4-amiHo-5-(TiodeH-2-inmetun)-4H-1,2,4-tpiason-3-tiony. JocnimkeHHs
aHTUpaguKanbHOI aKTMBHOCTI 3aCHOBaHe Ha B3aeMopii noxigHWx 4-amiHo-5-(TiodeH-2-inmeTun)-4H-1,2,4-Tpiason-3-Tiony 3 2,2-an-
dheHin-1-nikpunrigpasunom (DPPH) in vitro. DPPH — cTabinbHui BinbHWi pagukan. Konip #oro cnmpToBMX po34uHiB — iHTEHCUBHO-iO-
netoBwit (Amax = 517 um). Konn DPPH B3aemogie 3i cnomykamu, Lo 34aTHi BNIOBMIOBATY BifbHI pagukanu, BiH YTBOPIOE KOMMIIEKCH.
Lli cnonyku MatoTb KOBTWIA KOMIP i HE MOMMMHAKTb CBITNO 3 HA3BAHOK AOBXUHOW XBUMi. [OCMIAXEHHS BUKOHAMM 3TiAHO 3 METOAMKOI.

Pesynisratn. BuBunnu aHTMpagukansHy akTuBHicTb 10 HOBKX Cnonyk noxigHux 4-amiHo-5-(TiocpeH-2-inmetun)-4H-1,2,4-Tpiason-3-Tiony.
BinbLUicTb cnonyk BUSBMNAOTL aHTUPaaMKanbHy akTuBHICTb Wwopao DPPH. PeyoBuHa 1 HanbinbLu akTMBHa B KOHUeHTpauii 1 x 10° M, a i
aHTMpaguKanbHUi edekT 6nmnsbkuii 4o ackopbiHOBOI KMCNOTH.

BucHoBku. HanaktuBHilwa cnonyka — 4-amiHo-5-(TiopeH-2-inmetun)-4H-1,2,4-Tpiason-3-Tion, sikuil y KoHUeHTpauii 1 x 10 M xapakTe-
pu3yeTbCsa npoTupaaukansHoto gieto 88,89 %. Mpu 3HWKeHHi koHUeHTpauii o 1 x 10* M aHTUpaamkarnbHa akTUBHICTb 3HUXYETLCS A0
53,78 %. 3pobunu BUCHOBKM LLOAO 3aNIEXHOCTI «CTPYKTYpa — aHTUpaamKanbHuiA edhekTy»:

— BBEAEHHS 4-¢hTopbeH3nnigeHOBOro pagukana (cnonyka 2) B Monekyny 4-amiHo-5-(tiodpeH-2-inmetun)-4H-1,2,4-tpiason-3-Tiony npu3eo-
ANTb A0 HE3HAYHOTO 3HVDKEHHS aKTUBHOCTI;

— BBEAEHHS 2-TinpokcnbeH3nnigeHoBoro pagmkana (cnonyka 3) y BUxigHy MONekysy CnpuyuHSIE BUCOKUIA aHTUpaamKanbHUi ehekT, SKui
Maiibke He 3MIHIOETBCS 3i BMEHLLEHHAM KOHLEHTpaLii;

— TpaHcopmalis o 2-((5-(tiodeH-2-inmeTtun)-4-((R)amiHo)-4H-1,2,4-Tpia3on-3-in)Tio)oLToBOI KUCNOTU Maiike He BNIMBAE Ha aHTUpa-
[VKanbHy aKTUBHICTb, KpiM Ccrionyku 9 (aHTMpaamkanbHUn epekT CyTTEBO 3HIKYETHCS).

KntovoBi crioBa: aHTUpagukasnbHa akTUBHICTb, 1,2,4-Tpia3on, reTepoLmKiYHi Cromnyku.
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AHTUpaguKanbHas akTMBHOCTb HOBbIX NPOU3BOAHbLIX 4-aMUHO-5-(TnObeH-2-unmetun)-4H-1,2,4-tpuason-3-Tuona
A. A. CacboHos, W. C. HocyneHko

Mpouecc nsyveHnss cBOBOAHBIX PagMKarnoB Havancs ele B cepefyHe MpoLunoro Beka (cBobogHopaavkanbHas Teopust cTapeHus,
1956 r.). MHOrouncneHHble NCCnenoBaHns nokasany BnusiHWe CBOOOAHbIX paanKanoB Ha KNETKU OpraHvM3ma v pa3BuTue B pesynbsrate
3TOro pasnuyHbIx 3abonesaHwnit: caxapHoro AnabeTa, ayTOMMMYHHbIX 3a60n1eBaHui, NaTonorin HePBHOW CUCTEMBI U Ap. B cBa3n ¢ aTuM
NOSIBUIICA TakoW TEPMUH, Kak aHTWOKCMAAHTbI, AN 0603HaYeHUs COeaMHEHNIA, YMeHbLUAIOLWMX 1 NpeaynpexaatoLmx BosaelicTame
cBoOOAHBIX paguKanoB. BonbLUMHCTBO HOBBLIX CUHTE3MPOBAHHbIX BELLECTB NCCNeayoT Ha aHTupaaukanbHble CBovcTBa. MNponaBoaHbie
1,2,4-Tpnasona, KoTopble yxe 3apekomeHaoBany cebs kak 61onornveckn akTUBHbLIE COEANHEHNS, — HE UCKITIOYeHNe.

Llenk pa6oTkl —nccnenoBaHne aHTUpPaAMKanbHOW akTUBHOCTM NPOU3BOAHbIX 4-aMUHO-5-(TnodheH-2-unvetun)-4H-1,2,4-tpnason-3-tu-
ona.

Matepuanki n meTofkl. B KayecTBe TeCTUPYEMbIX COEAMHEHWI UCMOMb30BaNN CUHTE3NPOBAHHbBIE PaHEeE NMPOU3BOAHBIE 4-aMWUHO-5-(T1O-
deH-2-unmetun)-4H-1,2,4-tpnason-3-tnona. MiccnegosaHue aHTMpaaukanbHON akTUBHOCT OCHOBAHO Ha B3aMOAENCTBIUN MPOU3BOLAHbIX
4-aMuHO-5-(TnodhbeH-2-unmetun)-4H-1,2,4-tpmason-3-tnona c 2,2-andenunn-1-nukpunrugpasunom (DPPH) in vitro. DPPH — cTabunbHbiii
cBoboAHbIN pagukan. LiBeT ero CnnpToBbIX pacTBOPOB — WHTEHCHBHO-broneToBei (Amax = 517 um). Korna DPPH B3aumopeiictyet
C COeaMHEHNSIMU, KOTOPbIE CNOCOBHBI ynaBnmBaTh cBOOGOAHbIE paguKanbl, 06pasyloTcst KOMNMEKChbl. AT COEAMHEHMS XENTOTO LiBETa W
He MOrMOLLAK0T CBET C AaHHOW AJIMHON BOMHbI. ViccnenoBaHue NpoBeAeHO COrMacHo METOANKE.

Pesynkrathl. M3yyeHo aHTupaaukansHoe aeiictane 10 HOBbIX COEANHEHNI NPOU3BOAHbBIX 4-aMUHO-5-(TModeH-2-unvetun)-4H-1,2 4-tpu-
ason-3-tuona. bonbLlMHCTBO UccnedyemblX COeAUHEHNI MPOSBASIOT aHTUPaaMKanbHy akTMBHOCTL B OTHOLeHMM DPPH. BelecTtso 1
Haubornee akTMBHO B KOHUeHTpauum 1 x 10 M, a ero aHTMpaawmkanbHbIn addekT Brinaok k ackopoMHOBOI KMcnoTe.

BriBogkl. Camoe akTUBHOE coeayHeHne —4-aMnHo-5-(TnoteH-2-unmetun)-4H-1,2,4-tpuason-3-T1on, KOTopbIi B KoHUeHTpauun 1 x 10° M
obnapaet aHTUpaavkanbHbIM fencteuem 88,89 %. Mpu cHKkeHWM kKoHueHTpaumn o 1 x 104 M aHTMpaaukanbHas akTUBHOCTb CHUXa-
etca 0o 53,78 %. CaenaHbl BbIBOAbI O 3aBUCMMOCTU «CTPYKTYpa — aHTUpaauKarbHbIn 3pdekTy:

— BBeAeHue 4-pTopbeH3nnmaeHoBoro pagykana (coeguHeHme 2) B Monekyny 4-amnHo-5-(tnodper-2-unmetun)-4H-1,2,4-tpnason-3-tnona
NPUBOANT K HE3HAYUTENBHOMY CHVXXEHWIO aKTUBHOCTH;

— BBeZeHME 2-rnapoKcnbeH3MNaEeHOBOrO paavkana (coefuHeHne 3) B UICXO4HYO MOMeKyny NPUBOAMT K BLICOKOMY aHTUpaamKaribHOMY
3hpekTy, KOTOPbIN MOYTU HE MEHSIETCS C YMEHBLUEHUEM KOHLIEHTPALMK;

— TpaHcopmaums fo 2-((5-(tnoden-2-unmetun)-4-((R)ammnHo)-4H-1,2,4-Tpnason-3-nn)TMO)yKCYCHOW KUCMOTbI MOYTU HE BUSET Ha
aHTMpaavKanbHyH akTWBHOCTb, KpOME CoeanHeHns 9 (aHTpaamKanbHbI aPgEKT 3HAYUTENBHO CHIKAETCS).

KnioueBble croBa: aHTUpaauKkanbHas akTMBHOCTb, 1,2,4-Tprason, reTepoLMKNNYeckne COeQUHEHMS.
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The process of studying free radicals began in the middle  such as diabetes, autoimmune diseases, diseases of the ner-
of the last century (the free radical theory of aging in 1956).  vous system, and others.

Multiple studies have revealed the effect of free radicals on The study of the effects of free radicals on living organisms
the cells of the body and the development of various diseases,  is a very interesting topic for discussion. Most scientists and
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doctors believe that in order to prolong the life of cells, it is
necessary to reduce the number of free radicals in the human
body. In this case, special compounds can help. As a result,
the term antioxidant has emerged, compounds that reduce
and prevent the effects of free radicals. Most of the newly
synthesized substances are studied for their antiradical prop-
erties [1-3]. 1,2,4-Triazole derivatives are no exception [4],
which have already proven themselves as biologically active
compounds [5-10].

Aim

The aim of this work was the investigate antiradical activity
among 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2 4-triazole-
3-thiol derivatives.

Materials and methods
4-Amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol
derivatives which previously synthesized were used as test
compounds [11,12].

The research of antiradical activity was based on the inter-
action between 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-
triazole-3-thiol derivatives and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) in vitro. DPPH is a stable free radical. The color of
its alcoholic solutions is intense purple (Amax = 517 nm).
When DPPH interacts with compounds that are capable
of scavenging free radicals, it produces products. These
substances are yellow in color and do not absorb light of
the aforementioned wavelength. The study was carried out
according to the method [13,14].

Research methodology. 2 ml of solution of 4-amino-5-
(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives
in DMSO of corresponding concentration (2 mM, 0.2 mM,
0.01 mM, 0.02 mM, 0.002 mM) was mixed with 2 ml of
0.1 mM DPPH methanolic solution. Optical density (Ad)
was measured after incubating the resulting mixture at 25 °C
for 30 minutes. The sample was obtained by mixing 2 ml of
DMSO with 2 ml of 0.1 mm methanolic DPPH solution and
determined the optical density simultaneously (ADPPH).

Antiradical activity (ARA) was calculated by the next
formula:

ARA% = (A,,,.-Ad)A . %100 %.

DPPH DPPH

In the case of a negative meaning, ARAin % was estimated
at 0. Electronic balance “ANG 200C” (Poland) was used to
weigh reagents and synthesized compounds. Optical densi-
ty was measured with a ULAB 108UV spectrophotometer
(China).

Results

The antiradical activity of 10 new 4-amino-5-(thiophen-2-
ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives was studied.
Most of the test compounds showed antiradical activity
against DPPH. Compound 1 was the most active at a con-
centration of 1 x 10 M and the antiradical effect was close
to ascorbic acid (Table I).

Table 1. The antiradical activity of 4-amino-5-(thiophen-2-ylmethyl)-4H-
1,2,4-triazole-3-thiol derivatives

Antiradical activity, %
Compound

Ascorbic acid 92.23 87.77
1 88.89 53.78
2 78.26 57.65
3 7391 72.14
4 75.68 66.99
5 74.24 60.06
6 72.46 69.08
7 78.26 45.73
8 78.42 78.10
9 10.31 6.44

10 3.06 2.90

According to the results of the investigation, “struc-
ture — effect” dependence between 4-amino-5-(thiophen-
2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives was
researched.

The most active compounds were substances 3 and 8 at a
concentration of 1 x 10 M. Thus, the best effect of (2-hy-
droxybenzylidene)amino and (thiophen-2-ylmethylene)
amino radicals on antiradical activity.

Discussion

The antiradical effect of 4-amino-5-(thiophen-2-ylmeth-
yl)-4H-1,2,4-triazole-3-thiol derivatives was studied and
“structure — effect” dependence were established. The most
active compound was 4-amino-5-(thiophen-2-ylmethyl)-4H-
1,2,4-triazole-3-thiol, which in a concentration of 1 x 103 M
had an antiradical effect in 88.89 %. When the concentration
was reduced to 1 x 10 M, the antiradical activity was reduced
to 53.78 %. (Table 2).

The adding of 4-fluorobenzylidene radical (compound 2)
into the 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-
3-thiol molecule was resulted in a slight decrease in activity
(Fig. 1). Dilution of the solution to 1 x 10 M also was
reduced the antiradical effect (Fig 2).

The same pattern was observed with the adding of thio-
phen-2-ylmethylene (compound 4) and 1-(4-aminophenyl)
ethylidene (compound 5) radicals into the molecule 4-ami-
no-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol.
When the 2-hydroxybenzylidene radical (compound 3)
was added into the 4-amino-5-(thiophen-2-ylmethyl)-4H-
1,2,4-triazole-3-thiol molecule, a high antiradical effect was
observed, which hardly changes with decreasing concen-
tration. A similar dependence was shown by compound 8
(2-((5-(thiophen-2-ylmethyl)-4-((thiophen-2-ylmethylene)
amino)-4H-1,2,4-triazol-3-yl)thio)acetic acid), which showed
an antiradical effect of 78.42 % (1 x 10 M) and 78.10 %
(1 x 10* M) at appropriate concentrations.
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Antiradical activity of novel 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives
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Table 2. “Structure — activity” dependence between 4-amino-5-(thiophen-
2-ylmethyl)-4H-1,2,4-triazole-3-thiol derivatives.

N—N

\

s —R
R
N O
stance radlcal
H
2 H (4-fluorobenzylidene)amino 1
3 H (2-hydroxybenzylidene)amino "
4 H (thiophen-2-ylmethylene)amino 1
5 H (1-(4-aminophenyl)ethylidene)amino | 1
6 CH,COOH | (4-fluorobenzylidene)amino 1
7 CH,COOH (2-hydroxybenzylidene)amino 1
8 CH,COOH | (thiophen-2-yimethylene)amino "
9 CH,COOH | (1-(4-aminophenyl)ethylidene)amino | |
10 CH,COONa |NH, !

Transformation to 2-((5-(thiophen-2-ylmethyl)-4-((R)
amino)-4H-1,2,4-triazol-3-yl)thio)acetic acid had almost no
effect on antiradical activity, except for compound 9. In this
case, the antiradical activity was significantly reduced.

Transformation to 2-((5-(thiophen-2-ylmethyl)-4-amino-
4H-1,2 4-triazol-3-yl)thio)acetic acid salts reduced antiradical
activity, which can be explained by blocking the carboxyl

group.

Conclusions

1. For 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-tri-
azole-3-thiol derivatives antiradical activity with stable free
radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) in vitro was
investigated. The most active compound was 4-amino-5-
(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-thiol, which in
a concentration of 1 x 103 M had an antiradical effect in
88.89 %. When reducing the concentration to 1 x 10* M,
also reduced the antiradical activity to 53.78 %.

2. Some conclusions were drawn regarding the “structure —
effect” dependence between 4-amino-5-(thiophen-2-ylmeth-
yl)-4H-1,2 4-triazole-3-thiol derivatives:

— the adding to 4-fluorobenzylidene radical (compound 2)
into the 4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-
3-thiol molecule resulted in a slight decrease in activity;
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— the adding to 2-hydroxybenzylidene radical (compound
3) into initial molecule resulted a high antiradical effect,
which hardly changed with decreasing concentration;

— transformation to 2-((5-(thiophen-2-ylmethyl)-4-((R)
amino)-4H-1,2,4-triazol-3-yl)thio)acetic acid had almost no
effect on antiradical activity, except for compound 9 (the an-
tiradical effect is reduse).
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AHani3 3anexHocTi MiXK NPOrHO30BaHOK 6iONOriYHOK aKTUBHICTHO
Ta XiMiYHOK CTPYKTYPOK S-noxigHuMx
5-(5-6pomdypaH-2-in)-4R-1,2,4-tpiason-3-tionis

O. A. Birgan“='*

3anopisbkuil AepxaBHU MeauyHWiA yHiBepcuTeT, YkpaiHa

AKTMBHO 3aCTOCOBYIOTH MOXifHi 1,2,4-Tpiasony sk KOMMNOHEHTY Mif Yac CTBOPEHHS1 HOBMX IikiB, 3aCOBIB 3aXMCTy POCMNWH, NOMIMEPHMX
marepianis, aHTUKOPO3inHMX 3acobiB Towo. XiMiYHe MogentoBaHHs 3amileHnx 1,2,4-Tpia3ony LUMSXOM YBEAEHHS Y CTPYKTYPY PisHMX
chapmakohopiB BUKIMKAE YManuii iHTepecC y HayKoBLB pi3HWX HanpsMiB. Bigomo, wo aeski S-noxigHi 5-(5-6pomdypaHx-2-in)-4R-1,2,4-
Tpiason-3-Tionis MaloTb NPOTUMIKPOBHY aKTUBHICTb.

Meta poboTtu — npoaHanisyBatyt 3aneXHOCTi MiXX NPOrHO30BaHOK BiONOrYHOI aKTUBHICTIO Ta XiMIYHOK CTPYKTYPOK S-MOXigHWMX
5-(5-6pomdpypan-2-in)-4R-1,2,4-Tpiason-3-Tionis.

MaTtepianu Ta MeToau. BipTyanbHuii CKPUHIHT CNOMYK 3AiINCHWIM 3@ JOMOMOror komn'totepHoi nporpamu PASS (Prediction of activity
spectra for substances). Peaynsrati nporHo3y nporpama Hazae sik Cmcok HasB iMOBIPHIX BUZIB aKTUBHOCTI 3 pO3paxyHKOBUMM OLLiHKaMu
MOBIpHOCTe HasBHOCTI (Pa) Ta BifCyTHOCTI KOXHOI akTUBHOCTI (Pi), Lo MatoTb 3HaueHHs Big 0 go 1.

Pesynkratu. MNpoaHanisyBaBwm NporHo3 6ionoriyHo akTUBHOCTI Ha GinKoBi MilleHi 3 rpynu depmeHTiB, 3pobunu BUCHOBOK: Mo-
XigHi 5-(5-6pomdypan-2-in)-4R-1,2,4-Tpiason-3-TioniB akTWBHI Wodo rpynu okcupepyktas (Glutathione reductase, mitochondrial;
Cyclooxygenase-2; Hypoxia-inducible factor prolyl hydroxylase 2), wo katanisytoTb peakuii OKUCHEHHS, TOOTO NEPEHECEHHST ENEKTPOHIB
3 ofHiei Monekynu (BiZHOBHMKA, [JOHOPA ENEKTPOHIB) Ha iHLLY (OKMCMoBaY, akLEenTop eneKTPoHIB).

lMoTeHUiHO Ui Cronykn MOXYTb MaTh @aHTUOKCUAAHTHY, aHTUMNOKCUYHY aKTUBHOCTI.

BucHoBku. MporHo3 6ionoriyHoi akTMBHOCTI Nokasas, Lo TionoxiaHi 5-(5-6pomdypan-2-in)-4R-1,2,4-Tpiason-3-Tionis HanbinbLL aKkTUBHI,
MOXIIMBWIA MPOSIB NPOTUMYXITMHHOT, MPOTMBIPYCHOI, aHTUOaKTEpianbHOI, AiypPeTUYHOI, aKTONPOTEKTOPHOI Ta aHTUOKCWUAATHOI aKTUBHOCTEN.

Kntouogi cnoea: 6pomdypaH 1,2,4-Tpiazonu, NporHo3 GionoriyHoi aKTUBHOCTI, 3anexXHICTb «byaoBa — aisy.
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Analysis of the relationship between the predicted biological activity and the chemical structure
of S-derivatives of 5-(5-bromofuran-2-yl)-4R-1,2,4-triazole-3-thiols

0. A. Bigdan

1,2,4-Triazole derivatives are actively used as components in the development of new drugs, plant protection products, polymeric materials,
anti-corrosion agents and etc. Chemical modeling of substituted 1,2,4-triazoles due to the introduction of different pharmacophores into
the structure is very popular among scientists in various fields. Today it is known that some S-derivatives of 5-(5-bromofuran-2-yl)-4R-
1,2,4-triazole-3-thiols have antimicrobial activity.

The aim of the work is to analyze the relationships between the predicted biological activity and the chemical structure of S-derivatives
of 5-(5-bromofuran-2-yl)-4R-1,2,4-triazole-3-thiols.

Materials and methods. Virtual screening of compounds was performed using the computer program PASS (Prediction of activity
spectra for substances). The results of the forecast were issued in the form of a list of names of probable types of activity with estimates
of the probabilities of presence (Pa) and absence of each activity (Pi), which had values from 0 to 1.

Results. Analyzing the prediction of biological activity on protein targets from the group of enzymes, we can said that derivatives
of 5-(5-bromofuran-2-yl)-4R-1,2,4-triazole-3-thiols were active in the group of oxyreductases (Glutathione reductase, mitochondrial;
Cyclooxygenase-2; Hypoxia-inducible factor prolyl hydroxylase 2), which catalyzed oxidation reactions, the transfer of electrons from
one molecule (reducer, electron donor) to another (oxidant, electron acceptor).

These compounds can demonstrate antioxidant, antihypoxic activity.
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Conclusions. The conducted forecast of biological activity revealed that derivatives of 5-(5-bromofuran-2-yl)-4R-1,2,4-triazole-3-thiols
are the most active and there is a probability to show antitumor, antiviral, antibacterial, diuretic, actoprotective, and antioxidant activity.

Key words: bromfuran 1,2,4-triazoles, prediction of biological activity, dependence “structure — action”.
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AHanu3 3aBMCUMOCTU MeXAY NPOrHO3MpPyeMon OMONOrNYeCKON aKTUBHOCTLIO U XMMUYECKOW CTPYKTYPOM
S-npoun3BogHbIX 5-(5-6pomdypan-2-un)-4R-1,2,4-tpnazon-3-tuonos

A. A. buragaH

AKTUBHO NPUMEHSIOT Npon3BoaHble 1,2,4-Tpruasona kak KOMMNOHEHThI NPY CO34,aHUN HOBbIX IEKAPCTB, CPEACTB 3aLLMThbl pACTEHWUI, NOU-
MEpPHbIX MaTepmarnoB, aHTUKOPPO3UIAHBIX CPEACTB U Ap. XMMMUYECKOe MOLENMPOBaHME 3ameLleHHbIX 1,2,4-Tpuasona 3a CHET BBEAEHUS
B CTPYKTYPY pasnnyHbix hapMakoop BbI3bIBAET 3HAUUTENbHbIA UHTEPEC Y YYEHBIX Pa3HbLIX HANPaBIEHWIA. VI3BECTHO, YTO HEKOTOpLIE
S-npowsBogHble 5-(5-6pomdypaH-2-un)-4R-1,2,4-Tpnaszon-3-Tmonos obnagatT NPOTUBOMUKPOBHON aKTUBHOCTBIO.

Llenb paboTbl — NpoaHanu3aMpoBaTh 3aBUCUMOCTY MEXZY NPOrHO3MPYEMOi BUONOrNYECKo aKTUBHOCTBLIO M XUMUYECKOW CTPYKTYpOI
S-npomnsBogHbIx 5-(5-6pomdypan-2-un)-4R-1,2,4-Tpuason-3-T1Momnos..

MaTepuans! u metoabl. BupTyanbHbIi CKpUHUHT COEAMHEHUI NPOBEAEH C MOMOLLbI0 KoMnbloTepHon nporpammel PASS (Prediction of
activity spectra for substances). Pesynbsrartsl nporHo3a nporpamma npefcTaBnsieT B BUAe C1cka Ha3BaHuii BEPOSTHBIX BUAOB aKTVBHOCTY
C pacYéTHLIMM OLieHKaMn BEPOATHOCTEN Hannums (Pa) n oTCyTCTBUS Kaxaomn aktuBHocTm (Pi), nmetowmx 3HadeHue ot 0 go 1.

Pesynkrathl. B pesynbrate aHanuaa nporHo3a 61onoruiecko akTBHOCTY Ha GenKoBble MULLIEHW U3 rpynMbl PepMEHTOB CAeNany BbiBOA;
npousBogHble 5-(5-6pomdypan-2-un)-4R-1,2,4-Tprason-3-TMonoB akTMBHbI K rpynne okcupeayktas (Glutathione reductase, mitochondrial;
Cyclooxygenase-2; Hypoxia-inducible factor prolyl hydroxylase 2), kaTanuaupyoT peakumum oK1CIEHUS, TO €CTb NEPEHOC SMEKTPOHOB
113 OIHOV MOJIEKYbl (BOCCTAHOBMTENA, AOHOPA JIEKTPOHOB) Ha APYrYIO (OKUCIUTENb, aKLENTOP 3MeKTPOHOB). MoTeHuManbHo AaHHbIe
COeAVHEHNS MOTYT NPOSIBAATb @HTUOKCUAAHTHYI0, aHTUTMMOKCUYECKYH0 aKTUBHOCTM.

BuiBoghbl. NporHo3 G1MonorMyeckoit akTMBHOCTY Mokasarn, YTo TMOMNpou3BodHble 5-(5-6pomdypaH-2-un)-4R-1,2,4-Tprason-3-Tronos
Hanbonee aKTWBHbI, ECTb BEPOSTHOCTb NPOSIBMEHNSI NMPOTUBOOMYXONEBOW, NPOTUBOBUPYCHOW, aHTUOaKTepuanbHONM, AUYPETUYECKON,
aKTOMPOTEKTOPHOW N aHTWOKCMOAHTHOW aKTUBHOCTY.

KnioueBsie cnoea: 6pomdypaH 1,2,4-Tprasonbl, NPOrHo3 6G1onor1yeckoit akTMBHOCTH, 3aBUCUMOCTb «CTPOEHUE — AEHCTBUEY.
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1,2,4-Tpia3onu — NEpPCIIeKTUBHUN KJIAC TeTEPOILMKIIUHIX
crioyk. Lle TBep/pKeHHsS OOIpyHTOBAaHO Y Pi3HHX HayKo-
BUX myOmikarisx [1,2]. AKTUBHO 3aCTOCOBYIOTH TOXIiTHI
1,2,4-Tpia30:1y K KOMIOHEHTH TIPH CTBOPCHH] HOBHX JTIKiB,
3ac00iB 3aX¥CTy POCIHH, TOJMIMEPHAX MaTepialiB, aHTHKO-
PO3iiiHKX 3ac00iB TOII0. XiMIUHE MOJICTFOBAHHS 3aMIIICHUX
1,2,4-Tpia3oiy IUIIXOM YBEACHHS Y CTPYKTYPY Pi3HHX (ap-
Mako(hOpiB BUKIIMKA€E YUMAINH IHTEpeC y HayKOBLIB Pi3HUX
HanpsiMiB. Taka cTpareris CTBOPIOE CIIPUSITIIMBI YMOBH Ha
[UIAXY MUTECTIPSIMOBAHOTO TOMITYKY Oi0JOTIYHO aKTHBHIX
MOJIEKYJ i3 HalMEHIIMMH TOKa3HUKaMH TOKCHYHOCTI, a
BIIPOBA/DKEHHS y TIPAKTHKY HANUMEPCIEKTUBHILINX CIIOIYK
OIHO3HAYHO JIOBOJIUTH MPIOPUTETHICTH came 1,2,4-TpiazoiB
y 1poMy Hampsimi [2]. Huri Bimomo, 1o mesiki S-moxinHi
5-(5-6pomdypan-2-im)-4R-1,2,4-Tpiazon-3-TioniB xapax-
TEPU3YIOTHCS MMPOTUMIKPOOHOO aKTUBHICTIO Ta HECKIJIAIHI
Ut cuHTe3y [3.,4].

Ham3BuyaiiHo mikaBo HAYKOBO JIOBECTH MOXKIIMBICTH Ha-
SIBHOCTI 1HIIMX BHIIB 010J0T1YHOI aKTUBHOCTI B Ha3BaHUX
TMIOXI/THHX, & TAKO)K BCTAHOBUTH TIEBHI 3aKOHOMIPHOCTI MK
XIMIYHOIO CTPYKTYPOIO Ta Oi0NOTi9HOI0 aKTUBHICTIO.

Marepianu i MeToaun gocnigxKeHHA

BipryanbHuii CKpUHIHT CIIOJNYK 3AIHCHUIM 32 JIOMIOMOTOIO
koM "torepHoi mporpamu PASS (Prediction of activity spectra
for substances). Komm’rorepra cuctema PASS 3a cTpyk-
TYPHOIO (DOPMYIIOI0 XiMIYHOI PEYOBHHH MPOTHO3YE MOHAT
1200 BuniB Oionoriynoi aktuBHOCTI. PoboTa cuctemu PASS
3aCHOBaHA Ha aHaJIi31 3aJICKHOCTI «CTPYKTypa — aKTHBHICTBY»
JUTSL PEYOBHH 13 HABYAIBHOI BUOIPKH, 1110 MICTUTB OLITBIII HiXK
90 000 pi3HOMaHITHHX 010JIOTTYHO aKTHBHHUX PEYOBHH (CyO-
CTaHIIT BITOMUX JIIKAPCHKUX MPENaparis i papMaKoJIOTidHO
aKTHBHI CHIONTYKH). Pe3ysbTaTs mporHo3y mporpama HaJae siK
CIMCOK Ha3B IMOBIPHUX BUJIIB AKTUBHOCTI 3 PO3PaXyHKOBHMH
oLiHKaMu HMoBipHOcTel HasBHOCTI (Pa) Ta BimcyTHOCTI
KoHOT akTHBHOCTI (P1), mo maroth 3HadeHns Bix 0 mo 1.
OCKIJIbKY 11i MIMOBIPHOCTI PO3PAaXOBYIOTHCS HE3aJIEKHO 32
iIBUOIpKAMU aKTHBHUX 1 HEAKTHBHHX CITOJIYK, IXHSI CyMa He
nopiBHIO€ onuHUII. Pa Ta Pi iHTEpIIpeTyroTh SK OIIHKH MipH
HAJIEXXHOCTI PEUOBMHH JI0 KJIACIB AKTHBHUX 1 HEAKTHBHUX
CIIONTYK Bi/ITOB1THO. UnM Oinbliie 1711 KOHKPETHOT aKTHBHOCTI
BenuunHa Pa i uum Meniie BeuurHa Pi, TUM OLIBIINI IIIaHC
BUSIBUTH III0 aKTUBHICTB B EKCIIEPUMEHTI.
SwissTargetPrediction — BEOIHCTPYMEHT, SIKUil Mpaitoe

Meta po6otu 3 2014 poky i Mae Ha MeTi MPOTHO3yBAaHHS HAHOLIBII iMO-

[IpoaHnanizyBaru 3aJIe>KHOCTI MIXK MPOTHO30BaHOI 0i0JI0-
TIYHOIO aKTHBHICTIO Ta XIMI9HOIO CTPYKTYPOIO S-TIOXiTHIX
5-(5-6pomdypan-2-in)-4R-1,2 ,4-Tpia3omn-3-TiomiB.

BIpHMX OUIKOBHX MiIlIEHEeH 11 Maux MoJeKy. [Iporro3n
0a3yrOThCsSI Ha TIPUHIUII MOAIOHOCTI UIIXOM 3BOPOTHOTO
ckpuHiHTY. [IpOrHO3M BHKOHYIOTBCS IIUISIXOM HOIIYKY IO-
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Analysis of the relationship between the predicted biological activity and the chemical structure of S-derivatives...

Tabnuuga 1. lianasoH nporHo3oBaHoi GionoriyHoi akTuBHoCTi cepen 5-(5-6pomdypan-2-in)-4R-1,2,4-Tpiason-3-Tionis Ta ixHix NOXigHWX

m Buau 6ionoriyHoi akTMBHOCTI KinbkicTb cnonyk Mexi BiporigHocTi HasiBHOCTi Aji, Pa | Mexi BiporigHocTi BigcyTHOCTI A, Pi

MpotunyxnuHxa 0,592-0,913 0,001-0,124
2 AxTnbakTepianbHa 93 0,414-0,912 0,003-0,088
3 AKTONpOTEKTOpHa 54 0,568-0,626 0,004-0,124
4 AHTUOKCHOAHTHA 27 0,540-0,630 0,023-0,063
5 ®yHriumaHa 104 0,432-0,688 0,006-0,062
6 Jiypetnyna 86 0,304-0,593 0,011-0,047

ni6HNX Monekyn y 2D ta 3D-konpopmanisnx y 6a3i3 376 342
CIIOJIYK, 110 EKCIIEPUMEHTAILHO aKTHBHI HA PO3LINPEHOMY
Habopi 3068 BHCOKOMOJICKYISIPHUX O1TKOBUX MiIICHEH.
[orenmian CyMICHOCTI Ja€ 3MOr'y MPsIMO POTHO3YBaTH 3
BHCOKOIO TOYHICTIO Oy/b-5IKy BXIJHY MOJEKYIY IO HPOEK-
TYBaHHS JIIKAPCHKUX 3aC001B 32 JIONIOMOTOI0 LIOI'O0 METOLLY,
pozpobnenoro LIBeHTiapcbKiM iHCTHTYTOM Oi0iH(DOPMaTHKH
(SIB).

Ha mouaTky nmocmimkeHHS 0Opaji CTpaTeTiio aHaiizy
MIPOTHO3YBaHHS MOXJIUBUX BUIB 010JIOTIYHOT AKTUBHOCTI
BIIEpIIIE CHHTE30BaHUX S-(5-Opombypan-2-im)-4R-1,2,4-
Tpia3on-3-TioniB Ta iXHIX moxigHux [3,4]. Bukonamu
GbiapTp Bi3UKO-XIMIYHUX XapaKTEPUCTHK CTBOPEHOI HAMH
610110TeKN HU3BKOMOJIEKYISIPHUX OPTaHIYHUX CIIOIYK
4-R-5-R -1,2,4-tpiazon-3-TioHis Ta ixHix noxiguux (1215
oz.) 3a gonomororo ADME-(insTpiB, 10 € BaXJINBUMH
quis OionoctynHocti. [licnst dinprpanii 3a kpurepismu
Jlimuacekoro (Lipinski «rule of 5») Ta iHmmX 9oTHpHOX
¢binpTpiB 00panu Mmaibke 275 CHONYK, IO MOXYTh MaTH
MTOTEHIIHHY BUCOKY O10JIOTiUHY aKTHBHICTH 13 HHU3BKOIO
TOKCHUYHICTIO [5].

Ha cyuyacHomy erami po3BUTKY OpraHiqHOi XiMil BifoMoO
YUMaJl0 OCHOBHHUX CHHTETHYHUX IJIXOMIB J0 CHHTE3Y
1,2,4-Tpia3ody, Akuif Ma€ BUCOKY OiONOTiYHY aKTHUBHICTh:
aHtubakrepianpHy [6], GyHriunany [7], nporusananbHy
[8], mpotupaxosy [9], mpotusipycHy [10], mpoTHManspiiHy
[11] i Gararo iHmmx. Bimomo, 1m0 Momuikalist a30apHUX
TETEPOITUKIIIB TPU3BOIUTH JI0 MiABUINCHHS €(PEKTHBHOCTI
Ta 3HIKEHHS TOKCHYHOCTI.

[TiponbHa, mipa3oibHA, 1HI0JIBHA Ta yPHHOBA CHCTEMH
CTAHOBJIATH KJIAC BHY TPIIIHBOKJIITHHHUX KOMIIOHEHTIB, SIKUH
riepeioauae MeTaboMIYHHUN IUTSIX CHHTE3Y HYKIIETHOBHX KHC-
JIOT | MHOXKHHHICTB O10XIMIYHUX PEaKIlii 3a iXHbOO yUacTIo
[12—14] 3 mmpOKKM CIEKTPOM (papMaKOIOTTYHHX BIACTUBOC-
Tel, BKITIOUAOYH aHTHOAKTEepiabHY [15], MpoTUIYXITHHHY
[16] ra mpotuBipycHy [17] axruBHocTi. O0’€1HaHHS B OJ(HIN
MOJIEKYi IBOX (hapMako(hOpHHUX (PParMEeHTIB — TeTEePOIH-
KJIIYHOT CHCTEMH H a30JIbHOTO TETEPOLMKIY — MOXKE IpH-
3BECTH JI0 OZIepyKaHHs CIIONYK, 1110 MAOTh IMMPOKUH CIIEKTP
0610JI0T1YHOT aKTHBHOCTI.

ExcnepumenTanbna yactuna. KoM 'oTepHANA TPOTHO3
010JI0TIYHOT AKTUBHOCTI 3a ONIOMOTOKO IHTEPHET-BEePCii Ipo-
rpamu PASS moka3as, 1110 IepCIEKTHBHIITIMH € TIOTIOX1THi
5-(5-6pomydypan-2-in)-4R-1,2 4-Tpiazon-3-tionis [18,19].

3a JaHUMH KOMIT FOTEPHOTO TIPOTHO3Y, € HMOBIPHICTB TIPO-
SIBY MPOTHITYXJIMHHOI, IPOTHUBIPYCHOI, aHTHOAKTEepiaIbHOI,
JIlypeTHYHOT, aKTOTIPOTEKTOPHOI Ta aHTHOKCH/IATHOT aKTHB-
Hocteit. CIoyKn CHHTE3yBaJIM Ta OMHMCAIN B TOMCPEIHIX
myOmikamisx [3,4]. Pesynsrard KOMIT IOTEPHOTO MIPOTHO3Y
OiosyoriyHoi akTUBHOCTI cepen S5-(5-Opomdypan-2-in)-
4R-1,2,4-Tpiazon-3-TioNiB Ta IXHIX TOXiJHUX HaBE/ICHI B
mabauyi 1.

Crextp Oionoriunoi aktuBHOCTI (BAS) — BmacTuBicTh
CIIOJIYKH, SIKa € PEIPe3eHTaTUBHOIO JUIsl Pi3HUX (hapMaKosio-
TiYHAX e(heKTiB, (Pi3i0TOTIUHIX 1 G10XIMIYHNX MEXaHI3MiB Aii
Ta crennpiyHOT TOKCHYHOCT] (MyTareHHICTh, KaHLIEPOTCH-
HICTh, TEPATOTEHHICTh Ta eMOPIOTOKCHYHICTD). AKTUBHICTD
3QJICKUTH BiJ] CTPYKTYpPHOI IPHPOIH CIONMyKH. [IporHo3y-
BaHHsI CIIEKTPIiB akTHUBHOCTI pedoBuH (PASS) BinOyBaeThes
Ha OCHOBI 1i cTpykTypu. [HCTpyMenTH npornosyBanHst PASS
noOynosani 3 BukopucranHsim 20 000 0OCHOBHHX CIOJYK i3
6a3u qannx MDDR (BupoOnnTBa Accelrys i Prous Science).
Ba3za nanux mictuts noHazn 180 000 GioorivyHo BiAIOBiAHUX
CIOJIYK 1 TTOCTIHO OHOBIIOETHCA. [HCTPYMEHT MPOTHO-
syBanHs PASS nependauae BimHomenns Pa/Pi (akTuBHe/
HeakTuBHE). CepeHs TOYHICTD MTPOTHO3YBAHHS CTAHOBHUTH
Mmaibke 95 %.

Hoximni 1,2,4-Tpia3ony Ta MpenCTaBICHUX T'eTEPOLH-
KJIIB IIMPOKO BiIOMI sIK aHTHOaKTEpianbHi, GyHTIMIHI |
AQHTHUIIPOTO30MHI TpenapaTy, TOMY IIKAaBO BU3HAYHUTH Ta
MPOaHaJIi3yBaTH CIIOIYKH, 110 XapaKTePH3yIOTHCS BUCOKOIO
aHTUOAKTepiaTbHOI aKTUBHICTIO, OCKIJILKHA BOHA, HAHIMO-
BipHile, Oy/ie BIacTUBA ISl HATPIEBUX COJIEH OITOBOT KHC-
JIOTH, a TAKOX JUIsl HATPIEBUX COJIEH MPOMIAaHOBOI KMCIIOTH.
Binomo, 1110 Hali0iIbII AKTUBHI B O10JIOTIYHOMY acIeKTi Ti
CIIOJIYKH, PO3MIpH MOJIEKYJI SIKUX 3a0€31e4yF0Th ONITUMAJIb-
Hy 010JI0Ti9HY JOCTYMHICTh. HaliOimbIn epCIeKTHBHUMU
y LIbOMY CEHCI € COJIi Ta €CTEepH: COJIi — BHACIIJIOK OCO-
OmmBOCTEH CBOET (hapMaKOKIHETHKH (XOpOIIIa AUCOIIaIlis,
IIBH/IKa BCMOKTYBAHICTB), & €CTEPU 3 HU3bKOMOJICKYJISIP-
HUMH CIIMPTOBUMH 3aJIMIIKAMU — Y€pe3 BIJHOCHO MIiITHUH
eCTepHUH 3B’S30K 1 XOpOIIy MPOHUKHICTH yCEpEeIuHy
kiitaau [18-20].

Buxkopucranns SwissTargetPrediction nano 3mory To4HO
CIPOTHO3YBATH LTI O10IOTTIHO aKTUBHUX MOJIEKYJI TOX1THIX
y psny 5-(5-0pomydypan-2-in)-4R-1,2,4-Tpiazomn-3-TioniB Ha
ocHoBi koMOiHarii 2D 1 3D noka3HuKiB MoAiOHOCTI 3 BiJO-
MHMH Jiirangamu. [IporaosyBanHs 31 iCHIIN Ha MIMICHAX
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Tabnuuga 2. Liinbosi knacu bionoriuHoi akTueHocTi cepen 5-(5-6pomdypan-2-in)-4R-1,2,4-Tpiason-3-Tionis, ceper HabinbLL aKTUBHIX CMIONYK

m 3aranbHa CTpyKTypa cnonyk, ixHi knacv [iarpama UinboBKUX KNaciB NOXigHNX

CimeiicTBo g-6inkoBumx
peuenTtopis; 6,7 % Kinasu; 13,3 %
Oxcupopenykrasu; 6,7 %
N —N
1 \ \ / J\ Niasu; 20,0 %
N Mpoteasu; 26,7 %
Br /
LinToxpom P450; 6,7 %
CimelicTBo 6irnkiB, LLO 3B'A3YI0Tb
XUpHI KUCnoTw; 6,7 % Enaumu; 13,3 %
loponasu; 6,7 % Kiasu: 6.7 %
HeknacudikoBaHi npoTeiHu;
6,7 %
CimeiicTBo g-6inkoBux Mporeasw; 20,0 %
peuenTtopis; 6,7 %
2 OkecvpopeaykTasu;
6,7 %
LinToxpom P450;
6,7 %
EH3umu; 40,0 %
docopiectepasu; 6,7 %
AnepHi peuenTopw;
0,
6.7 % Kivaaw; 26,7 %
NOZ BVI,E[IJ'II:HI npoTelHu;
6,7 %
o] CimericTBo g-6inkoBmx
3 peuenTopis; 6,7 %
| \ /N\N
OkcupopenykTasu;
d N)\S 6,7 %
Br
Enaumu; 13,3 % Mpoteasn; 33,3 %
Crupatoui 6inku; 6,7 %
Kinasu; 13,3 %
HeknacudikoBaHi
~ npoteinu; 6,7 %
4 CimelcTBo g-6inkoBmx
/N\NH o peuenTopis; 20 % Mpoteaau; 26,7 %
[ J
d X s
B
OkcupopeaykTasu; 6,7 %
Enaumu; 6,7 % Mem6paHHi petientopu; 13,3 %
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JIFOZICBKOTO OpraHi3My 3 KaprorpadyBaHHsM IependadeHb
3a TOMOJIOTI€I0 BCEPEIUHI BUAY Ta pi3HOMaHITHUMH (ep-
MeHTaMmH. Pe3ynbrarn nporHosy 6ioJoriqHOi aKTHBHOCTI Yy
SwissTargetPrediction cepen 5-(5-0pomydypan-2-in)-4R-
1,2,4-Tpia30-3-TioiB Ta iXHIX MMOXiTHUX HABCICHI B ma-
onuyi 2.

Pesynbratu

AHaJTi3yH04YH MPOrHO3 O10JIOTIYHO aKTUBHOCTI Ha OLIKOBI
MillieHi 3 TpyIi (hepMEHTIB, BU3HAYMIIH: TIOX1HI S-(5-OpoM-
¢bypan-2-im)-4R-1,2,4-Tpia3on-3-TioniB aKTUBHI 10 TPYIH
okcupenykras (Glutathione reductase, mitochondrial;
Cyclooxygenase-2; Hypoxia-inducible factor prolyl
hydroxylase 2), sixi kaTami3yoTh peaxiiii OKUCHEHHs, TOOTO
TIepEeHECEHHs eJICKTPOHIB 3 OJHI€] MOJNEKYIH (BiIHOBHHKA,
JIOHOPA eNIEKTPOHIB) Ha HITY (OKUCIIOBAY, aKIIEITOP EJIeK-
TPOHIB).

[oTeHIiHO 1l CIIOTYKH MOXXYTh MaTH aHTHOKCUIAHTHY,
AHTHUTIMOKCHYHY aKTUBHOCTI TOIIIO.

O6roBopeHHs

AKTHBHICTH CIIONYKH MOKE KaTaJi3yBaTHUCS (HEpPMEHTOM
utoxpoM P450, 1o SIKOTo POSIBIIAIOTh aKTHBHICTH CIIOTYKH,
i OyTH B OCHOBI OKHCHIOBAIEHOTO T1APOKCHIIIOBaHHS Oara-
TBOX T1IPOOOHUX CyOCTPaTIB €K30T€HHOTO i €HIOTCHHOTO
TIOXOJDKEHHS (MIKpOCOMaIbHE OKHCHEHHST ). TakoX CIOIyKH
MaroTh aKTHBHICTB JI0 1HT10yBaHHS aHT1OTCH3WHIIEPETBOPIO-
BaJILHOTO (PEPMEHTY, SIKUH € BaXKJIMBHIM €IIEMEHTOM PEHIH-aH-
TiOTEeH3MHOBOI CHCTEMH — PEryJISITOpa apTepiaabHOTO THCKY
y KPOBOHOCHIH Cy/IMHI CCaBIIiB, 30KpEMa JIIOIHH.

[MoxinHi, Mo MalTh QypaHOBE KiJblle, MOTEHIIHHO
MPOSIBJISIFOTh BUCOKY aKTHUBHICTH 10 iHTiOyBaHHS Oiika
TpaHctupetnHy. MyTauii B reni TTR npu3BoasThs 10 nosisu
HEHOPMAaJIbHOTO TPaHCTUPETHHY, KUl HAKOITUUYETHCS Ta
BUKJIMKAE ypakeHHs nepudepuyHoi HEpBOBOi CUCTEMHU.
Hocii MyTarii MatoTh CI1aIKOBY aMiJIOIIHY MOJiHEeHponarito,
CIIOJIyKM MOXKYTh TOTEHIIHO MPUTHIYYBAaTH EKCIIPECito
TPAHCTUPETHHY Ta MOJErIyBaTH HU3KY CUMITOMIB y
XBOPHX.

VY noeananti 3 1,2,4-Tpia3o0M MOXKE MPOSBIISITH BUCOKY
1HT10yBalIbHY aKTHBHICTH MPOTH AlETHIXOIIHECTepa3u —
(bepMeHTY, 110 MICTHTHCS B CHHAIICAX 1 KaTaJli3ye Tiapoii3
HelpoMesiaTopa aleTUIXONIHY 0 XOJiHY Ta 3aJIHIIKY
OLITOBOi KHUCIIOTH. Peaxiris, o Karami3yeThCs arTHIXOi-
HECTepa30ro, HeoOXiTHA TSI Ie3aKTHBAIIi] alleTHIIXOIIHY Ta
Tepexony KIITHHH-MIIICH] Y CTaH CTIOKOIO.

Bapro Big3HauNTH, 10 CIIOIYKH MAOTh BUCOKY aKTHBHICTh
1o 6imka-pepmenty TBXAS!1 (Thromboxane A synthase 1).
IuribyBanns myxHOI (hocdaTasu macTe 3MOTY MOIMIITHTH
MeTab0ITi3M KHPHUX KHCIIOT, 010CHHTE3 1 METa0O0IIi3M JIITTIIIB,
010CHHTE3 KHPHUX KUCIIOT, 010CHHTE3 1 METa0O0ITi3M ITPpOCTa-
IVIAHJMHIB 1 JICTIINH 1Iepelir 3aXBOPIOBaHb — XOJIECTa3Yy, 10
BUKJIMKAHUH OOCTPYKIII€I0 BHYTPIIIHBO- 200 MO3areyiHKo-
BUX JKOBYHHUX ITPOTOKIB.

BucHoBKu

1. KoM’ roTepHU# MpOTHO3 0i0JOTIYHOT aKTUBHOCTI
MOKa3aB, 110 HAWAKTUBHIIIMMHU € TIOMOXifgHi 5-(5-Opom-
(hypan-2-i1)-4R-1,2,4-Tpiazoi-3-TioniB. MOXIMBUI MPOSIB
MPOTHITYXJIMHHOI, TPOTHUBIPYCHOI, aHTHOAKTEpiaabHOT,
JIlypeTH4HOi, aKTONPOTEKTOPHOI Ta aHTHOKCHJAHTHOI aK-
TUBHOCTEH.

2. Buxopucranns SwissTargetPrediction gamo 3mory To4HO
CIPOTHO3YBATH IILTi O10IOTTIHO aKTUBHUX MOJICKYJT ITOX1THIX
y psny 5-(5-Opomdypan-2-in)-4R-1,2,4-Tpia3on-3-riomnis
Ha ocHOBI koMOiHauii 2D i 3D peckpunropis. Bussuiy,
10 BOHM aKTHBHI A0 rpymu okcupenykras (Glutathione
reductase, mitochondrial; Cyclooxygenase-2; Hypoxia-
inducible factor prolyl hydroxylase 2), inriOyBanns aHrio-
TEH3WHIIEPETBOPIOBAILHOTO (hEPMEHTY, TPAHCTUPETHHY,
aTIeTUITXOMIHECTEePas3H, TPOMOOKCaHy A CHHTETA3MH.
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Search for antibacterial activity in a number of new S-derivatives
(1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines

Yu. V. Karpenko'®**E Q. |. Panasenko=/&F

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

The relevance of the study of 1,2,4-triazole derivatives with pyrimidine fragment is due to the synthesis of potential broad-spectrum
antibacterial drugs, low molecular weight inducers of interferon, and antitumor agents, search for molecular descriptors of their structure,
important for establishing patterns “structure — biological activity”.

The aim of the work is a computer search for the antibacterial action of new hybrids of 1,2,4-triazole-3(2H)-thiol with a pyrimidine fragment
in relation to 5 test cultures, to establish the dependence of “structure — action”.

Materials and methods. For an in-depth study of the antibacterial activity of derivatives of 1,2,4-triazole-3(2H)-thiol hybrids with a
pyrimidine fragment, 4 test cultures of museum strains of gram-positive, gram-negative bacteria and one species of fungi were selected.
In silico studies were performed using regression and classification QSAR models.

Results. Derivatives of 1,2,4-triazole-3(2H)-thiol hybrids with a pyrimidine moiety showed high antibacterial activity against gram-
negative microorganisms (E. coli, P. aeruginosa). The obtained experimental results allowed to establish not only the role of the main
structural features of the compounds in the manifestation of antimicrobial properties, but also to evaluate the effectiveness of the created
classification and regression QSAR models. Based on the presented parameters for individual predictive QSAR models, it is possible to
conclude about the effectiveness, stability and feasibility of using these models to search for new S-derivatives (1,2,4-triazole-3(2H)-yl)
methyl)thiopyrimidines as promising antimicrobial agents.

Conclusions. It was found that the studied derivatives of hybrids of 1,2,4-triazole-3(2H)-thiol with a pyrimidine fragment showed high
antibacterial activity against gram-negative microorganisms. The developed QSAR classification models based on the percentage of
correctly predicted compounds (70 %) are the most effective in comparison with regression (50 %) for the search for new antimicrobial
agents in a number of derivatives of hybrids 1,2,4 triazole-3(2H)-thiol with pyrimidine fragment .

Key words: 1,2,4-triazole, pyrimidines, antibacterial activity, QSAR.

Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 173-178

Mowyk aHTMbakKTepianbHOi aKkTUBHOCTI B pAay HoBUX S-noxigHux (1,2,4-Tpiason-3(2H)-in)meTtun)tionipumiaunHis
tO. B. KapneHko, O. |. MaHaceHko

AKTyanbHICTb JOCTILXEHHS NOXiAHWX 1,2,4-Tpia3ony 3 NipyMigUHOBIUM hparMeHTOM 3yMOBIIEHA CUHTE30M MOTEHLIHUX aHTubakTepiarnb-
HUX NiKapCbK1X Npenaparis WMPOKOro cnekTpa Aii, HU3bKOMOSEKYNSPHUX iHAYKTOPIB IHTEPGEPOHY Ta MPOTUMYXMHHUX areHTiB, NOLLYKOM
MOMEKyNSAPHUX AECKPUNTOPIB iXHbOT CTPYKTYPU, BXMMBYX NS BCTAHOBMNEHHS 3aKOHOMIPHOCTEN «CTPYKTypa — BionoriyHa akTUBHICTbY.

LLOA0 5 TeCT-KyNbTYp, BCTAHOBUTM 3aNEXHICTb «CTPYKTYpa — Ais».

Matepianu Ta metoau. [ing nornnbneHoro BUB4EHHS aHTUBaKTepianbHoi Aii noxigHux ridpuais 1,2,4-tpiason-3(2H)-tiony 3 nipumignHo-
BUM chparmeHToM 0bpanu 4 TecT-kynbTypy My3enNHMX LWTaMIB rpaMMno3UTUBHIX i rpaMHeraTuBHIX bakTepiit Ta oguH Bug rpubie. In silico
[LOCTiIKeHHS1 BUKOHYBany 3a AOMOMOTO perpeciitmx i knacudikauininx QSAR-mopeneii.

Pesynratu. MoxigHi ridpugis 1,2,4-tpiason-3(2H)-Tiony 3 NipumiaMHOBUM chparMEHTOM Nokasani BUCOKY aHTUOaKTepianbHy akTUBHICTb
LLIOA0 rpaMHeraTMBHUX MikpoopraHiamis (E. coli, P, aeruginosa). EkcnepumMeHTanbHi pesynstatv Jany MOXMMBICTb He TiNlbKu BCTaHOBUTK
POrb OCHOBHMX CTPYKTYPHUX 0COBIMBOCTEN CMONyK y NPosiBi aHTUMIKPOOHMX BMAcTUBOCTEN, ane W OLHUTY eEKTUBHICTb CTBOPEHMX
knacudikauinHux i perpecinHmx QSAR mopenen. Ha nigcrasi HaBegeHux napameTpis Ans iHaueigyansHux QSAR mogenen ans nporHosy
MOXHa 3p06WTU BUCHOBOK NPO eheKTUBHICTb, CTAbINbHICTb, JOLINBHICTE BUKOPUCTAHHS LiX MOZENEeN Ans NOLyKy HOBKX S-MOXigHuUX
(1,2,4-Tpiason-3(2H)-in)MeTnn)TionipUMigmMHIB SK NEPCNEKTUBHUX aHTUMIKPODHUX areHTiB.
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BucHoBku. BctaHoBunu, Wo JocnipkysaHi noxigHi ribpuam 1,2,4-tpiason-3(2H)-tiony 3 nipymMignHOBUM hparMEHTOM NoKasanu BUCOKY
aHTvbakTepianbHy aKTUBHICTb OO rpaMHEraTMBHUX MiKpoopraHiamis. Pospobneni knacudikauinHi QSAR mopaeni 3a nokasHUKOM Bif-
COTKa NpaBuIibHO NPOrHO30BaHMX crosnyk (70 %) BBaxaeMo HaneeKTUBHILLMMY NOPIBHAHO 3 perpecininmm (50 %) Ans noLuyKy HOBUX
aHTUMIKPOBHWKX areHTiB y psagy noxiaHux ribpugis 1,2,4tpiason-3(2H)-Tiony 3 NipuMiaMHOBUM chparMeHTOM.

Kniovogi cnoea: 1,2,4-Tpuason, nipumianH, aHTmbakTepianbHa akTUMBHICTb, knacudikauiiHi QSAR Mogeni, perpecintti QSAR moaeni.

AxTyanbHi nUTaHHA hapMaLeBTUYHOI | MeAUYHOI HayKu Ta npakTuku. 2021. T. 14, Ne 2(36). C. 173-178

Mouck aHTMbaKTepUanbLHON aKTUBHOCTM B pAAY HOBbIX S-npon3BoAHbIX (1,2,4-Tpna3on-3(2H)-un)MeTun)TMONUPUMNAUHOB
tO. B. KapneHko, A. W. MaHaceHko

AKTYanbHOCTb UCCNENOoBaHMs NPOU3BOAHbIX 1,2,4-Tprasona ¢ N1PUMUAMHOBLIM (hparMEHTOM 0BYCMOBIEHA CUHTE30M MOTEHLMArbHbIX
aHTMbakTepmanbHbIX NeKkapCTBEHHbIX NpenapaToB LUMPOKOTO CreKTpa AENCTBUS, HU3KOMOMEKYNSPHBLIX MHOYKTOPOB MHTEpdepoHa 1
MPOTMBOOMYXOJIEBbLIX AreHTOB, MOMCKOM MOMEKYISIPHBLIX AECKPUNTOPOB WX CTPYKTYPbI, BaXHbIX [ YCTAHOBNEHWSI 3aKOHOMEPHOCTE
«CTPyKTypa — Bronoruyeckas akTBHOCTbY.

Llenk paboTkl — KOMMBIOTEPHBIN NOUCK aHTUBaKTEPUanLHOTO AENCTBIS HOBbIX TMbpuaos 1,2,4-tpuason-3(2H)-TMonos ¢ MMPUMUAMHOBBLIM
(hpparMeHTOM OTHOCUTENBHO 5 TECT-KYNbTYP, YCTAHOBUTL 3aBUCUMOCTb «CTPYKTypa — AEiCTBUE.

Matepuanei u metoael. [ing yrnybneHHoro ndyyeHus aHTnbaktepmanbHoro AecTBns NponasoaHbix rnbpuaos 1,2,4-tpuason-3(2H)-tu-
ona ¢ NUPUMMAMHOBBLIM (parMeHTOM OTobpanu 4 TecT-KynbTypbl My3€MHbIX LITAMMOB rPamnonOXUTENbHBLIX U rpamMoTpuLaTenbHbIX
GakTepwii 1 oauH BKA rpuboB. In silico nccnenoBaHns NPOBEAEHb! C MOMOLLIO PErPECCUMOHHDIX 1 KnaccudmkaumoHHbIx QSAR-mogeneit.

Pesynirathl. MNponasoagHbie rbpuaos 1,2,4-Tpuason-3(2H)-Tmona ¢ NMpMMUAMHOBLIM (hparMeHTOM Mokasani BbICOKYH aHTubakTepu-
anbHYH0 aKTVBHOCTb B OTHOLLEHWW rpaMoTpuLaTenbHbIX MUKPOOpraHuamMoB (E. coli, P. aeruginosa). QKCnepuMeHTarbHble pe3ynsTaTbl
NO3BOMNUMM HE TOMBKO YCTaHOBUTb POfb OCHOBHBIX CTPYKTYPHBIX OCOBEHHOCTEN COEANHEHWIA B NPOSIBEHNN aHTUMUKPOGHBLIX CBOWCTB,
HO M OLEHUTb 3EKTUBHOCTb CO3AAHHBIX KnaccuuKaLMoHHbIX U perpeccnoHHbix QSAR mogeneit. Ha ocHoBe npeacTaBneHHbIX na-
pamMeTpoB ANs MHAMBMAYanbHbIX NporHoaupytowmx QSAR Mogenein MoXHO caenathb BbiBog 06 3heKTMBHOCTY, CTabUnbHOCTY U Liene-
€006pasHOCTH NCMONb30BaHNSA AaHHbLIX MOAENe AN novcka HoBbIX S-NPou3BOAHbIX (1,2,4-Tpuason-3(2H)-1n)MeTn)TMONMPUMUAVHOB
KaK NepcrnekTUBHbLIX aHTUMUKPOBHbIX areHToB .

BeiBogkl. YcTaHOBWK, YTO nccneayemble Npon3BoaHbIe rmbpuasl 1,2,4-Tprnason-3(2H)-Tvona ¢ TMpUMMAMHOBBLIM )parMeHTOM nokasanu
BbICOKYI0 aHTUDaKTEPUanbHYH0 aKTVBHOCTb B OTHOLLEHMM IPaMOTpULIATENBHBIX MUKPOOPraHN3mMoB. PaspaboTaHHble knaccudukaLoHHbIe
QSAR mopgenu ¢ nokasatenem npoLieHTa BepHO NporHo3vpyembix coeguHenwnii (70 %) npencraenstotcs Hanbonee ahdeKTMBHBIMM
MO CPaBHEHMIO C perpeccuoHHbIMM (50 %) Ans noucka HOBbLIX aHTUMUKPOOHBIX areHTOB B psidy NMPOM3BOAHbLIX bpuaos 1,2,4 Tpua-
30n-3(2H)-Tona ¢ NMPUMUANHOBLIM PparMeHTOM.

KntoueBble cnosa: 1,2,4-Tpnason, TMPUMWUANH, aHTubakTepuansbHas akTUBHOCTb, KnaccudukaumoHHble QSAR Mofenu, perpeccuoHHbIe
QSAR mopenu.
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1,2,4-Triazole nucleus is a very interesting azole heterocycle
and compounds of its chemical transformation find various
biological, pharmaceutical and clinical applications.

At the present stage of development of organic chemistry,
many basic synthetic approaches to the synthesis of 1,2,4-tri-
azole [1,2], which exhibits a high antibacterial [3], fungicidal
[4] activity. To date, it is known that modification of azole he-
terocycles leads to increased efficiency and reduced toxicity.

1,2,4-Triazole derivatives are widely known as antibacte-
rial, fungicidal and antiprotozoal drugs, so it is interesting to
select and analyze compounds with high antibacterial activity.

It is known that the most biologically active are those
compounds whose molecule sizes provide them with optimal
bioavailability. In this regard, the most promising salts and
esters. Salts — due to the peculiarities of its pharmacokinetics
(good dissociation, rapid absorption), and esters with low
molecular weight alcohol residues — due to the relatively
strong ester bond and good permeability to the cell.

The relevance of the study of 1,2,4-triazole derivatives
with pyrimidine fragment is due to the synthesis of potential
broad-spectrum antibacterial drugs, low molecular weight
inducers of interferon and antitumor agents, search for mole-

cular descriptors of their structure, important for establishing
patterns “structure — biological activity”.

Aim

The aim of the work is a computer search for the antibacterial
action of new hybrids of 1,2,4-triazole-3(2H)-thiols with a
pyrimidine fragment in relation to 4 test cultures, to establish
the dependence of “structure — action”.

Materials and methods

To create predictive QSAR models, individual samples of
1,2,4-triazole derivatives were formed, the main number
of which were 1,2,4-triazole-3(2H)-thiol derivatives, and
entered into the OCHEM server database [https://ochem.
eu/] in Excel format [5]. Sets of experimental data included
110 structures of inhibitors P. aeruginosa, E. coli, S. aureus
and C. albicans. The k-Nearest Neighbor Method (k-NN)
was used to construct QSAR regression models. Classifica-
tion models were built using the method of random forest
(WEKA-RF, Random Forest). To calculate the molecular
descriptors used 6 software packages that combine both
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Search for antibacterial activity in a number of new S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines

Table 1. Parameters of QSAR classification models of antimicrobial activity of S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines

Parameter models

Sample activity models of S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines as culture inhibitors

ragron — Jecr  Jsame  Joam
146 209 220 191

Number of descriptors

Precision (active) 0.86 0.82 0.82 0.78
Precision (inactive) 0.90 0.85 0.81 0.80
Sensitivity 0.90 0.83 0.79 0.69
Specificity 0.86 0.84 0.84 0.87
Accuracy, % 88.0 £ 4.0 83.0 + 3.0 820 £ 4.0 80.0 + 5.0

Precision (active): the accuracy of predicting compounds as active; Precision (inactive): the accuracy of predicting compounds as inactive;
Sensitivity: sensitivity for the active class; Specificity: specificity for the inactive class; Accuracy: the percentage of correctly classified compounds.

Table 2. Parameters of regression consensus QSAR models of antimicrobial activity of S-derivatives (1,2,4-triazole-3(2H)-yl) methyl)thiopyrimidines

Parameter models

Sample activity models of S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines as inhibitors of microbial cultures

D L
246 276 283 262

Number of descriptors

q? 0.91 £ 0.03 0.83 + 0.03 0.87 £ 0.03 0.84 + 0.04
R? 0.91 + 0.03 0.83 + 0.03 0.87 £ 0.03 0.84 + 0.04
RMSE 0.26 + 0.04 048 + 0.04 0.42 £ 0.03 0.44 + 0.05
MAE 0.18 £ 0.02 0.35 + 0.03 0.32 £ 0.02 0.30 + 0.03

q2: coefficient of cross-estimation; R2: square of the correlation coefficient; RMSE: standard error of the forecast; MAE: the average absolute error.

simple descriptors for counting chemical groups, and descrip-
tors of a wide range of possibilities for counting chemical
structures, such as: ALOGPS, E-State, ADRIANA. Code,
Dragon V6.0, Chemaxon, Inductive descriptors, available
on the OCHEM server.

Classification quality was assessed by statistical indica-
tors — total accuracy as a percentage of correctly classified
compounds (total accuracy), prediction accuracy for active
and inactive compounds (precision), and class efficiency rates
(class hit rate). The predictive power of QSAR regression
models was estimated using a cross-estimation factor g.

Results

Development of QSAR models of antimicrobial activity of
Sderivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimi-
dines. Classification and regression predictive QSAR models
of antimicrobial activity of inhibitors E. coli, P. aeruginosa,
S. aureus, C. albicans were created according to MIC indi-
cators. Training samples were formed by [6-10].

When creating QSAR classification models, MIC values
were divided into two conditional groups in a ratio of appro-
ximately 1:1 for bacteria, where 50 % of all compounds were
considered active and 50 % inactive and in a ratio of 1.0:1.5
for the fungus C. albicans where 40 % of all compounds
considered active and 60 % inactive.

Statistical parameters of the created individual QSAR
classification models of antimicrobial activity of S-deriva-
tives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines against
the studied cultures are presented in Tuble 1.

The percentage of correctly classified compounds in rela-
tion to all microbial cultures (total accuracy) was 80—88%,
which indicates the high predictive power of the constructed
QSAR classification models.

Statistical coefficients of the developed regression consen-
sus QSAR models for predicting the activity of new S-de-
rivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines
against the studied microorganisms are presented in 7able 2
and graphically shown in Fig. /4.

Antimicrobial activity, represented as MIC, was trans-
formed into log (1/MIC) and used as a dependent variable
to build QSAR models.

This conclusion is confirmed by the graphical results
(Fig. 1-4) of the established ratio of experimental values of
log (1/MIC) and predicted values of log (1/MIC) activity,
the value of which for most compounds (90 %) is within 1
log (1/MIC).

Prediction of antimicrobial activity of synthesized S-de-
rivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines
according to QSAR classification models. The created QSAR
classification models were used to predict the “class” of anti-
microbial activity of the synthesized compounds by the crite-
rion of “active” and “inactive”. The results of the prediction
by classification models are given in Table 3.

According to table 3 almost 90 % of compounds according
to the classification models of activity are provided as active.

Prediction of antimicrobial activity of synthesized S-de-
rivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines
according to regression QSAR models. General prognosis of
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Mepen6ayeHe 3HayeHHs log (1/MIK)
MepenbaveHe 3HayeHHs log (1/MIK)

1 2 3 4 5 6 1 2 3 4 5 6

EkcnepumeHnTanbHe 3HaueHHs log (1/MIK) EkcnepumenTanbHe 3HayeHHs log (1/MIK)

Fig. 1. Distribution of experimental and predicted log values (1/MIC) for Fig. 2. Distribution of experimental and predicted log values (1/MIC)

inhibitors of P. aeruginosa. for E. coli inhibitors.
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Fig. 3. Distribution of experimental and predicted log values (1/MIC) for Fig. 4. Distribution of experimental and predicted values of log (1/MIC)
S. aureus inhibitors. for inhibitors of C. albicans.

Table 3. Prediction of antimicrobial activity of the studied Sderivatives (1,2,4triazole-3(2H)-yl)methyl)thiopyrimidines according to QSAR classification
models

Prediction of the activity inhibitors of microbial cultures

2.3 + - + +
24 + - + +
2.7 + = + +
2.9 + + + +
2.10 T W 1 %5
2.1 + - + +
212 F - T W
2.13 + - + +
2.14 + - + +
2.15 + - + +
2.16 + - + +
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Search for antibacterial activity in a number of new S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines

Cont. of table 3.

Prediction of the activity inhibitors of microbial cultures

E. coli S. aureus P. aeruginosa C. albicans
+ - + +

217
2.18 + = + +
2.19 + - + +
2.20 + - - +
2.21 + - - +
222 + - _ .
2.23 + + _ +
224 + + - +

+: compound intended as active; —: the compound is intended to be inactive.

