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Pedepar:

1. B xozi BUKOHAHHS JUcepTaliiiHOI po60TH 6YJI0 IPOBEEHO CKPUHIHT IPOTUTPUOKOBUX BJIACTUBOCTEN 335 Brepuie
CHHTE30BaHUX FeTEPOLUKIIYHUX CIOJIYK BiIHOCHO i301sTiB rpubis pony Candida spp. 3 pisHUMH piBHSIMU
PE3UCTEHTHOCTI 1,0 aHTUMIKOTUKIB. [IpoTUrpr6KOBUil €(PEKT HA a30I0PE3UCTEHTHI ITaMU IIPOSBUIN 6113bKO 107
crionyk (31,94 %), na azosiouyTausi wramu - 113 (33,73 %). [IpoBenieHO NOPiBHSIBHUI aHAai3 XiMiYHOI CTPYKTypHU
BCTAHOBJIEHUX CIIOJIYK-JIiiepiB 3 aHTU(dyHranbHOIO akTUBHICTIO. Criosyku L 95, L 1369 ta L 1558 € noxigHumu 3-
((1H-1,2,4-Tpiason-3-in)rio)-niponigun-2,5-giony (3-TTI1), siKi B mo0>KeHHi 1 MicTSTh 4-R-QeHinbHe Kinblie 3
pizaumu 3amicHukamu (H, Cl, Br). I[Tpu kopoTkoTpuBanomy (7 IHiB) BiiuBi peyoBuH L 95 Ta L 1558 B KOHLIeHTpaLisIx
MIC50 Ha Candida albicans (ATCC MYA-2876) ¢popMyBaHHS pe3UCTEHTHOCTI 10 HUX He Binoysanocs (P=0,116;
F<Fkpurt.; F=4,000; Fxput.=7,709). BcTaHOBJNEHO, 110 3MiH KOHIIeHTpawiii MIC mociiKyBaHUX CIIOJIYK BiTHOCHO



