AHOTALIIA

Kosanenko IO. O. ®i310510r0-610XiMi4HI 0COOIMBOCTI (POPMYBaHHS HOBHUX
CTIMKUX MOMYJIAIiN KOPOMOBUX pUb 3a ii TOKCHYHOTO 3a0pyAHEHHS.

Huceprarniist Ha 3700yTTS HAayKOBOTO CTymeHs JoKTopa dimocodii 3a
cnemianpHicTIO 091 «bionorisy» (09 «biomoris») — IHcTUTyT TiAapo6ionorii HAH
VYkpainu, Kuis, 2020.

Y poboTi HaBejeHI MaTepiaiv JOCTIHKEHb 3MiH (P1310J10T0-010XIMIYHOTO
CTaHy JI€SIKUX KOPOIOBHUX BHJIIB PUO 3a JIli aHTPONOT€HHOTO 3a0pyAHEHHS BOJAOWM
PI3HOTO CTYNEHIO IHTEHCUBHOCTI.

VY pe3ynbTati 10CHiKEHb OyJIM BCTAHOBJIEHI MI>KBHJIOBI Ta MDKITOMYJISIIIIHI
BIJIMIHHOCTI MOP(0-(P1310J0TTYHUX Ta Pi1310J0r0-010XIMIYHUX MOKA3HUKIB pUO, SIK1
chopMyBaIuCh BHACHIOK iX amanTamii g0 Jii TpuUBaJIOro ado IMOCTIMHOTO
HAIXOJIKEHHS! TOKCUUHUX PEYOBHH Yy BOONMMHU. Lle Hamae MOXKIUBICTE KOPOIIOBUM
pubam IiATPUMYBATH Ha HAJIEKHOMY PIBHI MPOLIECH JKUTTEIISIILHOCTI Ta 30€epertu
iX 3IaTHICTB JO BiATBOPCHHS.

JIns kpamoro po3yMiHHSI MPOILECIB MPUPOTHOTO T000PY KOPOMOBUX BHIIB
Ta iX (i1310J0r0-610XIMIYHUX TPHUCTOCYBAJIBHUX PEAKIlld 0 BIUIMBY TOKCHYHHX
pPEUYOBHH OYyJU MPOBEJEHI TOCTPl Ta XPOHIYHI TOKCHKOJIOTIYHI E€KCTIEPUMEHTH 3
BUKOPUCTAHHAM pe(EpEeHTHUX TOKCUKAHTIB Yy CYOJETAIbHUX Ta JeTaJIbHHUX
KOHIIEHTpAITisX.

ExcniepuMeHTanbHl Ta HATYpHI JOCHIJKEHHS Aaldd 3MOTY BCTaHOBHUTH 3a
($1310510r0-010XIMIYHUMHU MOKa3HUKaMU OCOOJIMBOCTI MPUCTOCYBaHHA puO 110 All
TOKCUYHUX PEYOBHMH Ta IIATBEPIUTH €KOJOTIYHHUM CTaH JOCTIIHKCHUX 03ep 1
SKICTh BOAM Y HUX.

VY TOKCHKOJIOTIYHHUX EKCIEpPUMEHTaX 00’€KTaMU JOCHTIIKEeHb Oyl Tipuak
€BpONEICHKUI Ta aMypchKkuid yeOadok. J[iF0UMMH TOKCUYHUMHU PEYOBHUHAMU OYIIH
IUXpoMaT Kajito Ta ¢peHou. JIuxpomar Kaiiro Ma€ 3arajibHo TOKCUYHHMI BIUIUB Ha

pu0 Ta 374aTHUN HAKOMMYYBATHCh y iX opraHax 1 TkaHuHax. DeHON MpOosBIIsE



HEPBOBO-TIAPATITUYHY [iI0 Ta 3MIHIOE CTPYKTYpPY TKaHUH NEpeayciM Ti, IO
0e3nocepeIHbO KOHTAKTYIOTh 13 HUM.

