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2. Research on the antifungal properties of new synthetic heterocyclic compounds thiazolidine derivatives.

Pedepar:

1. B xo[ii BUKOHAHHS gucepTaLiiiHOI po60TH 6YJI0 IPOBEEHO CKPUHIHT IPOTUTPUOKOBUX BlacTUBOCTEN 335 Briepiie
CHHTE30BaHUX reTEPOLUKIIIYHUX CIIOJYK BiIHOCHO i30s1sTiB rpubis pony Candida spp. 3 pisHUMH piBHSIMU
PE3UCTEHTHOCTI 10 aHTUMIKOTUKIB. [IpOTUrprOKOBUI €(EKT Ha a30JI0PE3UCTEHTHI IITaMU POSIBUIIN 61U3bKO 107
crnoJtyk (31,94 %), Ha asosmouyTausi mrtamu - 113 (33,73 %). [IpoBeieHO NOPIBHAIBHUI aHAI3 XiMiYHOI CTPYKTYpU
BCTaHOBJIEHUX CIIOJIYK-JliepiB 3 aHTU(YyHranbpHoW akTuBHicT0. Crioyku L 95, L 1369 ta L 1558 € noxigHumu 3-
((1H-1,2,4-Tpiazosn-3-in)rio)-niponiguu-2,5-giony (3-TTI1), siKi B moso>keHHi 1 MicTaTh 4-R-QeHinbHe Kinblie 3
pisnumu 3amicuukamu (H, Cl, Br). ITpu kopoTkoTpuasnomy (7 gHiB) BIMBi peyoBuH L 95 Ta L 1558 B KOHLIEHTpaLisIx
MIC50 na Candida albicans (ATCC MYA-2876) ¢opmyBaHHS pe3UCTEHTHOCTI 10 HUX He Bifoysasnocs (P=0,116;
F<Fkpur.; F=4,000; Fxput.=7,709). BcTaHOBJNEHO, 110 3MiH KOHLeHTpaLiil MIC nocifKyBaHUX CIIOJIYK BiTHOCHO
IITaMiB 3 aKTUBHMMU F€HaMU PE3UCTEHTHOCTI Y4 NIPUTHIYEHNMU HE CIIOCTEpirasocs, Ha BigMiHy Bin 3minu MIC gs
¢dmoxonazoiny (MIC FCZ BinHOCHO mTamiB 3 mpurHiveHumu resamu — 0,8- 6,25 mxr /mi1, MIC FCZ BigHOCHO mTaMiB

3 akTuBHUMU reHamu — 50-100 mkr/mi1). Ha nanesni, cdopmoBsaHiit i3 10 mwramis C. albicans oAMHOYHUMY MyTaLliSIMU



