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Juceprartiiina poborta MPUCBSIYCHA JTOCJTIPKCHHIO 0COOJMBOCTEH
METAJICTIOHYBATPHIUX  BJIACTHBOCTEH  Ta  QHTHOKCHUAAHTHOTO  TIOTCHINATY
METaJOTIOHETHIB JBOCTYJIKOBOro Mositocka Unio tumidus 3a cyOxponiuHOro Ta
KOPOTKOTPHUBAJIOTO BIUTMBY KCEHOOI0THKIB 3 METaI-XeIaTyOUMMH BIACTHBOCTSIMH.

Y cyuyacHOMy ckiaai 3a0pyJaHIOBAYiB BOJHOTO CEPEIOBUINA MPHOPITETHUMH
BU3HAIOTBCS «MIKpOOpPraHiuHl 3a0pyJaHIOBaul», JO SKUX HaleKaThb pPEYOBUHU
noOyTOBOTO Ta CLIBCHKOTOCIIOAAPCHKOTO MOXOPKEHHs, 30KpeMa (apMalleBTU4HI
Tpenapaty, 3aco0M OCOOMCTOrO BIKHTKY, BiIXOAH CilbCHKOTO TOCIOAApcTBA. IX
OlosoriyHa HeOe3neka y BOJAOWMAax yCKJIAIHIOETHCS HEMPOTHO30BAHOIO TMOBEIIHKOIO
iX moeaHaHHs, 0COOJMBO, 3a KIIMAaTUYHUX 3MiH. BiAgTak, mporHo3 peajbHUX 3arpo3
Il 010TM KOMOIHOBAaHOTO 3a0pyIHEHHS BOJOWM TIOBUHEH TPYHTYBaTHCS Ha
3aCTOCYBaHHI aJICKBAaTHUX CKCIIEPUMEHTAIBPHUX CXEM Ta YYTJIMBHUX 1 CIEHU(pIYHUX
MOJICKYJSIDHUX ~ MIIIEHEH, KPUTUYHO 3aMiTHUX Yy OIOJOTiUHIM  aKTHUBHOCTI
KCEHOO10THKIB.

JIBOCTYJIKOBI MOJIFOCKH € BU3HAHUMU O101HAMKATOPaAMHU CTaHy BOJOIM, 3aBISIKH
buTBbTpyIOUOMYy CHOCO0y XapuyyBaHHS Ta OcCUIoMy crnocoOy icHyBaHHS. [IpoTte
JOCITIPKCHHS] BIUITMBY Ha HHUX TOKCHKAHTIB BOJHOTO CEPEJIOBHINA 30CEPEIKEHO
MepPeBaKHO HA EKCIIEPUMEHTAX 3 BUKOPUCTAHHIX OKPEMHUX KCEHOOIOTHKIB y BUCOKUX
KOHIIEHTpAITisX.

3’aBusi€TbCS  Aenali OUIbIlIe apryMEHTIB IMOAO0 3alydeHHS ECCHIIIAIbHUX
METaliB, 30KpeMa IIMHKY, Yy peakilii cTpecy Ta AeTokcukarii. Merabonizm Ta
pO3MOALT UMHKY Yy  KIITHHaxX 3a0e3neuyeTbcsi  (QYHKIIOHYBAaHHSAM  IIUHK-

JIEMIOHYBAJIbHUX MPOTETHIB Ta METAI-TPAHCIIOPTHUX cucTeM. Metanotioneinu (MT) —



1I€ YHIBEpCAJbHI Y TBapUHHOMY CBITI METaJl-AENOHYBAJIbHI MPOTEIHU, 10 CKIAAy
AKX BXoaAuTh 01m3bko 30% unucreiny. Tpaguuiiino MT BBakaroTh OioMapkepaMu
3a0pyAHEHHS TOKCUYHUMHU MeTajnamu. PazoM 3 Tum, 1 1HAYHHUOENIbHI TIOIH
BOJIOJIIFOTh AHTHOKCUJAHTHUM MOTEHI[IAIOM.

