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Substituted pyrrolo[1,2-a][1,2,4]triazolo-(triazino-)[c]quinazolines —
a promising class of lipoxygenase inhibitors

V. V. Stavytskyi*A®, I. S. Nosulenko®, O. O. Portna®, V. M. Shvets®, O. Yu. Voskoboinik*, S. |. Kovalenko®*

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 modern strategy of potential biologically active molecules search (“drug-design”) is based on several innovation approaches. The
method of high throughput biological screening and method of molecular modeling deserves the most attention among such approaches.
Lipoxygenase (LOX) is one of the most perspective biological target for the substituted pyrrolo[1,2-a][1,2,4]triazolo-(triazino-)[c]quinazolines.
So, molecular docking towards LOX and enzyme activating activity was investigated.

The aim: Directed search of potential inhibitors of lipoxygenases among the unknown pyrrolo[1,2-a][1,2,4]triazolo-(triazino-)[c]quinazolines
with the use of molecular docking and in vitro high throughput screening.

Materials and methods. The research of lipoxygenase activity has been conducted for a number of original pyrrolo[1,2-a][1,2,4]triazo-
lo-(triazino-)[c]quinazolines. Standard software was used for molecular docking and “drug-like” criteria research. Sodium letinate was
used as a substrate to study soybean LOX enzyme activating activity.

Results. The results of molecular docking have shown, that substituted pyrrolo[1,2-a][1,2,4]triazolo[1,5-c]quinazolines reveal a strong
affinity toward LOX. The main types of interactions with aminoacid residues of mentioned the enzyme were identified. The conducted
researches showed, that the substituted pyrrolo[1,2-a][1,2,4]triazino[2,3-c]quinazolines had the highest soybean LOX inhibition activity.
Compounds with a fluorine atom and a 2-thienyl moiety in the structure revealed the highest activity inhibiting lipoxygenase by 36.33 %
and 39.83 % respectively. The increased lipophilicity of triazine derivatives promotes a higher ability to inhibit soybean LOX, whereas,
for triazole derivatives, which have lower molecular weight, an inverse relation is observed.

Conclusions. The research of the substituted pyrrolo[1,2-a][1,2,4]triazolo-(triazino-)[c]quinazolines inhibition ability of soybean LOX as one
of the possible mechanisms of their activity is proved and conducted. Itis shown, that their lipoxygenase activity depends on lipophilicity and
is defined by the availability of donor-acceptor fragments in the molecule, that is capable to form hydrogen and other types of interaction.
The specified results are strong arguments for their further study as promising anti-inflammatory agents.

3amiweHi nipono[1,2-a][1,2,4]rpiazono-(Tpia3uHo-)[c]xiHa3oniHu — nepcneKTUBHMI Knac iHribiTopis ninokcureHasu
B. B. CraBuubkuia, |. C. Hocynenko, O. O. MopTHa, B. M. LLiseup, O. t0. BockobomHik, C. |. KoBaneHko

CyyacHa cTparerisi NoLUyKY NOTEHLiHUX 6I0NOriYHOaKTUBHUX MOMEKYN 3acHOBaHa Ha HU3Li iHHOBaLiiHUX NiaxoaiB, cepes HUX Ha 0co6-
NVBY yBary 3acryroBytTb METOAMN BUCOKOEMEKTUBHOTO BIONOr4YHOTO CKPUHIHTY Ta MONEKYNSPHOrO MofentoBaHHs. OfHa 3 NepCrnekTUBHUX
BionoriyHux miweHen Ans psgy 3amiweHnx nipono[1,2-a][1,2,4]tpiasono-(TpiasunHo-)[c]xiHasoniHiB — ninokcurenasa (JIOT), wopo skoi
3iICHNIN MOMNEKYNAPHWIA [OKIHT Ta eKCepuMEeHTanbHO JOCMIANAN eH3UM-aKTUBYBarbHY aKTUBHICTb.

MeTa po6GoTu — cnpsiMoBaHwWii NOLLYK NOTeHLinHWX iHribiTopis JTOI cepen HeBigomux nipono([1,2-a][1,2,4]tpiazono-(TpiasuHo-)[c]xiHa3o-
NiHiB, BYUKOPUCTOBYKOYN MOMNEKYNAPHWIA JOKIHT | BUCOKOEMEKTUBHUIA CKPUHIHT in Vitro.

Matepianu Ta metoau. [Ana pocnimkeHb obpanu pag 3amiweHux nipono[1,2-a][1,2,4]piasono-(TpiasunHo-)[c]xiHasoniHie. Ans mone-
KYNSPHOrO [JOKIHTY Ta BU3HAYEHHS BiANOBIAHOCTI KPUTEPIAM «nikonodibHOCTI» BUKOPUCTAnM CTaHAApTHE NporpamHe 3abesneyveHHs.
[ocnigxeHHst eH3M-aKTUBYBanbHOI akTUBHOCTI 3aicHUNM Ha coeill JTOI 3 BUKOpUCTaHHsSIM HaTpito NIeHoniHaTy sk cybcTpary.

Pesynisratu. 3aincHuny gokiHroBe AocnimpkeHHs 3amileHnx nipono[1,2-a][1,2,4]tpiasono-(TpiasnHo-)[c]xiHasoniHiB. 3'acyBanu, Lo Len
Knac crosnyk Mae CyTTeBy crnopigHeHicTb 4o JTOT. BuaHauunm oCHOBHI TUNW B3aeMOZi 3 aMiHOKMCIIOTHUMM 3anuLLKaMU Liboro (hepMeHTY.
[ocnipxeHHst wopo iHribysaHHs coeoi JTIOI nokasanu, Lo cepep Cnomnyk, Lo JOCiAKyBany, HanbinbLL akTMBHUMKM Byni 3amiLLeHi nipo-
no[1,2-a][1,2,4]tpiasnHo[2,3-c]xiHa3oniHiB. Cepen HVX HaMBHLLY iHriByBarnbHy aKTUBHICTb MatOTb CNOMykW 3 aToMoM Priyopy Ta 2-TieHiNbHIM
thparmeHTom y monekyni (36,33 % Ta 39,83 % BignosigHo). 3i 36inbLUeHHAM NiNodiNbHOCTI 3AaTHICT NOXiAHMX TPiasuHy 40 iHribyBaHHS
coeBoi JIOI 36inbLUyeTbCs, a AN NOXigHKX Tpiasony, SKi MaloTb 3HAYHO MEHLLIY MOJIEKYNSPHY Macy, CrnocTepirany 3B0POTHY 3aNeXHiCTb.
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BucHoBku. ObrpyHTyBanu Ta gocnigunu 3amitleHi nipono[1,2-a][1,2,4]tpiazono-(Tpia3nHo-)[c]xiHa3oniHiB o0 30aTHOCTI iHribyBaHHs
c0eBoi [TOT Sk OAVH i3 MOXIMBIX MEXaHi3MiB Aji. IXHs NiNnoKcUreHasHa akTUBHICTb 3aneXnTb BiA NINOMINLHOCTI Ta BU3HAYAETLCS HasiB-
HICTIO B MOIeKyni JOHOPHO-aKLENTOPHUX oparMeHTiB, WO 34aTHi 10 YTBOPEHHS BOAHEBUX 3B’A3KIB Ta iHLLKX TUNIB B3aeMogiit. Pesynbratu
[OCTIiIKEHHS — BaroMuii apryMeHT NSt BUBYEHHS LIMX CMOMyK Hajani ik NepCnekTUBHMX MpoTM3ananbHuX areHTis.

Knrouogi cnoea: po3pobka nikapcbkux 3acobis, nipono[1,2-a][1,2,4]tpiasono-(TpiasunHo-)[c]xiHa3oniHW, MONEKYNSPHUIA QOKIHT, NinoKcu-
reHasHa akTUBHICTb.

AxTyanbHi nuTaHHs hapmaLieBTUYHOI | MeauYHOI Hayku Ta npakTuku. 2020. T. 13, Ne 1(32). C. 4-10

3amelueHHble nuppono[1,2-a][1,2,4]Tpuasono-(TpuasnHo-)[c]xMHa3onuHbI — NepPCNEeKTMBHBIN Knacc
MHIMBUTOPOB NUMOKCUTeHa3bI

B. B. Crasuukui, W. C. Hocynenko, E. A. MoptHas, B. H. LWeeu, A. 0. BockobonHuk, C. W. KoBaneHko

CoBpeMeHHas cTpaTerns noucka noTeHumanbHbIX 61oNorMYeckn akTUBHbLIX BELLECTB OCHOBAHa Ha psiAe VHHOBALMOHHbLIX NOAXOAOB,
cpeam KOTopbIX 0CO60r0 BHUMaHUS 3aCnyX1BaKT METOAbI BbICOKOI(EEKTUBHOMO B1ONOrMYECcKOro CKPUHWHTA 1 MONEKYNSPHOTO Moae-
nupoBaHus. OgHa U3 NepCrnekTUBHBLIX GUONOTMYECKUX MULLIEHEN AN psiaa 3aMeLleHHbIX nuppono[1,2-a][1,2,4]tpuasono-(TpuasunHo-)[c]
XVMHa30MMHOB — nunokcurenasa (107), No OTHOLLEHWIO K KOTOPOM NPOBEAEH MOMEKYNAPHBIA AOKUHT 1 SKCNEepPUMEHTanbLHO nccnefoBaHa
3H3MM-aKTUBMPYIOLLAS aKTUBHOCTb.

Llenk pa6oTki — HanpaBneHHbIA NOMCK NoTeHUManbHbIX MHMbuTopoB JIOI cpeamn HensBecTHbIX npponol[1,2-a][1,2,4]tpuasono-(Tpua-
31HO-)[C]XMHA30/IMHOB C UCMONb30BaHNEM MOMEKYNSAPHOTO AOKWHIA W BbICOKOI((EKTUBHOIO CKPUHUHTA in Vitro.

Matepuansl u metoakl. [Ans uccnegosaHuin otobpaH psg 3ameLleHHbIx nuppono[1,2-a][1,2,4]Tprnasono-(TprasnHo-)[C]XMHa3onm1HoB.
[ina MonekynsapHOro AOKWHa 1 KpUTEPUEB «NekapcTBONOA0OMS» UCNONb30BaHO CTaHAapTHOe nporpaMmmHoe obecnevenve. iccneno-
BaHWE SH3MM-aKTVUBMPYIOLLEN aKTUBHOCTM NpoBeaeHo Ha coeBoit JIOI ¢ ucnonb3oBaHWeM HaTpuii NeHonMHaTa B kadectse cybcTpata.

Pesynekrathl. 3amelleHHsle nuppono[1,2-al[1,2,4]Tpnasono-(TpuasuHo-)[C]XMHason1H NoaBEPrHyThl JOKUHIOBOMY WCCREeSOBaHWIo,
KOTOpOE NoKasano, YTo JTOT KNacc COEAMHEHUIN UMEET 3HaunTeNbHY addunHHOCTB K JIOT. OnpeaeneHsl OCHOBHbIE TUMbl B3aUMOAEN-
CTBW C aMMHOKVCMOTHLIMM OCTaTKaMu yKasaHHOro pepmeHTa. Vccnenosanus no nirmbuposaxuio coesoi JIOI nokasanu, YTo cpeam
13yvaembiX COEANHEHUI Hanbornee akTUBHBIMU OKa3anmuch 3ameLLieHHble nnpponol1,2-a][1,2,4]TpnasnHo[2,3-c]xnHazonuHbl. Cpean H1X
Hanbornee BbICOKOE MHMMBUpPYLOLLee AelicTBUE NPOSIBNSAIOT COEANHEHNS C aTOMOM (Topa U 2-TUEHWNbHBIM (bparMeHTOM B Morekyre
(36,33 % 1 39,83 % cootBeTCcTBEHHO). C yBENMYEHMEM NMNOGUNBHOCTM CMOCOGHOCTb NPOM3BOAHBIX TPUA3NHa K MHIMOMPOBaHWIO CO-
eBoro JIOI" yBennumBaetcs, a Ans NpoM3BOAHbLIX TPMA30Ma, KOTOPbIE UMEIOT 3HAYNTENBHO MEHBLLYIO MOMNEKYISPHYI0 Maccy, OTMeYeHa
obpaTHas 3aBUCMMOCTb.

BriBogki. O6ocHOBaHO 1 NpoBeAEHO UccneaoBaHue 3aMeLLeHHbIx nuppono[1,2-a][1,2,4]tpmasono-(TprasmHo-)[C]XMHA30IMHOB Ha CMo-
cobHOCTb MHMMBMpoBaTh coeyto JIOI Kak oauH U3 BO3MOXHBIX MEXaHW3MOB AeiCTBUS. VX nunokcureHasHast akTUBHOCTb 3aBUCUT OT
NMNOUIBHOCTY U ONPEAENSETCS HanNMYMeM B MOMeEKyre JOHOPHO-aKLENTOPHbIX (DparMeHTOB, CMOCOBOHBIX K 06pa3oBaHNi0 BOLOPOAHOM
CBS3M U APYrUX TUMOB B3anMOAENCTBUIA. Pe3ynsTathl SBASIOTCA BECOMbIM apryMEeHTOM ANs UX AanbHENLEero n3y4yeHus Kak nepcnek-
TWBHbIX NPOTVWBOBOCNANMUTENBHbBIX areHTOB.

KntoueBkie crioea: paspaboTka nekapCTBeHHbIX CPeacTs, nuppono[1,2-a][1,2,4]Tpnasono-(TprasnHo-)[C]XMHa30nMHbI, MONEKyNSpHbIN
[OKVIHT, NIMMOKCUreHa3Has akTUBHOCTb.

AxTyanbHble Bonpochl (hapMaLeBTMYECKON N MeAULMHCKOW Hayku u npakTuku. 2020. T. 13, Ne 1(32). C.4-10

The modern strategy of potential biologically active mole-
cules search (“drug-design”) underwent significant changes
and became the most important part of modern medical
chemistry [1-3]. Now it is based on several innovation
approaches, such as virtual screening, combinatory che-
mistry, high throughput screening, molecular modeling, frag-
ment-oriented design, optimization of the leading structure,
etc. Among the above-mentioned approaches, the method
of high throughput biological screening deserves the most
attention. This method allows estimating activity of many
compounds against a known biological target in short terms.
Structures of biological targets are known. With the help of
them, the molecular mechanism of interaction of the ligand
with protein could be explained. So, they are used for mo-
lecular docking [4—6]. Protein three-dimensional structure
(at the current stage of technology development, as a rule
conformationally rigid) and structure of ligand (the known
inhibitor and synthesized compound) are used as a starting
information for docking. The optimal ligand conformation

with a specific binding energy value for the biological target
is the docking result. Using this results perspective objects
for further high throughput screening could be revealed. In
view of many approximations, the binding energy does not
always correlate with the relevant experimental data. Howe-
ver, it gives an understanding of the mechanism and ligand
activity efficiency.

Throughout the directed search investigatements of biologi-
cally active compounds among quinazoline derivatives and its
condensed analogs [7—16], we have used the above-mentioned
strategy. Lipoxygenase (LOX) was used as a biological target.
Especially, considering that LOX part in many pathological
conditions formation, such as chronic inflammations, allergy,
asthma, some cancer types, cardiovascular diseases, etc [17].

Aim
So, the purpose of work is the directed search of lipoxyge-
nases potential inhibitors among the unknown pyrrolo[1,2-a]
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Fig. 1. The basic

o]
1.1 R=Me; 1.2 R=Ph; 1.3 R=4--PrCH,; structure of pyrrolo[1,2-a]
[1,2,4]triazolo-(triazino-)
N 21 R=Me,R,=H; 22 R=Ph,R, =H; [c]quinazolines.
COOH
N. 2.3 R=4-MePh, R,= H; 2.4 R=4-EtPh,R = H;
\ N )
/ 2.5 R=4-i-PrPh, R, = H; 2.6 R=4-t-BuPh, R = H;
11-13 N “( ! '
o R 2.7 R=4-EtOPh, R,=H; 2.8 R=Ph,R, = 12-Me;
2.9 R=4-MeOCH,; R,= 10-Me; 2.10 R =Ph, R = 11-F;
R, N 211 R=Ph,R,=12-F; 212 R=Ph, R, = 11,12-F;
N\EOOH 213 R= 4-FCH, R, = 11,12-F; 214 R=Ph,R,=12-C|;
I - - . - - .
21-218 N\{%\R 2.15 R=4-MeOCH,, R, = 12-Cl; 2.16 R =Ph, R, = 12-Br;
217 R=4-MeOCH,, R, = 12-Br; 2.18 R = thienyl-2, R = H.

(0]

[1,2,4]triazolo-(triazino-)[c]quinazolines with the molecular
docking usage and in vitro highly effective screening.

Materials and methods

The research of lipoxygenase activity has been conducted
for a number of original pyrrolo[1,2-a][1,2,4]triazolo-(triaz-
ino-)[c]quinazolines 1.1-1.3, 2.1-2.18 (Fig. 1), which were
synthesized at the Department of Organic and Bioorganic
Chemistry of the Zaporizhzhia state medical university (the
Head of the Department, Dr.hab., Professor, S. I. Kovalenko).
The features of the structures of the synthesized compounds
were evaluated by IR-, NMR spectroscopy, and chromatog-
raphy-mass spectrometry and were discussed in detail [18].

Molecular docking. The research was conducted by flex-
ible molecular docking, as an approach of finding molecules
with affinity to a specific biological target. Macromolecules
from Protein Data Bank (PDB) were used as biological
targets, namely LOX (soybean) enzyme in complex with
protocatechuic acid (PDB ID — 1N8Q) [19]. The choice of
biological targets was due to the literature on the mechanism
of anti-inflammatory drug action [17].

Ligand preparation. Substances were drawn using Marvin-
Sketch 19.24 and saved in mol format [20]. After that, they
were optimized by program Chem3D, using the molecular
mechanical MM2 algorithm and saved as pdb-files. Molecular
mechanics was used to producing more realistic geometry
values for the majority of organic molecules, owing to the fact
of being highly parameterized. Using AutoDockTools-1.5.6
pdb-files were converted into PDBQT, the number of active
torsions was set as default [21].

Protein preparation. PDB files were downloaded from
the protein data bank. Discovery Studio v 19.1.0.18287 was
used to delete water molecules and ligands. Structures of
proteins were saved as pdb-files [22]. In AutoDockTools-1.5.6
polar hydrogens were added and saved as PDBQT. Grid box
was set as following: center x =18.370, center_y =-52.296,
center z = 53.949, size x = 18, size y = 16, size z = 16
for COX-2 (3LN1); center x =32.978, center y =-44.488,
center z=-3.760, size x =16, size y =16, size_z= 16 for

COX-1 (3N8Y). Vina was used to carry docking [15]. For
visualization Discovery Studio v 19.1.0.18287 was used.

Lipinski’s rule of five. Drug-like characteristics (Log P,
molecular polar surface area, number of non-hydrogens, num-
ber of hydrogen bond acceptors (groups N and O), number
of hydrogen bond donors (groups NH and OH) and number
of rotatable bonds) were evaluated and optimized using an
electronic resource [23].

Soybean LOX inhibition study in vitro. /n vitro study
was evaluated as it was reported previously [24,25]. To
3.880 ml of borate buffer, 40 pl 2 x 10~ w/v solution of
LOX in the buffer and 40 ul of 100 uM studied compound
(or nordihydroguaiaretic acid (NDGA)) solution were added.
The formed mixture was shaken and incubated at ambient
temperature for 5 min. After incubation, the 40 pul of 0.01
M solution of sodium linoleate was added. After 20 min.
incubated at ambient temperature absorption at 234 nm was
recovered. The results are calculated by the formula:

LOX inhibiting activity, % = (A
A x 100 %

control

control — test cumpuund) /

Results

The results of molecular docking have shown, that substituted
pyrrolo[1,2-a][1,2,4]triazolo[1,5-c]quinazolines (1.1-1.3)
have a strong affinity for LOX (7able I). So, their affinity is
much higher, than protocatechuic acid has, a known LOX
inhibitor. However, their binding energy is weaker then
NDGA, which is used as the pharmacological standard. Bin-
ding energy of substituted pyrrolo[1,2-a][1,2,4]triazino[2,3-c]
quinazolines (2.1-2.18) approach to NDGA value and com-
pounds 2.6, 2.8, 2.18 binding energy exceed it.

However, high affinity to specified enzymes is not always
the main factor for activity revealing. It may be due to
the influence of additional factors (lipophilicity, metabolism,
etc.), which are described by the «drug-like» criteria (7a-
ble 2). Analysis of “drug-like” results indicates, that the test
compounds have no deviations from Lipinski’s rules (LogP
<5; molecular weight <500; ability to be a proton acceptor
<10; ability to be a proton donor <5; bond rotation <8), as
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Table 1. The results of molecular docking and pharmacological standards

Comod Affinity (kcal/mol) | The main interactions types between compounds, pharmacological
pd. to LOX (soybean) | standards and amino acid residues of enzymes

Proto-catechuic acid | - - HIS5237, LEU565°, HIS518°, ALA561°, LEU773".

NDGA = = 6.9 ASN5562, LYS2782, PHE272°, VAL26°, TYR275".

1.1 Me - 6.8 LYS2782 ASN5567, LEU560°, LEU258°, ALA263°.

12 Ph = 6.6 THR4457, ARG221°, GLU573¢, THR443°, ARG580°, ARG580".
13 4-i-PrCH, - 6.2 LYS2782, LYS278° TYR275".

21 CH, = 6.7 LYS2787, LYS2782 ASN5567, LEU560°, ALA263°.

22 Ph - 6.7 SER2812, SER564% ARG252%, ARG252".

2.3 4-MeCH, = 6.5 ARG580?, GLU5737, GLU573¢, LEU729%, PRO759°.

24 4-EtCH, - 6.4 THR4457, SER4442 SER4442, LEU729°.

25 4-i-PrCH, = 6.9 ARG580°, GLU5732, GLU573¢, PRO759°, LEU729°, ARG731".
2.6 4-+BuCH, - -7.0 TYR275% TYR275°, ALA263°.

2.7 4-EtOCH, = 6.2 ASN5562, TYR275°, ALA263".

2.8 Ph 12-CH, -71 ASP255%, LYS2782 PHE272°, ALA263".

2.9 4-MeOCH, 10-Me -5.9 SER2812, ARG252%, LEU563".

2.10 Ph 1-F 6.6 LYS2782, TYR275% ALA263".

2.1 Ph 12-F -6.6 LEU5637, ARG2522, GLY570%, ARG2522, ARG252°, ARG252".
212 Ph 11-F, 12-F 6.8 ARG2522, GLN2827, GLY570% ASN254¢, GLN282°.

213 4-FPh 11-F, 12-F 6.8 PHE264¢, ASN556¢, LYS2787, ASP255¢, ALA263".

214 Ph 12-Cl 6.5 LEU729°, PRO759°.

2.15 4-MeOCH, 12-Cl -6.0 LYS2787, PHE272°, ALA263".

2.16 Ph 12-Br 6.7 PHE264 ARG252.

217 4-MeOCH, 12-Br -5.6 ALA263° ARG2527, LYS2787.

2.18 thienyl-2 - -7.0 SER2812, GLY569?, GLY570%, GLY570°, HIS219°, LEU563°.

a: hydrogen; b: hydrophobic; c: other (m-Sulfur); d: halogen; e: electrostatic.

well as the pharmacological standard “NDGA”. This was an
important argument for further biological in vitro research of
soybean LOX inhibition.

Conducted in vitro study of soybean LOX-inhibition acti-
vity (Zable 2) showed, that among substituted pyrrolo[1,2-a]
[1,2,4]triazolo[1,5-c]quinazolines highest enzyme-inhibiting
activity was revealed by compound 1.1 with methyl sub-
stituent in position 2 (inhibition on 25.27 %). At the same
time among substituted pyrrolo[1,2-a][1,2,4]triazino[2,3-c]
quinazolines active were compounds 2.4-2.8, 2.13 and 2.18,
that exhibited enzyme-inhibiting activity in the range of va-
lues 10.03-39.83 %. However, the activity of all obtained com-
pounds was lower comparing to reference inhibitor NDGA.

Disscussion

Among lipooxygenases (LOX), six isoforms are most known
(LOX-5, 15-LOX, 15-LOX-2, 12-LOX, 12R-LOX and eLOX-
3), which play an important role in the development of various

pathological processes [19]. 5-LOX is a precursor for the syn-
thesis of B, leukotrienes (LTB,), peptidyl leukotrienes (LTC,,
LTD, or LTE,) and lipoxins that cause inflammatory processes.
Compounds were analyzed with the use of molecular docking
considering the structural similarity of LOX-5 to soybean
lipoxygenase LOX (sLOX) type 1b and its role in processes
of inflammation. Especially, as 1b sLOX is the molecular
biological target, and the high affinity of ligands (the synthe-
sized compounds) to lipoxygenases is one of the desirable
characteristics of anti-inflammatory agents.

The visualization of complexes was conducted for evalua-
tion of the effects of structural features of ligands on the level
of binding with molecular target. The analysis of the types
of main interactions with aminoacid moieties of protein
was performed as well (Table 1, Fig. 2). So, visualization
of the structure of NDGA with the active site to soybean
LOX (Fig. 2) allows to establish, that it has hydrogen and
hydrophobic interactions with the amino-acid residues:

ISSN 2306-8094
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Table 2. The value of the “drug-like” criteria and soybean LOX inhibition

Number of

Molecular

Number of hydro-

Number of hydrogen | Number

Compnd. |LogP polar surface | non-hydro- LTl gen bond acceptors | bond donors (groups | of rotatable fSo;l/b.e an L(.,JX
area, A gens volume, A3 (groups N and O) NH and OH) bonds [ EE0, )

NDGA 3.48 80.91 22 302.37 4 4 5 67.19
1.1 0.13 88.33 21 284.27 7 1 1 25.27
12 2.16 88.33 26 346.35 7 1 2 3.56
1.3 3.67 88.33 29 388.43 7 1 3 0.00
21 0.02 105.40 23 312.29 8 1 1 0.00
22 1.47 105.40 28 374.36 8 1 2 0.00
23 1.92 105.40 29 388.38 8 1 2 3.78
24 2.38 105.40 30 402.41 8 1 3 20.81
25 2.98 105.40 31 416.44 8 1 3 20.63
26 3.17 105.40 32 430.46 8 1 3 20.53
27 1.90 114.63 31 418.41 9 1 4 15.42
2.8 1.89 105.40 29 388.38 8 1 2 10.03
29 1.92 114.63 31 418.41 9 1 3 0.00
2.10 1.63 105.40 29 392.35 8 1 2 6.41
211 1.61 105.40 29 392.35 8 1 2 0.00
212 1.70 105.40 30 410.34 8 1 2 0.00
213 1.86 105.40 31 428.33 8 1 2 36.33
2.14 212 105.40 29 408.80 8 1 2 9.46
2.15 2.18 114.63 31 438.83 9 1 3 1.79
2.16 2.25 105.40 29 453.25 8 1 2 2.37
217 2.31 114.63 31 483.28 9 1 3 0.00
218 1.25 105.40 27 380.38 8 1 2 39.83

ASN556(2.07A), LYS278 (3.71A), PHE272 (5.21A), VAL26
(5.27A), TYR275 (5.11A). Compound 2.18 has the highest
affinity to the soybean LOX target, among the investigated
ones. Visualization of this structure with the soybean LOX
active site (Fig. 2) showed, that it is characterized by four
hydrogen bonds with the amino acid residues: SER281
(3.16A), GLY569 (2.69A), GLY570 (3.40A), GLY570
(3.45A), hydrophobic interaction with LEU563 (5.46A) and
quite strong 7t-Sulfur interaction with HIS219 (4.82A). So,
an important aspect of compounds’ high affinity to soybean
LOX is the presence of several hydrogen bonds, hydrophobic
interactions, donor-acceptor interactions due to sulfur and
fluorine lone electron pairs (7able 1).

The comparative analysis of “drug-like” results and
soybean LOX inhibition has shown, that the lipoxygenase
activity depends on molecule lipophilicity and availability of
acceptors and donors of hydrogen bond. The last statement
agreed with the data of molecular docking (7able 1, Fig. 2).
So, substituted pyrrolo[1,2-a][1,2,4]triazino[2,3-c]quinazo-
lines with a fluorine atom (2.13) and a 2-thienyl fragment
(2.18) in the molecule inhibit lipoxygenase by 36.33 % and
39.83 % respectively. The increase of lipophilicity promotes

higher ability to inhibit soybean LOX (7able 2), which is
speaking above derivatives 2.1-2.18. Thus, compounds
2.4-2.6 inhibit soybean LOX by 20.53-20.81 %. Whereas, for
substituted pyrrolo[1,2-a][1,2,4]triazolo[1,5-c]quinazolines
which have considerably smaller molecular weight inverse
relation is observed. So, compound 1.1 with the indicator of
lipophilicity 0.03 inhibits soybean LOX by 25.27 %. Increase
in lipophilicity (compound 1.2) leads to activity decrease, and
in case of compound 1.3 — its total loss.

Conclusions

The research of the substituted pyrrolo[1,2-a][1,2,4]triazolo-
(triazino-)[c]quinazolines inhibition ability of soybean LOX
as one of possible mechanisms of their activity is proved
and conducted. It is shown, that their lipoxygenase activity
depends on lipophilicity and is defined by availability in
the molecule of donor-acceptor fragments in the molecule,
that are capable to form hydrogen and other types of inter-
action. The specified results are the strong argument for their
further study as promising anti-inflammatory agents. It is
planned the in vivo study of anti-inflammatory activity and
toxic effects for the most active compounds.
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Synthesis of novel 3-(2-bromophenyl)-4-substituted-1H-1,2,4-triazole-
5(4H)-thiones derivatives
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A wide range of biological activity of 1,2,4-triazole derivatives (anti-inflammatory, antiviral, antitumor, immunostimulating, etc.) and the
availability of sources for their preparation determine the prospects of using compounds of this class to create modified derivatives based
on them and, as a result, medicines. Derivatives of 1,2,4-triazole have already established themselves both in the agricultural sector
and in veterinary medicine and pharmacy.

The aim of work was to synthesize 3-(2-bromophenyl)-4-substituted-1H-1,2,4-triazole-5(4H)-thiones, 2-((5-(2-bromophenyl)-4-methyl-
4H-1,2 4-triazole-3-yl)thio)acetic acids and their salts.

Materials and methods. 3-(2-Bromophenyl)-4-substituted-1H-1,2,4-triazole-5(4H)-thiones (4a-4c) were synthesized by refluxing 1 mol
2-(2-bromobenzoyl)-N-substitutedhydrazinecarbothioamides (3a-3c) with 2 mol KOH in water medium and after cooling neutralized
with acetic acid. 2-((5-(2-Bromophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)thio)acetic acids (5a-5c) were obtained by refluxing the
solution of 0,1 mol NaOH and substances 4a-4c respectively. It was dissolved in 2-propanol medium with 0,1 mol 2-chloroacetic acid.
2-((5-(2-Bromophenyl)-4-substituted-4H-1,2,4-triazole-3-yl)thio)acetic acid salts (6a-60) were synthesized by adding organic amines or
inorganic salts to substances 5a-5c¢ respectively in 2-propanol or water medium. The elemental analysis of synthesized compounds was
established by the universal analyzer Elementar Vario L cube (CHNS). The 1H spectra (at 400 MHz and 100 MHz) were recorded in
DMSO-d6 on a Varian MR-400 spectrometer and analyzed with the ADVASP™ Analyzer program. The completeness of the reactions and
the individuality of the resulting compounds were controlled by the gas chromatograph Agilent 7890B with a 5977B mass spectrometry
detector.

Results. It was synthesized new 3-(2-bromophenyl)-4-substituted-1H-1,2,4-triazole-5(4H)-thionesand there derivatives, the structure of
compounds was confirmed using Elemental analysis (CHNS), '"HNMR and Chromatographic mass spectral analysis.

Conclusions. As aresult, 21 novel compounds of 3-(2-bromophenyl)-4-substituted-1H-1,2,4-triazole-5(4H)-thiones were synthesized and
characterized.

CuHTe3 HoBMX NoXigHUX 3-(2-6pomdeHin)-4-3amiwieHnx-1H-1,2,4-tpiazon-5(4H)-tionHis
A. A. CacboHos, A. B. HesmuBaka

LLInpokuin cnekTp GionorivHoi akTMBHOCTI NoxigHWX 1,2,4-Tpiasony (NpoTu3anarbHa, NPOTUBIPYCHA, NPOTUMYXIIMHHA, iIMyHOCTUMYIOBaIbHA
TOLLO) | AOCTYMHICTb [KEPEn iX OTPUMAaHHSA BU3HAYalTb NEPCNEKTUBHICTL BUKOPUCTAHHSA CMOMYK LbOro Knacy Ans CTBOPEHHS Ha iXHil
OCHOBI MOAWMMIKOBAHMX NOXIOHMX, @ OTXXe i NikapCbkux npenapartis. MNoxigni 1,2,4-Tpiasony 3apekomeHayBany cebe B arpapHOMY CEKTOPI,
BeTepuHapii Ta hapmadii.

MeTa po6oTu — cuHTes 3-(2-6pomdpeHin)-4-3amiennx-1H-1,2,4-tpiason-5(4 H)-TioHis, 2-((5-(2-6pomdeHin)-4-metun-4H-1,2,4-Tpiason-
3-in)Tio)ouTOBMX KMCNOT i iXHIX COne.

Marepianu ta metogn. 3-(2-bpomodbeHin)-4-3amiweHi-1H-1,2,4-tpiason-5(4 H)-TioHu (4a—4c) CHTE3yBanw nig Yac KUM' ATiHHS 3i 3BBOPOTHUM
XonoaunbHukom 1 monb 2-(2-6pom6eH30in)-N-3amileHux rigpasvHkapbotioamiaie (3a—3c) 3 2 Mmonb KOH y BogHOMY cepefoBuLLi Ta nicnst
OXOMOMKEHHS HEWTPanisyBanu OLTOBOIO KUCHOTO. 2-((5-(2-Bpomodenin)-4-3amiweni-4H-1,2,4-Tpiason-3-in)tio)ouTosi kucnotu (5a-5¢)
oTpuMany nig 4ac kuniHHsa po3unHy 0,1 monb NaOH Ta pevosuH 4a—4¢ i 0,1 Morb 2-X110pOLITOBOI KUCIOTM B CepenoBuLLi 2-nponaxony. Coni
2-((5-(2-6pomodheHin)-4-3amilLeHi-4 H-1,2,4-Tpiason-3-in)Tio)oLToBOi kucnotn (6a—60) CHTE3yBaNM LUMSXOM A0AaBaHHS OpraHivyHX amiHiB
ab0 HeopraHiYHWX coneii 4o pevoBuHK 5a—5c BignoeigHoO y 2-nponaHoni abo BogHOMY cepefoBuLLi. ENeMEHTHWIA aHani3 CUHTE30BaHUX
Ccronyk BCTaHOBMNY 3a JONOMOTOK YHiBepcanbHoro aHanisatopa Elementar Vario L cube (CHNS). 'THNMR cnekTpu 3anvcysanu 8 DMSO-d6
Ha cnekTpomeTpi Varian MR-400 (Ha 400 MI'y ta 100 MI'u) Ta aHanisyBanm 3a gonomoroto nporpamv ADVASP ™ Analyzer. lMoBHOTY peakLin
Ta iHAMBIAYarnbHICTb COMYK KOHTPOMBaNu razosm xpomarorpadom Agilent 7890B i3 aeTekTopom mac-crniekTpomeTpii 5977B.
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Pesynisratn. CuHTE3yBanu HoBi noxigHi 3-(2-6pomdeHin)-4-3amiweHnx-1H-1,2,4-Tpiason-5(4H)-TioHiB, CTPyKTypa SKUX MiaTBepaKeHa
3a gonomoroto enemeHTHoro aHanisy (CHNS), 'THNMR Ta xpomaTtorpachiyHoro Mac-crekTpanbHOro aHanisy.

BucHoBku. B pesynbrati cuHTe3yBanm i cxapaktepudyBanu 21 cnonyky noxigHux 3-(2-6pomodeHin)-4-3amiwieHunx-1H-1,2,4-tprason-
5(4H)-TioHiB.

Knwouogi cnoea: 1,2,4-Tpiason, TiOHW, KUCAOTK, COMI, FETEPOLIMKITIYHI CONYKN.
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CuWHTe3 HOBLIX NPOM3BOAHLIX 3-(2-0pomdeHunn)-4-3amelneHHbix-1H-1,2,4-Tpnason-5(4H)-TnoHoB
A. A. CacboHos, A. B. HeBmbiBaka

Linpokuit cnekTp GUONOMMYECKO aKTUBHOCTU NMPOW3BOAHLIX 1,2,4-Tpuasona (MPOTMBOBOCNANMUTENbHASA, NPOTUBOBUPYCHAs, Mpo-
TuBoonyxoneesasa, MMMYHOCTUMYNupyLwaa n T. ,El.) N OOCTYNHOCTb UCTOYHMKOB MX MNONy4YeHuUa onpenendarT nepcnekTMBHOCTb
MCMOSIb30BaHNS COEAMHEHMIA 3TOMO Knacca Ans co3haHus Ha MX OCHOBE MOAUMULMPOBAHHLIX MPOU3BOAHBIX M, KaK CreacTeue,
nekapcTBeHHbIX npenapaToB. MpoussoaHble 1,2,4-Tpuasona 3apekoMeHLoBanu cebsi B arpapHOM CeKTope, BeTepuHapuu u
dhapmanum.

Llenb pa6otkl — cuHTE3 3-(2-6pomdenmnn)-4-3amellieHHbix-1H-1,2,4-Tpnason-5(4H)-TroHos, 2-((5-(2-6pomdenun)-4-metun-4H-1,2,4-
TpWason-3-mn)Tmo)aLeTaTHbIX KUCMOT U UX COonew.

Matepuansl n metofbl. 3-(2-bpomodennn)-4-3amelerHble-1H-1,2,4-Tpuason-5(4H)-TmoHbl (4a—4c) CMHTE3MPOBANM NPY KUNSYEHUN
¢ 0bpaTHbIM xonoaunsHUKkoM 1 Mok 2-(2-6pombeH3omnn)-N-3ameLLeHHbIX rapasvmHkapbotnoammaos (3a—3c) ¢ 2 monb KOH B BoaHOM
cpene v nocne oxnaxaeHnst HEMTPanu3oBan YKCYcHow kucnoTon. 2-((5-(2-bpomodheHunn)-4-3ameLleHHble-4H-1,2,4-Tpuason-3-1n)Tro)
YKCYCHbI€e K1cnoThl (5a—5¢) nonyyeHsl npu kunennn pacteopa 0,1 monb NaOH v BewwecTs 4a—4c¢ 1 0,1 MOrb 2-X1TOPYKCYCHOM KUCTOThI B
cpege 2-nponaxona. Conu 2-((5-(2-6pomocheHunn)-4-3amelLieHHbIx-4H-1,2,4-Tprason-3-1n)Tmo)yKCycHoM KucnoTel (6a—60) cuHTesnpoBani
nyTem Lo6aBNEHNs OpraHNYeCKMX aMUHOB UM HEOPraHUYECKUX CONEN K BeLecTBY 5a—5¢ COOTBETCTBEHHO B 2-MPONnaHone unv BOLHOM
cpene. ONeMEHTHbIN aHanm3 CUHTE3NPOBAHHbIX COEAVHEHUI YCTaHOBUMMW C MOMOLLbIO YHUBEPCANbHOro aHanusatopa Elementar Vario L
cube (CHNS). 1THNMR cnekTpbl 3anuceiBanu B DMSO-d6 Ha cnektpometpe Varian MR-400 (Ha 400 MI'y 1 100 MIMw) n aHanuauposanu
¢ nomMoLpbto nporpammbl ADVASP ™ Analyzer. [onHOTY peakumii U MHOMBWOYaNbHOCTb NONy4YaeMblX COEAUHEHUN KOHTPONMpOBanu ¢
NoMoLLbto ra3oBoro xpomatorpada Agilent 7890B ¢ getektopom macc-cnektpometpum 5977B.

Pesynkratbl. CUHTE3MPOBaHLI HOBLIE NPOW3BOAHbIE 3-(2-OpomdeHnn)-4-3ameltieHHbix-1H-1,2,4-Tpnason-5(4H)-TMoHOB, CTpyKTypa
KOTOPbIX NOATBEPXKAEHA C MOMOLLbI0 3neMeHTHoro aHanu3a (CHNS), THNMR v xpomaTtorpadmieckoro Macc-cnekTpanbHOoro aHanuaa.

BuiBoabl. B pesynbraTte CMHTE3MpOBaHO U OXapakTepu3oBaHo 21 coefuHeHue npousBoaHbiX 3-(2-6pomodheHnn)-4-3ameLteH-
Hbix-1H-1,2,4-Tpuason-5(4H)-TnoHoB.

KntoueBkle croga: 1,2,4-Tpnason, TUOHbI, KUCMOThI, COMU, FTETEPOLIMKNIMYECKNE COEANHEHMS.

AxTyanbHble Bonpochl (hapmMaLeBTMYECKON N MeAULMHCKOW Hayku n npakTuku. 2020. T. 13, Ne 1(32). C. 11-16

A wide range of biological activity of 1,2,4-triazole deriv-
atives (anti-inflammatory, antiviral, antitumor, immunosti-
mulating, etc.) [1-4] and the availability of sources for their
preparation determine to use this class of compounds. New
derivatives based on 1,2,4-triazole are creating. Derivatives
of 1,2,4-triazole have already established themselves both
in the agricultural sector and in veterinary medicine and
pharmacy [5-7].

Derivatives of 3,4-substituted-1H-1,2,4-triazole-5(4H)-thi-
ones show diuretic, antimicrobial, analgesic, actoprotective and
other types of activities [§8—10].

A literature data [11,12] showed that the range of 1,2,4-tri-
azole derivatives is huge. But despite this, there is no data on
3-(2-bromophenyl)-4-substituted- 1 H-1,2 4-triazole-5(4 H)-thi-
ones, 2-((5-(2-bromophenyl)-4-methyl-4H-1,2 4-triazol-3-yl)
thio)acetic acids and their salts.

The aim

The aim of work was to synthesize 3-(2-bromophenyl)-4-substi-
tuted-1H-1,2,4-triazole-5(4H)-thiones, 2-((5-(2-bromophenyl)-
4-methyl-4H-1,2,4-triazol-3-yl)thio)acetic acids and their salts.

Material and methods

The melting point was defined by the open capillary method on
the OptiMelt MPA100 device with platinum RTD sensor and
temperature measurements to 400 °C with 0.1 °C resolution
(US production).

The elemental analysis of synthesized compounds was
established by the universal analyzer Elementar Vario L cube
(CHNS) (standard — sulfanilamide) (Analysensysteme GmbH,
Germany). The H spectra (at 400 MHz and 100 MHz) were
recorded in DMSO-d, on a Varian MR-400 spectrometer and
analyzed with ADVASP™ Analyzer program (Umatek Inter-
national Inc.); chemical shifts were reported in ppm (§ scale)
downfield with residual protons of the solvent (DMSO-d,,
0 =2.49 ppm) as internal standard (Fig. 2).

The completeness of the reactions and the individuality of
these compounds were controlled by the gas chromatograph
Agilent 7890B with a 5977B mass spectrometry detector (US
production) (Fig. 2).

Results

2-(2-Bromobenzoyl)-N-substitutedhydrazinecarbothioamides
(3a—3c) were synthesized by refluxing 1 mol of 2-bromobenzo-
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hydrazide (1) with 1 mol of isothiocyanate (methylisothiocya-
nate (2a), ethylisothiocyanate (2b), phenylisothiocyanate (2¢))
in 2-propanol medium. After that 1 mol of 2-(2-bromobenzo-
yl)-N-substitutedhydrazinecarbothioamides (3a—3c) reflux for
2 hours with 2 mol of KOH in water medium and after cooling
neutralized with acetic acid. 3-(2-Bromophenyl)-4-substitu-
ted-1H-1,2,4-triazole-5(4H)-thiones (4a—4c) were filtered as
precipitates (Fig. 1).

On the mass spectrum, there is a cluster of peaks due to two
isomers of Bromine, which was divided into m/z 270.9 and

m/z268.9 ina 1 : 1 ratio (Fig. 2). Peaks that have less mass-
to-charge ratio on the mass spectrum were fragmentary and
fragment ions.

0,1 Mol of 3-(2-bromophenyl)-4-substituted-1H-1,2,4-
triazole-5(4H)-thiones (4a-4c) and 0,1 mol of NaOH were
dissolved in 2-propanol medium with heating. Then solution
was reflux with 0,1 mol of 2-chloroacetic acid for 5 hours.
2-((5-(2-Bromophenyl)-4-substituted-4H-1,2,4-triazole-
3-yl)thio)acetic acids (5a-5¢) were filtered as precipitates
(Fig. I).

Fig. 1. Synthesis of

o) o] 3-(2-bromophenyl)-4-
C// + c/< H H substituted-1H-1,2,4-
\N_NH2 N—N—C—N—R triazole-5(4H)-thiones
i H Il (4a—4c) and
Br . S 2-((5-(2-bromophenyl)-
1 " 3a;R=CH, 4-substituted-4H-1,2,4-
3b; R=C,H, triazole-3-yl)thio)acetic
3c;R=C,H, acids (5a-5c).
N—NH
P —
lil . NaOH,t°C ) L H, //o
Br R propan-2-ol r\|1 §—C _C\OH
4a; R =CH, Br R 5a: R = CH,
4b; R=CH, 5b:R = C.H
4c;R=CH, S CZH5
’ 6 5
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Fig. 2. Mass spectrum
(left) and THNMR
spectrum (right) of
3-(2-bromophenyl)-4-
methyl-1H-1,2,4-triazole-
5(4H)-thione (3a).
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Fig. 3. Synthesis of

N~N N—N 2-((5-(2-bromophenyl)-
)\ [N A 4-substituted-4H-1,2,4-
S— C C N s—c’ —C triazole-3-yl)thio)acetic
+ CH | acid salts (6a-60).
6m; R = CH, H2N~ ’ Br R g.R=CH HN O
CH, 3 7/
6n; R = C,H, 6k; R = C,H
60; R=C¢H, 6;R=CH
HN(':H3 HN, O
"CH,
N—N .
—N
( Ls 2 C//O H, L H
N on| HO~CH,C™NH, s—c—(¢ .
| —_— N H.N
Br 5a; R = CH | .
aR= Br R CH,
5b; R=CH 6g; R =CH C\,_|2
5¢;R=CH 6h; R =C,H oH
6i; R = CH,
NaHCO,
KHCO,
N—N N—N
/ A\ H, //O / )\ H, //O
N s—c’ = N S—C —CJ
o O Na
| K |
Br R 6a;R=CH Br R 6q;R=CH
6b; R=CH 6e; R=C.H
6c; R=C.H 6f; R=C.H

2-((5-(2-Bromophenyl)-4-substituted-4H-1,2 4-triazole-3-
yDhthio)acetic acid salts (6a-60) were synthesized by adding
organic (2-aminoethanol, morpholine, dimethylamine) amines
or inorganic (KHCO,, NaHCO,) salts to 2-((5-(2-bromophenyl)-
4-substituted-4H-1,2,4-triazole-3-yl)thio)acetic acids (5a-5c) in
2-propanol or water medium respectively (Fig. 3).

Discussion

Chemical synthesis

General method for synthesis of 3-(2-bromophenyl)-4-
substituted-1H-1,2,4-triazole-5(4H)-thiones (4a—4c)

1 mol of 2-(2-bromobenzoyl)-N-R-hydrazinecarbothio-
amides (R = methyl (3a), ethyl (3b), phenyl (3¢c)) were reflux
for 2 hours with 2 mol of KOH in water medium. Then it was
filtered and after cooling was neutralized with acetic acid.
Substances 4a—4c were filtered as precipitates and were dried.

3-(2-bromophenyl)-4-methyl-1H-1,2,4-triazole-5(4H)-thione
(3a)

White powder; yield 73 %; m.p. 124-126C ; HNMR (400
MHz, DMSO-d6, § = ppm): 3.31 (CH,, 3H, s,), 7.17-7.29
(Ar-H, 2H, 7.22 (ddd, /=178, 7.4, 1.4 Hz), 7.24 (ddd, /= 8.1,
7.4, 1.3 Hz)), 7.54-7.61 (Ar-H, 2H, 7.57 (ddd, J = 8.1, 1.4,
0.6 Hz), 7.58 (ddd, J= 7.8, 1.3, 0.6 Hz)), 13.92 (NH, 1H, s);
CHNS elemental analysis Caled. for (C;H,BrN,S) : found C%

39.90, H% 2.98, N% 15.56, S% 11.85; calculated C% 40.01,
H% 2.98, N% 15.55, S% 11.87. GS/MS: 270 (m/z).
3-(2-bromophenyl)-4-ethyl-1H-1,2,4-triazole-5(4H)-thione (3b)
White powder; yield 76 %; m.p. 198-200C ; HNMR (400 MHz,
DMSO0-d6, 6 = ppm): 1.26 (CH,, 3H, t,J= 7.1 Hz), 3.90 (CH,,
2H,q,J=7.1Hz),7.17-7.31 (Ar-H,2H, 7.22(ddd,] =7.8,7.4,1.4
Hz), 7.27 (ddd, = 8.1, 7.4, 1.3 Hz)), 7.54-7.61 (Ar-H, 2H, 7.57
(ddd,J=8.1,1.4,0.6 Hz), 7.58 (ddd, J = 7.8, 1.3, 0.6 Hz)), 13.86
(NH, 1H, s); CHNS elemental analysis Calcd. for (C, H, BrN,S):
found C% 42.30, H% 3.55, N% 14.81, S% 11.29; calculated C%
4227, H% 3.55,N% 14.79, S% 11.28. GS/MS: 285 (m/z).
3-(2-bromophenyl)-4-phenyl-1H-1,2,4-triazole-5(4H)-thione (3¢)
White powder; yield 81 %; m.p. 192-194C ; HNMR (400 MHz,
DMSO-d6, 6=ppm): 8 7.19-7.33 (Ar-H, 2H, 7.23 (ddd, /= 7.8,
7.5,14Hz), 7.28 (ddd, J=28.1, 7.5, 1.4 Hz)), 7.34 (Ar-H, 1H, tt,
J=1.5,13Hz), 743 (Ar-H, 2H, dddd, /=84, 1.6, 1.3, 0.5 Hz),
7.55-7.66 (Ar-H, 4H, 7.61 (dddd, J=8.4,7.5, 1.5, 0.5 Hz), 7.60
(ddd,J=17.8,1.4,0.6 Hz), 7.58 (ddd, /= 8.1, 1.4, 0.6 Hz)), 13.64
(NH, 1H, s); CHNS elemental analysis Calcd. for (C,,H, BrN.S):
found C% 50.49, H% 3.02, N% 12.65, S% 9.62; calculated C%
50.61, H% 3.03, N% 12.65, S% 9.65. GS/MS: 332 (m/z).
Synthesis of 2-((5-(2-bromophenyl)-4-substituted-4H-
1,2,4-triazole-3-yl)thio)acetic acids (5a-5c)
0,1 Mol of 3-(2-bromophenyl)-4-R-1H-1,2 4-triazole-5(4H)-
thiones (R = methyl (4a), ethyl (4b), phenyl (4c)) and 0,1 mol

14 AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAnNYHOI Hayku Ta npakTvku. — 2020. — T. 13, Ne1(32)

ISSN 2306-8094



Synthesis of novel 3-(2-bromophenyl)-4-substituted-1H-1,2,4-triazole-5(4H)-thiones derivatives

of NaOH were dissolved with heating in propan-2-ol medium.
Then solution was reflux with 0,1 mol of 2-chloroacetic acid
for 5 hours. Substances 5a-5¢ were filtered as precipitates and
were dried.

2-((5-(2-bromophenyl)-4-methyl-4H-1,2,4-triazole-3-yl)thio)
acetic acid (5a)

White powder; yield 69 %; m.p. 151-153C ; HNMR (400
MHz, DMSO-d6, 6 =ppm): 3.74 (3H, s), 3.94 (2H, s), 7.31 (1H,
ddd,J=8.1,7.8, 1.1 Hz), 7.48 (1H, ddd, ] = 8.1, 7.8, 1.5 Hz),
7.64 (1H, ddd,J=8.1,1.5,0.5 Hz), 7.80 (1H, ddd, J=8.1, 1.1,
0.5 Hz); CHNS elemental analysis Calcd. for (C, H, BrN,O,S):
found C% 40.29, H% 3.06, N% 12.77, S% 9.75; calculated
C% 40.26, H% 3.07, N% 12.80, S% 9.77. GS/MS: 327 (m/z).

2-((5-(2-bromophenyl)-4-ethyl-4H-1,2,4-triazole-3-yl)thio)
acetic acid (5b)

White powder; yield 67 %; m.p. 172—-174C; HNMR (400
MHz, DMSO-d6, 6=ppm): 1.45 (CH,, 3H, t,/=7.1 Hz), 3.95
(CH,, 2H, s), 4.13 (CH,, 2H, q, /= 7.1 Hz), 7.32 (Ar-H, 1H,
ddd, J=8.1, 7.9, 1.1 Hz), 7.48 (Ar-H, 1H, ddd, /= 8.1, 7.9,
1.5Hz),7.65 (Ar-H, 1H, ddd, /=8.1, 1.5, 0.5 Hz), 7.80 (Ar-H,
1H,ddd,J=8.1, 1.1, 0.5 Hz); CHNS elemental analysis Calcd.
for (C,H ,BrN,O,S): found C% 42.24, H% 3.53, N% 12.29,
S% 9.40; calculated C% 42.12, H% 3.53, N% 12.28, S% 9.37.
GS/MS: 341 (m/z).

2-((5-(2-bromophenyl)-4-phenyl-4H-1,2,4-triazole-3-yl)thio)
acetic acid (5¢)

White powder; yield 71%; m.p. 160-162C ; HNMR (400
MHz, DMSO-d6, 6=ppm): 4.08 (CH,, 2H, s), 7.34-7.46 (Ar-H,
3H, 7.42 (ddd,/=7.8,7.7,1.1 Hz), 7.39 (ddt, /= 7.8, 7.6, 1.2
Hz), 7.40 (ddd, J = 8.1, 7.8, 1.5 Hz)), 7.54 (Ar-H, 2H, dddd,
J=19,178,1.5,0.4 Hz), 7.78-7.88 (Ar-H, 3H, 7.81 (dddd, J
=709,12,1.2,04 Hz), 7.85 (ddd, /= 8.1, 1.1, 0.4 Hz)), 7.95
(Ar-H, 1H,ddd,J=7.7, 1.5, 0.4 Hz); CHNS elemental analysis
Calcd. for (C H ,BrN,O,S): found C% 49.29, H% 3.10, N%
10.75, S% 8.20; calculated C% 49.24, H% 3.10, N% 10.77,
S% 8.22. GS/MS: 390 (m/z).

Synthesis of potassium 2-((5-(2-bromophenyl)-4-R-4H-
1,2,4-triazole-3-yl)thio)acetates (6a-6¢)

0,01 mol of 2-((5-(2-bromophenyl)-4-R-4H-1,2,4-triazole-3-
yl)thio)acetic acid (R =methyl (5a), ethyl (5b), phenyl (5¢)) and
0,01 mol of KHCO, were dissolved in 50 ml water. The reaction
mixture was filtered, the filtrate was evaporated. The obtained
substances were recrystallized from 2-propanol for analysis.

potassium 2-((5-(2-bromophenyl)-4-methyl-4H-1,2,4-tri-
azole-3-yl)thio)acetate (6a)

Yellow powder; yield 86 %; m.p. 219-221C;

potassium 2-((5-(2-bromophenyl)-4-ethyl-4H-1,2,4-triazole-
3-yl)thio)acetate (6b)

Bright yellow powder; yield 78%; m.p. 178-180C;

potassium 2-((5-(2-bromophenyl)-4-phenyl-4H-1,2,4-tri-
azole-3-yl)thio)acetate (6¢)

Bright yellow powder; yield 82 %; m.p. 222-224C;

Synthesis of sodium 2-((5-(2-bromophenyl)-4-R-4H-
1,2,4-triazole-3-yl)thio)acetates (6d-6f)

0,01 mol of 2-((5-(2-bromophenyl)-4-R-4H-1,2 4-triazole-
3-yl)thio)acetic acid (R = methyl (5a), ethyl (5b), phenyl (5¢))
and 0,01 mol of NaHCO, dissolved in 50 ml water. The reaction

mixture was filtered, the filtrate was evaporated. For analysis
the obtained substances were recrystallized from 2-propanol.

sodium 2-((5-(2-bromophenyl)-4-methyl-4H-1,2,4-triazole-
3-yl)thio)acetate (6d)

Bright yellow powder; yield 83 %; m.p. 192-194C;

sodium 2-((5-(2-bromophenyl)-4-ethyl-4H-1,2,4-triazole-3-
yl)thio)acetate (6e)

White powder; yield 84 %; m.p. 231-233C;

sodium 2-((5-(2-bromophenyl)-4-phenyl-4H-1,2,4-triazole-
3-yl)thio)acetate (6f)

Bright yellow powder; yield 78 %; m.p. <240C;

Synthesis of 2-hydroxyethanaminium 2-((5-(2-bro-
mophenyl)-4-R-4H-1,2,4-triazole-3-yl)thio)acetate (6g-6i)

0,01 mol of 2-((5-(2-bromophenyl)-4-R-4H-1,2,4-triazole-
3-yl)thio)acetic acid (R = methyl (5a), ethyl (5b), phenyl (5c))
and 0,01 mol of 2-hydroxyethanamine were dissolved in 50 ml
of 2-propanol with heating. The reaction mixture was filtered,
the filtrate was evaporated. For analysis the obtained substances
were recrystallized from 2-propanol.

2-hydroxyethanaminium 2-((5-(2-bromophenyl)-4-methyl-
4H-1,2,4-triazole-3-yl)thio)acetate (6g)

Yellow powder; yield 3%; m.p. 141-143C; CHNS elemental
analysis Calcd. for (C,H BrN,0,S): found C% 40.19, H%
4.41, N% 14.41, S% 8.23; calculated C% 40.11, H% 4.40,
N% 14.39, S% 8.24.

2-hydroxyethanaminium 2-((5-(2-bromophenyl)-4-ethyl-4H-
1,2,4-triazole-3-yl)thio)acetate (6h)

Yellow powder; yield 67 %; m.p. 105-107C; CHNS elemen-
tal analysis Calcd. for (C ,H,,BrN,0,S): found C% 41.64, H%
4.76,N% 13.87, S% 7.93; calculated C%41.69, H% 4.75, N%
13.89, S% 7.95.

2-hydroxyethanaminium 2-((5-(2-bromophenyl)-4-phenyl-
4H-1,2,4-triazole-3-yl)thio)acetate (6i)

White powder; yield 69 %; m.p. 210-212C; CHNS elemental
analysis Calcd. for (C H BrN,O,S): found C% 47.83, H%
4.25, N% 12.44, S% 7.08; calculated C% 47.90, H% 4.24,
N% 12.41, S% 7.10.

Synthesis of morpholinium 2-((5-(2-bromophenyl)-4-R-
4H-1,2,4-triazole-3-yl)thio)acetate (6j-6l)

0,01 mol of 2-((5-(2-bromophenyl)-4-R-4H-1,2 4-triazol-3-
yl)thio)acetic acid (R =methyl (5a), ethyl (5b), phenyl (5¢)) and
0,01 mol of morpholine were dissolved in 50 ml of 2-propanol
with heating. The reaction mixture was filtered, the filtrate was
evaporated. For analysis the obtained substances were recrys-
tallized from 2-propanol.

morpholinium 2-((5-(2-bromophenyl)-4-methyl-4H-1,2,4-
triazole-3-yl)thio)acetate (6j)

Yellow powder; yield 80%; m.p. 79—81C; CHNS elemental
analysis Calcd. for (C H ,BrN,O,S): found C% 43.26, H%
4.63, N% 13.49, S% 7.74; calculated C% 43.38, H% 4.61,
N% 13.49, S% 7.72.

morpholinium 2-((5-(2-bromophenyl)-4-ethyl-4H-1,2,4-tri-
azole-3-yl)thio)acetate (6k)

White powder; yield 81%; m.p. 218-220C; CHNS elemental
analysis Calcd. for (C H, BrN,O,S): found C% 44.80, H%
4.94, N% 13.04, S% 7.48; calculated C% 44.76, H% 4.93,
N% 13.05, S% 7.47.
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morpholinium 2-((5-(2-bromophenyl)-4-phenyl-4H-1,2,4-
triazole-3-yl)thio)acetate (6l)

White powder; yield 76 %; m.p. 238-240C; CHNS elemental
analysis Calcd. for (C, H, BrN,O,S): found C% 50.24, H%
4.42, N% 11.73, S% 6.70; calculated C% 50.32, H% 4.43,
N% 11.74, S% 6.72.

Synthesis of dimethylammonium 2-((5-(2-bromophenyl)-
4-R-4H-1,2,4-triazole-3-yl)thio)acetate (6m-60)

0,01 mol of 2-((5-(2-bromophenyl)-4-R-4H-1,2 4-triazole-
3-yl)thio)acetic acid (R = methyl (5a), ethyl (5b), phenyl (5¢))
and 0,01 of mol dimethylamine were dissolved in 50 ml of
2-propanol with heating. The reaction mixture was filtered, the
filtrate was evaporated. For analysis the obtained substances
were recrystallized from 2-propanol.

dimethylammonium 2-((5-(2-bromophenyl)-4-methyl-4H-
1,2,4-triazole-3-yl)thio)acetate (6m)

Yellow powder; yield 82 %; m.p. 124—126C; CHNS elemen-
tal analysis Calcd. for (C,,H,.BrN,0,S): found C% 41.85, H%
4.58,N% 14.98, S% 8.60; calculated C% 41.83, H% 4.59, N%
15.01, S% 8.59.

dimethylammonium 2-((5-(2-bromophenyl)-4-ethyl-4H-
1,2,4-triazole-3-yl)thio)acetate (6n)

White powder; yield 83%; m.p. 149-151C; CHNS elemental
analysis Caled. for (C H BrN,O,S): found C% 43.55, H%
4.95, N% 14.44, S% 8.26; calculated C% 43.42, H% 4.94,
N% 14.47, S% 8.28.

dimethylammonium 2-((5-(2-bromophenyl)-4-phenyl-4H-
1,2,4-triazole-3-yl)thio)acetate (60)

White powder; yield 83 %; m.p. 200-202C; CHNS elemental
analysis Caled. for (C H BrN,O,S): found C% 49.76, H%
4.42, N% 12.89, S% 7.38; calculated C% 49.66, H% 4.40,
N% 12.87, S% 7.37.

Conclusions

As aresult, 21 novel compounds of 3-(2-bromophenyl)-4-sub-
stituted-1H-1,2,4-triazole-5(4H)-thiones and their derivatives
were synthesized and characterized.

The structure of synthesized compounds was confirmed using
Elemental analysis (CHNS), HNMR and Chromatographic
mass spectral analysis.
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Synthesis and structure of salts of 2-(((3-mercapto-5-methyl-4H-1,2 4-
triazole-4-yl)imino)methyl)benzoic acid

T. V. Hlazunova*

Zaporizhzhia State Medical University, Ukraine

Modern pharmacy and medicine can offer a substantial number of highly effective synthetic medicines. A great portion of these medicines
falls into the group of 1,2,4-triazole derivatives.

1,2,4-Triazoles are distinguished by important pharmacological properties, including antimicrobial, antifungal, anti-inflammatory,
hypoglycemic, while also being capable of stimulating the central nervous system.

Undoubtedly, a constant increase of number of publications regarding the synthesis, characterization of biological, chemical, and physical
properties of 1,2,4-triazole derivatives by both foreign and Ukrainian researchers promotes the search for promising compounds of this
class of heterocyclic compounds globally.

The purpose of our work was to synthesize and characterize structures of salts of 2-(((3-mercapto-5-methyl-4H-1,2,4-triazole-4-yl)
imino)methyl)benzoic acid, as potentially bioactive compounds.

Materials and methods. The physical-chemical characterization of the synthesized compounds was conducted according to the guidelines
provided by the State Pharmacopoeia of Ukraine. The melting point was determined using MPA100 apparatus. Elemental analysis was
held using Elementar Vario L.cube analyzer. '"H NMR spectra were recorded using Varian Mercury VX-200 spectrometer (1H, 200 MHz).
Chromatographic and mass-spectrometric data were obtained using Agilent 1260 Infinity LC system coupled with Agilent 6120 mass
spectrometer.

Results and discussion. 2-(((3-Mercapto-5-methyl-4H-1,2,4-triazole-4-yl)imino)methyl)benzoic acid was used as the starting compound for
the synthesis of the new structures. In order to afford the desired compounds, the starting material was subjected to salt formation reactions
with ammonium hydroxide, sodium and potassium hydroxides, methylamine, ethylamine, dimethylamine, 7-propylamine, 2-propylamine,
monoethanolamine, diethylamine, tert-butylamine, piperidine, piperazine, morpholine, 2-methylpiperidine, and 4-methylmorpholine whether
in alcohol or water solutions.

Conclusions. The chemical experiments resulted in 16 new substances, salts of 2-(((3-mercapto-5-methyl-4H-1,2,4-triazole-4-yl)imino)
methyl)benzoic acid. The chemical structure of the synthesized compounds was confirmed using instrumental methods, including 'H NMR
spectroscopy, LC-MS, and elemental analysis. The obtained salts will be used in further pharmacological research.

CuHTe3 i cTpykTypa conen 2-(((3-mepkanTo-5-metun-4H-1,2,4-tpiazon-4-in)imiHo)MeTuN)6eH30/HOI KUCNOTH
T. B. Ma3yHoBa

CyyacHa thapmallis Ta MeauLMHa MatoTb Y CBOEMY apceHarni 6arato BUCOKOehEKTUBHIX NiKapChKuX 3ac06iB CUHTETUYHOTO MOXOMXKEHHS.
3HayHa YacTuHa Takux 3acobis — noxigHi 1,2,4-Tpiasony.

Cnonykw 1,2,4-Tpiasony MaloTb BaXnmBi (hapMakomnoriyHi BnacTMBOCTI: NPOTUMIKPOOHY, MPOTUrpUOKOBY, NpoTU3anarbHy, finormikemiyHy,
€ ctumynstopamu LIHC.

BesnepeyHo, NocTiHe 36iMbLUEHHS KinbKOCTi Mybnikawin iHO3EMHUX i BITYM3HAHMX aBTOPIB LLIOAO METOAIB CUHTE3Y, BionorivyHmMx i ¢isun-
KO-XiMi4YHMX BNacT1BOCTEN NOXiaHMX 1,2,4-Tpia3ony CoHyKae BYEHUX Pi3HUX KpaiH 3aiMaTnCs NOLLYKOM NepcrnekTUBHUX MOMEKYN cepes
LIbOro Knacy reTepoLuKiiB.

MeTa poboTu — ynepLue 3aiicCHAT CUHTES i NiATBEPANTY CTPYKTYPY coneit 2-(((3-mepkanTo-5-metun-4H-1,2,4-Tpiazon-4-in)imiHo)meTun)
GEH30/HOT KUCNOTW AK ManbyTHixX BioNOoriYHO aKTUBHUX areHTiB.

Matepianu Ta metogn. [ocnimkeHHs isvKo-XiMiYHUX NapaMeTpiB PEYOBUH, SKi CUHTE3yBanu, BUKOHAM 3a METOAWKaMK, SKi HaBeLeHi
B [lepxxasHin ®apmakonei YkpaiHu. Temnepatypy nnaBneHHs BCTaHOBWM 3a gonomoroto npunagy MPA100. EnemeHTHui aHania pevo-
BVH 3QjACHUNM, BUKOPUCTOBYIOUM aHanisatop Elementar Vario L.cube. 'H AAMP-cnektpyu cnonyk 3HsTi Ha cnektpomeTpi Varian Mercury
VX-200 (1H, 200 MHz). Xpomato-mac-cnekTpanbHi SOCHiIKEHHS BUKOHaNM Ha rasopigmHHomMy xpomatorpadi Agilent 1260 Infinity 3
Mmac-cnektpomeTpom Agilent 6120.
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Pesynkratn. Ak BUXiOHI PEYOBMHU AN CUHTE3Y HOBWX CTPYKTYp Bukopuctanm 2-(((3-mepkanto-5-meTtun-4H-1,2,4-tpiason-4-in)imiHo)
MeTun)BeH30MHy kncnoTy. MocTaBunm peakLii coneyTBOPEHHS BUXIAHOT CNOMYKM 3 TiAPOKCAOM aMOHiaKy, rigpoKcuaamu HaTpito Ta kanito,
MeTUnamiHoOM, ETUNaMIHOM, AUMETUIamMiHOM, 1-nponinamiHom, 2-nponinamiHoM, MOHOETaHOMaMiHOM, ieTunaMiHoM, TPET-OyT1namiHoMm,
ninepuanHoMm, ninepasnmHoM, MopdoniHoM, 2-MeTUnNinepuanH, 4-MeTun MopcdoniHoM y cnmpToBux abo BogHWUX CepenoBuLLaX.

BucHoBku. Y pesynbrati 4OCRIMKEHHS XIMIYHUM LNSAXOM OTpuMani 16 HoBUX peyqoBuH, conen 2-(((3-mepkanTo-5-metun-4H-1,2,4-tpiason-
4-in)iMiHo)MeTn)BeH30AHOT KUCNOTY. XiMiYHa CTPYKTYpa CUHTE30BaHMX CONYK NiATBEpAXeHa KOMIIEKCOM Cy4acHWX MeTogiB aHaniy: 'H
AMP-cnektpockonii, LS/MS Ta enemeHTHoro aHanisy. CuHtesoBaHi coni Hagani 6yayTb BUKOPUCTaHI y hapMakonorivyHnX JOCTIIKEHHSX.

Knwouogi cnoea: cuHTes, 1,2,4-Tpiasonu, gisnko-xiMmivHi BNacTuBoCTi.

AxTyanbHi nuTaHHA hapmaLieBTUYHOI | MeauyHOI Hayku Ta npakTuku. 2020. T. 13, Ne 1(32). C. 17-22

CuHTe3 n cTpyktypa 2-(((3-mepkanto-5-metun-4H-1,2,4-tpnazon-4-un)uMmMHo)MeTUN)6EH30MHOIK KNCNOTbI
T. B. Mma3yHoBa

CoBpeMeHHas hapmauus 1 MeauLmMHa UMELT B CBOEM apceHane JoCTaTOMHO MHOTMO BbICOKO3((EKTUBHBIX TEKAPCTBEHHbIX CPEACTB
CYHTETUYECKOrO MPOUCXOXAEHUS. 3HaUNTENbHAsA YacTb Takux CPeACTB — NponsBoaHble 1,2,4-Tpuasona.

CoegunHenus 1,2,4-Tprasona OTNIMYAOTCA BaXHbIMU (DapMakonorMyeckumMm CBOMCTBaMU: MPOTUBOMUKPODHON, NpoTUBOrpUOKOBOW,
NPOTUBOBOCNANUTENBHON, MUMOMNIMKEMUYECKON aKTUBHOCTbIO, ABNAKOTCA cTuMynsTopamu LIHC.

BeccnopHo, NoCTOsAHHBIN POCT KonuMyecTBa NyGrmMKaLMn MHOCTPAHHbBIX W OTEYECTBEHHbIX aBTOPOB OTHOCUTENbHO METOA0B CUHTE3a,
BMoNornyecknx n YrU3nKO-XMMMYECKX CBOMCTB Npon3BoaHbIx 1,2,4-Tprnasona nobyxaaeT y4eHbIX pasHbix CTPaH 3aHNMaTLCS MOUCKOM
NepCnekTUBHBLIX MOMEKYN CPeAn AaHHOIO Kracca reTepoLiyKIIoB.

Llenk paboTkl — BNepBble NPOBECTU CUHTES U NOATBEPAUTL CTPYKTYPY conen 2-(((3-mepkanTo-5-metun-4H-1,2,4-tpna3on-4-un)umMmnHo)
METUN)B6EH30MHON KNCMOTbI Kak ByayLLmx B1ONOrMYeckn akTMBHbBIX areHToB.

Matepuansi n metoabl. ViccnegoBaHve UsMKo-XMMMYECKUX MapaMeTpOB CUHTE3MPOBAHHbIX BELLECTB BbIMOMIHEHO COrNacHO METOAVKAM,
KoTOpble NpuBeaeHbI B locyaapcTeHHon ®apmakonee YkpanHbl. Temnepartypa nnasneHus ycTaHoBneHa ¢ nomoLubio npndopa MPA100.
OneMeHTHbI aHanms BELLECTB NPOBEEH C Mcronb3oBaHeM aHanusatopa Elementar Vario L.cube. H AMP-cnekTpbl coeiuHEHMI CHSATBI
Ha cnektpomeTpe Varian Mercury VX-200 (1H, 200 MHz). XpomaTo-macc-cnekTparbHble MCCreaoBaHWs NPOBOAUMM HA Fra30KMAKOCTHOM
xpomartorpade Agilent 1260 Infinity ¢ macc-cnektpomeTtpom Agilent 6120.

Peaynkrathl. Kak ncxogHoe BELWECTBO ANS CMHTE3a HOBbLIX CTPYKTYp ucnonb3oBaHa 2-(((3-mepkanto-5-metun-4H-1,2,4-tpnason-4-
nn)uMnHo)MeTUn)6eH3onHas kucnoTa. MocTaBneHbl peakumn coneobpa3oBaHUs WCXOLHOTO COEAWMHEHWS! C TMAPOKCMAOM aMMOHMS,
TMOPOKCUAAMM HATPUS M Kanusi, METUMaMUHOM, 3TUAaMUH, OUMITUIAaMUHOM, 1-NponunamuHo, 2-nponunaMuH, MOHO3TaHONaMUHOM,
AUSTUNAMUHOM, TPET-6YTUNaMUHOM, MUNEPUANHOM, MUNEPA3UHOM, MOP(OINHOM, 2-MeTUANUNEPUANH 4-MeTU MOPGONIMHOM B CNp-
TOBbIX UMM BOAHBIX Cpedax.

BeiBoakl. B pesynsrate uccnefoBaHus XMMMYeckum nytem nonydeHsl 16 HoBbIX BellecTs, conen 2-(((3-mepkanto-5-metun-4H-1,2,4-
Tpnason-4-un)MM1HO)METIUN)OEH30NHON KNCTOTbI. XUMUYECKas CTPYKTYpa CUHTE3MPOBAHHBIX COEAUHEHWIA MOATBEPX/AEHA KOMMNIEKCOM
COBpEMEHHbIX MeTofoB aHanu3a: 'H AMP-cnektpockonuu, LS/MS 1 anemeHTHOro aHanu3aa. CuHTE3UpoBaHHbIE Comnm ByayT MCMomnb3oBaHb!
B AanbHenLwnx dapMaKkonornyeckux NccrnesoBaHusix.

KntoueBkie cnoga: cuHTes, 1,2,4-Tpnason, ranKo-xumMmyeckne CBOMCTBA.

AxTyanbHble Bonpochl hapMaLeBTUYEeCKOW U MeaULMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 1(32). C. 17-22

Nowadays pharmaceutical and medical developments have
made available numerous highly effective synthetic medici-
nal products. Many of such molecules contain 1,2,4-triazole
moiety [1-4].

As demonstrated by the increasing number of scientific
publications regarding the 1,2,4-triazole moiety, this research
direction holds significant promise [5—7]. This class of organic
compounds has sparked interest among researchers working in
the fields of medicine, pharmaceutics, and veterinary practice
[2,6], while it is attractive for specialists working in agriculture
[8]. Apart from that, 1,2,4-triazole derivatives are used as dyes,
antioxidant agents, some of them have applications as corrosion
inhibitors, and others are utilized as pesticides [4].

1,2,4-Triazole derivatives possess a range of useful phar-
macological properties, such as antimicrobial, antifungal,
anti-inflammatory, hypoglycemic, and act as central nervous
system (CNS) stimulants [2,4,9].

The number of publications devoted to synthesis as well as
biological and physical-chemical characterization of 1,2,4-tri-
azoles by foreign and Ukrainian researchers is growing, which
promotes the search for promising heterocyclic compounds,
including 1,2,4-triazoles [10—13].

Aim

The purpose of our work was to synthesize and characterize
structures of salts of 2-(((3-mercapto-5-methyl-4H-1,2,4-
triazole-4-yl)imino)methyl)benzoic acid, as potentially
bioactive compounds.

Materials and methods

The chemical reagents were obtained from “Ukrorgsyntez Ltd
(UOS)” with all quality documentation. The physical-chemical
characterization of the synthesized compounds was conducted
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Synthesis and structure of salts of 2-(((3-mercapto-5-methyl-4H-1,2,4-triazole-4-yl)imino)methyl)benzoic acid

according to the guidelines provided by the State Pharmaco-
poeia of Ukraine (SPU). The melting point was determined
using MPA 100 apparatus (Automated melting point system,
USA). Elemental analysis was held using Elementar Vario
L.cube analyzer (Germany). "H NMR spectra were recorded
using Varian Mercury VX-200 spectrometer (1H, 200 MHz)
(USA) with dimethyl sulfoxide-d, as the solvent and tetrameth-
ylsilane as the internal standard; spectra were interpreted using
SpinWorks software. Chromatographic and mass-spectromet-
ric data were obtained using Agilent 1260 Infinity LC system
(USA) coupled with Agilent 6120 mass spectrometer equipped
with an electrospray ionization source (ESI) [14-16].

Results

As the starting material 2-(((3-mercapto-5-methyl-4H-1,2,4-
triazole-4-yl)imino)methyl)benzoic acid 1.1 (Fig. 1) was
used. This compound was synthesized by us [3].

Compound 1.1 was reacted with ammonium hydroxide,
sodium and potassium hydroxides, methylamine, ethylamine,
dimethylamine, n-propylamine, i-propylamine, monoethanol-
amine, diethylamine, fert-butylamine, piperidine, piperazine,
morpholine, 2-methylpiperidine, and 4-methylmorpholine
whether in alcohol or water solutions to obtain the corre-
sponding salts 2.1-2.16 (Fig. 2).

Experimental

Ammonium salt of 2-(((3-mercapto-5-methyl-4H-1,2,4-tri-
azole-4-yl)imino)methyl)benzoic acid (2.1). 40 mL of 25 %
ammonia in water was added to 0.01 moles of 2-(((3-mer-
capto-5-methyl-4H-1,2,4-triazole-4-yl)imino)methyl)benzoic
acid (1.1), then the mixture was stirred until the substance was
dissolved. The obtained solution was filtered and evaporated.
The compound was obtained in a form of green crystals. For
analytical purposes, the compound was recrystallized from
n-butanol.

N—-—N

A

Z2——2

HOOC

Fig. 1. Structure of 2-(((3-mercapto-5-methyl-4H-1,2,4-triazole-4-yl)
imino)methyl)benzoic acid (1.1) used as the starting material.

Sodium and potassium salts of 2-(((3-mercapto-5-methyl-
4H-1,2,4-triazole-4-yl)imino)methyl)benzoic acid (2.2, 2.3).
0.01 moles of 2-(((3-mercapto-5-methyl-4H-1,2 4-triazole-4-
yl)imino)methyl)benzoic acid (1.1) were dissolved in 50 mL
of water, added 0.01 moles of whether sodium hydroxide or
potassium hydroxide. The mixture was stirred with heating
until substance dissolution. The obtained solutions were fil-
tered and evaporated. For analytical purposes, the compounds
were recrystallized from n-butanol (2.2) and methanol (2.3).

Methylammonium, ethylammonium, dimethylammonium,
n-propylammonium, i-propylammonium, monoethanolammo-
nium, diethylammonium, tert-butylammonium, piperidinium,
piperazinium, morpholinium, 2-methylpiperidinium, and
4-methylmorpholinium salts of 2-(((3-mercapto-5-methyl-
4H-1,2,4-triazole-4-yl)imino)methyl)benzoic acid (2.4-2.16).
0.01 moles of 2-(((3-mercapto-5-methyl-4H-1,2,4-triazole-
4-yl)imino)methyl)benzoic acid (1.1) were dissolved in
30 mL of water i-propanoladded 0.01 moles of methylamine,
ethylamine, dimethylamine, n-propylamine, i-propyl-

H,C 1.XOH H.C \
3 T SH 2% 3 \ SH
_—
N——CH IL\‘CH
X H*
HOOC -00C
1.1 2.1-2.16

Fig. 2. Scheme of the synthesis of salts of 2-(((3-mercapto-5-methyl-4H-1,2,4-triazole-4-yl)imino)methyl)benzoic acid (2.1-2.16).

XOH: ammonium hydroxide, sodium hydroxide, potassium hydroxide; X: methylamine, ethylamine, dimethylamine, n-propylamine, i-propylamine,
monoethanolamine, diethylamine, tert-butylamine, piperidine, piperazine, morpholine, 2-methylpiperidine, and 4-methylmorpholine.
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Table 1. Properties and elemental composition of the synthesized compounds

N——N

~00C

Chemical formula

Found %,
Yield, % Calculated %

N C R OO

21 |, 78-80 CHNOS 8 q1s |48 |mos  |ast
22 Na 266-268 C, HN,NaO,S 84 pr B P A e
23 |k 28240 |CHANOS 8 4os  |s0s |16 |10er
24 CHNH, 147149 C HNOS 82 D - e oo
25 |CHMM, 85-67 CHNOS 0 0w |ss  |zme  |10w
26 (CH),NH, 148-150 C HNOS 75 Ry - o e
27 CH,(CH,),NH, 155-157 CHNOS 85 o s o oo
28 (CH,),CHNH, 158160 CHNOS 73 o o S S
29 HO-(CH,),-NH, 172-174 C.HNOS 77 o2 2 e e
210 (CH.CH,),NH, 165157 C HNOS 75 g o e o
211 (CH,).CNH, 171173 CHNOS 80 o8 o o oo
212 C.H,NH, 156-158 C HNOS 83 ar 38 R b
213 12 CHNH, 130-132 C,HN,OS, 81 g R oy A b
214 C,H,ONH 163-165 C.HNOS 82 e 2 e o
215 C.H, NH-2-CH, 139-141 C,H,N.O,S 88 A s Jp o
216 C,H,ONH-4-CH, 163-165 C HN.OS o1 oo oo oo o

amine, monoethanolamine, diethylamine, tert-butylamine,
piperidine, piperazine, morpholine, 2-methylpiperidine, or
4-methylmorpholine (0.005 mol in case of piperazine). The
mixture was heated until substance dissolution. The obtained
solutions were filtered and left at room temperature for 48
hours, evaporated. Compounds were (2.4, 2.6, 2.8, 2.10,
2.15,2.16), green (2.7, 2.14), brown (2.5, 2.9, 2.12), and red
(2.11, 2.13). For analytical purposes, the compounds were

recrystallized i-propanol (2.4, 2.5, 2.7-2.10, 2.12-2.16) and
n-butanol (2.6, 2.11).

Structure of the synthesized salts of 2-(((3-mercapto-5-
methyl-4H-1,2,4-triazole-4-yl)imino)methyl)benzoic acid
was confirmed by elemental analysis (7able 1), 'H NMR
spectroscopy, and LC-MS (Table 2). LC-MS chromatograms
demonstrate the presence of individual peaks corresponding
to the synthesized compounds (7able 2).
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Synthesis and structure of salts of 2-(((3-mercapto-5-methyl-4H-1,2,4-triazole-4-yl)imino)methyl)benzoic acid

Table 2. Chemical shifts of protons in 'H NMR spectra and LC-MS data for the synthesized compounds

LC-MS, m/z
1 s s
m H NMR DMSO-d,,  ppm 1]
24 62.25 (3H, s), 7.43 (1H, ddd, J=7.8, 7.3, 1.3 Hz), 7.76-7.86 (2H, 7.81 (ddd, J= 8.0, 7.3, 1.5 Hz), 7.81 (ddd, /= 8.0, 1.3, 0.5 280.08
1 |Hz)), 822 (1H, ddd, J = 7.8, 1.5, 0.5 Hz), 9.32 (1H, s). :
29 62.20 (3H, s), 7.40 (1H, ddd, J=7.8, 7.4, 1.3 Hz), 7.70-7.82 (2H, 7.77 (ddd, J = 8.0, 7.4, 1.4 Hz), 7.73 (ddd, J = 8.0, 1.3, 0.5 28507
“ | Hz)),8.12 (1H, ddd, J = 7.8, 1.4, 0.5 Hz), 9.25 (1H, s). :
23 62.25 (3H,s), 7.43 (1H, ddd, J=7.8, 7.3, 1.3 Hz), 7.76-7.86 (2H, 7.81 (ddd, J= 8.0, 7.3, 1.5 Hz), 7.80 (ddd, /= 8.0, 1.3, 0.5 301.01
| Hz)), 823 (1H, ddd, J= 7.8, 1.5, 0.5 Hz), 9.32 (1H, s). :
24 62.25 (3H, s), 2.48 (3H, s), 7.42 (1H, ddd, J=7.8, 7.4, 1.3 Hz), 7.71-7.83 (2H, 7.78 (ddd, J = 8.0, 7.4, 1.4 Hz), 7.74 (ddd, 204,09
“ |U=80,1.3,05Hz)), 8.17 (1H, ddd, J = 7.8, 1.4, 0.5 Hz), 9.31 (1H, s). :
o5 |0 1:25(3H,1 J=62Hz), 228 (3H,s), 288 (2H,q, J=6.2 Hz), 7.4 (1H, ddd, J= 7.5, 7.3, 1.3 Hz), 7.71-7.85 (2H, 7.79 30811
| (ddd, J=8.1,7.2, 1.3 Hz), 7.79 (ddd, J = 8.1, 1.2, 0.6 Hz)), 8.19 (1H, ddd, J = 7.6, 1.2, 0.4 Hz), 9.44 (1H, s). :
26 6 2.24 (3H, s), 2.60 (6H, s), 7.41 (1H, ddd, J=7.6, 7.2, 1.6 Hz), 7.70-7.89 (2H, 7.74 (ddd, J= 8.1, 7.2, 1.1 Hz), 7.69 (ddd, J = 308.11
© 18.1,1.2,0.6 Hz)), 8.19 (1H, ddd, J = 7.6, 1.2, 0.6 Hz), 9.39 (1H, s). :
50.90 (3H, t, J = 7.3 Hz), 1.63 (2H, t, J = 7.3, 6.5 Hz), 2.25 (3H, s, 2.95 (2H, t, J = 6.5 Hz), 7.42 (1H, ddd, J = 7.8, 7.4, 1.3
27 |Hz), 7.71-7.83 (2H, 7.78 (ddd, J = 8.0, 7.4, 1.4 Hz), 7.74 (ddd, J = 8.0, 1.3, 0.5 Hz)), 8.17 (1H, ddd, J = 7.8, 1.4, 0.5 Hz), 9.31 |322.13
(1H, s).
g |81:25(6H,d,J=62Hz)221(3H,s), 340 (1H, sept, J = 6.2 Hz), 746 (1H, ddd, J=75,73,12Hz), 7.78786 (2H, 779 | 30 45
: (ddd, J = 87.0, 7.3, 1.2 Hz), 7.75 (ddd, J = 8.0, 1.2, 0.6 Hz)), 8.19 (1H, ddd, J = 7.9, 1.4, 0.6 Hz), 9.35 (1H, s). :
g |5221(3H,5) 315 (2H, 1 J =55 Hz), 354 (2H,t,J =55 Hz), 7.39 (1H, ddd, J=7.6,7.5, 1.2 Hz), 7.69-7.80 (2H,7.75 3041
~|(ddd, J=8.0, 7.3, 1.2 Hz), 7.70 (ddd, J = 8.0, 1.2, 0.4 Hz)), 8.14 (1H, ddd, J = 7.6, 1.2, 0.3 Hz), 9.28 (1H, s). :
010 |81:30(BH,tJ=62Hz),2.26 (3H, 5), 3.06 (4H, q, J = 6.2 Hz), 7.4 (1H, ddd, J = 7.6, 7.5, 1.4 Hz), 7.76-7.85 (2H, 7.79 —
191 (ddd, J = 8.0, 7.3, 1.3Hz), 7.76 (ddd, J = 8.0, 1.4, 0.6 Hz)), 8.19 (1H, ddd, J = 7.9, 1.5, 0.5 Hz), 9.35 (1H, s). :
41 |5121(9H,5), 221 (3H,5), 7.4 (1H, ddd, J=7.9, 7.3, 12 Hz), 7.74-7.863 (2H, 7.79 (ddd, J = 8.0, 7.1, 1.1 Hz), 770 (ddd, | 50 45
: J=8.0, 1.4,0.6 Hz)), 8.19 (1H, ddd, J = 7.8, 1.3, 0.4 Hz), 9.36 (1H, s). :
5153 (2H, dtt, J = 12.8, 3.3, 2.4 Hz), 1.71 (4H, dtdd, J = 13.5, 10.2, 3.3, 2.6 Hz), 2.30 (3H, s), 3.09 (4H, ddd, J = 14.6, 10.3,
212 |2.7Hz),7.47 (1H,ddd, J=7.5,7.2, 1.1 Hz), 7.77-7.87 (2H, 7.82 (ddd, J= 8.0, 7.2, 1.2 Hz), 7.79 (ddd, J = 8.0, 1.1, 0.4 Hz)), 348.14
8.21 (1H, ddd, J = 7.4, 1.1, 0.5 Hz), 9.38 (1H, s).-
51,52 (2H, dtt, J = 12.8, 3.3, 2.4 Hz), 1.75 (4H, dtdd, J = 13.5, 10.2, 3.3, 2.6 Hz), 2.33 (6H, 5), 3.09 (4H, ddd, J = 14.6, 10.3,
213 |2.7Hz),7.35(2H, ddd, J =7.4,7.2, 1.1 Hz), 7.66-7.71 (4H, 7.80 (ddd, J = 8.0, 7.1, 1.2 Hz), 7.71 (ddd, J = 8.0, 1.2, 0.6 Hz)), 611.19
8.22 (2H, ddd, J = 7.9, 1.3, 0.5 Hz), 9.25 (2H, s).
02.23 (3H, s), 3.43 (4H, ddd, J = 15.5, 10.2, 2.5 Hz), 3.77 (4H, ddd, J = 16.2, 10.2, 2.5 Hz), 7.41 (1H, ddd, J=7.8, 7.4, 1.3
214 |Hz),7.70-7.82 (2H, 7.75 (ddd, J = 8.0, 7.2, 1.3 Hz), 7.78 (ddd, J = 8.0, 1.4, 0.6 Hz)), 8.21 (1H, ddd, J=7.9, 1.3, 0.5 Hz), 9.44 | 350.12
(1H, s).
61.29 (3H, d, J = 6.4 Hz), 1.45 (1H, dit, J = 12.9, 3.3, 2.4 Hz), 1.53-1.76 (5H, 1.66 (ddddd, J = 13.1, 3.3, 2.9, 2.7, 2.4 Hz), 1.64
(dtt, J=12.9, 10.2, 3.3 Hz), 1.62 (dtd, J = 12.9, 10.2, 3.3 Hz), 1.68 (dddd, J = 12.9, 3.3, 2.7, 2.4 Hz), 1.66 (dtdd, J = 13.1, 10.2,
215 |3.3,2.6 Hz)), 2.36 (3H, s), 3.00 (1H, ddd, J = 14.5, 10.3, 2.7 Hz), 3.20 (1H, ddd, J = 14.5, 2.9, 2.6 Hz), 3.67 (1H, dgd, J = 10.3, | 362.16
6.4,2.7 Hz). 7.51 (1H, ddd, J = 6.8, 5.4, 1.1 Hz), 7.79-7.88 (2H, 7.80 (ddd, J = 8.0, 7.2, 1.2 Hz), 7.80 (ddd, = 8.1, 1.2, 0.6
Hz)), 8.25 (1H, ddd, J = 7.9, 1.3, 0.4 Hz), 9.21 (1H, s).
5221 (3H, s), 2.97 (3H, s), 3.23-3.38 (4H, 3.31 (ddd, J = 15.5, 3.1, 2.5 Hz), 3.31 (ddd, J = 15.5, 10.2, 2.5 Hz)), 3.75-3.93
216 | (4H, 3.82(ddd, J=14.4,10.2, 2.5 Hz), 3.88 (ddd, J = 14.4, 3.1, 2.5 Hz)).7.46 (1H, ddd, J= 7.6, 7.5, 1.4 Hz), 7.73-7.88 (2H, 364.14
7.79 (ddd, J = 8.0, 7.3, 1.5 Hz), 7.76 (ddd, J = 8.0, 1.2, 0.4 Hz)), 8.19 (1H, ddd, J = 7.9, 1.5, 0.5 Hz), 9.35 (1H, s).
Discussion proton of imino group resonates as a single-proton singlet

The elemental analysis confirmed the composition of the syn-
thesized compounds (Table 1), 'H NMR data indicated that
theoretical structures are in agreement with the experimental
results. '"H NMR spectrum of potassium 2-(((3-mercapto-
S-methyl-4H-1,2,4-triazole-4-yl)imino)methyl)benzoate
(2.3) was characterized by a chemical shift in a strong field
appearing as a triple-proton singlet of the methyl group
attached to the ring of 1,2,4-triazole at 2.25 ppm. Protons
of the phenyl substituent appear as two multiplets and one
doublet at 7.43 ppm, 7.76-7.86 ppm, and 8.23 ppm, while

at 9.32 ppm.

Conclusions

Sixteen new compounds were obtained during the chemical
synthesis, specifically, the salts of 2-(((3-mercapto-5-methyl-
4H-1,2 4-triazole-4-yl)imino)methyl)benzoic acid. Structures
of the synthesized compounds were confirmed by a set of
instrumental methods, including '"H NMR spectroscopy,
LC-MS, and elemental analysis. For the obtained salts the
pharmacological researches are planned to be evaluated
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(antioxidant, antihypoxic, antimicrobial, cardio- and hepa-

toprotective actions).
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AueToEeHOH — BaXXNUBMIA HaNiBNPOAYKT AN BUrOTOBMEHHS NiKapCbKux npenaparis 3acnokinnueo Aii. Bigomi metoam 1noro ogepxaHHs
He MatoTb MabyTHBLOrO Yepes TEXHOMOTYHY CKMaAHICTb, XKOPCTKI YMOBW CUHTE3Y Ta HU3bKi KoedillieHTV Nnepepobku BUXIAHOT CUPOBUHN.
Tomy aKkTyarnbHUM 3aBfaHHsIM € po3pobka MarnoBiAX04HOro, HU3bKOTEMMNEPATYPHOTO CUHTE3Y aLEeTO(EHOHY 3a JONOMOIO 030HY.

MeTa po6oTu — BOCNIANTY KIHETUYHI 3aKOHOMIPHOCTI peakLii 030Hy 3 eTUNOEH3eHOM B aLeTaTHIN KUCOTi Ta PO3POBUTH O30HONITUYHWI
CVHTE3 aLeTOMEHOHY.

Matepianu Ta MmeToau. 3acTocoByBanu NboAsiHY aueTaTHy kucnoty dipmu «Sigmay keanidikauii «X.Y.»; eTunbeHaeH, aLueTodeHoH
ipmm «Acros organics» keanidikaujii «X.Y.»; aueratu metanis kanidikauii «X.4.». Konuentpauito O, y rasosiit (asi Bu3Ha4anu crex-
TPOPOTOMETPUYHUM METOLOM 3a NOFMMHAHHAM B obnacti 254—-290 Hm Ha cnekTpocoTomeTpi CP-46, Lo NpusHadeHNid 4N BUMIPIOBaHHS
KoediLlieHTIB NPOMyCKaHHA PigKMX | TBEPANX NPO30pKX peyvoBuH B obnacTi cnekTtpa Big 190 Hm go 1100 HM. laeHTudikauio cknagoBmx
peakuiiHoi Macu Ti iX KiNbKICHWN aHani3 y po34uHi 34iNCHUNIM METOAOM ras3opianHHOI Xpomartorpadii.

Pezynikrati. Jocnignunm KIHETUYHI 3aKOHOMIPHOCTI OKUCHEHHS! €TUNDEH3EeHY 030HOM Y PO34MHI MbOAAHOI aueTaTHOI kucnotu. MokasaHo,
Lo npwv Temnepartypi 15 °C 030HyBaHHS BiAOYBaETLCA NEPEBAKHO 3@ aPOMATUYHUM KifbLieM.

BBeaeHHs y cuctemy katanisatopa — maHraH (11) aLetary — nigsuLLye cenekTUBHICTb OKUCHEHHS 3a BivHMM naHuorom 3 34,0 %p0 87,7 %.
£K OCHOBHI MPOAYKTM YTBOPIOOTLCA aueTodeHoH (76,5 %) i metundeHinkapbiHonauetar (11,2 %).

BucHoBku. O30HyBaHHA eTUNBEH3eHy B aLleTaTHiln KucnoTi nepebirae nepeBaxHO 3a apoOMaTUYHIM KinbLeM, i oTpuMaTi aLeTodeHoH
i3 BUCOKMM BMXOOOM HEMOXIIMBO. BBEAEHHS y CUCTEMY KaTani3atopa Ha OCHOBI NMepexigHoro Metany Aae 3Mory cnpsiMyBaTi npouec
NepEeBaXHO 3a GiYHMM NMaHLILOTOM 3 YTBOPEHHAM 76 % aLeToheHOHY.

The ozonolytic synthesis of acetophenone - a by-product for the production of drugs
of calming effect

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

Acetophenone is an important by-product for the manufacture of drugs of calming effect. Known methods of its production don’t have
the future due to technological complexity, harsh synthesis conditions and low processing coefficients of raw materials. Therefore, the
development of low-waste, low-temperature synthesis of acetophenone with ozone is an urgent task.

The purpose of the work was to study the kinetic regularities of the reaction of ozone with ethylbenzene in acetic acid and to create
the ozonolytic synthesis of acetophenone.

Materials and methods. Glacial acetic acid of “Sigma” firm of qualification “Ch. P.”; ethylbenzene, acetophenone of “Acros Organics” firm
of qualification “Ch. P.”; acetates of metals of qualification “Ch. P.” were applied. The concentration of O, in the gas phase was determined
by a spectrophotometric absorption method in the range of 254-290 nm on spectrophotometer SF-46, which was designed to measure
the transmittance of liquid and solid transparent substances in the spectral range from 190 to 1100 nm. Identification of the components
of the reaction mass and their quantitative analysis in solution was performed by gas-liquid chromatography.

Results. The kinetic regularities of the oxidation of ethylbenzene with ozone in a solution of glacial acetate have been investigated. It is
shown that ozone occurs at a temperature of 15 °C, mainly by the aromatic ring.

The addition into the catalyst system — manganese (Il) acetate has increased the selectivity of oxidation on the side chain from 34.0 to
87.7 %. Acetophenone (76.5 %) and methylphenylcarbinolacetate (11.2 %) are formed as the main products.
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Conclusions. Ozonation of ethylbenzene in acetic acid was taken place mainly on the aromatic ring, and it was not possible to obtain
acetophenone in high yield. The addition of transition metals allowed to be directed the process along the side ring to form 76 % acetophenone.

Key words: ozonolysis, ethylbenzene, acetophenone, acetic acid, oxidation, catalysis, ozone.
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O30HONUTUYECKMNIA CUHTE3 aLeTod)eHOHA — MONYNPOAYKTa AN NOSyYeHUs NeKapCTBEHHbIX NPenapaToB YCNOoKaMBaloLero
nencTBusA

A.T. lanctsn, A. C. bywyes, B. B. Kotoea, O. O. [lemyeHko

AueTobeHOH — BaxHbIN NOMYNPOAYKT AN NOMyYeHUs NeKapCTBEHHbIX MPenapaToB ycrnokausarwLero aeicTaus. VI3BecTHble MeToabl
€ro Mosy4eHns He MMEKT ByayLLero no NPUYMHaM TEXHOMOTMYECKON CIIOXXHOCTU, KECTKMX YCIOBUI CUHTE3a U HU3KMX KOIhPULIMEHTOB
nepepaboTku NCXOZHOTO Cbipbsi. [103TOMY akTyarnbHON 3afaqen senseTcs pa3paboTka ManooTXOAHOrO, HU3KOTEMMNEPATYPHOTO CUHTE3a
aueTodeHoHa C MOMOLLbH0 030Ha.

Llenb paboTkl — nccnenoBath KUHETMYECKME 3aKOHOMEPHOCTM PeakLMi 030Ha C 3TMNGEH30MI0M B aleTaTHOM KucrnoTe u pa3pa60TaTb
030HOSITUYECKUI CMHTE3 aLleToheHoHa.

Matepuansl u metoasl. Micnonb3oBanu nefsHyo aueTaTHy KUCIoTy dupMel «Sigmay kBanudukauum «X.Y.»; etunbenson, ale-
TO(EHOH hUPMBbI «Acros organics» kanudukauum «X.Y.»; aletarsl MeTannos kanudukaumm «X.H.». KoHueHTpauuo O, B rasosoi
(hase onpegensanu cnekTpodOTOMETPUYECKMM METOAOM Mo nornoweHuo B obnactn 254-290 HM Ha cnektpodoTomeTpe CO-46,
npeaHasHavYeHHOM Ansi U3MEPEHUST KOI(PULIMEHTOB NPOMYCKAHMS XUAKUX U TBEPAbIX NPO3payHbIX BELECTB B 06rnactu cnektpa ot
190 Hm go 1100 HM. VigeHTudmkaumio coctaBa peakLoHHOM Macchl U ee KONMMYECTBEHHbIN aHanu3 B pacTBOpe NPOBOAUIN METOAOM
ra3oxmaKOCTHON Xpomarorpaduu.

Pesynirathl. MiccnenoBaHbl KMHETUYECKE 3aKOHOMEPHOCTY OKUCTIEHUS STUNOEH30Ma 030HOM B PaCcTBOPE NefsHON aleTaTHON KUCTOThI.
lNokasaHo, 4to npu Temnepatype 15 °C 030H1POBaHME NPONCXOAUT NPEVNMYLLECTBEHHO NO apoMaTUyeckoMy KonbLyy. BeeaeHwe B cucte-
My kaTanusatopa — MaHraH (I1) aueTtata — NoBbLILIAET CENEKTUBHOCTb OkucneHust no 6okosoi Lenu ¢ 34,0 % o 87,7 %. Kak ocHoBHble
npoayKTbl 0bpasytotcs aueTodeHoH (76,5 %) n metundenunkapbuHonauetar (11,2 %).

BbiBoabl. O3OHMpOBaHVIe aTMnGeH3ona B aueTaTHoW KucrnoTe npoTekaeT npeMmyLleCTBeHHO N0 apoMaTU4ECKOMY KOnbLy, U NONYyYNTb
aLeToeHOH C BbICOKMM BbIXOLOM HEBO3MOXHO. BBegeHne B cuUCTeMy KaTtanusatopa Ha OCHOBE MepexogHOro MeTansa no3sonser

HanpaBuUTb NPOLIECC B OCHOBHOM Mo G60koBoM Lienu ¢ obpa3oBaHvem 76 % aueTodeHoHa.

KntoueBkle crioBa: 030HONW3, 3TMNOEH30m, aueToPeHOH, aleTaTHas KMCNoTa, OKUCIIEHNe, KaTanus, 030H.

AKTyanbHble Bonpocbl hapmaLeBTU4eCKOM U MeaULIMHCKON Hayku u npakTuku. 2020. T. 13, Ne 1(32). C. 23-30

A1ieTo)eHOH — B)KJIMBHUI HAITIBIPOIYKT JUIsl BATOTOBJICHHS
JIKapChKHUX TPETapaTiB 3aCIOKIMINBO il (KacTopiym, Tin-
HOH). Binomi MeTom foro onepskaHHs He MAarOTh MaiiOy THBO-
0 Yepe3 TEXHOJIOTIYHY CKIIAIHICTh, )KOPCTKI YMOBH CHHTE3Y
Ta HU3bKI KoeillieHTH TIepepOOKH BUXiJHOI CHpOBHHH. ToMy
MOXXYTb CTaTH y HATOJIi JaHi IIIOI0 OKICHEHHS 030HOM, SIKHI
€ 0e30amacTHUM OKHCHHUKOM apOMaTHYHHX croiyk [1-5].
Peaxiiist 030HY 3 €THJIOCH3CHOM JIOCUTB JICTATLHO BUBUCHA HA
TIPUKIIa]Ti CHCTEMH METHIIOCH3EH — 030H — alleTaTHa KUCiIoTa
[6-8]. [Tokazano, o 3a Temmneparypu 20—100 °C nepeBaxHO
BinOyBa€eThCs enekTpodigpHa aTaka 030HOM 3a apoOMaTHd-
HHMM KUTBIIEM 3 YTBOPEHHSIM TIEPOKCHIIB — IIPOYKTIB HOTO
pyiiHyBaHHs. BBeneHHSI B cHCTEMy KaTaji3aTopiB — cojied
METaJiB 3MiHHOT BAJICHTHOCTI — J1a€ 3MOTY 3MIHHUTH HaIPsSIM
peaxmii 3a 6iuHUM JaHIoroM. 3a HasgBHOCTI KobamsT (II)
arerary i B ymoBax miaBuineHux temmeparyp (~ 90 °C)
METHJIOCH3CHH OKHCHIOIOTBCS JIO BIAMOBITHUX OCH30MHIX
KHUCJOT 13 BuxoaoM 71-95 %.

Y daxoBiif miTepaTypi BiACYyTHI BiJOMOCTI PO PEaKIIiio
030HY B psily €THJIOCH3EHY 3a HASIBHOCTI KaTaji3aTopiB — CO-
JIei MeTaJTiB 3MiHHOT BaJICHTHOCTI, — SIKI CTAHOBJIATH IIEBHUIN
iHTEpec i 9ac po3poOIIeHHsT MAIOBIIXOMHUX TEXHOMIOTIH
OZIepKaHHS alleTOPEHOHY Ta HOTo 3aMileHnX. Y 3B 53Ky 3
UM JIOIUIbHI JOCIHIPKCHHS PeaKilii KaTaliTHYHOTO OKHC-
HEHHsI €THJIOEH3EeHY 030HOBMICHUMH I'a3aMH JUISl CTBOPEHHS

HU3BKOTEMIICPATYPHOI MaJIOBIIXOHOT TEXHOJIOT1i OIepKaH-
Hs aleTo(heHOHY.

Meta po6otu

JocnianTa KiHeTHYHI 3aKOHOMIPHOCTI peaKilii 030HY 3 eTHII-
OCH3EHOM B alleTaTHii KUCIIOTI Ta pO3POOHTH 030HOJI THIHUI
CHHTE3 alleTO(PEHOHY.

Matepianu i MeToaun gocnigxeHHs

Jist nociizniB 3acTOCOBYBAJIM aleTaTHY KHUCIOTY (GipMu
«Sigmay» xBamidikauii «X.U.»; etninbenseH, aneroheHoH
¢dipMu «Acros organics» kBamidikamii «X.U.»; aneratu
MetamiB kBamiikarii «X.U.».

[lepen BUKOPUCTAHHAM y BCiX BHIIaJKaX BH3HAYaJH
(hizMKO-XiMigHI KOHCTAaHTH 200 BMICT OCHOBHOI PEYOBHHU
B peakTHBi. Y HH3II BHUMAIKiB, BU3HAYAIOUH ITapaMEeTPH
TpoIIeCy Ha YKPYMHEHiH yCTaHOBI, SIK BUXiJHI pearcHTH
3aCTOCOBYBAJIM PEYOBHUHH O€3 MOIEPEIHBOI0 OUHIIICHHS.

Peakiito T0CIiKyBald y TEPMOCTATOBAHIN CKIISTHIN
KOJIOHIII 3 TIOPUCTOIO MEPETHHKOIO 32 YMOB KIHETHYHOI'O
pexxumy mpu 1040 °C. B kononky 3aBaHTaxysaau 10 mi
JBOJITHOT areratHol kuciot, 0,4 Momb- 1! eTunbeH3eny,
KaraJli3aTop; MicJIsl IIbOTO [10IaBaIM O30HOIOBITPSIHY CYMILI
31 mBuakictio 20 -rox”. Konnentpairo O, y rasosiit dasi
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BU3HAYaJIM CIIEKTPO(GOTOMETPUYHIM METOIOM 32 IOTIHAH-
HsM B 00mmacti 254290 am Ha criekrpodoromerpi CD-46, mo
TIPU3HAYEHHH JUTSl BUMIpIOBaHHS KOe(ili€HTIB POIYCKAHHS
PILIKHUX 1 TBEPMX MPO30PUX PEUOBUH B 00JIACTI CIIEKTpa BiJl
190 um o 1100 uMm.

InenTndikaniro CKI1aJOBUX peakiiiiHol MacH Ta IXHiif Kijb-
KICHUI aHaJI3 y pO3UMHI BUKOHAIHM METOJOM Ta30pPiqMHHOI
xpomarorpadii, mo omucanuii y podori [9]. Anamni3 3xiitc-
v Ha npwiagi JIXM-8M/] 3 nonym’siHO-10HI3aLI HHUM
JETEKTOPOM Ha KOJIOHIII 3aBIOBXKKH | M i miameTpom 3,5 MM,
sika 3artoBHeHa HocieM, — «IHEPTOH-Cyniep» (0,16-0,2 mm),
3 HAaHECEHOIO Ha HhOTO HepyxoMorto (azoro «FFAPy y kinbko-
cti 5 % Bij Macu HOCIS 32 YMOB: TEMIIEpaTypa BUIIAPOBYBa-
ya—303-333 °C; mBHaKicTh razy-Hocis (azor) — 2,0 m-rom';
MIBUIKICTH BOIHIO — 1,8 J1'ToM!; MBHAKICTE TOBITPs — 18
n-ror’'. TepMocTaTyBaHHS BUKOHAIH B TEMIICPATypPHUX Me-
kax 100—-160 °C, miIBHUILCHHS TEMITEpaTypH 3I1HCHIOBAIN
niporpamoio — 8 °C/XB.

Jlnst aHanizy MepoKCHIHUX CIOJYK Ta OKMCHEHHX (hopM
KaTaji3aropa y po34rHi 3aCTOCOBYBaIH HomoMmeTpito. Kon-
CTAHTH HIBUJIKOCTI peaKii 030Hy 3 OpraHiYHUMH CIIOJyKaMH
BU3HAYAJIM 32 METO/IOM, sIKMiA onucanuii y [10], mBuakocTi
peaxtii okucHeHO1 (hopMH KaTai3aTopa 3 OPraHiYHOO MO-
JIEKyI1010 — rpadiyanm metozom [11].

Pesynbratu

3’sicyBaiy, 1m0 3a Temrieparypu 15 °C okuCcHeHHS eTHIIOCH-
3eHy KHMCHEM Y PO3YMHI JIbOJISHOI alleTaTHOi KUCIIOTH He
BimOyBaeThCs. 32 HASBHOCTI 030HY PEaKIis PO3BHUBAETHCS
LIBH/IKO, BUYEPITHE OKUCHEHHS €THIOCH3EeHY O30HOMOBI-
TPSHOIO CYMIIIIIIIO 32 YMOB OKMCHEHHSI 3aKIHUY€ThCs 32 2,5
ron (puc. 1). Cxitag MpOIyKTiB OKUCHEHHS CBITYUTH PO
HAasIBHICTB JBOX HAIIPSIMIB 030HYBaHHSI: 32 €THIILHOIO TPYIIO0
1 6eH3eHOBUM KijblieM (030HOII3) (cxema 1).

Buxin nmponyKkTiB OKMCHEHHS 32 €TUIBHOIO I'PYIOI0
cknanae 34 %. O30HOII3 CYNPOBOKYETHCS PYHHYBaHHIM
apOMaTHUYHOTO KiNBIA 3 YTBOPSHHSIM O30HIIIB 3 iXHIM ITe-
PETBOPEHHSIM Hajali B aniaTHdHi HEPOKCHIHI CIIONYKH.
Butparu etunOeH3eHy 3a IpyrdM HAIPSMKOM CSTalOTh
63 %. bnusbko 3 % mpOAYKTIB peakiil 3aJnMIMINCs He
i1eHTH()IKOBAHUMH.

JlecTpyKTHBHOMY OKHCHEHHIO apPOMATHYHOTO KLITBIISI MOX-
Ha 3aro0irTH BBEACHHSM Y CHCTEMY Karaizaropa — cojeit

CHy

/ CHy

HiC. o]
CoHs CH, HCT NHS N

— 0,—* +HOj *@ + ©

1-Phenylethanol ~ Acetophenone

[o] 4
CHy CH
- e :
H H
. 0
\O \ —» 0zONOlysis
/ /O products
o_ o
H H

MeTaJIiB 3MiHHOI BaJICHTHOCTI; OCHOBHHM HaIIPSIMOM CTa€ ce-
JIGKTUBHE OKMCHEHHS eTUIIBHOI rpynu. HesanexxHo Bix npu-
POIM MeTalTy, IO BXOAUTB y CKJIa]] KaTali3aTopa, OCHOBHUM
MPOJYKTOM peakKllii € arieToh)eHOH. 3a JaHUMHU, [0 HABEICH1
B mabnuyi 1, IMBUIKICTh OKMCHECHHS €TIIOCH3CHY Ta BUXIJ
areTo(eHOHY 3aJIeKUTh BiJl OKUCHIOBAJILHO-BITHOBHOTO T10-
TeHMany mapu Me™/Me™"!, sikuii € HailGLIbIINM Y KOOaIbTy.
Hwkua, HK OYiKyBaHa CEJICKTUBHICTH 32 alleTO(EHOHOM
3a HasgBHOCTI KoOaisT (II) ameraTy mMosICHIOETBCS THM, IO
BHCOKHI OKHCHIOBAJIbHO-BITHOBHUH MOTEHINA CIIPHSIE HE
TUIBKH BUCOKIH IIBUAKOCTI OKMCHEHHS €TUIIOCH3CHY B STy
BUBUCHHUX KaTalli3aToPiB, ajie, K Oy/ie MOKa3aHo ajli, CTBO-
PIO€ YMOBH ISl HACTYITHOTO IIEPETBOPEHHS alleTO(ECHOHY.

OTKe HalOLTbII e(DeKTUBHUM KaTalli3aTopoM 030HYBaHHS
erninbenseny € manran (II) aumerar. 3a BincyTHOCTI 030HY
KarajmiTHdHa akTuBHiICTH MaHTaH (II) ameraty momiTHO He
MPOSIBISIETHCSL, 3 | TOJ] BUTPUMYBAHHSI PO3UHHY, Uepes3 KUt
6apOoTyeTHCSI TIOBITPSI, KOHLIEHTpAIlisl CyOCTpaTy Maike He
3MIHIOETRCS, KaTaji3aTtop nepedyBae y BiTHOBHIN (opmi, a
OKCHI'€HBMICHI IPOJIYKTH OKMCHEHHSI 32 OIYHUM JIAHI[FOTOM
HE YTBOPIOIOTHCH.