Table 4. The results of the prediction of the activity of S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines by regression QSAR models, log(1/MIC)

Prediction of the activity inhibitors of microbial cultures

P. aeruginosa _ S. aureus C. albicans

22 192 + 0.27 2.65 + 047 4.80 + 0.66 + 041
2.3 191 + 0.18 261 + 0.31 429 + 0.16 1.77 £ 0.23
24 217 £ 0.12 3.09 £ 0.08 462 + 0.38 216 £ 0.21
2.7 3,30 + 1.42 3.53 + 0.83 4.50 + 1.52 1.73 £ 1.53
29 2.68 + 0.09 4.36 + 0.12 512 £ 0.27 2.39 £ 0.23
2.10 311 + 0.34 4.76 + 0.22 543 + 0.37 2.68 + 0.32
2.1 3.70 £ 0.76 4.30 £ 0.23 5.65 + 0.59 2.88 + 0.62
212 3.14 £ 0.35 4.80 £ 0.20 544 + 0.36 2.75 £ 0.33
213 3.20 £ 045 4.88 + 0.31 522 + 0.53 2.96 + 0.39
2.14 2.85 £ 0.11 4.80 + 0.12 529 + 0.20 263 £ 0.21
215 2.68 + 0.09 436 + 0.12 512 + 0.27 239 + 0.23
2.16 3.20 + 045 4.88 + 0.31 522 + 0.53 2.96 + 0.39
217 2.16 £ 0.1 3.10 £ 0.14 474 £ 022 2.16 £ 0.23
2.18 297 + 0.19 4.52 + 0.06 526 + 0.22 2.34 + 0.13
2.19 270 + 0.28 3.95 £ 0.16 5.35 + 0.40 2.28 + 0.32
2.20 3.14 £ 0.35 4.80 + 0.21 544 + 0.36 2.75 + 0.33
2.21 3.19 + 0.39 4.88 + 0.24 538 + 0.39 2.76 + 0.32
2.22 3.18 + 043 494 + 0.18 529 + 045 2.84 £ 0.36
2.23 3.20 + 045 4.88 + 0.31 522 + 0.53 2.96 + 0.39
2.24 2.87 + 0.11 4.80 + 0.12 529 + 0.20 2.63 + 0.21

the activity of the synthesized S-derivatives (1,2,4-triazole-
3(2H)-yl)methyl)thiopyrimidines as inhibitors P. aeruginosa,
E. coli, S. aureus and C. albicans according to all constructed
regression QSAR models are presented in Table 4.

Discussion

Based on the presented parameters for individual predictive
QSAR models (7able 2), we can conclude about the efficien-
cy, stability and feasibility of using these models to search

for new S-derivatives (1,2,4-triazole-3(2H)-yl)methyl)
thiopyrimidines as promising antimicrobial agents. This is
evidenced by the high value of the cross-estimation coeffi-
cient — g% determined for all consensus models in the range
0f 0.84-0.91 and the optimal range of values of the standard
error of the forecast — RMSE 0.26-0.48.

The use of regression QSAR models to predict the antimi-
crobial activity of the compounds allowed to divide them into
4 conditional groups by activity value (MIC) in the range of

ISSN 2306-8094

AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanYHOI Haykmn Ta npaktvku. — 2021. — T. 14, Ne2(36) 177



Yu. V. Karpenko, O. I. Panasenko

10 umol, 100 pmol, 1000 pmol and 10000 pmol. Moreover,
for each type of microorganism there was a different level of
predicted activity of S-derivatives (1,2,4-triazole-3(2H)-yl)
methyl)thiopyrimidines.

The obtained experimental results allowed to establish not
only the role of the main structural features of the compounds
in the manifestation of antimicrobial properties, but also to
evaluate the effectiveness of the created classification and
regression QSAR models.

Developed QSAR classification models based on
the percentage of correctly predicted compounds (70 %)
are the most effective compared to regression (50 %) for
the search for new antimicrobial agents in a number of S-de-
rivatives (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines.

Conclusions

1. It was found that the studied derivatives of hybrids of
1,2,4-triazole-3(2H)-thiol with a pyrimidine moiety showed
high antibacterial activity against gram-negative microor-
ganisms.

2. The developed QSAR classification models based on
the percentage of correctly predicted compounds (70 %)
are the most effective in comparison with regression (50 %)
for the search for new antimicrobial agents in a number of
derivatives of hybrids 1,2,4 triazole-3(2H)-thiol with pyri-
midine fragment .
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OpwriHanbHi gocnimxeHHs = Original research

Chromato-mass-spectroscopic research of chemical composition
of Elaeagnus angustifolia L.

O. |. Panasenko™@"EF /., |. Mozul'*8, O. M. Denysenko'*£, |. I. Aksonova‘®'<®?, T. V. Oberemko?°

Zaporizhzhia State Medical University, Ukraine, 2LLC “PMD-UKRAINE”, Kyiv

A — KoHLenNuis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauist gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepaKEHHSA CTaTTi

The aim of the work was chromato-mass-spectroscopic research of chemical composition of Elaeagnus angustifolia L. fruits and leaves
and identifying further prospects for the use of this plant in medicine.

Materials and methods. Raw materials of Elaeagnus angustifolia L. were selected as objects of study. The tincture was obtained by
maceration and the raw material was extracted with methyl alcohol at room temperature for 10 days according to the method of making
tinctures. The study of the chemical composition of Elaeagnus angustifolia L. was carried out using 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 mkm x 0,25 mkm).

Results. 23 compounds (1 in the isomeric state) in fruits and 20 compounds (2 in the isomeric state) in the leaf of Elaeagnus angustifolia L.
were identified. The main components of fruits were sitosterol (phytosterols) — 12.53 %, propyl acetate (esters of carboxylic acids) —
12.60 %, chamazulene (terpenes) —11.97 % and palmitic acid (fatty acids) —8.28 %. The main component of leaves were sitosterol
(phytosterols) — 17.57 %, 1-(2-hydroxy-5-methylphenyl)-ethanone (ketone) — 8.35 %, phytol (terpenes) — 6.10 %. It is known from
the literature that chamazulene has antioxidant, antinociceptive, cytotoxic activity. Sitosterol has anti-inflammatory and antidiabetic
activity. Hexadecanoic (palmitic) acid has antimicrobial, antidiabetic and antioxidant properties. Phytol is characterized by a wide range
of biological action — antimicrobial, antinociceptive, anti-inflammatory, antioxidant and cytotoxic.

Conclusions. Based on the above, the olive can be considered as a source of antimicrobial, antinociceptive, anti-inflammatory, antioxidant,
antidiabetic and cytotoxic drugs.

Key words: Elaeagnus angustifolia, GS-MS, antimicrobial action, antidiabetic action, antinociceptive action, cytotoxic action, anti-
inflammatory action, biological activity.
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XpomaTo-mac-cneKTpocKonivyHe JocniakeHHa XiMiYHOro cknagy MacnuHku By3bkonucToi Elaeagnus angustifolia L.
O. I. ManaceHko, B. I. Mo3ynb, O. M. flenuceHko, |. I. AkcboHoBa, T. B. Obepemko

MeTa po6oTu — XpomaTo-Mac-CnekTpockoniyHe AOCNIMKEHHS XIMIYHOTO cknady MacnyHKU By3bKONWCTOI NMOAIB i NNCTS Ta BUSBIEHHS
NepCneKkTMB 3aCTOCYBAHHS LiiEi POCMNHN B MEAWLIMHI.

Matepianu ta metoau. O6’eKTV JOCRIMKEHHS — MACMMHKY BY3bKONMCTOI NNoaAM Ta NUCTs. HacTosiHKy ofepxany MeTogom mauepadii,
CYPOBUHY eKCTparysanu MeTUIIOBUM CIMPTOM 3a KiMHaTHOI Temnepatypu npotarom 10 AHIB 3riZHO 3 METOAWKOI BUrOTOBMEHHS HACTO-
SHOK. XimiuHun cknag Elaeagnus angustifolia L. BuB4anu 3a gonomoroto rasoBoro xpomatorpaca Agilent 7890B GC System (Agilent,
CanTa-Knapa, KanidopHis, CLLA) 3 mac-cnektpometpuyHum getektopom Agilent 5977 BGC/MSD (Agilent, Santa Clara, CA, CLLA) Ta
xpomartorpadiyHoi konoHku DB-5ms (30 m x 250 mkm x 0,25 Mkm).

Pesynkratu. |peHTudikysanu 23 cnonyku (ogHa B isomepHOMY cTaHi) y nnogax, 20 cnonyk (ABi B i30MepHOMY CTaHi) B IUCTi MacnmnHKu
By3bKonmcToi. [onoBHi cknagosi nnogis: cutoctepon (cpitocteponu) — 12,53 %, nponin aueTar (ectepu kap6oHoBuMX kucrot) — 12,60 %,
xamasyneH (tepnenn) — 11,97 %, nanbmitmHoBa kucnota (KUpHi kucnotn) — 8,28 %. MonoBHI KOMMOHEHTV NUCTS: cuToCTEpPOn (PiTo-
creponun) — 17,57 %, 1-(2-rippokcu-5-meTundeHin)-etaHoH (ketoH) — 8,35 %, diton (tepnenn) — 6,10 %. Bigomo, wo xamasyneH
XapakTepn3yeTbCs aHTUOKCUAAHTHO, aHTUHOLMLENTUBHO, LIMTOTOKCMYHOK aKTUBHICTHO. [1ns cutocTepony nputaMaHHa npoTusananbs-
Ha 11 npoTuaiabeTnyHa akTUBHICTb, rekcaekaHoBa (ManbMiTUHOBA) KUCMOTa Mae NPOTUMIKPOBHY, NpoTMAiabeTUYHyY i aHTUOKCUAAHTHY
BacTVBOCTI. N5 (hiToNy xapakTepHWIA LUMPOKMIA cnekTp BionoriyHoi Aii: npoTumikpobHa, aHTMHOLMLENTMBHA, NPOTH3anarbHa, aHTUOK-
CUAAHTHa, LUTOTOKCHUYHA.

ARTICLE UDC 615.322:582.724.1].074:543.51
INFO DOI: 10.14739/2409-2932.2021.2.233708
Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 179-184

Key words: Elaeagnus angustifolia, GS-MS, antimicrobial action, antidiabetic action, antinociceptive action, cytotoxic action, anti-
inflammatory action, biological activity.
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BucHoBkn. MacnnHKy By3bKOMMCTY MOXHA BBaXaTW Axepenom NpoTUMIKPOOHWX, aHTUHOLMLENTUBHUX, NPOTU3ananbHUX, aHTUOKCH-
[AaHTHWX, NPOTMAIa0ETUYHMX i LUTOTOKCUYHMX Npenaparis.

Kntouogi crnoBa: macnuHka By3bkonucta, GS-MS, npoTumikpobHa aist, npoTtuaiabetnyHa Aisi, aHTMHOLMLUENTUBHA [ist, LMTOTOKCUYHA
Jis, npoTu3ananeHa Ais, 6ionoriyHa akTUBHICTb.

Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 179-184

Xpomarto-macc-cnekTpoCKonMYeckoe UccneaoBaHWe XMMUYECKOro COCTaBa Jioxa y3konuctHoro Elaeagnus angustifolia L.
A. /. ManaceHko, B. N. Mosynb, O. H. lennceHko, U. W. Akcérosa, T. B. Obepemko

Lenb paGOTbI — XpOMaTo-MaccC-CnNeKkTpoCcKonn4yeckoe nuccneaoBaHne XMMMYeCcKoro coctaBa fioxa Y3KONMCTHOIO NNoAdoB U NINCTHEB,
onpegeneHne nepcnekTuB NPUMEHEHUA 3TOro pacTeHns B MeauunHe.

Matepuansi u metoabl. O6beKTbl MCCEOOBaHUA — foxa Y3KONMCTHOIO NoAbl v MUCTbS. HacToiika nonyyeHa MeTogoM Maepaumm,
Cblpbe 3KCTparMpoBanu METUMOBLIM CIMPTOM NPU KOMHATHOW TemnepaTtype B TedeHve 10 aHelt B COOTBETCTBUM C METOAMKOW U3rOTOB-
neHus HacToek. Xummyeckuin coctas Elaeagnus angustifolia L. nay4eH ¢ nomoLLbto rasoBoro xpomatorpada Agilent 7890B GC System
(Agilent, Canta-Knapa, Kanudophus, CLLA) ¢ macc-cnektpometpuyeckum getektopom Agilent 5977 BGC/MSD (Agilent, Santa Clara,
CA, CLUA) n xpomartorpadmyeckon konoHkm DB-5ms (30 m x 250 mkm x 0,25 MKMm).

Pesyniratel. VipeHTuduumposanu 23 coeanHeHns (0QHO B M3OMEPHOM COCTOsIHWUM) B nnoAax v 20 coeauHeHun (4Ba B U30MEPHOM
COCTOSIHWM) B MNCTbSIX J10Xa Y3KONMCTHOr0. OCHOBHbIE KOMMOHEHTbI NOAOB: cuToCcTEpon (cputocteponsl) — 12,53 %, nponun auetar
(achmpel kKapboHOBBIX KicnoT) — 12,60 %, xamasyneH (TepneHbl) — 11,97 %, nanbMUTUHOBAsA KMCMOTa (KMPHbIE KMCnoThl) — 8,28 %.
[MaBHbIE KOMNOHEHTbI MUCTLEB: cuToCcTEpPOn (dutocteponsl) — 17,57 %, 1 (2-ruppokcn-5-meTundeHnn)-3TaHoH (keToHbl) — 8,35 %,
cuton (TepneHbl) —6,10 %. /13BecTHO, Lo Xxama3yneH 06nafaeT aHTMOKCUAAHTHBIM, aHTUHOLMLENTUBHBIM, LUTOTOKCUYECKUM AEACTBY-
em. CvTocTepony npucyLla NpoTMBOBOCNANMUTENbHAS 1 NPOTUBOAMabeTUYECKas akTMBHOCTb, rekcaZekaHoBas (nanbM1TUHOBAs) KucnoTta
obnagaeT NPOTUBOMUKPOBHBLIMM, TMMOMMKEMUYECKUMI W @HTUOKCUAAHTHBIMY CBOCTBaMU. [N dhmutona xapakTepeH LUMPOKWUIA CNekTp
G1onorn4eckomn akTMBHOCTU: MPOTUBOMUKPOBOHAS!, aHTUHOLMLIENTUBHAS, NPOTUBOBOCNANMTENbHAS, aHTUOKCUAAHTHAS U IUTOTOKCUYECKas.

BbiBogbl. Jlox y3KOJ'IVICTHbII7I MOXHO CYMUTaTb NCTOYHUKOM I'IpOTVIBOMI/IKpO6HbIX, AHTUHOUMUENTMBHbIX, NPOTUBOBOCMHANTUTENbHbIX, aHTU-
OKCUOAHTHbIX, HpOTMBOﬂ,MaGeTVI‘-IeCKI/IX N LUNTOTOKCMYECKUX NpenapaToB.

KnioueBble cnosa: nox y3konuCTHbIA, NPOTUBOMUKPOGHOE AeNCTBME, NPOTUBOANAOETNYECKME CPEACTBA, aHTUHOLMLENTUBHOE AENCTBUE,
LIMTOTOKCMYECKOe AeNCTBIE, NPOTMBOBOCNANMTENbHOE AENCTBME, Bronornyeckast akTMBHOCTb.

AxTyanbHble Bonpochl (hapMaLeBTMYECKON N MeaULMHCKON Hayku u npakTuku. 2021. T. 14, Ne 2(36). C. 179-184

The family Eleagnaceae includes about 80 species of plants
[1]. In forms of life, these are deciduous trees and shrubs, less
often vines, which grow mainly in Western Europe, Asia Minor,
Central, and Southeast Asia, the Far East, and North America
[2]. These plants play a very important ecological role and are
used in folk medicine in some eastern countries [3]. Of note is
the narrow-leaved olive Elaeagnus angustifolia L. Thus, Iranian
researchers have proven the effectiveness of aqueous extract
of olive fruit in the treatment of osteoarthritis [4,5]. Scientists
from the Tehran University of Medical Sciences have described
the cardioprotective, antioxidant, analgesic, antitumor, and
anti-inflammatory effects of olive extracts [6]. These data are
confirmed by studies of a team of American and Iranian scientists
[7]. Other Iranian scientists have studied the antioxidant effect
and considered the possibility of using olives as a biological
additive of probiotic nature [8].

However, it was not revealed sufficient information on
the chemical composition of Elaeagnus angustifolia L. in
the literature. Therefore, research in this area is expedient
and relevant.

Aim

The purpose of our work is to study the chemical composition
of olives of narrow-leaved fruits and leaves by chromato-mass
spectroscopic and to catch out on further promising applica-
tions of this plant in medicine.

Materials and methods

The object of the study was fruits and leaves of narrow-leaved
olives. Raw materials were collected in August 2020 during
the flowering and fruiting phase (Zaporizhzhia, Vyrva tract).

The tincture was obtained by maceration, and the raw mate-
rial was extracted with methyl alcohol at room temperature for
10 days according to the method of making tinctures. 0.1 ml
of the extract was placed in a 1 ml micro flask and made up
to 0.5 ml with methanol [9].

Qualitative and quantitative determination of active com-
pounds was carried out at the Department of Natural Sciences
for Foreign Students and Toxicological Chemistry (Head of
the Department — PhD, DSc, Professor O. 1. Panasenko).

The completeness of the reactions and the individuality of
the resulting compounds were controlled by the gas chromato-
graph Agilent 7890B with a 5977B mass spectrometry detector.
The column is DB-5ms 30 m x 250 um X 0.25 um with length.
The gas-carrier speed (helium) is 1.6 ml/min. Injection vol-
ume — 0.5 pl. Separation of the flow is 1:50. The temperature
of the sampling unit is 230 °C — 12 °C/s — 275 °C. Thermostat
temperature: programmable, 240 °C (1 minute delay) — 5 °C/
min — 280 °C (delay 1 min.). The total time of examination
is 10 min. Temperature of interface GS/MS — 280 °C; ion
sources — 230 °C; quadrupole mass analyzer — 150 °C. Type
of ionization: EI with an electron energy of 70 eV. The range of
mass numbers that was scanned: 30-500 m/z.
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Results

According to the results of the study, 23 compounds (1 in
the isomeric state) in fruits and 20 compounds (2 in the iso-
meric state) were identified in the leaf of Olive narrow-leaved
(Tables 1, 2), which by chemical structure belong to different
classes of organic substances. The largest part in the chemical
composition of fruits, was esters of carboxylic acids (5 com-

pounds, 24.32 %), heterocyclic COMPOUNDS (5 compounds,
14.53 %), phytosterols (1 compound, 12.53 %), terpenes (1
compound, 11.97 %).

The main components of fruits were sitosterol (phyto-
sterols) — 12.53 %, propyl acetate (esters of carboxylic
acids) — 12.60 %, chamazulene (terpenes) — 11.97 % and
palmitic acid (fatty acids) —8.28 %.

Table 1. Qualitative and quantitative composition of biologically active substances of Elaeagnus angustifolia L. fruit

1.699 Acetic acid, methyl ester 2.02
2. 1.956 n-Propyl acetate* 10.44
3. 2.087 2-Propenoic acid, ethenyl ester 1.19
4. 2.135 n-Propyl acetate* 2.16
5. 2.247 Propanoic acid, 2-oxo-, methyl ester 7.34
6. 3.183 2-Amino-1,3-propanediol 5.99
7. 3.514 1,2-Cyclopentanedione 2.99
8. 4.325 2-Hydroxy-gamma-butyrolactone 5.72
9. 4917 (E,S)-2-Hexenoic acid, 4-amino-5-methyl-, methyl ester 117
10. 5.137 Furaneol 2
1. 5414 Maltol 1.16
12. 573 sec-Butyl nitrite 1.89
13. 6.244 I-Alanine, N-methoxycarbonyl-, tridecyl ester 1.14
14. 6.418 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 6.97
15. 7.028 5-Hydroxymethyldihydrofuran-2-one 1.44
16. 7.135 Catechol 1.18
17. 8.029 1,2-Benzenediol, 3-methyl- 1.68
18. 8.608 trans-2-undecenoic acid 1.75
19. 10.521 d-Glycero-d-galacto-heptose 3.59
20. 14.001 Chamazulene 11.97
21. 16.248 n-Hexadecanoic acid 8.28
22. 17.21 Pyridine, 4-(3-mercapto-4-methyl-5-(4H-1,2 4-triazolyl))- 2.96
23. 17.934 Octadec-9-enoic acid 242
24. 22.312 gamma.-Sitosterol 12.53

Table 2. Qualitative and quantitative composition of biologically active substances of Elaeagnus angustifolia L. leaves

1.713 D-Alloisoleucine
2. 1.959 Isopropyl acetate 213
3. 4.342 2-Octyn-1-ol, 7-[(tetrahydro-2H-pyran-2-yl)oxy]- 1.73
4. 5.561 4-Heptanol, 4-ethyl-2,6-dimethyl- 2.25
5. 7.467 Benzofuran, 2,3-dihydro- 5.99
6. 8.762 Ethanone, 1-(2-hydroxy-5-methylphenyl)- 8.35
7. 10.557 d-Glycero-l-gluco-heptose 1.87
8. 11.094 .beta.-D-Glucopyranose, 1,6-anhydro- 3.94
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Cont. of table 2.
-
11.92 Ethanone, 1-(3,4-dimethoxyphenyl)- 3.44
10. 13.88 Myo-Inositol, 2-C-methyl- 5.43
1. 15.045 2-Pentadecanone, 6,10,14-trimethyl- 55
12. 15.21 2-Pentanone, 4-(1,3,3-trimethyl-7-oxabicyclo[4.1.0]hept-2-yl)- 2.79
13. 16.24 n-Hexadecanoic acid 5.23
14. 17.674 Phytol 6.1
15. 17.932 Oleic Acid* 2.21
16. 19.007 Oleic Acid* 1.79
17. 19.792 4,8,12,16-Tetramethylheptadecan-4-olide 1.76
18. 19.991 Stigmasterol 3.27
19. 21.498 9,19-Cyclolanost-7-en-3-ol 2.92
20. 22.316 .gamma.-Sitosterol 17.57
21. 24.617 .alpha.-Tocospiro A* 4.37
22. 24911 .alpha.-Tocospiro A* 3.76
*: these compounds are believed to be isomers.
107 + TIC Scan 20210403_4_ethanol70%-1.D
14.001
1 A
0.8 1
06 1 16.248
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17.934 22.312
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Fig. 1. Chromatogram of Elaeagnus angustifolia L. fruit's components.
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Fig. 2. Chromatogram of Elaeagnus angustifolia L. leaves’ components.
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The chemical composition of the leaves slightly differed:
the main share belonged to phytosterols (2 compounds,
20.87 %), ketones (4 compounds, 20.08 %), and terpenes
(2 compounds, 14.23 %).

The main component of the leaves was sitosterol (phy-
tosterols) — 17.57 %, 1-(2-hydroxy-5-methylphenyl)-etha-
none(ketone) —8.35 %, phytol (terpenes) —6.10 %.

The chromatogram of fruit components (Fig. /) was identi-
fied sitosterol (RT = 22.312), palmitic acid (RT = 16.248),
chamazulene (RT = 14.001), propyl acetate (RT = 1.956).

The chromatogram of leaves components (Fig. 2) was
identified sitosterol (RT = 22.316), oleic acid (RT=17.934),
palmitic acid (RT = 16.240).

Discussion

According to the literature chamazulene has antioxidant
[10] and antinociceptive activity [11]. Italian scientists have
studied its effects on human melanoma cells, in which it was
found that plants rich in chamazulene were particularly active
against cancer cells, causing their death [12].

Sitosterol is characterized by anti-inflammatory activity
[13,14]. Japanese scientists have examined its ability to inhibit
chronic inflammation associated with obesity [15]. Based
on the data obtained, it was concluded that sitosterol can be
used to treat metabolic diseases, in particular diabetes [16].

Hexadecanoic (palmitic) acid has antimicrobial [17],
antioxidant properties and can also be used in the treatment
of diabetes [18].

Phytol is characterized by a wide range of biological acti-
vity, that is antimicrobial, antinociceptive, anti-inflammatory,
antioxidant, and cytotoxic [19,20].

Based on the research, the olive can be considered as a
source of antimicrobial, antinociceptive, anti-inflammatory,
antioxidant, and cytotoxic medicines. Also, it can be consi-
dered useful in the treatment of diabetes.

Conclusions

1. For the first time the chemical composition of
olive-leaved fruits and leaves was established with
GS/MS.

2. According to the results of the study, 23 compounds
(1 in the isomeric state) in fruits and 20 compounds (2 in
the isomeric state) were identified in the leaf of Olive nar-
row-leaved, which by chemical structure belong to different
classes of organic substances.

3. The main components of fruits were sitosterol (phy-
tosterols) — 12.53 %, propyl acetate (esters of carboxylic
acids) — 12.60 %, chamazulene (terpenes) — 11.97 % and
palmitic acid (fatty acids) —8.28 %. The main component of
the leaves was sitosterol (phytosterols) —17.57 %, 1-(2-hy-
droxy-5-methylphenyl)-ethanone (ketone) —8.35 %, phytol
(terpenes) —6.10 %.

4. Olive narrow-leaved can be recommended for
further research on antimicrobial, antinociceptive, an-
ti-inflammatory, antioxidant, and cytotoxic, antidiabetic
activity.

Prospects for further research. Olive narrow-leaved fruits
and leaves can be considered as a potential source of anti-
microbial, antinociceptive, anti-inflammatory, antioxidant,
cytotoxic, and antidiabetic drugs.
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OocnigkeHHA 6ionoriYyHO aKTMBHUX pe4YOBUH NETKOI dpakuil
BereTaTUBHUX OPraHiB JIOXMHU BUCOKOPOCHOI

0. O. CtpemoyxoB“=*8C0 O, M. KowoBuin ="AEF M. A, KomicapeHko=/BC

HaujioHanbHWit dhapMaLeBTUYHUI YHIBepcuTeT, M. Xapkis, YkpaiHa

A — KkoHLUenUis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauist gaHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepaXeHHs CTaTTi

YkpaiHa nocina gpyre micue y cBiTi nicns MNepy 3a Temnamu 3aknagaHHs HOBUX MIaHTaLii NOXUHW. EKCnepTy OUiHIONTb, WO B YKpaiHi y
2018 p. BigBeaeHo nig HoBi NnaHTavii noxunu Big 0,7 Tuc. po 1,0 Tnc. rektapis. 3a ocTaHHi 12 pokiB NOXMHA 3 ManoBiAOMOro NPOAYKTY
nepeTBOPUacs B O4HY 3 OCHOBHUX ATAHUX KyNbTyp. Y CTPYKTYpi KOMEPLIAHUX NIIOLY, OXMHA — Ha 3 MicLji Micns YOpHOi CMOPOAMHY Ta
CyHWUi cagoBoi (nonyHuui). Ha nepluiomy micui 3a nnowiamu nig noxvHoto B YkpaiHi — XXutomupceka obnactb, gani — BonuHcbka Ta
KuiBcbka obnacTi. Ekcrnopt noxuHm 3 Ykpainu moxe 3poctu Ao 20 TUC. TOHH Yepes 5 pokiB.

TNoxwHy BBaXatoTh 6araTum mxepenom 6ionoriYHo akTMBHUX PEHOBWH ANs (hapMaLeBTUYHOO Ta MEAUYHOTO 3aCTOCYBaHHs, TOMY ii jocnig-
XEHHS — NEePCNEeKTUBHUIA HanpsM papmaLeBTUYHOT Hayk. B YkpaiHi Hemae )0o[HOro BiTYM3HSHOIO CTaHAapPTV30BAHOrO MOHONpenapary
3 JIOXMHU BUCOKOPOCIIO, € TiNbKW AIETUYHI Ta (hyHKLiOHanbHi J06aBKW iHO3eMHOTo BUpOBHMLTBA. 3a KOpAOHOM NpenapaTti 3 Nnogis no-
XVHM 3aCTOCOBYIOTb A1 MONIMNLLEHHS 30y Ta SK B'sKydi 3acobu npu Konitax, eHTopokonitax i giapesx. Omxe, po3pobneHHs BiTYN3HAHUX
CTaHAaPTU30BAHMX MIKAPChbKKX 3ac06iB HA OCHOBI CPOBUHM 3 JIOXUHU BUCOKOPOCIIOi — akTyarlbHe 3aBAaHHs Cy4acHoi dhapmali.

MeTa po6oTu — BUBYMTM (DITOXIMIYHMIA NPOQinb NETKOI opaKLii BereTaTMBHWUX OpraHiB (MMCTH, cTeben i noAiB) NOXMHW BUCOKOPOCIIOi.

Matepianu Ta metoau. O6’ekTM JOCNILKEHHS — NMCTS, Noau Ta ctebna noxuHn Bucokopocnoi (Vaccinium corymbosum L.), B sikux
MeTO0M XpoMaTo-Mac-CrnekTpoMeTpii Ha razoBomMy xpomatorpadi Agilent Technologies 6890 i3 Mac-CnekTpPOMETPUYHUM AETEKTOPOM
5973 gocnignnun cknag KOMNOHEHTIB NETKOT dpaKwii.

Pesynkratn. MeTogom XxpomaTo-Mac-CnekTpoMETpIT Y cknagi neTkmux dpakuiin nMcTs, Nnoais i ctebna NnoxuHu BUCOKOPOCION BUSIBUMNN
65 pevoBUH. Y NUCTI NIOXMHW BUCOKOPOCHOi BU3HaYMIM 49 peyoBuH: 36 Cnonyk TepneHoBoi npupoam, 13 opraHiyHMX KUCOT, 2 Cromnyku
He ineHTudikyBanu. Y nnopax noxviH1 BUCOKOPOCNOi BUsBMIM 47 peqoBuH: 36 crnonyk TepneHoBoi npyupoau, 14 opraHiyHux KUCnoT, 3 He
ineHTudikosaHi. Y cknagi cteben noxmHu Bucokopocnoi Busisunu 50 pevosuH: 33 cnonyku TepneHoBoi npupoam, 14 opraHiyHMX KUCoT,
0fHa He igeHTugikoBaHa.

BucHoBkK. Y pesynbrati iToXiMiYHUX SOCNIKEHD YNEpLLE BCTAHOBUMM KOMMOHEHTHUIA CKNaj NeTkux dpakuii nucts, cteben i nnoais
TTOXVMHM BUCOKOPOCHOI doriopu YkpaiHu. |geHTudikyBanm Ta BCTaHOBUIU BMICT 65 pe4OBUH, 3-MOMiX HIX 14 opraHiyHux kucnot i 39 cnonyk
TeprneHoBOI NPUPOAY.

Knrouogi cnoea: noxuHa BMCOKopocna, ucTs, crebna, dpykT, XpomMaTo-Mac-CnekTpoMETpis, TeprneHoian.
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Research in biologically active substances of the volatile fraction from Highbush blueberry vegetative organs
0. O. Stremoukhov, O. M. Koshovyi, M. A. Komisarenko

Ukraine ranked second in the world after Peru in the pace of laying new Highbush blueberry plantations. Experts estimate that in 2018, in
Ukraine, from 0.7 thousand hectares to 1.0 thousand hectares of new Highbush blueberry plantations were laid. Over the past 12 years,
previously little-known product, Highbush blueberries have become one of the main berry crops. At present, commercial plantations
blueberries take the 3rd place after black currants and strawberries. Zhytomyr region boasts the biggest areas planted with Highbush
blueberries in Ukraine, followed by Volyn and Kyiv. According to estimates, the export of blueberries from Ukraine may increase to 20
thousand tons in 5 years.

In addition to the use of Highbush blueberries in the food industry, they are a promising source of BAS for pharmaceutical and medical
use, so their study is a promising area of pharmaceutical science. In Ukraine, there are no domestic standardized medicines manufactured
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from Highbush blueberries, and there are only foreign dietary and functional supplements. Abroad, Highbush blueberry medicines are
used to improve vision and as astringents for colitis, enterocolitis and diarrhoea. In this regard, the development of domestic standardized
medicines based on Highbush blueberries raw materials is an urgent task for modern pharmacy.

The aim of the research was to study the phytochemical profile of the volatile fraction of Highbush blueberry vegetative organs (leaves,
stems and fruits).

Materials and methods. The objects of research were the leaves, fruits and stems of Highbush blueberry (Vaccinium corymbosum L.),
in which the composition of the the volatile fraction components was studied by chromato-mass spectrometry on a gas chromatograph
Agilent Technologies 6890 with a mass spectrometric detector 5973.

Results. Chromato-mass spectrometry in the composition of volatile fractions of leaves, fruits and stems of Highbush blueberries revealed
65 substances. 49 substances were identified in the Highbush blueberry leaves, of which 36 substances of terpene nature, 13 organic
acids, and 2 compounds were not identified. In the Highbush blueberries fruits, 47 substances were found, of which 36 substances are
of terpene nature, 14 are organic acids and 3 were not identified. In the Highbush blueberries stems, 50 substances were found, of which
33 substances are of terpene nature, 14 are organic acids and one was not identified.

Conclusions. As a result of phytochemical studies, it is for the first time that the component composition of volatile fractions of leaves,
stems and fruits of Highbush blueberries from the flora of Ukraine was established. The content of 65 substances was identified and
established, including 14 organic acids and 39 terpene compounds.

Key words: Highbush blueberry, leaves, stems, fruit, chromato-mass spectrometry, terpenoids.
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WUccnepoBaHne Guonornyecku akTMBHbLIX BELECTB JieTy4Yen hpakLmn BereTaTuBHbIX OpPraHoB ronyouku BbICOKOPOCITION
A. A. Ctpemoyxos, O. H. Kowwesow, H. A. KomuccapeHko

YkpauHa Bbilna Ha BTOpoe MeCcTo B Mupe nocne epy no TemnamM 3aknazku HOBbIX NraHTaumii ronybukn. SkenepTbl OLEHWBALOT, Y4TO
B YkpawnHe B 2018 r. 66110 3anoxeHo ot 0,7 Tbic. ra Ao 1,0 ThiC. ra HOBbIX NnaHTaumit ronybukn. 3a nocnegHue 12 net ronybuka u3
Marnou3BecTHOro NpoaykTa npeepaTtunack B O4HY U3 OCHOBHBIX AroAHbIX KynbTyp. B CTpykType KomMmepuyeckux nnollagei ronybuka
3aHMMaeT 3 MECTO NOCIe YePHOW CMOPOAMHBI U 3EMMSHUKM CagoBon (knyBHukM). Ha nepBom mecTe no nnowaaam nog ronyoukoii B
YkpauHe Haxogutcs XXutomupckas obnactb, 3atem cnepyot BonbiHckas n Kuesckas obnactu. kenopT ronybuku n3 YkpanHsl MOXeT
BblpacTi 4o 20 ThIC. TOHH Yepes S neT.

lony6uka sIBNsieTcs NePCneKTUBHLIM UCTOYHUKOM GUONIOTMYECKM aKTUBHBIX BeLLecTB Ans (dapMaLeBTUYECKOTO U MEAULIMHCKOTO Npu-
MEHEHMs1, MO3TOMY eé uccrefoBaHue — MHoroobeLlaroLlee HanpasneHue hapmaLeBTUYeckoii Haykn. B YkpauHe HeT Hu ofHoro oTe-
YEeCTBEHHOIO CTaHZAPTU3MPOBAHHOTO Npenapata K3 rony6uku BbICOKOPOCHOM, ECTb TOMBKO ANETUYECKMe U (yHKLMOHamNbHbIE J06aBKY
MHOCTPaHHOTO NPOM3BOACTBA. 3a pybexxom npenaparbl U3 NoAoB rony6yKk1 NPUMEHSIHOT 1S YNYULLEHUS 3PEHNS U KaK BSXYLLiee CPELCTBO
Mnpw KonuTax, 3HTEPOKONUTAX 1 Anapesix. B cBs3n ¢ aTumM, paspaboTka 0TEHECTBEHHbIX CTaHAAPTU3MPOBAHHBIX NIEKAPCTBEHHbIX CPEACTB
Ha OCHOBE CbIpbsi M3 rofTyGMKM BEICOKOPOCTION — akTyarnbHas 3afava COBPEMeHHO thapmMaLmm.

Llenb paboTbl — M3y4nTb PUTOXMMUYECKWIA NPOUITL NETYYel (pakuMy BEreTaTMBHbLIX OPraHoB (NMCTbs, CTEONM 1 Nnogpl) ronyouku
BbICOKOPOCIIOW.

Matepuansi n metoabl. OBbeKTbI UCCNefOBaHU — NUCTbS, Nnoabl 1 cTebnm ronybukn Beicokopocnon (Vaccinium corymbosum L.), B
KOTOPbIX METOZOM XPOMAaTO-MaCcC-CNeKTPOMETPUM Ha razoBoM xpomatorpadoe Agilent Technologies 6890 ¢ macc-CnekTpoOMeTpUYecKUM
fetektopoM 5973 nccneaoBaH COCTaB KOMMOHEHTOB NeTy4Yel dpakuum.

Pesynkratel. MeTopom xpomaTto-mMacc-CnekTpOMETPUM B COCTaBe NeTyunx pakuuin nucTbes, NNodoB v ctebnen ronybuku BeICOKO-
pocroi yctaHoBunv 65 BellecTs. B nucTbsax ronybuky Beicokopocnoit onpeaenunu 49 sellecTs: 36 coeiMHEHNIA TEPNEHOBOW NpUpPOabI,
13 opraHMyYeckux KUCnoT, 2 COeAMHEHNst He NAEHTUULMPOBaHbl. B nnogax ronybukn BEICOKOPOCNON yCTaHOBNEHb! 47 BellecTs: 36
COEAVHEHNI TEPNEHOBON NpUpoAb!, 14 opraHnyecknx KUCNoT, 3 He naeHTUduLMpoBaHbl. B coctase ctebnei ronybuku BbICOKOPOCOW
yctaHoBunm 50 BellecTB: 33 coeAMHEHUs TepneHOBOW NpUpobl, 14 opraHUYecKnX KUCNOT, OAHO BELLECTBO HE MOEHTU(ULMPOBAHO.

BeiBogkl. B pesynbrate hUTOXMMUYECKMX UCCMEOOBAHUI BMEPBbIE YCTAHOBMEH KOMMOHEHTHbIN COCTaB NETYYnX PpakLmuin NMCTLEB,
cTebneit 1 nnogoB ronybuku BeiICOKOpPOCoit dnopbl YkpauHbl. VioeHTucuumMpoBanu 1 ycTaHoBUIM coaepkanue 65 BeLlecTs, cpeaun
KOTOPbIX 14 OpraHNyYecknx KUCIoT U 39 coeanHeHUA TEpNEHOBON NpUPOabI.

KntoyeBble cnoBa: FOJ'IyGI/lKa BbICOKOpOCHas, JNINCTbA, cTebnu, (bpyKT, XpomMaTo-macc-CnekTpomMmeTpua, TepneHonibl.

AxTyanbHble BOnpockl (hapMaLeBTMYECKON N MeAULMHCKON Hayku n npakTuku. 2021. T. 14, Ne 2(36). C. 185-193

VYkpaina mocina napyre miciie y cBiti micis [epy 3a Temnamu
3aKJ1a/[aHHs] HOBUX IUIAHTAIIN JIOXMHH. EKCrIepTH OILiHIOIOTS,
1o B Ykpaini y 2018 p. BixBeu i1 HOBI INTAHTALIIT JIOXUHH
Bix 0,7 tuc. mo 1,0 Tuc. rekrapis. 3a octaHHi 12 pOKiB IIs
POCITIHA 3 MaJIOBIJOMOT'O IIPOTYKTY NEPETBOPHIIACS B OJIHY 3
TOJIOBHHX SIT1THUX KYJBTYP. Y CTPYKTYpi KOMEPLIHHUX TIIOI]
JIOXWHA — Ha 3 MICIIi MICIIsl YOPHOI CMOPOIMHY Ta CYHHIII

cazoBoi (momynuti). Ha mepmomy Micrii 3a TuromaMu Imif
JIOXWHOIO B YKpaini — JKutomupcrka o0nactb, nain — Bo-
nuHebka Ta KuiBcbka obnacti. Excriopr noxunu 3 Ykpainu
Moke 3pocTH 10 20 THC. TOHH Yepe3 5 pokiB [1].

[Tnomu wopwwuti (Vaccinium corymbosum fructus) NIApoKo
3aCTOCOBYIOTH Y MEAMIHHI, (papMallii, Xap4oBiil IPOMHCIIO-
BOCTi [2—4]. 3 mI0/iB BUTOTOBJISIOTH COKH, KOMIIOTH, BUHA,
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BapeHHs, JKelle, MyCH. BUKOPHUCTOBYIOTh CBIXK1, 3aMOpPOXKEHI
abo cymreni o [5]. JIucts Ta cyxopyKTH puaaTHi JjIs
MIPUTOTYBaHHA 4ato [6].

Kpim Toro, moxuHa — 6arare jpkepesto 6i0JI0TiYHO aKTHB-
Hux pedoBuH (BAP) nst papmanieBTHYHOTO Ta MEJUIHOTO
3aCTOCYBAHHsI, @ OTKE IOCITIJDKeHHS ITi€T POCITMHY € TTepCIek-
THBHUM HANpPsMOM (hapMareBTUYHOT HayKH.

B Vkpaini Hemae >KOHOTO BITUYM3HSHOTO CTAHIApPTH30-
BAHOTO MOHOTMPENapary 3 JJOXHHH BUCOKOPOCIIOl, Ha PUHKY
€ TUTBKH JiETHYHI Ta (PyHKIIOHAIBHI T00aBKH IMITIOPTHOTO
BupobOHuITBa [7,8]. 3aci6 T'omydiTokC — KOHIIEHTpAT, II0
BHTOTOBJICHHH 13 TJIONIB, THCTS JoxuHU [5,9]. Binsap mm-
CTs JIOXMHU B HapOAHIN MEAWIMHI BUKOPHUCTOBYIOThH IPH
niabeti, XxBopoOax cepils, aHeMii, eHTepHUTax, racTpuTax i
SIK IPOHOCHHUH 3aci0. 32 KOPIOHOM BHKOPHCTOBYIOTH Iperia-
paTtH 3 eKCTpaKTaMH IJIOMIB JIOXUHH, SIKI 3aCTOCOBYIOTh IS
nosiniieHHs 3opy [5,10]. BixBapu 3 1ioniB JJOXWHH BHUKO-
PHCTOBYIOTH SIK BSDKY'HIA 32C10 IPU KOJTITaX, GHTEPOKOJITAX,
niapesix. B’spkyua fiist 3yMOBIIeHa TyOMITbHUMU PEYOBHHAMH
ta (rraBonoimamu [5,11].

OT1xe, po3po0JIeHHST BITYM3HSIHUX CTaHJAPTHU30BAHUX
JIKApCHKHUX 3aC00IB HA OCHOBI CHPOBHHHM JIOXHUHU BHUCOKO-
pocioi — akTyaybHe 3aBAaHHs Cy4acHoi apMartii.

MeTta po6otu

BusunTn ¢iToximiua#i Ipod ik TeTKOT PpaKiii BereraTus-
HUX OpTaHiB (JIUCTS, cTeOe i TUTOMIB) IOXUHHA BUCOKOPOCIION.

Marepianu i MeToau gocnimKkeHHs

OO0’€eKTH TOCITIHKCHHS — JICTSI, IUIOAH Ta ctedma V. corymbo-
sum L., sixi 310pasu B caggoBomy neHTtpi «Caaro» (KuiBcbka
00J1acTh).

[TpoOu JikapchKOi POCIMHHOI CUPOBUHU ISl aHAII3Y
Opasu BiznosinHo 1o BuMor DY 2.0, 2.8.20 [12]. Po3mip
TIEPBUHHOI ITPOOM 3MEHILYIOThH IILISIXOM KBapTyBaHHS, IIO
JIa€ 3MOTY OTPUMaTH TOMOT€HHHUH 3pa30K, epeKOHYIOYHChH
y TOMY, 110 KOJKHa BiZliOpaHa MOpIisl 3aJIMIIAETHCS perpe-
3€HTaTHBHOIO /I Beiei mpobu. TToBroprotoTs mpouenypy
KBapTYBaHHs, OKU JIJISI MiHIMAIBHOI KUTBKOCTI, IO 3aJIH-
mmacs, Oyze He Ounpine Hixk 250 T

EdipHy o11ifo 3 CHPOBHHH OTPHMYBAITH 32 METOJIOM, SIKUH
JIa€ 3MOTY BHIUTUTH ii 3 HEBEJIMKOI KiTBKOCTI POCIHHHOI
cuposun# [ 13,14]. [lnst Bigrony Bukoprcranu Bianm Agilent
Ha 22 mi (part number 5183-4536) i3 BIIKpUTHMH KPUILIKAMH
Ta CHJIIKOHOBHM YIIUTEHEHHSIM. Y Biany momimrainu 2,0-3,0 T
(TOYHA HaBaYKKa) CHPOBHHH JIOXUHU BUCOKOPOCIIOT, J10/1aBaIIH
BOJy OYHMIIICHY JIO TIOJIOBUHHU 00’eMy. Biany 3akpuBaiu ta
KUIT' ITUJIA 3 TIOBITPSTHUM XOJIOJIMIIBHIKOM IPOTSTOM T'OJIHHH.
Jost 3an00iraHHs BTpaTaM JISTKOT (hpaxiiii MiKpOKLIBKOCTI,
110 a7copOOBaHi Ha BHYTPIIIHIN MOBEPXHI XOJOAUILHHIKA,
3MUBAJH JBidi 1-2 M1 reTporneitHoro edipy; 3MUBH 30Mpai
y Biany. [Ipo6a, siky Opanu juist ananizy, cranosuia 0,001 mut.

Amnaui3 nerkoi (hpakiii BUKOHAIM Ha ra30BOMY XpOMAaro-
rpadi Agilent Technologies 6890 i3 mac-ciekTpomeTpuy-
HUM JeTekTopoM 5973 i3 BUKOpHUCTaHHAM KojoHKH HP-5

3aBoBkku 30 M, BHyTpiHIi aiamerp 0,25 MM 3a Takux
yMOB: Temrmeparypa tepmocrara — Bix 50 °C mo 250 °C
(mBuakicTh 3Mmian — 4 °C/XB); TeMmeparypa iHXeKTopa —
250 °C; ra3-HOCIH — rejmiif, MBUAKICTh MMOTOKY — | MII/XB;
nepenecenss Bix I'X 1o MC nporpisaiiocs 10 230 °C; Tem-
neparypa mkepena — 200 °C; enekTpoHa ioHi3amis BUKOHAHA
npu 70 eV y pamkyBanHi Mac m/z 29 1o 450. [neatudikartiro
3IICHIITN Ha OCHOBI TOPiBHSHHSA OTPUMAHUX Mac-CIIEKTPIiB
13 ganumu 6i6miorexku NISTOS-WILEY (maiixe 500000
Mac-CIeKTpiB). [HAEKCH yTpUMaHHS KOMITOHEHTIB po3pa-
XOBYBAJIH 32 PE3yJIbTaTaMi KOHTPOJIbHUX aHAI31B PEYOBHH
i3 JjomaBaHHAM cymimi HopmanbHuX ankaHiB (C10-C18).
KoHuieHTparito TepreHiB BU3HaYaIM 32 CyMOIO BCIX IUIOLI
MIKIB Ha XpoMaTorpami MopiBHIHO 31 CTaHIAPTOM H-IEKaHOM
[15-17].

Pesynbratu

BusHaueHHsI sIKICHOTO CKJIa Ty Ta KUJIbKICHOTO BMICTY JIETKOT
(hpakiii CHpOBHHH JIOXUHU BUCOKOPOCIIOT HABSCHI B mad/iu-
yi I TaHa puc. 1-3.

OOroBopeHHs

MeTtoaoM XpomMaTo-Mac-CIeKTPOMETpPii BCTAHOBUIH 65
PeUOBHH, TUIbKH 6 HE imeHTHGIKYBaNu (maobn. 1,2; puc. 4).
Pesynbraté mOCiHKEHb SKICHOTO CKJIamy Ta KibKiICHOTO
BMICTY PEYOBHH JETKUX (PaKIliif y BEreTaTHBHUX Opra-
HaX JIOXWHH BHCOKOPOCIIOi TIOKa3alH, 0 HAWOimbIIe iX y
crebmax pocauHu — 1315 mr/kr. Jlucts Ta mioan JIOXHHU
BHCOKOPOCIIOl MicTiin y 4,1 Ta 2,7 pa3a BiIIOBITHO MEHIIIE
JIETY4UX KOMITOHEHTIB, HIXk cTeOa.

VY cknani netkoi Qpakuii JINUCTS JOXHMHU BHCOKOPOCIIOT
BUSIBUIM 49 pedoBHH, 2 He 1IeHTH(IKYBaJIH, 3 pEYOBHHH Xa-
PaKTepHI JJIs JIUCTS JIOXUHH, TX MOYKHA BUKOPUCTOBYBATH SIK
MapkepH: 4-MeTHI0eH3ambaeTi I, 4-(2,6,6-TPUMETHIIIMKIIO-
rekc-1,5-mienin)0yT-3-eH-2-0H, 6-MeTHrenTa-3,5-1ieH-2-0H.
PedoBuHM O1uMeHoI, IeK-2-eHallb, 4-BiHWI-2-MeToKcH(e-
HOT, 3-(2,6,6-TPUMETHIIINKIOTEKC- | -€HIT)IpOoII-2-eHalTb,
1-(1,1-mumernn-2,3-nurigpo-1-H-ingen-4-i1)eTanow,
4-(2,6,6-TpUMeTHIIIHKIOTEeKC- | ,3-THeH1T)0yT-3-€H-2-0H
XapaKTepHi TITBKU JUIA JTUCTA Ta cTe0eN JOXWHU. Pedo-
BuHa n-MeHT4(8)-eH-9-01 Ta 4-(2,2,6-TpUMeTIIOIITH-
kio0[4,1,0]-renT-1-i1)0yTaH-2-0H MpUTaMaHHA JIJIS JIACTS
Ta IUIO/IB POCIIMHU.

VY ckiazi seTkoi (paximii IIoAIB JIOXUHN BHCOKOPOCIOT
BusiBlM 47 pedoBuH, 3 He ineHTHdikyBanu. st mionis
XapakTepHi 5 pedoBUH: 2-MeTuiKanpuHar, 1-(2,6,6-Tpu-
METHIIIHUKIIOTEKC-2-€HI)alleTOH, TeKCaaeKaH, TepaHiol,
1-6yTunmukIorekc-2-€H-1-o11.

VY ckiami JgeTkoi ¢pakiii credia JIOXMHH BHCOKOPOCIIOT
BusBIITH 50 pedoBuH, onHy He inenTudikysamm. s cteden
XapakTepHi 6 pedoBuH: 4-(2,6,6-TpuMeTHIIHKIOTeKC-1,3-
JI€HLUT)IeHT-3-€H-2-011,, 2-eTHIKanpoHat, oxigaa 1-(1,1-mm-
MeTui-2,3-auriapo- 1 -H-iaaeH-4-ir)eTaHoOH, METHIIONEAT,
METHLTIHOJIEAT i METHILTiIHOJICHOAT.

Jlocaiukytoun JIeTKy (pakiilo BereTaTHBHUX OPTaHiB
JIOXUHHU BHCOKOPOCJOI, B JIUCTI BUSBUIN 36 pPEYOBUH
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Abundance
TIC: ESFL1.D
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Puc. 1. Tunosa xpomatorpama neTkoi gpakLii IMCTSH NOXUHU BUCOKOPOCIIOi.

Abundance TIC: ESFP3.D 40.96
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7500000 3428
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Puc. 2. Tunosa xpomaTtorpama neTkoi dpakLii ctebna noxvH1 BUCOKOPOCHOi.
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Abundance

. TIC: ESFP2.D
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Puc. 3. Tunosa xpomatorpama neTkoi gpakLii NoAiB IOXMHW BUCOKOPOCHO.

Tabnuusa 1. Cknag netkoi dpakuii nucTs, nnogis i ctebna NoxXmMHWU BUCOKOPOCHOi
o foww  Jeew |
MaHHs, XB | Mr/KF | TOK, % | MaHHs, XB | MI/kr | TOK, % | MaHHA, XB | Mr/kr | Tok, %

6,24

1 | TekceHanb 6,29 048 0,15 046 0,03 6,24 082 (0,17
2 | beHsaueTanbaeria 7,33 0,59 0,19 7,23 3,93 0,30 7,33 0,72 0,15
3 | KanpoHoBa kucnota 7,60 254 (0,80 7,40 19,02 |1,45 8,62 86,87 |[18,13
4 | 4-Metun6eHsanbaerig 8,14 0,44 0,14 - - - - - -
5 | TpaHc-NliHanoon okcua 8,73 886 279 8,69 747 |07 8,82 649 (1,35
6 | umc-NliHanoon okeug, 9,17 4,42 1,39 9,14 5,28 0,40 9,23 20,44 |4,27
7 | 6-metunrenTa-3,5-aieH-2-oH 9,44 3,71 1,17 - - - - - -
Tpueron 9,69 520 |1,64 9,62 1,37 0,10 9,61 242 0,51
9 | lenTaHoBa kucrota 10,18 093 029 10,18 1,24 10,09 10,65 13,65 |2,85
10 | B-TepneHion 10,69 1,04 (0,33 10,89 169 (0,13 11,13 1,65 10,32
11 | 2-ETunkanporar - - - 11,18 4,09 0,31 - - -
12 | OunmeHon 11,60 1,84 0,58 11,55 572 043 - - -
13 | HeineHTudikoaHa peyoBuHa 1 - - - - - - 11,64 0,55 0,11
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MpopoBxeHHs Tabnuui 1.

Jucra

CE R R

MaHHS, XB | MI/Kr | TOK, % | MaHHs, XB | Mr/Kr | TOK, % | MaHHS, XB | Mr/kr | TOK, %
14 | 4-TepneHion 11,96 0,6 0,19 12,08 388 (0,30 11,92 3,73 |0,78
15 | n-MeHT-1-€H-8-on 12,43 12,82 4,03 12,35 11,46 |0,87 12,54 826 |[1,72
16 | Kamchopa 12,63 049 0,15 12,58 237 (0,18 12,85 1,41 10,29
17 | Kanpunosa kucnota 13,29 1,77 0,56 13,27 14,31 | 1,09 14,03 34,17 |7,13
18 | HeigeHTudikoBaHa peyoBuHa 2 - - - 14,07 20,08 | 1,53 - - -
19 | HeigeHTudikosaHa peyoBuHa 3 14,32 1,86 0,58 - - - - - -
20 | HeigeHTudpikoBaHa peyoBuHa 4 - - - - - - 14,41 2,68 0,56
21 | Oek-2-eHanb 14,57 3,27 1,03 14,54 1,98 0,15 - - -
22 | lepaHion - - - - - - 14,70 3,27 0,68
23 | 1-bytunuuknorekc-2-eH-1-on - - - - - - 15,07 3,83 0,80
24 | n-MeHT4(8)-€H-9-on 15,04 3,08 097 - - - 15,30 044 (0,09
25 | HoHaHoBa kucnota - - - 15,38 126 [0,10 16,99 10,65 |[2,22
26 | BitucnipaH 15,31 527 1,66 16,19 18,39 | 1,40 16,15 9,37 [1,96
27 | 4-BiHin-2-meTokcudeHon 16,17 3,54 1,11 16,22 13,43 1,02 - - -
28 | EBreHon 17,52 8,36 263 17,55 253 (0,19 17,56 494 (1,03
29 | YHpek-2-eHarb 17,86 322 1,01 17,87 1,22 0,09 17,86 1,31 10,27
30 2;(2],16‘;6-TPMMGTI/IJ'ILIVIKI‘IOFGKC—‘]-€Hiﬂ)l‘|p0l‘|-2- 18,97 2,51 0.79 18,92 1436 [1,09 _ _ _
31 | KanpuHoBa kucnorta 19,40 2,45 0,77 19,33 16,76 | 1,27 19,65 19,04 |3,97
3 | M Dumerun-2 3-aurigpo-T--aen 41972 220 |og9  [1976  [11.14 |085 |- - |-
33 Zl_ci);(;fl:; :6(:),1-qwmemn-2,3-,u,mrinpo-1-H-iH,u,eH- _ B B 2012 6.99 0,53 _ L _
34 g;l(_ZZ,%E-TpmmemnuMKnoreKc-1,5-J:|ieHin)6yT-3- 20,00 256 | 080 _ _ _ _ _ _
35 | HeigeHTndikoBaHa peyoBuHa 5 20,13 3 0,94 - - - - - -
36 ;1;(-22,_62;1(_3'-TpmemnumxnoreKc-1,3-,qieHin)neHT-3- _ _ B 2048 378 0.29 _ _ _
37 | lepaHinauetoH 20,56 042 0,13 20,57 3,75 (0,29 20,59 529 (1,10
38 | 2-MeTunkanpuHat - - - - - - - 20,84 1,17 0,24
39 | HeigeHTndpikoBaHa peyoBuHa 6 - - - - - - 21,03 0,49 0,10
40 | 1-(2,6,6-TpuMeTUNLMKIIOreKC-2-€Hin)aLeToH - - - - - - 21,39 1,78 0,37
41 | 2,6,10-TpumetunaonekaH 21,68 597 1,88 21,76 6,94 [0,53 21,69 398 (083
42 g;%ﬁg—_gzmmemn-ﬁiuMKno[4,1,0]-rer|T-1-in) 2235 _ _ _ B _ 2235 41 0,86
43 | lekcapekaH - - - - - - 22,7 1,96 0,41
44 | IlaypuHoBa kucnota 25,34 21,43 |6,74 25,14 9394 (7,14 25,32 16,96 | 3,54
45 | MipucTtuHoBa kucnota 29,58 22,44 | 7,06 29,23 4582 | 3,48 29,42 18,36 | 3,83
46 | MNeHTapekaHoBa kucnota 30,98 1,13 0,36 30,87 12,28 (0,93 30,97 1.8 0,38
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MpopoBxeHHs Tabnuui 1.

Cnonyka Yac ytpu- | Bwmict, | Biaco- |Yac ytpu- | Bwmict, |Bigco- |Yac ytpu- |BwmicT, | Biaco-
MaHHS, XB | Mr/Kr | TOK, % | MaHHA,XB | Mr/Kr [ TOK, % | MaHHsA, XB | Mr/kr | TOK, %

47 | ManbMiToneiHosa kucnota 31,95 9,41 2,96 31,80 64,92 |4,94 31,84 17,71 3,70
48 | [exaHanb 32,18 219 [0,69 31,92 554 |042 13,18 299 (0,62
49 | ManbMmiTHOBA KKcnoTa 32,55 43,19 [13,58 32,33 264,77 [ 20,13 32,55 91,77 (19,15
50 | MetunniHoneHoat - - - 33,46 34,62 |2,63 - - -
51 | MetunniHonear - - - 33,50 30,52 (2,32 - - -
52 | Metunonear - - - 33,57 11,77 10,90 - - -
53 | diton 33,91 489 [154 33,80 306 (023 33,87 529 (1,10
54 | INiHonesa kucnota 34,17 13,96 4,39 34,26 68,71 |5,23 34,11 4,87 [1,02
55 | JliHoneHoBa kucnota 34,21 15,22 4,79 34,28 167,78 [ 12,76 | 34,27 18,99 |[3,96
56 | OneiHoBa kucrota 34,37 19,1  [6,01 34,37 60,65 |4,61 34,33 11,05 |2,31
57 | CteapuHoBa Kkucrota 34,60 2,24 |0,70 34,57 15,09 |1,15 34,56 334 (0,70
58 | TpukosaH 36,09 585 1,84 36,05 14 087 36,06 242 |0,51
59 | TetpakosaH 36,90 086 027 36,81 228 [0,17 36,82 058 |[0,12
60 | MeHTako3aH 37,11 438 (1,38 37,10 6,54 [0,50 37,10 1,48 0,31
61 g;(_Zz,%s-TpmmemnuMKnoreKc-1,3-,qieHin)6yT-3- 38,09 321 101 18,34 057 |0,04

62 | lexcakosaH 38,14 13,01 (4,09 38,10 13,48 |1,03 38,10 32 0,67
63 | lenTako3aH 39,98 739 232 39,96 12,49 |0,95 39,96 333 (0,70
64 | CksaneH 40,99 3297 10,37 40,96 150,4 | 11,44 |40,94 18,43 |3,85
65 | HoHakosaH 41,69 1,73 |0,54 42,71 3348 (2,55 41,69 1,16 |0,24
3aranom 318,04 1315,01 479,11

—. pe4oBNHa HE BUABNEHA.

1. ManbMmiTuHOBa KUCMoOTa

2. MipuctuHoBa kucnota

3. NaypuHoBa kucnota

4. OneiHoBa kucnota

5. NiHoneHoBa kucnota

6. MNiHoneBa kucnota

7. NanbMiToneitosa kucnota
8. KanpoHoBa kucnorta

9. KanpuHosa kucnota

10. CteapuHoBa kucnota

11. Kanpunosa kucnota

12. MNeHTagekaHoBa kucnota

13. lenTaHoBa kucnoTa

14. HoHaHoBa kucnota

T
meTs CTEBNO nnomu

Puc. 4. BmicT opraHiyHMX KUCIOT y BeretaTMBHUX OpraHax NoxuHu, MI/Kr.
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Tabnuusa 2. KinbkicHi xapakTepucTukv NeTkoi dpakyii nucTs, nnogis i
cTebna NoXMHW BUCOKOPOCHOi

I [ e
50 47

KinbkicTb pe4oBuH 49

HeipeHTudikoBaHi pe4oBnHM 2 1 3
PevoBuHu-mapkepu 3 6 5
PeyoBuHM TepneHoBoi npupoau, mr/kr | 162,23 | 468,46 | 129,88
OpraHiyHi Kucnotu, Mr/kr 155,81 846,55 |[349,23
3aranbHuii BMICT pe4OBUH, MI/KT 318,04 |1315,01 (479,11

TEpPIEHOBOT MPHUPOJIHN, IOMIHYBaJIM CKBAJEH, IeKCAKO3aH,
n-MeHT- | -€H-8-011, mpaHc-TiHAIIO0I OKCH/T 1 €BI'€HOIT; Y TUIO-
Jlax — yuc-NiHAI0O0J OKCUJI, CKBAJICH, BITHCITIpaH, #-MEHT-1-
€H-8-0II, mpanc-IiHATI00 OKCHUII; y cTebIax KOHIICHTPAIlis
TEpIIEHOBHX CIIONYK Yy 2,9-3,6 pa3a OuIblla, HIK y JIMCTIX
i miomax — 468,46 MI/KT, JOMiHyBaJIN CKBaJIeH, HOHAKO3aH,
BiTHcHipaH, 3-(2,6,6-TpUMeTHILNKIOreKe- 1 -eHlT)mpor-2-
€HaJIb, TeKCaK03aH, 4-BIHU/I-2-METOKCH(EHOI, TeNTaK03aH,
n-MeHT- 1-en-8-01, TprKko3aH Ta 1-(1,1-aumeTmn-2,3-auriapo-
1-n-1HmeH-4-111)eTaHOH.

AHai3yro4n JeTKy (paKIIito 3 CHPOBHHU JIOXUHHU, BCTAHO-
BWJIM BMICT 14 OpraHiuHMX KHCIIOT, TalbMiTHHOBA KHCIIOTa
JIOMiHyBaJIa B yCIX BET€TaTHBHUX OpraHax JOXUHH BHCOKO-
pocioi. KpiM majgpMiTHHOBOT KHUCIOTH y cTeOIaX JIOXHHU
BHCOKOPOCIoi (20 MI/KT) BUSBIIIN MipHCTHHOBY, OJICTHOBY,
JITHOJICBY, JIAYPUHOBY Ta JIHOJCHOBY KUCIIOTH; JUIS JIUCTS
XapaKTepHi JIaypUHOBA, MipUCTHHOBA KUCIIOTH, TS ITIOMIB —
KalpuiioBa i KaripoHOBA KHCJIOTH.

BucHoBKkuM

1. Y pesynbrari QiTOXIMIYHUX JOCIIDKEHB yIIepIle BCTa-
HOBHJIM KOMIIOHEHTHHH CKJIaJ1 JICTKUX (DpaKIiiil TUcTs, cTeOes
1 IJTONTIB JIOXWHH BUCOKOPOCTOI (priopu YKpaiHu.

2. Inentn¢ikyBanu i BCTAHOBHJIM BMICT 65 pE4yOBHH,
3-TIOMIXK HUX 14 opraHiyHrX KHCIOT, 39 CIOMyK TePIICHOBOI
TIPUPOJIH.

3. CupoBHMHA JIOXHHH BHCOKOPOCIOi MEPCIIEKTHBHA Ta
Oy/Zic BUKOPHCTaHA JJIsi PO3POOJICHHS HOBHX JIIKAPCHKUX
hopm.

IlepcnexkTHBH MOJATBIINX A0CHiTKeHb. Pe3ynbraTtu mo-
CIi/PKeHh MOJKHA BUKOPHUCTATH IIiJl Yac CTaHAapTH3aIlil
CHPOBHHH Ta JIIKAPCHKUX 3ac00iB Ha T OCHOBI, BU3HAYCHHS
creru(iyHrX MapKepiB I XiMigHOI imeHTHiKarii, BCTa-
HOBJICHHSI KOPEJSIIHHUX 3aB’sI3KiB MK BMicToM BAP i
(hapMaKoIOTIYHOK aKTUBHICTIO.

®iHaHCyBaHHA

[ocnigpxeHHs BuKoHaHe B pamkax HOP HauioHansHoro
dhapmaLieBTUYHOrO yHiBepcuTeTy: «CydacHi Niaxoam [0 CTBOPEHHS
HOBWUX NikapCbkyx 3acobiB Ans KopekLii MeTaboniyHOro CUHAPOMY»,
Ne pepxpeectpauii 0120U102486.

KoHdpnikT iHTepeciB: BiACYTHIN.
Conflicts of interest: authors have no conflict of interest to declare.

BipomocrTi npo aBTopiB:

Ctpemoyxos O. O., acnipaHT kad. dapmakorHosii, HauioHanbHuii
thapmaLieBTUYHUIA YHIBEpCUTET, M. XapkiB, YkpaiHa.

ORCID ID: 0000-0003-0956-389X

Kowoswit O. M., a-p dbapm. Hayk, npocpecop, 3aB. kad. hapmakorHoaii,
HauioHanbHuii hapmaLeBTU4HUI yHiBEpCUTET, M. XapkiB, Ykpaia.
ORCID ID: 0000-0001-9545-8548

KomicapeHko M. A., acucTeHT kad. dhapmakorHosii, HavioHanbHui
thapmaLieBTUYHUIA YHIBEpCUTET, M. XapkiB, YkpaiHa.

ORCID ID: 0000-0002-1161-8151

Information about authors:

Stremoukhov O. O., PhD student of the Department of Pharmacognosy,
National University of Pharmacy, Kharkiv, Ukraine.

Koshovyi O. M., PhD, DSc, Professor, Head of the Department of
Pharmacognosy, National University of Pharmacy, Kharkiv, Ukraine.
Komisarenko M. A., Assistant of the Department of Pharmacognosy,
National University of Pharmacy, Kharkiv, Ukraine.

CBepneHus 06 aBTOpax:

CrtpemoyxoB O. O., acnupaHT Kad. hapmakorHo3um, HaumoHanbHbI
(hapmaLeBTUYECKUIN YHUBEPCUTET, . XapbkoB, YKpauHa.

Koweson O. H., a-p chapm. Hayk, npocbeccop, 3aB. kad. dhapmakorHosum,
HauwoHanbHbIn hapMaLeBTUYeCKUn YHUBEPCUTET, T. XapbkoB, YKpauHa.
KomuccapeHko H. A., acccTeHT kad. dhapmakorHosum, HaumoHanbHbIi
(hapmaLeBTUYECKUIN YHUBEPCUTET, . XapbkoB, YKpauHa.

Cnucok nitepatypu

[1] BblpawwmBaHue rony6uku ¢ opueHTaumei Ha akenopt // InVenture.
2019. URL : https://inventure.com.ua/investments/vyrashivanie-
golubiki

[2] AReview of the Fruit Volatiles Found in Blueberry and Other Vaccinium
Species / H. M. Sater, L. N. Bizzio, D. M. Tieman, P. D. Munoz. Journal
of Agricultural and Food Chemistry. 2020. Vol. 68, Iss. 21. P. 5777-
5786. https://doi.org/10.1021/acs.jafc.0c01445

[3] The Chemical and Biological Profiles of Leaves from Commercial
Blueberry Varieties / B. E. Stefanescu, L. F. Calinoiu, F. Ranga et
al. Plants. 2020. Vol] 9, Iss. 9. Article 1193. https://doi.org/10.3390/
plants9091193

[4] Bioactive Compounds and Antioxidant Capacity of Small Berries /
M. Zorzi, F. Gai, C. Medana et al. Foods. 2020. Vol. 9, Iss. 5. P. 623.
https://doi.org/10.3390/foods9050623

[5] TpoasiHcebkuin A. M. JlikapCbki poCAnHW. EHLMKNONEANYHUIA LOBIAHNK.
Knig. lonos. pea. YPE, 1991. 544 c.

[6] Fern K. Vaccinium uliginosum // Temperate Plants Database. 2020.
URL : http://temperate.theferns.info/plant/Vaccinium+uliginosum

[71 Mawkoeckuit M. [1. NlekapcTBeHHble cpeacTsa. M3g. 16-e, nepepab.,
uenp. n gon. Mockea : Hoeasi BonHa, 2012. 1216 c.

[8] Komnenanym 2014 — nekapctBeHHble npenapatsl / nog pea. B. H.
KosaneHko. Kuis. : MOPUOH, 2014. 2700 c.

[9] dapmaueBTUYHa eHUyKoneais / ronosa pea. paau B. 1. YepHux. 3-te
BUA., nepepodn. i gonosH. Kuis : MOPIOH, 2016. 1952 c.

[10] MinapyeHko B. M., Bytko A. FO. [locnimkeHHS BiTYN3HSHOMO PUHKY
niKapcbKknx 3acobiB pOCRMHHOMO MOXOMKeHHs. PapmayesmuyHuUll
xypHan. 2017. Ne 1. C. 30-36.

[11] Phytochemical and pharmacological study of the northern highbush
blueberry (Vaccinium corymbosum L.) leaves dry extract / A.
Stremoukhov, O. Koshovyi, G. Kravchenko et al. World Journal of
Pharmaceutical Research. 2021. Vol. 10, Iss. 4. P. 1-8.

[12] OepxaBHa ®apmakonest Ykpainu: B 3 T./ [Jepx. N-Bo «YKp. HayKOBWiA
hapmakonenHuin LIEHTP SKOCTi NikapCbkyx 3acobiBy. 2-e Bif,. XapKis :
[lepx. n-Bo «YKp. HayK. hapmMakoneiHnii LeHTp SKOCTi NikapCbKux
3acobiB», 2014. T. 1. 1128 c.

[13] Kowoswit O. M. ®eHonbHWiA cknag Oesikux NpeacTaBHUKIB nigpogy
Sclarea pogy Salvia. AkmyanbHi numaHHs hapmauesmuyHoi i me-
OuyHoi Hayku ma npakmuku. 2012. Ne 3. C. 11-14.

[14] W3onpeHomaHbIN COCTaB CNMPTOBOIO SKCTpakTa NUCcTbeB Eucalyptus
viminalis / O. H. Koweson, b. A. BuHorpagos, A. M. Koanesa, A. H.
KomuccapeHko. AkmyasnbHi numarHs ghapmayesmuyHoi i MeduyHoi
Hayku ma nipakmuku. 2011. Bun. 24, Ne 2. C. 23-25.

[15] Xpomato-mac-cnekTpoMeTpUYHE AOCTIDKEHHS HU3bKOMOMEKYNAPHUX
anichaTUyHUX, XKUPHUX Ta apoMaTUYHIX KUCIOT KopeHeBuLLa Veronica
teucrium L. / A. T1. Ocbmauko, A. M. Koanbosa, T. B. InbiHa, O. M.