I'ep6inun  Paynman (komepuiiina ¢opma riidocaty) Ta (apManeBTUUHI
npenapatd  HipeauniHy, JUKIOPEHaKy, XJOPIPOMa3suHy €  OJHUMHU 13
HAWUTIONIUPEHIIIUX 3a0py/IHIOBauiB BOJOWM. BaxinBo, 10 KOXEH 3 HUX, OKpIM
cenuPiyHUX [UILOBUX €(QEeKTiB, 3MaTHUN BIUIMBATH HAa TOMEOCTa3 METaliB
0e3rmocepe/IHbO y OpraHi3Max 4u JIOBKULIL, XeJNaTylouu iX Ta/abo peryiroroyu MeTa-
TPAHCIIOPTHI KaHAJIH.

Tomy y pgucepramiiHOMy JOCHIPKEHHI MM BHUKOPHUCTAIM 111  MOJEJNbHI
KCEHOO10TUKY 1S 3’ sicyBaHHsI ocoOnuBocTed (pyHIionyBaHHs MT y HaOIMKEeHUX 10
EKOJIOTTYHO peajbHUX YMOB ICHYBaHHS ABOCTYJIKOBoro mojtocka U. tumidus . s
IIOTO MOJIFOCKIB BIIPOJOBX 14 MHIB mifgaBaiy BIUIUBY aukiodenaky (Dc, 600 Hr/m),
mipeauminy (Nf, 700 ur/m), Payngany (Rn, 33,8 mxr/m, mo BignmoBimae ~80 HM
riaigocary) okpemo mnpu 18 °C ta coiutbHo mpu 18 °C (Mix) Ta 25 °C (MixT), a
takok Paymmany (Rn, 16,9 wmxr/m, mo Biamosimae ~40 HM rmidocaty) npwu
temneparypax 18 °C Tta mpu 25°C (RnT), xnopnpomazuny (Cpz, 18,0 mxr/m) ta
cymimi  Paynmamy 1 xmopmpomasuny mnpu 18 °C  (RnCpz). Konnenrparii
KCEHOOI0THKIB BIMOBIIANIK X BMICTY y NPICHUX BojoMMax Ta, aig Paynaamny, 0,5 ta
1,0 pospaxoBanoi kourmeHTparii, sika He mae edexty (PNEC). TemneparypHuit
pexuM 25 °C BiAMNoOBiAaB BCTAHOBIICHHM ITOKa3HMKaM sl Oaceiiny p. JlHicTep y
miTHIA vac. J{nms 3’sicyBaHHS MexaHI3My BIUTMBY PayHiamy Ha romeocTa3 IUHKY
MOpIBHIOBAIM #oro fit0 3 BrumBoM xematopa 1uHKY N,N,N’,N’-teTpaxic(2-
nipuamimerwi ))etunenaiaminy (TITEHy) y monem eX Vivo, y sKkiil 3pa3kud TpaBHOT
3amo3n mepiiBamI mingaBanu naii Paynmamy, ZnCl,, TIIEHy Ta ix komOiHariid
ZnTIIEH a6o ZnRn y xonnenTpaii 3 MkM.

3rifHo aHami3y cnekTpy B yiabTrpadioneroiit auisHil (Yd-cnekTp) Ta BMICTY
METaIB y CKJajl eJl0aTy BU3HAYEHO, 10 HEOOX1THOI YMOBOIO Il BuaiieHHs MT

METOJIOM TeJlb-PO3NoALILHOT XpoMaTorpadii Ta 3a0e3neyeHHs ONTUMAJIBHOTO BMICTY



LIMHKY € BIICYTHICTh KOHCEpBAHTY a3WAy HATpIl0 y Treial Ta BUKOPUCTaHHS
TI0JIO3aXMCHOT'O areHTa MEPKANTOETaHOILY.

