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1. «ITopiBHSIBHE JOCIIKEHHS CUCTEMHU OKHMCHO-BiITHOBHOI'O TOMEOCTa3y [IBOCTYJIKOBUX MOJIOCKiB Unio tumidus ta
Mytilus galloprovincialis 3a BIIsiMBy Ha opraHi3am IICUXOaKTUBHUX IIpenaparTiB Ta MiKpOIJIaCTUKY BOJHOIO
cepesoBUIIA»

2. Comparative study of the redox homeostasis system in bivalve molluscs Unio tumidus and Mytilus
galloprovincialis under exposure to waterborne psychoactive substances and microplastics

Pedepar/anoTanis:

1. AKTyasIbHICTb [OCIiI>)KEHHS 3yMOBJI€HA [J100aJIbHOIO €CKaslallielo BUPOOHUIITBA CUHTETUYHUX IIOJIIMEPIB Ta
HEKOHTPOJIbOBAHUM HAAXOIKEHHIM (papMaLleBTUYHUX [IPENapaTiB y NOBKIJIJIS, CEPel HUX 0COOIMBE 3aHEIIOKOEHHS
BUKJIMKAIOTh PEYOBUHU NICUXOAKTUBHOI Iii. OMHUM 3 Haly)KMBaHIIIMX ICUXOCTUMYJISITOPIB Y CBiTi BBAKA€TbCS
Ko(eiH, 10 € yHiBepcaIbHUM I7106a7bHUM MapKEPOM aHTPOIIOT€HHOTO 3a6PyIHEHHS BOAOVM. XJIOPIIPOMA3UH €
KJIACUYHUY HEUPOJIENTHUK i3 MIMPOKAM CIIEKTPOM KJIiHIYHOTO 3aCTOCYBaHHS, CTabiIbHO HAAXOOUTS Y rigpocdepy
Yepes KOMyHaJIbHI Ta FOCIiTabHI CTOKUA. OCKIJIBKY Lii IIpenapaTy B3a€MOIIOTh 3 €BOJIIOLIITHO KOHCEPBATMBHUMU

MOJIEKYJISIPHUMU MillleHSIMH, BOHU 3[]aTHI IPOBOKYBaTH BUpakeHi MeTab0JIiuHi IOpyIIeHHs Y HeLiJIbOBUX



