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Pedepar:

1. Y Ham yac Bce aKTyaJbHIIIO0 cTae npobsema NMomypeHHs HiaHobaKTepiil, HacaMmIiepes, [IpeiCTaBHUKIB psiy
Nostocales, B noBepxHeBUX Bojax €Bpony i 36i7bIIE€HHS KiJIbKOCTI BUIIQAKIB LIBITIHHS BOAM 3a ix y4acTi (Taranu et
al. 2015). fIx 6ys10 HEIABHO NOKa3aHO, OUiKy€eThCsl €KCIIAHCIs Liei rpyny opraHi3miB B HOBI MiClisi TPOKMBAHHS i3
HAaCTYITHOIO iHTerparjiero ix B €EKOCUCTEMH, a BifJTaK - IOPYIIEHHS CTIMKOCTi OcTaHHiX. Lle miaTBEepIKyeThCH,
HaIpuKJiajz, 36iyblIeHHSIM YacToTu nournpeHnHs: Raphidiopsis raciborskii 3a ocTaHHi AecSTUIITTS, 0CO6JIMBO B 30HaX
3 noMipHuM Kiimatom (Rzymski et al. 2018). Take siBULIEe MO>KHA ITOSICHUTY BUCOKOIO (DEHOTUIIOBOIO IIJIACTUYHICTIO,
3MiHOIO KJliMaTy Ta aHTponoreHHolo eBrpodikauieto (Cirés and Ballot 2016). LluTo- Ta reHOTOKCUYHi BIaCTUBOCTI