Brnus 40 ta 80 HM Payngany Ta ¢apmareBTHUHUX MpenapariB IUKIO(EHAKY,
Hipenumniny Ta xyjoprnpomMasuHy Ha opraizm U. tumidus mpotsirom 14 mi6 mookpemo
Ta y CyMillll 3a JBOX TEMIEpPAaTypHUX PEXHUMIB MHpoAeMOHCTpyBaB, mo 80 HM
Paynnany (ocobmmBo, Ha 43 %), a Takox AUKIO(EHAK, HIPEAUNIH Ta CyMilll LUX
KCEHOO10TUKIB TMpPH TEIUIOBIM Jii BUKJIHMKAIOTh 3pocTaHHs BMmicty MT-SH nHa 26-
57,8% mopiBHAHO 3 KOHTposieM Ta aucOananc Bmicty MT-SH/MT-Me, 110 cBIiIYNTH
npo 30UTBIIEHHST aHTUOKCUAAHTHOTO moTeHmiany MT Ta ogHOYacHe 3HMXKEHHS iX
3IaTHOCTI 3B’A3yBaTH MeTaju. 3MIHIOETHCS 1 CIIBBIIHOIICHHS MeTalliB y ckiaai MT
13 3pOCTaHHSAM YaCTKH KyNpyMy Ta/abo kajamiro. Y BCiX rpymnax MOJIOCKIB 3a BIUTUBY
80 uM Paynnmamy, okpemo, abo y KoMOiHaIlii, 3pocTae BMICT HeAaenoHoBaHUX Yy MT
KypyMy Ta KaJMil0 y TKaHWHI Ta 3MEHIIYeThCs cmiBBinHOmEeHHs Zn/Cu.
JuknodeHak BUKIMKAB 3pOCTaHHS BMICTY HEJETOHOBAHOTO IMHKY, SIKUM, TMpOTE,
HIBEJIIOBABCS 3a KOMIUJIEKCHOTO BIUTMBY. Binrak, 3a BmiuBy Ha opranismMm 80 HM
Paynpany okpemo Ta y moeiHaHHi 3 (papMalleBTHYHUMHM TIpenapaTamMu, 0coOJIUBO 3a
MiABUICHOI  TeMIlepaTypu, TMPOSBISIETbCA JOMiHyro4a it Paynmamy sk
necrabirizaropa BMICTY Ta CIIBBIIHOIIEHHS NHWHKY y KIITHHAX TPaBHOI 3aj103U
MOJTIOCKA.

Hocnimxkenns BIumBy Ha opranizMm 40 HM Paynmany okpemo Ta y komOiHaIii 3
XJIOPIpOMa3uHOM ab0 3a MIABHUINEHOI TEMIEpaTypud BHUSBWIO 3POCTaHHS
koHneHTparnii MT-SH BigmoBigno Ha 33,6 - 57,7 %, Tomi SK XJIOPIPOMAasWH HE
3MiHIOBaB oro. Pazom 3 TuM, piBeHb nuHKY Y MT 3pocTaB y BCiX JOCHITHUX TpymHax,
HaWOUIBINE 3a BIUIMBY PayHnamy npu miBUINCHIA TEMIIepaTypi Ta XJIOPIPOMa3HHY, a
BMICT NHWHKY B TKaHHMHI CyTT€BO 3MeHImmBCA (Ha 15,9 ta 24,6% BiANMOBITHO).
Biarak, mociimkennas Bmicty MT Ta 6amancy Horo MetaaboBaHOi ()OPMU CTOCOBHO
3arajibHOTO BMicTy MT Ta BMICTY IIUMHKY Y TKaHUHI BUSIBUJIO 3aJI€XKHI1 Bl MPUPOIU
Ta KOHUEeHTpalli (1 PayHaany) kKceHOO10THKA 3MIHM I[UX MTOKA3HUKIB.