OPraHi3MiB HaBiTb 3a €KOJIOTIYHO PEJIEBAHTHUX KOHLIEHTpaLUiid. CUTyalid KPUTUYHO YCKIIAIHIOETLCS ITIOBCIOLHOIO
MIPUCYTHICTIO MIKPOIJIACTUKY Y BOJIOMMAX, 1J0 MOJKE [IiITU HE JIMIIE K CAMOCTIMHUN CTPECOP, ajie 1 K NOTY>KHUN
COpOEHT i BeKTOp IJ1s1 iHIUX 3a0pyIHIOBaYiB. SIK HAC/IiJOK, Y pealbHUX €KOJIOTiUHUX YMOBaX Tipo6ioHTU
MiA1aI0ThCS BIUIMBY HE OKPEMUX TOKCUKAHTIB, a IXHIX CKJIaIHUX 6araTOKOMIIOHEHTHHUX cymiment. Llei
MYJIPTUCTPECOBUI1 €(PeKT iHAyKye HeliHiliHi 6i0XiMiYHi peaxiii, 5Ki HEMOXKJIMBO CIIPOTHO3YBaTU 32 AOIIOMOTOI0
KJIaCUYHUX MOHOTOKCHKOJIOTIYHUX TECTiB, 1110 BU3HAYa€ 3aTPeOyBaHiCTh PO3POOKM HOBUX IIiIXOIiB 10 OLiHKU
€KOJIOTIYHUX PU3UKiB. PO3HMIMPEHHS CIIEKTPY CTpaTeriil 6i0XiMi4HOI BiJI[IOBi/i MOJIOCKIB HA aHTPOIIOT€HHE
HABaHTAKEHHS € KJII0YOBUM €TallOM Y BAIOCKOHAJIEHHI IPOorpamM 6i0MOHITOPUHTY BOJHUX €KOCUCTEM. Y SIKOCTi
eKCIIepMMEHTaJIbHUX MOoJiesiel 00paHo ABOCTYIKOBUX MoJtockiB (Unio tumidus Ta Mytilus galloprovincialis), siki €
VHiBepcaJabHUMU 6ioiHAMKATOpaMU. 3 ypaxyBaHHSM €BOJIIOLIIMHOI eTePMiHOBAaHOCTI aJalITUBHUX MEXaHi3MiB,
nepenoadyeHo iCHyBaHHS BUAOCNenpiYHNX BiIMIHHOCTEH y CTPATETiSIX 3aXUCTy MPICHOBOJHUX Ta MOPCbKUX BUIB.
Lle BU3HAYMIIO METy POOOTU: HOCIIIUTH BULOBI OCOGIMBOCTI 6i0XiMIUHMX peakiil MpiCHOBOJHOIO Ta MOPCHKOTO
BUJIiB IBOCTYJIKOBUX MOJIIOCKIB Ha CYOXPOHIYHMI BIJIUB [ICUXOAKTUBHUX ITperapatiB Ta MiKpOIIJIACTUKY 32 YMOB iX
OKpeMoi Ta KOMOiHOBaHOi Jiii. HaykoBa HOBM3HA Ta TeOPETUYHE 3HAYEHHS JOCIiIKEHHSI NI0JISAraloTh Y TOMY, IO
BIIEPILE: — 31¥ICHEHO KOMIIJIEKCHU MOPIBHAJILHUN aHaJi3 peakuiil CUCTEM OKUCHO-BIZHOBHOIO TOMEOCTAa3y Ta
IeToKcuKalii kceHobioTukiB Mopcbkoro (M. galloprovincialis) Ta npicHoBogHOro (U. tumidus) BULiB IBOCTYJIKOBUX
MOJIIOCKIB; - BCTAHOBJIEHO BPA3JIMBICTh CUCTEM aHTUOKCUIAHTHOIO 3aXUCTY Ta GioTpaHcdopmallii HaBiTh 10
HAJHU3bKUX KOHLEHTpaLill KoQeiHy Ta XJ0pIpOMa3uHy; - OOIPYHTOBAHO BapiaTHMBHICTh BUAOCTIELUPIUHAX
cTpareriil 3a6e3rnedeHHs] MeTaboJIiYHOI pe3NCTEHTHOCTI Ta BCTAHOBJIEHO MOAIGHICTD; -~ JOBEIeHO, 110 KOMOiHOBaHU
BIUJIMB UYWHHMUKIB CIpUyrHse eeKTH B3aeMOKOMIIeH allii Ta HiBeJIIOBaHHS iHOUBiAyaabHUX TOKCUYHUX [IPOSIBIB, 1110
IiATBEPAXYE POJIb MIKPOIIACTUKY SIK BEKTOPA, SIKUI JOKOPiHHO 3MiHIO€ 6i0IOCTYIIHICTb Ta TOKCUKOKIHETUKY