3a BIUIMBY AMXpoMmary Kajio Ta ¢eHony 3arubenb pud BiOyBaeTbCs HE
oxHOouYacHO. Bubipka ripuaka po3noaisieTbCsl Ha Pi3HI TPYNMHU OCOOMH 3a CTYIIEHEM
pearyBaHHsI HA TOKCUYHHM BIUIMB. 3HAYHA YaCTUHA PUO TMHE 0/Ipa3y BiJl CTPECOBHX
seun (58,0-82,0 %), wactuna pu6 (30,3-6,0 %) ruHe yepe3 MEBHUN MPOMINKOK
yacy (Bix 8 1o 11 1i0) B Mipy MOKIHBOTO HAKOMHUYEHHS! TOKCUKAHTIB y TKAaHHWHAX.
Pemra pu6 ycmimHO aganTyeTbes O YMOB CEPEAOBHINA Ta JOKHBAE O KIHIIA
nocmigy (11,7-12,0 %). I'ipyak Ha Airo GeHOMy BigpearyBaB 3HAUHO MIBUAIIE, HIXK
Ha Ji0 JUXpoMaTy Kaiilo, W0 TMOSCHIOETHCS PI3HUM XIMIYHMM BIUIUBOM
TOKCHUKAaHTIB Ha opranizMm pub. [Ipote, mopiBHSIHO 3 ripyakoM, 4e0adyoK BUSBUBCA
MEHII CTIMKUM JI0 BIUIMBY JAMXPOMATY Kadilo Ta (EHOIY, BTIM MPOXOKEHHS
MPUCTOCYBAJLHUX PEaKIii y mamocmiaHux pubd Oyna cxoxkor. TakuMm YHUHOM,
BUBYCHI BHAM pUO 3/aTHI JO ajanTaiii Ha MOMyJSIifHOMY piBHI A0 il
PI3HOMaHITHUX TOKCUYHUX PEYOBHH, 30KpEMa 1 aHTPOTIOTEHHOTO TTOXOI>KEHHS.

Juxpomart kajiito Ta ¢GeHoJ CIPUINHIIN y PUO cTpec-peakxiiii, sKi 3Halum
CBO€ B1IOOpakKeHHS MEPeayCiM y 301TbIIEHHI PiBHS TTIOKO3U Ta 3MEHIIIEHHI BMICTY
KOPTU30JIy B Ijia3mi KpoBi. Takok y pu® BCTaHOBIJICHI 3MIHM PIBHS THPOKCHHY,
KWW KOJIUBAETHCS 3AICKHO Bl BUAY pUO Ta €KOJIOTIYHOTO CTaHy JOCIITHUX 03€p
Kupuniscbke Ta JIyrose (cuctemu «Oneuenb» M. KuiB), B SIKUX BOHU 1CHYBQJIH.
3MmiHa TopMOHANIBHOTO (oHY pub Bi0Opa3miiach Ha aKTUBHOCTI HU3KH (PEPMEHTIB
Ta MO3HAYWIACh Ha OOMIHI PEYOBUH Ta (DYHKI[IOHAIIBHOMY CTaHI OKPEMHUX OPraHiB
puo.

3aneXHO BiJ KOHLEHTpalid TOKCHKAHTIB Oyjla BCTaHOBJIEHA BHCOKa

aKTUBHICTh ()EPMEHTIB a30THOrO OOMIHY, LIO0 BKa3y€ Ha aKTHUBHE 3aJyYEHHS
KJIITHH TIEYIHKH Y Tporiecax 0loTpancdopMaliii TOKCHYHUX PEUOBUH 3 TIOIAITBITION0
iX JIeTOKCHKali€o. Y Tipyaka TakoXX 30UIblllyBasiacd aKTHUBHICTb JIyXKHOI
docharazu (JID), 30kpema 3a naii guxpomary Kajilo, B YyCIX JOCIITHHX
KoHIeHTpamisx (2,5-20,0 mr N/am®) mepemyciM B Tkammuax M’s3iB (y 1,1-5,1

paziB). 3a BIuBY deHONy B ycix mocmimaux koHrertpamisx (0,01-5,0 mr N/am®)



30uThIMIach akTUBHICTD JI® y xmituHax M’s3iB (Ha 35,2—78,7 %), neuinku (10
60,1 %) Tta 3s0ep (ma 14,6-52,0 %), mo Moke BKa3yBaTH Ha Te, IO IS
MOJIOJaHHSI HETaTUBHOTO BIUIMBY TOKCMYHMX pEYOBMH, Yy puO BHUHHUKAE
HEOOX1/IHICTh 3alTyyaTH OLIbIIY KiJIbKICTb €HEeprii.

