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In silico gocnigxeHHa S-ankinnoxigHMX
4-metun-5-(nipon-2-in)-1,2,4-rpiazon-3-tiony
AIK NOTeHLiNHMUX GionNoriYHo akTUBHUX CMOMNYK

T. C. bputaHosa

3anopisbkuil AepxaBHUI Meayko-thapMaLeBTUYHUIA yHIBEpCUTET, YkpaiHa

leTepouyKniyHi cnonyku nocigatTb NPOBigHE MicLEe Yy CTBOPEHHI HOBUX GiONOriYHO akTUBHUX peqoBuH. OcobnmBuMin HayKoBWIA iHTEpeC
npusepTatoTb nipon Ta 1,2,4-tpiason. MoegHaHHsA Lux hparMeHTIiB y Mexax OHIET MONeKynm € NepCrnekTUBHUM NigX0A0M [0 PO3pObneHHs
NiKapCbKMX areHTiB.

Meta po6oT — in silico OLiHOBaHHSA TOKCUKOMOTIYHMX, (hapMaKOKIHETUYHUX | (hapMaKOANHAMIYHUX XapaKkTePUCTUK S-ankinnoxigHux 4-me-
TMn-5-(nipon-2-in)-1,2,4-tpiason-3-Tiony Ans BU3HA4YEHHS! IXHBOTO MOTEHLiany sk BionoriYHO akTUBHUX CyBCTaHLN.

Marepianu i metogu. JocnigxyBanun pag S-ankinnoxigHux 4-metun-5-(nipon-2-in)-1,2,4-tpiasony hopmyBanu, BpaxoBytoUn CUHTETUYHY
HJOCTYMHiCTb. TOKCMYHICTL mporHodyBanu 3a gornomorot TEST, a ¢hisvko-xiMiuHi Ta hapMaKoKiHETUYHI BNACTUBOCTI — 3 BUKOPUCTaH-
HAM SwissADME. MonekynsipHuin JOKIHT BUKOHaNM ANns OLiHIOBAHHS B3AEMOAIN 3 aKTUBHUMK caiTaMu (PEPMEHTIB, BUKOPUCTOBYOUM
MarvinSketch, HyperChem, AutoDock Tools Ta AutoDock Vina.

Pesyneratu. MporHosysaHHs TOKCUYHWX BNacTMBOCTeN 3a Aonomorok nporpamu TEST sacsigunno, wo LD, Ang wwypis cTaHoBUTL
341,55-528,74 Mr/Kkr i3 TeHAEHLIE A0 3HKEHHSA TOKCUYHOCTI MPY NOAOBXKEHHI TiOAnKiNbHOro 3amicHuKa. 11 BOAHWX OpraHiamie BCTaHOB-
NEHO 3BOPOTHY 3aNeXHICTb: MOAOBXEHHS ankifbHOro NaHLtora nigBuLLye ninoinbHICTb | TOKCMYHICTb. MonekynspHWii QOKIHT Noka3as, Lo
CONyKV MOXYTb YTBOPIOBATU CTabinbHi KoMnnekcey 3 akTueHuMu cantamu LIOT-2, naHoctepon 14a-gemetunasm ta AJTK-kiHasw. Haisuiy
adinHicTb manu cnonyka 4 (LlOrr-2), cnonyka 7 (CYP51) Ta cnonyka 11 (AllK-kiHa3a). Bsaemogii Bkntovanu rigpodobHi, T-11, TT-kaTioHHi Ta
€reKTpOoCTaTUYHI KOHTaKTU. PapmMakokiHeTUHe MofentoBaHHs (SwissADME) nokasano xopoLly nepoparbHy 6iofgocTynHicTs i abcopbLio
6inbLocTi noxigHux (2—10), 3gaTHiCTb NpoHUKaTK Yepes rematoeHuedaniyHuin 6ap’ep, BiacyTHiCTb iHribyBaHHs CYP3A4 i BignoBsigHicTb
KpuTepisim nikonoaibHocTi. MopgoBXeHHs TioankinbHOro dparMeHTa CynpoBOAXyBarno 3pocTaHHs LogP i 3HWMeHHs1 BOAOPO34MHHOCTI, Lo
MoXe 06MexyBaTh okpeMi hapMakoKiHETUYHI napameTpy. HanbinbLy 36anaHcoBaHi BNacTUBOCTI BUSBNEHO Y cronyk 3—10.

BucHoBku. S-ankinnoxigHi 4-meTtun-5-(nipon-2-in)-1,2,4-tpiason-3-Tiony € NepcnekTMBHAMU KaHAMAATaMU A1 HACTYMHUX OOKIIHIYHUX
LOCTiAKeHb SK MOTEeHLiNHI NpoTM3anarnbHi, NPOTUIPUOKOBI Ta NPOTUMYXITUHHI areHTy.

Knrouosi crosa: nipon, 1,2,4-tpiason, AusaiH, TokenyHictb, ADME-aHania, MonekynspHe MofentoBaHHS.
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In silico study of S-alkylderivatives of 4-methyl-5-(pyrrol-2-yl)-1,2,4-triazole-3-thiol
as potential biologically active compounds

T. S. Brytanova

Heterocyclic compounds play a key role in the development of novel biologically active agents, among which pyrrole and 1,2,4-triazole
attract particular attention. The combination of these fragments within a single molecule is considered a promising strategy for the design
of new drug candidates.

The aim of this study was the in silico evaluation of toxicological, pharmacokinetic and pharmacodynamic properties of S-alkylderivatives
of 4-methyl-5-(pyrrol-2-yl)-1,2,4-triazole-3-thiol to assess their potential as bioactive substances.

Materials and methods. The studied series of S-alkylderivatives of 4-methyl-5-(pyrrol-2-yl)-1,2,4-triazole was designed considering synthetic
feasibility. Toxicity predictions were performed using TEST, while physicochemical and pharmacokinetic properties were evaluated via
SwissADME. Molecular docking was conducted to assess ligand interactions with enzyme active sites, using MarvinSketch, HyperChem,
AutoDock Tools and AutoDock Vina.

Results. Toxicity prediction using the TEST software indicated that the LD, values in rats ranged from 341.55 to 528.74 mg/kg, with a trend
toward reduced toxicity upon elongation of the thioalkyl substituent. Conversely, for aquatic organisms, an opposite trend was observed:
elongation of the alkyl chain increased lipophilicity and toxicity. Molecular docking demonstrated the ability of the compounds to form stable
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complexes with the active sites of COX-2, lanosterol 14a-demethylase (CYP51) and ALK kinase. The highest affinities were observed for
compound 4 (COX-2), compound 7 (CYP51) and compound 11 (ALK kinase). Interactions included hydrophobic contacts, -1 stacking,
T1-cation and electrostatic interactions. Pharmacokinetic modeling using SwissADME indicated good oral bioavailability and absorption
for most derivatives (2—10), blood-brain barrier permeability, no CYP3A4 inhibition and compliance with drug-likeness criteria. Elongation
of the thioalkyl fragment was associated with increased LogP and decreased aqueous solubility, which may limit certain pharmacokinetic
parameters. The most balanced profiles were observed for compounds 3-10.

Conclusions. The results indicate that S-alkylderivatives of 4-methyl-5-(pyrrol-2-yl)-1,2,4-triazole-3-thiol are promising candidates for

further preclinical studies as potential anti-inflammatory, antifungal and anticancer agents.

Keywords: pyrrole, 1,2,4-triazole, molecular design, toxicity, ADME analysis, molecular modeling.
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CTBOpeHHs 010JIOTIYHO aKTMBHUX CIOJYK 13 3aJIy4eHHSIM
TETePOIMKIIIYHIX CUCTEM 3aJIMIIAETHCS OIHUM 13 Haumep-
CIEKTUBHIIINX HANpsIMiB HAYKOBOTO PO3BUTKY Cy4acHOL
MeIu4HOI XiMii. BukopucTaHHS HITPOr€HOBMICHHX TeTe-
POLIMKIIIB JTa€ YHIKaJIbHI MOXIIMBOCTI I[OJI0 MOJICITFOBAHHS
HEOOXiTHUX BJIACTHBOCTEH ITITHOBHUX MPOMYKTIB XIMIYHOTO
TIEPETBOPEHHS, 30KpeMa (i310TOTIIHIUX.

Besnocepenns HasBHICTH aromiB HiTporeny B cTpykTypi
LUKITY foroMarae e)eKTHBHO BIUIMBATH HA aKTUBHI ICHTPH
LTLOBUX €H3UMIB, HAITPUKIIA]L, 3aBISKN (POPMYBAHHIO MiXK-
MOJICKYJISIPHUX XIMIYHHX 3B’SI3KiB. Y 3HAUHOMY apceHasi
CTIOJTYK IIbOTO THITYy OKPEMOi yBaru oTpeOyroTh MipoIIOBUHA
Ta 1,2,4-Tpia30J0BHUI LUKIIH, 32Ty YSHHSI SIKUX JI0 KOHCTPYIO-
BAHHSI [IEPCIIEKTUBHUX 010aKTUBHUX CHCTEM CBOTO Yacy MpH-
3BEJIO JI0 Ofiep KaHHS HACTIPAB/i Ji€BUX JTIKapPCHKUX 3aCO0IB.

Tax, miponoBMiCHHI aMTOJIMETHH TYaIlHJI XapaKTepu3y-
€TBCSI 31CTABHUM 13 Cy4aCHUMH HECTEPOIHMMH MPOTH3a-
MaJIbHIMH JTIKAPCHKUMU 3aCO0aMU CITPUSTIMBUAM TPOodiiemMm
Oe3mneky, 30KpeMa racTpOIPOTEKTOPHIMH BIACTUBOCTAMHU
[1]. Pasom 3 Trm, sizmpo 1,2,4-Tpia3oiry OIIMPOKO 3aCTOCOBYIOTh
IIiJ1 Yac CTBOPEHHSI Cy4acHMX JIIKapChKUX 3aco0iB. BoHo €
CTPYKTYPHUM (pparMeHTOM NpPOTUTPUOKOBHX IperiapariB
(pyxonHazom, BopukoHa30m) [2,3], a TAKOXK HU3KH CTIONYK 13
JIOBEZICHOIO ITPOTH3AITAIbHOIO, TIPOTHITYXJIMHHOIO Ta IHIIUMHI
BHaMU 010JI0TT9HOT aKTUBHOCTI [4,5]. Y HU3II IpaIts T0Be-
JICHO BIJITHOCHO HEBUCOKY TOKCHYHICTh OKPEMHUX MOXIJTHHX
iei rpymu [6].

OTxe, 3BaKal0uM Ha aKTyaJIbHICTh MOITYKY HOBHUX BHCO-
KOe(eKTHBHUX 3ac00iB Ut (apMaxoTepanii pisHUX Maro-
JIOTIYHHMX CTaHIB, 30KpeMa IOB’s3aHKX 13 Miko3amu [2,3],
3arajJbHUMH Tpoliecamu [7] Ta OHKOJIOTIYHUMH 3aXBOPIO-
BaHHIMH [3,6], CTIpsIMyBaHHS IOCHTIKEHb Ha BHUABICHHS
MIEPCTIIEKTUBHUX O10JIOTIYHO aKTHBHUX CIIONYK 13 BiIIOBII-
HUM (PapMaKOJIOTYHIM MOTCHITIAIOM € HAYKOBO JOIUTBHUM
1 Ma€ BaKJIMBE NMPAKTHYHE 3HAYCHHS [8].

MeTta po6otu

In silico onliHIOBaHHS TOKCHKOJIOTIYHHX, (PapMaKOKIHETHIHIX
1 (hapMaKoIMHAMIYHIX XapaKTEPHUCTHK S-aJIKIITOXITHHIX 4-Me-
THI-5-(Tipon-2-i)-1,2,4-Tpia3on-3-Tiody Ui BU3HAYCHHS
TXHBOTO MOTEHIATY 5K O10JIOTYHO aKTHBHUX CYOCTaHIIIH.

Marepianu i MeToau pocnimkeHHA

Binbip ctpykryp mns in silico ZOCHiIKeHb 3MIMCHIIIN Ha
OCHOBI CHCTEMaTHYHOIO aHaJli3y HAyKOBUX ITyOJKarii Ta

Oepyuu 110 yBaru (hyHAaMCHTAJIbHI MTOJIOKCHHST OPTraHigyHOT
ximii [9]. Taxwii miaxia 3a0e3mediB HAayKOBO 00T PYHTOBAHE
BKJIFOUEHHSI /IO CKJIaly MOJIEKYIl BIIOMHX (papMako(OpHHX
(hparMeHTiB y KOBJIEHTHO 3B’s13aHiil GOpMi, IO CTBOPIOE
MePeyMOBH IS MiABUIICHHS IXHBOTO (hapMaKoJIOTriqHOro
3HAUCHHS Ta OOIPYHTOBYE JOLIIBHICTD MOJAIBIINX TOCTI-
JOKEHB (puc. 1).

Ji1st o1iHIOBaHHS O€3MEYHOCTI Ta MOTEHIIIHHOT TOKCHYIHO-
CTi JOCTIPKEHUX CIIOIYK BUKOHAH in silico aHami3 13 BH-
kopucTanHsIM rporpamuoro 3adesneuennst TEST (Toxicity
Estimation Software Tool). Lle mporpamue 3a0e3mneucHHs
3IIHCHIOE TIPOTHO3YBAHHS MTOTEHIIIITHOT MyTareHHOCTI Xi-
MIYHUX PEYOBHH Ha OCHOBI METOJIB KiIbKICHOTO aHali3y
3B’SI3Ky MK CTPYKTYypOIO Ta Oi0JOTiYHOIO aKTHBHICTIO
(QSAR), a Takoxx aHali3y CTPYKTYpHUX aHaJoriB. MyTa-
TCHHICTh BU3HAYAIOTh 3a HASIBHICTIO Y CTPYKTYPI MOJICKYITH
(hparMeHTiB, MO MOXYTh IHAYKYBaTH TeHETHIHI MyTaIlii.
OMiHIOBaHHS TOCTPOi TOKCUYHOCTI 31HCHEHO IIJITXOM
oOuncnenns mokasuuka LD, — mosu, mo cnpuuunse 3a-
rubens 50 % mabopaTopHUX LIypiB MPH NEPOPaATHHOMY
BBeIcHHI (y MI/KT 1 Moib/kr). HacTynHuii eran moci-
JOKEHHS — OIIHIOBAaHHS €KOTOKCHYHOCTI CIONYK, 30KpeMa
TXHBOTO BILIMBY Ha BOIHI opraHizmu: Daphnia magna ta
Pimephales promelas. ]Iyt IbOTO BUKOPHUCTAHO TTOKA3HUK
LC,, (neranbna KOHUEHTpAILis, IO CIPHYMHSE 3arnOeb
50 % TecTOBHX OpraHi3MiB 3a IIEBHUI NEpioj Yacy), IKUi
JIa€ 3MOTYy KiTbKiCHO CXapaKTepHU3yBaTH TOKCHIHICTh PEU0-
BUH y BOJHOMY CEpEJIOBHIIII.

MeToa MONEKYIAPHOTO JOKIHTY 3aCTOCOBAHO JUISL IPO-
THO3YBaHHS Ta OCIIKCHHS B3a€EMOJIHN 13 BiIIOBITHUMHA
MOJICIbHUMHU (DePMEHTaMH, BKIIIOYAIOYH 11CHTU(IKALIIO
MOTCHIIITHUX CaWTiB 3B’I3YBaHHA, OI[IHIOBAHHS CHEPTii
B3a€EMOJIi1 Ta IPOCTOPOBOT OPIEHTALLIT MOJIEKYJI B aKTHBHOMY
neHTpi. CTpyKTypH JTaHAIB MOACTIOBAIN 3 BUKOPUCTAH-
HSIM IporpamHoro 3abe3nedenust MarvinSketch 6.3.0 [10]
ta HyperChem 8, a Takoxx AutoDock Tools 1.5.6 [11].
[linroToBKY (pepMEHTIB 0 JOKIHTOBOTO aHATI3Y 3IIHCHEHO
3a ponomororw Discovery Studio 4.0 [12] Ta AutoDock
Tools 1.5.6 [11].

MonekynsipHUI JOKIHT 371ilicHeHo y mporpami Vina, 1o
3a0e3reuye MOJICIIOBAHHS Ta OI[IHIOBAHHS B3AEMOIINA MK
JITaHIOM | TPHBUMIPHOIO CTPYKTYpOIO Oinmka-mimmeni. [is
aHamizy (i3MKO-XIMIYHHX XapaKTEPHCTHK 1 (hapMaKoKiHe-
THYHHX ITApaMeTPiB JOCITIDKCHUX CIOIYK BUKOPHCTaHO
onnaiH-tuiarpopmy SwissADME.
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Puc. 1. CtpykTypa cnonyk, o6paHux ans in silico pocnipxeHs.

Pe3ynkratn

[porxo3oBani 3Ha"eHH LD , CTAHOBJIIAITH Bix 341,55 mr/kr s
4-merun-5-(nipon-2-in)-1,2,4-rpiazomny (1) no 528,74 mr/kr
utst 3-(meruntio)-4-metui-5-(ipoin-2-in)-1,2,4-rpiasony
(11). 3nauenns -log,, (MOJB/KT) KONMBAETHCA y JianasoHi
2,68—2,82, 0 CBITYATH MPO BiTHOCHY CTaOLTEHICTH MOJISIP-
HOI TOKCUYHOCTI (mabn. 1).

Yei nocmimxeni comyka (1-11) MatoTh TO3UTHBHUI TIPO-
THO3 MYTareHHOCTi (mabn. 1). IMOBIpHICTE MyTareHHOTO
BIUTUBY Iporuo3oBana Bij 0,64 st 3-(etuirio)-4-meTmi-5-
(mipon-2-im)-1,2,4-Tpiazomy (3) mo 0,94 s 3-(okTwIITIO)-4-
MeTui-5-(tipon-2-in)-1,2,4-rpiazoiy (9).

IMoxasuuku ToKCHUHOCTI M Daphnia magna (LC,,
48 To1) 3MEHIIyBaJIHCA 31 30UTBIICHHSAM JTOBXHHU Tioal-
KiTpHOTO 3amicHuKa: Bin 4,10 mr/m (2) no 0,67 mr/m (9).
Boanouac 3adikcoBaHo 30inblIeHHs 3Ha4YeHb -log,  Bix
4,68 MONB/KT 110 5,64 MOJB/KT, MO CBIAYUTH MPO MOCH-
JICHHSI MOJISIPHOT TOKCHYHOCTI OUTBIII JIITO(PUTFHAX CITOTYK
(maén. 1).

OmnintoBaHHA €(EKTUBHOCTI 3B’ SI3yBaHHS 3 aKTHBHUM
caiitom mukinookcurenasu-2 (L{OI'-2) mamo 3mory omep-
JKaTH 3HAYeHHS MiHIMaJbHOI €Heprii KOMILIEKCOYTBO-
perns (E_ ) 3 iHTEpBaIOM MOKA3HMKIB JUIS TOCIIDKEHHX
CIONYK Bix -7,2 KKaI/Moib 10 -4,8 KKau/Monb (mabn. 2).

Tabnuuga 1. KinbkicHi nokasHukm in Silico OLiHIOBaHHS TOKCUYHOCTI

HaiiBumy aginnicts 10 aktuBHOro nenrpy L{OI'-2 mas
4-metmi-3-(nporminrio)-5-(mipon-2-im)-1,2,4-rpiazon (4) 3
E ., =-7,2 xxan/Monb. Halinmidy criopigaenicTs 3adikco-
BaHO y 3-(xenmrio)-4-meTri-5-(mipon-2-in)-1,2,4-Tpiazomy
(1) 3 E . = -4,8 xxan/monb. Peepentnui inHribiTOp 1e-
JIEKOKCHO MaB 3HAYHO HIKYY SHeprito 3B’si3yBaHHA (-13,4
KKaJI/MOJIb), III0 OYiKyBaHO BKa3y€ Ha HOTO BHCOKY edek-
TUBHICTb SIK JIiraHAy (mabi. 2).

AHasi3 THITIB B3a€EMOJIiH 1OKa3aB Pi3HOMAHITTS Tiapo-
(oOHUX 1 HerigPO(OOHUX KOHTAKTIB y BCIX JOCIHIIKEHHUX
niranais. Cepen rigpooOHUX JOMIHYIOTh T-aJIKUIbHI, T-G,
ankibHi Ta C-H B3aemonii 3a yuacTio 3anmimkiB ALA A: 528,
LEU A: 353, LEU A: 385, VAL A: 350, VAL A: 524 i
MET A: 523. YTBOpeHHS T-S B3a€MOJill 13 3aIMIIKOM
MET A: 523 nonatkoBo cripusie CTaOUTBHOCTI KOMILICKCIB
(maén. 3).

VY Ginbmocti nmoxigHux (3-11) BUSIBIEHO aMiJ-T CTEKIHT
i3 GLY A: 527, 110 CBit4UTb PO CHPHSTIMBY Opi€HTALIi0
JTaHOiB Y Mekax akTuBHOTO caity. Illomo crmomyk 7-10
TaKoX 3a(iKCOBAHO T-T CTEKIHT 1 M-KaTiOHHI B3aeMomil 3
PHE A: 5191 LYS A: 359 i 533. Komimiekcu crionyk 4 1 9
JIOJIATKOBO CTaOLITI3yIOThCs BaH jiep BaambcoBumu cumaMu
Ta T-JIOHOPHIMH BOJHEBHMH 3B’sI3KaMH, 110 CBITUYUTH TIPO
0araTOKOMITOHEHTHY TIPUPOAY iX 3B’3yBaHHS (maoi. 3).

(Daphnia magna), 48 rog, C., (Pimephales promelas), 96 rog,

Cnonyka LD, (wypw, per os), mrlkr /
-log,, Monb/kr
1

MyTareHHicTb LC,,

-log,, Monb/n / mrin

log,, monb/n / mrin

341,55/2,72 0,90/+ 4,55/5,08 3,22/ 86,26
2 404,34 /2,68 0,91/+ 4,68/4,10 3,59/49,55
3 416,91/2,70 0,64/+ 499/2,15 3,82/31,80
4 350,36 /2,80 0,93/+ 4,972,337 4,19/14,35
5 358,49/2,82 0,86/+ 4,90/2,98 4,37/10,11
6 403,74 /2,79 0,85/+ 496/2,73 4,68/5,21
7 437,05/2,78 0,85/+ 5,02/2,52 2,65/5,00
8 464,49/2,78 0,84/+ 543/1,04 1,34/5,32
9 489,27 /2,76 0,94/+ 5,64/0,67 5,64/0,67
10 517,35/2,75 0,93/+ 515/2,18 597/0,33
11 528,74 12,76 0,92/+ 5121241 6,29/0,16
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Tabnvusa 2. MokasHuku E - 3 aktueHum ueHTpom LIOT-2, kkan/monb

1

-6,1 3 -6,7 6 -6,6 9 -6,1
2 -6,2 4 7,2 7 -6,9 10 -5,0
Llenekokcnb -13,4 5 -6,4 8 -6,8 1 -4.8

Ta6nuus 3. Mprpoaa B3aemogiit AOCHIMKEHNX CMOMNyK 3 aKTUBHUM LieHTpom LIOr-2

e

1 | ALAA: 528 (mr-ankin), LEU A: 385 (mr-ankin), VAL A: 350 (r-ankin), VAL A: 524 (mr-ankin), MET A: 523 (11-S)

(mr-ankin), VAL A: 524 (ankin, Tr-ankin)

2 | ALAA: 528 (mr-ankin, C-H B3aemopis), LEU A: 385 (mr-ankin), TYR A: 356 (ankin, S-X B3aemogisi, X = O, H, -apomatuyHa cuctema), VAL A: 350

(ankin), VAL A: 350 (ankin, m-ankin), VAL A: 524 (tr-ankin)

3 |ALAA: 528 (1r-0), GLY A: 527 (amig-Tr crexitr), LEU A: 360 (ankin), LEU A: 385 (rr-ankin), LEU A: 532 (ankin), MET A: 523 (11-S), VAL A: 117

117 (ankin), VAL A: 350 (ankin, m-ankin), VAL A: 524 (1r-ankin)

4 | ALAA: 528 (ankin, T-a), GLY A: 527 (amig-Tr ctekinr), LEU A: 353 (BaH gep Baanbcosi cunm), LEU A: 360 (ankin), LEU A: 385 (mr-ankin), LEU A:
532 (ankin), MET A: 114 (ankin), MET A: 523 (1-S), PHE A: 519 (amip-1r ctekinr), PHE A: 382 (BaH aep Baanbcosi cunu), SER A: 354 (BaH gep
Baanbcosi cunm), SER A: 531 (BaH aep Baanbcosi cunn), TYR A: 356 (BaH aep Baanbcosi cunm), TYR A: 386 (BaH aep Baanbcosi cunu), VAL A:

5 | ALAA: 528 (ankin, m-0), GLY A: 527 (amig-Tr ctekiHr), LEU A: 93 (ankin), LEU A: 353 (11-0), LEU A: 532 (ankin, m-ankin), SER A: 531 (BaH gep
Baanbcosi cunm), TYR A: 386 (ankin), VAL A: 117 (ankin), VAL A: 350 (ankin, T-0)

6 | ALAA: 528 (ankin, T-ankin), GLY A: 527 (amig-tr ctekir), LEU A: 353 (mr-ankin), LEU A: 532 (ankin, m-ankin), MET A: 523 (11-S, BaH aep Baanbcosi
cumm), TYR A: 356 (ankin), VAL A: 89 (ankin), VAL A: 117 (ankin), VAL A: 350 (ankin, Tr-ankin)

7 | ALAA: 528 (ankin, m-0), GLY A: 527 (amig-T ctekiHr), LEU A: 93 (ankin), LEU A: 353 (m-ankin), LEU A: 532 (ankin, m-ankin), MET A: 523 (11-S, C-H
B3aemopist), PHE A: 519 (tr-Tr-ctekinr), TYR A: 356 (ankin), VAL A: 89 (ankin), VAL A: 117 (ankin), VAL A: 350 (ankin)

8 | ALAA: 528 (ankin, m-ankin), GLY A: 527 (amig-tr crekiHr), LEU A: 93 (ankin), LEU A: 353 (r-ankin), LEU A: 385 (mr-ankin), LEU A: 532 (ankin), MET
A: 523 (11-S, C-H B3aemopist), PHE A: 519 (11-1r ctekinr), TYR A: 356 (ankin), VAL A: 89 (ankin), VAL A: 117 (ankin), VAL A: 350 (ankin, T-arnkin)

9 | ASP A: 348 (tr-goHopHuin H-38'a30k), ASN A: 582 (MbxmonekynspHuin H-38'a30k, C-H Baaemogisi), GLN A: 351 (r-goHopHumin H-3B'a30k), HIS A: 95
(Tr-ankin), HIS A: 352 (Tr-1r T-cTekiHr, T-goHopHuiA H-38'330K), LYS A: 97 (Tr-kaTioHHa B3aemogis), LYS A: 359 (Tr-kaTioHHa B3aemogis)

(ankin), VAL A: 350 (arnkin, T-0)

10 | ALAA: 528 (ankin, m-0), GLY A: 527 (amig-T ctekiHr), LEU A: 93 (ankin), LEU A: 353 (tr-ankin), LEU A: 385 (mr-ankin), LEU A: 532 (ankin), LYS
A: 533 (r-katioHHa B3aemogisi), MET A: 523 (11-S, C-H B3aemogis), PHE A: 519 (r-1r cTekinr), TYR A: 356 (ankin), VAL A: 89 (ankin), VAL A: 117

11 | ALAA: 528 (ankin), GLY A: 527 (amig-Tr ctekinr), LEU A: 353 (tr-ankin), LEU A: 385 (mr-ankin), LEU A: 532 (ankin), MET A: 523 (11-S, C-H
B3aemogisi), PHE A: 519 (- ctekiHr), TYR A: 356 (ankin), VAL A: 89 (ankin), VAL A: 117 (ankin), VAL A: 350 (ankin, Tr-ankin)

HacrynHuii erarn qOCIiKEHHS! — MOJICKYJISIPHUN JTOKIHT
3MOAeTb0BaHNX crONyK (1-11) 3 aKTHBHUM CalTOM JTaHOCTE-
poit 14a-nemernnasu. Sk pedepeHTHyY CHIOIYKY BUKOPHUCTaHO
(ykoHa30I.

3nauenns E_ . 11 TOCIi/DKEHUX CTIOMYK CTAHOBMIIN BiJl
-5,7 xxay/Monb 10 -7,6 KKajl/MOoITb, a (hITyKOHA30I O4iKyBaHO
MaB MEHIIHIA TTOKa3HUK — -10,9 kkan/mons (mabi. 4).

3-MOMIXK JOCITIDKCHUX TIOX1IHUX HaiiBHIIa adiHHICTh 3a-
¢ixcoBana y 3-(rekcnnTio)-4-metmit-5-(mipon-2-in)-1,2,4-1pi-
asony (7), saxuit maB E . Ha piBHi -7,6 kxkan/monb. Ll
pedoBrHA QopMye T-KaTioHHY B3aeMomiro 3 LYS A: 405,
BoaHesi 38’3k 3 SER A: 261 ta THR A: 260, a Takox
YrciIeHHi TiapodoOHi KoHTaKTH (mabi. 5).

Cromnyxku 5, 6, 8-10 TakoX yTBOPIOIOTH PO3TalyKEeHY CHCTe-
My CTaOiTi3yBabHUX B3a€EMO/IiH, BKITIOYHO 3 TT-KaTiOHHIMHI
Ta -1 crekinramu 3a y4actio PHE A: 387 i PHE A: 399,
10 CBIZTYUTH TPO YIACTh apOMATHYHHUX (DPArMEHTIB Y 3B’ S-
3yBaHHi. Crioiyka 4 XapaKkTepu3yeThCsi MEHIII MTOMINPEHUM
TUTIOM KOHTAKTY: aMi-T cTeKiHT i3 3amumkamu PHE A: 519
(maén. 5).

KoMruiekcoyTBOPEHHS 3a y4acTiO JOCIPKCHUX JIraH B
CTabiTi3y€eThCs MEPeBaXHO TiAPOHOOHUMHU B3aEMOIIIMHU
(m-ankineHi, n-0, ankinpHi, C-H) i3 3ay4eHHsIM 3aJIMIIKIB
ALA A: 400, CYS A: 394, ILE A: 404, LEU A: 3151 321,
PRO A: 320, THR A: 2601264 1 TYR A: 356. Kpim Toro,
BUSIBJICHO €JIEKTPOCTATHIHI B3aeMoIii (m-karionHi) 3ARG A:
393, LYS A: 3121405 i n-S B3aemoqii i3 cynb(hypoBMiCHIMH
3aJIHMIIKaMU (mabs. 5). HaliMeHIiy criopigHeHICTh 3adikco-
BaHo 1yt cnonyku 11 (E . =-6,4 kxan/mMoib), 1o Moxe OyTH
MOB’513aHO 3 MEHILIOIO KUIBKICTIO CTa011i3yBaJIbHUX B32€MO-
niii abo HeeeKTUBHUM IPOCTOPOBUM PO3TAIIYBAHHSAM y
MEKaX aKTUBHOTO IICHTPY (maon. 5).

BpaxoByroun etanonne snaqenns E . i peepenTHOro
iHribiTopa THPO3MHKIHA3K PELIENTOPIB aHAIIACTUYHOT JIiM-
¢pomu kinasu (AJIK) — kpuszoruniOy (E . = -9,4 kxan/mons),
Ppe3yJbTaTH MOJIEKYIISIPHOTO JIOKIHTY CBIZT4aTh PO MOMIpHHUIA
PIBEHB CTIOPIAHEHOCTI OLTBIIOCTI JOCTIKEHUX CIIONYK 10
AKTUBHOTO CalTy I[LOTO EH3HMY.

3nauennsa E . MOCHIIKEHUX MOJIEKYI TIEPEBHUILYBaIH
MMOKa3HUK KPU30THHIOY Olnblre HiX Ha 2 KKajl/MOJb,
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Tabnvus 4. MokasHuky E 3 aKTUBHUM LIEHTPOM flaHocTepon 14a-nemeTunasu, kkan/morb

1

57 3 6,1 6 -6,8 9 -6,9
2 -6,2 4 -6,7 7 -7,6 10 71
®nykoHason -10,9 5 7,3 8 -7 11 -6,4

Ta6nuus 5. Mprpoaa NporHo30BaHWX B3aEMOZiN JOCTIIKEHNX CMOMYK 3 aKTWBHUM LIEHTPOM NaHocTepon 14a-gemetunasu

e

1

ALAA: 104 (r-ankin), ALA A: 256 (r-ankin, 1-0), ARG A: 393 (11-kaTioH), GLY A: 396 (11-0), CYS A: 394 (H-38’a30k), HIS A: 101 (C-H 38’a30k), LEU
A: 100 (r-ankin), LEU A: 105 (mr-ankin, -0), LEU A: 152 (tr-ankin)

ALAA: 400 (mr-ankin, 1m-0), ARG A: 393 (m-S), CYS A: 394 (ankin), ILE A: 404 (m-ankin), LEU A: 311 (m-ankin), LEU A: 315 (m-ankin), LEU A: 321
(ankin), LYS A: 312 (mr-katioH), PHE A: 387 (mr-katioH), PRO A: 320 (tr-ankin), THR A: 260 (11-goHop H-38'130k)

ALAA: 104 (tr-ankin), ALAA: 256 (tr-ankin), ALA A: 400 (ankin), ARG A: 393 (tr-kaTion), CYS A: 394 (mr-ankin), GLY A: 396 (11-0, C-H 38’a30k), LEU
A: 105 (11-0), LEU A: 152 (mr-ankin), PHE A: 387 (1r-katioH), PHE A: 399 (11-Tr T-CTexiHr)

ALAA: 400 (mr-ankin, -0), ARG A: 393 (r-katioH), LEU A: 353 (BaH aep Baanbcosi cunu), CYS A: 394 (ankin, -ankin), ILE A: 404 (m-ankin), LEU
A: 315 (m-ankin), LEU A: 321 (ankin), LYS A: 312 (m1-katioH), PHE A: 387 (11-S, m-1r T-ctekiHr), PHE A: 519 (amig-1 cTekiHr), PRO A: 320 (r-ankin),
THR A: 264 (H-38'30K)

ALAA: 400 (ankin, 1-0), ARG A: 393 (tr-kaTioH), CYS A: 394 (1-ankin, C-H 38’a3ok), LEU A: 315 (mr-ankin), LEU A: 321 (ankin), LEU A: 324 (ankin),
LYS A: 312 (mr-karioH), PRO A: 320 (tr-ankin), PRO A: 386 (11-goHop H-38’a30k), THR A: 260 (11-0, H-38'a30K)

ALAA: 400 (ankin, -0), ARG A: 393 (r-katioH), CYS A: 394 (ankin), ILE A: 404 (r-ankin), LEU A: 315 (m-ankin), LEU A: 321 (ankin), LEU A: 324
(ankin), LYS A: 312 (mr-katioH), PHE A: 387 (m-S, T-1r T-cTekiHr), PRO A: 320 (r-ankin), THR A: 264 (-gnoHop H-38'530k)

ALAA: 256 (tr-ankin), ALA A: 400 (ankin, -0), CYS A: 394 (ankin), LEU A: 105 (tr-ankin), LEU A: 152 (1r-ankin), LEU A: 321 (ankin), LEU A: 324
(ankin), LYS A: 405 (1-kation), PHE A: 387 (11-ankin), PRO A: 349 (ankin), SER A: 261 (H-38'a30k), THR A: 260 (H-38’30k)

ALAA: 400 (ankin, m-0), ARG A: 393 (Tr-katioH), CYS A: 394 (ankin), ILE A: 404 (mr-ankin), LEU A: 311 (m-ankin), LEU A: 315 (mr-ankin), LEU A: 321
(ankin), LEU A: 324 (ankin), LYS A: 312 (mr-karioH), PHE A: 387 (1-S, -1 T-ctekinr), PRO A: 320 (mr-ankin), THR A: 264 (11-goHop H-38's30k), TYR
A: 356 (ankin)

ALAA: 400 (ankin, -0), ARG A: 393 (tr-katioH), CYS A: 394 (ankin), ILE A: 404 (mr-ankin), LEU A: 315 (m-ankin), LEU A: 321 (ankin), LEU A: 324
(ankin), LYS A: 312 (r-katioH), PHE A: 387 (11-S, m1-1r T-cTexinr), PRO A: 320 (m-ankin), THR A: 264 (1r-goHop H-38's30k), TYR A: 356 (ankin)

10

ALAA: 400 (ankin, 1-0), ARG A: 393 (r-katioH), CYS A: 394 (ankin, m-ankin), HIS A: 259 (ankin), ILE A: 404 (mr-ankin), LEU A: 315 (m-ankin),
LEU A: 321 (ankin), LYS A: 315 (1r-kaTioHHa B3aemogist), MET A: 79 (ankin), PHE A: 78 (1r-ankin), PHE A: 255 (mr-ankin), PHE A: 387 (11-S, -1
T-ctekiHr), PRO A: 320 (mr-ankin), THR A: 264 (m-goHop H-38'a30k), TYR A: 76 (ankin)

1

ARG A: 96 (ankin), ARG A: 194 (tr-karioH), HIS A: 259 (C-H 38’a30k), HIS A: 392 (ankin), LEU A: 321 (m-ankin), VAL A: 395 (ankin)

IO TiJATBEP/DKYE MEHII BIpOTiiHY adiHHICTH 10 MillleHi
(mabn. 6).

HaiiBuury criopigaeHicTs 10 aktiuBHOro caity AJIK manu
cnonyku 7, 9 ta 11 (maé6n. 7). Tak, cnomyka 11 yTBOpioe
T-KaTioHHI B3aeMoxii 3 3ammmkamu ARG A: 1120 ra ARG
A: 1264, m-anionni xoHTaktu 3 GLU A: 1132, a takox
YHCIeHH] TiapodoOHI B3aeMoii (anKiNbHI, T-aIKiJIbHI,
C-H), mo 3abe3neuye crabiabHE 3B’sI3yBaHHS 3 O1JIKOM

(E

Eu;lonyka 9 nepeBaxkHO (opmye rinpodoOHi B3aemomil i3
saymiukamMu LEU, MET 1 LYS. I1pu iboMy nporaosyeTsces,
mo 3amumok MET A: 1199 akruBHO Oparume ydactb y
popmysanni C-H 38°s13Ky (mabn. 7). 3nadenns E . s wiei
CIIOJIYKH ITPEIMKTUBHO CTAaHOBUTH -6,9 KKai/Moiib. Crioiryka
7 Mae B3aeMOJIi1 T-aJKiTbHOTO Ta ankigpHoro THITY 3 LEU Ta
LYS, npote He YTBOPIOE BOAHEBHUX 200 CIICKTPOCTATUUHIX
3B’S3KiB, XapaKTEPHUX I KpU30THHIOY, 3HaueHHsa E . —Ha
piBHI -6,8 KKa/MOJIb.

Jist mopiBHAHHS, KpU30THHIO (hopMye cTabiTbHUI KOMII-
JIEKC 3aBJISIKU TOE€JTHAHHIO €JIEKTPOCTATHYHHX, BOIHEBUX

i rizpooOHMX B3a€EMOJIN, IO 3yMOBIIOE HOTO BHCOKY
adirnicts 1o AJIK.

OpnepxaHi papMakOKiHETUYHI ApaMETPU AU ITiJICTaBH
3pOOHTH BICHOBOK, IO 3 MOAOBKEHHIM TiOAJKIITFHOTO 3a-
MICHHUKA Y CTPYKTypax BiJIOyBa€ThCs TIOCHICHHS JIITO]iib-
Hocti (LogP), 1110 cymipoBOmKYETHCS 301BIITEHHAM KUTBKOCTI
o6eproBux 38’s13kiB (KO3). 3Ha4ueHHs TOONOTIYHOT TLIOMI
niossipHoT oBepxHi (TTITIT) ayist 6ibIIOCTI CITOMYK CTaHO-
BuTh MeHie Hixk 90 A% (kpim cronyku 11), mo Bianosinae
MIPUIHATOMY TIOPOrOBOMY 3HAUEHHIO JUIsl repe0adyBaHol
BHPaXEHOI TIepOpaEHOI 010OCTYITHOCTI.

Kinbkicte Baxkkux aromiB (KBA) mocnizoBHO 301b1ny-
eTbes Bi 12 y crionmyku 2 10 22 'y crionyk 11, 1110 MMOBHICTIO
KOPEJIIOE 3 MOJOBKCHHSAM aJKUILHOTO JIAHIFora (maon. §).
[pu IbOMY KiTBKICTh apoMaTHIHNX BayKKUX atoMiB (KABA)
3anmnaeThest crainoro (10) y Beix croimykax, OCKUTBKH apo-
MaTHYHA CHCTeMa He 3a3HA€ CTPYKTYPHUX 3MiH. AHAJIOTIIHY
CTaJIICTh BU3HAYCHO JJIS TTapaMETPiB, 110 XapaKTepHU3yloTh
T1IPOTeHO3B’ A3yBaIBHUH MOTEHITIA: KITBKICTh aKIIENTOPIiB
BoaHeBoro 3B’ 13Ky (KAB3) y Bcix croirykax CTaHOBHTH 2,

= -7,3 KKaJ/MOIIb).
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Tabnuus 6. MokasHuk1 E 3 aKTUBHUM LIEHTPOM KiHa31 aHaniacTu4YHOI NiMGoMi, Kkar/mMorb

1

-52 3 -6,0 6 -5,3 9 72
2 4,7 4 -5,4 7 -6,8 10 -5,3
Kpun3oTuHio 94 5 -6,2 8 -5,6 1" -7,3

Tabnuus 7. MNprpoaa B3aemogii AOCIZKEHNX CMOMNYK 3 aKTUBHUM LIEHTPOM i3 KiHa3u aHannacTuyHoi niMomu

e

A: 1130 (1r-ankin)

1 | ALAA: 1148 (mr-ankin), ARG A: 1120 (r-katioH), LEU A: 1122 (11-0), LEU A: 1148 (mr-ankin,), LEU A: 1256 (r-ankin), MET A: 1199 (H-38's30k), VAL

A: 1267 (mr-karioH), VAL A: 1130 (11-0)

2 | ALAA: 1148 (m-ankin), ILE A: 1171 (ankin), LEU A: 1122 (r-ankin), LEU A: 1196 (ankin, -ankin), LEU A: 1256 (m-ankin), LYS A: 1150 (ankin), LYS

3 | ALAA: 1148 (m-ankin), ALAA: 1200 (C-H-38’s130k, ankin), ARG A: 1120 (tr-katioH), LEU A: 1122 (mr-ankin), LEU A: 1148 (m-ankin), LEU A: 1196
(ankin), LEU A: 1256 (m-ankin), LYS A: 1150 (ankin), MET A: 1199 (H-38'a30k), VAL A: 1130 (ankin, Tr-ankin)

1130 (Tr-ankin)

4 | ALAA: 1148 (m-ankin), LEU A: 1122 (-0, r-ankin), LEU A: 1198 (mr-ankin), LEU A: 1256 (-0, ankin), MET A: 1199 (mr-ankin, H-38’s30k), VAL A:

(r-ankin, H-38'a30k), VAL A: 1130 (ankin, Tr-ankin)

5 | ALAA: 1148 (m-ankin), ALAA: 1200 (C-H-38’s30k), LEU A: 1122 (11-0, T-ankin), LEU A: 1198 (mr-ankin), LEU A: 1256 (-0, ankin), MET A: 1199

A: 1256 (1-0), LYS A: 1150 (mr-ankin), VAL A: 1130 (Tr-ankin)

6 | ALAA: 1148 (mr-ankin), ARG A: 1253 (r-katioH), GLY A: 1269 (C-H-38’s30k), LEU A: 1148 (ankin), LEU A: 1196 (m-ankin), LEU A: 1196 (ankin), LEU

7 |ILEA: 1171 (ankin), LEU A: 1122 (-0, T-ankin), LEU A: 1196 (ankin), LEU A: 1198 (mr-ankin), LEU A: 1256 (ankin, T-ankin), LYS A: 1150 (1-ankin)

8 | ALAA: 1148 (m-ankin), ALAA: 1200 (ankin), LEU A: 1122 (ankin, m-ankin), LEU A: 1196 (r-ankin), LEU A: 1198 (ankin), LEU A: 1256 (ankin,
T-ankin, m-0), LYS A: 1150 (tr-ankin), LYS A: 1267 (m-kation) MET A: 1199 (m-ankin, H-3g’a3ok), VAL A: 1130 (tr-ankin)

1150 (ankin), MET A: 1199 (C-H B3aemopis)

9 | ALAA: 1200 (ankin), ILE A: 1171 (ankin), LEU A: 1122 (mr-ankin), LEU A: 1196 (ankin), LEU A: 1198 (ankin), LEU A: 1256 (ankin, r-ankin), LYS A:

10 |[ALAA: 1148 (ankin), ARG A: 1253 (m1-katioH), ASP A: 1203 (11-aHioH), LEU A: 1122 (ankin), LEU A: 1196 (ankin), LEU A: 1198 (mr-ankin), LEU A:
1256 (ankin, -ankin), LYS A: 1150 (ankin), MET A: 1199 (ankin), VAL A: 1130 (ankin)

11 | ALAA: 1200 (r-ankin), ARG A: 1120 (tr-katioH), ARG A: 1264 (tr-katioH), GLU A: 1132 (tr-aHioH), ILE A: 1171 (ankin), LEU A: 1122 (ankin, Tr-ankin),
LEU A: 1196 (ankin), LEU A: 1256 (ankin), LYS A: 1150 (ankin), MET A: 1199 (C-H B3aemogist), VAL A: 1130 (ankin)

a ximpKicTs moHopis (KJIB3) — 1, m1o BiAmoBigae HassBHOCTI
aromiB Hitporeny 1,2,4-tpiazonbHoro nukiy Ta NH-rpynu
nlipoity. BogHouac monexyssipaa pedpaxuist (MP) mae giTky
TEH/ICHITIO 10 3pOCTaHHS 31 301TBIICHHSIM JOBXUHH TiO-
AJIKUIBHOTO 3aMicHuKa — Bif 48,32 y cionyku 1 10 96,05 y
crnionyku 11 (ma6n. 8). [10sICHIOEMO TIe BHECKOM JTOIATKOBHX
aromiB Kapb6ony ta ['igporeny y 301IbIICHHS TOISPU30Ba-
HOCTI MoJIeKyu Ta ii 00’ emy.

AHaIi3 BMicTy sp*-ribpunuzoBanux aroMmis Kapoony (Cspz)
MTOKa3aB: CIIONyKaM, IO XapaKTePU3YIOThCA 301TBIICHHM
LIOTO [OKA3HMKA, BIACTUBHI BUILUI CTYIIHb TPHBUMIPHOCTI
(maba. 8). Crionyku 2-5 MaloTh ONTHMAaJIbHUN OanaHc Mk
TaKUMH ITOKa3HUKaMHU, sIK MoJieKymsipHa Maca, TTITIIT, KO3,
dactka C_, | CHHTETHYHA J10CTYIHICTE.

Cronyka 1 Mae HafiMeHIITy MOJICKYISIpHY Macy (M) 1 Haii-
oinbiie 3uageHHs TIITIIT cepex yeix DOCITIIKEHUX 3pa3KiB.
Cronyku 9-11, 1110 MICTSTh MOJOBKCHI JIKUIbHI JIAHIFOTH,
BUPI3HAIOTHCS ITiIBUIICHOIO JTIMO(IBHICTIO Ta IIOTSHIIIIHO
3HIYKCHOIO BOIOPO3UYHNHHICTIO.

4-Metun-5-(nipon-2-im)-1,2,4-tpiazon-3-tion (1) Ta ioro
S-metnnmoxigHe (2) Maay HaHBHIN MPEIUKTHBHI 3HAYCH-
HSI BOZIOPO3YMHHOCTI, 1110 MepeBHIIyoTh 1 X 102 MOIB/m
(maébn. 9). 3rigHo 3 knacudikamiero moneneir ESOL ta Ali,

OOHIBI ITi CIIOJTYKH ITOTIEPETHBO MOXKYTh Oy TH KilacH(hikoBaHi
sk 100pe po3unnHi (/IP).

[MomomxewHHs TioankinbHOTO NaHIiora (3—11) cympo-
BOJDKY€ETHCS MTOCTYIIOBUM 3HIDKCHHSIM TTOKAa3HUKIB BOJO-
PO3YMHHOCTI 3a BCiMa TpboMa MomesssMu. [lodnHarouu 3
4-metmi-3-(neHTnTio)-5-(1ipon-2-in)-1,2,4-rpiazomny (6),
OUTBIITICT CTPYKTYp BU3HAYEHO SIK ToMipHO po3unHHi (I1P),
a crionyka 11 — six Manopo3uunHa (MP).

Monems ESOL mnoka3ana HaiiMEHIII KOHCEPBAaTHUBHI OIIiH-
K#, BigHOCSYHM 10 Kiacy [P mume cromykm 9-11, pemry
kiacudikoBaHo sik po3unHHi (P). YV moneni Ali 3HMKeHHS
PO3YMHHOCTI BiIOYyBaJIOCs IIBHIIIIE: BXKE BiJ] CIIONYKH 6 10-
cItipKeHi cTpyKTypu BusHadeHo sk [1P. HaticyBopimry oriiHKy
mana moaenb SILICOS-IT, mio juist GLIbIIOCT] MOXITHUX
nependadnna craryc [P, a gst conyku 11 — MP (ma6n. 9).

Hacrynanm eTanom 1ocitipKeHb IPEANKTHBHO BU3HAYCHO,
10 JInoQuIbHICTh 301IBLIYETHCSI B HAIIPAMI BiJ| criosyku 1
no ciionyku 11. Koncencycni snagenns Log P yTBoproroTs
iHTepBaJ NOKa3HUKIB y Mexax Bizx 0,88 (1) no 4,44 (11), o
CBITYNTH NPO CYTTEBUH JiarazoH TigpodoOHOCTI B psity
JOCIIDKEHUX MOJIEKYI (maobn. 10).

Haiimeniire 3nauenHs stinodinsaocti (Log P) 3adikcoBano
JUTst crioityku 1, 1110 € HalOLIBII TiAPOdIIBHOIO, a criomyka 11
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Tabnuus 8. disnko-ximMiuHi BNaCTUBOCTI AOCTIIKEHNX CMONYK

e S S = B N TN

180,23 0,14 2 48,32 85,30
2 (194,26 13 10 0,25 2 2 1 52,79 71,80
3 208,28 14 10 0,33 3 2 1 57,60 71,80
4 22231 15 10 0,40 4 2 1 62,41 71,80
5 236,34 16 10 0,45 5 2 1 67,21 71,80
6 | 250,36 17 10 0,50 6 2 1 72,02 71,80
7 264,39 18 10 0,54 7 2 1 76,83 71,80
8 |27842 19 10 0,57 8 2 1 81,63 71,80
9 29244 20 10 0,60 9 2 1 86,44 71,80
10 | 306,47 21 10 0,62 10 2 1 91,25 71,80
11 | 320,50 22 10 0,60 1 2 1 96,05 71,80

Tabnuus 9. ADME-aHani3: po34MHHICTb Y BOZI AOCAIKEHUX CMOMYK

Log S: Po34uHHicTb, - Mr/mn; Log S: Po34uHHiCTb, - Mr/mn; Log S: Po34uHHicTb, - Mr/mn;
ESOL - Monb/n Ali - Monb/n SILICOS-IT |- monb/n

1 |76 -3,13; 1,76 -3,15; 2,26 9,86 x 10°;
1,74 x 102 1,75 x 10° 547 x 10°

2 (19 -2,13; P |-185 -2,76; 0P |-265 4,31x10% P
1,10 x 102 1,42 x 10° 2,22 x10°

3 [217 -1,42; P 2,22 -1,25; P -3,06 1,81 x 107, P
6,80 x 10° 6,01 x 10° 8,69 x 10°

4 |-249 7,24 x 10%; P 2,77 3,76 x 10°; P -3,47 7,59 x 10% P
3,26 x 10° 1,69 x 10° 3,41 x 10°

5 |-2,70 4,67 x 10%; P -3,14 1,69 x 10°; P -3,87 3,18 x10% P
1,98 x 10° 717 x 10 1,35 x 10

6 |-304 2,29 x 107, P -3,71 4,94 x 10% P -4,27 1,33 x 10% np
9,16 x 10° 1,97 x 10 5,32 x 10°

7 [-338 1,11 x 10°; P -4,27 1,43 x 10% P |-4,68 5,57 x 10, np
4,22 %104 543 x 10° 2,11 x10°

8 [-371 5,37 x 10% P -4,83 4,16 x 10, P |-508 2,33 x 10 np
1,93 x 10° 1,49 x 10° 8,38 x 10°

9 [-4,06 2,57 x 10% P |-539 1,20 x 10%; P |-548 9,77 x 10% np
8,79 x 10° 4,11 % 10° 3,34 x 10°

10 |44 1,20 x 107 nP |59 3,38 x 10% P |-587 4,10 x 10% np
3,93 x 10° 1,10 x 10° 1,34 x 10°

1 475 5,68 x 10%; P |-652 9,74 x 10%, MP  |-627 1,71 x 10% MP
1,77 x 10° 3,04 x 107 5,35 x 107

XapaKTepH3y€eThCA HAMBUIIINM PiBHEM TiApohOOHOCTI cepen
yCix nociiukeHux cTpykryp. Criomyku 8—11 MaroTh KOHCCH-
cycHi 3Hagenns Log P, mo nepesunryrots 3,0, a ciomyku
3-7 maroth 3Ha4eHHs B Mexax 1,5-3,0, 10 BU3HAYEHO SIK
OIITUMAJIBHI JIs OararboX NepPOPaILHO aKTHBHUX JIIKAPCHKUX
3aco0iB (mabn. 10).

VYei ocripkeHi CoMyKH MaloTh BUCOKY BIPOTIAHICTH
nutyHkoBo-kuikoBoi (1K) agcop6uii, mo € cnpusim-
BOIO BJIACTUBICTIO I 3a0e3redeHHsT e(heKTUBHOTO Tep-
OpaJbHOIO 3aCBOEHHS (maba. 11). AHaii3 34aTHOCTI 10
IIPOHUKHEHHS uepe3 remaroeHuedaniunmnii 6ap’ep (I'Eb)

TOKAa3aB, IO Jiuie cromyku 1 ta 11 He MaloTh Takoi BIacTH-
BOCTI, a crionyku 2-10 MaroTh MOTEHITIAN IS OCATHEHHS
TEpaNeBTUYHNX KOHICHTPAIlill y IeHTpabHI HEPBOBIH
cucreMi (maén. 11). KogHa 3 TOCHiIKEHUX MOJEKYNI HE
MaJia IePCIeKTUBH MO0 CYOCTpaTHOT aKTUBHOCTI 110 OiJIKa
P-gp. Ile cBiqunTh PO HU3BKY HMOBIPHICTE SHIFOKCHOTO
TPAHCIOPTY Ta MOTEHIIHHO MIIBUILEHY KIITHHHY aKyMy-
TSt (maon. 11).

In silico qocmipKeHHs, SIKe 0B’ I3aHE 3 BU3HAYEHHSIM IMO-
BipHOCTI iHriOyBaHHs hepmenTiB cuctemu CYP450, BUsBIIO
CTPYKTYPHO 3aJIC)KHY TMHAMIKY. 30KpeMa, aKTUBHICT II0JI0
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Ta6nuus 10. ADME-aHarnia: ninodinbHICTb LOCHIMKEHUX CNOMyK

m Log PolB (iLogP) Log Po/B (XLogP3) Log Po/B (WLogP) Log Po/B (MLogP) Log Po/B (SILICOS-IT) | KonceHcyc Log Po/B

1,09 0,40 0,47 1,34 0,88
2 |1,68 0,76 1,53 0,80 1,57 1,27
3 (175 1,12 1,92 1,12 1,88 1,56
4 |212 1,65 2,31 1,42 2,21 1,94
5 (237 2,01 2,70 1,72 2,56 2,27
6 (250 2,55 3,09 2,00 2,92 2,61
7 1279 3,09 3,48 2,27 3,29 2,98
8 (287 3,63 3,87 2,53 3,67 3,31
9 (337 417 4,26 2,79 4,05 3,73
10 | 347 4,72 4,65 3,04 4,44 4,06
11 |3,76 5,26 5,04 3,28 4,84 4,44

Tabnuus 11. apmakokiHeTUKa JOCTILKEHNX PEHOBUH

LUK apcop6buis | MopgonaHHa P-gp CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 Log Kp, cm/c
FrEB cyberpar iHridiTop iHriGiTop iHri6iTop iHridiTop iHridiTop

1 |Bucoka - 712
2 | Bucoka i - T - - - - -6,95
3 | Bwucoka + - + - - - - -6,78
4 | Bucoka + - + + = - - 6,48
5 |Bucoka + - + + - - - -6,31
6 |Bucoka i - i i - - - -6,02
7 | Bucoka + - + + - - - -5,72
8 |Bucoka + - + + + + - -5,42
9 |Bucoka + - + + + - + -5,12
10 | Bucoka + - + + + - + -4,82
11 | Bucoka - - + + + - + -4,52

i3oepmenTy CYP1A2 BUSIBISETHCS, TOYMHAROYH 31 CIIOTYKU
2, 13pocTae 31 301IbIIEHHSM T11poPoOHOCTI MOJIEKYIT, T0CS-
raroun Makcumymy [t criorykd 11. 3ogepment CYP2C19
iHri0yeThes criosykamu 4-11, 110 CBIIYNTH MPO HASBHICTh
TIEBHOTO CTPYKTYPHOTO MOPOTY, HEOOX1THOTO JUISt B3aEMOIIT
(maébn. 11). Iaridysaras CYP2C9 3adikcoBaHo e s
HaWOLIBII JTiNo(iTbHUX crionyk (8-11), a aKTUBHICTb 111010
CYP2D6 obmexeHa TpbOMa OCTaHHIMH CTPYKTYpaMH B PsLLy
(9-11). BomHouac »omHa 3 JOCTIPKEHAX CIONYK HE Maja
MoTeHMiany moxao inridysansHoro BBy Ha CYP3A4 —
KJIFOUOBOTO (hepMEHTY MeTaboIi3My 0araTbox JIKapChKHX
3aco0iB, 110 MO’KHA BU3HAYUTH SIK IO3UTHBHY Xapakre-
PHCTHKY, 3Ba)Kal0ul Ha MiHIMI3aIlif0 PU3AKY MDKITIKAPCHKIX
B3aemoniit (mabn. 11).

3navenns: Log Kp, 1110 KOpemoroTh 3i IIKIPHOIO TPOHUK-
HICTIO, TIOKA3aJIHM IOCTYIIOBE 3POCTAHHS BiJIMOBIIHO 10
MTOAOBKCHHS TIOAJKUTFHIX JIAHITIOTIB Y CTPYKTYP1 MOJIEKYIL.
e cBiqUUTH PO MMiABUIICHHS T1p0o(OOHOCTI i MOTEHITIATY
JUISL TPAHC/IEPMAJIbHOTO IPOHUKHEHHS (maon. 11).

AHani3 aiKomoaiOHOCTI MMOKa3aB MOBHY BiJIMOBIIHICTh
crionyk 1-10 Bumoram nipasuit npasui Jlimiacekoro, Toze,
Bebepa, Irana, Myrre. bepyun no yBaru iHzmexe 61000CTyTI-
HOCTI, HasiBHICTb CTpYKTypHuX curHaiiB PAINS i nonepe-
JUKeHb bpeHka, 1ie CBIJUUTH PO XOPOIIy IPOTHO30BaHY
JKONOAIOHICTD 1 MOXKIHBY (papMaKoJIOTidHY aKTHBHICTB.
Crnonyka 11 Masia J1Ba OpyICHHS: BIIXUIJICHHSI BiJ| IPaBHIIa
Bebepa (kinbkicth 00eproBux 3B’s3kiB >10) Ta mepeBu-
IIeHHS TpaHndHoro 3HaYeHH XLogP3 >5; Ha mifcrasi mux
JAHUX IIAIDIA BUCHOBKY PO MiABHUINEHY JIMO(ITBHICTH
(maén. 12).

J11st BCix crionyk iHJeKc 61040CTYTHOCTI MPOrHO30BaHUH
Ha piBHi 0,55, 110 € MPUIAHATHIM 3HAYCHHSM IS TOTCHITIH-
HOTO MepopasibHOTO 3acTocyBaHHs. CTPyKTypHUI aHai3
PAINS BusiBuB suiie ogny cronyky (1) 3 hparmMeHToM, o
MOKEe IPU3BOJUTH 10 XHOHOTIO3UTHBHUX PE3yJIbTaTiB — Ha-
ABHICTB TionmbHOI rpymu. [Tonepemkenns bpeHka BUSBICHO
TAKOXK JIMINE YIS CIOMYKU 1, a 1HIII CHOMYKH HE MICTHIIN
CTPYKTYp, IO 3a3BHMYail acOIIOIOTHCS 3 MOTEHIIHHOIO
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OpueiHaribHi 0oCiOXeHHs

Tabnuus 12. MikonoaibHicTb foCnimKEHUX CNOnyK

®insTp BiopgocTynHicTb MonepemkeHHs

BpeHka

1 |+ + + + MW>200 0,55 0 1 (tion)

2 |+ + + & MW >200 0,55 0 0

3 |+ + + + + 0,55 0 0

4 |+ i o + + 0,55 0 0

5 |+ + + + + 0,55 0 0

6 + + + + + 0,55 0 0

7 |+ + + + + 0,55 0 0

8 + + + + + 0,55 0 0

9 + + + + + 0,55 0 0

10 |+ + + + + 0,55 0 0

1" [+ + Rotors >10 + XLogP3 >5 0,55 0 0

TOKCHYHICTIO a00 HECHPHUATIMBAMHA (PapMaKOIOTIIHIMH
BJIACTUBOCTSIMU (mabi. 12).

Cromyku 3-10 MaroTh HaHCTIPUATIMBIIIHAN JTIKOTIONIOHII
npoink: BOHM BIANOBIAIOTH YCIM (UIBTpPaM 1 HE MarOTh
CTPYKTYypHHUX 3acTepexeHb. Crionyka 1, xo4a it 3araiom
BIJINOBIIa€ OUIBIIOCTI MPABUII, XapaKTEPU3Y€EThCS HasIB-
HICTIO TIOJIBHOT IPYIH Ta AEIIO 3HIKEHOIO MOJICKYIISIPHOIO
Macoro. Crionyka 11 Mae HaliMeHIITy BiJIIOBITHICTh KPUTEPISIM
JIKOTOAIOHOCTI Yepe3 HaaMIpHY JNoQiIbHICTE 1 BETHKY
KUIbKICTH 0OEPTOBHX 3B’SI3KIB.

O6roBopeHHs

Pesynbrarit 1OCIIKEHD CBITYaTh, 110 301IBIICHHS JOBKHHU
TIOANKUTBHOTO 3aMiCHUKA y TIOJIOKeHHi 3 1,2,4-Tpia30IbHOTO
IIHKITY CYTIPOBOIKYBATUMETHCSI 3HIDKEHHSIM TOKCHYHOCTI TS
CCaBIIiB, 110, 30KpeMa, IHAYKY€EThCS IMiBUIICHHIM 3HAYCHb
LD, MmoBipHO, Takuii edekT MOKe GyTH 3yMOBICHMI
3MEHIIEHHSM abcopOLii abo 3HIKEHHSIM 010JJ0CTYITHOCTI
CTIOJTYK TIPY BBEJICHHI per 0s.

BoHovac iMOBIPHOIO € IPOTHIIEIKHA TEHACHIIIS TSl BOJI-
HUX OPTaHI3MIiB: 31 301IBIICHHAM TOBXUHH TiOAIKITHHOTO
JIQHIIOTa TOKCUYHICTD 1iist Daphnia magna MiBUNTY€ThCSL.
Le, iMOBipHO, TTOB’SI3aHO 3 BUILIOIO JHITO(IIHHICTIO CIIONYK,
110 cripusie e(hEeKTUBHIIIIOMY IPOHUKHEHHIO uepe3 010IoriyHi
MeMOpaHH Ta HAKOTIMIEHHIO B OPTaHi3Mi.

Pesynbraru in silico aHanizy cBig4ath, 10 BCI JOCII-
JoKeH1 moximHi 1,2,4-Tpia3omy Mand MO3WTHBHUHA TPOTHO3
MYTareHHOCTI 3 IMOBIpHICTIO y Mexax Bif 0,64 1o 0,94, o
CBITYUTH PO NOTEHIIHUI PU3UK TEHOTOKCUYHOTO BILIHBY.
BcranosiieHo, 1110 XapakTep i IOBKHHA TI0aJIKIIbHOTO 3aMmic-
HUKa B IOJIOXkKeHHi 3 1,2,4-Tpia301bHOTO KTl BILTUBAIOTH
Ha HMOBIPHICTh BUHHUKHEHHS MyTarcHHHUX BJIaCTHBOCTEH.
CIoyKu 3 KOPOTKOJTAHIFOTOBUMH Ti0ATKUTHHUMHE 3aMiCHH-
Kam# (METHJI-, €THJI-, [IPOIILJI-, Oy THII-) XapaKTePHU3yBaIHCs
BiTHOCHO HIK4YrMH 3HadeHHsIMU (0,64—0,93), i HaltHKIHi
MMOKa3HHUK 3a(iKCOBAHO IS €THJITIONMOXIMHOTO (Croyyka 3,
0,64). Lle MO>kHA TIOSICHUTH ONITAMAJIBHIM CITiBBiJHOIICHHSIM

SIIEKTPOHHHUX 1 CTepHYHHUX edekTiB. s cronyk i3 cepen-
HBOJIAHIIOTOBMMH 3aMICHUKAMH (TIEHTUJI-, TeKCUJI-, TENITHJI-)
3aikcoBaHO CcTaOIILFHO BHUCOKI 3HAYEHHS MYTareHHOCTI
(0,84-0,85), a oxi1Hi 3 JOBrOJIAHIFOTOBUMH TiOATKITEHUMHE
3aMiCHUKaMH (OKTHII-, HOHIJ-, AEKiJ-) XapaKTepH3yBaJHCs
MakcUMaTbHIMU TokasHuKamH (0,92—0,94). Taka TeHIeHIis
MO)Ke OyTH 3yMOBJIEHA 30UIBIICHHSM T1podoOHOCTI MOJIe-
KyJ1, T IBUILIEHHSIM iXHbOI MEMOPaHOTPOITHOCTI Ta 3/1aTHICTIO
B3aEMOISATH 3 HYKJICO(iITPHUMHU IIEHTPaMu 0i0MaKpoOMO-
JIeKyJ1. 3arajioM BHSBICHO KOPEJSIII0 MiX MOJTOBKEHHSIM
TIOAJNKUIBHOTO JIAHIIOTA Ta MiABUIICHHSIM IMOBIPHOCTI
MYTareHHOCTI, OJTHAK BUHITKOM € CIIOJIyKa 3, JJIs sIKOi 3a-
(hikCOBaHO MiHIMAIILHE 3HAYCHHS, 110 MOYKE CBIAYHMTH PO
ICHYBaHHS [IEBHOTO CTPYKTYPHOTO OIITUMYMY, 32 SIKOTO PU3HK
MyTareHHO{ /1ii 3HWKYEThCSL.

Pe3ynbraTi MOJIEKYIISIPHOTO IOKIHTY ITOKA3aJIH TIOTCHIIHHY
0i0NIOTYHY aKTUBHICTB JJOCIIKEHHX CIIONYK 1110710 (hepMeHTY
HOT-2. Xoua ykoHa 3 HUX HE I0CATIIa PiBHSA 3B’ I3yBaHHS pe-
(heperTHOTO iHTIOITOPA (IIETTEKOKCHOY), OKpeMi MoeKyH (4, 7
Ta 8) XxapakTepu3yBalics BIITHOCHO BUCOKOIO CIIOPITHEHICTIO
JI0 aKTUBHOTO caidTy epmenTty. Lle ae miacraBu BU3HAYUTH
X SIK IePCTIEKTUBHI KaHAUIATH IS TIOAJBII0] ONTHMI3aILii.

HasBHiCT XapaKTepHUX B3a€MOIiH, K-OT aMiA-T CTCKIHT
13 GLY A: 527, n-wt crekinr i3 PHE A: 519 i n-kaTioHHI KOH-
TaKTH 13 3aiuiikamu LY'S, cBiyaTh npo 31aTHICTH JIraHIiB
3aiiMaTH CHPUSTIMBY OPIEHTALII0O B AaKTUBHOMY LIEHTPI
HOTI'-2. TToni6HICTh THUTIB B3aEMOiH 10 THX, MIO Xapak-
TEpHI 71 CEJIEKTUBHUX THTI0ITOPIB, 30KpeMa LENeKOKCHOY,
MIJKPECITIOE MEPCICKTUBHICTD 1 3HAYYIIICTH CTPYKTYPHOTO
sapa 1,2,4-Tpiazony B au3aiiHi HoBHX iHri0iTopis LIOI-2.

BusiBnenmii 38’5130k MK CTPYKTYPHHUMHA O0COOITHUBOCTSIMHU
MOXIJIHUX 1 IXHBOIO 3[ATHICTIO JI0 KOMILIEKCOYTBOPEHHS 3
(epMeHTOM TaKok MO)ke OyTH BHKOPUCTAHHUH JUISl HACTYTI-
HOTO CIPSIMOBAHOTO MOAM(DIKYBaHHS ISl MOKPAICHHS
a(iHHOCTI Ta CEIIEKTUBHOCTI.

PesynbraTtit MOJEKYJISIPHOTO JIOKIHTY HiJITBEpANIN TO-
TEHIIWHY 1Hri0yBaIbHY aKTHBHICTB JOCIIKCHUX MOXITHUX
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1,2,4-Tpia3oy momo taHoctepon 14a-memernnasu. Hessa-
YKaIOuM Ha Te, 1110 KOJIHA 3 IOCII/PKEHHX CIIONYK HE JI0csTIa
adirHocTi piBHA (raykoHazomy (-10,9 xkam/mMonb), okpemi
MoJiekyu (crionyku 5, 7, 8 i 10) oka3aiu BiZITHOCHO BUCOKY
CTIOPITHEHICTH 10 aKTUBHOTO IIEHTPY MOJAETEHOTO CH3UMY.
KomriiekcoyTBOpeHHs Yy in silico Mopaeni 3MiACHIOEThCS
IIIIXOM 0araTOKOMIOHEHTHOI B3a€MO[ii, 30KpeMa Tiapo-
(hOOHUX, T-T CTEKIHTOBHX, TT-KaTIOHHUX 1 BOJHCBUX 3B SI3KIB.
3HauHy pOJIb Biirpae HAsIBHICTD Y CTPYKTYPl ApOMaTHIHIX
1 TIOAJKUIBHUX (DparMeHTiB, 10 CHPUSIIOTH e()EKTUBHOMY
PO3MIMICHHIO JITaHIIB y MexaxX TigpodoOHOTO JOMEHY
6i1ka. OcoOIMBOT yBaru 3acIyroBYeE CIIOIyKa 7, 110 HE JIHIIIC
YTBOPIOE IIMPOKHUH CHEKTpP CTAOLTI3yBalbHUX KOHTAKTIB 3
naHoctepon 140-1emMeTnas3oro, aje i Mac HalHKIY eHep-
T'i10 3B’SI3yBaHHsI CEpesl IOCIIKEHUX ToXiHuX. HasBHICTD
BOJHEBHX 3B’SI3KIB 1 TT-KATIOHHOI B3a€MOMII 3 KIIFOYOBUMH
3aJIMILIKAMH CBITYHUTB [IPO CIIPUSITIIBY IIPOCTOPOBY OPi€HTA-
1i10 1 TOTEeHIIHHY ceneKTHBHICTh. Criomyku 5, 8 1 10 Takox
YTBOPIOIOTH CIIPUSITIIMBI B3a€MO/IiT, 1110 MOYe OyTH OCHOBOIO
JUTS HACTYITHOT CTPYKTYPHOI ONITHMI3AIi] [T MOKPAIIeHHS
iHri0yBanbHOI 31aTHOCTI. Hiskua criopignenicts ciomyku 11,
IMOBIpHO, TTOB’s[3aHa 3 HECTIPUATIINBUMH KOH(DOPMAITiHHIMHI
XapaKTepPUCTUKaMH a00 HECTAYCI0 KPUTUUHHUX B3a€MOJIIH.

3aranom pe3ynsTaTd AOKIHTY IMATBEPAINA IOIUTBHICT
BUBYEHHS CTPYKTYp 5, 7, 8 1 10 sIK MOTEHIIITHUX IPOTUTPUO-
KOBHX arcHTIiB, OPIEHTOBAHMX Ha iHTiOyBaHHS JTAHOCTEPOI
14a-gemernnasu.

3rifHO 3 pe3ynbTaTaMyd MOJICKYIISIPHOTO TOKIHTY, HOCITi-
JoKeH1 moximHi 1,2,4-Tpia3oiy, HE3BaKAKOYKM Ha 37aTHICTh
YTBOPIOBATH Pi3HOMAHITHI THITH KOHTAKTiB 3 aMiHOKHCIIO-
Tamu akTuBHOTO caity AJIK, mocrynaroTbcsi Kpu3oTHHIOY
3a CHePTri€r0 KOMIUIEKCOyTBOPEHHS. KiTFou0BUM YMHHIKOM €
He JIMIIIE HAssBHICTh IEBHUX B3a€MOIiH (TT-KaTiIOHHUX, TT-aHi-
OHHMX, Tipo(0oOHMX), aje 1 IXHS KUIbKICTB, ITPOCTOPOBE
pO3TalllyBaHHS Ta EHEPreTUYHHI BHECOK.

HaiinepcniekrusHimoro € cnonyka 11, mo ¢opmye Haii-
0BTy KUTBKICTh CTAOLTI3yBaJbHUX B3a€EMOMIIH, OAHAK HE
Jocsrae piBHS adiHHOCTI Kpr3oTHHIOY. Criomyku 7 Ta 9 Takox
XapaKTePU3yIOThCS 3HAUYHOIO CIIOPIITHEHICTIO, TIEPEBAKHO
BHACJIJIOK T1iIPpO(hOOHUX KOHTAKTIB, OJJHAK HECTa4a eJICKTPO-
CTaTHYHMX 200 BOIHEBHX B3a€MOIiil 0OMEXy€ CTaOITBHICT
TXHIX KOMIUIEKCIB.

OTxe, X04a JKOTHA 3 HOBHUX CIIONYK HE MOKa3ayia eHepril
3B’A3yBaHHs, 110 TlepeBuIIye abo nopiBHioe E . Kpu3oTH-
HiOy, cronmyku 7, 9 1 11 cTaHOBIATH iHTEpeC I HACTYITHOI
CTPYKTYpHOI onrtumizanii. Tak, Z01inbHO nepe0aqynTH BBe-
JeHHs (QYHKITIOHATEHIX TPYII, 30aTHUX YTBOPIOBATH BOJHEB1
3B’SI3KH 3 KaTAJITUYHUMHU aMiHOKUCIOTHUMH 3aJIUIIKAMHU
akTuBHOTO caifty AJIK, mo Mo)ke migBHIATH a(iHHICTE 1
CEJICKTHBHICTh MOTEHIIIITHUX 1HTI0ITOPIB.

3pocTaHHs TNOGUIEHOCTI BHACTIIOK TIOIOBXKCHHS TiO-
QIKIJIBHOTO (QparMeHTa € NO3UTUBHUM YMHHHKOM IS
MIPOHUKHECHHS KPi3b KIITHHHI MEMOpaHH, MPOTE CYIPOBO-
JUKYETBCS 301JIBIICHHSIM KIIbKOCTI 00EPTOBUX 3B’SI3KIB, 10
MO)KE HETaTMBHO BIUIMBATH Ha MpoHUKHICTH Yepe3 ['Eb i
3HIDKYBATH 3aranbHy OiogoctymHicTs. TPSA <90 A? mus
OLIBIIOCTI CIIOJIYK CBITYUTB IIPO iXHIO MOTEHIIHY 31aTHICTh

110 e(heKTUBHOTO BCMOKTYBAHHS Yepe3 KUIITKOBHA EiTemii
TTiCIIsL TIepOpaIbHOTO BBEACHHS. BunsATKOM € crionyka 11,
JUTA SIKO1 TiaBHIeHe 3HadeHHs TPSA Moxe oOMexyBaTH ii
(hapMaKOKiHCTHYHI TIepEBary.

HIZ[BI/.IH.IE?HHSI YaCTKH CSP, Y CTPYKTYpi Kopesioe 3 OLTBIIION0
TPUBHUMIPHICTIO MOJIEKYJ1, L0 BOYKJIMBO B aCIIEKTi 3MEHIIIEHHS
MOAIOHOCTI [0 TTAHAPHHX CTPYKTYP, YaCTO ACOLIIIOBaHNUX i3
HECTPUSTIIMBIM TOKCUKOJIOTTYHUM MPOdizeM a00 3HUIKEHOO
cenekTuBHICTIO. Lleit gakTop Moke BimirpaBaTH Ba)KITHUBY
poJIb 'y MOJANbIIiil onTUMi3alii MPOCTOPOBOI CTPYKTYpH
JITaH/iB.

Bucoxka minodinbHICTh 1 MOJOBKEH] alKUIbHI JaHIIOTH
B cronykax 9-11 MOXyTb 3HMXKYBAaTH iXHIO BOJOPO3YMH-
HICTb, 1110 HEOOXIJIHO BpaxOBYBaTH Mij 4Yac IIaHYBaHHS
in vitro Ta in vivo ekcriepuMenTiB. Hatomicts crionmyku 2-5
XapaKTepU3yIOThCs CIPHUATIMBUM OaTaHCOM KIFOYOBHUX
rapameTpiB, IO POOHUTH IX MEPCIIEKTUBHUMHU IJISi HOBHX
nociikens. Criomyka 1, 3Bakarodu Ha ii BUCOKY TOIAp-
HICTB 1 HU3bKY MOJICKYJIIPHY Macy, MO)ke OyTH MPHIaTHOIO
JUTSL CTBOPESHHS BOJOPO3YMHHNX JTIKapChKuX GopM. Briwm, ii
3HIKEHA JIINOQUIBHICTH MOXKE OOMEKYBaTH IPOHUKHICTh
gyepe3 GiomeMOpaHu.

OneprkaHi po3paxyHKOBI Pe3yJIbTaTH O4iKyBaHO MiJTBEp-
JUKYIOTB, IO BOAOPO3YMHHICTD JOCHTIPKYBaHUX TTOXiTHUX
1,2,4-Tpiazoiy npsiMO 3aJIEXKHUTh BiJl TOBKHHH TIOAIKIIEHOTO
naniora. Crionyku 1-3 MaroTh HalKparl XapakTepUCTUKA
1010 PO3YUHHOCTI, 1 11€ € MO3UTHUBHUM YHHHUKOM JIJIS iXHBOT
TTOTEHIIIHOT 010T0CTYITHOCTI B pa3i MepopabHOTO BBEICHHS.
CromnyKH 3 IOBr'MMH aJIKUTbHUMH JIaHIForamu (6-11) MoxyTh
MaTH OOMEKeHHs y (hapMalleBTHIHOMY BUKOPHCTAHHI dyepes
HEJIOCTATHIO PO3YMHHICTh. Y TaKUX BUIAIKAX JOMIIBHUM
MO>ke OyTH BUKOPHCTaHHSI CTpaTEerii 3 IMiABUICHHS PO3UHH-
HOCTI: CTBOPEHHSI COJILOBHX (DOPM, 3aCTOCYBaHHSI CYITYTHIX
JIOTIOMDKHHX PEYOBHH 200 HAHOHECYUHX CHCTEM.

PesynbraTil OCTIHKEHHS TTOKa3alu YiTKy 3aJle)HICTh
MO UIEHOCTI JOCHTIPKSHUX CIIONYK BiJl iXHBOI XIMIYHOT
CTPYKTYpH, 30KpeMa BiJ HASIBHOCTI Ta JOBKHHHU aJKUTBHUX
nanmoris. [Tocrynose 3pocranns Log P, y mociimkenomy
psany cnonyk (1-11) Bkasye Ha BiporimHe 30UTbIICHHS Tija-
podobHOro xapaxrepy momnexyin. Jlinogineaicts (Log P)
€ KPUTHYHO BAKJIMBHM I1apaMETpPOM, IO BU3HAYA€ HU3KY
(hapMaKoKiHETHYHMX BJIACTUBOCTEH, 30Kpema abcopouito,
posmoxin, npoHukHeHHs depe3 ['ED Ta 3B’ s3yBanHs 3 Oi1-
KaMH T1a3Mu KpoBi. HajgMipHa inoiibHICTE MOXKe CIIpH-
YHHATH OTiPIICHHS PO3YNHHOCTI, 301IBIIICHHS TPUBAJIOCTI
3aTPUMKH B OpraHi3Mi 200 TOKCHYHICTh Yepe3 HAKOITHUCHHS
Y KHUPOBiil TKAaHWHI.

Crnonyxku 3 Log P, >3 (8-11) xapakTepusyroThCsi BACOKOKO
MeMOpPaHHOIO IPOHUKHICTIO, OHAK ITOTPEOYIOTH IPOJIOBKEH-
HsI BUBUCHHSI III0J10 PU3UKY 010aKyMYJISILIIT Ta TOKCUYHOT Jii.
3 irmoro 60Ky, coyku 3-7, mo manm 3Havenns Log Py
Mexax 1,5-3,0, MoxHa BBa)KaTH OLIbII 30aJIaHCOBAHUMH
3a KpUTEPIsIMU PO3YMHHICTD / IPOHUKHICTB. Lle poduts ix
NEePCHEKTUBHUMH KaH IIaTaM¥ JIsl HACTYITHOT ONTHUMI3aLii
SIK O10aKTUBHUX CITONYK.

BusHadeHo 3arajgoM CpusTInBi (papMaKOKiHETHYHI BJIa-
CTHUBOCTI JOCIIJUKEHNX croiyK. [Iporao3 BucCOKoro piBHs
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LK amcopOrii gae miacTaBu O4iKyBaTH XOPOITy 010H0CTYTI-
HICTB y pa3i MepopaiIbHOTO MPUHOMY. 3MaTHICTh CIIONYK
2-10 mporukaru yepe3 I'ED BinkpuBae MOXIMBOCTI IS 1X
3aCTOCYBAaHHS IPH MATOJIOTIAX IIEHTPAIHFHOI HEPBOBOI CHC-
temu. Cromyxw 1 1 11 mOTeHIIIiHO MEHIIT HEHPOTPOITHI, 110
MOKe Oy TH KOPHCHIM, KOJIF HEOOXiTHO OOMEKUTH BILIHB Ha
LIEHTpaIbHY HEPBOBY CHCTeMy. BiICyTHICTB CyOCTpaTHO] ak-
TUBHOCTI IIIO/I0 P-gp € MO3UTHBHOIO BIACTUBICTIO, OCKITBKA
3HIKYE PH3UK €ITIOKCHOTO BUBEICHHSI 3 KIIITHH 1 TTOB’SI3aHO1
3 IIIM BTpaTH e(heKTUBHOCTI.

MosxomBicTs iHTiOyBaHHSA i30hopM CYP450 mama giTky
3aJIeKHICTh BiJ CTPYKTYPHOI CKJIaTHOCTI Ta TiapodoOHOCTI
Moreky. bimpm mimogineai Monexynu (8-11) mokaszamu
3[aTHICTh 10 1HrIOYBaHHS KUIHKOX 130()epMEHTIB, 30KpeMa
CYP2C19, CYP2C9 ta CYP2D6. Ile mosxe OyTH BaKJITMBUM
JUISL TIOTeHIIMHUX JTIKapChbKUX B3aeMOJid. Pa3oM i3 Tuwm,
iMoBipHa BiacyTHICTH iHTiOyBanHSI CYP3 A4 y BCix crionyk €
MO3UTUBHUM (paKTOPOM, OCKLIBKH 11eH (pepmeHT Oepe ydacTb
y Metadouizmi monas S0 % mikapchbkux 3aco0iB.

3pocranns Log Kp y psimy croiyk Takox € CTPYKTYPHO
0OTPyHTOBAHUM: 13 TOIOBKEHHSIM T'iJpooOHOTO hparmeHra
30UIBILIYEThCSI KMOBIPHICTD IIPOHUKHEHHST Yepe3 IKIpY, 10
MoOe OyTH peIeBaHTHHUM IS aJIbTepHATUBHUX (TpaHCAep-
MaJIbHKX ) [IUISIXIB BBEICHHS, X04a i OTpeOy€e IeTaIbHOIO
OLIIHIOBAHHS TOKCUKOKIHETHKH.

3arajoMm MornepeHi pe3yibTaTi CBIIYaTh MPO MEePCIICK-
THUBHICTh YaCTHHHU JOCHIDKECHUX CHONyK (0cobnuBo 3-7)
B aCIeKTi OanaHcy afcopOIlii, MPOHUKHOCTI Ta MPOodLI0
MeTaboi3My, a i croinyk 9-11 AOIiibHO mependadnTu
JIOJIATKOBY MEPEBIPKY PU3HKIB, [IOB’I3aHUX 13 IPUTHIYEHHSIM
CYP450.

BucHoBKku

1. Bapiarist TIOanKiJIbHOTO JIAHITIOTA S-aJIKUITTOX1THUX
5-(mipon-2-in)-1,2,4-Tpiazon-3-Tiony € KiIo4oBUM (pak-
TOPOM, IO KOMIUIEKCHO BU3HA4Ya€ [XHIO TOKCHYHICTB,
(hapMaKOKIHETHYHI BIIACTHBOCTI Ta 010JIOTUHY aKTHBHICTh:
TIOIOBYKECHHSI 3HMKY€E TOKCUUHICTB JIJIs CCABIIIB, aJie ITi/IBU-
IIIy€ PU3HMKH JUTS BOJHOTO CEPEIOBUIIIA TA HE YCYBAE 3arpo3y
MYTareHHOCTI.

2. JlocuniKeHi CroTyKH XapaKkTepru3yOThCsl TIEPCIIEKTHB-
HuM BIBoM 10110 LIOI™-2, nanocrepon 14a-nemerninasu ta
AJIK. Xoua >x0/tHa 31 CTPYKTYp He Jocsiria piBHs adiHHOCTI
pedepentHux iHridiTOpIB, OKpemi Monekyu (4, 5, 7, 8, 10
ta 11) Manu 3HauHy CIIOPIAHEHICTh J0 aKTHBHHUX LIEHTPIB
(epMeHTIB.

3. dapmaxosIoridHui NMpodiIb TOCTIHDKEHUX MOXIJHAX
1,2,4-Tpia3oiy 3arajioM XapaKT€pH3yeThCSl CIPHUSTIHBO,
30KpeMa IependavyaeThest BHCOKa abcopOIist y pasi mep-
OpaJILHOTO BBEJICHHS Ta 30ajlaHCOBAaHE CITiBBITHOMICHHS
JrnodinekHOCTI W IPOHUKHOCTI JUIst CHIONYK 3-7.

4. BusiBiieH1 3aKOHOMIPHOCTI MITBEPKYIOTh TTIOTEHITIa
5-(nipon-2-in)-1,2,4-Tpia3omn-3-Tiomy siK 6a30BOI CTPYKTYpHOT
atopMH JIst pO3poOJICHHsT HOBUX 1HHOBALIHUX 0i0ak-
THUBHHUX CIIOJYK i3 IPOTHU3ANAIBHOO, TIPOTUTPUOKOBOIO Ta
MIPOTHITYXJIMHHOIO aKTHUBHICTIO.
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OpuriHanbHi AocnimKeHHA “ Original research

CuHte3 1-HachTMnamigiB 2-imiHo-2H-xpomeH-3-kapoOHOBUX KMCIOT Ta
IXHiX BNNIUB Ha nponidepadito KNITUHHUX KyNbTYP PakoBUX MYXNUH

l. €. bunos®'ABCDF G, M. KoBaneHko(2ABE C B, batopkal'BE

*HauioHanbHuii hapmaLeBTUYHWIA YHIBEpPCUTET, M. XapkiB, 2XapKiBCbKUI HaLlioHanbHWit yHiBepcuTeT iMeHi B. H. KapasiHa, Ykpaina

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

Meta poboTn — noLyk HOBUX apMaKkonoriYHO akTUBHUX PEYOBUH cepef, NOXiAHWX 2-iMiHO-2H-XpoMeH-3-kap6oHOBKX KUCMOT, a came
cuHTe3 1-HadTMNamigiB LMx KUCMOT i AOCNIMKEHHS IXHbOro BNAUBY Ha nponidepallito pakoBUX KIITUH.

Matepianu i metoau. 3ilicHeHO opraHiyHM CUHTE3, ByAoBY CUMHTE30BaHKX CMOMYK NIGTBEPMAXKEHO 3@ AONOMOrOI0 iHCTPYMEHTArbHUX
MeToZiB aHanidy, nposedeHo (hapMaKkomnoriYHUA CKPUHIH.