OKHCHEHHSI eTHIIOCH3CHY 32 HAsBHOCTI 030HY BXKE MPH
temmeparypi 15 °C po3BHBAETHCS 3 BUCOKOIO IIBUAKICTIO
(puc. 2), BUUEpIHE OKUCHCHHS 3aKiHUyeThCs 3a 50 XB.
OCHOBHHMMH TIPOJIyKTaMH OKHUCHEHHS 31 30epekeHO0 apo-
MaTHIHOIO CTPYKTYpoIo € aneropenoH (76,5 %) ta metu-
ndeninkapoinonanerar (11,2 %). Sk npoMibKHUI TPOLYKT

OH H,C

CHy
H,C H,C

-%-(_)3 —_—

Cxema 1.

Tabnuus 1. Bnnue coni MeTany Ha WBWAKICTb | CeNEeKTUBHICTb OKUCHEHHs eTunbeHaeHy npu 15 °C. [ArCH,CH,] = 0,4; [Me(OAc),], = 0,04;

[O,], =5.2:10* monb 11!

Conb metany

E¢298 (Men+1lMen+)

LLBnAKICTb OKUCHEHHSA
eTunGeHseHy, Monb (n-c)*!

LBnaxicTb HakoNMuyBaHHSA

aueTocheHoHy, Mok (n-c)* Buxin auerocberony, %

- - 0,90-10* 0,20-10* 34,0
Co(OAc), 1,808 3,70-10* 1,90-10* 43,0
Mn(OAc), 1,509 2,40-10* 1,70-10* 76,5
Pd(OAc), 0,77 1,20-10* 0,28:10* 34,5
Fe(OAc), 0,99 1,80-10* 0,30-10* 34,8
Cr(OAc), 0,74 1,10-10* 0,33:10* 34,0
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Puc. 1. KiHeT1ka OkUCHEHHS eTnbeHaeHy
030HOM B aLleTarHilt kucnoti; T=15°C ;
[ArCH,CH,] =0,4;[0,] =5,2-10* monbn";
Vp= 0,01n; w = 30 n-rox’"; 3MiHa KOHLEH-
TpaLlii eTunbensery (1), 03oHiaiB (2), aLie-
TocheHoHy (3), MeTundbeHinkapbiHony (4).

1 Puc. 2. OkucHeHHst eTunbeH3eHy 030-
HOM B aueTatHil kuenoti npn 15 °C,
ae Mn (Il) 3a3panerigb OKMCHEHMI

3 10 Mn (V) (ymoBn — mabn. 1). 3miHa

KOHLieHTpaLii eTunbenseHy (1); meTun-

herinkapbiHon (2); a-MeTUndheHinkap-

OKHCHEHHS eTHIOCH3EHY 1neHTH(IKyBaIu MeTrIdeHTKap-
O1HOJ 1 CIIIIOBI KUTBKOCTI OEH3AIBACTI Y.

3a yMOB, KOJIM O30H BBOAWTHCS y CHUCTEMY, JIe MaHTaH
3HAXOJUThCS Y BIHOBHIM ()OpMi, Ha MOYATKY KIHETHYHHX
KPUBHX BUTPaYaHHs eTHIOCH3CHY 1 HAKOITMYEHHS areTode-
HOHY, MeTHiIdeHIKapOiHoTy Ta MeTHiIdeHIKapOiHonare-
TaTy CIIOCTEpIraiy IHAYKIiHI Mepiofn, SKi 3aKIHIYIOThCS
miicis nepersopeHsst Mn (II) y Mn (IV) (puc. 2, xp. 5). 3 gacy
1oJia4i B CUCTEMY O30HOIIOBITPSIHOT CyMIIlI KOJIIp PO3UMHY
3MIHIOETBCSI 3 MYTHOTO CBITJIO-)KOBTOTO Ha TEMHO-OYypHIA,
xapakrepuuit 11 Mn (IV), 1 Bxe gepe3 7-10 xB y cuctemi
BCT@HOBIIIOETHCS MOCTIMHA BUCOKA KOHIIGHTpAILlisi MaHTaH
(IV) anerary, 6mmspka g0 [Mn(ID)] , micsst 90ro OKHCHEHHS
CTUIIOCH3CHY 1 HAKOITMYCHHS KCHEBMICHUX TIPOITYKTIB 31iiiC-
HIOETBCS 3 MOCTIMHOIO MIBUJIKICTIO @)X JIO TIOBHOI BUTPATH
auerary. [IpunuHeHHs nopadi 030HY B CHCTEMY Y Oylib-

6iHon-auetarty (3); auetodeHoHy(4);

T, XB kaTanisatopa(5).

SIKWl MOMEHT 4acy TIPU3BOAUTH JI0 FaJIbMYBaHHsI IIPOLIECY, 1
peaxiis nepexoquTh y peskuM okucHeHHs Mn (IV); po3unn
MOCTYTIOBO CBITIIIIAE 3 TTOsIBOO B HHOMY Mn (II).

SIkmio eTniOeH3eH BBOJUTH B CHUCTEMY, B SKili MaHTaH
3HaXOJUTHCS B OKHCHEHIN (opMi, IHIYKIIHHUNA TTepion
3HUKA€, OKICHEHHS BiI0OYBAa€ThCSA Bifjpa3y 3 MAKCHMAIIEHOIO
mBHUIKICTIO (puc. 3). Kornentparis Mn (IV) crioyatky nemio
3HWKYETBCS, a TIOTIM HIBUJIKO ITiIBUIIYETHCS JI0 TIOYAaTKOBOI.

BaxximBoro ymMoBOI0 nepediry peakuii € Oe3nepepBHiCTb
T0J1a4i 030HOIIOBITPSIHOT cyMiti y cuctemy. [IpuninenHst i
To/1adi TaTbMY€E PEaKIlIo aX A0 ii 3yIIHKH.

3HaiiieHo, o Ha OKUCHEHHS | MOJIb eTHIIOCH3eHY BUTpA-
4JaeThes 2,25 MOJIb 030HY, 10 HAOIMKEHO 0 TEOpii:

Ar-CH,CH, +2 0, — ArC(O)CH, +H,0 +20, (1)

Puc. 3. KiHeTuka OKUCHEHHS

-1 -1
C, monb a1 C, Moub a1 eTunGenaeHy (a) Ta Hakomu-
YeHHs MeTundeHinkapbiHony
0,05 54321 (6), meTundpeHinkapbinona-
0.4 5 4 3 2 1 LeTaty (B) Ta aLeTo(heHOHY
’ (r) npu [Mn(OAc),], = 0,005
i (1); 0,01 (2); 0,04 (3); 0,08
0.3 0,03+ (4); 0,1 (5) monb/n; T =15
0.2- °C, [ArCH,CH,J, = 0.4,
? a 6 [O,], = 5,2:10* monb/n,
0.14 0.014 V.=8310%c, V., =001 .
20 40 60 80T, xB 20 40 1,xB
C, MOTB T C, MOJTBJT
0,05+ 5 4 3 2 1
0,3 1
0,034 0,2-
B 0.1 r
0,01+ ’
20 40 60 801, xB 20 40 60 80T,xB
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Peaxkuis (1) nependavae nepemilieHHs! YOTUPBOX €I1EKTPO-
HIB, a 030H 3/1€0IBIIOr0 BiIIA€ TUTHKH OIMH aTOM KHCHIO
JUIsl CTBOPEHHSI HOBOTO ITPOAYKTY peaKilii, Hanpukiaz [6]:

2H"
0,+2H+ = 0,+H,0

[Ticnst BiArOHKM aleTaTHOT KMCJIOTH 1 BUJAJICHHS Kara-
Ji3aTopa OpraHiyHUi 1map, M0 MICTUTH aneTo(eHOH Ta
a-(heHineTanoIaneTaT y CHiBBiIHOMIEHH] & : 1, miImaoTh
BHMOPOXKYBaHHIO, TiJT 9ac SKOTO OJCPIKYIOTh alleTOQEHOH,
T, .= 202-204 °C. Pixkuii 3a1HIIOK, B SKOMY MICTHTBCS
periTa anetopeHOHyY Ta 0-(eHiIeTaHOIAeTaT, PO3YNHSIOTh
B alleTaTHIM KUCIIOTI i OKMCHIOIOTH O30HOM.

VY mporeci OKHCHEHHS allMJIbOBAaHUN CHHUPT IEPETBO-
pIO€ThCs Ha aneTo(eHOH. 3 0epPXKAHOTO PO3UMHY 33 TeM-
neparypi 60 °C i B Bakyymi (100 MM pT. CT.) BiIraHsIOTbH
areTaTHy Kucioty. B 3anniky ineHtrdikytoTs anerodeHoHn
3T =201-202 °C. CymapHuii BUXij aleTopeHoHy cTa-
HOBUTH 87,7 %, 4YMCTOTA LIIBOBOTO HMPOAYKTY NOPIBHIOE
98 %.

O6roBopeHHs

OTxe, pons MarraH (II) ameraty mpm OKHCHEHHI €THIIOCH-
3€Hy 030HOM IIOJISITAE y TeHEePYBaHHI IMiJ] BIUIUBOM O30HY
akTuBHUX YacTHOK Mn (III) i Mn (IV), siki MarOTh BHCOKY
CyOCTaHTHBHY CEJIEKTHBHICTb 3a ETHIILHOIO IPYIIOO.

Peaxuist 030ny 3 Mn (1I) Mae nepimii nopsiiox 3a peareHra-
MU, e()eKTUBHA KOHCTAHTA MMBHUIKOCTI 11i€1 peakiii mpu 21 °C
nopieuroe 4,7-10° n(monb-c)’, a crexiomeTpuaHuii Koedi-
IieHT 32 030HOM — 1,15 mMous Ha Mons ManraH (II) arerary.
[lepen6adaeThCs, 10 Ha MOYATKY 030HYBAHHS BiI0OYBAa€THCS
OKHCHEHHS MaHTaHY 33 CXEMOIO:

Mn (I) + O, + 2 H* — Mn (IV) + O, + H,0 3)
Mn (IV) + Mn (IT) — Mn (III) @)
2 Mn (Il) + O, + H'— 2 Mn (IV) + O, + H,0 5)

VYr1Bopeni aktuBHi yactiau Mn (I11) Ta Mn (IV) 3a0e3-
NIEUyIOTh MEBHY IIBU/KICTh YTBOPEHHS 0-(heHIIMETHIIBHIX
paIuKaiB 32 CXEeMOO:

AIrCH,CH, + Mn (IV) — ArC'HCH, + Mn (Il) + H* ()
ArCH,CH, + Mn (Il) — Ar CHCH, + Mn (I + H"  (7)

Cymapse pimeHHs piBHIHB (6) 1 (7) IpUBOAUTE A0 PiB-
HsaHHA (8):

2 ArCH,CH, +Mn (IV) — 2 AcCHCH, + Mn (I) + 2H'  (8)

AHaJi3 pe3yibTariB MOKa3aB, M0 CEIICKTUBHICTh OKHC-
HEHHs 3a OIYHUM JIQHIIOTOM 3aJIEKUThH BiJl CIIIBBIIHOILIEH-
Hsl mBHaKocTer peakuii (12), (15) 1 (16). 3a nanumu, 1110
HaBe/ieH1 B mabauyi 2, KOHCTaHTa MBUAKOCTI peakiii (12)
Ha 2 TOPSAAKY BUINA 32 KOHCTAHTY IIBHIKOCTI OKMCHEHHS
6iunoro manirora Mn (IV). OTxe, CeeKTHBHE OKHCHEHHS
STHIIOCH3EHY MOXKITHIBE JIMIIIE 32 YMOBH ITiJIBUIIICHNX KOHIICH-
Tparii Mn, o JOBOIUTHCS 1 HAOMMKSHUME PO3PaXyHKaAMU:
CEJIEKTHBHICTb 76,5 % mocsraeThest pH KOHIEHTpawii Mn

(I1)= 0,04 monb/n, komu r, = 0,4-0,66:0,4-5,2-104=5,5-10"%;
T =2°0,012:0,4-0,4 = 3,8-10*.

3apomkeni B peakiisx (6) Ta (7) paaukanu B arMocdepi
KHCHIO IIBHJIKO MEPETBOPIOIOTHCS Y TIEPOKCHIHI PAUKAIIH
(k =~ 108 a(momp-ct)) [12], siKi 32 yMOB OKMCHEHHsI 030HOM
BUTPAYAIOTHCS 32 10HO-PaIUKaIbHUM MeXaHi3MoM [7].

3a eKCIepUMEHTAILHUMHY JIAHUMH, 3arajibHa IIBHIKICTH
OKHCHEHHSI €THUJIOCH3CHY O30HOIOBITPSHOK CYMIIIIIFO
3a ymos jocuigis [ArCH,CH,] = 0,1+0,8; [Mn(OAc),]
,=0,1+0,8; [O,] = 1-10*+5,2-10* monp-1".

r=k ,[ArCH,CH,] [Mn(OAc),] "*[O,],"* ©)

Lle cBiUUTB PO TOCUTH CKIIAAHUI IIUISX TIEPETBOPEHHS
eTHI0CH3EHY B MPOIIECi 030HyBaHHS.

3a eKcriepuMEHTaJIbHIMH JJAHUMH Ta BIZIOMOCTAMHU (haxo-
Boi siteparypu [9,12,13], 1 0OroBOpeHHS IPOITOHYETHCS
cXeMa OKHCHEHHS eTIIIOCH3CHY 32 OIYHNM JIaHIFOTOM:

ArCH,CH, + O, — ArC-HCH, + O, + HO (10)
ArCH,CH, + O, — ArCH(OH)CH, + O, (11)
ArCH,CH, + O, — o3onim (12)
Mn(Il) + O, + 2H* — Mn(IV) + O, + H,0 3)

ArCH,CH, + Mn(IV) — ArC'HCH, + Mn(Ill) + H* (6)
ArCH,CH, + Mn(Ill) - ArC'HCH, + Mn(Il) + H'  (7)
ArC'HCH, + O, — ArCH(OO")CH, (13)
ArCH(OO")CH, + ArCH,CH, — ArCH(OOH)
CH, + ArC'HCH,

ArCH(OO")CH, + Mn(IT) — ArC(O)CH, + Mn(IIl) (15)
ArCH(O0")CH, + Mn(IIl) — ArC(O)CH, + Mn(IV) ~ (16)
ArC'HCH, + Mn(IV) — Ar C*HCH, + Mn(III) (17)

(14)

ArC'HCH, + Mn(IIT) — Ar C'HCH, + Mn(I) (18)
Ar C'HCH, + CH,COO” — ArCH(OC(O)CH,)CH, (19)
2ArCH(OO")CH, — 2ArCH(O")CH, + O, (20)

2ArCH(O")CH, — ArCH(OH)CH, + ArC(O)CH, ~ (21)
2ArCH(OO")CH, — ArCH(OH)CH, + ArC(O)CH,  (22)

3a BiIICYTHOCTI COJIi MaHTaHy OCHOBHOIO PEaKIIi€l0 €
030HO0I3 (12), a CIHUPT Y KETOH YTBOPIOETHCS 33 PEaKINiIMU
(10) 1 (11) (peakmuist 11 BinOyBaeTbcs, koMM GeHIIMETHIIb-
HUH paJuKal pearye 3 TiAPOKCHIBHUM PAUKaIOM y KITITII
posunHHMKA [12]).

VY xaramiTHUHIA peakii epeBakae IBOCTAiiHE OKHC-
HEHHSI 030HOM, KOJIM O30H TEPEBAXKHO pearye 3 BiIIHOBHOIO
hopmoro metairy 3 yrBopeHEAM Mn (IV) (3) (ma6n. 2), sxuit
JIaJTi THIIIOE CEIIeKTHBHE OKUCHEHHS 33 €THIIBLHOIO TPYIIOI0
(6) 1 (7). B armocdepi KuCHIO paanKall, 0 BUHUKAE 33 pe-
aK1isiMu (6) 1 (7), IBUIKO TIEPETBOPIOETHCS HA MIEPOKCHIHUI
pamukan (13) (k ~10% ) a(momb-c)! [12], sxuit gani Mmoxe
Opary y4acTh y peaKiisx MpoIOBKeHHS JaHIory (14—16),
a0bo pexoMOiHyBaTH 3a peakuisimu (20-22).

Bup piBHstHHS (9) JUTs IIBUJIKOCTI O30HYBaHHS €THIIOCH-
3€HY 3a YMOB KaTaii3y He Ja€ OMHO3HAYHOI BiAMOBIII, SIKHI
3 HABEJACHUX MApUIPYTiB (10HO-PAIUKAIBHUI JIAHIFOTOBHI
YM HEJAHIIOTOBHUiT) TiepeBakae. 3 ONIsIy Ha Ll BUKOHAIH
HAOJKEHI PO3PAXYHKH 13 32CTOCYBAHHSIM KIHETHIHHX TAHHX
32 OKPEMUMH CTaJIisIMH CXEMH, Ky PO3IVISIAEMO.
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Tabnuuga 2. LBnAKoOCTI peakwii KaTaniTMYHOTO LMKITY OKUCHEHHS!
eTunbeH3eHy i NPOAYKTIB Oro NEPETBOPEHHSI 030HOM i MaHraH
(I) auetatom. [ArH]; = 0,4; [O,], = 5,2:10%; [Mn(OAc),], = 0,04
monb ", T=15°C; V= 8,3-10° n-c”’

. 4 [ 1104

0, + ArCH,CH, — 04 0,85

0, + ArCH(OH)CH, — 08 1,70

O, + ArCH(OAc)CH, — 0,23 0,48

0, + ArC(O)CH, — 0,045 0,094

Mn (Il) + O, — 1875 390

Mn (IV) + ArCH,CH, — 0,012 1,90

Mn (V) + ArCH(OH)CH, — 0,033 5,30

Mn (IV) + ArCH(OAC)CH, — 0,0050 0,80

Mn (V) + ArC(O)CH, — 0,0028 045
3aTemneparypu 15 °Ci[ArCH,CH,] =0,4;[O,] =5,2-10%

[Mn(OAc),], = 0,04 mons-r" k |, = 0,34-0,4 = 0,136;

k,,=1210% k,= 1,87-10% k ,= 0,36 [9]; k,,= 1,9-107;

kK 5= 20 a(monb-c)' (mami ans k ., ckoperosani

AN MaHTaHy 3 jgaHux npo karaniz Co(OAc), [14]).
o, = 0,4:0,4-52-10% = 8-10”° mons(i1-c)’; r,= 1870-
*0,04-5,2:10*=3,9-10> monb(n-c) s r/r, |, =49 10 , TOOTO

3a IUX YMOB 030H TepeBaxHO pearye 3 ManraH (II) aerarom.

Mpu r,, = 12107 0,4:0,04 = 1,9-10* momb(11-¢)';
r,=0,4-0,66-0,4-52-10* = 8-10"° monb(1-c)"'; rw/r12 3,5,
TOOTO 32 HASIBHOCTI KaTai3aTopa MIBUAKICTH iHINIHOBAaHOTO
OKHCHEHHS 3a OIYHUM JIaHIFOTOM IEPEBHIILY€ IIBUJIKICTD
peaxtii 030HOMI3Y y 3,5 pasa, it OKHCHEHHS eTHIOCH3EHY Y
LIOMY BHIAJIKy PO3BHUBAETHCS MEPEBAKHO 3a 0—C—aToMoM
OIYHOTO JIAHIIIOTA.

3a yMOB CTaIioHapHOCTI KOHIICHTPAIIIH paTuKaliB y CHC-
TEMi 1 BpaxOBYHOUH, 110 JIIMITYBaJIbHOIO CTA/II€F0 CEICKTHB-
HOTO OKMCHEHHS € peakuil ininitopanns (6) i (7) mpu r,,, =

k,, [ArCH(OO")CH,J?, [ArCH(OO")CH,] = (1,9-10%/1,9

-107)"2=3,0-10° momb(1-c) . 3Bincu, komur | =20-3-10°
0,04=2,4-10°ar,,=1,9-107 (3-10°)*= 1,7-10* Mmonb(11-c) ",
Momb(it-c)’!, 1, /r o = 1,7-10%2,4-10°=7

OTXe, IePOKCUIHI paguKali 32 YMOB JOCIHIJIIB Majo-
aKTHBHI, BOHU IIBUJIIE PEKOMOIHYIOTh, HIXK pearyrorhb y
peaxiisix npomomxkeHHs nanmrora 3 Mn (II) ta Mn (III),
TOOTO KaTaJliTHIHEe OKMCHEHHSI €THIIOEH3EHY BifI0yBa€eThCS 32
10HO-PaJIMKATLHOIO HE JIAHIFOTOBOIO CXEMOI0, KOJIM PEaKIii
(14-16) cyTTeBO HE BILIMBAIOTH Ha TIepeoir nporiecy. OcHOB-
HOIO CXEMOIO KaTJIITHYHOTO LIUKITY € Nepedir MOCIIiI0BHIX
peaxuii (3, 6, 7, 13, 20, 21, 22).

Ha HenaHmoroBe OKMCHEHHS €THIIOEH3EHY 030HOM BKa-
3yIOTh 1 MAKPOKIHETHYHI JaHi:

1. O30H HEOOXiTHO TIOAABATH y CUCTEMY OE3MepepBHO,
MMPUITAHCHHSA MOro mocTadyaHHs MPU3BOAUTL OO 3YNIHUHKHU
mporecy. Lle 1ogaTKoBO CBiTYHTH, IO 32 YMOB, KOJH JIiMi-
TYBaJBEHOIO CTA/Ii€0 CEJIEKTHBHOTO OKMCHEHHSI €THIIOCH3EHY
€ peakii (7) 1 (8), yrBoperns Mn (IV) 3mificHIoeTBCS 3a
peakiiero Mn (II) ¢ o3oHOM (3), a peakiiii IPOIOBKEHHS

naniora (15) i (16), B sikux Texx Moke Bunukata Mn (IV),
€ APYTOPSIHUMH.

2.Y nocnigax Ha | Mo eTHa0eH3eHY BUTpadaeThes 2,3
Moitb O, TOOTO Makike TEOPETUIHO HEOOXi/IHA KUTBKICTh.
Take CIiBBiTHOIICHHS eTHIOCH3EHY IO 030HY TaKOX CBiJ-
ynTh, O peakuii (15) i (16) He BiAirparoTh CyTTEBI poIi.
Skmio Oyino © HaBIaku, 030H OW OyB MOTPIOCH JIHIIE SIK
iHimiaTop okncHeHHs. ToOTo Horo HeoOXiaHO Oymno 6 3amy-
YaTH JIMIIE Ha [T0YaTKy peakiii ado y He3HaYHHUX KIJIbKOCTSX
TIPOSATOM YCi€i peaxitii.

L{ikaBUMH € CIIOCTEPEREHHS 1I0/I0 YTBOPEHHS MeTHIIde-
HiTkapOiHonanetary. [1ix yac 030HyBaHHS CTUIIOCH3CHY B
arieratHii kucioti 6e3 manrad (II) anerary sk mpoMikHMI
MPOIYKT YTBOPIOETHCS MeTmiI(eHUIKapOiHoII, a 32 yMOB
KaTaji3y napajieibHO 31 CIIUPTOM SIK KIHLIEBUIl IPOAYKT
YTBOPIOETHCS METII(EHTKapOiHOIAIIeTAT.

Ile Moxke cBimuMTH, 1110 OKUCHEHA (hopMa MaHTraHy Oepe
y4acTh B yTBOPEHHI HE TUTBKH METHIIOCH3MIBHOTO PaIHKAITY,
aJie i MEeTHIOCH3MIBHOTO KaTiOHY, HAIIPHKIIAL, 32 CXEMOIO
[15,16]:

ArC'HCH, + Mn(IV) — Ar C*CH, + Mn(lII) (23)
Ar C*CH, + CH,C(O)O" — ArCH(OCOCH,)CH,  (24)
CH,COOH « CH,COO +H* (25)

3a yMOB, KOJM KaTaJliTHYHE OKUCHEHHS ETHJIOCH3EHY
miMityeTbest peakismu (15) 1 (16), ceneKTHBHICTE poLecy
MOke OyTH po3paxoBaHa 3a popMyIIor0:
S — ( 10+11+12[O ] at K15+16[Mn(OAC)2]o 100 (%
( 10+11+12[03]o + K15+16[Mn(OAC)2]o

a: CEeneKkTUBHICTb OKUCHEHHS 3@ YMOB HEKaTaNiTMYHOTO OKUCHEHHS;
a=0,34;k =04;K,4,,,=0,012 n(morb-c)*; [O,] =5,2:10% [Mn(OAc),]

! 10+11+12 7 7N 15+16

, =0,04 monb-n; t = 15 °C.

Po3paxyHk# mOKa3ylOTh JOCUTH T0OpE CITiBBiIHOIICHHS
po3paxynkoBux aanux (80,0 %) 3 maHUMH €KCIIEPUMEHTY
(87,7 %). Lle cBigquuTh, MO PO3IISTHYTA CXeMa OKHCHEHHS
eTHI0CH3EHY € HaOMIKEHOO JI0 TO1, IO peallbHO iCHYE.

BucHoBku

1. BuBueHa karajiTHuHa peakxilis 030HY 3 €THIOEH3EHOM
3a temrieparypu 15 °C. ITokazaHo, 1110 3a Has;BHOCTI MaH-
ran (II) arerary peaxifist 030HOJI3y 3HAUYHO TAJILMYETHCS 1
BiZIOyBa€eThCs CEIEKTUBHE OKUCHEHHS CyOCTpaTy 3a O19HNM
naniroroM (76,5 % anerodenon Ta 11,2 % mernindeninkap-
OiHOMaIeTaT).

2. Karani3 marran (I) aneratom BinOyBaeThCs 3a ABOCTA-
JUIHOIO CXEMOI0, KOJTH 030H TIEPEBaKHO pearye 3 BiJHOBHOIO
(hopmorO MaHTaHy, a HOro OKMCHEHa (JOpMa BiTHOBITIOETHCS
Ha PEaKIlil 3 eTMIOEH3EHOM 3 YTBOPEHHIM METHIIOCH3MIIb-
HOTO pajivKally, SIKMH 1 J1a€ M0YaToK OKMCHEHHS 3a O1YHUM
JIAHITIOTOM.

3. Jlna cucremn etnndenzen—O,~Mn(IV)—aueratna
KHCJIOTa 3allpOIIOHOBAaHA HOBA peakilis YTBOPEHHS Me-
TiideHiTkapOiHoIaneTaTy yepe3 MeTHIOCH3MIbHUN Ka-
TIOH, SIKMH MOYKE yTBOPIOBATHCSI B CUCTEMi 32 HasBHOCTI
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Mn (IV).

4. 3a pe3ynbraraMu JI0CIiDKEHb pO3POOMIN HOBHIT Me-
TOJ CHHTE3Y aneTO(EHOHY, SIKUI BiIPi3HAECTHCS M’ SIKIMH
YMOBaMH BEJICHHS MPOLIECY Ta BIICYTHICTIO TOKCHYHHX
BIJIXO/IIB.

5. JlaHi, siki oTpUMaJu, MOXXYTh OyTH MiACTABOIO IS
PO3pOOKH Ha/lalli OCHOB O30HOJIITHYHOI TEXHOJIOT11 CHHTE3Y
arneTo()eHOHY Ta HOTO MMOXiTHHX.
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OocnigkeHHA KiHETUKK peakuii ectepudikauii
MOHOXOPOLITOBOI KUCIOTH

t0. B. KapneHko*'ACPF T, B. MNMaHaceHko?APF, B. |. leHueBa?AEr, €. O. KapnyH'ABPE M. [1. ApoBa?BE

3anopisbkuii AepkaBHUI MeanYHWIA yHIBEpcuTeT, YkpaiHa, 23anopiabkuii HauioHanbHui yHiBepeuTeT, Ykpaita

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

EcTtepudikauis kapbOHOBKX KUCNOT Mae LUMPOKE akafeMiyHe 3aCTOCYyBaHHS B OPraHiyHOMY CUHTESI, @ TaKOX BUKOPUCTaHHS Y MPOMMC-
NOBOCTI; HanNpuKnag, peakuii ectepudikaLii MOHOXNOPOLTOBOI KMCINOTH 3i CIMPTamm Aye NowupeHi y hapMaLeBTUYHil NPOMUCIOBOCTI.
TpaauuinHo ecTepudikaLlito NPOBOAATL i3 BUKOPUCTAHHAM PifKMX MiHEpanbHUX KUCIOTHWX KaTanisatopis, fk-oT H,SO,, H3PO ,» HF Touwo.
PeakuiliHa cnpoMOXHICTb ecTepiB GinbLua, Hixk kapOOHOBKX KMCMOT, pobuTb iX NpuaaTHUMKM Anst 6araTbox CUHTE3IB. BUcoky peakLiitHy
3aaTHicTb 38'a3ky C—Cl y MOHOXIOPOLTOBIl | 3-XT0PONPONIOHOBIl KUCMOT BUKOPUCTOBYHOTL Y 6araTbox cuHTe3ax. Ectepu MoHoxnopoLTo-
BOi Ta 3-XNOpONPONiOHOBOI KNCMOT LUMPOKO BUKOPUCTOBYHOTB 5K aslKinyBasibHi areHTu Ans HykneodinbHux atomis Cynbgypy, HiTporeHy
Ta OKcureHy 3a cTaH4apTHUX YMOB.

MeTa po6oTu — gocnimkeHHs 3aKkOHOMIPHOCTEN peakLii ecTepudikaLlii MOHOXIOPOLTOBOI KUCNOTY ByTWI-1-0BUM ClIMPTOM Y MPUCYTHOCTI
KOHLIEHTPOBaHOI Cynb(aTHOI KUCOTH.

Matepianu Ta meTogu. BuxigHi peareHTn Ans cuntesy 3akynunum B Sigma (Aldrich). ToYkM KUMNiHHA BU3HAYanu 3B1YaiHO NePEroHKo
npu atMocdepHomMy Tucky. I4-cnexkTpm 3Himanu Ha cnektpodpotomeTpi Bruker Alpha B o6nacti 7500—400 cm™ i3 BUKOpUCTaHHSIM MeToay
HaHeCeHHs pigvHy Ha nnieky. Bukopuctanu razosuii xpomatorpad Agilent 7890B i3 mac-cnektpomeTpuyHumM getektopom 5977B. [ins
ineHTMdikaLii KOMMOHeHTIB BuKkopucTany 6ibnioteky mac-cniektpis NIST14.

PesyniraTtu. [ins pocnimkeHHs peakuii ectepudikavii yepes 20, 40, 90, 120, 160, 200, 240, 360 xBunvH Binbupanm 3 peakLiiiHOro cepeoBu-
Lia Mpoby 11 aHanisyBanum 3 BUKOPUCTaHHAM ra3oBoi xpomartorpadii. AHari3 xpomaTorpam nokasas, L0 MOHOXIOPOLITOBA KUCOTa MOBHICTHO
nepexoauTb Y BOAHY a3y, B opraHiyHOMY Luapi ii HeMae. MpoTaromM AoCRimKeHHs Ha CrekTpax XpoMaTorpamm NpUCyTHI NepeBaxHo 2 Niku, WO
BignosigatoTb Bytan-1-omy Ta 6yTun MoHoxnopaveTary. KoHCTaHTV LBMAKOCTI peakLiii po3paxoByBarnu 3a KIHETUYHUMU PIBHAHHAMMW ApYroro
nopsaKy rpadhiyHMM METOAOM 3a TaHrEHCOM KyTa Haxwny KIHETUYHOI kpyBoi. EHepria aktueauii (E_ ) 3HaigeHa 3a rpadikom 3anexHocTi In k

aKT.

BiZ, BEMWMYMHW 3BOPOTHOI abCOMOTHOT TeMnepaTypy Ta 30iraeTbes 3 AaHUMU HayKoBOI NiTepaTypy LLOAO0 peakLin ecTepudikaLlii.

BucHoBku. Ha cnekTpax xpomartorpamu HasiBHi NepeBaxkHO 2 MikK, WO BianoBigatoTb OyTan-1-omy Ta GyTvn MoHoXnopaueTary. Pesynb-
TaTv nokasanu: nigsuweHHs Temnepartypy Big 100 °C go 120 °C npu3BoauTb [0 3MEHLLEHHS! KOHCTaHTU LUBMAKOCTI peakLii Ta peakuis
BiOYyBaETLCA Ha NOPALOK WBnAaWe. Exepria aktusauii (E,, ) peakuii ectepudikaii craHoBuTb 165 Kk/Momb. AHaniayioum Mac-criekTp
ByTvn MOHOXIIOpaLeTaTy, BUSBUAW, LLO MOMekyny 6yTin MoHoxnopawleTaty (parMeHTyoTbea A0 parMeHTa MOHOXMOPOLITOBOI KMUCMO-
i, pparmerTa (CH,CO)*, sanuwku GyTtunosoro paaukana, iowis (CI-CH,CO)*. B I4-cnekTpi HagBHi cMyru NOMMUHaHHA, xapakTepHi Ans

ecTepi, ak-ot rpyn : vC = O, C-C-O, CH,, CH,, O-CH,-C, C-Cl.

Research kinetics of the monochloroacetic acid esterification
Yu. V. Karpenko, T. V. Panasenko, V. I. Hencheva, Ye. O. Karpun, M. D. Yarova

Esterification of carboxylic acids has vast academic applications in organic synthesis and finds industrial uses as well; for instance,
reactions involving esterification of monochloroacetic acid with alcohols are widespread in the pharmaceutical industry. Traditionally
esterification has been performed using liquid mineral acid catalysts, such as H,SO,, H,PO,, HF, etc. Since reactivity of esters is higher
than that of carboxylic acids, they are more applicable for organic synthesis. Particularly, high reactivity of C—Cl bonds in monochloroacetic
and 3-chloropropionic acids is used in many syntheses. Monochloroacetic and 3-chloropropionic acid esters are widely used as alkylation
agents for nucleophilic atoms, such as Sulfur, Nitrogen, and Oxygen, at standard conditions.

The purpose of this work was to investigate patterns of the esterification reaction between monochloroacetic acid and butan-1-ol in the
presence of concentrated sulfuric acid.

Materials and methods. Starting reagents were purchased from Sigma-Aldrich. Boiling points were determined using conventional distillation
at atmospheric pressure. Bruker Alpha spectrophotometer was used to obtain IR spectra in the wavenumber range of 7500-400 cm'!
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using a technique of placing a liquid onto the film. Agilent 7890B gas chromatography system coupled with Agilent 5977B mass
spectrometry detector was used for the separation of the compounds, while NIST14 library was used for compound identification by mass
spectra.

Results. In the investigation of the esterification reaction, samples were drawn from the reactive medium at 20, 40, 90, 120, 160, 200,
240, 360 minutes of the reaction and analyzed by gas chromatography. Analysis of the chromatograms showed that monochloroacetic
acid migrates into the aqueous phase completely, and it is not observed in the organic phase. Mainly two peaks were present on
chromatograms, which were identified by mass spectra as butan-1-ol and butyl monochloroacetate. Reaction rate constants were evaluated
using a second-order kinetic model following the graphical method, which uses the slope of the best-fit line. The activation energy (E, )
was calculated using the plot of In k the inverse of absolute temperature, and the obtained value was in agreement with the literature
data available for esterification reactions.

Conclusions. Mainly two peaks were observed on the chromatograms, which correspond to butan-1-ol and butyl monochloroacetate, as
identified by mass spectra. Based on the obtained results, it may be established that temperature increase from 100 °C to 120 °C leads to
the decrease of the reaction rate constant, and the reaction progresses by one order faster. The activation energy (E, , ) of the esterification
reaction equals 165 kd/mol. The analysis of a mass spectrum of butyl monochloroacetate revealed that butyl monochloroacetate molecules
are fragmented into monochloroacetic acid fragments, (CH,CO)" ions, butyl radical particles, and (CI-CH,CO)" ions. IR spectrum contains
absorption bands characteristic to esters, specifically: vC = O, C-C-O, CH,, CH,, O-CH,-C, C-Cl.

Key words: reaction kinetics, monochloroacetic acid, butyl monochloroacetate, gas chromatography.
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WccnegoBaHue KMHETUKN peakLym 3cTeputmKaLum MOHOXITOPYKCYCHOM KUCHOTbI
tO. B. KapneHko, T. B. MNaHaceHko, B. W. leHyeBa, E. A. KapnyH, M. [. Aposas

ScTtepndmkaumnsa kKapboHOBBIX KMCMIOT MMEET LUMPOKOE akadeMnyeckoe NPUMEHEHE B OPraHMYeCcKkoM CUHTe3e, a Takke UCNonb30BaHme
B MPOMbILLMEHHOCTH; Hanpumep, peakumn acTepudrKaLmMm MOHOXOPYKCYCHOW KUCOTbI CO CMIMPTaMu O4eHb pacnpocTpaHeHb! B dhap-
MaLEeBTUYECKON MPOMBILLMIEHHOCTU. TPaaNLMOHHO 3TepuduKaLmi MPOBOAAT C UCMONb30BAHNEM XWOKMX KMCAOTHBLIX KaTanusaTopos,
Takux kak H,S0O,, H,PO,, HF 1 1.4. PeakumoHHas cnocobHocTb 3chnpoB Borblue, YeM KapBOoHOBLIX KUCMOT, AeNaeT UX NPUTOAHBIMK 11
MHOTMX CUHTE30B. BbICOKYI0 peakLyoHHY0 cnocoBHocTb cBsi3n C-Cl B MOHOXMOPYKCYCHOW W 3-X1IOPNpONMOHOBOA KUCMOT MCMOMb3YH0T BO
MHOTMX CuHTE3ax. CroxHble 3thpbl MOHOXMOPYKCYCHOM 1 3-X/TOPMPOMYOHOBOM KUCIIOT LUMPOKO MCMOMb3YIOT B KAYECTBE anKUIMPYHOLLMX
areHToB ANs HykneodwunbHbix atomoB Cynbdypa, HutporeHa n OkcureHa npy CTaHAAPTHBIX YCIIOBUSAX.

Llenb paboTtkl — nccnegoBaHne 3akOHOMEPHOCTEN peakunn aTepudmrkaLmy MOHOXMOPYKCYCHOM KUCNOTbI ByTun-1-0BbIM CINPTOM B
NPUCYTCTBUM KOHLEHTPUPOBAHHO CynbdaTHON KUCNOTbI.

MaTepuans! u metoabl. icxogHble peareHThbl AN cMHTE3a 3akyneHsl B Sigma (Aldrich). Touku kunexust onpeaensiny obbI4YHON nepe-
TOHKOW Npu aTMochepHoM fasneHn. VIK-cnekTpbl cHumanues Ha cnektpodgotometpe Bruker Alpha B obnactv 7500-400 cm™' ¢ ucnons-
30BaHMeM MeToa HaHeCeHUs XUAKOCTU Ha NNeHky. Vicnonb3oBanu rasosblit xpomatorpad Agilent 7890B ¢ macc-cnekTpomeTpruieckm
aeTektopom 5977B. [Ins naeHTUdMKaLMmM KOMNOHEHTOB MCMob3oBanu 6ubnmoteky macc-cnektpoB NIST14.

Pesyniratel. [Ins uccnegosanus peakuuy atepudmkaumm Yepes 20, 40, 90, 120, 160, 200, 240, 360 MuHYT 0TOMpanu ¢ peakuMoHHON
cpeqbl Npobbl M aHanM3MpPoBany C UCMob30BaHNEM ra30Bo XpomaTtorpadumn. AHanms xpomatorpamMm nokasar, 4To MOHOXIOPYKCyCHas
KMCnoTa NoriHOCTLI0 NEPEXOANT B BOAHYHO pady, B OpraHNYEecKkoM Croe ee HeT. B TeueHne nccnegoBaHns Ha CNEKTpax XpoMaTorpaMmbl
NPUCYTCTBYIOT B OCHOBHOM 2 MuKa, COOTBETCTBYHLLME ByTaH-1-ona 1 6yTun MoHoxnopaueTata. KoHCTaHTbl CKOPOCTU peakLun paccym-
ThIBaNM MO KMHETUYECKUM YPaBHEHWSIM BTOPOro MopsiAka rpacpvyeckuM METOAOM C TaHreHCOM Yria HakroHa KMHETUYECKON KPUBOWA.
OHeprm aktneaumm (E,, ) HaiaeHa no rpadmky 3aBucumMocTu In k oT BenmuumnHbl oGpatHoi abcomioTHOM TemnepaTtypbl U CoBMNaAaeT ¢

KT.

[JaHHbIMW Hay4HOWN IUTepaTypbl ANs peakumin aTepudmkaLmm.

BeiBoakl. Ha cnektpax xpomartorpammbl NpUCYTCTBYIOT B OCHOBHOM 2 KA, COOTBETCTBYIoLWME ByTaH-1-0my 1 ByTun MoHOXnopaueTary.
Pesynbrathl nokasanu, 4to nosbiweHve Temnepatypbl ot 100 °C go 120 °C npMBOAUT K YMEHbLLEHWIO KOHCTaHTbl CKOPOCTW peakLynu,
1 peakums NpOUCXOAMUT Ha NopsAaok BbicTpee. SHeprus akTuauwm (E, ) peakuun atepudukaummn pasHa 165 khx/monb. Mpu aHannse
macc-cnektpa byTun MoHoxnopauetata obHapyXeHo, YTOo Monekynbl ByTun MoHoxnopaleTaTta parMeHTUPYIOTCS K parMeHTy Mo-
HOXITOPYKCYCHOM kucnotbl, doparmerTa (CH,CO)*, octatku Bytunosoro pagykana, noHos (CI-CH,CO)*. B UK-cnekTpe nmetotcs nosocsl
MorroLeHus, xapakTepHble 411s 3¢upoB, a umenHo rpynn: vC = O, C-C-O, CH,, CH,, 0-CH,-C, C-Cl.

KntouyeBble crnoBa: KMHETWKA peakuuu, MOHOXIOPYKCyCHasA KuCnoTa, 6yTVIJ'I MOHOXJI0paLeTaT, ra3oBas xpomarorpadusi.

AxTyanbHble Bonpochl (hapMaLeBTMYECKON N MeAULMHCKON Hayku n npakTuku. 2020. T. 13, Ne 1(32). C. 31-37

Ecrepudikariist KapOOHOBHUX KUCIIOT Ma€ MIMPOKE aKaIEMIdHE
3aCTOCYBaHHS B OPraHiYHOMY CHHTE3I, & TAKOK BAKOPUCTaH-
HS y TIPOMHCIIOBOCTI; HAaNPHUKIAJ, peaKiii ecrepudikarii
MOHOXJIOPOIITOBOI KHCIIOTH 31 CIIUPTAaMH Tye KOPHCHI B
JKapChKi MPOMUCIOBOCTI. TpaguiiifHO eTepudikarito
3IIMCHIOIOTE 13 BUKOPHCTAHHSAM PiIKUX MiHEpPaTbHUX KHC-
JIOTHUX Karajizaropis, ak-or H,SO,, H,PO,, HF Tomo [1].
Jocianny Ta po3poduim 6araro karasizaropi abo METoziB

CHHTE31B HOBOTO THILY, aJie HEOOX1/IHO YHUKATH BUKOPHCTAHHS
BEJIMKUX KITBKOCTEH KOHIICHCYIOYMX PEarcHTiB 1 aKTUBATO-
piB, MO0 cripusaTH eheKTUBHOCTI peakiii ectepudikartii [2].
BinpmricTe KaTamizaTopiB € TOKCHYHUMH, KOPO3IMHUMH Ta
YacTo CKJIAJHO BHIAISIOTHCS 3 PEaKUiifHOrO cepemoBHIIa.
HaifedexruBHimor € npsimMa ecteprugikarlisi eKBIMOISIPHIX
KUIBKOCTEH KapOOHOBOT KHCIIOTH Ta CIIUPTY 3 BUKOPUCTAHHAM
HEBEJIMKUX KUTbKOCTEH €KOJIOTYHO YMCTHX KaTalli3aTopiB.
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JocnidxeHHs KiHemuKku peakujii ecmepucbikauyii MOHOX10poumoeoi Kucriomu

[Momyk edexkTUBHUX HpoleciB peakuii ectepudikarii
HAJ[3BUYANHO aKTUBHHIA, PO I CBIAYUTH KiJIbKa COTCHBb
cTarei, OIISIIIB 1 AaTEHTIB, 110 MyOIKy0ThCs OPOKY. Huzka
KOPHCHHX 1 HAIIHUX CIIOCO01B ecTepuikariii KaTari3yTh-
csi conmsmu ckaHzito [3], manTanoinis [4], comykamu 6opy
[5], comsamu amoMiHito [6], iIOHOOOMIHHUMH cMolamMu [7].
ATle eKoJOTiuHI MipKyBaHHS OOMEXYIOTh MOXIUBICTH
3aCTOCYBAHHS IHIIMX KOPUCHUX KaTaii3aTropiB. A TaKoX
HeMae 0araTboX pearcHTIB, M0 JOCTYIIHI sl KOMEPIIIIHOTO
3aCTOCYBaHHS, Ta SIKi MOYKYTh BUKOPHUCTOBYBATHCS B PEAKIIISIX
ecrepuikarii B M IKMX yMOBax. Bitomo, 1110 BUKOpUCTaHHS
KHCJIOTHHUX KaramizatopiB JIpoica aisi peaximiii opraHiu-
HOTO CHHTE3Y B piJKiil (a3i Moxe qaBarv Oararo repesar,
HAIPUKJIAJI, YUCTUH PO3YMH TPOIYKTY peaxilii Moxe OyTH
OTPUMaHHUH MiCIIst POCTOT (PiNBTpAILi, a KaTasi3aTop roTOBHUA
JI0 pereHepailii Ta moBTOPHOTO BUKOpHCTaHHs. OHAK IesKi
HEJIOJIIKK BCE Ille HAasBHI B OKPEMUX KHCJIOTHUX KaTaji3a-
Topax JIproica, HanpuKIIaa, IXHIM JETKUH Tiapoi3 y Boxai i
TMIOBITPi, HU3bKA AKTUBHICTH ITICIISI BTPATH YHCTOTH [ 8] TOIIIO.

ByTuin MoHOXIIOparieTar — BayKJIMBHI OpraHigHII TPOMIKHII
TIPOIYKT, SIKMH IHPOKO 3aCTOCOBYETHCS B CLIBCHKOTOCIIOAp-
CBKUX 1 MEIMIHUX XiMiKaTax, KocMeTHII Tomo [9]. V Tpamu-
LIHOMY CHHTE31 peakiiisi ecTepHdikarii MOHOXJIOPOIITOBOT
KUCIIOTH 3 OyTaH-1-0JI0M Karajli3yeThCsl 3 BUKOPHCTAHHSIM
MiHEpAJIBHHX PIJKNX KUCIIOT, SIK-OT CipyaHa KHCJIOoTa Ta 7-To-
nyoncynbhokuciora. KaramitiiHa aKTHBHICTh TOMOTEHHUX
Karaji3aropiB BUCOKa, aJie HeJOMIKaMH € TXHs KOpo3iiHa IpH-
Ppona, HasIBHICTh MOOIYHKX Peakllii i Toi (axT, 1110 KaTari3arop
He MOyKe OyTH JIETKO BiZIOKPEMIICHHH Bijl peaKIiiiHOT CyMIllIi.

€ KiJTbKa PHYHH, 1110 3yMOBITFOIOTH HEOOX1IHICTh CKCIICPH-
MEHTaJIBHOTO BUBYCHHS KIHETUKH peaKilii. 3 MpaKTUIHOI TOY-
KH 30pY, MOKEe BUHUKHYTH HEOOXiJHICTh 3HATHU Yac repediry
peaxtii B pi3HUX yMOBax JUId IUIAHYBaHHS ITPOMIUCIOBOTO
mporiecy. 3 TeOPETUIHOI TOUYKH 30pY, KIHSTUYHI JJOCITiKeH-
HS € IHCTPYMEHTOM, IO HEOOXiTHWIA IS TIepeTBOPEHHS
PO3IUIMBYACTHX SIKICHUX YSBJICHb Y CHCTEMATHYHI KITBKICHI
3aJISKHOCTI. [HTeprpeTaris MexaHi3My peakiii TOYHHAETHCS
31 3HAHHS KIHCTHKH TPOIICCY.

Peaxuiiina cipoMOXXHICTB ecTepiB OlIblIIa, HXK Y KapOOHO-
BUX KUCJIOT, POOHTH TX MPUAATHIUMHU JUIsi 0araTb0X CHHTE3iB.
BinbiuicTh peakiili BUKOPUCTOBYIOTh BUCOKY pEakIiiiHy
3aatHicTh 3B’ 513Ky C—Cl y MOHOXJIOPOIITOBIH 1 3-XJIOPOIIPO-
mioHoBi# kuciorax [10,11].

Ectepn MOHOXTIOPOITOBOI Ta 3-XJIOpONPOIIOHOBOT KUCIIOT
ITMPOKO 3aCTOCOBYIOT SIK JIKLTyBaIbHI ar€HTH I HYKJIe0-
¢inpanx atomiB Cymedypy [12,13], Hitporeny [14,15] Ta
Oxcureny [16,17] 3a craHmapTHAX YMOB.

MeTta po6otu

JocmimxeHasT 3aKOHOMIpHOCTEH peakiii ectepudikarii
MOHOXJIOPOILITOBOT KHCIIOTH OyTHII-1-OBUM CIIUPTOM y TIpH-
CYTHOCTI KOHLICHTPOBAHOI CYb(MaTHOT KHCIIOTH.

Marepianu i MeTogu pocnimkeHHA

3aranbHi nonoxeHHs. BuxinHi peareHTH i CHHTE3Y
3akynmmwid B Sigma (Aldrich). Touku kuIiHHS BU3Ha4a-

(e}

(e}
Cl \)J\ + BuoH > Cl \)J\ +H,0
OH conc. H,SO, OBu

Puc. 1. Cxema cuHTesy 6yTun MoHoxnopawetary.

JIM 3BUYAIHOIO TIEPETOHKOIO MPU aTMOC(HEPHOMY THCKY.
IY-criextpu 3HimManm Ha criekTpodoromerpi Bruker Alpha B
obmacti 7500-400 cM! i3 BUKOPHUCTAHHSIM METOTY HAHECEHHSI
PiIMHM Ha TUTIBKY.

[asoBa xpomatorpadpisi (GCMS). T'azoBuit xpomarorpag
Agilent 7890B i3 mMac-CIIEKTPOMETPUIHUM IETEKTOPOM
5977B. Xpomarorpadiuna koinonka DB-5ms — 3aBroBxkn
30 M, i3 BHYTpIIHIM giaMeTpoM — 250 MKM i TOBIIMHOIO
¢azu — 0,25 mxm. LIBuaKiCTB Ta3y-HOCIs (remiit) — 1,4 Mi/XB.
006’em imxekii — 0,5 mxor. [Tomin moroky — 1:50. Temmepa-
Typa 6noxy BBemeHHs npod — 180 °C (mouarkosa), 250 °C
(xinnesa). Temneparypa tepmocTara: nmporpamoBana —40 °C
(ButpumKa 1 xB), 10 260 °C 31 IBUIKICTIO 25 00/XB (BUTPHM-
ka 0,2 xB). [lnst ineHTH}IKAI] KOMIOHEHTIB BUKOPUCTAIIH
6i6mioTexy mMac-criekTpiB NIST14.

CuHTes byTun moHoxnopauertaty (puc. 1). Posunanmm
47,3 r (0,5 monb) MoHOXJIOpOLTOBOI KHcnoTH B 0,8 Moib
OyTtan-1-omy Ta nomamm 11 mi (0,22 MoIb) KOHIIEHTPOBAHOT
cynabdarnoi kucnotu (p = 1,84 r/mir). CraBuMO HarpiBatu
31 3BOPOTHUM XOJIOJWIBHIKOM HAa KHIUITYY BOISHY OaHIO
npotsirom 5—6 romun npu Temneparypi 100 °C, a Takox
Ha TIaHid OaHi IPU TeMIlepaTypi KUIiHHS OyTaH- -0y
(120 °C). Po34uH, OXOJIOAMBIIN, BUJIUBAEMO B JAUTHIbHY
BOPOHKY 3 XOJIOZTHOIO BOZIOIO, IIPOMHUBAEMO BOJIOIO, @ ITOTIM
HACHYCHNM PO3YMHOM HATPiH TiporeHKapOoHaTy TOBOIUMO
JI0 HEHTpasIbHOTO cepeaoBua. [leperansemMo npu Hopmasb-
HOMY THCKY Ta CYIINMO HaJ{ KJIbLIH XJIOPUIOM.

bymun monoxnopayemam. Buxin 90,8 %. Pyxnusa, 6e3-
6apBHa a00 CBITIIO-COJIOM’STHOTO KOJIbOPY PiJIFHA 31 CIIeTIH-
Giuanm sanaxom. T =183,1 °C,R =1.071 r/em’, = 1,430.
Y-criexrp, v, cm’!. MS (EL, 70 eV): m/z 102 (M+, 1%), 87
(16), 74 (64), 71 (50), 59 (22), 43 (100).

Yepes 20, 40, 90, 120, 160, 200, 240, 360 xBuiIMH Opanu
3 peakuiifHoro cepeoBHILa MPOOH I aHATI3yBaIIN 32 JIOMO-
MOTOFO I'a30BOi XpoMarorpadii.

Pesynksratn

[TpoTsrom nOCIiHKEHHS Ha CIIEKTPax XpOMaToOrpamMu HasiBHi
NepeBaykKHO 2 TMiKH, 10 BiOBINAI0Th OyTaH-1-0i1y Ta OyTHi
MOHOXJIOparieTary. Jlani mpo xpomarorpadidHi MK HaBeIeH1
Ha puc. 2.

Ha puc. 3 HaBeneHi KiHeTHYHI KPUBI peakiii ectepudikamii
MOHOXJIOPOLITOBOT KHCJIOTH, 1110 OTPUMaHi 32 JAHKUMH Ta30BOT
xpomarorpadii BuTpaueHHs OyraH-1-omy Ta OyTHI MOHOX-
JIOpaIeTaTy B peaxiiii.

KoHCTanTH MIBUIKOCTI peakilii, Mo JOCTiPKYBaIH, PO3-
paxyBad 3a KIHCTHYHUMH PIBHSHHAMH JPYTOTO IHOPSIKY
rpadiuHIM METOJIOM 32 TAHT€HCOM KyTa HAXMITy KIHETHYHOT
KpHBOi. 3HaUCHHS OTPIMAaHUX KOHCTAHT IIBHKOCTEH peak-
1iif 2 MopsIIKY HaBesieHi B mabauyi 1.
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Puc. 2. Cnektp rasoBoi

«107 | * TIC Scan 20190626_2-20_M_1.D XpomaTorpamy peakuii
71 4.787 ectepudikaLlii npu 360 xB.
6 .
51 2,097
4 4
3 4
2743
2 4
ky 7.023
0 \ L S
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95
Counts vs. Acquisition Time (min)
Cnonyka RT Height, % Area, % Area Sum % Base Peak, m/z
BytaH-1-on 2,097 65,43 58,2 33,22 56,1
ByTun MoHoxnopauerat 4,787 100 100 61,93 56,1
[n6yTnnoBuin ectep cynbgarHoi KUcroTn 7,023 52 5,85 3,96 55,1
3A 40 0,16
1
35 0,14
1
30 0,12
T 25 ’g 0,10
S 20 @ 008
g S
© 15 = 0,06
2
0,04
10 R — N - * — 2
—t- —
5 0,02
T, XB
0 T, XB 0
0 100 200 300 400 0 100 200 300 400
Puc. 4. KiHeTnuHi kpuBi peakuii ectepudikaLii MOHOXIOPOLITOBO
3b 75 Kucnoru:
— 7 (1) =T =100 °C (y = 0,0003x + 0,041; R? = 0,9651);
> (2)=T =120 °C (y = 2E-05x + 0,0272; R? = 0,9008).
g 65
=0
8 60 1 .
g AHaJi3yroun Mac-CrieKTp OyTHII MOHOXJIOparieTary (puc.
§ 55 5), IpOTOHOBaHWI MOJIEKYIIIPHUH 10H OYB JIeTh IOMITHHN Y
g 50 criekTpi. BusiBuity, 1110 MoJiekyiu OyTHII MOHOXJIOpaLeTaTy
[ .
S 45 (hparMeHTyOThCS 10 (pparMeHTa MOHOXJIOPOIITOBOI KUCIIO-
Py} N . N -
% 40 2 T 1ipu m/z 95, ioun nipu m/z 43 ta m/z 41 HalliMoBipHilIe
T %8 ¢parment (CH,CO)". lonn m/z 55, m/z 56, m/z 57 cBim4arh
35 - ; +
po (parMeHTH 3aIuIIKiB OyTuaosoro paaukana — C H*,
0 100 200 300 400

Puc. 3. 3anexHicTb koHUeHTpaLii byTaH-1-ony (A) Ta 6yTn MoHo-
xnopaueraty (B) Big yacy: (1) - T =100 °C; (2) - T = 120 °C.

Tabnuus 1. 3HaYEHHS KOHCTAHTM LUBMOKOCTEN peakLii 2 nopsaky

Temnepartypa, Ko

1 100
2 120

0,0003
0,00002

C 4H32+, C 4H73+. ®OparMeHTaIlis TAKOK Malla TSHACHINIO 10
YTBOPEHHS 10HIB m/z 77 1m/z 79, 1110 yTBOPEHHI BiIPUBAHHAM
ecrepuoro sauiky — (CI-CH CO)*. Cryninb ¢parmenTarii
OyTHII MOHOXJIOPAIICTATY TAKOXK ITOSICHIOE TiBHIieHIH RSD
JUTSL CTIONTYKH, OCKUJTBKHM YacTHHA BUMIPIOBAHHX Mac Maia
JTy’Ke HU3bKI KOHIIEHTpAILII].

Jlst ocTaToYHOrO MiATBEPKEHHST OyTHII MOHOXJIOP-
anerary 3Hsun [Y-criextp Ha miBni. B [Y-cniexrpi HasBHI
CMYTH OTIMHAHHS, [0 XapaKTepHi U TaKUX TPYI, STK-OT
vC=0ywmexax 1739-1757 cm!, rpynt C-C-O 1185-1311 cm!

(puc. 6).
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JocnidxeHHs KiHemuKku peakujii ecmepucbikauyii MOHOX10poumoeoi Kucriomu

X106 Cpd 3: Acetic acid, chloro-, butyl ester: + Scan (rt: 4.779-4.831 min, 6 scans) Sub_1.D Subtract :11/_21 ?;:;;:475
3 56.1 421 2474448.75
431 1463869.88
N CH3 49 3601381.75
a 51 1346001.63
4l 55.1 2331922.25
K 56.1 8025752.5
5 95.0 57.1 7829255.5
‘ 7 7658797.5
0. o . tsto 79 3705241.75
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 95 2132575.75
Counts vs. Mass-to-Charge (m/z) 107 2100698.25

Puc. 5. Mac-cnektp (El, 70 eV) 6yTun moHoxnopaverary.
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Puc. 6. |4-cnektp ByTnn MmoHoxnopaueTary.

Cunbni acumerpuyni BiGpaii rpyn CH,, CH, peectpysamm
B Mexax 2875-2961 cm!. B obmacti 1086 cm! Binnmosinae
Bibpamii pparmenta O-CH,-C. 38’30k C-Cl peectpyanm 3
CHJILHOKO IHTEHCHMBHICTIO B MeXkax 785 cM™.

O6roBopeHHs

AHaJi3 Xxpomarorpam I0Ka3aB: MOHOXJIOPOLITOBA KHCJIOTa
HIOBHICTIO [IEPEXO/IUTD y BOAHY (ha3y, B opraniuHomy mmapi il
Hemae. [TuTanHs npo 3MiHy MOYaTKOBOTO 00’ €My peakiiiHol
CyMIillll JOCIHIJIUIN BUMIPIOBaHHSIM T'YCTHHH Ha IOYaTKy
Ta B KiHII peakuii ecrepudikauii. BcraHoBmiy, 1110 3MiHa
00’emy BHaciinok peaxuii He nepesuinye 0,1 % Ta HUM
MO)KHA 3HEXTYBaTH.

Takox po3paxyBaliii MOJISIpHI 00’ €MU CUCTEMH Yepe3 Macy
MOJISl CHCTEMH Ta CKCIIEPUMEHTAIbHO BU3HAYCHOT IIIJIBHOCTI.

OTtpuManu pe3yabTaT: BiIXWIeHHS 00’eMiB B po3paxo-
BaHUX 32 QJIMTHBHOIO (OPMYJIOI — He3HadHi. BBaxkaemo
3a Kpallle pOo3IIsIaTH PEaKIliiHI CyMilIi sK i1eabHi 1010
00’emy. [TommIIKa, 110 BHOCUTHCS 32 UM HAOIMKCHHSIM, HE
nepesuntyBana 0,5 %.

ExcrieprMenTanbHi KpHBi JoOpe BKIIAJalOTHCS HA MPSIMI B
koopauHatax 1/C — 1 (puc. 4). e cBimanTh, MO peakiis ec-
Tepudikarii MOHOXJIOPOLITOBOT KUCIIOTH MA€ PYT Ui ITOPSIIOK
3a OyTtas-1-omom. BapTo Big3HaunTH, 1110 TIPH TIOOYIOBI KiHe-
THYHHX KPUBUX HE BPaxOBYBaJW MOYATKOBY KOHLICHTPALIIO
OyTaH-1-0iy micist ToaBaHHs B PEAKTOP, OCKUIHKY BHU3HA-
YEHHsI KOHIICHTpAIlil HEMOXKIIMBE Yepe3 30epesKeHHS CTaI0CTi
KOHIEHTpAIlil pO34YMHY TIijl 4ac BiOOpY MPOOH.

KoHcraHTa MIBHIKOCTI 3MIHIOETBCS 3aJI€KHO Bifl TEMIIE-
paTypH Ta IPUPOIH PEYOBHH, IO BCTYNAIOTh Y PEaKIilo.
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OTpumaHi B X0OIi OIHOTO KIHETHMYHOTO JOCIIIKECHHSI KOH-
CTaHTH IIBUIKOCTI HE MOXKHA CTAaTHCTUYHO OOpOOHUTH,
OCKIIBKM BOHH Oe31epepBHO 3MiHIOBaNMCS 3 yacoM. OtHaK
3a OyJb-sIKOT TeMIIepaTypy IPOBOIMIIM HE MEHIIe HiK 2-3
Jociian. BiATBOpIOBaHICTE MiXK MOBTOPHUMH JOCTiTaMU
Oyna maiixe 3 %. Mu MOXeMO OLIIHUTH IHCTPYMEHTAJIbHY TO-
MMJIKY Y BU3HAUE€HHI KOHCTaHTH IIBUAKOCTI, SIKA CKJIa1a€ThCSI
3 TIOMHUJIKH Bar, TEPMOCTATyBaHHSI, BU3HAYEHHSI TOYATKOBHX
KOHIIEHTpaniid xpomarorpadiyauM merogoM. [Ipubnmsno
BOHA cTaHoBmia 3,54 %.

Enepris aktusanii (E__ ) smaiinena 3a rpadixom 3anexHo-
cTi In k BiJl BeTMUMHU 3BOPOTHOT a0CONIOTHOT TeMIIeparypu
(TaHTeHC KyTa Haxwmiy Ii€i npsMoi YMCEIbHO JIOPIBHIOE
E, ) i cranosuts 165 xJx/Monb [18]. Enepris aktuparii
OITMCY€ MOTEHIIaJbHNI Oap’ep, SIKMH MOBUHHI TOI0TATH
YaCTUHKH JJIS TOTO, 00 peaxiis BinOymacs. UnM MeHIIa
€Hepris aKTHBAIlil peakKilii, THM BHIIA ii MBUAKICTB, IO i
criocTepiraemMo: peakiis npu Temmneparypi 120 °C BinOy-
BAa€ThCS Ha MOPSIOK mBuaie. Ll peakiis MoxInBa i npu
KIMHaTHI# TemIieparypi, aje norpedye BiIoBiIHO OibIe
Yacy JJIsl BATPUMYBAHHS PeakLiiHOT cyMini.

BucHoBKku

1. Ha criekTpax XpomarorpaMu HasiBHI TIEpEBaXKHO 2 MMiKH,
110 BiMOBIAal0Th OyTaH-1-0iy Ta Oy THII MOHOXJIOpAIIETATY.

2. PesynbraTy mokasanu, 10 MiJBUIICHHS TeMIEpaTypH
Bix 100 °C 10 120 °C npu3BOAUTH 10 SMCHIICHHS KOHCTAHTH
IIBUIKOCTI peakiii. 3riHo 3 pe3ynbTaTaMu JOCIHiKCHHS
XpoMarorpam, IMOBHa KOHBEpCis OyTHII MOHOXJIOpAIeTaTy
Hactae ipu Temneparypi 120 °C 3a 90 xB, a mpu Temmeparypi
100 °C 3a 240 xB. Enepris axtusauii (E_ ) peakuii ecrepu-
¢ixanii gopiHioe 165 kJx/Mob.

3. AHanizyroun Mmac-crieKTp OyTHI MOHOXJIOpOALeTary,
BUSIBAJIN, IO MOJIEKYJIN Oy THII MOHOXJIOpaIeTaTy (Gpparmen-
TYIOTBCS 710 (hparMeHTa MOHOXJIOPOIITOBOI KHCIIOTH, (pa-
rventa (CH,CO)", sanmuuiki OyTUIOBOTO pajuKana, iOHiB
(CI-CH,COY".

4. B IY-cniekTpi HasiBHI CMYyTH NOIIMHAHHS, 110 Xapak-
TepHi 1A ecTepiB, a came rpyn : vC = O, C-C-O, CH,, CH,,
0-CH,-C, C-Cl.
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MonekynapHuUi JOKIHT | 6ioAOCTYNHICTL S-ankin noxigHux
5-(3-cbnyopodeHin)-, 5-(5-6pomochypan-2-in)- Ta 5-(((3-(nipuannH-4-in)-
1H-1,2,4-Tpia3on-5-in)Tio)meTun)-4-metun-4H-1,2,4-rpiasonis

in silico meToaamu

€. O. KapnyH"“=*ABE 10, B. KapneHkoACPEF M. B. Mapuerko”®, O. A. birgan*8

3anopisbkuil AepxaBHUI MeauyHWiA yHiBepcuTeT, YkpaiHa

A — koHUenuis Ta gu3aiH gocnimkeHHst; B — 36ip gaHnx; C — aHani3 Ta iHTepnpeTauis gaHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepKEHHSA CTaTTi

Anpo 1,2,4-Tpiasony — cTilike 40 MeTaboniamy Ta BaxnuBWiA hapmakoop, MOXeE MiABULLYBaTWM PO3YMHHICTL | noninwysaTn dhapma-
KOKIHETUYHWI | hbapmakoavHamiYHUn Npodinb Nikapcbknx npenapartis. BiT4nsHAHI HaykoBLi NPUAINsA0TL 6arato yBarm reTepoLmKiyHin
cuctemi 1,2,4-Tpiazony. [IBokoMnoHeHTHa cuctema, wo Bkntovae «EC 2.7.13.3 Histidine kinase» Ta 6inok perynstopa amiHHOI peakuii,
MOXe MaTu BUpILLaNbHE 3HaYEHHS Ans BipYNEHTHOCTI AesKnX rpUOKOBIX LUTaMiB, SiKi YaCTO € NPUYMHOI0 BUHUKHEHHS KaHAWA03Y B N0Aen
3 ocnabneHum imyHitetom. Ockinbkn ntoauHi 6pakye Liei ABOKOMNOHEHTHOT cUcTeMU, Lie Moxe By Ty XOPOLLIOK MiLLIEHHIO AnS NPOTUMI-
KpoGHWX Npenaparis nig Yac nikyBaHHA KaHAWA03Y.

MeTa poGoTu — 34JACHAT MONEKYNSPHUIA QOKIHT Ta OLiHUTK BiogocTynHiCcTb S-ankin noxigHux 5-(3-conyopodeHin)-, 5-(5-6pomody-
paH-2-in)- Ta 5-(((3-(nipugnH-4-in)-1H-1,2,4-tpiason-5-in)tio)meTun)-4-metun-4H-1,2,4-tpiazonis in silico meTogamu, Lo NEPCNEKTUBHI
Ak 06’eKTM gocnigkeHb BionoriyHnx BnacTuMBoCTel Woao iHribiTopis «EC 2.7.13.3 Histidine kinase».

Matepianu Ta metoau. CMHTE3 CMOMyK 34INCHANM 3a 3aranbHOBIZOMOI METOAMKO. BipTyanbHuii CKPUHIHT CNonyK BUKOHAMM 3a [0-
MOMOTOK KOMM'toTepHOi nporpamm PASS. MonekynsipHuiA JOKIHT 3aiincHunn 3a gornomoroto nporpamu Autodock 4.2.6. CKpUHIHT — Ha
KpucTanorpadidHin ctpykTypi depmeHTy «EC 2.7.13.3 Histidine kinase» (1A0B).

Pesynikrati. AHania pesynsratis KOMM'OTEPHOTO MPOrHO3Y MoKa3ye NepCnekTUBHICTb MOLLYKY iHriBITOPIB riCTUANH KiHa3W, LMTUANHAES-
amiHasun, STAT cbakTopa TpaHckpunuii, nyxHoi docartasu, CYP2C9, iHcyniHy, HOOTPOMHOI Aji Ta AiypeTUyHOI, aHTUTYBepKybO3HOI
aKTUBHOCTI Y psay Lumx cnonyk. MonekynsapHWii AOKIHT noka3as BUCOKY adiHHICTb 0bpaHux cnonyk Ao depmenty «EC 2.7.13.3 Histidine
kinase» 3 BiANOBIAHMMU 3Ha4YeHHsAMW. B3aemogis niraHay 3 akTMBHUM LIEHTPOM (hepMEHTY AOBOSI CknaaHa Ta 3abeaneyeHa B OCHOBHO-
My BaH-gep-BaanbcoBumu i T-38’3kamy 3 MOnekynaMu BoAM Ta aMiHOKUCIIOTHUMM 3anuiukamu oepmMeHTy. Baxnueum gns 3s’asky 3
depmeHTOM € HasBHICTb aToma Cynbdypy B Monekynax cnonyk, ski gocnigpxysanu. OTxe, NnepcnekTBHOK € CTPYKTypHa MoandikaLis
LIbOro sApa 3a nornoxeHHsm atoma Cynbdypy.

BucHoBku. [laHi komn'roTEpHOr0 NPOrHo3y ceifvath NPo NepcnekTUBHICTb MOLLYKY Cepen HaBeLeHUX ABOX HanpsiMiB BioperynaTopis, ki
MOXYTb OyTW NOTEHLINHUMY iHriBiTOpamMu riCTUAVH KiHa3W Ta AiypeTnyH1MM areHTamn. MonekynsipHWiA [OKIHT NokasaB BUCOKY adiiHHICTb
obpaHux cnonyk fo depmeHty «EC 2.7.13.3 Histidine kinase», wo 3abeaneyeHa BaH-gep-BaanbcoBumu i T-38’83kamut 3 Mornekynamu
BOZM Ta aMiHOKUCMOTHUMM 3anmLiKamm (pepMeHTYy.

Molecular docking and bioavailability of S-alkyl derivatives 5-(3-fluorophenyl)-, 5-(5-bromofuran-2-yl)- and -(((3-(pyridin-4-yl)-
1H-1,2,4-triazole-5-yl))thio)methyl)-4-methyl-4H-1,2,4-triazole in silico methods

Ye. O. Karpun, Yu. V. Karpenko, M. V. Parchenko, O. A. Bihdan

The 1,2,4-triazole nucleus is resistant to metabolism and is an important pharmacophore; it can increase solubility and improve the
pharmacokinetic and pharmacodynamic profile of drugs. Domestic scientists pay much attention to the heterocyclic 1,2,4-triazole system.
A two-component system comprising “EC 2.7.13.3 Histidine kinase” and a variable response protein may be crucial for the virulence of
some fungal strains, which are often the cause of candidiasis in immunocompromised individuals. Because of the fact, that humans lack
this two-component system, it may be a good target for antimicrobials to treat candidiasis.

The purpose of the study was to carry out a molecular docking and evaluate the bioavailability of S-alkyl derivatives of 5-(3-fluorophenyl)-,
5-(5-bromofuran-2-yl)—and 5((((3-(pyridin-4-yl)-1H-1,2,4-triazole-5-yl)thio)methyl)-4-methyl-4H-1,2,4-triazole nucleus in silico by methods
promising as objects of biological properties for inhibitors “EC 2.7.13.3 Histidine kinase”.
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MonekynspHuti dokiHe i 6iodocmymnHicmb S-ankin noxioHux 5-(3-¢oryopogpeHin)-, 5-(5-6pomodhypaH-2-in)- ma 5-(((3-(nipudun-4-in)...

Materials and methods. The synthesis of compounds is carried out according to the well-known method. A virtual screening of compounds
was performed using a computer software program PASS. Molecular docking was performed using Autodock 4.2.6. The screening was
performed on the crystallographic structure of the enzyme “EC 2.7.13.3 Histidine kinase” (1A0B).

Results. Analysis of the results of a computer prediction demonstrates the prospect of finding inhibitors of histidine kinase, cytidine
deaminase, STAT transcription factor, alkaline phosphatase, CYP2C9, insulin, nootropic and diuretic action, antituberculous activity in
a number of these compounds. Molecular docking has shown a high affinity of the selected compounds to the enzyme “EC 2.7.13.3
Histidine kinase” with the corresponding values. The interaction of the ligand with the active center of the enzyme is quite complex and
is mainly provided by van der Waals and m-bonds with water molecules and amino acid residues of the enzyme. An important point for
binding to the enzyme is the presence of Sulfur atoms in the molecules of the test compounds. Based on the above, it is the promising
structural modification of the nucleus by the position of the Sulfur atom.

Conclusions. Data from a computer prediction indicate the prospect of searching among the two areas of bioregulators that could be
potential histidine kinase inhibitors and diuretic agents. Molecular docking has shown a high affinity of the selected compounds for the
“EC 2.7.13.3 Histidine kinase” enzyme, which is provided with van der Waals and Trbonds with water molecules and amino acid residues
of the enzyme.

Key words: 1,2,4-triazole, molecular docking simulation, virtual screening, bioavailability.
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MonekynsipHbIA AOKMHT U BUOAOCTYNHOCTL S-ankun Npou3BoAHbIX 5-(3-chnyopodenun)-, 5(5-6pomocpypan-2-un)-
u 5-(((3-(nupupun-4-un)-1H-1,2,4-tpuason-5-un)tnuo)metun)-4-metun-4H-1,2,4-tpnasonos in silico metogamm

E. A. KapnyH, tO. B. Kapnenko, M. B. MapueHko, A. A. buraaH

Anpo 1,2,4-Tprasona ycToinumneo K MeTabonuamy v BaxHbli hapmakodop, MOXET MOBLILLATh PAaCTBOPUMOCTb W yny4liaTb hapMako-
KUHETMYECKUIA 1 (hapMakogMHaMUYeCKniA MpoduIb NekapcTBeHHbIX NpenapatoB. OTeYeCTBEHHbIE YYEHbIE YAENSOT MHOMO BHUMaHMS
retTepouuknuyeckon cucteme 1,2,4-tpmasona. [JByxkOMNOHeHTHas cuctema, Bknovarwas «EC 2.7.13.3 Histidine kinase» n 6enok
perynsitopa NnepeMeHHON peakLi1, MOXeT UMETb peLuatoLLiee 3Ha4YeHUe A5 BUPYTNIEHTHOCTH HEKOTOPbIX FPUOKOBBIX LLITAMMOB, KOTOpbIe
4acTo ABMSATCSA NPUUMHOM BO3HUKHOBEHWS KaHAMA03a y Mofer ¢ ocnabneHHbIM UMMYHUTETOM. [1OCKOMbKY YENOBEKY He XBaTaeT aToi
[BYXKOMIMOHEHTHOW CUCTEMbI, 3TO MOXET ObITb XOPOLLEN MULLIEHbIO A5 NPOTUBOMUKPOOHbBIX NpenapaToB Npy NEYEHWUN KaHAUA03a.

Llenk paboTbl — NPOBECTW MONEKYNSAPHDBIA JOKWHT U OLLEHUTb BMOZOCTYNHOCTL S-ankui Npon3BoaHbIX 5-(3-chnyopoderun)-, 5-(5-6po-
modpypaH-2-un)- u 5-(((3-(nupuanH-4-un)-1H-1,2,4-tpnason-5-un)tmo)metun)-4-metun-4H-1,2,4-tpnasonbHeix saep in silico metogamu,
NEePCMEKTUBHBIX B Ka4eCTBE 0OBEKTOB UCCMEef0BaHMI GUONOMMYeCKX CBONCTB MO OTHOLLIEHMIO K MHrnbutopy «EC 2.7.13.3 Histidine kinase».

Matepuansi u metogbl. CUHTE3 COEANHEHMI OCYLLIECTBIEH MO 06LLEN3BECTHON METOAVKE. BUPTYyanbHbIi CKDUHWUHT COEAUHEHMIA NPOBEeaAEH
C MOMOLLbK KOMMbIOTEPHON NporpamMmbl PASS. MonekynsipHbIA SOKWHT BbINOMHWN ¢ NomoLLbto nporpammbl Autodock 4.2.6. CKpUHWHT
npoBeaeH Ha kpuctannorpaduyeckon cTpyktype dpepmenta «EC 2.7.13.3 Histidine kinase» (1A0B).

Pesynkrathl. AHanu3 pesynsTaToB KOMMbIOTEPHOTO NPOrHO3a AEMOHCTPUPYET NepCnekTUBHOCTL NoMCKa UHMMOUTOPOB MMCTUAUH Ku-
Hasbl, UMTMAMH ae3amuHasbl, STAT hakTopa TpaHcKkpunuum, wenoyHon docgarasel, CYP2C9, nHcynuHa, HOOTPOMHOTO AENCTBUS U
[MYPETNYECKOr0, aHTUTYDEpKyNe3HOW akTUBHOCTM B PAAY AaHHbLIX coeanHeHnin. MonekynspHbIi AOKWHT NoKasan BbICOKYH apUHHOCTb
13bpaHHbIX coeanHeHuin k pepmeHTy «EC 2.7.13.3 Histidine kinase» ¢ cooTBeTCTByHOLWMMM 3Ha4eHUsIMW. B3aumopeiicTBre nuraHpa
C aKTVBHbIM LIEHTPOM (hepMeHTa AOCTaTOMHO CIoXHOe M obecneveHo BaH-gep-BaanbcoBbiMy M TI-CBA3AMU C MOJIEKYNamm BOAbI U
AMUHOKUCIIOTHBIMM OCTaTkaMu hepMeHTa. BaxHbIM MOMEHTOM ANs CBA3K C (DePMEHTOM SIBMSIETCS HanMyMe atoma cepbl B MOMeKynax
uccrneayemMbix CoOeanHeHN. icxoasa n3 atoro, NepcnekTuBHa CTPYKTypHas MoaudmKaLms JaHHOTO Sapa no MonoXeHWo atoma cepbl.

BeiBoakl. [laHHble KOMMLIOTEPHOTO NPOrHO3a CBUAETENLCTBYIOT O NEPCNEKTUBHOCTY NMOUCKA CPeaun NPUBEAEHHBIX ABYX HanpaBneHun
BuoperynsTopoB, KoTopble MOrYT BbiTb NOTEHUMANbHEIMW UHIMBUTOPaMK TMCTUAMH KMHa3bl U OUypeThieckuMn areHTamu. Moneky-
NSAPHBIA [OKMHT NOKa3an BbICOKY ahMHHOCTb 13bpaHHbIx coeanHeHun k hepmeHTy «EC 2.7.13.3 Histidine kinase», obecneyeHHyto
BaH-[J,ep-Ban'leOBbIMVI M TT-CBA3AMK C MONeKynamu oAbl 1 aMUHOKUCNOTHBIMU OCTaTKaMu qoepmeHTa.

KntoueBsle cnoga: 1,2,4-Tpuason, MONeKynspHbI JOKWHT, BUPTYarbHbIA CKPUHWHT, GUOJOCTYMHOCTb.

AxTyanbHble Bonpochl hapMaLeBTUYEeCKOW U MeaULMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 1(32). C. 38-45

1,2,4-Tpiazon — BaxkiuBe s11po [ 1], 1110 € y BeNMKii KUTbKOCTI
CTIONTYK, MiCTHTBCS Y PI3HOMAaHITHAX O10aKTHBHIX PEIOBHHAX
[2], BKITFO9AIOUH Ti, Ki MAIOTh aHTHOAKTEpiaTbHYy, IPOTH3a-
naJbHY, aHTU/11a0eTHYHY, aHTUIICUXOTUYHY Ta IIPOTHPAKOBY
qii. Lle siapo Takok BXOAUTH JI0 CKJIa Ly 0araTbox repOiluiB,
¢yHrimmIiB i peryisTopis pocty pociuH [3]. Sapo 1,2,4-Tpi-
a3oIy cTiiike 10 MeTabomi3My Ta BaXIHBHI (hapmaxodop,
SIKMI B3a€EMOJII€ B aKTHUBHOMY MICIIi perienTopa K aKIenTop
BOJIHEBOTO 3B’SI3KY 1 SIK JIOHOD. 3aB/SIKK TIOJSIPHIN TPUPOJI
SIIPO TPia30Jly MOXKE ITiIBUIIYBaTH PO3UMHHICTD JITaH/IiB 1
TIOKpaIyBaT (apMaKOKiHeTHYHHH, (papMakoruHaMIYHNI

npo¢ine Jikapcbkux npemnaparis [4]. BiTuusnsHi HaykoB-
i TPUAUIAIOTE 0araTo yBarW TreTepOIMKIIUHIA CHCTEMI
1,2,4-tpiazomy [1,2]. Lle 3ymoBieHO Takumu (hakTOpamMu:
HH3bKa TOKCUYHICTh, pI3HOMaHITHA 010JI0Ti4YHa aKTHBHICTB,
a TaKOXX BHCOKA peakiiiiHa 3narHicTs 1,2,4-Tpiazomny [3,4].
docdopuroBanHs Oiika Ta TiCTUANMHY J00pe Biome y
TIPOKAPiOTiB, 0COOIMBO B OaKTEpili Yepe3 BeIHKe CIMEHCTBO
CHTHAJIGHUX CHCTEM, [0 HA3UBAIOTHCS ABOKOMIIOHCHTHUMH
perymsatopaumu cuctemamu (TCS). Bonu cknanarorscs 3
CeHcopHOro Oinka (perentop) i OUTKa peryisaTopa Biamo-
Bizi (epexrop). AxtuBauis nomeny «EC 2.7.13.3 Histidine
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kinase» B ceHcOpi Bi10YBa€THCsI, SIK TPABHJIO, Y BIANOBIIb HA
3B’SI3yBaHH: JIraHAY 3 pelenTopHuM qomMeHoM, a HK-momen
MOTiM Karaizye nepeHeceHss pocdary 3 AT B akruBHMI
caifr ricruauny (His). ITotiM ne#t gpocdar nepeHOCHThCS 3
peuentopa Ha acnaparid (Asp) B edekropHOMy OUIKY JuIst
aKTHBAIii perymasropa peakiii, pocdar Takox Moxe OyTH
nepeHeceHnit i3 pAsp Ha His y BropuHHHH perynsrop y
peneiiniit cucremi His-Asp-His (puc. 1) [5].

[ommupenus apxeanbHOi Ta OakTepiaJbHOI cHCTEM
TCS — npuuuna TOr0, 110 H0ro (hoCcHOPHITIOBAHHS BBAKAIN
«TPUMITHBHOIO» CXEMOIO CUTHAJI3allil, aJie 115l CHCTeMa He
00MEKYETHCSI IPOKAPIOTAMH, 1 TOMOJIOTIYHI CHCTEMH MOXKYTh
OyTH TaKoXK 3HAHMICHI Y TIPOCTHUX €yKapiOTiB, SIK-OT TPHOM, 1
B pOCIINHI, Jie TX 3a3BUUaii BAKOPUCTOBYIOT JUIsl TIepeiadi Ta
pearyBaHHS Ha CTPECOBI TTOAPA3HUKH 3 JOBKLLIA [6].

JIBoxommoHeHTHa cuctema, 1o Bkmodae «EC 2.7.13.3
Histidine kinase» 1 6110k perymsTopa 3MiHHOI peakIlii, Moke
MaTu BUpIlIaJbHE 3HAYEHHS /ISl BIPYJICHTHOCTI AESIKHX
rpuOKOBHX MTaMiB, sK-0T Candida albicans, mo 4acto €
TIPUYMHOIO BUHUKHEHHSI KaHTUJI03Y B JIFO/ICH 3 0ci1abieHnm
imyniterom. C. albicans 13 neneniero CHK 1, nBokomMIToneHT-
HOT'O I'eHa ICTHNH KiHa3M, TIoKa3ye 1edekTi MopdoreHesy
Ta pi3Ke 3HIKEHHS 3/1aTHOCTI KIITHHU IPOTHCTOSTH eITiMi-
Hauii HeWTpodinamu monuan. OCKUIBKY JIIONUHI OpaKkye
i€l TBOKOMITOHEHTHOI CHCTEMH, IIe MOXKe OyTH XOPOIIOI0
MIILICHHIO JUTs TIPOTUMIKPOOHMX TIperapariB IIij| 4ac JIiKy-
BaHHS KaHIUI03Y [5].

MembpaHa
KNiTUHM

CurHanbHum
ceHcop

CeHcop
KiHa3u

CeHcop
KiHa3u

2 N N<
)N N—NH /\</ ,N
/NJ\S/R ‘ N IN)\S /N’kS/R
F

1.1-1.9
2.1-2.10

Meta po6otu

3iCHATH MONIEKYJIIPHUM JOKIHT Ta OI[IHUTH O0i0[0CTYyTI-
HiCTh S-asKi1 noxigaux 5-(3-humyopoderin)-, 5-(5-opomody-
pan-2-in)- Ta 5-(((3-(mipuaun-4-in)-1H-1,2,4-rpiazon-5-in)
tio)meti)- 4-metun-4H-1,2,4-tpiazonis in silico metonamu,
10 MEPCIEKTUBHI SIK 00 €KTH AOCIIIKECHb O10JOTTUHUX
BiiacTuBocTel oo inriditopis «EC 2.7.13.3 Histidine
kinase».

Matepianu i MmeToaun gocnigxeHHs
[penmer nocmimpxerns — S-ankin noxiani S-(3-duyopode-
Hi)-, 5-(5-6pomodypan-2-in)- i 5-(((3-(mipumun-4-in)-1H-
1,2,4-tpiazon-5-im)rio)mern)-4-metnn-4H-1,2,4-rpiazonis.
CuHTE3 CIIONTYK 3/IIHCHUIIN 32 3arajIbHOBIJOMOIO METO/THKOIO,
110 onmcaHa B poborax [6,7]. CTpyKTypa CIOJyK, sSIKi CHH-
Te3yBaJIM, HaBe/IeHa Ha puc. 2.

[NoxigHi cMHTE30BaHi 3a BiIOMOIO cxemoro [7,8], Hamami
BUKOPHCTAaHI JJIsI KOMIT IOTEPHOT'O TIPOTHO3YBAHHS.

BipTyansHuii CKpUHIHT crionyk 3ifCHMITH 32 IOTIOMOTOFO
koM 'torepHoi mporpamu PASS (Prediction Activitity Spectra
for Substances), sika 3a CTPyKTYpHOIO ()OPMYIIOI0 XIMIYHOT
pedoBrHU TporHo3ye moHaa 1200 BumiB 0ioNOTIUHOI ak-
TtuBHOCTI [9]. PoboTa cuctemu PASS 3acHoBaHa Ha aHami3i
3aJIKHOCTEH «CTPYKTYpa — aKTHUBHICTBY JJIs PEUYOBHUH 3
HaBYaJBHOI BUOIpKH, 110 MicTUTh ToHa 90 000 pizHOMAa-
HITHHX 010JIOT19HO aKTUBHHUX PEIOBHH (CYOCTaHIIIT BiTOMHIX

Puc. 1. TCS gnsa ayTo-
. * dhocdopuntoBaHHs TpaHe-
¥ Mem6GpaHHoi «EC 2.7.13.3
Histidine kinase». [atunk
CNPUIMAE MO3aKMiTUHHWIA
nogpasHuk. CybcTpaTom
Ans KiHasu e perynsatop
peakuii, skuin cTae ¢oc-
opnnboBaHUM Ha KOH-
KpeTHoMy 3anuiiky Asp.
Y 6akTtepin perynsatop
peakuji, K npaBuo, Mae
3aranbHUA OOMEH i3 Lo-
Ha/iMeHLLe ABOMa 3anuLL-
kamu Asp Ta ogHuMm Lys.

Puc. 2. XimiuHa cTpykTypa
CMONyK, siKi [OCTimKyBasu.

R—S8

/
N
N © Br
N)\U/

3.1-3.9

11R=H;21R=CH,; 22,32R=CH,; 3.1R=CH,; 1.2,23 R=CH,;

1.3,24,33R=C,H;1.4,25,34R=C

H -

5 117

1.5,2.6,3.5R=CH,;1.6,27,3.6 R=C,H,;1.7,28,3.7R=CH,;

6 13’ 715

1.8,2.9,3.8R =C,H,,; 1.9, 2.10, 3.9 R = C,H

200 21
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Tabnuuga 1. PesynstaTyi MONEKynspHOro AOKiHry, Wo oTpumMati B nporpami Autodock 4.2.6

- KinbkicTb .
Ne AdiHHicTb BopHeBi . .
BOAHEBUX . ligpocho6Hi 3B’A3KM
cnonyku | (kkan/monb) o, o 3B’A3KU
1.8 -6.89 0 - VAL A:765; MET A:755; HIS A:761;ARG A:760, 727; LEU A:662, 726, 732, 729
23 -7.63 1 HOH A:816 | ALAA:721; ASP A:762; MET A:755; ILE A:736; LEU A:732; GLY A:733; LEU A:663, 726, 729, 766
3.4 -6.62 0 - PHE A:687; GLU A:758; HIS A:761; LEU A:662, 726; ALAA:720

JIKApChKHUX MPenaparib i papMaKoIOrivyHO aKTUBHI CIIOIYKH ).
Pe3ynbrari mporHo3y MOMAKTHCS SIK CIIUCOK Ha3B IMOBIPHUX
BUJIIB aKTHBHOCTI 3 PO3PaxyHKOBHMH OLIIHKaMH HMOBIpHO-
creit HassBHOCTI (Pa) 1 BincyTHOCTI KOXkHOT akTuBHOCTI (Pi),
10 MaroTh 3HadeHHs Bif 0 1o 1. OCKITBKH I1i IMOBIpHOCTI
PO3paxOBYIOTBCS HE3AJISKHO 32 MiJIBUOIPKAMU aKTHBHHX 1

HEaKTHBHHX CIIOJYK, IXHsI CyMa He JOpiBHIOE ofimHuII. Pa i
Pi iHTEpIIPETyIOTh SIK OLIHKM CTYIIEHS HAJIC)KHOCTI PEYOBH-
HU JI0 KJIaCiB aKTHBHUX | HCAKTUBHHX CITONYK BiIIIOBIIHO.
Uum Ounblie Uis KOHKPETHOI aKTHMBHOCTI BenmuuHa Pa i
YUM MeHIIA BeaudrHa P, THM OlIBIINI IIaHC BUSBUTH IO
AKTUBHICTh B €KCIIEPUMEHTI.

Puc. 3. Pe3ynbratv npo-

3 0,6 . -
rHo3y GionoriyHoi akTuB-
05 HOCTi S-ankin noxigHnx
' 5(3conyopodpeHin)-,
5-(5-6pomodcbypaH-2-in)-
0,4 . .
Ta 5-(((3-(nipngunH-4-in)-
03 1H-1,2,4-Tpia3on-5-in)
’ Tio)meTun)-4-metun-4H-
1,2,4-Tpiasoni..
0,2 p
0,1
0
R » N =) .
& & © & & FOSNS S fo@q o
N N K N oF W© K & & &
& ,b(‘ ,829 & ¢ ,5{5 QO Q & rz;‘5
& 3 N A& N @ -0 < ° 2
*X‘Q\ K 2 ° L o) ) & Q\o &
& & K & © 3 6"0 & N 4&0
3? .*Q 0y QQ @6 KS) O
& &S N &°
\*3&\@ é& N QSX(\ v
R ks
&
N
K
4 Ne cronyku Puc. 4. CnopigHeHicTb
6.24 - S-arnkin noxigHux
T 38  5(3dnyopodeHin)-,
-6,35 5-(5-6pomodchypaH-2-in)-
_6'5?6 25 36 1 5-(((3-(nipngunH-4-in)-
6,62 34  1H-1,2,4-Tpiason-5-in)
6,07 Tio)meTun)-4-metun-4H-
-5,72 3.2 . .
-5,58 1,2,4-Tpiasonis fo ep-
7,46 - 21 wmeHTy «EC 2.7.13.3
-6, 5 e A
6.98 28 Histidine kinase».
-6,72
7,26 2.6
-6,79
6,44 2.4
-7,63
-6,31 2.2
-6,65
-6,62 1.9
-6,89
-6,64 1.7
6,77
-6,44 15
-6,12
-6,04 1.3
-5,67
-4,85 1.1
-9 -8 -7 -6 -5 -4 -3 -2 1 0

AdiHHiCTb (KKan/monb)
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MorneKkynsapHUN [OKIHT BUKOHAIH 3a JOMOMOTOIO
nporpamu Autodock 4.2.6 [10]. CkpHuHIHT 3iHCHHIN Ha
kpucranorpadiuniii cTtpykrypi ¢pepmenty «EC 2.7.13.3
Histidine kinase», sikuii OyB B3sTHii 3 OaHKy naHux RCSB
The Protein Data Bank, xox xpuctamry — 1AO0B [11]. Bi-
3yaltizyBajid 3a J0moMoror mporpamu Discovery Studio
Visualizer. CiTka moss uist 38’ s13yBaHHs — 126 A x126A x
126 A, 1m0 610 10CTATHEO IPOCTOPHUM, AOH OXOITHTH BCIO
obnacth (hepMeHTyY. Yci BUKOPHCTaHI IPOrpaMy HasIBHI y
3arajJbHOMY JOCTYIII.

BiopgocTtynHicTb. Jocmimkenus ADME s3naificannn 3a
JOTIOMOTro10 Ge3komToBHOTO cepBicy SwissADME [12].
[HCTpyMEHT 3aCTOCOBYIOTH JUIsl OLIHIOBaHHS (hapMaKoKi-
HETHKH, 010I0CTYITHOCTI Ta CIIOPIAHOCTI MaJIUX MOJIEKYI
70 GepMeHTIB y MennuHii Ximii. BpaxoBytoTs 6 diznko-xi-
MIYHUX BIaCTHBOCTEH: MOQLIBHICTE, pO3MIp, OISAPHICTD,
PO3YMHHICTb, THYYKICTh 1 HACHUYEHICTh. DI3UKO-XIMIUHHUI
Jiarma3oH Ha KOKHIM OC1 BU3HAYECHHUH JTECKPUIITOPAMH, IO
ajlanToBaHi 3a xapaktepuctukamu [13,14], i 300paxeHuit
SIK pOYKEBa 30HA, B SIKY PaJIiONOKaIliiiHa JiITHKAa MOJICKYITH
MIOBUHHA MTOTPAILIATH LIJIKOM, a0 BBa)KaTUCS MOTIOHOIO /10
JIKapChKUX PEYOBHH.

Pesynkratu

PesyneraTn monepeHROTO OLIHIOBAHHS 3aralIbHOTO 0i0J10-
TIYHOTO TIOTEHITIATY CIIOIYK HaBeleHi Ha puc. 3.

Y noeqHaHHI 3 BipTyaJIbHUM CKPUHIHTOM KOPUCHO BUKOHY-
BaTH JIOCJIIIDKCHHS N silico 1Sl MPOTHO3yBaHHS OpIEHTAIIIT Ta
CIIOPITHEHOCTI JIITaHTy 710 3B’ I3yBaHHS B aKTUBHOMY IIEHTP1
(depmenTy. Pe3ysbTaTi MOJNEKYISIPHOTO JOKIHTY OOpaHuX
CTIONYK Ha Kpuctajorpadivniii cTpykrypi Gpepmenty «EC
2.7.13.3 Histidine kinase» HaBemeHO Ha puc. 4.

MorekyIsipHU JOKIHT TTOKa3aB BHCOKY aiHHICTH 00pa-
Hux croiyk 1o pepmenty «EC 2.7.13.3 Histidine kinase»,
a cronyku 1.8 (-6.89 kkan/mons), 2.3 (-7.63 kkan/morb) i
3.4 (6.62 xxa/M0JIb) MMOKa3aIM HAHOUIBIITY CIIOPIIHCHICTh
J0 nporo (epmenTy. Pesynsraru MOJEKyJISIPHOTO JOKIHTY
HaBesieHi B maonuyi 1.

B3aemopis miranay 3 akTHBHHM LIEHTPOM (epMeHTy
JOCHUTH CKJIaJHa Ta 3abe3nedeHa B ocHoBHOMY Ban-niep-Ba-
QILCOBHUMH 1 TT-3B’I3KaMH 3 MOJICKYJIaMH BOJIM Ta aMiHOKHC-
JIOTHAMH 3QJIUIIKaMHU (GepMeHTy. BauBoiO 17151 3B’ 53Ky
3 (hepmeHTOM € HasiBHICTH atoMy Cynb(ypy B MoJeKynaax
JOCTIDKYBaHUX CIIOTYK.

Crionyku kiacy 2 (2.3) yTBOPIOIOTH BOJHEBI 3B SI3KH 3
Modekyioro ot HOH A:816 B aktuBHOMY MicIli (hepMeHTY
3 JIOCTaTHBO BUCOKOIO CIIOpiIHEHICTIO 3B si3yBaHHs. OTxe,
BOHH € ONHUMH 3 HalKpamux KOH(pOpMamiid 3AiHCHEHOTO
MOJICKYJISIPHOTO JIOKIHTY (puc. 5).

Bisyamizamist 3D cTpyKTypH KOMIUTEKCY «Iiranm — dep-
MEHT» HaBeJIeHa Ha puc. 0.

Paniomokarop 6iogocTymHOCTI HaBeACHO (puc. 7) mns
MIBH/IKOTO OLIIHFOBAHHSI MOIOHOCTI 10 JTIKAPCHKOTO Mpera-
pary. Cipa 30Ha — ONITUMAJILHUI J1iaTla30H JUIsl KOXKHOI Blla-
cTuBOCTI (JTimodinpHicTh — MiXk -0,7 Ta +5,0; MosIeKyIsIpHa
Maca—Mix 150 r/mons 1 500 r/monb; onsipHicTs — TPSA mix

Baaemopii

[] Baw-sep-Banccon ssacmoni
B Hecnpusramei sasemonit
[ ni-cymdyp

[] nk-ansinesi

Cnonyka 1.8.
(3-(3-cbnyopodbeHin)-4-meTnn-5-(HoHinTio)-4H-1,2,4-Tpiason).

N 12
| .

Baaemogii

- Hecnpuarnuei ssaemopji

- ] BOOM ag'AsKoM
D ni-Cynsdyp

I:] AnkinsHi

Cnonyka 2.3.
(4-(5-(((4-meTun-5-(nponinTio)-4H-1,2,4-triazol-3-in)meTun)tio)-1H-
1,2,4-Tpia3on-3-in)nipuaunH).

5B

Baaemogaii
I Hecnpunramsi esacmonii
I ni-asionwi
[ nicymayp
[] niannuwi

Cnonyka 3.4.
(3-(5-6pomodpypan-2-in)-5-(6yTunTio)-4-meTun-4H-1,2,4-tpiason).

Puc. 5. Mepexa B3aemogii Mixk dhepmeHTom «EC 2.7.13.3 Histidine
kinase» Ta o6paHumu cronykamu.
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6A

H-Bonds
Donor

6B H-Bonds

Donor

Acceptor .

Puc. 6. Bisyanisauia 3D CTpyKTypu KOMNeKCy «niraHa-pepMeHT».

A: crionyka (3-(3-dhmyopodberin)-4-metun-5-(HoHinTio)-4H-1,2,4-Tpia-
3on); B: (4-(5-(((4-meTun-5-(nponintio)-4H-1,2,4-tpiason-3-in)metun)
Tio)-1H-1,2,4-Tpiason-3-in)nipugwnn), B: (3-(5-6pomodrypaH-2-in)-5-
(6yTunTio)-4-meTun-4H-1,2,4-tpiason).

201 130 A2; posuunnicTs — logS He Ginble Hik 6; HaCHIEH-
Hst — arom KapGony B sp’-ribpumusartii ne merre Hix 0,25;
THYYKICTB — He Oii1bI1e Hixk 9 00epToBHX 3B’s13K1B. Di3uK0-Xi-
MIYHH Tiara30H Ha KOXKHIH 0C1 BU3HAYCHHI JICCKPUIITOPAMHU
1 300pakeHNH SIK cipa 30HA, B AKY PaioOKaIliifHa TUTIHKA
MOJIEKYJTH TIOBUHHA ITOBHICTIO MOTPAILIATH, a0H BBAKATHCS
TIO/1iOHOIO 10 JIIKAPCHKOTO Mperapary.

Buxomstun 3 orprManux npogiyiei 6100CTymHOCTI Cro-
JIyK, yci BOHHU BiTIOBITAIOTh ITUM KpUTEpisiM. OTITUMaTbHU-
MH (Pi3HKO-XIMIYHIMH BIIACTHBOCTSMH XapaKTEPU3YIOTHCS
CTIOyKH Kiacy 2 1 3.

7A LIPO
FLEX SIZE
INSATU POLAR
INSOLU
Cnonyka 1.8
(3-~(3-cpnyopodbeHin)-4-meTnn-5-(HoHinTio)-4H-1,2,4-Tpiason).
76 LIPO
FLEX SIZE
INSATU POLAR
INSOLU
Cnonyka 2.3

(4-(5-(((4-meTun-5-(nponinTio)-4H-1,2,4-Tpiason-3-in)meTun)Tio)-
1H-1,2,4-Tpiason-3-in)nipuanH).

7B LIPO
FLEX SIZE
INSATU POLAR
INSOLU
Cnonyka 3.4

(3-(5-6pomodpypaH-2-in)-5-(6yTunTio)-4-meTun-4H-1,2,4-Tpiazon)

Puc. 7. Mpodinb BiogocTynHOCTI CNomnyk.
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€. O. KapnyH, KO. B. KapnieHko, M. B. Nap4eHrko, O. A. biedaH

OO6roBopeHHs

Crnekrp 6ionoriunoi aktuBHOCTI (BAS) — BacTuBicTh criony-
KU, sIKa € PETIPE3CHTaTUBHOIO ISl PI3HNX (hapMaKoJIOTI9HIX
edekTiB, (izionoriyHux 1 OIOXIMIYHMX MEXaHi3MiB il Ta
crier()igHOT TOKCHYHOCT] (MyTareHHICTh, KAaHIICPOT€HHICTB,
TEpaTOTeHHICTh Ta eMOPIOTOKCHYHICTH). AKTHBHICTB 3aje-
YKHTb BiJ] CTPYKTYPHOT IPUPOAX CIIOIyKH. [IpornoszyBanHs
crnekTpiB akTuBHOCTI pedoBuH (PASS) BinOyBaeThcs Ha
ocHOBI i cTpykTypu. IHCTpymMeHTH mporHo3yBanHs PASS
moOymoBaHi 3 BukopuctaHHAM 20 000 OCHOBHHX CIIOIYK
i3 6asu ganmx MDDR (BupoOuuitBa Accelrys Ta Prous
Science). ba3a nanux mictuts nonazn 180 000 GiosoriuHo
BiJIITOBITHIX CTIOJTYK i TOCTIFHO OHOBITIOETHCS. [HCTpyMEHT
nporHo3yBaHHs PASS mepenbauae BimHOmenHs Pa : Pi
(axTHBHE : HeaKTHBHE). Cepe/iHs TOUHICTb TPOTHO3YBaHHS —
Mmaibxe 95 %.

AHami3 pe3yasTaTiB KOMI IOTEPHOTO IIPOTHO3Y MOKa3ye
MIePCIIEKTUBHICT TIOMIYKY iHTi0iTOpIB TiCTUAWH KiHA3W,
murunuaaesaminasy, STAT dakropa TpaHCKpHILii, Ty>KHOT
¢docdarazu, CYP2C9, incymiHy, HOOTPOIHOT i Ta AlypeTHd-
HOI, aHTUTYPOEKYJILO3HOI aKTUBHOCTI Y PSALY LIUX CIOIYK.
BayximBoIO ITiJ1 Yac IpOrHO3yBaHHSI JOCIIPKYBaHHX PEUYOBHUH
€ BIJICYTHICTb Y HMIX BUCOKOT TOKCHYHOCTI, TEPaTo-, KAHIEPO-,
MYTareHHOCTI Ta eMOPIOTOKCHYHOCTI.

CrioyKu MaroTh JOCTATHBO BEJMKHUN CIIEKTP 010JI0Ti4HOT
AKTUBHOCTI, a OLTBII CIPSIMOBaHY — IHTiIOITOp TICTHIUH
KiHa3W Ta JIIypeTHYHY Iif0. YHACIIJOK 3MIiHH 3aMiCHUKa
B S-nojiokeHHi 1,2,4-Tpia30apHOTO sApa MPOTHO3YETHCS
301TBIICHHS] aKTUBHOCTI iHTIOyBaHHS TiCTHIUH KiHA3W Ta
MOsiBa 1HAWBIAYaTbHUX BHIIB O10JIOTiYHOT aKTHBHOCTI,
BEJINYMHA BIPOTIHOCTI SIKUX JUISI KOXKHOI CIIOJYKH TaKOX
IHIUBITyasIbHA.

JlaHi KOMIT TOTEpPHOTO TPOTHO3Y CBiqYaTh MPO IMEpPCIeK-
THUBHICTb TOIITYKY Cepell HaBEICHUX JTBOX HATpsMiB Oiope-
T'YJSTOPIB, 110 MOXKYTh OyTH IOTEHIIHHUMH iHriOiTOpaMu
TICTUIMH KiHA3H Ta JlypPETHYHUMH arcHTaMH.

BusBun, mo atomu [amoreHiB y 6i9HHX 3aMiCHHKax
1,2,4-Tpia3onpHOTO si1pa OepyTh Y9acTh y B3aEMOJIII 3 (ep-
MeHTOoM. Ha puc. 5 nokazana noBepxHsi, HaMaJIbOBaHa HABKO-
JIO aKTHUBHOTO LIEHTPY, 1110 BKa3ye o0acTb joHopa H-38’s13Ky,
Ta aKMenTopHa o0lacTh BOAHEBOTO 3B’S3Ky. SIK BHIHO,
CTPYKTypa HaHOUTBII aKTUBHOTO iHTIOITOPY B HAWOLIBIT
BIpOTi/IHIH JOKOBaHIH KOH(pOpMALIil € KOMIUIEMEHTapPHOIO aK-
LETITOPHOI/IOHOPHOT 00J1aCTi BOJHEBOT'O 3B’SI3KY aKTHBHOT'O
caifty. OTke, OCHOBHHM CTPYKTYPHHUM EIEMEHTOM € KiTbIIe
1,2,4-Tpia3oiy Ta OIYHUIA aNKiTHHUN panukain. Buxomsan 3
LILOTO, NEPCHEKTHUBHOIO € CTPYKTYpHa MOANQIKALiS 1IbOTO
szpa 3a noyiokeHHs M atoma Cynbdypy.

BucHoBKkuM

1. JTari KoMIT’ FOTEpHOTO ITPOTHO3Y CBiAYaTh PO TIEPCIIeK-
THBHICTB TIOLIYKY Cepell HaBeACHHUX JIBOX HaNpsiMiB Oiope-
T'YJSTOPIB, sIKI MOXKYTh OyTH NMOTEHIIHHUMHU iHriOITOpaMu
TICTHUMH KiHA3!1 Ta AlypeTHYHUMHU areHTamu. J{oCITipKeH s
JOBOJISITH TIEPCIIEKTUBHICT IMOIITYKY HOBHX Oi0aKTHBHIIX
CIIOJIYK came B psii S-3amimiennx 1,2,4rpiazonis.

2. MonexyssipHUii JIOKIHT TI0Ka3aB BUCOKY a(iHHICTB 00-
panux crionyk 1o ¢pepmenty «EC 2.7.13.3 Histidine kinasey,
110 3a0e3neuena Bau-ep-BaanbcoBiMi i T-3B’s13KaMHu 3 MO-
JIEKYJIaMH BOJIM T aMiHOKHCJIOTHUMH 3aJIMIIKaMH (DEPMEHTY.
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The purpose of the work was to develop of a method for the quantitative determination of piperidinium 2-[5-(2-furyl)-4-phenyl-1,2,4-
triazol-3-ylthio] acetate (trifuzol) as part of a dosage form — an effervescent intrauterine suppository using spectrophotometry in the
ultraviolet region spectrum and its validation according to State Pharmacopoeia of Ukraine.

Materials and methods. The study was used a working standard sample of trifuzol, intrauterine effervescent veterinary suppositories,
1.0 g of trifuzol, as a solvent — purified water. Analytical equipment: Specord 200 spectrophotometer, electronic scales ABT-120-5DM,
ultrasonic bath ELMASONICE 60 H, class A measuring dishes. Method of spectrophotometric analysis was used.

Results. A spectrophotometric method has been developed and validated for the quantitative determination of trifuzol in a dosage
form — an intrauterine effervescent veterinary suppository, based on measuring the absorption of an aqueous solution of the drug
at 278 nm.

The methodology tally the requirements of State Pharmacopoeia of Ukraine for such validation characteristics as specificity, linearity,
precision, correctness, and robustness. The analysis of the predicted total uncertainty of the analysis was showed the reproducibilityof
the method and the possibility of its application in other laboratories.

Conclusions. A method for the quantitative determination of trifuzol in the composition of the dosage form, an effervescent intrauterine
suppository, according to the requirements of State Pharmacopoeia of Ukraine, was developed and validated. It was proved that according
to such validation characteristics as linearity, specificity, precision, correctness, and robustness, the technique is correct.

CnektpodhoTomMeTpUyHe BU3HAYEHHSs Tpudy3ony cybcTaHLii y BeTepuHapHOMY cynosuTopii
K. T. Knbocosa, K. . Meagegnera, C. O. Bactok, |. B. Bywyesa

MeTa poGoTu — po3pobneHHs METOAUKM KiNbKICHOTO BU3HAYeHHs ninepuaunHin 2-[5-(2-pypun)-4-cpenin-1,2,4-tpiason-3-intiolauerary
(Tpndbysony) y cknagi nikapcbkoi popmMu — LIMMYHOro BHYTPILLIHBOMATKOBOIO CYNO3WTOPI0 — 3 3aCTOCYBaHHAM CreKTpodoToMETpil B
yneTpacioneTosiit obnacTi cnekTpa Ta 3aincHeHHs ii Banigauii 3a JdY.

MaTepianu Ta MmeToau. Y gocnifxxeHHi BUKOpUcTanu pobouunii CTaHaapTHUI 3pa3ok Tpudy3ony, BHYTPILLHLOMATKOBI LWUMMYYi BETEPK-
HapHi cynoauTopii, 1,0 r Tpudy3ony, Sk po34MHHUK — BOZy Oo4uLLeHy. AHaniTnyHe obnagHaHHs: cnektpodoTtometp Specord 200, Barm
enekTpoHHi ABT-120-5DM, ynetpassykoBa 6ans ELMASONICE 60 H, mipHuin nocya knacy A. 3actocysanu MeTof CnekTpodoTome-
TPUYHOTO aHanisy.

Pesynkratn. Po3pobneHo Ta BanifgoBaHo cnekTpod)OTOMETPUYHY METOAMKY KinbKICHOTO BU3HAYEHHS TpUdy301y B nikapcbkin hopmi —
BHYTPiLLHEOMAaTKOBOMY LLMMY4OMY BETEPUHAPHOMY CYMO3UTOPii, — L0 3aCHOBaHa Ha BUMIptoBaHHi abcop6Liii BoAHOro po3yuHy npenapary
npu 278 Hw.

MeToguka Bignosigae sumoram OOY 3a Takumy BanigauiiHUMK XxapakTepucTMkamu, Sk CneLngidHICTb, NiHINHICTb, NPeUMsIiHICTb, npa-
BUINBHICTb | pobacTHiCTb. AHani3 NPOrHO30BaHOi MOBHOI HEBWU3HAYEHOCTI aHanidy Nokasas BiATBOPIOBAHICTb METOAMKN Ta MOXIMBICTb ii
3aCTOCYBaHHS B iHLIMX NabopaTopisix.

BucHoBku. Po3pobunu Ta 3aiicHuny BanigaLlito METOAMKM KiflbKiCHOTO BUHAYeHHs TpUdhy30ny y cknagi nikapcbkoi hopmm — Lumny4oro
BHYTPILLHBOMATKOBOrO CYno3nTopito — 3a BuMoramu Y. [loBegeHo, Lo 3a TakuMu BanigauinHAMK XxapakTepucTukamm, Sk niHinHICTb,
cneundivHiCTb, NPeUmsiliHiCTb, NPaBUIbHICTb | POGACTHICTL METOAMKA € KOPEKTHOH.

Kntouogi croea: cnekTpothoTOMETPIst, TPUJY30M, BETEPUHAPHWIA CYNO3UTOPIN, KiNbKICHE BUHAYEHHS.

AkTyanbHi nuTaHHA hapmaLieBTMYHOI | MeaUYHOI HayKu Ta npakTuku. 2020. T. 13, Ne 1(32). C. 46-50
ARTICLE UDC 615.281.8'792:615.454.2:661.158].074:543.42
INFO DOI: 10.14739/2409-2932.2020.1.198123

Current issues in pharmacy and medicine: science and practice 2020; 13 (1), 46-50

Key words: spectrophotometry, trifuzol, veterinary suppository, quantitative determination.

*E-mail: valery999@ukr.net

http://pharmed.
zsmu.edu.ualarticle/

view/198123 Received: 29.11.2019// Revised: 09.12.2019 // Accepted:16.12.2019

46 AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAnNYHOI Hayku Ta npakTvku. — 2020. — T. 13, Ne1(32) ISSN 2306-8094


https://orcid.org/0000-0001-6397-0029
https://orcid.org/0000-0001-7260-5728
https://orcid.org/0000-0002-1569-9374
https://orcid.org/0000-0002-5336-3900
https://doi.org/10.14739/2409-2932.2020.1.198123
mailto:valery999%40ukr.net?subject=

Spectrophotometric determination of a substance trifusol in a veterinary suppository

CnektpodhoTomeTpuyeckoe onpegeneHune Tpudysona cyocTaHUMMU B BEeTePMHAPHOM CYNMNO3NUTOPUM
K. T. Knécoga, K. . MeaBezesa, C. A. Bactok, W. B. Byluyesa

Llenk pa6oTbkl — pa3paboTka METOAMKM KOTMYECTBEHHOTO ONpPeAeneHns NunepuanHuii 2-[5-(2-gypun)-4-cennn-1,2,4-tpnason-3-untmo)
auerara (Tpudy3on) B cOCTaBe NlekapCTBEHHOW (hOPMbI — LLMMYYEro BHYTPUMATOYHOTO Cynno3nTOPKS — C MPUMEHEHNEM CnekTpodoTo-
MeTpuu B ynTpadroneToBoi obnactu cnekTpa v NpoBefeHe ee Banuaauuy cornacHo Y.