Oninka aaTHOKCUAaHTHOrO noTeHmiany MT mokasana, mo i Ha opranizm 80

HM Paynpany okpemMo Ta y MO€AHAHHI, a TakOX JUKIO(peHaKy Ta HipeIUIiHy
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BUKJIMKA€  TPUTHIYEHHS  aKTUBHOCTI  cymepokcugmucmyTtasu  (COJM), (3a
BUKIIFOUEHHSIM [1i CyMmilll mpu NOiABUIIEHIM Temmepatypi, sika aktuBye COJ),
3pOCTaHHs BMICTY OKHCHEHOTo Tiytatoiny (GSSG), a B cymilii — 1 BIIHOBJIEHOTO
rinytationy (GSH), mo mnposiBiserbest siK 3HMKEHHsS penokc-igaexkcy GSH y Bcix
rpynax (MakcumalbHO Ha 26%) kpim rpynu MixXT. ¥V Bcix rpynax 1i€i cepii 3poctae
YTBOPEHHS MNpOAYKTIB mnepekucHoro okucHeHHs mimifgiB (TBK-AII) Tta okucHux
moaudikaiiii mporeiniB (OMII). Konnentpariisi 40 HM PayHnany HaBmaku, akTUBY€
CO/] ta 3araibHy aHTHOKCHJIAHTHY aKTHBHICTh, HE 3MIHIOE€ TTOPIBHSHO 3 KOHTPOJIEM
BMICT Ta penokc iHaekc GSH, a y moeaHaHHI 3 XJIOPHIPOMa3sMHOM YM MIBUIIEHOIO
TEMIEPaTypOr0 BUKJIMKAE TIOCHJICHHS 3arajbHOi aHTHOKCHIAHTHOI aKTHBHOCTI,
BMICTy Ta pefokc—iHaekcy GSH. Pa3zom 3 TuMm, y BCiX IOCTIHUX Tpymnax 3pocTae
yrBopenHss TBK-AII (na 7,0-16,3%) Ta okucHux monudikamiii nporeinis (Ha 13,2-
32,5%) (kpim Rn-rpynu) mnopiBHSHO 3 KOHTpojieM. BmiuB Xjoprnpomasuny
BUPI3HAETHCS MPUTHIUYEHHSIM KaTaja3Hoi akTuBHOCTI. Binrak, PayHmar, 3aiexHo Bi
KOHIIEHTpAIlll Ta TMOEAHAHHS 3 IHIIUMHU (HaKTOpaMu CEpelloBUIIA, MPOSBISE
npookcuaanTHuii (80 HM) abo aHTHOKcHAaHTHUU (40 HM) BIUIUB, NPUUOMY
IIPOOKCUAAHTHUN €(DEeKT MOCHIIOEThCS Y KOMOIHOBAaHUX EKCITO3MIIISAX, OCOOIMBO 32
MiBUILCHOI TeMIepaTypH, Ta HiBeloe crnenudiuauii BIUMB (papManeBTUUHUX
npenapaTiB Ha IUHK-3aJIeKH1 XapakTepucTuku. OOUYUCICHHS IHTETpajJbHUX 1HJEKCIB
(AnTHOKCHIAaHTHO-IpoOKCcHIaHTHUN Oananc (AIIb) Tta IHTerpanpHul 1HIEKC
6iomapkepuux peakmiii (IBR)) 3acBimumio, 1Mo CTaH CHUCTEMH aHTHOKCHIATHOTO
3aXUCTY BU3HAYAETHCS MEPEBAKHO PEAKIIIEI0 HU3bKOMOJIEKYISIPHUX TIOJIB.

Y  nmochmimHMX Tpymax BCTAHOBJIEHO 3MIHM AaKTUBHOCTI IEHTPAJIBHOTO
BHUKOHAaBYOIO €H3MMY amnonTto3y kacma3u-3. Bona 3pocrtae 3a BmmBy 40 HM
Paynnany okpeMo Ta y cymimri 3 XJIOPIPOMa3MHOM, a TaKOX 3a il HipeaumiHy Ta
noenHanoi Ail dapmaneBTuyHuX mpenapatiB tTa 80 HM Payngamy, oco6iamBo 3a
teroBoi  nii  (Ha 230%). Binrak, y OUIBIIOCTI E€KCHEPUMEHTAIbHUX TPYyI
BUSIBJISIETHCST B32€MO3B 30K MDK 3MEHIIEHHSM BMICTY Ja0UIbHOTO LHMHKY abo
30UTbIIIEHHSIM BMICTY HUHK-MT Ta akTuBali€ro kacmasu-3, IO Y3TOJKYETHhCS 3

VSBICHHSMH TIPO JIMITYIOUy POJb JAOUTPHOTO IMHKY SIK 1HTiI0iTOpa Kacmasu-3.



Paynnan (80 HM) Ta HipeAUNiH NPUTHIYYBAJIM AKTUBHICTD JII30COMAJIbHO1 MTPOTEA3U
katericuny /1, a nukinodeHak ta KoMOIHaIllsl YNHHHUKIB BUKIUKAIN 30UIbIICHHS HOTO
J130COMaNIbHOI aKTUBHOCTI Ha 53 — 57 %. 3a BIIMBY CyMillli Ta TEIJIOBOrO YMHHUKA
OJIHOYACHO TIOCUCHIOIOTHCS AKTHBHOCTI Kacma3u-3 Ta eKCTpalli30cOMalbHOTO
karerncuny Jl. Binrak, komOiHOBaHa /i KCEHOOIO0TUKIB Ta MIABUILIEHOT TEMIIEPATYPHU
BUKJIMKAIOTh MOTY)XKHY AaKTHBAalLll0 IUTO30JIbHUX TMPOIECIB amnonTo3dy Ta/abo
aytodartii.

