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MOJIERYJIAPHBIE BUOMAPREPBI O9PPERTOB
UOHOB AL?** HA UHIAYKIIUIO OKCUJJATUBHOI'O
CTPECCA M RJIETOYHYIO PEARTUBAIINIO B
OPI'AHU3ME LEPOMIS GIBBOSUS (PISCES:
CENTRARCHIDAE)

Ha ocHoBaHMM KOMMMEKCHOro aHanv3a nokasaTenen OKCUAaTMBHOIO cTpecca u
COCTOSIHWS! LMTOCKENETa UCCHEA0BaHbl TOKCUUeckue apdekTbl noHos AP Ha kneTku
neyeH N HePBHOW TKaHU COMHEYHOro okyHsi Lepomis gibbosus. YCTaHOBMNEHO, YTO
XPOHMYEeCKOe BO3AENCTBME MOHOB anioMUHKS B koHUeHTpauun 0,01 mr/cm® nHayun-
pyeT OKUCIUTENbHbIA CTPECC M XapaKTepHbIV peaKTUBHbIA OTBET aCTPOLMUTOB MO3ra.
MokasaHo, 4TO acTPOrnMo3 TECHO acCCOLIMMPOBAH C Pa3BUTMEM OKCMOATUBHOMO CTPEC-
Ca B HepBHOW TkaHW pblb. NMokazaTenu okcnaaTMBHOIO CTpecca U peakTMBHOro OTBeTa
acTpornmMM Ha TOKCUYEeCKoe BO3OENCTBME MOHOB AP aBnsioTcs MapKepamu crnocoot-
HOCTU OpraHva3ma afanTupoBaTbCs K 6onee KECTKMM YCINOBUSIM OKpY>KatoLLeli cpeabl.

+ . . o
Kniouesvie cnosa: AP, Lepomis gibbosus, acmpoenuos, okcudamugHwlil
cmpecc, MONeKyApHble GUOMAPKepbL.

HoHbI HEKOTOPHIX METAaAAOB PaCCMaTPUBAIOTCS KaK OAUH U3 Hauboaee BaXk-
HBIX (DAKTOPOB pUCKa. Aa’ke He3HAUYMTEAbHOe IOBBIIIeHWEe HNX KOHIIeHTpalluu
MO>KeT IIPUBOAUTEH K HeOOPATUMBIM HapylIeHUSIM B KAETKaX U TKaHSIX JKMBBIX Op-
raHM3MOB. AAIOMUHUU SIBASIETCSI CAaMbIM PACIPOCTPAaHEHHBIM METAaAAOM 3€MHOU
KopHI [2, 11]. MHOKecTBeHHBIe HeOAATONIPUATHBIE 3(P(PEKTHl ero CoOAed Ha JKU-
Bble OPraHW3MBbl aKTUBHO M3Y4YalOTCS HA IIPOTSI’KEHUU MHOTUX AET, OAHAKO BO-
TIPOCHI UX TOKCUYHOCTHU AAS BOAHBIX OPTraHU3MOB OCTAIOTCS CHOPHBIMU. [Ipeano-
AQraroT, 4To MOHBI Al3T NMpUHUMAIOT yY4acThe B pa3BUTUN PA3AMYHBIX TTATOAOTUN
U UX HeOAAronpusaTHbIE 3(PEKTHL OTPEAEATIOTCS, B IIEPBYIO OUEpPeAb, CIIOCOOHO-
CTBIO MHAYIIMPOBATh OKMCAUTEABHBIN CTPeCcC B Pa3AWYHBIX TUIIAX KAeTok [31].
UpesMmepHOe NOCTyNIAEHUE COEAMHEHUU aAIOMUHUSA BEAET K HAPYIIEHUIO OKUC-
AUTEABHO-BOCCTAHOBHUTEABHOTO OaraHca B TKAHU TOAOBHOT'O MO3Ta >KMBOTHBIX
[16].

OXCHUAQTUBHBIN CTPECC CUUTAETCS OAHUM U3 TAABHBIX HMHAYKTOPOB CTPYKTYP-
HO-(PYHKIIMOHAABHBIX HapylleHul B KaeTKax LIHC [29]. AKTuBHBIe (DOPMBI KUC-
ropopa (AO®D) BHIBBIBAIOT r'MOEAb HEMPOHOB MyTéM akTuBanuu [1O/\ KAeTOUHBIX
MeMOpaH, nospexxpenus 6eakoB u AHK. Iereparusgs AO® KoMIEHCUPYeTCs aH-
THOKCUAAHTHBIMHU CHCTeMaMU. VI3BECTHO, UTO KAETKH ITeYeHU BBICIINX OPTraHu3-
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MOB XapaKTepU3YIOTCS HaAWYMEM MOIIHOM aHTHOKCHAAHTHOMW 3allluTHL. B Hep-
BHOM cHucTeMe Hanuboaee MPOAYKTUBHOM aHTUOKCHUAAHTHOM CIOCOOHOCTHIO OOAa-
AAIOT aCTPOIUTEL. ACTPOTAMAABHBIE KAETKM WUTPAIOT OCHOBHYIO POAB B 3alllUTe
HEePBHOM TKaHMW OT (PU3NUYECKUX U MeTabOAMYeCKUX IOBpekAeHUuN. Mapkepom
ACTPOTAMU M TA@BHBIM CTPYKTYPHBIM KOMIIOHEHTOM aCTPOIIUTAPHOIO IIUTOCKEAe-
Ta SIBASIETCSI TAMAABHBIN (PUOPUANAPHBIN KUCABIM Oerok (DKE). Ou paccmaTpu-
BAeTCs KaK HaAEKHBIM MapKep acTPOIUTOB, MOCKOALKY PeaKIlus 3THUX TAUaAb-
HBIX KAETOK Ha A€MCTBUE MOBPEKAAIOIINX (PAKTOPOB COMPOBOKAQAETCS €ro yCHU-
AEHHBIM CHHTE30M U UHTEHCUBHBLIM (PUOpUANOTeHe30M [28]. DTo xapaKTepHoOe
MAST QCTPOIUTOB SIBAEHME IIOAYYMAO Ha3BaHWE aCTPOTAUO3.