Matepuanei u metogkl. B nccnegoBaHnm ncnonb3oBaHbl paboumnii cTaHaapTHbI o6pasel Tpudy3ona, BHYTPMMATOYHbIE LUMMYYMe BeTe-
puHapHble cynnoautopu, 1,0 T Tpudbysona, kak pacTBOpUTENb — BOZa O4MLLEHHAs. AHannTu4eckoe obopyaoBaHue: CnekTpodoToMeTp
Specord 200, Bechl anekTpoHHble ABT-120-5DM, ynetpassykoBas 6aHs ELMASONICE 60 H, mepHas nocyaa knacca A. MNMpumenunu
METO, CNEeKTPOGhOTOMETPUYECKOrO aHan3a.

Pesynbrathl. PaspaboTaHa 1 BanuampoBaHa crnekTpohoTOMETpUYECKast MeToMKa KonMYeCTBEHHOTO OnpeaeneHns Tpudysona B fe-
KapCTBEHHON (popMe — BHYTPUMATOHHOM LUMMYYEM BETEPUHAPHOM CyNMNO3WUTOPUM, — OCHOBaHHasi Ha U3MepeHUn abcopbLyn BOLHOMO
pacTBopa npenapara npu 278 HM. MeTtoauka cooTBeTCTBYeT TpeboBaHuaM [OY no TakuM BanuoaUMOHHBIM XapakTepucTuKaM, Kak
CNeLMdUYHOCTb, IMHENHOCTb, NPEUMU3NOHHOCTb, MPABUBLHOCTL U POBACTHOCTL. AHANU3 NPOTrHO3UPYEMOi NONTHOW HEOMPEAENEeHHOCTH
aHarnuaa nokasasn BOCNpPOWU3BOAMMOCTb METOAMKN 1 BO3MOXHOCTb ee NPUMEHeHUs B Apyrix NlabopaTtopusix.

BriBoakl. Paspabotana n npoBeaeHa Banupaums METOAMKM KONMYECTBEHHOTO OnpeaeneHns Tpudysona B COCTaBe NekapCTBEHHON
OpMbI — LLMNYYEro BHYTPUMAETOYHOTO Cynno3nTopus — cornacHo TpebosaHmam @Y. [lokasaHo, 4TO MO TakuM BanvaaLMOHHbLIM Xapak-

TEPUCTUKAM, KaK JIMHENHOCTb, CNeLMUYHOCTb, NPELM3NOHHOCTb, NPaBUIbHOCTL U pO6aCTHOCTb MeTOAMKa KOPPEKTHa.

KntoueBkie cnosa: cnekTpodoToMeTpus, TPUAY30M, BETEPUHAPHBIN CYNMO3UTOPWIA, KONIMYECTBEHHOE OMNpPEeAeneHue.

AxTyanbHble Bonpockl hapMaLeBTUYECKOW U MeaULMHCKON Hayku u npakTuku. 2020. T. 13, Ne 1(32). C. 46-50

Endometritis of different etiologies is the most common
form of postnatal pathology in cows, which can take a mass
character and cause significant economic damage to both the
economy and the state as a whole. Against the background of
the intensification of all branches of animal breeding, animal
diseases involving damage to the sexual sphere prompted the
search, creation, and improvement of existing medicines.

The use of the substance piperidinium 2-[5-(2-furyl)-4-
phenyl-1,2,4-triazole-3-iltio]acetate (trifusol), as an active
substance in the composition of the effervescent intrauterine
suppository, provides a sufficiently high therapeutic efficacy
in the treatment, particularly of purulent postpartum cattle en-
dometritis. Its use can improve the course of the pathological
process and individual blood parameters [5,6].

The development of new accurate and sensitive methods
for quantifying trifusol in new dosage forms is an immediate
need at the stage of ensuring proper quality control of drugs,
in terms of safe, rational and effective therapy.

For other dosage forms, an express and easy-to-use method
of trifusol quantitative determination have already been pro-
posed [1]. Any analytical technique (including the technique
of quality control of a particular drug) that may be proposed
for inclusion in a normative document or by means of which
official tasks will be performed (for example, official opinion
on the quality of the object) should be validated [2—4]. Only a
specific method for a specific dosage form can be validated.

Aim

Thus, the purpose of our work was to develop a method for
quantitative determination of piperidinium 2-[5-(2-furyl)-4-
phenyl-1,2.4-triazole-3-iltio] acetate in the dosage form of
effervescent intrauterine suppository using spectrophotometry
in the ultraviolet region of the spectrum and its validation,
according to the State Pharmacopoeia of Ukraine.

Materials and methods

Study objects, solvents and equipment. The objects of
the investigation were intrauterine effervescent veterinary
suppositories, 1.0 g of trifusol substance. The indicated
dosage form was prepared extemporally according to the
prescription [5].

Purified water was used as a solvent. As working standards
of trifusol were used.

Analytical equipment: spectrophotometer Specord 200,
electronic scales AVT-120-5DM, ultrasonic bath ELMA-
SONICE 60 H, A class measuring ware.

General methodology for quantification of trifusol
substance. Aliquot of trifusol (0.050 g) was placed in a
measuring flask of 100.00 ml and bring to the mark with
purified water, and stirred. 1.00 ml of the resulting solution
was transferred to a measuring flask with a capacity of 25.00
ml, and diluted with a solvent to the mark. Optical density
was measured on the background of a compensation solution
(purified water) at an analytical wavelength of 278 nm.

Results

Method for quantitative determination of trifusol in a
veterinary effervescent suppository for intrauterine use.
1 suppository was placed in a glass of 50 ml, added 25 ml
of distilled water and heated in an ultrasonic bath until the
suppository was completely melted, then cooled and decanted
in a measuring flask of 100.00 ml. This operation was repeated
twice. The content of the flask was diluted with water to the
mark and stirred thoroughly. 5.00 ml of the resulting solu-
tion was transferred to a measuring flask with a capacity of
100.00 ml and brought up to the mark with purified water.
Optical density was measured against a solvent background
at wavelength 278 nm. At the same time, a 1.00 ml of 0.05
% trifusol comparison solution was determined. The calcu-
lation of the active substance content was done according to
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Table 1. Uncertainty calculation of sample preparation for quantitative determination of trifuzol content in the intrauterine suppository

. . Calculation formula (@
Sample preparation operation Uncertainty,%

Test solution
Bringing up to volume in a measuring flask with a capacity of 100 ml 100 0.12
Taking aliquots dilution with a pipette in 5 ml 5 0.69
Bringing up to volume in a measuring flask with a capacity of 100 ml 100 0.12
Taking aliquots dilution with a pipette in 1 ml 1 0.74
Bringing up to volume in @ measuring flask with a capacity of 25 ml 25 0.23
Reference solution
Taking a weighted amount of trifusol standard design sample m, 0.2mg /50 mg-100 % = 0.40
Bringing up to volume in a measuring flask with a capacity of 100 ml 100 0.12
Taking aliquots dilution with a pipette in 1 ml 1 0.74
Bringing up to volume in @ measuring flask with a capacity of 25 ml 25 0.23

ASP =(0.402 +0.122 + 0.742 + 0.23% + 0.122 + 0.69% + 0.122 + 0.74% + 0.23%) = 1.37 %

Table 2. Composition of excipients in intrauterine suppositories with trifusol

Sodium lauryl sulfate

0.2

Polyethylene oxide mixture 1500 i 400 — 1:9

Up to 20

the usual formula.

Prediction of complete methodology uncertainty. To
verify that the technique would be replicated in other labo-
ratories, it was not enough just the results of the validation
in one laboratory, the level of equipment which may be
much higher than allowed by the State Pharmacopoeia of
Ukraine. Calculations of the forecast of complete metho-
dology uncertainty in accordance with the requirements of
the State Pharmacopoeia of Ukraine were created specifi-
cally for this purpose. The total uncertainty of the analysis
technique was based not only on the real total uncertainty
of sample preparation but also on the maximum uncertainty
for a specific equipment type [7,8].

According to the requirements of the State Pharmacopoeia
of Ukraine, uncertainty calculations were performed to the
maximum permissible errors for measuring dishes, scales, and
spectrophotometer as a final analytical operation in analysis
(Apo= 0,70 %) (Table 1).

It can be seen from Fig. [ that the most significant
uncertainty in sample preparation is introduced by operations
6 — taking a standard sample of trifusol, as well as 2,4 and 8 —
taking aliquots by pipettes 1.00 and 5.00 ml. This distribution
of uncertainty in sample preparation is quite typical for the
quantitative determination of drugs.

Thus, the projected total uncertainty of the analysis
results (,4s = 1,53 %) does not exceed the critical value
As = 3.20), i.e. the technique will be reproducible and

(maxA
correct in other laboratories as well.

97% 1,3%

2;20 %
8,22 %

3;3%

7,4 %

6;12 % 4,22 %

5 7%

Fig. 1. Uncertainty distribution of sample preparation by operation
for quantitative determination of trifusol in intrauterine suppository.

Discussion

The specificity of the technique was established by deter-
mining the effect of auxiliary substances (7able 2), which
are part of the studied dosage form, on the results of trifusol
quantitative determination. For this purpose, the placebo
solution (4,, ) absorption in purified water was measured
in the concentrations of the corresponding prescription [5],
making 3 measurements with cuvette extraction. At the same
time the optical density of the comparison solution (4 ) was
measured. The following was found out: 4, = 0.0031; 4
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Table 3. Main characteristics of linear dependence

Criteria (For tolerances 90.0-110.0%,
Value :
number of points 9)

Conclusion

1.0122 £ (0.0073)
az( sa) -1.1938 + (0.7116) [a] < Aa =195 %;7) - S,=1.348 corresponds
Sy, 0.3859 <A (%) 1495 %;7) = 1.690 corresponds
r 0.9998 20.9555 corresponds

Table 4. Determination of the convergence of the quantitative determination results in intrauterine suppositories with trifusol

|1094 |0464

0 863

320

Table 5. Determination of the correctness of the results of the quantitative determination of trifusol in intrauterine suppositories by the

standard addition method

_ Criteria (For tolerances 90-110 %) Value and conclusion

Avg, Z % — 99.88

Relative standard deviation, S,, % <1.69 0.519 Corresponds
Relative confidence interval A % = (95 %, 8)-S, % <3.20 0.965 Corresponds
Systematic error 5, = [Z — 100| = 0.120

Criterion of insignificance of systematic error §,, < A %/3 <0.322 Corresponds

= 0.9542. The placebo contribution to the total absorption
wasd_ =100-0.0031/0.9542=0.32 % and was insignificant,
because there is aratio: §_ <0.033-B = (.32<0.33, therefore,
the method had a sufficient specificity [7,8].

Linearity for suppositories was determined within
73-127 % of the nominal trifusol concentration. For this
purpose was prepared a solution of suppository in purified
water according to the method of quantitative determina-
tion of trifusol in veterinary effervescent suppository for
intrauterine use, later it was used to obtain nine dilutions.
The absorption of the obtained solutions at 278 nm was
measured and a graph of the dependence of optical density

2 140
120
100+

80

Yi, %

60

40

20

0 20 40 60 80 100 120 140
Xi, %

Fig. 2. Diagram of linear dependence of absorption on trifusol concen-
tration in suppository.

on the concentration of the studied substance in the sample
was drawn up (Fig. 2, Table 3).

So, it was calculated numerical indicators testify that all re-
quirements of the State Pharmacopoeia of Ukraine on parameters
of linear dependence are fulfilled and linearity of a technique was
confirmed in the chosen range of concentration [2—4].

To establish the accuracy of the technique nine parallel
definitions (three weighed quantities of the studied drug
form, three repetitions) were performed. The absorption of
the comparison solution was measured simultaneously. The
gram content of trifusol in the dosage form was calculated
using a standard formula.

140

120 1

100 1

0 20 40 60 80 100 120 140
t (xB)

Fig. 3. Stability of the analyzed solution in time.
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According to the requirements of the State Pharmacopoeia
of Ukraine, the one-sided confidence interval (A %) should
not exceed the maximum allowable uncertainty of the analysis
(AAs %). According to the State Pharmacopoeia of Ukraine,
the deviation of the active substance content from the declared
amount in the pessary (vaginal suppositories) was 90—110 %
[3]. Thus, the maximum allowable uncertainty of the analysis
(AAs %) was 3.20 %. Metrological characteristics were calcu-
lated based on the results: average value Z %, relative standard
deviation (S, %), relative confidence interval (A %) (Table 4).

The proposed methodology was accurate at the convergence
level, as the one-sided confidence interval A % did not exceed
the maximum allowable uncertainty of the analysis (A4s %).

To establish the correctness of the method, the standard
addition method was used, in which different amounts of
standard working solution of trifusol were added to three
equal samples of the drug form and analysed three times.

According to the State Pharmacopoeia of Ukraine, the
results of the definitions are correct if they are not burdened
with a significant systematic error (J,), i.€. the true value of
the quantity to be determined falls within the specified con-
fidence interval (A %). Thus, the proposed method is correct
because, as can be seen from Table 5, deviations Z from 100
% do not exceed their confidence interval [9].

The stability of solutions in time was studied to verify the
robustness of quantitative determination methods. The tested
solution and the comparison solution are stable for at least
60 min (Fig. 3).

Conclusions

A new sensitive, economic and express spectrophotomet-
ric method for quantitative determination of piperidinium
2-[5-(2-furyl)-4-phenyl-1,2,4-triasol-3-iltio]acetate in its
dosage form — veterinary intrauterine effervescent suppository
with its own absorption has been developed. The proposed
method was validated and its compliance with the require-
ments of the State Pharmacopoeia of Ukraine was proved for
the main validation characteristics: linearity, convergence,
correctness and robustness.
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MopiBHANBLHA XpOMaTO-Mac-CNEeKTPOCKONMisi HACTOSIHOK
BanepiaHn NaroHOHOCHOI

B. M. OguHuosa =*PF B, T. KopHieacbka =8, FO. |. KopHieBcbkuin'"AC, B. |. KokiTkoF

3anopisbkuil AepxaBHUI MeauyHWiA yHiBepcuTeT, YkpaiHa

A — KOHUenUis Ta An3aitH gocnipxeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis fgavux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepKEHHSA CTaTTi

Banepiana nikapcbka (Valeriana officinalis L.s.1.) € 36ipHuM B1gom, 4o cknagy sikoro B YkpaiHi HanexuTs 13 Buais BanepiaHw. Havnisaex-
HiLLWiA BUA, WO 3pocTae B 3anopisbkiit 0bnacTi, npeacTaBneHnii BanepiaHoto naroHoHocHot Valeriana stolonifera Czern. Ha TpuBanictb
Ta epeKTUBHICTb CyLUIHHS BNNMBatoTb MopdonoriyHi ocobnusocTi nikapcbkoi pocnuHHoi cuposuHm (JIPC), BUXigHa BonoricTb, 3aransbHa
MOBEPXHS, TOBLLMHA KOPEHIB, iXHS MirHichikoBaHicTb. 3aBasku npouecam aerigpatauii nig yac cywinxs B JIPC iHoai BinbyBaeTbes 36ib-
LUEHHS BMICTY Aitounx peyoBuH. Lieit npouec yMOBHO Ha3BaHMIA cTagieto [o3piBaHHs, abo hepmeHTaLii.

MeTa po6oTu — 3a JONOMOrOI0 ra3opiAnMHHOT xpomaTtorpadii BU3Ha4YMTV KOMINOHEHTHWI CKNag, HAaCTOSHOK BanepiaHu, Lo BUrOTOBMEHi 3i
CBiXXUX KOPEHIB BanepiaHn NaroHOHOCHOI Ta BUCYLLIEHi MPOTSAIOM Pi3HWX TEPMIHIB cywwiHHs (7, 14 121 pob6a).

Matepianu ta metogu. HactosiHku rotyBanu 3a BupobHudor peuentypoto (Tinctura Rhizomata cum radicibus Valerianae (1 : 5)
(excTpareHT — eTaHon 70 %) i3 KOpPEHiB BanepiaHn NaroHOHOCHOI, siki 3arotoBneHi B nuctonadi 2019 p. Ha okonuusx M. 3anopixks (KaH-
LepiBcbka 6anka). KOMnOHeHTHWIA cknaj HaCTOMOK BanepiaHu AOCMiAXyBanM 3a JONOMOrok ra3oBoro xpomarorpada Agilent 7890B i3
Mac-CneKkTPOMETPUYHUM aeTekTopom 5977B.

Pesyniratu. 3a gonomoroto MPX y HacTosiHOK BanepiaHm 3i CBiXOI CUPOBWHM BCTAHOBUNMW 49 KOMMOHEHTIB, nicnsa 7 fib cywiHHs — 83
KOMMOHeHTK, nicns 14 fib cywiHHa — 95 komMnoHeHTiB, nicns 21 fobu cywiHHa — 95 koMNoHEHTIB. 3a AKiCHMM cknagom 25 cnonyk Ha-
SIBHi B YCiX JOCMIIKYBaHNX HACTOSIHKAX, YaCTUHA 3 HUX 3BiNbLUMINCS Nig Yac CyLWiHHA. Y pe3ynbTaTi AoCiLKEHb BUSHAYNIM, L0 BMICT
BanepiaHoBOI KNCMOTM Y CBiXiN CPOBWHI cTaHOBUTL 1,84 %; nicns 7 aib cywinHsa — 2,65 %; nicns 14 — 3,21 %; nicns 21 goov — 3,72 %.

BucHoBku. AHanidytoun pesynsrati ['PX, 3'acyBanu, LWo HAaCTOSHKW BanepiaHW BiApi3HAKTLCS | 3a KiNbKICHWM, | 3@ SIKICHUM CKagoMm. 25
CMOMYK HasiBHi B YCiX AOCTIAKyBaHUX CepisiX, 6 3 HAX — y Benwkii kinbkocTi. OCKinbK HACTOSIHKY Bynv BUrOTOBMEHI 3@ OHIEI0 TEXHOTIOTIEHD,
BMICT ecipHVX oniit y NnikapCbKiii POCIMHHINA CUPOBMHI 3aneXxuTb He NULLE Bif BUAY, MicLsl, Yacy 360py, ekornorii, KniMaTUyHWUX YMOB, ane 1
CYTTEBO Bif] CYLUIHHS CMPOBWHW. BpaxoBytoun Haf3BuyanHy noniMopdHiCTL BanepiaHu, Ans BBEAEHHS B KyNbTypy NepCrnekTUBHUX BUAIB,
K 3poCcTaloTb Ha TepuTopii YkpaiHu, HeobXigHi rnmbLwi dhapmakorHoCTUYHI Ta hapMakomnoriyHi JocnimkeHHs. EkcnepumeHTanbHi AaHi,
LLIO OTPMMaHI i Yac AOCTIMKEHHS, MOXYTb OyT BUKOPUCTaHI Mi Yac CTBOPEHHS! HOPMATUBHO-aHaMITUYHOT OKYMEHTaLlii Ha NeBHUA BUA
CUPOBWHY i, 6e3nepeyHo, MakoTb NPaKTUYHE 3HAYEHHS.

Comparative chromato-mass spectroscopy studies on tinctures of Valeriana stolonifera Czern.
V. M. Odyntsova, V. H. Korniievska, Yu. I. Korniievskyi, V. I. Kokitko

Valerian (Valeriana officinalis L.s.1.) is a flowering plant that includes 13 species in Ukraine. Valeriana stolonifera Czern is the most common
of southern species that can be found in the Zaporizhzhia region. The duration and effectiveness of its drying depend on morphological
features of Medicinal Herb Raw Material (MHRM), reference humidity, total surface area, thickness and lignification of the roots. Due
to the process of dehydration as a result of drying, the increase of active substances in MHRM is sometimes observed. This process is
conditionally called a “ripening stage”, or fermentation.

The purpose of the work is to determine, by means of gas-liquid chromatography, the component composition of valerian tinctures made
from fresh roots of Valeriana stolonifera Czern and dried with different periods of drying (7 days, 14 days and 21 days).

Materials and methods. The tinctures were prepared according to production procedure (Tinctura Rhizomata cum radicibus Valerianae
(1:5) (The extractant is ethanol, 70 %) made from the roots of Valeriana stolonifera Czern, which were harvested in November 2019 in
the vicinity of Zaporizhzhia region (Kantserivska balka). Component composition of the Valeriana tinctures was investigated using the
gas chromatograph Agilent 7890B with a 5977B mass spectrometry detector.

Results. By means of chromatic-mass spectrometry in the valerian tinctures from raw materials, 49 component compositions were
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identified. After 7 days of drying, 83 components were identified; after 14 days — 95 components; after 21 days — 95 components.

The qualitative composition showed that 25 components were present in all of the investigated tinctures. Some amount of components
increased in number during the process of drying . The result of the researches proves that the level of valeric acid in the raw material
was 1.84 %; after 7 days of drying — 2.65 %; after 14 days — 3.21 %; after 21 days — 3.72 %.

Conclusions. Analyzing the obtained data of the GLC it can be seen that valerian tinctures differ both in quantitative and qualitative
composition. 25 compounds were present in all investigated series, 6 of which are present in large numbers.

Since the tinctures were made in one technology, the content of essential oils in the medicinal plant depends not only on species, place
and time of collection, ecology and climate latitudes but in a significant way on drying of raw materials.

Given the extraordinary polymorphism of valerian for the introduction into the culture of promising species growing in Ukraine, it was
necessary to conduct deeper pharmacognostic and pharmacological studies.

Experimental data obtained in the process of the research can be used for creating regulatory and analytical documentation for a certain
type of raw materials and were of undoubted practical importance.

Key words: Valerian roots and tinctures, chromato-mass spectroscopy, component composition, quantitative content.
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CpaBHUTENbHasA XPOMaTo-Macc-CNeKTPOCKONUS HAaCTOEK BanepnaHbl N0GeroHOCHOM
B. M. OguHuosa, B. I. KopHuesckas, t0. U. KopHuesckui, B. U. Kokntko

BanepwaHna nekapcteeHHas (Valeriana officinalis L.s.l.) — cOopHbIi BUA, B COCTaB KOTOPOro B YkpauHe BxoauT 13 BuaoB BanepuaHbl. Cambli
IOXHbIV BI, KOTOPbIN pacTeT B 3anopoxckomn obnactu, npeacTaeneH BanepuarHon noberoHocHon (Valeriana stolonifera Czern.). Ha npogon-
KMTENbHOCTb W 3ChPEKTUBHOCTb CYLLKW BIUSIOT MOpdpornornyeckme ocobeHHOCTW NeKkapCTBEHHOTO pacTuTensHoro chipbst (JIPC), ncxogHas
BIMaXXHOCTb, 0OLLIasi TOBEPXHOCTb, TOMLLMHA KOPHEN, VX MMrHUAMLMPOBaHHOCTL. Briarogaps npoueccam aervaparauym npy cywike B JIPC uHoraa
NPOVICXOAUT yBENUYEHNE CoepX)aHNs [eNCTBYIOWMX BELLECTB. JTOT NPOLECC YCMOBHO Ha3BaH CTaavel Co3peBaHms, Unu hepmeHTaumm.

Llenb paboTki — C NOMOLLbI0 ra3oXnaKOCTHON Xxpomarorpadmm onpefenuTb KOMMOHEHTHbIN COCTaB HAaCTOEK BarnepuaHbl, N3rOTOBMNEHHBIX
13 CBEXMX KOPHEN BanepuaHbl NOGEroHOCHOW W BbICYLUEHHbIX C PasnnyHbIMU cpokamm cyLuku (7, 14 n 21 cyTkm).

Martepuansi n metogkl. Hactolku rotoBunu no npoussoacteeHHon peuentype (Tinctura Rhizomata cum radicibus Valerianae
(1:5) (akcTpareHT — ataHon 70 %) 3 KopHel BanepnaHbl NOBEroHOCHOM, KoTopble Bbinu 3aroToBmneHbl B Hosibpe 2019 1. B OKPECTHOCTSX
r. 3anopoxbs (KaHueposckas 6anka). KOMNOHeHTHbIV COCTaB HAacTOeK BanepuaHbl MCCnesoBani ¢ MOMOLLH ra3oBoro xpomarorpada
Agilent 7890B ¢ macc-cnekTpoMeTpuyeckum getektopom 5977B.

Pesyniratil. C nomoLsto KX B HacToMKax BanepuaHbl U3 CBEXETO Cbipbs YCTaHOBMEHbI 49 KOMMOHEHTOB, nocne 7 CyTOK CyLwku — 83
KOMMOHeHTa, nocne 14 cyTok cyLku — 95 KOMNOHEHTOB, nocne 21 CyTok CyLkn — 95 KOMNOHEHTOB. 1o kayecTBEHHOMY cocTaBy 25 co-
€AVHEHWUIA NPUCYTCTBYIOT BO BCEX UCCNEAYEMbIX HAaCTOMKaX, YacTb U3 HUAX YBENUUMICH BO BPEMSI CyLLKWU. B pesynsrate nccnenosaHwii
YCTaHOBMEHO, YTO COAEpXaH1e BanepraHoBON KUCMNOThI B CBEXEM Cbipbe cocTaBnsieT 1,84 %; nocne 7 cyTok cywku — 2,65 %; nocne
14 - 3,21 %; nocne 21 cytok — 3,72 %.

BeiBoakl. AHanuanpys pesyneratbl KX, ycTaHOBNEHO, YTO HACTONKM BanepuaHbl OTIIMYAKTCS U MO KOMMYECTBEHHOMY, M MO Ka4eCTBEH-
HOMY COCTaBy. 25 COeAMHEHUI NPUCYTCTBYIOT BO BCEX MCCIEAyeMbIX CEpUsIX, 6 N3 HUX — B BOMbLIOM konmyecTse. [0CKomnbKy HaCTOWKM
U3roTOBMEHbI MO OHON TEXHOMNOMU, CoaepKaHne 3UPHBIX Macen B NIEKapCTBEHHOM PACTUTENBHOM Chipbe 3aBUCUT He TONbKO OT BUAA,
MecTa, BpeMeHu cbopa, 3Konoruu, KnuMaTu4eckmx yCrioBui, HO 1 CyLLLECTBEHHBIM 06Pa30oM OT CYLLKM Cbipbsl. YUMTbIBAs Ype3BblHaliHyo
NoNMMOPMHOCTb BanepuaHbl, Ans BBEAEHUS B KYNbTYpY NEPCNEKTUBHbIX BUAOB, PACTYLLUMX Ha TeppUTOpUM YKpauHbl, HeobxoamMmo npo-
BoauTb Bonee rnybokne hapmakorHoCcTu4eckue M apmMakonormyeckne NCCneaoBaHns. dKCNepUMeHTanbHbIE JaHHbIE, MOMyYeHHbIe
B XO[i€ UCCNENO0BaHMS, MOryT ObITb UCMOMb30BaHbI NPU CO3AAHNM HOPMAaTUBHO-aHaNUTUYECKOW JOKYMEHTALMN Ha ONpeaeneHHbIN BUf,
Cbipbsi 1, 6ECCNOPHO, MMEKOT NPAKTUYECKOE 3HAYEHNE.

KnroueBkie crioa: BanepvaHbl KOPHU U HACTOMKA, XpOMaTO-Macc-CneKTPOCKOMMS, KOMMOHEHTHBIN COCTaB, KOIMYECTBEHHOE COAEpXKaHue.

AKTyanbHble Bonpochl hapmaLeBTU4eCKOM U MeaULIMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 1(32). C. 51-60
Barnepiana —3araipHOBI3HAAA JIIKAPCHKA POCITHA, POCIIHANN  CBICHONY. 14K, BAJICPIaH0Ba KICIOTA [Ti€ BABIUl AKTUBHIIIC, HiK

¢biToTpaHKBiNI3aTOP 13 TOMIPHOIO (HapMaKOIOTIYHOIO Ji€T0
[1,3,5,9]. Bona Mosxe OyTH 0COOIMBO KOPUCHOFO TIPU XPOHIUHHX
3aXBOPIOBAHHSX, IO MOTPEOYIOTh TPHBAOI CeaaTHBHOI Mii.
[Npemnapary Banepianu Maibke He BUKJIMKAIOTh TOOTIHHX €(EeKTIB.

Banepiana nikapceka (Valeriana officinalis L.s.l.) — 30ipHuit
BUJI, IO CKJIATy SIKOTO B YKpaiHi HalNeKUTh 13 BUIIB BasiepiaHu.
HaiirigneHHimii BUI, 110 3pocTae B 3amopi3bKiii 0onacTi, mpen-
CTaBJICHUH BaJIepiaHOI0 MAaroHOHOCHOIO Valeriana stolonifera
Czern [1].

[TigTBEpmKEHO, 1110 3aCTIOKIAIMBI Ta CIIA3MOJITHYHI BJIaCTH-
BOCTI CHPOBHHH BaJIepiaHH 3yMOBIICHI BMICTOM BaJIeNOTpiariB,
CEKCBITEPIICHOI/IIB, apOMaTHYHUX PEYOBHH, 30KpPEMa MOX1THIX

HeMOyTa, B 11 pa3iB — OpiBHAHO 3 OOPHINTI30BAICPIOHATOM;
BH3HAUYMIIM TPAHKBLITI3yBabHII ehekT Banepanony [1,7-13].
bioximiuHi npornecH mepediraloTh Co4YaTky y CBIXKIH Ji-
KapchKili CHPOBHHI, TTOTIM BOHH 3racaloTh 1 3CyBalOThCs B OiK
JI3HUCY, TIAPOI3y, Po3May, TIOKA BMIiCT BOAM HE CTaHE OBOJI
HU3bKAM. AKTHBAIlSI JTETKUX MPOLECIB MM Yac CYIIiHHS Jii-
Kapcbkoi pocimuHoi cupoBuHu (JIPC) mpu Temneparypi, 1o
HE BUKJIMKA€E JIeHaTyparilo GepMeHTHIX OUIKIB, NPU3BOAUTH
JI0 3HAYHOTO 3HIDKEHHS BMICTY Oi0JIOTIYHO aKTHBHHUX PEYOBHH
(BAP). IoBinbHe 3MeHIIeHHS BMICTY KinbkocTi BAP y JIPC Bin-
OyBa€eThCsl 1 MTICISI BUCUXAHHSI, Y TIPOLIEC] IEPEePOOKH, 3aJICKUTH
Bin Bnactusocreit JIPC Ta ymoB ii 30epiranss. Ha Tpusaicts Ta
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NopigHsbHa Xxpomamo-Mac-CreKmpoCKOrisi HACMOSIHOK 8anepiaHu nazoHOHOCHOT

e(heKTUBHICTB CYIIIHHS BILTUBAIOTH MOP(OJIOTiYHI 0COOIMBOCTI
JIPC, BuXiiHa BOJIOTICTB, 3araJibHA IIOBEPXHSL, TOBIIMHA KOPCHIB,
IXHsI JTiTHI(IKOBaHICTb. 3aB/IAKH MpoLiecaM JIeTiapararlii mig gac
cymiaas B JIPC iHoxi BinOyBa€eThes 301MbIICHHS BMIiCTY AIFOYNX
peuoBuH. 1leit mporiec yMOBHO Ha3BaHMIA CTAIE0 TO3PIBAHHS,
abo pepmenTartii [2,3,6,10].

MeTta po6otu

3a JI01IOMOT 00 Ta30piIMHHOT Xpomatorpadii BUSHAYUTH KOMIIO-
HEHTHUH CKJIa]] HACTOSTHOK BaJIepiaHH, 1110 BATOTOBIIEHI 31 CBIKUX
KOPEHIB BaJIepiaHN arOHOHOCHOI Ta BUCYIIIEH] IIPOTSATOM Pi3HUX
TepMiHiB cyminas (7, 14 ta 21 noba).

Matepianu i meToau gocnigxeHHs

HacrostHku rotyBaimu 3a BUpoOHH4OK perenTyporo (Tinctura
Rhizomata cum radicibus Valerianae (1 : 5) (ekcTpareHt — eta-
Hox 70 %) [3,4] i3 KopeHiB BanepiaHn TArOHOHOCHOI, K1 Oyir
3aroToBiieHi B Jcronai 2019 p. B OKONHUILIX M. 3aropixoks
(KannepiBcbka Oanka).

KoMIoHeHTHHI CKaJ HACTOSHOK BaJlepiaHH JOCIiJKyBa-
T 3a JIOTIOMOTOFO Ta3oBoro xpomarorpada Agilent 7890B i3

Mac-CIeKTPOMETPUYHHIM AeTekTopoM 5977B. YMoBH Xpomaro-
rpadysanHs: kosonka DB-5ms 3apnomkku 30 M, BHYTPIIIHIH
miamerp — 250 mxM, ToBiuHa Qasu — 0,25 mrm. [BugkicTs
rasy-Hocis (remiif) — 1,3 mi/xB. 06’ em imkekirii — 0,5 mit. [Tomin
notoky — 1 : 5. Temneparypa Onoky BBeneHHs pod — 265 °C.
Temmneparypa Tepmoctara: nmporpamosana — 70 °C (Butpumka |
xB), 10 150 °C 31 mBuxictio 20 °/xB (BuTpUMKa 1 XB), 110 270 °C
31 mBuaKicTio 20 9/xB (BuTpuMKa 4 xB). [s ineHtudikanii
KOMITOHEHTIB BUKOpHCTaAIH 6101mi0TeKy Mac-criekTpiB NIST14.

Pesynbratu

3a JIONIOMOr0I0 XpOMAaTO-Mac-ClIeKTPOMETPii B HACTOSIHKAX
BaJIepiaHy BH3HAYMIIM KOMIIOHEHTHHH CKJIaj. AHaJi3ylouu
xpomarorpami (puc. 1—4, mabn. 1) 4OTHPHOX CEpiii HACTOSHOK
BasiepiaHy, iIeHTH(IKYBaIN:

Vs (cBixa) cHpoBHHA MiCTUTB 49 KOMITOHEHTIB, SIKi TIPE/ICTaBITC-
Hi ectepami (6, 7, 11,40, 86, 106, 107), opraHiyHUMH KHCIOTaAMU
(8, 99), 6iokcupanamu (3), keronamu (13, 15, 43), nakroHamu
(19), crmpramu (22, 37), amiHocrionykamu (26), anbjerizamMu
(133), rerepoumkiniyaumu crioiykamu (29, 49, 85), dheHonbHE-
MH noxigHuMu 0opy (54), mororeprenamu (30, 33, 61, 71, 75),
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Puc. 1. Xpomatorpama KOMMNOHEHTIB HACTOSHKM BanepiaHy NaroHOHOCHOI (CBiXa CYPOBWHA).
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Puc. 2. Xpomatorpama KOMMNOHEHTIB HACTOSIHKM BanepiaHy NaroHOHOCHOI (nicns 7 Aib CyLUiHHA CUPOBUHY).
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Puc. 3. Xpomatorpama KOMMNOHEHTIB HACTOSIHKM BarnepiaHy NaroHOHOCHOI (nicnst 14 Ai6 cyLUiHHS cMpOBUHM).
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Puc. 4. XpomaTorpama KOMMOHEHTIB HACTOSIHKW BanepiaHu NaroHOHOCHOI (nicns 21 406w CyLLiHHS CUPOBUHM).

Tabnuus 1. KoMnoHeHTHUIA cknag Ta KinbkicHUIA BMICT HacTosiHOK Valeriana stolonifera 3i cBixoi CUPOBUHM Ta B Pi3Hi TEPMiHM CyLLIHHS

Vis, 7 pi6 Vis, 14 pi6 Vis, 21 poba
HalimeHyBaHHS KOMNOHEHTa ®opmyna
O A e A e

1 Acetic acid C,H,0, - - 1,914 |3,62 1,841 |0,75
2 2-Propanone, 1-hydroxy- C,H,0, - - - - 2,068 | 1,06 1,993 (1,15
3 2,2"-Bioxirane C,HO, 2411 (1,79 23 0,73 2,405 (05 2,333 |0,55
4 2-Propanone, 1-hydroxy- C,H,0, - - - - - - 2,408 |0,41
5 Propanoic acid, 2-oxo-, methyl ester C,H,0, - - 2,453 0,22 255 0,18 2,49 0,27
6 Acetic acid, 2-fluoroethyl ester C,H,FO, 2,48 |1,76 2,38 0,73 2,478 | 0,27 = =
7 Butanoic acid, 3-methyl-, ethyl ester CH,0, 2,703 |56 2,717 6,04 2,73 6,36 2,726 |5,79
o[ sy S Ll G e e e 1
9 3-Furanmethanol CH,0, 3,027 0,83 - - - - - -
10 | 2-Thiazolidinecarboxamide, 2-methyl- CHN,0S |- - 3,175 0,98 - - = =
1 Propanoic acid, 3-nitro-, methyl ester C,H,NO, 3,244 | 2,97 - - - - - -
12 N-Methoxymethyl-N-methyl-acetamide C,H,NO, - - 3,45 1,03 - - - =
13 Dihydroxyacetone C,H,O, 3,499 |14,84 - - 3,498 |0,63 - -
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MopieHsinbHa XxpoMamo-Mac-CrieKmpOoCKoris HACMOSIHOK easepiaHu MagoHOHOCHOT

MpopoBxeHHs Tabnuui 1.

Vis, 7 pi6 Vis, 14 pni6 Vis, 21 po6a

:Tli HaiimeHyBaHHs KOMNOHeHTa ®opmyna : : : :
N e O A O e R e
14 | Tricyclo[2.2.1.0(2,6)]heptane, 1,3,3-trimethyl- CHe - - - - 3,611 | 1,02 3,615 |0,83
15 | 1,2-Cyclopentanedione C,H0, 3,722 |1,64 3,663 0,34 3,717 0,36 3,68 [0,31
16 Bicyclo[2.2.1]heptane, 7,7-dimethyl-2-methylene | C, H, - - 3,811 0,55 3.807 |4,17 3,808 |2,77
17 aig)flo[3.1 .1]heptane, 6,6-dimethyl-2methylene-, C H, B B _ 4183 1036 4187 |027
18 | 2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one | C.H,0, 4,338 (0,79 4,295 0,39 4.334 |0,27 4,306 |0,33
19 | 2-Hydroxy-gamma butyrolactone C,H,0, 4,484 (2,15
20 | D-Limonene CoHis - - 4,843 0,27 4,839 |0,35 484 (03
21 1,3-Dioxol-2-one,4,5-dimethyl- C,HO, - - 5,096 0,53 - - 5,099 (0,33
22 | Furaneol CH,0, 5299 (0,86 5,297 0,61 5,293 (0,28 5,303 |0,45
23 | D-Aanine, N-propargyl xycarbomy sohexyl ¢y o, |- |- 5578 (079  |5561 |025  |5573 |041
24 | Cyclopentanol CH, 0 = = = = 5,839 |0,31
25 | Pentanal CH,0 - - 5,836 0,39 5829 |0,17 - -
26 | 2-Propanamine, N-methyl-N-nitroso C,H,N,0 6,349 | 1,42 6,365 |0,43 - -
27 | -Alanine, N-methoxy arbonyl-, heptyl ester C,,H,NO, - - 6,361 0,67
28 | 2-Acetyl-2,3,5,6-tetrahydro-1,4-thiazine C,H,,NOS 6,375 |0,48
29 gggyga”m:tﬁ;f 2,3-dinydro-3,5-diny- C.H,0, 6521 |561 |6523 |282 |6529 1,86  |6525 |2,18
30 a‘gfr"gg)'_z'”hepta“'z'°" 1.7, 7-trimethyt- CHO  |6903 |262 6908 [153 |6906 [096 |691 |107
31 2H-Pyran-2-methanol, 3,4-dihydro-2,5-dimethyl- | C,H,,0, 7,005 |0,49
32 | Terpinen-4-ol C, H,.O- C,H,O 7,006 |0,22
33 Bicyclo [3.1.1]hept-2-ene-2-methanol,6,6-dimethyl- | C, H,.O 7,219 4,6 - - - - - -
34 | (-)-Myrtenol C,H0 7,229 2,64 7,225 (1,7 7,225 |1,64
35 Benzene, 1-methoxy-4-methyl-2(1methylethyl) | C, H,.O 7,537 10,18
36 | 5-Hydroxymethylfurfural CH,0, 7,593 |[1,48 7,621 2,85 7,616 |[1,31 7,629 |2,61
37 | 1,2,3-Propanetriol, 1-acetat C.H,,0, 7873 |523 7,916 1,75 7916 |11 7,938 |[1,02
38 ; fr;zt?\r;/ﬁnedid, 3-methyl- syn. (Pyrocatechol, CH,0, 8,059 0.2
39 gtcg C('j’[sz_'jﬁ:,]g)epta”'“" Lrnimethylace- o b o |- - 8437 (399 |8434 (380  [8437 |544
40 GC:;E I:acid, 1,7,7-trimethylbicyclo[2.2.1]hept-2- C,H,0, 8431 |083 _ _ _ _ _ _
41 Ethanone, 1-(2-hydroxy-5-methylphenyl)- CH,0, 8,772 0,16
42 Pentanoic acid, 5-hydroxy-, p-toutylphenyl ester | C,.H,,0, - - 8,774 0,31 - - 8,772 |0,24
43 | Cyclohexanone, 2-(3-oxobutyl)- C,,H,0, 8,894 |[1,52 8,896 05 8,892 (0,29 8,895 |0,44
44 | Myrtenyl acetate C,H.:0, - - 8,941 0,62 8,937 | 0,46 8,939 (0,65
45 | 2-(1-Methylcyclopropyl) aniline C,H.N 9,125 |0,57 9,136 0,3 9,124 (0,19 9,129 (0,32
46 alpha.-Terpinyl acetate C,,H,,0, 9,249 0,2 9,244 |0,35 9,245 |0,23
47 Phorone CH, 0 - - 9,724 0,2 - - - -
48 2,6,6-Trimethylundeca-1,3-dien-9-yn-5-one C,H,,0 9,725 |0,18 9,728 |0,18
49 | 2(3H)-Furanone, 5-butyl Dihydro CH,,0, 9,797 10,89 - - - - - -
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MpopoBxeHHs Tabnuui 1.

Ne Vis, 7 pio Vis, 14 pi6 Vis, 21 poba
3/?1 HaiimeHyBaHHsl KOMNOHEHTa ®opmyna
il [k [ ot

50 2-Hydroxy-3-methyl benzaldehyde C,H,0, - 10,47 1,36 - - - -

51 Valerena-4,7(11)-diene CiHy, - - 10,1 1,09 - -

52 | Caryophyllene Gy 10,301 | 0,46 10,302 | 0,54 10,302 | 0,53
1HCyclopropa[a]naphthalene, decahy-

53 | dro1,1,3a-trimethyl-7 methylene,[1aS(1a. CyHy, 10,453 0,17
alpha.,3a.alpha.,7a.beta.,7b.alpha.)

54 1,3,2-Benzodioxaborole, 2-hydroxy- C,H.,BO, 10,461 | 2,04 - - - - - -

55 | Benzene, 1-(bromomethyl)-3-nitro- C,H,BrNO, 10,492 | 0,32

1H-Cycloprop[e]azulene, 1a,2,3,4,4a,5,6,7
56 | boctahydro-1,1,4,7-tetramethyl-, [1aR-(1a. CHy - - 10,651 1,25 10,653 | 1,85 10,654 | 1,85
alpha.,4.alpha.,4a.beta.,7b.alpha.)]-

1,4,7,-Cycloundecatriene, 1,5,9,9-tetrameth- CH 10,76 0,36 10,759 | 0,43 1076 |04

57 y-2.2,Z- 151 124

Naphthalene, decahydro-4a-methyl-1-methy-
58 | lene-7-(1-methylethenyl)-, [4aR-(4a.alpha.,7. C.H,, - - 10,819 (0,48 - - - -
alpha.,8a.beta.)]-

59 Alloaromadendrene C,H,, - - 10,819 | 0,54 10,819 | 0,55
(8R,8aS)-8,8a-Dimethyl-2-(propan-2-

80 | Viidene)1,2:37,8 8a-hexahydronaphthalene | Gtz il
3-Buten-2-one, 4-(2,6,6-f trimethyl-1-cyclohex-

61 en-1-y1)- (B-lonone) C,H,0 10,977 | 0,62 10,981 |0,87 10,967 | 1,05 10,98 |0,99
(1R,2S,68S,7S,8S)-8-Isopropyl-1-methyl-3meth-

62 ylenetricyclo[4.4.0.02,7]decane-rel syn-(3-Co- | C,H,, - - 11,073 | 0,19 11,07 | 0,22 11,07 | 0,25
paene-4a-ol)

1,3-Cyclohexadiene, 5-(1,5-dimethyl-4-hexen-

63 y)2-methyl-, [S-(R*.S*)]-syn. Zingiberene C,H,, 11,165 0,43 11,162 | 0,42 11,163 | 0,47
(1S,2E,6E,10R)-3,7,11,11-Tetramethylbicyclo _ _

& [8.1.0]undeca-2,6-diene, syn. Bicylogermacrene Cioha g o HES iz g

65 | Aromandendrene CysH,, 11,309 | 0,2

66 | Valerena-4,7(11)-diene C.H,, 11,312 | 0,24

67 | 2-Adamantanol, 2-(bromomethyl)- C,H,BrO- 11,472 |1,83 11,487 1,59 11,491 1,05 11,497 | 1,56

68 alpha.-Panasinsen C.H,, 11,556 | 0,27

69 | alpha.-Maaliene C,Hy, 11,56 0,34 11,557 0,35

70  |Kessane C,;H,.0 11,695 |[0,22 11,69 |07 11,691 | 0,91

71 Pulegone C,,H,:0 11,724 1,89

72 Cyclohexanone, 5-methyl-2-(1-methylethylidene)-, C HO 1745 |10
syn. Pulegone 10" 16

73 Benzene, 1-ethoxy-4methoxy-(Ethyl p-methoxy- CH.O 11,761 | 0,65
phenyl) ether 9 1272

74 | Pacifigorgiol C,H,0 11,798 | 0,65 11,799 |09 11,797 | 0,79 11,799 | 0,69

75 | Myrtenyl isovalerate C,sH,,0, 11,945 2,04 11,946 |15 11,945 | 2,54 11,95 |3,61
1H-Benzocyclohepten-7-ol, 2,3,4,4a,5,6,7,8-oc-

76 | tahydro-1,1.4a 7-tetramethyh cis synWiddrol | GO [120341354 112054 1321112053 1248 |- |-
4-Hydroxy-2,6,6-trimethyl-3-oxocyclohexa-1,4di-

m enecarbaldehyde CioH,20s 12,071 12,95

1H-Cycloprop[e]azulen-7-ol, decahy-
78 | dro-1,1,7-trimethyl-4-methylene-, [1ar-(1a. C,H,,0 12,254 1,21 12,255 | 0,94 12.253 | 0,59 12,258 | 1,09
alpha.,4a.alpha.,7 .beta.,7a.beta.,7b.alpha.)]
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MopieHsinbHa XxpoMamo-Mac-CrieKmpOoCKoris HACMOSIHOK easepiaHu MagoHOHOCHOT

MpopoBxeHHs Tabnuui 1.

Vis, 7 pi6 Vis, 14 pni6 Vis, 21 po6a

:Tli HaiimeHyBaHHs KOMNOHeHTa ®opmyna : : : :
N e O A O e R e

79 | Spirojatamol C,H,0 12,314 0,93 12,31 |07 12,311 | 0,59

0 | Sdoydohexadendtaty CH, O, 12601 |045

81 Isolongifolene, 9-hydroxy- C,;H,,0 12,602 | 0,52

82 éZe,g,ZZT]rei}methylcyclohem enylmethanesulfonyl) C,H,0,5 12,605 |0.45

83 Isospathulenol C,sH,,0 12,829 |0,75 12,825 | 0,66 12,827 | 0,63

84 | Spirojatamol C,;H,.0 12,888 | 0,51 12.884 | 0,42 12,886 | 0,44

85 Ethyl.alpha.-d glucopyranoside - C.H,.0, 12,97 |0,63 - - - - - -

86 | 2-Furoic acid, bromomethyldimethylsilyl ster C,H,BrO,Si | 13,213 | 2,46 13,239 [1,57

87 | 2-Furoic acid, TBDMS derivative C,H,O,Si 13,252 | 0,58 13,263 | 0,91
1(2H)-Naphthalenone, octahydro-4a,8adimeth-

88 | yl-7-(1-methylethyl)-, [4aR-(4a.alpha.,7 beta.,8a. | C,H,.0 13,407 | 2,11 13,417 4,53 13,416 | 4,92 13,415 4,23
alpha.)]-

89 alpha.-Bisabolol C,sH,0 13,473 10,33

90 alpha, beta-Gluco-octonic acid lactone CH,,.0, 13,524 | 0,15
(E)-3-((4S,7R,7aR)-3,7Dimethy!

91 |24,56,7,7ahexahydro-1H-inden-4-yl)-2-methyl | C,H,,0 13,802 | 4,49 13,813 |8,65 13,81 |5,63 13,812 | 7,18
acrylaldehyde

92 | Valerenol C,;H,,0 13,867 [0,28 13,867 | 0,36 13,868 | 0,45

93 g]%)l-?t;g;-g}écgr?igr[;zoar)lgﬁa-)1-yl)-2-methoxyphe- C H,0, 13996 |062  [14001 052  |14,003 [0.48

94 | alpha Kessanyl acetate C,,H,.0, 14,214 | 1,22 15,368 | 1,75 14,211 | 0,35 14,212 | 0,46

95 7-Methyl-Z-tetradecen-1-ol acetate C,;H.,0, 14,215 0,25

96 | Cedran-diol, (8S,14)- C,;H,.0, 14,638 | 0,89 14,641 |06 14,637 | 1,09 14,638 | 1,13

97 Isospathulenol C,sH,,0 - - 14,701 | 0,16 - -

98 | trans-Valerenyl acetate C,H,0, 14,911 0,37 14,908 | 0,26 14,912 | 0,46

99 | Valerenic acid C,H,,0, 15,235 | 1,84 15,27 2,65 15,297 | 3,21 15,299 | 3,72

100 | Kessanyl acetate C,;H,.0, 15,366 | 1,51 15,368 |[1,75 15,371 | 2,83 15,373 | 4,15

101 Elg'r;i:t')é)xylofuranose, cyclic 1,2:3,5bis (butyl- C.H,B0, |15576 054 _ _ _ _ _ _

102 | Ethyl stearate, mono 9-epoxy C,Hy50, 15,615 | 0,31
Spiro[3,5dioxatricyclo[6.3.0.0(2,7)Junde-

103 | can-6one-4,2-cyclohexane], 9,11-dihy- C,H2004 15,633 | 0,16 15,669 | 0,25
droxy-1’isopropyl-2,4’-dimethyl

104 | (1H) Quinolin-4-ol-2-one, 8-nitro- CHN,0, 15,766 | 1,18

105 | Cedran-diol, (8S,14)- C,H,:0, 15.77 | 1,56 15,771 [ 1,66

106 E;ﬁi’;‘;}f;;ﬁsnj;“setg‘ry' dmethoxy-2-(3metyk | 6 4 o, [16147 (201  [16153 [133  [16,153 |094 16,154 | 1,00

107 | Phthalic acid, nonyl tridec-2-yn-1-yl ester C,,H,:0, 16,235 (0,9

108 | n-Hexadecanoic acid C,H.,0, 16,261 |1,36 16,27 |1,32 16,271 | 1,51

109 gz(srgsfzﬁgsyf)sgcst;ﬁygr{)d;;’;%’ﬁzlgnd;”(‘;:;y;ne CH,0, 16349 |04  |17.031|049  |16347 |043

110 | Hexadecanoic acid, ethyl ester C,H,0, 16,584 1,79 16,582 | 2,12 16,582 | 1,69

Iy 2H-3,9a-Methano-1benzoxepin, octahydro-2,2,5a, C.HO 17,032 | 0,69 17,031 | 0,49 17,032 | 0,61

9tetramethyl,[3R(3.alpha.,5a.alpha.,9.alpha.,9a.alp)]

15°°26
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MpopoBxeHHs Tabnuui 1.

Vis, 7 pi6 Vis, 14 pni6 Vis, 21 po6a

ng HaiimeHyBaHHs KOMNOHeHTa ®opmyna
= o[ o[ mJower i Jouen
112 | (E)-Valerenylisovalerate C,,H,,0, 17,188 | 0,77 17,184 10,99 17,184 | 1,46
5,8-Dihydroxy-4a-methyl-4,4a,4b,5,6,7,8,
s 8a,9,10-decahydro-2(3H)-phenanthrenone CisH0, 17,206 | 0,84
14 Pyridine, 4-(3-mercapto-4-methyl-5-(4H1,2 4tri- CHNS 17,289 | 0,22
azolyl))- 8 84
1(2H)-Naphthalenone, octahydro-4,8 adimeth-
115 | yl-6-(1-methylethenyl) C,H,0 17,376 | 0,76 - - 17,379 | 1,41 17,38 [1,23
(4.alpha.,4a.beta.,6.alpha.,8a.beta.)-
116 | 3,5-Dimethoxycinnamic acid C,H,0, 17,38 2,14
(4aR,5S)-1-Hydroxy-4a,5-dimethyl-3-(propan-2-
n ylidene)-4,4a,5,6-tetrahydronaphthalen-2(3H)-one CisH0, 17,827 1087 17,836 | 0.4 17,846 | 0,68
118 | 9,12-Octadecadienoic acid (Z,2)- C,H.,0, 17,904 | 1,57 17,909 | 1,25 17,914 | 1,59
119 | 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- C,H,.0, 17,957 | 0,46 17,965 | 0,56 17,966 | 0,45
120 | Linoleic acid ethyl ester C,H.:0, 18,161 | 3,41 18,159 | 3,23 18,158 | 2,87
121 | 9,12,15-Octadecatrienoic acid, ethyl ester,(Z,Z.Z)- | C,H.,0, 18,213 [1,57 18,215 | 1,64 18,214 | 1,27
122 | Desacetylanguidine C,,H,,0, 18,735 | 0,24 18,734 | 0,27
5H-Benzo[b]pyran-8-ol, 2,3,5,5,8a-pentameth-
123 JI-6,7.8,8a-etrahydro- C,H,,0, 19,142 |0,27 19,142 0,23
124 | (+)-Longicamphenylone C,H,,0 20.387 | 1,24 20,383 | 0,59 20,384 | 0,87
11,14,15,16Tetraoxatetracyclo[10.3.1.0(4,13).
125 | 08 13)hexad ecan-10-one, 1,5,94rimethyl- | Cis=0s | 20,672 1,04
3-Heptyn-2-one, 5-cyclopentyl-6-hy-
129 droxy-6methyl-5-(1-methylethyl)- Cigs0, PGS |
6-lsopropenyl-4,8a-dimethyl
127 1,2,3,5,6,7,8,8aoctahydronaphthalene-2,3-diol CisM0, 20,68 3,09 20677121
128 | Yangambin C,H,,0, 20,963 | 0,9
129 | 9,19-Cyclolanostan-3-ol, 24-methylene-, (3.beta.)- | C, H,,0 21,554 | 1,41
130 | gamma.-Sitosterol C,Hy,O 22,379 | 0,46 22,402 | 0,97
131 9,12-Octadecadienoic acid (Z,2)-, 2,3dihydroxy- CHO 22758 | 0.27 22758 | 0.36
propyl ester 21" 3874
132 | beta.-Amyrin C,,H,,0 23,442 | 0,36 23,215 | 0,45
133 | Ursolic aldehyde C,H,:0, 24,752 | 1,95

V/s: Valeriana stolonifera.

apomarinyHuMU crionykamu (9, 18,36, 45, 78), ceckBiteprieHaMu
(67, 74, 76, 88, 91, 94, 96, 100, 115, 125), 6yTrundopoHara-
M (101), moxigaumu HiTpokBiHOMoHAMHU (104), mOXigHUMHI
¢enantpeHony (114); 4 cnonyku He Bu3HaueHi. HaiiOinpimii
BMmicT MatoTh 3.499 RT Dihydroxyacetone — 14,84 %; 6.521 RT
4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl — 5,61 %;
2.703 RT Butanoic acid, 3-methyl-, ethyl ester — 5,6 %; 13.802
RT (E)-3((4S,7R,7aR)-3,7Dimethyl 2,4,5,6,7,7ahexahydro-
1H-inden-4-yl)-2methylacrylaldehyde — 4,49 %; 12.034 RT
1H-Benzocyclohepten-7-ol, 2,3,4,4a,5,6,7,8-octahydro-1,1,4a,7-
tetramethyl-, cis — 3,54 %; 3.244 RT Propanoic acid, 3-nitro-,
methyl ester—2,97 %; 6.903 RT Bicyclo[2.2.1]heptan-2-0l,1,7,7-
trimethyl-, (1Sendo) — 2,62 %; 4.484 RT 2-Hydroxy-gamma
butyrolactone — 2,15 %; 10.461 RT 1,3,2-Benzodioxaborole,

2-hydroxy — 2,04 %;11.945 RT Myrtenyl isovalerate — 2,04 %;
15.235 RT Valerenic acid — 1,84 %.

VIs (7 i cyuiHHs) CHpOBMHHU — 77 KOMIIOHEHTIB, sIKi TIpe/-
crasineHi amidarnunumu BymeBofHsMu (25, 95), creaparamu
(102), oiokcupanamu (3), ecrepamu (5, 6, 7, 23, 27, 42, 86,
106, 110, 120), opraniuammvu xkuciotamu (8, 99, 108, 116, 118,
119, 121), noxiganmu tioazoniauny (10), amiHOCTIOMyKaMI
(12), xeronammu (15, 21, 43, 47, 124), monotrepnenamu (16, 20,
30, 34, 39, 44, 46, 61, 62, 72, 75), apOMaTHIHIMH CIIOTyKaMU
(18, 36, 45, 50, 56, 58, 78, 82,123, 127), moHOTepTIcHamu (16,
20, 30, 34, 39, 44, 46, 61, 62, 72, 75), cnupramu (22, 37, 93),
TeTepOLMKIIYHIME crionykamu (29), denonamu (38), cecksi-
teprnienamu (52, 57, 63, 64, 67, 69, 70, 74, 76, 79, 83, 84, 88, 91,
92,94,96, 98,100, 109, 111, 112, 117); 6 crioiyk He BU3HAYCHI.
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Tabnuusa 2. MNopiBHSANbHA XapaKTepUCTMKa KOMMOHEHTIB HACTOSIHOK BariepiaHu

36iratoTbCst KOMMOHEHTY

1 25 25 25 25

2 HesbiratoTbCst KOMNOHEHTU 20 52 62 64
3 HeBw3Ha4€eHi KOMMNOHEHTN 4 6 8 6
3aranom 49 83 95 95

Haii6inpmmmit BMicT marots 2.703 RT Butanoic acid, 3-methyl-,
ethyl ester— 6,04 %; 13.417 RT 1(2H)-Naphthalenone, octahydro-
4a,8adimethyl-7-(1-methylethyl)-, [4aR-(4a.alpha.,7.beta.,8a.
alpha.)] — 4,53 %; 2.922 RT Butanoic acid, 3-methyl — 4,08 %;
8.437 RT Bicyclo[2.2.1]heptan-2-0l, 1,7,7-trimethyl-,acetate,
(1S-endo) — 3,99 %; 12.054 1H-Benzocyclohepten-7-ol,
2,3,4,4a,5,6,7,8-octahydro-1,1,4a,7-tetramethyl-, cis — 3,21 %;
7.621 RT 5-Hydroxymethylfurfural — 2,85 %; 6.523 RT
4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl — 2,82 %;
7.229 RT (-)-Myrtenol — 2,64 %.

V/s (14 ni6 cymiinHs) CHPOBHHH iAeHTH(IKYBaH 87 KOMITO-
HCHTIB, sIKi TIPE/ICTaBNICH] OopraHiyHuME Kucnotamu (1, 8, 87,
99, 108, 118, 119, 121), amidarnyarmu ByrIIeBOTHMIE (2, 25),
6iokcupanamu (3), ecrepamu (5, 6, 7, 23, 106, 110, 120, 131),
MonoteprieHamu (14, 16, 17, 20, 30, 34, 39, 44, 46, 61, 62, 75),
keronamu (13, 15, 43, 48, 80, 124, 126, 129), apomarinaauMu
cronykamu (18, 36, 45, 56, 78), cpramu (22, 37, 93, 122),
reTepOnMKIIYHIMY crionykami (29, 31, 103), ceckBiteprnieHamu
(51,52,57,59, 63, 64, 65, 67, 69, 70, 74,76, 79, 83, 84, 88, 91,
92,94,96,97,98, 100, 105, 109, 111, 112, 115, 117), amirocrio-
nykamu (26), dpenonbauME criomykamu (41), makronamu (90),
noxizaumu nipuuHy (114), sirnanamu (128), citocrepunamu
(130), Tpureprieramu (132); 8 cionyk He Bu3HaummH. Hali0inb-
mid BMicT Maroth 2.73 RT Butanoic acid, 3-methyl, ethyl ester —
6,36 %; 13.81 RT (E)-3-((4S,7R,7aR)-3,7Dimethyl2,4,5,6,7,7a
hexahydro-1H-inden-4-yl) 2 methylacrylaldehyde — 5,63 %;
13.416 RT 1(2H)-Naphthalenone, octahydro-4a,8adimethyl-7-(1-
methylethyl)-, [4aR(4a.alpha.,7 beta.,8a.alpha.)| —4,92 %; 3.807
RT Bicyclo[2.2.1]heptane, 7,7-dimethyl-2methylene — 4,17 %;
8.434 RT Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, acetate,
(1S-endo) — 3,89 %; 1.914 RT Acetic acid — 3,62 %; 18.159
RT Linoleic acid ethyl ester — 3,23 %; 15.297 RT Valerenic
acid — 3,21 %; 15.371 RT Kessanyl acetate — 2,83 %; 11.945 RT
Myrtenyl isovalerate — 2,54 %.

V/s (21 noGa cymiiHH) CUPOBHHH iAeHTH(IKYBaIH 89 KOM-
TIOHCHTIB, SIKi TIPEJICTABIICHI OpraHiyHUME Kuciotamu (1, 8, 9,
87,99, 108, 118, 119, 121), anidarmaaumMu ByrJICBOIHAME (2,
4), 6iokcupanami (3), ecrepamu (5, 7, 23,42, 73, 106, 110, 120,
131), monotepnienamu (14, 16, 17, 20, 30, 32, 34, 39, 44, 46, 61,
62,75), xetonamu (15, 21, 43, 48, 124), apoMaTHYHIMH CIIOTY-
kamu (18, 35, 36, 45, 53, 56, 60, 78, 123, 127), cnupramu (22,
24, 37,93, 122), rereponukiiigHAME crionykamu (28, 29, 103),
cecksiteprnieHamu (52, 57, 59, 63, 64, 66, 67, 68, 70, 74, 79, 81,
83, 84, 88, 89, 91, 92, 94, 96, 98, 100, 105, 109, 111, 112, 115,
117), mirpocniomykamu (55), anbaerizamu (77), citocteporaMu
(130), pureprieHamu (132); 6 crionyk He Bu3Ha4eHI. HaiiOib-
it BmicT Matoth 13.812 RT (E)-3-((4S,7R,7aR)-3,7-Dimethyl
2,4,5,6,7,7a hexahydro-1H-inden-4-yl)-2methyl-acrylaldehyde —

7,18 %; 2.726 RT Butanoic acid, 3-methyl-, ethyl ester— 5,79 %;
8.437 RT Bicyclo[2.2.1]heptan-2-ol, 1,7,7-trimethyl-, acetate,
(1S-endo) — 5,44 %; 15.373 RT Kessanyl acetate — 4,15 %;
15.299 RT Valerenic acid — 3,72 %; 11.95 RT Myrtenyl
isovalerate—3,61 %; 18.158 RT Linoleic acid ethyl ester—2,87 %;
3.808 RT Bicyclo[2.2.1]heptane, 7,7-dimethyl-2methylene- —
2,77 %; 7.629 RT 5-Hydroxymethylfurfural — 2,61 %; 6.525
RT 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6methyl —
2,18 %; 20.677 RT 6-Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8
aoctahydronaphthalene-2,3-diol — 2,11 %.

Anamizytoun pesynsratu ['PX, 3’scyBany: HaCTOSHKH Baie-
piaHU TTATOHOHOCHO, 110 BUTOTOBIICHI 31 CBIKOI CHPOBHUHH Ta
BHCYIICHOI IPOTSTOM Pi3HUX TepMiHiB (7, 14,21 1o6a) cyrmiHas,
BIJIPI3HSIOTHCS 32 KUTBKICHAM Ta SIKICHAM CKJIaIOM. 25 CIONyK
(3,6,7,8,15, 18,22, 29, 30, 36, 37, 43, 45, 61, 67, 74, 75, 78,
88,91, 94, 96, 99, 100, 106) HasBHI B yCIX AOCITIKYBaHHX Ce-
PisiX, YaCTHHA 3 HUX 30UTBIIMIKCS ]l Yac CyIIHHs (maon. 2).
Y pe3ynbTari TOCTiKSHHs BU3HAYMIIH, 1[0 BMICT BaJIepiaHOBOI
KHCJIOTH y CBDKIH CHPOBHHI cTaHOBUTH 1,84 Y%; micnst 7 xib cy-
nniHAs — 2,65 %; micis 14 1i6 — 3,21 %; micas 21 goou — 3,72 %.

BucHoBku

1. 3a normomororo I'PX y HacTOsIHOK BasiepiaHu 3i CBIXKOI CHPO-
BHHH BCTAHOBJICHO 49 KOMIIOHEHTIB, micist 7 1i0 cymnHHsS — 83
KOMITOHEHTH, micist 14 ni6 cymiHHs — 95 KOMITOHEHTIB, Micist
21 nmobu cynmiHHS — 95 KOMITOHEHTIB. 3a SIKICHIM CKIIaJIoM 25
CTIONTYK HasIBHI B YCIX HACTOSTHKAX, SIK1 JTOCITiTHITHL.

2. Ananisyroun pesyisratd ['PX, 3’sicyBaiy, 1110 HACTOSHKA
BaJlepiaHu BIIPI3HSIOTHCA 1 32 KUIBKICHHM, 1 32 SIKICHUM CKJIa-
JIOM. 25 CTIOJTYK HasiBHi B YCIX JIOCITI/PKYBAHUX CEPisiX, 6 i3 HUX —Y
BEJIMKIN KUTHKOCTI.

3. OCKUILKH HACTOSIHKU BUTOTOBJIEHI 38 OJHIEI0 TEXHOJIOTIEIO,
BMiCT e(hipHHX OJTii1 Y JiKapChKiil pPOCIIMHHII CHPOBHHI 3aJICKUATH
HE JIMIIE BiJl BUIY, MICIIS, Yacy 300py, eKOJIOTii, KIIIMaTHIHNX
YMOB, aJie i CyTTEBO — BiJ| CYILIIHHS CHPOBHHH.

4. BpaxoBy1oun Ha/13BUYaiHy TOIIMOP(HICTS BaIepiaHH, Us
BBEJICHHS B KYJIBTYPY [IEPCIICKTHBHHX BUIIB, SIKi 3pOCTAIOTh Ha
TepuTopii YKpainu, HeoOX1HO 3iHCHUTH IIMOLLI (hapMaKorHOC-
THYHI Ta (hapMAKOJIOTIYHI JOCITIKCHHS.

5. ExcriepuMmeHTanbHi aHi, M0 OTPUMAaHI MiJ 4ac IOCIHi-
JDKEHHS1, MOKYTh OyTH BUKOPUCTaHI Iifl 4aC CTBOPEHHS HOpMa-
THBHO-aHAJIITHYHOI JJOKYMEHTAlli Ha EBHUII BU/I CHPOBHHM 1,
Oe3IepevHo, MaroTh IPAKTHYHE 3HAYCHHS.

MepcnekTMBM noganbLWKUX AOCHIAXKEHb MONSTaloTh Y
TPOIORKEHHI (hapMaKOTHOCTHYHUX JTOCIIKCHb BUIIB Valeriana
officinalis L. ¢nopn YkpaiHi.
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OpwriHanbHi gocnimxeHHs @ Original research

MopiBHANLHE (hapMakorHocTU4He Ta hapMakonoriyHe AocnigKeHHSA
nucta Salvia verticillata Ta Salvia officinalis

ANA BCTAHOBJIEHHSA NepCcnekKTMBU CTBOPEHHA HOBOIO NiKapCbKOro
3acoby

M. M. Mura®=8¢2 O, M. Kowosuin =" *AEF O, B. Mamyns='BC 0. B. BepxoBogosa#'BC, |. B. Kipeep"=/AE
A. M. KomicapeHko=/AE

HauioHanbHwWit hapmaueBTUYHUI YHIBepcuTeT, M. Xapkis, YkpaiHa

A — KOHUenNUis Ta an3aitH gocnipxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis fgaHux; D — HanucaHHs cTaTTi; E — peparyBaHHs cTartTi;
F — ocTaTouHe 3aTBepaKEHHS CTaTTi

CvipoBrHHa 6a3sa nikapCbknx POCINH YKpaiHn — AOCTaTHSA TiNbK1 ANs NONOBUHK hapMakoneHnx Buais. Yumano nikapCbkoi pOCIIMHHOT
CHPOBVHYM 3pOCTa€ B HELOCTATHIN KiNbKOCTI, @ OTXXe BMHUKAE notpeba B ii imnopTyBaHHi. B ymoBax iMnopTosanexHocTi Ta aediuuTy BiT-
YU3HSHOI POCIMHHOT CYPOBWHY MOLLYK HOBMX [Kepen BionoriYHo akTUBHWUX PEYOBUH Cepen NPeaCcTaBHUKIB doriopy YKpaiHu € akTyanbHUM
3aBhaHHAM Cy4acHOi hapMaLeBTUYHOT HayKu.

MeTa poGoTu — 3giiicHATX NopiBHANbHE hapMakorHoCTMYHe Ta chapmakonoriyHe gocnimkeHHs nucts S. verticillata Ta S. officinalis ans
BCTaHOBIEHHS1 MOXITMBOCTi BUKOPUCTaHHS HedpapmakoneiHoro Buay y hapMaLeBTUYHIN | MeQWYHIA NpakTuui.

Marepianu ta metoau. O6’ekT gocnimkeHHs — nucta S. verticillata Ta S. officinalis, wo 3arotoeneHe B 60TaHiuHOMY caay J1bBiBCbKOro
HaLioHanbHoro yHiBepcuTeTy iMeHi |. ®parka. Mopdonoro-aHatoMiyHy byaoBy NUMCTS A4OCHILKYBaHUX BULIB BUBYMIMW, 32CTOCOBYHOUM METOA,
CBITNOBOI Mikpockonii. JlocnimkeHHs Makpo- i MikpoeneMeHTHoro cknagy B nucti S. officinalis i S. verticillata BUkOHann aTOMHO-eMICiiHUM
crekTporpadiyHMM MeToaoM. BuaHadeHHs sikicHoro cknagy Ta KinbKiCHOTO BMICTY OCHOBHUX Ipyn BionoriYHO akTUBHMX CMOMYK 34iIACHWMN
meTtogom BEPX. KinbkicHe B1U3HaueHHs! (peHOMbHIX CMOMYK TaKoX BUKOHAM CNEKTPOGOTOMETPUYHUM METOAOM. [poTu3anarbHy akTUBHICTb
raneHoBUX BUTSXKOK i3 INCTS [OCRIAKYBaHUX BUAIB BUBHMMM Ha MOZENi rOCTPOro 3ananbHoro Habpsiky, WO BUKIMKaHWIA cyBrnnaHTapHum
BBELEHHAM PO34WHY KapareHiHy.

Pezynkratn. MeTogom CBITNOBOI MIKPOCKOMIT BUBYMIN KITKOHOBI MIKPOCKOMIYHI Ta AjiarHOCTUYHi 03Hakw nnucTa S. verticillata. B obox Bugax, wo
JOCTimKyBanu, BU3Ha4UNM BMICT 15 Mikpo- Ta MakpoenemeHTiB. Y nucTi S. officinalis i S. verticillata ineHTudcbikyBanm 15 i 14 amiHokvcnor, 8
i 6 canoHiHiB BignoBiaHo. MeTogom BEPX BCTaHOBWNM SIKICHWIA CKNag, i KiNbKiCHWIA BMICT pe4oBWH cheHonbHOI npupoau B nucTi S. officinalis
i S. verticillata (13 i 12 cnonyk BignosigHo). MakcumansHWii aHTUeKCydaTUBHUIA edpekT cyxux ekcTpakTis i3 nucta S. officinalis i S. verticillata
cnocTepirany B gosi 50 mr/kr. B 06ox Buaax cupoBMHM AOMIHYBanu Taki Mikpo- Ta MakpoeneMeHTy, K cuniuin, docdop, marHin kanbuiv
HaTpil, kanin. 3aranbHuii BMICT MikpoenemeHTiB y nucTi S. verticillata B 1,78 pasa GinbLumiA, Hix y hapmakoneiHomy Buai S. officinalis.
3aranbHuit ymicT canoHiHiB nepeBaxace B nucTi S. verticillata Ta ctaHouTs 15,09 Mr/r, Wwo Ha 12,1 % GinbLue, Hix y hapMakoneiHomy Buzi.
3aranbHuin BMICT dhnaBoHoiais B 1,57 pasa GinbLumnin y nucTi S. verticillata, Hix y dpapmakoneitHomy Bugi S. officinalis, ymiCT ripOKCUKOPUYHUX
Kuenot Hanbinbwun y nueTi S. officinalis. HanbinbLumin BMICT Cymn BCiX BUSIBNEHWX CMOMYK (heHOMNbHOT NPUpoan XapakTepHUiA AN IncTs
S. verticillata — va 37,18 % (y 1,37 pasa) 6inbLwui, Hix y dhapmakonenHomy Bugi S. officinalis. Y posi 50 Mr/kr npotusanarnbsHa ais cyxoro
eKkcTpakTy 3 nucts S. verticillata sictaBHa 3 akTUBHICTIO cybeTaHuii 3 nucta S. officinalis.

BucHoBku. Y peaynbraTi NOPIBHANBHOMO hapMakorHOCTUYHOTO Ta dhapMakonoriYHoro gocnimkeHHs nucts S. verticillata Ta S. officinalis
BCTaHOBWIHK, Wo S. verticillata — nepcnekTUBHWIA BUA AN BNPOBaKEHHS B MeANYHy Ta (papMaLleBTUYHY NPaKTUKy came siK [Keperno
dheHonbHKUX cnonyk. MpoTusanansHy Aito Cyxoro ekcTpakTy 3 nucTa S. verticillata nopiBHANM 3 akTUBHICTIO cybeTaHuii 3 nucta S. officinalis,
LLI0 BKa3ye Ha MOXIIMBICTb CTBOPEHHS Ha ii OCHOBI HOBOTO J1iKapCbKOro 3acoby 3 NpoTu3anasbHoK Aieto.

Comparative pharmacognostic and pharmacological study of Salvia verticillata and Salvia officinalis leaves
to establish the prospect of creating a new medicines

M. M. Myha, O. M. Koshovyi, O. V. Hamulia, Yu. V. Verkhovodova, |. V. Kireiev, A. M. Komisarenko

The raw material base of medicinal plants in Ukraine is sufficient only for half of the pharmacopoeial species. Most of them are growing in
insufficient quantities and there is a need to import them. In the conditions of import dependence and scarcity of domestic raw materials,
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the search for new sources of biologically active substances among the representatives of the Ukrainian flora is an urgent aim of modern
pharmaceutical science.

The purpose of the research is to conduct comparative pharmacognostic and pharmacological studies of S. verticillata and S. officinalis
leaves to determine the possibility of using non-pharmacopoeial species in pharmaceutical and medical practice.

Materials and methods. The objects of the study are S. verticillata and S. officinalis leaves, which was harvested in the botanical garden of
the I. Franko Lviv National University. The morphological and anatomical structure of the species leaves was studied by light microscopy. The
study of macro— and microelement composition in the S. officinalis and S. verticillata leaves was carried out by atomic emission spectrographic
method. Determination of the qualitative composition and quantitative content of the main groups of biologically active substances was
carried out by HPLC. The quantitative determination of phenolic compounds was also carried out by spectrophotometric method. The anti-
inflammatory activity of galenic extracts from the leaves of the studied species was studied using a model of acute inflammatory edema
caused by subplant implantation of a carrageenin solution.

Results. Using light microscopy, we studied the key microscopic and diagnostic signs of S. verticillata leaves. The content of 15 micro and
macroelements was found in both studied species. 15 and 14 amino acids, 8 and 6 saponins, respectively, were identified in the S. officinalis and
S. verticillata leaves. By HPLC, the qualitative composition and quantitative content of phenolic substances in the S. officinalis and S. verticillata
leaves (13 and 12 compounds, respectively) was established. The maximum antiexudative effect of the dry extracts from the S. officinalis and
S. verticillata leaves was observed at a dose of 50 mg/kg. The dominant of elements are silicon, phosphorus, magnesium, calcium, sodium
and potassium. The total content of trace elements in the leaves of S. verticillata is 1.78 times higher than in the pharmacopeia S. officinalis.
The total content of saponins predominates in the leaves of S. verticillata and is 15.09 mg/g, which is 12.1 % more than in the pharmacopeia
specie. The total flavonoid content in the leaves of S. verticillata is 1.57 times higher than in the pharmacopeia one S. officinalis, the content of
hydroxycinnamic acids is highest in the S. officinalis leaves. The highest total content of all phenolic compounds is characteristic of S. verticillata
leaves, which is 37.18 % (1.37 times) more than the pharmacopeia S. officinalis. At a dose of 50 mg/kg the anti-inflammatory effect of the dry
extract from the S. verticillata leaves was comparable to the activity of the substance from the S. officinalis leaves.

Conclusions. As a result of comparative pharmacognostic and pharmacological study of S. verticillata and S. officinalis leaves, it was
found that S. verticillata is a promising species for introduction into medical and pharmaceutical practice, precisely as a source of phenolic
compounds. The anti-inflammatory effect of the dry extract of S. verticillata leaves was compared with that of the substance of S. officinalis
leaves, which indicates the possibility of creating a new anti-inflammatory medicine based on it.

Key words: genus Salvia, non-pharmacopoeial species, leaves, microscopic analysis, chemical composition, anti-inflammatory activity.
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CpaBHUTENbHOE hapMaKorHoCTUYEeCKoe U thapMakonoruyeckoe usyyeHue nuctbeB Salvia verticillata v Salvia officinalis
ANs YCTaHOBIIEHMSA NEPCNeKTUBbLI CO3AaHNUSA HOBOTO NeKapCTBEHHOTO CpesCcTBa

M. M. Meira, O. H. Kowesow, O. B. lamyns, 0. B. BepxoBogogea, . B. Kupees, A. H. KomnccapeHko

CbipbeBas 6asa nekapCTBEHHbIX PaCTeHW YKpauHbl SBMSETCH AOCTATOYHOM TOMbKO AN NOMOBUHBI hapMakonenHbIX BuaoB. bonbLuas
4aCTb NMEKaPCTBEHHOIO PACTUTENBHOTO ChIPbS PACTET B HEAOCTATOYHOM KOMYECTBE, M BO3HMKAET NOTPEBGHOCTL B 1X MMMopTe. B ycnosumsix
MIMMOPTO3aBUCMMOCTM W AeduLpnTa OTEYECTBEHHOTO PACTUTENBHOMO ChiPbs MOWUCK HOBBIX MCTOYHUKOB BUOMOrMYeCcku akTUBHbBIX BELLECTB
cpeau npegcTasuTeneit riopbl YkpauHbl — akTyarnbHas 3afjaqa CoBpEMEHHON hapMaLeBTUHEeCKON HayKu.

Llenk paboTkl — NpoBeCTM cpaBHUTENBHOE hapMakorHOCTUYeCkoe M hapmakonorndeckoe naydeHne nuctee S. verticillata v S. officinalis
QNS YCTaHOBNEHMS! BO3MOXHOCTY UCMOMNb30BaHNS HehapMakoneiHoro Biaa B hapMaLieBTUHECKON 1 MEAMLIMHCKOI NpaKTUKe.

Matepuansi n metogbl. O6bekTbl uccnegoBanns — nuctes S. verticillata n S. officinalis, koTopble 3aroToBMneHbl B 60TaHWYeckoM cagy
INbBOBCKOrO HaLmoHanbLHOro yHusepcuteta umenn M. ®parko. Mopdonoro-aHaToMU4eckoe CTPOEHWe MUCTbEB UCCRedyeMblX BUOOB
U3y4nny METOAOM CBETOBOW MyKpockonuu. Makpo- 1 MUKpO3neMeHTHBbI cocTas B nucTbsx S. officinalis v S. verticillata nayunnu atomHo-
3MWCCHOHHBIM criekTporpaduyecknm metofoM. Onpeaenexne Ka4eCTBEHHOM COCTaBa M KONMYECTBEHHOO COAEPXaHNs OCHOBHBIX rpynn
B1ONoMMYeCKM akTVUBHbIX BELLECTB NpoBeaeHo Metogom BOXKX. KonnyecteeHHoe onpeaeneHne eHomnbHbIX COeAnHEHMI Takke NPoBeAEeHO
CMeKTPOhOTOMETPUYECKM METOAOM. [POTUBOBOCTANUTENBHYIO aKTUBHOCTL raIeHOBbIX BbITSHKEK U3 JIMCTHEB UCCIEYEMbIX BILOB N3Y4nIn
Ha MOfEenu 0CTPOro BOCManWTENbHOMO OTeKa, BbI3BaHHOO CybnnaHTapHbIM BBEAEHNEM PacTBOpa KappareHuHa.

Pesyniratbl. METogoM CBETOBO MUKPOCKOMUM M3yYeHbI KITKOHYEBLIE MUKPOCKOMYECKVE M AarHoCTh4eckve npuaHakv nuctees S. verticillata.
B obowux nccnemyembix BUax ycTaHoBINEHO cofepxaHne 15 Mukpo- u MakpoanemeHToB. B nuctesx S. officinalis v S. verticillata vaentndou-
umpoBaHbl 15 1 14 ammHokucenoT, 8 n 6 canoHnHOB cOOTBETCTBEHHO. MeTogom BOXKX ycTtaHOBNEH Ka4yeCTBEeHHbIN COCTaB U KONIMYECTBEHHOE
cofepxaHune BeLLecTs deHonbHOM Npupoabl B nncTbsix S. officinalis v S. verticillata (13 n 12 coeanHernin cCOOTBETCTBEHHO). MakcumanbHbIi
QHTUIKCCYOaTMBHBIN 3GhEKT CyXmx SKCTPakToB 13 nucTbeB S. officinalis n S. verticillata otmeyeH B no3e 50 mr/kr. JoMUHUPYOLLMMY MaKpO- 1
MUKPO3NEeMEHTaMu B Uccregyemblx Buaax obinv KpemHuwid, hocop, MarHui, Kanbuuin Hatpuii n kanuin. Obluee cogepxaHne MUKpo-
aremMeHToB B NucTbsx S. verticillata B 1,78 pasa bonblie, Yem B hapmakoneiiHom Buge S. officinalis. ObLiee conepxaHue CanoHUHOB
npeobnapaet B nucTbsix S. verticillata v coctaensiet 15,09 mr/r, uto Ha 12,1 % 6onblue, Yem B hapmakonenHom Buae. ObLuee cogepxaHue
dnaBoHonzoB 6onblue B 1,57 pa3a B nncTbsix S. verticillata, 4em B hapmakoneiiHom Buae S. officinalis, copepanue rmapoKCUKOPUYHbIX
KucnoT Hanbonbluee B nucTbsix S. officinalis. Hanbonbluee cogepxaHne CyMMbl BCEX COEAMHEHUI (DEHOMBHOW NPUPOAbI XapakTepHO
ansa nucteeB S. verticillata — va 37,18 % (B 1,37 pasa) 6onbLue, 4em B hapmakoneiiHom Buge S. officinalis. B nose 50 mr/kr npoTuBo-
BOCManuUTEnbHOe AeNCTBME CyXOro aKCTpakTa U3 NucTbeB S. verticillata cpaBHUMO € akTUBHOCTLIO cybcTaHumm u3 nuctbeB S. officinalis.

BbiBoakl. B pesynbrate cpaBHUATENLHOTO hapMakorHOCTUYECKOro 1 hapMaKonorMyeckoro uccnefoBaHns nucteeB S. verticillata n
S. officinalis yctaHoBneHo, uto S. verticillata — nepcnekTUBHbIA BUA ANS BBEOEHWS B MEQWULMHCKYIO U (hapMaLeBTUYECKYo NPaKTUKY Kak
UCTOMHWK heHOMNbHbIX CoeanHeHwi. MpoTuBoBOCNanuTeNbLHOe AeNCTBUE CyXOro 3KCTpakTa U3 nuctbeB S. verticillata cpaBHUMO C aKTUBHO-
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lNopisHsnbHe chapmakoeHoCMuYHe ma ghapmakonoeidHe docnioxeHHs1 nucms Salvia verticillata ma Salvia officinalis Onisi ecmaHO8MeHHs...

CTbtO Cy6CTaHL|,VIVI n3 nuctbeB S. officinalis, 4To YKa3bIlBa€T Ha BO3MOXHOCTb CO3JjaHMA Ha ee OCHOBE HOBOIO NIEKapCTBEHHOIO cpeactea C

npotTnBoBoCNannTENbHbIM ﬂeVICTBMeM.

Knrouessie cnoa: pog Wandei, HebapmakonenHuii Bug, nncTbs, MUKPOCKONUYECKUIN aHanu3, XMMUYECKUI COCTaB, NPOT1BOBOCNANN-

TenbHasa akTUBHOCTb.

AxTyanbHble Bonpochl hapMaLeBTUYECKOW U MeaULMHCKON Hayku v npakTuku. 2020. T. 13, Ne 1(32). C. 61-71

HesBaxaroun Ha CTpiMKe 3pOCTaHHS PUHKY CHHTETHYHHX
JIKApChKUX 3ac001B, 32CO0M POCIIMHHOTO MOXOJDKEHHS HE
BTpavarOTh aKTyaIbHOCTI, a IXHsI OMYIIPHICT 3aHIIAETHCS
Ha TpaJULi{HO BUCOKOMY piBHI. DapMaleBTHYHUI PUHOK
VYKkpaiHu aKTUBHO PO3BHUBAETHCS, 30KpEMa IUISIXOM MOSBU
HOBHX TIpETapariB pOCIMHHOTO MOXO/PKEHHS. bumbnricTh
¢itonpenapariB Ha GpapMaleBTHYHOMY PHHKY YKpaiHH BH-
TOTOBJISIFOTH 13 TMKOPOCIIOl TA KyJIBTUBOBAHOI BITYM3HSHOT
(apmaxorieiiHoi cupoBuHH [8,12].

CupoBrHHa 0a3a JIIKAPCHKUX POCIMH YKpaiHW JTOCTATHS
TUTBKH TS TIOJIOBUHU (papMakomeiiHuX BUIiB. Bemuka
YacTHHA JIiKapchKkol pociunHoi cupoBunu (JIPC) 3poctae
Y HEIOCTaTHIN KUTBKOCTI, a OT/KE BHHUKAE MOTpeda B 11 iM-
nopryBaHHi. Maibxe 23 % Bix ycix (apMakoneiiHuX BHUIIB
YKpaiHu BBO3ATH 3-32 KOPAOHY UIA MOTPeO BITUM3HIHOL
(apmaneBTH4HOI MpoMucIIoBOCTI. B ymMoBax immopTo3a-
JIOKHOCTI Ta JeinuTy BITYU3HSIHOT POCIUHHOI CUPOBUHU
TIOIITYK HOBHUX JKepelt 0107I0Ti9HO aKTHBHUX PEIOBHH CEpPeNl
npe/IcTaBHUKIB (uiopu YKpaiHu € aKkTyalbHUM 3aBIaHHSIM
cydacHoi (hapmarnieBTH4HOI Hayku [8,20].

Oco0nMBy yBary nmpuBepTa€ BUBUCHHS MPE/ICTaBHUKIB
pony Salvia dnopu Ykpaiuu. lle HaftuucineHHImn pig y
pomwuHi Lamiacea. B Ykpaini pocte 21 Bup [11,13,23]. Ha
(bapMaLieBTHIHOMY PUHKY YKpaiHU HasiBHI Maibke 40 nperna-
pariB, KOMIIOHEHTAMH SIKUX € 010JI0T1YHO aKTUBHI PEYOBUHH
(BAP) muctst masmii [5,25].

[TonepenHi XeMOTaKCOHOMIYH1 JOCITIJPKEHHSI TIPEICTaBHH-
KiB poxy Salvia hmopn Ykpainu oKa3aii epCcreKTHBHICTh
BUKOPUCTaHHS Yy (papMarieBTH4HIi MPOMUCIIOBOCTI CHPOBUHHU
S. verticillata [8,13,14]. ToMy AOIUIEHO 3AIMCHATH TOPiB-
HSUTBHE JIOCHIZKEHHS JIUCTS 1ILOTO BH/Y Ta TaJIeHOBOTO 3a-
coOy Ha i0r0 OCHOBI MOPIBHSHO 3 (hapMaKONIEHHUM — JIUCTSIM
IIaBIii JTIKAPCHKOI.

MeTa po6otu

31iiCHUTH TOPIBHSUIbHE (hapMaKOrHOCTHYHE Ta (apmMako-
JIOTiYHE MOCHiKeHHS TuCTs S. verticillata Ta S. officinalis
JUTS. BCTAHOBJICHHSI MOXKJIIBOCTI BHKOPHCTaHHS Hedapma-
KOTICHHOTO BHAY Y (papMarieBTHUHIN 1 METUIHIN TPaKTHULL.

Marepianu i MeTogu pocnimkeHHA

O0’ext nocnmimkenns — ucts S. verticillata ta S. officinalis,
SIKe 3aTOTyBaJHN B OoTaHiYHOMY caay JIBBIBCHKOTO HAIIiO-
HaJILHOTO yHiBepcuTeTy iMeHi [. dpaHka i KepiBHUIITBOM
CTapIOro HAyKOBOTO CIIBPOOITHHMKA, KaH[. 010J. HayK
M. 1. Ckubinpkoi, Ta CyXi eKCTpaKTH Ha iXHiil OCHOBI, IO
oznepxani 50 % po3uMHOM CIHPTY €THIIOBOTO [2].
Mopdomnoro-anaromiuHy OyZOBY JIUCTS JOCHTIIKyBaHUX
BU/IIB BUBYMJIH, 3aCTOCOBYIOYH METO]] CBITIOBOI MIKPOCKO-

mii [1]. liarHoCcTHYHI MIKPOCKOIIYHI 03HAKH (DIKCYBaIH 3a
JIONIOMOTOK0 MiKpockona «Granumy mpu 30uibiieHHI x40,
%100, x400 pa3ziB. POTO3HIMKH 3pOOHIH 32 JOIIOMOTOIO
(oroanapara Sony DSC-W8O0.

JlocmimkeHHs: MaKkpo- Ta MIKPOEIEMEHTHOTO CKJIATy B JIH-
cri S. officinalis 1 S. verticillata BuKOHaIM aTOMHO-MICIHHUM
cnekrporpadiuaum MerozoMm Ha crerporpadi JIDPC-8 Ha
6a3i JJHY HTK «IactutyT MoHOKpHcTaniB» HAH Yipainu.
Jlyry mepemMiHHOrO CTpyMy OTPUMYBAJIHY 3a JIOTIOMOTOIO I'e-
Heparopa MBC-28. Criextpu, o ofep:Kajin, peecTpyBaIn
Ha (ororutactuHax [1DC-02 [9,22].

AMIHOKHCJIOTHUN CKJIaJ] CAPOBUHU JOCIIKYBAaHUX
BuAiB BuzHaumu MetonoM BEPX Ha xpomarorpadi pipmu
Agilent Technologies (monens 1100). [{st xpomarorpady-
BaHHS BUKOPUCTAIHN KOMOHKY AA 200 X 2,1 MM 1 3aXucCHY
MIEPEIKOIIOHKY; SIK pyxoMmy (azy — pozunH A (20 MM Hatpiro
arieraty ta 0,018 % Tpuermnamin, mo goBexeHui 10 pH
7,2 1-2 % ouroBor KHCIOTOIO, 3 AoxaBanusaM 0,3 % Te-
Tparigpodypany, a Takox posuun B (40 % CH,CN, 40 %
MeOH i 20 % 100 MM Hatpiro amerary, JOBEICHUH 10
pH 7,2 1-2 % ouTOBOK KHUCIOTOI); 00’€MHA MIBUAKICTH
notoky — 0,45 Mi/xB; Temmeparypa konoakn — 40 °C. Jlerek-
TYBAHHS ITPOBOJIMIIN 32 JJONIOMOroro Y®-nerekropa micis
MEPEIKOJIOHKOBOT JiepeBaTu3ailii Croyarky o-QTaieBUM
anprerinom (OPA-peaktuB), a moTiMm 9-dryoperinxiop-
¢dopmarom (FMOC-peakTuB) aisi IPOSIBICHHS MPOJIIHY
[3]. ImenTHdiKamito aMiHOKUCIOT 3MIMCHIIN 32 YaCOM
YTpUMaHHS CTaHAAPTIB BiAmoBigHuX amiHokucior (TY
6-09-3147-83) [9,17,21].

CarnoHiHOBHUH CKJIa JIUCTS JOCIIIKYBAaHUX BHUIIB BU3HA-
4y, BUKopucToBytoun merox BEPX, na xpomarorpadi
Shimadzu LC20 Prominence B MOAYIBHIN CHCTEMI, IO
OCHallleHa yoTupukaHansHuM HacocoM LC20AD, Tepmo-
craroM kosioHok CTO20A, aBroMaTn4HiM NPoOOBIOIpHH-
koM SIL20A, miomHO-MarpuyHuM JeTekropoM SPDM20A
i ChemStation LC20 y Takux ymoBax: kononka X-Bridge
C18, po3mipom 150 x 4,6 MM i3 po3mMipoM 3epHa 5 MKM
(pipma Waters); Temneparypa xojaoHKH — 30 °C; noBxnHa
XBUWII JIeTeKTyBaHHS — 205 HM; IBUAKICTH TOTOKY PyXOMOi
tasm — 1,0 Mi/xB; 06’ €M TpoOH, 110 BBOAUBCS, — 20 MKIL.
Pyxoma ¢aza: meranon s BEPX: 0,2 % po3unn amoHif0
arrerary (pH 6,75) y cmiimromenHi (80 : 20). Pexxum
SJIIOIOBAHHS — 130KpaTHYHUN. [1eHTH(iKalito KOMIOHEHTIB
BHKOHAJIM 332 YaCOM YTPHMYBAaHHS Ta 3a BiAMOBITHICTIO
Y®-criekTpiB pewoBHHAM-cTaHaapraM. CIeKTpH TpHUTep-
MEHOBUX CAlOHIHIB MalOTh MaKCHMYM MOIIMHAHHS MPH
200-210 HM, TOMY IETEKTyBaHHS IIi€1 TPYITH CIIOTYK 3/iliC-
Huu npu 205 uMm [16,24].

Cxiax ¢peHONBPHUX CIONyK BHUBUMIN MeTonoM BEPX
Ha xpomarorpadi Shimadzu LC20 Prominence B Mosyib-
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HIll CHCTEMI, 10 OCHAII[CHA YOTHPUKAHAILHUM HAcOCOM
LC20AD, tepmoctarom komorok CTO20A, aproMaTHaHIM
nipoooBindipaukom SIL20A, 1i01HO-MaTPHIHIM JETEKTOPOM
SPDM20A i ChemStation LC20 y Takux ymMoBaXx: KOJIOHKa
Phenomenex Luna C18(2), po3mip — 250 x 4,6 MM, po3mip
4aCcTOK — 5 MKM; TemIeparypa KoJoHKU — 35 °C; noBxkHHa
XBWI JIeTeKTyBaHHA — 330 HM (A7 T1APOKCHKOPUIHHUX
KHCIIOT, ITIKo3uAiB (aBoHOINIB), 370 HM ([UIsl arTiKOHIB
¢maBonoiAiB), 280 HM (s IyOMIBEHUX pedoBuH), 340 HM
(KyMapyHH); HIBUAKICTD MOTOKY pyXxoMmoi ¢azu — 1 Mi/xBs;
00’€eM TIpoOw, 10 BBOAMBCS, — 5 MKII. PyxoMma ¢asza: eqroeHT
A —0,1 % po34nH TPUPTOPOLITOBOT KMCIOTH Y BOJIi; €IIIOCHT
Bb—0,1 % po3unH Tpr(TOPOIITOBOT KMCIIOTH B allETOHITPHIII.
KommoneHTH ieHTH(]IKyBany 3a 4acoM YTPUMYBaHHs Ta
3a BIANOBiAHICTIO YD-CrIEKTpiB pedyOBUHAM-CTaHAAPTaM
[10,18,19,21].

KinpkicHe Bu3HaueHHs (DEHOJIBHUX CIIOJYK BUKOHAIN
cekTpodoToMeTpuyHIM MeTooM. ONTHYHY T'yCTHHY
BUMiproBaJM Ha criekrpodoromerpi Evolution 60S (CLLIA)
3a BIAMOBIAHOI MTOBKWHU XBWJIi. BMicT cymMu TOXigHHX
TJIPOKCUKOPUYHUX KUCJIOT BU3HAYAIIM B NEpEpaxyHKy Ha
PO3MapHHOBY KUCTIOTY Iipr 505 HM, yMicT CyMH (pIIaBOHOIIIB
y MepepaxyHKy Ha JIFOTCOJIH — IpH JOBKUHI XBHI 410 HM,
yMICT cyMH (DEHOJBHUX CIIONYK Y MEepepaxyHKy Ha rajoBy
kucaoTy — npu 270 HM. 71 CTaTUCTHYHOI BipOTiTHOCTI
JIOCITiTF TIPOBOJTVITH HE MEHIIE Hixk 5 pasiB [3,6,7].

[poTn3anaiabHy aKTUBHICTb F'AJICHOBUX BUTSDKOK 13 JIUCTS
BUJIB, IIO JOCIIKYBAJIN, BUBYAJIH HA MOJENI FOCTPOrO
3ara]bHOr0 HaOpsKY, SIKMil BUKJIMKAHHN CyOIUIaHTapHUM
BBEJICHHSIM Yy 3a/iHIO KiHIiBKY TBapuH 0,1 mit 1 % pozunny
KapareHiHy (areHr, Mo IHAYKY€E IUKJIOOKCUTCHA3HHH LIIX
3anajbHOI peakilii) uepe3 1 rom micis iHTparacTpagbHOTO
BBEJICHHSI BOAHOTO PO3YMHY JOCIIKYBAaHOTO €KCTpak-
Ty. OG’€M JIaIK¥ BUMIPIOBAJIU 32 J[OTIOMOTOI0 OHKOMeE-
Tpa 10 MoYarKy JOCIiAy Ta IIOTOAWHH MPOTIroM 4 roj
[2,4,15].

Pesynkratu

Mikpockoniunui aHaniz nucta S. verticillata. Makpo- Ta
MIKPOCKOIIYHE BMBUCHHSI JIMCTS IIABJIi JIIKApCHKOI 31iiic-
HUIIA B JIOCTaTHHOMY OOCS3i, pe3yabTaTH € y BiIKPUTOMY
nocrtymi Ta HaBeneHi y JlepxkaBniit dapmakornei Ykpainu,
TOMY JTOIUTEHO MTPOBECTH MiKPOCKOITIYHUH aHAIII3 caMe IS
HedapmakoneiHoro Buay S. verticillata.

Pesynbrarn nociipKkeHHs: MOP(OIOro-aHaTOMIYHOT OyTOBH
nucts S. verticillata MeTOIOM CBITIIOBOT MIKPOCKOITIT HaBe-
neHi Ha puc. 1 a-i'ta 2 a-e.

AHani3 makpo- Ta MiKpoerieMeHTHOro cknapgy nucra
S. officinalis ta S. verticillata. YV pe3sysprari aHanisy Bu-
SIBIJTA T4 BCTAHOBWJIA BMICT 15 Makpo- Ta MiKpOeJIeMeHTiB
(mabn. 1).

AHani3 BMiCTy aMiHOKUCNOT B 06’€KTax [OCHiAXeHHS.
PesynbraTi [OCIHIIKEHHSI aMiHOKUCIOTHOTO CKJIay JIUCTS
S. officinalis 1 S. verticillata HaBeneHi B maonuyi 2.

AHani3 BMiCTy canoHiHiB y cMpoBUHI BUAIB, WO A0-
cnipxyBanu. Meronom BEPX inentudikyBanu Ta BH3HA-

YHJIH KUTBKICHUH BMICT 8 CAIIOHIHIB Y JIMCTI IO CITI/DKYBaHIX
BUiB pony Salvia (maébn. 3).

AHani3 BmicTy theHONbHUX CNonyK y NUcTi S. officinalis
i 8. verticillata. Metonom BEPX ineHtudikysamu ta BU-

Tabnuusa 1. Mikpo- Ta MikpoenemeHTHU cknag nucts S. officinalis
i S. verticillata

Bwmict enemeHTy, mr/100 r

Enement

Fe 65,7 100
Si 330 880
P 145 220
Al 32,8 55,8
Mn 47 9,5
Mg 290 560
Pb <0,03 0,22
Ni 0,03 0,07
Mo 0,04 0,22
Ca 730 1175
Cu 0,43 1,1
Zn 14,6 47,0
Na 290 1175
K 2050 2940
Sr 2,9 5,1
3aranbHuii BMICT 3956,21 7069,01

Tabnuuga 2. AMiHOKMcnoTHUIA cknag nucta S. officinalis i
S. verticillata

S. offi lis S. verticillata

Ne 3/n | AmiHOKkucnoTa

1 AcnapariHoBa K-Ta 0,97 1,60
2 TpeoHiH 0,41 0,70
3 CepuH 0,34 0,57
4 [myTamiHoBa k-Ta 1,08 1,76
5 MponiH 0,69 0,64
6 niuyH 0,49 0,00
7 AnaHiH 0,53 0,99
8 BaniH 0,55 2,09
9 I3oneiumH 0,42 0,62
10 JleiumH 0,67 1,12
1 TuposnH 0,28 0,67
12 deninanaHix 0,50 0,79
13 FicTnanH 0,22 0,38
14 TNianH 0,49 0,75
15 ApriHiH 0,37 0,68
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3HAYMIIM KUTbKICHUH BMICT 17 pedoBrH (GeHOIBHOT PUpOIu
B sucti S. officinalis 1 S. verticillata (ma6n. 4): 6 pedoBuH
(naBoHoinHOI pupoan Ta 11 TiAPOKCHKOPHYHUX KHCIIOT.
Crnektpo)OTOMETPHYHUM METOJIOM BCTAHOBMIIN KiJIbKIC-
HUH BMICT CHIOJIYK (DEHOJIBLHOT NPUPOIH B JIOCHIIKYBAHHX

00’€eKxTax, 30KpeMa IMOXIJHUX TIAPOKCUKOPUYHUX KHUCIIOT,
(hy1aBoHOIIB 1 cyMH PEHONIBLHUX CHONYK (mabi. 5).

YucnoBi NOKa3HUKHM aHTHEKCYIaTHBHOI aKTHBHOCTI €KCT-
PAKTiB i3 JIUCTS BUIB IIABJIH, SKI JTOCIIINIIN, HABEICHI B
mabauyi 6.

Puc. 16. BepxHsi enigepma. MpocTi Bonocku. Puc. 1B. BepxHsa enigepma. 3anosuctuit Bo-

JIOCOK.

Puc. 1r. HuxHa enigepma. EdipHooninda Puc. 14. HwxHs enigepma. 3ano3uctun Bo-  Puc. 1e. HukHs enigepma. 3anosvcTuii Bonocok.

3anoska. JIOCOK.

Puc. 1e. HwxHs enigpepma. Mpoauxosuii anapar.  Puc. 1. HukHa enigepma.

Puc. 1u. MNonepeyHnii 3pi3 BOMOCOK. Puc. 1i. MonepeyHui 3pi3 nucTkoBoi nnactuin.  Puc. 1i. MonepeyHunin 3pia NMCTOBOI MNACTUHW.

Bonocok.

Puc. 1a-i. MikpockoniyHi o3Haku nMcToBoi nnactuHku S. verticillata.

OcHoBa Borocka.
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e

e

Puc. 2r. Yepelwuok enigepma. Puc. 2n. Enigepma yepetuka. Bornocok. Puc. 2e. Eninepma yepeluka. Bonocku.

Puc. 2. MikpockoniyHi o3Haku yepellka S. verticillata.

Tabnuuga 3. CanoHiHoBuI cknag nucta S. officinalis i S. verticillata

KinbkicHui BMicT cupoBUHM, MF/T

Ne 3/n | PeyoBuHa Yac yTpumyBaHHs, XB

1 Ypconoga kucnoTa 17,45 7,74 5,26
2 Eyckanosa kucnota 8,53 0,83 3,31
3 TopmeHT1HOBA KucroTa 12,68 1,09 0,17
4 YBaon 22,80 0,15 0,00
5 OneaHonoBa kucnora 16,34 2,46 1,58
6 Eputpogion 22,59 0,11 0,00
7 Bertynin 14,57 0,26 4,06
8 Jlyneon 48,13 0,81 0,71
3aranbHuii BMICT 13,46 15,09

Tabnuuga 4. deHonbHuI cknag nucTa S. officinalis i S. verticillata

Ne 3/n PeyoBuHa Yac ytpum., x8

®dnaBoHoigu

1 PyTuH 30.9-31.0 1,10 0,00
2 AnireHin-7-rnoko3ng 36.0-36.4 0,41 3,77
3] ITroTeoniH 47.0 0,41 0,01
4 AnireHiH 52.3-52.4 0,00 0,45
5 ToTeonin-7-rnoko3na 33,1 2,75 3,24
6 Karexin 19.4 0,22 0,23
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MpopoBxeHHs Tabnuui 4.

KinbkicHui BMicT cupoBUHM, Mr/T

FigpoKCUKOPUYHI KUCNoTH

7 XnoporeHoBa kucrnota 20.0-20.4 0,04 0,01
8 KasoBa kucnora 21.8-22.0 0,20 0,24
9 PoamapuHoBa kucnota 37.8-38.2 1,02 0,46
CanbBiaHONOBI KUCIOTK

10 JNitocnepmoBa kucnota ~ 38,4 0,34 0,00
1 CanbBiaHonosa kucnota G 17,70 0,00 0,10
12 CanbsiaHonosa kucnota F 231 0,03 0,00
13 CanbeiaHonosa kucnota E 24,9 0,00 0,003
14 CanbsiaHonosa kucnota D 29,2 0,00 0,77
15 CanbsiaHonosa kucrnora C 30,1 0,03 0,00
16 CanbBiaHonosa kvcnota B 41,7 0,31 0,23
17 CanbBiaHonosa kucnora A 56,1 0,06 0,00
3aranbHuil BMICT canbBiaHOMOBUX KUCIOT 0,77 1,09
3aranbHui1 BMICT FiJpOKCUKOPUYHMX KCTOT 2,03 1,80
3ararnbHui BMICT (riaBoHoIAiB 4,90 7,70
3aranbHuii BMiCT heHOMBbHUX CMOoMyK 6,93 9,50

Tabnuuga 5. KinbkicHWin BMICT dheHOMbHMX Cronyk y nUcTi BUAiB poay Salvia

KinbkicHui BmicT, % y cyxiit cUpOBuHi

S.officinalis S.verticillata

[MoxiaHi rigpOKCUKOPUYHMX KNCTOT

C® y nepepaxyHKy Ha pO3MapuHOBY KUCTOTY | 0,81+ 0,04 | 0,35+ 0,02
dnasoHoian
C® y nepepaxyHKy Ha MoTeoriH | 1,18 £0,03 | 1,72 £ 0,05

Cyma heHOMbHMX cnonyk

C® y nepepaxyHKy Ha ranoBy K1CMOTY | 2,31+0,05 | 3,17 £ 0,02

Tabnuus 6. AHTMEKCyAaTVBHA aKTUBHICTb EKCTPaKTIB i3 NUCTS BUAIB Wwaenii, wo gocnimkysanu (M £ SD, n = 5)

Tosa 06’em nanku, ym. og,.
ExcTpakt MrlKr’
L S e S [ S

S. officinalis 50 33,30 +2,50 40,00 £ 3,20 36,00 + 2,30" 38,00 £2,77* 36,00 + 1,86
S. verticillata 50 31,80+£1,33 38,50 £2,43" 34,50 £2,07* 33,20 £2,23" 32,20 £1,17*
[HTAKTHWI1 KOHTPOIb - 30,20 +5,26 40,80 £ 3,63 41,40 £1,95 44,20 £ 4,27 46,20 £ 5,07
[unknoderak HaTpito 8 33,40 £2,07 33,60 £1,67* 35,80 £ 2,86* 37,00 £5,15* 34,60 £2,07*

*: BIAMIHHOCTi CTATUCTUYHO 3HauyLLi (p < 0,05) NOPIBHAHO 3 KOHTPONEM.

O6roBopeHHs MaroTh HAMUCTONOIOH] noToBIueHHs (puc. la, 2). Y310BK
Jlucmrosa nnacmunra (puc. 1 a—i). JluctkoBa mnactuHka — KHJIOK KIIITHHA 3 JIOBIIMMH CTIHKAMH (Ginbir po3eHXiM-

JIOP30BEHTPATLHOTO THIy. KIiTHHM BepXHBOI emigepmu  Hi), IPAMOCTiNHI. CKIAI4acTiCTh KYyTHKYIN — TOB30BK-
OaratokyTHi, napeHximHi (puc. la, 1). OOOJOHKM KIITHH  HBbO-3MOpIIKyBaTa. HuikHsS emnizepMa mpejcraBlieHa
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3BUBHCTOCTIHHUMH, TAPEHXIMHUMH KJITITHHAMH 3 PIBHOMIPHO
MOTOBIIIEHUMHE 000I0HKaMH (puc. 12, 1). [IpoauxoBuii arapar
JIaryTHOTO THUITY. [IpOIMXH YKMCIICHHI 3 HIDKHBOTO OOKY JIHCT-
KOBOI IJTACTUHH (puc. ¢, 1), HasIBHI TAKOX 13 BEPXHBOTO OOKY.
EdipoortiitHi 3a7103KH YUCIICHHI 3 HIDKHBOTO OOKY (puc. 12, 2),
3 BEpXHBOTO MeHIIe. ByioBa 3a11030k XxapakTepHa Jist BUIIB
pomnuau Lamiacea. ToniBka cCKIamaeTbes 3 6—8 pamianbHO
posramoBaHux KIiTHH. JloOpe moMiTHa HiXKa. ['onmoByacTi
BOJIOCKH JIBOX THITIB: TIEpIIIi MAIOTh JIBOKJIITHHHY TOJIBKY Ta
OIHOKJIITHHHY HIKKY (puc. 10, I), a BOJOCKH APYTOro THITY
MalOTh OTHOKJIITUHHY TOJIIBKY Ha OaraToOKJIITHHHIHN (4acTiie
2 xitunu) Hixwi. [IpocTi Bosocku uncieHHi (46 KIThH) i3
TTOTOBIIIEHUMH OOOIOHKaMHU (puc. 1o1c). TparuisitoThCst BOJIOC-
KW 31 ciaimuMiu ctinkamu (puc. 1o, 1; puc. 1u, ). Kytukyma
mragka abo 6opomaBdyacTta. TepMmiHanpHa KIIITHHA JOBTa i3
3arHyTUM KiH9AKOM ab0 TpsiMa 3 TOCTPOIO BEPXIBKOIO (puc.
1orc, 2). bazanbHi KINITHHA (KJIITHHH 01711 OCHOBH BOJIOCKA)
MArOTh OLTBII MOTOBIEHI CTIHKY (puc. 13, 1).

Ha nonepeunomy 3pi3i 100pe TIOMITHI BCi IIapH y CTPYKTY-
pi uctkoBoi mtacTuHky. CToBMUacTa MapeHxiMa JABOpsaHa
(puc. 11, 1). KiituH# BY3bKi, IIIJIBHO MPUISATAIOThH OJHA JI0
onHoi. ['yduacTuii Me30(his CKIaAaeThCs 3 KIIITHH, 10 IIUTEHO
MIPWIATAI0Th, MDKKITITHHHUKIB Maio (puc. 1i, 2). Enimep-
MaJTbHI KIITHHY B3IOBXK KIJIOK TIPO3EHXIMHI.

LenTpanpHa KIIKa OTHOITyYKOBa. Brtykia 3 abakciars-
HOTO 00Ky (puc. 2a). IlpoBigHUI TYyYOK KOJATEPATEHOTO
tury. Keunema posrarroBana 3 BepxHbOTo 00Ky (puc. 20,
1), dnoema 3 HIKHBOTO (puc. 2a, 4). 3 abakciallbHOTO OOKY
i enigiepMoro 2—3 Imapu KOJICHXIMaTO3HOI MapeHXiMHU.
[IpoBinHMii TyYOK OTOUCHUH KITITHHAME 0aratoKyTHOT (hop-
MH — OCHOBHA TapeHxima (puc. 2a, 2). Y310BXK HEHTpaTbHOT
JKWJIKH TPAIUBIOTHCS 0a3alibHi KIITHHU BiJl BOJIIOCKIB, IO
omamu (puc. 26, I).

Yepewox (puc. 2 a-e). 13 crebma B JUCTOK BXOIATH 3
MIPOBIMHUX ITyYku. L{eHTpanpHMil MydoK BEMKUA, 1Ba Oid-
Hi — ApiOHi. Y IeHTpaNbHIi YacTHHI 3 a0aKCiaaTbHOTO OOKY
YEepemnIoK OKPYyIIIIINK, 13 BEPXHBOTO (aJaKCialIbHOTO) — 3
6opo3eHKoI0 rocepeuHi. [IBa 1piOHI MPOBI/HI ITyYKH PO3-
TaIoBaHi B 0IYHUX BUpocTax (OOKOBI OyrOpKH).

[Tin emizepmoro po3raioBani 2—3 mapu KyTOBOI KOJIEH-
ximMu. B OiuHMX Oyropkax no 7 mapiB KyTOBOI KOJEHXIMH.
KJ1iTHHM OCHOBHOI ITapeHX1MH BEJIMKI, TOHKOCTIHHI, 6araro-
KyTHi. 3 HIDKHBOTO OOKY /10 ITy4Ka MPWIATaoTh 3—5 mapis
cxiepenxivmu. CynnHu KeuyieMu criipanbHi. Kimituan eminep-
MH YepelKa MapeHXiMHO-TIPO3EHXIMHI, TOCTPOKYTHI (puc.
2e, 1). [lpomuxwu pinki, apiOHi, Ha OIYHINA CTOPOHI YeperKa.
Tpamstrotbest Bl BUau TpuxoM (puc. 20, 2e).

