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Pedepar:

1. AKTyaspHICTb JOCIIiIPKEHHS 3yMOBJIEHA BIIMBOM BaXKKMX METAJIIB Ha TiPOEKOCUCTEMY BHACIIIOK 3POCTaHHS
aHTPOIIOT€HHOTO HaBaHTaXEHHS. 30KpeMa, iHTeHCUBHE HaAXO[IKEeHHS i0HIB KOGAIbTy 3 IPOMHUCJIOBUMHU CTIYHUMU
BOJIAMU CIIPMYMHSIE TIEPEBUIIEHHS iXHiX 6e3NeYHNX KOHIeHTpallill y IoKaJIbHUX BofoiiMax. He3Baskaiouu Ha Te, 1110
KOOQJIbT € €CEHIiaJIbBHUM MIiKpO€JIEMEHTOM, Jis 0ro NiIBUIIEHUX 103 YUHUTb TOKCUYHUIN eeKT Ha 6ioTy,
iHOYKyI0un AecTabinisauiio ainigHoro npodino, pO3BUTOK OKCUIAATUBHOTO CTPECY Ta MOPYIIEHHS (PYHKLIOHYBAHHS
AHTHOKCHUJAHTHOI cucTeMU. BaXkki MeTanu 31aTHi HAKONMYIYyBATUCS B TKAHMHAX pub i IPOBOKYBaTH CUCTEMHI
naTo¢iziosnoriuHi 3MiHK, TOMY KOMILJIEKCHE JOCJIiPKEHHSI KOMIIEHCATOPHUX peaklliil Ta 6ioxiMiyHMX MapKepiB pub
3a YMOB iHTOKCHKAallii K06aJIbTOM € HeOOXiIHMUM [JIs1 3'ICyBaHHS (PyHIAMEHTAJIbHAX MEXaHi3MiB MeTab0JIidHO]
aparnralii BOIHMX OpraHidmMis. HaykoBa HOBM3HA Ta TEOPETUYHE 3HAYEHHS NOCIIIPKEHHS MOJISITaloTh Y TOMY, 110