[MTouck u xapakKTepUCTHUKa aAeKBATHBIX MOAEKYASIPHBIX MapKepoB, KOTOPBIe
IIO3BOAAT OILl€eHMBATHL CTeIIeHb H86AaI‘OHpI/IHTHOI‘O BAUAHWA TEXHOI'€HHOI'O 3a-
IpsI3HEHUs OKPY’Kalolllel CpeAbl, B COBPeMEeHHOM MUpe Ype3BblYalHO aKTyaAb-
HBL. LleAbio paboTHL SBASIAOCH BEIIBACHHE TOKCHMYECKUX 3(P(PEKTOB MOHOB aAlO-
MUHUSA Ha KAETKH IIeYeHU U HePBHOM TKaHU COAHEYHOTO OKyHA Lepomis gibbosus
Ha OCHOBaHUM KOMIIAEKCHOTO aHaAmM3a IIoKa3aTeArel OKCHAAQTHMBHOIO cTpecca U
COCTOAHUA ITUTOCKEAETa.

Marepuan U MeTOAUKa MCCAeAOBaHUM. B rccaepoBaHMSIX UCIIOAB30BaAm 20
ocobell coAHeYHOro OKyHs (Lepomis gibbosus) BO3pacTOM TpH-4eThIpE TOAQ.
PrIOBI OBIAM pa3peAeHBl Ha ABe paBHbIe Irpynnbl. O0e IpyHIbl COAEPIKAAUCE B
OAMHAKOBBIX aKBapuyMaX eMKOCTBIO 170 A, KOHTPOABHAS — C OUUIIEHHOMN (DUAB-
Tpaluen BOAOIIPOBOAHOM BOAOM. B akBapuyMe C 3KCII€PUMEHTAABHOU IPYMIION
Ha IPOTAXKeHHH 45 AHell IOAAEPKHUBAAM KOHI[eHTpanuio uoHob Al3+
0,01 mMr/cm3 IIyTEéM IIOAMEHBI ABA’KABL B HEAEATO 1/, o6BeMa BOABI, copepIKalleit
AlCl;.

Ocobu o6eux Ipynll IOABEPraAuCh IIOAHOMY OHMOAOTMYECKOMY aHaAu3sy [5,
10]. BusyaarbHO omeHUBaAU (PEHOTUI PBHIO, AHAAM3UPOBAAU MOP(POAOTHYECKUE
S5KCTepbePHBIE U HHTEPbEPHBIE XaPAKTEPUCTUKU. Y CTAHABAUBAAM AOAIO OCOOe
Pa3AUYHBIMM MOP(OAOTHYECKUMHU U (PUINOAOTHUYECKUMU abeppanuamu. Bos-
pacT peIO OIIpEeAeAdAr IIYTEM IIoACYeTa FOAOBBIX KOAell Ha uenrye [14].

CopepkaHue U TOAUNENTHAHBIM COCTaB PAcTBOPUMOM U (PUAAMEHTHOU
dpaknuii murockeaetHoro 'OKB ycTaHaBAMBAAM METOAOM WMMMYHOOAOTHUHTQ,
Kak ObIAO onucaHo paHee [9]. OTHOCUTEABHYIO UHTEHCUBHOCTD IAOTHOCTH OKpa-
CKU IMOAMIIENITUAHBIX 30H OINPEAECASAN C IMOMOIIBIO KOMIBIOTEPHOU 0OpabOTKU
CKAHUPOBAHHBEIX PE3yAbBTATOB HWMMYHOOAOTHHTA. KOAMUeCTBeHHBIM aHAAU3
I'OKEB npoBoAUAU IIyTEM CpaBHEHUSI UHTEHCUBHOCTU OKpAIIMBAaHUS COOTBETCT-
BYIOIINX IIOAUTIENITUAHBIX 30H MEKAY 3KCIIEPUMEHTAABHBIMU U KOHTPOABHBIMU
npobaMu, OTHECEHHOM K KOAUUECTBY 0011ero 6eaka Bo pakiusax. CopepkaHue
o011ero 0eAka OIpeAeAsIAr MeTOAOM AOypHu B Mopudukanuu [22].

Yposenb [TOA B roMoreHaTax Mo3ra U IIeYeHH PbIO M3MEPSIAU C UCITOAB30Ba-
HueM TecT-Habopa LPO-586 (Oxis, Int. Inc., USA) MeTOAOM, OCHOBAHHBIM Ha pe-
akIuy N-MeTHA-2-(PeHUAMHAOAA C MAaAOHOBBIM AWAABAETHAOM M 4-TUAPOKCHAA-
KeHaMM. AKTUBHOCTh KaTaAashbl ¥ CyIEePOKCUAANCMYTA3bl OIIPEAEASIAN II0 METO-
AaM, ONMCAHHBIM B AuTeparype [4, 13].
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OOpaboTKy IIOAYYEHHBIX AAQHHBIX IPOBOAUAU METOAAMHU MaTeMaTHU4eCKOM
CTaTUCTUKU AASI MAABIX BEIOOPOK [3]. OTHOCuTeAbHOEe copepskumoe 'OKB BrIpa-
JKaAUM B BUAE CPeAHEro == cTaHA@pTHas ommobka (M = m), AOCTOBEpPHOE pa3anyue
Me>XKAY TPYIIIaMU OIleHMBaAU ¢ IpuMeHeHueM t-kputepust CteiopeHTa (P < 0,05)
[IOCAE ITPOBEPKU T'MIIOTE3 O HOPMAABHOCTHU PACIPEAEACHUS U Pa3AMINN MEKAY
reHepaAbHBIMU AUCIIEPCUSMU.