[Tomaneii  AOCHIDKEHHS  CTOCYBAIMCH MPOOJEMHU  3aKOHOMIPHOCTEH
dbopMyBaHHS CTIMKUX Tpyn Kapacss 10 TOKCHYHOrO 3a0pyIHEHHS BOJOWM
BHCOKHMH KOHLICHTPALISIME aMOHIifHOro a3oty (24—48 mr N/mM’), v sIKux pubn
(BikoM 2°) mepeOyBamy pi3HMil NMPOMIXKOK uyacy — 3 MicsIi, 3 p Ta BIPOJIOBK
JEKUTBKOX TTOKOJTIHB (32 TPUBAJIOCTI 3a0pyaHeHHs Bogowmu 20 p).

JlocmipkeHl rpynu Kapacs Majld CYTTE€Bl BIAMIHHOCTI BiJI KOHTPOJIbHUX
0CcoOMH 3a O10XIMIYHMMU MOKazHWKamMu. Ha modaTtkoBuX eranax MmpucTOCYBaHHS
(3 micsi) y nocaiaHii rpymni pud 3a KOHIIEHTpaIlli aMOHIMHOTO a30Ty 24 Mr N/
aKTUBHICTh ()EPMEHTIB E€HEPreTUYHOr0 OOMIHY ICTOTHO 3MiHIOBajaca. Tak, y
310pOBUX Ta M’SA30BUX KIITHHAX aKTHBHICTh Jaktarierigporenasu (JIJII') Oyna
MEHIIOK MOPIBHSHO 3 KOHTPOJIEM, MPOTE AKTUBHICTh CYKIMHATAETIIPOreHa3u
(CAI') oOyna Oinbmioro. Ile Bka3ye Ha aKTHBi3allil0 aepOOHOTO TUXaHHS MPH
3MEHILEHHI PIBHS TJIIKOMI3y. 3O0UIbIIYETHCS TAKOX OOMIH MIXK 30BHIIIHIM 1
BHYTpIIIHIM  cepefoBuileM y  3s0pax  pu0,  aktuBHiCTH  Nat+/K+
anenosunTpudocaraszu (Na*, K'-ATd-a3u) — 3pocTac.

[Ticns TpupiuHOi aganTalii Kapacs 10 aMOHIMHOTO 3a0pyAHEHHS! B TKAHUHAX
Ta opraHax puO BiAOYBadUCh 3MIHU AKTUBHOCTI (PEPMEHTIB EHEPreTHYHOTO
oOMiHy. 30kpema, 30uIbImIack akTuBHICTh C/I" y TkaHuHax m’s31B Ha 38 %. ¥V
356pax aktuBHicTh Na', K'-AT®-asu 3menmysanmacs Ha 15 % BifmosigHo,
MOPIBHSHO 3 KoHTposieM. Kpim Toro, xapach 13 Ii€i Tpymu XapaKTepu3yBaBCs
O1IBIIMM BMICTOM OLJIKA 1 TJIIKOTE€HY B TKAHMHAX MEYIHKU Ta OUTBIIMMU 1HIEKCAMU
BHYTPIIIHIX OpraHiB, HDK Yy KOHTpoii. Jlo Toro X, HACIIAKA HAIAMIPHOTO
3a0py/IHEHHS TMO3HAYMJINCh Ha aKTUBHOCTI ()epMEeHTIB a30THOTO Ta (ochopHOro
OOMiHIB.