IITaMiB 3 aKTUBHMMMU F€HaMU PE3UCTEHTHOCTI Y4 NIPUTHIYEHNMU HE CIIOCTepiranocs, Ha BigMiHy Bif 3minu MIC gjs
dmoxonazosy (MIC FCZ BinHOCHO mTamMiB 3 mpurHiveHumu resamu — 0,8- 6,25 mxr /mi1, MIC FCZ BigHOCHO mTaMiB
3 akTuBHUMU renamu — 50-100 mxr/mi). Ha nanesni, cpopmoBsaHiit i3 10 mwramis C. albicans oAMHOYHUMY MyTalLlisIMU
ta 90 mwTamiB 3 NOABIMHUMU MyTaLisIMU B reHax 10 pisHUX TpaHCMEMOPaHHUX €(JIIOKCHUX MTOMII,
MIPOJEMOHCTPOBAHO, IO NTeaKTUBAllisl PiI3HUX €(IIIOKCHUX MTOMIT HE BIJIMBA€ HA YYTJIUBICTb N0 noxigHux 3-TTII],
30KkpeMa z1o criostyku L 95. Oxe, noxinHi 3-TTI1]] He BIIyiMBaloTh Ha LUISIXM 6iOCUHTE3Y €procTepoJly i He €
cybcTparamu 14 Bigomux edutokcHux nomn C. albicans. Ynepiie BCTaHOBJIEHO JOCTOBIpHY CUHEPTiUHY
IIPOTUTPMOKOBY B3a€MOZII0 BOCHiIKyBaHux noxigHuux 3-TTII] 3 ¢parokoHa30710M Ha PiBHI PYHTICTaTUYHOTO €PEKTY
BiJHOCHO a30JI0P€3UCTEHTHUX MTaMiB KaH[uT,. CepeliHi 3HaueHHs KpaTHOCTI 3HMXeHHs MIC50 ¢rokoHa30y A
FLUC-S mramis Candida albicans B npucytHocrti 1/4 - 1/16 MIC cnionyku L 95 cranoBunu (3,0+0,5) - (5,0£1,5),
cnostyku L 1369 - (12,0 + 2,0) - (16,0 + 0,03), cnonyku L 1558 - 1,0 + 0,25. ¥V FLUC-R mramiB Candida spp.
criocrepiraetbcs goctoBipHO (P < 0,01) 6ibiua kpaTHicTb 3HMKeHHS MIC50 ¢iokoHas3osy npu fioro komb6inauii i3
crionykoto L 95. IToxigni 3-TTII[] TakoX NOTEeH1iI0I0Th aHTU(YHTanbHY Aiio KacnodyHriny y Candida albicans
(xkpatHicTb 3HMKeHHsT MIC90 i MIC50 y 2-4 pa3u). BctanoBsieHo, Bupa3Huil Biius noxigHux 3-TTT1]] Ha 6iosoriuni
BJIACTMBOCTI KaHAM, aCcOLiiioBaHi 3 ix BipysneHTtHicTio. ITin mieto cnonyk L 95 Ta L 1558 B koHIeHTpanisax MIC
BignoBinHO 96,0 + 0,30 % i 89,02 + 0,5 % kiiTuH KojyekuiitHoro wramy C. albicans ATCC MYA-2876 BTpavyanu
3IaTHICTb 10 PisameHTalji (IpoLecy nepexony rpuOKOBUX KIiTHH 3 (POpMU 6JIaCTOCIIOP Y HUTKOIOLiOHY hopmy). B
IIPUCYTHOCTI JaHUX CIIOJIYK PO3Mip POCTOBUX TPYOOK TECT-IITaMy 3MeHIIyBaBcsl Ha 68-82 % (P < 0,001). Y
¢dyHricratnyHux i cyodyHrictaTU4HMX KOHLeHTpauisx noxigni 3-TTI1]] Bupa3sHO BIJIMBAIOTh HA Pi3Hi eTanu
npoliecy 6i0nIiBKOYyTBOPEHHS, 1110 HaliKpallle [IPOsIBIISETbCS HA BUCOKOaAre3uBHuX mwramax Candida spp. Brivs Ha
ajresnBHi BaacTuBocTi wramy C. tropicalis 6yB 3HaYHO MeHII BuUpakeHu. Tinbky pedoBrHa L 1369 B KOHLeHTpallii
20 MKT /MJI 3HVDKyBaJIa oka3Huku agresii C. tropicalis: CITA Ha 36,17 + 0,98 %, IAM Ha 27,12 + 0,91 % i KAHa 12,5 +
0,67 % (P<0,05). B ycboMy LociikeHOMY fiiania3oHi KOHIEeHTpaliii peyoBuHu L 1369 Ta L 95 npurnivysanu
yTBOpeHHs! 6iomiBok mrtamom C. albicans (ATCC MYA-2876) Ha noslimepHOMY MaTepiasi. 3a yMOBHU Aii pe4oBuHU L
1369 npurxiveHHs 6i0MNiBKOYTBOPEHHSI BifidoyBaeThcs Ha 48,33-50,43 % (P < 0,05), npu aii peyoBunu L 95 - Ha
55,64-57,5 % (P < 0,05). ITpore noxigni 3-TTI1J] He BONOLiIOTh 30aTHICTIO PYyHHYBATH Yy>Ke cpopMoBaHi 6iomiBku C.
albicans. (P < 0,05). Pe3ysbTaTy TOKCMKOJIOTIYHOTO aHali3y in silico 3a JOIOMOro MporpaMHOro 3abe3rneyeHHsIM
GUSAR-online 103Boss10Th BiHecTu gociimkeHi noxigHi 3-TTTI[] 1o MalOTOKCUYHUX i TPAKTUYHO HETOKCUYHUX
pevoBuH (V KJIaCy TOKCMYHOCTI IPY BHYTPIIIHBOOYEPEBHOMY Ta IV KJIaCy TOKCUYHOCTI — IIPU NI€POPAJIBHOMY
BBenleHHi). ExcrieprMeHTanbHO nepeBipeHo TokcnyHui edext noxingaux 3-TTIII B KyJIbTypi JI0ACHKUX
embpioHanbHUX KiiTMH HUpOoK HEK-293 ta Hematop, C. elegans. Criosyku L 95 Ta L 1558 B koHeHTpaLisx MIC50
Malke He MPOSIBJISIIOTh TOKCMYHOTO €(EKTY, PO 10 CBiTYUTD BifCYTHICTb NOCUIeHOro BuineHHs JIIT B
[I03aKJIiTUHHE cepenoBuile (% uToTOKCUYHOCTI - 1,6 + 0,35% Ta 12,63 + 2,61% BinnosigHo, KOHTPOJb - 2,86 + 0,01
%). Excrio3uniis i3 cnosmykamu L 95 i L 1558 B koHueHTpauisx MIC50 Briponosx 24-48 rol. He YUHUTb TOKCUYHOTO
edekTy Ha iHTakTHi opraHizamu Hemaron Caenorhabditis elegans. Kito4oBi ciioBa: Tia3olijuHY, reTEPOLMKIIIUHI
CIIOJIYKY, IPOTUTPUOKOBA aKTUBHICTb, rpubu pony Candida spp., 1,2,4-Tpiazosn-3(5)-Tio, niposnignH-2,5-1ioH,

30y HUKY OMOPTYHICTUYHMX MiKO3iB, IPOTUIPUOKOBI Ipernapary, aHTU(QYHraIbHa PE3UCTEHTHICTh, KAHOUT03,

6ioJsioriyHa akKTUBHICTb.