[TopiBHANBHUI aHAai3 MIKPOCKOIIYHHUX O3HAK JIUCTS
S. officinalis 1 macts S. verticillata noka3aB BIIMIHHOCTI 3a
Oy/IOBOIO IMPOCTUX BOJIOCKIB IUX BUIIIB.

Jluctst S. officinalis MaroTh OaraToKIITHHHI IPOCTI BOJIOCKH
3 KOPOTKMMHU 0a3aJIbHUMH TOBCTOCTIHHUMH (2—4) KJTiTHHA-
Mmu. TepmiHambHa KITITHHA BOJIOCKIB BUIOBKEHA, 3 TOHKIMHU
00O0JIOHKaMH, YaCTIIIIe 3 3ITHYTOI0 BEPXiBKOIO.

S. verticillata mae GararokTITHHHI (4—6 KIIITHH) BOJIOCKH
3 PiIBHOMIpHO TIOTOBIICHUMH CTiHKaMH. ba3anmpHa KiTiTHHA
Mae NOTOBIIEHI CTIHKHM Ta IMPITy OCHOBY. CTIHKH BOJIOCKIB

criagarThes. TepMiHaNbHA KIIITHHA MOKE OyTH mpsiMa 3a-
rocrpeHa abo 3 3irHyTO BepxiBKow. KyThkyna BOIOCKIB
yacTo OopojaByacra.

PesynbTaTit BUBYEHHS MaKpO- Ta MIKPOEJIEMEHTHOTO CKJIa-
1y (mabn. 1) cBim4aTh Mpo 3HAYHUHA BMICT y 000X OCTIIIKY-
BaHMX BHIAX TaKUX MIKpPOENEMEHTIB, sK crimiit (330-880
Mmr/100 1), pocdop (145-220 mr/100 1), marsiit (290-560
mr/100r), xanbmii (730-1175 mr/100 r), varpiit (290-1175
Mmr/100 r) 1 xamiit (20502940 mr/100 r). 3aranpHuil BMicT
MIKpOeNIeMEeHTIB y JucTi S. verticillata y 1,78 pa3a Ouibimit
3a BMiCT y (hapmakoreiiHomy Bui S. officinalis. BmicT Takux
TOKCUYHHX E€JIEMEHTIB, SIK KOOAJIBT, KaIMii, apCEH 1 MEPKYPIii,
CBUHEIb 1 MOIOACH — y MeXaX TPaHUIHO MPUITYCTUMHUX
KOHIICHTPAIIH IJIsI CHPOBHHH Ta XapYOBHX MTPOIYKTIB.

VY mucti S. officinalis inenTudikyBamm 15 amiHOKHCIOT
(mabn. 2). JloMiHyBaJIi IITyTaMiHOBA KHCJIOTA, acTIapariHoBa
KUCIIOTA, BAJIiH 1 JISHIMH, 3araJIbHAN BMICT SIKUX CTAHOBHTb
43,07 %. Cepen ineHTH(DIKOBAHUX aMIHOKHCIIOT 6 € He3a-
MIHHUMH, TXHIH BMICT CTaHOBUTH 39,66 % Bij 3arajibHOL
KUJTBKOCTI aMIHOKHUCIIOT. Y JHcTi S. verticillata ineHTudixy-
Bas 14 amiHokucinoT. JloMiHyBajaM mIyTamiHOBa KUCIIOTA,
acrapariHoBa KUCJIOTa, aJlaHiH, BaJIiH 1 JICHIIMH, 3araabHUI
BMicT — 59,55 %. Cepen iieHTH]IKOBAHIX aMiHOKHKCIIOT 6 €
HesaMiHHUMU. [XHili BMicT cranoButb 47,14 % Bin 3arainbHOT
KITBKOCTI aMIHOKHCIIOT.

VY nucti S. officinalis inenTudikyBanu § canoHiHiB (mao:.
3). JoMiHyBanu ypcosioBa Ta 0JIcaHOJIOBa KHCIIOTH, 3arajib-
HUI BMICT sIKUX ctaHoBUB 75,82 %. Y mucti S. verticillata
ineHTudikyBanu 6 canoninis. JlominyBamu OeryiiH, ypco-
JIOBa Ta €yCKaroBa KUCJIOTH, 3arajbHuid BMicT — 83,72 %.
3arajbHUIA BMICT CArlOHIHIB y JIHCTI S. verticillata epeBaxae
i cranoBuTh 15,09 Mr/r, o Ha 12,1 % Olnblie, HiX y dap-
MAaKOTICHTHOMY BH/II.

VY nucti S. officinalis inenTudikyBamu 13 pedoBuH
(henompHOI Tpuponu (mabn. 4): 5 GnaBoHOIAIB (PyTHH,
aIireHiH-7-II0KO3K I, JIFOTCOIIH, JIFOTCOIH-7-TII0KO3 /I,
KaTexiH), 3 T1{pOKCHKOPHYHI KUCIIOTH (XJIOpPOreHOBA, KABOBA,
PO3MapuHOBa) Ta 5 MOXIIHUX KaBOBOI KHCIIOTH (JTiTOCIIEp-
MOBa, cajibBiaHOIOBa KHcioTa F, canbBiaHOJIOBa KUCIOTA
C, canbBiaHOJIOBA KHCJIOTa B, calbBiaHOJ0Ba KHCIOTA
A). JlomiHyBanu pyTHH, alireHiH-7-IJIFOKO3U/, JIOTEOJH,
JIFOTEOJTiH-7-TIIIOKO3H I, PO3MapHUHOBA, JITOCIIEpPMOBa Ta
canbBiaHoNMOBa B kuciorn.

VY mmucri S. verticillata inentudikyBamm 12 pedoBuH ¢e-
HONBHOI ipupoau (maba. 4): 5 hnaBoHOIIB (amireHiH-7-1t0-
KO3HJI, IFOTEOTiH, aIlireHiH, JTFOTCOIiH-7-TITFOKO3HU T, KATeXiH),
3 TiAPOKCUKOPHYHI KHCIIOTH (XJIOpPOreHOBa, KAaBOBA, PO3Ma-
pHHOBA), 4 MTOXiJHUX KaBOBOI KMCIJIOTH (calbBiaHOIOBA KHC-
nora G, canbBiaHosoBa kuciora E, canbBiaHomoBa Kuciora
D, casipBianosoBa kuciora B). JloMmiHyBasu amireHiH-7-1to-
KO3H/I, allireHiH, JOTCOIH-7-TJIFOKO3H I, PO3MapUHOBA Ta
canbBiaHonoBa D kucioru.

3aranpHU BMICT (paBOHOIAIB HaOiNMpIIMIA y MHCTI
S. verticillata Ta cranoButs 7,70 mr/T, 10 Ha 57,46 % (B 1,57
paza) Oinpmie, HiX y dapmaxoreitnomy Bumi S. officinalis
(4,89 mr/r). 3aranbHUE BMICT T1JPOKCHKOPUYHUX KUCIIOT
HalOuIbIMi y sucti S. officinalis Ta cranoBuTH 1,26 MITT,
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uto Ha 77,46 % (B 1,77 pa3za) Ouielie, HiK y S. verticillata
(0,71 mr/r). 3aransHui BMICT ITOX1THAX KABOBOI KIICIIOTH ITepe-
Bavkae B Jucti Salvia verticillata (1,0923 mr/r)—na 41,01 % (8
1,41 paza) Oubie, HiX y hapmaxoneitnomy Buni S. officinalis
(0,77 mr/r). HaitOL1b111uMid BMICT CyMH BCiX BUSIBIICHHX CIIOJYK
(beHONBHOT PUPO/IM XapaKTepHUi utst et S. verticillata ta
craHoBuTh 9,50 Mr/T; o Ha 37,18 % (B 1,37 paza) Oinbire, Hix
y (dhapmaxorieitnomy Bui S. officinalis (6,92 mr/r).

Y pesymbraTi ceKTpoOTOMETPUIHOTO BHBICHHS BMiC-
Ty (QCHONBHUX CHONYK (mabn. 5) y AUCTI TOCHTIHKYBaHUX
BHIIB pony Salvia BCTaHOBICHO, IO HAWOUIBIIHMIA BMiCT
HOXITHUX T1IPOKCUKOPUYHHUX KUCIIOT XapaKTePHHUN JIs JIU-
cta S. officinalis, naidinbIMHA ymicT crionyk (uraBoHOTqHOT
MIPUPOJIH Ta 3arajibHUM BMICT (PEHOJIBHUX CITOTYK XapaKTepHi
st nuctst S. verticillata, Tomy 1ieit BUII € MIEPCICKTUBHUM
JUTSI BIPOBAKEHHS y MEZINYHY Ta (papManieBTHIHY IPAKTUKY
came sIK Jukepesio (peHOIbHUX CHOITYK.

Pesynerary, mo oTpuMaHi Ha MOAEI KapareHiHOBOTO
HaOpsiKy (ma6ba. 6), cBiAYaTh PO BUPAKEHY MPOTH3AIab-
HYy aKTHUBHICTh CYXHX CKCTPAaKTiB i3 JHcTs S. officinalis i
S. verticillata. MaxcumanbHUIl aHTHEKCYIATUBHUN e(eKT
CYXHMX €KCTPaKTiB crioctepiranyu B 1031 50 mr/kr. I1potn3za-
TajibHa Jist CyX0T0 eKCTPaKTy 3 TUCTS S. verticillata 3icTaBHa
3 aKTHBHICTIO CyOCTaHIIi1 3 uCTs S. officinalis, 1110 BKa3ye Ha
TICPCTICKTUBHICT BBEACHHS JIUCTS S. verticillata B HOMEHKIIa-
Typy JIPC, a Takox 1a€ MOXKJIMBICTH CTBOPEHHS Ha i OCHOBI
HOBOTO JIIKapCHKOTO 3200y 3 MPOTHU3AMATBHOO JTI€TO0.

BucHoBkuM

1. ¥V pe3symbrari MOpiBHAIBHOTO (PapMaKOTHOCTHIHOTO
Ta (apMaKoJIOTiYHOro AOCHiKeHHs aucTs S. verticillata
i S. officinalis BcTaHOBIEHO, 10 S. verticillata € mepcriex-
THUBHUM BHJIOM JUISl BIIPOB3/KEHHSI B MeAWYHY Ta (hapma-
LEBTUYHY NPAKTHKY CaMe SIK JDKEPENo (PeHOIbHHUX CIIONYK.
[poru3ananbHa Jiis CyXoro eKcTpakty 3 ucts S. verticillata
3icTaBHA 3 aKTUBHICTIO cyOcTaHuii 3 smcts S. officinalis,
0 BKa3y€ Ha MOXKJIUBICTh CTBOPEHHSI Ha 11 OCHOBI HOBOTO
JIKAapCHKOTO 3ac00y 3 MPOTH3ANAIBHOIO JI€FO0.

2. MeTomoM CBITIIOBOI MIKPOCKOMIi BUSBHIHN KITFOYOBI
MIKpPOCKOIIIYHI Ta IIarHOCTUYHI 03HaKK JuCTs S. verticillata.
[opiBHSAIBHAN aHANI3 MIKPOCKOMIYHUX O3HAK JIHCTS
S. officinalis 1 mucts S. verticillata noka3aB BiIMIHHOCTI 3a
OyIOBOIO ITPOCTHX BOJIOCKIB IIMX BUIB. JIucTs S. officinalis
MaloTh 0araTOKJITHHHI TPOCTI BOJIOCKH 3 KOPOTKMMH Oa-
3aJIbHIMH TOBCTOCTIHHUMH (2—4) kiiTnHamu. TepMiHaibHa
KJIITHHA BOJOCKIB BHJIOBKEHA, 3 TOHKUMH OOOJIOHKaMH,
YacTille 3 3irHyTor0 BepXiBKoto. S. verticillata mae G6araro-
KITITHHHI (46 KITITHH) BOJIOCKH 3 PIBHOMIPHO TIOTOBIIIEHAMHA
criHkamu. bazanbHa KiliTHHA Ma€ TTOTOBIIIEH] CTIHKH 1 LIMPIITY
ocHOBY. CTiHKH BOJIOCKIB CITaIat0ThCs. TepMiHanbHa KITITHHA
MOXke OyTH IpsiMa 3aroctpeHa ado 3 3irHyTOI BEPXiBKOIO.
KyTtukyna BomockiB acto 6opomaBuacta. B 06ox mocmi-
JDKYBaHHX BHAaX BCTAHOBHJIM BMICT 15 MIKpO- Ta Makpo-
CIIEMEHTIB, JJOMIHYBaIlM CHIIIIIH, pochop, MarHil KaJbIiH,
Harpiil 1 Kanii. 3aragbHUI BMICT MIKPOEJIEMEHTIB Y JICTI
S. verticillata B 1,78 pa3a 6inpmmii, HUK y hapMaKorieiiHOMy

Bui S. officinalis. Y macti S. officinalis i S. verticillata ineH-
tudixyBamu 15 i 14 amiHokucIor, 8 1 6 carmoHiB BiAIOBIIHO.
3arayibHUI BMICT CAallOHIHIB IepeBaxkae B IUCTL S. verticillata
Ta cTaHoBUTH 15,09 Mr/r, o Ha 12,1 % Oinblie, HiX y dap-
MakoreiiHomy Bui. Metogom BEPX BcTaHOBWIHN SIKICHUI
CKJIaf i KUTBKICHUI BMICT PEedOBHH (PEHOIBHOI PHPOAN B
mucti S. officinalis 1 S. verticillata (13 1 12 cnionyx Biao-
BiZIHO). 3arajbHUi BMICT (DIaBOHOI/IIB HAMOUIBINUIA B JIUCTI
S. verticillata — 1,57 paza 6inpie, HIX y papMakoneHHOMY
Buni S. officinalis, BMICT TiIPOKCHKOPUYIHUX KHCIIOT Hal-
Oinpmmid y nucti S. officinalis. HaliGinbmmid BMICT cymu
BCIX BUSIBJICHUX CIHOJIYK (DEHOIBHOT MPUPOAN XapaKTePHUI
qutst et S. verticillata —ua 37,18 % (8 1,37 paza) 6iip1e,
HIX y (hapmaxonieiiHomy Buzi S. officinalis.

3. MakcumanbHUi aHTUEKCYIaTHBHHUN €PEeKT CyXHX eKCT-
paxTiB i3 yacts S. officinalis 1 S. verticillata cnioctepiramu
B 11031 50 mr/kr. [IpoTH3anmaneHa Mis CyXOTO eKCTPaKTy 3
mucts S. verticillata 3icTaBHA 3 aKTHBHICTIO CyOCTaHIIT 3
mctst S. officinalis.

4. Pesyneratd MOPIBHAIBHOTO (hapMaKOTHOCTHYHOTO Ta
(hapMaxoIIOTiyHOTO OCIHiKEHHS UCTS S. officinalis i mucTs
S. verticillata cyTT€BO pO3IIUPIOIOTH BiIOMOCTI Ipo Hedap-
MAaKOTICHHUH BH] 1 BKa3yIOTh Ha 0€3CYMHIBHY IEPCIICKTHB-
HICTh BUKOPUCTAHHS UCTA S. verticillata y hapMarieBTHUIHIH,
MEITUYHIA TIPaKTHIII.
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OocnigkeHHA aHaTOMiYHOI Oy[0BU Haf3eMHUX OpraHiB
Achillea micranthoides Klok. et Krytzka

[. . Oyton*'*P 0. B. Maaynin'EF, T. B. OnpowaHcbka?8E

3anopisbkuii AepkaBHUI MeanYHWIA yHIBepcuTeT, YkpaiHa, 2HauioHanbHui chapMaLueBTUYHUIA YHIBepCeUTET, M. Xapkis, YkpaiHa

A — KOHUenNUiA Ta AnsanH gocnimkeHHs; B — 36ip aanux; C — ananis Ta inTepnpeTauis ganux; D — HanucanHs cTatTi; E — peparyBanHs cTarTi;
F — ocTaTouHe 3aTBepaXeHHs CTaTTi

NikapcbKy pocnuHHy cupouHy (JIPC) i nikapcbki 3acobu, Lo oTpyUManu Ha ii OCHOBI, YCNiLIHO BUKOPUCTOBYIOTb Y MEAWLIMHI TiflbKn TOA,
KONV BOHM BiANOBiAaKTb YUHHUM HOPMATUBHUM JOKyMeHTaM. Lis BianoBigHiCTb BU3HAYAETLCS LUMSXOM 34iMCHEHHS (hapMaKorHOCTUY-
HOro aHanisy. [ns uboro Tpeba BCTaHOBIHOBATY TOTOXHICTb | AOOPOsiKiCHICTb JIPC. TOTOXHICTb, SIK NPaBwMIo, NiATBEPAXKYETLCA MaKpo- Ta
MiKPOCKONIYHUM aHasi3oM.

lMepcnekTnBHIM NS BNIPOBADKEHHSA B MELAVUYHY MPAKTUKY € ManoBuBYeHWA BUS Aepesivt nogosun (Achillea micranthoides Klok. et Krytzka),
dhinoreHeTn4HO GNM3bKMIA [0 odilmHansHoro Aepesito 3BuyaiHoro (Achillea millefolium L.). PocnvHa Mae Wmpoky CUpOBUHHY 6a3y Ta
TPUBaNWI BereTauiHWiA nepiod. Ang ineHTudikauii Bnepue 3aiiCHUNM JOCTIMKEHHS 0COBNMBOCTEN aHAaTOMIYHOI Bya0BY HAA3EMHIMX
OpraHiB i BUSBUNMW AiarHOCTUYHI MIKPOCKOMIYHi O3HaKM.

MeTta pobGoTu — gocnigpxeHHs aHaToMiyHOT 6y10BY Haa3eMHux opraHiB Achillea micranthoides Klok. et Krytzka.

Matepianu Ta metogu. BukopuctosyBanu TpaBy Achillea micranthoides Klok. et Krytzka, 3ibpaHy y ady macoBoro UBiTiHHS. CBiXy
POCIIMHHY CUPOBWHY hikcyBanu B CyMiLli riiLepunH — eTunosui cnupt 96 % — Boaa ounena (1:1:1).

Pesynirartu. Mig yac mikpockoniyHMx JocnimkeHb BCTAHOBUMM 0COBNMBOCTI aHAaTOMIYHOI Oy0BM KNITUH enigepmMu NMUCTka, ronoBHOI
XWUIKKM, YepeLuka, ctebna, oci cyuBiTTs, 06ropTku KoLwuKa Ta BiHOYKa.

BucHoBku. [1ng cupoBuHM Aepesito NOA0BOr0 BU3HAYUW XapaKTepHi AiarHOCTUYHI O3HaKM: MO3L0BXHLO-3MOPLLKYBAaTa KYTVKYya Ha HKHIN
enigepMi nucTka; ABOPsAHI GaraToKMiTMHHI BONOCKY Ta edhipooniliHi 3aro3n Ha BEPXHIl | HYXKHIN enigepmi; NpocTi, 4—6 KMiTUHHI BONOCKY,
Y SKUX HWXHI KIITUHW CTUCKAIOTBCS, @ BEPXHSA — AyXe BUAOBXKEHA Ta CTBOPHOE NaBYTUHHE OMYLLEHHS Ha HUXHIN enigepmi nucTka Ta Ha
enigepmi YepeLuka, Xunku, ctebna i rofoBHOT OCi CYLBITTS; CKNepeHxiMHa obknaguHka 3 60Ky hroemm Ta KCunemu y NpoBiaHMX MyYKax
XMITKV Ta YepeLLKa; NMacTMHYaCcTo-KyToBa KoneHxiMa y cTebni Ta rofioBHil 0Ci CyLBITTS; NO3A0BXHBO-3MOPLLKYBaTa KyTUKyNa Ha KNiTuHax
enigepmu B rofnoBHil OcCi CyLBITTS; eHaoAepMa Ta ckrnepeHxiMHa 0bknaavHka Hag hrioeMoto NPOBIAHMX MYYKIB.

Study of the anatomical structure of the herbal raw materials of Achillea micranthoides Klok. et Krytzka
I. F. Duyun, O. V. Mazulin, T. V. Oproshanska

Herbal raw materials and herbal drugs derived from it constitute a complete material if they comply with current regulatory documents. This
compliance is determined by pharmacognostic analysis. For this, it is necessary to establish the authenticity and high quality of medicinal
plant materials. Authenticity is usually confirmed by macro— and microscopic analysis.Promising for implementation in medical practice
is the poorly studied species Achillea micranthoides Klok. et Krytzka. This species is phylogenetically close to the Achillea millefolium
L. The plant has a large raw material base and a long growing season. To identify it, for the first time, studies were carried out on the
features of the anatomical structure of the herbal raw material and diagnostic microscopic signs were revealed.

The purpose of the work was to study of the anatomical and microscopic structure of Achillea micranthoides Klok. et Krytzka herbal
raw material.

Materials and methods. To study the microscopic structure. We used Achillea micranthoides Klok. et Krytzka species collected in the
mass flowering phase. Fresh vegetable raw materials were fixed in a mixture of glycerin, ethanol 96 %, purified water (1: 1: 1).

Results. During microscopic studies, features of the anatomical structure of the epidermis of the leaf, main vein, petiole, stem, inflorescence
axis, basket wrapper and corolla were revealed.

Conclusions. The characteristic diagnostic features were established for the raw materials of the yarrow of the hearth: a longitudinally
wrinkled cuticle on the lower epidermis of the leaf; multicellular double-row hairs and essential oil glands on the upper and lower epidermis;
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simple, 4-6 cell hairs, in which the lower cells are compressed and the upper one is very long and creates a cobwebby fringe, on the
lower epidermis of the leaf and on the epidermis of the petiole, vein, stems and main axis of the inflorescence; sclerenchyma cover from
the side of phloem and xylem in conducting bundles of vein and petiole; lamellar-angular collenchyma in the stem and main axis of the
inflorescence; longitudinally wrinkled cuticle on epidermal cells in the head axis of the inflorescence; endoderm and sclerenchyma cover
over the phloem of the leading bundles.

Key words: microscopy, anatomical structure, characteristic diagnostic features, Achillea micranthoides Klok. et Krytzka.
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M3yyeHne aHaToMMyeckoro cTpoeHus HaaseMHbix opraHoB Achillea micranthoides Klok. et Krytzka
N. . Oyton, A. B. Ma3ynuH, T. B. OnpolaHckas

JlekapcTBeHHOE pacTuTenbHOE Chipbe (ﬂPC) M nony4yeHHble Ha ero OCHOBE JIeKapCTBEHHbIE CPEeACTBa YCNELHO NPUMEHAKOT B MeanLmHe
TONbKO B Cny4vae, koraa OHW COOTBETCTBYHOT ,D,eVICTByIOU.lMM HOPMaTUBHbIM AOKYMEHTaM. 370 cooTBETCTBME onpeaenaroT nyTem nposene-
HUA @apmakorHocmquKoro aHanusa. [insa atoro Heobxoanmo yCTaHaBnneaTb NOANMHHOCTb N /Z|06p0KaLIeCTBeHHOCTb JleKapCTBEHHOIo
pPacTUTENBbHOTO Cbipbst. [OANIMHHOCTL, KaK NPaBMo NOATBEPXKAAETCA MaKpO- U MUKPOCKONUYECKAM aHann30oM.

MepcnekTUBHLIM ANS BHEAPEHUS B MEOULUMHCKYIO MPaKTUKYy SBMSETCA MarousyuyeHHbl BUA ThICAYENUCTHUK nogoBbiit (Achillea
micranthoides Klok. et Krytzka), dounoreHeTniecku 6rmskui ¢ 0uLmMHaNbHbIM ThICSHENUCTHUKOM 06bIkHOBEHHBIM (Achillea millefolium L.).
PacTteHve umeet GonbLUyto ChipbeBylo 6a3y 1 xapakTepusyeTcs ANMTeNbHbIM BereTaumoHHbIM nepuopoM. Ans naeHtndukauum JIPC
BriepBble NPOBefeHbl MCCrefoBaHNs 0COOEHHOCTE aHaTOMUYECKOrO CTPOEHUS Ha3eMHbIX OPraHOB U YCTaHOBEHbI AMarHoCTM4eckue
MUKPOCKOMWUYECKIE NPU3HAKM.

Llenkb paboTbl — n3y4yeHne aHaTOMUYECKOro CTPOEHUSt Haa3eMHbIx opraHoB Achillea micranthoides Klok. et Krytzka.

Matepuansi u metogsl. Micnons3osanu Tpay Achillea micranthoides Klok. et Krytzka, cobpaHHyto B hasdy maccoBoro LiBeTeHusi. CBexee
pacTuTenbHoe Chipbe (PUKCMPOBaN B CMECH MULIEPUH — 3TIUNOBbIN cnnpT 96 % — Boaa ounwerHas (1:1:1).

Pe3yana'rb|. B xome MUKPOCKOMUYECKNX NCCNenoBaHuii yCTaHoBunun 0COBEHHOCTU aHaTOMUYECKOTO CTpOoeHna annaepmbl NNCTKA,
TMaBHOMN XWUIKK, YyepeLlka, cTebns, ocu coLBeTus, OGepTKVI KOP3WHKN 1 BEHOYKA.

BeiBoakl. [ins cbipbs ThICAYENUCTHUKA NMOLOBOrO YCTAHOBUIW XapaKTepHble ANarHOCTUYECKVE NPU3HAaKL: NPOAONbHO-MOPLMHUCTaSA
KyTWKyna Ha HUXKHEN anuaepMe NUCTa; MHOTOKNETOYHbIE ABYXPSAHbIE BOMOCKW U 3pMpOMacinyHble Xenesbl Ha BEPXHEN U HUXHEN
anuaepme; NpocTble, 4—6 KNEeTO4HbIE BONIOCKM, Y KOTOPBIX HIPKHUE KIETKM CXXMMAIOTCS, 8 BEPXHAS — O4EHb ATIMHHAS 1 CO3AaeT nayTuH-
CTYI0 OMYLLKY Ha HUXHE anuaepMe NnucTa v Ha anuaepme YepeLuKa, XUnku, cTebns v rmaBHOM OCK COLIBETUS; CKNEPEHXMMHas 0broxka
CO CTOPOHbI PI03MbI M KCUMEMbl B MPOBOASLLMX MyYKax XUIMKW 1 YepeLlKa; nnacTyHYaTo-yrnosas KonneHxuva B ctebne u rmasHOM
0CU COLBETHS; NPOACMBbHO-MOPLUMHUCTAsA KYTHUKYNa Ha KNeTKax anMaepmuca B roNoBHOM OCW COLBETUS; 3HAOAEPMA U CKIIEPEHXMMHAs
obnoxka Hag ProamMon BegyLLUMX Ny4KOB.

KnioueBkie croBa: MUKPOCKOMMYECKOE M3YYeHWe, aHaToMMyeckasi CTPYKTypa, XapakTepHble AuarHoctuyeckne npusHaku, Achillea
micranthoides Klok. et Krytzka.
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VYemixu CMHTETHYHOT XiMIT MAarOTh BaXKIIMBE 3HAYEHHS IS
PpO3BUTKY (apmariii, Mmeauiai. OIHAK OCTAHHIMH JCCSTH-
JITTSMH BCTAHOBHUJIACS CTiHKa TCHACHIIISI IO BUKOPUCTAHHS

aAMIHOKHCIIOT, JKUPHUX KHUCIIOT, HEOPTraHIiYHUX €IEMEHTIB
[3-5]. PisHOMaHITHHIA XIMIYHHIA CKJIaJ Ja€ MOXKJIHMBICTH
BUKOPHCTOBYBATH CYLIBITTS Ta TpaBy BUAIB poxy Achillea L.

B KOMITICKCHOMY JIIKYBaHHI Pi3HUX TATOJOTIH JIKAPCHKIX
POCIMHHKX 3aco0iB 1 (iTonpemnaparis, sKi Kpaiie nepeHo-
CSITHCSI XBOPHMH 1 HE BUKJIMKAIOTh CYTTEBUX MOOTYHUX SIBUILIL.
JocmimkeH s OCTaHHIX pOKIiB CBiIYaTh: HAMIIIKaBiIIa Ta HAM-
HOIIMPEHiIIa rPyTa POCIHH — poAnHa aiicTpoBi (Asteraceae),
a came piJi IToJIMH, pOMAllIKa, IEpEeBii, ki Oarari TeprieHoia-
MH Pi3HOT OyIOBH 3 BHCOKOIO 0i0JIOTIYHOIO aKTHBHICTIO [1].
HaiirepcrieKTHBHILIMME 715 TOCITIIKSHHSI € POCTIMHH POIY
JICPEBiii, KOTP1 BIIHOCHO Maj0 BUBUYCHI, OUIBII «JIa0LTBHI»
cepel POCINH CBOET pOIWHH 1 Oarari Ha 610JI0T19HO aKTHBHI
pedoBunu [2]. Pix Achllea L. (nepeBiii) poauHu ailcTpoBUX
BUPIZHSAETHCS MOP(HOJIOTIYHOIO Ta BUIOBOIO PI3HOMAHITHICTIO
Ta 00’ emaye monan 200 Buais [3].

JocnimkeHHs XiMIYHOTO CKJIaay TPaBU BUIIB POILY
Achillea L. BUSBUIIO HAKOIIMYEHHS B IXHBOMY CKJIafi edip-
HOI oImii, MOHO-, TH-, TPH-, CECKBITEPIICHOI/IiB, BiTAMiHy
K|, ¢maBoHOi/IiB Ta IiPOKCUKOPHYHUX KUCIIOT, TyOUIbHUX
PEYOBHH, OPTaHIYHUX KUCJIOT, CIIOIYK (DeHOIBEHOT IPUPO/IH,

y ¢opmi HacToiB, KOpeHi — y ¢opmi Bigapis (1 : 10) misa
MPUITHHEHHS PI3HOMaHITHUX KPOBOTEY, SIK POTHU3AIAIbHHX,
PaHO3arorBaAIbHUX, aHTHOAKTEPiATEHIX 3ac00iB [4,0].

UnMmanmii mpaKTHYIHAH HTEePeC BUKINKAIOTH BUAN POCIHH
POy AePEBiid, sIKi MICTSATh ITiABUIIICH] KOHIICHTpAITIT ehipHOT
omii [4]. OqHUM i3 TaKHUX TPEACTABHUKIB pony Achillea L. €
nepeBiii mopoBuit (Achillea micranthoides Klok. et Krytzka).

Pociina pocre y crenax, Ha IacoOBHILAX, Y3JIICCsX, CKesIX
HABKOJIO PIYOK, [IEPEBAYKHO B IMiBICHHIMN, MIBICHHO-CX1THII
YacTHHAX YKpaiHH. Mae MOCTaTHIO CHPOBHHHY 0a3y Ta
TPUBAJIMI TepMiH Bereralii, 110 CHPHUSE HAKOMUYEHHIO
OionoriyHO akTHBHUX pedoBuH [7]. [IpoTsarom mociimkeHb
BH3HAYMIIN HAKOTIMYEHHSA Y JepeBii momosomy Bitaminy K|,
SIKUI Ma€e BUpa)KEHy reMOCTaTHYHY aKTHBHICTS [8]. 3xiiicHu-
JM (hapMaKoJIOTiYHe JOCIIPKEHHS JIMO(PIBHOTO EKCTPaKTY 3
TpaBH JICPEBIIO MOTIOBOTO, B EKCIIEPUMEHTI Ha JTaOOPaTOPHUX
TBapyHaX BCTAHOBWJIM BUPAXKEHY T'eIaTONPOTEKTOPHY Ta
AHTUOKCUJIAHTHY aKTUBHICTS [9].
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AHati3z BiJOMOCTEH Crewiajli3oBaHoi JiTepaTypu CBiJ-
YHTh MPO BIJICYTHICTh CUCTEMATHU30BaHUX BIJIOMOCTEH Ipo
Mopdororo-anaromMiuHy OymOBYy pi3HHX, 30KpeMa HaJ3eM-
HUX, OPTaHiB Ii€1 pOCIIMHY, 110 3i0paHi B IIepio; MacoBOTO
uBitiHHA [5-7]. BigcytHicts MoHOTpadii y ADY He nae
MOXKJIMBOCTI 3aCTOCOBYBATH BUJI JIEpeBiii 1o10BUil odiru-
HaJILHOIO ME/IMIIMHOIO.

BoxHouac mopdonoro-aHaroMiuHi JaHi MOXYTb OyTH
BUKOPHCTaHI B METO/IMKAX aHaJi3y ¥ ijeHTudikamii gikap-
CBKOT POCIIMHHOI CUpOBHHH. L{e crioHyKkaino 110 31iiiCHeHHS
MIKPOCKOTIYHHX JOCHTIKEHb HAI3EMHHUX OPTaHiB IepeBito
II0JIOBOTO.

MeTa po6otu

BuBuenHs anatoMiuHoi OyloBY HaJ3eMHUX OpraHiB Achillea
micranthoides Klok. et Krytzka Ta BCTAaHOBJICHHS MIKPOCKO-
MYHUX TIarHOCTUYHUX O3HAK, IO BKIUBI JUIS iMeHTH(]I-
Kallii pOCIIMHHOI CHPOBUHH.

Matepianu i meToamn gocnigxeHHs

J171st BCTaHOBIIEHHSI MIKPOCKOIIYHUX JIIarHOCTUYHMX O3HAK
BUKOPHCTOBYBAJIM BEPXIBKH TPABH JEPEBIiI0 TIOJOBOTO 3aB-
TOBXKH 110 20 cM, 1110 3i0paHi B Iepio IBITIHHS POCIUHE B
yepBHi —x0BTHI 2018 p. y 3anopizekiii, J{HIIpomeTpoBChKiH,
XepcoHcbkiit, MukonaiBcbkiii 007acTsaX BiANOBIAHO /10
3aranpHuX BUMor JIDY (mox. 1.2.) [13]. CBiky pociauHHY
CHPOBHHY (DiKCyBaJIM B CyMIllli [NILIEPUH — €THIIOBUI CITUPT
96 % — Boma ounmieHa (1 : 1 : 1) 3a 3araabHOIPUIHATAMEI
metoaukamu [10—13].

Jns ixcyBaHHS pe3yabTaTiB AOCTIIHKEHb BUKOPHUCTO-
ByBasin cBITIOBHI Mikpockon «BIOJIAM JIOMO» (P®)
npu 30inbimenHi y 80, 120, 160, 400, 600 ta 800 pa3sis.
MHaHi, mo orpumany, dikcyBanu nuppoBoro HOTOKaMeEpOro
«OLYMPUS SH-21». ®otorpadii o0poomsiim 3a 101omMo-
roro komrr fotepHoi mporpamu «Adobe Photoshop CS3»
[14,15]. ITix yac MiKpOCKOIIIYHOTO TOCTIKEHHS 3BepTaIH
yBary Ha 0COOJIMBOCTI aHaTOMIuHOT Oy/I0BH cTeOIa, JIUCTKA
Ta OCI CYIBITTSI.

Pe3ynbraTtu

I1ix yac aHaTOMIYHOTO AOCHIHKEHHS BUABHIN IEBHI 0CO-
OIMBOCTI aHATOMIYHOI OY/IOBH.

Kunitnan Bepxuboi (puc. 1) 1 HIWKHBOI enigepmu (puc. 2)
JIMCTKA TApEHXIMHI 3 OTOBIIEHUMH 3BUBHCTHMHU O00IOHKAML.
Koitran HIKHBOT e11iIepMi BKPUTI TI030BKHBO-3MOPIITKYBa-
TOFO KYTHUKYJIIOIO (puc. 2). [Ipomixu yacTi (Ha HYDKHIN enigepmi
JTy’KE YacTi), OTOUCHI 4—5 OUIAIPOIMXOBUMHE KITITHHAMH. THIT
MPOAMXOBOTO arapary — aHOMOIMTHHHA. OIMyIIeHHsT BEPXHBbOT
eImiIepMH TyCTe, HIDKHBOI — pifke. Ha BepxHiif 1 HYDKHI eri-
JIepMi BOJIOCKH JIBOPsi/HI, OararoxitiTuaHI (8—10 kimitng) (puc.
3). Ha HikHIl enifiepMi TParuIsSFOThCS IIe BOJIOCKH — TPOCTI
4—6-KITITHHHI, B IKHX HYDKHI KJTITHHHA CTHCKAIOTCSI, & BEPXHS —
CIUTHHO BHJIOBKEHA Ta CTBOPIOE MTABYTHHHE OITYTIICHHS (puic. 4).
Ha BepxHiif emiepMi 9acTo, a Ha HIDKHIH piIIIe 3HAXOMATHCS
edipoortiiiHi 3aJ103KH, sIKi yTBOPEHi § KIIITHHAMH, 1110 PO3TAILO-
BaHI y [IBa SN Ta YOTUPH SIPYCH (puc. 5).

LeHnTpansHa )KUTKa Ha TONEPEIHOMY 3pi3i TPUKYTHOI pop-
MH, TIPEACTaBJICHa TPhOMA MPOBIIHUMH IyuKamu (puc. 6).
KiiTiHM emiiepMu HaJl )KUJIKOK BHIOBXKEHI MApCHXIMHI,
00OJIOHKH TMOTOBILIEHI, MPSIMOCTIHHI, 3 TPIMUMH HOPAMHU.
OrnyiieHHs TycTe Ta NPeACTaBlIeHe IPOCTUMHI BOJIOCKAaMHU,
SKI TPAIUIIOTHCS Ha HIDKHIN emimepmi nmcTka. [TpoBimHi
MYYKH KoJaTrepalibHi 3aKpuTi, 3 00Ky ()JI0eMH Ta KCHIEMH
OTOUEHI CKIIEPEHXIMHOIO OOKIIAJIKOIO.

Ueperiok Ha TOTIEPEIHOMY 3pi3i HUPKOIOAiOHOI (hopmm.
Krituan enimepmu deperka mapeHxiMHi, 4—6-KyTHi 3 I10-
TOBILEHUMH TIPSIMOCTIHHMMH OOOJIOHKaMH, SIKI ITPOHMU3aH1
npssMuMu 1opaMu. OTyIIEHHSI CEpeHE Ta MPEACTaBIeHe
HPOCTHMH OaraTOKJIITHHHUMH BOJIOCKAaMU, IO TPAILISIOTHCS
Ha HIDKHIN emigepmi Jmctka (puc. 4).

[TpoBigHa cucreMa mpercTaBieHa TPhOMa MPOBITHUMH
KoJlaTepajIbHUMH ITyYKaMH, CEpe/IHii KpyITHIIIMH, 1Ba MEHII
po3TalioBaHi Ha KyTax 4eperika. Haj neHTpaibHUM myd-
KOM 3 00Ky (hroeMu Ta KCHIIEMH 3HaXOAUThCS OaraTopsiaHa
CKJICpeHXIMHa 00KJIa/IKa, a HaJ| HEl0 — ITy4OK, 1110 OTOUCHUH
MapeHXIMHOIO0 O0KJIAJIKOIO, sIKa YTBOPEHA MapeHXIMHUMHU
TOHKOCTIHHMMH KJIITHHAMH OLJIBIIOTO JAiaMeTpa, HiXK KIIITHHA
OCHOBHOI TAPEHXIMHU Yeperka.

Crebno oxpyrmie 3 pebpamu, 10 BUCTYHalOTh (puc. 7).
Kuituau eniziepMu napeHxiMHi BUJOBKEH] 200 MPO3eHXIMHI,
00OJIOHKH TOTOBIIEHI, PSIMOCTIHHI, IPOHHU3aHI MPSIMUMH
nopamu. OIylIeHHS TyCTe, IPeICTaBIeHe NPOCTUMH BOJIO-
CKaMH, sIKi TPAIUIIFOTHCS Ha HIDKHIN eTmifiepMi JINCTKA.

[ix emizepmoro B pebpax cTebia 3HaXOAUThCs Oararora-
pOBa IIACTUHYACTO-KYTOBA KOJICHXIMA, & MK HUMHU — 13
rapu xiopeHximu. Hax mpoBiiHIMY IydKaMu po3TanioBaHa

Puc. 1. ®parmeHT BEpXHbOI
enigepmu nucTka.

Puc. 2. ®parMeHT HWXHbOI
enigepmu nucTka.

1: npoaux;

2: 6inANpoauXoBi KMiTUHK;

3: N03A0BXHLO-3MOPLLKYBaTa
KyTVKyna.
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oxHomaposa eHaonepma (puc. 7). LleHTpanabHUil 0ChOBUIA
LWTHAP ITy9KoBOro THITY OymoBw. [Tydxn BimkpuTi KoaTe-
PpaJbHi 31 CKIIEpeHXIMHOIO 00KIIaIK0I0 3 60Ky (hmoemu. Cep-
LIEBHHA BUPaKeHa J100pe, BUITOBHEHA KJIITHHAMHU OCHOBHOT
TIapeHXIMH Y BEpXHii 1 cepenHii yacThHi cTebna, B HIKHIN
YaCTHHI — IIOPOXKHUCTA.

TomoBHA BIiCh CYIBITTS Ha MOMEPEYHOMY 3pi3i OKPYyIIIa,
pebpucra (puc. 8). Kimitiau emigepmu oci mapeHXiMHi, 90TH-
PUKYTHI, 3 TPSIMAMHA OOOJIOHKAMH Ta ITO30BKHBO-3MOPIIIKY -
BaTOI0 KyTHKY/OI0. [Ipoanxu TpamisioTbes piako, THI
TIPOANXOBOTO arapary — aHOMOIMTHUH. OMyIIeHHs rycTe Ta
IIPEACTaBIICHE IPOCTUMH OAraTOKII THHHUMH BOJIOCKaMH, SIKI
TPAIIAIOTHCS HA HYOKHIN erliiepMi JIMCTKa, Ta eipooTiiHu-
MH 3aJI03KaMH, 10 CKJIAJIAIOThCS 3 8 KIIITHH.

[Tin emiepmoro B pedpax po3raioBani 4—6 1mapis miac-
THHYACTO-KyTOBOT KOJICHXIMH, @ MK HUMH — 2—3 Iapu
xJyopenximMu. Hajx mydkamn po3TamioBaHa OfHOpPSIHA CH-
nonepma. LleHTpanbHuil 0CbOBUI HHIIIH/P ITyYKOBOTO THITY
Oy/10BH, ITyYKH BIIKPUTI KOJIaTepajIbHi, HaJ| ITyYKaMu 3 OOKy
(moemu € cxrepenxiMHa oOkmanka. CepreBHHA BHPaKEeHA,
BUIIOBHCHA KJIITHHAMH OCHOBHOI ITAPSHXIMH.

Knituam enigepmu 0OropTKH KOIIMKa NMapeHXiMHi, 3 MO-
TOBIICHNMH 00ooHKamMu. OTyIIeHHS piske, TIpecTaBIeHe
MIPOCTUMH BOJIOCKaMH, sIKi TPAIUISIIOTHCS HA HIDKHIN ertiepmi
JIACTKA.

KuiTiHY emiziepMy BiHOYKA NApEeHXIMHI, 3 HE3HaYHO MO-
TOBIEHUMH 00010HKamu. OIylIeHHs BiJICYTHE.

OOroBopeHHs

Pe3ynbrati eKCIEPUMEHTIB MOKa3alu: 3aCTOCYBAHHS
eKkcTpakTy 3 A. micranthoides Klok. et Krytzka mae Bupaxerny
AHTHOKCHJIAHTHY, I'€[aTONPOTEKTOPHY [0, SIKa 33 CHUJIO0
nepesepurye papmakonedHuit Bun Achillea millefolium
[9]. Pesynbratu cBim4aTh Mpo MEPCHCKTUBHICTH BUBYCHHS
A. micranthoides Klok. et Krytzka sk 0CHOBH JJIs HTOTEHITiH-
HUX JIIKQPCHKUX Iperaparis.

J1J1s1 HACTYITHOTO BUBUYCHHSI Ta BIPOBA/KEHHS B METUUHY
MPAKTUKY HEOOXITHI HaMiiHI O3HAKU JUIS 1MCHTU(IKAIT
JIKapCHKOi POCITUHHOI CHPOBUHH. 3 I[I€I0 METOKO MPOTATOM
JIOCITi/PKEHb BCTAHOBIIIM XapaKTepHi aHATOMO-/T1arHOCTHYHI
o3Haku 4. micranthoides Klok. et Krytzka.

BucHoBku

Yrepiire 3iACHAIN JOCITIIPKCHHS aHATOMIYHOT OyIOBY HAI-
3eMHHX OPTaHiB IepeBito momoBoro (4. micranthoides Klok.
et Krytzka), B pe3yabraTi SIKOTO BHSBHJIH MIKPOCKOIIYHI
IarHOCTUYHI O3HAKU:

1. [l cerMeHTIB JINCTKOBOI TUIACTHHKH XapaKTepHa Ha-
SIBHICTh TO3/I0BXKHBO-3MOPIIKYBATOI KYTHKYJIH HA HIDKHIN

Puc. 3. ®parmeHT enigepmm nucTka 3 npocTMMun

ABOPAAHNMU BOJTOCKaMU. NNCTKa.

Puc. 4. ®parMeHT onyLLEHHs HKHBOI enigepMu

Puc. 5. Edbipooninta 3ano3ka Ha enigepmi
nncTKa.

1: npocTi ABOpPsAAHI BOMOCKM, 2: nNpocTi 4—6-
KMITUHHI BONOCKM 3 BUAOBXEHOK anikanbHOW
KNMITUHOHO, LLIO CTBOPHOE NABYTUHHE OMYLUEHHS!

Pue. 6. LleHTpanbHa xwurka nucTka Ha none-
peyHoMy 3pisi.

Puc. 7. ®parmeHT cTebna Ha nonepeyHomy 3pisi.

Puc. 8. Bicb CyuBiTTa Ha NonepeYyHoMy 3piai.

1: eninepma 3 Bonockamu, 2: keunema I'IpOBi,D,HOI'O ny4ka, 3: CKHepeHXiMHa obknagka ny4ka, 4: NnnacTuH4YacTo-KyToBa koneHxima, 5: eHgonepma,

6: cepueBmHa.
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1. @. AytoH, O. B. Ma3yniH, T. B. OnpowaHcbka

eriziepMi JINCTKA, IBOPSIHUX, 0araTOKJIITHHHUX BOJIOCKIB
Ta eipooMifHIX 3a7030K Ha BEPXHIH 1 HIDKHINA emigepMi,
NPOCTUX 4—6 KIITUHHHUX BOJIOCKIB, Y SIKUX HW)KHI KIIITHHH
CTHCKAIOTBCSI, @ BEPXHS — JIyXKe BUIOBKEHA Ta CTBOPIOE I1a-
BYTHHHCTE OMYIIICHHS Ha HIDKHIN emigepMi JTUCTKA.

2. 11t TOJIOBHOT JKMJIKK Ta YEPEeIIKa BIaCTUBE OITyIICHHS
MIPOCTUMHU 0AaraTOKITITHHHAMHE BOJIOCKaMH, SIKi TPATUISIOTh-
Csl Ha HIDKHIN ermifiepMi JIMCTKA; HasIBHICTh CKIIEPEHXIMHOT
OOKJTaAMHKH 3 OOKY (PrIoeMH Ta KCHIIEMH Y TIPOBITHUX ITyY-
Kax 1 mapeHxiMHOi OOKJIaJIKK HaJ| CKJIIEPEHXIMOIO B ITyYKax
Yeperka.

3. JIns crebna XxapakTepHa HassBHICTh OITYIICHHS MTPOCTHU-
MU 0araTOKJIITHHHUMH BOJIOCKAaMH, SIKI TPAIUISIFOTHCS Ha
HIDKHIN emiiepMi JINCTKA; IITAaCTHHYACTO-KYTOBA KOJICHX1Ma,
MYYKOBHU THIT OyZIOBH LEHTPAILHOTO OCBOBOTO LIMJIHIPA;
BP)XEHICTh CEPLIEBUHH Ta 11 BUIIOBHEHICTb.

4. Jnst TONOBHOT OCi CYUBITTSI BIACTHBA TO30BXK-
HBO-3MOPIIKYBaTa KyTHKYJIa Ha KJIITHHAX eIliJepMH; HasiB-
HICTh IPOCTHX 0araTOKJIITHHHNX BOJIOCKIB Ta €(ipOOiiHIX
3aJ1030K; MJIaCTUHYACTO-KYTOBa KOJICHXIMA; €H/I0/epMa;
CKJIepeHXiMHA OOKIIaTIHKA Ha,T (IT0EMOFO ITPOBIIHIUX ITyJKiB.

5. Jlns BiHOUKa XapakTepHa opMma KIITHH emiiepMu 3
HE3HAYHO MOTOBIICHUMH 00OJIOHKAMH.

MepcnekTneu nopanblinx gocnigxeHb. BussieHi
JIarHOCTUYHI O3HAKH MOXYTh OyTH PEKOMEHJIOBaHI JIJIs
inerTH(diKaiii Ta BCTAHOBICHHS TOOPOSKICHOCTI IEPEBIi0
MIOZIOBOTO, & TAKOXK JUIsS BKJIIOYEHHS 110 MPOEKTY MOHO-
rpa¢ii Ha HOBHH BHJ JKapCchKoi POCIMHHOI CHPOBHHHU
«JlepeBiit mogOBHI».
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Isoform profile of NOS enzyme in structure of rats’ solitary-vagal
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The aim of this study was to characterize the nitric oxide isoforms profile in rats’ nucleus tractus solitarii (NTS) and dorsal motor nucleus
(DMN) of vagus nerve in arterial hypertension (AH) of various origin (essential (EAH) — rats of SHR line, and endocrine-salt AH).

Materials and methods. The study was performed on 30 aged male rats. Among them, 20 Wistar rats were divided into two groups —
control (10 rats) and 10 rats with simulated endocrine-salt AH (ESAH) and 10 SHR rats. An immunohistochemical method was used to
study the of nitric oxide synthase isoforms expression features in DMN and NTS. The following parameters were determined: the content of
immunoreactive material (IRM) for the studied peptides (U,), the relative area of the IRM (%) and the IRM concentration in 1 ym? (U /um?).

Results. It was found that in rats with both models of AH, the expression indices of all three nitric oxide synthase (NOS) isoforms in
the studied structures increased. In our opinion, this is due to the activation of the studied structures in AH conditions. This must be
considered as an important element of high blood pressure compensating. It is achieved through the implementation by a complex of
mechanisms like reducing of the sympathetic tone and increasing of the parasympathetic tone by activating a system of secondary mes-
sengers; improving neurotrophy due to the high activity of constitutive NOS isoforms; iNOS-mediated NO overproduction, as a factor in
compensating for its bioavailability in conditions of local ischemia in AH.

Conclusions. Regardless of the AH etiopathogenesis in both experimental groups, the expression of all three NOS isoforms increases in
the DMN and NTS structures. In rats with EAH in the DMN and NTS structures, the expression indices of NOS isoforms have their own
characteristics. So in the first structure, the largest changes in the indices of the immunoreactive material content and concentration are
observed for eNOS, and the relative area for INOS. At the same time, in the NTS structure, the largest changes in the content indices
are observed for INOS, and the concentration and relative area for eNOS. In rats with ESAH in the DMN structure, the highest changes
in the indices of IRM content and concentration are observed for the endothelial isoform of NOS, and the relative area - for inducible. In
the NTS structure, the IRM content changed the most for NANOS, and the concentration and relative area for iINOS.

I3ochopmuuin npochinb drepmeHty NOS y cTpyKTypi coniTapHO-BaranbHOro KOMNJIEKCy LypiB
npw apTepianbHin rinepTeHsii pisHoro reHesy

M. B. aHykano, O. B. laH4eBa

Meta poboTu — fatn xapakTepucTuky i30oopmHoro npodinto cuHtasm okeugy as3oty (NOS) y cTpykTypax sigpa ConiTapHOro TpakTy
(ACT) i popcanbHoro motopHoro sagpa (OMSA) wypis npu apTepianbHin rinepteHsii (Al) pisHoro reHesy (eceHuianbHin — EAI) — wypu
ninii SHR, Ta eHAOKPMHHO-CONbOBIN Al

Matepianu Ta metoau. [locnimkeHHs 3aincHMnm Ha ctateBo3pinux 30 wypax-camusix, cepen Hux — 20 TBapumH niii Wistar, skvx noginunu
Ha Agi rpynu: koHTponb (10 wypis) i 10 WwypiB 3i 3MogensLoBaHoK eHAoKpuHHO-conboBoto Al (ECAT), 10 wypis niHii SHR — i3 reHeTU4HO
deTepmiHoBaHoto Al [Ins gocnigxeHHs ocobnmeocTelt ekcnpecii isochopm NOS y AMA ta ACT BUKOpUCTOBYBANM iMyHOTICTOXIMIYHWIA
meToA. BusHadanu napameTpu: BMICT imyHopeakTusHoro matepiany (IPM) no aocnimkysanux nentugie (Og, Gb), BigHOCHY niowy IPM (%)
i KOHLEHTpaLjilo gocnigpKysaHoi pedosuHn B 1 Mkm? (Op, dp/MKMz).

Pezyniratu. MpoTarom JOCNimKeHHA BCTAHOBWNK, LLO B LLypiB 060X Mogenen 3 Al' noka3Huku ekcrpecii BCix Tpbox i3odopm NOS y
[ocnigXyBaHUX CTPYKTypax 36inbLuytoTbes. Ha Hally aymKy, Lie NOB’'Si3aHO 3 akTuBaLjieto CTPYKTYp, Lo gocnigmnu, nig vac Al Lie He-
06XiHO pO3rnaaaTy ik BaXMBUIA eNEMEHT KoMMeHcaLii NiaBULLEHOTO apTepianbHOro TUCKY, AKUIA 3OiCHIOETLCS BHACNIZOK peanisallii
KOMMIEKCY MEXaHI3MIB: 3HWXXEHHS TOHYCY CUMNATWYHO| HEPBOBOI CUCTEMM Ta NiABWLLEHHS TOHYCY NapacuMnaTWyHO| HEPBOBOI CUCTEMM
LUMSXOM aKTUBaLii HEMPOPErynaToOpHMX MporpaM KopekLii CYAMHHOMO TOHYCY Yepe3 CUCTEMY BTOPUHHWX MECEHMXEPiB; NOMiMWEeHHs
HenpoTpodiky BHACNIAOK BUCOKOI akTUBHOCTI KOHCTUTYTMBHUX i3odhopm NOS; iINOS-onocepeakosaHoi rinepnpoaykuii NO sk dpaktopa
KOMMeHcalui oro 6iofoCcTynHOCTI B yMOBax nokanbHoi ilemii nig yac Al
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BucHoBku. HesanexHo Big etionatoreHesy Al' B 060x ekcnepumMeHTansHuX rpynax y ctpyktypax AMA ta ACT 36inbLuyeTbes ekcnpecis
BCix Tpbox isochopm NOS. Y wypis 3 EAl y ctpyktypi AMA 1a ACT nokasnukm ekcnpecii isodopm NOS matotb ocobnmsocTi. Tak, y
NepLLii CTPYKTYpi HaNBInbLUi 3MiHK NOKa3HWKIB YMICTY Ta kKoHueHTpauii IPM cnoctepiranu ans eNOS, a BigHocHoi nnowi — ans iNOS. Y
cTpykTypi ACT HanbinbLi 3miHM nokasHukis BMICTY BuaHauunu ans iNOS, a koHueHTpaLii Ta BigHocHoi nnowi — ang eNOS. Y wypis 3
ECAT y ctpykTypi AMA HanbinbLwi 3MiHM BMICTY Ta KOHUEHTpaLii BU3Hauunu ans engotenianbHoi isogopmu NOS, a BigHOCHOI nnowwi —
ans iHgyumbensHoi. Y ctpykTtypi ACT ymict IPM Hainbinbwe aminvees ans nNOS, a koHueHTpaLia Ta nnowa — anst iNOS.

KntouoBi criosa: cuHTa3a okcugy a3oTy, §Apo CONiTapHOro TpaKTy, AopcarnbHe MOTOPHE S4p0, CTOBOYP MO3KY, apTepianbHa rinepTeHsis, Lypwy.

AxTyanbHi nuTaHHA dpapMaLeBTUYHOI | MeaWYHOI Hayku Ta npakTuku. 2020. T. 13, Ne 1(32). C. 78-83

U3odopmHbIn npodunb cepmeHTa NOS B CTpyKTYpe conuTapHO-BaranbHOro KOMMeKca Kpbic
Mpv apTepranbHON r’MNepTEH3UN pasnuyHOro reHesa

M. B. laHykano, O. B. laH4eBa

Llenkb paboTkl — JaTb XapakTepPUCTVKY M30opMHOro npoduns cuHTasbl okcmaa asota (NOS) B CTpyKkTypax sapa COnMTapHOro TpakTa
(ACT) n popcansHoro moTopHoro siapa (AMA) kpeic npu apTepuanbHom runepteHsaunm (AlN) pasnuyHoro reHesa (acceHumansHom — QAN —
Kpbicbl MnHUMKM SHR, 1 3HOoKpUHHO-coneBon Al

Marepuansi u metoabl. MiccnegoaHue npoeeaeHo Ha nonoso3pensix 30 kpbicax-camuax, cpeam koTopbix 20 XKMBOTHLIX NnHun Wistar,
nopdenexHble Ha ABe rpynnbl: KOHTporb (10 kpbic) 1 10 kpbIC C CMOAENMPOBaHHON 3HAOKPUHHO-coneBor AlT (QCAT), 10 KpbIC MUHMK
SHR - ¢ reneTuyeckn getepmmHupoBanHon Al [Ins uccnenoanus ocobeHHocTen akcnpeccun nzocopm NOS B AMA n ACT ucnonb3o-
Banm MIMMYHOTUCTOXMMUYECKUIA MeTog,. Onpeaensnu napaMmeTpel: coaepkaHue MMMyHopeakTueHoro Matepuana (VIPM) k uiccnegyemsim
nentugam (Eum), OTHOCUTENbHYO nrowanb MPM (%) 1 KOHLEHTpaLuuio uccneayemoro BelyecTsa B 1 MkM? (Eum/MKMZ).

Pesynkrathl. B xoae uccnenoBaHus ycTaHoBUIU, YTO Y Kpbic 06enx mogeneit ¢ Al nokasaTtenu akcnpeccum Bcex Tpex usocopm NOS
B U3y4aeMbixX CTPYKTypax yBenuumsaroTcs. [10 Hallemy MHEHWI, 3TO CBA3aHO C akTuBaumeli aTux cTpykTyp npu Al 3To Heobxogumo
paccMaTpuBaTh Kak BaXHbIi 3NIEMEHT KOMMEeHcaLmmn noBbIlLeHHOro Afl, KOTOPbIN OCYLLECTBASETCA 3a CHET peanv3aLmm Komnnekca me-
XaHU3MOB: CHIKEHUSI TOHYCA CUMMNATUYECKOW HEPBHOWM CUCTEMBI U MOBBILLEHWS! TOHYCA NapacuMnaTMYeCKon HEPBHOW CUCTEMbI MyTeM
aKTUBaLMM HENPOPEryNATOPHbLIX NPOrpaMM KOPPEKLMWM COCYAMCTOr0 TOHyCa Yepe3 CUCTEMY BTOPUYHBIX MECCEHIXEPOB, YNyyLleHNs
HEMpOTPOMKN 38 CHET BLICOKOW aKTUBHOCTW KOHCTUTYTUBHBIX M3othopm NOS; iINOS-onocpeaosarHoi runepnpogykumm NO kak caktop
KOMMeHcauuu ero 61ofoCTyNHOCTU B YCMOBHUSIX NIOKanbHOM uiemum npu Al

BriBogkl. BHe 3aBucumocTy oT aTonatoreHesa Al B 06enx akcnepuMeHTanbHbix rpynnax B ctpyktypax AMA n ACT yesennumnsaetcs
akcnpeccus Bcex Tpex uodopm NOS. Y kpbic ¢ AT B cTpykType OMA n ACT nokasatenu akcnpeccum nzocdopm NOS nmetoT ocobeH-
HocTW. Tak, B NepBON CTPYKTYpe HanbomnbluMe M3MEHEHUs nokasaTenei cogepkaHns U koHueHTpauum MPM otmeveHbl ana eNOS, a
oTHocutenbHow nnowaau — ans iNOS. B ctpykTtype ACT Hanbonbluve nsMeHeHus nokasateneii cogepxanns ycraHosneHsl ans iNOS,
a KOHLeHTpaumn n otHocuTenbHoi niowaamn — ans eNOS. Y kpbic ¢ SCAT B cTpykType IMSA HanbornbLume N3MEHEHNS CoaepXaHus u
KOHLIEHTPALMM OTMEYEHbI ANS 3HAoTennansHoi naogopmel NOS, a oTHOCUTENBHO Nnowaau — ans nHayumndensHon. B ctpyktype ACT
copepxarue IPM Hanbonee nsmenunock ans nNOS, a koHueHTpauus u nnowaab — ans iNOS.

KnioueBble crnoBa: cuHTa3a okcuaa asoTa, SApO CONMTApHOrO TpakTa, AopcanbHOe MOTOPHOE SiAPO, CTBOM MO3ra, apTepuarnbHas
TUNEPTEH3US], KPbIChI.

AxTyanbHble Bonpockl hapMaLieBTUYECKOW U MeAULMHCKON Hayku u npakTuku. 2020. T. 13, Ne 1(32). C. 78-83

Arterial hypertension (AH) is characterized by a variety of
etiological factors and multicomponent links of pathoge-
nesis. Most researchers agree that its development is based
on disturbances in the functioning of blood pressure (BP)
regulation systems [1]. The most important BP coordinators
are brainstem structures, as primary analyzers of the afferent
information about the condition of vascular tone. Moreover,
they provide an efferent response that supports BP homeosta-
sis in the case of its change. These structures, first of all, are
the nucleus of the solitary tract (NTS) and the dorsal motor
nucleus (DMN) n. vagus. They regulate BP by activating a
number of reflexes; the most important of them is the baro-
reflex. In this context, NTS is considered as an important
afferent link, while DMN is an efferent component [2]. So,
it is logical to assume that a change in the NTS and DMN
functional state will be displayed on the BP regulation.

It has been established today that gaseous transmitters act as
important regulators of the neurons’ functional activity. The
most studied of them is nitrogen monoxide (NO). A number

of researchers have already demonstrated disturbances in
the NO system in the BP regulatory centers of the brain in
AH. It was found that they are associated with both quanti-
tative and qualitative features of NO systems’ components
(presence of substrate, isoform profile of the enzyme,
bioavailability of NO) [3,4]. Unfortunately, the process of
directly determining NO amount in tissues is expensive and
time-consuming. Therefore, indirectly, the NO amount in
tissues can be measured by the level of nitric oxide synthase
(NOS) isoforms expression. It is proved that each isoform is
involved in the implementation of a certain complex of NO
effects. The nitrogen monoxide produced by the endothelial
isoform of NOS leads to vasodilation, inhibition of aggre-
gation and adhesion of platelets and leukocytes, activation
of endothelial progenitor cells, stimulation of angiogenesis;
neuronal isoform — regulates synaptic transmission, acts as a
neuroprotector and neurotransmitter; inducible isoform — to
the production of a large number of free radicals and their
mediated cytotoxicity.
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In this regard, it can be argued that in order to obtain a
holistic picture of NO-dependent processes, it is important to
study the entire NOS isoform profile in the structures under
study. All three NOS isoforms were found in NTS and DMN
[6], but data about the features of their expression in brainstem
regulatory centers in AH are insufficient.

Aim
Therefore, the aim of this work was to characterize the NOS

isoform profile in rats’ NTS and DMN structures in arterial
hypertension of various origins.

Materials and methods

The study was performed on 20 mature male Wistar rats and 10
male rats of the SHR line (generally accepted model of essen-
tial AH (EAH) in humans [7], mean weight —249.9 + 12.0 g).
10 male Wistar rats were in a control group (mean weight —
187.2+ 6.3 g), in other 10 we modeled endocrine-saline hy-
pertension (ESAH), which is analogue of endocine-assosiated
AH in humans (mean weight —263.7 + 7.2 g).

The rats used in the study were obtained from the nursery
“Biomodelservice” Kyiv. The experimental part of the study
was carried out in accordance with the “General Ethical
Principles of Animal Experiments” (Ukraine, 2001), which
are adjusted with the statement of Europe Parliment Coun-
cil 2010/63EU and Council from 22 of September 2010
on the protection of animals used for scientific purposes
(Council Directive 2010/63EU of the European Parliament
and of the Council of 22 September 2010 on the protection
of animals used for scientific purposes).

ESAH was modeled by intraperitoneal injection of medication
prednisolone (30 days, 2 times a day, 7.00 am—2 mg/kg, 8.00 pm—
4 mg/kg, with forced intake of S ml of a 2.3 % solution of NaCl)
[8]. To measure BP, the animal is housed in special immobiliza-
tion boxes located on a platform, which is heated and constantly
maintains a constant temperature of 37-39 °C. The peculiarity
of the boxes is that they are light-tight. This minimizes the ad-
ditional irritation and shaking of the animal. The blood pressure
measurement procedure is carried out in absolute silence. The
average time to register BP is 3—7 minutes. During this time it
is possible to take 3—5 preliminary measurements and 3—5 con-
trol measurements. The unit automatically calculates systolic,
diastolic pressures and heart rates [9]. BP indices in the control
were 110/75+5 mmHg; in EAH - 165/100 + 5 mmHg, ESAH
was 155/90 + 5 mmHg.

The object of the study was the brain stem of experimental
animals. Decapitation was performed under thiopental anes-
thesia (40 mg/kg intraperitoneally). Topographic identifica-
tion of the NTS and DMN structures was carried out with
the help of stereotaxic rat brain atlas [10].

Histochemical processing for immunohistochemical exam-
ination of NTS and DMN structures was conducted in a next
way. After decapitation immediately, within 2-3 minutes,
the brain was removed and it was placed for 20 hours in a
Buen solution which was prepared ex tempore from a saturated
aqueous solution of picric acid (1.2 %), concentrated formal-

dehyde (3540 %) and glacial acetic acid inaratioof 15:5: 1,
respectively. After 20 hours of fixation, the brain was subjected
to 2 hours of washing under cold running water to wash out
picric acid. The procedure was followed by dehydration of
the organ in ascending concentrations of ethanol, namely:
50 %, 60 %, 70 %, 80 %, 90 %, 96 %, 100 % -1, 100 % -2,
then in solutions: ethanol 100 % + chloroform 2 : 1, ethanol
100 % + chloroform 1 : 1, ethanol 100 % + chloroform 1 : 2,
chloroform, chloroform + paraplast (MkCormick, USA) 1 : 3
(T=+37°C), placed in liquid for 1 hour paraplast (MkCormick,
USA) (T =+56 °C) and then placed in paraplast blocks.

The expression of NOS isoforms was studied by an immu-
nohistochemical method. All antibodies used were diluted
1 : 200 (Santa Cruz Biotechnology, USA). Serial 7 um brain
stem sections after above described histochemical processing
were incubated with rabbit IgG to nNOS, with rabbit IgG to
eNOS, with mouse IgG to iNOS conjugated to FITC. Then,
secondary murine anti-rabbit IgG antibodies conjugated with
FITC were applied to glasses coated with primary IgG to nNOS
and eNOS (after 3 times washing in phosphate buffer solution)
and placed in a mixture of glycerol / phosphate buffer (9 : 1).

Specificity control was carried out by applying blocking
peptides corresponding to primary antibodies. Further stages
of immunohistochemical staining were carried out similarly
to the method described above [11].

Immunofluorescence studies of brainstem sections prepared
by the above-described method were performed in the ultra-
violet spectrum using a 38 HE filter (Zeiss, Germany) on Ax-
iolmager-M2 microscope (Zeiss, Germany) through a sensitive
camera AxioCam-5HRm (Zeiss, Germany). Images obtained
in this way were processed interactively, with a determination
of the zone corresponding to an NTS and DMN with statisti-
cally significant fluorescence. In the selected zone of interest,
the content (U, ), relative area of the immunoreactive material
(IRM) (%) and the concentration of the studied NOS isoform
in 1 pm? (Uif/um?) were determined. The microphotographs
of the NTS and DMN were processed using the image anal-
ysis program — Image J [12]. To determine the reliability of
the differences in the samples studied, the Student’s test and, if
necessary, the Whitney-Mann criterion were used, respectively.
Differences were considered significant for P <0.05 [13].

Results

A comparative analysis of NOS isoforms expression indices
in the DMN structure showed significant differences between
the control and experimental groups. Thus, nNOS expression
values showed that in EAH rats, the content, concentration
and relative area of the IRM were higher than the control val-
ues by 34.4 %, 30.5 %, and 18.0 %, respectively. At the same
time, in ESAH rats only the content and concentration of IRM
to nNOS were significantly higher by 70.9 % and 13.0 %,
respectively (Table I).

A comparison of nNOS expression values in animals of ex-
perimental groups with AH showed their different directions.
Thus, in ESAH rats, compared to EAH rats, a significantly
higher IRM content was noted by 27.1 %, but significantly
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Table 1. Parameters of NOS isoforms expression in the DMN structure of experimental animals (M + m)

Experimental groups Content of IRM (Unit, ) Concentration of IRM (U,/m?) Relative area of the IRM (%)

nNOS
Control 244.24 +10.65 59.88 +1.38 45.74 £1.30
EAH 328.41 £17.36* 78.19 £2.34* 54.00 £ 0.63*
ESAH 417.56 + 14.03* 67.67 + 1.06* 44.94 + 0.56*
iNOS
Control 266.43 £ 11.78 57.24 £1.21 4464 1.1
EAH 375.57 + 12.69* 73.89 +1.08" 54.20 £0.75*
ESAH 447.28 + 13.86* 64.38 + 0.62** 48.42 £ 0.56**
eNOS
Control 269.38 + 10.92 57.45+1.33 45.27 £1.02
EAH 517.99 + 14.45* 75.66 + 0.96* 54.99 +0.61*
ESAH 470.36 £ 14.09* 67.09 + 0.99* 4443 +0.73"

*: significant difference in parameters (P < 0.05) of rats of the experimental groups in relation to the control; #: significant difference in parameters

(P < 0.05) of rats between groups with experimental arterial hypertension.

Table 2. Parameters of NOS isoforms expression in the NTS structure of experimental animals (M + m)

Experimental groups Content of IRM (Unit ) Concentration of IRM (U,/m?) Relative area of the IRM (%)

nNOS
Control 282.30 + 10.47 64.17 £ 1.31 44.52 +1.08
EAH 399.76 + 13.82* 77.55 +1.80* 53.47 + 0.56*
ESAH 480.31 + 13.74* 67.60 + 0.60** 4552 + 0.47*
iNOS
Control 308.95 + 12.84 58.11 £ 1.23 45.03 +1.10
EAH 473.81 £ 11.25" 73.60 + 0.90* 52.48 + 0.58*
ESAH 467.31 £ 12.06* 63.97 £ 0.75* 50.25 + 0.67*#
eNOS
Control 398.32 £ 10.75 61.82 + 1.04 42.21+£1.07
EAH 486.00 + 12.26* 79.13 £ 0.95* 51.93 + 0.60*
ESAH 537.98 + 14.27¢ 64.86 + 0.85** 4562 £ 0.61*%

*: significant difference in parameters (P < 0.05) of rats of the experimental groups in relation to the control; #: significant difference in parameters

(P < 0.05) of rats between groups with experimental arterial hypertension.

lower concentration by 13.45 % and the relative area of
the IRM by 16.7 %, respectively (Table I).

In AH groups, the indices of iNOS expression significantly
increased in comparison with normotensive control. So, in
EAH animals, the IRM content to iNOS was higher by 40.9 %,
the IRM concentration — by 29.0 %, and the relative area — by
21.4%. The INOS expression indices in ESAH group in compar-
ison to the control were significantly higher: content by 67.8 %;
concentration — 12.4 %, relative area— by 8.9 %. A comparative
analysis of data between AH groups showed a similar change
withnNOS values. At the same time, in the ESAH group in com-
parison with EAH, with significant predominance of the IRM
content to iNOS by 19 %, lower concentrations were observed
by 12.8 % and the relative area of the IRM by 10.6 % (Table 1).

The eNOS expression data in DMN structure of ex-
perimental animals showed that in EAH rats all studied
parameters were significantly higher than the values of
normotensive control. The content of IRM to eNOS was
higher by 92.2 %, the concentration of IRM —by 31.7 %,
the relative area of the IRM — by 11.9 %. In ESAH group,
the content of IRM to eNOS in the DMN structure of
was by 74.6 % higher, the concentration — by 16.7 %
higher, and the relative area did not significantly differ
from the control values. When comparing the parameters
of the experimental groups with AH, it was found that
absolutely all studied parameters of enzyme isoforms ex-
pression in animals with ESAH were significantly lower
than the values of rats with EAH. The IRM content was
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9.2 % lower, the concentration — 11.3 %, and the relative
area — 19.2 % (Table 1).

The next stage was the study of the above-described pa-
rameters of the NOS isoforms expression in NTS structure.
They are shown in Table 2.

Studied indices of nNOS expression in the EAH group of
rats were significantly higher than the values of normoten-
sive animals. Thus, the IRM content to nNOS exceeded by
41.6 %, the concentration — by 20.9 %, and the relative area of
the IRM to isoform — by 20.1 %. At the same time, in ESAH
rats, only the IRM content and concentration to nNOS were
significantly higher by 70.1 % and 5.3 %, respectively. Dif-
ferences between AH groups in nNOS expression indices in
NTS structure were found to be interesting. ESAH animals in
comparison with EAH showed significantly lower values of
the IRM concentration and relative area to the studied enzyme
by 12.8 % and 15.1 %, respectively. Moreover, the nNOS
content in the NTS structure of ESAH rats was significantly
higher by 20.1 % compared with EAH rats (7able 2).

In the NTS structure in both experimental AH groups in
relation to the control group, the INOS expression indices were
significantly higher. So, in EAH rats, the content, concentration
and relative area of the IRM to iNOS were higher by 53.3 %,
26.6 %, and 16.5 %, respectively. In ESAH animals, the pre-
valence of expression values relative to the control was 51.2 %,
10.1 %, 11.6 %, respectively. Comparison between AH groups
showed, that in ESAH animals in relation to the EAH group,
only the IRM concentration and area to iNOS were significantly
lower by 13.1 % and 4.2 %, respectively (Table 2).

Indices of eNOS expression in EAH rats showed significant-
ly higher digital values compared to the control. So, the content
of eNOS in the NTS structure was 22 % higher, the concen-
tration — 28 %, the relative area — 23 %. Similar parameters in
ESAH rats showed differences from the control values by 35 %
higher content, concentration —4.9 %, and relative area— 8 %.
Intergroup differences were also found during the analysis of
eNOS expression data. It was found that the concentration and
relative area of the IRM to eNOS in ESAH animals compared
with EAH animals was significantly lower by 18 % and 12 %,
respectively, and the content was 10.7 % higher (7able 2).

Discussion

The data obtained in the study indicate that in the DMN
and NTS structures in AH an increase in the expression of
all 3 NOS isoforms is observed. And it has no dependence
on the etiopathogenetic mechanisms of AH occurrence. At
the same time, the increased content of NOS isoforms reflects
the state of the nitrogen monoxide system as a whole and indi-
cates its high activity in AH. The revealed high values of their
indices in DMN and NTS in animals of both experimental AH
models most likely indirectly indicate an increase in function-
al activity. It can be realized due to increased vascularization
and neurotransmission. The result of the increased activity
of DMN neurons will be an increase in the vagal effects. At
the same time an increase of NTS functional activity leads
to the implementation of a baroreflex response to a systemic

BP increase, which contributes to its decrease. Moreover,
the increased expression of three NOS isoforms, which will
result in a significant NO content increase, becomes one of
the key factors in progressive neurodegeneration in AH [14].

The NO-dependent mechanism of a change in the func-
tional activity of neurons has been described quite well in
the studies. It was shown in them that under NO influence
in sympathetic neurons, cGMP inhibits cAMP, increasing
its hydrolysis by PDE2A phosphodiesterase. This causes a
decrease in cAMP-dependent phosphorylation of calcium
channels and inhibition of neurotransmission. Whereas in
parasympathetic neurons, NO, indirectly through cGMP, in-
hibits PDE3 phosphodiesterase, as a result, CAMP hydrolysis,
on the contrary, decreases. This leads to increased cAMP-de-
pendent phosphorylation of calcium channels and promotes
the release of acetylcholine [5,15]. The result of increased
DMN neurons activity will be an increase in the vagal effect,
while NTS is the implementation of a baroreflex response to
a systemic BP increase, which contributes to its decrease.

Evidence of the dependence of the NO effect from structure
functional activity was obtained by Ogawa et al. It was shown
that in NTS NO potentiates the release of glutamate by neurons
[16], thus enhancing the baroreflex response to increased BP.

No less interesting was the research of the relationship
between the nNOS expression and the affinity of the imi-
dazoline NTS receptors. Thus, it was experimentally found
that inhibition of nNOS violates the central hypotensive
effect of clonidine and relinidin. As a result of a decrease
in the local formation of NO, the affinity of the imidazoline
receptors decreases, resulting in an increase in the activity of
the sympathetic nervous system and increased secretion of
catecholamines [17]. While an increase in the NO content as
a result of high expression of the enzymes that form it, it is
necessary to consider it as one of the hypotensive mechanisms
of the central regulation of blood pressure.

Another possible reason for the increased activity of
the NO system may be the low bioavailability of nitrogen
oxide, and together with its high values, it become one of
the components of progressive neurodegeneration in AH.
So, in a number of studies, it was shown that in AH, the bio-
availability of NO decreases due to increased generation of
superoxide radicals. Last ones’ formation can be enhanced
by an increased amount of angiotensin II, which contributes
to the activation of NADPH-oxidase, and excessive iNOS
activity with the formation of peroxynitrite [18,19]. This
may explain the increased expression of iNOS established in
the work in the DMN and NTS structures. iNOS, as a calcium-
independent isoform of the NOS in ischemic condition,
becomes the main source of NO for the full functioning of
neurons in AH, but due to its low bioavailability and large
amount, the implementation of its physiological effects is
impaired, and its metabolites become damage factors.

Summarizing, we can say that the high activity of the NO
system in DMN and NTS in AH should be considered as
an important element of compensating for increased BP,
which is realized through a set of mechanisms: reducing of
the sympathetic tone and increasing parasympathetic tone
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due to activating neuroregulatory programs for correcting
vascular tone through a system of secondary messengers;
improvement of neurotrophy due to the high activity of
constitutive NOS isoforms; iNOS-mediated overproduction
of NO, as a factor in compensating for its bioavailability in
conditions of local ischemia in AH, but also the pathogenetic
factor of progressive neurodegeneration in hypertension.

Conclusions

Based on the study, the following conclusions can be made:

1. Regardless of the etiopathogenesis of arterial hyperten-
sion in both experimental groups the expression of all three
NOS isoforms increases in the DMN and NTS structures

2. In EAH rats in the DMN and NTS structure, the expres-
sion indices of NOS isoforms have their own characteristics.
So in the first structure, the largest changes in the indices of
the IRM content and concentration are observed for eNOS,
and the relative area for iINOS. At the same time, in the NTS
structure, the largest changes in the IRM content are observed
for iNOS, and the concentration and relative area for eNOS.

3. In ESAH rats in the DMN structure, the highest changes in
the indices of IRM content and concentration are observed for
the endothelial isoform of NOS, and the relative area for induc-
ible. In the NTS structure, the IRM content changed the most
for nNOS, and the concentration and relative area for iNOS.
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Prediction of biological activity of spiroquinazolone derivatives
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O. K. Farat'®¢PE S A. Varenychenko* €, V. I. MarkovEF

Ukrainian State University of Chemical Technology, Dnipro, 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 purpose. The search for FGFR1 and CK2 protein kinase inhibitors were performed among spiroquinazolone derivatives using
receptor-oriented virtual screening and in vitro biochemical testing using the human CK2 kinase domain.

Materials and methods. The docking was performed at ATP binding sites for protein kinases CK2 and FGFR1 using the Autodock4
program. The inhibitory activity of the studied compounds against the protein kinase CK2 was determined by the inclusion of a phosphate
group-containing radioactive 3P in the peptide substrate when it was phosphorylated by the kinase in the presence of y-2P-ATP.

Results. Testing results for the selected compounds showed that when added to an IC,; concentration of 10 uM, the protein kinase
residual activity was more than 45 %.

Conclusions. The results of the analysis of LogP and LogS indicated that the optimization of spiroquinazolone derivatives should be
carried out in the direction of increasing the hydrophobicity of these compounds.

MporHo3 GionoriyHoi akKTMBHOCTI NOXigHMUX CNipOXiHAa30MOHiIB fiK iHribiTopie npoteiHkiHas FGFR1 i CK2
O. K. ®apar, C. A. Bapennuenko, B. I. Mapkos

MeTa po6oTm — nowwyk iHribiTopie npoteiHkiHas FGFR1 i CK2 cepen noxigHyx cnipoxiHa3omnoHiB 3a JOMOMOro PeLenTopHO-0PIEHTOBAHOTO
BipTYyanbHOr0 CKPUHIHTY Ta GioXiMiYHOrO TeCTyBaHHS in Vitro, BUKOPUCTOBYOUM KiHa3HWIA aomeH CK2 moguHum.

Matepianu ta metoau. [lokiHr BukoHanu B AT®-38’a3yBanbHi cantu npoteiHkiHaz CK2 ta FGFR1 3a gonomoroto nporpamu Autodock4.
IHriByBanbHy aKTVBHICTb JOCMIAXYBaHUX CMOMYK LWoAo npoTeiHkiHaan CK2 Bu3Havanu 3a BkmoYeHHaM pocdaTHoi rpynu, Lo MiCTUTb
papioakTuBHMIA *2P, y nenTuaHuii cybetpar npu oro dhocopunoBaHHi kiHasok 3a HasiBHOCTI y-2P-ATO.

Pesynirartn. PesynsTari TecTyBaHHsl cepeqi 06paHix Cromyk nokasan, Wo npu ix goaasaHHi B koHueHTpauii IC,; 10 uM sanuwkosa
AKTMBHICTb NPOTETHKIHA3K CTaHOBUTL NoHag 45 %.

BucHoBku. Pesyneratu aHaniay nokasHukis LogP i LogS patoTb 3mory 3po6uTi BUCHOBOK, LLIO OMTUMI3aLlito MOXigHKUX CMipOXiHA30/0HIB
noTPIGHO 3AifcHI0OBaTM B HanpsaMi 36inbLUeHHS rigpodoBHOCTI LIMX Cronyk.

Kntouogi crnosa: noxigHi cnipoxiHasonoHis, iHribiTopy NpoTeiHkiHa3, peLenTOPHO-OPIEHTOBAHWIA BiPTYanbHUIA CKPUHIHT, BioXiMiuHi npo-
uecw, in vitro metoaw.
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MporHo3 6uonornyeckon akTMBHOCTM NPOU3BOAHBIX CMUPOXMHA30NIOHOB B KAa4€CTBE MHIMOUTOPOB
npotenHkmHas FGFR1 n CK2

O. K. dapar, C. A. BapeHuyeHko, B. 1. Mapkos

Llenk paboTki —nouck uHrMbutopos npoTtenHknHas FGFR1 1 CK2 cpeam npon3BoaHbIX CNMPOXMHA30MOHOB C MOMOLLbH0 PELIENTOPHO-0pH-
€HTVMPOBAHHOTO BUPTYanbHOMO CKPUHUHIA M BUOXMMIUYECKOro TECTUPOBAaHUS in Vitro ¢ NCnonb30BaHNeM KuHasHoro JomeHa CK2 yenoseka.

Matepuansi u Mmetoabl. [JJokuHr npoBoaunv B ATO-cBA3bIBatoLLMe cainTbl npoTenHkmHasd CK2 n FGFR1 ¢ nomoLubto nporpammbl Autodock4.
MHrbupytoLLas akTMBHOCTb MCCNEA0BaHHbIX COEAUHEHUIA OTHOCUTENBHO NpoTenHkMHa3sl CK2 onpeaenexa no BknoveHno ocgopHom
TPynnbl, COAepKalLeil paanoakTUBHbIN 2P, B nenTuaHblid cybeTpat npy ero hocthopunmnpoBaHim KuHason B npucyTcTeum y-2P-ATo.
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PesynkTatel. PesynkTaThl TECTUPOBAHMS CPeAM BbIBGPaHHBIX COEAMHEHMIA NoKasanm, YTo npu AobasneHnm B koHueHTpauum IC, 10 uM

ocTaTtovyHaa akTMBHOCTb NMPOTEUHKMHA3bl COCTaBNAET 45 %.

Brieoakl. Pesynstatel aHanusa nokasateneii LogP n LogS nossonstot caenarb BbIBOA: ONTUMMU3ALMIO MPON3BOAHBIX CIMPOXVMHA30M0HOB
HeobxoaMMOo NPOBOANTL B HaMpaBneHUn yBenuyeHns rmapoo6HOCTY 3TUX COEANHEHNI.

KntoueBbie cnoBa: Npon3BOAHbIE CMMPOXMHA30MOHOB, VIHI'VI6VITOpr NPOTENHKNHA3, PELEenTOPHO-OPUEHTUPOBAHHLIN BUPTYanbHbIN

CKPUHUHT, BUOXMMMYecKne npoLeccsl, MeToasl in vitro.

AxTyanbHble Bonpockl hapMaLieBTUYECKOW U MeaULMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 1(32). C. 84-90

Among the important tasks of the modern science and
pharmaceutical industry is the search and development of
new biologically active compounds. The leading position is
occupied by the search for highly effective drugs for cancer
treatment [1,2].

An important target in the therapy of various cancers is
the fibroblast growth factor receptor 1 (FGFR1) [3] and
the protein kinase CK2 [4]. FGFR1 plays a crucial role in
the development of cancer by enhancing a point mutation
or translocation. The increase or activation of FGFR1 has
been reported in many cancers [5]. There is strong evidence
that CK2 plays a role in the pathogenesis of cancer [6]. CK2
can regulate major cellular processes, many of which are
deregulated in cancer cells. In particular, CK2 increases cell
reproduction [7], cell growth [8] and cell survival [9], alters
cell morphology [10], enhances cellular transformation, and
promotes angiogenesis [11]. Given the role of FGFR1 and
CK2 in the development and progression of cancer, these pro-
tein kinases have been selected for further receptor-oriented
virtual screening as a molecular target.

Effective CK2 inhibitors have been found among various
classes of chemical compounds [7,8], for example among
coumarins [9], flavonoids [10], quinoline [ 11] and quinolone
[12], pyrimidinones [13] and chromenone [14]. It is known
that in the second stage of clinical studies, there is only one
compound CXX4945 as an anticancer drug [15].

In this way, the search for effective inhibitors of the pro-
tein kinase FGFR1 and CK2 does not lose its relevance.
Quinazolone derivatives are known for their biological activ-
ity in biomedical chemistry, in particular as one of the classes
of receptor protein kinase inhibitors [16-20].

Aim

To search for new low-molecular-weight inhibitors of
protein kinase FGFR1 and CK2, virtual screening of a col-
lection of compounds and biochemical testing of in vitro
selected substances was performed among quinazolone
derivatives.

Materials and methods

Molecular docking. Receptor-based virtual screening was
used to analyze the binding of the compound collection.
Docking was performed at ATP-binding sites of protein ki-
nases CK2 (database code RCSB 3NSZ — 1.30A) Ta FGFR1
(database code RCSB 3GQI — 2.50A), using Autodock4.
The structures taken for docking were kinase domains in
the active state.

Ligands were ranked by kinase domain binding energy.
This was done using the Autodock4 scoring function. The
Autodock4 scoring function estimated the free binding
energy of the ligand with the receptor in kcal/mol, smaller
values corresponded to more potent inhibitors. There was
also information on the presence of hydrogen bonds between
the ligand and the receptor, which were characteristic of
known inhibitors of the protein kinases studied. The vast
majority of inhibitors are characterized by the presence of
hydrogen bonds with the hinge region of the kinase domain,
which combines the N and C end domains and participates in
the binding of the natural substrate — ATP. Hydrogen bonds
with the conservative lysine, asparagine, and glutamine
residues involved in the catalytic transfer of the phosphate
group were also evaluated. It is also characteristic of many
protein kinase inhibitors. A visual evaluation of the ligand at
the binding site was performed to remove compounds having
an unrealistic position on the ATP-binding site.

Visual analysis. A visual analysis of the results of molecular
docking (interaction of compounds with the amino acid resi-
dues of CK2 and FGFR1 ATP-binding site) was carried
out in the Discovery Studio Visualizer 4.0 (http://accelrys.
com/).

In vitro testing. The total volume of the reaction mixture
was 30 pl. Initially, 0.5 ml of peptide substrate solution
(RRRDDDSDDD (New England Biolabs), 135 uM), 15.5
ml of water and 0.05 pl of protein kinase solution (0.01 of
relative protein kinase activity) were added to 3 pl of reaction
buffer (prepared by adding 200 mM of Tris-HCI (pH 7.5), 500
mM of KCI, 100 mM of MgCl,). Then, 1 ml of inhibitor was
added at the desired concentration and after 3 minutes, the re-
action was started by adding another 10 ml of 150 uM of ATP
solution, which also contained 1 uCi of y -labeled 3P ATP, to
20 ml of the reaction mixture. The final concentration of ATP
in the reaction mixture was 50 mCi/mmol. Incubation time
was 30 min at 30 °C. The reaction was stopped by adding 8
ul of 5 % phosphoric acid. The whole volume of the sam-
ple was transferred to Whatman P81 phosphocellulose
paper filters, which were washed with 0.75 % phosphoric
acid three times for 5 min. The filters were dried and their
radioactivity was measured on a PerkinElmerTri-Carb
2800-TR scintillation counter. A sample of 1 pl of dimethyl
sulfoxide (DMSO) was used as a negative control instead of
the inhibitor. The degree of inhibition of protein kinase was
determined by the ratio of P inclusion with the inhibitor
and in its absence.
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Results

14 compounds were isolated for the protein kinase CK2
and FGFR1 with the least free binding energy according to
the scoring function (Zables 1, 2) and the presence of hy-
drogen bonds with the corresponding amino acid residues,

which are characteristic of kinase inhibitors (Fig. /, 2).
These compounds were highly likely to be inhibitors of their
respective receptors.

Compounds 1 and 8 were synthesized following a
published method [21]. Authors have studied in detail
the Mannich aminoalkylation reaction of 5°,6°,7°,8’-tetra-

Table 1. The least free binding energy of compounds for the protein kinase FGFR1

o o e o

N NH,
\W CN
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hydro-1"H,3’H-spiro-[cyclohexane-1,2-quinazolin]-4’-one
with primary amines containing different aliphatic and het-
erocyclic substituents. The structure of the aminoalkylation
products 2 and 7 were proved by 'H NMR spectroscopy and
by elemental analysis. Heating the aminoalkylation products
with a 10 % solution of hydrochloric acid gave the car-
boxamides 9, 11-13 [22]. Compounds 3, 5 and 10 were
synthesized by the method described in literature [23-25].

The spectroscopic parameters agreed with those in the
literature. Refluxing cyclohexanone-2-carboxamide with
ammonium acetate and cyclopentanone in toluene with
azeotropic distillation of water gives the spiran 6 and
refluxing cyclohexanone-2-carboxamide with ammonium
acetate — compound 14. The structures of compounds were
confirmed by 'H NMR, mass spectra and elemental analysis
[26].

The formation of two hydrogen bonds was due to the in-
teraction of the oxygen atoms and the hydrogen atoms
of the amide group of compound 3 (Fig. I, Table 1) and

VAL561

IG USBX\

Fig. 1. Ligand complex of compound 3 (Table 1) at the ATP-binding
site of receptor FGFR1 (model of the complex obtained by molecular
docking, hydrogen bonds are shown in green dashed line).

Table 2. The least free binding energy of compounds for the protein kinase CK2

N

B :
1 — 7,52 8 7.27
NH
NH
2 o}
NH, H.C
CN N
—N
2 72 9 7.24
e y
g H
N H,
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Cont. table 2

N
NC CN —0
6 -71 13 -8.12
| NH,
H.C N CH, 0
H
N
N
7 NH 7.3 14 %:O -7.92
NH
o) o :

the amino acid residues GLU562 and ALAS564. Compound
3 formed hydrophobic contacts with the amino acid residues
LEU630, VAL561, LYS514.

Hydrogen atoms of the NH_-group of ligand 3 (Fig. 2,
Table 2) and the amino acid residue GLU114 were involved
in the formation of the hydrogen bond. Ligand 3 formed
hydrophobic contacts with the amino acid residues ILE174,
VALG66, LYS68.

The selected 14 compounds were tested in vitro using
the human CK2 kinase domain. All potential inhibitors met
Lipinski’s rules [27].

The inhibitory activity of the studied compounds against
the protein kinase CK2 was determined by the inclusion of
a phosphate group containing incorporation of radiolabeled
phosphate P into a peptide substrate with its phosphorylation
with the kinase in the presence of [y->>P]ATP.

No more detailed studies were conducted for this sample
because the residual protein kinase activity was more than
45 % when added to the selected compounds.

The materials added indicated the structures of the com-
pounds and the residual activity of the protein kinase
CK2 when added at a concentration (IC_, uM) of 10 uM
(Table 3).

50°

Discussion

Biochemical tests showed that compound 1 was the most
active. At a concentration of 10 uM 1, it inhibited the activity
of protein kinase by 21 %. This is not enough though, more
than 50 % is required.

The average calculated LogP for the compounds tested
was 1.74 and did not exceed 3 (compound 3). The average
value of LogS was -2.84, and its maximum value -4.2 was
in compound 3.

According to the analysis of the calculated indicators
LogP and LogS, we can conclude that the optimization
of spiroquinazolone derivatives should be carried out in
the direction of increasing the hydrophobicity of these
compounds. This, in turn, should improve the inhibitory
activity of the compounds.

Fig. 2. Ligand complex of compound 3 (Table 2) at the ATP-bind-
ing site of receptor CK2 (model of the complex obtained by
molecular docking, hydrogen bonds are shown in green dashed
line).

Table 3. The residual activity of the protein kinase CK2 for
the structures of the compounds
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Cont. table 3
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Conclusions

As a result of receptor-oriented virtual screening of
spiroquinazolone derivatives, 14 compounds have been
selected for protein kinases CK2 and FGFRI1. In vitro
biochemical tests have shown that the residual protein
kinase activity, when added to selected compounds, is more
than 45 %. The results of the analysis of LogP and LogS
have indicated that the optimization of spiroquinazolone
derivatives should be carried out in the direction of increasing
the hydrophobicity of these compounds.
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OocnigpkeHHa BnnuBy hiTOKOMMNO3ULil HA OCHOBI Npenapary
«ApTpuUTaH» Ha YNbTPACTPYKTYPY XpsALla WYpiB i3 CACTEMHUM
CTepOoiAHMM apTPO30OM

0. M. Haboka'* €, H. . 3ybuupka®*F, I. A. 3ynaHeup = "AEF C. K. Lebeko ™ AEF |, A, OTpiwko"= *1AE

"HaujioHanbHuin hapmaLieBTUYHUI yHIBEpCUTET, M. XapkiB, YkpaiHa, TOB «3eneHa nnaHeTta 3emMHoi», M. Kui, YkpaiHa

A — KOHUenNUig Ta AnsainH gocnimxkeHHs; B — 36ip aanux; C — aHanis Ta iHTepnpeTauis fganux; D — HanucanHs cTaTTi; E — peparyBanHs cTarTi;
F — ocTato4He 3aTBepaeHHs CcTarTi

OcTaHHIM Yacom BiA3Ha4aloTb TEHAEHL|iI0 [0 LUMPLLOMO 3aCTOCYBaHHS NikapCbkix 3ac06iB POCIMHHOTO MOXOAKEHHS, LLO MOB’A3aHO 3
IXHBOK (hapmakogMHaMIYHOK NONITPOMHICTIO, JOBOIi BUCOKUM PiBHEM BE3neKkn Ta eKOHOMIYHOK AOCTYMHICTIO.

MeTa poGoTH — BMBYEHHSI XOHOPOMNPOTEKTOPHUX BMACTUBOCTEN (DITOKOMMO3WLT Ha OCHOBI Npenapaty «ApTpuTaH» ANns OLiHIOBaHHS
YNbTPACTPYKTYPY XPALLOBOI TKAHWMHM LLYYPIB 3 EKCEPUMEHTASIbHUM apTPO30M.

Matepianu ta metoan. [locnigKeHHs XOHOPONPOTEKTOPHWUX BIaCTUBOCTEN (HITOKOMMO3MLT Ha OCHOBI Npenapaty «ApTpuTaH» 3aiiic-
HUMW 32 YMOB MOAEMIOBAHHS CUCTEMHOTO CTEPOIAHOTO apTpo3y B LLypIiB. TBapWHKM OTpUMYyBanmu (hiTOKOMMO3UL0 B YMOBHO-TEpaneB-
TuuHin gosi 0,1 mn/kr. EdbekTnBHICTb hiTOKOMNO3WLiT OLiHIOBanNyM 3a pesynbratamu JOCNIMKEHHS YNBTPacTpyKTypu CyrnoboBoro xpsuia
Lwypis.

Peaynikratn. Pedynstatn JOCHIAKEHHS yNbTPacTPYKTYpU XPSLLOBOI TKAHWHYK LLYPIB 3 €KCNepUMEHTanbHUM apTpo3oM Mif BNAXBOM
chiTokoMnoauLii ceigyats, Lo Liel Npenapat Mae NO3UTUBHWIA BMIIMB Ha Nepebir CUCTEMHOrO CTepOifHOTo apTpo3y B LUypiB. 3a CTyneHeM
BMNMBY Ha GIOCMHTETWYHI NPOLIECH B XOHAPOLMTAX | CTPYKTYPY XPSLLOBOIrO MaTPUKCY BiH HE MOCTYNAETLCA akTUBHOCTI pedepeHc-npena-
paty «ApTpoH ®nekcy». PiTokoMNO3ULis BUKIIMKAE NMO3UTUBHI 3MiHM, LLIO NPOSIBMSOTLCS MOCUIEHHAM BIOCMHTETUYHUX MPOLIECIB Y KNITUHAX.
Hacamnepen, npo ue cBiguuTb 30inbLUeHHs BMICTY MeMOpaHHWX CTPYKTYp (AOBrMX NpodiniB rpaHynspHOi eHAoNNa3MaTuyHoI CiTku i
NacTUHYacTUX KOMMEKCiB rOHbLI,M(i) Ta 3HWUKHEHHS! B MikponpenapaTax XoHAPOUWTIB, Lo nepebyBaloTb Ha Pi3HWX eTanax KniTUHHOI
3arnbeni.

BucHoBku. Ha Mmogeni cucteMHoro ctepoigHoro apTposy B LLypiB BCTAHOBMNEHO NO3UTUBHWIA NiKyBanbHWUIA BNAWB SOCNIKYBaHOI (DiTOKOM-
no3uuii Ha piBHi 3 BiLOMUM XOHAPONPOTEKTOPOM «APTPOH ek, WO NiLTBEPIKEHO NONINLLEHHSM YNBTPACcTPYKTYpU CyrnoboBKX TKaHWH.

Study of the effect of phytocomposition based on the drug “Arthritan” on the ultrastructure of cartilage
in rats with systemic steroid arthritis

Yu. M. Naboka, N. P. Zubytska, I. A. Zupanets, S. K. Shebeko, I. A. Otrishko

Recently, there has been a trend towards wider use of herbal medicines, which is associated with their pharmacodynamic polytropy, a
fairly high level of safety and economic affordability.

The aim of the work is the study chondroprotective properties of phytocomposition based on the drug “Artritan” under the conditions of
evaluation of the ultrastructure of the cartilage tissue of rats with experimental arthritis.

Materials and methods. The study of chondroprotective properties of the investigated phytocomposition based on the drug “Arthritan”
was conducted under the conditions of systemic steroid arthritis modeling in rats. Animals received phytocomposition at a conditional
therapeutic dose of 0.1 ml/kg. The effectiveness of the phytocomposition was evaluated by the results of the rats’ articular cartilage
ultrastructure study.

Results. The results of the cartilage tissue ultrastructure study in rats with experimental arthritis under the influence of phytocomposition
indicate that this drug has a positive effect on the course of systemic steroid arthritis in rats. Moreover, in terms of the degree of influence
on the biosynthetic processes in chondrocytes and the structure of the cartilage matrix, it is not inferior to the activity of the reference
drug “Arthron Flex”. Phytocomposition causes positive changes, which are manifested by increased biosynthetic processes in the cells.
First of all, this is evidenced by the increase in the content of membrane structures in the form of long profiles of granular endoplasmic
reticulum and Golgi plate complexes and the disappearance of chondrocytes at different stages of cell death in micropreparations.
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Conclusions. On the model of systemic steroid arthritis in rats, a positive therapeutic effect of the studied phytocomposition was
established along with the well-known chondroprotector “Arthron Flex”, which was confirmed by the improvement of the ultrastructure
of the articular tissue.

Key words: “Arthritan”, chondroprotective activity, cartilage, arthritis.
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WUccnepoBaHue BNMAHMSA CbVITOKOMHO3I/IL|MVI Ha OCHOBe npenaparta «AprVITaH)) Ha yNnbTPaCTPYKTYpPYy XpAlla KpbIC
C CUCTEMHbIM CTePOUAHbIM apPTPO30OM

t0. M. Haboka, H. M. 3ybuukas, W1. A. 3ynareu, C. K. LLieGeko, N. A. OTpuniko

B nocnegHee BpemMd OoTMevaeTcd TeHOaeHUMa K Gonee LLUMPOKOMY NPUMEHEHNIO NIEKapCTBEHHbIX CPEeACTB PACTUTENbHOINO MPOUCXOXK-
AOeHWnd, 4YTO CBA3aHO C NX (bapMaKOpMHaMW—IeCKOIZ NONUTPONHOCTbLIO, AOCTAaTOYHO BbICOKMM YPOBHEM 6e30MacHOCTN 1 SKOHOMUYECKOW
[O0CTYNHOCTbIO.

Llenb pabotbl — n3yyeHne XoHOPONPOTEKTOPHbIX CBOWCTB (OMTOKOMMNO3NLIMM HA OCHOBE npenapata «ApTpuTaH» B YCnoBUAX OLEHKN
YnbTPacTPyKTYypbl XPALLEBON TKAHWU KPbIC C AKCMEPUMEHTaNbHBIM apTPO30M.

Marepuanbl u meTofbl. MiccnegoBaHne XOHAPONPOTEKTOPHbBIX CBOCTB MCCreLyeMon (h1TOKOMMO3ULMM Ha OCHOBe npenapata «Ap-
TpUTaH» NPOBEAEHO B YCNOBUAX MOLEMMPOBAHNS CYCTEMHOO CTEPOMAHOTO apTpo3a Y KpbiC. XXMBOTHbIE MOMy4any UTOKOMMNO3NLMIO
B ycnosHo-TepanesTuyeckon fose 0,1 mn/kr. PDEKTUBHOCTL (PUTOKOMMOZNLIMM OLIEHUBANMW MO pedynsTataM UcCcnefoBaHus ynstpa-
CTPYKTYPbl CYCTaBHOTO XpsiLLa KpbIC.

Pesynkrathl. PeaynbraTbl UcCrefoBaHus yNsTPacTpPYKTYpbl XPSLLEBON TKaHW KPbIC C 9KCNEPUMEHTarNbHBIM apTPO30M NOA BIUSHUEM
(pMTOKOMNO3NLMM CBUAETENBCTBYIOT, YTO STOT NpenapaT oka3sbiBaEeT NOMNOXUTENBHOE BIMSIHUE Ha TEYEHWe CUCTEMHOTO CTEPOUAHOTIO ap-
Tpo3a y Kpbic. M0 cTeNeHN BAMSHUS Ha BUOCUHTETUYECKIE MPOLIECCHI B XOHAPOLMTAX W CTPYKTYPY XPSILLEBOrO MaTpUKCa OH He ycTynaeT
aKTUBHOCTU pedhepeHc-npenapata «ApTpoH Onekc». UTOKOMMNO3ULIUS BbI3bIBAET NONOKUTENbHBIE USBMEHEHNS!, KOTOPbIE MPOSIBMSKOTCS
ycuneHneM BUoCHHTETUYECKIX NPOLIECCOB B KneTkax. [pexae Bcero, 06 3TOM roBOPUT POCT CofepKaHUs MEMBPaHHBIX CTPYKTYP B BUAE
ANMHHBIX NPOUen rpaHynsipHON AHAOMNA3MaTUYECKON CETU 1 NNACTUHYATBIX KOMMIEKCOB oMby 1 MCHE3HOBEHME B MUKpoNpena-
paTax XOHAPOLMTOB, HAXOAALUMXCS HA Pa3HbIX aTanax KNeTo4Hon rnben.

BriBoabl. Ha mogeny cucTeMHOro CTepouaHOro apTposa Y KpbIC YCTAHOBMEHO NOMOXMTENBHOE NTe4ebHOoe BO3aenCTBume 1ccnesyemon
(pMTOKOMMNO3NLMN HAPABHE C U3BECTHLIM XOHAPONPOTEKTOPOM «APTPOH ®nekc», YTO NOATBEPKAEHO YNyYLIEHUEM YNETPacTPyKTYpbl
CyCTaBHbIX TKaHe.

KntoueBkle crioBa: «ApTpUTaH», XOHAPOMNPOTEKTOPHAS aKTUBHOCTb, YNBTPACTPYKTYpa XpsiLLa, CUCTEMHbINA CTEPOMAHBIA apTpos3.
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CrocrepiratoTh CyTTE€BE HiJIBUIICHHS ITOIMUTY HA JIiKap-
CbKi 3aco0M, 1110 BUTOTOBJIEHI Ha OCHOBI (hiTOCYOCTAHIIIH.
[To3nTHBHUMY O3HAKaMU (ITOTEPANIEBTHYHOTO JIIKYBaHHS
€ TMOJIIBEKTOPHICTh (PapMaKoJOTIuHOT [ii, CHCTEMHICTb,
e(CKTUBHICTH 1 (Pi310JIOTIUHICTD, BIJIHOCHA HEIIKIIIHBICTh
TpUBAJIOl Teparrii, JOCTYIHICTh Ta €KOHOMIYHA MPUBAOIH-
BiCTb TOIIIO [1-5].

bararorpanHicTh Aii JIKapChbKUX POCIMHHHX TIPENapariB
3YMOBIIIOE MOXKJIUBICTh iX BUKOPHCTAHHS B PI3HUX TaITy3sIX
KIiHIYHOT MeauiHu [6]. Hanpukimazn, y peBMaroIoriyHiit
TIPAKTHIII, /1€ OLIBIITICTH 3aXBOPIOBAHb MAIOTh IPOTPECYIOUHI
niepedir 1 moTpedyIoTh TPUBAIOTO a00 MOCTIHHOTO BUKOPH-
CTaHHS MPOTH3ANAJBHUX Ta aHANTETHYHHUX 3ac00iB. Tomy
MUTaHHSA OE3MEeKH JTiKapChKOI Teparlii MOCTA0Th Ha IEPIIOMY
IUTaHi Ta TOTPeOyIOTh MOMIYKY aJIETePHATHBHUX ITiIXOMIB 110
KOPEKIIii yCKIIaJHEeHb Tepallii, HacaMIepe]] TaCTPOiHTEeCTH-
HaJbHUX O [7].

VY 3B’S3Ky 3 LUM, Y MEXax IOIIYKy «HETPAAULIIHHHX
xoHIpomnpoTekTopiB crerianicti TOB «3enena mianera
3eMHO1» po3poOIITH (DITOKOMITO3HUILIIO « APTPHTAH» Y POopMi
PO3YMHY JUI BHYTPILIHBOIO 3aCTOCYBAHHS, IO MiCTHTh
eKCTPAKTH JIIKapChKUX POCIHH 13 KOpH BepOH, KBITIB exi-
Harel, aucTs Oepesu, KBiTiB Oy3WHH, Ta MOTCHIIIIHO Mae
MIPOTHU3alaIbHYy, aHAITETHYHY, XOHPOIIPOTEKTOPHY Aii Ta

€ MEPCIEKTUBHUM 3aCO00M JUIsl JIIKyBaHHS PEBMATHYHUX
3aXBOPIOBAHb.

Meta po6otu

BuB4eHHS XOHAPONPOTEKTOPHUX BIIACTHBOCTEH (DiTOKOMITO-
3uIlii Ha OCHOBI Ipenapary «ApPTPUTaH» IS OLIHIOBAHHS
YIIBTPACTPYKTYPH XPSILIOBOT TKAHWHU IILyPiB 3 EKCIIEPHMEH-
TaJIbHAM apTPO30M.

Marepianu i MeToaun gocnigkeHHA

XOHIPONPOTEKTOPHI BIACTHBOCTI JOCHIKyBaHOI (iTO-
KOMITO3MIIii Ha OCHOBI Mpenapary «ApTpUTaH» BUBYMIIN Ha
Mozei cucteMHoro crepoiaroro aprpody (CCA) y mrypis.
Y nocnimxeHHs BKIFodeHi 50 G1THX HeMiHIHAX ITypiB 000X
crareii Baroto 250300 1, sIkix onuTIK Ha 4 JOCIIIHI TPy-
mu: 1 — iHTakTHUN KOHTPOJIb (n = 10); 2 — KOHTPOJIBLHA MaTo-
sorig (n = 20); 3 — TBapUHH 3 TATOJIOTIEIO, SIKI OTPUMYBAIN
(hiTOKOMITO3HIIII0 B YMOBHO-TepaneBTHUHIH 1031 0,1 MIV/KT,
IO PO3paxoBaHa 3a KOHCTAHTaMHU Oi0JOTIYHOI aKTUBHOCTI
3a 0. P. PubonoBieBuM, BUXOISUH 3 TOTO, IO Y KITHIYHIN
MIPAKTHII 111 3acO0M BUKOPUCTOBYIOTh Y J103aX IO 5 Kpareib
4 pa3u Ha o0y (n = 10); 4 rpyna — TBApUHHU 3 TATOJIOTIEO,
SKi OTpUMYBaJM pedepeHc-npenapar «AprpoH diekce» y
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HocnidxeHHs ennusy ¢himoKomMno3uuii Ha OCHO8I npenapamy «ApmpumaH» Ha ybmpacmpyKmypy xpswa uwypis...

nosi 50 mr/kr, mwo Bignosigae EJI 3a npoTusanaibHOIO
aktuBHicTiO (n = 10) [7].

JlociiaHa (hiTOKOMITO3HILISE € eKCTEMITOPaIbHOKO CYMIIIIIITIO
(ito3acodiB «Aprpurany», «Hespun» i «Hedpomik» y cris-
BizHowenHi (1,0 : 1,0 : 0,5). [Ipenapar «HeBpun» — po3unH
JUIsl BHYTPIITHBOTO 3aCTOCYBaHHS, 110 MICTUTh €KCTPAKTH
JIKapChKOi POCIMHHOI CUPOBHMHH: TPaBU BEpOCHHM, JIUCTS
KPOIIMBH, TPaBH (iajKu TPHINUCTOT, JTUCTSI M’ SITH TIEPLEBOT,
TpaBu nigmapeHHuka. [Ipenapar «Hedpoik» — po3ums st
BHYTPILIHBOTO 3aCTOCYBaHHSI, 1110 MICTUTBh €KCTPAKTH JIiKap-
CbKOI POCIIMHHOI CHPOBHHH: KBITiB Oy3MHHU YOPHOT, OpPYHBOK
Oepesu, KyKypyI3sHUX PUJICLb, JIUCTSI MyUHHII.

JlocmipKkeHHsT BUKOHATM BiIIOBIIHO 0 AUPEKTUBH Pann
€C 2010/63/EU nipo mOTpUMAaHHS 3aKOHIB, MIOCTAHOB Ta
aJIMIHICTpaTHBHUX MOJNIOXKeHb JiepkaB €C 13 MUTaHb 3aXUCTY
TBAapHH, SKUX BUKOPHCTOBYIOTh 13 HAyKOBUMH IIUJISIMH, Ta
JOTPUMYIOUUCH O10€THUHUX MPUHIIUTIIB 311HCHEHHS eKCIIe-
PUMEHTATBHUX JOCHIHKEHB (€KCTIEPTHUI BUCHOBOK KOMICiT
3 6ioetukn H®ay Ne 10 Big 18.10.2017 p.).

[MimmocnimHuX TBApHUH yTpUMYBaH y Biapii LleaTpansHOl
HayKOBO-I0CIigHOI Jabopatopii HaniomamsHOTO (hapma-
LIEBTUYHOTO YHIBEpCUTETY, sika ceptudikoBana I «IEL]
MO3 VYkpaiam» sik 6a3a JOCTIKEeHb 3 eKCTIEPUMEHTATBHOT
(hapmaxoIIorii, BiZITOBITHO 10 CTAHAAPTHUX CaHITAPHUX HOPM
Ha HeoOXiTHOMY Xap4oBoMY parttioHi [8,9].

Mopemns CCA BiATBOPIOBAIN NIUISXOM BHYTPIITHBOM 5130~
BOTO TPUKPATHOTO BBEACHHS JEKCAMETa30HY (PO34MH IS
i’ ek 4 mr/mn B ammynax o 1 mi, KRKA, CroBenis)
y mo3i 7 mr/kr 3 inTepBaioM B 1 Tmwxnens [10,11] y mammiit
Moauikarii, o mossrana y miABAIIECHHI JO3U TITFOKOKOP-
tukoctepoiny [12]. [ounnaroun 3 28 nHA DOCTIHKEHHS 1
poTsAroM 4 TWXKHIB, 3MIHCHIOBAIN BHYTPIITHBOILTYHKOBE
BBEJICHHS IOCIIKyBaHIX 00 €KTiB 1 pa3 Ha no0y. [Ticis 3a-
BEpIIICHHS BBEACHHS IperapariB (Ha 56 100y eKCIIepuMeHTy)
TBAPHH BUBOJMIIH 3 EKCTICPIMEHTY Ta Opam Oiomarepia s
MOPQOIIOTIYHIX [I0CITiPKSHb.