192 AKTyarnbHi MMTaHHA (hapMaLeBTUHHOT | MEINYHOT Hayku Ta npakTiki. — 2021. — T. 14, Ne2(36)

ISSN 2306-8094


https://orcid.org/0000-0003-0956-389X
https://orcid.org/0000-0001-9545-8548
https://orcid.org/0000-0002-1161-8151
https://inventure.com.ua/investments/vyrashivanie-golubiki
https://inventure.com.ua/investments/vyrashivanie-golubiki
https://doi.org/10.1021/acs.jafc.0c01445
https://doi.org/10.3390/plants9091193
https://doi.org/10.3390/plants9091193
https://doi.org/10.3390/foods9050623
http://temperate.theferns.info/plant/Vaccinium+uliginosum

Research in biologically active substances of the volatile fraction from Highbush blueberry vegetative organs

[16]

(7]

Kowoswin. ScienceRise: Pharmaceutical Science. 2017. Ne 2. C. 22-
25. https://doi.org/10.15587/2519-4852.2017.99317

lNopiBHsANbHE hapmakorHoCTU4He Ta hapmakonoriyHe JOCHimKeH-
Hs nucta Salvia verticillata Ta Salvia officinalis ans BCTaHOBNEHHS
NepcnekTMBM CTBOPEHHS HOBOTO Mikapcbkoro 3acoby / M. M. Mura,
0. M. Kowosuit, O. B. lamyns Ta iH. AkmyanbHi numaHHs ghapmaue-
e8muyHoi i meduyHoi Hayku ma npakmuku. 2020. T. 13, Ne 1. C. 61-71.
https://doi.org/10.14739/2409-2932.2020.1.198136

The phytochemical and chemotaxonomic study of Salvia spp. growing
in Ukraine / O. Koshovyi, A. Raal, A. Kovaleva et al. Journal of Applied
Biology & Biotechnology. 2020. Vol. 8, Iss. 3. P. 29-36. https://doi.
org/10.7324/JABB.2020.80306

References

(1]

2]

3]

[4]

(5]

(6]
(7]
(8]

9]
[10]

(11

(2]

[13]

[14]

[15]

[16]

Vyrashchivanie golubiki s orientatsiei na eksport [Export-oriented
blueberry cultivation]. (2019, January 12). InVenture. https://inventure.
com.ua/investments/vyrashivanie-golubiki

Sater, H. M., Bizzio, L. N., Tieman, D. M., & Munoz, P. D. (2020). A
Review of the Fruit Volatiles Found in Blueberry and Other Vaccinium
Species. Journal of Agricultural and Food Chemistry, 68(21), 5777-
5786. https://doi.org/10.1021/acs.jafc.0c01445

Stefanescu, B. E., Calinoiu, L. F., Ranga, F., Fetea, F., Mocan, A.,
Vodnar, D. C., & Crisan, G. (2020). The Chemical and Biological
Profiles of Leaves from Commercial Blueberry Varieties. Plants-Basel,
9(9), Article 1193. https://doi.org/10.3390/plants9091193

Zorzi, M., Gai, F., Medana, C., Aigotti, R., Morello, S., & Peiretti, P. G.
(2020). Bioactive Compounds and Antioxidant Capacity of Small Ber-
ries. Foods, 9(5), 623. https://doi.org/10.3390/foods9050623
Hrodzinskyi, A. M. (1991). Likarski roslyny. Entsyklopedychnyi dovid-
nyk [Medicinal plants. Encyclopedic reference book]. Kyiv: Heads.
ed. URE. [ in Ukrainian].

Fern, K. (2020). Vaccinium uliginosum. Temperate Plants Database.
http://temperate.theferns.info/plant/Vaccinium+uliginosum
Mashkovskii, M. D. (2012). Lekarstvennyye sredstva [Medicines] (16th
ed.). Novaya Volna. [in Russian].

Kovalenko, V. N. (Ed.). (2014). Kompendium 2014 - lekarstvennye
preparaty [Compendium 2014 — medicines]. Kyiv: MORION. [in
Ukrainian].

Chernykh, V. P. (Ed.). (2016). Farmatsevtychna entsyklopediia [Phar-
maceutical encyclopedia]. Kyiv: MORION. [in Ukrainian].
Minarchenko, V. M., & Butko, A. Yu. (2017). Doslidzhennia
vitchyznianoho rynku likarskykh zasobiv roslynnoho pokhodzhennia
[Research of the domestic market of herbal medicines]. Farma-
tsevtychnyi zhurnal, (1), 30-36. [in Ukrainian].

Stremoukhov, A., Koshovyi, O., Kravchenko, G., Krasilnikova, O.,
Dimova, G., & Zhelev, I. (2021). Phytochemical and pharmacological
study of the northern highbush blueberry (Vaccinium corymbosum
L.) leaves dry extract. World Journal of Pharmaceutical Research,
10(4), 1-8.

State Enterprise Ukrainian Scientific Pharmacopoeial Center of
Medicines Quality (2014). Derzhavna Farmakopeya Ukrayiny [The
State Pharmacopoeia of Ukraine] (Vol. 1, 2nd ed.). Kharkiv: State
Enterprise Ukrainian Scientific Pharmacopoeial Center of Medicines
Quality. [in Ukrainian].

Koshovyi, O. M. (2012). Fenolnyi sklad deiakykh predstavnykiv pidro-
du Sclarea rodu Salvia [Phenolic composition of some members of
the subgenus Sclarea of the genus Salvia). Current Issues in Phar-
macy and Medicine: Science and Practice, (3), 11-14. [in Ukrainian].
Koshevoi, O. N., Vinogradov, B. A., Kovaleva, A. M., & Komissarenko,
A. N. (2011). Izoprenoidnyi sostav spirtovogo ekstrakta list'ev Euca-
lyptus viminalis [Isoprenoid composition of the alcoholic extract of
the leaves of Eucalyptus viminalis]. Current Issues in Pharmacy and
Medicine: Science and Practice, 24(2), 23-35. [in Russian].
Osmachko, A., Kovaleva, A., llyina T., Koshovyi, O., & Sidora, N.
(2017). Khromato-mas-spektrometrychne doslidzhennia nyzko-
molekuliarnykh alifatychnykh, zhyrnykh ta aromatychnykh kyslot
korenevyshcha Veronica teucrium L. [Chromatography-mass spec-
trometry study of low molecular aliphatic, fatty and aromatic acids
of Veronica teucrium L. rhizomes]. ScienceRise: Pharmaceutical
Science, (2), 22-25. [in Ukrainian]. https://doi.org/10.15587/2519-
4852.2017.99317

Myha, M. M., Koshovyi, O. M., Hamulia, O. V., Verkhovodova, Yu. V.,
Kireiev, . V., Komisarenko, A. M. (2020). Porivnialne farmakohnos-
tychne ta farmakolohichne doslidzhennia lystia Salvia verticillata ta
Salvia officinalis dlia vstanovlennia perspektyvy stvorennia novoho
likarskoho zasobu [Comparative pharmacognostic and pharmacologi-

(7]

cal study of Salvia verticillata and Salvia officinalis leaves to establish
the prospect of creating a new medicines]. Current Issues in Pharmacy
and Medicine: Science and Practice, 13(1), 61-71. [in Ukrainian].
https://doi.org/10.14739/2409-2932.2020.1.198136

Koshovyi, O., Raal, A., Kovaleva, A., Myha, M., llina, T., Borodina, N.,
& Komissarenko A. (2020). The phytochemical and chemotaxonomic
study of Salvia spp. growing in Ukraine. Journal of Applied Biology &
Biotechnology, 8(3), 29-36, https://doi.org/10.7324/JABB.2020.80306

ISSN 2306-8094

AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanYHOI Haykmn Ta npaktvku. — 2021. — T. 14, Ne2(36)

193


https://doi.org/10.15587/2519-4852.2017.99317
https://doi.org/10.14739/2409-2932.2020.1.198136
https://doi.org/10.7324/JABB.2020.80306
https://doi.org/10.7324/JABB.2020.80306
https://inventure.com.ua/investments/vyrashivanie-golubiki
https://inventure.com.ua/investments/vyrashivanie-golubiki
https://doi.org/10.1021/acs.jafc.0c01445
https://doi.org/10.3390/plants9091193
https://doi.org/10.3390/foods9050623
http://temperate.theferns.info/plant/Vaccinium+uliginosum
https://doi.org/10.15587/2519-4852.2017.99317
https://doi.org/10.15587/2519-4852.2017.99317
https://doi.org/10.14739/2409-2932.2020.1.198136
https://doi.org/10.7324/JABB.2020.80306

OpwriHanbHi gocnimxeHHs @ Original research

The study in cockscomb mineral composition

A. S. Deyneka®’BCP V. V. Protska®*ACPE | O, Zhuravel ““AEF O. A. Kyslychenko" B, V. Yu. Kuznietsova'*’F

National University of Pharmacy, Kharkiv, 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

Cockscomb (Celosia cristata (L.) Kuntze) is grown in Ukraine mostly as a decorative plant. According to literature, it contains phenalic,
terpenic, steroid, and nitrogen-containing compounds, showing a large range of biological activity.

The aim of the work was to study qualitative composition and determination of quantitative content of mineral elements in cockscomb
roots, stems, leaves, flowers, and seeds.

Materials and methods. The mineral composition of cockscomb raw material was studied by atomic absorption spectroscopy.

Results. In cockscomb roots, stems, leaves, flowers, and seeds 19 mineral elements were identified and determined. The bulk of mineral
elements was accumulated in cockscomb leaves —11580.54 + 289.51 ug/100 g. In all samples of the herb potassium dominated within
the limits of 1125.00 + 28.12 pg/100 g to 7000.00 + 175.00 pg/100 g. Prevailing microelements were iron in plant roots and seeds
(210.00 £ 5.25 pg/100 g and 81.00 + 2.02 ug/100 g respectively), aluminum in leaves and flowers (215.00 + 2.25 pg/100 g and
44.00 + 1.10 pyg/100 g respectively), zincin stems (5.70 + 0.14 pg/100 g). Besides, such microelements as zinc (53.00 + 1.33 ug/100 g)
and strontium (21.20 + 0.53 pg/100 g) were mostly accumulated in roots, manganese (27.00 + 0.68 ug/100 g) in leaves, copper
(2.00 £ 0.05 pg/100 g) in flowers. The content of heavy metals was within the limits stipulated in Ukrainian Pharmacopoeia.

Conclusions. The obtained results will be used in the standardization of cockscomb raw material and in the development of medicines
on the basis of this raw material.

Key words: cockscomb, Amaranthaceae, absorption spectrometry, minerals.
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JocnimxeHHa MiHepanbHOro cknapgy uenogsii rpebiHyacToi
A. C. deviHeka, B. B. Mpoupka, I. O. XKypasenb, O. A. Kucnuyenko, B. K. KysHeuosa

Llenosito rpebinvacty (Celosia cristata (L.) Kuntze) BupoLuytoTb B YkpaiHi 30e6inbLioro sik aekopaTuBHy pocnuHy. 3a fAaHumu axoBoi
nitepaTypu, BOHa MiCTUTb (heHOMbHI, TEPNEHOBI, CTEPOIAHI Ta HITPOrEHBMICHI CMIONYKW, Ma€e LUMPOKWIA CNEKTP BIoNOriYHOi akTUBHOCTI.

MeTta po6oTn — gocnimKkeHHs! SKICHOTO cknagy Ta BU3HAYEeHHs KiNbKiCHOTO BMICTY MiHEPanbHUX ENIEMEHTIB Y KOpPeHsIX, cTebnax, NucTi,
KBITKaX i HaCiHHi Llenosii rpebiHyacToi.

Matepianu Ta metoau. MiHepanbHWii cknag CUPOBMHY Lieno3ii rpebiHyacToi 4oCHimpKyBany METOAOM aTOMHO-abCcopOLIINHOT cCnekTpocKonii.

Pesynkratu. Y kopeHsix, ctebnax, nucTi, KBiTKax i HaciHHI Lenosii rpebiHvacToi iaeHTudikyBanu ta BusHaumnm Bmict 19 miHepanb-
HUX enemeHTiB. BctaHoBMNK, WO Hanbinblia KinbkiCTb MiHEpanbHUX eneMeHTIB Hakonuyyeanacs B NUCTI Lenosii rpebiHyacTtoi —
11580,54 + 289,51 mkr/100 r.Y BCix 3paskax CMPOBUHU EMEMEHT, LU0 JOMiHY€E, —Kanii, oro BMiCT cTaHoBwmB Big 1125,00 + 28,12 mkr/100 T
fo 7000,00 + 175 mkr/100 r. Cepen MikpoeneMeHTIB 3a BMICTOM Y KOPEHSIX | HaCiHHI L€l poCnnHK KinbKiCHO nepeBaxas hepym
(210,00 + 5,25wmkr/100rTa81,00 + 2,02 mkr/100 r BigNOBIAHO), y NCTI Ta kBiTKax — antoMmiHin (215,00 + 2,25wvkr/100rTa44,00 + 1,10
mkr/100 r BignoBigHo), y ctebnax — umnHk (5,70 £ 0,14 mkr/ 100 r). Kpim Toro, Taki mikpoenemeHTm, sk umHk (53,00 + 1,33 mkr/100 r)
i cTpoHuin (21,20 £ 0,53 mkr/100 r) MakcMManbHO HakonuMuyBanucs B kopeHsix, MaHraH (27,00 £ 0,68 mkr/100 r) — y nucTi, Kynpym
(2,00 + 0,05 mkr/100 r) —y kBiTKax. KOHLEHTpaLii Baxknx MeTaniB — y Mexax npunycTuMux 3a sumoramu JOVY.

BucHoBku. Pesynbratu focnimkeHHs 6yayTb BUKOPUCTaHI Nif Yac CTaHaapTuaaLii cupoBuHM Lienoasii rpebiHyacToi Ta BnpogoBXK po3po-
OreHHs NikapCbKUX POCIIMHHUX 3aC06IB HA OCHOBI LiET CPOBUHM.

Kntoyogi croBa: uenosia rpebiHyacta, amapaHToBi, abcopbLiiHa CnekTpoMETpIsi, MiHepany.
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The study in cockscomb mineral composition

WUccnepoBaHne MMHepanbHOro cocTaBa Liesio3vm rpebeHvaTon
A. C. fleiHeka, B. B. Mpoukas, W. A. XKypasensb, A. A. Knucnnvetko, B. 0. KysHeuosa

Lenosutio rpebenyartyto (Celosia cristata (L.) Kuntze) BbipawuBatot B YkpauHe NpeyMyLLECTBEHHO KaK AekopaTuBHOe pacteHue. o
[JaHHBIM Hay4YHOW NMTepaTypbl, OHa COAEPXUT (DEHOSbHbIE, TEPNEHOBbIE, CTEPOMUAHBIE U a30TCOAEPXKALLME COEANHEHUS, NPOSBNSET
LUMPOKWIA CNeKTp G1ONOr1yecko aKTUBHOCTH.

Llenb paboTkl — UccregoBaHne KayecTBEHHOrO COCTaBa W OnpeaeneHne KOnMYecTBEHHOTO COAEPKaHNs MUHEPATIbHBIX 3NIEMEHTOB B
KOPHSIX, CTEBNSAX, NMUCTbAX, LIBETKAX U CeMeHax Lienoaum rpebeH4aTon.

Matepuans! n metogbl. MuHeparnbHbI COCTaB Chipbsi LIEN03un rpebeHyaTon uccnenoBany MeTogoM atoMHo-abcopOLMOHHON cnek-
TpocKonuu.

Pesynirathl. B KOpHsX, cTebnsx, NMCTbsX, LBETKax U CeMeHax Leno3uu rpebeHyaTton naeHTuguLmpoBanu 1 onpeaenunm coaepxa-
Hue 19 MuHeparbHbIX 9NEMEHTOB. YCTaHOBINEHO, YTO Hanbonbllee KONMYeCTBO MUHEPaNbHbIX 3IEMEHTOB HakanInBanoch B JIMCTbAX
uenosuu rpebenyaton —11580,54 + 289,51 mkr/100 r. Bo Bcex obpasuax Cbipbsi JOMUHVUPYIOLLMIA ANIEMEHT — Karnui, ero cogepxaqme
coctaensno ot 1125,00 + 28,12 oo 7000,00 + 175,00 mkr/100 r. Cpean MUKPOINEMEHTOB MO COAEPXKAHUIO B KOPHSIX 1 CEMEHaX 3TOro
pacTteHusi npeobnagano xeneso (210,00 + 5,25 mkr/100rn 81,00 + 2,02 mkr/100 r COOTBETCTBEHHO), B NIUCTbLSX M LIBETKAX — arntoMUHUIA
(215,00 £ 2,25 mkr/100 r 1 44,00 = 1,10 mkr/100 r cOOTBETCTBEHHO), B cTebnax — uuHk (5,70 + 0,14 mkr/100 r). Kpome Toro, Takue
MUKpO3nemMeHTbl, kak uyHk (53,00 + 1,33 mkr/100 r) n ctpoHumi (21,20 + 0,53 mkr/100 r) B MakcumarbHOM KONMYECTBE COAepXanichb
B KOpHSIX, MapraHel, (27,00 + 0,68 mkr/100 r) — B nucTbsAx, medb (2,00 + 0,05 mkr/100 1) — B uBeTkax. CogepxaHue TSHKeNbIX MeTan-
NOB — B MpeAenax AonyCTUMbIX KOHLEHTpaLwii no TpeboBaHmsm FoY.

BbiBoapbl. PeSyJ'IbTaTbI ncenegosaHna 6y£lyT ncnonb3oBaHbl NpU CTaHgapTM3aunn Cbipbsa LIENT03UN rpe6quaT0|7| 1 B Xoae paspa60TKV|

JleKapCTBEHHbIX pacTUTENbHbIX CPEACTB HA OCHOBE 3TOrO CbipbA.

KntouyeBble cnoga: Lenosus rpe6quaTa;|, amMapaHToBbI€, a6COp6L|,VIOHHaF| CMNEKTPOMETPUA, MUHEPATbI.

AxTyanbHble Bonpochl (hapMaLeBTM4ECKON N MeAULMHCKON Hayku u npakTuku. 2021. T. 14, Ne 2(36). C. 194-199

Mineral elements are important in the provision of a human
organism’s normal function. Such mineral elements as sodium
and potassium are present in interstitial liquors, they support
homeostasis, normalize arterial pressure. Abnormally low po-
tassium concentration in blood plasma leads to hypokalemia
and osteoporosis, increases risks of a stroke [1-3]. Sodium
deficit causes hyponatremia which may lead to renal and
cardiac disease, provokes cerebral edema with correspon-
ding neurological consequences [1]. Calcium participates in
nerve impulse transmissions, it is a structural component of
conjunctive tissue and ensures bone strength [1,3]. Copper,
iron, manganese, selenium, and zinc are hormone and enzyme
cofactors, participating in numerous biochemical reactions
in organism [3,4].

Copper controls free radical reactions and lipid perox-
idation processes. Copper deficit affects the antioxidant
system which leads to an increase of active oxygen forms
level, damage of lipids, proteins, and DNA, provokes liver
fatty degeneration, and favors high cholesterol concentra-
tion in blood plasma [1,2]. Cobalt and iodine participate
in red blood cell formation [4]. Iron as a component of
hemoglobin and cytochromes supports cell respiration [3].
Molybdenum activates antioxidant enzymes [4]. Copper,
selenium, and zinc control humoral immunity and increase
organism resistivity [4]. lodine deficit leads to goiter,
irreversible mental deficiency, reproductive insufficiency
[1,5]. As the human organism is unable to produce mineral
elements, they must be introduced with food or replenished
by taking medicines [1,4].

On a par with this, in the evaluation of medicinal herbs
equally important is the content of heavy metals. Such
elements as lead, cobalt, mercury, arsenic, cadmium, etc.,
may accumulate in body tissues, and their excess leads

to intoxication with severe consequences. Under chronic
intoxication with mercury compounds, we witness mental
disorders, encephalopathy, vision and hearing disorders,
tremor, tachycardia, nephrosis, and gastroenteritis [3,6,7].
Cadmium excess in organisms leads to osteoporosis, anemia,
hypertension, nephropathy, cardiopathy, liver lesions. Toxic
lead doses hinder hemopoiesis processes, cause anemia,
nephropathy, encephalopathy [3,6,7]. Arsenic compounds
affect the nervous system, hemolyzed red cells, and cause
severe forms of cardiac, renal, and hepatic insufficiency
[6,7]. Besides, cadmium and lead ions displace calcium,
iron, copper, zinc, and magnesium ions from biological
structures, such as hemoglobin and enzymes, thus destroy-
ing hemopoiesis, affecting nervous, cardiovascular, and
locomotor systems [8].

Therefore, the content of heavy metals in medici-
nal herbs and in food products is strictly limited by
the Ukrainian Food Product Safety and Quality Basic
Principles and Requirements Act, Order of Ukrainian
Ministry of Health on State Sanitary Norms and Reg-
ulations “Medical Requirements to Quality and Safety
of Food Products and Food Raw Materials” No 1140 of
09.01.2013 and General Article 2.4.27 “Heavy Metals
in Medicinal Herbs and Plant-based Medicines” of
Ukrainian Pharmacopoeia 2.0.1 [9,10].

Genus Celosia (Celosia cristata L.) belongs to the Ama-
ranthaceae family (Admaranthaceae L.) and includes about
60 species which are popular at all continents for landscape
decoration, whereas in West Africa, North America, China,
Indonesia, India they are cultivated as food plants [1,11,12].
Their name means “fiery, lurid” and corresponds to the pe-
culiar shape and bright coloring of inflorescences [13,14].
Cockscomb (Celosia cristata (L.) Kuntze) some authors treat
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as a subspecies of quail grass [11,15], whereas others rank it
as a separate species [1,12,13].

In South East Asia flowers of this plant serve as medicines
from hypertension, dysentery, coughing, conjunctivitis, blood
diseases, oral cavity infections, menstrual pains, menosta-
sia, intestinal, pulmonary and hemorrhoid bleedings [11].
Many researchers specify that celosias display anti-diabetes,
anti-inflammatory, anti-oxidant, anti-microbial, anti-sun,
anti-diarrhea, anti-helminthic, liver protecting effect as well
as stimulate immunity [12,16].

As follows from the literature, overground parts of cocks-
comb contain mainly steroid and phenolic compounds,
including flavonoids cochliophylin and cristatein [13,14].
Its leaves accumulate glycoproteins at the time of blossom-
ing. From cockscomb inflorescences nitrogen-containing
pigments betacyanin and betaxanthin (celosianin I and celo-
sianin II) were extracted [12,13,17]. Flowers are also known
to contain carbohydrates, amino acids and phenolic com-
pounds [13,14]. From cockscomb seeds saponins cristatain,
celosine A, celosine B, celosine C and celosine D, as well as
semenoside A, glycoproteins, B-sitosterol and stigmasterol
were extracted [12,17]. Also its seeds contain kaempferol
and quercetin [13]. Researchers from India, China, South
Africa studied mineral composition of cockscomb and related
species [1,12,18].

In cockscomb flowers from India, six mineral elements
were identified. According to this study, in cockscomb flowers
potassium content (520.40 + 1.12 mg/100 g) was almost four
times higher than that of calcium (128.68 + 1.53 mg/100 g)
and 6.8 times higher than that of magnesium (76.40 +
0.52 mg/100 g). The content of sodium, zinc, and iron never
exceeded 10 mg/100 g [12]. The study in mineral compo-
sition of quail grass leaves, stems, and flowers from India
ascertained potassium (30.55-37.66 mg/g) and sodium
(0.52—1.06 mg/g) content in those parts of the herb to be very
close. Magnesium content (67.18 mg/g) was twice higher in
leaves than in stems and flowers. Calcium content was almost
identical in quail grass leaves and stems (79.70-86.60 mg/kg)
and 5 times lower in flowers, whereas all samples of this
raw material contained less than 0.52 mg/kg iron, zinc, and
copper [19].

African samples of quail grass and wheat celosia showed as
much as 178-242 mg/100 g calcium in leaves. Nevertheless,
data on other elements substantially differ. Thus, leaves of
wheat celosia contained 659 mg/100 g potassium, whereas
those of quail grass contained 5 times less. Magnesium
(463 mg/100 g) and phosphorus (102 mg/100 g) grossly pre-
vailed in wheat celosia leaves. Quail grass leaves contained
sodium (71.32 mg/100 g) and iron (15.25 mg/100 g) almost
three times more than those of wheat celosia. Content of
copper, zinc, and manganese in these plants never exceeded 8
mg/100 g [1]. Other Indian authors determined the content of
macro- and microelements in quail grass herb before, during,
and after blossoming. Potassium prevailed in all samples with-
in the range of 5995 to 10340 mg/100 g. Calcium was concen-
trated in those samples within the limits 1365-1540 mg/100 g.
The content of magnesium (755-765 mg/100 g) and phos-

phorus (645-845 mg/100 g) was almost identical. It should
be noted that potassium, calcium, phosphorus, and copper
(1.70 mg/100 g) mostly accumulated in quail grass herb
before blossoming, the maximum content of magnesium,
zinc (12.30 mg/100 g) and iron (21.30 mg/100 g) was during
blossoming, sodium (65.00 mg/100 g), and manganese
(7.65 mg/100 g) mostly accumulated after blossoming [18].
The chemical composition of plant bioactive substances is
known to differ depending on the climatic conditions and
vegetation area. Therefore, it is necessary to study the mineral
composition of cockscomb grown in Ukraine.

Aim
The aim of the work was to study qualitative composition and

determination of quantitative content of mineral elements in
cockscomb roots, stems, leaves, flowers, and seeds.

Materials and methods

We used air-dried milled roots, stems, leaves, flowers, and
seeds of cockscomb collected in the Kharkiv Region, Ukraine
in 2019-2020 for the mineral composition study. Mineral
composition of cockscomb raw material was studied by
atomic absorption spectroscopy according to the method de-
scribed in general article 2.0.1 “Atomic absorption spectros-
copy” of Ukrainian Pharmacopoeia [20]. The research was
performed on the basis on A. B. Blank Analytical Chemistry
Department, Institute of Monocrystals, National Academy of
Sciences of Ukraine, under the guidance of Junior Scientist
Olena Hryshyna.

Charred at muffle furnace and treated with dilute sulfuric
acid a sample of raw material (about 2 g) was evaporated
from graphite electrodes at intermittent current intensity. Arc
discharge of this current was 16 A, the exposition was 60 sec
[20]. Spectra were generated at IBC-28 unit at pressure 0.04
MPa and flame temperature 2250 °C [20]. Spectra were regi-
stered at DFS-8 spectrograph with grating 600 grooves/mm
and a three-lens slit lighting system. The intensity of obtained
spectra was measured with MF-1 microphotometer with firing
phase 60 °C, spectrograph slit width being 0.015 mm. The
firing impulse frequency was 100 discharges per second at
spectrum range 230 nm to 347 nm [20].

Copper was dissolved in nitric acid, whereas all other
elements were analyzed using chemically pure reagents and
double-purified water. For all elements line and background,
blackening differences were calculated (S = Sl+bg - Sbg)
for sample (S ) and graduating standard (S ) spectra. On
the basis of these results, we have built a graduation plot in
coordinates: average background (S) and background (S )
blackening average value — logarithm of element content in
graduation standard (Ig C), where C is expressed as a percent
of basis [20].

The content of mineral elements in ashes (a, %) was found
from the plot. Element content in raw material (X, %) was
calculated by the formula:
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Table 1. Qualitative composition and quantitative content of mineral elements in cockscomb raw material

Content of macro- and microelements in cockscomb raw material as absolutely dry raw material, pg/100 g
N [ S S - S S

Macroelements

Silicon 1485.00 + 37.12 270.00 = 6.75 11.00 + 0.28 175.00 + 4.38 540.00 + 13.50
Phosphorus 32.00 + 0.80 24500 + 6.12 57.00 + 1.42 115.00 + 2.88 110.00 * 2.75
Magnesium 635.00 + 15.88 1080.00 + 27.00 265.00 + 6.62 265.00 + 6.62 135.00 + 3.38
Calcium 1485.00 + 37.12 2430.00 £ 60.75 920.00 + 23.00 530.00 + 13.25 160.00 + 4.00
Sodium 425.00 £ 10.63 190.00 + 4.75 210.00 + 5.25 44.00 = 1.10 40.00 + 1.00
Potassium 5935.00 + 148.38 | 7000.00 + 175.00 |3100.00 + 77.50 2640.00 + 66.00 1125.00 + 28.12

Total macroelements

9997.00 + 249.93

11215.00 + 280.38

4563.00 + 114.08

3769.00 + 94.22

2110.00 + 52.75

Microelements

Iron 210.00 + 5.25 75.00 + 1.88 460 + 0.12 22.00 + 0.55 81.00 + 2.02
Aluminum 210.00 £ 5.25 215.00 £+ 5.38 1.00 + 0.03 44.00 £ 1.10 54.00 £ 1.35
Manganese 21.20 £ 0.53 27.00 £ 0.68 1.10 £ 0.03 4.00 £ 0.10 13.50 £ 0.34
Nickel 0.21 £ 0.01 0.13 £ 0.01 <0.03 0.07 + 0.01 0.54 + 0.01
Molybdenum 0.21 = 0.01 0.21 = 0.01 0.11 £ 0.01 0.13 + 0.01 0.09 + 0.01
Copper 0.70 + 0.02 1.00 + 0.03 0.52 + 0.01 2.00 + 0.05 0.78 + 0.02
Zinc 53.00 + 1.33 27.00 £ 0.67 570 £ 0.14 8.80 + 0.22 12.60 = 0.32
Strontium 21.20 £ 0.53 20.20 £ 0.51 2.50 + 0.06 1.60 £ 0.04 0.22 + 0.01
Total microelements 516.52 £ 12.91 365.54 + 9.14 15.53 = 0.39 82.60 + 2.07 162.73 + 4.07

Grand total mineral elements

10513.52 + 262.84

11580.54 + 289.51

4578.53 + 114.46

3851.60 + 96.29

2272.73 + 56.82

Content of toxic elements

Lead <0.03 <0.03 <0.03 <0.03 <0.03

Cobalt <0.03 <0.03 <0.03 <0.03 <0.03

Cadmium <0.01 <0.01 <0.01 <0.01 <0.01

Arsenic <0.01 <0.01 <0.01 <0.01 <0.01

Mercury <0.01 <0.01 <0.01 <0.01 <0.01
axm Discussion

X = -,

where m, — ash mass, g;
m — raw material (dry) mass, g;
a —element content in ash, % [20].

Results

According to the results of the mineral composition study in
all samples of cockscomb raw material, we identified and de-
termined 6 macroelements (silicon, phosphorus, magnesium,
calcium, sodium, and potassium), 8 microelements (iron,
aluminum, manganese, nickel, molybdenum, copper, zinc,
and strontium) and 5 heavy metals (lead, cobalt, cadmium,
arsenic, and mercury).

Qualitative composition and quantitative content of mineral
elements in cockscomb raw material presented in Table 1.

In the course of the research, we established that the bulk
of mineral elements was accumulated in cockscomb leaves
and roots that were 11580.54 + 289.51 pg/100 g and
10513.52 + 262.84 pg/100 g respectively. The total content of
mineral elements in the stems (4578.53 + 114.46 ng/100 g) of
tested plant was almost 2.5 times lower than that in its leaves.
Flowers (3851.60 £ 96.29 ng/100 g) of cockscomb contained
1.7 times more mineral elements than its seeds (2272.73 +
56.82 ug/100 g). Total mineral content increased from seeds,
flowers, and stems up to roots and leaves. Microelements in
cockscomb roots, leaves, stems, and flowers possess only 1 %
to 5 % of total mineral content, and only in seeds, it reached
asmuchas 7 %.

Quantitative content of identified mineral elements gradual-
ly decreased in successionK > Ca > Mg > Si > P > Al
>Na > Fe > Zn > Mn > Sr > Cu > Mo > Ni.
A similar situation was observed in stems, roots, and seeds.
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Nevertheless, in stems sodium prevailed over phosphorus and
silicon, zinc over iron. In seeds and roots potassium, silicon,
calcium, and magnesium dominated. In seeds phosphorus
prevailed over aluminum, sodium, and zinc, whereas in roots
it was vice versa. Besides, seeds contained much more nickel
than copper and strontium. This distribution can be explained
by the physiological feature of the plant. They can capability
to accumulate individual macro-and micronutrients in certain
organs and tissues.

The highest content of macroelements was in cockscomb
leaves that was 11215.00 + 280.38 pg/100 g, that of mi-
croelements was in its roots (516.52 + 12.91 ug/100 g). At
the same time, the leaves of the tested plant contained total mi-
croelements almost 1,5 times less (365.54 + 9.14 pug/100 g)
than its roots.

Potassium was proved to prevail among macroelements
in all tested samples of cockscomb herb, within the limits
from 1125.00 £ 28.12 pg/100 g in cockscomb seeds to
7000.00 + 175.00 pg/100 g in its leaves. The highest
amount of silicon (1485.00 £+ 37.12 pg/100 g) and sodium
(425.00 £ 10.63 pug/100 g) was accumulated in cockscomb
roots, that of phosphorus (245.00 + 6.12 pg/100 g), mag-
nesium (1080.00 + 27.00 pg/100 g), calcium (2430.00 +
60.75 ng/100 g) was accumulated in its leaves.

Dominating microelements in cockscomb roots were
iron and aluminum in almost identical amounts that was
210.00 £ 5.25 pg/100 g. Aluminum prevailed in leaves
and flowers, iron prevailed in seeds. Aluminum contented
in cockscomb leaves (215.00 £ 5.38 pug/100 g) was almost
5 times higher than in flowers (44.00 + 1.10 pg/100 g).
Cockscomb seeds contained 2.6 times less iron than their
roots that was only 81.00 + 2.02 nug/100 g.

The prevailing microelement in cockscomb stems was
zinc to the amount of 5.70 + 0.14 pg/100 g. Iron content
in this part of the herb was somehow less that is 4.60 +
0.12 pg/100 g. At the same time, the results of our expe-
riment showed zinc accumulation most in roots (53.00 £
1.33 pg/100 g). Identically high molybdenum con-
tent was found in cockscomb roots and leaves that is
0.21 = 0.01 pg/100 g. Manganese content prevailed in leaves
(27.00 £ 0.68 nug/100 g), copper content prevailed in flowers
(2.00 £ 0.05 png/100 g) and that of nickel prevailed in seeds
of this plant (0.54 = 001 pg/100 g).

The content of heavy metals in all tested samples of
cockscomb raw material met the requirements of Ukrainian
Pharmacopoeia never exceeding acceptable limits for me-
dicinal raw material.

Conclusions

1. According to this research in roots, leaves, stems, flowers,
and seeds of cockscomb were identified and quantitatively
determined 6 macroelements, 8 microelements, and 5 heavy
metals by atomic absorption spectroscopy.

2. The high content of mineral elements was found in the roots
and leaves of the tested plant —10513.52 + 262.84 ug/100 g
and 11580.54 + 289.51 pg/100 g respectively. In all raw

material samples potassium, calcium, and magnesium
prevailed which were mostly accumulated in cockscomb
leaves thatis 7000.00 = 175.00 ug/100 g,2430.00 £ 60.75
pg/100 g, and 1080.00 £ 27.00 ug/100 g respectively.
Among microelements iron dominated in roots and seeds
(210.00 = 5.25 ug/100 g and 81.00 + 2.02 pg/100 g re-
spectively), aluminum in leaves and flowers (215.00 + 2.25
pg/100 g and 44.00 + 1.10 pg/100 g respectively). Zinc
was a prevailing element in cockscomb stems (5.70 =+
0.14 nug/100 g). The obtained results correlate with data from
the literature.

3. The content of heavy metals in cockscomb raw material
met the requirements of Ukrainian Pharmacopoeia.

Prospects for further research. The obtained results will
be used in the standardization of cockscomb raw material
and in the development of medicines on the basis of this
raw material.
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MopiBHANBbHA XapakTepucTUKa HaCTOMOK Nnoais
AeAKUX NpencTaBHUKIB POAUHU CenepoBux

B. M. OauHuosa'2*&F, B. I. KopHiescbka'2#, M. M. Maneubkunii'28, 10. |. KopHieBcbkuin=/P:C

3anopisbkuii fepkaBHWUA MEANYHUI YHIBEPCUTET, YKpaiHa

A — KOHUenNUis Ta An3aitH gocnipkeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis fgaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepaKEHHSA CTaTTi

Poauna Apiaceae Hapaxosye 474 pogis i 3992—-4050 BuaiB, sKi NOLUMPEHi Ha BCi 3eMHil Kyni. 3 yCbOro pisHOMaHITTSA BUAIB Hally yBary
np1BepHyna cUpoBMHA aHicy 3BuyaiHoro Anisum vulgare Gaertrn., dpeHxento 3suyaHoro Foeniculum vulgare Mill., wo mMicTUTb noxiaHi
deHinnponaxy, kopiaHapy nocisHoro Coriandrum sativum L., kpony ropoaHboro Anethum graveolens L., kmuHy 3BuyaitHoro Carum carvil.,
sika Barata Ha noxigHi MOHOTEpNEHOIAIB.

Lli pocnmHM LWMPOKO 3aCTOCOBYHOTb y MEAMYHIN NPAKTWLi SK NPOTUMIKPOGHI, CnasMoniTWYHI, BifxapKyBarbHi, MNOTEH3VBHI, CEYOTiHHi,
XOBYOTIHHI, BITPOTiHHI 3acobu. Takwii CnexkTp Aii 3yMOBMEHUI HASBHICTIO B CUPOBWHI POCAWH Pi3HKX rpyn BioNoriYHO akTUBHUX PEYOBUH.

MeTta po6GoTtu — 3a 4ONOMOroH ra3oBoi xpomartorpadii BU3HAYMTU KOMMOHEHTHUIA CKnad HacTonok nnogis Anisum vulgare Gaertrn.,
Foeniculum vulgare Mill., Coriandrum sativum L., Anethum graveolens L. Ta Carum carvi L.

Marepianu Ta meToau. HacTonku BUroToBreHi y cniBBigHoLeHHi (1:5) (ekcTpareHT —70 % eTunoBuii civnpT) 3 aHicy, heHxento, KopiaHapy,
Kpony Ta KMVHY MOAIB, 3aroTOBMEHNX Ha AOCNIAHOMY Noni 3anopi3bkoro AepKaBHOro MEANYHOTO yHiBepcuTeTy B ceprHi 2019 p. AkicHe
Ta KinbKiCHe BU3HAYeHHs [iloumnx CrnonyK 34iicHUNM 3a 4ONOMOroto ra3oBoro xpomarorpada Agilent 7890B i3 mac-cnekTpoMeTpuyHUM
netektopom 5977B. [Ans ineHTudikaLii koMNoHeHTiB BUKopucToByBanu Gibnioteky mac-cnektpis NIST14.

Pesynisratu. 3a 0ONOMOrol0 XpoMaTo-mMac-CnekTpoOMETpii 3’'AcyBanu, Lo HacTovku 3 nnodis Anisum vulgare Gaertrn., Foeniculum
vulgare Mill., Coriandrum sativum L., Anethum graveolens L. Ta Carum carvi L. Bigpi3HAtOTbCA 3a SIKICHUM i KiNbKiCHUM CKnagoM Kommno-
HeHTiB. HacTonkwn 3 Anethum fructus micTaTb 28 KOMMNOHEHTIB, 3-MOMiX HUX nepesaxatoTb 8.028 RT (-)-Carvone - 52,63 %, 4.861 RT
D-Limonene — 17,74 %; Coriandrum fructus mictaTb 37 KOMNOHEHTIB, HaNbiNbLIMIA BMiCT MatoTb 11.016 RT Benzene, 1-(1,5-dimethyl-
4-hexenyl)-4-methyl —20,7 %, 19.372 RT 1-(4-Hydroxy-3-methoxyphenyl)dec-4-en-3-one — 8,57 %; Carum carvi L. micTATb 33 KOM-
NOHeHTK, nepeBaxatoTb 7.988 RT Benzaldehyde, 4-(1-methylethyl) — 47,37 %, 19,311 RT HeBu3HayeHa crnonyka — 5,88 %; Anisum
fructus — 22 komnoHeHTH, HanbinbLmin BMiCT MatoTb 8.531 RT Estragole — 60,32 %, 4.852 RT D-Limonene - 5,15 %; Foeniculum
fructus mictaTb 52 kOMNOHEHTH, NepeBaxatoTb 5.745 RT Fenchone — 15,39 %; 8.5 RT Anethole — 11,37 %.

BucHoBku. Pesynbratv gocnigxeHHs MeTogoM ra3oBoi xpomarorpadii nnozis npeacTaBHUKIB poanHu Apiaceae CyTTEBO PO3LUMPIOIOTb
BiAOMOCTI MPO XiMiYHUI CKNaj CUPOBUHU, BKa3YHOTb Ha NEPCNEKTUBHICTb BUKOPUCTaHHS y papMaLleBTUYHIN | MeanyHin npakTuui. ig yac
aHanisy pesynbraTiB ra3oBoi Xxpomatorpadii 3’scyBanu, Lo HaCTONKY 3 NNoAiB poanHU Apiaceae BifpisHAOTLCS 3a AKICHUM i KiNbKiCHUM
CKnafoM KOMMoHeHTiB. HacTolku 3 Foeniculum fructus mictate 52 komnoHeHTw, Coriandrum fructus — 37, Carum carvil. — 33, Anethum
fructus — 28, Anisum fructus — 22 KOMNOHeHTW. EkcnepuMeHTarnbHi AaHi, Siki oaep)xanu nig vyac AOoCnigKeHHs, MOXHa BUKOpUCTaTH Anst
CTBOPEHHS HOPMATVBHO AOKYMEHTALlii Ha NEBHUI BUZ NiKapCbKOi POCITMHHOT CPOBUHM.

Knwo4ogi cnoea: Apiaceae, HaCTOWKM 3 NNOAiB, XpOMaTO-Mac-CreKTPOCKONisi, KOMNOHEHTHUI CKNaZ, KifIbKiICHUIA BMICT.
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Comparative characteristics of fruit tinctures of some representatives of the family
V. M. Odyntsova, V. H. Korniievska, M. M. Maletskyi, Yu. |. Korniievskyi

The family Apiaceae includes 474 genera and 3992-4050 species that are distributed around the globe. Of all the variety of species,
our attention was drawn to the raw material of anise — Anisum vulgare Gaertrn.; fennel — Foeniculum vulgare Mill., which contains
derivatives of phenylpropane; coriander — Coriandrum sativum L.; dill — Anethum graveolens L.; caraway — Carum carvi L., which is
rich in monoterpenoid derivatives.

These plants are widely used in medical practice and known to have antimicrobial, antispasmodic, expectorant, antihypertensive, diuretic,
choleretic, carminative effects. This versatility is due to the presence of different groups of biologically active substances in the raw
materials of plants.
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Comparative characteristics of fruit tinctures of some representatives of the family Apiaceae

The aim of the research is to determine, by means of gas chromatography, a component composition of fruit tinctures of Anisum vulgare
Gaertrn., Foeniculum vulgare Mill., Coriandrum sativum L., Anethum graveolens L. and Carum carvi L.

Materials and methods. Tinctures were prepared in ratio 1:5 (extractant — 70 % ethyl alcohol) from anise, fennel, coriander, dill, and
caraway fruits, which had been harvested in the experimental field of Zaporizhzhia State Medical University in August 2019. Qualitative
and quantitative determination of the active compounds was performed using an Agilent 7890B gas chromatograph with a 5977B mass
spectrometric detector. The NIST14 mass spectrum library was used to identify the components.

Results. It has been revealed that the tinctures of Anisum vulgare Gaertrn., Foeniculum vulgare Mill., Coriandrum sativum L. Anethum
graveolens L., and Carum carvi L. differ in qualitative and quantitative composition of components of chromato-mass spectrometry. Tinctures
of Anethum fructus contain 28 components, among which 8.028 RT (-)-Carvone (52.63 %) and 4.861 RT D-Limonene (17.74 %) prevail.
Tinctures of Coriandrum fructus contain 37 components with the highest content of 11,016 RT Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-
methyl (20.7 %) and 19.372 RT 1-(4-hydroxy-3-methoxyphenyl)dec-4-en-3-one (8.57 %). In the tincture of Carum carvi L., which contains
33 components, the following may be considered predominant: 7.988 RT Benzaldehyde, 4-(1-methylethyl) (47.37 %) and 19,311 RT
undetermined compound (5.88 %). The tincture of Anisum fructus has 22 components, with the highest content of 8.531 RT Estragole
(60.32 %) and 4.852 RT D-Limonene (5.15 %); Foeniculum fructus tincture contains 52 components, among which 5.745 RT Fenchone
(15.39 %) and 8.5 RT Anethole (11.37 %) prevail.

Conclusions. The results of gas chromatography of fruits of the Apiaceae family significantly expand the information about the chemical
composition of raw materials and indicate the prospects for use in pharmaceutical and medical practice. Analyzing the results of gas
chromatography, it has been found that tinctures of fruits of the Apiaceae family differ in qualitative and quantitative composition of
components. Tinctures of Foeniculum fructus contain 52 components, Coriandrum fructus — 37 components, Carum carvi L. contain
33 components, Anethum fructus — 28 components, Anisum fructus — 22 components. The obtained experimental data can be used to
create regulatory documentation for a particular type of medicinal plant raw materials.

Key words: Apiaceae, tincture, chromato-mass spectroscopy, component composition, quantitative content.
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CpaBHUTeNbHasA XapaKkTepuCTUKA HACTOEK NNOAOB HEKOTOPbIX NpeAcTaBuTeNen ceMencTBa cenbaepeHbix
B. H. OguHuosa, B. I. KopHuesckas, H. H. Maneukui, 0. W. KopHueBckuii

CeMmelicTBO Apiaceae HacuMTbIBAaeT HacunTbiBaeT 474 popa n 3992-4050 BuOOB, KOTOpbIE pacnpoCTPaHEHbI N0 BCEMY 3€MHO-
My Lwapy. M3 Bcero MHoroobpasusi BULOB Halle BHUMaHue MPUBMEKNO Cbipbe aHuca obblikHOBEeHHOro Anisum vulgare Gaertrn.,
deHxenst obbikHOBEHHOTO Foeniculum vulgare Mill., koTopoe CoOLepXUT NPou3BOAHbIE (heHUNNponaHa, kopuaHapa noceBHOro
Coriandrum sativum L., ykpona oropogHoro Anethum graveolens L., TMuHa o6bikHoBeHHoro Carum carvi L., 6oratoe npov3BoaHbIMU
MOHOTEPMNEHONIOB.

31 PaCTEHWS LUMPOKO NPUMEHSIOT B MEAULIMHCKON NPaKTUKE Kak ﬂpOTMBOMMKpOGHbIe, cnasMmonuTnyeckne, otTxapkmearLline, runoTeH-
31IBHbIE, MOYErOHHbIe, XEMNMYEroHHble, crnabutensbHble cpeacTea. Takoe pa3HOCTOPOHHEE AENCTBUE O6yCI'IOBI'IeHO Hann4mnem B Cbipbe
paCTeHMIZ pasnn4HbIX rpynn GMONOrM4Yeckn aKTUBHbIX BELLECTB.

Llenb pa6oTkl — C NOMOLLbIO ra30Boii XpomaTorpacun onpeaenuTs KOMMOHEHTHBI COCTaB HAcToek nnogos Anisum vulgare Gaertrn.,
Foeniculum vulgare Mill., Coriandrum sativum L., Anethum graveolens L. n Carum carvi L.

Matepuanbl u metoabl. HacToku n3rotoBneHsl B cooTHowweHun (1: 5) (akctpareHT — 70 % 3TMnoBbIN CNMPT) U3 aHKca, heHXens,
KopWaHzpa, ykpona 1 TMWHa MI0A0B, 3aroTOBMEHHbBIX Ha OMbITHOM Mosie 3anopoXCKOro rocyapCTBEHHOTO MeAULIMHCKOrO yHUBepcuTeTa
B aBrycte 2019 r. KayeCcTBEHHOE M KONMUYECTBEHHOE ONpefeneHne AeNCTBYIOLWMX COEAUHEHNA OCYLLECTBSAMNN C MOMOLLbI0 ra30BOro
xpomatorpacha Agilent 7890B ¢ macc-cnektpomeTpuyeckum getektopom 5977B. [ns naeHTUdUKaumm KOMNOHEHTOB UCMOMb30Banu
6ubnuoteky macc-cnektpo NIST14.

Pesynkrathl. C NOMOLLB0 XpPOMATO-MaCC-CNEKTPOMETPUM YCTaHOBMIIM, YTO HAaCTOMKK 13 NnogoB Anisum vulgare Gaertrn, Foeniculum
vulgare Mill., Coriandrum sativum L., Anethum graveolens L. n Carum carvi L. oTnm4aroTcs N0 Ka4eCTBEHHOMY U KONMYECTBEHHOMY
cocTaBy KOMMOHEHTOB. HacTolku u3 Anethum fructus conepxar 28 KOMNOHEHTOB, cpeaw koTopbix Nnpeobnagatot 8.028 RT (-)-Carvone —
52,63 %, 4.861 RT D-Limonene — 17,74 %; Coriandrum fructus cogepxat 37 KOMNOHeHTOB, Hanbonbluee cogepxaHue nmetot 11.016
RT Benzene, 1 (1,5-dimethyl-4-hexenyl)-4-methyl — 20,7 %; 19.372 RT 1-(4-Hydroxy-3-methoxyphenyl)dec-4-en-3-one — 8,57 %;
Carum carvi L. cogepxat 33 KOMNoHeHTa, cpeau koTopbix npeobnapatot 7.988 RT Benzaldehyde, 4(1-methylethyl) — 47,37 %; 19,311
RT HeonpeaenexHoe coeanHeHve —5,88 %; Anisum fructus — 22 komnoHeHTa, HambonbLuee cogepxaHue nmetot 8.531 RT Estragole —
60,32 %; 4.852 RT D-Limonene — 5,15 %; Foeniculum fructus cogepxat 52 KOMNOHeHTa, cpeaun KoTopbix npeobnagatot 5.745 RT
Fenchone — 15,39 %; 8.5 RT Anethole — 11,37 %.

BeiBoakl. Pesynbratsl uccnenoBaHwii METOA0M ra3oBomn xpomatorpadum niofoBs npeacTaBuTenen cemeictsa Apiaceae CyLLeCTBEHHO
pacLIMpSIOT CBEAEHNS O XMMUYECKOM COCTaBe Cbipbs, YKa3biBalOT Ha NEPCMNEKTUBHOCTbL UCMOMNb30BaHWS B hapMaLeBTUYECKO U Meam-
LIMHCKOWN NpakTuke. B xoae aHanusa pesynstatoB ra3oBON Xpomartorpaduu BbISCHUNW, YTO HACTOMKM M3 NOAOB cemencTBa Apiaceae
OTNNYAOTCA MO KAaYECTBEHHOMY U KONWYECTBEHHOMY COCTaBY KOMNOHEHTOB. HacToiiku 3 Foeniculum fructus copepxat 52 KOMMNOHEHTa,
Coriandrum fructus —37, Carum carviL. — 33, Anethum fructus — 28, Anisum fructus —22 KOMNOHeHTa. QKCNEPUMEHTASbHbIE faHHbIe,
Mosly4eHHble B XOA€e MCCrefoBaHns, MOryT GbiTb MCMONb30BaHbI AN1A CO34aHNsS HOPMATUBHOW AOKYMEHTALMM Ha ONpeaeneHHbI BUA
NeKapCcTBEHHOTO PACTUTENBHOTO ChIPbS.

KntoueBkie crioBa: Apiaceae, HaCTOVKV 13 NOLOB, XPOMATO-MaCC-CreKTPOCKOMNMS, KOMMOHEHTHBIV COCTaB, KONMMYECTBEHHOE COLEPXaHNE.
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V. M. Odyntsova, V. H. Korniievska, M. M. Maletskyi, Yu. I. Korniievskyi

OnHe 3 OCHOBHUX 3aBJIaHb, L0 CTOITh Nepe]| (hapMarieBTHY-
HOIO HayKOI0, — IOIITYK HOBHX JDKEPEIT O10JIOTYHO aKTHBHUX
CyOCTaHIIi# JJ1s1 CTBOPEHHS OC3MCYHUX BUCOKOC(PEKTUBHHUX
JIKAapChKUX 3ac00iB 13 PI3HOMAHITHOIO (hapMaKoJIOTiHHOIO
AKTUBHICTIO, IOTpeda B SIKUX IOCTIHHO 3pOCTac.

OnHi€ero 3 HAHBAXKIIMBIIINX POANH KBITKOBHX POCIIHMH 1 B
MeIIMYHIN IPaKTHII, i B OOTaHIYHIN HAyII € 30HTHUYHI, 200 ce-
nepoBi (Umbelliferae = Apiaceae). CenepoBi —HaiOIbIIa
Ta HaliBaXKJTMBIIIIA TOCIIOIapChKa POJJMHA KBITKOBHX POCIIVH,
JI0 Hel HajexaTh 6araro KOPMOBHX, Xap4OBHX, IEKOPATHB-
HUX, TIKapCHKUX (TPAAAIIHHIX 1 TOKA30BUX), ApOMATHIHIX,
KOPMOBHX Ta 1HIINX KOPUCHUX POCIIHH, SIKI BAKOPHCTOBYE
HaCeJIeHHs pi3HKUX KpaiH. OTpyHHUX POCIHH Y POIHHI MaJIo,
ajyie JesKi 3 HUX CTAHOBJATH BeNUKy HeOesmeky (Cicuta
virosa L., Conium maculatum L. Tomo) [5].

Ory0uikoBaHi BiZIOMOCTI IpO OI0JIOTTYHY aKTHUBHICTH 0a-
rarbOX BUJIB cenepoBHX. [IpercTaBHUKY CeNepoBHX Yy BCIX
YacTUHAX MICTATh eipHi 0Jii, CMONM, KyMapHuHH, JIEKTOH,
(hraBoHOIH, Pi3HI TEPIIEHOT M, iHKOMM caroHinu [4,10,12,13].

Oco0iMBy yBary nmpuBepTa€ BUBUCHHS MPEICTaBHUKIB
pony Apiaceae ¢nopu niBreHHO-cXinHOT Ykpainu. Pomina
cenepoBi HapaxoBye 474 ponis 1 3992—4050 Buxis [11], mo
TIOIIMPEHi Ha Beii 3eMHil Kyt [3,6,9]. 3 ycboro pisHOMaHITTS
BU/IIB HaIlly yBary IpHBEpHYJIa CHPOBHHA aHICY 3BUYAHHOTO
Anisum vulgare Gaertrn., herxemo 3Budaitaoro Foeniculum
vulgare Mill., sska MICTUTP TIOXiITHI (pEHINIIPOIIaHy, KOpiaH-
npy nociBHoro Coriandrum sativum L., KpoITy TOpOIHBEOTO
Anethum graveolens L., xmuny 3Bu4aiinoro Carum carvi L.,
sika Oarara Ha TOXi{HI MOHOTEPIICHOITIB.

L1i pOCJIMHM IIUPOKO 3aCTOCOBYIOTH Y MEIMYHIH MPaKTHLI
SIK TIPOTUMIKPOOHI, CIIa3MOJIITHYHI, BiXapKyBaJbHi, TiIo-
TEH3MBHI, CEUOTHHI, )KOBUOT1HHI, BITpOTiHHI 3acoou [1,7,8].
Taxwuii criekTp /i1 3yMOBJICHHIA HAsIBHICTIO B CHPOBHHI POCIIMH
PI3HUX TPy O10JIOTIYHO aKTHBHUX PEUOBHH.

MeTa po6otu

3a yoromMororo ra3oBoi xpomarorpadii BUSHAYUTH KOMITO-
HEHTHUI CKJIaJT HACTOWOK IUIONIB Anisum vulgare Gaertrn.,
Foeniculum vulgare Mill., Coriandrum sativum L., Anethum
graveolens L. 1 Carum carvi L.

Marepianu i MeToaun gocnimKeHHA

Hacroiikn BUTOTOBIIEH] 32 TpaaHIiifHOI0 BUPOOHUUOIO pe-
LENITY PO HACTOMOK Y cITiBBiMHOMICHHI (1:5) (ekeTpareHT —
70 % erwroBuii criupt) [2] 3 aHicy, GeHXEN0, KOpiaHapy,
KpOITy Ta KMUHY IUIOJIB, 3aTrOTOBJICHUX HA JOCIIAHOMY
noJti 3aropi3bKoro AepKaBHOTO MEANYHOTO YHIBEPCHTETY
B ceprai 2019 p.

SIKicHe Ta KIIbKICHE BU3HAYCHHSI [{IFOUHMX CIOYK 3MIHCHIIIN
3a JIOTIOMOT OO Ta30BOT0 XpoMarorpaca 3 Mac-CieKTpOMETPHY-
HuM sierekropoM Agilent 5977 BGC/MSD (Agilent, Santa Clara,
CA, CIIIA) ta xpomarorpacdiunoi kononku DB-5ms (30 m X
250 mMxm % 0,25 MKM). YMOBH XpoMaTtorpadyBaHHS: KOJIOHKA
DB-5ms norxuHO0 30 M, 13 BHYTPIIHIM JTiameTpoM 250 MKM
i ToBImHOW (hazu 0,25 mxM. LIBuyKicTs razy-Hocist (remiii) —
1,3 mir/xB. O6’em imxekmii — 0,5 mxot. Tlomin motoky — 1:5.
Temmeparypa 610Ky BBefeHHS Ipod — 265 °C. Temmeparypa
TepMocTara: nporpamoBana — 70 °C (BurpumMka 1 xB), 10
150 °C 3i mBuukictio 20 °/xB (ButpumMka 1 xB), o 270 °C
31 mBuKicTio 20 °/xB (ButpumMka 4 xB). Jst inentudikarii
KOMITIOHEHTIB BUKOpHCTaHa Oibmioreka Mac-criektpiB NIST14.

PesynksraTtn

Xpomarorpamy HacTOMOK 13 IUIONIB HaBeNeH] Ha puc. 13,
MOPIBHSUTbHA XapaKTEPHUCTHKA MAC-CIIEKTPOCKOITIT OCHOBHHX
KOMITOHEHTIB HACTOHOK ITPE/ICTABHUKIB pOAUHU Apiaceae —
y mabnuyi 1.

3a JIOIOMOroI0 XpOMaTo-Mac-CIeKTPOMETPIi 3’sicyBaliy,
II10 HACTOMKH 3 TUTOAIB Anisum vulgare Gaertrn., Foeniculum
vulgare Mill., Coriandrum sativum L., Anethum graveolens L.
i Carum carvi L. BiIpi3HSIOTECS 3a SIKICHUM 1 KiIBKICHUM
CKJIAJIOM KOMITOHEHTIB.

OOroBopeHHs

[lix gac aHani3y BpaxOBYBaIH IUIOINIY ITiKiB, Yac YTPAMAHHS
(puc. 1, maon. 1), y nacroiiui roniB Anisum vulgare Gaertrn.
inenTudiKyBaam 22 KOMIIOHEHTH, SIKI TTPeICTaBIICH] ecTepaMu
(99), monoreprieHamu (3, 6, 12, 13, 14, 18), apomMarmaaAMH
criomykamu (10, 32, 38, 40, 43, 48, 49, 75), xetonamu (55),
aHrigpunamu (67, 69), riikozugamu (80), opraHidyHUMU

Puc. 1.
«10°  |* TIC Scan 02042020_104_ethanol70%-1.D Xpowmarorpama
J HaCTOKM NNoAiB
8.531 acro noA
Anisum vulgare
151 Gaertrn.
1.25
1-
0.75 1
7.228
0.5 1
0.25 1 4.852 11.500
5.711 9.744
o 3.603 A ! Wt JLLﬂ 17982 22532
2 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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Puc. 2.
X0t |t TIC Scan 02042020_102_ethanol70%-1.D Xpomarorpama
HaCTOWKM NNoAiB
8.028
1.757 Anethum
1.5 graveolens L.
4.861
1.25 1
1.
0.75 1 18.232
0.5 7.251
16.594
0.25 1 5.680 Il f 9.280 12.875 Al
0 bt L. /\.._
T T T T T T T T T T T T T T T T T T T T T T T
2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
Counts vs. Acquisition Time (min)
Puc. 3.
o |* TIC Scan 02042020_108_ethanol70%-1.D Xpomarorpama
1 1.016 HaCTOKM NNoAiB
74 ' Coriandrum sativum L.
6.
51
4] 19372

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

Puc. 4.
«10° | * TIC Scan 02042020_109_ethanol70%-1.0 Xpomarorpama
i 7.988 HacToiiku nnoais
15 Carum carvi L.
1.251
1 4
0757 5234
0.5 1 7.210
0.25 1
10.847 23166
0 A T T T T T T T T T T T T T T T T T T T T T T T
2 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)
x10¢ |+ TIC Scan 02042020_107_ethanol70%-1.D Puc. 5. Xpomarorpa-
8.500 Ma HaCTOWKK nnogais
1.2 Foeniculum vulgare
' 5.745 Mill.
1 4
0.8 1
0.6 1 7024 12.200
0.4 1
02 1 4.787
0 4

2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
Counts vs. Acquisition Time (min)
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V. M. Odyntsova, V. H. Korniievska, M. M. Maletskyi, Yu. I. Korniievskyi

Tabnuus 1. MNopiBHsNbHA XapakTepucTMka Mac-CrnekTPOCKONii OCHOBHUX KOMMOHEHTIB HACTOVMOK NPeaCTaBHWKIB poauHu Apiaceae

Ne Yac ytpu- Hai . . Anisum | Anethum | Coriandrum | Carum Foeniculum
o aliMeHyBaHHS KOMMOHEHTIB HaCTOWOK . ;
ajn | MaHHs, NpencTaBHMKIE poauM Apiaceae ®opmyna vul_gare, gra., sat_lvum, carvi L vul_gare,
xB RT BMicT % |[BMmicT % |BMmicT % BMiCT % |BMicT %
1. [1.956 Acetic acid, hydroxy-, ethyl ester C,H,0, 0,21
2. | 2.656 Formamide, N,N-dimethyl- C,H.NO 0,17
Tricyclo[2.2.1.0(2,6)]heptane, 1,3,3-trimethyl-(Cy-
3. |3.603 clofenchene) CoHi 0,65
4. |3.606 3-Carene CoHis 0,38
Tricyclo[2.2.1.0(2,6)]heptane, 1,3,3-trimethyl-(Cy-
5 |3615 clofenchene) Caofts 0.98
4.092
6. 4099 beta.-Phellandrene CoHi 0,35 0,45
Bicyclo[3.1.1]heptane, 6,6-dimethyl-2-methylene-,
7. 4191 (1S)- (B-Pinene) CoHi 7,27
8. [4.262 0 0 0,3
9. |4.787 4.787 0-Cymene 1,55 CoHys 1,55
10. | 4.789 Benzene, 1-methyl-3-(1-methylethyl) (m-Cymene) CoHy 0,36
1. |4.789 p-Cymene CoHy 4,43
4.849
12. | 4.852 D-Limonene CoHie 5,15 17,74 0,91
4.861
13. [4.921 Eucalyptol C,H,O 0,51 0,36
5.232 :
14. 5934 gamma.-Terpinene CoHis 0,35 5,23
Bicyclo[3.1.0]hexan-2-ol, 2-methyl-5-(1-methyleth-
15. [543 yl)-, (1.alpha.,2.beta.,5.alpha.)-(frans-Sabinene C,H,:0 0,27
hydrate)
5-Isopropyl-2-methylbicyclo[3.1.0]hexan-2-ol (Sa-
L] binene hydrate) CioHieQ O
17. |5.68 Benzene, 2-ethenyl-1,3dimethyl- C,Hy, 0,65
5.708
18. [5.711 Fenchone C,,H,:0 0,9 0,68
5.745 15,39
5.788 .
19. 5793 Linalool C,,H:s0 0,41 0.74
Bicyclo[3.1.0]hexan-2-ol, 2-methyl-5-(1-methyleth-
20. |5.871 yl)-, (1.alpha.,2.alpha.,5.alpha.)-(trans-Sabinenehy- | C, H,.O 0,46
drate)
2-Cyclohexen-1-ol, 1-methyl-4-(1-methyle-
21. |6.162 thenyl)- trans- C,H,:0 0,35
22. |6.224 alpha.-Campholenal C,,H,:0 0,56
2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethenyl)-,
23. 16365 trans- (cis-p-Mentha-2,8-dien-1-ol) CioH:c0 0.15
24. |6.368 cis-p-Mentha-2,8-dien-1-ol C,H:c0 0,53
2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis-
25. |6.469 (p-Menth-2-en-1-ol) C,H,s0 0,3
26. |6.509 trans-Verbenol C,,H,:0 0,29
27. |6.562 (+)-2-Bornanone C,,H,:0 0,56
Benzenemethanol, .alpha.,.alpha.,4-trimeth-
BEL | A yl-(a,0,4-Trimethylbenzyl alcohol); CyoH,0 iy
29. |7.087 3,6-Dimethyl-2,3,3a,4,5,7a hexahydrobenzofuran C,H,:0 0,28
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MpopoBxeHHs Tabnuui 1

Yac ytpu- < . . Anisum | Anethum | Coriandrum | Carum Foeniculum
Ne HaiMeHyBaHHA KOMNOHEHTIB HaCTOMOK . ;
ajn | MaHHs, NpencTaBHMKIE poauM Apiaceae ®opmyna vul_gare, gra., sat_lvum, carvi L vul_gare,
xB RT BMicT % |[BMmicT % |BMmicT % BMiCT % |BMicT %
30. L-.alpha.-Terpineol C,,H,s0
31, |7.21 3-p-Menthen-7-al CH:c0 3,83
7.228
32. 7994 Estragole C,,H,,0 11,58 3,85
Cyclohexanone, 2-methyl-5-(1-methylethenyl)-
3. | 7.251 (cis-Dihydrocarvone) CioHis0 322
34 | 7354 Cyclohexanone, 2-methyl-5-(1-methyle- CHO 2.76
thenyl)-,trans- 10" 16
Bicyclo[3.1.1]hept-3-en-2-one, 4,6,6-trimethyl-,(1S)-
35. |74 (D-Verbenone) C,H..0 0,15
36 |7522 2_—Cyclohexen-1-ol, 2-methyl-5-(1-methylethenyl)-, C.HO 047
cis- (trans-Carveol) 10716
2-Cyclohexen-1-ol, 2-methyl-5-(1-methylethenyl)-,
37. | 7618 cis- (trans-Carveol) CioHys0 0.87
7.846
7.884 0.38
38. ;gg; (-)-Carvone C,H,.0 1,81 52,63 0,58 126
8.028
39. |7.979 Trichloroacetic acid, 1-adamantylmethyl ester C,H,,CLO, 0,26
40. |7.988 Anethole C,,H,,0 0,36
41. |7.988 Benzaldehyde, 4-(1-methylethyl)- C,H,,0 47,37
42. |8.05 Benzaldehyde, 4-methoxy 0,62
43, [8062 I penzaldenyde, 3-methoxy- CH,O 241
* | 8.087 yee, y 82 : 7,55
44, |8.227 p-Menth-2-en-7-ol, trans- C,,H:s0 0,23
2-Cyclohexen-1-one, 3-methyl-6-(1-methylethenyl)-,
45. 18.266 (S)- (p-Mentha-1,8-dien-3-one) CyH,,0 0.17
1-methyl-4-(prop-1-en-2-yl)-7-oxabicyclo[4.1.0]
| B heptan-2one (1-Carvone oxide) CiH.,0, b
1-Cyclohexene-1-carboxaldehyde, 4-(1-methyleth- 0,26
4718397 | ) (Phellandral) Cufte0
8.425
48. 2.258 Anethole C,H,,0 1,07 113 a7
49. |8.531 Estragole C,H,,0 60,32
4-Isopropylcyclohexa-1,3-dienecarbaldehyde
50. |8.546 (Terpinen-7-al) C,H,.0 15138
51. |8.598 3-Methyl-4-isopropylphenol (p-Thymol) C,H..0 0,71
1,4-Cyclohexadiene-1-methanol, 4-(1-methylethyl)-( 0,88
R p-Mentha-1,4-dien-7-ol); CioH,e0
9.28 1,2-Cyclohexanediol, 1-methyl-4-(1-methylethenyl)-
83 9275 | (Limonen-1.2-diol) CioHis0, 0.7 0,32
54. [9.735 0 0 0,33
s5. [9744 1op icoBu C.H,0
- 9754 -Propanone, 1-(4 methoxy phenyl) (anicosuii ketoH) | C, H,,0, 1,22 3,15 0,62 2,57
4-methoxyphenylpropane-2-ol (Benzyl alcohol,
56. |9.823 a-ethyl-p-methoxy)- C,H..0, 0,22
57. |10.024 Benzenemethanol, .alpha.-ethyl-4-methoxy- C,,H..0, 0,19
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V. M. Odyntsova, V. H. Korniievska, M. M. Maletskyi, Yu. I. Korniievskyi

MpopoBxeHHs Tabnuui 1

Yac ytpu- & . & Anisum | Anethum | Coriandrum | Carum Foeniculum
5?1 MaHHS, :a:M:T?;TMHK?: Kg”:::e:ﬂi:'::;o"o'( ®opmyna vulgare, |gra., sativum, carviL., |vulgare,
xB RT pea poA P BMIiCT % |BMmicT % |BMmicT % BMiCT % |BMicT %
58. |10.23 Benzoic acid, 4-(1-methylethyl)- C,,H,,0, 0,31
59. |10.259 Benzoic acid, 4-methoxy- C,H,0, 0,34
60. |10.629 1-Propanone, 1-(4 methoxy phenyl)- (keToH) C,H,,0, 1,36
61. |10.657 3,4-dihydroxyphenyl-2-propanone CH, .0, 0,2
62. |10.748 2-Hydroxy-1-(4-methoxyphenyl) propan-1-one C,,H,,0, 0,24
63. |10.847 4-Propylbenzaldehyde diethyl acetal 0,68
64 11.01 Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl-(-)-Ar- C.H 0,36
© | 11.016 Curcumene; 1522 20,7
1,3-Cyclohexadiene, 5-(1,5-dimethyl-4-hexen-
65. | 11.175 yl)-2-methyl-, [S-(R*,S*)]-(B-Sesquiphellandrene) Coghy 262
66. | 11.335 gamma.-Muurolene (O, 9,06
1.5
67. | 11.511 3,4-Dimethoxybenzoic anhydride CsH:s0; 3,05 3,83
11.65 2,15
Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methy-
88. | 11.551 | \one., [S(R*.S*)-(B-Sesquiphellandrene) CooHe el
69. | 11.644 3,4-Dimethoxybenzoic anhydride CsH:0, 1,48
70. | 11.868 Ylangenol C,;H,,0 0,52
71 [ 11.925 Benzer}eacgtic acid, 4-methoxy-.alpha.-oxo-(Chrys- CHO 0,45
ocetraric acid, methyl ether) 9 874
72. [ 11.949 Ethanone, 1-(3,4 dimethoxyphenyl) (Acetoveratrone) | C, H,,0, 0,17
1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, (E)~(
73. | 11.956 (t)-trans-Nerolidol) Cish0 0.78
74. | 11.969 Benzenepropanol, 4-methoxy-.gamma.-methyl- C,H,O, 0,34
12.149
75, 12.15 1-(4-Methoxyphenyl)propane-1,2-diol C,H..0, 06
12.2 0,73 6,77
12.265 1,75
76. |12.352 trans-Sesquisabinene hydrate C,H,0 0,84
77. [12.585 Carotol C,sH,0 0,19
78. | 12.633 d-Mannose CH.,,.0, 28
79. [12.828 d-Mannose CeH,,0; 2,83
12.848
80. |12.875 Ethyl .alpha.-d-glucopyranoside CH, O, 5,62 6.68
12.915 ' 4,87
81. |12.941 Butan-2-one, 4-(3-hydroxy-2-methoxyphenyl)- C,H,0O, 2,03
82. |12.983 Ethyl .alpha.-d-glucopyranoside CeH,:O; 0,35
83. [13.09 0 0 0,27
2-Naphthalenemethanol, 1,2,3,4,4a,5,6,8aoctahy-
84. |13.19 dro-.alpha.,.alpha.,4a,8-tetramethyl-, (2.alpha.,4a. C,;H,:0 1,71
alpha.,8a.alpha.)-
85. | 13.206 Ethyl .alpha.-d-glucopyranoside CeH,:O; 0,19
86. |13.227 1-Hydroxy-1-(4-methoxyphenyl)propan-2-one C,,H,,0, 1,07
87. [13.339 0 0 0,23
(1R,2R,48S,6S,7S,8S)-8-Isopropyl-1-methyl-3 methy-
88. 118573 | on tricyclo [4.4.0.02,7] decan-d-ol (Lemnalol) Cyh,0 2
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Comparative characteristics of fruit tinctures of some representatives of the family Apiaceae

MpopoBxeHHs Tabnuui 1

Yac ytpu- < . . Anisum | Anethum | Coriandrum | Carum Foeniculum
Ne HaiMeHyBaHHA KOMNOHEHTIB HaCTOMOK . ;
ajn | MaHHs, NpencTaBHMKIE poauM Apiaceae ®opmyna vul_gare, gra., sat_lvum, carvi L vul_gare,
xB RT BMicT % |[BMmicT % |BMmicT % BMiCT % |BMicT %
89. |13.612 (3-Fluorophenyl) methanol, 1-methylpropyl C,H,FO 0,26
90. |13.624 1-(4-Methoxyphenyl) propane-1,2-diol C,,H..0, 0,74
Phenol, 5-(1,5-dimethyl-4-hexenyl)-2-methyl-,(R)-
91. [14.108 ((R)-(-}-Xanthorrizol) C,;H,0 0,48
92. [14.798 Neoclovene oxide C,;H,,0 1,28
2(1H)-Naphthalenone, 4a,5,6,7,8,8a-hexahy-
93. |14.932 dro-6-[1-(hydroxymethyl)ethenyl]-4,8a-dimethyl-, C,sH,0, 0,4
[4ar(4a.alpha.,6.alpha.,8a.beta.)]- 0,4
5-Hydroxymethyl-1,1,4a-trimethyl-6-methylene
o | s decahydronaphthalen-2-ol CisH0, b
Spiro[4.5]decan-7-one, 1,8-dimethyl-8,9-epoxy-
95. [15.639 4isopropyh- C,H,.0, 0,5
96. |15.777 1-(4-Methoxyphenyl) imidazoline-2-thione C,,H,oN,0S 0,49
97. | 15.777 (1H) Quinolin-4-ol-2-one, 8-nitro- CHN,0, 0,19
16.269
98. 16271 | Hexadecanoic acid C.H.0 034 |25
T [16.275 16" 322 ’ ’ 0,4
16.285 1,08
16.591
99. | 16.593 Hexadecanoic acid, ethyl ester C.sHy60, 0,38 2,05 0,86
16.594 1,22
17.251 Pyridine, 4-(3-mercapto-4-methyl-5-(4H-1,2,4-tri-
100. 117263 | azolyl))- CgHN,S 0:74 041|041
101.17.729 0 0 547
17.921 L C.H.O. 0,42
102. 17.946 9,12-Octadecadienoic acid (Z,2)- 1873222 0.25
17.982 o
103. 17.991 6-Octadecenoic acid, (2)- C,H,,0, 0,9 1,06 0.76
104. | 18.050 9-Octadecenoic acid, (E)- 5,08
18.171 Lo
105. 18174 Linoleic acid ethyl ester CyoHy60, 2,2 141
18.223
18.228
106. 18932 Ethyl Oleate C,H,40, 0,51 474 050
18.233 ’ 2,46
107. | 18.457 Octadecanoic acid, ethyl ester CoH,00, 0,18
108. | 18.742 (E)-1-(4-Hydroxy-3-methoxyphenyl)dec-3-en-5-one | C,.H,,0, 1,99
109. | 18.836 3-Decanone, 1-(4-hydroxy-3-methoxyphenyl)- C,,H,0, 0,62
1-Naphthalenepropanol, .alpha.-ethenyldecahy-
110. | 18.851 dro-2-hydroxy-.alpha.,2,5,5,8a pentamethyl-[1R[1. | C,H, O, 0,15
alpha.(R*),2.beta.,4a.beta.,8a.alpha.]]-
111. [19.214 6-Methoxy-2-(methylamino) tropone CH,NO, 0,22
112. | 19.311 0 0 5,88
113. [19.372 1-(4-Hydroxy-3-methoxyphenyl)dec-4-en-3-one C,H,0, 8,57
Benzoic acid, 3,5-dimethoxy-, 3-methoxy-5-methyl-
114.119.513 phenyl ester C,;H,:0; 1,23
115. | 19.987 0 0 0,18
116. [ 20.474 (2R,4R,5S)-2,4-bis(4-Methoxyphenyl)-5-methy!- 0,18
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V. M. Odyntsova, V. H. Korniievska, M. M. Maletskyi, Yu. I. Korniievskyi

MpopoBxeHHs Tabnuui 1

Yac ytpu- < . o Anisum | Anethum | Coriandrum | Carum Foeniculum
2 MaHHsA WL LT TR L BT ST, O3 ®opmyna vulgare, |gra sativum, carviL vulgare,
h xB RT AR LS PR AT 25 BMicT % |[BMmicT % |BMmicT % BMmicT % |BMmicT %
1-(4-Hydroxy-3-methoxy phenyl)dodec-4-en-3-one
1721007 | ol CisHx0s 181
1-(3,4-Dimethoxy-phenyl)-2-(4-nitrophenyl) etha-
ms. 21427 |13 y-phenyl)-2-( v C,H,NO, 037
119.121.2 0 0 1,51
120. | 21.353 .alpha.,.alpha.-Diethyl-o-methoxybenzyl alcohol C,,H,:0, 1,32
121. | 21.451 2(3H)-Benzothiazolone, hydrazone CHN,S 0,53
22.12 Ethanone, 2-hydroxy-1,2-bis(4-methoxyphe-
122.|22.12 nyl) 4,71 (p-Anisoin)- C,sH,0, 4,71
123.|22.227 0 0 0,6
124. | 22.347 0 0 0,38
22,532 .
125. 29538 gamma.-Sitosterol C,Hys,0 0,43 0.45
126. | 22.859 0 0 0,63
127. 1 23.099 1-(4-Hydroxy-3-methoxyphenyl)tetradec-4-en-3-one | C,,H,,0, 1,82
128. | 23.166 0 0 0,76

kuciorami (103), errt orrearom (106), y-cutocteponom (125).
Haii6imemmii BmictT maroth 8.531 RT Estragole — 60,32 %,
7.228 RT Estragole — 11,58 %, 4.852 RT D-Limonene —
5,15 %, 11.5 RT 3,4-Dimethoxybenzoic anhydride — 3,05 %,
9.744 RT 2-Propanone,1-(4 methoxy phenyl) — 1,22 %,
5.711 RT Fenchone — 0,90 %, 17.982 RT 6-Octadecenoic
acid, (Z) — 0,90 %, 3.603 RT Tricyclo[2.2.1.0(2,6)]heptane,
1,3,3-trimethyl — 0,65 %, 22.532 RT gamma.-Sitosterol —
0,43 %.