BIleplIe: — BCTAHOBJIEHO 3aKOHOMiPHOCTI [1epedyi0BH JIiIiTHOTO CKJIaly, IHTEHCUBHOCTI IEPOKCUIHOTO OKUCHEHHS



JinifiB Ta GyHKLIOHYBAaHHS aHTMOKCUAAHTHOI CUCTEMH y Kapacs Ta IyKU 3a Jii ioHiB Ko6anbTy. [JoBeneHo, 10 BUIIa
€KOJIOTIYHA PE3UCTEHTHICTh Kapacs KOPEJIOEe 3 MEHIIOK KiJIbKICTIO BipOTiIHUX BiIXWJIEHD Y JIMITHOMY CKJIaJli Ta
6inb1 cTabisIbHOIO POBOTOI0 AHTMOKCUJAHTHOI CUCTEMH ITOPIBHSIHO 3 LIYKOIO; — 0XapaKTepPU30BaHO CUCTEMY
«JIIiOY — IEPOKCUIHE OKUCHEHHS JIIiIiB — aHTUOKCUIAHTHUN 3aXUCT», WO LO3BOJISIE ONMCATH MEXaHI3M
TokcryHOCTI CO?%0 K €MHUMU [IPOLEC; — 3'ICOBAHO, L0 FOJIOBHUMU MilIEHSIMY IIEPOKCUIHOTO OKUCHEHHS JIiMiziB
BUCTYIAIOTh MOJIiIHEHACUYEH] JXUPHI KUCJIOTU: OKO3areKCaeHOoBa y Kapacs Ta €MKO3alleHTAa€HOBA Yy MIYKY, 10
IIPU3BOJUTS J10 X BUCHAXXEHHS Ta 3HWKEHHS Xap4yoBoi LIiHHOCTI puOHOI NPOAYKIIii; — NOBEJEHO, 110 B yMOBaxX
CTpecy IyJl HeeCcTepudiKOBaHUX KUPHUX KUCJIOT MOMNOBHIOETHCS NIEPEBAXKHO 32 PaXyHOK JIECTPYKTUBHOTO
docdomninazHoro rinposizy CTpyKTypHUX MeMOpaHHUX PocdosininiB, a He MIIIXOM KJIACUYHOTO JINO0JIi3y
PE€3€pPBHUX TPUALMIITIIILEPOJIiB; — PO3MIMUPEHO YsBJIEHHS PO (PYHKLIOHYBAaHHS aHTUOKCUIAHTHOI Ta
IeTOKCUKALiHOI cucTeM pub 3a yMOB XPOHIYHOIO TOKCMYHOTO HAaBaHTaKEHHsI. [IpakTUYHe 3HaY€HHS N10JISITae y
TOMY, 1O 3ra/laHi BUIIE [TOKa3HUKU MOXYTh CJIYTYBaTH YyTJIMBUMU 6GioMapKepaMy OKCHUIATUBHOIO CTPeCy y pub ta
BHUKOPHCTOBYBATHCS Y CUCTEMax GiOMOHITOPUHTY BOJIHOTO cepenioBuIla. Pe3ysibTaT HOCiIKeHHSs JOLiIbHO
BHMKOPHUCTOBYBATU y IPaKTuUlli puOHOro roCclojgapcTBa AJ1s OLiHKY (i3ioIoriyHOro cTany pub Ta MOJEeJII0BaHHS
HacJIiIKiB aHTponoreHHoi TpaHchopMaliii cepeoBuIa Ha iX MeTaboJivHi IpoLecH i TPpOAYKTUBHICTh. BusiBneni
3MiHM JKUPHOKHCJIOTHOTO CKJIa/ly MOXKYTh OYTH BpaxOBaHi ITPH OLiHILIi Xap4oBoi Ta 6i010TiYHOI LIIHHOCTI pUOGHO]
npoaykuii 3a fii ko6anbTy. BcTaHOB/IEHI ME€XaHi3MU B3a€MO3B 13Ky MK [TpOLieCaMy I1€POKCUAHOTO OKUCHEHHS
JlinifiB, nepe6y10BOI0 JKUPHOKUCJIOTHOTO CKJIaly Ta aKTMBHICTIO aHTMOKCUAHTHOI CUCTEMU MOXYTb OYTU KOPHCHI
y [IOJAMBIINX €KCIIEPUMEHTAJIbHUX TOCiIKeHHSX [1JIs1 OL[iHKU [ii iHIINX €KOTOKCUKAHTIB Ta MOIYKY e(peKTUBHUX
IIJISIXiB KOPEKLii OKCUAATUBHOTO cTpecy. Pe3ysbrat po60TU TaKOX MOXKYTh OYTH BIPOBAIKEHI y HaBYaJIbHUN
Ipoliec NpU BUKJIaaHHi nucuuriil «bioxiMis», «igpobiosorisy, «BogHa Tokcukosorisay, «EkcrnepumMeHTanbHa
€KOJIOTis1», «EKOJIOTiYHMI MOHITOPUHI» 171 3100yBayiB 3aKJiafiB BUILOI OCBITH NPUPOIHUYMX CHELiaTbHOCTEH. Y
[epIIOMy PO3Tisi AucepTalii 3MilICHEHO TeOpeTUYHe y3arajJbHEeHHS HAyKOBUX AAHUX 100 6i0yI0ri4HOi poJi
KOOaJIbTy Ta M0ro BILJIMBY Ha rinpo6ioHTiB. Ha ocHOBI aHanizy gaxoBoi jgiTepaTypu 0XxapakTepu30BaHO BILJINB
BXXKMX METaJIiB Ha JIiNiAHUI OOMiH Ta MEXaHi3MHU PO3BUTKY OKMCHOIO CTpecy. Y IpyroMy po3ziji nuceprauii
HaBeJEHO 3arajlbHy CXeMy €KCIIepUMEHTAJIbHOTO JOCTIiIKEHHS Ta 0XapaKTepU30BaHO BUKOPUCTAHHI 6i0XiMivHi Ta
aHaJiTU4HI MeTogu. Y TpeTbOMY, YeTBEPTOMY, IT'SITOMY Ta IIOCTOMY PO3[isiaX BUKJIQZEHO Pe3yIbTaTu AOCIiIKeHHS i
aHaJli3 BIJIMBY MiBUILEHUX KOHILIEHTPAlill i0HiB KOOA/IbTy Ha IIPOLIECH IOT0 HAaKOIIMYEHHS Y 3510pax, MediHLji Ta
M’s13ax Kapacs i myky, 3MiHM 3arajlbHOTO BMICTY JIiMifiB, (ppakiiliHOro CKIaay HEMOJISIPHUX JiMnifiB, pocdoniniais i
SKUPHUX KHACJIOT, TOKa3HUKU CTaHy aHTUOKCUIAHTHOI CUCTEMU Ta [IEPOKCUIHOIO OKUCHEHHS JIMifIiB, [0 MOXe
BHUKOPHCTOBYBATHUCS 171 OL[iHKM CTaHy OpraHiamy pu6. Y poboTi MifTBepKEHO I€PCIEKTUBHICTh BUKOPUCTAHHS
6ioximiuHMxX MapkepiB (Ppakuiil xonectepoiy, GpocPaTuanaxoiny, cpiHroMieniny, pochaTuanieTaHoNaMiHy,
N0JIiHEHACUYEHUX KUPHUX KUCJIOT, BMICTY TJIyTaTiOHY, aKTUBHOCTI IJIyTaTiOH-S-TpaHcdepasn Ta iHTEHCUBHOCTI
[IEPOKCUIHOTO OKMCHEHHS JIiMlifIiB) 17151 OLIiHKU TOKCUKOJIOTIYHOTO CTAaTyCy BOJHUX eKocucTeM. [JoBeJeHo, 1110 1IyKa
BUCTYIIA€ YYTJIMBUMU Oi0OiHANKATOPOM PaHHIX CTaflill 3a6pyAHEHHS BOLOMM KOOaIbTOM, TOZ] K Kapach €
PeNpe3eHTaTUBHUM BUAOM JJI51 OLIHKU 3arajIbHOTO aaNTaliHOTroO NOTeHialy ixTiodayHy 3a yMOB XPOHIYHOTO