YnbTpacTpyKTypy Cyriao00BOTO Xpsimia JI0CIiIKyBa-
JIM 32 JIONOMOTOI0 CTAaHAAPTHUX METOJIB €IEeKTPOHHOI
Mikpockomii [13,14]. KonixHi cyrmobu nrypiB o0epexHO
BiJicenapoByBany Ta HeraiHo QikcyBanu B 10 % pozunni
HelTpanbHOTO 3a0ydepenoro dopmariny (pH 7,2-7,4).
[ToTim 6e3 momepeaHbOi MPOMHUBKHU CYTIIOON TTOMIMIANN
s nexaneiuHanii B 10 % posunny EJITA Hatpito, skuit
TOTyBaIM Ha 3a0ydepeHoMy HeHTpaTbHOMY (QopMaiiHi i
nosoaunu Horo pH a0 3nauenns 7,2—7,4 nonasanusm 40 %
pozunny NaOH. TpuBaiicTs AekalibIHAaLii B CEpeTHBOMY
CTaHOBHJIA 3 THIKHI 32 yMOBH IIO/ICHHOT 3MiHN PO3YHHY, OC-
TaTOYHO BU3HAYAJIN 3 JJOTIOMOTOI0 TOJIKOBOTO TecTy. [Ticms
JeKaIbIIMHALIT MaTepiall ImiIaBaii AeTiaparallii y cimpTax
KOHIIGHTpAIi{, 110 3pocTae, 1 Jaii 3a1uBaiy B mapadid 3a
CTaHJAPTHOIO METOAMKOIO. 3 OJIOKIB BUTOTOBJISUTH 3Di3H
3aBTOBIIKH 6—8 MKM, SIKi 320apBIIIOBaIN TeMAaTOKCHIIIHOM
i e03uHOM. MIKPOCKOITIYHE JOCIIKCHHS BHKOHAIU TIiJ
MikpockonioM «bIMAM P-12» (BO «JIOMO», P®) i mi-
KPOCKOIIOM 13 CHCTEMOIO ITU(POBOTO BUBEACHHS 300pa)KECHB
Mikpomnpemnaparis «BX-41» «Olympus», SmnoHis).

Pesynbratu

EnexTpoHHO-MIKPOCKOIIIYHE JOCTIPKEHHS MIKpOIIpEaparis
CyII000BOTO Xpsillla IHTAKTHUX TBapHH ITOKA3aJI0 BiZIMiHHE
30epeKeHHS XPAIIOBOI TKAHWHH, YITBTPACTPYKTYpHA OpTaHi-
3allist IKOT Bi/INOBIaa Cy4YacHUM YsIBIeHHsM (puc. 1A, 15).

JlocniKyroun yasTpacTpyKTypy Cyriio00BOTO Xpsiiia
IIypiB I'PyIH KOHTPOJIBHOI ITATONIOTI], B MIKpOIIpenaparax
CTIOCTEpirajy BUpaykKeHi IeTeHepaTHuBHO-TUCTPOdiTH 3MiHI
Cyr1o00BOi TKaHWHH, 110 BIANOBIAAIOTH CYyYaCHUM YSIB-
JICHHSIM TIPO YJIBTPACTPYKTYpHI 0coOmiBoCTI (popMyBaHHS
octeoaptposy (puc. 24, 25). V 6inmpmmocTi Mikpomnpernapa-
TIB y MOBEPXHEBOMY IIapi Xpsilla 1IeHTH(IKYBaIH MOJIOII
XOHJPOLUTH 3 NeGOpMOBAHNM, HAJUIMIIKOBO IETEPOXPO-
MAaTH30BaHNM SIPOM, TIOPYIICHOIO CTPYKTYPOIO IUTOILIA3-
MaTUYHAX HDKOK, TEMHOIO IIHTOIIa3MOI0 HEPiBHOMIPHOT
€JIEKTPOHHOI LIIJIHOCTI, IO MICTUTh BEJIHKY KiJIBKICTh
PI3HUX €JIEKTPOHHOLIIBHUX BKIFOUEHb (puc. 24). 3araiom
[[e CBIMYHUTH MPO BHPAKCHI MOPYIICHHS 0i0CHHTETHIHHUX
nporIeciB. XPAIIOBHIA MaTPUKC MTOBEPXHEBOI 30HH 30epirap
CBOIO €JIEKTPOHHY IIUJIBHICTB, ajleé B HHOMY CIIOCTEpiraiu
SIK TUTSTHKA BOJIOKHHUCTOT OYI0BH, IO MICTATH IIUTHHI ITyYKA
KOJIATEHOBHX BOJIOKOH, TaK 1 UITHKE aMOP(HOI CTPYKTYPH 3
MOMIPHOO KUTBKICTIO 30H TPOCBITICHHS (puc. 2A4).

VY npoMiKHIHM 30HI CyrI000BOTO Xpsilia HalOUIbII BU-
paKeHi 3MiHU CIIOCTEPIrajiy y XpsmioBOMY MaTpHKci. Tak,
€JIeKTPOHHA IIUTBHICTh MAaTPUKCY MOPIBHSHO 3 IHTAKTHUM
XpsiieM Oyjia CyTTEBO 3HM)KEHA, 3 OUIBIION KiJIbKICTIO
HepiBHOMIpHO 3a0apBiieHnX 30H. CTPYyKTypa KOJareHOBHX
BOJIOKOH Ha OIIBIIOCTI IUISHOK MOPYIIEHA, 3 BUPAKSHIMHI
o3Hakamu jiecTpykuii (puc. 25). Kpim Toro, B MaTpHKkci BCTa-
HOBWJIM HasIBHICTh TEMHHX BKJIFOYEHb PI3HOI €JIEKTPOHHOI
HIIBHOCTI (puc. 25).

ITix gac eneKTPOHHO-MIKPOCKOTIIYHOTO JOCIiHKSHHS
XPSIIOBOT TKAHWHHM TBapHH MiJl BIUIMBOM JIOCIIPKyBaHOT
(iToxoMmo3uii B 1031 0,1 MII/KT criocTepiraiy yinsrpacTpyK-
TYpHY KapTHHY 3 HasSIBHICTIO TOMIPHOTO CTYTICHS O3HAK JIeTe-
HepaTUBHO-IUCTPOPIYHOTO ypakeHHs xpsima (puc. 34, 36).

[TpuBeprae Ha ceOe yBary HasBHICTb Y MiKpoIIpenaparax
XPSIIIIOBOTO MATPHUKCY 3 TOMIPHOIO €JIEKTPOHHOIO IITBHICTIO,
PIBHOMIPHO 3a0apBIEHOTO, 10 CBiMYHUTH PO BMICT JTOCTAT-
HBOI KITBKOCTI KOJIArCHOBHMX BOJIOKOH 1 MPOTCONNTIKAHIB 13
J00pe BIOPSIIKOBAHOIO CTPYKTYPOIO (puc. 34, 3b). Tinpku B
JIEKUX MIKpOIIpenapaTax CTpyKTypa MaTpHKCY TTOpYyIIeHa, 3
nepeBakaHHAM aMOP(HOT OyI0BU Ta HASIBHICTIO 30H HA3BKOT
€JIEKTPOHHOT LIIJIBHOCTI 00 TEMHUX LIIJIHUX BKIIIOYCHb.

VY mpoMixHI# 30HI Xpsola TaKOK BU3HAYMIN J0Ope
30epe)eHNi MaTpHUKC, BUCOKA Ta PIBHOMIpPHA €IEKTPOHHA
HIUTBHICTB SIKOTO CBIYHUTH MPO HASIBHICTH (hiOPHIT KOJIareHy
Ta IPOTEONIIKAHIB i3 JOOpE BIOPSIKOBAHOK CTPYKTYPOIO
(puc. 34, 35). OCHOBHOIO OCOOHBICTIO OLTBIIOCTI XPSIIIIO-
BUX KIIITUH Yy II{ TPyIIi € HASBHICTh Y IIUTOILIA3MI SICKPaBO
BUP@KEHUX MEMOpaHHUX CTPYKTyp rpanyisipHoi EIIC,
mo (opMYyIOTh TOBTI mpodini, ycamkeHi pudocomamu, a
TaKOX BAaKyOIIi30BaHi IIACTHHYACTI KOMILIEKCH [ OB ki
(puc. 34, 3b). IloBepxHs KIIITHUH TIOKpUTA 00pe BHpaxke-
HUMH LWTOIUIa3MaTHYHUMHK BHpocTamMu. KpiMm nporo, B
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Puc. 1. YnetpactpykTypa cyrnoboBoro xpsila iHTakTHUX LLypiB.

A. MNoBepxHeBa 30Ha. TUNOBUI XOAPOLMT. AP0 BUTATHYTOI hopMmM 3 TEMHOK 06nsIMIBKOKO reTepoxpomatuHy. [lobpe po3BuUHEHI LTonnasmaTuyHi
HiXKM. Y umTonnasmi 6arato pubocom, kKopoTki Npodini rpaHynsipHoi eHgonnasmatuyHoi citku (EMC). YnopsigkoBaHa BOMIOKHUCTA CTPYKTypa Xpsi-

Lwosoro mMatpukcy. 36. x8000.

B. CepenHs 30Ha. TUNOBWMIA XOHAPOLUNT. S4p0O OKPYroi (hOpMU 3 TEMHOK CMYXXKOK reTepoxpomaTtiHy. HasiBHICTb BMPOCTIB i MiKpOBOPCHHOK Ha
NOBEPXHi. Y unTonnasmi po3LumpeHi npodini rpaHynsipHoi ENC i3 6inkosum BmicToM, B6arato pubocom, BE3VKy, CekpeTopHux nyxvpis. 36. x12000.

Puc. 2. YnetpactpykTypa cyrno6oBoro xpsiwa Lypis i3 CCA.
A. XOHOPOLMTM NOBEPXHEBOI 30HM. FApa 3 BUCOKMM BMICTOM reTepoxpomMatuHy. B uutonnasmi 6arato enekTpoHHOLLiNbHUX BKIIOYEHb, KOPOTKMX
npodinis EMC, ckynyeHsb rnikoreHy. Lintonnasmatuyki Hixkn aedpopmosani. 36. x8000.

B. [lecTpykuisi XOHApPOLMTY CepefHboi 30HW. Y uUTOnnaami BKNOYEHHs Minigis, 6arato nisocom, kopoTki npochini rpaHynsipHoi EMC, ckynyeHHs
rnikoreHy. flecTpykuis xpsijosoro matpukcy. 36. x12000.

LUTOILIA3MI CIIOCTEpIirayii 0arato CEKpeTOpHHUX MyXUPIIB
i3 TPOITOKOJIAT€HOM, BaKyOIi; MalKe BiICYTHI BKIFOUCHHS
JIMIAIB, CKYMYEHHs DIIKOT€HOBHUX 3€pPEH, TEMHI BOJIOKHA,
a TaKOX PIi3HI €IEKTPOHHOIIIBHI BKIIIOUCHHS. Y 0ararbox
KIIITHHAX BUSIBWIM CKYMYEHHS HEBEJIHMKHX BaKyoJeH, sIKi
MOXKYTb HaOyBaTH HaIJIUILIKOBOTO XapaKTepy, IO € 03HAKOIO
mctpodii (puc. 35). Y KIITHHHUX SpaxX BUSBUIN HU3bKHAN
BMICT KOH/ICHCOBAHOTO XPOMAaTHHY, BUCOKHI — JUCIIEpPro-
BaHoro. Taka ynbTpacTpyKTypHa KapTHHA CBIIXYUTH IIPO
BUCOKY O0IOCHHTETHYHY aKTHUBHICTH XPSIIOBHX KIITHH, IO
HaMararoThCsl KOMIIEHCYBaTH HETaTHBHUIN BIUIUB JICTeHepa-
THUBHO-TUCTPOQIUHIX MPOIIECIB.

[Tix yac BUBUEHHS BIUIMBY peepEeHTHOTO Iperapary
«AptpoH @nexc» y 7031 50 MI/KT Ha yIBTPacTPyKTypy
xpsima mrypis i3 CCA crioctepiralin HopMatizariio yiasTpa-

CTPYKTYPHOI KAPTUHHU XPSIIIIOBOT TKAHMHH 3 (POPMYBaHHIM
MIOMIpPHUX JETCHEPAaTUBHO-AUCTPO(PIYHUX IPOSBIB Yy XOH-
JpOLUTAX.

VYaBTpacTpyKTypHA OpraHizais XpsIoBOro MaTprukcy Oyna
B 100pOMY CTaHi B yCiX 30HaX XpsIlla, sIki BUBYWIN. Y HbOMY
CIOCTEPIraiv BOJIOKHUCTY Oy/IOBY PIBHOMIPHOT €JIEKTPOHHOT
IIUTBHOCTI, B SIKif iA€HTU(IKYyBaT KONareHOBi (iOpmimm
PI3HOT BEJIMYMHHM 1 HUTKH IPOTEONNiKaHiB (puc. 44, 4b).

Y 30BHIIIHIN 30HI CIOCTEpiraau MIAIeHbKY ITOBEPXHIO,
YTBOpEHY OC3KJIITHHHOIO KOJIAr€HOBOIO IUIACTHHKOIO, IO
BI/INIOBIIaNa Xpslly iHTAaKTHOI Irpynu. Y TOBII Marpukcy
BUSIBIJIM CIUTOIICHI XOHAPOLUTH 3 3aTEMHEHOIO LIUTOIIA3-
MO0 HEPIBHOMIPHOI LIIJIBHOCTI, B SIKill BU3HAYMIIN BEJIMKY
KUTBKICTB IpiOHUX BaKyOJISH, JITiJHUX BKJIIOYCHB 1| KOPOTKIX
npo¢iniB maakoi EIIC (puc. 44).
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Puc. 3. YnetpactpykTypa cyrnobosoro xpsiua Lypis i3 CCA nig BnivBoM iToKoMmo3auLii.
A. TUNOBI XOHAPOLMTW NPOMiXHOI 30HW. LinTonnasmatiyHi BUPOCTW Ha MOBEPXHI KIITUH. Y LiuTonnasmi 6arato Bakyonei, nisocom, KopoTkux npodinis

rpaHynsipHoi EMNC. [Jobpa 36epexeHicTb xpsiLioBoro Matpukey. 36. x8000.

B. MpowmixHa 30Ha, TunoBa AinsHka. Hagnuikosa Bakyonisauisi uutonnasmu xoHapouuTis. 36. x8000.

Puc. 4. YnetpactpykTypa cyrno6osoro xpsiwa wypis i3 CCA nig Bnnueom npenapaty «ApTpoH ®nekcy.

A. TunoBa AinsHka noBepxHi xpsiua. MaTpuKkc BUCOKOT €NeKTPOHHOI LWiNbHOCTI 3 MOTY)XXHUMM Nyykamu konareHy. 36. x8000.

B. XoHapouuT npomixkHoi 30HK. Y LmTtonnaami 6arato BinbHUX prbOCcoM i MITOXOHAPIN, BENWKI BKIKOYEHHS NiniAiB, kopoTki npodini rpaHynsipHoi EMC.
YnopsiikoBaHa BOMOKHUCTa CTPYKTypa XpsiLLoBoro matpukcy. 36. x8000.

Y 4aCTHUHU XOHJPOIMTIB Y IMTOIIa3MI BUSBHIM YMMaJI
CKYIUEHHS IIKOreHy H JimiqHuX BKiIoueHb. KomareHosi
BOJIOKHA HABKOJIO KJITWH 3i0paHi B IIUTbHI MyYKH 1 po3Ta-
LIOBYBAJIUCS B PI3HUX Harpsimax (puc. 45).

Jlesiki XOHAPOIUTH TIPOMIKHOI 30HU BiIPI3HSIIMCS TiI-
BHUILICHOI0 CEKPETOPHOIO 1 CHHTETUYHOIO aKTHBHICTIO, IIO
BU3HAYaJIM 32 HAsBHICTIO B LIUTOIUIA3Mi BEJIMKOI KUTBKOCTI
CEKPETOPHUX MyXHpILiB (puc. 45).

Orxe, B YIIBTPacTPyKTypHiil opraHizariii XpsIoBoi TKaHUHH
LIYPIB ITiJT BIZIMBOM TPHKPATHOTO BBEJICHHS JICKCAMETa30HY BH-
HMKAIOTh YCi MOP()OJIOTIUHI TIPOSIBU PaHHIX CTa/Iii 0CTe0apTpo3y,
10 MOJISTAlOTh TEPEBaKHO B TIOPYILIEHHI OIOCHHTETHYHOI aK-
THUBHOCTI XOH/IPOIIUTIB, PO3BUTKY B Hilf IeT€HEPATHBHO-UCTPO-
(iYHMX 3MiH, TOCUJICHH] KJIITUHHOT 3ari0eti [IIIXOM aroITo3y
(XOHIPOITTO3Y), @ TAKOK JECTPYKII XPSIIIOBOTO MATPUKCY.

BBeneHHs: TBapHHaM SK XOHJIPOIPOTEKTOPHOIO Ipe-
napary (GiTOKOMIO3UIIT BUKJIMKA€E MO3UTHBHI 3MiHH, SKi

BUSIBJISIOTHCSL MTOCHJICHHSIM OIOCHHTETHYHHUX TPOLECIB Y
kinitiHax. [lepemycim mpo 1ie cBiquuTh 30UTbIICHHS BMICTY
MeMOpaHHUX CTPYKTYD (IoBrux mpodinis rpanyisipaoi EIIC
i IIACTMHYACTHX KOMILIEKCIB [ 0JbKi) Ta 3HUKHEHHS B Mi-
Kporlpernaparax XOHIPOLHTIB, 0 epeOyBaroTh Ha Pi3HUX
eTarnax KJIITHHHOT 3aru0ei.

VY neskux KITHHAX CIOCTEpiranu sSCKpaBO BHPAXKEHI
MemOpanu rpanyasaproi EIIC, 3acisai pubocomamu, 1o
CBITYUTB TIPO MK O10CUHTETUYHOT AKTHBHOCTI, 1 1IE CTOCY€Th-
Csl caMe CHHTEe3y eKCopTHHX OunkiB. Lle miaTBepmKyeThes
JI00POI0 YIIBTPACTPYKTYPHOIO OpraHi3alli€ro XpsIoBOro
MaTpUKCY sIK YIOPSAKOBAHUX KOJIAreHOBUX (iOpHIL.

OTxe, pe3ysIbTaTH AOCITIIKEHHS YIBTPACTPYKTYPH Xpsi-
II0BOT TKAHUHHM HIYpIiB 3 €KCIIEPUMEHTAILHUM apTPO30M
TTi/T BIUTHBOM (hiTOKOMIO3HIIIT CBiT9aTh, IO IeH mpenapar
BIUIMBAE Ha Mepedir CHCTEMHOIO CTEPOIAHOTO apTpo3y B
IIypiB. 3a CTYICHEM BIUIMBY Ha OIOCHHTETHYHI IPOLIECH
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B XOHJIPOLIMTAX 1 CTPYKTYpPY XPSAIIOBOTO MaTpUKCy BiH HE
MTOCTYTIAETHCSI AKTUBHOCTI pedepeHc-mnpenapary «ApTpoH
Drnekcy.

ExcrniepuMeHTastbHi J1aHi Ial0Th 3MOTY 3pOOHTH BUCHOBOK,
110 JIIKYBaJIEHO-TTPO]ITAKTHYHE 3aCTOCYBaHHS AOCIKYBa-
HOI (DITOKOMITO3UIIIT CIIPHsi€ 3HMKEHHIO JIET€HEPATHBHO-11-
CTPO(IYHMX MPOLECIB Yy LIypIB i3 CUCTEMHUM CTEPOiHUM
apTpo30M, IO MiJTBEPIKECHO PE3yIbTaTaMU BUBUYCHHS
CTPYKTYpPHOI OpraHi3ariii Cyriio00BOTo XpsIia.

BucHoBKku

1. Ha mMomesni CHCTEMHOT0 CTEpPOiHOTO apTpo3y B IIypPiB
BCTAHOBJICHO TIO3UTUBHUM JIIKYBaJIbHUH BIUIMB JIOCITIIKY-
BaHO{ (iTOKOMIO3MLIT HA PiBHI 3 BIJOMUM XOHIPOIPOTEK-
TOpOM «ApTpoH DieKey, MO MATBEPPKEHO MOKPAIICHHSIM
YABTPACTPYKTYPH CYyIIIO00OBHX TKaHHUH.

2. Pesynbraty JOCIIJDKEHB TAI0Th 3MOT'Y PEKOMEHTyBaTH
BUBYCHHSI HaJlaji KOMOIHOBAaHOTO TIperapary, 1o MiCTUTb
«Aptpurany», «HeBpun» i «Hedpomix» y criBBigHOIICHHI
1,0 : 1,0 : 0,5 six 3aco0y XOHIPONPOTEKTOPHOI, MPOTH3a-
NaJbHOI Ta aHAITETHYHOI Jil Y XBOPUX PEBMATOJIOTIYHOTO
mpodisro.

®iHaHCyBaHHA

[ocnimkeHHs BukoHamu B mexax HOP «®apmakonoriyHe BUBYEHHS
6ionoriYHO akTMBHUX PEYOBYH i nikapcbkux 3acobisy» (N2 0114U000956,
TepMiH BUKkoHaHHs — 2014-2023 pp.).
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Bubip AONOMiXXKHUX pe4OBUH ANA OTPMMaHHSA CyOniHrBanbHUX
TabneToK rniuuHy 3 TioTpia3oniHOM MeTOAOM NMPSIMOro npecyBaHHSA

MoBigomneHHs 1. BUBYEeHHS BNAMBY AONOMIXXHUX PEYOBUH
Ha HaCUMHY ryCTUHY, HACUMHY rYCTUHY Nicns ycaaKu, TeKyYiCTb
i KYT MPUPOAHOro YKOCY NOPOLUKOBUX Mac rfiluHy 3 TioTpia3oniHoMm
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F — octaTouHe 3aTBepmKEHHS CTaTTi

IHCynbT 3anuwaeTbes B YKpaiHi Apyroto Ta HanvacTilow NPUYMHOLO NepeayacHoi cMepTHOCTI 1 iHBanigHocTi. LLopoky B YkpaiHi Tpa-
nnaetbes noHag 111 Tucsy HoBUX BUNAAKIB iHCYNLTY. Lle Ayxe akTyanbHa Meauko-couiansHa npobnema Beboro cBiTy. [epcnekTneHuM
HanpsIMOM NePBUHHOI HEMPONPOTEKLi Mpu LepebpanbHil ilemii € kopekuis aucbanaHcy 30yannBuX i ranbMiBHUX HEAPOTPAHCMITEPHUX
CUCTEeM 3a JONOMOrO akT1BaLii NPUPOAHMX ranbMiBHUX Npouecis. Hally yBary npuBepHyB NPUPOAHUIA rafibMiBHWUI HEMPOTpPaHCMITEP
TMILMH Ta NOro PoMb y MexaHiamax rocTpoi LepebpanbHoi ilemii. € faHi npo 30aTHICTb aHTUOKCMAAHTY TiOTpia3osiHy NOTEHLiloBaTK
TepaneBTUYHY A0 HermpomMeTabonivyHux LepebponpoTekTopiB. Buxoasum 3 Lboro, CTBOPMIIM HOBUIN KOMOIHOBaHUIA NiKapCbKUIA Npena-
paT Ha OCHOBI rMiumMHy 3 TioTpiasoniHoM. [ins HoBoro KOMBiHOBaHOrO nikapcbkoro npenapaty obpanu pauioHanbHy nikapcbky opmy
— Tabnetku.

MeTa po6oTu — BUGIp JONOMIXHWX PEYOBWH [J151 OTPUMAaHHS TabNeTOoK IMiLiuHy 3 TIOTpia3oniHOM METOA0M NPSIMOTO MPECYBAHHSI, BUBYEHHS
IXHBOrO BNMMBY HA HACUMHY IYCTUHY, HACUMHY YCTUHY NICNS YCaAKW, TEKYYICTb i KyT NPUPOAHOTO YKOCY.

Matepianu Ta meToau. Y SOCNIMKEHHAX BUKOPUCTOBYBanW rmiunH (BUpobHuk — KHP), TioTpiasoniH (BupobHuk — Al «3aBog XiMivHWX
peakTuBiB» HayKOBO-TEXHOMOMYHOO KOMMNEKCY «IHCTUTYT MoHoKpucTaniB» HAH Ykpainu), ceptudikoBaHi 4ONOMiXKHI pEHOBUHMU HA OCHOBI
MiKpOKpUCTaniyHoI Lenonoau, rpaHynboBaHUX LKpiB, rpaHynboBaHUX HeOpraHiYHUX conew, 3mallyBanbHi pe4OBUHU BITYU3HSHOTO Ta
3aKOpAOHHOrO BUPOGHMLTBA. Mepenycim 3AiMCHUAN MOPOMETPUYHI AOCNIMKEHHS MOPOLLKIB FMiLMHY, TIOTPia3oniHy Ta CyMilli riLuHy
3 TioTpiasoniHOM. Y npoueci poboTty BMBUMNYM 4 rpynu AOMOMDKHUX PEYOBMH, DaKTOpK Ta iXHi PiBHi. [ns BUBYEHHS YOTUPLOX SKICHUX
YMHHWKIB BUKOPWCTOBYBAIN rPeKO-NaTUHCLKUA KBaapaT 4 x 4. BuB4anu HacunHy rycTuHy, HaCUnHy rycTuHy nicns ycaaku, TEKYYiCTb i KyT
NPUPOAHOTO YKOCY MOPOLLKOBUX MAc IMiLiMHY 3 TIOTPia3oniHoM.

Pesynkratu. 3a pesynsratamu ekcrnepuMeHTanbHX AOCTIMKEHb 3AINCHIOBaNW ANCNEPCINHNIA aHani3 ekcrepuMeHTanbHUX AaHuX i pobunu
BVCHOBKY NPO BNNWB (PakTopiB, SKi BUBYMMM, HA MOKa3HWKW AKOCTI MOPOLLKOBKX Mac rMilnHy 3 TioTpia3oniHoM.

BucHoBku. MMpoTArom JOCHIMKEHHS BUBYMIN BMIIMB YOTUPBLOX FPyN AOMOMIKHUX PEYOBMH Ha HACUMHY TYCTWHY, HACWMHY TyCTWHY nicns
yCafKu, TEKYYiCTb, KyT MPUPOAHOr0 YKOCY MOPOLLIKOBUX Mac rMiluHy 3 TioTpiasoniHoM. 3a pesynsratamv AycnepciiHoro aHaniay obpanm
ONTUMarbHi 4OMOMIXHI PEYOBUHW, L0 3a6e3neyytoThb AKICTb 3@ BUBYEHUMI NOKa3HUKaMU.

The choice of auxiliary substances to obtain sublingual glycin tablets with thiotriazoline with direct compaction method

Reporting 1. Study of the influence of excipients on the bulk density, the bulk density after shrinkage, the fluidity
and the angle of the natural slope of the glycine powder masses with thiotriazoline

L. I. Kucherenko, O. V. Khromylova, H. R. Nimenko, Z. B. Moriak

Today in Ukraine, stroke remains the second and most common cause of premature mortality and disability. More than 111.000 new
cases of stroke occur every year in Ukraine. This is a very topical medical and social problem worldwide. Today, a promising area of
primary neuroprotection in cerebral ischemia is to correct the imbalance of excitatory and inhibitory neurotransmitter systems through
the activation of natural inhibitory processes. Our attention was drawn to the natural inhibitory neurotransmitter glycine and its role in
the mechanisms of acute cerebral ischemia. There is evidence of the ability of the thiotriazoline antioxidant to potentiate the therapeutic
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effect of neurometabolic cerebroprotectors. Based on this, we have created a new combination drug based on glycine with thiotriazoline.
For the new combination drug, a rational dosage form of the tablet was selected.

The purpose of this work is to select excipients for producing glycine tablets with thiotriazoline by direct compression, to study their effect
on bulk density, bulk density after shrinkage, fluidity, and angle of natural inclination.

Materials and methods. The studies were used: glycine (manufacturer: China); Thiotriazoline (manufacturer: State Enterprise Chemical
Reagents Plant of the Institute of monocrystals of the NAS of Ukraine), certified excipients based on microcrystalline cellulose, granulated
sugars, granulated inorganic salts, lubricating as well as domestic. At first, morphometric studies of glycine powders, thiotriazoline, and
mixtures of glycine with thiotriazoline were conducted. In the course of the work, four groups of excipients, factors, and their levels were
studied. To study the four qualitative factors, we used the Greek-Latin square 4 x 4. The bulk density, the bulk density after shrinkage,
the fluidity, and the angle of the natural slope of the glycine powder masses with thiotriazoline were studied.

Results. According to the results of the experimental studies, the variance analysis of the experimental data was carried out and conclusions
were drawn about the influence of the studied factors on the quality parameters of the glycine powder masses with thiotriazoline

Conclusions. In the course of the researches, the influence of four groups of excipients on the bulk density, the bulk density after shrinkage,
the fluidity, the angle of the natural slope of the glycine powder masses with thiotriazoline were studied. According to the results of the
analysis of variance, optimum auxiliaries were selected which provide quality according to the studied parameters.

Key words: glycine, thiotriazoline, tablets, excipients.
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Bbl60p BCrnoMoraTtefbHbIX BeLWeCTB C LieJIbio NonyvYeHus cy6nvn-|rBaanb|x TabneToK rnMuumMHa ¢ TUOTPUA3OJTUHOM
MeToAOM NPAMOro npeccoBaHnA

CoobuweHue 1. Msyquue BIUAHUA BCNOMoOraTesibHbIX BeWeCTB Ha HaCbIMHYK MIIOTHOCTb, HACBIMHYH NITIOTHOCTb
nocre ycagku, TeKy4eCcTb U yros eCTeCTBEHHOro OTKoCa NOPOLLUKOBbIX MaccC rmuuuHa ¢ TMOTPUa3oJsIMHOM

. . Kyuepenko, O. B. Xpombinéea, A. P. Humenko, 3. b. Mopsik

B YkpauHe nHCynbT 0CTaeTcst BTOPOM 1 YaCTON MPUYNHON NPEXAEBPEMEHHON CMEPTHOCTMU 1 MHBanuaHocTW. ExerogHo B YkpauHe npo-
ucxopmt 6onee 111 000 HOBbIX Cry4aeB MHCYNbTA. ATO OYEeHb aKkTyarnbHast MeAUKO-coLuarnbHas npobnema Bo BceM Mupe. MNepcnekTms-
HOe HanpaBneHWe NepBUYHON HENPONPOTEKLMM NpU LiepebpanbHon nwemmmn — Koppekumus aucbanaHca Bo3byxaatoLmx 1 TOPMO3HBbIX
HENPOTPAHCMUTTEPHbIX CUCTEM C MOMOLLIbIO @KTUBALMK €CTECTBEHHBLIX TOPMO3HbIX NPOLIECCOB. Halue BHUMaHWe npyBnek NPUPOAHbIN
TOPMO3HOW HEMPOTPAHCMUTTEP MULMH 1 ero porlb B MeXaHu3Max ocTpoi LepebpanbHoii nwemun. EcTb AaHHble 0 cnocoBHOCTW aH-
TMOKCMAAHTa TMOTPUA3oNNHA yCUnMBaTh TepaneBThYeckoe AeCTBre HempomeTabonuyeckoro Lepebponpotektopa. Mcxoas us aToro,
€03/aH HOBbI KOMOWHMPOBAHHbIN NEKAPCTBEHHBIN NMpenapaT Ha OCHOBE MMULMHA C TMOTPUA30NNHOM. [ins HOBOTrO KOMBUHMPOBAHHOMO
nekapcTBEHHOTO npenapara BbibpaHa pauvoHanbHas nekapcTBeHHas hopma — TabneTku.

Lenb paﬁOTbI - Bbl60p BCNomMoraTenbHbIX BEWEeCTB And nonyyeHud TabneTok rnuumHa ¢ TUOTPNA3oNNHOM METOAOoM NMpPsAMOro npec-
COBaHUA, N3y4eHne nx BNnUAHNA HacCbIMHYK NNIOTHOCTb, HACbIMHYK NJIOTHOCTb NOCIE yCaaKn, TeKy4eCTb U yron eCTeCTBEHHOro ykoca.

Matepuansl u metogsl. B uccnegosanusix ncnonb3oBanu rmuumH (npoussogutens — Kutai), Tuotpuasonud (npounssoautens — [T1
«3aBop XMMUYECKMX peakTUBOBY HayyHO-TeXHOMornyeckoro komnnekca «AHCTUTYyT MoHokpucTannosy HAH YkpauHbl), ceptudmumpo-
BaHHble BCIOMOraTenbHbIE BELLECTBA Ha OCHOBE MVUKPOKPUCTaNIMYECKO LENItonosbl, rpaHynpoBaHHbIX CaxapoB, rpaHynMpoBaHHbIX
HEOpraH14ecknx comnel, CMasbiBatoLLMe BELLECTBa OTEHECTBEHHOTO W 3apybexHoro npon3soAcTea. Mpexae Bcero nposefeHsl Mopdo-
MeTp1Yeckue NCCrefoBaHms NOPOLLKOB IMMLIMHA, TUOTPKUA30oNMHA 1 CMECH MILIMHA C TUOTPUasonuHoM. B npouecce paboTbl n3yyeHsl 4
rpynnbl BCNOMOraTenbHbIX BELLECTB, (hakTopbl v UX YPOBHU. [INs 3y4eHns YeTbipex KayeCTBEHHbIX (DaKTOPOB MCMONb30Bany rpeko-na-
TUHCKUI KBaapaT 4 x 4. M3yyanu HacbInHy0 NMOTHOCTb, HACBIMHYK NNOTHOCTb NOCME YCaZKW, TEKYYECTb M Yron eCTECTBEHHOrO yKoca
NOPOLLKOBLIX MAcc rimuyHa ¢ TMOTPUA30NIMHOM.

Pesynkrathl. [o pesynbratam akcrneprMeHTanbHbIX UCCNEA0BaHUI NPOBOANIN ANCNEPCUOHHBIA aHanM3 aKCNepUMeEHTanbHbIX AaHHbIX
1 Aenanv BbIBOAb! O BIIUSIHUM U3YYeHHbIX (PaKTOPOB Ha NokasaTenu kayecTBa NOPOLLKOBbIX Mace MMULMHA C TUOTPUA3ONMHOM.

BbiBogbl. |/|3y‘-WIﬂI/I BNNAHME YeTbIpeX rpynn BCnomMoratenbHbIX BeLWEeCTB Ha HACbINHYI NNOTHOCTb, HACBIMHY NIOTHOCTL Nocre ycad-
KW, TEKY4EeCTb, Yrosyi eCTECTBEHHOro yKkoca nopoLKOBbIX MaccC rmuuuHa ¢ TMOTPUas3onnHOM. Mo pesynbrataMm AUCNepCUOHHOIO aHannsa
Bbl6paJ'IVI ONnTMManbHble BCroMoraTerbHble BELeCTBa, KOTopble obecneyrBaloT Ka4ecTBO Mo M3y4YeHHbIM nokasartenam.

KntouyeBble crnosa: muunH, TMOTPUA3OIWH, TabneTky, BCoMoraTenbHble BELLECTBa.

AxTyanbHble Bonpochl (hapMaLeBTMYECKON N MeAULUMHCKON Hayku u npakTuku. 2020. T. 13, Ne 1(32). C. 98-104

[HCYABT 3aNMIIAaEThCs B YKpaiHi JPYroo Ta Hal4acTilion
TIPUYHHOIO TIepeadacHOl CMepTHOCTI # iHBasigHOCTI. [1lopo-
Ky B YKpaini Tpamrserscs nonaz 111 000 HoBUX BHIaKiB
iHcynbty. Lle myxe akryanbHa CBITOBa MEIMKO-COIlialbHa
npobiema. ToMy Haa3BUYAaHO BaKJIMBHUM € 3ar00iraHHs
3aru0esi HepBOBHUX KJIITHH, 3aXHCT iX BiJ] OMIKOKESHHS B
YMOBaX ilIeMii, BiJIHOBJICHHSI ITOPYILIEHOTO KPOBOIIOCTaYaHHS

NPY T1aTOJIOTIYHKX 3MiHax KpoBooOiry [1]. [lepcriekruBHmii
HaIpsM TIEPBUHHOI HEHpOmpoTeKkuii mpu mepedpaiabHiit
imeMii — KopekIis aucOaaHcy 30yMIHBHX 1 TaTbMiBHHX
HEHPOTPaHCMITEPHUX CHUCTEM 3a JOMOMOIOI0 aKTHBAIlil
MPUPOTHHX TalIbMIBHHX TIporieciB. Haity yBary npuBepHyB
TIPUPONHUIA TaIBMIBHHNA HEHpPOTpaHCMITEp IIIIHH 1 HOTo
poJIb y MexaHi3Max roctpoi 1epedpanbHoi imemii. [ninuH €
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J1. 1. Kyuepenko, O. B. Xpomurnibosa, I'. P. Himetrko, 3. 5. Mopsik

Puc. 1. Mikpo3Himku nopoLukis: a) rniuuHy B Maclutabi 1:100, 6) TiotpiasoniHy B MacwuTtabi 1:100, B) cymilui miLmHy 3 TioTpiasoniHoM y mactuTtabi 1:100.

PIBHOIIIHHUM HEHPOTpAaHCMITEPOM, IO 320€3Meuye 3aXUCHE
rampmyBanHs y IITHC [2]. € mani mpo 31aTHICT aHTHOKCH-
JIAaHTy TIOTPia30JIiHy MOTEHIIIOBATH TEPANEBTUYHY Jif0
HEHpOMeTaboIIYHHX 1IepeOpOnpOTeKTOpiB [3,4]. Buxomsaaun
3 [[LOT'0, CTBOPHJIN HOBUI KOMOIHOBaHHH JIIKAPCHKHH Ipena-
par Ha OCHOBI DITIIKHY 3 TioTpiazomiHoM [5—7]. s HOBOTO
KOMOIHOBAHOTO JIIKapCHKOTO Mperiapary 00palii parioHaIbHY
JKapceKy opMy — TabieTku.

MeTta po6otu

Bubip 1OmMOMIDKXHMX PEYOBHH JUISI OTPUMAaHHS TaOJIETOK
DTOUHY 3 TIOTPia30TiHOM METOIOM IMPSIMOTO MPEeCyBaHHS,
BUBYEHHS IXHBHOTO BIUIMBY Ha HACHITHY T'YCTHUHY, HACHITHY
TYCTHHY TiCJIS yCaJKH, TEKYYiCTh 1 KyT IPHPOIHOIO YKOCY.

Matepianu i meToau gocnigxeHHs

VY mociiKeHHSAX BUKOPHCTOBYBAJM TIIIHUH (BHPOOHHUK
— KHP), Tiorpiazonin (Bupoouuk — JI1 «3aBoj XiMi4HHX
peakTnBiB» HaykoBO-TeXHOIOT4HOTO KOMITIEKCY «[HCTUTYT
MoHokpucTaiiBy HAH Ykpaian), ceprudikoBani JOIOMDKHI
PEYOBHHHU HA OCHOBI MIKPOKPUCTAJIIYHOI LEJFOI03H, Ipa-
HYJIBOBaHUX LYKDIB, TPaHyTbOBAHHX HEOPraHIYHHUX COJICH,
3MalyBajgbHI PEUOBHHHU BITUM3HSHOTO 1 3aKOPIOHHOIO
BHUPOOHUIITBA.

Ilepenycim 3nificHIIH MOPGOMETPUYHI JOCTiIKEHHS
MOPOLIKIB IJIIIMHY, TIOTPia3olliHy Ta CyMilll DIIIKHY 3
TiOTpia3oiHOM. Y Tpoleci poOOTH BUBYIIHN 4 TPYIH J10-
MOMDKHHUX PEYOBHH, (DaKTOpH Ta IX PiBHI, SIKi HABEJCHI B
ma6auyi 1. ]Iy BABYEHHS YOTUPHOX SKICHUX YNHHHKIB BU-
KOPHCTOBYBAJN TPEKO-JIATHHCHKII KBaapar 4 X 4. Marpuiist
IUTaHYBaHHSI €KCIIEPUMEHTY Ta Pe3yJbTaTh JOCIiIKSHHS
TaOJICTKOBHX Mac HaBeACHI B mabnuyi 2. BUBYaIi HACUITHY
T'YCTHHY, HACHITHY T'YCTHHY MICIISl yCaKH, TEKYUiCTb 1 KyT
MIPUPOHOTO YKOCY TOPOLIKOBHX Mac IIIIMHY 3 TioTpia-
30J1{HOM.

3a pe3ynbraraMu eKCIIepUMEHTAIBHUX JOCIIIKEHb 3/IiiC-
HWIN JUCHepCiiHMI aHami3 eKCIIepUMEHTAIBHNX JaHUX i
3pOOMII BUCHOBKH PO BIUIMB BUBYCHHX (PAKTOPIB Ha MO-
Ka3HHKH SIKOCTI IIOPOIIKOBHX Mac IIILMHY 3 TIOTPia301iHOM

Pesynksratn

3nificHIII MOPGHOMETPHYHI TOCITIIKESHHS TOPOMIKIB ITIAHY
TIOTpia30lliHy Ta CyMIIll DTIIIHY 3 TIOTpia3omiHOM. Busdmm
PO3MipH KPUCTAIIIB IIIMHY Ta TIOTpia30IiHy, iXHi TEXHOJIO-
TiuHi BIacTUBOCTI. /|71 OTprMaHHS KOMOIHOBaHHX TaOIETOK
3aIpOIIOHOBAHO METOJI MPSIMOTO TIPECYBAHHSL.

Ha puc. I vaBeneHi MiKPO3HIMKH MOPOIIKIB [IILHHY,
TIOTpia30JIiHy Ta iXHBOI CyMIIIi.

Jlyist oTprMaHHs Ta0JICTOK DIIIKHY 3 TIOTPIa30JIiHOM Cepet
JIOTIOMIKHIX PEYOBHH BHOPAJIM PEUYOBHHH, SIKi, 32 JaHIMU
(haxoBoi miTeparypH, HaiyacTille BUKOPUCTOBYIOTH JUIS
OTpUMaHHS TabIETOK METOJOM TPSAMOro mpecyBaHHs [8].
JlomomiXKH1 pedOBHHH 32 TEXHOJIOTTYHUMH O3HAKaMH 3TPYITy-
Bayu B 4 rpynu. dakropu Ta iXHi piBHI HaBeeH B mabnuyi 1.

Jlns BUBYCHHS SKICHUX (DAaKTOPIiB BUKOPUCTANN OAWH i3
TUIAHIB JMCIIEPCIHHOTO aHaji3y — rpeKo-TaTHHChKUHA KBa-
npat [9]. Y mabnuyi 2 HaBeneHO MaTPUIIO TUTAHYBAHHS
EKCIIEpUMEHTY Ta Pe3yJbTaTH JOCIHIIKEHHS MOPOIIKOBHX
Mac DILUHY 3 TIOTPia30IiHOM.

VY nmabGopaTropHUX yMOBaX BHTOTOBWJIH 16 cepiit mopo-
IKOBHUX Mac. Hajasi mopoIikoBi Cymilii TOCIiKyBaIi Ha

Tabnuus 1. JonomikHi pe4oBMHW, siki BUBYanM npy po3pobneHHi TabneTok

o a, — MKL| 102

ﬁa_oiﬁzzm I gKe q:(;gzvilq Hoi ; — Mpocons 90
enonosu PP , ~ MKL 302

4 ,— MKLL 200

b,—Matiton 300
b,— Nikotab PGS
b,— Ilyginpec

b,— Llykop komnpi O

B — [ONOMiXKHI pe4oBUHYM
Ha OCHOBI rpaHynbOBaHUX LKpiB

¢,— Kanbuiin choceat 2-0CHOBHMI

A 6e3B804HMI
C — BOMNOMDKHI pe4OBUHU A -
. ¢,— MarrpaH marHiin okeug
Ha OCHOBI rpaHynbOBaHUX 2 o
rpaHynboBaHWin

HeopraHiYHux conew
¢,— Exomnpec

¢,— Heycinin YC 2

d,— Marito cTeapar

d,— Kucrota creapuHosa
d,— Kanbyjto creapar
d,—MNET 4000

D — 3malLyBarbHi pe4oBrH
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Tabnuus 2. YoTUpbOX(PaKTOPHUI EKCIEPUMEHT Ha OCHOBI MPEKO-NATVHCHKOTO KBAAPaTy Ta pesynsrati AOCHiLKEeHHS MOPOLLUKOBUX Mac

rNiUMHY 3 TIOTpia3oniHOM

_ﬂ-_--------

b, d, 0,68 0,69 0,81 0,82 1,65
2 a, b, ¢, d, 0,72 0,71 0,80 0,81 23 1,97 2 27
3 a, b, c, d, 0,53 0,51 0,55 0,54 23 26 42 41
4 a, b, c, d, 0,65 0,66 0,76 0,78 8,97 7,01 40 39
5 a, b, ¢, d, 0,72 0,71 0,82 0,84 217 219 35 34
6 a, b, c, d, 0,65 0,64 0,76 0,78 2,36 2,38 38 37
7 a, b, c, d, 0,61 0,63 0,72 0,73 18 1,65 39 40
8 a, b, c, d, 08 0,79 0,85 0,87 4,84 5,01 31 30
9 a, b, c, d, 0,63 0,65 0,80 0,79 1198  [1202 |43 42
10 a, b, c, d, 0,65 0,67 0,80 0,82 1220 (123 31 30
11 a, b, c, d, 0,72 0,73 0,85 0,87 1,76 18 3 32
12 a, b, ¢, d, 0,72 0,71 0,85 0,84 2,35 2,37 27 2%
13 a, b, c, d, 0,72 0,73 08 0,82 4,84 5,01 31 30
14 a, b, c, d, 0,72 0,74 08 0,82 1,18 12 29 28
15 a, b, ¢, d, 0,72 0,71 0,85 0,84 145 147 29 30
16 a, b, c, d, 0,69 07 0,85 0,84 138 1,36 27 2%

y, iy,’: BiNbHa HacunHa rycTHa nepLuoi Ta apyroi cepii BiANOBIAHO, r/cM, y, i y,’: HACUMHa ryCTMHa MOPOLLKIB MICNA YLLifbHEHHS NepLuoi Ta apyroi cepii
BIANOBIAHO, F/CM?, Y, i y,’: TeKyYiCTb NOPOLLKOBIX Mac NepLuoi Ta Apyroi cepii BignosigHo, 100 r/c; y, iy, KyT NPUPOAHOTO YKOGY MOPOLLKOBUX Mac NepLuoi

Ta Apyroi cepii BignoBigHo, rpag.

HACHITHY T'yCTHHY, HACHITHY T'yCTHUHY IICJIS yCaIKH, TEKYJiCTh
1 KyT mpupomHoro ykocy [10].

Jucnepciiinuii aHaii3 ekcriepuMeHTalIbHUX JIAHUX TTOKa-
3aB, 1110 BCl BMBYEHI (PAaKTOPH CTATHCTHYHO HEBIPOTiIHI 3a
BIUTMBOM Ha BUIbHY HACHIIHY MAacy IOPOIIKOBHX MAC IIILMHY
3 TioTpiazoninom. Ile o3Havae, 1m0 TP BUKOPHCTaHHI OyIb-
K01 3 16 BUBUEHHUX JIOTIOMIKHUX PEYOBHH Oy/ie ONMM3bKHI 32
3HAYEHHSIM PEe3yJIbTaT BIIbHOT HACUITHOI MacH.

Jlasi mopoIIKoBi MacH MiIaBajIy YIILTFHCHHIO. 32 BILIH-
BOM Ha HACHITHY TYCTHHY ITiCJIS yCaAKH MOPOIIKIB TITIIIHHY 3
TIOTPia30J1iHOM SIKICHI (haKTOPK MOYKHA PO3MICTUTH B TaKiit
nociigoBHocti: A>D =res > B> C.

BrmB nonomMi>kHEX peY4OBHH Ha OCHOBI MiKpOKPHCTAIIY-
HOI IIEMTI0JIO3M HAa HACUIIHY I'YCTHHY MICIIs yCaIKH ITOPOIIKIB
DIIHHY 3 TIOTPi1a30J1iHOM HaBelleHO Ha puc. 2.

3a JaHnMH, 10 HaBeJIeH1 Ha puc. 2 HAWKPaIoko JTOTTOMIXK-
HOMo pevoBHHOIO BusiBuiack MK 200.

BrnuBs 3mannyBalbHUX PEYOBHH HA HACHUITHY T'YCTHHY
TTiCIIs yCa Ik MOPONIKIB IIIUHY 3 TIOTPia30J1iHOM HaBE/ICHO
Ha puc. 3.

AHaJi3 prCyHKY ITOKa3aB, 1110 HAWOLTbIIIE 3HAYCHHSI HACHTI-
HOI TYCTHHH HICIIs yCaJKH OTPUMAIIH ITiJ] 4aC BUKOPUCTAHHS
MarHiro creapary.

BB 1OMOMIKHUX PEUYOBHH Ha OCHOBI I'PaHYJILOBAHHX
IyKpiB Ha HACHUIHY TYCTHHY IICJIS yCaaKH HaBEICHO Ha
puc. 4.

3a naHuMH, 1110 HABE/ICHI Ha puc. 4, JIiAepoM cepe J0mo-
MDKHHMX PEYOBHH Ha OCHOBI TPaHy/IbOBAHUX I[YKPIB € I[yKOp

kommipi O, HaWTIpII pe3yIIbTaTH OTPUMAITH ITPH BUKOPHCTaHI
Jyinpecy.

BB ¢axropa C Ha HACUIHY T'YCTHUHY HICIS yCaIKH
MOPOLIKIB TIIMHY 3 TIOTPia30JIiIHOM HAaBEACHO Ha puc. J.

PamxoBanuii psj nepesar piBHiB gaktopa C Ha HACHIIHY
TYCTHHY TICJIS YCaIKH TOCTIPKYBaHUX MOPOIITKIB MA€ TaKHH
BUIIIAN: C, >C, >C, >C,

Hanani mopoIkoBi cyminIi 10CiipKyBajad Ha TEKyqiCThb.
JucniepciiiHuii aHai3 eKCriepruMEHTaIbHUX TaHUX TI0KA3aB,
10 HaWOIIBII CYTTEBHUI BIUIMB Ha IIEH TIOKa3HUK Ma€ MpH-
polia 3MallyBaJIbHUX PEYOBHH.

Brumus dakropa D Ha TekydicTh MOpPOLIKIB DIILKHY 3
TIOTpPia30JTiHOM HaBENICHO Ha puc. 0.

3a maHmMH, 110 HaBENeHi Ha puc. 6, e(heKTUBHICTH 3Ma-
IIyBaJILHUX PEUOBHH LTIOCTPYE PSIA: KMCIIOTA CTeapuHOBa >
kaubltito creapar > [1EI" 4000 > marHito creapar.

JlomoMi>kHI peYOBIHN HA OCHOBI TPaHYIbOBAHUX ITYKPIB,
SIKI BUBYAJIH, 32 BIUTHBOM Ha TEKYUiCTh OCTIHKYBaHUX I10-
POIIIKIB MO’KHA PO3MICTUTH B TaKHiA Psijl ICPEBAr: JIyilpec
> 1rykop komrpi O > nikorad PGS > maniron 300.

JlomoMi>kHI pe4OBHHH Ha OCHOBI MiKPOKPHCTAIIITHOI I1e-
JIFOJIO3H 32 BIUTMBOM Ha TEKy4iCTh HOPOILIKOBUX MaC IIILIMHY
3 TIOTPia30JIIHOM MOYKHA PO3MICTHTH B TaKii OCIIIIOBHOCTI:
MKII 200 > npocomns 90 > MKI] 102 > MKI] 302.

Cepen JOMOMDKHAX PEYOBHH Ha OCHOBI TPaHYITHOBAHIX
HeopraHiYHHX CoJIeil 3a BINIMBOM Ha TEKy4iCTb IIOPOLIKOBHX
Mac DIIKHY 3 TIOTPia30JIiHOM JIiIEPOM BUSIBUBCSI KaJIbLIIO
hocdar 2-ocHOBHUIT OS3BOTHHUI.
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HacunHa ryctuHa nicns ycagku, ricm®
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Puc. 8. Bnnus npupoay aktopa C Ha KyT MpUpOAHOro YKOCy.
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Bubip donomixHux peqosuH 0r1s ompumMaHHs cybriHeeanbHUX mabnemok aniyuHy 3 miompia3osniHoM MemodoM rpPsIMO20 MPECy8aHHs...

Hapnani po3misiHyIIM BIUIMB JIOIOMIKHUX PEYOBHH Ha KYT
HPHPOTHOTO YKOCY.

JlucriepciiiHuii aHasIi3 eKCIIEPUMEHTAIbHUX JaHHX ITOKa-
3aB, 110 Ha 1€ NOKA3HKK BILIMBAIOTh 3 BUBUYCHI (paKTOpPH:
A>C>B.

BruB nmpupoay TOTMOMIKHHAX PEYOBHH Ha OCHOBI Mi-
KPOKPHUCTAIIYHOT LEFOI03H Ha KyT MPUPOTHOTO YKOCY MO-
POIIKOBUX Mac TIIIMHY 3 TIOTPia30JIiHOM HaBEJCHO Ha puc. 7.

3a qaHUMHU, 10 HaBEe/ICHI Ha puc. 7, HAUKPAIIIiA pe3ynbTaT
oTpuMaH i yac Bukopucranas MKL 200.

Bruis nipuponu dakropa C Ha KyT PUPOITHOTO YKOCY I10-
POIIKOBUX Mac IIIMHY 3 TIOTPia30J1iHOM HaBeJIeHO Ha puc. §.

AmHani3 puc. 8§ nokaszas, 110 HaliMEHILIE 3HAYCHHS KyTa
MIPUPOIHOTO YKOCY OTPUMAIIM NPH BUKOPUCTAHHI Marrpa
MarHiro OKCHJTy TPaHyJIbOBAHOTO, SIKOMY JIELIO TOCTYIAI0Th-
Csl HII JOTIOMIKHI PEYOBHHHU.

BruiB TONOMIDKHUX PEYOBHH Ha OCHOBI TPaHyJIbOBAaHUX
IyKpiB HA KyT IPUPOIHOTO YKOCY HaBENICHO Ha puc. 9.

3a maHuMu, 10 HaBe/IeH Ha puc. 9, HalKpaIii pe3ynbTaT
OTpPUMAITH ITPY BUKOpHCTaHHI TikoTad PGS i myxpy xommpi O,
HAWTIpIIMi — IPYU BUKOPHUCTAHHI JyIiIpecy.

O6roBopeHHs

BuBunnm ¢i3uKo-XiMidHI Ta TEXHOJOTIYHI BIACTUBOCTI
cyOCTaHIIN TIIHHY, TIOTPia30MiHy Ta IXHBOI CYMIIIi s
BHOOpPY crocoOy oTpuMaHHS TabiIeToK. 3a JOMOMOTO0
€JICKTPOHHO-MIKPOCKOIIIYHUX METO(IB, BUKOPUCTOBYIOUH
KoM 'totepHy nporpamy Inter VideoWinDVR, 3niticanmm 1o-
cITi/pKeHHS (POpMH Ta pO3Mipy YacTOK. Y pe3yibTari BUsBHIIH,
110 cyOCTaHLIT DIIKHY Ta TIOTPia3oiIiHy € IO JUCIIePCHHU-
MH KPUCTAIIYHHMH MTOPOILIKAMH Y BUIIISI ITACTUHYACTHX
OararorpaHHHKIB Ta IXHIX ynamkiB. Dpaxiiis, ska JIOMIHYE,
IpeJICTaBlIeHa 1304iaMeTPUYHIMHI YaCTHHKAM1 HEIPABHJIb-
Ho1 hopmu. OTKe, TOCTiIKEHAS (hapMaKo-TEXHOIOTITHAX
MMOKa3HUKIB CyOCTaHIIN IIIMHY Ta TiOTPia3oNiHy Aaiin
3MOTY TIPOTHO3YBATH, a HaJaTi i MATBEPIUTH MOXKITUBICTh
OTpUMaHHS TaOIETOK TIIIHHY 3 TiOTPia30JiHOM METOAOM
MPSIMOTO TTPECYBaHHS.

[IpoTsirom joCHiPKEeHHST BUBYMIIM BIUIMB OCHOBHHX TPy
JIOTIOMDKHHX PEYOBHH, KOTpPi HaifyacTile BUKOPHCTOBYIOTh
ITiJT Yac CTBOPEHHS TAOJIETOK METOJIOM IPSIMOT'O TIPECYBAHHSI.
3a pocipKeHIME (PapMaKo-TEXHOJIOT TYHUMH ITOKa3HUKAMH
OTPUMAJIU MTO3UTHUBHI PE3yNIbTaTH 00 OLIBIIOCTI 3 JOMO-
MDKHUX PEUOBHH, sIKi BUBYaIM. OOUPaOYM Kpallli JOOMDKHI
PEUYOBHMHH JJIsl CTBOPEHHSI ONITUMAJIBHOTO CKJIA/ly TaOJIEeTOK
DIIUHY 3 TIOTPia30iHOM, Opasi 10 yBar BCl JOCIIKEHI
BIIITYKH.

BucHoBKuM

1. IIpoTsirom AOCIiKEHHS BUBYMIIN BIUIUB 4 TPy JOMO-
MDKHUX PEYOBHH Ha HACHIIHY TYCTHHY, HACHIIHY T'YCTHUHY
TTCIIS YCAAKH, TeKYqiCTh, KyT IPHPOTHOTO YKOCY ITOPOIIIKO-
BHX Mac TIIIHHY 3 TIOTPia30IiHOM.

2. 3a pesynsraraMu JUCIICPCIHOTO aHaITi3y 00palli ONTH-
MaJlbHi JOTTOMIKHI PEYOBHHH, IO 3a0€3MeUyI0Th SKICTh 3a
TIOKa3HUKaMH, SIKI BUBYMIIH.
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Po6oTa € cknafoBot YaCTUHOK CyMICHOT KOMMIEKCHOT po6oTu
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OpwriHanbHi gocnimxeHHs = Original research

focnigXeHHA BNNMBY NOBEPXHEBO-aKTUBHUX PEYOBUH
Ha BUBiNNbHEHHS1 HOOMNENTY 3 Ha3anbHOI JlikapcbKol hopmu

B. C. bypnaka**®, |. ®. beneHiyes®, B. B. Maguwes®*

3anopisbkuii fepkaBHWA MEANYHUI YHIBEPCUTET, YKpaiHa

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

HasanbHuit Lunsx npuiMaHHs Nikie, SIK BiZOMO, XapaKTepu3yeTbCcs psAoM Nepesar: WBUAKICTb BCMOKTYBaHHS Ta [OCATHEHHS Tepanes-
TUYHOTO eqPeKTY, MOXNMBICTb AOCTABMNEHHS aKTUBHIX PEYOBUH, MUHAKOUYM NPECUCTEMHII MeTabomi3aM y nediHui, 3py4HICTb i mpocToTa
BBeZeHHs npenapary. [onepeaHbo po3pobneHo Nikapcbkui npenapar Ans HasanbHOro 3aCTOCYBaHHS 3 HOOMENTOM — MaNOTOKCUYHO
PEYOBVHOK NENTUAHOI NPUPOAK, WO He BUSIBMSIE NOBIYHI edheKTH i XapaKTepn3yeTLCS BUCOKOK aKTUBHICTHO.

Micna nonepeaHix JOCNiAXeHb K OCHOBY-HOCIH 0bpanv po34unH HaTpi kapboKCMMETUNLLENtoNo3an, Skuin 3abesnedyBaB HanBULLi NOKa3-
HUKM BUBINbHEHHS HooMenTy. 3a AaHnmm (haxoBoi nitepaTypy, A0 CKNagy Ha3anbHYX MikapCbkyx opM Ans NigBuLLEHHS 6iof0CTYNHOCTI
MOXIVBE AOAABaHHSA PEYOBUH — eHxaHcepiB abcopbuii. Lie peqoBnHH, WO 36inbLUyiOTb MPOHUKHICTL MeMOpaH Ans NikapCbKX PEYOBVH,
AKi BBOAATbCA pa3oM i3 Hummn. Cepeq HUX iHTEPEeC BUKMKKAE rpyna NoBEPXHEBO-aKTUBHMX PEYOBUH, @ came TBiH-80, skvii fobpe posun-
HAETbCS Y BOAI Ta LUMPOKO 3aCTOCOBYETHLCS Y CKNafi NikapCbkyux 3acobiB.

MeTta po60oTH — BUBYTM BNAVB NOBEPXHEBO-AKTUBHUX PEYOBWH Ha BUBINbHEHHS HOOMENTY 3 Ha3arbHOI NikapCbkoi (hopmm.

Matepianu Ta metoau. [ina gocnimkeHHs rotyBany komnosuuii 3 Bmictom TBiHY-80 Big 0 % 10 3 %. [NoBepXHeBO-aKTUBHY pEYOBUHY
[ofaBanv o cknapy HasarnbHoi nikapcbkoi dhopmu, wo mictutb 1 % HoonenTy, no 5 % rmiuepuHy Ta GilodiTy nonTaBcbKOro Ta po34unH
HaTpii kapbokcumeTunLentonoaun. BraHavanu BUBINbHEHHS HOONENTY METOLOM PIBHOBaXHOrO Aianidy 3a KpyBYMHBCHKMM Kpisb HaniB-
NPOHMKHY MembBpaHy — LenodaHosy nnieky «KynpodaH» yepes 30 xBunuH. KoHueHTpaLito HoonenTy Bu3Havanu Metogom Y®-crnektpo-
hoTOMETPIT NpY SOBXMHI XBUMi 258 HM.

Pesynirati. [lonaBanHs TBiHy-80 40 Ha3anbHOI Nikapcbkoi hopmMu 3 HoonenToMm 3abeanevye KpaLwii piBeHb BUBINbHEHHS [i0Yoi pe-
4oBUHW. 36inbLUeHHS KOHLEeHTpaLii noHas 1 % He Mae 3HauyLLoro BNMVBY Ha BUBIMbHEHHS HOOMENTY.

BucHoBku. BuaHaumnm, o BMICT TBiHY-80 YMHUTb 3HAYyLLMIA BMIIMB Ha BUBINbHEHHS HOOMENTY 3 Ha3arbHOI Nikapcbkoi hopmmn. OnTu-
MarbHe BUBiNbHEHHS HoonenTy 3abesnedyye 1 % KoHUeHTpauis TBiHy-80.

AxTyanbHi nuTaHHA papMaLeBTUYHOI | MeanYHOI Hayku Ta npakTukm. 2020. T. 13, Ne 1(32). C. 105-108

Study of surfactants influence on the noopept releasing from the nasal dosage form
B. S. Burlaka, I. F. Bielenichey, V. V. Hladyshev

The nasal route of drug administration, as is well known, is characterized by some advantages: absorption rate and rapid onset of therapeutic
effect, availability of drug delivery without hepatic first-pass elimination, it is suitable and easily accessible. Earlier a medication for nasal
administration with noopept — a low toxic substance with peptide nature without any side effects and high activity has been developed.

After advance investigations, a solution of sodium carboxymethylcellulose providing the highest rate of noopept releasing was chosen
as a delivery base.

The aim of this work is the study of surfactants’ influence on the noopept releasing from the nasal dosage form.

Materials and methods. For the investigation, the compositions containing twin-80 from 0 % to 3 % were prepared. Surfactant was
added to the nasal dosage form containing noonpept 1 %, glycerol, and bishofit poltavsky equally by 5 % and solution of sodium
carboxymethylcellulose. Noopept releasing was studied using the method of equilibrium dialysis by Kruvchinsky through the semipermeable
membrane — cellophane film “Kuprofan” after 30 minutes. Noopept concentration was determined by the UV-spectrophotometry at 258 nm.

Results. Results of investigation have verified that the addition of twin-80 to nasal dosage form with noopept provides with a better
level of releasing of the active substance. At the same time, increasing of concentration more than 1 % hasn't a significant influence on
the noopept releasing.
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Conclusions. It was determined that the content of twin-80 has a significant influence on a noopept releasing from the nasal dosage
forms. The concentration of twin-80 1 % provides optimal releasing.

Key words: surfactants, noopept, releasing, nasal dosage form.
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WUccnepoBaHue BNMAHWA NOBEPXHOCTHO-aKTUBHBIX BELLECTB Ha BbICBOGOXAEHME HooMenTa
U3 Ha3anbHOM NeKapcTBeHHOW (hopMbI

B. C. bBypnaka, U. ®. benennues, B. B. Mapabiwes

Mocne npegBapuUTerbHbIX nccneaoBaHuin B Ka4ecTBe OCHOBbI-HOCUTENS Bbl6paH pacTtesop HanVIVI Kap6OKCVIMeTVIJ'ILI,eJ'IJ'IPOJ'I03bI, obecne-
YMBaIOLLMIA HAMBBICLUME MOKa3aTenm BbICBOOOXAEHNS HoonenTa. 10 AaHHbIM Haquon ninTepatypsbl, B COCTaB HasallbHbIX NEKapCTBEH-
HbIX d)OpM Ana nosBbllWeHns 6VIO/J,OCTyI'IHOCTVI MOryT BBOAUTLCA BELLECTBA — SHXaHCePbl a6cop6uvw|. OT0 BeLLEeCTBa, ysenundnsarLine
NPOHULaEeMOCTb MeM6paH AnNA nNekapCTBeHHbIX BELLIECTB, KOTOPbl€ BBOAATCA BMECTE C HUMW. Cpe/:wl HUX UHTEPEeC nNpeacTaBndeT rpynna
NOBEPXHOCTHO-aKTUBHbIX BELeCTB, @ UMEHHO TB1H-80, KOTOprVI XOpPOLLO pacTBopAeTCA B BOAE U LLUMPOKO NPUMEHAETCA B COCTaBe Jie-
KapCTBEHHbIX CPEeaCTB.

Llens paboTk! — 13y4nTb BRUSHIE NOBEPXHOCTHO-aKTVBHBIX BELLECTB Ha BbICBODOXAEHWE HOOMEeNTa U3 Ha3anbHOw NekapcTBEHHON (POPMbI.

Marepuanbi u MeToabl. 1S nccneaoBaHns roroBunv KOMNosuumm ¢ cogepxannem T8uHa-80 ot 0 % A0 3%. MNoBepxHOCTHO-aKTMBHOE
BeLLeCTBO f00aBNAnM B COCTaB Ha3arnbHOW nekapcTBeHHON opMbl, cogepxatuen 1 % HoonenTa, no 5 % rnvuepuHa n Guwodwta non-
TaBCKOrO ¥ pacTBOp HaTpuii kapbokcumeTunuennonoasl. Onpeaensnu BbicBoboXaeH1e HoonenTa METOA0M PaBHOBECHOIO Ananmsa no
KpyBUMHBCKOMY Yepes nonynpoHuLaemyto Membpany — LennodaHosyto nneHky «KynpodaHn» yepesa 30 MuHyT. KoHueHTpaumio HoonenTa
onpegensanu metogom Y®-cnektpothoToMeTpum Npy AIMHE BOMHbI 258 HM.

Pesynkratkl. Pe3ynbraThl nccrnenoBaHns NoaTBEPXAAMT, YTo fobaBneHue TBuHa-80 B HazanbHOW NekapcTBEHHOW (hOpMe C HOOMenToM
obecneynBaeT NyyLLnin YpoBEHb BbICBODOXAEHNS OEACTBYHOLLErO BeLlecTBa. YBenuyeHve KoHUeHTpauum onee 1 % CyLlecTBeHHO He
BIUSIET Ha BbICBOOOXAEHME HooMenTa.

BuiBogbl. YcTaHOBNEHO, YTO cofdepxaHue TBrHa-80 3HaUMMO BMSIET Ha BbICBOOOXAEHME HOOMENTa W3 Ha3anbHOW NEKapCTBEHHOM

dopmbl. OnTuMansHoe BbicBoboXaeHe obecneunsaeT 1 % KoHUeHTpauwms TuHa-80.

KniouyeBble cnoBa: NOBEPXHOCTHO-aKTUBHbIE BELLECTBa, HOOMNENT, BbICBOOOXAEHME, Ha3anbHas JNiekapcTBeHHasa cbopma.
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HaszaeHi nikapchki 3ac00H, M0 CTBOPIOIOTH ANETEPHATHBY
MapeHTepaATEHOMY IPUAMAHHIO K HAaHOLTBIT TOMHUPEHOMY
JUTT MaKpOMOJICKYJI, XapaKTepU3yIOThCSI HU3KOIO IIepeBar:
IIBUKICTIO BCMOKTYBAaHHS Ta JOCSTHEHHS TepPareBTUIHO-
To e(eKTy, 3pyUHICTIO 1 MPOCTOTOIO BBEACHHS IIperapary,
MOXXJTUBICTIO JIOCTAaBJICHHS aKTHBHUX PEYOBHH, MIHAIOUH
TIpecucTeMHnit MeTabomi3m y redinti [ 1,2]. BpaxoByroun 11e,
JUTSL CTBOPEHHS HOBOTO JIIKAPCHKOTO 32C00Y 3 HOOTPOITHOIO Ta
HEHPONPOTEKTUBHOIO aKTUBHICTIO PO3POOJICHO JTIKAPCHKUI
mpernapaT A1 Ha3aJbHOTO 3aCTOCYBAaHHS 3 HOOTENTOM —
MaJIOTOKCHYHOIO PEYOBHHOIO MENTHIHOI MPUPOIH, IO HE
BHSBIISIE TTOO1UHI e(DEKTH 1 XapaKTepU3yeThCsl BUCOKOIO
aKTUBHICTIO [3,4].

[TorepeaHi AOCTIHKEHHS JaId MOYKJIUBICTh BU3HAUNTH
BUJI OCHOBH-HOCISI Ta 3BOJIO)KYBaua. 3a JaHUMHU (HaxoBoi
JITepaTypH, A0 CKIaay Ha3aJIbHUX JIIKAPCHKUX (HOpM UIst
HiBUILCHHS! 010OCTYITHOCTI MOXIIUBE J0JIaBaHHS PEvo-
BUH — eHXaHcepiB adcopoOiii. [le peuoBuHH, 1110 30UTHIIYIOTH
IIPOHUKHICTh MEMOpaH JUIsl JTIKapChKUX PEUOBUH, SIKi BBO-
JSITBCS pa3oM i3 HUMHU. OCcOOJIMBO 1€ CTOCY€EThCS BETMKHX
TiIpodIIBHUX MaKpOMOJIEKYI, SIK-OT MENTHIN, TPOTETHH,
JIesIKi aHTUO10THKH, 1HCYIIIH TOMIO. J[JIs MOMIMIIeHHs mpo-
HUKHOCTI MeMOpaH JUIsi peYOBUH TENTHIHOI NPUPOIU B
Ha3aJIbHUX JIKapChKUX (pOpMax 3aCTOCOBYIOTH TaKi IPyITH
PCUOBHH: COJIi )KOBYHUX KHCJIOT (HATPIKO TIIIKOXOJAT, Ha-
TPIFO JCOKCIXOJIAT TOIIO), YKUPHI KUCIOTH Ta IXHI MOXI1IHI
(HaTpiro MipHCTaT, MAIBMITOLI KApHITHH TOILIO), ILEPUAN

(manpukIaa, Gocomimian), CamiuiIaTH, XeIaTH (STHICH /i
aMiHTeTpaarerar), mojiMepH (XiTo3aH, HaTpiii KapOOKCHMe-
THJIIIEITFONI032 Ta MTOX1/THI ), TOBEPXHEBO-aKTHBHI pEUOBHHU
(ITAP) i mesixi ivmi [5,6].

[Ticns momepeaHiX AOCHTIIKEHb SIK OCHOBY-HOCIH 00paiu
PO3YMH HATPili KapOOKCUMETHIILIEIIONO3H, SIKUi 3a0e3rie-
YyBaB HaWBUIII TIOKa3HUKA BUBLUILHEHHS Hoomenty. Cepen
IHIIUX €HXaHCEePIiB OUTBIIICTh Ma€ HEMOIKH, IO OB’ s3aH1
3 MOJKJIMBUM TOIPA3HIOBATEHUM €(EKTOM, HEJOCTATHBOIO
PO3YMHHICTIO B TiApOQUIBHUX piauHaxX abo JOCTYIHICTIO
JIOTIOMIKHUX PEYOBHH. TOMy 1HTEpEC BUKIIMKAE TPYIIa I10-
BEPXHCBO-aKTUBHHUX PCYOBHH, CEPEl] HUX ONTHMAIBEHIM €
TBIH-80, 110 100pe PO3UMHSETHCS Y BOJI Ta IIMPOKO 3aCTO-
COBYETBCS Y CKJIAJIl JIIKAPCHKHUX (OPM.

MeTa po6otu

BuBunTH BIUTMB MOBEPXHEBO-aKTUBHUX PEYOBHH Ha BUB1JIb-
HEHHsI HOOIIENTY 3 HAa3aJIbHOT JIIKapChKol (POpMHL.

Marepianu i MeTogun gocnigxeHHA

Sk moBepXHEBO-aKTUBHY PEUOBHHY oOpanu TBiH-80, mo
IIMPOKO 3aCTOCOBYETHCS B TEXHOJIOTIi JIKapChKUX (opMm,
JIOCTYTTHHH Ta ONUcaHu# y ($axoBii Jireparypi [5—7].
Kunekicts BBesieHHs [TAP Bu3Hagamm, BpaxoBytour BUMOTH
JDY 2 Bup., IHIIOT HOPMATHBHOI JJOKYMEHTAIIIT T JaHUMU
HayKOBOI JITepaTypH 3 pO3pOOKH Ha3aJIbHHUX JIKapCHKUX
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[ocnidxeHHs 8rnusy rnosepxHe8o-aKMUBHUX PEYOBUH Ha 8UBIMTbHEHHSI HOOMNENMY 3 Ha3aslbHOI MliKapCbKoi ghopmu

Tabnuus 1. MaTpyusi nnaHyBaHHS eKCnepUMEHTY Ta 3HaYeHHS! KOHLIEHTpaLii HoonenTy B Aiani3ati (%)

Homep pgocnipxeHHs

Ne komno3suuji

3 I

1 0 0,013 0,013 0,013 0,039 0,013
2 0,5 0,016 0,017 0,016 0,049 0,016
3 1 0,017 0,018 0,018 0,053 0,018
4 2 0,018 0,018 0,019 0,055 0,018
5 3 0,018 0,018 0,020 0,056 0,019

Tabnuuga 2. PesynstaTy AMCNepCinHOro aHanidy eKCrnepumeHTy

Cyma kBagpariB (SS) Yucno cryneHis ceo6oau (f) CepepHin kBagpar (MS) m_

BwmicT TBiHY-80 0,00006 0,000015
Momwunka 0,00001 10 0,000001 - -
3aranbHa cyma 0,00423 14 - - -

(dbopM At [OCTABICHHST PEYOBUH HENTHIHOI MPUPOJIH.
Tgin-80 momaBamm 10 CKiIaay HA3aIBHOI JTiKapchKoi (hopmm,
o mictuth | % HoomenTy, o 5 % minepuny Ta oimodity
TMIOJITAaBCHKOT'O, PO3YMH HATPill KapOOKCHMETHIIIEITIONO03H.
TBin-80 y pi3HUX KOHLIEHTPAISX A0AaBaJIH JI0 TOTOBOTIO TIpe-
napary, peTeIbHO ePEMIIITyBaIi i KOHTPOJIFOBAIH BiICyT-
HICTB TOMYTHIHHS, 1HIIINX 03HaK HECYMICHOCTI KOMITOHEHTIB.
Yci KOMITO3HIIIT TPOHIILTH OPraHONENTUIHNI KOHTPOJb.

JlocipkeHHsT BUKOHAIN 32 TIJIaHOM OJTHO()aKTOPHOTO
JMCTIEPCIMHOTO aHalli3y 3 MOBTOPHUMH CHOCTEPEKEHHIMHU
[8]. Y xoxHiil yapyHIIi ekcriepuMeHTy 1o 3 noBropu. Jlo-
crimKyBaanit gaktop (BMicT TBiHY-80): 1 — 6e3 TBiHY-80,
2-0,5%,3-1%,4—-2%,5—3 %. JIns BCiX KOMITO3HUITii
BU3HAYaJIM BUBUIbHCHHS aKTHBHOI PEYOBHHH.

BuBisIbHEHHS! HOOTIETITY BH3HAYAJI METOJIOM PiBHOBaXKHO-
ro gianizy 3a KpyB4MHbCHKUM Kpi3b HAIBIIPOHUKHY MEeMO-
pany — nenoganoy miiBky «Kynpodany. iani3 npoBoamiu
B mudy3iiHux dapyHkax dpania Ha 1eB’ITHITO3UIIHHIN
cranmii (PermeGear, Inc., CIIIA), sik miamizHe cepenoBHIIe,
BPaXOBYIOYH PO3YMHHICTH HOOTICNTY, BUKOPHCTOBYBAIN 5 %
po3uuH mitepuHy. Temmeparypa 31idCHSHHS 10 CITLIKSHHS —
37,0 £ 0,5 °C. Konuenrpariiito HoomnenTy micist 30 XBUIHH
BU3HaUY I YD-cekTpopOTOMETPHIHO MPHU JOBKHHI
xBui 258 HM Ha criekrpodoromerpi UV-2600, (Shimadzu
Corporation, Snonist) [9].

PesynkTaTti Ta ix 06roBopeHHs

Marpuis 11aHyBaHHS €KCIIEPUMEHTY Ta 3HAYCHHS KOHLICH-
Tpauii Hoonenty B fiaiizari (%) HaBeneHi B mabnuyi 1.

Pesynerati muicniepciiiHoOTo aHalily HaBelmeHi B madnuyi
2. 3a HaBeCHUMH pe3yJbTaTaMu IHCIEPCIHHOrO aHami3zy,

U F . Omxe, KOHIICHTpAIlisl TBIHY-80 Ma€ 3HATYIIIUiA
BIIJIMB Ha BUBUIbHCHHSA HOOIICTITY 3 HAa3aJIbHUX JIIKAPCBKUX
dopm.

[Ticns mepeBipKu po3XOmKEHHS CepeIHiX 3HAYEHb PE3Yib-
TaTiB 3a JOMOMOTOK MHOXXHHHOTO PaHTOBOTO KPHTEPilO
JyHkaHa moOyayBaid TakUi psij MepeBar 3a BiJICOTKOM

koHueHrparii TBiHy-80: 1 % (2 %, 3 %) > 0,5 % > 0 %.

BpaxoByroun naHi, 110 OTPHMAJIN, MOKHA CTBEPKYBATHU:
JomaBaHHs TBiHY-80 10 Ha3aJIbHOI JTiKapchKOi (POPMH 3 HO-
OIIenITOM 3a0e3redye Kpamyii piBeHb BUBUILHEHHS 0401
pevoBuny. 30imbmenHs koHueHrpauii I[TAP nmonan 1 % ne
Ma€ 3Ha4yNIOTO BIUIMBY Ha BUBUIHEHHS HOOTIENITY. ToMy JIst
HACTYITHHUX JOCIIDKEHb 00paiyi KOMIO3HUIIIIO, III0 MICTHTh
1 % TBiHY-80.

BucHoBKku

1. BusHaumnwm, 1o BMICT TBiHY-80 Ma€ 3HAUYIIHI BILUTHB
Ha BUBUILHCHHS HOOTICTITY 3 HA3aJIbHOT JTIKAPCHKOT POPMHL.

2. OnTuMalbHE BUBLIBHEHHS HOOTIENTY 3a0e3mneuye 1 %
KOHIIGHTpAIisg TBiHy-80.

MepcnekTuBn noganbwux gocnigxeHb. Hazanbuy
JKapchbKy GOpMy 3 HOOIIEIITOM Ha OCHOBI HATpiif KapOOKCH-
METWIILEITION03HU 3 TminepuHoM Ta 1 % TBiHYy-80 0Opanm
JUTS. HACTYITHUX JTOCII/DKCHD 3 BU3HAYCHHS HEOOX1THOCTI
JIOIaBaHHS KOHCCPBAHTIB.
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The purpose of work was to study the motivating and demotivating factors of the activity of pharmaceutical staff and the conditions of
increasing their work activity.

Materials and methods. The material for our research was statistically processed information that was obtained during the survey of
pharmaceutical specialists of pharmacies that differ in the degree of market coverage (national-pharmaceutical organization 1 (PhO #
1), local-pharmaceutical organization 2, 3 (PhO # 2, # 3)) and types (ready pharmacy drugs — PhO Ne1, pharmacy with manufacturing of
drugs — PhO # 2, # 3). In the course of the study, methods of analysis, synthesis, grouping, questioning and the method of F. Herzberg
were used.

Results. The factors of motivation, of activity, of pharmaceutical personnel were investigated as material stimulation, moral stimulation,
measures of administrative influence, labor mood of the collective, desire to achieve respect in the collective, fear of losing work. As a
result of comparing the estimates of motivation factors in pharmacies of both types, it was found that PhO # 1 the leading factor of motiva-
tion was the working mood of the team (Wij = 1), and in PhO # 2, # 3 were the material stimulation (Wij = 1). It was studied the factors of
employee demotivation using the F. Herzberg method as direct management and control, working conditions, interpersonal relationships,
wages and stability of work, internal organization policy towards the staff.

The results’ calculations were showed that the most significant demotivating factors for the employees of the PhO # 1 were the system of
interpersonal relationships (Wij = 1) and direct control (Wij = 0.97). It has been studied the opinions of pharmaceutical workers on the cre-
ation of certain conditions in order to enhance their work. It was determined that the most significant conditions for increasing motivation
in the PhO # 1, in terms of its employees, was to get high wages (Wij = 0.98), stability (Wij = 0.95), rational management requirements
(Wij = 0.94), harmonious relationships in the team (Wij = 0.93), bonuses for quality of work (Wij = 0.93), career growth (Wij = 0.92) and
comfortable working conditions (Wij = 0.92).

Conclusion. Comparative analysis of motivation factors in pharmacies showed that in pharmacies of the first type the leading factor of
motivation was the working mood of the team, and of the second type pharmacies — material stimulation. Also important for employees of
pharmacies of general type. The study of demotivating factors showed that in pharmacies of both types, unstable interpersonal relationships
had a negative effect on motivation. The analysis of conditions of increase of motivation showed that in PhO # 1 it was important to receive
high wages and its stability, and for PhO # 2, # 3 — harmonious relationships in the team, bonus system.

HocnigxeHHa moTUBaLii hapmaLeBTMYHMX NpaLiBHUKIB anTeYHUX 3aKnagis
T. . 3apiuHa, T. C. bputaHosa, T. C. PaikoBa, €. [ KHuww

MeTta po60oTu — BUBYEHHS haKTOPiB MOTVBALLii Ta AeMOTMBALli B AisnNbHOCTI (hapMaLeBTUYHOMO NepcoHany Ta AOCHiIKeHHs YMOB Mifa-
BULLEHHS NOTO TPYAOBOi aKTUBHOCTI.

Matepianu Ta metoau. Matepian Ans JOCMimXeHb — CTAaTUCTUYHO onpaLboBaHa iHhopMaLlis, KOTPY OTpUManu Mif Yac aHKeTyBaHHS
hapmaveBTUYHMX haxiBLiB anTe4HUX 3aKnagiB, WO Pi3HATLCS 3@ CTYMEHEM OXOMMEHHS PUHKY (HauioHanbHi — (hapmaleBTUYHa opraHi-
3auisg 1 (®0 Ne 1), micuesi — dapmaueBTUyHi opraHisavii Ne 2, 3 (O Ne 2, Ne 3)) Ta 3a Tunom (anteka rotoBux nikis — @O Ne 1, anteka
3 BurotoBneHHam — ®O Ne 2, Ne 3). MpoTsarom fOCRigXEHHS BUKOPUCTOBYBAN METOAMN aHanisy, CUHTe3Y, rpynyBaHHs, aHKETYBaHHS Ta
metog . lepubepra.

PesynkraTtu. Jocnigunu dhaktopu MoTUBALi AiSNbHOCTI papMaLeBTUHHOMO NepPCoHany: MatepianbHe, MopanbHe CTUMYMIOBaHHS, 3aX0Au
afMiHICTPaTMBHOIO BNMMBY, TPYAOBWIA HACTPIl KOMEKTUBY, BaxkaHHS AOCArTI NOBaru B KONEKTMBI, CTpax BTpaTuTh poboTy. Y pesynbrarti
NOPIBHAHHSA (hakTopiB MOTMBALi B anTekax o6ox Tunie BctaHoBunu: B O Ne 1 nposigHum (hakTopom MOTUBALLi € TPYAOBWIA HACTPIN
konektusy (Wij = 1), a B ®O Ne 2 i Ne 3 — matepiansHe cTumyntoBanHs (Wij = 1). Busumnu daktopu femoTvBaLii npaLiBHMKIB 3a MeTo-
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nom . lepubepra: npsiMe ynpaeniHHS Ta KOHTPOIb, YMOBU MpaLli, MiXKoCOBMCTICHI CTOCYHKM, 3apobiTHa nnaTtHs i cTabinbHicTb poboTw,
BHYTPILLHA NOMiTMKa OpraHisauii Woao nepcoHany.

Pesynbratyt nokasanu, Lo HanbinbLu 3HavyLLMMn AemoTrBaLiiiHuMm baktopamm ans npauisHukis @O Ne 1 € cuctema MixxocobucTicHNX
B3aemoBigHocuH (Wij = 1) i 6esnocepeHin koHTponb (Wij = 0,97). Bueumnu oymku hapmMaLeBTUHHUX NPaLiBHUKIB MPO CTBOPEHHS NeB-
HUX YMOB AJ151 MONINLUEHHs IXHbOT TPYLOBOI AisNbHOCTI. BusHauunu, wo HanbinbLy 3HavyLmm ymoBamm nigsulleHHs MotusaLii 8 O
Ne 1, Ha gymky ii cniBpobiTHWMKIB, € OTpUMaHHS BUCOKoi 3apobiTHoi nnatu (Wij = 0,98), ctabinbHicts (Wij = 0,95), pavjioHanbHi BUMoru
kepiBHuyTBa (Wij = 0,94), rapmoHiyHi cTocyHkm B konektusi (Wij = 0,93), npemitoBaHHs 3a skictb npaui (Wij = 0,93), kap’epHe 3pocTaHHs
(Wij = 0,92) Ta komdpopTHi ymoBw npaui (Wij = 0,92).

BucHoBku. MNopiBHANBHMI aHanis dakTopis MoTMBaLii nokasas, wo y ®O Ne 1 nposigHMM hakTopoM MOTWBALii € TPYAOBWIA HACTPIN
konektugy, a y PO Ne 2 ta Ne 3 — matepianbHe cTUMyntoBaHHs. [JocnifaxeHHs AeMOTHBaLiHWX (hakTopiB Nokasarno, Lo B antekax 06ox
TWUMIB HA MOTMBALi0 HErATUBHO BNSIMBAIOTb HECTabINbHI MiXXOCOOMCTICHI CTOCYHKM. AHani3 yMOB MiABWLLEHHS! MOTHBALi NoKasas, Lo B
anTekax 060X TMNiB ANs NPaLiBHUKIB BaXMBE OTPUMaHHS BUCOKOI 3apobiTHOT nnaTu Ta ii ctabinbHicTb, a y @O Ne 2 ta Ne 3 — rapMOoHiyHi
CTOCYHKM B KONEKTMBI, CUCTEMA NPEMitoBaHHSI.

Kntouogi crnosa: moTvBalis, anteka, hapmaLeBTUYHI NpaLiBHUKN.

AxTyanbHi nuTaHHA papMaLeBTUYHOI | MeanYHOI Hayku Ta npakTukm. 2020. T. 13, Ne 1(32). C. 109-114

WUccnegoBanue MoTUBaLmMu hapMaLeBTMHECKMX paBOTHUKOB anTeYHbIX YYPEKAeHUN
T. . 3apuunas, T. C. bputaHosa, T. C. PaiikoBa, E. I". KHbiw

Llens paboThbl — N3y4eHre MOTUBUPYIOLLMX U EMOTUBUPYHOLLMX (DAaKTOPOB AEATENBbHOCTY (hapMaLeBTUYECKOrO NepcoHana v uccneao-
BaHWE YCMNOBUIA NOBbILLEHWS €70 TPYAOBOW aKTUBHOCTH.

Matepuansl u metoabl. Matepuan ans uccnefoBaHwii — cTatucTuieck obpabotaHHas MHOPMaLMs, KOTOPYK MONyYnnu B XO4e
aHKeTUpOBaHUs hapMaLeBTUYECKMX CNeLUaniCcToB anTeyHbIX YYPEXAEHNI, KOTOPblE OTNINYAKOTCS MO CTENEHW OXBaTa pblHKa (HaLwWo-
HanbHble — hapmaueBTnieckas opraHusaums 1 (PO Ne 1), mecTHble — chapmaueBTuyeckme opranHmaaumm Ne 2, Ne3 (©O Ne 2, Ne 3)) n
Tvny (anteka rotoBbIx nekapcts — PO Ne 1, anteka ¢ nsrotoenexem — ®O Ne 2, Ne 3). B xofe vnccnenoBaHus NCnonb3oBany METOAbI
aHanusa, CMHTe3a, rpynnupoBKK, aHkeTpoBaHue n metog @. Mepubepra.

Peaynkrathl. MiccnenosaHbl hakTopbl MOTMBALMN AEATENBHOCTM hapMaLeBTUYECKOro NepcoHana: matepuarnsHoe CTUMYNMpoBaHye,
MopasnbHOE CTUMYIMPOBaHWE, Mepbl aAMUHUCTPATUBHOMO BO3LECTBUS, TPYLOBON HACTPOW KOMMEKTUBA, KenaHWe JOCTUYb YBaXKEHMS
B KOMINEKTKBE, CTpax notepsTb paboTy. B pesynbrate cpaBHeHNs OLEHOK (DAaKTOPOB MOTMBALMM B anTekax 060MX TUMOB YCTaHOBMEHO:
B anTekax nepeoro Tuna segylmM hakTopom MOTMBaLMK ABnseTcs pabodee HacTpoeHve komanasl (Wij = 1), a B anTekax BTOpOro
Tvna — matepuansHoe ctumynupoanme. (Wij = 1). U3yyeHbl chakTopsl AemoTuBaumm pabotHukoB no metogy ®. lepubepra: npsimoe
ynpaBrieHne W KOHTPOrb, YCIOBWS TPyAa, MEXITUYHOCTHbIE OTHOLLEHWS, 3apaboTHas nnata v cTabunbHOCTb paboTbl, BHYTPEHHSS MO-
NTUKa OpraHn3aLmn B OTHOLLEHWW NepcoHana.

PesynbraTbl pacyeToB nokasanu, 4To Haubonee 3Ha4YMMble AEMOTMBALMOHHbIE akTopbl Ang paboTtHukoB @O Nel1 — cuctema
MEXNUYHOCTHBIX B3aumooTHowweHun (Wij = 1) n HenocpencTBeHHbI koHTponb (Wij = 0,97). MN3yyeHbl MHeHWs apmaLeBTnye-
CKUX pabOTHMKOB O CO3AaHNM OMNpefeneHHbIX YCoBUiA ANs ynyylleHns ux TpyaoBol gesatensHocTu. OnpeaeneHo, 4To Hambonee
3HAYNMbIMU YCMOBUAMU MOBbIWEHNS MoTMBauun B @O Ne 1, C TOUYKM 3pEHUst ee COTPYAHWUKOB, SIBMSAKTCS MOMNyYeHUe BbICOKOM
3apabotHon nnatbl (Wij = 0,98), ctabunsHocTs (Wij = 0,95), paunoHanbHble TpeboBaHus pykosoactsa (Wij = 0,94), rapMOHNYHbIE
B3anmooTHoweHus B konnektuse (Wij = 0,93), npemunpoBaHue 3a kavecto Tpyaa (Wij = 0,93), kapbepHbiit pocT (Wij = 0,92) 1
komdopTHble ycnosus Tpyga (Wij = 0,92).

BbiBoakl. CpaBHUTENbHbIA aHaNK3 hakTopoB MOTMBALMM B anTekax nokasar, 4to B @O Ne 1 BegyLmit pakTop MOTUBALIMM — TPYLOBON
HacTpoi konnektnea, a B @O Ne 2 n Ne 3 — matepuanbHoe CTUMynupoBaHue. iccnenoBaHve AeMOTMBALMOHHBIX (DaKTOpOB nokasano,
YTO B anTekax 060MX TUNOB Ha MOTMBALMIO HETaTUBHO BNUSIIOT HECTabUMbHbIE MEXIIMYHOCTHbIE B3AMMOOTHOLLEHMS. AHan13 ycnosumn
NOBbILLIEHUS MOTVBALMKM Nokasan, YTo Ans cotpynHukoB @O Ne 1 BaKHO nomnyveHue BbICOKO 3apaboTHON nnaThl 1 ee cTaburnbHOCTb,
a ana ®O Ne 2 n Ne 3 — rapMOHUYHbIE B3aMMOOTHOLLEHWS B KOMNEKTVBE, CUCTEMA NMPEMMPOBaHns. [nsg peanvaaumm MOTUBALMOHHOM
NOMNWUTUKM B anTeYHbIX yUpexaeHusax Heobxoammo paspaboTaTtb Mogenb CUCTEMbI MOTUBALMY NepcoHana, kotopas 06ecneynT eanHCTBO
VHTEPECOB YUYPEXAEHUA 1 UX NepcoHana.

Knto4yeBble cnosa: MOTMBaUWS, anTeka, (bapmaueBTquCKme pa6OTHVIKI/1.

AxTyanbHble BOnpockl (hapMaLeBTMYECKON N MeAULMHCKON Hayku n npakTuku. 2020. T. 13, Ne 1(32). C. 109-114

Motivation is closely linked to the effective work of the staff,
their ability to be persistent and to overcome obstacles, to
work with full dedication and enthusiasm. Undoubtedly,
staff motivation is one of the most important management
functions and a paramount task in the daily activities of
the head of a pharmaceutical organization. It is known that
the direction and nature of the employee’s work behavior are
based on certain motives, internal directions and personal
values. In turn, the motives and interests of the individual

are based on unmet needs. Thus, the better the manager
understands the needs of the staff, the greater the likelihood
of influencing his behavior and the ability to change it [1-7].

Aim
The purpose of the research was to study the motivating and

demotivating factors of the activity of pharmaceutical staff
and to study the conditions of increasing their work activity.
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Research on the motivation of pharmaceutical workers in pharmacies

Materials and methods moral stimulation, measures of administrative influence, labor
mood of the collective, desire to achieve respect in the col-
lective, fear of losing work. These motives were proposed for
evaluation by the 5-point system for pharmaceutical workers
in the tested pharmacies.

The comparative characteristic of PhO is shown in 7able 1.

To determine the relevance of individual motives to
the work of the staff, the results of the motive assessment
questionnaire are recalculated to the corresponding unit
weight (Wij). For this purpose, the answers for each motive
were summarized. The motive that has the highest rating is
accepted as 1. The significance of the remaining motives
Results was calculated as the ratio of the sum of the responses to
At the first stage, the motivation factors of pharmaceutical ~ the parameter that received the maximum score (7ables
personnel activity were investigated: material stimulation, 2, 3).

The material for research was statistically processed informa-
tion that was obtained during the survey of pharmaceutical
specialists of pharmacies that differ in the degree of market
coverage (national-pharmaceutical organization 1 (PhO# 1),
local-pharmaceutical organization 2, 3 (PhO # 2, # 3)) and
types (ready pharmacy medicines — PhO # 1, pharmacy with
manufacturing of medicines — PhO # 2, # 3). In the course of
the study, methods of analysis, synthesis, grouping, question-
ing and the method of F. Herzberg were used.

Table 1. The comparative characteristic of pharmaceutical organization

Market coverage national local local

Number of pharmacists and pharmaceutists 15 12 14

Tvoe of service Sale of medicines Sales of medicines to the population | Sales of medicines to the population
P to the population and hospital departments and hospital departments

Table 2. Evaluation of motives for work of pharmaceutical staff PhO # 1

Motives for work _ The specific weight of the component (Wij)

The working mood of the team 1 1.00
Material incentives 2 0.97
Moral stimulation 3 0.87
The desire to achieve respect in the team 4 0.85
Measures of administrative impact 5 0.77
Fear of losing your job 6 0.68

Table 3. Evaluation of motives for the work of pharmaceutical staff PhO # 2, PhO # 3

Motives for work _ The specific weight of the component (Wij)

Material incentives 1 1.00
Moral stimulation 2 0.98
The working mood of the team 2 0.98
Measures of administrative impact 8 0.92
The desire to achieve respect in the team 4 0.88
Fear of losing your job 5 0.60

Table 4. Estimation of factors of demotivation PhO # 1

Demotivation factors m The specific weight of the component (Wij)

Interpersonal relationships 1 1.00
Direct management / control 2 0.97
Internal policy of the organization towards to the staff 3 0.96
Working conditions 4 0.93
Salary and reliability 4 0.93
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Table 5. Assessment of factors demotivation PhO # 2, # 3

Demotivation factors _ The specific weight of the component (Wij)

Interpersonal relationships 1 1.00
Salary and reliability 1 1.00
Working conditions 2 0.89
Direct management / control 3 0.87
Internal policy of the organization towards to the staff 4 0.77

Earnings stability

Reasonableness of leadership requirements

Good working conditions

Possibility of development, self-improvement

Harmonious relationships in the team

Interesting creative activity

Possibility of independence and initiative

Award for quality of work

Possibility of advanced training

Possibility of self-realization, full use
of abilities

Social guarantees

Career Opportunity

Opportunity to receive high wages depending
on the results of work

o
o
N

0,4

o
o
o
©
=N

1,2

HPhO#2,#3 O PhO#1

Fig. 1. Assessment of conditions for increasing the employment of pharmaceutical staff.
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Research on the motivation of pharmaceutical workers in pharmacies

At the next stage, the factors of employee motivation were
studied using the F. Herzberg method: direct management
and control, working conditions, interpersonal relationships,
wages and stability of work, internal organization policy
towards the staff (7Tables 4, 5).

Important role on the system of personnel motivation
is played by conditions of increasing the labor activity of
pharmaceutical personnel: high and stable salary, career
opportunities, social guarantees, self-realization, possibility
of advanced training, optimal bonus system, possibility of
displaying independence and initiative, creative activity,
conflict-free conflicts in the team, the possibility of self-
deve-lopment and professional improvement, satisfactory
working conditions, reasonable administration require-
ments.

The next step in our work was to study the opinions of
pharmaceutical workers on the creation of certain conditions
in order to enhance their work. The interview method was
used for this purpose.

The results of this study are shown in Fig. /.

Discussion

As a result of comparing the estimates of motivation factors
in pharmacies of both types, it was found that in the first type
pharmacies the leading factor of motivation is the working
mood of the team (Wij = 1), and in hospital pharmacies
the material stimulation (Wij = 1). At the same time, material
incentives are also important for employees of pharmacies
of general type (Wij = 0.97). A significant factor for phar-
macies of both types is moral incentive (Wij ranges from
0.87 to 0.98).

Administrative impact measures were more important for
PhO # 2, # 3 staff (Wij = 0.92) than for pharmacy staff PhO
#1 (Wij=0.77).

It should be noted that factors such as the desire to achieve
respect in the team and the fear of losing work slightly affect
the work activity in both types of pharmacies (Wij from 0.85
to 0.87 in the first case and, accordingly, Wij from 0.60 to
0.68 in the second).

The results calculations (7ables 4) showed that the most
significant demotivating factors for the employees of the PhO
# 1 were the system of interpersonal relationships (Wij = 1)
and direct control (Wij = 0.97). That is, if the team had a
bad psychological climate and the administration brutally
controls the staff, then the motivation to work in the latter
was significantly reduced.

Also, the internal staffing policy of the organization was im-
portant for pharmaceutical personnel (Wij=0.96). Employees
of'the PhO # 1 would like to feel the attention, involvement,
understanding and care of the administration.

The least important factors in demotivation were working
conditions (Wij = 0.93), wages and stability (Wij = 0.93).

In PhO # 2, # 3 (Table 5), from the perspective of pharma-
ceutical workers, the most demotivating factors were adverse
interpersonal relationships (Wij = 1) and wages and reliability
(Wij = 1). Unfavorable working conditions (Wij = 0.89),

direct management and control (Wij = 0.87) also reduce
the motivation of pharmaceutical workers.

A comparative analysis of the demotivating factors in phar-
macies of both types showed that interpersonal relationships
were important for their employees. If they were unfavorable,
the motivation of pharmaceutical workers is reduced.

It should be noted that in pharmacy pharmacies an im-
portant disincentive was the size of wages and its stability,
while in general type pharmacies this factor did not play an
important role.

The difference in the assessment of disincentives in
pharmacies of various types also relates to the internal policy
of the organization in relation to staff and working conditions.

In the course of work (Fig. 1), it was determined that
the most significant conditions for increasing motivation
PhO Nel, in terms of its employees, was to get high wages
(Wij = 0.98), stability (Wij = 0.95), rational management
requirements (Wij = 0.94), harmonious relationships
in the team (Wij = 0.93), bonuses for quality of work
(Wij = 0.93), career growth (Wij = 0.92) and comfortable
working conditions (Wij = 0.92).

Less important are self-realization (Wij = 0.86), the pos-
sibility of development and self-improvement (Wij = 0.86),
interesting creative activity (Wij = 0.80), the possibility of
independence and initiative (Wij = 0.78), social guarantees
(Wij =0.64).

Pharmaceutical employees of pharmacy pharmacies consider
the most effective conditions for increasing motivation: har-
monious relationships in the team (Wij = 1.0), bonus system
(Wij = 1.0), advanced training (Wij = 0.98), rational require-
ments of administration (Wij = 0.96), receiving high wages
(Wij=0.93), social guarantees (Wij =0.92), comfortable work-
ing conditions (Wij = 0.92), and wage stability (Wij = 0.92).

Less important for these employees were the possibility of
independence and initiative (Wij = 0.85), interesting creative
activities (Wij = 0.84) and career growth (Wij = 0.82).

It should be noted that the opinions of pharmaceutical wor-
kers of these types of pharmacies regarding the conditions of
increasing motivation have some differences. So, if in general
type pharmacies the most important are employees’ salaries
and their stability, rational requirements of management,
harmonious relationships in the collective, then in pharmacies
at the hospital in the first place: harmonious relationships in
the collective, bonuses, the possibility of advanced training.

Conclusions

1. Comparative analysis of motivation factors in pharma-
cies showed that in pharmacies PhO # 1 the leading factor of
motivation was the working mood of the team (Wij = 1), and
PhO #2, # 3 — material stimulation (Wij = 1). Also important
for employees PhO # 1 (Wij = 0.97).

2. The study of demotivating factors showed that in phar-
macies of both types, unstable interpersonal relationships
(Wij = 1) have a negative effect on motivation.

3. The analysis of conditions of increase of motivation
showed that PhO # 1 it was important to receive high wages
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(Wij = 0.98) and it was stability (Wij = 0.95), and PhO # 2,
# 3 —harmonious relationships in the team (Wij = 1.0), bonus
system (Wij = 1.0).

Prospects for further research: analysis of the interac-
tion of factors of motivation and demotivation to improve
the microclimate in pharmacies.
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dapmaueBTUYHUNA ceKTop YKpaiHu:
Cy4YaCHUW CTaH NPaBOBOro perynBaHHA

O.T. AnekceeB

3anopisbkuii AepKaBHUA MeaNYHUI yHIBepcuTeT, YkpaiHa

MeTa po6oTtu — aHani3 cTaHy 3akoHogaeyoro 3abesneyeHHs apmavesTnyHoro cektopa (PC) Ykpaitu, focnigxeHHs npobnemHmx
NUTaHb NPaBOBOI OXOPOHM rany3eBWX MPaBOBIAHOCUH AN (hOPMYMOBaHHSA NPOMO3WLIN LOAO BAOCKOHANEHHS HOPMATUBHO-NPaBOBOIO
3axucty npas cy6’ekTiB C Ykpainu.

Matepianu Ta metoau. MaTepian JOCNigXeHHs — CydacHa HOpMaTWBHO-MpaBoBa 6a3a hapMaLeBTUYHOTO CeKTopa ranysi OXOpOoHU
3[10POB’SA, @ TaKOX MiKHAPOAHI HOPMATMBHO-NPABOBI akTW, L0 peryntolTb obir nikapcbkux 3acobis y kpaiHax €C. MpoTarom po6otn
BYKOPWCTOBYBaNN METOAM aHaniay Ta CUHTe3y, cucTemaTvaadii Ta y3aranbHeHHS.

PesynisraTi. HauioHanbHa rany3eea HopMaTBHO-NpaBoBa H6asa chapmallii 3nebinbLuoro cnpsiMoBaHa Ha 3abe3neyeHHs npas rpoMagsiH
i BNOpsiAKyBaHHS CYCMiNbHUX BiHOCUH, LU0 BUHMKAKOTb Mig Yac obiry nikapcbkux 3acobis, ane BogHo4ac notpedye NocTiiHOro BOOCKOHa-
NeHHS, L0 BUKIMKAHO AMHAMIKOK PO3BUTKY CyCMiNbHUX BIGHOCWH Y ranysi obiry nikapcbkux 3acobiB. Heasaxaroum Ha NeBHWIA AvHaMisM
po3BUTKY (hapMaLEBTUYHOTO 3aKOHOAABCTBA, CIif Bif3HA4YUTM AeKinbka NpobrneMHUX MUTaHb, Lo NOB'S3aHi 3 NPaBOBUM PETYIHOBAHHAM
ranysi. Ha 6aratbox npochecinHmx 3axopax, popymax, KOHepEHLisiX, TEMATUKOK SKUX € AepXKaBHE perynoBaHHs hapMaueBTUYHOT
cbepy, NpeacTaBHUKM (hapMaLeBTUYHOI HayKu Ta NPaKkTUKW 06r'pyHTOBaHO J4OBOAATL HEOOXIAHICTL pechopMyBaHHs cydacHoro dapma-
LIEBTUYHOIO 3aKOHOAABCTBA, 30KpeMa TakuX 3aKOHiB, K «[1po hapmaueBTUyHy isnbHICTbY, «[po hapmaLleBTMyHe caMoBpPSaYBaHHS»,
HOBUX pepakLiii abo BHECEHHS 3MiH [0 YMHHOI pedakuii 3akoHy YkpaiHu «[1po nikapcbki 3acobu» Towwo. Ha aepxxaBHOMY piBHI Takox
BU3HAETLCS HEAOCKOHANICTb CTaHy Cy4acHOro NpaBoBOro PerynoBaHHs hapmaLeBTUYHOro cektopa. Tak, [lepxaBHa cTpateris peanisadii
[epxaBHoi NoniTuky 3abe3neveHHs HaceneHHs nikapcbkumiu 3acobamu Ha nepiog 4o 2025 poky NpsiMo Big3Havae, LWo YnHHa cucteMa
[lepKaBHOro perynioBaHHs y cdepi obiry nikapcbkux 3acobiB He Linkom BignoBifae cy4acHMM BUMOram, afxe BUKOHaHHS! 3aKOHOLaBCTBa
YKpaiHu 30iiCHI0ETLCS He 3a BCiMa HanpsiMamu, a8 MOHITOPUHT He Mae CUCTEMHOTO XapakTepy.

BucHosku. MNpaBoBe perynoBaHHs hapMaLeBTUYHOIO CekTopa YKpaiHu — Le 3AiiCHIOBaHe AepXXaBok 3a JOMOMOro npasa Ta CyKyrn-
HOCTi NpaBoBMX 3acobiB ynopsAKyBaHHS CYCMiNbHUX BIGHOCUH, SiKi BUHMKAIOTB Mif Yac obiry nikapcbkux 3acobiB i CNinbHUX i3 HAMK rpyn
BiZHOCWH, ANS IXHBOTO OPUANYHOTO 3aKPINIEHHS, OXOPOHU Ta PO3BMUTKY.

Ukraine pharmaceutical sector: current state of legal regulation
O. H. Aleksieiev

The purpose of the work. Analysis of the legislative support of the Ukraine pharmaceutical sector, the study of problematic issues of
the legal protection of sectoral legal relations in order to formulate proposals for improving the legal protection of the rights of subjects
of the Federal Security Service of Ukraine.

Materials and methods. The study is based on the current regulatory framework of the pharmaceutical sector in the healthcare sector,
as well as international regulatory acts regulating the circulation of medicines in EU countries. During the work, the methods of analysis
of ATS synthesis, systematization and generalization were used.

Results. The national sectoral regulatory framework of pharmacy is mostly aimed at securing the rights of citizens and streamlining
public relations arising from the circulation of medicines, but at the same time requires constant improvement, which is caused by the
dynamics of the development of public relations in the field of medicines circulation. The state strategy of implementation of the state
policy of providing the population with medicines for the period up to 2025, directly notes that the current system of state regulation in
the sphere of drug treatment does not fully meet the modern requirements, because the implementation of the legislation of Ukraine is
not performed in all directions, and monitoring has no systemic.

Conclusions. Legal regulation of Ukraine pharmaceutical sector is a state exercised by the law and the totality of legal means of
ordering public relations that arise during the treatment of medicinal products and joint groups of relations with the purpose of their legal
consolidation, protection, and development.

Key words: peharmacy legislation, implementation, directive.
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O. I. Anekcees

dapmaneBTUYECKUI CEKTOP YKpanHbl: COBPEMEHHOe COCTOsIHUE NPaBOBOro perynupoBaHus
A.T. AnekceeB

Llenb paboTbkl — aHanu3 3akoHogaTensHoro obecneyeHus dapmavestuyeckoro cektopa (PC) YkpawmHbl, nccnenoBaHne npobnemMHbIx
BOMPOCOB NPaBOBOW OXpaHbl OTPACIIEBbLIX MPAaBOOTHOLUEHUI AN POPMYNMPOBaHUS MPEASIOKEHUIA NO COBEPLLEHCTBOBAHMIO HOPMATUB-
HO-NpaBOBON 3aLLuTbI NpaB cy6bekToB ®C YkpauHbl.

Matepuansl u metoasl. Matepuan uccnefoBaHus — COBpEMEHHasi HOpMaTUBHO-NpaBoBasi 6asa hapMaLeBTUYECKOrO CEKTopa OTpacsn
3ApaBOOXPaHEHNS], a Takke MeXaYHapOaHbIE HOPMATUBHO-MPABOBbIE aKThl, PErynupytoLLe 060POT NeKkapcTBEHHLIX CPEACTB B CTpaHax
EC. B xoze pabothl 1cnonb3oBany MeToabl aHann3a u cuHTesa, cuctematmsauum u obobLueHms.

Pesynbrathl. HaunoHanbHas otpacreBasi HOpMaTBHO-NpaBoBas 6a3a dapmaluun HanpaeneHa B OCHOBHOM Ha obecneveHue npas
rpaxaaH ¥ ynopsigodeHne obLEeCTBEHHBIX OTHOLIEHWI, BO3HUKAIOLWWMX NpY 0OpaLleHni NEKapCTBEHHBIX CPEACTB, HO B TO e Bpemsl
TpebyeT NOCTOSHHOTO COBEPLUEHCTBOBAHUS, YTO BbI3BAHO AMHAMUKOW pa3BUTUS OOLLECTBEHHbIX OTHOLLEHU B obnactu obpalleHus
neKapcTBEHHbIX CPEACTB.

HecmoTps Ha onpefeneHHbI AMHaMu3M pasBuTus hapmaLeBTUHECKOro 3akOHOAATENLCTBA, CrIeAYEeT OTMETUTL HECKOMNBKO NPOBNEMHbIX
BOMPOCOB, CBA3AHHbIX C MPaBOBbLIM PETYNMPOBaHNEM OTpacnn. Ha MHOMX NpodeccroHanbHbIX MEPONPUATUSIX, (hopyMax, KOHMEPEHLMSX,
TeMaTuKoW KOTOPbIX SIBMSETCS roCyAapCTBEHHOE PerynpoBaHne hapmaleBTUYecKon cdepbl, NpeacTaBuTeny papmaLeBTUYECKOn Haykun
1 NpaKTUKN 060CHOBAHHO [0Ka3blBalOT HEOOXOAMMOCTL PehOPMUPOBAHNS COBPEMEHHOTO (hapMaLeBTUYECKOTO 3aKkoHOAaTenbLCTBa, B
YaCTHOCTM TaKUX 3aKOHOB, kak «O chapmaLieBTUyeckon fesTensHocTny, «O dapMaLeBTMYECKOE CaMOyNpPaBneHNs», HOBLIX peaaKLnii
UNW BHECEHUS N3MEHEHWI B AEWCTBYIOLLYIO pefakumio 3aKoHa YkpauHbl «O nekapCTBEHHbIX CPeACTBax» U Apyrue.

Ha rocynapCTBEHHOM ypOBHE Takke NMPU3HAETCA HECOBEPLLEHCTBO COCTOSIHWSI COBPEMEHHOTO MPaBOBOO PerynmpoBaHns dapMales-
TUYECKOTO cekTopa. [0CyaapCTBEHHas CTpaTerst peanunsauum rocyaapCTBEeHHON NONUTUKY 0BeCneYeHns HaceneHus nekapCTBeHHbIMM
cpencTamm Ha nepuwog 1o 2025 roga npsiMo 0TMEYaEeT, YTO AENCTBYOLLAs CUCTEMA FOCYAapCTBEHHOTO PerynmpoBaHus B cgepe 06-
paLLeHust NekapCTBEHHbIX CPEACTB He B MOSHOW Mepe OTBeYaeT COBPEMEHHbIM TpeboBaHUsAM, BeAb BbIMONHEHWE 3aKOHOAATENbCTBA
YKpaVIHbI OCYLLEeCTBNAETCA He NO BCEM HanpaslieHNAM, a MOHUTOPWUHT HE UMEeEeT CUCTEMHOrO XapakTepa.

BriBoabl. [MpaBoBoe perynupoBaHue dhapMaLeBTUHECKOro cekTopa YkpauHbl npeactaBnsieT coboli ocyLLecTBnsemMoe rocyaapcTBoM C
MOMOLLbIO NPaBa 1 COBOKYMHOCTY NPaBOBbIX CPEACTB YNOPSA04YEHNE OBLLECTBEHHBIX OTHOLLEHMWI, KOTOPblE BO3HWKAIOT BO Bpemsi obpa-
LLEHWS! NIEKAPCTBEHHbIX CPELCTB M COBMECTHbIX C HUMM TPy OTHOLUEHWIA, NS UX IOPUANYECKOTO 3aKPENTIEHNS!, OXPaHbl 1 Pa3BUTHS.

KnoueBkle crnoBa: anTe4yHoe 3aKoHOA4AaTeNbCTBO, UMNIIEMEHTALMS, AnpekTnea.
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Humni 3agexnapoBaHi sk HeoOXifHI yciMa MUHYJIUMH ypsi-
JaMH 3MiHH B Tay3i OXOPOHH 3I0POB’S OTPHUMAIU CBOE
BTUICHHS Y NMPaKTU4Hiil 3akoHoxaByiil miomuHi. Tak, 19
xo0BTHA 2017 p. BepxoBHoro Panoro yxBanenuil 3akoH
VYxpaiau «IIpo mgeprkaBHiI (iHAHCOBI TapaHTIi MEIIMIHOTO
00CITyroByBaHHs HaceleHHs». 1leil 3akoHOMaBuMi aKT, Ha
JIYMKY KepiBHHITBA JACPXKaBH, CTAaHE CTAPTOM IS MY~
HOI peopMH, TIOIITOBXOM JJIS TOKOPIHHUX 3MiH y HAIlio-
HaJbHIN cdepi oxoponu 3mopoB’si. Leit 3akoH Mae H6araro i
MIPUXWIBHUKIB, i OTIOHEHTIB, OJHAK Te, [0 KOHIICNITYaIbHI
TIePEeTBOPEHHA Y c(hepi OXOPOHH 370pOB’ st Oyiin HEOOXi/IHi,
He 3arepevye *Ko/Ha 31 CTOPiH.