BcraHoBineHo 03HaKy IIMTOTOKCHYHOCTI K 3MEHIIEHHS CTaOlUIbHOCTI
Ji3ocoMalibHUX MeMOpaH 3a aii 40 HM Paynpany y noejgHaHH1 3 TEIJIOBUM BIUIMBOM
Ta, ocoonuBo, 80 HM Paynnany (3meHmieHHs y 1,6 pasiB), Toal SIK XJOPIPOMAa3uH
Ta, 0COOJMBO, HIPETUIIH OKpEeMO Ta y TMOEIHAHHAX BUKIUKAIM CTaOUII3aIlii0
mizocoM (y 1,9-2,7 paziB). Takuii edext Hipeauminy BianoBinae ioro epexkram Ha
MOJEIISIX XpeOSTHUX TBAPHUH.

Jlns 3’sicyBaHHS MeEXaHI3My JeMeTaliordoro BIUuBy Paynmany nHa MT
MOJIFOCKA, MU 3IMCHUIA EKCIICPUMEHT €X VIVO, y IKOMY TIOPiBHsUIH BIUTMB PayHaamy
ta xenaropa nuHKy TIIEHy y cymimni 3 ioHamMu HIMHKY 3a 1HKyOallii TKaHUHU Yy
EKCIIEPUMEHTATLHOMY Cepe/IoBUIIl. Pe3ynbTaTu bOro €KCIEPUMEHTY MEPEKOHINBO
JIOBEJIA, 110 payHAal HE Ma€ MPSMOro BIUIMBY Ha akyMyisiiito nuHky y MT, Ha
BinMiny Big TITEHy. Jlume TITEH mookpeMo Ta 3a CHiIbHOT 3 IIMHKOM 11 BUKJIUKAB
OPOTWIIeXKHI 10 Aii nMHKY edexTtu, 3meHmywoun piBeHb MTSH, 30inburyroun
Kacma3Hy-3 aKTHBHICTh Ta JIi30COMajbHY CTaOUIBbHICTH. 3 iHIIOro Ooky, Paynman
MaB MPOOKCHJIAHTHUW Ta IMTOTOKCUYHUU edekT, 3HmwKyroun piBeHb GSH Ta
T30COMHY CTaOUTBHICTh. CHITBHUM TPOSBOM JIJISl BCIX €KCIEPUMEHTAIBHUX TPYH Y
IbOMY €KCIIepUMEHTi Oyno 3HmwkeHHs y 2-8 pa3iB cmiBBigHomeHHs GSH/GSSG.
[lpoBeneHe HamMM JOCHIDKCHHS €X VIVO BIepiie 3acBiIYWIO  YCHINIHICTh
BUKOpUCTaHHs xenatopa wuHKy TIIEHy nns  3’sicyBaHHS IIMHK-3aJ€AKHUX
O10XIMIYHUX peaKiliid y JBOCTYJIKOBUX MOJIOCKIB.

Biarak, y nucepraiiiiHiii poOOTI BCTAHOBIIEHO OCOOJMBOCTI (PYHI[IOHATIHLHOTO
crany MT naBocrtynkoBux MoitockiB U. tumidus 3a BrumBy PayHmamy y HH3bKHX

€KOJIOT1UHO pealibHUX KOHIIeHTpalisx. JloBeneHo, mo aectabutizyroua ais Paynnamy



Ha  LMHK-3aJ€XHI  (QYHKIIT  peali3yeTbcsl  ONOCEPEAKOBAHO  4epe3  HOoro
MPOOKCUJAHTHUM BIUIMB Ta YPaKCHHs JII30COMaJIbHUX MeMOpaH. [HTerpaipbHuii
aHaJi3 JOBIB, L0 cepe]l J0oCiKyBaHuX edekTiB Paynnany, oro BIUIMB Ha KIITHHHI
Hu3bkoMoJiekyssipai Tiomu MT ta GSH/GSSG OyB HailOuIbII BUPAXKEHUM Ta
MOCJIITOBHUM, 110 POOUTH 111 MOKA3HUKH MEPCIEKTUBHUM Ol0MapKepaMu TOKCUYHOTO
BIUIMBY PayHparmy.