Pe3yasmamust uccaedosanuil

M3BeCTHO, UTO IIPU IIPOBEAEHUU AFOOBIX ITOAEBBIX MAU TOKCHKOAOTHYECKHX
HCCAEAOBAHUM HauWOOAee MPOCTHIM U OAHOBPEMEHHO WH(POPMATUBHBLIM aHAAU-
30M SIBASIETCS TTATOAOTO-MOP(OAOTUYECKUHM, OCHOBAHHBIN Ha BU3YaAbBHOM OCMOT-
pe 3KCTephePHBIX U UHTEPhePHBIX IIPU3HAKOB, OPraHoB U TKaHel puI0. [Tpu sToM
MIPUHUMAIOTCSI BO BHUMaHNE BCe MOP(OAOTMYECKNE U aHATOMHYECKUe M3MeHe-
Hud. I'lpu npoBepAeHUM aHATOMO-MOP(OAOTUUECKOr0 aHaAU3a 3KCIIepUMeHTaAb-
HOU rpynnsl Lepomis gibbosus OBIAM BBEIIBAEHBI IIATOAOTUU U U3MEHEHUS BHYT-
PEHHUX OPTraHOB: YBeAUUYEHNEe Pa3MepOoB IeUeHU ¥ HEOAHOPOAHOCTD €€ OKPACKH,
KPOBOUBAUSHUS B POTOBOM IOAOCTH, ’KaOEPHBIX KPBIIIKAX, TOHAAAX, MO3Tre, KU-
LIeYHUKe, JKeAUHOM My3bIpe U Ha CTeHKaX OPIOIIHOMN IMOAOCTH (Y 56% ocobeli).

B To >Xe BpeMsl copepsKaHMe KOHEUHBIX IPoAyKTOB [TOA Kak OAHOTO U3
OCHOBHBIX ITOKa3aTeAey TeHepaliui OKCUAQTUBHOI'O CTPecca B MO3re COAHEYHOTO
OKYHS 3KCIIEpUMEHTAAbHOU I'PYIIILI AOCTOBEPHO YBEAUUYWBAAOCH B TKAHSIX MO3Ta
U [IeYeHU COOTBETCTBEHHO Ha 42 1 26%. I'lpu 3TOM B IleueHU He BBISIBAECHO AOCTO-
BEpPHOIo Bo3pacTaHUs copepsKaHusg TBK-aKTUBHBIX IPOAYKTOB, TO €CTh YPOBHS
[TOA (puc. 1).

B raeTkax mneueHu

pri0 L. gibbosus, moA- 4.0
BEPJKEHHBIX XpOHUYe- 35
CKOMY BO3AEMCTBUIO 3 s
TOBBINIIEHHOU KOHIIET- § S 30
panuu moHOB Al3T, £ b
3HAQUYUTEABHO BO3pacTa- §§ 25
Ad aKTMBHOCTB KaTaAd- o g
36l M CyIepOKCHAAHMC- [ 22,0
MyTasbl — COOTBETCT- g g o
BeHHO Ha 75 m 90% Z g "
(puc. 2). § g 10
B Mosre ocobeit © - 0.5
COAHEYHOTO OKYHS 3KC- '
IepUMEeHTaAbHOU TPYII- 0-
mel copepkanve 'OKB K Al K Al
AOCTOBEPHO yBEAMYU- Mos. euenn
Banroch (P < 0,01) mo
CpaBHEHHUIO C KOHTPO- 1. ConeprxaHne KOHEYHBIX MPOIYKTOB NEPEKUCHOTO OKHCIICHHS JIHITH-
ALHOM (pmc. 3), uTO JIOB B MO3I'e¢ U NEYeHH KOHTPOJIBHOH (k) M dKcrepuMeHTanbHOi (Al)

KA3EIBACT HA DA3BUTHE TPYII COTHEYHOTO OKYHSI. 3/16Ch M Ha PHC. 2—4: TOCTOBEPHOCTH Pa3IIH-
y p YHiT OTHOCHTENIBHO KOHTPOJIbHOM rpymmsl: * P < 0,05, ** P < 0,01 (M +
aCTPOTAMO3a B Pe3yAb- m).
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AKmuBHOCmb Kamaaaswvl, HMO/lb/MZ 6eaka
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2. AKTUBHOCTH KaTaJa3bl B MO3I'e€ M IIEYeHH KOHTPOJIBHOI (k) M 9KCTIe-
pUMEHTAIBHOH (Al) TPYIIT COTHEYHOTO OKYHSI.

Axmusnocme COJ, y. e./mz 6eaka

K Al K Al
Mose Ileuenw

3. AKTHBHOCTb CYNEPOKCHUIMCMYTa3bl B MO3Ie M MEYCHN KOHTPOIIb-
HOH (K) ¥ 9KCTIEpUMEHTANBHOH (Al) rpyI COTHEYHOTO OKYHSI.

TaTe WHAYKIUM HOHAMM
AP+ OKCHAATUBHBIX IIO-
BPEXKAEHUU Ha MOAEKY-
ASIPHOM U KAETOYHOM
YPOBHSIX.

AuddepeHiuanus
UMMYHOPEaKTUBHBIX IO-
aunentupoB 'OKB 1o
MOAEKYASIPHOM Macce
MEeTOAOM HMMYHOOAO-
THHTa IIO3BOAWAA Olle-
HUTL COAep’RKaHUe Ae-
rpapvpoOBaHHBIX Qpar-
MEHTOB OeAKa TAMaAb-
HBIX ITPOME’KYTOUYHBIX
(PHAaMEHTOB B COCTaBe
IIUTOCKEAETHBIX CTPYK-
Typ actponutoB LIHC
COAHEYHOT'O OKYHS. 3Ha-
YUTEeAbHOE BO3pacTaHUe
KOAMYEeCTBa Aerpapupo-
BaHHBIX ITOAUNIENTHAOB
['®KB oTMeueHO mpak-
TUYECKU Yy BCeX ocoben
SKCIIepUMeHTaAbHOU
rpynnsl (puc. 4), Haubo-
Aee XapaKTepHBIEe pesy-
ABTATBl MMMYHOOAOTHH-
ra 'OKB u3 mo3ra mpea-
CTaBAEHBI Ha pHUC. J.