MeTo1o bOTO 3aKOHY aBTOPH BHU3HAYAIM CTBOPEHHS
e(heKTUBHOTO MeXaHi3My (iHAHCYBaHHS HaJaHHS METUIHUX
MOCIYT 1 JIIKAPCHKUX 3acO0IB OFOIKETHUMH KOIITAMH JUIS
3a0e3neueHHs 30epeKeHHs Ta BiTHOBICHHSI 3710pOB sl Hace-
JIeHHsT YKpaiHu. 3BepTaeMo yBary, 1110 B IIepBICHOMY BUTIISI
(10 ApyTOro YMTaHHS) 1IeH JTOKyMEHT MaB JICILO iHIILY Ha3BY
— «IIpo neprxaBHi (piHAHCOBI rapaHTil HATAHHS METMTYHUX T10-
CIIyT Ta JIIKAPCHKUX 3aC00IB», @ TOMY 3aKOHO/IABCIIb 3aBHil
pa3 HaroJoIIy€e Ha BXKIMBOCTI (hapMalieBTUYIHOTO CEKTOpa
Ta OKPECIIOE HOro K BiTHOCHO aBTOHOMHY CKJIaJIOBY C(e-
P OXOpPOHH 37I0pOB’sl. 3MiHa MOIepeHbOI Ha3BH 3aKOHY
Ha YMHHY CTaja HACIIJKOM MONITHYHHX Oaramii. OTxe,
Ha 3aKOHOJABYOMY PiBHI IIIe pa3 AOBEICHO, IO e(peKTHBHE
3aCTOCYBaHHS MEXaHI3MIB HaJaHHS MEIMYHOI JOITOMOTH
Ta MEIMYHUX TOCIYI HACEJICHHIO MOXJIMBE TUIBKH B pasi

B/IQJIOTO KOMIIJIEKCHOTO BHKOPUCTAHHS MOTEHIiany dap-
MAIeBTUYHOI Tay3i, mo moTpedye diTkoi Ta 3po3ymisnoi
3aKOHOAABYOT Oa3H.

Sk 3a3naveno B pimenni VIII Hamionansaoro 3°i3my
(apmarnestiB Ykpainu (2016), onHAM i3 TOIIOBHHX 3a-
BlaHb (apmarieBruuHoro cekropa (PC) ramysi oxopoHH
370poB’sl YKpaiHu € 3a0e31eueHHs] HaCEJICHHS SKICHUMH,
e(heKTUBHIMHU Ta JOCTYITHUMH JIiKaMH, HagaHHA (apma-
LEBTUYHOT JIOIIOMOTH, 30epeKeHHSI TIOTEHIIiaTy 3/10pOB’s,
mparne3aTHOCTI yKpaiHChKoro Hapoay [1]. BimmoimHo,
TaKe 3aBIaHHsI 3aKPIIUToe (papMaleBTUYHY raly3b SIK OAUH
13 HAMBaXKIMBIIINX CETMEHTIB SIK €EKOHOMIYHOT, TaK 1 COLi-
aJbHOI chepr HaMIoi AepkaBh. Po3yMie 11e i 3aKoHO/IaBelb,
HAINpUKIaJ, 3a pe3yJabTaTaMH YeProBUX MapliaMEHTChKUX
CJlyXaHb HaroJoIly€eThCs, IO PO3BUTOK (papMarieBTHYHOT
IHIYCTpil — OAMH i3 BaXXJIIMBUX YHHHUKIB 3a0€3MCUCHHS
HaIioHaIbHOT O€3MeKu JMep)KaByu Ta OJHA 3 OCHOBHUX
3aMopyK yCIIIIHOTO pe)OpMyBaHHS CHCTEMHU MEINYHOTO
00cCITyTOBYBaHHS HaceJICHHS [2].

VYkpaiHcbka (apMareBTUYHA Tany3b — I1€ KOMIUIEKCHE
SIBUIIIE, CHCTEMA B3a€EMOIIOB’ I3aHHUX €IEMEHTIB: TIOTY)KHOTO
(hapMaIeBTHYHOTO BHPOOHUIITBA, PO3TATYKEHOI MEpexi
anTeyHMX 3aKJa/iB PI3HUX OpraHizaliiHo-paBoBUX Gopm
i (hopM BIAaCHOCTI, YITKOI CHCTEMH MiJATOTOBKH Ta Iepe-
MATOTOBKY (papManeBTHUHUX KaapiB Tomo. besymoBHO,
€KOHOMIYHHH acIleKT MPaBOBIAHOCHH MiXK Cy0’€KTamu
(hapMarieBTHYHOTO PUHKY € Jy’Ke BaXKJIMBUM, aJI¢ BOJHOYAC
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rOJIOBHOIO (intocodiero GyHKIIOHYBaHHS (hapMaleBTHYHOT
raiy3i € Oraromoryyds mamieHTiB. BpaxoByroun Take Haii-
BaKJIUBIILIC [UIS ICPKABH COLIaIbHE 3aBIAHHsI, BBAKAEMO,
10 BU3HAYCHHS NMPOOJIEMHU MPABOBOTO PETYIIOBaHHS SK
TOJIOBHOTO IHCTPYMEHTA YIIPaBIiHHS yciMa COLialbHUMHU
MIPOLIECaMH, € JIyXKe BXIIUBUM Ta aKTyaJbHHM, aJpKe, 3a
BH3HAYCHHSM OJTHOTO 3 IOCIIHUKIB MTUTaHb (hapMarieBTHY-
HOTO IpaBa, pe3yJIbTaTH TaKoTo JO0CIHiPKEHHS 1al0Th MOX-
JIUBICTB CyTTEBO BIUTMHYTH HA 3aXUCT ITyOIIYHOTO 310POB’ S,
PO3BHTOK (hapMarieBTHYHOTO PUHKY, CTBOPEHHS TapaHTil
3axXUCTy MPaB HAIIOHAIEHUX BUPOOHUKIB TOMIO [3].
[TpoGiemu npaBoOBOTO peryJroBaHHs (hapMaleBTHYHO-
ro CeKTopa YKpaiHM po3misnaroTh y cBoix mpausx b. IL
I'pomoBuk [4], A. A. Korsunpka [5], A. C. Hemuenxo [6],
B. M. [Namrxos [ 7], M. C. [Toromaperko [8], O. B. [Tocuikina
[9], B. M. Tomouxko [10], B. C. I1IaroBanosa [11] Ta iHmi.
BozHouac anani3 nokasye: He BU3Ha4€HO OCHOBHI METOJIO-
JIOTI1YHI MiIXOIH A0 3’ sICyBaHHS MIPOOIEMH IIPABOBOTO 3aXH-
CTy CYCILJIBHUX BiTHOCHH, 1[0 BUHHKAIOTh MiXK Cy0’ €KTaMH
(hapMarieBTH9HOI Taiy3i, 30KpeMa TiTbKdA (PparMeHTapHO
NpHJIIJIeHa yBara Takiii BXJIUBIH CKIaI0Bil MexaHi3My 3a-
Oe3IeueHH PaB i CBOOO]T, SIK FOPHUIMYHA BiIMTOBITAIBHICTb.
Ha Hatry gymKy, 3’sicyBaHHsI ITMTaHHsI KOHLIENTYalIbHOT podIi
FOPUANYHOI BIATIOBIJAIBHOCTI B MEXaHI3Mi JepKaBHOTO
peryimoBaHHS (hapMaleBTUYHOI Tally3i — HeOOXiTHUI KPOK
Ha [UISXY BIOCKOHAJICHHS HAIIOHAJIBHOI MOJIITHKU IOA0
3a0e3IeueHHsT HaCeNeHHS JIIKapChKIMH 3ac00aMu.

MeTa po6otu

AmHari3 ctaHy 3aKOHO/IaBYOTO 3a0e3neueHHs (hapMareBTH-
HOTO CEKTOpa YKpaiHH, JOCIIKESHHsI MPOOJIEMHUX MMUTAHb
TIPABOBOI OXOPOHH TalTy3eBUX PABOBIIHOCHH TSI (POPMYITIO-
BaHHSI ITPOTIO3HUIIIH 111010 BJIOCKOHAJIEHHS! HOPMaTHBHO-TIpa-
BOBOTO 3aXHUCTy TipaB cy0 exTiB @C YipaiHu.

Matepianu i meToau gocnigxeHHs

MarepiasoM IOCITiIKSHHS € Cy4acHa HOPMAaTUBHO-TIPABOBA
0aza (hapMareBTHYHOIO CEKTOpa r'ajTy3i OXOPOHHU 3/I0POB’s,
a TAaKOXX MDKHAPOIHI HOPMATHBHO-TIPABOBI aKTH, 10 PEry-
JIFOFOTH 00IT JIiKapchKux 3aco0iB y kpainax €C. [Iporsarom
POOOTH BUKOPHUCTOBYBAJIM METO/IM aHAITI3y Ta CHHTE3Y, CHC-
TeMaTH3aLil Ta y3arajJbHeHHs.

Pe3yneraTtu

Sk BigzHaueHo B poboti C. C. AnekceeBa, mpaBOBe Pery-
JIFOBAHHS — [1€ IOPUANYHHHN BIUTMB Ha CYCIIUIBHI BITHOCHHH,
110 3MIHICHIOETHCS 32 IOTIOMOTOIO TIPaBa Ta BCi€l CYKyIHOC-
Ti mpaBoBUX 3aco0iB [12]. Pyukin €. b. 1 Txauenko B. [I.
BH3HAYAIOTh MPABOBE PETYIIOBAHHS SK 3MiHCHIOBAHWHN 3a
JIOTIOMOTOI0 FOPUAMYHUX 3aCO0IB MTPOLIEC YIIOPSIKYBaHHS
CYCIIUTEHUX BiTHOCHH JJIsI 320€31ICUCHHS IEBHOT CYKYTTHOCT1
COIlIbHUX IHTEPECIB, 1110 BUMATralOTh IIPABOBOTO TapaHTYy-
BaHHs [13]. 3a BusHauenusam O. B. [lerpummna, mpaBoBuM
PETyJIIOBaHHSIM € TPOIIEC il 32 JIOTIOMOTOI0 IIPABOBUX HOPM
Ta HIIUX FOPUIUYHUX 3aCO0IB HA MOBEIIHKY JFOHCH IS

BIOPSIJIKYBaHHsI, OXOPOHH Ta PO3BUTKY CYCIIIBHUX BIIHOCHH
[14]. PabinoBuu I1. M. 00rpyHTOBYE TyMKY, 1110 CyTHICTB ITpa-
BOBOT'O PETyJIIOBaHHSI [OJISITAE Y 31IHCHIOBAHOMY JICPIKABOIO
3a JJOIIOMOTOIO BCiX IOPUANYHUX 3aC00IB BIaJHOMY BIUIHBI
Ha CYCILJIbHI BITHOCHHH JUTA IXHBOTO YIOPSIKYBaHHS, 3a-
KpIIJICHHS, OXOPOHH Ta PO3BUTKY [15].

OT7Ke, OCHOBHUMH PUCAMH IIPABOBOTO PETYIIIOBAHHS € T€,
1110 BOHO 3/1ICHIOETHCS IePKaBOI0, Ma€ HOPMaTHBHUH Xapak-
Tep, CpsIMOBaHEe Ha KOHKPETHI 1L, SIK-OT Ha 3a0e31eUeHHS
KOHKPETHHX ITpaB 1 CBOOO IPOMaJIsiH, BIIOPSAKYBaHHS Cy-
CIUIBHMX BIJIHOCHH Y BIITIOBIZIHUX COLIIaJIbHO-EKOHOMIUHHX
cepax TorIO.

JI71st TPyHTOBHOTO aHaJli3y CYTHOCTI Ta 3MiCTy MPaBOTroO
peryaroBaHHA (papManeBTUYHOTO CEKTOpA BBAXA€MO 3a
HEeoOXiIHE TeTabHIIIe 3yMIMHUATHCS Ha KOXKHIH 13 IIHX PHC.

3oiticnenns npagosozo peynosants hapmayesmuio2o
cekmopa deparcasoro. BinmosigHo 10 OCHOB 3aKOHOIABCTBA
‘YKpaiHu 11po OXOpOHY 3/10pOB’sI, OCHOBY JIep>KaBHOI MOJIITHKH
OXOpOHH 3710p0B’st hopmye BepxoBHa Pana Ykpainu numsixom
3aKpITUICHHS KOHCTUTYIIHHKX 1 3aKOHOIaBUKX 3acaJl OXOPO-
HU 3/10pOB’ 1, BU3HAYEHHSI 11 METH, TOJIOBHUX 3aB/IaHb, HAMPSI-
MIB, IIPUHLIUIIIB 1 IPIOPUTETIB, BCTAHOBJICHHS HOPMATUBIB Ta
00csTiB OOMKETHOTO (iHAHCYBAHHS, CTBOPSHHS CHCTEMH
BIZITOBITHUX KPEOUTHO-(PiHAHCOBHX, IMOJATKOBHIX, MHTHHX
Ta IHIINMX PETYIATOPIB, 3aTBEPIKEHHS 3aralIbHOJCPKaBHIX
mporpaM OXOpOHH 370poB’s [16]. Peamizaris nep>kaBHOT
TIOJIITHKY Y (hapMarieBTHIHOMY CEKTOPI SIK CKIIaI0BO1 chepr
OXOPOHH 3JI0POB’sI MOKJIA/IAETHCSI HA OPraHW BUKOHABYOT
Biajiu. 30kpema, inerses npo Kabiner MinictpiB Ykpainu,
MiHicTepcTBO OXOpPOHH 3710pOB’st Ykpainu, Jleprkitikeiyx-
Oy Toro. Yci 11l JepkaBHI OPraHU MArOTh TTOBHOBAYKCHHS
YXBaJIOBAaTH B MEKax CBOET KOMIIETEHIIIT IPaBOBI HOPMH,
TOOTO Ti CTIeIlialIbHi FOPUANIHI HOPMH, 32 IOTIOMOTOFO STKUX
1371iHCHIOEThCS BIUTHB JEpKaBU Ha CYCITLUTBHI BiTHOCHHM, IO
BUHHKAIOTH y cepi 00iry JiKapchKuX 3ac00iB.

Hopmamusnuii xapaxmep npaosozo pez2ynosants ap-
MayesmuuHo2o cekmopa TOJATae B 3aKPIIUICHHI MTPaBUII
MOBEAIHKM Cy0’€KTIB NPABOBIIHOCHH, 1[0 BUHUKAIOTH y
ctepi 00iry nmikapchbKux 3aco0iB 3a JOIMOMOIOI MEBHOT
CHCTEMH MPABOBHUX HOPM, Ta SIKE MA€ Ha METi 3a0e3MCYCHHS
CTabLIbHOCTI Y (papMaleBTHUHIH cdepi.

HopMmaTuBHe perysroBaHHSI TaKOXXK Mae CBOIO Kiach(i-
kamifo. Tak, O. @. CkakyH po3pi3HSI€ 3aKOHOIaBUE pe-
TyIOBaHHS (TIOBHE, SIKE BUKIIOYAE OyIb-sIKE ITi3aKOHHE
PETyIIOBaHHS) Ta IMiJ3aKOHHE HOPMAaTHBHE PETYIIOBAHHS,
IO 3IHCHIOETHCS TIPABOBIMH HOPMaMHU, KOTPi 3aKpillIeH1
B I/32aKOHHUX HOPMaTHUBHO-IIPABOBUX aKTaX JIEp)KaBU W
akTax 00’eqHaHb TpoMajsH [17].

HopmarusHo-nipaBoBa 6a3a (hapMarieBTH4HO1 raty3i HuHi
€ JIy’Ke BEJIMKUM MacHBOM IOPUANYHHX aKTiB, SIKi BIAPI3HS-
I0THCSI 33 FOPUIMYHOIO CHIIOKO, JIATOI0 YXBaJICHHsI, Cheporo
Jlil, XapaKTepoM BOJICBUSBIICHHS TOIIO. 3AIMCHEHHMIA aHai3
JIBOX OCHOBHHX OQII[iHHMX HOPMAaTHBHO-IIPABOBHUX 0a3:
BepxoBnoi Pagn Yipainu (odiniitanii caiit Bepxosnoi Pagn
VYkpainu, mocunanHs «3aKOHOIABCTBO YKpailHW» PEXHUM
nocrymy zakon2.rada.gov.ua) Ta MiHicTepcTBa OXOPOHHU
310poB’st YKpainu (cailT «HopMariuBHO-TMPEKTHBHI TOKY-
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O. I. Anekcees

Ta6nuus 1. PeayanaTM KOHTEKCTHOrO NOLUYKY YNHHUX HOPpMaTUBHUX ,D,OKyMeHTiB, LLO peryniorTb NpaBOBIgHOCWHN y (bapmaueBTMqumy cekTopi

Knto4yoBe cnoso HanexHictb KinbkicTb HanexHicTb KinbkicTb
ANA NowyKy HOpMaTBHO-NPaBoBOi 6a3u [IOKYMEHTIB HOpMaTVBHO-NpaBoBoi 6a3u DOKYMEHTIB
chapmavrieBT zakon2.rada.gov.ua http://mozdocs.kiev.ua 275
«nikapcbK.» zakon2.rada.gov.ua 736 http://mozdocs kiev.ua 3325
npoBi3op zakon2.rada.gov.ua 1 http://mozdocs.kiev.ua 53
«anTeyH.» zakon2.rada.gov.ua 85 http://mozdocs.kiev.ua 40

anTeka zakon2.rada.gov.ua 9 http://mozdocs.kiev.ua 7
«bapmak.» zakon2.rada.gov.ua 22 http://mozdocs kiev.ua 41

AHania 3AiicHIoBaM 3a npaBunamMm KOHTEKCTHOTO MOLUYKY, LIO BCTAHOBMEHi BiANOBIOHWMW CalTaMi, TOMY 3aKiHYeHHs CniB y Aeskux Bunagkax He
BVKOPVMCTOBYBaIM [Nt LLIMPLLIOTO OXOMMEHHS NOLLYKOBOI iHPOPMALLii; KOHTEKCTHUMIA MOLLYK 3AIMCHIOBANN 3a KIOHOBKM CIIOBOM Y Ha3Bi AOKYMEHTa; B Tabnuj
HaBefeHi AaHi LLOAO0 YMHHMX SOKYMEHTIB i BiCYTHI JOKYMEHT, B HA3Bi KUX HEMAE KITFOHOBWX CIiB, HANPUKNag, AOKYMEHTIB LLOA0 BHECEHHS 3MiH B OKPEMi aKTL.

merTr MO3 Ykpainmy, pesxxum goctyry http://mozdocs.kiev.
ua) — J1aB MOKJIMBICTh OTPUMATH PE3YJIBTaTH, 10 HaBeleHI
B mabnuyi 1.

Hageneni B mabnuyi 1 nani, 6e3nepedHo, He IPETeH/IyI0Th
Ha a0COITIOTHY TTOBHOTY Ta BHHATKOBICTB, IO TOTO X MiX
JIBOMa TIPOAHAJIi30BaHUMHE 0a3aMH TaKOX € (DYHKITIOHATIbHA
BiZIMiHHICTh — callT http://mozdocs.kiev.ua opieHTOBaHMI
camMe Ha JIMPeKTUBHI JJOKYMEHTH (HalpHUKIIaJ, y NOIIYKOBIH
(opwmi i€l Ga3w B3araji HEeMae TAKOTO THUITY HOPMAaTHBHOTO
JOKyMEHTa, SK 3akoH). KpiM Toro, 3a3HaueHa iH(opMaris
XapaKTepu3ye APYrHid TUI HOPMATHBHOIO PETYJIFOBAHHS —
IT1/13aKOHHE PEryIIIOBaHHSL.

[lono came 3aKOHOABYOTO PETYIIFOBAHHS, TO OCHOBHUMH
3aKOHaMH, HOPMH SIKUX PETYITFOKOTh PABOBITHOCHHH Y (ap-
ManeBTHuHiH cdepi, € Koncruryis Ykpainu, 3akonu Ykpainu:
OCHOBM 3aKOHOMIABCTBA YKPATHH PO OXOPOHY 310poB’st; «IIpo
JKapchKi 3aco0m»; «IIpo HapKOTHYHI 3aCO0H, TICHXOTPOITHI
pedoBHHM 1 ipeKypcop»; «IIpo 3axonm mpoTuii He3aKkoH-
HOMY 00Iry HAPKOTHYHHX 3aC001B, ICUXOTPOITHUX PEUOBHUH 1
MIPEKYPCOPIB Ta 3JIOBKUBAHHIO HUMI»; «IIpo JTilieH3yBaHHs
BU/IiB TOCTIOAAPCHKOI TISITHHOCTI» Ta HU3KA 1HIITHX.

3abesneuenns konkpemnux npas i c60600 epoMaosin,
VROPAOKY8anHs cycnintoHux 6i0nocut. KOHCTUTYIIHHUM €
MIpaBO TPOMAJSH Ha KUTTSA (CT. 27), MEIUYHY JOTIOMOTY
Ta OXOpOHY 3710poB’s (cT. 49). BpaxoBytoun, 110 IMPHHITHIT
BEPXOBEHCTBA KOHCTHTYIIIHHUX HOPM MOIIMPIOETHCS Ha BC1
cdepy AepxaBHOI MiSUTBHOCTI, 30KpeMa Ha 3aKOHOTBOPYHUH
niporiec, BepxoBHa Pajia moBrHHA yXBasltoBaTH 3aKOHH, SIKi
6azyroTecst Ha ocHOBI KoHcTHTYIIIT Ta BifmoBinary i (da-
CTHHA JIpyTa CT. 8). AHAII3yIOUHN 3MICT 3aKOHOJABYNX aKTiB,
sIKi ()OPMYIOTH HOPMaTHBHO-TIPaBOBY 0a3y (apmarieBTHaHo1
raiy3i, JIOXOJMMO BHCHOBKY, IIIO ITPUHIIMI BEPXOBEHCTBA
KOHCTUTYIIIHHUX HOPM 3arajioM JOTPHMAHO ITiJ] 9ac po3po-
OJIeHHS Ta yXBaJIEHHS! OCHOBHUX 3aKOHOABUMX AKTiB TaJTy3i.

Tax, 3Y «IIpo dikapchki 3ac00M» 3aKPIIIEHO 000B’ 30K
JICP)KaBHU Ha 3a0€3MEUCHHS JOCTYITHOCTI HAHEOOX 1 THIITHX
JKapChKUX 3aC00iB, 3aXHUCT TPOMAISH y pa3i 3aroIisTHHS
IIKO/I IXHBOMY 3/10pPOB’I0 BHACIIIJIOK 3aCTOCYBaHHS JiKap-
CbKHX 3ac001B 32 MEIMYHNM MPU3HAYECHHSIM, a TAKOXK BCTa-
HOBJICHHSI ITUTBT 1 TapaHTiil OKPEMHM TPyTIaM HaCeJIeHHS Ta
KaTeropisiM TPOMaJISTH IIO/I0 3a0e3MeUeHHS 1X JTIKapChKIMHU
3aco0amy y BUMaJKy 3aXBoproBaHHs [18].

B OcHoBax 3aKOHOABCTBA PO OXOPOHY 3I0POB’ST KOH-
KPETH30BaHO 3MICT IpaBa Ha OXOPOHY 310poB’s (CT. 0),
3athikcoBaHO rapaHTii 3 OOKy JepkaBM Ha (piHAHCYBaHHS
rpomMajsgsHaM IrapaHTOBaHOI'O O6C$[Fy MCANYHUX IOCIYT i
JIKapChKUX 3aC00iB (CT. 7), BU3HAYCHO OCOOIMBOCTI 3aCTO-
CyBaHHJ JliKapchKux 3aco0iB (Po3min VI).

3akoH «[Ipo HapkoTHYHI 3aCO0H, ICUXOTPOITHI PEUOBHHH 1
MPEKYPCOPI» CIIPSIMOBAHUI Ha BIOPSIKYBAHHS CYCITUTBHUX
BiZTHOCHH, III0 BUHUKAIOTH TIiJT 9ac 00iry Ha3BaHUX ITiJKOH-
TPOJNBHUX PEYOBHH.

Konuenuis po3BUTKY (apMaleBTUYHOTO CEKTOpa B
VYkpaini (2011-2022 pp.) Bu3Hauae nepcreKTUBHI HAPsIMU
Ta 3aBOaHHA (papMaleBTHYHOI ramy3i Ta CIpsMOBaHa Ha
CTBOPCHHS BiAMOBIIHOI HOPMAaTHBHO-IIPABOBOI 0a3u, IO
perynoe dapManeBTHUHYy AisIbHICTE. Cepell OCHOBHHUX
3aB/aHb IepeJ0aueH0 KOHKPETHI 3aX0AM M0N0 3abe3re-
YEeHHS JTOCTYITHOCTI, e(DeKTHBHOCTI, OE3MEYHOCTI Ta SIKOCTI
JKapchKHX 3aco0iB [19].

HesBaxaroun Ha MEBHHUH AMHAMI3M PO3BUTKY (hapma-
LEBTUYHOIO 3aKOHOZABCTBA, CJIJ BII3HAYUTH JEKIIbKA
MpOOJIIEMHHX MHTaHb, IO TIOB’s[3aHi 3 MPAaBOBUM pETy-
JMoBaHHAM ranysi. Ha Garatpox mpodeciiinux 3axofax,
(hopymax, KOH(EPEHIIIX TEMaTHKOIO SIKUX € JIepiKaBHE
peryioBaHHs (papManeBTHYHOI chepH, MPeACTaBHUKA
(hapmaneBTUYHOI HAyKH Ta MPAKTHKH OOTPYHTOBAHO
JIOBOJISITH HEOOXITHICTh peOpMyBaHHS CydacHOTO (ap-
MaIleBTUYHOTO 3aKOHOJABCTBA, 30KpeMa TaKUX 3aKOHIB,
sk «IIpo papmanesrruny aisbHicThY [20], «IIpo papma-
[IEBTHYHE CaMOBpsAAyBaHH» [21], HOBUX pemakmiid, abo
BHECEHHS 3MiH JI0 YMHHOI pesiakiii 3akony Ykpainu «IIpo
JKapchKi 3acoomy» [22,23] Toiro.

Ha nepsxaBHOMY PiBHI TAKO)K BU3HAYECHO HEIOCKOHATICTh
CTaHy Cy4acHOTO [IPABOBOTO PETYJIFOBaHHS (papMalleBTHYHO-
ro cexropa. Tak, Jlep>kaBHa cTpareris peaizarii qep)xaBHol
MOJTITHKY 320€3TeUCHHSI HACCIICHHS JIIKAPChKUMU 3aC00aMu
Ha riepion 10 2025 p. BH3HAUAE, 1110 YHHHA CUCTEMA JICPIKAB-
HOTO perymoBaHHA y cepi 00iry JikapchKux 3aco0iB HE
MIOBHICTIO BIITIOBI/Ia€ Cy9aCHUM BUMOT'aM, a/1)Ke BUKOHAHHS
3aKOHO/IaBCTBa YKpaTHU 3[IHCHIOETHCS HE 3a BCiMa Harpsma-
MH, 2 MOHITOPHHT HE Ma€ CHCTEMHOT0 Xapakrepy. OTke, Taka
cucreMa morpedye yIOCKOHAJICHHS MUIIXOM TapMOHi3aIlil
3aKOHO/IaBCTBA YKpPATHU 3 3aKOHOAAaBCTBOM €C, TOJIITIICHHS
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(hiHAHCOBOTO Ta TEXHIYHOIO 3a0€3MICYCHHS TAKOTO MPOLIECY,
a TaKoXK 3a0e3MeUCHHS JIFONChKUMU pecypcamu [24].

HarrionanbHa ramy3eBa HOpMaruBHO-TIpaBoBa Oaza (apmartii
37€01TBIIOT0 CIIPSIMOBaHa Ha 3a0e3MCYeHHS TIPaB TPOMAISH,
BIOPSIIKYBAaHHSI CYCHUTHHUX BiTHOCHH, III0 BUHHHUKAIOTH ITiJT 9ac
00iry JKapchKHX 3aco0iB, aje BOJHOYAC MOTPeOye MOCTIN-
HOTO BJIOCKOHAJICHHSI, 1110 BUKJIMKAHO JIMHAMIKOIO PO3BHUTKY
CYCHUIbHHX BIZTHOCHH Y TajTy3i 00iry JIKapChKUX 3ac00iB.

BpaxoBytoun €BpOIeHChKHI BEKTOP PO3BUTKY JIEPKaBH,
BBA)KAEMO 3a HEOOXIiJ[HE JOCIIIMTH OCHOBHI 3aKOHO/ABU1
aktu €C, 10 peryaroTh CyCIUIbHI BITHOCHHH y (hapMa-
nesTHuHii cepi. Sk Bigomo, BinHocHHU Mixk €C 1 Ykpai-
HOIO PETYIIIOIOTHCST YTO0K0 MPO acorialiito [25], a ogHiero
3 KJIIOYOBUX BHMOT IOTO JIOKYMEHTa € IMIUIEMEHTAIlis
HOPM BIZITOBITHUX €BPONEHCHKHUX MPABOBHX HOPM JI0 Ha-
LIOHAJIBHOTO YKPaiHCHKOTO 3aKOHO/IABCTBA. be3yMoBHO, 11e
CTOCYETBCSI TalTy31 OXOPOHH 37I0pOB’ s Ta (hapMarieBTHIHOTO
CeKTopa sK II CKJIaZoBoi. AJKe, SIK 3p03yMiIO 31 3MicTy
VYroau, 3akOHOABCTBA PO 0OOIr JiKapchkux 3acobiB €C,
HalllOHaJIbHI 3aKOHOJABCTBA KpaiH-WICHIB Ta yKpaiHChKE
(hapMarieBTHYHE 3aKOHOIABCTBO MaOTh OyTH y3romkeHi. e
CTOCYEThCS SIK YHi(ikoBaHOT podeciiiHoi TepMIHONIOTIT, TaK
1 HOpMaTHBHO-TIPAaBOBOi 0a3M raimys3i.

3akoHomaBcTBO €C — yHIKaJIbHA IIPABOBA CHCTEMA, HOPMH
SIKOT IOMiHYIOTh (€ MPIOPUTETHUMH) HaJ HOpPMaMH Halli-
OHAJIPHHUX 3aKOHO/ABCTB JEP>KaB-4JICHIB CIIBTOBAPHCTBA.
OcCHOBHMM 3aKOHOZAaBYMM akToM €C, 10 perymoe o0ir
JiKapchkux 3aco0iB, € JIupekrusa 2001/83/€C €sporeii-
cbkoro mapnamenty i Pagu €C Bin 6 nucronana 2001 p.
«[Ipo xomexc CHUTPHOTH MIOAO0 MEAUYHHUX MPEHapaTiB st
monuHWy). Jupexrusa 2001/83 3akpirunoe 6a30Bi MPUHIH-
1 (yHKIioHyBaHHs (hapmalieBTHuHOI cepr. 30kpema, B
JOKYMEHTI BH3HAUYCHO: OCHOBHOIO METOIO Oy/b-SIKMX HOPM,
110 KepYIOTh BUPOOHHIITBOM, PO3TIOBCIOIKEHHSIM JTIKapCHKUX
TIpenapariB i KOPUCTYBAHHSAM HUMH, Ma€ OyTH TapaHTyBaHHS
CYCITUTBHOTO 310pOB’st [26].

AHanizyroun 3arajJbHOIPABOBI acIeKTH (OpM 1 JpKepen
€BPONEHCHKOTO TIPaBa, CIIiJi HArOJIOCHUTH, 10 OCHOBHUMH
BU/IaMU HOpMaTHUBHHUX akTiB €C € TUPEKTHBHU Ta MOCTAHOBH
(permamentn). OCOONMBICTIO PEMIAMEHTY € HOro 3000B’s-
3aJIbHUI XapaKTep Ta IMIICPAaTUBHUIN BIUIMB HA BiIIOBIIHE
HallioHaJNbHE 3aKOHO/ABCTBO. PeriameHT He motpedye
IMITIEMEHTAIli1 y BiITOBIAHY HAIllOHAJIGHY IIPABOBY CHCTEMY.
JMpekTiBa € MpaBOBUM aKTOM, HOPMH STKOT TAKOXK € 3000B’ s
3aJbHUMM, aJie TUTBKHU U KOHKPETHOI KPaiH! 1 TUTBKH JUIS
JOCSITHEHHS 3arajibHoi MeTH. Popmu peatizaiii MoJoKeHb
JMPEKTHBYU BU3HAYAIOTHCS OE3110CePeHbO KpaiHaMH, SIKUM
BOHH a/IpeCOBaHi.

Huni Ykpaina ve € wienom €C, BIIMOBITHO, HE MOXKE
OyTH aBTOMaTHYHOTO 3acToCcyBaHHsI HopMmaTHBHHX EC Ha
TepuTOpii KpaiHu, 30KkpemMa i ronoxensb upexrus 2001/83.
Tomy 3akoHOABEIIb 3IHCHIOE TEBHI KPOKH OO aanTarlii
YKpPaiHCHKOTO Ta €BPOMEHCHKOTO 3aKOHOIABCTB BiATIOBITHO
JI0 TIOJIOKEHB YTOIM TIpo acormiarifo. Ha »xais, mei momsix
ckimagaui i moBibHUA. Tak, y 2016 p. y BepxorHiit Pasi rpy-
Ia JeIyTaTiB po3podmiia mpoekT 3akoHy «IIpo ocobmmBocTi
IMIUIEMEHTALIT OKpEeMUX MOJIOKEHb 3aKOHOAABCTBA €BPO-

nieticbkoro Coro3y 1110710 00Iry JTiKapChKUX 3ac00iBy» (peectp.
Ne 4465 Bin 18.04.2016 p.). Sk Big3Hauaam aBTOpH JOKyMEH-
T, «... HEOOX1THICTh IPUHHATTA 3aIIPONIOHOBAHOTO ITPOEKTY
3YMOBJIFOETBCSI TAKOXK IEPEIVISIOM 3acajl PETYIIOBAHHS Y
cepi 00iTy JTIKaPCHKUX 3ac001B, 3MIMICHHSIM OCHOBHHX aK-
IICHTIB B HAIIPsAMi HAJISKHOTO 3a0€3IIeUCHHS IPaB MAIliEHTIB
y wiit cdepi, miIBUIIEHHS PIBHS SKOCTI, €()EKTUBHOCTI Ta
0e3mneKn JlikapchKUX 3ac00iB, a TAKOX IX JOCTYIHOCTI» [27].
Ha namry mymKy, yXBaJeHHS I[bOTO 3aKOHY JIiHCHO BHUSIBH-
J0¢st O 3HAYYIMM HOIITOBXOM 1 BU3HAYQJILHUM KPOKOM JUIS
iMIIIeMeHTanii HopM 3akoHozaBcTBa €C 10 yKpaiHCHKOTO
(hapMaIeBTUYHOTO 3aKOHOJABCTBA. SIK CTBEPIKY€e OOUH
i3 ¢gyHnaropiB HamioHaJIbHOTO (hapMallEeBTHYHOTO IpaBa
B. M. INamkoB, 3akoHonpoekT Ne 4465 BpaxoBye IOCBiJ
Kkpain €Bponeiicbkoro Coro3y Ta MOKIUKAHUNA IMITJIeMEH-
TyBaTH HOPMH «M’SIKOTO IpaBay, 30Kpema JupexTuBu
€C momo o6iry mikapcbkux 3aco0iB [28]. OcobmuBo mo-
3UTHBHAM MOMEHTOM Y IIbOMY 3aKOHOIPOEKTI BBaXKaEMO
KOJIO CYCIIJIBHHUX BIJHOCHH, SIKI MOKJIMKAHUH IICH 3aKOH
YPEryJIoBaTH, aJpke HOro HOPMH PETYIIOIOTh HE TIJIbKU
MUTAaHHA 00iry JiKapchKHUX 3ac00iB, aje 1 iHII CKIaIoBi
(dapmaneBTHuHOI cdepu: iHGopmamiiiHy, 30Kpema pe-
KJIAaMHY TIOJIITUKY, TUTaHHS B3a€MOIl MEIUYHUX Ipel-
CTaBHHKIB, MUTaHHS IUCTAHLIHHOTO MPOAAXKY JIIKAPCHKUX
3aco0iB Tomo. [T03UTHBHIM KPOKOM BBaxkaemo 13 pozain
3aKOHOIIPOEKTY, a came cTarTio 150, B sSKild IeTaizoBaHO
aIMiHICTPaTHUBHO-TOCIIONAPCHKI CaHKII{ 3a MOPYIICHHS
3aKOHOJIABCTBA MPO JiKapchKi 3acodu. Ha xxanb, 29 ceprus
2019 p. et 3aKOHOTPOEKT BIAKIUKAHO, TOMY IIUTAHHS YHi-
(hikarii papmarneBruaHOTO 3aKoHOaBCTBa €C Ta YKpaiHu,
Ha ’KaJib, 3aJIMIIAI0THCS HEBU3HAYEHHMH, a CIIPOOH BHpI-
IICHHS — XaOTHYHUMH.

BucHoBku

[IpaBoBe perymoBaHHs (apMalieBTHYHOIO CEKTOpa YKpaiH!
3AIHCHIOETHCS IEPIKABOIO 32 JIOIIOMOTOO ITpaBa Ta CyKyITHOC-
Ti IPaBOBUX 3aCO0IB YNOPSAKYBaHHS CYCITIIbHUX BIZIHOCHH,
1110 BUHUKAIOTB I1iJ] 4ac 00Iry JIiKapchKHX 3aCO0IB 1 CIUTBHUX
i3 HUMH TPYI BiTHOCHH JJISl IXHBOTO FOPHIMYHOTO 3aKpi-
IUICHHS, OXOPOHM Ta Po3BUTKY. CydacHHI eTam pO3BHTKY
XapaKTepU3YEThCSI aKTUBHUMH KPOKaMH, IO CIPSIMOBaH1
Ha IMITIEMEHTAIlI0 M>KHAPOIHO TPABOBHUX CTAaHAAPTIB Y
HallioHaJbHE (hapMaleBTUUHE 3aKOHOIABCTBO.

MepcnekTneu noganslwumx aocnifgxeHsb. [IpogoxeHHs
po06oTH 3 aHaITi3y Cy4acHOTO CTaHy HOPMAaTHBHO-IIPABOBOTO
3a0e3MeUeHHs HAI[IOHAFHOTO (papMarieBTHYHOIO CEKTOpa
rajy3i OXOpOHH 37I0pOB’s.
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OpwriHanbHi gocnimxeHHs @ Original research

focnigXeHHA acCOPTUMEHTY npenapartiB AnA NiKyBaHHA XPOHi4YHOro
OOGCTPYKTUBHOIO 3aXBOPIOBAHHA NnereHb Ha papMaLeBTUYHOMY PUHKY
YKpaiHu

N. |. BygHak*ACF, €. 10. OuHasP

TepHONiINbCbKUI HaLliOHaNbHWUI MeAnYHUI yHiBepeuTeT imeHi |. A. fopbayescbkoro MO3 Ykpaiu

A — koHUenuis Ta gu3aiH gocnimkeHHst; B — 36ip gaHnx; C — aHani3 Ta iHTepnpeTauis gaHux; D — HanucaHHs ctatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepaKEHHS CTaTTi

MeTa po6oTu — aHania acopTUMEHTY nikapcbkux 3acobis (J13) ans nikyBaHHsS XpOHIYHOrO 0BCTPYKTUBHOTO 3axBOptoBaHHs nereHb (XO3/T)
(6porxoamnartadinHa Tepanis — BT) Ha cyyacHoMy hapmaLeBTUHHOMY PUHKY YKpaiHu.

Matepianu Ta meTogun. ACOPTUMEHT Npenaparis B1B4MnY 3a [lepxxaBHum peectpom J13 Ykpainu, fosigHukom J13 KomneHgiym oHnaiiH,
AHaTOMO-TepaneBTUYHO-XiMiYHO Knacudikauieto (rpyna J13 kog RO3 — 3acobw Ans nikyBaHHS 0BCTPYKTUBHKUX 3aXBOPHOBaHb AWXanbHNX
LUNSXiB), iIHTEpHET-pecypcamu 3 nowyky J13 B antekax YkpaiHu GeoApteka ta Tabletki.ua. Bukopuctanu metogm: MapKkeTUHroBi, Mate-
MaTWKO-CTaTUCTUYHI, NIOMYHOTO y3ararnbHeHHs Ta rpadivHi.

PesynkraTi. 3iicHnnv KOMNMEKCHe MapKETMHIOBE OL|iHIOBAHHS BITYM3HSHOTO (hapMaLeBTUHHOTO pUHKY J13, Siki BUKOPUCTOBYHOTb ANS
nikysaHHs XO3J1 (BT).

BucHoBku. 3a nanumu JepxasHoro peectpy J13 YkpaiHu, ctaHoM Ha kiHeub 2019 p. B YkpaiHi HasiBHi 36 TOproeux Ha3B npenaparis
ans nikysanHa XO3JT (BT). AHaniz acopTuMeHTy npenapaTiB nokasas, Lo Ha hapMaLeBTUYHOMY PUHKY YKpaiHu nepesaxaroTb
N3 3akoppoHHoro BupobHuuTea (64 %). Cepen kpaiH-imnopTepis J13 nepLuicTb 3a HOMEHKNAaTypoto nNpenaparis Hanexuts PPH
(31 %), Icnanii (18 %) Ta IHaii (13 %). Ninepom cepen BiTUn3HAHUX Dipm-BUpobHUKIB € TOB «MynbTicnpen», M. Xapkis (31 %).
Yactka moHonpenapariB Ans nikysanHa XO3J1 (BT) Ha BiTYM3HAHOMY hapMaLeBTUYHOMY PUHKY cTaHoBuTb 80 %, ABOKOMMO-
HeHTHuX 13 — 14 %, kombiHoBaHux npenapartiB — 6 %. Ockinbkn Ha dapMaLeBTUYHOMY PUHKY YKpaiHu nepeBaxatoTb nikapcbki
3acobu 3akopAOHHOrO BUPOOHMLTBA, LLIO 3aCTOCOBYIOTL ¥ 6porxoaunatauinnin Tepanii XO3J1, pesynstat aHanisy acopTUMEHTY
NiaTBEPAXYOTh aKTyarnbHICTb po3pobKM HOBOTO BITYM3HAHOTO Npenapary, Skuin MoxHa 6yno 6 BMKopucToByBaTH y Tepanii nayieHTiB
i3 UMM 3aXBOPHOBAHHSM.

Investigation of the assortment of medicines for the treatment of chronic obstructive pulmonary disease
in the pharmaceutical market of Ukraine

L. . Budniak, Ye. Yu. Dynia

The aim of the work - to analyze the assortment of medicines for the treatment of chronic obstructive pulmonary disease (COPD)
(bronchodilator therapy (BT). in the modern pharmaceutical market of Ukraine.

Materials and methods. The study of the assortment of drugs was carried out according to the State Register of Medicines of Ukraine,
the directory of medicines Compendium online, Anatomical Therapeutic Chemical classification (group of medicines code R03 — remedies
for the treatment of obstructive respiratory diseases), online resources for the search of drugs in pharmacies of Ukraine “GeoApteka” and
“Tabletki.ua”. The following methods are used: marketing, mathematical and statistical, logical generalization and graphic.

Results. Comprehensive marketing evaluation of the domestic pharmaceutical market for medicines used for the treatment
of COPD (BT).

Conclusions. According to the State Register of Medicines of Ukraine, as of the end of 2019, there are 36 TN medicines for the
treatment of COPD (BT) in Ukraine. Analysis of the assortment of drugs showed that foreign pharmaceutical production was dominated
by pharmaceutical products in Ukraine (64 %). Among the importing countries of drugs, Germany (31 %), Spain (18 %) and India (13 %)
take the first place in the nomenclature of medicines. The leader among domestic manufacturing companies is Multispray LLC, Kharkiv
(31 %). The share of mono-preparation for COPD (BT) treatment in the domestic pharmaceutical market is 80 %, two-component drugs
— 14 % and combination drugs — 6 %. Since the pharmaceutical market of Ukraine was dominated by overseas medicines used in COPD
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bronchodilation therapy, the results of the analysis of the assortment confirm the relevance of the development of a new domestic drug
that can be used in the treatment of patients with this disease.

Key words: chronic obstructive pulmonary disease, bronchodilator agents, research of the pharmaceutical market, marketing.
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WccnepoBaHune accopTuMeHTa NpenapaToB AN NeYeHns XPOHUYECKON 06CTPYKTUBHOM GONe3HM Nnerkux
Ha papMaLleBTUYECKOM PbIHKe YKpauHbl

1. W. Byansik, E. FO ObiHa

Llens pa6oTkl — aHanus acCopTUMeEHTa NekapcTBeHHbIX cpeacTs (JIC) ans neyeHus XpoHUYeckon oBCTPYKTUBHOM GonesHn nerkux
(XOBI) (6poHxoaunataumoHHas Tepanusi — BT) Ha coBpeMeHHOM (hapMaLeBTUYECKOM PbiHKE YKpauHBbI.

Matepuanki n meTofbl. ACCOPTUMEHT NpenapaTtoB M3y4yeH no FocyaapCTBEHHOMY PeeCTpy NeKapCTBEHHBIX CPEACTB YKpauHbl, CripaBoy-
Huky JIC KomneHanym oHnaiiH, AHaToMo-TepaneBThyecko-xummndeckon knaccudumkaumm (rpynna J1C kog R03 — cpencrsa Ans neyeHms
06CTPYKTMBHbIX 3ab0mneBaHwii AbixaTenbHbIX NyTelt), UHTEPHET-pecypcam no nowucky JIC B antekax YkpauHbl GeoApteka n Tabletki.ua.
Mcnonb3oBaHbl METOAbI: MAPKETUHIOBLIE, MAaTEMATUKO-CTaTUCTUYECKWE, Norndeckoro 06o6LeHus 1 rpaduyeckue.

Pesynirathl. MpoBefeHa KOMMIEKCHas MapKETUHIOBas OLIEHKA OTEYECTBEHHOMO hapMaLeBTUYECKOro pbiHka J1C, MCnonb3yemblx Ans
neyenms XOB/ (BT).

Beieoabl. CornacHo AaHHbIM [0CyAapCTBEHHOrO peecTpa NekapCTBEHHbIX CPeAcTB YkpaunHbl, Ha KoHew, 2019 1. B YkpauHe HacuuTbIBaeTCS
36 ToproBbIx Ha3BaHWii NpenapatoB Ans neyennst XOBJ1 (BT). AHanu3 accopTvMeHTa NpenapaTtoB NokKasar, YTo Ha hapMaLeBTUHECKOM
pbiHKe YkpauHbl npeobnagatot JIC 3apy6exHoro npomssoacTea (64 %). Cpeau ctpaH-umnoptepos JIC nepBeHCTBO N0 HOMEHKNaType
npenapatos npuHagnexut Pl (31 %), Ucnanuum (18 %) n Muaum (13 %). lupep cpeay otevectBeHHbIX rpm-nponssogutenein — 000
«Mynbtucnpeii», r. Xapbkos (31 %). Jons moHonpenapaToB ans neveuns XOBJT (BT) Ha oTe4eCcTBEHHOM (hapMaLeBTUYECKOM PbIHKE
coctasnset 80 %, AByXKOMMNOHEHTHbIX JIC — 14 %, KOMOUHMPOBaHHLIX NpenapaToB — 6 %. Mockonbky Ha dhapmaLeBTUYECKOM pblHKe
YkpauHbl npeobnafatoT NekapcTBEeHHbIE CPEACTBA MHOCTPAHHOMO MPOU3BOACTBA, NPUMEHsIeMble B GPOHXOAMNATALMOHHON Tepanuu
XOBJ1, pesynbraTthl aHanu3a accopTUMEHTa MOATBEPXKAAKOT aKTyanbHOCTb pa3paboTky HOBOTO OTEYECTBEHHOTO Npenapara, KOTopbii
MOXHO ObIno Bbl MCMONB30BATL B TEPANUM NALMEHTOB C JaHHBLIM 3a60neBaHneM.

KntoueBkie croBa: XpoHuyeckas 06CT|I)YKTVIBHaFI 60nesHb Nerkmx, 6p0HXO,C|,VIJ'IaTaU,VIOHHaFI Tepanus, aHanua apmMaLeBTU4eCKOro
PbIHKa, MapKeTUHroBble UCCneaoBaHuA.

AxTyanbHble Bonpockl hapMaLeBTUYECKOW U MeaULMHCKON Haykm u npakTuku. 2020. T. 13, Ne 1(32). C. 122-127

XpoHiuHE 0OCTPYKTHBHE 3aXBOprOBaHHS JiereHb (XO3J])
— OJlHa 3 HalCepHO3HIINX MEAMKO-COLiaIbHUX IPOOIeM

nedinuty o -anTATpUIcuHy. 1o ¢akTopis, U0 BIUIMBAIOTH
Ha PO3BHUTOK 1 nporpecyBanus XO3J1, Hanexarb Bagu po3-

CHCTEeMH OXOPOHHU 3710poB’s y cBiti [1]. 3a nannmu BOO3,
Bif 1€l XBopoOu cTpaxmae monax 210 miH ocib, 3a mpo-
rHo3amH, 10 2030 p. XO3JI craHe TPEeThOIO KIIIOYOBOKO
MIPUYUHOIO CMEPTi B ychoMy cBiTi [2,3]. JIronum crpaxiaoth
Bim XO3JI pokamu Ta mepemndacHO BMHUPAIOTh BiJ HHOTO
abo Bij oro yckiIagHeHb. 3a BH3HAYCHHSAM [ToOanbpHOT
IHINIAaTHBYU 3 XPOHIYHOTO OOCTPYKTHBHOTO 3aXBOPIOBAHHS
nerenb (Global Initiative for Chronic Obstructive Lung
Disease — GOLD), mo ctBopeHa 3 iimiatnen BOO3, XO3J1
— [ATOJIOTIYHUH CTaH, 10 XapaKTepPH3Y€EThCS HE TIOBHICTIO
3BOPOTHMM OOMEKEHHSM MOTOKY MOBITPS Ta IMiJJIA€ThCS
npodinakrui, JikyBaHHI. OOMEXEHHS MOBITPSHOTO T10-
TOKY 3a3BUYall IPOTPECy€e W acOIHIOETHCSA 3 IMiABUIICHOIO
3aI1aJIHOIO BIAMOBIIMIO IUXAJIBHUX NIISAXIB 1 JereHb Ha
LIKIJJTUBI YaCTHHKY 4M Ta3u [3,4].

Cepen ex3oreHHnx (axropiB pusuky XO3JI € kypiHHA
TIOTIOHY 200 BAWXaHHS BTOPUHHOTO TIOTIOHOBOTO JIMY.
Oxpemoto npodiiemoro XO3JI € y THX, XTO HE KypHTh, KOJIH
PO3BUTOK XBOPOOU TIOB’SI3aHUI 13 HECTIPUSITIUBUMH YMO-
BaMH IIpalli, KOHTAKTOM i3 AUMOM, XIMiYHUMH BHIIApaMHU,
MIPOMUCIIOBUMH 3a0pyIHEHHSIMH, BUXJIOIHUMH Ta3aMH,
MeTajlaMH, BYTJLIsM Toto [ 1].

Ha po3BHTOK 3aXBOPIOBaHb TAaKOX BILTMBAIOTH CHIOTCHHI
(axropu. OTHUM i3 YMHHHUKIB € pE3yIBTaT B3a€MOIii TEHIB
3 JIOBKLIISIM, B ICSIKMX BHITAJIKaX — PE3YNbTaT CIAIKOBOTO

BUTKY JICTEHIB, HU3bKa Maca Tija MPY HAPOPKEHHI, HasIBHICTh
OpoHXianmbpHOT acTMH Ta/ab0 OpOHXIANBHOI TileppeaKTHB-
HOCTI, XpOHIYHMI OpOHXIT, YacTi pecripaTopHi iH(peKmii B
panHbOMY Bl [5].

Ocnosai npunnunu Tepamnii XO3JI: moctymose Hapo-
IIyBaHHS IHTEHCHBHOCTI JIIKYBaHHS 3aJICKHO BiJ] CTYIICHS
Ba)KKOCTI 3aXBOPIOBAHHS, PErY/SIPHICTD 1 TOCTIHICTH Oa-
3HUCHOI Teparii.

Erarmu nixyBaras XO3JI [6]:

Kpok 1 —6ponxomunaraniiina tepartist (BT), sikiii Hane>xuTh
OCHOBHE MiCIle B CHMIITOMAaTHYHOMY JTIKyBaHHi;

KPOK 2 — ITFOKOKOPTUKOINHN Y TUIAHOBIH Oa3uCHIN Tepartil
npu XO3JI III-1V crynens;

KpOK 3 — KOMOIHAIisI IHTJISIIIHHKUX [TpernapariB IpoJIOH-
TroBaHoOI Jii;

KPOK 4 — Bi/IXapKyBaJIbHa Teparlisi;

KpOK 5 — aHTHOIOTHKOTEparnis mija yac iH(eKiiifHoro
3ar0CTPEHHS;

KPOK 6 — IPOTHPEIUANBHA Tepartisl.

MeTa po6otu

AHaJti3 acCOPTUMEHTY JIIKApPChKUX 3aCO0IB IS JIIKYBaHHS
XO3J1I (bpouxommmarariitna Teparrisi) Ha cydacHOMY (ap-
MaleBTHYHOMY PHHKY YKPaiHH.
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J1. I. BydHsik, €. KO. JuHsa

Martepianu i MeTogu pocnimkeHHs

O06’exT mocmimkeHHs — iH(opMaIIis Ipo 3apeecTpoBaHi Ji-
Kapchki 3acobu (JI3) Ha Tepuropii Ykpainu, mo po3MimieHa
Ha caiiti HopmarusHo-upekTnBHi fokymenTd MO3 Ykpainu
(http://mozdocs.kiev.ua/).

ACOpPTHMEHT TIperapariB BUBYWIN 3a Jlep>kaBHUM pee-
ctpom JI3 Vkpainu, goBinaukoM JI3 Kommenaiym oHmaiiH,
AHATOMO-TEpaneBTHYHO-XIMIYHOKO KIacudikaiiero (rpymna
JI3 xom R0O3 — 3acobu i JTiKyBaHHS OOCTPYKTHBHHX 3a-
XBOPIOBAaHb JWXaJbHUX IUISAXIB), IHTEPHET-peCypcamu 3
nomryky JI3 B anrexax Ykpainn GeoApteka i Tabletki.ua.
[Tix yac poOOTH BUKOPHCTAIN METO/IH: MAPKETHHIOBI, MaTe-
MaTHUKO-CTaTHCTHYHI, JIOTIYHOTO y3aralbHEeHHS Ta rpadidHi.
PesynbraTn cucremaru3yBalld Ta HaBEIW B jiarpaMax i3
TIOSICHEHHSIMU Ta BUCHOBKaMH.

Pesynkratn

3a ganumu Jlepxaaoro peectpy JI3 Vkpainu [7], cTaHoM
Ha kinenb 2019 p. B Ykpaini HasBHI 36 ToproBux Ha3B (TH)
JI3 nyst mikysannst XO3J1 (BT) (ma6a. 1).

Ha ykpaincekoMy (apmaneBriyHoMy puHKy JI3 st -
kyBanHsi XO3JI (bT) nasBHi BiTunsnsHi (36 %; 13 TH) ta
immoptHi (64 %; 23 TH) npenaparu (puc. 1).

Cepen BiTUM3HIHUX (PipM-BUPOOHUKIB MEPIIICT 32 HO-
MEHKJIaTyporo npernapartis Hanexuth TOB «MynsTicpeii»,
M. XapkiB (31 %; 4 TH), TOB «Mikpodapm», M. Xapkis
(15 %; 2 TH), ITAT «®apmak», m. Kuis (15 %; 2 TH), TAB
«IHTEPXIM», M. Onteca (15 %; 2 TH), Ha iHIIMX BUPOOHUKIB
npunanae o 8 % Bix acoptumenty JI3 (puc. 2).

JI3 st mikyBanust XO3J1 (BT) nocravyatoth Ha ykpaiH-
CBKHIA pUHOK (hipMu-BupoOHUKH i3 10 kpain city. Ilix gac
anaiizy /lepxasHoro peectpy JI3 BCTaHOBIIN YacTKy KOXKHOT
KpaiHHU-BUpOOHMKA B TOBApHOMY acopTuMeHTi. Jlinepamu € JI3,
o BurortosieHi y ®PH (31 %; 7 TH), Icnanii (18 %; 4 TH)
ta [H7ii (13 %; 3 TH). Iami kpaiaw, immopr JI3 a1 ikyBaHHSA
XO3JI sIKuX € MEHIINM, CTAaHOBIIATH cyMapHO 38 % ykpaiH-
CBHKOTO (papMarieBTHYHOTO PUHKY (puc. 3).

3ane)kHO Bijg KiTBKOCTI KOMIIOHEHTIB PO3PI3HSIOTH O[1-
HOKOMITIOHEHTHI, JBOKOMITOHEHTHI Ta 6araTOKOMIIOHEHTH1
npenaparu. Cepen 3apeectpoBanux JI3 s nikyBaHHS
XO3J1 (BT) 80 % (29 TH) acoprumenty ¢opmyroTh MO-
Hompenaparu, 14 % (5 TH) — nBokomnonenTHi JI3, yactka
KOMOIHOBaHMX HpETapaTiB He3HaYHa Ta CTAHOBUTH 6 %o (2
TH) (puc. 4).

[penaparu, siki npoanatizyBanu (maba. 1), mpeacrasicHi
Ha (papMaleBTHYHOMY PUHKY YKpaiHH B PI3HUX JIIKAPCHKUX
tbopmax (puc. 5). HalimommpenimmmMu € 3acobu y dopmi
Aepo30JIIO0 IS IHraJIsILiH, YacTKa SIKuX cTaHoBUTH 28 % (10
TH). Ha npyromy Mmicii 3a KiJIbKICTIO ITPOTIO3HUIIIH — PO3UUHU
JUTSL IHTaJIsLiH, 1o cranosisth 22 % (8 TH). Yactka Tabite-
TOK 1 IOPOIIKIB JJIS iHTAJISIIH, TBEPAUX KaICysl CTAHOBUTD
17 % (6 TH) ta 14 % (5 TH) Bimnosigno. Jlemo meHIa
yactka JI3 st nikyBanus XO3J1 (BT) y dopmi iHrassii mig
TUCKOM, cycrien3ii (8 %; 3 TH) i nopowikis st iHrasin
(5 %; 2 TH). HaiimeHnry 4acTKy CTaHOBISITH KallCyiId Ta
po3umHY [y iH €Ki — o 3 %.

m BiTunsHani npenapatu
IMnopTHi npenapatu

64 %

Puc. 1. CniBBiAHOLIEHHS BITYM3HSHNX Ta IMNOPTHWUX Npenaparis Ans
nikysaHHs XO3J1 (BT).

TOB "tOpis-®apm”
TAB "IHTEPXIM" 8 %
15 %

MpAT
"®d "OapHuus"
8%

MNAT HBL,
"BopLuariBcbkuin
Xo3"

8 %

Puc. 2. CniBBigHOLLEHHS BITYM3HAHWX (ipM-BUPOBHWKIB NpenapariB
ans nikysanHs XO3/1 (BT).

®iunsHais; 4,0% Bonrapis; 4,0 %

LWseiiuapisi; 9,0 %

Monbuwa; 4,0 %

Itanis; 9,0 %

— |

IpaH; 4,0 % DdpaHuis;

4,0%

Puc. 3. CniBBigHOLLEHHS KpaiH-BUPOBHWKIB 3a KiNbKICTIO 3apeecTpo-
BaHux npenapartiB Ans nikysaHHs XO3J1 (BT) Ha chapmaLeBTUYHOMY
PUHKY YKpaiHW.

Bitun3HsiHi npenapary npeicTaBieHi Ha papManeBTHy-
HOMY pUHKY YKpaiHu y ¢opmi aepo3oiro Juisi iHraysiii
(4 TH), po3umnny juis inramsuiii (4 TH), Tabnerok (4 TH),
iHTamAnif mig TauckoM, cycrensiit (1 TH). Cepen mHux 8
MOHOTIPETIAPaTiB, IO MPEACTaBICHI y PopMi aepO30ITIo IS
irramnii (3 TH), pozunnay s inransmiii (2 TH), Tabnetox
(2 TH), iaransniii mig tuckom, cycnensiid (1 TH); 3 aBo-
komroHeHTHi JI3 y ¢opmi pozunny ans inransuiit (2 TH),
aeposodtro st inrassinii (1 TH); 2 komGiHoBaHI npenaparu
y (opmi TabneTox.

124

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAnNYHOI Hayku Ta npakTvku. — 2020. — T. 13, Ne1(32)

ISSN 2306-8094



HocnidxeHHs acopmumeHmy ripenapamie 01151 Niky8aHHs XPOHIYHO20 06CMPYKMUBHO20 3aX80PIO8aHHST /T€2EHb...

Ta6nuuga 1. MpenapaTty, Lo 3acTOCOBYOTb Y GpoHXoAunaTaLiiHini Tepanii nig yac nikysaHHs XO3/1

AcTaniH aepo30rb AN iHranswuin IHgis
Bentunop PO3YMH ANS iH' KL IpaH
BewTonin EBoxanep™ aepo3orb ANd iHranswin Icnanis
BenTonin™ Hebynn PO34MH ANS iHranauin ®PH
1. Canbbytamon HebyTtamon PO34MH ANS iHransuin Ykpaina
Canbbytamon aepo30rb AN iHranswuin ®paHuisa
Canbbytamon iHransLis nig TMCKOM, CycneHsis Ykpaina
CanbbyTamon-IHTeni iHranswis mig TMCKOM, CycneH3is IcnaHis
Canbbytamon Heo aepo30rb AN iHransuin YkpaiHa
BeposeHT-M® aepo30orb AN iHranswin YkpaiHa
2. deHoTepon Beportek® H aepo30rb AN iHransuin ®PH
BpoHxotepon aepo30nb Ans iHransauin YkpaiHa
3. Canmetepon Cepobig iHranAwis nig TMCKOM, CycrneHsis IHais
3adhipoH MOPOLLIOK ANS iHransuin, TBepai kancynu MonbLya
doparek aepo30rb ANs iHransuin IHais
4. dopmotepon dopmotepon Izixennep MOPOLLIOK ANS iHransuin ®iHnaHgia
Poprike NOPOLLIOK ANS iHransuin, Teepai kancynu Icnanis
DopTyniH MOPOLLOK ANS iHransuin ®PH
5. IHpakatepon OH6pe3 bpusxaiinep NOPOLLIOK ANS iHransLii, TBepAi kancynm LlIsenuapis
Inpatponiym-IHTeni PO34MH ANS iHranauin Icnanis
6. Inpatponito 6pomig
Ppisen® PO34MH ANS iHransLin Ykpaina
Cnipusa MOPOLLIOK ANS iHransLii, TBepAi kancynm ®PH
7. Tiotponito 6pomig
CnipvBa® Pecnimar PO34MH ANt iHranswin ®PH
8. mikonipoHito 6pomizg Cwbpi Bpuaxarinep NOPOLLOK ANs iHransuin, Teepai kancynm Llsenuapis
Bepogyan PO34VH ANSt iHranswin ITanis
Bepoayan® H aepo30nb AN iHranswuin ®PH
deHoTepon Ta inpatponis . . .
9. 6o Inpagyan PO34WH ANSt iHranswin YkpaiHa
pomig,
Inpagyan aepo30rb AN iHranswuin YkpaiHa
Ppieein® Kombi PO3YMH ANISt iHranswin YkpaiHa
HeodbiniH TabneTku YkpaiHa
Teonek TabneTku YkpaiHa
10. TeodiniH
Teotapg Kancynu ®PH
Teotapg Tabnetku Bonrapis
TeodenpuH IC® TabneTku Ykpaita
1. TeodpiniH, komGiHaLi
TpudcbeapuH® IC TabrneTkm YkpaiHa
12. [okcodiniH AepodiniH Tabnetku ITania
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J1. I. BydHsik, €. KO. JuHsa

BaratokomnoHeHTHi 13 . 6%

[1BOKOMMOHEHTHI 13 - 14%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Puc. 4. Po3nogain nikapcbkux 3acobiB 3a KOMNOHEHTHAM CKMaZoM.

IHransauisa nig Tckom,
cycneHsis
8%

Tabnetku
Kancynu, 3 % 17 %

—
Po34uH ans iH'ekuin Aeposonb

3% Ons iHransuin
28 %
MopoLuok
AN iHransauin,
TBepai kancynu, 14 %
Po3zunH
ONs iHranauin

MopoLuok
Ons iHransauin
5%

22 %

Puc. 5. Po3nogin nikapcbkux 3acobiB 3a nikapcbkolo hopMoto.

Ha dapmaneBTrnarOMy pUHKY YKpaiHU HasBHI IMITOPTHI
nipenapary y gopmi aeposzonto s inrassuii (6 TH), mopo-
Ky JUIs iHTaIsin, TBepaux kancyn (5 TH), pozunny ms
iHrassiuiit (4 TH), iHransiii min tuckom, cycnensiii (2 TH),
tabnerok (2 TH), mopomky anst imramsmii (2 TH), karcyn
(1 TH) ta posunny s in’ekuiit (1 TH). MoHonpenaparu
—y dopmi aepozomro s irramsmii (5 TH), mopomky ms
iHrassinii, TBepaux Karcyi (5 TH), pozunny auist iHrassmin
(3 TH), mopomky ayst iHranmsmii, TableToK, IHramsAmii mif
THCKOM, cycriensiii mo 2 TH, karcyrn, po3unHy i iH’ €Kit
mo 1 TH. JIBoxommonenTHi JI3 HasiBHI y (opmi aepo30iio
JUTS THTAISANIN Ta po3unHy it inraxsniid (mo 1 TH). Ha
BITYM3HIHOMY (hapManieBTUIHOMY PUHKY BiICYTHI IMITOPTHI
KOMOIHOBaHI TIpernapary.

OO6roBopeHHs

Bignosinuo mo ATC-knacudikarii, mpoananizoBasi JI3, mo
BUKOpUCTOBYIOTH Jutst JlikyBauHst XO3J1 (BT), Hanexars 110
roJIoBHOI TepareBTHYHOI rpymr R03 — 3acobu m1s mikyBaHHS
00CTPYKTHBHHX 3aXBOPIOBaHb JANXAJIbHUX IILISIXIB; Ta 3 TMi/I-
rpym: RO3A — Anpeneprivai npenapary IS iHTaJsIiitHOTO
3actocyBanHs, RO3B — [Hii npotnactmarnyHi 3acobu, 1o
3aCTOCOBYIOThCS iHTAIALIHHO, RO3D — IHmi 3acobu ms
CHCTEMHOTO 3aCTOCYBaHHS IIPU OOCTPYKTUBHHUX 3aXBOPIO-
BaHHSX JUXATLHUX IIISXIB [6].

KinpkicTh npemnaparis, 1110 3aCTOCOBYIOTh JUISI JTIKyBaHHS
XO3JI (BT), cranom Ha 2019 p. mopiasiHO 3 2014 p. 3011b-
mmnacs [8]. Yactka JI3 s mikyBanus XO3J1 (BT) 3akop-

JIOHHOTO BUpoOHUITBa y 2019 p. y 2,2 pa3a Ounblua, HiX
BITYM3HSIHOTO Ta CTAHOBUTH 64 %. BiTumsnsni JI3 y 2019 p.
npencrasieni 13 TH, wo y 3,25 pa3a Guiblie NOpiBHSHO 3
KUIBKICTIO ITpenapariB ykpaiHcbkoro BupoOHuITBa y 2014 p.
(4 TH). He3Baxkaroun Ha Te, 1110 Ha BITYU3HIHOMY (papMarie-
BTHYHOMY PUHKY KUTBKICTH ITpErapariB, [0 BUTOTOBJICHI B
YkpaiHi, 3pocia, JOIIHHO 1 Haalli MpaIoBaTy B HAIPSIMIi
PO3pOOIICHHS Ta BIIPOBAKECHHS BITYM3HAHUX IpENapariB
s mikyBauast XO3JI (BT).

BucHoBKuM

1. 3a nanumu JlepxxaBHoro peectpy JI3 Ykpainu, cranom
Ha kiHenp 2019 p. B Ykpaini HasHi 36 TH npenaparis aist
nikyBanus XO3JI (BT).

2. AHami3 acOpTUMEHTY IpernapariB I0Ka3as, 110 Ha
(apmaneBTHYHOMY PUHKY YKpaiHu nepeBaxaroTsh JI3
3aKopoHHOTro BUpoOHuITBa (64 %). Cepen KpaiH-iM-
noptepiB JI3 mepmricTe 3a HOMEHKJIATYypOIO TIperaparis
Hasexuts @PH (31 %), Icnanii (18 %) ta Iuxii (13 %).
Jlinepom cepen BiTUm3HSHUX QipM-BuUpoOHHKIB € TOB
«Mympricnpei», M. XapkiB (31 %). Yactka MoHOmpe-
napatiB ang mikyBanas XO3JI (BT) ma BiTUM3HAHOMY
(hapManieBTHYHOMY PUHKY CTaHOBUTH 80 %, ABOKOMIIO-
HeHTHHX JI3 — 14 %, xomOiHOBaHUX mpemaparis — 6 %.
OckigbKu Ha (apMaleBTUUHOMY PUHKY YKpaiHu Tepe-
Ba)KAIOTh JIIKAPChKi 3ac00M 3aKOPJOHHOTO BUPOOHHMIITBA,
110 3aCTOCOBYIOTh Y OpoHxomuiaraiiiinii repamii XO3J1,
pe3yJIbTaTH aHaji3y aCOPTHUMEHTY IiATBEPKYIOTh aKTy-
AJBHICTh PO3POOKH HOBOTO BITYU3HSIHOTO TIpenapary, SKui
MOXHa Oyiio O BUKOPHCTOBYBaTH B Teparlii Mari€eHTiB i3
IIUM 3aXBOPIOBaHHSM.

nepCI'IeKTMBVI noganbluMX AOCHioXEHb. PG3YJ'IBTaTI/I
aHaJ3y BKa3ylOTh HAa JOIUIBHICTH PO3POOKH Ta BIIPOBa-
JOKEHHS BITYM3HIHUX Tipenaparti i JikyBanHsS XO3J1 na
(hapManeBTHIHOMY PUHKY YKpaiHu.

®iHaHCyBaHHSA

Tema 3annaHoBaHoi iHiliaTveHoi HOP: «JocnimKeHHs i3 CTBOPEHHS!
nikapcbkux 3acobiB HanpaBneHoi Aji, ixHbOT cTaHaapTH3aLil,
MapKETUHIOBOrO i (hapMakoeKOHOMIYHOrO aHarniay, (hapMakomnoriyHoi Ta
KNiHIYHOT aKTUBHOCTI».
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OpwriHanbHi gocnimxeHHs @ Original research

AHani3 puHKy npoTtusannigHux nikapcbKuUx 3acobiB
Yy KOHTEKCTi thapmaLieBTUYHOI Ge3neku

T. B. MaraHoea"="*AP H. O. TkayeHko ='EF

3anopisbkuin AepxaBHU MeauyHWiA yHiBepcuTeT, YkpaiHa

A — KOHUenUis Ta an3aitH gocnipkeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — peparyBaHHs cTarTTi;
F — ocTatouHe 3aTBepaXeHHs cTaTTi

Y napagurmi BitanbHoi Ta hapmMaLeBTUYHOT Ge3neku 3aroCTprOOTLCA MUTaHHSA PO3POBNEHHs Ta yXBamneHHs CTpaTeriyHuX i TaKTUYHNX
YNpaBIiHCbKNX pilleHb OO CUCTEMM 3a0e3nedeHHs Nikamu, 30kpema 1 TUX, L0 CTOCYIOTbCS (hepTUIbHOTO 3[0POB’S XKIHOK.

MeTa po6oTu — JOCTiAKEHHS PUHKY NpoTu3annigHux nikapcekux 3acobis (M13) 3 noganbwmm opmyBaHHIM MacuBy ANs yXBaneHHs
paLioHanbHUX pilleHb Woao 3a6e3neveHHs KOHTPaLENTUBHUMM 3aC06aMm XKiHOK JiTOPOAHOrO BiKY

Matepianu ta metoau. Matepianu gocnimkeHHs — iHopmMaLiiHo-noLwykoBa cuctema Komnengiym, [lepkaBHuin peecTp nikapCbKux
3acobiB YkpaiHn, 6a3a gaHux HopmatueHo-aMpekTvBHI gokymeHTM MOS3 Ykpaihu, iHTepHeT-pecypc 3 NoLyKy MikiB B antekax YkpaiHu
Tabletki.ua. Bukopuctanu nopiBHANbHWA, aHANITUYHUIA, rpaddivHN METOAM, KOHTEHT-aHani3, MeTo MapKETMHIOBOTO AOCIIMKEHHS.

Pesynisrati. 34incHUNM KOMNNEKCHe MapKETMHIOBE OLIiHIOBaHHS hapmaueBTnyHoro puHky MJ13 Ykpainn. Po3rnsHynm ronoHi xapak-
TepucTuku acopTumeHTy MJ13: NOBHOTY, MUGMHY, LWMPKHY. BuaHaunnu cermeHTaLito puHKy 3a nikapcbkuMu hopmamu, BUPOBHUKaMMU.
BcraHoBunmn koedilieHTy piBHA MOHOMONI3aLii PUHKY Ta OHOBIIEHHS aCOPTUMEHTY.

BucHoBku. Ha nigcrasi aHanisy chapmaveBTiHoro puHky M13 cchopmyBani iHhopMaLliiiHMin MacuB Cy4acHOrO apceHary KOHTpaLEeNnTUBHUX
nikapcbkux 3acobiB: 29,7 % — MOHOKOMMOHEHTHI, 69,3 % — koMnnekcHi 3acobu. B acopTuMeHTi nepeBaxatoTthb MNJ13, Wwo micTatb gpocnipe-
HOH + eTUHinecTpagaion, i nikapcbki 3aco0b1 eKCTPEHOI KOHTpaLEeNL;i 3 neBoHoprecTpesioM. AHania cermeHTaLlii 3a nikapcbkmm hopmamu
BUSIBVB CyTTEBE JOMiHYBaHHs TabneToBaHwx 113, wo cTaHoBnsTh 84,4 % ycboro acopTuMeHTy. Maiike BinCyTHI TpaHcAepMarbHi, MaTKoBi,
BariHanbHi TepaneBTuYHi cuctemu. Ha purky MI13 30BCiM He NpeacTaBneHi NiALWKIpHI iMNNaHTV Ta aepo3orbHi (hOPMM KOHTPALIENTUBIB.
BcraHoBuu, 1o 96,1 % prHKy chopMOBaHO 3aKOpAOHHUMY BUPODHUKaMK, YKpaiHChK (hipMU-BUPOBHMKY CTAHOBAATH Tinbkn 3,9 % pUHKY.
IHOeKkc MoHoMonMi3aLl pUHKY, iKW po3paxyBarnu, Bkasye Ha onirononicTUYHi TeHAEHLT pUHKOBMX BiGHOCWH, a iHAEKC MOBHOTW aCOPTUMEHTY
(66,67 %) — Ha MOXNMBI HANPSAMY PO3LUMPEHHSI TOBAPHOTO aCOPTUMEHTY AN NiABULLEHHS 3aranbHOrO PiBHS 3a40BONEHHS NOTPEOM XiHOK
y MN3. Y pesynbrati peTpOCNEKTUBHOIO aHanidy po3paxysani koedilieHT oHOBNeHHs 3a nepiog 2005-2019 pp. BcraHosuny, wo nicns
2015 p. OHOBMEHHS1 aCOPTUMEHTY 3HM3Unocs Ha 13,9 % BHACMIOK 3HUKHEHHS 3 yKkpaiHcbkoro puHky MI13 gekinbkox nigrpyn.

Analysis of contraceptive drugs market in the context of pharmaceutical safety
T. V. Mahanova, N. O. Tkachenko

The issues of development and making strategic and tactical managerial decisions are exacerbated in the drug supply system of the vital
and pharmaceutical safety paradigm. Particularly those issues, which are related to the women’s fertile health.

Objective. Research of contraceptive drugs (CD) market, formation array for rational decision making of contraception of women in
childbearing age.

Materials and methods. As researching materials have been used the information retrieval system Compendium, the State Register
of Medicines of Ukraine, the database of Normative and Directive Documents of the Ministry of Health of Ukraine, the Internet resource
of searching for drugs in Ukrainian drug store Tabletki.ua. Comparative, analytical, graphic methods, content analysis, and marketing
research methods have been used.

Results. A comprehensive marketing assessment of the Ukrainian CD market has been carried out. The main characteristics of CD
assortment have been considered: completeness, depth, width. The market segmentation by dosage forms and manufacturers have
been determined. The coefficients of the market monopolization level and assortment renewal have been established.

Conclusions. Modern CD arsenal represented by 29.7 % of monocomponent and by 69.3 % of complex drugs. CD with the composition
of drospirenone + ethinyl estradiol and emergency CD with levonorgestrel prevail, among the whole assortment.
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AHani3 puHKy npomu3anlioHux fikapcbKux 3acobie y KoHmekcmi ghapmayesmuyHoi besneku

Analysis of segmentation by dosage forms has shown dominance of tableted CD, which constitute of 84.4 % of the total assortment.
There aren’t almost transdermal, uterine and vaginal therapeutic systems. Subcutaneous implants and aerosol forms aren’t represented
on the CD market at all. It has been established that 96.1 % of the market is formed by foreign manufacturers. Ukrainian manufacturing
companies occupy only 3.9 % of the market. The market monopolization index and assortment completeness index have been calculated.

Key words: contraceptives, pharmacy, marketing, safety.
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AHanu3 pbiHKa NPOTMBO3a4aTOUHbIX NIEKAPCTBEHHbIX CPeACTB B KOHTEKCTe hapmaLeBTUYeCKON 6e3onacHoCTU
T. B. MaraHoBa, H. A. TkayeHko

B napapurme BuTansHol 1 hapMaLieBTUYeckoil 6e30nacHoCTV 060CTpSIOTCS BOMPOCHI pa3paboTKi U NMPUHSTUS CTPATENMYECcKUX U TakTy-
YecKMX yNpaBneHUYECKIX PELLEHNIA B cicTeMe 06ecreqeHNst NiekapcTBaMm, B TOM YUCTIE TEX, KOTOPbIE UMEIOT OTHOLLEHME K (PepTUNbHOMY
310POBbLH) KEHLLMHI.

Llenb pa6oTkI — nccnenoBaHWe pbiHKa NPOTMBO3a4aTouHbIX lekapcTBeHHbIX cpeacTs (MI1C) ¢ nocneaytoLwmm hopMmMpoBaHMeM Maccuea
NS NPUHATWS paLMOHanbHbBIX PELIEHN N0 0B6eCneYeHNo KOHTpaLENLMEN XEHLLMH AeTOPOAHOro Bo3pacTa.

Matepuansi n metoabl. MaTtepuans! uccnefoBaHus — MHGOpPMaLIMOHHO-MoKcKoBas cuctema Komnenanym, FocyaapcTBeHHbIN peecTp
NekapCcTBEHHbIX cpefcTB YkpanHbl, 6asa faHHbIX HopmaTuBHO-OMPEKTVBHEIE AOKyMeHTbl M3 YkpaunHbl, MHTEPHET-PECYPC MO MOUCKY
nekapcTtB B antekax YkpauHbl Tabletki.ua. Vicnonb3oBanu cpaBHUTENbHbIN, aHANUTUYECKUIA, rpadM4eCcKuii METOAbI, KOHTEHT-aHanNN3,
MeToa MapKETUHIOBOIO UCCeaoBaHNS.

Pesynirathl. OcyLLecTBneHa KoMMeKkcHasi MapKeTUHroBasi oLieHka dapmalieBTryeckoro poiHka MI1C YkpauHsl. PaccMoTpeHbl 0CHOBHbIE
xapakTepucTuki accoptumenta MJIC: nonHota, rmy6uHa, wrpnHa. OnpeaeneHa CerMeHTauUust pbiHka Mo NekapcTBeHHbIM hopMam U
MPOW3BOANTENSAM. YCTaHOBIEHbI KOI(MULIMEHTHI YPOBHS MOHOMOMM3ALMM PhIHKA M OGHOBMNEHUS! aCCOPTUMEHTA.

BriBogkl. Ha ocHoBaHuM aHanusa dapmaueBTtrnyeckoro peiHka M1C cpopmmpoBaH MHPOPMALMOHHBIN MAaCcCB COBPEMEHHOTO apce-
Hana KOHTPaLenTVBHbIX NIEKapCTBEHHbIX CPeAcTB: 29,7 % — MOHOKOMMOHeHTHbIe, 69,3 % — komnnekcHble cpeacTsa. B accoptumeHTe
npeobnagatot M/1C, koTopble cogepaT APOCMMPEHOH + STUHWUNIICTPAAMON, U NEKAPCTBEHHbIE CPEACTBA KCTPEHHOW KOHTpaLenuum ¢
neBoHoprecTpenom. AHanmn3 cerMeHTaLmm No NekapCTBeHHLIM hopMam nokasan CyLLeCTBEHHOe JOMUHUPOBaHWe TabnetnposaHHbix MI1C,
koTopble coctaBnsioT 84,4 % Bcero accopTumeHTa. [104TW OTCYTCTBYIOT TpaHCAepManbHble, MaTOYHbIE U BarvHarnbHbIe TepaneBThyeckue
cuctemsl. Ha peiHke MI1C coBcem He npeacTaBneHbl NOAKOXKHbLIE MMMNAHTaThI M a3p030MbHbIE (hOPMbI KOHTPALLENTUBOB. YCTAaHOBMEHO,
yTo peiHok MJIC Ha 96,1 % cdopmmpoBaH 3apybexHbIMU NPOU3BOANTENAMM, YKPaUHCKWE (UPMbI-NPOU3BOAUTENN 3aHUMAIOT NWLLb
3,9 % pbliHka. PaccumTaHHbIA MHOEKC MOHOMOMU3ALMK PbIHKA YKa3biBaeT Ha ONUrononMUCTUYECKMe TEHOAEHLMN PbIHOYHBLIX OTHOLLEHWIA,
a MHAEKC NOMHOTLI accopTumeHTa (66,67 %) — Ha BO3MOXHbIE HanpaBneHns pacLUMpeHns TOBAPHOTrO acCOPTUMEHTa AN NOBbILLEHNS
00LLero ypoBHs yAOBNETBOPEHHOCTU NOTpebHocTel xeHLwuH B MNJ1C.

B pesynkraTe peTpocnekTyBHOIO aHanu3a paccuntaH koadduumeHT obHoBneHus 3a nepuog 2005-2019 rr. YcTtaHOBNEHO, YTO nocre
2015 r. 0bHOBNEHME acCOpPTUMEHTa CHI3UNock Ha 13,9 % B pesynsTarte CHE3HOBEHUS C yKpanHCKoro pbiHka MI1C Heckonbkux nogrpynn.

KntouyeBble cnoea: NnpoTMBO3a4aTouHble CPeacTBa, (hapmauysi, MapKeTyHT, 6e30MacHOCTb.

AxTyanbHble Bonpochl (hapMaLieBTMYEeCKON N MeAULMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 1(32). C. 128-136

[Torenmian coniabHO-EKOHOMIYHOTO PO3BHUTKY KpaiHU
3aKJIa[ICHUH y 3M0POBIi 1 CHIIbHIN HAIlii. Y KOHTEKCTi pO3-
ISy MpaBa Ha OXOPOHY 3/10pOB’Sl MOCTAIOTh MUTAHHS Ta
mpobeMu 30epekeHHs1 TeHO(OHTY YKpaiHCHKOTO Hapoxy,
PO3B’sI3aHHS SIKUX, BIAMOBIMHO J10 cT. 16 KoncTuTy1iii Ykpa-
1HH, € 000B’s13K0M AeprkaBu [1]. OnHa 3 KITIOYOBUX polieit y
30epeskeHH] HaIlIOHATFHOT OMYJIALIT HAJIKUTB XKIHIIi, 11 3710-
poB’1o, peprribHii ¢yHKuil. [TapanensHo akTyami3yroThes
nutanHs eMorpadivunoi 6e3neku (/1b) kpainu Ta BitanbHOT
oe3nexu (BB), mo € ckimagoBuMu Oe3neky HaIliOHATBLHOL
[2,3]. Bb rapanTyeThCs 3MaTHICTIO CHCTEMH OXOPOHH 3710-
POB’st 3a0e3MedyBaTH peaizallilo Ipasa JIIOIUHHA Ha KHUTTS
Ta 3]I0pPOB’Sl, MEIMYHY JIONIOMOTY, MEIMYHE CTpaxyBaHHsI,
ycyBaTH HEOE3MEKH, M0 3aTPOKYIOTh JKUTTIO Ta 37J0POB 10,
craio (QyHKIIOHYBaTH 3a Oyb-SIKHUX HECTIPUSTIIMBUX YMOB, &
TaKOX 3/IaTHICTIO JIEP’KaBH JI0 3aXUCTY BiJI MOXKIIMBHX 3arpo3
HalliOHAJILHUX 1HTEpeCiB y cepi oxopoHH 310poB’s [4].
SkicHa it eeKTHBHA CICTEMa OXOPOHH 3I0POB’ I Ma€ 6e3-
TOCepe HIN BIUIUB Ha OCHOBHI TOKA3HUKH KUTTS B Oy/Ib-sIKil

KpaiHi, a maBHUIICHHS (i3UYHOT Ta COIiaTbHO-EKOHOMIYHOT
JIOCTYITHOCTI Cy4acHHX JliKapchkux 3aco0iB (J13) npu3Boauth
JIO CKOPOYEHHS BUTPAT Ha OXOPOHY 30POB’ s 3aBISIKH 3a1100i-
TaHHIO 3aXBOPIOBAaHb (HEOaXKaHUX HACII/IKIB) Ta YHUKHCHHIO
HeoOxiHoCTi rocmiTanizanii. Kpim toro, iHHOBariiHI JI3
MO3UTHBHO BIUIMBAIOTH HA IiJIBUIICHHS MPOIYKTHBHOCTI
Ta 30LTBIIeHHsST POOOYOT CHITH, CTBOPEHHS POOOUMX MICIIb,
HaBYaHHs1 JIIKapiB i IPOBI30PiB, PIBHS KyJITYPH CHOKHBAHHS
JIKIB y HaceseHHs Toio [5]. Yce 1e He MOoXITUBE Oe3 Haja-
TOJDKEHOT Ta YiTKOT CUCTEMH JIIKAPCHKOTO 3a0€3MeUeHHS Ha-
CeTICHHS, 0 (PYHKITIOHYE B TIAPHHI (hapMarieBTHIHOT OC3ITEKH
(®B) [6] 1 po3B’s13y€ HarambHI MUTaHHS MIO/I0 3a0€3MeUeHHS
e(peKTUBHUMH, OCTYITHUMH JI3 XBOPHX SIK Ha HEBUIJIIKOBHI i
«COIIaNTBHI» 3aXBOPIOBAHHS, TAK 1 HE3aXUIIEHNX 1 UTBTOBIX
BEPCTB HACEJICHHS B YKpAiHi.

VIIpOIOBIK TPHBAJIOTO Yacy MMTAHHS I10/I0 JocTyrHOcTI JI3
pi3HOT HO30JI0TIT BUBYanucsi B HaykoBux npaiix b. I1. I'po-
mouka [7], K. JI. Kocsuenka [8], A. A. Kotsinpkoi [9],
A.C.Hemuenxo [10], H. O. Tkauenxo [11], B. B. Tpoxumuyka
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[12] Tomo. OmHak 6e3 HaIeKHOT YBaru 3aIUIIA€THCS TAKHA
CEerMeHT (hapMaLleBTHIHOTO PHHKY, SIK PHHOK KOHTpALeTITH-
BiB. [Ipotuzarmiinyi 3acobu (I13) He mpocTo JomOMararTh
JKIHIII pO3B’SI3yBaTH MUTAaHHA IUIAHYBaHHS CiM’1 Ta HapOa-
JKEHHSI JiiTed. Y niepiost pepopMyBaHHs BITYH3HSIHOI CHCTEMH
OXOPOHH 37I0POB’sI Ha TIi MOTIPIIIECHHS COIliaTbHO-CKOHOMIY-
HOTO i MOJITHYHOTO CTAHOBHILA Y KPaiHi, MaJliHHSI MOpaJib-
HO-IIIHHICHUX OPIEHTHUPIB 1 KYJIBTYPH CTAaTEBOTO JKUTTS B
CycniibCeTBi, [13 cpustoTh YHUKHEHHIO a00PTiB (HACIiI0K
HeOa)kaHOi BariTHOCTI), 1[0 HETaTHBHO MO3HAYa€ThCsS Ha
JKIHOYOMY 310pOB’1 Ta (hepTHIHHOCTI.

3ayBaXKHMO, 1110 OKpeMi (hapMarieBTHYHI aCTICKTH 3a0e311e-
yenHst xkiHOK [13 BuBuamu /1. I. ImutpieBceknii i O. €. [1epe-
Jepii (po3poOiIeHH s CriepMilUIHOTO KoHTpanenTusy, 2005);
3. M. Muymxo i B. B. [IpecHsxoBa (BHBYCHI TOPMOHATBHI
nperapaTy 3 MO3MIlii ayauTy po3npioHol peanisariii, 2007);
O. M. 3amniceka i K. I. ITymak (papmakoekoHOMIUHI JOCITi-
JOKCHHS JTIKAPCHKUX 3aCO0IB IS 3a1100IraHHs BariTHOCTI Ta
JIKyBaHHS KIIMaKTEpPHYHUX PO3JIaiB y kiHOK, 2008) [13];
O. Bb. Iimspxko Ta O. M. 3ariceka (papmarieBTidHe 3a0e311e-
YEHHSI I1i]] 9ac JIIKyBaHH [MHEKOJIOTTYHIX 3aXBOPIOBaHE) [ 14].
3a ocraHHI pokH (hapMarieBTUIHIN PUHOK (30KpeMa i 3a3Ha-
YeHUI HOro CerMeHT) aKTMBHO PO3BHUBAETHCS Ta OHOBITFOETHCSL.
¥V mapamurmi BB i @B 3aroctproroThesi mUTaHHS pO3po0IeHHS
Ta yXBaJICHHS CTPATETIUYHMX 1 TAKTUYHUX YIIPABIIHCHKHUX Pi-
LICHb IIOJI0 CHCTEMH 3a0e3IIeYeHHs JIIKaMH, 30KpeMa i THX,
110 CTOCYIOTHCS (DePTUIILHOTO 30POB’ ST JKIHOK.

MeTta po6otu

JlocmipkeHHs] pUHKY TTPOTH3AILTIIHUX JIIKAPCHKUX 3ac00iB
(T1J13) 3 monanbmmM (opMyBaHHSIM MACHBY ISl yXBaJICHHS
parioHAILHUX PIIIeHb 100 3a0€3MEeYEeHHST KOHTPAIICTITHB-
HUMH 32C00aMHU KIHOK JIITOPOITHOTO BIiKy

Marepianu i MeToau pocnimKkeHHA

SIK OCHOBHHUH Marepiayl JOCHIPKEHHS BUKOPHCTOBYBAJIN
nmaHi JlepxaBHOTO peecTpy JKapChKUX 3ac00iB YKpaiHw,
iHdopmaniiiHo-noNIyKoBo1 cucteMu KomrieHiyM OHIaiiH,
6a3u HopmaruBHO-nupekTrBHI JokyMeHTH MO3 Ykpainu,
yOikanlii B HayKOBO-IIPAKTUYHHUX BUJIAHHSX 32 HAIIPSIMOM
JOCIIDKEHHS, IHTepPHET-PeCcypcy 3 MOMIYKY JIIKiB B alTeKax
VYkpainu Tabletki.ua.

Y po0oTi BUKOPHCTAIN METOAN JIOCHIIKEHHS: KOHTEHT-
aHaJi3, MOPIBHSIIbHUMN, aHATITHYHMHN, rpadiuHuid, MEeToan
MapKETHHTOBOT'O JIOCTI/PKEHHSI.

Pesynbratu

Ha meprromy erami ociipkeHHs 30IHCHIIN CTPYKTYpPHAH
aHaJI3 BITYN3HIHOTO (hapMarieBTHYHOTO PHHKY IPOTH3AILTI/I-
HUX Jikapcbkux 3aco0iB (ITJ13). 3a JlepkaBHUM peecTpom
JKapchKuX 3aco0iB Yipainn, ctanoM Ha 01.11.2019 p. Ha
OCHOBI 13 Mi>KHapOJIHUX HEMTATCHTOBAHNX HA3B 3apCECTPOBa-
HO 75 ToproBux HaiiMeHyBaHb [1J13. 3a ATC-xmacudikartieio
Bci [1JI3 Hanexars g0 anaromiunoi rpymu G «3acodwu, 1o
BIUTMBAIOTH Ha CEYOCTATEBY CHCTEMY Ta MOJIOBI TOPMOHIY,

70 %
65,28 %

60 %
50 %
40 %
30 %

9
0% 13,40 %
10% 7,99 %

2,67 %

7,99 %
= []
0% m ]

G02BA G02BB  GO3AA GO03AB GO3AC GO3AD

Puc. 1. fliarpama posnoginy /13 3a ATC-knacudikavjeto.

miarpym: GO2B A «BHyTpiTHbOMaTKOBI KOHTPALIEITHBI,
G02B B «BarinanbHi koutpanentusm», G03A A «Ectporenn
TarecTareHu B pikcoBaHnx komoiHamisax», GO3A B «[Ipena-
partu, 110 MICTSITh TECTareHH Ta €CTPOrE€HH JUIs ITOCITIIOBHOTO
3actocyBanHm, GO3A C «lecrarern» Ta GO3A D «IIpena-
paTH JuIs eKCTPEHO1 KOHTpanentin» (puc. 7).

O6roBopeHHs

3a pe3ynpraramMy JOCIiUKEHHS, sIKi OTPUMAaJIM HA IEPLIOMY
eTarti, BCTAHOBHUJIH: HAWOLIBIITY YaCTKY 3a KUTBKICTIO TOPTO-
BUX HaltMeHyBansb [1JI3 mocinae miarpyna GO3A A—65,28 %,
apyre micie — nigrpyna GO3A D — 13,4 %, HalilMeHIIMMHU
3a kinpkicTio [1JI3 Ha prHKY YKpaiHu BUSBHIIHCS ITiATPYTIN
G02B A Ta GO3A B — 10 2,67 % (puc. I).

Amari3 komroreHTHOrO0 cKinany [1J13 mokasas, mo cTpyk-
Typa acOPTUMEHTY (DOPMYETHCS IEPEBAXKHO 3 KOMILIEKCHUX
JI13 (69,3 %). binbricts 1ux JI3 cTaHOBIATH MPENapary, 1o
MICTSTh APOCIIPEHOH + eTHHiTecTpamion — 34,56 % Bix 3a-
TaTbHOT KiTbKOCTI. Cepesl MOHOKOMIIOHEHTHHX TIEPEBakKaI0Th
JI3 excrpeHol KOHTparerii 3 iIeBoHoprecTpenoM — 52,6 %
(puc. 2).

Cermenranis punky [1J13 3a nikapcskumu popmamu (JID)
nokasauia, 1o Teepi JIO (TabneTku [1st epopaIbHOrO MPHU-
HMaHHJ Ta BariHaJIbHI TaONEeTKH) POPMYFOTh OUIBIITY YaCTHHY
acoptumeHTy — 84,4 %, m’siki JID (cBiukm, necapii, kKpemn) —
7,8 %. Y MeHIIi# KUTbKOCTI Ha BITYM3HSIHOMY (papMarieBTHY-
HOMY PHHKY IPEICTaBJICHI TPaHCACPMAIIbHI TepParieBTUYUHI
cucremu (TC) — mnacTupi, BHYTPIIIHHOMATKOBI, BariHAIBHI
TC, siki pa3oM CTaHOBIIATH 6,5 % Bijl yChOTO aCOPTHMEHTY, a
Takox piaki JI® — cycrmensii as in’exmiii — 1,3 % 3aranbHOi
kinepkocti [1I3 (puc. 3).

[1ix gac gocimKeHHS IpoaHai3yBau (pipMOBY CTPYKTYpy
punky [1J13. BeranoBuim, 1o npoBiiHI MO3UILIT MOCIIAIOTH
iHo3eMHi BupoOHUKHN I1JI3 3 oxomneHusm pusKy y 96,1 %
(13 kpain-BupoOHuKiB). KpaiHamu-ninepamu 3 BUpOOHU-
utBa [1J13 € Icmanis («Jlaboparopic Jleon PAPMAY), ®DPH
(«Mibe I'm6X AprmaiimiTrens» — «Bayer AG»), Yropumna
(BAT «I'eneon Pixtep»). Ykpainceki BupoOHuku: TOB
«Dapmekc rpym», «Criepko Yipaina» ta [TIAT «Monpapm» —
nocinaroth 3,9 % puHKy, IKHA (OPMYETHCS TIIIBKU M’ SIKUMH
JD (puc. 4).
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ainy acoptumeHTy M/13 3a
KOMMOHEHTHUM CKnagom.

30%
21,50 % 21,50 %
20 %
15,36 %
13,32% °
11,40 %
9 7 86.%
o 440 % " 5,98 %
192% 1,92% 1,92 % 192% 1,92% 1,92 %
0% i . | N e .
) s &S RN & £ &
& & & R A A
9 « o ,\ o R 9 Y O
& & & & éQ 6& & 6& éQ K & & K & & &
& & ~2g§? & < @ € & & < & < <€ ’on & &
<& & & & & ¢ s & & < &8 S & &
S & & & & © N & & & & & © x
o NS < & @ [ /\Q'z& N [ M & @ L@ ) Q@Q &
2o & S & £ R & @ R A & A >
N & & & & &N E
& S & &Y F ¢ F o
S QQ? %OQ qu &S N & {x\‘\% &
& & + & <
30 % Puc. 4. [liarpama cermeH-
. .
5o 2394% 2526 % Tauii puHky M3 3a kpai-
° HaMu-BUPOBHMKaMK.
20 % 18,30 %
15%
10 % 7,80 %
3,90 % 3,90 %
5% o 0 o 9
b 260% 260% 260% 260% 260% 1310 1300 1300,
0% B e E ==
& & 2 ¢ ? ¢ & & & @
N N & RS N Na N N R N N
& @w‘ Q§ & A@'Z’\ & &y & F S L @Q
Q;\\“ +© ‘2,\&?9 < & ) 49 Q I &e

Hactymamii etarm mocmimkeHHS TepeadadaB 00UHCIICHHS
TTOKa3HMKa piBHI MOHOMOM3a1ii — inxekcy ['epdinmans-Xip-
mmvana (HHI). Ileft moka3sHuK po3paxoBYyIOTh i GOpMy-
BaHHSI TIOBHOI[IHHOI KapTHHH MDKBUPOOHHYOIO PO3MOMLTY
purky. Koedinient HHI Busnauanu 3a ¢popmyinoro:

HHI* =8 +82 +..+ S,
ae S, —vacTka puHKy i-oi hipMu-BUPOGHMKa,

N — KinbKicTb gipM Ha pUHKY

M'aki 1o
7.8 %

TpaHcaepmanbHi TC

6 %

Piaki N
1.3%

BarinanbHi TC
1.3%

BHyTpiluHboMaTkoBi TC
26%

Puc. 3. [liarpama cermeHTauii puHky INJ13 3a nikapcbkumu hopmamut.

3a xoedimiearom HHI po3pi3usioTs:

1. BucokokonnenTposani puaku — 1800 < HHI < 10000
(MOHOIIONICTUYHHUI PUHOK, BUCOKHI PIBEHb KOHIEHTpALIT,
HOBIH (ipMi CKJIaHO BBIWTH Ha PHHOK);

2. ITomipHo koHueHTpoBaHi punku — 1000 < HHI < 1800
(PMHOK i3 CHIIBHMM piBHEM MOHOIIOJII3ALli1, OJIIrONoIiCTHY-
HUH PHUHOK);

3. Punxn HM3pKOI KoHIEHTpatii — HHI < 1000 (puHOK
i3 HU3bKMM pIBHEM MOHOIIONI3allii, KOHKYPEHTHHI PUHOK,
HOBIH (ipMi JIETKO BBIMTH Ha PHHOK).

3nauenHs HHI ykpaincekoro punky I1JI3 ctaHOBUTH
1246.25, Mo BU3HAYAETHCS SIK OJITOMONICTHYHUN PUHOK 13
CHITFHUM piBHEM MOHOTIOJI3AITii.

Jnst BU3HAYECHHST MOXKIIMBUX HANPSIMIB PO3BUTKY ACOPTH-
menty [1J13 po3paxysainu koeillieHT HOBHOTH aCOPTUMEHTY,
SIKUH BKa3y€ Ha MOJKITBY HasIBHICTh HE3310BOJIEHOT IOTpeOn
xiHok y [1JI3, ampke nopiBHIOE 66,67 %.

Takoxx 1i1 9ac peTpOoCIIeKTUBHOTO aHaJIi3y aCOPTUMEHTY
TJ13 Bu3HaYMM KoehilieHTH OHOBIICHHS PUHKY (mabn. 1).

Amnaniz nanux (ma6n. 1) 1aB MOXKIIMBICTh BCTAHOBHUTH,
mo y 2005-2010 pp. acoprument I1JI3 30inbiuBes Ha
39 %. Le BiOys10CS BHACIIZOK PO3IIMPEHHS ACOPTUMEHTY
niarpyn GO3A A ta GO3A C (tabieroBana ¢popma). 3a me-
piox 2011-2015 pp. koedinieHT OHOBIIEHHS 3pic Ha 6,3 %
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Tabnuus 1. OHoBneHHs acopTuMeHTY M13 BITYN3HSHOTO PUHKY

13, wo 3apeecTpoBaHi
[0 2005 p.

5 8
25
g
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© =
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MoHokoMnoHeHTHi J13

J13, wo 3apeecTpoBaHi
B nepiog 2005-2010 pp.

13, wo 3apeecTpoBaHi
B nepiog 2011-2015 pp.

N3, wo 3apeecTpoBaHi
B nepiog 2016-2020 pp.

G02B A BHyTpillHLOMAaTKOBI KOHTPaLENTUBMY

03

[xanpec, 3 04.10.2013

[xanpec, no 12.09.2023

MipeHa, 3 21.08.2003

MipeHa

Mipena

MipeHa, HeobmexeHwit i3 21.03.2018

G02B B BariHanbHi KOHTpauenTueu

02 MaHTekc oBan H, 3 15.01.2003

MaHTekc oBan H

MaHTekc oBan H

MaHTekc oBan H, no 19.05.2019

BeHarekc, 3 26.02.2014

BeHarekc, 7o 26.02.2019

Baritek, 3 27.04.2017 po 27.04.2022

lHekoTekc, 3 03.01.2012

lHekoTeke, go 03.01.2017

03

Esitekc, 3 11.05.2012

EBitekc, oo 11.05.2017

Eportekc, 3 15.12.2005

Epotekc

Eporexkc, HeobmexeHui i3 17.07.2019

EpouenTtuH-®apmekc,

Epouentun-®apmekc, oo 31.10.2019

331.10.2014
dapmarekc, 3 19.04.2002 dapmarekc dapmatekc dapmatekc
10 [ekaszonb, 3 27.05.2004 [ekasonb [ekasonb [lekasonb, HeobmexeHwi i3 30.08.2019
GO03A C lectarenu
02 EkckntotoH, 3 21.05.2003 EkcntotoH EkcntotoH, o 30.05. 2013

06 [eno-npoBepa, 3 02.02.2009 | Jeno-nposepa [eno-nposepa, Ao 01.10.2020

08 ImnnaHoH HKCT, 3 10.07.2014 | ImnnaHoH HKCT, oo 10.07.2019
[esorectpen CaHgos, 3 30.08.2019 no
30.08.2024
[esodemeH 75, i3 22.12.2017

09 [0 22.12.2022

TNakturer, 3 22.10.2008

JaktuHet

TNaktnHeTt-PixTep, HeobMexeHo 3 07.11.2018

YaposerTa, 3 25.08.2009

Yaposetta

YaposetTa, fo 07.08.2019

GO03A D MpenapaTtu gnsa eKCTpeHoi KOHTpavuenuii

ABopens, 321.03.2019

Msenna, 3 30.05.2012

[eenna, 0o 30.05.2017

Eckanen, 3 20.07.2006

Eckanen

Eckanen, no 24.06.2021

EBapip, 324.01.2011

EBapip, no 24.01.2016

JleBoHoprecTpen Canzos, 3 08.11.2017
1o 08.11.2022

01

TleprecaH, 3 26.04.2019 go 26.04.2024

JloniHop, 3 30.12.2016 no 30.12.2021

Mogennb 911, 3 21.06.2016 go 21.06.2021

Hagenna 0,75, 3 30.11.2018 go 30.11.2023

Hagenna 1,5, 3 22.02.2019 no 22.02.2024

MocTuHop, 3 29.07.2002

MocTtuHop

MocTtuHop

MocTtuHop, Heobmexenwii i3 04.07.2017

dacine-BaH, 3 20.08.2015

dacine-BaH, 0o 20.08.2020
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MpopoBxeHHs Tabnuui 1.
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13, wo 3apeecTpoBaHi
[0 2005 p.

J13, wo 3apeecTpoBaHi
B nepiog 2005-2010 pp.

13, wo 3apeecTpoBaHi
B nepiog 2011-2015 pp.

N3, wo 3apeecTpoBaHi
B nepiog 2016-2020 pp.

Komnnekchi 13
G02B B BariHanbHi KoHTpauenTueu
02 HosapuHr, 3 14.05.2004 HosapuHr HosapuHr HoBapur, Heobmexeruin 3 08.05.2019
10 KouTpauentih-T, 3 05.12.2006 ggsz azgﬁ?TMH'T‘ Ao
GO03A A EcTtporeHu 1 rectareHu y ¢ikcoBaHUx KOMOGiHaLlisix
05 | Hon-oBnoH, 3 21.08.2003 How-oBnoH, go 21.08.2008
JleBepeT MmiHi, 3 28.03.2016 go 28.03.2021
Tesomin 30, 3 20.02.2018 no 20.02.2023
Mogenns epo, 3 19.07.2016 go 19.07.2021
MikporiHoH, 3 22.05.2002 MikporiHoH MikporiHoH, Ao 22.04.2012
MiiancToH, 3 09.02.2004 MiiicToH MiisicToH, o 22.01.2014
o7 OginoH, 3 21.05.2003 OginoH, Ao 21.05.2008
Osgocenrt, 3 10.05.2005 o
10.05.2010
PuresinoH, 3 14.03.2005 PuresinoH PuresigoH, o 21.05.2020
PuresigoH 21+7, 3 14.03.2005
po 14.03.2010
[esodhemiH 30, i3 22.12.2017 po 22.12.2022
MapsenoH, 3 18.11.2004 MapsenoH MapsenoH MapsenoH, HeobmesxeHnii 3 30.08.2019
Mepcunon, 3 27.05.2004 Mepcvnon MepcunoH Mepcwunon, go 10.07.2019
09 MyHani 20, 3 12.06.2015 MyHani 20, o 12.06.2020
Mynani 30, 3 12.06.2015 Mywani 30, oo 12.06.2020
Hogirer, 3 21.05.2003 Hogier Hoginer HogiHet, Heobmexerwn i3 26.11.2018
PerynoH, 3 21.05.2003 Perynox Perynox PerynoH, HeobmexeHui i3 15.06.2018
Annik, 3 28.04.2017 po 28.04.2022
Aptuuis, 3 11.05.2012 Aptuuisi, go 11.05.2017
Benpion, i3 16.08.2019 o 16.08.2024
TNorecr, 3 24.11.2003 Jlorect Jlorect JlorecT, HeobmexeHnn i3 26.04.2018
NiHainet 20, 3 26.08.2003 NiHginet 20 TNiHgiHet 20 TliHgiHeT 20, HeobMmexeHun i3 16.08.2018
10 | Mingiret 30, 3 26.08.2003 Ninpinet 30 Ninpinet 30 NinpgiHet 30, HeobmexeHnun i3 16.08.2018
Mopgennb TiH, 3 18.09.2014 Mopgennb TiH, o 18.09.2019
MwHecc, 3 27.03.2003 MwuHecc, fo 27.03.2008
Macapobnb, i3 17.01.2018 po 17.01.2023
Tpuctun, 3 22.01.2007 TpucTuH, go 22.01.2012
®emopeH, 3 23.01.2006 demopneH ®emopeH, oo 27.11.2020
1 Cinecr, 3 01.07.2002 Cinect Cinect Cinecr, go 05.12.2019
Benmapi, 3 21.06.2016 go 21.06.2021
12 Binopa Bigopa, HeobmexeHwit i3 24.01.2019
Binopa Mikpo, 3 21.01.2014 Bigopa Mikpo, HeobmexeHui i3 24.01.2019
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J13, wo 3apeecTpoBaHi
80 2005 p.

J13, wo 3apeecTpoBaHi
B nepiog 2005-2010 pp.

13, wo 3apeecTpoBaHi
B nepion 2011-2015 pp.

DNapwunis, 3 14.11.2011

13, wo 3apeecTpoBaHi
B nepiog 2016-2020 pp.

[apunis, Heobmexenui i3 09.08.2017

[anna, 3 10.08.2011

[Hanna, no 10.08.2016

[xas, i3 28.11.2009

ka3

[xa3, HeobmexeHnun i3 31.10.2016

[xas3 lMntoc, 3 28.04.2012

[Ixa3 lMntoc, HeobmexeHwii i3 06.04.2017

[ficberna, 3 02.09.2013

Nicenna, Heobmexernit i3 07.09.2018

[pocnichem 20, i3 20.03.2017 go 20.03.2022

[pocnicem 30, i3 20.03.2017 o 20.03.2022

IaHens 30 i3 11.05.2018 no 11.05.2023

JNiGeparTi, 3 08.11.2017 go 08.11.2022

12
Migiana, 3 06.01.2011 Migiana, go 19.07.2021
Minanpa, 3 02.08.2013 Minanga, HeobmexeHuii i3 12.09.2018
Mipanbga, 3 24.07.2015 Mipanbga, go 24.07.2020
Mogennb Mpo, 3 18.09.2014 | Mogenns MNpo, HeobMexeHuii i3 30.08.2019
('\)A5(??gjl12r(l)b1 Iper., g Mopennb TpeHa, ao 05.12.2019
ApuHa, 3 23.05.2006 ApuHa ApuHa, po 16.03.2021
Apuna Mntoc, i3 20.04.2012 ApuHa Mntoc, HeobmexeHun i3 06.04.2017
®ewmiHarri, 34.10.2017 go 04.10.2022
13 EBpa, 3 22.10.2004 EBpa EBpa Espa, 0o 20.11.2019
14 3oyni, 319.12.2014 3oyni, 1o 19.12.2019
Anrenerta, 3 31.10.2014 Anreneta, go 31.10.2019
Mopennb AnTi, 3 08.02.2014 | Mogennb AnTi, fo 05.02.2024
1 Mapiner, 3 02.03.2017 go 02.03.2022
Benapa, 3 01.11.2004 Benapa Benapa Benapa, go 07.07.2020
[eHrosenb 30, i3 02.03.2017 po 02.03.2022
[NliHopeT, HeobmexeHuii i3 24.01.2019
XKaHiH, 3 04.11.2006 XKaHiH XKaHiH, 0o 26.08.2021
XacTiHaa, 3 23.08.2013 XKacrinpa, HeobmexeHwit i3 12.09.2018
0 Haapin, 3 14.06.2013 Haapin, go 30.11.2023
Codpiti, 309.08.2017 o 09.08.2022
Cunyert, HeobmexeHwit i3 17.01.2018
dnameHko, 3 29.05.2019 no 29.05.2024
GO03A B Mpenapaty, Wo MiCTATL rectareHn 1 eCTPoreHn Ans nocnifoBHOro 3aCToCyBaHHA
Tpu-peron, 3 07.04.2005 Tpu-peron Tpu-peron, go 12.06.2020
Tpu-peron 21+7, 3 07.04.2005
o TpuancToH, 3 09.02.2004 TpuaucToH, fo 09.02.2009
Tpuksinap, 3 21.05.2003 Tpuksinap Tpuksinap, o 30.05.2013
05 Tpu-mepci, 3 18.08.2006 Tpu-mepci, go 18.08.2011
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i ctaHoBUB 45,3 % BHACIIIOK PO3LIMPEHHS] ACOPTHMEHTY
miarpyn GO3A D, GO2B B ta GO3A A. Ha punky Ykpainu
BIIEpILE 3’ IBUBCS MiAKipHUH iMmutanT «Immmanon HKCTy,
a TaKoXX BHYTPINTHROMAaTKOBa cucteMa «Jlxanmec». 3a
niepiox 2016-2019 pp. xoedilieHT OHOBJIEHHSI CTAaHOBHB
31,4 %. lle MOSCHIOETHCS 3HUKHEHHSIM KOMITJIEKCHHUX
M’SIKHX Jlikapchkux GopM («Konrpauentun-T», miarpymna
G02B B) i maiixe moBHUM 3HUKHEHHsM miarpynu GO3A
B 3 opHOYAacHUM PO3LIMPEHHSM aCOPTHMEHTY IiIrPyIH
GO3A D, e BHYTPIIIHBOTPYIOBUI KOS(DII[IEHT OHOBJICHHS
cranoBuB 50 %.

BucHoBKu

1. Ha mincraBi anamizy ¢apmaneBrugaoro puaky 11713
chopMyBaiu iHpOpMAIiHHIA MacUB Cy4acHOTO apCeHAITY
xoHTpanenTuBHUX JI13: 29,7 % — MoHOKOMIIOHEHTH], 69,3 % —
KOMIUTEKCHi 3acobu. B acoprumenti nepeBaxators [1J13, 1o
MICTSTh IPOCHIPEHOH + eTHHiIecTpamion, i JI3 ekcrpenoi
KOHTPAIEIILii 3 IEBOHOPI€CTPEIIOM.

2. Anani3 cermenrarii 3a JI® mokasaB cyTTeBe JIOMiHY-
BaHHs TabneroBanux [1JI3, sixi cranoBIATH 84,4 % ychoro
acoptuMeHTy. Maiike BiZICyTHI TpaHCiepMalibHi, MATKOBI Ta
BariHaJIBHI TepaneBTHyHi cucteMu. Ha purky I1J13 30Bcim
HE Npe/ICTaBIIeH] i JUIKIPHI IMIUIAHTH Ta aepOo30JIbHI (OpMHU
KOHTpanenTuBiB. Buznaunmy, mo 96,1 % puaKy GpopMyoTh
3aKOp/IOHHI BUPOOHUKH, YKPATHChKI (hipMU-BUPOOHUKH CTa-
HOBJIATH Jumie 3,9 % puHKY.