Pesyniratu. Bsaemogieto 1-HadbTunaminy 3 etunuiaHoaueratom npu HarpisaHHi 4obyto N-(1-HadTun)uiaHoaueTamig, Sk KoHAeHcaLieto
i3 caniumnoBuMKM anbaerigamm 3a ymoB peakLii KHboBeHarens nepetsoptoBanu Ha N-(1-HadTun)amigm 2-imiHo-2H-xpomeH-3-kapboHoBMX
Kncnot. Peakuito NpoBOAMN B CEPEAOBULLI 2-NPOMaHOMy 3a HasBHOCTI MiNepuaunHy Sk katanisatopa. JocnimkeHo in vitro BNMB CuHTe-
30BaHWX CMonyk Ha nponidepavito KNiTMHHUX KynbTyp HanbinbLL NOLMPEHUX NyXnuH nioauHu: nevikemii (6 pisHoBuais), paky nereHis (9),
TOBCTOI KnLWKK (7), HUpKK (8), siedHmka (6), npocTaTh (2), MonoyHoi 3anoau (8), NyxyMH LieHTpanbHoi HEpPBOBOI cuctemu (6), MmenaHomu
(8). EchexT ouiHOBany LWNAXOM NOPIBHAHHSA OMTUYHOT TYCTUHU KIITUHHKX KYNbTYp i3 TecToBUM 6apBHWKOM (cynbdopogamiHom b) nepeq
€KCNOo3MLjiEl0 3 PO3HNHOM TECTOBAHOI CMOMYKW B AUMETUNCYNbGOKCKAI Ta nicns Hei.

BucHoBku. 3a gaHMMK TECTIB in Vitro Ha KNITMHHUX KynbTypax 3MOSiKICHUX MyXIWH NIOAVHY BCTAHOBMEHO, L0 HanbinbLLy akTUBHICTb ce-
pen CYHTE30BaHUX PEYOBUH MatoTb 7-Tifpokcu-2-iMiHo-2H-xpomeH-3-[N-(1-HadTun)|kapbokcami (4d), Skuii icTOTHO NPUrHivye PO3BUTOK
BinbocTi kynstyp (Gl 1,5-4,5 MkM) Ta 3a cunoto aji AOPIBHIOE, @ ANA BaraTboX KMITUHHUX KyNbTYp HaBiTh NEpeBULLYE Ailo Npenapaty
NOPIBHSAHHSA, Ta 6-MeToKcKu-2-iMiHO-2H-xpomeH-3-[N-(1-HadTun)lkapbokcamig (4b), SKkuii xapakTepuayeTbCst 3Ha4YHOK TPOMHICTIO Ta
€(hEeKTUBHICTIO LWOAO KMITUHHIUX KYNBTYP paky MOMoYHoi 3anosu niHin MDA-MB-435 (Gl 0,32 mkM) ta MDA-N (Gl 0,46 mkM), B pasu
nepeByLLYIOYM Ajto Npenapary NopiBHAHHSA. EKCnepuMeHTanbHO 40BeEHO, LU0 HASBHICTb MAPOKCUBbHOI rpynv B NONOXeHHI 7 2H-XpoMeHy
306iMbLUY€E aKTUBHICTb, LLIO KOPETOE 3 AaHWMU HAYKOBOI MiTepaTypu LLOAO 3A4aTHOCTI CXOXVX aMifiB A0 NPUTHIYEHHS aKTUBHOCTI (hepMEHTIB
rpynn TUPO3MH-KiHa3.

KntoyoBi crnoBa: opraHiyHuin CuHTE3, 2-iMiHo-2H-xpomeH, kymapwH-3-kapboHoBa kucnoTa, 1- HadTunamiaun, aHtunponicepaTBHa akTuB-
HICTb, MPOTUNYXMUHHI areHTu.

AkTyanbHi nuTaHHA hapmaLeBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2026. T. 19, Ne 2(51). C. 130-137

Synthesis of 2-imino-2H-chromen-3-carboxylic acids 1-naphtylamides and their effect on the proliferation of cancer cell lines
I. Ye. Bylov, S. M. Kovalenko, S. V. Baiurka

Aim. The study aimed to identify new pharmacologically active compounds among derivatives of 2-imino-2H-chromene-3-carboxylic acids,
specifically through the synthesis of 1-naphthylamides of these acids and evaluation of their effects on cancer cell proliferation.

Materials and methods. Organic synthesis was performed, and the structures of the synthesized compounds were confirmed using in-
strumental analytical techniques. Pharmacological screening was subsequently conducted.

Results. N-(1-naphthyl)cyanoacetamide was obtained by reacting 1-naphthylamine with ethyl cyanoacetate under heating. This intermedi-
ate was then converted into N-(1 naphthyl)amides of 2-imino-2H-chromene-3-carboxylic acids via Knoevenagel condensation with salicylic
aldehydes. The reaction was carried out in 2-propanol with piperidine as a catalyst. The in vitro antiproliferative activity of the synthesized
compounds was tested against cell lines of common human tumors: leukemia (6 lines), lung cancer (9), colon cancer (7), renal cancer (8),
ovarian cancer (6), prostate cancer (2), breast cancer (8), CNS tumors (6), and melanoma (8). Activity was assessed by comparing the op-
tical density of cell cultures stained with sulforhodamine B before and after exposure to the test compounds dissolved in dimethyl sulfoxide.

Conclusions. In vitro testing revealed that 7-hydroxy-2-imino-2H-chromene-3-[N-(1-naphthyl)]carboxamide (4d) exhibited the highest
activity, significantly inhibiting the growth of most cultures (Gl 1.5-4.5 uM), with potency equal to or exceeding that of the reference drug.
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Furthermore, 6-methoxy-2-imino-2H-chromene-3-[N-(1-naphthyl)Jcarboxamide (4b) showed pronounced selectivity and efficacy against
breast cancer cell lines MDA MB 435 (Gl 0.32 uM) and MDA N (Gl,, 0.46 pM), surpassing the reference drug severalfold. These findings
experimentally confirm that the presence of a hydroxyl group at the 7t position of the 2H-chromene ring enhances activity, consistent with
literature reports on the ability of related amides to inhibit tyrosine kinase enzymes.

Keywords: organic synthesis, 2-imino-2H-chromenes, coumarin-3-carboxylic acid, 1-naphthylamides, antiproliferative activity, antitumor

agents.
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VY morrepeHiX podoTax JOBEIEHO, IO aMiu 2-0kco-2H-Xpo-
MeH-3-KapOOHOBHX KHUCIOT (KyMapHH-3-KapOOHOBHUX
KHCJIOT) Ta IXHI 2-iMIHO aHAJOTH XapaKTEepPU3YIOThCS
nporuzananbHoio [1] ta mpotuMmikpoOHOtO [2] misimu. 3a
JaHuMu (axoBoi JliTeparypu, OKpeMi aMiJii [UX KHUCIIOT €
CEJICKTHUBHUMHU 1HT10ITOpaMH aleTHIIXOJIH ecTepasu [3],
MoHoamiHoKcnaasu B [4], pakropa XII sropTanHs KpoBi [5]
Ta MaloTh QYHTIUIHY 1ito [6,7].

Kymapun Ta Horo moxijfiHi ycCITIIIHO BUKOPHCTOBYIOTh B
eKCIIEPUMEHTAJIbHIM OHKOJIOTII. Bisomo, 1110 BiH npurHidye
PO3BUTOK KJIITHHHUX KYJIBTYP IyXJIWH HUPKH, KapIIMHOMHU
MPOCTATH, PaKy MOJIOYHOI 3aJI03H, & TAKOXK MelaHoMH [8].
3a maammu, mo otpumamn U. S. Weber et al., kymapun ta
7-TiIpOKCHKYMapHH aKTHBHI TAKOXK IMIOAO KHIIIKOBOI Kap-
muaomu (Caco-2), remaromu (HepG2) Ta mimdobmactomu
(CCRF CEM) [9].

{010 MOXITMBHX MEXaHI3MIB BIUTUBY MOXinHUX 2H-Xpo-
MEeHY Ha IpoJtidepallito HOBOyTBOPEHb OTPUMAHO Pi3Hi JlaHi.
JloBeneHo, 1o 2-imMiHo-2H-XpoMeH-3-kapOoKcaMian 31aTHi
JI0 aKTUBHOI B3aeMofii 3 (hepMEeHTaMH TPYIH THPO3UH-Ki-
Ha3 [10,11]. Bimomo, 1110 aKTHBHICTh ICTOTHO 3aJIS)KHUTH BiJl
PpO3TalyBaHHS Ta KUTBKOCTI TJIPOKCHIIBHUX TpyTL. HaiOimbim
akTUBHUMU € amimu | (puc. 1) 3 mBOMA TiIpOKCHIBHUMU
rpynamu B 5(7)-NoJI0XKeHHI KyMapruHOBOTO si/ipa Ta I IpOKCH-
joM B 3’ abo 4’ nonoxeHHsIX eHlty B amiaHii rpymi [11].
OTprMaHO TaKOX IaHi PO BIUIMB OKPEMHX ITOX1THIX KyMa-
puH-3-KapOokcaminiB Ha amonto3 (cromyka 1L, puc. 1) [12]
Ta aHTiOTeHEe3 Y HOBOYTBOpEHHsX [13].

Br

CH

3

OcTaHHIM 9acoM OITyOJTIiKOBaHO KiJTbKa Mparlb PO BILIHB
nmoxigauX 2H-XpoMeH-3-KapOOHOBHX KHCIIOT Ha Tporide-
pario KIITHHHUX KYJIBTYp 3TOSKICHUX TYXJIUH JIOIIMHH
(puc. 1). Hanmpukman, nmokaszano, mo amifn Il mpuraigye
po3sutok kynsTyp HCT Ta A2780 [14], crromyka IV aktiBHA
mono kynsTyp HCT-116, MDA-MB-231, HepG2 Ta MCF-7
[12], amix V mpurHidye po3BuTok Kyneryp HepG2 Ta Hela
[15], amix VI mpurHidye po3BuTok KynsTypu HeLa [16], cro-
nyka VII BriBae va ipostidepartiro kit HeLa ta MCF-7
[17],aectep VIII-MCF-7, HepG2, HCT-116 Ta HeLa [18].

OTxe, MOUUTEHUM € JOCHTIPKSHHS TMPOTUITYXJIFHHOL il
moxigHuX 2H-xpomeH-3-kKapOOHOBUX KHCIIOT, OCKUTBKH
MOXJTHBICTh Bapiallii 3aMiCHHUKIB y TBOX ITHKJIAX CHCTEMH
3yMOBIIIO€ 3/IaTHICTH IIMX PEYOBHH aKTHBHO B3a€MOIISTH
3 PI3HOMAaHITHUMH OiJTKOBUMH MIIICHSIMH Ta BIUTMBAaTH Ha
Ppi3HI eTary OHKOTCHE3Y.

MeTta po6otu

[Nomryk HOBHX (hapMaKoJIOTiYHO aKTMBHUX PEUOBHH Cepe[
MOX1THHUX 2-IMiHO-2H-XpOMeH-3-KapOOHOBHX KHCIIOT, a came
cunTe3 1-HadTHIIaMiiB IIUX KUCIIOT 1 AOCHIKSHHS IXHBOTO
BIUTMBY Ha Mpoiepariito pakoBUX KITITHH.

Marepianu i MeToau pocnimKeHHs

VYei pO3YMHHHMKH Ta PEareHTH OJIEPIKAHO 3 KOMEPLIHHMX
mokepen. [ndpauepsoni (I4) ciekTpyr BUMIpIOBajM Ha CIIEK-
tpodoromerpi Specord M80 y Taberkax KBr (koHIeHTpartist
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Puc. 1. Mpuknagy 6ionoriyHo akTMBHUX NOXIAHWX 2-iMiHO(OKCO)-2H-XpoMeH-3-kapboHOBYX KACMOT.
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Puc. 2. Cxema cuntesy N-(1-Hadtun)amigis 2-iMiHo-2H-xpomeH-3-kapboHOBUX KUCTOT 4.

peuosunn 1 %). Crexrpu 'H SIMP 3amucano Ha mpunami
Varian WXR-400 B Z[MCO-d6 (K110 HEe HABEJCHO 1HIITHI
PO3YMHHUK), BHYTpimHii crannapt — TMC. Temneparypy
TUTaBIICHHA BU3HaUau Ha npuiai Koduepa.

BrumB cHHTE30BaHUX CIIONYK HA TPOITidepartito KIiTHH-
HUX KYJIBTYp JIFOACBKUX ITyXJIMH BUB4AIM B HarionansHOMY
iHctuTyTi paky CLIA (NCI) 3a crangapTHOIO METOIUKOIO
[19]y 19962000 pokax. Y mepBHHHOMY CKPHUHIHTY CIIONTY-
K TECTYIOTh Ha TPhOX KJITHHHHX KYJIBTYpax: paKky JICTeHIB
(NCI-H460), paky momounoi 3ano3u (MCF7), myxmuau
Mo3Ky (SF-268). SIkmio peuoBHHa BUSBISE aKTUBHICTD, il
TECTYIOTh Ha MaHedi 3 60 KITITHHHUMH KyJIbTYpaMu: JISHKeMil
(6 niwniit), paxy sereHis (9), ToBcroi kumuku (7), HUpKH (8),
seqnuka (6), mpocratd (2), MOIOYHOI 3a503H (), MyXJIuH
LIEHTpaJIbHOI HepBOBOI cucteMu (6), Memanomu (8). IIpo-
THPAKOBHUH €(DeKT OIIHIOBAIM 32 UTONATUYHUM BIUIMBOM
TECTOBAHOI PEYOBHMHH Ha MPOJTi(epariifo KIIITHHHUX KYJABTYP
myxJmH. MeToj nepedadae mopiBHsIHHS ONTHYHOI Iy CTHHH
KIITHHHUX KYJBTYP 13 TECTOBUM OapBHUKOM (CYITb(popomami-
HOM B) mepe; ekCrio3uIi€ro 3 pO3uMHOM TECTOBAHOI CIIOTYKH
B IMMETUIICYITB(OKCHII Ta gyepe3 48 ToanH.

[Toka3oBUM y IIbOMY EKCIIEPUMEHTI € 3HaYCHHS BIJICOTKa
POCTY KIITHHHOI KyJABTYpH, IO OOYHCIIOIOThH 33 JTaHUMH
BMMipIOBaHb ONTHYHOI I'yCTHHM: D — onTHYHa rycTHHa
CEPEIOBHINA TIEPEJL EKCTIO3ULIIEr0 KititnH; D — onTnvna
T'YCTHHA CepeloBuUIa micis 48-roIMHHOI eKCIO3MIi Kili-
THH 31 CIIONYKOIO, 5Ky TeCTyIOTh; D |~ ontiyHa rycrina
cepemoBuIa micas 48-TOMMHHOI eKCIO3HIIT KIITHH 0e3
JIOJIaBaHHS CIIOJIYKH, SIKY TECTYIOTb.

3ane)kHO Bif pe3yabTaTiB TECTy OOYMCIEHHS BiJCOTKA
pocrty (BP) 3aiiicHioroTs 3a opmynamu:

BP =100 x (DTecT - DO) / (DKOHTp - DO)’

sxmo (D —Dy) >0 (),
BP=100x (D__ -D,)/D,

sxio (D, —D,) <0 2).

3a 00YMCIIEHUMH BiJICOTKAMH POCTY VIt 5 MOJISIPHUX
KOHIICHTAIIiH TECTOBAHOI CTIONYKH OYIyIOTh rpadik 3aIex-
HocTi BP Bijg KoHIIEHTpAaLlii pe4OBHHY JJIsl KOKHOT KIIITHHHOT
KyJBTYPH ITyXJIMH. 32 TaHUMH Tpadika OTPUMYIOTb TPH Xa-
paxteprictuyni koHcTanTu: 1P, (Gl ) —mpurnivenns pocty
50 % xtiTHH (KOHIIEHTparlis, 3a sxoi BP gopisuroe 50); ITITP
(TGI) — moBHE NpUrHIYEHHS POCTY KJIITHH (KOHLIEHTpaLlis, 38

sxoi BP nopismioe 0); JIK, (LC, ) —neranbna 50 % koHuen-
Tpais (KOHLeHTpallis, 3a sikoi BP nopisHioe -50).

PesynbraTtu

Biaemomieto 1-madytimaminy 1 3 eTmimmiaHoarieraToM mpu
HarpiBauHi oTpuMano N-(1-HadyTwn)miaHoaneTamiz 2, SKuii
KOHZGHCALIEI0 13 callilnIoBUMH anbaerinamu 3a—i 3a Kapo-
Benarenem [11] neperBoproBanu Ha N-(1-HadyTwm)amiau
2-imiH0-2H-XxpoMeH-3-kapOOHOBUX KucioT 4a-i (puc. 2).
Peakuito mpoBOAMIN B CEPENOBUIL 2-TIPOIIAHONY 32 HasB-
HOCTI MMepUINHY SK KaTaii3aTopa.

OTpuMaHi CHOIYKH — YKOBTi 200 JKOBTYBaTi KPUCTAJIYHI
PEYOBHHU, HEPO3YMHHI Yy BOJI, PO3UMHHI B OpPraHIYHUX
pO3UMHHHMKAX (JiokcaHi, GyTaHomi-1, npomanomni-2). Ixui
(i3MKO-XIMIYHI BIIACTUBOCTI HAaBEACHO B mabnuyi 1.

[Y-criextpu 2-imino-2H-xpomeH-3-N-R-kapbokcamimis
4 (mabn. 1) XxapakTepu3yrOThCS HASBHICTIO PO3IIHMPEHIX
CMYT BaJIeHTHHX KOJMBaHb V, , y Mexax 3330-3040 cm™,
IHTEHCHBHOT CMYTH BAJICHTHUX KOJIUBAHb V.., AMIJIHOi IPYTIH
B Mexax 1690-1660 cm™' Ta cMyrn HOMipHOT IHTEHCHBHOCTI
B Mexax 1610—-1565 cm™! koimuBaHb Ve B IY-cnexrpi 7-mi-
eTunamino-2-iminokymapuny 4f — cmyra momipHoOT iHTEH-
cuBHOCTI TIpr 2964 cm!. B IY-criekTpi 7-rifpokcu3amimieHoi
crionyku 4d HasiBHA IIIMPOKA CMyTa CEPE/IHBOT IHTEHCHBHOCTI
BaJICHTHUX KoJtuBaHb 38 3Ky O-H (v, ) npu 3186 cm™.

Cuexrp H SIMP 2-imino-2H-xpoMen-3-kapbokcamigy
43 XapaKTepHu3y€eThCsl HASIBHICTIO 7 CHTHAJIB apOMAaTHYHUX
MIPOTOHIB HA()TAJICHOBOTO paIUKaJTy B aMiIHIH TPyTIi, K1 TIe-
PEKPHUBAIOTHCA 13 4 CHTHAJIAMH TIPOTOHIB OSH3EHOBOTO ITHKITY
2H-xpomeHy (mabn. 2). BBeneHHs pi3HUX 3aMICHHUKIB Y 51O
2H-XpoMeHy MPU3BOJHUTH JI0 3MiHH MYJIBTHIUIETHOCT] CHT-
HaJIiB IIPOTOHIB Ta 3CyBY X y OLIbII ci1a0Ki a00 CHIIBHI OIS
3aJIeKHO BiJl €IEKTPOHHOI MPUPOAN X 3aMicHHKIB. Kpim
TOTO, 3’SIBJISIIOTHCS] CUTHAJIN IIPOTOHIB CaAMOT'0 3aMiCHHUKA.

Orke, 3a pesynbraramu anaiizy qarux ‘H SIMP-criekTpiB,
JULSI CTIONTYK 4 (ma6i. 2) XapaKTepHUMHU € JICIII0 PO3IIUPEHI CHT-
Hasm nporoHa NH aminHoT rpyny — Tpoxu Outbiie Hik 13 M. 4.
Ta IMIHOTPYIH — OJIM3BKO 9 M. 4., @ TAKO)K CHHIJICTHUI CHTHAJ
nporona H, XxpomeroBoro sipa y miamasoni 9,3-8,5 m. u.

Ipu peectparii crexrp *H AMP aminis 4 B CDCI, 3 j0-
nasanisaM CF,COOD sKiCTb CIIEKTPiB IOKPANTYEThCS Yepe3
OLIbLIY PO3YMHHICTD, alie MPU [[LOMY CTa€ HEMOXKJIMBOIO
peecrparis curHaniB kuciux npotoHiB (NH aminHoi Ta
IMIHOTPYIT) Yepe3 IBUIKHIA IeHTepOOOMiH.
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Tabnuus 1. Pianko-XimMiuHi xapakTepucTukn 2-imiHo-2H-xpomeH-3-kapbokcamigis 4

i
5
6 NN N
R H
7" 707 NH
8

Cnonyka Bwuxia, % (*) MonekynspHa w C I4-cnekTp (KBr), cm™
¢opmyna, M. M.
4a H 93 (miokcaH) C,H.N,0, 251-53 3291 3013 1678 1636 1605
314,35 3053
4b 6-OCH, 86 (2-nponaHon) C,H,:N,O, 188-90 3319 3012 1684 1632 1564
. 3038
4c 6-Cl 82 (1-6ytaHon) C,,H..CIN,O, 183-4 3318 3018 1688 1640 1564
348,79 3042
4d 7-OH 78 (1-6yTaHon) C,,H..N,0, 230-31 3319 3006 1666 1633 1601
: 3050*
4e 7-OCH, 81 (1-6yTaHon) C,H,:N,O, 192-94 3302 2941 1685 1628 1563
344,37 3041
4f 7-N(C,Hy), 84 (2-nponaHon ) C,.H,.N,0, 176-78 3310 2964 1678 1632 1598
385,47 3049
49 6,8-auCl 80 (1-6yTaHon) CZOHHCIZNZO2 23941 3319 3018 1686 1639 1563
) 3047
4h 8-OCH, 76 (piokcaH) C,H,:N,O, 244-47 3326 3009 1688 1640 1564
344,37 3054
4 5,6-6eH30 87 (1-6ytaHon) C,H,:N,O, 245-46 3242 3020 1678 1638 1562
364,41

*a H 1T *%. -1
: PO3HMHHUK A nepekpucTanisawii; **: v, npu 3186 cm™.

Tabnuus 2. flani cnektpis *H AMP 2-imiHo-2H-xpomeH-3-kapbokcamiais 4

Cnonyka | XimiuHu# 3cyB, §, M. u.
=NH (1H,c,H) IHWi npoTtoHn
p03l.l.l c.) (po3w.c.)
Aa*

7, 58—7 53 (4H, m)

8,06 (1H, 1), 8,00-7,93 (3H, m), 7,81-7,70 (3H, m),

4 13,12 8,78 8,47 (2H, m)
6,68 (1H, ), 6,42 (1H, c)

m), 8,26 (1H, a), 7,98 (1H, &), 7,72 (1H, a) 7,63-7,52 (4H, m),

3,48 (4H, K, N(CH,CH,),); 1,18
(6H, T, N(CH,CH,),)

7,78-7,46 (TH, m)

4h 13,18 911 8,60 8,41 (1H, ), 8,20 (1H, m), 7,84 (1H, 1), 7,68-7,42 (4H, M), | 3,94 (3H, ¢, OCH,)
7,32-7,18 (3H, m)
4i 13,30 9,26 (2H, posLL. ¢.) 8,48 (2H, m); 8,28-8,16 (2H, m); 8,07-7,91 (2H, m); -

*: cnekTp 3apeectposaHo B CDCI, 3 gogasarHam CF,COOD.

O6roBopeHHs1

Pe3ysbTaTy NIEpBUHHOTO CKPUHIHTY OKa3aJIH, 10 aMiiu 4a,
4c, 4e, 4h Ta 4i He MayM ICTOTHOTO BIUTMBY Ha IPOJTi(epariiro
BCIX TPBOX KINTHHHHX KYJBTYp IMYXJIMH 1 JIMIIE TI0YacTH
NPUTHIYYBaJINA PO3BUTOK KITITHH ITyXJIMHN MOJIOYHOT 3QJI03H
ninii MCF-7 (crioiyka 4¢ — icTotHO). IHII pedoBuHH, 32
pe3ynbTaTaMy NepBUHHOTO CKPUHIHTY, BUKOPHUCTAHO y JIO-

CITi/PKCHHI Ha TIOBHIN maHe:i 3 60 KIITHHHAMH KyJTbTypaMH.
PesymeraTn TecTiB conyk 4 HaBeeHO B mabauysax 3—5; s
MOPIBHSHHS HABSJICHO JJaHI TECTYBAHHS IPOTHITYXJIHHHOTO
npemnapary 6-mepkanrorypuny (6-MIT).

3a JaHMMu, 10 HaBEICHO B mabnuyi 3, mame amin 4d B
e(peKTUBHUX KOHIICHTPAIIISIX MPUTHIYYBaB PO3BUTOK BHKO-
PHCTAHUX ITiJ] YaC eKCIEPUMEHTY KINTUHHUX KYJIBTYP JIeH-
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Tabnuus 3. MpUrHiYeHHs po3BUTKY KIITUHHUX KYRBTYP NyXIMH*

Cno- | KniTuHHi kynbTypM neikemii

nyka
CCRF-CEM HL-60 (TB)

4h 2,33 23,7 0,53 141 - 0,29 (28,5)

4d 1,52 (4,16) [17,2] 1,58 (5,99) 3,20 (18,3) 2,54 (12,5) 4,44 2,25 (7,83)

49 - - - - - -

4h 2,49 (7,61)[68,1] 12,5 28,0 16,9 10,0 (53,3) 91,6

6-Mn | 1,22 2,30 0,35 1,51 1,75 1,27

Cno- | KniTMHHI KynkTypy NyXNWH LIEHTPanbHOI HEPBOBOI CUCTEMM

nyKa

Cno- | KniTuHHI KynbTypy paky sie4Huka

nyka
IGROV1 OVCAR-3 OVCAR-4 OVCAR-5 OVCAR-8 SK-OV-3

b 541 (25,4) [70,8] 15,3 (48,0) 10,2 (32,9) 13,0 (50,2)

4d 1,79 (34,0) 3,83 (15,1) [48,3] - 4,67 (47,5) 1,82 (5,96) [51,2] 3,52 (13,1) [48,0]
49 - 46,5 73,0 52,9 = 484

4h 15,0 24,5 - 36,0 3,48 (13,1) [60,4] 3,91 (13,4) [41,4]
6-MM | 4,03 5,36 2,38 - 7,93 11,7

Cno-

KnituhHi KynbTYpU paKy TOBCTOI KULLUKK

4b 10,4 (30,8) [91,6] 155 (40,3) 1555 (92,7)

ad (2,87 (12,9)[67.1] 2,84 (7,77) [44,2] 3,48 (26,1) 7,65 (25,5) [72,6] 3,56 (15,2) [56,7] 3,57 (14,2) [46,7]
ah | 4,86(21,0)[80,8] 3,86 (16,0) [54,0] 2,32 (5,13)[14,1] 197 410 (19,2) [75.5] 155 (60,3)

6-MM | 8,59 0,71 711 7,85 2,44 097

oo |ormiomompy oo
COLO 205 HCC-2998 HCT-116 HCT-15 HT29 KM-12 SW-620

4b 58,8

4d 17,0 (41,6) 217 (641)[23,5] |291(11,6)[34,0] |2,13(8,60)[29,6] |5,64 (22,0)[67,4] |353(13,1)[72,9] |2,51(33,1)
4h 15,9 5,62 (35,5) 4,36 (22,8) 116 35,0 50,1 3,00 (26,2)
6-MM | 4,68 3,49 2,33 438 398 7,31 6,82

*: Gly, (TGI), [LC,,], MkM (koHUEHTpaLii HaBeaeHi Nvwwe y BUNaaKy, Akwo BoHu <100 mkM).

KeMii. BUIBIIICT KIIITUHHUX KYJABTYp IMyXJIMH LEHTPaIbHOT
HEPBOBOI CUCTEMH BHSBHIIUCH JOBOJI 4y TIIMBUMH 10 HEBEJIH-
KHX KOHIeHTpalliii aminy 4d, BubipkoBo — 110 amizis 4b i 4h.

Crnomyku 4d Ta 4h xapakTepn3y0ThCsl 3HATHOIO aKTHBHICTIO
11010 KJTITUHHUX KYJIBTYP PaKy sIEYHHKA, SIKi 3aCTOCOBAHI B EKC-
TIEPUMEHTI (Tmadn. 3). 3ayBaKMMO, IO I1i CTIOIYKH CIIPUYHHS-
FOTb PETrPECiro OUTBIIOCTI Iy XTMHHUX KYJIBTYP LHOTO THITY PaKy.

Hageneni nani cBiguarh, MO KJIITHHHI KYJIBTYPH PaKy
TOBCTO{ KHIIKH € 9y TIAUBUMH JIMIIE 10 €(hDeKTHBHUX KOHIICH-
Tparii amigy 4d, sSIKuii MOXKE CIPHYUHSITH HE JIUIIE PETPECIEo
MyXJUHHUX KJIITHH, ajie i iX 4aCTKOBY 3aruoes.

KnituaHI Kya6TypH MeTaHOMHE OyiTH 4y TIIMBUMH JIHIIIE 10
e(eKTHBHIX KOHIICHTpAIIi# amiy 4d, SKHit MOJKE BUKITHKATH
He JIMIIe iX perpeciio, ajne i YacTKOBY 3arHOens.

3a jaHuMH, 110 HaBeJeHI B mabauyi 4, OUIbIIICTh PI3HO-
BUJIIB IyXJIMH HUPKH BUSIBUINCH HAHOUIBII Yy TIIMBUMH JI0

aminy 4d, sikuii XapaKkTepr3yBaBCsl TAKOXK JIOCUTh €(DEeKTHB-
HUMH JICTaJJbHUMH KOHIICHTpatlissMi. Amin 4h mpurHigyBas
npoidepartiro KIITHH Y JCII0 BUIIUX KOHIIEHTPAIIisX, ajie
TaKOXX YMHUB JIeTaNbHY Hifo. [is aminy 4b moctymanacs i 3a
piBHEM, 1 32 IUPOTOIO BIUIHBY.

Pak MO109HOT 3211031 — HAMOUTBII MEPCTIEKTUBHUH pi3-
HOBUJ IyXJIMH AJI Tepamnii CHHTe30BaHUMH CIOJIyKaMH
(mabn. 4). SIxuio amiz 4d npurHidyBaB po3BUTOK GLIBIIOCTI
KyJIBTYD 1 BUKJIMKAB IXHIO YaCTKOBY PErPECii0 Y KOHIICHTpa-
LisX Ha piBHI (200 MEHIIIe), HK Y Mpernapary MOopiBHSIHHS,
TO aKTHUBHICTH amimy 4b momo kymstyp MDA-MB-435 ta
MDA-N 3HauHO nepeBuIye ait0 6-mepKanTonypuny. Jlis
aminy 4h mocrynanace i 3a piBHEM, 1 32 LIMPOTOIO BILIUBY.

3Ha4YHUI BIUIMB Ha OLTBIIICTH KIITHHHUX KYJIBTYD HEAPiO-
HOKJIITHHHOTO PaKy JICTeHiB MaB amif 4d, sSIKuii CipuauHsB
TaKOX PErpecito OUIBIIOCTI MyXJIMH Iboro TUIy. KimiTHHHI
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Tabnuus 4. MpurHiYeHHs PO3BUTKY KIITUHHWX KYNBTYP NyXIMH*

Cnonyka | KniTuHHi KynsTypn MenaHomu

LOX IMVI MALME-3M SK-MEL-28 SK-MEL-5 UACC-257 UACC-62
13 - 8,65 (49,8) 17,9 18,9 - - 32,0 2,47 (17,1)
[48,0]
4d 4,32 (16,3) 0,16 (6,18) 4,33 (83,4) 4,78 (32,5) - 3,90 (14,7) 8,29 (29,5) 2,34 (8,26)
[566,1] [41,0] [46,4] [37,3]
4qg 30,5 38,8 - - 58,4 43,1 - 63,3
6-MN 0,35 4,28 0,67 5,80 - 8,59 14,2 1,63
Cnonyka | KniTMHHi KynkTypy nyXavH HUpKu
4b 11,8 (28,0) 13,2 (39,2) 4,69 (20,0 19,8 (51,1) 13,0 (30,5)
[66,3] [58,5] [71,6]
4d 2,93 (13,3) 6,0 (19,0) [51,3] | 3,51 (13,0) 4,17 (15,0) 2,96 (11,5) 2,57 (11,8) 3,00 (7,08) 3,44 (17,5)
[44,8] [56,4] [46,2] [44,6] [62,9] [34,2] [71,0]
4h 11,3 (29,0) 13,0(29,4) 4,76 (18,1) 13,5 (45,8) 18,5 (65,6) 5,63 (24,9) 2,46 (5,12) 30,1
[74,1] [66,6] [61,7] [97,0] [12,2]
6-Mr1 1,87 57,4 6,30 28 27,2 22,6 1,82 6,52
Cnonyka | KniTHHi KynsTypy MOnoyHoi 3anosu
MCF-7 NCI/ADR-RES | MDA-MB-231/ | HS 578T MDA-MB-435 | MDA-N BT-549 T-47D
ATCC
4b 5,71 (63,9) 26,0(79,1) 30,2 (72,1) 0,32 (11,1) 0,46 (18,8)
[62,0]
4d 2,84 (11,9) 1,62 (3,97) 2,39 (7,06) 0,53 (6,10) 1,95 (5,29) 1,73 (7,93) 1,60 (8,36) 3,23 (12,6)
[59.4] [9,74] [32,8] [44,8]
4h 28,7 5,17 (27,3) 8,42 (29,0) 4,52 (28,3) 34,4 456 437 4,82 (20,3)
[96,9] [94,3]
6-MN 1,40 3,18 16,4 15,7 1,40 1,50 - 2,68

*: Gly, (TGI), [LC,,], MkM (KoHUeHTpaLii HaBeaeHo Nuwe y pasi, AKkWo BoHM <100 MkM).

Tabnuus 5. MpurHiveHHs Po3BUTKY KIITUHHUX KyTBTYP NyXanMH*

Cnonyka | KniTHHi KynsTypm paky nereHis
A549 /ATCC | EKVX HOP-62 HOP-92 NCI-H226 NCI-H23 NCI-H322M | NCI-H460 NCI-H522
4b 11,0 (26,9) 255 29,4
[66,3]
4d 3,42 (18,5) 2,45 (6,76) 5,20 (19,3) 2,14 (6,32) 3,17 (9,10) 2,32 (8,49) 4,25 (21,3) 3,80 (42,6) 0,95 (3,50)
[41.,8] [54,0] [41,6] [81.,2] [38,1]
6-MN 21,7 - 1,70 2,60 51,5 3,74 7,69 5,60 1,66

KniTuHHi kynbTypy paky npoctatyi

-

12,3 (31,1) 24,0
[78,5]

4d 3,05 (10,2) 3,00 (9,36)
135,4] 38,3]

6-MN 381 1,75

*: Gly, (TGI), [LC,,], MkM (koHUeHTpaLii HaBeaeHi nvwe y pasi, AKWo BoHn <100 mkM).
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KYJIBTYpPH PaKy IPOCTaTH BUSBWIMCH YyTIMBUMU JIULIE 10
aminy 4d, yactkoBo — 1o aminy 4b (maon. 5).

B 3aMicHUKIB y OeH3eHOBOMY sIpi 2H-XpOMEHy €
ICTOTHUM: HasIBHICTbH TiJPOKCHJILHOT IPYNHU B TOJIOXKEHHI
7 30imbIIy€e aKTHBHICTB, IO KOPENIOE i3 JAHUMH IHIIAX
JOCJTITHUKIB PO aKTUBHICTH CXOXKUX aMiIiB 010 THPO3HH-
kiHa3 [11]. BBeeHHS! METOKCHTPYITH B ITOJIOKEHHS 6 JEII0
MTiBUIIIY€ aKTUBHICTH 1 BIUTUBA€E HA TPOIHICTB i, 0COOIHBO
II0/I0 OKPEMUX KYJIBTYP PaKy MOJOYHOI 3aJI03H.

OTxe, 3a pe3y/bTaTaMy TeCTIiB Ha KIITHHHHUX KyJIBTypax
3JI0SIKICHUX ITyXJIMH JIIOAMHU BUSIBIICHO, IO HAWOUIBIIY
aKTHBHICTB Cepel] CHHTE30BaHUX PEIOBHH MAIOTh TaKi CIO-
JIYKH, SIK 7-TiApoKcu-2-iMiH0-2H-xpomen-3-[N-(1-Had )]
kap6okcamis (4d), 1110 iCTOTHO MPHUTHIYYE PO3BUTOK GibIIIO-
cri kynsryp (G, 1,5-4,5 MkM) Ta 3a cuitoro Jii TopiBHIOE,
a 1711 0araTboX KJIITHHHUX KYJIBTYP HaBiTh IEPEBUIILYE IO
6-MepKaNToIyprHy, Ta 6-MeTOKCH-2-iMiHO-2H-XpoMeH-3-
[N-(1-HadyTmn) JkapOokcamiz (4b), sikuil XapakTepu3yeThest
3HAQYHOIO TPOMHICTIO Ta €(EKTUBHICTIO IOAO KJIITHHHHUX
KyJBTYp paKy MOJO4Hoi 3ano3u jtinii MDA-MB-435 (GI,,
0,32 mxM) Ta MDA-N (GI, 0,46 MxM), B pasu nepeBuIiLy-
109U JiT0 6-MEepKaNTOITypPHHY.

EkcnepumeHTanbHa XiMmivyHa YacTuHa

N-(1-nadrun)uianoaneramiza (2). 7,15 r (0,05 mons) 1-Ha-
¢drrnaminy 3minryots 3 5,3 mit (0,05 Monb) eTniiaHoarne-
TaTy i Kl STt TpoTsiroM 90 xBmymH. [Ticas acTkoBOrO
OXOJIOJDKCHHS J0al0Th 10 MII 2-TIPOTIAaHOMY i MOBTOPHO
KuI ATITh npoTsiroM 10 xBunwH. [licns moBHOTO 0X0J0-
JDKEHHSI BI(UIBTPOBYIOTH 0CaJ, L0 BUNAB. BucCyuyroTs i
TIEPEKPUCTAITI30BYIOTH i3 2-niponaHoiy. Buxin—8,9 1 (84 %).
T  183-185 °C. IU-cnextp: 3249 (NH), 3052 (CH), 2975
(CH), 2258 (C=N), 1658 (C=0), 1553 (C=C).

2-imino-2H-xpomen-3-(N-1-napTun)kapdoxcamin (4a).
1,04 M (0,01 momp) caminuioBoro ampaerigy Ta 2,12 T
(0,01 monb) N-(1-HadTHN)HIaHOALETAMIY 2 PO3UHHSIOTH
B 20 M 2-TIpOHAHOITY Ta JOMAIOTh 2—3 KpAIUIMHU ITepH-
JHY. PO34MH IHTEHCHMBHO PO3MIIIIYIOTh Ta 3aJIUIIAI0Th Ha 2
romuaA. Ocaj, M0 BUTAB, BiA(IIBTPOBYIOTE, BUCYIIYIOTH 1
TIEPEKPHUCTATIZ0BYIOTH 13 Jiokcany. Buxin— 2,92 r (93 %).

B ananoriuamii crroci6 otpuMytoTh crionyku 4b—4i. [Tepe-
KPHCTaII30BYIOTh OTPHUMaHI CHONYKH 13 2-TiporniaHoiy (4b,
4f), 1-06yranomy (4c—4de, 4g, 4i) Ta miokcany (4h) (maon. 2).

BucHoBKu

1. Konnpencamiero N-(1-HadTmm)mianoaneraminy i3
CaNIIMIOBUMHE ajibJIerinamMu 3a yMoB peakilii KHboBeHa-
renst orpuMano Ha N-(1-rHadTum)aminu 2-imiHO-2H-Xpo-
MEH-3-KapOOHOBUX KHUCJIOT, OyJOBY SIKMX JOBEICHO 3a
JIOTIOMOTOFO IHCTPYMEHTAJIBHIUX METOJIIB aHAII3Y.

2. CKpHUHIHT BIUIMBY CHHTE30BaHMX CITOJIYK Ha mposide-
paLifo KIITHHHUX KyJIETYp HaHOUTBIIT MOIMPEHHX JTIOICHKUX
MTyXJIMH TT0Ka3aB, 110 HaHOLIbITY aKTUBHICTh MAIOTh 7-Tij-
pokcu-2-iMiHOo-2 H-xpomen-3-[N-(1-nad i) |kapOokcamin
(4d), 1o cyTTEBO MPHTHIYY€E PO3BUTOK OLIBIIOCTI KYIBTYD
(GI50 1,5-4,5 MxM) Ta 3a CHIJIOKO JIii JOPIBHIOE, a st 0ararbox

KIITHHHAX KYIBTYP TEPEBHUIILYE 0 6-MEePKANTOIypHHY, Ta
6-MeTokcH-2-iMiHO-2 H-xpomeH-3-[N-(1-Had i) JkapOokca-
Mij (4b), sikuii MaB 3HAYHY TPOIHICTH 1 €()EKTHUBHICTB 1010
KyJIBTYp paKy MoJIouHoi 3an103u Jinii MDA-MB-435 (G,
0,32 mxM) Ta MDA-N (GI, 0,46 MxM), B pasu nepeBuIILy-
104 10 6-MEpKaNTOIypUHY.

IlepcnexTHBH MOfAIBLIINX J0CTiAKeHb. Pe3ynbraTn mocii-
JUKEHHS BIUIMBY CHHTE30BaHHX 2-iMiHO-2H-xpomeH-3-[N-
(1-madmn) JkapOokcaminiB Ha mpomideparito KIITHHHIX
KYJBTYp IyXJIHH {7 Vitro THITBEDKYIOTh JOIUTEHICTH IIPOI0B-
YKEHHSI BUBUCHHSI IPOTUITYXJIMHHOI JTiT HAHOLTBIIT aKTHBHIX
CIIOJIYK Ha MOJENSAX in Vivo.

®iHaHCyBaHHA
[ocnimkeHHs 3aiicHeHo B Mexax 6a30B0oro ciHaHcyBaHHsA MiHicTepcTBa
OXOPOHM 300pOB’st YkpaiHu Ta MiHicTepcTBa OCBiTH i Hayku YkpaiHu.
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OpuriHanbHi AocnimKeHHA “ Original research

Mopdonoro-aHaTomiuHe gocniaXeHHA cepnito yBiHYaHOro
(Serratula coronata L.) nig3emHux opraHiB

C. M. MapunwnH@'ABF M. B. MenbHuk®2PE O, 1. Oemupak@'BP I, B. CnobogsHiok(H1BC,

[. C. Jaxum@'CE A B. Mockaniok(18

1TepHONINbCbKUI HaLlioHanbHWA MeANYHUI yHIBepcuTeT iMeHi |. A. fopbayeBcbkoro MiHicTepcTBa 0XOpoHY 3A0pOB’s Ykpainu,
2|BaHO-PpaHKiBCbKII HALiOHANbHWIA MEAUYHUIA YHIBEPCUTET, YkpaiHa

A — KOHUenNUis Ta An3aitH gocnipxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis fgaHux; D — HanucaHHs cTaTTi; E — peparyBaHHs cTartTi;
F — ocTaTouHe 3aTBepaXeHHs CTaTTi

MeTa po6oTu — BCTaHOBINEHHS1 MOPEHONOro-aHaTOMIYHKX AiarHOCTUYHUX 03HaK MiA3eMHKUX OpraHiB cepnito yBiHYaHOrO, 3aroTOBNEHMX Ha
JocnigHux ginsHkax Ha TepHoninbLLyHi Y xoBTHI 2025 poky.

Martepianu i meToan. Matepian ansa focnigxeHb — KOPEHEBULLE i KOPeHi cepnito yBiHYaHoro. Mopdonoro-aHaTtoMiuHy Oy[0By CUPOBUHY
BMBYany BignoBiaHO f0 BUMOr MoHorpadii JepxaBHoi apmakonei Ykpaitu. BukopuctoByBanu cBixy Ta BUCYLIEHY CupoBuHY. i vac
BVMBYEHHS TUMYaCOBUX Npenaparis BukopuctaHo ontuyHuii npunag Delta Optical Genetic Pro, ans dikcauii pesynbratiB 3actocoBaHo
kamepy Delta Optical DLT-Cam Pro.

PesynbraTi. 3a 30BHiLLHIMM 03HaKaMK kopeHeBuLLe Serratula coronata L. kopoTke, AepeB’siHUCTE, TOBCTE, Bif SIKOTO BiAXOASTb YNCTEHHI
TOHKI LMNIHAPWYHI JOAATKOBI KOPEHi, rany3ucTi, LWHyponoaibHi. Konip kopeHeBwLLa 330BHi — TeMHO-0ypuii, JOAATKOBUX KOPEHIB — TEMHO-
KOpU4HEBWIA, Ha 3nami — BinysaTuii abo OBTWIA, 3niam BONIOKHUCTMIA. 3anax cnabkui cneumdivHmiA, cMak ripkyBaTuii i B'spkyyunin. KopeHesuue
mae BeanyykoBuii Tun Byaosu. MokpuBHa TKaHWHa — NepuaepmMa, A0 cknagy sKoi BXoAWTb Kipka. Ha nonepeyHomy 3pisi Kopky HeMae;
PO3MILLEHO Kiflbka PSAiB KOPUYHEBUX KNITUH, YAaCTKOBO PO3ipBaHUX; KOpPa CKINaAaeThbCs 3 KiNbKOX PSAiB TAHTEHTaNbHO BUAOBKEHUX KNITUH
napeHXimu; KinbLe HaBKOMO eHAoAEepMM YTBOPKOKTL CEKPETOPHI XOaM; eHAodepMa Mae By3bKy KacnapieBy CMyry; BTOPUHHa ¢rioema
napeHxiMm — 3 ny4ykamm NpoBigHOI TKaHWHW NObNM3y kambilo; BTOPVMHHA KCWeMa CKNadaeTbCs 3 NapeHXiMu, 3 CyArHamm y By3bKUX
pagianbHux psaax; CepLeBuHY i Kpoxmarnto HeMae. Y BCIX KMiTUHaX napeHXiMm MiCTUTLCS iHYNIH.

BucHoBku. 3pjiicHeHO MOpdonoro-aHaToMiYHe JOCNiMKEeHHs! KOpEHeBWLLa Ta 4OAATKOBUX KOpeHiB Serratula coronata L., BcTaHOBNEHO
OCHOBHI MaKpO- Ta MiKPOCKOMiYHi AiarHOCTUYHI O3HAKW MiA3EMHMX OpraHiB.

KntouoBi cnoBa: cepniit yBiH4aHui, Moponoro-aHatoMivHa byfoBa, KopeHeBuLLa Ta AOAATKOBI KOPEHI.

AKTyanbHi nuTaHHA hapmaLleBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2026. T. 19, Ne 2(51). C. 138-142

Morphological and anatomical study of the underground organs of Serratula coronata L.
S. M. Marchyshyn, M. V. Melnyk, O. L. Demydyak, L. V. Slobodianiuk, I. S. Dakhym, A. V. Moskaliuk

The aim of the work is to establish morphological and anatomical diagnostic features of the underground organs of the Serratula coronata,
harvested at the research sites in the Ternopil region in October 2025.

Materials and methods. The material for the research was the rhizome and roots of the S. coronata. The morphological and anatomical
structure of the studied raw material was studied in accordance with the requirements of the monograph of the State Pharmacopoeia of
Ukraine. Fresh and dried raw materials were used. When studying temporary preparations, the Delta Optical Genetic Pro optical device
was used and a camera Delta Optical DLT-Cam Pro.

Results. According to external signs, the rhizome of Serratula coronata L. is short, woody and thick, from which numerous, thin, cylin-
drical branched, cord-like, adventitious roots depart. The color of the rhizome from the outside is dark brown, of the adventitious roots is
dark brown, on the fracture it is whitish or yellow, the fracture surface is fibrous. The smell is weak and specific. The taste is bitter and
astringent. The rhizome has a bundle-free type of structure. The covering tissue is the periderm, which includes the cortex. The cortex
is absent in cross section; several rows of brown cells are located, partially torn; the cortex consists of several rows of tangentially elon-
gated parenchyma cells, and near the inner edge narrow secretory ducts form a ring around the endoderm; the endoderm has a narrow
Casparian strip; secondary phloem of the parenchyma with bundles of conductive tissue near the cambium; secondary xylem consists
mainly of parenchyma, with vessels arranged in narrow radial rows; pith and starch are absent. Inulin is present in all parenchyma cells.
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Conclusions. A morphological and anatomical study of the rhizome and adventitious roots of Serratula coronata L. was carried out and
the main macroscopic and microscopic diagnostic features of underground organs were established.

Keywords: Serratula coronata L., morphological and anatomical structure, rhizomes and adventitious roots.
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Cepmiii (Serratula L.) — pix pocaus ponnHu aiicTpoBi
(Asteraceae), pencTaBIeHIA 6araTOPIYHIMH TPaB’ THACTHU-
MH POCITHHAMH 3aBBHUIIKH Bif 15 cM 1o 90 cm. [liis pomy xa-
PaKTEepHI CYNBITTSA-KOIINKH 3 IBOCTATEBUMH ITyPITyPOBHUMH,
TEMHO-POKEBUMH 200 OITaKUTHO-(PI0TETOBUMH KBITKaMHU.
JIucTku 3BepXy 3€JI€HOTO KOIBbOPY, 3 HIXKHBOTO OOKY — 01710~
MOBCTHUCTI 200 CipyBaTi BiJl aBy THHUCTOTO OIymeHHs [1].
Ha tepuropii Ykpainu 3poctae, 3a pisHUMH JaHUMH, 3—5
BUIIB pomy cepmiro (Serratula L.) [1,2]. HalimormmperirmmmMu
BUJIAMH € cepriii yBiHuanuii (Serratula coronata L.) Ta cep-
miii papOysanbauii (Serratula tinctoria L.). Cepmiii BoBKO-
Horosuctuii (Serratula lycopifolia (Vill.) Kern) — pinkicHuit
BUJL, SIKHIA 3aHeceHu! 10 YepBoHOi KHUTH Ykpainu [2,3].
Cepniii yBinuanwmii (S. coronata L.) — Gararopiuna Tpas’s-
HHCTa POCJIMHA, BUCOTA siK01 Moyke nocsirati 150 cm. Iin-
3eMHa YacTHHA ITPE/ICTaBICHAa MACHBHUM TOPH30HTAILHUM
KOPEHEBHUIIEM 13 BEJIMKOIO KIJIBKICTIO IIHYPOMOAIOHNX
kopeHiB. CTeOa mpsMOCTOsi, 00PO3HHUCTI, 3a3BUYA MAFOTh
MypITypoBe 3a0apBIICHHS Ta PO3ralyXKyIOThCS Y BEpXHii
yacTHHi. JINCTKOPO3MIiIIEHHs YeproBe: HIDKHI JTMCTKH
YepeITKoBi, BEpXHI — Maibke cumstdi. JIMCToBa IIacTHHKA
TIEPUCTO-PO3CIUeHa, CKIIIa€Thest 3 3—7 map 3y04acTux cer-
MEHTIB i3 OLTBIIOI0 BEpPXiBKOBOIO YaCTKOIO. JIFCTKH 3BEpXy
TEMHO-3€JIEHOTO KOITBOPY Ta 31 CBITIIIINM HIKHIM OOKOM,
B3JIOBXK JKIJIOK MAlOTh pinke omymieHHs. [1mix — mpomoBry-

Puc. 1. Cepniit yBiH4aHui (Serratula coronata L.), BupoLyeHnii Ha
focnigHux ainsiHkax (TepHoninbcbka obnactb).

BaTa TOHKOOOPO3JacTa CiM’sSHKA 3 UYyOUHKOM, HE OIyIICHA,
OypyBaToro Koibopy.

Cepmiii yBiHUaHUH 3pOCTAE PO3CISIHO y TUKOMY CTaHi Ha
CYXMX JIyKaX, CepeJl YarapHHKIB, 110 y3JICCsIX Y MIBJCHHUX
yactuHax Cymcbkoi, UepHiriBebkoi, KuiBebkoi, XKutomup-
cbKoi Ta PiBHEeHCHKOT 0Omacteii. Choro/iHi el Bua B YKpaiHi
KyJABTHBYIOTH (puc. 1) [3,4,5].

B VkpaiHi ceprmiif yBiHUaHHI BHKOPUCTOBYIOTH JIHIIIC B
TpaIMLiHIA MEIUIMHI TS JIIKYBaHHS CIILIEeIICii, HeBPO3iB,
aHeMii, TeMOpOIo, aHT'HU Ta MPOIACHUIll, a TaKOX SIK pa-
HO3arorOBaJIbHUI 1 3araIbHO3MINHIOBAILHHII 3aci0 [6,7,8].

Y 3apyOiKHAX pKepenax iH(opMmarlii € JaHi Ipo 3acTo-
CYBaHHS CEpIIiI0 YBIHUYAHOTO y JOKA30Bif MEIUIIMHI SK
3aco0y 3 reMOpPEOJIOTIYHHMH, IMYHOMOIYTFOBaIbHIMH,
aJIaNTOreHHUMH W aHTHOKCHIQHTHUMH BJIACTHBOCTSIMH.
OcHOBHA YacTHHA JOCIIHKEHb, IPUCBSIUCHUX Liil pOCIIHHI,
30cepepkeHa Ha BHBUEHHI OlOJIOTIYHO aKTHBHHUX CIIOJNYK,
30KpeMa eKAuCTepoiniB [9].

MeTta po6otu

BceranoBnerHs MOp(hoI0TO-aHATOMIYHUX IarHOCTHIHHUX
O3HaK ITiJ3¢MHUX OPTaHiB CEpITiI0 YBIHYAHOTO, 3arOTOBJIC-
HUX Ha JIOCIIHUX TUITHKaX Ha TepHOMUIBIIMHI Y KOBTHI
2025 poxy.

Matepianu i meToau gocnigxeHHs

MarepiaJt [j1s1 JOCIIKEHHsI — KOPSHEBHUIIIE Ta KOPEHI cep-
mito yBiH9aHOTO. MoOpdomoriuny OyIoBy AOCHTIKyBaHOI
CHPOBHMHH BHBYAJIM, BAKOPUCTOBYIOUH JIyITy Ta OIHOKYJIISIp-
HUH MIKpPOCKOI. AHATOMI4YHY Oy/Z0BY BHBYAIH BiJIITOBIHO
no Bumor Monorpadii epxaBuoi dapmaxonei Ykpainu
«2.8.23. MiKkpocKoMivHe J10CIIJDKEHHS JIIKAPChKOT POCITMHHOT
CHPOBHHID).

BuxopuctoByBanm CBiXy 1 BUCYIIEHY cHpOBHHY. s
AHATOMIYHOTO BUBYCHHSI BATOTOBIISUTM THMYAcOBI MIiKpOIIpe-
TapaTv KOpeHeBHII 1 KopeHiB pociauHu. Il yac BUBUCHHS
TUMYACOBHUX IIperiapariB BUKOPUCTAHO ONTHYHHUN TpHIIaj
Delta Optical Genetic Pro, mist ¢ikcarii pe3ynsrariB 3acTo-
cosano kamepy Delta Optical DLT-Cam Pro [10,11].

Pesynbratu

MakpockoniuHi 03HaKH (puc. 2). 3a 30BHIIIHIME O3HAKaMH
kopeHeBwite Serratula coronata L. KOpOTKe, TOBCTE, BiJ
HBOTO BIJIXOMISATh YHMCJICHHI TOHKI, IWTIHAPHYHI JOIATKOBI
KOpeHi. 3a OylI0BOIO II¢ TOPH30HTAIbHE KOPCHEBUIIE, BiJl
SIKOTO YTBOPCHI BEPTUKAJIbHI 200 KOCO CIIPSIMOBaHI J0aTKOBI
kopeni. Kopenesuiiie 3a MOp(HOIOTiIHOO OYT0BOO KOPOTKE,
JIepeB’ THUCTE, BEPTUKAIIBHE 200 Koce, AiaMeTpoM 110 2—4 cM,
HA BEpXHIH YaCTHHI MOMITHI pyOIli BiJ BiAMEpIHX cTeOeI.
JonatkoBi KOpeHI Tally3ucTi, IHYPOIOAiIOHI, YUCIICHHI,
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2A 2b

Puc. 2. 30BHILLHI BUrNSA BUCYLLEHOT CPOBUHM MiA3eMHUX opraHiB Serratula coronata L. A: kopeHeBuLLe 3 KopeHsiMu; b: oaaTKoBi KOpeHi.

3A

3b

Puc. 3. ®parmeHT anatomiyHOi OyAoBM KOpPeHeBMLLA Ta JOAATKOBOrO KopeHst Serratula coronata L. A: nonepeynwii 3pi3; B: noB3goBXxHil 3pis;
1: nonepeyHuin 3pi3 KOpeHs; 2: Nnepuaepma, KOPUYHEBI 30BHILLHI Lapy, MapeHXiMaTo3Ha kopa 3 KOPUYHEBO-NOMapaHYeBVIM CEKPETOPHUM KaHarom
6esnocepeHbO 3a MEXaMK eHI0AEPMU Ta BTOPUHHOI doroemu; 3: eHpomepMma; 4, 6: drnoemHi BonokHa; 5: cyanHHa kambianbHa 30Ha Ta By3bki pa-
JianbHi paav CyauH, po3AineHi napeHxiMoto cnipanbHWX CYAWH 3i BTOPUHHOK (rioeMOoto CrpaBa i BTOPYHHO KCUIEMORO 31iBa; 7: CEKPETOPHI Xoau;
8: cnipanbHi cyauHu; 9: iHyniH y BTOPWHHIN KCUITEMHI NapeHXiMmi.
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OpueiHaribHi 0oCiOXeHHs

3aBnoBkkH 10-20 cm. Komip 330BHI KOpeHEBHUIIA — TEM-
HO-OypHii, 101aTKOBUX KOPEHIB — TEMHO-KOPUYHEBHH, Ha
37ami — OiTyBaTHii ab0 SKOBTHIA, 31aM BOIOKHHUCTHH. 3amax
ciaOkui, ciennivHnii (TOCHITIOETHCS ITPU PO3THPaHHI 200
371aMi CHPOBHHH), CMaK TipKyBaTHH 1 B’ SKYUHIA.

AHnaTtomiuHa Oy10Ba KOpeHEBHINA Ta T0JaTKOBOTO KOpEHS
Serratula coronata L. Kopenesuiie Ha momepedyHoMy 3pi3i
Mae Oe3myukoBuit Tui Oynosu (puc. 34, 1). [lokpuBHa TKa-
HHUHA — TIEpUIepMa, JI0 CKIIaTy SIKOT BXOAWTH KipKa (puc. 3,
2). KniTHHM KipKHM Ha TIOIEpeYHOMY 3pi3i BABiUi Oiibii
BiJl KIIITHH Kipky Oi4HOTO KOopeHs. Ha momepednoMy 3pisi
KOPKY HEMa€; BU3HAYCHO KiJIbKa PSI/IiB KOPHYHEBHUX KIIITHH,
YaCTKOBO PO3IPBaHUX; KOpa CKIANAETHCS 3 JCKUIBKOX psi-
JIiB TAHTEHTAJIBHO BUJIOBKEHUX KJIITHH TApEHXIMH, a OiIs
BHYTPIIIHBOIO KPalo By3bKi CEKPETOpPHI xoau (OKpemi — 3
KOPUYHEBO-TIOMapaHIEBUM BMICTOM) YTBOPIOIOTH KiJIBIIE
HABKOJIO EHJIOZIEPMU (puc. 3, 2); eHI0/IepMa Ma€ BY3bKY Kac-
mapieBy cMyTYy (puc. 3, 3); BTopuHHA (hroeMa apeHxiMHu — 3
ITyYKaMH IPOBITHOT TKAHUHU 1100N3Y KaMoito (puc. 3, 4, 6);
BTOPHHHA KCHJIEMa CKJIAIA€ThCS 31€01TBIIIOTO 3 TAPSHXIMH, 3
CYMHaMH, PO3TAIIOBAaHUMH Y BY3bKHX paJialbHUX psiax i3
HEBEJIMKOIO KUTBbKICTIO BOJIOKOH MK CyAWHAMH; CEPLICBIHU
1 KpOXMaJro Hemae (puc. 3, 4).

Ha mo3norxxabpOMY 3pi3i BU3Ha4EHO (puc. 3b): cynuam — 31
CKJIIPHUM a00 CITYaCTUM TIOTOBIICHHSM CTIHOK (puc. 3, 5);
CEKPEeTOpHi XomH (puc. 3, 7); cripaibHi CyauHu (puc. 3, 8);
IHYJIH, SIKUH MICTHTBCS B YCIX KIIITHHAX MApeHXIMH (puc. 3,

9.

O6roBopeHHs

3nificHuIN KOMIUIEeKCHe Mopdomoriuae W aHATOMIYHE
JIOCITIJDKEHHST MiI3eMHUX OpraHiB CEpINiI0 YBIHYAHOTO, Y
PEe3yIIBTaTi KOTPOTO BCTAHOBWIIM: TiA3€MHI OpPTaHH IIHOTO
BUJ1y MIPE/ICTABIICHI KOPOTKUM, TOPU30HTAJIBHO PO3TAIIOBa-
HHM, JepPeB’SIHUCTUM KOPEHEBHUILEM, Bill SIKOTO BiIXOISATH
rajy3ucTi, TOHKI, ITHYpONOAiOHI, YHCICHHI H0JaTKOBI
kopeHi. OmHIEr0 3 MIarHOCTHYHUX MaKpPOCKOIIYHUX O3HAK
KOPEHEBHIIIA € Te, 1110 HOTo KOJIp 3 MOBEPXHI TEeMHO-0ypHH,
Ha 371aMi, SIK 1 JIOAaTKOBHX KOPEHIB, — OLTyBaTHii a00 KOBTHI.
[ToBepxHs KOPEHIB — TEMHO-KOPUIHEBOTO KOJILOPY; Ha 371aMi
KOPCHI BOJIOKHHUCTI.

Kopenesuie mae 6e3mydxoBy OyIOBY, TOKPHUTE MEPH-
Jepmoro 3 Kipkoto. Kopky Hemae. Jlo ckitay Kopy BXOIHTb
MapeHxiMa 3 TAHTEHTAIFHUX BUIOBKCHUX KIITHH 1 BY3bKi
CEKPETOPHI XOJIH, OKPEMI 3 SIKUX MalOTh KOPUYHEBO-TIOMapaH-
YEBUI BMICT, 1110 MOYKE OYTH OJTHIEFO 3 TIarHOCTUYHHX O3HAK.
Ennonepma Mae By3bKy KacrapieBy cMyTy. Y Iperapari He
BUSIBIICHO CEPLIEBHHY Ta KPOXMaJIbHi 3epHa. Y KIITHHAX BTO-
PMHHOT KCHUJIEMHOT apeHXIMH BUSIBJICHO 1HYJIiH, 1110 € JiarHoc-
THUYHOIO O3HAKOIO MiJJ3EMHUX OPraHiB CEpIi0 yBIHYAHOTO.

BucHoBku

1. 3aiiicHeHO MOP(OIIOrO-aHATOMIYHE JOCITIHKCHHS KO-
PEHEBHIIA Ta JIONATKOBUX KOpeHiB Serratula coronata L.
BcranoBneHo ocHOBHI MOp(}OITOTivHI 1IarHOCTHYHI O3HAKH
MmiA3eMHUX opraHiB Serratula coronata L.: xopeHeBHIa

TOPU30HTAJIBHI, PO3Tay’KeHi, Ty’Ke TBEP/Ii Ta AepeB’ THUCTI;
JIOJIATKOBI KOPEHI HE € MPOJOBKEHHSAM TOJIOBHOTO KOPEHS,
a BIPOCTAIOTh 0E3MOCEPEIHBO BiJl KOPEHEBUINA, TOHKI,
LIHYPOIIOAIOHI.

2. BCTaHOBJIEHO MIKPOCKOIIIYHI IarHOCTUYHI O3HAKH ITiJI-
3eMHUX opraHiB. KopeHeBuIna Ta 101aTKOBI KOPEHI MarOTh
0e3myuKoBHA THIT OyJJOBH, BUSABJICHO IepuaepMy, (oeMHi
BOJIOKHA, CEKPETOPHI XOAH, CIipabHI CYIMHHU Ta iHYTIH Y
BTOPHHHIN KCHJIEMHIH TTapeHXiMi.

IlepcnekTHBH MOJATBIINX 10CTITKEHb TTEpe10aYalOTh BUKO-
pHCTaHHS BCTAHOBJICHUX OCHOBHHMX MOP(OJIOro-aHaTOMi4-
HUX JIarHOCTHYHHMX O3HAK MiJA3eMHUX opraHiB Serratula
coronata L. st po3pOOJICHHST TPOEKTY METOIB KOHTPOJIIO
SIKOCTI HOBOI JIIKaPCHKOi POCTIMHHOI CHPOBHHHU.
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Electrochemical properties
of some 1,2,4-triazole derivatives

0. A. Bihdan@#BBF S Q. Fedotov®8cP A, S. HotsuliaACE

Zaporizhzhia State Medical and Pharmaceutical 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

Nitrogen-rich heterocyclic systems, particularly 1,2,4-triazole derivatives, are attractive sources of functionally diverse compounds and
promising modifiers for electrochemical sensors. lonometry, as a branch of potentiometric analysis, focuses on developing highly selective
ion-selective electrodes (ISEs) capable of providing direct assessment of ion activity or ionogenic forms of analytes in solution. B-Estradiol
is a biologically important steroid hormone; its quantification is relevant for pharmaceutical analysis. Schiff bases as membrane electro-
active components represent a viable strategy to enhance sensor selectivity.

The aim of the study was to create and study the electrochemical characteristics of an ISE with a plasticized membrane based on 5-(3-fluoro-
phenyl)-4-amino-1,2,4-triazole-3-thiol with lipophilic ionogenic additives of various nature — tetraoctylammonium bromide (TOABr) and
sodium tetraphenylborate (NaB(C H,),, NaBPh).

6 5

Materials and methods. The electroactive Schiff base was synthesized by condensation of 2-hydroxy-5-(phenyldiazenyl)benzaldehyde
with 5-(3-fluorophenyl)-4-amino-1,2,4-triazole-3-thiol in n-butanol (2 h reflux, 12 h standing), followed by purification (DMF recrystallization)
and structural confirmation by elemental analysis and 'H NMR (DMSO-d,, 400 MHz). A PVC membrane (0.2 g) was prepared containing
2 wt.% electroactive compound, 0.5 wt.% ionogenic additives (NaBPh or TOABr), polyvinyl chloride (PVC; one-third of the mass), and
nitrophenyloctyl ether (two-thirds) as plasticizer, using tetrahydrofuran as the casting solvent. Potentiometric measurements were per-
formed at 20-25 °C (Ezodo PL-700PV) versus an Ag/AgCl reference electrode. Calibration was carried out in the 10>-10* M B-estradiol
range (1000-10 ppm) with reproducibility control every 2 h.

Results. The use of plasticized PVC membranes and a solid-contact configuration was justified to improve potential stability and minimize
drift. The presence of azo and azomethine fragments in the modifier implies a dual-pathway electroanalytical process. A mathematical
model incorporating diffusion supply and electrode surface coverage by reduction products was proposed; linear stability analysis using
the Routh—Hurwitz criterion indicated a broad parameter region where a stable steady state is attainable, enabling formation of an inter-
pretable analytical signal. The detection limit is associated with monotonic instability, whereas potential oscillatory behavior is expected
beyond the analytical working range.

Conclusions. A plasticized PVC-based ISE incorporating a triazole-derived Schiff base and ionogenic additives (NaBPh / TOABr) was
proposed for potentiometric B-estradiol determination; theoretical analysis supports its electroanalytical feasibility and controllable steady-
state operation.

Keywords: 1,2,4-triazole derivatives, ionometry, ion-selective electrode.
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Enektpoximiuni BnactusocTi geskux noxigHux 1,2,4-tpiazony
O. A. BirgaHn, C. O. ®epnotos, A. C. louynsa

A30TOBMICHI reTepoLuKnivHi cuctemu, 3okpema noxigHi 1,2,4-tpiasony, CTaHOBNSATb 3HAYHUI iHTEPEC K Jxepeno gyHKUioOHanbHO pis-
HOMaHITHUX CMONYK i NEPCNEKTUBHNX MOANMIKATOPIB €NEeKTPOXIMIYHMX CEHCOPIB. |OHOMETPIS AK CknagoBa NOTEHLOMETPUYHOIO aHanidy
OpieHTOBaHa Ha CTBOPEHHS1 BUCOKOCENEKTUBHUX iOH-cenekTuBHuX enektpoais (ICE), 3aaTHux 3abeanedyBaTi Npsme OLiHIOBaHHS aKTUBHOCTI
iOHiB / ioHOreHHUX hopm aHaniTy B po3umHax. 3-EcTpagion — 6ionoriyHo 3HauyLLWii CTEPOISHMIA TOPMOH, KOHTPOIb BMICTY SIKOTO aKTyanb-
HUM ANs hapMaueBTUYHOMO aHanidy; 3acToCyBaHHS LUMGIOBMX OCHOB SIK €NEKTPOL-aKTUBHWUX KOMMOHEHTIB MeMOpaH € NepcnekTMBHUM
MiAX0A0M A0 NiABULLEHHS CENEKTUBHOCTI CEHCOPHUX CUCTEM.

MeTa poGoTtu — CTBOpWUTM Ta JOCNIANTY enekTpoxiMivHi xapaktepuctuku ICE 3 nnactudikoBaHow MeMbBpaHo Ha OCHOBI 5-(3-dhTopde-
Hin)-4-amiHo-1,2,4-Tpiazon-3-Tiony 3 NinoginbHUMK iIOHOreHHMMM fo6aBKamm pi3HOi NpUpoan — TeTpaokTMnaMmoHin 6pomigom (TOABT) i
Harpin TeTpacdpeHinGopatom (NaB(C H,),, NaBPh).

6 5
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Martepianu i meTogu. Enektpop-akTvBHY WncOBY OCHOBY CMHTE30BaHO KOHAEHCaLiet 2-rinpokcu-5-(peninaiaseHin)beHsanbaeriay 3
5-(3-cbTopdpeHin)-4-amiHo-1,2,4-Tpiason-3-Tionom y H-6yTaHoni (HarpiBaHHs 2 rof, BUTPUMYBaHHS 12 roal) 3 noganbLUM OYULLEHHAM
(nepexpuctanisauia 3 AM®) i nigTeepmxeHHAM 6ynoBn faHnMmu enemeHTHoro aHanisy ta 'H AMP (DMSO-d,, 400 MI'u). Mem6paty Ha
ocHosi nonisininxnopuay (MBX; 0,2 r) hopmysanu 3 2 mac.% enekTpoa-akTusHoi cnonyku, 0,5 mac.% ioHoreHHux gobasok (NaBPh abo
TOABr), MBX (1/3 macu) Ta HiTpoeHINoKT1NoBoro eTepy (2/3 Macu) 3 BUKOPUCTaHHAM TeTparigpodypaHy sik po3dnHHuKa. [MoTeHuiome-
TPWYHI BUMiptoBaHHS 3aiicHumv npu 20-25 °C (Ezodo PL-700PV) BigHocHo Ag/AgCI; kanibpyBaHHs BukoHanu B gianasoHi 10%-10* M
B-ectpagiony (1000-10 M. 4.) 3 NEPIOANYHNM KOHTPOMEM BifTBOPIOBAHOCTI (KOXHI 2 rog).

Pesynisratn. O6rpyHTOBaHO AOLINBHICTL NNacTudikoBaxmx MBX-membpaH i koHCTpyKuii solid-contact ans minimisauii apendy noteHujiany.
BcTaHoBNEHO, L0 HasiBHICTb y MoaudikaTopi a30- Ta a30METUHOBOTO (hparMeHTIB 3yMOBIHOE MOXIUBICTb ABOKaHaNbHOro nepebiry enek-
TpoaHaniTMyHoro npouecy. 3anponoHoBaHO MaTeMaTUyHy MOAENb, L0 BpaxoBye AndY3iiHWA NiaBIA aHaNITy i aacopOLiiHe NOKpUTTS
enekTpoAa NpoayKTamMu BiAHOBMEHHS; aHani3 MiHikHOI CTIKOCTI (kpuTepii Payca—TypBiua) nigTBepamB HasiBHICTb LUMPOKOI obnacTi na-
pameTpiB 3i cTabiNbHUM CTaLiOHaPHUM PEXMMOM, L0 CNIPUSTAMBWIA Anst hOPMYBaHHS iHTEPNPETOBaAHOMO aHaniT4Horo curHany. Mexa
BUSIBINEHHS MOB'S3aHa 3 MOHOTOHHO HECTINKICTIO, @ MOXIMBI OCLMIALIT OYiKyOTbCSA 3a Mexamu poboyoro fiana3oHy.

BucHoBku. 3anponoHoBaHo ICE 3 nnacTtudikoBaHoto NBX-mem6paHoto Ha 0CHOBI Tpia3osibHOT LWMGOBOT OCHOBM Ta iOHOrEHHMX 406aBOK
NaBPh / TOABr ons noTeHUioMETPUYHOrO BU3HaYeHHs [3-ecTpagiony. TeOpeTWyHi pesynstati NiaTBEpIAXYOTb eNekTpoaHaniTnyHumn

noTeHLian CMCTEMM Ta KEPOBAHICTb CTaLiOHAPHOIO PEXUMY.

KntouoBi cnosa: noxigHi 1,2,4-tpia3ony, ioOHOMETPIs, iOHCENEKTUBHUIN eNeKTPOA.

AxTyanbHi nuTaHHA hapmavleBTMYHOI | MeaMyHOI Hayku Ta npakTuku. 2026. T. 19, Ne 2(51). C. 143-150

The need to introduce new highly effective and low-toxic
drugs into practice is constantly growing in the modern world.
As aresult, the creation of new original molecules is an actual
task of native pharmaceutical science. Analyzing the litera-
ture, it is necessary to note the special role of nitrogen-rich
heterocyclic systems, which are widely represented [1,2]. A
separate large group of substances belongs to 1,2,4-triazole
derivatives, which for many years have attracted scientists
of various directions [3,4]. The modern trend remains the
possibility of combining 1,2,4-triazole with various phar-
macophoric substituents, which can be oriented according
to different positions of this heterocycle [5,6].

Ionometry is a modern, constantly developing direction of
the potentiometric method of analysis. The main task of the
method is the development, study and application of various
ion-selective electrodes (ISE), reversible and selective for
various cations and anions. lon-selective electrodes provide
direct information about the activity of ions in the solution of
the analyzed object and function according to the mechanism
of ion transport, and the sufficiently high selectivity of the
electrode ensures the permeability of the membrane for one
or a limited number of ions due to the introduction of an elec-
trode-active compound [7,8]. Due to the different sizes and
shapes of anions, the task of creating selective potentiometric
sensors for their determination is very urgent.

A successful solution can be the use of heterocyclic
compounds as active components of the membrane, such
as 1,2,4-triazoles, 1,3,4-oxadiazoles, metalloporphyrins,
porphyrazines, phthalocyanines, etc. [9].

There are many 1,2,4-triazole derivatives that are used
as corrosion inhibitors to inhibit the corrosion of steel and
copper [7,8]. In some of our publications, we theoretically
described the possibility of using 1,2,4-triazole derivatives
as electrode active compounds [10,11,12]. Triazoles can be
in different tautomeric forms, the influence of such tautomer-
ic forms on electrochemical properties can be significant.
The use of 1,2,4-triazole derivatives as an electrode-active
component of ISE membranes is a new and promising
task [13,14,15].

B-Estradiol is an estrogenic steroid hormone and the main
female sex hormone. It is involved in the regulation of the
estrous and menstrual female reproductive cycle. Estradiol
is responsible for the development of secondary sex charac-
teristics in women, such as breasts, enlarged hips, and the fe-
male-associated pattern of fat distribution. It is also important
in the development and maintenance of female reproductive
tissues such as the breast, uterus, and vagina during puberty,
adulthood, and pregnancy. It also has important effects on
many other tissues, including bone, fat, skin, liver and brain.

At the moment, some methods of electrochemical deter-
mination of steroid hormones have already been developed.
Moreover, its chemical composition suggests that it could be
determined by electrodes using Schiff bases and their com-
plexes, which are very popular in electroanalysis.

Aim

Thus, the aim of our work was to create and study the electro-
chemical characteristics of an ion-selective electrode with a
plasticized membrane based on 5-(3-fluorophenyl)-4-amino-
1,2,4-triazole-3-thiol with lipophilic ionogenic additives of
various nature — tetraoctylammonium bromide (TOABr) and
sodium tetraphenylborate (NaB(C,H,),, NaBPh).

Materials and methods
5-(3-Fluorophenyl)-4-amino-1,2,4-triazole-3-thiol was
synthesized by us earlier and its physicochemical proper-
ties were described earlier [14], other reagents, including
2-hydroxy-5-(phenyldiazenyl)benzaldehyde, B-estradiol
(E8875-250MG) were purchased from Sigma Aldrich
(Germany) and used without further purification. *H NMR
spectra were recorded at Enamine (Kyiv, Ukraine) on a
Varian Mercury 400 spectrometer (400 MHz) in DMSO-d..
Research drug — “Guna-beta-estradiol” drops or. 30 ml each
in a bottle cap. (Odesa, Ukraine), was purchased in a retail
pharmacy chain.

A mixture of 0.57 g (0.0025 mol) of 2-hydroxy-5-(phe-
nyldiazenyl)benzaldehyde with 0.53 g (0.0025 mol) of
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OH

Fig. 1. Obtaining the Schiff base by the condensation method.

5-(3-fluorophenyl)-4-amino-1,2,4-triazole-3-thiol in 20 ml of
butan-1-ol is refluxed for 2 hours. The reaction mixture was
kept at room temperature for 12 hours (Fig. 1). The precipi-
tate was filtered off and washed with diethyl ether, obtaining
0.43 g of Schiff’s base (MP >250 °C, crystallized from DMF).
Found: C: 60.56 %, H: 3.43 %; N: 20.04 %; C,,H .FN,OS.

21" 15

Calculated: C: 60.42 %, H: 3.38 %; N: 20.13 %.

Results

Liquid membranes are a solution of an electrode-active
component in an organic solvent immiscible with water, held
by a porous partition. Unlike solid membranes, where active
centers are fixed in space by the forces of chemical bonding,
in liquid membranes organophilic active components are
mobile in the membrane phase.

Close to liquid are plasticized membranes obtained as a re-
sult of the introduction of active components into an inert, for
example, polyvinyl chloride matrix. Its elasticity and mechan-
ical strength is caused by the presence of plasticizers — esters
of phthalic, phosphoric, sebacic and other acids. The use of a
plasticized membrane allows you to completely abandon the
internal liquid reference electrode. In this case, the platinum,
silver or copper wire is covered with a film of polyvinyl chlo-
ride containing AK membranes and a plasticizer. The liquid
active phase can also be fixed on the graphite surface. ISEs
obtained in this way, in the design of which there is no liquid
system of the reference electrode, are called solid-contact. An
important role in forming the potential of such electrodes is
played by the material of the current collector.

The use of a fundamentally new electrode modifier
requires a priori mechanistic theoretical analysis of the
electroanalytical system. This will help us solve problems
such as: instability in the interaction of the electrode with
the analyte and its role in the electroanalytical system; the
possibility of electrochemical instabilities in similar systems
with electrooxidation of various organic molecules, including
electrochemical polymerization.

Theoretical research makes it possible to solve the men-
tioned problems in the development of an ion-selective elec-
trode. The research includes the development and analysis
of a mathematical model capable of adequately describing
the electroanalytical system. Since the compound contains
two electrochemical centers — a diazo group and a “Schiff
bond”, the electroanalytical process can occur according

to two parallel mechanisms using an azo group (Fig. 2), in
which “Estr” means an oxidized fragment of p-estradiol or
through an azomethine fragment (Fig. 3).

In both cases, the original Schiff base is restored at the
electrochemical stage. So, considering the above statements,
in order to theoretically describe the behavior of the system,
we introduce three variables: ¢ — concentration of estradiol
in the pre-surface layer; 64 is the degree of anode coverage
by the reduction product in Fig. 2; 05 is the degree of anode
coverage by the reduction product in Fig. 3.

To simplify the simulation, let’s assume that the reactor is
intensively stirred, so the convection flow can be neglected.
We also assume that the background electrolyte is in excess,
so the migration flow can be neglected. The thickness of the
pre-surface layer is assumed to be constant, equal to 6, and
the analyte and alkali concentration profile is linear. It can
be shown that the behavior of the system will be described
by the following tripartite system:

- T51)

de 2( (co—c)—m

dt
d64 1
dar G — (141 — 742)
d95 1
dt G — (151 — 752)

where c, is the molar concentration of estradiol; A is the
diffusion coefficient; 64 and 05 are maximum concentrations
of reduction products; r are the rates of the corresponding
chemical and electrochemical stages associated with Fig. 1-3,
which can be described as follows:

41 = kg16(1 — 6, — 65)
sy = ks1¢(1 — 60, — 65)

2F¢@
Ty = k4294exp( RT0>

Ts2 = kszesexP( ?0),

where k — are the corresponding rate constants; F — is the
Faraday number; ¢, — is the slope of the potential associated
with the potential of zero charge; R — is the universal gas
constant; T — is absolute temperature.

Although compared to the simple case, the behavior in this
electroanalytical process will be efficient. To investigate the
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Fig. 2. Scheme of the electroanalytical process involving the azo group.
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Fig. 3. Scheme of the electroanalytical process involving the azomethine fragment.

behavior of the electroanalytical process for the determination
of estradiol using the new Schiff basis, we analyze a set of
equations using the theory of linear stability. The members
of the Jacobi functional matrix in the steady state will be
described as follows:

2 A
Ay = E(‘E— ka1 (1 =64 — 05) —ksyc(1— 0, — 95))

2
Ay = E(knc + ks10)
2
a3 = 3(’5415 + ks10)
1
a1 = G_4(k41(1 — 6, — 95))
Considering the expressions, it can be seen that the main

diagonal of the Jacobi matrix contains two elements that can
be positive and, as a result, describe a positive callback. This

distinguishes this system from similar ones for which only
one positive element can be possible.

The stationary stability criterion for dynamic systems is the
so-called Raut-Hurwitz criterion. Opening the straight brack-
ets of the determinant, applying to it the inequality resulting
from the criterion, and considering that V + W =TI, we can
obtain the condition for the stability of the stationary mode:

—1, (QW + VK + 0K) — E(QW + QK — WK) —
—A(VK + 0K — V) <0,

which is guaranteed to be satisfied if the parameters j and v
are positive (which is realized in most cases). Therefore, the
steady state is stable in a relatively large topological range of
parameters, which from an electroanalytical point of view will
mean that the system is electroanalytically efficient, since the
relationship between the electrochemical parameter (in this
case, the current) and the concentration of estradiol is linear,
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and the analytical signal is easy to interpret. The electroan-
alytical process in this case is mostly controlled kinetically,
being diffusion controlled with the help of relatively large
working electrodes.

The detection limit is determined by the realization of the
monotonic instability, the corresponding saddle-node bifurca-
tion, which separates stable steady states and unstable states.
The condition of its appearance:

-1 (QW + VK + QK) — E(QW + QK — WK) —
—A(VK + 0K —0V) = 0.

The behavior of this system will be much less dynamic if
the Schiff base is introduced into the conducting polymer as
part of the macromolecule. Thus, both reduced forms will be
present in the reduced macromolecules, which will reduce
the number of variables to two.

The theoretical analysis of the electrochemical determi-
nation of estradiol using the new Schiff basis allows us to
conclude that:

— it can be an excellent electrode modifier for estradiol
quantification. The system is electroanalytically efficient
because steady-state stability is easy to obtain and maintain;

— the electroanalytical process is mostly reaction-driven,
being diffusion-driven if the working electrode is relatively
large;

— possible oscillatory behavior in this system caused by
the effect of two electrochemical steps on the electric double
layer;

—the implementation of oscillatory behavior occurs beyond
the limit of detection.

Development and preparation of the electrode. The total
weight of the plasticized membrane was 0.2 g, the content
of the electrode-active component (2-(((3-(3-fluorophenyl)-
5-mercapto-4H-1,2,4-triazol-4-yl)imino)methyl)-4-(phe-
nyldiazenyl)phenol) accounted for 2 wt.%, ionic additives
— 0.5 wt.%, 1/3 of the total weight was the amount of poly-
vinyl chloride (PVC) and 2/3 — nitrophenyloctyl ether in the
role plasticizer.

The membrane component was dissolved in tetrahy-
drofuran with constant stirring and left until the solvent
completely evaporated. As an ionogenic additive — an ion
exchanger, the anionic additive sodium tetraphenylborate,
as well as a cationic additive — ionic liquid tetraoctylammo-
nium bromide, were introduced into the membrane compo-
sition. The obtained membrane was fixed with the help of a
special tip and a union nut to the cylindrical Teflon body of
the electrode (Fig. 4). The working surface of the membrane
was approximately 0.5 cm? Potentiometric measurements
were carried out at a temperature of 20-25 °C on an Ezodo
PL-700PV laboratory device, relative to a silver chloride
electrode. The potentiometric cell had the following form:
Ag/AgCl/KCl sat./ads.pH//membrane//vnutr.p-n/AgCIl/Ag.
The internal solution was a mixture of 10~ mol/l for analyte
and 1 mol/l for KCI.

An aliquot (5-50 ml) of a diluted (10°-10* mol/l) ana-
lyte solution was placed in a potentiometric cell equipped
with an ion-selective electrode, a reference electrode, and

a magnetic stirrer, and with constant stirring, 10~ (or 10?)
mol/l titrant solution (2-((3-(3-fluorophenyl)-5-mercapto-4H-
1,2,4-triazol-4-yl)imino)methyl)-4-(phenyldiazenyl)phenol)
(in portions of 0.2—0.5 ml continuously with an adjustable
speed) with simultaneous automatic recording of the EMF
of the cell using a computer. The schematic diagram of the
experimental setup for research is shown in Fig. 5. The pH
of the solutions was measured with a glass pH electrode.

Sequence of work with an experimental ion-selective
electrode:

1. With the help of serial dilution from the ready-made
reference solution with a concentration of 0.1 M or 1000 ppm,
we prepare three reference solutions. Reference solutions of
B-estradiol should have concentrations of 102 M, 10 M and
10“*M or 1000, 100 and 10 ppm.

2. Pour the most diluted solution (10 M or 10 ppm) into a
beaker with a volume of 150 ml, place it on a magnetic stirrer
and start stirring at a constant speed. Having made sure that
the EZODO PL-700PV laboratory device is working, we
lower the tip of the electrode into the solution. When the
readings are set, we record the voltage value displayed on the
digital display. We repeat similar manipulations with other
concentrations of B-estradiol solution.

3. We construct a graph of the dependence of the voltage
values displayed on the digital display (on the linear axis) on
the concentration (on the logarithmic axis). It is necessary to
check the calibration curve every 2 hours.

Discussion

The discussion of the obtained results indicates that the
proposed membrane system constitutes a methodologically
sound platform for the potentiometric determination of B-es-
tradiol. The concept of this approach is based on combining
the “liquid-like”” mobility of the electroactive component with
the mechanical stability of a plasticized PVC matrix, thereby
ensuring both measurement reproducibility and technological
suitability of the sensing element.

A decisive factor governing the functional properties of the
membrane is the plasticizer, which generates an organophilic
microenvironment of sufficient polarity. This microenvi-
ronment lowers the membrane resistance, accelerates the
establishment of interfacial equilibria, and consequently
improves the stability of potential generation. In contrast to
solid membranes with immobilized active sites, plasticized
PVC membranes maintain mobility of the electroactive spe-
cies within the membrane phase, enhancing mass transport
and promoting a stable distribution of the analyte at the mem-
brane/solution interface. Moreover, this architecture provides
a rationale for transitioning to solid-contact configurations
without an internal liquid electrode, where the long-term
potential stability may be substantially influenced by the
current collector material.

The mechanistic features of the system are dictated by the
nature of the modifier, i. e., the Schiff base, which contains
two electrochemical centers (an azo group and an azomethine
fragment). As a result, the interaction with B-estradiol may
proceed via two parallel pathways, leading to the formation of
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Fig. 4. Scheme of the structure of the liquid electrode.
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Fig. 5. Hardware design scheme.

two reduced surface forms. Competition between these forms
for active electrode sites complicates the process dynamics;
therefore, an adequate description requires accounting for
both the analyte concentration in the near-surface layer and
the surface coverage by the reduction products associated
with each pathway.