VY mactoumi mwioniB Anethum graveolens L. (puc. 2,
maoén. 1), ineHTudixyBamu 28 KOMIIOHEHTIB, SIKi TIPEICTaB-
neni ectepamu (1, 89, 99, 105, 107), aminocmonykamu (2),
HEBH3HAUCHUMU crionykamu (8, 54), moHoTepnieHamu (12,
19, 24, 29, 33, 34, 37, 53), apOMaTUYHAMH CIIOITyKAMHU
(21, 38, 45, 46), xkeronamu (72), timiko3ugamu (80, 85),
opraniuanmu kucioramu (98, 103), etrn omearom (106).
Haii6inpmi konnentpanii matots 8.028 RT (-)-Carvone —
52,63 %, 4.861 RT D-Limonene — 17,74 %, 12.875 RT
Ethyl .alpha.-d-glucopyranoside — 6,68 %, 18.232 RT
Ethyl Oleate —4,74 %, 7.25 RT Cyclohexanone, 2-methyl-
5-(1-methylethenyl) — 3,22 %, 16.594 RT Hexadecanoic
acid, ethyl ester — 2,05 %, 9.28 RT 1,2-Cyclohexanediol,
1-methyl-4-(1-methylethenyl)- 0,97 %, 5.68 RT Benzene,
2-ethenyl-1,3dimethyl — 0,65 %.

VY wacroiiui wroniB Coriandrum sativum L. (puc. 3,
maoén. 1), ineaTadikyBanm 37 KOMIIOHEHTIB, sIKi PEICTaBICH]
MoHoteprieHamu (18, 30), apomarnuHIMEU criorykaMu (38,
42,48, 51,75, 81,108, 109, 113, 117, 127), keronamu (55);
ceckBiteprieHamu (64, 65, 66, 68, 70, 73, 76, 84, 88, 91, 92,
94, 95), ykpamu (78, 79), moxigaumu iMigazomy (96), opra-
HivHUMHE Kuciotamu (98), ecrepamu (99, 114), moximanvu
mipuauay (100), Hepu3HaueHNMH cniomykamu (101, 119),
et onearoMm (106). Haiibinpmmii BmicT maroth 11.016 RT

Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl —20,70 %,
19.372 RT 1-(4-Hydroxy-3-methoxyphenyl)dec-4-en-3-
one — 8,57 %, 17.729 RT neBuznauena cnonyka — 5,47 %,
9.745 RT 2-Propanone,1-(4 methoxy phenyl) — 3,15 %,
16.275 RT n-Hexadecanoic acid —2,5 %, 12.941 RT Butan-
2-one, 4-(3-hydroxy-2-methoxyphenyl) — 2,03 %, 23.099
RT1-(4-Hydroxy-3-methoxyphenyl) tetradec-4-en-3-one —
1,82 %, 21,2 RT neBusznauena cnonyka — 1,51 %, 8.458 RT
Anethole — 1,13 %, 5.708 RT Fenchone — 0,68 %.

VY macrowni twronis Carum carvi L. (puc. 4, maén. 1),
ineHTH(diKyBanH 33 KOMIOHEHTH, SIKi TIPEICTAaBICHI MOHO-
tepnieHamu (4, 6,7, 11, 13, 14, 15, 20, 25,31, 44,47, 50, 52),
apOMaTUYHUMU CHOTyKaMu (41, 61, 63, 64, 74), keToHAMU
(55), opramiyanmu kucimoramu (58, 98, 102, 103), cecksi-
tepreHamu (77, 93), rmiko3unamu (82), HeBU3HAYCHUMU
cnorrykami (87, 112, 115, 128), moxigaumu mipuauny (100),
y-citocteposniom (125). HaiGinpmi koHIEHTpaIlii MaloTh
7.988 RT Benzaldehyde, 4-(1-methylethyl) — 47,37 %,
19,311 RT neBusnauena cnonyka — 5,88 %, 5.234 RT
gamma.-Terpinene — 5,23 %, 7.21 RT 3-p-Menthen-7-al —
3,83 %, 17.991 RT 6-Octadecenoic acid, (Z) — 0,76 %,
23,166 RT neBusnauyena cnoayka — 0,76 %, 10.847 RT
4-Propyl benz aldehyde diethyl acetal — 0,68 %, 14.932
RT 2(1H)-Naphthalenone, 4a,5,6,7,8,8a-hexahydro-6-[1-
(hydroxymethyl)ethenyl]-4,8a-dimethyl-,[4ar (4a. alpha.,
6.alpha., 8a. beta.)] — 0,40 %, 12.983 RT Ethyl .alpha.-d-
glucopyranoside — 0,35 %.

VY macroitui mnoniB Foeniculum vulgare Mill. (puc. 5,
maoén. 1), inenTndikyBaam 52 KOMIIOHSHTH, SIKi [IPEICTaBICHI
MoHoTeprnieHamu (5, 9, 12, 16, 18, 19, 22, 23, 26, 27, 32 35,
36, 38, 48, 53, 57), cupramu (28, 56, 120), opraniyuHIMU
kucioramu (59, 98, 102, 103), ecrepamu (39, 71, 99, 105),
apoMaTHYHUMHK criomykamu (43, 62, 75, 86, 90, 116, 118,
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110, 122), xeronamu (55, 60), anrinpunamu (67), niiko-
sunamu (80), HeBU3HaYeHUMH criomykamu (83, 123, 124,
126), wiTpomoximaumu (97), noxiganmu mipuauay (100),
etrn oneatom (106), aminomoximaumu (111), moxigHUMEU
rigpasonis (121). HaitOinbmmit Bmict mMatots 5.745 RT
Fenchone — 15,39 %, 8.5 RT Anethole — 11,37 %, 12.2
RT 1-(4-Methoxyphenyl)propane-1,2-diol —6,77 %, 18.050
RT 9-Octadecenoic acid, (E) —5,08 %, 22.12 RT Ethanone,
2-hydroxy-1,2-bis(4-methoxyphenyl) — 4,71 %, 7.224 RT
Estragole — 3,85 %, 9.754 RT 2-Propanone,1-(4 methoxy
phenyl) — 2,57 %, 4.787 RT o-Cymene — 1,55 %, 16.594
RT Hexadecanoic acid, ethyl ester — 1,22 %, 19.214 RT
6-Methoxy-2-(methylamino) tropone — 0,22 %.

BucHoBkuM

1. Pesynbraty 1OCHIPKEHHST METOJIOM T'a30BOi XpOMaro-
rpadii rIoaiB NMpeaCcCTaBHUKIB POIUHU Apiaceae CyTTEBO
PO3MINPIOIOTH BiIOMOCTI MPO XIMIUYHHHA CKJIa] CHPOBHHH,
BKa3ylOTh Ha MEPCIEKTUBHICTh BUKOPUCTAHHS y (hapmarie-
BTHYHIN 1 METUYHII IPAKTHIII.

2. Ilig yac aHamizy pesynbrariB razoBoi xpomarorpadii
3’sICYBaJIH, 1[I0 HACTOWKH 3 TIJIOMIB POANHH Apiaceae Bipi3-
HATOTHCA 3a SKICHUM 1 KUIBKICHUM CKJIAZIOM KOMITOHEHTIB.
Hacroiixu 3 Anethum fructus MicTsTh 28 KOMIIOHEHTIB,
Coriandrum fructus — 37, Carum carvi L. — 33, Anisum
fructus — 22, Foeniculum fructus — 52 KOMIOHEHTH.

3. ExciepuMeHTaNbHi JaHi, 0 ofepsKald i1 9ac 0CTi-
JOKSHHSI, MOYKHA BUKOPUCTATU JIJIsl CTBOPEHHSI HOPMATHB-
HO-aHAJIITUYHOI JOKYMEHTAllii Ha IEBHUI B CHPOBHHH.

[lepcnekTHBY MOAAILIINX A0CTIIKEHb MOJISTAIOTh Y MIPO-
JIOBXKEHH1 (hapMaKOTHOCTHYHHX JTOCITI/PKEHb BUIIIB POITUHHI
Apiaceae dhmopn YipaiHu U1 CTBOPSHHS Ha iXHill OCHOBI
HOBHX JIIKapPCHKHX 3ac00iB.
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Study of the antimicrobial and fungicidal activity of the essential oil
Thymus x citriodorus (Pers.) Schreb. var. “Silver Queen”
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The main problem of modern phytotherapy is the medicinal plants that have a sufficient raw material base and contain a large number of
biologically active substances. Treatment of diseases with synthetic drugs leads to the development of resistance to pathogenic microflora
and the appearance of allergic reactions. Therefore, to solve this problem, it is necessary to find new plant-based antimicrobials that are
safe for long-term use and have a wide spectrum of action.

The aim of the work was to study the antibacterial and fungicidal activity of the essential oil of Thymus x citriodorus (Pers.) Schreb.
var. “Silver Queen”.

Materials and methods. The essential oil of Thymus x citriodorus (Pers.) Schreb. var. “Silver Queen” was used for the experimental
part. To test the antimicrobial and antifungal action of the essential oil, reference test strains, gram-positive and gram-negative bacteria,
as well as yeast-like fungi of the genus Candida were selected. The studies were performed in vitro using the disco-diffusion method.

Results. Studies have shown that the essential oil of Thymus x citriodorus (Pers.) Schreb. var. “Silver Queen” has a significant antibacterial
effect against S. aureus ATCC 25923 (diameters of growth inhibition were 14.60 + 1.52 mm) and fungicidal effect Candida albicans
ATCC 885-6530 (29.30 + 2.82 mm). Antibacterial activity of the essential oil was detected in relation to E. coli (19.60 + 1.85 mm). It
was experimentally proven that the essential oil had no bactericidal effect on the test strain of P. aeruginosa.

Conclusions. It was found that the essential oil of the studied hybrid species Thymus x citriodorus (Pers.) Schreb. var. “Silver Queen”
shows a significant antibacterial activity and is promising for further research.

Key words: Thymus x citriodorus (Pers.) Schreb. var. “Silver Queen”, antibacterial activity, essential oil, herb, resistance, fungicidal activity.

Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 211-214

HocnigkeHHs aHTUOaKTepianbHOI Ta (pyHriumaHoI akTUBHOCTI ebipHoi onii Thymus x citriodorus (Pers.) Schreb.
var. «Silver Queen»

#A. M. CreweHko, O. B. Masynin, H. M. Monitwyk

OcHoBHa npobniema cyyacHoi ¢itoTepanii — NOLyK NikapCbKUX POCIUH, ki Manu 6 gocTaTHIO cMpoBKHHY 6ady Ta MicTuin 6 Benuky
KinbKiCTb BionoriYHO akTUBHUX peYOBUH. JTikyBaHHS 3aXBOPIOBaHb CUHTETUYHUMM NiKapCbkMKM 3acobamu NpU3BOAUTL A0 PO3BUTKY pe-
3UCTEHTHOCTI MATOreHHOi MiKpohropy Ta NosiBK anepriyHmx peakuin. OTxke, Ans BUPILLEHHS LbOro 3aBAaHHS HEOOXiAHWIA MOLLYK HOBKX
aHTUMIKPOBHKX 3aCc06iB HAa POCIUHHIN OCHOBI, ki Oynu 6 6e3ne4yHUMK Nig Yac TPUBaNOro BUKOPUCTAHHS Ta Manu LUMPOKMIA CNEKTp Aii.

MeTa po6oTn — pgocnimkeHHs aHTubakTepianbHoi Ta yHriLuMaHOT akTMBHOCTI edipHOi onii YebpeLto NMMOoHHo3analuHoro (Thymus x
citriodorus (Pers.) Schreb. var. «Silver Queeny).

Matepianu Ta metoau. N ekcnepuMeHTanbHOI YacTUHU BUKOPUCTany edipHy onito 3 Tpasw YebpeLito NMMOHHo3anaLuHoro (Thymus
x citriodorus (Pers.) Schreb. var. «Silver Queeny). [1nsi BUBYEHHS! NPOTUMIKPOGHOT Ta NPOTUrPUOKOBOI Al edhipHOI onii B3ANM eTanoHHi
TecT-LUTamm rpaMno3nTUBHUX | rpamMHeraTuBHIX 6akTepii, a Takox apixaxonogibHi rpubn pogy Candida. JlocnipkeHHs BUKOHANM in vitro
3a JONOMOrO ANCKO-ANY3iiHOTO METOAY.

Peayniratu. Mig yac gocnipkeHs BCTaHOBWNK, WO edipHa onig yebpeLo numoHHosanaluHoro (Thymus x citriodorus (Pers.) Schreb.
var. «Silver Queen») mae BupaxeHy aHTubakTepianbHy Aito wopo S. aureus ATCC 25923 (giameTpun 3aTpUMKu poCTy CTaHOBUMW
14,60 + 1,52 mm)idyHriunaHy pito Candida albicans ATCC 885-6530 (29,30 + 2,82 mm). AHTUGaKTepianbHy akTUBHICTb eddipHOi onii
yebpeuyo BusBUNM wopo E. coli (19,60 + 1,85 mm). EkcnepvmeHTanbHo gosenu, LWo edipHa onig He Mana 6akTepuumaHoro BnnvBy
Ha TecT-WTam P. aeruginosa.
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BucHosku. BeraHosunm, Wwo edipHa onist ribpuaHoro Bugy Thymus x citriodorus (Pers.) Schreb. var. «Silver Queen» mae BupaxeHy
aHTUbaKTepianbHy aKTUBHICTb | NEPCNEKTUBHA A1 HACTYMHWUX OOCTIAXKEHD.

Knrouogi cnoea: Thymus x citriodorus (Pers.) Schreb. var. «Silver Queeny, aHTnbakTepianbHa akTUBHICTb, edipHa onis, Tpasa, pesu-
CTEHTHICTb, yHriLMAHA aKTUBHICTb.
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WUccnenoBaHusi aHTUGaKTepuanbHo U hyHIMLUAHON aKTUBHOCTM 3chmpHoro macna Thymus x citriodorus (Pers.) Schreb.
var. «Silver Queen»

A. H. CteweHko, A. B. MasynuH, H. H. Monuwyk

OcHoBHas npobrniema coBpeMeHHON uToTepanum — NOUCK NeKapCTBEHHbIX pacTeHWi, KoTopble obnaaany 6bl 4OCTaTOYHOW ChIpbEBOM
6a3oit 1 cogepxany bonbLLOe KONMYeCTBO GMONOrNYeckn aKTUBHBIX BeLLeCTB. JleveHne 3a60neBaHnii CUHTETUYECKMY NNEKAPCTBEHHBIMM
CpencTBamm NpUBOAUT K PasBUTUI0 PE3UCTEHTHOCTM NaTOreHHON MUKPOMIOPb! M NOSIBMIEHUIO anneprivecknx peakuuii. Mostomy Ans
peLLeHns 3Tol 3agadum HeobXxoauM NOVCK HOBbIX aHTUMUKPOOHBIX CPEACTB Ha PACTUTENbHOW OCHOBE, KOTOpble Bbinn 6bl 6e3onacHbI Npu
ANUTENBHOM MCMONMb30BaHUM 1 UMENW LUMPOKMIA CMEKTP AENCTBNS.

Llens pabotbl —unccnenoBaHne aHTMOaKTEPUanbHOM 1 (OYHMMLUMAHON aKTUBHOCTM apupHOro macna Thymus x citriodorus (Pers.) Schreb.
var. «Silver Queeny.

MaTepuans! u metogbl. ANa SKCNepUMEHTAnNbHOW YacTy UCMoNb3oBanu aupHoe mMacno Yabpeua nMMoHHonaxHywero (Thymus x
citriodorus (Pers.) Schreb. var. «Silver Queeny). Ins nsy4eHusi NpoTMBOMUKPOBHOTO 1 NPOTUBOrPUOKOBOrO AECTBUS 3hUPHOrO Macna
oTobpanu aTanoHHble TECT-LUTaMMbl TPAaMMONOXUTENBHBIX U rpamMoTpuLaTenbHbIX 6akTepui, a Takke apoxokenopobHele rpubsl poga
Candida. iccnepoBaHus NnpoBefeHb! in Vitro ¢ NOMOLLbI AMCKO-AMddY3MOHHOTO MeToaa.

Pesynkrathl. B xoae uccnefoBaHuii ycTaHOBMEHO, YTO 3hMpHOEe Macno Yabpeua nuMoHHonaxHywero (Thymus x citriodorus (Pers.)
Schreb. var. «Silver Queen») obnagaeTt BblpaxXeHHbIM aHTUBaKTepuanbHbIM AeCTBYEM MO OTHOLWEHMIO K S. aureus ATCC 25923 (gua-
MeTpbl 3aaepxku pocta coctasunu 14,60 + 1,52 mm) u Candida albicans ATCC 88-6530 (29,30 + 2,82 mm). YcTaHOBUIM aHTMbaK-
TepuanbHylo akTUBHOCTb 3PMPHOr0 Macna no oTHoLeHuto k E. coli (19,60 + 1,85 Mm). QkcnepumeHTanbHO 4okasaHo, YTo admpHoe
Macrno He UMeeT BaKTepULMAHOTO BIIMSIHUA Ha TeCT-WTaMM P. aeruginosa.

BeiBoakl. YctanoBunm, 4to acpupHoe macno rubpupHoro Bupga Thymus x citriodorus (Pers.) Schreb. var. «Silver Queen» nposiBnset
aHTUbaKTepManbHy aKTMBHOCTb U NEPCMEKTUBHO ANS AaNbHENLLMX UCCNIEA0BaHMIA.

KnioueBble crioBa: Thymus x citriodorus (Pers.) Schreb. var. «Silver Queeny, aHTubakTepuanbHas akTUBHOCTb, 3MPHOE Macno, Tpaea,
PE3NCTEHTHOCTb.

AxTyanbHble Bonpockl hapMaLieBTUYECKOW U MeAVLIMHCKOW Hayku n npakTuku. 2021. T. 14, Ne 2(36). C. 211-214

The study of antibacterial activity is relevant to the scienti-
fic community. Resistance to antibiotics affects the disease
incidence, as well as the development of allergic reactions.
Today, the main goal of the pharmaceutical industry is to find
herbal medicines that would inhibit the growth and spread of
antibiotic-resistant microorganisms to the maximum possible
degree. Scientific data analysis indicates that essential oils of
plants and their components have an antibacterial effect. They
are low-toxic, mild, and safe to use. The essential oil can be
a highly effective supplement to the treatment of infectious
diseases. It should be noted that the production of essential
oil does not require massive expenses and is safe for people.
The little-studied species with high concentrations of essential
oil and thymol have viable research potential.

The family Lamiaceae is one of the most numerous and
widespread in the modern flora. It has up to 200 genera and
7.000 species of grasses, shrubs, and semi-shrubs, cultivated
hybrids of various species. Plants are used in modern medi-
cine, as ornamental plants in horticulture, and as industrial
Crops.

The genus Thymus L. (Thyme), one of the most famous
in this family, contains about 400 species, of which up to 50
are identified in the modern flora of Ukraine. Essential oils
and extracts are part of phytopreparations with pronounced
antimicrobial, anti-inflammatory, and antioxidant effects.

Comprehensive phytochemical study of species of the genus
Thymus L. for further study and development of phytoprepa-
rations based on them is of great practical importance in
medicine. Thymus x citriodorus (Pers.) Schreb. var. “Silver
Queen” is a natural interspecific hybrid of broad-leaved
Thymus pulegoides L. and common Thymus vulgaris L.,
which are widespread in the wild nature. Information on
the accumulation of biologically active substances for this
species in the scientific literature is limited. The genus has
a large raw material base, a long growing season, which
contributes to the accumulation of essential oil and thymol
in its composition [1-5].

Aim

The aim of the work was to study the antibacterial activity of
the essential oil of Thymus x citriodorus (Pers.) Schreb. var.
“Silver Queen” by the method of in vitro against opportunistic
pathogens of bacterial and fungal microorganisms cultures.

Materials and methods

The first step of our work was to obtain the essential oil of
Thymus x citriodorus (Pers.) Schreb. var. “Silver Queen”,
the herb of the plant was used. Plant raw materials were har-
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Study of the antimicrobial and fungicidal activity of the essential oil Thymus x citriodorus (Pers.) Schreb. var. “Silver Queen”

Table 1. Studies of the antimicrobial and fungicidal activity of the oil according to the size of the zones of growth inhibition (mm) of microorganisms cultures

(x £ AX), %p =3

_ Strains and the size of the zones of growth inhibition (mm) of microorganisms cultures

Essential oil of Thymus x citriodorus | S- @ureus ATCC 25923

E. coliATCC 259220

P. aeruginosa ATCC 90270 | C. albicans ATCC 885/6530

(Pers.) Schreb. var. “Silver Queen” 14.60 + 152

19.60 + 1.85 0

29.30 + 2.82

vested during flowering in the central and south-eastern part
of Ukraine in 2017-2018 (June—October) in accordance with
the requirements of the SPU (2.3) subsection (2.3.2). Studies of
the antibacterial activity essential oils of a series of Thymus x
citriodorus (Pers.) Schreb. var. “Silver Queen” were performed
on the basis of the microbiological laboratory of ZSMU. The
studies were performed in vitro using the disco-diffusion meth-
od using reference test strains belonging to different groups of
microorganisms: Escherichia coli ATCC 25922 (gram-nega-
tive enterobacteria), Pseudomonas aeruginosa ATCC 27853
(non-fermenting gram-negative microorganisms), Candida al-
bicans ATCC 885-653 (yeast-like fungi of the genus Candida).

The experiments used 24h cultures of bacteria, from which
NS suspensions were prepared with a density of 0.5 according
to McFarland, which corresponded to 5 x 106 CFU/ml for
Candida albicans and 1.5 x 108 CFU/ml for all other micro-
organisms. Also, disks soaked with essential oil were used for
experiments. For this purpose, ready-made paper disks with
a diameter of 6 mm were used, which in laboratory practice
were normally used for impregnation with antibiotics.

The disk was immersed in essential oil for a few seconds,
after which it was dried and used in research. The day-old
culture of the test strain was seeded on the surface of Muel-
ler—Hinton agar, dried for 5-10 min, then impregnated discs
were placed on the agar surface. Plates were incubated at
35 + 1 °C for 18 h in studies with Escherichia coli, Pseu-
domonad, and Staphylococcus and for 48 h in experiments
with Candida. Sensitivity/ resistance to the essential oil was
determined by the presence/absence of growth inhibition
zones around the oil disk. The diameter of the growth inhi-
bition was measured in millimeters to an accuracy of 1 mm.
The study was performed in triplicate.

It was calculated using the standard statistical package of
the licensed program Statistica for Windows 13 (StatSoft
Inc., Ne JPZ8041382130ARCN10-J), as well as SPSS 16.0
and Microsoft Office Excel 2003).

Results

Microbiological studies have shown that the essential oil
has a significant antibacterial effect against S. aureus ATCC
25923, E. coli ATCC 259220 and fungicidal activity Candida
albicans ATCC 885/6530 (Table 1).

The essential oil has been represented by a wider range
of bactericidal action. The activity against S. aureus was
analyzed (growth retardation diameters amounted to
14.60 + 1.52), as well as for E. coli (19.60 + 1.85), and
Candida albicans (29.30 + 2.82). It was experimentally
proven that the essential oil had no bactericidal effect on
the test strain of P. aeruginosa.

Discussion

Upon analysis of the study results, we can state that in our in
vitro antibacterial studies we obtained data confirming that
the essential oil has an antibacterial effect against the refe-
rence test strains of S. aureus, C. albicans and E. coli. The
obtained results were indicated the prospect of further
research and studied of the essential oil of the little-studied
hybrid species of Thymus x citriodorus (Pers.) Schreb. var.
“Silver Queen” as a main antibacterial component for phy-
topreparations [6—11].

Conclusions

1. Upon analysis of the study results, it was found that
the essential oil of Thymus x citriodorus (Pers.) Schreb. var.
“Silver Queen” has a pronounced antibacterial effect against
the reference test strains of S. aureus ATCC 25923, C. albi-
cans and E. coli ATCC 259220.

2. The data obtained were indicated that further study of
the hybrid species had a promising medicinal perspective as
a source of herbal antibacterial drugs.

Prospects for further research. The data obtained indicate
positive further prospects for the study of essential oil of
Thymus x citriodorus (Pers.) Schreb. var. “Silver Queen” as
an active ingredient in herbal antibacterials.
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Study and evaluation antioxidant activity of dietary supplements
with green tea extract
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The aim of the work is to determine and evaluate the antioxidant activity of dietary supplements with green tea extract, as well as to
introduce conditional terms of the level of AOA.

Materials and methods. The object of the study was dietary supplements of different manufactures: “Green Tea Extract” of Natural
Sources, USA (DS1), “Extract of green tea” of Elit-Pharm, Ukraine (DS2) and “Green tea” of Pharmakom, Ukraine (DS3).

Potentiometric measurements were conducted by pH meter Hanna 2550 (Germany) with a combined platinum electrode EZDO 5010.
Epigallocatechin-3-O-gallate >98.0 % (Sigma Aldrich), K,[Fe(CN) ], K,[Fe(CN).], NaHPO,, KH,PO, were analytical grade.

Results. It was established that a value of the antioxidant activity of DS1 was 36.51 mmol/tab, DS2 —29.78 mmol/tab, and DS3 - 16.67
mmol/tab. DS1 had the highest value of the antioxidant activity, which correlated with the content of catechins (r = 0.9314).

According to the proposed conditional terms of antioxidant activity dietary supplements, DS1 and DS2 possessed a low level of antioxidant
activity, whereas DS3 corresponded to very low level of antioxidant activity.

Conclusions. It was found that the studied dietary supplements with green tea extract have antioxidant activity, which correlates with
the content of catechins.

Key words: dietary supplements, green tea, antioxidant activity, potentiometry.

Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 215-219

JocnigxeHHs Ta OLiHIOBaHHA aHTUOKCMAAHTHOI aKTUBHOCTI JIETUYHUX J00ABOK 3 €KCTPAKTOM 3eJIeHOr0 Yak
O. 0. Macnos, C. B. KonicHuk, M. A. KomicapeHko, O. O. AnTyxos, K. B. IuHHuk, B. |. CtenaneHko

MeTa po60oTn — BU3HAYEHHS Ta OLIIHIOBAHHS aHTWOKCUOAHTHOI aKTUBHOCTI QIETUYHUX fAo6aBok 3 EKCTPaKTOM 3€eNneHOoro 4ar, a T1akox
yBE€AEHHA YMOBHUX NO3HAYEHb PiBHSA @HTUOKCUAAHTHOI aKTUBHOCTI.

Matepianu ta metoau. O6’ekT goCNimKEHHs — AieTUYHI fobaBku pisHUX BUpoOHWKiB: «EkcTpakT 3eneHoro vato» Natural Sources, CLUA
(041), «ExctpakT 3eneHoro Yato» Enit-®apm, Ykpaina (002) Ta «3enexuii vaity dapmakom, Ykpaina (OA43).

lMoTeHuioMeTprYHI BUMiptOBaHHSA BUKOHamM Ha pH-meTpi Hanna 2550 (®PH) i3 kombiHoBaHnM nnatuHosum enektpogom EZDO 5010.
Eniranokarexin-3-O-rannat >98,0 % (Sigma Aldrich), K,[Fe(CN) ], K,[Fe(CN)], NaHPO,, KH,PO, manu ksanidikadjto x. 4.

Pesyniratu. BcTaHoBNEHO, WO BENMYMHA aHTUMOKCUAAHTHOI akTuBHOCTI 41 cTaHoBMTh 36,51 MmMonb/Tab., 02 — 29,78 mmonb/Tab.,
[03 —16,67 mmonb/Tab. 111 MaB HaliBuLLE 3HAYEHHSI aHTUOKCWUAAHTHOI aKTUBHOCTI, LLIO KOpentoBarno 3 BMiCToM kaTexiHiB (2 = 0,9314).

3rigHO 3 YMOBHUMM NO3HAYEHHAMM aHTUOKCUAAHTHOI aKTUBHOCTI, sIKi 3anponoHyBanu, ieTuyHi gobasku A4 11 402 Bignosigany HU3bkomy
piBHio, a 113 — OyXe HN3bKOMY PiBHI0 @aHTUOKCUAAHTHOT aKTUBHOCTI.

BucHoBku. BctaHoBUNW, LU0 JOCTIOXKEHI AiETUYHI foDaBKM 3 EKCTPAKTOM 3€MEHOr0 Yato MatoTb aHTUOKCUAAHTHY aKTUBHICTb, LLIO KOPEentoe
3 BMICTOM KaTexXiHiB.

Kntouogi cnoa: gieTnyHi Jo6aBku, 3eNeHW Yal, aHTUOKCUAAHTHA aKTUBHICTb, MOTEHLIOMETPUYHIA METOA,.
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WUccnepoBaHue U oLieHKa aHTUOKCUAAHTHON aKTMBHOCTM AETMYECKUX A06ABOK C IKCTPaKTOM NUCTLEB 3€M1IeHOro Yas
A. 10. Macnos, C. B. KonecHuk, H. A. Komuccapehko, A. A. Antyxos, E. B. ibiHHUK, B. . CTenaHerko

Llenb paboTbl — onpeaeneHne n oLueHKa aHTUOKCUMAAHTHON akTUBHOCTU AUETMYECKMX J0OABOK C 9KCTPAKTOM 3€SIEHOr0 Yasi, a Takke
BBEAEHWNE YCMOBHbIX 0603HAYEHMI YPOBHS @HTUOKCUAAHTHOW aKTUBHOCTH.

Matepuansl n metoabl. OBbekT UccnefoBaHns — AueTndeckme [00aBKM pPasnMYHbIX MPOU3BOAUTENEN: «OKCTPAKT 3EM1EHOr0 Yasi»
Natural Sources, CLUA (1), «3kcTpakT 3eneHoro Yas» Inut-dGapm, YkpanHa (002) n «3eneHbin Yan», YkpauHa ®apmakom (O43).
lMoTeHUmoMeTprYeck1e M3MEPEHUS BbIMOHEHbI Ha pH-meTpe Hanna 2550 (PPI) ¢ koMb1HMPOBaHHbLIM NNaTUHOBLIM anekTpogoM EZDO
5010. Snurannokarexut-3-O-rannat >98,0 % (Sigma Aldrich), K [Fe(CN) ], K [Fe(CN) ], NaHPO,, KH,PO, umenu ksanudukaumio X. 4.

Pesynkrathl. YCTaHOBNEHO, YTO BENWUYMHA aHTMOKCMAaHTHO akTuBHOCTY 101 cocTaenseT 36,51 mmonb/Tab., 02 —29,78 mmonb/Tab.,
003 —16,67 mmonb/Tab. 11 uMeeT BbICOKOE 3HAa4YeHNe aHTUOKCMAAHTHOW aKTUBHOCTM, KOTOPOE KOPPESTMPOBASIO C CoAepXKaHNeM KaTe-
xuHoB (r? = 0,9314). CornacHo npegnaraemMbiM YCNoBHbIM 0603HaYeHNSIM aHTUOKCUAAHTHOW aKTUBHOCTM, AneTndeckue fobasku 001 v
[0/2 cooTBeTCTBOBANM HU3KOMY YPOBHIO aHTUOKCUAAHTHOW akTUBHOCTU, @ [I13 — 04eHb HU3KOMY YPOBHIO aHTUOKCUAAHTHOW aKTUBHOCTH.

BuiBogkl. YCTaHOBNEHO, YTO UCCneaoBaHHble AMeTndeckne 4obaBky C SKCTPAKTOM 3eM1eHOro Yas 06nagatT aHTUOKCUAAHTHOW akTuB-

HOCTbHO, KOTOpPasA KoppennpyeT C CoaepXxXaHMemM KaTexnHoB.

Knio4yeBble cnosa: guetnyeckme [J,O6aBKI/|, 3eMeHblii Yal, aHTMOKCMAAHTHAs! aKTUBHOCTb, rIOTeHLI,VIOMeTpIA‘-IeCKVIVI meTona.

AxTyanbHbIe Bonpockl (hapMaLeBTUYECKOW U MeaULIMHCKON Hayku u npakTuku. 2021. T. 14, Ne 2(36). C. 215-219

In light of the widespread degradation of environmental situa-
tion, a decrease in the content of nutrients in food, an increase
in the negative impact of living in stressful conditions of a
modern urban metropolis, interest in antioxidant substances
that reduce the negative impact and consequences of all
these processes is inexorably increasing. Antioxidants take
part in the system of the defense mechanism of the human
body, which main aim is combating pathologies and disea-
ses associated with the attack of free radicals and reactive
oxygen, helping to inhibit oxidative processes. The benefit
of antioxidants (AQO) bases on their healing counteraction to
free radicals in particular, oxidative stress in general, as well
as in promoting the prevention and treatment of a number
of cancers, improving human health, and increasing life [1].

More and more and more, it is possible to find in the market
several new products claiming their antioxidant properties.
Indeed, these are becoming an important and emerging para-
meter to assess the quality of the product. It has observed a high
demand and interest of people on dietary supplements with
green tea extract on account of their high values of antioxidant
activity (AOA) [2]. Green tea has a significant high antioxidant
potential owing to the presence in leaves flavon-3-ols or other
name catechins [3]. These compounds differ from other poly-
phenols in that both carbonyl and hydroxyl groups are absent
in the 4 positions. It is the most recovered of the flavonoids and
therefore has the greatest antioxidant potential [4].

The major catechins in green tea are epigallocatechin-3-gal-
late (EGCG), epicatechin-3-gallate, epigallocatechin, and
epicatechin. EGCG is the major catechin in green tea and
accounts for 50-80 % representing 200—300 mg/brewed
cup of green tea [5]. EGCG is with inhibitory effects in
many aspects of abnormal changes, such as antioxidant, an-
ticancer, anti-inflammatory, anticollagenase, and antifibrosis
effects, appearing in its wide functional range [6]. Although,
the amount of tea catechins has the highest level of AOA: it is
25-100 times higher than that of a-tocopherol and ascorbate
under comparable conditions, and epigallocatechin-3-O-gal-
late is one of the most powerful known plant AO [7].

However, today there is no regulation documents in which
a universal method would be used for determining and as-
sessing the level of AOA of test samples, such as a dietary
supplement, drug, cosmetic product, alcoholic beverages.
Also, there are no specific conditional terms for evaluating
AOA, which does not allow to evaluate, compare the obtained
values of AOA and conduct quality control of products with
antioxidant property.

Aim
The aim of our study is to determine and evaluate the anti-

oxidant activity of dietary supplements with green tea extract,
as well as to introduce conditional terms of the level of AOA.

Materials and methods

The object of the study was three dietary supplements: “Green
Tea Extract” (DS1), “Extract of green tea” (DS2) and “Green
tea” (DS3). DS1 contains 35 mg epigallocatechin-3-O-gallate
in the form of dry standardized extract of green tea leaves,
dosage form — tablets; manufacturer — “Source Naturals”,
USA; DS2 contains 200 mg of dry extract of green tea
leaves; dosage form —tablets; manufacturer — Elite Farm”,
Ukraine; DS3 contains of dry extract (31.25 mg), ascorbic
acid — 12.5 mg; dosage form — tablets; manufacturer —
“Pharmacom”, Ukraine.

Potentiometric measurements were conducted by pH meter
Hanna 2550 (Germany) with a combined platinum electrode
EZDO 5010. Weighing was carried out using digital analytical
balance AN100 (AXIS, Ukraine) withd = 0.0001 g.

Epigallocatechin-3-O-gallate >98.0 % (Sigma Aldrich),
K [Fe(CN),], K,[Fe(CN),], NaHPO,, KH,PO, were analy-
tical grade.

The preparation solutions of dietary supplements. A crushed
one tablet of each investigated dietary supplement was com-
pletely dissolved in 96 % ethanol solution and filtered into
a measuring flask with a capacity of 50.0 ml and makeup to
mark with the same solvent.

216

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTvku. — 2021. — T. 14, Ne2(36)

ISSN 2306-8094



Study and evaluation antioxidant activity of dietary supplements with green tea extract

The preparation standard solutions of epigallocatechin-
3-O-gallate. Accurately weighed 2.29 g of epigallocate-
chin-3-O-gallate was transferred into a 10 mL volumetric
flask and dissolved in 96 % ethanol solution and made up
to the mark with the same solvent to give a stock solution
having 0.5 mol/L concentration. Different aliquots were taken
to prepare solution with following concentrations: 0.1 mol/L,
0.01 mol/L, 0.001 mol/L, 0.0001 mol/L, 0.00001 mol/L.

The procedure of determining the level of AOA. A 2 mmol/L
solution of K,[Fe(CN),] was prepared by weighing 0.8232 g
into a 25.0 mL volumetric flask, dissolving a compound in a
distilled water, and filling the flask to volume with the same
solvent. A 0.02 mmol/L of K, [Fe(CN),] was prepared by
weighing 0.0921 g into a 250.0 mL volumetric flask, dis-
solving a compound in a distilled water, and filling the flask
to volume with the same solvent. Then a 5.00 mL aliquot
of both prepared solutions was taken and transferred into
a 250.0 mL volumetric flask and made up to the mark by
0.067 mol/L phosphate buffer solution. A 50.00 ml of prepared
mediator solution was transferred to an electrochemical cell.
The initial potential of the mediator solution was measured
after the initial one was established, 1.00 mL of the aliquot
of'the prepared solutions was added and a final potential was
measured. The difference (AE) between the initial (E)) and
final (E)) potentials were found. The shift of potential was
explained by the change of the ratio of oxidized and reduced
forms of the mediator system as a result of the following
chemical reaction:

a[Fe(CN)J* + b-AO = a[Fe(CN),J* + b-AO,_

(chemical reaction 1)

where AO — antioxidant; AO__ — oxidized form of antioxi-
dant; a, b — stoichiometric coefficients.

Antioxidant activity was calculated according to the ex-
pression 1 and expressed as mmol/tab:

C —-axC
AOA= >

0 x K, xVx10% (expression 1).
1+ a

In order to calculate in mmol/tab the expression 2 was used:

Cox —ax Cred
AOA= —— —

x K, xV, x10% (expression 2),
1+a

whereo = C_ /C_ - 10@F ~Fethanonf/23KT C *—concentration
of K,[Fe(CN),], mol/L; C_, —concentration of K,[Fe(CN),],
mol/L;E , —-0.0546-C, —0,0091;C, - concentrationof
ethanol; AE —change of potential; F = 96485.333 Cl/mol —
Faraday constant; n = 1 —number of electrons in electrode
reaction; R = 8.314 J/mol - K —universal gas constant; T —
298 K; — coefficient of dilution, V — volume of measuring
flask at which tablets of dietary supplements were dissolved,
mL,V, —100, mL.

Statistical analysis was performed in Microsoft Excel
2010 with the accepted significance level @ = 0.05. Results
were expressed as mean + confident interval from five
measurements.

Results

The level of AOA of DS1 was exceptionally high and contained
36.51 £ 0.46 mmol/tab, DS2 had 29.78 + 0.35 mmol/tab,
and DS3 —16.67 = 0.29 mmol/tab. These values were found
by expression 1. In addition, the values of AOA of dietary sup-
plements were calculated in mmol/100 mL in order to classify
them by offered conditional terms, in this case, expression 2
was used. As result, the DS1 had 73.02 mmol/100 mL,
DS2 —59.56 mmol/100 mL and DS3 —33.28 mmol/100 mL.
In our previous research [8], the total content of catechins
was established by absorption spectrophotometry. It was
found that the total content of catechins was 146.80 + 1.36,
79.0 + 0.88,28.0 = 0.75mgin DS1, DS2, and DS3, respec-
tively. The results of the study are in Table 1.

For elaborating conditional terms, the levels of AOA of
EGCG were determined for following concentrations: 0.5,
0.1, 0.01, 0.001, 0.0001 u 0.00001 mol/L, the results of
the study are shown in Table 2.

Six conditional terms were identified: very high —more than
27322 mmol/100mL, high —from 5692027322 mmol/100mL,
middle —from 1423 to 5692 mmol/100 mL, lower middle —
from 365 to 1423 mmol/100 mL, low — from 45 to 365
mmol/100 mL, very low — from 25 to 45 mmol/100 mL,
do not possess — lower 25 mmol/100 mL. The results of
the study are in 7able 3.

Discussion

According to the obtained data it easy to see that DS1 had
the highest value of the antioxidant activity, second place
took DS2 and last one — DS3.

For evaluation of the antioxidant potentials of the in-
vestigated dietary supplements, the potentiometric assay
was applied. This method was chosen for the following
reasons: firstly, it does not request expansive reagents and
equipment, secondly, the method is quite sensitive, precise
and fastness in comparison with other assays of evaluation
AOA and moreover potentiometric method enables a prompt
screening of the antioxidant capacity of a series of organic
biocompounds even in complex or colored samples [9].
Although, potentiometric assay represents a single electron
transfer-based method.

A simple linear regression analysis was used to investigate
the correlation between the content of catechins and values of
AOA. As shown in Figure 1, there was a significant positive
correlation (r* = 0.9314) between the content of catechins
and values of AOA.

Today, there are no uniform criteria for assessing antioxi-
dant activity, which in turn complicates the understanding of
what is good and what is bad. It is also impossible to compare
the results of determining the AOA of the analyzed objects
and to carry out quality control by the parameter of AOA.
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Table 1. Antioxidant activity and content of the catechins of dietary supplements

Dietary supplement AOA, mmol/tab AOA, mmol/100 mL Total content of catechins in dosage form, mg
1.36

36.51 + 0.46 73.02 146.80 +
DS2 29.78 + 0.35 59.56 79.0 + 0.88
DS3 16.67 + 0.29 33.28 28.0 + 0.75
Fig. 1. The correlation
40 between the antioxidant
......... ° activity and the total content
1 T of catechins.
30 o
o o e y =0,1634x + 13,831
% ......... 2=0,9314
Eo e
g .
2 15
10
5
0
0 20 40 60 80 100 120 140 160

Total content of catechins in dosage form, mg

Table 2. Results of determination antioxidant activity of EGCG

Concentration of EGCG, mol/L AOA, mmol/100 mi

0.5 28530.00 + 141.00
0.1 5702.00 + 37.66
0.01 1427.00 + 31.91
0.001 362.00 + 9.15
0.0001 45.00 + 0.85
0.00001 25.00 + 0.58

Table 3. Conditional terms of antioxidant activity

Conditional term of antioxidant activity AOA, mmol/100 mL

very high more than 28530
high from 5702 to 28530
middle from 1427 to 5702
lower middle from 362 to 1427
low from 45 to 362
very low from 25 to 45

do not possess lower 25

Hence, it was decided to create conditional terms denoting
the AOA of the analyzed samples. Epigallocatechin-3-O-gal-
late was chosen as the “gold” standard for creating these
conditional terms and this choice is associated with a reason
that in many comparative studies to determine the value of
AOA of antioxidants [10-12], EGCG had the highest ability

to scavenge free radicals. According to created conditional
terms of AOA, dietary supplements DS1 and DS2 possess a
low AOA, whereas “Green tea” has very low AOA.

Conclusions

1. This study reported that all investigated dietary supple-
ments with green tea extract had antioxidant activity.

2. The greatest value of antioxidant activity was found
in the dietary supplement, which had the highest content of
catechins.

3. The created conditional terms can be used in evaluating
the antioxidant activity of products of the pharmaceutical,
food, and cosmetology industries.

Prospects for further research. Introduction of regulation
documents of determination antioxidant activity in products
that associated with antioxidant activity and labeling informa-
tion about level and conditional term of antioxidant activity.
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An urgent issue of modern morphology is establishing a number of patterns of morphological changes and reactivity of connective tissue
components of lungs in case of experimental sensitization with allergens.

The aim is to estimate morphological features of histogenic differon cells in connective tissue of guinea pigs’ lungs after sensitization with
ovalbumin.

Materials and methods. Using morphometric and histological method, we have estimated the lung connective tissue of 48 male guinea pigs
with experimental ovalbumin-induced allergic inflammation, simulated by subcutaneous sensitization and aeroallergization with ovalbumin.
The number of fibrocytes, fibroblasts per 5000 pm? and their ratio - fibroblast/fibrocyte coefficient were determined.

Results. We have established the regularity of morphological changes dynamics in the cellular elements of pulmonary connective tissue.
Experimental sensitization and inhalated allergization with ovalbumin leads to a statistically significant increase in the average number of fibroblasts
and fibrocytes throughout the observation period in all experimental groups. It has been proved that the dynamics of cells has a multidirectional
character, demonstrated by indicators of the fibroblast/fibrocyte coefficient, which shows the disproportion in the fibroblast/fibrocyte ratio and proves
the tendency to the development of fibrosis in guinea pigs’ pulmonary connective tissue in case of experimental sensitization with ovalbumin.

Conclusions. A gradual increase in the number of fibrocytes, against the background of a decrease in the number of fibroblasts is observed
from the 23" day to the completion of experimental sensitization with ovalbumin in the lungs of guinea pigs, compared with control group. A
decrease of fibroblast/fibrocyte coefficient from 1.37 + 0.03 in the early period to 0.82 + 0.03 in the late period of the allergic inflammation
demonstrates multidirectional nature of the dynamics in the number of connective tissue cells and indicates a tendency towards the development
of fibrosis in pulmonary connective tissue.

Key words: guinea pigs, fibrocyte, fibroblasts, pulmonary connective tissue, experimental allergic inflammation, ovalbumin.
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MopdhonoriuHi 0coBnMBOCTI KNiTUH ricTOreHHOro AudepoHy CNONMy4YHOI TKAHUHU NereHb Nicns ceHcubinisauii oBanbL6yMiHOM
C. C. lNonko, B. M. €BTyLLEHKO

AkTyanbHo Npobnemoto Cy4acHoi MOPAOIOrii € NMUTaHHS LOAO BCTAHOBMEHHS HU3KWM 3aKOHOMIPHOCTEN MOPONOriYHMX 3MiH i peak-
TWBHOCTI KOMMOHEHTIB CMOMYYHOI TKAHUHW NereHb NpU eKCNEPUMEHTArbHIN ceHcmbinisauii anepreHamu.

Meta po6oTtu — 3'cyBatm MoOpdonoriYHi 0COBNMBOCTI KMITUH TiCTOreHHOro AUMGEpPOHY CNOMNYYHOT TKAHUHU NEreHb MOPCHKOI CBUHKM
nicns ceHcubinisauii oBanb6ymMiHOM.

Matepianu Ta meToaun. BUkopucToBYyOUYM MOPOMETPUYHIIA | FICTONOMYHWIA MeTOAM, AOCNIANMN COMYYHY TKaHUHY NnereHb 48 camuis
MOPCBKOI CBUHKM 3 eKCMepyMeHTanbHUM anepriyHuM 3anaseHHsM, 3MOAeNbOoBaHNM ceHcumbinidauieto Ta aepoaneprisauieto oBasib-
OymiHoM. BusHauanu cepeHto Kinbkicts ibpounTis, dibpobnactie Ha ymoBHY oauHuuto nnowi 5000 Mkm? Ta IXHE CMiBBIAHOLEHHS —
hibpobnacTHo-hibpoLMTapHI KoediLliEHT.

Pesynkratn. BcTaHOBUMM 3aKOHOMIPHICTb AMHAMIKM MOPAOMNOMiYHWUX 3MiH KMITUHHUX €IEMEHTIB CMOMyYHOI TKaHWHK nereHb. Excnepu-
MeHTanbHa ceHcubinisauis Ta iHransuiHa aneprisayis oBanb6yMiHOM NpU3BOAATL A0 CTATUCTUYHO 3HAYYLLOrO 30iNblIEHHS cepeaHboi
KinbkocTi chibpobnacTis i hibpoumTiB NPOTArOM YCiX TEPMIHIB CNOCTEPEXEHHS B YCiX EKCNEPUMEHTAIbHUX rpynax. [nHamika KniTuH Mae
Pi3HOCMPSIMOBaHMIA XapakTep, WO NiATBepAXXeHO NokasHukaMmu ibpobnactHo-ibpoumTapHoro KoedilieHTa, ski ceigyaTb Npo Auc-
NPOMOPLHICTb Y CiBBiAHOLWEHHI ibpobnacTtu/dibpounTin, NoKasyoTb TEHAEHLII0 40 PO3BUTKY (hiBpo3y Ta CKNepoTUYHKX NPOLECB Y
CMOIYYHili TKaHUHI NIereHb MOPCLKUX CBUHOK Mif Yac ekcrnepumeHTanbHoi ceHenbinisadlii oBans6ymiHOM.

ARTICLE UDC 611.24-018.2:616-021.5-092.9].086
INFO DOI: 10.14739/2409-2932.2021.2.227582

Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 220-225
Key words: guinea pigs, fibrocyte, fibroblasts, pulmonary connective tissue, experimental allergic inflammation, ovalbumin.

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

zsmu.edu.ualarticle/

View/227582 Received: 25.03.2021 // Revised: 19.04.2021 // Accepted: 27.04.2021

220 AKTyarnbHi MMTaHHA (hapMaLeBTUHHOT | MEINYHOT Hayku Ta npakTiki. — 2021. — T. 14, Ne2(36) ISSN 2306-8094


https://orcid.org/0000-0002-5533-4556
https://doi.org/10.14739/2409-2932.2021.2.
227582
mailto:kluchkosv%40gmail.com?subject=
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BucHoBku. Big 23 0o 44 nobv nicns noyaTky ekcrepumMeHTarnbHoi ceHembinisavii oBansbyMiHOM Y TEreHsiX MOPCbKUX CBUHOK MOPIBHSHO
3 KOHTPOIEM CnocTepirany nocTynose 36inbLUeHHs cepeaHbOi KinbKOCTi ibpoLuTiB, ane 3MeHLLIEHHS cepeaHbOi KinbkocTi hibpobnacTis.
PisHoCnpsiMoBaHuWiA xapakTep y AUHaMIL KiNbKOCT KNiTUH CMOMYYHOT TKaHMHM NOKa3ye 3MEHLLEHHS Noka3Huka ibpobnacTHo-gibpoLy-
TapHoro koediuieHTa Big 1,37 + 0,03 B paHHbomy nepiogi Ao 0,82 + 0,03 B ni3HLOMY nepiofi PO3BUTKY anepriyHoro 3ananeHHs, Wwo
CBIOYMTb MPO TEHAEHL0 A0 PO3BUTKY (hiBpOo3y B CNOMYYHIN TKAHWHI NEreHb MOPChKOi CBUHKM.

Knto4oBi crnosa: Mopcbka CBWHKa, ibpounT, dibpobnacT, cnonyyHa TKaHWHa nereHb, ekcrepuMeHTarnbHe anepriyHe 3ananexHs,
0BanbOyMiH.
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Mopdhonormyeckme 0CoGEHHOCTH KNETOK TMCTOreHHOro AudhdhepoHa COeaUHUTENBHOMN TKaHN NErKNX
nocrne ceHCMOMnu3aLumm oBasnboyM1MHOM

C. C. Moriko, B. M. EBTyLueHko

AkTyanbHas npobnema coBpemMeHHoW Mopdonorin — Bonpoc 06 yCTaHOBNEHWUM psia 3akOHOMEPHOCTe MOPONOrvyeCcKMX 3MeHEHUN
1 pPeakTUBHOCTN KOMMOHEHTOB COEANHUTENBHOMN TKaHU NETKUX NPU AKCepUMeEHTanbHOM CeHCMbMnuaaumny annepreHamm.

Llenk paboTkl —ycTaHOBUTL MOPONOrMYeckne 0COOEHHOCTH KIIETOK FTMCTOreHHOTO AN hepoHa CoeaUHUTENBHO TKaHW NIENKMX MOPCKWX
CBWHOK Mocne ceHcnbunmsauum oansoyMUHOM.

Matepuansl u metozkl. /icnonb3ys MOPGOMETPUYECKUI N TUCTONOMMYECKWI METOABI, UCCMEeAoBanM COeaNHUTENbBHYIO TKaHb NErkux
48 caML0B MOPCKOW CBWHKM C 3KCMEPUMEHTanbHbIM annepriyeckuM BocraneHneM, CMOAENMpoBaHHbIM CeHCMBUNM3aLumen n aspoannep-
rusauueit osansbymmuHom. Onpeaensnu cpeaHee konuyecTso prnbpoumTos, hrubpodnacTos Ha yCroBHY0 eanHuLy nnolaam 5000 Mkm?
1 X COOTHOLLEHNe — hmbpobnacTHO-hnbpoLMTapHBIN KOIMAMULIMEHT.

PesynbraTthl. YcTaHoBNeHa 3aKOHOMEPHOCTb AMHAMMKN MOPONOTMYECKNX M3MEHEHWNIA KIIETOYHBIX 31IEMEHTOB COEANHUTENBHO TKaHN
NErknx. AKCnepuMeHTanbHas CeHCMbUNM3aLUms v MHransaLMoHHas annepriaums oBansbyMUHOM NPUBOASAT K CTATUCTUYECKN 3HAYUMOMY
YBENMYEHUI0 cpefHero konnyecTaa ombpobnacTos 1 pMBPOLIMTOB Ha MPOTSHKEHW BCEX CPOKOB HaBMIOAEHWS BO BCEX SKCIEpUMEHTarbHbIX
rpynnax. [iMHamuka KneTok NMeeT pasHOHaNpaBMeHHbI XxapakTep, KOTOPbI OTpaxatoT nokasatenu dubpobnactHo-dprubpoumnTapHoro
Ko3bhuumeHTa, CBUAETENLCTBYOLLME O AUCNIPONOPLMM B COOTHOLLEHUN hmbpobnacTbl/dubpounTsl 1 SBASIOLLMECS NOATBEPXKAEHNEM
TEHAEHUWN K pa3BuTuio ¢nbpo3a M CKNepoTUYECKUX MPOLIECCOB B COEANHUTENBHON TKaHW NETKUX MOPCKMX CBMHOK MpU 3KCMepuMeH-
TanbHOM CeHcnbunmusaumm oBanbbyM1MHOM.

BeiBogkl. C 23 no 44 cyTkv nocne Ha4Yana akCnepUMeHTarnbHON ceHcnbunmaaumm oBansbyMMHOM B NETKUX MOPCKMX CBUHOK MO CpaB-
HEHWIO C KOHTPOSIEM OTMEYEHO MOCTENEHHOE YBENMYEHNE CPEAHETO KomyecTBa (hMbpoLMTOB, HO YMEHbLLIEHWNE CPEeHEro KonnyecTea
ubpobnacTos. YMeHbLLIEHWE nokasaTens dubpobnactHo-ubpouuTapHoro kosdpduumerta ¢ 1,37 + 0,03 B paHHem nepuoge £o0
0,82 + 0,03 otpaxaeT pazHOHaNPaBMEHHbIN XapakTep B AMHAMUKE KONWYECTBA KINETOK COEAMHUTENBHOM TKaHW B NMO3QHEM nepuoge
pasBUTMS annepryeckoro BocnaneHusl, CBUAETENbCTBYET O TEHAEHLMM K pa3BuUTUO (hMbpo3a B COEAMHUTENBHOM TKaHW NETKX MOPCKMX
CBVHOK.

KntoueBLie crioBa: Mopckas cBWHKa, mbpoumt, hnbpobnact, coeanHuTenbHas TkaHb NErKUX, AKCMEPUMEHTanbLHOe annepruyeckoe
BOCnaneHue, oBanboyMuH.

AxTyanbHble Bonpockl hapMaLeBTUYECKOW U MeAULIMHCKON Haykm u npakTuku. 2021. T. 14, Ne 2(36). C. 220-225

The variety of connective tissue functions, such as
morphogenetic, reparative, biomechanical, metabolic
reflects a wide range of its morphological adaptive changes
in response to various factors, including allergenic ones
[1,2]. Airway hyperreactivity develops as a result of allergic
airway inflammation in case of experimental sensitization
with ovalbumin [3]. Asthma pathogenesis is represented
as a multiple process in which nonspecific and specific
immune and neuroendocrine points are involved. Interactions
between them lead to the development of asthma hallmarks —
inflammatory process and as its result —airway remodeling
[4-6]. A specific sign of connective tissue reaction in response
to the action of an allergen as a result of the development
of allergic inflammation is subepithelial fibrosis in airways
[7]. The thickened basal lamina of the airway epithelium
and the connective tissue of their respiratory mucosa
contain an increased number of collagens types I, III and
V, fibronectin and tenascin, which is a pathognomonic
point of allergic inflammation and is not observed in case

of other inflammatory diseases of the respiratory system
[7,8]. The appearance and accumulation of deposits from
glycosaminoglycans and collagen in the ground substance
of extracellular matrix of connective tissue is associated
with fibroblasts’ or myofibroblasts’ secretory function.
The latter originate from resident cells of pulmonary
connective tissue, such as fibroblasts and myocytes [8,9]. The
mechanisms of differentiation of fibroblasts and myocytes
into myofibroblasts, actively synthesized collagen types I, 11,
Vin case of allergic inflammation, are currently being actively
investigated by scientists [10,11]. However, morphological
changes in the cellular component of the connective tissue of
airways and lungs, experimentally sensitized, have not been
sufficiently studied in the chronobiological aspect.

Aim
To estimate morphological features of histogenic differon

cells in connective tissue of guinea pigs’ lungs after
sensitization with ovalbumin.
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Materials and research methods

The experiment was performed on 48 male guinea
pigs weighing 450-600 g, which were housed under
standard environmental conditions in the animal facility of
Zaporizhzhia State Medical University. All experimental
procedures and the animal care were carried out according
to ethical guidelines (Strasbourg, 1986; Kyiv, 2001).

Experimental model of allergic airway disease. Allergic
airway inflammation was induced as previously described
[12]. Guinea pigs received three subcutaneous injections and
eight inhalations with ovalbumin (OVA) (Sigma Aldrich,
USA). We use alum (10 mg/mL in saline) as an adjuvant
(AlumVax Hydroxide vaccine adjuvant, OZ Biosciences
France) with OVA injections to counteract tolerance.

Experimental design. We use six groups of guinea pigs in
the experimental protocol (8 guinea pigs each). Animals of
the first four groups with asthma model were euthanized with
an overdose of thiopental (50 mg/kg) on the 23%, 30%, 36
and 44" days of the experiment respectively; control guinea
pigs of group 5 were administered with equivalent amount
of saline; group 6 was intact. We subdivided the experiment
to the early (23", 30" days of the experiment) and late (36"
and 44" days of the experiment) periods of the pulmonary
allergic inflammatory process. Paraffin sections of guinea
pigs’ lungs were stained by the method of Mason to
estimate the number and distribution of collagen fibers,
alcyan blue with a critical concentration of MgCl, 0.2 M to
determine the dynamic of glycosaminoglycans distribution
and morphometric evaluation of histogenic differon cells
of connective tissue [13]. The sections were examined by
light microscope (Primo Star, Zeiss, Germany). We counted
the number of fibrocytes and fibroblasts per 5000 um? in 10
fields of lung strip in each animal and their fibroblast/fibrocyte
ratio coefficient. Fibroblasts and fibrocytes were identified
and differentiated by their morphological points at the light-
optical level. Fibroblasts are large polygonal cells up to 50
pm in size with rounded or oval euchromatic nucleus, have
processes. Fibrocytes are spindle-shaped cells with the large,
identical-shaped, dense nucleus, little volume of cytoplasm
and long processes.

Statistical analysis was performed using Microsoft
Excel and Statistica for Windows 13 (StatSoft Inc., Ne
JPZ8041382130ARCN10-J). Data were evaluated by
Shapiro—Wilk test and the Kolmogorov—Smirnov test. Values
are expressed as means M + m. Multiple comparisons
were made using the parametric Student’s t-test (P*) and
the nonparametric U-Whitney—Mann test (P**). The obtained
data were compared between the median and interquartile
range Me (Q,; Q,). P value of <0.05 was considered
significant.

Results

Morphological evaluation of guinea pigs’ lungs after
experimental sensitization with ovalbumin reveals reactive
morphological changes in the connective tissue of airways and
pulmonary interstitium. There is edema and disorganization

of collagen fibers and changes in the tinctorial properties of
the ground substance, such as more intensive metachromatic
staining, compared to the control group. Along with this,
we observe a reaction from the fibroblastic elements of
the connective tissue of lung. Some of the fibroblasts
increase in size, the cytoplasm acquires a more pronounced
basophilia. Some cells divide mitotically. In addition, in
case of ovalbumin sensitization, intense diffuse and focal
perivascular and peribronchial infiltration by lymphocytes
is observed (Fig 1).

Morphometric assessment of diffusely located histogenic
differon cells of connective tissue in lungs of intact group
guinea pigs has shown that their average number was as
follows: fibrocytes 6.50 £ 0.24, fibroblasts 7.50 £ 0.16,
fibroblast/fibrocyte coefficient 1.46 + 0.06. We have not
found statistically significant difference in the number of cells
between control and intact groups (P*/** > 0.05), indicated
that the procedure has not influenced changes in data content
from connective tissue cells. Therefore, we compare results
of'the experimental and control groups in further observation.

The number of fibrocytes and fibroblasts in the connective
tissue of guinea pigs’ lungs changes after sensitization and
inhalation with ovalbumin. Analysis of the average number of
fibrocytes in the early period of allergic inflammatory process
in the lungs reveals that their number increases statistically
significantly compared to the control group since the 23" day
after the experiment and is 9.5 + 0.09 in the field of view,
which is 1.7 times more than in the control group (Fig. 2).
We have declared a tendency to an increase in the number
of fibrocytes on the 30" day of the experiment in the 2™
experimental group. There is also a statistically significant
difference between the average number of fibrocytes in
animals of the control group and after sensitization with
ovalbumin, observed in the late period of the experiment
(36" and 44" days) in animals of 3 and 4" experimental
groups. Thus, on the 36" day after the start of the experiment,
the average number of fibrocytes is 12.88 + 0.15 in the field
of view, the coefficient of increase is 2, compared to the control
group. On the 44™ day of observation, the maximum value
of the average number of fibrocytes reaches 13.38 + 0.14
in the field of view. The maximum coefficient of increase
(2.3) is observed in the 4™ experimental group, compared to
the control group (Fig. 4).

Analyzing the number of connective tissue fibroblasts
in guinea pigs’ lungs in the early period of allergic
inflammation, we have found that their number increases
statistically significantly (P*/** < 0.05) from the 23" day of
the experiment (12.75 + 0.21 in the field of view), compared
to the control group (Fig. 3). The maximum coefficient of
increase in the average number of fibroblasts compared to
the control group is 1.8 and is observed on the 23" day of
the experiment in the 1% experimental group. Fibroblast/
fibrocyte coefficient is 1.37 £ 0.03 in the 1* experimental
group, which is slightly less than the same indicator in
the control group. We have reported the tendency to increase
of the number of fibroblasts on the 30" day of the experiment
in the 2" experimental group. The fibroblast-fibrocyte
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Fig. 1. Microscopic changes of connective tissue elements of the airways and pulmonary interstitium of guinea pigs after sensitization and challenging
with ovalbumin on the 30" (1a, 1b), 36" (1c), 44" (1d) days after the start of experiment. 1a, 1b: edema and disorganization of collagen fibers of
connective tissue in the bronchial wall (1a), uneven thickening of the subepithelial layer in terminal bronchiole (1b). 1c: more intensive metachromatic
staining of the ground substance of connective tissue in the bronchial wall; 1d: connective tissue cells in lung: 1 —fibroblast; 2 — fibrocyte; 3 —mast
cell; 4 —lymphocyte; 5 — macrophage; 6 — plasma cell. Staining: 1a, 1b — Mason staining; 1c, 1d — alcian blue. 1a, 1b, 1c x 400; 1d x1000.

coefficient in the 2™ experimental group is 1.30 + 0.04
(Fig. 4).