Kapacp, sxuii BrnpomoBx 20-tu  pokiB TiepeOyBaB y  HaWOLIbII

EKCTpEeMaIbHUX yMOBax, cpopMyBaB CTIMKY MOIMYJIALIIO, sIKa 30eperia 3/1aTHICTh



70 BIATBOPEHHS Ta MIATPUMAaHHA CBO€l 4HcenbHOCTi. Lga momynsmis pud
XapaKTepu3yBalach MEHILIUM 1HJIEKCOM TMEYIHKU Ta OIBIINM 1HIEKCOM CEJIe31HKH.
[le Bkazye Ha 3MiHY (YHKIIOHAIBbHOT AaKTUBHOCTI IIMX OpraHiB. Y pub
JETIOHY€ETbCA  OLNbIIa  KUIBKICTh KPOB’SIHUX €NEMEHTIB y CeNe3iHIl Ta
aKTHUBI3YEThCS BUKOPUCTAHHS €HEPrOEMHHMX PEUOBMH MEYIHKU. Y Kapacs, SKHil
TpUBaJIUil yac rnepedyBae MiJi TOKCHYHUM HAaBaHTXKEHHSIM 1CTOTHO 3MIHIOETHCS
aKTUBHICTh  (PEPMEHTIB  EHEPreTHYHOTO OOMIHY TOpPIBHSHO 3  IHIIMMH
H1A0CTITHUMEU TpyniamMu Ta KoHTposieM. Tak, aktuBHicTh JI/II' 1 CAI' y TkannHax
MeyiHKy OyJia 3Ha4HO BUILOIO, SIK 1 aKTUBHICTH aMiHoTpaHcdepa3 ta JID BigHOCHO
KoHTpoito. lle BKasye Ha 3HAYHy pOJIb TMEUIHKU y 3a0e3Me4eHH] aJanTHUBHUX
peaxiiil 10 TpUBaAJIOToO W HAJMIPHOTO BIUIMBY CIIOJIYK a30TY.

Kpim Toro, y TkanuHax 310ep 1ux pub Oyina minBuiieHa aktuBHicTb JIJAT,
0 BKa3ye Ha  TIOCWICHHS  TPOIECIB  TIIKOMI3y, Ta  aKTUBHOCTI
rnyramataerigporenasu ('), ska 3amisHa y JCTOKCHKAIl Ta BHBEICHHI
HAJIMIPHOI KIJTLKOCTI aMOHII0 3 opraHizmy. [IopiBHSHO 3 IHIIUMH TIATOCTITHUMA
rpyliaMM y Kapacs ITiCs JOBrOTPUBAJIOl ajanTallii 10 BHUCOKOI KOHIICHTparii
aMoH1iHOTrO a3oty (48,0 mMr N/I[Mg) OyJI0 BCTAaHOBJICHO HUXKYUU PIBEHb TUPOKCHY
(T4) npu Bumomy piBHi TpuoaTupoHiny (T3) y miasmi KpoBi, 10 CBIIYUTH PO
MTOCHJICHHS 3araJIbHUX OOMIHHHUX ITPOIIECIB.

MoHa 3ayBa)uTH, 110 YCI MAOCTIHI TPYIH XapaKTEPU3YIOThCS O1IBIIO0
aOCOJIOTHOIO TUIOIOYICTIO, HAaBITh 32 KOPOTKOTEPMIHOBOTO TiepeOyBaHHSA Yy
BOJIOMMI 13 BHCOKOIO KOHIICHTpAIIEl0 aMOHIMHOTO a30Ty. 3a TPHUBAJIOTO
nepeOyBanHs pub (3 ta 20 pp.) mig Ai€l0 BUCOKUX KOHIIEHTpAIllii aMOHIHHOTO
asory (24,3-48,0 mr N/mv®) y pub meino 3MeHIIyeThCs JTiHifHO-MaCOBHIl PICT, IO
€ HACJIJIKOM aJIallITUBHO-KOMITIEHCATOPHOI peakIlii kapacs.

JlocmipKeHHsT TOMyJAIiA  OKPeMHUX TMPEACTaBHUKIB KOPOIMOBUX pub y
OPUPOAHUX O03epax, Kl posramoBaHi y M. KueBi, mokazanw, 1o 3a yMOB
MOCHUJICHOTO BIUTMBY aHTPOIIOT€HHOTO 3a0pyaHeHHs (03epa cucteMu «OnedeHpy —
03. Kupunisceke Ta Jlyrose) y kapacs cpiOnasicTOro, KpacCHOIPKH 3BHYAHOI Ta