Bimznaueno, mo ¢QapmaneBTiuHi mnpenapatd AukiIo(eHak, HiQeIuIiH Ta
XJIOPIPOMA3UH, Y €KOJIOTIYHO peaJbHUX KOHIEHTPALISIX CHPUYMHIOIOTh HU3KY
cnenugiuHux peakuid MT, cucTeMu aHTHOKCUJIAHTHOTO 3aXMCTY, EH3UMIB aroNTo3y
Ta (QYHKUIOHATBHOTO CTaHy Ji3ocoM. [IpoTe OUIBLIICT, IUX peakilid, 3a
BUKJIFOYEHHSAM CcTaOuTi3amii J1i30COM, HIBEIIOEThCA 3a CHUIBHOTO BIUIMBY 3
Paynmamom. OTpuMani pe3ynbTaTd BHBYEHHS KOMOIHOBAHOTO CyOXpoHiuHOro (in
Vivo) Ta OesmocepenHboro (€X Vivo) BBy Paynpamy Ta (dapMaineBTHUHUX
npenapaTiB y MO€HAHHI 3 TEIUIOBUM BIUTMBOM Ha Mojirocka U. tumidus cBimyath mpo
NEPCIIEKTUBHICTh 3alpPONOHOBAHUX JOCHITHUX CXE€M IS OIIHKM €KOJOTTYHO
peaIbHOTO BIUIMBY 3a0PYyIHIOBAUiB BOAHOTO CEpEOBHUIIA Ha O10TY.

Kntouosi cnosa: ABOCTYJIKOBI MOJIOCKH, METAJIOTIOHETHH, IIMHK, TJIYTaTiOH,
AHTUOKCHJIaHTHA cucteMa, PayHman, nukinodeHak, HipeauniH, TeMIepaTypHUI

BILTUB, Xjoprnpomasut, TTIEH, ex vivo.



SUMMARY

Khoma V.V. The responses of metallothioneins in bivalve mollusc under the
effect on the organism of stressful agents in chronic or short-term exposures.
Qualifying scientific work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy 091 "Biology™ (09 - Biology). -
Ternopil Volodymyr Hnatiuk National Pedagogical University. - Volodymyr Hnatiuk
National Pedagogical University, Ternopil, 2022.

The dissertation is devoted to research of he pecculiarities of metal-binding
responses and antioxidant potential of metallothioneins in bivalve mollusk U. tumidus
under the subchronic or short-term exposures to xenobiotics with metal-chelating
properties.

In the contemporary composition of the pollution of aquatic environment, the
priority belongs to "microorganic pollutants™, which include compounds of biological
and agricultural origin, namely pharmaceuticals, peronal care pproducts, agricultural
waste. Their biological hazards in water is complicated by the unpredictable behavior
of their combination, especially in climate extremes. Thetefore, the forecast of real
hasards for the biota of combined water pollution should be based on the utilizing of
adequate experimental schemes and sensitive and specific molecular targets, that are
critically involved in the biological activity of xenobiotics.

Bivalve mollusks are recognized bioindicators of the aquatic pollution due to the
filter-feeding and sedentary style of life. However, research on the effects of aquatic
toxicants on them is focused mainly on experiments using individual xenobiotics in
high concentrations.

There are growing evidence of the involvement of essential metals, namely zinc,
in stress and detoxification responses. Metabolism and distribution of zinc within the
cells is supported by the functioning of zinc-bufferning proteins and metal transport
systems. Metallothioneins (MT) are universal metal-accumulative animal proteins,
which contain about 30% of cysteine. MT is traditionally considered as a biomarker
of toxic metal contamination. Besides, these inducible thiols have also antioxidant

potential.
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The herbicide Roundup (commercial form of glyphosate) and pharmaceuticals
nifedipine, diclofenac, chlorpromazine are among the most common water pollutants.
Importantly, each of them, in addition to specific target effects, is able to affect the
homeostasis of metals directly in organisms or the environment, chelating them
and/or regulating metal transport channels.