HaBaHTa>XE€HHA.

2. The relevance of this study stems from the impact of heavy metals on hydroecosystems due to increasing
anthropogenic pressure. In particular, the intensive discharge of cobalt ions via industrial wastewater leads to
concentrations exceeding safe levels in local water bodies. Although cobalt is an essential trace element, exposure
to elevated doses has a toxic effect on biota, inducing destabilization of the lipid profile, the development of
oxidative stress, and disruption of the antioxidant system. Heavy metals can accumulate in fish tissues and trigger
systemic pathophysiological changes. Therefore, a comprehensive study of compensatory responses and
biochemical markers in fish under conditions of cobalt intoxication is necessary to elucidate the fundamental
mechanisms of metabolic adaptation in aquatic organisms. The scientific novelty and theoretical significance of
this study consist in the fact that, for the first time: - patterns of changes in lipid composition, the intensity of lipid
peroxidation, and the functioning of the antioxidant system in crucian carp and pike under the influence of cobalt
ions have been established. It has been demonstrated that the higher ecological resistance of crucian carp



correlates with fewer significant deviations in lipid composition and more stable functioning of the antioxidant
system compared to pike; - the “lipids-lipid peroxidation-antioxidant defense” system is characterized, allowing
the mechanism of Co?no toxicity to be described as a single process; - it has been established that the primary
targets of lipid peroxidation are polyunsaturated fatty acids: docosahexaenoic acid in crucian carp and
eicosapentaenoic acid in pike, which leads to their depletion and a reduction in the nutritional value of fish
products; - It has been demonstrated that under stressful conditions, the pool of non-esterified fatty acids is
replenished primarily through the destructive phospholipase hydrolysis of structural membrane phospholipids,
rather than through the classical lipolysis of reserve triacylglycerols; - the understanding of how the antioxidant
and detoxification systems of fish function under conditions of chronic toxic stress has been expanded. The
practical significance consists in the fact that the above-mentioned parameters can serve as sensitive biomarkers
of oxidative stress in fish and be used in aquatic environment biomonitoring systems. The results of the study
should be applied in fisheries management to assess the physiological condition of fish and to model the effects of
anthropogenic environmental changes on their metabolic processes and productivity. The identified changes in
fatty acid composition can be taken into account when evaluating the nutritional and biological value of fish
products under the influence of cobalt. The established mechanisms linking lipid peroxidation, changes in fatty
acid composition, and antioxidant system activity may be useful in future experimental studies to assess the
effects of other ecotoxicants and identify effective ways to mitigate oxidative stress. The research results can also
be incorporated into the curriculum when teaching courses such as “Biochemistry,” “Hydrobiology,” “Aquatic
toxicology, “Experimental ecology,” and “Environmental monitoring” to students in natural science programs at
institutions of higher education. The first chapter of the dissertation presents a theoretical synthesis of scientific
data on the biological role of cobalt and its effects on aquatic organisms. Based on an analysis of the scientific
literature, the chapter describes the effects of heavy metals on lipid metabolism and the mechanisms underlying
the development of oxidative stress. The second chapter of the dissertation presents an overview of the
experimental study and describes the biochemical and analytical methods used. Chapters 3, 4, 5, and 6 present the
results of the study and an analysis of the effects of elevated cobalt ion concentrations on the processes of cobalt
accumulation in the gills, liver, and muscles of crucian carp and pike, changes in total lipid content, the fractional
composition of nonpolar lipids, phospholipids, and fatty acids, as well as indicators of the antioxidant system and
lipid peroxidation, which can be used to assess the condition of fish. The study confirms the potential of using
biochemical markers (fractions of cholesterol, phosphatidylcholine, sphingomyelin, phosphatidylethanolamine,
polyunsaturated fatty acids, glutathione content, glutathione-S-transferase activity, and lipid peroxidation
intensity) for assessing the toxicological status of aquatic ecosystems. It has been demonstrated that pike serves as
a sensitive bioindicator of the early stages of cobalt pollution in water bodies, whereas crucian carp is a
representative species for assessing the overall adaptive potential of the ichthyofauna under conditions of chronic
stress.
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