TUTITKY 3BUYANHOT CIIOCTEPITaJINCh MDKBUAOBI BIAMIHHOCTI (Pi310J10r0-010X1MI4HO1



amanTamii 10 A1IouyuX YMHHUKIB. OCOOIMBOCTI 3a3HAYEHUX PEaKIiil MoJsralid y
3MiHaxX pIBHS TOPMOHIB Yy IIIa3Mi KpOBi, cHernupiyHOMY BUKOPHCTaHHI
CHEPrOEMHMX PEYOBMH Ta 3MiHaX AaKTHUBHOCTI JOCTIKYBaHUX (EPMEHTIB
eneprernanoro (JIJI, CJI), #onnoro (Na',K'-AT®d-a3a), azotucroro (AcAT,
AnAT, ') Ta dochopuoro (JID) oOmiHiB.

Mo>xHa CTBEpIKYBATH, 1110 HA BIMIHY BiJ KPaCHOIPKHU Ta IUIITKH, Kapach
Ma€ HaWOUIbIIY CTIMKICTh Ta MPUCTOCYBAJbHY 3JaTHICTH JI0 MOTIPIICHHS YMOB
HaBKOJMIIIHLOTO cepenoBuina. IlepeayciMm 1e moB’s3aHO 3 (hi310JIOTTYHOIO
cnenu@ikoro 3a0e3NeUYeHHs] EHEPreTUYHUX MOTped, aJXke Kapach, Ha BIIMIHY Bij
KpPaCHONIPKHU Ta IUIITKH, HacaMIlepe]] BUKOPUCTOBYE IiKoreH. Came 1e 103BOJIsI€
MIATPUMYBATH YHUCEJBHICTh TMOMYJALINI Ha ONTUMAJIBHOMY JUIsi Hei piBHI Yy
CKJIaJIHAX yMOBaX ICHYBaHHS, IO MiATBEPIXKYETHCA pe3yiabTaTaMH IOCITIIKEHBb
PI3HUX MOMYJISALIN IIbOTO BUY.

3a MOCUJICHOTO AHTPOIIOTEHHOIO 3a0pyAHEHHS y JOCHIPKEHUX BUJIIB pUO
CIOCTEpITalKCs ICTOTHI 3MIHM 1HAEKCIB BHYTPIIIHIX OpraHiB Ta 3MIHM PIBHSA
ropMoHiB. 30kpema, BMicT T3 y kapacs 3 o03. Kupuiiceke Ta 03. JlyroBe OyB
MeHuM y 4,7 ta 1,5 pa3u BIANOBIAHO, a y IUITKHU 3 03. KupuiiBcbke — y 4 pasu
MeHme. BogHouac y kpacHoOmipkud 3 000X 3a0pyAHEHUX BOJIONM BMICT IIOTO
rOpMOHY OyB OUIBIINM Yy 2,2 pa3u BiTHOCHO KOHTPOJIIO.

Kapacp Ta xpacHomipka 3 03. KupuiiBcske Ta JIyroBe xapakTepu3yBalHCh
oinpmoro aktuBHICTIO CIAI' y TkaHuHax m’s31B (Ha 63,0 Ta 40,6 % 1 13 ta 50 %,
BIJIOBIJIHO), 10 BKa3y€ Ha 30UIbLIEHHS a€pOOHMX OKHUCHO-BIJHOBHUX MPOLECIB
Ipy ICHyBaHHI pub y 3a0pylHEHHX Bojoimax. 31 CBOro OOKy, B IUIITKH 3
03. KupuiiBcbke BCTaHOBJIEHO HMXK4YY aKTUBHICTh LbOTO ()EPMEHTY B TKAHMHAX
M’s31B (Ha 31,2 %).

AxtuBhicts JI[AI' y TkaHMHax M’s31B, TEYIHKKM Ta 3540€p IUITKU 3
03. KupumiBceke Oynia HIKYOKO Bil KOHTpodto. [Ipore B 3s10poBHX TKaHWHAX
Kapacs 1 KpaCHOMIPKH 13 HaJMIpHO 3a0pyJIHEHO1 BojoiMu akTuBHICTH JIII' Oyna

BUIIOIO 32 MOKAa3HUKA YMOBHOTO KOHTpPOI0. OTpuMaHi pe3yidbTaTH aKTUBHOCTI



HU3KH (EPMEHTIB BKa3ylOTh Ha OCOOJMBOCTI Mepediry O10XIMIYHHMX peakIii
JOCITIIKYBaHUX BUJIIB 32 YMOB aHTPOIOTEHHOTO 3a0py/THCHHS BOJIOIM.