Therefore, in our research, we used these model xenobiotics to elucidate the
ppeculiarities of MT functioning in the ecologically relevant exposures of bivalve
mollusk U. tumidus . To do this, the mollusks were exposed for 14 days to diclofenac
(Dc, 600 ng / 1), nifedipine (Nf, 700 ng / 1), Roundup (Rn, 33.8 ug/ I, corresponding
to ~ 80 nM glyphosate) separately at 18 ° C and jointly at 18 ° C (Mix) and 25 ° C
(MixT), as well as Roundup (Rn, 16.9 pug/ 1, corresponding to ~ 40 nM glyphosate) at
18 °© C and 25 ° C), chlorpromazine (Cpz, 18.0 ng / 1) and a mixture of Roundup and
chlorpromazine at 18 ° C (RnCpz). Xenobiotic concentrations were corresponded to
their freshwater content and, for Roundup, 0.5 and 1.0 of the calculated no-effect
concentration (PNEC). The temperature regime of 25 ° C was corresponded to the
indicated values for the Dniester river basin in summer. To elucidate the mechanism
of Roundup influence on zinc metabolism, its effect was compared with the effect of
zinc chelator N, N, N ', N'-tetrakis (2-pyridylmethyl) ethylenediamine (TPEN) in an
ex vivo model in which samples of mollusc digestive gland were exposed to
Roundup, ZnCl,, TPEN and combinations of ZnTPEN or ZnRn at a concentration of
3 uM.

Due to the analysis of the spectrum in the ultraviolet region (UV spectrum) and
the metal content in the eluate, it was determined the obligate conditions for the
isolation of MT by gel-exclusive chromatography for the insure of the optimal zinc
content. It is the absence of sodium azide preservative in the gel and the use of
mercaptoethanol for the thols preservation.

The effects of 40 and 80 nM Roundup and the pharmaceuticals diclofenac,
nifedipine and chlorpromazine on the U. tumidus for 14 days separately and in a
mixture at two temperature regimes have shown that 80 nM Roundup (especially,

43%), as well as diclofenac, nifedipine the mixture of these xenobiotics under the
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heating effect, causes an increase in MT-SH content by 26-57.8% compared to
control and imbalance of MT-SH/MT-Me content ratio, which indicates an increase
in the antioxidant potential of MT and a simultaneously decrease in their ability to
bind metals. The ratio of metals in the composition of MT was also changed with the
increasing of copper and/or cadmium rate. In all groups of mollusks under the effect
of 80 nM Roundup, alone or in combination, the content of copper and cadmium in
the non-binded in MT form in the tissue increased and the Zn/Cu ratio decreased.
Diclofenac caused an enhancing in the content of unbounded zinc, which, however,
was leveled in the combine exposures. Concequeently, the effect of 80 nM Roundup
alone and in combination with pharmaceuticals, especially at elevated temperature,
have shown the dominant effect of Roundup as a destabilizer of the content and ratio

of zinc in the mollusk digestive gland.

A 40 nM Roundup effect alone and in combination with chlorpromazine or at
elevated temperature revealed an increase in MT-SH concentration of 33.6 - 57.7%,
respectively, while chlorpromazine did not alter it. At the same time, the level of zinc
in MT increased in all experimental groups, mostly under the effect of Roundup at
elevated temperature and chlorpromazine, and the content of zinc in the tissue
decreased significantly (by 15.9 and 24.6%, respectively). Therefore, the study of MT
content and the balance of its metalated form in relation to the total MT content and
zinc content in the tissue revealed changes in these indicators that depend on the

nature and concentration (for Roundup) of the xenobiotic.

The evaluation of the MT antioxidant potential showed that the effect of 80 nM
Roundup alone and in combination, as well as diclofenac and nifedipine on the
organism causes inhibition of superoxide dismutase (SOD) (except for the mixture
at elevated temperature, which activates SOD), and content of the reduced
glutathione (GSH), which is manifested as a decrease in the redox index of GSH in
all groups (maximum by 26%) except the group MixT. In all groups of this series,
the lipid peroxidation products formation (TBARS) and protein carbonyls (PC) is

increasing. Concentration of 40 nM Roundup, on the contrary, activates SOD and
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total antioxidant activity, does not change the GSH/GSSG content and redox ratio
compared to control, and in combination with chlorpromazine or elevated
temperature causes an increase in total antioxidant activity, content and GSH redox-
index.