ta 90 mTamiB 3 NOABIMHUMU MyTaLisiIMU B reHax 10 pisHMX TpaHCMEMOPAHHUX €(PIIIOKCHUX MTOMII,
[IPOJIEMOHCTPOBAHO, L0 JeaKTHBallisl pi3HUX eIIIOKCHUX IIOMII He BIJIMBA€E Ha YyTJIUBICTb 1o noxigaux 3-TTII,
30KkpeMa z1o criostyku L 95. Omxe, noxigHi 3-TTI1]] He BIIMBaloTh Ha LISIXM 6i0OCMHTE3Yy €ProCcTepOJIy i He €
cyocTpaTtamu 14 Bigomux edutokcHux nomn C. albicans. Ynepiie BCTaHOBJIEHO JOCTOBIpHY CUHEPTiUHY
IIPOTUTPUOKOBY B3a€MOII0 JOCTiIKyBaHUX noxigHux 3-TTI1I 3 ¢proKOHA3010M HA PiBHI QYHTICTaTUYHOTO €(PEKTY
BiZJHOCHO a30JI0P€3UCTEHTHUX MITaMiB KaHIuT,. CepeliHi 3HaueHHs KpaTHOCTI 3HMXeHHs: MIC50 ¢rokoHa30y A
FLUC-S mramiB Candida albicans B npucytHocti 1/4 - 1/16 MIC cnionyku L 95 cranosuiu (3,0+0,5) - (5,0+1,5),
crionyku L 1369 - (12,0 + 2,0) - (16,0 + 0,03), cnonyku L 1558 - 1,0 + 0,25. Y FLUC-R mramiB Candida spp.
crioctepiraetscs foctoBipHo (P < 0,01) 6inbiua KpaTHicTb 3HMXKeHHS MIC50 ¢uriokoHa3051y IpU oro KoM6iHaljl i3
crionykoio L 95. TToxigni 3-TTI1]] TakoX NOTEHII0I0Th aHTU(YHTanbHY Aiio0 KacnodyHriny y Candida albicans
(xkpaTHicTb 3HMKeHHS MICI0 i MIC50 y 2-4 pasu). BctaHOB/I€HO, BUpa3Huil BIUB noxigHux 3-TTI1] Ha 6iosoriuHi
BJIACTMBOCTI KaHAW, ACOLii0BaHi 3 ix BipyseHTHicTIO. [Tix miero crionyk L 95 Ta L 1558 B koHnenTpanisx MIC
BignosigHOo 96,0 + 0,30 % i 89,02 + 0,5 % kiiTuH KosekuiiHoro wramy C. albicans ATCC MYA-2876 BTpavyanu
3aTHICTb A0 (isameHTalji (IpoLecy nepexony rpuoKOBUX KIIiTHH 3 (POpMU 6J1IaCTOCIIOP Y HUTKOMOLi6HY popmy). B
IIPUCYTHOCTI JAHUX CIOJIYK PO3Mip POCTOBUX TPYOOK TECT-IITaMy 3MEHIIyBaBcs Ha 68-82 % (P < 0,001). Y
dyHricTaTUYHUX i Cy6dyHriCTaTUUHUX KOHLeHTpauisx rnoxigHi 3-TTI1J] Bupa3Ho BILJIMBAIOTh HA Pi3Hi eTanu
npolecy 6i0IIiBKOyTBOPEHHS, 10 HalKpallle TPOSBIISIEThCS HAa BUCOKOoaAre3nBHux mramax Candida spp. BB Ha
ajresnBHi BaacTuBoCTi wramy C. tropicalis 6yB 3Ha4HO MeHII BUpakeHuH. Tinbky pedoBrHa L 1369 B KOHLeHTpallii
20 MKT /MJ1 3HIDKYBaJIa nokasHuku azaresii C. tropicalis: CITA na 36,17 + 0,98 %, IAM Ha 27,12 + 0,91 % i KAHa 12,5 +
0,67 % (P<0,05). B ycboMy nociifskeHOMY fliania3oHi KOHIeHTpauill peyoBuHu L 1369 Ta L 95 npurnivysanu
yTBOpeHHs! 6iomiBok mrtamom C. albicans (ATCC MYA-2876) Ha nosliMmepHOMY MaTepiasi. 3a yMOBH Aii pedoBUHU L
1369 npurniveHHs 6i0M1iBKOYTBOPEHHSI BifoyBaeThcs Ha 48,33-50,43 % (P < 0,05), npu aii peyoBunu L 95 - Ha
55,64-57,5 % (P < 0,05). IIpote noxigHi 3-TTI1J] He BOJIOLIOTh 3HATHICTIO PyHHYyBaTu yXe cpopmoBadi 6iomniBku C.
albicans. (P < 0,05). Pe3ysbTaTy TOKCMKOJIOTIYHOTO aHali3y in silico 3a JOIOMOroo NporpaMHOro 3abe3lneyeHHsIM
GUSAR-online 103B0s10Th BifHecTH gociimkeHi noxigHi 3-TTTI[] 7o MalOTOKCUYHUX i TPAKTUYHO HETOKCUYHUX
pevoBuH (V KJIaCy TOKCMYHOCTI IPY BHYTPIIIHBOOYEPEBHOMY Ta IV KJIaCy TOKCUYHOCTI — IIPYU NI€POPAJIbHOMY
BBelleHHi). EkxcrieprMeHTanbHO nepeBipeHo ToKkcnyHui edext noxinHux 3-TTIII B KyJIbTypi JI0ACHKUX
eM6OpioHasnpHUX KIiTHH HUpOoK HEK-293 Ta Hemarop C. elegans. Criostyku L 95 Ta L 1558 B konueHTpanisx MIC50
Malke He MPOSIBJISIIOTh TOKCMYHOTO €(EKTY, PO 10 CBiTYUTD BiCYTHICTh NOCUJIEHOrO BUuLineHHs JIIT' B
[I03aKJIiTHHHE cepenoBulle (% nuToToKCcHu4HOCTI - 1,6 + 0,35% Ta 12,63 + 2,61% BinnosigHo, KOHTpOJb - 2,86 + 0,01
%). Excrio3unis i3 cnosmykamu L 95 i L 1558 B koHueHTpauisx MIC50 Briponosx 24-48 rosl. He YUHUTb TOKCUYHOTO
edekTy Ha iHTakTHi opraHizamu Hemaron Caenorhabditis elegans. Kito4oBi ciioBa: Tia3olijuHY, reTEPOLUKIIIUHI
CIIOJIYKU, IPOTUTPUOKOBA aKTUBHICTb, rpubu pony Candida spp., 1,2,4-Tpiazosn-3(5)-Tio, niposnignH-2,5-1ioH,
30yJHUKU OMOPTYHICTUYHUX MiKO3iB, IPOTUIPUOKOBI Ipenapary, aHTUQyHraabHa Ppe3UCTEHTHICTb, KaHIU03,

0iosioriyHa 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
MIC50 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 ug/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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