Y BCIX JOCTIAHUX BHJIIB aKTUBHICTH (EPMEHTIB a30THOro OOMIHY B
KIITUHAX TE4YiHKH Oyla TNepeBakHO MEHINOK, HiK y KoHTpoui. lle moxHa
pO3MIISIIATU SIK aIANTUBHY PEakKiiiio, sika Ja€ 3MOTy KOPOTIOBUM puOaMm iICHyBaTu y
BOJI0MMAx 13 pi3HOIO IHTEHCUBHICTIO aHTPOIIOT'€HHOTO 3a0pyAHEHHS.

3aranoMm, KpacHOIpKa Ta Kapach CXOXXHM YHHOM pEaryioTh Ha BILUIWB
KOMIUIEKCHOTO 3a0pyAHEHHS, a/pKe Yy IUX BHJAIB MOJIOHMM YHHOM 3MIHIOETHCS
aKTUBHICTh MapKepHUX (DEPMEHTIB y PI3HUX TKAHHUHAX, MOPIBHSHO 3 KOHTPOJIEM.
3a3zHayeHl 0COOJMBOCTI POOJATH LI BHAM pUO OUIBII CTIMKMMH 1O BIUIUBY
3a0py/IHEHHS, HIXK IUTITKY, SIKy HaMH He OyJ0 BWJIOBJICHO Yy Hai3aOpyaHEHIIIN
BoJoMMI (03. JIyroBe), 10 MoKe BKa3yBaTH Ha MEHII aJalTUBHI MOXJIMUBOCTI
[HOTO BUJTY /IO BIUITMBY IMOCUIIEHOTO TOKCUYHOTO 3a0pyTHEHHS.

OtpuMaHi pe3yibTaTH BKa3ylOTh Ha Te, IO 3a (i310J10r0-610XIMIYHUM
CTAaHOM pUO MOYKHA OLIIHUTH €KOJIOT1YHUI CTaH BOJAOWM Ta Mepea0auynuTH HACIIIKU
HAJMIPHOTO AHTPOIOTEHHOTO 3a0pyJHEHHS Ha CTaH IiXTiopayHH B Malo
NOpYIIEHUX BoOJOMMax. Marepianu, BHKJIAQIE€HI Yy JucepTalii, MOXYTb
BUKOPHCTOBYBATUCS B HAaBYAIBHOMY Tpolleci Ha (akynbTeTax NPUPOIHHUYOTO
CIpsIMyBaHHSI Ta Ha HAyKOBO-TIOMYJSIPHUX CEMiHapax 3 METOI0 MOMyJspu3arlii

HAayYKOBHUX 3HAHb.

KuarouoBi cioBa: TOKCHYHI CHOJYKH, AaHTPOIOT€HHE HaBaHTaXEHHS,
ajanrarisi, puOM, TOMyJslis pud, BMICT TOPMOHIB, €HEPrOMICTKI pPEYOBHUHH,

aKTUBHICTH ()EPMEHTIB.

SUMMARY

Kovalenko Yu. O. Physiological and biochemical features of formation of

new stable populations of carp fish under the influence of toxic pollution.
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The paper presents research materials on changes in the physiological and
biochemical state of some carp fish species under the influence of anthropogenic
pollution of varying degrees of water intensity.

As a result of research, interspecific and interpopulation differences of
morpho-physiological and physiological-biochemical parameters of fish were
established, which were formed as a result of long-term or constant inflow of toxic
substances into water bodies. This enables carp fish to maintain their vital
processes and ability to reproduce.

To better understand the processes of carp species selection and their
adaptive responses to toxic substances, a number of acute and chronic experiments
were performed, which reflected the effect of reference toxic substances in
sublethal and lethal concentrations.

Experimental and field studies have made it possible to establish the
influence of toxic substances on fish organisms and to characterize the state of the
ecological environment of lakes and the quality of water in them according to
physiological and biochemical parameters.