CopepxaHue pel0 B
YCAOBHSIX IOBBIIIEHHOMN
KOHIIeHTpAIlUU HOHOB
A3+ (0,01 mr/cm3) BbI-
3BIBAAO 3HAUUTEABHOE
YBEeAHMYEeHNEe KOANYEeCTBa
AeTPapAMpPOBAHHBIX IIO
MOAEKYASIPHOM Macce
¢dparmento 'OKBE B
AmatazoHe 48—40 kAa.
CpaBHUTEABHBIM aHAAU3
BOAOPACTBOPUMOM U ITU-
TOCKEAETHOU (QpakKuun

'OKB nokasaa, 4TO HepacTBOPUMEBIE CYOBEAMHUIIBI 3TOTO OeAKa, BXOAMIINE B
COCTaB IIUTOCKEAETHBLIX CTPYKTYP B 9KCIEePUMEHTAaALHOM I'pyIIe, IOABEPIraloTCs
TPOTEOAUTUYECKOU AeTPapaliii B OOABIIIEN CTeleHU, Y4eM B KOHTPOABLHOM.
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Takum 06pazoM, noHbI A3+ He TOABKO MHAYIUPYIOT B HEPBHOM TKAHU COA-
HEUYHOTO OKYHS PeaKTUBHBIN OTBET aCTPOIIUTOB Ha MeTabOAMYeCKHe HapylleHUs,
HO W aKTUBHDPYIOT AEIDAAAIAI0 KOMIIOHEHTOB IIMTOCKEAETaA.

Ob6cycOenue pe3yabmamos uccaedosanul

AAIOMUHUHN SIBASETCS TPETBUM IO PACHPOCTPAHEHUIO JAEMEeHTOM 3eMHOU
KopH! [2]. CTeneHb ero aKKYMYASIIUY B JKMBBIX OPraHU3Max OrpaHu4YeHa BOAOHe-
PacTBOPUMOCTBEIO OOABIIMHCTBA €r0 MPUPOAHBIX cOoepmHeHHU. OAHAKO IIOCTe-
IIeHHOe 3aKUCAEHUE CPEABl BCAEACTBUE QHTPOIIOTEHHBIX BO3AEUCTBUM IPUBOAUT
K KOHBEPCUHU MHEPTHHIX coeprHeHui Al3T B GHMOAOrMYeCKH aKTUBHBLIE DOPMEL.
'AaBHBIMM UCTOUYHUKAMU €0 IIOCTYIIAEHUS B OPTraHNU3M YeAOBeKa SIBASeTCS IIUTh-
eBasl BOAQ, MIPOAYKTHI MUTAHUS U MEAUIIMHCKHE IIpenapaThl, OCHOBHOM IIyTh I10O-
CTYIAEHUSA — >KEAYAOUHO-KUIIEYHEBIN TPakT. HepacTBOpUMEIE COEAUHEHMS AAO-
MUHHsI COAOOMAM3UPYIOTCS B KUCAOM CPeAe JKEAYAKA, U TOKCUYHBIN noH Al3+
OCTynaeT B KpoBb [24]. Ero TpaHCIOPT B MO3T' B 3HQUUTEABHOU MEpe AUMUTHUDY-
eTcst reMaTo-9HIearndeckuM GapbepoM. [Tokasano, uto A3+ Tpancnoprupyer-
Csl U3 KPOBU B MO3T' B BUAE KOMIIAEKCOB C IIUTpaToM, L-rayramaToMm u TpaHcde-
pusOM [32]. VI3BeCTHO, YTO aCTPOLUTHI UI'PAIOT FTA@BHYIO POAB B (DOPMUPOBAHUU
Oapbepa MeXXAY KallMAASIPAaMHU Mo3ra U HelipoHamu. Copepskanue A3+ B Tkanu
MO3ra 3HQYUTEABHO MOBBIIIAETCS C BO3PACTOM, BO3MOYKHO BCAEACTBUE ITOBPEIK-
AEeHUI MeMOpaH KAeTOK, (POPMUPYIOIIUX reMaTo-3HIleharndeckul bapbep [17].
MHorue acneKkTsl IOCTYIACHUS U OMOTpaHC(HPOPMALU aAIOMUHUSA Y THAPOOUOH-
TOB OCTAIOTCS HEU3YUEeHHBIMU.

Pa3BuTHe pasAWUYHBLIX HATOAOTMM COIIPOBOJKAAETCS YCHUAEHHEeM TreHepaluu
CBOOOAHBIX paAMKaAOB. CeneKTUBHAas MHAYKIIUS OKCUAQTUBHOTO CTPecca B KAET-
Kax HepBHOU TKaHU $B-

AsieTCs OA}JI/IM U3 BeAy- 18
WX IyTel pearnsanmu ke
HEUPOTOKCUUYHOCTHU 16
noHoB Al3T. Mexanusm
reHepall CBOOOAHBIX 14
PaAMKaAOB C y4acTHEM 12
10

nonos AR, koropsie
He 0DOAQAQIOT IIepeMeH-
HOM BAaA€HTHOCTBIO IIPU
PUBUOAOTHYECKUX
YCAOBUSIX, OCTAeTCsl He
TIOAHOCTBIO ITOHSITHBIM.
HepaBHO OBIAO yCTa-
HOBAeHO, uTto Al3+
BAMSIET Ha aKTHWBHOCTD
epMeHTOB CHUCTEeMBI
AHTHMOKCUAQHTHOH 3a- K Al K Al
IIATEL U IIPOOKCUAAHT- Pacmsopumas Dunramenmmuas
HBIX (PepMeHTOB KAe- paxyus ppakuus
TOK T'OAOBHOI'O MO3TIa in

vivo. CHU>XaeTcd ak- 4. Cozeprxanue Oernka riuaabHBIX TPOMEXyTOHbIX (pritamMmenTo 'OKb
THBHOCTH CYTI€POKCHA- B MO3Te KOHTPOJIBHOH (K) M 9KCTIEpUMEHTAIBHOH (Al) TpymIn coHeIHO-
T'O OKYHSI.