KCEHO6iOTUKIB. [IpakTU4YHe 3HAUEHHS MOJIIrae y TOMY, 110 PO3p06JI€HO MPOrHOCTUYHUI KOMILTIEKC 6ioMapKepiB 11t
PaHHbBOI JiarHOCTUKU CTaHYy BOOHUX €KOCUCTEM. [IpiopUTETHUMN €KCIIpeC-iHAMKAaTOpaMy BU3HAYEHO
Iecrabinizaliio Ji3ocoManbHUX MeMOpaH Ta 3HIKEeHH inpekcy Zn/Cu. OtpuMadi aasi mogo ingykuii EROD ta
KaCIa3HOro KacKazly JO3BOJISIIOTh BUKOPUCTOBYBATH IBOCTYJIKOBUX MOJIIOCKIB SIK PEJIEBAHTHI MOZEJIbHI 00'€KTH Y
(pbapMaKoJIOriYHUX Ta €EKOTOKCHUKOJIOTIYHUX TECTYBAHHSIX. TaKMM YMHOM, BCTAaHOBJIEHO BUAOCIELN(IYHII XapaKTep
BiZI'yKy MOJIIOCKIB, Zi€ ITPiCHOBOJIHUN BUJ, BUSBJISIE€ BUILY BPa3JjIMBICTh JO OKMCHOIO CTPECY, TOJli IK MOPCBKUM
I€eMOHCTpYe 30aJ1aHCOBaHy peJoKC-peaklio. Bu3HayeHo, 1o xJIOpIPOMAa3VH € Hal6ibll IOTY>KHUM
IIPOOKCUAAHTOM [1J151 060X BUIiB yepes crienndivyHe iHribyBaHHS KaTasasu. 3'sICOBaHO, 0 YYTIMBOIO JIAHKOIO
ajanTanii € cucremMa HU3bKOMOJIEKYJISIPHUX TiOJIB (IJIyTaTioH, METaJIOTIOHETHH), 3aylyyeHa Y MeTaboJIi3M LIMHKY, Ae
y [lepJliBHULII IepeBakae AeMeTanizalis, a y Mifii — crabinizanis metasonacuyeHux gopm. JloBeeHo BUILY
e(eKTUBHICTb cucTeMU 6ioTpaHchopMallii KCEHOOIOTUKIB y MOPCBKOTO BUAY, 110 3a0€31€4y€eThCSsI CUHEPTiYHOIO
inpykuieto en3umis I ta Il ¢pas. YHiBepcasbHUM MapKepoM LIUTOTOKCUYHOCTI BU3HAYEHO JleCTabiizallio
Jli30CcOMasIbHUX MeMOpaH, TOZi SK peakliiist alloNTOTUYHOIO KackKa/ly BUSIBUJIACS CEJIEKTHMBHOIO: IPUTHIYeHHS
Kacnasu-3 y nepJliBHUL 3yMOBJIEHE BIUIMBOM XJIOPIIPOMAa3UHy, a y Mifii — BIimBoM Kodeiny. MaremaTU4HO
OOI'PYHTOBAHO, 110 IPUCYTHICTh MIKPOIIJIACTUKY B CyMilllaX iHAYKye HEQAUTUBHI peakuii i3 pegyKuiiHuM
3MIIIEHHIM PEJOKC-CTaTyCy Ta aKTUBALli€l0 esliMiHallil TOMKOIKEHUX KIIITUH. BUOKPEMIIEHO KOMIIJIEKC
npioputeTHUX 6ioMapKepiB (CTabiNbHICTD J1i30COMaTILHUX MEMOPaH, MOOiJIi3allist TI0JI0BOI JIAaHKU
AHTUOKCUJAHTHOTO 3aXMCTY, CNiBBiHOMEHHs Zn/Cu), a BUSIBJIEHA aHAJIOTISI peaKLiil MOJIIOCKIB i3 Bif[IOBiASIMU
BUILMX XPEOETHUX MiITBEPIXKY€E NePCINEeKTUBHICTD iX BUKOPUCTAHHS SIK TECT-CUCTEM y (PApMaKO-TOKCUKOJIOT.
PesynbTaTul JOCHiIKEHHS MigTBEPAUIM riloTe3y IIpo Te, KoMOiHOBaHA Jiisl YNHHUKIB MOJUPiKy€e TOKCUKOKIHETUKY
iHOMBiAyanbHUX BIUIMBIB ICUXOAaKTUBHUX PEYOBUH, iHilLlil0I0YM HEaQAUTUBHI 6ioxiMivyHi peakuii. PiBeHb aganTauii Ta
XapakKTep MEeTabOoJIiYHOTO BifiTyKy rilpO6iOHTIB BU3HAYAIOTLCS SIK CIELNQIKO0 [iI0UNX PEYOBUH, TaK i €BOJIOLIIHO