In toxicological experiments, the objects of study were Rhodeus sericeus
(Pallas, 1776) and Pseudorasbora parva (Temminck & Schlegel, 1846). The active
toxic substances are potassium dichromate, which is able to be accumulated in the
organs and tissues of fish, and phenol, which affects the nervous system and is able
to structurally change tissues, especially those that are in direct contact with this
substance.

Under the influence of potassium dichromate and phenol, fish mortality does
not occur simultaneously. The sample of bitterling gourd is divided into different
groups of individuals by degree response to toxic effects. A significant part of fish
dies immediately because of stress (58.0-82.0 %), some fish (30.3-6.0 %) die after

a certain period of time (from 8 to 11 days) as the accumulation of toxicants in the



tissues, the rest of the fish successfully adapt to environmental conditions and
survive to the end of the experiment (11.7-12.0 %). Mustard reacted to the action
of phenol much faster than to potassium dichromate, due to the different chemical
nature of toxicants. However, in comparison with bitterling gourd, stone moroko
was less resistant to the effects of potassium dichromate and phenol, however, the
course of adaptive reactions in experimental fish was similar. Thus, the studied fish
species are able to adapt to reservoirs that are subject to pollutants, primarily of
anthropogenic origin.

In addition, the studied reference toxicants caused stress reactions in fish,
which were reflected primarily in an increase in glucose levels and a decrease in
plasma cortisol. Fish also recorded changes in the level of thyroxine, which varies
depending on the species of fish and the ecological status of the experimental lakes
(Kyrylivske and Luhove), in which they existed. The change in the hormonal
background of fish was reflected in the activity of a number of enzymes and
affected the metabolism and functional state of individual organs of fish.

Depending on the concentrations of toxicants, a high activity of nitrogen
metabolism enzymes was found, which indicates the active involvement of liver
cells in the processes of biotransformation of toxic substances with their
subsequent detoxification. The activity of alkaline phosphatase (LF) also increased,
in particular under the action of potassium dichromate in experimental
concentrations (2.5-20.0 mg N / dm®) in bitterling gourd the activity of the enzyme
in muscle tissues increased (by 1.1-5.1 times). Phenol in concentrations (0.01—
5.0 mg N / dm®) activity increases in muscle cells (by 35.2-78.7 %), liver (up to
60.1 %) and gills (by 14.6-52.0 %), which indicates the need to attract more
energy from fish to overcome the negative effects of toxicants.

Further studies addressed the problem of patterns of formation of resistant
groups of crucian carp to toxic pollution of water bodies with excessive
concentrations of ammonium nitrogen (24-48 mg N / dm®) for 3 months, 3 years
and 20 years. The studied groups of crucian carp had significant differences from

control individuals in biochemical parameters. In the initial stages of adaptation



(3 months), the activity of enzymes of energy metabolism changed significantly.
Thus, in gill and muscle cells, lactate dehydrogenase (LDH) activity was lower
than in controls, but LDH activity increased. This indicates the activation of
aerobic respiration with decreasing glycolysis. The exchange between the external
and internal environment in the gills of fish also increases, the activity of Na", K*-
adenosine triphosphatase (Na*, K*-ATPase) increases.

After three years of adaptation of crucian carp to ammonium contamination
in the tissues and organs of fish there were changes in the activity of enzymes of
energy metabolism. In particular, the activity of LDH in muscle tissue increased by
38 %. In the gills, the activity of Na", K'-ATPase decreased by 15%, respectively,
compared with the control. In addition, crucian carp from this group was
characterized by a higher content of protein and glycogen in the liver tissues and
higher indices of internal organs than in the control. In addition, the effects of
excessive pollution affected the activity of enzymes of nitrogen and phosphorus
metabolism.

The crucian, which has been in the most extreme conditions for 20 years,
has formed a stable population that has retained the ability to reproduce and
maintain its numbers. This fish population was characterized by a lower liver index
and a higher spleen index. This indicates a change in the functional activity of
these organs. Fish store more blood elements in the spleen and increase the use of
energy-intensive substances in the liver. In crucian carp, which is under a toxic
load for a long time, the activity of energy metabolism enzymes changes
significantly compared to other experimental groups and controls. Thus, the
activity of LDH and LDH in liver tissues was significantly higher, as well as the
activity of aminotransferases and LF, relative to control individuals. This indicates
a significant role of the liver in providing adaptive responses to prolonged and
excessive exposure to nitrogen compounds.