3. Ingexc MoHomomizauii pUHKY, SIKHH pO3paxyBalH,
BKa3y€ Ha OJITOMOIICTHYHI TeH/ICHIII1 PHHKOBHX BiTHOCHH,
a IHJIEKC TIOBHOTU acopTHMEHTY (66,67 %) — Ha MOXJIMBI
HanpsiIMU PO3LIMPEHHS] TOBAPHOTO aCOPTUMEHTY JUIS IMijl-
BHUIIIEHHS 3arajIbHOTO PiBHS 33J0BOJICHHS ITOTPEON KIHOK
y THJI3.

4. Y pesynbraTi peTpOCIIEKTUBHOTO aHaJi3y po3paxy-
Baju KoedilieHT OHOBJIEHHS 3a mepiox 2005-2019 pp.
BceranoBuim, mo micis 2015 p. oHOBICHHS aCOPTUMEHTY
s3am3uaoca Ha 13,9 % BHACHIIOK 3HUKHEHHS JIEKIIBLKOX
MIATPYHNH Ta OAHOYACHOTO PO3IMIMPEHHS aCOPTHUMEHTY
niarpynu GO3A D.

MepcnekTuBM nopanbmnX AocnigXeHb. Pesynsraru
JIOCITIJKEHb Y [IbOMY HaIpsiMi JIayTh 3MOT'Y BUSIBUTH TIPO-
OneMHI MUTaHHS (QYHKI[IOHYBaHHS BITYM3HSAHOI CHCTEMH
3abes3neuenns [1J13 Ta ynockoHamuTy i miaBUINUTH Ti piBEeHBb
y mrontuHi OB.
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OpwriHanbHi gocnimxeHHs @ Original research

Putenn BeTepuMHapHuUX iMyHOGionoriYyHUX npenaparis
Ha YKpaiHCbKOMY PUHKY BeTepMHapHUX BaKLMH

l. B. Bywyesa*A®F, H. M. BopuceHko®*

3anopisbkuii fepxkaBHWA MEANYHUI YHIBEPCUTET, YKpaiHa

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

MeTta po6oTH — BCTAHOBUTY iHAVMKATOPU OCOBNMBOCTEN PUHKY BETEPUHAPHUX Npenaparis; BU3HAYMTH PiBEHb HACUYEHOCTI Ta BiAMNOBIAHOMO
3abe3neyeHHs cekTopa CirbCbKOrocrnoaapChkvx TBapKH BETEPUHAPHUMM NpenapaTtami, LU0 BXoasTb y Mepenik BeTepuHapHX iMyHoBionoriYHmx
npenaparig, ki 3apeecTpoBaHi B YkpaiHi; npoaHaniayBaTi pyHOK 3apeecTpoBaHuX iMyHoGIonoriYH1X npenapartis 3a Nikapcbkummu hopmamu;
ZOCTiANTN YacTky PUHKY hapMaLeBTUYHMX (hipM-BACHWKIB PeeCcTpaLiiHX NOCBiAYeHb (YKPAiHCbKUX i 3aKOPAOHHNMX) i hipM-BUPOBHMKIB
(YKpaiHCbKWX | 3aKOPAOHHMX) L€l NpoAYKLil; y3aranbHUTU 3anexHICTb aCOPTUMEHTY BUKOPUCTOBYBAHWX BaKLWMH ANs NTaxiB Bif HakvacTiLumx
XBOPOO y LbOMY roCrnogapcTBi Ta 3aranbHoi eni300TNYHOI CUTYaLii B perioHi.

Matepianu Ta metoau. MpoTArom AOCIMXEHHS BUKOPUCTANN CUHTETUYHWIA, aHaNTUYHUIA METOAU, @ TaKOX METOAM IHPOPMALINHOTO MOLLYKY,
cucTemaTuaallii, NOpiBHSHHS, rpadpiyHuiA, CTAaTUCTUYHUIA, ONUCOBUIA, y3aranbHeHHs. MaTepianamu gocnimxeHHs cranu 3akoH Ykpainu «Mpo
BeTEpUHapHy MeauuuHy», MNepenik BeTeprHapHux iMyHoBIoNoriYHUX Npenaparis, Lo 3apeecTpoBaHi B YkpaiHi ctaHom Ha 10.04.2019 p.,
odiviHa iHdopmauis JepxaBHoi cnyx6bu ctatuctuku Ykpainu (JenapTameHTy CTaTUCTWKW CiNbCbKOTO rocnofapcTBa Ta HaBKOMULLHBOTO
cepeposuLla) 3a 2018 — vepseHb 2019 p., 3BiTH KoHcanTUHrOBOI rpynu Pro-Conculting i komnarii IndexBox Marketing.

PesyniraTu. Pesynbrati AoCnigXeHHs AalTb MOXIUBICTb AN YNPABiHHA HACUYEHICTIO PUHKY BETEPUHAPHIX iMYHOGIONOriYH1X Npenaparis;
KOpUryBaHHs 10ro MiCTKOCTi Ta HaNOBHEHHS NpenapaTamu 3anexHo Bif noTpebu Yacy; CTBOPEHHS 300POBOI KOHKYPEHLii MiX 3aKOpAOHHUMM
yHaCHWKaMu PUHKY Ta BITYU3HAHUMU BUPOBHUKaMU; BUSIBNIEHHS TONIOBHWX MOKa3HWUKIB PUHKY (KOH'IOHKTYPU, NOMUTY Ta CNOXWBaHHS iMyHONO-
riYHMX npenaparis), WO AacTb 3Mory nobyaysatit NPOrHO3n po3BuTKY Bi3HECY, OLHUTY NOTEHLian PoCTy, MOXMWBOCTI Ta 3arpo3n Ha puHKY;
3anyyeHHs Ha BITYN3HSAHUIA PUHOK BETEPUHAPHWX 3aKOPAOHHUX (hipM-BMACHWKIB peecTpaLiiHX NocBiaYeHb i ipM-BUPOGHUKIB eDEKTUBHIX,
[OCTYNHKX 32 BAPTICTHO Ta SKICTI0 BaKLWH ANS NiATPUMAHHS cTabinbHOi eni3ooTUYHOI cUTYaLii B CiNbCbKMX rocnogapcTBax, NpUBaTHOMY CEKTOPI
perioHiB i 3aranbHOro Brarononyyys eni3ooTYHOro CTaHy B AepXasi.

BucHoBku. OnpaLtoBaHHsl, eNemMeHTI cuctTeMatmnaalii, 3icTaBneHHs Ta y3aranbHeHHs! HOpMaTUBHO-3akoHOAaBY0I 6a3u: 3akoHy Ykpaitu «[po
BeTEepUHapHy MeauumHy»; Mepeniky BeTeprHapHUX iMyHOGIONOriYHMX Npenaparis, WO 3apeecTpoBaHi B YkpaiHi ctaHom Ha 10.04.2019 p,;
odiuinHoi iHcbopmali lepxaBHoi cry6m cTatucTvkv Ykpainu ([lenapTameHTy CTaTUCTUKM CiNbCbKOrO roCroAapcTBa Ta HAaBKOMMLLIHBOTO cepe-
fosuia) 3a 2018 — yepeeHb 2019 p. — nokasanu, Lo Ha pyHKY YKpaiHy HasiBHi MOXTMBOCTi 4TSt BXOAY HOBUX YYaCHVIKIB (30KpEMa BITHM3HSAHIIX
BUPOGHUKIB), 3pyyHILLIMX Anst AucTpubyTopa, Hix Ans BupobHuka. Pusnkv Ta 6ap’epu Bxogy Ha pUHOK NOB'Si3aHi, FOMOBHMM YVHOM, i3 BUCOKUM
PiBHEM KOHKYPEHLIii B ranyai.

Retail of veterinary immunobiological preparations on the Ukrainian market of veterinary vaccines
|. V. Bushuieva, N. M. Borysenko

The purpose of the work is to determine the indicators of the peculiarities of the market of veterinary preparations; To carry out studies
on the level of saturation and appropriate provision of the agricultural animals sector with veterinary drugs included in the List of Veterinary
Immunobiological Drugs registered in Ukraine; to analyze the market of registered immunobiological drugs for medicinal forms; to research the
market share of pharmaceutical companies — holders of registration certificates (Ukrainian and foreign) and companies — producers (Ukrainian
and foreign) of this product; to summarize the dependence of the range of used vaccines for birds from their most frequent diseases in a
particular farm and the general epizootic situation in the region.

Materials and methods. We used synthetic, analytical, information retrieval, systematization, comparison, graphical, statistical, descriptive,
generalization methods. The materials of the study were the Law of Ukraine “On Veterinary Medicine”; The list of veterinary immunobiological
preparations registered in Ukraine as of 04/10/2019; official information of the State Statistics Service of Ukraine (Department of Agriculture
and Environment Statistics) for 2018 — June 2019, reports of the consulting group Pro-Consulting and IndexBox Marketing.

Results. The results of the study provide an opportunity to control the saturation of the market for veterinary immunobiological preparations;
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adjusting its volume and filling drugs, depending on the needs of the time; creating healthy competition between foreign market players and
domestic producers; identification of the main market indicators (market conditions, demand, and consumption of immunological products), which
will allow to make business development forecasts; assess the growth potential, opportunities and threats in the market; attracting to the Ukrainian
market veterinary foreign firms —holders of registration certificates and firms — manufacturers of effective, affordable and quality vaccines in order
to maintain a stable epizootic situation in rural areas, the private sector of the regions and the general well-being of the epizootic state in the state.

Conclusions. Development, elements of systematization, comparison and generalization of the regulatory framework, namely: the Law
of Ukraine “On Veterinary Medicine"The list of veterinary immunobiological preparations registered in Ukraine as of 04/10/2019; official
information of the State Statistics Service of Ukraine (Department of Agriculture and Environment Statistics) for 2018 — June 2019, showed
that at the present time there were opportunities in the Ukrainian market for new players to enter (from among domestic producers) who were
more convenient for the distributor than for the manufacturer. Risks and barriers to entry to the market are mainly related to the high level of
competition in the industry.

Key words: retail market, monitoring, livestock, poultry, veterinary immunobiological preparations, domestic products, foreign products.
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PuTeiin BeTepmHapHbIX UMMYHOBMONOTMYECKUX NPenapaToB Ha YKPauHCKOM PbiHKe BETEPUHAPHbLIX BaKLUH
. B. bywyesa, H. M. BopuceHko

Llenk paboTkl — onpenenuTb MHAMKATOPbl OCOBEHHOCTEN PbiHKA BETEPUHAPHBIX MPENapaToB; yCTAHOBUTb YPOBEHb HACBILEHHOCTY U CO-
OTBETCTBYIOLLEro 06eCcneYeHNs CEeKTOpa CENbCKOXO3ANCTBEHHBIX KUBOTHbIX M NTULIbI BETEPUHAPHBIMM NpenapaTamu, BXoasLumx B MepeyeHb
BETEPVHAPHBIX MMMYHOBMOMOTYECKNX NpenapaToB, 3aperncTpupoBaHHbIX B YkpauHe; npoaHanunanpoBaTth pbiHOK 3aperncTprypoBaHHbIX
MMMYHOBVOMOMMYECKUX NpenapaToB No nekapCTBeHHbIM (hopMam; UccnenoBaTb AONM pbiHka apMaLeBTUYecknx pupmM-BnagensLes pe-
TUCTPALMOHHBIX YIOCTOBEPEHNIA (YKPAUHCKUX U 3apyBexHbIX) U hupM-Npon3BoauTeneit (YKpamHekux 1 3apyOexHbIX) JaHHOW NpoayKLmuy;
0606LWNTb 3aBUCMMOCTbL aCCOPTUMEHTA UCMONb3YeMbIX BaKLMH ANS NTUL, OT Hanbonee YacTbIX uX 3abonesanuii B ONpeaeneHHoM Xo3siicTee
1 06LLei SNM300TUYECKON CUTYaLMN B PETUOHE.

Matepuansl u metoasl. B pabote ucnonb3oBanu CUHTETUYECKUIA, aHANWUTUYECKWIA METOABI, @ Takke MeTofbl MH(POPMAaLMOHHOTO MOoMCKa,
cucTemaTnaaLmmn, cpaBHeHus, rpacuyeckiii, CTaTUCTUYECKUIA, onucaTtenbHbii, 0600LweHns. Matepuansi nccnegosanus: 3akoH YkpanHsl «O
BeTEpWUHapHON MeauLMHey, [epeyeHb BETEPUHAPHBIX MMMYHOBOMOTMYECKVX NpenapaTos, 3aperncTpUpoBaHHbIX B YKpanHe No COCTOSIHI0
Ha 10.04.2019 r., ocpmumansHas nHdopmaumns FfocyaapcTBeHHON Cryx6bl CTaTUCTVKM YkpauHbl ([enapTameHTa cTaTUCTUKM CenbCKoro Xo-
3911CTBa W OKpy>katoLLeit cpeabl) 3a 2018 — nioHb 2019 rr., 0T4eThl KOHcanTUHroBoK rpynnbl Pro-Conculting n komnanum IndexBox Marketing.

PesynkTarthl. PesynkTaTsl vccriefoBaHus AT BO3MOXHOCTb A5 YPaBMEHst HACKILLEHHOCTBIO PbiHKa BETEPUHAPHBIX MMMYHOBMOMOTYECKUX
npenapartos; KOPPEKTUPOBKM €ro 0BGBEMOB 1 HANOMHEHWS penapaTamu B 3aBUCUMOCTH OT NOTPEBHOCTW BPEMEHH; CO3aHMs 3[0POBOI KOHKY-
PeHLMM Mexay 3apyBeskHbIMU UrpOKaMU phiHKa W OTEYECTBEHHBIMU NPOVU3BOANTENSIMY; BbISIBIIEHME [TTABHBIX NOKa3aTenel pbiHka (KOHBIOHKTYPbI,
cnpoca 1 notpebreHns IMMYHOMOTUYECKUX NPEenapaTos), YTO NO3BONKT MOCTPOUTH MPOrHO3bI Pa3BUTHS BU3HECA, OLIEHUTL NOTEHLMan pocTa,
BO3MOXHOCTW W Yrpo3bl HA PbIHKE; MPUBMEYEHNE HA YKPAUHCKWIA PbIHOK BETEPUHAPHBIX MHOCTPaHHbBIX (hMpM-BnagenbLeB perucTpaLyioHHbIX
YAOCTOBEPEHUiA U (1pM-Mpon3BoanTENEit 3hheKTUBHBIX, LOCTYMHbBIX MO CTOMMOCTY U Ka4eCTBY BaKLWH NSt NOAAEpKaHUs CTaburbHON anu3o-
OTMYECKOV CUTYaLMM B CEMbCKUX XO3SIACTBAX, YACTHOM CEKTOPE PEMVIOHOB M 06LLIEro Bnarononyynst aNM300TUYECKOTO COCTOSHWS B FOCYAapCTBE.

BuiBogkl. PaspaboTtka, anemeHTbl cucTeMaTtiaLmm, ConocTaBneHns 1 0606LLeHMS HOpMaTUBHO-3aKoHOAATeNbHOM 6a3bl: 3akoHa YkpaunHbl
«QO BeTEPUHAPHOI MeamnLmHey; MNepeyHst BETEPUHAPHbBIX MMMYHOBMOMNOrNYECKVX NpenapaToB, 3apermcTPUPOBaHHLIX B YKpanHe Mo COCTOSHMIO
Ha 10.04.2019 r.; ocomumansHoi nHopmaumn FocygapcTBeHHoN CryxObl CTaTUCTVKN YkpauHbl ([lenaptameHTa cTaTucTukn Cenbeckoro Xo-
3511CTBa M oKkpyxatoLen cpepl) no 2018 — nioHb 2019 1. — nokasanu, 4To B HACTOsILLEe BPEMS HA PbIHKE YKpauHbI CYLLECTBYHOT BO3MOXHOCTH
[NS BXOAa HOBbIX YH4aCTHUKOB (M3 YnCa 0TEYEeCTBEHHbBIX MPOM3BOAMTENEIR), 6onee yaoOHbIX ANns AMCTpubbIOTOpa, YeM Ans MPOU3BOAUTENS.
Puckun 1 Bapbepbl Bxoga Ha pbIHOK CBA3aHbI, MaBHbIM 06pa3oMm, C BbICOKMM YPOBHEM KOHKYPEHLAW B OTPachu.

KntoueBkle crioBa: puTenn pbiHka, MOHUTOPUHT, XWBOTHOBOLACTBO, NTULEBOACTBO, BETEPUHAPHBLIE UMMYHOBUONOMYECkMe npenapartbl,
OTe4ecTBEHHas NPOAYKLUMSl, 3apybexHas npoayKums.
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Benukuit acopTUMEHT pi3HUX BETEpUHApHUX HperapariB
AKTUBHO BHKOPHCTOBYETHCS B arpoONpPOMHCIOBOMY CEKTOPi
HapOJIHOTO TOCTIONAPCTBA JUTS JTIKYBAHHS, TPOQIIAKTHKH 3a-
XBOPIOBAHb CLITLCHKOTOCIIOAPCHKUX TBAPHH 1 MITHII], 8 TAKOK
T TBHITICHHA IXHBOI TPOMYKTHBHOCTI. HalO1ThIITa KiTBKICTB JTi-
KiB 3aCTOCOBY€ETBCS B CETMEHTAX MTaXiBHUITBA (KYPH, KAUKH,
TyCH) Ta TBAPUHHHIITBA (BEJIMKA porara Xynooa, CBHHapCTBO).
Taka cermeHTariisi 3yMOBIICHA HU3KOIO (DaKTOPIB, SIK-OT PIBEHb
PO3BUTKY PI3HMX rajy3edl NTaxiBHUIITBA 1 TBAPUHHHIITEA,
TIOTOJTIB’ 51, @ TAKOXK YaCTOTa CIaIaXiB OKPEMHX 3aXBOPIOBAHB
1 CHPUUAHSTIIMBICTD JI0 HUX HA3BaHUX BHJIIB IITHIII TA TBAPHH.

OOir BeTepUHApHUX MperapariB B YKpaiHi periaMeHTy€Thb-
cst 3akoHoM «IIpo BeTepHHapHY MEIUIMHY». YCI JTIKapChKi
3acO0M IIPOXOJISITH JIEPIKABHY PEECTPALLi0, B SIKil 3a3HAYAI0Th

BUJI TBAPHUH a00 ITHLI, JJIs JIIKYBaHHS SIKKX MOYKE 3aCTOCO-
BYBATHCSl TIEBHUH JIiKapchKuii 3aci0. AJie Jiesiki npenaparu
MOXYTb OyTH Hecrenn(pikoBaHi Ta BHKOPHUCTOBYBATUCS IS
JIOTJISITY 32 PI3HMMH BUJIaMU TBApHH 1 IITHIL.

MeTa po6otu

YeTaHOBUTH IHAMKATOPH OCOOIMBOCTEI PUHKY BETEPUHAPHUX
TperapariB; BU3HAYUTH PiBEHb HACHIECHOCTI Ta BiIITOBIIHO-
ro 3a0e3MeueHHs] CEKTopa CiTbCHKOrOCIONAPCHKUX TBAPUH
BETEpHHAPHUMHU Npernaparamy, 1o BkioueHi B [lepemik
BETEPUHAPHUX IMyHOOIOJIOTIYHUX Tpernaparis, siKi 3apee-
CTpOBaHi B YKpaiHi; IpoaHaIi3yBaTH PUHOK 3aPEECTPOBAHIX
IMyHOOIOJIOTTYHUX TIpenapariB 3a JiKapCchbKUMH (hOopMaMHu;
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Pumelin eemepuHapHux iMyHobiono2iqHUX npenapamis Ha yKpaiHCbKOMY PUHKY 8emepuHapHUX 8aKUUH
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Puc. 1. YacTku BiTYM3HAHMX Ta IMNOPTHUX BeTEPUHAPHUX iMyHOBionoriyHnx npenapatis y 2018 p. (y HaTypanbHux oanHuusX, %) (mxepeno — Pro-

Concultng [1]).

BTOPWHHICTb NONUTY — NONWT Ha NiKN 3aNexXuTb Bi PO3BUTKY CYMDKHUX ranysei TBapuHHULTBA,
Mm'sca NTuui Ta Aeub. Lie 3ymoBneHo uinboBoo ayanTopieto BETepUHAPHUX nNpenaparis

BapTICHMX KaTeropisx

LliHoBa andepeHLiauis npogykuii — npenapaTti CXoXoro cnekTpa Aii NpefAcTaBneHi B pisHMX

Benuka KinbkicTb onepatopiB — Lie XapakTepHO K ANS BITYN3HSHUX, TaK i ANs 3aKOPAOHHUX
KOMNaHin-BUpobHuKiB (mabn. 1)

NPaKTUYHO He BiApPI3HAIOTHCH

Bucokuii piBeHb KOHKYPEHLIiT — Ha PUHKY HEMa€E AOMIHYHUYNX BUPOBHUKIB, @ HaCTKM OCHOBHWUX KOMMaHin

OCOBJIIUBOCTI PUHKY
BETEPUHAPHUX NPEMAPATIB

MoniTuka AepxaBHOTO perynioBaHHS (Lie CTOCYeTbCst sIK F'ypTOBOI, Tak i po3apiGHOi Toprieni)

HasiBHiCTb TiHBOBOrO cekTopa, 3rigHo 3 AaHuMKn EBponericbkoi BisHec Acouiauii,
20 % BeTepuHapHWX Npenaparis, WO NpeAcTaBneHi i peanisoBaHi B YkpaiHi, € dhanscudikatom [4]

Puc. 2. [HgukaTopu 0co6nmBocTen pUHKY BETEPUHAPHUX NpenapariB (BnacHa po3pobka).

JIOCIIIUTH YaCTKH PUHKY (hapMalieBTHYHUX (ipM-BIIACHHKIB
peecTpaliiHuX MOCBiqUeHb (YKPATHCHKUX 1 3aKOPJOHHHX) 1
(ipM-BUPOOHUKIB (YKpaTHCHKHX 1 3aKOPJIOHHHX ) LI€T POy K-
Li{; y3araJbHUTH 3aJIEXKHICTh ACOPTUMEHTY BHKOPHCTOBYBA-
HUX BaKIMH JUIsl ITaXiB BijJl HAWYACTININX XBOPOO Y IEOMY
TOCHOJAPCTBI Ta 3araJlbHOi €Mi300THYHOI CUTYaIlil B PErioHi.

Marepianu i MeTogu gocnipkeHHA

[IpoTsirom mpocmiKeHHsI BAKOPUCTAIN CHHTETUYHUH, aHaJi-
TUYHUI METON, a TAKOK METOAN 1H(POPMALIIHOTO ITOLIYyKY,
cUcTeMaTu3allii, MOPiBHIHHSA, TpadiuHUi, CTATUCTUIHUH,
OIMCOBHH, y3arajibHeHHs. MarepialiaMu J0CiKSHHS CTaITH
3axoH Ykpainu «IIpo BerepunapHy Memuimny», [lepenik Bere-
PHHApHHUX IMyHOO10JIOTYHUX ITperaparis, 10 3apeecTpoBaHi
B Ykpaini cranom Ha 10.04.2019 p., odimiitna inpopmarist
JeprxaBHoOi cimy>x0u craructukn Ykpainu ([emapramenty
CTaTUCTUKK CUIBCHKOTO TOCIIOIAPCTBA TA HABKOJIMIIHBOTO
cepenouia) 3a 2018 — yepeenrsb 2019 p., 3BiTH KOHCAITHH-
rosoi rpymu Pro-Conculting i komnanii IndexBox Marketing.

Pesynbratu

Ha ykpaiHcbkoMy PUHKY BETEpHHAPHHX IMyHOO10JI0TTHHIX
IpernapariB IUPOKO MPEACTABICHA BITYU3HIHA, IMITOPTHA
npomykuist. [lepeBaramu pomyKiiii BHYTPIITHEOTO IePIKAaB-
HOTO BHPOOHHUIITBA € TXHsSI HEBHUCOKA IliHA Ta MOXIJIHBICTh
0e3mocepeTHBOTO (TIPSMOTO) CITIBPOOITHUIITBA BUPOOHUKIB
Iperaparis i3 roCcnoaapCTBaAMU arpOIIPOMHUCIOBOTO KOMII-
JIEKCY, IPUBATHUMH JJOMOTOCIIONAPCTBAMH.

V 3arasbHii CTPYKTypi BeTepUHAPHHUX IMyHOOI0IOTTUHHX
TIperapariB Ha BITYM3HIHOMY PHHKY TIepeBaXkae MPOIYKIIis
HallioHaJBbHUX (MicleBnX) mianpueMctB. CriBBIIHOIICHHS
00CSITiB BITIN3HIHOTO BUPOOHHUIITBA Ta IMITOPTY CTAHOBHUTH
1,48 o 1,00 (Ha KOpHCTH JOKAIBHOT POIyKIIii) (puc. 1).

JletanpHe DOCHiIKeHHS XapakTepy W 0COOMMBOCTEH BH-
KOPUCTaHHS BETEPUHAPHUX MEINYHHX IIpEernapariB y cdepi
NTaxXiBHHULTBA € JOBOJI aKTyaJbHHM. SIK NPaBUIIO, IITHIIO
BaKIMHYIOTb BiJ] TAKHX 3aXBOPIOBaHb, SIK XBopoOa Hrrokacna,
xBopoOa Mapeka, xBopoba ['ambopo, iH}peKmiiiHui OpOHXIT,
JIAPUHTOTPAXEIT, CHHJIPOM 3HIKEHOT HECy4OCTi, BicIia, Cajb-
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MOHEJIb03, KOKIIK/103, aHeMist Tomo. OKpiM iMyHOOi0sI0T14-
HUX IperapariB, 3aCTOCOBYIOTh TAKOK IMyHOMOJIYJISITOPH,
IMyHOCTUMYJISTOPH, MiIKUCITIOBAYi, BITAMIHH, 1110 CIIPUSIOTH
3POCTaHHIO NTHII Ta 3MIIHEHHIO IMYHITETY MOTOJIB’ 5.

PuHOK BeTepHHApHMX TpenapariB Jjs NTHLI B YKpaiHi
XapaKTEPU3YEThCsl HU3KOK OCOOJMBOCTEH, 110 HaBEeICHI
Ha puc. 2.

3rigno 3 [epenikoM 3apeecTpoBaHUX BETEPHHAPHUX ITPe-
rapariB, KOPMOBHX J100aBOK, TOTOBUX KOPMIB Ta IIPEMIKCIB,
HAaTNIOBHEHHSIM SIKOTO 3aiiMa€eThes JepKpoacioKuBCITyk0a
VYkpainu (3aiHCHIOE IepKaBHY PEECTPAII0 BETCPHHAPHUX
rpernapariB, KOpPMOBHX J00aBOK, MPEMIKCIB 1 TOTOBHX KOP-
MiB, BeZie iX AepkaBHUH peecTp), y 2018 p. y Hamiif kpaiHi
peecTpariiro oTpuMany 57 BITYM3HSIHHUX 1 275 iIMIOOPTHUX
imyHoOionoriyanx npenaparu. Cranom Ha 10.04.2019 p.
iXHS 3arajibHa KiNBbKICTh cTaHOBWIA 932 acopTHMEHTHI
TIO3MIIi1, a 3arajoM 3apeecTpoBaHo 620 iMyHOOIONOTIUHIX
npenaparis (i3 YMTHHAMH PEECTPALIHHAMY TOCBITICHHAMH),

SIKI BUKOPHCTOBYIOTHCS 1 y TBADMHHUITBI, 1 B ITaXiBHUITBI.
HaiiaktuBHile Ha yKpaiHCBKOMY PHHKY ITPOJAIOThCS BETe-
pHMHapHI IMyHOOI0JIOT1YHI TIpeTIapaTH, BIIaCHUKAMH PEECTpa-
LIHHKX TOCBiTueHb sikux € Hinepnanau (118 acopruMeHTHIX
nmo3uiliii 3 (ipM-BIaCHUKIB peecTparifHuX MOCBIIYCHB
Ha iMyHOOIOOriuHI npenaparu; ¢ipma-igep — «lHTepBeT
Iarepuentan b.B.» — 3apeectpoBano 82 npenaparu), Itamist
(32 acoprumenTHI 03Ul 3 (GipM-BIACHUKIB peecTpallii-
HHX MOCBiT4eHb), Icnanis (40 acopTUMEHTHUX MO3MIN |
(ipmu-BiIacHuKa peecTpariiinoro nocsiquenss), CHIA (75
ACOPTUMEHTHHX o3Il 10 (hipM-BIaCHHUKIB peecTpariiii-
HHUX TOCBiT4YeHb), Opaniis (97 aCOPTUMEHTHUX MO3HUIH 7
(hipM-BJIaCHHKIB PEECTPALIIHIX OCBITYCHB; PipMU-JTiaepu
— «MEPIAJI» —3apeectpoBano 50 mpemnaparis, ¢pipma «CeBa
Canre Animane» — 33 npenaparn), Yecska PecmryOrika (47
ACOPTHMEHTHUX MO3HUIIIH 3 (ipM-BITaCHHUKIB peecTpamitHux
nmocBigueHs), Benmka bpuranis (24 acopTUMEHTHI MO3HITIT
4 (ipM-BIaCHUKIB peecTpamiiHUX MMOCBiIIeHb) (mabn. 1).

Tabnuusa 1. BnacHuky peecTpaLiiHoro NocBig4eHHs:, sike Aae NpaBo 34iNCHI0BATU BUPODHULTBO 1 06ir BeTepruHapHuX iMyHobionoriYHux npenaparis Ha
TepuTopii YkpaiHu (3a gaHumu MNepeniky BeTepuHapHUX imyHobionoriyHMx npenaparis, Lo 3apeecTpoBaHi B YkpaiHi ctaHom Ha 10.04.2019 p.) [2]

e [y
1 13

®ATPO C.n.A ITanis*
2 Komicbapm IHTepHeluH Ko. Jlta. 2 MispenHa Kopest
3 IHTepeeT IHTepHewwHn b.B. 82 Hinepnangu*
4 AkLjoHepHe ToBapucTBO «bioBeTa» 43 Yecbka Pecnybnika*
5 OHKIBLLM 9 YkpaiHa
6 TOB «Bo3HeceHcbkuin GioLex» 1 Ykpaita
7 TOB HB® «[doCnigHMLbKUIA LEHTPY 4 Pocincebka ®epepalis
8 TOB «BIOTECT/TAB» 27 YkpaiHa
9 TOB «CTPATET1A» 1 Pocincebka ®egepalis
10 ABIK Bionomxwkan Jlabopatopia Jitg 19 I3painb
1" BAT «3anopix300BeTnpoMnocTay» 2 YkpaiHa
12 HHL| «IEKBM» 8 Ykpaika
13 TOB «BeTt6ioxim» 9 Pociitcbka ®epepalis
14 TOB «[fliaCsit» 1 YkpaiHa
15 TOB «BIOTECTNAB» 27 YkpaiHa
16 BMPL iHk 1 CLIA
17 HHLL «IHCTUTYT ekcnepumeHTanbHoi | KNiHIYHOT BETEPUHAPHOT MEAULMHN» 40 YkpaiHa
18 XepcoHcbke AepxaBHe nignpuemcTso — bionoriyHa dhabpuka 15 YkpaiHa
19 BAT BHI «Ykp3ooseTnpomnocTtau» 8 Ykpaita
20 TINomaHH AHiman Xenc MmeX 1 HimeyunHa
21 TOB «®apmacko» 1 YkpaiHa
22 [epxasHe nignpremctao «Cymcbka bionoriyHa chabpuika 9 YkpaiHa
23 IHCTUTYT BeTepuHapHoi Meanunin HAAH 10 Ykpaina
24 3oeric IHk. 85 CLUA*
25 [lepxaBHU HAYKOBO-KOHTPOIbHMIA IHCTUTYT GiOTEXHOMOTT i LUTaMiB MikpoopraHismis 28 YkpaiHa
26 TOB HBL| «BeTnaiich» 5 YkpaiHa
27 IHCTUTYT BETEpUHapHOI MeanumHn YAAH 4 YkpaiHa
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MpopoBxeHHs Tabnuui 1.

BnacHuk peecTpauiitHoro nocBig4eHHs K-Tb npenapartiB m

lMpusatHe nignpuemctso HBIM «ArpoBet» Ykpaita
29 BAT «[MokpoBcbkuii 3aBog Gionpenapatis» 4 Pociiicbka ®epepallis
30 MEPIAN 50 ®paHuis*
31 Angexc KOpon b.B. 17 HigepnaHgu
32 MMioHep Xai-bpeHp IHTepHewWwHN 9 CLUA
33 CeBa CaHTe AHimanb 33 ®paHujs*
34 TOB «AnTekc» 1 Ykpaita
35 [lepxaBHe nignpremcTBo — [lHiNponeTpoBcbka bionoriyHa drabpuka 3 Ykpaita
36 ?;)ehqgsal?g:a I'E(la?l":));(aBHa BlomkeTHa ycTaHoBa «PeaepanbHuii LIEHTP OXOPOHM 340POB's TBAPKHY 3 Pocilicuka denepati
37 NanposeT XaHrapi BetepiHapi ®apmaueyTikan Jlta 4 YroplymHa
38 TOB «EKCIMBET» 1 YkpaiHa
39 MpuBatHe nignpuemcteo «KpoHoc-Arpo» 4 YkpaiHa
40 [lepxaBHe AocniaHo-BUpobHMYe mignpuemcTteo «bioBeTnpenapaty IHCTUTYTy BeTepUHapHOI 2 Yipaia

meauumin HAAHY
41 lMpuBaTHe nignpuemcTteo «Bet-Mpyn» 6 YkpaiHa
42 ®anzep Eny.Ci.lMi. KopnopeniuH 3 CLUA
43 FEHEPA Ink. 5 Pecnyb6nika XopBaris
44 IHcTuTyT NTaxisHuuTea HAAHY 3 Ykpaita
45 TOB «CIT1 «HuBax 1 YkpaiHa
46 IHTEpBET IHK. 2 CLUA
47 APKO JNabopartopiec Jlta 1 CLWA
48 «bioxem MM6X» 1 HimeyunHa
49 Bioxewm Lly3atuwwtochpe Xanaenbc-yHa MpoaykuboHeresenbLuadt M6X 1 Himeuunna
50 Mpocon C.n.A. 1 ITanis
51 HB TOB «JIEMKOHA[» 2 YkpaiHa
52 MpAT «HBK «[lianpod-Men» 2 Ykpaita
53 3AT dipma HBBI3L, «Bet3BipoLeHTp» 3 Pociiicbka ®epepallis
54 TOB «BbioueHTp» 1 Pocinceka ®epepavis
55 dopt Jomk Eximan Xenc Xonnaxg 1 HioepnaHgmn
56 CIHBIOTIKC FOEPOTI 5 ®paHuis
57 NABOPATOPIOC XIMPA, C.A. 40 Icnanis
58 TOB «MEBAK» 1 CnoBayunHa
59 IHTepeeT tOK JIto/MCL Eximan Xenc 1 Benuka bputaHis
60 IHCTUTYT cinbebkoro rocnogapcTsa 3axigHoro Moniccs HAAH Ykpainu 1 YkpaiHa
61 TOB HBIM «YKPBAK» 3 YkpaiHa
62 Yapm CaeHcic [Hk. 5 CLWA
63 HB® TOB «MikpobionoriuHi npobioTukM Ta KOHCEPBAHTUY 1 Pocincbka ®egepalis
64 Betey labopatopist Hk. 2 KaHapa
65 BeHkartelwBapa Xatuepic lNpueart Jlimiteq 4 IHgis
66 HuTomMmpcbkWin HaLiOHaNbHWIA arpoOeKoNOrivYHNIA YHIBEpCUTET 1 Ykpaita
67 TOB «[MaHcioHaTt «OpbiTta-2» 1 Ykpaia
68 Enatko €ypone Jlimiteq 21 Benvka Bputanis*
69 BIOBAK I1g 9 I3painb
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MpopoBxeHHs Tabnuui 1.

70

BnacHuk peecTpauiitHoro nocBig4eHHs K-Tb npenapartiB m
2

TOB «IHTEPXIM» YkpaiHa

71 F;:Zpggﬁ)%ﬁi?%gg&%ﬁ;ﬁ;ﬁcﬁwm IHCTUTYT BETEPUHAPHOI Bipyconorii 3 Pociiiceka enepalls
72 ®OYM «Apmasipcbka biochabpuka» 14 Pociiicbka ®epepallis
73 BioYek B.B. 18 Higepnangu*

74 Bepinrep IHrenbxanm Betmegika M6X 20 HimeyynHa*

75 XIOBE®APMA EOOA 2 Bonrapis

76 TOB «BigpomxeHHst M» 2 YkpaiHa

77 depepanbHe kaseHHe nignpuemcTBo «CtaBpononbebka biodabpukar 3 Pociiicbka ®epepalis
78 TOB «CI'Tl «MBC» 2 YkpaiHa

79 BIOBET MYNABU 1 Monblua

80 BioHor, IHk. 3 MispenHa Kopest

81 TOB «bBio-Tect-Jlabopartopisi» 1 YkpaiHa

82 TOB «bakTepianbHi npenapat» 1 YkpaiHa

83 TOB «XEMA» 6 Ykpaia

84 [iHTex cnon. c.p.o. 3 Yecbka Pecnybnika
85 BIOMYH KOMMAHI 16 CLUA*

86 Bio-Pap Jlabopartopiec 1 ®paHuis

87 KikiH BioTek Ko. It 4 Kutan

88 IHCTUTYT cinbcbkorocnoaapchkoi Mikpobionorii Ta arponpommcniooro BupobHulTea HAAH Ykpaim | 2 YkpaiHa

89 Xp. XaHceH 1 [aHis

% :\:a:;:zm I:)apVIHHVILl,TBa HAAH; HHLL «IHCTUTYT ekcnepuMeHTanbHoi i KNiHiYHOT BETEPUHAPHOI 1 Ykpaika

91 IHcTUTYT TBapUHHMLTBa HAAH 3 Ykpaia

92 KuiBcbkuit HaLlioHanbHUI yHiBepcuTET iMeHi Tapaca Les4eHka 1 YkpaiHa

93 BIO®APM, HaykoBo-gocnigHuii iHCTUTYT GionoriyHmx Ta BETEPUHAPHUX Npenaparis 1 Yecbka Pecnybnika
94 TOB «Toprosuii [lim «BiArpo» 2 Pociiicbka ®epepallis
95 TOB «BETMPOBIO» 1 YkpaiHa

96 3oeTic benbmxiym C. E. 3 Benbris

97 BetOn JlebopeTepia 2 MNisneHHa Kopest

98 130 C.p.n.a couuo yHiko 18 ITanis*

99 C.T.N. Nacrepa ¢inian Filipesti OO0 2 PymyHis

100 HOHaiiTen BakciHs, [Hk. 2 CLUA

101 | BIHOMEL MweX 5 HimeyunHa

102 | TOB «HAM «BETEPUHAPHI BIOTEXHOSON i» 5 YkpaiHa

103 Bioranb leiing Ne6c Akc 1o 2 I3painb

104 | BIPBAK C.A. 4 ®paHuis

105 | bioset [lpsanes C.A. 1 Monblua

106 | YniceHcop C.A. 1 Benbris

107 | Bita (fOepen) 1o 1 Benvka bputanis

108 | InctutyT Gioximii im. O. B. MannagiHa HAH Ykpaihu 1 YkpaiHa

109 BYITEX 2000 J1tg 1 Bonrapis

110 | apmwtop IHTepHeLoHan J1T4. 1 Benuka bputaHis
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MpopoBxeHHs Tabnuui 1.

BnacHuk peecTpauiitHoro nocBig4eHHs K-Tb npenapartiB m

Nannemanp Eximan Hytpiwn KOK, NTTA Benvka Bputanis
112 LLepinr-Mnay Eximan Xenc 1 Hosa 3enanpis
113 | fOHaiiten Biomenikan Iuk. Asis 1 TaisaHb (PK)
114 | MAT «®APMCTAHOAPT-BIONIK» 1 YkpaiHa
115 IOT Bionorika M6X 2 HimeuwunHa
116 | TOB «YKpaiHCbkuii LEHTP 3aXWCTy 30OPOB’'S TBAPUH» 3 Ykpaita
117 | Nabopatopiyc BeHkydapma Bpasunii JITOA 3 Bpaaunis
118 | TOB «[ovipHsi komnaHisi ToBapuctea « CAKC» 1 YkpaiHa
119 | TOB «Cmaptbio/lab» 7 YkpaiHa
120 | AHaniTik iH Miny MpopykTioHc-yHA BepTpiebc MbX 1 HimeyumnHa
121 | TOB «[/1P TexHonorii» 1 Pecny6nika binopycb
122 | IHcTMTYT NpogoBonb4KX pecypciB HavjioHanbHoT akagemii arpapHux Hayk YkpaiHu 1 YkpaiHa
123 Cesa-dinakcia BetepuHapi baronogxwkanc Ko J1a 1 YropLmHa
124 CeBa AHimarnb Xenc IHk. 2 KaHaga
125 IOT Bionorika M6X 1 HimeuunHa
126 LLleHbwkeHb Bioisi BioTexHonomxm 1 KHP
127 | Nand TexHonomkuc KopnopeniwH — Tepmo®iwep CaenTidbik 1 CLUA
128 g(a::; S;Iiffi:pampie Cepsic IHTepHewwHan) / MNand TekHonomkuc KopnopeniuH /Tepmodiwep 4 Opanis
129 | TOB «JTAKTO®APM YKPAIHA» 1 YkpaiHa
130 | TOB YKPBIOTEX 1 YkpaiHa
131 KBHIM, IHK 1 MNisaenHa Kopes
132 | OnN LykaHosa IpuHa MukonaisHa 1 YkpaiHa

*: KpaiHU-nigepy 3a KinbkicTio Npenaparis

Icnavis N 40
Bpasunia |
TavBaHb |
Hosa 3enangia |
IHgis |
Binopycb |
Oanis |
Pymyhia |
CrnoBavuvHa |
XopsarTist |
KuTaiicbka HapoaHa Pecnybnika I
Benbrisi I
Monbwa I
Bonrapis |
Kanapga |l
YropwwuHa I
Itanis N 32
I3paine 0 3
Yecbka Pecnybnika ([N 47
MiBoeHHa Kopess W 4
Hinepnavan I 118
Benuka Bputanis I 24
Gpanyis I 97
HivewunHa [l 10
CLA I 75
Pocilicbka Pepepauis [l 13

NNOMNMNRNNAS 2 3 a4 o

M KinbkicTb Nnpenapatis BNacHuka
peecTpauiiHOro NocBiAYeHHs!

Ykpaiva I — 267
0 50 100 150 200 250 300

Puc. 3. KinbkicTb imyHobionoriyHnx npenapartis (3apeecTpoBaHi B YkpaiHi ctaHom Ha 10.04.2019 p.) BnacHukiB peecTpauiiiHix nocsigdeHs [2].
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y dopmi TabneTku
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41 %
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®
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284 )
y chopmi posunHiB
y dopmi pianHm

KenenoaioHi

Puc. 4. fliarpama po3noginy imyHobionoriyHux npenapartis 3a nikapcbkumn hopmamu (cknageHo 3a AaHumu lNepeniky BeTepuHapHux imyHobiono-

riYHMX Npenaparis, Lo 3apeecTpoBaHi B YkpaiHi cTaHom Ha 10.04.2019 p.).

Benukuii acOPTUMEHT MpeNCcTaBIeHO] MPOMYKIii 3yMOB-
JICHHI BUITYCKOM MEIMKAaMEHTIB i3 Pi3HUMH Ha3BaMH, aye
OJTHI€IO JFOUOI0 PEYOBHUHOIO.

3a jmaHMMU, 10 HABENCHI HA puc. 3, Oe33arnepeyHnM Jii-
JIEpOM Ha PHHKY € MPOIYKIlis HAIIOHAJHHUX BHPOOHHUKIB.
Tak, 13 932 HaliMeHyBaHb BETEpHHAPHNAX IMyHOO10IOTUHIX
npernaparis, 10 BKiIroueHi B Ilepenik sik 3apeecTpoBaHi B
VYkpaiHi, Hajexarh JUIs 3aCTOCYBaHHs caMe y NITaxXiBHUITBI
297 npenaparis (31,87 %) st Kypeit i kypuar, 11 (1,1 %) —
TSt iHauKiB, 4 (0,43 %) — s rycei, 2 (0,21 %) — a1t ka4ok
1 xaueHsT). Big3Haunmo, 110 B 3aranbpHOMY JlaHAmadTi 00iry
6ipre Hixk 40 % Takoi IPOIYKIIIT € IOKATBHUM BUPOOHHMII-
TBOM iIMyHOOIOJIOTIYHUX MPEaparis.

Ha puc. 4 naBeneHi mikapchbki GpopMu iMyHOO107I0TIHHIX
npenapariB. HaitOinpme npencrasmneHi modimizar (284 acop-
THUMEHTHHX TTO3HLIi1), EMYJIbCIl, CyCIieH3ii, HAOOpU KOMIIOHEH-
TiB (178, 169, 119 acopTuMeHTHIX NO3ULiH BiANOBIIHO). Y
BJIACHUKIB PEECTPALiTHAX TTOCBITUCHB 1 PipM-BUPOOHHUKIB,
SIKI MArOTh TpenapaTy 3 0OMEKEHOIO KUTBKICTIO JIIKApChKUX
¢dopm (no 1 mo3uwii, a came y GopMi KpyImHO3EpHUCTOT
BOJIOTOT MacH, IUIAIIKH, IeIi€BOr0 CepeloBHIIa, 3epHa
37IAKOBHX KYNBTYP), € YCi IMAHCH JUIS PO3BUTKY Ta 3aiHATTS
MOHOIIOJIBHOT Hillll B IIbOMY CErMEHTI.

CkJajHa eKOHOMIUHA CHUTYyallis OCTaHHIX pokiB (2015—
2018 pp.) cTana IpUYHUHOO 3HIKEHHS TJIaTOCIPOMOKHOCTI
HAaCeJICHHsI Ta 3MEHILICHHSI CIO)KUBAHHSI OKPEMUX KaTeropii
Xap4iB. YTIM Kypsdi s, M’sico i HajaJli MaroTh MOIMT.

3a octaHHI 3 pOKH KUIBKICTh JOMAIIIHBOT ITUII 3MCHIIIMIA-
csi Ha 9 % [3]. Ha 1e BrutmHyna BTpara pecypciB OKpeMHX
OKymnoBaHuX TepuTopiii Jlonernpkoi Ta Jlyrancekoi obmac-
Teil — nraxoadpuK, MiAMPUEMCTB-BUPOOHUKIB KOPMY Ta
CHPOBHHH JUIsl HHOTO. PUHOK BeTeprHApHUX Mpenaparis Is
ITHLI Yepe3 0COOIUBOCTI IIUTHOBOI ayJUTOPii IpsIMO 3ate-
’KUTh BiJl TOKA3HUKIB BUPOOHHIITBA KYPSTUMX SIELB 1 M sica.
OnHak, X0 1 3 HU3bKUM TEMIIOM, aJIe YUCENbHICTh NTHUIIl Y
MPOMHCIIOBUX TIIPUEMCTBAX 1 TOCTIONAPCTBAX HACEICHHS
HUHI 301Ib1IY€eTRCS (Maba. 2) [3].

Y mabnuyi 3 HaBeneHi 3araJbHOAOCTYITHI CTATHCTHYHI
TIOKa3HUKH KUTBKOCTI CBIMCHKOI IITHII B YKpaiHi Ta 3a obmac-
M. Tak, yxe Ha gepBeHb 2019 p. 11 KiTbKiCTh 301TbIIIIaCS
B Macmtabax Yipainu Ha 8,01 % Ha miampuemcTBax i Ha
1,4 % y rocniogapcTBax HaceneHHs [3].

OO6roBopeHHs

Haiibinpma motpeba y BeTeprHApHUX Mpenaparax Ijst
NTHLI TPUITAJIAE HA IEPIITI THKHI JKUATTS, KOJIH B1IOYBaETHCS
IMyHI3allist BCbOTO IOTOIB’ s ()epMH, a TAKOX ITiJT 4ac criaia-
XiB OKpEeMHX 3aXBOPIOBaHb. ACOPTIMEHT BUKOPHUCTOBYBAHIX
BaKI[MH 3aJICKHUTh Bl HAWYACTIIINX XBOPOO Y I[bOMY TOCIIO-
JIapCTBi 1 eni300THYHOI cuTYallii B perioni. Ha puHKy Betepu-
HapHUX JTiKapCHKIX 3ac001B YKpaiHH € i MiCIIeBa, i iHO3eMHA
MPOIYKIlisi. ACOPTUMEHT IMIOPTHUX BAaKIWMH JUIS MTaXiB
Oinpumit. Y 2015-2016 pp. mix BrutmBoM iHQIISLIT iHU K
IMITOPTHHX, TaK 1 yKpaiHCHKMX BETEpHHApPHUX IIperiapariB
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Pumelin eemepuHapHux iMyHobiono2iqHUX npenapamis Ha yKpaiHCbKOMY PUHKY 8emepuHapHUX 8aKUUH

Tabnuuga 2. MpynyBaHHS NiBNPUEMCTB 3a KiNbKICTHO CiNlbCbKOrocrnoaapchbkux TBapuH Ha 1 ciuHst 2019 poky

MTnus ceilicbka

KinbkicTb nignpuemcts
m y % B0 3aranbHoi KinbKOCTi THC. ronisB y % Ao 3aranbHoi KinbKoCTi

KinbkicTb TBapuH

Mignpvemctea — 3aranom 449 100,0 118812,9 100,0
3 HUX Marnu, ronis

o 4999 187 41,6 186,6 0,2
5000—49999 113 252 2378,9 2,0
50000-99999 25 5,6 1800,7 1,5
100000499999 87 19,4 21150,1 17,8
GinbLue 37 8,2 93296,6 78,5

[lani HaBepeHi, He BpaxoBytoun aHekcoBaHy P® Teputopito ABToHoMHOI Pecnybniku Kpum, m. CeBactonons Ta TMM4YacoBO OKYMOBaHi OKpeMi TepuTopii
[oHeubkoi Ta JlyraHcbkoi obnacTeit.

Tabnuusa 3. KinbKicTb CBICHKOI NTWL NiANPUEMCTB | NPUBATHUX rocnogapcTs HaceneHHs Ha 01 uepsHs 2019 p. (3a gaHrmu [epxasHoi cnyxom

CTaTUCTVKV YKpaiHu; Ans HAaCTyMHOrO Po3paxyHKy NoTpebu y BETepuHapHUX iMyHOBGIONOriYHNX Npenaparax)

(Tuc. ronis)

Mianpuemcrea

locnopapcTBa HaceneHHs

n —Jow  Jovrwemn an  Jon  Jwsriems
YkpaiHa 122961,7 113781,0 108,1 111603,1 110026,9 101,4
BiHHULbKa 29450,0 19705,7 149,4 8898,7 8921,3 99,7
BonuHcbka 4860,6 5188,1 93,7 3702,8 3837,1 96,5
[HinponeTpoBcbka 15189,6 13824,5 109,9 5161,2 5210,7 99,1
[oHeLbka 2808,5 2108,0 133,2 2681,3 2549,9 105,2
Xutommpcbka 504,3 619,0 81,5 6939,8 6914,3 100,4
3akapnarcbka K K K K K K
3anopisbka 2695,7 2804,6 96,1 2523,1 2795,6 90,3
IBaHo-®paHkiBCcbka 2084,2 1758,4 118,5 3058,0 3065,0 99,8
KuiBcbka 18297,0 21375,8 85,6 9434,2 88457 106,7
KipoBorpagcbka 433,0 41,6 1040,9 5548,9 5473,1 1014
JlyraHcbka K K K K K K
JlbBiBCbKa 4629,2 4185,2 110,6 78247 7378,6 106,0
Mukonaiscbka 808,9 716,7 112,9 2160,1 22441 96,3
Opnecbka 159,2 2124 75,0 3172,9 3800,3 83,5
lMonTaBcbka 2664,2 2685,1 99,2 3900,1 3617,7 107,8
PiBHeHCbKa 1938,5 2159,0 89,8 5317,2 5306,6 100,2
Cymcbka 1182,5 1341,8 88,1 5168,2 44171 117,0
TepHoninbcbka 2051,0 1737,9 118,0 3618,9 3653,3 99,1
XapkiBcbka 2650,3 2219,3 119,4 5654,4 5749,5 98,3
XepcoHcbka 29217 5501,0 53,1 5088,5 5211,0 97,6
XMmenbHuLbKa 5129,3 5102,6 100,5 27739 2703,9 102,6
Yepkacbka 20993,3 19083,0 110,0 6909,8 6540,3 105,6
YepHiseLbka 1028,0 955,9 107,5 2674,3 26475 101,0
YepHiriBcbka 228,3 265,1 86,1 3619,2 3273,5 110,6

[lani HaBepeHi, He BpaxoBytouM aHekcoBaHy P® Teputopito ABToHOMHOI Pecnybniku Kpum, M. CeBactonons Ta TMM4YacoBO OKYMOBaHi OKpeMi TepuTopii
[oHeubkoi Ta lyraHcbkoi obnacTeit; CumBon (k): faHi He ONPUIIOAHIOOTLCS NS 3abe3neyeHHs BUKOHaHHS BUMOT 3akoHy YkpaiHu «[po aepxasHy
CTaTUCTUKY» LLOAO KOH(IAEHLINHOCTI CTaTUCTUYHOI iHdopmaLii.

ISSN 2306-8094 AKTyanbHi NMTaHHA hapmaLeBTUYHOI | MeanYHoi Haykm Ta npaktvku. — 2020. — T. 13, Ne1(32) 145



I. B. Bywyesa, H. M. bopuceHko

nigpunucs. Y 2018-2019 p. BinOyBaeThcs 30UTbIICHHS
BHITYCKY IPOJTYKIIi1 ITaXiBHULITBA, 1110 CIIPHYKHSIE 301TbIIICH-
Hs TOrodIiB st Kypeid. CBO€I0 4eproro, 1ie MiIBHIILY€ TOIUT Ha
BETepPHHAPHI IMyHOOI0IOTIUHI TTpenapaTy I i€l ramys3i.

BucHoBKkuM

OmnparroBanHs, eJIeMEHTH CHCTEMAaTH3allii, 3iCTaBICHHS
Ta y3araJbHEHHS HOPMATHBHO-3aKOHOAABYOI 0a3u: 3aKoHY
Vxpaiau «IIpo BeTeprHapHY MeIHUIIMHY»; [leperiky BeTepu-
HApHUX IMYHOOIOJIOTIYHUX IperapariB, M0 3apeecTPOBaHI
B Ykpaini cranoMm Ha 10.04.2019 p.; odiniiiHoi indopmarii
JeprxaBHOi cimy>x0u crariuctukn Ykpainu ([lemapramenty
CTaTUCTUKH CUIBCHKOTO TOCIIOAPCTBA TA HABKOJIHMIIHBOTO
cepenosuina) 3a 2018 — uepsensb 2019 p. — mokazanu, 1O
HMHI Ha pHHKY YKpaiH1 HassBHI MOXJIMBOCTI JUIs BXOy HOBHX
YYACHUKIB (Cepell BITYM3HSIHUX BUPOOHHUKIB), 3pYUHIIIUX JIsT
JTUCTpHOYTOPA, HiX JJIst BUpOOHMKA. Prsnku Ta 6ap’epu BXO-
JUKEHHS Ha pUHOK IT0B’sI3aHi TIEPEIYCiM i3 BHCOKAM piBHEM
KOHKYPEHIIi] B Tay3i.
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KoHTponb hisnyHux cTaHiB CTyAEHTIB cnewianbHUX MeauYHUX rpyn
i3 NOpyLIeHHAMM ONOPHO-PYXOBOro anapary

SIK nepeaymMoBa po3pobku nporpam disuyHoi Tepanii

O. 3. bnaet'8¢F B, M. Kopsrin'8¢, E. 0. [JopoweHko?PEF, 1. |. NesueHko?*E, C. T. My3ik**E, A. M. TypeeBa?E,

O. €. YepHeHko?* E, M. O. OniiHnK?AE

"HauioHanbHuii yHiBepeuTeT «/TbBiBCbka nonitexHikay, YkpaiHa, 23anopisbkuii AepaBHUn MEAUYHWIA YHIBepCHTeT, YkpaiHa

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

Meta po6oTu — gocnignTn eheKTUBHICTb 3aCTOCYBaHHS KOHTPOMIO i3NYHKX CTaHIiB CTYAEHTIB crieLianibHUX MeaUyHUX rpyn Ans pos-
pobneHHs nporpam disnyHoi Tepanii.

Matepianu Ta metoau. B ekcnepumeHTanbHWX AoCnigkeHHsX B3anu yyactb 40 cTyneHTiB I-Il kypciB HauioHanbHoro yHiBepcutety
«JTbBiBCbKA MONiTEXHIKA» i 3anNOpi3bKOro AepXKaBHOTO MEeAMYHOro YHIBEPCUTETY, SKi Ha NiAcTaBi A4aHUX MEQWYHUX OrMsAiB Hanexatb
[0 cnevwjianbHoi MEAMYHOI rpyN 3a HAsIBHICTIO 3aXBOPHOBaHb OMOPHO-PYX0Boro anaparty (ckonio3 -1l ctyneHis). Mig Yac gocnigkeHHs
BUKOPUCTaNU METOAM aHanisy Ta y3aranbHEHHS BiJOMOCTe HayKoBOI nitepatypu 1 Mepexi Internet, aHanisy MeauyHuX kapT CTY4EHTIB,
iHCTPYMEHTarnbHi METOAN MOPPOMETPUYHUX i NCUXODI3ioNOriYHNX JOCRIAKEHb, NEAaroriYyHOro CnocTePEXeHHs, NeaaroriyHoro ekcnepu-
MEHTY KOHCTaTyBasbHOI CMPSMOBAHOCTI, METOAN MaTEMAaTUYHOI CTaTUCTUKY.

PesyniraTtu. 3acTocyBaHHS Ha NPaKTULL PO3pOBNEHNX TEOPETUKO-METOANYHIX MOMOXEHb | peKOMEHAAL KOPEKLIIAHNX 3aXO04iB Y CUCTEMI
TECTOBOTO KOHTPOIH (i3NYHUX CTaHIB Yy CTYAEHTIB CreLianbHOi MeAMYHOI rpynu Ha OCHOBI iHTerpauii cneuianbHo nigidpaHux 3acobis
hi3nyHOT Tepanii Aae 3Mory akT1BI3yBaTV KOMNEHCATOPHI MexaHi3mu, MobinisyBaTi pe3epBHi PyXOBi MOXITMBOCTI OpraHiamy, NigBULLMTM
KOMMETEHTHICTb BUKOHaHHSA PYXOBWX fiii, CpUSie MPUCKOPEHHI0 (hOPMYBaHHS 3HaHb, YMiHb i HABUYOK, YCYHEHHIO HeoniKiB pyxoBoi cde-
pW, HIBEMIOBAHHIO Pi3HUL NOKA3HUKIB NCUXOMI3MYHOTO PO3BUTKY MiX CTYAEHTaMW OCHOBHOI, NiArOTOBYOI Ta CneLjianbHOT MeaUYHUX rpyn.

BucHoBku. KoHTponb MOpthodyHKLiOHaNbHUX i NCMXOMI3ioNOriyHMX NMOKa3HWKIB — e(hEKTUBHWIA MeXaHi3M KOpekLji (isnyHoro craHy
CTYAEHTIB cnewjianbHOi MeaUYHOT rpynk 3 YHKLIOHaNbHUMI NOPYLLEHHAMU OMOPHO-PYXOBOrO anaparty Ta HeobxigHa nepeaymoBa Ans
po3po6neHHs KOMMEKCHWX Nporpam peabiniTaLlii Ha OCHOBI BUKOPUCTaHHSI TepaneBTUYHUX BrpaB.

Control of physical conditions of students of special medical groups with disorders of the musculoskeletal system
as a prerequisite for the development of programs of physical therapy

0. Z. Blavt, V. M. Koriahin, E. Yu. Doroshenko, L. I. Levchenko, S. H. Puzik, A. M. Hurieieva, O. Ye. Chernenko, M. O. Oliinyk

The purpose of the work is to investigate the effectiveness of the use of physical condition control of students of special medical groups
for the development of physical therapy programs.

Materials and methods. 40 students of 1st and 2nd year students of National University “Lviv Polytechnic” and Zaporizhzhia State
Medical University participated in the experimental studies, which on the basis of the medical examinations were assigned to a special
medical group for the presence of diseases of the musculoskeletal system (scoliosis |, Il and lll degrees). The following methods were
used in the research process: analysis and generalization of scientific literature and Internet data; analysis of medical records of students;
instrumental methods of morphometric and psychophysiological studies; pedagogical observations; pedagogical experiment of ascertaining
orientation; methods of mathematical statistics.

The results of the study show that the application of theoretical and methodological provisions and recommendations of corrective measures
in the system of test control of physical conditions in students of a special medical group in the practical work, on the basis of integration
of specially selected means of physical therapy, enables to activate compensatory mechanisms, mobilize reserve mechanisms ability of
the body to increase the competence to perform motor actions, helps to accelerate the formation of knowledge, skills, and elimination of
defects motive sphere, eliminating the difference in indicators of psychophysical development between students of the main, preparatory
and special medical group.
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KntouoBi cnosa: cTyneHTH, (i3nyHNIA CTaH, ONOPHO-PYXOBMIA anapar, CKOIio3, OPTOMEANYHI NaTonorii, cneLianbHa MeguyHa rpyna,
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O. 3. briasm, B. M. Kopseir, E. tO. [JopoweHko, J1. I. JllegueHko, C. I Iysik, A. M. lypeesa, O. €. YepHeHko, M. O. OnitiHuk

Conclusions. The control of morphofunctional and psychophysiological indicators is an effective mechanism of correction of the physical
condition of students of a special medical group with functional disorders of the musculoskeletal system and a necessary prerequisite
for the development of complex programs of rehabilitation based on the use of therapeutic exercises.

Key words: students, physical conditioning, musculoskeletal system, scoliosis, orthopedic disorders, special medical group, program,
physical therapy.
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KoHTponb du3nyeckux COCTOAHNIA CTYAEHTOB cneLUanbHbIX MeSULMHCKUX rpynn
C HapyLeHNsIMW OMOPHO-ABMUraTeNIbHOrO anmnaparta kak npeanochInku pa3paboTku nporpamm U3nM4eckon Tepanum

O. 3. bnagt, B. M. Kopsirun, 3. t0. [JopoweHko, J1. U. Ne.uetko, C. I". Myauk, A. M. l'ypeeBa, E. E. YepHeHko, M. A. OneiHuk

Llenk paboTbl — UccneaoBath aMEKTUBHOCTb MPUMEHEHS KOHTPOIS (OU3UYECKNX COCTOSHUI CTYAEHTOB creumuanbHbIX MeQULIMHCKIX
rpynn ans paspaboTki Nporpamm uan4eckomn Tepanmu.

Matepuans! n metoabl. B akcneprmeHTanbHbIX MccneaoBaHusx npuHanu yyactue 40 ctygeHTos |-l kypcoB HauvoHansHoro yHuBep-
cuTeTa «JTbBOBCKast NONMTEXHMKa» 1 3anopoXCKOro rocyapCTBEHHOrO MeAULIMHCKOrO YHUBEPCUTETA, KOTOPbIE Ha OCHOBAHUM AaHHbIX
MEZULMHCKUX OCMOTPOB OTHECEHBI K CreLManbHOM MeAULMHCKON rpynne no Hanuuunio 3abonesaHuin ONOPHO-ABUraTeNbHOMO annapara
(ckonuos I-ll ctenexeit). B npouecce uccnenoBaHWst UCMONb30BaHbl METoAbl aHanuaa v 0600LLeHNst fJaHHbIX HAay4YHOW nuTepaTypsl
n cetu Internet, aHann3a MeAMLMHCKWX KapT CTYAEHTOB, MHCTPYMEHTalbHbIE METOAbI MOP(OMETPUYECKUX U MCUXOPU3NONOTNYECKNX
UCCNEAOoBaHWiA, NeAarornyeckoro HabnaeHus, neaarormyeckoro SKCNePUMEHTa KOHCTATUPYOLWMIA HaNPaBNEHHOCTW, METOAbI MaTeMa-
TUYECKON CTATUCTUKM.

Pesynirathl. [prMeHeHVe Ha nNpakTrike paspaboTaHHbIX TEOPETUKO-METOANYECKMX NOMOXEHUI U PEKOMEHIALINIA, KOPPEKLIMOHHBLIX Mepo-
NPUSITUIA B CUCTEME TECTOBOIO KOHTPOIIS (OU3NYECKIX COCTOSIHWIA Y CTYAEHTOB CrieLanbHOM MeAULIMHCKON rpynbl HA OCHOBE WHTErpaLmum
cneumarnbHo nofobpaHHbIX CPEACTB (hM3NYECKOl Tepanum No3BosISET aKTUBMU3MPOBATb KOMMNEHCATOPHbIE MEXaHWU3Mbl, MOOMNM3MPOBaThL
pe3epBHbIE ABUraTeNbHble BO3MOXHOCTM OpraHn3Ma, NoBbICUTb KOMMETEHTHOCTb BbINOINHEHUS! ABUraTENbHbIX AEACTBUIA, cnocobeTayeT
YCKOPEHMI0 (hOpMUPOBAHUS 3HAHUIA, YMEHUI U HABbIKOB, YCTPAHEHWIO HELOCTATKOB ABUraTernbHON CHEPHI, HUBENMPOBAHWIO Pa3HMLbI
rnokasateneii NCMXodr3nNYecKoro pasBuTUS MEXIY CTyAEHTaM1 OCHOBHOW, MOAFOTOBUTENLHOW 1 CeLmanbHOi MEQULIMHCKIX rpynm.

BuiBogkl. KoHTponb MopdhodyHKLMOHaNbHBIX M NCUXOMU3NONOrMYECKUX NoKasaTenen — 3 eKTUBHbIN MexaH13M KoppekLum punye-
CKOr0 COCTOSIHUSA CTYAEHTOB creuuanbHON MeaULMHCKO rpy bl ¢ (OYHKLMOHANBHBIMY HApyLLEHWSIMI ONOPHO-ABUraTENLHOrO annapara
1 Heobxoaumas npeanocklka Ans pa3paboTkyM KOMMIEKCHbIX MPOrpaMm peabunuraumm Ha OCHOBE MCMOMb30BAHWS TEPANEBTUYECKMX
YNPaXXHEHWIA.

KnioyeBble cnoBa: CTYOEHTHI, ¢>|/|3w4e0|<oe CoCTOsAHME, OI'IOpHO-[:I,BVIFaTeﬂbeIVI annapar, CKonmos, optoneagnyeckue natonoruun, cneum-
anbHaa MeguuMHCKada rpynna, nporpamma, CbVISI/NeCKaSI Tepanua.
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Di3UUHUN CTaH JIOIUHA B CyYacHi i MEMUHIN HayIli pO3IJIs-
JIAI0Th SIK HEBIIUTUIBHY CKJIAJOBY (hi3uuHOrO 370poB’s. Ha
0COOJIMBY yBary JOCIITHHKIB 3aCITyTOBY€E BIKOBHIA EPiof,
SIKMH TTOYMHAETHCS 3 Yacy BCTYILy B 3aKJIaJM BUILOI OCBITH
(3BO). ITouarok HaBuanus y 3BO XapakrepH3yeThest OSBOO
ICTOTHHX CTPECOBHX YMHHUKIB, SKi ETEPMIHOBaHI 3MiHOIO
3BUYAMHOTO PEKMMY HaBYAHHS Ta BiIOYNHKY, aAaTaIlI€r0
JI0 HABYAJILHOTO [IPOLECY, MOEJHAHHIM YUMAITX PO3yMOBHX
1 (I3MYHUX HABAHTAXKEHb, & TAKOXK TICUXOJIOTIYHOIO aJar-
TaIli€0 /10 HOBOTO KOJIEKTHBY. Lle cripuumHsie MOXIMBOCTI
PO3BHTKY JOHO30JIOTTYHUX 1 TIPEMOPOITHAX (i3NYHKX CTaHIB
CTYAEHTIB NEePIINX 1 Apyrux KypciB HapdaHHs y 3BO. Kpim
TOTO, MOKJIMBE 3aTOCTPEHHSI BKE HASBHUX 3aXBOPIOBAHb 1
TMaTOJIOTTYHUX TpotieciB. OTke, BAXKIMBUMH € HIOPIYHI Me-
JIAYHI ODVISIZIM CTYJCHTIB, KOJIM CTYICHTIB MU(EPEHIIOI0Th
BIJIIIOBITHO IO MIOTOYHOTO (DI3MYHOrO CTaHy HA TPYIMHU JUIS
MPAKTUYHUX 3aHATH 13 AUCIUILTIH «(i3WIHE BUXOBAaHHD)
1 «(pi3ngHEe BUXOBAHHS Ta 370POB’s» (Kypc 3a BHOOPOM) —
OCHOBHY, ITiATOTOBYY Ta CHEHiaIbHY MEANYHY. Y CTPYKTYypi
3aXBOPIOBAHOCTI Ta MATOJIOTIH Yy CTYACHTIB CHEmialbHUX
MEMYHUX TPYII, 32 JAHUMH HAYKOBUX CIIOCTEPEKEHB, 3aXBO-
PIOBaHHS Ta MaToJIOTii OTIOPHO-PYXOBOTO arapary CTaHOBIISITh
Maibxe 40-55 % [1]. ITopymeHHs TocTaBH, sIKi BBa)KAIOTh

OPTONEANYHOIO NATONOTI€I0, CTAHOBITE Maiixke 90 % ycix
BIJIXWJIEHD BiJ] HOPMH 3 OOKY (DYHKIIOHAJIBHUX MOPYIIECHb
OMOPHO-PYXOBOTO anapary [3,4,8].

[Ipo axkTyaJIbHICTH TOPYIICHOT MPOOIEMATHKN YacTKOBO
CBITYHTH 3aI[iKAaBICHICTh BITYM3HSHIX 1 3aKOPIOHHUX Hay-
KOBIIIB JI0 aHAaJI3y Ta iHTEpIpeTaIlii JaHNX 1010 KOHTPOIIO
(hizMgHOTO CTaHy SIK IEPETyMOBH /IS CTBOPCHHS Bi/IIOBI -
HHUX mporpam (i3HyHOI Teparrii OIOPHO-PYXOBOI'O arapary.
OKpeMHUM HAaNpsSMOM € IOCIIKeHHS, [0 MPUCBIYCHI
KOHTPOJIO (PI3MYHHUX CTaHIB 1 PO3POOICHHIO BiIMOBITHUX
nporpam (i3u4YHOI Tepamii B yMOBax BEIMKHX (Pi3MIHMX
HABaHTAXCHb, SIKi XapakTepHi A MpodeciiHuX 3aHATH
crioptoM [9,14,24,32-34]. bau3pkuMu 3a CIPSIMOBAHICTIO
Npo0OJIEMHUX MHUTAaHb JIO [[bOTO HAYKOBOTO HAINPSIMY € JI0-
CIIIJDKEHHSI OKPEMHX CKJIQJIOBHX (BI3UUHOTO 3/10pOB’Sl Ta
YUHHUKIB, IKI HOTO JETepMiHYIOTh — (Di3UUHOIO PO3BUTKY,
cTaHy (Di3NIHOTO BUXOBAaHHS, (POPMYBAHHS 37[0POBOTO CIIO-
co0y xwutTs Toto [2,7,16,21].

VY ¢axiBIIiB BUKIHKAE 3aIIKaBICHICTh HI3KA MPOOIEMHIX
MUTaHb OO BiJHOBIEHHS MATOJOTIYHUX CTaHIB XpeOTa
3acobamu (iznuHOi Teparii [6,12], 3acTocyBaHHs peadii-
TalifHMX 3ac00iB MEPBUHHOI MPOMIIAKTUKY 1HBATIJHOCTI
cepen ocib i3 gedekramMu OIMOPHO-PYXOBOTO amapary [5,7],
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¢bi3uuHOI Tepanii pi3HOBUIIB MiodaciiaJbHUX MaTOJIOTIH
YHACJTIZIOK TpaBM, iH(EKIIiH 1 HEOTUTACTUYHUX 3aXBOPIOBAHb
OTIOpHO-pyX0BOTO amapary [17].

KoHTponb ¢izndyHOTrO CTaHy i HOro kKopekxiisi 3acobamu
(i3ugHOI Teparii 10CTi THUKYA BUBYAIH y BIKOBOMY aCIIeKTi
[29,35], mpu meHomay3i [15], a Takok TpU KOMITIEKCHUX
TTOPYIICHHAX (PYHKIIIH 30pOBOTO aHaIi3aTOpa Ta MAaTOJIOTIsIX
OITOPHO-pyXOBoTO amapary [31].

BaxxnuBuM iHCTpyMeHTapieM i e(heKTHBHOI pealti-
3amii mporeciB KOHTPOO (Pi3MYHUX CTAHIB € HAOyTTS
TEOPETHYHHX 1 METOJUYHMX 3HaHb, MPAKTHYHUX YMIiHb 1
HaBHYOK 13 3aCTOCYBaHHSIM OKPEMHX MPUHOMIB (i3HUHOT
Teparii Ta KOMIUIEKCHUX BiJJHOBHUX TEXHOJOTiH (iznuHOl
peabimitanii, mo po3rITHYTO B POOOTAaX HU3KU aBTOPIB
[20,25,28,32,38,39].

J10 y3arajibHIOBaJILHOTO HAIIPSIMY HAJICXKATh JIOCITIJDKEHHSI,
IO CTOCYIOTHCSI (DYHIaMEHTAIBHUX MUTaHb BU3HAYCHHS
apeairy 3HaHb 13 (i3UYHOI Teparii K HAyKOBOi AUCIUILTIHI
[13,18,19,23,37] 1 METOMOIOTIIHUX IOCTIKEHB CHITUKJIOTIC-
JITYHOTO XapaKTepy Ha OCHOBI 3aCTOCYBAHHS aHAI THKO-CHH-
TeTHYHUX Tiaxomis [10,11,22,26,27,30,36].

Ha mincraBi BUBYCHHS CTaHy MpOOJIeMH, sSKa OIMHCaHa
B HAyKOBIiil JIiTeparypi, KOHCTaTy€EMO, 110 HUHI MUTAHHS
KOHTPOJIO (DI3MYHHUX CTAHIB CTYICHTIB CIICLIATbHUX Me-
JMYHUX TPYH Ta IXHA KOpPEKIis 3acobamu (pi3n4HOi Tepartii
OCTaTOYHO HE BHPILIEH], 110 CBITYUTH MPO aKTYaJIbHICTB 1
CBOEYACHICTh TAKOTO JIOCIIIJKEHHSI.

MeTa po6otu

Jocnimuty eQeKTHBHICTh 3aCTOCYBaHHS KOHTPOIIIO (izny-
HHUX CTaHIB CTY/ICHTIB CHELIaJIbHUX MEAWYHUX TPYH JUIs
po3po0biieHHst iporpam (izuuHoi Tepartii.

Marepianu i meToau gocnigxeHHs

B ekcniepuMeHTaBHUX JOCIIIKEHHIX B3suM ydacTh 40
ctyaentiB [-1I kypciB HamionanpHOro yHiBepcuTeTy «JIbBiB-
ChKa MOMITEXHIKa» 1 3a10Pi3bKOTO JeP>KaBHOTO METUYHOTO
YVHIBEpCHTETY, SIKi Ha MiJICTaBl JaHUX MEIUYHUX OIIIAIIB
HaJIeKaTh 70 CTICI[ialIbHOT MEAWYHOI TPYITH 32 HASBHICTIO
3aXBOPIOBaHb OTIOPHO-PYXOBOTO amapaty (ckomio3 I-III
CTYTICHIB).

[Tix gac mOCHiKECHHS BUKOPUCTAIM METOIU aHAJI3y
Ta y3arajbHEHHS JaHWX HAyKOBOI JIITEpaTypH Ta Mepexi
Internet, aHaxi3y MEAMYHUX KapT CTYAEHTIB; BUKOHAIU
MOpGODYHKITIOHATBHI JOCHTIKEHHS (Hi3UYHOTO CTaHY
(edexTHBHICTH POOOTH CEpIlsi, OPTOCTATHYHA POOa, Be-
reratuBHUN iHAEKe Kepno, iHneke QyHKIIOHAIBHUX 3MiH,
XBUJIMHHUN 00csar auxaHHs, iHgeke CKiOIHCBKI, )KHTTEBA
€MHICTbH JIETeHb, MOKA3HUKH TaTOJOTIYHOTO MpOoLecy, 1H-
nexc PoOIHCOHA, )KUTTEBUH 1HIEKC, CHITOBHI 1HIIEKC, PIBEHD
COMATHYHOTO 37I0POB’sT), TICHXO(i310IOTiUHI TOCITiHKESHHS
(izngHOTO CTaHy (OMHAMIYHA BUTPHBAJIICTH, JAOITBHICT
PYXOBOTO arapary, Koe(illieHT pyXJIMBOCTI HEPBOBOI CHCTE-
MH, TETIHT-TECT, TIEPEeMUKAHHS yBard, TOYHICTh YBArH, KOe-
(iieHT PO3yMOBOi MPOAYKTUBHOCTI, KOHIICHTPAIlisl yBard,
e(eKTHBHICTH pOOOTH, CTIHKICTh yBaru, BAOIPKOBICTh yBary,

Koe(iLiEHT PO3yMOBOT MPaIe3aTHOCTI, JJATEHTHUIH TIepioj
TIPOCTOI 30POBO-MOTOPHOI peakilii, TabiIbHICTh 30POBOTO
aHaJTi3aropa), MMefarorivuHi CroCTePeKECHHs, earoriaHui
SKCIIEPUMEHT KOHCTATYBAJIbHOT CIPSIMOBAHOCTI, 3aCTOCYBAJIH
METO/IM MaTeMaTHYHOI CTATHCTHKH.

Jlsl eKcriepuMEHTaNIBHUX JIOCI/KEHB 1 3a0e3neyeHHs
BIPOT1IHOCTI Pe3yNbTaTiB EKCIIEPIMEHTY OCHOBHY TPYITY
YTBOPWJIN CTYAEHTH 3 OPYLICHHSIMHU ITOCTaBH 1 3 (QyHKIIIO-
HanpHOIO opmoto ckomiosy I, IT i IIT crymenis.

Pesynkratn

Y mocmimKyBaHii BUOIPI PO3MOALT 32 CTYHEeHEM (YHKIIi-
OHAJILHOTO TOPYIICHHS (BUKPHBIICHHS XpeOTa) CTaHOBUB:
90,1 % — ckomio3 I crymens, 8,9 % — cxomio3 Il crymnens,
1,0 % — ckomio3 III crynensi. CTaTUCTUYHUM METOIOM
ONIPALIFOBAHHSI JAHUX 32 pe3ylbraTaMu | 00CTe)KEeHHS BCTa-
HOBJICHO: 32 [TapaMeTpiaMu, SKI BU3HAYAIIH, MIXK CTYJICHTaAMHU
ocHoBHoi (OI') 1 kouTponsHoi (KI') rpym BiporiaHoi pi3auii
He Oymno (p > 0,05). BpaxoBytoun, mo xpeGeTHHIi CTOBIT —
NIPOBi/IHA JlTaHKa 3a0e3nedeHHs opTocTasy [1], cyTreBUM
CTae MUTAHHA 3MiHM Ta peakliif Ha Horo medopmariro 3
0OKy OpraHiB i CHCTEM OpraHi3My. AHaJIi3 Ta y3araJbHCHHS
JTAHUX HAyKOBOI JIITepaTypH AAlOTh MiICTaBU IependadaTu
HAsIBHICTh [TATOJIOTYHUX 3MiH HE TUIBKH B OTIOPHO-PYXOBOMY
amapati (OPA), ane it y cepueBo-cynunHiit (CCC), HepBOBiit
(HC), tpasniii (TC) cuctemax, 110 3yMOBJICHO IPOIIECOM
MIEPBUHHOTO MATOJIONTYHOTO BUKPHBIICHHS XpeoTa.

Ha nouarkoBux cTyneHsix aedopmariii mokazHUKH QyHKIT
CCC ne 3a3Har0Th icTOTHHX 3MiH. [IpoTarom excriepumeH-
TaJIFHAX JOCIIHKEHb BUSBIIH TakKi mopymeHH: 3 6oxy CCC:
KOHTPOJIbOBaHI MOKA3HUKH 3HIKEHI 710 25 % BIAMOBIIHO /10
BIKOBUX HOPM CTYICHTIB JOCIIIHUX TPYII, IO CIPHINHSIE
SIBUIIIC XPOHIYHOT KICHEBOT HEJIOCTATHOCTI Ta [TO3HAYAETHCS
Ha TIOKa3HHUKaX XUTTeBoro iHAekcy (XKI), sKki 3acBiquyroTh
HEJIOCTaTHICTh (PYHKIIOHAJIBHUX MOXIIMBOCTEH amapary
30BHIIIHBOTO JUXaHHA. Lle € YNHHUKOM IIBHAKOI BTOMITIO-
BaHOCTI CTYJICHTIB CIIEIiaIbHUX MEAUIHUX TPYII, SHIKSHHS
AKTHBHOCTI, a TaKO)X MOXKJIMBOTO PO3BUTKY MIOKapJioyiu-
cTpodii, o mporpecye, Ta JIETeHEBOTO CePIlI — KITIHITHOTO
CHH/IDOMY ypa)XeHHsI IIPaBOTO LIUTYHOUYKA CepIisi BHACIIIOK
TIEPBIHHOTO 3aXBOPIOBAHHS OPOHXOJIETCHEBOTO arapary abo
JICTCHEBOI apTepii, 0 CYMPOBOKYETHCSI TIIEPTEH3IEI0 B
CHCTEMi MaJIOTo KoJia KpoBOOOiry. BHACIITOK IEOTO iCTOTHO
3HIKYIOTBCS (pyHKIIOHAIBHI MOxkiuBocTi CCC, oconmBo
NpH PUEAHAHHI IHTEPKYPEHTHHX 3aXBOPIOBAHb.

[lix yac oOcTeXEeHHS BUSBWIM JaOUIBHICTh MOKA3HUKIB
yactoTu cepueBnx ckopoueHb (UCC) (r = +0,54; p < 0,05)
1 BigxmireHHs aprepiansHoro Tucky (AT) y 6ik rimeprensii
abo rinorownii (r = +0,98; p < 0,001). Taxikapais Ta Taxi-
apUTMis B Mil TPYII CTYACHTIB CTAHOBUIIA JIOBOI BEIHKY
YacTKy MOpyLIeHb cepueBoro putMmy — 54,7 % ta 61,8 %
BIATOBiAHO. 3HAYYIIMHA BiJICOTOK AMXAJbHUX apUTMii
(61,74 %) MOSACHIOETHCS TIPOSIBOM HEY3TOMKEHOCTI BILUTUBY
JaHOK BereratuBHOI HepBoBOI cuctemu (BHC) Ha cepieBy
JUsUTbHICTB. Le mo3Hauunocst Ha iHTerpabHOMY OLIiHIOBaHHI
edexrusHocTi QyHkuionyBanHs CCC (moka3HUKax e(heKTHB-
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Tabnuus 1. MokasHWKM KOHTPOMNO MOPdOYHKLIIOHANBHOTO CTaHy CTYAEHTIB creLianbHOi MeanYHOI rpyni i3 3aXBOPHOBaHHSIMU OMOPHO-PYXOBOrO anapary,

n=40
OcHoBHa rpyna, n = 20 KoHTponbHa rpyna, n = 20

Moka3HUKuM,
OJMHWLIi BUMipIOBaHHSA

| o6cTeXeHHs Il o6cTexeHHs | o6cTeXEeHHA Il o6cTexeHHs

* (%) £ (%)
x s x |s | x s x |s |

7542 |41 89,62 |[3,06 18,8 <0,05 |[76,61 |3,97 76,94 4,12 0 >0,05

MNEPC, y. o.

7212 391 85,32 3,13 18,3 <0,05 (7164 [4,19 72,02 [3,78 0,1 >0,05

16,88 |2,16 12,93 [1,66 23,1 <0,05 (17,01 |2,04 16,65 | 1,77 2,2 >0,05
on, ya-xs™

17,50 2,05 13,44 [1,21 22,9 <0,05 (17,66 |2,01 17,36 | 1,88 1,6 >0,05

23,41 1,13 17,33 (2,29 25,6 <0,05 |[24,02 1,58 23,66 |1,44 0,16 >0,05
BIK, y.o.

2715 [3,19 20,11 3,36 24,0 <0,05 |[2855 2,15 28,04 (2,33 0 >0,05

3,32 0,21 2,96 0,16 10,8 <0,05 3,30 0,32 3,29 0,28 0,3 >0,05
193, yo.

3,36 0,28 3,01 0,18 10,4 <0,05 |3,37 0,32 3%35) 0,28 0,5 >0,05

4,11 0,55 4,96 0,38 20,6 <0,05 4,05 0,61 4,10 0,66 0,12 >0,05
Xon, wn-xs!

3,51 0,32 4,20 0,28 19,6 <0,05 (4,99 1,15 5,05 0,88 0,11 >0,05

12546 | 133,1 1570 158,8 |25,1 <0,01 | 1241 188,6 | 1264 1724 |18 >0,05
IC, y.0.

965,3 [955 1183 102,2 |22,6 <0,05 (9762 (1028 (9784 (1331 (0,18 >0,05

11,82 1,01 9,41 1,02 20,3 <0,05 [12,11 1,09 11,89 1,23 1,8 >0,05
AXEN, %

13,89 |1,24 10,94 [0,92 20,1 <0,05 (13,76 |1,05 13,96 |0,81 0,14 >0,05

” 5713 [4,18 70,31 3,18 23,1 <0,01 |[56,07 |[3,85 56,13 [3,23 0 >0,05

nn, %

56,11 |4,33 68,96 [4,11 22,7 <0,05 |[57,13 [4,01 58,01 |3,91 0,15 >0,05
1786 |83 1368 | 11,9 21,2 <0,01 |[176,1 [151 173,0 138 13 >0,05
1816 |[135 1421 | 13,6 19,4 <0,06 (1795 |[11,4 1746 149 22 >0,05
100,7 |50 914 38 9,3 <0,05 (99,9 43 100,17 |52 0 >0,05
106,8 |42 96,1 4,6 10,1 <0,05 (1052 |50 1049 (47 0 >0,05
4504 | 17,9 4564 213 1,3 >0,05 [4481 [252 470,1  |20,9 -4,9 <0,05
3682 |205 3633 (288 1,3 >0,06 [370,6 |284 4002 |17,8 -8,1 <0,05

Mpo6a MapriHe, ¢

IP, y.0.

IHpekc Ketne, r-cm

S|FP|s|F|c|=m|lom|5|F|S|F|c|F|lc/m |5 |5|F|c|BF|c|= |5 |F|S

44,1 31 49,6 2,8 12,4 <0,05 |[42,6 4.8 43,1 53 0 >0,05
K, mn-kr!

35,2 3,6 42,7 4.4 20,2 <0,05 |[357 39 8515 4.1 0 >0,05
Lo 57,6 6,5 66,1 48 15,5 <0,05 |58, 6,2 61,2 74 53 <0,05

I, %

39,4 5.3 48,4 57 22,8 <0,0 38,1 538 40,6 5,1 6,5 <0,05

47 0,22 12,8 0,31 211 <0,05 |47 0,37 4,91 0,42 0,4 >0,05
P3, 6ann

il 43 0,48 1,1 0,58 21,2 <0,05 |45 0,45 4,7 0,58 0,2 >0,05

10: toHaku; [: pievata; MEPC: nokasHuk edektuBHocTi pobotu cepus; OI: optocTtatnyHa npoba; BIK: BeretatuBHui iHoekc Keppo; 193: iHgekc
(pyHKUiOHaNbHUX 3MiH; XOL: xBunuHHMIA 06'em auxanHsi; IC: iHgekc CkibiHebki; XKEN: xuTTeBa emHicTb nereHb; MIM: natonorivHmin npouec; IP: iHaekc
PobincoHa; XI: xutTtenii ingekc; Cl: cunosuii ingekc; P3: piBeHb COMaTUYHOTO 300pOB's; : AMHaMIKa NOKa3HWKIB.

HocTi po6otu cepiisi — [IEPC) y cTyieHTIB 13 MOpYIIEHHSIMH € 00’ €KTUBHIAM (JaKTOPOM HH3BKOTO PIBHS COMaTUYHOTO 3710~
OPA, 110 BU3HaYEHA SIK «HIDKYE, HDK CEPETHE. poB’s, sixui giarHoctyBasn y 100 % cTyneHTiB crerianbHoT

3a nokaznukamu innekcy Kepno (BIK) BereraruBHa peak-  MeIMYHOI IpyITH, — BIPOT1HO 3HMKEHI HOKa3HUKU CUIIOBOTO
TUBHICTB Y CTyZeHTiB i3 matonorieto OPA xapaktepmsyerbess  iHAEKCY (Cl) MOpiBHIHO 3 iHIIMMH TpyTIaMHU 3aXBOPIOBAHE; I1€
TIepEeBaKAHHSIM IIEPCHUMITATHKOTOHIYHOTO THITY, II0 € OTHUM ~ 3aKOHOMIPHO, BPaXOBYIOUH IaTosoriuHi 3MiHu crany OPA.
13 YMHHUKIB 3HWKEHHS XBIINHHOTO 00cary nuxanus (XO/[)  Lle cBiguuTh po HEraTUBHUIA BIUIUB IIOPYLIEHb IOCTaBU Ta
y meskax 20,0 % y cTyZneHTiB 1i€l TpyTi 3aXBOPIOBAHHS IIIOJI0 CKOJTIO3y Ha MOP(OQYHKIIOHATBHUN CTaH OpraHi3My, Io
HOPMATHBHHX BIKOBHX 3Ha4YeHb. HeraTWBHUII BIUIMB IbOTO  3YMOBJIFO€ HEraTUBHI 3MIiHHU JisUTHOCTI BHYTPIIIIHIX OPTraHiB.
KOMIUIEKCY YMHHHKIB (XPOHIYHOI TINOKCI{, 3HIKEHHS PIBHS OI1iHIOBaHHS Ta MATEMaTHKO-CTaTHCTUYHE OTPAITFOBAHHS
¢ynxuionysansas CCC Tol110) Ha 3arajbHUN CTaH OPraHi3My — pe3yJbTaTiB MICJIsl 3aBEPLICHHS I1€AaroriYHOro eKCrepu-
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Tabnuuga 2. MokasHWKM KOHTPOIIO CTaHy NCWUX0di3ioNorivHMX PYHKLINA CTYAEHTIB criewjanbHOi MeanyHol rpynu i3 3aXBoptoBaHHSIMU OMOPHO-PYXOBOTO

anapary, n =40

OcHoBHa rpyna, n = 20

KoHTponbHa rpyna, n = 20

_
2;;:?4:?$Miplo3aﬂﬂﬂ | o6cTexeHHs Il o6cTexeHHs " | oﬁc're)KeHHﬂ I oGCTex(eHHﬂ o
s [x [s x s Ix s |
10 4.86 039 4,01 0,21 21,1 <0,05 4,79 0,42 4,72 0,40 1,46 >0,05
MiAB. ¥o. o 501 |02 |412 |037 [177 |<005 504 (033 (500 036 [079 |>005
10] 4,51 0,44 5,42 0,24 19,9 <0,05 |4,71 0,52 4,85 0,58 2,9 <0,05
TPA, yo. o |38 |o51 |474 |05t (233 |<005 (390 [066 (396 |069 |15 |>005
0 0,96 0,11 1,16 0,09 20,8 <0,05 0,93 0,08 0,95 0,07 2,1 >0,05
KPHC, %
il 0,89 0,16 1,09 0,11 22,4 <0,05 0,87 0,11 0,90 0,09 3,4 <0,05
10 1,4 1,04 14,2 1,3 26,3 <0,01 12,95 (0,87 13,21 1,04 2,1 >0,05
TT, 6anu
na 10,08 |0,99 12,6 1,8 24,8 <0,05 11,19 1,1 11,8 0,91 1,6 >0,05
1) 9,03 0,83 12,02 1,33 32,8 <0,01 9,11 0,57 9,28 0,99 0,2 >0,05
A, Gan i 1015 (1,01 (1314 (103 |205 |<001 [1007 |089 |1008 |048 |0 50,05
, 1] 83,1 2,76 89,2 3,08 72 <0,05 |81,2 3,55 82,1 2,58 1,2 >0,05
T 0 |84 [219 [931 (363 |56 |<005 [887 |351 |901 |281 |155 |>005
0 1489 726 1830 108,1 224 <0,05 1439 118,7 1592 78,9 3,2 <0,05
E.yo. il 1555 110,1 1933 102,7  [231 <0,05 |1600 93,5 1657 100,8 | 3,07 <0,05
o 10 64,74 |58 78,37 |6,1 20,3 <0,05 |63,46 |45 65,16 |5,3 2,3 >0,05
il 72,01 5% 87,05 |58 20,8 <0,05 |71,55 |59 72,07 |58 1,3 >0,05
, 1) 66,6 4.2 76,3 3,2 15,1 <0,05 |654 49 68,6 3,8 3,6 <0,05
Pr, % il 69,5 47 791 3,9 14,8 <0,05 |70 43 721 BY5) 2,7 >0,05
[10) 85,6 45 98,3 59 15,1 <0,05 |85,6 59 87,1 59 1,7 >0,05
Kyo o |3 (59 [1051 |66 [164 |<005 (922 [61 [939 |56 |16  |>005
10) 140,5 |20, 110,6 10,9 214 <0,05 138,1 23,3 135,6 10,4 2.1 >0,05
Le a 1254 12,8 101,3 11,8 19,3 <0,05 126,8 [211 120,8 17,9 4,7 <0,05
10] 0,79 0,07 0,91 0,04 13,9 <0,056 |0,77 0,06 0,81 0,07 5,1 <0,05
P yo. o |o73 |o05 [080 [007 [124 [<005 (075 (009 (078 [009 |41  |<005
e 10) 303,22 |9,61 276,3 | 7,51 8,2 <0,05 |3074 |134 306,1 9,8 0 >0,05
na 2912 [9,75 255,4 11,22 12,1 <0,05 |385,1 1,2 288,8 12,0 0,07 >0,05
1) 35,61 1,22 43,33 [1,05 224 <0,05 3567 |1,19 36,11 0,94 0 >0,05
TiaA, Tu il 36,27 1,14 44,18 1,55 22,2 <0,05 |37,01 1,07 37,88 1,01 0 >0,05

1O: toHaku; [1: piyara; MAB: nokasHuk auHamiyHoi ButpuBanocTi; JIPA: nabinbHicTb pyxosoro anapaty; KPHC: koedilieHT pyxnmnBocTi HepBOBOi crcTemy;
TT: TeniHr-tect; A: nepemukaHHs yBaru; T: TOUHICTb yBaru; E: koediLlieHT po3ymoBoi npoaykTuBHOCTI; K: KoHLeHTpaLis yBaru; Pr: ecekTuBHICTb poboTy;
Ku: crivikicTb yBary; t: BubipkosicTb yBaru; KPIM: koediuieHT posymosoi npauesgatHocTi; JIN M3MP: nateHTHWIA nepioA NpocToi 30poBO-MOTOPHOI peakLyii;

N3A: nabinbHicTb 30poBOro aHanisatopa; *: AuHamika NokasHuKIB.

MEHTY B BUOIpIIi CTYAEHTIB CIleniaIbHOI MEMYHOI TPYIIH 3
niopytreHHsIM OPA, SIKiX 00CTEXHIIH, TAI0Th 3MOTY 3pOOHTH
BHCHOBOK I1I0/I0 TMHAMIKH 3pYILEHb Y iSUTbHOCTI OCHOBHHX
(YHKITIOHATIPHAX CHCTEM OpTaHi3My CTYJCHTIB 1 TaTOIOT Y-
Horo mporecy B OPA (mabx. 1).

AmHauti3 pe3yJbTariB ejarorivHoro eKCIIepUMEeHTY MOKa3aB
HAsBHICTb IIO3UTHBHUX 3pPYIICHb y IapameTpax Mopgoso-
riggoro crany (p < 0,05) y cTymeHTIiB Ipyml IOCHTiHKEHHS.
[inecripssiMmoBaHe 3acTOCyBaHHs BIpaB (i3MYHOI Teparii B

OI' mano 3mory noninmmté QyHKIioHanbHUE ctan CCC
1 BEreTaTMBHOTO TOMEOCTa3y y CTYJCHTIB CIeliabHOI Me-
JIUYHOI IpyIIH.

IMokazankn YCC 3menmmmmcs y Mexax 9 % (p < 0,05)
1 Maibke mocsiin BikoBoi Hopmu. Y KI' 1ieli mokasHUK 1mo-
KpalmBest TUlbkU Ha 2,1 % 3 BiporiiHICTIO 3MiH Ha piBHI
p < 0,01. HopmastizyBanucs noka3HUKH audepeHiiiioBaHol
(hyHKITIOHATTBFHOT MTPOOH 3 T030BAHUM HABAHTKCHHSM (3a
M. O. Illankoum): gac BimHOBIeHHS YCC 3MEHIMBCS 10
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O. 3. briasm, B. M. Kopseir, E. tO. [JopoweHko, J1. I. JllegueHko, C. I Iysik, A. M. lypeesa, O. €. YepHeHko, M. O. OnitiHuk

Hopmu — 5 xB; YUCC micisi HaBaHTaKCHHS 301IBIIIMBCS Ha
28,6 % mopiBHsAHO 3 BuximHuM, a B KI' BiH 301IbIINBCS Ha
68,7 %; cnoctepiranu cradimizaiito AT y 28,4 % cryaeHTis
OT i3 rinoreHsiero.

JHocmimxerns crany BHC 3a pe3ynbraramu opTOCTaTHIHOT
mpodu (OIT) mokasano, Mo BUXiAHUI piBEHb y CTYICHTIB
000X rpyn OyB Ha 3aJ0BLTEHOMY piBHIi. Pesymnbraru I o0cTe-
YKEHH TToKa3auty, 110 B O miciist 3aKiHYeHHs 3aHATh pe3yilb-
TaTH OI[IHEHO SIK JOOpi a00 HAONMKEH] JI0 IIbOTO 3HAYCHHSI.
VY crynentiB KT mynbcoBa peakiiis, Xo4a i 3a3Haa IMeBHUX
3MiH, aJie 3aJIMIINIIACh Y MEXKaX ITONePEIHBOTO OL[IHIOBAHHSI.

VY aunamini nokasuuku xmgomniis (7,1-11,3 %) 3me0inb-
II0TO JAEMIO MePeBaXKAIOTh MMOKA3HUKH AiB4ar (5,2—10,1 %),
kpim nokasaukiB ATc (-7,6 % y xnomis, -10,1 % y nis4ar).
Beranosunu 3nauymii po3oixkuocti (p < 0,01) wacy Bin-
HoBieHHs YCC micns HaBaHTaxeHHS (-7,4 % y XJIOMIIIB,
-5,2 % y niByar) moka3HHUKIB 3a iHIeKcoM Pobincona (IP).
Bimnosigno, 3nauenns [TEPC mokasanu cepenHiil piBeHb
¢ynxuionysanus CCC.

3a10BUIBHUH CTaH a/1aNTalliiHO-TIPUCTOCYBAILHUX MeXa-
Hi3MiB (iHAeKC QyHKITIOHATBHUX 3MiH — [D3) 3apeecTpyBau
y 55,8 % crynentiB OT, 1110 Maike BUCTBEpO MepPeOLIbIIyE
4acTOTYy ii BUSBICHHS [0 MOYATKy JAOCITiKeHH. BogHowac
criocTepirany 30aTaHCYBaHHS BIUIMBY MapacHMIIATHYHOTO
Binmiry HC 3a manmvu iamexcy Kepmo, 3a HUM poOwmim
BHCHOBOK TIPO BETCTAaTHBHE 3a0E3MEUEHHsI PO3YMOBOI Jli-
SUTBHOCTI.

Kpim 3MiH y cepuesii AisuIbHOCTI, IPOCTEKYEMO 3MiHH
JuxanbHOT QyHKLIT y crynenTiB Ol micist 3aKiH4YeHHs Tepa-
NeBTHYHUX BIpaB. Tak, 3Ha4eHHs! )KUTTEBOT EMHOCTI JIETEHb
(OK€EJT) 36impimmtocs Ha 27,1 % 1 HaOIM3UIOCS 10 BIKOBOT
Hopwmu, y ctyaeHTiB KI' — Ha 2,2 % (p < 0,01). ImoBipHO, 11i
3MiHH TTOSICHIOIOTHCS MOMIMIICHHM (DYHKIIIOHAJIBHOTO CTaHy
(3MeHmmeHHAM nedopmartii) XpedeTHOTO CTOBITa, 301TbIICH-
HSIM HOTO PYXJIMBOCTI, @ OT’KE 3MIHOFO YMOB (DYHKITIOHYBaHHS
MUXANBHUX M’SI31B 1 miadparMu, 3MEHIICHHSIM acUMETpii
00’€eMy TpyIHOI KITITKH.

Pesysnbrar Kypcy TeparneBTHYHHX BIPAB — ITOJTINIIEHHS 00
crabiiizanis naronoriqyaoro npouecy B OPA, 3MeHIIeHHS
acuMeTpii Ha/uuTiv4st Ta KyTiB Jjonarok (71,3 %). Y cryneHTis
Ol nosminuuiace MocTasa, peibed CIUHHU, 30UTBIIMINCS
CHJIOBI TIOKa3HUKH TIJICYOBOTO MOSICA, 110 TTO3HAYMIOCS Ha
nokasHukax CI (+15,5-22,8 %). 3icraBneHHs pe3ynbTaris
narosorignoro nporecy (I1I1) mokasaino, mo Horo KigbKicHI
3Ha4YEHHs 3pocin B Mexax 10 23,1 % (p <0,05) mopiBHsHO 3
TIOYaTKOBUMH 3HAYCHHSIMU 1 HAOIM3HIINCS 0 HOPMH.

[Ticnst 3aBepruenns Hadanus y KI' 3amummnucs 77,4 %
xuronmiB 1 86,1 % miByat, piBeHb 3M0POB’S SKUX TPOTS-
TOM Kypcy HE 3a3HaB ICTOTHHMX 3MiH LIOJI0 HOro rpanarii
(p > 0,05). B OI' He 3adikcyBany HU3bKHN PIBEHb COMa-
THYHOTO 3/I0POB’sI CepeJl XJIOIIIIB Micis 3aKIHYSHHS KypCY,
cepe AiBYAT TaKuX 3aIHIIIoch 36,4 %, xoua 3a KijbKic-
HUMH TIOKa3HUKAMH CIIOCTEPIrajy HasBHICTh TO3UTUBHOL
mrHaMikd (p < 0,01).

PesynbraTté 1me1arorivHOro €KCIepUMEHTY 3aCBiIUyIOTh
BIPOTiTHICTH PO3ODKHOCTEH MK IMapamMeTpaMu, sIKi J0-
ciimkysamy, y cryaenTis OI' 1 KT i3 3axBoproBanasmu OPA,

10 OTPUMaHI Ha KOHCTaTyBaJbHOMY €Talli Ta HalpHKIiHII
JIOCIIIOKCHHS.

Takoxk 3HAYYIIUMH YISl TIPOLIEAYP KOHTPOIIO (Di3UuHMX
CTaHIB € OL[IHFOBAHHSI IIOKA3HUKIB IICHXOJOTTYHHUX (PYHKIIIH:
JUHAMIYHOI BUTPHUBAIOCTI, TaOLTBHOCTI pyXOBOTO amapary,
Koe(iIieHTa PyXJIMBOCTI HEPBOBOI CHCTEMH, TEIiHT-TECTY,
TIEpEMUKaHHS i TOYHOCTI yBard, kKoedilieHTa po3yMoBoi
MIPOIYKTHBHOCTI, KOHIICHTpAIIi] yBaru, e(heKTUBHOCTI poOo-
TH, CTIHKOCTI i BUOIPKOBOCTI yBaru, Koe(irieHTa po3yMoBOi
TMpane3/1aTHOCTI, JIATSHTHOTO MEpioy MpocToi 30pOBO-MO-
TOPHOI peaxiiii, 1abiIbHOCTI 30poBoro aHaizaropa. Iepernik
TECTIB, PE3yNbTaTH SIKUX HaBeAEHI B mabauyi 2, nae 3Mory
OLIHUTH PE3YJBTAaTH 1 3 MO3UIIH CTaTeBOro IUMOpQi3my,
1 BPaXoByIOYM OCOOJIMBOCTI, SIKIi MOXKYTh OyTH BHKJIMKaHI
MOPYIICHHAMH Ta MaToioriyHuMu mporiecamu OPA.

[TizcymKu pe3yabrariB TeCTyBaHb MCHXO0(]i310J0TTYHUX
(yHKIIi# TOKa3aJIi HAasIBHICTh MO3UTUBHUX BIPOTITHUX 3MiH
SAKICHUX TIapaMeTpiB y CTYACHTIB CIEIiaJbHOI MEAMYHOI
rpynu B Mexkax 10 30 %. Bumi pesynsraru 3adikcoBaHo 3a
MOKa3HUKaMH po3yMoBoi npane3naraocti (KPIT) i muramiy-
Hoi BuTpuBanocti (I1IB) y xommiB, y 1iB4at — aTTeHIIHHIX
3ai0HOCTEH (3MAaTHICTD PO3MOMINISATH YBAary MiX KiTbKOMa
BHJAMH JSDTBHOCTI oqHOYacHO). Lli BiqMiHHOCTI MarOTh
BIPOTi/IHY PI3HMIIO MOPIBHSAHO 3 TakuMu y cryfaeHTiB KI
(p <0,01). B ocTanHIX MOKpAIIMIKCS JIUIIE OKPEMI ITOKa3-
HUKH ricuxo(izionoriyanx QyHKIiN 13 MEHITUMH a0COIOT-
HUMHU 1 BITHOCHUMU 3Ha4Y€HHSIMH, PEIITa TIOKa3HHUKIB OyIH
Ha BUXITHOMY PiBHI.

OOroBopeHHs

Pesysbrary ociipKeHHs TIOKa3aiu, M0 3aCTOCYBaHHS Ha
MPaKTHUILl PO3POOIECHNX TEOPETHUKO-METOANYHHX MOJI0KEHb
1 peKoMeH TaIliii KOPEKIIHHMX 3aXO0iB Y CHCTEMI TECTOBOTO
KOHTPOMIO (DI3MYHUX CTaHIB y CTYIEHTIB CIEIiabHOI Me-
JUYHOI TPYIIM Ha OCHOBI IHTETpaIlil CrIeriaabHO MiIiOpaHux
3aco0iB (hi3MIHOI Tepartii [ae 3MOTY aKTHBI3yBaTH KOMITCHCA-
TOpPHI MEXaHi3MH, MOOLITI3yBaTH pe3epBHi PyXOBI MOKITUBOCTI
OpraHi3My, ITi JBUIIATH KOMIIETEHTHICTh BHKOHAHHS PyXOBHX
T, crpHsie MPUCKOPEHHIO (POPMyBaHHS 3HaHb, YMIHb 1 Ha-
BUUOK, YCYHEHHIO HEJIOJIIKIB PyXOBOi c(epH, HIBEITIOBAHHIO
PI3HHMII MMOKa3HUKIB ICUXO(I3MIHOTO PO3BUTKY MIXK CTYy-
JICHTaMH OCHOBHOT, MiJIrOTOBYO] Ta CIelialIbHOT MEAMYHIX
rpyn. Ha3BaHi YMHHUKM — mepesyMoBa ICTOTHOTO IiJIBU-
IICHHS 3araJIbHOTO PiBHS MCUX0()I3UYHOrO CTaHy CTY/ICHTIB
ocHOBHOT rpynu. Le cripusiio GpopmyBaHHIO Ta aKTUBI3ALIT
MO3UTUBHUX A/IANTAIIHUX POIIECIB B OPraHi3Mi, 110 BKa3ye
Ha e(heKTUBHICTH METOANYHOTO IiIXOMY, 3alIPOTIOHOBAHOTO
B JIOCJIIKEHHI.

BucHoBKu

Ha mixcraBi anamisy Ta y3araJpHEHHS JaHUX HAyKOBOI Ji-
TepaTypH Ta Pe3yJIbTaTiB eKCIIePIMEHTATBHIX JOCIIKEHb
KOHCTaTy€eMO:

1. KorTpoms MoppodyHKITIOHATHHUX 1 ICHXO]i3iomoriy-
HUX [TOKa3HUKIB — €(PEKTHBHHI MEXaHi3M KOPEKIIii (Di3iIHOTO
CTaHy CTYJICHTIB CIIeliaJIbHOI MEIMYHOI IpynH 3 (yHKIIO-
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KoHmporib izuyHux cmatie cmydeHmig crieyianbHUX MeOUYHUX 2pyr i3 MopyLUEHHSIMU OITOPHO-PYX08O20 anapamy...

HanbHUMH nopymeHHsMu OPA Ta HeoOXifgHa nepeayMoBa
JUISL po3pOOJICHHST KOMITJIEKCHUX TporpaM peaOuriTarii Ha
OCHOBI BUKOPHCTAHHS T€PANeBTHYHNX BIIPAB.

2. CratUCTUYHMH aHai3 MiZCYMKOBHX JIaHHX, 1110 OTPUMa-
Hi TCIIS 3aBEpIICHHS eKCIEPUMEHTAIBHOTO JIOCIIKESHHS,
MATBEPIUB TPAKTHYHY TI€BICTH PO3POOIEHOI METOAUKH.
Cepen BUSBICHUX IMTIJICYMKOBHX 3MiH KOMIIOHEHTIB TICUXO-
¢i3rmun0i roroBHOCTI cTyaeHTiB CMI™ HalOnbIImMiA mpupicT
Pe3yIIBTaTIB CIIOCTEPirany 3a piBHEM PO3BUTKY Icuxo(dizio-
noriuaux Gyl (p < 0,05).

3. 3araybHUM BUIVISAJ] aITOPUTMY 3aCTOCYBAHHS 3ac00iB
¢izmuanoi Teparmii muis cryrentiB CMI i3 mopyrmenasvu OPA:

— TiJ Yac MPaKTHYHUX 3aHSAThH 13 AUCIUIUTIHE «(Pi3udHe
BUXOBAaHHS» (3T1HO 3 MIPOrpaMoIo 3aHATh Ta 1HUBITyalb-
HUMH KOHCYNBTaIlisiMi) — 710 60 XBUnH 1 pa3 Ha TIK/ICHb;

— MiJ Yac MPaKTHYHUX 3aHATh 13 AUCIUIUIIHE «(Pi3HdHe
BUXOBAHHS Ta 3/10pPOB’S: Kypc 3a BHOOPOM» (3TiHO 3 Ipo-
TpaMoI0 3aHATh Ta IHAUBIyaIbHIMH KOHCYIIBTAIlISIMA) — 0
60 xBuMH 1 pa3 Ha THKIIEHD;

— Mij Yac 1HAUBITyaTbHUX CAMOCTIHHUX 3aHATH Teparie-
BTUYHIMH BIIPABAMH 3 3aCTOCYBAHHSAM MPUPOAHUX YNHHH-
KiB (32 NOTOJDKEHHSIM 13 JliKapeM 1 (i3UYHUM TepareBToM,
3aJICXKHO BiJ] IOTOYHOTO CTaHY).

MepcnekTBM noganbWKUX AOCHIAXKEHb MONSralTh Y
JieTasti3anii aropuTMy 1HIUBIAya bHUX mporpaM (iznuHol
tepamii jurst crynentiB CMI, BpaxoByro4n piBeHb CKJIaJHOCTI
maroorii OPA, HasBHICTP (YU BiICYTHICTh) iIHTEPKYPEHTHHX
3aXBOPIOBAaHb Ha OCHOBI KOHTPOJIIO PiBHS (PI3UYHOTO CTaHy
IHCTPYMEHTAILHUMH MENKO-[1ar HOCTHYHHMH METOANKAMU.
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OcobnuBocTi ¢hiznyHoI Tepanii nauieHTIB nicna eHAONPOTE3yBaHHSA
KynbLLIOBOro cyrnoba 3i 3aMmiLlHeHHSIM KarncyJibHO-3B’AI3KOBUX CTPYKTYp

C. O. MacneHHikos®CF, M. I1. Fonoaxa®®, E. 0. [lopoweHko*™PEF, C. M. Manaxosa*E, C. I". MNysik*E, I1. |. [leB4EeHKOAE,
A. M. Typeea*E, M. O. OninHuk*E

3anopisbkuii fepkaBHWUA MEANYHUI YHIBEPCUTET, YKpaiHa

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

MeTta po60oTu — OUiHUTK CTYNiHb AMHAMIYHOTO BIZHOBIEHHS PyXiB OnepoBaHoi KiHUiBkM npoTsrom Il nepiogy peabinitauii 3acobamu
¢hi3nyHoi Tepanii B NawjieHTIB, SKUM BUKOHAHE eHOONPOTE3yBaHHS KyMbLIOBOTO Cyrnoba Ta 3MiLHEHHS KancynbHO-3B'A3K0BOrO anapary
noninponineHoBOIO CITKOO.

Matepianu Ta meToau. 30ilicCHUNM PETPOCMEKTUBHE AOCNIIKEHHS iCTOPIl XBOPOO, peHTreHorpam i nabopatopHux AaHnx 47 nauieHTis,
ki noTpebyBany BiZHOBNEHHS YM 3MILHEHHS Kancynu KynblioBoro cyrnoba. NepeuHHe eHaonpoTedyBaHHs BUKoHanW y 26 (55,3 %)
nauieHTiB, peisiiHe —y 21 (44,7 %). Cepepn nauieHTiB 6yno 27 (57,4 %) vonosikis i 20 (42,6 %) xiHok. CepeaHil Bik naLieHTiB cTaHOBMB
57 pokis (Big 20 go 86 pokis).