The theoretical analysis was conducted under assumptions
typical for potentiometric measurements: intensive mixing,
an excess of supporting electrolyte, a constant diffusion-layer
thickness, and a linear concentration profile. These conditions
allow the contributions of diffusive analyte supply and the
kinetics of surface stages to be separated and, accordingly,
enable a formal stability analysis of the stationary regime.
The Jacobian-matrix analysis suggests that the system may
exhibit nonlinear effects due to the possible occurrence
of two positive diagonal elements, which corresponds to
positive feedback. In principle, this provides prerequisites
for oscillatory regimes associated with the influence of two
electrochemical stages on the electrical double layer.

Nevertheless, application of the Routh—-Hurwitz criterion
demonstrates that the stationary regime remains stable over

a broad range of parameters. Therefore, under operating
conditions one may expect a linear relationship between
the analytical signal (EMF / current) and the B-estradiol
concentration, along with an unambiguous interpretation of
the results. In general, the process is predominantly reac-
tion—kinetically controlled; however, with increased working
surface area or under certain hydrodynamic conditions it
may approach diffusion control. Within the framework of
the model, the detection limit is associated with a monotonic
saddle-node instability separating stable and unstable states,
which reflects a loss of uniqueness or stability of the response
as critical concentrations or parameters are approached. At
the same time, any electrode-stage-induced oscillations are
predicted to occur beyond the detection limit and therefore
should not interfere with routine measurements within the
working concentration range.

The experimental findings are consistent with the theo-
retical concept through a rational selection of membrane
composition. A PVC / plasticizer ratio of 1:2, 2 wt.% of the
electroactive component, and 0.5 wt.% of ionic additives
correspond to conventional approaches for preparing plasti-
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cized PVC membranes. The use of sodium tetraphenylborate
as an anion exchanger and tetraoctylammonium bromide as a
cationic/ionic-liquid additive is expected to reduce membrane
resistance, stabilize interfacial potentials, improve reproduc-
ibility, and decrease drift by optimizing charge balance and
transport within the membrane phase.

An important procedural requirement is pH control and
periodic verification of the calibration characteristic every 2
hours, which is consistent with possible slow membrane-con-
ditioning processes and with the pH sensitivity of estradiol
interactions with the membrane microenvironment. Further
optimization may include standardization of preconditioning
protocols and fine-tuning of membrane additives. A promising
direction is also the immobilization of the Schiff base within
a conducting polymer, which could reduce the number of
dynamic variables and diminish the propensity of the system
to instabilities.

Overall, the combined theoretical assessment and practi-
cal design choices for electrode fabrication and calibration
support the use of the Schiff base as an effective modifier
for the quantitative determination of B-estradiol, providing
a stable stationary regime and the absence of practically
significant oscillatory phenomena within the relevant con-
centration range.

Conclusions

1. Investigating the electrochemical properties of
1,2,4-triazole derivatives, the expediency of creating an
ion-selective electrode based on 5-(3-fluorophenyl)-4-ami-
no-1,2,4-triazole-3-thiol for determining the concentration
of B-estradiol.

2. For the first time, a study of the mechanism of electro-
chemical transformations based on an ion-selective electrode
with 5-(3-fluorophenyl)-4-amino-1,2,4-triazole-3-thiol was
carried out, and the appearance of an analytical signal was
revealed, which determines the possibility of determining the
concentration of B-estradiol.
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BusHayeHHs BMicTy (pTOpy MeToaOM NPAMOI NOTEHLioMeTpil
y reTeporeHHin KOCMeTUYHiIn cucteMi y cpopmi 3y6HOI nacTu

|. B. PecHuubknin@"8P B, |. beccapabo@'2AEF O, B. lweHko@ABC O, M. Poik®'CE T. O. Makapuyyk{'CcD

"KuiBCbKWiA HaLioHanbHUIA YHIBEPCUTET TEXHOIOTIN Ta An3aiiHy, M. Kuis, YkpaiHa; 2IHCTUTYT dhiduko-opraHivHoi ximii i Byrneximii im. J1. M. NlutBuHeHKa
HAH Ykpainu, m. Knis

A — KOHUenNUiA Ta Au3aitH gocnimkenns; B — 36ip aaHux; C — aHanis Ta inTepnpeTauis gawnx; D — HanncanHs cTartTi; E — peparyBanHs cTarTi;
F — octaTtouHe 3aTBepaxXeHHs cTaTTi

MeTa po6oTu — ekcnepuMeHTansHe 06r'pYHTYBaHHS MOXIIMBOCTI KiNlbKiCHOTO BU3HAYEHHS! iOHIB hTOpPY B MOZENbHII rETEPOreHHiii KocMe-
TWYHIN cucTemi y hopmi 3yBHOT NacT MeTogoM NpSMOi MOTEHLIOMETPIT 3 BUKOPUCTaHHAM (O TOPCENEKTUBHOIO enekTpoaa.

Marepianu i metogu. [locnimxeHHs 3aiCHUNY METOAOM NPSIMOI MOTEHLIOMETPIi 3 BUKOPUCTaHHAM (DTOPCENEKTUBHOIO enekTpoaa. [Ans
cTabinisauii ioHHOI cnn cepenoByLLa Ta MiHIMI3aLii BNIMBY KOMNOHEHTIB MaTpuui 3acTtocyBanu GydepHuii posunH TISAB. Migrotosky
npo6 34INCHUNM WNSAXOM PO3YMHEHHS HaBaXKKM 3yOHOI NacTu y AMCTUNBbOBAHIN BoAi 3 JoAaBaHHAM Haaani piBHoro ob'emy BydepHoro
po3unHy. KanibpyBaHHS enekTpOAHOT CUCTEMM BUKOHANM 3 3aCTOCYBaHHAM CTaHAAPTHUX PO34MHiB HaTpito dropuay. O6’ekT focnimkeH-
HS — reTeporeHHa KocMeTuyHa cuctema y dopmi 3yGHOI macTy, o mictuna abpasuBHi KOMMOHEHTH, 3BONOXYBaYi, MOBEPXHEBO-AKTUBHI
PEYOBUHY, NOMIMEPHUI 3aryCHUK i HaTPito PTOpUA K IHXKEPENo ioHIB dTopy.

Pesynkrati. PesynsraTi NOTEHLOMETPUYHUX BUMIPIOBaHb NMOKa3arnu, Lo MOAENbHIA 3pa3ok 3yOHOI NacTy xapakTepruayeTbes CTabinbHO0
reTeporeHHoI0 CTPYKTYPOIO Ta PIBHOMIPHUM po3nofinom Topua-ioHiB y cuctemi. CepeHini BMICT pTopy y AOCTimKyBaHOMY 3pasky cTa-
HoBwmB 985,0 + 5,2 ppm, LLO BiANOBIZAAE HOPMATUBHMM BUMOraM A0 (PTOPBMICHKX 3yOHKX NacT ANs LOAEHHOrO BUKOPUCTaHHS. HeaHayHa
BapiabenbHiCTb OTPUMaHWX 3Ha4Y€eHb CBIAYMTH NPO XOPOLLY BiATBOPIOBAHICTb METOAY Ta MiHIManbHWIA BNMB 6araTOKOMMOHEHTHOI MaTpuLi
3y6HOI NacTv Ha pe3ynsTaTh aHaniay.

BucHoBku. MNigTBEpAXXEHO MOXNMBICTL 3aCTOCYBaHHA METOAY NPAMOI NOTEHLIOMETPIT 3 BUKOPUCTaHHAM PTOPCENEKTUBHOIO eneKkTpoaa
Ta BydepHoro po3unHy TISAB ans KinbKiCHOrO BU3HaYeHHst pTopy B 6araTOKOMMOHEHTHWX FrETEPOreHHNX KOCMETUYHKX cucTemax be3
NoNepeaHLOro pyMHYBaHHA MaTpuLi NpoayKTy. 3anponoHOBaHWIA Niaxia Moxe OyTy BUKOPUCTAHUIA ANS aHAMITUYHOTO KOHTPOMO SIKOCTI
dTopBMiCHUX 3yBHUX NacT Ha eTanax po3pobku, BUpOOHULTBA Ta CTaHAapTM3aLii 3acobiB ANs ririeHW NOPOXHWUHU poTa.

KntouoBi cnoBa: reteporeHHi cuctemu, 3ybHa nacra, ptop, NOTeHLIOMETPIs, (hTOPCENEKTUBHUN ENEKTPOA, CTaHAapTU3aLlis, BiATBOPHOBa-
HICTb, KOCMETMYHA NPOAYKLS, aHANITUYHI METOAM.
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Quantitative determination of fluoride by direct potentiometry in a heterogeneous cosmetic system in the form of toothpaste
I. V. Resnytskyi, V. I. Bessarabov, O. V. Ishchenko, O. M. Roik, T. O. Makarchuk

Aim of the study — experimental substantiation of the possibility of quantitative determination of fluoride ions in a model heterogeneous
cosmetic system in the form of toothpaste using direct potentiometry with a fluoride-selective electrode.

Materials and methods. The study was carried out using direct potentiometry with a fluoride-selective electrode. A TISAB buffer solution
was applied to stabilize the ionic strength of the medium and to minimize the influence of matrix components. Sample preparation included
dissolving a weighed portion of toothpaste in distilled water followed by the addition of an equal volume of buffer solution. Calibration of
the electrode system was performed using standard sodium fluoride solutions. The object of the study was a heterogeneous cosmetic
system in the form of toothpaste containing abrasive components, moisturizers, surfactants, a polymer thickener and sodium fluoride as
a source of fluoride ions.

Results. The obtained results demonstrated that the model toothpaste sample is characterized by a stable heterogeneous structure and
a uniform distribution of fluoride ions. According to the potentiometric measurements, the average fluoride content in the studied sample
was 985.0 + 5.2 ppm, which complies with regulatory requirements for fluoride-containing toothpastes intended for daily use. The low
variability of the obtained values indicates good reproducibility of the method and a minimal influence of the multicomponent toothpaste
matrix on the analytical results.
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Conclusions. The results confirm the applicability of the direct potentiometric method using a fluoride-selective electrode in combination
with a TISAB buffer solution for quantitative determination of fluoride in multicomponent heterogeneous cosmetic systems without prior
destruction of the product matrix. The proposed approach can be used for analytical quality control of fluoride-containing toothpastes
during product development, manufacturing and standardization of oral hygiene cosmetic products.

Keywords: heterogeneous systems, toothpaste, fluoride, potentiometry, fluoride-selective electrode, standardization, reproducibility,

cosmetic products, analytical methods.
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3yOHi TacTH HaNIEKaTh O KOCMETHYHOI MPOMYKIIii IS J10-
ISy 32 POTOBOIO IOPOXKHHUHOIO. Lle reTreporenHi cucremuy,
10 YacTO MICTATh (PTOPBMICHI CHONYKH, €(EKTUBHICTb i
0e3MeUHICTh SKUX BH3HAYAIOTHCS TOUYHHM JOTPUMAHHIM
perIaMeHTOBAHOTO KUIBKICHOrO BMIicTy (Topy. BomHouac
0araToOKOMIOHEHTHA TPUPOJA 3yOHHX TACT, IO BKITIOYAE
a0pa3WBHI PCYOBUHH, MTOJTIMEPHI 3aryCHHUKH Ta MTOBEPXHE-
Bo-akTuBHI pedoBnHH (ITAP), yckiianHiOe KOpeKTHE Kijib-
KiCHEe BU3HAuCHHs 10HIB (TOPY uepe3 MOXIIMBI MaTpUyHi
edexrn, aacopOrito abo JacTkoBe 3B’ sI3yBaHHS (HTOPHI-
ioniB. lle 3ymMOBIIOE HEOOXiTHICTH 3aCTOCYBaHHS CEJCK-
TUBHHX, HA/IIHHKUX 1 BIATBOPIOBAaHUX aHATITHYHHX METOJIIB
KkoHTpOIto [1].

VY 1bOMY KOHTEKCTi aKTyaJbHOIO € PO3po0Ka MOAEIBHOT
TeTeporeHHOI KOCMETHYHOI CHcTeMHU Y popMi 3yOHOT macTu
Ta eKCIICPIMEHTAIbHE 00T PYyHTYBAHHS MOKIIMBOCTI BUKOPH-
CTaHHS METOJTy IPSIMOT MOTEHIIOMETPIi 3 (PTOPCENCKTUBHUM
CIICKTPOIOM, 1110 3a0e3MeUy€e TOCTOBIPHE KiIbKICHE BH3HA-
YeHHs BMiCTY (TOpY 1, BiIMOBIHO, HAJIE)KHUH PIBEHB SKOCT1
Ta 6€3MEYHOCTI PTOPBMICHIX KOCMETHIHHX 3aCO0IB.

T'ereporeHHi KOCMETHYHI CHCTEMH, 30KpeMa 3yOHi TacTH,
€ CKJIaTHUMH 0araTOKOMIIOHEHTHUMH KOMITO3HUILIISIMH, Y SIKHX
noeTHaHHs abpa3uBiB, 3BoNOKyBayiB, [TAP i nomimMepHux
3aryCHUKIB BU3HAYA€ CIIOKWMBYI BIACTUBOCTI MPOAYKTY Ta
TTOBE/TiHKY O10JIOTIYHO aKTHBHUX KOMITOHEHTIB Y MaTPHIIi.

OxpeMuii HanpsiM JTOCITIKEHb TIPUCBSIYEHUH (hTOpBMIC-
HUM CIIOJTyKaM y CKJIaJii 3yOHHMX MacT, OCKUIBKU (hTOPHIH €
OJIHUM 13 HAUTIONIMPEHIIINX 3aC001B MPOBIIAKTUKY Kapiecy
3aBIAKH BIUTUBY Ha MPOIECH JEeMiHepamizallii / peMiHnepa-
mi3anii emMani. ABTOpPH HAayKOBHX ITpallb aKICHTYIOTh, L0
TepareBTHYHa e(PEKTUBHICTh (TOPY MPSIMO 3aJEKUTH BiJ
HOro KOHIEHTpAIll y TOTOBOMY IIPOJIYKTi, a Oe3reuHicTh
— BiJI HEIOMYIIICHHS BiAXWJICHB BiJ PEKOMEHIOBAaHUX MEXK,
TOMY KOHTPOJIb (JaKTHIHOTO BMICTy TOPY € 000B’SI3KOBOIO
YaCTHHOIO OIIHIOBAHHS SKOCTI [2].

BcraHOBICHO TaKOX, 1110 BU3HAYCHHS (PTOPHI-IOHIB Y 3y0-
HUX [1aCTaxX YCKJIaHeHEe MAaTPUUHUMHU eeKTamu: abpa3uBHi
KOMIIOHEHTH (HAaNpWKIaJ, Ha OCHOBI JIOKCHIY KPEMHIIO)
MOXYTh azncopOyBatu ioHH (TOpY, a TMOTIMEPHI 3aTyCHH-
ku Ta [TAP MOXyTbh 3MiHIOBAaTH 10HHY CHJIy Ta BIUIMBaTH
Ha aKTUBHICTH 10HIB y po3unHi. Came i (akTopu 4acTo
CTaIOTh JDKEPEJIOM CHCTEMAaTHYHHUX MOXHUOOK 1 3aHMIKSHHS
pe3yIbTariB, KON He 3AiHCHEHO KOPEKTHOI MPOOOIIiATOTOB-
KH. 3HaYHa YacTHHA ITyOMiKAaIlifl IPUCBSYCHA TTOPIBHIHHIO
AHAJITUYHUX ITXOMIB 10 KOHTpOITo (hTopy B mactax. Cepen
HUX HailyacTille BUBYAIOTh THTPUMETPHYHI, (JOTOMETPUYHI
i enekTpoximMiuHi MeTou. Haronourytors, 1o THTpUMETpist
moTpedye iTKOTO BU3HAYCHHS TOUYKH €KBIBAJICHTHOCTI, IO
MPOOIEMAaTHYHO TSl KaJJaMyTHHX ab0 MacTOMOAiOHNX Ma-

TPHIIB, a HOTOMETPHIHI METOIN MOXKYTh BTPA4aTy TOUHICTh
BiJl BIUTUBY JOTIOMDXKHUX PEYOBHUH, SIKi 3MiHIOIOTh ONTHYHI
BJIACTHUBOCTI cucTeMHu [3].

Y HayKOBIi JIITepaTypi TOBOJII IITMPOKO OMMCAHO BUKOPU-
CTaHHS MMOTEHITIOMETPIl 3 10H-CEJIEKTUBHUMH €JICKTPOJaMU
AK OHOTO 3 HAM3PYYHIMHX IHCTPYMEHTIB MJIS aHAIIi3y
¢dbTopy B cximamHuX cepenoBumax [4]. YV myOmikamisx min-
KPECJIIOIOTh, 1110 METO MPSIMOI MOTEHIIOMETPIi J]a€ 3MOTy
BU3HAuaTH aKTHBHICTh (TOpHI-iOHIB 0e3 HeoOXiTHOCTI
GararocTaiifHOrO pyHHYBaHHS MaTpPHIIl, a CEJICKTUBHICT
(hTOpCEeKTHBHOTO eNeKTpoia POOUTH MiAXiM MPUIATHUM
JUTs 0araTOKOMITOHEHTHHX KOCMETHYHHX cucTeM [4,5].

[Mokazano, mo TISAB (Total Ionic Strength Adjustment
Buffer — 3aranbauii Oyep perysroBaHHs iOHHOT CHIIM) CTa-
0imi3ye i0HHY CHITY, MIATPUMYE ONTUMAabHII pH 13MeHITye
BIUTUB 0araTOBaJICHTHHX KAaTiOHIB IIJISXOM 3armoOiraHHs
YTBOPEHHIO KOMIUIEKCIB i3 pTOpHI-iI0HaMH, 110 B CyKyITHOCT1
MI/IBUIIY€ BiITBOPIOBAHICTh 1 TOYHICTh BU3HAYCHHS.

Oxpemo B myOIiKaiisix BUCBITIICHO NMUTAHHS MO0 Ka-
niOpyBaHHA (PTOPCENEKTHBHOTO EJEKTPOIa Ta MEPEBIPKU
JHIHHOCTI 3aJIe)KHOCTI TOTEHITialy Bix Jorapudma KOH-
neHTpanii pTopy B 3amaHoMy miama3zoHi. [lokazaHo, 1o
JHIMHICTH KaJTIOPYBaJIbHOT KPHBOT Ta HAOIM)KEHICTh HAXHITY
JI0 TEOPETHYHO OYIKYBaHMX 3HAYCHD € KITFOUOBHMH O3HAKAMHU
KOPEKTHOI POOOTH €JIEKTPOIHOI CHCTEMH Ta TPaBHIBHO-
CTi yMOB BUMIpIOBaHHS. 3a JaHUMH (PaxoBOi JiTeparypH,
MIPOOOMIIrOTOBKY BH3HAYEHO SIK KPUTHYHHH €Tal aHali3y,
OCKIJIBKM caMe Ha 1IbOMY eTarl MiHIMI3yIOThCsi MaTpHUHI
BILUTHBH Ta 3a0€31edy€eThCs epexis GTopua-ioHiB y Gopmy,
JOCTYIHY JJIs CENIEKTUBHOTO BUMiproBaHHS [4,6]. Omrcano
TT1JIXO/IM, 1110 BKITIOYAIOTh PO3UMHEHHST HABYKKH ITACTH Y BOJI,
JonaBaHHs piBHoro 00’emy TISAB, BuTprMyBaHHs 10 cTa-
Oixtizarlii MOTeHIiaTy Ta BAKOHAHHS TTOBTOPHUX BUMIPIOBAaHb
JUTSL CTAaTUCTUYHOI HaIHOCTI pe3ynsrary [3].

3rijHO 3 pe3yabTaTaMy Cy4acHUX JJOCIIUKEHb, IIOTEHIII0-
METpHUYHE BU3HAYCHHS (TOPY MOXKE 3a0€3MEYUTH XOPOLILY
BIJITBOPIOBAHICTh y pa3i HaJEKHOI CTaHAApTH3AII] YMOB:
KOHMIIIOHYBAaHHS €NIEKTPOiB, KOHTPOJIIO TEMIIEPaTypH,
cTabimizamii ioHHOT crimi Ta pH Ta KOpeKTHOTO KamiopyBaH-
Hs1. Taki mijIxoan BU3HAYAIOTH SIK MPAKTUYHO MPUAATHI JUIs
71a00PaTOPHOT0 KOHTPOJIIO SIKOCTI (PTOPBMICHUX OAraTOKOM-
MOHEHTHHX MPOJIYKTIB.

OTxe, He3Ba)KalouX Ha HASIBHICTB PI3HIX METOTUK KOHT-
pomo (pTopy, HalOLTBIT OOTPYHTOBAHHUM JUISI T€TEPOTCHHUX
KOCMETHYHHUX CHUCTEM € CJICKTPOXIMIUHUI Miaxif i3 hTop-
CEJIEKTUBHHM €JIEKTPOJIOM Y MTO€IHAHHI 3 BUKOPUCTAHHIM
TISAB, OCKifbKH BiH Aa€ 3MOTY 3MEHIIINTH BIUTHB MaTPHILI,
OTPHMATH BiITBOPIOBaHI JaHI Ta 3aCTOCYBaTH METOI JIJIs
OLIIHIOBAHHS BiIIIOBIIHOCTI MPOAYKTY 3aJaHUM KOHIICH-
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OpueiHaribHi 0oCiOXeHHs

Tabnuus 1. PeuenTypa po3pobneHoro MoaernbHoro 3paska (pTopBMICHOI 3yOGHOT nacTu

XimiuHa Ha3Ba iHrpegieHTa 3a INCI Homep CAS KoHueHTpauis iHrpegieHTa B peuenTtypi, %

Aqua 7732-18-5 Jo 100
Silica 7631-86-9 15,0
Sorbitol 50-70-4 14,5
Glycerin 56-81-5 11,5
Erythritol 7541-59-5 10,0
Cocamidopropyl Betaine 97862-59-4 1,5
Cellulose Gum 9004-32-4 1,5
Methylparaben 99-76-3 1,5
Propylparaben 94-13-3 0,5
Polyvinyl Alcohol 9002-89-5 0,5
Sodium Fluoride 7681-49-4 0,221
Mentha Piperita oil 8006-90-4 0,01

Tpauiitanm mMexxkaMm. Came TOMy HAayKOBI ITpalli CIpsIMOBaHi
Ha YTOUYHEHHS YMOB IIPOOOITiATOTOBKH Ta BUMIPIOBAHb JIJIsI
MiIBUIICHHS JOCTOBIPHOCTI KOHTPONIO (TOPY B 3yOHHX
[acTax.

Meta po6otu

ExcniepuMenTanbHe 00TpyHTYBaHHS MOXKIJIMBOCTI KiJIbKic-
HOTO BH3HA4YCHHS 10HIB ()TOPY B MOIENBHINA T€TEpPOTCHHIN
KOCMETHYHIil cucTeMi y Gpopmi 3yOHOT TaCTH METOIOM ITpsi-
MOI MOTEHIIOMETPIi 3 BUKOPUCTAHHIM (PTOPCEIEKTHBHOTO
eNeKTPO/IA.

Matepianu i meToau gocnigxeHHs

Y Mexax ToCTiHKEHHS PO3pO0IICHO MOJICTIbHY TEeTEPOTeHHY
KOCMETHYHY cucTeMy y (hopMi 3yOHOT TacTH i3 BMicTOM (1o-
py. Jo cknamy macTv BXOAWMIIH HATPiro GTopu I, abpasuBHINA
KOMITOHEHT Ha OCHOBI T'iIpaTOBaHOTO JIOKCHIY KPEMHIIO,
3BOJIOXKYBaNbHI pedoBuHH, [TAP 1 monmiMepHHii 3aryCcHUK.
[Macty roryBaim noeraro, 3 popMyBaHHSIM BOAHOI (ha3u Ta
BBE/ICHHSIM HaJaJli KOMIIOHEHTIB JI0 OTPUMAaHHS OJHOPITHOT
CIpyKTypH [2].

[Ticns BBeseHHS! PO3uMHY HaTpito Gpropuay aOpa3vMBHHIA
KOMIIOHEHT JJO[JaBaJIH II0OCTYIIOBO, TOCTIHHO ePeMIIIyO4H.
Ha 3aBepimansHOMY eTarti BBOIIJIH TIOBEPXHEBO-aKTHBHI Ta
JOTIOMDKHI pEYOBUHH, KOPUTYBaX 3Ha4eHHs pH 110 piBHS,
MIPUHHATHOTO JUIs 3aCO0IB Tiri€eHH MOpOXKHUHU pota. OTpu-
MaHHH 3pa30K XapaKTepH3yBaBCs CTaOIIBHOI KOHCHCTCH-
1i€ro 6e3 03HaK (pa30BOro PO3IIaPyBaHHS.

Jis KiUTbKiCHOTO BHU3HAYEHHS 10HIB (hTOPY 3acTOCYBaIN
METOI ITPSIMOT TOTEHIIOMETPIT 3 BAKOPHCTaHHSIM (hTOpCEIIeK-
tuBHOTO enekrpona F502 (SANXIN, Kuraif) Ta enexrpona
nopiBHstHES 6211-M (SANXIN, Kurait). [TinqroroBky npo6
3AIHCHIIIN IIUISIXOM PO3YMHEHHS HABAKKH MACTH Y JAUCTH-
JbOBaHIN Bozi, Hajami pogaHo Oydepuuii pozunn TISAB.
VY Takuii crocib TOCATHYTO cTadLimizallil I0HHOT CHITH cepe-
JIOBHII[A Ta CTAJIMX YMOB BUMIPIOBAHHSI.

KaniOpyBaHHS eIEKTPOAHOI CUCTEMHU 3IiHCHHUIN 3 BU-
KOPHUCTAHHSM CTaHAAPTHUX PO3YUHIB HATPIO (GTOPUAY
3 BIJOMMMH KOHIIEHTpAI[IsIMH, HAa OCHOBI SIKMX OyTyBasli
KaTiOpyBabHY 3aJICXKHICTh MiXK TIOTCHITIAJIOM €JIeKTPOo/a Ta
norapuMoM KOHIIEHTpALlii 10HIB (TOPY.

Pesynbratu

VY pe3ysbrari eKCIepUMEHTAIBHUX JOCIIUKEHb OTPUMAaHO
3pa3oK MOJEIHHOI 3yOHOI MACTH, IO XapaKTePU3y€EThCS
OJTHOPITHOI0 TETEPOrCHHOI CTPYKTYPOIO Ta CTa0OLILHOO
koHcucTeHIier. Ckiaa 3pa3ka chOpMOBAHO BIAMIOBIIHO 10
BAMOT MDKHApOJHOT HOMEHKJIATYpH KOCMETHYHUX IHTpPE-
mientiB (INCI), mo 3abe3neuye KOpeKTHY iaeHTH]IKaIio
KOMITOHEHTIB Ta BIJINIOBIJJa€ Cy4acHUM IiJX0JaM JI0 CTaH-
JapTr3alii KOCMETHYHUX 3ac00iB (mabin. 1).

ITicns 3aBepIIEHHS TEXHOIOTIYHOTO MPOIIECY HE BUSBICHO
03HaK (ha30BOr0 pO3IIAPYyBaHHS, CEAMMEHTALIIT 200 arperarii
TBep/0i (ha3y, 10 CBITUUTH PO MPABMILHUH 1001p KOMITO-
HEHTIB Ta ONTUMAIbHY TIOCHITOBHICTh iX BBeneHHsA. OTpH-
MaHUil 3pa3oK MPUAATHUIN JUIS MOAANBLIMX aHATITHYHUX
JIOCIII/PKEHb. 30BHIIIHIH BUIIS 1 TEKCTYPHI XapaKTePUCTHKH
3pa3Ka 3aIHIIaIHCs CTa0lTBHIMHE IIPOTSITOM YChOIO MEPioLy
BHUKOHAHHS BIMIPIOBaHb. BiZICyTHICTh 3MiH KOHCHCTEHIII] Ta
BUJIMMUX CTPYKTYPHHUX JIeEKTIB € HeoOX1THOIO TIepeyMo-
BOFO JUTS 320€3IICUCHHS BiITBOPIOBAHOCTI aHAIITHIHUX PE-
3yJIBTATIB, OCKUTEKH HECTAOITFHICTh TETEPOreHHOI CHCTEMHU
MO>KE PU3BOUTH JI0 HEPIBHOMIPHOTO PO3IOLTY AKTUBHUX
KOMITOHEHTIB [7].

3pazok 3yOHOI MacTh XapaKTepU3yBaBCS PIBHOMIPHIM
PO3M0I1IOM a0pa3HBHOIO KOMIIOHEHTA B IUCIICPCIHHOMY Ce-
penosuiii. [{e MiHIMI3yBaJlo PU3UK JIOKAJTLHOT KOHIICHTPAIIIT
(bTOpUA-10HIB 1 320€3MEUNII0 PEIPE3CHTaTUBHICTD BIIOOPY
po0 /IS MOTEHIIIOMETPUIHOTO aHamizy. [lacta He MicThna
aryIOMepariB 1 BEJIMKKX YACTHHOK, 1110 TIO3UTHBHO BILUTHHYJIO
Ha TOYHICTh BM3HAYEHHs KiJbKiCHOTO BMicTy (ropy. s
KUTBKICHOTO BH3HAUSHHS 10HIB PTOPY OYIT0 ITPOBEICHO KaJi-
OpyBaHHs (PTOPCENEKTUBHOTO €JIEKTPO/IA 3 BAKOPUCTAHHSIM
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Puc. 1. KanibpyBanbHa 3anexHicTb noTeHLjany (hTopcenekTUBHOIO enekTpoaa Bif norapudma KoHLEeHTpaLlii ioHiB dTopy.

3ybHa nacta (HaBaXKka)

|

P0O3UMHEHHSA Y AUCTUALOBaHIW BOA]

|

MepemiwyBaHHA / roMoreHisauis

|

DAopaBaHHA 6ydepHOro po3unHy
TISAB (1:1)

|

Butpumka po ctabinisauii
noteHujiany

|

MoTeHujomeTpUuHe BUMipIOBaHHA
(pTOpCENEKTUBHUI EAEKTPOA)

Puc. 2. Cxema nigrotoBku npo6u 3y6HOI nacTy Anst NoTEHLioMeTpuy-
HOrO BU3HAYEHHS IOHIB pTOpy.

Tabnuus 2. PesynbraTty KinbKiCHOrO BU3Ha4eHHs oTopy Y 3y6Hil nacTi

CTaHAAPTHHUX PO3UYHMHIB HATPifO QTOpHIY. Y pe3ynbTari oT-
PHYMaHO JIHIHHY 3aJIeKHICTh MK IIOTEHIIAJIOM EJIEKTPO/IA Ta
JoraprMoM KOHIIEHTpalii i0HIB (hPTOPY B IOCIIIKYBAHOMY
Jliara3oH1 KOHIICHTPAILIH, 10 MiATBEPIPKYETHCS KaTiOpyBaib-
HOIO KPUBOIO, HABEJICHOIO Ha puc. 1.

JliniiiHuit XapakTep KaniOpyBajabHOT 3aJIEKHOCTI CBITYUTH
TIPO KOPEKTHICTh POOOTH EIEKTPOTHOI CHCTEMH Ta BiIITOBIA-
HICTh YMOB BAMIPIOBAaHHSI BUMOT'aM METOJTy TIPSIMOi IIOTEHITiO-
MeTpii. OTpruMaHa 3aJIe)KHICTh J1ajla 3MOTY BUKOPHUCTOBYBATH
1o0yZ0BaHy KaTiOpyBallbHy KPHBY ISl HACTYITHOTO KiJIbKic-
HOTO BU3HAYEHHS (TOpY Y 3paskax 3yoHoi mactu [8].

Kyt Haxminy kaniOpyBajbHOI MpsiMOi HaOJIMKaBCs 110
TEOPETUYHOI'0 3HAUCHHS, XapaKTepHOTo JJisi (TOpCeleK-
THBHUX €JIEKTPOJIIB, 1110 CBIAYUTH MPO CTAOUIBHICTD MOTEH-
nioMeTpryHOi cucteMu. OCKITBKH HE BU3HAYEHO CYTTEBUX
BiZIXHJICHB Bi/I TIHIKHOCTI Y BCOMY JIOCTI/PKEHOMY JTiara30Hi
KOHIICHTpAIIiH, T ITBEPPKEHO BiZICYTHICTh 3HAYHOTO BILTUBY
MaTpUYHHUX KOMIIOHEHTIB HA aHAJTITHYHUI CHTHAI.

[TinroroBky nmpo0 3yOHOI MMacTH J10 MOTEHIIIOMETPUYHOTO
aHaJi3y 3MIHCHIOBAIM 3 BUKOPUCTAHHSIM Oy(epHOro pos-
yuny TISAB, mo 3abe3neuye cradiiizaiilo iOHHOI CHIIH
Cepe/IoBHIIIA Ta MiATPUMAHHS ONTHMAJILHOTO 3Ha4YeHHs pH.
ITocmiToBHICTP OTIepAaItiii MmiAr0TOBKH MPOOH [T BU3HAYCHHS
10HIB TOpPY HaBENEHO Ha puc. 2.

3actocyBanus Oydeproro po3unny TISAB nmamo 3mory
3MEHIIUTH BIUTHB OaraTOKOMITOHEHTHOI MaTpuili 3yOHOT rmac-
TH Ha pe3yJIbTaTi BUMiproBaHb. bydep 3arobdiraB yTBOpeHHIO
KOMIIIEKCIB 10HIB ()TOpY 3 OararoBaJIeHTHUMH KaTiOHaMH
Ta 3a0e3MeuyBaB CTali YMOBHU IS [MOTCHIIIOMETPHYUHOTO
BusHaueHHs [9]. [Ticist nogaBarus TISAB y miarotosieHux
Mpodax CroCTepiraiy IMBUKE BCTAHOBJICHHS CTabiIbHOTO
MTOTEHITiaTy (TOPCENIeKTUBHOTO enekTpona. Lle cBiqunTh
mpo eheKTUBHUNA mepexin GpTopua-ioHiB y PO34HH i Ipo
MiHIMaJIbHUH BIUIMB JOTIOMIKHUX KOMITOHEHTIB MAcTH Ha
AQHANITHYHUN CUTHAJL.

1 987,0

2 981,0

3 987,0

CepenHe 3Ha4eHHs! 985,0

SD 52
154
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OpueiHaribHi 0oCiOXeHHs

3a pe3ynmpraramMu cepil HOTEHI[IOMETPUIHNX BUMipIOBAaHb
BH3HAYCHO KUTBKICHUI BMICT (pTOpY Yy po3poOmneHiit 3yOHii
nacti. JIaHi OKpeMHX BUMipIOBaHb Ta Pe3yJIbTaTH iX CTaThC-
THYHOTO OIPALFOBAHHS HABESACHO B mabnuyi 2. BcraHoBICHI
3HA4YEHHS XapaKTEepU3YIOThCSI HE3HAYHOIO BapiaOeIbHICTIO,
1110 CBITYUTBH ITPO XOPOILITY BiATBOPIOBAHICTH METOJY.

CepenHiii eKCIIepUMEHTAILHO BU3HAUSHU BMICT (hTOpY Y
3pasKy, 1110 AOCHiIuiaH, cranoBuB 985,0 ppm. PozpaxoBane
CTaH/apTHE BIJIXWICHHS HE NEPEBHIIYBajlIo £5,2 ppm, IO
CBITYUTH TIPO OJJHOPIHICTH PO3MOILUTY aKTHBHOTO KOMIIO-
HEHTa Yy TeTCPOrCHHIN CHCTeMI Ta CTaOUTbHICTh aHATITHY-
HUX YMOB. BusHauenuii BMicT dropy BiAmoBizae BUMoram
TexHIYHOTO PerIaMeHTy Ha KOCMETHYHY NPOMYKIIIO, 110
rapmoHizoBanuii i3 Permamentom (€C) Ne 1223/2009 €Bpo-
nieticekoro [TapmamenTy Ta Paay po KocMeTHYIHi TPOIYKTH.
BiamoBigHO 10 LBOTO AOKyMEHTA, TPAHMYHO JOITyCTHMa
cyMapHa KOHIIEHTparlisg hTopy B 3yOHHX ITacTax He TOBUHHA
nepesuiyBaru 0,15 % (1500 ppm) y nepepaxyHKy Ha ee-
MeHTapauii drop [10]. OTxe, BcTaHOBIIEHI JaHi CBiT4aTh PO
BiJIIIOBITHICTH TOCIIIIKEHOTO 3pa3Kka BCTAHOBICHUM HOpMa-
THUBHUM BUMOTaM 11010 O€3IIEUHOCTI Ta SIKOCTI KOCMETHYHOT
TIPOAYKIi. Pe3ynbraru 1ocimiKeHHS T ITBEPIDKYIOTh TAKOXK
MIPUJIATHICTD 3aCTOCOBAHOTO MOTEHIIIOMETPUYHOTO METOLY
JUIS KOHTPOITIO BMICTY (TOPY y CKJIaJHUX I'€TepOreHHHX
KOCMETHYHUX CUCTEMAaX.

He3nauna BapiaOenbHICTh CKCIICPUMEHTAIBHHUX TaHUX
110710 BMICTY (DTOpY Ta HU3bKE 3HAYEHHSI CTaHJaPTHOTO BiJI-
XWJICHHSI CB1T4aTh PO OTHOPITHUH PO3MOILT PTOPHA-IOHIB
y TeTeporeHHii cucTeMi 3yOHOI macTu Ta cTablIbHICTh aHa-
JITHYHUX YMOB BUMiproBaHHSL. Lle minTBepmKye KOPEKTHICTD
TEXHOJIOT1i IPUTOTYBaHHS 3pa3Ka, a TAKOXK CBiUHTH IIPO TE,
I1I0 KOMITIOHEHTH MaTpPHLIi TACTH HE YHHSITh iCTOTHOTO BIUIHBY
Ha Pe3yJIbTaTH MOTEHI[IOMETPHYHOTO BU3HAYECHHS [5].

O6roBopeHHs

[opiBHSAHO 3 IHIMMMHI aHATITHYHUMHI METOJIAMH, SIKi 3aCTO-
COBYIOTB [UIsl BU3HAaUCHHs (hTOpY B 3yOHMX IacTax, npsma
MOTCHIIIOMETPisl 3 BUKOPUCTAHHAM (DTOPCEICKTHBHOTO
enekrpozaa ta Oydeproro pozunny TISAB 3abesneuye mo-
CTOBIpHI Ta BIITBOPIOBaHI pe3yiabrarn 0e3 HeoOXiTHOCTI
TIONIEPEAHBOTO PYHHYBaHHS 0araTOKOMITOHEHTHOT MaTpHIL.
Lle poOHTH METOJ NPUIATHUM JUIsi KOHTPOITIO SIKOCTI TreTe-
POTEHHHMX KOCMETUYHUX cucTeM [5,9].

[TopiBHSIHHS €KCIIEPUMEHTAIBHO BU3HAUEHOTO BMICTY
(dTOPY 3 TEOPETUYHO OOYMCIICHUM 3HAYCHHSIM, IO Mepe/-
OaveHe peLenTyporo MPOIYKTY, MOKAa3alo IXHI0O BHCOKY
Y3ro/pKeHICTh. Ha miacTaBi X JaHUX MIAILIA BHCHOBKY,
110 Y TIPOLIEC] MPUTOTYBAHHS 3yOHOI ACTH HE BiIOYBAOTHCS
BTparH (Topy abo Horo XiMivHi mepeTBOpeHHs. BecTaHoBneHe
3Ha4YEHHS BMICTY (DTOPY BiIIOBIAA€E [ialta30Hy KOHIICHTpAIIiit
(=1000—-1500 ppm), 1o HaBeeHUH y (haxoBiii JTiTEpaTypi TA
XapaKTepHUH [T PTOPBMICHHUX 3yOHNX TACT IS IIIOZICHHOTO
BUKOPHUCTAHHS, BiJINOBIIa€ PEKOMEHI0BAHUM HOPMAaTHBHUM
3HAYCHHSIM, SIKi BCTAHOBJICHI JUII KOCMETHYHOI MPOMYKIIT
miei kareropii [11,12]. BusHaueHnii piBeHb TOCTATHIN IS
JIOCSITHEHHS! Kapiec-npo(IakTHaHOT /1ii 0e3 MepeBUICHHS
JIOITYCTHMHX MEX, 1110 MiATBEPIKY€E Oe3MeuHicTh 1 (PyHKIIi-

OHAJBHY JOIITBHICTH PO3POOIEHOT KOMITO3MIIii. PesynsraTi
JOCIIDKEHHS MiATBEPKYIOTh TTOTCHIIIHY TPUIATHICT
BH3HAYCHHS BMICTY (PTOPY Y MOMICIBHIN TeTepOTrcHHIN
KOCMETHYHIHN cucreMi y ¢opmi 3yOHOI macTu MeTonom
TIPSIMOT MOTEHIIOMETPIi 3 eKCIEPUMEHTAIBHIM KOHTPOJIEM
e(eKkTHBHOCTI Ta Oe3MeYHOCTI PO UIAKTHYHUX TIrEHIYHIX
mpouenyp [11].

bararokoMrmoHeHTHa MaTPHIIs 3yOHOT ITACTH MOXKE CYTTEBO
BIUIMBATH HA KOPEKTHICTh KUIBKICHOTO BH3HAYCHHS 10HIB
(dropy. AOpa3uBHI KOMIIOHEHTH Ha OCHOBI JIOKCHIY KpeM-
HII0 MOXYTb TT0YacTH aicopOyBaTH (PTOPUI-IOHH HA CBOIN
TIOBEPXHi, a OTXKE MPU3BOIUTH 10 3aHIDKCHHS PE3YIIbTaTiB
aHaJi3y, KON He 3/1iCHEHO BiAIOBIIHY IPOOOIIiIrOTOBKY.
[omimepHi 3arycuaukn Ta [TAP MoxyTh 3MiHIOBaTH 10HHY
CIUTY CepeIOBHUINA a00 BIUTMBATH HA aKTUBHICTH 10HIB (hTOPY
B pozumHi. 3actocyBanHs OydepHoro pozunny TISAB nae
3MOT'y MIHIMI3yBaTH 11l e()eKTH IUITXOM cTali3anii i0HHOT
CHJIM Ta 3a1100iraHHs yTBOPEHHIO KOMILIEKCIB ()TOPH/I-10HIB
i3 OararoBasieHTHUMU KatioHamu. []e 3a0e3mnedye nepesencH-
H GTOpY Y POpMY, JOCTYITHY /IS CEIEKTUBHOTO TIOTEHILIO-
METPUYHOTO BHU3HAYCHHS, Ta 3MEHIIY€E BIUIMB MaTPUYHHUX
KOMITOHEHTIB Ha aHAJIITUYHUN CUTHAIL.

PesynbraTi 1OCITIPKEHHST MATBEP/KYIOTh aHATITHIHY
JIOIIIBHICTB 3aCTOCYBaHHS METO/Y TPSIMOI TIOTEHIIIOMETPIT
JUIs BU3HA4YEHHsI (PTOPY B TeTEPOreHHUX KOCMETUYHUX CUCTE-
Max. MeTon J1ae 3MOTy 3/1iHCHIOBATH KUTbKICHE BU3HAYCHHSI
¢dTopua-ioHiB 0e3 MonepeJHbOro pyHHYBaHHS CKJIAJHOT
MaTpuIl 3yOHOT ACTH, 1110 3HIKYE PU3MK BTpAT aHAIITY Ta
TIOSIBU JTOMATKOBHX JpKepen moxuook [10,11].

3aBIsIKU CENIEKTHBHOCTI (PTOPCEIEKTUBHOTO EIEKTPOIa
Ta CTaHAAPTH30BaHUM YMOBaM BHMIPIOBAaHHS IIOTEHIlIOME-
TPUYHIH MiJIX1/T MOKHA BUKOPUCTOBYBATH IS aHAJII THYHOTO
KOHTPOJIO (PTOPBMICHUX KOCMETHYHHX IPOAYKTIB y J1ab0-
paTOpHUX yMOBaX. 3Ti/IHO 3 pe3y/bTaTaMy JOCIIPKEHHS, [eH
METOJ MO’KHA 3aCTOCOBYBATH JUISI OLLIHIOBAHHSI BIJIITOBITHOCTI
(TOPBMICHUX 3yOHHUX MACT 3a/laHUM KOHIICHTPALIHIM Me-
JKaM 1 ISl IOPIBHSJILHOTO aHAITI3Y 3pa3KiB 13 PI3HUM CKJIAJI0M
IiJ] 9Yac aHATITAHYHUX JOCTIKeHb [11].

BucHoBKku

1. Po3pobieHo MozelbHy IeTeporeHHYy KOCMETHUYHY
cucteMy y ¢opmi 3yOHOT IacTyu i3 BMicTOM (TOpY, IO Xa-
PaKTepHU3y€ETHCS OHOPIJHOI0 CTPYKTYPOIO Ta CTaOLIBHOIO
KOHCHCTEHIII€I0 0e3 03HaK ()a30BOr0 po3IIapyBaHHsl. 3apo-
NIOHOBaHAa TEXHOJIOTisl IPUTOTYBaHHsI 3a0e31edye piBHOMIp-
HHH O30T GTOPHUI-IOHIB Y TUCIIEPCIHOMY CepeIOBHILL
Ta BiITBOPIOBAHICTh BIIACTUBOCTEH TOTOBOTO MPOYKTY.

2. J1ms KiTbKiCHOTO BI3HAYEHHS 10HIB (hTOPY B 3yOHIii macTi
3aCTOCOBAaHO METOJI IPSMOI MTOTEHIIIOMETPii 3 BUKOPHCTAaH-
HSM (pTOpCeIeKTHBHOTO enekTpoxa. [TokaszaHo, mo oOpanuit
METO/I € IPHAATHAM JUTS aHalTi3y 6araTOKOMIIOHEHTHHX TeTe-
POTCHHUX KOCMETHYHHX CHCTEM, SIKIIO 3IHCHEHO HAJICKHY
ITiATOTOBKY IPOO.

3. Buxopucranns Oydeprnoro po3unny TISAB min uac
poOOITiATOTOBKK Aaj10 3MOTy cTallni3yBaTu i0HHY CHITY
CepeloBHILIA, MIATPUMATH CTajaui piBeHb pH 1 3MeHIINTH
BIUTMB KOMIIOHEHTIB MaTpHIli 3yOHOT MTaCTH Ha pe3yJbTaTH
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BHMIPIOBaHb, IO CIPHSIE BiATBOPIOBAHOCTI MOTEHIIIOME-
TPUYHUX BU3HAYCHb.

4. Y pesyabTari eKCIepUMEHTAIBHHX J0CTIPKeHb BCTa-
HOBJICHO, III0 CEPEHiN BMICT (GTOpY Y pO3po0IieHil 3yOHii
nacTi craHoBUTH 985,0 £ 5,2 ppm. Lle Bianosigae BuMoram
TexHiYHOTO perTaMeHTy Ha KOCMETHYHY ITPOMYKIIIFO, IO Tap-
MoHi3oBanui i3 PermamenTtom (€C) Ne 1223/2009 €Bporneii-
cbkoro [Taprmamenty Ta Pajgu, Ta miareepkye 6e3nedHicTs i
SIKICTh JIOCJTIIPKCHOTO 3pa3Ka.

IlepenekTHBH MOAANBIINX J0CHiTKeHb. Pe3ynpTaTi mocii-
JDKCHHS T ITBEPIDKYIOTh MOYKIIMBICTB 3aCTOCYBAaHHS METOLY
IIPSIMOT TTIOTEHLIOMETPIi 3 (PTOPCETEKTHBHUM EJICKTPOJIOM
JUTSL KOHTPOJTIO KUTBKICHOTO BMICTY (DTOpY y reTepOreHHHX
KOCMETHYHHX cHCTeMax Y (hopMi 3yOHUX macT i MOXKYTh OyTH
BHUKOPHUCTAHI TIiJT 9aC pO3POOKH 1 aHATITHIHOTO KOHTPOIIO
AHAJIOTIYHNX KOCMETHYHHX TPOTYKTIB.

®iHaHCyBaHHA
[ocnipxeHHst 3aiicHeHo 6e3 diHaHCOBOI MiATPUMKY.
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Evaluation of the anti-inflammatory activity of a blackberry thick fruit
extract using in vivo model and molecular docking

A. O. Marchenko®™*P M. A. Komisarenko8E, O. Yu. Maslov®AC, |. O. Lebedinets8C, T. K. Yudkevych®E,
S. V. Kolisnyk@EF, A, O. Koval 8¢

National University of Pharmacy, Kharkiv, Ukraine

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

In recent years, increasing attention has been paid to natural compounds as potential agents due to their broad spectrum of biological
activities. Plant-derived antioxidants with anti-inflammatory properties are of particular interest, as they may suppress pathological pathways.
Therefore, the search for novel natural compounds capable of attenuating inflammation remains a promising area of biomedical research.

The aim of work was to evaluate the anti-inflammatory activity of a blackberry thick fruit extract using an in vivo model and molecular docking.

Materials and methods. The object of study was a blackberry thick fruit extract. Molecular docking was performed using AutoDockTools
1.5.8. Anti-inflammatory effect was assessed by the model of carrageenan-induced paw edema in rats.

Results. Theoretical assessment of the anti-inflammatory activity of the blackberry fruit extract showed that blackberry anthocyanins as
cyanidin-3-glucoside, cyanidin-3-(3"-malonyl glycoside) and cyanidin-3-xyloside blocked highly selective three out four pro-inflammatory
targets as cyclooxygenase-2 (COX-2), phospholipase A2 and 5-lipooxygenes (5-LOX), whereas, cyanidin-3,3’-diglucoside and cyani-
din-3-rutinoside highly selective blocked two out of four targets as phospholipase A2 and 5-LOX. There was not found any high selective
inhibitor among anthocyanins of nuclear factor kB (NF-kB), whereas cyanidin-3-xyloside showed a moderate selectivity. Experimental
studies have shown the blackberry fruit thick extract at a dose of 60.0 mg/kg and 30.0 mg/kg significantly reduces edema after 1, 2, 3
and 4 hours compared to the control group.

Conclusions. Theoretical and experimental research of anti-inflammatory properties of blackberry fruit extract using molecular docking
analysis and in vivo model of carrageenan-induced paw edema in rats, respectively, has been conducted. Theoretical results have shown
blackberry anthocyanins possessed ability to inhibit all crucial pro-inflammatory targets as COX-2, phospholipase A2, 5-LOX and Nf-kB.
Experimental results have demonstrated that blackberry thick fruit extract at doses of 60.0 mg/kg and 30.0 mg/kg possessed the ability
to significantly inhibit inflammation at all stages of the carrageenan-induced paw edema model.

Keywords: blackberry, fruit, inflammation, in silico, extract, carrageenan model.
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OuiHloBaHHA NpOTU3ananbHOi aKTUBHOCTI NYyCTOro €KCTPAKTY NNOAIB OXUHM 3 BUKOPUCTaHHAM in vivo Mogeni
Ta MONEKYNAPHOro AOKiHry

A. O. MapueHko, M. A. KomicapeHko, O. 0. Macnos, . O. JlebeauHeup, T. K. KOgkesuy, C. B. KonicHuk, A. O. Koeanb

OcTaHHiIMM pokamu Bce GinbLuy yBary npuainsTs NPUPOAHUM CrosiyKaM sk NOTEHLIMHUM areHTam 3aBaski iX LUMPOKOMY cnekTpy bio-
NOriYHOI aKTUBHOCTI. OCO6NMBUI IHTEPEC CTAHOBNSATb @aHTUOKCUAAHTW POCIMHHOMO MOXOMKEHHS 3 MPOTM3anasibHUMU BNAaCTUBOCTSAMMU,
OCKiMNbK1 BOHU MOXYTb MPUTHIYyBaTH MaToNoriyHi npouecu. ToMy NoLlyK HOBUX NPUPOAHUX CNOMYK, L0 MOXYTb nocrnabnioBaty 3ananexHs,
3anMwaeTbCs NEPCNEKTUBHO rany3sto 6iomeanyHUX OOCHioKEHD.

MeTa po6oTH — OLHATM NPOTU3aNarnbHY aKTUBHICTb EKCTPAKTY ryCTUX NIOIB OXMHU 32 0MOMOTO0 MOZEN in Vivo Ta MOMEKYNSPHOTO JOKIHTY.

Marepianu i metogu. O6’eKT LOCTIIKEHHS — IYCTUIA €KCTPAKT NIoAB 0X1HU. MonekynsipHUi SOKIHT BUKkOHanw 3a gonomoroto AutoDockTools
1.5.6. MNMpotusanansHuii edbekT oLiHoBanu Ha Mogeni HabpsKy nanu, iHayKOBaHOMO KapareHaHoM, Y LLypiB.

Pesynbratu. TeopeTuyHe OLiHIOBAHHS MPOTM3ananbHOi akTUBHOCTI €KCTPAKTY MIOAIB OXMHW [ano 3MOry BCTAHOBWTU, LLO aHTOLiaHu
OXWHU, SK-OT LjiaHignH-3-rnoko3ug, LiaignH-3-(3"-MmanoHinmmikosug) i wiaHignH-3-keunosuz, BUCOKOCENEKTUBHO GroKyBanu Tpu 3 4OTK-
pbOX Npo3ananbHKX MilleHen (umknookeureHasa-2 (LIOr-2), cocconinasa A2 ta 5-ninookcurenn (5-1T0IN)), a uiaHignH-3,3’-gurnoko3ng,
i LiaHiguH-3-pyTUHO3MA BUCOKOCENEKTUMBHO BrokyBanu Agi 3 YOTMPLOX MilleHel (pocdoninasa A2 ta 5-NIOIN). He BUsIBNEHo xonHOro
BICOKOCENEKTMBHOTO iHribiTopa cepen aHTouiaHiB saepHoro daktopa kB (NF-kB), a uiaHignH-3-rnioko3una xapakTeprayBaBcsi TOMIPHO0
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CeNeKTUBHICTIO. Y pesynbTaTi ekcrnepuMeHTanbHUX AOCNIfKEHb BCTAHOBIEHO, WO NYCTUIM €KCTPaKT Nnogis oxuHW B A03i 60,0 mr/kr Ta
30,0 mr/kr 3Ha4HO 3MeHLLYE Habpsik Yepes 1, 2, 3 Ta 4 roguHW NOPIBHSHO 3 KOHTPOMBHOI FPYMOK.

BucHoBku. 3a4iNcHUNN TEOPETUYHE 1 eKCepUMeHTanbHe AOCNIMKEeHHS NpoTU3ananbHUX BIacTUBOCTEN eKCTPAKTY NMO4iB OXUHYU 3 BUKO-
PUCTaHHAM MOIEKYNAPHOro AOKIHr-aHanisy Ta in vivo Moaeni Habpsiky nanu, iHayKoBaHOro KapareHaHoM, y LypiB BiANOBIAHO. TeOpeTHYHi
pe3ynbTaTi MoKasanw, Lo aHTOLliaHW OXKMHW MatoTb 3AATHICTb MPUTHIYYBaTV BCi KIMKOYOBI Npo3ananbHi MiLueri, Taki sk LIOr-2, hocdoninasa
A2, 5-110T" Ta Nf-kB. EkcnepumMeHTanbHi pesynstatyt NigTBEPAUIN, WO eKCTPaKT rycTuX NnoAiB oxuHu B gosax 60,0 mr/kr ta 30,0 Mr/kr
MOXXe 3Ha4YHO MPUrHiYyBaTUN 3ananeHHs Ha BCiX CTafisx Moaeni HabpsKy nanw, iHayKoBaHOrO KapareHaHoM.

KntoyoBi cnosa: oxuHa, nnoaw, 3ananexHs, in silico, EKCTpakT, kapareHaHoBa MOAESb.

AkTyanbHi nuTaHHA dapmaueBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2026. T. 19, Ne 2(51). C. 157-163

Inflammation is one of the main reactions of the body to
foreign invasion such as microorganisms, chemical substanc-
es and etc. The crucial role of the immune system during
inflammation indicates foreign compounds, eventually acti-
vate several pro-inflammation pathways, which lead to the
significant increasing of cytokines, activate immune cells as
lymphocytes and macrophages [1]. The inflammation process
is controlled with the variety of pathways as mitogen-activat-
ed protein kinase, NF-kB and prostaglandins synthesis. The
main cascade of inflammation consists of several steps: above
all, foreign substances attract neutrophils and macrophages,
which activate prostaglandins synthesis using COX 1 and
2 enzymes, cytokines as interleukin-6, interleukin-13, and
tumor necrosis factor o [2].

Treatment of inflammation consists of the application of
steroidal anti-inflammatory drugs and non-steroidal drugs.
Both groups of anti-inflammatory drugs possessed the fol-
lowing side effects: steroidal drugs induce inhibition of the
immune cells, downregulation of the production of calcium
in bones, whereas non-steroidal caused an ulcer disease, and
bronchospasm [3]. Therefore, the search and creation new
anti-inflammation drugs based on natural products is the task
number for medicine and pharmacy.

Today, medical plants that are a rich source of anthocyanins
have a high level of attention from the scientific community
[4]. Above all, it relates with fact that natural compounds
have a potent antioxidant effect and moreover, the side effects
rarely happened after the application of natural compounds
than after synthetic drugs.

The perspective source of anthocyanins was chosen black-
berry fruits. Blackberry is a shrub of the Rosacea family. The
distribution area is Europe, North America, Asia [5]. The
chemical composition of blackberry fruits is represented by
anthocyanins, organic acids and hydroxycinnamic acids [6].

There is a lot of research about the investigation of the
pharmacological activity of blackberry fruit. It is known
that anthocyanins from blackberry fruit, possess: anti-in-
flammatory, antioxidant, antimicrobial, anti-hyperglycemic,
immune-modulation, and anticancer effects [6,7,8]. Besides,
in folk medicine blackberry are traditionally applied to treat
fever, infections, diabetes, and liver diseases [9]. In our view,
the anthocyanins are perspective for the development of new
antimicrobial, and antioxidant pharmaceuticals.

There is a lot of scientific research about determination an
anti-inflammatory activity of blackberry fresh fruit extracts
[10,11]. However, there is no date about assessing anti-in-
flammatory activity on carrageenan model and conducting

molecular docking blackberry anthocyanins against pro-in-
flammatory targets.

Aim
The aim of the work was to evaluate anti-inflammatory ac-

tivity of a blackberry thick fruit extract using in vivo model
and molecular docking.

Materials and methods

Blackberry fruits (Rubus plicatus Weihe & Nees) were
collected in 2021 in July, near the village of Ternova in the
Kharkiv region (50°19’31”N, 36°66°93”E).

Exactly 100.0 g of blackberry fruit was pressed and extract-
ed with 96 % ethanol using a threefold solvent-to-material
ratio. After filtration, the resulting filtrate was concentrated
under reduced pressure using a vacuum evaporator at 50—
60 °C to obtain an extract with a final extract-to-raw material
mass ratio of 1:0.35.

Thirty male outbred white strain rats, each weighing about
180-220 grams, were used in the experiment. The rats used
in the experiment were obtained from the National University
of Pharmacy (NUPh) vivarium. The rats were kept in pairs in
Macrolon boxes throughout the experiment. Food and water
were available ad libitum, and were replenished daily. Bed-
ding was changed every three days. The animals were kept in
an environment that was monitored and maintained to have
a temperature of 22 + 2 °C, relative humidity of 60 + 5 %,
and a light / dark cycle of 12 hours.

All study procedures were aligned in accordance with the
Order of the Ministry of Education and Science of Ukraine
“On approval of the Procedure for conducting experiments on
animals by scientific institutions” (01 March 2012, No. 2012)
and the Ukrainian Law “On Protection of Animals from Cruel
Treatment” (21 February 2006, No. 344). The study protocol
was sanctioned by the Local Ethics Committee (Protocol
No. 17, March 5, 2025).

The anti-exudative activity of the extract was studied on 25
white male outbred rats, aged 180-220 g. The model of acute
inflammation was created by subplantar injection of 0.1 mL
of 1 % carrageenan (Fluka, Switzerland) into the right hind
paw of the rats. Edema was measured at 1, 2, 3, and 4 hours
post-injection [12].

All animals were divided into 6 groups. The first group
was control pathology (animals of the positive control groups
were not treated.), the second group — sodium diclofenac at a
dose 8 mg/kg, the third group — “Quertin” (Public Joint-Stock
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Table 1. Molecular docking of the anthocyanins and anti-inflammatory drug standard diclofenac sodium and quercetin with the COX-2

Ligand Binding energy, Ki°, mmol Binding site Level of
AGbind? (kcal/mol) selectivity

Cyanidin-3-xyloside -13.15 0.00000023042 A: ALA199, ALA202, TYR385, TRP387, HIS388, High selectivity
LEU390, LEU391

Cyanidin-3-(3"-malonyl glycoside) |-11.89 0.00000192 A:ALA199, LEU391, TRP387, TYR385, GLU203 High selectivity

Cyanidin-3-glycoside -10.85 0.0000112 A:TYR385, HIS386, TRP387, HIS388, TRP387, High selectivity
LEU390, LEU391, VAL447

Diclofenac sodium -5.76 0.05977 A:ALA199, ALA202, GLN203, TRP387, LEU390, Low selectivity
LEU390, TYR385, HIS388

Quercetin -4.59 0.42855 A: CYS36, ASN39, CYS41, PRO154, ALA156 Low selectivity

Cyanidin-3-rutinoside -1.32 107.87 A: CYS36, ASN39, CYS41, PRO154, ALA156 Low selectivity

Cyanidin-3,3"-diglucoside 78.0° - A: CYS36, ASN39, CYS41, PRO154, ALA156 Inactive

AGbind: free-binding energy; Ki: 50 % enzyme inhibition concentration.

Company “Scientific and Production Center “Borshchagov
Chemical and Pharmaceutical Plant”) at a dose of 50 mg/kg
in terms of quercetin 3.5 mg/kg, the fourth group — blackberry
extract at a dose 60 mg/kg in terms of polyphenolic compounds,
the fifth group — blackberry extract at a dose 30 mg/kg in terms
of polyphenolic compounds, and the six group — blackberry
extractata dose 10 mg/kg in terms of polyphenolic compounds.

Molecular docking studies were performed using Auto-
DockTools version 1.5.6 [13]. The structures of the inves-
tigated ligands were obtained from the PubChem database
[14]. The three-dimensional structures of cyclooxygenase-2
(COX-2; PDB ID: 1DDX), phospholipase A2 (PLA2; PDB
ID: 3HSW), 5-lipoxygenase (5-LOX; PDB ID: 2Q7M), and
NF-xB (PDB ID: 1SVC) were retrieved from the Protein
Data Bank (PDB) [15]. The active sites of the target proteins
were identified using CASTp 3.0 [16]. The resolutions of the
selected protein structures were 3.00 A for 1DDX, 2.50 A for
3HSW, 4.25 A for 2Q7M, and 2.60 A for 1SVC.

To obtain statistical results, the Statistica 10 program was
used, and the results were analyzed using Mann—Whitney test.
Differences were considered significant at p < 0.05.

Results

At the first stage of your research a molecular docking study
was provided to understand the anti-inflammatory potential
of blackberry fruit extract. There are a variety of pro-inflam-
matory pathways responsible to activate cytokines as TNF-a,
IL-6, IL-1 and others. In our view, the most important key
pro-inflammatory enzymes belong COX-2, 5-LOG, phos-
pholipase A2, and NF-kB. In order to compere potential of
blackberry fruit extract it was taken gold standards’ such as
sodium diclofenac. Since this drug is indicated in official
protocols of treatment of acute and chronic diseases as well as
among anti-inflammatory drugs based on natural compounds
quercetin was chosen as on the market present drug “Quertin”
applied in the treatment of cardiological, neurological and
renal diseases.

In our previous research [7] it was estimated an antho-
cyanins composition of blackberry fruit extract by high

performance liquid chromatography. According to this
study the following anthocyanins were identified: cyani-
din-3-glucoside (84.10 % out of total anthocyanins), cya-
nidin-3,3’-diglucoside (7.38 % out of total anthocyanins),
cyanidin-3-(3”-malonyl glycoside) (6.30 % out of total
anthocyanins), cyanidin-3-xyloside (1.50 % out of total an-
thocyanins) and cyanidin-3-rutinoside (0.60 % out of total
anthocyanins). These identified compounds were evaluated
with a molecular docking study to realize anti-inflammatory
potential of blackberry fruit extract. Moreover, the level
of selectivity of inhibition of compounds was classified
according to the following requirements: IC,, < 0.001 mM
(high selective); 0.05 > IC, > 0.01 (medium selective); IC,
>0.05 mM (low selective) [17].

According to the presented results in Table 1, it was shown
that highly selective inhibitors of the COX-2 enzyme include
cyanidin-3-xyloside, cyanidin-3-(3”-malonyl glycoside),
cyanidin-3-glycoside, while sodium diclofenac, quercetin,
cyanidin-3-rutinoside were low-selective inhibitors and
cyanidin-3,3’-diglucoside was inactive respectively to the
COX-2 enzyme. The active center of the COX-2 enzyme
structure is the following series of amino acids: ALA199,
ALA202, THR206, TYR385, GLU203, HIS388, LEU391,
LEU390, TRP387 (Table 1).

Further, the compounds’ ability of blackberry fruit extract to
inhibit phospholipase A2 was assessed. According to the re-
sults it was found that cyanidin-3-xyloside, cyanidin-3,3’-di-
glucoside, cyanidin-3-glucoside, cyanidin-3-(3”-malonyl
glycoside) and cyanidin-rutinoside were highly selective in-
hibitors, while sodium diclofenac, quercetin were moderately
selective inhibitors. The active center for inhibiting phospho-
lipase A2 are amino acids: LYS147, VAL145, HIS144, TYR
60, THR146, PHE22, TYR28 (Table 2).

The following important pro-inflammatory enzyme is
5-LOX. According to the results of the study, it was shown
that cyanidin-3-xyloside, cyanidin-3-(3”-malonyl glycoside),
cyanidin-3-rutinoside, cyanidin-3,3’-diglucoside and cyani-
din-3-glucoside were highly selective inhibitors. Quercetin
and diclofenac sodium had medium selectivity to the pro-in-
flammatory enzyme is 5-LOX. Amino acids VAL81, ALA84,
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Table 2. Molecular docking of the anthocyanins and anti-inflammatory drug standard diclofenac sodium and quercetin with the phospholipase A2

Ligand Binding energy, Kit, mmol Binding site Level of selectivity
AGbind? (kcal/mol)

Cyanidin-3-xyloside -13.63 0.00000010272 A: PRO18, PHE22, LEU31, CYS45, HIS48, High selectivity
ASP49, TYR69, HIS48, PHE22, ASN23

Cyanidin-3,3"-diglucoside -11.52 0.0000036 A: PHES, ILE9, ASN23, TYR69, PRO18, TYR28, | High selectivity
GLY30, GLY32, HIS48, ASP49, TYR69

Cyanidin-3-glucoside -11.52 0.0000036 A: PHES5, ILE9, ASN23, TYR69, PRO18, TYR28, | High selectivity
GLY30, GLY32, HIS48, ASP49, TYR69

Cyanidin-3-(3"-malonyl glycoside) |-11.35 0.00000478 A: PHES5, ILE9, ASN23, TYR69, PRO18, TYR28, | High selectivity
GLY30, GLY32, HIS48, ASP49, TYR69

Cyanidin-rutinoside -9.73 0.00007347 A:PHE22, PHE106, GLY30, CYS45, HIS48, High selectivity
TYR69

Diclofenac sodium -7.65 0.00248 A:PHES5, PHE22, HIS48, PHE106, TYR69 Moderate selectivity

Quercetin -6.79 0.01062 A: PHES, ILE9, PHE22, GLY30, CYS45, HIS48, Moderate selectivity
ASP49

AGbind: free-binding energy; Ki: 50 % enzyme inhibition concentration.

Table 3. Molecular docking of the anthocyanins and anti-inflammatory drug standard diclofenac sodium and quercetin with the 5-LOX

Ligand Binding energy, Ki®, mmol Binding site Level of selectivity
AGbind? (kcal/mol)

Cyanidin-3-xyloside -11.36* 0.00000412 A:VAL70, ILE119, PHE123 High selectivity
Cyanidin-3-(3"-malonyl glycoside) | -9.57* 0.000009607 A:PHE123, VAL70, ILE119, THR66 High selectivity
Cyanidin-3-rutinoside -9.45* 0.0001193 A:PHE123, ILE110, THR66 High selectivity
Cyanidin-3,3'-diglucoside -8.97* 0.00026528 A:VAL70, ILE119, THR66 High selectivity
Cyanidin-3-glucoside -8.65* 0.000458 A:VAL70, ILE119, THR66 High selectivity
Quercetin -6.45% 0.01857 A:ILE119, THR66 Moderate selectivity
Diclofenac sodium -6.00% 0.03982 A:VAL81, ALA84, LEU11, ILE14, VAL15, LEU8S Moderate selectivity

AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration.

LEU11,ILE14, VAL34, and LEUSS acted as an active center
for binding the enzyme structure of 5-LOX (Table 3).

The following significant enzyme, which has a high activity
in chronic inflammation process is NF-kB. There was not
indicated any of a high selective inhibitor, except one medium
selective inhibitor, cyanidin-3-xyloside, was established. In
turn, the remaining compounds showed low selectivity for
inhibition of the active center of NF-kB, which may indicate
the complexity, and particularly the importance of inhibition
of this enzyme. The active center of NF-kB was represented
by the following amino acids: LYS147, LYS148, THR146,
TYR60, LEU210, HIS144 (Table 4).

Furthermore, all obtained data were summarized, and the
compounds were conditionally classified into three categories.
The first category comprised compounds with high selectivity
for the active site, the second included compounds with moderate
selectivity, and the third consisted of compounds with low selec-
tivity. This classification approach was applied to clearly identify
compounds that interact most effectively with pro-inflammatory
targets, as well as those exhibiting lower levels of interaction.

Table 5 shows the summarized results of molecular dock-
ing of pro-inflammatory enzyme inhibition of anthocyanins

of blackberry fruit extract. Results demonstrate, that no
compound among both anthocyanins and drug standards
inhibit high selective all mentioned pro-inflammatory targets.
However, cyanidin-3-glucoside, cyanidin-3-(3”-malony! gly-
coside) and cyanidin-3-xyloside blocked three out four pro-in-
flammatory targets as COX-2, phospholipase A2 and 5-LOX.
Whereas cyanidin-3,3’-diglucoside and cyanidin-3-rutinoside
blocked two out of four targets as phospholipase A2 and
5-LOX. Although, it was determined that widespread appli-
cable “gold standards” in medicine and science as sodium
diclofenac and quercetin do not so effectively inhibit crucial
targets of inflammation.

In an in vivo experimental study on a rat paw carra-
geenan edema model, blackberry fruit extract at a dose of
60.0 mg/kg significantly reduced paw edema by 100 %
compared to the control group at the first and second hour.
Subsequently, paw edema decreased by 82.0 % and 69.0 %
after 3 and 4 hours, respectively, compared to the control
group. The level of antiexudative activity of blackberry fruit
extract at a dose of 30.0 mg/kg and 10.0 mg/kg was signif-
icantly (p > 0.05) lower compared to the administration of
a dose of blackberry fruit extract of 50.0 mg/kg. The use
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Table 4. Molecular docking of the anthocyanins and anti-inflammatory drug standard diclofenac sodium and quercetin with the Nf-kB

Ligand Binding energy - Binding site Level of selectivity

AGbind? (kcallmol) mmol

Cyanidin-3-xyloside -6.34 0.0198 ALYS244, TYR60, HIS144, THR146, LYS147 Moderate selectivity
Cyanidin-3-(3"-malonyl glycoside) |-5.74 0.06224 A:LYS244, TYR60, HIS144, THR146, LYS147 Low selectivity
Cyanidin-3-glucoside -5.38 0.1148 A:LYS244, PRO246, ALA245, TYR60, HIS144, SER211, | Low selectivity
LEU210, LYS147, ASP209, MET208
Cyanidin-3-rutinoside -4.44 0.55329 A:LYS147, LEU210, THR146, HIS144, TYR60 Low selectivity
Cyanidin-3,3'-diglucoside -4.44 0.56509 ALEU210, TYR60, HIS144, LYS147 Low selectivity
Diclofenac sodium -3.90 1.38 ATYR50, HIS144, LEU210, VAL145, THR146, LYS147 | Low selectivity
Quercetin -3.61 2.28 A:LYS145, LYS147, LEU210, THR146, THR60, HIS144 | Low selectivity

AGbind: free-binding energy, Ki: 50 % enzyme inhibition concentration.

Table 5. Schematic overview of the classification of anti-inflammatory drug standards and principal compounds identified in blackberry fruit extract

Compound COX-2 phospholi- 5-LOX Number of closed key
pase A2 enzyme of inflammation

Drug standard

Diclofenac sodium # & & # 2

H*
R0
H
N

Quercetin

Compounds blackberry fruit extract

Cyanidin-3-glucoside

Cyanidin-3,3"-diglucoside

Cyanidin-3-(3"-malony! glycoside)

Cyanidin-3-xyloside

S RN IRNEE RN
RNEIRNEIRENE RN RN
RNEIRNEIRENE RN RN
H e | ¥ | ® | ®
N [ W N W

Cyanidin-3-rutinoside

v': high level of selectivity; &: medium level of selectivity; #: lower of selectivity.

Table 6. Anti-inflammatory activity of the blackberry extract on the carrageenan edema model, n =5 (M £ m)

Experimental conditions : Parameter mics of inflammation development, hours
____
Control pathology - AV, mL 0.47+0.03 0.84 +0.06 1.10 £ 0.09 1.16 £0.09
Diclofenac Sodium 8.0 AV, mL 0.20£0.01* 0.52 £0.04* 0.71 £ 0.04* 0.73 £0.04*
AA, % 58.0 38.0 35.0 37.0
Quertin 3.5° AV, mL 0.27 £0.01* 0.51+0.04* 0.84 +0.04* 0.81+0.04*
AA, % 43.0 39.0 240 30.0
Blackberry fruit extract 10.0 AV, mL 0.26 + 0.02*** 0.62 + 0.04***# 0.94 + 0.06***# 1.00 £ 0.08***#
AA, % 45.0 26.0 15.0 14.0
Blackberry fruit extract 30.0 AV, mL 0.0 0.46 £ 0.04** 0.73 £ 0.04*#& 0.81 £0.06**%
AA, % 100.0 45.0 34.0 30.0
Blackberry fruit extract 60.0 AV, mL 0.0 0.01 0.20 + 0.04***#&3$ 0.36 + 0.04***#&$
AA, % 100.0 99.0 82.0 69.0

* p < 0.05 - the level of statistical significance of the control pathology group; **: p < 0.05 - reliable values for the drug diclofenac sodium; #: p < 0.05 — reli-
able values of the Quertin; &: p < 0.05 — reliable values of the blackberry fruit extract at a dose 10 mg/kg; $: p < 0.05 — reliable values of the blackberry fruit
extract at a dose 30 mg/kg; Dose of Quertin expressed in term of quercetin, dose of dosage form — 50 mg/kg; AA: anti-inflammatory activity; AV: size of the
edema; n: number of animals in group.
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of blackberry fruit extract at a dose of 60.0 mg/kg showed
a significant reduction in edema after 1, 2, 3 and 4 hours
compared to the reference drug diclofenac sodium. When
comparing the experimental groups of the drug “Quertin”
and blackberry fruit extract at a dose of 60.0 mg/kg, it was
found that the level of antiexudative activity of “Quertin”
was significantly (p > 0.05) lower at all hours.

At a dose of 10.0 mg/kg, blackberry fruit extract was sig-
nificantly inferior to the antiexudative effect of diclofenac so-
dium, and when compared with the reference drug “Quertin”
at 1 hour the difference was not significant (p > 0.05), and
at 2, 3 and 4 hours the effect of “Quertin” was significantly
higher (p > 0.05).

The use of blackberry fruit extract at a dose of 30.0 mg/kg
showed a significant reduction in edema at 1 hour, when
compared with the drug diclofenac sodium, it was found that
the level of antiexudative activity of diclofenac sodium was
significantly (p > 0.05) lower at 1 and 2 hours, and at 3, 4
hours the difference was not significant (p > 0.05). In case of
comparing the drug “Quertin” and blackberry fruit extract ata
dose of 30 mg/kg, it was found that the level of antiexudative
activity of “Quertin” was significantly (p > 0.05) lower at 1, 2
and 3 hours, and at 4 hours the difference was not significant
(p>0.05) (Table 6).

Discussion

Inflammation represents a complex biological response to
external or internal stimuli and is closely associated with
the development of oxidative stress. To evaluate anti-in-
flammatory activity, the carrageenan-induced rat paw edema
model was employed, as it reliably reflects the key mech-
anisms underlying the inflammatory process. According to
the canonical progression of inflammation in this model,
histamine and serotonin predominate during the first hour,
pro-inflammatory cytokines during the second hour, and
prostaglandins, particularly COX-2, from the third to the
fifth hour. Based on the results obtained, the blackberry fruit
extract demonstrated inhibitory activity across all phases
of inflammation.

In a previous study, A. Rossi et al. [18] evaluated the
protective effects of anthocyanins from blackberry at doses
10 mg/kg and 30 mg/kg in a rat model of acute lung inflam-
mation. The blackberry fruit extract at a dose of 30 mg/kg
showed a significant decreasing production of lipid peroxi-
dation, prostaglandin E2 and nitrite/nitrate (NOx) as well as
ameliorated the histopathological alteration compared to the
control pathology group. Consistent with these findings, our
study confirms the anti-inflammatory potential of blackber-
ry-derived bioactive compounds; however, in contrast to the
isolated anthocyanins used by A. Rossi et al., whether in our
research we investigated a blackberry fruit extract at three
doses 10 mg/kg, 30 mg/kg and 60 mg/kg. In our in vivo model
of carrageenan-induced inflammation, the extract at doses
30 mg/kg and 60 mg/kg exhibited completely inflammation
at all phases that are comparable with A. Rossi et al. research.

Conclusions

1. Theoretical and experimental research of anti-inflamma-
tory properties of blackberry fruit extract has been conducted
using molecular docking analysis and an in vivo model of
carrageenan-induced paw edema in rats, respectively.

2. Theoretical results have shown that blackberry anthocy-
anins possessed ability to inhibit all crucial pro-inflammatory
targets as COX-2, phospholipase A2, 5-LOX and Nf-kB.

3. Experimental results have demonstrated that blackberry
thick fruit extract at doses of 60.0 mg/kg and 30.0 mg/kg
possessed ability significantly inhibited inflammation at all
stages of the carrageenan-induced paw edema model.

Prospects for further research. Creating dosage form with
blackberry fruit extract with pronounced antioxidant, anti-in-
flammatory and antimicrobial activity. Moreover, conduct
research of dosage form with blackberry extract for adjuvant
therapy with antimicrobial drugs against resistant strains.
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focnigxeHHA MicueBonoapa3HioBanbHOI
Ta ceHcuOinis3auinHol akTMBHOCTI KOMMJIEKCY ONnikHOro
Ha ocHoBi 6ypwTuHy TM IL SAV AMBER in vivo

t0. B. BopoHiHa-Ty3oBcbkux©"A8C B, M. Monetan@cP, O. C. bongap@LEF,
B. O. Anuenko@EF |, O. CaBocTa?8

'HaujioHanbHui yHiBepcuTeT «YepHiriscbkuii koneriym» imei T. I, LeeyeHka, YkpaiHa; 2TOB «In Ca AmbGep», M. Kuis, YkpaiHa

A — KOHUenUis Ta An3aitH gocnipkeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepKEHHSA CTaTTi

MeTa po6oTh — gOCHiANTM MiCLIEBONOAPA3HIOBANbHIIA BNIIUB HA LUKIPY Ta KOH'OHKTVBY O4ei KOMMMEKCY OMIMHOTO Ha OCHOBI BYpLUTUMHY
TM IL SAV AMBER i npoaHaniayBati oro ceHcubinisawiiHy akTUBHICTb in Vivo.

Matepianu i metoau. 34iNCHUNN CePilo XPOHIYHUX EKCNEPUMEHTIB 3 Pi3HO TpuBanicTio (48 roauH, 14 OHiB i 4 TKHI) ANS OCHIMKEHHS
micLieBonoapasHioBanbHoI Aii npenapary in vivo (Ha 6innx cTateBo3pinux MuLiax, 2 rpynu TBapyH, oaHa 3 SIKMX KOHTporbHa, n = 20 —
MeToZ LUKIpHUX annikauii; Ta Ha MOpCbK1X cBMHKax Binoi macTi abo 3 6inumu nnamamu macoto 300—400 r, 2 rpynm TBapuH, ogHa 3 SKKUX
KOHTpOMbHa, N = 10 — KOH'IOHKTMBaNbHa Npoba) Ta Ans OuiHIOBaHHSA CeHcubinisauinHoi Aii npenapary in vivo (Ha MOpCbKKX CBUHKaxX Binoi
macTi macoto 300400 r, 4 rpynu TBapWH, ABi 3 AKUX KOHTPOMbHI, N = 20 — MeToA NOBTOPHUX LLKIPHUX ansikaLlin).

[HIB HE BUKMMKanM 03HaK 3ananeHHs Ta yLUKOIKEHHS, SK-OT NOYEPBOHiHHS, HaOPSKIB, BUCMMNY Ta BUpasKyBaHHS. 3aranbHa noBeaiHka nia-
[OCTiAHUX TBAPWH (PYXIIUBICTb, @NETUT, LLEPCTAHWIA MOKPUB) HE BiAPISHANNCA Bif TAKOI Y KOHTPOMBHOI rpynit. 3a AaHUMM KOH'IOHKTVBaNbHOI
npobu, He BUSIBMEHO rinepemii Ta Habpsiky KOH'IOHKTUBM, CKIEpU Ta Cri3HOI NPOTOKM, @ TaKoX He 3adhikcoBaHO peakuii rinepyyTnmBoCTi
HeraiHoro Tuny. [locnigpxeHHsi ceHeMbinisaviiHux BnacT1BOCTel JOCNiAXKyBaHOMo npenapaTy MeToA0M HaLLKipHUX annikawiii He BUSIBUMO
peakuiii rinepyyTNMBOCTI HEranHOrO ¥ YNOBINBHEHOO TUMIB Y NiAAOCNIAHUX TBAPWH iNn VivO.

BucHoBku. Komnnekc oninHni Ha ocHosi OypwtHy TM IL SAV AMBER He BnnuBaB Ha 3aranbHy noBefiHKy, He CpUYKHSB MicLLEBOMo-
[pa3HioBanbHoi il Ta He BUSIBNSB CEHCMOINI3aLiinHOi akTUBHOCTI y MigAOCHIAHWMX TBAPUH in Vivo.

KntouoBi cnosa: komnnekc oniHnin Ha ocHosi BypluTHy TM IL SAV AMBER, micueBa nepeHOCUMICTb, rinepyyTnuBICTb A0 eKCTPaKTIB
OYpLUTUHY.
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Study of local irritant and sensitizing activity
of the amber-based oil complex TM IL SAV AMBER in vivo

Yu. V. Voronina-Tuzovskykh, V. M. Poletai, O. S. Bondar, V. O. Yanchenko, I. O. Savosta

The aim of the article is to investigate the local irritant effect on the skin and conjunctiva of the eyes of the amber-based oil complex
TM IL SAV AMBER and to analyze its sensitizing activity in vivo.

Materials and methods. A series of chronic experiments of different durations (48 hours, 14 days and 4 weeks) were used to study the
local irritant effect of the drug in vivo (on white sexually mature mice, 2 groups of animals, one of which was a control, n = 20 — method
of skin applications; and on white-colored or white-spotted guinea pigs weighing 300-400 g, 2 groups of animals, one of which was a
control, n =10 — conjunctival test) and to study the sensitizing effect of the drug in vivo (on white-colored guinea pigs weighing 300-400 g,
4 groups of animals, two of which were control, n = 20 — method of repeated skin applications).

Results. Studies of the skin irritation effect of the drug in mice showed that dermal applications of the studied drug for 14 days did not
cause signs of inflammation and damage — redness, edema, rashes and ulceration. The general behavior of the experimental animals
(mobility, appetite, coat) did not differ from that of the control group. The conjunctival test did not reveal hyperemia and edema of the
conjunctiva, sclera and lacrimal duct, and also did not cause immediate-type hypersensitivity reactions. The study of the sensitization
properties of the studied drug using dermal applications did not reveal immediate-type and delayed-type hypersensitivity reactions in
experimental animals in vivo.
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Conclusions. The oil complex based on amber TM IL SAV AMBER did not affect general behavior, did not cause local irritation, and did

not exhibit sensitizing activity in the studied animals in vivo.

Keywords: amber-based oil complex TM IL SAV AMBER, local tolerance, hypersensitivity to amber extracts.
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BypmtrH — 11e BU CMOJT BUKOIIHUX JIepeB 3 Oaratbma 0io-
AKTUBHUMH BJIACTUBOCTSIMH, SIKi 3/1aBHAa BUKOPUCTOBYIOTh Y
MenuimHi. 3 yaciB ['inmokpara BiioMi YHCIICHHI JIIKyBaIbHI
BJIIACTHBOCTI OypINTHHY: 3arajJbHO3MIITHIOBAJIbHI, TIPOTH3a-
TaJTbH1, MPOTHUMIKPOOHI TOIIO. BypIiiTHH, OKpiM 3acTOCyBaH-
Hsl B I0OBEJIPHIHN rajtysi, € JUKepeIoM KOMIUIEKCY HaTypallbHIX
010JI0T1YHO AKTHBHUX KOMIIOHEHTIB, SIKi BAKOPUCTOBYBAJIH Ta
MIPOAOBXKYIOTh BUKOPHCTOBYBATH B 0araTbox rary3sx.

CyyacHi METOIU OCHI/DKCHHS CKJIQJOBUX KOMIIOHCHTIB
OypIITHHY: paMaHiBCbKa CIIEKTPOCKOIIiSl, TOHKOIIApOBa
xpomarorpadisi, Mac-CIIeKTpOMETpist, TidepeHIiaabHIN Tep-
MiuH## aHaii3, [Y-criekrpockoris [1] — 1aroTh 3MOTY CyTTEBO
PO3ILIMPHUTH CHIEKTP 3aCTOCYBaHHS ITPErapariB Ha HOro OCHOBI.

OcraHHIMU pOKaM# po3po0JIeHO, IPOTECTOBAHO Ta BIIPO-
Ba/DKCHO HOBI JIIKAPCHKi 3aCO0M Ha OCHOBI €KCTPAaroBaHMX
KOMITOHEHTIB OypuTuHy [2,3]. He nmpunuHseTbes Nmomyk
€KOHOMIYHO BHT'IJIHUX, €(DEKTUBHNX, HETOKCUYHMX 0a30BHX
(dopM Ha OCHOBI OypIITHHY, SKi MO)XKHA BHKOPHCTOBYBATH
SIK BUX1JIHY CHUPOBHMHY JUIsi BUTOTOBJICHHSI HOBHX, OLIBII
e(eKTUBHUX (apMalleBTHYHUX IperapariB i KOCMETHYHNX
3aco0iB. JI0CTiKYIOTh IIMPOKUIN CIEKTP PI3HOMOISIPHUX
PO3YHMHHUKIB [T €KCTParyBaHHS [UTOBUX KOMIIOHEHTIB 3
OypruTrHy. BetaHOBIIEHO, 1110 TEpCIIEKTHBHUM PO3YMHHHKOM
€ €TaHOJI, SIKUH Bi/IMOBIIa€ BUMOTaM II0/10 iHAM(EpeHTHOCTI,
0e31eyHOCTi Ta JOCTYIHOCTI [4].

Bucokuii BMicT OypLITHHOBOT KHCJIOTH BH3HAYEHO came
B CHUPTOBUX HACTOSHKAX, IO JA€ 3MOTY PO3IIUPHUTH
ACOPTHUMEHT i 3aCTOCYBAaHHS B JIKApPCHKUX Tpenaparax i
KOCMETHYHHX 3ac00aXx, siKi O BIAIOBI I TOKCUKOJIOTTYHUM
BUMoraMm. ETaHOJBHI €KCTpaKkTH YKpaiHCBKOTO OypIITHHY
MarOTh BUCOKY aHTHOKCHJIAHTHY aKTHUBHICTB [5].

JlocmipKyIoTh TaKoXK BOJHI €KCTPAKTH Ta AucTepcii 6e3
TEpPMOJIECTPYKLIT MOJIEKYJISIPHOT CTPYKTypH OypiutrHy. Bera-
HOBJICHO, I1I0 BOHU TTOJIIIIYIOTh CTaH JIFOJIEH IIOXHIIOTO BIKY,
BIUTMBAIOTH Ha BECTHOYISIPHI (DYHKIII T, KOTHITHBHI (DYHKIII] Ta
mam’siTh, [0 MOYKHA BUKOPHCTATH IIiJ1 Yac pO3POOJICHHS re-
plaTpUYHUX IpEenapariB Ta yKJIaJIaHHs POrpaM 0310pOBUMX
niporieyp [6]. BomHi po3dmHM TakoK Ml CTUMYITFOBATBHA
edexT Ha picT pocauH [7].