The statistically significant difference in the average
number of fibroblasts compared to similar indicators in
animals of the control group is also observed in the late
period of allergic inflammatory process in lung (36" and 44"
day after the start of the experiment) in animals of the 3%
and 4" experimental groups. On the 36" day after the start
of the experiment, the average number of fibroblasts ss
10.38 + 0.27 in the field of view, the magnification factor is
1.5, compared to the control group. The tendency to gradually
significant decrease of the number of fibroblasts is shown with
increasing experiment time. Fibroblast/fibrocyte coefficient
decreases statistically significantly in 1.8 times in the late
period of development of allergic inflammatory process in
lung, compared to the similar indicator in the control group.

Discussion

Thus, our study determines the pattern of dynamics
of morphological changes in the cellular elements of

the respiratory connective tissue. Experimental sensitization
and challenging with ovalbumin leads to a statistically
significant increase in the average number of fibroblasts
and fibrocytes during all observation periods in all
experimental groups. The multidirectional nature of their
dynamics attracts attention. The maximum number of
fibroblasts occurs during the first period of pulmonary
allergic inflammation on the 23" day of observation, after
which there is a tendency to gradually reduce their content
to the 44" day of the experiment. In contrast to the dynamics
of fibroblasts, the average content of fibrocytes gradually
increases during the experiment, with the maximum
coefficient of increase on the 44" day. This multidirectional
nature of cell dynamics reflects the fibroblast/fibrocyte
coefficient, during the experiment, indicated a disproportion
in the fibroblast — fibrocyte ratio, especially in the late
period of allergic inflammation. The latter fact is a
confirmation of the tendency to the development of fibrosis
and sclerotic processes in connective tissue of guinea pigs’
lungs during experimental sensitization with ovalbumin.
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Our morphological observation of guinea pigs’ lung
connective tissue cells in general confirmed with previous
studies. Previously reported persistently elevated number
of fibrocytes in bronchial mucosa is observed in chronically
undertreated or corticosteroid-resistant asthma and are
associated with persistent airway inflammation and
connective tissue remodeling of the bronchial wall [10].
The asthmatic bronchial epithelium is predominant source
of fibrocyte chemoattractants in asthma and contributes
with T helper type 2 lymphocytes and eosinophils to
promote the proliferation and remodeling function of
recruited fibrocytes. The presence of elevated numbers
of fibrocytes in the bronchial mucosa of allergic patients
may also increase the risk of acute exacerbations because
these cells can amplify T helper type 2 inflammation to
the clinically relevant allergen and can promote further
inflammation [4,14,15]. Several studies have revealed
subepithelial fibrosis, primarily mediated by submucosal
resident fibroblasts proliferated and differentiated into
myofibroblasts [9,10]. However, authors have shown
that oncostatin M-induced products of connective tissue
cells, such as monocyte chemoattractant protein 1 (MCP-
1), IL-6, and PGE2 can modulate macrophage function,
including the expression of oncostatin M produced by
macrophages and neutrophils, indicating feedback loops
characterized macrophage and connective tissue cell
interaction in extracellular matrix remodeling and allergic
inflammation [16]. Oncostatin M receptor (OSMR chains)
is expressed by pulmonary connective tissue fibroblasts and
bronchial smooth muscle cells. Scientists have associated
lung extracellular matrix hyperproduction with defective
epithelial — connective tissue crosstalk during allergic
inflammation, suggesting the aberrant activation of
the asthmatic epithelial-mesenchymal trophic unit (EMTU)
may lead to disease pathogenesis [14]. A similar trend has
been recently showed in studies of other scientists [9,17].

In conclusion, our results may become a part of
the foundation for the further investigation of morphological
basis of mechanisms of epithelial neuroendocrine —immune
interaction in the animal models of widespread diseases.

Conclusions

1. There is a gradual increase in the average number of
fibrocytes (respectively 9.50 + 0.09 in the 1% experimental
group to 13.38 + 0.14 in the 4" experimental group) and a
decrease in the average number of fibroblasts (12.75 + 0.21
in the 1* experimental group to 10.37 + 0.27 in the 4
experimental group) from the 23" to the 44" day after the start
of experimental sensitization with ovalbumin in guinea pigs’
lungs.

2. A decrease of the fibroblast/fibrocyte coefficient from
1.37 £ 0.03 in the early period to 0.82 + 0.03 reflects a
divergent nature in the dynamics of the number of connective
tissue cells in the late period of allergic inflammation, indicated
atendency of development of fibrosis in the connective tissue
of guinea pigs’ lungs.
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Fig. 2. Morphometric changes in the number of fibrocytes in
the connective tissue of guinea pigs’ lungs. *: P < 0.05 (Student’s
t-test); **: P < 0.05 (Whitney—Mann U-test) compared to the control,
Me (Q; Q,),M £ m(n = 8).
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Fig. 3. Morphometric changes in the number of fibroblasts in
the connective tissue of guinea pigs’ lungs.

*: P < 0.05 (Student's t-test); **: P < 0.05 (Whitney—Mann U-test),
compared to the control, Me (Q,; Q,),M = m(n = 8).
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Fig. 4. Dynamics of fibroblast/fibrocyte coefficient.
*: P < 0.05 (Student’s t-test); **: P < 0.05 (Whitney—-Mann U-test)
comparing to the control group, Me (Q;; Q,),M + m (n = 8).
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Prospects for further research. We are planning to study
the components of ground substance of extracellular matrix
and ultramicroscopic changes in the connective tissue cells
of guinea pigs’ lung in case of experimental sensitization
with ovalbumin.
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Are there benefits of low doses of ACE inhibitors, MRAs,
diuretics and statins in the treatment of heart failure?

V. A. Lysenko'=*

Zaporizhzhia State Medical University, Ukraine

Treatment of chronic heart failure (CHF) is very controversial. The issue of optimal doses of beta-blockers, ACE inhibitors, aldosterone
receptor antagonists, statins in patients with CHF has not been conclusively addressed. Achieving the maximum tolerated doses of drugs,
though related to reduced mortality, but is accompanied by an increase in adverse drug reactions.

The aim. To present and discuss our own clinical and scientific data concerning the role of beta-blockers and inhibitors of the renin-
angiotensin aldosterone system, diuretics, statins in the treatment of CHF patients and optimization of dosage schemes.

Material and methods. The study included 88 patients with CHF of ischemic origin, with sinus rhythm, stage Il AB, NYHA FC II-1V,
58 — with reduced LV EF (HFrEF) and 30 — with preserved LV EF (HFpEF). The mean age of patients was 69.18 + 9.97 years, men
52 % (n = 46). The median follow-up of the CHF patients was 396 days, the maximum number of follow-up days was 1302. During
the observation period, 14 endpoints were registered, which accounted for 15.91 % of events: 7 deaths (8.0 %), 2 strokes (2.3 %),
2 cases of acute coronary syndrome (2.3 %), 3 progressive heart failure cases (3.4 %). Kaplan—-Mayer curves were drawn to assess
survival rate, and the significance of difference between groups was calculated by the criteria of Gehan—Wilcoxon, Cox—Mantel and log-
rank test. Risk factors were determined, and prognostic uni- and multi-variant Cox proportional hazards regression models were used.
The cut-off values of quantitative risk factors were obtained by ROC analysis.

Results. The increase in the relative risk of adverse cardiovascular events in the CHF patients regardless of LV EF was associated
with a daily carvedilol dose of more than 25 mg (HR = 1.05; 95 % CI 1.009-1.093; P = 0.0171); eplerenone — more than 12.5 mg
(HR = 1.073; 95 % Cl 1.005-1.144; P = 0.034), torasemide — more than 5 mg (HR = 1.13; 95 % CI 1.021-1.255; P = 0.019);
rosuvastatin —more than 10 mg (HR = 1.107; 95 % CI 1.007-1.203; P = 0.035), and the trend in using atorvastatin at a dose of less
than 10 mg (HR = 1.05; 95 % CI 0.951-1.165; P = 0.327). The use of ramipril in a daily dose of less than 2.5 mg was accompanied
by a trend towards the 22 % reduced relative risk of adverse cardiovascular events (HR = 0.78; 95 % CI 0.384-1.580; P = 0.491).

Conclusions. Positive treatment outcomes in the CHF patients, regardless of the phenotype, were associated with low daily doses
of ramipril (<2.5 mg), eplerenone/spironolactone (<12.5 mg), torasemide (<5.0 mg), rosuvastatin (<10.0 mg), but with high doses of
atorvastatin (>10.0 mg).

Key words: chronic heart failure, ACE inhibitors, MRAs, diuretics, statins, treatment.
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Yu icHytoTb nepeBaru HU3bkuUx Ao3 IAM®, AMP, giypeTukis i cTaTMHIB nig Yac nikyBaHHA XPOHIYHOI cepLieBOi HeJoCTaTHOCTI?
B. A. JluceHko

NikyBaHHs XpoHi4HOT cepueBoi HepgocTaTHocTi (XCH) pyxe cynepeunuse. MuTtaHHS Npo onTuManbHi fLo3u 6eTa-agpeHobnokaTopis, iH-
ribitopis AMN®, aHTaroHICTiB peLlenTopiB anbhOCTEPOHY, CTaTUHIB Y nauieHTiB i3 XCH ocTaTo4Ho He BupilLeHe. [loCArHeHHs MakcumansHO
NePEHOCHMX 403 NiKiB X04a 1 MOB’A3aHe 3i 3HKEHHAM CMEPTHOCTI, ane CynpoBOMAXYETbCA 30inbLUeHHAM NobiyHnX edpekTiB npenaparis.

Meta po6oTy —HaBECTU 1 06roBOPUTM BNACHI KMiHiYHI Ta HAYKOBI AaHi, O CTOCYOTbCS poni 6eTa-aapeHobnokaTtopis, iHribiTopiB peHiH-aH-
riOTEH3MHOBOI anbOCTEPOHOBOI CUCTEMMU, AiyPETUKIB, CTAaTWHIB Y MiKyBaHHi xBopux Ha XCH, a Takox onTumisadii pexumis 403yBaHHS.

Matepianu Ta meToau. Y gocnimxeHHs 3anyyunu 88 xsopwx Ha XCH iuemiyHoro reHesy 3 cuHycosum putmom, Il A-B ctapii, II-1V K 3a
NYHA: 58 ocib 3i sHimkeHoto ®B, 30 — 3i 36epexeroto PB nisoro wnyHouka. Cepepiii Bik xBopux —69,18 + 9,97 poky, 52 % 4vonosikis
(n = 46). MegiaHa cnoctepeeHHs 3a xBopuMu Ha XCH ctaHoBuna 396 AHiB, MakcumMarbHa KinbkicTb AHIB cnocTepexeHHs — 1302.
3a nepiop cnocTepekeHHs 3apeecTpyBanu 14 KiHLEBKX TOHOK, Lo cTaHoBuno 15,91 % nogiit: 7 (8 %) cmepteit, 2 (2,3 %) iHcynsTy, 2
(2,3 %) BuNagku roctporo kopoHapHoro cuHapomy, 3 (3,4 %) BUNagku NporpedieHTHOI cepLeBoi HedoCTaTHOCTI. BuxuBaHiCTb OLjiHIo-
BanM WNsAxoM noBynosm kpuenx KannaHa-Maepa, BiporifgHicTb pisHMLi Mix rpynamu pospaxysani 3a kputepismu [ eraHa—BinkokcoHa,
Kokca—MaHTena Ta log-rank test. BuaHaumnu daktopu puauky Ta nobyaysanu yHi- Ta MynbTMBapiaHTHI MOZeni NPOrHo3y perpecinHim
aHanisom nponopuiHux puankie Kokca. ROC-aHanisaoM BCTaHOBINEHO rpaHNYHi 3HAYEHHS KiNbKICHUX (haKTOpiB PU3KKY.

ARTICLE UDC 616.12-008.46-085.22
INFO DOI: 10.14739/2409-2932.2021.2.232175

D Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 226-231

Key words: chronic heart failure, ACE inhibitors, MRAs, diuretics, statins, treatment.

* il H
[ — E-mail: Vladm.d22@gmail.com

zsmu.edu.ualarticle/

view/232175 Received: 31.03.2021 // Revised: 19.04.2021 // Accepted: 30.04.2021

226 AKTyarnbHi MMTaHHA (hapMaLeBTUHHOT | MEINYHOT Hayku Ta npakTiki. — 2021. — T. 14, Ne2(36) ISSN 2306-8094


https://orcid.org/0000-0001-7502-0127
https://doi.org/10.14739/2409-2932.2021.2.
232175
mailto:Vladm.d22%40gmail.com?subject=

Are there benefits of low doses of ACE inhibitors, MRAS, diuretics and statins in the treatment of heart failure?

PesynikraTi. 36inblUeHHs BiZHOCHOTO PU3NKY HECTIPUSTIIMBUX KapAioBackynspHWX nogin y xsopux Ha XCH HesanexHo Big ®B nisoro
LUSTYHOYKa acoLitoBanocs 3 4060BO 403010 kapsedinony noHas 25 mr (BP = 1,05; 95 % [l 1,009-1,093; p = 0,0171); ennepeHoHy
noHag 12,5wmr (BP = 1,073;95 % [l 1,005-1,144;p = 0,034), Topacemigy noHag 5 mr (BP = 1,13;95 % [11,021-1,255;p = 0,019);
posysactatuHy noHag 10 mr (BP = 1,107; 95 % I 1,007-1,203; p = 0,035), TeHOeHLjet0 B pasi 3acTOCYBaHHS aTopBacTaTuHy B 03
meHwe Hix 10 mr (BP = 1,05; 95 % [l 0,951-1,165; p = 0,327). 3actocyBaHHs paminpuny B 4OOOBIN A03i MEHLUE HiX 2,5 Mr cynpo-
BO)KYBarioCb TEHAEHLIEIO0 00 3MeHLUeHHS Ha 22 % BiZAHOCHOMO PU3UKY HeCNpUSTAMBKX kapaioBackynspHux nogin (BP = 0,78; 95 %
[10,384-1,580; p = 0,491).

BucHoBku. Mo3uTtnBHI pesynsTtaTy nikyBaHHa XBopux Ha XCH He3anexHo Big deHoTMny acowjitoBaniucs 3 H1U3bkumm oboBUMM [o3amu
paminpuny (<2,5 mr), ennepeHoHy/cnipoHonakToHy (<12,5 mr), Topacemiay (<5 mr), posysactatuHy (<10 Mr), ane 3 BUCOKMMM [O3aMK
artopsacTatuHy (>10 mr).

KnoyoBi crioBa: XpoHiyHa cepLeBa HeJOCTaTHICTb, iHribiTopn Ald, aHTaroHicT MiHepanokopTukoigHMX peuentopos (AMP), piypeTuku,
CTaTWHU, MiKYBaHHS.

AxTyanbHi nuTaHHA papMaLeBTUYHOI i MeaWYHOI Hayku Ta npakTuku. 2021. T. 14, Ne 2(36). C. 226-231

CyLuecTBYHOT N1 NpenmyLLecTBa HU3kux go3 MATN®, AMP, auypeTUKOB 1 CTaTUHOB NPU NEYEHNUN
XPOHUYECKON CepAeYHOI HeJOCTaTOYHOCTU?

B. A. JlbiceHko

JleyeHne xpoHuyeckon cepaeyHoi HegoctatouHocTh (XCH) oueHb npoTuBopeurBo. Bonpoc 06 onTtumarnbHbix 4o3ax 6eTa-agpeHobno-
KaTopoB, UHrMBuTOpoB A, aHTaroHNCTOB PELLENTOPOB anbAOCTEPOHA, CTaTUHOB Y nauueHToB ¢ XCH okoH4aTensHo He pelueH. [o-
CTUXEHVEe MaKCMarnbHO NepeHOCUMbIX 103 NEKapCTB XOTS U CBA3aHO CO CHXKEHMEM CMEPTHOCTH, HO COMPOBOXAAETCS YBENMYEHNEM
no60oYHbIX 3HPEKTOB NpenapaTos.

Llenb pabotkbl — npefctaBuTth M 06CyAnTb COBCTBEHHbIE KIMHUYECKME U HAyYHbIE AaHHbIE, Kacatolmecs ponn Geta-aapeHobnoka-
TOPOB, MHIMBUTOPOB PEHNH-AHMMOTEH3MHOBOW anbAOCTEPOHOBON CUCTEMbI, ANYPETVKOB, CTATMHOB B neveHun 6onbHbix XCH, a Takke
ONTUMM3ALMN PEXMMOB [O3MPOBaHNSI.

MaTepuansl n metogsl. B uccnegosanme sknoumnm 88 6onbHbix XCH milemmyeckoro reHesa ¢ CMHycoBbIM putMmom, || A-B ctaguu,
II-IV ®K no NYHA: 58 yenoBek co cHimkeHHon ®B, 30 — c coxpaHeHHo ®B neBoro xenygoyka. CpenHuii Bo3pacTt BomnbHbIX —
69,18 + 9,97 roga, 52 % MyxuuH (n = 46). MeanaHa HabnogeHus 3a 6onbHbIMM ¢ XCH cocTaBuna 396 aHel, MakcumanbHoe
KONMMYecTBO AHew HabnogeHuns — 1302. 3a nepvog HabnoaeHus 3apernctpupoBany 14 KOHeYHbIX Touek, YTo coctasumno 15,91 %
cobbiTuin: 7 (8 %) cmepten, 2 (2,3 %) uHcyneta, 2 (2,3 %) cnyvas octporo kopoHapHoro cuiapoma, 3 (3,4 %) cnyyas nporpeau-
€HTHOW CepaeYHON HeQoCTaTOYHOCTM.

BbIk1BaEMOCTb OLeHWBanK nyTeM NocTpoeHuUst KpuBbIx KannaHa—Maiiepa, a BepOSiTHOCTb pasHuLbl MEXy rpynnamu paccymutaHa no
kpuTepusim FexaHa—BunkokcoHa, Kokca—MaHTena u log-rank test. OnpepeneHb! hakTopbl pucka 1 MOCTPOEHbI YHU- U MyTETUBapUaHTHbIE
MOZENY NPOrHO3a PerpeccMoHHbIM aHasn3oM NponopLMoHarbHbIX puckos Kokca. ROC-aHann3oM yCTaHoBMeHb! NpeaenbHble 3Ha4eHus!
KONMUYECTBEHHbIX (DAKTOPOB piCKa.

PesynkraThl. YBEnuMyeHne oTHOCUTENbHOTO pucka HebnaronpusATHLIX KapAnoBackynsapHbIX cobbiTuil y 6onbHbIx XCH Hesasucmo
oT ®B neBoro xenygoyka accouMmMpoBanoch ¢ CyTO4HOW o030 kapeegunona bonee 25 mr (OP = 1,05; 95 % AW 1,009-1,093;
p = 0,0171); annepeHoHa Gonee 12,5 mr (OP = 1,073; 95 % [OW 1,005-1,144; p = 0,034), Topacemumaa Gonee 5 mr (OP = 1,13;
95 % AN 1,021-1,255; p = 0,019) posysactatuHa 6onee 10 mr (OP = 1,107; 95 % [OW 1,007-1,203; p = 0,035) u TeHaeHumei npu
npuMeHeHUn atopeacTaTtuHa B fose meHee 10 mr (OP = 1,05; 95 % W 0,951-1,165; p = 0,327). MNpumeHeHve pamunpuna B go3e
MeHee 2,5 Mr conpoBOXanoch TEHAEHUMEN K YMEHbLUEHMIO HA 22 % OTHOCUTENbHOTO pycka HEBNaronpuSATHBIX KapAMOBaCKYNAPHbIX
cobbitun (OP = 0,78; 95 % W 0,384-1,580; p = 0,491).

BeiBopakl. MNonoxuTtenbHble pesynbrathl neveHns 6onbHbIx ¢ XCH HesaBrcMmo oT heHoTHNa accoLMmMpoBanich C HU3KUMM CyTOYHBIMU
fo3amu pamunpuna (<2,5 mr), annepeHoHa/cnupoHonakToHa (<12,5 mr), Topacemuga (<5 mr), podyeactatuHa (<10 Mr), HO BbICOKUMU
no3amu atopsacTatuHa (>10 mr).

KntoyeBkle crioBa: XpoHuYeckasl cepaedHast HeLoCTaTo4HOCTb, MHIMBUTOPLI AT®, aHTaroHUCTbI MUHEPATIOKOPTUKOMAHbIX PeLenTopoB
(AMP), onypeTukm, CTaTWHbI, NEYEHNE.

AxTyanbHble Bonpochl (hapMaLeBTMYEeCKON U MeaULUMHCKON Hayku u npakTuku. 2021. T. 14, Ne 2(36). C. 226-231

Chronic heart failure (CHF), a major cardiovascular disorder,
remains a grievous clinical condition regardless of advances
in medical care [1].

CHF is associated with impaired functional capacity, as
well as significant morbidity due to frequent hospitalizations.
Unfortunately, despite its poor prognosis, the management
of CHF is very controversial and no therapy has been so
far shown to reduce mortality, especially in heart failure
with preserved ejection fraction (HFpEF) [2]. The aim of

personalized medicine is to offer a tailored approach to each
patient in order to provide the most effective therapy, while
reducing risks and adverse effects, and avoiding unnecessary
treatments [3].

The issue of optimal doses of beta-blockers, ACE inhibi-
tors, aldosterone receptor antagonists, statins in CHF patients
has not been finally resolved. Achieving the maximum tole-
rated doses of drugs, though related to reduced mortality,
but is accompanied by an increase in adverse drug reactions.
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V. A. Lysenko

Aim

To present and discuss our own clinical and scientific
data concerning the role of beta-blockers and inhibitors of
the renin-angiotensin aldosterone system, diuretics, statins
in the treatment of patients with HFrEF and HFpEF and
optimization of dosage schemes.

Materials and methods

The study was conducted on the clinical base of the De-
partment of Propaedeutics of Internal Medicine, Radiation
Diagnostics and Radiation Therapy (Zaporizhzhia State
Medical University) in the Cardiology Department of City
Hospital No. 6 (Zaporizhzhia), in accordance with the Good
Clinical Practice guidelines and the principles of the Helsinki
Declaration. The study protocol was approved by the Ethics
Committee of Zaporizhzhia State Medical University.

After obtaining written informed consents, the study
included 88 patients with CHF of ischemic origin, stage II
AB, New York Heart Association (NYHA) II-TV functional
class (FC), 58 — with HFrEF and 30 — with HFpEF. The
mean age of patients was 69.18 + 9.97 years, men 52 %
(n = 46). Groups of patients with different left ventricular
ejection fraction (LV EF) were matched in age (P = 0.021),
height (P = 0.222), weight (P = 0.835), body surface area
(P = 0.587). CHF of ischemic origin was diagnosed in ac-
cordance with the Recommendations for the diagnosis and
treatment of CHF (2017) of the Association of Cardiologists
of Ukraine and the Ukrainian Association of Heart Failure [4].

The CHF patients with HFrEF and HFpEF did not differ
in the frequency of prescribing basic drugs for the treatment
of heart failure (7able ).

Mean therapeutic doses of drugs used to treat the CHF
patients are given in Table 2.

Groups of the CHF patients with different LV EF did not
differ in the mean daily doses of beta-blockers, ACE inhibi-
tors, ARBs, antiplatelet agents, statins (7able 3).

Groups of patients with CHF and different EF differed
significantly in daily doses of torasemide (P = 0.014) and
spironolactone (P = 0.028).

Cumulative endpoints were considered death, myocardial
infarction, stroke, progressive heart failure, and progressive
angina.

During the follow-up period (median 396 days [53-1302]),
14 endpoints were registered, which accounted for 15.91 %
of events: deaths 7 cases (8%), strokes 2 cases (2.3 %), myo-
cardial infarction 1 case (1.15 %), progressive angina 1 case
(1.15 %), progressive heart failure 3 cases (3.4 %). Endpoint
frequency analysis depending on the CHF phenotype did
not reveal a significant difference between the study groups,
18.97 % (11/58) vs. 10 % (3/30); log-rank test (P = 0.378).

Since there were no statistical differences in the number of
cumulative endpoints between the groups of CHF patients
with reduced and preserved LV EF, in order to determine
the effects of therapy on adverse events in this cohort of pa-
tients, a single database was created combining all the CHF
patients regardless of LV EF (n = 88).

Table 1. Frequency of prescribing basic and additional drugs to the CHF
patients

beta-blockers 98 % (n = 97 % (n = 0.7694
ACEi/ARB 93 % (n =54) |97 % (n = 29) |0.4427
— ramipril 39 %(n =254) |23 %(n = 54) |0.1355
MRAs 100 % 100 % 1.0000
— eplerenone 67 % (n =39) [53 %(n = 16) |0.2026
— spironolactone 33 % (n =19) [47 %(n = 14) |0.2026
Loop diuretics 95 % (n = 55) [77 % (n = 23) |0.0127
— torasemide 84 % (n =49) |77 % (n = 23) |0.4239
— furosemide 1 % (n = 6) 0% =0) 0.0766
Thiazide-like diuretics 15 %M =9) |23 %(n=7) |0.3542
Statins 97 % (n = 56) |97 % (n = 29) |1.0000
— atorvastatin 62 % (n = 36) [67 % (n = 20) |0.6450
— rosuvastatin 34 % =20) |30 %(n=9) |0.7054
Antiplatelet agents 100 % 100 % 1.0000
— aspirin 47 % (n = 27) [40 % (n = 12) [0.5923
— clopidogrel 53 % (n =31) |60 %(n = 18) |0.5329

Table 2. The mean therapeutic doses of drugs used to treat the CHF
patients (n = 88)

Class of drugs Name of drugs Mean dose, M £ SD

Bisoprolol 418 + 1.71
Beta-blockers

Carvedilol 15.17 + 11.09

Ramipril 270 + 1.99
ACEi Enalapril 8.125 + 6.22

Perindopril 5.09 + 242

Valsartan 184.00 + 75.89
ARB

Candesartan 12.00 + 4.61
Loop diuretics Torasemide 8.40 + 4.50

Eplerenone 2477 + 9.46
MRA

Spironolactone 21.02 + 8.24

Clopidogrel 75.02 + 0.14
Antiplatelet agents

Aspirin 78.21 + 8.46

Atorvastatin 20.89 + 5.80
Statins

Rosuvastatin 14.23 + 8.57

Statistical processing of the material was performed using
the software package Statistica 13.0 (StatSoft, USA), license
number JPZ8041382130ARCN10-J. The Shapiro—Wilk
test was used to test the normality of the quantitative data.
The parameters with normal distribution were presented as
the arithmetic mean and standard deviation (M £ SD). The
results without normal distribution were demonstrated by
descriptive statistics as median, lower and upper quartiles —
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Table 3. Mean daily doses of drugs used in the treatment of CHF patients
with reduced and preserved LV EF

Mean daily Mean daily

doses of drugs | doses of drugs

in patients in patients

with HFrEF, with HFpEF,

M  SD M  SD
Eplerenone 25.64 + 9.48 22,65 £ 9.37 0.292
Spironolactone 23.68 + 8.22 17.41 £ 7.01 0.028
Carvedilol 1641 £ 1226 | 11.46 + 522 0.183
Bisoprolol 453 + 1.88 375 + 144 0.228
Ramipril 272 £ 212 2.68 + 1.68 0.965
Enalapril 8.67 + 7.08 6.67 + 2.89 0.661
Perindopril 6.67 + 2.31 450 + 2.33 0.202
Valsartan 200.00 + 80.00 [173.33 + 78.66 |0.615
Candesartan 10.66 + 4.61 16.00 + 0.00 0.422
Atorvastatin 21.67 + 6.96 19.50 + 2.24 0.183
Rosuvastatin 15.88 + 9.88 1111 £ 417 0.181
Clopidogrel 75.00 + 0.00 75.00 + 0.00 1.00
Aspirin 76.85 + 6.67 8125 + 11.31 |0.136
Torasemide 9.29 + 5.00 6.52 + 2.35 0.014

Me (Q,; Q.,). The quantitative variables normally and
non-normally distributed in the groups were compared by
T-test or Mann—Whitney test, respectively, after ascertaining
the normality of distribution. Using Cox proportional hazards
regression analysis, univariate and multivariate prognostic
models were constructed. The ROC analysis was performed
to find out the cut-off values of the parameters. The survival
function was estimated via the Kaplan—Meier multiple esti-
mation method. Gehan’s Wilcoxon Test, Cox—Mantel Test,
Log-rank-test were used to compare cumulative endpoints
in the groups. The difference was considered statistically
significant at a P-value < 0.05. All the tests were two-tailed.

Results

The study analyzed the effect of main drug classes and their
daily doses on the cumulative endpoints.

The choice of beta-blocker (bisoprolol or carvedilol) did
not affect long-term treatment outcomes (Log-Rank Test,
P = 0.234). In addition, no dependence was found in using
different doses of bisoprolol. At the same time, carvedilol
in a daily dose of more than 25 mg was associated with
an increased relative risk of adverse cardiovascular events
(HR = 1.05;95 %CI11.009-1.093;P = 0.0171) in the CHF
patients, regardless of LV EF.

The relative risk of adverse cardiovascular events demon-
strated a decreasing trend by 22 % (HR = 0.78; 95 % CI
0.384-1.580; P = 0.491) associated with low daily doses of
ramipril (less than 2.5 mg).

A comparison of mineralocorticoid receptor antagonists
(MRAs) effect on the cumulative endpoints showed no

statistically significant difference between use of spirono-
lactone and eplerenone (Log-Rank Test WW = 0.03843;
Sum = 12.726; Var = 3.0170; Test statistic = 0.0221269;
P = 0.98235). However, the eplerenone administration in
doses of more than 12.5 mg unlike spironolactone in doses of
more than 12.5mg (P = 0.800) was associated with increased
risk of possible adverse cardio-vascular events (HR = 1.073;
95 % CI 1.005-1.144; P = 0.034).

Similar data were obtained analyzing the effect of loop
diuretic torasemide on the cumulative endpoints. Torasemide
in a daily dose of more than 5 mg significantly increased
the relative risk of adverse events (HR = 1.13; 95 % CI
1.021-1.255; P = 0.019).

As for the other classes of drugs effect on the cumulative
endpoints in the CHF patients, the dependence of the re-
sults on the daily dose of statins is noteworthy. The use
of rosuvastatin in a daily dose of more than 10 mg was
associated with an increase in the relative risk of cardiovas-
cularevents by 10 % (HR=1.101;95 % CI 1.007—-1.203;
P = 0.034). Despite the lack of a significant difference
between the effect of rosuvastatin and atorvastatin on
the cumulative endpoints in the CHF patients (Log-Rank
Test WW = -0.3304; Sum = 12.627; Var = 2.7681; Test
statistic = -0.198585; P = 0.84259), such an association
was not confirmed when using atorvastatin (Log-Rank
Test, p = 0.435). In addition, the ROC analysis showed
a reverse trend towards increased relative risk of adverse
cardiovascular events in the CHF patients taking atorvas-
tatin in doses less than 10 mg per day.

Discussion

Beta-blockers and drugs that affect the renin-angiotensin-al-
dosterone system (ACE inhibitors / ARBs) have proven to
be highly effective in the treatment of patients with CHF in
numerous randomized controlled trials, and their combina-
tion remains a cornerstone of basic therapy. We did not find
any difference in the effect of bisoprolol and carvedilol on
the endpoints among the CHF patients in our study. However,
it should be noted that an increase in the number of adverse
events with increasing dose of carvedilol was observed. In
our opinion, this association of an increased risk of adverse
cardiovascular events with daily doses of carvedilol over
25 mg was due to the need to prescribe higher doses for
the CHF patients with more severe disease.

An interesting result of our study was a22 % reduction in
the relative risk of adverse cardiovascular events in the CHF
patients associated with low daily doses of ramipril (less than
2.5 mg). In real clinical practice, 80 % of CHF patients re-
ceive doses of ACE inhibitors lower than the recommended.

Studies [5] have proven an absence of significant difference
between the effects of low and high doses of ACE inhibitors
on mortality (HR = 0.95; 95 % CI 0.87-1.02; P = 0.15),
rehospitalization for decompensated HF (HR = 0.94;95 %
CI 0.70-1.26; P = 0.68), as well as 2 times less incidence
of hyperkalemia at low doses (Odds ratio = 2.07;95 % ClI,
1.20-3.59; P = 0.01).
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In respect of diuretics, loop diuretics were prescribed
significantly less often (77 % vs. 95 %; P = 0.0127) in
the patients with HFpEF in our study, which is fully com-
patible with international and Ukrainian recommendations
for the treatment of CHF patients. Groups of CHF patients
with different EF also differed significantly in daily doses of
torasemide (P = 0.014) and spironolactone (P = 0.028). It
is obvious that patients with HFrEF required higher doses
of these diuretics due to more pronounced fluid retention in
the body.

The study on different doses of torasemide effect on cu-
mulative endpoints allowed us to find that higher doses of
the drug were associated with an increased relative risk of
adverse cardiovascular events in the CHF patients. It is worth
mentioning that this effect was not associated with the drug,
but with the need to prescribe higher doses of torasemide in
the CHF patients with a more severe course, i.e. with severe
fluid retention.

Concerning spironolactone, our study showed the upward
trend of risks similar to torasemide, but it did not reach
the level of statistical significance (HR = 1.02; 95 % CI
0.894-1.157; P = 0.800). The increased risk of adverse
events was observed at doses of spironolactone more than
12.5 mg (the area under the ROC curve 0.556; P = 0.725),
but not significant.

No statistically significant difference between the groups of
patients who used spironolactone or eplerenone (Log-Rank
Test, WW = 0.03843, Sum = 12.726, Var = 3.0170, Test
statistic = 0.0221269, P = 0.98235) was revealed by com-
paring the effect of mineralocorticoid receptor antagonists on
cumulative endpoints. However, only the eplerenone use at
doses more than 12.5 mg per day in contrast to spironolac-
tone at the same doses, was associated with the significantly
increased risk of adverse cardiovascular events by 7 %
(P = 0.034).

The positive effect of MRAs in cardiac pathology has
been proven in studies RALES [6], TOPCAT [7]. It has been
shown that even low doses of MRAs provide a protective
effect. The use of high doses of MRAs increased the risk of
hyperkalemia. In the EMPHASIS HF study, the incidence of
hyperkalemia (K+ >5.5 mmol/L) was 11.8 % in the eplere-
none group and 7.2 % in the placebo group (P < 0.001).
Importantly, a significant difference in the incidence of
hyperkalemia in patients receiving eplerenone or placebo
did not lead to an increase in mortality. A post hoc analysis
of the EPHESUS study also showed that in patients with
congestive heart failure, a 4.4 % increase in the incidence
of hyperkalemia in the eplerenone group was not accom-
panied by an increase in a mortality or hospitalization rate
[8]. Similar results were obtained in the RALES study with
spironolactone treatment [6].

A multicenter, prospective, randomized, double-blind,
placebo-controlled study of Aldo-DHF examined the effect
of spironolactone at a daily dose of 25 mg compared with
placebo on the diastolic function and physical well-being of
422 patients with HFpEF. The observation period for patients
was 12 months. Spironolactone improved diastolic function

and caused reverse LV remodeling, but did not affect maximal
exercise, patient symptoms, or the quality of life [9].

In arandomized double-blind trial TOPCAT, which includ-
ed 3445 individuals, patients with symptomatic heart failure
and EF >45 % were randomized to receive spironolactone
15-45 mg per day or placebo. The mean follow-up was 3.3
years. In this study, spironolactone did not significantly re-
duce morbidity, the primary cumulative point — death from
cardiovascular causes, cardiac arrest or hospitalization rate
due to progression of heart failure [7].

In a large meta-analysis of 16.321 patients from 15 ran-
domized controlled trials, MRA therapy reduced the risk of
cardiovascular death, all-cause mortality, and cardiac hospi-
talization rate in patients with HFrEF, but these benefits were
not demonstrated in patients with HFpEF [2].

In a meta-analysis of 14 randomized controlled clinical
trials involving 6 428 patients with HFpEF or myocar-
dial infarction with preserved EF, MRA therapy reduced
the number of hospitalizations for CHF by 17 %, improved
diastolic function, and resulted in improved remodeling and
life. However, MRA therapy had not been able to reduce
all-cause mortality [10].

Statins are usually prescribed to patients with CHF of
ischemic origin to prevent cardiovascular complications.
Analysis of the statin effect on the endpoints in our study
suggests that these drugs have dose-dependent properties.
So, the clinical efficacy of atorvastatin in the CHF patients
increased with increasing dose, while the best long-term re-
sults were observed when using rosuvastatin in a daily dose
of less than 10 mg. Similar results were obtained in the study
PROVE-IT TIMI [11]: high doses of atorvastatin to a greater
extent than high doses of pravastatin reduced the risk of
developing CHF in patients with acute coronary syndrome
(HR=0.55;95 %CI,0.35-0.85,P = 0.008). However, these
data relate to the primary prevention of CHF in patients with
acute coronary syndrome.

The influence of molecular differences of statins on their
pharmacological and pleiotropic effects is probably important.
The cardiac effects of atorvastatin may be related to its lipo-
philic properties and ability to penetrate cardiomyocytes as
opposed to hydrophilic rosuvastatin. However, in the PEARL
study [12] with lipophilic pitavastatin in CHF patients,
there were no differences in the frequency of the primary
endpoint (hospitalization due to worsening of heart failure
and cardiac death) compared with a placebo group. In this
study, a subgroup of patients with EF >30 showed a slightly
lower incidence of primary endpoint on pitavastatin treatment
compared with placebo, whereas patients with EF <30 %
taking this drug, in contrast, demonstrated a tendency to
reach it more frequently.

The non-lipid effects of rosuvastatin have the potential to
promote endogenous tissue regeneration and improve LV EF
in CHF. Rosuvastatin has been shown to activate circulating
progenitor cells in CHF, which promotes neovascularization
and enhances endothelial function. Correction of vascular
abnormalities partially led to an increase in LV function by
+27 % (P < 0.001, compared with placebo) [13].
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Despite the positive preconditions for the rosuvastatin
action in heart failure patients in the UNIVERSE study,
negative results were obtained with the use of rosuvastatin in
CHEF. The authors believe that the expected beneficial effect of
26 weeks of statin therapy on cardiac remodeling may have
been offset by an increase in collagen metabolism markers
(Serum types I and III N-terminal procollagen peptide (PINP
and PIIINP), and a decrease in plasma CoQ10 levels in CHF
patients [14]. However, treatment with any statin, not just
rosuvastatin, reduces circulating CoQ10. This effect of statins
is not associated with drug solubility, intensity or duration
of treatment [15].

Conclusions

Positive treatment outcomes (according to the Cox pro-
portional-hazards regression analysis) in the CHF patients,
regardless of the phenotype, were associated with low daily
doses of ramipril (<2.5 mg), eplerenone/spironolactone
(<12.5 mg), torasemide (<5 mg), rosuvastatin (<10 mg), but
with high doses of atorvastatin (>10 mg).
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OpwriHanbHi gocnimxeHHs @ Original research

BukopuctaHHa MeToAiB MalWMHHOIO HaBYaHHA B PO3POONEHHi
Ha3anbHUX NiKapCcbKUX (popm LiepedponpoTeKTUBHOI Aii

B. C. bypnaka'=*A*E |, ®. beneHiue=AF

3anopisbkuii AepxaBHWUA MEANYHUI YHIBEPCUTET, YKpaiHa

A — KOHUenLis Ta an3aitH gocnimxkeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTTi

[ins pecypco3bepexeHHs akTUBHUX (hapMaLeBTUYHWX IHTPedieHTIB | LONOMIXKXHMX PEHOBWH Ha paHHiX eTanax AOoCMimKeHHS Mig vac nnaHy-
BaHHS €KCNEPUMEHTY AOLINBHO BUKOPUCTATH 3HAHHS LLOAO MPOTrHO30BaHX Ta EKCNIEPUMEHTAIbHUX (Pi3NKO-XiMIYHWX BNAcTMBOCTEN, LLO
nepebyBatoThb y pi3HUX arperaviiinx 6asax gaHux. 3HangeHa iHpopmaLis 4ae MOXIMBICTb CKOPOTUTH Yac Ha po3pobneHHs cknagy Ta
onpautoBaHHs TeXHonorii. Ane pi3HOMaHITTS XapakTepUCTUK akTUBHUX CMOMYK i ONOMKHUX PEHYOBUH He 3aBXaMW HaBefeHe B Ha3BaHWX
cepgicax. OcTaHHIM Yacom MoAeni MaLLMHHOTO HaBYaHHS, L0 Aal0Tb MOXUBICTb OTPUMYBATW MPOrHO3yBaHHS 3 BUCOKOK MIMOBIPHICTHO,
LLIMPOKO 3aCTOCOBYHOTb Y Pi3HUX HayKoBUX Hampsimax. OTxe, akTyanbHUM i NEepCNEKTVBHUM € ONpaLioBaHHA MOZAENeN MallMHHOIO HaB-
YaHHS 4Ns NPOrHO3Y HasiBHOCTI (papMaLEeBTUYHUX HECYMICHOCTEN Y peLenTypi Ha3anbHUX MikapcbKux opM.

MeTa po6oTn — onpautoBaHHA MOZENen MallMHHOTO HaBYaHHS Ans in Silico NporHo3y pauioHanbHOro cknagy HasamnbHWX NikapCbKux

Matepianu Ta meToau. Ak maTepian BUKOPMCTOBYBanu JaTaceT, Lo MiCTUB AaHi LLOAO CMOMyK (4iHo4YMX | AOMOMiKHMX) i O3HAKM LLOAO
HasiBHOCTi abo BigcyTHOCTI B3aemopii (papmaLeBTUYHOT HecyMicHOCTi). HanoBHeHHs! AaTaceTy Ans HaevaHHs (training datasets) agin-
CHIOBaNM LUNSXOM KOHTEHT-aHanisy Aanux 6ibniotekn PubMed (pubmed.ncbi.nim.nih.gov) y pyyHomy pexumi 3a Kno4oBrmmu crioBamu
(«pharmaceutical incompatibilites», «physico-chemical compatibility», «<incompatible excipients») 3a octanHi 10 pokie. O6csr gartacerty,
Lo ogepxanu, — 1185 psigkie. Bukopuctanm Habip meToais 6iHapHOi knacudikawii MawmnHHOro HaB4aHHS (pycaret.org) i3 3aCTocyBaHHAM
MOBW nporpamyBaHHs python 3.8 (python.org) y cepegoBuLi ynpasniHHS nakeTaMmu miniconda (conda.io). MNporpamyBaHHs nannnanHy
(pipeline) 3piicHnnu 3a gonomoroto naketa jupyter notebook (jupyter.org). leHepauito o3Hak cnonyk MACCS (Molecular ACCess System
keys) y HaB4yanbHOMy AataceTi BUKoHanm 3a gonomoroto naketa RDKit (rdkit.org). Cneumdpikauii cnpoLleHoro HaBeaeHHs MOneKyn y
psoky BBeaeHHst (SMILES) B aBTomaTyHOMY pexumi Wwykanu 3a gonomoroto cepsicy PubChem (pubchem.ncbi.nim.nih.gov).

Pesynkratu. Y peaynbsrati focnimkeHHs obpanu ABi NnepcrnekTMBHI Mogeni MaLLMHHOTO HaB4YaHHs BiHapHoi knacudikaLii, skicTb poboTu
AKX NEPEBIPANM Ha JaTaceTi Ans nepesipku. CTaTUCTUYHE OLiHIOBaHHS 0OpaHWX Moaenel ceifuMTL NPO BUCOKY MMOBIPHICTL in Silico
NPOrHo3y LWOA0 HasiBHOCTI abo BiACYTHOCTi hapMaLeBTUYHUX HECYMICHOCTEN Mig Yac po3pobrneHHs Ha3anbHKX peLenTyp LepebponpoTek-
TWBHWX Nikapcbkux hopM i poamilLeHHs Ha Bebcepaepi ekcrniepTHoi cuctemn ExpSys Nasalia (nasalia.zsmu.zp.ua) B po3gini po3paxyHku.

BucHosku. OnpautoBany Mogeni MallMHHOMO HaB4aHHS Ans in silico NporHody pawioHanbHOro Cknagy HasanbHUX nikapcbkux opm Le-
pebponpoTeKTMBHOI Aji. MiATBEpAXEHHS AKOCTI MPOrHO3y hapMaLEeBTUYHUX HECYMICHOCTEN i3 BUKOPUCTaHHAM OMpaLboBaHWX Mogenen
BUKOHaNu Ha aataceTi Ans nepesipku. OTpuManu CTaTucTuYHi nokasHuku mopeneli tree_blender (AUC 0.9521, F1 0.9747, MCC 0.9094),
boost_blender (AUC 0.9593, F1 0.9821, MCC 0.9352). BukopucTaHHsi MOLENei MallMHHOMO HaB4aHHs! y dhapMaLeBTUYHI po3pobui
CnpusaTUME pecypco3bepexeHHIo Ta ONTUMI3aLii cknagy pelenTypu.

Kntouyogi crnoea: MalnHHe HaBYaHHS, nikapcbki hopmu, LepebponpoTekTopu.
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The use of machine learning methods in the development of nasal dosage forms with cerebroprotective action
B. S. Burlaka, I. F. Bielenichev

In order to save resource of active pharmaceutical ingredients and excipients, in the early stages of research, when planning an experiment,
it is advisable to use data of the predicted and experimental physicochemical properties stored in different aggregation databases.
The information found will reduce the time for composition development and for technology processing. However, the variety of active
compounds characteristics and excipients is not always reflected in these services. Recently, machine learning models have been widely
used in various scientific fields; they allow to obtain predictions with high reliability. Given the above, it is relevant and promising to
develop models of machine learning to predict the presence of pharmaceutical incompatibilities in the formulation of nasal dosage forms.
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The use of machine learning methods in the development of nasal dosage forms with cerebroprotective action

The aim of the study is to develop models of machine learning for in silico forecast of the rational composition of nasal dosage forms
with cerebroprotective action.

Materials and methods. A dataset, containing data on compounds (active and auxiliary) and characteristics on the presence or absence
of interaction (pharmaceutical incompatibility), was used as material. Training datasets were filled by content analysis of PubMed library
data (pubmed.ncbi.nim.nih.gov) manually, by keywords “pharmaceutical incompatibilities”, “physico-chemical compatibility”, “incompatible
excipients”) for the last 10 years. The resulting dataset comprises 1185 lines. The methods employed were a set of methods for binary
classification of machine learning (pycaret.org) using the programming language Python 3.8 (python.org) in the package management
environment Miniconda (conda.io). Pipeline programming was performed using Jupyter notebook package (jupyter.org). The generation
of MACCS (Molecular ACCess System keys) in the training dataset was performed using RDKit package (rdkit.org). Specifications
of the simplified representation of molecules in the input line (SMILES), in automatic mode, were searched using PubChem service
(pubchem.ncbi.nlm.nih.gov).

Results. The obtained data allowed to choose two perspective models of machine learning of binary classification, whose quality was
checked on a dataset for verification. Statistical evaluations of the selected models indicate a high probability of in silico prognosis for
the presence or absence of pharmaceutical incompatibilities in the development of nasal formulations of cerebroprotective dosage forms.
They are posted on the web server of the expert system ExpSys Nasalia (nasalia.zsmu.zp.ua) in the calculations section.

Conclusions. As a result of our research, we have developed machine learning models for in silico prediction of the rational
composition of nasal dosage forms with cerebroprotective action. Confirmation of the quality of the pharmaceutical incompatibilities
prediction, using the developed models, is checked on a dataset for check. The statistical indicators of the tree_blender (AUC 0.9521,
F1 0.9747, MCC 0.9094) and boost_blender (AUC 0.9593, F1 0.9821, MCC 0.9352) models were obtained. The use of machine
learning models in pharmaceutical development will contribute to resource conservation and optimization of the composition of the
formulation.

Key words: machine learning, dosage forms, cerebroprotectors.
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Wcnonb3oBaHne METOA0B MalWMHHOTO 00y4eHMs B pa3paboTke Ha3anbHbIX JIEKapCTBEHHbIX hopm
LepebponpoTEKTUBHOIO AEHCTBUSA

b. C. bypnaka, W. ®. benexnyes

[ns pecypcocbepexeHus akTUBHbIX (hapMaLeBTUYECKUX UHTPEAUEHTOB W BCIOMOTaTembHbIX BELLECTB HA PaHHKX 3Tanax 1ccrnenoBaHns
Mpy NNaHMpOBaHUK SKCNEPUMEHTa LienecoobpasHo NCNoNb3oBaTh AaHHbIE MO NPOrHO3MPYEMbIM Y SKCEPUMEHTaMNbHBIM (OU3NKO-XMU-
YeCKUM CBOWNCTBAM, KOTOPble HAXOAATCS B Pa3HbIX arperauyoHHbIx 6asax AaHHbIx. HaiaeHHas nHdbopmaLms no3BONnUT COKPaTUTL BpeMs
Ha paspaboTky coctaBa 1 06paboTku TexHonorun. OgHako MHOroobpasue XapakTepPUCTUK aKTUBHBIX COEAUHEHWI U BCMIOMOTaTeNbHbIX
BeLLEeCTB He Bcerga NpeAcTaBneHo B ykasaHHbIX cepeucax. B nocnegHee Bpems Mogeny MaluHHOTO 0By4eHnst LUMPOKO NPUMEHSIIOT B
PasfMYHbIX Hay4YHbIX HANPABMEHWSX U MO3BONSAIOT MPOrHO3MPOBATL PE3YNLTAT C BbICOKON 4OCTOBEPHOCTBLIO. Takum 06pa3om, akTyasnbHa
1 nepcnekTvBHa pa3paboTka Mogenen MaLlMHHOTo 06y4eHns Ans NporHo3a Hannuus apmaveBTUYeckux HeCOBMECTUMOCTeN B peLien-
Type Ha3anbHbIX NIeKapCTBEHHbIX (POPM.

Llenk pabotkl —paspabotka moaenen MawmHHoro obyyeHuns Ans in silico nporHosa paLuyoHarnbHOro CoctaBa HasarnbHbIX NEKapCTBEHHbIX
hopm LiepebpONPOTEKTUBHOTO AECTBMS.

Matepuansi n MmeToabl. B kauecTBe matepuana Ucnonb3oBanu AaTtaceT, CoaepXallmii AaHHbIE COEANHEHUN (QEeCTBYOLWMX U BCMIOMO-
raTenbHbIX) U NPU3HAKM O HANMUYUKU MU OTCYTCTBUM B3auMOLENCTBUS ((hapMaLeBTUHECKON HECOBMECTMOCTM). HanonHeHve fataceta
ans obyyeHus (training datasets) ocywiecTBnsnm nytTem KOHTEHT-aHanM3a AaHHbIx oubnuotekn PubMed (pubmed.ncbi.nim.nih.gov) B
PYy4HOM pexume Mo KroveBbIM crioBaM («pharmaceutical incompatibilites», «physico-chemical compatibility», «incompatible excipients») 3a
nocnegHue 10 net. O6bEM nonyveHHoro aataceta — 1185 cTpok. Micnonb3osanu Habop MeTooB GHApHON knaccumkaLmm MallMHHOTO
0by4yeHus (pycaret.org) ¢ npuMeHeHrem s3bika nporpammupoBanms python 3.8 (python.org) B cpege ynpaBneHus naketamu miniconda
(conda.io). MporpammupoBaHue nannnaiHa (pipeline) ocylectenanu ¢ noMoLLblo naketa jupyter notebook (jupyter.org). Menepaumto
npusHakoB coeauHeHnin MACCS (Molecular ACCess System keys) B fatacete ans obyyeHusi npoogunu ¢ nomotbio naketa RDKit
(rdkit.org). Cneumndukaumm ynpoLleHHOro nNpeacTaBneHns Monekyn B cTpoke Beoda (SMILES) B aBToMaTuyeckom pexxume 1ckanu ¢
nomoLubto cepeuca PubChem (pubchem.ncbi.nim.nih.gov).

Pesynkrathl. B pesynsrtate nccnenoBaHus Bbibpanu ABe nepcrekTuBHble MOAeny MalunHHoOro obyyeHnst GrHapHoi knaccudukaumm,
KayecTBO paboTbl KOTOPbIX MPOBEPSANM Ha AaTaceTe Ans NpoBepku. CTaTUCTUYecKne OLeHKN U3OpaHHbIX MoZenel CBUAETENbCTBYOT O
BbICOKOI BEPOSTHOCTW in Silico NporHo3a o Hanuymm unu oTCyTCTBUN hapMaLieBTUHECKNX HECOBMECTUMOCTEN Npu paspaboTke Hasanb-
HbIX peLenTyp LepebponpoTEKTMBHBIX NekapCTBEHHbIX (DOPM 1 pasMeLleHbl Ha Beb-cepBepe akcrnepTHom cuctembl ExpSys Nasalia
(nasalia.zsmu.zp.ua) B pa3gene pac4éTbl.

BeiBoakl. B pesynbrate nccnegoBaHwii paspaboTtaHbl Mogenu MaluvHHOro obyyennst Ans in silico nporHosa paunoHanbHOro cocTa-
Ba HasarlbHbIX NeKapCTBEHHbIX POPM LiepeBponpoTEKTUBHOMO AenCTBMS. MoaTBEpKAEHUE KayecTBa NporHo3a apmMaLeBTUYECKUX
HECOBMECTMMOCTM C UCMonb3oBaHneM obpaboTaHHbIx Mofeneit NpoBeAeHo Ha faTaceTe A1 NpoBepku. MonyyeHsl cTatucTudeckue
nokasarenu mopenen tree_blender (AUC 0,9521, F1 0,9747, MCC 0,9094), boost_blender (AUC 0,9593, F1 0,9821, MCC 0,9352).
Vcnonb3oBaHue Moaernei MalMHHOro obydyeHus B hapmaleBTUyeckol paspaboTke BydeT cnocobeTBOBaTh PECYPCOCOXPAHEHMIO
ONTUMM3aLMN COCTaBa peLienTypbl.

KnioyeBble croBa: MaLiMHHOE 0By4eHIe, NekapcTBEeHHbIe (hOpMbl, LIepeBbponpoTeKTopSI.
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B. S. Burlaka, I. F. Bielenichev

Onna 3 po0ieM y (papMareBTHYHOMY PO3POOJICHHI HOBUX
JKapChKUX (popM — OOTPYHTYBAHHS CKIAIY PEICTITYPH JUTS
HACTYITHOT'O OIPAIOBaHHS TEXHOJOTI] €KCTEMIIOPaIbHOTO
abo0 ITPOMHUCIIOBOTO BUTOTOBNIEHHS. Ilicist BUOOpY akTHB-
HOJIIIOYMX PEYOBHH, 10 3a0e3MeYyBaTUMYTh OYiKYBaHUI
TepaneBTHYHUN eeKT, 1 BUY JIKapchKoi (opMH OTPIOHO
TEOPETHYHO Ta MPAKTUIHO OOTPYHTYBaTH BMICT TOTIOMI>KHHX
pedoBHH Yy JikapcehKii Gpopmi. Cepe BUMOT, KOTPi CTaBISTh
JI0 JOTIOMIKHHUX PEUOBHH, — OE3MEYHICTh, O10CYMiCHICTD,
HaJIaHHSI JTIKApChKil (opMi HaJIEKHHUX BIACTUBOCTEH (KOH-
cucTeHIis, Gopma, i3uKo-XiMiUHI BIACTUBOCTI), iHIH(DeE-
penTHicTs [1,2].

HwuHi € unMano akTHBHUX (papMarieBTHYHUX IHTPEIi€HTIB,
a TAKOXK JIOTIOMKHUX PEYOBHH OPraHiuHOT Ta HEOpraHiyHOT
MIPUPOIH, 3 PI3HUMH (PI3MKO-XIMIYHMMHU BIIACTUBOCTSIMH.
[1ix yac po3poOIeHHS HOBHX JIIKAPCHKHUX (POPM y perienTypi
BHUHHKAIOTH PI3HOMAHITHI ITO€IHAHHS IIFOYUX 1 IOTIOMDKHUX
PEUOBHH, SKi MOXKYTh XapaKTepHU3yBaTUCS (hapMaIleBTUIHOIO
HecyMmicHicTio (Incompatibilita pharmaceutica). Le sButie
3yMOBJICHE B3a€EMOII€I0 MIXK IHTPEIiEHTAMH PELICTITYPH, 10
TPU3BOJIUTH JIO CYTTEBOT 3MIHU (DI3UKO-XIMIYHHX BIACTHBOC-
TeH TOTOBOI JliKapchKoi hopmu [3].

J1J1st eKCIIepUMEHTAIBHOTO BUBYCHHS MOYKITHBOT B3a€MOIIT
IHIpe/IiEHTIB pelenTypH BUKOPUCTOBYIOTh KiJIbKa ITiIXO/IB.
CTBOpIOIOTH OiHAPHY CyMIIll aKTHBHOTO (hapMaIieBTHYHOTO
IHrpe/ieHTa Ta JOMOMDKHOI PEUOBHHH, SIKY TECTYIOTh 0e3
JIOTaBaHHS BOAM 1 3 Her0. SIK iHCTpyMEHTAIbHI METOIHN BH-
KOPUCTOBYIOTh 130TepMidHe cTpec-TecTyBaHHs (isothermal
stress testing — IST), BHCOKOC(EKTHBHY PiITUHHY XpOMa-
torpadito (high performance liquid chromatography —
HPLC), tepmiuni Metogn — nudepeHiiliHa cCkaHyBalbHa
kanopumerpis (differential scanning calorimetry — DSC) i
TepMorpasimerpis (thermal gravimetry — TG, DTA) [4-6].

Jns pecypco3bepeskeHHS aKTUBHUX (apMaeBTUIHIX
IHTPEJIIEHTIB 1 JOIMMOMDKHMUX PEYOBHMH Ha PaHHIX eTarax
JOCITIKEHHS JOIUIHHO ITiJ] Yac ITaHyBaHHS EKCTIEPUMEHTY
BUKOPHCTATH 3HAHHS 1010 TIPOTHO30BaHUX, EKCIIEPHMEH-
TaJbHUX (PI3UKO-XIMIYHUX BIACTHBOCTEH, IO MICTATHCS
B pi3HHMX arperaniiinux 0a3zax naHux, sik-oT Pubchem
(pubchem.ncbi.nlm.nih.gov) a6o Drugbank (drugbank.com).
3HaiiieHa iHpopMallis aCTh 3MOI'Y CKOPOTHTH Yac Ha PO3-
PpOOIIEHHS CKITajy Ta OIpamOBaHHs TEXHOJIOTT. AJe pi3HO-
MaHITTS XapaKTEPUCTHUK aKTUBHUX CIOJYK 1 JTOTIOMDKHUX
PEYOBHH HE 3aBX/IM HABEJICHE B IINX CEPBICaX.

OcTtaHHIM YacOM MOZEN MAIIMHHOTO HAaBYaHHS IIHPOKO
3aCTOCOBYIOTH Y PI3HUX HAayKOBHX HalpsiMax, BOHH JIAIOTh
3MOT'Y OTPHUMYBAaTH IIPOTHO3YBAaHHS 3 BUCOKOIO HMOBIPHICTIO
[7-10]. OTke, akTyaIbHUM 1 IEPCHICKTUBHHUM € OPAIFOBAHHS
MoJiesiell MallMHHOTO HaBYaHHS JUIS IPOTHO3Y HAasBHOCTI
(apmaneBTHYHOI HECYMICHOCTI B peLeNnTypi Ha3zalbHUX
JIKapChKHUX (HOPM.

MeTa po6otu

OrparroBaHHs Moiesiel MAIIMHHOTO HaBYaHHsI [UIsl in silico
MPOTHO3Y PAIliOHAIFHOTO CKJIay HA3adbHHX JIKAPCHKHUX
(opM 1epeOpONPOTEKTUBHOT M.

Marepianu i MeToaun gocnimKeHHA

Jas onpauroBaHHS MOJeJiedl MallMHHOIO HaBYAHHS
noTpiOHO BUKOpPHUCTATH NEBHUI oOcsr iHpopmanii, mo
MICTUTHME JaHi MO0 CIONYK (IIFOYUX 1 TOTIOMIKHHX)
Ta O3HAKHU II0J0 HAasIBHOCTI a00 BiICYTHOCTI B3aeMOIii
(papmaueBrnunoi HecymicHOCTi). ToMy AJIsi HAalIOBHEHHS
JaraceTy i HaBdaHHS (training datasets) BUKOPHCTOBY-
BaJIM METOIl KOHTEHT-aHaNi3y AaHux Oibmiorekn PubMed
(pubmed.ncbi.nlm.nih.gov) y py4HOMY pekuMmi 3a KJIFOYOBH-
MU ciioBamu («pharmaceutical incompatibilitesy, «physico-
chemical compatibility», «incompatible excipients») 3a
octanHi 10 pokiB. AHami3youn mocuiaHHSI Ha (paxoBy
JITEpaTypy, B JATACET BHOCKIIA KOMIIO3HUIIO 3 IBOX CITOIYK
(Tpamumiiiai 200 XiMi4HI Ha3BH) Ta Kiacu(iKamiiiHi [To3Hay-
kn: 1 a6o 0 (kommosmrist: 1 — cymicHa, 2 — HeCyMicHa).
OO0csr maracerty, 1o oaepskanu, — 1185 psakis.
Buxopucranu Habip MeToxiB OiHapHOT kiacudikamii
MAIIMHHOIO HaB4YaHHs (pycaret.org), 3aCTOCOBYIOYH MOBY
nporpamyBaHHs python 3.8 (python.org) y cepemoBui
yrpasiiHHs naketamu miniconda (conda.io). IIporpamysas-
Hsl naiiaiiHy (pipeline) 3ifcHIOBAIH 32 IOTIOMOTOFO ITAKETa
jupyter notebook (jupyter.org). I'eHepariiro 03HaK CIOTYK
MACCS (Molecular ACCess System keys) y HaB4ajIbHOMY
JaraceTi BUKoHauu 3a gornomororo makera RDKit (rdkit.org).
Crenmixariii crpomneHoro HaBeJCHHS MOJEKYI y PSJIKY
BBenieHHA (SMILES) B aBTOMaTHYHOMY peXXHMMi IITyKaId 3a
nornomororo cepeicy PubChem (pubchem.ncbi.nlm.nih.gov).

Pesynesratu

IIpouec migroroBku (pipeline) maHWX IS TOCIIiTKEHHS
MporpamMmyBaji B Takidi MOCIIZOBHOCTI: 3aBaHTaKCHHS B
pobouy mam’siTh JOCIIITHOTO JIaTaceTy 3 Ha3BaMH CIIOIYK 1
kacudikaniitanmu o3Hakamu (1 abo 0) (puc. 1), Tpancdop-
Marist qaracety s orpuMmanas SMILES cronyk (puc. 2),
reHepailisi 03Hak Mosekyin (feature engineering) HUISIXOM
nocutiioBHoro 06poonenus SMILES (puc. 3), Hopmaiizaris
JiaTaceTy — IIepeBipKa Ha HAsBHICTB NPOIYIICHUX JaHHUX Ta
iX 3aIIOBHEHHSI.

OO6roBopeHHs

ITicnst MArOTOBKM JaHUX OTPUMAIU JATaCeT, [0 MiCTHB
MACCS xJrrodi Ut JOCHigHAX map crnomyk (167 o3Hak Ha
KOXKHY CIIOJTYKY), & TAKOXK Ki1acuikalliiHy noznadky 1 ado 0.
J1J1s ManIMHHOTO HABYAHHS JIOCIIITHHIA JaTaceT BUTIAJKOBHM
ANTOPUTMOM PO3IOIUIIIN Ha AaTaceT Uil HaBdaHHA (769
CronyK) 1 matacet st mepeBipku (192 cmomyku). [Totim
BUKOHYBAJIM TIOTIEPE/IHIN aHali3 MOJeel, [0 OflepKaly,
0e3 omTEMizallii Ha JaTaceTi Jyisl HaBYaHHS, Ta oOupand 3
TepCIieKTHBHI Mozeni Kinacuikartii 3a kpurepiem AUC (Area
Under the Curve). BpaxoByrouu, 1o IOCITiIHAN AaTacer
MicTUTh OiHapHi Tpynu 2 X 167 03HaK, ycepeauHi rpynu
MO)KE€ BUHHUKATH KOJiHEapHICTh (SIBHUIIIE, KOIU OHA 3MiHHA
B HaOOpi JIHIAHO KOpENIoE 3 IHIIOI0 XapaKTEPUCTHKOIO),
JIOJIaTKOBO HAJIAIITOBYBaIM Kiacudikarop Juist MiHiMizawil
[[OTO SBUILA.
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The use of machine learning methods in the development of nasal dosage forms with cerebroprotective action

from typing import Union, List, Dict
from tgdm.notebock import trange, tgdm
import requests

import json

import numpy as np

import pandas as pd

from rdkit.

Chem import AllChem, Descriptors, MolFromSmiles, Crippen, rdMolDescriptors, rdchem,

import pycaret.classification as pycaret class

from pycare

t.utils import check metric

QED, rdmolops, MACCSkeys

dataset_in
dataset in.

= pd.read_csv(filepath or buffer='incopartible exipients.csv', sep=';")

set index('num', inplace=True)

Puc. 1. ImnopTyBaHHsa HeobxigHux GibnioTek i 4ocnigHoro AaraceTy B pobody nam’'atb.

get feature from name (compound:str)->Union[Dict[str,str]]:

cid=""
smiles=""'
title=""

—11

error=

url = 'https

try:

:/ /pubchem.ncbi.nlm.nih.gov/rest/pug/compound/name/{}/property/Title, Canonical SMILES/json'.format (compound)

response = requests.get(url)

response.raise for status()
raw=json.loads (response.text)

try:

cid=raw|['PropertyTable'] ['Properties'] [0]['CID']

except Exception as e:
cid=""

erEar % 8

try:

smiles = raw['PropertyTable']['Properties'] [0]['CanonicalSMILES']
except Exception as e:

smiles = "'

eFrer =g

try:

title = raw|'PropertyTable'] ['Properties'][0]['Title"]
except Exception as e:
title = "'
error = e
except Exception as e:

error =

'Pubchem rerror - {}'.format(e)

return {'cid'icid, 'smiles':smiles, "Ritle':title, "error’':"'}

Puc. 2. dyHkuia

otpumaHnHa SMILES i3 TpaguuinHoi abo XiMivHOi Ha3Bu cnonykw.

def get fingerprint maccs(smiles:str, prefixz:str, num:int)->pd.DataFrame:
if len(smiles)>0:

try:

mol maccskeys = [int(x) for x in MACCSkeys.GenMACCSKeys (MolFromSmiles(smiles)) .ToBitString ()]

res df = pd.DataFrame ([mol maccskeys,mol maccskeys]).iloc[[0]]

old column=[el for el in range(0,167)]
new_column=['{}_{}'.format (prefix, el) for el in old column]

res df.rename (columns=dict (zip(old column, new column)), inplace=True)
res df['num']=[num]

res_df.set_index('num', inplace=True)

return res df

except Exception as e:

else:

Puc. 3. ®yHkuia

columns new=['{} {}'.format (prefix, el) for el in range(0,167)]
res df = pd.DataFrame (columns=columns new)

res df['num']=[1] a

res df.set index('num', inplace=True)

return res_df

columns new=['{} {}'.format (prefix, el) for el in range(0,167)]
res df = pd.DataFrame (columns=columns new)

res df['num']=[1] B

res df.set index('num', inplace=True)

return res:df

reHepauii kntovis MACCS ans gocnigHux cnonyk.
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Model Accuracy AUC Recall Prec. F1 Kappa MCC TT(Sec)
et Extra Trees Classifier 0.9071 0.9684 09409 09275 09333 07794 0.7834 0267
catboost CatBoost Classifier 0.9201 09677 0.965 09252 09438 0.8054 0.8128 4.737
xgboost Extreme Gradient Boosting 0.909 09659 0.9462 0.9261 0.9349 0.783 0.7895 0.206
rf Random Forest Classifier 0.9034 0.9646 09382 09247 09303 0772 07775 0297
lightgbm Light Gradient Boosting Machine 0.9107 0.9631 09408 09326 09358 0.7883 0.7922 0.101
gbhc Gradient Boosting Classifier 0.9052 0.9591 09462 09204 09324 07737 07785 0.112
knn K Neighbors Classifier 0.8736 09265 009461 08814 0912 06881 0.6967 0.088
ada Ada Boost Classifier 0.8587 0.9246 09245 0.8824 09004 06538 0.6671 0.064
Ir Logistic Regression 0.8587 09223 09111 08894 0.8987 06636 0671 0347
qda Quadratic Discriminant Analysis  0.8793 08976 08488 09734 09054 0.7406 0757 0.019
Ida Linear Discriminant Analysis 0.859 0.8615 0.9378 0.8697 0.9019 0.6521 0.6606 0.021
nb Naive Bayes 0.5537 0.8464 0.3883 09203 05408 02315 03175 0.012
dt Decision Tree Classifier 0.8698 0.8433 009138 009007 09066 06916 06948 0.012
svm SVM - Linear Kernel 0.8475 0 0.9085 08787 0.8919 06319 0.6392 0.014
ridge Ridge Classifier 0.872 0 09432 0881 091 06874 0.6976 0.012
Puc. 4. MonepepHi aHanis Mogenen MaLlHHOro HaB4aHHs GiHapHOI knacudikaLlii.
A o ROC Curves for VotingClassifier B o ROC Curves for VotingClassifier )
08 08—
1o macro-average ROC curve, AUC = 0.93 0o macro-average ROC curve, AUC = 0.93
0.0 02 04 056 08 10 0.0 02 04 056 08 10

False Positive Rate

False Positive Rate

Puc. 5. Kpusi HaB4yaHHs Mofeneii MawwmnHHoro HaB4aHHs blending tree, blending boosting. A: awmiwaHa mogens blending tree (tuned_class_rf,
tuned_class_et); B: amilwaHa mogens blending boosting (tuned_class_catboost, tuned_class_lightgbm, tuned_class_xgboost).

3a pe3ynpraTamu, 110 HABEACHI Ha puc. 4, HAHOUIbII
MIepCIIeKTUBHUMHU 1110710 obpanoro kputepito AUC uis Ha-
CTYIHOT'O JIOCTI/KEHHS € MOZIEIi: KJIacu(iKaTop JOAATKOBHX
nepe (Extra Trees Classifier, ET) AUC 0,9684, kateropiaib-
Huit Oycrunr (CatBoost Classifier, CatBoost) AUC 0,9677,
excTpeManbHui TpagienTHH Oyctunr (Extreme Gradient
Boosting, EGB) AUC 0,9659, Bunagxoswuii iic (Random
Forest Classifier, RF) AUC 0,9646, Light Gradient Boosting
Machine (LIGHTGBM) AUC 0,9631. Hanani Ha erami 3
00paHMMHU MOJICIISIMU BUKOPUCTAIU Pi3HI TEXHIKH MAaIllHH-

Horo HaByaHHa Ensembling (Stacking, Boosting, Blending)
JUTS ETANBHINIOT ONTUMI3aIlil. Y MACYMKY Ul KOKHOTO
BUJIy MOJIETi OTpUMAaJIN M€ JOMaTKOBO MO TPU MOJEII
(mabn. 1).