Pesyniratu. Ha nigctaBi aHanisy pesynbsraTiB 4OCNIIKEHHS! BUSHAUUNH, LLO SKICTb XKMTTS NaLieHTiB 060X rpyn, 3aranbHui cy6’ekTMBHI
CTaH cyrnoba, NokasHuku 06CAry pyxiB OnepoBaHOi KiHLiBKM, @ TaKoX OLiHIOBAHHS KNiHIKO-(PyHKLiOHANbHUX pe3ynbTaTiB nikyBaHHS 3a
Lwkanoto Harris Hip Score (HHS) npsimo kopentotoTb i3 BUKOHAHHSAM NepegonepaLiiHix Bnpas TepaneBTUYHOro XxapakTepy Ta JoTpUMaH-
HAM nicnsionepauiiHoi peabiniTauiiHoi nporpamu disnyHoi Tepanii. Taka Kopensuis € iCTOTHILWOW B TepMiH 12 micsuiB nicns XipypriyHoro
nikyBaHHs, Yyepe3 24 MicsALi CnocTepe)eHHs NOKa3HKKN CTaHy OnepoBaHOro KynbLIOBOro Cyrnoba B 060X rpynax nauieHTiB CYyTTEBO He
BigpisHsanucs: 65,3 % — rpyna cnoctepexeHHst, 52,2 % — rpyna nopiHsiHHs Yepe3 12 micauis nicns onepadii 1a 91,3 % i 81,0 % yepes
24 wmicsui BianoBigHO.

BucHoBku. BrkopuctanHs noninponineHoBoi CiTk1 ANs 3MiLLHEHHS 3a[HiX KancynbHO-3B'A3KOBUX CTPYKTYP KymbLLOBOro cyrnoba npu3eo-
OUTb 00 PO3LUMPEHHST PYHKLIOHANBHUX MOXMMBOCTEN ONEPOBaHOI KiHLIBKM Ta BiAHOBMEHHS NaLiEHTIB, NPUCKOPIOE Npouecu isnyHoi
peabiniTauii nicns BunMcyBaHHs 3i ctauioHapa. [loBeaeHo AOLUINbHICTL PeTenbHOI NnepeaonepaviiHoi NiAroToBKY NaLEHTIB Ta aKTUBHOMO
Be[EHHs micnsionepaLiinHoro nepiogy (KOMMMEKCH TepaneBTUYHWX BrpaBs, iHPOPMYBaHHS NaLjieHTiB), WO Aae MOXNMBICTb MOMINIMTH
pesynbsraTi XipypriyHoro Ta BiIHOBHOTO MiKyBaHHS, YHUKHYTU MOXIMBUX YCKMaAHEHb 32 YMOBY BUKOHAHHS PEKOMEHAALIIN | KOMMNEKCHOMo
3acTocyBaHHs 3acobis drisnyHoi Tepanii.

Features of physical therapy of patients after endoprosthetic with the strengthening of capsule-ligamentous structures
S. O. Maslennikov, M. L. Holovakha, E. Yu. Doroshenko, S. M. Malakhova, S. H. Puzik, L. I. Levchenko, A. M. Hurieieva, M. O. Oliinyk

The purpose of the work is to evaluate the degree of dynamic recovery of the movements of the operated limb during the second period
of rehabilitation by means of physical therapy in patients who underwent hip replacement and strengthening of the capsule-ligament
apparatus with a polypropylene mesh.

Materials and methods. A retrospective study of case histories, radiographs, and laboratory data of 47 patients requiring restoration or
strengthening of the hip capsule was performed, of which primary endoprosthesis was performed in 26 (55.3 %) patients, and revision in
21 (44.7 %). Among the studied patients, 27 patients (57.4 %) were male, 20 patients (42.6 %) — female. The average age of the patients
was 57 years (from 20 to 86 years).

Results. Based on the analysis of the results of the study, we note that the quality of life of patients in both groups, the overall subjective
condition of the joint, the volume of movements of the operated limb, as well as the evaluation of clinical and functional outcomes of
treatment on the Harris Hip Score (HHS) directly correlate with performance preoperative exercises of a therapeutic nature and adherence
to the postoperative rehabilitation program of physical therapy. Such correlation is more significant at 12 months after surgery, at 24
months of observation the indexes of the operated hip joint in the two groups of patients were not significantly different: 65.3 % of the
observation group and 52.2 % of the comparison group at 12 months after surgery and 91.3 % and 81.0 % after 24 months, respectively.
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Ocobrnusocmi ¢hisuyHoi meparii nayjieHmis nicns eHOoMpome3yeaHHs Kynbuwoeo2o cyenoba 3i 3MiYHEHHSIM KarCyrlbHO-36A3K08UX CMpyKmyp

Conclusions. The use of polypropylene mesh to strengthen the posterior capsule ligaments of the hip joint enhances the functionality
of the operated limb and restores patients overall, accelerates the physical rehabilitation process after discharge from the hospital. The
expediency of careful preoperative preparation of patients and active management of the postoperative period (complexes of therapeutic
exercises, informing of patients) is proved.

Key words: hip joint, traumatology, endoprosthesis, revision surgery, preoperative care, polypropylene mesh, quality of life, physiotherapy.
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OcobeHHOCTH (hu3nyecKon Tepanum NaLUEHTOB Nocne SHAONPOTE3NPOBaHMA Ta306edpeHHOro cycTaBa
C YCUINEHNEM KancynbHO-CBA30YHbIX CTPYKTYP

C. A. MacnenHukos, M. J1. Fonoeaxa, 3. 0. fopoweHko, C. H. Manaxoga, C. I". MNy3auk, 1. W. JleB4eHko, A. M. l'ypeeBa, M. A. OneiHunk

Llenb pa6oTkl — OLUEHWUTb CTEMEHb AWHAMMYECKOTO BOCCTAHOBNEHWS ABVXEHUIA ONEpUPOBaHHOI KOHEYHOCTU B TeueHue Il nepuoga
peabunutaumm cpencteamu pranN4eCKorn Tepanum y NaLmUeHToB, KOTOPbIM BbINOMHEHO 3HAOMPOTE3NPOBaHWE Ta3obeapeHHoro cycTaBa
1 YKpEnneHue kancynbHO-CBSA304YHOTO annapara nonmnponuneHoBON CETKOM.

Marepuanbi n metoakl. [IpoBeAeHO PeTPOCNEKTUBHOE NCCeAoBaHWe cTopuii bonesHeil, peHTreHorpaMmm 1 nabopatopHbIX AaHHbIX 47
NaLMeHTOB, HYXAalLWMXCs B BOCCTAHOBIEHUM UMW YKPENneHnn kancyrnbl TazobeaperHoro cyctasa. [epBrniHOe 3HAO0NpoTE3NpoBaHme
BbINOMHEHO Y 26 (55,3 %) naumeHToB, peBnanoHHoe —y 21 (44,7 %). Cpean naumenToB 27 (57,4 %) Myx4uH 1 20 (42,6 %) XKeHLLWH.
CpepnHuin BospacT naumneHTos coctasun 57 net (ot 20 go 86 ner).

Pesynkrathl. Ha ocHOBE aHanv3a pesynsTatoB UCCNEN0BaHNS OTMEYEHO, YTO Ka4eCTBO XW3HW NaumeHToB obeux rpynn, obuiee cy6b-
€KTVBHOE COCTOSIHME CyCTaBa, Nokasatenu obbema ABMKEHNI ONePUPOBaHHO KOHEYHOCTH, a Takxke OLeHKa KITMHUKO-(YHKLIMOHAMbHbIX
pe3ynbTaToB neveHus no wkane Harris Hip Score (HHS) npsimo koppenvpytoT ¢ BbINOMHEHNEM NpeaonepaLmnoHHbIX YNpaXHEHU Tepa-
NEBTUYECKOTO XapakTepa 1 cobnofeHeM nocneonepaLoHHo peabunuTauoHHon nporpamMmmsl uandeckoit Tepanuun. Takas koppe-
nsauus 6onee cylecTBeHHa B CPOK 12 MecsLeB Nocne XMpypryeckoro neveHus, yepes 24 mecsua HabnoaeHns nokasateny COCTOSHNUS
onepupyemMoro Ta3obeapeHHoro cyctaBa B 06eux rpynnax nauneHToB CyLLeCTBEHHO He oTnuyanuceb: 65,3 % — rpynna HabnogeHus,
52,2 % — rpynna cpaBHeHus Yepes 12 mecsaues nocne onepauun 1 91,3 % 1 81,0 % yepes 24 mecsiLa COOTBETCTBEHHO.

BbiBogakl. Micnonb3oBaHue nonunponuneHoBoi CETKM ANs YKPENneHust 3aHUX KancynbHO-CBSI3HbIX CTPYKTYp TazobeapeHHoro cycTaea
NPVBOZUT K pacluMpermto dyHKLMOHabHbLIX BO3MOXHOCTEN ONepUpyeMOoii KOHEYHOCTY M BOCCTAHOBEHMS NALMEHTOB, YCKOPSIET MPOLIECChI
¢hranyeckoit peabunuTaLmm nocre BoINUCKU U3 cTaumoHapa. [lokasaHa LenecoobpasHocTb TLaTENbHOMN NpesonepaLyoHHON NOAroTOBKY
NaLMeHTOB U aKTUBHOTO BEAEHWS MOCNEONepaLyoHHOro nepuoaa (KOMmnekcbl TepaneBTUYECKUX YNPaXHEHW, MHGOPMUPOBaHME Na-
LIMEHTOB), YTO MO3BOJISIET YNYYLIUTL PE3YNETaThl XMPYPrYeCKoro ¥ BOCCTAHOBUTENBHOTO JIEYeHMs, M36exaTb BO3MOXHBIX OCHOXHEHWI
MpY YCMOBWM BINOIHEHUS! PEKOMEHAALMIA 1 KOMMMEKCHOTO NPUMEHEHNS CPeACTB (U3MYECKON TEpanuu.

KntoueBble cnosa: Ta306e,ﬂ,peHHbII7I CyCTaB, TpaBMatonorus, aHaonpoTe3mpoBaHue, peBM3MOHHOE BMeLLaTenbCTBO, NnpeaonepalMoHHasn
MOAroTOBKa, NONMNPONUIEHOBAs CETKA, KAYECTBO XM3HU, (m3ndeckas Tepanus.

AkTyanbHble Bonpocbl papmaueBTU4eCKorM U MeaULIMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 1(32). C. 156-163

JlikyBaHHS MAI[IEHTIB i3 BUBMXOM €H/IONPOTE3a CTEIHA — aK-
TyaJlbHa Tpo0JieMa Cy4acHOi TPaBMaroJorii, o morpedye
CHUCTEMAaTHYHOTO Ta TIIMOOKOTO BHUBYCHHA. Y KIIHIUHIN
MIPAKTHUI PO3PI3HSAIOTH BUBUXH T'OJIIBKH €HJIONPOTE3a MiCIIst
MIEPBUHHOTO Ta PEBI3iHOTO eHmonporesyBanHs. Cepen ycix
YCKJIaIHEHb TOTAJIEHOTO €H/IONPOTE3yBaHHS KYJIBIIOBOTO
cymioba (KC) BUBHXH 32 4acTOTOK MPUYHMH PEBI3IHHOTO
BTPYyUYaHHsI MOCIZAl0Th Jpyre Micle Micsisi acenTHYHOro
PO3XUTYBaHHS KOMIIOHEHTIB €HJOIPOTE3a I 1MOB’sI3aHNX 13
LIMM CTaHOM OCTEOJI30M 1 OoeM.

3a JaHMMU pI3HHUX aBTOPIB, YACTOTA BUBUXIB IPH MeEp-
BUHHOMY €HZIONPOTE3yBaHHI KOJIMBAEThCA B Mexkax Bix 0,5
1o 2,0 % [1,2]. Ilicns mepBUHHOTO BHBHUXY Ta 3aKPHTOTO
BIPABJICHHS CyIVI00a B MAlli€HTIB BUHUKAIOTh PEIMIHBH
B nmiama3oHi Bixg 16 % mo 59 % [3], a micus peBisiitHEX
OTepalifHUX BTPYYaHb KUIBKICTh PEIMIUBHUX BUBHXIB
HOPIBHSHO 3 TIEPBUHHUM EHJIONPOTE3yBaHHSM 301IbIIY€ThCS
Maitbke Baecsrepo [4,5]. 3a manumm axoBoi niTeparypH,
Ppe3ysIbTaTy PeBi3iiHOrO MpoTe3yBaHHs TPl 3a pe3ysIbTaTn
HEepPBUHHOrO: B TepMiH 110 10 pokiB miciist onepariii HoBTopHa
HecTaOUTBHICTD PEBi3IMHIX KOMIIOHEHTIB cTaHOBUTH 31 %,
1o 15 pokie — maibke 60 % [6,7]. 3a nanumu I. B. Taiika i

cniBaBt. (2013), BUBMXH rOJIOBKH PEBI3iiIHOTO EHI0IPOTE3a B
TTicystonepaifHoMy Mepiozii crocTepiraioTs y 4 % BUIA/IKIB,
TIEPEBAYKHO B TEPMiH 110 3 MicsIIiB [8].

31iCHIOIOTh YNMaJIO JOCIIDKEHb JUIS BIOCKOHAICHHS
XIpypriyHoi TEXHIKH, IEsSKi aBTOPH MOBIAOMIISIIOTEH PO
YCIIIXH MO0 CKOPOYCHHS MOIUPEHOCTI BUBUXIB 110 <10 %
[9] y pa3i nepBUHHOT apTPOILIACTHKH, aJiec TIOKA3HUK BUBU-
XIB MICJISI PEBI3IMHOTO BTPYYaHHS 3aJIMIIAETHCS BUCOKUM 1
CTaHOBHTH Maibke 28 %.

HeoOxitHO Bi3HAYMTH, 10 IPUYMHU IEPBUHHOTO BHBH-
Xy TOJIIBKH €HJIONPOTE3a KYJBLIOBOIO CYII00a MepeBaKHO
MYITBTH()AKTOPHI, BTIM 3aBXKIH € OTUH (Y¥ OLTBIIIE) TOJIOBHUH
YMHHUK, SIKUI CIIPUYMHIB BUHUKHEHHSI [TbOTO YCKIIaTHEHHSI.
CBiTOBa CITIILHOTA OPTOIE/IB PEKOMEHIYE PO3PI3HATH TPH
TPYIH ETIONOTIYHNX (PAKTOPiB BUHUKHEHHS BHBHXY CHIIO-
MpOTEe3a KYJIBIIOBOTO CYINI00a: MalieHT-3aJIeKHI (haKTopH,
(haxropu, 110 TIOB’sI3aHi 3 XipypriyHO TEXHIKOIO, IMILJIaH-
Tar-3asexHi paxropu [10].

PetenbHe BiTHOBJICHHSI CTPYKTYp M’SKHX TKaHuUH a0o
30epEIKCHHS [IUX CTPYKTYP 32 JOIOMOTOI0 MOAU(IKOBAHUX
JIOCTYTIIB iCTOTHO 3HI)XKY€ YaCTOTY BUBHIXIB, IITO0 TTOB’s3aHi 3
3a1HIM 200 33/THbO-00KOBUM XipypridHuM pocTyrom. [lixpa-
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XyBaJIH, 1110 33IHiH TOCTYIT O€3 BIIHOBJICHHS M’ SIKMX TKAHHH
Mmae y 8,21 pa3a OUTbIIMH PU3UK BUHUKHEHHS! BUBUXY, HDK
IIPY TAKOMY CaMOMY JIOCTYII1, aJie 3 BiTHOBJICHHSIM M SIKHX
TKanuH [11].

Hwuska aBTOpIB MiATBEPHKYIOTH HEOOXiTHICTh MAKCHMAJTb-
HO MOXJIMBOT'O PETENILHOTO BiTHOBIICHHS 33 IHIX KaICYJIbHIX
CTPYKTYD IIPH SIK IIEPBUHHOMY, TaK 1 peBi3ifHOMY Xipyprid-
HOMY BTpy4aHHi, a0 MaKCUMAJIbHO 310JIBIINTH CTAOUIBHICTh
KOHCTpYKIil ToTtansHoro enponporesa (TEIT). JloBenena
3aJIeKHICTh CTA0LIBHOCTI €HJI0NPOTE3a CTErHA Bijl TOBIIMHU
karicysu. st Haiitonoi karcynu (1 Mm) mikoBa CTIHKICTb
JI0 BUBHX1B CTAHOBHTH 53 % BiI TaKo{ [TpY TOBILIMHI KAIICYIIH
3,5 mum i Tinmbku 31 % Bifg MakCHMAaIbHOI TOBIIMHH KarlCyIH
— 6 mm. Tpeba 3ayBakuTH, IO TUTBKK 3MIIHEHHS Ta Bil-
HOBJICHHS 33IHIX KalCyIbHUX CTPYKTYP HEAOCTaTHBO IS
3aro0iraHHs BUHUKHCHHS BHBHXIB, HECOOXiHE TpaBHIbHE
PO3TaIIyBaHHs €IEMEHTIB CHAOINPOTE3a, & TAKOXK PaIliOHAIIb-
Ha CTpaTeris JIKapsi IOJ10 CYIIPOBOIY MalliEHTA.

VYei 3axo/H, 10 CTIPSIMOBaHi Ha MPO(iTaKTHKY BUBHXIB
TOJIIBKM €H/IONPOTE3a CTErHa, YMOBHO IMOJIISIOTH HA JIBI
IpynH — nepejonepaniiti Ta mcisonepamiiHi.

HaiiBaxxsmBinmM nepeonepariitHuM 3axo0oM rmpodinak-
THKH SIK eJIeMeHTa (DI3MYHOI Tepartii € peTebHa IMiAroTOBKa
JI0 OTEpaIiifHOTO BTPYYaHHS, IO Nependavyae KiIiHigHe
00CTeKEeHHsI ITalli€HTa, BU3HAYCHHS aHAMHECTUYHHX JTaHNUX
1 TIOKa3aHb, BU3HA4YCHH iHAeKcYy MacH Tia (IMT), BceOiune
IHCTpyMEHTaIbHE 00CTEXEHHS TS Bizyaulizanii ypakeHOTo
cyr1o6a. ButblricTs aBTOPIB CXUIISIOTHCS JI0 TOTO, IO IPH
IMT >30 xr/m* pU3uK BUHUKHEHHS TichsonepariifHux
YCKIJIa/IHeHb, 30KpeMa i HecTablIbHOCTI, pi3ko 3pocTae [12],
TOMY 1030aBJICHHS Ha JTUIIIKOBOI Baru 3acodamu GpizuyHo1
Tepartii ik eJIEMEeHT TepeoTepalliiiHoT M JrOTOBKH CIIPUSIE
ICTOTHOMY 3HIDKEHHIO PU3HKY BUHMKHEHHS yCKJIAaJHEHb.
3 00Ky JiKaps Ayke BaKJIMBHM € TIOSICHEHHS B TIepeIore-
patiifHoMy TepioAi MpaBwiI TOBEIHKH, PEKIMY, 3aCTOCY-
BaHHS TEPAleBTUYHMX BIIPAB, a TAKOX (DYHKIIOHAJIBHUX
MOXIJIMBOCTEH Nali€HTa Micis XipyprivHOTO BTPYYaHHS
3 TIIyMa4eHHSM YCiX HACHiJIKIB BiJi HEBUKOHAHHS PEKO-
MeHgauii. /s HeoCBITYEHUX XIipypriB Ul 3a100iranHs
nicisionepaiiHuX yCKJIaJHEHb Ba)KJIUBUU pETENbHUM
BUOIp TUIIIB €JIEMEHTIB €HJI0NPOTE3a 3 BU3HAYCHHSIM YCiX
HEOOXIHUX PO3MIpIB 1 KyTiB ycTaHOBJIeHHs. He mMeHn
BXJIMBUMH € BHOIp XIpypriyHOTO TOCTYITy Ta TaKTHKa
poOoTH 3 M’ IKUMH TKAHWHAMH, IO 3710100 3aJIeKaTh
BiJl 00CSTY camoi orepartii.

3HAUYYIIOI0 € TAKTHKA BEICHHS MMAIliEHTA TiCIIs OTepartiii-
HUX BTPy4YaHb, 0COOJIMBO B IEPLIOMY Tiepiozi peadimiTarii. €
3araJbHOBIIOMa MOJIeNb peabiritanii marienTis micas TEI
KC, o omucana C. 1. I'epacumenkom i cmiBaBrt. [13], siky
IIMPOKO BUKOPHUCTOBYIOTh y HaIlliil KpaiHi Ta sika BKJIIOYAE
BBEJICHHS Y NIPAKTHKY 1HPOPMAIIHUX 3aHSTh 1 KOMILUICKCY
TEPaneBTUYHMUX BIPAB IMICIIsI OTIePAIlii:

1. Pyxu cromu. IloBinbHI pyXu CTOMaMu Bropy i BHH3.
[Nounnarots 3 mepmioi 100w, BukoHyBatu o 10—15 pasis
Ha TOANHY.

2. [3oMeTpryuHe HaIPY KECHHS M’ s131B CTE€rHa MPOTATOM 3—7
cexyHza 1o 10—15 pasiB Ha ronuHy.

3. I3oMeTpuyHe HaNPY)KEHHSI CIIHUYHUX M SI31B ITPOTSITOM
3—7 cexkynn o 10—15 pa3iB Ha rouHY.

4. 3runanns koniHa. KoB3aHHs 11 SITOXO B HAMPSIMI JI0 CiJi-
HHUIII, 3TUHAIOYN KOJIHO Ta TPUMAKOYH I1'ATY Ha JIDKKY, 110
1015 pa3iB KOKHY TOAUHY.

5. Ilignimanus npsimol Horu. HanpysxeHHst M’s131B cTeTHa,
MOBHE BUIPSIMJICHHS HOTY B KOJIIHHOMY CyIJI001 Ha JIKKY, a
MOTIM ITiTHIMaHHS HOT'Y Ha KiJIbKa CAHTUMETPIB HaJT JTIKKOM,
BUKOHYBarH 110 10—15 pa3iB KOXKHOT TOANHH.

6. BinBeneHHs npsamoi oriepoBaHoi HOI'M HA30BHI, BUKOHY-
Baru 110 10—15 pa3iB Ha ronuHYy.

7. 3 m’siToi JOOW B MOJIOXKEHHI JIe)Kauk Ha CIMHI IPOTH-
HATHCS T MiJIHIMATH Ta3, CIUPAIOYHCH TIPH LIOMY Ha IT°SITH
Ta JIKTI.

8. Y nonoxenHi crostuu. [TiiHIMaHHS IPSMOT ONIepoOBaHOT
HOTH 31 3THHAHHIM HaJaJli y KOJIHHOMY CyTJI00i.

9. YV monoxeHHi ctosun. Binsenennst Horu. Tpumarodu
TyayO MpsiMO, BiBEICHHS HOTH BOIK, HE 3THHAIOYU MPHU
IbOMY KoutiHO. [ToTiM MOBiJIbHE OITyCKaHHS HOTH Tak, 100
CTYIIHSI TOPKHYJIACsI IiUIOT .

10. Y nonoxenHi crostun. Binsenennst Horn Hazaz. [1oBine-
HE Bi/IBEJICHHS ONIEPOBAHOI HOTY HA3a[l, HAMAralOuKCh TPU-
MaTH CIMHY NPsIMOI0. 3aTPUMKa HOTH B TAKOMY ITOJIOKEHHI.

11. Y nonoxeHHi cTosYM. 3THHAHHS KOJNIH 10 KyTa 45°,
CTIHMPArOYNCh Ha mopydeHs (1015 pasis).

12. Xoninag Ha 2 neHb (IEKigbKa KPOKiB), IIOCTYIOBO
301bIIyroun qucTanmio Ha 10-20 MeTpiB, HaPUKIHII Tep-
mroro TKHA — Maibke 400 metpiB, apyroro — 800 MeTpis,
HaMpUKiHI neprroro Micss — 1200 metpis 3a 100y.

ABTOpH MOBIIOMJIIAIOTE TIPO 3HIDKEHHS BUTA/IKIB BUBHXY Y
2,5 paza i BiporiJjHE 3MEHIIICHHSI KIJIbKOCT] BUBUXIB Ha 61 %
(p < 0,05) 3aBAIKH BHKOPHCTAHHIO PO3POOICHHUX MPOTpam
(hizmaHOi Teparrii.

AJe B GpaxoBiii TiTepaTypi € YMMao JaHUX MO0 He3a-
JIOBLTBHUX PE3yIbTaTiB ONepaliiHAX BTPY9aHb, OB’ s3a-
HUX 13 BEJIMKOIO KITBKICTIO IPUYMH Y1 TIOMIUTKAMH JIKapiB,
SK1 BPaXOBYIOTh TIJIbKH NE€BHUH ACIEKT, HE OXOILIIOIOUN
BCi€l KapTHHU TPAaBMH, HEJOOLIHIOIYN OioMexaHIuHYy
CKJIaJIHICTP Cyr100a Ta HEXTYI0UN M’ SIKOTKAaHHHHUM KOM-
MIOHEHTOM Yy PO3BHUTKY IATOJIOTIYHOTO Mepediry Takoro
yCKIagHeHHS. SIK OMWH i3 METOJIB XipypridHOTO IIKY-
BaHHSI, PO3POOMIIN Ta BIPOBAIWIN Y IPAKTHKY METOIUKY
3MIITHEHHS Ta BITHOBJICHHS 3a/IHIX KaIlCyJIbHO-M SKOTKa-
HUHHAX cTPYKTyp KC 32 10mOMOroro mosinpomineHoBoi
citku (IIIIC) [14,15].

Hespaxxaroun Ha yCIiXH, sIKi JOCATHYTI B JTIKyBaHHI i€l
HO30JI0T'i1, YacTOTa YCKJIaJHEHb 1 HEe3aJOBUIHPHHUX KIIiHI-
KO-(pyHKIIOHAJIEHUX PE3yJbTaTiB 3aJIUIIAETHCS BUCOKOIO,
1110 JTA€ TTi/ICTaBH BBAYKATH JOLUILHNAM IOIIYK MOKITMBOCTEH
JUIsl ONITHMI3anii METO/IB JIIKyBaHHS Ta MEpBUHHOI Ipoi-
JAKTHKA BUHUKHEHHS BHBUXIB CTETHOBOTO KOMITOHEHTa
SH/IONpOoTE3a KYNBIIOBOTO cyrioda 3acobamu (izsmaHol
teparrii. OTke, Mpo0eMa BUBHXIB €HAONPOTE3a KyJIbIIO-
BOTO Cyro0a 3aJHMIIAETHCSl AKTYAJILHOIO T CBOEYACHOIO,
1110 ITiATBEPKYETHCS IXHBOIO MOMINPEHICTIO Ta CKJIA/IHICTIO
peaObimiTanii.
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Ocobrnusocmi ¢hisuyHoi meparii nayjieHmis nicns eHOoMpome3yeaHHs Kynbuwoeo2o cyenoba 3i 3MiYHEHHSIM KarCyrlbHO-36A3K08UX CMpyKmyp

MeTta po6otu

OIiHUTH CTYTIHb THHAMIYHOTO BiTHOBIICHHS PyXiB OIIEpO-
BaHo{ KiHIiBKH mpoTsiroM 11 nepiony peabimiTaii 3acodbamMu
¢i3n4HOT Tepanii B Mali€HTiB, SIKKM BUKOHAJIN SHIONPOTE-
3yBaHHS KYJIBIIIOBOTO CYIII00a 1 3MIITHEHHS KarlCyJIbHO-3B 513~
KOBOTO arapary TOJITPOITLICHOBOIO CITKOIO.

Marepianu i MeTogu pocnimkeHHA

3niIHCHUIIN PETPOCHIEKTHBHE JIOCIIDKEHHS 1CTOpii XBOPOO,
PEHTreHorpam i J1abopaTopHUX JaHuX 47 Mali€eHTiB, sIKi 1Mo-
TpeOyBaITH BiTHOBJICHHS Y1 3MIITHEHHS KaIlCYJT! KYJIBIIOBOTO
cyrio0a. [TepBuHHe eHonpoTe3yBaHHs BUKOHAIH y 26 (55,3
%) nauieHTis, peBisiiine —y 21 (44,7 %). Cepen namieHTiB
oyno 27 (57,4 %) uonogikis, 20 (42,6 %) xiHok. CepenHiii
BiK MAII€HTIB cTaHOBHB 57 pokiB (Big 20 10 86 poKiB).

[MamienTiB MOALTMIN HA IBI KIIIHIYHI TPYITH:

— TpyIa CrocTepexeHHs — 24 Nali€HTH, B IKUX i1 4ac
CHJIONPOTE3yBaHHs 3aCTOCOBYBAIM PO3POOJICHI CITOCOOH
3MII[HEHHSI KalCyJIbHO-3B I3KOBOTO arlapary, BPaXxOBYIOUH
CTaH KarlCyJ I i M SIKUX TKaHHH, KOTPi OTOUYIOTh CyII100, 38
YMOBH BiJICYTHOCTI fiepekty Karcyiu. [1icyist BCTaHOBICHHS
BCIX KOMIIOHEHTIB CHOIPOTE3a KyJIbIIIOBOTO CyIiT00a Kiiar-
TEM KaIlCyIH BKPHBAIOTh EHIOTIPOTE3HY T'OJIiBKY CTETHOBOT
KICTKH, M ITATYIOTH 1 PIKCYIOTH H0T0 BEpIINHY JJO OCHOBH
MiCIISl IPUKPITUICHHST ()parMeHTa CYyXOXHILUIS M SI31B 30B-
HIIIHIX POTATOPIB CTErHA B AUISHII MKBEPTIFOTOBOT JIiHIT
CTETHa, TIPOTIJICHOBY CITKY HAKIaJarf0Th 3BEPXY MiAIINTOT
Karcynu, Kpai ciTkd 3axomsath Ha 30 MM B 00mIBa OOKH
CTOPOHM BiJ] MicIsl (pikcalii Karcymu 10 CyXoxXKmist. 30B-
HIIIHI POTAaTOPHU CTErHa, 3B’SI3KM Ta 3arajbHe CYXOXKUILISL
JOBUTBHO (DIKCYIOTH JI0 CITKH, SIKi 3aKPITUTIOIOTH IO BCHOMY
TIEpUMETPY Yepe3 YCIO CTPYKTYPY KaICyln Ta CyXOXKHILIS.
3a HasABHOCTI 3HAYYIIOTO KaICyJIbHOTO Je(eKTy micis
BCTAHOBJICHHSI BCIX KOMITOHEHTIB €HIOIPOTE3a y POEKIIIT
nedekry Kancynu Ha (GpiOpo3Hy IMOBEPXHIO HAKIAAIOTh
nporizeHoBy citky. OauH ii Kpall HiAMMBaIOTh A0 BUIb-
HOTO Kparo KarCyid, a THIIUH — 10 CYXOKMIIKIB 1 M’ SIKHX
TKaHMH, 110 3aJMIIMIMCS Ha CTETHOBIH KICTIN, Tak, 1100
KarcyJia 3aXofriia 3a Kpail CiTku He MeHII HiX Ha 20 MM.
CiTKy TakoX (PIKCYIOTh IT0 BCHOMY MEPUMETPY Yepe3 yCIo
CTPYKTYpY Karcyiu.

— Tpyna NopiBHSIHHA — 23 MAaIlieHTH, B SIKUX TICTs BCTa-
HOBJICHHSI BCIX KOMITOHEHTIB €HAOIPOTE3y BUKOHYBAIN
KJIACHYHE MOIIapOBe YIINUBAHHS KaICY/ M Ta M SIKMX TKAaHUH
y HaTATHYTOMY IOJIO>KEHHI JJIsl 3aKPUTTS €JIEMEHTIB €H-
JIOIPOTE3a Ta BiIHOBJIECHHS M SIKOTKAHHMHHHUX CTPYKTYp Y
MTOCTOTIePaifHOMY TIEPiOfi.

VYcim namienTam y micisionepaniifHomMy nepioai mpu-
3HAYaJIM KOMIUIEKC TEPANEBTUYHUX BIIPAB JUIS 3MIIIHEHHS
M’SI30BOTO amapary CTerHa.

Jlis oOCcTe)keHHS TAI€HTIB W OLIHIOBaHHS PE3yJbTaTiB
JIIKYBaHHS 31HCHIOBAIH KIIIHIYHE 00CTE)KEHHS, 00’ €KTUBHE
Ta cy0’extuBHe ouiHtoBaHHs QyHKIiT KC Ta sikocTi sUTTS
XBOPHX.

Kniniuanit meton nependadaB OLIHIOBAHHS PiBHS OO0
Il Yac pyxXiB 1 HaBaHTAXEHHS Ha CyII00, 37aTHICTh KiH-

LIBKH 10 OTOpH, aHT'YJOMETPHYHE JOCITI/PKeHHs. Pe3yib-
TaTH JIIKYBaHHs OLIHIOBAJM Y TPyNax CIIOCTEPEIKSHHs Ta
MOPIBHSIHHS B JMHaMini — yepe3 12 ta 24 wmicsui micius
Xipyprigaoro JikyBaHHs. 11 00’€KTHBHOTO OIIHIOBaHHS
¢ynkuii KC BuxopucroByBanu mkainy Harris Hip Score, e
OCHOBHHMMH KPUTEPIsIMU € HassBHICTb 4 BIJICYTHICTB OOITIO,
piBeHBb (DYHKITIOHATBHOCTI, 3MaTHICTh KiHIIBKH JO OTMOPH,
BijIcyTHICTB Nehopmaltii Ta oOcsr pyxiB. Pesynbrar BBakasu
HE3a/I0BUTFHIM, SKIIO cyma OaiiB craHoBmia <70 Oais,
71-80 — 3anoBuIBHUI pe3yibTar, 8§ 1-90 — xopormii, 91-100
0aJtiB — BIIMIHHAMA.

[opiBHSIBHUI aHAJI3 SKOCTI XKUTTS MAIIEHTIB TPYII CIIO-
CTEpEeKCHHS Ta MOPIBHIHHS B TMHAMIIII BiTHOBHHX IIPOIICCIB
BUKOHAJIM LIJISIXOM aHKeTyBaHHs 4epe3 6, 12 124 micsii micast
XIpypri4Horo JiKyBaHHS, BUKOPHCTaHA HAaWMOIIMpPEHima
HUHI cucTeMa omiHioBaHHS SIKOCTI )KUTTA SF-36 (The Short
Form-36).

Pesynbratu

B 060X rpymax miciist onepaTiBHOTO BTPyUYaHHs epeBaXKain
BIZIMIHHI pe3ynbraryu JikyBaHHA: 65,3 % — rpyma cnocre-
pexenns, 52,2 % — rpyna nopiBHSHHS yepe3 12 micsuiB
micis omeparii ta 91,3 % 1 81,0 % BiamoBigHO — Yepe3 24
micsini. Y rpymi cioctepexenHs uepes 24 micsii micis TEIT
KUTBKICTP MAIi€HTIB 13 BIIMIHHIM Pe3yJIETaToM Oylia BHIIO0
3a IpyIy nopiBHsHHSA B 1,25 pa3a, cxoxa TCHICHIIisI BU3HA-
yeHa 1 gepe3 24 micsmi — B 1,12 pa3a. KinbkicTh Marji€eHTis,
K1 MaJi 33J0BUTBHUI 1 XOPOILIMH pEe3yNbTaTH, 3HATYIIO
BiJIpi3HsIIacs B Tpymax y BCl TepMiHH criocTepeskeHHst. Haid-
CYTTEBIII BiIMIHHOCTI MK TPYIIaMH CIIOCTEPIralii B TEPMiH
12 micsui. Y rpymi cioctepexensst 34,7 % naiieHTiB Mau
3aJJOBUTBHUN 1 XOPOIINiI pe3yabTaTH, y TPYIIi TMOPiBHIHHS
KUTbKICTh MAII€HTIB 13 TAKMMH pe3yJIbTaTaMu OyJia OiIbIIO0
Ha 13,1 % i cranoBuna 47,8 %. Uepes 24 micsmi micist TEIT
KC kinbKicTh Nali€HTIB, SKi MaJi 3aJJOBUILHUI 1 XOPOILINii
Ppe3ynbTaTy oliHIOBaHHS 3a mkaioro HHS ictotHo 3Menmu-
mack i cranoBmia 8,7 % y rpymi cnoctepexenHs ta 19 %y
TpyIi OpiBHSHHS (pi3HUL — Maibke 2,2 pa3a). HezaqoBiibHI
pe3yasTaTé He 3a)iKCyBai.

Y mporieci J0CIiKECHHS 311 HCHUITN aHAJTI3 TUHAMIKH 3MiH
3araJbHOTO MMOKa3HUKa BimHOBIEeHHA QyHKIii KC, moka3zHu-
KiB HasBHOCTI (BiZICYTHOCTI) Ta piBHS 00JIbOBOI0 CHH/POMY,
CTaTOMUHAMIYHOI (PYHKIIIi Ta 00CATY pyXiB (mabn. 1).

Pesynbrarti al0Th 3MOI'y KOHCTATyBaTH: 3arajbHi pe-
3yJIBTaTH OLIHIOBAaHHS 3a mKkaoto HHS Oymu kpatui y rpymi
criocTepexennst yepe3 12 1 24 micsi micist onepartii TEI,
aJie He MalOTh BIPOTiHOI CTATHCTUYHOI 3HAYYIOCTI.

Cepen kpuTepiiB, 3a SKUMH MAli€HTH BTPATWIN YHAMaITy
KUTBKICTh OaJIiB, CITiJ] Bi[3HAYUATH [IEPECYBAHHS 3 OTIOPOFO Ha
minox — 45,8 % y rpymi crioctepexenns Ta 46,8 % y rpymi
nopiBHsiHHSL. [larieHTn 000X IpyI CKap KUIINCS TaKoX Ha
CKJIaJIHOLLI TTiJl 4ac TepecyBaHHs CX0AaMH (TIepecyBaHHs 3a
JIOTIOMOTOF0 MOopy4HiB) — 29,2 % 1 30,4 % BinnosigHo. Kyib-
raBicTh Ta OOMEKCHHS AUCTAHIIT TPOTYISTHKHA TaKOXK Oyin
JMITYBabHUMH (pakTopamu B 000X rpymax narieHris. Uepes
24 micsii nicyst Xipypriunoro sikysanns (TEIT) 3adikcoani
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Tabnuusa 1. OujHIOBaHHS dyHKLiOHaNbHOCTI KynbLuoBoro cyrnoba 3a Harris Hip Score (HHS) vepes 12 i 24 micsiui B navieHTiB nicns xipypriyHoro

nikyBaHHs1, n = 47 (M + m, 6anu)

KomnoHeHT HHS

Ipyna cnoctepexeHHs (n = 24),
TEPMiHMN BiAHOBNEHHSA

I'pyna nopiBHAHHA (n = 23),

TepMiHU BigHOBNEHHSA

HHS (3aranbHuit) 90,60 + 6,67 96,47 + 3,80 89,38 + 7,97 95,09 + 6,22
HHS (piBeHb Gornto) 39,13 £4,58 42,43 £1,99 38,95+ 5,42 42,00 £ 3,34
HHS (cTaToguHamiyHa dyHKLis onepoBaHoi KiHLiBkv) | 42,86 + 3,01 4469 + 2,97 4152+4,13 44,28 +3,71

Tabnuusa 2. OujHIOBaHHs 06Csry pyxiB ONepoBaHOro KynbLUOBOro cyrrioba yepes 12 i 24 micsiuis nicrns onepaLii TotansHoOro eHaonpoTesyBaHHs, n = 47 (M

£m,°)

KomnoHeHTH 06csry pyxis

Ipyna cnoctepexeHHs, n = 24

Ipyna nopiBHAHHSA, n = 23

OP (3r1HaHHs1) 118,52 £ 1,90 131,78 £ 0,90 115,10+ 1,24 132,52 £ 0,80
OP (BigBeneHHst) 32,21 £1,17 36,60 + 3,47 31,1+4,21 36,60 0,72
OP (npuBeneHHst) 32,91+0,77 37,14+ 0,81 32,62 + 1,01 37,28 + 0,64
OP (30BHiLLHS poTaLlist) 35,47 £0,81 37,78 £ 0,60 33,80+0,84 38,52 0,50
OP (BHyTpiLLHA poTaLlist) 35,21+0,80 37,91+0,72 34,52 + 0,97 38,09 + 0,64

MTOOTMHOKI BUTIAIKH 0OMEKECHHS (DYHKITIOHATBHUX MOMKIIH-
BOCTEH, 3A€OLIBIIOT0 Yepe3 HeOOXiTHICTh BUKOPUCTAHHS
MATPUMKH TIPOTSITOM TPUBAJIMX HPOTYISHOK 1 TEPEHKYPIB
(0310pOBYOT 1030BaHOT X0ABOH 13 3aJaHUMH TTapaMeTPaMU
IHTEHCHBHOCTI 1 00CATY TEpAIIeBTHIHUX BILTUBIB).

Pesynbraty Mo)kKHA BBa)kKaT 3a/I0BUIBHUMH, OCOOJINBO
BPaxOBYIOYH, IIIO0 B KUJIBKOX TAII€HTIB MIarHOCTYBAJH II0-
BTOPHHI BHBHUX TOJiBKH eHpompore3a KC npotsarom mep-
IIOT0 POKY IMiC/ISIOTIEPAIIIHOTO MEPiofy, 0 MOTPeOyBaIo
KOHCEPBAaTHBHOTO 200 IOBTOPHOTO ONIEPATUBHOTO JTIKyBaHHS
Ta, SIK HACJTII0K, ICTOTHOTO ITO/IOBKEHHS IIEPioJTy BiJHOBHOTO
JIIKyBaHHSI 3 KOMIUIEKCHUM 3aCTOCYBaHHSIM 3ac001B (hi3U4HOT
Teparmii Ta eprorepartii.

[poanainizyBanu TUHAMIKY 3MiH 0OCSTy pyXiB OIlepoBa-
HOI KIHI[IBKH B NAIi€HTIB (ma6a. 2). Pe3ynbsraTi okasaniy,
1o gepe3 24 Micsi Ticist XipyprigHOTo JTiKyBaHHS Y TPYII
CIIOCTEPE)KSHHsI HasiBHA IIO3UTHBHA IMHAMIKA 32 BCiMa rapa-
Metpamu Ta Hanpsimamiu pyxiB y KC. IToka3zano, 1o gepes 12
MicamiB micis xipyprignoro JgikysBaHss (TEIT) oOcsr pyxis
onepoBanoro KC y maii€eHTiB i3 rpynu CrioCTepekeHHsI 111e
BiZIpi3HABCA BiJl peepeHTHUX 3HAYCHB 37J0POBOTO CYTII00a.

Cepenni 3na4eHsst OP (3ruHaHHs) rpyny CIOCTEPEKEHHS
CTaHOBWJIM TiIbkH 84,65 % Bia NMOKA3HHKIB 3M0POBOI KiH-
LIBKH, 110 3A€0UIBIIIOT0 3yMOBICHO OOTHOBIM CHHIPOMOM
13MiHOrO OiomexaHiyHuX BiactuBoctei KC yHaciok Tpas-
MH Ta XipypriuHoro JikyBaHHs. Haiikpari pesyiasraru OP,
SIKI MAaKCUMaJTbHO HAaONM3IITUCS 10 peepeHTHUX 3HAYCHB,
OTPUMaJIM TIiJ] Yac BUMIPIOBaHb 30BHIIIHBOI Ta BHYTpILI-
HbOi porarii: gedinur OP cranosus 11,35 % Tta 11,98 %
BiAMOBIAHO. Y TepMiH 24 MiCSLIB Micas XipypriqyHOTO
JIKyBaHHsI 00’ €KTUBHO BH3HAYMIIN MO3UTUBHY JTUHAMIKY Y
TPYIIi CTIOCTEPEKEHHA: cepenHiil moka3Hnk OP (3ruHaHH:T)
30imbmmBest 10 94,12 % Bin pedepeHTHHX 3HAYEHb, 1110 Ha

9,47 % Oinbliie, HK Y ONIEPEHIH TepMiH; Cepe/IHii mokas-
HuK OP (BimBenmenns) 30impmuBes Ha 8,35 %. HanOinbmri
3MIHM JUHAMIKU BCTAHOBWIM IiJ{ Yac BuMiproBaHHS OP
(mpuBenenns) — 36impmenHs Ha 10,88 % (82,27 % y Tepmin
12 micsmiB mpota 93,15 % y Tepmin 24 MicAIll BiAIOBITHO
JI0 TIOKa3HUKIB 3710pPOBOT KiHI[IBKH).

BumiproBanns OP onepoBanoro KC y marieHTiB i3 rpymu
TIOPIBHSHHS 1TOKA3aJI0, 10 Yepe3 24 Micsi micis onepaii
He 3a(iKCyBaJlM CTAaTUCTUYHO BIpOTiIHY PO30INKHICTH MiXK
TOKA3HMKAMH TAIIEHTIB 13 TPYITH CIIOCTEpEkeHHA. B 000X
rpynax BCTAHOBIIIM OJHAKOBO 3310BLIBHI Pe3yNBTaTH 00CsTY
pyxiB KC micis onepariii. OTke, 00’€KTUBHE OLIHIOBAHHS
CTaHy ONEPOBAHOTO Cyroba 3a momomororo mkamd HHS
TMIOKa3aJI0 Kpally MHaMIKy BiTHOBJICHHSI CTaHy OIIEPOBAHOTO
Cyn100a B MAI[IEHTIB 13 TPYIHU CIIOCTEPEIKESHHSL.

AHati3z pe3ynbTaTiB aHKeTYBaHHS TMALlIEHTIB 32 IIKAJIOK0
SF-36 cBiIYMTH PO MOKpAIIEHHS TTOKa3HUKIB (Di3UIHOTO
KOMIIOHEHTa 3[J0POB’Sl B AWHAMII MPH BiIHOCHO CTaJHMX
TMOKa3HHUKaX IICHXOJIOTTYHOTO 3/I0POB’ s 32 BECh IIEPiOJ 10CTi-
JoKeHHs1 B 000X rpymax. [TpoTsirom ycix dikcoBaHUX TepMiHIB
JIOCTIDKEHHS HE BUSBIUIN CTATUCTHIHO BIPOT1IHY Pi3HUIIIO
TIOKa3HUKIB SIKOCTI KUTTSl MIXK IallieHTaMu 000X rpytL. Brim,
AHAIII3YIOUM OKpeMi KpUTEpil KUTTEAISUIBHOCTI Talli€HTIB,
TIOMITHI CTaTUCTHYHO 3HAUyIi BigMiHHOCTI. [lepemycim e
CTOCYETBCSI TTOKa3HUKIB POSIboBOrO (yHKIioHyBaHHs (RP)
Ta POJILOBOTO (DYHKI[IOHYBaHHSI, 1110 3yMOBJICHE €MOLIIHHIM
cranoM rartieHTiB (RE): uepe3 6 MicsIIiB MicIs XipypriqHoro
BTpYUaHHs cepelHsi cyma OainiB 3a kpurepieM RE y rpymi
criocTepexenHs cranosuna 49,27 (wa 25,7 % menme, Hix
y Tpymi nopiBHAHHS), 3a KputepieM RP — 59,13 (na 8,7 %
ripue, HiXK IMOKa3HUKH TPynu nopiBHsHH:A). [IpoTsarom
HACTYITHUX TEPMiHIB OMUTYBAaHHSA IIi TOKA3HUKH 3POCTAIH,
ajie TUIbKY Ha 24 Micsil HaOJIMKaIucs 10 BIAIIOBIIHUX I10-
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Pue. 1. Jiarpama sKocTi xuTTs 3a onuTyBanbHnkoM SF-36 y nauieHTiB rpyn cnoctepexerHs (A) Ta nopiBHsHHS (B), n = 47.

PF: disnyHe cyHkuioHyBaHHs, RP: ponboBe dyHKuUioHyBaHHS, BP: iHTeHcuBHiCTb Gonto, GH: 3aranbHuii cTaH 3gopoB’s, VT: XUTTEBa akTUBHICTb,
SF: couianbHe dyHKuioHyBaHHs, RE: ponboBe yHKLiIOHYBaHHS, ke 3ymMoBneHe eMouiiHnm ctaHom, MH: ncuxiyHe 3nopos’s.

Ka3HHKIB MAII€HTIB, SIKNM HE BUKOHYBAJIH IUTACTHKY KaTlCyITn
cyrioba 3a roromororo [I1C (puc. 1).

BpaxoByroun NO3UTUBHY JMHAMIKY BiJIHOBIICHHS CyIiio0a
y TPyTIi CHOCTEPEKEHHS IPOTSTOM 24 MiCSIIIB ITiCIst onepa-
uii, II mepion pealimiTamii mamieHTIB TPYIH CKOPOYCHO, a
Tiepestik peKoMEeH Ialiil o/10 PeKUMY ONEepOBAHOT KIHIIIBKU
JIETIO CIIPOIEHO MOPIBHSIHO 3 3arajbHOBIJIOMHUMH CXeMaMHt
BiJIHOBHOTO JIIKYBaHHS (KPiM THX, I1I0 MAfOTh BIUIMB HA PH3UK
PO3BHTKY PELUIMBHHAX BUBHXIB!

— IOTPUMaHHSI IPaBUJIA KIIPSIMOTO KyTax: KYT MIXK Ty.TyOOM
1 CTETHOM He MeHIIHi, Hixk 90°, He TmiIHIMATH KOIIHO BHUIIIE
KyJIBIIIOBOTO CyIJI00a;

— OChOBE HaBaHTa)KEHHS HA OIIEPOBaHY KiHIIBKY HE Mae
nepeBuinyBari 50-70 % Bijg Macu Tina B mepii 2 micsi
BiJTHOBHOTO JIIKyBaHHSI;

— HOTH HE CXpEelTyBaTH, YHUKATH Pi3KHUX IIOBOPOTIB TyiTy0a
1I0JI0 HIT;

— 3a00POHSIOTHCS 00EPTH Ha OTIOPHI OIepoBaHii HO3i;

— IPOTATOM TepIInX 4 THKHIB MICHs XipypridHOro JiKy-
BaHHS CIIiJI CHIITH HE OUIBIIE HIXK ITiB TOMUHA O€3 IepepBHy;

— Iij 9ac mepiomy peabimiTariii He ¢l BAKOHYBaTH Tepa-
TIEBTHYHI BIIPABH 32 HASIBHOCTI 0OJIIO;

— MICJsl CHIOMPOTE3yBAHHS CJIiI YHUKATH MigiiiMaHHs
MIPeIMETIB, 10 Bakarh moHay 10 Kr mpoTsrom nepmmux 2—3
MICSILIIB;

— 0OMEXHUTH TepareBTHYHI BIPaBH B KOMIUIEKC] 3 TIPHUCi-
JAHHSIMHU Ta Oirom;

— KepyBaHHS aBTOMOO1IEM JT03BOJISIETHCS MICIISI BiTHOB-
JIEHHS CHJIM M sI31B CTETHA Ta CiIHUI, aje HE paHime,
HiX gepe3 | micamp. s kepyBaHHS aBTOMOOiIEM, KN
00J1alHaHO aBTOMaTHYHOI0 KOPOOKOIO Iepesiay, peKoMeH-
Janii MOXKyTb 3MIHIOBAaTHCS 3aJIEKHO Bifl OOKY ypasKeHHs
(nmiBa/mpaBa HOTA);

— HEOOX1THUI KOHTPOJIb MacH TiJla Ha MiICTaBi KOMILJICK-
CHOTO 3aCTOCYBaHHsI 3ac001B (pi3N4HOT Tepaltii, BIIIOBI JHUX
JU€ET 1 IPUPOHUX YNHHHUKIB O3OPOBIICHHS ISl YHUKHEHHS

(hi3MYHUX CTaHIB, AKi XapaKTEPU3YIOThCS HASBHICTIO HAall-
TIUIITKOBOI MacH Tina ab6o oxwupiaas (I-11I cTymenis);

— yci BHYTPIITHHOM "S130Bi 1H €KIIii BHKOHYIOTHCS B CiJTHH-
ITF0 3 OOKY 370pOBOI KiHITIBKH;

— uepe3 1 micsamp micns omepartii TEIT pexomermoBaHO
0370pOBYE IUIABaHHS (IMPOTHIIOKA3aHHS — 3aCTOCYBAaHHS
cTHIiIo Opac);

— CeKCyaJbHI KOHTAaKTH (OLTBIIE CTOCYEThCA XKIHOK). Y
mieprri 4 TYKHI TCIS oTeparii He peKOMEHIYEThCS MaTH
CeKcyalbHiI KOHTakTH. Hamami ciig odupars mosu, mo Mak-
CHMAJIFHO 3MEHIIYIOTh PU3UK BUBUXY CHIONPOTE3a.

OTXe, AKICTh KHUTTA MAIIEHTIB 000X TPyII, 3aralbHUH
Cy0’eKTUBHHH CTaH Cyriio0a, oOcsT pyXiB OIEepoBaHOi KiH-
I[iBKH, & TAaKOXK OIIHIOBAHHS KITiHIKO-(QyHKITIOHAIBHUX pe-
3yJBTATIB JTiKyBaHHA 3a mkanoro HHS npsmo koperoroTs i3
BUKOHAHHSIM [TepeIoTIepalliifHIX BIPaB TEPAIIeBTHYHOTO Xa-
pakTepy Ta JOTPUMAaHHAM ITiCIIIOTepariifHoi peadiiTamiitHoi
nporpamu ¢i3ugHoi Tepartii. Taka KOpesIlis € ICTOTHIIIOO B
TepMiH 12 MicCsIIiB TicIs XipyprigHoro JikyBaHH:. Yepes 24
MICAIIi CTIOCTEepeKEHHS TOKa3HUKH cTaHy orepoBaHoro KC B
000X TpyTax MaIi€HTIB CyTTEBO HE BiAPI3HSITICS.

OOroBopeHHs

Y cyuacHiil MeIIYHIN MPAKTHUII OCTATOYHO HEBUPIIIEHIMHI
3aJTUIIAIOTECS TTUTAaHHSA AU(EpeHIiHOBaHOTO MiAXOAY 10
BUKOPHCTaHHA 3ac00iB (hi3ndHOi Teparrii B peabimiTamitHIX
nporpamax s marienTiB micast TEIT KC i micis nepBrHHOTO
BUBHXY Ta 3aKPHUTOTO BIpaBiIeHHs cyrooa [ 1-3]. OueBnaHo,
NEepIIOYePTOBUMH 3aBIAHHAMH € 3MEHIICHHS aMIUTITyIH
pyxiB y KC mix yac BUKOHaHHS TEpalleBTUIHMX BIIpaB Ha
MOYaTKy pealblmiTariiHIX TPOLenyp 1 TOTPUMAaHHSI METO-
JUYHUX YMOB IIOJ0 MOCTYHOBOTO TIIBUIICHHS (Di3HUHIX
HaBaHTa)XeHb. Ha HaIlly IyMKy, 1€ CTOCYETBCS SIK aMILTI Ty
PYXiB, TaK i 3araJbHUX XapaKTEPUCTUK OOCSTY Ta IHTEHCHB-
HOCTI BUKOHAHHS TEPAleBTHIHNX BIpaB. I1icTst peBiziitHIX
OTIepaIifHuX BTPYYaHb ICTOTHO IMiABUITYIOTHCS TOKa3HUKI
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KIUJIBKOCTI PELMIMBHAX BUBHXIB MMOPIBHSHO 3 TIEPBUHHUM
EIT maiixe Baecsitepo [4,5]. YV nmux Bunaakax peadimitamiii
mporpam 3 (i3UYHOI Teparii MOKyTh Oy TH MPOTHUITOKa3aHi
TIOBHICTIO 200 TXHE 3aCTOCYBaHHS IIOBUHHE OyTH 1HAWBITY-
QJII30BaHO Ta ITOTO/PKEHO 3 JIiKapeM, (pi3ndIHUM TepareBToM
(peabiniTonmorom) i mamierToM. KpiM Tor0, Y BUIMagKax, Ko
JiKap, (PiI3UYHUIA TepameBT i MAI[IEHT MAIOTh CIUTBHY TyMKY
110/I0 MOYKJIMBOCTI 3aCTOCYBaHHs pealiiTaliiiHuX nporpam
13 3aJTyYEeHHSIM TePAIIeBTUUHHX BITPAB, BAKINBUMH € ITOKa3-
HUKH [TOTOYHOTO CTaHy MAIli€HTa: HasBHICTH 200 BiICYTHICTH
CYIIyTHIX 3aXBOPIOBaHb, HA/UTIIIKOBOT MacH Tijia TOMIO.

BaxiMBUM €leMEHTOM y CTPYKTYpi mporpam ¢izsugHol
peabimiramii namientiB micas TEIT KC e xommiekcu Te-
paNICBTHYHUX BIPAB Y BOIHOMY CEpeIOBHINI (OaceifHi).
Ha oxpemy yBary mnikapiB i ¢axiBuiB i3 ¢izuynoi Tepartii
3aCJIyrOBYIOTh NPOTHIIOKA3aHHS /10 BAKOHAHHS [1ABAJIbHUX
pyxiB cTmieM Opac. Poboudi pyxu HOramu po3nodnHAIOTECS
MIOCTYTIOBHUM, MPUCKOPEHUM Ta CHEPTiifHUM PO3THHAHHSAM
HIT y KyJIBIIOBUX 1 KOJIIHHUX Cyr100ax, TOMUIKK Ta CTYIHI
3IIHCHIOIOTh MPH [OMY XJIMCTONOJMIOHI yrOBi pyXH IJIst
BiJIIITOBXYBaHHS Bi Boaw. Poboui pyxu HOraMu 3aBepIiry-
10TBCS Y (ha3i BUNIPSIMIICHHS HiT. Taki pyXu MOXKYTb CIIPUSITH
peunauBHUM BuBHXaM KC, TOMy BaXJIMBUM € KOHTPOJIb 32
BHUKOHAHHSM TEPANIeBTHYHMX BIPaB i3 00Ky (hizndHOTO Te-
parieBTa i1 9ac BiTHOBTIOBAJIBHUX 3aHATh y OaceiiHi HaBIiTh
TTiCIIst TToTepeTHbOro iHpOPMyBaHHS MALliEHTA.

BucHoBKMu

1. Buxopuctanns [1IIC amns 3minHeHHS 3aHIX KalCyb-
HO-3B’s13k0BHX cTPyKTYp KC mpu3BoauTh 10 pO3MIMPEHHS
(YHKIIIOHATBHUX MOXKJIMBOCTEH OIEPOBAHOI KIHIIBKU Ta
BIJTHOBJICHHS NAIi€HTIB, IPUCKOPIOE TporiecH (i3udHol
peaOimiTamii eI BUMKMCYBaHHS 31 CTallioHapa.

2. JIoBe/IeHO TOLUTBHICTD PETENBHOI IepeIoTeparliiHO TijI-
TOTOBKH IAI[I€HTIB Ta AKTUBHOTO BSICHHS MICISIONICPAIIHHOTO
riepioy (KOMIUIEKCH TEpParieBTHYHUX BIIPaB, iHOOPMYBaHHS
TIAIIEHTIB), IO Ja€ MOXITMBICTD TTONIMIINTH PE3yABTaTA Xi-
PYPrivHOTO Ta BITHOBHOT'O JIIKYBaHHSI, yHUKHYTH MOMKIJIMBUX
YCKJIIHCHB 32 YMOBH JOTPUMAaHHS PEKOMEH/IAIIiH 1 KOMILICK-
CHOTO 3aCTOCYBaHHI 3ac00iB (hi3r4HOI Tepartii.

MepcnekTMBU NoganbLUNX AOCHiIAKEHb IPYHTYIOTECS Ha
Heo0X1THOCTI po3pOOJIEHHS aJITOPUTMY IHNBITyaJIBHHX JIeTa-
JIi30BaHKX Nporpam (i3u4HOT Tepartii Malli€HTIB MiciIs TOTallb-
HOTO €HIOTIPOTE3YBaHHS KYIBIIOBOTO CyIyIo0a 3 HasiBHICTIO
CYIIyTHIX 3aXBOPIOBaHb 200 MICISIONCPaitHIX YCKIaIHCHb.
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CepueBo-CyaAuHHI YCKNagHeHHA noniximiorepanii MHOXWUHHOI
MIE€NIOMU: cy4acHi Hanpsimu B AiarHOCTUL

B. b. Camypa**CPF M. O. MaHaceHkoBE

3anopisbkuii AepKaBHUIA MeANYHUI yHIBepcuTeT, YkpaiHa

A — KOHUenUis Ta an3aitH gocnipkeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTatouHe 3aTBepaXEHHS CTaTTi

MeTta po60oTy — NOLLYK Ta y3ararbHEHHS [OKa30BMX AaHMX LLOAO NPOrHO3Yy Ta AiarHOCTUKN BUHWKHEHHS! KapAioBaCKynspHUX nogin y
XBOPUX HA MHOXWHHY Mi€NOMY.

lMopyLueHHs cepus Npy NPU3HAYEHHI LMTOCTAaTUYHWX NPpenaparis | MOHOKIMOHANbHUX aHTUTIN MOXYTb By Ty NiMiTyBanbHUMK thakTopamm B
nikyBaHHi MHOXMHHOI Mienomu. MobiyHi Aii XximioTepanii BKoYatoTb riNOTEeH3it0, NNepTEH3ito, apuTMii, MOPYLUEHHS NPOBEAEHHS iMNYITbCY,
nepukapanT, TpoM6oemMBonivHi yCknagHeHHs, cepLeBy HEAOCTaTHICTb, CMEPTb.

Pu3nk po3BuUTKy KapgiOTOKCUYHOCTI 36inbLuytoTh Aeski hakTopu, SK-0T CTYMiHb eKCrnosuii npenapary, BiK, 3aXBOPIOBaHHA Cepus B
aHaMHesi, apTepianbHa rinepTeHsis, KOMOIHOBaHa Teparnisi, nonepeaHi NpoMeHeBa i ximiotepanis. MpUHLMNOBUM € BUSIBIIEHHSI 03HaK
KapaioBackynsipHOi TOKCUYHOCTI 10 PO3BUTKY KMiHIYHKUX NPOSIBIB NMOLLIKOMXXEHHS MiOKapAa Ta CyauH. 3annwaeTbesl He3'ICOBaHO pPorb
MapKepiB y BUSIBMEHHI rPYNW PU3KKY HECTIPUATANBIX KapAioBacKyNAPHUX NON.

BucHoBku. PaHHs giarHoCTVKa | BUSHaYEHHS MPOrHOCTUYHUX (DaKTOPIB Kap4ioBaCKynspHOI TOKCUYHOCTI, SIKi pO3BMBAKOTLCA NiCNs nonixiMio-
Tepanii OHKOreMaTonoriYHMX 3axXBOPIOBaHb, € BXIIMBUM i 40 KiHLS HE 3'SCOBaHUM 3aBAaHHSM.

Cardiovascular events after polychemotherapy of multiple myeloma: modern ways to diagnostics
B. B. Samura, M. O. Panasenko

Heart dysfunction that occurred after using cytostatic drugs and monoclonal antibodies may be a limit factor in the treatment of
multiple myeloma. Side effects of chemotherapy include hypotension, hypertension, arrhythmias, conduction disturbances, pericarditis,
thromboembolic events, heart failure, death.

The risk of cardiotoxicity may be increased by some factors that include drug exposure, age, history of heart diseases, arterial hypertension,
drug combination, previous radiotherapy or chemotherapy. It's important to detect cardiovascular toxicity before the appearance of clinical
signs of heart and vessel disturbance. The role of markers in the elicitation of risk groups of cardiovascular events is uncertain yet.

Early diagnostics and definition of prognostic factors of cardiovascular toxicity appeared after polychemotherapy of oncohematological
diseases are important and not solve problems.

Key words: multiple myeloma, cardiovascular events, chemotherapy, diagnostics, prognostic factors.

Current issues in pharmacy and medicine: science and practice 2020; 13 (1), 164-172

CepaeyHo-cocyauCTbIe OCNOXHEHUs! NONUXUMMOTEPANUN MHOXECTBEHHO MUENOMbI:
COBpeMeHHbIe NoAXoAbl K AUarHocTuke

b. b. Camypa, M. A. MNMaHaceHko

Llens pa6otkl — nouck 1 0600LeHne AokasaTenbHbIX 4aHHbIX OTHOCUTENBHO NPOrHO3a W ANAarHOCTWKW BO3HUKHOBEHWS KapAaMoBacKy-
NSAPHBIX COBBLITWIA Y BOMNBHBLIX MHOXECTBEHHOW MUENOMOW.

HapyweHus putMa cepgua npu HasHauyeHun LMTOCTaTMYECKX NPenapaToB U MOHOKMOHAMbHbLIX @aHTUTEN MOryT ObITb IMMUTUPYLO-
LM HaKTOPOM B NEYEHNM MHOXECTBEHHON MUenoMbl. MoboyHbIe ahheKTbl XMMUOTEpanum BKIKOYAIOT TMMOTEH3MNI0, TMNEPTEH3NIO,
apuUTMWK, HapyLWeHNs NpoBeAeHWs NMMyNbeca, Nnepukapamnt, Tpomb6oambonmyeckne OCNOXHEHNUS, CepaeYHY0 HefoCTaTO4YHOCTb,
CMepTb.
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Cepueego-cyOuHHi ycknaOHeHHs1 nonixiMiomepanii OHKo2eMamosoaiyHUX 3aX80PHBaH...

Pyck pa3BuTUs KapaAMOTOKCUYHOCTM YBEMNUYMBAKOT HEKOTOPbIE (aKTOpbI, KOTOPbIE BKITHOYAIOT CTeNeHb 3KCMO3nLMM Npenapara, Bo3pacT,
3abornesaHu1s cepaLa B aHaMHese, apTepuanbHyIo rUNepTeH3mnio, KOMBUHUPOBAHHYIO TEPaNMI0, NPEALWECTBYOLLYIO Ty4eBy0 Tepanmio
UK XMMKOTepanuio. MpUHUMNMANbHO YCTaHOBMEHWE NPU3HAKOB KAapAMOBACKYTSAPHOM TOKCUYHOCTW A0 Pa3BUTUS KIIMHUYECKNX NPOsiB-
NeHU NOBPeXAeHUs M1okapaa u cocyno. OcTaeTcst HEBLIICHEHHOM PoJib MapKepPOB B OMPeAeneHn rpynnbl pucka HeGnaronpusTHbIX

KapanoBacKynspHbIX COObITUI.

BriBoab!. PaHHAS guarHocTvKa v onpegeneHne nporHocTYeckmx haktopos Kap,Cl,VIOBaCKyJ'IFIpHOI;I TOKCMYHOCTW, pa3BnBatoOLLINXCA nocne
nonuxuMmuotepanum oHKoreMaTonorn4ecknx 3aboneBaHui, — BaXHasi U [0 KOHLUA He paspelleHHasa 3agaya.

KnrouyeBble crioBa: MHOXECTBEHHAs MUENOMa, KapaMOoBaCKyNspHble cobbITHS, XUMUOTEpanus, ANarHOCTVKa, NPOrHOCTUYECKME (DaKTopbI.

AKTyanbHble Bonpocbl hapmaLeBTU4eCKOM U MeaULIMHCKON Hayku 1 npakTuku. 2020. T. 13, Ne 1(32). C. 164-172

MHOXHHHA Mi€JIOMa — O/IHE 3 HAHOLIBIII TIOINPEHUX XPOHIY-
HUX JiM(ponpoipepaTuBHUX 3aXBOPIOBAHb, 110 XapaKTePH-
3y€ThCSI HEKOHTPOJIBOBAHOIO IPOITi(hepalli€ro mia3MaTHIHIX
xiituH. [TommpenicTe MHOKWHHOT MI€JIOMH y CBITi CTaHO-
BuTh 2,1 Ha 100 000 HaceneHHs, B €BPONECHCHKIX KpaiHaxX i
CHIA —5,2 na 100 000 nacenenns ta 4,6 xa 100 000 Hacenen-
H# BiImmoBiaHO. [TommpeHicTs MHOKMHHOT Mi€JIOMH B YKpaiHi
3a OCTaHHI JECATUPIYYS 3HAYHO 3pOCIIa, 10 TT0B SI3YIOTh 13
Mo iKyBaITEHIM BIUTHBOM 30BHIIITHBOTO OMTPOMiHEHHS [ 1].
[NomkomKeHHst OpraHiB IPY MHOKUHHIH Mi€JIOMI KOMITIEK-
CHE 1 BKJIIOYAE JIECTPYKILIT KICTOK, IPUTHIYCHHSI KICTKOBOTO
MO3KY, HUPKOBY HeIoCTaTHICTh [2]. Xoua Mienoma 3asuima-
€ThCS IHKYPaOEIbHUM 3aXBOPIOBAHHSIM, BUKUBAHICTh Malli-
€HTIB 32 OCTaHHI 15 POKIB CyTTEBO MOKpAIIUIIACS 3aBISIKH
3aCTOCYBAHHIO aKTHBHIMIKMX 1 MEHIII TOKCHYHMX JIIKAPCHKUX
npenaparis [3]. HaciigkoMm momoBKeHHS KUTTSA MAIli€HTIB
€ TIIBUIIEHHS 3HAYYIIOCTI KapiOBaCKYJISIPHUX TMOMIH K
MIPUYXH TOTIPIICHHS POTHO3Y Ta SKOCTI )KUTTS MAIli€HTIB.
KapmioBackymsipHi 3aXBOpIOBAHHS € OMHIMH 3 HAWOUTBII
YaCTHX MOOIYHUX €(EeKTIB MPOTUITYXIMHHOTO JIIKYBaHHS,
€ Bce OLjIbIIe JIOKa3iB, [0 BOHU MOXYTh OyTH IPUYHHOIO
TiepeyacHol CMepTi XBOPHX, SIKI BHDKHIIN TICIIS JTIKYBaHHS
[4]. Lle Moxke OyTH pe3ynbTaToM KapIiOTOKCHYHOCTI, MO0
BKJIFO4a€E Oe3nocepesiHi epeKTH MPOTHITYXJIMHHOTO JIIKY-
BaHHsI Ha MOP(GODYHKIIOHATIBHHUIA CTaH CEPLEBO-CYAMHHOT
crcteMu abo Moyke OyTH HACHiJKOM ITPUCKOPEHHS PO3BUTKY
KapIioBacKyIAPHUX 3aXBOPIOBAHb, 0COOIMBO 32 HASIBHOCTI
TpaauIifHAX KapAioBACKYIAPHUX (PaKTOPiB PH3HKY [5].

MeTta po6otu

[Momyk Ta y3arajabHEHHS JTOKa30BUX JAHUX IOJI0 IIPOTHO3Y
Ta JIarHOCTHKY BHHUKHEHHS KapAiOBACKYJIIPHHX ITOAIHN Yy
XBOPHX Ha MHOKHHHY Mi€JIOMY.

st peanizanii METH BUKOPHCTOBYBAJINM CHCTEMAaTHUHI
OIVISIIM, PE3YIBTATH METAaHANI31B 1 KITIHIYHHAX JIOCITIIKEHb 13
06a3 qaHux 1o0ka3oBoi Meuiman — Medline HanionansHoi me-
mano1 6i0miorexu CILIA (US National Library of Medicine,
NLM) 3 1i eleKkTpOHHO-TOIIYKOBOIO cucteMoro PubMed,
Clinical Trials. ITepiox nomuryky — xoBTeHb — rpyaeHs 2019 p.

[Tpu MHOKUHHIH Mi€JTOMI 3MiHHM Y CKJIa Tl TU1a3Mu Ta 0a3oBa
Teparmis 30UTBIIYIOTh PU3UK TPOMOOEMOOTIYHIX MO 10
1-2 % [6]. KapnioBackymsipHAH pU3HK MOXKE 301THITYBATHCS
110 25 % 3aJ1e)HO BiJ] 3aCTOCOBAaHMX XiMIOTepParIeBTUIHHX Ta
IMyHHHX 3ac00iB. KpiM TOTO, HEKOHTPOITEOBaHA TIPOIYKITis
JIETKHX JIAHIIOTIB IMyHOIIIOOYITiHIB TIOB’S13aHA 3 PO3BUTKOM
aMi101103y MioKap/ia i TSHKKUX yCKIIa HEHb.

BripoBa/pkeHHS! B JTIKyBaHHSI MHOYKUHHOI MiesioMu (0co-
O0muBO pedpakTepHHUX CTaAii 3aXBOPIOBAHHS) CYyYacHHX
IMyHOMOJYTIOBAJIBHUX JKiB Ta 1HTi0iTOPIiB mMpoTeacom
CYTTEBO MOKPAIIWIIO 3arajibHy BHXKMBAHICTh TMAIl€HTIB [7].
Tak, iMyHOMOIYASTOPH (JICHATIAOMIJ) aCOLIFOIOTHCS 31
30LTBIIEHHSIM PU3UKY TPOMOOEMOOIYHHX TOAIH, a iHTi0i-
TOpH IpoTeacoM, (kapdinzomi0) — 3i 30UTHIICHHSAM PU3UKY
cepreBoi HenocrarHocTi (CH) Ta apuT™iii.

Jlo xapioBacKyISIpHUX MO, IIT0 BAHUKAIOTH MiCIIA JTIKY-
BaHHs 'eMaToJIOTTYHHIX HEOILIa3ii, Halle)aTh MioKap/iiaabHa
muchyrkmis i CH, imemigHa XBopoOa cepis, Baay CepIid,
apTepiajibHa TiMepTeH3is, MOPYIICHHS PUTMY Ta IIPOBiIHO-
cTi, TpoMO0eMOOITIUHI 1OJ1iT, 3aXBOPIOBAHHS EPUPEPUIHIX
CYIUH Ta IHCYJBT, JISTCHEBA TiMepPTEH3is, IepuKapIiaibHi
yckiaaaeHHs. KapaioBacKysspHi oii € PHYMHOIO0 3HKEH-
HSl BUOKUBAHHS Ta SIKOCTI KUTTS XBOPHX, SIKI BHOKWIIH TTICIIS
JIKyBaHHS OCHOBHOTO 3aXBOPIOBAaHHS [§].

HeoOxinHo 3a3Ha4uTH, 0 MPUINHOK BUHUKHEHHS
Kap/1i0BacKyJISIpHUX MO MOXKYTh OyTH MOPYIICHHS, IO
Oe3mocepeTHbO OB’ 13aHi 3 Tepe0iroM MHOKHHHOT Mi€TIOMH,
a TaKoK TIOPYIIEHHS, SIKi ITOB’s13aHi 3 ii likyBaHHsAM. Tpaau-
iiHI (hakTOpH PU3MKY: BIK, I[yKpOBHIi aiabet, aprepiaibHa
TiepTeH31s, TUCITITTIIeMisl — TAKOXK BILTHBAIOTH HA PO3BUTOK
KapliOBACKY/ISIPHUX MOAIH Y XBOPHX HA MHOXXHHHY MI€JIOMY.
30Kpema, MapanpoTeid, KU CHHTE3YEThCs MyXJIMHHUMHE
KIIITHHAMH, MOXKC HAKOIMIyBAaTHCA B MIOKapIi, €HIOTeNil
CY/IMH, 1110 CTIPUYMHSIE MOPYIICHHS CEPLEBO-CYANHHOI CHC-
Temu [9]. Binomo, mio nipu aiM¢onponidepaTHBHUX 3aXBO-
PIOBaHHSX HABITH ITiJ] 9ac perpecii KINITHHA MIKPOOTOUCHHS
MOKYTh CHHTE3yBaTH 010JI0T1YHO aKTHBHI PEUOBUH, Y TOMY
yucii inTepreiikin-6 i CD40L [10], 1o Moxe BIUIMBAaTH HE
TLTBKU Ha TIpOITihepartiro MyXIIIHHOTO KIIOHY, aje i OyTu ox-
HHM 13 ME€XaHI3MiB BUHUKHEHHSI KapliOBaCKYIISIPHUX TTOJIIH.

VY J1iKyBaHHI MHOXKUHHOI Mi€JIOMH 3aCTOCOBYIOTB XiMiOTEpa-
TIi10, sIKa MOYKE 3yMOBITIOBATH BUHUKHEHHS KapIi0BACKYIISIPHIX
nofii. Ximiorepartisi, 0COOJIMBO aHTPALMKITIHU, 301IBIITYIOTH
pusuk BuaukHeHHst CH 1 Bax ceprist. Y marieHTiB MOXHI0ro
BIKY 3 (haKTOpaMH PU3HKY MICIIS XiMIOTeparii 301TbITyeThCs
possutok CH. KomOinarist HeratnBHUX e(heKTiB XimioTepartil
Ta 3araJbHOBM3HAHHUX KAPAIOBACKYIIPHHUX (PAKTOPIB PH3UKY
MOyKe Oy TH PIYINHOI0 BHHUKHEHH: Kap/Ii0BaCKYIISIPHIX IO
YIIPOIOBXK 25 poKiB miciist stikyBaHHs [11].

3a ocranHi 10 poKiB 3 TOSIBOXO HOBUX KOMOIHAIIIH IUTOCTA-
THKIB i TAPTETHHX MPETapariB CIEKTP MOOTYHNX KapiOBaCKYy-
JSIpHUX e(DeKTIB XIMIOTEPAIIEeBTUUHHX 32C001B 301IBIINBCS.
Po3BuTOK aTepocKIIepo3y MOXKE IMPUCKOPIOBATHCS B IAIIEHTIB
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micist Ximioreparnii [13]. bararo j1ikiB MOXYTh IHIyKyBaTH
KapiIOTOKCHYHICTh MPU KOMOIHOBaHOMY 3aCTOCYBaHHI,
0cO0MHBO 32 HASIBHOCTI KOMOPO1IHOT TaTONOTI1 Ta (haKTopiB
pusuky. 3a ACC (American College of Cardiology) Ta AHA
(American Heart Association), mami€HTH, SIKi OTPUMYIOTb
XiMioTeparriro, MOXyTh OyTH kiacugikoBadi sk CH rpymm
A[12].

Jucoynkuis miokapaa Ta CH, siki OB s13y10T5 13 Kapio-
TOKCHUYHICTIO, € HAalOLIbII 3HAYYIIMMHU YCKJIaHEHHIMHI
TIPOTHITYXJIMHHOTO JIIKYBaHHSI y 3B’ 13Ky 3 IXHBOIO 371aTHICTIO
30inbiryBaTH cMepTHiCTb [14]. KiiHidHI 03HaKM Kapaio-
TOKCHYHOCTI MOXKYTh MaHi(heCTyBaTH BIIPOJOBK TPHBAJIOTO
qacy MicIis JiKyBaHHS MHOXHHHOI MiesoMu. Jleski mpoTu-
IyXJIUHHI TpenapaTy, HalpUKIIa] aHTPalUKIiHH, MOXYTb
CIIPHYMHATH IIPOT PECYBAHHS Kap IiaTbHOTO PEMOJICITIOBAaHHS
BHACITIJOK PaHHBOTO MOIIKO/DKEHHS KapIioMiONuTa, IO €
MIPUYIHHOIO PO3BHUTKY Kapmiomiomnarii. Brim Garato mpoTu-
MYXJIMHHUX JIKIB MOXYTb OyTH MPUYMHOIO TPAH3UTOPHHUX
nopyuieHs (yHKIIT cepiist 0e3 TpuBainnuX HacIiIKiB [15].

[Topy1eHHs ceprieBO-CyAMHHOT CHCTEMH IPY MPH3HAYSHHI
NPOTHUIYXJIMHHUX JIKapChbKHUX TperapariB (aHTPALUKIIIHY,
AJIKLITyBaJIbHI 3aC00H, IHI0ITOPH POTEACOM TOLIO) MOXKYTh
OyTH 0OMeXyBaJIbHUMH (PaKTOPAMH B JTIKyBaHHI MHOXKHHHOT
miesiomu [16].

Jlo HaUTsHKYUX KapAiOBAaCKYISIPHUX TOMIA HAJICKUTH
CH, mepemyciM micns JiKyBaHHS aHTPAIUKITiHAMH Ta IIH-
knodochaminom [17]. O3HaKH THKKOI KapiOTOKCHIHOCTI
BHUHHKAIOTH IICJIS PEXHUMIB KOH/ICHCYBaHHS, SIKI MICTSTh
menganas [18].

KutiHiuHi 03HaKM Kap/i0BaCKyJISIPHOI TOKCHYHOCTI 3aJIeKaTh
BiJ1 Yacy miciis crienQiuHoro JIiKyBaHHS OHKOTeMaToIOT i9HOT
Heorutasii. [ocTpi mposiBU KapaiOTOKCHYHOCTI BUHUKAKOTh
YIPOIoBXK 48 TOIMH 1 BKIIIOYAIOTh apTepialbHy TiMOTEH3ito,
3minu cermenTta ST, momomxenus QT, apuTwmii, 6mokamm,
TPAaH3UTOPHY AUCQYHKINIO JTIBOTO MUTYHOYKA 3 BIAHOCHO
CTIPUSTTIIBIM ITPOrHO30M. [TiIrocTpi mposiBI KapaioBaCcKyIsIp-
HOT TOKCHYHOCTI BUHUKAIOTH Yy TIEPio]] Bl IEKITBKOX THKHIB
JI0 JIEKUIBKOX MICSIIB Micyisl XimioTepamii Ta Haiuacriie
XapaKTepU3YIOThCsI MIOTIEPUKAPINTOM BHACIIJIOK YpaXKeHHS
MiOKaplionuTiB, cMepTHICTB csirae 60 % [19].

XpoHiuHi a00 Mi3HI 03HAKU Kap1iOBACKYIISIPHOT TOKCHY-
HOCTI BUHHMKAIOTh Yepe3 MICSI i POKH Miciisi XimioTepartil
BHACTIIOK (hiOpO3y MiOIUTIB i TPOSBIISIOTHCS Bi CYOKIIIHIY-
HOI AUCOYHKIIT IDTYHOUKIB 10 AWIATAIliitHOT a00 pecTpuK-
THBHOI Kap/1iOMiOTIaTii 3 IepeBaHTaKEHHAM 000X IIUTYHOUKIB
i po3sutkom CH, HecnoniBanoi koponaproi cmeprti [20].
Excnieprit AMepuKaHCHKOTO TOBapHCTBa exokapaiorpadii ta
€BpOreichHKOI acoliallii KapioBacKyIJISIPHUX JJOCITIKESHb BU-
3HAYMIIM Kap/iiajbHy TOKCUYHICTb K 3HIKeHHsT DB Oinbine
Hix Ha 10 % 1o piBHs MeHmie HixX 53 % [21].

Bucoki 1031 aJIKiTyBaJIbHUX [TPEnaparis, SK-0T UKI0(OoC-
(bamig, MOKYThb Oy TH TPUYKMHOKO T1APOIIEPUKApIA, TAMITOHA-
1, CH Ta apuTmii, SKi MOXKYTh CTAHOBHUTH 3aTrPO3Y KUTTIO
[22]. CummiTOME HEraTHBHOTO BIUTHBY IUKJIO(pochaminy Ha
CEepLEBO-CYIMHHY CHCTEMY 3aJIe)KaTh Bil JO3H i MOXYTb
BHUHHKATH 1 Yepe3 JICKUIbKA THXKHIB, 1 mpoTsirom 20 pokiB
Tticyst XimioTepartii.

[Hribitopu nmporeacoM, siKi 3aCTOCOBYIOTH y JIiKyBaHHI
MHOXXHHHOI MI€JIOMHU, MOXKYTb Oy TH NPUYHHOIO AUCYHKILT
miokapaa. Bunagku CH micist 3actocyBanHst 60pTe30Mi0y
HevacTi (10 4 %) nopiBHAHO 3 Kap(inzomiOoM, xo4ya IXHs
4gacToTa 30UTBIIYEThCS TIPH KOMOIHAIIT 3 TIIIOKOKOPTHUKO-
imamu [23]. ¥V nmocmimkenni APEX wactora BUHHKHEHHS
KapIi0BaCKYISIPHUX MOMIN y TPYIIi XBOPHUX, SKI OTPUMYBAIH
JiKyBaHHSI OOpTe30MiOOM, HaOIKAIACs! 0 IPYIH XBOPHX,
SKi He OTpuMyBajn Oopre3omio [24].

CyTTeBe TOKPAIICHHSI 3arajibHOT BiIIOBI/II HA JTIKYBaHHS
MOPIBHSIHO 3 OOPTE30MiIOOM JaJI0 3MOT'Y 3aTBEPANTH 3aCTO-
cyBanHs kapdinzomiOy FDA y 2012 p. Ta EMA y 2016 p.
301IBIIIEHHS YaCTOTH BUHUKHEHHS apTepiaibHOI rinepTeHsii,
CepIIeBOT HEIOCTATHOCTI, IMIEeMIYHOT XBOPOOH cepIis i1 4ac
3acTocyBaHHs KapdimomiOy 3adikcoBaHO B JOCIiIKEHHI
ASPIRE, 1o Oyno mpUYuHOIO BUIIICHHS OKPEMOi TUTKA
JIOCITIKEHHS 3 TOCHJICHUM MOHITOPIHTOM CTaHy KapIiaJbHO1
¢ynkuii [25].

VY nocnimxenni ENDEAVOR BusHaumim eqexkTHBHICTD
i Oe3mneky kapdin3omiOy mopiBHSIHO 3 OopTe3omidom. Tak,
BCTAHOBWJIM 30UTBILICHHSI PU3KKY KapZAiaJbHUX MOOIYHHX
edekTiB (apTepiabHa rinepTeHsis Ta CepIieBa HEIOCTATHICTB ).

[3akcoMi0, sIKUii € IepOpaTBHAM 1HT10ITOPOM ITPOTEACOM,
3aTBepIKCHUH [UIA JTIKyBaHHA MHOKHHHOI mietomn FDA
i EMA y 2015 p. VY 6imbimocTi KOCTiKeHb i3aKkcoMib He
BUSIBUB CYTTEBY KapIIOTOKCHYHY aKTHUBHICTH [26]. Llikago,
110 1HTIOITOPH NMPOTEacoM MOXKYTh MaTh MPOTEKTHUBHI BIIa-
CTHMBOCTI Y HAlLli€HTIB 31 30UIBLICHIM PU3UKOM BEHO3HHX
TpomboemOoiii. Tak, mamieHTy, sIKi OTPUMYBaJIH JiKyBaHHS
JICHAJTIJIOMIJIOM 1 JIEKCAMETa30HOM, MaJli MEHIIMH PU3UK
BUHHUKHEHHS TPOMOOEMOOJIIYHUX MO i/l Yac JomaBaHHs
i3aKcoMmiOy.

Orxe, ineHTH(DIKAITIS TTAIIEHTIB 13 M ABUIEHAM PU3AKOM
KapZi0TOKCHYHOCTI BKITFOYAE OLIIHFOBAHHS Kap/i0BaCKyJIIsp-
HUX (PaKTOPIB PU3HKY, BU3HAYCHHS HASBHUX 3aXBOPIOBAHb
ceplisl, YNHHUKIB CTHIIIO KUTTS, TTOTIEPEAHE MPOTUITYXJIMHHE
nixyBaHHs1. OOMeXeHa KUTBKICTh JJOCII/KEHb BKa3ye Ha 3a-
TaJbHUH PU3MK JUIS PI3HUX KOTOPT XBOPUX HA OHKOJIOTIYHI
3aXBOpIOBaHHS [27].

Crpareris CKpHHIHTY Ta BUSIBJICHHSI Kap/i0BaCKyJISIPHHUX
MO epezidayae KapiaabHi METOIH Bizyatizariil (eXoKapio-
rpadist, i30TOIHE CKaHyBaHHsI, MATHITHO-PE30HAHCHA TOMOTpa-
(hist) 1 3acTocyBaHHS OioMapKepiB (TPOMOHIHM, HATPIHypEeTHIHI
nerrtian) [28]. OOMeskeHa KUTBKICTb T0CiKEHB IPHUCBIICHA
TIONIYKY IIKaJl (paKTOPiB PU3UKY LTI OHKOTEMATONOTIUHIX
xBopux [29]. XKoxHa 3 X mikan (GakTopiB pU3HKY HE TIOKa-
3aJ1a CBOIO BAJTITHICTb Y IPOCIEKTUBHUX JIOCIT[PKEHHSIX, TOMY
Ha IHAWBIyaJIbHOMY PIiBHI Ha IEpIIOMY IUIaHI 3aJIHIIAETHCS
KJIiHIYHE OL[IHIOBAHHS PH3UKY, 1110 BKJIFOYAE aHAMHE3 KUTTS
MalieHTa Ta J0CiPKeHHs! (pyHKIIOHATFHOTO CTaHy Ceplis.
Pu3uk po3BUTKY KapaiOBacKyJSIPHUX IO micist XiMioTe-
partii 30UTBITYIOTh JIesKi (PakTOpH, MO BKJIIOYAIOTH CTYIIHB
eKCIIO3UIIii TIperapaTy (BBEICHHS BEJMKOI 1031 a00 BETIHKOT
KyMyISTHBHOI 1031) [30].

Jlns marmieHTiB 13 HOpMATPHUMH TOKAa3HUKaMU (YHKITIT
cepis Ta 0e3 (hakTOPiB PH3HKY PEKOMEHIYIOTh BUKOHYBATH
exokapiorpadiro KoxHi 4 IMKIIH XiMiOTepartii 3 3aCTOCYBaH-
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HSIM QHTPALMKITIHIB ITICISL JOCSATHEHHS KyMYJISITUBHOT JI03H
200 mr/m2. Binbina gacrota exokapaiorpadii 3anponoHoBa-
Ha JUIsl TIAIIEHTIB 31 3HIKEHOIO (PPAKIi€l0 BUKU/LY JTiBOTO
LIITYHOYKA, CTPYKTYPHUMH 3aXBOPIOBAHHSIMH CEPIIs MEpe]
ximioreparieto. [amieHTH, SKi MEPEBUIIIIN KyMYISTHBHY
103y 300 Mr/mM%, a TakoK XBOpi, B IKMX PO3BHHYJIACS Kap-
JIOTOKCHYHICTB ITiJ] 9ac XiMioTepartii, HOBUHHI TPOXOIUTH
exokapziorpadito TepMiHOM Bif 1 10 5 pokiB micist Ximio-
teparii. HeoOXi/1HO 3a3HaYMTH, 1110 11i PE3YJIBTaTH OTPUMaH1
MIEPEBAKHO B IOCITIKCHHSX 13 3aTyUCHHSIM JITCH 1 MiUTITKIB,
sIKI XBOPI Ha CYIyTHI OHKOJIOT14Hi 3aXBoproBaHHs [31].

OnTuMalIbHUIT MOHITOPHHT Yy OE3CHMTOMHHX JIOPOCIHX
TIAI[IEHTIB TTICIIS XiMioTepartii 6€3 CHMITOMIB KapiOTOKCHY-
HOCTI 3aJIMIIA€ThCS HEBU3HAYCHHUM 1 IPYHTYETHCS HMOBIp-
Hillle Ha KOHCEHCYCl eKCTEepTiB, HK Ha MaHWX KIHIYHIX
nociimkeHb. KiTiHIYHUN MOHITOPHHT, SIKUH IPYHTYETHCS
Ha BusiBJIeHHI cumnToMiB CH, HemocTaTHRO e()eKTHBHMUIA,
OCKUIBKH MOPYIIEHHS CKOPOUYBaJIbHOT (DYHKILI, 1110 1TOB’s13a-
Hi 3 JIIKYBaHHSM MHO)KUHHOT MI€JIOMH, MOXYTh ME/IMKaMeH-
TO3HO KOPETYBATHCS I1I€ /IO BUSIBJICHHSI 00’ €KTUBHUX ITPOSIBIB
NaTOJIOTIT CepIEBO-CYIUHHOI CUCTEMH.

biorciro mpaBoro mutyHouka, exokapmaiorpadito, pasio-
HYKITITHY BEeHTPUKYIIOrpadiro 3aCTOCOBYIOTh IS AiarHOC-
TUKN KapAiOTOKCHYHOCTI micis XiMiortepartii [32]. Tumosi
TiCTOJIOTIYHI 3MiHM TKAaHWHH IIPABOTO IIITYHOYKA: 3MCHITICHHS
KUTBKOCTI MiO(iOpHIT, TOITOBKEHHS CApKOTIIa3MaTHIHOTO Pe-
THKYJTyMY, BaKyoJIi3amist MToIuIa3MH. [1opiBHSIHO 3 IHIIMMHI
METOZIaMH EHJIOMiOKap/liajibHa OIOICis XapaKTepru3yeThCs
HAMOLIBIIOW BiPOTIIHICTIO PE3YIbTATIB, aje, Ha Kb, i
HU3bKa CIIEHU(IYHICTh HE JAE€ 3MOTY BUKIJIIOUMTH IOIIKO-
JOKEHHs Miokapa. /o HemoMiKiB METOMy HaJeKHTh HOro
BHCOKA BapTICTh Ta IHBA3UBHICTb.

PamionykmigHy BEHTPHKYIOTpadiro 3aCTOCOBYBAIH JUIS
BH3HAYCHHS KapAioTOKCHYHOCTI [33]. Ane apropu mifinum
JI0 BUCHOBKY, II0 BU3HAYEHHS (YHKIIII JIIBOTO ILTYHOUYKA
3a JONIOMOTOI0 paJliOHYKIIITHOI BEHTPHUKYIorpadii He Aae
3MOTH BYACHO CIIPOTHO3YBaTH PO3BHUTOK Kap/iomionarii.
Jnis mocsSTHEHHS I1i€i METH HEOOXiTHO BUKOHYBAaTH CEPir0
JIOCITIKEHb MPOTSTOM MICSIIB 1 POKIB Micis XiMioTepartii.
PamionykmigHy anriorpadiro BIIPOIOBXK POKIB 3aCTOCOBY-
BaJIM JUIsl TIarHOCTHKU KapIOTOKCHYHOCTI, SiKa BUHHKAJA
BHACJIJIOK XiMioTeparii, aje MmpoMeHeBa eKCIIO3HUIlis Ta
oOMe)XeHHS OAaTKOBOI iH(popMaIii CTPYKTypH ceprs i
TeMOJMHAMIKH, BapTiCTh OONaTHAHHS Ta pajiorpernapariB
00MEXYIOTh 3aCTOCYBaHHS I[hOTO MeToay [34].

MarwuitHo-pe3onancHa tomorpadis (MPT) mae neBHi
TriepeBary opiBHSAHO 3 exokapaiorpadieto. Hacammnepen, e
KOPEKTHIMMK aHami3 (yHKIIT JiBOTO IUTyHOYKA, KM He
3aJICKUTh BIJI SKOCTI YJIBTPa3BYKOBOTO BIKHA Ta T€OMETpil
ILTYHOUKIB. Pe3ysbrary, siki oTpuMaiu, Kpaie BiJTBOPIO-
IOThCsI TIOPIBHSHO 3 JBOBHMIPHOIO exokapmaiorpadiero [35].
IMTomrkomkeHHA MiOKapJa BHACHIOK MPOTUILYXJIMHHOTO
JIKyBaHHS XapaKTepU3yeThCs MPOLECAaMH 3alajeHHs Ta
MiOKapiaJTbHIM HaOPSIKOM, 110 MOke OyTH ineHTHdikoBaHe
3a mormomororo MPT [36]. Ha kanp, MarHiTHO-pe30HAHCHI
TOMOTpaQH, 10 TAFOTH 3MOTY OIIIHUTH (PYHKIIIFO CEpPIIEBO-CY-
JIMHHOI CHCTEMH, JIOPOTi, 1 TOMY HEJIOCTYIIHI JUTsl OLTBIIOCTI

JikapeHb B Ykpaini. CyTTeBUM OOMEXKEHHSIM € 0XKMPIHHS Ta
notpeba ceznaii nesikux narieHriB nepeg MPT.

Exokapmiorpadist (Exo-KI") — meTon Bubopy st Bepudika-
11 MiokapaianbHOI JUCHYHKIIT 10, TPOTATOM Ta MiCs IPo-
TUyXJIMHHOTO JiKyBaHH:A [37]. Exo-KI™ mae 3Mory BusBUTH
IHIOI yCKJIaJHEHHs NMPOTHITYXJIMHHOTO JIIKyBaHHS: BaJH
cepls, 3aXBOPIOBAHHS [IEPUKAPA, JITSHEBY TiIEPTEH3I0.

JHocmimkeHHst QyHKITIOHATEHOTO CTaHy MiOKap/a 3a J0TI0-
moroto Exo-KI" Tako MO)kKHa 3aCTOCOBYBATH JUISl IPOTHO3Y
Kap/lioBacKyJISIpHUX NOfii. [lepeBaroto MeToy MopiBHSIHO 3
PaiOHYKITITHUIMU METOAAMH € BiJICYTHICTh 10HI3YI0YOTO BU-
MpOMiHeHHsI. BU3Ha4MIM TiCHI KOpessLii MK pe3ysibraramu
anriorpadii ta exokapmaiorpadii. 3acTrocyBaHHs CTaHIAPT-
HHUX TPAaHCMITPAIFHIX TIOKa3HUKIB OOMEKEHE 3aJIeKHICTIO
BiJl MICJIIHABAHTAXKEHHS T4 YaCTOTH CEPIICBOTO PUTMY,
HEOCTaTHROIO YyTIMBICTIO Ta crienugivnicTio. Hemomiku
Ex0-KT': ckiagHicTh BiITBOPIOBAHOCTI PE3yIIBTATIB T 4ac
MOBTOPHHX JIOCIIDKEHbB, 3aJIEXKHICTB BiJ] IKOCTI 300pa)KeHHS
Ta IocBimy Jikaps [38].

IHmi exokapaiorpadiyHi METOAMKHU TependavdaroThb
koHTpactHy Exo-KT, sika mokasaHa marjieHTam i3 cyOoonTu-
MaJIbHUMH 3HaueHHsIMU 11pu Exo-KI myist mokpaiieHss Bi3y-
arizamii Mexi eHokap/a JgiBoro nuryHouka. Crtpec-Exo-KIT
MOske Oy TH KOPHICHOIO JIJTS BUSIBJICHHSI MAITI€HTIB i3 BUCOKUM
PH3HKOM iIIeMigHOT XBOpOOH ceprisi. AJie HeMa€e JOCTYITHUX
JTAHUX, SIKi O CBITYMITH [IPO IPOTHOCTUYHY IIiHHICT €XOKapIi-
orpagigyHIX METOIIB TS TporHo3y po3BuTKy CH y nariienTis
TTicJIs JTIKyBaHHS HE TUIbKA MHOXXHHHOT Mi€JIOMH, aJe i ycix
OHKOJIOTTYHHX 3aXBOPIOBAHb 3araJIoM.

VY 3B’A3Ky 3 HEJOCTAaTHBOI YYTJIMBICTIO BU3HAYCHHS
OB niBoro nutyHouka mija yac aBoBuMipHoi Exo-KI™ st
OliHIOBaHHsI (DYHKIT MioKap/ia MPUBEPHYJIO yBary BH-
3Ha4ueHHs nedopmarii Miokapaa, ska Ma€ 3HaYHO MEHIITY
BapiabeTpHICTH pe3ynapTariB nocmimkerns [39]. exinpka
JIOCITIKEHD y XBOPUX Ha JiMQOIpOoripepaTHBHI 3aXBO-
PIOBaHHS BH3HAYWIIM MOXKJIMBICTD 3aCTOCYBaHHS OLHIO-
BaHHs Jleopmallii Miokap/a K JeTeKTopa CyOKIiHI9HOT
nucdyHKIii niBoro nuryHouka [40]. YV GimbmiocTi mux
JIOCITIKCHB edopMaltis MioKapia 3MiHIOBaJIacs Mepen
3HKeHHsIM OB 11iBOro nutyHouka, 11i 3MiHHU CIIOCTepiraiu
MPOTSTOM MPOTHITYXJIMHHOTO JIiKyBaHHs. OLiHIOBaHHS
nedopmaltii Miokap/ia Mae epeBart y BU3HaUeHHI perio-
HAJIBHUX MOPYIICHB YCIX MapiB MioKapaa.

HaiicunpHIMMMH NPEANKTOPHEMH BIIACTUBOCTSIMH B Jie-
TEKIIii Kap/liOTOKCHIHOCT] BBAYKAFOTh ITI00ATTBHY MO3IOBKHIO
cucToNYHy nedopmarniro miokapaa [41]. Baxxmsum oome-
JKEHHSIM y 3aCTOCYBaHHI BU3Ha4eHHs qedopmartii Miokapya
€ BIZIMIHHOCTI pe3yJIbTariB [P 3aCTOCYBaHHI Pi3HOTO 00J1a -
HaHHSI Ta IPOrpaMHOro 3ade3nedeHHs. BiqHocHe 3HIKEHHS
MO3/IOBKHBOT CHCTONIIYHOT fedopMariii MioKkapia Ha TOHA
15 % BBaXKaIOTh MAPKEPOM PaHHBOT CYOKITIHIYHOT TUChHYHK-
1ii J1iBOTO NITyHOYKa [42].

Hiacromiyna qucyHKITS JIiIBOTO IITYyHOYKA JOBOJI YaCTO
TPAIUIAETHCS Y XBOPUX HA HEOTUIA3ii K 110, TaK 1 TCII JTiKy-
BaHHs. AJIe B IOCTYITHHX (paXOBUX JDKepeliax HeMae JI0Kas3iB,
IO TIPOTHUITYXJIMHHE JIIKyBaHHS MOXe OyTH MOmH(iKoBaHE
a00 MpUIIHEHE Yepe3 AiacTONIUHY TUCYHKIIIO.
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VY KITHIYHUX TOCHTIHKESHHSX IS {IarHOCTHKH Ta [IPOTHO-
3y KapIioBacKyJISIPHUX MOJiH TOBOJI YacTO 3aCTOCOBYHOTh
KapiaibHi MApKEpH Y 3B’ 53Ky 3 MiHIMAJILHOO 1HBA3UBHICTIO
METOJIMKH B3SITTS KPOBI, BITHOCHO JOCTYITHUM BH3HAYECHHSM
iXHBOI KOHIICHTpAIlil y KPOBi, HU3bKOIO BapiaOeNbHICTIO
pesynbrariB [43]. [leski 3 kKapAianbHIX MapKepiB 3aIporio-
HOBaHI JUIs JIarHOCTUKH 1 TPOTHO3Y KapAiOBaCKYISPHUX
MOMIH y TAIEHTIB IICIIS JIIKyBaHHS Heoruiasiid. OCKUTBKA
XiMioTepaneBTHYHI 3aC00H NOPYIIYIOTh ILTICHICT MEMOpaH
KJITHH, 30KpeMa KapAiOMiOIHTIB, i3 KIIITUH BUBUIBHSIOTHCS
OiosoriuHo akTUBHI peyoBunw. Li cyOcTaHiii (Jlakrataeri-
poreHasa, kpearuH()OCOKiHA3a Ta Kap iaJbHUI TPOITOHIH)
3aCTOCOBYIOTH U1 BU3HAUCHHS HAsBHOCTI Ta MOIIMPEHOCTI
TTOIIKO/KEHHS Miokapza [44].

KapnianbHi TporoHiHN — CTaHIapTHI Oi0MapKepH I BHSB-
JICHHST MiOKap/iiaibHOTo TToIKouKeHHsL. Tporonid T 3actoco-
BYIOTB JUTS BUSIBJICHHS ITOIITKO/KCHHST MIOKAp/IIOIHTIB 1 HIHI
BUKOPHCTOBYIOTH ISl TIArHOCTUKY 1 IPOTHO3Y i1IeMii Miokap-
Ja. Y IeKUTBKOX IOCITIDKEHHSIX [TOKa3aHo, 1110 HaBiTh HE3HAUYHE
TIJIBUIICHHST Kap/iaJIbHOTO TPOTIOHIHY MICIISl 3aCTOCYBaHHS
JIOKCOPYOILMHY aCOMLIIOETHCS 3 MOUIKODKEHHSIM MiOKapaa.
Tpornowin | € MapkepoM MiOKapialbHOIO MMOMIKOIKCHHS B
JIOPOCINX, AKi OTPAMYBAJIH JTIKYBaHHS aHTpAMKIiHaMH [45].
[NamieHTH 3 IEPCUCTYEHTHOIO eJIEBAIIIEI0 TPOTIOHIHY | MaroTh
PH3HK PO3BUTKY KapIiOBACKYISIPHUX TTOAIH [46].

Mosxkoswmii Harpiityperuunnii nentug (BNP) i Tepwmi-
HanpHUHA (parmeHT Horo nonepenuuka (NT-pro-BNP) e
BU3HAHUMH OlOMapKepaMu OLiHIOBaHH (yHKIIT cepiid [47].
NT-pro-BNP yTBOpro€ThCSI B IITYHOUKAX CEpLS y BiIIOBLIb
Ha I1epeBaHTaXeHHs 00’ eMoM 1 TrckoM [48]. L1i HeliporopMoHn
BIJIIrparoTh IIPUHIATIOBY POJIb Y KOMITEHCATOPHMX MEXaHI3Max
nipu ouarkoBiit CH, nepetyciM 3aBIsIKK BILIMBY Ha TOMEOCTa3
HHUPOK, BOJTHO-COJIFOBY PIBHOBAT'Y, PeHIH-aHT10TEH3HH-AIBI0-
CTEPOHOBY CUCTEMY B yMOBaX 3HIDKEHOTO CEPLIEBOTO BUKHULY.

Bwmict NT-pro-BNP i BNP y mra3mi kpoBi TiIBUIIY€ThCS
MIPOTATOM MEPIIIOTO POKY MicHs XiMioTepartii, 0cOOIMBO pH
BKITIOUCHHI aHTpaMKIiHIB [49]. HeoOxXiMHO 3a3HAUUTH, IO
HE OTPUMAaJIH JI0Ka3H NPOrHOCTHYHOTO 3Ha4eHHs piBHs BNP
II0JI0 PO3BUTKY CUMITOMAaTW4HOI MUChYHKIIT MioKapa.
Xouya mij yac JKyBaHHsS aHTpPALMKIIHAMH J1arHOCTHYHA
LIHHICTh Bu3HaueHHss BNP He mopiBHsIHA 3 BU3HAYCHHSIM
¢dpaxiii BUKHAY JIBOTO NUTYHOYKA, IMiJBUIICHHS PIBHS
BNP y ma3mi Mmoxke OyTH 3acTOCOBaHe IS ineHTH(iKamii
TIAITI€HTIB 13 PH3UKOM PO3BUTKY MOPYIIEHHS (PYHKIIIT ceprist
y Bigmanenuii nepion. JlocmimkeHHs mokaszainy, mo NT-pro-
BNP mae Ounbimii gac HamiBxuTTs, Hik BNP, TOMy ocTanHi
JocIipKeHHs 3ailicHioBany i3 NT-pro-BNP.

Harpiitypetnuni nenTuaum, TpOIOHIHA MOXKHA PO3IIISIATH
SIK JTOTIOBHCHHS JUIsl 30UIBIICHHS 31CTABHOCTI PE3yJIbTaTIB.
AJe ckJIaJHO BUSIBUTH CyOKJIIHIUHI MOPYLICHHS ceplie-
BO-CYJIMHHOT CHCTEMH, sIKI MOIJIM O BIUIMBATH Ha BHOIp
KapaionpoTekTopHoi Teparmii. 1i Giomapkepu MarOTh AesKi
obmexenns. Hacammepen, Tpononia T, kpiM MiOIHTIB,
MICTHTBCS B CKEJICTHHX M f3aX, TOMy MOXKE IMPsSMO He
BKa3yBaTH Ha IOIIKOMKEHHs Miokapna. Kpim toro, He
BHU3HAYCHUH ONTHMAILHIN Yac JJIs OLIHIOBAHHS PiBHS 0i0-
JIOTTYHUX MapkepiB. [IepcrieKTHBHUM BBa)KatOTh BUBYCHHS

pouti KapaiabHUX Ol0MapKepiB Y MOHITOPHHTY IAli€HTIB 13
PH3HKOM PO3BHUTKY Kap/IiOBaCKYJISIPHUX IOIii, 0COOIHBO B
KoMOiHarlii 3 MeTomamu Bi3yasizarii [50].

VY KIHIYHUX JOCHIKEHHSX Je(ilUT KapHITHHY TIOB’si-
3aHHH 13 PO3BUTKOM KapioMiomnarii, BUSBHIIN 3B SI30K MIXK
KOHIICHTPAIIIEI0 KapHITUHY Y I1a3Mi KPOBI Ta TUC(HYHKIIIEIO
miokapna [51]. Ha sxainb, IporHoCTHYHA 3HAYYIIICTh KapHi-
THHY B PO3BUTKY Kap/i0BaCKYJISIPHUX ITOJIii HEJJOCTATHSL.

Binomo, 1110 y popMyBaHHI Kap/1ioBaCKyJISIPHUX IO/ po-
BiJIHY POJIb BiirpatoTh (hiOporeHes, aHrioreHes i 3anajeHHs
[52]. T'anexkTuH-3 — IHTEPCTUIIHHNI KOMIICKCHHN TTSTITH/,
SIKAH € MEIIaTOPOM KapiabHOro (hidporeHesy. ['anexkTuH-3
3aIpOIIOHOBAHMH JIJIs IPOrHO3Y HeOaKaHMX MO 1 3aTBep-
JOKCHHUN YTIPaBJIiHHSM 13 MPOIOBOJIBCTBA T4 MCIHKAMCHTIB
CIIA st 3acTOCYBaHHS B KOMOIHAITIT 3 KITIHIYHUMU JTaHUMH
[53]. 30iabIcHHS PIBHS TAJICKTUHY-3 aCOIIOETHCS 3 PO3-
ButkoM CH 1 moB’si3aHe 3 MOTIPIIEHHSIM MPOTHO3Y CMEPTi
1 TOBTOPHMX TocmiTamizariii [54]. BonHoyac HeBijjoMo, SIK
TaJIeKTHH-3 PETYIIOEThCS HA TPAHCKPUIITOPHOMY W TpaH-
CISIIIHOMY piBHAX y cepiii. JloBeaeHo, Mo KapaiadbHi
(hibpobmacTH i Makpoart — OCHOBHI TIOCTAYaTbHUKH I'aJIeK-
TuHY-3. [Ticost cexpenii B MUDKKITITHHHAM TPOCTIp TaJIeKTHH-3
B3a€EMOJII€ 3 peLenTOpaMH Ha TTOBEPXHi KIIITHH 1 BIUTMBA€E HA
TpaHcMeMOpaHHi CUTHANBHI nutsixu [55]. anekTiH mae 3Ha-
YeHHs y TIporpecii KapliaTbHOTO PEMOJICITIOBAHHS, TIPOIecax
AHTIOTeHe3y Y XBOPUX Ha MHOKHHHY MI€JIOMY, TOMY MOXKE 3a-
CTOCOBYBATHCSI [JIs1 TPOTHO3Y BUHUKHEHHS! KapA10BacKyJIsIp-
HUX ITOAIN Y IIMX MAI€HTIB [56]. Y KOTOPTHUX TOCTIIHKEHHIX
ranextuHy-3 (COACH, PRIDE, UMD H-23258) Bu3Ha4eHi
CYTTEBI HE3aJICKHI IPEANKTOPHI BIACTHBOCTI IIOZI0 CEPIICBOT
HEIOCTATHOCTI Ta TOCiTali3aIli, mo mos’s3ani 3 CH [57].
TopiBasHO 3 iHmIME Giomapkepamu (NT-pro-BNP ta ST2)
TaJIeKTUH-3 Ma€ TepeBart: OUTBIITY CTaOUTBHICTH 1 MEHIITY
3aJIEKHICTD Bl reMOIMHAMIYHNAX TTOKa3HUKIB. | amexkTna-3
MOYKHA 3aCTOCOBYBATH SIK PaHHINA iHAWKATOP KapAiaTbHOTO
(hiOpo3y, peMoneToBaHHS ITYHOUKIB, IOIIKOHKESHHS HIPOK
y xBopux Ha CH [58].

Jlexinpka DOCIiKeHB TOKA3aId: MHOYKHHHA Mi€JIoMa, SIK
1 COJNIITHI MyXJIMHU, CYTIPOBOIKYIOTHCS 1HIYKIIEIO aHTIO-
reHesy. J{o KIIFOYOBHX PETYISATOPIB POCTY CyANH HAJICKATh
KaJITepUHM, SIKi € CIMEHCTBOM TPaHCMEMOPaHHHX PETICTITOPIB
MDKKIIITHHHOT B3a€MOJIii, III0 eKCTIPECYIOThCA B SHIIOTEIIO-
[IUTaX apTepiaTbHUX, BEHOZHUX 1 IIM(aTHIHUX CyauH [59].
VE-kanrepuH Bifirpae BaXKIIUBY POJIb B IHTETpallii KOHTaKTiB
€HI0TENaJbHAX KIITHH 1 CTaOlIbHOCTI €HIOTETIAIBHUX
3’eaHaHb. BibIIiCTh 3aXBOPIOBAHb, BKIFOYAIOYH MHOKUHHY
MI€JIOMY, CYTIPOBOKYIOThCS Me(heKTaMUd MiKKIITHHHHX
B3a€MO/iil. 30UIbIICHHS PiBHSA KaATCPHHIB BUSBUIHN TIPH
OHKOTeMATOJIOTIYHHX 3aXBOPIOBAHHSIX, Y TOMY YHCITi Mi€JIOMi
[60]. Y xBOpHX Ha MHOXXHHHY MI€JIOMY, SIKi HE OTPUMYBAJIN
JKyBaHHS, PIBeHb Ka/IrTepUHIB OyB iICTOTHO BHIIMI HE TiJIb-
KM TIOPIBHSHO 3 TIPAKTHYHO 30POBUMH ocobamu, aje H i3
XBOPHMH 3 YaCTKOBOIO PEMICIEF0 MHOKMHHOI Mi€JIOMH. €
BIZIOMOCTI IIP0 MOXJIMBY postb VE-Kkajarepuny sk porHoc-
THYHOTO MapKepa Kap/1i0BacKyJISIpHHX HOIiH IIPH MHOKUHHIH
Miesromi [61].
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BucHoBKkM

1. 3aBIsIKM 3aCTOCYBaHHIO CyYacCHUX JIKapChbKHX IIpe-
mapaTiB BIUKHBAHICTh XBOPUX Ha MHOXHHHY MI€IOMY 3a
ocTtaHHi 15 pOKiB iICTOTHO TOJIMNIINIOCK, HACITIIKOM YOTO
€ TIIBUIICHHS 3HAIYIIOCTI KapiOBaCKYJISIPHUX TMOMIH K
NPHYKH MOTIPIICHHS IPOTHO3Y Ta SKOCTI KUTTS MAlli€HTIB.

2. Ilporao3 po3BHUTKY KapiOBacKYISIPHHUX IMOAIN Ticis
ximioTeparii MHO)KHUHHOT Mi€JIOMH 3aJTMIIAETHCS HECIIPUST-
TMBUM. Anie 30UIbIIEHHS PiBHS KapAialbHUX OloMapKepiB
MOKe Oy TH IIJTSIXOM TS ieHTH(IKALi] TAIli€HTIB i3 PU3HKOM
BUHUKHEHHS KapAi0BACKYJIIPHUX IO POTSTOM TPHUBAJIOTO
4acy Micys TiKyBaHHS TUIA3MOKITITHHHAX HEOTLIa31i.

3. IlepcrieKTUBHUM € BUBYEHHsI pOJIi KapiaJibHUX 0i0-
MapKepiB y MOHITOPHHTY TIAIi€HTIB 13 PU3UKOM PO3BUTKY
KapIioBacKyIAPHUX MOAIN, 0cOOIMBO B KOMOIHAIIIT 3 METO-
JTaMU Bi3yaJi3artii.
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