HaykoBi JociipkeHHs CIIpSIMOBaHI TAKOK Ha MOIIYK He-
JIOPOToi BUXIJTHOT CHPOBHHU: BiIXOIHW BUPOOHHIITBA Ta 00-
PpoOKH OypIITHHY BU3HAYAIOTH SIK I[IHHY CHPOBHHY XIMIYHOT,
¢dapmanieBTHuHOI Ta TapdymepHoi ramyseii [8].

3AiHCHIOIOTH aHall3 XIMIYHOTO CKJIAJy MacTH-adpasuBy,
OZIep>KaHoi 3 OypIITHHY, Ta KOMIUIEKCY-MalepaTry Ha OCHOBI
oyprurruny [9,10]. KoMrmtekcH-Mariepars, oaeprkaHi Ha OCHOBI
oJ1ii Ta Oy pIITHHOBOI Iy/IpH a0pazUBY, MOXKYTh Oy TH TTepCIICK-
THUBHOIO CHPOBHHOIO [Tl (hapMalieBTHYHOI IPOMHUCIIOBOCTI.

VY CcTpyKTypi CIOKHBaHHS MPOAYKIII 3 HATYypaIbHOTO
Oypuruny maibke 10 % norpedye pUHOK HaTypasbHOI Oyp-
IITUHOBOI OJii JJIs1 KOCMETHYHOT npoMuciioBocTi [4]. Tomy

JOIUTFHOIO € pOo3po0Ka HOBUX Pi3HOMAHITHHX ITpErapariB
JUIs KOCMETHYHOT Ta (apmaneBrnuHoi ramysi. Komruiekce
oniitHnit Ha ocHoBi Oypurtuay TM IL SAV AMBER € inHo-
BaIfHIM MIPOIYKTOM, IO TiepeOyBae Ha eTarti 10 CHiUKSHHS
MeTOJaMH SKICHOTO Ta KiJbKicHOTO aHami3y. Llei omiftamit
KOMILJICKC PO3POOJICHUIA STK OCHOBA JIISI CTBOPCHHS (DEKTHB-
HUX KOCMETHUYHUX 1 (papMarieBTHYHHX MPETIapariB 3aBIsSIKA
YHIKaJIbHAM BJIaCTHBOCTSIM KOMIIOHEHTIB.

MeTa po6otu

JocnianTi MiCLEBONOAPA3HIOBAIBHUIN BIUIMB Ha LIKIpY
Ta KOH IOHKTHBY OYeH KOMITJIEKCY OJIHHOTO Ha OCHOBI
oypurruny TM IL SAV AMBER Ta npoanaizyBaru ioro
ceHCHOimi3aliiiHy aKTHBHICTS iN ViVO.

Marepianu i MeTogu pocnimkeHHA

JlocnimKeHHsT MICIIEBOI MTEPEHOCHUMOCTI Ta CEHCHOLTi3a-
LIHKAX BIACTUBOCTCH KOMIUICKCY OJIITHOTO Ha OCHOBI Oyp-
mruay TM IL SAV AMBER 3niiicHumy 3riqHo 3 Haka3oM
MO3 Vxpainu «IIpo 3arBepmkenns [Topsaky npoBeaeHHS
JIOKJITHIYHOTO BUBYEHHSI JIIKAPCHKUX 3aCO0IB Ta EKCIIEPTU3H
MarepiaiB JOKITIHIYHOTO BUBYCHHS JIIKAPCHKUX 3aC00IBY BiJT
14.12.2009 poky Ne 944 [11].

Muii Ta MOPChKI CBUHKH — 3arajbHONPHHHATI BUAN
J1a00paTOPHUX TBAPHH IS JOKIJITHIYHUX JIOCHIPKEHb JIIKap-
CBhKHX 3ac00iB [12]. B excriepuMeHTaIBHIX TOCTIHKEHHIX
BHUKOpHUCTAHO 20 G1INX CTATEBO3PIINX O3MOPOTHIX MHUIIIEH
000x crareit macoto 17-23 1, 30 crareBo3puIMX MOPCHKUX
CBHHOK 011101 MacTi a00 3 6imumu rstMaMu Macoro 300400 T,
TI10 TIPOWTIITH TTOTIEPEIHIO aKIiMaTh3alliro mpotsarom 10 mio.

Jlornsn, yTpuMaHHsl Ta TOAYBaHHS TBapWH 3/11HCHHIH
BiZIITOBITHO JI0 BUMOT BHYTPIIIHIX HOPMAaTUBHUX JJOKYMEHTIB
Y CTaHAAapTHUX YMOBaX BiBapilo MPH BUTEHOMY TOCTYIIi 10
BOIM Ta Dki; iHBepToBane cBiTIo 8:00-20:00, Temmeparypa
noBitps 20-25 °C.

3a 1eHb /10 BBEJICHHS IIperiapary BCiX TBapUH OIVISIHYB
kBamiikoBaHUi BeTepuHap. [0 AOCTiKEHHS 3aTydeHi
TUTBKH 37I0POBI TBAPHHH. PaH1oMi3a11it0 Ha MPYIIX IPOBEIACHO
MEXaHIYHUM criocoOoM. MapKyBaHHsI TBApUH 3/1iHCHEHO 3a
JOToMOroro 1 % po34rHy 1iaMaHTOBOTO 3EJIEHOTO.

JocaimkeHns mKipHo-MoApa3HIOBaIbHOI il y Mumieii. [{o-
CITiKeHHs 3iicHMIN Ha 20 OLIMX CTaTeBO3pUIMX MHIIAX
000x crareii Macoto 17-23 1, IKUX yTPHUMYBaJIU B CTaHIApPT-
HHUX yMOBaX BiBapito (TomyBaHHs i yTpuMaHHs). Jlocmimky-
BaHMI Tpernapar HAHOCWIIM Ha MIATOTOBJCHY HIKIpYy OOKY
JOCIITHUX TBAapWH JBiYl Ha JICHb 3a JIOTIOMOTOK MapJICBOi
1oB’s13ku. [IpoTsAromM HacTYITHHX 2 THKHIB CIIOCTEPIrajd 3a
CTaHOM IIKIpHOTO TIOKPUBY Ha MICIIi atuTiKaIii mpenapary i
3a 3araJbHOIO ITOBEIIHKOIO TBAPHH L0/I0 MOXIIMBOI HECIIPH-
SITIIUBOT A1ii TTpenapary.
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Tabnuus 1. Bnnus komnnekcy oniiHoro Ha OCHOBI BYPLUTKHY NPU HALLKIPHOMY HaHECEHHi Binum MyLiam

I'pyna TBapuH, n = 10

Lkipa (1-14 oxi)

3aranbHa noBefiHka

Finepewmis

Komnnekc oniiHmin Ha ocHoBi ByplutuHy TM IL SAV AMBER

(1-14 gHi)

0 0 BinxuneHb Hemae

KoHTponb

0
0

0 0 BigxuneHb Hemae

Peax1iiro BpaxoByBaJIM LITO/THS 3@ IIKAJIOKO IIKIPHUX MPOO
y 6anax: 0 — Hemae peakuii; | — sierka rinepemis; 2 — Bupa-
JKEeHa rirepeMis Ta HaOpsiK; 3 — BUpa)keHa rirepemis, HaOpsK
i Bupasku [13,14,15].

TBaprHaM KOHTPOJIBEHOT IPYIH Ha IIKIPY HAHOCHIIH BOLLY
JUTA 16 €KL B eKBIBAJIEHTHIN KIJIBKOCTI.

JoctimkeHHS MicIieBOTIOIPA3HIOBAILHOI TA CeHCHOLTI3aiifHOT
il mpenapary Ha cJM30BY 000JI0HKY 04eil MOPCHKHX CBHHOK
(koH’IOHKTHBANBLHA MPoda). [locmimkenns 3aificHmy Ha 10
MOpPCHKHX CBHHKaX 000X crareii macoro 300—400 1, sxmx
TIOAUIFIIN Ha 2 TPYIH: AOCHiAHY (Ipernapar) i KOHTPOIbHY
(0,9 % po3uuH HaTpito XJIOPHIY), IO 5 TBapUH y KoxkHiil. Ha
KOH IOHKTHBY 000X O4el TBapHH JOCIIIHOI IPYIH OYHOIO
TTMETKOI0 HAaHOCHIIM O | Kpari mpenapary; TBapHHaM
KOHTPOJILHOT I'PYIU B KOH FOHKTHBAJILHUI MIILIOK BBOJIUIIH
0,9 % po3uun Hatpiro xyopury. CoCTepeKEHHs 3IiHCHIO-
BAJIM IIPOTATOM 3 JIHIB.

3a peakiriero cocTepirany uepes 15 XB (IBHIKa peaKiis)
iuepes 24-48 rox (TinepuyTIMBICTh YIOBUILHEHOTO THITY),
OLIIHIOBAJIM 32 IIKaJI010 (y Oanax): 0 — HeMae 3MiH CIIM30BOT
KOH IOHKTHBH (peakiii Hemae); 1 — Jerke moYepBOHIHHS
KOH’IOHKTHBH; 2 — TOYEPBOHIHHS KOH IOHKTHBHU Ta HAOPSIK.

HJocaikeHns ceHcHOiTi3aniiiHUX BIACTHBOCTeEH Mpenapary.
Hocmikenns 3aificnunyn Ha 20 MOPCHKMX CBHHKaX 01701
MacTi abo 3 O6inmnmu wsmMamu Macoro 300—400 T micas
10-1eHHOTO KapaHTUHY M cTaHAapTHOI mieTn. Merogom
BUIAIKOBOI BUOIPKHM TBapWH IMOJUTMIN Ha KOHTPOJIBHI i
JOCIITHI TPYIIH, TI0 5 0COOMH y KOXKHIH.

JocaikeHns Ha peakuii rinepyyTIMBOCTi HeraiiHOTo THIY.
J1yist IpOBEICHHS SKCIICPHMEHTY Y TBAPUH 000X IPyII 32 00y
JI0 TIOYaTKy JOCII/DKEHHS BUCTPHUT AN IEPCTh Ha OOKY Tak,
100 TIToTIa HaHeceHHsT cTaHoBIIIA 10 % 3aransHOT MOBEpXHi
Tina. MOpChbKMM CBHHKaM BBOJMIIM JOCII/DKYBaHUIT Ipera-
par (1 rpyna) y MakcuMaibHO MPHUITyCTUMOMY 00’ €Mi Julst
[BOTO IIUTAXY BBeAeHHS — 0,5 Mi1 Ha ocobuHy. CepenHs 103a
TIpenapary, siKy OTpUMyBaJIi TBApHUHH, CTaHOBHIA 1,25 MIT/KT.
Cxema ceHcnOmizallii: mepiri TPy HaHEeCeHHsI Ipernapary —
Yyepes JICHb; 3aBepllalibHe HAaHECeHHsS — Ha 14 JieHb micist
ceHcuOimizarii, Ike TaKoXK POONATH 1 KOHTPONIBHIHN Tpyri
TBapuH (2 rpyma), TBApHHAM SKOT 70 I[-OT0 BBOIAUIIN TiTbKU
0,9 % po34MH HATPIIO XJIOPUY.

3ayBa)XMMO, 110 TIPH BUCOKOMY CTYIIEHI ceHcuOimizarii
aHa(TaKTHIHIN IITOK MOYKE PO3BUTHCS TIPY BBEICHHI 3aBep-
LIAJIBHOT JI03H TIperapaTy He3aJ1eXKHO BiJ| LUIAXY BBEICHHS:
MapeHTEPaIbHO, IHTAIALINHO, IEPOPATBLHO, MICIEBO, Y
KOH FOHKTHBAJBHUH MIIIOK, iHTpaHa3ainbHO. CTYIIHD TSK-
KOCTi aHa(UTAKTHIHOTO MIOKY OLIHIOIOTH y Oanax: 0 — moxy
HeMae, 03HaKH He 3adikcoBaHO; + — ci1aOKuii 10K (3aHero-
KOEHHSI, IIPUCKOPEHE JIMXaHHS, YECaHHS JUISHKH T'OJIOBH,

JIOBUIbHE CEYOBUITYCKaHHS, edeKaltis); ++ — moMipHuil ok
(HeBeNuKi Cynoporu, BUpaXKeHI MposSiBU OpOHXOCHAa3My);
+++ — IIIOK TSDKKOTO CTYTICHS (3araibHi CyIoporH, acgikcis,
TBAapHHA BTPava€ 3[aTHICTh CTOSITH HA JIamax, Majae HaOIK,
aJyie He THHe); ++++ — cMeprenbHuil mok [13,14,15].

HocaigxenHs Ha mKipHi peakuii rimepuyTiauBocTi
cnoBiibHeHoro Tumny. Ha BUCTprkeHy MUSIHKY HIKipH O14HOT
TTOBEPXHI TyIy0a MOPCHKUX CBUHOK, OIIDKYE IO CEpeiHH,
HAHOCHIJIN 110 3 KparuIi JOCIiHKYBAaHOTO MPEnapary MIIsIXoM
20 MOBTOPHUX HAIIKIPHUX aruTiKallii BOPOIOBXK 4 THKHIB 10
S pa3iB Ha THK/ICHb (METOJT HAIIKIPHUX arutikaniii). Peakiiro
HIKIpH BU3HAYAITH [IIOIHS 3a IIIKAJIOK0 OI[IHFOBAHHS [IKIPHUX
po06: 0 — peaxii Hemae; + — TOUKOBa criabka rimepemis; ++
— TOYKOBa BHpaKeHa TimepeMis; +++ — CyIiibHa oMipHa
rinepeMisi; ++++ — cyninpHa BUpaskeHa rinepemis i iHdinb-
Tparis [13,14,15].

Lleii excriepMEHT J1a€ 3MOT'Y BUSIBUTH HEOC3IEKY PO3BUTKY
KOHTAKTHOTO JAEPMATHTY 3aJIeKHO BiJI JO3H IOCITIPKYBAaHOTO
(hapMaKoIOTIHHOTO 3aC00Y.

[Tepme ouiHIOBaHHS peakuiil 3xaidcHIOBaiM micis 10
aruTikaii. SIKIo BUSBISIIM ajepriyHi peakiii, HaHeCeHHS
PEUYOBHHU TPHUIUHSIA. Y pa3l HEraTMBHOTO ab0 CyMHIB-
HOTO pe3ynbTary 3miricHioBamn 20 arutikamiid, micas mboro
TIOBTOPHO OIIHIOBAJIM PEAKIiI0 TBAPHH Ha JOCIILKYBAHNH
npenapar.

PesynbraTtu

JlocnipKeHHsT MIKipHO-MTOPa3HIOBAIBHOI il mpenapary
y MHUIIeH MOoKa3ajiM, [0 HAIIKIPHI arulikamii nmpenapary
BIPOIOBK 14 NHIB HE BUKIMKAIW O3HAK 3allajcHHS Ta
VIIKO/KECHHS, SK-OT MOYEPBOHIHHS, HaOPSKIB, BUCHIY Ta
BHUpPa3KyBaHHs (ma6s. ). 3aranpHa MOBEIIHKA TiIOCIII-
HUX TBapuH (PyXJIUBICTh, alleTUT, IICPCTSIHUI TTOKPHB) HE
BIZIPI3HSUTHCS BiJl TAKOi Y KOHTPOJILHOT MPYITH.

Ha mincraBi oTpuMaHUX AaHWX TINIIIA BHCHOBKY, IIIO
OITHOPA30Ba aTUTiKaIlis JOCTIKYBAHOTO KOMILUIEKCY OJNil-
Horo Ha ocHoBi Oypmrtuay TM IL SAV AMBER =e unauTh
LIKIPHO-TIO/IPA3HIOBAJILHOT [IiT HAa HEYIIKO/DKEHY IIKIpy B
MHUIIICH 1 HE BIUIMBAE HA IXHIO MOBEIIHKY.

3a pesyasraTaMu JTOCTIKEHHS MiCIICBOIIOPA3HIOBAIIb-
HOI i Ha cIM30BYy OOOJOHKY OYeif MOPCHKHX CBHHOK, HE
BHSIBJICHO YKOIHOT ITiJITOCIIITHOT TBAPHHU 31 MIBUAKOIO (TIPO-
TsiroM iepiux 15 xB) abo BigcTpoueHoro (depe3 2448 o)
peakuieto. CtaH CIi3HOI IPOTOKH, CKJIEPU 1 KOH IOHKTHBU
TICIIsl BBEACHHSI IO3U JIOCIIKYBAHOTO TIPENapary 3arajiom
3aJIMIIABCS HE3MIHHUAM (mabi. 2).

Kor’roHKTHBaIBHA TIPO0a € Ty7Ke Ty TIIMBIM TECTOM i B HI3IIL
BUITA/IKIB [Ta€ 3MOT'Y BUSIBUTH PEAKIIi0 TBAPHH Ha aJICPreH MPU
crabkoMy i1 HerarTMBHOMY LIKipHHX Tectax. He 3adikcoBano
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Tabnuus 2. Bnnve koMnnekcy oniHOro Ha 0CHOBI BYPLUTUHY Ha CMN30BY 0BOMOHKY 04ell MOPCHKVX CBUHOK

lpyna 1BapuH, n =5

Yac nicns annikauii, roguH

0,25 24

OuiHka B 6anax
Komnnekc oniiHmin Ha ocHoBi ByplutuHy TM IL SAV AMBER 0 0 0
KoHTponb 0 0 0

Tabnuus 3. Bnnus KoMnnekcy oniiHoro Ha OCHOBI BYpPLUTWHY Ha peakLito rinepyyTnMBOCTI HeraHoro Tuny in vivo, 6anu

Mepioa pocnimkeHHA

15 xB 24 rognHn

48 roguH

OypwruHy TM IL SAV AMBER 6ypwruHy TM IL SAV AMBER 6ypwruHy TM IL SAV AMBER
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

Tabnuus 4. OuiHka ceHcnbini3aLiiH1X BNacTUBOCTEN KOMMMEKCY OMiNHOTO Ha OCHOBI ByPLUTUHY Ha peakLji rinepyyTNNBOCTI YNOBINBHEHOTO TUMY METOAOM

HaLLKIpHUX annikawii in vivo, 6anu

Mepiog gocnigkeHHA
Yepes 2 TixkHi (10 annikauin)

Komnnekc oniiiHuiA Ha OCHOBI
6ypwruHy TM IL SAV AMBER

KonTponb

KoHTponb

Yepes 4 TwxHi (20 annikauin)

Komnnekc oniiiHuiA Ha OCHOBI
6ypwruHy TM IL SAV AMBER

O3HAaKU rinepemii Ta HabpsIKy KOH TOHKTUBH, CKIIEPH Ta CIIi3-
HOT IIPOTOKH, 1 TOMY 3pOOHIIH BUCHOBOK, 1110 JIOCIII/PKYBaHHM
KOMIIIEKC OMTiiHMH Ha ocHOBI OyprrrrHy TM IL SAV AMBER
HE YMHUTH MICIEBOIOAPA3HIOBAIIBHOI /il Ha HEYIIKOIKEHY
CITH30BY OOOJIOHKY OKa MOPCHKUX CBUHOK,  TAKOXK HE BUKJIH-
Ka€ peakil TrinepuyIMBOCTI HEraifHOTO THUITY.

JocmimpkeHHss CeHCHOUTI3alifHIX BIACTUBOCTEH Tpera-
pary 3AiHCHIIIN cepiero 3 2 TOCIiIiB Ha 4 Tpyax MOPCHKUX
CBUHOK (2 moCHifHi Ta 2 KOHTPOJIBHI), 10 5 TBAPHUH Y KOXK-
Hilf. Pe3ynpraru nocmipkeHHsT Ha peakiii rinepuyTiIMBOCTi
HETaifHOTO THITY HaBeIEeHO B mabauyi 3.

Y pesynbrari JOCIiKEHHs! BCTAaHOBJIEHO, 1110 B yCIX IpyTiax
BUXKHBaHiCTh TBapuH cTanoBwia 100 %. ITicas BBeacHHS
OCTaHHBOI JIO3H MPOTATOM YCHOTO TIEPIONy AOCIIIKSHHS Hi
B JIOCJIJHIN, aHi B KOHTPOJIBHIN TPy BUIMMI peakiii He
3a(hikcoBaHO.

3a JaHUMH METO/Ty HalIKiPHHX aruTiKalii JOCIiPKyBaHOTO
KOMIIJICKCY OTIHHOTO Ha OCHOBI OYPIITHHY 3a MIKAJIOO OIli-
HIOBaHH IIKIPHUX P00, 03HAK ITaTOJIOTYHOT peaKiii Hemae

(maba. 4). Llewt Tect minTBepanB Oe3MeKy Hperapary moo
PO3BUTKY KOHTAaKTHHX ITO/Ipa3HEHb 1 peaKii rirnepayInBo-
CTi YHOBUTBHEHOTO THITY.

OTxe, KOMITIEKC ONiMHMN Ha ocHOBI Oypmrrury TM IL
SAV AMBER e nokazas ceHcHOUTi3aniiHUX (QJICPreHHIX )
BJIACTHBOCTEH B TecTax in Vivo.

O6roBopeHHs

Ockinbkn He 3a()iKCOBAaHO O3HAKM 3allajieHHS Ta YIIKO-
JUKCHHS (TIOYepPBOHIHHS, HAOPSIKH, BUCHII 1 BUPA3KyBaHH),
3pOOWITH BUCHOBOK, ITI0 HAIITKiPHI aTUTiKarlii JOCIIiHKyBaHOTO
KOMIUIEKCY OJiifHOro Ha ocHoBi Oypmrtuny TM IL SAV
AMBER Ha HeyIIKODKeHY MIKipy MUTICH HE YWHATH IIKIp-
HO-TIOZIPa3HIOBAJBHOT [Iii.

3a maHUMH KOH FOHKTHBAIBHOI IPOOH, HE BUSBICHO O3HA-
KU TirnepeMii Ta HaOpsKy KOH FOHKTHBH, CKIIEPH Ta CIII3HOI
MIPOTOKH, a OT)KE JOCIIKYBAaHMH KOMIUICKC ONIiHHWIA Ha
ocHoBi OypmtnHy TM IL SAV AMBER He mMaB MicueBo-
MOAPA3HIOBAJIBHOTO €(EeKTy Ha HEYIIKOIKCHY CIIU30BY
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00OJIOHKY OKa MOPCHKHX CBHHOK Ta HE CIIPHYHHSB PEaKIii
rinepYyTIMBOCTI HeradHoOro THIy. BHacCIIiIOK TOBTOPHHX
HaHECeHb Ipernapary He 3a()ikCoBaHO BUIA/IKN KOHTAKTHHX
To/Ipa3HeHb Ha LIKipi, rinepemii, HAOPsKIB UM Bucuiry. Ha
MiICTaB1 IIUX TAHUX IIHIUTH BUCHOBKY, 1110 BiH HE BUKITUKAE
PeaKIIiii rinepIyTIMBOCTI HEraifHOTO Ta YIOBLTBHEHOTO THITY.

BucHoBkuM

Kowmruteke omiitamii Ha ocHOBI Oypmtuay TM IL SAV
AMBER He BIiBaB Ha 3araibHy MTOBEIIHKY, HE CIIPHIHHSB
MICIICBOTIOPA3HIOBAIBHOI J1i1 Ta HE BUSBIISIB CCHCHOLTI3AIIIH-
HOI aKTMBHOCTI Y MiIZIOCIITHUX TBAPUH i1 ViVo.

[lepcreKTHBH MOAANBIINX T0CTIIKEHD MTOJSITAIOTh Y MPO-
JIOBKEHH1 JIOCII/PKEHb BIUTMBY KOMILJIEKCY OJIIMHOTO Ha
ocHosi Oypmrruay TM IL SAV AMBER Ha Mopdornoriro Ta
(YHKIIIOHYBaHHS OKPEMHX CTPYKTYp Opraxizmy in vivo 3
JOTPUMAHHSIM Cy4aCHUX BUMOT O10€THKH.

ETnuyHe cxBaneHHs

[Mporpamy gocnimxeHb po3rmsHyTO 1 3aTBepmkeHo Komicielo 3 nuTaHb
6ioeTuku HaujoHanbHoro yHiBepeuTETY «YepHIriBCbKIA Koneriym»

imei T. I". LeBuerka (BucHoBok Big 10.02.2026 poky). [locrimkeHHs 3aincHunm
BigNoBiAHO 40 €BPONEVCHKOT KOHBEHLLi MPO 3axMUCT XpebeTHNX TBapWH,

L0 BUKOPUCTOBYIOTHCS 3 EKCTIEPUMEHTANBHUMM Ta iHLLMMM HayKOBUMM Linsamu
(Crpacbypr, 1986), OupekTuau 86/609/€EC i 3akoHy Ykpaiu «[po 3axuct
TBaPWH Bif )opcTokoro noBomkeHHs» Ne 3447-1V Big 21.02.2006 poky.

®iHaHCyBaHHA
[ocnipxeHHst 3aiicHeHo 6e3 dhiHaHCOBOI MiATPUMKY.

KoHdpnikT iHTepecis: BigcyTHIN.
Conflicts of interest: authors have no conflict of interest to declare.

BigomocrTi npo aBTopiB:

BopoHiHa-Ty3oscbkux FO. B., kaHa. hapm. Hayk, AOLEHT Kad. XiMmii,
TexHororin Ta hapmaLii, HauioHanbHWii yriBepeuTeT «YepHiriBCbkuin
koneriym» imeHi T. I, LLleByeHka, YkpaiHa.

ORCID ID: 0000-0002-6673-2154

Monetait B. M., kaHg. 6ion. Hayk, JoueHT kad. Gionorii Ta 300poB's
noavHY, HauioHanbHWii yHiBepeuTeT «HepHiriBCbkui Koneriym»
imeHi T. I". LLleeyeHka, YkpaiHa.

ORCID ID: 0000-0002-0231-2740

Bongap O. C., kaHa. TeXH. HayK, JOLEHT kad. ¢isuku Ta
acTpoHoMii, HaLioHanbHuIA yHiBepCUTET «YepHiriBCbKMIA Koneriym»
imeHi T. I". LLleyeHka, YkpaiHa.

ORCID ID: 0000-0002-9612-0546

Anvenko B. O., kaHg. dhapm. Hayk, AOLEHT kad). XiMii, TEXHOMOrin Ta
chapmadii, HavuioHanbHuii yHiBepcuTeT «YepHiriBCbkuIA Koneriym»
imeHi T. I. LleB4eHka, YkpaiHa.

ORCID ID: 0000-0002-6727-4124

Casocra I. O., anpextop TOB «In Cae Ambep», m. Kuis, YkpaiHa.
ORCID ID: 0009-0004-0144-3492

Information about the authors:

Voronina-Tuzovskykh Yu. V., PhD, Associate Professor of the Department
of Chemistry, Technology and Pharmacy, T. H. Shevchenko National
University “Chernihiv Colehium”, Ukraine.

Poletai V. M., PhD, Associate Professor of the Department of Biology

and Human Health, T. H. Shevchenko National University “Chernihiv
Colehium”, Ukraine.

Bondar O. S., PhD, Associate Professor of the Department of Physics and
Astronomy, T. H. Shevchenko National University “Chernihiv Colehium”,
Ukraine.

Yanchenko V. O., PhD, Associate Professor of the Department of
Chemistry, Technology and Pharmacy, T. H. Shevchenko National
University “Chernihiv Colehium”, Ukraine.

Savosta I. O., Director, LLC IL SAV AMBER, Kyiv, Ukraine.

Onena borgap (Olena Bondar)
bondar4elena@gmail.com

References

1.

10.

11.

12.

14.

15.

Bielichenko OP., Haievskyi YD. Doslidzhennia burshtynu metodom
infrachervonoi spektroskopii [Study of amber by infrared spectroscopy].
Precious and decorative stones. 2012;(4):12-6. Ukrainian. Available
from: http://nbuv.gov.ua/UJRN/Ktdk_2012 70 4 5

Palchevska TA, Lysenko YuS, Hula, LD, Razhyk AV. Zastosuvannia bur-
shtynovoi kysloty ta natriiu suktsynatu u farmatsii [Application of succinic
acid and sodium succinate in pharmacy]. In: Science, society, education:
topical issues and development prospects. 2020 Apr 12-14; Kharkiv,
Ukraine: SPC “Sci-conf.com.ua”; 2020. p. 683-7. Ukrainian. Available
from: https://er.knutd.edu.ua/handle/123456789/19673?locale=en
Tian Y, Zhou S, Takeda R, Okazaki K, Sekita M, Sakamoto K. Anti-in-
flammatory activities of amber extract in lipopolysaccharide-induced
RAW 264.7 macrophages. Biomed Pharmacother. 2021;141:111854.
doi: 10.1016/j.biopha.2021.111854

Chornyi VM, Mysiura TH, Popova NV, Zavialov VL. [Solvent selection
for extraction of target components from amber]. Journal of Chemistry
and Technologies. 2021;29(1):92-9. Ukrainian. doi: 10.15421/082106
Chornyi V, Krima Z, Mysiura T, Popova N, Zavialov V. Comparative
extraction of components from Ukrainian and Baltic ambers. Proc Latv
Acad Sci Sect B Nat Exact Appl Sci. 2023;77(5-6):244-9. doi: 10.2478/
prolas-2023-0035

Mironov OL, Kachalova NM, Dziuba OlI, Levchyk NY, Bohza SL. [Re-
search of biological activity of Ukrainian amber]. Fizyko-orhanichna
khimiia, farmakolohiia ta farmatsevtychna tekhnolohiia biolohichno
aktyvnykh rechovyn. 2018;(1):13-24. Ukrainian. Available from: https:/
test.knutd.edu.ua/handle/123456789/23539

Levchyk NY, Dziuba Ol, Kachalova NM, Mironov OL. Biological acti-
vity of aqveous solution of amber. Biotechnol Acta. 2017;10(6):53-60.
doi: 10.15407/biotech10.06.053

Kovalevych LA. Teoretychni uzahalnennia oznak i kryteriiv poshuku ta ot-
sinka rodovyshch burshtynu na terytoriii Ukrainy [Theoretical generaliza-
tion of signs and criteria for the search and evaluation of amber deposits
on the territory of Ukraine]. Visnyk ZhDTU, 2007;2(41):1-6. Ukrainian.
Available from: https://library.ztu.edu.ua/e-copies/VISNUK/41_|1/143.pdf
Voronina-Tuzovskykh YV, Tkachenko SV, Kurmakova IM, Yanchen-
ko VO, Usov AM, Savosta 10, et al. Elementnyi sklad burshtynovoi
pudry-abrazyvu ta perspektyvnist yii vykorystannia yak syrovyny
farmatsevtychnoi promyslovosti [Elemental composition of amber abra-
sive powder and perspective its use as a raw material pharmaceutical
industry]. Scientific Collection “InterConf+". 2023;39:461-9. Ukrainian.
doi: 10.51582/interconf.19-20.11.2023.049

Voronina-Tuzovskykh Yu, Mikulenko O, Bondar O, Kurmakova |, Plesha-
kov O. Khimichnyi sklad matseratu na osnovi burshtynu: metody analizu
ta rezultaty [Chemical composition of amber-based macerate: methods
of analysis and results]. Biota. Human. Technology. 2024;(2):171-79.
Ukrainian.

Ministry of Health of Ukraine. Poriadok provedennia doklinichnoho
vyvchennia likarskykh zasobiv ta ekspertyzy materialiv doklinichnoho
vyvchennia likarskykh zasobiv [Procedure for conducting preclinical
studies of medicinal products and examination of materials for pre-
clinical studies of medicinal products. Order dated 2009 Dec 14, No.
944. Available from: https://zakon.rada.gov.ua/laws/show/z0053-10/
€d20270101?lang=en#Text

Suckow MA, Stevens KA, Wilson RP. The Laboratory Rabbit, Guinea
Pig, Hamster, and Other Rodents. Elsevier; 2012.

Stefanov AV, editor. Doklinichni doslidzhennia likarskykh zasobiv [Pre-
clinical studies of medicinal products]. Kyiv: Avitsena; 2001. Ukrainian.
European Medicines Agency. Guideline on non-clinical local tolerance
testing of medicinal products. EMA/CHMP/SWP/2145/2000 Rev. 1,
Corr. 1, 22 October 2015.

Kotsyumbas 1Y, Bisyuk 1Y, Gorzheev VM, Malik OG, Zhila MI, Kosen-
ko YM, et al. Klinichni doslidzhennia veterynarnykh preparativ ta kor-
movykh dobavok [Clinical trials of veterinary drugs and feed additives].
Lviv: SAM Publishing House LLC. 2013. Ukrainian.

168

Current issues in pharmacy and medicine: science and practice. Volume 19. Issue 2, May — August 2026

ISSN 2306-8094


https://orcid.org/0000-0002-6673-2154
https://orcid.org/0000-0002-0231-2740
https://orcid.org/0000-0002-9612-0546
https://orcid.org/0000-0002-6727-4124
https://orcid.org/0009-0004-0144-3492
mailto:bondar4elena%40gmail.com?subject=
http://nbuv.gov.ua/UJRN/Ktdk_2012_70_4_5
https://er.knutd.edu.ua/handle/123456789/19673?locale=en
https://doi.org/10.1016/j.biopha.2021.111854
https://doi.org/10.15421/082106
https://doi.org/10.2478/prolas-2023-0035
https://doi.org/10.2478/prolas-2023-0035
https://test.knutd.edu.ua/handle/123456789/23539
https://test.knutd.edu.ua/handle/123456789/23539
https://doi.org/10.15407/biotech10.06.053
https://library.ztu.edu.ua/e-copies/VISNUK/41_II/143.pdf
https://doi.org/10.51582/interconf.19-20.11.2023.049
https://zakon.rada.gov.ua/laws/show/z0053-10/ed20270101?lang=en#Text
https://zakon.rada.gov.ua/laws/show/z0053-10/ed20270101?lang=en#Text

[ocnigkeHHA BNMBY MacoBOI YacTKW LIUMIHAIIIO Y CYMO3UTOPIAX
Ha piBeHb IX aHTUMIKPOOHOI aKTUBHOCTiI

M. FO. 3eneHokZACP H. 1. KonnyesaLBEF

3anopisbkuil AepaBHU Meauko-thapMaLeBTU4HUIA yHiBepcuTET, YkpaiHa

A — KOHLUenLisi Ta Au3aitH gocnimxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTtauis faHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTTi

CyyacHa KoHLenuis nikyBaHHSA iHDEKLiHNX YpaXeHb YporeHiTanin I'pyHTYeTbCs Ha LinecnpsmMoBaHOMY €TiOTPOMHO Ta NaToreHeTUYHO
06r'pyHTOBAHOMY MpU3HaYeHHi ehekTUBHMX Nikapcbkux 3acobiB. MMpu LbOMY HaBaXNMBILLIOTO 3HAYEHHS1 HAbyBae NpaBunbHWIA BUBIp
nikapcbKoi TaKTVKK Ta BignoBigHMX hapmakoTepaneBTUYHKX 3acobiB, BpaxoBytoun cneumdiky natonorii. [ins ycniwHoi peanisauii Lboro
HanpsiMy NepCrNeKTUBHUM € BUKOPVCTaHHS akTUBHUX (hapMaLEeBTUYHUX iHTPEAIEHTIB, SKi pa3oM i3 LUIMPOKMM CNEKTPOM aHTMbaKTepianbHOI,
AQHTUMIKOTWUYHOI Aji Ta MiHIManbHUM PiBHEM TOKCUYHOCTI HE CMIPUUMHSIIOTb PE3UCTEHTHICTb LUTamiB 30yOHWKIB 3aXBOPIOBaHb, L0 nepeda-
l0TbCs cTaTeBUM LUNSAXOM. CTBOPEHHS €hEKTUBHMX, KOMMAEHTHUX i LOCTYMHWX AN NPAKTUYHOT MEAMLIMHY BariHanbHWX Nikapcbkux (hopm
Ha OCHOBI iIHHOBALIIMHKX CMOMYK, L0 MICTATb ranoifHi 3aMiCHUKM, CNIPUATUME MiABULLEHHI0 ehEKTUBHOCTI BEHEPONOTNiYHOI ONOMOr Ta
NOKPALLEHHIO PenpoayKTUBHOIO 300POB’S HaceneHHs YkpaiHu.

MeTa po6oTy — BU3HaYEHHS ONTUMANbHOI KiNbKOCTI LIMMIHAIIO y BariHanbHWX CyNO3MTOPHUX KOMMO3ULIAX.

Marepianu i metogu. Bnnue MacoBoi YacTku LMMIHanN0 y BariHanbHUX Cyno3WUTOpISX OLiHIOBaNM Ha MoAEnbHUX NOMiETUNEHOKCUOHNX
KOMMo3uLisx-Hocisx i3 gogasaHHaM 0,05 mn gumekcuay, SKUi, 3a AaHUMK HayKOBOI NiTepaTypy, NigBULLYE HOTr0 PO3YMHHICTB | CTYMiHb
aHTUMiKPOBHOI aKTMBHOCTI. KinbKicTb LIMiHaMI0 y AOCTIAXYBaHMX BariHanbHUX Nikapcbkux opmax craHosuna 0,01-0,15 r, cepeaHs maca
cynoautopis — 3 I. JocnimkeHHs 34iCHUNN i3 BUKOPUCTaHHAM MaTeMaTUYHOro nNnaHy ogHOMaKTOPHOro AMCNEPCiiHOro aHanisy 3 noBTop-
HUMK CTIOCTEPEXEHHAMY. FIK NapaMeTp ONTyMI3aLlii BUKOPUCTaHO piBeHb creLndiYHOT aKTUBHOCTI EKCIepYMEHTaNbHUX CYMO3UTOPHUX Mac,
SIKy OLiHI0BanM metogoM Andysii B arap Woao rpamueratneHoi Pseudomonas aeruginosa ta rpubis Candida albicans, ypaxeHHs skumm
ypeTparnbHuX LUNSXIB € CKMagHOK KMiHIYHOK NpobnemMoto, OCKinbKM BOHW AyKe MOLUMPEHi Ta MatoTb BUCOKY CTIMKICTb O hapmakoTeparii.

Pesyniratu. [locnigkeHi BariHanbHi cyno3nTopii, Lo MICTATb LIMMIHAIb Y Pi3HUX KOHLIEHTPaLlisiX, noka3anu 40BOMi BUCOKUI PiBEHb aHTK-
GakTepianbHOi Ta aHTUMIKOTMYHOI aKTUBHOCTI; Ti piBEHb 3pOCTaE 3 NiABULLEHHAM 1031 aKTUBHOIT PEYOBUHM.

BucHoBku. Pesynbratit JOCRimKEHHS aHTUMIKPOBHOT aKTMBHOCTI CYNO3UTOPHMUX KOMMNO3MLi i3 LMMiHanem niaTBepaXytoTh, WO Ha iXHI0
e(heKTMBHICTb CTAaTUCTUYHO 3HaYyLLIO BNMBAE MacoBa YacTka aKTUBHOMO hapMaLeBTUYHOTO iHrpeieHTa. OnTuManbHUi piBeHb aHTUMI-
KpOBHOI aKTMBHOCTI M'SIKOT BariHanbHOI nikapcbkoi hopMu 3abeanevye macoBa YacTtka ummMiHanmio 0,15 r npu cepepHii maci cynosuTopis 3.

KntouoBi crioBa: nikapcbki 3acobu, aHTUMiKpoOHa aKTUBHICTb, JONOMiXHI PEYOBUHM, akTUBHI (hapMaLEeBTUYHI iHrpedieHTw.

AxTyanbHi nuTaHHa hapmaLleBTMYHOI | MeaMyHOI Hayku Ta npakTuku. 2026. T. 19, Ne 2(51). C. 169-173

Research of the influence of the mass fraction of ciminal in suppositories on the level of their antimicrobial activity
M. Yu. Zeleniuk, N. L. Kolycheva

The modern concept of treatment of infectious urogenital lesions is based on purposeful etiotropic and pathogenetically justified prescription
of effective drugs. At the same time, the correct choice of medical tactics and appropriate pharmacotherapeutic agents, considering the
specific features of the pathology, becomes of paramount importance. For the successful implementation of this direction, the use of active
pharmaceutical ingredients is promising, which, along with a wide range of antibacterial and antimycotic effects and a minimum level of
toxicity, does not cause the appearance of resistant strains of sexually transmitted pathogens. The creation of effective, complementary
and accessible for practical medicine vaginal dosage forms based on innovative compounds containing halide substituents will increase
the efficiency of venereal care and improve the reproductive health of the population of Ukraine.

The aim of this work is to determine the optimal amount of ciminal in vaginal suppository compositions.

Materials and methods. The effect of the mass fraction of ciminal in vaginal suppositories was evaluated on model polyethylene oxide
carrier compositions with the addition of 0.05 ml of dimexide, which, according to the literature, increases its solubility and degree of anti-
microbial activity. The amount of ciminal in the studied vaginal dosage forms was 0.01-0.15 g, taking into account the average suppository
weight of 3 g. The study was conducted using a mathematical plan of one-factor analysis of variance with repeated observations. As an

ARTICLE UDC 615.454.2.015.014:615.291.9.015.11
INFO DOI: 10.14739/2409-2932.2026.2.356892
Current issues in pharmacy and medicine: science and practice. 2026;19(2):169-173

Keywords: drugs, antimicrobial activity, excipients, active pharmaceutical ingredients.

Received: 16.03.2026 // Revised: 06.05.2026 // Accepted: 12.05.2026

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license

ISSN 2306-8094 AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTuku. 2026. T. 19, Ne2(51) 169


https://doi.org/10.14739/2409-2932.2026.2.356892
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0008-6080-2714
https://orcid.org/0000-0002-0853-271X

Original research

optimization parameter, the level of specific activity of experimental suppository masses was used, which was evaluated by diffusion into
agar against gram-negative Pseudomonas aeruginosa and Candida albicans fungi, the lesion of which urethral pathways is a serious
clinical problem, considering their prevalence and high resistance to pharmacotherapy.

Results. It was found that the studied vaginal suppositories containing different amounts of ciminal exhibit a sufficiently high level of
antibacterial and antimycotic activity, the level of which increases with increasing dose of the active substance.

Conclusions. Studies of the antimicrobial activity of suppository compositions with ciminal prove that their effectiveness is statistically
significantly influenced by the mass fraction of the active pharmaceutical ingredient. It was found that the optimal level of antimicrobial
activity of the soft vaginal dosage form provides a mass fraction of ciminal in an amount of 0.15 g, taking into account the average mass

of suppositories of 3 g.

Keywords: drugs, antimicrobial activity, excipients, active pharmaceutical ingredients.
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[MuranHs 111010 ehEeKTHBHOTO JIKyBaHHs [IATOJIOTIH cedocTa-
TEBUX OPraHiB iHPEKI[IIHHOT eTi0OTIT Ma€e BaXK/IMBE 3HAYCHHS,
BpPaxOBYIOUH iXHIO TIOIIMPEHICTh, TOCUTh BUCOKHI PHU3HK
BUHHUKHEHHS aCOLIHOBAHMX YCKIIQAHEHD | HEOOX1THICTB CIie-
Qg igHOTO TPUBAIOTO JTiKyBaHHA [ 1]. OcoOmiBHit HAayKOBHIA i
KIIHIYHIHY IHTepeC BUKITHKAE (hapMaKoTepartis 3aXBOPIOBaHb,
1110 IIEPEAIOTHCS CTAaTEeBUM IIIISIXOM, OCKUIBKH BOHH aCOLli-
1iOBaHi 3 BUCOKOIO IMOBIPHICTIO ()OpPMYBaHHS yCKJIaHEHb,
IO MOXYTh CIIPUYMHSTH MOPYLICHHS PEnpOayKTUBHOI
(yHKIIi1, TaToJIoTi1 U101 Ta HOBOHAPOKEHUX [2,3].
3araabHONPUIHSATI IPOTOKOIM TEpartii yporeHiTaTbHUX
IHQEKIMIHHNX ypakeHb TPYHTYIOTHCS HA OOTPYHTOBAHOMY
LUTeCTIPSIMOBAaHOMY MPHU3HAYEHHI MATOTEHETUYHIX Ta €Tio-
TPOITHUX (hapMaKOTEPAIIEBTHYHHX 3aC0O0IB. Y 3B’A3KY 3 UM
HalBaKJIMBILIMM 3aBJIaHHSIM € PallioHAILHUI BHUOIp Tepa-
MIEeBTHYHOI TAKTHKH 13 BUKOPHCTAHHSAM CHEeU(IYHIX 03HAK
niarosiorii [4]. Huni 11 ocHOBHOIO (papMakoTepareBTHYHOO
CKJIAJIOBOIO € 3aCTOCYBaHHS MICIICBHX aHTUMIKPOOHHX 3aC0-
01B, CHCTEMHHX aHTHO10THKIB (Y TOMY YHCITi KOMITO3HIIIN) Ta
IMyHOCTHMYITFOBAIBHUX Tpernaparis [5].

AHTHOI0THKY — e(heKTUBHI 3aCO0H, 1110 PA30OM 13 THM Ma-
IOTh HA3KY 1CTOTHHX HEJOMIKiB. 30KpeMa, BOHH aCOIliifOBaHi
3 BUCOKHM PH3HKOM BHHUKHEHHS PE3HCTCHTHHUX IITaMiB
30yIHUKIB 1HBa3ii, MOKIIMBICTIO PO3BUTKY Pi3HIX IIOOITHIX
peakmiii. Ile oOrpyHTOBYE HEOOXIAHICTH PaIliOHATBEHOTO
BUKOPHCTaHHS aHTHOI0THKOTEpaIlii, 30KpeMa B CXeMax JIiKy-
BaHHs TOCTPUX YpaXKeHb OPraHiB cedocTareBoi cuctemu [6].

BarinanbHe 3acToCyBaHHS aHTUCENTHKIB HIMPOKOTO CIIEK-
Tpa [ii y Gopmi M SIKHX JIIKapCbKUX 3aC001B € e(heKTHBHOIO
TaKTHKOIO JIIKyBaHHS 3aXBOPIOBaHb, 110 [IEPEAAIOTHCS CTa-
TEBUM IIIIIXOM, OCOOIMBO Ha TTOYATKOBHUX CTAIisX Teparmii
Ta y BHIAJKaX XPOHIYHOTO Imepediry xBopodu. JlokambpHe
3aCTOCYBaHHsI aHTUCSIITUYHUX NPEIApATiB CIPHUSIE 3HAYHOMY
3HIDKEHHIO KUIBKOCTI TATOT€HHUX MIKPOOPTaHi3MiB Ta IXHBOT
AKTHBHOCTI, JIa€ 3MOTY 30eperTu HeoOXiHHIH HOPMOOIOLIEHO3
BariHaJILHOTO CEPE/IOBHIIA Ta 3MEHIIINTH PU3UK BUHUKHEHHS
no6iuHuX eekTiB mpusHadeHoi Teparii [7].

[Toennanus eheKTHBHOI TOCTABKU aKTUBHHUX (hapmarie-
BTUYHHX IHTPEIIEHTIB O€3MOCepPenHbO A0 OCEPEnKy ypa-
JKEHHS Ta MiHIMI3aIii IXHIX MOOIYHIX e(EeKTIiB CIPHUATHME
PO3LIMPEHHIO aCOPTUMEHTY HAsSBHIX IIPETIApaTiB i po3po0ii
IHHOBAIIIHHNX aHTUMIKPOOHUX JTIKApChKUX 3ac00iB [8].

J1o nepcrieKTUBHUX aKTHBHUX (papMalleBTHYHUX 1HTpei-
€HTIB, 1110 YMHATH 0AraroliyiboBy aHTHOAKTepiaIbHY, aHTH-

napa3uTapHy Ta IPOTUTPUOKOBY JIit0, HAJICXKATH CITOIYKH, SIKI
MalOTh HITPOTPYILy B ITOJIOXKEHHI 5 Ta 7 XIHOJIIHOBOTO sipa,
a0o raJyoigHi 3aMicHUKH (OpoM, cereH, xJiop, Hox). Bonu
MaJIOTOKCHYHI, PE3UCTEHTHICTh JI0 HUX BUpaXkKeHa ci1abo Ta
PO3BUBAETHCS JTyKe MOBLITBHO.

OHMM 13 EPCIIEKTUBHUX MPEACTABHUKIB IIbOTO KJIACy €
Trapa-HiTpO-0-XJIOPKOPUIHHH aJIbJIeTi/] — IMMIHaIb. Y mpa-
LIX BITYM3HSHHUX JOCIITHUKIB OIHMCAHO INUPOKUH CIIEKTP
Horo mpoTurpnOKoBOi Ta aHTHOAKTEpialbHOI aKTUBHOCTI,
HasIBHICTB CIIEPMATOIM/HOT Il Ta CIaOKUX KyMYJIATHBHHX
BIIaCTUBOCTEH. J[0BEICHO TaKOX, IIIO 115 CIIOTyKa HE YNHHUTh
€MOpIOTOKCHYHOI, TepPaTOreHHOI, MyTareHHOI, MO/Ipa3HIo-
BaJIGHOI Ta allepreHHOT Tii.

Ha ocHoBi mmiHaIo paHiiie Oymio CTBOPEHO Ta 3apeecTpo-
BaHo npenapat «{uninom, skuii y popmi mosTie THIeHOKCH-
HOTO PO3UHMHY 3aIIPOIIOHOBAHO JUISl YPETPAIbHOTO BBEICHHS
UL IPO(ITAKTHKY 1 Tepartii 3aXBOPIOBAHb, IO IEPEIAI0THCS
CTaTeBUM IUTIXOM. BupoOHHIITBO (hapmMakoTepaneBTHIHOTO
3aco0y 3 1988 poxky smiticaroBamn Ha BAT «JlyOHudapm»
(ITonTaBchka 00MacTp), ane Yepes MEeBHUHM dac HOTo pee-
CTpartifo OyJ0 MPUIHHEHO Yepe3 HETOCKOHATY JKapChKy
(hopmy, sika He BiIIIOBiaIa BUMOTaM KIIIHIYHOI IPAKTHKU Y
BeHepotorii Ta motpebam martientis [9,10].

3Bakaroun Ha HaBeeHi (hakTH, po3poOKa 3pyIHO] arTika-
IiifHOT BariHAJIIFHOI TiIKapChKo1 (POPMHU IIUMIHAIIIO — CYTIO3H-
TOPIiB, SIKi TAIOTH 3MOTY 3a0€3MEYUTH JOCTaBKY aKTHBHOTO
(hapMareBTUIHOTO HTpeAieHTa OE3MOCEPETHBO B OpraH-Mi-
MIEHb 13 MOXIIMBICTIO TIPOJIOHTAII] Tii, 301IbIIMTH CTYIIiHD
fioro 610JIOrIYHOT TOCTYITHOCTI Ta HAIATH BHCOKI CIIOKUBYI
XapaKTCPUCTHKH, € aKTYaJIbHOIO s (hapMareBTUIHOT i
MEIUYHOI HAyKH 1 JaCTh 3MOI'y PO3IIUPUTH (PapMaKoTepa-
NEBTUYHUN apceHal e()eKTUBHUX BITUM3HIHUX MpEnaparis
JUIsl BEHEPOJIOTIYHOT PaKTHKH.

J11s HayKOBOTO OOTPYHTYBAHHS PAIliOHAILHOT PEICITYPH
CYTO3HUTOPIiB BariHaJbHUX 3 AHTUMIKPOOHOFO JIIEF0 HA IOYar-
Ky JTOCJIJPKEHB JIOITFHO BU3HAYMTH ONTUMAITbHY KUTBKICTh
AKTHBHOTO (papMalleBTUYHOTO IHTPEIi€HTa B JIIKAPCHKIiH

dbopwmi [11].

MeTa po6otu

Bu3HaueHHS ONTHMATBHOT KUTHKOCTI IIMMIHAIO Y BariHaJb-
HUX CYIO3UTOPHUX KOMITO3HIIISIX.
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OpueiHaribHi 0oCiOXeHHs

Tabnuus 1. AHTuGakTepianbHa akTUBHICTb CyNo3UTOPHUX kKOMMo3uLil wogo Pseudomonas aeruginosa ATCC 27853, Mm

MacoBa 4yacTka uumiHanto, r Homep BunpobyBaHb CepenHe
(thakTop A)

0,01 9 10 11 30 10

0,02 16 17 17 50 16,7
0,05 18 19 19 56 18,7

0,1 20 20 21 61 20,3
0,15 21 21 23 65 21,7
Cyma 262 =

Tabnuuga 2. MpoTurpmbkoBa aKTUBHICTb Cyno3UTOPHUX komno3uuii wopo Candida albicans ATCC 885-653, mm

MacoBa yacTka uumiHanto, r Cyma CepenHe
(thakTop A)

0,01 9 10 11 30 10

0,02 16 17 17 50 16,7
0,05 18 19 19 56 18,7

0,1 20 20 21 61 20,3
0,15 21 21 23 65 21,7
Cyma 262 -

Marepianu i MeTogu pocnimkeHHA

O1iHIOBaHHS BIUIMBY MacOBOi YacTKH IUMIHAJIO y Ba-
TiHAIBHAX CYIIO3UTOPISAX 3MIMCHUIN Ha MOICIBHUX TI0-
JIETHWIEHOKCUAHUX KOMIIO3UIIAX-HOCISIX 13 JOJaBaHHSIM
JIMMEKCHTY, SIKMH, 32 TAHWMH HayKOBOI JIITepaTypH, Iij-
BUIIY€ PO3YMHHICTD 1 CTYNiHb aHTUMIKPOOHOI aKTHBHOCTI
(apmarieBTHuHKX iHrpenieHTiB [12]. KinbkicTb qUMiHATIO Y
JTOCTIDKEHHUX BaTiHAIBHUX JIKapCHKUX (hOpMax CTAaHOBHIIA
0,01-0,15 1, cepennst maca cynosutopisi — 3 . Jlumekcus B
eKCTIepUMEHTANBHI (hapMaKOTEepareBTUIHI 3aCO0H BBOIMITH
y kimbkocTi 0,05 1, 3Bakarouu Ha HOro BiJIOMY KOHIICHTPALII0
y npemnapari «L{paimom.

JocnipkeHHs 30iHCHIIN 3 BUKOPUCTaHHIM MaTeMaTuy-
HOTO TUIaHy OJHO(AKTOPHOTO JHCIIEPCIHHOrO aHaji3y 3
TIOBTOPHUMU CIIOCTEPEKCHHSIMH, KU CIIPUSIE CKOPOUCHHIO
TEPMIHIB €KCIIEPUMEHTY Ta IMiJBUIICHHIO CTATHCTUYHOL
JIOKa30BOCTI #oro pe3ynsraris [13].

Sk mapamerp onTuMmizanii BUKOPHCTAHO PIBEHb CIie-
nn(}igHOT AKTUBHOCTI EKCIIEPUMEHTAJIbHUX CYITO3UTOP-
HUX Mac, SIKy OLIHIOBAJIM MeToaoM nudysii B arap [14].
AnTHOaKTEpiaNbHy 10 BariHaJbHUX JIIKAPCHKUX (HOopM
LUMIHAJIO OLIHIOBAJIN IIOJIO BiJIHOCHO TPaMHETraTHBHOI
Pseudomonas aeruginosa ATCC 27853, ypaxXeHHs KOO
YpeTpanbHUX IUIXIB € CKIIHOO KIIIHITHOIO TIPOOIIEMOIO,
Oepyur 10 yBaru ii MOIIMPEHICTh 1 BUCOKY CTIHKICTh 10
anTHOIOTHKOTEparmii [15].

AHTHUMIKOTHYHY aKTHUBHICTh BH3HAYaJM 00 T'PUOIB
Candida albicans ATCC 885-653, ockinpku came Iis
Mikpoduiopa € OCHOBHOIO CYIyTHBOIO Y CKJIAJi MIKCT-iH-

(exriif, Mo XapakTepHi U1 MIKpOOHHX iHBa3ii CTaTeBUX
opranis [16].

Pesynbratu

Pe3ynsraTy eKcriepiMeHTaIFHOTO OI[IHIOBAaHHS aHTUMIKPOO-
HOI aKTMBHOCTI TOJIETHICHOKCUIHUX CYTIO3UTOPHHUX KOM-
To3wIIii (cepemast Maca — 3 T) 3 pi3HOIO MAacOBOO YaCTKOIO
muMinamo moxo Pseudomonas aeruginosa ATCC 27853
ta Candida albicans ATCC 885-653 HaBecHO B mabauysix
1 ta 2 BiamoBinHO. J{aHi omparboBaHO i3 3aCTOCYBaHHIM
0AHO(AKTOPHOTO JUCIIEPCIHHOTO aHaJi3y 3 MOBTOPHUMH
CTIOCTEPEKEHHSIMH.

Pesynbratn aucnepciiinoro ananizy (ANOVA) anTnbak-
TepiaJbHOI Ta MPOTHIPUOKOBOI il CYNO3UTOPHUX KOMIIO-
3uLii (cepenHst Maca — 3 T) 3 PI3HOIO MacOBOIO YaCTKOIO
nuMiHaiIo moao Pseudomonas aeruginosa ATCC 27853 ta
Candida albicans ATCC 885-653 uasezneHo B mabnuysx 3
14 BignoBigHO.

OO6roBopeHHs

Jlucniepciiine OILIHIOBAHHS HABEACHHX TaHHMX ITOKA3ajo,
110 MacoBa YacTKa LIMIHAJII0 YUHUTh 3HAYYIINH BIUIUB Ha
AHTUMIKPOOHY aKTHBHICT CYIIO3UTOPHUAX Mac Ha TOJeTH-
neHokeuaauX Hocisx (F. >F ).
i ec. Tabi. . .

[opiBHSAHHS BCTAHOBJICHUX CEPEIHIX 3HAYEHb OCIIKe-
HHUX YMHHHKIB i3 3aCTOCYBaHHSM MHO)KMHHOIO PaHTOBOTO
kputepito Jynkana [13] mano 3mory moOymyBar Taki me-

peBaru EKCIicpuMEHTAJIbHOTO @aKTopa:
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Tabnuus 3. Pesynbrati ucnepciiHoro aHanidy aHTubakTepianbHoi akTMBHOCTI Wwoao Pseudomonas aeruginosa ATCC 27853

KinbKicTb LMMiHanio B CynosnTopisx 251,06 62,76 93,67
Momunka 10 6,67 0,67 - -
3aranbHa cyma 14 257,73 - - -

Tabnuus 4. Pe3ynbraty gucnepciiiHoro aHanisy npoturpnbkoBoi akTueHocTi Wwoao Candida albicans ATCC 885-653

KinbkicTb LMMiHario B Cynosnutopisix 314,4 78,6 148,3
Momunka 10 5% 0,53 - -
3aranbHa cyma 14 319,73 - - -

— o0 aHTHOAKTepiambHOI aKTHBHOCTI CYMO3HTOPHHUX
KOMITO3HIIIH 13 PI3HOIO MacOBOIO YACTKOO IIUMIHAIIO:
0,151 (0,1r)>0,05r>0,02r>0,01 13

— HIOJI0 IPOTUTPUOKOBOT AKTUBHOCTI CYMO3UTOPHUX KOM-
TIO3UIIIH 13 PI3HOIO MacOBOIO YaCTKOIO [IMMIHAIIIO:
0,15r>0,1r>0,05r>0,02r>0,01;

Y pe3ynbTari aHai3y NaHWX, [0 OepIKaHi ITiJT 9ac JOCIi-
JOKCHHSI, TIAIIUTH BUCHOBKY PO HEOIUIBHICTD ITi IBUILICHHS
JI03Y IMMIHAIO Y BariHANBHUX Cyno3uTopisx monaxn 0,15 T,
OCKUTBKH He 3a()iKCOBAHO CTATUCTUYHO 3HAYYIIOT PI3HHUIII 32
piBHEM aHTHOAKTEPIaIbHOI Jii MK OJHM3BKHMMH MACOBHMH
YaCcTKaMU aKTUBHUX (hapMalleBTUYHIX iHTPEII€HTIB.

BucHoBku

1. JocnikeHHS aHTUMIKpOOHOI aKTUBHOCTI CyTIO-
3UTOPHUX KOMIIO3HMIiH i3 IMMiHAJIEM JaJi0 3MOTY BCTaHO-
BHTH, 0 HA IXHIO €(PCKTUBHICTh CTATUCTUYHO 3HAYYIIIO
BIUIMBAa€ MacoBa YacTKa aKTHBHOTO (apMaleBTHYHOTO
iHTpeaieHTa.

2. OntuManbHUN piBEHb aHTUMIKPOOHOI aKTHBHOCTI
M’sIKOi BariHaJbHOI JTiKapchKol (hopmu 3abe3medye MacoBa
yactka uminaio 0,15 r npu cepeHiii Maci cynosuTopiis 3 T.
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LLlono po3po6ku cybniHrBanbHUX TabneTok Ana nikyBaHHSA
3aXBOPHOBaHb CIU30BOI 0OOSIOHKM MOPOXHUHU poTa

N. 1. KyuepeHkoAEF O, O. YoHkaDBCP

3anopisbkuii AepxaBHW MeAVKo-thapMaLEeBTUYHNIA YHiBepcuTeT, YkpaiHa

A — KOHUenUis Ta An3aitH gocnipkeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepaXEHHS CTaTTi

HeobxigHiCTb CTBOPEHHSI HOBUX CyBniHrBanbHWX TabneTok Ans nikyBaHHS 3aXBOPIOBaHb CM30BOI 0O0MNOHKM MOPOXHUHM poTa 06 pyHTO-
BaHa HEAOCTaTHLOK KIMbKICTIO BITYM3HAHUX NiKapcbkux 3aco6iB Ha hapMaLeBTUYHOMY PUHKY. TOMY akTyanbHUM 3aBAaHHAM CyYacHoi
dhapmauii Ta MEANLMHYM € CTBOPEHHS TabneTok Ha OCHOBI TIOTPia3oniHy Ta AeKaMETOKCUHY SIK MOTEHLHOTO HOBOTO NiKapCbKoro 3acoby
ANS NiKyBaHHs 3aXBOPIOBaHb Ta caHaLii POTOBOI MOPOXHMHW MPY TaKux NaTOMNOr4YHNX CTaHax, SK MHriBiTY Ta CTOMaTUTH.

Meta po6otu — po3pobuty pauioHanbHuii cknag cybniHreansHnx Tabnetok, 0brpyHTyBaTh BUBIp AONOMIKHUX PEYOBWH Y iX Cknadi Ta npo-
aHaniayBaty nikapcbky opmy 3a hapMako-TEXHOMNOMYHMMM NOKa3H1KaMm BignoBigHo Ao BumMor [lepxaBHoi ®apmakonei Ykpaitu (JPY).

Marepianu i metogu. [litoui pe4yoBMHM — TiOTpia3oniH Ta 4eKaMETOKCUH; ONOMDKHI PEYOBMHM (HAa OCHOBI MIKPOKPUCTaNYHOI Lienionosu,
rpaHyrnbOBaHWX LiyKpiB, KOB3HI, 3MaLLyBaribHi peHOBWHY Ta poanyLuyBadi). [ig yac AocnimpkeHHs NOPOLLKOBI CyMilli NEPEBIPANM Ha HACUMHY
TYCTUHY MIiCNA YWiNIbHEHHS, TEKYYICTb i KyT NPUPOAHOro ykocy. Hagani cnpecoBaHi cepii TabneTok nepeBipeHo Ha MiLHICTb, po3nagaHHs
Ta CTMpaHiCTb BignoBigHO Ao BuMor AdY.

Pesynkratu. Y pesynbsrati gocnifdXeHb BCTAHOBMEHO, LO BUIOTOBMEHI cepii TabneTok, 3a AaHUMK OLiHIOBaHHS (hapMaKOKIHETUYHMX
BACTUBOCTEW, He MatoTb CTabinbHUX NOKa3HWKIB, WO pernameHToBaHi Y. Tomy 3aiicHeHO aHania 3akoOpAOHHUX i BITYN3HAHUX (DaXOBUX
[bKepen nitepaTypu oo TabneTok, Lo K akTUBHY [il04y PEHOBUHY MICTSTb IEKAMETOKCYH. Y NpoLeci ekcnepuMeHTanbHUX AOCHIMKEHb
po3pobrneHo HOBUI cknaz TabneTok Ha OCHOBI TIOTpia3oniHy 3 1eKaMETOKCMHOM METOAOM NPSIMOTO NPeCyBaHHs Ta 34iINCHEHO NOPIBHANBHMIA
aHani3 ixHix hapMakoKiHETUYHUX BIaCTUBOCTEN.

BucHoBku. O6rpyHTOBaHO BMOIpP AOMOMIXKHMUX PEYOBWH, EKCNEPUMEHTANBHO MIATBEPAKEHO MOXIMUBICTb OTPUMAHHS! TabneToKk METOAOM
NPSIMOro NpecyBaHHs Ta Po3pobneHo ixHil onTUManbHWIA cknag, WO Bignosigae 0CHOBHUM BuMoram [AdY.

KntoyoBi cnoBa: TioTpia3oniH, AeKaMeTOKCWH, TabneTku, NpsiMe nNpecyBaHHs, [epxaBHa Papmakonest YkpaiHu, hapMako-TEXHOMOTiYHI
MOKa3HWKH.

AkTyanbHi nuTaHHA hapmaLeBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2026. T. 19, Ne 2(51). C. 174-178

Regarding the development of sublingual tablets for the treatment of diseases of the oral mucosa
L. I. Kucherenko, O. O. Chonka

The need to create new sublingual tablets for the treatment of diseases of the oral mucosa is due to the insufficient number of domestic
drugs on the pharmaceutical market. Therefore, the development of tablets based on thiotriazolin and decamethoxin, as a potentially
new drug, for the treatment of diseases and the sanitation of the oral cavity in pathological conditions such as gingivitis, stomatitis, etc. is
an urgent task for pharmacy and medicine.

The aim of the work is to develop a rational tablet composition, justify the choice of excipients in its composition and analyze the dosage
form according to pharmaco-technological indicators in accordance with the requirements of the State Pharmacopoeia of Ukraine.

Materials and methods. Active substances — thiotriazolin and decamethoxin; excipients (based on microcrystalline cellulose, granulated
sugars, glidants, lubricants and baking powders). During the study powder mixtures were tested for bulk density after compaction, fluidity
and angle of natural slope. Further, the compressed series of tablets were tested for strength, disintegration and abrasion in accordance
with the requirements of the State Pharmacopoeia of Ukraine.

Results. As a result of the research, we found that the manufactured series of tablets when assessing their pharmacokinetic properties
do not have stable established indicators that are regulated by the State Pharmacopoeia of Ukraine. Therefore, an analysis of foreign
and domestic literature sources was conducted regarding tablets containing decamethoxin as the active ingredient. Also, in the process
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of experimental research, a new composition of tablets based on thiotriazolin with decamethoxin by direct compression has already been
developed and a comparative analysis of their pharmacokinetic properties has been conducted.

Conclusions. During the work, the choice of excipients was justified, the possibility of obtaining tablets by direct compression was experimen-
tally confirmed, and their optimal composition was developed, which meets the basic requirements of the State Pharmacopoeia of Ukraine.

Keywords: thiotriazolin, decamethoxin, tablets, direct compression, State Pharmacopoeia of Ukraine, pharmaco-technological indicators.
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B ymoBax 6e3nepepBHOi akTHBHOI (hazu 0OHOBMX HiH y
OaratboX perioHax YKpaiHHM 3HauHa YacTHHA HACEIICHHS
HE Ma€ 3MOTH CBOEYACHO OTPUMATH MEAUYHY JOMOMOTY,
30KpeMa CTOMaTOJIOTi4HYy. 3TiJIHO 3 pe3yjbraraMu aHali-
3y BiJIOMOCTEH Cy4acHOi (paxoBoi JliTepaTypH, HalOIIbII
MOIIMPEHNMH TATOJIOTIsIMU B TaKMX YMOBAX € XPOHIUHHUI
PEeUUAUBHUI aTO3HUN CTOMATHT, €KC(OTIATUBHIIA XCHIIIT,
YEepPBOHUM TIACKUH JIHIIIAH, JISHKOTIIaKisI, TTIOCOICHIS Ta 1HIII
3aXBOPIOBAHHS CJIM30BOT 000JIOHKH MTOpoKHKUHK poTa [1,2,3].

Jocnimkenns (GpapManeBTHIHOrO PUHKY JIATH 3MOTY
BCTAaHOBHUTH: 0arato JIKapChbKUX 3ac00iB XapakTepusy-
I0THCS TIEPEBAXKHO CEJICKTUBHOIO JII€I0, 1110 0OMEXYE TXHIO
e(eKTUBHICTh Y KOMITICKCHOMY JIIKYBaHHI IIMX ITaTOJIOTiH.
Tomy akTyanbHOCTI HAOMpAE 3aBIaHHS 31 CTBOPEHHS HOBOTO
JIKapChKOTO Ipernapary — KOMOIHOBaHOTO 3aco0y y dopmi
TabJIETOK, 1110 MOXKE 3a0e3MCUYMTH 0AraTOKOMIIOHCHTHY (ap-
MAaKOJIOT1YHY JIiF0 Ta CIPHSTH IOJIIIICHHIO SIKOCTI JKUTTS
narfienTis [4,5].

Cepexn nikapcbkux (HOpM MOTCHIIHO HAMOLIBIII IEPCIICK-
THUBHOIO (DOPMOFO JUIsl JTIKyBaHHS 3aXBOPIOBAHb CITH30BOT
000JIOHKH TOPOKHHHU POTa € CyONIIHIBaJIbHI TaOJICTKH,
SIKI YMHATH MPsSMY 1HT1OyBaJIbHY JIIO Ha PIiCT MAaTOreHHUX
MIKpOOpTraHi3MiB y 30Hi ypaxkeHHs [6]. I1ix gac cTBopeHHS
TalJIeTOBAHOT JIIKApChKOi ()OpMHU OCOOIIMBY yBary He0OXiHO
TMPUAUTATH MiA00PY AOTIOMDKHHUX PEYOBHH, a0 JiKapchka
¢dbopma BiamoBigana BCiM YMHHUM BuMoOraMm JlepkaBHOT
dapmarxorei Ykpainu (JIDY). Lie miareeprKye akTyaabHICTh
TEMH TOCITIIKEHHS.

MeTa po6otu

Po3pobuTn partioHambHIH CKI1a]] CyOTiHTBaTbHIX TaONIETOK,
0OIpyHTYBaTH BHOIp JOIMOMDKHUX PEYOBHH Yy 1X CKJIaJli Ta
TIpOaHaNi3yBaTH JTiKapchKy (popMy 3a hapMako-TEXHOIOTIH-
HUMU MMOKa3HUKAMH BiAMOBIAHO 10 Bumor JDY.

Marepianu i MeTogu pocnimkeHHA

Jlocmimkenns 3aidcanm Ha xadeapi dhapmameBTHIHOI, op-
raHiqHOI Ta GioopraHiyHOl Ximii 3aropi3bKOro JIEpPIKaBHOTO
MeIUKO-(hapMaIleBTHIHOTO YHIBEPCHTETY B JabopaTopil 31
CTaHIapTU3AIIIT 1 TEXHOJIOT 11 JIiKapchKuX 3aco0iB. [1i yac po-
0O0TH BUKOPHCTAHO TaKi OCHOBHI JTif041 PEYOBHUHU: TIOTPia30MiH
(AIT «3aBon ximiunux peaktrsiey HTK IMK HAH Ykpainny,
M. XapkiB) i sekameTokcrH (TOB « PAPMXIM», M. IlocTka).
VY mporieci po3poOKH TEXHOJOTIT OTPAMaHHS KOMOIHOBaHMX
Ta0JIETOK BUKOPUCTAIIH CepTH(HIKOBaHI IOMOMDKHI PEYOBUHU
1 3aKOPIOHHOTO, I BITYM3HAHOTO BUPOOHUIITBA [ 7,8].
[TonepenHbo 3AICHUIN NOCIIHKEHHS, 30KpeMa KBaHTO-
BO-XIMIYHI OOUYHCIICHHS, IO MiATBEPIIN: OCHOBHI IiFOUi

PpeUOBHHH (TIOTPHA3OIIH i JEKAMETOKCHH) MOYKHA TTO€THATH
B OZIHIH JIIKapChKii (hopMi, OCKITEKN BOHH HE BCTYHAIOTh Y
ximiuHy B3aemogito [9]. Hamani nocnianiu popmy ta po3mi-
Y 9aCTOK METO/IOM €JIeKTPOHHOT MiKPOCKOTTii 32 TOTIOMOTOI0
koM "torepHoi nporpamu Inter Video WinDVR. L nani nanu
HiJICTaBH 3alpOINIOHYBATH CKJIaJ] KOMOIHOBaHUX TaOJIETOK,
OTpUMaHUX MeTosioM rpsimoro npecysanns [10,11]. Ckian i
JIOTIOMDKHI pEYOBHHH 3aIIPOIIOHOBAaHHX TA0JIETOK HABE/ICHO
B mabnuyi 1.

Tabnuus 1. [JonomixHi pe4oBUHM, BOCTIMKEHI Nig Yac po3pobky TabneTok

A — CTPYKTYpOYTBOPIOBANbHI a, — uykposa nyapa
PeYOoBMHN

a, — Liykop komnpi O

a, — uykop M3

a, — Liykop komnpi M3

a,—dipacdi

B — poanyLuyBaui b, — naktosa 80

b, - nyninpec

b, — nyaicnew

b, — sachelac 80

b, — dnosak 100

C — 3B'a3yBasibHi PE4OBUHN ¢, — nepniton 25

¢, — nepnitorn 50

¢, — nepniton 200

¢, — nepniton 300

¢, — nepniton 500

D — 3maLyBarbHi peqoBuHM d, - MKL-102

d, - MKL1-200

d, - MKU-500

d, — Prosolv SMCC 90

d, — Microcelfc 10

E — KOB3Hi pe4oBWHM e, — MarHito cteapar

e, - KanbLjto CTeapart

€, — Kncrnora cteapmHosa

€, — HaTpii cTepanmdymapar

e, — HaTpili naypurcynbgar
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Tabnuus 2. PesynsTaTv nnaHyBaHHs! €KCNEPUMEHTY Ha OCHOBI FPEKO-MaTUHCLKOTO KBagpaTa

-ﬂ-ﬂ-ﬂﬂ

058 |054 |045 |045 |215 |1,28 091 |0,78
2 a, b2 c, d4 e, 069 |071 |080 |08l |23 167 |21 |28 |4 4 081 |081
3 a, |b, |c, |d, |e, |043 |051 [055 |054 (33 |46 (42 |41 |5 4 0,00 0,00
4 a, |b, |c, |d, |e, |058 [066 (096 (076 (597 [501 (50 |49 |4 5 000 0,00
5 a, |b, |c, |d, |e, |049 [o71 [082 [084 (217 [219 (35 |34 |5 4 092 093
6 a, |b, |c, |d, |e, |047 |064 [076 (078 (286 (538 (48 |47 |5 4 092 098
7 a, |b, |c, |d, |e, |os4 [063 [072 (073 (38 (265 [49 |56 |4 3 069 0,68
8 a, |b, |c, |d, |e, |032 [079 [085 [087 [484 [501 (31 (30 |4 5 000 0,00
9 a, |b, |c, |d, |e, |o54 |065 [080 [079 |[1598 [1802 (43 |32 |3 3 0,65 0,65
10 |a, |b, |c, |d, |e, |o59 [067 [080 [082 [1429 [153 (27 (32 |5 4 084 |021
1 |a, |b, |c, |d, |e, |o65 [073 |0g5 [087 [176 [18 [33 (32 |5 4 095 0,98
12 |a, |b, |c, |d, |e, |o54 [071 |085 [084 (235 (237 [27 |26 |3 3 043 053
13 |a, |b, |c, |d, |e, |o053 [073 |08 [082 [484 [501 (31 (30 |4 4 082 083
14 |a, |b, |e, |d, |d, |os2 [074 |08 [082 [118 [12 (29 |28 |4 4 072 |071
15 |a, |b, |c, |d, |e, |os4 [071 |085 [084 (145 [147 [29 |30 |4 4 0,00 0,00
6 |a, |b, |c, |d, |e, |os8 |07 [085 [084 [138 [136 [27 |26 |3 3 064 |0,68

Bepyun mo yBarum naHi, o HaBeICHI y BITYM3HSIHHX 1
3apyOKHUX HAYKOBHX ITYOJIIKAI[ISX MO0 CKIIaTy TaOJICTOK
JUTS po3cMOKTyBaHHs [12,13], BupimnreHo oOpaTH Take CIIiB-
BIJIHOIIICHHS aKTUBHHUX 1 JIOMIOMDKHUX PEYOBUH Ha OJIHY Ta-
6metky: TioTpiazomnin — 0,05, nekamerokcuH — 0,002, pakTop
A - 0,113, pakrop B — 0,110, dpaxrop C — 0,110, pakrop D
— 0,11, paxrop E — 0,005. [ yHUKHEHHS TIOMUJIKA TOCTi-
JOKCHHSI 3/IIHCHIIIN Y IBOX TIOBTOpAXx.

Jlist BUBYEHHS SIKICHUX (DaKTOpiB BUKOPHCTAHO ONWH i3
TUIaHIB JIMCIIEPCIIHOIO aHai3y — IPEKO-IaTHHCHKHIIA KBaIpar.
3a maHWMU, 0 HaBEIEHI B mabnuyi 2, MR BUCHOBKY,
110 1i KoMOiHaIi ()aKTHYHO HE BiATOBiIa0Th (hapmMaKo-Tex-
HoJIOT uHUM BuMoram J1DVY.

Ha nactynHomy erarni poOOTH BUKOHAHO aHaJli3 BKE Ha-
SIBHUX JIIKAPCHKHX 3aCO0iB, IO 5K IF0YY PSIYOBUHY MICTAThH
nexkametokcuH (Hanpukian, «Centedpui-dapaursi», [IpAT
«Dapmanestnuna ¢ipma Hapauisy; «lexamop», TOB
«Acrpadapm»; «Cenredpun Bepue», Jlosi’c dapmacskio-
tikanc c.J1.; «Centedpumy», [TAT «HaykoBo-BHpOOHHUMIA
ueHTtp «bopiariBcbkuii XiMiko-(hapMaieBTHUHUN 3aBO,
TOB «Arpocapm»). 3milicHiuTN aHami3 GopM HaBEIECHUX
JIKapChKUX 3aC001B, BCTAHOBIICHO, IO SK JOMOMDKHI pe-
YOBHHU BUKOPUCTAHO LYKPOBY IyAPY Ta KAJBIIIO CTeapar.

BpaxoBytoun pe3ynsraTy 10CIDKeHHS, TN BUCHOBKY,
110 MOKHA PEKOMEHIyBaTH HOBHUH CKJIa/l KOMOIHOBAaHHX Ta-
OJICTOK, SIKi MICTATH JICKAMETOKCHH 1 TIOTPia30JIiH SIK aKTHBHI
KOMIOHEHTH, & TaKOX I[yKPOBY ITyZIpY 1 KaJIbLIO cTeapar sk
nonoMibkHi crionykd [ 14,15]. CriBBiTHOIICHHS KOMITOHCHTIB,
r: nekameToxcrH — 0,002, Tiorpiazomin — 0,05, mykposa mympa
—0,4888, kambirito creapar — 0,005; cepenns Bara — 0,5458.

Pesynkratn

[lix wac mocmimKeHHs OTPUMAaHO 6 JTabOPATOPHUX CEPii Cy-
OJIIHIBaJILHUX TAOJETOK, 3a CKJIAJIOM, SIKMH HAaBEIECHO BUIIIE.
Hapani 3aificHuny Bei HeoOXiqHI (apMako-TeXHOIOTuH1
BUNPOOYBaHHs BiINOBITHO 710 BUMor /IDY.

JociimKkeHasT po3MmoYaTo 3 OLIHIOBAHHS OJHOPIIHO-
cti Macu Tabnetok. CepemHs Maca 3pa3KiB, sIKa MiCTHIIH
JICKAMETOKCHH 1 TioTpia3omiH, craHoBmwia 0,5458 = 8 %
(im 0,51425 t mo 0,54580 r). BusHaueHo Yac po3magaHHs
TablIeTOK, BCTAHOBJICHO, 1[0 MOKa3HUKK CTAaHOBWIH Bix 10
XBUWIMH 710 15 xBuuH. HacTynHe BunpoOyBaHHs cripsiMoBa-
HE Ha OIIHIOBAHHSI CTIMKOCTI TaOJIETOK 10 PO3/aBIIOBaHHS;
pe3ynsraru cranoBwy Big 40,6 H mo 46,9 H.

Hapmani 3niiicHIIHI DO CTiKEHHS CTHPAHOCTI TablIeTok 6e3
oboonku. BunpoOyBanus BuKoHANMM Ha mpuiaaai Pharma
test. [lepen nmoyatkom excriepuMeHnTy 10 TabneTok 3Baxy-
BaJTH, TTiCiIs OTO NoMimany y 6apaban Ha 100 obepris, a
MOTIM MIOBTOPHO 3BaXKyBaIH. BCTaHOBIICHO, 110 PI3HHULIS MiXK
MaKCHMaJbHUMH BTpaTaMy Macu He mepesummia 1,0 %;
i pe3yJbTaTh BiJIOBIIAIOTh YMHHUM (apMaKoleHHIM
HOpMaM.

OTpuMaHi pe3ynbTaTy, 0 TTOBHICTIO BiITOBial0Th BUMO-
ram J1®Y, HaBeneHo B madauyi 3.

3a pesyabraraMy JOCIIHKEHHS 3alPOITOHOBAHO TaKUM
CKJIaJl CYOIIHTBAJIBHOT JIIKapChKOi (POPMU: JIEKAMETOKCHH
— 0,002 r, Tiorpiazomin — 0,05 1, mykposa mynpa — 0,495 1,
kambmito creapar — 0,005 . [lizcymoBaHo, 1m0 TabIeTKH,
BUTOTOBJICHI 3 TaKUM CKJIaJIoM (6 J1abopaTopHUX cepiid),
MTOBHICTIO BIMOBIAFOTh YUHHUM BuMoram 1Y [4].
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Tabnuusa 3. PernameHToBaHi A®Y noka3HUKM Ta BCTAHOBMEHI pe3ynbTaTv OCHiMKEeHHS

Moka3Huk, HaBeaeHui y AdY Pe3ynbTat gocnimkeHHsA

CepepHsi Maca Mae 6yTu He GinbLue Hix £10

0,5458 + 8 % ( Bin 0,51425 0o 0,54580)

Yac posnagaHHs cybniHreanbHUX Tabrnetok CTaHoBUTb A0 15 XBUNUH

10-15 xB

CTilkicTb [0 po3gasntoBaHHs npy giametpi Big 11-12 ctaHoBuTb 40-50 H

40,6-46,9H

CtupaHictb — o 1 %

He 6inbLue Hix 1 %

O6roBopeHHs

AHaJti3 pe3ynsTariB AOCIIKSHHS MiATBEPANB, 10 HAsBHI
Ha BITYM3HSHOMY PUHKY JIIKQpCHKI 3aCO0M IS JIIKYBaHHS
3aXBOPIOBAHb IOPOKHUHM POTA 3/1€01TBIIIOT0 XapaKTepu3y-
I0TBCSI By3bKOCIIPSIMOBAHOIO, CENIEKTHBHOIO Jtieto. Le nerto
3HIDKY€E IXHIO €(heKTHBHICTH Yy pa3i KOMIUICKCHOTO BILUTUBY
Ha MaToJoriyauii mporec. OCoOIMBO BAXIIMBO IIE M Yac
JIKyBaHHS TOIMUPEHUX YPAXKCHb CIM30BOI OOOJOHKH IT0-
POXKHHHH POTA, SIK-OT XPOHIYHOTO a)TOZHOTO CTOMATUTY Ta
eKc(OoITiaTHBHOTO XCHITITY.

3 oIy Ha e OOTPYHTOBAHO JOMUIBHICT CTBOPEHHS
KOMOIHOBAHOTO JTiIKAPCHKOTO 3aC00Y, a OTPUMaHi pe3yJIbTaTh
JIATT 3MOT'Y 3aIpOIOHYBATH ONTHMAIBHUI CKIIAJ JIF0UUX
1 JIOTIOMDKHHMX PEYOBHH JUISl TAOJNIETOK, IO 3a0e3MedyIoTh
0araTOKOMIIOHEHTHY (hapMaKoJIOTIuHy [if0 Ta MOTEHIIIHO
CHPHSIOTH IMiABUILCHHIO SIKOCTI KUTTS MAIi€HTIB.

BrpoBamkeHHst B MeqHYHY Ta (hapMaLieBTHIHY IIPAKTUKY
HOBUX KOMOIHOBaHMX TaOJETOK CIPUSTUME PO3LIMPEHHIO
ACOPTHUMEHTY BITYM3HSAHUX JIIKapChKHX 3ac00iB. CTBOpEHHS
OpHUTIHAIBHUX KOMOIHOBaHMX TpenapariB BITYH3HSIHOTO
BHPOOHHMIITBA € MOUITHHUM i MEPCIIEKTHBHUM HAIIPSIMOM
onrtuMmi3zauii JiKyBaHHs 3aXBOPIOBaHb MMOPOXHUHH POTa,
OCKUITBKH Ha (hapMalleBTHYHOMY PHHKY YKpaiHH J0ci Hemae
KOMOIHOBaHHMX JTIKAPCHKUX 3aCO0IB Ii€T IPYITH.

Pesynbrary, oTprMani IiJ yac HAyKOBHX JOCII/KEHB,
JIOLJIBHO BUKOPHCTOBYBATH Ha MPAKTHUII — SIK MOJEIb IS
PO3pOOKH IHIIHX JIIKAPCHKUX 3ac00iB B (hopMi TAOIETOK JUIst
JIKyBaHHS Pi3HUX 3aXBOPIOBAHb, 30KPEMa CTOMATOJIOTYHAX,
a TaKoX JUIs CaHallil MOPOXKHUHU POTa.

BucHoBku

1. O6rpyHTOBaHO BUOIP JONOMIKHUX PEYOBHH, BPAXOBY-
109X iXHI (QyHKIIIOHAIBHO-TEXHOIOTIYHI XapaKTePUCTHKI
Ta BiINoBiIHO 10 BuMor JlepkaBHol @apmakonei Ykpainu.

2. EKCieprMEeHTAaIbHO MiATBEPIKEHO MOJKIIUBICTD OTPHU-
MaHHs Ta0JICTOK METOIIOM IIPSIMOTO IPECYBaHHs 1 po3pooIie-
HO TXHII ONITUMAaILHAN CKJIaI.

3. IligTBepMKeHO BiANOBIMHICTH OTPUMAHHUX TAOJIETOK
ocHOBHUM BuMoraMm JIDY 11010 TBEpANX JTiKapCHKUX HOpM,
BKJIFOYAOUH [TOKA3HUKH MEXaHIYHOT MIIIHOCTI, OJTHOPITHOCTI
MacH, pO3MaJIaHHs, CTHPAHICTB.

[lepcnexTHBY MOAANBINNX A0CTITKEHb ICPSI0AYArOTh TIPO-
JTOBKSHHS pO3POOKH i BIIPOBAHKCHHS TAOIETOK, IO MICTATH
KOMOIHAIIIFO TIOTPia30IiHy 1 JCKAMETOKCHUHY Ta MPU3HAYCH]
JUTS JTIKyBaHHS 3aITaIbHUX MPOIECIB POTOBOT MOPOXKHHIHHU.

®iHaHCyBaHHA
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OuiHloBaHHSA GioCyMiCHOCTI 3BONOXYBaNbHUX 0(hTanbMONOriYHUX
3aco0iB y KOHTEKCTi IXHiX hi3MKO-XiMiYHUX XapaKTepPUCTUK

J1. M. IBaHeup@ABPF M. B. Bnaciok(2CE

TepHoNiNbCbKMIA HaLlioHanbHWUA MeanYHUI yHiBepcuTeT imMeHi |. S. fopbayescbkoro MO3 Ykpaitu

A — KOHLUenLisi Ta Au3aitH focnimxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTtauis faHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTTi

MpoaHani3oBaHoO BB KNOYOBUX (i3NKO-XiMIYHUX BMIACTUBOCTEN 3BONOXYBanbHWUX O4HKX Kpanenb (B'A3kocTi, pH i noBepxHeBoro Hatsry)
Ha TXHI0 BioCyMICHICTb i3 TKaHWHaMKU 04HOT NoBepxHi. OBrPyHTOBAHO HEODXIAHICTb YiTKOI Kopensauii Mix KinbKICHUIMW XapakTepucTrkamm
npenaparis i isionoriYHMMmM NoKasHWKamm CrisHoi pignHu Ans 3abe3neyeHHs TpUBanoro TepaneBTUYHOTO eddekTy NPy CUHAPOMI CyXOro
oka. PesynbraTv MaroTb NpUKNagHe 3HAYEHHS NS BAOCKOHANEHHS TEXHOMOrIN BUPOOHMLTBA Ta MiABULLEHHS SKOCTi Cy4acHUX odoTanb-
MonoriYHux 3acobis.