00yYMOBJIEHMU OCOOJIMBOCTSIMU BUTY.

2. The study's relevance stems from the global escalation of synthetic polymer production and the uncontrolled
release of pharmaceuticals into the environment, with psychotropic substances causing particular concern.
Caffeine, the world's most widely used psychostimulant, is a universal global marker of anthropogenic water
pollution. Chlorpromazine is a classic neuroleptic with a wide range of clinical applications that consistently enters



the hydrosphere through municipal and hospital waste. As these drugs interact with evolutionarily conserved
molecular targets, they can cause significant metabolic disturbances in non-target organisms even at ecologically
relevant concentrations. Widespread microplastics exacerbate this by acting as independent stressors and
powerful sorbents and vectors for other pollutants. Consequently, hydrobiota face complex, multicomponent
mixtures rather than individual toxins. This multistressor effect induces nonlinear biochemical reactions that
cannot be predicted using classic monotoxicological tests, highlighting the need for new approaches to assessing
ecological risks. Expanding the understanding of molluscan biochemical responses to anthropogenic stressors is
crucial for improving aquatic biomonitoring programs. Two universal bioindicator mussel species (Unio tumidus
and Mytilus galloprovincialis) were selected as experimental models. Given the inherent plasticity of adaptive
mechanisms, distinct species-specific variations in protective strategies are anticipated. The objective of the study
was to examine the biochemical reactions of the aquatic and marine environment, focusing on the chronic and
combined effects of these active substances. The novelty and theoretical significance of the study lie in the
following: - A comprehensive comparative analysis of redox homeostasis and xenobiotic detoxification systems
was conducted for marine (M. galloprovincialis) and freshwater (U. tumidus) bivalve species; - The vulnerability of
antioxidant defense and biotransformation systems to even ultra-low concentrations of caffeine and
chlorpromazine was established; - The variability of species-specific strategies for metabolic resistance was
substantiated, and their fundamental similarities were identified; - It was proven that combined exposure induces
effects of mutual compensation and the leveling of individual toxic manifestations, confirming the role of
microplastics as a vector that radically alters the bioavailability and toxicokinetics of xenobiotics. The practical
significance lies in the development of a predictive complex of biomarkers for the early diagnosis of aquatic
ecosystems. Destabilization of lysosomal membranes and a decrease in the Zn/Cu index were identified as priority
rapid indicators. The data obtained regarding EROD induction and the apoptotic cascade allow for the use of
bivalve mollusks as relevant model objects in pharmacological and ecotoxicological testing. Thus, a species-
specific response was established, where the freshwater species exhibits higher vulnerability to oxidative stress,
while the marine species demonstrates a balanced redox reaction. Chlorpromazine was identified as the most
potent pro-oxidant for both species due to the specific inhibition of catalase. The low-molecular-weight thiol
system (glutathione, metallothioneins) involved in zinc metabolism was found to be a sensitive adaptation link,
characterized by predominant demetallization in the freshwater mussel and the stabilization of metal-saturated
forms in the marine mussel. The higher efficiency of the xenobiotic biotransformation system in the marine
species was proven, facilitated by the synergistic induction of Phase I and II enzymes. Lysosomal membrane
destabilization was identified as a universal marker of cytotoxicity, whereas the apoptotic cascade response
proved to be selective: caspase-3 inhibition was driven by chlorpromazine in the freshwater mussel and by caffeine
in the marine mussel. It was mathematically substantiated that the presence of microplastics in mixtures induces
non-additive reactions, resulting in a reductive shift of the redox status and the activation of damaged cell
elimination. A complex of priority biomarkers was isolated (lysosomal membrane stability, mobilization of the thiol
antioxidant link, Zn /Cu ratio), and the observed analogy between molluskan reactions and higher vertebrate
responses confirms their potential as test systems in pharmaco-toxicology. The study results confirmed the
hypothesis that the combined action of factors modifies the toxicokinetics of individual psychoactive substances,
initiating non-additive biochemical reactions. The level of adaptation and the nature of the metabolic response in
hydrobionts are determined by both the specificity of the active substances and the evolutionarily determined
characteristics of the species.
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Byacue IlpizBumie Im's I1o-6aThKOBI Bonnap Okcana IropisHa
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBigaibHUH 32 MiZTOTOBKY JlroGineubka Mapis IropisHa
00JIIKOBHX JOKYMEHTIB

Peecrpa'rop Opuenko TersiHa AHaToJIiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