2. A comparative analysis of the chemical structure of the lead compounds with antifungal activity was conducted.
Compounds L 95, L 1369, and L 1558 are derivatives of 3-((1H-1,2,4-triazol-3-yl)thio)-pyrrolidine-2,5-dione (3-
TTPD) and contain a 4-R-phenyl ring with various substituents (H, Cl, Br) at position 1. The presence of a phenyl
radical near the nitrogen atom in the pyrrolidine ring contributes to an expanded spectrum and increased
antifungal activity. The antifungal activity of the studied compounds depends on the nature of the substituent in
the 4-phenyl radical: Br > Cl > H. Scanning electron microscopy demonstrated a dose-dependent survival of fungi
and their morphological characteristics after 24 hours of exposure to 3-TTPD derivatives (L 95). At the MIC
concentration of L 95, 0.95 + 0.02% of Candida albicans cells, 0.63 = 0.31% of Candida auris cells, and 1.20 + 0.27%
of Candida glabrata cells remained viable. Morphological changes were observed, including a reduction in cell size
compared to control samples: Candida auris cells decreased by 48-51% (p < 0.005), Candida glabrata cells by 33-



49% (p < 0.005), and Candida albicans cells by 14-17% (p > 0.1). These changes, along with the appearance of
numerous bubble-like protrusions on the cell wall and its ruptures, indicated a fungicidal action of 3-TTPD
derivatives. For the first time, a synergistic antifungal interaction between 3-TTPD derivatives and fluconazole was
established at the fungistatic level against azole-resistant Candida strains. The average reduction in fluconazole
MICS50 for FLUC-S Candida albicans strains in the presence of 1/4 to 1/16 MIC of L 95 was (3.0 = 0.5) to (5.0 = 1.5),
for L1369 - (12.0 = 2.0) to (16.0 = 0.03), and for L 1558 - 1.0 + 0.25. In FLUC-R strains of Candida spp., a significantly
(P < 0.01) higher reduction in the MIC50 of fluconazole was observed when combined with compound L 95. A
notable impact of the 3-TTPD derivatives on the biological properties of Candida, associated with their virulence,
was established. Under the action of compounds L 95 and L 1558 at MIC concentrations, 96.0 + 0.30% and 89.02 +
0.5% of the cells of the reference strain C. albicans ATCC MYA-2876 lost their ability to undergo filamentation (the
process of transitioning from blastospore form to hyphal form). In the presence of these compounds, the size of
the germ tubes of the test strain decreased by 68-82% (P < 0.001). At fungistatic and subfungistatic concentrations,
3-TTPD derivatives strongly influenced different stages of biofilm formation, with the most pronounced effects on
highly adhesive strains of Candida spp. Under the influence of L 95, L1369, and L 1558, the adhesion of C. albicans
to human erythrocytes was inhibited, as indicated by a two-fold decrease in MAI (mean adhesion index) and IMA
(index of microorganism adhesion) (P < 0.05). The impact on the adhesive properties of the C. tropicalis strain was
significantly less pronounced. Only compound L 1369 at a concentration of 20 pg/mL reduced the adhesion
indices of C. tropicalis: MAI by 36.17 + 0.98%, IMA by 27.12 + 0.91%, and CA by 12.5 + 0.67% (P < 0.05). Across the
entire concentration range tested, compounds L 1369 and L 95 inhibited biofilm formation by C. albicans (ATCC
MYA-2876) on polymeric material. Compound L 1369 inhibited biofilm formation by 48.33-50.43% (P < 0.05), and L
95 by 55.64-57.5% (P < 0.05). However, 3-TTPD derivatives did not possess the ability to destroy already formed
biofilms of C. albicans. Toxicological analysis in silico using GUSAR-online software classified the studied 3-TTPD
derivatives as low-toxicity and practically non-toxic substances (V class toxicity for intraperitoneal and IV class
toxicity for oral administration). The toxic effect of 3-TTPD derivatives was experimentally tested on human
embryonic kidney cells HEK-293 and nematodes C. elegans. Compounds L 95 and L 1558 at MIC50 concentrations
showed almost no toxic effects, as indicated by the absence of significant LDH release into the extracellular
environment (% cytotoxicity - 1.6 + 0.35% and 12.63 + 2.61%, respectively; control - 2.86 + 0.01%). Exposure to
compounds L 95 and L 1558 at MIC50 concentrations for 24-48 hours did not exert a toxic effect on intact
organisms of the nematode Caenorhabditis elegans. Moreover, exposure to compound L 95 exhibited a protective
effect on nematodes C. elegans during in vitro modeling of their infection by C. albicans ATCC MYA-2876,
increasing their survival rate to 84.74 + 0.36% (control: 72.41 + 0.45%, P < 0.01). Key words: thiazolidines,
heterocyclic compounds, antifungal activity, fungi of the genus Candida spp., 1,2,4-triazole-3(5)-thiol, pyrrolidine-
2,5-dione, opportunistic mycosis pathogens, antifungal drugs, antifungal resistance, candidiasis, biological activity.
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