MeTta poboTy — ouiHUTK BMMB (i3NKO-XIMIYHUX BNACTUBOCTEN 3BOMOXYBANbHMUX OYHMX Kpanenb Ha GioCYMICHICTb i TonepaHTHICTb A0
OYHOI MOBEPXHi.

Matepianu i metogu. [ins AOCRIMKEHHS BUKOPUCTAHO 3pa3ku 3BOMOXYBAmbHUX O4HMX kpanenb: «OntiHon 0,4 %», «Apiteap», «Bianb
Cnbo3say, «ApTenak lNnpomenosa» Ta «Odpronik Ynerpay. l'yctuHy Ta pH Bu3Havanu 3a metogukamu OepxasHoi apmakonei Ykpainu,
MOBEPXHEBWIA HATAr BUMIpIOBanM cTaniarMOMETPUYHUM METOAOM, B'SI3KICTb — METOAOM KaninsipHOi Bicko3uMeTpii. BumiptoBaHHs 3gin-
CHIoBanu npu disionoriynin Temnepatypi 35 °C. Pe3ynbrati OOCHiMKEHHS NpoaHanidyBany 3 BAKOPUCTaHHAM CTaTUCTUYHUX METOZIB.

Pesynkratu. biopeneBaHTHUM KpUTEPISIM ONTUMAIbHO BiANOBIZAKTb (i3NKO-XiMiYHI MOKA3HUKM 3BONOXYBAIbHUX O4HUX Kpanenb «On-
TiHon 0,4 %» i «ApTenak inpomenosax. «ApTtenak [npoMeno3a» — €QUHWIA 3pa3ok, Y1 MOBEPXHEBUI HATAT Y YACTOMY BUIMAAi Ta npu
MOAEeNbHOMY PO3BeAEHHI Bignosigae disionoriyHin Hopmi, 3abeaneyyioun onTumanbHe po3TikaHHs. [HWi npenapat Npu po3BeAeHHi
CyTTEBO BTpayany NMOBEPXHEBY aKTWBHICTb, NpoTe «OdTonik Ynetpa» Ta «OntiHon 0,4 %» xapakTepuayBanucs HanbinbL cTabinbHo
Ta KOMOPTHOIO B'A3KICTIO.

BucHoBku. 3aiicHUNM NOpiBHANBHUIA aHania gisnKo-XiMiYHUX BNacTUBoCTel (rycTuHa, pH, NoBepXHEBUI HATAT | B'A3KICTb) M'ATW 3paskiB
OYHUX 3BONOXYBamNbHUX Kpanerb i3 Pi3HOK XiMIYHOK MPUPOAOID aKTUBHUX KOMMOHEHTIB. BCTaHOBMNEHO, L0 3a KOMMNeKkcoM GiopeneBaHT-
HUX KpWTepiiB HanbinbL HabnxeHrMmn Ao disionoriyHoi HopMK € NokasHukK npenaparis «OnTiHon 0,4 %» Ta «Aptenak lNnpomenosay.
[oBeneHo, Lo CTanarMOMETPUYHI Ta BICKO3UMETPUYHI METOAMN € ePEKTUBHUMY IHCTPYMEHTaMM [N eKCNIPEC-KOHTPOMIO SKOCTI Ta Mpo-
rHO3yBaHHS BIOCYMICHOCTI piakmx odTanbMonoriyHmx 3acobis.

Knto4oBi crnoBa: cyHAPOM CyX0ro oKka, 3BONOXYBarbHi 04Hi kpanni, dhianko-XiMiYHi BNIacTUBOCTI, NOBEPXHEBUI HATA, B'A3KICTb, HIOCYMICHICTb.
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Biocompatibility assessment of lubricating ophthalmic agents in the context of their physicochemical characteristics
L. M. Ivanets, M. V. Vlasyuk

The paper analyzes the impact of key physicochemical properties of lubricating eye drops (viscosity, pH, and surface tension) on
their biocompatibility with ocular surface tissues. The necessity of a strict correlation between the quantitative characteristics of the
preparations and the physiological parameters of the tear fluid is substantiated to ensure a long-term therapeutic effect in dry eye
syndrome. The results obtained are of practical importance for improving production technologies and enhancing the quality of modern
ophthalmic agents.

The aim of this study was to evaluate the impact of the physicochemical properties of lubricating eye drops on their biocompatibility and
ocular surface tolerance.

Materials and methods. The study involved samples of lubricating eye drops: “Optinol 0.4 %", “Aritear”, “Vial Sleza”, “Artelac
Hypromellose”, and “Oftolik Ultra”. Density and pH were determined according to the methods of the State Pharmacopoeia of
Ukraine. Surface tension was measured using the stalagmometric method and viscosity was determined by capillary viscometry.
All measurements were performed at a physiological temperature of 35 °C. Statistical analysis of the results was carried out using
standard statistical methods.
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Results. The physicochemical parameters of the lubricating eye drops “Optinol 0.4 %” and “Artelac Hypromellose” were found to optimally
meet biorelevant criteria. Artelac Hypromellose was the only sample whose surface tension, both in pure form and upon model dilution,
corresponds to the physiological norm, ensuring optimal spreading. While other preparations significantly lost their surface activity upon
dilution, “Oftolik Ultra” and “Optinol 0.4 %” demonstrated the most stable and comfortable viscosity.

Conclusions. A comparative analysis of the physicochemical properties (density, pH, surface tension, and viscosity) of five lubricating eye
drop samples with different chemical natures of their active components was conducted. It was established that according to the complex
of biorelevant criteria, the parameters of “Optinol 0.4 %” and “Artelac Hypromellose” are the closest to the physiological norm. It has
been proven that stalagmometric and viscometric methods are effective tools for rapid quality control and predicting the biocompatibility

of liquid ophthalmic agents.

Keywords: dry eye syndrome, lubricating eye drops, physicochemical properties, surface tension, viscosity, biocompatibility.
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3a manuMu BceecBiTHROI opranizaliii OXOpOHH 3/10pOB’s,
MOPYIICHHS 30py Pi3HOTO reHe3y MaroTh monan 300 murH
mozeit y cBiti. CTpiMKe 3pocTaHHsI 3aXBOPIOBAHOCTI Oe3110-
CepelIHbO TOB’s13aHe 3 HAYKOBO-TEXHIYHUM HPOIPECOM Ta
3MIHOIO CIIOCOOY JKUTTSI: TPUBAJIO POOOTOIO 32 MOHITOpAaMHU
(KOMIT’ I0TepHHH 30pOBHH CHH/IPOM ), IIUPOKUM BHKOPUCTaH-
HSIM TaJKETIB, BILIMBOM KOHMI[IOHOBAHOTO TIOBITPSI i arpe-
CHBHHMX YMHHHUKIB JOBKULIA. OAHIEIO 3 HAaHMOMIMPEHIIINX
o(rasbMOIIaToNOTii € CHHIPOM CyXoro oka [1].

CuHIpPOM CyXOro Oka — Oarato)akTopHe 3aXBOPIOBAHHS
MIOBEPXHI OKa, 10 XapaKTePH3YEThCS BTPATOI0 TOMEOCTasy
CITi3HOI TUTIBKH. ETiONOTIYHMMH YMHHUKAMH TATOJOTI] €
ab0 HemoCTaTHS CEeKpeIlisl CIb030BOi pinuHH, abo i1 Hasl-
MipHe BHIIApOBYBAaHHS BHACTIIOK MECTPYKIIi JiIliTHOTO
mrapy. KIitiHIgHO 11e BUSBIISIOTH 32 BiTIyTTSAM TUCKOM(pOPTY,
CTOPOHHBOTO TiJIa B OIli Ta 3HIKEHHSIM TOCTPOTH 30Dy, III0
CYTTEBO TIOTIPIITy€ SKICTH KHUTTS MAIli€HTiB. Ko He Oyae
TIPU3HAYEHO CBOEYACHY 1 aJIeKBaTHY TEpaIlifo, MOXXyTh BH-
HUKHYTH TSDKKI KCEPOTHYHI 3MIHN 2K JI0 HE3BOPOTHOI BTpaTh
30poBHX (YHKIIIH [2].

3a jaHuMHM cydacHoi (axoBoi JiTeparypH, 3aCTOCYBaHHS
TIpenapariB MTYYHOI CIbO3M 3AIUIIAETHCS ONTUMAIBHIM 1
HAMOLIBIN e(DEKTUBHUM METOJIOM KOPEKITii CHHIPOMY CYyXOTrO
OKa Oyjib-sIkoro TeHe3y. Taki 3aco0u IMITYFOTh BIACTHBOCTI
HaTypaJIbHOI CJIbO3M, CIIPHUSIOYM BiJJHOBJICHHIO I'IJIPOANHA-
MIKH Ta 3aXMCHHX BIIACTHBOCTEH CIII3HOT ILTIBKH.

CyuacHuii (hapMalieBTHUHUI PHHOK TPOTIOHYE IIUPOKHIA
CIEKTP O(TAILMOJIOTIUHUX PO3YMHIB, SIKI BiJPI3HSIOTHCS
32 XIMIYHOFO ITPUPOIOI0 AKTUBHUX KOMITOHCHTIB Ta PiBHEM
B’s3K0cTi. [IpoTe eheKTUBHICTD 1 Oe3reKa 3BOI0KYBaITbHUX
Kpariesp 3aieXarh He JIMIIe Bi CKIIAIy TIFOYUX PEYOBHH,
are i Bif IXHIX (i3UKO-XIMIYHAX XapaKTEPUCTHK, SK-0T pH,
MTOBEPXHEBOTO HATATY Ta B’s3KOCTi [3]. Came 11i mapameTpu
BH3HAYAIOTH 3aTHICTH MPeTapary piBHOMIPHO PO3MOIUIATH-
Cs1 TIO POTiBII (PO3TiKaHHS), TPHBATICTh HOTO yTPHMaHHS Ha
OYHIH ITOBEPXHI Ta 3arajbHy 010CYMiCHICTB.

OTxe, neTanbHe BUBYCHHS i MOPIBHAIBHUH aHai3 (izu-
KO-XIMIYHHX BJIACTUBOCTEH CYYacCHHX 3aCO0IB — INTYYHHX
CIIi3 € aKTyaJIbHUM 3aBJIaHHSIM.

MeTa po6otu

OuiHnTH BIUIMB (i3UKO-XIMIYHUX BIACTHBOCTEH 3BOJIOXKY-
BIBHNX OYHMX Kparesib Ha 010CyMICHICTB 1 TOJIEPaHTHICTb
JI0 OYHOI IIOBEPXH.

Martepianu i meToau gocnigxeHHs

O0’eKTH HOCIIHKSHHS — O TaIBMOJIOTYHI PO3YHHHU 3 i7ICH-
THYHUM 200 3iCTaBHUM BMICTOM aKTHBHHX KOMIIOHCHTIB.
3oKpema npoaHatizyBalii TaKi 3BOJI0XKYBaJIbHI OUHI Kparuti:
«Omrinon 0,4 %» (Jadran — Galenski Laboratorij d.d, Xop-
Baris), «Apiteap» (Aristopharma Ltd., baarmanem), «Biams
Cnbozay (Papmak, AT, Ykpaina), «Aprernak 'inpomenosay
(dp. Tepxapx Mann Xewm.-papm. abpuk ['M6X, Himeuun-
Ha) 1 «OdTomik Yasrpay (Papmimxea C.I1.A., Itamis). Yci
(hrakoHM MarOTh BOYJJOBaHMI KpareIbHUI IPUCTPIH | MICTATH
o 10 M1 0pTATEMONOTIYHIX PO3YHHIB.

[lepen BUKOHAHHSIM BUMIpIOBaHb yci 3pa3ku o(pTajb-
MOJIOTIYHUX PO3YMHIB BUTPUMYBAJIN Ha BOJSIHIN OaHi 3a
temneparypu 35 °C (Temneparypa MOBEpXHi POTiBKH OKa)
npotsiroM 30 xBuiKH. ['yCTHHY OYHMX Kparielb BU3HAYaIIN
3a JIOMIOMOTOF0 TIKHOMETpa 3TiHO 3 BUMOramMu JlepikaBHOi
@apmakonei Yipainu (JIDY). pH BumiproBanm moreHiio-
METPUIHHM METOJIOM BiIIOBIAHO 70 3arayibHoi cTtaTTti JIOY
3a roromororo pH-metpa 150MU 3 moxubKor BUMIpIOBaHb
+0,01 [4].

[ToBepxHeBuUI HaTAT OYHUX Kparesb BU3HAYaIM 3a J10-
TIOMOTOI0 CKJISTHOTO crajiarMomerpa TpayOe npsiMoro Tuity
(00’em pesepByapa — 2,5 Mi1) MeTogoM XapKiHCOHA, IO
TPYHTYETHCS Ha 00PaxyHKY Kparielb, SKi BiAPHBAIOTHCS BiJl
Karisipa cTajlarMOMETpa M1 JII€0 CHIIH TSOKIHHS. Y MOMEHT
BiJJpUBY Bara Kparuli JOPIBHIOE CHIII TIOBEPXHEBOTO HATATY
pinuar. BuzHadeHHs B’ I3KOCTI OYHUX Kparlellb 31iHCHIOBAII
BICKO3UMETPUYHNAM METOJIOM i3 BUKOPUCTAHHSIM CKJISTHOTO
KaminsipHoro Bickozumerpa Octambaa BITK-2 [4].

BumiproBaHHS 30IHCHIIN TPUi, PE3yNBTaTH HABEJCHO SIK
CEepe/IHE 3HAUCHHS OKPEMHX BUMIPIOBAHB i3 BIJIIOBIIHUM
CTaHJIapTHUM BiaXxmiIeHHsAM. {1 cucremarusarii Ta orpa-
[IOBaHHS TaHUX BUKoprcTaHo Microsoft Excel.

Pesynkratu

Pe3ynpraTty omiHIOBAaHHS (i3MKO-XIMIYHHX MapameTpiB
3BOJIOKYBAJIbHUX OYHMX Kpamens npu 35 °C HaBeaeHO B
mabnuyi 1.

Jst imiTamii ¢i31070Ti9HOTO pO3BEACHHS B KOH TOHK-
THUBAJBHOMY MIIIKY, IO BiIOYBA€ThCS MHUTTEBO ITICIS 1H-
CTWIIALIT Ta MOPraHHs, il Yyac JOCIIKEHHS 3aCTOCOBAHO
MOJICTIbHI CHCTEMH 3i 3pa3KiB, sIKi BUBYAIH, PO3BEICHUX Y
nporopiiii 80:20. 3riIHO 3 YCTaTEHO MPAKTHKOI BUBYCHHSI
o(TanbMOIIOriYHKX 3ac00iB, BUIIPOOYBAHHS 3IIHCHUIIN Ha
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OpueiHaribHi 0oCiOXeHHs

Tabnuus 1. isnko-ximMivHi BNacTUBOCTI 3paskiB 3BONOXKYBaIIbHUX O4HMX kpanenb npu 35 °C

MoBepxHeBwiA HATAT (0),

ryCTMHa (p), -

DvHamiyHa B’A3KicTb (1),
mlMaxc MH/M

«OnTiHon 0,4 %» 1,029 + 0,002 7,37 +£0,02 9,69+0,15 52,38 £ 0,45
«ApiTeap» 1,010 + 0,001 8,06 + 0,03 2,01+0,05 65,75 £ 0,52
«Bianb Cnibo3ay» 1,052 + 0,003 7,67 0,02 1,38 0,02 65,68 + 0,61
«Aptenak inpomenosa» 1,041 £ 0,002 7,56 + 0,02 4,31+0,08 39,32+0,38
«Odpronik Ynstpax» 1,014 + 0,002 7,49+0,04 20,80 £ 0,32 52,58 + 0,48
LlinboBwiA gianasoH Ans 04HMX Kpanenb - 5,8-8,5 5-15 3546

Tabnuus 2. iavko-ximMivHi BNacTUBOCTI 3pa3kiB 3BONIOXYBaIbHUX O4HUX Kpanenb y po3seaeHHi 80 % npu 35 °C

«OnrTiHon 0,4 %» 7,50 £0,02 5,66 +0,14 60,05 £ 0,55
«Apiteap» 8,17 £ 0,04 1,27 £ 0,05 67,25+ 0,68
«Bianb Cnibosa» 7,7140,03 1,03 £0,04 69,18 £0,72
«ApTtenak inpomenosa» 7,55+0,03 2,95+ 0,08 47,29 + 0,44
«Odpronik Ynsrpan 7,58 £0,02 11,08 £ 0,25 60,17 £ 0,58
MpuiAHATHI Mexi 5,8-9,0 5-15 35-50

cyMilI Tpernapary Ta ITy4Hol ciibo3u y nponopiii 80:20
[5,6,7]. ®i3uko-xiMivHI BIaCTHBOCTI 3pa3KiB 3BOJIOKYBaJIb-
HUX OYHHX Kparens y po3seaeHHi 80 % (MozenpoBaHmii cTaH
in situ) ipu 35 °C HaBeneHo B mabauyi 2.

O6roBopeHHs

[TowyaTKOBY TONEPaHTHICTP i/ Yac IHCTWIIALIL MpenapariB
BU3HaYa€ IXHIN BUXiTHUH (pi3uko-XimMigami mpodins. OnTu-
MaJTbHUH TepaneBTHYHNH e(eKT i KoM(OPT MamieHTa qocsra-
IOThCS 32 YMOBH BiIIIOBITHOCTI TTOKa3HUKIB pH, B s3k0CTi Ta
MTOBEPXHEBOTO HATATY MpeTapary By3bKoMY (i3ionorigaHomMy
JiarmaszoHy, mo 3abe3nedye cTabiTbHICTh MPEeKOpPHEAIbHOL
cii3HOI TUTiBKH [8,9].

Amnani3 (}i3uKo-XIMIYHUX BJIACTHBOCTEH JIOCHiHKEHHX
OpUTiHATBHUX 3aC00iB (mabs. 1) naB 3MOTy BCTAHOBHTH, 10
HE BCi 3pa3Ku MIOBHOKO MipOIO Bi/IIIOBIIAI0Th BCTAHOBICHUM
KpHTEPIsSIM KOM(OPTY, 0COOIMBO 32 apaMeTpaMu peosioriy-
Horo npo¢imo. Tak, 3HadenHs pH ycix npoaHasizoBaHHX
npernapariB BiINOBiaiu MexxaM (i3iooriyHoT HOPMH, IO
MiHIMI3y€ PU3HK BUHUKHEHHS pehieKTOpHOT clibo30Teul Ta
TIO/Ipa3HEeHHsI CJIM30BOT 00OJIOHKH OKa TPH IHCTHIISLIIT.

JluHamiuHa B’SI3KICTB JIFOICHKOT CITIbO3K B HOPMI HI3bKA Ta
craHoBuTh 1,3-5,9 mIla % ¢ [10,11]. s npononryBanHs il
Ipernapary B MiCIli 3aCTOCYBaHHsI PEKOMEH/IOBaHA B’ SI3KICTh
OYHUX Kpariejb Mae OyTH He HIKYOIO 32 11i 3HA4YEHHs 1 CTa-
HOBUTH Npubm3HO 15 MIla X ¢ I CHHAPOMY CYXOTro OKa
CepPEeIHBOTO CTYIICHS TSDKKOCTI [12].

YMOBI 3a0e3redeHHs] TPUBAIOr0 YTPHUMAaHHS Ipenapary
0e3 moripiieHHs1 30poBUX (YHKIIN BiANOBiae mperapar
3 ONTUMAJILHUM 3HAYEHHSIM B’s13k0CTi — «Omnrinon 0,4 %o».
B’s3kicTh «Aprenak [inpoMenosm BiIIOBiIae HIDKHINA MExKi
Hopmu. [Ipenapary, B si3kicTh sikux MeHma 3a 5 mlla x c,

3aHAATO IIBUJKO BUMHUBAIOTHCS 3 POTIBKH («Apiteap» i
«Bianp Cipo3ay). B s3kicts «OdTomik YIsTpay nepeBHiye
BEPXHIO MEXKY PEKOMEHI0BaHOTO Jiara3ony. [lamieHt Mmoxe
Bi{4yBaTH 3HWKEHHS YITKOCTI 30pY, SIKE HE 3HUKA€ IPOTATOM
KUTBKOX XBHJIMH TICIIS IHCTHIIAIIT Kparens. 3aHaaTo B’ s3Ka
piAvHA BUKIHKAE BiTUyTTS CTOPOHHBOTO Tijla B OIIi, CIIPH-
YHHSIOUU JUCKOM(OPT.

BaxximuM KputepieM 010CyMiCHOCTI O TaIbMOIOTTYHIX
3ac00iB € iXHsl 31aTHICTb [0 PO3TIKAHHSI 10 IIOBEPXHI POTiBKH,
1110 6e3Mocepe/IHBO 3aJICKUTH BiJI BEIMUUHU [TOBEPXHEBOTO
Hatary. HopmasibHe 3HAaUeHHS ITOBEPXHEBOTO HATATY JIFOI-
CBKO1 116031 CTaHOBUTH 40—46 MH/M (Tipy CHHAPOMI CYyXOTO
oka—50 MH/m) [13,14]. IToBepxHeBuUii HATAT OYHHX Kpameib
Mae OyTH JICTI0 HYKIUM 32 (hi310JIOTYHAH TOKa3HUK CITHO3H,
poTe O TAIBMOJIOTIYHI IPENapary 3 HOBEPXHEBUM HATSATOM
MeHIe Hixk 35 MH/M BUKITHKAIOTh B 04aX BIIIYTTS OO0 Ta
muckomdopry [15].

3a pesyneraTaMu aHajli3y XapaKTepUCTHK ITOBEPXHEBOTO
HATATY, U1 3paskiB « Apiteapy i «Bianb Crib03a» 11i TOKa3HIKA
CYTT€EBO IEPEBHIILYIOTH MEXi BCTAHOBJICHOTO PEeEPEeHTHOTO
niarazoHy. Bucokuii moBepXHEBUI HATAT MEPENIKOKAE
PO3TIKAHHIO OYHMX KPareyb 10 POTiBili OKa. [[oka3HUKH TI0-
BEpXHEBOTO HaTsry npemnaparis «Omrinoi 0,4 %» ta «Odromk
ViBTpa» XapaKTepHu3yBaUCs IIOMIPHIM IIEPEBUILICHHSAM BEPX-
HBOI MeXi OiopeBalieHTHOCTI. 3pa3ok «Apremnak [ impomenosay
MaB HalBHIIly TOBEPXHEBY aKTHBHICTB, II0 € ONTHMAIEHAM
JUTSI IIBUAKOTO (DOPMYBAHHSI 3aXHCHOTO II1apy.

OTiKe, 3a CYKYNHICTIO (Di3MKO-XIMIYHUX XapaKTepHCTHUK
JKOJIEH 13 JIOCIIJDKEHUX 3pa3KiB HE XapaKTepu3yBaBcs ix
ONTHUMAaJIGHUM ITO€IHAHHAM. BTiM, BakiuBe 3HaueHHS Mae
HE JIUIIIE TI0YaTKOBA BiATIOBITHICTB Mpenapary (i3ionoriqyaum
HOpMaM, ajie i 30epexeHHs Horo (PYHKIIIOHATEHUX BIACTH-
BOCTEH MICIIsl 3MIITYBaHHS 3 HATHBHOIO CIIHO30I0.
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MopnemnroBaHHS (i310JOTIYHOTO PO3BEICHHS HE YHMHUIO
CYTTEBOTO BILIMBY Ha piBeHb pH JI0CITiKeHNX OUHKX Kparie-
16 (mabn. 2). Lle miarBepmKye HaJiiHICT BUKOPHUCTAHUX J10-
TIOMDKHMX PEYOBHH — Oy(hepHHUX KOMITOHEHTIB. BcranosieHo,
110 TPH 3pa3Ky OYHIX KPaTielTb He BiIOBIIaIN peepeHTHIM
BHMOTIaM IL[0JI0 B’ SI3KOCTI, OCKIJIbKM BCTAHOBJICHO 3HAYCHHS,
110 He JOCATa0Th HIMKHBOT MeKi (izionoriaHoi Hopmu. Le €
OCHOBHHM HEJIOJIIKOM NpernapariB [UIsl JIIKYyBaHHS CHHIPOMY
CYXOT0 OKa: KOPOTKHI 4ac yTpUMaHHs Mpernaparis B o i,
BI/INIOBITHO, KOPOTKOYACHUH €(DeKT YCYHEHHS] CUMITTOMIB.

[Nokaszuukn B’s3kocti npenaparis «Onrinon 0,4 %» Ta
«O¢romnik Yierpa» MOBHOK MIPOO BiMOBIAa0Th BCTAHOB-
JICHOMY pe()epeHTHOMY [Tiana3oHy, 110 CIIPHUSIE TOCSITHCHHIO
TPUBAJIOTO TEPANEBTHYHOTO e(EKTY.

Cy4acHIM TiX00M B O()TAIBMOJIOTIi € TiIBUIIEHHS 6i0-
JOCTYITHOCTI IIUIIXOM 3aCTOCYBAaHHS MyKOAIre3HBHUX CHCTEM
JIOCTaBKH, JIe MyKOaJIre3if0 BU3HAYAIOTh SIK HEKOBAJIICHTHY
B3AEMOIIIO TIOMIIMEPY 3 MYITMHOBHM IIIAPOM CII3HOI ILTIBKH.
Binomo, 110 rianypoHOBa KUCIOTA Ta ii HaTpieBa citb (J1iroda
pedosuHa «OnriHOMy 0,4 %0%») MaroTh BUP)KEHI MYKOaIT€3HBHI
BJIACTUBOCTI Ta B’SI3KO-TIPY>KHI epeKTH. Taki XapakTepuCTHKI
ToNTiMepiB 3a0e3MeUyIOTh TPUBAMTIITY PETEHIII0 PO3YNHY Ha
TIOBEPXHi OKa, MiHIMI3YIOTh BTPATH Yepe3 Ha30IaKpUMaIIbHHI
JPEHAX 1 CIIPUSTIOTH KPATIlii MiCIIEBiif aKTHBHOCTI KOMITOHCHTIB
[16]. [Toenannst Hatpito riaypoHnary 3 TS-nomicaxapuiom [ 17]
y ckiami pernapary «OQrorik YisTpay 3a0e31edye CHHEpPriuHy
JII0 Ha CMITeNi POTiBKH, 30KpeMa CHpHsiE Mirpatii KIiTHH
CTIITeIif0, yCYBa€ HEPIBHOCTI OYHOT TIOBEPXHI.

Bucoka B’s3KiCTh Tpemnapary cama 1o codi He € rapaH-
TI€I0 TPUBAIOTO YTPHUMAaHHS PO3YMHY HA OYHIH ITOBEpPXHI.
EdexruBHicTb AT 32C00IB IPYNH ITYYHOI CIILO3U ICTOTHO
3aJISKHUTP BiJl IXHBOT 31aTHOCTI IO 3MOUYBaHHS, 1110 BH3HA-
Ya€ThCSI HU3bKMM ITOKA3HUKOM MTOBEpXHEBOTO HatAary. Came
ONTHUMAaJbHI TApaMETPH MOBEPXHEBOT AKTHBHOCTI CIIPHSIOTH
PIBHOMIPHOMY PO3MOJILTY KparieJib 10 POriBLi Ta cTadimizanil
TIPEKOPHEANILHOT CIII3HOT IITIBKH, 110 B OEJHAHHI 3 PEoJIo-
TYHUMH BIACTUBOCTSMH IPOJIOHTY€ TEPAIIEBTHYHUN e(DEeKT.

ITpu ¢dizionoriuHoMy po3BeieHHI MOKa3HUKH MOBEpPXHE-
BOTO HATATY 3pa3KiB «Apiteapy i «Bianp Cibo3a» 3Ha4HO
3pOCTalOTh, NEPEBUIIYIOUN BEPXHIO MEXY pedepeHTHOro
niama3ony. KoHIEHTpalliss HOBEpXHEBO-aKTUBHUAX PEIOBHH
y PO3YMHAX 3HMKYETBCS, 1 TOKa3HUK MOBEPXHEBOTO HATATY
3pOcTae, HAOMIKAIOUUCH 10 3HAYCHHS YCTOi Boau. Lle Moxe
TIPU3BOJIUTH JIO TTOTIPIICHHSI 3MOYYBaHOCTI EMITEIII0 POTiB-
k. OnTuManbHAN Tpodidh MOBEPXHEBOTO HATATY HABITh
TTicist po3Be/ieH s 30epir npenapar «Aprenak [ inpomernosa»
(BepxHsI Merka) TIONPH Te, IO HOTO B’SI3KICTH in Sifu BUSBU-
JIacst IGNIO HIKYOIO 32 HOPMY.

3ayBaXrMO, 10 HATPIIO TiallypOHAaT (AKTUBHUE KOMITOHCHT
«Omrinomny 0,4 %» 1 «Odroniky Yisrpa), Oymy4un eheKTrB-
HHM 3BOJIOXKYBa4eM, [OCTYIAEThCS TIIPOMENIO3i 3a PIBHEM
MOBEPXHEBOT aKTUBHOCTI. Came TOMY BBEICHHSI TIITPOMEIIO3U
IO CKJaay O(TaabMOIIOTIYHHX 3aCO0IB SK TOIMOMIXKHOTO
cypdhakTaHTy € OOTPYHTOBAHHM PIILICHHSIM ISl JIOCSTHEHHSI
OINITHMAJIBFHOTO PO3IMOJUTY TIperapary 1Mo O4Hid ITOBEpXHi.
Bucoka moBepxHeBa aKTHBHICTH TilIPOMeENo3u 3abesrnedye
MiHIMaJIBbHUH KpallOBHH KyT 3MOUYYBaHHS, IO Ja€ 3MOTY

PO3YMHY MIBHIKO PO3MOTUIATHCS IO TiIpopOOHOMY erriTe-
niro poriBku. Lleit mporec CynmpoBOIKY€EThCS TTOSUTUBHAM
eexToM MapaHTOHI: BHACHIIIOK TPai€HTa MOBEPXHEBOTO
HaTATy PiAMHA OYHUX Kparesb CIPSIMOBYETHCS 3 JUITHKH
HU3BKOTO TIOBEPXHEBOTO HATSTY B IUITHKY BHCOKOTO [18].
Taxa cripssmoBaHa uQy3is CpHsie pIBHOMIPHOMY PO3ITOALTY
JIKapchKOi PEUYOBHHU Ta 3ario0irae yTBOPEHHIO TaK 3BAHUX
CYXHX IUISIM Ha POTiBIIi.

Otxe, «Aprenak ['inpomeno3a» — eAMHUN 3pa3oK, YHid
MOBEpXHEBUH HaTsT i B HatuBHOMY (39,32 MH/m), 1 B po3Be-
nenomy (47,29 mH/m) crani noHicTio Bifnosinae ¢iziosno-
TiYHIH HOPMI, 1110 TAPAHTYE iJealIbHE PO3TIKAHHSI 110 POTIBIIi.
IIpore Takuii HU3bKUI IOBEPXHEBUI HATAT HE € OJHO3HAY-
HOIO TIepeBarolo, OCKUTBKH MOXKE CKOPOUYBaTH TPHUBAIIICTh
CTaOITBHOCTI CTi3HOI MITiBKH. HaTtomicTs Ipu MoaensHOMY
PO3BENCHHI 3HAYEHHS TOBEPXHEBOTO HATATY IHIIMX Ipe-
mapariB 3poctae 1o 60,0-69,0 MH/M, mo cyTTe€BO 3HMKYE
IXHIO TOBEPXHEBY aKTHBHICTh. BomHo9ac 3pas3ku «Odromik
Vierpa» Ta «Ontinon 0,4 %» HaBITH MicIs PO3BEIACHHS
30epern TMOKa3HUKH B’SI3KOCTI B MEXaX TEePareBTUIHOTO
miamasony 5,0-15,0 mIla X ¢, M0 € KPUTHYIHO BaKITHMBUM
JUTS TIPOJIOHT AT [Til.

Pesynbraru gociijpKeHHs MIATBEPAMIN, 10 CTalarMo-
METPUYHHIA METO] € iHPOPMATHBHHM 1 JOCTYITHUM IHCTPY-
MEHTOM JJIsl €KCIPEC-KOHTPOIIIO SKocTi. Bubip mertony
cramarmomeTpii TpayOe 00rpyHTOBaHUIT HOTO TOUHICTEO ITiT
Yac KUIbKICHOTO aHali3y PO3YMHIB IMOBEPXHEBO-aKTHBHHX
pedoBuH. Ha BinMminy Bin crarmdHux MetoaiB (Kumbis JIro
Hyi umn nnactunu BinbrenbMi), siki 4acto Jat0Th TOXHOKY
Ha B’S3KMX PO3UMHAX, CTAIATMOMETPIS BPAXOBY€E HE JIUIIIE
TEpPMOIMHAMIYHI TApaMeTPH, aje W KiHeTUKY (popMyBaHHS
kparoti [19,20]. Leit meton 3abe3medye BUCOKY BiITBOPIO-
BaHICTh PE3YIBTATIB | MOXKITUBICTH ONIEPATHBHOTO KOHTPOIIIO
mapameTpiB 6e3MocepeIHbO0 B YMOBaX BUPOOHUIOTO IUKITY
a00 excrpec-aHai3y B 1abopaTopii, 1o MiATBePIKEHO KTa-
CHUYHHMH METOTUYHIMHU peKoMeHamismu [21,22].

Bukopucranus crazarmomerpa Tpaybe nano 3mory mo-
CSIF'TH BUCOKOT TOYHOCTI BUMIPIOBaHb 32 YMOBH €KOHOMIYHOT
JocTyrHocTi obnaHanss [23] OkpeMoro epeBaroro oopa-
HOT'0 METOJLy CTAJIarMOMETPii € HOTo BiAMIOBIIHICTB CIIOCO0Y
3aCTOCYBaHHS JIOCIIDKEHNX Tpenaparis.

OTKe, 3aCTOCYBaHHS BICKO3MMETpIl Ta cTajgarMoMerpii
Jla€ 3MOTY TIPOTHO3YBAaTH 0IOCYMICHICTB 1 KJIiHIUHY edek-
TUBHICTh PIAKUX O()TAIBMOJIOTIYHKUX 3aCO0IB 1€ HA eTarll
71a00PATOPHUX JI0CITIHKCHb.

BucHoBKu

1. Yei mocmimpkeHi o TaabMOIOT YHI 3ac00H MalOTh CTa-
OinpHUI ToKa3HUK pH, sKwii He 3MIHIOETBCS TPH (Hizioo-
TIYHOMY PO3BE/ICHHI.

2. 3a peoIoTiYHIMH BIIACTUBOCTSIMH HAHOLTBIT HaOMIKe-
HUMH JI0 IUTBOBHUX 3HAUCHb € mpenapar «Onriromn 0,4 %»
ta «Odromik YIasTpay.

3. 3pazok «Aprenak ['impomeno3a» xapakTepu3yBaBCs
HaWBHUIIOIO 3/1aTHICTIO JI0 PO3TiKaHHS, XOua HU3bKHH ITOKa3-
HUK MTOBEPXHEBOTO HATATY MOXE O0OMEXyBaTH TPHUBAIICTh
crabiiizanii npekopHeanbHOT IUTiBKH.
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Modern approaches to the synthesis and biological screening of
1,2,4-triazole-3-thiol derivatives (literature review)

V. V. Kalchenko8¢P R, O. Shcherbyna®A&F

Zaporizhzhia State Medical and Pharmaceutical 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

Aim. To systematize and critically analyze current scientific publications on the synthesis and biological screening of 1,2,4-triazole-3-thiol
derivatives and to summarize the relationship between their structure and pharmacological activity. Special attention was paid to the
prospects of using these compounds as scaffolds for the development of new biologically active substances and potential active phar-
maceutical ingredients.

Materials and methods. The review included publications by domestic and foreign authors devoted to methods for the synthesis, chemical
modification, and biological evaluation of 1,2,4-triazole-3-thiol derivatives. Literature retrieval was carried out in the Scopus, Web of Science,
PubMed, and Google Scholar databases using Ukrainian- and English-language keywords related to 1,2,4-triazoles, triazole-3-thiols, syn-
thesis, and biological activity. The selected sources were analyzed by systematization, comparative assessment, and generalization of data
on synthetic approaches, thiol-group transformations, directions of structural modification, and the results of pharmacological screening.

Results. The analysis showed that 1,2,4-triazole-3-thiol derivatives represent an important class of heterocyclic compounds with broad
possibilities for purposeful structural modification and a wide spectrum of biological effects. Their synthesis is most often based on cycliza-
tion reactions involving thiosemicarbazides, hydrazides, isothiocyanates, and related intermediates, whereas the efficiency of the process
depends on solvent, temperature, catalyst, and the nature of substituents. The summarized literature indicates that these compounds may
exhibit antimicrobial, antifungal, antiviral, antioxidant, anti-inflammatory, anticonvulsant, and antitumor activity, while the thiol group plays
a decisive role in further S-functionalization and in shaping physicochemical and pharmacological properties.

Conclusions. 1,2,4-Triazole-3-thiol derivatives are a promising platform for medicinal chemistry because their reactivity allows targeted
modification and the reported biological screening results confirm the expediency of further search for new low-toxicity and pharmacologi-
cally promising compounds in this series.

Keywords: 1,2,4-triazole-3-thiol, triazole derivatives, synthesis, biological screening, pharmacological activity, structure — activity relationship.
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CyvacHi nigxogu fo cuHTe3y Ta 6ionoriYHOro CKpuHiHry noxigHux 1,2,4-tpiason-3-tiony (ornsg niteparypm)
B. B. KanbyeHko, P. O. LepbuHa

MeTa po60oTu — cuctemaTnayBaTi Ta KpUTUYHO NMpOaHaniayBaT CyyYacHi HaykoBi nybnikauii, NpUCBAYEHi CMHTE3y Ta GionoriYHOMY CKpu-
HiHry noxigHux 1,2,4-Tpia3on-3-Tiony, a TakoX y3ararbHUTK BiJOMOCTi NP0 B3aEMO3B’A30K MiX iXHbOK Oy[0BOK Ta (hapMakormorivyHow
akTuBHicTo. OKpemy yBary npuaineHo OLiHIOBaHHIO NEPCNEKTUB BUKOPUCTAHHS LIMX CMOMYK SK MOMNEKYNAPHWUX NnaTtdopm Ansi CTBOPEHHS
HOBUX GIONONYHO aKTUBHMX PEYOBWH i NOTEHLAHNX aKTUBHMX (PapMaLeBTUYHNX iHTPELIEHTIB.

Matepianu i meTogu. [lo ornsgy BkOYeHO Nyonikauii BiTYM3HAHMX i 3apybixXHWX aBTOpIB, MPUCBSYEHI METOAAM CUHTE3Y, XiMiYHIA MO-
IAvdikauii Ta GionoriyHomy oLjiHIOBaHHI0 noxigHux 1,2,4-Tpiason-3-Tiony. Molwwyk nitepaTypu 3aiicHioBanm B 6asax aaHux Scopus, Web
of Science, PubMed i Google Scholar. BukopuctoByBanu ykpaiHOMOBHi Ta aHrMOMOBHI KIOYOBi CoBa, NoB’A3aHi 3 1,2,4-Tpiazonamu,
Tpiason-3-Tionamu, CHTE30M i BionoriyHo akTMBHICTHO. BigibpaHi fpxepena npoaHanisoBaHo MeTOAaMM CUCTEMaTU3aLii, MOPIBHAMNBHOMO
OLiIHIOBAHHS 1 y3ararnbHeHHs JaHKX LLOAO CUHTETUYHMX MiOXOAIB, NEPETBOPEHD 3@ YUACTIO TIONbHOI FPYMNM, HANpsIMIB CTPYKTYPHOI MOAK-
dhikauii Ta pesynbTatiB hapMaKkonoriYHOro CKPUHIHTY.

Pesynsrati. AHani3 gaHux dhaxoBoi nitepaTtypu 3acsigumB, Lo noxigHi 1,2,4-tpiason-3-Tiony € BaXNMBUM KNacoOM reTepOoLMKIIYHUX CNOnyK
i3 MOXITMBOCTAMM LiNECnpAMOBaHOi CTPYKTYPHOI MOAMMiIKaLli Ta LWMPOKM criekTpoM GionoriuHoi Aii. xHii cuHTes HaltacTile rpyHTy-
€TbCSA Ha peakuisx uukniauii 3a yyactto Tiocemikapbaaugis, rigpasuais, isoTiouiaHaTiB i cnopigHEHNX NPOMiXHMX cronyk. EdekTmBHiCTb
MpoLiecy 3anexwuTb Bid NPUPOAN PO3YMHHUKA, TEMMepaTypu, katanisatopa i xapakTepy 3amiCHUKIB.

ARTICLE UDC 547.792.057+615.31'792.076
INFO DOI: 10.14739/2409-2932.2026.2.357016

Current issues in pharmacy and medicine: science and practice. 2026;19(2):184-194

Keywords: 1,2,4-triazole-3-thiol, triazole derivatives, synthesis, biological screening, pharmacological activity, structure — activity
relationship.

Received: 09.03.2026 // Revised: 30.04.2026 // Accepted: 06.05.2026

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license

184 Current issues in pharmacy and medicine: science and practice. Volume 19. Issue 2, May — August 2026 ISSN 2306-8094


https://doi.org/10.14739/2409-2932.2026.2.357016
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0008-2709-1148
https://orcid.org/0000-0002-9742-0284

Oensidu

BucHoBKu. Y3aranbHeHi JaHi cBigyaTb, L0 Taki CMomyky MOXYTb MaTh aHTUMIKPOBHY, NpOTUrpuBKOBY, NPOTMBIPYCHY, aHTUOKCUZAHTHY,
npoTu3anarbHy, NPOTUCYOOMHY Ta NPOTUNYXNWHHY aKTUBHICTb, @ TiONbHa rpyna Bifirpae B13HayanbHy ponb Ans HACTYMHOI S-(pyHKLiOHa-
nisauji, popmyBaHHS (i3nKo-ximMiYHMX | hapmakonorivyHnx BnactuBocTen. MoxiaHi 1,2,4-Tpiason-3-Tiony € NepCnekTMBHOK NNaTgopMoo
AN MeanyHoi Ta hapmaLeBTUYHOI XiMil, OCKiNbkK iXHsT peakLUiiiHa 3naTHiCTb 3abe3nevye MOXNMBICTb LinecnpsiMoBaHoi Mogudikallii, a
pesynkTaTy 6ioNoriYHOro CKPUHIHTY MiATBEPAXKYIOTb AOLIMNBHICTb NOAAMNbLLLONO NOLLYKY HOBUX MaNOTOKCUYHIX | (hapMakooriyHo nepcnek-

TUBHUX CMOMYK LibOro psidly.

KntouoBi cnoga: 1,2,4-Tpiason-3-Tion, NoxiaHi Tpiaony, CMHTE3, GioNoriYHNIA CKPUHIHT, (hapMakomnoriYHa akTUBHICTb, CTPYKTYpa — aKTUBHICTb.

AxTyanbHi nuTaHHA hapmaLleBTMYHOI | MeaMyHOI Hayku Ta npakTuku. 2026. T. 19, Ne 2(51). C. 184-194

According to current scientific research, the rapid develop-
ment of medical and pharmaceutical science has significantly
contributed to the improvement of both the quality and du-
ration of human life. A major role in this process has been
played by advances in organic and medicinal chemistry,
which have enabled the identification of active components in
drugs, as well as the design and implementation of synthetic
compounds with predictable biological properties. Further
progress in medicinal chemistry has focused on the targeted
modification of already known biologically active molecules
to enhance their efficacy and safety.

Despite considerable scientific achievements, the search
for new highly effective and low-toxicity biologically active
compounds remains relevant. This is due to the fact that a sig-
nificant number of drugs currently used for the prevention and
treatment of various diseases exhibit insufficient therapeutic
effectiveness or are associated with undesirable side effects.

Consequently, heterocyclic compounds, particularly
1,2,4-triazole derivatives, have attracted special attention
from researchers, as they demonstrate a broad spectrum
of biological activity and substantial potential for further
chemical modification.

Aim

To systematize and critically analyze current scientific publi-
cations on the synthesis and biological screening of 1,2,4-tri-
azole-3-thiol derivatives and to summarize the relationship
between their structure and pharmacological activity. Special
attention was paid to the prospects of using these compounds
as scaffolds for the development of new biologically active
substances and potential active pharmaceutical ingredients.

Materials and methods

The materials for this review included scientific publications
by domestic and international authors dedicated to the syn-
thesis and study of the biological activity of 1,2,4-triazole
derivatives, in particular 1,2,4-triazole-3-thiols. The analysis
was based on articles from peer-reviewed scientific journals,
monographs, and review papers published in open sciento-
metric databases. During the study, methods of systematic
analysis, generalization, and comparative evaluation of the
literature data were applied.

Special attention was given to modern approaches for
the synthesis of 1,2,4-triazole derivatives, features of their
chemical modification, and results of biological screening,
allowing assessment of the relationship between compound
structure and pharmacological activity.

Results

Analysis of current scientific sources has shown that 1,2 4-tri-
azole-3-thiol derivatives constitute an important class of
heterocyclic compounds with broad possibilities for struc-
tural modification and significant biological potential. The
generalization of literature data made it possible to identify
the main synthetic approaches, features of their chemical
behavior, and key directions for research into their pharma-
cological properties.

It has been established that the synthesis of these com-
pounds is most often based on cyclization reactions involving
thiosemicarbazides, hydrazides, and related reagents. The
efficiency of the synthesis largely depends on the reaction
conditions, including the nature of the solvent, temperature,
and catalysts. It was found that no universal synthetic method
exists, and optimal conditions require individual selection
depending on the structure of the starting components.

It has been shown that the reactivity of 1,2,4-triazole-3-thi-
ol derivatives is primarily determined by the presence of
the thiol group, which readily participates in nucleophilic
substitution reactions. In most cases, modification occurs
at the sulfur atom, leading to the formation of S-substituted
products, whereas involvement of the Nitrogen atoms is less
pronounced and depends on the reaction conditions. This
opens opportunities for the controlled synthesis of compounds
with predetermined properties.

Analysis of in silico studies confirmed their significant role
in modern medicinal chemistry. Molecular modeling methods
allow preliminary evaluation of compound interactions with
biological targets, prediction of pharmacokinetic properties,
and selection of the most promising structures. The agree-
ment between computational predictions and experimental
data demonstrates the effectiveness of this approach as a
preliminary screening step.

It has also been shown that 1,2,4-triazole-3-thiol derivatives
exhibit a broad spectrum of biological activities, including
antifungal, antimicrobial, antioxidant, and anticonvulsant
effects. In some cases, their efficacy is comparable to that
of known drugs, confirming the promise of further research
in this area.

Synthesis of 1,2,4-triazole-3-thiol derivatives. Derivatives
of 1,2,4-triazole are currently considered one of the most
promising classes of heterocyclic compounds in medicinal
and pharmaceutical chemistry [1,2,3,4,5]. One of the struc-
tural features of substituted 1,2,4-triazoles is their ability to
undergo tautomeric transformations, which enables interac-
tion with various biological targets, including enzymes and
receptor proteins [6]. The presence of Nitrogen atoms in the
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Fig. 1. Scheme of the synthesis of 5-(3,4,5-trimethoxyphenyl)-4H-1,2,4-triazole-3-thiol.

heterocyclic system contributes to the formation of hydro-
gen and coordination bonds, which positively affects the
pharmacological potential of these compounds [7,8]. Some
representatives of this class also exhibit cardioprotective and
neuroprotective activities, making them attractive candidates
for the development of new drugs.

A significant advantage of 1,2,4-triazole derivatives is the
wide range of possibilities for targeted chemical modification
[9]. Variation in the nature of substituents in the 1,2,4-triazole
ring positions and their subsequent functionalization allows
regulation of lipophilicity, bioavailability, and toxicological
characteristics of the compounds [10,11]. This, in turn,
opens opportunities for optimizing pharmacological activity
and reducing the risk of side effects. These properties have
led to the development of numerous synthetic approaches
for obtaining such compounds, which have been proposed
over recent decades and continue to be actively improved
[1,12,13,14,15,16,17].

The scientific literature describes numerous methods for
the synthesis of 1,2,4-triazole-3-thiol derivatives based on the
use of various starting substrates, including thiosemicarba-
zides, carboxylic acid hydrazides, isothiocyanates, esters, and
amides of thiocarboxylic acids [18,19]. Cyclocondensation,
intramolecular heterocyclization, nucleophilic substitution,
and functionalization of the thiol group can proceed under
different conditions-acidic, neutral, or basic media-using
conventional heating, microwave irradiation, or catalysts. At
the same time, even minor variations in synthesis parameters
can significantly influence the course of the reaction process,
its rate, the selectivity of target heterocycle formation, and
the yield of the final product [20].

At the same time, the accumulated data on the synthesis
of 1,2,4-triazole-3-thiol derivatives are predominantly de-
scriptive in nature and are often focused on the preparation
of individual compounds without a thorough comparative
analysis of alternative methods [21,22]. In a significant
number of studies, there is a lack of systematic evaluation of
the advantages and disadvantages of the proposed synthetic
approaches, their scalability, reproducibility, and compliance
with modern environmental requirements. This complicates

the practical application of the available results in further
research, especially in the development of a series of new
derivatives with predicted physicochemical and biological
properties.

The generalization and critical analysis of existing synthetic
methods make it possible not only to systematize fragmented
literature data but also to establish general patterns in the
formation of the 1,2,4-triazole-3-thiol fragment, to determine
the relationship between the structure of starting reagents and
the efficiency of heterocyclization, and to outline the most
promising directions for chemical modification. Particular
importance is attached to the study of modern approaches
aimed at reducing the number of synthetic steps, using less
toxic reagents and solvents, decreasing energy consumption,
and improving the economic efficiency of processes [23,24].
Therefore, a comprehensive generalization of information on
the synthesis methods of 1,2,4-triazole-3-thiol derivatives is
an important scientific task that forms the theoretical basis
for the further development of the chemistry of these heter-
ocyclic systems.

Such generalization contributes to the formation of a com-
prehensive understanding of the capabilities and limitations
of existing synthetic approaches, facilitates the rational se-
lection of optimal methods for obtaining target compounds,
and serves as a foundation for the development of new, more
efficient and technologically advanced synthetic routes for
promising biologically active substances.

A group of researchers has proposed and implemented a
stepwise approach to the synthesis of 17 new 1,2,4-triazole
derivatives containing a thioether fragment of 1,3,4-thiadi-
azole. The target compounds were obtained through sequen-
tial organic transformations using appropriate heterocyclic
precursors followed by functionalization with a thioether
group (Fig. 1). The structures of the synthesized compounds
were confirmed using modern physicochemical analytical
methods [25,26].

As aresult of the conducted studies, an efficient approach
to the synthesis of starting compounds and S-alkyl derivatives
of 4-(4-chlorophenyl)-5-(pyrrol-2-yl)-1,2,4-triazole-3-thiol
was developed. The synthetic strategy was based on the

186 Current issues in pharmacy and medicine: science and practice. Volume 19. Issue 2, May — August 2026

ISSN 2306-8094



Oensidu

2 0
CAOKD, | NHHO;CHOH 7/ \ y
[ \ .° cl HCI; -H.0 N
N | KCI-COHO -CO;H,0 e N SNH,
H Cl
al
C,H.OH N/O/
o
N—N s7
I )\
@AN SH 1. NaOH al
s
H 2. CH,COOH / \ H )J\ /@/
-CH,COONa N ~N N
H H H

Fig. 2. Scheme of the synthesis of 4-(4-chlorophenyl)-5-(1H-pyrrol-2-yl)-4H-1,2,4-triazole-3-thiol.

3

HZ

NH
S)\N/
H

Formamide

%

Fig. 3. Scheme of the synthesis of 5-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione.

sequential implementation of targeted chemical transforma-
tions aimed at constructing the corresponding heterocyclic
systems (Fig. 2) [27].

To obtain a series of substituted 1,2,4-triazole derivatives,
classical approaches involving the cyclization of semicar-
bazides were applied. In particular, 1,2,4-triazole-3-thione
was synthesized by the reaction of thiosemicarbazide with
formamide, whereas 5-phenyl-1,2,4-triazole-3-thione was
obtained from benzoylthiosemicarbazide in an alkaline me-
dium of sodium hydroxide (Fig. 3) [28].

Pyrimidine-2-thiol, together with the triazole fragment,
is widely used in organic synthesis. In particular, it can be
employed as a lactam-protecting group to prevent side re-
actions involving cyclic amides, and it can also serve as an
intermediate in the synthesis of pharmaceutical compounds.
Within the framework of these studies, new hybrid com-
pounds of the (1,2,4-triazol-3(2H)-yl)methylthiopyrimidine
type were synthesized via heterocyclization of intermediate
carbothioamides (Fig. 4) [29].

The researchers determined the optimal conditions for the
direct interaction of thiosemicarbazides with carboxylic acids
in the presence of a polyphosphate ester (PPE), which made

it possible to synthesize 1,2,4-triazole-3-thiol derivatives.
The methodology involves carrying out the process in two
consecutive stages: in the first stage, the thiosemicarbazide
is acylated by the carboxylic acid in a chloroform medium
in the presence of PPE at 90 °C using hydrothermal reaction
equipment; in the second stage, the obtained acylated product
undergoes cyclocondensation by treatment with an aqueous
alkaline solution (Fig. 5) [19].

The application of the proposed synthetic approach allowed
the preparation of 15 1,2 4-triazole-3-thiol derivatives, among
which five compounds were synthesized for the first time. The
structural identification of the obtained products was carried
out using NMR spectroscopy and mass spectrometry. It was
found that replacing chloroform with ethyl acetate as the
reaction medium leads to a fundamentally different course of
the process (Fig. 6). The obtained results indirectly confirm
the influence of the solubility of the acylation products in the
reaction mixture on the efficiency of the synthesis. At the same
time, the use of ethyl acetate was accompanied by the formation
of a homogeneous reaction mass that was difficult to separate,
highlighting the necessity of selecting the solvent individually
depending on the structure of the target compounds.
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The practical value of the proposed approach to the syn-
thesis of 1,2,4-triazole-3-thiol derivatives is particularly
evident in cases where obtaining the corresponding hy-
drazides, required for classical synthetic methods based on
isothiocyanates, is difficult or requires the use of specific and
non-standard conditions.

A demonstrative example of such situation is the synthetic
scheme shown in Fig. 7. It was found that the reaction of
a methyl ester with hydrazine in ethanol or isopropanol
did not lead to the formation of the target hydrazide, even
after a prolonged reaction time (48 h). At the same time, a
structurally related compound — 3-(1H-benzotriazol-1-yl)
propanehydrazide — was successfully formed under analogous
conditions, indicating a significant influence of the structure
of the starting compound on the course of the reaction illus-
trated in the scheme in Fig. 7.

Chemical modification of 1,2,4-triazole-3-thiol derivatives.
The need to generalize data on the reactivity of 1,2,4-tri-
azole-3-thiol derivatives involving the thiol group is driven
by the growing interest in this class of heterocyclic com-
pounds as promising objects in medicinal, pharmaceutical,
and bioorganic chemistry. The chemically active thiol group
(-SH) within the molecule determines their ability to under-
go various chemical transformations, including alkylation,
acylation, oxidation, as well as the formation of thioethers,
disulfides, and coordination compounds. This provides broad
opportunities for the targeted synthesis of new functionalized
derivatives.

At the same time, the literature contains a substantial
amount of information regarding the influence of the electron-
ic nature of substituents, thiol-thione tautomerism, reaction
conditions, and reagent choice on the chemoselectivity and
course of transformations involving the thiol group; however,
these data are fragmented and unsystematized. The lack of a
comprehensive summary complicates the prediction of the

reactivity of 1,2,4-triazole-3-thiol derivatives, the rational
design of synthetic routes, and the reproducibility of exper-
imental results.

Systematizing the available information on thiol-group
reactions is an important prerequisite for establishing general
patterns of chemical behavior for this class of compounds,
understanding the relationship between their structure and
reactivity, and optimizing conditions for the synthesis of
biologically active substances with predetermined properties.
Implementing such an approach will contribute not only to
deepening theoretical knowledge of 1,2,4-triazole-3-thiol
chemistry but also to forming a scientifically grounded basis
for the development of new pharmaceuticals and functional
materials.

An original method for transformations involving the thiol
group was proposed by the authors’ team. Optimization of
alkylation conditions through the selection of the alkylating
agent, solvent, and base allowed for increased selectivity at
the sulfur atom and higher yields of the target products. As
a result, a series of new S-derivatives of 1,2 4-triazole were
synthesized, and their structures were confirmed using mod-
ern physicochemical analytical methods ("H and *C NMR,
IR spectroscopy, mass spectrometry). It was demonstrated
that the proposed approach is universal and can be applied to
the modification of various substituted 1,2,4-triazol-3-thiols,
expanding the possibilities for the targeted synthesis of po-
tentially biologically active compounds (Fig. 8) [26].

Alkylation of thiols with haloalkanes is one of the most
common and efficient methods for the synthesis of thioethers
(sulfides) and is widely used in organic and medicinal syn-
thesis. This process proceeds via a nucleophilic substitution
mechanism, primarily of the S 2 type, in which the thiol
group (-SH), or more often its deprotonated form — the thiolate
anion (RS") —acts as a nucleophile, attacking the electrophilic
Carbon atom of the haloalkane (Fig. 9).
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For reactions proceeding via the S, 2 mechanism, inversion
of configuration at a chiral center is characteristic. In most cas-
es, alkylation is carried out in the presence of bases (NaOH,
K,CO,, NaH, organic amines), which ensure the formation
of the reactive thiolate anion and help increase the reaction
rate and selectivity. The high nucleophilicity of thiolate
anions compared to alkoxides is a significant advantage, as
it allows alkylation under milder conditions while achieving
high yields of the target products [27].

The reaction of phenacyl bromide with 1,2,4-triazole-3-thi-
ol exhibits a number of characteristic features due to the
high electrophilicity of the a-haloketone and the ambident
nucleophilic nature of the triazole thiol [28]. In the phena-
cyl bromide molecule, the bromine atom is located at the
a-position relative to the carbonyl group, which leads to
significant polarization of the C-Br bond and increases the
electrophilicity of the methylene carbon atom, facilitating
nucleophilic substitution reactions.

1,2,4-Triazole-3-thiol can exist in both thiol and thione
tautomeric forms; however, under alkylation conditions, the
primary reactive center is the sulfur atom of the thiol group,
which exhibits considerably higher nucleophilicity compared

to the Nitrogen atoms of the heterocyclic ring (Fig. 10). In
the presence of a base, a thiolate anion is formed, promoting
an S 2 mechanism with attack on the a-Carbon of phenacyl
bromide and elimination of the bromide anion.

As a result, the reaction predominantly yields the S-alky-
lated product —a phenacyl sulfide derivative of 1,2,4-triazole.
The high regioselectivity at the Sulfur atom is due to a
combination of the enhanced nucleophilicity of the S atom,
favorable interaction of a “soft” nucleophile with a “soft”
electrophilic center, and the thermodynamic stability of the
resulting thioether bond. The use of polar aprotic solvents
(DMF, DMSO, acetone) in combination with mild bases
contributes to increased reaction rates and higher yields of
the target products.

Under harsher conditions or if the nucleophilicity of the
thiol group is reduced, competitive N-alkylation of the triazole
ring is possible, although it is usually a minor pathway. The
obtained phenacyl sulfide derivatives of 1,2,4-triazole are of
interest as synthetic intermediates and as promising targets
for further chemical modification and biological studies.

An original approach to the interaction of nucleoside
phosphates with S-derivatives of 1,2,4-triazole was proposed

190 Current issues in pharmacy and medicine: science and practice. Volume 19. Issue 2, May — August 2026

ISSN 2306-8094



Oensidu

10

Phenacyl bromide
K,CO,, (CH,),CO

4>

Phenacyl bromide
K, CO

Fig. 10. Scheme of the synthesis of new S-derivatives of 1,2,4-triazole.

11 -

UP Pi

E
S

jel

0

OH R,

R, = C,H-CO-CH,
R, = CH,-CH,-CH,-CH, Ho

T H
Rl
),CO R\1 i
s\< /
p—N
R, = C,H,-CO-CH,

R, = CH,-CH,-CH,-CH,

Fig. 11. Scheme of the interaction of a nucleoside phosphate with S-derivatives of 1,2,4-triazole.

by the authors’ team [28]. Overall, this process can be con-
sidered as a nucleophilic substitution or phosphorylation at
the Nitrogen atom of the heterocyclic ring, leading to the
formation of new N-linked conjugates of the nucleoside-tri-
azole type (Fig. 11).

Such compounds are of considerable interest in medicinal
chemistry, as they can mimic the structural motifs of natural
nucleotides and potentially exhibit inhibitory activity against
nucleotide-dependent enzymes.

Alkylation of (1,2,4-triazol-3(2H)-yl)methyl thiopyrimi-
dines with haloalkanes is one of the key and widely used
methods for the chemical modification of these heterocyclic

systems, which is explained by the presence of multiple
nucleophilic centers in their structure (Fig. 12). The Sul-
fur atom of the thiopyrimidine fragment exerts a decisive
influence on the course of the reaction; due to its high nu-
cleophilicity and polarization capability, it predominantly
undergoes alkylation, ensuring the selective formation of
S-alkylated products.

In contrast, the Nitrogen atoms of the triazole ring exhibit
significantly lower reactivity under standard conditions, so
N-alkylation is usually a minor process and occurs only un-
der harsher conditions or with the use of stronger alkylating
agents [29].
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1,2,4-Triazole derivatives containing a thiol group repre-
sent an important class of heterocyclic compounds, distin-
guished by high reactivity and a wide range of biological
effects [30].

Of particular interest are the S-alkylated derivatives, as
modification of the sulfur atom of the thiol group allows
targeted control over the lipophilicity, chemical stability, and
pharmacological properties of the compounds.

The corresponding S-alkylated products were obtained
from 4-alkyl-5-(((3-(pyridin-4-yl)-1H-1,2 4-triazol-5-yl)thio)
methyl)-4H-1,2,4-triazol-3-thiols, which contain a free thiol
group at the third position of the 1,2,4-triazole ring (Fig. 13).

This functional group serves as the primary reactive center
in subsequent S-alkylation processes.

Heterocyclic compounds containing 1,2,4-triazole and
pyridine fragments occupy a key position in modern medic-
inal and pharmaceutical chemistry. The combination of two
pharmacophoric rings — 1,2,4-triazole and pyridine — in a
single molecule, along with thioether and carboxyl groups,
creates favorable conditions for exhibiting diverse biological
activities [31]. The carboxyl group of thioacetic acid enables
ionic interactions with biomolecular targets and allows the
formation of water-soluble salts, which is important for
pharmaceutical applications (Fig. 14).
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Alkyl substituents at the 4 position of the 1,2,4-triazole
ring modulate lipophilicity and membrane permeability,
affecting both the level and spectrum of biological activity.
The combination of these structural features makes these
compounds promising as potential antimicrobial, antifungal,
and anti-inflammatory agents and justifies the need for further
pharmacological studies.

Conclusions

1. Analysis of recent literature sources has shown that
1,2,4-triazole-3-thiol derivatives represent a promising class
of heterocyclic compounds with a broad spectrum of biologi-
cal activities, including antimicrobial, antifungal, antiviral,
antioxidant, and other effects, combined with relatively low
toxicity.

2. It has been established that their pharmacological po-
tential is largely determined by the possibility of targeted
structural modification, particularly through the thiol group,
which confers high reactivity and favors the formation of
S-substituted products.

3. These compounds can be synthesized using various
methods; however, no universal approach exists, and the
efficiency of the processes depends on the reaction conditions
and the nature of the starting components.

4. The generalization of data confirms the existence of a
structure-activity relationship, providing a foundation for
the rational design of new biologically active compounds.
At the same time, the available studies are fragmentary and
insufficiently systematized, which complicates their practical
application.

5. The use of modern in silico methods has proven to be
an effective tool for the preliminary selection of promising
compounds.

Prospects for further research. The results indicate the expe-
diency of further research on 1,2,4-triazole-3-thiol derivatives
as a basis for the development of new pharmaceutical agents.
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MepcnekTnBM NOWYKY HOBUX aHTUMOKCUAAHTIB cepeA Tia30110BMiCHUX
reTepoLMKIiB: Cy4YacHUN CTaH i HaNnpPsAMU PO3BUTKY

T. 1. Yaban@ABP M. I. Nentox©@BCP Y. B, Yynoecbka@BCE |, T, Yaban©CPE B, B. OrypuoBACF

[lep>xaBHe HekoMepLiiHe NiANPUEMCTBO «JIbBIBCbKMI HALOHANbHUI MEAWYHWIA yHIBEpCUTET iMeHi [anuna Manuubkoroy, YkpaiHa

A — KOHLUenNUist Ta Au3aitH gocnimxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTTi;
F — ocTatouHe 3aTBepmKEHHS CTaTT

Meta poboTm — cuctemaTudyBati Cy4acHi faHi paxoBoi nitepaTypyu LWOJO MEXaHi3MiB aHTWOKCUAAHTHOI Aii Ta NepCneKkTUB CTPYKTYPHOO
BIOCKOHaNEeHHS Tia30NoBMICHUX CMONYK, LLO AACTb 3MOTY OKPECNMTY KITKOHOBI HANpsMy NOAANbLUMX JOCIAXeHb Y Ll cdepi.

Matepianu i meTogu. IHhopmaLinHO-aHaniT4Hy OCHOBY POBOTH CHOPMOBAHO LLFIIXOM CUCTEMATU30BaHOrO MOLUYKY HayKOBUX MybnikaLin
y MixHaponHux 6asax gaHmx Scopus, Web of Science Core Collection, PubMed / MEDLINE ta Google Scholar 3a nepiog 2011-2026 pp. i3
npiopuTETOM JOCHIMKEHb HA OCTaHHI 5 pokiB. [10 aHanidy BKIYMIIM NOBHOTEKCTOBI OpUriHabHI AOCIIIXKEHHS 3 KiNbKICHUM OLHIOBaHHAM
aHTWOKCMAAHTHOI akTUBHOCTI Ta poboTu i3 SAR/QSAR-aHani3oM. Y3aranbHeHHSs 34iINCHUNM i3 3aCTOCYBaHHAM CUCTEMHOTO, MOPIBHSAINBHOTO
Ta KOHTEHT-aHanisy Ans BCTaHOBIEHHS 3aKOHOMIPHOCTEW «CTPYKTYpa — aKTUBHICTbY | BU3HAYEHHS NEPCNEKTUB CTPYKTYPHOI ONTUMI3aLlii
Tia30noBMICHUX CMOMYK BiANOBIAHO A0 YNHHUX BUMOT A0 OrMSA0BUX AOCTIKEHb.

Pesynbrati. AHTUOKCUAAHTU BigirparoTb BaXNMBY Porib Y NPOMiNakTyL Ta NikyBaHHI 3aXBOPOBaHb, LU0 NOB’A3aHi 3 OKCMAATUBHUM CTPECOM,
BKMOYa0UM CepLIEBO-CYANHHI, HEMpPOAEreHepaTVBHI Ta OHKONOriYHi naTonorii. Heasaxarouu Ha LWMPOKWI CNEKTP MPUPOAHUX | CUHTETUYHNX
aHTVOKCWAAHTIB, iXHA TepaneBTUYHa eeKTUBHICTL 0BMEXEHa Yepes HM3bKy BIOAOCTYMNHICTb, HECTINKICTL Y BionoriyHnX cepenosuLLax
i MOXMMBY TOKCUYHICTb. [€TepoLmKnivHi crnonyku 3 Tia3onbHUM parMeHTOM nokasanu 3HaYHWii noTeHuian Sk aHTMOKCUAAHTY 3aBASKN
30aTHOCTI 3aXONJIH0BATM BiNbHI pagukanu, xenatysat MeTanu Ta cTabinisyBaTv akT1BHI (hOpMM KUCHIO. Y3aranbHEHO CyyacHi AaHi LWoao
CUHTE3Y, MexaHi3MmiB fii, MeToiB OLiHIOBAHHS aHTUOKCUAAHTHOI aKTUBHOCTI Ta NEPCMNEKTUB CTPYKTYPHOIO YAOCKOHANEHHS reTepOLMKIIB.
3anponoHoBaHO KPUTUYHWIA aHania YMHHKX NiAXOAIB Ta BU3HAYEHO KMIOYOBI HANpsMW AN HACTYMHUX AOCMILXEHb 3 BUKOPUCTAHHSAM
MYnNbTUANCLMNIHAPHUX CTPaTETIN.

BucHoBku. TiazonoBMicHi reTepoLmnkny dhopMyHTb LUMPOKWIA CNEKTP CTPYKTYPHUX CUCTEM, Siki BiAPi3HAOTLCS 3a enekTpoHHOK ByoBot Ta
MexaHi3MaMu aHTUOKCUAAHTHOI Aii. KpiM TOro, nigBULLEHHS aHTUOKCMAAHTHOI aKTMBHOCTI AOCSAraloTh Yepes3 BBEAEHHS €NEKTPOHOLOHOPHUX
3aMiCHWKIB, (DEHONMbHKUX PparMeHTiB i KOMBIHYBaHHS 3 iHLLMMW FETEPOLIMKIIYHUMM CUCTEMAaMMK, LLO Aa€e 3MOry CTBOPIOBATW MYMbTUMDYHK-
LioHanbHi MONeKynu 3 MOTEHLINHO BUCOKOK TEPANEBTUYHO LiHHICTHO.

KntouoBi crioBa: Tia30noBMICHi reTepOLMKIIN, aHTUOKCUMAAHTY, 3aNEXHICTb «CTPYKTYpa — aKTUBHICTbY.
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Prospects for the search for new antioxidants among thiazole-containing heterocycles: current status and development
directions

T. 1. Chaban, M. I. Lelyukh, U. B. Chulovska, I. H. Chaban, V. V. Ogurtsov

The aim of work: to systematize current literature data on the mechanisms of antioxidant action and prospects for structural improvement
of thiazole-containing compounds, which will allow us to outline key directions of further research in this area.

Materials and methods: The information-analytical framework of this study was established through a systematic search of scientific
publications in the international databases Scopus, Web of Science Core Collection, PubMed / MEDLINE, and Google Scholar, covering
the period 2011-2026, with particular emphasis on studies published within the last five years. Full-text original research articles reporting
quantitative evaluation of antioxidant activity, as well as studies involving SAR/QSAR analysis, were included in the review. Data synthesis
was performed using systematic, comparative, and content analysis approaches to identify structure — activity relationships and to define
prospects for the structural optimization of thiazole-containing compounds in accordance with current standards for review articles.

Results. Antioxidants play an important role in the prevention and treatment of diseases associated with oxidative stress, including cardio-
vascular, neurodegenerative and oncological pathologies. Despite a wide range of natural and synthetic antioxidants, their therapeutic
efficacy is limited due to low bioavailability, instability in biological media and possible toxicity. Thiazole-containing heterocyclic compounds
have shown significant potential as antioxidants due to their ability to scavenge free radicals, chelate metals and stabilize reactive oxygen
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Review

species. This review summarizes current data on the synthesis, mechanisms of action, methods for assessing antioxidant activity and
prospects for structural improvement of thiazole-containing heterocycles. A critical analysis of existing approaches is proposed and key
directions for further research using multidisciplinary strategies are identified.

Conclusions. Thiazole-containing heterocycles form a wide range of structural systems that differ in electronic structure and mechanisms
of antioxidant action. In addition, increased antioxidant activity is achieved through the introduction of electron-donating substituents,
phenolic fragments and combination with other heterocyclic systems, which allows the creation of multifunctional molecules with potentially

high therapeutic value.

Keywords: thiazole-containing heterocycles, antioxidants, structure — activity relationship.
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OKCHIATUBHHAN CTPEC € ONHHUM i3 KITFOYOBHX MEXaHI3MiB,
IO JIGKUTH B OCHOBI IATOTCHE3y YMCICHHUX XPOHIYHHX
3aXBOPIOBaHb, BKJIFOYAIOUH CEPLIEBO-CYAHHHI IaTOJOTII,
HEeHpoJeTeHePaTUBHI PO3JIa, METa0OIIYHI CHHIPOMH I
OHKOJIOTi4Hi 3axBoproBanHs [1,2,3].

Y Hopwmi peaktuBHi Gopmu kucHi0 (ROS) Ta peakTuBHI
azoructi crioyku (RNS) GepyTth yuacts y (izionoriyanx
mpoIriecax, 30KpeMa B riepeiadi CUTHaJIB, IMYHHIH BiITOBI T
Ta peryssuil KiTuHHoro meradomizmy. [Ipore ix HagmipHe
HAKOIMYCHHS IIPHU3BOIUTS JI0 ITOIIKOPKSHHSI I iB, OLIKIB,
HYKJICTHOBHMX KHCJIOT 1 KIIITUHHUX OPTaHell, 110 3yMOBIIIOE
nopyiueHHs: (YHKI[IOHYBaHHSI TKaHUH 1 opraHiB [4,5]. YV
3B’S3Ky 3 IIUM aHTHOKCHUAAHTH, SIKi 37aTHI HEHTpasizyBaTu
ROS/RNS a6o 3amobiratu iX yTBOPEHHIO, BU3HAYAIOTh SIK
Ba)XJIMBUH 1HCTPYMEHT MPOQIIAKTHKA Ta Teparrii 6ararbox
3aXBOPIOBaHb.

OcTaHHIMH JECSTIITTAMA 3HAYHO MOCHIIMBCS HayKOBUI
IHTEepeC 70 aHTHOKCH/AHTIB, 110 TIOB’S3aHO 3 MOIIHPEHHIM
XPOHIYHMX 3aXBOPIOBAHb i CTAPIHHSAM HACEJICHHS, a TAKOXK 3
PO3YMIHHSIM POJIi OKCHIATHBHOT'O CTPECY B IX MPOrpeCcyBaHHi.
[puponHi aHTHOKCHAAHTH, 30KpeMa NoltieHonu, BiTaMiH|
(C, E) Ta KapOTHHOITH, IIMPOKO JTOCIIIHKYIOTh 1 3aCTOCOBYHOTh
y XapyoBii MPOMHUCIIOBOCTI, (hapMaKoJIOrii Ta KOCMETOJOT .
Onnak ixHs e(eKTUBHICTh YacTO OOMEXKYEThCS HU3BKOIO
010OCTYIHICTIO, ITBUAKAM METab0Ti3MOM, HECTAOLIBHICTIO
B OpraHi3Mi, a TaKOK HECTIPHATINBUMHU (papMaKOKiHETHY-
HUMH BIacTHBOCTSIME [6,7,8]. Kpim Toro, y mMeBHHX yMOBax
NPUPOJHI AHTHOKCUIAHTH MOYKYTh BUSIBIISITH IPOKCHIAHTHI
BITACTHUBOCTI 200 B3a€MOIIISITH 3 1HIIIMMH JIIKAPCHKUMH 3aC0-
0amu, 110 3HIDKYE IXHIO KITiHIYHY epeKTHBHICTD 1 Oe3neKy
[9,10]. OTKe, MOMLTEHAM € CTBOPESHHSI HOBUX aHTHOKCHJIAHTIB
13 TOKpaIeHUMH (hapMaKoJIOTIYHUMH XapaKTePUCTHKAMH, IO
MOXKYTh 3a0€3MCUNTH CTAOUTLHUI 3aXUCT BiJl OKCHUIATHBHUX
YUIKOIDKEHb Y PI3HUX O10JIONYHMX CHCTEMaX.

CydacHa (apMaleBTUYHA XiMisi aKTHBHO IIyKa€ TakKi
CIIOJIKH IIUISIXOM 3aCTOCYBaHHS MYJIBTHMCIMILUTIHAPHUX
CTparerii, o BKIFOYAIOTh CHHTE3 HOBUX XIMIYHUX CKEJIETIB,
MOZIETTIOBAaHHS CTPYKTypu — akTUBHOCTI (QSAR), a Takox
OLIIHIOBAaHH: 0i0JTOTIYHOI aKTHBHOCTI B IIMPOKOMY CHEKTPi
TecTiB. Y I[bOMY KOHTEKCTi T€TepPOLUHKIIIYHI CHCTEMHU €
0COOJNMBO MEPCIIEKTUBHIUMH, OCKUIBKH iXHS CTPYKTypa Aac
3MOT'y TOHKO HAJIAIIITOBYBATH EJICKTPOHHI, TPOCTOPOBI Ta (i-
3MKO-XIMIYHI BIACTHBOCTI MOJIEKYI. T1a3010BMICHI CIIOITYKH
3aBJIIKM CBOEMY II'SITHWICHHOMY KapKacy 3 aToMaMH CIpKH
11 @30Ty MalOTh YHIKQJIbHI €JIEKTPOHHI XapaKTePUCTUKH, 10
CIIPUSIOTH CTa0LII3aI] paJMKaIbHUX TPOMDKHUX MTPOAYK-
TIB 1 MiZICHJIFOIOTH 3MaTHICTh 10 PAMKAIBHOIO 3aXOILICHHS

[11,12]. List ocobmuBicTh pOOUTH X MOTEHIIIHHIMHU KaHTU-
JlaTaMu JUIsl pO3pOOKH HOBHX aHTHOKCHJIAHTIB, SIKI MOXYTh
TepeBepIIyBaTH 3a e(eKTUBHICTIO TPAAULIIHHI IIPUPOIHI Ta
CHHTETHYHI aHaJIOTH.

Oco0nuBHii iHTEpEC Y KOHTEKCTI aHTHOKCHAAHTHOL
XiMiT BUKJIMKAIOTh Tia30MiAMH-2-0HU Ta TxHi moxinHi. Tia-
30JIIIMH-2-0H — FeTEPOLMKIIYHUI KapKac, KAH MOEIHYE
€JIEKTPOHOIOHOPHI ¥ aKIEeNTOpHI BIACTUBOCTI, IO Ja€
3MOTy e(heKTHBHO CTa0LTi3yBaTH PaUKaIK Ta CIIPHSE TIepe-
PO3TIOITY eTeKTPOHHOI TYCTHHHU B MOJeKyi. Kpim Toro, i
CTIOTYKH{ XapaKTEPU3yIOThCS BUCOKOIO XIMIYHOO THYYKICTIO,
1 TOMy MOYKHA 3[IMCHIOBATH CTPYKTYpHI MOoauGiKamii st
omnTHMi3arii OiosoriyHoi akTUBHOCTI. Y (haxoBiit JliTeparypi
OIMMCAHO YXCIICHHI MPUKJIAIU MTOXiTHUX Tia30J1iInH-2-OHiB,
1110 MAIOTh HE JIUIIIE aHTHOKCHUIAHTHY, aJie i IIPOTU3aIiajbHYy,
AQHTUMIKPOOHY, IPOTHIYXJIMHHY Ta 1HII BUIU Oi0I0rTYHOT
aktuBHOCTI [13,14,15]. Ile nae mincraBu asist po3poOKu
MyJIbTH(QYHKI[IOHAIBHUX areHTiB, sIKi MOXKYTh OJIHOYACHO
BIUIMBATU Ha KiJIbKA TATOreHETHYHUX JIAHOK 3aXBOPIOBAHb,
1110 3yMOBJICHI OKCHU/IATUBHUM CTPECOM.

He3Bakatoun Ha 3HAYHWIA MPOTPEC Y CHHTE31 Ta mep-
BUHHOMY OIlIHIOBaHHI aHTHOKCHIAHTHOI aKTHBHOCTI Tia-
30JI0BMICHUX CITOJYK, Y HAyKOBIH JIITEpaTypi 3aIHIIA€ThCS
HEIOCTaTHBO CHCTEMAaTH30BAHMX JAHHUX IOAO KOPEJsIil
CTPYKTypH ¥ akTiBHOCTI (SAR), MexaHi3MIB [Iii Ta IEpCIICK-
THB TPAHCIISILT N Vitro pesymeraris B in Vivo momerti. ba Ginb-
11e, MUTaHHs (PapMaKOKIHETHKH, METa0OIIIHOT CTabiIbHOCTI
Ta TOKCUKOJIOTTYHOI OE3MEKH TaKMX CHOJIYK 4aCTO BUBYAIOTh
(parmenTapHo abo B MeXax OKPEMHX JOCITIIKEHb, IO
00MeXye IXHIO MPAaKTUYHY IHHICTh. TOMYy NMPOJOBKEHHS
PO3BUTKY IIbOTO HAIPSIMY ITOTPEOy€e IHTErPOBAHOTO Ii/IXO/TY,
110 BKJIFOYAE CHHTE3 HOBHX IOXIHHUX, KOMIUICKCHE OIHIO-
BaHHsI aHTHOKCHIAHTHOT akTUBHOCTI, QS AR-aHami3, a Takok
JIOCITIJKEHHST MEXaHI3MiB JIil Ha MOJICKYJISIPHOMY PiBHI.

Kpim Toro, 3ayBakxumo, 110 CydacHi MiJIXOH JI0 OIiHIO-
BaHHSI aHTMOKCHUJIAHTHOT aKTHBHOCTI MalOTh BPaxOBYBaTH
HE JIMIIC PaJnKaj-CIIOBUILHIOBAIBbHI BIACTUBOCTI, aje i
31aTHICTh MOJICKYJT BIUTMBATH Ha €HJIOTeHHI aHTHOKCH/IAHTHI
cucteMu. HalHOBIIII HOCHIIKEHHS CBiAYaTh, 110 OararTo
CTIOYK MAalOTh 3HAYHY aHTHOKCHIAHTHY [0 4epe3 1HIyK-
it a00 Peryssmito pepMeHTIB (HapPUKIAA, CYyTIEPOKCH/I-
JUCMYTa3H, KaTajla3y, MIyTaTiOHNEPOKCHIa3M), a TaAKOXK
Yyepe3 MOIYJIIOBAHHS CHTHAJIBHUX IIUISXIB, TIOB’3aHMX 13
3amasieHHsM Ta aronrro3oM [ 16,17,18]. Otke, mepcrieKTHBHI
AQHTHOKCH/IAaHTH MAIOTh OyTH 3/1aTHI He JIMIIEe HeHTpalTi3yBaTH
BUIBHI paJJKaJI, ajie i BIUIMBATH Ha BHYTPIIIHI MEXaHI3MH
3aXUCTY KIIITHH.
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BpaxoByroun 11e, akTyanbHICTh HOIIYKY HOBHX aHTHOKCH-
JIAHTIB Cepel] Tia30J0BMiCHUX TEeTEPOIMKIIIB 3yMOBIICHA HE
JUIIe ToTpeboio B e(heKTUBHIMMX i OE3MEYHNX areHTax,
ajie 1 IOTEHIIAIOM LOT0 KJIACY CIOJIYK CTAaTH OCHOBOIO
JUTSL CTBOPEHHS MYIBTH(YHKITIOHATBHAX (hapMaKOIOTIIHITX
3aco0iB.

Meta po6otu

CucreMaru3yBaTy CydacHi JaHi ()axoBoi JiTepaTypH IoI0
MEXaHi3MiB aHTHOKCHIAQHTHOI [Iii Ta IEPCIICKTHB CTPYKTYP-
HOT'O BJIOCKOHAJICHHS Tia30JIOBMICHHX CIOJYK, LIO JacTh
3MOI'y OKPECITHTH KITFOYOBI HATPSMU HOAAIBIIHX JOCIIKEHb

y wmiit cdepi.

Marepianu i MeTogu pocnimkeHHA

O0’exTH nOCTipKeHHS — iH(pOpMaIiiiHi HayKoBi pKepena
IO/T0 MEXaHI3MiB aHTHOKCHIAHTHOT i1, KOPEIISAIii 3aJIeKHO-
CTi «CTPYKTYpa — [Tish» Ta HAITPSIMIB CTPYKTYPHOTO YIOCKOHA-
JICHHS Tia30JI0BMiCHHX cTIoiyK. [1ix yac poOoTH 3acTocoBaHo
KOMIUTEKCHHH MiJIX1I, 110 TTO€THYBAB HUIECIIPIMOBaHUN 1H-
(opMariifHui TONIYK Y IPOBITHUX MDKHAPOJHNX HAYKOBHX
0a3ax JaHWX 3 HACTYITHHM CHCTCMHUM i KOHTCHT-aHaJIi130M
BiTIOpaHUX JDKEpEIL.

CucrteMHu#l aHai3 3a0€3MCYNB CTPYKTYPOBAHE OLIIHIO-
BaHHS pe3yJIbTaTiB JIOCIIPKEHb, BPAXOBYFOUYN METOIOJIOT IO,
THUI EKCIICPUMCHTAILHUX MOJIEICH 1 CIIOCOOM BU3HAUCHHS
AQHTUOKCH/IAHTHOT aKTUBHOCTI, @ KOHTCHT-aHAJIi3 J1aB 3MOT'y
BHOKPEMHTH IMOBTOPIOBaHI HAYKOBI KOHIIENTH, (papMakohop-
Hi ()parMeHTH Ta XapaKkTepHi CTPYyKTYpHI Moau(iKallil, 1o
BIUIMBAIOTh Ha O10JIOTTYHY JIiFO.

HacTynHe y3arajibHCHHS Ta MOPIBHSUIBHE OIIHIOBAHHS
OTPUMaHHX JIJAHUX CIIPHUSUTH BUSBICHHIO KIIFOYOBHX 3aKOHO-
MIPHOCTEH «CTPYKTypa — aKTUBHICTHY», BU3HAYCHHIO PO
ENIEKTPOHHHMX 1 TPOCTOPOBHUX (haKTOPiB Y OpMyBaHHI aHTHU-
OKCHJIAHTHOTO TTOTEHITIaTy, a TAKOK (POPMYBAHHIO HAyKOBO
0OTPYHTOBAaHMX HANPSAMIB CTPYKTYPHOI ONTHMI3arii Tia30-
JIOBMICHHUX CTIOJTYK BiJIOBITHO IO YAHHUX METOIOIOTITHIX
BUMOT J0 IIATOTOBKH OIVISIOBUX JTOCHIKEHD.

Pe3ynkratn

Ximiuna kaacudikamis Tia30J0BMiCHUX reTepoOIMKIIIB, sIKi
AOCITIIAKYBATH K AHTHOKCHAAHTH. T1a30JI0BMICHI TeTepoITi-
KJIM CTaHOBIIATH BKJIMBUH KJac OpPraHIYHUX CIOJYK, SIKI
IIMPOKO 3aCTOCOBYIOTh Y (papMameBTHUHIN XiMii. 3aBIIKH
cnenn(ivHiil eTeKTPOHHIA CTPYKTYpi, IO BHHUKAE Yepe3
HasBHICTh aTOMIB CIpKH i a30Ty y I’ ATHWICHHOMY ITHKIIL,
IIi CITOTYKH MalOTh 3[aTHICTh IO CTa0UTi3aMii paauKaIbHIX
MIPOMDKHHUX (QOpM 1 OepyTh yUacTh y PEaKIisix MepeHOCY
enexTpoHiB i mpotoHiB [19,20]. Taki BIacTHBOCTI € KIFOYO-
BUMH JUIsI aHTHOKCUJIAHTHOT aKTUBHOCTI, OCKIUIBKH JAIOTh
3MOTy MOJIEKyllaM e(EeKTUBHO HEHTpaiizyBaTH PeakTHBHI
¢dopmu kucHio (ROS) i mepepuBaTé JIaHIIOTOBI MPOLIECH
MEPEKUCHOrO OKUCHEHHs JimiaiB [21,22].

CyuacHi Iiaxou 110 n3aiiHy aHTHOKCH/IaHTIB OPIEHTOBAHI
Ha CTBOPEHHS MOJIEKYJI 31 30a1aHCOBaHIUMH (Di3HKO-XIMIUHH-
MM Ta 010JIOT1YHUMH BJIACTUBOCTSIMU: BHCOKA Pa IKaJI-CIIO-

BUTHHIOBaJIbHA aKTUBHICTh, HU3bKa TOKCHYHICTh, XOPOIIa
01010CTYIHICTH 1 CTaOUTBHICTh. Tia30JIbHUI KapKac € mep-
CTIEKTHBHOIO TIAT(hOPMOIO TSI TAKUX PO3POOOK, OCKITBKH
BiH JIETKO 3a3Ha€e (DyHKIIOHAII3aLIl B PI3HUX MOJOKEHHSIX
LUKy, [0 A€ 3MOTY OTPUMYBAaTH Cepil MOXITHUX i3 pi3-
HUM MEXaHI3MOM Jiii Ta CIIEKTPOM O10JIOTYHUX e(eKTiB
[23,24,25].