AHanizyBanm MOJiel, sIKi OTPHMaJIH, 32 KOMILIEKCOM CTa-
TUCTHYHUX ToKa3HUKIB: Accuracy, AUC, F1, MCC (mabn. I).
BusiBuin, 1o TEXHIKM ONTHMI3AIil MAIIMHHOTO HaBYaHHS
MOKPAILMIIA CTATUCTHYHI TIOKa3HUKHU IOCITIKYBaHUX MOJIe-
neit. Hapani rpymyBainu Mozeni 3a IXHBOIO IIPUPOIOIO (tree,
boosting) i BAKOPHCTOBYBaJIM TEXHIKY 3MILTyBaHHS MOJIeTIei
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Tabnuuga 1. CTaTUCTUYHI NOKa3HUKM ONTUMI30BaHUX MOLENeN MaLLMHHOMO HaB4aHHs (meen * sd)

L S R S

RF (tuned) 0,9051 + 0,0271 0,9657 + 0,0157 0,9304 £ 0,0195 07878 + 0,0666
RF (bagged) 0,9015 + 0,0264 0,9608 + 0,0203 0,9305 £ 0,018 0,7689 + 0,0633
RF (calibrated) 0,9034 + 0,0351 0,9666 + 0,0151 0,9302 + 0,0257 0,7777 £ 0,081
CatBoost (tuned) 0,9108 + 0,0359 0,9655 + 0,0227 0,9368 + 0,0251 0,7921 + 0,0867
CatBoost (bagged) 0,9015 £ 0,03 0,9643 + 0,0214 0,9306 + 0,0205 0,7684 + 0,0731
CatBoost (calibrated) 0,9145 + 0,0313 0,967 + 0,0185 0,9395 + 0,0214 0,8004 + 0,0764
LIGHTGBM (tuned) 0,9108 + 0,0331 0,9681 + 0,0183 0,9362 + 0,0232 0,7916 + 0,0804
LIGHTGBM (bagged) 0,9071 £ 0,0342 0,9645 + 0,021 0,9335 + 0,0241 0,7849 + 0,0833
LIGHTGBM (calibrated) 0,9145 + 0.0278 0,9681 + 0,0165 0,9391 £ 0,0194 0,8018 + 0,0664
EGB (tuned) 0,8959 + 0,0292 0,9699 + 0,0164 0,9289 + 0,0186 0,7545 + 0,0705
EGB (bagged) 0,9071 £ 0,0389 0,964 + 0,0198 0,9336 + 0,0279 0,7843 £ 0,0916
EGB (calibrated) 0,9126 + 0,03 0,9671 + 0,0182 0,9381 + 0,0207 0,796 + 0,0726
ET (tuned) 0,894 + 0,0313 0,9645 + 0,02 0,9215 + 0,0232 0,7645 + 0,0737
ET (bagged) 0,9034 + 0,0341 0,9636 + 0,0191 0,9307 £ 0,0246 0,7762 + 0,0799
ET (calibrated) 0,9052 + 0,0419 0,9653 + 0,0179 0,9316 + 0,0307 0,7828 + 0,097

unseen predictions boost = pycaret class.predict model (finalized blender specific boost tuned models,
data=data unseen}
blender boost_models_auc = check metric(unseen predictions boost['Compartible’],
unseen_predictions_boost['Label'],

metric="AUC")

blender boost_models fl = check metric(unseen predictions boost['Compartible'],
unseen_predictions_boost['Label'],

metric="'Fl")

blender boost_models mcc = check metric(unseen predictions_boost['Compartible'],
unseen_predictions_boost['Label'],

metric="MCC")

unseen predictions tree = pycaret class.predict model (finalized blender specific tuned tree custom medels,
data=data_unseen)
blender tree models_auc = check metric(unseen predicticns tree['Compartible'],
unseen predictions tree['Label'],

metric="AUC")

blender tree models fl = check metric{unseen predictions tree['Compartible'],
unseen predictions tree['Label'],

metric='Fl")

blender tree models mcc = check metric(unseen predictions_tree['Compartible'],

unseen predictions tree['Label'],
metric="MCC")

print("laracer nna nepeBipxu (MoOeis tree_blender) : AUC {}, F1 {}, McC {}".format (blender_tree_models_auc,
blender tree models f1,
blender tree models mcc))

print("laraceT IinA nepeBipxu (MOOElb boost_blender) : AUC {}, F1 {}, MCC {}".format {blender_boost_models_auc,

blender_ becost models fl,
blender boost_models_mcc))

IaTaceT nna nepeBipru{Mogens tree blender): AUC 0.9521, F1 0.9747, MCC 0.9094
HaTacer mns nepeBipru {Momens boost_blender): AUC 0.9593, F1 0.9821, McCC 0.9352

Puc. 6. In silico nporHo3 Ha gataceTi Ans nepeBipKu.

(blending models), 1m0 1ae 3Mory noexHyBaTH pi3Hi aaro-
PUTMH MAaIIMHHOTO HABYAHHS 3 BUKOPHCTAHHSAM OLTBIIOCTI
roJIOCIB 200 CepeHiX MPOrHO30BaHUX IMOBIPHOCTEH st
MPOrHO3YBaHH: KIHLIEBOTO PE3yJIbTaTy.

[Ticns 3MinryBaHHS oiepyKaiu JIBi MEPCIIEKTUBHI MOJIEII
MaIIMHHOTO HaBYaHHs OiHapHOI Kiacudikamii (puc. 5),
SIKICTh POOOTH SIKUX MEPEBIPSUIIN HA aTaceTi IS IEPEBIPKU
(192 cnonyxwm). aracer it NEpeBipKH HE BUKOPHUCTOBY-

BaJM B HaBYaHHI UX Mojeied. OTpUManu CTaTUCTHYHI
omiHKHU Mopeneit (puc. 6): tree_blender — AUC 0,9521, F1
0,9747, MCC 0,9094, boost_blender — AUC 0,9593, F1
0,9821, MCC 0,9352. BoHu cBim4aTh Mpo BUCOKY HMOBIp-
HICTB in silico IPOTHO3Y 100 HASBHOCTI a00 BiJICYTHOCTI
(hapManeBTUYHAX HECYMICHOCTEH ITiJl 4ac po3pOoOJIeHHS
Ha3aJIbHUX PEHETYpP HEePEOPOINPOTEKTUBHUX JIIKAPCHKUX

hopm.

ISSN 2306-8094

AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanYHOI Haykmn Ta npaktvku. — 2021. — T. 14, Ne2(36)

237



B. S. Burlaka, I. F. Bielenichev

OmnparpoBaHi MOJIEN CIPHUSIOTH ONTUMI3aLlil peenTypH B
PO3pOOIIEHHI HOBHX Ha3aJIbHUX 3aC001B LIEpeOPONPOTEKTUB-
HOT J1ii Ta po3MillleHHI Ha BeOCepBepi eKCIIEPTHOI CHCTEMH
ExpSys Nasalia (nasalia.zsmu.zp.ua) B po3ijii pO3paxyHKH.

BucHoBKu

1. Y pe3ysbrari 10CiIKEHHS OMPAIFOBAIN MOJICITI MAIIIHH-
HOTO HaBYAHHSI JJ1s1 in1 Silico IPOTHO3Y PAIiOHAIBHOTO CKIIaTy
Ha3aJbHHX JIIKAPCHKUX (OpPM 11IepeOpONPOTEKTUBHOT i

2. TTigTBEpKEHHS SIKOCTI IPOrHO3Y (hapMalleBTHIHUX He-
CYMICHOCTEH 13 BUKOPHCTAHHSIM OIPAI[bOBAHMX MOJICIICH BU-
KOHAJIM Ha JaraceTi st mepeBipku. OTpuMalii CTaTUCTUYHI
moka3HuKH Mozeneii tree_blender (AUC 0.9521, F1 0.9747,
MCC 0.9094), boost_blender (AUC 0.9593,F10.9821, MCC
0.9352), mo cBig4aTh Mpo BUCOKY HMOBIPHICTH TPOTHO3Y.

3. BuxopucTaHHs MoJieTield MaIIMHHOTO HaBYaHHA B (ap-
MAIeBTHYHIN PO3POOIIi CIPUATHME PeCypco30epeKeHHIO Ta
OIITHMI3aIli] CKITaIy pelenTypH.

IlepcnekTHBE MOAAMBIINX J0CTiKeHb. J7Is onTuMizarii
SIKOCTI in silico IporHO3Y (hapMalleBTUIHUX HECYMiCHOCTEH
Y perenTypi Ha3aJIbHUX JTIKapChKUX (OpM IepeOporpoTeK-
THBHOI Jil JIOLIJIBHO HAIIOBHIOBATH JATaCeT I HAaBYaHHS
HOBHMH EKCHEPHUMEHTAIBHUMH TaHUMH Ta 31HCHIOBATH
OIITHUMI3ALII0 MOJIETICH.
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OpwriHanbHi gocnimxeHHs @ Original research

TexHonorii AUCTaHUiMHOro HaBYaHHA Ha NiCNAAUMNIOMHOMY eTani
npocecinHoro po3BuUTKyY haxisuiB papmauii

M. O. AspameHko ““AEF H. O. TkauyeHkoABCP 10, 10. PabokoHbACE O, A. birpaH = *BCE

3anopisbkuii AepKaBHUIA MeaNYHUI yHIBepcuTeT, YkpaiHa

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

dapmaLeBTMYHa OCBiTa Mae rHy4Ko, AMHAMIYHO Ta afeKBaTHO pearyBaTyi Ha CyCMiflbHi TpaHcdopMaLii WSXoM NpoAyKyBaHHA HOBUX
OCBITHiX MOCMyT, TEXHOMOTi HABYaHHS Ta OpraHi3aLii OCBITHLOrO MpoLecy. Y BiANOBIAb HA 3anNWT Yacy NicnsAMNIoMHa NpodeciiHa ocaiTa
nparHe BignosigaTn notpebam cborogeHHs: cchopmyBanacst HoBa KOHLENLs NiABULLEHHS ePEKTUBHOCTI OCBITW Ta NPOECIHOO PiBHSA
¢haxiByiB — HaBYaHHS BNPOJOBX XUTTA, ike HeMOXnMBe 6e3 BUKOPUCTaHHS iHOpMaLiiHO-KOMYHIKaLiNHWX TEXHOMOTIN.

MeTa po6oTtu — nokasatu 0cobnmBoCTi opraHisaLii 0CBiTHEOro npouecy apmaveBTUYHMX axiBLiB Ha nicnsaMNIoMHoMy eTani B 3a-
nopi3bKOMYy AepXXaBHOMY MeAnYHoMY yHiBepeuTeTi (30MY) Ta okpecnuTty oro NpobnemMHi MMTaHHs 3 BU3HAYEHHSIM MOXIMBIX LUNSXIB
YOCKOHamneHHs B KOHTEKCTi 6e3nepepBHoro npodeciiHoro po3suTky (BI1P).

MaTtepianu Ta metogu. Matepian Ans OCNIAKEHHS — LOCBIA OpraHi3aLlii HaBYaHHS NPOBI3OPIB-IHTEPHIB, CyXauyiB LMKIIB MiABULLEHHS
kBanicpikavji Ha dakynbreTi nicnsaunnomHoi oceitTn 30MY 3a octanHi 10 pokiB, 3BiTHa 1 iHLLA 06MiKoBa JOKYMEHTALLS, HOPMaTUBHO-NPABOBI
aKT¥ LWoA0 BMLLOT (hapmMaLeBTUYHOI OCBITW Pi3HWX yNpaBniHCbKKUX PiBHIB. BuKopycTanu MeToau aHanisy, CUHTE3Y, rpynyBaHHs, AeayKuii,
NOriKN 1 y3arasibHEHHS.

Pesynirartu. MNicnsaunnomnnii etan BIP dapmaueBTuyHuX haxisLis cCnpsaMOBaHWiA Ha BOCKOHANEHHS NPOMECIAHNX KOMNETEHTHOCTEN
i jae amory ¢axisuesi nigTpumysaTu abo nokpallyBaTy CTaH4apTV NPOeciiHOi AiSNbHOCTI BiANOBIAHO 40 NoTpeb cdepn 0XOpoHM
3a0poB’s. MigrotoBka hapmaLieBTUHHMX daxiBLiB Ha dhakynbTeTi NiCNSAANNIOMHOI OCBITU BigOyBa€eTbCS B O4HO-AMCTaHLINHOMY hopMarTi
3 BUKOPWCTaHHSIM TEXHOMOTi ANCTaHLAHOTO HABYaHHS y cnelianisoBaHoMy BebGcepeoBULL, LLIO CTBOPEHE Ha OCHOBI Cy4aCHX NCUXOMO-
ro-negaroriyHux Ta iHhopmaLiiHO-KoMyHikaLliiHuX TexHonorii (6asosum € naket Microsoft Office 365 nporpamu Teams, Skype for business
Towo). Takui hopMaT HaBYaHHS CTUMYIOE 3000yBayiB OCBITU 10 PO3KPUTTS CBOTO NMOTEHLiany, NiABULLEHHS PIBHS camoopraHisallii Ta
CaMOMeHEKMEHTY, Nornubnioe NPoeCiiiHi KOMMNETEHTHOCTI LLNSXOM YAOCKOHANEHHS! KOMYHiKaLiiHoi cknazoBoi. KepiBHnuyteo 3OMY Ha
3acafax coujianbHoi BignoBiganbHOCTi NOCTIMHO NpaLE Ha NiABULLEHHAM SKOCTI OCBITHIX MOCIYT, 30Kpema Ha nicnsaunnoMHomy eTani.

BucHoBku. 3a pesynstatamut KpUTUYHOTO aHanidy [OCBiLy OpraHisaLii HaBY4aHHS MPOBI3OPIB-IHTEPHIB, CMyxadiB LWKMIB MiABULLEHHS
kBanicikauii Ha ®rMO 3OMY 3a ocTaHHi 10 pokiB, 3BITHOI Ta HOPMaTVBHO-NPABOBOI AOKYMEHTALlil BU3Ha4MnM 0coGnMBOCTI opraHisauii
OCBITHBOTO MpoLecy hapMaLeBTUYHMX haxiBLiB Ha NICASAMMNIIOMHOMY €Tani, OKPeCNMNM Moro NPobnemHi NTaHHS Ta 3'iCyBani LLMSAXM
X BUpIiLLEHHS B kOHTeKCTi BIP.

Kntouogi cnoea: dapmavesTyHa ocsiTa, 6e3nepepBHUn NPOdECINHNI PO3BUTOK, TEXHOMOTT ANCTAHLIHOTO HaBYaHHS.
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Distance learning technologies at the postgraduate stage of professional development of pharmacists
M. O. Avramenko, N. O. Tkachenko, Yu. Yu. Riabokon, O. A. Bigdan

Today, pharmaceutical education has to respond flexibly, dynamically and adequately to social transformations by developing new
educational services, teaching technologies and organizing the training process. In response to the demand of the time, postgraduate
professional education strives to meet the current needs; a new concept of increasing the effectiveness of education and the professional
level of specialists has been formed: lifelong learning is impossible without the use of information and communication technologies.

The aim of the work is to identify the features of the organization of the training process of pharmaceutical professionals at the postgraduate
stage at Zaporizhzhia State Medical University (ZSMU) and to outline its problematic issues with further identification of possible ways
of improvement in the context of continuing professional development (CPD).

Materials and methods. The study was grounded on the experience of organizing the training of pharmaceutical interns, students of
advanced training cycles at the Faculty of Postgraduate Education of ZSMU for the last 10 years, reporting and other accounting documents,
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regulations on higher pharmaceutical education at various levels. The methods of analysis and synthesis, grouping, deduction, logic and
generalization are used in the work.

Results. The postgraduate phase of CPD of pharmaceutical specialists is aimed at improving professional competencies and allows
the specialist to maintain or improve the standards of professional activity in accordance with the needs of health care. Training of
pharmaceutical specialists at the Faculty of Postgraduate Education is practiced both face-to-face and distantly, using distance learning
technologies in a specialized web environment, grounding on modern psychological, pedagogical and information and communication
technologies (basic is Microsoft Office 365 and others). This format of education stimulates students to unleash their potential, increase
the level of self-organization and self-management, deepens professional competencies by improving the communication component.
The management of ZSMU, driven by social responsibility, constantly works on improving the quality of educational services, including
those of the postgraduate stage.

Conclusions. According to the results of critical analysis of the experience of training pharmaceutical interns and students of advanced
training cycles at FPE of ZSMU for the last 10 years, reporting and regulatory documentation, features of the educational process
of pharmaceutical specialists at the postgraduate stage are identified, its problematic issues are outlined and ways to solve them in
the context of CPD are deteermined.

Key words: pharmaceutical education, continuous professional development, distance learning.
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TexHonorum gUCTaHLIMOHHOTO OBYUYEHUS Ha NOCEANUNNIOMHOM JTane NPoecCUOHaNbHOro Ppa3BUTUS
cneynanucToB chapmauun

H. A. ABpametko, H. A. TkaueHko, HO. FO. PsabokoHb, A. A. burgaH

dapmaLeBTiyeckoe 06pasoBaH1e AOMKHO TMOKO, AMHAMWUYHO U afeKBaTHO pPearpoBaTh Ha 06LLECTBEHHbIe TpaHCopMaLMK NyTem
BbIPaBbOTKM HOBLIX 06pa3oBaTeNbHbIX YCIYT, TEXHOMOTMI 0BY4YeHNs 11 OpraHM3aLmMn 06pa3oBaTeNbHOTO npolecca. B oTBeT Ha 3anpoc
BPEMEHM MocreannioMHoe npodeccroHanbHoe 06pasoBaH1e CTPEMIUTCSH COOTBETCTBOBATL NOTPEBGHOCTAM COBPEMEHHOCTM: CHOPMU-
poBanach HoBasi KOHLENLMS NOBbILIEHNS 3P EEKTUBHOCTU 06pa30BaHNS 1 NPOPECCMOHANBHOIO YPOBHS CreuuanicToB — obyyeHne B
TEYEHUE XM3HU HEBO3MOXHO 6€3 1CTONb30BaHMs MH(OPMAaLIMOHHO-KOMMYHUKALMOHHBIX TEXHOMOTWIA.

Llens pa6otkl — 0603Ha4YnTb 0COBEHHOCTW OpraHM3aLmy 06pasoBaTenbHOro Npolecca dapMaLleBTUYECKUX CneLyuanicToB Ha nocne-
AVMNIOMHOM 3Tane B 3anopoXckOM rocyaapcTBEHHOM MeauLmMHCKoM yHueepeuTete (3MMY) n onpeaennTb ero npobnemHble Bonpoch! v
BO3MOXHbIE MyTV COBEPLLEHCTBOBAHWS B KOHTEKCTE HEMPEPBLIBHOTO NpodeccnoHansHoro passutus (HIP).

Marepuanbl n metoabl. Matepyan Ans UccrnegoBaHnsa — OnbIT OpraHn3aumm 06y4eHns NPOBU3OPOB-VHTEPHOB, CRyLIATENEN LIMKNOB
NOBbILIEHUS KBanudukaLmm Ha dakynsreTe nocnegunnomHoro obpasosarus 3FMY 3a nocnegHue 10 net, oT4éTHas u apyras y4étHas
[OKyMEeHTaLus1, HOPMaTUBHO-NPaBOBbIE aKTbl OTHOCUTENbBHO BbICLLErO hapMaLeBTUHECKOro 06pa3oBaHs PasnnyHbIX YNpaBneHYecknx
ypoBHel. B xoae paboTbl NCMonNb30BaHbl METOABI @aHaIN3a W CUHTE3a, rpyNnMPOBKY, AeAYKLMN, JIOTUKM 1 0606LLEHNS.

Pesynirathl. [Mocnegunnomueiv atan HIMP dhapmaueBTUyeckux cneumanncToB HanpasieH Ha COBEPLUEHCTBOBaHME NPOdeCCnoHanbHbIX
KOMMETEHLMI 1 MO3BONSAET CNELManuCTy NOAAEPXUBaTh UNK yny4liaTb CTaHAAPThl NPOMeCCroHanbHON AeATENbHOCTW B COOTBETCTBUM
¢ notpebHoCTAMM 3apaBooxpaHeHus. MogrotoBka hapMaLeBTUYeCcKUX CneumnanucToB Ha akynsTete nocrneaunnomMHoro obpasosa-
HUS NPOXOAMUT B OYHO-AMCTAHLIMOHHOM hopmaTe C UCMONb30BaHUEM TEXHOMOTMI ANCTAHLMOHHOMO 0byYeHnst B cneuuanvanpoBaHHoN
Beb-cpeae, CO34aHHON Ha OCHOBE COBPEMEHHBIX MCUXONOro-Neaarornyecknx v MHOPMaLMOHHO-KOMMYHUKALMOHHBIX TEXHOMOTMIA
(6a30BbIM sBNseTca naket Microsoft Office 365 nporpammel Teams, Skype for business un gp.). Takoi hopmat obyyeHus cTumynupyet
couckarenein 06pa3oBaHmWs K pacKpbITUIO CBOETO NOTEHLMAaNa, NOBbILIEHWO YPOBHS CAMOOPraH13aLmm 1 cCaMoMeHemXMEHTa, yrnybnser
npodeccroHarnbHble KOMMETEHTHOCTY 3@ CYET COBEPLLIEHCTBOBaHMS KOMMYHUKaLIMOHHON cocTaBnstoweit. Pykosogcteo 3rMY, 6asupysch
Ha NpUHLMNax counanbHON OTBETCTBEHHOCTM, NOCTOSIHHO paboTaeT Haf NoBbILLEHWEM KadecTBa 0bpa3oBaTenbHbIX YCyr, B TOM Yucne
Ha nocneaunioMHOM 3Tarne.

BuiBogbl. [Mo pesynsrataMm KpUTUYECKOrO aHanu3a onbiTa opraHu3auum obyyYeHrns NPOBU3OPOB-MHTEPHOB, CryLIaTenen LMKNoB noBbl-
LweHns keanudukauum Ha SO 3rMY 3a nocnegHue 10 neT, OTYETHON U HOPMATWBHO-MPABOBOW JOKYMEHTALMN YCTAaHOBNEHbLI 0COOEH-
HOCTW OpraHu3auun obpa3oBaTenbHOro npouecca apMaueBTUHECKMX CMeLManmMcToB Ha NOCMEAMMIIOMHOM 3Tane, onpeaeneHbl ero
npo6nemHble BONPOChH! U MyTW X peLleHns B koHTekcTe HIP.

KntoueBkle cnoea: apmaueBTuyeckoe o6pasoBaHue, HenpepbiBHOE NPodeccMoHanbHoe passUTUE, TEXHONMOTUM AUCTaHLMOHHOTO
0by4eHus.

AxTyanbHble BOnpockl (hapMaLeBTMYECKON M MeAULMHCKON Hayku u npakTtuku. 2021. T. 14, Ne 2(36). C. 239-244

CydacHi coImialbHO-eKOHOMIYHI, BOEHHO-ITONITHYHI, KO-
MYHIKalliiiHI BUKIMKHA YKpaiHCHKOTO CYCIIJILCTBA Ha Tl
pedopMyBaHHS MEANYHOI TaTy3i Ta MEANYHOT OCBITH MOCH-
JIFOIOTH BUMOTH JI0 TPAKTUYHHX 1 MAHOyTHIX (axiBIIiB ramysi
OXOPOHH 37I0pOB’sI (30KpeMa (hapMarleBTUYHHX ): PUHOK Mparli
moTpedye BUCOKOKBANI(hIKOBAHUX CIICITIaiCTIB, SIKi MAOTh
HIMPOKWIT HAOIp 3arajbHUX 1 MpodeciiHUX KOMIIETEHTHO-
CTeil 13 LIHHICHOIO Opi€HTAIli€l0 HA MOTPEeOU CyCIUIBCTBA

Ta MOXYTb IIBHAKO 1 JIETKO aJalTyBaTUCS O 30BHIIIHBOTO
CepeIoBHIIIA.

OcBiTa — OIHE 3 HANBaXIIMBIIMINX COLAJbHUX SBHII 1
3armopyka po3BUTKY CYCIUIbCTBA Ta jAepkaBu. ChOromHi,
KoJi iH(opMaris, 3HaHHS CTAJIN MOTY)KHUM €KOHOMIYHUM
pecypcom, 3pocTae piBeHb mitodaiizarii Ta MOOITPHOCTI
iHopMaliiHKX, (IHAHCOBHX, TPYIOBUX PECYPCIB, KIIHOYO-
Ba POJIb y CHCTEMI 3a0e3redeHHs] (hapMaleBTHYHOI raysi
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Distance learning technologies at the postgraduate stage of professional development of pharmacists

KOHKYPEHTOCHPOMOXHUMH (DaxiBLSIMM HAJICKUTh 3aKJia-
nmam Bumioi ocBité (3BO) MenudHOTO, (papMarieBTHIHOTO
cupsimyBaHHs. LI mporecu MopoKyOTh HOBI BUKIIUKH
J0 (hapManeBTHYHOT OCBITH, 1[0 MA€ THYYKO, THHAMIYHO i
aJIEKBaTHO pearyBaTH Ha CYCIiIbHI TpaHchopMarlii HUIsIXoM
MIPOAYKyBaHHS HOBUX OCBITHIX ITOCITYT, TEXHOJIOT1i1 HABYAHHS
Ta OopraHizaii OCBITHROTO TpoIiecy. Y BiAIIOBIIh HA 3aIUT
4yacy MICJISIUINIOMHA OCBITa TaKOXK IMparHe BiMOBigaTh
motpebaM ChOTONeHHS: chopMyBaiacss HOBa KOHIEMIIis
TABUIICHHS €)EKTUBHOCTI OCBITH Ta MPOQeCiitHOro piBHS
(haxiBIIiB —HaBYaHHS BIIPOIOBXK YKUTTS, IKE HEMOJKIIABE O€3
BUKOPHCTaHHs iH()OpMaIliiTHO-KOMYHIKAI[IHHUX TEXHOJIOTIH

(IKT) [1-3].

MeTa po6otu

[Toxazatu 0COOMUBOCTI OpraHi3aimii OCBITHROTO IMPOIECY
¢dapmaneBTnyHnx Qaxisuip (OD) HA MICIIAUILIOMHOMY
etari B 3amopi3bKOMY JIEp’KaBHOMY MEIMYHOMY YHiBEp-
cuteti (3[IMY) Ta okpecauTy ioro mpoOieMHi MATaHHS 3
BU3HAYCHHSIM MOMKIIMBHUX [IISIXIB YIOCKOHAJICHHSI B KOHTEKCT1
6e3mepepBHOTO Mpodeciiinoro po3sutky (BIIP).

Marepianu i MeTogu gocnipkeHHA

Marepian 1 JOCTiKEHHS — IOCBiJ] OpraHi3aiii HaBYaHHS
TIPOBI30PIB-IHTEPHIB, CITyXa4iB LUKJIIB IT1IBUIICHHS KBaITi]i-
Karrii Ha (haxynereTi micnsautuioMHoi ocsita (PI10) 3IMY
3a ocranHi 10 pokiB, 3BiTHA i iHIIIA 00TIKOBA JOKYMCHTALIIS,
HOPMAaTHBHO-TIPABOBI aKTH IO/I0 BUIIOI (hapMareBTHIHOT
OCBITH PI3HUX YIPaBIiHCHKUX PIBHIB.

ITin gyac poOOTH BHKOpHCTAIM METOJM aHAJIi3y, CHHTE3Y,
rpyIyBaHHs, ACAYKIIIT, JIOTIKM 1 y3araJbHEHHS.

Pesynkratu

[icastnuruiomanii eran BITP O cripsiMoBaHmii Ha BIOCKOHA-
JIeHHs Tpo(eCciiHIX KOMITETEHTHOCTEH, 1a€ 3Mory (paxiBrieBi
MiATPUMYBaTH a00 MOKpAIyBaTH CTaHIapTH npodeciiiHol
JUSUTBHOCTI BIATIOBITHO J10 TOTPe0 chepr OXOPOHU 310POB’ St
Ta TPHUBAE MPOTATOM YCHOTO TIEPioAy MpodeciitHOl AisLTHHO-
cti. Opranizaiisi HapyajapHOTO Tporecy DD y el mepiof
Mae TIeBHI 0COOIMBOCTI.

[To-miepirie, e MOB’s3aHO 3 Cy0’€KTOM, SIKHH OTPUMYE
OCBITHI TIOCITYTH, aJiKe I1e C(POpMOBaHa OCOOHCTICTh, KOTpa
Mae 0a30Bi mpodeciiiHi 3HaHHS, OakKaHHS MOTTUOUTH i
YAOCKOHAINTH X Ta € MPaKTU4HO opieHTOBaHOM0. IIpak-
THUYHA OPIEHTOBAHICTh Y HABYaHHI 3yMOBJIEHA YHCIICHHICTIO
3aBJlaHb, 1110 BUPILIYE MPaKTH4Ha (hapMarlisi: HaJaHHs sKic-
HO1, 6e3meyHoi (hapMaIeBTUIHOI TOTIOMOTH, OIIEPyBaHHS
BEJIMKMM MacHBOM iH(opMarii Mmoa0 JKapchKUX 3aco0iB
Ta iHIIo1 (hapMaIieBTHYHOT IPOAYKITil, MUTTEBE YXBAICHHS
pilieHs y pamkax (apManeBTH4HOI OITIKH, a TAKOXK YIpaB-
JIHCHKUX PIIICHB TEBHOT CKIIQIHOCTI, aKTHBHA COITialTi3arlis
0araroBeKTOpHUX MpodeciiiHuX BiHOCHH To1lO [4,5].

[To-mpyre, OCBITHII Tpolec Takoi 0coOUCTOCTI hopMy-
€ThCSl HAa MPUHIIMIAX aHAPAroriky (Hayka Mpo HaBYaHHS
JIOPOCIIMX), II0 MOTpeOdye aKTHBHOTO BIIPOBA/DKCHHS Ta

PO3IIMPIOE MEXKI BUKOPHCTAHHS TEXHOJIOTIH TUCTAHIIITHOTO
HaBuaHHA [6,7].

Came na OIIO monHax necsTh POKIB TOMY BHKJIajaadi
3/IMY mouaim BIPOBAHKYBATH CIEMEHTH JAUCTAHIIIHHOTO
HaByaHHs, a choroaHi IKT — HeBiyIiibHa CKJIag0oBa OCBIT-
HBOTO MPOIIECY Ha J0- 1 MCIIANITIOMHOMY eTariax [2,8], mo
BiZOyBa€ThCS 3TiAHO 3 YNHHAM 3aKOHOIABCTBOM [9].

[To-Tpere, 3a HOBOO KoHIIeHIIi€rO [3,10], DD mae Oibie
MOXKITUBOCTEH III0/10 BHOOPY BHIIB i (pOpM HABIAHHS, IO ITi/I-
BUILYE PiBEHb 0COOMCTOT BIINOBIIAJILHOCTI 3a IpodeCiitHumiz
camopo3BuTok: BIIP Bkiro9ae ygacts y mporieci popMabHoi,
HedopMaibHOT Ta iIHPOPMAIBLHOT OCBITH B TaiTy3l OXOPOHH
370pOB’sl, @ y4acTh y TEMAaTUUHHX IIIKOJIAX, CeMiHapax, Hay-
KOBO-TIPAKTHYHUX KOH(EPEHIisIX, KOHIPecax, CAMII031yMax,
3’{31aX, CUMYISIIHHUX TPeHIHTax, MaiicTep-Kiacax, Kypcax 3
OITaHyBaHHS MPAKTUYHUX HABUYOK, CTAKyBaHHSI 32 MEXKaMH
3aknany, e npamoe Od, nucraniiine HaBYaHHS € OCHOBHH-
MH Horo GopmaMu. Aie 1eii (pakT 3yMOBITIOE HEOOXiTHICTh
MOCTIHHOTO MOIIYKY, PO3LIMPEHHS HAaPSIMIB, 3a IKUMU DO
MOYKYTb TTiIBHII[YBaTH CBill TPOQeCcioHaTi3M.

OO6roBopeHHs

OTxe, Ha micTaBi [lomokeHHS PO IHCTaHIlITHE HAaBYaHHS
[11] migroroBka @D Ha PIIO BinOyBaeThCS B OUHO-ANCTAH-
[iifHOMYy (opMati 3 BHKOPHCTAHHSIM TEXHOJOTIH JUCTaH-
LIHOrO HABYAHHS: T0YATOK HABYAHHS, IPAKTUYHI 3aHSTTS
Ta arecTais (axiBIliB 000B’I3KOBO BiIOYBAIOTHCS B OUHIN
(hopmi, a yacTHHA JIEKITiH, CEeMIHAPCHKUX 3aHATH 1 CAMOCTIHHA
pobora — B oHJNaiH-popMari 3 BUKIagadeM. Jucranmiitne
HaBYaHHS BiI0yBa€THCS Y CIEIliaTi30BaHOMY BeOCEpeIOBHIII,
1110 CTBOPEHE Ha OCHOBI CyYaCHUX TICUXOJIOTO-TIe/IarOT1YHNX
ta IKT (Ha ®I10 3/IMY 6a3zoBum € maket Microsoft Office
365 nporpamu Teams, Skype for business Tori1o).

[Tix gac Takoro HaBYaHHS BiOyBA€THCS IHTETpaIlisl HABYaIb-
HOTO KOHTEHTY SIK IH(OpPMALIIHIX peCypCiB, 110 PEICTaBIICHI
B pi3HKX (hopMarax: npe3eHTalis, Bijieo, TEKCT, aHIMaIlisl, eNeK-
TPOHHUIA TOCIOHMK TOITIO. /[0 IIOTO TOMAETHCS 1 CITLTKYBaHHS 3
BUKJIA Ia4eM, SKH TIPOBOJIUTH OHJIAIH 3aHATTS 400 KOHCYIIBTYE 3
OKPEMUX ITUTaHb, YATAE JIEKII0, IEPEeBipsie BUKOHAH] 3aBIAHHSL.

3100yBay OCBITHIX MOCIYT JUCTAHIIIHO Yepe3 ynpo-
BaJKEHUH NTAKET IPOrpaM MOXKe 03HAOMUTHUCS 3 HaBYAJIb-
HUM MarepiajioM, a TaKoX JJIsi CAMOKOHTPOJIIO 3aCBOEHHS
Martepialy BUKOHATH 3aBIaHHs i HaiClIaTh 1X Ha IIepeBipKy
BHUKJIaJIa4€B1 (THIOTOPY), CAMOCTIHO BUKOHATH EJIEKTPOHHE
TeCTyBaHH TOLIO. J{J1s MONiMIIeHHs CIIPUHHATTS €IeKTPO-
HHOI iH(OopMallii, OpieHTaIl] y BipTyaJbHOMY CEpPEIOBHILI,
TIOIITYKOBOT pOOOTH 3a IIEBHOIO TEMATHKOIO iH(OpManiitHui
pecypc JOMOBHEHUHU CIEIiaThHUM OHIAMH-KypcoM (3a
MPEIMETOM, 3a CHelialbHicTI0). Hampukian, st mpogi3o-
piB-iHTEpHIB i3 qucIITiHN «COoIiaTbHO-KOMYHIKaTHBHE Ta
iHdopMmalliiiHe CriKyBaHHs y (apmarii» Juisi caMoCTiHHOT
pobotu po3pobiieHo oHnaitH-Kype «DapManeBTH4Ha iH-
(hopmarukay, o BKIIIOYa€ HAOUHUN TEOPETHYHUI MaTepian
(TIpe3eHTanis Ta TEKCT), MUTAHHS, MPAKTHYHI W TECTOBI
3aBJIaHHS JJIsl CAMOKOHTPOITIO, TIEPEITiK MOCHIIaHb, 30KpeMa
Ha eJIEKTPOHHY CTOPIHKY BiIOBiqHOT Kadenpu.
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Kpim Toro, koxxHa kadeipa Ha CBOTH eJIeKTPOHHIN CTOPIHII
po3Milnye cuaadycH i HaBYAIBHO-METOTUYHI KOMILICKCH
muciumtina (HMKJT), mo BuknagaroThes. Cumadyc — 1e
nepcoHi(ikoBaHa MporpaMa BUKJIa1a4da JUisT HaBIaHH 3710~
OyBadiB BHUIIOi OCBITH 3 KOKHOI HABYAJIBHOI TUCIUTUTIHH.
Cunalyc po3pobmisaioTs A 3100yBaviB BUIIOI OCBITH 3
METOIO TTOSICHEHHS 3MIiCTY TUCIMIUTIHH, PE3YJIbTaTiB HaB4aH-
HSI, BUMOT II0ZI0 HAOyTTS BiMOBITHUX KOMIIETCHTHOCTEH.
HMKJI —cykynHicTh HOpMaTHBHUX 1 HABYaIEHO-METOINY-
HUX MarepiaiB, 1110 HeoOX i Hi JuTs pEeKTHBHOTO BUKOHAHHS
37100yBauaMu OCBITH poO040i IPpOrpaMu HaBYAIBHOT TUCIIH-
IUTIHK: poO0Ya HaBYAIIbHA IPOTPaMa IUCLIUILTIHH, KOHCTIEKT
(Y1 KOHCTIEKTH ) JIEKIIiH 13 HABYAJILHOT IUCIUILTIHI, METOMY-
Hi BKa3iBKH (peKOMEH/AITi{) I TpOBEIeHHS IPAKTUIHUX 1
CeMiHapCHKUX 3aHATH, TEMATHKa PeepaTHBHUX MPOEKTIB,
TECTOBI 3aBJJaHH 3 TOSCHEHHSIMH, METOTUYHI BKa3iBKH (pe-
KOMEH/IaIli1) II0/10 iXHhOTO BUKOHAHHS (SKIIO TIepeadadeHi
IIPOrpaMor0), METOIMYHI pO3pOOKH 3 OpraHi3amii caMOCTiN-
HOI poOOTH, IHAMBITyalbHI 3aBJaHHs, 3aCO0M AIarHOCTUKH
3 HABYAJTLHOT IMCLUILTIHH (€K3aMeHalliiiHi O11eTH, TeCTOBUH
komruieke Tomio). Cxopucrarnce HMKJ] inTepH un ciyxad
KypCIB ITiIBUIICHHS KBaJTiikaliii Moxe ITicist aBTOpU3arlil.

V komruiekci Takuii ¢popmar HaB4aHHS CTUMYIIOE DD
JI0 PO3KPHUTTS CBOTO MOTEHIIIaITY, TIiIBUIICHHS PiBHSI CaMo-
OpraHi3arii Ta CaMOMEHEIKMEHTY, TIOTITHOITOE TTpodeciiiHi
KOMITETEHTHOCTI IUISIXOM Y/IOCKOHAJIEHHSI KOMYHIKAI[iHOT
CKJIaJI0BOI.

Kepieaunreo 3/IMY Ha 3acagax cOIiaJbHOI BiIIOBI-
JIAJIGHOCTI MOCTIMHO IMpamoe HaJ MiJBUILEHHSIM SKOCTI
OCBITHIX IIOCIIYT, y TOMY YHCIJIi Ha MiCJISIUIIIOMHOMY €Talrti.
Amnanizyroun HakonuueHuit gocBig ®@I1O Ta choromeHHi
CKJIAJIHOIIlI B3a€MOBIIHOCHH B OCBITHBOMY MPOCTOPI, IO
chopMyBaHCs BHACTIAOK MOIIMPEHHS KOPOHABIpYyCHOI
xBopoou (COVID-19), Bu3Haummi mpoOiIeMHi aCeKTH, KOTPi
MOTPeOYIOTh BUPIMIICHHS.

TpyaHOII B KOMYHIKAI[IITHOMY ITPOIIeCi ITi/T Yac HaBIaHH:
3YMOBJICHI MEPEAYCIM HASBHICTIO Pi3HOTO 33 TEXHIYHIMHU
rapaMeTpaMu OOJaJHaHHS Y CTOPOHH, L0 HaJa€e OCBITHI
TIOCITYTH, T2 0COOH, sIka HaBYa€ThCs. BupakeHilmii xapakrep
[[e Ma€ MIOJI0 CAyXadiB KypCiB MiJABUINCHHS KBaiikarii:
BC1 BOHM PI3HOTO BiKY, 3 pi3HUM IIPpOo(eCciiiHIM CTaxeM, ajie
OJIHOYACHO ITIABUIIYIOTH CBOIO KBasiikalrito, nmepedyBaro-
YH Ha PI3HUX eTanax MpodeciifHoro po3BUTKY, O-Pi3ZHOMY
CHpUAMArOTh iH(pOpMAIlifo Ta HABYAIGHUH €IEKTPOHHUHA
Marepia, TIo-pi3HOMY OIIaHyBaJIA KOMIT FOTePHI TEXHOJIOT 1,
MAFOTh Pi3HI TEXHIYHI MOKITHBOCTI U pOOOTH y Bebcepeno-
Buiwi. 11{0/10 KOHTHHTEHTY IHTEPHATYPH, TO 1€ 31€OLIBIIOT0
MOJIOJII JIFOJIM 3 XOPOIIUMH HaBnakaMu poootu IKT, 06izHani
11010 HOBHX MPOTPECUBHUX IHTEPHET-PECYPCIB 1 MpOrpam,
nparHyTh onanysard HoBi. OTxe, 3BO mae cTBopuTH pi3-
HOBEKTOPHHH, OaraToruiaHoBUil OCBITHIHN MPOCTIP, B SIKOMY
Cy0’€KT OCBITH 3MOXKe 0OpaTy IMEeBHY iHAMBiIyalbHY Ha-
BYATBHY TPAEKTOPIIO.

[HIMi acmiekT MoB’I3aHUH i3 IMHAMIYHICTIO CYYacHHUX
iH}opMariiftHuX TexHOMOT1 M. CTPIMKHIA ITOCTIHHIN PO3BUTOK
TEXHOJIOTIH BHOCHUTh KOPEKTHBH B TIEAATOTIYHY MisUIBHICTD,
ITiIBUIIYE PiBEHb BUMOT' /IO KOMIICTEHTHOCTEH BHKJIaJadiB

(PO3BHTOK CIICIiAJIbHUX HABUYOK 1 MPUHOMIB [eIaroriyHol
pOoOOTH, CTBOPEHHSI BIINOBIIHOTO HABYAILHOIO Marepiaiy
JUTsl BeOcepenoBuIia To1o). Po3poOiaeHHs eIeKTPOHHOTO
HAaBYAJILHOTO MaTepialy moTpeOye BiJ BUKIIA1ada sIKiCHOTO
3HaHHS HABYAJIBHOTO TpeaMeTa (Horo 3MicTy) Ta crieriaib-
uux 3HaHb IKT (iHdopmoBanicTs npo HOBiTHI IKT, KOTHI-
THUBHUI KOMIIOHEHT TEXHIYHUX ANCHHUIUIIH, KOMI IOTEpHA
TPaMOTHICTB TOIO) JUTsl BUKJIA/IAHHS YePEe3 MEPEXKy IHTEpHET.
Kpim Toro, cydacHi IKT narots 3Mory akTuBi3yBaTH B3a€MO-
JTIFO Ta IHAMBIAYyaJIbHUIN 3BOPOTHHH 3B 30K 13 BUKJIAIAUCM,
110 MOTpeOye Bifl BUKJIa[a4a-ThIOTOpa CIICI[iaIbHUX J0/IaT-
KOBHX 3yCHJIb 1 4acy.

Oco0MBO{ yBaru 3aciayroBye MUTAHHS 1010 HOPMATHB-
HO-TIPABOBOTO CYIIPOBOIY BUKOPHCTAHHS TEXHOJOTIH JHC-
TaHIIHOTO HABYaHHS B OCBITHHOMY Iporieci. KoxkeH Kpok
Y BIpTyaJIbHOMY CEPEIOBHIII Ma€ BiTOYBATHCS Y TIPABOBOMY
TIOJi, HE MTOPYIITYIOYH KOHCTHTYIIIHHI [TpaBa yYaCHHUKIB OCBIT-
HBOTO Iporiecy. OTxke, OCBITHIN IPOIIEC HEOOX1THO TKOMOTa
TIOBHIIIIE CTaH/IAPTH3yBaTH, yHi(iKyBaTH Ta cepTH(IKyBaTH.

Ha ®I10 po3pobuny # yBenu B aito «ITonoxenHs npo 3a-
MPOBa/KEHHSI Ta BUKOPUCTAHHS TEXHOJIOT 1 IMCTaHIITHOTO
HaBYaHHsI Ha (paKyJIBTET] MICIAAUITIOMHOTO HABYaHHSI 3a110-
PI3BKOTO JIepKaBHOTO MEIMYHOTO YHIBEPCHTETY» (mami —
Iomoxenns). llum 1oKyMEeHTOM BH3HA4YEHO MiHIMalIbHI
BHUMOTH JIO OpTaHi3amiifHOT0, KaIpOBOT0, HAYKOBO-METOIHY-
HOTO, MaTepialbHO-TEXHIYHOTO, IMPOTpaMHOro i iHdopma-
nifiHoro 3ade3nevenns Ha OITIO 3/IMY, o HeoOXiTHI IS
HaJIaHHS OCBITHIX MOCIYT 3 BUKOPHUCTAHHSIM TEXHOJIOTIH
JCTaHIIHHOro HaBdaHHs. [1ooxkeHHs! po3poOmIH 3riHO 3
3akonoM Ykpainu «IIpo ocBity» Bin 05.09.2017 p. Ne 2145-
VIII (3i 3miHamu); 3akoHoM Ykpainu «IIpo Buiy ocBiTy»
Big 01.07.2014 p. Ne 1556-VI (3i 3minamu); [TonoxeHHsim
PO AMCTaHIIMHE HaBYaHHSA, 110 3aTBEPAKCHE HAKa30M
MinicrepcTBa OcBiTH 1 Hayku YKkpainu Bix 25 kBiTHS 2013
p- Ne 466 (31 3minamu); Bumoramu 10 BHIIX HaBYATEHUX
3aKJIajiB Ta 3aKJaiB MICISAUTUIOMHOI OCBITH, HAYKOBHX,
OCBITHBO-HAayKOBHX YCTAaHOB, II0 HAJAIOTh OCBITHI ITOCITY-
T 32 JTUCTAHIIHHOI (OPMOIO HABYAHHS 3 IMIJATOTOBKH Ta
MiABHUIICHHs KBamidikamii GaxiBIiB 3a aKpeAUTOBAHUMHU
HarpsiMaMHy, CIeliaIbHOCTSIMH, 10 3aTBEP/UKEHI HAKa30M
MinicrepcTBa ocBiTH 1 Haykn Ykpainu Bia 30 xorHs 2013 p.
Ne 1518; TTomoxkeHHSIM TIPO €JIEKTPOHHI OCBITHI PECypCH,
III0 3aTBEp/PKEHE Haka30M MiHICTepCTBa OCBITH 1 HAYKH Bif
01.10.2012 p. Ne 1060 (31 3Minamu); KoHmeniero po3BUTKY
JIUCTAHIIIITHOT OCBITH B YKpaiHi (3aTBEPHKEHO MTOCTAaHOBOIO
MOH Vxpainu 20 rpygas 2000 p.); Hopmamu wacy mus
IUTaHYBaHHS 1 OONIKY HaBYaJIbHOI POOOTH Ta IEperiKiB
OCHOBHHX BHJIIB METOAMYHOI, HAyKOBOI i OpraHizamiiHol
poOOTH NEAAaroriYHUX 1 HayKOBO-TIeJarOT'TYHNX MPAI[IBHUKIB
BUIIMX HaBYAJIBHMX 3aKJIAJIiB, 10 3aTBEPIXKCHI HAKa30M
MinictepcrBa ocBith i Hayku Ne 450 Bix 07.08.2002 p.;
[TonoxeHHsIM TIPO HOPMU Yacy JUIsl IUIaHyBaHHS i OOMIKy
HaBYAJIbHOI POOOTH Ta IMEpENiKiB OCHOBHHX BHIIB METO-
IUYHOI, HAyKOBOI, OpTaHi3aIiifHoi, JiKyBaJIbHOI POOOTH
HayKOBO-TIeqarorivHux npaniBHukiB 3[IMY Bix 30 TpaBHS
2016 p.; Hakazom MiHicTepcTBa OCBITH 1 HayKH YKpaiHH
«IIpo 3aTBep/KEHHS IPABUII BAKOPUCTAHHS KOMIT TOTEPHHX
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IporpaM y HaB4aJIbHUX 3aKianax» Bix 02.12.2004 p. Ne 903;
HakazoM MiHicTepcTBa OCBITH 1 HayKH Yikpainu «IIpo 3atBep-
moxeHHs [lopsaKy HaJaHHS HaBYAIIBHIH JTiTeparypi, 3acodam
HaBYaHHS 1 HABYAJIbHOMY 0OJ1aTHaHHIO IPU(]IB Ta CBIJIOLTB
MinicTepcTBa OCBITH 1 Haykn Ykpainw» Bin 17.06.2008 p.
Ne 537 (31 3minamu).

Kpim Toro, 6a30Bi 3acau 1poro [lonokeHHs BioOpakeHi
B IHIIMX HOPMATHBHHX JOKYMEHTAX, IO PETY/IIOIOTh [IEBHI
IUTaHHA OcBiTHBROTO Mporecy Ha PI1O 3AMY: Ilonoxen-
HSI TIPO OpraHizaiito ocBiTHROro nporecy Ha ®I10 3/]IMY,
[TomokeHHs PO OpraHi3aIliio BiIPAIIOBAHHS TPOITYIIIEHUX
3aHATh iHTepHamMu y 3[AMY, [onoxenns mpo OI10 3/IMY,
[TonoeHHs PO MICIISAUITIOMHE YJOCKOHAJICHHS Ta CIIelli-
amizalriro B raiysi 3Hanb «Dapmarisn» Ha OI10.

3/IMY, opi€eHTYIOUNCH Ha OCTaHHI CBITOBI TEH/ICHIIIi B Ta-
Jy3i OCBITH i pehopMyBaHHsI OCBITHBOI rajty3i Ykpainu, 3a
OCTaHHIi 11epiof] BAKOHAB MaciTabHy poOOTY 3 BIIPOBAKEH-
HS TUCTAaHMIHHUX (HOpPM HABYAHHSA: 3MIHCHIIN MIATOTOBKY
MO/IEpaTopiB 1 BUKJIaJaqiB-THIOTOPIB JUIsl POOOTH 3 TUCTaH-
HIMHUMH KypcaMu, KOXKHUH BUKJIa1ad OTpUMaB cepTudikar
Big kommasii Microsoft, po3poomm HMK st auctasIiitHux
[UKJTiB, CTBOPUITH 0231 HABYAJILHUX MaTepialiB i3 BiZico- Ta
ay/1i0CyIPOBOAOM, OHOBHIIH (DOH] HEOOX1THOTO TEXHIYHOTO
3abe3nedeHHs (IBUIKICHIN iHTepHeT, mpuadamu cydacHi [TK
To1o). PoOoTH B 1IbOMY HampsiMi MPOIOBKYIOTHCS.

Cepen mpoOIeMHHX ACTICKTIB, HaJl SIKUMH ChOTOJIHI [IPALIIOE
KepiBHUNTBO 1 KoekTuB 3[IMY, — 3a0e3reueHHs BiIIOBII-
HUMHU npodeciiiHUMH Kaapamu 3a (axom st poOoTH 3a
TPUHIUIIAMA TUCTAHIIIHHOT OCBITH; TOMY/ISIPU3ALIisS Cepes
CIIyXadiB Pi3HOTO BiKy KypcCiB MigBUIIEHHS KBamidikamii
Ha ocHOBI IKT; oOMexeHICTh HaBYaIbHO-METOUIHOTO
3a0€3MeUCHHSI, 1110 KOHIICNTYa IbHO BiAMOBIAAI0 O BUMOram
JFICTAHIIITHOTO HABYAaHHST;, PO3pOOJICHHS Ta BIIPOBAKCHHS
TaKUX CydacHHX ()OPM CaMOOCBITH, SIK MalcTep-KiacH,
TPEHIHTH, OHJIaHH-KOHCYJIBTALIT 3 IPAKTHYHOIO OPIEHTALIEI0
poBigaHIX DD, a TaK0K KOPOTKOCTPOKOBI 3-, 4-1€HHI Kypch
a0o cemiHapw.

VY KoMILIEKCI 1151 podoTa CrpsiMOBaHA Ha 3MiHY CTaBJICH-
HS 10 OCBITH SIK CHCTEMH IIIATOTOBKU Ta MpeaMeTa, SIKUH
Tpeda e)eKTHBHO NMPOCYBATH B CYYaCHUX YMOBAX JKOPCTKOT
KOHKYPEHIIT Ha PUHKY OCBITHIX Mociyr, (opMyrouu TeBHi
LIHHOCTI B yciX 06€3 BUHATKIB Y9aCHHKIB OCBITHBHOTO ITPOLIECY
Ta B CYCIILIHCTBI 3arajioM.

BucHoBKkuM

3a pe3ynpraraMi KpUTUYHOTO aHai3y IOCBI/ Ty opraHizarii
HaBYaHHS IMPOBi30PiB-IHTEPHIB, CIIyXadiB IHKIIIB ITi/IBU-
mieHHs kBaigikamnii Ha OI1O 3/IMY 3a ocranni 10 pokis,
3BITHOI Ta HOPMATHBHO-IIPABOBOI JOKyMEHTaIlil 3’sICyBaJIH
0COONMBOCTI OpraHi3allii OCBITHROTO TIporiecy (apmarie-
BTHYHHX (DaXiBI[iB HA MiCISUIUIOMHOMY €TaIll, BU3HAYMIIN
Horo nmpo0JIeMHI MUTaHHS Ta HUIIXU IXHBOTO BUPILICHHS B
koHTeKcTi BITP.
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[esiKi acnekTy aHanisy 3akoHogaBCcTBa YKpaiHu, WO perfnaMmeHTye
BMPOOHMNLTBO BEeTepPUHAPHUX NiKapCbKUX 3acobiB

. B. Bywyesa=*"ACF K B, MNetposa‘®28P XK. M. Monosa'~2EF

3anopisbkuii fepxkaBHWiA MeANYHUI yHIBEPCUTET, YKpaiHa, 2HauioHanbHuini meguynuii yHiBepeuTeT iMeHi O. O. Boromonbus, M. Knis, YkpaiHa

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

MeTa po60TK — BMBYEHHS Cy4aCHOrO CTaHy BiTYM3HSHOTO 3aKOHOAABYOro 3abe3neyeHHst TUTaHb AepKaBHOI perynauii y cdepi niLeHsy-
BaHHS JisnbHOCTI cy6’ekTiB NignpyeMHULTBA B ranysi BUpOOHULTBA BETEPUHAPHUX NikapCbkux 3acobiB i MOro rapMoHisalii 3 BUMoramm
€sponeticbkoro Cotoay.

Matepianu Ta meToau. Matepianu aAns JOCNIMXEHHS — HOPMATUBHO-3aKOHOAABYI aKTW, L0 PEryMoTb HOPMY 3aKOHY Ta NPUHLMMN
[epXaBHOi NoniTukM YKpaiHu y ccepi NileH3yBaHHs AisnbHOCTI cy6’ekTiB mignpueMHNLTBA B ranysi BUPOGHWLITBA BETEPUHAPHUX fikap-
CbKMX 3acobiB, WO AitoTb Y nepiog i3 2015 poky Ao cborogHi. Mig yac 4oCnimKeHH BUKOPUCTany METOAM iH(POPMALIHOTO MOLLYKY,
cucTemaTmsadii, aHaniTiHNi, rpaddivHUi, NOPIBHAHHS, y3aranbHEHHS AaHuX.

Pesyniratu. Y cTaTTi BUKNageHo OCHOBHI pe3ynkTaTi aHanidy 3akoHo4aBcTBa YkpaiHu, Lo pernaMmeHTye BUPOOHULITBO BETEPUHAPHMX
nikapcbkux 3acobiB i BeTepuMHapHYX NpenapariB. 3a pesynsratamu aHaniay, B nepiog i3 2015 0o 2018 p. ykpaiHchki BUpOGHWKY BETEpUHAP-
HUX NikapCbk1X NpenapariB NpawtoBan B yMoBax, L0 He nepeabayatoTb HasiBHOCTI NiLleH3ii Ha Lel BuA AisinbHOCTI. Yka3oM lNpesnaeHTa
YkpaiHu 3aTBepakeHa nporpama cTarnoro CTpaTeriyHoro po3BuTKy kpaiHu «YkpaiHa-2020», koTpa nepenbavana 3giicHeHHs pechopm
y chopmari aeperynsiuii Ta po3BuUTKY NigNPUEMHULTBA, LLO BUKITKOYAE HASIBHICTb MiLlEH3il Ha BUPOGHWLITBO BETEPUHAPHUX Npenapartis.

BucHoBkn. Y pesynbrati JOCnigKeHHs 3pobunu BUCHOBOK: 3akoH YkpaiHu «[po niueH3yBaHHS BWAIB rocnofapchbKoi AinbHOCTI» Bif
3 6epesHs 2015 p. Ne 222-VI1| 3aranom giricHo ByB CNpsSiMOBaHUI Ha 3MEHLLIEHHS BNMBY Ta PErynNSATOPHOTO TUCKY AepKaBu Ha LiSNbHICTb
cy0’ekTiB rocnofapioBaHHs, Lo 3aiMaloTbCs BUPOOHWLTBOM BETEPUHAPHMX Npenaparis.

Kntouogi croea: 3akoHOOaBCTBO, BETEPUHAPHI Nikapcbki 3acobm, NiLeH3yBaHHs, BUPOOHULITBO.
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Some aspects of analysis of the Ukrainian legislation regulating the production of veterinary medicines
|. V. Bushuieva, K. V. Petrova, Zh. M. Polova

The aim of the work was to study the current state of domestic legislation of state regulation in the field of licensing the activities of
business entities manufacturing veterinary medicinal products and its harmonization with the requirements of the European Union.

Materials and methods. The research materials were regulatory and legislative acts, regulations and principles of the state policy of
Ukraine connected with licensing the activities of business entities manufacturing veterinary medicinal products, in force from 2015
to the present. To carry out this study, the methods of information retrieval, systematization, analytics, graphic, comparison, and data
generalization were used.

Results. The article presents the main results of the analysis of the Ukrainian legislation which regulates the production of veterinary medicines
and preparations. According to the results of the analysis, it was found that in the period from 2015 to 2018, Ukrainian manufacturers of
veterinary medicinal products worked in such conditions that did not require a license for this type of activity. By the decree of the President
of Ukraine, the program of sustainable strategic development of the country “Ukraine-2020” was approved which provided for reforms in
the format of deregulation and the development of entrepreneurship and excluded the necessity of licenses for veterinary drugs production.

Conclusions. Based on the study, it can be concluded that the Law of Ukraine “On Licensing of Types of Economic Activities” dated March 3,
2015 No. 222-VIIl was actually aimed at reducing the governmental influence and regulatory pressure on the activities of business entities
involved in the production of veterinary medicinal preparations.

Key words: legislation, veterinary drugs, licensing, production.
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I. V. Bushuieva, K. V. Petrova, Zh. M. Polova

HeKOTopre aCneKkTbl aHanu3a 3aKkoHoaaTesnibCTBa YKpaVIHbI, pernaMeHTUpyHLiero NnpoM3soaCTBO BETEPUHAPHBIX
JNIeKapCTBEeHHbIX CpeacTB

N. B. bywyesa, E. B. lNeTtposa, X. H. MNonosa

Lenb paGOTbI — N3y4YeHne CoBpeMeHHOro COCToAHNA OTEYECTBEHHOINO 3akKOHOAATENbHOIO obecneyeHus BOMNpOCOB I'OCY,CI,apCTBeHHOVI
perynaumn B cci)epe JNINUEH3NPOBaHNA NeATENbHOCTU Cy6'beKTOB npeagnpuHMmartenbCcTea B obnacTu NPpoOn3BOACTBa BETEPUHAPHbBIX Je-
KapCTBEHHbIX CPeACTB U NX rapMOoHn3aLunn ¢ TpeGOBaHI/IFlMVI EBpOI'IeVICKOFO Coto3a.

Martepuanbi u meToAbl. MaTepmanbl ana uccnenoBaHMa — HOPMaTMBHO-3aKOHOAATENbHbIE aKThbl, perynnpytowme nonoxXeHna u npuH-
uunbl rocyuapCTBeHHon MNOJINTUKN praVIHbI B ccbepe NNUEH3NPOoBaHUA AeATeNIbHOCTU Cy6'beKTOB npegnpuHumaTenbCcTea B obnacTu
npon3BoACcTBa BETEPUHAPHbBIX NNIEKAPCTBEHHbLIX CPEACTB, D,eVICTBy}OLU,VIX B nepuog c 2015 roga no HacTosiwee Bpems.

[ins npoBefeHUst CCrieqoBaHNs UCMONb30BaHbl MeToAbI MHXDOPMALIMOHHOTO MoWcKa, CUCTEMATH3aLMK, aHaNUTUYEeCKUiA, rpadrieckuii,
CpaBHeHMs1, 0600LLEeHNa AaHHbIX.

PesynbraTthl. B cTaThe M3noxeHbl OCHOBHbIE pe3ynbTaThl aHann3a 3akoHOAATENbCTBA YKpauHbl, PernaMeHTVPYHOLLEro NPOM3BOACTBO
BETEPUHAPHbIX NEKapCTBEHHbIX CPEACTB U BETEPUHAPHBIX NpenapaTtoB. [1o pesynsratam aHanmaa ycTaHoBneHo, Yto B nepuog ¢ 2015
no 2018 r. ykpamHckue Npou3BOAUTENY BETEPUHAPHBIX NEKapCTBEHHbIX NpenapaToB pabotanu B YCRNOBUSX, HE NPeaycMaTpUBatoLLmX
Hanuuue NUUEH3NN Ha 3TOT BUA AeATeNnbHOCTU. YkasoMm MpesnaeHTa YkpanHbl yTBepxaeHa nporpaMma yCTOMYMBOIO CTpaTernyeckoro
pa3BuTHs CTpaHbl «YkpanHa-2020», koTopas npegycMaTpuBana npoBefeHne pedopm B hopmarte feperynauum v passuTus npeanpu-
HUMaTenbCTBa, MCKMIYaET Hanuume NULEH3NIA Ha MPOM3BOACTBO BETEPUHAPHBIX NpenapaTtos.

BeiBoakl. Ha ocHoBe npoBeA&HHOrO MCCneaoBaHns MOXHO COpMYNMpoBaThb BbIBOA O TOM, YTO 3akoH YkpauHbl «O NULEH3MpoBaHnm
BUOOB XO3SNCTBEHHOW AesTenbHocTy oT 3 mapTa 2015 roga Ne 222-VIII B uenom aerdcTBUTENbHO ObiN HaNpaBneH Ha YMeHbLUEHWE
BIINSHUS W PErynsaTopHOro AaBneHns rocyaapcTea Ha OesTenbHOCTb CyObeKTOB X03ACTBOBAHUS, 3aHWMAIOLWMXCA NPON3BOACTBOM

BEeTepPUHapPHbIX JIEKAPCTBEHHbIX CPEACTB W NpenapaTtos.

Knto4yeBble crnoBa: 3aKOHOAATENbCTBO, BETEPUHAPHLIE IEKAPCTBEHHBIE CPEACTBA, NULEH3MPOBaHNE, NPOU3BOACTRO.
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3rigHO 3 MOJOXEHHIMHU KOAMIIHHOT yroaum xoamimii
nenytarcbkux ¢paxmiit BepxoBHoi Pamn Ykpaiam VIII
cximkanHs Bix 21 mucronana 2014 p., B myHkTi 1.2 miaBu
1 po3miny IX mepenbadeHo 3aBOaHHS IIOAO0 YCyHEHHS
HAJMIipHOTO PEryIIOBaHHA rocrnogapchkoi mismpHOCTI (I')
HIJSIXOM 3MEHIICHHS KIIBKOCTI JIOKYMEHTIB J103BIIBHOTO
XapakKTepy, 103BIIbHO-TTOTO/DKYBAIBHUX MPOLIEAYP, TIepe-
nik BuAiB []], 110 miuiararoTh JTIEH3yBaHHIO Ta MEPETiKy
MPOIYKIIiT (TOBApIB, OCIYT), 0 MAOTh Oy TH JIIIICH30BaHI
Ta ceprudikoBadi [1].

VYkazom [Ipesungenrta Ykpainu Big 12 ciuns 2015 p.
Ne 5/2015 cxBaneno Ctparerito cTalioro po3BUTKY «YKpa-
THa-2020», sika ependadae 3ilcHEHHS peopM 1 mporpam
PO3BUTKY JIepKaBH, 30KpeMa B YaCTHHI JIeperylsiii ta
PO3BUTKY TimnmpueMHHUITBA [3], a mocTaHoBoto Kabinery
MinictpiB Ykpainu Bix 24 rpyans 2014 p. Ne 724 «Jlesixi
nuTaHHA JlepKaBHOI perymaTopHOi ciayk0m YKpaiHu»
yTBOpEHO JleprkaBHy peryisTopHy ciy>k0y YKpaiHu, OTHIM
3 OCHOBHHMX 3aBJIaHb SIKOT € KOOPJMHALLIS [ili OpraHiB BUKO-
HABYOI BIaJH, IHCTUTYTIB TPOMAISTHCHKOTO CYCITLIbCTBA Ta
MiANPUEMHUITBA 3 TUTaHb aeperyisii [ [2,3].

3a et TepMiH B YKpaiHi akTHBHO BIIPOBAIKYBaIacs MoJi-
THKa eperymoBansst [/, a orxe HabaraTo 3MeHIIHBCs 00CsT
TIOBHOB&)XCHb JICPYKaBU B aCIIEKTi BTPYYaHHs B JAiSUIbHICTD
Cy0’ €KTiB rOCTIONAPIOBAaHHS Ta MOCITA0ICHHS PETYIATOPHOTO
THCKY Ha Oi3Hec B YKpaiHi.

OnuH 13 MpOSIBIB 1€ MONITUKKA — yXBaJeHHs 3 Oepe3Hs
2015 p. 3axony Yipainu «IIpo nirieH3yBaHHS BUIIB TOCIIO-
napcbkoi aisutbHOCTI» Ne 222-VIII, mo HabpaB YMHHOCTI
28 wepBHs 2015 p. (mami — 3akoH «IIpo miner3yBanHsm) [4],
aHaJI3y IOJIOXKEHb SIKOTO ITPUCBSYEHA 15 CTaTTSI.

Meta po6otu

BuBYeHHS Cy4acHOTO CTaHY BITYM3HSHOTO 3aKOHOAABYOTO
3a0e3IeUCHHS MMTaHb IePKABHOI peryislil y cepi JTieH-
3yBaHHS JISTIBHOCTI Cy0’€KTIB MiNPUEMHUIITBA B Tairy3i
BUPOOHMIITBA BETEPUHAPHUX JIIKAPCHKUX 3ac00iB 1 ioro
rapMoHi3ariii 3 Bumoramu €Bporeiicbkoro Coro3y.

Matepianu i MmeToaun gocnigxeHHs

Marepianu 1yist JOCIIDKEHHSI — HOPMAaTUBHO-3aKOHO/IaBYi
aKTH, 10 PETYITIOIOTh HOPMY 3aKOHY 1 IPHHIUIIN JePXKaBHOT
TIONITHKA YKpaiHu y cdepi MineH3yBaHHS TisTBHOCTI Cy0’ €K-
TiB T IIPHEMHHUIITBA B 001aCTi BUPOOHUIITBA BETCPUHAPHUX
JKapchKHX 3aco0iB, sIKi unHHI B iepiox 3 2015 p. norenep.

[ix yac noCITiPKCHHS. BUKOPUCTAINA METOIH 1H(POpPMAITiK-
HOTO TIONIYKY, CHCTeMATH3allil, aHATITHYHIH, TpadidyHui,
TIOPIBHSIHHS, y3araJbHEHHs JaHHX.

Pesynbratu

VY cTarTi BUKIAIEHO Pe3yNbTaTH aHali3y 3aKOHOJaBCTBA
YKpaiHu moao periaMeHTarii BHpOOHHUIITBAa BETEpHUHAp-
HUX JIKapChKUX 3aCO0iB 1 BETEPHHAPHUX IperaparTiB. 3a
pe3ylpTaTaMy aHalli3y BCTaHOBWIIM: B mepion i3 2015 mo
2018 p. ykpaiHCbKiI BUPOOHUKH BETEPUHAPHHX JIIKAPCHKUX
Ipenaparis MpaloBald B YMOBax, IO HE TepeadavyaroTh
HAsIBHICTB JTILICH3IT Ha 1IeH BU AisUTbHOCTI. Yka3om [Ipe3u-
JieHTa YKpaiHu 3aTBepIDKeHa ITporpaMa CTajloro crpareriy-
HOTO PO3BUTKY Kpainm «YkpaiHa-2020», sika mepeadadana
3aificHeHHS pedopM y (opmarti Aeperymsmii Ta po3BUTKY
MiIIPUEMHUIITBA, [0 BUKIIFOYAa€ HASBHICTH JIICH3IH Ha
BUPOOHHUIITBO BETEPHHAPHUX NperapariB. AHali3 pe3ylib-
TaTiB MOINEPEHIX JIIEH31HHUX MepeBIpOK CBIAYUB MPO
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ITHOpYBaHHSI OKPEMHMH HEZ0OPOCOBICHUMHU CY0’€KTaMH 3
BUPOOHMIITBA BETEPUHAPHUX IPEIapaTiB YNHHUX 3aKOHO-
JABYMX 1 HOPMATWBHHUX BHMOT. Taka Oe3BiIMOBINaNBHICTh
MTO3HAYMIIAcS Ha MOSBI HA BITYN3HIHOMY PUHKY BETEpHHAP-
HUX TIpenapartiB (anbcrdikoBaHOI Ta HESKICHOT MPOTYKIIii.
Y 2017 p. Habpanu YMHHOCTI HOBI 3aKOHOJJABY0-HOPMATHBHI
aKTH, 110 PETYJIIOI0Th JILEH31HHY MONITHKY BUPOOHUIITBA
1 00iry Ha BHYTPIIIHBOMY Ta 30BHIIIHBOMY PHUHKaX BeTe-
PUHApPHUX TpernapatiB. BcTaHoBieHo, Mo mpaBoBe 3a0e3-
MIEYCHHSI, JOTPUMaHHs 3aKOHOJABCTBA, TAPMOHI30BAHOTIO 3
BuMoramu €Bporeiicekoro Coro3y, HafaayTh IepeBaru Ta
peabHi MOKIIMBOCTI BUITYCKY I 00iry sIKICHHX, €(DeKTUBHUX
1 6e3MeYHNX BETEPUHAPHUX JIKapChKHUX 3aCO0IB.

O6roBopeHHs

[lepeaycim ciix 30cepeanTH yBary Ha TOMY, IO YAMaJia
KUTBKICTh HOpM 3akoHy Ykpaiau «IIpo mireH3yBaHHs EBHAX
BHJIiB TOCMOAAPCHKOT AisLTbHOCTI» Bif 3 Oepesns 2015 p. [4]
3aJIMIIeHa 3aKOHOMABIeM 0e3 3MiH MOPIBHSIHO 3 3aKOHOM
VYxpainu «Ipo nineH3yBaHHs ICBHUX BUJIIB TOCIIONAPCHKOT
nisutbHOCTI» Bin 1 wepsHst 2000 p. [5]. 30kpema, 1ie cTocy-
€ThCs1 OUTBIIOCTI TPUHITKITIB ICPXKABHOT OJIITHKH Y Cepi:

— JiLIeH3yBaHHS;

— 3000B’3aHb Cy0’ €KTa rOCIONAPIOBAaHHS MPOBAAUTH
nieBHUI BUZ []], 0 migmsrae JieH3yBaHHIO BiIIOBIIHO 10
BCTaHOBJIEHNX JUTSI [TOTO BH/TY JUsUTBHOCTI JIILIEH31HHUX YMOB;

— BEMOT JI0 JOKYMEHTIB, 10 MOAAI0THCS 10 YIIOBHOBAXKE-
HOTO OpraHy Jjisi OTPUMAaHHS JIIICH3IT,

— 0e3CTPOKOBOCTI il JIilIeH3i1 TOIIO.

