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Pedepar:

1. Inceprauiiina po60oTa IpUCBIY€Ha JOCIIKEHHIO POJIi METaJI0TiOHEIHIB y peakiiii opraHizmy Ha BILJIMB
CTPECOPHUX YMHHMUKIB 3aMajIbHOI /aHTU3aMNaNbHOI Aii Ha MofensaxX (isloreHeTUYHO BifjaleHuX OpraHi3Mis. Y I-i1
€KCIIEPMMEHTAJIbHIN cepii MoJtockiB Dreissena polymorpha a6opurenHoi (p. JHinpo nobausy m. Xepcos, Kh) ta
inBa3uBHOI (p. Ceper, TepHoninbCchbKUE cTaB, Tn) NomyssLii niggasany Iii TaKUX MiKpOIIOIIOTAHTIB-
iMyHOMOZYJISITOPIB, SIK MIKPOIJIACTUKY TOJIICTUPOJY po3MipoM 2 MKM (KoHLeHTpalis 1 mresi-1 (MP)),
¢dapmanesTryHOro npemnapaty kopeiny (Caf) (konuenrtpauis 20,0 mxresn-1), ninpumenoi remneparypu 25 °C (T) Ta
cyMili MiKpOIJIaCTUKY 3 KOQeiHOM 3a ABOX TeMIEpaTypHUX pexxumis - 18 o (Mix) Ta 25 o (MixT), 3ap7151 NOpiBHSIHHS

CTilIKOCTi iIMyHHOI Ta CTPECOBOi peaKTUBHOCTI y I BOX IOIYJISILisIX CTOCOBHO y4acTi MetasioTioneinis (MT). ¥V II-i1



cepii gocnimxkens BuBYanu QpyHk1ionyBaHHs MT npu 3anaspHUX NPOLiEcax Ha MOJENi KapareHaH-iHyKOBaHOTO
roHapTputy (I'A) y mypis. JocinskeHHs 11oKasaso, o 3a BIUIMBY iIMyHOMOTYJIIOI0UNX YNHHUKIB Ta 3aIlajIeHHs B
000X MOJIeJIbBHUX CUTYyallisiX BUHMKAae nucbanaHc MeTasboBaHoi Ta ano-¢gopmu MT i3 3pocTaHHIM BMICTY
OCTaHHbBOI, 1O CIIpUSE NOCUIEHHIO aHTUOKCUIAHTHUX MOXKJIMBOCTEN TioJliB. Kpim TOro, y abOpureHHMX MOJIIOCKIB
3pOCTaB TaKOX PiBeHb MeTaslboBaHuX MT 3a ycix BIIMBIB, a BiflIOBiAb IIIyTaTioOHy OyJ1a 6ibLl 4yTIMBOIO IIPU
exkcrno3uuii MP Ta cymimmto. Brisius 3anasieHHs y L1ypiB, IPOBOKYBAB SIK 30iIbII€HHS METa-aKyMYJII0040i
3patHocTi MT, Tak i cripysiB 3HaYHOMY HaKOIIMYEHHIO I0ro arno-(QopMmu, KOTpa MoXe OyTH 3aydeHa
6e31ocepeiHbO Y 3aXUCT Bifl OKUCHOTO CTPECY, TO[i SIK 3arajJlbHUM piBeHb INIyTaTiOHy NpUrHidysascs. [Ipore,
HaKoNu4yeHHs UUHKY y MT BifOyBasiocs 3a paxyHOK iHriOyBaHHS iHIINMX UHK-3aJIEXKHUX [IPOTEiHiB. BIIsiMB HU3KU
CTPECOPHUX YMHHUKIB Y MOJIIOCKIB Ta 3allajleHHs! y LUIypiB iHilliloBaiy MPOsIBU OKMCHOTO CTpecy. AboOpUreHHa
MOMYJIAALLiSI MOJIIOCKIB BUSIBJISI/IA MEHIINH PiBEHb IIPOSIBY aHTUOKCUJIAHTIB, TOPIBHIOIOUY 3 iHBAa3UBHOIO, 4 3DOCTAHHS
PiBHSI I€PEKMCHOTO OKUCHEHHS IPOTE{HIB MigTBEPANIIO 6isblly ii Bpa3iuBiCTb. Y 060X MOMyJIALisX GEeHOI0KCUAa3a
IIpUrHivyBasach 3a BIIMBY MP Ta akTuByBasach 3a TEIJIOBMX i KOMOiHOBaHUX BIIUBIB. [IpoTe, iHTEHCHUBHICTD
BiAiTIOBifell OyJia BUIIOIO Y iHBa3UBHUX NpeACTaBHUKIB. [1pu nartosorii I'A y mypiB crioctepirascst gucbanaHc
AHTUOKCUJAHTHOTO 3aXMCTY IIPOSBIISIBCA y MiABUILIEHIN aKTUBHOCTI CyNIEPOKCUAIMCMYTa31 Ta 3HWKEHHI aKTUBHOCTI
KaTasasy, 0 MPU3BEJIO 0 3pOCTAHHS PiBHS NIEPEKUCHOrO OKMCHEHHS JIiMifiB. Y iHBa3UBHUX MOJIIOCKIB
CIIOCTepirasuch BUlli PiBHI aKTUBHOCTEH Kacnazu-3 Ta 3arajabHOro KaTelncuHy [l, IopiBHIOIOUYM 3 abOPUT€HHUMH,
110 CBiYUTh IIPO KOPOTKOYACHICTD iX JKUTTEBOIO LIMKJITY. BIJIMB CyMillli BUKJIMKAB BUTIK KaTeIICUHY /[] 3 J1i30COM Yy
abGOPUTre€HHUX MOJIIOCKIB. YCi €KC03ULlii CIPUYMHWINA 3HUKEHHS CTa61IbHOCTI J1i30COMaIbHUX MEMOPaH y
IpeiiceHy, MpoTe BIUIUB (PAKTOPIB BUSBUBCS OiJbIll 3TyOHMUM /1J11 aOOPUT€HHUX NPEJICTaBHUKIB. 3pOCTaHHS PiBHS
ciaZloBUX KMCJIOT y I1IJIa3Mi KPOBi Ta 3HUKEHHSIM XO0JIIHECTEPA3HOI aKTUBHOCTI y CYyIJI100i IypiB NifTBEpIUIIO
HasIBHICTb 3alajieHHs Ta ypaXkeHHsI CUHOBialIbHOI TKAaHMHU. BifTak, oTpuMaHi pe3ybTat gosenu, mwo MT 6epyTb
y4aCTh Y PEAOKC-PEAKTUBHOCTI OPraHi3My Ha CTPECOPHI YMHHUKU. 3pocTaHHs piBHIB MT y3romkysanocs 3
aKTuBaljieo GeHONOKCUIA3M Y MOJIIOCKIB Ta 3pDOCTAaHHSIM BMICTY CiaJlOBMX KMCJIOT SIK IIOKa3HMKA 3arlaJbHOTOo
npouecy y mypis. [TocuneHns UMHK-AeNnoHyBanbHOI PpyHKLII MT 3a1€XXuTs Bif, 0COOIMBOCTEN NpeajamnTatii 1o mii
CTPECOPHOrO YMHHUKA. IHBa3MBHA MOMYJISLis MOJIIOCKIB IEMOHCTPYBaJa IepeBaru y pe3UCTEHTHOCTI 4O CTPECOBUX