Bazogi Tiazoum Ta ixni moxinHi. Tia3o:1 sik 6a3oBa rereporu-
KJIiYHa CHCTEMa Mae 0OMEXeHY aHTHOKCH/IAHTHY aKTHBHICTB,
SIKITIO HE MICTHTh IONATKOBHX (PyHKITIOHAIBHUX rpyIl. [IpoTe
BBEJICHHSI €JIEKTPOHOIOHOPHHX 3aMiCHUKIB (T1IPOKCHIIBHIX,
aAMIHHHX, METOKCHUJIBHUX) CYTTEBO MIJBHUIIYE 3/IaTHICTH JIO
3axOIUICHHS pajaukaiiB. B okpemux poOorax roxasaHo,
10 TOXiJHI Tia30y 3 (DEHOTBHUMH TPyTIaMH XapaKTepH-
3yIOThCSl BUCOKOIO I'pyIOBOIO akTuBHICTIO y DPPH-TecTax
(IC,, = 25,29-42,14 pM, mo Gymno kpammm 3a ackopOiHO-
By kucnory (IC,; = 53,49 uM) rta Tponokc (IC,, = 38,01
uM)) i ABTS (IC,, = 2,50 + 11,54 uM, nnst Tponmokcy
IC,, = 15,87 uM), IO CBiTYNTH PO MEXaHi3M, OB’ A3aHMH
i3 mepemauero BogHio (HAT) Ta mepeHOCOM €MeKTpOHIB
(SET) [12,26].

OKpiM paguKaI-CIOBLUTEHIOBAIFHOI aKTUBHOCTI, OKpeMi
Tia30JIbHI OXITHI MAFOTh 3HAYHUH TOTEHITian y TecTi FRAP
(BimHOIICHHS aKTMBHOCTI CIOJYKH / acCKOpOIHOBa KHCIO-
ta="74,29-85,03 %; ciomyxu / Tporokc — 110,36—-192,01 %),
10 CBLAYMTS PO iXHIO 3aTHICTh OyTH TOHOPAMU EJIEKTPO-
HIB y penokc-cuctemax. e 0coOMMBO BaXIIMBO B aCICKTI
TEpaNeBTUIHOI TTEPCTIEKTUBH, OCKUIBKH B OpraHi3Mi aHTH-
OKCHJIAHTH MAlOTh HE JIMIIE IIOIVIMHATHY PaJUKalu, aje
1 BiTHOBITIOBaTH OKCHIOBaHI 010MOJIEKYJIH, 3a0€3I1euy0qn
CTIMKICTB 10 OKCHIATHBHOTO cTpecy [11,27].

BaxiBUM acrieKToM € TaKoXX MOXKIIMBICTH CTBOPEHHS
TIA30JBHHUX MOX1THUX 13 JOMATKOBUMH (PapMaKOIOTTUHUMH
BJIACTUBOCTSIMH, IO JIA€ 3MOTY OTPUMYBATH MYJIBTU(YHK-
nioHanpHI areHTH. Hampukiaz, okpemi Tia3oa-ridpuan, mo
MICTSATh Tpia30ibHi a00 iHIIN a30JbHI (PParMeHTH, MAKOTh
OIHOYACHO aHTHOKCHIAHTHY ¥ aHTUMIKPOOHY aKTHBHICTB,
IO € TMEPCIEeKTUBHUM IiJI Yac PO3POOIICHHSI KOMIUIEKCHUX
TepareBTHIHKUX areHTiB [28,29].

Tiazomxinnn-4-o0u sk KapOOHIIBHI aHTHOKCHAAHTH. Tia30-
TiUH-4-0HU € OKPEMOIO IiATPYTIOr0 TeTEPOIUKIIIB, 1€ Kap-
OoHLIbHA (DYHKIIIS B IMKJII CyTTEBO BIUTMBAE HA EIIEKTPOHHY
CTPYKTYpy Ta peakIliifHy 3maTHiCTh MoreKynu. HasBHiCTh
KapOOHUILHOI TPYITH IMiJCHIIOE 3JAaTHICTh 10 CTadimi3aril
paguKanbHAX (HOPM, @ TAKOXK BiIKPHUBAE MOXIHBOCTI JUIS
YTBOPEHHSI BHYTPIIIHIX BOJHEBUX 3B’SI3KIiB, IO CHPUSIE
JIETIOKAITI3aIi1 eICKTPOHIB 1 i IBUIIICHHIO aHTHOKCHIAHTHOT
AKTHBHOCTI.

Y Hu3Wi mpainp MoKa3aHo, IO cepes MOXiAHUX Tia3oui-
JH-4-0HiB 13 (PeHOIBHUMH Ta I JPOKCHUIILHIMH 3aMiCHUKA-
MH 1IeHTH(HIKOBAHO OKPEMI CIIOIYKH, 1110 XapaKTePU3yIOThCs
3HAYHOIO aHTHOKCHAAHTHOO akTHBHicTIO y DPPH (% normu-
HaHHS BUTbHUX pamukaiiB = 89,61-92.55 %; ms ackop0bi-
HOBOI KHCJIOTH Ta TPOJIOKCY CTaHOBUTH 77,20 % Ta 73,62 %
BiamoBiaHo), ABTS (% mormunaanus = 58,27-70,66; mist
Tposokcy — 54,35 %) Ta FRAP (criiBBiHOIICHHS aKTHUBHOCTI
(%) no ackop0OiHOBOI KHCIOTH CTaHOBUTH 71,22—-104,75)
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tect-cuctemax [14,30,31]. Lle miaTBepmKye€ IXHiM MOTEHIIAT
SIK MyJABTH(YHKIIOHAJIBHUX aHTHOKCHIAHTIB, 10 MOXKYTH 1
TTOTYIMHATH PaINKaIH, i IHT10yBaTH JITiIHY TIEPOKCHAAIIIIO;
1Ie € KJIIOYOBUM MEXaHI3MOM 3aXHCTy KIITHHHUX MeMOpaH
BiJI OKCHJATHBHOTO YILIKOKCHHSL.

Oco0iMBY yBary mpHBEpTAIOTh S-3aMillleH] Tia30i-
IUH-4-0HU, J¢ 3MiHA MPUPOIU 3aMiCHHKA (apOMaTHYHI,
reTepoapoMaTuyHi, ajKiIbHI) Ja€ 3MOTY KOPHI'YBaTH aH-
THOKCHJAHTHY aKTHUBHICTH 1 (pi3MKO-XIMIUHI MapaMeTpu
(PO3YMHHICTB, CTAOIIBHICTH, 01010CTYIHICTB). Y TaKUX CHO-
JIyKax 4acTo BU3HAYAIOTh B3a€EMO3B’ 130K MK EJIEKTPOHHOIO
MIPUPOAOIO 3aMiCHUKA W aKTUBHICTIO: €EKTPOHOIOHOPHI
IPYNH MiJBUILYIOTh PAJIMKaJI-CIIOBUILHIOBAIBHY 3[aTHICTB,
a eNeKTPOHOAKIENITOPHI TPYITH MOXYTh 3HIDKYBATH i,
aJie BOJIHOYAC ITi/IBUIIYBATH CEJIEKTHBHICTH IIOJ0 ITEBHUX
ROS [32,33,34].

T'iopuani Ta MyIbTHYHKIIOHAIBHI Tia30/IbHI CTPYKTYpH. B
OCTaHHI POKH Bi0YBa€ThCS MOCHIICHHS HAYKOBOTO IHTEpeCy
JI0 TIOPHIHUX MOJIEKYJI, /1€ TIa30JIbHUI ()parMeHT o€ AHAHUI
3 iHmUMH Oi0JIOTIYHO aKTHBHUMH KapKacamu (Tpia3oid,
MPUMIAMHH, MMipa30Nu, XankoHn). Takui miaxin gae 3mory
CTBOPIOBATH «MYJIBTH(YHKITIOHATBHI» areHTH, 110 TIOETHY-
I0Th @aHTHOKCH/IAHTHY aKTHBHICTb 3 IHIIUMHU (hapMaKosIoriy-
HHUMH BIACTUBOCTSAMH: MPOTUMIKPOOHOIO, TPOTH3ANATBHOIO
abo mporumyxauaHOKO [28,35,36,37].

Y riOpumHuX CTPYKTYpax BKIIMBHUM € HE JIUIIE CyMapHUH
edeKT, aje i cuHepreTHYHa B3aEMOJIisl MiX (parMeHTaMu,
1110 MOJKE TIPU3BOANTH JI0 TIOCHIICHHSI aHTHOKCHIAHTHOT aK-
THUBHOCTI ITOPIBHSIHO 3 OKPEMUMH KOMIIOHEHTaMHU (mabi. 1).
Tak, y HA3LI Mpallb MOKa3aHo, [0 TTOEAHAHHS TIa30JIbHOTO
siIpa 3 MoMTi(eHOTBPHUME CUCTEMaMH (HAIIPUKIIal, KyMapH-
Hamu a0o (uaBOHOIAMM) J1a€ 3MOTY JIOCSATaTH 3HAYHOTO
migBueHHs akTuBHOCTI y DPPH-tecTax (3HaueHHs IC50
niepeOyBaiH B Aianasoni 23,84-33,49 uM, juist ackopOiHOBOT
kucnota — 50,17 pM, mist Tpornokey —36,69 uM) ta ABTS
(znauenns IC,; =7,06-14,04 uM, s tposokcy — 16,57 uM),
110 TiITBEP/DKY€ KOHIICTIIIO «TiOPHIHIX aHTHOKCUIAHTIB»
SIK IEPCIIEKTUBHOTO Hanpsmy [12,38,39].

Kpim Toro, ribpuauzaiis BiAKpUBae MOXKIHBOCTI IS
OTPUMAaHHS MOJIEKYJ 13 KOMOIHOBaHMMH BIJIACTUBOCTSIMH.
Tak, aHTHOKCH/IAaHTHA aKTHUBHICTb MOXKE TTO€JIHYBATHCS 3
Hri0yBaHHSAM (DEPMEHTIB (HAITPUKIIA, AlleTHIIXOJIIHECTEPa3H
a00 KCAaHTHHOKCHIA3H), [0 € BOYKIUBUM ITiJT 9aC pO3POOKH
npenapariB MpoTH HEWpoJereHepaTuBHUX 3aXBOPIOBAHb
[45,46,47]. Takuit mioxix BIAMIOBiTa€ CYJacHIN mapagurmi
«MyJITH(YHKIIOHAIBHUX MPenaparis, 1€ 0Ha MOJICKyJIa
OITHOYACHO BIUIMBAE HA KiJTbKa MAaTO(i310IOTIYHUX JIAHOK.

VY mepcrnekTuBi TiOpHUIHI Tia30/bHI CTPYKTYPH MOXKYTh
OyTH BUKOPUCTaHI HE JIMIIE K OKpPeMi aHTHOKCHIAHTH, ajie
1 SIK MOJICKYJISIPHI MOJIENi [T pO3pOOKH HOBUX KJaciB hap-
MaKOJIOTYHO aKTHBHHX areHTIB, 1110 MOXKYTh 3a0e311euyBaTH
KOMIUICKCHHI 3aXHCT KIIITHH BiJ] OKCHIATHBHOIO CTpPECY,
3arajeHHs Ta MeTabOIIYHUX MOPYIICHb.

MexaHi3Mu aHTHOKCHAAHTHOI Ail Tia3os0BMicHHX
TeTePONHKIiB. Y cydacHil (apMakosorii aHTHOKCHIAaHTH
BHU3HAYAIOTh HE JIMIIE SIK «MOMIMHAYI» PaUKamiB, ajle i K
MOJIEKYJIH, 31aTHI MOJTYJTFOBaTH CUTHAIIBHI IUISIXH, (pepMeHTa-

THBHI KaCKa Iy Ta TeHETHYHI MEXaHI3MH, 1110 JIEKaTh B OCHOB1
OKCHJIAaTUBHOTO CTpecy. Y IIbOMY KOHTEKCTI Tia30JIOBMIiCHI
TeTePOLMKIIH € IEPCIIEKTUBHOO IIIAT()OPMOIO Tl CTBOPESHHS
MYJITU(YHKIIOHAIBHUX areHTiB, OCKUIBKH IXHSI CTPYKTypa
JIa€ 3MOT'Y TOEIHYBATH PaJIMKaI-CIIOBIIBHIOBAJIbHY aKTHB-
HICTb 3 IHILIMMHU TEPAIIeBTHYHUMH BIIACTUBOCTSIMH, HAIIPUKJIIA]T
MPOTH3AMaIbHO ab0 HeiiponporekTopHoo [48,49,50].

OpHi€r0 3 KITIOUOBUX OCOOIMBOCTEH Tia30JIbHUX CUCTEM
€ 3/1aTHICTH JI0 TIepe/iadi eIeKTPOHIB Yepe3 T-KOH I0roBaHi
(parmenTH, 1o 3abe3nedye cTabinmizamio paguKaTbHIX
npoMikHAX GopM. Lle BaxIiBo 1 pearizariii MexaHi3My
SET (single electron transfer), koiu aHTHOKCHAAHT Bijiae
CJICKTPOH PaJNKaIy, yTBOPIOIOYH CTaOUIbHUN KaTiOH-pa-
KT, B OKpeMux JOoCHiKeHHSX TTOKa3aHo, 0 HAasSBHICTh
€JIEKTPOHOAOHOPHUX TPyH (TIAPOKCH, METOKCH) 3HAYHO
migBuIrye WMoBipHiCTs SET-peaxirii, a TakoX MiABHILye
3araibHY PelIOKC-aKTHBHICTh MOneKyiu [51,52].

Mexanism HAT (hydrogen atom transfer) 3amumaetscs
KITIOYOBUM JUISl THX CIIOJNYK, IO 3/1aTHI JIETKO BiJJIaBaTH
MIPOTOHH, SK-0T (PeHONBHI a0 TiONBHI IpymH. Y HbOMY
BUIA/IKy aHTHOKCHJIAHT BiJ/Ia€ aTOM BOJHIO HEPOKCHJIHO-
MYy paJUKaiy, HepeTBOPIOIOYM HOro Ha MEHII PeakliifHO
3[1aTHY CIOJIYKY, @ CaM aHTHOKCH/IAHT IEPETBOPIOETHCS Ha
cTabIbHUI PaJUKa, SKUI He MOXKE IPOJIOBKYBATH JIAHIIFOT
peaxitii [53,54]. Takuii MexaHi3M XapaKkTepHHUIL 151 Oararbox
(heHONIBHMX MOX1THUX Tia30Ty, IIJ0 MAIOTh BUCOKI TOKa3HUKH
B DPPH / ABTS-tecrax [11,31].

IMepepuBanHs JaHIIOTOBHX peaKiiii JimixHoi mepoxcuaamii.
OnHiero 3 HaiiHeOe3neYHIMX (POPM OKCHJIATHBHOTO YIIIKO-
JDKEHHSI € IEPEKUCHE OKUCHEHH JIITIIB, [0 IPH3BOIHTH 10
Jecradinizanii KIiTHHHEX MeMOpaH, TIopyILeHHs 0ap’ epHIX
(byHKIIH Ta akTHBAIi 3amadbHUX KackamiB. Tia30ibHI aH-
THOKCHAAHTH MOXYTb €(DEKTUBHO NIEPEPUBATH LIl IPOLIECH,
BUKOHYIOUH POJIb «JIaHIIOTOBUX 1HT10ITOPIBY.

Y MonenboBaHNX CHCTEMaX JIiiTHOT IEpOKCH IaIlii ToKa3a-
HO, 1110 Tia30J1JMHOHH 3 T'IPOKCHIIBHUMU 200 (heHOTbHIUMHU
3aMiCHHKaM{ MOKYTh 3HAYHO 3HIDKYBaTH piBeHb TBARS, 110
€ TIPSIMUAM THTUKATOPOM I1HTi10yBaHHS JIITiJHOT IIEPOKCHAAITIT
[30,55]. Lle poOHTH iX MEPCIIEKTHBHUMH KaHIUIATaMH TS
3aXUCTy MEMOpaHHUX CTPYKTYp Y KIITHHAX, 10 rnepelyBa-
0T ITiJT JII€F0 OKCUJIATHBHOTO CTPECY.

XenaryBanHs MeTaniB Ta inri0yBanns Fenton-peaxmiii.
CyuyacHi miIXony 10 aHTHOKCHIAAHTHOI Tepamii Bce OiTbIe
aKIIEHTYIOTh Ha KOHTPOJIi TeHepallii paJuKaiB B OpraHi3mi.
Ockinpku ogHMUM 13 KirodoBuX mkepen ROS e Fenton-pe-
aKIil, M0 KaTali3yThCS 3ai30M Ta IHIIMMH METajlaMHu,
3[aTHICTh CITOJYKH XeJaTyBaTH MeTaj i 3HIKYBAaTH iXHIO
AKTHBHICTh Ma€ BOXKIIMBE TeparieBTUYHE 3Ha4eHHst [56,57].

Tia301IpHI TeTEPOIUKIIH, 1110 MIiCTATh KapOOHLIBbHI, aMiHHI
a0o0 TioJBHI ()parMeHTH, MOXKYTh YTBOPIOBATH CTiHKI KOMII-
JIEKCH 3 10HAMH METaJIiB, 3MEHIIYIOUH TXHIO Y4acTh y I'eHe-
paiii ROS [58,59]. Takuii MexaHi3M 0COOIMBO BaXKJIUBHUIA Yy
KOHTEKCTI HeHpOoIereHepaTUBHIX 3aXBOPIOBAHb (HAPHKIIAL,
xBopoOa AubIreiiMepa), e HAKOMIMYCHHS METaJiB CIIPHYH-
Hsl€ OKCHAATUBHE YIIKomkeHHst [60].

TurioyBanusi ¢pepmenTiB-reneparopis ROS. [Hmmii Bakmm-
BUIT MEXaHI3M IOJIATAE y PErysLii akTUBHOCTI (DepMEHTIB,

198 Current issues in pharmacy and medicine: science and practice. Volume 19. Issue 2, May — August 2026

ISSN 2306-8094



Oensidu

Ta6nuus 1. Mpuknaay aHTMOKCUMARHTHOT aKTUBHOCTI OKPEMUX KaciB Tia3ornoBMICHUX CrOMYK Ha Pi3HIX in Vitro TecT-cuctemax

AnTHOKCMAAHTHA aKTUBHICTB (IC,; a6o %

iHIOBaHHS | NOPIBHAHO 3i CTaHAapTOM)

oui

Basosi Tiazonu
Ta ixHi rigpa3oHo-
aHaroru

T,

DPPH,
ABTS,
FRAP

Cnonyka mae DPPH 1a ABTS aKkTuBHiCTb,
3icTaBHy abo BULLY 3a KypKyMiH 3
Bincotkamu (%) 37,2 (DPPH) Ta 32,6
(ABTS); ons kypkymiHy — 40,1 Ta 30,2
BiANoBiAHO. 3a AaHUMM AOCNIMKEHHS
meTogom FRAP, crionyka B KOHLEHTpaLii
100 uM mana akTuBHICTb Ha piBHi 82,4
€KBiBaneHTa TPOOKCY

V. C. Maltarollo et
al., 2019 [40]

Ba3osi Tiasonmn
Ta iXHi rigpa3oHo-
aHanoru

-HCI
Ar = 3,4-an-OH-CH,

DPPH,
ABTS,
FRAP, TAC

Y pesynbrari ekcnepuMeHTanbHNX
[0CnioXeHb BCTAHOBMEHO, LLO 3HAYEHHs!
IC,, AN Uiei cnonyky ctaHoBNATh 9,8 UM
(DPPH) Ta 4,67 pM (ABTS), Lo € 3Ha4HO
HIDKYI / KpaLLi 3a ackopbiHOBY KUCMOTY
(50,21 uM DPPH) Ta Tponokc

(DPPH 35,77 uM, ABTS 15,87 uM)

R-G. Antemie et al.,
2025 [41]

Ba3osi Tiasonm Ta
iXHi 2-rippa3onoxigHi
/ ribpuaHi cnonyku

DPPH,
ABTS

pyna xpomMoH3aMiLLEHWX Tia30mbHMUX
ribpuais Mana cyTTeBy pagukan-
MOTNMHAnNbHY aKTUBHICTb 3i 3HAYEHHAMMU
IC,, DPPH y pianasoHi 0,09-2,23 uM

T1a IC, ABTS 8in 0,58 uM go 3,74 uM
MOPIBHSHO 3 ackop6IHOBOLO KMCMOTO, ANst
Kol 3HaueHHs IC, ) ctanosun 0,33 UM
(DPPH) Ta 0,53 uM (ABTS), BignosigHo

U. Salar et al., 2017
[42]

Tia3onoBmicHi
ocHoBw LLndhda /
2-rigpa3oHonoxigHi

H,C o
o N
’ )/Z/\\ /Nﬁ\m—i
s~ ON
0 H

DPPH,
ABTS,
FRAP

Cnonyka nokasana BULLY aHTUOKCUAAHTHY
aKTVBHICTb 3i 3HadeHHaMM IC

DPPH = 14,34 ur/mn, %ABTS 53,64,1C,,
FRAP = 13,29 uM nopiBHSIHO 3 ranoBoto
kucnoroto (IC,) DPPH = 50 pr/mr, %
ABTS = 38, IC,, FRAP = 26,27 uM)

A. Jain et al., 2026
[43]

Tia3onoBMicHi
ocHos Lnddpa /
2-rigpa3oHomNoXiaHi

DPPH,
ABTS

Cnonykw xapakTepyayBanucs KpaLloto
AHTWOKCUAAHTHO aKTUBHICTIO 3i
3HaveHHam IC,) DPPH = 4,88-5,09 ur/mr,
LLI0 MOXXHa MOPIBHSATY 3i CTaHAAPTOM

BHT (5,083 pr/mn), a B npotokoni ABTS
3HaYeHHs IC50 =4,94-5,08 pr/mn

A. Ghafoor et al.,
2024 [44]

4-TiazoniguHoHw /
ribpuaHi cnonyku

=3-CH,0-4-OH-C H,

DPPH,

TBARS

Cnonyka nokasarna akTUBHICTb Ha PiBHi
33,98 % metogom DPPH nopiBHsiHO 3i
CTaHAapTOM, a Ans ackopbiHOBOI K1CNoTU
Lieit nokasHuk ctaHoBumB 94,35 %. Kpim
TOro, nokasHuk y Tecti FRAP craHoBvB
75 %, a y npenapartiB nopiBHsHHS ~100 %

M. Djukic et al.,
2018 [30]

4-TiasonignHoHw /
ribpuaHi cnonykw

0 0
o—/<_<\s JS\\
74 N

Ll
A A=
H Ar

Ar=2-CH,O-CH,

DPPH,
FRAP,
TBARS

3a pesynbratamu TeCTyBaHHS, Lis Conyka
mara aHTUOKCUAAHTHY aKTUBHICTb Ha

piHi 62,11 % (TRABS), a npenapatu
MopiBHsIHHS — ackopbiHOBa kucnoTa Ta
BiTamiH E — 62,32 % Ta 36,29 % BignosigHo

M. Djukic et al.,
2018 [30]

MoxigHi 5-apunigen-
Tia3oniauH-2,4-nioHy

DPPH

Cepep rpynu Crionyk BUSIBMIEHO Cepito
HanbINbLL aKTUBHUX, LLIO NOKa3anu
sHaveHHs IC, ) (DPPH) y pianagoni
9,18-18,02 ur/mn, wo 6GinbLue Hix y 2—4
pasy nepeBuLLYyBani ackopbiHOBY KUCMOTY
(ICy, = 40 pr/mn)

G. Mech et al., 2021
[32]

Ba3osi Tiasonm Ta
iXHi 2-rigpa3onoxigHi
/ ribpuaHi cnonyku

Ar

i

R R
H

H3

Ar =3,4-0n-OH-CH,

DPPH,
ABTS

Lli cnonykn B DPPH-TecTi nokasanu

HIDKYI / Kpallwi 3HaveHHs IC y

JianasoHi 23,84-33,49 UM nopiBHsHO 3
ackopGiHosoto kucnortoto (IC, = 50,17 uM)
i Tporokcom (IC,, = 36,69 pM). Bumipsini
3HavenHs IC_; MmeTonom ABTS cTaHoBuMmM
7,06-14,04 uM (ans Tponokcy — 16,57 uM)

D. Ungureanu et al.,
2025 [39]
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EAEKTPOHOAOHOPHI 3aMiCHUKHK

—OH, —OH, —OCH,, —

AN

f EneKTpoOHHa ryctuHa
& crabinizauia papnkana

Tia3oAbHe Appo

1 AHTUOKCUAAHTHA

Po3wupeHa KoH’torauis

— (apuA, KyMapwH, Ti-cucTema)

—> [okpalueHa AenoKanizaLlis
EAEKTPOHIB Y reTepOoLMKAIYHIN
cucTemi

aKTUBHiCcTb T

— v T~

®eHOAbHI pparmeHTH + KOH’IOroBaHi M-CUCTEMM
cunbHo T papukanbHoro norauHaHHA

OntumanbHa cTpykTypa 3amicHukie (OH / OCH,) B opTo/napa
> MeTa; eAeKTPOHOAKLENTOPHI rpynu l,aKTMBHiCTb)

Puc 1. OCHOBHi 3aKOHOMIPHOCTI 3aMeXHOCTi «CTPYKTypa — aKTUBHICTb» Tia30II0BMiCHUX aHTWOKCUAAHTIB.

ski npoxykyoTh ROS. Jlo Takux depMeHTIB Hayiexarb
NADPH-okcuaasza, KCaHTHHOKCHa3a, MITOXOHIPialbHI
OKCHIOpEAyKTa3u Toro. OKpeMi Tia30IbHI CIIOTyKH MOKYTh
iHri0yBatu 1i (epMeHTH, 10 MPU3BOAUTH 10 3MEHIICHHS
nponykiiii ROS Ha kmituHHOMY piBHI [61,62].

Lle 0coOnMBO akTyanbHO JUIsl XPOHIYHUX 3allaIbHUX IIPO-
ecis, e TpuBaia akrusaiiss NADPH-okcunasu cippunnse
MIJBUIIEHHS PIBHS CYNEPOKCHIY Ta HNEpOKCHHITPUTY, U
y Takuil crocid 3amyckae Kackaa OKCHIATHBHUX YIIKO-
TokeHb [63]. Tomy Tia3ompHi iHTIOITOPH (PEPMEHTIB MOXKYTH
MaTd JONATKOBY TEPANeBTUYHY IIHHICTH K «3aI001KHI»
AHTHOKCHJIAHTH.

Monynsinisi eHI0reHHUX aHTHOKCHAAHTHHUX cucteM. Cyuac-
Ha KOHIICTIIIis aHTHOKCHIAHTHOT Tepartil BKIIOYAE HE JIUIIE
TIPSIMHE 3aXUCT BiJ| PaAMKaliB, ajle i aKTUBAIIO BIACHUX
AQHTHOKCHJIAHTHUX MEXaHI3MIB OpraHiamMy. ¥ 1[bOMy KOHTEK-
CTi BAXKJIMBUM € BIUTHB Ha CHCTEMH IITyTaTiOHY, CYNIEpPOKCH/I-
JIFICMYTa3M, Karanasu Ta epMeHTiB BimHOBIeHHS NADPH.

OxpeMi Tia30IbHI MOXiTHI MOXXYTh CHPHYMHSITH TIiIBHU-
IIEHHS PiBHS Iy TaTiOHY B KITITHHAX, @ TAKOK CTUMYITIOBAaTH
AKTHUBHICTh (DEPMEHTIB aHTHOKCHIAHTHOTO 3aXHCTY, IO
CIIpHUSIE TPUBAJIOMY 3aXHUCTy BiJI OKCHJIATHBHOTO CTpECY
[64,65]. Takuii MexaHi3M € 0COOITUBO BaXKITUBHUM JIJIsI TEpartii
XPOHIYHMX 3aXBOPIOBaHb, KOJIM OKCHIATHBHHUI CTpPEC Mae
CHCTEMHUIT Xapaxrep.

AHTHOKCHIAHTHA AKTHBHICTH SIK YACTHHA MYJIbTHLIJILOBOIO
e(exTy. 3ayBaXXMMO, 10 B CyJacHil (papMareBTUIHIN Ximil
Jeqani OibIe yBaru IpUAUTAIOTh MYJIBTHIIUTEOBAM MOJIe-
KyJIaM, III0 OTHOYACHO BIUTMBAIOTH Ha KiJIbKa maTtodiziono-
riyHMX nporeciB. Tia30bHI TeTEPOIUKIN € ONTUMAIIBHOO
T1aT(hOPMOIO JUISl TAKOTO IMiJXOY, OCKLIBKH TXHS CTPYKTypa
JIa€ 3MOTY TIOE/IHYBaTH aHTHOKCHIAHTHY aKTUBHICTB 13 TIPO-
THU3AMILHUMH, HEHPOTIPOTEKTOPHUMH, aHTUMIKPOOHUMH T3/
a0o nporuBipycHIME BiacTuBocTsIME [49,66,67]. Le Binkpu-

Ba€ TICPCIICKTHUBH UII CTBOPECHHS TMPENapariB, M0 MOXKYTh
OIHOYACHO 3MEHIITYBaTH OKCHIATUBHUI CTPEC, IPUTHITyBaTH
3amajeHHs Ta MATPUMYBATH KIITHHHHA MeTabomizM; I1e
0COOMBO BaXKJIMBO MiJI Yac JIKyBaHHSI KOMIUIEKCHUX XPO-
HIYHUX 3aXBOPIOBAHb.

Ctpykrypa — akTuBHicTh (SAR) TiazonoBMicHUX aHTH-
OKCHIAHTIiB. BcTaHOBIIEGHHS 3aJIEKHOCTI «CTPYKTYpa — Jis»
(SAR) € ki110490BUM JUISt PO3YMIHHS TOTO, SIK caMe XiMiuHa
CTPYKTypa Tia30JIOBMICHHUX CIIONYK BH3HA4Ya€ IXHIO aHTH-
OKCHIaHTHY 37aTHicTh. [[{om0 pagmkan-croBiTbHIOBAIBHIX
areHTiB, SAR He 00MeXy€eThCs JTUIIIE HASBHICTIO «AaHTHOKCH-
JAHTHUX» PYHKIIOHATEHHUX IPYIL. BaxmBy pois Bigirparots
CIICKTPOHHA CTPYKTYPa, KOH FOrallisi, IPOTOHHA CTaOLIBHICTB,
MOXKJIMBICTh PE30HAHCHOI JenoKaizaiii, a Takox (i3u-
KO-XIMIYHI TTapaMeTpH, 110 BU3HAYAIOTH 0I0IOCTYITHICTD 1
B3aeMoito 3 Giomorekynamu [68,69]. V 1poMy KOHTEKCTI
Tia30JIbHI TETEPOLMKIIN € TIEPCIIEKTUBHUMH, OCKUTBKH iXHS
CTPYKTypa Ja€ 3MOTY IMO€IHYBATH CICKTPOHOIOHOPHI Ta
CIIEKTPOHOAKIICTITOPHI (P)parMeHTH, CTBOPIOIOYH MOJICKYITH
3 BUCOKOIO PEIOKC-aKTUBHICTIO Ta CTAOUTBHICTIO.

Enextponna npuposa 3aMicHUKIB Ta ii BIUIMB Ha peloKc-aK-
THBHICTD (puc. 1). OmHUM 13 HaWBaKIUBIINX (AKTOPIB, 10
BU3HAYAIOTh aHTHOKCHJIAHTHY aKTHUBHICTB, € €JIEKTPOHHA
npupoja 3aMmicHukiB. Enexrponononopni rpynu (-OH,
-OCH,, -NH,, aynkinm) mocuimooTh 31aTHICTh MOJIEKYIH
BiJIJaBaTH TPOTOH a0 EJCKTPOH, IO CIpHUSE peamizaril
mexanisMiB HAT (hydrogen atom transfer) Ta SET (single
electron transfer). ¥ Tia30mpHUX i CIIOpPITHEHUX CHCTEMAax
(heHOMBHI 200 aMiHHI ()parMEeHTH YaCTO € OCHOBHUMH «aHTH-
OKCHJIAHTHUMH SIAPAMIY, [0 BU3HAYAIOTh BUCOKI ITOKA3HUKH
B DPPH/ABTS-tecrax [12,67,70].

3 inmmoro 60Ky, enekrponoaxuenTopHi rpynu (-NO,, -CF,,
raJJOreH) MOXKYTh 3MEHILIYBaTH 31aTHICTb JI0 TIepesiadi BOJ-
HIO, aJIe IIPY LIbOMY IiZIBUIIlYBaTH CTAOUTBHICTD PaIMKAIBHIX
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TIPOMDKKIB 1 6i0cTabinbHicTh crioyk [ 71]. Taxi moguikamii
1HOJII KOPEITIOIOTh 3 Kpalolo (papMaKoKiHETHKOIO Ta 3MEH-
IICHHSAM HeOa)kaHOi PeaKTUBHOCTI y OiONOTIYHUX CHCTe-
Max. ToMy B IpakTHYHOMY JM3aiiHi aHTHOKCH/IQHTIB YacTo
BHUKOPUCTOBYIOTh KOMOIHALIFO JOHOPHMX Ta aKIENTOPHHX
(dbparMeHTiB, MO0 AOCATTH OaTaHCy MK AKTUBHICTIO Ta
6e3nexoro [72].

Posb deHonbHUX | TioABHUX (parMeHTiB y Tia30abHHX
cucremax. OEHONBHI IPYIH € KIACHYHUMH €IIEMEHTaMH
AQHTUOKCHJIAHTIB 4epe3 3/aTHICTb YTBOPIOBATH CTaOLIbHI
(heHOKCHIIBbHI paMKaIH. Y Tia30IbHUX CIIOTyKaxX (EeHONbHI
(parMeHTH MOXYTh OyTH BBEICHI SIK YaCTHHA KOH/ICHCOBA-
HUX a00 «T1OpUTHIX» CTPYKTYP, 10 Ja€ 3MOT'Y TIOE€AHYBaTH
AQHTHOKCUJIAHTHY aKTUBHICTB 3 iHITMMH (hapMaKoIOT19HIMHU
edexramu. 30KpeMa, napa- Ta opmo-TiPOKCUITbHI 3aMiCHU-
KM T IBUIYIOTh CTAOUTFHICT paiiKajia 4epes3 pe30HaHCHY
JIeTIOKaJI3allito, 10 MO3UTHBHO KOPENIOE 3 aKTUBHICTIO Y
tecrax DPPH Ta ABTS [11,39].

TionbHi (hparMeHTH TaKOXK MOXYTh OyTH Ba)KIMBHUMHU
JUIsL aHTHOKCUJIAaHTHOT aKTUBHOCTI, OCKUTEKM BOHH MOXYTb
TiepeiaBaTH aToM BOJIHIO 3 (DOpMYBaHHSIM CTaOlUTLHUX TiOpa-
JuKaiiB. Taki COMYKH MOXKYTh OyTH e(DeKTHBHI y 3aXHCTi
CynbTiAPUIBHUX IPYII OLIKIB Ta B MEXaHI3Max, OB’ sI3aHUX
i3 pemokc-6anancom y kiituHi [73,74]. Tlpu npoMy TioNbHI
(parMeHTH 4acTo XapaKTePHU3YIOThCS BHIIOIO PEaKTHBHIC-
TIO, III0 MOJKE IOTpeOyBaTH ONTUMI3aLlii /Uil 3MEHILICHHS
TOKCHYHOCTI Ta ITiIBUIIEHHS CEJIEKTUBHOCTI.

Kon’orauisi, 7-cucrema Ta ctaditizauis pagukana. Kon’to-
raiisi B MOJICKYJIi CIIPHSIE ICNTOKATi3allil eIICKTPOHIB 1 cTabi-
Ji3amii paIuKaIbHIX IPOMIKKIB. Y Tia30JbHUX CHCTEMAX IIe
JIOCSITAETHCS Yepe3 BBENICHHS (L, 3-HeHACHUeHUX ()ParMeHTiB,
MoJIiapOMaTHYHUX CUCTEM a00 KOHJCHCAIIIO 3 1HIIUMHU
rereponukiaamMu. [liBuIeHa KOH IOTaIlisi 9aCTO KOPEITIOE
3 OUIBLIOI aHTHOKCHAAHTHOIO akTHBHICTIO y SET-Tecrax
(FRAP, CUPRAC), ocKifbKH A€TOKATi3a1lisl SMEHIITy€ eHep-
Til0 yTBOPEeHHs paaukaia [75,76].

BaxxmuBo BpaxoByBaTH, IO 3aHAITO BUCOKA KOH IOTAIlis
MOXE MiIBHIIYBATH JNOQUIEHICTE, III0 HETaTUBHO BILTH-
Ba€ HA PO3YMHHICTS 1 6iogocTymHICTh. ToMy onTHMambHAN
JIM3aiiH nepedoadae OaaHc MiXk KOH orati€ro ta (isnko-xi-
MIYHHUMH BIIACTUBOCTSIMH.

liopuansania: Mmy1bTHGYHKIiIOHAABHI MOJEKYyIH K
MaiifyTHE aHTHOKCHAAHTHOTO AM3aiiny. ['i0Opunu3aris Tia-
30JIbHOTO si/Ipa 3 IHIMMMH aHTHOKCHAAHTHUMH ()parMeHTaMu
(TromipeHOTPHUMH, a30IbHIMH, 1HIOIBHIMH, TTiPAMiIAHO-
BUMH TOIIO) € OIHHUM i3 HAWICPCIICKTUBHIIINX HAMPSIMIB.
Takwit miAXim qae 3MOTY TIOEHYBATH Pi3HI MEXaHI3MH Jii,
nanpukian, HAT + metal chelation + anti-inflammatory,
10 B)KJIMBO IS JTIKyBaHHS 0araTo(pakTOPHUX TaTOJOTIH,
OB’ SI3aHKX 13 OKCHIATHBHUM cTpecoM [77,78].

VY riOpuIHMX CTPYKTypax 4acTo BU3HAYAIOTh CHHEPTiYHAH
e(eKT, KOJIM 3arajibHa aKTHBHICTh MEPEBUILYE CyMapHHA
edekt okpemux (parmeHTiB. lle Moxxe OyTH MOB’s3aHO 3
MTOCHJICHHSIM €JICKTPOHHO1 JIeloKai3allii, OnTHUMi3alliero
PO3IIOALITY 3apsiTy Ta MiIBUILICHHSIM CTa0UThHOCTI paIuKaITh-
HUX IpoMiKKiB [ 79]. Came ToMy Ti0puAN3aIiifo BU3HAYAIOTh
SIK OJIMH 13 KJIIOYOBHMX HAIpPsIMIB MiJl yac po3poOKH HOBUX

AHTHOKCHJIAHTIB, 1110 OTHOYACHO MOXYTb OyTH HEHpO-, Kap-
JionpoTeKTopamu abo mpoTusanansHuMu arentamu [80,81].

QSAR i koM ’10TepHe MOJETIOBAHHS SIK iHCTPYMEHT MPUCKO-
pennsi mm3aitny. CydyacHi TiIXOAW JIefaii OUThIIe 3aeKarh
Bim QSAR-MozentoBaHHS Ta MOJICKY/ISIPHOTO TH3AiHY, 10
Jla€ 3MOT'y TIPOrHO3YBATH aKTHBHICTH 10 cuHTE3y. B QSAR
BPaxoBYIOTH (i3uKo-xiMiuHi mapametp (logP, enexrponna
uiiipHicTh, HOMO-LUMO, aromHi 3apsiiu), [0 KOPEIo-
10Th 3 aHTHOKCHJIAHTHOIO aKTHBHICTIO. Taki Mozeni 1aroTh
MOYKJTMBICTH OOMPATH HAHOLIBII IEPCICKTHBHI CTPYKTYPH Ta
3HaYHO CKOPOYYBATH €KCIICPUMEHTAIIbHI BUTPATH.

Ocob6muBo BaxuBo, mo QSAR-migxoan naroTh 3MOTy
MOJICITFOBATH HE JIUIIC aKTUBHICTh, aJic W O10JOCTYITHICTD,
TOKCHYHICTB 1 METa0ONMIYHY CTaOUTBHICTB, 0 € KPUTHIHIM
JUISL TIEpEBE/ICHHsT MOJIEKyYIT 3 in Vitro B in vivo [82,83]. Le
T AKPECITIOE HEOOXiHICTh KOMITIEKCHOTO MiAxony, e SAR
JIOTIOBHEHHU T KOMIT FOTEPHIMH METO/IaMH.

Mpaktuuni imnaikanii SAR nas au3aiiny HoBHX
AHTHOKCHJAHTIB. Y mpakTHuHOMY acnekTi SAR-anami3
JIa€ 3MOTY BH3HAYUTH ONTHMAaJIBHI cTpaTerili Momudikamii
Tia30JIbHUX AaHTHOKCUJIAHTIB. 30KpeMa, HIeThCsl PO Ii/BU-
IIEHHS TOHOPHOI 3AaTHOCTI Uepe3 BBEICHHS (PEHONBHIX 200
aMIHHUX TPYI; ONTHUMI3AIliF0 KOH foralfii it crabimizarii
panukana 0e3 HaIMIpHOTO MiABUIICHHS JIMOQPITBHOCTI;
riOpuanu3aIliio 3 IHIIMME AHTHOKCHUIAHTHUMU SITPAME IS
MyTETA(YHKIIIOHATBHOT 11ii; OaaHC eNeKTPOHHUX e(EKTiB
IIIIXOM KOMOIHYBaHHS JIOHOPHHX Ta aKUENTOPHUX (par-
MEHTIB JUIsl KOHTPOJIIO PEaKTHBHOCTI Ta CENIEKTUBHOCTI; BU-
xopuctarHst QSAR 11t porHo3y akTMBHOCTI Ta ONITHMI3AITiT
BJIACTHBOCTCH IIIC HA eTaIll Ju3aiHy.

IlepcnexTHBH cTpyKTYpHOI Moaudikauii Ta onTumizanii
Tia30J10BMiCHUX CHOJIYK SIK AHTHOKCHJIAHTIB. 3 OISy Ha
CyYacHi KOHIENIii MOJEKYISIPHUX MEXaHI3MIB PO3BHTKY
MaTOJIOTIH, MO acoifoBaHI 3 OKCUAATUBHUM CTPECOM,
CTparerisi CTBOPEHHS HOBUX aHTHOKCHIAHTIB 3a3HA€E CYTTEBOI
TpaHcdopmanii. [IpiopuTeT HUHI BiJIAIOTh HE 130J1bOBa-
HOMY IIiJBUIIEHHIO PaJnKalI-TIONINHAIBHOI 3/1aTHOCTI, a
KOMIUIEKCHIH ONTHMI3aLlii CTPYKTYpH MOJIEKYJI, BpaXOBYIOUH
MYIBTH()AKTOPHY IIPUPOY 3aXBOPIOBAHE, (hapMaKOKIHETHIHI
0OMeXeHHsI Ta TpaHCIsILifHMHA noteHnian [84,85]. Y npomy
KOHTEKCTI Tia30JI0BMiCHI TE€TEPOIMKIIN € YHIBEpCATIbHIMHU
MOJIEKYJIIPHUMH TIaTGOpMaMH, 10 MPUAATHI J0 TOHKOTO
CTPYKTYPHOTO HAJIAIITYBAaHHS Ta (DYHKIIOHAJIBHOI AMUBEp-
cudikarrii.

Hapnani po3BUTOK 1IbOTO KJIACY CIIOJNYK JIOTIYHO ITOB’si3a-
HUH 13 3aCTOCYBaHHSIM IHTETPaTUBHUX TiaxoiB medicinal
chemistry, 110 MOEHYIOTh XIMIYHUI qu3aiiH, OloyoriuHe
OLIIHIOBAaHHS Ta (hapMaxoJoriyay ontumizamito. Came Taka
CTparerisi 1a€ 3MOTY TpaHC(OPMYBATH MEPCIIEKTHBHI iN Vitro
AQHTHOKCUJIAHTH Y (hapMaKoJIOTIYHO PEeBaHTHI KaHIUAATH.

MyabTH(YHKIiOHAIBHI MAX0AM: AHTHOKCUIAHTHA Jisl AK
ckJafoBa nojipapmaxosoriunoro npodiae. Hakornnueni
SKCIIEPUMEHTAIBHI Ta KIIHIYHI JaHi MiITBEePUKYIOTh, IO
OKCHUJATUBHHUI CTPEC PIiJIKO € €IMHUM MaTOrCHETHYHUM
YHHHUKOM. Y OLTBIIOCTI BUTIAKIB BiH TICHO IHTETPOBAHHI
Yy MEPEeXKY TaKHX B3a€EMOTIOB’ SI3aHUX TIPOIIECIB, SIK XPOHIYHE
3allaJICHHs], TOPYLIEHHS PEIOKC-CUTHAIIHTY, TUCQYHKIIis Mi-
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TOXOH/IPi Ta aKTHBAIIiS IPOTPAMOBAHOI KIITHHHOI 3aTH0ei
[86]. V 3B’s3Ky 3 1M Jieialti OUIBIIOTO 3HAYCHHS HaOyBa€e
KOHIICTIITISI MYITBTH(YHKITIOHATBHUX MOJIEKYJI, III0 MOXYTh
OJIHOYACHO BILIMBATH Ha KiJIbKa KJIFOYOBHX ATOTCHETUYHMX
naHok [87,88].

Tia30bHUI CKETIET € 0COOTMBO MPUIAATHUM JJIs peaTizaril
TaKUX IiIXO/IB, OCKUIPKH Ma€ ONTHUMabHI €IeKTPOHHI Ta
TIPOCTOPOBI XapaKTEPUCTUKU. MOro BKIIOUEHHS 10 CKIIa Ty
MOJIEKYJIH CTBOPIOE TIEPETyMOBH JUISI TIOEAHAHHS aHTHOKCH-
JIAHTHOI aKTUBHOCTI 3 IPOTU3ANaJIbHUMHU, LIUTOMPOTEKTOP-
HUMHU abo HeliponporekropHUMHU edexramu [36,49,89].
BaxsmBo, 1110 Taka KOMOIHAITisI /Tii1 HE JIUIIIE TOCHITFOE (papma-
KOJIOTIYHHMI €PeKT, ajte i IIOTEHIIIHO 3MEHIITYE T0303aICKHY
TOKCHYHICTh BHACIIIOK CHHEPTil MEXaHi3MiB.

VY HelipoJiereHepaTUBHUX MOJIEISIX OCOOJIMBY yBary
TIPUBEPTAE 3AATHICTD TiA30JIOBMICHUX aHTHOKCHIAHTIB MO-
JIyJTIOBaTH MITOXOH/piaibHy (QyHKIIiI0, CTa0LIi3yBaTH MEMO-
PpaHHMH MTOTEHIIa | 3MEHIILYBaTH HAKOTIMYEHHSI PEAaKTUBHUX
¢dopm kucHio B Heriponax [41,90]. [ToemHanHs 1uX eheKTiB
i3 BIUIMBOM Ha He¥po3amanbHi KaCKaIud CTBOPIOE OCHOBY
JUISL PO3POOJICHHSI HOBHX HEHPOIIPOTEKTOPHHUX areHTIB 13
PO3MIMPEHNM TEPATIEBTUYHHUM ITpodinem.

Prodrug-crparerii: mogonanna papMaKkoKiHeTHYHHX
6ap’epiB. He3axxatoun Ha 3HAYHMI O1070TIIHII TOTEHITIAI,
0araro Tia30JI0BMiCHUX aHTHOKCH/IAHTIB XapaKTePU3yIOThCs
0OMEKEHOI0 BOZOPO3UYMHHICTIO, HEIOCTATHBOIO MEPOpalIb-
HOIO 010/I0CTYHICTIO 200 HIBUAKAM META0O0IIYHUM KITipeH-
coM. Y 1IbOMY KOHTEKCTi prodrug-cTparerii BU3HaYarOTh K
OJIMH 13 HAWOLIBII e(DeKTUBHUX IHCTPYMEHTIB ONTUMI3ALlil
(hapMaKOKIHETHYHHX BIIACTUBOCTEH Oe3 BTpaTH (apMako-
¢opHoi inenTrnunocri [91,92].

3acTocyBaHHSI ITPOJTIKIB A€ 3MOTY aIaNTyBaTH (i3HKO-Xi-
MiYHI XapaKTePUCTUKHA MOJIEKYJ O BUMOT O10JOTIUYHUX
cucreM, 30epirarouy Npu bOMY iXHIlf @aHTHOKCHIAHTHUH
moTeHIian. MetabomiyHa akTHBALlisA Y TKAHHHAX-MIIICHIX
3a0e3reyye KOHTPOJILOBAHE BUBUILHEHHS aKTUBHOT (hopmu,
10 € 0COOIMBO BayKJIMBUM JAJISI TPUBAINX XPOHIYHUX Te-
pariit [93,94]. Takuii minxij BiIKpUBAE MEPCIEKTUBH LIS
CTBOPCHHS Tia30JIbHUX aHTHOKCHIIAHTIB i3 IMMOKpAIIEHUM
npodineM Oe3rneku Ta OUIbIN TependauyBaHo (GapMako-
JIMHAMIKOIO.

Tiopuani Mosiekyn sik cTparerisi miiBULIeHHS 6i0JI0TiYHOT
epexTuBHOCTI. OTHIM 13 HAOLTBIT IHHOBALITHUX HATIPSIMIB
Cy4acHOT'0 XIMIYHOTO IM3aliHy € CTBOPEHHSI FOpUIHUX MO-
JIEKYJI, y SIKUX Tia30JbHUH CKEJICT TOEAHYETHCS 3 1HIIUMHU
(apmaxosioriuHo 3HauyIuMu Gpparmentamu [95,96]. Takuii
TAX1T Ja€ 3MOTY IHTETpYBaTH Pi3HI MEXaHI3MHU aHTHOKCH-
JIAHTHOT /1iT B MeXKax OJIHI€T CTPYKTYPH, 110 ICTOTHO ITiJIBUIILYE
e(CKTUBHICTh Y CKIaJHAX O10JIOTTYHHX CHCTEMaX.

['opuam3arisi Tia30IbHOIO sapa 3 (GpparMeHTaMH, 1[0
MOXYTh OyTH OHOpPAMH EJICKTPOHIB abo crabimizyBaTtu
pagMKaiH, CIpHse peaizalii KoOMOIHOBAaHMX MEXaHi3MiB
panukan-criopitbHeHHS [97]. Kpim Toro, Taki mMosekynn
MOXYTh TTOKa3aTH HOBi (papMakoJOTigHi BIACTHUBOCTI, IO
HE XapakTepHi JUIsl OKpEeMUX KOMIIOHEHTIB; Iie 0COOIHMBO
Ba)XJIMBO B aCTEKTI TOMIYKY iHHOBAI[IHHUX TEParIeBTUIHIX
pimrens [98,99].

OnTuMizanis GapMaKOKiHeTHYHHX XaPAKTEPHCTHK SIK
KJII0Y /10 TPAHCISIIL. YCITINTHE BIPOBAKEHHS T1a30JI0BMiC-
HUX aHTHOKCH/IAHTIB y JOKIIHIYHY Ta KIIHIYHY PAKTHKY
HEMOXKJIFBE Oe3 ITiIeCTIpsIMOBaHOI onTUMi3arii papmakoki-
HETUYHUX napamerpiB. PerymoBanHs iinodiabHOCTI, NO-
JsIpHO{ IIOBEPXHi Ta METabOIIYHOT CTa0ITBHOCTI 1a€ 3MOTY
CYTTE€BO BIUIMBATH Ha abCcOpOIi0, PO3NOMALT 1 TPUBAIICTD
nii croyk [100,101].

[MoeaHaHHs eKCIIEpPUMEHTATIBHIX JTOCTIKeHb 3 in Silico
MopemoBaHHAM 1 QSAR-aHaMi30M CTBOPIOE TTEpPEeIyMOBH
JUISL pallioOHAJIbHOTO JIM3aifiHy Tia30JIbHUX aHTHOKCHJIAHTIB
i3 IPOrHO30BaHUMH BIACTUBOCTAMHU. Takuii IHTErpaTUBHUIMA
MIAX11 BIANOBIZa€ Cy4acCHUM €BPOICHCHKHM CTaHIapTam
drug discovery Ta 3Ha4HO MiABHIINY€E MIAHCH HA YCITIIIIHE
BIIPOBA/DKEHHSI HOBUX CIIOJYK Y (hapMaKoJIOTiuHy MPAKTHKY
[102,103].

OTXe, IepCIeKTHBH CTPYKTYpHOI Moaudikarii Tiazo-
JIOBMICHUX aHTHOKCHJAHTIB BUXOJSTh JAJIEKO 32 MEXI1
KITACHYHOI OMTHUMI3allii paguKai-OTIINHAIBHOT aKTHB-
HOCTI. MynbTU(YHKI[IOHAIBHAN JTU3aiH, 3aCTOCYBaHHS
prodrug-cTpaTeriii, CTBOpeHHS TiOpUIHUX MOJEKYH i
(hapmMakokiHeTHYHA ONTUMI3alis (OPMYIOTh KOMIUIEKCHY
mraTdopMy 11 po3poOKH iIHHOBAIIIHNX 010aKTHBHUX CY0-
cTaHLii HOBOro nokoiiHHA. CaMe Takuil miaxiz gac miIcTaBy
BU3HAYUTH Tia30JIbHI TSTSPOLIUKIIH SIK OJIUH 13 HAHOLITBII TIep-
CIEKTUBHHUX 1 IOCHIDKYBAHHUX KJIACIB CIIOIYK Y Cy4acHOMY
TIOIIYKY €(heKTHBHUX AaHTHOKCH/IQAHTHUX areHTiB.

KarouoBi BUKJIMKH Ta MepCneKTHBHI HANPSIMH MOIIYKY
NOTEHUI{HAX AHTHOKCH/IAHTIB cepe/l Tia30J0BMiCHHX CIOJIYK.
HesBakaroun Ha CTpiMKe MOCHIICHHS iHTEpEeCy 10 Tia30J0-
BMICHHX T€TEPOLUKIIB SIK NEPCTICKTUBHUX aHTHOKCHIAHT-
HUX areHTiB, PO3BUTOK LLOTO HAMPSIMY CYHPOBOIKYETHCS
HU3KOI0 (DYH/IaMEHTAJILHUX 1 NPUKIIaJHUX pooieM. Bonu
BKJIFOYAIOTh 1 METOIOJIOTTYHI aCIIEKTH IOCIIDKEHD, 1 TUTAHHS
TpaHCIALIT OTPUMaHUX pe3yabTaTiB y (apMaleBTHYHYy Ta
XapuoBy MPaKTHKy. KpUTHUHMI aHaI3 CydacHUX 0OMEKEHb
Ta BU3HAYCHHS CTPATETIYHUX HAMPSIMIB MOAANBIINX TOCTi-
JUKEHB € HeOOXiTHOI0 YMOBOIO TSt (POpMyBaHHS IIUTICHOT Ta
KOHKYPEHTOCITPOMO)KHOI HAYKOBOI IIaT(POPMHU.

Oco0MBO KPUTHYHUM 3aJIAIIAETHCS Ie(INT cucteMaTny-
HUX 1N VIVO T0CTiKEHb JUTS Tia30JI0BMICHUX aHTHOKCHIaH-
TiB. Ha BiqMiHy BiJ 100pe oXapaKkTepn30BaHUX MPUPOIHIX
noJTieHOIB 1 (PITAaBOHOIMIB, IS IKUX HAKOTIMYSHO 3HAYHHIA
MacuB (papMaKOKIHCTHIHHX | TOKCUKOJIOTIYHHX JJAHUX, JTAIIIC
oOMeKeHa KIUTBbKICTh Tia30JI0BMICHHX TTOXiIHUX MpOHIIIa
0a30Be OIIHIOBaHHSI Oe31eKU Ta 010JJ0CTYITHOCTI B €KCIIEPH-
MEHTAIBHAX MOAENAX. Y OLIBIIOCTI BUITAAKIB HasBHI JaHl
00MEXYIOThCs IN VItr0 TecTaMu aHTHOKCHUIAAHTHOI aKTHB-
HOCTI, III0 iCTOTHO yCKJIaHIOE€ OOTPYHTOBAaHE OIIiHIOBaHHS
TXHBOT'O TPAHCIISILIHHOTO MOTEHIIIAITY.

O0MeskeHHS Cy4acHHX T0CTiTKeHb: pparMeHTapHiCTh AAaHUX
i nedinuT in vivo mokasiB. OnHier0 3 HAHOLIBII CYTTEBUX
po0IIeM CydacHUX AOCIIKCHB Tia30JI0BMiCHUX aHTHOKCH-
JIAHTIB € BUpaXeHa ()parMeHTapHICTh. BibIIICTh HAYKOBUX
TIpark 30cepekeHa Ha CHHTE31 OOMEKEHHX Cepiil CIONyK 1
TIEPBUHHOMY OIIIHIOBaHHI aHTHOKCUJAHTHOI aKTUBHOCTI 3a
JIOTIOMOT'OFO CTAHIAPTHHUX IN Vitro TectiB. Xoua Takuii miaxis
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J1a€ 3MOTY IIBHAKO 1ICHTU(IKYBaTH aKTUBHI CTPYKTYPH, BiH
YacTO HE BPAXOBY€E CKIIQJHOCTI O10JIOTTYHUX CUCTEM 1 HE J1a€
3MOTH 3pOOUTH OOTPYHTOBaHI BUCHOBKH IIOJ0 (PapMaKoIIo-
TYHOT pesIeBaHTHOCTI OTPUMAHKX PE3YJIbTaTIB.

Oco0MMBO KPUTHYHUM 3aTUIIAETHCA Ne(IIIUT CHUCTe-
MaTH4YHUX IN VIVO JOCIIKEHb, SIKi MOITH O MiATBEPIUTH
AHTHOKCHJIAHTHY €(EKTUBHICTh Tia30JIOBMICHHUX CIONYK Y
¢izionoridHo peneBaHTHUX yMOBaxX. OCKUIbKH JIOCI HEMae
KOMIUTEKCHHX JIaHUX MIOAO 0100CTYITHOCTI, MeTaboIi3my,
PO3MIOITY B TKAaHMHAX 1 TPUBAJIOCTI [ii, Iepexia Bix eKxc-
TIepUMEHTAIIBHUX MOJIeNIel 10 JOKITIHIYHOTO OI[iHIOBaHHS
YCKITAMHEHnH. Y 6ararbox BHIMAKax MEpPCIeKTHBHI iN Vitro
Ppe3yibTaTy He 3HAXO/ATh IMTiITBEPKEHHS B TRAPHHHUX MO-
JIeTISIX, IO T IKPECITIOE HEOOXiTHICTh O1TBIIT 30aJITaHCOBAHOTO
TIIXOTy /10 TUIaHYBaHHS JTOCIIKEHb.

HeoOxignicTh cTanaapTusanii AHTHOKCHAAHTHHX TECTiB
i BinTBOpIOBaHOCTI pe3yabratiB. BaxkinBoro npobneMoro
JUTA BCi€i Tamy3i € BiICYTHICTh YHI()IKOBAaHHX MiAXOIIB 10
OLIIHIOBAHHSI aHTUOKCH/IAHTHOT aKTUBHOCTI. 3aCTOCYBaHHS
PI3HHX EKCIIEPUMEHTaJIbHUX METOAUK, YMOB BHKOHAHHS
TECTIB, KOHIIEHTPALI} I0CIIKYBaHHUX CIIOJIYK 1 CTAaHIapTIB
TIOPIBHSHHS CIIPUYMHSIE 3HAYHY BapiaOeNbHICTh PE3yIbTaTiB.
YHacIiI0K 1IbOTO YCKJIaJTHEHE He JINILE OPIBHAHHS JJaHUX,
10 OTPUMaHI y Pi3HUX JOCIIHKSHHIX, ajie i popMyBaHHS
HaJ(IHUX CTPYKTYPHO-aKTHUBHICHUX 3aJI€)KHOCTEH.

BripoBakeHHs CTaHIapTU30BAHKUX TaHENeH TECTiB, SKi
MOEIHYOTh XIMIUHI, KJITHHHI Ta 010XIMIYHI METOH, MOIJIO
0 CyTTEBO IiIBUIIUTH SIKICTb 1 BIITBOPIOBAHICTh PE3YJIbTATIB.
Taknit miaxia BiAMOBi A€ CydacHUM €BPOIICHCHKUM TEHICH-
LiSIM Y Tajty3i G10MeTMYHMX JIOCHI/PKEHb 1 CTBOPIOE OCHOBY
T POPMYBaHHS PENPE3CHTATUBHAX 0a3 JaHUX, HEOOXiTHIX
JUTSl HACTYITHOTO BUKopucTaHHs N Silico iHcTpymeHTiB Ta
MAIMHHOTO HABYaHHSI.

Komn’otepre mopenaoBanns ta wry4nuii intenexkr (LI) y
AU3aiiHi Tia30;10BMiCHHX AHTHOKCHAAHTIB. 3TiTHO 3 pe3yibTa-
TaMH Cy4aCHUX HAYKOBUX JOCIIPKEHb, INTYYHHH IHTEIEKT
1 KOMIT TOT€PHE MOJICIIIOBaHHS B)XKE aKTUBHO 3aCTOCOBYIOTh
y Au3aiiHi HOBMX O10aKTHBHHX CIIOJNYK, BKJIIOYAIOUH Ti,
0 MalOTh MOTEHIIMHY aHTHOKcHIaHTHY aito [104,105].
Taki anropuT™MH MalIMHHOIO HAaBYaHHS JAalOTh 3MOTY
aHAJII3yBaTH BEJMKI MACHBHU EKCIICPHMEHTAJIBHUX JTaHHX,
MIPOTHO3YBaTH AHTUOKCHJIAHTHY aKTHBHICTh, TOKCHYHICTb
1 (hapMaKOKiHETHYHI TapaMeTpPH IIIe Ha eTarli BipTyaJIbHOTO
CKPHHIHTY.

Iarerpanis QSAR-aHami3y, MOIEKYIIPHOTO JOKIHTY Ta
HII-miaxomiB BIAKPUBAE MOXKJIMBOCTI [UIS PalliOHAIBHOTO
JIM3aifHy Tia30JI0BMICHHX CIIOJTYK 3 ONTHMi30BaHUM 010JI0Ti4-
nuM ripodiziem [106,107]. Takwuit migxija He JUIIE CKOPOUYE
TPUBAJICTb 1 BApTICTh JOCIIJDKEHB, ajle i J1a€ 3MOTy 3MeH-
LIUTH KiTBKICTD €KCIIEPUMEHTAIBHUX TOMWIIOK, CIIPUSIOUH
TIepexoy1y BiJl EMITIPUYHOTO CHHTE3Y J0 MPOrHO30BAHOTO Ta
KEpPOBAHOTO IIPOLIECY CTBOPEHHSI HOBHX MOJIEKYIL.

IepcnexkTuBu BIpoBaKeHHs y (papMaleBTHYHI TA Xap4oBi
npoxykTH. Kpim (yHIaMeHTaIbHOTO 3HAYCHHS, TIa30JI0BMICHI
AQHTHOKCH/IAHTH MAIOTh ICTOTHHH MOTEHIIIa JUTsl TPAKTHIHOTO
3aCTOCyBaHHA. Y (hapMareBTUIHOMY KOHTEKCTI iX MOXYTh
BU3HAYUTH SIK OCHOBY JUIsI CTBOPEHHS HOBHX TEPAIIEBTHYHHX

areHTiB, CIIPAMOBAHUX Ha KOPEKI[I0 OKCHIATHBHOTO CTPECy
TIPU XPOHIYHHX 1 IeTeHepaTHBHIX 3aXBOPIOBAaHHSX. BomHoIac
TIOCHITIOETRCS THTEpEC JI0 X BUKOPUCTAHHS y CKIIai (PyHKITi-
OHAJTLHUX XapUOBHUX MPOIYKTIB, HyTPHUIICBTHKIB 1 010IOTTYHO
AKTUBHUX OOABOK. Peaizalrist TAKOTo MOTEHITATy TTOTpedye
KOMIIJIEKCHOT'O OLTIHIOBAHHS O€3I1eKH, CTa0IIbHOCTI Ta peryJis-
TOPHOT'O CTATYCY BiJITOBITHUX CIIOIYK. 3AaTHICTh TIa30JbHUX
TETEPOLUKIIIB JI0 CTPYKTYPHOT ONTHMI3AIlil BIITKPUBAE IIIUPOKI
MOJKJIMBOCTI JUIsl CTBOPEHHSI TIPOJYKTIB 13 KOHTPOJILOBAaHUM
0i0JIOriYHUM eEeKTOM 1 POrHO30BaHUM IpodiieM Oe3rie-
Kd. Y 1[bOMY KOHTEKCTI MIKIMCIMIUTIHAPHA B3AEMOIISI MK
XiMiKaMH, (apMakojIoraMu, TEXHOJIOraMu Ta (PaxiBISIMU 3
PETYISTOPHUX NMUTAaHb HAa0yBa€ KITFOUOBOTO 3HAUECHHSI.

BucHoBKkuM

1. Tia30M0BMIiCHI T€TEPOIHUKIN (HOPMYIOTH IIHUPOKHI
CTEKTP CTPYKTYPHHX CHCTEM, SIKi BiZIPi3HSIIOTHCS 32 CIIeK-
TPOHHOIO OYIOBOIO Ta MEXaHi3MaMH aHTHOKCHIAHTHOI Jii.
Koskxen migrmac — Big 0a30BUX Tia30iiB 10 KapOOHLIEHUX
Tia30IIqMH-2-0HIB 1 CKJIaJHUX TIOPUIHUX CHCTEM — Ma€
BJIACHI IEpeBary i MepCIeKTHBH sl ONTHUMI3allii.

2. MexaHi3MH aHTHOKCHIAHTHOT /111 Tia30JI0BMICHUX I'e-
TEPOIMKIIIB € 0araTOBUMIPHUMH 1 BKITFOUAIOTH IPSME 3aX0-
IUICHHS paJiKaiB, IepEePUBAHHSI JIIITIIHOT IEPOKCHIAIIIT,
XeJlaTyBaHHs METaliB, 1HriOyBaHHsS (epMEeHTIB-reHepa-
topiB ROS Ta akTHBAaIli10 CHIOTCHHUX aHTHOKCUIAHTHHUX
CHCTEM.

3. SAR-anai3 Tia30JI0BMICHHX aHTHOKCUIAHTIB IIOKA3aB,
10 AaHTHOKCHIAHTHA aKTUBHICTH 3aJISKUTD Bifl CYKYITHOCTI
(hbakTOpiB: EIEKTPOHHOI MPHUPOIH 3aMiCHUKIB, HasBHOCTI
(heHOMBbHUX / TIONBHUX (PpParMeHTIB, PIBHSA KOH IOTarii,
MOYKITUBOCTI TiOpHam3arii Ta (pi3uKo-XiMITHUX MTapaMeTpiB,
110 BU3HAYAIOTh 010I0CTYIHICTB.

[lepcnexTuBu nogaabmumx gocimkens. [loganpimii mporpec
y IOCHI/DKEHHI Tia30JI0BMICHUX aHTHOKCHIIAHTIB BU3HAYa-
€THCS 3MATHICTIO TIOM0JATH METOMOJOTIUHI 0OMEKEHHS Ta
IHTErpyBaTH CydYacHi MiJAXOMH 10 JU3alHY N OIIHFOBAHHSI
OioakTUBHUX crioniyK. CTaHapTH3aLlis eKCIIEPUMEHTAIBHUX
METOJIIB, PO3LIMPEHHS IN VIVO JOCIIKEHb, aKTHBHE BHKO-
PHUCTaHHS KOMIT FOTEPHOTO MOJICITIOBAHHSI Ta OPIEHTAITis Ha
TPaHCIAMIHHAN TTOTEeHIIaT (POPMYIOTh CTPATETiYHI HAIPSIMA
PO3BHTKY IIi€i raimysi.

®iHaHCyBaHHA

[ocnigpxeHHs BukoHaHo B pamkax HOP OHIM «JTbBiBCbKMIA HaLiOHanbHNI
MEeANYHUI YHIBEpCUTET iMeHi [laHuna Manuubkoro» Ha Temy:
«MonekynspHO-OpieHTOBaHUIM A13aliH HOBWX @HTUOKCWUAAHTIB Ha OCHOBI
Tia30MoBMICHUX reTepoLMKniB i (pnaBoHOIAIBY, AePKaBHUI peecTpaLinHnii
Ne 0126U001841, wo npodcpiHaHcoBaHe MO3 YkpaiHu 3a kot
[LlepXaBHOTO GHOKETY.

Moaskn

ABTOPY BUCMOBIIIOKTH LUMPY Noasky 36poitHum cunam Ykpaiv 3a
MOXTMBICTb 3AIMCHIOBATY AOCIIMXEHHS Ta pegaKLii HayKoBOro XypHany
3a MOXIMBICTb NyOnikyBaTy iXHi pesynsTaTu. Takox aBTopu BASYHi

MO8 Ykpaihu 3a thiHaHCOBY NIATPUMKY Nif Yac BUKOHAHHS JOCHIMKEHHS.

ISSN 2306-8094

AKTyarnbHi nuTaHHs (hapMaLeBTUYHOT | MeANYHOT Hayki Ta npakTuki. 2026. T. 19, Ne2(51) 203



Review

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

BigomocTi npo aBTopiB:

YabaH T. |, kaHg. hapM. HayK, JOLEHT kad. 3aranbHoi, 6ioHeopraHiyHoi,
chiskonoigHoi ximii, AHIM «J1bBIBCbKMIA HALOHANBHWA MEANYHUIA
yHiBepcuTeT iMeHi Januna Manuubkoroy, YkpaiHa.

ORCID ID: 0000-0003-0618-275X

Nentox M. I, kaHa. bapm. Hayk, CTapLunin BUKNagad

Kad. hapmMaLeBTNYHOI, opraHiyHoi i GioopraHiyHoi ximii, OHI «J1bBiBCHKMI
HaLioHanbHWI MEANYHUIA yHIBEPCUTET iMeHi [JaHnna Manuuskoroy,
YkpaiHa.

ORCID ID: 0000-0002-8123-0988

Yynoscbka Y. b., kaHd. Mea. HayK, JOUEHT kad. dTusiatpii i
nynbmMoHonorii, AHIM «JTbBiBCbKWIA HALOHANBHWA MEAUYHMIA YHIBEPCUTET
imeHi [JaHuna Manuuskoroy, YkpaiHa.

ORCID ID: 0009-0007-7280-3098

YabaH I. I, kaHA. hapm. Hayk, JOLEHT kad. hapMaLeBTUYHOI, OpraHivHoi
i GioopraHiuHoi ximii, JHIM «J1bBIBCbKWI HALOHANBHWA MeaUYHWIA
yHiBepcuTeT iMeHi [JaHuna Manuupkorox», YkpaiHa.

ORCID ID: 0000-0002-5146-5655

Orypuos B. B., kaHa. dhapm. Hayk, AOLEHT kad). 3aranbHoi,
6ioHeopraHiuHoi, ciskonoigHoi ximii, [HM «J1bBiBCbKUI HaLiOHANbHWI
MeauYHUIA yHiBepeuTeT iMeHi [laHuna Manuubkoroy, Ykpaia.

ORCID ID: 0000-0001-9254-8337

Information about the authors:

Chaban T. I., PhD, Associate Professor of the Department of General,
Bioinorganic, Physical and Colloidal Chemistry, State Nonprofit Company
“Danylo Halytsky Lviv National Medical University”, Ukraine.

Lelyukh M. 1., PhD, Senior Lecturer of the Department of Pharmaceutical,
Organic and Bioorganic Chemistry, State Nonprofit Company “Danylo
Halytsky Lviv National Medical University”, Ukraine.

Chulovska U. B., MD, PhD, Associate Professor, Department of
Phthisiology and Pulmonology, State Nonprofit Company “Danylo Halytsky
Lviv National Medical University”, Ukraine.

Chaban I. H., PhD, Associate Professor of the Department of
Pharmaceutical, Organic and Bioorganic Chemistry, State Nonprofit
Company “Danylo Halytsky Lviv National Medical University”,

Ukraine.

Ogurtsov V. V., PhD, Associate Professor of the Department of General,
Bioinorganic, Physical and Colloidal Chemistry, State Nonprofit Company
“Danylo Halytsky Lviv National Medical University”, Ukraine.

Map’sH Jlentox (Maryan Lelyukh)
lelyukh.m@gmail.com

References

1. GaoQ,Jiang L, SunY, An X, Sun W, Tang S, et al. Oxidative stress:
from molecular studies to clinical intervention strategies. Front Mol
Biosci. 2025;12:1638042. doi: 10.3389/fmolb.2025.1638042

2. Hajam YA, Rani R, Ganie SY, Sheikh TA, Javaid D, Qardi SS, et al.
Oxidative stress in human pathology and aging: Molecular mech-
anisms and perspectives. Cells. 2022;11(3):552. doi: 10.3390/
cells11030552

3. Otani H. Oxidative stress as pathogenesis of cardiovascular risk
associated with metabolic syndrome. Antioxid Redox Signal.
2011;15(7):1911-26. doi: 10.1089/ars.2010.3739

4. Hirata Y. [Reactive Oxygen Species (ROS) Signaling: Regulatory
Mechanisms and Pathophysiological Roles]. Yakugaku Zasshi.
2019;139(10):1235-41. Japanese. doi: 10.1248/yakushi.19-00141

5. Sikder MM, Li X, Akumwami S, Labony SA. Reactive Oxygen Species:
Role in Pathophysiology, and Mechanism of Endogenous and Dietary
Antioxidants during Oxidative Stress. Chonnam Med J. 2025;61(1):32-
45. doi: 10.4068/cmj.2025.61.1.32

6. Zyzelewicz D, Oracz J. Bioavailability and Bioactivity of Plant An-
tioxidants. Antioxidants (Basel). 2022;11(12):2336. doi: 10.3390/
antiox11122336

7. Abourashed EA. Bioavailability of plant-derived antioxidants. Antiox-
idants. 2013;2(4):309-25. doi: 10.3390/antiox2040309

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Saad AM, Mohammed DM, Alkafaas SS, Ghosh S, Negm SH, Sa-
lem HM, et al. Dietary polyphenols and human health: sources, bio-
logical activities, nutritional and immunological aspects, and bioavail-
ability- a comprehensive review. Front Immunol. 2025;16:1653378.
doi: 10.3389/fimmu.2025.1653378

Sotler R, PoljSak B, Dahmane R, Juki¢ T, Juki¢ DP, Rotim C, et al.
Prooxidant activities of antioxidants and their impact on health. Acta
Clin Croat. 2019;58(4):726-36. doi: 10.20471/acc.2019.58.04.20
Ashrafpour S, Ashrafpour M. The double-edged sword of nutraceu-
ticals: Comprehensive review of protective agents and their hidden
risks. Front Nutr. 2025;12:1524637. doi: http://org.doi.10.3389/
fnut.2025.1524627

Marc G, Stana A, Franchini AH, Vodnar DC, Barta G, Tertis M, et al.
Phenolic thiazoles with antioxidant and antiradical activity. Synthe-
sis, in vitro evaluation, toxicity, electrochemical behavior, quantum
studies and antimicrobial screening. Antioxidants 2021; 10(11):1707.
doi: 10.3390/antiox10111707

Cornea AC, Marc G, lonut |, Moldovan C, Stana A, Oniga SD, et al.
Synthesis, characterization, and antioxidant activity evaluation of
new N-methyl substituted thiazole-derived polyphenolic compounds.
Molecules. 2025;30(6):1345. doi: 10.3390/molecules30061345
Sena K, Mendes R, Botelho EX, Aratjo-Melo RO, Silva C, Junior H,
et al. Antibacterial and antibiofilm activities of thiazolidine-2,4-dione
and 4-thioxo-thiazolidin-2-one derivatives against multidrug-re-
sistant Staphylococcus aureus clinical isolates. J Appl Microbiol.
2022;133(6):3558-72. doi: 10.1111/jam.15790

Kumar H, Aggarwal N, Marwaha MG, Deep A, Chopra H, Matin MM,
et al. Thiazolidin-2,4-dione scaffold: An insight into recent advances
as antimicrobial, antioxidant, and hypoglycemic Agents. Molecules.
2022;27(19):6763. doi: 10.3390/molecules27196763

Chilamakuru NB, Neelima S, Supriya G, Sarvesha E, Devi SR, Ma-
heswari MU, et al. Areview of thiazolidinones: Versatile heterocycles
with promising therapeutic potential. Orient J Chem. 2025;41(1):30-43.
doi: https://dx.doi.org/10.13005/0jc/410104

Obeme-Nmom JI, Abioye RO, Reyes Flores SS, Udenigwe CC. Regu-
lation of redox enzymes by nutraceuticals: Areview of the roles of anti-
oxidant polyphenols and peptides. Food Funct. 2024;15(22):10956-80.
doi: 10.1039/D4FO03549F

Chandimali N, Bak SG, Park EH, Lim HJ, Won YS, Kim EK; et al. Free
radicals and theirimpact on health and antioxidant defenses: a review.
Cell Death Discov. 2025;11(1):19. doi: 10.1038/s41420-024-02278-8
Altanam SY, Darwish N, Bakillah A. Exploring the interplay of an-
tioxidants, inflammation, and oxidative stress: Mechanisms, thera-
peutic potential, and clinical implications. Desiases. 2025;13(9):309.
doi: 10.3390/diseases 13090309

Abdulrahman BS, Nadr RB, Omer RA, Rashid RF, Pandey VK. A
Review of synthesis, antioxidant, and antimicrobial activities of new
thiazole derivatives. Chem Rev Lett. 2025;8(4):720-40. doi: 10.22034/
crl.2025.504852.1537

Geronikaki AA, Pitta EP, Liaras KS. Thiazoles and thiazolidinones as
antioxidants. Curr Med Chem. 2013;20(36):4460-80. doi: 10.2174/0
9298673113209990143

Jomova K, Raptova R, Alomar SY, Alwasel SH, Nepovimova E,
Kuca K, et al. Reactive oxygen species, toxicity, oxidative stress,
and antioxidants: chronic diseases and aging. Arch Toxicol.
2023;97(10):2499-574. doi: 10.1007/s00204-023-03562-9
Valgimigli L. Lipid Peroxidation and Antioxidant Protection. Biomole-
cules. 2023;13(9):1291. doi: 10.3390/biom 13091291

Petrou A, Fesatidou M, Geronikaki A. Thiazole Ring-A Biologically
Active Scaffold. Molecules. 2021;26(11):3166. doi: 10.3390/mole-
cules26113166

Arshad MF, Alam A, Alshammari AA, Alhazza MB, Alzimam IM,
Alam MA, et al. Thiazole: A Versatile Standalone Moiety Contributing
to the Development of Various Drugs and Biologically Active Agents.
Molecules. 2022;27(13):3994. doi: 10.3390/molecules27133994
Kushwaha P, Pandey S. 1,3-Thiazole Derivatives as a Promising
Scaffold in Medicinal Chemistry: A Recent Overview. Antiinflamm
Antiallergy Agents Med Chem. 2023;22(3):133-63. doi: 10.2174/011
8715230276678231102150158

Kirkova D, Statkova-Abeghe S, Docheva M, Stremski Y, Minkova S.
Structure-activity relationship of in vitro radical-scavenging activity of
2-(hydroxyphenyl) benzothiazole derivatives. Bulg Chem Commun.
2020;52(D):196-200. Available from: https://bcc.bas.bg/BCC_Volumes/
Volume_52_Special_D_2020/BCC-52-D-2020-196-200-Kirkova-C02.pdf
Dincel ED, Giirsoy E, Yilmaz-Ozden T, Ulusoy-Giizeldemirci N. An-
tioxidant activity of novel imidazo[2,1-b]thiazole derivatives: Design,

204

Current issues in pharmacy and medicine: science and practice. Volume 19. Issue 2, May — August 2026

ISSN 2306-8094


https://orcid.org/0000-0003-0618-275X
https://orcid.org/0000-0002-8123-0988
https://orcid.org/0009-0007-7280-3098
https://orcid.org/0000-0002-5146-5655
https://orcid.org/0000-0001-9254-8337
mailto:lelyukh.m%40gmail.com?subject=
https://doi.org/10.3389/fmolb.2025.1638042
https://doi.org/10.3390/cells11030552
https://doi.org/10.3390/cells11030552
https://doi.org/10.1089/ars.2010.3739
https://doi.org/10.1248/yakushi.19-00141
https://doi.org/10.4068/cmj.2025.61.1.32
https://doi.org/10.3390/antiox11122336
https://doi.org/10.3390/antiox11122336
https://doi.org/10.3390/antiox2040309
https://doi.org/10.3389/fimmu.2025.1653378
https://doi.org/10.20471/acc.2019.58.04.20
http://org.doi.10.3389/fnut.2025.1524627
http://org.doi.10.3389/fnut.2025.1524627
https://doi.org/10.3390/antiox10111707
https://doi.org/10.3390/molecules30061345
https://doi.org/10.1111/jam.15790
https://doi.org/10.3390/molecules27196763
https://dx.doi.org/10.13005/ojc/410104
https://doi.org/10.1039/D4FO03549F
https://doi.org/10.1038/s41420-024-02278-8
https://doi.org/10.3390/diseases13090309
https://doi.org/10.22034/crl.2025.504852.1537
https://doi.org/10.22034/crl.2025.504852.1537
https://doi.org/10.2174/09298673113209990143
https://doi.org/10.2174/09298673113209990143
https://doi.org/10.1007/s00204-023-03562-9
https://doi.org/10.3390/biom13091291
https://doi.org/10.3390/molecules26113166
https://doi.org/10.3390/molecules26113166
https://doi.org/10.3390/molecules27133994
https://doi.org/10.2174/0118715230276678231102150158
https://doi.org/10.2174/0118715230276678231102150158
https://bcc.bas.bg/BCC_Volumes/Volume_52_Special_D_2020/BCC-52-D-2020-196-200-Kirkova-C02.pdf
https://bcc.bas.bg/BCC_Volumes/Volume_52_Special_D_2020/BCC-52-D-2020-196-200-Kirkova-C02.pdf

Oensidu

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

synthesis, biological evaluation, molecular docking study and in silico
ADME prediction. Bioorg Chem. 2020;103:104220. doi: 10.1016/j.
bioorg.2020.104220

Matta R, Pochampally J, Dhoddi BN, Bhookya S, Bitla S, Akkiraju AG.
Synthesis, antimicrobial and antioxidant activity of triazole, pyrazole
containing thiazole derivatives and molecular docking studies on
COVID-19. BMC Chem. 2023;17(1):61. doi: 10.1186/s13065-023-
00965-8

Chander M, Sharma D, Sharma PK, Ram S. Synthesis and biological
evaluation of novel benzenesulfonamide incorporated thiazole-tri-
azole hybrids as antimicrobial and antioxidant agents. Arch Pharm
(Weinheim). 2024;357(3):e2300650. doi: 10.1002/ardp.202300650
Djukic M, Fesatidou M, Xenikakis I, Geronikaki A, Angelova VT, Sav-
ic V, et al. In vitro antioxidant activity of thiazolidinone derivatives of
1,3-thiazole and 1,3,4-thiadiazole. Chem Biol Interact. 2018;286:119-
31. doi: 10.1016/j.cbi.2018.03.013

Marc G, Stana A, Oniga SD, Pirnau A, Vlase L, Oniga O. New
Phenolic Derivatives of Thiazolidine-2,4-dione with Antioxidant and
Antiradical Properties: Synthesis, Characterization, In Vitro Evaluation,
and Quantum Studies. Molecules. 2019;24(11):2060. doi: 10.3390/
molecules24112060

Mech D, Kurowska A, Trotsko N. The Bioactivity of Thiazoli-
din-4-Ones: A Short Review of the Most Recent Studies. Int J Mol
Sci. 2021;22(21):11533. doi: 10.3390/ijms222111533

Al Zahrani NA, Alshabibi MA, Bakr AA, Aimughem FA, Alshehri AA,
Al-Chamdi HA, et al. Molecular hybrids of thiazolidinone: Bridging
redox modulation and cancer therapy. Int J Mol Sci. 2025;26(13):6529.
doi: 10.3390/ijms26136529

Malik N, Singh RK. Advances in 5-ene-2,4-thiazolidinediones re-
search: Multifaceted biological profile, structure-activity relationship,
and mechanisms of action. Arch Pharm. 2025;358(7):e70023.
doi: 10.1002/ardp.70026

Maghraby MT, Abou-Ghadir O, Abdel-Moty SG, Ali AY, Salem O.
Novel class of benzimidazole-thiazole hybrids: The privileged scaf-
folds of potent anti-inflammatory activity with dual inhibition of
cyclooxygenase and 15-lipoxygenase enzymes. Bioorg Med Chem.
2020;28(7):115403. doi: 10.1016/.bmc.2020.115403

Patil SM, Kamble O, Asgaonkar K, Bhandari S, Chitre T, Rathod V,
et al. Design and development of pyrazole-thiazole hybrid deriv-
atives as anti-inflammatory and anti-oxidant agents. J Mol Struct.
2026;1353(2):144688. doi: 10.1016/j.molstruc.2025.144688

Kasetti AB, Singhvi |, Nagasuri R, Bhandare R, Bhandare RR,
Shaik AB. Thiazole-chalcone hybrids as prospective antitubercular
and antiproliferative agents: Design, synthesis, biological, molec-
ular docking studies and in silico ADME evaluation. Molecules.
2021;26(10):2847. doi: 10.3390/molecules26102847

Osman H, Arshad A, Lam CK, Bagley MC. Microwave-assisted
synthesis and antioxidant properties of hydrazinyl thiazolyl coumarin
derivatives. Chem Cent J. 2012;6(1):32. doi: 10.1186/1752-153X-6-32
Ungureanu D, Marc G, Tiperciuc B, Moldovan C, lonut I, Stana A,
et al. Novel 3,4-dihydroxyphenyl-thiazole-coumarin hybrid compounds:
Synthesis, in silico and in vitro evaluation of their antioxidant activity.
Antioxidants 2025;14(6):636. doi: 10.3390/antiox14060636
Maltarollo VG, Resende MF, Kronenberger T, Lino Cl, Sampaio M,
Pitta M, et al. In vitro and in silico studies of antioxidant activity of
2-thiazolylhydrazone derivatives. J Mol Graph Model. 2019;86:106-12.
doi: 10.1016/j.jmgm.2018.10.007

Antemie RG, Marc G, Pele R, Fizesan |, Crestin IV, Borlan R, et al.
Antioxidant Activity and Cytotoxicity Evaluation of New Catechol
Hydrazinyl-Thiazole Derivatives as Potential Protectors in Retinal
Degenerative Processes. Antioxidants (Basel). 2025;14(6):646.
doi: 10.3390/antiox14060646

Salar U, Khan KM, Chigurupati S, Taha M, Wadood A, Vijayaba-
lan S, et al. New Hybrid Hydrazinyl Thiazole Substituted Chro-
mones: As Potential a-Amylase Inhibitors and Radical (DPPH
& ABTS) Scavengers. Sci Rep. 2017;7(1):16980. doi: 10.1038/
s41598-017-17261-w

Jahan R, Marufa SS, Rahman MM, Karmokar S, Das M, Sultan MI,
et al. Synthesis, Antimicrobial and Antioxidant Activity With ADMET
Prediction, Molecular Docking, and Dynamics Studies of Novel Thi-
azole-Schiff Base Derivatives. Chem Biodivers. 2025;22(12):¢00888.
doi: 10.1002/cbdv.202500888

Jain A, Narsinghani T. Synthesis, docking studies and antimi-
crobial and antioxidant activity of thiazole Schiff base deriva-
tives. Int J Pharm Sci Res. 2026;17(2):529-42. doi: 10.13040/
|JPSR.0975-8232.17(2).529-42

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Ghafoor A, Rafia Hassan H, Ismail M, Mahmood Ahmed Malik W,
Afaq S, Nawaz H, et al. Synthesis, characterization and molecular
docking studies of bioactive 1,3-Thiazoles as promising antibacterial
and antioxidant agents. Results Chem. 2024;7(101328):101328.
doi: 10.1016/j.rechem.2024.101328

Cruz |, Puthongking P, Cravo S, Palmeira A, Cidade H, Pinto M, et al.
Xanthone and flavone derivatives as dual agents with acetylcholines-
terase inhibition and antioxidant activity as potential anti-Alzheimer
agents. J Chem. 2017;2017:1-16. doi: 10.1155/2017/8587260
Shukor N, Ablat A, Muhamad NA, Mohamad J. In vitro antioxidant and
in vivo xanthine oxidase inhibitory activities of Pandanus amaryllifolius
in potassium oxonate-induced hyperuricemic rats. Int J Food Sci
Technol. 2018;53(6):1476-85. doi: 10.1111/ijfs.13728

Ahammed S, Afrin R, Uddin N, Al-Amin Y, Hasan K, Haque U, et al.
Acetylcholinesterase inhibitory and antioxidant activity of the com-
pounds isolated from Vanda roxburghii. Adv Pharmacol Pharm Sci.
2021;2021:5569054. doi: 10.1155/2021/5569054

Tiperciuc B, Parvu A, Tamaian R, Nastasa C, lonut I, Oniga O. New
anti-inflammatory thiazolyl-carbonyl-thiosemicarbazides and thi-
azolyl-azoles with antioxidant properties as potential iNOS inhibitors.
Arch Pharm Res. 2013;36(6):702-14. doi: 10.1007/s12272-013-0083-9
Cancela S, Minini L, Mourglia-Ettlin G, Merlino A, Lavaggi ML, Her-
nandez P. Novel thiazole-nitrone hybrids as innovative neuroprotective
agents with antioxidant and antiapoptotic properties. Results Chem.
2025;16:102414. doi: 10.1016/j.rechem.2025.102414

Khan S, Igbal T, Hussain R, Fiaz Z, Abdellattif MH, Kashtoh H. Novel
thiazole-thiadiazole as a potential anti-Alzheimer agent: synthesis
and molecular interactions via an in silico study. Future Med Chem.
2025;17(12):1349-61. doi: 10.1080/17568919.2025.2525066

Chen J, Yang J, Ma L, Li J, Shahzad N, Kim CK. Structure-antioxidant
activity relationship of methoxy, phenolic hydroxyl, and carboxylic acid
groups of phenolic acids. Sci Rep. 2020;10(1):2611. doi: 10.1038/
s41598-020-59451-z

Parcheta M, Swistocka R, Orzechowska S, Akimowich M, Choiriska
R Lewandowski W. Recent developments in effective antioxidants:
The structure and antioxidant properties. Materials. 2021;14(8):1984.
doi: 10.3390/ma14081984

Platzer M, Kiese S, Tbussek T, Herfellner T, Schneider F, Schweig-
gert-Weisz U, et al. Radical scavenging mechanisms of phenolic
compounds: A quantitative structure-property relationship (QSPR)
study. Front Nutr. 2022;9:882458. doi: 10.3389/fnut.2022.882458
Vlocské RB, Mastyugin M, Térok B, Térok M. Correlation of physico-
chemical properties with antioxidant activity in phenol and thiophenol
analogues. Sci Rep. 2025;15(1):73. doi: 10.1038/s41598-024-83982-4
Jainey PJ, Pavitra PB, Pavan TS, Zakiya FC, Sindhu TJ, Tree-
sa PV. Synthesis and molecular docking studies of thiazolidineones
with peroxiredoxins as antioxidant agents. Res J Pharm Techn.
2024;17(12):5855-2. doi: 10.52711/0974-360X.2024.00889

Abe C, Miyazawa T, Miyazawa T. Current use of Fenton reaction in
drugs and food. Molecules. 2022;27(17):5451. doi: 10.3390/mole-
cules27175451

Gulcin I. Antioxidants: A comprehensive review. Arch Toxicol.
2025;99:1893-997. doi: 10.1007/s00204-025-03997-2

Noreen S, Sumrra SH. Aminothiazole-linked metal chelates: Synthe-
sis, density functional theory, and antimicrobial studies with antioxi-
dant correlations. ACS Omega. 2021;6(48):33085-99. doi: 10.1021/
acsomega.1c05290

Kassab RM, Al-Hussain SA, Zaki M, Mohamed GG, Muhammad ZA.
Novel hydroxy-tagged bis-dihydrazothiazole derivatives: Synthesis,
antimicrobial capacity and formation of some metal chelates with iron,
cobalt and zinc ions. Arab J Chem. 2024;17(9):105933. doi: 10.1016/j.
arabjc.2024.105933

Zhao Z. Iron and oxidizing species in oxidative stress and Alzheimer’s
disease. Aging Med. 2019;2(2):82-7. doi: 10.1002/agm2.12074
Kaur G, Singh JV, Gupta MK, Bhagat K, Gulati HK, Singh A, et al.
Thiazole-5-carboxylic acid derivatives as potent xanthine oxidase
inhibitors: design, synthesis, in vitro evaluation, and molecular
modeling studies. Med Chem Res. 2020;29:83-93. doi: 10.1007/
s00044-019-02461-y

Wang MX, Qin HW, Liu C, Lv SM, Chen JS, Wang CG, et al. Synthe-
sis and biological evaluation of thiazolidine-2-thione derivatives as
novel xanthine oxidase inhibitors. PLoS One. 2022;17(5):e0268531.
doi: 10.1371/journal.pone.0268531

Gao HM, Zhou H, Hong JS. NADPH oxidases: novel therapeutic
targets for neurodegenerative diseases. Trends Pharmacol Sci.
2012;33(6):295-303. doi: 10.1016/j.tips.2012.03.008

ISSN 2306-8094

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTuku. 2026. T. 19, Ne2(51)

205


https://doi.org/10.1016/j.bioorg.2020.104220
https://doi.org/10.1016/j.bioorg.2020.104220
https://doi.org/10.1186/s13065-023-00965-8
https://doi.org/10.1186/s13065-023-00965-8
https://doi.org/10.1002/ardp.202300650
https://doi.org/10.1016/j.cbi.2018.03.013
https://doi.org/10.3390/molecules24112060
https://doi.org/10.3390/molecules24112060
https://doi.org/10.3390/ijms222111533
https://doi.org/10.3390/ijms26136529
https://doi.org/10.1002/ardp.70026
https://doi.org/10.1016/j.bmc.2020.115403
https://doi.org/10.1016/j.molstruc.2025.144688
https://doi.org/10.3390/molecules26102847
https://doi.org/10.1186/1752-153X-6-32
https://doi.org/10.3390/antiox14060636
https://doi.org/10.1016/j.jmgm.2018.10.007
https://doi.org/10.3390/antiox14060646
https://doi.org/10.1038/s41598-017-17261-w
https://doi.org/10.1038/s41598-017-17261-w
https://doi.org/10.1002/cbdv.202500888
https://doi.org/10.13040/IJPSR.0975-8232.17(2).529-42
https://doi.org/10.13040/IJPSR.0975-8232.17(2).529-42
https://doi.org/10.1016/j.rechem.2024.101328
https://doi.org/10.1155/2017/8587260
https://doi.org/10.1111/ijfs.13728
https://doi.org/10.1155/2021/5569054
https://doi.org/10.1007/s12272-013-0083-9
https://doi.org/10.1016/j.rechem.2025.102414
https://doi.org/10.1080/17568919.2025.2525066
https://doi.org/10.1038/s41598-020-59451-z
https://doi.org/10.1038/s41598-020-59451-z
https://doi.org/10.3390/ma14081984
https://doi.org/10.3389/fnut.2022.882458
https://doi.org/10.1038/s41598-024-83982-4
https://doi.org/10.52711/0974-360X.2024.00889
https://doi.org/10.3390/molecules27175451
https://doi.org/10.3390/molecules27175451
https://doi.org/10.1007/s00204-025-03997-2
https://doi.org/10.1021/acsomega.1c05290
https://doi.org/10.1021/acsomega.1c05290
https://doi.org/10.1016/j.arabjc.2024.105933
https://doi.org/10.1016/j.arabjc.2024.105933
https://doi.org/10.1002/agm2.12074
https://doi.org/10.1007/s00044-019-02461-y
https://doi.org/10.1007/s00044-019-02461-y
https://doi.org/10.1371/journal.pone.0268531
https://doi.org/10.1016/j.tips.2012.03.008

Review

65. Korkmaz IN. Investigation of the effects of thiazole compounds on Volume of Distribution and Their Application in Mapping the TK Space
thioredoxin reductase 1 (TrxR1), glutathione S-transferase (GST), of Endocrine Disruptors. J Xenobiot. 2025;15(5):166. doi: 10.3390/
and glutathione reductase (GR) targeted human brain glioblastoma jox15050166
cancer (U-87 MG). Biotechnol Appl Biochem. 2024;71(4):948-59. 85. Cemali SH, Poyraz S, Belveren S, Tas S, Tamer MA, Dondas NY, et al.
doi: 10.1002/bab.2589 Recent Insights in Multi-Target Drugs in Pharmacology and Medicinal

66. Islam A, Rai RK, Pati RS, Muralidharan Y, Roy G. Thiazole- and Chemistry. ChemMedChem. 2025;20(18):€202500447. doi: 10.1002/
Benzothiazole-Based Organoselenium Compounds as Dual-Action cmdc.202500447
Agents: Tyrosinase Inhibitors and Functional Mimics of Glutathione 86. Rocca R. Multi-target profiling of antioxidant compounds, including
Peroxidase. Inorg Chem. 2025;64(36):18206-26. doi: 10.1021/acs. repurposing and combination strategies. Antioxidants. 2025;14(2):220.
inorgchem.5¢c02356 doi: 10.3390/antiox14020220

67. Lemilemu F, Bitew M, Demissie TB, Eswaramoorthy R, Endale M. 87. Liu S, Liu J, Wang Y, Deng F, Deng Z. Oxidative Stress: Signaling
Synthesis, antibacterial and antioxidant activities of thiazole-based Pathways, Biological Functions, and Disease. MedComm (2020).
Schiff base derivatives: a combined experimental and computational 2025;6(7):e70268. doi: 10.1002/mc02.70268
study. BMC Chem. 2021;15:67. doi: 10.1186/s13065-021-00791-w 88. Papagiouvannis G, Theodosis-Nobelos P, Kourounakis PN, Rekka EA.