3akonoMm Ykpainm «IIpo mireH3yBaHHS HMEBHUX BHUIIB
TOCTIONIAPCHKOT TisUTBEHOCTI» BBEICHA HU3KA 3MIH Y TIOPSIOK
minen3yBanus neBuux BB [J[. Tak, UM 3aKOHOAABYMM

«000B'13K0Ba aKTMBHA y4acTb
BUPOBHWKIB Nikapcbkux 3acobis
y Harnsagi 3a ixHboto Besnekoto

aKTOM 3MEHIIEHO KiUTbKicTh BUAIB /], 110 miajsiraroTs Ji-
LIEH3YBaHHIO; 11€ BI/IITOBIAJIO MOMITHLI BJIA/IU TOTO Yacy Mpo
3IIHCHEHHS ieperyiisiiii B YKpaiHi Ta CKOpOYEHHS! KUTBKOCTI
MOCJTYT OpTaHiB B4, KOTPI € IOAATKOBHUMH ITEPEIIKOIaMH
JUISL IPEJICTaBHUKIB Oi3HECYy Ta MepeciyHuX rpoMajsH, ¢i-
3u4HUX ociO-nianpuemunis. Tak, npaso 3ailicHioBaru [/] 6e3
OTpHUMAaHHS JIIIEH31T MaJH 1 Cy0’€KTH, SIKi 3 ICHIOBAIIN BH-
POOHHUIITBO BETEPUHAPHHUX JIIKAPCHKHX 3aC0O0IB i TIperaparis,
TYPTOBY, pPO3IpiOHY TOPTiBIIO BETEPUHAPHUMH JTiKAPCHKIMHI
3acobaMu Ta mpenapaTamu.

Take mepeTBOpeHHs B 3aKOHOIABCTBI BUKIINKAIIO BETUKUI
PE30HAHC Y CYCTIBCTBI, OCKUTBKH ISl MOJICTIh HE BiATIOBia€
€BPONEHCHKOMY MiIXOY Ta CYyIePEUNTh IHIUKATOPaM ITPABHIT
HaJISKHUX MPakTHK (puc. 1) [6,7].

AHai3 monepenHix JIeH31HHUX TEePEeBIPOK CBIAUUTS,
IO MiANPUEMCTBA HEXTYBAJIM JIOTPUMAHHSM JIIIEH31HHUX
YMOB, 3aKOHO/IaBYMX 1 HOPMATUBHUX BUMOT 1, SIK HACITIJIOK, 32
pe3yibraraMy iHCTIEKTOPCHKHX TIEPEBIPOK MM IIPOOIIEMH.
Tax, i3 mx npuaud y 2000-2015 pp. mpUnuHUIM CBOIO Ji-
SUTBHICTB 35 MiNPUEMCTB, Y TPHOX 13 HUX BHJTyUeHI JTIEeH31T
32 HeBMKOHAHHS BUMOT 3aKOHO/IaBCTBA. BusiBiieHa npoTsrom
MEPEBIPOK OE3BINMOBIANILHICTD MMO3HAYMIIACS HA TOSIBI B
00iry Ha puHKY (aibch]ikoBaHOT Ta HESIKICHOT MTPOAYKIIii.
JloTpuMaHHsI 3aKOHO/IABCTBA, HOPMAaTUBHO-PEINIAMEHTYBaJIb-
HUX JIOKYMEHTIB CHPHATHME YCIIIIHOMY NPOCYBaHHIO Ha
PMHKY TIPOYKIIii, KOTPa BiAMIOBIIa€ BAMOTAM IIIOJIO SIKOCTi Ta
Oe3nexn. Maiixe Bl MiAMPHEMCTBA BETEPUHAPHOI MEITUIIMHA
MiATBEPIKYIOTh HEOOXITHICTh BiNNPAIFOBAHHS CHCTEMHU
e(heKTHBHOTO BHOIPKOBOTO KOHTPOIIO SIKOCTiI BETEpHUHApP-
HHX TIperapariB, IpaKTHYHA peaizalis sKol JoromMaraia
0 BHpPOOHMKAM TrapaHTyBaTH BUITYCK SIKICHOI, O€3IIe9HOI Ta
e(heKTUBHOI MPOIYKILil, IKY BOHH BUPOOIISIOTH 1 IIOCTA4ar0Th

Puc. 1. TonoBHi iH-
N ONKaTOPU HanexHux
NpaKTUK BETEPUHAPHUX

© Y1OCKOHANEHHSA ; ;
opraHisauiiHo-MeToanYHoT nikapcbkux 3acobis
[Aoromory [6,7].

perynsTopHoi cuctemn
BUPOGHMKaM nikapcbkux 3acobis
Y CTBOPEHHi BiZnoBigHOT
iHcbpacTpykTypn

Besneka PerynsTopHa )
cuctema
IHopmaTUBHICTL ~
dapmakoHarnag
® HacTynHa « aKTUBHE 3aITy4eHHs]

onTumisauis [0 30iICHEHHS KOHTPOSIO

B3aeMopis 3a 6e3ne|<oro_ niKapCbKvl)l( 3acobiB

CHCTEMM KOHTPOIO Ak fprepena iHchopmaLii .

AIKOCTI Nikapcbkux 3acobis Mepexi anTeq!mx 3aknafiB i

i hapmakoHarnsagy (He3anexHo Biz, hopM BMacHOCTi)
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MepeBaru Ta MOXNMBOCTI ANs BUPOOHUKIB BETepMHApHMX Npenaparis

<

- BMPOBa/PKEHHS y MPaKTUKy
AiSNbHOCTI NiANPUEMCTB
BETEPUHAPHO| MeANLIMHA HOPM
HanexHoi BUpoGHUHOT NPaKTUKK;

— rapaHToBaHa AKICTb
BETEpUHapHKX npenaparis
BiTYU3HSAHOTO BI/IpO6HVILlTBE

Ta X KOHKYPEHTOCTIPOMOXHICTb;

— 3aXMCT CMOXUBaYiB Bif, HESKICHOT
abo canbcudikoBaHoi NpoayKLii;

— BU3HaHHS Ha PUHKY NPOAYKLIT
ANs BETepUHapHOI MeauLMHY;

— npaBoBa CyTHICTb NpoLieaypu
niLeH3yBaHHA, Lo nonsrae

B NiATBEPIKEHHI
[Hepxnpoacnoxuscnyx6oto
YKpaiHu (KOMNETEeHTHUM opraHoM)
npaea cyb’ekTa rocriogaproBaHHs
3AiNcHIOBaTM LeW BUA OiSNbHOCTI.
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HOPMaTUBHUMU AOKYMEHTaMH

— 3akoH Ykpainu «[Ipo nileH3yBaHHs BUAIB rocrnogapcbKoi
LisiNbHOCTI»;

— KoHcTutyuii YkpaiHu, B sikiii 3aKpinneHo KOHCTUTYLiiHe NpaBo Ha
NiANPUEMHULBKY AiSNBHICTb;

— BakoH Ykpainu «[po BeTepuHapHy MeanLMHY»;

— BakoH YkpaiHu «[po 3acaav AepXxaBHOI perynsiTopHoi NoniTuk1 y
céhepi rocnofgapchKoi AiSnNbHOCTI»;

— 3akoH YkpaiHu «[po OCHOBHI 3acaau AepXaBHOMO Harnsay
(KOHTpONIO) y cchepi rocnoAapChbKoT AisNbHOCTI»;

— 3akoH Ykpainu «[po 3axvcT npaB cnoXxvBavisy;

— BakoH Ykpainu «[po sikicTb Ta 6e3neky xap4oBuXx NPOAYKTIB i
NpOAOBOSIBEYOT CUPOBUHNY;

— 3akoH Ykpainu «[lpo Biaxoan»;

— 3akoH YkpaiHu «[po BunyyeHHs 3 obiry, nepepo6ky, yTunisatlio,
3HULLEHHs abo noaanblue BUKOPUCTaHHS HesKiCHOT Ta HebeaneyHoi
npoaykuii»;

— NIUEH3INHI YMOBW NPOBaXKEHHS roCrnoAapChKoi AiAnbHOCTI 3
BUPOBHULITBA BETEPUHAPHUX Npenaparis;

— lNMonoxeHHs Npo peecTpaLiio (NepepeecTpaLiito) BeTepUHapHUX
npenaparis, Cy6GCTaHLjii, TOTOBUX KOPMIB Ta KOPMOBUX [06aBOK B
YkpaiHi;

— lNpaBwvna peanisalii BeTepuHapHUX MeaWKaMEHTIB i npenapartis.

Puc. 2. MNpaBoBe 3a-
6e3neYeHHs AisnbHOCTI
nignpuemcTs, Wo ni-
LleH3yeTbCs 3 BUPO6-
HULTBa BETEPUHAPHUX
npenaparis [1-3].

— [MPEeKTUBU EBPONericbKOro NapnameHTy 3 nikapcbkux 3acobiB Ans BETEPUHAPHOIO 3aCTOCYBaHHS

Ne 2001/82 / €C 3i amiHamu;

— AnpekTnBK KoMicii, Lo BU3HAYaI0Tb MPUHLMMK Ta HANPSMKU HANEXHOT NPaKTUKV BUPOBHMULITBA NiKapChKNX
npenaparis BeTepuHapHoro npusHadeHHst Ne 91/412 (aupektviea npo GMP)

Ha BITYM3HSAHUI 1 3aKOPJOHHUN PUHKH BETEPUHAPHUX TIpe-
mapariB. CkacyBaHHS TIPOICAYPH JTIIICH3YBAHHS IIHX BHIIB
TSUTBHOCTI HE CIIPHSIIO PO3BUTKY IHX TapaHTIMH.

[epeBaramu, NO3UTHBHUMHU MOKIIMBOCTSIMH Ta BUT'|THUMH
TO3MLIISIMK JUIS JTIIIEH30BAaHUX ITiIIPUEMCTB-BUPOOHHKIB
BETEPHHAPHUX JIKAPChKHUX 3aCO0IB Ta IXHIM MPaBOBHUM 3a-
Oe3reYeHHsIM MOYKHA BB)KATH JIOCTATHIO KIJTbKICTH (haKTOPIB.

Bitum3HsaHI BUpOOHUKH BEeTEpHHAPHUX MIPETapariB OTPH-
MYIOTh peallbHi MOYKIIMBOCTI IS PaBOBOTO 3a0€3MIECUCHHS
TUSsDTBHOCTI TiIPUEMCTB, IO JIIICH3YIOTHCS HAa BUPOOHUIITBO
BETEPUHAPHUX Mpernaparis.

Kpim Toro, y nporieci eBpoiHTerpaiiii Ta 3aKOHOaB4Oi Tap-
MOHi3alil B poOOTI MiZNPUEMCTB CIIiJl BpaXOByBaTH BUMOT'H,
1110 3aKJIa/ICHI B €BPONIEHCHKUX HOPMAaTHBHUX JJOKYMEHTaX:

— IWUpeKTHBH €BPOMEHCHKOTO MAPIaMEHTy MO0 JKap-
CBKHX 3aC00iB IJIst BeTeprHapHOTO 3acTocyBaHHS Ne 2001/82
/ €C 31 3MiHamu;

— nmupexTrBr KoMicii, 1110 BU3Ha4Yae NPUHIIMITY Ta HAIIPSIMA
HaJIOKHOT MPAaKTUKU BUPOOHMIITBA JIIKAPCHKUX peraparis
BeTepHHapHOTro mpu3HadeHHA Ne 91/412 (aupextnBa mpo
GMP) Toro.

OCHOBHI TapaMeTpH IUX TOKyMEHTIB YK€ BPaXOBYIOTb TTiJ]
Yyac rapMoHi3alii 3aKOHOJIaBYMX | HOPMAaTHBHO-PETIIaMEHTY-
BAJIBLHUX JIOKyMEHTIB B YkpaiHi (puc. 2) [2]:

Kpim Toro, B MinicTepcTBi tocTuilii Ykpainu 3apeectpo-
BaHO Haka3 MiHiCTepCTBa arpapHOi MOJITHKH 1 ITPOIOBOIIE-
ctBa Bix 10 mucromama 2017 p. Ne 606 «I1po 3aTBepmkeHHS
TMIOJIOXKEHHSI ITPO OCHOBHI BUMOTH JI0 BUPOOHMIITBA BETeE-
PUHApHUX IperapariB i MpaBWJI HaJeKHOI BUPOOHUYOT
MPaKTHKK BETEPUHAPHUX penapatiy [8], pozpobiieHui y
paMKax rapMoHi3allii yKpaiHCbKOTO 3aKOHO/IaBCTBa 3 HOP-
mamu €C (3apeectpoBannii B Min’1octi 24 ciuns 2018 p.,
Nel06/31558).

el HOpMaTUBHO-NIPAaBOBUH JOKYMEHT — MEpIIHH
KpOK YKpaiHM J0 CTBOPEHHS 3aKOHOAaB4Oi 0a3u 3 pe-
TYJIIOBaHHSI BUPOOHUIITBA BETEPUHAPHUX MpeEnaparis 3a
NPUHIMIIAMU HAJIOKHOI BUPOOHHYOT NpakTHKU. BBeneHHs
B JIII0 IIbOTO HAKa3y Mae€ CTpaTeriyHe 3HA4YCHHS OIS 3a-
Oe3nedeHHs MOTPeO BETEPUHAPHO! MEAWIIMHU SKICHUMHU
i epekTMBHMME BITUYM3HSIHMMU npenaparamu. Lleit Hakas
PO3podIIeHHI Ha OCHOBI €BPOTICHCHKIX PABHIT HAJIEKHOT BH-
POOHMYOT IPAKTHKH JIKAPCHKUX 3aCO0IB JUISl 3aCTOCYBAHHS B
BETepUHapil.

YXBaJIeHHS! HOPMATHBHO-IPABOBOTO aKTY JIA€ MOXKIIUBICTh
YKpaiHCHKHM MiATIPUEMCTBAM Oy TH KOHKYPEHTOCTIPOMOKHH-
MH Ha MDKHapOJHUX puHKax. Hamexna BHpoOHIYA mpak-
THKa — YaCTHHA CUCTEMH KOHTPOJIIO SIKOCTI, SIKa TapaHTye,
1110 BETEpHUHApPHI IperiapaTi BUPOOIISIOTH i3 3a0€31eUeHH M

248 AKTyarnbHi MMTaHHA (hapMaLeBTUHHOT | MEINYHOT Hayku Ta npakTiki. — 2021. — T. 14, Ne2(36)

ISSN 2306-8094



Some aspects of analysis of the Ukrainian legislation regulating the production of veterinary medicines

IXHBOT BIJMOBIJIHOCTI CBOEMY IPH3HAYEHHIO, BUMOTaM
PEECTPALIIHHOTO TOCHE 1 3 BUKIFOUCHHSIM PH3HKIB JUIS TBa-
PHH, 1110 TIOB’s13aHi 3 HEJIOCTATHBOIO OE3IEKOI0, SKICTIO 200
edekruBHicTIO [9].

[Tocranororo KMY Binx 3 sxoBTHs 2018 p. Ne 808 3arBep-
JokeHO «JIieH3ilHI YMOBH MPOBAPKEHHS TOCIOAAPCHKOT
JUSTBHOCTI 3 BUPOOHHMIITBA BETEPUHAPHUX TIPETIapaTiBy, 110
BI/IOBIJal0Th BUMOram 3akoHy Ykpaiuu «[Ipo BereprHapHy
MEJIULIHY».

Jist uux JlineH3iiiHuX yMOB HOIIUPIOETHCS HA CY0 €KTIB
rOCIHOAApIOBaHHS, SKi 3apEECTPOBaHI B YCTAHOBJICHOMY
3aKOHOJIABCTBOM IIOPSIIIKY SIK IOPUIIMYHI 0COOHM HE3aJIEIKHO

BiJl opraHizauiiiHo-npaBoBoi Gopmu Ta dopmu Biac-
HOCTI, IO 3IIHCHIOIOTH a00 MaroTh HaMmip 3IiHCHIOBA-
tu '/l i3 BUpOOHHUIITBA BETEpUHAPHUX Ipenaparis, a
TakoX Ha (I3WYHUX OCIO-MiANpUEMUIB, sKi 3/1HCHIO-
10Th 200 MalOTh HaMip 3MIMCHIOBATH TaKy isJIbHICTE.
Jlinensiat 3000B’sA3aHUil BUKOHYBATH BUMOTH IUX
JlineH3iitHUX yMOB, a 300yBady JTilleH311 Ha 3IIICHEHHS TOC-
MOAAPCHKO1 TISUTHHOCTI 3 BAPOOHUIITBA BETEPHHAPHUX TPETIa-
pariB [yt ii OTprMaHHS Ma€e BinnoBixaT nuM JIineH31MHIM
ymoBam [10].

Y mabnuyi 1 HaBeaeH1 HOPMU 3MiH HUHI YHHHOTO 3aKOHO-
JIABCTBA BIMOBIHO JIO €BPONEHCHKHX.

Tabnuus 1. MopiBHsnbHa Tabnnus «Mpo BHECEHHS 3MiH A0 AeSKVX 3aKOHOLABYMX aKTiB YKpaiHu Lo BAOCKOHANEHHS MOPSAKY NiLleH3yBaHHS

rocnoAapchbKoi AiSMbHOCTI, WO CTOCYETHCS BETEPUHAPHYX MpenapaTiBy

3MicCT nonoXeHHs (HOPMM) CKACOBAHOTO 3aKOHOAABCTBA 3MicCT nonoXeHHs (HOPMM) YUHHOTO 3aKOHOAABCTBA

3akoH YkpaiHu «[po BeTepuHapHy MeauLuHy»

CrarTs 1. BusaHayeHHs TepmiHiB

— 3aLlikaBneHi TOProBi NapTHepW — epxaBu Ta iHLLi cyD'ekTu
MiKHapOAHOrO NpaBa, LLO € y4acHUKamu 6araToCTOPOHHIX i BOCTOPOHHIX
Yrof, Lo PeryntoloTb 3aCTOCYBaHHS BETEPUHAPHO-CAHITapHUX 3aXOfiB,
YYaCHUKOM SKUX € YKpaiHa, a Takox YneHu BiAnoBigHNX MKHAPOAHMX
opraHisaLii, YneHom sikvx € YkpaiHa;

— 3aKnaj BeTEpPUHapHOI MeauLMHN — YCTaHOBa, NiANPUEMCTBO,
opraisaisi, Ae npawoe xo4a 6 oauH nikap BeTepUHapHOi MeANLIMHY,
3aCHOBaHI OpUANYHOK abo hidnyHO 0coboto (Cy6'ekTom
rocnopaptoBaHHs), Lo Mae keanidikaLito nikaps BETepuHapHOi MeavLmHm
Ta 34INCHIOE BETEPUHAPHY AiSNbHICTb, B TOMY YMCIi 3 BETEPUHAPHOT
NpaKTUKK, BUPOOHMLITBA BETEPUHAPHIX Npenaparis, po3apibHoi, onToBoi
TOpriBni BETEPUHAPHUMU Npenaparamu, NPOBEAEHHS Ae3iHeKUiAHNX,
[1€3IHCEKLiHMX Ta AepaTn3aLliiHux pobiT;

— 3acobm BeTEPUHAPHOI MEAULMHI — MaTepiany, obraaHaHHs,
iHCTPYMeHTU, cneLianbHi aBToMobini Ta iHLLi MexaHi3Mu i NpuCTocyBaHHS,
NpU3HaYeHi ANst BUKOPUCTaHHS Y BETEPUHAPHIN MEAULIMHI;

(Bes 3miH) CTatTs 1. BU3HaYeHHs TepMiHiB

— 3aLlikaBneHi TOProBi NapTHepX — epxaBu Ta iHLLi CyD'ekTm
MiXKHapOZHOrO NpaBa, Lo € y4acHUKamu 6araToCTOPOHHIX i ABOCTOPOHHIX
Yrog, LLO PeryntoloTh 3aCTOCYBaHHS BETEPUHAPHO-CAHITapHUX 3aXOfiB,
Y4aCHUKOM $KUX € YKpaiHa, a TakoX YreHu BignoBigHNX MiKHAPOAHMX
opraHisaLii, YneHom sikvx € YkpaiHa;

— 3aKnag BeTEPMHApHOI MeauLUMHN — yCTaHOBa, NiANpPUMEMCTBO,
opraHisalisi, e npawoe xo4a 6 ofuH nikap BeTepUHapHOi MeANLIMHY,
3aCHOBaHI PUANYHOK abo hidnyHOK 0coboto (Cy6'ekTOM
rocnopaptoBaHHs), Lo Mae kaanidikaLito nikaps BETepUHapHOI MeanLMHM
Ta 34INCHIOE BETEPUHAPHY AiANbHICTb 3a NiLEH3sIEl0, B TOMY YuCHi 3
BeTEepUHapHOI NPaKTVKY, BUPOOHWLITBA BETEPUHAPHUX Npenaparis,
po3apibHoi, oNTOBOI TOPriBIi BETEPUHAPHUMY NPENapaTamu, NPOBEAEHHS
[e3iHDEKLiNHNX, Ae3iHCEKLINHMX Ta AepaTu3aLifiHuX pobiT;

— 3acobu BeTEPUHAPHOI MEAULIMHI — MaTepiany, obraaHaHHs,
iHCTPYMeHTM, cneLianbHi aBToMo6ini Ta iHLUi MexaHi3MK i NpuCToCyBaHHS,
NpU3HaYeHi ANt BUKOPUCTaHHS y BETEPUHAPHIN MEAULIMHI;

BukntoueHo

CrartTs 68. OnToBa TOpriBNS BETEPUHAPHMY NpenapaTtamu

1. Bci cy6’ekTn rocnofaptoBaHHs, ki 3AINCHIO0TH TOPFiBITO
BEeTEpUHapHVMW NpenapaTamu Ha piBHi ONTOBMX NapTin (gani —
ONTOBI MiANPUEMCTBA), NOBUHHI OTpUMaTy Bif [lenaptameHTy abo
YMOBHOBaXXEHOMO HUM OpraHy niLieHsito Ha 30iICHEHHS rocroAapChbKoi
AisnbHOCTI B chepi ONTOBOI TOPriBMi BETEPUHAPHIMU NpenapaTamu.

2. MignpuemcTaa, L0 3AINCHIOTH OMTOBY TOPFIBMI0 BETEPUHAPHUMMU
npenaparamu, MOXyTb pearni3oByBaTh Lii npenapatyt Tinbkvi iHW1M
niZnprMeMCTBam 3 OMTOBOTO NPOZaXy, 3aKnafam BeTEPUHAPHOI MeaULIHM
Ta BETEPUHAPHIM anTekam.

2. (6e3 3miH) MignpremcTBa, L0 3AINCHIOKTb ONTOBY TOPTIBIIO
BETEpUHAPHVMY NpenapaTamu, MOXyTb pearnisoByBaTi Li npenapart
TiNbKY iHLIMM NigNpPMEMCTBaM 3 OMTOBOTO MPOAAXY, 3aknafam
BETEPVHAPHOI MEAULIMHA Ta BETEPUHAPHUM anTekam.

3akoH YkpaiHu «po HapKOTMYHi 3ac06M, NCUXOTPOMNHI Pe4OBUHM i Npe

Kypcopu»

Kpim niacraB, nepenbayernx 3akoHom Ykpainu «[1po niLeH3yBaHHs
NEeBHVX BUAIB rOCMIOAAPCHKOI AiANBbHOCTIY, MigCTaBaMu ANs BiGMOBM Y
Budaui NiLeHsii Ha 3aiNCHEHHS! AisSnbHOCTI 3 06iry HapKOTUYHKX 3acobiB,
NCUXOTPOMHUX PEYOBMH | MPEKYPCOPIB TaKOX €:

— BiICYTHICTb Yy Cy6’ekTa rocrnofaptoBaHHsi yMOB AJ151 3a6e3neyeHHst
6e3ne4HoCTi fisnbHOCTI 3 06iry HAPKOTUYHKX 3ac0BiB, MCUXOTPOMHUX
PEYOBMH i NPeKypcopiB, 00MiKy i CXOPOHHOCTI HAPKOTUYHYX 3acobiB,
MCVUXOTPOMHUX PEYOBUH i MPEKYPCOPIB, BU3HAYEHWUX OPraHOM MiLieH3yBaHHS;
— HasiBHICTb Y KEPIBHWLITBI Y1 cepen MpaLiBHUKIB lopuanyHOi 0cobu ocib,
SKUM 32 pesynsTatamu MeguyHoro Orrisidy, MPOBEAEHOr0 B YCTaHOBIEHOMY
NopsAKY MEAUYHNM 3aKNafoM, BCTAHOBMEHO AjarHo3 NCYXiYHOro posnagy,
MOB’AA3aHOrO i3 3MOBXMBAHHSAM aNKOrofbHUMU HANOSIMK, HAPKOTUYHUMM
3acobamu 4n NMCUMXOTPOMHUMYM PEYOBKHAMK, ab0 BCTAHOBMNEHHS TaKoro
fiarHo3y (isnyHiit 0cobi-nianpuemMLto, Sk Mae NiLEeH3ito Ha 3MiICHEHHS
mMeanyHoi abo BETEpUHAPHOT MPaKTUKU.

(Bes 3miH) Kpim nigcTaB, nepenbayernx 3akoHom Ykpainu «[po
TiLEeH3yBaHHS NeBHWX BUAIB rOCNOAAPCHKOI AiANbHOCTI», migcTaBaMy Ans
BiAMOBM Y BuZavi NiLeHsii Ha 3aiNCHeHHs AiSnbHOCTI 3 06iry HapKOTUYHUX
3ac06iB, NCUXOTPOMHUX PEHOBMH i MPEKYPCOPIB TAKOX E:

— BiICYTHICTb y Cy6’eKTa rocnofaptoBaHHsl yMoB 41151 3a6e3neyeHHst
6e3ne4HoCTi isnbHOCTI 3 06iry HAPKOTUYHKX 3ac06iB, MCUXOTPOMHUX
PEYOBVH i NPeKypCopiB, 00MiKy i CXOPOHHOCTI HAPKOTUYHKX 3acobiB,
NCUXOTPOMHUX PEYOBMH i MPEKYPCOPIB, BU3HAYEHWUX OPraHOM MiLieH3yBaHHS;
— HasiBHICTb Y KEPIBHWLITBI Y1 cepen, NpaLiBHUKIB lopyanyHOi 0cobu ocib,
SKUM 32 pesynbTatamy MeauYHoro Orrisiy, MPOBEAEHOr0 B YCTaHOBIIEHOMY
NOPSAKY MEAVYHMM 3aKNafoM, BCTAHOBMEHO AjarHo3 NCUXIYHOro posnagy,
MNOB'AA3aHONO i3 3MOBXMBAHHSM aNIKOroNbHUMU HANOSIMU, HAPKOTUYHUMM
3acobamu 4n MCUXOTPOMHUMY PEYOBMHAMM, ab0 BCTAHOBNEHHS TaKkoro
[ZiarHo3y ¢isnyHiii 0cobi-nignpuemMLo, SkuiA Mae NiLEH3ito Ha 3MiINCHEHHS
Meau4Hoi abo BETEpUHAPHOI MPaKTUKK.

3akoH YkpaiHu «[po niueH3yBaHHA BUAIB rocnofapcbKoi AifinbHOCTI»

17) BeTepMHApHa NpaKTUKa;

(Bes 3amiH) 17) BeTepuHapHa npakTuka;

33) BUpPOOHULITBO BETEPUHAPHMX Npenaparis.

(Bes 3amiH) 33) BUPOBHMLITBO BETEPMHAPHUX Npenaparis.
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BucHoBKkM

1. 3axkon Ykpainu «IIpo nineH3yBaHHsS BHIIB rocronap-
CBKOI HistmbHOCTI» Bim 3 Oepesns 2015 p. Ne 222-VIII B
LJIOMY JIHCHO CIIPSIMOBAaHHI Ha 3MEHIIICHHS! BIUTUBY Ta pe-
TYJIITOPHOTO THCKY JICpPKaBH Ha JisUIbHICTB CyO’ €KTIiB rocIio-
JApIOBAaHHS, 110 BUPOOIIAIOTH BETEpUHAPHI TperapaTn. Ae
aHaJIi3 NOMNepe/HIX JIIEeH31HHUX MepeBIpOK IOKa3aB: JIesKi
miapueMcTBa (35 FOpHIMYHEX 0Ci0 TI030aBIICHI JTileH31i)
HEXTYBaJM AOTPUMAHHSAM YMHHMX IPABUII, 3aKOHOJABYHX i
HOPMAaTHBHHX JIOKyMeHTIB. CKacyBaHHSM JIIIEH31/ Ha 11ei
BHJ AistTbHOCTI mpoTsiroM 2015-2018 pp. cxopucranucs
HeCyMJTIHHI BUPOOHHMKH BETEPUHAPHUX IIPENapariB, 1110 IPH-
3BEJIO JI0 MOSIBY Ha BITYM3HSIHOMY PUHKY (hanbcrikoBaHoT
Ta HEeAKICHOT MTPOIYKIIii.

2. IToBepHEeHHsI CKACOBAaHMUX BHMOT JI0 TIOPSIIIKY JIILIEH3Y-
BaHHS IIPOMHCIIOBOTO BUITYCKY BETEpPHHAPHHX Iperaparis
MPHU3BEIE HE TLIBKH J0 TapMOHI3aMii 3 3aKOHOJABCTBOM
€sporneiicekoro Corozy, aje cTaHe rapaHTier0 YCIHIIIHOTO
MIPOCYBaHHS Ha PUHKY IPOIYKIIiL, ITIO € IKICHOIO, OS3ITeTHOI0
1 JUIsl BETEPUHAPHOTO TIPU3HAYEHHSI, 1 JUIs1 JIFO/IMHU.
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OpwriHanbHi gocnimxeHHs @ Original research

LinBinbHa BignoBiaanbHicTb ¥ chapMaueBTUYHIN cepi

O.T. Anekcee'2*

3anopisbkuii AepxaBHWA MEANYHUI YHIBEPCUTET, YKpaiHa

MeTta po6oTH — xapakTepuCTHKa LMBINIbHO-NMPABOBOI BiAMOBIAANIbHOCTI SIK CKMaA0BOi OPMAMYHOI BiAMOBIAANBbHOCTI y (hapMaLEeBTUYHil
cdepi.

Matepianu ta metoauw. [Mig Yac foCNimKeHHs BUKOPUCTaNy METOAM aHani3y, CUHTe3y, NOPIBHANbHO-NpaBoBuiA. Matepian gocnigkeHHs
— HauioHarbHe UyMBINbHe 3aKOHOLABCTBO, @ TAKOX 3araflbHOTEOPETUYHI NiAX0AM Ta No3uuil HayKOBLB LLOAO NUTaHb LMBINbHO-NPaBOBOI
BiANOBIAANbLHOCTI y hapMaLeBTUHHOMY CEKTOPI rany3i OXOPOHU 30OPOB'S.

Pesyniratu. Coepa obiry nikapcbkux 3acobiB — 6aratorpaHHuin CKNagHUn KOMNEKC NPaBOBIAHOCUH, L0 PErymoTbCa HOpMamu pis-
HUX rany3en npasa. Ane ixXHsa chinbHa o3Haka — CrpSMOBaHICTb Ha 3abe3neYeHHs HaceneHHs JOCTYMHUMK, 6e3neyHuMn Ta AKiCHUMK
nikapcbknmm 3acobamu. BctaHoBmMIOYM Ha 3aKOHOAABYOMY PiBHI NpaBa rpoMajsiH, 3akoHofaBeLlb 060B'13K0BO nepenbadyae MexaHiamu
3aXMCTY Bif NOpyLUEeHHs uux npas. OauH i3 HanbinbLL aieBux 3acobiB — puanyHa BignosiganbHicTb. OCkinbkv Ha3BaHi NpaBa rpomMaasH
HanexaTtb A0 UMBIfNIbHWX, akTyanbHUM € OCHiIKEHHS CYTHOCTI Ta 3MICTY LMBINbHO-NPaBOBOI BiANOBIAANbHOCTI y hapMaLeBTUHHOMY
CeKTOpi Cdhepu OXOPOHM 300POB’SA. 3a TakUM KpUTEPIEM, K [KEPENO BUHUKHEHHS LMBINIbHUX NpaB Ta 000B’A3KiB, pO3Pi3HAIOTb JOTOBIPHY
Ta HeZlOroBipHY BignoBifanbHiCTb. [loroBipHa BiANOBiAANbHICTL — HACMIAOK HEBUKOHAHHS aB0 HEHANEKHOTO BUKOHAHHS CBOTX 060B'sI3KiB
OfHieto 3i cTopiH goroeopy. Pacta sunt servanda — npuHUmN MixkHapoOZHOrO npaea, 3rigHO 3 HAM AOrOBOPY € 0O0B’I3KOBMMM Ta MatoThb
BUKOHYBaTUCs 4OOPOCOBICHO. Ha BiaMiHy Bif 4OroBipHOI, BiANOBiAaNbHICTb AeNiKTHA HAaCTae y BUNaaKax, Konv NopyLHUK He nepebyBae
B [OrOBIpHMX BiAHOCKHAX i3 MOTEPMiNo CTOPOHOH).

BucHoBku. LIMBinbHO-NpaBoBa BignoBiganbHiCTe — 0AvH i3 AieBrx 3axoaiB 3a6e3neyYeHHs KOHCTUTYLINHOMO Npasa rpoMasH Ha JOCTYMH,
6e3neyHi Ta sKicHi nikapcbki 3acobu.

BcTaHoBRNEHHA npaBoBOro cratycy hapmaLleBTUYHOMO NpaLiBHUKa SK OfHIET 3 LeHTpanbHuUX qiryp y cdepi oxopoHn HeobxigHe ans
NPaBWIIbHOTO BU3HAYEHHS BUAY LMBINbHO-MPABOBOI BiANOBIAANBHOCTI.

KntoyoBi crioBa: BignoBiganbHiCTb, NpaBONOpYLUEHHS, MPOBI30p, (hapMaLeBTMYHa cdepa.
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Civil liability in pharmacy
O. H. Aleksieiev
The aim to characterize civil liability as a component of legal liability in pharmacy.

Materials and methods. During the research, the methods of analysis, synthesis, and legal comparison were used. National civil
legislation, as well as general theoretical approaches and points of view to the issues of civil liability in the pharmaceutical healthcare
sector were used as research material.

Results. The sphere of circulation of medicines is a multifaceted complex of legal relations regulated by the norms of various branches of
law. At the same time, their generalizing feature is the focus on providing the population with affordable, safe and high-quality medicines.
Establishing the rights of citizens at the legislative level, the legislator always necessarily provides for mechanisms of protection against
violation of these rights. One of the most effective mechanisms is legal liability. Since the above citizens’ rights are civil rights, it seems
relevant to investigate the essence and content of civil liability in the pharmaceutical healthcare sector. Pacta sunt servanda is a principle
of international law, according to which treaties are binding and must be executed in good faith. Unlike contractual liability, delict liability
occurs in cases where the violator does not have a contractual relationship with the offended party.

Conclusions. Civil liability is one of the most effective measures to ensure the constitutional right of citizens to accessible. safe and
quality medicines. Determination of the legal status of a pharmaceutical worker as one of the central figures in healthcare is necessary
for the correct determination of the type of civil liability.

Key words: responsibility, offenses, pharmacist, pharmaceutical industry.
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MpaxpaHckas OTBETCTBEHHOCTb B (hapmaLieBTU4eckomn cepe
A.T. Anekcees

Llenb paboTkl — XapakTepUCTHKa rpaxaaHCcKo-NpaBOBO/ OTBETCTBEHHOCTU Kak COCTaBMSIOLLEN IopUaNYECKOn OTBETCTBEHHOCTY B chap-
MaLeBTMYECKON cepe.

MaTepMal’lbl 1 Metoabl. B xofe nccneqosaHus UCnonb3oBany METOAbI aHanusa, CuHTesa, CpaBHVITeJ'IbHO-I'IpaBOBOVI. B kavecTBe maTe-
prnana nccnegosaHna UCNONb30BaNu HalMoHanbHOe rpaXXaaHCKoe 3akoHOA4aTeNnbCTBO, a Takxke 06LLleTeOpeTVI‘-IeCKVIe noaxoabl 1 nosnumn
Yy4eHbIX N0 BOnpocam rpamnaHCKo-npaBoaoﬁ OTBETCTBEHHOCTU B (bapMaLleBTVNeCKOM CeKTope 30paBOOXpaHeHuA.

Pesyniratil. Cchepa obpalleHns nekapcTBeHHbIX CPeACTB NpeacTaBnseT cob0i MHOrorpaHHbIi CIIOXHbIM KOMNIEKC NPaBOOTHOLLEHWH,
perynnpyembix HopMamu pasnnyHbIX oTpacneit npaea. x o6obLuaroLwmin nprusHak — HanpasBneHHOCTb Ha obecneverne Hacenexns fo-
CTYMHbIMW, 6E30MaCHLIMM U Ka4ECTBEHHBIMM NEKapCTBEHHBLIMW CPEACTBAaMU. YCTaHaBNNBAs HA 3aKOHOAATENbHOM YPOBHE Npasa rpaxaaH,
3akoHogarenb 0bs3aTensHO NpegycmMaTpyBaeT MexaHu3Mbl 3aLLMThl OT HapyLUEeHWs YkadaHHbIX npae. OAHO 13 Hanbonee AeiCTBEHHbIX
TaKuX CPefCTB — opUANYECKas OTBETCTBEHHOCTb.

HOCKOﬂbe YKa3aHHble npaBa rpaxgaH OTHOCATCA K rpaXaaHCKUM, aKkTyanbHbl UCCNefoBaHMA CYLWHOCTU WU codepXaHua rpaxnaH-
CKO-NPaBOBON OTBETCTBEHHOCTU B (hapMaLeBTUYECKOM CEKTOPE 3ApaBooXpaHeHust. 1o TakoMy KpUTEPWIO, Kak UCTOYHUK BO3HWKHOBE-
HUS rpaXaaHCKMX npaB 1 06513aHHOCTEN, Pa3MyatoT JOrOBOPHYH U BHEOOrOBOPHYHO OTBETCTBEHHOCTb. [JOroBOpHas OTBETCTBEHHOCTb
— CneacTBME HEUCTOTNHEHUS UM HEHaANexXaLLero UCNOMHEHNs CBOMX 06s3aHHOCTe 04HOM M3 CTOPOH Aoroeopa. Pacta sunt servanda
— NPUHLMN MEeXOYHapOAHOro NpaBsa, CornacHo KOTOPOMY J0rOBOPbI 06513aTenbHbI 1 [OMKHBI BbIMONHATLCS A0OPOCOBECTHO. B otnnune
oT ,ElOFOBOpHOVI, OTBETCTBEHHOCTb OENUKTHAA HACTynaeTt B cny4vadax, Korja HapywuTtenb He HaxoguTCca B OOTOBOPHbLIX OTHOLLUEHUAX C
noTepreBLLe CTOPOHOWA.

BriBoabl. MpaxgaHcko-npaBoBas OTBETCTBEHHOCTb — OAHA U3 AENCTBEHHbLIX Mep 06ecneyeHnst KOHCTUTYLIMOHHOTO NpaBa rpaxaaH Ha
[OCTynHble, Ge3onacHble 1 kavyeCTBEHHbIE NIeKapCTBEHHbIE CPEACTBA. YCTaHOBIMEHME NPaBOBOro cTaTyca drapmaLeBTiieckoro pabot-
HWKa Kak OAHO U3 LieHTpanbHbIX uryp B cpepe oxpaHbl HE0BX0AMMO ANt NPaBUIbHOTO ONpefeneHnst BUaa rpaxaaHCcko-npaBoBoi

OTBETCTBEHHOCTMW.

KnioyeBkle crioBa: OTBETCTBEHHOCTb, MPaBOHAPYLLEHMS, MPOBM30P, hapMaLieBTMYeckas cgepa.
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Knacux nwminictuku B. I1. ['pubanoB Haromnomye Ha
CKIIaHIIIOMY XapakTepi Ta 3MicTi IUBIIBHO-TIPaBOBOI
BIJIMIOBIIAILHOCTI TIOPIBHSHO 3 IHIIUMH — KPUMIHAIBHOIO,
aIMiHICTPAaTUBHOIO TOIIO. [IepemyciM 1ie MOsSCHIOETCS THM,
110 KOJIO BiIHOCHH, SIKI PETYJIOIOThCS IIUBUTEHUM TPaBOM,
HaJ3BUYaHO IIMPOKE Ta PI3HOMAHITHE, 1 caMme I1e CTBOPIOE
ynumairy ckiaaanicTs [ 1]. JlificHo, skimo posnsiaty came dap-
MareBTUYHY chepy, KOJIO ITPAaBOBIIHOCHH, sIKi BPETY/IbOBaHi
caMe HOpMaMH IUBIIBHOTO 3aKOHO/IABCTBA, BINPI3HAETHCS
1 pi3HOMaHITHICTIO, 1 OararoBeKTOpHicTIO. BiiacHe BH3Ha-
YeHHs MOHATTS (hapmartis, mo HaBoauTthes B. I1. Uepanxom
ta I. M. IlepueBum y «PapMarieBTHUHINA SHIMKIONEAIi»
TTAKPECITIOE HaIITy TTO3MIIII0, a/pKe Tepeadadae B OCHOBHO-
My LUBUIBHO-TIPABOBHH BEKTOpP PETYJIOBAHHS BiJHOCHH,
110 BUHHUKAIOTH MiJl 4aC CTBOPEHHsI JIIKAPCHKHUX 3ac00iB
(iHTeNeKTyaNbHa BIIACHICTH), peali3amii GpapMarneBTHIHOT
TPOYKIIT (JOTOBIpHE MPaBO), BIIHOCHHK MK MAIIEHTOM 1
(hapManeBTUYHNM ITPALliBHUKOM, PeKJIaMa JIIKapChbKHX 3aC0-
0iB Tormro. Taki pi3Hi 3a 3MICTOM TPYyINHU MPABOBITHOCHH IS
Ppa3 MiAKPECITIOIOTh CKIIQIHICTh BU3HAYCHHS 3MICTY ITHBLIH-
HO-TIPaBOBOI BIJTOBIAAIBLHOCTI Y (papManieBTHUHIH cdepi.

Huni B Hay1li HMBUIFHOTO TpaBa € JIBa OCHOBHI ITiAXOIH
JI0 BU3HAYCHHSI IMBLUILHO-TIPABOBOI BIAMOBiMaIbHOCTI. [1e-
pemyciM HallioHaJIbHE HUBLILHE 3aKOHOIABCTBO HE MICTUTH
JIETaIBHOTO BU3HAYCHHSI IILOTO MOHSTTS. ToMy aHaii3 3micty
I[OTO TIPaBOBOTO SIBUINA 0a3y€ThCsl HA HAYKOBHX IMIAXO0AAX
JI0 PO3YMiHHS Ta CYTHOCTI ITUBITBHO-TIPABOBOI Bi/IMIOBIAAIH-
HOCTI.

Opnna rpymna HaykoBLiB (B. I. MUKUTHH) BH3HAYArOTh 1IU-
BUIBHO-TIPABOBY BIATIOBIIANBHICTD SIK (hOPMY JIEp’KaBHOTO

npumycy [3]. Tamoi gymku norpumytorsest M. 1. bparin-
cekuif, FO. K. Toncroi, siki XapakTepu3yIOTh IMOPYIICHHS
3000B’s13aHHS SIK YCTaHOBJICHI 3aKOHOM 3aCO0M MaifHOBOTO
BIUTMBY Ha OOP’KHHKA, KU MOPYIINB 30008’ 13aHHA [4].

®enopuenko H. B. Bu3Hauae 1uBiNBEHO-IIPABOBY BiJIIO-
BITAVTBHICTH SIK Tepead0adeHuii HopMaMu mpaBa 000B’ 30K
NIPaBONOPYIIHUKA 3a3HATH NEBHUX HECTPHSITIMBUX JUIS
HbOro Haciakie [5]. [Tosurii €. O. XapuToHOoBa MATPUMYE
B. C. lepeBHiH, sikuii BU3HAYAE [IBUTHHO-TIPABOBY BiIITOBI-
JIaJIbHICTb SIK TIOKJIa/IaHHS Ha IPaBOIIOPYLITHUKA 3aCHOBAHUX
Ha 3aKOHI HEBUT1THIX ITPABOBHIX HACTI/IKIB, III0 BUSBISIOTHCS
B 11030aBJICHHI H0r0 MeBHUX NPaB a0 B 3aMiHi HEBUKOHAHOTO
000B’ 513Ky HOBUM 000B’s13K0M, 200 y TIpHeTHAHH] 10 HEBU-
KOHAHOTO 000B’s13Ky HOBOTO, JIOIATKOBOTO [6].

VY nocnimkenni 1. C. KanzadapoBoi o0rpyHTOBaHO He-
00XiTHICTh PO3MEKYBaHHS MOHITH «IIMBIIHHO-IIPABOBA
BIAIOBIZANIBHICTE» Ta «BIANOBIAAIBHICTL 33 IUBIILHUM
3aKOHOJABCTBOM» SIK JIBOX CAMOCTIHHHX CKJIaJOBUX:
Mo-TepIie, sK BiAIMOBIAAIBHICTh TIEPE ACPKABOO, IO
Mae IyOIiYHO-TIPABOBUI XapakTep; Mo-Apyre, sK BiImo-
BIZIaJIGHICTD OJJHOTO KOHTpAreHTa Iepejl iHIIUM, IO Mae
IUBLILHO-TIPABOBHIA Xapaktep [7]. Maliganuk P. A. Bu3Hauae
[IUBUTFHO-TIPABOBY BiIIOBINANBHICTE SK 3aCTOCYBAaHHS 10
MPABONOPYIIHUKA Y BHUIAJAKY 3IIHCHEHHS MPOTHIPABHUX
It a00 Oe3MisUTPHOCTI Mepe0aueHUX TOTOBOPOM UH 3aKO-
HOM 3aXO[(iB JIEP)KaBHOIO MPUMYCY Y BUIJISIII JIONATKOBHX
IUBUIBHO-TIPABOBUX 00OB’s3KiB MAafHOBOTO XapakTepy
(camkiit) [8].

AHAI3YI0UH TiIX0AX 10 BU3HAYEHHS [IUBLIEHO-TIPABOBOT
BIJITIOBIJAJIGHOCTI Ta MPOEKTYIOYH IX Ha Cepy OXOPOHHU
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3n0poB’s, L. S1. CeHtoTa mpornoHye BlacHe BU3HAYEHHS IIbOTO
MOHSATTS SIK 3aCTOCYBaHHs JIO MOPYIIHUKA ab0 0 0co0H,
sIKa 3a 3aKOHOM HECE BIiAMOBITaIbHICTE 3a HOro il um Oe3-
ISUTBHICTb, 3aX0/1iB IPUMYCY, III0 BU3HAYCHI JOTOBOPOM 200
3aKOHOM 1 TOJISATAI0Th y TOKJIAJACHHI Ha HhOTO JOJATKOBHX
000B’SI3KIB IIMBIJIBHO-IIPABOBOTO XapaKTEPy 32 BUYMHCHHS
HUM TIPOTHUTIPABHUX JTiif a00 Oe3MisITPHOCTI ITi/T 9ac HaJaHHS
MEJIMYHOI1 JjoroMoru [9].

OTxe, BEKTOP MBOTO TOCTIHKEHHS — IIMBIIBHO-TIPAaBOBA
BIJIMOBIAAJBbHICT Y (apMalii — akTyanbHUH 1 moTpedye
3MICTOBHOTO JIOCIIII>KCHHSI.

MeTa po6otu

XapaKTepHuCTHKa MUBLUIFHO-TIPABOBOI BiATIOBITABHOCTI SIK
CKJIaJIOBOT FOPUIMYHOT BIJIITOBIAAIBHOCTI y (hapMarieBTHYHIH
cepi.

Matepianu i meToau gocnigxeHHs

[lix yac poOOTH BUKOPUCTOBYBAIH EMITipHYHI (TIOPiBHSHHS,
BUBYCHHSI JIOKYMEHTIB), TEOPETHYHI (aHaJi3y, CHHTE3Y) Ta
METOIN MDKIUCHUTUTIHAPHOTO JOCITIKSHHS (ITOPIBHSIIb-
HO-TIPaBOBHHA).

Pe3ynbraTtu

Cdepa o0iry mikapchkux 3acobiB (JI3) — GaratorpanHuit
CKJIaJJHMH KOMIUIEKC MPaBOBIJIHOCHH, IO PEryJIOIOTHCS
HOPMaMH pi3HHX ramy3eii mpasa. J{o hapmarieBTHIHOT Tisiib-
HOCTI HAJISKUTH HE TUTHKY peajtialtist papMarieBTHaHoi mpo-
IyKIIii, ajie i MpOMHCIIOBEe BUPOOHUIITBO JI3, BUPOOHHUIITBO
JI3 B ymoBax arteku, ryprosa toprisist JI3, ix 30epiraHHs,
NIePEBE3CHHS], BUBE3CHHS 33 KOPIOH YKpaiHH, BBE3CHHS 10
VYkpaiau Ta/abo po3apiOHa TOPTiBis JTIKAPCHKUMH Ipera-
paramu, 30epiraHHs, TPaHCIIOPTYBaHHs, BUTOTOBIICHHs JI3
[10]. Txus ciinbHA 03HAKa — CIIPSIMOBAHICTE HA 3a0€3TICUCHHST
HACEJICHHS TIOCTYITHUMHU, Oe3meqHuMH, sikicaumu J13. Haro-
JIOLITY€MO, 1110 LIe € KOHCTHTYIIIHHIM [IPaBOM IPOMaJsH, ajlke
niepeidavae CKIaaoBy, sika rapanToBaHa cT. 49 OCHOBHOTO
3aKOHY, — IIpaBa Ha OXOPOHY 310poB’s. BigzHaunmo, mo i
HOopMU KOHCTUTYI1iT KOPEITFOKOTH 13 BiAMIOBITHUMHE CTATTSIMU
HusineHOTro Konekey Yipainu (LIKY), 30kpema 3 TimMu, mo
BHKJIa/1eH1 y miaBi 21 «OcobucTi HemaitHOBI IpaBa, 1110 3a0e3-
TICYYIOTh IPHPOIHE iCHyBaHHS (Pi3mdHOi 0c0o0m». [lepemycim
Haerncs mpo ct. 283 (IIpaBo Ha oXopoHy 370pOB’s); cT. 284
(ITpaBo Ha MeMYHY JIOTTOMOTY) TOILIO.

BcranoBmooun Ha 3aKOHOIABYOMY PiBHI MpaBa TpOMajIsiH,
3aKOHOJIABEIIb 000B’SI3KOBO Iepeidadae MexaHi3MH1 3aXHUCTy
BiJl MOpyIIeHHS 1uX npaB. OnuH 13 HalIieBIMMX 3ac00iB —
FOPHUIMYHA BiIIOBI NAbHICTh. OCKIIBKY Ha3BaHI IpaBa rpo-
Ma/JISH € TUBUTBHUMHE, aKTYaJIbHIAM € JOCIIIKEHHS CyTHOCTI
Ta 3MICTY [IUBUILHO-IIPABOBOT BIMOBIIAILHOCTI Y (hapmarie-
BTUYHOMY CEKTOpi chepr OXOpOHH 310poB’st. JlopedHo 11e i
B acrekTi 3micTy crarti 80 OCHOB 3aKOHOABCTBA YKpaiHH
PO OXOPOHY 3/0POB’s, IIO Nependadae: 0coOU, BUHHI B
MOPYIICHHI rajy3eBOro 3aKOHOIABCTBA, HECYTh IUBLIbHY,
aZMiHICTpaTnBHY a00 KpUMiHaJIbHY BJITOBIJaJIbHICTb.

Ha namy nymky, MeauuHa Ta papMarieBTHYHa isUTbHICTh
— CKJIaJIOBI OfTHI€ET Tamy3i, a came cepr OXOPOHH 30POB’ L.
e mpsiMo MiATBEPIKYE aHATI3 FaTy3eB0i 3aKOHOIABYOT 0a3u,
Harnpukiiaz, OCHOB 3aKOHOJABCTBA YKPAiHHM MPO OXOPOHY
310poB’s. Tak, crarTst 1 bOTO 3aKOHY BH3HAYa€ HOTO SIK
CKJIAJIOBY 3aKOHOJABCTBA YKpaiHU IPO OXOPOHY 3/10pPOB’SI.
Bararo iHmmX craTeil perymioloTh MPaBOBITHOCHHH, IIIO
BUHHKAIOTh y (papMaIrieBTH4YHIA a00 MEIUYHIH isUTEHOCTI
SK piBHOTpaBHi cucteMu. Hanpukia, po3ain 10 OcHoB mae
Ha3By «MeuyHa 1 GapmaleBTHYHA JAiSUIBHICTD, peadiiTa-
Iil{Ha 10TIOMOTa» Ta BU3HAYa€ OCHOBHI BEKTOPH ITPABOBOTO
PEryJIIOBaHHS Ha3BaHHUX CKJIA/I0BUX OXOPOHH 37I0POB’sI came

OO6roBopeHHs

Ha mizcraBi HaBeAGHOTO Ta aHANI3Y Pi3HUX HAYKOBO-TEOPE-
TUYHUX IT1IXOIB J0 3arajbHOI0 3MICTY IIUBITBHO-TIPABOBOI
BIMTOBIaJIBHOCTI, CHHTE3YIOUH HASsIBHI ITiTXOTH IO CYTHOCTI
[IUBIIBHO-TIPABOBO] BiATIOBITATBHOCTI y Chepi OXOPOHH 310~
OB’ s, IPOMIOHYEMO BJIACHE BU3HAYCHHS [TUBLIHHO-TIPABOBOT
BiJIMOBITaIFHOCTI MiJ Yac 3AificHeHHs (hapManeBTHIHOT
JUSTBHOCTI SIK TIepe/10aueHy JI0rOBOPOM YU 3aKOHOM Mipy
JICPIKABHOTO MIPUMYCY, KOTPa 3aCTOCOBYETHCS ISl [IOHOB-
JICHHSI TTOPYIIICHHUX TPaB yYacHUKa (hapMaleBTUYHUX Tpa-
BOBIJIHOCHH KOIIITOM MOPYIIHHKA TAKHX BUMOT.

VY dapmaneBTuuHii cdepi po3pi3HAIOTh BUIU IHBLUIb-
HO-TIPABOBOI BiZNOBIAAITBEHOCTI.

3a TakuM KpHUTEPIEM, K JKEPETI0 BHHUKHEHHS ITUBLTEHIX
npaB Ta 000B’sI3KiB, PO3PI3HAIOTH JOTOBIPHY Ta HEJJOTOBIPHY
BIITOBIAAIBbHICT.

JloroBipHa Bi/llOBiIAJILHICTH — HACIIJOK HEBUKOHAHHS 200
HEHAJIe)KHOTO BUKOHAHHSI CBOiX 000B’SI3KiB OJHI€TO 31 CTOPIH
noroBopy. Pacta sunt servanda — npuHIMI MIKHAPOJHOTO
paBa, 3riTHO 3 HUM JOTOBOPH € 000B’SI3KOBUMH Ta MaOTh
BUKOHYBATHCs 100pocoBicHO. Ha3Bauwuii mpuHLuI chopmy-
BaBCS ITiJ] Yac BUPOOICHHS HapHKiHIli XI cT. Tpamuii ius
communne, 3MiCTOM sIKOi OyJia IpaBoBa MOJIENb, 3ACHOBaHA
Ha JDKEpellaX PUMCHKOTO Ta KaHOHIYHOTO IpaBa. Came It
Tpaauiis (a He MOIMHpEeHa, ajge TMOMUIKOBA TyMKa, II0
Pacta sunt servanda € nocrynarom Craponasusoro Pumy) B
CYy4acHOMY MD>KHAPOTHOMY IIpaBi € 6a30BOI0 HOPMOIO BCi€l
CHCTEMH MIDKHAPOJIHOTO TIpaBa.

[IpunbaHHs JiKiB B aNTEYHOMY 3aKJIafi 3a 3MICTOM €
JIOTOBOPOM PO3pIOHOI KyMiBIi-IIPOIAXy, MOPSIOK YKiIa-
JTAHHS SIKOTO BU3Ha4eHO y crarti 698 LIKY. BignosimgHo no
1i€i crarti, mpomasens (papmarieBTruHmi haxisern (OD)),
SIKHH 3[ICHIOE TIAMPUEMHHIBKY MISUTBHICTD 13 TPOHAKY
TOBapy, 3000B’SI3YETHCS TMEPEHaTH MOKYIIIEB] (CIOKUBATY
JIKIB) TOBap, 10 3a3BUYAll PU3HAYAETHCS ISl OCOOKMCTOTO,
JIOMAITHBOTO 200 HIIOTO BUKOPHUCTAHHS, HE TTOB’SI3aHOTO 3
M AMPUEMHHIBKOIO JISTBHICTEO, @ TOKYTICIIh 3000B’ A3y €ThCS
MPUIHHSITH TOBAP Ta OIIATUTH HOoro. YacTHHOIO APYToro i€l
CTAaTTi BU3HAYAETHCS, IO JOTOBIp pO3apiOHOT TOPTriBIi €
myOniaHEM. SIKIIO0 eKCTPAIooBaTH HOPMATUBHI JDKEpera
[UBIIBHO-IOTOBIPHUX BIJHOCHH Ha alTCUHY MiSUTbHICTH,
30KpeMa Ha MUTaHHs Oe3nocepeHpoi B3aemoii OO i mari-
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€HTIB (KITIEHTIB, CIIOXKHMBA4iB), IEPE/yCIiM CJIiJ] HA3BaTH CTaT-
110 633 LIKY, 1110 Haae BU3HAYCHHsI IIyOIIYHOMY JOTOBOPY
SIK IOTOBOPY, B SIKOMY OJIHa CTOPOHA-IT INPHEMEIIb B3siIa Ha
cebe 000B’ 30K 3AIMCHIOBATH MPOAX TOBAPiB, BUKOHAHHS
pobit abo HamaHHS MOCITYT KOKHOMY, XTO JI0 Hel 3BepHEThCA
[11]. Liero cTarTeto mianprueMIIeBi 3a00pOHIETHCS HATaBaTH
TIepeBaru OJJHOMY CIIO)KMBa4eBi Iepe]] iHIIMMH, a TaKoXK
BiZIMOBHTHCSI BiJl YKJIaJaHHS ITyOIIITHOTO JIOTOBOPY 32 YMOBH
HasIBHOCTI B HBOTO MOYKJIMBOCTEH. Y pasi HeOOIpyHTOBaHOT
BiJIMOBH T IIPUEMIIS Bifl YKJIAJICHHS ITyOJIIYHOTO JJOTOBOPY
BIH Ma€ BI/IIKO/LyBaTH 30MTKH, 3aBJaHi CIIO)KUBAYEB1 TAKOIO
BIJIMOBOIO.

Crarrero 699 LIKY BusHaueHi ¢popmu 1myOmigHOT mpormo-
3uMii YKIaJeHHS JOTOBOPY PO3IPiOHOI KyMiBIi-IPOAaKy
— MIPOTIO3MIIiSl TOBAPY B pEKJIaMi, KaTaorax, a TAKOXK 1HIIINX
oITrcax TOBApY, 3BEPHEHHX JI0 HEBU3HAYEHOTO Koja 0cio,
a TaKO)K BHUCTABJICHHSI TOBapYy, AEMOHCTpaLlisi oro 3pasKiB
a0o0 HajaHHS BiOMOCTEH Mpo ToBap (OIKCIB, KaTaJoriB,
(hOTO3HIMKIB TOIIIO) Y MICIIX HOTO MPOJAxKYy.

OTKe, BpaxoBYIOUH, 10 PHAOAHHS BPO3piO MOKYyIILEM
(hapMaLieBTHYHOT MPOYKIIi B alITEYHOMY 3aKJIaJli € PI3HOBH-
JIOM CaMe LIUBUTLHOTO JIOTOBOPY, TO 3a0€3MeUeHHSI CTOPOHaM
JIOTOBOPY 3aXHCTY IXHIX IpaB 3AIHCHIOETHCS 3a JTOTIOMOTOI0
HOpM He TiTeKH LIKY, ane i 3akoHOIaBCTBA PO 3aXHCT IMpaB
CTIOKUBAYiB, 30KpeMa 3akoHy Ykpainm «IIpo 3axuct mpas
cnokuBadiBy (3akon Ne 1023-X1I) [12], a mokymers, Bigmo-
BiZIHO, HaOyBa€ CTATyCy CHOKHBaYA.

ITizcraBoro BiANOBIAAIBHOCTI 3aBXK I € HEBUKOHAHHS OfI-
HI€I0 31 CTOPIH JOTOBOPY CBOiX 00OB’SI3KIB, TOMY BBaYKAEMO
3a oTpiOHE MpoaHasi3yBaTH came IPaBOBHI CTaTyC CTOPiH
JIOTOBOpY po31piOHOT KymiBii-nipopaxy JI3 B anteuHomy
3aKJa/i 3 MO3MIIINA KOMIUIEKCHOTO MiXOMy 10 IMBIIBHOTO
3aKOHOJJABCTBA 1 3aKOHOAABCTBA TIPO 3aXHCT IPaB CIIOXKHU-
BadiB. Po3pizHsaeMo Taki 000B’I3KH MOKYIIIIS (CIIOKUBAYa) ¥
JIOTOBOPI PO3IPiOHOT KYTIiBIi-IIPOAaXKY JIIKapChKHX 3aC00iB:

— MIPUHAHATH Ta OruaTuTH ToBap (cT. 698 LIKY);

—mnoBigomutn OO, sikuit mpomae JI3, Ipo mopymeHHs yMOB
JIOTOBOPY KYIIIBITi-TIPOJIAXKY MO0 KUTBKOCTI, aCOPTHMEHTY,
SIKOCTI, KOMIUICKTHOCTI, TapH Ta (a00) yIaKOBKU TOBapy Y
CTPOK, BCTAaHOBJIEHHH JIOTOBOPOM a00 akTaMy LUBIJIBHOTO
3aKOHOJZIaBCTBA, a KILO TaKUI CTPOK HE BCTAHOBJICHUH, — B
PO3YMHHI CTPOK TICTIS TOTO, SIK TIOPYIICHHS MOIJIO OyTH
BUSIBJICHE BITIOBITHO /10 XapaKTepy 1 MPU3HAUYCHHS TOBAPY
(ct. 688 IIKYVY);

— TIepest TToYaTKoM BXHBaHHS JI3 yBaXKHO O3HAOMHTHCS
3 a"orauiero Ha JI3 (ct. 4 3akony Ne 1023-XI1I);

— B pa3i HEOOX1THOCTI PO3’ICHEHHS YMOB Ta IIPABIJI BXKH-
BaHHS Ta 3aCTOCYBaHHs (hapMaleBTHMYHOI MPOAYKIil — /10
TI0YaTKy BUKOPUCTAHHS 3BEPHYTHUCS 33 PO3’SICHEHHSIMH JI0
npoaBIl (BUPOOHHKA, BUKOHABII ) 00 [0 1HIIOT 0COOH, 110
BUKOHYE iX QyHKIT (cT. 4 3akony Ne 1023-XII);

— KOPHUCTYBATHUCS] TOBAPOM 3TiTHO 3 HOTO IIIbOBUM TIPH-
3HAUCHHSM 1 JOTPHUMYBATHCS YMOB (BUMOT, HOPM, TIPABHII),
BCTaHOBIICHUX BUPOOHUKOM TOBapy (BUKOHABIIEM) B aHOTAIIIT
(ct. 4 3axony Ne 1023-X1I);

— JUTA 3aro0iraHHs HEraTUBHUM JUIA CIIOKHMBa4ya HACIIiJI-
KaM BHUKOPHCTaHHS TOBapy — 3aCTOCOBYBATH IiepeadaveHi

BUPOOHUKOM B TOBapi 3aco0u Oe3Ieku 3 JTOTPUMaHHIM
nepe0aYeHUX AHOTAIIEI0 CIeliabHUX MPaBUII, a B pasi
BIJICYTHOCTI TAKMX MPABHIT Y IOKYMEHTAIII1 — IOTPUMYBaTHCSI
3BUYAHHUX PO3YMHHUX 3aXOiB O€3IEKH, BCTAHOBICHUX IS
TOBapiB Takoro poxy (ct. 4 3akony Ne 1023-XII) [12].

O060B’s13x1 QD 51K CTOPOHM PO3APIOHOI KyTIiBIi-TIponaxy JI3:

— HepeaTy CIIOKHBAYEBI IPOLYKLIIO HATIEKHOT SIKOCTI, a
TaKOX Ha/1aTH iH(OpMAIIiro PO 1110 TPOIYKIIO (CT. 4 3akoHy
Ne 1023-X1I);

— HaJIaTH MOKYTILIEB] HEOOXiHY 1 10CTOBIpHY iH(OpMallifo
PO TOBAp, IO MPOMOHYETHCs 10 Tpofaxy (cT. 700 LIKY, cT.
15 3axony Ne 1023-XII);

— Ha BUMOT'Y CIOXKHMBa4a HaJaTH HOMY JHOKYMEHTH, SIKi
MATBEPIKYIOTh HAJISKHY SKICTh MPOAYKIii (cT. 6 3akoHy
Ne 1023-XI11);

— IIOMEpPeKATH CIIOXKKUBa4a NMPO BCTAHOBJICHHUH CTPOK
HPHIATHOCTI TOBapy, 000B’SI3KOBI YMOBH HOT0 BUKOPUCTAHHSI
Ta MOXJIMBI HACIII/IKK B pa3i iX HEBUKOHAHHS, & TAKOX IIPO
HeOoOXiTHi /11 ImicIIst 3aKiHYEeHHS IIbOTO CTPOKY (CT. 14 3akoHy
Ne 1023-X1I);

— HAJIaTH CIIOXKHMBAYCBI JOCTOBIPHY 1 AOCTYNHY iH(OpMa-
110 TTPO HAMEHYBaHHSI, HAJIGXKHICTD Ta PEXKUM POOOTH CBOTO
mianmpuemctBa (cT. 17 3akony Ne 1023-X1I);

— IIOEPIXKYBATHUCS CIEIiaJbHUX TPaBIII 30epiraHus,
TPaHCIIOPTYBaHH: Ta yTrmizalii JI3, a Takox peaizoByBaTu
(apManeBTUYHY MPOIYKIIIO 3 JOTPHMAHHSAM TaKUX BUMOT
(ct. 14 3akony Ne 1023-XII).

Buxozs141 3 KOMIUIEKCHOTO XapakTepy IIpaBoBOTO PEryITio-
BaHHs JIOTOBOPY PO3IPiOHOT KyMiBIi-IIPOAAKY, CIIPOOyEMO
KJIacU(iKyBaTH BUIM BiAMOBITAIBHOCTI 32 1Or0 HeBUKOHAH-
Hs1 00 HEeHaJIe)KHE BUKOHAHHSL.

Tak, 3rizgHo 3 3akoHoM Ne 1023-XII, nependadeHi Taki BUgu
BiZITOBITAIFHOCTI MPOAABIL (B HAIIOMY BHIIAJIKy — aITey-
HOTO 3aKJIa/Ty) 3a OPYIICHHS BUMOT JOTOBOPY PO3IpiOHOT
KymiBmi-ipopaxy JI3:

— 3a BHTOTOBIJICHHS a00 peaii3allifo MpoayKIii, o He
Bi/INIOBI/Ja€ BUMOT'aM HOPMaTHBHO-TIPABOBHX aKTiB CTOCOBHO
Oe3mnekn JUIs JKUTTS, 310POB’Sl Ta MaifHa CIIOXKMBadiB 1 Ha-
BKOJIAIIHBOTO MPUPOHOTO cepeaoBuia — y po3mipi 300 %
BapTOCTI BUTOTOBJICHOI a00 OfieprKaHoT /st pealtizaii mapril
TOBApY;

— 3a peai3alliio MPOAyKIlii, 3a00pOHEHOI BiAMOBIIHUM
Jiep>KaBHIM OPTaHOM JJIsl BUTOTOBJICHHS Ta peaizatii (Bu-
KOHaHHS, HafgaHHs), —y po3mipi 500 % BaprocTi oneprkaHoi
JUTA peatizaliii maprii ToBapy;

—3a peaizawito TOBapy, CTPOK MIPUIATHOCTI SIKOTO MUHYB,
—y po3mipi 200 % BapTOCTI 3aJIMIIKY OJIEp>KaHOT ISl peajti-
3a11ii mapTii ToBapy, aje He MEHIIIE HiK 5 HEOoIaTKOBYBaHUX
MIHIMYMIB JIOXOJIiB TPOMa/IsTH.

BianoBigaipHICTh 32 HOPYILEHHST YMOB JOTOBOPY pO3apio-
HOT KyTiBJi-niposiaxKy rnepeadaueHa crarreto 711 LusinbHOTrO
KOZIeKCy YKpaiHH, sika 3a CBOIO MPHUPOIOIO € BiJICHIILHOIO,
OCKUIbKH BCTaHOBIIIOE, 110 IIKOZA, 3aBIaHa MaiHy ITOKYTI-
I, Ta [IKOJA, 3aBJaHa KaJITBOM, IHIIMM YIIKOJUKCHHSM
370poB’si 200 CMEPTIO Y 3B 513Ky 3 IPUAOAHHSIM TOBApY, LIO
Ma€e HEIOMIK, BIIIIKOIOBYETHCS BIAMOBITHO IO TOJNIOKEHB
maBu 82 [IKY.
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BpaxoByrouu miiBuIiicHA piBeHb HEOE3MEKH IS 30POB’sI
Ta XKUTTSI CIIOXKMBAya B pasi KyIiBili HUM HEsIKICHOT (apmarie-
BTHYHOI POYKIIT ((anbCcudikoBaHOT, TEPMiH IPUAATHOCTI
J00ir KiHmg, 30epiranacs abo TpaHCIIOPTyBajach i3 MOpy-
LIEHHSM BCTAaHOBJIEHHX IPABHJI Ta HOPM TOILO), HACTAHHS
IIKIUTMBAX HACTIJKIB, SK-OT KANIITBA, 1HII YITKOIPKCHHS
3II0POB’sl 200 CMEPTh BiJl BKUBAHHS TAKHX JIIKIB, I[LITKOM
IMOBIpHE, TOMY aKTyaJIbHUH 1 HEOOX1THHI aHaITi3 OCHOBHUX
nosiokeHb TaBu 82 LIKY B pasi mopyIIeHHS YMOB JIOTOBOPY
po3apioHOT KymiBmi-ipoaxy JI3.