Cogepacanue ITOKB, y. e./mz 6eaxa

S N XN O @

69



BongHas Tokcukonorus

AVCMYTa3bl M TAyTa-
49 kJa THUOHIIEPOKCHUAA3BI, a
akTUBHOCTH NO-cuHTa-
3bI 1 KCAHTUHOKCHAA3HI
40 xJa — mnoBwlmaeTtca [23].
KAeTku HepBHOU TKaHU
0COOEHHO YyBCTBUTEAD-
HBI K HAPYUIEHUSIM IIPO-
OKCHAAHTHO-aHTHUOKCH-
AQHTHOTO pPaBHOBECHUS
BCAEACTBUE OOABIIOTO

5. Pe3yspTaThl MIMMYHOOJIOTHHTA IIUTOCKENETHOH (pakiuu OenkoB n3 ~ KOAMYECTBa AUIHAOB B
MO3ra KOHTPOJIbHOM (K) ¥ SKCTIEpUMEHTANbHOM (Al) Tpynim conmHeyHoro  ppx MeMOpaHax. IIpesk-
OKYHSI.

S RSN

s

K K Al Al

A€ BCETO, IOBPEKAAIO-
miee perctBue AOOD or-
pakaeTcs Ha (PyHKIIUO-

HUPOBAaHUY MUEAMHU3UPOBAHHBIX BOAOKOH. YCTaHOBAEHO, uTo Al in vitro ctu-

myaupyer Fe?t-3aBucumoe okucArenne GEAKOB U AUITUAOB MUEAWHA U CUHATITHU-

yeckux Mmem6pan [30]. CyIecTByIoT pAaHHBIE O clioco0HOCTH Al3+ akTUBUPOBATHL
nporiecchl reHepanmu AOQ®, [TOA 1 OBHITIATE COAEPIKaHNEe BOCCTAHOBAEHHOTO

rayratuona (GSH) [195].

ACTpOIUTHl 3alIUIIAIOT HEHUPOHBI B YCAOBUSAX HEUPOTOKCHUYHOTO BAUSHUSA
CBOOOAHBIX PAAUKAAOB, IIOCKOABKY UMeIOT OOAee MOIIHYIO CUCTEMY aHTHUOKCHU-
AaHTHOM 3aimuThel [29]. [ToroKUTeAbHAasT KOPPEASIIUS MeKAY dKCIIpeccrei Map-
KepoB IipoAudepanum u aAuddepeHupoBKoi actporiuToB 1 [TOA B TKaHU MO3-
ra CBHUAETEALCTBYET B IOAB3Y Pa3BUTHSI PEaKTHBHOTO aCTPOTAMAABHOI'O OTBETa
Ha OKCUAATUBHEIN cTpecc [20]. ['nbeab KAETOK MOJKET OBITh OOYCAOBAEHA Ilepe-
KucHBIM noBpexkpeHreM AHK u 6uomeMm6paH, KOTOpOe COIPOBOJKAAETCS pes-
KUM IOBBIIIeHHeM KOHIIeHTpaluu cBo6oapHoro Ca%t B IUTO30A€ U IACPHOM Mar-
pukce [1]. Bo3MOXHO, 4TO OOHapy’>KeHHas B IIPEACTAaBA€HHOM MCCAEAOBAHUM
nporeoauTHyeckas Aerpapanusa [OKB npu uaTokcukanuu A3+ apasercs: caea-
ctBueM ycureHHOU reHeparum AO®. HemocpeacTBeHHOE BO3AEHUCTBHE CBOOOA-
HBIX PAAUKAAOB Ha TAMAAbHBIE TPOMEsKYTOUHbIE (PUAaMEeHThl MOJKeT CYIlleCTBeH-
HO AOIOAHSITBCS HapylIeHHeM rOMeoCTa3a BHYyTPHUKAeTO4HOro myaa CaZt. ITo-
BBIIIIEHNE ero KOHIIeHTPAIluM aKTUBUPYyeT IIPOTenHa3bl, HallpuMep KaAbIlauHEI,
KOTOpBIE OCYIIECTBASIIOT AMMUTHPOBAHHEIN nTporeoan3 'OKE [25].

'AmanbHBIE KAETKM OOHApy’KeHBbI B HEPBHOW TKAHU PA3AMYHEBEIX BUAOB. MoO3r
Aydenepelx puiO (Actinopterygii) umMeeT OuYeHb CAOKHOE MaKPOCKOIHMYeCcKoe
CTPOeHMeEe, HEKOTOPHIE €TI0 OTAEABI He UMEIOT COOTBETCTBYIOIINX CTPYKTYP y Ha-
3eMHBIX JKUBOTHBIX MAU 3aMETHO OTAWYAIOTCS Mopdoaorudecku [18]. B To ke
BpeMsI aCTPOIIUTHI MO3Tra PHIO CXOAHBI IO MOP(OAOTUH, OMOXMMUYECKUM U (u-
3MOAOTUYECKUM CBOWCTBAM C aCTPOIIMTAMU Mo3ra MAekonuTatomux [19]. Cpas-
HUTEeABHBIN aHaan3 [OKB-o3UTHUBHBEIX KAETOK B MO3Te IIOKa3an WX IIPUCYTCT-
BUe B OOABIIMHCTBE OTAEAOB MO3Ta PEITHUAUM, IPECMBIKAIOIINXCS, IITUI] U MAe-
KonuTaiomux. [IpeacTaBUTEABCTBO M AOKAAW3AIMS aCTPOLUTOB UMEIOT KAacCo-
cueruuIeckre OCOOEHHOCTH, OAHAKO IUTOCKeAreTHBIM O0erok 'OKB B aTux
KAETKaX BBICOKOKOHCEPBATUBEH IO CTPYKType M (PYHKITUSAM.
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B Hacroguiee BpeMsa 0COOYIO aKTYaABHOCTB IPUOOPETAIOT UCCAEAOBAHUS MO-
AEKYASIPHBIX IPOIIECCOB, A€KAIINX B OCHOBE (PM3UOAOTUUECKUX, PEIIPOAYKIIOH-
HBIX M APYTUX OMOAOrMYeCcKUX (PyHKOuUM. HapylueHus, mHAyIUpyeMBle 3arpsis-
HUTEASIMHM Ha MOAEKYASIPHOM YPOBHE, 3aKOHOMEPHO OTPa’kaloTCs Ha Bcex Oonee
BBICOKUX YPOBHAX OMOAOTMYECKOU OpTraHU3alluM — KAETOYHOM, (pusnorormue-
CKOM, a TaKyKe Ha CTPYKTYPHO-(PYHKIIMOHAABHOW OPTaHU3anuu 3kocucreM. [Ipo-
rpaMMbl OMOAOTHYECKOTO MOHUTOPHMHTA BCE aKTHBHEE BKAIOYAIOT UCIIOAB30Ba-
HUe Pa3AMYHBIX OMOMapKepoB. MOHUTOPUHT C UX IPUMEHEHUEM IIPEAOCTaBASIET
BO3MOJKHOCTb Ha PAHHUX CTAAUSX BBIABASATH U IIPEAYIIPEKAATH Pa3BUTHE IIATO-
AOTHMYECKHUX IMPOIIECCOB B 3KOCHUCTEME.