BIJIUBIB. [Ipy 11bOMY, BIJIUB CyMillli BUKJIMKAB B 000X IOIYJISILisIX CUHEPIiYHUN e(eKT.

2. The dissertation is devoted to the investigation of the role of metallothioneins in in the response to the influence
of inflammatory /anti-inflammatory stressors on models of phylogenetically distant organisms. In the Ist
experimental series the native (Dnipro River near Kherson, Kh) and invasive (Seret River, Ternopil Stav, Tn)
populations of Dreissena polymorpha molluscs were exposed to such micropollutants-immunomodulators, as
polystyrene microplastics of 2 um (concentration 1 mgel-1 (MP)), a caffeine of pharmaceutical quality (Caf)
(concentration 20.0 ugel-1), an elevated temperature of 25 °C (T) and a mixture of microplastics with caffeine at
two temperature regimes - 18 o ( Mix) and 25 o (MixT), in order to compare the stability of immune and stress
reactivity in two populations regarding the participation of metallothioneins (MT). In the 2nd experimental series,
the functioning of MT during inflammatory processes was studied in the model of carrageenan-induced
gonarthritis (GA) in rats. The study showed that under the influence of immunomodulatory factors and
inflammation in both model schemes, an imbalance of the metallated and apo-forms of MT take place with an
increase in the content of the last one that contributes to the strengthening of the antioxidant capabilities of
thiols. In addition, the level of metallated MT also increased in native molluscs under all exposures, and the
glutathione response was more sensitive under exposition to MP and mixture. The influence of inflammation in
rats provoked both an increase in the metal-accumulating capacity of MT and contributed to a significant
accumulation of its apo-form, which can be directly involved in protection against oxidative stress, while the total
level of glutathione was suppressed. However, the accumulation of zinc in MT occurred due to the inhibition of
other zinc-dependent proteins. Exposure to a number of stressful factors in molluscs and inflammation in rats
initiated manifestations of oxidative stress. The native population of molluscs showed a lower level of antioxidants
activity, compared to the invasive one, and the increase in the level of proteins peroxidation that confirmed it
greater vulnerability. In both populations, phenoloxidase was inhibited under exposure to MP and activated under



thermal and combined exposures. However, the intensity of responses was higher in invasive species. During the
GA-pathology in rats, an imbalance of antioxidant protection was observed, manifested in increased activity of
superoxide dismutase and decreased activity of catalase, which led to an increase in the level of lipid peroxidation.
Significantly higher levels of caspase-3 and total cathepsin D activities were observed in invasive molluscs
compared to native ones, which indicates the shortness of their life cycle. Exposure to the mixture caused efflux of
cathepsin D from lysosomes in native molluscs. All exposures caused a decrease in the stability of lysosomal
membranes in mussels, but the influence of factors was more harmful for native representatives. An increase in the
level of sialic acids in blood plasma and a decrease in cholinesterase activity in the rat joint confirmed the presence
of inflammation and synovial tissue damage. Thus, the obtained results proved that MT participate in the redox
reactivity of the organism to stressful factors. The increase in MT levels was consistent with the activation of
phenoloxidase in mussels and the increase in sialic acid content as an indicator of the inflammatory process in
rats. The zinc-depositing function of MT depends on the features of pre-adaptation to the action of a stressor. The
invasive mollusk population showed advantages in resistance to stress effects. At the same time, the effect of the
mixture caused a synergistic effect in both populations.
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