At the same time, in all experimental groups the formation of TBARS (by 7.0-
16.3%) and protein carbonyls (by 13.2-32.5%) (except for the Rn group) increases
compared to the control. The effect of chlorpromazine is characterized by inhibition
of catalase activity. Therefore, Roundup, depending on the concentration and
combination with other environmental factors, has a prooxidant (80 nM) or
antioxidant (40 nM) effect, and the prooxidant effect is enhanced in combined
exposures, especially at elevated temperatures, and eliminates the specific effect of
pharmaceuticals on zinc-dependent characteristics. The calculation of the integrated
indices (Antioxidant-Prooxidant Balance (APB) and Integral Index of Biomarker
Reactions (IBR)) showed that the state of the antioxidant defense system is
determined mainly by the reaction of low molecular weight thiols.

Changes in the activity of the central executive apoptotic enzyme caspase-3
were found in the experimental groups. It increases in the exposures to 40 nM
Roundup alone and in a mixture with chlorpromazine, as well as under the effect of
nifedipine and the combined effect of pharmaceuticals and 80 nM Roundup,
especially under thermal action (by 230%). Thus, in most experimental groups, there
Is the relation between a decrease in labile zinc or an increase in zinc-MT and
caspase-3 activation, which is consistent with the information concerning the limiting
role of labile zinc as a caspase-3 inhibitor. Roundup (80 nM) and nifedipine inhibited
the lysosomal protease activity of cathepsin D, and diclofenac; and a combine
exposure caused an increase in its lysosomal activity by 53 - 57%. Under the effect of
the mixture and the thermal factor, the activities of caspase-3 and extralysosomal
cathepsin D are simultaneously enhanced. Consequently, the combined effect of
xenobiotics and elevated temperature caused a most powerful response of the

cytosolic processes of apoptosis and/or autophagy.
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Cytotoxicity was observed as a decrease in the stability of lysosomal membranes
under the effect of 40 nM Roundup in combination with thermal exposure and, in
particular, of 80 nM Roundup (1.6-fold reduction), while chlorpromazine and
especially nifedipine alone and in combination caused lysosome stabilization by 1.9-
2.7 times. This effect of nifedipine was corresponded to its effects on vertebrate
animal models.

To elucidate the mechanism of the demetalation effect of Roundup on the
mollusk MT, we performed an ex vivo experiment comparing the effects of Roundup
and the zinc chelator TPEN in a mixture with zinc ions during tissue incubation in
the experimental medium. The results of this experiment convincingly proved that
the Roundup has no direct effect on the accumulation of zinc in MT, in contrast to
TPEN. Only TPEN alone and in combination with zinc caused opposite effects to
zinc, reducing MTSH levels, increasing caspase-3 activity and lysosomal stability.
On the other hand, Roundup had a prooxidant and cytotoxic effect, reducing GSH
levels and lysosomal stability. A common manifestation for all experimental groups
in this experiment was a 2-8-fold decrease in the GSH / GSSG ratio. Our ex vivo
study was the first known experiment that demonstrated the successful utilizing of
the zinc chelator TPEN to elucidate the zinc-dependent biochemical reactions in
bivalve molluscs.

To summarise, in the dissertation the peculiarities of the functional state of MT
of bivalve mollusks U. tumidus under the effect of Roundup in low ecologically
relevant concentrations are established. It is proved that the destabilizing effect of
Roundup on zinc-dependent functions is realized indirectly through its prooxidant
effect and damage to lysosomal membranes. Integrative analysis showed that among
the studied effects of Roundup, its effect on cellular low molecular weight thiols MT
and GSH/GSSG was the most pronounced and consistent, which makes these
indicators promising biomarkers of toxic effects of Roundup.

It is noted that the pharmaceutical compounds diclofenac, nifedipine and
chlorpromazine in ecologically relevant concentrations cause a number of specific

responses of MT as well as antioxidant defense system, apoptosis enzymes and
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functional state of lysosomes. However, most of these responses, with the exception
of lysosome stabilization, were diminished by co-exposure with Roundup. The
results of the study of the combined subchronic (in vivo) and direct (ex vivo) effects
of Roundup and pharmaceuticals in combination with the thermal effects on U.
tumidus indicate the advantages of the proposed research schemes to assess the
ecologically relevant impact of aquatic pollutants on biota.

Key words: bivalve molluscs, metallothioneins, zinc, glutathione, antioxidant
system, Roundup, diclofenac, nifedipine, temperature impact, chlorpromazine,
TPEN, ex vivo.
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