B mocaepHee BpeMs cepbé3HOE BHUMaHME YAEAIeTCS UCIIOAB30BAHUIO CTPYK-
TYPHBIX MOAEKYASIPHBIX KOMIIOHEHTOB B KadeCTBe MHAMKATOPOB (PYHKIIMOHAAb-
HOT'O COCTOSIHUSI PAa3AMYHBIX THIIOB KAETOK. Hanbonee mepCreKTUBHBIMU OUO-
MapKepaMU CYMTAIOTCS TUCTOCHenudUuecKre NUTOCKeAeTHble OeAKU HepBHOM
TKaHU [7]. Bo-1IepBEIX, 3TU OEAKHU BEIIIOAHSIOT Clelln(UYeCcKre, JKU3HEHHO He00-
XOAUMBIe (DYHKITUM HEPBHOW CUCTEMEI, BO-BTOPBIX, HEPBHBIE KAETKU HeOObIYali-
HO 9YBCTBUTEABHBI K BO3ACUCTBUIO HEOAAQTOIIPUATHBIX (PAKTOPOB.

'MApPOOHOHTEI SBASIIOTCS YAOOHBIMU OOBEKTAMU B 3KOTOKCHKOAOTHUECKHX
HCCAEAOBAHHUSIX B CUAY CBOEM BHICOKOW YMCAEHHOCTH, IIIMPOKOTO pacipocTpaHe-
HUS U AOCTYIIHOCTU AN U3YUYEeHUS PeakKIMyd OPraHWu3MOB Ha Pa3ANYHBIE HEraTUB-
Hble Bo3pelcTBuA [12]. B cBOIO ouepepb, COAHEUHEBIM OKyHbL L. gibbosus — Ho-
BBIM, arpeCCUBHO OCBAMBAIOIIUNCA B THAPOCUCTEMAX YKPAWHBI BUA, XapaKTepHu-
3yeTcsd 3HAUUTEeABHBIMU KOAMYECTBEHHBIMU IIapaMeTpaMM U BBICOKOM NAACTHY-
HOCTBIO [8, 27], 4TO 06YCAOBHUAO €ro BEIOOP B KaueCTBe IIepPCIeKTUBHOIO 0OBeKTa
B 3KOTOKCUKOAOTHYECKUX UCCAEAOBAHUIX.

AHaTOMO-MOP(OAOTHYECKUM aHaAu3 3KCIepUMeHTaAbHOM rpynnsl L. gibbo-
sus OOHApPy’KUA MHO’KECTBEHHBIE OTKAOHEHUS OT HOPMAABHOU (DU3UOAOTHU M
sBHble 3(@eKTHl IIOBPE’KAAIOIIero TOKCHUYeCcKoro ¢akropa. [IpuMedaTeAbHO,
YTO 3TO IPOMU3OIIAO IIOCAE OTHOCHUTEABHO HEOOABIIOTO CPOKA BO3AEUCTBUSA
nonoB A3t B cpaBHeHWM CO BpeMeHeM, HEOOXOAUMBIM AAS (DOPMHUPOBAHMUS
YCTOMYUBBIX MOP(OAOTrHMYECKUX OTKAOHEHUN.

CxopHBIE pe3yAbTaThl OBIAU IIOAYYEeHBI paHee AAS TAOTBHI (Rutilus rutilus)
IIPUA BO3AEMCTBUU KOMIIAEKCA IIPOMBIIINEHHBIX 3arpsisHuTeAeit. Hapsay ¢ orcyt-
CTBMEM BHEIIITHUX U BHYTPEHHUX MOP(OAOTHYECKHUX U3MEeHEHNY, B MO3Te ITAOTBEI
OBINO BBIIBAEHO AOCTOBEPHOE yBeAndeHHe KOHIIeHTPAlluU KOHEUHBIX IIPOAYKTOB
ITOA u xapakTepHBle IIPU3HAKMU acTporamosa [9]. Tak ke, Kak U B HaCTOAIIEM
HUCCAEAOBAHUM, OBIAM OOHAPY’KeHBI CYIIeCTBEHHBIEe M3MEHEHUS COAeP KaHUS
'®OKEB umeHHO B PUAAMEHTHBIX (PPaKIMAX, S9KCTPArupoOBaHHBIX 4 M MOUYeBUHOH,
TO €CThb UMEHHO TeX CyOBbepMHUI], KOTOphle (DOPMUPYIOT HePacTBOPUMEBIE ITUTO-
CKeAeTHBIe CTPYKTYPHIL.