In addition, in the gill tissues of these fish was increased LDH activity,
which indicates an increase in glycolysis, and glutamate dehydrogenase (GDH)

activity, which is involved in detoxification and removal of excess ammonium



from the body. In comparison with other experimental groups in crucian carp after
long-term adaptation to high concentrations of ammonium nitrogen
(48.0 mg N / dm®), a lower level of thyroxine (T4) was found at a higher level of
tritodothyronin (T3) in blood plasma, which indicates an increase in overall
metabolic processes.

It can be noted that all experimental groups are characterized by higher
absolute fertility, even during a short stay in a reservoir with a high concentration
of ammonium nitrogen. During a long stay (3 and 20 years) the linear mass growth
of fish decreases slightly, which is a consequence of the adaptive-compensatory
reaction of crucian carp under unsatisfactory living conditions.

Studies of populations of individual representatives of carp fish in natural
lakes located in Kyiv showed that under conditions of increased impact of
anthropogenic pollution (lakes of the "Opechen" system — Lake Kyrylivske and
Luhove) in silver crucian carp, red-breasted and common goby were observed
interspecific differences in physiological and biochemical adaptation to active
factors. Peculiarities of these reactions were changes in the level of hormones in
the blood plasma, specific use of energy-intensive substances and changes in the
activity of the studied enzymes energy (LDH, LDH) ion (Na', K'-ATPase),
nitrogen (AST, ALT, GDG) and phosphorus (LF) exchanges.

It can be argued that, unlike redfin and roach, crucian carp have the greatest
resilience and adaptability to environmental degradation. First of all, this is due to
the physiological specifics of energy needs, because crucian carp, unlike redfish
and roach, primarily uses glycogen. This allows to maintain the population size at
the optimal level for it, even in extremely difficult living conditions, which is
confirmed by the results of studies of different populations of this species.

Significant changes in the indices of internal organs and changes in hormone
levels were observed in the studied fish species during the increased anthropogenic
pollution. In particular, the content of T3 in crucian carp from the lake Kyrylivske

and lake. Lugove was smaller by 4.7 and 1.5 times, respectively, and roach from



the lake Kyrylivske is 4 times less, but the content of this hormone was 2.2 times
higher in the Krasnoperka from both polluted reservoirs relative to the control.

Crucian carp and redfin from the lake Kyrylivske and Luhove were
characterized by higher activity of LDH in muscle tissues (by 63.0 and 40.6 % and
13 and 50 %, respectively), which indicates an increase in aerobic redox processes
in the presence of fish in contaminated water. In turn, roach from the lake
Kyrylivske found a lower activity of this enzyme in muscle tissue (31.2 %).

LDH activity in the tissues of muscles, liver and gills of roach from the lake
Kyrylivske was lower than control. However, in the gill tissues of crucian carp and
red perch from excessively polluted water, LDH activity was higher than the
conditions of conditional control. The results obtained from the activity of a
number of enzymes indicate the diametrically opposite biochemical reaction of the
studied species to the conditions of water pollution.

In all experimental species, the activity of nitrogen metabolism enzymes in
liver cells was preferably lower than in the control. This can be considered as an
adaptive response that allows carp fish to exist in reservoirs with different
intensities of anthropogenic pollution.

In general, redfish and crucian carp respond similarly to the effects of
complex contamination, as these species similarly alter the activity of marker
enzymes in different tissues compared to controls. This is what makes these
species more resistant to pollution than roach, which we did not catch in the most
polluted reservoir (lake Lugove). This indicates less adaptive capacity of this
species to the effects of increased toxic pollution.

Thus, the physiological and biochemical state of fish can assess the
ecological status of water bodies and predict the effects of excessive anthropogenic
pollution on the state of ichthyofauna in sparsely disturbed water bodies. The
obtained materials of the dissertation can be used in the educational process at the
faculties of natural sciences and at popular science seminars in order to popularize

scientific knowledge.
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