68. Minickaité R, Grybaité B, Vaickelioniené R, Kavaliauskas P, Petraitis V, Multi-Target Directed Compounds with Antioxidant and/or Anti- In-
Petraitiené R, et al. Synthesis of Novel Aminothiazole Derivatives as flammatory Properties as Potent Agents for Alzheimer’s Disease.
Promising Antiviral, Antioxidant and Antibacterial Candidates. Int J Med Chem. 2021;17(10):1086-103. doi: 10.2174/15734064166662
Mol Sci. 2022;23(14):7688. doi: 10.3390/jms23147688 01013161303

69. Sarkar A, Middya TR, Jana AD. A QSAR study of radical scavenging 89. Liu J, Li K, Yi Z, Saqirile, Wang C, Yang R. Oxidative-Inflammatory
antioxidant activity of a series of flavonoids using DFT based quantum Crosstalk and Multi-Target Natural Agents: Decoding Diabetic Vascular
chemical descriptors--the importance of group frontier electron density. Complications. Curr Issues Mol Biol. 2025;47(8):614. doi: 10.3390/
J Mol Model. 2012;18(6):2621-31. doi: 10.1007/s00894-011-1274-2 cimb47080614

70. Ali HM, Abo-Shady A, Eldeen H, Soror HA, Ghousha WG, Ab- 90. Chaudhary J, Jain A, Dhingra A, Chopra B, Sharma V, Gupta J,
del-Barry OA, et al. Structural features, kinetics and SAR study of et al. 1,3-Thiazole derivatives: A scaffold with considerable po-
radical scavenging and antioxidant activities of phenolic and anilinic tential in the treatment of neurodegenerative diseases. Curr Top
compounds. Chem Cen J. 2013;7:53. doi: 10.1186/1752-153X-7-53 Med Chem. 2023;23(23):2185-96. doi: 10.2174/156802662366

71. De S, Adhikari S, Tilak-Jain J, Menon VP, Devasagayam TP. An- 6230719124850
tioxidant activity of an aminothiazole compound: possible mech- 91. Ruankham W, Pingaew R, Prachayasittikul V, Worachartcheewan A,
anisms. Chem Biol Interact. 2008;173(3):215-23. doi: 10.1016/j. Sathuphong S, Apiraksattayakul S, et al. Neuroprotective thiazole
¢bi.2008.03.011 sulfonamides against 6-OHDA-induced Parkinsonian model: in vitro

72. Hoa NT, Trung NQ, Thong NM, Mechler A, Vo QV. The radical scav- biological and in silico pharmacokinetic assessments. RSC Adv.
enging activity of monosubstituted iminostilbenes: Theoretical insights. 2025;15:4281-95. doi: 10.1039/D4RA04941A
Chem Phys Lett. 2021;784:139105. doi: 10.1016/j.cplett.2021.139105 92. Jornada DH, dos Santos Fernandes GF, Chiba DE, de Melo TR, dos

73. Badawy SA, Rewish NM, Fadda AA, EImorsy MR. Novel Triazole-car- Santos JL, Chung MC. The Prodrug Approach: A Successful Tool for
bohydrazide hydrazones with dual antioxidant and antibacterial Improving Drug Solubility. Molecules. 2015;21(1):42. doi: 10.3390/
potential. Sci Rep. 2025;15:41456. doi: 10.1038/s41598-025-26016-x molecules21010042

74. Ulrich K, Jakob U. The role of thiols in antioxidant systems. Free Radic 93. de Souza MM, GiniA, Moura JA Scarim CB, Chin CM, dos Santos JL.
Biol Med. 2019;140:14-27. doi: 10.1016/j.freeradbiomed.2019.05.035 Prodrug approach as a strategy to enhance drug permeability. Phar-

75. Benhar M. Oxidants, sntioxidants and thiol redox switches in the maceuticals. 2025;18(3):297. doi: 10.3390/ph18030297
control of regulated cell death pathways. Antioxidants. 2020;9(4):30. 94. Subbaiah M, Rautio J, Meanwell NA. Prodrugs as empowering tools
doi: 10.3390/antiox9040309 in drug discovery and development: recent strategic applications of

76. Charlton NC, Mastyugin, Torok B, Térok M. Structural features of drug delivery solutions to mitigate challenges associated with lead
small molecule antioxidants and strategic modifications to improve compounds and drug candidates. Chem Soc Rev. 2024;53:2099-210.
potential bioactivity. Molecules. 2023;28(3):1057. doi: 10.3390/ doi: 10.1039/D2CS00957A
molecules28031057 95. Chaturvedi P, Sharma R, Khare S, Singh T, Shrivastasa D, Singh A,

77. Chen Z, Swistocka R, Choinska R, Marszatek K, Dgbrowska A, etal. Prodrug-based drug delivery systems: Strategic approaches and
Lewandowski W, et al. Exploring the Correlation Between the Molec- emerging challenges in targeted therapeutics. Naunyn Schmiedebergs
ular Structure and Biological Activities of Metal-Phenolic Compound Arch Pharmacol. 2025; doi: 10.1007/s00210-025-04570-5
Complexes: Research and Description of the Role of Metal lons in 96. Chen L, Zhao D, Zhu K, Wang D, Li Y, Qu M, et al. Indole-thiazole
Improving the Antioxidant Activities of Phenolic Compounds. Int J Mol hybrids with anticancer potential. Future Med Chem. 2026;18(6):713-
Sci. 2024;25(21):11775. doi: 10.3390/jms252111775 28. doi: 10.1080/17568919.2026.2620365

78. Mucha P, Skoczynska A, Matecka M, Hikisz P, Budzisz E. Over- 97. Dwarakanath D, Nayak YN, Kulal A, Pandey S, Ranganath Pai KS,
view of the Antioxidant and Anti-Inflammatory Activities of Selected Gaonkar SL. Synthesis, characterization and in silico studies of novel
Plant Compounds and Their Metal lons Complexes. Molecules. multifunctional imidazole-thiazole hybrids with potent antimicrobial
2021;26(16):4886. doi: 10.3390/molecules26164886 and anticancer properties. Sci Rep. 2025;15:9809. doi: 10.1038/

79. Waidande SS, Kshirsagar M, Thorat VM, Tiwari DD. Role of Antioxidant $41598-025-93249-1
Supplementation in Enhancing Chelation Therapy for Lead-Induced 98. Mishral, SharmaV, Krishna G, Narayan S, Sethi VA, Dhakad PK; et al.
Oxidative Stress in Rats. Cureus. 2025;17(2):e79699. doi: 10.7759/ Thiazole-Based Antioxidants: Pioneering a Decade of Therapeutic
cureus.79699 Advances. Curr Top Med Chem. 2026 Jan 26. doi: 10.2174/0115680

80. Gao X, Xiao Y, Li W, Xu L, Yuan J. Synergistic effects of antioxidant 266398772251028104003
blends: A comparative study on oxidative stability of lipids in feed 99. Sinha S, Manju SL, Doble M. Chalcone-thiazole hybrids: Rational
matrices. Antioxidants. 2025;14(8):981. doi: 10.3390/antiox14080981 design, synthesis, and lead identification against 5-lipoxygenase.

81. Guzman-Lépez E, Reina M, Hernandez-Ayala LF, Galano A. Rational ACS Med Chem Lett. 2019;10(10):1415-22. doi: 10.1021/acsmed-
design of multifunctional ferulic acid derivatives aimed for Alzhei- chemlett.9b00193
mer’s and Parkinson’s diseases. Antioxidants. 2023;12(6):1256. 100. Kumari G, Dhillon S, Rani P, Chahal M, Aneja DK, Kinger M. De-
doi: 10.3390/antiox12061256 velopment in the synthesis of bioactive thiazole-based heterocyclic

82. Zhao, Xia C, Jiang C, Kan C, Gao Y, Zou Y, He L. Comparison of hybrids utilizing phenacyl bromide. ACS Omega. 2024;9(17):18709-
the content of active ingredients and antioxidant, antibacterial and 46. doi: 10.1021/acsomega.3c10299
anti-inflammatory activities in different parts of Fructus Choerospon- 101. Klimoszek D, Jelen M, Dotowy M, Morak-Mtodawska B. Study of the i-
diatis. Sci Rep. 2024;14:28670. doi: 10.1038/s41598-024-80334-0 pophilicity and ADMET parameters of new anticancer diquinothiazines

83. Ajala A, Uzairu A, Shallangwa GA, Abechi S. QSAR, simulation with pharmacophore substituents. Pharmaceuticals. 2024;17(6):725.
techniques, and ADMET/pharmacokinetics assessment of a set of doi: 10.3390/ph17060725
compounds that target MAO-B as anti-Alzheimer agent. Future J 102. Wu K, Kwon SH, Zhou X, Fuller C, Wang X, Vadgama J, et al. Over-
Pharm Sci. 2023;9:4. doi: 10.1186/s43094-022-00452-2 coming challenges in small-molecule drug bioavailability: A review

84. Ollitrault G, Marzo M, Roncaglioni A, Benfenati E, Taboureau O, of key factors and approaches. Int J Mol Sci. 2024;25(23):13121.
Mombelli E. QSAR Models for Predicting Oral Bioavailability and doi: 10.3390/ijms252313121

206 Current issues in pharmacy and medicine: science and practice. Volume 19. Issue 2, May — August 2026 ISSN 2306-8094


https://doi.org/10.1002/bab.2589
https://doi.org/10.1021/acs.inorgchem.5c02356
https://doi.org/10.1021/acs.inorgchem.5c02356
https://doi.org/10.1186/s13065-021-00791-w
https://doi.org/10.3390/ijms23147688
https://doi.org/10.1007/s00894-011-1274-2
https://doi.org/10.1186/1752-153X-7-53
https://doi.org/10.1016/j.cbi.2008.03.011
https://doi.org/10.1016/j.cbi.2008.03.011
https://doi.org/10.1016/j.cplett.2021.139105
https://doi.org/10.1038/s41598-025-26016-x
https://doi.org/10.1016/j.freeradbiomed.2019.05.035
https://doi.org/10.3390/antiox9040309
https://doi.org/10.3390/molecules28031057
https://doi.org/10.3390/molecules28031057
https://doi.org/10.3390/ijms252111775
https://doi.org/10.3390/molecules26164886
https://doi.org/10.7759/cureus.79699
https://doi.org/10.7759/cureus.79699
https://doi.org/10.3390/antiox14080981
https://doi.org/10.3390/antiox12061256
https://doi.org/10.1038/s41598-024-80334-0
https://doi.org/10.1186/s43094-022-00452-2
https://doi.org/10.3390/jox15050166
https://doi.org/10.3390/jox15050166
https://doi.org/10.1002/cmdc.202500447
https://doi.org/10.1002/cmdc.202500447
https://doi.org/10.3390/antiox14020220
https://doi.org/10.1002/mco2.70268
https://doi.org/10.2174/1573406416666201013161303
https://doi.org/10.2174/1573406416666201013161303
https://doi.org/10.3390/cimb47080614
https://doi.org/10.3390/cimb47080614
https://doi.org/10.2174/1568026623666230719124850
https://doi.org/10.2174/1568026623666230719124850
https://doi.org/10.1039/D4RA04941A
https://doi.org/10.3390/molecules21010042
https://doi.org/10.3390/molecules21010042
https://doi.org/10.3390/ph18030297
https://doi.org/10.1039/D2CS00957A
https://doi.org/10.1007/s00210-025-04570-5
https://doi.org/10.1080/17568919.2026.2620365
https://doi.org/10.1038/s41598-025-93249-1
https://doi.org/10.1038/s41598-025-93249-1
https://doi.org/10.2174/0115680266398772251028104003
https://doi.org/10.2174/0115680266398772251028104003
https://doi.org/10.1021/acsmedchemlett.9b00193
https://doi.org/10.1021/acsmedchemlett.9b00193
https://doi.org/10.1021/acsomega.3c10299
https://doi.org/10.3390/ph17060725
https://doi.org/10.3390/ijms252313121

Oensidu

103.

104.

105.

106.

107.

TropshaA, Isayev O, Varnek A, Schneider G, Cherkasov A. Integrating
QSAR modelling and deep learning in drug discovery: the emergence
of deep QSAR. Nat Rev Drug Discov. 2024;23:141-55. doi: 10.1038/
s41573-023-00832-0

Koirala M, Yan L, Mohamed Z, DiPaola M. Al-integrated QSAR mod-
eling for enhanced drug discovery: From classical approaches to
deep learning and structural insight. Int J Mol Sci. 2025;26(19):9384.
doi: 10.3390/ijms26199384

Alkalbani N, Shahin L, Benzeghiba H, Obaid RS, Osaili TM, Ismail LC,
et al. Artificial intelligence in functional food innovation: Bioactive en-
hancement and formulation optimization: A quasi-systematic review.
Food Chem X. 2026;34:103628. doi: 10.1016/j.fochx.2026.103628
Wang Y, Yang J, Fang B, Wang K, Fu Y. An Al-driven multilayer
strategy and curated dataset for mining antioxidant peptides from
yak bone collagen hydrolysates. Food Res Int. 2026;231(1):118689.
doi: 10.1016/j.foodres.2026.118689

Xie D, Tian Y, Cao L, Guo P, Cai Z, Zhou J. 3D-QSAR, design, mo-
lecular docking and dynamics simulation studies of novel 6-hydroxy-
benzothiazole-2-carboxamides as potentially potent and selective
monoamine oxidase B inhibitors. Front Pharmacol. 2025;16:1545791.
doi: 10.3389/fphar.2025.1545791

ISSN 2306-8094

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTuku. 2026. T. 19, Ne2(51)

207


https://doi.org/10.1038/s41573-023-00832-0
https://doi.org/10.1038/s41573-023-00832-0
https://doi.org/10.3390/ijms26199384
https://doi.org/10.1016/j.fochx.2026.103628
https://doi.org/10.1016/j.foodres.2026.118689
https://doi.org/10.3389/fphar.2025.1545791

Review

MoxiaHi 1,2,4-Tpiasony AK nepcrnekTUBHI areHTu
ANA paHo3aroloBarnbHOI Tepanii (ornag nirepatypm)

. B. Bywyesa™@AEF O, A, [insriH(®ABCD

3anopisbkuil AepxaBHU Meayko-hapMaLeBTU4HUI yHIBEpCUTET, YkpaiHa

A — KOHUenNLUig Ta AnsaitH gocnimkeHHs; B — 36ip aanux; C — ananis Ta inTepnpeTauis gannx; D — HanucanHhs cTatTi; E — peparysanHs cTarTi;
F — ocTaTouHe 3aTBepMKEHHS CTaTTi

AKTyanbHICTb JOCTImKEHHS NoxigHWX 1,2,4-Tpia3ony 3yMoBrneHa 3pOCTaHHSIM Pe3NCTEHTHOCTI MiKpOOpraHiaMiB Ta NoTpeboto y CTBOPEHHI
HOBUX eheKTUBHMX i 6e3neyHux nikapcbkux 3acobis. MoxiaHi 1,2,4-Tpiasony € NEPCNEKTUBHUMU CMOMTyKaMM y CyHacHin MeguyHin Ximii

NOTEeHLian y MaTepiano3HaBCTBI, KaTanisi, «3eneHii xiMii» Ta sik 3acobm 3 paHO3aroBanbHOK aKTUBHICTIO.

MeTta po60TH — 34INCHNTM CUCTEMATUYHWI O HayKOBOI NiTepaTypy, LWO iHAEKCYTLCS B MiXHAPOZHUX HAayKOMETpUYHKX 6asax AaHuXx,
y3aranbHeHHs! 1 KpUTUYHE OLiHIOBaHHS BiOMOCTEN W00 paHO3aroBasibHOT akTUBHOCTI, CUHTE3Y, (hi3VKO-XiMIYHKX BNacTUBOCTEN, Bio-
noriYHoOi akTMBHOCTI Ta 6e3nekm noxiaHux 1,2,4-Tpiasony; BUHAYUTY KIKOYOBI CTPYKTYPHO-aKTVBHI B3aEMO3B'SI3kM Ta HabinbLL npuaaTHi
(hapmaLeBTUYHI NnaTopmm 4ns NokanbHoi Tepanii paHOBKX MPOLIECIB.

Marepianu i metoau. Matepianu gocnimkeHHs — Haykosi nybnikauii, BinibpaHi B pe3ynsrati cucTeMaTyHOro MoLyky B 6asax gaHux
PubMed / MEDLINE, Scopus, Web of Science, Embase, Cochrane Library Ta Google Scholar. Mg 4yac poboTu BUKOPUCTaHO MOLLIYKOBWIA,
aHaniTMYHUIA, ONMUCOBUI METOAU, @ TAKOXK METOAM MOPIBHSAHHA Ta y3araribHeHHs OTPUMAHWX AaHUX.

Pe3ynktati. Y pesynbrati BUB4EHHS JOCTYNHOI iHhopmMaLlii Ta iHhopMaLifiHO-NaTeHTHOTO MOLLIYKY BCTAHOBIIEHO, LLO CMOMYKK, SKi MICTATb
1,2,4-Tpia3onbHy rpyny, MakTb LUMPOKMIA CNekTp BioNoriYHOT aKTUBHOCTI, 30KpemMa BUpPaXeHi NpoTu3anarnbHi BNacTUBOCTI, L0 onocepes-
KOBYtOTbCS iHribyBaHHaAM LIOM-1 / LIOT-2, LOX Ta Mogynsiuieto piBHIB Npo3ananbHuX LMTOKIHIB. MNokasaHo, Lo Hu3ka Crosnyk BUSBNSE
BUCOKY aKTMBHICTb in Vitro Ta in vivo, B OKpeMUX BUNafKax nepesepLUyloun npenapartu-eTanoHu. [JoseaeHo, LWo kanin 5-(dypan-2-in)-
4-peHin-4H-1,2,4-tpiason-3-Tionat Mae KOMMNNEKCHy hapMakonorivHy Aito (aHTUOKCUAAHTHY, NpoTU3ananbHy Ta penapaTuBHy), Crpuse
3HVKEHHIO OKMCHOTO CTPEeCy, CTUMYMIOE nponidepaLito KNiTWH i CUHTE3 KonareHy, TUM CaMyM NMPUCKOPIOKYM 3aroeHHs paH. 3a AaHnvu
[l0Ka30BOi creLjiani3oBaHoi NiTepaTypu, BCTAHOBMNEHO MOMO HWU3bKY TOKCUYHICTb, BUCOKY GIOCYMICHICTb i mepeBaru Hap, TpaguuiiHimm
MicLeBUMYM Tepanismu.

BucHoBkn. CUCTEMATUYHUIA OMNSAA HAYKOBUX [KEPEN, WO iHAEKCYIThCS Y MiXKHApOOHUX HAayKOMETpUYHUX Basax faHux, MiaTBepayBs:
noxiaHi 1,2,4-tpiasony € 6aratoyHKLiOHANbHUMM areHTaMy ANs nokansbHoi Tepanii paH, OCKiNbKW NOEAHYI0OTb aHTUMIKPOGHY, aHTUOKCH-
[aHTHY Ta npoTu3ananbHy Aii Ta MOXyTb CTUMYMIOBATK KNITUHHY Nponidepawito 1 aHrioreHes; NoniMepHi CUCTEMM Ha iXHill OCHOBI MatoTb
GiocyMicHiCTb | peneBaHTHI (i3nKo-XiMiYHi NapameTpu Ans 3aroeHHs OMnikoBKX paH. BusHaueHo Knto4oBy porib 3aMmillleHb Y MONOXKEHHSX
3i 5 TpiasonbHOro Kinbus y hopMyBaHHi 6i0akTMBHOCTI; MOKa3aHO NepPCneKTUBHICTb TapreTyBaHHS 3ananbHOro Kackaay.

KniouyoBi cnoea: noxigHi 1,2,4-Tpiasony, GionoriyHa akTWBHICTb, paHu, paHo3arokBasbHa i, TOKCUYHICTb, MOKA3HUKM aKTUBHOCTI,
OynoBsa — fis.

AKTyanbHi nuTaHHA hapmaLeBTUYHOI | MeaUYHOI Hayku Ta npakTuku. 2026. T. 19, Ne 2(51). C. 208-215

1,2,4-triazole derivatives as promising agents for wound healing therapy (literature review)
I. V. Bushuieva, O. A. Diliahin

The relevance of studying 1,2,4-triazole derivatives lies in the growing resistance of microorganisms and the need to develop new, effective,
and safe medicines. Derivatives of 1,2,4-triazole are promising compounds in modern medical chemistry due to their wide spectrum of
biological activity and ability to act on multiple targets. In addition to pharmacology, these compounds have significant potential in materials
science, catalysis, “green chemistry” and as agents with wound-healing activity.

The aim of the work is to conduct a systematic review of the literature based on data from international scientometric databases, to
summarise and critically evaluate data on the wound-healing activity, synthesis, physicochemical properties, biological activity and safety
of 1,2,4-triazole derivatives; to identify key structure-activity relationships and the most suitable pharmaceutical platforms for the local
treatment of wound processes.

ARTICLE UDC 547.792:616-001.4-085]-021.151

INFO DOI: 10.14739/2409-2932.2026.2.356767

Current issues in pharmacy and medicine: science and practice. 2026;19(2):208-215

Keywords: 1,2,4-triazole derivatives, biological activity, wounds, wound healing effect, toxic action, activity indicators, structure — action.

Received: 06.03.2026 // Revised: 30.04.2026 // Accepted: 13.05.2026

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license

208 Current issues in pharmacy and medicine: science and practice. Volume 19. Issue 2, May — August 2026 ISSN 2306-8094


https://doi.org/10.14739/2409-2932.2026.2.356767
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5336-3900
https://orcid.org/0009-0000-3238-449X

Oensidu

Materials and methods. Scientific publications selected as a result of a systematic search in the databases PubMed / MEDLINE, Scopus,
Web of Science, Embase, Cochrane Library and Google Scholar served as research materials. The work uses search, analytical, descriptive
methods, as well as methods of comparison and generalization of the obtained data.

Results. Based on the study of available information and conducting an information-patent search, it was established that compounds
containing the 1,2,4-triazole group exhibit a wide range of biological activity, in particular, pronounced anti-inflammatory properties mediated
by inhibition of COX-1/ COX-2, LOX and modulation of pro-inflammatory cytokine levels. A number of compounds have been shown to
exhibit high activity both in vitro and in vivo, in some cases surpassing reference drugs. It has been proven that potassium 5-(furan-2-yl)-
4-phenyl-4H-1,2,4-triazole-3-thiolate has a complex pharmacological effect (antioxidant, anti-inflammatory and reparative), helps reduce
oxidative stress, stimulates cell proliferation and collagen synthesis, thereby accelerating wound healing. Based on a review of authoritative
publications, its low toxicity, demonstration of high biocompatibility, and superiority over traditional topical therapies have been established.

Conclusions. A systematic review of the literature based on data from international scientometric databases has confirmed that 1,2,4-triazole
derivatives are multifunctional agents for local wound therapy: they combine antimicrobial, antioxidant and anti-inflammatory effects and
are capable of stimulating cell proliferation and angiogenesis; polymer systems based on them demonstrate biocompatibility and relevant
physicochemical parameters for the healing of burn wounds. The key role of substitutions at 3 and 5™ positions of the triazole ring in
determining bioactivity has been established; the promise of targeting the inflammatory cascade has been demonstrated.

Keywords: 1,2,4-triazole derivatives, biological activity, wounds, wound healing effect, toxic action, activity indicators, structure — action.
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Moxinni 1,2,4-Tpia3omy CTaHOBIATH 3HAYHUN IHTEPEC IS
Cy4JacHOT MEIMYHOI XiMil Ta papMaKoIorii 3aBISKH IIIHPO-
KOMY CIIEKTPY 010JI0T14HOT aKTMBHOCTI, SIKHI 3yMOBJICHUH
iXHBOIO CTPYKTYPHOIO PI3HOMaHITHICTIO Ta BHUCOKOIO
XIMI9HOIO peakiiiioro 3aarHictio [1]. Li rerepormkiiiy-
Hi CITOMYKH BIOMi K «IPUBLUICHOBaHI CTPYKTYPH», IO
MOXYTh B3a€MOIIATU 3 PI3HOMAaHITHUMHU O1OMIIICHIMU;
L€ BIIKPUBAE IMPOKI MEPCHEKTUBH JJIsl CTBOPEHHSI HOBUX
JIKapChKUX 3ac00iB [2].

Ocob6nuBy yBary HayKOBIIIB NpHBEpTae Oararo(yHKILiO-
HAITbHICTB TPI1a30JIBHOTO SPA, sIKe MOXKE Oy TH MOM(IKOBaHE
JUISL ONTUMI3alii (hapMaKOJIIOTIYHUX BIACTHBOCTEH. bara-
TOrPaHHICTh BUBYCHHS MOXigHuX 1,2,4-Tpia3ony mossrae
B KOMIUIEKCHOMY aHali3i ixHiX (hi3uKo-xiMiuHUX, (hapma-
KOAWHAMIYHUX 1 (hapMaKOKIHETUIHUX XapaKTEPHCTHK, M0
BKJTFOYAE JOCTIKCHHS aHTHOAKTePiaTbHOT, TPOTH3AMAIBHOI,
MIPOTHITYXJIMHHO1, aHTUOKCHIAHTHOT, IIPOTUTPUOKOBOT, TIPO-
TUBIPYCHOI Ta PaHO3aroroBaIbHOT akTUBHOCTI [3,4]. Takwuit
TI/IX 171 3yMOBIICHHUI HE JIUIIIE TIOTSHITIaJIOM ITHX CIIOMYK IO
IPOSIBY MOHOHAIIPABIICHOT [TiT, aJTe i MOKITMBICTIO peajtizarii
MYJIBTHLIE0BOT (hPapMAKOJIOT 1, 1110 € aKTyaJIbHUM HaIPSIMOM
y CyYaCHOMY TOIIYKY JIIKAPCHKUX CyOCTaHIH. 3amirieHi
1,2,4-Tpia3oau BUPI3HAIOTHCS HAI3BUYANHO MIMPOKUM
CHEKTPOM 0i0JIOTIYHOT aKTUBHOCTI, 1110 POOHTH iX OTHUMH 3
HaWNEePCIEeKTHBHIIINX TeTePOLMKIIIYHIX CHCTEM Y CydacHii
(apmaxosorii [5].

bararo moxiHUX IBOTO PsIy MarOTh BHPaXEHI MMPOTH-
MiKpOOHi, MPOTUTPHOKOBI Ta MPOTHBIPYCHI BIACTHUBOCTI,
TIePEBEPIIYIOUH 32 e(hEeKTHBHICTIO BiIOMI JIIKAPCHKi 3aCOOM.
OxpeMi pe/ICTaBHUKH XapaKTepH3yI0ThCs 3HAYHOIO POTH-
3arajbHOI0, aHTHOKCHIAHTHOIO Ta IMyHOMO/Y/IFOBAJIBHOIO
JISIMH, TI0 BiZIKPHBAE MOXKIIMBOCTI JUISi CTBOPEHHSI HOBHX
3ac00iB MMaTOreHeTHIHOI Tepamii [6].

Oco0nuBnii iHTEpEC BUKIMKAIOTH CIIOIYKH 3 TPOTHITYX-
JIMHHUM TOTEHINAJIOM, 10 MOXKYTh 1HTIOyBaTH TpoJide-
pallifo 3JOSKICHUX KIIITHH. 3aBISKU MOETHAHHIO XiMIYHOT
BapiaTUBHOCTI Ta 0i0JIOTIYHOI YHIBEPCAIBHOCTI, 3aMiMIeH]
1,2,4-Tpia30nm BU3HAYAIOTH 5K TUIaT(GOpMy [UIS pO3pOOIICHHS
IHHOBAIIHHKX TIperapaTiB HOBOTO MOKOJIHHS [7].

Bupuenns 3amimennx 1,2,4-Tpia3omiB € BaKINBUM HE
JIUIIIe Yepe3 TXHi 0i0JOorivHiI BIACTHBOCTI, aje W 3aBIsSKH
MIUPOKUM MOXIIMBOCTSM 3aCTOCYBAHHS Y PI3HHX Tally3sx
HaykH 1 TexHikd. Ll croiyku MaroTh IiKaBi €J1eKTPOHHI i
OIITHYHI XapaKTEPUCTUKH, III0 POOUTS iX MEPCIIEKTHBHUMH
MarepiaiaMy JUIsi CTBOPEHHS OpPraHIYHUX HaIliBIIPOBIIHU-
KiB, CBITJIOBHITPOMIHIOBAJIbHUX ITPUCTPOIB 1 CEHCOPIB. 3aB-
JISTKU HasiBHOCTI KiJIbKOX aromiB HiTporeHy B Tpia3oibHOMY
KUJIBIll, BOHH JIETKO YTBOPIOIOTH CTA0UIBbHI KOMILIEKCH 3
10HaMH METaJiB, SIKi MHUPOKO BUKOPHCTOBYIOTH Y KOOP/IH-
HauildHii XiMii Ta KaTaji3i, 30KkpemMa B peakiisix OKUCHEHHS
Ta rigporenizarii. Kpim Toro, 3aMimieni Tpia3onn xapak-
TEPU3YIOTHCSI BUCOKOIO XIMIYHOIO CTaOUIBHICTIO, 1 TOMY 1X
3aCTOCOBYIOTH SIK 1HTIOITOpH KOpO3ii Ta cradimizaTopu y
NPOMUCIIOBUX Ipoliecax. 3HAYHUI HAYKOBUIl IHTEpEC BU-
KIIMKaE TXHS POJIb Y PO3BUTKY «3€JIEHOI XiMii», amke 6arato
noxiguux 1,2,4-Tpia3oqy MOXYTh 3aMiHIOBAaTH TOKCHYHI
peareHTH Ta JiSTH K Oe3NeyHi Karai3aTopH, CIPHUIIOUN
€KOJIOT1YHO YUCTUM TEXHOJIOTISIM.

Oco0iMBOT aKTyaIbHOCTI HaOyBa€ JOCIIKEHHS TOX1THUX
1,2,4-Tpia3oiy sk 3ac00iB i3 paHO3arOI0BAIEHOIO AKTHUBHIC-
TIO, 110 TIepe/10auae BUBYCHHSI HE JIMIIE IIPSIMOTO BIUTHBY Ha
pemapaTHBHi MPOIECH, ajie i CYIMyTHIX e(eKTiB, 30KpemMa
IPOTUMIKPOOHOT, IPOTH3ANAIbHOI Ta aHTHOKCHIAHTHOT
nii [8,9]. Takuii cucTeMHUH MiAXiA Ja€ 3MOTy BCEOIYHO
OLIIHUTH TEPAIEBTHYHUN ITOTEHIIaJ IUX CHOJIYK 1 BU3HA-
YUTH TIEPCIEKTHBHI HAIIPSMHU 1X HAaCcTYIHOI Mou(ikawii Ta
3aCTOCYBaHHS B KIIIHIYHIN MTPAKTHIIL.

MeTa po6otu

3niHCHUTH CHCTEMAaTUYHHUN OTIAJ HAyKOBOI JTEeparypH,
110 1HJIEKCYIOTHCS B MIKHApOJHHMX HAyKOMETPUYHUX
0a3ax MaHWX, y3araJbHEHHS I KPUTHYHE OIIHIOBaHHS Bi-
JIOMOCTEH II0JI0 PaHO3arol0BAJILHOT aKTHBHOCTI, CHHTE3Y,
(hi3UKO-XIMIYHHX BIIACTHBOCTEH, O10JIOTIYHOT aKTHBHOCTI
Ta Oe3mneku moxinHux 1,2,4-Tpia3oiy; BUSHAYUTH KIFOYOBI
CTPYKTYPHO-aKTHBHI B3a€MO3B’SI3K1 Ta HAHOLIBII IIPHIATHI
(apmanieBTHYHI 1aThOPMH JIsl IOKATIBHOT Tepartii paHOBHX
TIPOLECIB.

ISSN 2306-8094

AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeAVNYHOI Hayku Ta npakTuku. 2026. T. 19, Ne2(51) 209



Review

Marepianu i MeTogu pocnimkeHHA

3IiACHIIIN CHCTEMaTHIHUNA CKOITYC-Opi€HTOBAHHMHA OIS
JiTeparypu oo noxigHux 1,2,4-tpiazony, IXHBOI paHo-
3aroroBaJIbHOT aKTHBHOCTI Ta MOXIIMBOCTEH (apmare-
BTHYHOTO 3acTocyBaHHs. Ilomyk JiTepaTypu 3miiicHUIH Y
PubMed / MEDLINE, Scopus, Web of Science, Embase,
Cochrane Library ta Google Scholar; 3axyuamu mxepena
AHITIHCHKOFO Ta YKPaTHCHKOIO MOBaMH 200 3 aHITIOMOBHUMH
AHOTALIISIMH.

[Moxinni 1,2,4-Tpia3ony oCTaHHIMH POKaMH aKTHBHO
BHBYAIOTH Yepe3 MIUPOKUH CIIEKTP Oi0IOTi9HOT aKTHBHOCTI,
30KpeMa paHO3arooBajIbHi BIACTHBOCTI. IXHA CTPYKTypa
Jla€ 3MOTY 3JiliCHIOBaTH Moaudikallito, mo 3abe3nedye
CTBOPEHHS HOBHX €(DEKTHBHHX CIIONYK i3 OakaHOIO (ap-
MaKOJIOTI4HOIO Ji€t0. PaHo3aroroBanbHa aKTHBHICTH TO-
xigaux 1,2,4-Tpia3ony noB’s3aHa 3 KilbKoMa (akTopamu:
AHTHMIKpOOHa aKTUBHICTh — 3HV)KEHHS PU3HKY 1H(IKyBaHHS
paHM, aHTHOKCHIAaHTHA Jisl — 3MEHIICHHS OKCHOTO CTPECy
y 30HI YIIKO/UKEHHS, IPOTH3ANAIbHA Jisi — MPUTHIYSHHS
BHpOONeHHs npo3ananbuux muTokiniB (IL-1B, TNF-a),
CTAMYIIAIIS iporidepartii KIiTHH — akTHBaIlist (pidpodiacTin
1 KEpaTUHOLIMTIB, TOJIIMIICHHS! MIKPOLMPKYJISILIT — CIIpusie
pereHepartii TKaHHH.

Pesynbratu

Pi3HI 3aMICHUKH B MOJIOKEHHSX 3 1 5 TPia30JbHOTO KIS
BILIMBAIOTH HA O10aKTUBHICTb. I i1pa3onHi moxiHi 1,2,4-Tpi-
a30Jly MalOTh BUCOKY IIPOTH3aNaJIbHy Ta pereHepaTHBHY
aKTUBHICTh. CIIOJNIYKH 3 apOMaTHYHUMHK a00 TeTePOIMKIIIY-
HUMH 3aMiCHUKaMH MTOKPAILyIOTh IPOHUKHEHHS B TKAHIMHU
Ta TIOOBXKYIOTh TPUBAJICTS ii. B OKpeMuX H0CTiKeHHIX
Ha TBapWHAX MOKa3aHO, [0 HAHECEHHs! Ma3ed abo reiB
3 noxigHumHu 1,2,4-Tpia3oiy IPHCKOPIOE eriTeNnizaliio Ta
(dbopMmyBaHHs TpaHyIsIiiiHOI TkaHWHU. [loxXimHi 5-Mep-
Kanro-1,2,4-Tpia30iry MalOTh BHPaKCHY aHTHCENTHYHY Ta
MIPOTH3ANATBHY JIi10, CIPHUSIOTH IIBUALLIOMY 3aTOEHHIO PaH.

[NapanenbHO 3 J0CTIIKSHHSIM PaHO3aro0BaIbHOT aKTHB-
HOCTI oXigHuX 1,2,4-Tpia3ody AOIIIFHUM € KOMIUIEKCHE
BUBYCHHSI IHIIIUX BU/IIB O10JIOTIYHOT aKTUBHOCTI, 1110 MOXKYTh
OITOCepeIKOBaHO a00 Oe3mocepeTHhO BIUTUBATH HA TIPOIIEC
pemapartii TkaauH. 30KpeMa, 0COOTMBHI HAYKOBHI iHTEpec
BUKIIMKAE TAKUH HANpsiM, SIK TIPOTUMIKPOOHA aKTHBHICTB,
OCKIIBKM MIKpOOHE KOHTaMiHyBaHHSI PAHOBOI ITOBEPXHI €
OJTHMM i3 KIIFOYOBUX YMHHHKIB, 1110 YCKJIAJHIOIOTh 3arO€HHS
paH. BusiBneHHs aHTUMIKPOOHOIT A1ii 1a€ 3MOTY BU3HAUHTH Ll
CIIOJTYKH SIK TIOTEHLIHHI 3ac00M Juts PO iIaKTHKY Ta JIKY-
BaHHA iHPEKIH y paHOBOMY TIpoIieci. BaknmBoro € Takok
[pOTU3anajIbHa aKTUBHICTh, OCKIIBKU KOHTPOJIb 3aaIbHOL
(a3u pernaparMBHOTO MPOLECY MA€ CYTTEBE 3HAYCHHS JUTS
ioro (izionorigaoro mepediry. Bizomo, mo HagMipHa a60
MIPOJIOHTOBAHA 3alajbHa peakilis MoXKe iHTiOyBaTH IMpo-
niepaTUBHY Ta PEMOICIIOBaIbHY (pa3u 3aroeHHs. AHTH-
OKCHJIAHTHA aKTHBHICTH € Ba)KIMBOIO, 3BKAI0YM Ha POJIb
OKCHJIaTUBHOTO CTPECY y MOMIKOKEHHI KIIITHH 1 TOPYIIeHH]
pereHeparopuux nporieciB. CroiayKky 3 BUPQKCHUM aHTH-
OKCHJIAHTHUM HOTEHIIaJIOM MOXKYTh CIIPUSITH 3MEHIIIEHHIO

YIIKOJPKSHHS TKAHWH B YMOBAX OKCHUIIATHBHOT'O IHCOAIaHCy.
[{uTonpoTekTopHa aKTUBHICTH 3a0e3reuye 30epekeHHs
(hyHKIIIOHATBHOI aKTHBHOCTI KITITHH, 3AJTy9I€HHX JI0 TPOIIECIB
emitenizanii, aHrioreHe3y Ta (OpMYBaHHS TpaHyJSLIHHOT
TKaHWHH. AHAJITETHYHHUI OTSHIial Ma€e 3HAYCHHS IS 110~
KpAIlleHHS SIKOCT] JKUTTS NAL[IEHTIB Y NIepio/] BITHOBJICHHS, &
TaKO)K MOYKE BIUTMBATH Ha 3araJIbHUH Iepedir perapaTuBHUX
NPOILECIB Uepe3 3HWKEHHsI PIBHS CTPECy Ta HEWPOTreHHHX
3altalIbHUX PeaKiii.

OTiKe, y MeXKax JIOCHiKEHb PAaHO3arOl0BAIbHUX BIIACTH-
BocTel moximHux 1,2,4-Tpia3oiy DOIUTPHAM € OJHOYacHE
BUBYCHHSI KOMIUIEKCY (hapMaKojoriuHux e(eKriB, Mo Ma-
I0Th MATOTCHETHYHE 3HAYCHHS y KOHTEKCTI 3arO€HHS paH.
Ie nmae 3Mory 3/iiiCHUTH OLIBII MOBHY (hapMaKoJOTidyHy
XapaKTepHCTHKY CIIOIYK Ta OLIHUTH IXHIH MOTEHIAN SIK
MYJBTU(QYHKIIOHATBHUX TEPAIEBTHYHUX areHTiB.

YV KOHTEKCTI JIOCIIJDKEHHS paHO3aror0BAJIbHUX BIIACTHBOC-
Tel moximHux 1,2,4-Tpia3oy HayKOBIIi 30CEPEIKYIOTh YBary
HacamIlepel Ha BUBYCHH] MEXaHI3MiB BIUTUBY IIUX CITOJYK Ha
OCHOBHI €TaIi penapaTHBHOIO IPOLIECY, BPaXOBYIOUH iXHIO
MOTEHIIHHY MOi(QYHKIIOHANIBHY (papMaKoJIOTidHy aKTHB-
HICTb. AKIICHTYIOTh IEpEeyCiM Ha MOJTYITFOBAaHHI 3araibHOi
BIZITTOBI/II — TPi1a30JIbHI MOXI/IHI YaCTO BUSIBJISIFOTH MPOTH3a-
TTANTBHI BIIACTHUBOCTI, 110 BiIiTParOTh BKPal BaYKIIMBY POIb Y
HOpMaTi3allil epediry mepinoi ¢a3u 3aroeHHs. 3HUKCHHS
piBHS npo3amanbHuX Meniatopis (Hampuknam, TNF-a, IL-1P)
cripusie Tiepexoay 1o mpodideparuBroi dasu. ani BigOy-
BAETHCS CTUMYIIAIIIS TpoJTideparii KIIITHH Ta aHTi0TCHE3Y.

JlociuKyI0Th 3/1aTHICTh TPia30J1iB aKTUBYBAaTH KIIITHHHY
mporidepartiro (pidpoOIACTIB, KEPATHHONUTIB) Ta YTBOPSHHS
HOBUX KPOBOHOCHHUX CY/HH, 1[0 KPUTHYHO BaXKIIHUBO LIS
BIIHOBJICHHS )KUBJICHHS TKaHUH Y 30HI YIIKOJKCHHSI.

HacTynHuii acrekT — BUBUCHHS aHTHOKCHIAHTHOI il
AXTHBHO BHBYAIOTh 3aTHICTh TPia30JIbHUX MOXITHUX HE-
Tpai3yBaTH BUIbHI PaJMKaIIM Ta 3HUKYBATH PIBEHb OKCH/Ia-
THBHOT'O CTPECY, 1110 € OJJHUM i3 IPOBIIHUX [TaTOreHETHYHHX
YMHHUKIB yTIOBIIbHEHOT'O 3aTrO€HHS.

Bruus etunosoro edipy 5’-(4-erokcubensoin)-5’,7’-nu-
rinpocmipo[nukionentad-1,6’-[1,2,3]-tpiazono[5,1-b]
[1,3,4]-riagia3uH]-3’-kapOOHOBOI KUCIOTH Ha 3arOEHHS
THIHHUX paH IIKipH BUBYAIH Ha IIypax. BcTaHoBieHo, o
LS CIOJYKa MAaE€ CTUMYIIOBAJIbHY IO Ha MpoJidepartiro
(hib6pobIacTiB MIKipH, 30UTBIITY€e pereHepaTUBHINA MOTEHITIA
MOIIKO/KEHOT TKaHWHK. OIHIOBaHHS MEpediry paHOBOTO
TIPOIIECY JAJIO MiZCTaB! 3pOOUTH BUCHOBOK, III0 BHKOPHUCTAH-
Hsl JJOCJIIKYBaHOT PEYOBHHH OJJHO3HAYHO IMPUCKOPIOBAJIO
repedir penaparmiiHoi pereHeparii TOKpHUBy MOPIBHIHO 3
KOHTPOJIEM; 3alajibHi MPOIIeCH Majlk MOMIpHUil mepeoir,
0e3 3ay4eHHs IMOOKHUX IIapiB IIKipu. MeTabomivyHi mo-
PYILICHHS OIHIOBAJIN Y HIyPIB 3 OMIKOBUMH PaHaAMM ITiCIIs
3acTocyBaHHs 2-MopdoriHo-5-denin-6H-1,3,4-Tiagia3uny.
IlokazaHo, 1110 BBEICHHS I1i€1 CIIOIYKH 3MEHIIIYBaJIO BUPayKe-
HICTb IOPYIICHb METa00ITi3MY, aCOIIIHOBAHUX 13 TPaBMATHY-
HHMMH YILIKO/DKSHHAMH 1IKipH [8]. HarpukiHIl eKcriepiMeHTy
3a(hiKcOBaHO 3HAYHE ITiJIBUIICHHS KOHIICHTpALll IIIOKO3H,
TJIIKOBAHOTO T'eMOTI00iHYy, MaJOHOBOTO JiallbJIETiy Ta
AKTUBHOCTI Karajas, a aKTUBHICTb MEPOKCHJA3H 3HAYHO

210 Current issues in pharmacy and medicine: science and practice. Volume 19. Issue 2, May — August 2026

ISSN 2306-8094



Oensidu

3HIDKEHA B TPYIi TBAPHH, SIKi OTPHMYBAIH JOCIIIKYBaHY
crionyKy. Lli pe3ysbTaTy miaTBepaKyIoTh, 1110 KOpeKLis 0io-
XIMIYHUX TIOKa3HUKIB y ITyPiB 3 OMIKOBIMH YIIKO/KSHHIMHA
BizI0yBaJiacs POTSTOM IoHalMeHtIne 3 TrxHiB [9].

Po3pobxa cienmivHOi Tepartii 111 PUCKOPEHHS BiTHOB-
JICHHSI OIIKOBHX PaH € B)KJIMBUM HaIpsIMOM 3 OIVISIy Ha
moTpedy 3HKEHHS IHTCHCHBHOCTI OOITO Ta TTOB’S3aHOTO 3
HHMMHU COLIAJIbHO-EKOHOMIYHOIO HAaBaHTAXXEHHS. AKTUBALis
nepenadi curHaniB perenrtopa CXCR4 3a nonomoroto aro-
HICTIB 200 TTO3UTUBHUX AJIOCTEPUIHHUX MOAYIIsATOpiB (PAM)
3a0e3Iedye MOTEHIiaN TS TePaeBTUYHUX BiIKPUTTIB 1
PO3poOKM MaX MoJieKyi1. ABropH [ 10] ToBioMHIH 1TpO BH-
COKOIIPOIYKTUBHHI CKPHHIHT Ta 1IeHTH(IKALII}0 YaCTKOBOTO
aronicra CXCR4 UCUF-728, xapakTepuCTHKy aKTHBHOCTI
in Vitro Ta CKOPOUYEHOTO Yacy 3aKPUTTS paH y MUILIEH 3 OITiKa-
mu ripu 10 MKM, 1110 TiATBEppKYE KOHIIEN T 0. [ToBimoMunm
TaKOX MPO BIIKPUTTS JPYroro XiMi4HOTO CKeJeTa, SIKMH
MTOKa3aB MiJBUIICHY aroHICTUYHY IO 1 MPeACTaBICHUI
noxiyauM tiagiasuay UCUF-965. UCUF-965 € notyxHuM
YaCTKOBHM arOHICTOM PEKPYTHHTY [J-apeCTHHY B KIITHHHIN
ninii, mo Hazgekcnpecye peuentop CXCR4. Kpim rtoro,
UCUF-965 notenuitoe MakcuManbHy BinmoBine CXCL12
y curHanbHoMy Huiaxy cAMP, akTuBye cTUMyNbOBaHY
CXCL12 wirpariro B KITiTHHAX JTiM(OOIACTIB i MOTYITIOE
piBHi crienmdiunoi MikpoPHK, sika 6epe y4acTs y CkiaJHOMY
TIPOILIECi 3aTOEHHS paHu, 30KkpeMa y (ibpodmactax mumii [ 10].

[TpoGiema nopy1ieHHs 3ar0€HHS PaH € Ay’Ke CKIIAJIHOI0 Y
KITiHiYHIA npakTani. Taki ¢paxTopH, K XpOHIYHI 3aXBOPIO-
BaHHS Ta CTApPIHHS MOXKYTh HETraTUBHO BIUTMHYTH Ha ITPOLIEC
3aTO€HHSI, TPU3BOJIYH /10 HOro crioBinbHEeHHS. Kpim Toro,
3pOCTaHHS KUIBKOCTI OakTepid, CTIMKMX 10 aHTHOIOTHKIB,
CTBOPIOE 3arpo3y Ta IJABUIIYE PU3UK PAHOBUX IHQEKIIIH.
STk HaCIIOK, ISk BUPILICHHS [UX MTPOOJIEM 1 MOKpAIICHHS
PE3yIIBTaTIB 3arO€HHS PaH aKTUBHO BUKOPHCTOBYIOTH HOBITHI
PaHOBI MMOB’5I3KM, TKAHMHHY 1H)XEHEPIIO Ta BKIIIOUSHHSI 010-
AKTUBHUX MOJIEKYII.

HanoBonokHa Ha OCHOBI 010TTOTIMEPIB CTaJIN TIEPCTICKTHB-
HHM ITi/IXO/IOM Y rajty3i 3aroeHHs pat. Lli HaHOBoMOKHa, 1110
CKJIaJaloThCs 3 010CYMICHHX 1 G10pO3KIaTHIX MaTepiais,
MaloTh YHIKaJIbHI BIACTUBOCTI, IO IMITYIOTh [TO3aKJII THHHAHN
MaTpUKC; IIe POOUTH IX MPUIATHUMH /TSI CIIPHSHHS €(PEKTHB-
Hilf pereHepanii TkKaHUH. Briroyaroun pi3Hi QyHKIIOHAIBHI
TpymH Ta 610aKTUBHI MOJIEKYIH B O10TIOIIMEPHY MaTPHIIIO,
HAHOBOJIOKHA MOYKHA a/1aNTyBaTH JJIs BUSIBJIICHHS crierid-
HUX BIIACTUBOCTEH (aHTHOAKTEpiaNbHIX, TPOTH3AMATbHIX,
31aTHOCTI aaresii 1o kiituH). KpiM TOro, KOHTpoiboBaHe
BHUBUIbHEHHS TEPANEBTHYHUX PEYOBUH i3 (PYHKIIOHAIb-
HUX HAHOBOJIOKOH 3a0e3Ieuye JIOKaTi30BaHE JIIKYBaHHS,
CHpUSIOYH ¢PEKTUBHOMY 3aTOE€HHIO Ta MiHIMI3YIOUH MOX-
JIUBI 110014HI ehekTH. 3arajaoM (QyHKI[IOHATI30BaHI €JICKTPO-
c(hopMOBaHI HAHOBOJIOKHA Ha OCHOBI 0Oi0MONTIMEPIB MarOTh
BEJIHMKI IIEPCTIEKTHBH SIK [IEPE/IOB] PAHOBI OB’ SI3KH, OCKIIIbKH
€ YHIBEpCaJIbHOIO IIaTGOPMOIO JUIS TIPUCKOPEHHS 3aTOEHHS
paH 1 TOKpaIeHHs pe3y/IbTaTiB JIiKyBaHHs narieHTis [11].

Croiyku, 1o MIicTATh Y CTPYKTYpi 1,2,4-TpiasonpHuid
(bparMeHT, XapaKTepU3yOTHCS IIIMPOKUM CIIEKTPOM 010J10T14-
HOT aKTHBHOCTI. bararo 3 11X crioiryk MaroTh IpoTH3anaibHy

aKTHUBHICTB in Vitro, MO peatizyeThes 3a JOTIOMOTOI0 Pi3HUX
MeXaHi3MiB, sK-0T inri0OyBanus [[OI-1/110I-2 i LOX, mo-
IYITIOBAaHHS PiBHIB Mpo3arajibHAX MUTOKIHIB a00 BIUTUBY
Ha iHn cnenudivni Gpepmentr. OKpemi CroyKH IoKa3aliu
TaKOK AaKTUBHICTB i1 Vivo. Y 6ararbox myOITiKaIlisix ToKa3aHo:
AKTHBHICTh HOBHX CIIOJIYK Ha OCHOBI 1,2,4-Tpia3ony mepe-
BHIIIY€ IO TIPETIapaTiB MOPiBHIHHSA, 110 CBLAYUTH PO iXHIH
MOTEHI[ialT IK HOBUX TEPANCBTUYHUX 3ac00iB [12].

Po3pobneno HoBHiT MeTon cuHTe3y 1,2,4-Tpiazon-3-kap-
OOKCHJIATIB 13 HITPUIIMIHIB IJISIXOM JIBOCTa{IMHUX PEaKIii
aMiHyBaHHS Ta TeTepormKiizamii. Ha ocHOBI mocmimKeHHs
SAR mnpoTu3ananbHOi aKTHBHOCTI BCTAHOBJICHO: OLIBIIIICTh
13 IIMX CTIOJTYK MOKa3aJIv MOTESHIIIHHY MPOTH3ANAIBHY aKTHB-
HicTh mofo iHTi0yBanHsa NO B iHIyKoBaHuX LPS kimiTrHax
RAW 264.7 (IC,, <7,0 MKM) TIOpiBHAHO 3 LETEKOKCUOOM
Ta iHgoMeTanuHOM. OpHTiHANBHI MOJIEKYIH PO3pOOIeHO Ta
CHHTE30BaHO K aHaoru N-HopTeOaiHy, OB’ s13aHi 3 Tpia3o-
nom [13]. ArTHOaKTEpiaNbHi BIACTUBOCTI HOBUX MOXITHUX
Tebainy BuB4anu Ha Staphylococcus aureus (S. aureus) i
Escherichia coli (E. coli). Buxomsau 3 pe3y/bTarTiB, CIOITYKH
MaJli HaliKpaly akTUBHICTh NPOTH S. aureus (MiHIMalIbHa
iHridyBansHa koHrenTparist (MIC) ~25 MxM) mopiBHSHO 3
BuxijHOIO crionykoro (MIC =321 mxM). HaitGubin aktuBHI
aHTHOAKTepiabHI MOXiTHI 1 TebaiH BIH3HAUCHO SK TOTYXKHI
aHTHOaKTepiaibHI 3aco0U 11t 3aroeHHs pad. ToMy BuBYaIM
IUTOTOKCUYHICTS 1 Tpomideparniro KIiTHH GpidpodnacTis, a
TaKO)K aHTUTEMOJITHYHY aKTUBHICTH IMX CIOJYK. AHai3
[IUTOTOKCUYHOCTI 3 BUKOPUCTAHHAM 3-[4,5-nuMernnria-
3011-2-111]-2,5-nuheHINTeTPa3oIit0 OpOoMiay Ha KIITHHHIX
TiHIIX gepManbHuX Gidpodnactis rroauan (HDF) mokasas,
1110 TIPOYKTH HE CIIPUYUHSUIH TIPUTHIYEHHSI POCTY KIIITUHHUX
TiHii yepes 24 roquau [ 13].

BBaxxaroTh, 110 JITHIH — OAMH i3 HAHMOUIMPEHININX
BIZIHOBJTIOBAHMX BHUJIIB CHPOBHMHH. [ 1podinbpHMiA aHIor
TIOJTIOKCA30JTiHY IPUIIETIICHO IUIIXOM MOJIiMepH3aIlii 3 po3-
KPHUTTSM KUTBI;, OACPKAHUN Marepiall MiCTHTh OJHOPIIHI
chepuuni HaHouacTHHKH po3mipoM 10—15 M. Komomimep
KOBJICHTHO MOJIM(IKOBAHO TPia30JIbHUM (PParMeHTOM ISt
TTOCHJICHHSI aHTUMIKPOOHOI Ta aHTHO10TUTIBKOBOi aKTHBHOC-
Ti [14]. T'ixporens Moke 3HWKYBaTH piBeHb ekcripecii IL-173
y KINITHHAX Makpo(ariB, iHIyKOBAaHHX JITOIOTiCaXapUIOM,
1 3yMOBIIOBaTH icTOTHE 3MeHIeHHs npoxykuii iNOS. Bin
MiATPUMYBaB KIITHHHY TPOTH3AMaIbHy aKTUBHICTH, IO
MIATBEPIKCHO JTFONU(PEPA3HAM aHATI30M 1 TOCHIHKCHHIM
NF-«B. Lleii HOBHii TIITHIHOBMICHHUH TiIpOTeITh, BUIIPOOyBa-
HUH in vivo, 3a11o00iraB iH(iKyBaHHIO OIIKOBOI paHH, CIIPHSIB
i1 3arO€HHIO T BUKOPHCTAHUHN y CKJIaJli IEPEB’ I3yBAILHOTO
Marepiay 3 MpoTH3aNaJIbHOIO JI€I0.

‘Y3arajapHEHO J1aHi MO0 CUHTE3Y, (Pi3UKO-XIMIYHIX BIACTH-
BOCTEH 1 6i0s10riuHOT akTUBHOCTI 1moJTi( 1 -BiHia-1,2,4-Tpia3o-
JIy) Ta KOT0 HAHOKOMITO3HUTIB 13 HAHOYAaCTHHKamH cpibma [15].
HaBezeHo pe3ynbraTi 10OCIKEHb aHTHOAKTepialbHOT Ta
MIPOTUITYXJIMHHOT aKTHBHOCTI MTOTIMEPiB 1| HAHOKOMITO3UTIB,
TXHIX IMyHOMO/TYJTFOBAJIbHUX BIIACTHBOCTEH, TOKCHYHOCTI Ta
B3a€EMOIIi 3 KJIITHHAMH OpPraHi3My, a TAKOXK MEPCHEKTHB 1X
BHUKOPHUCTAHHS ITi/1 9ac pO3pOOICHHS MEIUIHHUX MaTepiaiB.
VY cydacHiil MEANIMHI MOCHIIIOETHCS! ONUT Ha eEeKTHBHI
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010JI0T1YHO aKTUBHI MaTepiali, i TOMy aKTUBHO IPAIOIOThH
HaJ CTBOPEHHSIM HOBHMX ()YHKIIOHAJIBHHUX MOJIMEPHHUX
METAJOBMICHUX HAaHOKOMITO3UTIB, NMEPCIICKTUBHUX IS
PO3pOOIICHHST aHTHOAKTEepiaIbHUX, IMyHOMOJIYITIOBaJIbHUX
TIperapariB i CHCTEM IIUTHOBOI (TapreTOBaHOI) TOCTaBKU
KOHTPACTHUX areHTiB, JIIKapChbKHUX 3ac00iB, MoAM(IKaTOpiB
i 6ioceHcopiB. Taki MaTepiany MarOTh MMOEAHYBATH BaXKITHB1
BJIACTHBOCTI: (hapMaKoJIOTi4Hy aKTHBHICTb, TiAPOQIIBHICTS,
HETOKCHYHICTh, 010CYMICHICTh 1 CTIHKICTh IO arpeCHBHIX
CEepEeNIOBHIIL, & TAKOX 3/IaTHICTH 3B’SI3yBaTHCS 3 PI3HUMHU
CTIOIYKaMH, BKIIFOYHO 3 JIKapPCHKUMH.

3a nanumu (haxoBol JiiTeparypu, riporeii Ta IUIBKU €
TIepCIICKTUBHUMH Marepiajamu st O10MEeANIHHUX 3aCTOCY-
BaHb, OCOOJIMBO TIiJT Yac JIIKYBaHHs LIKIPHUX PaH, 3aBIsSKU
YHIKQJIBbHUM CTPYKTYPHUM XapaKTE€PHCTHKAM, BHCOKIii
KEepPOBAHOCTI (Hi3MKO-XIMIYHMX BIACTUBOCTEH 1 BiAMIHHIHI
6iocymicHocTi. [HTErparis «po3yMHHIX» (CTUMYI-4y TJIMBHUX )
¢byHKIIA y Tigporeni 3abes3nedye AMHAMIYHI BiAMOBiAI Ha
Pi3HI 30BHINIHI Ta BHYTPILIHI CTUMYIH. ToMy pO3IISIHYTO
TIPOEKTYBAHHS Pi3HUX CTUMYJI-Uy TIIMBUX T1APOTeIiB (THTiIBOK)
JUISL PI3HUX MIKPOCEPEIOBHIL Y HarpsiMi Tepamii MKipHUX
par [16]. CriogaTKy oKpeciieHO 0COOHBI MiKpOCEPEIOBHIIA
TPHOX THUIOBUX Ba)KKO3arolOBaHHMX OIMIKOBUX PaH 1 KIIFOYOBI
MEXaHi3MH, IO BIUINBAIOTh Ha €(DEKTHBHICTH 3aTOECHHSI.
Jlaxni BUCBITIIEHO CTpaTerii CTBOPEHHS T1APOTeIiB 1 IUIIBOK,
YyTIMBHX 0 BHYTpimHIX (pH, akTHBHEX (hopM KHCHIO,
(epMeHTIB 1 TIIIOKO3M) Ta J0 30BHIIIHIX (TemIeparypa,
CBITJIO, SJIEKTPUYHE W MArHITHI IOJISI) CTUMYIIIB, — 3 TIO-
3UIIH MIKpOCEPEIOBHIIA PAHU Ta YMOB i1l Vitro; TIOKa3aHO
CTPYKTYPHO-(PYHKIIIOHATBHI B3a€MO3B’SI3KH MIXK JIH3alfHOM
Marepiaiy, «IHTEJIEKTyalbHO» BIANOBIIO i Mpoiecom
3aroeHHs [16].

binok-aktusarop 5-minokcureHasu (FLAP) e perymsitopom
KIIITHHHOTO 010CHHTE3Y JCHKOTPI€HIB, IO KEPY€ TepPeaaucto
apaxiZIOHOBOI KUCJIOTH 10 S-TIMOKCUTeHa3n st e(heKTHB-
Horo merabomizmy. Onucano cunres i FLAP-anraronic-
TUYHMH TIOTEHIIaN JIETKOAOCTYITHUX JUIsl CHHTE3Y MOXITHUX
1,2,4-Tpia3oiy, 10 CTBOPEHI Ha OCHOBI paHillle BUSIBICHOT
«XIT»-CTIOITyKH BipTya bHOTO CKPHHIHTY. BcTaHoBIEHO, 110
TIPOCTI CTPYKTYpHI Bapiarii y 4,5-niapuiabHux gparmenTax
i 3-TioedipHOoMy OidHOMY JaHIIO31 Kapkaca 1,2.4-Tpia3omy
ICTOTHO BILIMBAIOTh HA 1HI10yBaJIbHUIT IOTEHLIIANI, MiATBEpP-
JUKYFOYH KITFOYOBI XIMiYHI O3HAKH, HEOOXiIHI UIA aHTaro-
Hismy FLAP. KommiekcHuit MeTaboIIomimiIOMHI aHali3 B
AKTHBOBAHUX KIIITHHAX IMYHITETY JIFOIIIHH, III0 EKCIIPECYIOTh
FLAP, Ta B 1iJIbHI# KPOBI JIFOIMHHU JIaB 3MOT'Y BCTAHOBHTH, 1110
HAUMOTYKHIIINH aHaJIor BHOIPKOBO TPUTHIUY€E YTBOPCHHS
nerikoTpieny B4, iHayKoBaHE OaKkTepiabHUMHU CK30TOKCHHA-
M [17]. 3aramom kapkac 1,2,4-Tpia3oiy € HOBOIO XiMiYHOIO
w1aT(opMOr0 s PO3pOOIICHHS TIOTYKHIIIIMX aHTArOHICTIB
FLAP, mo motpe0ye poIOBKCHHS BUBYCHHS, 3Ba)KAIOUH HA
IXHIi MOTEHIIial SIK HOBOT'O KJIacy MPOTU3aaIbHUX 3aC001B.

‘YTIOoBUIBHEHE 3arO€HHS PaH 1 MOPYIICHHS PeTeHePaTHBHOTO
MIpOLeCy IIKIPU MPH OIMIKax 3aJIMIIAETHCS CKIIATHOIO TPO-
611emMor0, a oro maTodizioNaoriuHi MEXaHi3MH — ITPEIMETOM
nociipkenb. TpuBana KpoBoTeda, MOPYIICHA PETYJIIsIlist
3arajeHHs], IPUrHiYeHa mpodidepanist KIITHH, CXHIBHICTD

10 iH(]eKIIiH 1 mopyIIeHe peMOIeTIOBaHHS TKAHINH — OCHOBHI
O3HAKH 3arO€HHSI OITIKOBHX paH. TpaauiiiiHi nepes’si3yBajbHi
Marepiany, 30KpeMa MapieBi TOB’SI3KH, TUTIBKH Ta OWHTH,
MaroTh 0OMeKeH!1 (QyHKIII: BOHU MEPEBAKHO € (i3MIHUM
Oap’epoM Ta abCOpOEHTOM €KCyaary, o HE BiIIOBIIAE
YMOBaM TIPOIIECY 3arO€HHSI OIIKOBHUX PaH.

OcTaHHIM YacoM 0COONMBHI HAYKOBHI iHTEpEC IIPUBEPTAE
3aCTOCYBaHHSI CTUMYJI-4y TJIMBUX («PO3YMHHX)) T1IPOTeJIiB 13
BMICTOM TIOXITHUX 1,2,4-Tpia3oiy IUIs JIIKyBaHHS OITIKOBHX
pan [18]. IxHs ronoBHa 0COGIHMBICTE — 3ATHICTS 3MiHIOBATH
MeXaHIYHi BIIACTHBOCTI, CTYIiHb HAOyXaHHS, T1IpO(LIEHICTS,
MPOHUKHICTB JIIs1 0107I0TYHO aKTHBHUX MOJICKYJI TOIIIO Y BiJi-
TIOBi/Ib HA Pi3HI CTUMYITH: TEMIIEPATyPy, BOAHEBUH MOKa3HUK
(pH), nporeasu Ta inmri Gionorivni paxropu. «Po3ymHi» rij-
poreti MOXYTh IiJIBUIIYBaTH TePaNeBTHIHY €PEKTHBHICTD 1
3MEHIITYBaTH 3arajibHy TOKCHYHICTh, 3 OISy Ha Cennpiky
OITIKOBHX paH.

Kamiit 5-(pypan-2-in)-4-denin-4H-1,2,4-tpiazon-3-
TiOJIaT MOKa3aB 3HAUYHMU TEparneBTHYHUI MOTEHLIaN y
mpolecax perapanii IOMIKO)KEHNX TKAaHUH, a OTXKE €
MEPCHEeKTHBHUM 1HHOBALIHHUN 3aCO00M y KOMIUIEKCHO-
My JikyBaHHI paH. OCHOBHI (hapMaKoIOTi4HI TepeBaru
€T CMOMYKHU MOJISIraloTh y MOETHAHHI aHTHOKCHJIAaHTHOT,
MIPOTH3AIAIbHOI Ta PETeHEPATHBHOI aKTUBHOCTI. TiombHI
rpymu (-SH) MOXyTh e(eKTUBHO 3B’sI3yBaTH Ta HeWTpa-
Ji3yBaTH aKTUBHI (POPMHU KHCHIO, 3aII00iraloun y TaKui
CIOCi0 MEePeKUCHOMY OKHMCHCHHIO JIITIIIB KIITHHHUX
MeMOpaH. 3aBISIKH LIbOMY 3MEHIIYETHCSI OKUCHUI CTpeC y
30HI1 YHIKO/DKEHHSI, 1[I0 € KPUTHYHO BAXKJIMBUM (HaKTOPOM
JUTSI HOpMAITBHOTO Tiepe0iry ¢as 3aroeHHs. [linTBeprkeHo,
110 TIOJIbHI CIIOJNYKH aKTHBYIOTh NpoJidepaTuBHY aKTHUB-
HICTh (iOpOOIACTIB 1 KEPATHHOINTIB, CIIPUSIOYHA CHHTE3Y
KoJlareHy Ta (opMyBaHHIO rpaHyNIsSLiHHOI TKaHUHU. Lle
CYTTEBO PUCKOPIOE MIPOIICCH CITITEIi3allii Ta BITHOBICHHS
LITICHOCTI MIKIpHOTO TTOKpHUBY [19].

BHaciizok 31aTHOCTI MOJYJIIOBAaTH EKCIIPECito Ipo3a-
nanpHUX IUTOKiHIB (Hampukiad, I1L-1B, TNF-a), kamiera
CUIb TiOJy 3MEHILYE IHTCHCHBHICTD 3allajIeHHs], CIIPHUSIOUH
Tepexoay paHOBOToO mmporecy y ¢a3y mpomideparnii. Ha
BIJIMiHY BiJl TPaUIIIHUX PAHO3arOIOBAJILHUX 3aC00IB (aH-
THCENTHKIB, TIFOKOKOPTUKOCTEPOITHUX Ma3ei TOIIo),
SIKI MOXKYTh CHPUYMHSTH IOJPA3HEHHs, CEHCUOLIi3arito
abo mMatu cucTeMHi TOo0iuHI eeKTH, TioIbHA CLTb Kaifo
XapaKTePHU3YETHCSI XOPOIIOK OI0CYMICHICTIO Ta HHU3BKOIO
TOKCHIHICTIO. [IOpIBHSAHO 3 TAKUMH TpaJHIIiIfHIMH 3ac00aM1
JUIsL MICLIEBOTO 3aCTOCYBaHHS, SIK CpiOJIIOBMICHI Ipenapary,
Ma3i Ha OCHOBI aHTHOIOTHKIB a00 TOPMOHAJIBHI TIpETTapaTH,
KaJlieBa CijIb TIOJIy YMHUTH KOMIUIEKCHY JIiF0 3 MIHIMaJIbHUM
PHM3UKOM BUHUKHCHHS PE3UCTEHTHOCTI Ta HebaKaHNX peak-
1ii. 3acTOCYBaHHS KaJII€BOT COJI TIOMY B KIIHIUHIHM TPAKTHUILI
OOIPYHTOBAHO CYYacHHMHM JaHUMH MOJEKYISIPHOI (apma-
KoJtorii Ta raroizionorii paHOBOTO MPOIIECY, 110 POOUTH Ti
MIEPCIICKTUBHAM KOMIIOHCHTOM IHHOBAMIHHUX 3aCO0IB UIs
JIKyBaHHSI TOCTPUX 1 XPOHIYHUX paH.

AHauti3 HaBeICHUX JaHUX (ma6bn. 1) 1aB 3MOTy BU3HAYUTH
YiTKY 3aJI€KHICTh MK XIMIYHOIO CTPYKTYPOIO TMOX1JTHUX
1,2,4-Tpia3oiy Ta IXHBOIO PAHO3arOFOBAILHOIO AKTHBHICTIO.
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Tabnuus 1. PaHo3arotoBanbHi BnacTueocTi noxigHux 1,2,4-Tpiasony

CTpyKTypHa ocHoBa W PaHosa_roroBaana OcobnuBocTi

aKTUBHICTb
1,2,4-Tpiason H Cnabka Husbka Hemae cyHkuioHanisavii
3-Tio-1,2,4-Tpiason -SH AHTHOKCWAAHTHA Cepephst 3MeHLLEeHHs OKCUAATUBHOTO CTPecy
3-amiHo-1,2,4-Tpiason -NH, MpoTtnsanancHa CepegHsi Ctumynsuis nponicbepauii KniTuH
3,5-an3amiLLieni (apunbHi) Ar, Ar AHTnbakTepianbHa, npotusanansHa | Bucoka KoHTponb iHdekuji
3-Tio-5-apun noxiaHi -SH, Ar AHTHOKCMZAHTHA, aHTUMIKpoGHa Bucoka CuHepris edbekTiB
3 kapbokeunbHoto rpynoto | -COOH Ctumynsuis rpaHynsuii CepepHsi / BUucoka AHrioreHe3
3 ankinbHUMK NaHLoramMu -R MembpaHoTponHa BapiabenbHa 3anexuTb Big ninoginbHOCTI

Bazoga crioyka — 1,2,4-Tpia3on 6e3 GpyHKIIOHATBHUX 3aMic-
HUKIB — Ma€ cliabKy 010JI0T14HY 10 1 HU3bKY €()eKTHBHICTb
y 3aroeHHi pan. OTxe, cama Tpia3ojibHa CUCTEMa MoTpedye
CTPYKTYpHOI MOzti(DiKaLlii JU1s BUSBIICHHS (papMaKoJIOriuHOTrO
noteHniany. Beenenus QyHKIIOHAIBHUX IPYI CYyTTEBO ITiJI-
BUIIy€ aKTUBHICTb. TionbHa rpyna (-SH) y 3-Tio-noxigHux
3abe3revye aHTHOKCHIAHTHUH e(DeKT, CITPUSIFOYN 3MEHILICH-
HIO OKCHJIaTHMBHOT'O CTPECY SIK Ba)KIIMBOTO (pakTopa YIIKO-
JUKEHHS! TKaHHH. Lle miiBuIye paHo3aroroBaibHy akTHBHICTh
10 cepeaHporo pisHs. Aminorpyna (-NH,) nomae nporusa-
TaJIbHI BIIACTHBOCTI Ta CTUMYITIOE POITi(hepaltito KIITHH, 110
TAKOXX MO3UTUBHO BILIMBA€E HA IIPOLIEC pereHeparii.

HaiiBunry eQexTHBHICTh MAIOTh CKIIQIHINIC 3aMilllCHI
moXifHi: 3,5-au3aMileH] apuiIbHI CIIONYKU MOEIHYIOTH
aHTHOaKTepiaibHy Ta MPOTH3ANAJIbHY Ii0, IO JaE€ 3MO-
I'y OIHOYACHO KOHTPOJIOBATH 1H(QEKLII0 Ta 3MEHIIYBAaTH
3amalieHHs K KJIIOYOBI (hakTOpH YCHIIIHOTO 3arO€HHS;
3-Tio-5-apuiI-TIOXi/THI MAIOTh CHHEPTiYHUN e(dekT (aHTu-
OKCHJAHTHUH Ta aHTUMIKPOOHHIA), IO CIIPUSE BHCOKOMY
PIBHIO aKTHBHOCTI.

Cxadonng 1,2,4-Tpia3on € BaXJIWBOIO TeTEPOIHKIIU-
HOIO CHCTEMOIO 3 IMUPOKUM CIIEKTPOM (hapMaKoJIOTiqHOT
AKTUBHOCTI Ta 3HAYHUM ITOTEHIIAIOM y MEIUYHIN XiMii.
Moro nmoxizHi e(peKTHBHI Mij Yac JTiKyBaHHS TyOepKyIIb03y,
3aMaJbHAX Ta 1HQEKIIHHNX 3aXBOPIOBAaHb, OCOOINBO 3aB-
IIIKH CTPYKTYPHUM MOAM(IKAIisAM (€IeKTPOHOAKIIETITOPHI
3aMICHHKH, TeTepOIUKIiYHI (pparmentr, ocHoBu Iludda
Ta Mannixa). BomgHouac okpemi moximgui 1,2,4-Tpia3oiy
XapaKTepU3yIOThCsl PaHO3arOIOBAILHIMH BJIACTHBOCTSIMH:
BOHU MOXYTh 3HI)KYBaTH OKCHJIQTUBHHU CTpEC, MPUTHI-
YyBaTH 3allaJICHHs], BUSBIISITH aHTUMIKPOOHY aKTHBHICTB 1
CTUMYJIFOBAaTH PEreHeparlito TKaHuH (Tpoltidepartito KITHH
Ta aHrioreHes). HaiiOuibin eekTMBHIME € OaratodyHKIIi-
OHAJIBHI CIIOJYKH 3 KOMOIHOBaHMMH MEXaHi3MaMH Jii, 10
CIIPUAIOTH PUCKOPEHOMY 3aroeHH:o paH [20].

Ioka3zaHo, 110 cuHTe30BaHi MOXiHi 1,2,4-Tpia3oi Ha OCHO-
Bi Iapa-TUMOITY BUSIBHJIM BUP)KEHY aHTUMIKPOOHY, IPOTH-
IpUOKOBY Ta AHTHOKCH/IAaHTHY aKTHBHICTb, & TAKOXX 3/1aTHICTh
inrioyBaru JIHK-ripasy. Haii0inbmr aktiBHI crionyku edex-
TUBHO IPUTHIYYBaJIH PIiCT MaTOreHHUX MIKPOOPTaHi3MIB i
TIePEBUILIMIIN OKpeMi cTaHapTHi penapary. [1lono panosa-
TOEHHSI [TOE€JTHAHHS aHTUMIKPOOHOT Ta aHTHOKCHIAHTHOI JTiT €
KJIFOYOBHM: 11i CTTOITYKH MOXKYTh KOHTPOJIIOBATH 1H(EKIIIIO B

paHi, 3MEHIIIyBaTH OKCHIATUBHUI CTPEC, CTBOPIOIOUH CIIPH-
STJMBI YMOBH JUIsl pereHepartii Tkanus [21].

[Tokazano, 1o Oic-moxiani 1,2,4-Tpia3ony XapakTepu-
3yBaJIMCSI BUPAKCHOK aHTHOKCHUIAHTHOK aKTHBHICTIO 1
3JIaTHICTIO MPHUTHIYYyBaTH (pakTopu BipyJIEHTHOCTI IHE-
BMOKOKY [22]. HallOinbln akTHBHI CIIONYKH €(EKTHBHO
HEHTpaNi3yloTh BUIBHI pPaJUKald Ta MalOTh CIIPHUSTIMBI
(hapMaKOKIHETHYHI BIACTUBOCTI. 3 MO3HMIIIT paHO3arO€HHS,
TXHsI aHTHOKCHAHTHA J1isl € KITFOYOBOIO, OCKIJIBKU 3MEHIITy€
OKCHJIaTHBHHMH CTPEC y 30HI YUIKOJDKCHHS, IO CIIPHSE
MBI pereHeparii TkanuH. J[onaTkoBe IPUTHIYCHHS Bi-
PYJAEHTHOCTI MIKpOOPTaHi3MiB JI01IOMarae 3HHKyBaTH PU3UK
iH}EeKIIHHNX yCKIIaTHeHb Yy paHi [22].

V¥ poboti B. C. Kumar et al. [23] gocmimkero ridpuaHi
CIIONTyKH OCH3WMMiIa307y 3 BKIIOYCHHsM 1,2,4-Tpia3odn,
1,3,4-okcaniazony Ta ocHoB lludda. 3a pesyasraramn
MOJIEKYJSIPHOTO JTOKIHI'Y BCTaHOBJICHO, IO L CIOJYKH
MaJiil BHpaKeHy Oi0JOTiYHY aKTHBHICTH (30KpeMa Mpo-
THITYXJIMHHY) Ta BHCOKY CIIOPITHEHICTh A0 Oi0JOTiYHUX
MimreHer. Kpim Toro, aBTopr OOTpyHTYBaIIM ITOTSHIIIHHIN
TTO3UTHBHUH BIUIMB MOXigHUX 1,2,4-Tpia3omy Ha 3arO€HHS
pau [23]. 30kpema, HasIBHICTH TPia30IBHOTO (pparMeHTa Ta
ocHoB UIndda crpuse mposBy aHTHOKCHIAHTHUX 1 MPO-
TU3aNaabHUX BIIACTUBOCTEHN, IO € BKPAll BaYKIIMBUMU JUIS
perenepartii TkaHuH. [linTBEpPIHKEHO, IO 3MATHICTH TaKUX
riOpuiB B3a€EMOISATH 3 010MOJICKYIIaMH MOYKE CTUMYJTIOBATH
KJIITHHHY rposidepalliito Ta pernapaTuBHi IPOLEeCH.

CuHTe30BaHI 0iCc-TeTePOLHUKIIIYHI CIIOJYKH HAa OCHOBI
1,2,4-1pia30:1 Ta i30KCA301I IUHIB MOJKHA BU3HAYHUTH SIK I10-
TeHIii{HI paHO3arooBasbHi arenTH [24]. IxHa cTpykTypHa
opraHi3ailisi Ta HasiBHICTb 010JIONYHO aKTHBHUX (PparMeHTiB
CTBOPIOIOTh MIEPEAYMOBH ISl BUSIBIICHHS aHTHOKCHUIAHTHOT,
MPOTH3AIANBbHOI Ta aHTUMIKPOOHOI [ii. 3aBASKH 1IbOMY
TaKi CIOJYKH MOXKYTh 3MEHIIIYBaTH OKCHJAaTHBHUII CTpec,
KOHTPOJIIOBATH 1H(EKIII0 Ta CIPUATH pereHepanii Tka-
HUH, 110 POOUTH iX NMEPCHEeKTHBHUMHU KaHIUAATaAMHU IS
MOJIAJIBIINX JIOCIHI/PKEHb Y HalpsiMi CTBOPEHHS 3ac00iB
JUIS| 3aTOEHHS paH.