Pe3yapTaThl onpepereHns KOHeUHBIX TPOAYKTOB ITOA B TKangax L. gibbosus
MOKAa3aAM, 4TO MOHBI AI3T CIOCOGHBI MHAYIIMPOBATH OKCUAQTUBHBIA CTpecC B
MO3Te B 3HAUUTEABHO OOABIIIEN CTEIIeHU, YeM B rernaToluTax. OTOT PpeHOMEH MO-
>KeT OBITh CBSI3aH C OMOXUMUYECKUMH OCOOEHHOCTSIMU KAETOK HEPBHOM TKaHHY, B
KOTOPOM NPUCYTCTBYIOT ABA I'MCTOTHUIIA — HEUPOHBI U I'AMAAbHBIE KAETKU. [1pu
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9TOM HEMPOHBI 3aHUMAIOT OKOAO IMMOAOBUHBI 00BEMA MO3Ta U 00AAAQIOT OTHOCH-
TEABHO CAAOOM CHCTEeMOM aHTUOKCUAAHTHOM 3alllUThI, UMEIOT BBICOKHUM WHAEKC
NOTpPeOAEHUST KUCAOPOAQ U COAEP KaHMS AUNUAOB. Bce aTu pakTOpHI Cr1oCcOOCT-
BYIOT HapyIIEHUIO OKNCAMTEABHO-BOCCTAHOBUTEABHOTO OanraHCa Aake IIpU He-
3HQUUTEABHOM BO3AEMCTBUU TOKCUKAHTOB. ['enaTonuTel, HAOOOPOT, UMEIOT MOIII-
HYIO (PepPMEeHTAaTUBHYIO aHTUOKCUAQHTHYIO CUCTEMY U BBICOKYIO IIPOAU]EpPaTUB-
HYIO CIIOCOOHOCT®.

PesyabTaThl MMMYHOOAOTHMHra OEAKOBBIX (DpPAaKIUM M3 MO3ra COAHEYHOTO
OKYHSI CBUAETEALCTBYIOT O TOM, YTO MOHBI Al¥T MHAYIMPYIOT peopraHu3anuio
NIPOME’KYTOUYHBIX (PHUAAMEHTOB ACTPOTAHMM, IIOCKOABKY LUTOCKEAETHBIE IIepe-
CTPOMKM COIIPOBOXKAQIOTCSA YBEAWUEHHEM COAepyKaHuA (DUOPUAAM30BAHHOTO
I'DOKEB u pAerpapMpOBaHHBIX MOAUNENTHUAHBIX (DParMeHTOB.

Tak ke, Kak M y APYTMX OPTaHU3MOB, y PBIO HEUPOTAUS MIPAeT KU3HEHHO
Ba)XKHYIO POAb B IIOAAEPIKAHUU U oOeclieueHUN (DYHKIIMOHUPOBAHUS HENMPOHOB.
HeOaaronpugarHble BO3AENUCTBUS PA3AUYHOU IIPUPOABI MHAYLIUPYIOT €€ Xapak-
TEePHBIM KAETOUHBIM OTBET — aCTPOTAMO3, TO €CTh peaKTUBAIIUIO acTPOIIUTOB,
BCErA@ COIPOBOJKAQIONIUMCSA aKTuUBaIuen ¢guobpuaroreHesa n cuHTeda ['OKB
[28]. Upe3aMepHO MHTEHCUBHBIU (PUOPHUANOTEHE3 SIBASETCS TAaBHBIM IIOKasaTe-
AeM peaKTUBHOTO OTBeTa aCTPOIIMTOB Ha HeWpOHAAbLHBIE MOBpeXAeHUd. [lepe-
CTPOWKA MPOMEKYTOUYHBLIX (PMAAMEHTOB aCTPOTAWM MOXKET OBITH HEOOXOAWMBIM
YCAOBHEM AN @AEKBATHOI'O (DYHKIIMOHUPOBAHUS TANAABHBIX KAETOK IIPU BO3AEN-
CTBUHU TOBPEKAQIONINX (PAKTOPOB [20].

OO6Hapy’KeHHOe HaMU AOCTOBEPHOE IOBLINIIEHNEe 3KCIIPEeCCUU OeAKa I'AhaAb-
HBIX IIPOMEKYTOYHBIX (DUAAMEHTOB CBUAETEALCTBYET 00 MHAYIIMPOBAHHOM acT-
poranose (PyHKIIMOHAABHOM OTBETEe HEMPOTAUN Ha HeOAATOIPUITHOE BO3AEHCT-
BHe). XapaKTepHOe YBeAndeHNe KOAMYeCTBa ACIPAANPOBAHHBIX ITOAUIIEIITUAHBIX
dparmenToB 'OKEB sBASIETCSI MPU3HAKOM IUTOCKEAETHBIX IIEPECTPOEK, HapyIIIe-
HUS COCTOSTHUSI IIUTOCKEAeTa, MOPMOAOTUN U (PYHKITMOHUPOBAHMUS KAETOK Hep-
BHOM TKaHU. TakuM 00pa3oM, COCTOIHUE TAUAABHOTO IIUTOCKEAETa MOJKET OBITh
IIOKas3aTeAeM TOKCHYeCKOTO BO3AeHMCTBUA HOHOB AT,

WM3BeCTHO, YTO OKCUAATUBHBIN CTPECC SIBASIETCS OAHUM U3 HaubOOAee pacupo-
CTPAHEHHBIX MeTaOOANYECKUX HapyIIeHUuY NIPHU BO3AEHCTBUM HEOAATONIPUSATHBIX
dakTopos [21]. B To ;Ke BpeMsi IPOMe’KyTOUHbIe BLICOKOPEAKTUBHbBIE IIPOAYKTHI,
oOpa3syroljuecs B XOAe ero Pa3BUTHY, MOTYT OBITh Ba)KHOW IIPUYMHOU HEUPOAEe-
reHepalluy U CHUJKEHUs JKU3HECIIOCOOHOCTH B YCAOBMSX BO3AEHCTBUS TOKCHU-
KAQHTOB Pa3AUYHOU IIPUPOABI [6]. Bo3aelicTBUE IPOMBIIIAEHHBIX 3arpa3HUTEAEU
Ha OPTaHMW3M BO MHOTHUX CAyYasX BBI3BIBA€T CXOAHBIE HapyIIeHUs 3HepreTHUue-
CKOTO MeTaboAW3Ma B KAETKaX, MOP(OoAOTHYECKUEe U CTPYKTYPHbIE aHOMAaAUM.
OTO 0OYCAOBAEHO TeM, 4YTO TOKcHUecKue 3P(PeKThl Pa3ANUHBIX IO IIPUPOAE Be-
1IeCTB aCCOIMUPOBAHBI C MHAYKIIMEN OKCUAQTUBHOIO CTpecca.