LMJIIHAPOCIIEPMOIICUHY - aJIKayIoiny 6i0CHHTEe30BaHOTO IIEBHMMHU BUJIAMU 1[jaHOOAKTEPiil - MIMPOKO BUBYEHi Ha



€KCIIepUMEHTAJIbHUX MOJEJSX in vitro Ta in vivo. 3a ONOMOroI0 KiIbKOX He3aJIesKHUX OCiIKeHb 6YJI0 IO OKPEMO
BCTaHOBJIEHO POJIb ypaluily, I'yaHilMHy Ta FiApOKCUIbHOI rpymnu y oro TokcudHocTi (Evans and Murphy 2011;
Cartmell et al. 2017). Y xozi NponoHOBaHOTO JOCJIJI)KEHHS 3 BUKOPUCTaHHSIM HOPMaJIbHUX TeNaToLUTiB KOpona B
YMOBaxX in vitro 6yJio nepeBipeHO TOKCUYHICTD I'SITU CUHTETUYHUX aHaJIOTiB LUJIiHAPOCIIEPMOIICHHY, YCi 3 IKUX
MICTHJIM Y CBOill CTPYKTYpi ypalMI0BUil KOMIIOHEHT, ajie BiIHI3HAINCS KOMOIHALiSIMY iHIINX IPUTAMaHHUX IOMY
KOMITOHEHTIB Ta (QYHKIIOHaJbHUX IPYIL. YCi TECTOBAHI aHAJIOI'M BUKJIMKAJIM FeHepallilo akTUBHUX (POPM OKCUHEHY,
OKMCHEHHS JinifiB ta pparmenrauito JHK. Hait6inbume 3pocranns Bmicty TBK-AIT Ta akTUBHOCTI Kacnasu-3
(Mapkepa anonTosy) 6ys0 NpOJEeMOHCTPOBAHO aHAJIOTOM, KU, TOAIOHO 10 LUJIHIPOCIIEPMOIICUHY, MiCTUTb TPy
r'yaHiIMHY, TIIPOKCUIY Ta ypaLuiy, ajle He Ma€ HOro CKIaiHOI TPULMKIIYHOI CTPYKTypU. 3pobJiieHi B mpoleci
POOOTH CIIOCTEPEXKEHHS MiATBEPAXKYIOTH TiNOTe3y, 110 TOKCUYHICTb LUJIIHAPOCIIEPMOIICUHY € PEe3yJIbTaTOM
B3a€MOJii KOMIIOHEHTIB ypaLuuily, TyaHilMHy Ta riIpOKCUIbHOI Ipynu. BitoMo, mo okpeMi BUAM LiaHOOAKTEPil Ta
3€JIEHUX BOZOPOCTEN BUPOOIISIIOTH JiNoQibHi N0JIIMETOKCU-1-aJIKeHH, SIKi MOXKYTb BUKJIMKATHA TE€PATOTE€HHI IPOSIBU
in vivo. 3Bakalouu Ha HeJOCTaTHiil piBeHb iHpopMaLii mono [TMA y Arthospira sp. (koMep1iiiHO Bijoma sIK
cripysina) ta Chlorella sp., SKi Ky/JIbTUBYIOTbCS 1711 BUPOOHUIITBA XapyoBUX 6i0[106aBOK, MU NIPOAHai3yBajIu piBE€Hb
6io6e3neKky xapyoBUX 106aBOK HAa OCHOBI xyiopenu (n = 10) Ta cnipysinu (n = 13), 3apeectpoBanux y €C 3
BHMKOPHCTaHHIM peakLiil MoJIeKyJIIipHUuxX MapkepiB Danio rerio (in vivo). Mac-crieKTpoMeTpUYHUM aHali3
(dpakiioHOBaHUX €KCTPAKTIB JOCIiI)KyBaHUX MaTepiaJliB He BUSBUB KOJHUX CIIOJIYK, CIIOPifHEeHUX 3 [IMA.
AnasisoBaHi 3pa3Kky He MPOSIBJISLIM TEPATOTEHHOI [Iii, 32 BUHITKOM BUKPUBJIEHHS XOPAH, BUKJIMKAHOTO (PpaKLisiMu
IBOX IIpernapaTiB Ha OCHOBI XJyiopesu. PazoM 3 TuM, poaHasizoBaHi 6i0/106aBKYU BUKJIMKAJIU IIPOSIBU OKUCHOTO
cTpecy Ta UUTOTOKCUYHOCTI y TKAaHWHAX MeYiHKY JaHio, Ha 110 BKa3ye MiBUILIeHUI piBeHb aKTUBHUX (POpM
OKCUT'€HY, aKTUBHICTb KaTaa3|, IEepOKCUIHE OKUCHEHHY JIiNiniB Ta 36inbleHHs piBHs pparmenTanii JHK.
Binbuiicts (60 %) ¢pakuiil 3 mpenapariB Ha OCHOBI XJIOpEeJIM BUKJIVMKAINA aKTABALIiI0 XOJiHECTEPa3Uu y MO3KY [IaHio,
TOZI 5IK BILJIMB 61,5 % pakuiii 3 mpenapariB Ha OCHOBI CHipyJIiHY BUKJIMKAB [IPOTUJIEXXHY peakliilo - ii mpurHidveHHsI.
Hacnipku BriinBy ninogibHUX €KCTPaKTiB, 0COOJIMBO 3 IIPenapaTBi Ha OCHOBI xylopeny, Ha D. rerio 6yi1u cxoxXumMu
Ha PEeaxlilo y BiJ[IOBib HA BIUIMB €KCTPAKTIB LIiaHOOAKTEPIiH, 1[0 MOXKE CBiIUATHU IIPO CXOXKICTb TOKCUYHUX
MeTaboJIiTiB, TPOAYKOBAaHMX 000MAa rPyllaMy OPraHi3MiB, Y 3a0pyIHEHHS 6i000aBOK LliaHOOAKTePisIMHU.
3acTocyBaHHs [10 NOCIiIKyBaHUX 3pa3kiB po3p06IeHOr0 Ha OCHOBI OIIMCAHUX BULIE OCTIiIZKEHb CII0CO0Yy
BUSIBJIEHHS IIOTEHLiITHO TOKCUYHVX CUHBO - 3eJIeHUX BogopocTeil (PanpdymuHcebka ta l'opun, 2019) nokasaino, 1o
npu BruBi CI5,7 Ta Sp 12 Bianosiab i301b0BaHUX KIJIITUH TKAaHUH Kopona Cyprinus carpio MO>KHa OLiHUTH K
«cTpec», a ais C16 Ta Sp2, 6 - «nepencTpecoBUl CTan» (alaliTUBHA Peakllisi Ha MOIIKOIKYIOUUH BILJIUB). BifTaxk,
HE3BAKAIOUYU HA Te, 10 IPOBEEHI HAMU JOCIIIPKEHHS MiITBEPIKYIOTh BiICYTHICTb Y IIPOaHai30BaHUX IIpernaparax
Ha OCHOBI XJIOPEJIM Ta CIIPYJiHU TePaTOr€HHMX CII0JIYK KJIACy NOJIiIMETOKCU-1-aJIKeHiB, iX TUTOTOKCUYHUI e(eKT
CBiZTUMTb IIPO HEOOXIIHICTh MOJAMBIINX TOCIIKeHb 3 AHOro HarpsaMKy. KimouoBi cyioBa: LiaHob6akrepii,
1[iaHOTOKCUHU, KOPOTIOBi pubu, 6ioMapKepu, OKUCHUM CTPeC, TUTOTOKCUYHICTh, TeHOTOKCUYHICTB,

HEPOTOKCHUYHICTb.