PaHo3aroroBaibHy aKTHUBHICTH MOXigHUX 1,2,4-Tpia3o-
JIy 3HaYHOIO MIpOIO0 BHU3HAYaIOTh MPHUPOJAA Ta KOMOIHaIlis
3aMiCHHKIB [25,26]. Sk omHi 3 HaHOLIBII MEPCIICKTUBHUX
BU3HAYCHO OaraToyHKI[IOHANBHI MMOXiHI, M0 NOEJHYIOTH
AQHTHOKCHIAHTHI, IPOTH3aNaIbHI i aHTUMIKPOOHI BIACTHUBO-

ISSN 2306-8094

AKTyarnbHi nuTaHHs (hapMaLeBTUYHOT | MeANYHOT Hayki Ta npakTuki. 2026. T. 19, Ne2(51) 213



Review

cti [27]. Cunepris nux edekTiB 3abe3nedye BUCOKY ehek-
THBHICTB Y IIpOLIECaxX pereHepallii TKaHKH, 110 00IPYHTOBYE
JIOUTBHICTh MOAAIBIIOTO0 BUKOPUCTAHHS TAKUX CITONYK
U PO3pOOKH HOBHX JIIKAPCHKUX 3acO0IB IS JTIKyBaHHS
pan [28].

PaHo3aroroBajbHa aKTHBHICTH MOXigHHX 1,2,4-Tpia3oiry
ICTOTHO 3aJICKHTh BiJI IPUPOIN 3aMICHHUKIB Y TIOJIOXKEHHSIX 3 1
5 rerepormkiy [29]. BBegenns tio-rpymu (-SH) y monoskeHHS
3 cripusi€ MOCUIICHHIO aHTUOKCHIAHTHHUX BIIACTUBOCTEHH, 1110
3MEHILY€ OKCH/IATUBHUI CTPEC Y 30H1 paHH Ta IPUCKOPIOE pe-
TreHepartito TkanuH. AMinorpyma (-NH,) y mii camii mosnmii
CTHMYITIOE TIpoJTidhepartito KIITHH 1 YNHATH MPOTHU3ATIATIBHY
niro. HasiBHICTh apUIIbHUX 3aMICHUKIB Y TIOJIOKEHHI 5 TIoCH-
JIFO€ aHTHOAKTEpiaIbHY aKTHBHICTb CIIOJYK, IO € BKIUBUM
(haxTOpOM y TpoIIeCi 3arOEHHS paH, OCKUTEKH 3MEHITYETHCS
pu3uk iHdiKyBaHHs. Oco0nMMBO ehEKTUBHUMU € OXI1JTHI, 1110
TIOETHYIOTh TIOTPYITY i apuIIbHUNA (parMeHT, JEMOHCTPYIOUH
CHHEpTigyHHH e(eKT.

JlimoinbHICTB CIOIYK TAKOX BiIrpae BaKIIUBY POJIb: IO-
MipHa JlinoibHICTh 3a0e31evye onTHMaIbHe TPOHUKHEHHSI
yepe3 010JI0TiUHI MeMOpaHH, a HaMipHa MOXKE 3HW)KYBaTH
6iomoctynHicTh [30]. JlomaTkoBO HAsSBHICTH T€TEPOATOMIB,
Takux gk Cynbdyp ado OKcUreH, MiIBUIIY€E 31aTHICTh JI0
B3a€MOIii 3 O10JIOTTYHIMU MILICHSIMH.

OTxe, HAOUTBIIT IEPCIIEKTHBHUMH € ToXimHi 1,2,4-Tpia-
3011y 3 KOMOIHOBaHMMH aHTHOKCHIAHTHUMH, IPOTH3aTIab-
HUMH Ta QHTUMIKPOOHUMH BJIACTUBOCTSIMH.

BucHoBku

1. CucreMaTH4HUI OV BiTOMOCTEH HAyKOBHX JKEped,
110 1HEKCYIOThCSl B MDKHAPOHUX HAYKOMETPUYHUX 0a3ax
JAHUX, TIITBEPIUB, MO NoxigHi 1,2,4-Tpia3oiy € Gararo-
(YHKITIOHATPHIMH areHTaMH IS JIOKaJbHOI Teparrii paH,
OCKITBKH TIOEAHYIOTh aHTUMIKPOOHY / aHTHO10IUIIBKOBY,
AQHTHOKCHJIAHTHY Ta MPOTU3ANJIbHY [0 Ta MOXYTh CTH-
MYJIIOBaTH KIIITHHHY Ipodtiepalrtiro i aHrioreHes; moximMepHi
CHCTeMH Ha iX OCHOBI (JIITHIH- / TOMIOKCA30JIiH- / Tpia30IbHi
rigporeni, nomi(1-Binin-1,2,4-tpiazon)-AgNP) nokazanu
OiocyMiCHICTh Ta peseBaHTHI (i3MKO-XIMIUHI TTapaMeTpu
JUISL 3aTO€HHS OIIIKOBHX PaH.

2. Bu3Ha4ueHO KITIOUOBY POJIb 3aMiIlIeHb Y TONIOXKEHHSX 3 1
5 Tpia3oiabHOTO KiIbL (TiAPa30HHI, MepKanTo-, 3-TioedipHi
Ta 4,5-niapunbHi NoxinHi) y GopMyBaHHI 010aKTHBHOCTI;
MIITBEPKEHO HEPCIIeKTHBHICTD TapreTyBaHH 3alaIbHOIO
KacKapy.

®iHaHCyBaHHA

Po6ota BukoHaHa y mexax HOP 3anopisbkoro aepxaBHOr0O MeamKo-
hapmaLieBTUYHOTO yHiBepcUTETY Ha TeMy: « CTBOPEHHS NMOXIAHUX
1,2,4-Tpnasony 3 nonichapMakonoriyHo akTUBHICTIO Ansi NoTpe6
BiliCbKOBOI MEAMLMHYM Ta MocTpaxzanumx Big 60noBux iy, 3a nporpamoto
HayKOBWX [OCTIAKEHDb | PO3PODOK, L0 hiHAHCYETLCA 3 AePXKaBHOrO
6romxety, nepxpeectpadis Ne 0126U001480 (2026-2028). JonaTkoBoro
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MeToau BucokoeeKkTMBHOI piaAUHHOI XpomaTtorpadii
ANA BU3HAYEHHA KapoTUHOIAIB

[. . OytoHEACDE | M. KenTtnin®BCP T, B. MasyniHACE

3anopisbkuil AepxxaBHU Meayko-hapMaLeBTU4HUIA yHIBEpcuTET, YkpaiHa

A — KOHLUenLis Ta an3aitH gocnimpxkeHHs; B — 36ip naHux; C — aHania Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTi;
F — ocTatouHe 3aTBepaXeHHs cTaTTi

AKTyanbH1UM HaNPSMOM Cy4acHUX hapMaLeBTUHHNX JOCTIAXKEHb € MOLLYK HOBUX CMOMYK, L0 MOXYTb epeKTUBHO NPUrHiYyBaTV NpoLecu
BiflbHOpPaAMKarbHOTO OKWCHEHHS Ha Pi3HUX CTafisix NaTonoriyHOro npoLecy. 3Baxaroun Ha NepcrnekTUBK NPaKTUYHOTO 3aCTOCYBaHHS,
ocobnuBy yBary HayKoBLIiB NPMBEPTaIOTb KapOTMHOIAM — NPUPOAHI GI0AHTVOKCMAAHTY, LLO XapaKTepuaylTbCs BUCOKOK BionoriyHoro
aKTVBHICTIO Ta MiHIManbHOK TOKCUYHICTIO. OCHOBHA (hYHKLS KAPOTUHOIAIB NONSArae y 3axXUCTi KMITUHHUX MeMOpaH Ta iHLIKX CTPYKTYPHMX
KOMMOHEHTIB KNITUHW Bif YLUKOZKYBaNbHOI Ail aKTUBHUX (DOPM KUCHIO, L0 OBI'PYHTOBYE TXHIO BXKNMBY POIb Y MiATPUMAHHI KMITUHHOMO
romeocTasy Ta npodinakTuLi OKCMAATUBHOTO CTPECY. Y 3B'A3KY 3 LM AOLINbHUM € NOrnMbreHe BUBYEHHS METO/IB aHaNITUYHOTO KOHTPOSTO
AKOCTI, 30KpEMa BU3HAYEHHS YNCTOTN HaBInNbLL NOLWMPEHNX rPYN KAPOTUHOIIB.

MeTa po60TH — y3aranbHeHHs Ta cUcTeMaTn3aLis HayKoBKX JaHUX OO0 METOAIB aHanisy 6ionoriyHo akTMBHUX KapoTUHOIZIB i3 BUKOpUC-
TaHHAM MEeTOoAY BUCOKOEEKTVNBHOI PianHHOI xpomartorpadii (BEPX) 3 nepcrnekTBoro noganbLUoro 3aCTOCyBaHHS OTPUMaHWX pe3ynbTaTiB
Ans onTumisavii nabopaTopHuX aHaniTMYHUX METOAUK.

Matepianu i metoau. 3gjlicHeHo iHhOpMaLinHWA NOLWYK y HaykomeTpuyHux 6asax paHux Scopus, Web of Science ta PubMed. Ans
[JOCSArHEHHs1 NOCTaBNEHOI METU BUKOPUCTAHO aHamiTU4HWUIA, ONUCOBWIA Ta y3aranbHIOBaNbHUN METOAM AocnigxeHHs. Matepianu ans
OOCNiMKEeHHS — AaHi CydacHOT HayKoBOI MiTepaTypu, WO NPUCBSYEHa BU3HAYEHHIO YNCTOTH, ideHTUdIKaLil Ta CTPYKTYpHOMY aHanisy
6ionoriyHo akTUBHUX kKapoTuHOIAIB MeTogom BEPX.

Pesynkratu. 3aiicHuny aHanis [ocTynHux Jxepen axoBoi nitepaTypy, y SKUX BUCBITNEHO NIAXOAM LO OLUiHIOBAHHS YUCTOTU Ta CTPYK-
TYpHUX 0COBNMBOCTEN Bi0aKTMBHWX KApPOTUHOIAIB i3 3aCTOCYBaHHAM BUCOKOEMEKTUBHOI PiAMHHOI XpomaTtorpadii. PO3rnsHyTO OCHOBHI
XxpomarorpadiyHi napameTpu, LLO BNIMBAIOTb Ha CENEKTUBHICTL | Yy TNMBICTb METOAY, a Takox 0COBNMBOCTI NiATOTOBKY 3pa3kiB Ans aHaniay.

BucHoBku. Ha nigcrasi aHanidy cyvacHux mxepen haxoBoi nitepaTtypy HaBeaeHo NPUKIaaW METOAMK SKICHOTO Ta KinbKICHOTO BUSHAYEHHS
meToaoM BEPX 1BOX OCHOBHUMX rpyn KapOTUHOIAIB — KAPOTWHIB i KCaHTOMINIB. 3AiICHNIN NOPIBHSANBHUIA aHani3 LMX METOAMK, BPaX0OBYHOUM
XpomartorpadiyHi yMOBW, TUMK HEPYXOMUX i PyxOoMuX (a3 i AeTekuilHi nigxoamn. Y pesynstati 0brpyHToBaHO BUOIp ONTUManbHUX YMOB
aHanisy Ans noAanbLUMX HAYKOBWX i NPAKTUMHUX AOCTIIKEHD.

KntoyoBi cnosa: BucokoedeKTBHa pignHHa xpomatorpadisi, pignHH1n xpomatorpadd, KapoTUHOIAM.

AxTyanbHi nuTaHHa hapmaleBTMYHOI | MeaMyHOi Hayku Ta npakTuku. 2026. T. 19, Ne 2(51). C. 216-226

High-performance liquid chromatography methods for carotenoid determination
I. F. Duiun, I. M. Keitlin, G. V. Mazulin

Arelevant area of pharmaceutical research is the search for new compounds capable of inhibiting free radical oxidation at various stages
of the pathological process. Taking into account the prospects for practical application, particular attention of researchers is focused on
carotenoids as natural bioantioxidants characterized by high biological activity and minimal toxicity. The primary function of carotenoids
is to protect cellular membranes and other structural components of the cell from the damaging effects of reactive oxygen species, which
determines their important role in maintaining cellular homeostasis and preventing oxidative stress. In this context, an in-depth study of
analytical quality control methods, particularly the determination of the purity of the most common groups of carotenoids, is of significant
interest.

Aim of the study. The aim of this study was to generalize and systematize scientific data on the methods of analysis of biologically active
carotenoids using high-performance liquid chromatography (HPLC), with the prospect of further application of the obtained results for the
optimization of laboratory analytical methods.

Materials and methods. An information search was conducted using the following scientometric databases: Scopus, Web of Science, and
PubMed. Analytical, descriptive, and generalization methods were applied to achieve the objectives of the study. The research materials
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included data from contemporary scientific literature sources addressing the determination of purity, identification, and structural analysis
of biologically active carotenoids by HPLC.

Results. An analysis of available scientific literature sources was performed, focusing on approaches to the assessment of purity and
structural characteristics of bioactive carotenoids using high-performance liquid chromatography. The main chromatographic parameters
influencing the selectivity and sensitivity of the method, as well as sample preparation features, were considered.

Conclusions. Based on the analysis of current scientific literature, examples of qualitative and quantitative determination methods for two
major groups of carotenoids —carotenes and xanthophylls — using HPLC were identified. A comparative analysis of these methods was
carried out, taking into account chromatographic conditions, types of stationary and mobile phases, and detection approaches, which

substantiates the selection of optimal analytical conditions for further scientific and practical research.

Keywords: high-performance liquid chromatography, liquid chromatograph, carotenoids.
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KapotuHoinu — Benmka Ta CTpyKTYpHO pi3HOMaHITHA rpyTia
TIPUPOTHUX MITMEHTIB JIIO(ITFHOT IPUPOIH, IO HaJICKATh
JI0 KJIacy TeTpaTeprieHiB i 3a XiMiuHor OymoBoro € C, -i30-
MIPEHOBUMH CIIOJIyKaMH. BOHM 1y’ke MOIMpeHi y pupoi
Ta CHHTE3YIOThCS MIEPEBAKHO POCIMHAMH, BOIOPOCTSIMH,
LiaHOOAKTEPIsSMH, a TAKOK OKPEMHMH BHAAMH OakTepii i
rpuOiB. Y BHIIMX POCIMH KapPOTHHOIIN JIOKAJII3YIOThCS T1e-
PEBAKHO Y XJIOPOILIACTAX 1 XPOMOILIACTAX, JIe BUKOHYIOTh
BaKJIMBI OiostoriuHi Ta ¢izionorivni ¢pynkumii [1,2].

XimiuHa CTPYKTypa KapOTHHOI/IIB CKIIaJA€ThCs 3 BOCBMHU
130MPEHOBUX OJIMHUIIb, SIKi (POPMYIOTH TOJOBKEHUI MOJTi€-
HOBWIA JIAHITFOT 13 BEJIMKOO KIJIBKICTIO CIPSKEHUX TTO/IBIM-
HuX 3B’s3kiB. CaMe HasBHICTH Ii€] CUCTEMM MOABIHHHX
3B’SA3KiB 3yMOBIIOE XapaKTEpHi CIIEKTPaIbHI BIACTHBOCTI
KapOTHHOIMIB i 3a0e3meuye IXHE IHTEHCHBHE 3a0apBICHHS
B JKOBTI, TOMapaH4eBi a00 4epBoHiI TOHH. BogHO9ac Taka
CTPYKTYpa BH3HAYa€ BUCOKY PEAKLIHHY 37aTHICTH Kapo-
THHOINiB, 30KpeMa iXHi aHTHOKCHUIAHTHI BJIaCTUBOCTI Ta
YYTIUBICTh JIO Jii CBITJIA, KUCHIO ¥ ITiBUIICHUX TEMIIC-
paryp [3].

3aJIeKHO BiJ] €IIEMEHTHOTO CKJIa Ty MOJIEKYJ KAPOTHHOIIB
X K1acuQiKyOTb SIK KAPOTHHHU, TOOTO alMKIIIYHI 200 LIUKITi4-
Hi ByJ1eBO/iHI (B-KapoTHH, JIIKOIIiH, 0-KapOTHH, A-KapOTHH),
Ta KCaHTO(M 1M — KHICHEBMICHI TIOX1JIHI, 1110 BKJIFOYAIOTh T/
POKCHIIBHI, €ITOKCHIHI a00 KeTOHHI (DYHKITIOHAJBHI TPyIH
(JTrOTETH, 3€aKCaHTHH, ACTAKCAHTHH TOIIIO).

BiomorigHO aKkTHBHI KapOTHHOIAN € CTPYKTYPHUMH KOM-
MIOHEHTaMH (DOTOCHHTETHYHOTO anapary Ta 0epyTh yJacTb
y IOINIMHAHHI CBITJIOBOI €HEPTii 3 MOJAJIBIIO0 MIepenadeto ii
Ha xstopodinn. Kpim Toro, BOHM BUKOHYIOTh 3aXHUCHY (yHK-
1ito, 3anodiraroun (oToneCTPYKIIi XJIopodiy Ta HIIHX
KJIITHUHHUX KOMITOHEHTIB 32 YMOB Ha/IMIDHOTO OCBITJICHHSI.
3aBIsSIKM 3/1aTHOCTI €()EeKTUBHO 3HEIIKO/KYBAaTH aKTHBHI
(dopMH KHCHIO, 30KpeMa CHHIVIETHUH KHCEHb 1 BUIbHI pa-
JUKAJIM, KAPOTUHOIIM MarOTh BUPAKCHI aHTHOKCHIAHTHI
BIIacTUBOCTI. HasiBHICTh OKCHI€HY MiJIBUILYE MOJSIPHICTD
KCaHTO(1MIB, IO CYTTEBO BIUIMBAE HA iXHIO IHTETPaIlii0 B
6iomoriuni MmeMOpanu [4,5].

Oxpemi KapoTHHOIIHM (Hacamriepes P-KapoTHH) MaroTh
craryc mpoBiTamiHiB A. Y pe3ynsrari pepMeHTaTHBHOTO
PO3IICIUICHHS] BOHU TPAaHC(OPMYIOTHCSI B PETUHOJN, HE-
00XiTHUHN A MiATpUMaHHS 30pOBOi (PYHKIIIT, TIpoIIeciB
nposiepanii Ta udepeHnianii eniresnito, a TakoX iIMyHHOT
pe3UCTEHTHOCTI [6].

Jlo Tpynu KapOTHHOIIIB HaJIeKaTh TaKi CIONYKH, SIK
[-KapoTHH, 0-KapOTHH, Y-KapOTHH, d-KapOTHH, (-KapOTHH Ta
€-KapoTHH. Hafi0ip1 BUBYCHNM 1 O10JTOTIYHO 3HAYYIIINIM €
[-KxapoTrH, SIKAI XapaKTepH3yeThCsl HAMBHUIIOIO IIPOBITAMIH-
HOIO aKTHUBHICTIO. JIIKOITiH, X04a i He BUSIBIISE BIACTUBOCTEH
MIPOBITaMiHy A, € IOTY)KHUM aHTHOKCHJIAHTOM 1 3yMOBIIIOE
IHTEHCHBHE YepBOHE 3a0apBIICHHS IIO/(IB TOMATIB, KaByHa
Ta JAESKUX IHIIMX POCIMHHUX MPOIYKTIB [6,7].

KcanTodinu, 1110 MIiCTATh MOJIEKYITy KHCHIO, XapaKTepH-
3YIOTHCS BUILIOIO TIOJISIPHICTIO TIOPIBHSIHO 3 BYTJICBOJJTHEBHUMH
KapoTrHamMK. HasiBHICTB TiipOKCHIBHUX (JIIOTETH, 3eaKCcaH-
THH), EMOKCUIHUX (BioJaKcaHTHH) a00 KeTorpyI (acTakcaH-
THH, KAHTaKCAaHTHH) CYTTEBO 3MiHIOE TXHI (Pi3MKO-XiMidHI
BJIACTHBOCTI, 30KpeMa PO3YMHHICTH Ta aMdidimpHicTh. Lli
CTPYKTYpPHI OCOONMBOCTI CYTTEBO BIUTMBAIOTH Ha TIOTEHITiaT
KIIITHHHAX MEMOpaH: Ha BIIMiHY BiJl KApDOTHHIB, KCaHTOD 1N
TIepEBAKHO OPIEHTYIOTHCS TPAHCMEMOPAHHO, 11O ITiABUIILYE
CTaOLIBHICTh MEMOpPaH 1 MOYITIOE IXHIO IPOHHUKHICTS [ 7].

Jlo cienmdiyHnX npeacTaBHUKIB KCAHTO(UIIB HAJICKATh
JIFOTETH 1 3¢aKCAHTHH (U1 IPOKCUKAPOTHHHU ), IO BiTIrPArOTh
KPUTHYHY poiib y (DYHKI[IOHYBaHHI 30poBoro aHasizaropa. Lli
CIIOJTYKH, BUOIPKOBO HAKOITMUYIOUHCH Y MaKYJISIPHIH JAUTSHIL
citkiBku (Macula lutea), yTBOproroTh MaKy ISpHHIA MTIIMEHT.
Ixus gynkuis monsrae y GinsTparii BUCOKOEHEPTeTHYHOTO
CUHBOTO CBITJIA Ta TIPSMili aHTHOKCHAAHTHIN HeHTpami3zamii
aKTHBHUAX (POPM KHCHIO, IO 3aM00irae po3BUTKY BIKOBOI
MaKyJISIpHOI JIeTeHepallii Ta GOTOXIMITHOMY YIITKOKSHHIO
¢oroperentopis [8].

IMoximgHi kcaHTO]1NMiB acTakcaHTUH (3,3 -OHUTig-
pokcu-4,4’-nuKeTo-B-KapoTHH) XapaKkTepH3yEThCsl BUpa-
YKEHMM aHTHOKCHIAHTHHUM ITOTEHIIIAIOM, SIKUH 32 IEBHUMH
TIOKa3HUKaMH NIEPEBUIIYE TaKui y B-KapoTHHY Ta 0-TOKO-
(bepoity. 3aBnsky yHIKaJIbHIN OylIOBI BiH MOXE OTHOYACHO
HelTpalli3yBaTu BiJbHI pajMKaid 1 B TiIpoQiIbHIH, 1 B
rizpodoOHiii 30Hax MeMOpaHu. Y TiAPOOIOHTIB (Psi pako-
TMO/IIOHUX, JIOCOCEBI PUOM) aCTaKCAHTHH HE JIUIIE 3yMOB-
moe cnenudivHe YepBOHO-POXKEBE 3a0apBICHHS M’ S30BO1
TKaHWHU 1 €K30CKeJIeTa, aje i Oepe yJacTs y 3a0e3medeHHi
CTpecocCTiKocTi opraizmy [7,8].

Criermndiuni kKcaHTO]ITH, TPUTAMaHHI POCITHHAM POIY
Capsicum, karcanTHH i KarcopyOiH BU3HAYAIOTh iHTEH-
CHBHY YEpBOHY IIIMEHTALII0 IUIOJIB, 1X BH3HAYAIOTH K
TIepCTICKTUBHI 010aKTHUBHI KOMITOHEHTH 3 JIIIOTPOITHOIO Ta
AQHTHKaHIIEPOT€HHOIO JIisIMH.
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AHTHOKCHIaHTHA [is KapOTHHOIAIB 0a3yeThcs Ha iH-
riOyBaHHI MEPOKCUIHOTO OKWCHEHHS JIMI/IiB Ta exiMiHamii
aKTUBHUX (H)OPM KHCHIO. 3MEHIIICHHS iHTCHCUBHOCTI OKCH-
JATUBHOT'O CTPECY I1ijl BIUIMBOM KapOTHHOI/IB € BaKJIMBUM
YHHHUKOM y TPO(MITAKTHIN XPOHIYHUX JETCHEPATHBHUX 1
CepLEBO-CYJMHHUX 3aXBOPIOBAHb — OJHIET 3 OCHOBHUX IIPH-
YHH [IepeT9acHol cMepTi Ta iHBatigHOCTI HaceneHHs [9,10].
KpiM TOrO, BCTAaHOBJIEHO IXHIO 3aTHICTH J0 CHHEPTIYHOI
B3a€MOIIT 3 TOKO(epoIaMn Ta acKOpOIHOBOIO KHCIIOTOIO,
0 MOJYJIIO€ aKTHBHICTh €HJJOI€HHHUX (ePMEHTATUBHHUX
CHCTEM 3aXHCTY.

3Ba)kKaroun HA BHUCOKY TEpalrieBTHYHY 3HAYYIIICTb 1 mep-
CIIEKTUBHICTb KaPOTHHOIIIIB SIK JDKEPEI JU1sl PO3POOKH HOBHX
JIKapCHKHX 3ac001B, aKTYaJIbHIM 3aBIaHHSIM CY4acHOT (ap-
MaleBTHYHOI HAyKH € BIIOCKOHAJICHHSI METO/IIB CTaH/IapTH-
3amii Ta KOHTPOJIIO YUCTOTH LIUX CIIOIYK.

MeTa po6otu

V3aranbHEHHS Ta CHCTEMaTH3allisl HayKOBHX JIaHUX ILOJIO
METOJIIB aHaii3y O10JIOTIYHO aKTUBHHMX KapOTHHOIIIB i3
BUKOPHCTaHHSIM METOJy BUCOKOE(EKTHBHOI PiMHHOT XpO-
Matorpadii 3 MePCIEeKTUBOK MOJAIBIION0 3aCTOCYBAaHHS
OTPUMAHHUX PE3YJIbTaTIB I ONTHUMI3alii Ja00paTOPHUX
AHAIIITUYHUX METOIUK.

Matepianu i meToaun gocnigxeHHs

Sk 3aBIaHHs HAyKOBOTO JIOCIIJDKEHHSI BU3HAUMIM aHAII3
METO/IiB KUIbKICHOTO aHalli3y KapOTHHOIIIB ILISIXOM BHCO-
koedekTrBHOI piguHHOT Xpomarorpadii (BEPX). 3nilicuunu
iHdopManiiiHuii monIyK y HayKOMeTpUuHHX Oazax Scopus,
Web of Science, PubMed; miz yac podoTu BUKOpUCTAIIN aHa-
JITHYHUHN Ta ONTUCOBUI METOIH, BUKOHAIN CHCTEMATH3AI[IF0
Ta y3arajibHeHHs BloMOcCTei (paxoBoi JliTeparypu, 1o omy-
OrikoBaHa 3a OCTaHHI 5—7 POKiB. Marepia [1st 10CHTiKSHHSI
— BIIOMOCTI Cy4acHHUX JpKepes HayKoBOI JIITepaTypu MIOI0
PE3yIBTaTiB IOCTIKEHB 010JI0TTIHO aKTUBHUX KAPOTHHOIIIB
metonoMm BEPX. Tlomryk 3aiiicHeHO 3a TAKUMH KITIOYOBHMHI
croBamit: high-performance liquid chromatography, liquid
chromatograph, carotenoids.

Pesynbratu

YV cyuacHiii (haxoBii JliTepaTypi BU3HaUCHHS Ta KUTHKICHHI
aHaJi3 OCHOBHUX TPYT KapOTHHOIIiB, 30KpeMa 3-KapoTHHY,
0-KapOTHHY, JTIKOTIiHY, TIOTeTHY Ta 3¢aKCAHTHHY, 3M1HCHIOIOTH
i3 3actocyBanasaM Metony BEPX. EdextuBHicTs BrpoBa-
JUKEHHS CY9acHOTO (i3UKO-XIMITHOTO METOITY JOCIIIKCHHS
B aHaJIi31 KAPOTUHOIMIB IPYHTYEThCA Ha CICIU(PITHIX MiK-
MOJICKYJISIPHAX B3a€MOJIISIX MK aHAJTiTaMH, CTAI[lOHAPHOIO
Ta pyxoMoto ¢aszamu [11].

Bubip koHKpeTHOTO BapiaHTa XpoMaTorpadidHOTo Po3-
niteHHst — HopManbHo-¢pasHoi (NP-HPLC) abo obepne-
Ho-daznoi (RP-HPLC) BEPX — nerepminyeThCst XIMIYHOIO
CTPYKTYPOIO JIOCII/DKYBaHHX CIIOJIYK Ta OCOOIMBOCTSIMH
MarTpHIli, 10 KX HAJIeXKaTh JIiKapchKi GOpMH, pOCIIMHHA CH-
POBUHA, O10JIOTIUHI PiAVHHU, TIETHYHI TOOABKH Ta KOCMETHYHI
3aco0wu [11,12]. ITinroroBka aHasiTiB 10 XpomMarorpagdiyHoro

BU3HAYCHHS — BKPal BKIIMBHH €Tall, 1o riepedagae 6araro-
CTYIICHEBY CKCTPAKIIitO 3 BUKOPHUCTAHHSIM TAKHX OPraHIuHUX
PO3YHHHHUKIB, SIK AlIETOH, TEKCaH, alleTOHITPHII a00 METAHOII,
4yacTo — y koMmOiHarisx [12].

3a MaHUMHM HAyKOBUX JDKEpEI, 3Ba)KalOUH HAa BHCOKY
Ja0IBHICTh TIOJIIEHOBHX CTPYKTYP Ta TXHIO CXHIIBHICTB JI0
(hOTOOKHCHEHHSI, Ha €Talli IiITOTOBKY 3Pa3KiB AOILJIBHAM €
JIOMaBaHHA aHTHOKCHUAAHTIB (HANPHKIAA, OyTHITIIPOKCH-
ToNyoIy). Y pasi aHali3y CKIaIHUX MATPHUIlh, 0 MICTITh
T A7 260 XIOPOQiTH, TPOBOAATE IPOIEAYPY carnoHi(ikarii
HIJISIXOM OOPOOKH €KCTPaKTy CIIMPTOBUM PO3UYMHOM JIYTY
(KOH y meraHo71i) 3 HACTYITHOIO (DUTBTpAIli€l0 Ta KOHIICH-
TPYBaHHSIM OTpUMaHOro po3unny [12,13,14].

OCKUTBKY KapOTHHOIM € BUCOKOMIMO(MLTEHIMH CITOTyKa-
MH, NPOBIJIHUM MEXaHI3MOM B 00epHEHO-(ha3HOMY BapiaHTi
(RP-HPLC) € nucnepciitna B3aemois (cwim BaH nep Ba-
aJIbCa) MK JIOBTUM MOJIIEHOBUM JIAHIFOTOM MOJICKYJIH Ta
ANKITPHAMHE JIAHITIOTaM# HepyxoMoi ¢asu. IIpu Bukopuc-
TaHHI HAlOUIBII MOIIMpPEHHX cTarionapuux ¢as tumy C18
(OKTameIICHITIT), PO3IUICHHS BiOYBa€ThCS BHACIIOK
rinpodoOHOi amcopOIIii.

Bimzomo, 1110 KapOTHHOITH 3 OLTBIIO0 KiTBKICTEO OIBIHHIX
3B’S13KIB Ta 0€3 MOJIpHUX (DYHKIIOHATBHUX Ipyl (Harpu-
KJIaJ1, JIIKOITiH a00 B-KapOTHH) MarOTh BUIITY CIIOPLAHCHICTH 10
HENOJBIPHOT (pa3, 110 3yMOBJIIOE iX TPHUBAJIIIIE yTPUMYBaHHS
TOPIBHSHO 3 KcaHTodinamu [14].

HasiBHICTH TiIPOKCHIBLHUX 200 KETOrpyIl y CTPYKTYpi
KCaHTO(LIIB (JTIOTETHY, 3¢aKCaHTHHY) CTBOPIOE YMOBH IS
CITA0KMX QUIIONB-IUITOIBHAX B3a€MOIIN 13 3aJIMIITKOBUMU
CHIJIAHOJIFHUMH IPYTIaMH CHJTIKareIo ab0 KOMIIOHEHTaMU py-
xoMofi (hazu, 10 TiIBUIIY€ IXHIO MOJISPHICTH 1 IPHIIBHIIITY€E
enroroBaHHs1. OcoOIMBe 3HAUYCHHS B aHaITi31 KAPOTHHOI/IIB Mae
3actocyBaHHsI cTaiioHapHux (a3 C30 (tpiakontmin) [12,14].

diznko-ximMiuHOIO ocHOBOIO repeBarn C30 € BuCOKa
IIIJTBHICTD 1 3HAYHA JOBKHWHA BYTJIEBOAHEBUX JIAHIIIOTIB,
mo (opMyIOTh TOBCTHH TinpodoOHmii map. Lle cTBoproe
YMOBH TSl «CTEPUIHOTO PO3MTi3HABaHH» TEOMETPii MoIte-
KyJ1. 30KpeMa, JiHiIHI TpaHC-130MepH KapOTHHOI/IB 3/1aTHI
e inTerpyBarucs B cTpykrypy C30-das3u mopiBHIHO
3 00’€MHUMH IMC-130MEpaMHu, 110 MAIOTh «3JIaM» Y BYT-
nerneBoMy ckeneTi. Take po3pi3HEHHS 3a MPOCTOPOBOIO
KOH(DIrypalliero 1ae 3MOTy IOCSATTH BHCOKOI PO3AIIBHOT
3J1aTHOCTI MK TEOMETPUYHUMH i30MepaMu, 10 € KPUTHY-
HUM JIs OL[IHIOBaHHS O10JIOT1YHOT I[IHHOCTI CHPOBHHH,
OCKUIBKH TpaHC-(QOPMHU 3a3BHYAN XapaKTEPU3YIOTHCS
BHUIIO0 OiomocTymnHicTIO [15].

HayxoBI1i 00rpyHTOBaHO JOBOMISATH, IO B HOPMaITEHO-(as-
Homy BapianTi (NP-HPLC) MexaHi3M po3/ijieHHs TOKOpiH-
HO 3MIHIOETBCS: TIPOBITHY POJIb BiIrparoTh aacOpOIiiHi
B32€MOJIIT Ta BOJHEBI 3B SI3KM MK IMOJSPHUMH T'PyNaMH
KCaHTO(IIIB Ta aKTUBHUMH LIEHTPaMH CTaIliOHApHOI (a3u
(cumikaress, amiHO- 200 1ianorpymnu) [15,16]. V upomy pasi
KapOTHHH EJIOI0I0ThCS ITEPIIMMH Yepe3 MiHIMaJIbHY B3a€EMO-
IO 3 TIOJISIPHOIO TTIOBEPXHEI0, @ KCAHTO(ITH YTPUMYIOThCS
MIIHIIIIE 3aJICKHO BiJI KUTBKOCTI Ta IIPUPOIU OKCUTCHOBAHUX
3aMiCHUKIB. PO3yMiHHS ITIX TEPMOTMHAMIYHUX 1 KIHETHIHIX
ACTICKTIB B3AaEMOJIIT JIa€ 3MOT'Y TPEIM3IHHO 0OMpATH CKIIa]

218 Current issues in pharmacy and medicine: science and practice. Volume 19. Issue 2, May — August 2026

ISSN 2306-8094



Oensidu

CH

3

H,C CH, |

CH,
| H.C CH

3 3

(CH=CH — C = CH), — CH = CH — (CH = C — CH = CH),

CH, B-kapotuH (C, H.)

Puc. 1. opmyna B-kapoTuHy.

Tabnuus 1. XapakTepucTuka BanigaLiiHix napameTpis S-kapoTuHy

TiHiAHicTb r2> 0,999 y pianasoHi 1-20 mMkr/mn
Mexa BUSIBNEHHS! ~0,1 MKr/mn

Mexa KinbKicHOro BU3HaYeHHs! ~0,3 mkr/mMn

MpeunsinHicTs RSD <2 %

MpaBunbHiCTb 95-105 %

€JIIOCHTIB JUIA JOCATHEHHS MaKCHMAJbHOI CENEeKTUBHOCTI
aHamizy [16].

AHaniTHYHE PO3IUICHHS KapOTHHOINIB HaifuacTimie pea-
Ji3yeThest B yMOBax o0epHeHO-(ha3Hoi Xpomarorpadii 3 Bu-
KOpHCTaHHsM cTartioHapHux (a3 C18 abo cremiaiizoBaHux
komoHOK C30, 110 3a6€31e9yI0Th BHITY CEJIEKTHBHICTB OO0
TeOMETPUYHHX 130MepiB. TemmneparypHHil peKUM KOJIOHKH
3a3BUYall MATPUMYIOTH Yy fianazoni 25-30 °C mpu mBua-
KocTi OTOKy pyxomoi dasu 0,5-1,0 mir/xB. JleTekTyBaHHsS
3IHCHIOIOTH 32 JOnoMororo YO-suanmux gerexropis (DAD
a6o PDA) y miamazoni mosxwH xBuibs 200-500 mm [15].

Crenn¢ivyHe KiTbKiCHE BH3HAYCHHS 3[IHCHIOIOTH MPH
MaKCHMyMax HOIIMHAHHSI, XapaKTePHHX /I OKPEMHUX CIO-
JIYK: 77151 B-KapOTHHY IIeH IOKa3HUK CTaHOBUTH 450470 HM,
IUTA JTIOTETHY Ta 3eakCaHTuHy — 445450 HM, U1 JIKOTMIHY
—470-480 aM. Po3pobiteHi MeTOMHKY TOTPEOYIOTH 000B’ T3~
KOBOI Basiiaii 3a mapaMeTpamu crielinpiyHoOCTi, MPaBHIIb-
HOCTI, Ipenu3iitHOCTI (301KHICT 1 BHYTPIITHBOIA00paTOpHa
BiITBOPIOBAHICTH), JIHIMHOCTI, Jiama3oHy 3acTOCYBaHHS,
pobacHOCTI, a TakoXK BU3HAa4YCHHS MeX BusiBieHHs (DL) Ta
KiTbKicHOTO Bu3Ha4YeHHs (QL) [16].

OCKIJIBKH BOJIHI CUCTEMH MarOTh 0OMEKCHY 31aTHICTD J10
€ITIOFOBAHHS II0/I0 TAKKX TiApododHMX anamiTiB, y RP-HPLC
BHUKOPHCTOBYIOTh CyMIIlli alleTOHITPUITY, METaHOIy Ta Te-
tparigpodypany (TT'®). AueroniTpun 3abe3neuye HU3bKY
B’SI3KICTh CHCTEMH Ta CTaOLIBHICTD 0a30BOi JIiHIT, IPOTE ISt
TIOCHJICHHSI CUJTH €JTIOIOBaHHSI Ta MOKPAILECHHS PO3YUHHOCTI
gacTo jofarots metanon abo TI'®. 3acrocysanus TT'D e
0COOJIMBO BXKJIMBUM JUISI PO3/IICHHS JIIKOMIHY, OCKUIBKH
BiH 3amo0irae arperaiiii MOJICKY/I 1 3a0e3MeUye CUMETPIt0
xpomMarorpadigaux mikiB. ONTUMI3aIs CKIIaay eNOSHTY
(130KpaTnvHUIT a00 TPaTIEHTHHNA PEKUMH) TA€ 3MOTY JTOCSIT-
TH YITKOTO PO3/ILICHHSI TAKUX CTPYKTYPHHX 130MepIiB, SIK O~ Ta
[- KapOTHHY, 1110 € HEOOXITHOK YMOBOIO IS BiAMIOBITHOCTI

H.C

BuMoram npoBinHuX (apmakoneit (Ph. Eur.,, USP) momo
KOHTPOJTIO SIKOCTI TpenapartiB KapoTHHOIAIB [17].

MeTonoJ0riuHi acnekTH XpoMaTorpagiyHoro BU3HAYEHHS
BMiCTY B-KapoTHHY. f-KapOTHH (puc. ) 3a XIMIYHOIO IIPUPOZIOI0
€ TinoQiIbHUM KapOTHHOIIOM i3 BUPYKEHUMHU HETOISIPHUMHU
BIACTUBOCTAMHU. KITFOYOBOIO CTPYKTYpHOIO OCOOIUBICTIO
MOJIEKYJIU € PO3TralTy’KeHa CHCTeMa 3 OMMHALSTH CIIPSHKCHHIX
MOIBIHHMX 3B’SI3KiB, IO 3yMOBIIOE T 3MATHICTH JO IHTCH-
CHBHOTO TOIIMHAHHS CBITJIa y BUIUMIN 00IacTi criekrpa 3
MakcuMyMoM Tipuoiu3Ho mpu 450 um [18,19].

Cawme 11i i3uKO-XiMiYHI XapaKTePUCTUKH JISKATh B OCHOB1
BUOOPY aHAJIITUYHHUX METOJIIB HOTO iMeHTU(IKAIIii Ta KUTbKIC-
HOTO BU3HAYEHHSI, Cepe/I SIKMX MPOoBiIHe Mictie nociiae BEPX
13 3acTocyBaHHIM YD-BUIUMOTO a00 MTI0AHO-MaTPUYHOTO
nerexryBanHs (DAD). TIporec xpomarorpadigHOTO po3mi-
JICHHSI f-KapOTHHY IPYHTYETHCSI HA MEXaHi3Max KJIaCHYHOT
rigpoobroi B3aemonii [19,20].

SIK «3070THI CTaHOApT» I PYTUHHUX aHaNi3iB BU3HA-
4yeHo HepyxoMi (asu tumy C18. Bubip KOJTOHOK IIFOTO THITY
3yMOBJICHHII BUCOKUM CTYIIEHEM HETIOJIIPHOCTI QHAJIITY, 110
3a0e3neuye crabiibHE YTPUMYBAHHs HA COPOCHTI Ta BiTBO-
PIOBaHICTb PE3YJIBTATIB B 130KPATHIHOMY PEKUMI €TFOFOBAHHSI.

®a3u C18 MaroTh TIEBHI OOMEXEHHS TPH HEOOXiTHOCTI
PO3MiJIEHHs] TeOMETPUYHUX 130MepiB (TpaHc-, 9-1mc-, 13-
LKC- TOIIO) 3 MOAIOHOI0 MOJISIPHICTIO. Y TaKUX BUIIAIKaX
aJBTEPHATUBHUM DIlIEHHSM € BUKopucTaHHs (azu C30,
IO XapaKTePU3YEThCS NOBIIMMH aJIKUIbHUMH JAHLIOTaMH
Ta BHIIOK TiAPohOOHICTIO. 3aBIsKU Crieiu(idHii BIIOPSI-
KOBaHOCTI oBepxHi, (haza C30 Mae mpocTopoBy (CTEpUUHY)
CEJICKTUBHICTh, IO JIa€ 3MOTY e(eKTHBHIIIEe PO3PI3HATH
i3oMepu 3a popmoro ixHix Monekyn [20,21,22].

Oco0nuBy yBary Mij 4yac po3po0OIeHHs! METOIMKH aHai3y
CJIi IPUALIATH cTabLTbHOCTI croyku. OCKibKH fS-Kapo-
THH € YyTJIMBHM JIO BIUIMBY CBITJa, KUCHIO Ta TEPMI4HOTO
(baxTopa, 110 PU3BOAUTH 10 HOTO OKHCHEHHS Ta i30Mepu-
3alii, mroToBKy 1po0 Ta eKCTPaKIilo TeKCAHOM HEOOXiTHO
3[IIHICHIOBaTH B YMOBaX MiHIMAJIbHOI OCBITJICHOCTI Ta, 3a
MOKJIMBOCTI, B IHEPTHOMY CEPEIOBHIITI.

YV daucneHHrX HayKOBUX My OITiKaIisaX MOKa3aHO: I CTadi-
JIi3aLii aHAJITy IO eKCTPAKIIHHOT CYMIIi JOILTEHO T0AaBaTH
AHTHOKCUJAHTH, 30kpeMa OyTtuirigpokcutonyoi (BI'T).
CranpapTr3oBaHa mpoleaypa KilbKiCHOTO BHU3HAYEHHS
nependoadae BUKOPUCTAHHS METOTY 30BHIITHBOTO CTAaHIAPTY
a0o moOyoBy KaiOpyBalbHOI KPHBOI 3a IUIOLICIO MiKa Y
BU3HAYCHOMY Jliaria30Hi KOHIeHTparii [23,24].
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CH,
H,C CH, |

CH,
| H.C CH

(CH=CH — C==CH), — CH==CH — (CH = C — CH = CH),

CH, a-kapotuH (C,H,)

Puc. 2. dopmyna a-kapoTuHy.

Bautianiiisi napamerpu MmiATBepIKYIOTh BUCOKY aHali-
TUYHY HafiiHicTh MeToxy BEPX y koHTpOmTi sikocTi hapma-
LEBTUYHOI Ta Xap94OBOT MPOIYKIIiT, [0 MiCTUTh KAPOTHHOI TN
(maén. 1) [25].

MeToposoriuni acnekTH XxpoMarorpagiuHoro BH3HAYeHHs
a-kapotuny. [Tomanemmii aHai3 KapOTHHOIAHOTO CKIIaay
moTpedye AeTaIbHOTO PO3IISAY METOIUK BHU3HAUCHHS
0-KapoTuHy (puc. 2). OCKIIBKY 0- Ta [3-KapOTHHU € CTPYK-
TYPHUMH 130MEpaMH, 3arajbHi NPUHIUIN X PO3AIICHHS
metonoM RP-HPLC maroTe unMano CriTbHUX pHUC, IPOTE €
KPUTHYHI BiZIMIHHOCTI, 3yMOBJIEHI OCOOIMBOCTSIMU IXHBOI
MOJIEKYJISIPHOT OY/I0BH.

Binomo, 110 roj0BHA CTPYKTYpHA PO30IKHICTH MOJIS-
rae y KoH(}irypamnii i0HOHOBHX KiJIeIb: SKIO MOJEKyIla
[-KapoTHHY MiCTHTP NBi $-i0HOHOBI IPYyIIH, TO (.-KAPOTHH
XapaKTepU3YEThCSI HASIBHICTIO ONHI€T B-Ta O/HI€T 0-10HO-
HoBOI rpymnu [26]. Llst, Ha nepiuii morisi i, He3HauHa 3MiHa
CYTTEBO BIUIMBAE Ha MPOCTOPOBY (HOPMY MOJEKYyIH, 11
B3a€MOJIIIO 3 HEPYXOMOIO (ha3010 KOJIOHKU Ta CHEKTPab-
HI XapaKTepUCTUKU. 30KpeMa, MaKCUMYMH MOTJIMHAHHS
0-KapOTHHY 3MIIleHI B KOPOTKOXBHJIbOBY 00iacTh (444—
448 um) mopiBHsAHO 3 P-i130MepoM (450—452 HM), 110 TIpU
BHUKOPHUCTaHHI AiomHO-MaTpuyHOTo nerekTopa (DAD) nae
3MOTY 3/[1HCHIOBATH JIOIATKOBY iIeHTH(DIKAIIIF0 aHAIIITIB 32
(hopMOI0 TXHIX CIIEKTPIB.

VY xpomarorpadiyniii pakTuil BUOip HepyxoMoi (a3u
0e3mocepeIHpO 3aJSKUTh BiJl METH AOCHiKeHHA. J[ms
IHIUBITyaIbHOTO BU3HAYEHHS [(-KapOTHHY SIK OCHOBHOTO
KOMITOHEHTA 3a3BMYail I0CTATHHO BUKOPHUCTAHHS KOJOHOK
Tuny C18.

3a cyJacHUMH JaHVIMH, ITiJ] 9ac aHaIi3y CKIaJHUX CyMi-
1Iei, Jie MICTATBCSI OOM/Ba 130MEpH, BUHUKAE PU3UK YacT-
KOBOT'O MEPEKPHUBAHHS ITIKIB Yyepe3 OJM3bKy TiApooOHICTh
CrIOJyK. Y TakuX BHIIAJKaxX MPIOPUTET BIJLIAIOTH KOJIOHKaM
13 ¢pazoro C30, 110 3aBAAKY BUIIIH CTEPUIHIH CEIEKTHBHOCTI
3a0€e3IeuyroTh YiTKe PO3IICHHS o- Ta - Pppakiiit [27,28].

MertorKka KUTPKICHOTO BH3HAYCHHS TEpe0adae OKpeMe
KaJTiOpyBaHHs JJIsl KOXKHOTO 130MepY, OCKLIBKH BOHH MaIOTh
Ppi3HI KOeQIIiEHTH MOMAPHOI eKCTHHKII. THIIOBI yMOBH
xpomarorpadyBaHHs BKJIIOYAIOTh BUKOPUCTAHHS CyMiIli
AIICTOHITPHILY, METAHOITY Ta TeTparipodypaHy sSK pyXxoMmoi
(azu B i30kparnyHOMY 200 TpaieHTHOMY peskrmax [29,30].

Pesymbratn cydacHMX MOCTIKEHb, HaBeleHI y (haxoBiit
JiTeparypi, OOTpyHTOBYIOTh TaKi MapaMeTpHd METOIUKH
(maon. 2) [31]:

H.C

Tabnuugs 2. XapakTepucTuka BanigaLiiHux napameTpis a-kapoTuHy

NiHiHicTL r2> 0,999 y pianasoHi 1-20 mkr/mn
Me>xa BUSIBNeHHS! ~0,1 MKr/mMn

Mexa KinbKicHOro BU3Ha4eHHs ~0,3 MKr/mn

MpeuusinHicts RSD <2 %

MpaBunbHicTb 95-105 %

1. Anaparypa ta marepiamu: cuctema BEPX i3 DAD/
PDA abo Y®-gerexkropom; xononka C18 (Hampukian,
250 x 4,6 MM, 5 MkM); MeMmOpanHi Qinmerpu (0,45 MKM);
aHAJITHYHI Bard, BOPTEKC, LIEHTPUYTa;

2. PeaktBH Ta pyxoma (haza: METaHOJ, alleTOHITPHI,
TI'®d — HPLC grade; rekcan — Juisi eKCTpakilii; craHmapt
o-KapoTuHy (urcrora >95 %);

3. Xpomarorpadiuni ymoBu: Koronka— C18,250 x 4,6 mm,
5 MKkM; Temreparypa kosoHku — 25-30 °C (kiMHarTHa);
pyxoma (hasza — aleTOHITPUII : METaHO : TeTpariapodypaH
(60:30:10); pesxnm — i30KpaTUIHIA a00 TPaiEHTHHIA; IIBU/I-
KicTb 1oToky — 1,0 Mi/xB. [letexkrop — PDA abo Y®; nosxuna
XBHJIL JUTS O-KaPOTHUHY € MaKCUMYM IOIIMHAHHS ~ 444 HMm;
00’eM 10’ exuii — 20 MKIL.

®DaxiBIi aKIEHTYIOTh yBary Ha JOTPUMAaHHI IIPOTOKOIB
ITiATOTOBKY TIPO0, 10 BKITFOYAE TaKi CTaTIH:

1. Tomorenizanist — noapioHena npoda (1-2 r);

2. EkcTpakiis — CyMilll TeKcaH : aierToH : eranon (2:1:1),
10-15 mut 13 momaBanusm BI'T;

3. CrpyuryBaHHS, yIbTpa3Byk abo HarpiBaHHA (10 40 °C);

4. LlentpudyryBanHs Ta Bin0ip Ha0CaT0BOT PiIUHI;

5. IloBTopHa ekcTpaxiiist (2—3 pasu), 00’ €THAHHS EKCT-
PaKTiB;

6. CymiHHS eKCTpaKTy HaJl O€3BOIHIM CYITB(paToOM HATPIIO;

7. YnaproBaHHSI 10CyXa Ha poTOpHOMY BHmapHuky (T
<40 °C);

8. Po3unHeHHs 3aJIMIIKY B pyXoMiit ¢asi (abo areToHir-
puii);

9. ®inprparis yepes MmemOpany 0,45 MKM.

O1ke, HE3BAKAIOUM HA €IMHUN METOMOJOTTUHMH iAXi,
BU3HAYCHHS 0-KAPOTHHY NOTpeOye BHUINOI CENEeKTUBHOCTI
cucTeMd. Y pasi aHaJi3y OKpeMHX i30MepiB JOIUTEHUM €
3acToCyBaHHS cTaHIApTHUX (a3 C18, mpoTe 11 mperus3iii-
HOTO PO3/IIJIEHHS CYMillli 130MepiB ONTHMAJIEHUM € BUKOPH-
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Tabnuuga 3. MNopiBHANbHA XapaKkTePUCTHKa XxpomaTorpadivH1x yMOB aHanidy KapoTuHOIAIB

BuaHaueHHs1 okpeMo Mpocte Pigko pobnstb okpemo

Y cymiLwi Tlerko lMoTpebye KpaLLoro po3gineHHs
Kornoxka C18 pocTaTtHbo Yacto C30

Pw3vk nepekpmBaHHs Hesenukui Buwmin

H.C CH

3 3

Puc. 3. Dopmyna nikoniHy.

Tabnuus 4. XapakTtepycTuka BanigaliiHix napameTpiB fikoniHy

Mapametp TunoBi 3Ha4YeHHs

JiHinHicTb r2> 0,999 y pianasoHi 1-20 mkr/mn

Mesxa BUSBNEHHS ~0,05-0,1 mkr/mn

Meka KinbKicHOro BU3Ha4eHHs! ~0,15-0,3 mkr/mn
MpeuwsiiHicTs (RSD) 2%
MpaBunbHicTb 95-105 %

CTaHHS CIIeliaTi30BaHNX KOJIOHOK i3 dazoto C30 (maobn. 3)
[31,32,33].

MeTo/10,10TiUHi aceKTH XpoMaTorpagidyHoro BU3HAYCHHS
Jikoniny metonom BEPX. Biziomo, 1110 BU3HaUEHHSI JIIKOTIIHY
(puc. 3) B 00’€KTaxX POCIMHHOTO MOXO/DKEHHS Ta (hapmarie-
BTHYHHX IIperiaparax IPyHTYEThCS Ha 3aCTOCYBaHHI METOLY
RP-HPLC y nmoeqHaHHI 3 BHCOKOCEIEKTUBHAM CIIEKTPO(O-
TOMETPHYHHUM JICTeKTYBaHHIM [16,34].

JIiKOTIiH € aIUKJIIYHIM KapOTHHOIIOM, CTPYKTypa SIKOTO
MIOBHICTIO ITPEJCTaBIeHa BYIJICBOJAHEBUM JIAHIIOIOM 0e3
KHCHEBMICHUX (YHKIIIOHATBHUX Tpym. Taka OymoBa 3y-
MOBJIIOE HOTO eKCTpEeMaJIbHY JIIMOQUIBHICTE 1 HasIBHICTh
VHIKaJIbHOT cHCTeMH 3 11 CHpsUKeHUX TTOMBIIHMX 3B S3KiB,
mo € (i3uko-XiMigHIM 0a3rcoM s WOTO imeHTH(iKarii.
IIporuec xpomarorpadiHOro PO3AIICHHS Peasli3yeThCs 3aB-
JSIKH T1Ipo(OOHNM B3a€MOIISIM MK MOJIEKYJIOO JIIKOIIIHY
Ta aJKUIBHUMHM JIAHLIOTaMU HepyxoMol ¢a3u (3a3Buyait
okranemmicwian, C18) [34,35,36].

Bracmizok BUCOKOT TiIpoOOHOCTI TIKOIIH XapaKTepu3y-
€THCSl 3HAYHUM 9acOM YTPUMYBAHHS, CITIOIOI0UNCH TTi3HIIIIE
3a OIIBII MOJSAPHI KapOTHHOINW. JleTeKTyBaHHS aHANITY
I'PYHTYETBCSI Ha SBUIII IHTEHCMBHOTO CBITJIONOIIIMHAHHS
y BUANMIN 00JacTi CIIEKTpa, 3yMOBICHOIO T — T eJek-

TPOHHUMH TIE€PEXO/IaMH B CHUCTEMI CIPSDKEHUX IOJI€HIB.
MakcuMyM TOIVIMHAHHS JIIKOMIHY BH3HA4YaIOTh Y Jiarna3oHi
470475 HMm, 1110 3a0€311eUy€ BHCOKY CEICKTUBHICTh METOMY:
OLIBLIICTh CYIyTHIX MATPUYHHUX KOMITOHEHTIB Y I1iif 001acTi
CTEeKTpa He TOTITMHAIOTH [306].

Buxopucranus giogHo-MarpudHOTo nerekropa (PDA/
DAD) nae 3Mory 10AaTKOBO KOHTPOJIIOBATH CHEKTPAIIBHY
YHUCTOTY IiKa Ta JU(EePEHIII0BaTH JIKOMIH BiJl -KapOTHHY,
110 MA€ BIAMIHHHI CIIEKTpaibHuil mpodins [36].

IIpakTidna peamizariiss METOAUKH MOTpeOye CyBOPOTO
KOHTPOJTIO YMOB EKCTpaKIii Ta aHaJIi3y Yepe3 BUCOKY CXHIIb-
HICTB JIIKOTIHY 10 OKHCHEHHS, (POTONETpaaIii Ta TePMOiH-
JTyKOBaHOT TPaHC-1IKC 130MepH3allii.

Xpomarorpadiuni ymoBu: kojonka — C18, 250 X 4,6 mm,
5 MxMm; Temrieparypa — 25-30 °C; pyxoma ¢asa — areToHiT-
pui : MeTaHon : Terparinpodypasn (60:30:10) abo areToHiT-
pu : Metano (70:30); pexxuM eFor0BaHHS — 130KpaTHIHUN
a0o0 rpaJieHTHHH; IBUIKICTH TOTOKY — 1,0 MJI/XB; JeTEKTOD
—PDA/DAD [37].

YV pesynbTati aHamizy BiOMOCTEH HayKOBOI JITEpaTypu
BH3HAUCHO TApaMeTpy MPOTOKOJIB MiTOTOBKH MPOO, IMI0
repeabadae TOMOTEHI3AIIO 3pa3ka 3 HACTYITHOK 0araro-
€TaITHOI0 EKCTPAKIIIEI0 CYMILIIITIO TeKCaHy, alleTOHy Ta eTa-
Houy. Jlist 3a0e3nedeH s CTabiIbHOCTI aHAIIITY €KCTPAKIIIIO
3IIMCHIOIOTH TP MiHIMAJIBHOMY OCBITJICHHI, BHKOPHUCTOBY-
I0YH JIETa30BaHi PO3UMHHMKH Ta JIOAI0YN aHTHOKCHAAHTH
(manpukman, BI'T) [38,39]. [Iponenypa BKIIFOUAE TaKi eTarm:

1. Excrpakiis — cyMil rekcaH : aieroH : eranon (2:1:1),
cTpymyBanHs 10—15 xB, MOxIMBe BUKOpUCTaHHS Y3/];

2. Hentpudyrysanus — 10 xB mpu 4000 00./xB;

3. Binbip BepXHBOTO (T€KCAaHOBOTO) IIApPY;

4. TloBropHa excTpakxiis (2-3 pasu), 00’ eqHaHHS TeKca-
HOBHX IIapiB;
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HO

7

Puc. 4. dopmyna ntoteiHy.

5. IlpoMHBaHHS IUCTHIBOBAHOK BOJOKO JUIS BHAAJICHHS
alIETOHY Ta ETaHOIY;

6. CyIiHHS €KCTPaKTy HaJl 0€3BOTHIM CyITh(paToM HATPiro;

7. BunapoByBaHHsI JI0cyXa IIiJ] a30T0M a0 y BaKyyMi IIpH
<40 °C;

8. Po3umHEHHS CyXOro 3aJUIIKy B 2 MIT pyXOMOi (a3w;

9. ®inbrparis yepe3 MmemOpanuuid GiasTp 0,45 MKM.

OTpUMaHUi TEKCAHOBUH EKCTPAKT MPOMHBAIOTH BOJIOKO,
CymIath HaJi 0E3BOJHUM HATPil0 Cynb(haToM Ta YIapioloTh
y BakyyMi ab0 B CTpyMeHI a30Ty IpH TeMIIeparypi, 110 He
nepesuinye 40 °C. KinpkicHe BH3HaYCHHS 3[iHCHIOIOTH
LIJISIXOM TTOOY/IOBH KasTiOpyBaIbHOT KpHBOI 32 TIIOIIEHO TTiKa
CTaHJIAPTHHUX PO3YMHIB JIIKOMiHY (KOHILIEHTpaliifHuii fiarna-
30H 1-20 MKr/miI).

BcraHoBiieHO, 1110 BAKOPUCTAHHS PyXOMOi (pa3u aleToHi-
TPHI : MeTaHo : TeTparigpodypan (60:30:10) 3abe3meuye
ONTUMAaJIbHY PO3/IUTbHY 3aTHICTb 1 BIITBOPIOBAHICTD PE3YITb-
TariB. 3aCTOCYBAaHHS I[bOTO METO/LY JIA€ 3MOTY 3MIHCHIOBATH
TIPEIM3IHHUI MOHITOPHHT BMICTY JIKOITIHY, IO € KPUTHYHO
BXKJIMBUM JUISl CTAHJApTU3allii CHPOBUHU I OIIHIOBaHHS
SIKOCTI TOTOBHX JTIKApChKUX (opM (maba. 4) [39,40].

JI71st TOUHOTO PO3/ILIECHHS LIUC-/TPAaHC-130MEpiB JIKOIIHY
JIOIIEHO BUKOPUCTOBYBaTH KOJOHKY C30, 1110 3a0e3mneuye
Kpanry CeJICKTUBHICTD JUTS KAPOTHHOIIIB.

MeTop0/10TiuHi acneKTH BU3HAYEHHS JIOTEIHY MeTOI0M
BEPX. Jlns Bu3HaueHHs JOTeiHy (puc. 4) metogom BEPX
HaifyacTime 3aCTOCOBYIOTh 00epHEHO-()a30By KOJIOHKY
(C18), ockinbku BoHa 3abe3neuye eGexTuBHE PO3/ICHHS
KapOTHHOI/IB, 30KpeMa JIFOTEIHY Ta 3¢aKCAaHTHHY, 1[0 MalOTh
Jy>ke ofiOHy XiMiuHy cTpykTypy [41,42].

BusHaueHHs BMICTY JIOTETHY B POCIMHHINA CUPOBHHI Ta
(hapMarIeBTHIHHX IperrapaTax moTpedye 3acTOCyBaHHS BHCO-
KOCEJIEKTHBHHX METO/IIB aHaJIi3y, Cepel HUX IIPOBiHE Miclie
nocigae RP-HPLC. JIroTelH HaIeKUTh 10 TPYIH KCaHTO(DLTIB
— OKCHTCHOBAHHX KAPOTHHOIIB, MOJIEKYJIa SIKHX MICTHTB JIB1
rigpokciibHi rpynu (-OH) Ha KiHISIX 10HOHOBHX Kitenpb [42].

HasBHiCTh IUX MONSIPHUX 3aMICHHKIB 3yMOBIIOE CIIE-
mudiky Horo xpomarorpadiqHoi MOBEIIHKH: HE3BaKAIOUH
Ha 3araJibHy JIMOMUIBHICTh MOJICKY/IH, JIIOTETH Ma€ BHUIILY
MOJISIPHICTB TIOPIBHSHO 3 BYIJICBOIHEBHMH KapOTHHOIIaMH,
SIK-OT 0~ 1 B-KapoTuHOM. LIsI BIaCTUBICTB € KIIIOYOBOIO MiJT
gac BHOOpY CKJIaJy pPyXoMoi (a3w Ta IIPOTHO3YBAaHHI dacy
YTPUMYBaHHS COPOSHTOM.

////

OH
O~ \

B ocHOBI MexaHi3My XpomartorpadigHOro po3misicHHS
— pO3MOALTBHUN MEXaHi3M MK HEHOJISIPHOIO HEPYXOMOIO
(hazoro (TpaaumiitHo — ankinpHi taHmorn C18 abo cnemniai-
30Bani C30) Ta nonsipHOIO pyXoMoto dazoro. Uepes HasBHICTh
T1JPOKCUITBHUX IPYIIJTIOTETH YTPHUMYETHCSI HA KOJIOHIII MEHIIT
IHTEHCHUBHO, HIX JIIKOTIH 200 -KapoTHH, 10 Aa€ 3MOTY J0-
CSIFaTH ONITUMAJIBHOT CEIEKTUBHOCTI IILISIXOM MPENU3iHOTO0
HaJIAIITYBaHHS CKIIay elroeHTy [43,44].

EdexTHBHICTE pO3MiCHHS IPYHTYETHCS Ha ITOE€THAHHI
JIBOX (haKTOPIB: TiIPOPOOHOT B3aEMOJIIT, 1110 3a0€3Meuy€eThCs
PO3IOALIIOM MOJIEKYITH MiXK (pa3aMu 3aJIeXKHO BiJI 11 TOMipHOi
TIOJISIPHOCTI, Ta CHEKTPAJIBHUX XapaKTEPHCTHK, OCKUTBKI
3aBASKH PO3TATYKCHIN CHUCTEMI CHPSHKCHUX MOABIHHIX
3B’SI3KIB JTFOTETH Ma€ XapaKTepHHUH CIEKTpP MOITMHAHHA i3
MaKCUMyMOM Yy fiarna3zoni 445450 um. Ile mae 3mory Bu-
xopucToByBatH fionHo-MarpryHi (PDA/DAD) a6o UV-Vis
JIETEKTOPH JJIsI CEJIEKTUBHOT i1eHTH(iKallil pe4OBUHH HaBITh
y CKJIQJIHUX 0AaraTOKOMIIOHEHTHHUX CyMIllIaX KapOTHHOI/IB.

[Iporec miAroToBKM Mpod — KITFOUOBHI €Tall, OCKUIBKI
KapOTHHOIIN XapaKTepH3yI0ThCsl BUCOKOIO (hOTO- Ta TEpMO-
nabinpHicTIO. [Iponieaypa 3a3Buyail BKIIIOYAE EKCTPAKIIIFO
OpTaHiYHIMHU PO3YMHHHKAMH (CYMIIIi alleTOHY, METaHOIY
Ta rekcany) npotsrom 15-30 XB y 3axuIlieHOMY BiJ CBiTIIa
Mici [44].

Oco0nuBy yBary ciij OpUAUIMNTH CTaziii OMHUIICHHS
(saponification). OCKiIbKH B POCIMHHHUX 00’€KTax JIFOTCIH
gacTo niepedyBae B ereprdikoBaHiit Gpopmi (edipn KUPHIX
KHCJIOT), JTY>KHUH TiIPOITi3 ]a€ 3MOTY BUBUIBHUTH BUTBHHI
JIFOTEIH JUTA KOPEKTHOTO KiNbKiCHOTO aHami3y. DinampHUN
eTarl IMiITOTOBKH iepeadavyac 000B’ I3KOBY (PLIBTPAIiFo Yepes
MeMOpaHHi GibTpH 3 po3mipom nop 0,22 MKM IS 3aXUCTY
xpomarorpadigroi cucremu [45].

Jlis OCSATHEHHS BMCOKOI PO3/UIBHOT 31aTHOCTI NpHU
xpomarorpadyBaHHI BUKOPHUCTOBYIOTh 0OCpHEHO-(a30-
Bi konoHkH. CranmaptHi ¢asu C18 (manpuxian, Waters
Symmetry abo Phenomenex Luna) natots 3Mory orpumaru
XOPOIII pe3yIBTaTH, TS aHAJI3y CKIIAQTHUX CYMIIIIeH i30MepiB
(30Kpema, pO3JIICHHS JIIOTEIHY Ta 3€aKCaHTHHY) piopu-
TETHUM € BUKOpHcTaHHs koioHok YMC Carotenoid C30.
JoBmri ankineHi taHIiora gasu C30 crpusioTh Kpamomy
PO3Mi3HABAHHIO TEOMETPUYHUX LIHC-/TpaHc-130mepiB [43,46].

TumoBi cuctemu pyxoMux (a3 BKITIOYArOTh TPaIieHTHI 00
130KpaTH4Hi YMOBH Ta CyMillli METaHOIY, AllETOHITPUILY Ta
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TI'®. Nonasanus TI'® gacto HEOOXimHE TS MOKPAIICHHS
PO3YMHHOCTI KapOTHHOIAIB y cucteMi. J{iist 3arnodiranus ne-
rpanarii aHaiTiB 6€3MocepeHBO B €MFOEHT PEKOMEHTYIOTh
nofaBatu aHTHoKcuaanTu, Hanpukiaa, 0,1 % BI'T. Onru-
MallbHa IIBHIKICTH TMOTOKY cTaHOBUTH 0,5—1,0 Mi/xB mpu
TemIieparypi repmMocrara kosioHok 25-30 °C.

Hepyxoma ¢aza: xomonka C18 (RP-HPLC) — Waters
Symmetry C18, po3Mip 4aCTHHOK 5 MKM, pO3Mip
4,6 x 250 mm; YMC Carotenoid C30 (sixtio moTpiOHe sKiCHi-
1II€ PO3/ILUICHHSI 3 36aKCAHTUHOM Ta IHIIMMU KapOTHHOIIAMH )
— crieriaizoBaHa kojdoHKa C30 (3 JOBroJaHIFOTOBOIO (ha-
3010), po3mip 4,6 X 250 MM, YaCTHHKH 3—5 MKM, 3a0e31euye
Kpallle pO3/ILICHHS 130MepiB (HAIIPHKIIA, IC-/TpaHC-()opM,
moteiH / 3eakcantuH); Phenomenex Luna C18(2), po3mip
4,6 x 150 a60o 250 mm, vactuakm 5 Mxm; Agilent ZORBAX
Eclipse XDB-C18.

KinpkicHuil aHami3 31iCHIOIOTH METOZOM 30BHIIIHBOTO
CTaHJAPTy 3 BUKOPHCTAHHSAM CEPTU(IKOBAHUX €TaJOHHHX
3pa3KiB BUCOKOI YMCTOTH. KoHIIEHTpaIli0 00paxoBylOTh Ha
OCHOBI TOOY/IOBH KaJTiOpyBaJIbHOI 3aJI€KHOCTI IDIOIII ITiKa
BiJl KOHIIEHTpallii po3uuny [46].

Biamnoimao mo mbkHapomuux cranmaptiB (ICH, HacranoBH
(bapmakorieit), po3pobiieHa MeToarKa MoTpedye 000B SI3KOBOT
BaJTi/IaIlii 32 TAKHMH ITapaMeTpaMIL: CIICIH(IIHICTh — 3MaTHICTh
METO/TY YiTKO PO3IUISTH JIFOTCTH 1 HOro HAMOMMKYMI CTPYKTYP-
HUid i30Mep 3¢aKCaHTUH; JIHIAHICTD — KoeditienT kopessiwii (%)
Mae Oytr He MeHIte Hixk 0,999 y pobouomy fiana3oHi KOHIICH-
TpaIliif; 9y IMBICTh — BU3HAYCHHS MEXKI BHSBJIICHHS Ta MEXKI
KUIBKICHOTO BM3HAYEHHSI; MPEL3IHHICTb — BiITBOPIOBAHICTh
PE3YIIBTATIB y MEKaxX OIHi€T cepii Ta B pi3Hi THI aHAITI3Y.

OTxe, MU BUCHOBKY, III0 BUKOPUCTAHHS METONY
RP-HPLC i3 3actocyBanusm koioHok C18 abo C30 e
HAKOLTBIIT OOTPYHTOBAHUM ITiIXOJOM [T CTaHIapTH3AIli
JIFOTETHOBMICHMX 00’ €KTIB. 3aB/ISIKM BPaXyBaHHIO HOJSIPHOCTI
T1IPOKCUIIBHUX TPYTI 1 CIEIU(PITHAX CIICKTPATBHUX BIACTH-
BOCTeH KCaHTO(UIIIB 11eif METO/I XapaKTepH3y€EThCSI BUCOKOIO
TOYHICTIO, HAIWHICTIO Ta BiITBOPIOBAHICTIO PE3yNIbTATIB
aHamisy [46,47].

Oomexenns meroxy BEPX (HPLC) nmpw ananisi kapoTHHO-
i1iB 3yMOBJIEHI 1 BITACTUBOCTSIMH CIIOJIYK, i 0COOIMBOCTSIMU
Metony. [lo-nepie, KapOTHHOINM € HeCTaOITbHUME: BOHU
YYTIMBI JI0 CBiTIIa, JIETko oKucHIooThes (O,) Ta i3oMepHu-
3yIOTBCS (TpaHC — IIHC), IO MPU3BOIANTE 10 BTPAT i 9ac
MIPOOOIIITOTOBKH, 3MIHM CKJIaJy 3pa3ka Ta BUKPHBJICHHS
pesynbrariB. [To-gpyre, mpoOOMiATOTOBKA € CKIaTHOK i
4acTO BKIIFOUA€E CKCTPAKINIO (4acTo 0ararocTyIeHeBy), ca-
ToHi(iKarito (X0d 1 He 3aBK/IH, aJie TOBOJII YacTo MOTpiOHa),
OYHMIIIEHHS Ta KOHLEHTPYBaHHsI. LI YHHHUKN 3yMOBIIIOIOTh
TPYIOMICTKICTB ITPOLIECY, ITiIBUIIYIOTh PU3HK BTPAT aHAJITIB
1 BapiaOesIbHICTh pe3yiisrariB. [1o-Tpere, 101aTKoBI TPYIHOLI
BUHUKAIOTH IiJT Yac PO3/IJICHHS: Yepe3 MOAIOHICTb CTPYKTYP
1 HASIBHICTB 130MePiB MOYKIJIMBE MTEPEKPUTTS ITIKIB 1 TOMIIKA
ineHTudikanii; 3actocyBaHHs KoJoHOK C30 rokpariiye cury-
arriro, ane 301LIBIIyEe TPUBAJIICTh aHAJI3y Ta HOTO BapTICTh.
[To-yeTBepre, CENEKTUBHICTB ICTEKIIii 0OOMerKeHa (TTepeBax-
HO BUKOpUCTOBYIOTH UV-Vis/DAD), 0CKiTbKH KapOTHHOI TN
MaroTh MOMIOHI CHEKTPH W YacTo MoTpedyloTh CTaHIAPTIB

UL HaAiWHOI ineHTUdiKamii. MeTon TakoX € BUTPaTHUM
(topori KOJIOHKH, PO3YMHHHKH, CTAaHJIAPTH) 1 TPUBAIUM
(TOBTi TpajieHTH, CKJIaaHa MPOOOMIroToBKa). Baxkineum
OOMEKEeHHSIM € i BUMOTH JI0 PO3UMHHHMKIB: uepe3 rifpodoo-
HICTh KapOTHHOI/IiB BUKOPUCTOBYIOTh CIIELI(IvHI CHCTEMHU
(rexcan, MTBE, aneton), He 3axnu cymicHi 3 BEPX 6e3
JIOJIATKOBUX €TaIliB.

VY miacyMKy METOXI He € YHIBepCaabHHM: Pi3HI MaTpHIl
OTPeOyIOTh PI3HUX METOMIHK, 1 €INHOTO PIIIEHHS [T BCIX
BUITAJIKIB JOCI HEMAE.

O6roBopeHHs

AmHali3 cy4acHHX JpKepesl HayKOBOT JIiTeparypy JaB 3MOry
HABECTH NPHKIIAH METOIIB aHaJIi3y KapOTHHOIIIB 3 BUKO-
pucranusm BEPX [11,12,13,14]. Anani3 myOunikarii moao
METOJIMK BH3HAYEHHSI YUCTOTH KAPOTHHOIIIB JaB IiICTaBH
3pOOUTH BUCHOBOK, [0 CYJacCHi ITiIXO/IN € HAyKOBO OOTPYH-
TOBAaHUMH Ta MAIOTh CITLILHI MEeTO0JI0TIUHI 3acaau. Le nae
3MOTy X y3araJbHUTH, CHCTEMATHU3yBaTH Ta BUKOPUCTOBYBA-
TH HaJIAJTi U ONTHUMI3allii aHATITHYHOTO KOHTPOITIO SIKOCTI
KapOTHUHOITOBMICHHUX CIIONYK.

CuitbHO TipodoOHI CHOMYKH, [0 HE MaloTh 200 Maiike
HE MAloTh Y CTPYKTYpi HOJSIPHUX (DYHKLIOHAJIBHUX TPYII,
aHaI3yI0Th MeTo/IoM HopMaibHO-(pazHoi BEPX i3 Heno-
JISIPHAMH PO3YMHHUKAMHM Y CKJIaJli pyxoMoi (a3u (areToH,
rekcan) [12,13,14]. binbll nojispHi CIOIYKH aHANII3YIOTh
MeTonoM ooepHeHo-(azHoi BEPX i3 Ounibi mossipHiME po3-
YMHHUKAMH y CKJIa/1i pyXoMol a3y (aleTOHITPHII, METaHOII,
TI'®). AnaniTHYHI JOBKWHU XBUJIb MAIOTh Oy TH O1IBITUMH,
Hik BenmmunHu UV-cut off 3acTocOByBaHHMX PO3YHMHHUKIB.
3ayBa)kuMO, 110 KAPOTHHOIIH 3eOLIBIIOT0 € PSUOBHHAMH,
1110 JIETKO OKHCHIOIOTBCSI, TOMY ITiJT 4ac aHalli3y 3aCTOCOBYIOTh
xouceprant BI'T [20,21].

IIpouec mpoGomiATOTOBKH Mependadae eKCTPAKIIIo
LiTHOBOI PEUOBHHU (UM PEUOBMH) OPTaHIYHUMHU PO3UHH-
HUKAaMH, y SKUX Oyle pO3YHHSATHCS IUIFOBA PEYOBHHA (U
pedoBuHNM) [21].

oo BuOOpy HepyxoMux (a3, TO y3arajabHEHHS LbOTO
MUTaHHS € YCKJIQJIHECHUM Y 3B’SI3KY 31 3HAYHOKO pi3HOMA-
HITHICTIO XIMI4HO1 Oy/IOBH pEYOBHH, 30KpeMa HAEThCS ITPO
MIHJIUBICTB IXHBOT MOJIEKYJISIPHOT CTPYKTYPH, OJISPHICTb,
CTYIIiHb KOH I0Tallii Ta HassBHICTb Pi3HNX (PYHKI[IOHAIBHUX
rpymn. Lli cTpyKTypHi BiAIMIHHOCTI 3yMOBJIIOIOTh BIIMIHHUH
XapakTep MDKMOJEKYJISIPHUX B3a€EMOJIH 3 HEPYXOMOIO
¢dazoro, mo norpedye IHAUBIAYATBHOIO MiAX0My IO i1
BUOOPY 17151 320€3MeUeHHS] ONTUMAIBHOI CEJIEKTUBHOCTI,
PO3AITBEHOT 3MaTHOCTI Ta BiATBOPIOBAHOCTI aHATITHYHUX
pe3yabTariB.

BionoriuyHo akTHBHI KapOTHHH, IO € JPKEPETIOM ITOTEHITIH-
HUX JTIKAPCHKIX 3ac00iB (BYIIICBOIHEBI KAPOTHHOINIH ), SIK-OT
0-KapOTHH, [3-KapOTHH, JIKOIIiH i JIFOTETH, € cyTo Tiapodo0-
HUMH CIIOTyKaMH, 0e3 )OIHOI MOJISIPHOT TPYyITH B XIMIYHIH
cTpykTypi. IX yrpuMyBanns Ha rizpodo6Hiii moBepxHi Hepy-
xOMOT (ha3u € «KIIAaCUIHOI0» 00EpHEHO-(Da3HOIO B3AEMOJIIEI0
1 311HCHIOETBCS 32 JIOTIOMOTOI0 OE3BOIHUX PO3YMHHHKIB:
areToHITpIIy, MeTanoiy Ta TI'® (ocraHHii 3aCTOCOBYIOTh
came 15 pO3/IiICHHS 0COOIUBO TiApohoOHHX CTToyK). Jlist
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Tabnuus 5. OntumansHi ymosy BEPX-aHanisy kapoTuHoizis

MapameTp

YMOBM Ansi pyTUHHOTO aHanisy
KapoTMHOIAIB

YMoBM Ans po3aineHHs i3omepiB KAPOTUHOIAIB

Hepyxoma ¢haza OxTapeuuncunin (C18), 250 x 4,6 mm, C30-konoHku abo oktatpiakoHTUncunikarens (C30 bonded phase)

5 MKM 250 x 4,6 MM, 5 MKM
Pyxoma cpasa AueToHiTpun : meTaHon : TI® (60:30:10) | AueToHiTpun : MeTaHon : TI® (B isokpaTniHoMy abo rpagieHTHOMY pexumax)
LBuakicTb noToky 0,5-1,0 mn/x8 1,0 mn/xB
Temnepatypa 25-30 °C 25-30 °C
[leTekTyBaHHs DAD / PDA/ Y® (200-500 Hwm) DAD / PDA/Y® (200-500 Hm), 1oAaTKOBO KOHTPOIb CMEKTParnbHOi YACTOTH Mika

Tabnuus 6. CTaHaapTU30BaHMIN NPOTOKON MiAFOTOBKM 3paskiB

'omoreHi3aLis nofpibHeHHst HaBaxku (1-2 1) — noApibHeHHs Ta pyHYBaHHS KNITUHHOT CTPYKTYpK 3paska;

— 36iNbLUEHHS NMOLLi KOHTAKTY 3 PO3HUHHUKOM;

— NiABULLEHHS epeKTVBHOCTI Ta MOBHOTU eKCTpaKLji KapoTUHOIAIB;
— 3abesneveHHs oaHopiAHOCTI Npobu

EkcTpakuis CYMILLl FeKCaH : aLeToH : eTaHon

(2:1:1) + aHTMOKCMAAHT (BIT)

— BUIyYeHHs1 KAPOTUHOIAIB i3 MaTPHLii 3paska 3a JOMOMOTOH CyMiLLli PO34UHHUKIB
pi3HOI NONSAPHOCTI;

— 3abe3neyeHHsl MOBHOTO BUIyYEHHS! i HEMONSIPHYX, i GiNbLL MONSPHUX
KapOoTMHOILIB;

— 3anobiraHHsi OKUCHEHHIO Ta AerpafaLlii KapoTUHOIAIB (3aBASKW @HTUOKCUOAHTY
BI'T)

CarnoHidikauis 06pobka crnmpToBUM po3inHom KOH rinponia egipie kapoTUHOIAIB (Nepexia y BinbHi hopmu);
BUOANEHHs Ninigis (OMUNEHHs Tpurnilepuais);

pyiHyBaHHs / nonsipuaaLlist Xnopodinis Ans iX HACTYNHOTO BUAANIEHHS

OumLLeHHs NPOMVBaHHA BOAOI0, CYWiHHA Haf Na,SO, | — B1aaneHHs nonsipHX AOMILLOK i 3aMLIKIB BOAOPOZYMHHUX KOMMOHEHTIB
LUSISIXOM MPOMMBaHHS BOLOHO;
— BUAareHHs 3a5MLWKOBOI BOSION 3 opraivHoi asu (CywiHHs Hag Na,SO,);

— OTPUMaHHS! OYMLLIEHOTO eKCTPaKTY, MPMAATHOro Ans aHanisy Mmetogom BEPX

KoHueHTpyBaHHs ynaptoBaHHs npu T <40 °C y Bakyymi abo

CTpyMeHi a3oTy

— BUAaneHHs ekCTpakLiiHUX PO3YMHHIIKIB;

— MiABULLEHHS KOHLEHTpaLii kKapoTuHOIAiB y npobi;

— MiAroTOBKa A0 PO34MHEHHS y PyXOMiii ¢hasi abo CyMiCHOMY PO34YMHHIKY Ans
BEPX

dinbrpauis MeMbpaHHi instpu 0,45 mkm, PTFE abo

PVDF memb6panun

— BUAanNeHHst MexaHiYHWX JOMILLOK i 3aBUCIINX YACTUHOK;
— 3axuCT xpomarorpaci4Hoi KoroHku Ta cuctemm BEPX;
— 3abesneyeHHs cTabinbHOCTI Ta BiATBOPIOBAHOCTI aHaniay

BIUTyYCHHS IIJIbOBOI PEUYOBHMHM 3 MAaTpHIl 3aCTOCOBYIOTh
TUIBKY TeKCaH 13 HACTYITHUM BHIIAPOBYBAaHHSM [22,23,24,25].

Kcanrodinu (kucHeBMicHI KapOTHHOIN), SIK-OT JIFOTETH,
MICTSITP KiJIbKa HOJIIPHUX T1APOKCOTPYTI, IO «IIOM’SIKIIY€)
ixHi TipodoOHi BacTHBOCTI. Y METOax BU3HAYCHHS Me-
tooM BEPX e momiTHO ozpasy: eKCTpakIiio 3 MaTpuii
MOXKHA 3/IICHIOBATH, KPiM T€KCaHy, i OLIbII TOIUPEHUMHI
PO3YMHHHUKAMH, HAIPHUKIIA/, AalleTOHOM Y/ METaHOJIOM. Y
cKJai pyxomoi (a3u, KpiM 0e3BOJHHMX MOJSIPHUX PO3-
yuHHUKIB (MeTaHoN, TT'®), Mmoxxe OyTH BOIa, MIO CBiJ-
YUTH MPO OUTBII «M’sIKi» 00epHeHO-(a3HI yMOBH HOILTY
[16,33,34,35].

[Ilono xpomarorpaiqHIX KOJIOHOK, TO KOIHHX IepeBar
quist pisaux ¢as C18 ne BusBieHo. PazoM i3 THM, € peko-
MeH7alii 3actrocoByBatH crienianbHi (pasu Carotenoid C30 —
crenianizoBani KOOHKA C30 (3 JOBTONAHITIOTOBOO (Pa30r0),
110 MOXYTh 3a0€3MeUnTH Kpalle po3IUIeHHs i30MepiB (Ha-
TIPUKJIAJL, IIUC-/TpaHc-(hopM, JToTeiH / 3eakcanTun) [15,16].

Hageneni BaigamniiiHi NOKa3HUKH IIOKA3yFOTh OIITUMATBHI
pesysbrard B IiHiMHIN perpecii (2 > 0,999), BucoKy 4yT-

muBicTh (6mm3bko 0,05-0,10 MKI/MIT) 1 TOCHTH HU3BKI MEXK1
KinpKicHOTO Br3HadeHHS (0, 15—0,30 MKT/MIT), @ TAKOK HE3BKI
3HaueHHs RSD s mokasHuKa moBTOpIOBaHOCTI (X 2 %)
Ta BHCOKI 3Ha4YeHHA BincoTka BigHOBIEHHS (95-105 %).
VYce e cBiAUUTH MPO CTaOUIBHICTh 1 HAMIHHICTH METO-
ik [44,45,46,47].

VY3arajbHEHI Ta CHCTEMAaTU30BaHI PEe3y/IbTaTH aHaIi3y
BIJIOMOCTEH HayKOBOI JiTeparypu mono BEPX-meronis Bu-
3HAYEHHs] KAPOTUHOI/IB HABEJICHO Y mabauysx 5, 6.

BucHoBku

1. Ha ocHOBI aHaIi3y cy9acHIX pKepel paxoBoi TiTeparypu
CHCTEMAaTHU30BAHO JIaHi 010 (i3UKO-XiMIYHHX BIACTHBOCTEH
1 610JIOTTYHOT AKTUBHOCTI KJTFOYOBHX ITPEICTABHUKIB KapOTH-
HOT/IIB — KapOTHUHIB 1 kcanTo(iTiB. Bucokuii TepaneBruuHmii
MOTEHIIIaJT [IUX CIIONYK SIK aHTHOKCH/IAHTIB 13 MyJIETUMO/IAJTb-
HHUM MEXaHI13MOM J1ii 3yMOBIIIO€ HEOOX1THICTh BIIPOBAKEHHS
CTaHAAPTU30BAHNX BUCOKOCEIIEKTUBHHUX METO/IIB aHAI3Y JUIst
BUKOPHUCTAHHS Y (papMaIleBTHIHII TPAKTHIIL.
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Oensidu

2. HaBemeno meromonoriuni acriektn BEPX-anamizy:
3IIHCHEHO MOPIBHAJIBHUNA aHaIi3 Cy4aCHHUX METOIUK BH-
3HaYeHHsS KapoTuHOiAiB Merogom BEPX ta o0rpyHTOBaHO
ONTHMAJIbHI TapaMeTpu XpoMarorpadyBaHHsI.

3. HaBeneHo Ta cHCTEMaTH30BaHO KIFOUOBI BaslifarifiHi
XapaKTePUCTUKH aHATITHIHIX METOIHUK (JTiHIHHICTb, CTICIH-
(biuHiCTh, NPEU3IHHICTb, MEKI BUSBICHHS Ta KUTbKICHOTO
BHM3HAYCHHS ).

4. TlinTBepIKEHO BiNTBOPIOBAHICTH 1 MPUAATHICTH 00-
panux ymoB BEPX, 1110 nae 3Mory pekoMeHtyBatu ix JUist
CTaHIAPTU3AIlil POCITMHHOI CHPOBHHH Ta KOHTPOJO SKOCTI
KapOTHHOITOBMICHHX JIIKQPChKUX 3aCO0IB.

[lepcnekTHBYE MOAAIBIINX J0CTITKeHb ITOJSTAOTE Y 31iiiC-
HEHHI NMOAIOHNX OTISAMAIB IS iHIMMX TPy OiONOTiYHO aK-
TUBHUX CHOJIYK TMPUPOTHOTO MOXO/DKCHHS Ta MOPIBHIHHI
Metoark BEPX, 110 BHKOPHCTOBYIOTH ITiJT 9ac aHaIi3y Pi3HUX
IPYIl IPUPOTHUX CIONYK.
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