YcTaHOBAEHHAS ITOAOKUTEABHAS KOPPEeAdIHs MOKa3aTeAel acCTpPOrAnO3a U
OKCHAAQTUBHOIO CTpecca B MO3Te€ COAHEUHOI'O OKYHS B YCAOBHUSIX MHTOKCHKAIIUMU
nonamu Al3* ykasbIBaeT Ha TO, YTO OKUCAUTEABHBIE OBPEKACHUS MOTYT OBITh
OAHUM M3 OCHOBHBIX MEXaHM3MOB Pearn3alluid TOKCUUeCKUX 3(PHEeKTOB 3arpsas-
HUTEeAeN Ha OpraHN3M BOAHBIX KUBOTHBIX.
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3axatouenue

[NonyuyeHHble gaHHble CBMAETENbCTBYIOT O TOM, YTO PEAaKTMBHbIM OTBET aCTPOLMTOB
MO3ra ConHe4Horo okyHs Lepomis gibbosus oTpaaet HebnaronpusTHoe BnusHUE
MOHOB arntoMMHMs. ACTPOrNMO3 acCOLMMPOBAH C Pa3BUMTMEM OKCMOATUBHOIO CTpecca B
HEpPBHOM TKaHu uccrepyembix pblb. Mokasatenn oKcMBATUBHOrO CTpecca M PeaKTHB-
HOrO OTBETa acTPOrfMM Ha TOKCMHECKOE BO3AENCTBME MOHOB antoOMMHUS, B KOHEHHOM
cyeTe, OTPAXKAKOT CMOCOBHOCTb OPraHM3mMa afanTMPOBaThCs K Bornee MECTKMM ycro-
BMSIM OKPY>KaloLLLEN CPefbl.

OnpepeneHne aKTMBHOCTM aHTMOKCMAAHTHOM 3alLMTbl, CPAaBHMTEINbHbIM KOppens-
LMOHHBIM aHammM3 MOINEKYNSPHbIX, (PU3MOMOrMYECKHUX, MOPIPOMETPUYECKMX U MoBe-
JAEeHYECKUX XapaKTEPMCTMK NEePCMNEKTUBHbI sl BbISBNEHMS MPOrHOCTMHECKMX MAPKepOoB
apanTanTMBHbIX CMOCOBHOCTEN MMAPOBUOHTOB B ycrioBusx rrnobanbHoro 3arpsisHeHus
OKpY>KatoLeh cpeppl.

**

Ha niocmasi komniexcno2o ananizy nokasHuKié oKkCUOamueHo20 cmpecy i Cmamy yu-
mockenemy 00CII0NCEHO MOKCUYHI edhexmu 1IoHI8 AP" na knimunu nevinku ma Hepeosoi
MKAHUNHU COHAYHO20 OKYHA Lepomis jgibbosus. Busnaueno, wo xpowniunuii éniue iionie
aniominiio 6 konyenumpayii 0,01 me/cm’ iHOYKYE OKUCHULL CIMpec | XapakmepHy peaxmueHy
8i0n06idb acmpoyumis mo3xy. I[loxazaro, wo acmpoznios acoyitio8anuil 3 po36UmKoM OK-
CUOamu8Ho20 cmpecy y Hepeosiu mrawuwi i neyinyi pub. [okasHuKu OKCUOAMUBHO20
cmpecy ma peakmugHoi 6i0n0gioi acmpo2iii Ha MOKCUYHULL 6NIUE TOHIE AP € mapkepamu
30amMHOCMI OP2aAnI3MY A0ANmMy8amucs 00 OLbUL CYBOPUX YMOE HABKOIUUHLO2O CePedosU-
wa. Busnauenns axmuenocmi anmuoKcuOaHmHo20 3axXucmy, nopieHAIbHUL KOperAYiiHULl
AHANi3 MOJIEKYIAPHUX, (QI3i0102TUHUX, MOPGOMEMPUUHUX MA eMONO02IYHUX XapaKmepu-
CMUK € NepCReKMUBHUMU HANPAMKAMU OOCHIONCEHb OISl OMPUMANHA NPOSHOCIMUYHUX Map-
Kepié a0anmueHux MOACIUGOCHEl 2i0pOOIOHMIE 8 YMOBAX 2100AIbHO20 3a0PYOHEHHSL HA-
BKOMUUIHBO2O CepedosULYd.

**

Toxic effects of A" on the liver cells and nervous tissue of Lepomis gibbosus were stu-
died on the basis of complex analysis of indicators of oxidative stress and state of the cytos-
keleton. It was revealed that reactive response of brain astrocytes of L. gibbosus reflects the
adverse effect of aluminum ions. It was shown that astrogliosis is associated with develop-
ment of oxidative stress in the neural tissue of fish. These indicators of oxidative stress and
reactive astroglial response to the toxic effect of AI'" ions reflect the adaptive ability of an
organism to more severe environmental conditions. Determination of antioxidant protecti-
on activity, comparative correlation analysis of molecular, physiological, behavioral and
morphometric characteristics of animals are perspective directions of research in order to
identify prognostic markers of adaptive abilities under global environmental pollution.

*%
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