2. Nowadays, there is an active spread of cyanobacteria, primarily of the Nostocales order, in the surface waters of
Europe and an increase in the number of cases of water blooms with their involvement (Taranu et al. 2015). As
recently shown, the Nostocales are expected to expand into new habitats and then integrate into ecosystems, thus
disrupting their resilience. This is proven, for example, by the increase in the prevalence of Raphidiopsis
raciborskii in recent decades, especially in temperate climates (Rzymski et al. 2018). This phenomenon can be
explained by high phenotypic plasticity, climate change and anthropogenic eutrophication (Cirés and Ballot 2016).
It is obvious that freshwater reservoirs with a steadily elevated temperature regime provide a favorable
environment for the expansion of toxic species of cyanobacteria to new areas with their subsequent spread. Based
on the data that the expansion of potentially toxic cyanobacteria began in latitudes with tropical and subtropical
climates, we chose for the study reservoirs characterized by elevated temperatures due to geographical location
(Kasperivtsi Reservoir and the Seret River below its dam) or operating conditions (Netishyn Reservoir).
Phytoplankton analysis showed that cyanobacteria were the dominant fraction in all cases with a more visible

predominance in summer . In particular, several potential producers of potent toxins were identified:



Raphidiopsisraciborskii, Aphanizomenongracile, Dolichospermumflos-aquae. However, screenings for dissolved or
partial cylindrospermopsin, microcystins (-LR, -YR, and -RR), and toxoid were negative. The cyto- and genotoxic
properties of cylindrospermopsin, an alkaloid biosynthesized by certain species of cyanobacteria, have been
extensively studied in experimental in vitro and in vivo models. Several independent studies have separately
identified the role of uracil, guanidine, and the hydroxyl group in CYN toxicity (Evans and Murphy 2011; Cartmell et
al. 2017). In the proposed study on a model of normal carp hepatocytes in vitro, the toxicity of five synthetic
simplified analogues was tested, all of which contained a uracil component in their structure, but differed in
combinations of other components and functional groups inherent in CYN. All tested analogues caused the
reactive oxygen species, lipid peroxidation and increased levels of DNA fragmentation/ The greatest increase in
TBARS content and activity of caspase-3 (a marker of apoptosis) was demonstrated by an analogue that, like CYN,
contains functional groups of guanidine, hydroxyl and uracil, but does not have its complex tricyclic structure.
Observations made in the course of this work confirm the hypothesis that the toxicity of CYN is the result of the
interaction of the components of uracil, guanidine and the hydroxyl group. Certain species of cyanobacteria and
green algae are known to produce lipophilic polymethoxy-1-alkenes, which can cause teratogenicity invivo. Due to
the insufficient level of information on PMA in Arthospira sp. (commercially known as spirulina) and Chlorella sp.,
which are cultivated for the production of food additives, we analyzed the level of biosafety of food additives
Chlorella (n = 10) and Spirulina (n = 13) registered in the EU. Mass spectrometric analysis of the fractionated
extracts did not reveal any potentially related chemical compounds in the studied materials. The analyzed samples
did not show teratogenic effects, except for curvature of the spine caused by fractions of two chlorella drugs.
However, the analyzed supplements caused oxidative stress and cytotoxicity in zebrafish liver tissue, as indicated
by increased levels of reactive oxygen species, catalase activity, lipid peroxidation and increased levels of DNA
fragmentation. The majority (60%) of chlorella fractions caused cholinesterase activation in zebrafish brain, while
the effect of 61.5% of spirulina fractions caused the opposite reaction - its suppression. The effects of lipophilic
extracts, especially Chlorella, on Danio rerio were similar to the response to cyanobacterial extracts, which may
indicate the similarity of toxic metabolites produced by both groups or contamination of bioadditives with blue-
green algae. Application to the studied samples of the method of detection of potentially toxic blue- green algae
developed on the basis of the studies described above (Falfushynska and Horyn, 2019) showed that for Ch5,7 and Sp
12 the level of biosafety corresponds to the indicator “stress” (acute stress response), and for Ch6 and Sp2, 6 -
“pre-stress state” (adaptive response to damage). Therefore, although our studies confirm the absence of
teratogenic compounds belonging to the class of polymethoxy-1-alkenes in the Chlorella and Spirulina
preparations, their cytotoxic effect attests the necessity of further research. Key words: cyanobacteria,
cyanotoxins, carp fish, biomarkers, oxidative stress, cytotoxicity, genotoxicity, neurotoxicity.
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