OCHOBHI HOJIOKEHHSI [IbOTO PO3IILTY:

— ¢iznuHa abo ropuanvHa 0coda, sika 3aBalia IIKOAN
KainTBOM a00 1HIIUM YIIKOMKEHHSM 370pOB’S (hi3UUHiH
0c001, 3000B’sA3aHa BiIIKOLYBaTH MOTEPITIIIOMY 3ap00iTOK
(moxiz), BTpadeHN HUM BHACHIZIOK BTPaTH 91 3MCHIIICHHS
mpodeciifHoi abo 3araibHOI MPaNe3aaTHOCTI, a TAKOXK Bij-
IIKOYBAaTH JOJATKOBI BUTPATH, BUKIMKAHI HEOOXiTHICTIO
TIOCHIJICHOTO Xap4yBaHHs1, CAHATOPHO-KYPOPTHOTO JIIKyBaHHSI,
MpuAOaHHS JIIKIB, IPOTE3yBaHHS, CTOPOHHBOTO JIOTIISIAY
TOILIO;

— MIKOJA, 3aBlaHa KaTIITBOM, IHIIUM YIIKOJKCHHSIM
310pOB’st a00 cMepTIO (HI3UUHOI OCOOH i YaC BUKOHAHHS
HEIO JIOTOBIPHUX 3000B’s13aHb (JIOTOBip TIEpEBE3EHHSI TOIIO),
TiUIATa€e BiTIIKOTYBAHHIO Ha TiJICTaBax, BCTAHOBICHHIX
crartamu 11661 1187 LIKY;

— Crarrsa 1166. 3aransHi mijcTaBy BIAMOBIIAIBHOCTI 3a
3aB/laHy MaifHOBY IIKoy. MaifHOBa IIKO/1a, 3aB1aHa Herpa-
BOMIPHUMH PIIIICHHSIMY, TiSIMU 91 OC311UTHHICTIO 0COOUCTHM
HEMalfHOBUM ITpaBaM (i3n4yHOT a00 FOPUIUIHOI 0cO0H, a Ta-
KOX IIKO/1a, 3aB/1aHa MaiiHy (iznyHoi 200 FopuanYHOT 0co0H,
BIJIIIIKOJIOBY€ETHCSI B TOBHOMY 00Cs131 000010, siKa ii 3aB/iaa;

— Crartsa 1187. BiamkoayBaHHs IIKOIH, 3aBAaHOI JKe-
penoM migBuiieHoi HeOe3neku. JkepenoM miaBUIIeHOT
HEOE3MeKN € MiAIbHICTh, MMOB’A3aHa 3 BUKOPUCTAHHAM,
30epiraHHsaM a00 yTpUMaHHSM TPAHCIOPTHUX 3aC00iB,
MeXaHi3MIB Ta 00JIaTHAHH:, BUKOPUCTAHHAM, 30epiraHHsIM
XIMIYHHX, paJll0aKTHBHHX, BUOYXO- 1 BOTHEHEOE3EYHUX Ta
IHIINX PEYOBHH, YTPUMAHHSAM JUKUX 3BIpiB, CIIy>KOOBHX
cobax Ta cobax OIHIIIBCHKHX TTOP1J TOIIO, 10 CTBOPIOE TiJI-
BHIIEHY HeOe3IeKy Il 0COOU, SIKa 1110 AiSUTbHICTb 31HCHIOE,
Ta IHIIHX 0Ci0.

OTxe, CaHKIIIi 32 TOPYIIIEHHS YMOB IIUBITEHOTO IOTOBOPY
po3apidHoi KymiBmi-ipogaxy JI3 MoKy Th mepenoadaTH CTsr-
HeHHA (ikCoBaHUX (pO3Mip SIKMX BH3HAUCHHH y IOTOBOPI
a00 3aKoH1) TPOMIOBHX cyM (IITpadiB) ad0 BiIIIKOAYBAHHS
30HTKIB, KOTPI 3aITOisTHI iHIIIII CTOPOHI TOTOBOPY BHACIIIOK
TIOPYLIEHHSI HEI0 YMOB JIOTOBOPY 200 HOPM YMHHOTO 3aKO-
HozmaBcTBa. Kpim Toro, Ha mMijicTaBi aHamizy KOHCTaTyeEMO
MOXIIMBICTh TO€JIHAHHS B PaMKax JOTOBOPY pO3JpiOHOT
KymiBii-niponaxy JI3 noroBipHoi Ta HelOrOBIpHOI BiAMOBI-
nanpHOCT. ToMy akTyanbHHM € 3°sICyBaHHSI TEOPETUYHHX
ACTIeKTIB CITiBBIIHOIIICHHS IOTOBIPHOI Ta JENIKTHOI Bi/IO-
BiJATTBHOCTI Y (papMarieBTH4IHIN cdepi.

Ilo3anoroBipHa (aeaikTHa) BigmoBigZaJbHiCTDH Y
(hapmanesTuuniii cepi. Ha BiqmiHy Bif TOTOBipHOI, BiIO-
BIAJIBHICTD JETIKTHA HACTAE Y BUITA/IKaX, KOJIHM MOPYIIHUK
He nepeOyBae B JJOTOBIPHHUX BIJIHOCHHAX i3 MOTEPIILIOO

CTOPOHOI0. AJie Ha MPAKTHII JOBOJII YaCTO BHHHKAIOTh
CHUTYyallii, KOJIM JOTOBIpHA Ta JCTIKTHA BiOBIAAIBHOCTI
noeanytoTbes. Y pocmimkenni 1. . CeHiorn omucano
MEXaHI3M CITIiBBIIHOIICHHS JIOTOBIPHOI Ta 1M03a0TOBIpHOT
BIZITOBITAIFHOCTI B paMKaxX JOTOBOPY HaTaHHS MEIMYHOL
moromord [13]. ABTOpKa JOBOAWTH: SIKIIIO BHACIIIOK HE-
HaJIaHHS YU HEHAJIEKHOTO HAJaHHS MEIUYHOI OITOMOTH
MAI[iEHTOBI OyNa 3aBmaHa IIKOAA KaJTilTBOM a00 1HITUM
YIIKOPKEHHSIM 3/I0pOB’Sl Ta MaB MicCIle yKJIaJIeHHI JTOTOBIp
NpO HaJaHHS MEAMYHUX IOCIYT, IOTOBIpHA Ta JENIKTHA
BIINIOBIAAJIBHICTH MOEAHYIOThCs. KoM BiIIIOBITHUI TOTOBIp
HE YKJIaJIeHO, a LIIKOJIa KaJIil[TBOM 200 1HIIHNM YIIKOKEHHSIM
3JI0pOB’sI IOTEPITIOMY 3aBllaHa, HACTYTIAE TIJIBKH JIETIIKTHA
BIAITOBIAAIBHICT.

SlckpaBuii IPUKIIa] HEAOTOBIPHUX BiTHOCHH MDX alTed-
HUM 3aKJIa7oM B 0c001 @@ i marfieHToM — BiJIHOCUHH, IO
BUHHKAIOTh Ha €Tarax 3IiiCHeHHS (hapMaIieBTHYHOI OITiKH.
3a Bu3HaueHHsM 1. A. 3ynanus, GpapmareBTHYHA OITiKa — I1e
KOMIIJIEKCHA MIporpama B3aeMOIil MPOBi3opa Ta MallieHTa
(mpoBi3opa Ta JiKaps) MPOTATOM yChOTO TEPiOAy MeIHKa-
MEHTO3HOT Tepaltii, OYNHAIOYH 3 MOMEHTY BIJITYCKY JIKIB
JIO TIOBHOT'O TIPUITMHEHHS! iX 1il [14].

OO — oxHa 3 ueHTpaNIbHUX GIryp y cdepi 0XopoHH 3710-
poB’s. Peaii chorofieHHs cBia4arh Mpo 0araroBEKTOPHICTH
HOTO MiSUTBHOCTI Ta KOMIIETEHIIiH, 0 He 0OMEXYIOThCS
BiIITyCKOM (papMarieBTUIHOI MMPOIYKIIii 800 BUTOTOBICHHSIM
JI3. Sl 3a3naueno B Hanexwiit anteuniit npaktuii (HAIT),
npodecis papmaneBTa HUHI PO3BUBAETHCS YUMATHMHU
TEMIIaMH, HOBI POJIi IPONOHYIOTHCS, IPOTOJIOUIYIOTHCS
HE TUIBKU BJacHe mpodeciero, ajne i IHIUMH MEIHYHUMHU
npodecioHaaMu Ta HallOHAJTBHUMH, MIKHAPOIHUMHU
opranamu i ycranoamu [15]. lomoBna Bumora HAII —
JIOTIOMOTa TIAIlIEHTaM MO0 HAWKPAnoro ta e(heKTUBHOTO
3actocyBaHHA JI3. OgHUM i3 TOJTOBHUX HANpPSAMIB IIOA0
JIOCATHEHHS 1Ii€1 METH € HaJaHHS BiAMOBIIHOI iHpOpMarIii
Ta KOHCYJIBTAIlii MAIlieHTaM, BBSJICHHS JIiKiB — 32 ITOTPEOH,
MOHITOPHHT e(eKTy JIKapChbKUX 3aco0iB. Bimomo, mo He
3aBK/IU CHUIKYBaHHS ITPOBI30pa Ta Mali€HTa 3aBEPIIy€eThCS
peaizaliito Toro 4u iHILIOro JiKapchkoro 3aco0y. HaBnakwu,
KO’KEH 13 IMPOTOKOJIIB IpoBi3opa ((papmarieBra), 1o 3arBep-
JokeHi HakazoM MO3 Bix 11.10.2013 p. Ne 875, nependauae
YITKUI aropuT™ (GapMalieBTHYHOI OMIKKA B PaMKax SIKOTO
3a MeBHUX 00CTaBUH peaizartis JI3 BUKIItoueHa, a marmieHTa
HAIPaBJIAIOTH JI0 JIKAPS U yTOYHEHHS JiarHo3y. B acmekTi
HOPMAaTHBHO-IIPABOBOTO peryioBaHHs Taki aii @D — fioro
npodeciitai 000B’s13ku. OTxe, 11 BitHOCHH O i mamieHTa
(abo ocobwu, sika MpeCTaBIsie HOro iHTEepecH) XapakTepHi i
JIOTOBIpHI, 1 HeOTOBIpHI MpaBoBigHOCHHY. [1i yac 1 THX, 1
THIIMX TPATUISIIOTHCS BUIA IKH HEHAIC)KHOTO BUKOHAHHSI CTO-
pOHamMH CBOTX 000B’SI3KiB, HEIIPABOMIPHOT ITOBEIIHKH TOIIO.

3 Teopii HUBUILHOTO MpaBa BiJOMO, [0 MPABOBIIHOIICH-
Hsl, SIKe BUHUKAE 3 TiACTaB, 10 He Tepea0adeHi J0roBOpoM,
B SKOMY OIHa CTOpoHa (OOP)KHHK) 3000B’A3aHA BUMHHUTH
Ha KOPHUCTH JPYTOi CTOPOHU (KpemuTopa) MeBHY Iifo abo
YTPUMATHUCS BiJ] TaKol [, a KPSTUTOP Ma€ MPaBO BAMAraTu
BiJl OOp)KHUKA BUKOHAHHS HOTO 00OB’SI3KYy, HA3HMBAETHCS
HemoroBipHuM [16]. OTxe, BiqHOCHHN MixK O 1 manieHTOM
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ITi/1 YaCc BUKOHAHHS aJITOPUTMY (papMalieBTHYHOI OIiKH JI0
erarty peajizaii JI3 B acniekTi 30py IIMBLJIBHOTO [TpaBa MAIOTh
XapakTep HEAOTOBIpHUX. TOMY IPOTHUIIPaBHE 3aroisTHHS
IIKOJM TAIIEHTY (CMOKMBAdy) B TAKUX BiJHOCHHAX CIIPH-
YHHSE JETIKTHY BiAMOBITaIBHICTD.

IIpaBoBorO 6a3010 JAEMIKTHOI BiAIIOBiNATBHOCTI € TiaBa
82 LIKYV. 3rigno 3i crarrero 1166, it NpUTATHEHHS 10 BiJIl-
TIOBIIATEHOCTI MOPYIIHUKA HEOOXi/Ha CYKYIHICTb O3HAK:
HAsIBHICTb IITKOJTH, TPOTUIIPABHICTH JTiif 1 MPHYMHHO-HACIIJI-
KOBHIA 3B’S130K MK IPOTHITPABHUMH JIISIMU Ta IIKOZOM0. B
KOHTEKCTI LILOTO AOCIIJDKEHHSI BUHUKAE TUTaHHSI IIPO T€, YK
MOKJTMBE 3aIT0IiSTHHSI IIKOIU YKUTTIO Ta 30POB’ O TaIliEHTa
(cnoxuBava) mig vac 3aiicHeHHs OO dapmaneBTHIHOL
omiky. Po3mIssHEMO 1Ie Ha MPHKIIaAl IIPOTOKOIY TPOBizopa
(papmarieBTa) mim wac Bimmycky Oespenentyprux JI3 must
CHMIITOMATUYHOTO JIIKYBAHHS aJleprii.

Tak, m. 6 IIpoTOKOIY MICTHTH BHYCPIHHN MEPETIK iH-
dopmartii, siky DD 3000B’s13aHMI HAAATH TALIEHTOBI (HOTO
TipesicTaBHMKOBI ). HenaanHs Taxoi iHopmarii abo HajaHHs
il B HEMOBHOMY 00CsI31 Hece 3arpo3y 3aroJisIHHS KON
3I0POB’I0 UM HABITh KXUTTIO JroquHu. Hanpuknan, OO
3000B’s13aHUI TIPOIHGOPMYBaTH Malli€HTa/TIPEACTaBHUKA
MaIieHTa, Mo aHTUTICTaMiHHI npenapary | ToKoIiHHS He
3aCTOCOBYIOTh B 0Ci0, MisIIBHICTD SKUX MOTpedye MIBUI-
KOi peaxirii, KOOpIMHAIl PyXiB i OCHIICHOI yBaru (BOii,
OIIEpaToOpH TOIIO), 6O OYEBUIHO, IO MOXE CIPHUIMHUTH
HexTyBaHHs Takoro iH(popmartiero — JITII, BupoOHuui aBa-
pii, TpaBMu. IrHOpyBanHs iH(OpMaNii Ipo Te, M0 MaCIsHI
PO3YMHHM Ha3aJIbHHUX Kparielib He 3aCTOCOBYIOTh Y JITeH 710
2 pOKiB MOJKE IIPU3BECTH JI0 PO3BUTKY ITHEBMOHII. JleTanbHi
HACJIJIKK MOKE CIPUUMHHUTH HETIOBIJOMIICHHS IMalli€eHTa
Ipo Te, 10 CHUMIIaTOMIMETHUKH HE TPH3HAYAI0Th 0c00aM,
AKi MalOTh MTOPYIIEHHS MO3KOBOTO KPOBOOOITY, CEpIIeBOrO
PUTMY, TIPH BUPaKCHOMY aTepockieposi. OTxe, HeHaJIeKHe
BrukoHaHHSI O BUMOT IPOTOKOITIB IPOBi30pa (papmarieBTa)
Ta anropuT™My (hapMaleBTUYHOI OMIKH i Yac JTiKyBaHHS
3aXBOPIOBAHb 3aBJIa€ MPSIMOI 3arpO3H 310POB’I0 Ta JKUTTIO
MaIi€eHTa. A B KOHTEKCTI HABSJICHUX MPHUKIIA/IB 1 3 TOTIISITY
LUBIJIBHO-TIPABOBOI XapaKTEPUCTUKH BiIIOBIJaJIbHICTE 32
3aMoJIisHY KOy Oy/ie came JCTIKTHOI (1103a0TOBIPHO0)
B (hapMarieBTHYHII IpaKTHIL.

Jlocmikyroun muTaHHs 000B’sI3KOBOTO BUKOHAHHS
BHUMOT TIPOTOKOJIIB, BUMAJKIB TOPYIICHHS IUX BUMOT abo
B3arajii HeBUKOHAHHS JITOPUTMY (papMarieBTHIHOI OITIKH,
Ha Hally TyMKY, CJIiJl BU3HAYUTHUCS 3 TIPABOBUM CTaTyCOM
LIOTO JIOKYMEHTa Ta XapaKTEPUCTHKOIO HOr0 HOPM B aCTIeKTi
000B’SI3KOBOT0 BUKOHAHHSI aIlITEYHIMH 3aKJI1a/1aMH Ta IXHIMH
MIpaI[iBHUKAMH.

3 Teopii npaBa BiZIoMO, 1110 32 METOIOM TIPaBOBOTO PETy-
JIFOBAHHSI PO3PI3HSIOTH IMIIEPATHBHI Ta IUCIIO3UTHBHI HOPMHU
npasa. IMrepariBHI HOpMH NEpe0aYaI0Th KATErOPUYHI PO3-
TTOPSKEHHSI, KOJIM CY0’ €KTH HE MArOTh IIPpaBa BiJICTYIaTH Bif|
BH3HAYEHOI OBEIIHKH Ta HE MAIOTh IIpaBa 3MIHIOBATH TaKi
npunmcy. [Ipukiaz iMmepaTnBHOT HOPMH Y (papMarieBTHIHO-
My TIpaBi — 9actuHa repmia crarti 10 3akony Yipaiau «IIpo
JIiKapchKi 3200wy, IO 103BOJIsI€ BUPOOHUIITBO JI3 pisndHu-
MU 200 FOPUIIUYHIMHI 0cO0aMHU TUTHKHU Ha IMiJICTaB1 JIIIECH3I1,

1110 BUJIAETHCS B ITOPSIIKY, BCTAHOBJICHOMY 3aKOHOJIABCTBOM.
BiamnosisiHO, MOpyLIeHHS IMIIEpaTUBHUX HOPM CIPUYHHSIE
IOPUINYHY BiMOBIIANBHICT.

JIMCcTIo3UTHBHOIO € HOpMa, IO BKa3zye MEBHHUH BapiaHT
TIOBEIIIHKH, aJie J]A€ 3MOTy Cy0’ €KTy caMOMy 00paTh OaskaHmi
BapiaHT Aiif. Taki HOpMU MArOTh pEKOMEH/IAIIHIIT XapaKTep,
aJDKe JEMOHCTPYIOTh BapiaHTH OakaHoi 3 OOKy Jiep)kaBH
MOBEIIHKY Cy0 ekTiB. Bubip Ti€i un iHII01 MOIENi moBeIiH-
KU B [IbOMY BHIIJIKy € ITPaBOM Cy0 €KTa Ta HE CIIPUYHMHSE
BiMOBIAAIBHICTE.

AJropuTM 3JiiCHeHHs! (papMaleBTHYHOT OITIKK TIiJ| Yac
CHMIITOMATHYHOT'O JTIKyBaHHsI 3aXBOPIOBaHb 3a(hiKCOBaHUI y
BIZIMOBITHUX MTPOTOKOJIAX, IO 3aTBepKeHi HakazoM MO3 Bij
11.10.2013 p. Ne 875[17]. [TyHKTOM APYTUM HaKa3y KepiBHU-
KaM anTeqyHNX 3aKJIa/[iB PEKOMEHIOBAHO BUKOPHCTOBYBATH y
TIPAKTUYHIH JIsTTEHOCTI MTPOTOKOITH MPOBi3opa ((hapmarieBTa)
K iHQOpMaIiitHui ociOHUK. TepMiH «pEeKOMEHTyBaTI
(cuHOHIMM — panuTH, nponoHyBaru [18]) 3a 3micToM He
Hece IMIepaTHBHOTO MPUITHCY, 000B’SI3KOBOT BUMOTH Jiep-
JKaBU OO MiAKOHTPONBHOTO cy0’ekra. HaBmaku, Taknit
TEPMIH POOUTH JICTAJILHOIO MOBEIIHKY ITPU 000X BapiaHTax
MOBEIIHKH, SIKYy 00epe Cy0’€KT, — MPUITHATH PEKOMEHIALT
4yu He BpaxoByBar. OTxe, 3 MOmIsLAy (HOpMaIbHOT JIOTIKH,
BIZIITOBITANTBHICTh 0 aNTEYHHUX 3aKIAMIB, SKi HE JOTpUMa-
JIICh pEeKOMEHIAMiH, M0 MICTAThCA Y 1. 2. Haka3zy Ne 875,
HE 3aCTOCOBYETHCS.

OnuH 31 cueriadbHUX MPUHIUIIB HOPMOTBOPUYOCTI —
CHCTEMHa IOTOJDKEHICTh, TOOTO Y3TO/UKEHHS YXBaJIECHOTO
HOPMAaTHBHO-IIPABOBOTO aKTa 3 YNHHHMH, 30KpeMa 3 MiXk-
HAPOJIHO-TIPABOBUMH aKTaMH. I3 IMX MO3HUIIIA penaKilis 1. 2
Haka3y Ne 875 € He 30BCIM KOPEKTHOIO.

Taxk, 29 6epesns 2002 p. mignucano Hakaz MO3 Ne 117,
SIKUM 3aTBep/pkeHo JIOBiTHMK KBamidikalliiHUX Xapakre-
puctuk npodeciii mpariBHUKIB — Bumyck 78, «Oxopona
3M0pOB’s1». JIOBITHUK — HOPMATHBHUI JOKYMEHT, 000B’sI3-
KOBHUH 13 ITUTaHb YIPABIiHHS IEPCOHAIOM Ha MiIPHEM-
CTBaX, B yCTAaHOBAaX, OPraHizalisfx ycix (hopM BIacHOCTI Ta
BH/IB €KOHOMIUHOI JisTbHOCTI. JIOBITHUK € OCHOBOIO IS
PO3pOOIICHHSI TTOCAAOBUX IHCTPYKIIN NpariiBHUKaM, SKi
3aKPITUTIOIOTh TXHI 000B’SI3KH, IIpaBa Ta BiIMOBIIAIBHICT.
OTKe, B aCMEKTI TPYIOBOTO MPaBa MOJIOKEHHSI, 110 MICTSITHCSI
B JIOBIJTHUKY, 00OB’SI3KOBI JJIs1 BUKOHAHHS POOOTOIABIIIMHU
Ta mpamniBHEKaMHu. Y posnini «IIpodecionanu B ramysi
thapmarii» JloBinanka Ne 78 oHIM 3 OCHOBHHX 000B’SI3KiB
MPOBi30pa BU3HAYEHO 3a0e3MeUeHHs HaleKHOI (apmarie-
BTHYHOI OITIKM XBOPHUX IIiJ 9aC BIiMITYCKy Oe3perenTypHIX
JIKapChKHUX Ipernaparis.

ono dapmarnerta, To B po3aini «Daxismi» JoBigHnka
Ne 78 000B’s13k0M BU3HAUCHO MPUIHATTS Ta peaizariiro JI3,
IO MiUIATalTh BIAMYCKY 0€3 PElEeNnTiB 3TiHO 3 YHHHUM
3aKOHOJABCTBOM. be3yMOBHO, /10 YMHHOTO 3aKOHO/IABCTBA Y
[ILOMY BUITAJIKY HaJIOKHUTh Haka3 Ne 785, a Tomy iioro BumMoru
TaKO)K 000B’S3KOBI /IIsI BUKOHAHHS (hapMaIleBTaMH.

OTmxe, BUMOTH Hakazy No 875, SKUM BCTaHOBJIEHO ajro-
puTM (hapMalieBTHIHO]I OTTiKH, 000B’ SI3KOBHH JUIsl BAKOHAHHS
OD, a B pa3i HEHAICKHOTO BUKOHAHHS a00 HEBHUKOHAHHS
BUMOT IbOT0 HaKa3y, sIKi IIOTSIIIN 32 COOOFO MIKOY JUISl KUTTSI
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Ta/ab0 3110pOB’ s NAIi€HTa, JUIs TOPYIIHUKIB HACTAE JIETIKTHA
IUBITBHO-TIPABOBA BIAMOBINANBHICTE. Jl0o ocobmmBOCTEH
JICITIKTHOT IIMBIIBHO-TIPABOBOI BIINOBIIAIBHOCTI y (hapma-
LEBTUYHOMY CEKTOPI HAICKUTH IEPEIYCIM IMITEpaTUBHICTh
HOPM, 32 SKMMH BiJIIKOJOBYETHCS 3aIOAIsIHA LIKOJA Ta
HEMOKJIUBICTD BiIIHTH BiJ TIOJOXKCHb HAa3BaHUX HOPM (Ha
BiZIMIHY BiJl OToBipHOI BinnoBinambHocTi). Tak, ct. 1195
MICTHTb IMITEpaTHBHI MIPUTIFICH IIOI0 OOCATY Ta 3MICTY BijI-
IIKOJTyBaHHs 0CO0OI0, siKa 3aBJajia KoM KaJilTBOM abo
THIITIM YIITKOJDKEHHSM 3/I0pOB’ S TOTEpIiiii ocobi. pyra
0COOJIMBICTh JICTIKTHOI IIUBLUILHO-TIPABOBOI BiIIOBIAAIb-
HOCTI ¥ (papMarieBTHIHOMY CEKTOPi — BiJIXi BiI IPHUHIIHITY
nepcoHaii3amnii IpUINYHOT BiJIIOBIJAIBHOCTI, a/pke 3a
ct. 1172 IKY, ropuandara abo ¢izngaa ocoda BIAMIKOIOBYE
HIKOY, 3aBJaHy IXHIM IPAIiBHUKOM IIiJi 4aC BUKOHAHHS
HUM CBOIX TPyIOBHX (CIIy>kO00BHX) 000B’s13KiB. TpeTst oco-
OJIMBICTB JISNIIKTHOT BIIIOBIAJILHOCTI Y (hapMarieBTHUHOMY
CEKTOPi — MOKJIMBICTh HACTAHHSI BiIIIOBITaIbHOCTI O¢3 BUHU
0co0u, siKa 3arnoisuia MKoau. Y [[bOMY BHIIQJKY 3 TTO3MILIH
LUBLJIBHOTO TPaBa HATOJIOIIYEMO HA BU3HAYCHHI OKPEMHX
rpyn JI3 sik [pkepena mijiBUIICHOT HeOe3MeKH, BiAMOBIIHO,
BiJIITKOTYBaHHS TAKO1 KO/ BinOyBaeThest 3a cT. 1177 LIKY.
Citiz 3a3HAYUTH: IATAHHA 1040 BU3HAYeHH: JI3 K mKe-
perna miIBUIICHOT HeOE3IEKH € TOBOJII CYTIePEWINBUM, TOMY
MOTPIOHE TPOIOBKEHHSI TUCKYCIi 3 i€l mpoonemu. Buxonu-
Mo 3 Toro, o LIKY y ct. 1187 nependauennii HeBU4epItHuit
MepesiK BUIIB TiSUTBHOCTI, IO € /PKEPEIOM ITiABHIICHOT
HeOe3neku. [103n11is 3aKoHOIaBIS HUTKOM 3p03yMiIa, aJpKe
peatii TeXHOJIOTIYHOTO Ta HAyKOBO-IIPOMHUCIIOBOIO ChOTO-
JICHHSI CBITYaTh MPO MOSBY HOBUX 00’ €KTIB 1 HAJICKIIAHIX
TEXHOJIOTIH, B3aEMOIisl 3 IKHMHU, BUPOOHHUIITBO Ta peaiza-
1isl KOTPUX MOXKYTh MAaTH MOTEHIIIIHY 3arpo3y 3arto/isTHHS
IIKOJM IS CTIOKHMBadya, HaBITh Y pasi JOTPUMAaHHS BCiX
nependaueHX HOpM Oesreku. Yu cTocyeThes e chepu
00iry JI3? be3ymMoBHO, Tak. MU HiATPUMYEMO ITOTIISIIT TAKUX
aBropiB, sk C. b. Bynena, sika Bi3Ha4ae, 1110 MIKO/IA, 3aMO/is-
Ha cubHOIFoYrME JI3 (MOpdiii, KOKaTH TOIIO), BIAMOBITHO
1o ct. 1187 LK BiIIKkomoBy€ThCst HE3aIeKHO B BuHH [17];
C. B. AHTOHOB, SIKHH K JDKepeTa i IBUIICHOT HeOe3MeKn y
cepi MEIMIHOI TisUThHOCTI BU3HAYAE CHITHHOIIFOU1 JIIKAPCHKI
npenapary [ 18]. BpaxoByroun, 1o mopyIreHa npodieMarrika
BUXOJUTH 38 MEXK1 METH I[i€1 CTATT1, HUTAHHS OO I[UB1Ib-
HO-TIPaBOBOTO OIiHIOBaHHS JI3 sK pkepena miABHICHOT
HeOe3neKy OylyTh BUCBITIICHI B HACTYITHHUX ITyOTiKallisx.

BucHoBKkuM

1. lluBibHO-TIpaBOBA BiAMIOBINAIBHICTD — OUH i3 TIEBUX
3axoJ1iB 3a0e31eueHHsI KOHCTUTYIIIITHOTO MpaBa rpoMajisiH Ha
JOCTYIHI, Oe3meyHi Ta sikicHi JI3.

2. 3 MO3uIIiif MUBLILHOTO IIpaBa PO3PI3HSIOTH JOTOBIPHY
Ta HEJOTOBIpHY (IENIKTHY) BiMOBIIAIBHICT y (hapmarie-
BTHYHIN cdepi.

3. Busnauenns mpaBoBoro crarycy OO sk onHiel 3 1eH-
TpabHUX QIryp y cdepi OXOpOoHH HEOOXiTHE TSl TPABUIIBHO-
TO BU3HAYEHHS BUY IMBUILHO-TIPABOBOI BIANIOBIIAJIHOCTI.

KoHdonikT iHTepeciB: BiaCcyTHIN.
Conflicts of interest: author has no conflict of interest to declare.

BinomocrTi npo aBTopa:

Anekcees O. I, kaH. dhapM. Hayk, AOLIEHT, 3aB. kad. coLlianbHoi
MEeAMLMHI, TPOMAACLKOrO 340POB’S, MEANYHOrO Ta hapMaLEeBTUHHOMO
npasa, 3anopi3bkuii AepxaBHU MeanyHWA YHiBepeuTeT, YkpaiHa.
ORCID ID: 0000-0003-4947-4998

Information about author:

Aleksieiev O. H., PhD, Associate Professor, Head of the Department
of Social Medicine, Public Health, Medical and Pharmaceutical Law,
Zaporizhzhia State Medical University, Ukraine.

CBepfieHus 06 aBTOpE:

Anekcees A. I, kaHg. hapM. Hayk, JOLEHT, 3aB. kad. counanbHom
MEONLMHBI, OBLLECTBEHHOTO 3[0POBbSI, MEAWLIMHCKOTO 1
(hapmaLeBTNHECKOro npaBa, 3anopoXCKWiA rOCYAaPCTBEHHDIN
MEOMULIMHCKUIA YHUBEPCUTET, YKpanHa.

Cnucok nitepatypu

[1] TpwbaHos B. M. OcywiecTBnEHUe 1 3alumTa rpaxgaHckux npas. Mo-
cksa : CtatyT, 2000. — 411 c.

[2] TpaxgaHckoe npago : yuebHuk. B2 7. T. 1/ nog peg. E. A. CyxaHoga.
Mocksa : BEK, 1993. C. 172-173.

[3] MwukntuH B. |. TeopeTnyHi acnekTn LUUBINbLHO-NPaBOBOI BiANOBIAANb-
HOCTi Ta nigcTaBy ii BUHUKHEHHS. KOpucrpydeHyusi — akmyarbHble
rpobriemMb! U Mymu CO8epWeHCMe08aHus : MOHorpadws / [aBT.kon. :
I. C. 3aposHeBa, A. M. VBaHos, A. I. KopuaruH n gp.]. Ogecca :
KYMNPWEHKO CB, 2013. C. 37-57.

[4] ®epopuyetko H. B. OcobnmeocTi LyBinbHO-NPaBOBOI BiANOBIAANBHOCTI
CTOpiH 32 NOPYLUEHHS AOroBipHUX 3000B’s13aHb 3 HaJaHHs MOCHyr.
Bronemers Minicmepcmea tocmuuii YkpaiHu. 2015. Ne 5. C. 94-101.

[6] QOepesnin B. C. LUuBinbHo-npaBoBa BiAnoBiAanbHICTb: TEOPETUYHI
acnekt. AkmyarnbHi npobnemu Oepxasu i npasa. 2009. Bun. 51.
C. 70-75.

[6] KaHsadaposa |. C. TeopeTuyHi OCHOBW LMBINbHO-NPaBOBOI Bigno-
BijanbHoCTi B YkpaiHi : aBToped. auc. a-pa topud. Hayk: 12.00.03 /
IHCTUTYT Aepxasu i npaBa iM. B. M. Kopeubkoro HAH Ykpainu. Kuis,
2007. 36 c.

[7] Mawpanuk P. A. LiysinbHo-npaBoBa BignosiganbHicTb. FOpuduyHa
gidnosidanbHicmp.: Npobremu BUKIMIOYEHHST ma 38inbHeHHs | Bian.
peg. t0. B. BayniH. [JoHeubk: MM «B[ «Kanbmiyc», 2013. C. 124,

[8] Centota |. A. LminbHo-npaBoBe perynoBaHHS BIGHOCUH Yy cdepi
HaZaHHS MeaWYHOI AONOMOTW: MUTAHHS TEOPIl | NPaKTUKK : MOHOrpa-
¢isi. JbBiB: Buaaenuuteo IOB® «MeauumHa i npasoy, 2018. 640 c.

[9] Bacunbes C. B. 3akoHogaBye 3akpinneHHs NOHATTS «dapmave-
BTWYHA AiANbHICTbY AK nepegymMoBa NiABULLEHHS ePEeKTUBHOCTI
[iepaBHOro ynpaeniHHsA B cdepi obiry nikapcbkux 3acobis. BicHuUK
XapKiecbko20 HauioHanbHO20 yHigepcumemy 8HympilHIX crpas.
2011. Ne 4. C. 7-14.

[10] LimsinbHui kopekc Ykpainu : 3akoH Ykpainu Big 16.01.2003 Ne 435-
IV. URL : https://zakon.rada.gov.ua/laws/show/435-15?lang=en#Text

[11] Mpo 3axuct npaB cnoxueauis : 3akoH Ykpainu Big 12.05.1991 Ne
1023-XIl. URL : https://zakon.rada.gov.ua/go/1023-12

[12] Centota l. A. LmBinbHo-npaBoBa BignoBiaanbHIiCTb y cchepi HapaHHs
MeanyHoi fomnomorn: okpemi acnekt. OgiyitiHut 6ronemeHb Ha-
uioHanbHoI acouiayii adsokamie YkpaiHu. 2019. Ne 7-8. C. 56-62.

[13] ®apmavueBTU4Ha eHumknonesis / ronosa pea. pagy B. 1. YepHux. 3-Te
BuUA., nepepodn. i gonosH. Kuis : MOPIOH, 2016. 1952 c.

[14] HanexHa anmeyHa npakmuka: CmaHOapmu sikocmi anmeyHux
nocnye (CninbHa HactaHoBa MO®/BOO3 3 HAIM) : MixHapogHwii
nokymeHT Big 01.01.2011. URL : https://zakon.rada.gov.ua/laws/show/
897_009%%#Text

[15] MoasipHa O. MpobnemHi NUTaHHA BU3HAYEHHS MOHATTA Ta Kna-
cudikaLii HegoroBipHUX 3060B’3aHb Y LMBINbHOMY npasi. KOpu-
OuyHul sicHuk. 2020. Ne 3. C. 226-232. https://doi.org/10.32837/
yuv.v0i3.1945

[16] Mpo 3aTBepaxeHHs npoTokoniB nposisopa (dpapmaLesrta) : Hakas
MO3 Ykpainm Big 11.10.2013 Ne 875. URL : https://zakon.rada.gov.
ua/go/v0875282-13

[17] Byneua C. [I. Micue mxepena nigBuLLeHoi Hebeanekun Npu 3aiiCHeHHi
MeAaunyHoi aianbHocTi. Adsokam. 2012. Ne 3. C.19-23.

ISSN 2306-8094

AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanYHOI Haykmn Ta npaktvku. — 2021. — T. 14, Ne2(36)

257


https://orcid.org/0000-0003-4947-4998
https://zakon.rada.gov.ua/laws/show/435-15?lang=en#Text
https://zakon.rada.gov.ua/go/1023-12
https://zakon.rada.gov.ua/laws/show/897_009#Text
https://zakon.rada.gov.ua/laws/show/897_009#Text
https://doi.org/10.32837/yuv.v0i3.1945
https://doi.org/10.32837/yuv.v0i3.1945
https://zakon.rada.gov.ua/go/v0875282-13
https://zakon.rada.gov.ua/go/v0875282-13

O. H. Aleksieiev

(8]

AHTOHOB C. B. LiuBinbHO-NpaBoBa BignoBifantHICTh 3a 3anofisiHHs
LUKOAM 300POB) 0 MPY HaZaHHI NNaTHUX MEAUYHKX NOCTIYT : aBToped.
[uc. ... kaHa. opug. Hayk : 12.00.03 / IH-T gepxasu i npaea im. Ko-
peubkoro HAH Ykpainu. Knig, 2006. 20 c.

References

(1]

(2]
(3]

[4]

(3]

(6]

(7]

(8]

(9]

[10]

(Ml

[12

[13]

(4

15

[16

(7]

(18]

Gribanov, V. P. (2000). Osushchestvleniye i zashchita grazhdanskikh
prav [Exercise and protection of civil rights]. Moscow: Statut. [in
Russian].

Sukhanov, E. A. (Ed.). (2000). Grazhdanskoye parvo. T. 1 [Civil law
(Vol. 1, pp. 172-173)]. Moscow: BEK. [in Russian].

Mykytyn, V. 1. (2013). Teoretychni aspekty tsyvilno-pravovoi vidpovidal-
nosti ta pidstavy yii vynyknennia. In Jurisprudence — actual problems
and ways of improvement. monograph (pp. 37-57). Odessa: Kuprienko
SV. [in Ukrainian].

Fedorchenko, N. V. (2015). Osoblyvosti tsyvilno-pravovoi vidpovidal-
nosti storin za porushennia dohovirnykh zoboviazan z nadannia posluh
[Features civil liability parties for breach of contractual obligations to
provide services]. Biuleten Ministerstva yustytsii Ukrainy, (5), 94-101.
[in Ukrainian].

Derevnin, V. S. (2009). Tsyvilno-pravova vidpovidalnist: teoretychni
aspekty [Civil Responsibility: Theoretical Aspects]. Aktualni problemy
derzhavy i prava, 51, 70-75. [in Ukrainian].

Kanzafarova I. S. (2007). Teoretychni osnovy tsyvilno-pravovoi
vidpovidalnosti v Ukraini: avtoref. dys. d-ra yuryd. nauk [Theoretical
fundamentals of civil responsibility in Ukraine (Doctorals thesis)]. V. M.
Koretsky Institute of State and Law of National Academy of Science
of Ukraine. Kyiv. [in Ukrainian].

Maydanyk, R. A. (2013). Tsyvilno-pravova vidpovidalnist [Civil liabi-
lity]. In Yu. V. Baulin (Ed.), Legal liability: problems of exclusion and
dismissal (p. 124). Donetsk: PP «VD «Kalmius». [in Ukrainian].
Seniuta |. Ya. (2018). Tsyvilno-pravove rehuliuvannia vidnosyn u sferi
nadannia medychnoi dopomohy: pytannia teorii i praktyky : monohrafi-
ia [Civil law regulation of relations in the field of medical care: questions
of theory and practice]. Lviv: Medytsyna i pravo. [in Ukrainian].
Vasyliev, S. V. (2011). Zakonodavche zakriplennia ponyattia «farma-
tsevtychna diialnist» yak peredumova pidvyshchennia efektyvnosti
derzhavnoho upravlinnia v sferi obihu likarskykh zasobiv [Legislative
consolidation of the concept of «pharmaceutical activity» as a pre-
requisite for improving the efficiency of public administration in the
field of medicines]. Visnyk Kharkivskoho natsionalnoho universytetu
vnutrishnikh sprav, (4), 7-14. [in Ukrainian].

Verkhovna Rada of Ukraine. (2003, January 16). Tsyvilnyi kodeks
Ukrainy [The Civil Code of Ukraine (No. 435-1V)]. [in Ukrainian]. https:/
zakon.rada.gov.ua/laws/show/435-15#Text

Verkhovna Rada of Ukraine. (1991, May 12). Pro zakhyst prav
spozhyvachiv. Nakaz vid 12.05.1991 No1023-XIl [On Consumer
Rights Protection (No1023-XI1)]. https://zakon.rada.gov.ua/laws/
show/1023-12#Text

Senyuta, I. Ya. (2019). Tsyvilno-pravova vidpovidalnist u sferi nadannia
medychnoi dopomohy: okremi aspekty [Civil liability in the field of
medical care: some aspects). Ofitsiinyi biuleten Natsionalnoi asotsiatsii
advokativ Ukrainy, (7-8), 56-62. [in Ukrainian].

Chernykh, V. P. (Ed.). (2016). Farmatsevtychna entsyklopediia [Phar-
maceutical encyclopedia (3rd ed.)]. Kyiv: MORION. [in Ukrainian].
Verkhovna Rada of Ukraine. (2011, January 1). Nalezhna aptechna
praktyka: Standarty yakosti aptechnykh posluh (Spilna nastanova
MFF/VOOZ z NAP) [Good pharmacy practice: Quality standards for
pharmacy services]. https://zakon.rada.gov.ua/laws/show/897_009#-
Text

Podvirna, O. (2020). Problemni pytannia vyznachennya poniattia ta
klasyfikatsii nedohovirnykh zoboviazan u tsyvilnomu prav [Problems
of definition of the concept and classification of non-contractual obli-
gations in civil law]. Yurydychnyi visnyk, (3), 226-232. [in Ukrainian].
https://doi.org/10.32837/yuv.v0i3.1945

Ministry of Health of Ukraine. (2013, October 11). Pro zatverdzhen-
nia protokoliv provizora (farmatsevta) : Nakaz MOZ Ukrainy vid
11.10.2013 No. 875 [About the statement of protocols of the phar-
macist (pharmacist) (No. 875)]. https://zakon.rada.gov.ua/rada/show/
v0875282-13?lang=en#Text

Bouletsa, C. (2012). Mistse dzherela pidvyshchenoi nebezpeky pry
zdiisnenni medychnoi diialnosti [Place of a source of promoted dan-
ger during the conducting of medical activity]. Advokat, (3), 19-23.
[in Ukrainian].

Antonov S. V. (2006). Tsyvilno-pravova vidpovidalnist za zapodiyannya
shkody zdoroviu pry nadanni platnykh medychnykh posluh. Avtoref.

dys. kand. yuryd. nauk [Civil liability for harm to health in the provision
of paid medical services (Candidate’s thesis)]. V. M. Koretsky Institute
of State and Law of National Academy of Science of Ukraine. Kyiv.
[in Ukrainian].

258

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTvku. — 2021. — T. 14, Ne2(36)

ISSN 2306-8094


https://zakon.rada.gov.ua/laws/show/435-15?lang=en#Text
https://zakon.rada.gov.ua/laws/show/435-15?lang=en#Text
https://zakon.rada.gov.ua/go/1023-12
https://zakon.rada.gov.ua/go/1023-12
https://zakon.rada.gov.ua/laws/show/897_009#Text
https://zakon.rada.gov.ua/laws/show/897_009#Text
https://doi.org/10.32837/yuv.v0i3.1945
https://zakon.rada.gov.ua/go/v0875282-13
https://zakon.rada.gov.ua/go/v0875282-13

OpwriHanbHi gocnimxeHHs @ Original research

Research of ethics and deontological aspects in pharmacies

T. P. Zarichna'®AP< T, S, Brytanova'*PEF T, S. Raikova"=cP, T. A. Chornii®

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

The aim of the study was to study the ethical and deontological aspects related to the professional activities of pharmacists.

Materials and methods. To achieve the goal of the study, an analysis of scientific sources on ethical and deontological issues related
to the professional activities of pharmacists (pharmacists) was carried. During the research, the methods of information search,
systematization, comparison, and generalization, as well as sociological research methods were used. The object of the study was
the results of questionnaires and interviews of visitors and employees of pharmacy chains of KP “Prymula”; pharmacy chains that are part
of the company “Apteka-Mahnoliia”: Pharmacy ANC, Kopiika and pharmacies of the social project “Blahodiia”; pharmacy chains that are
part of the company Med-service. Descriptive statistics methods were used to present the obtained data. To determine the significance
of individual factors (Wij), obtained because of the questionnaire are listed to the corresponding specific weight of the component.

Results. The systematization of the following factors: which determine the quality of service; related to the purchase of drugs (medicines);
which determine the priority of qualities of pharmacies; determining the relationship between a pharmacist and a doctor. It was found
that the most negative impact on pharmacy visitors, from the point of view of consumers, was the inattention of the pharmacist, his
mistakes, irritability, rudeness, incompetence, as well as the high price of drugs, queues, and slow service. From the point of view of
pharmacists, pharmacy visitors were most negatively affected by rudeness, incompetence of pharmacy employees, irritability, the price
of drugs, the range of drugs, the presence of queues, and slow service. The results of the assessment of the parameters that determine
the relationship between the pharmacist and the doctor showed that, in general, pharmacists maintain the authority of the doctor in
the eyes of visitors and, along with the latter, carry out educational work among the population. However, a fifth of respondents assume
the functions of a doctor, which is completely unacceptable. Using the technology of sociological survey, the analysis was carried out
and, based on ranking, the leading rational and emotional factors that form loyalty for certain segments of the professional activity of
pharmacies using ethical and deontological principles were identified.

Conclusions. The systematization of the following factors: which determine the quality of service; related to the purchase of drugs that
cause dissatisfaction; which determine the dissatisfaction of visitors to pharmacies; which determine the priority of qualities of pharmacies;
determining the relationship between pharmacist and doctor. Using the technology of sociological survey, the analysis was carried out
and, based on ranking, the leading rational and emotional factors that form loyalty for certain segments of the professional activity of
pharmacies using ethical and deontological principles were identified. It is established that the views on consumer dissatisfaction with visiting
pharmacies differ insignificantly from the views of pharmacists. Pharmacist visitors are most negatively affected by the inattention and
rudeness of the pharmacist, the high price of drugs, the presence of queues and slow service. It is established that, in general, pharmacists
maintain the authority of the doctor in the eyes of visitors and, along with the latter, conduct educational work among the population.

Key words: market, consumer, client, loyalty.
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HocnigxeHHA eTUKO-AEOHTONOrYHMX aCNeKTiB B aNnTeYHUX 3aKnagax
T. M. 3apiuHa, T. C. bputaHosa, T. C. Paitkosa, T. A. YopHii
MeTa po60oTK — BYBYEHHS ETUKO-AEOHTONOrMYHMX aCNEKTIB, L0 NOB'A3aHi 3 NPOMECiHO AiSnbHICTIO NPOBI30pIB (hapmaLeBTiB).

Marepianu Ta metoau. NS BOCATHEHHS METU AOCTIAKEHHS NpoaHanisyBany HayKoBi [Kepena 3 eTUKO-AEOHTOMNOMYHNX MUTaHb, LU0
NOB’s13aHi 3 NPOHeCiHO AiANbHICTIO MPOBi3opiB (hapmaueBsTiB). MpOTAroM AOCNIMKEHHS BUKOPUCTAM METOAM iHGhOPMAL,iiHOTO MOLLYKY,
cucTemaTm3adii, NOpiBHAHHA Ta y3aranbHeHHS, a Takox couionorivHi. O6’ekT JOCNimKEHHS — pe3ynbTaTi aHKETYBaHHS Ta iHTEPB'oBaH-
HA BiABigyBayiB i NpauiBHMkiB anTeuHoi mepesxi KIM «[MMpumynay; anTeyHux mMepex, ski BxogsaTb B komnaHito TOB «Anteka-MarHonis»
(«Anteka AHLl», «Koninka») 1 anTeku couianbHOro NpoekTy «bnaroais»; anTe4Hnx Mepex, Lo BXOAATL y komnaHito «Mea-cepsicy. [ins
HaBEOEHHs pe3ynbTaTiB BUKOPUCTOBYBaNM METOAM OMUCOBOI CTATUCTUKU. [ANsi BU3HAYeHHs 3HauyLLocTi okpemux chakTopis (Wij), wo
OTPUMaHi B pe3ynbTaTi aHKETYBaHHS, TXHi OLiHKM Nepepaxysanu y BianoBiaHy NUTOMY Bary KOMMOHEHTH.

ARTICLE UDC 615.12-029:174]-047.37
INFO DOI: 10.14739/2409-2932.2021.2.232969

Current issues in pharmacy and medicine: science and practice 2021; 14 (2), 259-264
Key words: market, consumer, client, loyalty.

* il H
e —— E-mail: goculyats@gmail.com

zsmu.edu.ualarticle/

View/232969 Received: 26.03.2021 // Revised: 30.04.2021 // Accepted: 05.05.2021

ISSN 2306-8094 AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanYHOI Haykmn Ta npaktvku. — 2021. — T. 14, Ne2(36) 259


https://orcid.org/000-0002-3711-4453
https://orcid.org/0000-0003-1805-4552
https://orcid.org/0000-0001-7541-4003
https://doi.org/10.14739/2409-2932.2021.2.

mailto:goculyats%40gmail.com?subject=

T. P. Zarichna, T. S. Brytanova, T. S. Raikova, T. A. Chornii

Pesynisratn. CuctematnayBany Taki haktopy: Ti, LLIO BU3HAYaIOTb SKICTb 06CNYroByBaHHS; siki NOB'A3aHi 3 kyniBneto nikapcbkux 3acobis
(N3); koTpi BU3HAYaOTL NPIOPUTETHI SKOCTI POBOTM anTeYHMX 3aknagis; WO BMIMBAOTL HA BiAHOCKUHM NPOBi3opa Ta nikaps. HanbinbLw
HEeraTWBHO Ha BifBidyBauyiB anTek, Ha AyMKY CMOXWBauiB, BNIMBAIOTL HEYBaXHICTb NPOBI30pa, M0ro MOMWUIKW, APaTiBMMBICTb, rpybicTb,
HEKOMMETEHTHICTb, a TaKoX BUCOKa LijHa J13, HasiBHICTb Yepr i noBinbHe 06cnyroByBaHHS. Ha AyMKy npoBisopis (dhapmaLeBTiB), HanbinbLL
HEeraTWBHO Ha BifBifyBaYiB anTek BMIMBAKOTb rpybiCTb, HEKOMMNETEHTHICTb CMiBPOOBITHYKIB anTek, ApaTiBnmMBICTb, LiHa Ha J13, acopTmeHT
N3, HasBHICTb Yepr i NOBiNbHe 06CNYroByBaHHS.

Pesynbratit OUiHIOBaHHA MapameTpiB, L0 BU3HAYaloTb B3aEMMHW NpOBI3opa Ta nikaps, nokasanu: 3aranom nposi3opy NigTPUMYHOTb
aBTOPMTET NikapiB B 04ax BiABigyBaYiB i nopsz i3 HUMW NPOBaAATL NPOCBITHULLKY POBOTY ceper HaceneHHs. Ane n'sta YacTHa onuTa-
HUx 6epe Ha cebe dyHKuii nikaps, Lo abcomoTHO HeNpUNYCTMMO. BUKOPWUCTOBYIOYM TEXHOMOTIT COLiONONYHOMO ONUTYBAHHS, 3INCHANK
aHani3, 3a pesynstatamu paHxXyBaHHS BU3HAYMNW NPOBIAHI paLioHanbHi Ta emMoLiiHi hakTopu, Lo opMY0Tb NOAMbHICTL 4118 OKPEMUX
CErMeHTiB NPOMECINHOI AiANbHOCTI anTeYHUX 3aKnagis i3 BUKOPUCTAHHSIM €TUKO-AEOHTONOMYHMX NPUHLIMMIB.

BucHoBku. 3ajiicHunu cuctemaTm3auiio hakTopis: Ti, WO BU3HAYAKOTb SKICTb 0OCNYroByBaHHS; Siki NOB’A3aHi 3 kynieneto J13; Lo B13Ha-
YalTb NPIOPUTETHI AKOCTi pOBOTM anTe4YHUX 3aKknagis; Lo BNNMBaKOTb HA B3AEMUHU MPOBi3opa Ta nikapsi. 3 BUKOPUCTAHHSAM TEXHOMOTi
COLLIONOriYHOro ONMTYBaHHSA NpoaHanisyBanu i 3a pesyfsratamy paHXyBaHHS BU3HAYMIIM NPOBIAHI paLioHasibHi 1 eMOoUiiHi hakTopwm, Wwo
hOpMYIOTb NOSMBHICTb ANSi OKPEMUX CETMEHTIB NMPOGECINHOI AiNMbHOCTI anTeYHKX 3aKnagiB 3 BUKOPUCTAHHSM €TUKO-A€0HTONOMYHMX
MPUHLMMIB.

BcTaHoBunu: nornsam LWoAO0 HEBAOBOSIEHHS CMOXMBAYIB BiABiAyBaHHAM anTeyYHWUX 3aknagiB Bidpi3HATbCA HEeCYTTEBO Bid NOMsLiB
npoBi3opiB (hapmaLeBTiB). HalbinbLL HeraTMBHO Ha BiABidyBaYiB anTek BNIMBaOTL HEYBAXHICTh i FpybicTb NpoBisopa, BUCOKa LiHa J13,
HasABHICTb Yepr i NoBinbHe 06CNyroByBaHHS. 3aranom npoBi3opu NATPUMYIOTL @aBTOPUTET NikapiB B 04ax BiABIAYBaYiB i NOPAA i3 HUMK
NpoBaasTh NPOCBITHULLKY POBOTY cepes HaceneHHs.

Knio4oBi crioBa: pUHOK, CNOXMBAY, KNIEHT, NOSAMNbHICTb.
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WUccnepoBaHue 3TUKO-AEOHTONOMMYECKUX aCMeKTOB B anTeYHbIX YYpexAeHUsX
T. . 3apuunas, T. C. bputaHosa, T. C. Paiikosa, T. A. YepHui

Llenb paboTkl — 13y4YeHne 3TUKO-AEOHTONOMMYECKIX aCreKTOB, CBSA3aHHBIX C MPOeCcCUoHanbHOM AeSTENBHOCTLIO NPOBM30OPOB (dhap-
MaLeBTOB).

Matepuanel u metoabl. [ing SOCTUXEHNS Leny UCCRefoBaHNs NMPOBEAEH aHann3 Hay4YHbIX UCTOYHUKOB MO 3TUKO-AEOHTONOMMYECKM
BOMpOCaMm, CBA3aHHbIX C NPOdeCCHOHaNbHOM AesTeNbHOCTBI0 NPOBKU30POB (hapmaLeBToB). B TeueHne nccnenoBaHWs UCNONb30BaHbI
MeToAbl MHOPMALIMOHHOIO Noncka, cucTemaTnaaumm, cpaBHeHns 1 06obLueHus, a Takke coumonornyeckune. OBbEKT ccnegoBaHns —
pe3ynbTaThl aHKETUPOBAHUS Y MHTEPBLIOVPOBAHUSA NoceTuTenen n pabotHnko anteyHoi cetn KIM «MMpumynay; anTeyHbIx ceTen, KoTo-
pble BxogsT B komnanuto OO0 «Anteka-MarHonusy» («Anteka AHLL», «Koneikay), a Takke anTeku coumanbHOro npoekTa «bnarogus»;
anTeyHbIX CETew, KOTopble BXOAAT B komnaHuio «Mea-cepsucy. [ins npeacTaBneHns pesynsTaTos MCMOMb30Banv MeToAbI OnncaTenibHoM
cTaTucTukn. [ina onpegenenuns 3Ha4MmocTy oTaenbHbix aktopos (Wij), nonyyeHHbIX B pe3ynstate aHKeTUPOBaHUS, UX OLIEHKW nepe-
CYMTaHbl B COOTBETCTBYIOLLMIA YAEMNbHbBIA BEC KOMMOHEHTHI.

Pesyniratsl. CuctematnavpoBan Takue akTopbl: onpeaenstolme kKaiecTso 06CnyxunBaHus; CBA3aHHbIE C NMOKYMKOW NeKapCTBEHHbIX
cpencTs (J1C); onpepensioLine NpYopuTETHbIE Ka4ecTBa paboThbl aNTEYHbIX YYPEKAEHWIA; ONpeaenstoLLme B3auMOOTHOLLEHUS MPOBK30-
pa 1 Bpaya. Hanbonee HeraTMBHO Ha MOCETUTENEN anTek, C TOUKU 3peHUs NoTpeduTenen, BIMSIOT HEBHUMATENBHOCTL NPOBM30pa, ero
OLLIMBKK, pasapaxuTENbHOCTL, FPYBOCTb, HEKOMMETEHTHOCTb, @ Takke Bbicokas LeHa J1C, Hannuune ovepeaeii u MeaneHHoe obenyxuBa-
Hue. C TOYKM 3peHust NpoBM30pOB (hapmaLieBToB), Hanbornee HEraTMBHO Ha NOCETUTENEN anTek BNUSOT rpy6oCTb, HEKOMMETEHTHOCTb,
pa3fpaxuTenbHOCTb NPOBK30POB (hapmaLeBToB), LeHa Ha J1C, accoptumeHT J1C, Hannyme odepenen u MeaneHHoe obCnyxuBaHue.

PesynbraThl OLeHKV NapameTpoB, onpeaensoLwmx B3arMOOTHOLLEHUS NPOBM30pa 1 Bpaya, nokasanu: B LienoM NpoBu3ophl NOAAEpXu-
BalOT aBTOPUTET Bpayel B rna3ax NnoceTuTenemn 1 Hapsay C HUMM NPOBOAST NPOCBETUTENBLCKYLO paboTy cpean HaceneHus. Bmecte ¢ Tem
nATas YacTb ONpPOLLEHHbIX BepeT Ha cebs hyHKLMM Bpaya, 4To abCcontioTHO HeLoNyCTUMO.

C 1cnonb3oBaHWEM TEXHOMNOMMM COLMOIOTMYECKOro onpoca npoae,qéH aHanuns, Ha 0CHOBEe paHXupoBaHWA onpeaeneHbl Beayume paun-
OHallbHble N 3MOUMOHarbHbIE d)aKTOpr, CbOpMVIpyFOLLI,I/Ie NOANbHOCTb ANA OTAENbHbIX CEerMeHTOB ﬂpOd)eCCVIOHaﬂbHOVI AeATeNbHOCTU
anTeYHbIX yqpe>K,quvu71 C ucnonb3oBaHnMemM 3TUKO-AEOHTONOrMYeCKNX NPUHLMNOB.

BbiBoapbl. OcymeCTBneHa cuctemaTumsaumna pakTopoBs: onpeaenstoLme Ka4yecTso O6CJ'Iy>KVIBaHMF|; CBA3aHHbIE C ﬂOKyI'IKOIZ J1C; BblI3bIBa-
IOLLIME HEeOBOSLCTBO NOCETUTESNEN anTek; onpeaensoLmMe NpropuTeTHbIE KayecTea pa6OTbI anTe4yHbIX y‘-lpe)K,Cl,eHVIVI; onpenendawwmne
B3aMMOOTHOLLEHUA NpOoBM30pa N Bpaya. C ncnonb3oBaHUEM TEXHOMOMMMU COLMONOrMYECKOro onpoca nposedeH aHann3 U Ha oCHoBe
PaHXnpoBaHUA yCTaHOBNEHbl Beayllne paunoHalnbHble U SMOUMOHaNbHbIE dhakTopsl, (bOpMMpy}OLLI,MG NOANbHOCTb ANA OTAENbHbIX
CErMeHTOB NPOeCCHOHanbHOM AeATENbHOCTY anTeYHbIX y\Jpe)K,D,eHVIVI C ncnonb3oBaHNEM 3TUKO-AEOHTONTIOTMYECKMX NPUHLNNOB.

OTMeueHo, 4TO B3rnsabl NOTpebuTenel OTHOCUTENBHO HEAOBOMNLCTBA OT MOCELLEHWS anTek HECYLLECTBEHHO OTIMYAOTCS OT B3rMNSA0B
npoBwn3opoB (dapmaLieBTo). Hanbonee HeraTMBHO BAUSIIOT HA MOCETUTENEN anTek HEBHUMATENbHOCTb W rpy60CTb NPOBM30PA, BbICOKas
ueHa J1C, Hannuve odepenei n MegneHHoe obenyxvsaHve. B Lenom npoBrn3opbl NOAAEpXKVBaOT aBTOPUTET Bpayen B rna3ax nocetu-
Tenemn v BMECTe C HUMM NPOBOAAT NPOCBETUTENBCKYIO paboTy cpeayu HaceneHws.

KnioueBble cnoBa: PbIHOK, I'IOTpe6I/ITeJ'Ib, KIMUEHT, NOANbHOCTb.
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Research of ethics and deontological aspects in pharmacies

The main task of the pharmacy is to provide highly qualified
timely medical care to the population with a high culture
of service. To perform this task, it is necessary to orga-
nize the work of the pharmacy in accordance with current
standards, to ensure compliance with legislation governing
the work of pharmacies, to strictly adhere to ethical and
deontological principles [1-3,7-9].

In our country, the ethical standards of conduct of both
medical and pharmaceutical workers coincide with legal
requirements and are supported by laws and regulations.
The main approaches to solving this problem are set out in
the Fundamentals of the legislation of Ukraine on health care.
Section X “Medical and pharmaceutical activities” contains
articles that regulate the rights, duties, and responsibilities
of medical and pharmaceutical workers in their professional
activities [4].

The main ethical document is the Code of Ethics of
pharmaceutical workers of Ukraine. The Code of Ethics for
Pharmaceutical Workers of Ukraine is based on the Code of
Pharmacists adopted in 1997 by the Council of the Interna-
tional Pharmaceutical Association and approved by the WHO.
The International Code of Ethics and Recommendations of
this Code contain 9 basic principles that govern the rela-
tionship between the pharmacist, the patient, the healthcare
professional, and colleagues. The professional ethics of a
pharmaceutical worker is based on the principles of legality,
competence, objectivity and honesty, partnership and inde-
pendence, confidentiality, and individual approach to each
citizen. The Code aims to protect the dignity and human right
to health care and sets out ethical standards of professional
conduct and responsibility that should serve as a model guide
for pharmaceutical chemists and pharmacists in their dealings
with society in the context of market relations as the phar-
maceutical profession grows and becomes more important.
It should promote the formation of trust in the professional
activities of pharmaceutical chemists and pharmacists, in-
crease the status and image of these professions in society [5].

Aim
The aim of the study was to study the ethical and deon-

tological aspects related to the professional activities of
pharmacists.

Table 1. Parameters that determine the quality of service

From the point of view of visitors to pharmacies

Materials and methods

To achieve the goal of the study, an analysis of scientific
sources on ethical and deontological issues related to the pro-
fessional activities of pharmacists (pharmaceutical chemists).
During the research the methods of information search, sys-
tematization, comparison, and generalization, as well as so-
ciological research methods were used. The object of the study
was the results of questionnaires and interviews of visitors and
employees of pharmacy chains of KP “Prymula”; pharmacy
chains that are part of the company “Pharmacy-Mahnoliia™:
Pharmacy ANC, Kopiika and pharmacies of the social project
“Blahodiia”; pharmacy chains that are part of the company
Med-service.

Descriptive statistics methods were used to present the ob-
tained data. To determine the significance of individual factors
(Wij), obtained because of the questionnaire are listed to
the corresponding specific weight of the component. To do
this, the answers for each factor were summarized. The factor
with the highest score was taken as “1”. The significance of
other factors is calculated as the ratio of the sum of responses to
the parameter that received the maximum score. To determine
the rating of factors that shape consumer satisfaction with
the work of pharmacists (pharmaceutical chemists) conducted
additional studies to assess the significance of factors influenc-
ing consumer choice [6].

Results

The following factors were selected for this study:

— Consumer dissatisfaction with the quality of service
(Table 1).

— Consumer dissatisfaction with the organization of phar-
macies (Table 2).

— Dissatisfaction of consumers associated with the purchase
of drugs (Table 3).

— Priority qualities of pharmacies (Table 4).

— Parameters that determine the relationship between
the pharmacist and the doctor (7able 5).

Discussion

Table 1 shows that the most negative effect on pharmacy
visitors is the inattention of the pharmacist (Wij = 1.00), his

From the point of view of pharmacists

Specific weight of com- Specific weight of com-
ponents (Wij) ponents (Wij)

Pharmacist's inattention 1.00 Brutality 1.00
Pharmacist's errors 2 0.92 Incompetence 2 0.83
Irritability 3 0.50 Irritability 3 0.78
Brutality 4 0.42 Pharmacist inattention 4 0.56
Incompetence 5 0.30 Pharmacist's mistakes 5 0.44
Untidy appearance 6 0.10 Untidy appearance 6 0.22
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Table 2. Parameters of the organization of work of drugstores causing dissatisfaction

From the point of view of visitors to pharmacies

Specific weight of
components (Wij)

From the point of view of pharmacists

Specific weight of
components (Wij)

The presence of the queue 1 1.00 Slow maintenance 1 1.00
Obsessive advertising 2 0.48 The presence of the queue 2 0.94
Slow maintenance 3 0.44 No money exchange 3 0.52
No money exchange 4 0.24 Obsessive advertising 4 0.32
Inconvenient location of the product in the window | 5 0.12 Lack of space for rest 5 0.13
Small area of the trading hall 6 0.08 Small area of the trading hall 6 0.10
Unsuccessful design of the trading halll 6 0.08 Inconvenient location of the product in the window | 6 0.10
Lack of space for rest 7 0.04 Unsuccessful design of the trading hall 7 0.06

Table 3. Options related to the purchase of drugs that cause dissatisfaction

From the point of view of visitors to pharmacies From the point of view of pharmacists
M M Specific weight of
components (Wij) components (Wij)
The price of drugs 1 1.00 The price of drugs 1 1.00
Assortment of drugs 2 0.28 Assortment of drugs 2 0.40
Low quality of drugs 3 0.22 Impossibility to return released drugs 3 0.30
Price mismatch in the shop window and in the check | 4 0.09 Price mismatch in the shop window and in the check | 4 0.23
Impossibility to return released drugs 5 0.06 Unsatisfactory quality of drugs 5 0.13
Inconvenient dosage form of drugs 5) 0.06 Inconvenient dosage form of drugs 6 0.08
Inconvenient dosing of drugs 5 0.06 Inconvenient dosing of drugs 7 0.00

Table 4. Parameters that characterize the quality of pharmacy operations

m Specific weight of components (Wij)

Service culture 1 1.00
The atmosphere of the trading hall 2 0.98
Assortment of drugs 3 0.97
Highly qualified staff 4 0.96
Overall satisfaction with visiting the pharmacy 6 0.94
Location of the pharmacy 7 0.93
The location of the drug in the window 8 0.91
Affordable price 9 0.85
Availability of loyalty programs 10 0.84

Table 5. The results of the evaluation of the parameters that determine the relationship between the pharmacist and the doctor

Positive answer, % | Negative answer, %

Pharmacist’'s support of the doctor’s authority in the eyes of visitors 93.3 6.7

Performing the functions of a doctor by a pharmacist 20.0 80.0
Pharmacist's remarks to the doctor in the presence of visitors 13.3 86.7
Consultation of doctors on the selection and appointment of drugs 35.6 64.4
Collaboration with physicians to determine pharmacological standards for the treatment of formulary lists | 13.3 86.7
Conducting educational work among the population on the use of over-the-counter drugs 444 55.6
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mistakes (Wij = 0.92), irritability (Wij = 0.50), rudeness
(Wij = 0.42), incompetence (Wij = 0.30). The appearance
of the pharmacist does not matter to visitors.

From the point of view of pharmacists, pharmaceu-
tical chemists are most negatively affected by rudeness
(Wij = 1.00), incompetence of pharmacy employees
(Wij = 0.83), irritability (Wij = 0.78). The least attention
is paid to the appearance of the pharmacist (pharmacist)
(Wij = 0.22), his mistakes (Wij = 0.44).

The results of the factor assessment of the pharmacy or-
ganization that negatively affect the visitors of the pharmacy
showed that the visitors of the pharmacies are most annoyed
by the presence of queues (Wij = 1.00), intrusive advertising
(Wij = 0.48), slow service (Wij = 0,44). There is almost no
attention to the lack of a place to rest (Wij = 0.04).

Pharmacists (pharmaceutical chemists) believe that in
the organization of the pharmacy consumers are most an-
noyed by: slow service (Wij = 1.00), queues (Wij = 0.94),
lack of exchange (Wij = 0.52). Unsuccessful design of
the trading hall (Wij = 0.06), inconvenient location of goods
in the shop window (Wij = 0.10), small area of the trade
hall (Wij = 0.10), lack of space for rest (Wij = 0.13) have
value (7able 2).

Analysis of the reasons related to the purchase of drugs
that cause dissatisfaction showed that the most nega-
tive impact on visitors to pharmacies is the high price
(Wij = 1.00), insufficient range (Wij = 0.28), low quality
(Wij = 0.22).

Practically they do not pay attention to the impossibility
of returning the released drugs in accordance with the law,
inconvenient dosage forms, inconvenient dosage of drugs
(Wij = 0.06).

The assessment of the views of pharmacists (pharmaceu-
tical chemists) showed that the high price (Wij = 1.00) and
insufficient range of medicines (Wij = 0.40), the impos-
sibility of returning the goods in accordance with the law
(Wij = 0.30) irritates pharmacy visitors and causes their
dissatisfaction (7Table 3).

Next, the priority qualities of the work of pharmacies were
identified (7able 4). It was found that the most important cri-
teria for pharmacy visitors are: service culture (Wij = 1.00),
the atmosphere of the trading hall (Wij = 0.98), the range of
drugs (Wij = 0.97), highly qualified staft (Wij = 0.96). The
presence of loyalty programs (Wij = 0.84)is almost irrelevant.

An important element of pharmaceutical ethics and deon-
tology are the moral rules governing the relationship between
pharmacists and physicians, which must be based on the prin-
ciples of humanism and a high awareness of their social duty.

The main thing in the relationship between medical and
pharmaceutical workers is a common goal — to preserve
the health and well-being of patients. At the same time
the doctor bears the load associated with the diagnosis and
prescription of drugs. Therefore, the doctor and the pharma-
cist should work as colleagues, respect each other’s experi-
ence and knowledge.

The results of the assessment of the parameters that deter-
mine the relationship between the pharmacist and the doctor

showed that, in general, pharmacists maintain the authority
of the doctor in the eyes of visitors and, along with the latter,
carry out educational work among the population. However,
one-fifth of respondents assume the functions of a doctor,
which is completely unacceptable. In addition, pharmacists
make remarks to the doctor in the presence of the patient,
which does not meet ethical and deontological standards. It
should be noted that joint work with physicians to determine
pharmacological standards for the treatment of formulary lists
is not active enough (7able 5).

Conclusions

1. The systematization of the main factors: which determine
the quality of service; related to the purchase of drugs that
cause dissatisfaction; which determine the dissatisfaction of
visitors to pharmacies; which determine the priority quali-
ties of pharmacies; determining the relationship between a
pharmacist and a doctor.

2. Using the technology of sociological survey, the analysis
was conducted and, based on ranking, the leading rational
and emotional factors that form loyalty for certain segments
of the professional activity of pharmacies using ethical and
deontological principles were identified.

3. It is established that the views on consumer dissatis-
faction with visiting pharmacies differ insignificantly from
the views of pharmacists. Pharmacy visitors are most nega-
tively affected by the pharmacist’s inattention and rudeness,
the high price of drugs, the presence of queues, and slow
service.

4. It is established that, in general, pharmacists maintain
the authority of the doctor in the eyes of visitors and, along
with the latter, conduct educational work among the popu-
lation.
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